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Low Power Consumption

- 200 pA/MHz in active mode (24.5 MHz clock)
- 2 pus wakeup time

- 55 nA sleep mode with brownout detector

- 280 nA sleep mode with LFO

- 600 nA sleep mode with external crystal

Capacitance Sense Interface

- Supports buttons, sliders, wheels, and proximity sensing
- Fast 40 ps per channel conversion time

- 16-bit resolution, up to 43 input channels

- Auto scan and wake-on-touch

- Auto-accumulate up to 64x samples

10-Bit Analog-to-Digital Converter
- Up to 43 external pin input channels, up to 300 ksps
- Internal VREF or external VREF supported

Clock Sources

- Internal oscillators: 24.5 MHz, +2% accuracy supports UART
operation; 20 MHz low power oscillator requires very little bias
current.

- External oscillator: Crystal, RC, C, or CMOS Clock

- SmaRTClock oscillator: 32 kHz Crystal or internal LFO

- Can switch between clock sources on-the-fly; useful in imple-
menting various power-saving modes

On-Chip Debug

- On-chip debug circuitry facilitates full speed, non-intrusive in-
system debug (no emulator required)

- Provides breakpoints, single stepping, inspect/modify memory
and registers

Unique Identifier
- 128-bit unique key for each device

High-Speed CIP-51 puC Core

- Efficient, pipelined instruction architecture

- Up to 25 MIPS throughput with 25 MHz clock

- Uses standard 8051 instruction set

- Expanded interrupt handler

- 1-cycle 16 x 16 MAC Engine

- 7-channel Direct Memory Access (DMA) module

Memory

- Upto 32 kB flash

- Flash is in-system programmable in 512-Byte sectors
- Upto 8 kB RAM

General-Purpose I/O
- Up to 43 pins with high sink current and programmable drive
- Crossbar-enabled

Timer/Counters and PWM
- 4 general purpose 16-bit timer/counters
- 16-bit Programmable Counter Array (PCA) with three channels

of PWM, capture/compare, or frequency output capability, and
watchdog timer

Supply Voltage: 1.8to 3.6 V

- Built-in LDO regulator allows a high analog supply voltage and
low digital core voltage

- 2 supply monitors (brownout detector) for sleep and active
modes

Package Options

- 24-pin QFN (4x4 mm)
- 32-pin QFN (5x5 mm)
- 48-pin QFN (6x6 mm)

Temperature Ranges: —40 to +85 °C

Core / Memory / Support Digital Peripherals
@
16-32kB Flash | | Core LDO | UART | 9.
- [ 12C/SMBus | [ HSI12C Slave | |2 3
(25 MHz) - 3 ole
4-8 kB RAM Supply Monitor | SPI | Z\E @
£ £
[ 16-bitCRC |[ 7ch.DMA || 16x16 MAC | ||| 4 x 16-bit Timers RES o
o =
| C2 Serial Debug / Programming | ||| 3-Channel PCA/Watchdog | g
i : g
]
A 4 w
Clocking / Oscillators Analog Peripherals @ 5
c —_
o < =
| 24.5 MHz Precision Oscillator | 5 [ SARADC (10-bit 300 ksps) || 2 @
(3]
| 20 MHz Low Power Oscillator [ & et | Capacitive Sensing || £ |
(]
[ smaRTClock with 16.4 kHz LFO | § | Voltage Reference || =
Y x
| External Oscillator || © | Temperature Sensor || 2

Rev 1.1 12/16

Copyright © 2016 by Silicon Laboratories

C8051F97x



R o (Yot (g [or: | W O g F=1 - 16 (= G 1) AL oX= T T TR 10

1.1. ElecCtrical CharaCteriSTCS .......uuuuuuiiiiiiiiiiiiiiee e e e e e e e e e e e e e e e e e anaes 10
1.2. Thermal CONILIONS .......ooiiiiiiiiiiii et e e e e e e b e e e e e e e e e eaaeas 21
1.3. Absolute MaximuUM RATINGS. .....uuuuuririiiiiiiiiieaaae e r e e e e e e e e e e eeeaaaaaaans 21

. SYSTEIM OVEIVIEW ...t e e e et e e e e e e e ettt s s s e e e e e e e e e e e eeeeeeesssss s s aneesaeaaaaeaaeeeeees 22
P2 N o 011 PP PPPTTTRRUPPPPIIN 24
2.1.1. Voltage Supply Monitor (VMONO) ......ueeiiiiiiiieieeeeee e 24
2.1.2. DeVICE POWEN MOUES.......cciiiiiiiiiiiiiiie ettt e st eeaaaaaeeeeas 24
2.1.3. SUSPENA MOUE......coeeiiieiiiiie et e e e e e e e e e e et e e e e e e e e aaaaaeas 25

2. 1.4, SIEEP MOUE....coiieeieeee ettt et e et a e e e e e as 25
2.1.5. LOW POWET ACHIVE MOUE ...ttt ee e e e e e e 26
2.1.6. LOW POWET IAIE MOAE ......uiiiiiieeeeeeeeeee e e e 26

2 1 PSR 26
2.2. 1. GENEIAl FEAIUIBS.....cce i i ittt e e e e e e e e e s st eeeeeaaeeaeeas 26

P A A O (015151 o - | SRR PRPPPPP 26

P2 T O [0 Tox (T RO PP PPPPPPPR 27
2.4, Counters/TIMers and PWM ........ooiiiiiiiiiiieiieeeeeeee et eeeeeaeaaaeas 27
2.4.1. Programmable Counter Array (PCAD) ........uuuiiiiiiieeeeeeeeeeeeeeeeiti e 27
2.4.2. Timers (Timer O, Timer 1, Timer 2, and TiMer 3).......cccvvvvirrreeiiiiiiiiiiiieeee e eeeeeeen 27

2.5. Communications and other Digital Peripherals .............ccoooviiiiiiiiiii e, 28
2.5.1. Universal Asynchronous Receiver/Transmitter (UARTO) .....cccuvvviiiiiiiieninneneenennn. 28
2.5.2. Serial Peripheral Interface (SPI0) .......uueiiiiiiiiiiiiieee e 28
2.5.3. System Management Bus / 12C (SMBUSO) .......cccooiiiiiiiiiiiiiiceeeeiss e 28
2.5.4. High-Speed I2C Slave (I2CSLAVED).........uuuiiaiieeeeeeee et 29
2.5.5. 16/32-bit CRC (CRCO) ....cciiiiiiiiiiiiieeie ettt e e e e e e e e e e e e e e e s s s eeareaaaaaaaeens 29

2.6. ANAIOQG PeIPNEIAIS .....uuiiiiii ettt e e e e e e e e e e 29
2.6.1. 10-Bit Analog-to-Digital Converter (ADCO) ......ccoieiieeiieeiiieeeeeeiiiii e 29

2.7. DiIgital PeriPNEIAlS ....cooeiiieeeeeeee s 30
2.7.1. Direct Memory ACCESS (DMAD) ....ccoiiiiieieiiiciie e e e e e e e aaes 30
2.7.2. Multiply and Accumulate (MACO) ......oooeiiiiiiiiiiieee e 30

2.8, RESEE SOUITES ... .cuiii ittt ettt e e e e ettt e e e e e e ta e e e e e e eeba e e eaeeestnnaeaaannes 30
AN T Lo 1o [N TN o [T o1 ] 1T PSPPSR 30
2.10.0N-Chip DEBUGGING ...vvtiiiiieie ettt e e e e e e e e e e eeeeeeenenees 30

B 1 T 7= 1 10 PP 31
3.1. C8051F970/3 QFN-48 Pin DefiNitiONS.......cuuuiiiiiiiiiiiiiiiieeeeee s 31
3.2. C8051F971/4 QFN-32 Pin DefiNitiONS.......cccoiiiiiiiiieeeeeii e e e 35
3.3. C8051F972/5 QFN-24 Pin DefiNItiONS ......uuuuuiiiiiiee et e e e e e e eeeeeeeeennnees 38

. 0rdering INFOrMALtION c...coeee e e e e e e e e aaaes 41
. QFN-48 Package SPeCifiCatiONS .....ocooi i e e 43
5.1. QFN-48 Package Marking.........coooiiuiiiiiiiiiiiii ettt e e e e e e e 45

. QFN-32 Package SpeCifiCatiONS .......cccooiiiiiiiiee e e e e 46
6.1. QFN-32 Package Marking ... e e e e e 49

. QFN-24 Package SPeCifiCatiONS .....cccccieeiiiiiiieeeee e e e e e e e e e e aae s 50
7.1. QFN-24 Package MarkinNg.......ccccoiiieeeiiiiiiiieeee s e e e e e e e e e e eaaes 53

. MEMOTY OrQANIZALION .ceeiiiiiiiiiiie ettt e e e e e e e e e e e e e e et e tbbe bbb e e e e e e eeaeaeaeeeees 54
8.1, Program IMEIMOIY ... ..cuuu ittt e et e et e e et e e e et e e e e et e e eet e e eaa e e eeannneaees 55

) Rev 1.1 2

SILICON LABS



8.1.1. MOVX Instruction and Program MemMOIY ............couiuiiiiiiiiiiiiiiiiiiiieeeeeeee e e 55

8.2, DAlA MEIMOIY ...t et e et e e e et e e et e e e et e e e eet e e eaa e e e ean e aee 55
8.2.1. INErNAl RAM ...ttt e e e et et ettt a e e e e e e e e e e eeaes 55

S (=] = L N SRR 56

8.2.3. Special FUNCHON REQISEIS ......ccceeeieieeeeeeeei e e e e e e e aaaees 56

9. Special Function Register MemOry Map ....cooooeiiiiiiiiiiiiiiiiiie e 57
LO.FIASN IMEBIMOTY .ottt ettt e ettt e et ettt e e e e e e e e e e aaeeeaeaaaannes 65
10.1.SECUNLY OPLIONS.....cciiiiiieeeeiiit e et e e e e e e e ettt e e e e e e e e e e et e e e e ee e e b s aaaaaeaeeeeeeeens 65
10.2.Programming the FIash MemOrY.........cooo i 67
10.2.1.Flash Lock and Key FUNCLIONS ...........oooiiiiiiiiiiiiiiiiieeee e 67
10.2.2.FIash Erase PrOCEUUIE.........cuuiiii ittt e e e 67
10.2.3.Flash WIite ProCEAUIE..........ooeiiiiiiiiiiee et e e e e e e eeeeeeeaeeees 67
10.3.NON-VOIlatile DAt@ STOTAQE.......uuuueiieiiiiiiieiie et e e e e e e e e e e s 68
10.4.Flash Write and Erase GUIAEIINES ........coooiiiiiiiiiiiiiiiiiiiii ettt 68
10.4.1.Voltage Supply Maintenance and the Supply MONItOr.........ccoooeeeiiiiiiiiiiiiiiiiiiiins 68
10.4.2.PSWE MaAINTENANCE ......ccceieeieeiiiiiiiiiiiaaae e e e e e e e e eeeeeeeeeeaeaessnsaaaaaeeeaeeaeeeeeeeeeeessnnnnes 68
10.4.3.SYSLEIM CIOCK. . .uuiiiiiie ettt s s s s e e e e e e e e e e e e e eeeeeaaannnes 69
10.5.Flash CoNtrol REQISIEIS .......uuuuuiiiiiiie ettt e e e e e e e e eeeas 70
11.0ON-Chip XRAM .ottt et e e e e e e e e e et e e e e e s e e st aea e s aeeeeeeeeeeaaaaaeaaaaasseaaaaanes 74
11.1.ACCESSING XRAM ... e e e e e e e e e e e e e e e e e e aaaaaaaaes 74
11.1.2.26-Bit MOVX EXGMPIE...cciiiiiiiiiiieieeie ettt e 74
11.1.2.8-Bit MOVX EXAMPIC....ooiiiiiiiiiiiieeee et 74
11.2.External Memory Interface REQISIEIS..........oovviiiiiiiiiiee e 75
12.Device ldentification and Unique [dentifier ... 76
12.1.Device 1dentification REGISIEIS. ......cuuiiiiiiiiieee et 77

G T [ =T 0T o) PP 79
13.1.MCU Interrupt SOUrceS and VECIOIS ........ccouiiiiiiiiiiiiiaiia e e ee e e e 79
13.1. 2. INTEITUPE PIIOITES ...ttt ettt ettt e e e e e e e e 79

R T 2 | =T (0 o =N =T o3 PR 79
13.2.Interrupt CoNtrOl REGISIEIS.....uu et e e e e 82
14.External Interrupts (INTO @nd INTL). ..o 91
14.1.External Interrupt Control REQISIEIS.......cccoiiiiiieececee e 92
15.Voltage Regulator (VREGO).....cccoii ittt e e e e e e e e e e e eeeeeeenanees 93
15.1.Voltage Regulator Control REQISIEIS .......cooiiiiiiiiiiiii ettt 93
O o AT o Y = Ta = T 1] 0 1= o L PP 94
16.1.NOIMaAl ACHVE MOUE.......coeeiiiiiiiiee et e et e et e e e e e e e e e e aaaaas 95
G2 [ |1 1Y T To [ 96
G S o 111V (o To [ USSP 97
16.4.SUSPENA MOUE ... ..ot e e e e e e e e e e et e e ee et bbb e e e e e e e e e eaaeaeas 97
16.5.S1EEP MOUE.... .ottt e e e e e e e e e e e 97
16.6.LOW POWET ACHIVE IMOUE .....uuiiiiiiiiiiiiiiiiieee et e e e e e e e e e e e e e e e e e e e s annnnes 98
16.7.LOW POWET 1AIE MOAE ... e e e e e 98
16.8.Configuring WaKEUP SOUICES .....uuiiiiiieeeeeeieeiieeeeties s e e e e e e e e e e e e e eeaae e e e e e e e e eaaeaaees 99
16.9.Determining the Event that Caused the Last Wakeup.............ooovvviiiiiiiiiiiiiien e, 99
16.10.POWEr CONIOl REQISTEIS ....uviiiiiiiiiiie ettt e e e e e e e e as 100
17.Analog-to-Digital Converter (ADCO)........oouiiiiiiiiiiiiie e e e e e e e e e e eeaees 104
3 Rev 1.1 )

SILICON LABS



17.1. ADCO ANAlOg MUIIPIEXET ......uiiiiiiieiiee et 105

17.2.0utput Code FOrMALING ......cvvvrueiiiiiiiee e e e e e e e e e e e e e e e as 106
17.3.M0O0ES Of OPEIALION .....ciiiiiiiiiiiiiiee et e e e e e e e e e e e e e e s eae e e as 107
17.3.1.StartiNg @ CONVEISION ....ceveiiiiiiiiieaeee ettt e e e e e e e e e e e e e e e e e e e enaeeeeees 107
17.3.2.TraCKing MOOES .......ccce oot a e e e e e e e e e e e eeeeneaeeennnnnes 108
17.3.3.BUISEIMIOAE ...ttt e e e e e e e e e e e e e e eeeeeeeeennnnnes 109
17.3.4.Settling Time ReQUITEMENTS ......coeeiiiiiiiiiie ettt 110
17.3.5.GaIN SELING ....uuiiiiii it e e e e e e e et e e e e e e e e e e e aeeeeaaaaaraa———_ 110

I 8 B 11 1Y (o o = P PPPEPPPRRPRRPRR 110
17.5.LOW POWEE MOGE ......coeiiiiieeeeeet ettt e e e e e e e e e e e e e e e e e et e e s 111
17.6.Window Detector In Single-Ended MOdE.............oovviiiiiiiiiiiiie e 111
17.7.V0ltage RETEIENCE ... e 112
17.7.1.External Voltage ReferencCe..........cooooiiiiiiiiiiieee e 112
17.7.2.Internal Voltage REfEreNCE.........uuuuiiiii i, 113
17.8. TEMPEIALUINE SENSON .....iiiiiiiie e e e eeette e e e ettt e e e e eeee e e e et eest e e e eessna e e e e eentna e eeeeeennnnnns 113
AR S O 1 1 o] = 11 o] o U UPPPPPUSPUPRT 113
17.9.ADC CONLIOl REQISIEIS. ....ceiiiiiiiiieieie ettt e e e e e e e e e e e e eeeeeas 114
17.10.Voltage ReferenCe REQISTEIS ... ... i 127
17.11. Temperature SENSOr REGISIEIS......cuuiiiiiiiieieieee et 128
18.CapaCitiVe SENSE (CS0) ...uuuiuuuiiiiiiii e e et e e e e e e e e e e e e e et e e e e e e e e aaaaaaaeeaees 130
18.1.Configuring Port Pins as Capacitive SEeNse INPULS .......ccovviriiiiiiiiiiieeeeieeiiiiiee e 131
18.2.Initializing the Capacitive Sensing Peripheral..............cccoooiiiiiiiiiiiee 131
18.3.Capacitive Sense Start-Of-COnVEersion SOUICES.........uuuiiiiiieieeeeeeeeeeeeeeevnae s 131
18.4.CS0 Multiple Channel ENAbBI ..........cooooi i 132
18.5.CS0 GaiN AGJUSTMENT ...ttt e e e e e e e e e e e e e eaeeaaaaaanns 132
18.6.Wake from SUSPENG .......cooiiiiiiiccice e e e e e 132
18.7.Using CSO in Applications that Utilize Sleep Mode.........ccooevvieiiiiiiiiiiiiiiiiieeeee e 132
18.8.Automatic Scanning (Method 1—CSOSMEN = 0) .....cccociiiiiiiiiiiiiiiieeeeeeeee e 132
18.9.Automatic Scanning (Method 2—CSOSMEN = 1) ....uuciiiiiiiiieieeieeeeeeeeeee e 134
18.10.CSO COMPAIALOL .......ieeiieeiiiee e e ettt e e e eea e e e e ee et e e e e eeseaa e e e s eesana e e eeeeensn e eeaeennnnnnns 134
18.11.CSO Conversion ACCUMUIALON .......ccuiiiiiee e 135
18.12.CS0 PiN IMONITON ...ttt ettt e e e e e e e e e e e e s s s s s s sttt e e e e e e e eaaaaaeeeeaeassanannnns 136
18.13.Adjusting CSO For Special SItUALIONS ..........cooiiiiiiiiiiiiieee e 137
18.13.1.Adjusting the CSO ReSet TIMING........ccceiiiiiiiiiiiiiie et 137
18.13.2.Adjusting Primary Reset Timing: CSODT .........oovviiiiiiiiiiiiieei e eeeeeeeeeeeeeeeeaennens 137
18.13.3.Adjusting Secondary Reset Timing: CSODR ...........uuuuiiiiiiiiineeeeee e 138
18.13.4.Adjusting CSO Ramp Timing: CSOIA ... 138
18.13.5.Low-Pass Filter AdJUSIMENTS .......uuuiiiiiii e 139
18.13.6.Adjusting CSO Ramp TimiNg: CSORP .......ccooiiiiiiiiiiiiiiiie e 139
18.13.7.Adjusting CSOLP for Non-Default CSORP SettingS........ccccovvvieeeeeiiivieiiiiiiiinnns 139
18.13.8.0ther Options for Adjusting CSOLP.........ccooiiiiiiicee e 139
18.14.CS0O ANAIOG MUIIPIEXET ..ot 140
18.14.1.Pin Configuration for CSO Measurements Method................cccceeevviiiviviiiinnnnns 142
18.15.Capacitive SENSE REQISIEN......uu et 143
19. Analog MultipleXxer (AMUXO) .....ccoooii i a e e e e e e e ees 157
19.1.AMUX CONrol REQISIEIS......euiiiiiiiiiiiie e et e ettt s s e e e e e e e e e e e ee e e aeer e e e as 158
) Rev 1.1 4

SILICON LABS



20.CIP-51 MiCroCONTIOIEr COTE oiiiiiiiiiiietiiee e e e e e e e e e as 164
20.1.PEITOMMANCE ...ttt e e e e e e e e e e e e e s bbbttt r e e e e e e e e aaeeas 164
20.2.Programming and Debugging SUPPOIT ........oiiiii e 165
20.3. INSIIUCTION ST ....eiiiiiiiiiiiis e e ettt e s e e e e e e e e eeeeeeeaeasssaasn e s e eeeeeeeaeeeeeeessssnnnnns 165

20.3.1.Instruction and CPU TiMING.......coeeeeiiiiiieiieeeiiiiirsise s e e e e e e e e e e e e ee e 165
PO I ] = = To |1 o PSSO PUPPUUPUPRTN 170
20.5.CPU COre REQISIEIS ...coiiieiieiiii ittt e e e e e e e e e e s e e reeaeeaeeas 177

21.Direct Memory ACCESS (DMAD).....uuuuieiiiie e e e e e e e e 187
21. 1. DMAD AlCHIEECIUIE ... et e ettt e et e s s e e e e e e e e e aeeeeeeeeenannnes 188
P22 A B Y N OB g o1 = (o o 1 PUPURRT 188

21.2.1.DMAO Memory Access Arbitration................uuuvviiiiiiiiiiieee e 188
21.2.2.DMAO channel arbitration ...........oooio oo s 189
21.3.DMAOQ Operation in LOW POWET MOES.........uuiiiiiiiiiiiiiieieeeeeeeeeeie e 189
21.4. Transfer ConfigUIation .............oooiiiiiiiiiiiiiee e s e e e e e e e e e e e e e 189
21.5. DMAD REQISTEIS ....etteuitiiiiiee ettt e e e e e e e e e e et e ea ettt s aa e s e e e e eaeaaaeeeeeeesesennnns 190

22 . Multiply and Accumulate (MACO) ...ttt 202
22.1.Special FUNCLION REQISIEIS ......cciiiiiieiiieiiiiie e e e e e e e e e e e e e e e e eeeaaaeeeananas 203
22.2.Integer and Fractional Math ............oooiiiiiiiiiiii e 203
22.3.0perating in Multiply and Accumulate MO ...........cooovriiiiiiiiiiiiieeeee e 204
22.4.0perating in Multiply Only MOGE..........uuuiiiiiiiieieee e e e 204
22.5.MCU MOUE OPEIALION ...t e e i e ettt e e e e e e e e e e e e e e eeeabeebbbaa e e e e e eaaeaeeaeeeeeeeesnsnnnnns 205
22.6.DMA MOAE OPEIALION ....ceeeiiiiiiiiiieeiieiii ittt et e e e e e e e e e e e e e s s s s s e e e e eeaeeaaeeas 205
22.7. Accumulator 1-Bit Shift Operations...........ccceieiiiiiie e e, 207
22.8.Multi-Bit Shift Accumulator OPEration ..........coooouveieiiiiiiiiiieiiiiier e 208
22.9.Accumulator Alignment (Right Byte SHift).........ccooviiiiiiiiiiiiee e 209
22.10.Rounding and SatUration ..............oeeeiiuiiiiiiiiies e e e e e s e e e e e e e e e e e e eaaeenranana 209
22.12.USAQE EXAMPIES.....ueeieii it e e e e e e e e e aan e 211

22.11.1.Multiply and Accumulate in Fractional Mode................ccccciiiiiiiiiiiiiiiicceeeeeee 211
22.11.2.Multiply Only in Integer MOAE .........ooiiiiiiiecee e 211
22.11.3.Initializing Memory Block Using DMAO and MACO...........cooovviiiiiiiiiiiiiinnnn e 212
22.12. MACO REUISTEIS ...ceiieiiieeeeeee ettt e e e e e e e e e e e e s s r e e e e e e e eaeeas 213

23.Cyclic Redundancy Check Unit (CRCO)........ccooiiiiiiiiieiciiie e 232
P2 70 I 1 2 L O N [ o] 1110 o TSR PPPTTPPUPUPPTN 232
23.2.Preparing for @ CRC CalCUlAtioN............uuuiiiiiiiiiiiiiiieeeeee e 234
23.3.Performing a CRC CalCUulation..............uuuiiiiiiiiiiii et e e e e e e e eeeeeeeanananes 234
23.4.Accessing the CRCO RESUIL.........ooiiiiiiiiiiieie et e e e e e e e eeeeeeennes 234
23.5.CRCO Bit REVEISE FRALUIE ......cceiieeeeeiiiiiiiiiee et e e ettt s s e e e e e e e e e e e e eeeeenaesesannnns 234
23.6.CRC CONrol REQISIEIS ...t e ettt e e s e e e e e e e e e e e e eeaaeennannne 235

P oA Lo Lo (g1 [0 IS0 U 1 o = PSPPSR 241
24.1.Programmable Precision Internal OSCIllator.............coooiiiiiiiiiiiiiieeeeeeee e 242
24.2.Low Power Internal OSCIlAtOr ..........uuuiiiiiiiiiiiiiiiiie e 242
24.3.External OSCIllator DIVE CIFCUIL ........euuuueiiiiiiee e e e e e ettt e e e e e e e e e e e eeeeeaeeeeeennnes 242

24.3.1.External CryStal MOUE ........uiiieiie e e e 242
24.3.2.EXtErNal RC MOUE .....ccoiiiiiie ettt s eeeaeeeeeens 243
24.3.3.External Capacitor MOUE .......ccoooiiiiii i 245
24.3.4.External CMOS CIOCK MOGE..........uuuuiiiiiiiiiiiiiiieeee e 245
5 Rev 1.1 )

SILICON LABS



24.4.Special Function Registers for Selecting and Configuring the System Clock............ 246

24.5.Clock Selection Control REQISIEIS .......vvuvriiiiiiiie et e e e e e e e e e e eeeeanaennes 247
24.6.High Frequency OsSCillator REQISIEI'S ........uuiiiiiieeie ettt eeeeeeeenaenees 250
24. 7. External OsCillator REQISTEIS. ......ccciiiiiiiiiiiie ittt 252
25.SmaRTClock (Real Time CloCK, RTCO) ....cccoeiieiiiieeeeeeie e 253
25.1.SMAaRTCIOCK INTEITACE ... .o e e e e eae e ranane 254
25.1.1.Using RTCOADR and RTCODAT to Access SmaRTClock Internal Registers...254
25.1.2.RTCOADR Short Strobe FEAIUIE .........ueiiiiiiiiiiiieeeeeeeeeeee e 254
25.1.3.SmaRTClock Interface Autoread FEALUIe ..........cccceveiiiiiiiiiiiiiieeeeeei e 255
25.1.4. RTCOADR AUtOINCIEMENt FEALUIE .......cceveeiieiiiiiiiiie e ee e e e e e e e 255
25.2.SMaRTCIOCK CIOCKING SOUICES.......ccuuiiiiiiiiiiieee e e eeeeeeeeeie et s s e e s e e e e e e e eeeeeeeeaesneanana 256
25.2.1.Using the SmaRTClock Oscillator with @ Crystal............cccoooviiiiiiiiiiiiiciiiie. 256
25.2.2.Using the SmaRTClock Oscillator in Self-Oscillate Mode ..............cccceeeieeeeeennnn. 257
25.2.3.Using the Low Frequency Oscillator (LFO) ........coiiiiiiiiiieeeeeeeeeeeeeceee e 257
25.2.4.Programmable Load CapacitanCe ............cuuuuuuuiumiiiiiiiaeee e eeeeeeeeeeeeeiaiiii s 258
25.2.5.Automatic Gain Control (Crystal Mode Only) and SmaRTClock Bias Doubling 259
25.2.6.Missing SMaRTCIOCK DELECTON.........ccoiveeiiieiiiiee e 261
25.2.7.SmaRTClock Oscillator Crystal Valid Detector............ccoeeeeeeiiieeiiieiiiiiieeeee e 261
25.3.SmaRTClock Timer and Alarm FUNCLON ..........ccooeiiiiiiiiiiiiiiiiiis e 261
25.3.1.Setting and Reading the SmaRTClock Timer Value ..............ccooovvviiiiiiienennn. 261
25.3.2.Setting @ SMaRTCIOCK AR ........cooiiiiii s 262
25.3.3.Software Considerations for Using the SmaRTClock Timer and Alarm ............ 263
25.4.RTCO CONLIOl REQISIEIS .. .. eieieeee e ee s e e e e e ettt e e et e e e e e e e e e aeeeeeaeeneannnn 264
26.Port I/0 (Port O, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Crossbar, and Port Match)

277
26.1.General Port I/O INItIAliZAtION ........ccooeiiiiiiiiiiieececee e 278
26.2.Assigning Port I/O Pins to Analog and Digital FUNCLIONS ...........ccooovvieiiiiiiiiiiiiiiiiiiie, 279
26.2.1.Assigning Port I/0 Pins to Analog FUNCLIONS..........coooiiiiiiiiiiiiieeeeeee e 279
26.2.2.Assigning Port I/O Pins to Digital FUNCLONS ........ccooviiiiiiiiiiiiiieeeccee e 280
26.2.3.Assigning Port I/O Pins to Fixed Digital FUNCLIONS .........coooiiiiiiiiiiiiiiii e 280
26.3.Priority CroSShar DECOUET.........ccoiiiiiitiieee ettt e e 281
26.4.Port 1/O Modes Of OPEratioN.............ouvuuuiiiiiiiiieie e ee e s e e e e e e e e e e e e eaaeeennnanes 283
26.4.1.Configuring Port Pins For ANalog MOES ............ciiiiiiiiiiiiieeiieeeeeeii e 283
26.4.2.Configuring Port Pins For Digital MOAES ..........ccooeiiiiiiiiiiiiiiieeeeeeeee e 283
26.4.3.POrt Drive Srength...........eeeiiiiiiiee e 283
26.5. PO IMAICN. ... e e e e e e e e e 284
26.6.Direct Read/Write ACCeSS t0 POrt I/O PiNS.....cccoiiiiiiiiiiieeeeeiiies s 284
26.7.Port Configuration REQISIEIS...........oiviiiiiiiicie e e e e e e e e e e e e e e e aaeeeaanaaes 285
26.8.POrt 1/O CONrol REGISIEIS ... ..ottt e e e e e e e e e e e eeeeaeeeeennne 287
27.Reset Sources and SUPPIY MONITOT ....uuuiiiiiiiiiiiiiieeie e 322
27.1.POWEI-ON RESEL ...t e et e e e e e ne e e e e e e nrna e 323
27.2.Power-Fail Reset / SUPPIY MONITOL .......uuuiiiiiiiiee ettt eeeeeeeeaeeees 324
27.3.Enabling the VDD MONITOF .......cccoiiiiiiiiiiiiie e ettt e s e e e e e e e e e e e eeeaaeeennnnne 325
27 A EXIEINAI RESEL ...coviiiiiiiiiei ettt e e e e s bbbt r e e e e e e e as 325
27.5.MiSSING ClOCK DeteCtOr RESEL......cciiiiiiiiiiiiiiiiee ettt e e e e e e e eeeeeenes 325
27.6.PCA Watchdog TimMer RESEL.......ccciieeieiiiiiiiiiiie sttt s e s s e e e e e e e e e e eeeaaeeeennnne 325
) Rev 1.1 6

SILICON LABS



A - Tl = 0 G 2 (1T AT URTRTR 325

27 .8.SOMWAIE RESEL .....eeiiiiiiii ittt e e e e e aae s 325
27.9.Reset SoUurces CoNtrol REQISIEIS. .......uuuuuuuiiieee ettt e e e e e e e eeeeeeeeeeenes 326
27.10.Supply Monitor CoNtrol REQISTEIS ........uuiiiiiiiiiiiiiiiiee e 327
28.Serial Peripheral INterface (SPI0) ......uuu oo 328
28.1.SIgNAI DESCIPLIONS ..ttt e e e e et et e e e ab et e e e s e e e e e e eeaaeeeeeeeesnnnnnns 329
28.1.1.Master Out, SIave IN (MOSI) .......uuuiiiiiiiiiiiiieee s 329
28.1.2.Master In, Slave OUt (MISO) ......ccoeiiiiiiieeeeer e 329
28.1.3.Serial CIOCK (SCK)..eiiiiiiiitiiiiieee ettt e e e e e e as 329
28.1.4.S1aVe SElECE (NSS) .. .cci i e 329
28.2.SPI0 Master Mode OPEratioN .............uuuuuiuuiiiiiieeeeeeeeeee e et e e s e e e e e e e e e aeeesareensannnn 330
28.3.SPI0 Slave Mode OPEratiON ..........coeeiuiuiiiiiiiaaaaeeee e e e eeeeeeeeeieeeraiaaa e e e e e e e e e eaaeeeeeeeeennnnnns 332
28.4.SPI0 INTEITUPL SOUICES. .. ..ttt ettt e e e e e e e e e eeeeeeennrnnnnes 332
28.5.Serial Clock Phase and Polarity.............uuuiiiiiiiiec i 332
28.6.SPI1 Special FUNCLION REQGISIEIS ...c.cciiiiiiiiiiiiie et eeeeeeaaanes 334
28.7.SP1 CONIIOl REGISIEIS ...ttt r e e e e e eeeas 338
29.System Management Bus / 12C (SMBUSO) .......coooviiiiiiiiiiiicce e 342
29.1.SUPPOItiNg DOCUMENES .....iiieiieiiiieiieeeee ittt s e e e e e e et e et e e etebaa e s e e e e e e e eeaaaeeeenseeesnnnnes 343
29.2.SMBUS CONFIQUIATION ....ceiiiiiiiiii ittt e e e e e e e e e e e e e e s e e e e e reaaeeaeeas 343
29.3.SIMBUS OPEIALION. ....uuutiiiesiee e e e e e e et e e e e e e e e e e e e e e e e e e aee s e e e e e e aaaeaeaaeeeeseresnnnnnnns 343
29.3.1. TranSMIEr VS. RECEIVEN ... ...t 344

DA IR T Y o 11 = U1 o] o U 344
29.3.3.CIOCK LOW EXIENSION ...ttt te e e e e e e e e e e e e s s s s eeeaeaeeeeas 344
29.3.4.SCL LOW TIMEOUL....cettiiiiteiiiaeae e e e e e e ettt e s e e e e e e e e e e e e e e eeeeaaenn e e as 344
29.3.5.SCL High (SMBUS Free) TIMEOUL.........euiiiiiiiieeeeeeeeeee e 345
29.4.USING the SIMBUS .....uuiiiiiii i s e e e e e e ettt s e e s s e e e e e eeaaeeeeeaesnnnnnnes 345
29.4.1.SMBuUSs Configuration REQISTEI ........ccciiiiiiiiiiiiiiiieee e 345
29.4.2.SMBUS PiN SWAP ....cciiiiiiiiiiiiiiii ettt e e eeeeeaeas 347
29.4.3.SMBUS TimMiNG CONIOL.....uuuiiiiii i 347
29.4.4.SMBOCN CONtrol REGISIEN ... .ciii it 347
29.4.5.Hardware Slave Address RECOGNITION..........civiiiiiiiiiiiiieieeiiiieee e 349
29.4.6.DAtA REQISIEN......ciieeeeeeieii et e e e ————————————— 349
29.5.SMBUS TranSfer MOUES ......ccooi ittt e e e e e e e e e e e eeeeaeeeeennne 350
29.5.1.Write SEQUENCE (IMASTEN)......uuiuiiiiiiiiiiiieie ettt e e e e eeeeaeeeas 350
29.5.2.Read SeqUENCE (MASIEN) ....uuiiii et e e e 351
29.5.3.Write SEQUENCE (SIAVE).... ..o s 352
29.5.4.Read SEQUENCE (SIAVE) .....uuiiiiiiiiiiiiiiee ettt 353
29.6.SMBUS Status DECOAING ......ccceeeiiieeieeeeeci et e e s e e e e e e e e e e e e e eaaeeeeananes 353
29.7.12C | SMBUS CONtrol REQISIEIS ....cciiiieiiiiiiieee ettt e e e e e eeeeeeeeeeenes 358
GO 2 O - Y S PP 364
30.1.SupPOrting DOCUMENLS ......cceeieiiiiieeeeeeee e e e e s e e e e e e e e e e et a e e e e e e e e aeeaaeeesenesnsannne 365
30.2.The 12C CONFIQUIALION.......iiiii ettt e e s e e e e e e e e e e e eeeeeeeeennnne 365
30.3.12CSLAVED OPEIALION c.ccieeeeeiieie ettt ettt e e e e e e e e e e e e e s s s s e s bbb e e s e e eeeeeaeeeeas 365
30.3.1.TranSMIttEr VS. RECEIVET ... ....uuiiiiiiiiiiiiiieiiiteie ettt e e e e e e s rer e e e e e aeeeas 366
30.3.2.ClIOCK STrEtCNING ...ceeeeieiiiiiiiieee e 366
30.3.3.SCL LOW TIMEOUL.....coiiiiiiiiiiiiiiie ettt e e e e e s eeeaeeeeeeas 367

7 Rev 1.1 )

SILICON LABS



30,3 4 HS  MOAR e e e 367

30.3.5.DMA and CPU Mode OPErations ............ceuuruuuruumiiiiiiiieeeeeeeereeeeeessnnnnnnneeeens 368
30.4.Using the I2CSLAVEQD MOAUIE.........coouiiiiiiiieie et eeeeeneneees 368
30.4.1.1I2COCNTL CONIOl REQISTE ......uuuiiiiiiiiiiiiiiiiiee e 368
30.4.2.12COSTAT StatuS REQISIEN .....iiii e e e ee e e e e 368
30.4.3.12COSLAD Slave Address REQISIEr ..........uuuuiiuiiiieiiieeeee et 369
30.4.4.12CODIN Received Data REQISTEI .........uuuiiiiiiiieieeeeeeee e 369
30.4.5.12C0ODOUT Transmit Data REQISEr...........uuuriuiiiiiiiie e 369
30.5.12C TranSTEI MOUES ......uuiiiii ettt a e s e e e e e e e e e e e eeeeaeeesnnnnes 370
30.5.1.12C Write Sequence (CPU MOAE) ......uuiiiiiiiiiiieiieeeee e 370
30.5.2.12C Read Sequence (CPU MOUE) ........oovvviiiiiiiiiiiiii e e e 371
30.5.3.12C Write Sequence (DMA MOAE) ........couviiiuiiiiiiiiiieieaa e 371
30.5.4.12C Read Sequence (DMA MOUE) ......uu i 373
30.6.12CSLAVED SIave REQISIEIS. ......cooveieeiiiiiiiiii e e e et e e s e e e e e e e e e e e eeeaaeeenanane 374
31.Universal Asynchronous Receiver/Transmitter (UARTO) ....coooeeiiiiiiiiiiiiiiiiiiieee e 380
31.1.Enhanced Baud Rate GENEIratiON ............uuuuuiiiiieeeeeeeeeeieeeeiiiiiiiiaaaaseeeeeeeeeeeeeeeneeennnnnes 380
31.2.0perationNal MOAES. ........iiiiei e s e e e e e e ettt e e e s s e e e e e e e e aeeeeaaesnnannne 382
BL.2.1.8-Bit UART ooiiiiiiiiiie ettt e e e e e e e e e e e e e e e e s s st e e e eeaaaaeaeeas 382

3 I 11 U G OSSPSR 383
31.3.Multiprocessor COMMUNICALIONS...........uuuuuiiiiiieieeeeeeeeeeeeee et s e e s e e e e e e e eaeeeeeaaeeernnnnn 384
31.4.UART CONrol REGISTEIS ...ttt e e e e e e e e e e e e eaaeeeeennne 386
32.Timers (Timer0, Timerl, Timer2, and TIMEer3) ......couuuuuiiiiiiiiiiiaieeee e e s 389
32.1.TIMEr 0 and TIMEE L. .ooiii it r e e e e e e e e e e e e e s s s s s s s bbb et s e n e e e eeaaaeeeeas 390
32.1.1.Mode 0: 13-bit COUNLEITTIMET .....ccee e 391
32.1.2.Mode 1: 16-bit COUNTEITTIMET .....ccie e e 391
32.1.3.Mode 2: 8-bit Counter/Timer with Auto-Reload ..............ccccciiviiiiiiiiiiiiiiiieeeeee, 392
32.1.4.Mode 3: Two 8-bit Counter/Timers (Timer 0 Only) .........coooeiiriiiiiiiiiiiiiieee e, 393
G I | 1 1= P UUPURRT 394
G T 1101 g PO 397
32.4.TIMer CoNtrol REQISTEIS ... .ottt e e e e e e e e e e e eeeeeaerenene 400
32.5.TIMEI O/1 REQISTEIS. ..cciiiiieieeiie ittt e e e e e e e e s s bbb r e e e e e e aaeeas 404
YA ST I 4 1= a2l o =T o £ (= £ TR 408
2. 7. TIMEI 3 REQISTEIS. ..ttt i ettt e e e e e e e e e e e e et e atebb b aa e e e e e e e eeeaeeeeeeeeensnnnnnn 414
33.Programmable Counter Array (PCAD).........uuuiuiiiiiiiiiieiieeeeee e 420
33.L.PCA COUNTEITTIME c.ciiiiie ettt e e e e e e e e e e e e e s s s s s s e bbbt aeeeeeeeeaaaaaeeas 421
33.2.PCAD INTEITUPE SOUITES .....neeieeiiie e ettt e e et e e e e et et e e e e e et e e e e e e eenna e e aeeennnnn e eeas 422
33.3.Capture/Compare MOAUIES............ccciiiiiiiiii s 423
33.3.1.Edge-triggered Capture MOUE............cooviiiiiiiiiccece e 424
33.3.2.Software Timer (Compare) MOUE .........oooviiiiiiiiiiiiiie e s 425
33.3.3.High-Speed OUPUL MOUE........uuiiiiiiiiiiie et 426
33.3.4.Frequency OULPUL MOE.......ccociiiieie e 427
33.3.5. 8-hbit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes............cccccceeeenennn. 427
33.3.6. 8-Bit Pulse Width Modulator MOGE ............ceviiiiiieiieieiie e 428
33.3.7. 9/10/11-bit Pulse Width Modulator Mode .............coooeiiiiiiiiiiiiiiiiieeeee e 429
33.3.8. 16-Bit Pulse Width Modulator MOe..............uuuuiiiiiiiieieeeeeeeeeeeeeee e 430
33.4.Watchdog TIMEr MOUE........coe it e e e e e e e e e e e e e e e eeeeeaenernnnnes 431
) Rev 1.1 8

SILICON LABS



33.4.1.Watchdog Timer OPEIALION ...........uuuuieriiiiiiiiiieieeeeeeeee e e ereeeeeaeeas 431

33.4.2.WatchdOog TIMEr USAQE .....uuuiiiiiei e e e e eei ettt s s e e e e e e e e e e e e e e as 432
33.5.PCAD CONLIOl REQISIEIS ... ittt e e ettt eet et e s e e e e e e e e e e e aeeeeeaeeerennnes 433

G B 9 1 | (=] o = Tox = T 447
Gt I O T I8 o = 1 T PSSR 447
34.2.C2 INterfaCe REQISIEIS ...ttt e e e e e e e e e eeeeeeeeennanas 448
DOCUMENT ChANGE LIST .ottt e e e e e e e e e e e e e e e e e e aaaanas 453
ReVISION 1.0 10 REVISION L1 ..oiiiiiiiiiiiii e e e e e e e e e e e e e e e e e aaaeeeees 453
ReVISION 0.1 10 REVISION 1.0 .uuuuiiiiiiiiiie ettt e e e e e e e e e e e e eeees 453
(@0] 01 ¢= T4 A [ 0 Fo] 12 = U1 Lo 1 o RSP PRUPPRRR 454
9 Rev 1.1 )

SILICON LABS



1. Electrical Characteristics

Throughout the Electrical Characteristics chapter, “Vpp” refers to the Supply Voltage.
1.1. Electrical Characteristics

All electrical parameters in all tables are specified under the conditions listed in Table 1.1, unless stated otherwise.

Table 1.1. Recommended Operating Conditions

Parameter Symbol Conditions Min Typ Max Units
Temperature Range Ta —40 25 85 °C
Supply Voltage Vpp 1.8 3 3.6 \%

*Note: All minimum and maximum specifications are guaranteed and apply across the recommended operating conditions.
Typical values apply at nominal supply voltages and an operating temperature of 25 °C unless otherwise noted.

Table 1.2. Global Electrical Characteristics
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ Max units
Supply Voltage (Vpp) 1.8 3.0 3.6 \%
RAM Data Retention Voltage® — 1.4 — V
SYSCLK (System Clock)? 0 — 25 MHz
TsysH (SYSCLK High Time) 18 — — ns
TsysL (SYSCLK Low Time) 18 — — ns
Specified Operating Temperature -40 — +85 °C
Range
Notes:

1. Based on device characterization data; Not production tested.
2. SYSCLK must be at least 32 kHz to enable debugging.

3. The values in this table are obtained with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1)
loop in C. See the power measurement code examples for more information.

4. Includes oscillator and regulator supply current.
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Table 1.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter

Conditions

Min

Typ

Max units

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)

I 3,4
DD

Vpp=1.8-3.6V,
Freq = 24.5 MHz (includes preci-
sion oscillator current)

5

Vpp =1.8-3.6 V, Freq = 20 MHz
(includes low power oscillator
current)

Vpp =1.8V, Freq =1 MHz
(includes external CMOS
oscillator / GPIO current)

420

Vpp =3.6V, Freq =1 MHz
(includes external CMOS
oscillator / GPIO current)

440

Vpp=1.8-3.6V,
Freq = 32.768 kHz
(includes RTC current)

95

Ipp Frequency Sensitivityl' 3

Vpp =1.8-3.6 V, T =25 °C, Freq
<14 MHz
(Flash oneshot active)

230

— HA/MHZz

Vpp =1.8-3.6 V, T =25 °C, Freq
> 14 MHz
(Flash oneshot bypassed)

130

— HA/MHZz

Notes:

4.

Based on device characterization data; Not production tested.
SYSCLK must be at least 32 kHz to enable debugging.

The values in this table are obtained with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1)
loop in C. See the power measurement code examples for more information.

Includes oscillator and regulator supply current.
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Table 1.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ Max units
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
Iop? Vpp = 1.8-3.6 V, — 3.3 4.5 mA
Freq = 24.5 MHz (includes preci-
sion oscillator current)
Vpp =1.8-3.6 V, Freq = 20 MHz — 2.5 — mA
(includes low power oscillator
current)
Vpp =1.8-3.6V, — 90 — MA
Freq = 32.768 kHz
(includes RTC current)
Iop Frequency Sensitivity® Vpp =1.8-3.6V, T=25°C — 110 — | PAIMHZ

Notes:

1. Based on device characterization data; Not production tested.
2. SYSCLK must be at least 32 kHz to enable debugging.

3. The values in this table are obtained with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1)
loop in C. See the power measurement code examples for more information.

4. Includes oscillator and regulator supply current.
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Table 1.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ Max units

Digital Supply Current—Suspend and Sleep Mode

Digital Supply Current Vpp =1.8-3.6 V — 80 — MA

(Suspend Mode)

Digital Supply Current Vpp=18V, T=25°C — 0.6 — HA

(oo ot FICSM NS | vpmazurease | — | or | — |

VDDMON) Vpp=3.6V,T=25°C — 0.8 — HA
Vpp=1.8V,T=85°C — 1 — HA
Vpp=3.3V,T=85°C — 1.3 — HA
Vpp=3.6V,T=85°C — 1.5 — HA

Digital Supply Current (Sleep Mode, Vpp=18V, T=25°C — 0.28 — HA

RTC Int LFO running, includes RTC

and VDDMON)

Digital Supply Current Vpp=18V, T=25°C — 0.05 — HA

(Sleep Mode, includes VDDMON) Vop =33V, T =25°C — 0.06 — UA
Vpp=3.6V,T=25°C — 0.11 — HA
Vpp=1.8V,T=85°C — 0.8 — HA
Vpp=3.3V,T=85°C — 0.9 — HA
Vpp=3.6V,T=85°C — 1.0 — HA

Notes:

1. Based on device characterization data; Not production tested.
2. SYSCLK must be at least 32 kHz to enable debugging.

3. The values in this table are obtained with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1)
loop in C. See the power measurement code examples for more information.

4. Includes oscillator and regulator supply current.
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Table 1.3. Port I/O DC Electrical Characteristics
Vpp = 1.8 t0 3.6 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Output High Voltage lon = =3 mA, Port I/O push-pull | Vpp—0.7 — — \%
(High Drive Strength, _
PnDRV.N = 1) IOH =-10 HA VDD_ 0.1 — — V
lop =—10 mA — see chart —
Output High Voltage lop =—1 mA Vpp—0.7 — — \Y
(Low Drive Strength, I = 10uA v 01 v
PnDRV.n = 0) oH="VH pp — Y- - -
lop =—3 MA — see chart — \Y
Output Low Voltage oL = 8.5mA — — 0.7 \Y
(High Drive Strength, ~
PnDRV.n = 1) loL =25 mA — see chart — \Y
Output Low Voltage lop = 1.4 mA — — 0.7 \%
(Low Drive Strength, _
PnDRV.n = 0) oL =4 mA — see chart — \Y
Input High Voltage Vpp=2.0t0 3.6 V Vpp— 0.6 — — \Y
Input Low Voltage Vpp=2.0to 3.6V — — 0.6 \
Input Leakage Current Weak Pull-up Off — — 0.5 HA
Weak Pull-up On, V=0V, — 4 — MA
VDD =18V
Weak Pull-up On, V=0V, — 23 — HA
VDD =36V
Table 1.4. I1°C Slave Electrical Characteristics
Parameter Condition Min Typ Max units
Vpp Range Required to meet I2C spec 1.8 — 3.6 \
Internal 1°C pull-ups Required to meet I°C spec — 6 — kQ

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the devices at those or any other conditions above those indicated in the
operation listings of this specification is not implied. Exposure to maximum rating conditions for extended periods may

affect device reliability.
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Tyical VOH(High Drive Mode)
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33

3
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——VDD=3 6V
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E 91 VDD=2.4V
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0.9
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Load current{mA)
Typical VOH(Low drive Mode)

—+—\DD=3.6V
> —8—VDD=3.0V
E 21 VDD=2.4V

——\DD=1.8V

Load current{mA)

Figure 1.1. Typical VOH Curves, 1.8-3.6 V
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Typical VOL(High Drive Mode)

Voltage

-80 -60

-100
Load current{mA}

—+—\DD=3.6YV
—E—=\VDD=3.0V
VDD=2.4V

——\DD=1.8V

Tyical VOL(Low Drive Mode)

Voltage

Load current{mA}

——\DD=3 6V
—E—=VDD=32.0V
VDD=2.4V

——VDD=1.8V

Figure 1.2. Typical VOL Curves, 1.8-3.6 V
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Table 1.5. Reset Electrical Characteristics
Vpp = 1.810 3.6 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Unit
RST Output Low Voltage lor =1.4 mA — 0.1 — \%
RST input High Voltage Vpp=2.0to 3.6V Vpp — 0.6 — — V
RST input Low Voltage Vpp=2.0t0 3.6V — — 0.6 \
RST Input Pull-up Current RST=0V,Vpp=3.6V — 22 — A
VDD Monitor Threshold (VrsT) Early Warning — 1.85 — \Y;
VDD Monitor Threshold (VgsT) Reset Trigger — 1.75 — \Y;

(all modes ex. Sleep)
POR Monitor Threshold (VpoR) Initial Power-On — 1.6 —
POR Monitor Threshold (VpoR) Brownout Condition — 1.6 — \
POR Monitor Threshold (VpoR) Recovery from Brownout — 1.0 —
Missing Clock Detector Time from last system clock 100 650 1000 US
Timeout rising edge to reset initiation
Minimum Sys Clock with Missing System clock frequency which — 7 — kHz
Clock Detector Enabled triggers a missing clock
detector timeout
Reset Time Delay Delay between release of any — — 30 VES
reset source and code execution
at location 0x0000

Minimum RST Low Time to Gen- — 15 — HS
erate System Reset
VDD Monitor Turn-on Time — 300 — ns
VDD Monitor Supply Current — 20 — HA
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Table 1.6. Power Management Electrical Specifications
Vpp = 1.8 t0 3.6 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Idle Mode Wake-up Time 2 — 3 SYSCLKs
Suspend Mode Wake-up Time Low power oscillator — 400 — ns
Precision oscillator — 13 — us
Sleep Mode Wake-up Time — 2 — VES
Table 1.7. Flash Electrical Characteristics
Vpp = 1.8t0 3.6 V, —40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Flash Size See ordering information for flash sizes of
all C8051F97x devices 16384 | — | 32768 | Dytes
Endurance 20k 100k —
Erase Cycle Time 20 30 40 ms
Write Cycle Time 50 60 70 [V
Table 1.8. Internal Precision Oscillator Electrical Characteristics
Vpp = 1.810 3.6 V; Ty =—40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
. —40 to +85 °C,
Oscillator Frequency Vpp = 1.8-3.6 V 24 24.5 25 MHz
Oscillator Supply Current 25 °C; includes bias current L 300 _ A
(from Vpp) of 90-100 pA H
Table 1.9. Internal Low-Power Oscillator Electrical Characteristics
Vpp = 1.810 3.6 V; Ty =40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
Oscillator Frequency (Low Power —40to +85 °C,
Oscillator) Vpp =1.8-3.6V 18 20 22 MHz
. 25°C
Oscillator Supply Current
PPY No separate bias current — 100 — MA
(from Vpp) )
required
Table 1.10. SmaRTClock Characteristics
Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
Oscillator Frequency (LFO) 11 16.4 22 kHz
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Table 1.11. ADCO Electrical Characteristics
Vpp=1.8t03.6 VYV, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
DC Accuracy

Resolution 10 bits
Integral Nonlinearity — +0.5 +1 LSB
Differential Nonlinearity — +0.5 +1 LSB
(Guaranteed Monotonic)
Offset Error — +<1 12 LSB
Full Scale Error — *1 2.5 LSB

Dynamic Performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, 300 ksps)

Signal-to-Noise Plus Distortion 62 65 — dB
Signal-to-Distortion — 70 — dB
Spurious-Free Dynamic Range — 72 — dB

Conversion Rate

SAR Conversion Clock — — 8.33 MHz

Conversion Time in SAR Clocks 10-bit Mode 13 — — clocks
8-bit Mode 11 — —

Track/Hold Acquisition Time 15 — — us

Throughput Rate — — 300 ksps

Analog Inputs

ADC Input Voltage Range Single Ended (AIN+ — GND) 0 — VREF \%

Absolute Pin Voltage with respect to Single Ended 0 — Vpp \%

GND

Sampling Capacitance 1x Gain — 28 — pF
0.5x Gain — 26 —

Input Multiplexer Impedance — 5 — kQ

Power Specifications

Power Supply Current Conversion Mode (300 ksps) — 800 — MA
(Vpp supplied to ADCO) Tracking Mode (0 ksps) — 680 —

Power Supply Rejection External VREF — 76 — dB
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Table 1.12. Temperature Electrical Characteristics

Parameter Condition Min Typ Max units
Linearity — +1 — °C
Slope — 3.4 — mV/°C
Slope Error — 40 — pv/eC
Offset Temp =25°C — 1025 — mV
Offset Error Temp =25°C — 18 — mV
Supply Current — 35 — HA
Table 1.13. Voltage Reference Electrical Characteristics
Vpp = 1.810 3.6 V, =40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Internal High-Speed Reference (REFSL[1:0] = 11)
Output Voltage —40 to +85 °C, 1.60 1.65 1.70 V
Vpp=1.8-3.6V
Supply Current Normal Power Mode — 250 — A
Low Power Mode — 140 —
External Reference (REFSL[1:0] = 00, REFOE = 0)
Input Voltage Range 0 — Vpb \%
Input Current Fs = 300 ksps; VREF =3.0V — 5.25 — A
Table 1.14. CSO Electrical Characteristics
Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Single Conversion Time" 12-bit Mode 20 25 40 ps
13-bit Mode (default) 21 27 425
14-bit Mode 23 29 45
16-bit Mode 26 33 50
Power Supply Current — 55 80 HA
*Note: Conversion time is specified with the default configuration.
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1.2. Thermal Conditions

Table 1.15. Thermal Characteristics

Parameter Symbol Conditions Min Typ Max Units

Thermal Resistance 03a Still air, QFN 48 — 82 — °C/IW
Junction to Ambient Still air, QFN 32 — 40.4 —
Still air, QFN 24 — 59.5 —

Thermal Resistance 0;c Still air, QFN 48 — 115 — °C/IW
Junction to Case Still air, QFN 32 — 16.8 —
Still air, QFN 24 — 22.7 —

1.3. Absolute Maximum Ratings

Stresses above those listed under Table 1.16 may cause permanent damage to the device. This is a stress rating
only and functional operation of the devices at those or any other conditions above those indicated in the operation
listings of this specification is not implied. Exposure to maximum rating conditions for extended periods may affect
device reliability.

For more information on the available quality and reliability data, see the Quality and Reliability Monitor Report at
http://www.silabs.com/support/quality/pages/default.aspx.

Table 1.16. Absolute Maximum Limits

Parameter Conditions Min Typ Max Units
Ambient Temperature under Bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any Port I/O Pin or RST -0.3 — Vpp + 0.3 \Y,
with Respect to GND
Voltage on Vpp with Respect to -0.3 — 4.0 \Y
GND
Maximum Total Current through Vpp — — 500 mA
or GND
Maximum Current through RST or — — 100 mA
any Port Pin
Maximum Total Current through all — — 200 mA
Port Pins

Note: Exposure to maximum rating conditions for extended periods may affect device reliability.
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2. System Overview

The C8051F97x device family are fully integrated, mixed-signal system-on-a-chip MCUs. Highlighted features are
listed below. Refer to Table 4.1 for specific product feature selection and part ordering numbers.
m Core:
e Pipelined CIP-51 Core
e Fully compatible with standard 8051 instruction set
e 70% of instructions execute in 1-2 clock cycles
e 25 MHz maximum operating frequency
= Memory:
e 16-32 kB flash; in-system programmable in 512-byte sectors
e 4352-8448 bytes RAM (including 256 bytes standard 8051 RAM and 4-8 kB on-chip XRAM)
m Power:
e Ultra low power consumption in active and sleep modes.
e Power-on reset circuit and brownout detectors
m Capacitive Sensing:
Supports button and slider elements
40 us/channel conversion time
16-bit resolution
Auto scan and wake-on-touch
Auto-accumulate up to 64 samples

m 1/O:
e Up to 43 total multifunction /O pins:
e Flexible peripheral crossbar for peripheral routing
m Clock Sources:
Precision internal oscillator: 24.5 MHz 2%
Low Power Oscillator: 20 MHz +20%
Low-frequency internal oscillator: 16.4 kHz
External crystal, RC, C, and CMOS options
m Timers/Counters and PWM:
e 3-channel Programmable Counter Array (PCA) supporting PWM, capture/compare, frequency output modes, and
watchdog timer function
e 4x 16-bit general-purpose timers
m Communications and Other Digital Peripherals:
o UART
e SPI™
e 1°2C/SMBus™
e High-Speed I2C Slave
e 16-bit CRC Unit, supporting automatic CRC of flash at 256-byte boundaries
m Analog:
e 10-bit Analog-to-Digital Converter (ADC) (300 ksps)
m Digital:
e 7-channel DMA
e 16 x 16 Multiply and Accumulate hardware
Unique Identifier:
e 128-bit unique key for each device
m On-Chip Debugging
With on-chip power-on reset, voltage supply monitor, watchdog timer, and clock oscillator, the C8051F97x devices
are truly standalone system-on-a-chip solutions. The flash memory is re-programmable in-circuit, providing non-
volatile data storage and allowing field upgrades of the firmware.
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The on-chip debugging interface (C2) allows non-intrusive (uses no on-chip resources), full speed, in-circuit
debugging using the production MCU installed in the final application. This debug logic supports inspection and
modification of memory and registers, setting breakpoints, single stepping, and run and halt commands. All analog
and digital peripherals are fully functional while debugging.

Each device is specified for 1.8 to 3.6 VV operation, and are available in 48-pin QFN, 32-pin QFN, or 24-pin QFN
packages. All package options are lead-free and RoHS compliant. The device is available in two temperature
grades: -40 to +85 °C. See Table 4.1 for ordering information. A block diagram is included in Figure 2.1.
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Reset CIP-51 8051
Controller
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Power l VREG Power
Power
Management
w Unit

System Clock Configuration

Low-Power 20

MHz Oscillator SYSCLK

Precision 24.5 N M’l

MHz Oscillator Clock |PCLKIL]

N —>

External Gen |pcLk(z]

Oscillator Circuit —

PCLK[n]

SmaRTClock > _—
MAC

DMA

SFR
Bus

~

Digital Peripherals Port 0
Drivers
PCA/WDT
Timers 0,1,2,3 o
Priority
> SPI Crossbar
Decoder
12C / SMBus
l
UART > Port 1
Drivers
[ High-Speed I12C Slave |
[ Crossbar Control |
Analog Peripherals
Port 2
< VDD Drivers
Temp
le— GND
[ [
VDS ««—| VREF
Capacitance
To Digital Port 3
Ci rt :
onverter [AMUX0 ] Drivers
r
CRC
[ .
Engine
Port 4
Drivers
Port 5
Drivers
Port 6
Drivers

Figure 2.1. C8051F97x Family Block Diagram (QFN-48 Shown)
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2.1. Power

2.1.1. Voltage Supply Monitor (VMONO)

The C8051F97x devices include a voltage supply monitor which allows devices to function in known, safe
operating condition without the need for external hardware.

The supply monitor module includes the following features:

m Holds the device in reset if the main VDD supply drops below the VDD Reset threshold.
2.1.2. Device Power Modes

The C8051F97x devices feature seven low power modes in addition to normal operating mode, allowing the

designer to save power when the core is not in use. All power modes are detailed in Table 2.1.

Table 2.1. Power Modes

Wake-up in 2 clock cycles.

Power Mode Description Wake-up Power and Performance
Sources
Normal Active Device fully functional. N/A Excellent MIPS/mW
Low Power Device fully functional except N/A Excellent.
Active peripherals whose clocks are Clocks only enabled for peripher-
intentionally disabled. als that request for it.
Idle All peripherals fully functional. Any Interrupt Good

No Code Execution

Low Power ldle

Similar to Idle mode, the CPU is
halted. Clocks of unused peripher-
als can be intentionally gated.
Wake-up in 2 clock cycles.

Any Interrupt

Very Good
No Code Execution.
Clocks only enabled for peripher-
als that request for it.

Stop Legacy 8051 low power mode. Any Reset Good
A reset is required to wake up. No Code Execution
Precision Oscillator Disabled
Suspend Similar to Stop mode, but very fast CSO0, Very Good
wake-up time and code resumes | SmaRTClock, No Code Execution
execution at the next instruction. | port Match, | All Internal Oscillators Disabled
I°C Slave, System Clock Gated
RST pin
Sleep Ultra Low Power and flexible SmaRTClock, Excellent
wake-up sources. Code resumes Port Match, Power Supply Gated
execution at the next instruction. I2C_Slave, All Oscillators except
RST pin SmaRTClock Disabled
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2.1.2.1. Normal Mode

Normal mode encompasses the typical full-speed operation. The power consumption of the device in this mode will
vary depending on the system clock speed and any analog peripherals that are enabled.

2.1.2.2. Idle Mode

Setting the IDLE bit in PCON causes the hardware to halt the CPU and enter idle mode as soon as the instruction
that sets the bit completes execution. All internal registers and memory maintain their original data. All analog and
digital peripherals can remain active during idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an enabled
interrupt will cause the IDLE bit to be cleared and the CPU to resume operation. The pending interrupt will be
serviced and the next instruction to be executed after the return from interrupt (RETI) will be the instruction
immediately following the one that set the Idle Mode Select bit. If Idle mode is terminated by an internal or external
reset, the CIP-51 performs a normal reset sequence and begins program execution at address 0x0000.

2.1.2.3. Stop Mode

Setting the Stop Mode Select bit in the PCON register causes the core to enter stop mode as soon as the
instruction that sets the bit completes execution. In Stop mode, the precision internal oscillator and CPU are
stopped; the state of the low power oscillator and the external oscillator circuit is not affected. Each analog
peripheral (including the external oscillator circuit) may be shut down individually prior to entering stop mode. Stop
mode can only be terminated by an internal or external reset. On reset, the CIP-51 performs the normal reset
sequence and begins program execution at address 0x0000.

2.1.3. Suspend Mode

Setting the Suspend Mode Select bit in the PMUOCF register causes the system clock to be gated off and all
internal oscillators disabled. All digital logic (timers, communication peripherals, interrupts, CPU, etc.) stops
functioning until one of the enabled wake-up sources occurs.

The following wake-up sources can be configured to wake the device from suspend mode:

SmaRTClock oscillator fail

SmaRTClock alarm

Port Match event

I12C0 address match

CSO0 end-of-conversion or end-of-scan

2.1.4. Sleep Mode

Setting the Sleep Mode Select bit in the PMUOCF register turns off the internal 1.8 V regulator (VREGO) and
switches the power supply of all on-chip RAM to the VDD pin. Power to most digital logic on the chip is
disconnected; only PMUO and the SmaRTClock remain powered. All analog peripherals (ADCO, External
Oscillator, etc.) should be disabled prior to entering sleep mode.

RAM and SFR register contents are preserved in sleep mode as long as the voltage on VDD does not fall below
VPOR. The PC counter and all other volatile state information is preserved allowing the device to resume code
execution upon waking up from sleep mode. The following wake-up sources can be configured to wake the device
from sleep mode:

SmaRTClock oscillator fail

SmaRTClock alarm

Port Match event

I12C0 address match
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2.1.5. Low Power Active Mode

Running in normal active mode can waste a significant amount of amount of power by clocking unused peripherals.
Low power active mode in C8051F97x devices allows control of clocking activity in the clock tree, which enables
firmware to shut off clocking to unused peripherals and save power. The CPU and all the analog and digital
peripherals remain active except those whose clocks are turned off by firmware. The CPU will not be able to
access SFR of peripherals on inactive branches of the clock tree.

Low power active mode is terminated when the CLKMODE register is programmed to 0x00 or a reset occurs.
Systems that use all the peripherals and always stay in the active mode may not find improvement in power
consumption in the low power active mode due overhead logic required for this implementation.

2.1.6. Low Power Idle Mode

In this mode of operation, the CPU is halted and clocks supplied to unused peripherals can be shut down to save
power. All internal registers and memory maintain their original data. All the analog and digital peripherals remain
active except those whose clocks are turned off by user. Modules that are capable of requesting for clocks can do
so at any time.

Low power idle mode is terminated when an enabled interrupt is asserted or a reset occurs, but the interrupt only
causes the device to switch from low power idle mode to low power active mode. To return to normal active mode,
the CLKMODE register should be reset to 0x00. The pending interrupt will be serviced and the next instruction to
be executed after the return from interrupt (RETI) will be the instruction immediately following the one that set the
Idle Mode Select bit. If low power idle mode is terminated by an internal or external reset, the CIP-51 performs a
normal sequence and begins program execution at address 0x0000.

2.2. 1/0

2.2.1. General Features
The C8051F97x ports have the following features:
m Push-pull or open-drain output modes and analog or digital modes.

m Port Match allows the device to recognize a change on a port pin value and wake from idle mode or
generate an interrupt.

Internal pull-up resistors can be globally enabled or disabled.
Two external interrupts provide unique interrupt vectors for monitoring time-critical events.
2.2.2. Crossbar
The C8051F97x devices have a digital peripheral crossbar with the following features:
m Flexible peripheral assignment to port pins.
m Pins can be individually skipped to move peripherals as needed for design or layout considerations.

The crossbar has a fixed priority for each 1/0O function and assigns these functions to the port pins. When a digital
resource is selected, the least-significant unassigned port pin is assigned to that resource. If a port pin is assigned,
the crossbar skips that pin when assigning the next selected resource. Additionally, the crossbar will skip port pins
whose associated bits in the PnSKIP registers are set. This provides some flexibility when designing a system: pins
involved with sensitive analog measurements can be moved away from digital I/O and peripherals can be moved
around the chip as needed to ease layout constraints.

Rev 1.1 26

SILICON LABS



2.3. Clocking

The C8051F97x devices have three internal oscillators and the option to use an external crystal, RC, C, or CMOS
oscillator as the system clock. A programmable divider allows the user to internally run the system clock at a
slower rate than the selected oscillator if desired.

2.4. Counters/Timers and PWM

2.4.1. Programmable Counter Array (PCAO)
The C8051F97x devices include a three-channel, 16-bit Programmable Counter Array with the following features:
16-bit time base.
Programmable clock divisor and clock source selection.
Three independently-configurable channels.
8, 9, 10, 11 and 16-bit PWM modes (edge-aligned operation).
Output polarity control.
Frequency output mode.
Capture on rising, falling or any edge.
Compare function for arbitrary waveform generation.
Software timer (internal compare) mode.
Module 2 acts as a Watchdog Timer.
2.4.2. Timers (Timer O, Timer 1, Timer 2, and Timer 3)
Timers include the following features:
m Timer 0 and Timer 1 are standard 8051 timers, supporting backwards-compatibility with firmware and
hardware.

m Timer 2 and Timer 3 can each operate as 16-bit auto-reload or two independent 8-bit auto-reload timers,
and include Comparator 0 or SmaRTClock clock capture capabilities.
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2.5. Communications and other Digital Peripherals

2.5.1. Universal Asynchronous Receiver/Transmitter (UARTO)
The UART uses two signals (TX and RX) and a predetermined fixed baud rate to provide asynchronous
communications with other devices.
The UART module provides the following features:
m  Asynchronous transmissions and receptions.
Baud rates up to SYSCLK / 2 (transmit) or SYSCLK / 8 (receive).
8 or 9 bit data.
Automatic start and stop generation.
2.5.2. Serial Peripheral Interface (SPIO)
SPl is a 3- or 4-wire communication interface that includes a clock, input data, output data, and an optional select
signal.
The SPI module includes the following features:
m Supports 3- or 4-wire master or slave modes.
Supports external clock frequencies up to SYSCLK / 2 in master mode and SYSCLK / 10 in slave mode.
Support for all clock phase and polarity modes.
8-bit programmable clock rate.
Support for multiple masters on the same data lines.
2.5.3. System Management Bus / 12C (SMBusO0)
The SMBus interface is a two-wire, bidirectional serial bus compatible with both 12C and SMBus protocols. The two
clock and data signals operate in open-drain mode with external pull-ups to support automatic bus arbitration.

Reads and writes to the interface are byte oriented with the SMBus interface autonomously controlling the serial
transfer of the data. Data can be transferred at up to 1/8th of the system clock as a master or slave, which can be
faster than allowed by the SMBus / I12C specification, depending on the clock source used. A method of extending
the clock-low duration is available to accommodate devices with different speed capabilities on the same bus.

The SMBus interface may operate as a master and/or slave, and may function on a bus with multiple masters. The
SMBus provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration logic,
and start/stop control and generation.

The SMBus module includes the following features:

m Standard (up to 100 kbps) and Fast (400 kbps) transfer speeds.
Support for master, slave, and multi-master modes.
Hardware synchronization and arbitration for multi-master mode.
Clock low extending (clock stretching) to interface with faster masters.
Hardware support for 7-bit slave and general call address recognition.
Firmware support for 10-bit slave address decoding.
Ability to inhibit all slave states.
Programmable data setup/hold times.
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2.5.4. High-Speed 12C Slave (I2CSLAVEO)

The I12C Slave 0 interface is a 2-wire, bidirectional serial bus that is compatible with the 12C Bus Specification 3.0. It
is capable of transferring in high-speed mode (HS-mode) at speeds of up to 3.4 Mbps. Either the CPU or the DMA
can write to the 12C interface, and the 12C interface can autonomously control the serial transfer of data. The
interface also supports clock stretching for cases where the CPU may be temporarily prohibited from transmitting a
byte or processing a received byte during an 12C transaction. It can also operate in sleep mode without an active
system clock and wake the CPU when a matching slave address is received.

It operates only as an I°C slave device. The 12CSLAVEO peripheral provides control of the SCL (serial clock)
synchronization, SDA (serial data), SCL Clock stretching, 12C arbitration logic, and low power mode operation.
The 12C Slave 0 module includes the following features:

m High-speed (up to 3.4 Mbps), fast (400 kbps), and standard (up to 100 kbps) transfer speeds.
Support for slave mode only.
Clock low extending (clock stretching) to interface with faster masters.
Hardware support for 7-bit slave and general call address recognition.

Can operate in sleep mode without an active system clock and wake the CPU after receiving a matching
slave address.

m Internal pull-up resistors.
2.5.5. 16/32-bit CRC (CRCO0)
The CRC module is designed to provide hardware calculations for flash memory verification and communications
protocols. The CRC module supports the standard CCITT-16 16-bit polynomial (0x1021), and includes the
following features:
Support for four CCITT-16 polynomial.
Byte-level bit reversal.
Automatic CRC of flash contents on one or more 256-byte blocks.
Initial seed selection of 0x0000 or OxFFFF.

2.6. Analog Peripherals

2.6.1. 10-Bit Analog-to-Digital Converter (ADCO)

The ADCO module on C8051F97x devices is a Successive Approximation Register (SAR) Analog to Digital
Converter (ADC). The key features of the ADC module are:

Single-ended 10-bit mode.

Supports an output update rate of 300 ksps samples per second.

Selectable asynchronous hardware conversion trigger.

Output data window comparator allows automatic range checking.

Support for Burst Mode, which produces one set of accumulated data per conversion-start trigger with
programmable power-on settling and tracking time.

Conversion complete and window compare interrupts supported.
Flexible output data formatting.
Includes an internal 1.65 V fast-settling reference with two levels and support for an external reference.
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2.7. Digital Peripherals

2.7.1. Direct Memory Access (DMADO)

The DMAO module on C8051F97x devices enables autonomous data movement between XRAM and select
peripherals. The key features of the DMA module are:

m  Supports 7 channels.

Separate full-length and mid-point transfer interrupts for each channel.
Options for big or little endian transfers.

Directly supports the 12C Slave 0 and MACO modules.

2.7.2. Multiply and Accumulate (MACO)

The C8051F97x devices include a multiply and accumulate engine which can be used to speed up many
mathematical operations. The MACO module has the following key features:
Single cycle operation.

Multiply-accumulate or multiply only.

Support for integer or fractional operations.

Support for signed or unsigned operations.

Rounding with saturation.

Auto-increment or constant A and/or B registers.

Logical 1-bit or multiple bit shift of accumulator left or right.

Negation of accumulator, A, and/or B registers.

DMA support for repetitive operations on large arrays of data.

Signed and unsigned alignment (right shift in bytes) of accumulator result.

2.8. Reset Sources
Reset circuitry allows the controller to be easily placed in a predefined default condition. On entry to this reset
state, the following occur:

m  The core halts program execution.

m Module registers are initialized to their defined reset values unless the bits reset only with a power-on
reset.

m External port pins are forced to a known state.
m Interrupts and timers are disabled.

All registers are reset to the predefined values noted in the register descriptions unless the bits only reset with a
power-on reset. The contents of RAM are unaffected during a reset; any previously stored data is preserved as
long as power is not lost.

The Port 1/O latches are reset to 1 in open-drain mode. Weak pullups are enabled during and after the reset. For
VDD Supply Monitor resets, the RST pin is driven low until the device exits the reset state.

On exit from the reset state, the program counter (PC) is reset, the system clock defaults to the internal low-power
oscillator, and the Watchdog Timer is enabled. Program execution begins at location 0x0000.

2.9. Unique ldentifier

Each device contains a 128-bit unique identifier (UID) at the last 16 bytes of XRAM. This value is reloaded after
each device reset, and firmware can overwrite the memory area during operation, if desired.

2.10. On-Chip Debugging

The C8051F97x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow flash programming
and in-system debugging with the production part installed in the end application. The C2 interface uses a clock
signal (C2CK) and a bidirectional C2 data signal (C2D) to transfer information between the device and a host sys-
tem. See the C2 Interface Specification for details on the C2 protocol.
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3. Pin Definitions
3.1. C8051F970/3 QFN-48 Pin Definitions

P0.4
P0.3

PO.2

PO.1

P0.0
C2D/P5.2
RST / C2CK
P5.1

P5.0

P4.7

P4.6

P4.5

w o 4 © ~ o
S Y6 © oS o o
o o o o [a o
o o| I~ o] |ol |<] |m
S| (<] |19 [<] | |<

(42 | P12
(41 | P12
(40 | P13
(39 | P14

48 pin QFN
(Top View)

GND

=
=

CEICICEISICICISIEIS

1

B

5

( 38 P1.5

( 37 P1.6

N

N

N

N

2

ol

RIRIRICIRICICIRICIRINE

® o
< < <
o o o

Figure 3.1. C8051F970/3-A-GM (QFN-48) Pinout

2
RIS
<~ < <o N~ ©o n &
< M M M »
o o

< ™
o o

o o o

P3.2 23 )
P3.1 24 )

P1.7

P2.0

P2.1

VDD

GND

pP2.2

P2.3

P2.4

P2.5

P2.6

pP2.7

P3.0

SILICON LABS

Rev 1.1



Table 3.1. Pin Definitions for C8051F970/3-A-GM (QFN-48)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog
Capability Functions Functions
GND Ground 32 / Bottom
VDD Power 33
RST/ Active-low Reset / 7
C2CK C2 Debug Clock
P0.0 Standard I/0 5 Yes POMAT.O AMUXO0.0
INTO.0 CS0.0
INT1.0 VREF
PO.1 Standard I/O 4 Yes POMAT.1 AMUXO0.1
INTO.1 CS0.1
INT1.1
P0.2 Standard /O 3 Yes POMAT.2 AMUXO0.2
INTO.2 CS0.2
INT1.2
RTC Osc. Output
PO.3 Standard I/O 2 Yes POMAT.3 AMUXO0.3
INTO.3 CS0.3
INT1.3
Wake-up Request
P0.4 Standard I/O 1 Yes POMAT.4 AMUXO0.4
INTO.4 CSs0.4
INT1.4
PO0.5 Standard I/O 48 Yes POMAT.5 AMUXO0.5
INTO.5 CS0.5
INT1.5
P0.6 Standard I/O 45 Yes POMAT.6 AMUXO0.6
SmaRTClock Input INTO.6 CS0.6
INT1.6 XTAL3
CNVSTR
PO.7 Standard I/O 44 Yes POMAT.7 AMUXO0.7
SmaRTClock Input INTO.7 CSO0.7
INT1.7 XTAL4
P1.0 Standard I/O 43 Yes P1MAT.O AMUXO0.8
External Oscillator Input CSso0.8
XTAL1
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Table 3.1. Pin Definitions for C8051F970/3-A-GM (QFN-48) (Continued)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog

Capability Functions Functions

P1.1 Standard I/O 42 Yes P1MAT.1 AMUX0.9
External Oscillator Input CS0.9
XTAL2

P1.2 Standard I/O 41 Yes P1MAT.2 AMUXO0.10
Cs0.10

P1.3 Standard I/O 40 Yes P1MAT.3 AMUXO0.11
Cs0.11

P1.4 Standard I/O 39 Yes P1MAT.4 AMUXO0.12
CS0.12

P1.5 Standard I/O 38 Yes P1MAT.5 AMUXO0.13
CsS0.13

P1.6 Standard I/O 37 Yes P1MAT.6 AMUXO0.14
CsS0.14

P1.7 Standard I/O 36 Yes P1MAT.7 AMUXO0.15
CS0.15

P2.0 Standard I/O 35 Yes P2MAT.O AMUXO0.16
CS0.16

P2.1 Standard I/O 34 Yes P2MAT.1 AMUXO0.17
Cs0.17

pP2.2 Standard I/O 31 Yes P2MAT.2 AMUXO0.18
CsS0.18

P2.3 Standard I/O 30 Yes P2MAT.3 AMUXO0.19
CsS0.19

P2.4 Standard I/O 29 Yes P2MAT.4 AMUXO0.20
CS0.20

P2.5 Standard I/O 28 Yes P2MAT.5 AMUXO0.21
Cso0.21

P2.6 Standard I/O 27 Yes P2MAT.6 AMUXO0.22
Cs0.22

P2.7 Standard I/O 26 Yes P2MAT.7 AMUXO0.23
Cs0.23

P3.0 Standard I/O 25 AMUXO0.24
CS0.24
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Table 3.1. Pin Definitions for C8051F970/3-A-GM (QFN-48) (Continued)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog

Capability Functions Functions

P3.1 Standard I/O 24 AMUXO0.25
CS0.25

P3.2 Standard I/O 23 AMUXO0.26
CS0.26

P3.3 Standard I/0 22 AMUXO0.27
Cs0.27

P3.4 Standard I/O 21 AMUXO0.28
CS0.28

P3.5 Standard I/O 20 AMUXO0.29
CS0.29

P3.6 Standard I/O 19 AMUXO0.30
CS0.30

P3.7 Standard I/O 18 AMUXO0.31
CS0.31

P4.0 Standard I/O 17 AMUXO0.32
CS0.32

P4.1 Standard I/O 16 AMUXO0.33
CS0.33

P4.2 Standard I/O 15 AMUXO0.34
CS0.34

P4.3 Standard I/O 14 AMUXO0.35
CS0.35

P4.4 Standard I/O 13 AMUXO0.36
CS0.36

P4.5 Standard I/O 12 AMUXO0.37
CS0.37

P4.6 Standard I/0 11 AMUXO0.38
CS0.38

P4.7 Standard I/0 10 AMUXO0.39
CS0.39

P5.0 Standard I/O 9 AMUXO0.40
CS0.40

P5.1 Standard I/O 8 AMUXO0.41
CS0.41
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Table 3.1. Pin Definitions for C8051F970/3-A-GM (QFN-48) (Continued)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog
Capability Functions Functions
P5.2/ Standard I/O / 6
Cc2D C2 Debug Data
P6.0 Standard I/O 47 [2CSLAVE_SCL
P6.1 Standard I/O 46 I2CSLAVE_SDA

3.2. C8051F971/4 QFN-32 Pin Definitions
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Figure 3.2. C8051F971/4-A-GM (QFN-32) Pinout
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Table 3.2. Pin Definitions for C8051F971/4-A-GM (QFN-32)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog
Capability Functions Functions
GND Ground Bottom
VDD Power 21
RST/ Active-low Reset / 4
C2CK C2 Debug Clock
P0.0 Standard I/O 2 Yes POMAT.O AMUXO0.0
INTO.0 CsS0.0
INT1.0 VREF
PO.1 Standard I/O 1 Yes POMAT.1 AMUXO0.1
INTO.1 Cs0.1
INT1.1
P0.2 Standard I/O 32 Yes POMAT.2 AMUXO0.2
INTO.2 Cs0.2
INT1.2
P0O.3 Standard I/O 29 Yes POMAT.3 AMUXO0.3
INTO.3 Cs0.3
INT1.3 XTAL3
P0.4 Standard I/O 28 Yes POMAT.4 AMUXO0.4
INTO.4 Cso0.4
INT1.4 XTAL4
PO.5 Standard I/O 27 Yes POMAT.5 AMUXO0.5
INTO.5 CS0.5
INT1.5 XTAL1
P0.6 Standard I/O 26 Yes POMAT.6 AMUXO0.6
SmaRTClock Input INTO.6 CSO0.6
INT1.6 XTAL2
CNVSTR
PO.7 Standard I/O 25 Yes POMAT.7 AMUXO0.7
SmaRTClock Input INTO.7 CS0.7
INT1.7
P1.0 Standard I/O 24 Yes P1MAT.O AMUXO0.8
External Oscillator Input Cs0.8
P1.1 Standard I/O 23 Yes P1MAT.1 AMUXO0.9
External Oscillator Input CS0.9
P1.2 Standard I/O 22 Yes P1MAT.2 AMUXO0.10
Cs0.10
P1.3 Standard I/O 20 Yes P1MAT.3 AMUXO0.11
CsS0.11
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Table 3.2. Pin Definitions for C8051F971/4-A-GM (QFN-32) (Continued)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog
Capability Functions Functions
P1.4 Standard I/O 19 Yes P1MAT.4 AMUXO0.12
CS0.12
P15 Standard 1/0 18 Yes P1MAT.5 AMUXO0.13
CS0.13
P1.6 Standard I/O 17 Yes P1MAT.6 AMUXO0.14
Cs0.14
P1.7 Standard I/O 16 Yes P1MAT.7 AMUXO0.15
CS0.15
P2.0 Standard I/O 15 Yes P2MAT.O AMUXO0.16
CS0.16
P2.1 Standard I/O 14 Yes P2MAT.1 AMUXO0.17
CS0.17
P2.2 Standard I/O 13 Yes P2MAT.2 AMUXO0.18
CS0.18
P2.3 Standard 1/0 12 Yes P2MAT.3 AMUXO0.19
Cs0.19
P2.4 Standard I/O 11 Yes P2MAT.4 AMUXO0.20
CSs0.20
P2.5 Standard I/O 10 Yes P2MAT.5 AMUXO0.21
CS0.21
P2.6 Standard I/O 9 Yes P2MAT.6 AMUXO0.22
CS0.22
P2.7 Standard I/O 8 Yes P2MAT.7 AMUXO0.23
CS0.23
P3.0 Standard I/O 7 AMUXO0.24
CS0.24
P3.1 Standard I/O 6 AMUXO0.25
CS0.25
P3.2 Standard I/O 5 AMUXO0.26
CS0.26
P5.2/ Standard 1/O / 3
c2D C2 Debug Data
P6.0 Standard I/O 31 Yes I2CSLAVE_SCL
P6.1 Standard I/0O 30 Yes [2CSLAVE_SDA
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3.3. C8051F972/5 QFN-24 Pin Definitions
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Figure 3.3. C8051F972/5-A-GM (QFN-24) Pinout
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Table 3.3. Pin Definitions for C8051F972/5-A-GM (QFN-24)

Pin Name Type Pin Numbers| Crossbar Additional Digital Analog
Capability Functions Functions
GND Ground 15/ Bottom
VDD Power 16
RST/ Active-low Reset / 4
C2CK C2 Debug Clock
P0.0 Standard I/O 2 Yes POMAT.O AMUXO0.0
INTO.0 Cs0.0
INT1.0 VREF
PO.1 Standard I/O 1 Yes POMAT.1 AMUXO0.1
INTO.1 Cs0.1
INT1.1
P0.2 Standard I/O 24 Yes POMAT.2 AMUXO0.2
INTO.2 Cs0.2
INT1.2
P0O.3 Standard I/O 21 Yes POMAT.3 AMUXO0.3
EXTCLK Cs0.3
INTO.3
INT1.3
P0.4 Standard I/O 20 Yes POMAT.4 AMUXO0.4
INTO.4 Cso0.4
INT1.4
P0O.5 Standard I/O 19 Yes POMAT.5 AMUXO0.5
INTO.5 CS0.5
INT1.5
P0.6 Standard I/O 18 Yes POMAT.6 AMUXO0.6
INTO.6 CS0.6
INT1.6
CNVSTR
PO.7 Standard I/O 17 Yes POMAT.7 AMUXO0.7
INTO.7 CS0.7
INT1.7
P1.0 Standard I/0O 14 Yes P1MAT.O AMUXO0.8
CS0.8
P1.1 Standard I/O 13 Yes P1MAT.1 AMUXO0.9
Cs0.9
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Table 3.3. Pin Definitions for C8051F972/5-A-GM (QFN-24) (Continued)

Pin Name Type Pin Numbers| Crossbhar Additional Digital Analog
Capability Functions Functions
P1.2 Standard I/O 12 Yes P1MAT.2 AMUXO0.10
CS0.10
P1.3 Standard I/O 11 Yes P1MAT.3 AMUXO0.11
CS0.11
P14 Standard I/O 10 Yes P1MAT.4 AMUXO0.12
Cs0.12
P15 Standard I/O 9 Yes P1MAT.5 AMUXO0.13
CS0.13
P1.6 Standard I/O 8 Yes P1MAT.6 AMUXO0.14
CS0.14
P1.7 Standard I/O 7 Yes P1MAT.7 AMUXO0.15
CS0.15
P2.0 Standard I/O 6 Yes P2MAT.O AMUXO0.16
CS0.16
P2.1 Standard I/O 5 Yes P2MAT.1 AMUXO0.17
CSO0.17
P5.2/ Standard I/O / 3
c2D C2 Debug Data
P6.0 Standard I/O 23 Yes I2CSLAVE_SCL
P6.1 Standard I/0O 22 Yes [2CSLAVE_SDA
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4. Ordering Information

C8051 F 970 -A -G M

L L Package Type M (QFN)
Temperature Grade G (-40 to +85)

Revision

—» Family and Features — 97x

—>» Memory Type — F (Flash)
—> Silicon Labs 8051 Family

Figure 4.1. C8051F97x Part Numbering

All C8051F97x family members have the following features:
m CIP-51 Core running up to 25 MHz

Two Internal Oscillators (24.5 MHz and 80 kHz)

I2C/SMBus

SPI

UART

3-Channel Programmable Counter Array (PWM, Clock Generation, Capture/Compare)
4 Timers

Capacitance-to-Digital (CS0) module

Real Time Clock

16-bit CRC Unit

In addition to these features, each part number in the C8051F97x family has a set of features that vary across the

product line. The product selection guide in Table 4.1 shows the features available on each family member.
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Table 4.1. Product Selection Guide
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C8051F970-A-GM 32 | 8kB | 43 43 v —-40to 85 °C QFN-48
C8051F971-A-GM 32 | 8kB | 28 28 v —-40to 85 °C QFN-32
C8051F972-A-GM 32 | 8kB | 19 19 v —-40to 85 °C QFN-24
C8051F973-A-GM 16 | 4kB | 43 | 43 | v —401to0 85 °C QFN-48
C8051F974-A-GM 16 | 4kB | 28 28 v —-40to 85 °C QFN-32
C8051F975-A-GM 16 |4kB | 19 | 19 | v —401to0 85 °C QFN-24
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5. QFN-48 Package Specifications
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Figure 5.1. QFN-48 Package Drawing (6x6 mm)

Table 5.1. QFN-48 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.50 0.55 0.60 D2 3.35 3.50 3.65
Al 0.00 0.02 0.05 L 0.30 0.40 0.50
b 0.15 0.20 0.25 aaa 0.10
D 6.00 BSC bbb 0.07
D2 3.35 3.50 3.65 ccc 0.10
0.40 BSC ddd 0.05
E 6.00 BSC eee 0.08
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC outline MO-220.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Figure 5.2. QFN-48 Landing Diagram
Table 5.2. QFN-48 Landing Diagram Dimensions
Dimension Max Dimension Max
e 0.40 BSC X2 3.65
C1 5.90 Y1 0.85
Cc2 5.90 Y2 3.65
X1 0.20
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimension and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on IPC-7351 guidelines.
4. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is
calculated based on a Fabrication Allowance of 0.05 mm.
Solder Mask Design
5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and
the metal pad is to be 60 um minimum, all the way around the pad.
Stencil Design
6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.
7. The stencil thickness should be 0.125 mm (5 mils).
8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
9. A 3x3 array of 0.90 mm square openings on 1.15 mm pitch should be used for the center ground pad.
Card Assembly
10. A No-Clean, Type-3 solder paste is recommended.
11. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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5.1. QFN-48 Package Marking

The first row of the package marking is the part number, including the revision. The second row is the 6-digit trace
code indicating assembly information. The last row indicates year (two digits) and workweek (two digits) when the

device was packaged.

FO/70A
000000
1410

Figure 5.3. QFN-48 Package Marking
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6. QFN-32 Package Specifications
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Figure 6.1. QFN-32 Package Drawing

Table 6.1. QFN-32 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.85 0.90 E2 3.20 3.30 3.40
Al 0.00 0.02 0.05 L 0.35 0.40 0.45
b 0.20 0.25 0.30 aaa — — 0.10
A3 0.203 REF bbb — — 0.10
D 5.00 BSC ccc — — 0.08
D2 3.20 | 3.30 | 3.40 ddd — — 0.05
e 0.50 BSC eee — — 0.08
E 5.00 BSC ggg — — 0.05
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small
Body Components.
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Table 6.2. QFN-32 PCB Land Pattern

Dimension MIN MAX
C1 4.80 4.90
C2 4.80 4.90
E 0.50 BSC
X1 0.20 0.30
X2 3.20 3.40
Y1 0.75 0.85
Y2 3.20 3.40
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.
Solder Mask Design
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the
solder mask and the metal pad is to be 60 m minimum, all the way around the pad.
Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should
be used to assure good solder paste release.
5. The stencil thickness should be 0.125mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
7. A 3x3array of 1.0 mm square openings on 1.2 mm pitch should be used for the
center ground pad.
Card Assembly
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification
for Small Body Components.
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6.1. QFN-32 Package Marking

The first row of the package marking is the part number, including the revision. The second row is the 6-digit trace
code indicating assembly information. The last row indicates year (two digits) and workweek (two digits) when the
device was packaged.

FO/1A
000000
1410

Figure 6.3. QFN-32 Package Marking
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7. QFN-24 Package Specifications
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Figure 7.1. QFN-24 Package Drawing
Table 7.1. QFN-24 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.70 0.75 0.80 L 0.30 0.40 0.50
Al 0.00 0.02 0.05 L1 0.00 — 0.15
b 0.18 0.25 0.30 aaa — — 0.15
4.00 BSC bbb — — 0.10
D2 255 | 270 | 2.80 ddd — — 0.05
e 0.50 BSC eee — — 0.08
E 4.00 BSC VA — 0.24 —
E2 255 | 270 | 2.80 Y — 0.18 —
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation WGGD except
for custom features D2, E2, Z, Y, and L which are toleranced per supplier designation.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small
Body Components.
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Table 7.2. QFN-24 PCB Land Pattern

Dimension MIN MAX
C1 3.90 4.00
C2 3.90 4.00
E 0.50 BSC
X1 0.20 0.30
X2 2.70 2.80
Y1 0.65 0.75
Y2 2.70 2.80
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.
Solder Mask Design
3. All metal pads are to be non-solder mask defined (NSMD). Clearance
between the solder mask and the metal pad is to be 60 pm minimum, all
the way around the pad.
Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal
walls should be used to assure good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all
perimeter pads.
7. A2x2array of 1.10 mm x 1.10 mm openings on 1.30 mm pitch should be
used for the center ground pad.
Card Assembly
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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7.1. QFN-24 Package Marking

The first row of the package marking is the part number, including the revision. The second row is the 6-digit trace
code indicating assembly information. The last row indicates year (two digits) and workweek (two digits) when the

device was packaged.

FO/72A

000000

1410

Figure 7.3. QFN-24 Package Marking
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8. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are two
separate memory spaces: program memory and data memory. Program and data memory share the same address
space but are accessed via different instruction types. The memory organization of the C8051F97x device family is

shown in Figure 8.1.

PROGRAM/DATA MEMORY

(FLASH)
OX7FFF Lock Byte
OX7FFE
32 kB FLASH
(In-System
Programmable in 512
Byte Sectors)
0x0000

Figure 8.1. C8051F97x Memory Map (32 kB Flash Version Shown)

OxFF

0x80
OX7F

0x30
Ox2F

0x20
Ox1F

0x00

OXFFFF

0x2000
Ox1FFF

0x0000

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE

Upper 128 RAM
(Indirect Addressing
Only)

Special Function
Registers
(Direct Addressing Only)

(Direct and Indirect Addressing)

32 Bit-Addressable Bytes

32 General Purpose Registers

EXTERNAL DATA ADDRESS SPACE

Same 8192 bytes as 0x0000 to Ox1FFF,
wrapped on 8192-byte boundaries

XRAM - 8192 Bytes
(accessible using MOVX instruction)

Lower 128 RAM
(Direct and Indirect
Addressing)
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8.1. Program Memory

The CIP-51 core has a 64 kB program memory space. The C8051F97x family implements 32 kB, or 16 kB of this
program memory space as in-system, re-programmable flash memory. The last address in the flash block (Ox7FFF
on 32 kB devices and 0x3FFF on 16 kB devices) serves as a security lock byte for the device, and provides read,
write and erase protection. Addresses above the lock byte within the 64 kB address space are reserved.

C8051F970/1/2

Lock Byte OX7FFF
________ OX7FFE

________ 0x7E00 C8051F973/4/5
Lock Byte Ox3FFF

________ O0x3FFE
0x3EO00

Flash Memory Space

Flash Memory Space

sabed a1Aq-2TS
ul paziuebio Alowsw HSY14

0x0000 0x0000
Figure 8.2. Flash Program Memory Map

8.1.1. MOVX Instruction and Program Memory

The MOVX instruction in an 8051 device is typically used to access external data memory. On the C8051F97x
devices, the MOVX instruction is normally used to read and write on-chip XRAM, but can be re-configured to write
and erase on-chip flash memory space. MOVC instructions are always used to read flash memory, while MOVX
write instructions are used to erase and write flash. This flash access feature provides a mechanism for the
C8051F97x to update program code and use the program memory space for non-volatile data storage. Refer to
Section “10. Flash Memory” on page 65 for further details.

8.2. Data Memory

The C8051F97x device family includes up to 512 bytes of RAM data memory. 256 bytes of this memory is mapped
into the internal RAM space of the 8051. On devices with 512 bytes total RAM, 256 additional bytes of memory are
available as on-chip “external” memory. The data memory map is shown in Figure 8.1 for reference.

8.2.1. Internal RAM

There are 256 bytes of internal RAM mapped into the data memory space from 0x00 through OxFF. The lower
128 bytes of data memory are used for general purpose registers and scratch pad memory. Either direct or indirect
addressing may be used to access the lower 128 bytes of data memory. Locations 0x00 through Ox1F are
addressable as four banks of general purpose registers, each bank consisting of eight byte-wide registers. The
next 16 bytes, locations 0x20 through 0x2F, may either be addressed as bytes or as 128 hit locations accessible
with the direct addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the same
address space as the Special Function Registers (SFR) but is physically separate from the SFR space. The
addressing mode used by an instruction when accessing locations above Ox7F determines whether the CPU
accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use direct addressing will
access the SFR space. Instructions using indirect addressing above Ox7F access the upper 128 bytes of data
memory. Figure 8.1 illustrates the data memory organization of the C8051F97x.
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8.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through Ox1F, may be addressed as four banks of general-
purpose registers. Each bank consists of eight byte-wide registers designated RO through R7. Only one of these
banks may be enabled at a time. Two bits in the program status word (PSW) register, RSO and RS1, select the
active register bank. This allows fast context switching when entering subroutines and interrupt service routines.
Indirect addressing modes use registers RO and R1 as index registers.

8.2.1.2. Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20 through
Ox2F are also accessible as 128 individually addressable bits. Each bit has a bit address from 0x00 to 0x7F. Bit O of
the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address 0x07. Bit 7 of the byte at Ox2F
has bit address Ox7F. A bit access is distinguished from a full byte access by the type of instruction used (bit source
or destination operands as opposed to a byte source or destination).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where XX is the
byte address and B is the bit position within the byte. For example, the instruction:

MOV C, 22.3h
moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

8.2.1.3. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is designated using
the Stack Pointer (SP) SFR. The SP will point to the last location used. The next value pushed on the stack is
placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to location 0x07. Therefore, the
first value pushed on the stack is placed at location 0x08, which is also the first register (RO) of register bank 1.
Thus, if more than one register bank is to be used, the SP should be initialized to a location in the data memory not
being used for data storage. The stack depth can extend up to 256 bytes.

8.2.2. External RAM

C8051F97x devices have 4 kB or 8 kB of on-chip RAM mapped into the external data memory space. All of these
address locations may be accessed using the external move instruction (MOVX) and the data pointer (DPTR), or
using MOVX indirect addressing mode. Note: the 16-bit MOVX instruction is also used for writes to the flash
memory. See Section “10. Flash Memory” on page 65 for details. The MOVX instruction accesses XRAM by
default.

For a 16-bit MOVX operation (@DPTR), the upper 8 bits of the 16-bit external data memory address word are
“don't cares”. As a result, addresses 0x0000 through OxOOFF are mapped modulo style over the entire 64 k
external data memory address range. For example, the XRAM byte at address 0x0000 is shadowed at addresses
0x0100, 0x0200, 0x0300, 0x0400, etc.

The C8051F97x devices implement the upper four bytes of external RAM as a 128-bit Unique Identifier. More
information can be found in “Device Identification and Unique Identifier” on page 76.

8.2.3. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers (SFRs). The
SFRs provide control and data exchange with the CIP-51's resources and peripherals. The CIP-51 duplicates the
SFRs found in a typical 8051 implementation as well as implementing additional SFRs used to configure and
access the sub-systems unique to the MCU. This allows the addition of new functionality while retaining
compatibility with the MCS-51™ instruction set.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations from
0x80 to OxFF. SFRs with addresses ending in 0x0 or 0x8 (e.g. PO, TCON, SCONQO, IE, etc.) are bit-addressable as
well as byte-addressable. All other SFRs are byte-addressable only. Unoccupied addresses in the SFR space are
reserved for future use. Accessing these areas will have an indeterminate effect and should be avoided.
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9. Special Function Register Memory Map

This section details the special function register memory map for the C8051F97x devices.

Table 9.1. C8051F97x SFR Memory Map

Address o}

0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F) S

Fs SPIOCN PCAOL PCAOH PCAOCPLO | PCAOCPHO| CSOTHL CSOTHH VDMOCN | O
I2COSTAT — — — — — — P5MDOUT | F

— — SMBOADR | SMBOADM | PCLKEN | CLKMODE | 0

a B P4MDIN P5MDIN SFRNEXT POMAT P1MAT EIP1 EIP2 F
3 ADCOCN | PCAOCPL1 | PCAOCPH1 | PCAOCPL2 | PCAOCPH2 CSODL CSODH RSTSRC | O
DMAOINT — — — POMDIN P1MDIN P2MDIN P3MDIN F

P3 P4 P5 P6 0

EO ACC DEVICEID REVID o o FLWR EIE1 EIE2 E
D8 PCAOCN PCAOMD |PCAOCPMO |PCAOCPM1 | PCAOCPM2 CS0SS CSOSE PCAOPWM | O
DMAONCF | POMDOUT — — P1IMDOUT | P3MDOUT ITO1ICF P3MDOUT | F

DO PSW REFOCN ADCOL ADCOH ADCOMX — — — 0
— MACOACCO | MACOACC1 | MACOACC2 | MACOACC3 | MACOOVF | MACOITER | F

cal TMR2CN REGOCN TMR2RLL | TMR2RLH TMR2L TMR2H PMUOFL PMUOMD | O
DMAONBAL | DMAONBAH | DMAONAOL |DMAONAOH | DMAONSZL | DMAONSZH| MACOSTA | F

co SMBOCN SMBOCF SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH — 0
MACOCFO | MACOINTE — PAMDOUT | MACOCF1 | MACOCF2 P1SKIP P2SKIP F

B3 P EMIOCN ADCOAC ADCOPWR | ADCOTK CSoOMD1 CSOMD2 CSOMD3 | O
P4DRV — — — — F

CSOCN OSCXCN OSCICN PMUOCF FLSCL 0

BO . . . SFRLAST — . POSKIP FLKEY E
A8 IE CLKSEL CSOCF CSOMX RTCOADR | RTCODAT OSCICL 0
MACOAL MACOAH [2COCN I2COSLAD MACOBL MACOBH | F

SPIOCFG SPIOCKR SPIODAT | AMUXOP3 | AMUX0P4 | AMUXOP5 0

A > — — — [2CODOUT | 12CODIN SFRPGCN SFRPAGE F
98| SCoNo SBUFO AMUXOPO | AMUXOP1 | AMUXOP2 | CRCOCNT |CRCOAUTO| CRCOFLIP | O
PODRV P1DRV P2DRV P3DRV P5DRV — — F

90 p1 TMR3CN TMR3RLL | TMR3RLH TMR3L TMR3H CSO0PM ADCOCF | O
DMAOBUSY | DMAOEN — DMAOSEL XBRO XBR1 P6MDIN F

88 TCON TMOD TLO TL1 THO TH1 CKCON PSCTL 0
DMAOMINT — — POMASK P1MASK TOFFL TOFFH F
CRCOCN CRCOIN CRCODAT 0

80 PO SP DPL DPH POMASK POMAT . PCON F

|:|denotes bit-addressable SFRs, bold indicates SFRs on all pages
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Table 9.2. Special Function Registers

Register Address | SFR Page Register Description Page
ACC OxEO All pages | Accumulator 180
ADCOAC 0xBA 0x0 ADCO Accumulator Configuration 116
ADCOCF 0x97 0x0 ADCO Configuration 115
ADCOCN OxES8 0x0 ADCO Control 114
ADCOGTH 0xC4 0x0 ADCO Greater-Than High Byte 121
ADCOGTL 0xC3 0x0 ADCO Greater-Than Low Byte 122
ADCOH 0xD3 0x0 ADCO Data Word High Byte 119
ADCOL 0xD2 0x0 ADCO Data Word Low Byte 120
ADCOLTH 0xC6 0x0 ADCO Less-Than High Byte 123
ADCOLTL 0xC5 0x0 ADCO Less-Than Low Byte 124
ADCOMX 0xD4 0x0 ADCO Multiplexer Selection 125
ADCOPWR 0xBB All pages | ADCO Power Control 117
ADCOTK 0xBC All pages | ADCO Burst Mode Track Time 118
AMUXOPO O0x9A 0x0 Port 0 Analog Multiplexer Control 158
AMUXO0P1 0x9B 0x0 Port 1 Analog Multiplexer Control 159
AMUX0P2 0x9C 0x0 Port 2 Analog Multiplexer Control 160
AMUXO0P3 O0xA4 0x0 Port 3 Analog Multiplexer Control 161
AMUX0P4 OxA5 0x0 Port 4 Analog Multiplexer Control 162
AMUXO0P5 OxA6 0x0 Port 5 Analog Multiplexer Control 163
B 0xFO OxF B Register 181
CKCON Ox8E 0x0 Clock Control 400
CLKMODE OxF7 0x0 Clock Mode 249
CLKSEL O0xA9 0x0 Clock Select 247
CRCOAUTO Ox9E 0x0 CRCO Automatic Control 238
CRCOCN 0x84 0x0 CRCO Control 235
CRCOCNT 0x9D 0x0 CRCO Automatic Flash Sector Count 239
CRCODAT 0x86 0x0 CRCO Data Output 237
CRCOFLIP Ox9F 0x0 CRCO Bit Flip 240
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Table 9.2. Special Function Registers (Continued)

Register Address | SFR Page Register Description Page
CRCOIN 0x85 0x0 CRCO Data Input 236
CSOCF OxAA 0x0 Capacitive Sense 0 Configuration 144
CSOCN 0xBO 0x0 Capacitive Sense 0 Control 143
CSODH OxEE 0x0 Capacitive Sense 0 Data High Byte 145
CSODL OXED 0x0 Capacitive Sense 0 Data Low Byte 146
CSOMD1 0xBD 0x0 Capacitive Sense 0 Mode 1 151
CSOMD2 OxBE 0x0 Capacitive Sense 0 Mode 2 152
CSOMD3 OxBF 0x0 Capacitive Sense 0 Mode 3 153
CSOMX OxAB 0x0 Capacitive Sense 0 Mux Channel Select 155
CSO0PM 0x96 0x0 Capacitive Sense 0 Pin Monitor 154
CSOSE OxDE 0x0 Capacitive Sense 0 Auto Scan End Channel 148
CS0SS 0xDD 0x0 Capacitive Sense 0 Auto Scan Start Channel 147
CSOTHH OxFE 0x0 Capacitive Sense 0 Comparator Threshold High Byte 149
CSOTHL OxFD 0x0 Capacitive Sense 0 Comparator Threshold Low Byte 150
DEVICEID OxE1 OxF Device Identification 77
DMAOBUSY 0x91 OxF DMAO Busy 193
DMAOEN 0x92 OxF DMAO Channel Enable 190
DMAOINT OxES8 OxF DMAO Full-Length Interrupt Flags 191
DMAOMINT 0x88 OxF DMAO Mid-Point Interrupt Flags 192
DMAONAOH OxCC OxF Memory Address Offset High 198
DMAONAOL 0xCB OxF Memory Address Offset Low 199
DMAONBAH OxCA OxF Memory Base Address High 196
DMAONBAL 0xC9 OxF Memory Base Address Low 197
DMAONCF 0xD8 OxF DMAO Channel Configuration 195
DMAONSZH O0xCE OxF Memory Transfer Size High 200
DMAONSZL OxCD OxF Memory Transfer Size Low 201
DMAOSEL 0x94 OxF DMAO Channel Select 194
DPH 0x83 All pages | Data Pointer High 178
DPL 0x82 All pages | Data Pointer Low 177
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Table 9.2. Special Function Registers (Continued)

Register Address | SFR Page Register Description Page
EIE1 OXE6 All pages |Extended Interrupt Enable 1 85
EIE2 OxE7 All pages | Extended Interrupt Enable 2 89
EIP1 OxF6 OxF Extended Interrupt Priority 1 87
EIP2 OxF7 OxF Extended Interrupt Priority 2 90
EMIOCN 0xB9 0x0 External Memory Interface Control 75
FLKEY 0xB7 All pages |Flash Lock and Key 71
FLSCL 0xB6 0x0 Flash Scale 72
FLWR OxE5 All pages | Flash Write Only 73
[2COCN OxAC OxF [2C0 Control 379
[2CODIN OxA5 OxF I2C0 Received Data 374
[2CODOUT OxA4 OxF [2C0 Transmit Data 375
[2COSLAD OxAD OxF [2CO0 Slave Address 376
[2COSTAT OxF8 OxF [2C0 Status 377
IE O0xA8 All pages | Interrupt Enable 82
P 0xB8 All pages | Interrupt Priority 84
ITO1CF OxDE OxF INTO / INT1 Configuration 92
MACOACCO 0xD2 OxF Accumulator Byte 0 230
MACOACC1 0xD3 OxF Accumulator Byte 1 229
MACOACC2 0xD4 OxF Accumulator Byte 2 228
MACOACC3 0xD5 OxF Accumulator Byte 3 227
MACOAH OxAB OxF Operand A High Byte 222
MACOAL OxAA OxF Operand A Low Byte 223
MACOBH OxAF OxF Operand B High Byte 224
MACOBL OxAE OxF Operand B Low Byte 225
MACOCFO 0xCO0 OxF MACO Configuration 0 215
MACOCF1 0xC4 OxF MACO Configuration 1 217
MACOCF2 0xC5 OxF MACO Configuration 2 219
MACOINTE 0xC1 OxF MACO Interrupt Enable 221
MACOITER 0xD7 OxF Iteration Counter 231
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Table 9.2. Special Function Registers (Continued)

Register Address | SFR Page Register Description Page
MACOOVF 0xD6 OxF Accumulator Overflow Byte 226
MACOSTA OxCF OxF MACO Status 213
OscCICL OxAF 0x0 High Frequency Oscillator Calibration 250
OSCICN 0xB2 0x0 High Frequency Oscillator Control 251
OSCXCN 0xB1 0x0 External Oscillator Control 252
PO 0x80 All pages | Port 0 Pin Latch 289
PODRV 0x99 OxF Port 0 Drive Strength 293
POMASK 0x8B OxF Port 0 Mask 287
POMAT OxF4 OxF Port 0 Match 288
POMDIN OxEC OxF Port O Input Mode 290
POMDOUT 0xD9 OxF Port 0 Output Mode 291
POSKIP 0xB6 OxF Port 0 Skip 292
P1 0x90 All pages |Port 1 Pin Latch 296
P1DRV 0x9A OxF Port 1 Drive Strength 300
P1IMASK 0x8C OxF Port 1 Mask 294
P1MAT OxF5 OxF Port 1 Match 295
P1MDIN OxXED OxF Port 1 Input Mode 297
P1IMDOUT 0xDC OxF Port 1 Output Mode 298
P1SKIP 0xC6 OxF Port 1 Skip 299
P2 0xA0 All pages |Port 2 Pin Latch 303
P2DRV 0x9B OxF Port 2 Drive Strength 307
P2MASK 0x84 OxF Port 2 Mask 301
P2MAT 0x85 OxF Port 2 Match 302
P2MDIN OxEE OxF Port 2 Input Mode 304
P2MDOUT 0xDD OxF Port 2 Output Mode 305
P2SKIP 0xC7 OxF Port 2 Skip 306
P3 OxE1l 0x0 Port 3 Pin Latch 308
P3DRV 0x9C OxF Port 3 Drive Strength 311
P3MDIN OxEF OxF Port 3 Input Mode 309
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Table 9.2. Special Function Registers (Continued)

Register Address | SFR Page Register Description Page
P3MDOUT OxDF OxF Port 3 Output Mode 310
P4 OxE2 0x0 Port 4 Pin Latch 312
PADRV 0xB9 OxF Port 4 Drive Strength 315
PAMDIN OxF1 OxF Port 4 Input Mode 313
PAMDOUT 0xC3 OxF Port 4 Output Mode 314
P5 OxE3 0x0 Port 5 Pin Latch 316
P5DRV 0x9D OxF Port 5 Drive Strength 319
P5SMDIN OxF2 OxF Port 5 Input Mode 317
P5MDOUT OxFF OxF Port 5 Output Mode 318
P6 OxE4 0x0 Port 6 Pin Latch 320
P6MDIN 0x97 OxF Port 6 Input Mode 320
PCAOCN 0xD8 0x0 PCA Control 433
PCAOCPHO OxFC 0x0 PCA Capture Module High Byte 0O 440
PCAOCPH1 OxEA 0x0 PCA Capture Module High Byte 1 443
PCAOCPH2 OxEC 0x0 PCA Capture Module High Byte 2 446
PCAOCPLO OxFB 0x0 PCA Capture Module Low Byte 0 439
PCAOCPL1 OxE9 0x0 PCA Capture Module Low Byte 1 442
PCAOCPL2 OxEB 0x0 PCA Capture Module Low Byte 2 445
PCAOCPMO OxDA 0x0 PCA Capture/Compare Mode 0 438
PCAOCPM1 0xDB 0x0 PCA Capture/Compare Mode 1 441
PCAOCPM2 0xDC 0x0 PCA Capture/Compare Mode 1 444
PCAOQOH OxFA 0x0 PCA Counter/Timer Low Byte 437
PCAOL 0xF9 0x0 PCA Counter/Timer High Byte 436
PCAOMD 0xD9 0x0 PCA Mode 434
PCAOPWM OxDF 0x0 PCA PWM Configuration 435
PCLKEN OxF6 0x0 Low Power Peripheral Clock Enable 248
PCON 0x87 All pages | Power Control 100
PMUOCF 0xB5 0x0 Power Management Unit Configuration 101
PMUOFL O0xCE 0x0 Power Management Unit Flag 102
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Table 9.2. Special Function Registers (Continued)

Register Address | SFR Page Register Description Page
PMUOMD OxCF 0x0 Power Management Unit Mode 103
PSCTL Ox8F All pages | Program Store Control 70
PSW 0xDO0 All pages | Program Status Word 182
REFOCN 0xD1 0x0 Voltage Reference Control 127
REGOCN 0xC9 0x0 Voltage Regulator Control 93
REVID OXE2 OxF Revision Identification 78
RSTSRC OxEF 0x0 Reset Source 326
RTCOADR OxAC 0x0 RTC Address 264
RTCODAT OxAD 0x0 RTC Data 265
SBUFO 0x99 0x0 UARTO Serial Port Data Buffer 388
SCONO 0x98 All pages | UARTO Serial Port Control 386
SFRLAST 0xB3 All pages | SFR Page Last 186
SFRNEXT OxF3 All pages | SFR Page Next 185
SFRPAGE OxA7 All pages | SFR Page 183
SFRPGCN OxA6 OxF SFR Page Control 184
SMBOADM OxF5 0x0 SMBusO Slave Address Mask 362
SMBOADR OxF4 0x0 SMBusO Slave Address 361
SMBOCF 0xC1 0x0 SMBusO0 Configuration 358
SMBOCN 0xCO0 0x0 SMBus0 Control 359
SMBODAT 0xC2 0x0 SMBusO0 Data 363
SP 0x81 All pages | Stack Pointer 179
SPIOCFG OxAl 0x0 SPI0 Configuration 338
SPIOCKR OxA2 0x0 SPI0 Clock Control 340
SPIOCN OxF8 0x0 SPI0 Control 339
SPIODAT OxA3 0x0 SPI0 Data 341
TCON 0x88 0x0 Timer 0/1 Control 402
THO 0x8C 0x0 Timer 0 High Byte 406
TH1 0x8D 0x0 Timer 1 High Byte 407
TLO Ox8A 0x0 Timer O Low Byte 404
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Table 9.2. Special Function Registers (Continued)

Register Address | SFR Page Register Description Page
TL1 0x8B 0x0 Timer 1 Low Byte 405
TMOD 0x89 0x0 Timer 0/1 Mode 403
TMR2CN 0xC8 All pages | Timer 2 Control 408
TMR2H OxCD 0x0 Timer 2 High Byte 413
TMR2L 0xCC 0x0 Timer 2 Low Byte 412
TMR2RLH OxCB 0x0 Timer 2 Reload High Byte 411
TMR2RLL OxCA 0x0 Timer 2 Reload Low Byte 410
TMR3CN 0x91 0x0 Timer 3 Control 414
TMR3H 0x95 0x0 Timer 3 High Byte 419
TMR3L 0x94 0x0 Timer 3 Low Byte 418
TMR3RLH 0x93 0x0 Timer 3 Reload High Byte 417
TMR3RLL 0x92 0x0 Timer 3 Reload Low Byte 416
TOFFH Ox8E OxF Temperature Sensor Offset High 128
TOFFL 0x8D OxF Temperature Sensor Offset Low 129
VDMOCN OxFF 0x0 Supply Monitor Control 327
XBRO 0x95 OxF Port I/0O Crossbar 0 285
XBR1 0x96 OxF Port I/0 Crossbar 1 286
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10. Flash Memory

On-chip, re-programmable flash memory is included for program code and non-volatile data storage. The flash
memory is organized in 512-byte pages. It can be erased and written through the C2 interface or from firmware by
overloading the MOVX instruction. Any individual byte in flash memory must only be written once between page
erase operations.

10.1. Security Options

The CIP-51 provides security options to protect the flash memory from inadvertent modification by software as well
as to prevent the viewing of proprietary program code and constants. The Program Store Write Enable (bit PSWE
in register PSCTL) and the Program Store Erase Enable (bit PSEE in register PSCTL) bits protect the flash
memory from accidental modification by software. PSWE must be explicitly set to ‘1’ before software can modify
the flash memory; both PSWE and PSEE must be set to ‘1’ before software can erase flash memory. Additional
security features prevent proprietary program code and data constants from being read or altered across the C2
interface.

A Security Lock Byte located in flash user space offers protection of the flash program memory from access (reads,
writes, or erases) by unprotected code or the C2 interface. See Section “8. Memory Organization” on page 54 for
the location of the security byte. The flash security mechanism allows the user to lock n 512-byte flash pages,
starting at page 0 (addresses 0x0000 to OxO1FF), where n is the 1's complement number represented by the
Security Lock Byte. Note that the page containing the flash Security Lock Byte is unlocked when no other
flash pages are locked (all bits of the Lock Byte are ‘1’) and locked when any other flash pages are locked
(any bit of the Lock Byte is ‘0’). An example is shown in Figure 10.1.

Security Lock Byte: 11111011b
1s Complement: 00000100b
Flash pages locked: 5 (First four flash pages + Lock Byte Page)

Figure 10.1. Security Byte Decoding

The level of flash security depends on the flash access method. The three flash access methods that can be
restricted are reads, writes, and erases from the C2 debug interface, user firmware executing on unlocked pages,
and user firmware executing on locked pages. Table 10.1 summarizes the flash security features of the C8051F97x
devices.
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Table 10.1. Flash Security Summary

Action

C2 Debug Interface

User Firmware Executing from:

Unlocked Page

Locked Page

Read, Write or Erase unlocked pages Permitted Permitted Permitted
(except page with Lock Byte)

Read, Write or Erase locked pages Not Permitted Flash Error Reset Permitted
(except page with Lock Byte)

Read or Write page containing Lock Byte Permitted Permitted N/A

(if no pages are locked)

Read or Write page containing Lock Byte Not Permitted Flash Error Reset Permitted
(if any page is locked)

Read contents of Lock Byte Permitted Permitted N/A

(if no pages are locked)

Read contents of Lock Byte Not Permitted Flash Error Reset Permitted
(if any page is locked)

Erase page containing Lock Byte Permitted Permitted N/A

(if no pages are locked)

Erase page containing Lock Byte—Unlock all
pages (if any page is locked)

C2 Device Erase Only

Flash Error Reset

Flash Error Reset

Lock additional pages
(change 1s to Os in the Lock Byte)

Not Permitted

Flash Error Reset

Flash Error Reset

Unlock individual pages
(change Os to 1s in the Lock Byte)

Not Permitted

Flash Error Reset

Flash Error Reset

Read, Write or Erase Reserved Area

Not Permitted

Flash Error Reset

Flash Error Reset

Notes:

1. C2 Device Erase erases all flash pages including the page containing the Lock Byte.

ok wh

Flash Error Reset is not permitted; Causes Flash Error Device Reset (FERROR bit in RSTSRC is “1” after reset).
All prohibited operations that are performed via the C2 interface are ignored (do not cause device reset).

Locking any flash page also locks the page containing the Lock Byte.
Once written to, the Lock Byte cannot be modified except by performing a C2 Device Erase.
If user code writes to the Lock Byte, the Lock does not take effect until the next device reset.
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10.2. Programming the Flash Memory

Writes to flash memory clear bits from logic 1 to logic 0, and can be performed on single byte locations. Flash
erasures set bits back to logic 1, and occur only on full pages. The write and erase operations are automatically
timed by hardware for proper execution; data polling to determine the end of the write/erase operation is not
required. Code execution is stalled during a flash write/erase operation.

The simplest means of programming the flash memory is through the C2 interface using programming tools
provided by Silicon Labs or a third party vendor. This is the only means for programming a non-initialized device.

To ensure the integrity of flash contents, it is strongly recommended that the on-chip supply monitor be enabled in
any system that includes code that writes and/or erases flash memory from software.

10.2.1. Flash Lock and Key Functions

Flash writes and erases by user software are protected with a lock and key function. The Flash Lock and Key
Register (FLKEY) must be written with the correct key codes, in sequence, before flash operations may be
performed. The key codes are: 0xA5, OxF1. The timing does not matter, but the codes must be written in order. If
the key codes are written out of order, or the wrong codes are written, flash writes and erases will be disabled until
the next system reset. Flash writes and erases will also be disabled if a flash write or erase is attempted before the
key codes have been written properly. The flash lock resets after each write or erase; the key codes must be
written again before a following flash operation can be performed.

10.2.2. Flash Erase Procedure

The flash memory can be programmed by software using the MOVX write instruction with the address and data
byte to be programmed provided as normal operands. Before writing to flash memory using MOVX, flash write
operations must be enabled by: (1) setting the PSWE Program Store Write Enable bit in the PSCTL register to
logic 1 (this directs the MOVX writes to target flash memory); and (2) Writing the flash key codes in sequence to the
Flash Lock register (FLKEY). The PSWE bit remains set until cleared by software.

A write to flash memory can clear bits to logic 0 but cannot set them; only an erase operation can set bits to logic 1
in flash. A byte location to be programmed should be erased before a new value is written. Erase operation
applies to an entire page (setting all bytes in the page to OxFF). To erase an entire page, perform the following
steps:
. Disable interrupts (recommended).
. Set the PSEE bit (register PSCTL).
. Set the PSWE bit (register PSCTL).
. Write the first key code to FLKEY: OxA5.
. Write the second key code to FLKEY: OxF1.
. Using the MOVX instruction, write a data byte to any location within the page to be erased.
. Clear the PSWE and PSEE bits.
10.2.3. Flash Write Procedure
Flash bytes are programmed by software with the following sequence:
1. Disable interrupts (recommended).
Erase the flash page containing the target location, as described in Section 10.2.2.
Set the PSWE bit (register PSCTL).
Clear the PSEE bit (register PSCTL).
Write the first key code to FLKEY: OxA5.
Write the second key code to FLKEY: OxF1.
Using the MOVX instruction, write a single data byte to the desired location within the desired page.
8. Clear the PSWE bit.

Steps 5-7 must be repeated for each byte to be written. After flash writes are complete, PSWE should be cleared
so that MOVX instructions do not target program memory.
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10.3. Non-volatile Data Storage

The flash memory can be used for non-volatile data storage as well as program code. This allows data such as
calibration coefficients to be calculated and stored at run time. Data is written using the MOVX write instruction and
read using the MOVC instruction. Note: MOVX read instructions always target XRAM.

10.4. Flash Write and Erase Guidelines

Any system which contains routines which write or erase flash memory from software involves some risk that the
write or erase routines will execute unintentionally if the CPU is operating outside its specified operating range of
supply voltage, system clock frequency or temperature. This accidental execution of flash modifying code can
result in alteration of flash memory contents causing a system failure that is only recoverable by re-flashing the
code in the device.

To help prevent the accidental modification of flash by firmware, hardware restricts flash writes and erasures when
the supply monitor is not active and selected as a reset source. As the monitor is enabled and selected as a reset
source by default, it is recommended that systems writing or erasing flash simply maintain the default state.

The following guidelines are recommended for any system which contains routines which write or erase flash from
code.

10.4.1. Voltage Supply Maintenance and the Supply Monitor

1. If the system power supply is subject to voltage or current "spikes," add sufficient transient protection
devices to the power supply to ensure that the supply voltages listed in the Absolute Maximum Ratings
table are not exceeded.

2. Make certain that the minimum supply rise time specification is met. If the system cannot meet this rise
time specification, then add an external supply brownout circuit to the RST pin of the device that holds the
device in reset until the voltage supply reaches the lower limit, and re-asserts RST if the supply drops
below the low supply limit.

3. Do not disable the supply monitor. If the supply monitor must be disabled in the system, firmware should be
added to the startup routine to enable the on-chip supply monitor and enable the supply monitor as a reset
source as early in code as possible. This should be the first set of instructions executed after the reset
vector. For C-based systems, this may involve modifying the startup code added by the C compiler. See
your compiler documentation for more details. Make certain that there are no delays in software between
enabling the supply monitor and enabling the supply monitor as a reset source. Code examples showing
this can be found in “AN201: Writing to Flash From Firmware", available from the Silicon Laboratories web
site. Note that the supply monitor must be enabled and enabled as a reset source when writing or
erasing flash memory. A flash error reset will occur if either condition is not met.

4. As an added precaution if the supply monitor is ever disabled, explicitly enable the supply monitor and
enable the supply monitor as a reset source inside the functions that write and erase flash memory. The
supply monitor enable instructions should be placed just after the instruction to set PSWE to a 1, but before
the flash write or erase operation instruction.

5. Make certain that all writes to the RSTSRC (Reset Sources) register use direct assignment operators and
explicitly DO NOT use the bit-wise operators (such as AND or OR). For example, "/RSTSRC = 0x02" is
correct. "RSTSRC |= 0x02" is incorrect.

6. Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a '1'. Areas to check are
initialization code which enables other reset sources, such as the Missing Clock Detector or Comparator,
for example, and instructions which force a Software Reset. A global search on "RSTSRC" can quickly
verify this.

10.4.2. PSWE Maintenance

7. Reduce the number of places in code where the PSWE bit (in register PSCTL) is set to a 1. There should
be exactly one routine in code that sets PSWE to a '1' to write flash bytes and one routine in code that sets
PSWE and PSEE both to a '1' to erase flash pages.

8. Minimize the number of variable accesses while PSWE is set to a 1. Handle pointer address updates and
loop variable maintenance outside the "PSWE = 1;... PSWE = 0;" area. Code examples showing this can
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be found in “AN201: Writing to Flash From Firmware", available from the Silicon Laboratories web site.

9. Disable interrupts prior to setting PSWE to a '1' and leave them disabled until after PSWE has been reset
to 0. Any interrupts posted during the flash write or erase operation will be serviced in priority order after
the flash operation has been completed and interrupts have been re-enabled by software.

10. Make certain that the flash write and erase pointer variables are not located in XRAM. See your compiler
documentation for instructions regarding how to explicitly locate variables in different memory areas.

11. Add address bounds checking to the routines that write or erase flash memory to ensure that a routine
called with an illegal address does not result in modification of the flash.

10.4.3. System Clock

12. If operating from an external crystal-based source, be advised that crystal performance is susceptible to
electrical interference and is sensitive to layout and to changes in temperature. If the system is operating in
an electrically noisy environment, use the internal oscillator or use an external CMOS clock.

13. If operating from the external oscillator, switch to the internal oscillator during flash write or erase
operations. The external oscillator can continue to run, and the CPU can switch back to the external
oscillator after the flash operation has completed.

Additional flash recommendations and example code can be found in “AN201: Writing to Flash From Firmware",
available from the Silicon Laboratories website.
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10.5. Flash Control Registers

Register 10.1. PSCTL: Program Store Control

Bit 7 6 5 4 3 2 1 0
Name Reserved PSEE PSWE
Type R RwW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0x8F

Table 10.2. PSCTL Register Bit Descriptions

Bit

Name

Function

7:2

Reserved

Must write reset value.

PSEE

Program Store Erase Enable.

Setting this bit (in combination with PSWE) allows an entire page of flash program mem-
ory to be erased. If this bit is logic 1 and flash writes are enabled (PSWE is logic 1), a
write to flash memory using the MOVX instruction will erase the entire page that contains
the location addressed by the MOVX instruction. The value of the data byte written does
not matter.

0: Flash program memory erasure disabled.

1: Flash program memory erasure enabled.

PSWE

Program Store Write Enable.

Setting this bit allows writing a byte of data to the flash program memory using the MOVX
write instruction. The flash location should be erased before writing data.

0: Writes to flash program memory disabled.

1: Writes to flash program memory enabled; the MOVX write instruction targets flash
memory.
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Register 10.2. FLKEY: Flash Lock and Key

Bit 7 6 5 4 3 2 1 0
Name FLKEY
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0xB7

Table 10.3. FLKEY Register Bit Descriptions

Bit

Name

Function

7:0

FLKEY

Flash Lock and Key Register.

Write:

This register provides a lock and key function for flash erasures and writes. Flash writes
and erases are enabled by writing OxA5 followed by OxF1 to the FLKEY register. Flash
writes and erases are automatically disabled after the next write or erase is complete. If
any writes to FLKEY are performed incorrectly, or if a flash write or erase operation is
attempted while these operations are disabled, the flash will be permanently locked from
writes or erasures until the next device reset. If an application never writes to flash, it can
intentionally lock the flash by writing a non-OxA5 value to FLKEY from firmware.

Read:

When read, bits 1-0 indicate the current flash lock state.

00: Flash is write/erase locked.

01: The first key code has been written (OXA5).

10: Flash is unlocked (writes/erases allowed).

11: Flash writes/erases are disabled until the next reset.
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Register 10.3. FLSCL: Flash Scale

Bit 7 6 4 0
Name | Reserved | BYPASS Reserved
Type R RwW R
Reset 0 0 0 0

SFR Page = 0x0; SFR Address: 0xB6

Table 10.4. FLSCL Register Bit Descriptions

Bit Name Function

7 Reserved | Must write reset value.

6 BYPASS |Flash Read Timing One-Shot Bypass.
0: The one-shot determines the flash read time. This setting should be used for operating
frequencies less than 14 MHz.
1: The system clock determines the flash read time. This setting should be used for fre-
quencies greater than 14 MHz.

5:0 Reserved | Must write reset value.

Note: Operations which clear the BYPASS bit do not need to be immediately followed by a benign 3-byte instruction. For
code compatibility with C8051F930/31/20/21 devices, a benign 3-byte instruction whose third byte is a don't care
should follow the clear operation. See the C8051F93x-C8051F92x data sheet for more details.
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Register 10.4. FLWR: Flash Write Only

Bit 7 6 4 3 2
Name FLWR
Type
Reset 0 0 0 0 0

SFR Page = ALL; SFR Address: OxE5

Table 10.5. FLWR Register Bit Descriptions

Bit

Name

Function

7:0

FLWR

Flash Write Only.
All writes to this register have no effect on system operation.
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11. On-Chip XRAM

The C8051F97x MCUs include on-chip RAM mapped into the external data memory space (XRAM). The external
memory space may be accessed using the external move instruction (MOVX) with the target address specified in
either the data pointer (DPTR), or with the target address low byte in RO or R1. On C8051F97x devices, the target
address high byte is a don't care.

When using the MOVX instruction to access on-chip RAM, no additional initialization is required and the MOVX
instruction execution time is as specified in the CIP-51 chapter.

Important Note: MOVX write operations can be configured to target Flash memory, instead of XRAM. See Section
“10. Flash Memory” on page 65 for more details. The MOVX instruction accesses XRAM by default.

11.1. Accessing XRAM

The XRAM memory space is accessed using the MOVX instruction. The MOVX instruction has two forms, both of
which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a 16-bit register which
contains the effective address of the XRAM location to be read from or written to. The second method uses RO or
R1 in combination with the EMIOCN register to generate the effective XRAM address. Examples of both of these
methods are given below.

11.1.1. 16-Bit MOVX Example
The 16-bit form of the MOVX instruction accesses the memory location pointed to by the contents of the DPTR
register. The following series of instructions reads the value of the byte at address 0x1234 into the accumulator A:

MoV DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A, @DPTR ; load contents of 0x1234 into accumulator A

The above example uses the 16-bit immediate MOV instruction to set the contents of DPTR. Alternately, the DPTR
can be accessed through the SFR registers DPH, which contains the upper 8-bits of DPTR, and DPL, which
contains the lower 8-bits of DPTR.

11.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMIOCN SFR to determine the upper 8-bits of the
effective address to be accessed and the contents of RO or R1 to determine the lower 8-bits of the effective
address to be accessed. The following series of instructions read the contents of the byte at address 0x1234 into
the accumulator A.

MOV EMIOCN, #12h ; load high byte of address into EMIOCN
MoV RO, #34h ; load low byte of address into RO (or R1)
MOVX a, @RO ; load contents of 0x1234 into accumulator A
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11.2. External Memory Interface Registers

Register 11.1. EMIOCN: External Memory Interface Control

Bit 7 6 5 4 3 0
Name PGSEL
Type RW
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: 0xB9
Bit Name Function
7.0 PGSEL XRAM Page Select.

The XRAM Page Select field provides the high byte of the 16-bit external data memory
address when using an 8-bit MOVX command, effectively selecting a 256-byte page of

RAM.
0x00: 0x0000 to OXxO0FF
0x01: 0x0100 to Ox01FF

OxFE: OXFEOO to OXFEFF
OxFF: OXFFO0O0 to OXFFFF
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12. Device ldentification and Unique Identifier

The C8051F97x has SFRs that identify the device family, derivative, and revision. These SFRs can be read by
firmware at runtime to determine the capabilities of the MCU that is executing code. This allows the same firmware
image to run on MCUs with different memory sizes and peripherals, and dynamically change functionality to suit

the capabilities of that MCU.

In addition to the device identification registers, a 128-bit unique identifier (UID) is preprogrammed into all devices.
The UID resides in the last sixteen bytes of XRAM. The UID can be read by firmware using MOVX instructions and

through the debug port.

Firmware can overwrite the UID during normal operation, and the bytes in memory will be automatically reinitialized
with the UID value after any device reset. Firmware using this area of memory should always initialize the memory
to a known value, as any previous data stored at these locations will be overwritten and not retained through a

reset.

Table 12.1. UID Implementation Information

Device External Memory (XRAM) Addresses

(MSB) Ox1FFF, Ox1FFE, Ox1FFD, Ox1FFC,

ggggig;g Ox1FFB, Ox1FFA, 0x1FF9, Ox1FFS8,

C8051F972 Ox1FF7, Ox1FF6, Ox1FF5, Ox1FF4,
Ox1FF3, 0x1FF2, Ox1FF1, Ox1FFO (LSB)

(MSB) OxOFFF, OxOFFE, OXOFFD, OxOFFC,

ggggig;i OXOFFB, 0xOFFA, 0xOFF9, OxOFFS8,

C8051F975 OxOFF7, OxOFF6, OXOFF5, OXOFF4,
Ox0FF3, 0xOFF2, 0xOFF1, OxOFFO (LSB)
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12.1. Device ldentification Registers

Register 12.1. DEVICEID: Device Identification

Bit 7 6 4 3 2 0
Name DEVICEID
Type R
Reset 0 0 0 1 0 1

SFR Page = OxF; SFR Address: OxE1l

Table 12.2. DEVICEID Register Bit Descriptions

Bit

Name

Function

7:0

DEVICEID

Device ID.

This read-only register returns the 8-bit device ID: 0x29 (C8051F97x).
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Register 12.2. REVID: Revision ldentifcation

Bit 7 6 5 4 3 2
Name REVID
Type R
Reset X X X X X X

SFR Page = OxF; SFR Address: OxE2

Table 12.3. REVID Register Bit Descriptions

Bit

Name

Function

7:0

REVID

Revision ID.

This read-only register returns the 8-bit revision ID.
00000000: Reserved.

00000001: Revision A

00000010-11111111: Reserved.
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13. Interrupts

The C8051F97x includes an extended interrupt system supporting multiple interrupt sources with two priority
levels. The allocation of interrupt sources between on-chip peripherals and external input pins varies according to
the specific version of the device. Each interrupt source has one or more associated interrupt-pending flag(s)
located in an SFR. When a peripheral or external source meets a valid interrupt condition, the associated interrupt-
pending flag is set to logic 1.

If interrupts are enabled for the source, an interrupt request is generated when the interrupt-pending flag is set. As
soon as execution of the current instruction is complete, the CPU generates an LCALL to a predetermined address
to begin execution of an interrupt service routine (ISR). Each ISR must end with an RETI instruction, which returns
program execution to the next instruction that would have been executed if the interrupt request had not occurred.
If interrupts are not enabled, the interrupt-pending flag is ignored by the hardware and program execution
continues as normal. The interrupt-pending flag is set to logic 1 regardless of the interrupt's enable/disable state.

Each interrupt source can be individually enabled or disabled through the use of an associated interrupt enable bit
in an SFR (IE and EIE1). However, interrupts must first be globally enabled by setting the EA bit in the IE register to
logic 1 before the individual interrupt enables are recognized. Setting the EA bit to logic 0 disables all interrupt
sources regardless of the individual interrupt-enable settings.

Some interrupt-pending flags are automatically cleared by the hardware when the CPU vectors to the ISR.
However, most are not cleared by the hardware and must be cleared by software before returning from the ISR. If
an interrupt-pending flag remains set after the CPU completes the return-from-interrupt (RETI) instruction, a new
interrupt request will be generated immediately and the CPU will re-enter the ISR after the completion of the next
instruction.

13.1. MCU Interrupt Sources and Vectors

The C8051F97x MCUs support interrupt sources for each peripheral on the device. Software can simulate an
interrupt by setting any interrupt-pending flag to logic 1. If interrupts are enabled for the flag, an interrupt request
will be generated and the CPU will vector to the ISR address associated with the interrupt-pending flag. MCU
interrupt sources, associated vector addresses, priority order and control bits are summarized in Table 13.1. Refer
to the datasheet section associated with a particular on-chip peripheral for information regarding valid interrupt
conditions for the peripheral and the behavior of its interrupt-pending flag(s).

13.1.1. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low priority
interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be
preempted. Each interrupt has an associated interrupt priority bit in an SFR (IP or EIP1) used to configure its
priority level. Low priority is the default. If two interrupts are recognized simultaneously, the interrupt with the higher
priority is serviced first. If both interrupts have the same priority level, a fixed priority order is used to arbitrate, given
in Table 13.1.

13.1.2. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs. Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 5 system
clock cycles: 1 clock cycle to detect the interrupt and 4 clock cycles to complete the LCALL to the ISR. If an
interrupt is pending when a RETI is executed, a single instruction is executed before an LCALL is made to service
the pending interrupt. Therefore, the maximum response time for an interrupt (when no other interrupt is currently
being serviced or the new interrupt is of greater priority) occurs when the CPU is performing an RETI instruction
followed by a DIV as the next instruction. In this case, the response time is 18 system clock cycles: 1 clock cycle to
detect the interrupt, 5 clock cycles to execute the RETI, 8 clock cycles to complete the DIV instruction and 4 clock
cycles to execute the LCALL to the ISR. If the CPU is executing an ISR for an interrupt with equal or higher priority,
the new interrupt will not be serviced until the current ISR completes, including the RETI and following instruction.
If more than one interrupt is pending when the CPU exits an ISR, the CPU will service the next highest priority
interrupt that is pending.
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Table 13.1. Interrupt Summary

Interrupt Source | Interrupt | Priority Pending Flag o < Enable Flag Priority
Vector | Order o % Control
‘| | >
= % o
m
£ I3
2 |3
O
Reset 0x0000 Top None N/A N/A Always Always High-
Enabled est
External Interrupt 0 | 0x0003 0 IEO (TCON.1) EXO (IE.O) PXO0 (IP.0)
(/INTO)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) ETO (IE.1) PTO (IP.1)
External Interrupt 1 | 0x0013 2 IE1 (TCON.3) EX1 (IE.2) PX1 (IP.2)
(/INT1)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) ET1 (IE.3) PT1 (IP.3)
UARTO 0x0023 4 RI10 (SCONO0.0) ESO (IE.4) PSO (IP.4)
TIO (SCONO.1)
Timer 2 Overflow 0x002B 5 TF2H (TMR2CN.7) ET2 (IE.5) PT2 (IP.5)
TF2L (TMR2CN.6)
SPIO 0x0033 6 SPIF (SPIOCN.7) ESPIO (IE.6) | PSPIO (IP.6)
WCOL (SPIOCN.6)
MODF (SPIOCN.5)
RXOVRN (SPIOCN.4)
SMBO 0x003B 7 S| (SMBOCN.0) ESMBO PSMBO
(EIE1.0) (EIP1.0)
SmaRTClock Alarm | 0x0043 8 ALRM (RTCOCN.2)" ERTCO PRTCO
(EIE1.1) (EIP1.1)
ADCO Window 0x004B 9 ADOWINT EWADCO PWADCO
Comparator (ADCOCN.3) (EIE1.2) (EIP1.2)
ADCO End of 0x0053 10 ADOINT (ADCOCN.5) EADCO PADCO
Conversion (EIE1.3) (EIP1.3)
Programmable 0x005B 11 CF (PCAOCN.7) EPCAO PPCAO
Counter Array CCFn (PCAOCN.n) (EIE1.4) (EIE1.4)
DMAO Midpoint 0x0063 12 CHNn_MINT EDMAOM PDMAOM
Operation Complete (DMAOMINT.N) (EIEL1.5) (EIP1.5)
DMAO Endpoint 0x006B 13 CHN_INT (DMAOINT.n) EDMAO PDMAO
Operation Complete (EIE1.6) (EIP1.6)
Timer 3 Overflow 0x0073 14 TF3H (TMR3CN.7) ET3 (EIEL.7) | PT3 (EIP1.7)
TF3L (TMR3CN.6)
Port Match 0x0083 16 None EMAT PMAT
(EIE2.1) (EIP2.1)
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Table 13.1. Interrupt Summary (Continued)

Interrupt Source | Interrupt | Priority Pending Flag o < Enable Flag Priority
Vector | Order 2 % Control
Ko
a >
h=d )} o]
o 3 3
g |8
O
SmaRTClock 0x008B 17 OSCFAIL N N ERTCOF PRTCOF
Oscillator Fail (RTCOCN.5) (EIE2.2) (EIP2.2)
MACO 0x0093 18 MACOINT N N EMACO PMACO
(MACOSTA.6) (EIE2.3) (EIP2.3)
CSO0 Conversion 0x009B 19 CSOINT (CSOCN.5) Y N ECSCPT PCSCPT
Complete (EIE2.4) (EIP2.4)
CSO Digital Com- 0x00A3 20 CSOCMPF (CSOCN.0) Y N ECSDC PCSDC
parator (EIE2.5) (EIP2.5)
CSO0 End of Scan O0x00AB 21 CSOEOS (CSOCN.6) Y N ECSEOS PCSEOS
(EIE2.6) (EIP2.6)
I12C Slave 0 0x00B3 22 I2COINT (I2COSTAT.5) Y N EI2CO PI2CO
(EIE2.7) (EIP2.7)
*Note: Indicates a register located in an indirect memory space.
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13.2. Interrupt Control Registers

Register 13.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0
Name EA ESPIO ET2 ESO ET1 EX1 ETO EX0
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0xA8 (bit-addressable)

Table 13.2. IE Register Bit Descriptions

Bit

Name

Function

EA

All Interrupts Enable.

Globally enables/disables all interrupts and overrides individual interrupt mask settings.

0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

ESPIO

SPIO Interrupt Enable.

This bit sets the masking of the SPI0 interrupts.
0: Disable all SPIO interrupts.
1: Enable interrupt requests generated by SPIO.

ET2

Timer 2 Interrupt Enable.

This bit sets the masking of the Timer 2 interrupt.

0: Disable Timer 2 interrupt.

1: Enable interrupt requests generated by the TF2L or TF2H flags.

ESO

UARTO Interrupt Enable.

This bit sets the masking of the UARTO interrupt.
0: Disable UARTO interrupt.

1: Enable UARTO interrupt.

ET1

Timer 1 Interrupt Enable.

This bit sets the masking of the Timer 1 interrupt.

0: Disable all Timer 1 interrupt.

1: Enable interrupt requests generated by the TF1 flag.

EX1

External Interrupt 1 Enable.

This bit sets the masking of External Interrupt 1.
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the INT1 input.

ETO

Timer O Interrupt Enable.

This bit sets the masking of the Timer 0 interrupt.

0: Disable all Timer O interrupt.

1: Enable interrupt requests generated by the TFO flag.
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Table 13.2. IE Register Bit Descriptions

Bit

Name

Function

EXO

External Interrupt O Enable.

This bit sets the masking of External Interrupt O.
0: Disable external interrupt 0.

1: Enable interrupt requests generated by the INTO input.
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Register 13.2. IP: Interrupt Priority

Bit 7 6 5 4 3 2 1 0
Name | Reserved PSPIO PT2 PSO PT1 PX1 PTO PX0
Type R RW RW RW RW RW RW RW
Reset 1 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0xB8 (bit-addressable)

Table 13.3. IP Register Bit Descriptions

Bit

Name

Function

Reserved

Must write reset value.

PSPIO

Serial Peripheral Interface (SPI0) Interrupt Priority Control.
This bit sets the priority of the SPIO interrupt.

0: SPIO interrupt set to low priority level.

1: SPIO interrupt set to high priority level.

PT2

Timer 2 Interrupt Priority Control.

This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority level.

1: Timer 2 interrupt set to high priority level.

PSO

UARTO Interrupt Priority Control.

This bit sets the priority of the UARTO interrupt.
0: UARTO interrupt set to low priority level.

1: UARTO interrupt set to high priority level.

PT1

Timer 1 Interrupt Priority Control.

This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority level.

1: Timer 1 interrupt set to high priority level.

PX1

External Interrupt 1 Priority Control.

This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority level.

1: External Interrupt 1 set to high priority level.

PTO

Timer O Interrupt Priority Control.

This bit sets the priority of the Timer 0 interrupt.
0: Timer O interrupt set to low priority level.

1: Timer O interrupt set to high priority level.

PX0

External Interrupt O Priority Control.

This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority level.

1: External Interrupt O set to high priority level.
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Register 13.3. EIEL:

Extended Interrupt Enable 1

Bit 7 6 5 4 3 2 1 0
Name ET3 EDMAO EDMAOM EPCAO EADCO EWADCO | ERTCOA ESMBO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: OXxE6

Table 13.4. EIE1 Register Bit Descriptions

Bit Name

Function

7 ET3

Timer 3 Interrupt Enable.

This bit sets the masking of the Timer 3 interrupt.

0: Disable Timer 3 interrupts.

1: Enable interrupt requests generated by the TF3L or TF3H flags.

6 EDMAO

DMAO Interrupt Enable.

This bit sets the masking of the DMAO Interrupt.
0: Disable DMAO interrupts.
1: Enable interrupt requests generated by DMAO.

5 EDMAOM

DMAOQ Mid-Point Interrupt Enable.

This bit sets the masking of the DMAO Mid-Point interrupt.
0: Disable DMAOM interrupts.

1: Enable interrupt requests generated by the DMAOM flags.

4 EPCAO

Programmable Counter Array (PCAOQ) Interrupt Enable.

This bit sets the masking of the PCAO interrupts.
0: Disable all PCAQ interrupts.
1: Enable interrupt requests generated by PCAO.

3 EADCO

ADCO Conversion Complete Interrupt Enable.

This bit sets the masking of the ADCO Conversion Complete interrupt.
0: Disable ADCO Conversion Complete interrupt.

1: Enable interrupt requests generated by the ADINT flag.

2 EWADCO

Window Comparison ADCO Interrupt Enable.

This bit sets the masking of ADCO Window Comparison interrupt.
0: Disable ADCO Window Comparison interrupt.

1: Enable interrupt requests generated by ADCO Window Compare flag (ADWINT).

1 ERTCOA

RTC Alarm Interrupts Enable.

This bit sets the masking of the RTC Alarm interrupt.

0: Disable RTC Alarm interrupts.

1: Enable interrupt requests generated by a RTC Alarm.
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Table 13.4. EIE1 Register Bit Descriptions

Bit Name Function
0 ESMBO SMBus (SMBO) Interrupt Enable.
This bit sets the masking of the SMBO interrupt.
0: Disable all SMBO interrupts.
1: Enable interrupt requests generated by SMBO.
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Register 13.4. EIP1:

Extended Interrupt Priority 1

Bit 7 6 5 4 3 2 1 0
Name PT3 PDMAO PDMAOM PPCAO PADCO PWADCO | PRTCOA PSMBO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxF6

Table 13.5. EIP1 Register Bit Descriptions

Bit

Name

Function

PT3

Timer 3 Interrupt Priority Control.

This bit sets the priority of the Timer 3 interrupt.
0: Timer 3 interrupts set to low priority level.

1: Timer 3 interrupts set to high priority level.

PDMAO

DMADO Interrupt Priority Control.

This bit sets the priority of the DMAO interrupt.
0: DMAQO interrupts set to low priority level.
1: DMAO interrupts set to high priority level.

PDMAOM

DMAO Mid-Point Interrupt Priority Control.

This bit sets the masking of the DMAO Mid-Point interrupt.
0: Mid-point DMAQO interrupts set to low priority level.

1: Mid-point DMAQO interrupts set to high priority level.

PPCAO

Programmable Counter Array (PCAOQ) Interrupt Priority Control.
This bit sets the priority of the PCAQ interrupt.

0: PCAQ interrupt set to low priority level.

1: PCAQO interrupt set to high priority level.

PADCO

ADCO Conversion Complete Interrupt Priority Control.

This bit sets the priority of the ADCO Conversion Complete interrupt.
0: ADCO Conversion Complete interrupt set to low priority level.

1: ADCO Conversion Complete interrupt set to high priority level.

PWADCO

ADCO Window Comparator Interrupt Priority Control.
This bit sets the priority of the ADCO Window interrupt.
0: ADCO Window interrupt set to low priority level.

1: ADCO Window interrupt set to high priority level.

PRTCOA

RTC Alarm Interrupt Priority Control.

This bit sets the priority of the RTC Alarm interrupt.
0: RTC Alarm interrupt set to low priority level.

1: RTC Alarm interrupt set to high priority level.
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Table 13.5. EIP1 Register Bit Descriptions

Bit Name Function
0 PSMBO SMBus (SMBO) Interrupt Priority Control.
This bit sets the priority of the SMBO interrupt.
0: SMBO interrupt set to low priority level.
1: SMBO interrupt set to high priority level.
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Register 13.5. EIE2: Extended Interrupt Enable 2

Bit 7 6 5 4 3 2 1 0

Name EI2CO ECSEOS ECSDC ECSCPT EMACO ERTCOF EMAT Reserved

Type RwW RwW RwW RwW RwW RwW RwW RwW

Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: OXE7

Table 13.6. EIE2 Register Bit Descriptions

Bit Name Function

7 EI2C0O I12C0 Slave Interrupt Enable.

0: Disable 12CO0 Slave event interrupt.
1: Enable interrupt requests generated by the 12C0 Slave.

6 ECSEOS |Capacitive Sense End of Scan Interrupt Enable.

This bit sets the masking of the Capacitive Sense End of Scan interrupt.

0: Disable Capacitive Sense End of Scan interrupt.

1: Enable interrupt requests generated by the Capacitive Sense End of Scan.

5 ECSDC Capacitive Sense Digital Comparator Interrupt Enable.

This bit sets the masking of the Capacitive Sense Digital Comparator interrupt.

0: Disable Capacitive Sense Digital Comparator interrupt.

1: Enable interrupt requests generated by the Capacitive Sense Digital Comparator.

4 ECSCPT |Capacitive Sense Conversion Complete Interrupt Enable.

This bit sets the masking of the Capacitive Sense Conversion Complete interrupt.
0: Disable Capacitive Sense Conversion Complete interrupt.

1: Enable interrupt requests generated by CSOINT.

3 EMACO MACO Interrupt Enable.

0: Disable MACO event interrupt.
1: Enable interrupt requests generated by MACO.

2 ERTCOF |RTC Oscillator Fail Interrupt Enable.

This bit sets the masking of the RTC Alarm interrupt.
0: Disable RTC Alarm interrupts.
1: Enable interrupt requests generated by the RTC Alarm.

1 EMAT Port Match Interrupts Enable.

This bit sets the masking of the Port Match Event interrupt.
0: Disable all Port Match interrupts.

1: Enable interrupt requests generated by a Port Match.

0 Reserved | Must write reset value.
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Register 13.6. EIP2:

Extended Interrupt Priority 1

Bit 7 6 5 4 3 2 1 0
Name P12C0O PCSEOS PCSDC PCSCPT PMACO PRTCOF PMAT Reserved
Type RwW RwW RwW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxF7

Table 13.7. EIP2 Register Bit Descriptions

Bit Name Function
7 PI12C0O I12CO0 Slave Interrupt Priority Control.
0: 12C0 Slave interrupts set to low priority level.
1: 12CO0 Slave interrupts set to high priority level.
6 PCSEOS |Capacitive Sense End of Scan Interrupt Priority Control.
This bit sets the priority of the Capacitive Sense End of Scan interrupt.
0: Capacitive Sense End of Scan interrupt set to low priority level.
1: Capacitive Sense End of Scan interrupt set to high priority level.
5 PCSDC Capacitive Sense Digital Comparator Interrupt Priority Control.
This bit sets the priority of the Capacitive Sense Digital Comparator interrupt.
0: Capacitive Sense Digital Comparator interrupt set to low priority level.
1: Capacitive Sense Digital Comparator interrupt set to high priority level.
4 PCSCPT |Capacitive Sense Conversion Complete Interrupt Priority Control.
This bit sets the priority of the Capacitive Sense Conversion Complete interrupt.
0: Capacitive Sense Conversion Complete interrupt set to low priority level.
1: Capacitive Sense Conversion Complete interrupt set to high priority level.
3 PMACO MACO Interrupt Priority Control.
0: MACO interrupts set to low priority level.
1: MACO interrupts set to high priority level.
2 PRTCOF |RTC Oscillator Fail Interrupt Priority Control.
This bit sets the priority of the RTC Alarm interrupt.
0: RTC Alarm interrupt set to low priority level.
1: RTC Alarm interrupt set to high priority level.
1 PMAT Port Match Interrupt Priority Control.
This bit sets the priority of the Port Match Event interrupt.
0: Port Match interrupt set to low priority level.
1: Port Match interrupt set to high priority level.
0 Reserved |Must write reset value.
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14. External Interrupts (INTO and INT1)

The C8051F97x device family includes two external digital interrupt sources (INTO and INT1), with dedicated
interrupt sources (up to 16 additional I/O interrupts are available through the port match function). As is the case on
a standard 8051 architecture, certain controls for these two interrupt sources are available in the Timer0/1
registers. Extensions to these controls which provide additional functionality on C8051F97x devices are available
in the ITOLCF register. INTO and INT1 are configurable as active high or low, edge or level sensitive. The INOPL
and IN1PL bits in the ITOLCF register select active high or active low; the ITO and IT1 bits in TCON select level or
edge sensitive. The table below lists the possible configurations.

ITO INOPL INTO Interrupt IT1 IN1PL INTL Interrupt
1 0 Active low, edge sensitive 1 0 Active low, edge sensitive
1 1 Active high, edge sensitive 1 1 Active high, edge sensitive
0 0 Active low, level sensitive 0 0 Active low, level sensitive
0 1 Active high, level sensitive 0 1 Active high, level sensitive

INTO and INT1 are assigned to port pins as defined in the ITOLCF register. Note that INTO and INT1 Port pin
assignments are independent of any crossbar assignments. INTO and INT1 will monitor their assigned port _pins
without disturbing the peripheral that was assigned the port pin via the crossbar. To assign a port pin only to INTO
and/or INT1, configure the crossbar to skip the selected pin(s).

IEO and IE1 in the TCON register serve as the interrupt-pending flags for the INTO and INT1 external interrupts,
respectively. If an INTO or INT1 external interrupt is configured as edge-sensitive, the corresponding interrupt-
pending flag is automatically cleared by the hardware when the CPU vectors to the ISR. When configured as level
sensitive, the interrupt-pending flag remains logic 1 while the input is active as defined by the corresponding
polarity bit (INOPL or IN1PL); the flag remains logic 0 while the input is inactive. The external interrupt source must
hold the input active until the interrupt request is recognized. It must then deactivate the interrupt request before
execution of the ISR completes or another interrupt request will be generated.
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14.1. External Interrupt Control Registers

Register 14.1. ITO1CF: INTO/INT1 Configuration

Bit 7 6 5 4 3 2 1 0
Name | IN1PL IN1SL INOPL INOSL
Type RW RW RW RW
Reset 0 0 0 0 0 0 0 1

SFR Page = OxF; SFR Address: OxDE

Table 14.1. ITO1CF Register Bit Descriptions

Bit

Name

Function

IN1PL

INT1 Polarity.

0: INT1 input is active low.
1: INT1 input is active high.

6:4

IN1SL

INT1 Port Pin Selection.

These bits select which Port pin is assigned to INTL. This pin assignment is independent
of the Crossbar; INT1 will monitor the assigned Port pin without disturbing the peripheral
that has been assigned the Port pin via the Crossbar. The Crossbar will not assign the
Port pin to a peripheral if it is configured to skip the selected pin.

000: Select PO0.0.

001: Select PO.1.

010: Select P0.2.

011: Select P0.3.

100: Select P0.4.

101: Select PO.5.

110: Select PO.6.

111: Select P0O.7.

INOPL

INTO Polarity.

0: INTO input is active low.
1: INTO input is active high.

2:0

INOSL

INTO Port Pin Selection.

These bits select which Port pin is assigned to INTO. This pin assignment is independent
of the Crossbar; INTO will monitor the assigned Port pin without disturbing the peripheral
that has been assigned the Port pin via the Crossbar. The Crossbar will not assign the
Port pin to a peripheral if it is configured to skip the selected pin.

000: Select P0.0.

001: Select PO.1.

010: Select P0.2.

011: Select P0.3.

100: Select P0.4.

101: Select PO.5.

110: Select PO.6.

111: Select PO.7.
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15. Voltage Regulator (VREGO)

CB8051F97x devices include an internal voltage regulator (VREGO) to regulate the internal core supply to 1.8 V
from a VDD supply of 1.8 to 3.6 V. Electrical characteristics for the on-chip regulator are specified in the Electrical
Specifications chapter.

The REGOCN register allows the Precision Oscillator Bias to be disabled, reducing supply current in all non-Sleep
power modes. This bias should only be disabled when the precision oscillator is not being used.

The internal regulator (VREGO) is disabled when the device enters Sleep Mode and remains enabled when the
device enters Suspend Mode. See Section “16. Power Management” on page 94 for complete details about low
power modes.

15.1. Voltage Regulator Control Registers

Register 15.1. REGOCN: Voltage Regulator Control

Bit 7 6 5 4 3 2 1 0
Name Reserved OSCBIAS Reserved
Type R RwW R
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xC9

Bit Name Function
75 Reserved | Must write reset value.
4 OSCBIAS |High Frequency Oscillator Bias.

When set to 1, the bias used by the precision High Frequency Oscillator is forced on. If
the precision oscillator is not being used, this bit may be cleared to 0 to reduce supply
current in all non-Sleep power modes.

3.0 Reserved |Must write reset value.
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16. Power Management

CB8051F97x devices support seven power modes: normal active, low power active, idle, low power idle, stop,
suspend, and sleep. The power management unit (PMUO) allows the device to enter and wake-up from the
available power modes. A brief description of each power mode is provided in Table 16.1. Detailed descriptions of
each mode can be found in the following sections.

Table 16.1. Power Modes

Power Mode Description Wake-up Sources Power and Performance
Normal Active Device fully functional. N/A Excellent MIPS/mW
Low Power Device fully functional except N/A Excellent.
Active peripherals whose clocks are Clocks only enabled for peripher-
intentionally disabled. als that request for it.
Idle All peripherals fully functional. Any Interrupt Good
Wake-up in 2 clock cycles. No Code Execution
Low Power Idle | Similar to Idle mode, the CPU is Any Interrupt Very Good
halted. Clocks of unused peripher- No Code Execution.
als can be intentionally gated. Clocks only enabled for peripher-
Wake-up in 2 clock cycles. als that request for it.
Stop Legacy 8051 low power mode. Any Reset Good
A reset is required to wake up. No Code Execution

Precision Oscillator Disabled

Suspend Similar to Stop mode, but very fast CS0 comparator Very Good
wake-up time and code resumes threshold event, No Code Execution
execution at the next instruction. SmaRTClock, All Internal Oscillators Disabled
Port Match, I°C Slave, System Clock Gated
RST pin
Sleep Ultra Low Power and flexible SmaRTClock, Excellent
wake-up sources. Code resumes | Port Match, 12C Slave, Power Supply Gated
execution at the next instruction. RST pin All Oscillators except

SmaRTClock Disabled

In battery powered systems, the system should spend as much time as possible in sleep mode in order to preserve
battery life. When a task with a fixed number of clock cycles needs to be performed, the device should switch to
normal active mode or low power Active mode, finish the task as quickly as possible, and return to sleep mode. Idle
mode, low power idle mode and suspend mode provide a very fast wake-up time; however, the power savings in
these modes will not be as much as in sleep mode. Stop mode is included for legacy reasons; the system will be
more power efficient and easier to wake up when idle, suspend, or sleep modes are used.

Although switching power modes is an integral part of power management, clock gating and enabling/disabling
individual peripherals as needed will help lower power consumption in all power modes. Each analog peripheral
can be disabled when not in use or placed in a low power mode. Digital peripherals such as timers or serial buses
draw little power whenever they are not in use. Digital peripherals draw no power in sleep mode.
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In low power modes (low power active mode and low power idle mode) there are two mechanisms to provide
clocks to peripherals:

PCAO, ADCO, etc.

m CPU turns on the clocks of peripherals through SFR registers. Examples of such peripherals are Timers,

m Peripherals with clock request capability can request for the clocks when needed. Examples of such
peripherals are DMAQO, 12C Slave, etc.

int
Interrupt Module
int req int req
int clk req| [intclk |int
Modules with ¢ pclk req int Modules without
clock requesting In clock requesting
capability (12C pclk Clock Generator capability (Timers,
Slave, etc.) PCAQO, etc.)
WA DMA clk req DMA clk CPU idle
re
q CPU clk
DMA CPU <

Figure 16.1. C8051F97x Module Clocking in Low Power Modes

Modules that are capable of requesting for clocks can do so at any time. These modules will use the requested
clock to synchronize with outgoing DMA request or interrupt request. On the other hand, modules with no capability
of requesting for clocks will always receive clock from clock generation module if their clock sources are enabled

through t he PCLKEN register.

16.1. Normal Active Mode

The MCU is fully functional in normal active mode. Figure 16.2shows the on-chip power distribution to various
peripherals. There are two supply voltages powering various sections of the chip: Vpp and the 1.8 V internal core
supply. All analog peripherals are directly powered from the Vpp pin. All digital peripherals and the CIP-51 core are
powered from the 1.8 V internal core supply. RAM, PMUO and the SmaRTClock are always powered directly from
the Vpp pin in sleep mode and powered from the core supply in all other power modes.
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C8051F97x Device

GPIO
VDD[J 1.8Vt03.6V
VREF P0.0
PO.1
| Analog Po.2
"| Peripherals | apco || cso PO.3
AMUXO P6.1
\ 4
VREGO
CIP-51 Core
1.8V
g
.| Digital :
S >| Peripherals
Sleep Active UART
Idle :
PMUO Stop '
Suspend
SmaRTClock [¢«——»| RAM

Figure 16.2. C8051F97x Power Distribution

16.2. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the CIP-51 to halt the CPU and enter Idle mode as soon as the
instruction that sets the bit completes execution. All internal registers and memory maintain their original data. All
analog and digital peripherals can remain active during Idle mode.
Note: To ensure the MCU enters a low power state upon entry into ldle mode, the one-shot circuit should be enabled by
clearing the BYPASS bit (FLSCL.6).
Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an enabled
interrupt will cause the Idle Mode Selection bit (PCON.0Q) to be cleared and the CPU to resume operation. The
pending interrupt will be serviced and the next instruction to be executed after the return from interrupt (RETI) will
be the instruction immediately following the one that set the Idle Mode Select bit. If Idle mode is terminated by an
internal or external reset, the CIP-51 performs a normal reset sequence and begins program execution at address
0x0000

If enabled, the watchdog timer (WDT) will eventually cause an internal watchdog reset and thereby terminate the
Idle mode. This feature protects the system from an unintended permanent shutdown in the event of an inadvertent
write to the PCON register. If this behavior is not desired, the WDT may be disabled by software prior to entering
the idle mode if the WDT was initially configured to allow this operation. This provides the opportunity for additional
power savings, allowing the system to remain in the idle mode indefinitely, waiting for an external stimulus to wake
up the system. Refer to "27.6. PCA Watchdog Timer Reset" on page 325 for more information on the use and
configuration of the WDT.
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16.3. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter stop mode as soon as the instruction that
sets the bit completes execution. In Stop mode the precision internal oscillator and CPU are stopped; the state of
the low power oscillator and the external oscillator circuit is not affected. Each analog peripheral (including the
external oscillator circuit) may be shut down individually prior to entering stop mode. Stop mode can only be
terminated by an internal or external reset. On reset, the CIP-51 performs the normal reset sequence and begins
program execution at address 0x0000.

If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the stop mode. The
Missing Clock Detector should be disabled if the CPU is to be put to in stop mode for longer than the MCD timeout.

Stop mode is a legacy 8051 power mode; it will not result in optimal power savings. Sleep or suspend mode will
provide more power savings if the MCU needs to be inactive for a long period of time.

Note: To ensure the MCU enters a low power state upon entry into stop mode, the one-shot circuit should be enabled by
clearing the BYPASS bit (FLSCL.6).

16.4. Suspend Mode

Setting the Suspend Mode Select bit (PMUOCF.6) causes the system clock to be gated off and all internal

oscillators disabled. All digital logic (timers, communication peripherals, interrupts, CPU, etc.) stops functioning

until one of the enabled wake-up sources occurs.

The following wake-up sources can be configured to wake the device from suspend mode:

SmaRTClock oscillator fail

SmaRTClock alarm

Port Match event

I12C0 address match

CSO0 comparator threshold event

Note: Upon wake-up from suspend mode, PMUO requires two system clocks in order to update the PMUOCF wake-up flags.
All flags will read back a value of '0' during the first two system clocks following a wake-up from suspend mode.
The state of the wake-up source's interrupt indicator bit is not valid until 6 clock cycles after the device returns from
suspend mode. If firmware needs to check a wake-up source's interrupt flag, firmware should insert instructions to wait 6
clock cycles between the call to enter suspend mode and the instruction that polls the interrupt flag.

In addition, a noise glitch on RST that is not long enough to reset the device will cause the device to exit suspend.

In order for the MCU to respond to the pin reset event, software must not place the device back into suspend mode

for a period of 15 us. The PMUOCEF register may be checked to determine if the wake-up was due to a falling edge

on the RST pin. If the wake-up source is not due to a falling edge on RST, there is no time restriction on how soon

software may place the device back into suspend mode. A 4.7 kQ pullup resistor to Vpp is recommend for RST to

prevent noise glitches from waking the device.

16.5. Sleep Mode

Setting the Sleep Mode Select bit (PMUOCF.6) turns off the internal 1.8 V regulator (VREGO) and switches the
power supply of all on-chip RAM to the Vpp pin (see Figure 16.2). Power to most digital logic on the chip is
disconnected; only PMUO and the SmaRTClock remain powered. All analog peripherals (ADCO, External
Oscillator, etc.) should be disabled prior to entering sleep mode.

GPIO pins configured as digital outputs will retain their output state during sleep mode. They will maintain the same
current drive capability in sleep mode as they have in normal active mode.

GPIO pins configured as digital inputs can be used during sleep mode as wakeup sources using the port match
feature. They will maintain the same input level specifications in sleep mode as they have in normal active mode.
C8051F97x devices support a wakeup request for external devices. Upon exit from sleep mode, the wake-up
request signal is driven low, allowing other devices in the system to wake up from their low power modes. The
wakeup request signal is low when the MCU is awake and high when the MCU is asleep.
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RAM and SFR register contents are preserved in sleep mode as long as the voltage on Vpp does not fall below
VPOR. The PC counter and all other volatile state information is preserved allowing the device to resume code
execution upon waking up from sleep mode. The following wake-up sources can be configured to wake the device
from sleep mode:

m SmaRTClock Oscillator Fail
m SmaRTClock Alarm

m Port Match Event

m [2C0 Address Match

The Vpp supply monitor can be disabled to save power by writing 1 to the MONDIS (PMUOMD.5) bit. When the
Vpp supply monitor is disabled, all reset sources will trigger a full POR and will re-enable the Vpp supply monitor.

In addition, any falling edge on RST (due to a pin reset or a noise glitch) will cause the device to exit sleep mode.
In order for the MCU to respond to the pin reset event, software must not place the device back into sleep mode for
a period of 15 ps. The PMUOCF register may be checked to determine if the wake-up was due to a falling edge on
the RST pin. If the wake-up source is not due to a falling edge on RST, there is no time restriction on how soon
software may place the device back into sleep mode. A 4.7 kQ pullup resistor to Vpp is recommend for RST to
prevent noise glitches from waking the device.

Note: Entering Sleep mode may cause the MCU to disconnect from the debug adapter while debugging.

16.6. Low Power Active Mode

Running in normal active mode can waste a significant amount of amount of power by clocking unused peripherals.
Low power active mode in C8051F97x devices allows control of clocking activity in the clock tree, which enables
firmware to shut off clocking to unused peripherals and save power.

Setting bit 1 and 2 of CLKMODE register causes the CIP-51 to enter low power active mode as soon as the
instruction that sets the bits completes execution. CPU, all the analog and digital peripherals remain active except
those whose clocks are turned off by user. The CPU will not be able to access SFR of peripherals on inactive
branches of the clock tree. Refer to Figure 16.1 for more information on how modules receive or request for
clocks in low power modes. It is important that firmware configures bit 4 to 7 of PCLKEN register on
page 248 to ensure desired clock gating of peripherals during low power active mode. For example, if UART
is supposed to be active during low power active mode, according to the PCLKEN register description bit 4 should
be set. However, that is not sufficient in this case because Timer 1 is needed for UART Baud rate generation. As a
consequence, bit 7 should be set as well for proper UART operation.

Low power active mode is terminated when the CLKMODE register is programmed to 0x00 or a reset occurs.
Systems that use all the peripherals and always stay in the active mode may not find improvement in power
consumption in the low power active mode due overhead logic required for this implementation.

16.7. Low Power Idle Mode

In this mode of operation, the CPU is halted and clocks supplied to unused peripherals can be shut down to save
power. Clocks of these peripherals can be enabled or disabled by programming bits 0 to 3 of PCLKEN register
accordingly on page 248. The device should be put to low power mode by setting bits 1 and 2 of CLKMODE
register. The last step necessary to put device in low power idle mode is to set the Idle Mode Select bit (PCON.0)
to 1. The CPU will be halted and the device will enter low-power idle mode as soon as the instruction that sets the
Idle Mode Select bit completes execution. As a result, configuration of peripherals clock gating through PCLKEN
register and CLKMODE register should be properly prepared before the Idle Mode Select bit in PCON is set. All
internal registers and memory maintain their original data. All the analog and digital peripherals remain active
except those whose clocks are turned off by user. Modules that are capable of requesting for clocks can do so at
any time. Refer to Figure 16.1 for more information on how modules receive or request for clocks in low power
modes.

Note: To ensure the MCU enters a low power state upon entry into Low Power Idle mode, the one-shot circuit should be
enabled by clearing the BYPASS bit (FLSCL.6).
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Low power idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an
enabled interrupt will cause the Idle Mode Selection bit (PCON.0) to be cleared. But the interrupt only causes the
device to switch from low power idle mode to low power active mode. To return to normal active mode, the
CLKMODE register should be reset to 0x00. The pending interrupt will be serviced and the next instruction to be
executed after the return from interrupt (RETI) will be the instruction immediately following the one that set the Idle
Mode Select bit. If low power idle mode is terminated by an internal or external reset, the CIP-51 performs a normal
sequence and begins program execution at address 0x0000.

If enabled, the watchdog timer (WDT) will eventually cause an internal watchdog reset and thereby terminate the
low power idle mode. This feature protects the system from an unintended permanent shutdown in the event of an
inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by software prior to
entering the low power idle mode if the WDT was initially configured to allow this operation. This provides the
opportunity for additional power savings, allowing the system to remain in the low power idle mode indefinitely,
waiting for an external stimulus to wake up the system. Refer to "27.6. PCA Watchdog Timer Reset" on page 325
for more information on the use and configuration of the WDT.

16.8. Configuring Wakeup Sources

Before placing the device in a low power mode, one or more wakeup sources should be enabled so that the device
does not remain in the low power mode indefinitely. For idle and low power idle modes, this includes enabling any
interrupt. For stop mode, this includes enabling any reset source or relying on the RST pin to reset the device.

No wake-up source is needed for low power active mode. Firmware needs to set the CLKMODE register to 0x00 to
return to normal active mode

Wake-up sources for suspend and sleep modes are configured through the PMUOCF register. Wake-up sources
are enabled by writing 1 to the corresponding wake-up source enable bit. Wake-up sources must be re-enabled
each time the device is placed in suspend or sleep mode, in the same write that places the device in the low power
mode.

The reset pin is always enabled as a wake-up source. On the falling edge of RST the device will be awaken from
sleep mode. The device must remain awake for more than 15 ps in order for the reset to take place.

16.9. Determining the Event that Caused the Last Wakeup

When waking from Idle or Low Power Idle mode, the CPU will vector to the interrupt which caused it to wake up.
When waking from stop mode, the RSTSRC register may be read to determine the cause of the last reset.

Upon exit from suspend or sleep mode, the wake-up flags in the PMUOCF and PMUOFL registers can be read to
determine the event which caused the device to wake up. After waking up, the wakeup flags will continue to be
updated if any of the wake-up events occur. Wakeup flags are always updated, even if they are not enabled as
wake-up sources.

All wakeup flags enabled as wakeup sources in PMUOCF and PMUOFL must be cleared before the device can
enter suspend or sleep mode. After clearing the wakeup flags, each of the enabled wakeup events should be
checked in the individual peripherals to ensure that a wakeup event did not occur while the wakeup flags were
being cleared.
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16.10. Power Control Registers

Register 16.1. PCON: Power Control

Bit 7 6 5 4 3 2 1 0
Name GF5 GF4 GF3 GF2 GF1 GFO STOP IDLE
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0x87
Bit Name Function
7 GF5 General Purpose Flag 5.
This flag is a general purpose flag for use under firmware control.
6 GF4 General Purpose Flag 4.
This flag is a general purpose flag for use under firmware control.
5 GF3 General Purpose Flag 3.
This flag is a general purpose flag for use under firmware control.
4 GF2 General Purpose Flag 2.
This flag is a general purpose flag for use under firmware control.
3 GF1 General Purpose Flag 1.
This flag is a general purpose flag for use under firmware control.
2 GFO General Purpose Flag 0.
This flag is a general purpose flag for use under firmware control.
1 STOP Stop Mode Select.
Setting this bit will place the CIP-51 in Stop mode. This bit will always be read as 0.
0 IDLE Idle Mode Select.
Setting this bit will place the CIP-51 in Idle mode. This bit will always be read as 0.
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Register 16.2. PMUOCF: Power Management Unit Configuration

Bit 7 6 5 4 3 2 1 0

Name SLEEP | SUSPEND | CLEAR RSTWK RTCFWK | RTCAWK | PMATWK | Reserved

Type RwW RwW RwW RwW RwW RwW RwW RwW

Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xB5

Bit Name Function

7 SLEEP Sleep Mode Select.
Writing a 1 to this bit places the device in Sleep mode.

6 SUSPEND |Suspend Mode Select.
Writing a 1 to this bit places the device in Suspend mode.

5 CLEAR Wake-up Flag Clear.

Writing a 1 to this bit clears all wake-up flags.
4 RSTWK Reset Pin Wake-up Flag.

This bit is set to 1 if a glitch has been detected on RST.
3 RTCFWK |RTC Oscillator Fail Wake-up Source Enable and Flag.

Read: Hardware sets this bit to 1 if the RTC oscillator failed.
Write: Write this bit to 1 to enable wake-up on an RTC oscillator failure.

2 RTCAWK |RTC Alarm Wake-up Source Enable and Flag.

Read: Hardware sets this bit to 1 if the RTC Alarm occured.
Write: Write this bit to 1 to enable wake-up on an RTC Alarm.

1 PMATWK | Port Match Wake-up Source Enable and Flag.

Read: Hardware sets this bit to 1 if Port Match event occured.
Write: Write this bit to 1 to enable wake-up on a Port Match event.

0 Reserved | Must write reset value.

Notes:

1. Read-modify-write operations (ORL, ANL, etc.) should not be used on this register. Wake-up sources must be re-
enabled each time the SLEEP or SUSPEND bits are written to 1.

2. The Low Power Internal Oscillator cannot be disabled and the MCU cannot be placed in Suspend or Sleep Mode if any
wake-up flags are set to 1. Software should clear all wake-up sources after each reset and after each wake-up from
Suspend or Sleep Modes.

3. PMUO requires two system clocks to update the wake-up source flags after waking from Suspend mode. The wake-up
source flags will read 0 during the first two system clocks following the wake from Suspend mode.
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Register 16.3. PMUOFL: Power Management Unit Flag

Bit 7 6 4 3 1 0
Name Reserved [2CWK CSOWK
Type RwW RW RW
Reset 0 0 0 0 X 0

SFR Page = 0x0; SFR Address: 0xCE
Bit Name Function
7:2 Reserved | Must write reset value.
1 [2CWK I12C0 Slave Wake-up Source Enable and Flag.
Read: Hardware sets this bit to 1 if an 12C0 Slave event occured.
Write: Write this bit to 1 to enable wake-up on an [2CO0 Slave event.
0 CSOWK CSO0 Wake-up Source Enable and Flag.
Read: Hardware sets this bit to 1 if a Capacitive Sensing comparator threshold event
occured.
Write: Write this bit to 1 to enable wake-up on a Capacitive Sensing comparator thresh-
old event.
Notes:

1. The Low Power Internal Oscillator cannot be disabled and the MCU cannot be placed in Suspend or Sleep mode if any
wake-up flags are set to 1. Software should clear all wake-up sources after each reset and after each wake-up from
Suspend or Sleep modes.

2. PMUO requires two system clocks to update the wake-up source flags after waking from Suspend mode. The wake-up
source flags will read 0 during the first two system clocks following the wake from Suspend mode.
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Register 16.4. PMUOMD: Power Management Unit Mode

Bit 7 6 5 4 3 0
Name RTCOE WAKEOE Reserved
Type RwW RwW RW
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: OxCF
Bit Name Function
7 RTCOE Buffered RTC Output Enable.
Enables the buffered RTC oscillator output on PO0.2.
0: Disable the buffered RTC output.
1: Enable the buffered RTC output.
6 WAKEOE |Wakeup Request Output Enable.
Enables the Sleep Mode wake-up request signal on P0.3.
0: Disable the wake-up request signal.
1: Enable the wake-up request signal.
5:0 Reserved | Must write reset value.
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17. Analog-to-Digital Converter (ADCO)

The ADCO module on C8051F97x devices is a 300 ksps, 10-bit successive-approximation-register (SAR) ADC with
integrated track-and-hold and programmable window detector. ADCO also has an autonomous low power Burst
Mode which can automatically enable ADCO, capture and accumulate samples, then place ADCO in a low power
shutdown mode without CPU intervention. It also has a 16-bit accumulator that can automatically oversample and
average the ADC results.

The ADC is fully configurable under software control via Special Function Registers. The ADCO operates in single-
ended mode and may be configured to measure various different signals using the analog multiplexer described in
“19. Analog Multiplexer (AMUXO0)" on page 157. The ADC includes a temperature sensor described in
“17.8. Temperature Sensor” on page 113, and the voltage reference for the ADC is described in “17.7. Voltage
Reference” on page 112.

Important Note: The CSO module and the ADCO module cannot both be enabled at the same time. Even if one
module is enabled and not running, the other module must not be enabled.

ADCO
Input
Selection
N Control / Less Greater
g Configuration Trf” Thf”
[
AMUXO0 . : ADWINT
° ¢ | Wlndow:ompare (Window Interrupt)
> 0.5x — 1x SAR Analog to
VDD ™ gain [ Digital Converter [ | Accumulator ADCO I >
GND 3:: 'y ADINT
Internal LDO > (Interrupt Flag)
Temp [P |
Sensor [€«— ADBUSY (On Demand)
l«— Timer 0 Overflow
1.65V [«— Timer 2 Overflow

Reference l€«— Timer 3 Overflow

Internal LDO #W [«— CNVSTR (External Pin)
e E— Tigger
VREF Selection

Clock SAR clock
”| Divider

SYSCLK

Figure 17.1. ADCO Functional Block Diagram
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17.1. ADCO Analog Multiplexer

The ADCO module has an analog multiplexer that selects the positive inputs to the single-ended ADCO. Any of the
following may be selected as the positive input: pins from the analog pad selector (AMUXO0), the on-chip
temperature sensor, internal regulated digital supply voltage (output of VREGO), VDD, or GND. The ADCO input
channels are selected in the ADCOMX register. If any of the internal signals are selected as the ADCO input
channel, the AMUXO registers must not select an external pin and all be cleared to 0.

Important Note: Only one AMUXO input should be enabled at a time when using ADCO with AMUXO0 (ADCOMX =
0).

Table 17.1. ADCO Input Multiplexer Channels

ADCOMX setting Signal Name QFN-48 Pin Name QFN-32 Pin Name QFN-24 Pin Name

00000 ADCO0.0 AMUX Input Selector

00001 - 11010 Reserved Reserved
11011 TEMP Temperature Sensor Output
11100 VDD VDD Supply Voltage
11101 LDO Internal LDO regulator output
11110 Reserved Reserved
11111 GND Ground

Important Note about ADCO Input Configuration: A port pin selected as ADCO input should be configured as
follows:

1. Setto analog mode input by clearing to 0 the corresponding bit in register PnMDIN.

2. Force the Priority Crossbar Decoder to skip the pin by setting 1 to the corresponding bit in register PnSKIP.
3. Disable the auto-ground for the pin by setting 1 to the corresponding bit in the port latch (Pn).

4. Enable the analog pad selection for the pin by setting 1 to the corresponding bit in the AMUXOPnN register.

See “26. Port I/O (Port 0, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Crossbar, and Port Match)” on page 277 for
more Port I/O configuration details.
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17.2. Output Code Formatting

The registers ADCOH and ADCOL contain the high and low bytes of the output conversion code from the ADC at
the completion of each conversion. Data can be right-justified or left-justified, depending on the setting of the
ADOSJST[2:0]. When the repeat count is set to 1, conversion codes are represented as 10-bit unsigned integers.
Inputs are measured from 0 to VREF x 1023/1024. Example codes are shown below for both right-justified and left-
justified data. Unused bits in the ADCOH and ADCOL registers are set to 0.

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOSJST = 000) (ADOSJST =100)
VREF x 1023/1024 O0x03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000
0 0x0000 0x0000

When the repeat count is greater than 1, the output conversion code represents the accumulated result of the
conversions performed and is updated after the last conversion in the series is finished. Sets of 4, 8, 16, 32, or 64
consecutive samples can be accumulated and represented in unsigned integer format. The repeat count can be
selected using the ADORPT bits in the ADCOAC register. When a repeat count higher than 1, the ADC output must
be right-justified (ADOSJST = 0xx); unused bits in the ADCOH and ADCOL registers are set to 0. The example
below shows the right-justified result for various input voltages and repeat counts. Notice that accumulating 2"
samples is equivalent to left-shifting by n bit positions when all samples returned from the ADC have the same
value.

Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64
VRreg X 1023/1024 OXOFFC Ox3FFO0 OxFFCO
VRer X 512/1024 0x0800 0x2000 0x8000
Vgeg X 511/1024 0x07FC 0x1FFO0 0x7FCO

0 0x0000 0x0000 0x0000

The ADOSJST bits can be used to format the contents of the 16-bit accumulator. The accumulated result can be
shifted right by 1, 2, or 3 bit positions. Based on the principles of oversampling and averaging, the effective ADC
resolution increases by 1 bit each time the oversampling rate is increased by a factor of 4. The example below
shows how to increase the effective ADC resolution by 1, 2, and 3 bits to obtain an effective ADC resolution of 11-
bit, 12-bit, or 13-bit respectively without CPU intervention.

Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64

Shift Right =1 Shift Right = 2 Shift Right =3

11-Bit Result 12-Bit Result 13-Bit Result
VRer X 1023/1024 Ox07F7 OxXOFFC Ox1FF8
VRer X 512/1024 0x0400 0x0800 0x1000
VReg X 511/1024 Ox03FE 0x04FC OxOFF8
0 0x0000 0x0000 0x0000
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17.3. Modes of Operation

ADCO has a maximum conversion speed of 300 ksps. The ADCO conversion clock (SARCLK) is a divided version
of the system clock when burst mode is disabled (BURSTEN = 0), or a divided version of the low power oscillator
when burst mode is enabled (BURSEN = 1). The clock divide value is determined by the ADOSC bits in the
ADCOCEF register.

17.3.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADCO Start of
Conversion Mode bits (ADOCM2-0) in register ADCOCN. Conversions may be initiated by one of the following:

1. Writing a 1 to the ADOBUSY bit of register ADCOCN

2. A Timer O overflow (i.e., timed continuous conversions)
3. ATimer 2 overflow

4. A Timer 3 overflow

5. Arrising edge on the CNVSTR input signal (pin P0.6)

Writing a 1 to ADOBUSY provides software control of ADCO whereby conversions are performed “on-demand”.
During conversion, the ADOBUSY bit is set to logic 1 and reset to logic 0 when the conversion is complete. The
falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt flag (ADOINT). When
polling for ADC conversion completions, the ADCO interrupt flag (ADOINT) should be used. Converted data is
available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT is logic 1. When Timer 2 or Timer 3
overflows are used as the conversion source, Low Byte overflows are used if Timer 2/3 is in 8-bit mode; High byte
overflows are used if Timer 2/3 is in 16-bit mode. See “32. Timers (Timer0, Timerl, Timer2, and Timer3)” on
page 389 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as Port pin P0.6. When the
CNVSTR input is used as the ADCO conversion source, Port pin P0.6 should be skipped by the Digital Crossbar. To
configure the Crossbar to skip P0.6, set to 1 Bit 6 in register POSKIP. See “26. Port I/O (Port 0, Port 1, Port 2, Port
3, Port 4, Port 5, Port 6, Crossbar, and Port Match)” on page 277 for details on Port I/O configuration.
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17.3.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time in order for the converted result to be
accurate. The minimum tracking time is given in Table 1.11. The ADOTM bit in register ADCOCN controls the ADCO
track-and-hold mode. In its default state when Burst Mode is disabled, the ADCO input is continuously tracked,
except when a conversion is in progress. When the ADOTM bit is logic 1, ADCO operates in low-power track-and-
hold mode. In this mode, each conversion is preceded by a tracking period of 3 SAR clocks (after the start-of-
conversion signal). When the CNVSTR signal is used to initiate conversions in low-power tracking mode, ADCO
tracks only when CNVSTR is low; conversion begins on the rising edge of CNVSTR (see Figure 17.2). Tracking
can also be disabled (shutdown) when the device is in low power standby or sleep modes. Low-power track-and-
hold mode is also useful when AMUX settings are frequently changed, due to the settling time requirements
described in “17.3.4. Settling Time Requirements” on page 110.

A. ADCO Timing for External Trigger Source

CNVSTR
(ADOCM[2:0]=100)

123456 7 8 91011121314

SAR Clocks | |

ADOTM=1 | LW Power | ok Convert Low Power
or Convert Mode
ADOTM=0 Track or Convert Convert Track

Wite 1" to ADOBUSY. B. ADCO Timing for Internal Trigger Source

Timer 0, Timer 2,

Timer 1, Timer 3 Overflow ~— —
(ADOCM[2:0]=000, 001,010 |_|
011, 101)

123456 7 8 910111213141516 17

e TN
Clocks

Low Power

ADOTM=1 | - convert Track Convert Low Power Mode

123456 7 8 91011121314

il I
Clocks

Track or

ADOTM=0 Convert Convert Track

Figure 17.2. 10-Bit ADC Track and Conversion Example Timing (BURSTEN = 0)
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17.3.3. Burst Mode

Burst Mode is a power saving feature that allows ADCO to remain in a low power state between conversions. When
Burst Mode is enabled, ADCO wakes from a low power state, accumulates 1, 4, 8, 16, 32, or 64 using an internal
Burst Mode clock (approximately 20 MHz), then re-enters a low power state. Since the Burst Mode clock is
independent of the system clock, ADCO can perform multiple conversions then enter a low power state within a
single system clock cycle, even if the system clock is slow (e.g. 32.768 kHz), or suspended.

Burst Mode is enabled by setting BURSTEN to logic 1. When in Burst Mode, ADOEN controls the ADCO idle power
state (i.e., the state ADCO enters when not tracking or performing conversions). If ADOEN is set to logic 0, ADCO is
powered down after each burst. If ADOEN is set to logic 1, ADCO remains enabled after each burst. On each
convert start signal, ADCO is awakened from its Idle Power State. If ADCO is powered down, it will automatically
power up and wait the programmable Power-Up Time controlled by the ADOPWR bits. Otherwise, ADCO will start
tracking and converting immediately. Figure 17.3 shows an example of Burst Mode Operation with a slow system
clock and a repeat count of 4.

When Burst Mode is enabled, a single convert start will initiate a number of conversions equal to the repeat count.
When Burst Mode is disabled, a convert start is required to initiate each conversion. In both modes, the ADCO End
of Conversion Interrupt Flag (ADOINT) will be set after “repeat count” conversions have been accumulated.
Similarly, the Window Comparator will not compare the result to the greater-than and less-than registers until
“repeat count” conversions have been accumulated.

In Burst Mode, tracking is determined by the settings in ADOPWR and ADOTK. The default settings for these

registers will work in most applications without modification; however, settling time requirements may need

adjustment in some applications. Refer to “17.3.4. Settling Time Requirements” on page 110 for more detalils.

Notes:

m Setting ADOTM to 1 will insert an additional 3 SAR clocks of tracking before each conversion, regardless of the
settings of ADOPWR and ADOTK.

m  When using Burst Mode, care must be taken to issue a convert start signal no faster than once every four
SYSCLK periods. This includes external convert start signals. Burst Mode must not be enabled together with
the Capacitive Sense (CS0) module.

System Clock |

Convert Start ——» ] ]

ADOTM =1 Powered Power-Up (T T T T Powered Power-Up
ADOEN =0 Down and Track (3 cIT 3 cIT 3 cIT 3 ¢ Down and Track Tle-
ADOTM =0 Powered Power-Up Powered Power-Up
ADOEN =0 Down and Track clmceTie T Down and Track e
' <ADOPWR > > [« ADOTK
T = Tracking set by ADOTK
T3 = Tracking set by ADOTM (3 SAR clocks)
C = Converting
Figure 17.3. Burst Mode Tracking Example with Repeat Count Set to 4
®
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17.3.4. Settling Time Requirements

A minimum amount of tracking time is required before each conversion can be performed, to allow the sampling
capacitor voltage to settle. This tracking time is determined by the AMUXO resistance, the ADCO sampling
capacitance, any external source resistance, and the accuracy required for the conversion. Note that in low-power
tracking mode, three SAR clocks are used for tracking at the start of every conversion. For many applications,
these three SAR clocks will meet the minimum tracking time requirements, and higher values for the external
source impedance will increase the required tracking time.

Figure 17.4 shows the equivalent ADCO input circuit. The required ADCO settling time for a given settling accuracy
(SA) may be approximated by Equation 17.1. When measuring the Temperature Sensor output or Vpp with respect
to GND, Rg1a. reduces to Ryyyx. See Table 1.11 for ADCO minimum settling time requirements as well as the mux
impedance and sampling capacitor values.

2n
t=1n (S_A-) x RroTaLCsampLE
Where
SA is the settling accuracy, given as a fraction of an LSB (e.g., 0.25 to settle within 1/4 LSB)
t is the required settling time in seconds
RrotaL i the sum of the AMUXO resistance and any external source resistance.
n is the ADC resolution in bits (10)

Equation 17.1. ADCO Settling Time Requirements

MUX Select

!

Pox Xp—o e AAN——

Rmux

— CSAMPLE

RCinput= Rmux * CsampLE -

Note: The value of CSAMPLE depends on the PGA Gain. See Table 1.11 for details.

Figure 17.4. ADCO Equivalent Input Circuits

17.3.5. Gain Setting

The ADC has gain settings of 1x and 0.5x. In 1x mode, the full scale reading of the ADC is determined directly by
Vrer In 0.5x mode, the full-scale reading of the ADC occurs when the input voltage is Vggg X 2. The 0.5x gain
setting can be useful to obtain a higher input Voltage range when using a small Vrgg voltage, or to measure input

voltages that are between Vrgg and Vpp. Gain settings for the ADC are controlled by the AMPOGN bit in register
ADCOCF.

17.4. 8-Bit Mode

Setting the ADCO8BE bit in register ADCOCF to 1 will put the ADC in 8-bit mode. In 8-bit mode, only the 8 MSBs of
data are converted, allowing the conversion to be completed in two fewer SAR clock cycles than a 10-bit
conversion. This can result in an overall lower power consumption since the system can spend more time in a low

power mode. The two LSBs of a conversion are always 00 in this mode, and the ADCOL register will always read
back 0x00.
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17.5. Low Power Mode

The SAR converter provides a low power mode that allows a significant reduction in operating current when
operating at low SAR clock frequencies. Low power mode is enabled by setting the ADOLPM bit (ADCOPWR.7) to
1. In general, low power mode is recommended when operating with SAR conversion clock frequency at 4 MHz or
less. See “1. Electrical Characteristics” on page 10 for details on power consumption and the maximum clock
frequencies allowed in each mode. Setting the Low Power Mode bit reduces the bias currents in both the SAR
converter and in the High-Speed Voltage Reference.

17.6. Window Detector In Single-Ended Mode

Figure 17.5 shows two example window comparisons for right-justified data, with ADCOLTH:ADCOLTL = 0x0080
(128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can range from 0 to VREF x (1023/1024) with
respect to GND, and is represented by a 10-bit unsigned integer value. In the left example, an ADOWINT interrupt
will be generated if the ADCO conversion word (ADCOH:ADCOL) is within the range defined by
ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL (if 0x0040 < ADCOH:ADCOL < 0x0080). In the right example, and
ADOWINT interrupt will be generated if the ADCO conversion word is outside of the range defined by the ADCOGT
and ADCOLT registers (if ADCOH:ADCOL < 0x0040 or ADCOH:ADCOL > 0x0080). Figure 17.6 shows an example
using left-justified data with the same comparison values.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/ OX03FF VREF x (1023/
1024) 1024)
ADOWINT _
not affected ADOWINT=1
0x0081
VREF x (128/1024) 0x0080 <—| ADCOLTH:ADCOLTL | VREF x (128/1024) 0x0080 <—| ADCOGTH:ADCOGTL |
"""""""""""""""""""""""" 0x007F
ADOWINT=1 ot afected
______________________________________ 0x0041
VREF x (64/1024) 0x0040  [«—] ADCOGTH:ADCOGTL | VREF x (64/1024) 0x0040  [«—] ADCOLTH:ADCOLTL |
0X003F
ADOWINT ADOWINT=1
not affected
0 0x0000 0

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/ OxFFCO VREF x (1023/
1024) 1024)
ADOWINT _
not affected ADOWINT=1
0x2040
VREF x (128/1024) 0x2000 4—| ADCOLTH:ADCOLTL | VREF x (128/1024) 0x2000 4—| ADCOGTH:ADCOGTL |
""""""""""""""""""""""""" Ox1FCO
ADOWINT=1 not afecte
______________________________________ 0x1040
VREF x (64/1024) 0x1000 4—| ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000 4—| ADCOLTH:ADCOLTL |
0x0FCO
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 17.6. ADC Window Compare Example: Left-Justified Single-Ended Data
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17.7. Voltage Reference

The voltage reference MUX is configurable to use an externally connected voltage reference, the internal voltage
reference, or one of two power supply voltages (see Figure 17.7).

The voltage reference MUX is configured using the REFOCN register. Electrical specifications are can be found in

the Electrical Specifications Chapter.

Important Note about the VREF Input: Port pin P0.0 is used as the external VREF input. When using an external
voltage reference, P0.0/VREF should be configured as an analog input and skipped by the Priority Crossbar
Decoder. Refer to “26. Port I1/O (Port 0, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Crosshar, and Port Match)” on
page 277 for complete Port I/O configuration details. The external reference voltage must be within the range 0 <

VREF < VDD.

——>To AMUXO

REFOCN
O L
) )
I o
| o vl =
| [T} [}
| 4 04 [
|
! [
I
|
I
|
|
|
|
I EN
|
I » Temp Sensor
|
I
|
— 0, = |
| vDD | External I
| | Voltage !
| Reference I l
| R1 | Circuit |
| PO.0/VREF
| | g 00
|
| |
nternal 1.8V |
_ GNP _| 10

4.7uF %1}”:

Recommended
Bypass Capacitors

veo [
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Regulated Digital Supply

Internal 1.65V

High Speed Reference

jll

VREF
(to ADC)

Figure 17.7. Voltage Reference Functional Block Diagram

17.7.1. External Voltage Reference

To use an external voltage reference, REFSL[1:0] should be set to 00. Bypass capacitors should be added as
recommended by the manufacturer of the external voltage reference.
recommendations, a 4.7 uF in parallel with a 0.1 puF capacitor is recommended.

If the manufacturer does not provide
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17.7.2. Internal Voltage Reference

For applications requiring the maximum number of port I/O pins, or very short VREF turn-on time, the 1.65 V high-
speed reference will be the best internal reference option to choose. The high-speed internal reference is selected
by setting REFSL to 11b. When selected, the high-speed internal reference will be automatically enabled/disabled
on an as-needed basis by ADCO.

For applications with a non-varying power supply voltage, using the power supply as the voltage reference can
provide ADCO with added dynamic range at the cost of reduced power supply noise rejection. To use the 1.8 to
3.6 V power supply voltage (VDD) or the 1.8 V regulated digital supply voltage as the reference source, REFSL
should be set to 01b or 10b, respectively.

17.8. Temperature Sensor

An on-chip temperature sensor is included, which can be directly accessed via the ADC multiplexer in single-ended
configuration. To use the ADC to measure the temperature sensor, the ADC mux channel should select the
temperature sensor. The temperature sensor transfer function is shown in Figure 17.8. The output voltage (Vtgmp)
is the positive ADC input when the ADC multiplexer is set correctly. The TEMPE bit in register REFOCN enables/
disables the temperature sensor. While disabled, the temperature sensor defaults to a high impedance state and
any ADC measurements performed on the sensor will result in meaningless data. Refer to the electrical
specification tables for the slope and offset parameters of the temperature sensor.

V1emp = (Slope x Tempc) + Offset

el
-
.
-
ey
-

Tempc = (Vrewp - Offset) / Slope

|:| Slope (V / deg C)

<“— Offset (V at 0 Celsius)

Voltage
L

Temperature

Figure 17.8. Temperature Sensor Transfer Function

17.8.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature
measurements. For absolute temperature measurements, offset and/or gain calibration is recommended. Typically
a 1-point (offset) calibration includes the following steps:

1. Control/measure the ambient temperature (this temperature must be known).

2. Power the device, and delay for a few seconds to allow for self-heating.

3. Perform an ADC conversion with the temperature sensor selected as the ADC input.
4

. Calculate the offset characteristics, and store this value in non-volatile memory for use with subsequent
temperature sensor measurements.
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17.9. ADC Control Registers

Register 17.1. ADCOCN: ADCO Control

Bit 7 6 5 4 3 2 1 0
Name ADEN ADBMEN ADINT ADBUSY | ADWINT ADCM
Type RwW RwW RwW RW RW RwW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OXE8 (bit-addressable)

Table 17.2. ADCOCN Register Bit Descriptions

Bit

Name

Function

ADEN

ADC Enable.

0: Disable ADCO (low-power shutdown).
1: Enable ADCO (active and ready for data conversions).

ADBMEN

Burst Mode Enable.

Important Note: Burst Mode must be disabled if CSO0 is active. This is true regardless of
the ADCOMX configuration.

0: ADCO Burst Mode Disabled.

1: ADCO Burst Mode Enabled.

ADINT

Conversion Complete Interrupt Flag.

Set by hardware upon completion of a data conversion (ADBMEN=0), or a burst of con-
versions (ADBMEN=1). Can trigger an interrupt. Must be cleared by firmware.

ADBUSY

ADC Busy.

Writing 1 to this bit initiates an ADC conversion when ADCM = 000. This bit should not
be polled to indicate when a conversion is complete. Instead, the ADINT bit should be
used when polling for conversion completion.

ADWINT

Window Compare Interrupt Flag.

Set by hardware when the contents of ADCOH:ADCOL fall within the window specified by
ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL. Can trigger an interrupt. Must be
cleared by firmware.

2:0

ADCM

Start of Conversion Mode Select.

Specifies the ADCO start of conversion source. All remaining bit combinations are
reserved.

000: ADCO conversion initiated on write of 1 to ADBUSY.

001: ADCO conversion initiated on overflow of Timer 0.

010: ADCO conversion initiated on overflow of Timer 2.

011: ADCO conversion initiated on overflow of Timer 3.

100: ADCO conversion initiated on rising edge of CNVSTR.

101-111: Reserved.

SILICON LABS
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Register 17.2. ADCOCF: ADCO Configuration

Bit 7 6 5 4 2 1 0
Name ADSC ADSBE ADTM ADGN
Type RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x97

Table 17.3. ADCOCF Register Bit Descriptions

Bit Name Function
7:3 ADSC SAR Clock Divider.
This field sets the ADC clock divider value. It should be configured to be as close to the
maximum SAR clock speed as the datasheet will allow. The SAR clock frequency is
given by the following equation:
F _ FADCCLK
CLKSAR — ADSC + 1
FabccLk Is equal to the selected SYSCLK when ADBMEN is 0 and the high-frequency
oscillator when ADBMEN is 1.
2 ADSBE 8-Bit Mode Enable.
0: ADCO operates in 10-bit mode (normal operation).
1: ADCO operates in 8-bit mode.
1 ADTM Track Mode.
Selects between Normal or Delayed Tracking Modes.
0: Normal Track Mode. When ADCO is enabled, conversion begins immediately following
the start-of-conversion signal.
1: Delayed Track Mode. When ADCO is enabled, conversion begins 3 SAR clock cycles
following the start-of-conversion signal. The ADC is allowed to track during this time.
0 ADGN Gain Control.
0: The on-chip PGA gain is 0.5.
1: The on-chip PGA gain is 1.
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Register 17.3. ADCOAC: ADCO Accumulator Configuration

Bit 7 6 4 3 2 1
Name | Reserved ADAE ADSJST ADRPT
Type RW W RW RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxBA

Table 17.4. ADCOAC Register Bit Descriptions

Bit Name Function
7 Reserved |Must write reset value.
6 ADAE Accumulate Enable.
Enables multiple conversions to be accumulated when burst mode is disabled. This bit is
write-only and always reads as zero.
0: ADCOH:ADCOL contain the result of the latest conversion when Burst Mode is dis-
abled.
1: ADCOH:ADCOL contain the accumulated conversion results when Burst Mode is dis-
abled. Firmware must write 0x0000 to ADCOH:ADCOL to clear the accumulated result.
5:3 ADSJST |Accumulator Shift and Justify.
Specifies the format of data read from ADCOH:ADCOL. All remaining bit combinations
are reserved.
000: Right justified. No shifting applied.
001: Right justified. Shifted right by 1 bit.
010: Right justified. Shifted right by 2 bits.
011: Right justified. Shifted right by 3 bits.
100: Left justified. No shifting applied.
101-111: Reserved.
2:0 ADRPT Repeat Count.

Selects the number of conversions to perform and accumulate in Burst Mode. This bit
field must be set to 000 if Burst Mode is disabled.

000: Perform and Accumulate 1 conversion.

001: Perform and Accumulate 4 conversions.

010: Perform and Accumulate 8 conversions.

011: Perform and Accumulate 16 conversions.

100: Perform and Accumulate 32 conversions.

101: Perform and Accumulate 64 conversions.

110-111: Reserved.
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Register 17.4. ADCOPWR: ADCO Power Control

Bit 7 6 5 4 3 2 1 0
Name ADLPM Reserved ADPWR
Type RwW RwW RW
Reset 0 0 0 0 1 1 1 1

SFR Page = ALL; SFR Address: 0xBB

Table 17.5. ADCOPWR Register Bit Descriptions

Bit Name Function
7 ADLPM Low Power Mode Enable.
This bit can be used to reduce power to the ADC's internal common mode buffer. It can
be set to 1 to reduce power when tracking times in the application are longer (slower
sample rates).
0: Disable low power mode.
1: Enable low power mode (requires extended tracking time).
6:4 Reserved | Must write reset value.
3.0 ADPWR |Burst Mode Power Up Time.
This field sets the time delay allowed for the ADC to power up from a low power state.
When ADTM is set, an additional 3 SARCLKSs are added to this time.
_ 8x ADPWR
TPWRTIME - E
HFOSC
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Register 17.5. ADCOTK: ADCO Burst Mode Track Time

Bit 7 6 5 4 3 2 1 0
Name Reserved ADTK
Type R RW
Reset 0 0 0 1 1 1 1 0

SFR Page = ALL; SFR Address: 0xBC

Table 17.6. ADCOTK Register Bit Descriptions

Bit Name Function
7:6 Reserved |Must write reset value.
5:0 ADTK Burst Mode Tracking Time.

This field sets the time delay between consecutive conversions performed in Burst
Mode. When ADTM is set, an additional 3 SARCLKs are added to this time.

T _64-ADTK
BMTK FHFOSC

The Burst Mode track delay is not inserted prior to the first conversion. The required
tracking time for the first conversion should be defined with the ADPWR field.
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Register 17.6. ADCOH: ADCO Data Word High Byte

Bit 7 6 3 0
Name ADCOH
Type RW
Reset 0 0 0 0

SFR Page = 0x0; SFR Address: 0xD3

Table 17.7. ADCOH Register Bit Descriptions

Bit

Name

Function

7:0

ADCOH

Data Word High Byte.
When read, this register returns the most significant byte of the 16-bit ADCO accumula-
tor, formatted according to the settings in ADSJST. The register may also be written, to

set the upper byte of the 16-bit ADCO accumulator.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be zeros.
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Register 17.7. ADCOL: ADCO Data Word Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADCOL
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xD2

Table 17.8. ADCOL Register Bit Descriptions

Bit

Name

Function

7:0

ADCOL

Data Word Low Byte.
When read, this register returns the least significant byte of the 16-bit ADCO accumula-
tor, formatted according to the settings in ADSJST. The register may also be written, to

set the lower byte of the 16-bit ADCO accumulator.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be zeros.
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Register 17.8. ADCOGTH: ADCO Greater-Than High Byte

Bit 7 6 4 3 2 0
Name ADCOGTH
Type RW
Reset 1 1 1 1 1 1

SFR Page = 0x0; SFR Address: 0xC4

Table 17.9. ADCOGTH Register Bit Descriptions

Bit

Name

Function

7:0

ADCOGTH

Greater-Than High Byte.
Most significant byte of the 16-bit greater-than window compare register.
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Register 17.9. ADCOGTL: ADCO Greater-Than Low Byte

Bit 7 6 5 4 3 2 1
Name ADCOGTL
Type RW
Reset 1 1 1 1 1 1 1

SFR Page = 0x0; SFR Address: 0xC3

Table 17.10. ADCOGTL Register Bit Descriptions

Bit

Name

Function

7:0

ADCOGTL

Greater-Than Low Byte.

Least significant byte of the 16-bit greater-than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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Register 17.10. ADCOLTH: ADCO Less-Than High Byte

Bit 7 6 5 4 3 2 0
Name ADCOLTH
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xC6

Table 17.11. ADCOLTH Register Bit Descriptions

Bit

Name

Function

7:0

ADCOLTH

Less-Than High Byte.

Most significant byte of the 16-bit less-than window compare register.
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Register 17.11. ADCOLTL: ADCO Less-Than Low Byte

Bit 7 6 4 3 2 1
Name ADCOLTL
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xC5

Table 17.12. ADCOLTL Register Bit Descriptions

Bit

Name

Function

7:0

ADCOLTL

Less-Than Low Byte.
Least significant byte of the 16-bit less-than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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Register 17.12. ADCOMX: ADCO Multiplexer Selection

Bit 7 6 5 4 2 0
Name Reserved ADCOMX
Type R RW
Reset 0 0 0 1 1 1

SFR Page = 0x0; SFR Address: 0xD4

Table 17.13. ADCOMX Register Bit Descriptions

Bit

Name

75

Reserved

Must write reset value.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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Table 17.13. ADCOMX Register Bit Descriptions

Bit Name

Function

4:0 ADCOMX

AMUXO Positive Input Selection.
Selects the positive input channel for ADCO. For reserved bit combinations, no input is
selected.

00000: Select channel ADCO0.0.
00001: Select channel ADCO.1.
00010: Select channel ADCO0.2.
00011: Select channel ADCO.3.
00100: Select channel ADCO0.4.
00101: Select channel ADCO0.5.
00110: Select channel ADCO.6.
00111: Select channel ADCO.7.
01000: Select channel ADCO0.8.
01001: Select channel ADCO0.9.
01010: Select channel ADCO0.10.
01011: Select channel ADCO0.11.
01100: Select channel ADC0.12.
01101: Select channel ADCO0.13.
01110: Select channel ADCO0.14.
01111: Select channel ADCO0.15.
10000: Select channel ADCO.16.
10001: Select channel ADCO0.17.
10010: Select channel ADCO0.18.
10011: Select channel ADCO0.19.
10100: Select channel ADCO0.20.
10101: Select channel ADCO0.21.
10110: Select channel ADCO0.22.
10111: Select channel ADCO0.23.
11000: Select channel ADCO0.24.
11001: Select channel ADCO0.25.
11010: Select channel ADCO0.26.
11011: Temperature Sensor.
11100: VDD Supply Voltage.
11101: Internal LDO regulator output.
11110: Reserved.

11111: Ground.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external

pin and all be cleared to 0.
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17.10. Voltage Reference Registers

Register 17.13. REFOCN: Voltage Reference Control

Bit 7 6 5 4 3 2
Name Reserved REFSL TEMPE Reserved
Type RW RW RW RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xD1

Table 17.14. REFOCN Register Bit Descriptions

Bit Name Function
75 Reserved | Must write reset value.
4:3 REFSL Voltage Reference Select.
Selects the ADCO voltage reference.
00: The ADCO voltage reference is the PO.0/VREF pin.
01: The ADCO voltage reference is the VDD pin.
10: The ADCO voltage reference is the internal 1.8 V digital supply voltage.
11: The ADCO voltage reference is the internal 1.65 V high speed voltage reference.
2 TEMPE | Temperature Sensor Enable.
Enables/Disables the internal temperature sensor.
0: Disable the Temperature Sensor.
1: Enable the Temperature Sensor.
1:0 Reserved | Must write reset value.

127

Rev 1.1

SILICON LABS




17.11. Temperature Sensor Registers

Register 17.14. TOFFH: Temperature Sensor Offset High

Bit 6 5 4 3 2 1
Name TOFF
Type R
Reset X X X X X X

SFR Page = OxF; SFR Address: Ox8E

Table 17.15. TOFFH Register Bit Descriptions

Bit Name

Function

7.0 TOFF

Temperature Sensor Offset High.

Most Significant Bits of the 10-bit temperature sensor offset measurement.
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Register 17.15. TOFFL: Temperature Sensor Offset Low

Bit 7 6 5 4 3 2 0
Name TOFF Reserved
Type R
Reset X X 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x8D

Table 17.16. TOFFL Register Bit Descriptions

Bit Name Function
76 TOFF Temperature Sensor Offset Low.
Least Significant Bits of the 10-bit temperature sensor offset measurement.
5:0 Reserved |Must write reset value.
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18. Capacitive Sense (CSO0)

The Capacitive Sense subsystem uses a capacitance-to-digital circuit to determine the capacitance on a port pin.
The module can take measurements from different port pins using the module’s analog multiplexer. The module is
enabled only when the CSOINT bit (CSOCN) is set to 1. Otherwise the module is in a low-power shutdown state.
The module can be configured to take measurements on one port pin or a group of port pins, using auto-scan. A
selectable gain circuit allows the designer to adjust the maximum allowable capacitance. An accumulator is also
included, which can be configured to average multiple conversions on an input channel. Interrupts can be
generated when CSO completes a conversion or when the measured value crosses a threshold defined in

CSOTHH:L.

Important Note: The CSO module and the ADCO module cannot both be enabled at the same time. Even if one
module is enabled and not running, the other module must not be enabled.
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Figure 18.1. CSO Block Diagram
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18.1. Configuring Port Pins as Capacitive Sense Inputs

In order for a port pin to be measured by CSO0, that port pin must be configured as an analog input (see “26. Port I/
O (Port O, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Crossbar, and Port Match)” ). Configuring the input
multiplexer to a port pin not configured as an analog input will cause the capacitive sense comparator to output
incorrect measurements.

18.2. Initializing the Capacitive Sensing Peripheral

The following procedure is recommended for properly initializing the CSO peripheral:
1. Enable the CSO block (CSOINT = 1) before performing any other initializations.
2. Initialize the Start of Conversion Mode Select bits (CSOCM[2:0]) to the desired mode.
3. Continue initializing all remaining CSO registers.

18.3. Capacitive Sense Start-Of-Conversion Sources
A capacitive sense conversion can be initiated in one of seven ways, depending on the programmed state of the
CSO start of conversion bits (CSOCF6:4). Conversions may be initiated by one of the following:
1. Writing a 1 to the CSOBUSY bit of register CSOCN
Timer 0 overflow
Timer 2 overflow
Timer 1 overflow
Timer 3 overflow
Convert continuously
7. Convert continuously with auto-scan enabled

Conversions can be configured to be initiated continuously through one of two methods. CSO can be configured to
convert at a single channel continuously or it can be configured to convert continuously with auto-scan enabled.
When configured to convert continuously, conversions will begin after the CSOBUSY bit in CSOCF has been set. An
interrupt will be generated if CSO conversion complete interrupts are enabled by setting the ECSCPT bit (EIE2.0).

The CSO module uses a method of successive approximation to determine the value of an external capacitance.
The number of bits the CS0 module converts is adjustable using the CSOCR bits in register CSOMD2. Conversions
are 13 bits long by default, but they can be adjusted to 12, 13, 14, or 16 bits depending on the needs of the
application. Unconverted bits will be set to 0. Shorter conversion lengths produce faster conversion rates, and vice-
versa. Applications can take advantage of faster conversion rates when the unconverted bits fall below the noise
floor.
Note: CSO conversion complete interrupt behavior depends on the settings of the CS0 accumulator. If CS0 is configured to
accumulate multiple conversions on an input channel, a CS0 conversion complete interrupt will be generated only after
the last conversion completes.

I A
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18.4. CSO Multiple Channel Enable

CSO0 has the capability of measuring the total capacitance of multiple channels using a single conversion. When the
multiple channel feature is enabled (CSOMCEN = 1), Channels selected by AMUXOPn are internally shorted
together and the combined node is selected as the CSO input. This mode can be used to detect a capacitance
change on multiple channels using a single conversion and is useful for implementing “wake-on-multiple channels”.

18.5. CSO Gain Adjustment

The gain of the CSO0 circuit can be adjusted in integer increments from 1x to 8x (8x is the default). High gain gives
the best sensitivity and resolution for small capacitors, such as those typically implemented as touch-sensitive PCB
features. To measure larger capacitance values, the gain should be lowered accordingly. The bits CSOCGJ2:0] in
register CSOMD set the gain value.

18.6. Wake from Suspend

CSO0 has the capability of waking the device from a low power suspend mode upon detection of a “touch” using the
digital comparator. This threshold comparator event can also be used as an end-of-conversion wake by setting the
threshold registers to all zeros.

18.7. Using CSO in Applications that Utilize Sleep Mode

To achieve maximum power efficiency, CS0O should be enabled only when taking a conversion and disabled at all
other times. CS0 must be disabled by software prior to entering sleep mode.

18.8. Automatic Scanning (Method 1—CSOSMEN = 0)

CSO0 can be configured to automatically scan a sequence of contiguous CSO input channels by configuring and
enabling auto-scan. Using auto-scan with the CSO comparator interrupt enabled allows a system to detect a
change in measured capacitance without requiring any additional dedicated MCU resources.

Auto-scan is enabled by setting the CSO0 start-of-conversion bits (CSOCF6:4) to 111b. After enabling auto-scan, the
starting and ending channels should be set to appropriate values in CS0SS and CSOSE, respectively. Writing to
CSO0SS when auto-scan is enabled will cause the value written to CSOSS to be copied into CSOMX. After being
enabled, writing a 1 to CSOBUSY will start auto-scan conversions. When auto-scan completes the number of
conversions defined in the CS0 accumulator bits (CSOCF1:0), auto-scan configures CSOMX to the next sequential
port pin configured as an analog input and begins a conversion on that channel. All other pins between CS0SS and
CSOSE which are set as analog inputs are grounded during the conversion. This scan sequence continues until
CSOMX reaches the ending input channel value defined in CSOSE. After one or more conversions have been taken
at this channel, auto-scan configures CSOMX back to the starting input channel. For an example system configured
to use auto-scan, please see Figure “18.2 Auto-Scan Example” on page 133.
Note: Auto-scan attempts one conversion on a CSOMX channel regardless of whether that channel’s port pin has been
configured as an analog input. Auto-scan will also complete the current rotation when the device is halted for debugging.
If auto-scan is enabled when the device enters suspend mode, auto-scan will remain enabled and running. This
feature allows the device to wake from suspend through CSO greater-than comparator event on any configured
capacitive sense input included in the auto-scan sequence of inputs.
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18.9. Automatic Scanning (Method 2—CSOSMEN = 1)

When CSOSMEN is enabled, CSO uses an alternate autoscanning method that uses the contents of AMUXOPN to
determine which channels to include in the scan. This maximizes flexibility for application development and can
result in more power efficient scanning. The following procedure can be used to configure the device for Automatic
Scanning with CSOSMEN = 1.

1. Set the CSOSMEN bit to 1.

2. Select the start of conversion mode (CSOCM[2:0]) if not already configured. Mode 101b is the mode of
choice for most systems.

Configure the AMUXOPN registers to enable channels in the scan.
Configure the CSOTHH:CSOTHL digital comparator threshold and polarity.
Enable wake from suspend on end of scan (CSOWOI = 1) if this functionality is desired.

Set CSOSS to point to the first channel in the scan. Note: CSOSS uses the same bit mapping as the
CSOMX register.

7. Issue a start of conversion (BUSY = 1).
8. Enable the CS0 Wakeup Source and place the device in Suspend mode (optional).

o 0k w

If using Mode 101b, scanning will stop once a “touch” has been detected using the digital comparator. The CSOMX
register will contain the channel mux value of the channel that caused the interrupt. Setting the busy bit when
servicing the interrupt will cause the scan to continue where it left off. Scanning will also stop after all channels
have been sampled and no “touches” have been detected. If the CSOWOI bit is set, a wake from suspend event will
be generated. Note: When automatic scanning is enabled, the contents of the CSOMX register are only valid when
the digital comparator interrupt is set and BUSY = 0.

18.10. CSO Comparator

The CSO0 comparator compares the latest capacitive sense conversion result with the value stored in
CSOTHH:CSOTHL. If the result is less than or equal to the stored value, the CSOCMPF bit(CSOCN:0) is set to 0. If
the result is greater than the stored value, CSOCMPF is set to 1.

If the CSO conversion accumulator is configured to accumulate multiple conversions, a comparison will not be
made until the last conversion has been accumulated.

An interrupt will be generated if CSO greater-than comparator interrupts are enabled by setting the ECSGRT bit
(EIE2.1) when the comparator sets CSOCMPF to 1.

If auto-scan is running when the comparator sets the CSOCMPF bit, no further auto-scan initiated conversions will
start until firmware sets CSOBUSY to 1.

A CSO0 greater-than comparator event can wake a device from suspend mode. This feature is useful in systems
configured to continuously sample one or more capacitive sense channels. The device will remain in the low-power
suspend state until the captured value of one of the scanned channels causes a CSO greater-than comparator
event to occur. It is not necessary to have CS0O comparator interrupts enabled in order to wake a device from
suspend with a greater-than event.

For a summary of behavior with different CSO comparator, auto-scan, and auto accumulator settings, please see
Table 18.1.
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18.11. CSO Conversion Accumulator

CSO0 can be configured to accumulate multiple conversions on an input channel. The number of samples to be
accumulated is configured using the CSOACUZ2:0 bits (CSOCF2:0). The accumulator can accumulate 1, 4, 8, 16,
32, or 64 samples. After the defined number of samples have been accumulated, the result is divided by either 1, 4,

8, 16, 32, or 64 (depending on the CSOACU[2:0] setting) and copied to the CSODH:CSO0DL SFRs.

Table 18.1. Operation with Auto-Scan and Accumulate

s |3 CSO0 Conversion CSO0 Greater Than Interrupt CSOMX Behavior
2 |5 |Completelinterrupt Behavior
o |® :
©c | c Behavior
T
c |2
e
g |E
2 |3
< <
N | N CSOINT Interrupt | Interrupt serviced after 1 conver- CSOMX unchanged.
serviced after 1 con- sion completes if value in
version completes | CSODH:CSODL is greater than
CSOTHH:CSOTHL
N | Y CSOINT Interrupt | Interrupt serviced after M conver- CSOMX unchanged.
serviced after M sions complete if value in
conversions com- CSODH:CSO0DL (post accumu-
plete late and divide) is greater than
CSOTHH:CSOTHL
Y | N CSOINT Interrupt Interrupt serviced after conver- | If greater-than comparator detects conversion
serviced after 1 con- sion completes if value in value is greater than CSOTHH:CSOTHL,
version completes | CSODH:CSODL is greater than | CSOMX is left unchanged; otherwise, CSOMX
CSOTHH:CSOTHL,; updates to the next channel (CSOMX + 1) and
Auto-Scan stopped wraps back to CSOSS after passing CSOSE.
Y |Y CSOINT Interrupt | Interrupt serviced after M conver- | If greater-than comparator detects conversion
serviced after M sions complete if value in value is greater than CSOTHH:CSOTHL,
conversions com- CSODH:CSODL (post accumu- | CSOMX is left unchanged; otherwise, CSOMX
plete late and divide) is greater than |updates to the next channel (CSOMX + 1) and
CSOTHH:CSOTHL; Auto-Scan | wraps back to CSOSS after passing CSOSE.
stopped
Note: M = Accumulator setting (1x, 4x, 8x, 16X, 32X, 64x).
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18.12. CSO Pin Monitor

The CSO module provides accurate conversions in all operating modes of the CPU, peripherals and I/O ports. Pin
monitoring circuits are provided to eliminate possible interference from high-current output pin switching. The CS0O
Pin Monitor register (CSOPM) controls the operation of these pin monitors.

Conversions in the CS0O module are immune to any change on digital inputs and immune to most output switching.
Even high-speed serial data transmission will not affect CS0 operation as long as the output load is limited. Output
changes that switch large loads such as LEDs and heavily-loaded communications lines can affect conversion
accuracy. For this reason, the CS0 module includes pin monitoring circuits that will, if enabled, automatically adjust
conversion timing if necessary to eliminate any effect from high-current output pin switching.

The pin monitor enable bit should be set for any output signal that is expected to drive a large load.

Example: The SMBus in a system is heavily loaded with multiple slaves and a long PCB route. Set the SMBus pin
monitor enable, SMBPM = 1.

Example: Timer2 controls an LED on Port 1, pin 3 to provide variable dimming. Set the Port SFR write monitor
enable, PIOPM = 1.

Example: The SPI bus is used to communicate to a nearby host. The pin monitor is not needed because the output
is not heavily loaded, SPIPM remains = 0, the default reset state.

Pin monitors should not be enabled unless they are required. The pin monitor works by repeating any portion of a
conversion that may have been corrupted by a change on an output pin. Setting pin monitor enables bits will slow
CSO0 conversions.

The frequency of CSO retry operations can be limited by setting the CSPMMD bits. In the default (reset) state, all
converter retry requests will be performed. This is the recommended setting for all applications. The number of
retries per conversion can be limited to either two or four retries by changing CSPMMD. Limiting the number of
retries per conversion ensures that even in circumstances where extremely frequent high-power output switching
occurs, conversions will be completed, though there may be some loss of accuracy due to switching noise.

Activity of the pin monitor circuit can be detected by reading the Pin Monitor Event bit, CSOPME, in register
CSOCN. This bit will be set if any CSO0 converter retries have occurred. It remains set until cleared by software or a
device reset.

Notes on pin monitor operation:
m When the system clock is active in the system, the pin monitor feature requires a system clock frequency of
5.5 MHz or higher to function correctly.
m When using CSO as a wake-up source with pin monitoring enabled, the minimum active mode system
clock frequency that can be used is 1.8 MHz. A CS0 wake-up event in a system with an active mode clock

frequency below 1.8 MHz will cause CSO to start another conversion instead of remaining stopped when
the system wakes from its low power state.
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18.13. Adjusting CSO For Special Situations

There are several configuration options in the CS0O module designed to modify the operation of the circuit and
address special situations. In particular, any circuit with more than 500 Q of series impedance between the sensor
and the device pin may require the adjustments detailed in this section for optimal performance. Typical
applications which may require adjustments include the following:

m Touch panel sensors fabricated using a resistive conductor such as indium-tin-oxide (ITO).
m Circuits using a high-value series resistor to isolate the sensor element for high ESD protection.

Capacitive sensors created using PCB traces should generally require no fine tuning, and the default settings for
CSODT, CSODR, CSOIA, CSORP and CSOLP should be used.

18.13.1. Adjusting the CSO Reset Timing

The CSO module determines capacitance by discharging an external capacitor and then measuring how quickly
that capacitor charges. In order to do this, the external capacitor must be fully discharged before every test. There
are two timers inside the CS0 module which determine the timing for the reset (discharge) operation.

CSO0 performs a two-stage discharge (double reset) of the external capacitor at the start of every bit conversion to
improve performance in high-noise environments. In this method, most of the charge in the external capacitor is
removed in a first reset stage through a low-resistance switch to ground. A second reset is then performed using a
high-resistance switch to ground. This second reset removes any ambient noise energy that might have been
captured in the external capacitor at the end of the first reset stage.

The lengths of both reset periods are independently adjustable. Longer periods are used when the external
capacitor is separated from the CSO module by a large resistor (more than 500 Q) because that series resistor
would slow the rate of discharge.

Determining the appropriate settings for CSODT (the primary reset) and CSODR (the secondary reset) are two of a
series of related adjustments which must be made when using CS0 to measure capacitive loads in the presence of
high resistance.

18.13.2. Adjusting Primary Reset Timing: CSODT

Primary reset timing adjustment is performed to provide peak sensitivity for highly-resistive loads and peak linearity
for capacitive loads linked thorough a distributed resistance (such as an ITO touch panel) while minimizing the
required conversion time.

The adjustment for CSODT should be performed while CSODR and CSOIA bits are set at their maximum values
(CSODR = 11b, CSOIA = 001b).

1. Begin the adjustment with CSODT set to maximum delay (CSODT = 111b). Measure the untouched
average CSO result for the channel under test.

Note: When calibrating CSO0 for use with an ITO panel, consider the use of an artificial finger: a small (¥4 O.D.) washer (#2
regular, #4 narrow) wired through a 1000 pF capacitor to ground. Select a touch point at the on the farthest end of the
longest row. Find the point where maximum response is returned from the CSO conversion.

2. Record the average touched CSO0 value with CSODT = 111b. The touched value should be higher than the
untouched value. The magnitude of the difference between the touched and untouched average CS0
values is the figure of merit for touch sensitivity.

3. Decrease the primary reset time CSODT by one and repeat the touched and untouched CS0O
measurements. Repeat this step until values have been recorded for all eight CSODT settings. As the
CSODT setting decreases, the average sensitivity of the CS0 value may begin to decrease significantly.

4. CSODT should be set high enough that there is not a significant decrease in sensitivity due to resistance.
Select the CSODT setting that occurred prior to the observed drop in CSO0 touch sensitivity.
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18.13.3. Adjusting Secondary Reset Timing: CSODR

Adjustments for CSOIA and CSODT should be set to their maximum value (CSOIA = 001b, CSODT = 111b) while the
CSODR adjustments are being performed.

Because the only function of DR is to reduce the effect of environmental noise, establishing the proper DR
adjustment can only be performed in a test environment with the highest expected level of ambient noise while
connected to the sensor which is specific to the intended application.

Increasing the CSODR adjustment does not increase the level of possible noise rejection, it only changes the
amount of time that the CS0 module will wait for the secondary reset circuit to finish its noise-reduction operation.
Resistive sensors require longer CSODR operating periods, and their CSODR settings will be necessarily higher.
Higher settings for CSODR cause the CSO conversion process to slow substantially. The adjustment method is
intended to find the lowest (fastest) CSODR setting that delivers full function.

1. Begin the adjustment with CSODR set to maximum delay (CSODR = 11b). Record a series of CSO0 output
values for the sensor when it is being touched.

Note: If an ITO touch panel is being tested, this sensor touch should be performed at the sensor location at the end of the
longest ITO trace. The series of CS0 output values should be large enough that a reliably repeatable determination of
standard deviation can be made, a hundred samples or greater (but typically less than 10,000 samples).

2. For this test, the standard deviation of data in the series is the figure of merit used to define the level of
noise received by the CSO converter. The secondary reset circuit reduces noise. An increase in standard
deviation indicates that the secondary reset circuit is no longer working optimally. The best adjustment
point for CSODR is the lowest setting for which there is an acceptably-low standard deviation.

3. Decrease the value of the CSODR setting by one (from 11b to 10b). Record a new data set and determine
its standard deviation. Repeat this process for CSODR settings 01b and 00b. Compare the standard
deviations calculated for the four CSODR settings. Select the lowest CSODR setting for which there is not a
significant increase in standard deviation.

18.13.4. Adjusting CS0 Ramp Timing: CSOIA

In the presence of larger series resistors between the device pin and the capacitive sensor, it is hecessary to also
adjust the ramp time for the CSO conversion. This is done by using CSOIA to modify the source current used to
charge up the capacitive sensor. If this source current and the series impedance are both high, the CS0 module will
“see” less of the capacitor on the other side of the impedance. Reducing the current allows the pin voltage to more
directly reflect the voltage at the capacitive sensor.

The adjustment for CSOIA should be performed while CSODR and CSODT bits are set at their maximum values
(CSODR = 11b, CSODT = 111b).

1. Begin the adjustment with CSOIA set to minimum current (CSOIA = 001b). Measure the untouched average
CSO result for the channel under test.

Note: When calibrating CSO0 for use with an ITO panel, consider the use of an artificial finger: a small (¥4” O.D.) washer (#2
regular, #4 narrow) wired through a 1000pF capacitor to ground. Select a touch point at the on the farthest end of the
longest row. Find the point where maximum response is returned from the CSO conversion.

2. Record the average touched CSO0 value with CSOIA = 001b. The touched value should be higher than the
untouched value. The magnitude of the difference between the touched and untouched average CSO
values is the figure of merit for touch sensitivity.

3. Increase the current control CSOIA by one and repeat the touched and untouched CS0O measurements.
Repeat this step until values have been recorded for all eight CSOIA settings (including CSOIA = 000b,
which is the highest current setting). As CSOIA is changed, the average sensitivity of the CS0 value may
begin to decrease significantly.

4. CSOIA should be chosen such that there is not a significant decrease in sensitivity due to resistance. Select
the CSOIA setting that occurred prior to the observed drop in CSO0 touch sensitivity.
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18.13.5. Low-Pass Filter Adjustments

A programmable active low-pass filter is provided to limit external noise interference in CSO operation. The filter is
programmable in two ways. The filter can be tailored for optimal performance with slow-rising signals by adjusting
the low-pass filter ramping control, CSORP. Another control, CSOLP, allows the user to adjust the filter's corner
frequency. For most applications, the default settings for the filter controls (CSOLP = 000b, CSORP = 00b) should
be used.

18.13.6. Adjusting CS0O Ramp Timing: CSORP

Determining the appropriate setting for CSORP is one of the last in a series of related adjustments to be made for
high-resistance loads. It requires that the adjustments for gain (CSOCG), output current (CSOIA), and the reset
timing (CSODT and CSODR) have already been made. The adjustment values determined for those settings should
be programmed into the CS0O module when performing the CSORP adjustment.

Configure the CSO module to perform continuously repeated capacitance sensing operations. Using an
oscilloscope, measure the maximum rise time seen on the CS0 sensor pin. Subtract 200 ns. This is the CS0 ramp
time for this channel.

18.13.7. Adjusting CSOLP for Non-Default CSORP Settings

The default setting for the low-pass filter corner frequency (CSOLP = 000b) gives the best sensing response for all
applications using default ramp timing (CSORP = 00b). For applications with slower ramp timing, the corner
frequency should always be modified to match the edge-rate of the input ramp. For all non-default settings of
CSORP (CSORP = 01b, 10b or 11b), set CSOLP = 001b.

18.13.8. Other Options for Adjusting CSOLP

In some circumstances, it may be preferable to trade CSO sensitivity for increased noise filtering. Decreasing the
filter’'s corner frequency below the natural ramp rate of the converter will cause a lower capacitance value to be
reported. The change in capacitance due to a touch event will also be attenuated. As a result, lowering the corner
frequency will not necessarily increase the signal-to-noise ratio for capacitive touch events.

Although signal-to-noise is the figure of merit for this adjustment, there may be acceptable trade-offs in the
adjustment of CSOLP which result in an overall lower SNR but better operation over a wide range of environmental
conditions. Some applications may call for adaptive changes to the corner frequency based on measurements of
input noise, trading sensitivity for noise rejection only when necessary. Because this optional adjustment requires a
subjective trade-off between noise rejection and sensitivity, the ultimate determination of acceptable results for this
adjustment will be determined by the end application.

When performing these tests, all other CSO configuration registers should be properly adjusted for the channel
under test. CSOLP operation can only be analyzed when the CSO is otherwise optimally adjusted. CSOLP
adjustments should only be performed during performance tuning for a specific application in a well-defined noise
environment.

CSOLP settings adjust the CSO0 response to environmental noise. As in the adjustment of CSODR settings, CSOLP
adjustment can only be performed in a test environment with the highest expected level of ambient noise while
connected to the sensor which is specific to the intended application.

Higher settings for CSOLP cause the low-pass filter corner frequency to drop. Noise will be reduced and reported
capacitance will be reduced. This adjustment process incrementally increases CSOLP settings to determine which,
if any, of the settings provide a higher SNR. For this test, the optimum setting for CSOLP will provide higher SNR
results for the system in this high-interference environment, although the same setting is likely to reduce SNR for
the same system in a low-interference environment.

1. Begin the adjustment with CSOLP set to maximum corner frequency (CSOLP = 000b). Record a series of
CSO0 output values for the sensor when it is untouched and record another series of CS0 output values from
the sensor when it is being touched. If an ITO touch panel is being tested, this sensor touch should be
performed at a sensor location on the shortest ITO trace at a location closest to the panel connector.
Calculation of SNR may be performed as described in application note AN367, “Understanding Capacitive
Sensing Signal to Noise Ratios and Setting Reliable Thresholds”.

2. Increase the value of the CSOLP setting by one (from 000b to 001b). Record a new data set and determine
its SNR. Repeat this process for all remaining CSOLP settings.
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3. This series of tests can be repeated in a variety of noise environments. Comparison of the resulting SNR
tables can then be used to determine how CSOLP adjustments might be used to improve capacitive
sensing in high-interference environments.

18.14. CSO Analog Multiplexer

The CSO0 input multiplexer can be controlled through two methods. The CSOMX register can be written to through
firmware, or the register can be configured automatically using the auto-scan functionality (see Section
“18.8. Automatic Scanning (Method 1—CSOSMEN = 0)” on page 132).

Table 18.2. CSO Input Multiplexer Channels

ADCOMX Setting Signal Name QFN-48 Pin Name QFN-32 Pin Name QFN-24 Pin Name
000000 CS0.0 PO0.0 PO0.0 PO.0
000001 Cs0.1 PO.1 PO.1 P0.1
000010 CS0.2 P0.2 P0.2 P0.2
000011 CS0.3 P0.3 P0.3 PO.3
000100 CsS0.4 P0.4 P0.4 P0.4
000101 CS0.5 P0.5 P0.5 P0.5
000110 CS0.6 PO0.6 PO0.6 PO0.6
000111 CS0.7 PO0.7 PO.7 PO.7
001000 CS0.8 P1.0 P1.0 P1.0
001001 CS0.9 P1.1 P1.1 P1.1
001010 CS0.10 P1.2 P1.2 P1.2
001011 CS0.11 P1.3 P1.3 P1.3
001100 CS0.12 P1.4 P1.4 P1.4
001101 CS0.13 P1.5 P1.5 P1.5
001110 CS0.14 P1.6 P1.6 P1.6
001111 CS0.15 P1.7 P1.7 P1.7
010000 CS0.16 P2.0 P2.0 P2.0
010001 CS0.17 P2.1 P2.1 P2.1
010010 CS0.18 P2.2 P2.2 Reserved
010011 Cs0.19 P2.3 P2.3 Reserved
010100 CS0.20 P2.4 P2.4 Reserved
010101 CS0.21 P2.5 P2.5 Reserved
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Table 18.2. CSO Input Multiplexer Channels (Continued)

ADCOMX Setting Sighal Name QFN-48 Pin Name QFN-32 Pin Name QFN-24 Pin Name
010110 Cs0.22 P2.6 P2.6 Reserved
010111 CS0.23 P2.7 P2.7 Reserved
011000 CS0.24 P3.0 P3.0 Reserved
011001 CS0.25 P3.1 P3.1 Reserved
011010 CS0.26 P3.2 P3.2 Reserved
011011 CSo0.27 P3.3 Reserved Reserved
011100 Cs0.28 P3.4 Reserved Reserved
011101 CS0.29 P3.5 Reserved Reserved
011110 CS0.30 P3.6 Reserved Reserved
011111 Cs0.31 P3.7 Reserved Reserved
100000 Cs0.32 P4.0 Reserved Reserved
100001 CS0.33 P4.1 Reserved Reserved
100010 CS0.34 P4.2 Reserved Reserved
100011 CS0.35 P4.3 Reserved Reserved
100100 CS0.36 P4.4 Reserved Reserved
100101 Cs0.37 P4.5 Reserved Reserved
100110 CS0.38 P4.6 Reserved Reserved
100111 CS0.39 P4.7 Reserved Reserved
101000 CS0.40 P5.0 Reserved Reserved
101001 CSs0.41 P5.1 Reserved Reserved
101010 CS0.42 P5.2 P5.2 P5.2

101011-111111 Reserved Reserved
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18.14.1. Pin Configuration for CSO Measurements Method
A port pin selected as CSO input should be configured as follows:

1.
2.
3.

Set to analog mode input by clearing to 0 the corresponding bit in register PnMDIN.
Force the Priority Crossbar Decoder to skip the pin by setting 1 to the corresponding bit in register PnSKIP.

Enable or disable the auto-ground for the pin by clearing 0 or setting 1 to the corresponding bit in the port latch
(Pn), respectively. Auto-grounding means that the pin will be grounded when CS0 measurement is not being
performed on the pin.

Set to 1 the corresponding bits in AMUXOPN that CSO will be taking measurements on.

If only a single channel is to be sensed, setup the CS0 Multiplexer to select the appropriate pin for
measurement. If automatic scanning is used, setup CS0SS and CSOSE registers. If multiple channels are to be
binded, the CSOMC

Important Notes:

m When CSO is active, ADCO must not be enabled even if ADCO is not going to perform an operation.

Similarly, when ADCO is active, CS0 should not be enabled.

See Section “26. Port 1/0 (Port 0, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Crossbar, and Port Match)” on
page 277 for more Port I/O configuration details.
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18.15. Capacitive Sense Register

Register 18.1. CSOCN: Capacitive Sense 0 Control

Bit

6 5 4 3 2 1 0

Name

CSEN

CSEOS CSINT CSBUSY | CSCMPEN | Reserved CSPME CSCMPF

Type

RwW

R RwW RwW RwW R R R

Reset

0

0 0 0 0 0 0 0

SFR Pag

e = 0x0; SFR Address: 0xBO (bit-addressable)

Bit

Name

Function

7

CSEN

CSO0 Enable.

0: CSO0 disabled and in low-power mode.
1: CSO enabled and ready to convert.

CSEOS

CSO0 End of Scan Interrupt Flag.

This bit must be cleared by firmware.

0: CS0 has not completed a scan since the last time CSOEOS was cleared.
1: CSO0 has completed a scan.

CSINT

CSO Interrupt Flag.

This bit must be cleared by firmware.

0: CS0 has not completed a data conversion since the last time CSOINT was cleared.
1: CS0 has completed a data conversion.

CSBUSY

CSO Busy.

Read: A 1 indicates a CSO conversion is in progress.
Write: Writing a 1 to this bit initiates a CS0 conversion if CSOCM[2:0] = 000b, 110b, or
111b.

CSCMPEN

CSO0 Digital Comparator Enable.

Enables the digital comparator, which compares accumulated CSO conversion output to
the value stored in CSOTHH:CSOTHL.

0: Disable CSO0 digital comparator.

1: Enable CSO digital comparator.

Reserved

Must write reset value.

CSPME

CSO0 Pin Monitor Event.

Set if any converter re-tries have occurred due to a pin monitor event. This bit must be
cleared by firmware.

CSCMPF

CSO0 Digital Comparator Interrupt Flag.

0: CSO result is smaller than the value set by CSOTHH and CSOTHL since the last time
CSOCMPF was cleared.

1: CSO result is greater than the value set by CSOTHH and CSOTHL since the last time
CSOCMPF was cleared.
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Register 18.2. CSOCF: Capacitive Sense 0 Configuration

Bit

7

6 5 4 3 2 1 0

Name

CSOSMEN

CSO0CM CSOMCEN CSOACU

Type

RwW

RwW R RwW

Reset

0

0 0 0 0 0 0 0

SFR Pag

e = 0x0; SFR Address: OxAA

Bit

Name

Function

7

CSOSMEN

CSO0 Channel Scan Masking Enable.

0: The AMUXO register contents are ignored.
1: The AMUXO registers determine which channels will be included in the scan.

6:4

CSO0CM

CSO0 Start of Conversion Mode Select.

000: Conversion initiated on every write of 1 to CSOBUSY.

001: Conversion initiated on overflow of Timer O.

010: Conversion initiated on overflow of Timer 2.

011: Conversion initiated on overflow of Timer 1.

100: Conversion initiated on overflow of Timer 3.

101: When CSOSMEN is set to 1, the converter completes a Single Scan of the channels
selected by the AMUXO registers. This setting is invalid when CSOSMEN is cleared to 0.
110: Conversion initiated continuously on the channel selected by CSOMX after writing 1
to CSOBUSY.

111: When CSOSMEN is set to 1, the converter enters Auto Scan Mode and continuously
scans the channels selected by the AMUXO registers. When CSOSMEN is cleared to 0,
the converter scans continuously on channels from CSOSS to CSOSE after firmware
writes 1 to CSOBUSY.

CSOMCEN

CSO0 Multiple Channel Enable.

0: Multiple channel feature is disabled.

1: Channels selected by the AMUXO registers are internally shorted together and the
combined node is selected as the CSO input. This mode can be used to detect a capaci-
tance change on multiple channels using a single conversion.

2.0

CSOACU

CS0 Accumulator Mode Select.

000: Accumulate 1 sample.
001: Accumulate 4 samples.
010: Accumulate 8 samples.
011: Accumulate 16 samples
100: Accumulate 32 samples.
101: Accumulate 64 samples.
110-111: Reserved.
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Register 18.3. CSODH: Capacitive Sense 0 Data High Byte

Bit 7 6 4 3 0
Name CSODH
Type
Reset 0 0 0 0 0
SFR Page = 0x0; SFR Address: OXEE
Bit Name Function
7.0 CSODH CSO0 Data High Byte.
Stores the high byte of the last completed 16-bit Capacitive Sense conversion.
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Register 18.4. CSODL: Capacitive Sense 0 Data Low Byte

Bit 7 6 5 4 3 2 1 0
Name CS0DL
Type R
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: OXxED
Bit Name Function
7:0 CSODL CSO0 Data Low Byte.
Stores the low byte of the last completed 16-bit Capacitive Sense conversion.
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Register 18.5. CS0SS: Capacitive Sense 0 Auto Scan Start Channel

Bit 7 6 4 3 0
Name Reserved CS0SS
Type R RW
Reset 0 0 0 0 0
SFR Page = 0x0; SFR Address: OxDD
Bit Name Function
7.6 Reserved | Must write reset value.
5.0 CS0SS Starting Channel for Auto Scan.
Sets the first CSO channel to be selected by the mux for Capacitive Sense conversion
when Auto Scan is enabled and active. All channels detailed in CSOMX are possible
choices for this register. When Auto Scan is enabled, a write to CS0SS will also update
CSOMX.
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Register 18.6. CSOSE: Capacitive Sense 0 Auto Scan End Channel

Bit 7 6 5 4 3
Name Reserved CSOSE
Type R RW
Reset 0 0 0 0 0
SFR Page = 0x0; SFR Address: 0xDE
Bit Name Function
7.6 Reserved |Must write reset value.
5:0 CSOSE Ending Channel for Auto Scan.
Sets the last CS0 channel to be selected by the mux for Capacitive Sense conversion
when Auto Scan is enabled and active. All channels detailed in CSOMX are possible
choices for this register.
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Register 18.7. CSOTHH: Capacitive Sense 0 Comparator Threshold High Byte

Bit 7 6 4 0
Name CSOTHH
Type RwW
Reset X X X X
SFR Page = 0x0; SFR Address: OXxFE
Bit Name Function
7:0 CSOTHH |CSO0 Comparator Threshold High Byte.
High byte of the 16-bit value compared to the Capacitive Sense conversion result.
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Register 18.8. CSOTHL: Capacitive Sense 0 Comparator Threshold Low Byte

Bit 7 6 5 4 3 2 1
Name CSOTHL
Type RW
Reset X X X X X X X
SFR Page = 0x0; SFR Address: OxFD
Bit Name Function
7.0 CSOTHL |CSO0 Comparator Threshold Low Byte.
Low byte of the 16-bit value compared to the Capacitive Sense conversion result.
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Register 18.9. CSOMD1: Capacitive Sense 0 Mode 1

Bit 7 6 5 4 3 2 1 0
Name | Reserved | CSOPOL CSODR csowal CS0CG
Type RW R R R RW
Reset 0 0 0 0 0 1 1 1
SFR Page = 0x0; SFR Address: OxBD
Bit Name Function
7 Reserved | Must write reset value.
6 CSOPOL |CSO0 Digital Comparator Polarity Select.
0: The digital comparator generates an interrupt if the conversion is greater than the
threshold.
1: The digital comparator generates an interrupt if the conversion is less than or equal to
the threshold.
5:4 CSODR CSO0 Double Reset Select.
These bits adjust the secondary CSO reset time. For most touch-sensitive switches, the
default (fastest) value is sufficient.
00: No additional time is used for secondary reset.
01: An additional 0.75 us is used for secondary reset.
10: An additional 1.5 us is used for secondary reset.
11: An additional 2.25 us is used for secondary reset.
3 CSOWOI | CS0 Wake on Interrupt Configuration.
0: Wake-up event generated on digital comparator interrupt only.
1: Wake-up event generated on end of scan or digital comparator interrupt.
2.0 CS0CG CSO0 Capacitance Gain Select.
These bits select the gain applied to the capacitance measurement. Lower gain values
increase the size of the capacitance that can be measured with the CS0 module. The
capacitance gain is equivalent to CS0CGJ[2:0] + 1.
000: Gain = 1x
001: Gain = 2x
010: Gain = 3x
011: Gain = 4x
100: Gain = 5x
101: Gain = 6x
110: Gain = 7x
111: Gain = 8x
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Register 18.10. CSOMD2: Capacitive Sense 0 Mode 2
Bit 7 6 5 4 3 2 1 0
Name CSOCR CSoDT CSOIA
Type RwW RwW RW
Reset 0 1 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: OXBE
Bit Name Function
7.6 CSOCR CSO0 Conversion Rate.
These bits control the conversion rate of the CS0 module.
00: Conversions last 12 internal CSO0 clocks and are 12 bits in length.
01: Conversions last 13 internal CSO clocks and are 13 bits in length.
10: Conversions last 14 internal CSO clocks and are 14 bits in length.
11: Conversions last 16 internal CSO clocks.and are 16 bits in length.
5:3 CSoDT CSO0 Discharge Time.
These bits adjust the primary CSO reset time. For most touch-sensitive switches, the
default (fastest) value is sufficient.
000: Discharge time is 0.75 us (recommended for most switches).
001: Discharge time is 1.0 us.
010: Discharge time is 1.2 us.
011: Discharge time is 1.5 us.
100: Discharge time is 2 us.
101: Discharge time is 3 us.
110: Discharge time is 6 us.
111: Discharge time is 12 us.
2.0 CSOIA CSO0 Output Current Adjustment.

For most touch-sensitive switches, the default (highest) current is sufficient.
000: Full current.
001: 1/8 current.
010: 1/4 current.
011: 3/8 current.
100: 1/2 current.
101: 5/8 current.
110: 3/4 current.
111: 7/8 current.

These bits adjust the output current used to charge up the capacitive sensor element.
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Register 18.11. CSOMD3: Capacitive Sense 0 Mode 3

Bit 7 6 5 4 3 2 1 0
Name Reserved CSORP CSOLP
Type RwW RwW RW
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: OxBF
Bit Name Function
75 Reserved |Must write reset value.
4:3 CSORP CS0 Ramp Selection.
These bits are used to compensate CS0 conversions for circuits requiring slower ramp
times. For most touch-sensitive switches, the default (fastest) value is sufficient.
00: Ramp time is less than 1.5 us.
01: Ramp time is between 1.5 us and 3 us.
10: Ramp time is between 3 us and 6 us.
11: Ramp time is greater than 6 us.
2.0 CSOLP CSO Low Pass Filter Selection.
These bits set the internal corner frequency of the CS0 low-pass filter. Higher values of
CSOLP result in a lower internal corner frequency.
For most touch-sensitive switches, the default setting of 000b should be used. If the
CSORP bits are adjusted from their default value, the CSOLP bits should normally be set
to 001b. Settings higher than 001b will result in attenuated readings from the CS0O mod-
ule and should be used only under special circumstances.
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Register 18.12. CSOPM: Capacitive Sense 0 Pin Monitor

Bit 7 6 5 4 3 2
Name UAPM SPIPM SMBPM PCAPM PIOPM [2COPM CSPMMD
Type RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: 0x96
Bit Name Function
7 UAPM UART Pin Monitor Enable.
Enables monitoring of the UART TX pin.
6 SPIPM SPI Pin Monitor Enable.
Enables monitoring SPI output pins.
5 SMBPM SMBus Pin Monitor Enable.
Enables monitoring of the SMBus pins.
4 PCAPM PCA Pin Monitor Enable.
Enables monitoring of PCA output pins.
3 PIOPM Port 1/0 Pin Monitor Enable.
Enables monitoring of writes to the port latch registers.
2 [2COPM I12C Slave Pin Monitor Enable.
Enables monitoring of the I12C Slave output pin.
1:0 CSPMMD | CSO0 Pin Monitor Mode.
Selects the operation to take when a monitored signal changes state.
00: Always retry bit cycles on a pin state change.
01: Retry up to twice on consecutive bit cycles.
10: Retry up to four times on consecutive bit cycles.
11: Reserved.
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Register 18.13. CSOMX: Capacitive Sense 0 Mux Channel Select

Bit 7 6 5 4 3 2 1 0
Name CcsoucC Reserved CSOMX
Type RwW RwW RW
Reset 1 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: 0xAB
Bit Name Function
7 CcsoucC CSO0 Connect.
Disconnects CSO0 from all port pins, regardless of the selected channel.
0: CSO0 connected to port pins.
1: CSO0 disconnected from port pins.
6 Reserved |Must write reset value.
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Bit Name

Function

5.0 CSOMX

CS0 Mux Channel Select.

Selects a single input channel for Capacitive Sense conversion.
000000: Select CS0.0.
000001: Select CS0.1.
000010: Select CS0.2.
000011: Select CS0.3.
000100: Select CS0.4.
000101: Select CS0.5.
000110: Select CSO0.6.
000111: Select CS0.7.
001000: Select CS0.8.
001001: Select CS0.9.
001010: Select CS0.10.
001011: Select CS0.11.
001100: Select CS0.12.
001101: Select CS0.13.
001110: Select CS0.14.
001111: Select CS0.15.
010000: Select CS0.16.
010001: Select CS0.17.
010010: Select CS0.18.
010011: Select CS0.19.
010100: Select CS0.20.
010101: Select CS0.21.
010110: Select CS0.22.
010111: Select CS0.23.
011000: Select CS0.24.
011001: Select CS0.25.
011010: Select CS0.26.
011011: Select CS0.27.
011100: Select CS0.28.
011101: Select CS0.29.
011110: Select CS0.30.
011111: Select CS0.31.
100000: Select CS0.32.
100001: Select CS0.33.
100010: Select CS0.34.
100011: Select CS0.35.
100100: Select CS0.36.
100101: Select CS0.37.
100110: Select CS0.38.
100111: Select CS0.39.
101000: Select CS0.40.
101001: Select CS0.41.
101010: Select CS0.42.
101011-111111: Reserved.
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19. Analog Multiplexer (AMUXO)

The analog multiplexer (AMUXO0) module connects physical device pins with analog peripherals, like the ADC and

Capacitive Sensing modules.

For the ADC, the AMUX0 module selects the single channel for ADC measurement. Only one AMUXO input should
be enabled at a time when using ADCO with AMUXO (ADCOMX = 0). See “Analog-to-Digital Converter (ADCO0)” on

page 104 for more information on configuring pins for use with the ADC.

For the CSO module, the AMUX0 module selects all channels that should be measured together using channel
binding or scanned individually using single- or auto-scan modes. See “Capacitive Sense (CS0)” on page 130 for

more information on configuring pins for use with the CS0 module.

AMUXO
> ™
PO Pins (8) $ >
: - g
P1 Pins (8) : N
> ADCO
_ >
P2 Pins (8) : >
»
P3 Pins (8) : N
> > CSO
P4 Pins (8) : q
>
P5 Pins (3) H N
/

Figure 19.1. AMUXO Block Diagram
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19.1. AMUX Control Registers

Register 19.1. AMUXOPO: Port 0 Analog Multiplexer Control

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 B1 BO
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x9A

Table 19.1. AMUXOPO Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Analog Multiplexor Control.

0: P0.7 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P0O.7 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B6

Port 0 Bit 6 Analog Multiplexor Control.

0: P0.6 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P0.6 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B5

Port 0 Bit 5 Analog Multiplexor Control.

0: P0.5 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: PO.5 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B4

Port 0 Bit 4 Analog Multiplexor Control.

0: P0.4 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P0.4 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B3

Port 0 Bit 3 Analog Multiplexor Control.

0: P0.3 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P0.3 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B2

Port 0 Bit 2 Analog Multiplexor Control.

0: P0.2 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: PO.2 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Bl

Port 0 Bit 1 Analog Multiplexor Control.

0: P0.1 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P0O.1 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

BO

Port 0 Bit 0 Analog Multiplexor Control.

0: P0.0 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P0.0 pin is connected by the Analog Multiplexer for CS0 or ADCO measurements.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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Register 19.2. AMUXOP1: Port 1 Analog Multiplexer Control

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x9B

Table 19.2. AMUXOP1 Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Analog Multiplexor Control.

0: P1.7 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P1.7 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B6

Port 1 Bit 6 Analog Multiplexor Control.

0: P1.6 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P1.6 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B5

Port 1 Bit 5 Analog Multiplexor Control.

0: P1.5 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P1.5 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B4

Port 1 Bit 4 Analog Multiplexor Control.

0: P1.4 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P1.4 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B3

Port 1 Bit 3 Analog Multiplexor Control.

0: P1.3 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P1.3 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B2

Port 1 Bit 2 Analog Multiplexor Control.

0: P1.2 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P1.2 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Bl

Port 1 Bit 1 Analog Multiplexor Control.

0: P1.1 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P1.1 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

BO

Port 1 Bit 0 Analog Multiplexor Control.

0: P1.0 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P1.0 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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Register 19.3. AMUXOP2: Port 2 Analog Multiplexer Control

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x9C

Table 19.3. AMUXOP2 Register Bit Descriptions

Bit

Name

Function

B7

Port 2 Bit 7 Analog Multiplexor Control.

0: P2.7 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P2.7 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B6

Port 2 Bit 6 Analog Multiplexor Control.

0: P2.6 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P2.6 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B5

Port 2 Bit 5 Analog Multiplexor Control.

0: P2.5 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P2.5 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B4

Port 2 Bit 4 Analog Multiplexor Control.

0: P2.4 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P2.4 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B3

Port 2 Bit 3 Analog Multiplexor Control.

0: P2.3 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P2.3 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B2

Port 2 Bit 2 Analog Multiplexor Control.

0: P2.2 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P2.2 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Bl

Port 2 Bit 1 Analog Multiplexor Control.

0: P2.1 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P2.1 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

BO

Port 2 Bit 0 Analog Multiplexor Control.

0: P2.0 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P2.0 pin is connected by the Analog Multiplexer for CS0 or ADCO measurements.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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Register 19.4. AMUXOP3: Port 3 Analog Multiplexer Control

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xA4

Table 19.4. AMUXOP3 Register Bit Descriptions

Bit

Name

Function

B7

Port 3 Bit 7 Analog Multiplexor Control.

0: P3.7 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P3.7 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B6

Port 3 Bit 6 Analog Multiplexor Control.

0: P3.6 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P3.6 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B5

Port 3 Bit 5 Analog Multiplexor Control.

0: P3.5 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P3.5 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B4

Port 3 Bit 4 Analog Multiplexor Control.

0: P3.4 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P3.4 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B3

Port 3 Bit 3 Analog Multiplexor Control.

0: P3.3 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P3.3 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B2

Port 3 Bit 2 Analog Multiplexor Control.

0: P3.2 pin is not connected by the Analog Multiplexer for CS0O or ADCO measurements.
1: P3.2 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Bl

Port 3 Bit 1 Analog Multiplexor Control.

0: P3.1 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P3.1 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

BO

Port 3 Bit 0 Analog Multiplexor Control.

0: P3.0 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P3.0 pin is connected by the Analog Multiplexer for CS0 or ADCO measurements.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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Register 19.5. AMUXOP4: Port 4 Analog Multiplexer Control

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxA5

Table 19.5. AMUXOP4 Register Bit Descriptions

Bit

Name

Function

B7

Port 4 Bit 7 Analog Multiplexor Control.

0: P4.7 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P4.7 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B6

Port 4 Bit 6 Analog Multiplexor Control.

0: P4.6 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P4.6 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B5

Port 4 Bit 5 Analog Multiplexor Control.

0: P4.5 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P4.5 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B4

Port 4 Bit 4 Analog Multiplexor Control.

0: P4.4 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P4.4 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

B3

Port 4 Bit 3 Analog Multiplexor Control.

0: P4.3 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P4.3 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.

B2

Port 4 Bit 2 Analog Multiplexor Control.

0: P4.2 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P4.2 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Bl

Port 4 Bit 1 Analog Multiplexor Control.

0: P4.1 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P4.1 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

BO

Port 4 Bit 0 Analog Multiplexor Control.

0: P4.0 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P4.0 pin is connected by the Analog Multiplexer for CS0 or ADCO measurements.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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Register 19.6. AMUXOPS5: Port 5 Analog Multiplexer Control

Bit 7 6 5 4 3 2 1 0
Name Reserved B2 B1 BO
Type RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xA6

Table 19.6. AMUXOP5 Register Bit Descriptions

0: P5.0 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P5.0 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.

Bit Name Function
7:3 Reserved | Must write reset value.
2 B2 Port 5 Bit 2 Analog Multiplexor Control.
0: P5.2 pin is not connected by the Analog Multiplexer for CS0 or ADCO measurements.
1: P5.2 pin is connected by the Analog Multiplexer for CS0O or ADCO measurements.
1 Bl Port 5 Bit 1 Analog Multiplexor Control.
0: P5.1 pin is not connected by the Analog Multiplexer for CSO or ADCO measurements.
1: P5.1 pin is connected by the Analog Multiplexer for CSO or ADCO measurements.
0 BO Port 5 Bit 0 Analog Multiplexor Control.

Note: If any of the internal signals are selected as the ADCO input channel, the AMUXO registers must not select an external
pin and all be cleared to 0.
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20. CIP-51 Microcontroller Core

The C8051F97x uses the CIP-51 microcontroller. The CIP-51 is fully compatible with the MCS-51™ instruction set;
standard 803x/805x assemblers and compilers can be used to develop software. The MCU family has a superset
of all the peripherals included with a standard 8051. The CIP-51 also includes on-chip debug hardware and
interfaces directly with the analog and digital subsystems providing a complete data acquisition or control-system
solution in a single integrated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as additional
custom peripherals and functions to extend its capability (see Figure 20.1 for a block diagram). The CIP-51
includes the following features:

m Fully Compatible with MCS-51 Instruction Set
m 25 MIPS Peak Throughput with 25 MHz Clock

m 0 to 25 MHz Clock Frequency
m Extended Interrupt Handler

Reset Input

Power Management Modes
On-chip Debug Logic

Program and Data Memory Security

20.1. Performance

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the standard
8051 architecture. The CIP-51 core executes 70% of its instructions in one or two system clock cycles, with no
instructions taking more than eight system clock cycles.

DATA BUS )

[ BREGISTER |  [STACKPOINTER]

DATA BUS

SRAM
ADDRESS * SRAM
REGISTER
i @

DATA BUS

~J

SFR_ADDRESS
BUFFER «» |
SER SFR_CONTROL
@» BUS
DATA POINTER ‘ﬂ» H INTERFACE wl
SFR_READ_DATA |
=R
PC INCREMENTER
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PROGRAM COUNTER (PC) 2 R
mem_conTroL |
e
pas MEMORY
PRGM. ADDRESS REG. <:‘>.NTER;ACE MEM WRITE_ DATA _ |
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MEM_READ_DATA |
="
RESET _ | CONTROL
—RESET |
| Locie SYSTEM_IRQs
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— ¥ INTERRUPT |
INTERFACE
| sror ¢ EMULATIONIRQ
| POWER CONTROL
IDLE REGISTER ﬁ»

Figure 20.1. CIP-51 Block Diagram

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. The CIP-51 has a total
of 109 instructions. The table below shows the total number of instructions that require each execution time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

N

Number of Instructions 6 50 5 14 7 3 1 2 1
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20.2. Programming and Debugging Support

In-system programming of the flash program memory and communication with on-chip debug support logic is
accomplished via the Silicon Labs 2-Wire Development Interface (C2).

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware
breakpoints, starting, stopping and single stepping through program execution (including interrupt service
routines), examination of the program's call stack, and reading/writing the contents of registers and memory. This
method of on-chip debugging is completely non-intrusive, requiring no RAM, Stack, timers, or other on-chip
resources.

The CIP-51 is supported by development tools from Silicon Labs and third party vendors. Silicon Labs provides an
integrated development environment (IDE) including editor, debugger and programmer. The IDE's debugger and
programmer interface to the CIP-51 via the C2 interface to provide fast and efficient in-system device programming
and debugging. Third party macro assemblers and C compilers are also available.

20.3. Instruction Set

The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruction set.
Standard 8051 development tools can be used to develop software for the CIP-51. All CIP-51 instructions are the
binary and functional equivalent of their MCS-51™ counterparts, including opcodes, addressing modes and effect
on PSW flags. However, instruction timing is different than that of the standard 8051.

20.3.1. Instruction and CPU Timing

In many 8051 implementations, a distinction is made between machine cycles and clock cycles, with machine
cycles varying from 2 to 12 clock cycles in length. However, the CIP-51 implementation is based solely on clock
cycle timing. All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock cycles as
there are program bytes in the instruction. Conditional branch instructions take one less clock cycle to complete
when the branch is not taken as opposed to when the branch is taken. Table 20.1 is the CIP-51 Instruction Set
Summary, which includes the mnemonic, number of bytes, and number of clock cycles for each instruction.
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Table 20.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RI Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations
ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
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Table 20.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @Ri Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
XRL direct, #data Exclusive-OR immediate to direct byte 3 3
CLR A Clear A 1 1
CPLA Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1
Data Transfer
MOV A, Rn Move Register to A
MOV A, direct Move direct byte to A
MOV A, @RI Move indirect RAM to A
MOV A, #data Move immediate to A
MOV Rn, A Move A to Register

MOV Rn, direct

Move direct byte to Register

MOV Rn, #data

Move immediate to Register

MOQV direct, A

Move A to direct byte

MOV direct, Rn

Move Register to direct byte

MOQV direct, direct

Move direct byte to direct byte

MOV direct, @RI

Move indirect RAM to direct byte

MOQV direct, #data

Move immediate to direct byte

MOV @Ri, A

Move A to indirect RAM

MOV @RI, direct

Move direct byte to indirect RAM

MOV @RI, #data

Move immediate to indirect RAM

MOV DPTR, #datal6

Load DPTR with 16-bit constant

MOVC A, @A+DPTR

Move code byte relative DPTR to A

MOVC A, @A+PC

Move code byte relative PC to A

MOVX A, @Ri

Move external data (8-bit address) to A

MOVX @Ri, A

Move A to external data (8-bit address)

MOVX A, @DPTR

Move external data (16-bit address) to A

MOVX @DPTR, A

Move A to external data (16-bit address)

RINIFPININRFRPIRFRPIPIPIPIPOININIPEPIWOINIWOINININDNINIPINI(FPIN|PF

NINIFPININWQW[W[W W WWINININIWINIWININININIFPINININ|PF

PUSH direct Push direct byte onto stack

POP direct Pop direct byte from stack

XCH A, Rn Exchange Register with A

XCH A, direct Exchange direct byte with A

XCH A, @Ri Exchange indirect RAM with A
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Table 20.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
XCHD A, @RI Exchange low nibble of indirect RAM with A 1 2
Boolean Manipulation
CLRC Clear Carry 1 1
CLR bit Clear direct bit 2 2
SETB C Set Carry 1 1
SETB bit Set direct bit 2 2
CPLC Complement Carry 1 1
CPL bit Complement direct bit 2 2
ANL C, bit AND direct bit to Carry 2 2
ANL C, /bit AND complement of direct bit to Carry 2 2
ORL C, bit OR direct hit to carry 2 2
ORL C, /bit OR complement of direct bit to Carry 2 2
MOV C, bit Move direct bit to Carry 2 2
MOV bit, C Move Carry to direct bit 2 2
JC rel Jump if Carry is set 2 2/3
JNC rel Jump if Carry is not set 2 2/3
JB bit, rel Jump if direct bit is set 3 3/4
JNB bit, rel Jump if direct bit is not set 3 3/4
JBC bit, rel Jump if direct bit is set and clear bit 3 3/4
Program Branching
ACALL addr11 Absolute subroutine call 2 3
LCALL addr16 Long subroutine call 3 4
RET Return from subroutine 1 5
RETI Return from interrupt 1 5
AJMP addril Absolute jump 2 3
LIMP addr16 Long jump 3 4
SIMP rel Short jump (relative address) 2 3
JMP @A+DPTR Jump indirect relative to DPTR 1 3
JZ rel Jump if A equals zero 2 2/3
JINZ rel Jump if A does not equal zero 2 2/3
CJINE A, direct, rel Compare direct byte to A and jump if not equal 3 3/4
CJINE A, #data, rel Compare immediate to A and jump if not equal 3 3/4
CJINE Rn, #data, rel Compare immediate to Register and jump if not equal 3 3/4
CINE @RI, #data, rel Compare immediate to indirect and jump if not equal 3 4/5
DJINZ Rn, rel Decrement Register and jump if not zero 2 213
DJNZ direct, rel Decrement direct byte and jump if not zero 3 3/4
NOP No operation 1 1
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO-R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by SIMP
and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location (0x00-0x7F) or
an SFR (0x80-0xFF).

#data—8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addrl11—11-bit destination address used by ACALL and AJMP. The destination must be within the same 2 kB
page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LIMP. The destination may be anywhere within the
8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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20.4. SFR Paging

The CIP-51 features SFR paging, allowing the device to map many SFRs into the 0x80 to OXFF memory address
space. The SFR memory space has 256 pages. In this way, each memory location from 0x80 to OXFF can access
up to 256 SFRs. The C8051F97x family of devices utilizes two SFR pages: 0x00 and OxOF. SFR pages are
selected using the Special Function Register Page register, SFRPAGE. The procedure for reading and writing an
SFR is as follows:

1. Select the appropriate SFR page number using the SFRPAGE register.
2. Use direct accessing mode to read or write the special function register (MOV instruction).

20.5. Interrupts and SFR Paging

When an interrupt occurs, the SFR page register will automatically switch to the SFR page containing the flag bit
that caused the interrupt. The automatic SFR page switch function conveniently removes the burden of switching
SFR pages from the interrupt service routine. Upon execution of the RETI instruction, the SFR page is automati-
cally restored to the SFR page in use prior to the interrupt. This is accomplished via a three-byte SFR page stack.
The top byte of the stack is SFRPAGE, the current SFR page. The second byte of the SFR page stack is
SFRNEXT. The third or bottom byte of the SFR page stack is SFRLAST. Upon entering an interrupt service routine,
the current SFRPAGE value is pushed to the SFRNEXT byte, and the value of SFRNEXT is pushed to SFRLAST.
Hardware then loads SFRPAGE with the SFR page containing the flag bit associated with the interrupt. On a return
from interrupt, the SFR page stack is popped resulting in the value of SFRNEXT returning to the SFRPAGE regis-
ter, thereby restoring the SFR page context without software intervention. The value in SFRLAST (0x00 if there is
no SFR page value in the bottom of the stack) of the stack is placed in SFRNEXT register. If desired, the values
stored in SFRNEXT and SFRLAST may be modified during an interrupt, enabling the CPU to return to a different
SFR page upon execution of the RETI instruction (on interrupt exit). Modifying registers in the SFR page stack
does not cause a push or pop of the stack. Only interrupt calls and returns will cause push/pop operations on the
SFR page stack.
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Figure 20.2. SFR Page Stack

Automatic hardware switching of the SFR page on interrupts may be enabled or disabled as desired using the SFR
Automatic Page Control Enable Bit located in the SFR page Control Register (SFRPGCN). This function defaults to
“enabled” upon reset. In this way, the auto-switching function will be enabled unless disabled in software.

A summary of the SFR locations (address and SFR page) are provided in Table 9.1 on page 57 and Table 9.2 on
page 58. Each memory location in the map has an SFR page row, denoting the page in which that SFR resides.
Certain SFRs are accessible from all SFR pages. For example, the Port I/O registers PO, P1, P2, and P3 are avail-
able on all pages regardless of the SFRPAGE register value.

171 Rev 1.1

SILICON LABS



20.6. SFR Page Stack Example

This example demonstrates the operation of the SFR page stack during interrupts. In this example, the SFR control
register is left in the default enabled state (i.e., SFRPGEN = 1), and the CIP-51 is executing in-line code that is writ-
ing values to I2COSTAT I2C Slave 0 status register (located at address 0xF8 on SFR page 0xOF). The device is
also using the SPI peripheral (SP10) and the Programmable Counter Array (PCAQ) peripheral to generate a PWM
output. The PCA is timing a critical control function in its interrupt service routine, and so its associated ISR is set to
high priority. At this point, the SFR page is set to access the I2COSTAT SFR (SFRPAGE = 0x0F). See Figure 20.3.

SFR Page
Stack SFRs
OxOF
«—» SFRPAGE
(I2COSTAT)
SFRNEXT
SFRLAST

Figure 20.3. SFR Page Stack While Using SFR Page 0xOF To Access I2COSTAT
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While CIP-51 executes in-line code (reading a value from 12COSTAT in this example), the SPIO interrupt occurs.
The CIP-51 vectors to the SPI0 ISR and pushes the current SFR page value (SFR page 0xOF) into SFRNEXT in
the SFR page stack. The SFR page needed to access SPI0's SFRs is then automatically placed in the SFRPAGE
register (SFR page 0x00). SFRPAGE is considered the top of the SFR page stack. Firmware can now access the
SPIO SFRs. Software may switch to any SFR page by writing a new value to the SFRPAGE register at any time
during the SPI0 ISR to access SFRs that are not on SFR page 0x00. See Figure 20.4.

SFR Page 0x00
Automatically
pushed on stack

in SFRPAGE on SFR Page
( SPIO interrupt Stack SERs
\ 0x00
«—» SFRPAGE
SFRPAGE (SPIO)
pushed to
SFRNEXT OxOF
«—» SFRNEXT
(I2COSTAT)

<« SFRLAST

Figure 20.4. SFR Page Stack after SPIO Interrupt Occurs
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While in the SPIO0 ISR, a PCA interrupt occurs. Recall the PCA interrupt is configured as a high priority interrupt,
while the SPIO interrupt is configured as a low priority interrupt. Thus, the CIP-51 will now vector to the high priority
PCA ISR. Upon doing so, the CIP-51 will automatically place the SFR page needed to access the PCA’s special
function registers into the SFRPAGE register, SFR page 0x00. The value that was in the SFRPAGE register before
the PCA interrupt (SFR page 0x00 for SPI0) is pushed down the stack into SFRNEXT. Likewise, the value that was
in the SFRNEXT register before the PCA interrupt (in this case SFR page 0xOF for I2COSTAT) is pushed down to
the SFRLAST register, the bottom of the stack. Note that a value stored in SFRLAST (via a previous software write
to the SFRLAST register) will be overwritten. See Figure 20.5.

SFR Page 0x00
Automatically
pushed on stack

in SFRPAGE on SFR Page
( PCA interrupt Stack SFRs
X‘ 0x00
«—» SFRPAGE
SFRPAGE (PCAO)
pushed to
SFRNEXT
0x00
«—» SFRNEXT
SFRNEXT (SPI0)
pushed to
SFRLAST Ox0F
<« SFRLAST
(I2COSTAT)

Figure 20.5. SFR Page Stack Upon PCA Interrupt Occurring During a SPIO ISR
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On exit from the PCA interrupt service routine, the CIP-51 will return to the SPI0 ISR. On execution of the RETI
instruction, SFR page 0x00 used to access the PCA registers will be automatically popped off of the SFR page
stack, and the contents of the SFRNEXT register will be moved to the SFRPAGE register. Firmware in the SPI0
ISR can continue to access SFRs as it did prior to the PCA interrupt. Likewise, the contents of SFRLAST are
moved to the SFRNEXT register. Recall this was the SFR page value 0xOF being used to access I2COSTAT before
the SPIO interrupt occurred. See Figure 20.6.

SFR Page 0x00
Automatically
popped off of the

stack on return SFR Page
(V from interrupt Stack SFRs
\ 0x00
«— SFRPAGE
SFRNEXT (SP'O)
popped to
SFRPAGE
OxOF
«—> SFRNEXT
SFRLAST (I2COSTAT)
popped to
SFRNEXT

«—» SFRLAST

Figure 20.6. SFR Page Stack Upon Return From PCA Interrupt
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On the execution of the RETI instruction in the SPIO ISR, the value in SFRPAGE register is overwritten with the
contents of SFRNEXT. The CIP-51 may now access the 12COSTAT register as it did prior to the interrupts occur-
ring. See Figure 20.7.

SFR Page 0x00
Automatically
popped off of the

stack on return SFR Page
(' from interrupt Stack SFRs
\ OxOF
«—» SFRPAGE
SFRNEXT (I2COSTAT)
popped to
SFRPAGE
SFRNEXT
SFRLAST

Figure 20.7. SFR Page Stack Upon Return From SPIO Interrupt

In the example above, all three bytes in the SFR page stack are accessible via the SFRPAGE, SFRNEXT, and
SFRLAST special function registers. If the stack is altered while servicing an interrupt, it is possible to return to a
different SFR page upon interrupt exit than selected prior to the interrupt call. Direct access to the SFR page stack
can be useful to enable real-time operating systems to control and manage context switching between multiple
tasks.

Push operations on the SFR page stack only occur on interrupt service, and pop operations only occur on interrupt
exit (execution on the RETI instruction). The automatic switching of the SFRPAGE and operation of the SFR page
stack as described above can be disabled in software by clearing the SFR Automatic Page Enable Bit (SFRPGEN)
in the SFR page Control Register (SFRPGCN).
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20.7. CPU Core Registers

Register 20.1. DPL: Data Pointer Low

Bit 7 6 4 0
Name DPL
Type RW
Reset 0 0 0 0

SFR Page = ALL; SFR Address: 0x82

Table 20.2. DPL Register Bit Descriptions

Bit Name
7:0 DPL Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed flash memory or XRAM.
177 Rev 1.1 )

SILICON LABS




Register 20.2. DPH: Data Pointer High

Bit 7 6 5 4 3 2
Name DPH
Type RW
Reset 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0x83

Table 20.3. DPH Register Bit Descriptions

Bit

Name

Function

7:0

DPH

Data Pointer High.

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly

addressed flash memory or XRAM.
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Register 20.3. SP: Stack Pointer

Bit 7 6 4 0
Name SP
Type RW
Reset 0 0 0 1

SFR Page = ALL; SFR Address: 0x81

Table 20.4. SP Register Bit Descriptions

Bit Name
7:0 SP Stack Pointer.
The Stack Pointer holds the location of the top of the stack. The stack pointer is incre-
mented before every PUSH operation. The SP register defaults to 0x07 after reset.
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Register 20.4. ACC: Accumulator

Bit 7 6 5 4 3 2
Name ACC
Type RW
Reset 0 0 0 0 0 0

SFR Page = ALL; SFR Address: OxEOQ (bit-addressable)

Table 20.5. ACC Register Bit Descriptions

Bit

Name

Function

7:0

ACC

Accumulator.

This register is the accumulator for arithmetic operations.
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Register 20.5. B: B Register

Bit 7 6 5 4 0
Name B
Type RW
Reset 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xFO (bit-addressable)

Table 20.6. B Register Bit Descriptions

Bit

Name

7:0

B Register.

This register serves as a second accumulator for certain arithmetic operations.
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Register 20.6. PSW:

Program Status Word

Bit 7 6 5 4 2 1 0
Name CYy AC FO RS ov F1 PARITY
Type RW RW RW RW RW RW R
Reset 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0xDO (bit-addressable)

Table 20.7. PSW Register Bit Descriptions

Bit Name Function

7 CY Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow
(subtraction). It is cleared to logic 0 by all other arithmetic operations.

6 AC Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a
borrow from (subtraction) the high order nibble. It is cleared to logic 0 by all other arith-
metic operations.

5 FO User Flag 0.
This is a bit-addressable, general purpose flag for use under firmware control.

4:3 RS Register Bank Select.

These bits select which register bank is used during register accesses.
00: Bank 0, Addresses 0x00-0x07
01: Bank 1, Addresses 0x08-0xOF
10: Bank 2, Addresses 0x10-0x17
11: Bank 3, Addresses 0x18-0x1F

2 ov Overflow Flag.
This bit is set to 1 under the following circumstances:
1. An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
2. A MUL instruction results in an overflow (result is greater than 255).
3. A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all
other cases.

1 F1 User Flag 1.
This is a bit-addressable, general purpose flag for use under firmware control.

0 PARITY Parity Flag.

This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared
if the sum is even.
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Register 20.7. SFRPAGE: SFR Page

Bit 7 6 4 3 2 0
Name SFRPAGE
Type RW
Reset 0 0 0 0 0 0

SFR Page = ALL; SFR Address: OxA7

Table 20.8. SFRPAGE Register Bit Descriptions

Bit Name Function
7:0 SFRPAGE |SFR Page.
Specifies the SFR Page used when reading, writing, or modifying special function regis-
ters.
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Register 20.8. SFRPGCN: SFR Page Control

Bit 7 6 5 4 3 2 0
Name Reserved SFRPGEN
Type R RW
Reset 0 0 0 0 0 0 1

SFR Page = OxF; SFR Address: 0xA6

Table 20.9. SFRPGCN Register Bit Descriptions

Bit Name Function
7:1 Reserved |Must write reset value.
0 SFRPGEN |SFR Automatic Page Control Enable.

Upon interrupt, the C8051 core will vector to the specified interrupt service routine and
automatically switch the SFR page to the corresponding peripheral or function's SFR

page. This bit is used to control this autopaging function.

0: Disable SFR automatic paging. The C8051 core will not automatically change to the
appropriate SFR page (i.e., the SFR page that contains the SFRs for the peripheral/func-

tion that was the source of the interrupt).

1: Enable SFR automatic paging. Upon interrupt, the C8051 will switch the SFR page to
the page that contains the SFRs for the peripheral or function that is the source of the

interrupt.
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Register 20.9. SFRNEXT: SFR Page Next

Bit 7 6 5 4 3 2 0
Name SFRNEXT
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0OxF3

Table 20.10. SFRNEXT Register Bit Descriptions

Bit

Name

Function

7:0

SFRNEXT

SFR Page Next.

This is the value that will go to the SFR Page register upon a return from interrupt.
Write: Sets the SFR Page contained in the second byte of the SFR Stack. This will cause
the SFRPAGE SFR to have this SFR page value upon a return from interrupt.

Read: Returns the value of the SFR page contained in the second byte of the SFR stack.
SFR page context is retained upon interrupts/return from interrupts in a 3-byte SFR Page
Stack: SFRPAGE is the first entry, SFRNEXT is the second, and SFRLAST is the third
entry. The SFR stack bytes may be used alter the context in the SFR Page Stack, and
will not cause the stack to push or pop. Only interrupts and return from interrupts cause

pushes and pops of the SFR Page Stack.
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Register 20.10. SFRLAST: SFR Page Last

Bit 7 6 5 4 3 2
Name SFRLAST
Type RW
Reset 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0xB3

Table 20.11. SFRLAST Register Bit Descriptions

Bit

Name

Function

7:0

SFRLAST

SFR Page Last.

This is the value that will go to the SFRNEXT register upon a return from interrupt.
Write: Sets the SFR Page in the last entry of the SFR Stack. This will cause the
SFRNEXT SFR to have this SFR page value upon a return from interrupt.

Read: Returns the value of the SFR page contained in the last entry of the SFR stack.
SFR page context is retained upon interrupts/return from interrupts in a 3-byte SFR Page
Stack: SFRPAGE is the first entry, SFRNEXT is the second, and SFRLAST is the third
entry. The SFR stack bytes may be used alter the context in the SFR Page Stack, and
will not cause the stack to push or pop. Only interrupts and return from interrupts cause

pushes and pops of the SFR Page Stack.
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21. Direct Memory Access (DMAO)

An on-chip direct memory access (DMADO) is included on the C8051F97x devices. The DMAO subsystem allows
unattended variable-length data transfers between XRAM and peripheral SFR registers without CPU intervention.
During DMAOQ operation, the CPU is free to perform some other tasks. In order to save total system power
consumption, the CPU and Flash can be powered down. DMAO improves the system performance and efficiency
with high data throughput peripherals.

DMAO contains seven independent channels, common control registers, and a DMAOQO engine (see Figure 21.1).
Each channel includes a register that assigns a peripheral to the channel, a channel control register, and a set of
SFRs that include XRAM address information and SFR address information used by the channel during a data
transfer. The DMAO architecture is described in detail in “21.1. DMAO Architecture” .

The DMAO in C8051F97x devices supports two peripherals: MACO and 12C0. Peripherals with DMAO capability
should be configured to work with the DMAO through their own registers. The DMAO provides up to seven
channels, and each channel can be configured for one of eight possible data transfer functions:
XRAM to MAC A registers (MACOAH, MACOAL).
XRAM to MAC B registers (MACOBH, MACOBL).
XRAM to MAC accumulator registers (MACOACCn).
MAC accumulator registers (MACOACCn) to XRAM.
I2C Slave 0 received data register (I2CODIN) to XRAM.
m XRAM to 12C Slave 0 transmit data register (I2CODOUT).
Functions 5 and 6 are mutually exclusive.

The DMAO subsystem signals the MCU through a set of interrupt service routine flags. Interrupts can be generated
when the DMAO transfers half of the data length or full data length on any channel.

Channel 6 —J»\
Channel 1
Channel 0

} . Channel memory
Peripheral assignment - - .
DMAONCF[2:0] Channel interface config
l Control DMAONBAH DMAONBAL
MAC A request _ \
MAC B request _ -
> DMAONCF >
MAC C input request
> 2lzlslz| [2[2]2]|[ DMAOnAOH || DmAonAoL |f=3F DMA
JEERERHER
MAC C output request _ EE A I ENGINE
12C transmit request
12C receive request > / DMAONSZH DMAONSZL
Internal
DMAOSEL DMAOBUSY DMAOMINT DMAOINT DMAOEN
Common DMA
Control/ ===l | (alelalalalala]| |lelzlzlzzlzl| el 2lleelelele] [ ] BYS
B A R B B R L i 6 e o R e control
Status IR EHEEE HIREER EEEE IR EE B IR EE EE EEE
Figure 21.1. DMAO Block Diagram
®
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21.1. DMAO Architecture

The first step in configuring a DMAO channel is to select the desired channel for data transfer using DMAOSEL][2:0]
bits (DMAQSEL). After setting the DMAO channel, firmware can address channel-specific registers such as
DMAONCF, DMAONBAH/L, DMAONAOH/L, and DMAONSZH/L. Once firmware selects a channel, the subsequent
SFR configuration applies to the DMAO transfer of that selected channel.

Each DMAO channel consists of an SFR assigning the channel to a peripheral, a channel control register and a set
of SFRs that describe XRAM and SFR addresses to be used during data transfer (Figure 21.1). The peripheral
assignment bits of DMAONCF select one of the eight data transfer functions. The selected channel can choose the
desired function by writing to the PERIPH field in the DMAONCEF register.

The control register DMAONCF of each channel configures the endianness of the data in XRAM, stall enable, full-
length interrupt enable and mid-point interrupt enable. When a channel is stalled by setting the STALL bit
(DMAONCEF.5), DMAO transfers in progress will not be aborted, but new DMAO transfers will be blocked until the
stall status of the channel is reset. After the stall bit is set, software should poll the corresponding CHnBUSY bit to
verify that there are no more DMA transfers for that channel.

The memory interface configuration SFRs of a channel define the linear region of XRAM involved in the transfer
through a 12-bit base address register DMAONBAH:L, a 10-bit address offset register DMAONAOH/L and a 10-bit
data transfer size DMAONSZH:L. The effective memory address is the address involved in the current DMAO
transaction.

Effective Memory Address = Base Address + Address Offset

The address offset serves as byte counter. The address offset should be always less than data transfer length. The
address offset increments by one after each byte transferred. For DMAO configuration of any channel, address
offsets of active channels should be reset to 0 before DMAO transfers occur.

Data transfer size DMAONSZH:L defines the maximum number of bytes for the DMAOQ transfer of the selected
channel. If the address offset reaches data transfer size, the full-length interrupt flag bit CHnl (DMAOINT) of the
selected channel will be asserted. Similarly, the mid-point interrupt flag bit CHnMI is set when the address offset is
equal to half of data transfer size if the transfer size is an even number or when the address offset is equal to half
of the transfer size plus one if the transfer size is an odd number. Interrupt flags must be cleared by software so
that the next DMAO data transfer can proceed.

The DMAO subsystem permits data transfer between SFR registers and XRAM. The DMAO subsystem executes its
task based on settings of a channel’s control and memory interface configuration SFRs. When data is copied from
XRAM to SFR registers, it takes two cycles for DMAO to read from XRAM and the SFR write occurs in the second
cycle. If more than one byte is involved, a pipeline is used. When data is copied from SFR registers to XRAM, the
DMAO only requires one cycle for one byte transaction.

The selected DMAO channel for a peripheral should be enabled through the enable bits CHNnEN (DMAOEN.n) to
allow the DMAQO to transfer the data. When the DMAQO is transferring data on a channel, the busy status bit of the
channel CHnBUSY (DMAOBUSY.n) is set. During the transaction, writes to DMAONSZH:L, DMAONBAH:L, and
DMAONAOH:L are disabled.

Besides reporting transaction status of a channel, DMAOBUSY can be used to force a DMAO transfer on an already
configured channel by setting the CHnBUSY bit (DMAOBUSY.n). This is useful for communication peripherals such
as the 12C0. For example, after the 12C0 acknowledges the received slave address from 12C Master during a read
transaction, a byte of data should be written to the 1I2CODOUT register that will be transmitted to the 12C Master
during the next 12C data transfer. Writing 1 to the CHn_BUSY bit (DMAOBUSY.n) of an enabled DMAO channel
forces a data transfer from the XRAM to 12CODOUT.

21.2. DMAO Arbitration
21.2.1. DMAO Memory Access Arbitration

If both DMAO and CPU attempt to access SFR register or XRAM at the same time, the CPU preempts the DMAO
module. DMAO will be stalled until CPU completes its bus activity.
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21.2.2. DMAO channel arbitration

Multiple DMAO channels can request transfer simultaneously, but only one DMAO channel will be granted the bus
to transfer the data. Channel 0 has the highest priority. DMAO channels are serviced based on their priority. A
higher priority channel is serviced first. Channel arbitration occurs at the end of the data transfer granularity
(transaction boundary) of the DMA. When there is a DMAO request at the transaction boundary from higher priority
channel, lower priority ones will be stalled until the highest priority one completes its transaction. So, for 16-bit
transfers like MACOAH:L, the transaction boundary is at every 2 bytes.

21.3. DMAO Operation in Low Power Modes

DMAO remains functional in normal active, low power active, idle, low power idle modes but not in sleep or
suspend mode. CPU will wait for DMAO to complete all pending requests before it enters sleep mode. When the
system wakes up from suspend or sleep mode to normal active mode, pending DMAO interrupts will be serviced
according to priority of channels. DMAO stalls when CPU is in debug mode.

21.4. Transfer Configuration

The following steps are required to configure one of the DMAO channels for operation:
1. Select the channel to be configured by writing DMAOSEL.

2. Specify the data transfer function by writing DMAONCF. This register also specifies the endianness of the
data in XRAM and enables full or mid-point interrupts.

Specify the base address in XRAM for the transfer by writing DMAONBAH:L.
Specify the size of the transfer in bytes by writing DMAONSZH:L.

Reset the address offset counter by writing 0 to DMAONAOH:L.

Enable the DMAO channel by writing 1 to the appropriate bit in DMAOEN.

o0k~ w
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21.5. DMAO Registers

Register 21.1. DMAOEN: DMAO Channel Enable

Bit 7 6 5 4 3 2 1 0
Name | Reserved CHG6EN CHS5EN CH4EN CHSEN CH2EN CH1EN CHOEN
Type R RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x92
Bit Name Function
7 Reserved |Must write reset value.
6 CH6EN Channel 6 Enable.
0: Disable DMAO channel 6.
1: Enable DMAO channel 6.

5 CH5EN Channel 5 Enable.

0: Disable DMAO channel 5.
1: Enable DMAO channel 5.

4 CH4EN Channel 4 Enable.

0: Disable DMAO channel 4.
1: Enable DMAO channel 4.

3 CH3EN Channel 3 Enable.

0: Disable DMAO channel 3.

1: Enable DMAO channel 3.
2 CH2EN Channel 2 Enable.

0: Disable DMAO channel 2.

1: Enable DMAO channel 2.
1 CH1EN Channel 1 Enable.

0: Disable DMAO channel 1.

1: Enable DMAO channel 1.

0 CHOEN Channel 0 Enable.

0: Disable DMAO channel 0.
1: Enable DMAO channel 0.
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Register 21.2. DMAOINT: DMAO Full-Length Interrupt Flags

Bit 7 6 5 4 3 2 1 0
Name | Reserved CHel CH5I CH4l CHal CH2I CHu1l CHOI
Type R RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxXE8 (bit-addressable)

Bit Name Function
7 Reserved | Must write reset value.
6 CHeél Channel 6 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 6.

5 CH5I Channel 5 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 5.

4 CHa4l Channel 4 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 4.

3 CHalI Channel 3 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 3.

2 CH2lI Channel 2 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 2.

1 CHu1l Channel 1 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 1.

0 CHol Channel 0 Full-Length Interrupt Flag.

0: No Interrupt generated.
1: Full-length interrupt generated in channel 0.

Note: Channel full-length interrupt flags are set when the offset address DMAONAOHY/L equals to data transfer size
DMAONSZH/L minus 1 for the channel. Firmware must clear this flag. The full-length interrupt is enabled by setting the
IEN bit in the DMAONCEF register with DMAOSEL configured for the corresponding channel.

Rev 1.1 1901

SILICON LABS



Register 21.3. DMAOMINT: DMAO Mid-Point Interrupt Flags

Bit 7 6 5 4 3 2 1 0
Name | Reserved CH6MI CHS5MI CH4MI CH3MI CH2MI CH1MI CHOMI
Type R RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x88 (bit-addressable)
Bit Name Function
7 Reserved |Must write reset value.
6 CH6MI Channel 6 Mid-Point Interrupt Flag.
0: No mid-point Interrupt generated.
1: Mid-point Interrupt generated in channel 6.
5 CH5MI Channel 5 Mid-Point Interrupt Flag.
0: No mid-point Interrupt generated.
1: Mid-point Interrupt generated in channel 5.

4 CH4MI Channel 4 Mid-Point Interrupt Flag.

0: No mid-point Interrupt generated.

1: Mid-point Interrupt generated in channel 4.
3 CH3MI Channel 3 Mid-Point Interrupt Flag.

0: No mid-point Interrupt generated.

1: Mid-point Interrupt generated in channel 3.
2 CH2MI Channel 2 Mid-Point Interrupt Flag.

0: No mid-point Interrupt generated.

1: Mid-point Interrupt generated in channel 2.
1 CH1MI Channel 1 Mid-Point Interrupt Flag.

0: No mid-point Interrupt generated.

1: Mid-point Interrupt generated in channel 1.
0 CHOMI Channel 0 Mid-Point Interrupt Flag.

0: No mid-point Interrupt generated.
1: Mid-point Interrupt generated in channel 0.

Note: Mid-point Interrupt flag is set when the offset address DMAONAOH/L equals to half of data transfer size DMAONSZH/L
if the transfer size is an even number or half of data transfer size DMAONSZHY/L plus one if the transfer size is an odd
number. Firmware must clear this flag. The mid-point interrupt is enabled by setting the MIEN bit in the DMAONCF
register with DMAOSEL configured for the corresponding channel.
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Register 21.4. DMAOBUSY: DMAO Busy

Bit 7 6 5 4 3 2 1 0
Name | Reserved | CH6BUSY | CH5BUSY | CH4BUSY | CH3BUSY | CH2BUSY | CH1BUSY | CHOBUSY
Type R RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address: 0x91

Bit Name Function

7 Reserved |Must write reset value.

6 CH6BUSY |Channel 6 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 6. Writ-
ing this bit to 1 forces a DMAO transfer to start on channel 6.

5 CH5BUSY |[Channel 5 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 5. Writ-
ing this bit to 1 forces a DMAQO transfer to start on channel 5.

4 CH4BUSY |Channel 4 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 4. Writ-
ing this bit to 1 forces a DMAO transfer to start on channel 4.

3 CH3BUSY |[Channel 3 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 3. Writ-
ing this bit to 1 forces a DMAQO transfer to start on channel 3.

2 CH2BUSY |Channel 2 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 2. Writ-
ing this bit to 1 forces a DMAO transfer to start on channel2.

1 CH1BUSY |[Channel 1 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 1. Writ-
ing this bit to 1 forces a DMAO transfer to start on channel 1.

0 CHOBUSY |Channel 0 Busy.
This bit is set to 1 by hardware when a DMAO transfer is in progress on channel 0. Writ-
ing this bit to 1 forces a DMAO transfer to start on channel 0.
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Register 21.5. DMAOSEL: DMAO Channel Select

Bit 7 6 5 4 3 1
Name Reserved SELECT
Type R RwW RW
Reset 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x94

Bit Name Function

7:3 Reserved | Must write reset value.

2:0 SELECT |Channel Select.

This field selects the channel and provides access to the channel's DMAONCF,
DMAONBAL/H, DMAONAOL/H, DMAONSZL/H registers.
000: Select channel 0.
001: Select channel 1.
010: Select channel 2.
011: Select channel 3.
100: Select channel 4.
101: Select channel 5.
110: Select channel 6.
111: Reserved.
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Register 21.6. DMAONCF:. DMAOQO Channel Configuration

Bit 7 6 5 4 3 2 1
Name IEN MIEN STALL ENDIAN | Reserved PERIPH
Type RW RW RW RW R RW
Reset 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address: 0xD8 (bit-addressable)
Bit Name Function
7 IEN Full-Length Interrupt Enable.
This bit enables DMADO full-length interrupt requests for the selected channel.
0: Disable the DMAO full-length interrupt request of the selected channel.
1: Enable the DMAO full-length interrupt request of the selected channel.
6 MIEN Mid-Point Interrupt Enable.
This bit enables DMAO mid-point interrupt requests for the selected channel.
0: Disable the DMAO mid-point interrupt request of the selected channel.
1: Enable the DMAO mid-point interrupt request of the selected channel.
5 STALL Channel Stall.
Setting this bit stalls the DMA transfer on the selected channel. A stalled channel cannot
initiate new DMA transfers. The DMAO transfer of the stalled channel resumes where it
was only when this bit is cleared by firmware.
0: The DMA transfer of the selected channel is not stalled.
1: The DMA transfer of the selected channel is stalled.
4 ENDIAN |Data Transfer Endianness.
This bit sets the byte order of the XRAM data.
0: Data is written to and read from XRAM in little endian order.
1: Data is written to and read from XRAM in big endian order.
3 Reserved |Must write reset value.
2.0 PERIPH |Peripheral Transfer Select.

This field selects the DMAO transfer function for the selected channel.
000-001: Reserved.

010: The DMA channel transfers from XRAM to the MAC A register.
011: The DMA channel transfers from XRAM to the MAC B register.

100: The DMA channel transfers from XRAM to the MAC accumulator registers.
101: The DMA channel transfers from the MAC accumulator registers to XRAM.

110: The DMA channel transfers from the 12C Slave data register to XRAM.
111: The DMA channel transfers from XRAM to the I12C Slave data register.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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Register 21.7. DMAONBAH: Memory Base Address High

Bit 7 6 5 4 3 1 0
Name Reserved NBAH
Type R RW
Reset 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address: OxCA

Bit Name Function

74 Reserved |Must write reset value.

3.0 NBAH Memory Base Address High.

This field sets high byte of the channel memory base address. This base address is the
starting channel XRAM address if the channel's address offset DMAONAO is reset to 0.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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Register 21.8. DMAONBAL: Memory Base Address Low

Bit 7 6 4 3
Name NBAL
Type RW
Reset 0 0 0 0
SFR Page = OxF; SFR Address: 0xC9
Bit Name Function
7.0 NBAL Memory Base Address Low.

This field sets low byte of the channel memory base address. This base address is the
starting channel XRAM address if the channel's address offset DMAONAO is reset to 0.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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Register 21.9. DMAONAOH: Memory Address Offset High

This field is the high byte of the channel offset address. The base address added to the
offset address creates the current channel XRAM address. The address offset auto-
increments by one after one byte is transferred. When configuring a channel for a DMA

Bit 7 6 5 4 3 0
Name Reserved NAOH
Type R RW
Reset 0 0 0 0 0 0

SFR Page = 0xF; SFR Address: 0xCC

Bit Name Function

7:2 Reserved |Must write reset value.

1:0 NAOH Memory Address Offset High.

transfer, the address offset should be reset to 0.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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Register 21.10. DMAONAOL: Memory Address Offset Low

Bit 7 6 5 4 3 2 1 0
Name NAOL
Type RW
Reset 0 0 0 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xCB
Bit Name Function
7.0 NAOL Memory Address Offset Low.

This field is the high byte of the channel offset address. The base address added to the
offset address creates the current channel XRAM address. The address offset auto-
increments by one after one byte is transferred. When configuring a channel for a DMA
transfer, the address offset should be reset to 0.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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Register 21.11. DMAONSZH: Memory Transfer Size High

This field sets the upper two bits of the number of DMA transfers for the selected chan-

nel.

Bit 7 6 4 3 0
Name Reserved NSZH
Type R RW
Reset 0 0 0 0 0

SFR Page = 0xF; SFR Address: 0xCE

Bit Name Function

7:2 Reserved |Must write reset value.

1:0 NSZH Memory Transfer Size High.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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Register 21.12. DMAONSZL: Memory Transfer Size Low

Bit 7 6 5 4 3 2 1 0
Name NSZL
Type RW
Reset 0 0 0 0 0 0 0 0
SFR Page = OxF; SFR Address: OxCD
Bit Name Function
7.0 NSZL Memory Transfer Size Low.

This field sets the low byte of the number of DMA transfers for the selected channel.

Note: This register is a DMA channel indirect register. Select the desired channel first using the DMAOSEL register.
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22. Multiply and Accumulate (MACO)

The C8051F97x devices include a multiply and accumulate engine which can be used to speed up many
mathematical operations. MACO contains a 16-by-16 bit multiplier and a 40-bit adder, which can perform integer or
fractional multiply-accumulate and multiply operations in a single SYSCLK cycle. Figure 22.1 shows a block
diagram of the MACO subsystem and its associated SFRs.

v
MACD A Regjster MACD B Regjster
MAGCOAH MACDAL MACOBH MACOBL | |
APCSTINC —— +—— BPOSTINC
16 x 16 Muitiply BUSY-
ACCVD ADVASRC ___,
BDVASRC ——
1 0
SIGNEDEN ——— MAQD Deta
0 Transfer Logic Deta Bus
Adder
NBSHET 0 1 ACCNEGATE
SHIFI'I]R—l T 1
v A\
,—> 41-bit Accurrulator Negate 1 M
1 bit shift 4J v v l_SIGI\EDEN
) DA control
SATURATE— Rounding Alignment ——ACCALIGN signdls
v DIVIA control !
:> sigais SIGI\EDEN ROUND
Hags Logic
MAQO Accumulator
MACDOVR | MACDACC3 | MACDACC2 | MACDACCL | MACDACCD
Figure 22.1. MACO Block Diagram
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The module provides the following capabilities:

Single cycle operation

Multiply-accumulate or multiply only

Support for integer or fractional operations

Support for signed or unsigned operations

Rounding with saturation

Auto-increment or constant A and/or B registers

Logical 1-bit or multiple bit shift of accumulator left or right
Negation of accumulator, A, and/or B registers

DMA support for repetitive operations on large arrays of data.
Signed and unsigned alignment (right shift in bytes) of accumulator result

22.1. Special Function Registers

There are fifteen special function register (SFR) locations associated with MACO. Six of these registers are related
to configuration and operation, while the other nine are used to store multi-byte input and output data for MACO.
The configuration registers MACOCFO, MACOCF1, MACOCF2 are used to configure and control MACO. The status
register MACOSTA contains flags to indicate overflow and interrupt conditions, MAC operation completion, as well
as zero result. The 16-bit MACOA (MACOAH:MACOAL) and MACOB (MACOBH:MACOBL) registers are used as
inputs to the multiplier. Figure 22.1 shows a 41-bit accumulator—but only 40 bits can be read by the MCU or DMA
via the MACO Accumulator. The MACO Accumulator consists of five SFRs: MACOOVF, MACOACC3, MACOACC?2,
MACOACCL1, and MACOACCO. The primary result of a MACO operation is available from the Accumulator registers
after the appropriate rounding, saturation or byte-realignment has been performed.

22.2. Integer and Fractional Math

MACO can perform math operations in unsigned or signed mode—this is controlled by the SIGNEDEN signed
mode selection bit. MACO is capable of interpreting the 16-bit inputs stored in MACOA and MACOB as integers or
as fractional numbers. When the FRACMD bit (MACOCFO0.4) is cleared to 0, the inputs are treated as 16-bit integer
values. After a MAC operation, the internal 41-bit accumulator will contain the integer result. Figure 22.2 shows
how integers are stored in the SFRs.

MACOA and
High Byte Low Byte

5*215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

If (MACOSN == 1), s=-1, otherwise s=1
MACO Accumulator Bit Weighting
MACOOVR MACOACC3 : MACOACC2 : MACOACC1 : MACOACCO

5*239 238 232 231 230 229 228 24 23 22 21 20

s = sign of result (1 or -1)

Figure 22.2. Integer Mode Data Representation
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When the FRACMD bit is set to 1, the inputs are treated at 16-bit fractional values. The decimal point is located
between bits 15 and 14 of the data word. After the operation, the accumulator will contain a 40-bit fractional value,
with the decimal point located between bits 31 and 30. Figure 22.3 shows how fractional numbers are stored in the
SFRs.

MACOA and MACOB Bit Weighting

High Byte Low Byte

s*1 2—1 2—2 2—3 2—4 2—5 2»6 2—7 2—8 2—9 2»10 2—11 2—12 2—13 2—14 2—15

If (MACOSN == 1), s=-1, otherwise s=1
MACO Accumulator Bit Weighting (no rounding)
MACOOVR MACOACC3 : MACOACC2 : MACOACC1 : MACOACCO

5*28 27 21 20 2—1 2—2 2—3 2—27 2—28 2—29 2—30 2—31

s = sign of result (1 or -1)
MACO Accumulator rounded result (MACORND=1) Bit Weighting

MACOACC1 MACOACCO

s*1 2—1 2—2 2—3 2—4 2—5 2»6 2—7 2—8 2—9 2»10 2—11 2—12 2—13 2—14 2—15

s = sign of result (1 or -1)

Figure 22.3. Fractional Mode Data Representation

22.3. Operating in Multiply and Accumulate Mode

MACO operates in multiply and accumulate (MAC) mode when the ACCMD bit (MACOCFO0.3) is cleared to 0. When
operating in MAC mode, MACO performs a 16-by-16 bit multiply on the contents of the MACOA and MACOB
registers and adds the result to the contents of the 41-bit accumulator. A MAC operation takes 1 SYSCLK cycle to
complete. A rounded (and optionally, saturated) result is available when the MACORND bit is set.

If the CLRACC bit (MACOCFO.5) is set to 1, the accumulator and all MACOSTA flags will be cleared during the next
SYSCLK cycle. The CLRACC bit will clear itself to 0 when the clear operation has completed.

22.4. Operating in Multiply Only Mode

MACO operates in multiply only mode when the ACCMD bit (MACOCFO0.5) is set to 1. Multiply only mode is
identical to Multiply and Accumulate mode, except that the multiplication result is added with a value of zero before
being stored in the 41-bit accumulator (i.e. it overwrites the current accumulator contents). As in MAC mode, the
rounded result can be read if the ROUND bit is set. Note that in Multiply Only mode, the HOVF flag is not affected.
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22.5. MCU Mode Operation

MCU mode operation for the MAC is enabled when there is no DMA channel enabled for transferring data to or
from any MACO register. When MCU mode operation is active, the MAC inputs and results are transferred to or
from XRAM via software access to the SFRs. During MCU mode operation, a MAC operation is triggered by
software writing 1 to the BUSY bit in the MACOSTA register. When the MAC operation has completed, hardware
clears the BUSY bit to 0. The typical sequence of MCU mode operations is as follows:

1. Firmware disables all MAC-specific DMA channels.
2. Firmware initializes the control registers (MACOCFO, MACOCF1, MACOCF2, MACOITER) appropriately.
3. Firmware writes all the operand values:

e Update MACOA, MACOB
e Setup accumulator either by clearing it (via setting the CLRACC bit) or writing directly to MACOACCO0-3 and
MACOOVR

4. Firmware writes 1 to the BUSY bit.

5. MACO completes the MAC operation in 1 SYSCLK cycle, clears BUSY bit to 0, and sets both the MACINT
and ACCRDY bits to 1.

22.6. DMA Mode Operation

DMA mode operation is a powerful mode that can be used process large array of data using the MACO module.
Alternatively, it can be used to implement digital filters efficiently. DMA mode operation for the MACO is enabled
when there is at least one DMA channel enabled for transferring data to or from any MACO register.

During DMA mode operation, the BUSY bit must be set to 1 to generate DMA requests. The complete flowchart of
DMA mode operation is given in Figure 22.4.
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MACO Accumulator updated is true
when one of following conditions are
met (higher priority first):

1. DMA is enabled and DMA
transferred of N bytes from XRAM,;
where N = ACCDMAIN

2. DMA was not enabled — re-use
existing value in accumulator

BUSY =1

MACOA updated is true when one of
following conditions are met (higher
priority first):

1. APOSTINC == 1: Increments MACOA if
true

2. ADMASRC ==

3. DMA enabled and DMA transferred 2
bytes from XRAM to MACOA

MACOB updated is true when one of
following conditions are met (higher
priority first):

1. BPOSTINC == 1: Increments MACOB if
true

2.BDMASRC ==1

3. DMA enabled and DMA transferred 2
bytes from XRAM to MACOB

OpCtr=0

MACO Accumulator

Firmware triggers DMA-enabled
MAC operation after setting up other
MACO configuration bits and DMA
channels

OpCtr keeps track of number of
MAC operations before requesting
for DMA transfer from/to MACO
Accumulator

updated?

MACOA updated?

MACOB updated?

MACO performs MAC

operation

OpCtr=0OpCtr+ 1

OpCtr=MACOITER?

MACO Accumulator
transferred out?

BUSY =0

Exit DMA Mode
Operation

MACO Accumulator transferred out
is true when DMA is enabled and
DMA transferred N bytes from
XRAM where N = ACCDMAOUT

e

Figure 22.4. DMA Mode Operation Flow Chart
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A few important points to note for DMA mode operation:

m Partial DMA transfers will terminate DMA mode operation. For example, a MACOA DMA transaction
requires 2 bytes, but if the DMA has only 1 byte left to transfer, the DMA mode operation will terminate after
the single byte is transferred into MACOA.

m Even if DMA transfers are enabled for MACOA, no DMA request will be generated for MACOA if either
APOSTINC or ADMASRC bit is set to 1.

m If the ACCDMAIN field specifies a transfer length of less than 5 bytes, only the least significant bytes of the
accumulator will receive data from the DMA. The upper bytes will be sign-extended in a way that is
compatible with the SIGNEDEN setting as shown in Figure 22.5. The example below shows the result of
the 41-bit accumulator after a transfer of a 16-bit number d[0:15] by DMA.

m To calculate the MAC output of two arrays, 3 DMA channels are needed: one each for MACOA and MACOB
and one for an XRAM transfer to the ACC to set the ACC registers at the start of the calculation.

Unsigned DMA transfer of 2 bytes (b[0:15] into 41-bit accumulator (MACOACCIN_DMA = 1)
Bit position 40 39 38 37 17 16 15 14 13 2 1 0

0 0 0 0 0 0 dl5 |d14 |d13 d3 |(dl |dO

Signed DMA transfer of 2 bytes (b[0:15] into 41-bit accumulator (MACOACCIN_DMA = 1)
Bit position 40 39 38 37 17 16 15 14 13 2 1 0

dil5 |di5 |d15 |d15 di15 |di15 |d15 |(d14 |(d13 d3 |dl |dO

Figure 22.5. DMA Transfer into Accumulator in Sign and Unsigned Modes

22.7. Accumulator 1-Bit Shift Operations

MACO contains a 1-bit arithmetic shift function which can be used to shift the contents of the 41-bit accumulator left
or right by one bit. The accumulator shift is initiated by writing a 1 to the SHIFTEN bit and takes one SYSCLK cycle
to complete. In MCU mode, setting SHIFTEN bit will immediately shift one bit of the accumulator at the next system
clock regardless of whether the MAC has finished the operation or not. In DMA mode, setting the SHIFTEN bit will
shift the accumulator after the completion of the MAC operation. Hardware automatically clears the SHIFTEN bit to
0 after the shift has completed. The direction of the arithmetic shift is controlled by the SHIFTDIR bit. A 1-bit
arithmetic shift does not affect any flag in the MACOSTA register.

The 1-bit shift examples for signed (SIGNEDEN =1) and unsigned (SIGNEDEN =0) modes are shown in
Figure 22.6.
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Original 41-bit accumulator data (before shifting)
Bit position: 40 39 38 37 7 6 5 4 3 2 1 0

d40 |d39 |d38 |d37 d7 dé d5 d4 d3 d2 |dl |dO

Signed mode 1-bit shift left result
Bit position 40 39 38 37 7 6 5 4 3 2 1 0

d40 |d38 |[d37 |d36 d6 d5 d4 d3 d2 di [dO |O

Signed mode 1-bit shift right result
Bit position 40 39 38 37 7 6 5 4 3 2 1 0

d40 |d40 |[d39 |d38 d8 d7 dé d5 d4 d3 [d2 |d1

Unsigned mode 1-bit shift left result
Bit position 40 39 38 37 7 6 5 4 3 2 1 0

d39 |d38 |[d37 |d36 d6 d5 d4 d3 d2 di [dO |O

Unsigned mode 1-bit shift right result
Bit position 40 39 38 37 7 6 5 4 3 2 1 0

0 d40 | d39 [d38 d8 d7 dé d5 d4 d3 |d2 |d1

Figure 22.6. 1-Bit Shift of 41-Bit Accumulator in Sighed and Unsigned Modes

22.8. Multi-Bit Shift Accumulator Operation

The MACO also includes a multi-bit arithmetic shift (up to 4 bits) function that can operate in DMA mode only. The
shift operation is only performed at the end of a MAC operation. The SHIFTDIR bit controls the direction of shift. To
enable multi-bit shifting on the Accumulator, the SHIFTEN bit must be set.

MBSHIFT = 0x00 : 1-bit shift
MBSHIFT = 0x01 : 2-bit shift
MBSHIFT = 0x02 : 3-bit shift
MBSHIFT = 0x03 : 4-bit shift
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22.9. Accumulator Alignment (Right Byte Shift)

Accumulator alignment (or right byte shifting) is one of two methods for DMA or MCU to access the 41-bit
accumulator in different ways without changing the contents of the 41-bit accumulator. On power-up reset, this is
the default option by which data is read from the MACO Accumulator. The other method of access is the rounding
and saturation logic described on page 209 MACO provides 4 different byte alignment options:

No align (no shifting)—this is the default on reset.

SR1 (1 byte right shift)

SR3 (3 byte right shift)

SR4 (4 byte right shift)

The alignment is performed with the appropriate sign extension depending on the setting of SIGNEDEN. The
examples in Table 22.1 and Table 22.2 show what the MCU or DMA would read from MACO Accumulator with the
SR3 setting.

Table 22.1. Unsigned Mode (SIGNEDEN = 0)

Byte Position 41-Bit Accumulator Value MACO Accumulator Value
ACCO X0 X3
ACC1 X1 X4
ACC2 X2 0
ACC3 X3 0
ACCOVF X4 0

Table 22.2. Signed Mode (SIGNEDEN = 1)

Byte Position 41-Bit Accumulator | MACO Accumulator Value | MACO Accumulator Value
Value (bit 40 of 41-bit acc = 0) (bit 40 of 41-bit acc =1)
ACCO X0 X3 X3
ACC1 X1 X4 X4
ACC2 X2 0 Oxff
ACC3 X3 0 Oxff
ACCOVF X4 0 Oxff

Accumulator alignment does not affect any flag in the MACOSTA.

22.10. Rounding and Saturation

Rounding is another method for the MACO to access the 41-bit accumulator without changing its contents. A
rounding engine is included, which can be used to provide a rounded result when operating on fractional numbers.
MACO uses an unbiased rounding algorithm to round the data stored in bits 31-16 of the 41-bit accumulator, as
shown in Table 22.3. The 41-bit accumulator is not affected by the rounding engine. Although rounding is primarily
used for fractional data, it can be used in integer mode to obtain a 2-byte right-shifted rounded result. The upper 3
bytes are stuffed with the appropriate bits depending on the SIGNEDEN setting, just like in the Accumulator
Alignment option. The rounding and saturation logic does not affect any flag in the MACOSTA register. Table 22.3
and Table 22.4 show the results for the signed and unsigned rounding.
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Table 22.3. MACO Unsigned Rounding without Saturation (SIGNEDEN = 0, SATURATE= 0)

41-Bit ACC Bits 15-0
(ACC41[15:0])

41-Bit ACC Bits 31-16
(ACC41[31:16])

Lower 16 Bits of MACO
Accumulator

Upper 24 Bits of
MACO Accumulator

>0x8000 Any value ACC41[31:16] +1 All bits =0
<0x8000 Any value ACC41[31:16] All bits =0
== 0x8000 Odd (LSB ==1) ACC41[31:16] + 1 All bits =0
== 0x8000 Even (LSB == 0) ACC41[31:16] All bits = 0

Table 22.4. MACO Signed Rounding without Saturation
(SIGNEDEN = 1, SATURATE = 0, Let X41 = [ACC41 + 0x8000])

41-Bit ACC Bits 15-0
(ACC41[15:0])

41-Bit ACC Bits 31-16
(ACC41[31:16])

Lower 15 Bits of MACO
Accumulator

Upper 25 Bits of
MACO Accumulator

>0x8000 Any value X41[30:16] All bits = X41[39]
<0x8000 Any value X41[30:16] All bits = X41[39]
== 0x8000 Odd (LSB == 1) X41[30:16] Al bits = X41[39]
== 0x8000 Even (LSB == 0) X41[30:16] - 1 All bits = X41[39]

When saturation bit SATURATE is set to 1, Table 22.5 and Table 22.6 show the saturation results.

Table 22.5. SIGNEDEN = 0, SATURATE =1, Y40 = Unsaturated Rounded Result

(SOVF | HOVF) value

MACO Accumulator

0

Y40

1

0x000000FFFF

Table 22.6. SIGNEDEN =1, SATURATE = 1, Z40 = Unsaturated Rounded Result

(SOVF | HOVF | (ACC41[31]*Z40[15])) Value

MACO Accumulator

0 Z40
1, ACC41[39] =0 0x0000007FFF
1, ACC41[39] =1 OxFFFFFF8000
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22.11. Usage Examples

This section details some software examples for using MACO.
22.11.1. Multiply and Accumulate in Fractional Mode
The example below implements the equation:

(0.5 x 0.25) + (0.5 x -

SFRPAGE = MACO_PAGE; //
MACOCFO = 0x30; //

//
MACOCF1 = 0x10; //
MACOCF2 = 0x00; //
MACOA = 0x4000; //
MACOB = 0x2000; //
MACOITER = 1; //
MACOSTA = 1; //
NOPQ); //
MACOCFO |= 0x02; //
MACOSTA = 1; //
NOPQ); //

//

0.25) = 0.125 — 0.125 = 0.0

Change Page register to MACO Page

Clear accumulator, select fractional mode
Multiply and Accumulate mode

Select signed mode

Disable rounding, saturation and alignment logic
Load MACOA with 0.5 decimal

Load MACOB with 0.25 decimal

Set to 1 iteration

Set BUSY to start first MAC operation

NOP to allow MACO to complete operation

Negate MACOB

Set BUSY to start second MAC operation

After this, MACO Accumulator should be zero and
ZEROF flag should be set

22.11.2. Multiply Only in Integer Mode
The example below implements the equation:

4660 x -292 = -1360720

SFRPAGE = MACO_PAGE; // Change Page register to MACO Page
MACOCFO = Ox2a; // Clear accumulator, Multiply Only mode
// Negate B
MACOCF1 = 0x10; // Select signed mode
MACOCF2 = 0x00; // Disable rounding, saturation and alignment logic
MACOA = 4660; // Load MACOA with 4660 decimal
MACOB = 292; // Load MACOB with 292 decimal (will be negated)
MACOITER = 1; // Set to 1 iteration
MACOSTA = 1; // Set BUSY to start MAC operation
NOPQ); // NOP to allow MACO to complete operation
// MACO Accumulator should contain OxFFFFEB3CBO
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22.11.3. Initializing Memory Block Using DMAO and MACO
This example demonstrates a sophisticated example of initializing a block of memory in XRAM with value 0x55.

// Memory block to initialize
volatile SEGMENT_VARIABLE(memblock[500], U8, SEG_XDATA);

SFRPAGE = DMAO_PAGE;
DMAOSEL = O;

DMAOEN &= ~0x01;
DMAOINT &= ~0x01;
DMAONCF = 0x05;

DMAONBA
DMAONAO = O;
DMAONSZ = 500;
DMAOEN |= 0Ox01;

DMAONCF |= (LSB << 4); //

// No need to change page register as MACO and DMAO registers are in same page.

MACOCFO = 0x28;
MACOCF1 = OxO0A;
MACOCF2 = 0x04;

MACOA 1;
MACOB 0x5555;
MACOITER = 1;
MACOSTA = 1;

//
//
//
//
//

//

//
//
//
//
//
//
//
//

while (1(DMAOINT & 1));//

Change Page register to DMAO Page

Select DMA channel O

Disable DMA channel O

Clear interrupt bit for channel 0

Select MACO Accumulator to XRAM transfer

Use LSB to spec endian bit for compiler independence

(U16)&memblock[0]; // XRAM base address

// XRAM offset
// Transfer 500 bytes
Enable DMA channel O

Clear accumulator, Multiply Only mode

Select unsigned mode, constant A and constant B
Disable rounding, saturation and alignment logic
2-byte DMA transaction from MACO Accumulator to XRAM
Load MACOA with 1 decimal

Load MACOB with 0x5555 hexadecimal

Set to 1 iteration

Set BUSY to start MAC operation

Poll for DMA Channel 0 completion interrupt

// All 500 bytes in memblock[] will be initialized to 0x55
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22.12. MACO Registers

Register 22.1. MACOSTA: MACO Status

Bit

7

6 5 4 3 2 1 0

Name

Reserved

MACINT | SCHANGE | ACCRDY HOVF ZEROF SOVF BUSY

Type

RwW

RwW RwW RwW RwW RwW RwW RwW

Reset

0

0 0 0 0 0 0 0

SFR Pag

e = OxF; SFR Address: OxCF

Bit

Name

Function

7

Reserved

Must write reset value.

6

MACINT

Interrupt Flag.

This flag is set when at least one of the following conditions are met:
- Hardware overflow bit (HOVF) is set.

- Soft overflow bit (SOVF) is set AND the SOVFIEN bit is set.

- The ACCRDY bit is set when the MAC operates in MCU mode.
Firmware must clear this bit.

SCHANGE

Sign Change Event.

Hardware sets this bit when operating in signed mode (SIGNEDEN = 1) and the sign bit
of the MACO accumulator result is opposite of the expected sign (SIGNEXP) bit.
Firmware must clear this bit. This bit also clears automatically if firmware clears the accu-
mulator by setting the CLRACC bit in the MACOCFO register.

ACCRDY

ACC Ready Status Flag.

This bit is set only when the MAC operates in MCU mode and a MAC operation com-
pletes. This bit must be cleared by firmware.

HOVF

Hard Overflow Flag.

This bit is set to 1 when the a MAC operation results in a hardware overflow.

Hardware overflow for a signed operation (SIGNEDEN = 1) occurs when a MAC opera-
tion causes MACOOVF to change from Ox7F to 0x80 or 0x80 to Ox7F.

Hardware overflow for an unsigned operation (SIGNEDEN = 0) occurs when a MAC
operation causes MACOOVF to change from OxFF to 0x00.

Firmware must clear this bit. This bit also clears automatically if firmware clears the accu-
mulator by setting the CLRACC bit in the MACOCFO register.

ZEROF

Zero Flag.
This bit is set to 1 if a MAC operation results in a MAC accumulator value of zero.

Firmware must clear this bit. This bit also clears automatically if firmware clears the accu-
mulator by setting the CLRACC bit in the MACOCFO register.
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Bit Name Function

1 SOVF Soft Overflow Flag.
Hardware sets this bit to 1 when a signed MAC operation causes an overflow into the
sign bit (bit 31) of the accumulator or when an unsigned MAC operation causes an over-
flow into the MACOOVF register.
Firmware must clear this bit. This bit also clears automatically if firmware clears the accu-
mulator by setting the CLRACC bit in the MACOCFO register.

0 BUSY Busy Flag.

Firmware can set this bit to trigger the MACO peripheral to start an operation in both
MCU mode and DMA mode.

In MCU mode, the MACO module will perform a single MAC operation using data that is
already present in the registers. Hardware clears this bit when the operation completes.
In DMA mode, the MACO module will perform the required number of MAC operations as
defined by the DMA registers, fetching the data into and out of the MACO registers via
DMA transfers. Hardware automatically clears this bit when when all of the DMA opera-
tions complete.
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Register 22.2. MACOCFO: MACO Configuration O

Bit 7 6 5 4 3 2 1 0
ACCNE-
Name | SHIFTEN | SHIFTDIR | CLRACC | FRACMD | ACCMD GATE BNEGATE | ANEGATE
Type "\ RW "\ RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0
SFR Page = 0xF; SFR Address: 0xCO (bit-addressable)
Bit Name Function
7 SHIFTEN |Accumulator Shift Control.
When this bit is set, hardware shifts the 40-bit MACO accumulator by 1 bit. This bit also
enables multi-bit shifts in DMA mode.
0: Do not shift the accumulator by one bit in the SHIFTDIR direction.
1: Shift the accumulator by one bit in the SHIFTDIR direction.
6 SHIFTDIR |Accumulator Shift Direction.
This bit controls the direction of the accumulator shift activated by the SHIFTEN bit.
0: The MACO accumulator will be shifted left.
1: The MACO accumulator will be shifted right.
5 CLRACC |Clear Accumulator.
This bit works only in MCU mode only and is used to reset the accumulator before the
next operation. When this bit is set, the MACO accumulator will be cleared to zero. In
addition, all bits in the MACOSTA register except MACOINT and ACCRDY are cleared.
Hardware will automatically clear this bit when the operation completes. Firmware will
always read this bit as 0.
4 FRACMD |Fractional Mode.
0: MACO operates in Integer Mode.
1: MACO operates in Fractional Mode.
3 ACCMD |Accumulate Mode.
0: Select multiply-and-accumulate (MAC) mode.
1: Select multiply-only mode.
2 ACCNE- |Negate Accumulator Input.

GATE | This bit controls whether hardware negates the accumulator before it is added with the
multiplication result of A and B. If this bit is set to 1, the SIGNEDEN bit must also be set
to 1, enabling signed arithmetic.

0: No change is applied to the accumulator before it is added to the multiplication result
of A and B.
1: Hardware negates the accumulator before it is added to the multiplication result of A
and B.
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Bit Name Function

1 BNEGATE |Negate MACO B input.

This bit controls whether hardware negates the MACO B input before the multiplication
operation with the MACO A input. The contents of the MACO B register do not change if
the input is negated.

0: No change is applied to the MACO B input before the multiply operation.

1: Hardware negates the MACO B input before the multiply operation.

0 ANEGATE |Negate MACO A input.

This bit controls whether hardware negates the MACO A input before the multiplication
operation with the MACO B input. The contents of the MACO A register do not change if
the input is negated.

0: No change is applied to the MACO A input before the multiply operation.

1: Hardware negates the MACO A input before the multiply operation.
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Register 22.3. MACOCF1: MACO Configuration 1

Bit 7 6 5 4 3 2 1 0
Name MBSHIFT SIGNEXP SIGT‘EDE MACOBC |BPOSTINC | ADMASRC | APOSTINC
Type RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address: 0xC4

Bit Name Function

7:6 MBSHIFT | Multi-Bit Accumulator Shift.

This field sets the number of bits hardware shifts the accumulator at the end of a MAC
operation in DMA mode if SHIFTEN is set to 1. The direction of the shift is determined by
the SHIFTDIR bit.

00: Shift the accumulator 1 bit.

01: Shift the accumulator by 2 bits.

10: Shift the accumulator by 3 bits.

11: Shift the accumulator by 4 bits.

5 SIGNEXP |Expected Accumulator Sign.

This bit sets the expected sign of the accumulator after an operation. A signed operation
that does not match the SIGNEXP bit will set the SCHANGE bit.

This bit can only be used with signed arithmetic (SIGNEDEN = 1).

0: Set the expected sign to zero.

1: Set the expected sign to one.

4 SIGNEDEN | Signed Mode Enable.

0: MAC operations use unsigned arithmetic.
1: MAC operations use signed arithmetic.

3 MACOBC |B DMA Data Source Selection.

This bit controls the source of data for the MACO B register when operating in DMA
mode. This bit is ignored when the MACO module operates in MCU mode.

0: Each MACO operation will request the DMA fetch data from XRAM for the MACO B
register.

1: Each MACO operation will use existing data in MACO B register.

2 BPOSTINC |B Post-Increment Enable.

This bit controls whether the MACO B register value is incremented after a MACO opera-
tion. This bit can be used in both MCU and DMA modes.

0: Do not change the MACO B register after a MACO operation.

1: Increment the MACO B register after a MACO operation.
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Bit Name

Function

1 ADMASRC

A DMA Data Source Selection.
This bit controls the source of data for the MACO A register when operating in DMA
mode. This bit is ignored when the MACO module operates in MCU mode.

0: Each MACO operation will request the DMA fetch data from XRAM for the MACO A
register.

1: Each MACO operation will use existing data in MACO A register.

0 APOSTINC

A Post-Increment Enable.

This bit controls whether the MACO A register value is incremented after a MACO opera-
tion. This bit can be used in both MCU and DMA modes.

0: Do not change the MACO A register after a MACO operation.

1: Increment the MACO A register after a MACO operation.
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Register 22.4. MACOCF2: MACO Configuration 2

Bit

6 5 4 3 2 1 0

Name

ROUND

SATU-

RATE ACCDMAOUT

ACCALIGN ACCDMAIN

Type

RwW

RwW RwW RwW RwW

Reset

0

0 0 0 0 0 0 0

SFR Pag

e = OxF; SFR Address: 0xC5

Bit

Name

Function

7

ROUND

Rounding Enable.

This bit controls whether the MCU or DMA reads a rounded result from the MACO accu-
mulator.

0: MACO accumulator does not contain a 16-bit rounded result.

1: MACO accumulator contains a 16-bit rounded result.

SATURATE

Saturation Enable.

If ROUND is set to 1, this bit controls whether the rounded MACO accumulator result will
saturate. The details of the saturation logic is defined in the section on Rounding and
Saturation.

0: Rounded result will not saturate.

1: Rounded result will saturate.

54

ACCALIGN

Accumulator Alignment.

This field controls how many bytes the hardware shifts the MACO accumulator result to
the right after an operation. This setting can be used in both MCU and DMA modes.
00: Do not shift the accumulator output.

01: Shift the accumulator output right by 1 byte.

10: Shift the accumulator output right by 3 bytes.

11: Shift the accumulator output right by 4 bytes.

3:2

ACCD-
MAOUT

Accumulator DMA Input Count.

This field only effects DMA mode operations. This field specifies the number of bytes the
MACO will request the DMA to transfer from the MACO accumulator to XRAM after each
operation, starting from the least significant byte.

00: Request the DMA move 1 byte from the accumulator to XRAM.

01: Request the DMA move 2 bytes from the accumulator to XRAM.

10: Request the DMA move 4 bytes from the accumulator to XRAM.

11: Request the DMA move 5 bytes from the accumulator to XRAM.
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Bit Name Function

1.0 ACCDMAIN |Accumulator DMA Input Count.

This field only effects DMA mode operations. This field specifies the number of bytes the
MACO will request the DMA to transfer from XRAM to the MACO accumulator before
each operation, starting from the least significant byte.

00: Request the DMA move 1 byte from XRAM to the accumulator.

01: Request the DMA move 2 bytes from XRAM to the accumulator.

10: Request the DMA move 4 bytes from XRAM to the accumulator.

11: Request the DMA move 5 bytes from XRAM to the accumulator.
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Register 22.5. MACOINTE: MACO Interrupt Enable

Bit 7 6 5 4 3 2 0
Name Reserved SCTEAI\'}]GE ZEROFIEN | SOVFIEN
Type RwW RwW RW
Reset 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xC1
Bit Name Function
7:3 Reserved | Must write reset value.
2 SCHANGEI |Sign Change Event Interrupt Enable.
EN Enables MACO interrupts if a sign change event (SCHANGE) occurs.
1 ZEROFIEN |Zero Flag Interrupt Enable.
Enables MACO interrupts if the zero flag (ZEROF) is set.
0 SOVFIEN | Soft Overflow Interrupt Enable.
Enables MACO interrupts if the soft overflow (SOVF) flag is set.
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Register 22.6. MACOAH: Operand A High Byte

Bit 7 6 4 3
Name MACOAH
Type RW
Reset 0 0 0 0
SFR Page = OxF; SFR Address: OxAB
Bit Name Function
7:0 MACOAH |MACO A High Byte.
This field is the upper 8 bits of the MACO A input.
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Register 22.7. MACOAL: Operand A Low Byte

Bit 7 6 4 3 0
Name MACOAL
Type RwW
Reset 0 0 0 0 0
SFR Page = OxF; SFR Address: OxAA
Bit Name Function
7:0 MACOAL |MACO A Low Byte.
This field is the lower 8 bits of the MACO A input.
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Register 22.8. MACOBH: Operand B High Byte

Bit 7 6 4 3
Name MACOBH
Type RW
Reset 0 0 0 0
SFR Page = OxF; SFR Address: OXAF
Bit Name Function
7:0 MACOBH |MACO B High Byte.
This field is the upper 8 bits of the MACO B input.
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Register 22.9. MACOBL: Operand B Low Byte

Bit 7 6 4 3 0
Name MACOBL
Type RwW
Reset 0 0 0 0 0
SFR Page = OxF; SFR Address: OXAE
Bit Name Function
7:0 MACOBL |MACO B Low Byte.
This field is the lower 8 bits of the MACO B input.
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Register 22.10. MACOOVF: Accumulator Overflow Byte

Bit 7 6 4 3
Name MACOOVF
Type RW
Reset 0 0 0 0
SFR Page = OxF; SFR Address: 0xD6
Bit Name Function
7.0 MACOOVF |MACO Accumulator Overflow Byte.
This field is the accumulator overflow byte, or bits [39:32] of the MACO operation accu-
mulated result.
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Register 22.11. MACOACCS: Accumulator Byte 3

Bit 7 6 5 4 3 0
Name MACOACC3
Type RW
Reset 0 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xD5
Bit Name Function
7.0 MACOACC3 | MACO Accumulator Byte 3.
This field is byte 3 of the accumulator, or bits [31:24] of the MACO operation accumulated
result.
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Register 22.12. MACOACC2: Accumulator Byte 2

Bit 7 6 5 4 3
Name MACOACC2
Type RW
Reset 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xD4
Bit Name Function
7.0 MACOACC2 | MACO Accumulator Byte 2.
This field is byte 2 of the accumulator, or bits [23:16] of the MACO operation accumulated
result.
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Register 22.13. MACOACC1: Accumulator Byte 1

Bit 7 6 5 4 3 0
Name MACOACC1
Type RW
Reset 0 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xD3
Bit Name Function
7.0 MACOACC1 | MACO Accumulator Byte 1.
This field is byte 1 of the accumulator, or bits [15:8] of the MACO operation accumulated
result.
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Register 22.14. MACOACCQO: Accumulator Byte 0

Bit 7 6 5 4 3
Name MACOACCO
Type RW
Reset 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xD2
Bit Name Function
7.0 MACOACCO |MACO Accumulator Byte 0.
This field is byte 0 of the accumulator, or bits [7:0] of the MACO operation accumulated
result.
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Register 22.15. MACOITER: Iteration Counter

Bit 7 6 5 4 3 0
Name MACOITER
Type RwW
Reset 0 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xD7
Bit Name Function
7:0 MACOITER |[Iteration Counter.
This field specifies the number of MACO operations before requesting a DMA transfer
from XRAM into the accumulator and from the accumulator into XRAM. A value of 0 in
this field requests 256 iterations.
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23. Cyclic Redundancy Check Unit (CRCO0)

CB8051F97x devices include a cyclic redundancy check unit (CRCO0) that can perform a CRC using a 16-bit
polynomial. CRCO accepts a stream of 8-bit data written to the CRCOIN register. CRCO posts the 16-bit result to an
internal register. The internal result register may be accessed indirectly using the CRCPNT bits and CRCODAT
register, as shown in Figure 23.1. CRCO also has a bit reverse register for quick data manipulation.

CRCO
8
CRCOIN w
Automatic > Hardware CRC
Me';l]?h »| flash read g > ) Calculation
ry control Seed Unit

(0x0000 or
OXFFFF) 8 8

CRCOELIP & byte-level bit 8"
reversal
CRCODAT

Figure 23.1. CRCO Block Diagram

23.1. CRC Algorithm

The CRC unit generates a CRC result equivalent to the following algorithm:

1. XOR the input with the most-significant bits of the current CRC result. If this is the first iteration of the CRC
unit, the current CRC result will be the set initial value
(0x0000 or OXFFFF).

2a. If the MSB of the CRC result is set, shift the CRC result and XOR the result with the selected polynomial.
2b. If the MSB of the CRC result is not set, shift the CRC result.

Repeat Steps 2a/2b for the number of input bits (8). The algorithm is also described in the following example.
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The 16-bit CRC algorithm can be described by the following code:

uns

{

}

Table 23.1 lists several input values and the associated outputs using the 16-bit CRC algorithm:

igned short UpdateCRC (unsigned short CRC_acc, unsigned char CRC_input)
unsigned char i; // loop counter
#define POLY 0x1021

// Create the CRC "dividend" for polynomial arithmetic (binary arithmetic
// with no carries)
CRC_acc = CRC_acc ™ (CRC_input << 8);

// "Divide"” the poly into the dividend using CRC XOR subtraction
// CRC_acc holds the "remainder™ of each divide

//

// Only complete this division for 8 bits since input is 1 byte
for (i = 0; 1 <8; i++)

{
// Check if the MSB is set (if MSB is 1, then the POLY can "‘divide"
// into the "dividend™)
ifT ((CRC_acc & 0x8000) == 0x8000)
{
// if so, shift the CRC value, and XOR "'subtract" the poly
CRC_acc = CRC_acc << 1;
CRC_acc ™= POLY;
}
else
{
// if not, just shift the CRC value
CRC_acc = CRC_acc << 1;
}
}

// Return the final remainder (CRC value)
return CRC_acc;

Table 23.1. Example 16-bit CRC Outputs

Input Output
0x63 0xBD35
0x8C OxB1F4
0x7D Ox4ECA
OxAA, 0xBB, 0xCC 0x6CF6
0x00, 0x00, OxAA, 0xBB, 0xCC 0xB166
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23.2. Preparing for a CRC Calculation

To prepare CRCO for a CRC calculation, software should set the initial value of the result. The polynomial used for
the CRC computation is 0x1021. The CRCO result may be initialized to one of two values: 0x0000 or OXFFFF. The
following steps can be used to initialize CRCO.

1. Select the initial result value (Set CRCVAL to 0 for 0x0000 or 1 for OXFFFF).
2. Set the result to its initial value (Write 1 to CRCINIT).

23.3. Performing a CRC Calculation

Once CRCO is initialized, the input data stream is sequentially written to CRCOIN, one byte at a time. The CRCO
result is automatically updated after each byte is written. The CRC engine may also be configured to automatically
perform a CRC on one or more 256 byte blocks read from flash. The following steps can be used to automatically
perform a CRC on flash memory.

1. Prepare CRCO for a CRC calculation as shown above.

Write the index of the starting page to CRCOAUTO.

Set the AUTOEN bit to 1 in CRCOAUTO.

Write the number of 256 byte blocks to perform in the CRC calculation to CRCCNT.

Write any value to CRCOCN (or OR its contents with 0x00) to initiate the CRC calculation. The CPU will not
execute code any additional code until the CRC operation completes. See the note in the CRCOCN
register definition for more information on how to properly initiate a CRC calculation.

6. Clear the AUTOEN bit in CRCOAUTO.

7. Read the CRC result.

23.4. Accessing the CRCO Result

The internal CRCO result is 16 bits. The CRCPNT bits select the byte that is targeted by read and write operations
on CRCODAT and increment after each read or write. The calculation result will remain in the internal CRO result
register until it is set, overwritten, or additional data is written to CRCOIN.

23.5. CRCO Bit Reverse Feature

CRCO includes hardware to reverse the bit order of each bit in a byte as shown in Figure 23.2. Each byte of data
written to CRCOFLIP is read back bit reversed. For example, if 0xCO is written to CRCOFLIP, the data read back is
0x03. Bit reversal is a useful mathematical function used in algorithms such as the FFT.

a s wbn

CRCOFLIP
(write)

CRCOFLIP
(read)

Figure 23.2. Bit Reversal

Rev 1.1 234

SILICON LABS



23.6. CRC Control Registers

Register 23.1. CRCOCN: CRCO0 Control

Bit 7 6 5 4 3 2 1 0
Name Reserved CRCINIT | CRCVAL | Reserved | CRCPNT
Type R RW RW R RW
Reset 0 0 0 1 0 0 0 0

SFR Page = 0x0; SFR Address: 0x84

Table 23.2. CRCOCN Register Bit Descriptions

Bit Name Function
74 Reserved | Must write reset value.
3 CRCINIT |CRC Initialization Enable.
Writing a 1 to this bit initializes the entire CRC result based on CRCVAL.
2 CRCVAL |CRC Initialization Value.
This bit selects the set value of the CRC result.
0: CRC result is set to 0x0000 on write of 1 to CRCINIT.
1: CRC result is set to OXFFFF on write of 1 to CRCINIT.
1 Reserved |Must write reset value.
0 CRCPNT |CRC Result Pointer.

Specifies the byte of the CRC result to be read/written on the next access to CRCODAT.

This bit will automatically toggle upon each read or write.
0: CRCODAT accesses bits 7-0 of the 16-bit CRC result.
1: CRCODAT accesses bits 15-8 of the 16-bit CRC result.

Note: Upon initiation of an automatic CRC calculation, the three cycles following a write to CRCOCN that initiate a CRC
operation must only contain instructions which execute in the same number of cycles as the number of bytes in the
instruction. An example of such an instruction is a 3-byte MOV that targets the CRCOFLIP register. When programming
in C, the dummy value written to CRCOFLIP should be a non-zero value to prevent the compiler from generating a 2-
byte MOV instruction.
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Register 23.2. CRCOIN: CRCO Data Input

Bit 7 6 5 4 3 2
Name CRCOIN
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x85

Table 23.3. CRCOIN Register Bit Descriptions

Bit

Name

Function

7:0

CRCOIN

CRC Data Input.

Each write to CRCOIN results in the written data being computed into the existing CRC

result according to the CRC algorithm.

SILICON LABS

Rev 1.1

236



Register 23.3. CRCODAT: CRCO Data Output

Bit 7 6 4 3 2 0
Name CRCODAT
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x86

Table 23.4. CRCODAT Register Bit Descriptions

Bit

Name

Function

7:0

CRCODAT

CRC Data Output.

Each read or write performed on CRCODAT targets the CRC result bits pointed to by the
CRCO Result Pointer (CRCPNT bits in CRCOCN).

Note: CRCODAT may not be valid for one cycle after setting the CRCINIT bit in the CRCOCN register to 1. Any time CRCINIT

is written to 1 by firmware, at least one instruction should be performed before reading CRCODAT.
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Register 23.4. CRCOAUTO: CRCO0 Automatic Control

Bit 7 6 4 3
Name | AUTOEN CRCST
Type RwW RW
Reset 0 0 0 0

SFR Page = 0x0; SFR Address: 0x9E

Table 23.5. CRCOAUTO Register Bit Descriptions

These bits specify the flash block to start the automatic CRC calculation. The starting
address of the first flash block included in the automatic CRC calculation is CRCST x

block_size, where block_size is 256 bytes.

Bit Name Function
7 AUTOEN |Automatic CRC Calculation Enable.
When AUTOEN is set to 1, any write to CRCOCN will initiate an automatic CRC starting
at flash sector CRCST and continuing for CRCCNT sectors.
6:0 CRCST |Automatic CRC Calculation Starting Block.
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Register 23.5. CRCOCNT: CRCO Automatic Flash Sector Count

Bit 7 6 5 4 3 0
Name CRCDN CRCCNT
Type RwW RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x9D

Table 23.6. CRCOCNT Register Bit Descriptions

Bit Name Function
7 CRCDN |Automatic CRC Calculation Complete.
Set to 0 when a CRC calculation is in progress. Code execution is stopped during a CRC
calculation; therefore, reads from firmware will always return 1.
6:0 CRCCNT |Automatic CRC Calculation Block Count.

These bits specify the number of flash blocks to include in an automatic CRC calculation.
The last address of the last flash block included in the automatic CRC calculation is

(CRCST+CRCCNT) x Block Size - 1. The block size is 256 bytes.
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Register 23.6. CRCOFLIP: CRCO Bit Flip

Bit 7 6 5 4 3 2
Name CRCOFLIP
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x9F

Table 23.7. CRCOFLIP Register Bit Descriptions

Bit

Name

Function

7:0

CRCOFLIP

CRCO Bit Flip.

Any byte written to CRCOFLIP is read back in a bit-reversed order, i.e., the written LSB

becomes the MSB. For example:

If OXCO is written to CRCOFLIP, the data read back will be 0x03.
If Ox05 is written to CRCOFLIP, the data read back will be 0xAO.
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24. Clocking Sources

The C8051F97x devices can be clocked from the internal low-power 24.5 MHz oscillator, the internal low-power
20 MHz oscillator, the SmaRTClock real time clock oscillator, or externally by an external oscillator (not supported
on devices in the QFN-24 package). An adjustable clock divider allows the selected clock source to be post-scaled
by powers of 2, up to a factor of 128. By default, the system clock comes up as the 24.5 MHz oscillator divided by

8.
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T
1

T
L

Option 1

U_$
= =10m0
}T
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Figure 24.1. Clocking Sources Block Diagram

The proper way of changing the system clock when both the clock source and the clock divide value are being

changed is as follows:

If switching from a fast “undivided” clock to a slower “undivided” clock:
1. Change the clock divide value.

2. Poll for CLKRDY > 1.

3. Change the clock source.
If switching from a slow “undivided” clock to a faster “undivided” clock:

1. Change the clock source.

2. Change the clock divide value.

3. Poll for CLKRDY > 1.
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24.1. Programmable Precision Internal Oscillator

All C8051F97x devices include a programmable precision internal oscillator that may be selected as the system
clock. OSCICL is factory calibrated to obtain a 24.5 MHz frequency. See Section “1. Electrical Characteristics” on
page 10 for complete oscillator specifications.

The precision oscillator supports a spread spectrum mode which modulates the output frequency in order to
reduce the EMI generated by the system. When enabled (SSE = 1), the oscillator output frequency is modulated by
a stepped triangle wave whose frequency is equal to the oscillator frequency divided by 384 (63.8 kHz using the
factory calibration). The deviation from the nominal oscillator frequency is +0%, —1.6%, and the step size is
typically 0.26% of the nominal frequency. When using this mode, the typical average oscillator frequency is
lowered from 24.5 MHz to 24.3 MHz.

24.2. Low Power Internal Oscillator

All C8051F97x devices include a low power internal oscillator that defaults as the system clock after a system
reset. The low power internal oscillator frequency is 20 MHz + 10% and is automatically enabled when selected as
the system clock and disabled when not in use. See Section “1. Electrical Characteristics” on page 10 for complete
oscillator specifications.

24.3. External Oscillator Drive Circuit

The C8051F970/1/3/4 devices include an external oscillator circuit that may drive an external crystal, ceramic
resonator, capacitor, or RC network. A CMOS clock may also provide a clock input. Figure 24.1 shows a block
diagram of the four external oscillator options. The external oscillator is enabled and configured using the
OSCXCN register.

The external oscillator output may be selected as the system clock or used to clock some of the digital peripherals
(e.g., Timers, PCA, etc.). See the data sheet chapters for each digital peripheral for details. See Section
“1. Electrical Characteristics” on page 10 for complete oscillator specifications.

24.3.1. External Crystal Mode

If a crystal or ceramic resonator is used as the external oscillator, the crystal/resonator and a 10 MQ resistor must
be wired across the XTAL1 and XTAL2 pins as shown in Figure 24.1, Option 1. Appropriate loading capacitors
should be added to XTAL1 and XTAL2, and both pins should be configured for analog I/0 with the digital output
drivers disabled.

Figure 24.2 shows the external oscillator circuit for a 20 MHz quartz crystal with a manufacturer recommended
load capacitance of 12.5 pF. Loading capacitors are “in-series” as seen by the crystal and “in-parallel” with the stray
capacitance of the XTAL1 and XTAL2 pins. The total value of the each loading capacitor and the stray capacitance
of each XTAL pin should equal 12.5 pF x 2 = 25 pF. With a stray capacitance of 10 pF per pin, the 15 pF capacitors
yield an equivalent series capacitance of 12.5 pF across the crystal.

Note: The recommended load capacitance depends upon the crystal and the manufacturer. Please refer to the crystal data
sheet when completing these calculations.

15 pF |

I O XTALL
|
|

|

25 MHz— 10 Mohm|
|

Figure 24.2. 25 MHz External Crystal Example
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Important Note on External Crystals: Crystal oscillator circuits are quite sensitive to PCB layout. The crystal
should be placed as close as possible to the XTAL pins on the device. The traces should be as short as possible
and shielded with ground plane from any other traces which could introduce noise or interference.

When using an external crystal, the external oscillator drive circuit must be configured by software for Crystal
Oscillator Mode or Crystal Oscillator Mode with divide by 2 stage. The divide by 2 stage ensures that the clock
derived from the external oscillator has a duty cycle of 50%. The External Oscillator Frequency Control value
(XFCN) must also be specified based on the crystal frequency. The selection should be based on Table 24.1. For
example, a 25 MHz crystal requires an XFCN setting of 111b.

Table 24.1. Recommended XFCN Settings for Crystal Mode

XFCN Crystal Frequency Bias Current Typical Supply Current
(VDD = 2.4 V)
000 f <20 kHz 0.5 pA 3.0 pA, f=32.768 kHz
001 20 kHz < f <58 kHz 1.5 pA 4.8 YA, f = 32.768 kHz
010 58 kHz < f <155 kHz 4.8 pA 9.6 PA, f=32.768 kHz
011 155 kHz < f <415 kHz 14 pA 28 YA, f =400 kHz
100 415 kHz <f<1.1 MHz 40 pA 71 pA, f =400 kHz
101 1.1 MHz < f< 3.1 MHz 120 pA 193 pA, f =400 kHz
110 3.1 MHz <f<8.2 MHz 550 pA 940 pA, f=8 MHz
111 8.2 MHz < f <25 MHz 2.6 mA 3.9mA, f=25MHz

When the crystal oscillator is first enabled, the external oscillator valid detector allows software to determine when
the external system clock has stabilized. Switching to the external oscillator before the crystal oscillator has
stabilized can result in unpredictable behavior. The recommended procedure for starting the crystal is as follows:
1. Configure XTAL1 and XTAL2 for analog I/O and disable the digital output drivers.
2. Configure and enable the external oscillator.
3. Poll for XTLVLD => 1.
4. Switch the system clock to the external oscillator.
24.3.2. External RC Mode

If an RC network is used as the external oscillator, the circuit should be configured as shown in Figure 24.1, Option
2. The RC network should be added to XTAL2, and XTAL2 should be configured for analog 1/O with the digital
output drivers disabled. XTALL1 is not affected in RC mode.

The capacitor should be no greater than 100 pF; however for very small capacitors, the total capacitance may be
dominated by parasitic capacitance in the PCB layout. The resistor should be no smaller than 10 kQ. The
oscillation frequency can be determined by the following equation:
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Where

f

_ 1.23x10°
RxC

f = frequency of clock in MHz
R = pull-up resistor value in kQ
Vpp = power supply voltage in Volts

C = capacitor value on the XTAL2 pin in pF

The equation above gives the oscillation frequency at the pin. There is an additional divide-by-2 stage internally to
ensure the clock is properly conditioned to be used as SYSCLK or with internal peripherals.

To determine the required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, first
select the RC network value to produce the desired frequency of oscillation. For example, if the frequency desired
is 100 kHz, let R = 246 kQ, and C = 50 pF:

f=

_1.23x10° _ 1.23x10°

RxC

Where

T 246 x50

f = frequency of clock in MHz
R = pull-up resistor value in kQ
Vpp = power supply voltage in Volts

C = capacitor value on the XTALZ2 pin in pF

Referencing Table 24.2, the recommended XFCN setting is 010.

= 100 kHz

Table 24.2. Recommended XFCN Settings for RC and C Modes

XFCN Approximate Frequency K Factor (C Mode) Typical Supply Current/ Actual
Range (RC and C Mode) Measured Frequency
(C Mode, VDD = 2.4 V)
000 f<25 kHz K Factor = 0.87 3.0 yA, f=11 kHz, C =33 pF
001 25 kHz < f <50 kHz K Factor = 2.6 5.5 pA, f=33 kHz, C =33 pF
010 50 kHz < f <100 kHz K Factor = 7.7 13 pA, f =98 kHz, C =33 pF
011 100 kHz < f <200 kHz K Factor = 22 32 pA, f=270 kHz, C =33 pF
100 200 kHz < f <400 kHz K Factor = 65 82 pA, =310 kHz, C = 46 pF
101 400 kHz < f <800 kHz K Factor = 180 242 pA, =890 kHz, C = 46 pF
110 800 kHz < f< 1.6 MHz K Factor = 664 1.0 mA, f=2.0 MHz, C =46 pF
111 1.6 MHz <f<3.2 MHz K Factor = 1590 4.6 mA, f=6.8 MHz, C =46 pF

When the RC oscillator is first enabled, the external oscillator valid detector allows software to determine when
oscillation has stabilized. The recommended procedure for starting the RC oscillator is as follows:

1. Configure XTALZ2 for analog I/O and disable the digital output drivers.

. Configure and enable the external oscillator.

2
3. Poll for XTLVLD => 1.
4. Switch the system clock to the external oscillator.
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24.3.3. External Capacitor Mode

If a capacitor is used as the external oscillator, the circuit should be configured as shown in Figure 24.1, Option 3.
The capacitor should be added to XTAL2, and XTAL2 should be configured for analog 1/0O with the digital output
drivers disabled. XTAL1 is not affected in RC mode.

The capacitor should be no greater than 100 pF; however, for very small capacitors, the total capacitance may be
dominated by parasitic capacitance in the PCB layout. The oscillation frequency and the required External
Oscillator Frequency Control value (XFCN) in the OSCXCN Register can be determined by the following equation:

{2 _KE_
CxVpp
Where
f = frequency of clock in MHz
R = pull-up resistor value in kQ
Vpp = power supply voltage in Volts
C = capacitor value on the XTAL2 pin in pF

The equation above gives the oscillation frequency at the pin. There is an additional divide-by-2 stage internally to
ensure the clock is properly conditioned to be used as SYSCLK or with internal peripherals.

Below is an example of selecting the capacitor and finding the frequency of oscillation Assume Vpp =3.0 V and
f=150 kHz:

f = KF
CxVpp

KF
Cx3.0

0.150 MHz =

Since a frequency of roughly 150 kHz is desired, select the K Factor from Table 24.2 as KF = 22:

22

0.150 MHz = m

22

C = 150 MHZ 3.0V

C = 48.8 pF

Therefore, the XFCN value to use in this example is 011 and C is approximately 50 pF.
The recommended startup procedure for C mode is the same as RC mode.
24.3.4. External CMOS Clock Mode

If an external CMOS clock is used as the external oscillator, the clock should be directly routed into XTAL2. The
XTAL2 pin should be configured as a digital input. XTALL is not used in external CMOS clock mode.

The external oscillator valid detector will always return zero when the external oscillator is configured to External
CMOS Clock mode.
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24.4. Special Function Registers for Selecting and Configuring the System Clock

The clocking sources on C8051F97x devices are enabled and configured using the OSCICN, OSCICL, OSCXCN
and the SmaRTClock internal registers. See Section “21. SmaRTClock (Real Time Clock)” on page 292 for
SmaRTClock register descriptions. The system clock source for the MCU can be selected using the CLKSEL
register. To minimize active mode current, the oneshot timer which sets Flash read time should by bypassed when
the system clock is greater than 10 MHz. See the FLSCL register description for details.

The clock selected as the system clock can be divided by 1, 2, 4, 8, 16, 32, 64, or 128. When switching between
two clock divide values, the transition may take up to 128 cycles of the undivided clock source. The CLKRDY flag
can be polled to determine when the new clock divide value has been applied. The clock divider must be set to
"divide by 1" when entering Suspend or Sleep Mode.

The system clock source may also be switched on-the-fly. The switchover takes effect after one clock period of the
slower oscillator.
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24.5. Clock Selection Control Registers

Register 24.1. CLKSEL: Clock Select

Bit

7

6 5 4 3 2 1

Name

CLKRDY

CLKDIV Reserved CLKSL

Type

R

RwW R RwW

Reset

0

0 1 1 0 1 0

SFR Pag

e = 0x0; SFR Address: 0xA9

Bit

Name

Function

7

CLKRDY

System Clock Divider Clock Ready Flag.

0: The selected clock divide setting has not been applied to the system clock.

1: The selected clock divide setting has been applied to the system clock.

6:4

CLKDIV

Clock Source Divider.

This field controls the divider applied to the clock source selected by CLKSL. The output

of this divider is the system clock (SYSCLK).

000: SYSCLK is equal to selected clock source divided by 1.
001: SYSCLK is equal to selected clock source divided by 2.
010: SYSCLK is equal to selected clock source divided by 4.
011: SYSCLK is equal to selected clock source divided by 8.
100: SYSCLK is equal to selected clock source divided by 16.
101: SYSCLK is equal to selected clock source divided by 32.
110: SYSCLK is equal to selected clock source divided by 64.
111: SYSCLK is equal to selected clock source divided by 128.

Reserved

Must write reset value.

2:0

CLKSL

Clock Source Select.

Selects the oscillator to be used as the undivided system clock source.
000: Clock derived from the internal precision High-Frequency Oscillator.
001: Clock derived from the External Oscillator circuit.

010: Clock derived from the Internal Low Power Oscillator divided by 8.
011: Clock derived from the RTC.

100: Clock derived from the Internal Low Power Oscillator.

101-111: Reserved.
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Register 24.2. PCLKEN: Low Power Peripheral Clock Enable

Bit

7

6 5 4 3 2 1 0

Name

PCLKEN7

PCLKENG6 | PCLKENS | PCLKEN4 | PCLKEN3 | PCLKEN2 | PCLKEN1 | PCLKENO

Type

RwW

RwW RwW RwW RwW RwW RwW RwW

Reset

0

0 0 0 0 0 0 0

SFR Pag

e = 0x0; SFR Address: 0xF6

Bit

Name

Function

7

PCLKEN7

Low Power Active Mode Peripheral Set 3 Enable.

0: Disable clocks of Timer 0, 1, 2, CRCO, C2, RTCO, and Port Match in low power active
mode.

1: Enable clocks of Timer 0, 1, 2, CRCO, C2, RTCO, and Port Match in low power active
mode.

PCLKENG6

Low Power Active Mode Peripheral Set 2 Enable.

0: Disable clocks of PCAO, CS0, and ADCO in low power active mode.
1: Enable clocks of PCAOQ, CSO0, and ADCO in low power active mode.

PCLKEN5S

Low Power Active Mode Peripheral Set 1 Enable.

0: Disable clocks of MACO in low power active mode.
1: Enable clocks of MACO in low power active mode.

PCLKEN4

Low Power Active Mode Peripheral Set O Enable.

0: Disable clocks of UARTO, Timer 3, SPIO, and 12CO0 in low power active mode.
1: Enable clocks of UARTO, Timer 3, SPIO, and 12CO0 in low power active mode.

PCLKENS3

Low Power Idle Mode Peripheral Set 3 Enable.
0: Disable clocks of Timer 0, 1, 2, CRCO, C2, RTCO, and Port Match in low power idle
mode.

1: Enable clocks of Timer 0, 1, 2, CRCO, C2, RTCO, and Port Match in low power idle
mode.

PCLKEN2

Low Power Idle Mode Peripheral Set 2 Enable.

0: Disable clocks of PCAQ, CS0, and ADCO in low power idle mode.
1: Enable clocks of PCAOQ, CS0, and ADCO in low power idle mode.

PCLKEN1

Low Power Idle Mode Peripheral Set 1 Enable.

0: Disable clocks of MACO in low power idle mode.
1: Enable clocks of MACO in low power idle mode.

PCLKENO

Low Power Idle Mode Peripheral Set 0 Enable.

0: Disable clocks of UARTO, Timer 3, SPI0, and 12C0 in low power idle mode.
1: Enable clocks of UARTO, Timer 3, SPI0, and 12C0 in low power idle mode.

248

Rev 1.1

SILICON LABS




Register 24.3. CLKMODE: Clock Mode

Bit 7 6 5 4 3 2 1 0
Name Reserved LPME ECSR FCAM
Type R RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxF7
Bit Name Function
7:3 Reserved | Must write reset value.
2 LPME Low Power Mode Enable.
Setting this bit allows the device to enter low power active/idle mode. PCLKEN settings
are only enabled when this bit is set.
1 ECSR Clock Request Enable.
When this bit is set, the source clocks will only be requested when an incoming request
is active or a peripheral clock is enabled.
0 FCAM Force Clock Tree Enable.
When this bit is set, clock gating will only be performed in idle mode. This allows a user
to have complete access to all SFRs in active mode, but still get the benefits of clock gat-
ing in idle mode.
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24.6. High Frequency Oscillator Registers

Register 24.4. OSCICL: High Frequency Oscillator Calibration

Bit 7 6 5 4 3 0
Name SSE OSsCICL
Type RwW RW
Reset 0 X X X X X
SFR Page = 0x0; SFR Address: OXAF
Bit Name Function
7 SSE Spread Spectrum Enable.
0: Spread Spectrum clock dithering disabled.
1: Spread Spectrum clock dithering enabled.
6:0 OSCICL |Oscillator Calibration.
These bits determine the internal oscillator period. When set to 00000000b, the oscillator
operates at its fastest setting. When set to 11111111b, the oscillator operates at its slow-
est setting. The reset value is factory calibrated to generate an internal oscillator fre-
quency of 24.5 MHz.
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Register 24.5. OSCICN: High Frequency Oscillator Control

Bit 7 6 5 4 3
Name IOSCEN IFRDY Reserved
Type RwW R RW
Reset 0 0 X X X
SFR Page = 0x0; SFR Address: 0xB2
Bit Name Function
7 IOSCEN |High Frequency Oscillator Enable.
0: High Frequency Oscillator disabled.
1: High Frequency Oscillator enabled.
6 IFRDY Internal Oscillator Frequency Ready Flag.
0: High Frequency Oscillator is not running at its programmed frequency.
1: High Frequency Oscillator is running at its programmed frequency.
5:0 Reserved |Must write reset value.
Notes:

1. Read-modify-write operations such as ORL and ANL must be used to set or clear the enable bit of this register.
2. OSCBIAS (REGOCN.4) must be set to 1 before enabling the High Frequency Oscillator.
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24.7. External Oscillator Registers

Register 24.6. OSCXCN: External Oscillator Control

Bit 7 6 5 4 3 2 1 0
Name | XCLKVLD XOSCMD Reserved XFCN
Type R RW RW RW
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: 0xB1
Bit Name Function
7 XCLKVLD |External Oscillator Valid Flag.
Provides External Oscillator status and is valid at all times for all modes of operation
except External CMOS Clock Mode and External CMOS Clock Mode with divide by 2. In
these modes, XCLKVLD always returns 0.
0: External Oscillator is unused or not yet stable.
1: External Oscillator is running and stable.
6:4 XOSCMD | External Oscillator Mode.
000: External Oscillator circuit disabled.
001: Reserved.
010: External CMOS Clock Mode.
011: External CMOS Clock Mode with divide by 2 stage.
100: RC Oscillator Mode.
101: Capacitor Oscillator Mode.
110: Crystal Oscillator Mode.
111: Crystal Oscillator Mode with divide by 2 stage.
3 Reserved | Must write reset value.
2.0 XFCN External Oscillator Frequency Control.
Controls the external oscillator bias current. The value selected for this field depends on
the frequency range of the external oscillator.
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25. SmaRTClock (Real Time Clock, RTCO)

CB8051F97x devices include an ultra low power 32-bit SmaRTClock Peripheral (Real Time Clock) with alarm. The
SmaRTClock has a dedicated 32 kHz oscillator that can be configured for use with or without a crystal. No external
resistor or loading capacitors are required. The on-chip loading capacitors are programmable to 16 discrete levels
allowing compatibility with a wide range of crystals. The SmaRTClock can operate directly from a 0.9-3.6 V battery
voltage and remains operational even when the device goes into its lowest power down mode. C8051F97x devices
also support an ultra low power internal LFO that reduces sleep mode current.

The SmaRTClock allows a maximum of 36 hour 32-bit independent time-keeping when used with a 32.768 kHz
Watch Crystal. The SmaRTClock provides an Alarm and Missing SmaRTClock events, which could be used as
reset or wakeup sources. See Section “27. Reset Sources and Supply Monitor” on page 322 and Section
“16. Power Management” on page 94 for details on reset sources and low-power mode wake-up sources,
respectively.

XTAL4 XTAL3

e T i 1
I SmaRTClock :

I
| * I
LEO Power/ |
l Programmable Load Capacitors Clock |
: Mgmt I
| SmaRTClock Oscillator > 32-Bit - |
| T * SmaRTClock |
| Timer |
I > I
| 2 |
I SmaRTClock State Machine O |
| Wake-Up o |
Interrupt » o |
I # o |,
: Interface |
I Internal CAPTUREN Registers |
| Registers||__RTCOCN |
| RTCOXCN RTCOADR I
| RTCOXCF [ ————— > |
| ALARMN |
| I
| |

Figure 25.1. SmaRTClock Block Diagram
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25.1. SmaRTClock Interface

The SmaRTClock Interface consists of two registers: RTCOADR and RTCODAT. These interface registers are
located on the CIP-51's SFR map and provide access to the SmaRTClock internal registers listed in Table 25.1.
The SmaRTClock internal registers can only be accessed indirectly through the SmaRTClock Interface.

Table 25.1. SmaRTClock Internal Registers

SmaRTClock | SmaRTClock Register Name Description
Address Register
0x00-0x03 CAPTUREN |SmaRTClock Capture Four Registers used for setting the 32-bit
Registers SmaRTClock timer or reading its current value.
0x04 RTCOCN SmaRTClock Control Controls the operation of the SmaRTClock State
Register Machine.
0x05 RTCOXCN |SmaRTClock Oscillator Controls the operation of the SmaRTClock
Control Register Oscillator.
0x06 RTCOXCF |SmaRTClock Oscillator Controls the value of the progammable oscillator
Configuration Register load capacitance and enables/disables AutoStep.
0x08-0x0B ALARMN SmaRTClock Alarm Four registers used for setting or reading the 32-bit
Registers SmaRTClock alarm value.

25.1.1. Using RTCOADR and RTCODAT to Access SmaRTClock Internal Registers

The SmaRTClock internal registers can be read and written using RTCOADR and RTCODAT. The RTCOADR
register selects the SmaRTClock internal register that will be targeted by subsequent reads or writes.
Recommended instruction timing is provided in this section. If the recommended instruction timing is not followed,
then BUSY (RTCOADR.7) should be checked prior to each read or write operation to make sure the SmaRTClock
Interface is not busy performing the previous read or write operation. A SmaRTClock Write operation is initiated by
writing to the RTCODAT register. Below is an example of writing to a SmaRTClock internal register.

1. Poll BUSY (RTCOADR.7) until it returns O or follow recommended instruction timing.

2. Write 0x05 to RTCOADR. This selects the internal RTCOXCN register at SmaRTClock Address 0x05.

3. Write Ox00 to RTCODAT. This operation writes 0x00 to the internal RTCOCN register.

A SmaRTClock Read operation is initiated by setting the SmaRTClock Interface Busy bit. This transfers the
contents of the internal register selected by RTCOADR to RTCODAT. The transferred data will remain in RTCODAT
until the next read or write operation. Below is an example of reading a SmaRTClock internal register.

1. Poll BUSY (RTCOADR.7) until it returns O or follow recommended instruction timing.

Write 0x05 to RTCOADR. This selects the internal RTCOXCN register at SmaRTClock Address 0x05.
Write 1 to BUSY. This initiates the transfer of data from RTCOXCN to RTCODAT.

Poll BUSY (RTCOADR.7) until it returns 0 or follow recommend instruction timing.

Read data from RTCODAT. This data is a copy of the RTCOXCN register.

Note: The RTCOADR and RTCODAT registers will retain their state upon a device reset.

25.1.2. RTCOADR Short Strobe Feature

Reads and writes to indirect SmaRTClock registers normally take 7 system clock cycles. To minimize the indirect
register access time, the Short Strobe feature decreases the read and write access time to 6 system clocks. The
Short Strobe feature is automatically enabled on reset and can be manually enabled/disabled using the SHORT
(RTCOADR.4) control bit.

Recommended Instruction Timing for a single register read with short strobe enabled:

mov RTCOADR, #095h
nop
nop

a s wbn
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nop
mov A, RTCODAT

Recommended Instruction Timing for a single register write with short strobe enabled:

mov RTCOADR, #O0h
mov RTCODAT, #000h
nop

25.1.3. SmaRTClock Interface Autoread Feature

When Autoread is enabled, each read from RTCODAT initiates the next indirect read operation on the SmaRTClock
internal register selected by RTCOADR. Software should set the BUSY bit once at the beginning of each series of
consecutive reads. Software should follow recommended instruction timing or check if the SmaRTClock Interface
is busy prior to reading RTCODAT. Autoread is enabled by setting AUTORD (RTCOADR.6) to logic 1.

25.1.4. RTCOADR Autoincrement Feature

For ease of reading and writing the 32-bit CAPTURE and ALARM values, RTCOADR automatically increments
after each read or write to a CAPTUREN or ALARMN register. This speeds up the process of setting an alarm or
reading the current SmaRTClock timer value. Autoincrement is always enabled.

Recommended Instruction Timing for a multi-byte register read with short strobe and auto read enabled:

mov RTCOADR, #0dOh
nop

nop

nop

mov A, RTCODAT
nop

nop

mov A, RTCODAT
nop

nop

mov A, RTCODAT
nop

nop

mov A, RTCODAT

Recommended Instruction Timing for a multi-byte register write with short strobe enabled:

mov RTCOADR, #010h
mov RTCODAT, #05h
nop
mov RTCODAT, #06h
nop
mov RTCODAT, #07h
nop
mov RTCODAT, #08h
nop

Rev 1.1 255

SILICON LABS



25.2. SmaRTClock Clocking Sources

The SmaRTClock peripheral is clocked from its own timebase, independent of the system clock. The SmaRTClock
timebase can be derived from the internal LFO or the SmaRTClock oscillator circuit, which has two modes of
operation: Crystal Mode, and Self-Oscillate Mode. The oscillation frequency is 32.768 kHz in Crystal Mode and can
be programmed in the range of 10 kHz to 40 kHz in Self-Oscillate Mode. The internal LFO frequency is
16.4 kHz +20%. The frequency of the SmaRTClock oscillator can be measured with respect to another oscillator
using an on-chip timer. See Section “32. Timers (Timer0, Timerl, Timer2, and Timer3)” on page 389 for more
information on how this can be accomplished.

Note: The SmaRTClock timebase can be selected as the system clock and routed to a port pin. See Section “24. Clocking
Sources” on page 241 for information on selecting the system clock source and Section “26. Port I/0 (Port 0, Port 1, Port
2, Port 3, Port 4, Port 5, Port 6, Crossbar, and Port Match)” on page 277 for information on how to route the system clock
to a port pin.

25.2.1. Using the SmaRTClock Oscillator with a Crystal

When using Crystal Mode, a 32.768 kHz crystal should be connected between XTAL3 and XTAL4. No other
external components are required. The following steps show how to start the SmaRTClock crystal oscillator in
software:

1. Configure the XTAL3 and XTAL4 pins for Analog I/O.

Set SmaRTClock to Crystal Mode (XMODE = 1).

Disable Automatic Gain Control (AGCINT) and enable Bias Doubling (BIASX2) for fast crystal startup.
Set the desired loading capacitance (RTCOXCF).

Enable power to the SmaRTClock oscillator circuit (RTCOINT = 1).

Wait 20 ms.

Poll the SmaRTClock Clock Valid Bit (CLKVLD) until the crystal oscillator stabilizes.

Poll the SmaRTClock Load Capacitance Ready Bit (LOADRDY) until the load capacitance reaches its
programmed value.

9. Enable Automatic Gain Control (AGCINT) and disable Bias Doubling (BIASX2) for maximum power
savings.

10. Enable the SmaRTClock missing clock detector.
11. Wait 2 ms.
12. Clear the PMUOCF wake-up source flags.

© N oo~ wN
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25.2.2. Using the SmaRTClock Oscillator in Self-Oscillate Mode

When using Self-Oscillate Mode, the XTAL3 and XTAL4 pins are internally shorted together. The following steps
show how to configure SmaRTClock for use in Self-Oscillate Mode:

1. Set SmaRTClock to Self-Oscillate Mode (XMODE = 0).

2. Set the desired oscillation frequency:
For oscillation at about 20 kHz, set BIASX2 = 0.
For oscillation at about 40 kHz, set BIASX2 = 1.

3. The oscillator starts oscillating instantaneously.
4. Fine tune the oscillation frequency by adjusting the load capacitance (RTCOXCF).
25.2.3. Using the Low Frequency Oscillator (LFO)

The low frequency oscillator provides an ultra low power, on-chip clock source to the SmaRTClock. The typical
frequency of oscillation is 16.4 kHz +20%. No external components are required to use the LFO and the XTAL3
and XTAL4 pins do not need to be shorted together.

The following steps show how to configure SmaRTClock for use with the LFO:
1. Enable and select the Low Frequency Oscillator (LFOINT = 1).
2. The LFO starts oscillating instantaneously.

When the LFO is enabled, the SmaRTClock oscillator increments bit 1 of the 32-bit timer (instead of bit 0). This
effectively multiplies the LFO frequency by 2, making the RTC timebase behave as if a 32.768 kHz crystal is
connected at the output.
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25.2.4. Programmable Load Capacitance

The programmable load capacitance has 16 values to support crystal oscillators with a wide range of
recommended load capacitance. If Automatic Load Capacitance Stepping is enabled, the crystal load capacitors
start at the smallest setting to allow a fast startup time, then slowly increase the capacitance until the final
programmed value is reached. The final programmed loading capacitor value is specified using the LOADCAP bits
in the RTCOXCF register. The LOADCAP setting specifies the amount of on-chip load capacitance and does not
include any stray PCB capacitance. Once the final programmed loading capacitor value is reached, the LOADRDY
flag will be set by hardware to logic 1.

When using the SmaRTClock oscillator in Self-Oscillate mode, the programmable load capacitance can be used to
fine tune the oscillation frequency. In most cases, increasing the load capacitor value will result in a decrease in
oscillation frequency.Table 25.2 shows the crystal load capacitance for various settings of LOADCAP.

Table 25.2. SmaRTClock Load Capacitance Settings

LOADCAP Crystal Load Capacitance | Equivalent Capacitance seen on
XTAL3 and XTAL4
0000 4.0 pF 8.0 pF
0001 4.5 pF 9.0 pF
0010 5.0 pF 10.0 pF
0011 5.5 pF 11.0 pF
0100 6.0 pF 12.0 pF
0101 6.5 pF 13.0 pF
0110 7.0 pF 14.0 pF
0111 7.5 pF 15.0 pF
1000 8.0 pF 16.0 pF
1001 8.5 pF 17.0 pF
1010 9.0 pF 18.0 pF
1011 9.5 pF 19.0 pF
1100 10.5 pF 21.0 pF
1101 11.5 pF 23.0 pF
1110 12.5 pF 25.0 pF
1111 13.5 pF 27.0 pF
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25.2.5. Automatic Gain Control (Crystal Mode Only) and SmaRTClock Bias Doubling

Automatic Gain Control allows the SmaRTClock oscillator to trim the oscillation amplitude of a crystal in order to
achieve the lowest possible power consumption. Automatic Gain Control automatically detects when the oscillation
amplitude has reached a point where it safe to reduce the drive current, therefore, it may be enabled during crystal
startup. It is recommended to enable Automatic Gain Control in most systems which use the SmaRTClock
oscillator in Crystal Mode. The following are recommended crystal specifications and operating conditions when
Automatic Gain Control is enabled:

m ESR <50 kQ

m Load Capacitance < 10 pF
Supply Voltage < 3.0 V

m Temperature > -20 °C

When using Automatic Gain Control, it is recommended to perform an oscillation robustness test to ensure that the
chosen crystal will oscillate under the worst case condition to which the system will be exposed. The worst case
condition that should result in the least robust oscillation is at the following system conditions: lowest temperature,
highest supply voltage, highest ESR, highest load capacitance, and lowest bias current (AGC enabled, Bias
Double Disabled).

To perform the oscillation robustness test, the SmaRTClock oscillator should be enabled and selected as the
system clock source. Next, the SYSCLK signal should be routed to a port pin configured as a push-pull digital
output. The positive duty cycle of the output clock can be used as an indicator of oscillation robustness. As shown
in Figure 25.2, duty cycles less than 55% indicate a robust oscillation. As the duty cycle approaches 60%,
oscillation becomes less reliable and the risk of clock failure increases. Increasing the bias current (by disabling
AGC) will always improve oscillation robustness and will reduce the output clock’s duty cycle. This test should be
performed at the worst case system conditions, as results at very low temperatures or high supply voltage will vary
from results taken at room temperature or low supply voltage.

Low Risk of Clock | High Risk ¢

Safe Operating Zone Failure F ol

25% 55% 60% Duty Cycle
Figure 25.2. Interpreting Oscillation Robustness (Duty Cycle) Test Results

As an alternative to performing the oscillation robustness test, Automatic Gain Control may be disabled at the cost
of increased power consumption (approximately 200 nA). Disabling Automatic Gain Control will provide the crystal
oscillator with higher immunity against external factors which may lead to clock failure. Automatic Gain Control
must be disabled if using the SmaRTClock oscillator in self-oscillate mode.

Table 25.3 shows a summary of the oscillator bias settings. The SmaRTClock Bias Doubling feature allows the
self-oscillation frequency to be increased (almost doubled) and allows a higher crystal drive strength in crystal
mode. High crystal drive strength is recommended when the crystal is exposed to poor environmental conditions
such as excessive moisture. SmaRTClock Bias Doubling is enabled by setting BIASX2 (RTCOXCN.5) to 1.
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Table 25.3. SmaRTClock Bias Settings

Mode Setting Power
Consumption
Crystal Bias Double Off, AGC On Lowest
600 nA
Bias Double Off, AGC Off Low
800 nA
Bias Double On, AGC On High
Bias Double On, AGC Off Highest
Self-Oscillate Bias Double Off Low
Bias Double On High
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25.2.6. Missing SmaRTClock Detector

The missing SmaRTClock detector is a one-shot circuit enabled by setting MCLKINT (RTCOCN.6) to 1. When the
SmaRTClock Missing Clock Detector is enabled, OSCFAIL (RTCOCN.5) is set by hardware if SmaRTClock
oscillator remains high or low for more than 100 ps.

A SmaRTClock Missing Clock detector timeout can trigger an interrupt, wake the device from a low power mode, or
reset the device. See Section “13. Interrupts” on page 79, Section “16. Power Management” on page 94, and
Section “27. Reset Sources and Supply Monitor” on page 322 for more information.

Note: The SmaRTClock Missing Clock Detector should be disabled when making changes to the oscillator settings in
RTCOXCN.

25.2.7. SmaRTClock Oscillator Crystal Valid Detector

The SmaRTClock oscillator crystal valid detector is an oscillation amplitude detector circuit used during crystal
startup to determine when oscillation has started and is nearly stable. The output of this detector can be read from
the CLKVLD bit (RTX0XCN.4).

Notes:
1. The CLKVLD bit has a blanking interval of 2 ms. During the first 2 ms after turning on the crystal oscillator, the output of
CLKVLD is not valid.
2. This SmaRTClock crystal valid detector (CLKVLD) is not intended for detecting an oscillator failure. The missing
SmaRTClock detector (CLKFAIL) should be used for this purpose.

25.3. SmaRTClock Timer and Alarm Function

The SmaRTClock timer is a 32-bit counter that, when running (RTCOTR = 1), is incremented every SmaRTClock
oscillator cycle. The timer has an alarm function that can be set to generate an interrupt, wake the device from a
low power mode, or reset the device at a specific time. See Section “13. Interrupts” on page 79, Section “16. Power
Management” on page 94, and Section “27. Reset Sources and Supply Monitor” on page 322 for more information.

The SmaRTClock timer includes an Auto Reset feature, which automatically resets the timer to zero one
SmaRTClock cycle after an alarm occurs. When using Auto Reset, the Alarm match value should always be set to
1 count less than the desired match value. Auto Reset can be enabled by writing a 1 to ALRM (RTCOCN.2).

25.3.1. Setting and Reading the SmaRTClock Timer Value

The 32-bit SmaRTClock timer can be set or read using the six CAPTURER internal registers. Note that the timer
does not need to be stopped before reading or setting its value. The following steps can be used to set the timer
value:

1. Write the desired 32-bit set value to the CAPTURERN registers.
2. Write 1 to RTCOSET. This will transfer the contents of the CAPTURER registers to the SmaRTClock timer.
3. Operation is complete when RTCOSET is cleared to 0 by hardware.
The following steps can be used to read the current timer value:
1. Write 1 to RTCOCAP. This will transfer the contents of the timer to the CAPTURER registers.
2. Poll RTCOCAP until it is cleared to 0 by hardware.
3. A snapshot of the timer value can be read from the CAPTURER registers
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25.3.2. Setting a SmaRTClock Alarm

The SmaRTClock alarm function compares the 32-bit value of SmaRTClock Timer to the value of the ALARMn
registers. An alarm event is triggered if the SmaRTClock timer is equal to the ALARMN registers. If Auto Reset is
enabled, the 32-bit timer will be cleared to zero one SmaRTClock cycle after the alarm event.

The SmaRTClock alarm event can be configured to reset the MCU, wake it up from a low power mode, or generate
an interrupt. See Section “13. Interrupts” on page 79, Section “16. Power Management” on page 94, and Section
“27. Reset Sources and Supply Monitor” on page 322 for more information.

The following steps can be used to set up a SmaRTClock Alarm:
1. Disable SmaRTClock Alarm Events (RTCOAINT = 0).
2. Set the ALARMnN registers to the desired value.
3. Enable SmaRTClock Alarm Events (RTCOAINT = 1).

When using the SmaRTClock in Self-Oscillate or Crystal Modes, the alarm is triggered every N + 2 RTC cycles
except for the first alarm, which triggers after N RTC cycles. N is the value written into the 32-bit ALARM register.

When using the SmaRTClock with the internal LFO, the alarm is triggered every N/2 + 2 RTC cycles except for the
first alarm, which triggers after N/2 RTC cycles. N is the value written into the 32-bit ALARM register. If N is odd,
then the hardware uses N/2 rounded down.

Notes:

1. The ALRM bit, which is used as the SmaRTClock Alarm Event flag, is cleared by disabling SmaRTClock Alarm Events
(RTCOAINT = 0).

2. If AutoReset is disabled, disabling (RTCOAINT = 0) then Re-enabling Alarm Events (RTCOAINT = 1) after a
SmaRTClock Alarm without modifying ALARMN registers will automatically schedule the next alarm after 232
SmaRTClock cycles (approximately 36 hours using a 32.768 kHz crystal).

3. The SmaRTClock Alarm Event flag will remain asserted for a maximum of one SmaRTClock cycle. See Section
“16. Power Management” on page 94 for information on how to capture a SmaRTClock Alarm event using a flag which is
not automatically cleared by hardware.

4. When an external clock is used as the SmaRTClock source, the system clock speed must be more than 9 times the
SmaRTClock speed for the SmaRTClock alarm functionality to work correctly.

5. When an external clock source is used as the SmaRTClock source, the system clock speed must be more than 5 times
the SmaRTClock speed for the SmaRTClock alarm functionality to work correctly.
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25.3.3. Software Considerations for Using the SmaRTClock Timer and Alarm

The SmaRTClock timer and alarm have two operating modes to suit varying applications. The two modes are
described below:

Mode 1:

The first mode uses the SmaRTClock timer as a perpetual timebase which is never reset to zero. Every 36 hours,
the timer is allowed to overflow without being stopped or disrupted. The alarm interval is software managed and is
added to the ALRMn registers by software after each alarm. This allows the alarm match value to always stay
ahead of the timer by one software managed interval. If software uses 32-bit unsigned addition to increment the
alarm match value, then it does not need to handle overflows since both the timer and the alarm match value will
overflow in the same manner.

This mode is ideal for applications which have a long alarm interval (e.g., 24 or 36 hours) and/or have a need for a
perpetual timebase. An example of an application that needs a perpetual timebase is one whose wake-up interval
is constantly changing. For these applications, software can keep track of the number of timer overflows in a 16-bit
variable, extending the 32-bit (36 hour) timer to a 48-bit (272 year) perpetual timebase.

Mode 2:

The second mode uses the SmaRTClock timer as a general purpose up counter which is auto reset to zero by
hardware after each alarm. The alarm interval is managed by hardware and stored in the ALRMn registers.
Software only needs to set the alarm interval once during device initialization. After each alarm, software should
keep a count of the number of alarms that have occurred in order to keep track of time.

This mode is ideal for applications that require minimal software intervention and/or have a fixed alarm interval.
This mode is the most power efficient since it requires less CPU time per alarm.

Important Note: The alarm interval will be 2 more SmaRTClock cycles than the expected value because 1 cycle
holds the alarm signal high and another cycle is used to reset the alarm.
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25.4. RTCO Control Registers

Register 25.1. RTCOADR: RTC Address

Bit 7 6 5 4 3 2 1 0
Name BUSY AUTORD | Reserved SHORT ADDR
Type RW RW R RW RW
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: OXAC
Bit Name Function
7 BUSY RTC Interface Busy Indicator.
This bit indicates the RTC interface status. Writing a 1 to this bit initiates an indirect read.
6 AUTORD |RTC Interface Autoread Enable.
When autoread is enabled, firmware should set the BUSY bit once at the beginning of
each series of consecutive reads. Firmware must check if the RTC Interface is busy prior
to reading RTCODAT.
0: Disable autoread. Firmware must write the BUSY bit for each RTC indirect read oper-
ation.
1: Enable autoread. The next RTC indirect read operation is initiated when firmware
reads the RTCODAT register.
Reserved |Must write reset value.
4 SHORT |Short Strobe Enable.
Enables/disables the Short Strobe feature.
0: Disable short strobe.
1: Enable short strobe.
3.0 ADDR RTC Indirect Register Address.
Sets the currently-selected RTC internal register.
Note: The ADDR bits increment after each indirect read/write operation that targets a CAPTUREN or ALARMn internal RTC
register.
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Register 25.2. RTCODAT: RTC Data

Bit 7 6 5 4 3 2 1
Name RTCODAT
Type RW
Reset 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address: OXAD
Bit Name Function
7:0 RTCODAT |RTC Data.

Holds data transferred to/from the internal RTC register selected by RTCOADR.

Note: Read-modify-write instructions (orl, anl, etc.) should not be used on this register.
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Register 25.3. RTCOCN: RTC Control

Bit 7 6 5 4 3 2 1 0
Name | RTCOEN | MCLKEN | OSCFAIL | RTCOTR | RTCOAEN ALRM RTCOSET | RTCOCAP
Type RW RW RW RW RW RW RW RW
Reset 0 0 X 0 0 0 0 0

Indirect Address: 0x04
Bit Name Function
7 RTCOEN RTC Enable.
Enables/disables the RTC oscillator and associated bias currents.
0: Disable RTC oscillator.
1: Enable RTC oscillator.
6 MCLKEN |Missing RTC Detector Enable.
Enables/disables the missing RTC detector.
0: Disable missing RTC detector.
1: Enable missing RTC detector.
5 OSCFAIL |RTC Oscillator Fail Event Flag.
Set by hardware when a missing RTC detector timeout occurs. Must be cleared by firm-
ware. The value of this bit is not defined when the RTC oscillator is disabled.
4 RTCOTR |RTC Timer Run Control.
Controls if the RTC timer is running or stopped (holds current value).
0: RTC timer is stopped.
1: RTC timer is running.
3 RTCOAEN |RTC Alarm Enable.
Enables/disables the RTC alarm function. Also clears the ALRM flag.
0: Disable RTC alarm.
1: Enable RTC alarm.
2 ALRM RTC Alarm Event Flag and Auto Reset Enable.
Reads return the state of the alarm event flag.
Writes enable/disable the Auto Reset function.
1 RTCOSET |RTC Timer Set.
Writing 1 initiates a RTC timer set operation. This bit is cleared to 0 by hardware to indi-
cate that the timer set operation is complete.
0 RTCOCAP |RTC Timer Capture.

Writing 1 initiates a RTC timer capture operation. This bit is cleared to 0 by hardware to
indicate that the timer capture operation is complete.

Note: The ALRM flag will remain asserted for a maximum of one RTC cycle.
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Register 25.4. RTCOXCN: RTC Oscillator Control

Bit 7 6 5 4 3 2 1
Name AGCEN XMODE BIASX2 CLKVLD LFOEN Reserved
Type RW RW RW R R R
Reset 0 0 0 0 0 0 0

Indirect Address: 0x05

Bit Name Function

7 AGCEN RTC Oscillator Automatic Gain Control (AGC) Enable.
0: Disable AGC.
1: Enable AGC.

6 XMODE RTC Oscillator Mode.
Selects Crystal or Self Oscillate Mode.
0: Self-Oscillate Mode selected.
1: Crystal Mode selected.

5 BIASX2 RTC Oscillator Bias Double Enable.
Enables/disables the Bias Double feature.
0: Disable the Bias Double feature.
1: Enable the Bias Double feature.

4 CLKVLD |RTC Oscillator Crystal Valid Indicator.
Indicates if oscillation amplitude is sufficient for maintaining oscillation.
0: Oscillation has not started or oscillation amplitude is too low to maintain oscillation.
1: Sufficient oscillation amplitude detected.

3 LFOEN Low Frequency Oscillator Enable and Select.
Overrides XMODE and selects the internal low frequency oscillator (LFOSC) as the RTC
oscillator source.
0: XMODE determines RTC oscillator source.
1: LFOSC enabled and selected as RTC oscillator source.

2.0 Reserved | Must write reset value.

SILICON LABS

Rev 1.1

267



Register 25.5. RTCOXCF: RTC Oscillator Configuration

Bit 7 6 5 4 3 2 1 0
Name | AUTOSTP | LOADRDY Reserved LOADCAP
Type RwW R R RW
Reset 0 0 0 0 X X X X
Indirect Address: 0x06
Bit Name Function
7 AUTOSTP |Automatic Load Capacitance Stepping Enable.
Enables/disables automatic load capacitance stepping.
0: Disable load capacitance stepping.
1: Enable load capacitance stepping.
6 LOADRDY |Load Capacitance Ready Indicator.
Set by hardware when the load capacitance matches the programmed value.
0: Load capacitance is currently stepping.
1: Load capacitance has reached it programmed value.
5:4 Reserved | Must write reset value.
3.0 LOADCAP |Load Capacitance Programmed Value.

Holds the desired load capacitance value.
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Register 25.6. CAPTUREO: RTC Timer Capture O

Bit 7 6 5 4 3
Name CAPTUREO
Type RW
Reset 0 0 0 0 0
Indirect Address: 0x00
Bit Name Function
7:0 CAPTUREO |RTC Timer Capture 0.

The CAPTURES3-CAPTUREDQO registers are used to read or set the 32-bit RTC timer. Data

is transferred to or from the RTC timer when the RTCOSET or RTCOCAP bits are set.
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Register 25.7. CAPTUREL: RTC Timer Capture 1

Bit 7 6 5 4 3 0
Name CAPTURE1
Type RW
Reset 0 0 0 0 0 0
Indirect Address: 0x01
Bit Name Function
7:0 CAPTUREL |RTC Timer Capture 1.
The CAPTURES3-CAPTUREDQO registers are used to read or set the 32-bit RTC timer. Data
is transferred to or from the RTC timer when the RTCOSET or RTCOCAP bits are set.
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Register 25.8. CAPTUREZ2: RTC Timer Capture 2

Bit 7 6 5 4 3
Name CAPTURE2
Type RW
Reset 0 0 0 0 0
Indirect Address: 0x02
Bit Name Function
7:0 CAPTURE2 |RTC Timer Capture 2.

The CAPTURES3-CAPTUREDQO registers are used to read or set the 32-bit RTC timer. Data

is transferred to or from the RTC timer when the RTCOSET or RTCOCAP bits are set.
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Register 25.9. CAPTURE3: RTC Timer Capture 3

Bit 7 6 5 4 3 0
Name CAPTURE3
Type RW
Reset 0 0 0 0 0 0
Indirect Address: 0x03
Bit Name Function
7:0 CAPTURES3 |RTC Timer Capture 3.
The CAPTURES3-CAPTUREDQO registers are used to read or set the 32-bit RTC timer. Data
is transferred to or from the RTC timer when the RTCOSET or RTCOCAP bits are set.
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Register 25.10. ALARMO: RTC Alarm Programmed Value O

Bit 7 4 3
Name ALARMO
Type RW
Reset 0 0 0
Indirect Address: 0x08
Bit Name Function
7.0 ALARMO |RTC Alarm Programmed Value 0.

The ALARM3-ALARMO registers are used to set an alarm event for the RTC timer. The
RTC alarm should be disabled (RTCOAEN=0) when updating these registers.
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Register 25.11. ALARM1: RTC Alarm Programmed Value 1

Bit 7 4 3 0
Name ALARM1
Type RW
Reset 0 0 0 0
Indirect Address: 0x09
Bit Name Function
7:0 ALARM1 |RTC Alarm Programmed Value 1.
The ALARM3-ALARMO registers are used to set an alarm event for the RTC timer. The
RTC alarm should be disabled (RTCOAEN=0) when updating these registers.
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Register 25.12. ALARM2: RTC Alarm Programmed Value 2

Bit 7 4 3
Name ALARM2
Type RW
Reset 0 0 0
Indirect Address: 0x0A
Bit Name Function
7:0 ALARM2 |RTC Alarm Programmed Value 2.

The ALARM3-ALARMO registers are used to set an alarm event for the RTC timer. The
RTC alarm should be disabled (RTCOAEN=0) when updating these registers.
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Register 25.13. ALARMS3: RTC Alarm Programmed Value 3

Bit 7 4 3 0
Name ALARM3
Type RW
Reset 0 0 0 0
Indirect Address: 0x0OB
Bit Name Function
7.0 ALARM3 |RTC Alarm Programmed Value 3.
The ALARM3-ALARMO registers are used to set an alarm event for the RTC timer. The
RTC alarm should be disabled (RTCOAEN=0) when updating these registers.
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26. Port I/O (Port 0, Port 1, Port 2, Port 3, Port 4, Port 5, Port 6, Crossbar,
and Port Match)

Digital and analog resources on the C8051F97x family are externally available on the device’s multi-purpose /0
pins. Port pins P0.0-P2.7 can be defined as general-purpose /O (GPIO), assigned to one of the internal digital
resources through the crossbar, or assigned to an analog function. Port pins P3.0-P6.1 can be used as GPIO. Port
pin P5.2 is shared with the C2 Interface Data signal (C2D). The designer has complete control over which functions
are assigned, limited only by the number of physical I/O pins. This resource assignment flexibility is achieved
through the use of a priority crossbar decoder. Note that the state of a port 1/O pin can always be read in the
corresponding port latch, regardless of the crossbar settings.

The crossbar assigns the selected internal digital resources to the I/O pins based on the Priority Decoder
(Figure 26.2 and Figure 26.3). The registers XBR0O and XBR1 are used to select internal digital functions.

The port 1/0 cells are configured as either push-pull or open-drain in the Port Output Mode registers (PNMDOUT,
where n = 0,1). Additionally, each bank of port pins (PO, P1, P2, P3, P4, and P5) have two selectable drive strength
settings. The P6 pins only support digital open-drain mode and cannot be configured as digital push-pull pins.

2
SMBuUSO  [€—4—> i Porto  [—% P00
f Prlogty C;ossbar < » control & E
SPI0  [—F4—> ecoder Config | = g po.7
UARTO  —%—» Port1 [~g e PO
—> <€ »! Control & -
1 Config < P1.7
SYSCLK |—*4—» '
3 O Portz | & P20
PCA (CEXn) |[«—F4> < »| Control& | @
1 Config R P2.7
PCA (ECI) |€&—F4~— cora  |—= P30
[ ]
: 1 Control & |
Timer0  |[€&——4— Port Match <« Sggﬁg ® w3
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Figure 26.1. Port I/O Functional Block Diagram
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26.1. General Port I/O Initialization

Port 1/O initialization consists of the following steps:
1. Select the input mode (analog or digital) for all port pins, using the Port Input Mode register (PnMDIN).

2. Select the output mode (open-drain or push-pull) for all port pins, using the Port Output Mode register
(PnMDOUT).

3. Select any pins to be skipped by the 1/0O crossbar using the Port Skip registers (PnSKIP).
4. Assign port pins to desired peripherals.
5. Enable the crossbar (XBARE = ‘1").

All port pins must be configured as either analog or digital inputs. Any pins to be used as Comparator or ADC
inputs should be configured as an analog inputs. When a pin is configured as an analog input, its weak pullup,
digital driver, and digital receiver are disabled. This process saves power and reduces noise on the analog input.
Pins configured as digital inputs may still be used by analog peripherals; however this practice is not
recommended.

Additionally, all analog input pins should be configured to be skipped by the crossbar (accomplished by setting the
associated bits in PnSKIP). Port input mode is set in the PNMDIN register, where a ‘1’ indicates a digital input, and
a ‘0’ indicates an analog input. All pins default to digital inputs on reset.

The output driver characteristics of the 1/0 pins are defined using the Port Output Mode registers (PNMDOUT).
Each port output driver can be configured as either open drain or push-pull. This selection is required even for the
digital resources selected in the XBRn registers, and is not automatic. When the WEAKPUD bit in XBR1 is ‘0", a
weak pullup is enabled for all Port I/O configured as open-drain. WEAKPUD does not affect the push-pull Port 1/O.
Furthermore, the weak pullup is turned off on an output that is driving a ‘0’ to avoid unnecessary power dissipation.

Registers XBR0O and XBR1 must be loaded with the appropriate values to select the digital I/O functions required
by the design. Setting the XBARE bit in XBR2 to ‘1’ enables the crossbar. Until the crossbar is enabled, the
external pins remain as standard port /O (in input mode), regardless of the XBRn Register settings. For given
XBRn Register settings, one can determine the 1/0O pin-out using the Priority Decode Table; as an alternative,
Silicon Labs provides configuration utility software to determine the port I/O pin-assignments based on the
crossbar register settings.

The crossbar must be enabled to use port pins as standard port I/O in output mode. Port output drivers of all
crosshar pins are disabled whenever the crossbar is disabled.
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26.2. Assigning Port I/0O Pins to Analog and Digital Functions

Port 1/0 pins can be assigned to various analog, digital, and external interrupt functions. The port pins assigned to
analog functions should be configured for analog 1/0O, and port pins assigned to digital or external interrupt
functions should be configured for digital I/O.

26.2.1. Assigning Port I/0O Pins to Analog Functions

Table 26.1 shows all available analog functions that require port I/O assignments. Table 26.1 shows the potential
mapping of port I/O to each analog function.

Table 26.1. Port I/O Assignment for Analog Functions

Analog Function Potentially Assignable Port Pins SFR(s) used for
Assignment
QFN-48 QFN-32 QFN-24
ADC Input P0.0 — P5.2 P0.0 — P3.2, P0.0 — P2.1, PnMDIN, AMUXOPnN,
P5.2 P5.2 Pn, ADCO Registers
Capacitive Sense Input P0.0 - P5.2 P0.0 - P3.2, P0.0 — P2.1, PnMDIN, AMUXOPn,
P5.2 P5.2 Pn, CSO Registers
Voltage Reference (VREF) PO0.0 P0.0 P0.0 REFOCN, PnSKIP, P0.0
bit set, PnMDIN
External Oscillator Input (XTAL1) P1.0 P0O.5 OSCXCN, AMUXOPn
(cleared), Pn bit set,
PnMDIN
External Oscillator Input (XTAL2) P1.1 P0.6 OSCXCN, AMUXO0Pn
(cleared), P0.1 bit set,
PnMDIN
SmaRTClock Oscillator Input P0.6 PO0.3 RTCOCN, AMUXO0Pn
(XTAL3) (cleared), P0.0 bit set,
PnMDIN
SmaRTClock Oscillator Input P0.7 PO0.4 RTCOCN, AMUXO0Pn
(XTAL4) (cleared), P0.1 bit set,
PnMDIN
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26.2.2. Assigning Port I/O Pins to Digital Functions

Any port pins not assigned to analog functions may be assigned to digital functions or used as GPIO. Most digital
functions rely on the crossbar for pin assignment; however, some digital functions bypass the crossbar in a manner
similar to the analog functions listed above. Table 26.2 shows all digital functions available through the crossbar
and the potential mapping of port I/O to each function.

Table 26.2. Port 1/0O Assignment for Digital Functions

Digital Function Potentially Assignable Port Pins SFR(s) Used for
Assighment
QFN-48 QFN-32 QFN-24
SMBus0, UARTO, SPI0, SYSCLK, Any port pin available for assignment by the XBRO, XBR1, XBR2

PCAO (CEX0-2 and ECI), TO, or T1. crossbar. This includes P0.0 — P2.7 pins which
have their PnSKIP bit set to ‘0'.

Any pin used for GPIO P0.0 — P5.2, P0.0 — P3.2, P0.0 — P2.1, POSKIP, P1SKIP,
P6.0 — P6.1 P5.2, P5.2, P2SKIP
P6.0 — P6.1 P6.0 - P6.1

26.2.3. Assigning Port I/O Pins to Fixed Digital Functions

Fixed digital functions include external clock input as well as external event trigger functions, which can be used to
trigger events such as an ADC conversion, fire an interrupt or wake the device from idle mode when a transition
occurs on a digital I/O pin. The fixed digital functions do not require dedicated pins and will function on both GPIO
pins and pins in use by the crossbar. Fixed digital functions cannot be used on pins configured for analog 1/0.
Table 26.3 shows all available fixed digital functions and the potential mapping of port I/O to each function.

Table 26.3. Port I/O Assignment for Fixed Digital Functions

Function Potentially Assignable Port Pins SFR(s) used for
Assignment
QFN-48 QFN-32 QFN-24

External Interrupt O P0.0 - PO.7 ITO1LCF

External Interrupt 1 P0.0 - PO.7 ITO1CF

Conversion Start (CNVSTR) P0.6 ADCOCN

Port Match P0.0 - P2.7 P0.0 - P2.7 P0.0 - P2.1 POMASK, POMAT
P1MASK, PIMAT
P2MASK, P2MAT

I2C Slave 0 P6.0, P6.1 [2COCN
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26.3. Priority Crossbar Decoder

The priority crossbar decoder assigns a priority to each 1/0O function in order from top to bottom. When a digital
resource is selected, the least-significant unassigned port pin is assigned to that resource. If a port pin is assigned,
the crossbar skips that pin when assigning the next selected resource. Additionally, the crossbar will skip port pins
whose associated bits in the PnSKIP registers are set. The PnSKIP registers allow software to skip port pins that
are to be used for analog input, dedicated functions, or GPIO.

Important Note on Crossbar Configuration: If a port pin is claimed by a peripheral without use of the crossbar,
its corresponding PnSKIP bit should be set. This applies to P0.0 if VREF is used, XTAL1, XTAL2, XTAL3, or XTAL4
pins on a QFN-32 or QFN-48 package, PO0.6 if the ADC is configured to use the external conversion start signal
(CNVSTR), and any selected ADC or comparator inputs. The crossbar skips selected pins as if they were already
assigned, and moves to the next unassigned pin.

Figure 26.2 shows all of the potential peripheral-to-pin assignments available to the crossbar. Note that this does
not mean any peripheral can always be assigned to the highlighted pins. The actual pin assignments are
determined by the priority of the enabled peripherals.

Port PO P1 P2
PnNumber| 0|1 1|2|3|4|5|6|7[0|1({2[3(4(5(6(7|0(1|2|3|4|5|6|7| X| X| X]| X
w =
< IS SIS S| <
Q2N-24Pa:kage§ g ZIZIZ2I212|2]2
o SO = <t
v 2|2 |2
w S I B
QAN-32 Package | LT IZR %:
> X | X |x k&
t R5|3 3|2
QFN48Package | ¢ QT |Z |2
> R3[% < [x
SVBO-SDA
SMBO-SCL
UARTO-TX
UARTO-RX
SPIO-SCK IS
[}
SPIO-MSO g
SPIOMOSI O
c
SPIO-NSS ©
Q@
SYSaK 3
PGB0 g
PCAO-CEXL E
o
PCAO-CEX2 2
(2]
PCAO-ECI £
o
Timer0-TO
Timerl-T1
. _ . |0]0|0O|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO]|O
Pin Skip Settings
POSKIP P1SKIP P2SKIP
The crossbar peripherals are assigned in priority order fromtop to bottom
I These boxes represent Port pins which can potentially be assigned to a peripheral
[0 specal Fu*(ﬂajSigr‘erarerUaSgethkeumeﬂwdgﬁsaeerwedleCrossbarﬂwdberTamallyoorﬁngedtoédpﬂ‘e
corresponding port pins.
[ Pins can be “skipped"” by setting the comresponding bit in PSKIP to 1.
*NSSis only pinned out when the SP! is in4-wire mode.

Figure 26.2. Crossbar Priority Decoder—Possible Pin Assignments
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Registers XBR0O and XBR1are used to assign the digital I/O resources to the physical I/O port pins. Note that when
the SMBus is selected, the crossbar assigns both pins associated with the SMBus (SDA and SCL); when UARTO is
selected, the crossbar assigns both pins associated with UARTO (TX and RX). Standard port I/Os appear
contiguously after the prioritized functions have been assigned.

Figure 26.3 shows an example of the resulting pin assignments of the device with SMBus0, SPIO, and two
channels of PCAO enabled and P0.3, P0.4, P1.0, and P1.1 skipped (POSKIP = 0x18, P1SKIP = 0x03). SMBusO is
the highest priority and it will be assigned first. The next-highest enabled peripheral is SPI0. P0.2 is available, so
SPI0 takes this pin. The next pins, MISO, MOSI, and NSS are routed to P0.5, P0.6, and PO0.7, respectively,
because P0.3 and P0.4 are skipped. The PCA0 CEX0 and CEX1lare then routed to P1.2 and P1.3. The other pins
on the device are available for use as general-purpose digital /0O or analog functions.

Port PO P1 P2 P3| P4
PnNunber( 0| 1(2|3(4|5|6|7|0(1(2|3(4|5|6|7|0(1|2(3|4|5|6|7| X | X | X| X
w =
IS K K K| <
Q|=N24Pad<age§ g SIZIZIZIZIZ]Z2
°© <L g
N Z|Z2|Z2
L 9132 RE
QN3 Padkage | E 2R g
> XX [% k&
. REIS ||
QANH8 Packace | B <22
> k3% [x [Xx
SVBO-SDA
SVBO-SCL
UARTO-TX
UARTO-RX
SPIOSCK . 8
(2]
SPIOMSO é)
EVes O
=
SPIO-NSS* 8
SYSaK s
PGB0 g
PCAO-CEXL g
PCAO-CEX2 b4
%)
PCAO-ECI £
o
Timer0-TO
Timerl-T1
_|oJoJola][1]o]o]o[a]1]o]o]o]o]o]o]o]o]0]0]0]0]0]0
Pin Skip Settings
POSKIP P1SKIP P2SKIP
The crossbar peripherals are assigned in priority order fromtop to bottom
M These boxes represent Port pins which can potentially be assigned to a peripheral
[J Spedial Function Signals are not assigned by the crossbar. WWhen these signals are enabled, the Qrassbar should be menually configured to skip the
corresponding port pins.
[J Pins can be “skipped” by setting the corresponding bit in PASKIP to 1.
*NSSis only pinned out when the SPI is in4-wire nmode.

Figure 26.3. Crossbar Priority Decoder Example

Note: The SPI can be operated in either 3-wire or 4-wire modes, pending the state of the NSSMD1-NSSMDO bits
in register SPIOCN. According to the SPI mode, the NSS signal may or may not be routed to a port pin.
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26.4. Port I/O Modes of Operation

Port pins are configured by firmware as digital or analog 1/0 using the PNMDIN registers. On reset, all port I/O cells
default to a high impedance state with weak pull-ups enabled. Until the crossbar is enabled, both the high and low
port I/O drive circuits are explicitly disabled on all crossbar pins. Port pins configured as digital I/O may still be used
by analog peripherals; however, this practice is not recommended and may result in measurement errors.

26.4.1. Configuring Port Pins For Analog Modes

Any pins to be used for analog functions should be configured for analog mode. When a pin is configured for
analog I/0, its weak pullup, digital driver, and digital receiver are disabled. Port pins configured for analog functions
will always read back a value of ‘0’ in the corresponding Pn Port Latch register. To configure a pin as analog, the
following steps should be taken:

1. Clear the bit associated with the pin in the PNMDIN register to ‘0’. This selects analog mode for the pin.
2. Set the bit associated with the pin in the Pn register to ‘1’.

3. Skip the bit associated with the pin in the PnSKIP register to ensure the crossbar does not attempt to
assign a function to the pin.

26.4.2. Configuring Port Pins For Digital Modes

Any pins to be used by digital peripherals or as GPIO should be configured as digital /O (PnMDIN.n =‘1"). For
digital /0 pins, one of two output modes (push-pull or open-drain) must be selected using the PnMDOUT registers.

Push-pull outputs (PNMDOUT.n = ‘1’) drive the port pad to the supply rails based on the output logic value of the
port pin. Open-drain outputs have the high side driver disabled; therefore, they only drive the port pad to the low-
side rail when the output logic value is ‘0’ and become high impedance inputs (both high low drivers turned off)
when the output logic value is ‘1’.

When a digital I/O cell is placed in the high impedance state, a weak pull-up transistor pulls the port pad to the high-
side rail to ensure the digital input is at a defined logic state. Weak pull-ups are disabled when the 1/O cell is driven
low to minimize power consumption, and they may be globally disabled by setting WEAKPUD to ‘1. The user
should ensure that digital I/O are always internally or externally pulled or driven to a valid logic state to minimize
power consumption. Port pins configured for digital I/O always read back the logic state of the port pad, regardless
of the output logic value of the port pin.

To configure a pin as digital input:
1. Set the bit associated with the pin in the PNMDIN register to ‘1. This selects digital mode for the pin.

2. Clear the bit associated with the pin in the PnMDOUT register to ‘0’. This configures the pin as open-drain.

3. Set the bit associated with the pin in the Pn register to ‘1’. This tells the output driver to “drive” logic high.
Because the pin is configured as open-drain, the high-side driver is not active, and the pin may be used as
an input.

Open-drain outputs are configured exactly as digital inputs. However, the pin may be driven low by an assigned
peripheral, or by writing ‘0’ to the associated bit in the Pn register if the signal is a GPIO.

To configure a pin as a digital, push-pull output:
1. Set the bit associated with the pin in the PNMDIN register to ‘1. This selects digital mode for the pin.

2. Set the bit associated with the pin in the PnNMDOUT register to ‘1’. This configures the pin as push-pull.

If a digital pin is to be used as a general-purpose /O, or with a digital function that is not part of the crossbar, the bit
associated with the pin in the PnSKIP register can be set to ‘1’ to ensure the crossbar does not attempt to assign a
function to the pin.

26.4.3. Port Drive Strength

Port drive strength can be controlled on a pin-by-pin basis using the PnDRV registers. Each pin has a bit in the
associated PnDRYV register to select the high or low drive strength setting for the pin. By default, all pins are
configured for low drive strength.
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Figure 26.4. Port 1/0 Cell Block Diagram

26.5. Port Match

Port match functionality allows system events to be triggered by a logic value change on one or more port I/O pins.
A software controlled value stored in the PnMATCH registers specifies the expected or normal logic values of the
associated port pins (for example, POMATCH.0 would correspond to P0.0). A port mismatch event occurs if the
logic levels of the port’s input pins no longer match the software controlled value. This allows software to be notified
if a certain change or pattern occurs on the input pins regardless of the XBRn settings.

The PnMASK registers can be used to individually select which pins should be compared against the PnMATCH
registers. A port mismatch event is generated if (Pn & PnMASK) does not equal (PNMATCH & PnMASK) for all
ports with a PNMAT and PnMASK register.

A port mismatch event may be used to generate an interrupt or wake the device from idle mode. See the interrupts
and power options chapters for more details on interrupt and wake-up sources.

26.6. Direct Read/Write Access to Port I/O Pins

All port I/O are accessed through corresponding special function registers (SFRs) that are both byte addressable
and bit addressable. When writing to a port, the value written to the SFR is latched to maintain the output data
value at each pin. When reading, the logic levels of the port's input pins are returned regardless of the XBRn
settings (i.e., even when the pin is assigned to another signal by the crossbar, the port register can always read its
corresponding port I/O pin). The exception to this is the execution of the read-modify-write instructions that target a
Port Latch register as the destination. The read-modify-write instructions when operating on a port SFR are the
following: ANL, ORL, XRL, JBC, CPL, INC, DEC, DJNZ and MOV, CLR or SETB, when the destination is an
individual bit in a port SFR. For these instructions, the value of the latch register (not the pin) is read, modified, and
written back to the SFR.

284 Rev 1.1

SILICON LABS



26.7. Port Configuration Registers

Register 26.1. XBRO: Port I/O Crossbar 0

Bit 7 6 5 4 3 2 1 0
Name ECIE PCAOME SYSCKE SMBOE SPIOE URTOE
Type RwW RwW RwW RwW RW RwW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x95

Table 26.4. XBRO Register Bit Descriptions

Bit

Name

Function

ECIE

PCAO External Counter Input Enable.

0: ECI unavailable at Port pin.
1: ECI routed to Port pin.

6:4

PCAOME

PCA Module I/0O Enable.

000: All PCA 1/O unavailable at Port pins.
001: CEXO routed to Port pin.

010: CEXO, CEX1 routed to Port pins.

011: CEXO, CEX1, CEX2 routed to Port pins.
100-111: Reserved.

SYSCKE

SYSCLK Output Enable.

0: SYSCLK unavailable at Port pin.
1: SYSCLK output routed to Port pin.

SMBOE

SMBusO I/O Enable.

0: SMBusO I/O unavailable at Port pins.
1: SMBusO I/O routed to Port pins.

SPIOE

SPI 1/O Enable.
0: SPI1 1/O unavailable at Port pins.

1: SPI I/O routed to Port pins. The SPI can be assigned either 3 or 4 GPIO pins.

URTOE

UART 1/O Output Enable.

0: UART 1/O unavailable at Port pin.
1: UART TX, RX routed to Port pins P0.4 and P0.5.
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Register 26.2. XBR1: Port I/O Crossbar 1

Bit 7 6 5 4 3 2 1 0
Name |WEAKPUD | XBARE Reserved T1E TOE
Type RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x96

Table 26.5. XBR1 Register Bit Descriptions

Bit Name Function
7 WEAKPUD | Port I/O Weak Pullup Disable.
0: Weak Pullups enabled (except for Ports whose 1/O are configured for analog mode).
1: Weak Pullups disabled.
6 XBARE Crossbar Enable.
0: Crossbar disabled.
1: Crossbar enabled.
5:2 Reserved | Must write reset value.
1 T1E T1 Enable.
0: T1 unavailable at Port pin.
1: T1 routed to Port pin.
0 TOE TO Enable.
0: TO unavailable at Port pin.
1: TO routed to Port pin.
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26.8. Port I/O Control Registers

Register 26.3. POMASK: Port 0 Mask

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 B1 BO
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x8B

Table 26.6. POMASK Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Mask Value.

0: P0.7 pin logic value is ignored and will not cause a port mismatch event.

1: PO.7 pin logic value is compared to POMAT.7.

B6

Port 0 Bit 6 Mask Value.

0: P0.6 pin logic value is ignored and will not cause a port mismatch event.

1: P0.6 pin logic value is compared to POMAT.6.

B5

Port O Bit 5 Mask Value.

0: P0.5 pin logic value is ignored and will not cause a port mismatch event.

1: P0O.5 pin logic value is compared to POMAT.5.

B4

Port 0 Bit 4 Mask Value.

0: P0.4 pin logic value is ignored and will not cause a port mismatch event.

1: P0.4 pin logic value is compared to POMAT.4.

B3

Port 0 Bit 3 Mask Value.

0: P0.3 pin logic value is ignored and will not cause a port mismatch event.

1: P0.3 pin logic value is compared to POMAT.3.

B2

Port 0 Bit 2 Mask Value.

0: P0.2 pin logic value is ignored and will not cause a port mismatch event.

1: P0.2 pin logic value is compared to POMAT.2.

Bl

Port 0 Bit 1 Mask Value.

0: P0.1 pin logic value is ignored and will not cause a port mismatch event.

1: P0O.1 pin logic value is compared to POMAT.1.

BO

Port 0 Bit 0 Mask Value.

0: P0.0 pin logic value is ignored and will not cause a port mismatch event.

1: P0.0 pin logic value is compared to POMAT.O.
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Register 26.4. POMAT. Port O Match

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OxF4

Table 26.7. POMAT Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Match Value.
0: P0.7 pin logic value is compared with logic LOW.

1: PO.7 pin logic value is compared with logic HIGH.

B6

Port 0 Bit 6 Match Value.
0: P0.6 pin logic value is compared with logic LOW.

1: P0.6 pin logic value is compared with logic HIGH.

B5

Port 0 Bit 5 Match Value.
0: P0.5 pin logic value is compared with logic LOW.

1: P0O.5 pin logic value is compared with logic HIGH.

B4

Port 0 Bit 4 Match Value.
0: P0.4 pin logic value is compared with logic LOW.

1: P0.4 pin logic value is compared with logic HIGH.

B3

Port 0 Bit 3 Match Value.
0: P0.3 pin logic value is compared with logic LOW.

1: P0.3 pin logic value is compared with logic HIGH.

B2

Port 0 Bit 2 Match Value.
0: P0.2 pin logic value is compared with logic LOW.

1: P0.2 pin logic value is compared with logic HIGH.

Bl

Port 0 Bit 1 Match Value.
0: P0.1 pin logic value is compared with logic LOW.

1: P0O.1 pin logic value is compared with logic HIGH.

BO

Port 0 Bit 0 Match Value.
0: P0.0 pin logic value is compared with logic LOW.

1: P0.0 pin logic value is compared with logic HIGH.
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Register 26.5. PO: Port 0 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RwW RwW RwW RwW RwW RwW
Reset 1 1 1 1 1 1 1 1

SFR Page = ALL; SFR Address: 0x80 (bit-addressable)
Table 26.8. PO Register Bit Descriptions

Bit Name Function

7 B7 Port 0 Bit 7 Latch.

0: P0O.7 is low. Set P0.7 to drive low.

1: P0.7 is high. Set P0.7 to drive or float high.
6 B6 Port 0 Bit 6 Latch.

0: P0.6 is low. Set P0.6 to drive low.

1: P0.6 is high. Set P0.6 to drive or float high.
5 B5 Port 0 Bit 5 Latch.

0: P0O.5 is low. Set P0.5 to drive low.

1: PO.5 is high. Set P0.5 to drive or float high.
4 B4 Port 0 Bit 4 Latch.

0: P0.4 is low. Set P0.4 to drive low.

1: P0.4 is high. Set P0.4 to drive or float high.
3 B3 Port 0 Bit 3 Latch.

0: P0.3 is low. Set P0.3 to drive low.

1: P0.3 is high. Set P0.3 to drive or float high.
2 B2 Port 0 Bit 2 Latch.

0: PO.2 is low. Set P0.2 to drive low.

1: P0.2 is high. Set P0.2 to drive or float high.
1 Bl Port 0 Bit 1 Latch.

0: P0O.1 is low. Set P0.1 to drive low.

1: P0O.1 is high. Set P0.1 to drive or float high.
0 BO Port 0 Bit O Latch.

0: P0.0 is low. Set P0.0 to drive low.

1: PO.0 is high. Set P0.0 to drive or float high.

Notes:

1. Writing this register sets the port latch logic value for the associated 1/O pins configured as digital I/O.

2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
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Register 26.6. POMDIN: Port 0 Input Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OXEC

Table 26.9. POMDIN Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Input Mode.

0: P0.7 pin is configured for analog mode.
1: PO.7 pin is configured for digital mode.

B6

Port 0 Bit 6 Input Mode.

0: P0.6 pin is configured for analog mode.
1: P0.6 pin is configured for digital mode.

B5

Port 0 Bit 5 Input Mode.

0: P0.5 pin is configured for analog mode.
1: P0O.5 pin is configured for digital mode.

B4

Port 0 Bit 4 Input Mode.

0: P0.4 pin is configured for analog mode.
1: P0.4 pin is configured for digital mode.

B3

Port 0 Bit 3 Input Mode.

0: P0.3 pin is configured for analog mode.
1: P0.3 pin is configured for digital mode.

B2

Port 0 Bit 2 Input Mode.

0: P0.2 pin is configured for analog mode.
1: P0.2 pin is configured for digital mode.

Bl

Port 0 Bit 1 Input Mode.

0: P0.1 pin is configured for analog mode.
1: P0.1 pin is configured for digital mode.

BO

Port 0 Bit O Input Mode.

0: P0.0 pin is configured for analog mode.
1: P0.0 pin is configured for digital mode.

Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Register 26.7. POMDOUT: Port 0 Output Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xD9

Table 26.10. POMDOUT Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Output Mode.

0: P0.7 output is open-drain.

1: PO.7 output is push-pull.

B6

Port 0 Bit 6 Output Mode.

0: P0.6 output is open-drain.

1: P0O.6 output is push-pull.

B5

Port 0 Bit 5 Output Mode.

0: P0.5 output is open-drain.

1: PO.5 output is push-pull.

B4

Port 0 Bit 4 Output Mode.

0: P0.4 output is open-drain.

1: P0.4 output is push-pull.

B3

Port 0 Bit 3 Output Mode.

0: P0.3 output is open-drain.

1: PO.3 output is push-pull.

B2

Port 0 Bit 2 Output Mode.

0: P0.2 output is open-drain.

1: P0O.2 output is push-pull.

Bl

Port 0 Bit 1 Output Mode.

0: P0.1 output is open-drain.

1: P0O.1 output is push-pull.

BO

Port 0 Bit 0 Output Mode.

0: P0.0 output is open-drain.

1: P0O.0 output is push-pull.
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Register 26.8. POSKIP: Port 0 Skip

Bit 7 6 5 4 2 1 0
Name B7 B6 B5 B4 B2 Bl BO
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xB6

Table 26.11. POSKIP Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Skip.

0: P0.7 pin is not skipped by the crossbar.
1: PO.7 pin is skipped by the crossbar.

B6

Port 0 Bit 6 Skip.

0: P0.6 pin is not skipped by the crossbar.
1: P0.6 pin is skipped by the crossbar.

B5

Port 0 Bit 5 Skip.

0: P0.5 pin is not skipped by the crossbar.
1: PO.5 pin is skipped by the crossbar.

B4

Port 0 Bit 4 Skip.

0: P0.4 pin is not skipped by the crossbar.
1: P0.4 pin is skipped by the crossbar.

B3

Port 0 Bit 3 Skip.

0: P0.3 pin is not skipped by the crossbar.
1: P0.3 pin is skipped by the crossbar.

B2

Port 0 Bit 2 Skip.

0: P0.2 pin is not skipped by the crossbar.
1: PO.2 pin is skipped by the crossbar.

Bl

Port 0 Bit 1 Skip.

0: P0.1 pin is not skipped by the crossbar.

1: P0O.1 pin is skipped by the crossbar.

BO

Port 0 Bit 0 Skip.

0: P0.0 pin is not skipped by the crossbar.

1: PO.0 pin is skipped by the crossbar.
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Register 26.9. PODRV: Port 0 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x99

Table 26.12. PODRV Register Bit Descriptions

Bit

Name

Function

B7

Port 0 Bit 7 Drive Strength.

0: P0.7 output has low output drive strength.
1: PO.7 output has high output drive strength.

B6

Port 0 Bit 6 Drive Strength.

0: P0.6 output has low output drive strength.
1: P0.6 output has high output drive strength.

B5

Port 0 Bit 5 Drive Strength.

0: P0.5 output has low output drive strength.
1: P0O.5 output has high output drive strength.

B4

Port 0 Bit 4 Drive Strength.

0: P0.4 output has low output drive strength.
1: P0.4 output has high output drive strength.

B3

Port 0 Bit 3 Drive Strength.

0: P0.3 output has low output drive strength.
1: P0.3 output has high output drive strength.

B2

Port 0 Bit 2 Drive Strength.

0: P0.2 output has low output drive strength.
1: P0.2 output has high output drive strength.

Bl

Port 0 Bit 1 Drive Strength.

0: P0.1 output has low output drive strength.
1: P0O.1 output has high output drive strength.

BO

Port 0 Bit 0 Drive Strength.

0: P0.0 output has low output drive strength.
1: P0.0 output has high output drive strength.
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Register 26.10. PAMASK: Port 1 Mask

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x8C

Table 26.13. PAMASK Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Mask Value.

0: P1.7 pin logic value is ignored and will not cause a port mismatch event.

1: P1.7 pin logic value is compared to P1MAT.7.

B6

Port 1 Bit 6 Mask Value.

0: P1.6 pin logic value is ignored and will not cause a port mismatch event.

1: P1.6 pin logic value is compared to P1LMAT.6.

B5

Port 1 Bit 5 Mask Value.

0: P1.5 pin logic value is ignored and will not cause a port mismatch event.

1: P1.5 pin logic value is compared to P1MAT.5.

B4

Port 1 Bit 4 Mask Value.

0: P1.4 pin logic value is ignored and will not cause a port mismatch event.

1: P1.4 pin logic value is compared to P1MAT.4.

B3

Port 1 Bit 3 Mask Value.

0: P1.3 pin logic value is ignored and will not cause a port mismatch event.

1: P1.3 pin logic value is compared to P1MAT.3.

B2

Port 1 Bit 2 Mask Value.

0: P1.2 pin logic value is ignored and will not cause a port mismatch event.

1: P1.2 pin logic value is compared to P1MAT.2.

Bl

Port 1 Bit 1 Mask Value.

0: P1.1 pin logic value is ignored and will not cause a port mismatch event.

1: P1.1 pin logic value is compared to P1MAT.1.

BO

Port 1 Bit 0 Mask Value.

0: P1.0 pin logic value is ignored and will not cause a port mismatch event.

1: P1.0 pin logic value is compared to P1MAT.O.
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Register 26.11. PIMAT: Port 1 Match

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OxF5

Table 26.14. PAMAT Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Match Value.
0: P1.7 pin logic value is compared with logic LOW.

1: P1.7 pin logic value is compared with logic HIGH.

B6

Port 1 Bit 6 Match Value.
0: P1.6 pin logic value is compared with logic LOW.

1: P1.6 pin logic value is compared with logic HIGH.

B5

Port 1 Bit 5 Match Value.
0: P1.5 pin logic value is compared with logic LOW.

1: P1.5 pin logic value is compared with logic HIGH.

B4

Port 1 Bit 4 Match Value.
0: P1.4 pin logic value is compared with logic LOW.

1: P1.4 pin logic value is compared with logic HIGH.

B3

Port 1 Bit 3 Match Value.
0: P1.3 pin logic value is compared with logic LOW.

1: P1.3 pin logic value is compared with logic HIGH.

B2

Port 1 Bit 2 Match Value.
0: P1.2 pin logic value is compared with logic LOW.

1: P1.2 pin logic value is compared with logic HIGH.

Bl

Port 1 Bit 1 Match Value.
0: P1.1 pin logic value is compared with logic LOW.

1: P1.1 pin logic value is compared with logic HIGH.

BO

Port 1 Bit 0 Match Value.
0: P1.0 pin logic value is compared with logic LOW.

1: P1.0 pin logic value is compared with logic HIGH.
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Register 26.12. P1:

Port 1 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = ALL; SFR Address: 0x90 (bit-addressable)

Table 26.15. P1 Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Latch.

0: P1.7 is low. Set P1.7 to drive low.
1: P1.7 is high. Set P1.7 to drive or float high.

B6

Port 1 Bit 6 Latch.

0: P1.6 is low. Set P1.6 to drive low.
1: P1.6 is high. Set P1.6 to drive or float high.

B5

Port 1 Bit 5 Latch.

0: P1.5is low. Set P1.5 to drive low.
1: P1.5is high. Set P1.5 to drive or float high.

B4

Port 1 Bit 4 Latch.

0: P1.4is low. Set P1.4 to drive low.
1: P1.4 is high. Set P1.4 to drive or float high.

B3

Port 1 Bit 3 Latch.

0: P1.3is low. Set P1.3 to drive low.
1: P1.3is high. Set P1.3 to drive or float high.

B2

Port 1 Bit 2 Latch.

0: P1.2 is low. Set P1.2 to drive low.
1: P1.2 is high. Set P1.2 to drive or float high.

Bl

Port 1 Bit 1 Latch.

0: P1.1is low. Set P1.1 to drive low.
1: P1.1is high. Set P1.1 to drive or float high.

BO

Port 1 Bit O Latch.

0: P1.0is low. Set P1.0 to drive low.
1: P1.0 is high. Set P1.0 to drive or float high.

Notes:

1. Writing this register sets the port latch logic value for the associated 1/O pins configured as digital I/O.
2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
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Register 26.13. PLMDIN: Port 1 Input Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 B1 BO
Type RW RW RW RW RW RW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OXED
Table 26.16. PAMDIN Register Bit Descriptions
Bit Name Function
7 B7 Port 1 Bit 7 Input Mode.
0: P1.7 pin is configured for analog mode.
1: P1.7 pin is configured for digital mode.
6 B6 Port 1 Bit 6 Input Mode.
0: P1.6 pin is configured for analog mode.
1: P1.6 pin is configured for digital mode.
5 B5 Port 1 Bit 5 Input Mode.
0: P1.5 pin is configured for analog mode.
1: P1.5 pin is configured for digital mode.
4 B4 Port 1 Bit 4 Input Mode.
0: P1.4 pin is configured for analog mode.
1: P1.4 pin is configured for digital mode.
3 B3 Port 1 Bit 3 Input Mode.
0: P1.3 pin is configured for analog mode.
1: P1.3 pin is configured for digital mode.
2 B2 Port 1 Bit 2 Input Mode.
0: P1.2 pin is configured for analog mode.
1: P1.2 pin is configured for digital mode.
1 Bl Port 1 Bit 1 Input Mode.
0: P1.1 pin is configured for analog mode.
1: P1.1 pin is configured for digital mode.
0 BO Port 1 Bit O Input Mode.
0: P1.0 pin is configured for analog mode.
1: P1.0 pin is configured for digital mode.
Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Register 26.14. PAMDOUT: Port 1 Output Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxDC

Table 26.17. PAMDOUT Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Output Mode.

0: P1.7 output is open-drain.

1: P1.7 output is push-pull.

B6

Port 1 Bit 6 Output Mode.

0: P1.6 output is open-drain.

1: P1.6 output is push-pull.

B5

Port 1 Bit 5 Output Mode.

0: P1.5 output is open-drain.

1: P1.5 output is push-pull.

B4

Port 1 Bit 4 Output Mode.

0: P1.4 output is open-drain.

1: P1.4 output is push-pull.

B3

Port 1 Bit 3 Output Mode.

0: P1.3 output is open-drain.

1: P1.3 output is push-pull.

B2

Port 1 Bit 2 Output Mode.

0: P1.2 output is open-drain.

1: P1.2 output is push-pull.

Bl

Port 1 Bit 1 Output Mode.

0: P1.1 output is open-drain.

1: P1.1 output is push-pull.

BO

Port 1 Bit 0 Output Mode.

0: P1.0 output is open-drain.

1: P1.0 output is push-pull.
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Register 26.15. P1SKIP: Port 1 Skip

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xC6

Table 26.18. P1SKIP Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Skip.

0: P1.7 pin is not skipped by the crossbar.
1: P1.7 pin is skipped by the crossbar.

B6

Port 1 Bit 6 Skip.

0: P1.6 pin is not skipped by the crossbar.
1: P1.6 pin is skipped by the crossbar.

B5

Port 1 Bit 5 Skip.

0: P1.5 pin is not skipped by the crossbar.
1: P1.5 pin is skipped by the crossbar.

B4

Port 1 Bit 4 Skip.

0: P1.4 pin is not skipped by the crossbar.
1: P1.4 pin is skipped by the crossbar.

B3

Port 1 Bit 3 Skip.

0: P1.3 pin is not skipped by the crossbar.
1: P1.3 pin is skipped by the crossbar.

B2

Port 1 Bit 2 Skip.

0: P1.2 pin is not skipped by the crossbar.
1: P1.2 pin is skipped by the crossbar.

Bl

Port 1 Bit 1 Skip.

0: P1.1 pin is not skipped by the crossbar.

1: P1.1 pin is skipped by the crossbar.

BO

Port 1 Bit 0 Skip.

0: P1.0 pin is not skipped by the crossbar.

1: P1.0 pin is skipped by the crossbar.
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Register 26.16. P1DRV: Port 1 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x9A

Table 26.19. PIDRV Register Bit Descriptions

Bit

Name

Function

B7

Port 1 Bit 7 Drive Strength.

0: P1.7 output has low output drive strength.
1: P1.7 output has high output drive strength.

B6

Port 1 Bit 6 Drive Strength.

0: P1.6 output has low output drive strength.
1: P1.6 output has high output drive strength.

B5

Port 1 Bit 5 Drive Strength.

0: P1.5 output has low output drive strength.
1: P1.5 output has high output drive strength.

B4

Port 1 Bit 4 Drive Strength.

0: P1.4 output has low output drive strength.
1: P1.4 output has high output drive strength.

B3

Port 1 Bit 3 Drive Strength.

0: P1.3 output has low output drive strength.
1: P1.3 output has high output drive strength.

B2

Port 1 Bit 2 Drive Strength.

0: P1.2 output has low output drive strength.
1: P1.2 output has high output drive strength.

Bl

Port 1 Bit 1 Drive Strength.

0: P1.1 output has low output drive strength.
1: P1.1 output has high output drive strength.

BO

Port 1 Bit O Drive Strength.

0: P1.0 output has low output drive strength.
1: P1.0 output has high output drive strength.
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Register 26.17. P2ZMASK: Port 2 Mask

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x84

Table 26.20. P2MASK Register Bit Descriptions

Bit Name

Function

B7

Port 2 Bit 7 Mask Value.

0: P2.7 pin logic value is ignored and will not cause a port mismatch event.

1: P2.7 pin logic value is compared to P2MAT.7.

B6

Port 2 Bit 6 Mask Value.

0: P2.6 pin logic value is ignored and will not cause a port mismatch event.

1: P2.6 pin logic value is compared to P2MAT.6.

B5

Port 2 Bit 5 Mask Value.

0: P2.5 pin logic value is ignored and will not cause a port mismatch event.

1: P2.5 pin logic value is compared to P2MAT.5.

B4

Port 2 Bit 4 Mask Value.

0: P2.4 pin logic value is ignored and will not cause a port mismatch event.

1: P2.4 pin logic value is compared to P2MAT.4.

B3

Port 2 Bit 3 Mask Value.

0: P2.3 pin logic value is ignored and will not cause a port mismatch event.

1: P2.3 pin logic value is compared to P2MAT.3.

B2

Port 2 Bit 2 Mask Value.

0: P2.2 pin logic value is ignored and will not cause a port mismatch event.

1: P2.2 pin logic value is compared to P2MAT.2.

Bl

Port 2 Bit 1 Mask Value.

0: P2.1 pin logic value is ignored and will not cause a port mismatch event.

1: P2.1 pin logic value is compared to P2MAT.1.

BO

Port 2 Bit 0 Mask Value.

0: P2.0 pin logic value is ignored and will not cause a port mismatch event.

1: P2.0 pin logic value is compared to P2MAT.0.
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Register 26.18. P2MAT: Port 2 Match

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: 0x85

Table 26.21. P2MAT Register Bit Descriptions

Bit

Name

Function

B7

Port 2 Bit 7 Match Value.
0: P2.7 pin logic value is compared with logic LOW.

1: P2.7 pin logic value is compared with logic HIGH.

B6

Port 2 Bit 6 Match Value.
0: P2.6 pin logic value is compared with logic LOW.

1: P2.6 pin logic value is compared with logic HIGH.

B5

Port 2 Bit 5 Match Value.
0: P2.5 pin logic value is compared with logic LOW.

1: P2.5 pin logic value is compared with logic HIGH.

B4

Port 2 Bit 4 Match Value.
0: P2.4 pin logic value is compared with logic LOW.

1: P2.4 pin logic value is compared with logic HIGH.

B3

Port 2 Bit 3 Match Value.
0: P2.3 pin logic value is compared with logic LOW.

1: P2.3 pin logic value is compared with logic HIGH.

B2

Port 2 Bit 2 Match Value.
0: P2.2 pin logic value is compared with logic LOW.

1: P2.2 pin logic value is compared with logic HIGH.

Bl

Port 2 Bit 1 Match Value.
0: P2.1 pin logic value is compared with logic LOW.

1: P2.1 pin logic value is compared with logic HIGH.

BO

Port 2 Bit 0 Match Value.
0: P2.0 pin logic value is compared with logic LOW.

1: P2.0 pin logic value is compared with logic HIGH.
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Register 26.19. P2:

Port 2 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RwW RwW RwW RwW RwW RwW
Reset 1 1 1 1 1 1 1 1

SFR Page = ALL; SFR Address: 0xAO (bit-addressable)
Table 26.22. P2 Register Bit Descriptions

Bit Name Function

7 B7 Port 2 Bit 7 Latch.

0: P2.7 is low. Set P2.7 to drive low.

1: P2.7 is high. Set P2.7 to drive or float high.
6 B6 Port 2 Bit 6 Latch.

0: P2.6 is low. Set P2.6 to drive low.

1: P2.6 is high. Set P2.6 to drive or float high.
5 B5 Port 2 Bit 5 Latch.

0: P2.5is low. Set P2.5 to drive low.

1: P2.5 is high. Set P2.5 to drive or float high.
4 B4 Port 2 Bit 4 Latch.

0: P2.4 is low. Set P2.4 to drive low.

1: P2.4 is high. Set P2.4 to drive or float high.
3 B3 Port 2 Bit 3 Latch.

0: P2.3 is low. Set P2.3 to drive low.

1: P2.3 is high. Set P2.3 to drive or float high.
2 B2 Port 2 Bit 2 Latch.

0: P2.2 is low. Set P2.2 to drive low.

1: P2.2 is high. Set P2.2 to drive or float high.
1 Bl Port 2 Bit 1 Latch.

0: P2.1is low. Set P2.1 to drive low.

1: P2.1is high. Set P2.1 to drive or float high.
0 BO Port 2 Bit O Latch.

0: P2.0 is low. Set P2.0 to drive low.

1: P2.0 is high. Set P2.0 to drive or float high.

Notes:

1. Writing this register sets the port latch logic value for the associated 1/O pins configured as digital I/O.

2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
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Register 26.20. P2ZMDIN: Port 2 Input Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OXEE

Table 26.23. P2MDIN Register Bit Descriptions

Bit

Name

Function

B7

Port 2 Bit 7 Input Mode.

0: P2.7 pin is configured for analog mode.
1: P2.7 pin is configured for digital mode.

B6

Port 2 Bit 6 Input Mode.

0: P2.6 pin is configured for analog mode.
1: P2.6 pin is configured for digital mode.

B5

Port 2 Bit 5 Input Mode.

0: P2.5 pin is configured for analog mode.
1: P2.5 pin is configured for digital mode.

B4

Port 2 Bit 4 Input Mode.

0: P2.4 pin is configured for analog mode.
1: P2.4 pin is configured for digital mode.

B3

Port 2 Bit 3 Input Mode.

0: P2.3 pin is configured for analog mode.
1: P2.3 pin is configured for digital mode.

B2

Port 2 Bit 2 Input Mode.

0: P2.2 pin is configured for analog mode.
1: P2.2 pin is configured for digital mode.

Bl

Port 2 Bit 1 Input Mode.

0: P2.1 pin is configured for analog mode.
1: P2.1 pin is configured for digital mode.

BO

Port 2 Bit 0 Input Mode.

0: P2.0 pin is configured for analog mode.
1: P2.0 pin is configured for digital mode.

Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Register 26.21. P2ZMDOUT: Port 2 Output Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxDD

Table 26.24. P2MDOUT Register Bit Descriptions

Bit

Name

Function

B7

Port 2 Bit 7 Output Mode.

0: P2.7 output is open-drain.

1: P2.7 output is push-pull.

B6

Port 2 Bit 6 Output Mode.

0: P2.6 output is open-drain.

1: P2.6 output is push-pull.

B5

Port 2 Bit 5 Output Mode.

0: P2.5 output is open-drain.

1: P2.5 output is push-pull.

B4

Port 2 Bit 4 Output Mode.

0: P2.4 output is open-drain.

1: P2.4 output is push-pull.

B3

Port 2 Bit 3 Output Mode.

0: P2.3 output is open-drain.

1: P2.3 output is push-pull.

B2

Port 2 Bit 2 Output Mode.

0: P2.2 output is open-drain.

1: P2.2 output is push-pull.

Bl

Port 2 Bit 1 Output Mode.

0: P2.1 output is open-drain.

1: P2.1 output is push-pull.

BO

Port 2 Bit 0 Output Mode.

0: P2.0 output is open-drain.

1: P2.0 output is push-pull.
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Register 26.22. P2SKIP: Port 2 Skip

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xC7

Table 26.25. P2SKIP Register Bit Descriptions

Bit

Name

Function

B7

Port 2 Bit 7 Skip.

0: P2.7 pin is not skipped by the crossbar.
1: P2.7 pin is skipped by the crossbar.

B6

Port 2 Bit 6 Skip.

0: P2.6 pin is not skipped by the crossbar.
1: P2.6 pin is skipped by the crossbar.

B5

Port 2 Bit 5 Skip.

0: P2.5 pin is not skipped by the crossbar.
1: P2.5 pin is skipped by the crossbar.

B4

Port 2 Bit 4 Skip.

0: P2.4 pin is not skipped by the crossbar.
1: P2.4 pin is skipped by the crossbar.

B3

Port 2 Bit 3 Skip.

0: P2.3 pin is not skipped by the crossbar.
1: P2.3 pin is skipped by the crossbar.

B2

Port 2 Bit 2 Skip.

0: P2.2 pin is not skipped by the crossbar.
1: P2.2 pin is skipped by the crossbar.

Bl

Port 2 Bit 1 Skip.

0: P2.1 pin is not skipped by the crossbar.

1: P2.1 pin is skipped by the crossbar.

BO

Port 2 Bit 0 Skip.

0: P2.0 pin is not skipped by the crossbar.

1: P2.0 pin is skipped by the crossbar.
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Register 26.23. P2DRV: Port 2 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x9B

Table 26.26. P2DRV Register Bit Descriptions

Bit

Name

Function

B7

Port 2 Bit 7 Drive Strength.

0: P2.7 output has low output drive strength.
1: P2.7 output has high output drive strength.

B6

Port 2 Bit 6 Drive Strength.

0: P2.6 output has low output drive strength.
1: P2.6 output has high output drive strength.

B5

Port 2 Bit 5 Drive Strength.

0: P2.5 output has low output drive strength.
1: P2.5 output has high output drive strength.

B4

Port 2 Bit 4 Drive Strength.

0: P2.4 output has low output drive strength.
1: P2.4 output has high output drive strength.

B3

Port 2 Bit 3 Drive Strength.

0: P2.3 output has low output drive strength.
1: P2.3 output has high output drive strength.

B2

Port 2 Bit 2 Drive Strength.

0: P2.2 output has low output drive strength.
1: P2.2 output has high output drive strength.

Bl

Port 2 Bit 1 Drive Strength.

0: P2.1 output has low output drive strength.
1: P2.1 output has high output drive strength.

BO

Port 2 Bit 0 Drive Strength.

0: P2.0 output has low output drive strength.
1: P2.0 output has high output drive strength.
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Register 26.24. P3:

Port 3 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = 0x0; SFR Address: OXE1

Table 26.27. P3 Register Bit Descriptions

Bit

Name

Function

B7

Port 3 Bit 7 Latch.

0: P3.7 is low. Set P3.7 to drive low.
1: P3.7 is high. Set P3.7 to drive or float high.

B6

Port 3 Bit 6 Latch.

0: P3.6 is low. Set P3.6 to drive low.
1: P3.6 is high. Set P3.6 to drive or float high.

B5

Port 3 Bit 5 Latch.

0: P3.5 is low. Set P3.5 to drive low.
1: P3.5 is high. Set P3.5 to drive or float high.

B4

Port 3 Bit 4 Latch.

0: P3.4 is low. Set P3.4 to drive low.
1: P3.4 is high. Set P3.4 to drive or float high.

B3

Port 3 Bit 3 Latch.

0: P3.3 is low. Set P3.3 to drive low.
1: P3.3 is high. Set P3.3 to drive or float high.

B2

Port 3 Bit 2 Latch.

0: P3.2 is low. Set P3.2 to drive low.
1: P3.2 is high. Set P3.2 to drive or float high.

Bl

Port 3 Bit 1 Latch.

0: P3.1is low. Set P3.1 to drive low.
1: P3.1is high. Set P3.1 to drive or float high.

BO

Port 3 Bit O Latch.

0: P3.0 is low. Set P3.0 to drive low.
1: P3.0 is high. Set P3.0 to drive or float high.

Notes:

1. Writing this register sets the port latch logic value for the associated 1/O pins configured as digital I/O.
2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
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Register 26.25. P3MDIN: Port 3 Input Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 B1 BO
Type RW RW RW RW RW RW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OxEF
Table 26.28. PBMDIN Register Bit Descriptions
Bit Name Function
7 B7 Port 3 Bit 7 Input Mode.
0: P3.7 pin is configured for analog mode.
1: P3.7 pin is configured for digital mode.
6 B6 Port 3 Bit 6 Input Mode.
0: P3.6 pin is configured for analog mode.
1: P3.6 pin is configured for digital mode.
5 B5 Port 3 Bit 5 Input Mode.
0: P3.5 pin is configured for analog mode.
1: P3.5 pin is configured for digital mode.
4 B4 Port 3 Bit 4 Input Mode.
0: P3.4 pin is configured for analog mode.
1: P3.4 pin is configured for digital mode.
3 B3 Port 3 Bit 3 Input Mode.
0: P3.3 pin is configured for analog mode.
1: P3.3 pin is configured for digital mode.
2 B2 Port 3 Bit 2 Input Mode.
0: P3.2 pin is configured for analog mode.
1: P3.2 pin is configured for digital mode.
1 Bl Port 3 Bit 1 Input Mode.
0: P3.1 pin is configured for analog mode.
1: P3.1 pin is configured for digital mode.
0 BO Port 3 Bit 0 Input Mode.
0: P3.0 pin is configured for analog mode.
1: P3.0 pin is configured for digital mode.
Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Register 26.26. PBMDOUT: Port 3 Output Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxDF

Table 26.29. P3BMDOUT Register Bit Descriptions

Bit

Name

Function

B7

Port 3 Bit 7 Output Mode.

0: P3.7 output is open-drain.

1: P3.7 output is push-pull.

B6

Port 3 Bit 6 Output Mode.

0: P3.6 output is open-drain.

1: P3.6 output is push-pull.

B5

Port 3 Bit 5 Output Mode.

0: P3.5 output is open-drain.

1: P3.5 output is push-pull.

B4

Port 3 Bit 4 Output Mode.

0: P3.4 output is open-drain.

1: P3.4 output is push-pull.

B3

Port 3 Bit 3 Output Mode.

0: P3.3 output is open-drain.

1: P3.3 output is push-pull.

B2

Port 3 Bit 2 Output Mode.

0: P3.2 output is open-drain.

1: P3.2 output is push-pull.

Bl

Port 3 Bit 1 Output Mode.

0: P3.1 output is open-drain.

1: P3.1 output is push-pull.

BO

Port 3 Bit 0 Output Mode.

0: P3.0 output is open-drain.

1: P3.0 output is push-pull.
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Register 26.27. P3DRV: Port 3 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x9C

Table 26.30. P3DRV Register Bit Descriptions

Bit

Name

Function

B7

Port 3 Bit 7 Drive Strength.

0: P3.7 output has low output drive strength.
1: P3.7 output has high output drive strength.

B6

Port 3 Bit 6 Drive Strength.

0: P3.6 output has low output drive strength.
1: P3.6 output has high output drive strength.

B5

Port 3 Bit 5 Drive Strength.

0: P3.5 output has low output drive strength.
1: P3.5 output has high output drive strength.

B4

Port 3 Bit 4 Drive Strength.

0: P3.4 output has low output drive strength.
1: P3.4 output has high output drive strength.

B3

Port 3 Bit 3 Drive Strength.

0: P3.3 output has low output drive strength.
1: P3.3 output has high output drive strength.

B2

Port 3 Bit 2 Drive Strength.

0: P3.2 output has low output drive strength.
1: P3.2 output has high output drive strength.

Bl

Port 3 Bit 1 Drive Strength.

0: P3.1 output has low output drive strength.
1: P3.1 output has high output drive strength.

BO

Port 3 Bit 0 Drive Strength.

0: P3.0 output has low output drive strength.
1: P3.0 output has high output drive strength.
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Register 26.28. P4:

Port 4 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 1 1 1 1 1 1 1 1

SFR Page = 0x0; SFR Address: OxE2

Table 26.31. P4 Register Bit Descriptions

Bit

Name

Function

B7

Port 4 Bit 7 Latch.

0: P4.7 is low. Set P4.7 to drive low.
1: P4.7 is high. Set P4.7 to drive or float high.

B6

Port 4 Bit 6 Latch.

0: P4.6 is low. Set P4.6 to drive low.
1: P4.6 is high. Set P4.6 to drive or float high.

B5

Port 4 Bit 5 Latch.

0: P4.5 is low. Set P4.5 to drive low.
1: P4.5 is high. Set P4.5 to drive or float high.

B4

Port 4 Bit 4 Latch.

0: P4.4 is low. Set P4.4 to drive low.
1: P4.4 is high. Set P4.4 to drive or float high.

B3

Port 4 Bit 3 Latch.

0: P4.3 is low. Set P4.3 to drive low.
1: P4.3 is high. Set P4.3 to drive or float high.

B2

Port 4 Bit 2 Latch.

0: P4.2 is low. Set P4.2 to drive low.
1: P4.2 is high. Set P4.2 to drive or float high.

Bl

Port 4 Bit 1 Latch.

0: P4.1 is low. Set P4.1 to drive low.
1: P4.1 is high. Set P4.1 to drive or float high.

BO

Port 4 Bit O Latch.

0: P4.0 is low. Set P4.0 to drive low.
1: P4.0 is high. Set P4.0 to drive or float high.

Notes:

1. Writing this register sets the port latch logic value for the associated 1/O pins configured as digital I/O.
2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
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Register 26.29. PAMDIN: Port 4 Input Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 B1 BO
Type RW RW RW RW RW RW RW RW
Reset 1 1 1 1 1 1 1

SFR Page = OxF; SFR Address: OxF1
Table 26.32. PAMDIN Register Bit Descriptions
Bit Name Function
7 B7 Port 4 Bit 7 Input Mode.
0: P4.7 pin is configured for analog mode.
1: P4.7 pin is configured for digital mode.
6 B6 Port 4 Bit 6 Input Mode.
0: P4.6 pin is configured for analog mode.
1: P4.6 pin is configured for digital mode.
5 B5 Port 4 Bit 5 Input Mode.
0: P4.5 pin is configured for analog mode.
1: P4.5 pin is configured for digital mode.
4 B4 Port 4 Bit 4 Input Mode.
0: P4.4 pin is configured for analog mode.
1: P4.4 pin is configured for digital mode.
3 B3 Port 4 Bit 3 Input Mode.
0: P4.3 pin is configured for analog mode.
1: P4.3 pin is configured for digital mode.
2 B2 Port 4 Bit 2 Input Mode.
0: P4.2 pin is configured for analog mode.
1: P4.2 pin is configured for digital mode.
1 Bl Port 4 Bit 1 Input Mode.
0: P4.1 pin is configured for analog mode.
1: P4.1 pin is configured for digital mode.
0 BO Port 4 Bit O Input Mode.
0: P4.0 pin is configured for analog mode.
1: P4.0 pin is configured for digital mode.
Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Register 26.30. PAMDOUT: Port 4 Output Mode

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xC3

Table 26.33. PAMDOUT Register Bit Descriptions

Bit

Name

Function

B7

Port 4 Bit 7 Output Mode.

0: P4.7 output is open-drain.

1: P4.7 output is push-pull.

B6

Port 4 Bit 6 Output Mode.

0: P4.6 output is open-drain.

1: P4.6 output is push-pull.

B5

Port 4 Bit 5 Output Mode.

0: P4.5 output is open-drain.

1: P4.5 output is push-pull.

B4

Port 4 Bit 4 Output Mode.

0: P4.4 output is open-drain.

1: P4.4 output is push-pull.

B3

Port 4 Bit 3 Output Mode.

0: P4.3 output is open-drain.

1: P4.3 output is push-pull.

B2

Port 4 Bit 2 Output Mode.

0: P4.2 output is open-drain.

1: P4.2 output is push-pull.

Bl

Port 4 Bit 1 Output Mode.

0: P4.1 output is open-drain.

1: P4.1 output is push-pull.

BO

Port 4 Bit 0 Output Mode.

0: P4.0 output is open-drain.

1: P4.0 output is push-pull.
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Register 26.31. PADRYV: Port 4 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name B7 B6 B5 B4 B3 B2 Bl BO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0xB9

Table 26.34. PADRV Register Bit Descriptions

Bit

Name

Function

B7

Port 4 Bit 7 Drive Strength.

0: P4.7 output has low output drive strength.
1: P4.7 output has high output drive strength.

B6

Port 4 Bit 6 Drive Strength.

0: P4.6 output has low output drive strength.
1: P4.6 output has high output drive strength.

B5

Port 4 Bit 5 Drive Strength.

0: P4.5 output has low output drive strength.
1: P4.5 output has high output drive strength.

B4

Port 4 Bit 4 Drive Strength.

0: P4.4 output has low output drive strength.
1: P4.4 output has high output drive strength.

B3

Port 4 Bit 3 Drive Strength.

0: P4.3 output has low output drive strength.
1: P4.3 output has high output drive strength.

B2

Port 4 Bit 2 Drive Strength.

0: P4.2 output has low output drive strength.
1: P4.2 output has high output drive strength.

Bl

Port 4 Bit 1 Drive Strength.

0: P4.1 output has low output drive strength.
1: P4.1 output has high output drive strength.

BO

Port 4 Bit 0 Drive Strength.

0: P4.0 output has low output drive strength.
1: P4.0 output has high output drive strength.
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Register 26.32. P5: Port 5 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name Reserved B2 B1 BO
Type RW RW RW RW
Reset 0 0 0 0 0 1 1 1

SFR Page = 0x0; SFR Address: OXE3

Table 26.35. P5 Register Bit Descriptions

Bit Name Function
7:3 Reserved |Must write reset value.
2 B2 Port 5 Bit 2 Latch.
0: P5.2 is low. Set P5.2 to drive low.
1: P5.2 is high. Set P5.2 to drive or float high.
1 B1 Port 5 Bit 1 Latch.
0: P5.1 is low. Set P5.1 to drive low.
1: P5.1is high. Set P5.1 to drive or float high.
0 BO Port 5 Bit 0 Latch.
0: P5.0 is low. Set P5.0 to drive low.
1: P5.0 is high. Set P5.0 to drive or float high.
Notes:

1. Writing this register sets the port latch logic value for the associated I/O pins configured as digital 1/O.
2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
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Register 26.33. PSMDIN: Port 5 Input Mode

Bit 7 6 5 4 3 2 1 0
Name Reserved B2 B1 BO
Type RW RW RW RW
Reset 0 0 0 0 0 1 1 1

SFR Page = OxF; SFR Address: OxF2

Table 26.36. PSMDIN Register Bit Descriptions

Bit Name Function
7:3 Reserved | Must write reset value.
2 B2 Port 5 Bit 2 Input Mode.
0: P5.2 pin is configured for analog mode.
1: P5.2 pin is configured for digital mode.
1 Bl Port 5 Bit 1 Input Mode.
0: P5.1 pin is configured for analog mode.
1: P5.1 pin is configured for digital mode.
0 BO Port 5 Bit 0 Input Mode.

0: P5.0 pin is configured for analog mode.
1: P5.0 pin is configured for digital mode.

Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Register 26.34. PSMDOUT: Port 5 Output Mode

Bit 7 6 5 4 2 1 0
Name Reserved B2 B1 BO
Type RW RW RW RW
Reset 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: OxFF

Table 26.37. PSMDOUT Register Bit Descriptions

Bit Name
7:3 Reserved |Must write reset value.
2 B2 Port 5 Bit 2 Output Mode.
0: P5.2 output is open-drain.
1: P5.2 output is push-pull.
1 Bl Port 5 Bit 1 Output Mode.
0: P5.1 output is open-drain.
1: P5.1 output is push-pull.
0 BO Port 5 Bit 0 Output Mode.
0: P5.0 output is open-drain.
1: P5.0 output is push-pull.
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Register 26.35. P5DRV: Port 5 Drive Strength

Bit 7 6 5 4 2 1 0
Name Reserved B2 B1 BO
Type RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = OxF; SFR Address: 0x9D

Table 26.38. PSDRV Register Bit Descriptions

Bit Name Function
7:3 Reserved | Must write reset value.
2 B2 Port 5 Bit 2 Drive Strength.
0: P5.2 output has low output drive strength.
1: P5.2 output has high output drive strength.
1 Bl Port 5 Bit 1 Drive Strength.
0: P5.1 output has low output drive strength.
1: P5.1 output has high output drive strength.
0 BO Port 5 Bit O Drive Strength.

0: P5.0 output has low output drive strength.
1: P5.0 output has high output drive strength.
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Register 26.36. P6: Port 6 Pin Latch

Bit 7 6 5 4 3 2 1 0
Name Reserved Bl BO
Type RwW RW RW
Reset 0 0 0 0 0 0 1 1

SFR Page = 0x0; SFR Address: OxE4
Table 26.39. P6 Register Bit Descriptions
Bit Name Function
7:2 Reserved | Must write reset value.
1 Bl Port 6 Bit 1 Latch.
0: P6.1 is low. Set P6.1 to drive low.
1: P6.1 is high. Set P6.1 to drive or float high.
0 BO Port 6 Bit O Latch.
0: P6.0 is low. Set P6.0 to drive low.
1: P6.0 is high. Set P6.0 to drive or float high.
Notes:
1. Writing this register sets the port latch logic value for the associated 1/O pins configured as digital I/O.
2. Reading this register returns the logic value at the pin, regardless if it is configured as output or input.
Register 26.37. P6BMDIN: Port 6 Input Mode

Bit 7 6 5 4 3 2 1 0
Name Reserved Bl BO

Type RwW RW RW
Reset 0 0 0 0 0 0 1 1

SFR Page = OxF; SFR Address: 0x97

Table 26.40. P6MDIN Register Bit Descriptions

Bit Name Function
7:2 Reserved |Must write reset value.
1 Bl Port 6 Bit 1 Input Mode.

0: P6.1 pin is configured for analog mode.
1: P6.1 pin is configured for digital mode.

Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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Table 26.40. P6MDIN Register Bit Descriptions

Bit Name Function

0 BO Port 6 Bit 0 Input Mode.

0: P6.0 pin is configured for analog mode.
1: P6.0 pin is configured for digital mode.

Note: Port pins configured for analog mode have their weak pullup, digital driver, and digital receiver disabled.
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27. Reset Sources and Supply Monitor

Reset circuitry allows the controller to be easily placed in a predefined default condition. Upon entering this reset
state, the following events occur:

m CIP-51 halts program execution

m Special Function Registers (SFRs) are initialized to their defined reset values

m External port pins are placed in a known state

m Interrupts and timers are disabled.

All SFRs are reset to the predefined values noted in the SFR detailed descriptions. The contents of internal data
memory are unaffected during a reset; any previously stored data is preserved. However, since the stack pointer
SFR is reset, the stack is effectively lost, even though the data on the stack is not altered.

The Port I/O latches are reset to OxFF (all logic ones) in open-drain, low-drive mode. Weak pullups are enabled
during and after the reset. For Vpp Monitor and power-on resets, the RST pin is driven low until the device exits the
reset state. Note that during a power-on event, there may be a short delay before the POR circuitry fires and the
RST pin is driven low. During that time, the RST pin will be weakly pulled to the Vpp supply pin.

On exit from the reset state, the program counter (PC) is reset, the Watchdog Timer is enabled and the system
clock defaults to the internal oscillator. Program execution begins at location 0x0000.

Reset Sources

RST B4

Missing Clock
Detector

Supply Monitor or ;é
Power-up

Watchdog Timer

i system reset
Software Reset

\ 4

SmaRTClock
Alarm/Error

Flash Error

Figure 27.1. Reset Sources
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27.1. Power-On Reset

During power-up, the POR circuit will fire. When POR fires, the device is held in a reset state and the RST pin is
driven low until Vpp settles above Vigt. Two delays are present during the supply ramp time. First, a delay will
occur before the POR circuitry fires and pulls the RST pin low. A second delay occurs before the device is released
from reset; the delay decreases as the Vpp ramp time increases (Vpp ramp time is defined as how fast Vpp ramps
from O V to VrgT). Figure 27.2. plots the power-on reset timing. For ramp times less than 1 ms, the power-on reset
time (Tpog) is typically less than 0.3 ms. Additionally, the power supply must reach Vgt before the POR circuit will
release the device from reset.

On exit from a power-on reset, the PORSF flag (RSTSRC.1) is set by hardware to logic 1. When PORSF is set, all
of the other reset flags in the RSTSRC Register are indeterminate (PORSF is cleared by all other resets). Since all
resets cause program execution to begin at the same location (0x0000) software can read the PORSF flag to
determine if a power-up was the cause of reset. The content of internal data memory should be assumed to be
undefined after a power-on reset. The Vpp monitor is enabled following a power-on reset.
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Figure 27.2. Power-on Reset Timing
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27.2. Power-Fail Reset / Supply Monitor

CB8051F97x devices have a supply monitor that is enabled and selected as a reset source after each power-on or
power fail reset.

When enabled and selected as a reset source, any power down transition or power irregularity that causes Vpp to
drop below Vggt will cause the RST pin to be driven low and the CIP-51 will be held in a reset state (see
Figure 27.3). When Vpp returns to a level above Vrgt, the CIP-51 will be released from the reset state.

After a power-fail reset, the PORSF flag reads 1, the contents of RAM invalid, and the Vpp supply monitor is
enabled and selected as a reset source. The enable state of the Vpp supply monitor and its selection as a reset
source is only altered by power-on and power-fail resets. For example, if the Vpp supply monitor is deselected as a
reset source and disabled by software, then a software reset is performed, the Vpp supply monitor will remain
disabled and deselected after the reset.

In battery-operated systems, the contents of RAM can be preserved near the end of the battery’s usable life if the
device is placed in Sleep Mode prior to a power-fail reset occurring. When the device is in Sleep Mode, the power-
fail reset is automatically disabled and the contents of RAM are preserved as long as Vpp does not fall below
VpoRr. A large capacitor can be used to hold the power supply voltage above Vpggr While the user is replacing the
battery. Upon waking from Sleep mode, the enable and reset source select state of the Vpp supply monitor are
restored to the value last set by the user.

To allow software early notification that a power failure is about to occur, the VDDOK bit is cleared when the Vpp
supply falls below the Vyyarn threshold. The VDDOK bit can be configured to generate an interrupt. See Section
“13. Interrupts” on page 79 for more details.

Important Note: To protect the integrity of Flash contents, the Vpp supply monitor must be enabled and
selected as a reset source if software contains routines which erase or write Flash memory. If the Vpp
supply monitor is not enabled, any erase or write performed on Flash memory will cause a Flash Error device
reset. memory. If the VDD supply monitor is not enabled, any erase or write performed on flash memory will be
ignored.
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Figure 27.3. VDD Supply Monitor Threshold
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27.3. Enabling the VDD Monitor

The VDD supply monitor is enabled by default. However, in systems which disable the supply monitor, it must be
enabled before selecting it as a reset source. Selecting the VDD supply monitor as a reset source before it has
stabilized may generate a system reset. In systems where this reset would be undesirable, a delay should be
introduced between enabling the VDD supply monitor and selecting it as a reset source. No delay should be
introduced in systems where software contains routines that erase or write flash memory. The procedure for
enabling the VDD supply monitor and selecting it as a reset source is:

1. Enable the VDD supply monitor (VMONEN = 1).
2. Wait for the VDD supply monitor to stabilize (optional).
3. Enable the VDD monitor as a reset source in the RSTSRC register.

27.4. External Reset

The external RST pin provides a means for external circuitry to force the device into a reset state. Asserting an
active-low signal on the RST pin generates a reset; an external pullup and/or decoupling of the RST pin may be
necessary to avoid erroneous noise-induced resets. The PINRSF flag is set on exit from an external reset.

27.5. Missing Clock Detector Reset

The Missing Clock Detector (MCD) is a one-shot circuit that is triggered by the system clock. If the system clock
remains high or low for more than the MCD time window, the one-shot will time out and generate a reset. After a
MCD reset, the MCDRSF flag will read 1, signifying the MCD as the reset source; otherwise, this bit reads O.
Writing a 1 to the MCDRSF bit enables the Missing Clock Detector; writing a 0 disables it. The state of the RST pin
is unaffected by this reset.

27.6. PCA Watchdog Timer Reset

The programmable Watchdog Timer (WDT) function of the Programmable Counter Array (PCA) can be used to
prevent software from running out of control during a system malfunction. The PCA WDT function can be enabled
or disabled by software as described in the PCA watchdog timer section. If a system malfunction prevents user
software from updating the WDT, a reset is generated and the WDTRSF bit is set to ‘1'. The state of the RST pin is
unaffected by this reset.

27.7. Flash Error Reset
If a flash read/write/erase or program read targets an illegal address, a system reset is generated. This may occur
due to any of the following:
m A flash write or erase is attempted above user code space.
m A flash read is attempted above user code space.
m A program read is attempted above user code space (i.e. a branch instruction to the reserved area).
m A flash read, write or erase attempt is restricted due to a flash security setting.
The FERROR bit is set following a flash error reset. The state of the RST pin is unaffected by this reset.

27.8. SmaRTClock Reset

The SmaRTClock can generate a system reset on two events: SmaRTClock Oscillator Fail or SmaRTClock Alarm.
The SmaRTClock Oscillator Fail event occurs when the SmaRTClock Missing Clock Detector is enabled and the
SmaRTClock clock is below approximately 20 kHz. A SmaRTClock alarm event occurs when the SmaRTClock
Alarm is enabled and the SmaRTClock timer value matches the ALARMnN registers. The SmaRTClock can be
configured as a reset source by writing a 1 to the RTCORE flag (RSTSRC.7). The SmaRTClock reset remains
functional even when the device is in the low power Suspend or Sleep mode. The state of the RST pin is
unaffected by this reset.

27.9. Software Reset

Software may force a reset by writing a 1 to the SWRSF bit. The SWRSF bit will read 1 following a software forced
reset. The state of the RST pin is unaffected by this reset.
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27.10. Reset Sources Control Registers

Register 27.1. RSTSRC: Reset Source

Bit 7 6 5 4 3 2 1 0

Name | RTCORE | FERROR | Reserved SWRSF | WDTRSF | MCDRSF PORSF PINRSF

Type RwW RwW RwW RwW RwW RwW RwW RwW

Reset X X X X X X X X

SFR Page = 0x0; SFR Address: OXEF

Table 27.1. RSTSRC Register Bit Descriptions

Bit Name Function

7 RTCORE |RTC Reset Enable and Flag.
Read: This bit reads 1 if a RTC alarm or oscillator fail caused the last reset.
Write: Writing a 1 to this bit enables the RTC as a reset source.

6 FERROR |Flash Error Reset Flag.
This read-only bit is set to '1' if a flash read/write/erase error caused the last reset.

Reserved |Must write reset value.

4 SWRSF |Software Reset Force and Flag.

Read: This bit reads 1 if last reset was caused by a write to SWRSF.
Write: Writing a 1 to this bit forces a system reset.

3 WDTRSF |Watchdog Timer Reset Flag.
This read-only bit is set to '1' if a watchdog timer overflow caused the last reset.
2 MCDRSF |Missing Clock Detector Enable and Flag.

Read: This bit reads 1 if a missing clock detector timeout caused the last reset.
Write: Writing a 1 to this bit enables the missing clock detector. The MCD triggers a reset
if a missing clock condition is detected.

1 PORSF Power-On / Supply Monitor Reset Flag, and Supply Monitor Reset Enable.
Read: This bit reads 1 anytime a power-on or supply monitor reset has occurred.
Write: Writing a 1 to this bit enables the supply monitor as a reset source.

0 PINRSF HW Pin Reset Flag.

This read-only bit is set to '1' if the RST pin caused the last reset.

1. Reads and writes of the RSTSRC register access different logic in the device. Reading the register always returns
status information to indicate the source of the most recent reset. Writing to the register activates certain options as
reset sources. It is recommended to not use any kind of read-modify-write operation on this register.

2. When the PORSF bit reads back '1' all other RSTSRC flags are indeterminate.

3. Writing '1' to the PORSF bit when the supply monitor is not enabled and stabilized may cause a system reset.
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27.11. Supply Monitor Control Registers

Register 27.2. VDMOCN: VDD Supply Monitor Control

Bit 7 6 5 4 3 2 1 0
Name VDMEN | VDDSTAT | VDDOK Reserved | VDDOKIE Reserved
Type RW R R R RW R
Reset 1 X X 0 1 0 0 0

SFR Page = 0x0; SFR Address: OxFF

Table 27.2. VDMOCN Register Bit Descriptions

Bit

Name

Function

VDMEN

Vpp Supply Monitor Enable.

This bit turns the Vpp supply monitor circuit on/off. The Vpp Supply Monitor cannot gen-
erate system resets until it is also selected as a reset source in register RSTSRC.

0: Disable the Vpp supply monitor.

1: Enable the Vpp supply monitor.

VDDSTAT

Vpp Supply Status.

This bit indicates the current power supply status.
0: Vpp is at or below the VRST threshold.
1: Vpp is above the VRST threshold.

VDDOK

Vpp Supply Status (Early Warning).

This bit indicates the current VDD power supply status.
0: Vpp is at or below the VDDWARN threshold.
1: Vpp is above the VDDWARN threshold.

Reserved

Must write reset value.

VDDOKIE

Vpp Early Warning Interrupt Enable.

Enables the Vpp Early Warning interrupt.
0: Disable the Vpp Early Warning interrupt.
1: Enable the Vpp Early Warning interrupt.

2:0

Reserved

Must write reset value.
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28. Serial Peripheral Interface (SPI0)

The serial peripheral interface (SPI0) provides access to a flexible, full-duplex synchronous serial bus. SPIO can
operate as a master or slave device in both 3-wire or 4-wire modes, and supports multiple masters and slaves on a
single SPI bus. The slave-select (NSS) signal can be configured as an input to select SPIO in slave mode, or to
disable Master Mode operation in a multi-master environment, avoiding contention on the SPI bus when more than
one master attempts simultaneous data transfers. NSS can also be configured as a chip-select output in master
mode, or disabled for 3-wire operation. Additional general purpose port I/O pins can be used to select multiple
slave devices in master mode.

SPI0

| SCK Phase |—><—| MasterorSIavel
| SCKPolarity |—>f¢— NSSControl |

NSS
SYSCLK —jp|  Clock Rate »|  Bus Control
Generator
| SCK
. . MISO
Shift Register r
MOSI
A ]
] L 2
[ TXBuffer || RXBuffer |
SPIODAT
Figure 28.1. SPIO Block Diagram
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28.1. Signal Descriptions

The four signals used by SPI0 (MOSI, MISO, SCK, NSS) are described below.
28.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It is used
to serially transfer data from the master to the slave. This signal is an output when SPIO is operating as a master
and an input when SPIO is operating as a slave. Data is transferred most-significant bit first. When configured as a
master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire mode.

28.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device. It is
used to serially transfer data from the slave to the master. This signal is an input when SPIO is operating as a
master and an output when SPIO0 is operating as a slave. Data is transferred most-significant bit first. The MISO pin
is placed in a high-impedance state when the SPI module is disabled and when the SPI operates in 4-wire mode as
a slave that is not selected. When acting as a slave in 3-wire mode, MISO is always driven by the MSB of the shift
register.

28.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used to
synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIO generates this
signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is not selected
(NSS =1) in 4-wire slave mode.

28.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSMD1 and NSSMDO bits in the
SPIOCN register. There are three possible modes that can be selected with these bits:

1. NSSMD[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPI0 operates in 3-wire mode, and NSS is
disabled. When operating as a slave device, SPIO is always selected in 3-wire mode. Since no select signal
is present, SPI0 must be the only slave on the bus in 3-wire mode. This is intended for point-to-point
communication between a master and one slave.

2. NSSMDJ1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPI0 operates in 4-wire mode, and NSS is enabled
as an input. When operating as a slave, NSS selects the SPIO device. When operating as a master, a 1-to-
0 transition of the NSS signal disables the master function of SPI10 so that multiple master devices can be
used on the same SPI bus.

3. NSSMDJ1:0] = 1x: 4-Wire Master Mode: SPI0 operates in 4-wire mode, and NSS is enabled as an output.
The setting of NSSMDO determines what logic level the NSS pin will output. This configuration should only
be used when operating SPIO as a master device.

See Figure 28.2, Figure 28.3, and Figure 28.4 for typical connection diagrams of the various operational modes.
Note that the setting of NSSMD bits affects the pinout of the device. When in 3-wire master or 3-wire slave
mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will be mapped to a pin
on the device.
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28.2. SPI0 Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPIO0 is placed in master mode by setting the Master
Enable flag (MSTEN, SPIOCFG.6). Writing a byte of data to the SPI0 data register (SPIODAT) when in master mode
writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer is moved to the shift
register, and a data transfer begins. The SP10 master immediately shifts out the data serially on the MOSI line while
providing the serial clock on SCK. The SPIF (SPIOCN.7) flag is set to logic 1 at the end of the transfer. If interrupts
are enabled, an interrupt request is generated when the SPIF flag is set. While the SPI0 master transfers data to a
slave on the MOSI line, the addressed SPI slave device simultaneously transfers the contents of its shift register to
the SPI master on the MISO line in a full-duplex operation. Therefore, the SPIF flag serves as both a transmit-
complete and receive-data-ready flag. The data byte received from the slave is transferred MSB-first into the
master's shift register. When a byte is fully shifted into the register, it is moved to the receive buffer where it can be
read by the processor by reading SPIODAT.

When configured as a master, SPI0 can operate in one of three different modes: multi-master mode, 3-wire single-
master mode, and 4-wire single-master mode. The default, multi-master mode is active when NSSMD1
(SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In this mode, NSS is an input to the device, and is used to disable
the master SPI0 when another master is accessing the bus. When NSS is pulled low in this mode, MSTEN
(SPIOCFG.6) and SPIEN (SPIOCN.0) are set to 0 to disable the SPI master device, and a Mode Fault is generated
(MODF, SPIOCN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI0 must be manually re-enabled in
software under these circumstances. In multi-master systems, devices will typically default to being slave devices
while they are not acting as the system master device. In multi-master mode, slave devices can be addressed
individually (if needed) using general-purpose /O pins. Figure 28.2 shows a connection diagram between two
master devices and a single slave in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. In this mode,
NSS is not used, and is not mapped to an external port pin through the crossbar. Any slave devices that must be
addressed in this mode should be selected using general-purpose 1/O pins. Figure 28.3 shows a connection
diagram between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 1. In this mode, NSS is configured as an output
pin, and can be used as a slave-select signal for a single SPI device. In this mode, the output value of NSS is
controlled (in software) with the bit NSSMDO (SPIOCN.2). Additional slave devices can be addressed using
general-purpose 1/O pins. Figure 28.4 shows a connection diagram for a master device and a slave device in 4-
wire mode.
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Master Device 1 Slave Device

SCK
MISO
MOSI

NSS

port pin % —>
Master Device 2
NSS
MOSI
MISO X«
SCK
port pin

Figure 28.2. Multiple-Master Mode Connection Diagram

SCK
MISO
MOSI
NSS

\

YV

Master Device Slave Device
SCK » SCK
MISO [Xl« MISO
MOSI »BMOSI

Figure 28.3. 3-Wire Single Master and 3-Wire Single Slave Mode Connection Diagram

Master Device Slave Device
SCK »ISCK
MISO [« MISO
MOSI »BIMOSI
NSS »DINSS

Figure 28.4. 4-Wire Single Master Mode and 4-Wire Slave Mode Connection Diagram

331 Rev 1.1

SILICON LABS



28.3. SPIO0 Slave Mode Operation

When SPIO0 is enabled and not configured as a master, it will operate as a SPI slave. As a slave, bytes are shifted
in through the MOSI pin and out through the MISO pin by a master device controlling the SCK signal. A bit counter
in the SPIO logic counts SCK edges. When 8 hits have been shifted through the shift register, the SPIF flag is set to
logic 1, and the byte is copied into the receive buffer. Data is read from the receive buffer by reading SPIODAT. A
slave device cannot initiate transfers. Data to be transferred to the master device is pre-loaded into the shift
register by writing to SPIODAT. Writes to SPIODAT are double-buffered, and are placed in the transmit buffer first. If
the shift register is empty, the contents of the transmit buffer will immediately be transferred into the shift register.
When the shift register already contains data, the SPI will load the shift register with the transmit buffer’s contents
after the last SCK edge of the next (or current) SPI transfer.

When configured as a slave, SPIO can be configured for 4-wire or 3-wire operation. The default, 4-wire slave mode,
is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In 4-wire mode, the NSS signal is routed to
a port pin and configured as a digital input. SPI0 is enabled when NSS is logic 0, and disabled when NSS is logic 1.
The bit counter is reset on a falling edge of NSS. Note that the NSS signal must be driven low at least 2 system
clocks before the first active edge of SCK for each byte transfer. Figure 28.4 shows a connection diagram between
two slave devices in 4-wire slave mode and a master device.

The 3-wire slave mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. NSS is not used in
this mode, and is not mapped to an external port pin through the crossbar. Since there is no way of uniquely
addressing the device in 3-wire slave mode, SPI0 must be the only slave device present on the bus. It is important
to note that in 3-wire slave mode there is no external means of resetting the bit counter that determines when a full
byte has been received. The bit counter can only be reset by disabling and re-enabling SPIO with the SPIEN bit.
Figure 28.3 shows a connection diagram between a slave device in 3-wire slave mode and a master device.

28.4. SPIO Interrupt Sources

When SPIO interrupts are enabled, the following four flags will generate an interrupt when they are set to logic 1:
All of the following bits must be cleared by software.

m The SPI Interrupt Flag, SPIF (SPIOCN.7) is set to logic 1 at the end of each byte transfer. This flag can
occur in all SPI0 modes.

m The Write Collision Flag, WCOL (SPIOCN.6) is set to logic 1 if a write to SPIODAT is attempted when the
transmit buffer has not been emptied to the SPI shift register. When this occurs, the write to SPIODAT will
be ignored, and the transmit buffer will not be written.This flag can occur in all SPI0 modes.

m The Mode Fault Flag MODF (SPIOCN.5) is set to logic 1 when SPIO0 is configured as a master, and for
multi-master mode and the NSS pin is pulled low. When a Mode Fault occurs, the MSTEN bit in SPIOCFG
and SPIEN bit in SPIOCN are set to logic 0 to disable SPIO and allow another master device to access the
bus.

m The Receive Overrun Flag RXOVRN (SPIOCN.4) is set to logic 1 when configured as a slave, and a
transfer is completed and the receive buffer still holds an unread byte from a previous transfer. The new
byte is not transferred to the receive buffer, allowing the previously received data byte to be read. The data
byte which caused the overrun is lost.

28.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the SPIO
Configuration Register (SPIOCFG). The CKPHA bit (SPIOCFG.5) selects one of two clock phases (edge used to
latch the data). The CKPOL bit (SPIOCFG.4) selects between an active-high or active-low clock. Both master and
slave devices must be configured to use the same clock phase and polarity. SPI0 should be disabled (by clearing
the SPIEN bit, SPIOCN.O) when changing the clock phase or polarity. The clock and data line relationships for
master mode are shown in Figure 28.5. For slave mode, the clock and data relationships are shown in Figure 28.6
and Figure 28.7. Note that CKPHA should be set to 0 on both the master and slave SPI when communicating
between two Silicon Labs C8051 devices.
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The SPIO Clock Rate Register (SPIOCKR) controls the master mode serial clock frequency. This register is ignored
when operating in slave mode. When the SPI is configured as a master, the maximum data transfer rate (bits/sec)
is one-half the system clock frequency or 12.5 MHz, whichever is slower. When the SPI is configured as a slave,
the maximum data transfer rate (bits/sec) for full-duplex operation is 1/10 the system clock frequency, provided that
the master issues SCK, NSS (in 4-wire slave mode), and the serial input data synchronously with the slave’s
system clock. If the master issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer
rate (bits/sec) must be less than 1/10 the system clock frequency. In the special case where the master only wants
to transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the SPI
slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. This is
provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s system clock.

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MISO/MOSI m mse Y Bit6 Y Bits Y Bit4 ) Bits Y Bt2 Y Bitl Y Bit0 M

NSS (Must Remain High
in Multi-Master Mode)

Figure 28.5. Master Mode Data/Clock Timing

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

MOSI Y wmse X site Y mits X mia X sits X sitz Y it X Bito  JXXKOW

MISO —( MSB Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 J(_)—

NSS (4-Wire Mode) _\ —

Figure 28.6. Slave Mode Data/Clock Timing (CKPHA = 0)

333 Rev 1.1

SILICON LABS



SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MOS| O mss Bit 6 Bits Y Bit4 Bit 3 Bit 2 Bit 1 BitO  YRAUN

.

MISO —{] wmse X Bit6 X mBits X Bit4a X Bit3 X Bitz2 X Bit1 X Bito X

NSS (4-Wire Mode) _\ /

Figure 28.7. Slave Mode Data/Clock Timing (CKPHA = 1)

28.6. SPI Special Function Registers

SPI0 is accessed and controlled through four special function registers in the system controller: SPIOCN Control
Register, SPIODAT Data Register, SPIOCFG Configuration Register, and SPIOCKR Clock Rate Register. The four
special function registers related to the operation of the SPI0 Bus are described in the following figures.

o X A ] \

X X [ X

* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 28.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 28.9. SPI Master Timing (CKPHA = 1)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 28.10. SPI Slave Timing (CKPHA =0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 28.11. SPI Slave Timing (CKPHA = 1)
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Table 28.1. SPI Slave Timing Parameters

Parameter |Description Min Max Units
Master Mode Timing (See Figure 28.8 and Figure 28.9)
TMCKH SCK High Time 1 X TgyscLk — ns
TmckL SCK Low Time 1XxTsyscik — ns
Twmis MISO Valid to SCK Shift Edge 1xTgyscLk + 20 — ns
TMmIH SCK Shift Edge to MISO Change 0 — ns
Slave Mode Timing (See Figure 28.10 and Figure 28.11)
Tse NSS Falling to First SCK Edge 2 X TsyscLk — ns
Tsp Last SCK Edge to NSS Rising 2 X TgyscLk — ns
Tsez NSS Falling to MISO Valid — 4xTgyscik | Ns
Tspz NSS Rising to MISO High-Z — 4xTgyscLk | Nhs
TckH SCK High Time S X TsyscLk — ns
TexL SCK Low Time 5 X TgyscLk — ns
Tsis MOSI Valid to SCK Sample Edge 2 X TsyscLk — ns
TgH SCK Sample Edge to MOSI Change 2 X TgyscLk — ns
Tson SCK Shift Edge to MISO Change — 4XTgyscLk | Ns
TsLH Last SCK Edge to MISO Change 6 X TsyscLk 8XxTsysclk | Ns
(CKPHA =1 ONLY)

Note: TsyscLk is equal to one period of the device system clock (SYSCLK).
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28.7. SPI Control Registers

Register 28.1. SPIOCFG: SPI0 Configuration

Bit 7 6 5 4 3 2 1 0
Name SPIBSY MSTEN CKPHA CKPOL SLVSEL NSSIN SRMT RXBMT
Type R RW RW RW R R R R
Reset 0 0 0 0 0 1 1 1

SFR Page = 0x0; SFR Address: OxAl

Table 28.2. SPIOCFG Register Bit Descriptions

Bit Name Function
7 SPIBSY | SPI Busy.

This bit is set to logic 1 when a SPI transfer is in progress (master or slave mode).
6 MSTEN Master Mode Enable.

0: Disable master mode. Operate in slave mode.
1: Enable master mode. Operate as a master.

5 CKPHA SPI0 Clock Phase.

0: Data centered on first edge of SCK period.

1: Data centered on second edge of SCK period.
4 CKPOL SPIO Clock Polarity.

0: SCK line low in idle state.

1: SCK line high in idle state.

3 SLVSEL |Slave Selected Flag.

This bit is set to logic 1 whenever the NSS pin is low indicating SPIO is the selected
slave. It is cleared to logic 0 when NSS is high (slave not selected). This bit does not indi-
cate the instantaneous value at the NSS pin, but rather a de-glitched version of the pin
input.

2 NSSIN NSS Instantaneous Pin Input.

This bit mimics the instantaneous value that is present on the NSS port pin at the time
that the register is read. This input is not de-glitched.

1 SRMT Shift Register Empty.

This bit is valid in slave mode only and will be set to logic 1 when all data has been trans-
ferred in/out of the shift register, and there is no new information available to read from
the transmit buffer or write to the receive buffer. It returns to logic 0 when a data byte is
transferred to the shift register from the transmit buffer or by a transition on SCK. SRMT
=1 when in Master Mode.

0 RXBMT Receive Buffer Empty.

This bit is valid in slave mode only and will be set to logic 1 when the receive buffer has
been read and contains no new information. If there is new information available in the
receive buffer that has not been read, this bit will return to logic 0. RXBMT =1 when in
Master Mode.

Note: In slave mode, data on MOSI is sampled in the center of each data bit. In master mode, data on MISO is sampled one
SYSCLK before the end of each data bit, to provide maximum settling time for the slave device.
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Register 28.2. SPIOCN: SPI0 Control

Bit 7 6 5 4 3 2 1 0
Name SPIF WCOL MODF RXOVRN NSSMD TXBMT SPIEN
Type RW RW RW RW RW R RW
Reset 0 0 0 0 0 1 1 0

SFR Page = 0x0; SFR Address: 0xF8 (bit-addressable)

Table 28.3. SPIOCN Register Bit Descriptions

Bit Name Function

7 SPIF SPIO Interrupt Flag.
This bit is set to logic 1 by hardware at the end of a data transfer. If SPI interrupts are
enabled, an interrupt will be generated. This bit is not automatically cleared by hardware,
and must be cleared by firmware.

6 WCOL Write Collision Flag.
This bit is set to logic 1 if a write to SPIODAT is attempted when TXBMT is 0. When this
occurs, the write to SPIODAT will be ignored, and the transmit buffer will not be written. If
SPI interrupts are enabled, an interrupt will be generated. This bit is not automatically
cleared by hardware, and must be cleared by firmware.

5 MODF Mode Fault Flag.
This bit is set to logic 1 by hardware when a master mode collision is detected (NSS is
low, MSTEN = 1, and NSSMD = 01). If SPI interrupts are enabled, an interrupt will be
generated. This bit is not automatically cleared by hardware, and must be cleared by
firmware.

4 RXOVRN |Receive Overrun Flag.
This bit is valid for slave mode only and is set to logic 1 by hardware when the receive
buffer still holds unread data from a previous transfer and the last bit of the current trans-
fer is shifted into the SPIO shift register. If SPI interrupts are enabled, an interrupt will be
generated. This bit is not automatically cleared by hardware, and must be cleared by
firmware.

3:2 NSSMD |Slave Select Mode.

Selects between the following NSS operation modes:
00: 3-Wire Slave or 3-Wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode. NSS is an input to the device.
10: 4-Wire Single-Master Mode. NSS is an output and logic low.
11: 4-Wire Single-Master Mode. NSS is an output and logic high.

1 TXBMT Transmit Buffer Empty.
This bit will be set to logic 0 when new data has been written to the transmit buffer. When
data in the transmit buffer is transferred to the SPI shift register, this bit will be set to logic
1, indicating that it is safe to write a new byte to the transmit buffer.

0 SPIEN SPIO Enable.
0: Disable the SPI module.
1: Enable the SPI module.
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Register 28.3. SPIOCKR: SPIO Clock Rate

Bit 7 6 5 4 3 2 1 0
Name SPIOCKR

Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xA2

Table 28.4. SPIOCKR Register Bit Descriptions

Bit

Name

Function

7:0

SPIOCKR

SPIO0 Clock Rate.

These bits determine the frequency of the SCK output when the SP10 module is config-
ured for master mode operation. The SCK clock frequency is a divided version of the
system clock, and is given in the following equation, where SYSCLK is the system clock
frequency and SPIOCKR is the 8-bit value held in the SPIOCKR register.

fo= SYSCLK
SCK ™ 2 % (SPIOCKR + 1)

for 0 <= SPIOCKR <= 255
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Register 28.4. SPIODAT: SPIO Data

Bit 7 6 5 4 3 2 0
Name SPIODAT
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xA3

Table 28.5. SPIODAT Register Bit Descriptions

Bit Name Function
7:0 SPIODAT |SPIO Transmit and Receive Data.
The SPIODAT register is used to transmit and receive SPI0 data. Writing data to SPIO-
DAT places the data into the transmit buffer and initiates a transfer when in master mode.
A read of SPIODAT returns the contents of the receive buffer.
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29. System Management Bus / 1°C (SMBusO0)

The SMBus /O interface is a two-wire, bidirectional serial bus. The SMBus is compliant with the System
Management Bus Specification, version 1.1, and compatible with the 1°C serial bus.

Reads and writes to the SMBus by the system controller are byte oriented with the SMBus interface autonomously
controlling the serial transfer of the data. Data can be transferred at up to 1/20th of the system clock as a master or
slave (this can be faster than allowed by the SMBus specification, depending on the system clock used). A method
of extending the clock-low duration is available to accommodate devices with different speed capabilities on the
same bus.

The SMBus may operate as a master and/or slave, and may function on a bus with multiple masters. The SMBus
provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration logic, and
START/STOP control and generation. The SMBus peripherals can be fully driven by software (i.e., software
accepts/rejects slave addresses, and generates ACKs), or hardware slave address recognition and automatic ACK
generation can be enabled to minimize software overhead. A block diagram of the SMBusO peripheral is shown in
Figure 29.1.

SMBus0
Aggis’s < »[ SMBODAT |«»| shift Register |«———»[J SDA
A
[ ] e
Timers O, .| Master SCL Clock
lor2 "l  Generation
Timer3 <« SCL Low <

Figure 29.1. SMBusO Block Diagram
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29.1. Supporting Documents

It is assumed the reader is familiar with or has access to the following supporting documents:
1. The I12C-Bus and How to Use It (including specifications), Philips Semiconductor.
2. The I°C-Bus Specification—Version 2.0, Philips Semiconductor.
3. System Management Bus Specification—Version 1.1, SBS Implementers Forum.

29.2. SMBus Configuration

Figure 29.2 shows a typical SMBus configuration. The SMBus specification allows any recessive voltage between
3.0V and 5.0 V; different devices on the bus may operate at different voltage levels. However, the maximum
voltage on any port pin must conform to the electrical characteristics specifications. The bi-directional SCL (serial
clock) and SDA (serial data) lines must be connected to a positive power supply voltage through a pullup resistor or
similar circuit. Every device connected to the bus must have an open-drain or open-collector output for both the
SCL and SDA lines, so that both are pulled high (recessive state) when the bus is free. The maximum number of
devices on the bus is limited only by the requirement that the rise and fall times on the bus not exceed 300 ns and
1000 ns, respectively.

VDD = 3.6V VDD = 3V VDD = 3.8V VDD = 3V
Master Slave Slave
Device Device 1 Device 2
l SDA
d ¢ SCL

Figure 29.2. Typical SMBus Configuration
29.3. SMBus Operation

Two types of data transfers are possible: data transfers from a master transmitter to an addressed slave receiver
(WRITE), and data transfers from an addressed slave transmitter to a master receiver (READ). The master device
initiates both types of data transfers and provides the serial clock pulses on SCL. The SMBus interface may
operate as a master or a slave, and multiple master devices on the same bus are supported. If two or more
masters attempt to initiate a data transfer simultaneously, an arbitration scheme is employed with a single master
always winning the arbitration. It is not necessary to specify one device as the Master in a system; any device who
transmits a START and a slave address becomes the master for the duration of that transfer.

A typical SMBus transaction consists of a START condition followed by an address byte (Bits7-1: 7-bit slave
address; Bit0: R/W direction bit), one or more bytes of data, and a STOP condition. Bytes that are received (by a
master or slave) are acknowledged (ACK) with a low SDA during a high SCL (see Figure 29.3). If the receiving
device does not ACK, the transmitting device will read a NACK (not acknowledge), which is a high SDA during a
high SCL.

The direction bit (R/W) occupies the least-significant bit position of the address byte. The direction bit is set to logic
1 to indicate a "READ" operation and cleared to logic O to indicate a "WRITE" operation.

343 Rev 1.1

SILICON LABS



All transactions are initiated by a master, with one or more addressed slave devices as the target. The master
generates the START condition and then transmits the slave address and direction bit. If the transaction is a
WRITE operation from the master to the slave, the master transmits the data a byte at a time waiting for an ACK
from the slave at the end of each byte. For READ operations, the slave transmits the data waiting for an ACK from
the master at the end of each byte. At the end of the data transfer, the master generates a STOP condition to
terminate the transaction and free the bus. Figure 29.3 illustrates a typical SMBus transaction.

B WY A U Y A Y e GV A S A UV A N

SDA
SLAG >< SLA5-0 >< R/IW D7 >< D6-0 /

START Slave Address + R/W ACK Data Byte NACK STOP

Figure 29.3. SMBus Transaction

29.3.1. Transmitter vs. Receiver

On the SMBus communications interface, a device is the “transmitter” when it is sending an address or data byte to
another device on the bus. A device is a “receiver” when an address or data byte is being sent to it from another
device on the bus. The transmitter controls the SDA line during the address or data byte. After each byte of
address or data information is sent by the transmitter, the receiver sends an ACK or NACK bit during the ACK
phase of the transfer, during which time the receiver controls the SDA line.

29.3.2. Arbitration

A master may start a transfer only if the bus is free. The bus is free after a STOP condition or after the SCL and
SDA lines remain high for a specified time (see Section “29.3.5. SCL High (SMBus Free) Timeout” on page 345). In
the event that two or more devices attempt to begin a transfer at the same time, an arbitration scheme is employed
to force one master to give up the bus. The master devices continue transmitting until one attempts a HIGH while
the other transmits a LOW. Since the bus is open-drain, the bus will be pulled LOW. The master attempting the
HIGH will detect a LOW SDA and lose the arbitration. The winning master continues its transmission without
interruption; the losing master becomes a slave and receives the rest of the transfer if addressed. This arbitration
scheme is non-destructive: one device always wins, and no data is lost.

29.3.3. Clock Low Extension

SMBus provides a clock synchronization mechanism, similar to 12C, which allows devices with different speed
capabilities to coexist on the bus. A clock-low extension is used during a transfer in order to allow slower slave
devices to communicate with faster masters. The slave may temporarily hold the SCL line LOW to extend the clock
low period, effectively decreasing the serial clock frequency.

29.3.4. SCL Low Timeout

If the SCL line is held low by a slave device on the bus, no further communication is possible. Furthermore, the
master cannot force the SCL line high to correct the error condition. To solve this problem, the SMBus protocol
specifies that devices participating in a transfer must detect any clock cycle held low longer than 25 ms as a
“timeout” condition. Devices that have detected the timeout condition must reset the communication no later than
10 ms after detecting the timeout condition.

For the SMBusO interface, Timer 3 is used to implement SCL low timeouts. The SCL low timeout feature is enabled
by setting the SMBOTOE bit in SMBOCF. The associated timer is forced to reload when SCL is high, and allowed to
count when SCL is low. With the associated timer enabled and configured to overflow after 25 ms (and SMBOTOE
set), the timer interrupt service routine can be used to reset (disable and re-enable) the SMBus in the event of an
SCL low timeout.
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29.3.5. SCL High (SMBus Free) Timeout

The SMBus specification stipulates that if the SCL and SDA lines remain high for more that 50 ps, the bus is
designated as free. When the SMBOFTE bit in SMBOCF is set, the bus will be considered free if SCL and SDA
remain high for more than 10 SMBus clock source periods (as defined by the timer configured for the SMBus clock
source). If the SMBus is waiting to generate a Master START, the START will be generated following this timeout. A
clock source is required for free timeout detection, even in a slave-only implementation.

29.4. Using the SMBus

The SMBus can operate in both Master and Slave modes. The interface provides timing and shifting control for
serial transfers; higher level protocol is determined by user software. The SMBus interface provides the following
application-independent features:

Byte-wise serial data transfers

Clock signal generation on SCL (Master Mode only) and SDA data synchronization

Timeout/bus error recognition, as defined by the SMBOCF configuration register

START/STOP timing, detection, and generation

Bus arbitration

Interrupt generation

Status information

Optional hardware recognition of slave address and automatic acknowledgement of address/data

SMBus interrupts are generated for each data byte or slave address that is transferred. When hardware
acknowledgement is disabled, the point at which the interrupt is generated depends on whether the hardware is
acting as a data transmitter or receiver. When a transmitter (i.e., sending address/data, receiving an ACK), this
interrupt is generated after the ACK cycle so that software may read the received ACK value; when receiving data
(i.e., receiving address/data, sending an ACK), this interrupt is generated before the ACK cycle so that software
may define the outgoing ACK value. If hardware acknowledgement is enabled, these interrupts are always
generated after the ACK cycle. See Section 29.5 for more details on transmission sequences.

Interrupts are also generated to indicate the beginning of a transfer when a master (START generated), or the end
of a transfer when a slave (STOP detected). Software should read the SMBOCN (SMBus Control register) to find
the cause of the SMBus interrupt. Table 29.5 provides a quick SMBOCN decoding reference.

29.4.1. SMBus Configuration Register

The SMBus Configuration register (SMBOCF) is used to enable the SMBus Master and/or Slave modes, select the
SMBus clock source, and select the SMBus timing and timeout options. When the ENSMB bit is set, the SMBus is
enabled for all master and slave events. Slave events may be disabled by setting the INH bit. With slave events
inhibited, the SMBus interface will still monitor the SCL and SDA pins; however, the interface will NACK all
received addresses and will not generate any slave interrupts. When the INH bit is set, all slave events will be
inhibited following the next START (interrupts will continue for the duration of the current transfer).

Table 29.1. SMBus Clock Source Selection

SMBCS SMBusO0 Clock Source
00 Timer 0 Overflow
01 Timer 1 Overflow
10 Timer 2 High Byte Overflow
11 Timer 2 Low Byte Overflow
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The SMBCS bit field selects the SMBus clock source, which is used only when operating as a master or when the
Free Timeout detection is enabled. When operating as a master, overflows from the selected source determine the
absolute minimum SCL low and high times as defined in Equation 29.1.The selected clock source may be shared
by other peripherals so long as the timer is left running at all times.

1

fCIockSourceOverrow

THighMin = TLowMin -

Equation 29.1. Minimum SCL High and Low Times

The selected clock source should be configured to establish the minimum SCL High and Low times as per
Equation 29.1. When the interface is operating as a master (and SCL is not driven or extended by any other
devices on the bus), the typical SMBus bit rate is approximated by Equation 29.2.

. f
BitRate = ClockSourceOverflow
3
Equation 29.2. Typical SMBus Bit Rate

Figure 29.4 shows the typical SCL generation described by Equation 29.2. Notice that Ty gy is typically twice as
large as T ow- The actual SCL output may vary due to other devices on the bus (SCL may be extended low by
slower slave devices, or driven low by contending master devices). The bit rate when operating as a master will
never exceed the limits defined by equation Equation 29.1.

mmersouee ||| [ LT L O DL

Overflows

SCL

Tiow Thigh SCL High Timeout

Figure 29.4. Typical SMBus SCL Generation

Setting the EXTHOLD bit extends the minimum setup and hold times for the SDA line. The minimum SDA setup
time defines the absolute minimum time that SDA is stable before SCL transitions from low-to-high. The minimum
SDA hold time defines the absolute minimum time that the current SDA value remains stable after SCL transitions
from high-to-low. EXTHOLD should be set so that the minimum setup and hold times meet the SMBus
Specification requirements of 250 ns and 300 ns, respectively. Table 29.2 shows the minimum setup and hold
times for the two EXTHOLD settings. Setup and hold time extensions are typically necessary for SMBus
compliance when SYSCLK is above 10 MHz.

Table 29.2. Minimum SDA Setup and Hold Times

EXTHOLD Minimum SDA Setup Time Minimum SDA Hold Time
Tiow — 4 System clocks
0 or 3 system clocks
1 system clock + s/w delay”
1 11 system clocks 12 system clocks
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Table 29.2. Minimum SDA Setup and Hold Times

EXTHOLD Minimum SDA Setup Time Minimum SDA Hold Time

Note: Setup Time for ACK bit transmissions and the MSB of all data transfers. When using software acknowledgment, the s/
w delay occurs between the time SMBODAT or ACK is written and when SIO is cleared. Note that if Sl is cleared in the
same write that defines the outgoing ACK value, s/w delay is zero.

With the SMBTOE bit set, Timer 3 should be configured to overflow after 25 ms in order to detect SCL low timeouts
(see Section “29.3.4. SCL Low Timeout” on page 344). The SMBus interface will force the associated timer to
reload while SCL is high, and allow the timer to count when SCL is low. The timer interrupt service routine should
be used to reset SMBus communication by disabling and re-enabling the SMBus.

SMBus Free Timeout detection can be enabled by setting the SMBFTE bit. When this bit is set, the bus will be
considered free if SDA and SCL remain high for more than 10 SMBus clock source periods (see Figure 29.4).

29.4.2. SMBOCN Control Register

SMBOCN is used to control the interface and to provide status information. The higher four bits of SMBOCN
(MASTER, TXMODE, STA, and STO) form a status vector that can be used to jump to service routines. MASTER
indicates whether a device is the master or slave during the current transfer. TXMODE indicates whether the
device is transmitting or receiving data for the current byte.

STA and STO indicate that a START and/or STOP has been detected or generated since the last SMBus interrupt.
STA and STO are also used to generate START and STOP conditions when operating as a master. Writing a 1 to
STA will cause the SMBus interface to enter Master Mode and generate a START when the bus becomes free
(STA is not cleared by hardware after the START is generated). Writing a 1 to STO while in Master Mode will cause
the interface to generate a STOP and end the current transfer after the next ACK cycle. If STO and STA are both
set (while in Master Mode), a STOP followed by a START will be generated.

The ARBLOST bit indicates that the interface has lost an arbitration. This may occur anytime the interface is
transmitting (master or slave). A lost arbitration while operating as a slave indicates a bus error condition.
ARBLOST is cleared by hardware each time Sl is cleared.

The Sl bit (SMBus Interrupt Flag) is set at the beginning and end of each transfer, after each byte frame, or when
an arbitration is lost; see Table 29.3 for more detalils.

Important Note About the SI Bit: The SMBus interface is stalled while Sl is set; thus SCL is held low, and the bus
is stalled until software clears Sl.

29.4.2.1. Software ACK Generation

When the EHACK bit in register SMBOADM is cleared to 0, the firmware on the device must detect incoming slave
addresses and ACK or NACK the slave address and incoming data bytes. As a receiver, writing the ACK bit defines
the outgoing ACK value; as a transmitter, reading the ACK bit indicates the value received during the last ACK
cycle. ACKRQ is set each time a byte is received, indicating that an outgoing ACK value is heeded. When ACKRQ
is set, software should write the desired outgoing value to the ACK bit before clearing SI. A NACK will be generated
if software does not write the ACK bit before clearing SI. SDA will reflect the defined ACK value immediately
following a write to the ACK bit; however SCL will remain low until Sl is cleared. If a received slave address is not
acknowledged, further slave events will be ignored until the next START is detected.

29.4.2.2. Hardware ACK Generation

When the EHACK bit in register SMBOADM is set to 1, automatic slave address recognition and ACK generation is
enabled. More detail about automatic slave address recognition can be found in Section 29.4.3. As a receiver, the
value currently specified by the ACK bit will be automatically sent on the bus during the ACK cycle of an incoming
data byte. As a transmitter, reading the ACK bit indicates the value received on the last ACK cycle. The ACKRQ bit
is not used when hardware ACK generation is enabled. If a received slave address is NACKed by hardware,
further slave events will be ignored until the next START is detected, and no interrupt will be generated.

Table 29.3 lists all sources for hardware changes to the SMBOCN bits. Refer to Table 29.5 for SMBus status
decoding using the SMBOCN register.

347 Rev 1.1

SILICON LABS



Table 29.3. Sources for Hardware Changes to SMBOCN

Bit Set by Hardware When: Cleared by Hardware When:
MASTER m A START is generated. m A S"I'OI.D is generated.
m Arbitration is lost.
START is generated. m A START is detected.
m SMBODAT is written before the start of an m Arbitration is lost.
TXMODE ) _
SMBus frame. m SMBODAT is not written before the
start of an SMBus frame.
STA A S‘I_'ART followed by an address byte is m Must be cleared by software.
received.
m A STOP is detected while addressed as a m A pending STOP is generated.
STO slave.
m Arbitration is lost due to a detected STOP.
m A byte has been received and an ACK m After each ACK cycle.
ACKRQ response value is needed (only when
hardware ACK is not enabled).
m Arepeated START is detected as a m Each time Sin is cleared.
MASTER when STA is low (unwanted
repeated START).
m SCL is sensed low while attempting to
ARBLOST generate a STOP or repeated gTA??T
condition.
m SDA is sensed low while transmitting a 1
(excluding ACK bits).
ACK m The incoming ACK value is low m The incoming ACK value is high
(ACKNOWLEDGE). (NOT ACKNOWLEDGE).
m A START has been generated. m  Must be cleared by software.
m Lost arbitration.
m A byte has been transmitted and an ACK/
S| NACK received.
m A byte has been received.
m A START or repeated START followed by a
slave address + R/W has been received.
m A STOP has been received.

29.4.3. Hardware Slave Address Recognition

The SMBus hardware has the capability to automatically recognize incoming slave addresses and send an ACK
without software intervention. Automatic slave address recognition is enabled by setting the EHACK bit in register
SMBOADM to 1. This will enable both automatic slave address recognition and automatic hardware ACK
generation for received bytes (as a master or slave). More detail on automatic hardware ACK generation can be
found in Section 29.4.2.2.

The registers used to define which address(es) are recognized by the hardware are the SMBus Slave Address
register and the SMBus Slave Address Mask register. A single address or range of addresses (including the
General Call Address 0x00) can be specified using these two registers. The most-significant seven bits of the two
registers are used to define which addresses will be ACKed. A 1 in a bit of the slave address mask SLVM enables
a comparison between the received slave address and the hardware’s slave address SLV for that bit. A 0 in a bit of
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the slave address mask means that bit will be treated as a “don’t care” for comparison purposes. In this case, either
a 1 or a 0 value are acceptable on the incoming slave address. Additionally, if the GC bit in register SMBOADR is
set to 1, hardware will recognize the General Call Address (0x00). Table 29.4 shows some example parameter
settings and the slave addresses that will be recognized by hardware under those conditions.

Table 29.4. Hardware Address Recognition Examples (EHACK = 1)

Hardware Slave Address Slave Address Mask GC bit |Slave Addresses Recognized by
SLV SLVM Hardware

0x34 Ox7F 0 0x34

0x34 Ox7F 1 0x34, 0x00 (General Call)

0x34 OX7E 0 0x34, 0x35

0x34 OX7E 1 0x34, 0x35, 0x00 (General Call)
0x70 0x73 0 0x70, 0x74, 0x78, 0x7C

29.4.4. Data Register

The SMBus Data register SMBODAT holds a byte of serial data to be transmitted or one that has just been
received. Software may safely read or write to the data register when the Sl flag is set. Software should not attempt
to access the SMBODAT register when the SMBus is enabled and the Sl flag is cleared to logic 0, as the interface
may be in the process of shifting a byte of data into or out of the register.

Data in SMBODAT is always shifted out MSB first. After a byte has been received, the first bit of received data is
located at the MSB of SMBODAT. While data is being shifted out, data on the bus is simultaneously being shifted in.
SMBODAT always contains the last data byte present on the bus. In the event of lost arbitration, the transition from
master transmitter to slave receiver is made with the correct data or address in SMBODAT.
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29.5. SMBus Transfer Modes

The SMBus interface may be configured to operate as master and/or slave. At any particular time, it will be
operating in one of the following four modes: Master Transmitter, Master Receiver, Slave Transmitter, or Slave
Receiver. The SMBus interface enters Master Mode any time a START is generated, and remains in Master Mode
until it loses an arbitration or generates a STOP. An SMBus interrupt is generated at the end of all SMBus byte
frames. The position of the ACK interrupt when operating as a receiver depends on whether hardware ACK
generation is enabled. As a receiver, the interrupt for an ACK occurs before the ACK with hardware ACK
generation disabled, and after the ACK when hardware ACK generation is enabled. As a transmitter, interrupts
occur after the ACK, regardless of whether hardware ACK generation is enabled or not.

29.5.1. Write Sequence (Master)

During a write sequence, an SMBus master writes data to a slave device. The master in this transfer will be a
transmitter during the address byte, and a transmitter during all data bytes. The SMBus interface generates the
START condition and transmits the first byte containing the address of the target slave and the data direction bit. In
this case the data direction bit (R/W) will be logic 0 (WRITE). The master then transmits one or more bytes of serial
data. After each byte is transmitted, an acknowledge bit is generated by the slave. The transfer is ended when the
STO bit is set and a STOP is generated. The interface will switch to Master Receiver Mode if SMBODAT is not
written following a Master Transmitter interrupt. Figure 29.5 shows a typical master write sequence. Two transmit
data bytes are shown, though any number of bytes may be transmitted. Notice that all of the “data byte transferred”
interrupts occur after the ACK cycle in this mode, regardless of whether hardware ACK generation is enabled.

| Interrupts with Hardware ACK Enabled (EHACK = 1)

\ 4 Y \ 4 Y
‘ S SLA W1l A Data Byte A Data Byte A|P
A A A A

| Interrupts with Hardware ACK Disabled (EHACK = 0)

Received by SMBus S = START
Interface P =STOP
A =ACK
Transmitted by W =WRITE
SMBus Interface SLA = Slave Address

Figure 29.5. Typical Master Write Sequence
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29.5.2. Read Sequence (Master)

During a read sequence, an SMBus master reads data from a slave device. The master in this transfer will be a
transmitter during the address byte, and a receiver during all data bytes. The SMBus interface generates the
START condition and transmits the first byte containing the address of the target slave and the data direction bit. In
this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then received from the slave on SDA
while the SMBus outputs the serial clock. The slave transmits one or more bytes of serial data.

If hardware ACK generation is disabled, the ACKRQ is set to 1 and an interrupt is generated after each received
byte. Software must write the ACK bit at that time to ACK or NACK the received byte.

With hardware ACK generation enabled, the SMBus hardware will automatically generate the ACK/NACK, and
then post the interrupt. It is important to note that the appropriate ACK or NACK value should be set up by
the software prior to receiving the byte when hardware ACK generation is enabled.

Writing a 1 to the ACK bit generates an ACK; writing a 0 generates a NACK. Software should write a 0 to the ACK
bit for the last data transfer, to transmit a NACK. The interface exits Master Receiver Mode after the STO bit is set
and a STOP is generated. The interface will switch to Master Transmitter Mode if SMBODAT is written while an
active Master Receiver. Figure 29.6 shows a typical master read sequence. Two received data bytes are shown,
though any number of bytes may be received. Notice that the ‘data byte transferred’ interrupts occur at different
places in the sequence, depending on whether hardware ACK generation is enabled. The interrupt occurs before
the ACK with hardware ACK generation disabled, and after the ACK when hardware ACK generation is enabled.

| Interrupts with Hardware ACK Enabled (EHACK = 1)

Y A Y \
‘ S SLA R | A Data Byte A Data Byte N | P
A A A A

| Interrupts with Hardware ACK Disabled (EHACK = 0)

Received by SMBus S = START
Interface P =STOP
A =ACK
. N = NACK
Transmitted by R = READ
SMBus Interface SLA = Slave Address

Figure 29.6. Typical Master Read Sequence
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29.5.3. Write Sequence (Slave)

During a write sequence, an SMBus master writes data to a slave device. The slave in this transfer will be a
receiver during the address byte, and a receiver during all data bytes. When slave events are enabled (INH = 0),
the interface enters Slave Receiver Mode when a START followed by a slave address and direction bit (WRITE in
this case) is received. If hardware ACK generation is disabled, upon entering Slave Receiver Mode, an interrupt is
generated and the ACKRQ bit is set. The software must respond to the received slave address with an ACK, or
ignore the received slave address with a NACK. If hardware ACK generation is enabled, the hardware will apply
the ACK for a slave address which matches the criteria set up by SMBOADR and SMBOADM. The interrupt will
occur after the ACK cycle.

If the received slave address is ignored (by software or hardware), slave interrupts will be inhibited until the next
START is detected. If the received slave address is acknowledged, zero or more data bytes are received.

If hardware ACK generation is disabled, the ACKRQ is set to 1 and an interrupt is generated after each received
byte. Software must write the ACK bit at that time to ACK or NACK the received byte.

With hardware ACK generation enabled, the SMBus hardware will automatically generate the ACK/NACK, and
then post the interrupt. It is important to note that the appropriate ACK or NACK value should be set up by
the software prior to receiving the byte when hardware ACK generation is enabled.

The interface exits Slave Receiver Mode after receiving a STOP. The interface will switch to Slave Transmitter
Mode if SMBODAT is written while an active Slave Receiver. Figure 29.7 shows a typical slave write sequence. Two
received data bytes are shown, though any number of bytes may be received. Notice that the ‘data byte
transferred’ interrupts occur at different places in the sequence, depending on whether hardware ACK generation
is enabled. The interrupt occurs before the ACK with hardware ACK generation disabled, and after the ACK when
hardware ACK generation is enabled.

Interrupts with Hardware ACK Enabled (EHACK = 1) |

A Y \ A 4
S SLA W| A Data Byte A Data Byte AP

A A A T

Interrupts with Hardware ACK Disabled (EHACK = 0) |

Received by SMBus S = START
Interface P =STOP
A =ACK
. W = WRITE
Transmitted by SLA = Slave Address
SMBus Interface

Figure 29.7. Typical Slave Write Sequence
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29.5.4. Read Sequence (Slave)

During a read sequence, an SMBus master reads data from a slave device. The slave in this transfer will be a
receiver during the address byte, and a transmitter during all data bytes. When slave events are enabled (INH = 0),
the interface enters Slave Receiver Mode (to receive the slave address) when a START followed by a slave
address and direction bit (READ in this case) is received. If hardware ACK generation is disabled, upon entering
Slave Receiver Mode, an interrupt is generated and the ACKRQ bit is set. The software must respond to the
received slave address with an ACK, or ignore the received slave address with a NACK. If hardware ACK
generation is enabled, the hardware will apply the ACK for a slave address which matches the criteria set up by
SMBOADR and SMBOADM. The interrupt will occur after the ACK cycle.

If the received slave address is ignored (by software or hardware), slave interrupts will be inhibited until the next
START is detected. If the received slave address is acknowledged, zero or more data bytes are transmitted. If the
received slave address is acknowledged, data should be written to SMBODAT to be transmitted. The interface
enters slave transmitter mode, and transmits one or more bytes of data. After each byte is transmitted, the master
sends an acknowledge bit; if the acknowledge bit is an ACK, SMBODAT should be written with the next data byte. If
the acknowledge bit is a NACK, SMBODAT should not be written to before Sl is cleared (an error condition may be
generated if SMBODAT is written following a received NACK while in slave transmitter mode). The interface exits
slave transmitter mode after receiving a STOP. The interface will switch to slave receiver mode if SMBODAT is not
written following a Slave Transmitter interrupt. Figure 29.8 shows a typical slave read sequence. Two transmitted
data bytes are shown, though any number of bytes may be transmitted. Notice that all of the “data byte transferred”
interrupts occur after the ACK cycle in this mode, regardless of whether hardware ACK generation is enabled.

Interrupts with Hardware ACK Enabled (EHACK = 1) |

Y y Y VY
S SLA R A Data Byte A Data Byte N|P

A A A T

Interrupts with Hardware ACK Disabled (EHACK = 0) |

Received by SMBus S = START
Interface P =STOP
N = NACK
. R = READ
Transmitted by SLA = Slave Address
SMBus Interface

Figure 29.8. Typical Slave Read Sequence

29.6. SMBus Status Decoding

The current SMBus status can be easily decoded using the SMBOCN register. The appropriate actions to take in
response to an SMBus event depend on whether hardware slave address recognition and ACK generation is
enabled or disabled. Table 29.5 describes the typical actions when hardware slave address recognition and ACK
generation is disabled. Table 29.6 describes the typical actions when hardware slave address recognition and ACK
generation is enabled. In the tables, STATUS VECTOR refers to the four upper bits of SMBOCN: MASTER,
TXMODE, STA, and STO. The shown response options are only the typical responses; application-specific
procedures are allowed as long as they conform to the SMBus specification. Highlighted responses are allowed by
hardware but do not conform to the SMBus specification.
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Table 29.5. SMBus Status Decoding: Hardware ACK Disabled (EHACK = 0)

©
Values Read Valugsto o 3
Write |4 S
) = _ _ 8 o
Blew = lon Current SMbus State Typical Response Options n 3
S| ©|x|O|x <|O|X|% o=
T o |Xx | Q FEIEF|O|lw ©
< >
Load slave address + R/'Winto |0 | 0 | X | 1100
1110 | 0 | O | X |A master START was generated. SMBODAT.
01010 transmitted; NACK received. Abort transfer. ol1lx| —
(O]
E Load next data byte into SMBO- | 0 | 0 | X | 1100
uE) DAT.
c
f_f End transfer with STOP. O|1(X| —
5 | 1100 End transfer with STOP and start | 1 | 1 | X | —
' A master data or address byte was
© 0(0|1 o ; another transfer.
s transmitted; ACK received.
Send repeated START. 10| X]| 1110
Switch to Master Receiver Mode | 0 X' | 1000
(clear Sl without writing new data
to SMBODAT).
Acknowledge received byte; 0|0]|1] 1000
Read SMBODAT.
Send NACK toindicate lastbyte, [0 |1 |0 | —
and send STOP.
Send NACK toindicate lastbyte, | 1 [ 1 | O | 1110
and send STOP followed by
o START.
=
(]
o - Send ACK followed by repeated | 1 | 0 | 1 | 1110
©l1000!10|x A master data byte was received; ACK START.
— requested.
2 Send NACK to indicate last byte, | 1 | 0 | 0 | 1110
‘25 and send repeated START.
Send ACK and switch to Master [ 0 | O | 1 | 1100
Transmitter Mode (write to
SMBODAT before clearing Sl).
Send NACK and switchtoMas- [0 | O [ O | 1100
ter Transmitter Mode (write to
SMBODAT before clearing Sl).
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Table 29.5. SMBus Status Decoding: Hardware ACK Disabled (EHACK =0) (Continued)

Valuesto 3
Values Read Write | 8 g
8 = . . § o
5lw = |Ol0 Current SMbus State Typical Response Options n 3
S| 2|x|O|x <|O|X|% =
?U' o |X|d]|0O == O o ©
= 00 |Q0|< vz o
n > |g|lx (]
< >
A slave byte was transmitted; NACK  |No action required (expecting 0|0 | X]| 0001
0[{0]|0 : %
received. STOP condition).
_g A slave byte was transmitted; ACK Load SMBODAT withnextdata |0 | 0 | X | 0100
£(0100(0|0|1 : .
= received. byte to transmit.
E A Slave byte was transmitted; error No action required (expecting 0|0 | X| 0001
= 0]1]|X
° detected. Master to end transfer).
>
% An illegal STOP or bus error was 0|0 |X| —
0101 | 0 | X | X |detected while a Slave Transmission |Clear STO.
was in progress.
If Write, Acknowledge received | 0| 0| 1 | 0000
address
1]o[x 2(?:?\:: i‘l‘lrtzzs +RIWwas received; 1\ pead, Load SMBODAT with | 0 | 0 | 1 | 0100
q ' data byte; ACK received address
NACK received address. oOj0|0| —
If Write, Acknowledge received | 0| 0| 1 | 0000
0010
address
(3] : ' . .
> 1| 1 | X |address + R/W received; ACK data byte; ACK received address
[
S requested. NACK received address. o|0f(0| —
o
o Reschedule failed transfer; 1{0]|0] 1110
Ecs NACK received address.
n
A STOP was detected while addressed 0|0 |X| —
0 | 0 | X |as a Slave Transmitter or Slave Clear STO.
0001 Receiver.
111 1% Lost arbitration while attempting a No action required (transfer o|j0|0| —
STOP. complete/aborted).
) Acknowledge received byte; 0(0|1|0000
0000 | 110 | x A slave byte was received; ACK Read SMBODAT.
requested. .
NACK received byte. 0j0|0| —
S | 0010 | o | 1 | x |Lost arbitration while attempting a Abort failed transfer. 010 X| —
= repeated START. Reschedule failed transfer. 1]0|X]| 1110
c :
S | 0001 | 0| 1 | x |Lostarbitration due to a detected Abort failed transfer. 010X} —
S STOP. Reschedule failed transfer. 1]0|X]| 1110
o 0000 | 1 | 1 | x |Lost arbitration while transmitting a Abort failed transfer. 01010 —
@ data byte as master. Reschedule failed transfer. 1/0|0] 1110
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Table 29.6. SMBus Status Decoding: Hardware ACK Enabled (EHACK =1)

Valuesto 3
Values Read Write | 9 g
) - _ _ T o
3 o = |Ool® Current SMbus State Typical Response Options N 3
S| 2|x|0|x <|Oo|X|% =
T o|lxX|d0 IOl oB 9
EARIEIR: nin|lglz g
< < >
Load slave address + R/'Winto | o |0 | X | 1100
1110 | 0 | O | X |A master START was generated. SMBODAT.
A master data or address byte was Set STA to restart transfer. 1|0]|X]| 1110
0|00 o .
transmitted; NACK received. Abort transfer. ol1 _
g Load next data byte into SMBO- | g | 0 1100
g DAT.
(2}
3 End transfer with STOP. 0|1 —
= -
5 | 1100 End transfer with STOP andstart | 1 | 1 | x | —
0 A master data or address byte was another transfer.
g 0101 transmitted; ACK received
= ' ' Send repeated START. 1|0 X]| 1110
Switch to Master Receiver Mode | 0 | 0 1000
(clear Sl without writing new data
to SMBODAT). Set ACK for initial
data byte.
Set ACK for next data byte; olol1!1000
Read SMBODAT.
Set NACK to indicate nextdata [ o |0 | 0| 1000
_ byte as the last data byte;
olol1 ,Sé\er:taster data byte was received; ACK |Read SMBODAT.
o ' Initiate repeated START. 1|0 1110
(]
-% Switch to Master Transmitter olo|Xx| 1100
3 Mode (write to SMBODAT before
05 1000 clearing SI).
Q
‘% Read SMBODAT; send STOP. oj1|{0| —
= Read SMBODAT; Send STOP |1 |1 | 0| 1110
) followed by START.
ololo A master data byte was received;
NACK sent (last byte). Initiate repeated START. 1]0 1110
Switch to Master Transmitter olo|X| 1100
Mode (write to SMBODAT before
clearing SI).
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Table 29.6. SMBus Status Decoding: Hardware ACK Enabled (EHACK =1) (Continued)

Valuesto 32
Values Read Write | 9 g
) = _ ) TS o
3 w = |Ool® Current SMbus State Typical Response Options 0 3
S| 8|x|0|x <|o|lX|% =
T ol |d|0 =IOl 8
< < >
A slave byte was transmitted; NACK |No action required (expecting o|o0|X| o001
0|00 . o
- received. STOP condition).
[}
= A slave byte was transmitted; ACK Load SMBODAT withnextdata | o |0 | X | 0100
£/0100(0{0 1 . .
< received. byte to transmit.
c . . . N
® ol1lx A Slave byte was transmitted; error No action required (expecting olo|X| o001
: detected. Master to end transfer).
E An illegal STOP or bus error was olo|x| —
10101 | 0| X | X |detected while a Slave Transmission |Clear STO.
was in progress.
If Write, Set ACK for first data olo| 1| 0000
ololx A slave address + R/W was received; |byte.
ACK sent. If Read, Load SMBODAT with ololx! o100
data byte
0010 If Write, Set ACK for first data olo| 1| 0000
byte.
Lost arbitration as master; slave :
' If Read, Load SMBODAT with
E 0} 1]x address + R/W received; ACK sent. | yatq byte 010X/ 0100
% Reschedule failed transfer 1|0 X]| 1110
x
o A STOP was detected while olo|lXx| —
Es 0 | 0 | X |addressed as a Slave Transmitter or |Clear STO.
¥ | 0001 Slave Receiver.
ol1lx Lost arbitration while attempting a No action required (transfer ololo| —
STOP. complete/aborted).
Set ACK for next data byte; olo| 1| 0000
_ Read SMBODAT.
0000 | 0 | O | X |A slave byte was received.
Set NACK for next data byte; olo/| 0| 0000
Read SMBODAT.
c Lost arbitration while attempting a Abort failed transfer. 010X} —
c | 0010 011X ted START.
= repeate : Reschedule failed transfer. 1|0|X]| 1110
©
c .
8 0001 | o | 1 | x |Lost arbitration due to a detected Abort failed transfer. 010X} —
S STOP. Reschedule failed transfer. 1|0|X]| 1110
m ,
21 0000 | 0| 1 | x |Lost arbitration while transmitting a Abort failed transfer. 0/0|X] —
@ data byte as master. Reschedule failed transfer. 1/0|X| 1110
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29.7. 12C / SMBus Control Registers

Register 29.1. SMBOCF: SMBus 0 Configuration

Bit 7 6 5 4 3 2 1 0
Name ENSMB INH BUSY EXTHOLD | SMBTOE | SMBFTE SMBCS
Type RwW RwW R RwW RwW RW RwW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xC1

Table 29.7. SMBOCF Register Bit Descriptions

Bit

Name

Function

ENSMB

SMBus Enable.

This bit enables the SMBus interface when set to 1. When enabled, the interface con-
stantly monitors the SDA and SCL pins.

INH

SMBus Slave Inhibit.

When this bit is set to logic 1, the SMBus does not generate an interrupt when slave
events occur. This effectively removes the SMBus slave from the bus. Master Mode
interrupts are not affected.

BUSY

SMBus Busy Indicator.

This bit is set to logic 1 by hardware when a transfer is in progress. It is cleared to logic 0
when a STOP or free-timeout is sensed.

EXTHOLD

SMBus Setup and Hold Time Extension Enable.
This bit controls the SDA setup and hold times.
0: Disable SDA extended setup and hold times.
1: Enable SDA extended setup and hold times.

SMBTOE

SMBus SCL Timeout Detection Enable.

This bit enables SCL low timeout detection. If set to logic 1, the SMBus forces Timer 3 to
reload while SCL is high and allows Timer 3 to count when SCL goes low. If Timer 3 is
configured to Split Mode, only the High Byte of the timer is held in reload while SCL is
high. Timer 3 should be programmed to generate interrupts at 25 ms, and the Timer 3
interrupt service routine should reset SMBus communication.

SMBFTE

SMBus Free Timeout Detection Enable.

When this bit is set to logic 1, the bus will be considered free if SCL and SDA remain high
for more than 10 SMBus clock source periods.

1:0

SMBCS

SMBus Clock Source Selection.

This field selects the SMBus clock source, which is used to generate the SMBus bit rate.
See the SMBus clock timing section for additional details.

00: Timer 0 Overflow.

01: Timer 1 Overflow.

10: Timer 2 High Byte Overflow.

11: Timer 2 Low Byte Overflow.
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Register 29.2. SMBOCN: SMBus 0 Control

Bit 7 6 5 4 3 2 1 0
Name | MASTER | TXMODE STA STO ACKRQ | ARBLOST ACK SI
Type R R RW RwW R R RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xCO (bit-addressable)

Table 29.8. SMBOCN Register Bit Descriptions

Bit

Name

Function

MASTER

SMBus Master/Slave Indicator.

This read-only bit indicates when the SMBus is operating as a master.
0: SMBus operating in slave mode.

1: SMBus operating in master mode.

TXMODE

SMBus Transmit Mode Indicator.

This read-only bit indicates when the SMBus is operating as a transmitter.
0: SMBus in Receiver Mode.
1: SMBus in Transmitter Mode.

STA

SMBus Start Flag.

When reading STA, a '1' indicates that a start or repeated start condition was detected on
the bus.

Writing a '1' to the STA bit initiates a start or repeated start on the bus.

STO

SMBus Stop Flag.
When reading STO, a '1' indicates that a stop condition was detected on the bus (in slave
mode) or is pending (in master mode).

When acting as a master, writing a '1' to the STO bit initiates a stop condition on the bus.
This bit is cleared by hardware.

ACKRQ

SMBus Acknowledge Request.

0: No ACK requested.
1: ACK requested.

ARBLOST

SMBus Arbitration Lost Indicator.

0: No arbitration error.
1: Arbitration error occurred.

ACK

SMBus Acknowledge.

When read as a master, the ACK bit indicates whether an ACK (1) or NACK (0) is
received during the most recent byte transfer.

As a slave, this bit should be written to send an ACK (1) or NACK (0) to a master
request. Note that the logic level of the ACK bit on the SMBus interface is inverted from
the logic of the register ACK bit.
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Table 29.8. SMBOCN Register Bit Descriptions

Bit

Name

Function

Sl

SMBus Interrupt Flag.

This bit is set by hardware to indicate that the current SMBus state machine operation
(such as writing a data or address byte) is complete. While Sl is set, SCL is held low and
SMBus is stalled. SI must be cleared by firmware. Clearing Sl initiates the next SMBus
state machine operation.
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Register 29.3. SMBOADR: SMBus 0 Slave Address

Bit 7 6 5 4 3 2 0
Name SLV GC
Type RwW RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xF4

Table 29.9. SMBOADR Register Bit Descriptions

Bit Name Function

71 SLV SMBus Hardware Slave Address.
Defines the SMBus Slave Address(es) for automatic hardware acknowledgement. Only
address bits which have a 1 in the corresponding bit position in SLVM are checked
against the incoming address. This allows multiple addresses to be recognized.

0 GC General Call Address Enable.
When hardware address recognition is enabled (EHACK = 1), this bit will determine
whether the General Call Address (0x00) is also recognized by hardware.
0: General Call Address is ignored.
1: General Call Address is recognized.
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Register 29.4. SMBOADM: SMBus 0 Slave Address Mask

Bit 7 6 4 0
Name SLVM EHACK
Type RwW RW
Reset 1 1 1 0

SFR Page = 0x0; SFR Address: 0xF5

Table 29.10. SMBOADM Register Bit Descriptions

Bit Name

7:1 SLVM SMBus Slave Address Mask.
Defines which bits of register SMBOADR are compared with an incoming address byte,
and which bits are ignored. Any bit set to 1 in SLVM enables comparisons with the corre-
sponding bit in SLV. Bits set to 0 are ignored (can be either 0 or 1 in the incoming
address).

0 EHACK Hardware Acknowledge Enable.

Enables hardware acknowledgement of slave address and received data bytes.

0: Firmware must manually acknowledge all incoming address and data bytes.
1: Automatic slave address recognition and hardware acknowledge is enabled.
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Register 29.5. SMBODAT: SMBus 0 Data

Bit 7 6 5 4 3 2 0
Name SMBODAT
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xC2

Table 29.11. SMBODAT Register Bit Descriptions

Bit

Name

Function

7:0

SMBODAT

SMBus 0 Data.

The SMBODAT register contains a byte of data to be transmitted on the SMBus serial
interface or a byte that has just been received on the SMBus serial interface. The CPU
can safely read from or write to this register whenever the Sl serial interrupt flag is set to
logic 1. The serial data in the register remains stable as long as the Sl flag is set. When
the Sl flag is not set, the system may be in the process of shifting data in/out and the

CPU should not attempt to access this register.
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30. I12C Slave

The I2CSLAVEQO interface is a 2-wire, bidirectional serial bus that is compatible with the 12C Bus Specification 3.0. It
is capable of transferring in high-speed mode (HS-mode) at speeds of up to 3.4 Mbps. Either the CPU or the DMA
can write to the 12C interface, and the 12C interface can autonomously control the serial transfer of data. The
interface also supports clock stretching for cases where the CPU may be temporarily prohibited from transmitting a
byte or processing a received byte during an 12C transaction. It can also operate in sleep mode without an active
system clock and wake the CPU when a matching slave address is received.
It operates only as an I2C slave device. The 12CSLAVEO peripheral provides control of the SCL (serial clock)

synchronization, SDA (serial data), SCL Clock stretching, 12C arbitration logic, and low power mode operation. The
block diagram of the I2CSLAVEDO peripheral and the associated SFRs is shown in Figure 30.1.

12COSLAD I12COSTAT 12COCNTL
vlvlv| v vlvlv | I|>5lz|v|v sz <=l ol sl @
CEEEEEEREEEFEF RN Slelm 8 @
R EEEEREEERER 270D~
2| 0| 0| A 2| 2| Z |S™ 2 ==
S ENENEE W o

9

o

A A A A A A

Y YYvyvy

12C0 Slave Control Logic

DMA interface| - SCL Synchronization
—

I°C interrupt and

- SDA Control

- Clock stretching

- DMA interface

- Hardware Slave Address Recognition
- Automatic ACK generation

- IRQ generation

Wa(w. - 12C Pad Selection

- SCL Timeout detection (via Timer 3)
- High speed mode detection

mode
- Low power mode operation

- Wake-on-address-match operation during sleep

|

12CODIN H Buffer_In

L

—){ 12CODOUT }—

% Buffer_Out

!

DMA transfer from XRAM

P

DMA transfer to XRAM

Figure 30.1. I2CSLAVEO Block Diagram

12C Pad Control

SILICON LABS

Rev 1.1

364



30.1. Supporting Documents
It is assumed that the reader is familiar or has access to the following supporting documents:

m The 12C-bus specification and the user manual Rev. 0.3.

30.2. The I°C Configuration

Figure 30.2 shows a typical 1°C configuration. The 1°C specification allows any recessive voltage between 3.0 and

5.0 V; different devices on the bus may operate at different voltage levels.

Note: The port pins on the C8051F97x devices are not 5 V tolerant, therefore, the device may only be used in 12C networks
where the supply voltage does not exceed Vpp.

The bidirectional SCL and SDA lines must be connected to a positive power supply voltage through a pull-up

resistor or similar circuit. Every device connected to the bus must have an open-drain or open-collector output for

both the SCL and SDA lines, so that both are pulled high (recessive state) when the bus is free. The maximum

number of devices on the bus is limited only by the requirement that the rise and fall times on the bus not exceed

the specifications defined in the 12C standard.

VvDD =3V VvDD =3V vDD =3V vDD =3V
Master Slave Slave
Device Device 1 Device 2
® SDA

SCL
Figure 30.2. Typical 1°C Configuration

30.3. I2CSLAVEO Operation

The 12CSLAVEO peripheral supports two types of data transfers: I°C Read data transfers where data is transferred
from the C8051F97x’s I°C slave peripheral to an 1°C master, and 1°C Write data transfers where data is transferred
from an 12C master to the C8051F97x’s 1°C slave peripheral. The 12C master initiates both types of data transfers
and provides the serial clock pulses that the 12C slave peripheral detects on the SCL pin.

A typical I2C transaction consists of a START condition followed by an address byte (Bits7-1: 7-bit slave address;
Bit0: R/W direction bit), one or more bytes of data, and a STOP condition. Bytes that are received are
acknowledged (ACK) with a low SDA during a high SCL (refer to Figure 30.3).

AR L B VO VO VA A Y A U A RV A O

SDA
SLAG >< SLA5-0 >< RIW D7 >< D6-0

START Slave Address + R/W ACK Data Byte NACK STOP

Figure 30.3. I12C Transaction
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The direction bit (R/W) occupies the least-significant bit position of the address byte. The direction bit is set to logic
1 to indicate a “READ” operation and cleared to logic 0 to indicate a “WRITE” operation.

All transactions are initiated by a master, with one or more addressed slave devices as the target. The master
generates the START condition and then transmits the slave address and direction bit. If the transaction is a
WRITE operation from the master to the slave, the master transmits the data a byte at a time waiting for an ACK
from the slave at the end of each byte. For READ operations, the slave transmits the data waiting for an ACK from
the master at the end of each byte. At the end of the data transfer, the master generates a STOP condition to
terminate the transaction and free the bus. Figure 30.3 illustrates a typical 12C transaction.

30.3.1. Transmitter vs. Receiver

On the 12C communications interface, a device is the “transmitter” when it is sending an address or data byte to
another device on the bus. A device is a “receiver” when an address or data byte is being sent to it from another
device on the bus. The transmitter controls the SDA line during the address or data byte. After each byte of
address or data information is sent by the transmitter, the receiver sends an ACK or NACK bit during the ACK
phase of the transfer, during which time the receiver controls the SDA line.

30.3.2. Clock Stretching

The 1°C bus specification provides transaction pause mechanism, which allows the slave device to force the
master into a wait state until the slave device is ready for the next byte transaction. This is performed by the 1°C
slave holding the SCL line low. Hence, it is important that the master 1°C device must not drive the SCL line using a
push-pull output.

In the C8051F97x I2CSLAVEDO peripheral, clock stretching is only performed on the SCL falling edge associated
with the ACK or NACK bit. Clock stretching is always performed on every byte transaction that is addressed to the
I2CSLAVEDO peripheral. Clock stretching is completed by the I2CSLAVEO peripheral when it releases the SCL line
from the low state. The I2CSLAVEDO peripheral releases the SCL line when any one of the following conditions are
met:

m  Software writes a 0 to the 12COINT bit in I2COSTAT,

m DMA completes a data transfer to or from the I2CSLAVEQ peripheral in response to a DMA request from
the 12CSLAVEO peripheral.
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30.3.3. SCL Low Timeout

If the SCL line is held low by a slave device on the bus, no further communication is possible. Furthermore, the
master cannot force the SCL line high to correct the error condition. To solve this problem, the 12CSLAVEQ
peripheral supports a timeout feature to allow the firmware to detect and handle this condition.

This feature is enabled when the TOUTEN bit in I2COCNTL is set, and Timer 3 is configured to run in 16-bit auto-
reload mode (T3SPLIT set to 0 in TMR3CN). When this feature is enabled, Timer 3 is forced to reload when SCL is
high, and allowed to count when SCL is low. With Timer 3 enabled and configured to overflow after a system-
defined time (and TOUTEN bit set), the Timer 3 interrupt service routine can be used to detect and handle this error
condition.

30.3.4. HS-mode
The 1°C Specification supports High-speed mode (HS-mode) transfer which allows devices to transfer data at rates
of up to 3.4 Mbps and yet remain fully downward compatible with slower speed devices. This allows HS-mode
devices to operate in a mixed-speed bus system. Refer to the 1°c Specification for details on the electrical and
timing requirements for HS-mode operation. The I2CSLAVEOQ peripheral is compatible with the I°C HS-mode
operation without any software intervention other than requiring that firmware enable the I2CSLAVEOQ peripheral.
By default, the 12C bus operates at speeds of up to Fast-mode (F/S mode) only, where the maximum transfer rate
is 400 kbps. The 12C bus switches to from F/S mode to HS-mode only after the following sequence of bits appear
on the I°C bus:

1. START bit (S)

2. 8-bit master code (0000 1XXX)

3. NACK hit (N)
The HS-mode master codes are reserved 8-bit codes which are not used for slave addressing or other purposes.
An HS-mode compatible 12C master device will switch the I2C bus to HS-mode by transmitting the above sequence
of bits on the I12C bus at a transfer rate of not more than 400 kbps. After that, the master can switch to HS-mode to

transfer data at a rate of up to 3.4 Mbps. The 12C bus switches back to F/S mode when the I°C master transmits a
STOP bit. Figure 30.4 shows this in clearer detail.

L—F/S-mode :!: HS-mode ;!

| S| Master code [N]sr| sLA | riw |A] DATA+ACKSs | NP

L—F/S-mode >!< HS-mode :!

[ S| Master code [N|sr| SLA | RW |A] DATA+ACKs | AN [sr|SLA[RW]A] [P]

Figure 30.4. Data Transfer Switching between F/S Mode and HS-Mode
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30.3.5. DMA and CPU Mode Operations

The 12CSLAVEO peripheral can operate in either CPU or DMA mode. In CPU mode, all data transfers occur
through software reading from the I12CODIN register or writing to the 12CODOUT register. By default, the
I2CSLAVEO peripheral operates in CPU mode for all 1°C Read and Write requests.

In DMA mode, all data transfers are executed by the DMA peripheral automatically without any CPU intervention.
However, I2COINT must still be cleared by firmware after a START+Slave address has been received. When a
DMA channel has been selected and enabled for data transfer from 12CODIN to XRAM, the I2CSLAVEO peripheral
operates in DMA mode for all 12C Write requests. When a DMA channel has been selected and enabled for data
transfer from XRAM to [2CODOUT, the 12CSLAVEO peripheral operates in DMA mode for all 1°C Read requests.

30.4. Using the I2CSLAVEO Module

I2CSLAVEO operates only in Slave mode. The interface provides timing and shifting control for serial transfers;
higher level protocol is determined by user software. The 1°C interface provides the following application-
independent features:

Byte-wise serial data transfers

SDA data synchronization

Timeout recognition, as defined by the I2COCNTL configuration register
START/STOP detection

Interrupt generation

Status information

Interfacing to the DMA to automate data transfers

m High-speed 12C mode detection
m Automatic wakeup from Sleep mode when matching slave address is received
m Hardware recognition of slave address and automatic acknowledgment of address/data

An 12CSLAVEDO interrupt is generated when the RD, WR or STOP bit is set in the 12COSTAT SFR. It is also
generated when the ACTIVE bit goes low to indicate the end of an 1°C bus transfer. Refer to the I2COSTAT SFR
definition for complete details on the conditions for the setting and clearing of these bits.

30.4.1. I2COCNTL Control Register
The I2COCNTL register is used to control the I2CSLAVEO interface (see SFR Definition 26.5). The two bits,

I2COSEL and I2COEN, are used to enable and disable the I12CSLAVEO interface and associated pins. The
I2CSLAVEDO peripheral must be enabled in the following sequence:

1. Set 12COSEL bit in the I2COCNTL SFR.
2. Set 12COEN bit in the 2COCNTL SFR.

This correct sequence of enabling the I2CSLAVEOQO ensures the peripheral processes the initial data transfers
correctly.

TOUTEN is used to enable the SCL Low Timeout detection. Refer to section SCL Low Timeout for more details.

PRELOADDIS is used to control whether the data byte must be preloaded before the first SCL clock of an 1°C
Read transaction. It should always be set to 1.

BUSY bit controls the automatic hardware acknowledgment of 1°C slave address match or I°C Write transactions.
When cleared to 0, automatic hardware acknowledgment is enabled.

30.4.2. I2COSTAT Status Register

The I2COSTAT register is used to provide status information (see SFR Definition 26.4). The HSMODE bit is used to
indicate whether the 12C bus is operating in High-Speed mode as defined in the 12C Specification. This bit is set
after the 12C bus is detected to be operating in HS-mode (refer to section HS-mode for details on how the 12C bus
switch modes). When the 12C bus switches back to F/S-mode operation, the HSMODE bit is cleared.

The setting and clearing of the status bits are described in detail in section 12C Transfer Modes and the SFR
Definition 26.4.
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30.4.3. I2COSLAD Slave Address Register

The 12CSLAVEO peripheral can be configured to recognize a specific slave address and respond with an ACK
without any software intervention. This feature is enabled by software in the following sequence writes to the
[2CSLAVEDO registers;

1. Clearing BUSY bit in I2COCNTL to enable automatic ACK response.

2. Writing the slave address to I2COSLAD.

3. Setting I2COSEL bit in 2COCNTL to enable the SCL and SDA pads.

4. Setting I2COEN bit in I2COCNTL to enable the I2CSLAVEO peripheral.
30.4.4. I2CODIN Received Data Register

The I2CODIN register holds the serial data that has just been received on the 1°C bus and addressed to the local
device. When the I2CSLAVEQ is operating in CPU mode for 12C Write operations, software may safely read from
this register when the 12COINT flag is set. It is not safe to read from this register in any one of the following
conditions:

m The I2COINT flag is cleared to logic 0.

m The I2CSLAVEDO is operating in DMA mode for 12C Write operations.
When the 12CSLAVEO is operating in DMA mode for 12C Write operations, software should access the received
data from the XRAM where the DMA has transferred the received data.
30.4.5. I2CODOUT Transmit Data Register
The 12CODOUT register holds the serial data that is to be transmitted on the 12C bus. When the 12CSLAVEQ is

operating in CPU mode for I°C Read operations, software may safely write to this register when the I2COINT flag is
set. It is not safe to write to this register in any one of the following conditions:

m The I2COINT flag is cleared to logic 0

m The I2CSLAVEO is operating in DMA mode for 1°C Read operations

When the 12CSLAVEDO is operating in DMA mode for 12C Read operations, software should setup the data to be
transmitted in XRAM and configure the DMA to transfer the data from XRAM to the I2CODOUT register.
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30.5. 12C Transfer Modes

The I2CSLAVEO interface may be operating in either I2C Write or 1°C Read mode. Data transfers can also be
controlled by DMA, depending on whether a DMA channel has selected 12C Read or Write as a data transfer
function. The following sub-sections describe in detail the setting and clearing of various status bits in the
I2COSTAT register during different modes of operations. In all modes, the 12CSLAVEO peripheral performs clock
stretching automatically on every SCL falling edge associated with the ACK or NACK bit.

30.5.1. I2C Write Sequence (CPU mode)
Figure 30.5 shows the details of how the I2COSTAT status bits change during an 12C Write data transfer.

|12€0 module — CPU mode — clock stretch — Write |

©)

| Sleep | Active |
@ ©) ®
Is]stajw]al | peo |a]l | b1 |a] | be2 JA] |s|s,a]w]a] | bes [n] |P
A A 7 A X A A A 7y T S = START
g 1 J A Lol g 1 4 L P=STOP
s E = = g E o £ £ £ A=ACK
PO O O 0000 0ok
@ ® R = Read
W = Write
SLA+W wakes CPU from sleep mode. Automatic ACK if BUSY was 0. Sr = repeated START

Shaded blocks are
generated by Slave
device

INT generated — starting clock stretch. CPU clears 12COINT, which releases SCL
CPU fetches DBO from 12CODIN; ACK bit cleared to ‘0’; CPU clears I2COINT, which releases SCL
Slave doesn’t care whether it generates NACK or ACK. State machine response is the same for both.

Stop bit (P) generates interrupt. No Clock Stretch. CPU clears I2COINT

No int I2COSTAT = x1001000 at 8" SCL rising edge

12C0 int I2COSTAT = x1101010; CPU clears START and 12COINT

12C0 int 12COSTAT = x1100010; CPU fetches DBO from 12CODIN and clears I2COINT

12C0 int 12COSTAT = x1100010; CPU fetches DB1 from 12CODIN and clears I2COINT

12C0 int 12COSTAT = x1100010; CPU fetches DB2 from 12CODIN and clears 12COINT

12C0 int 12COSTAT = x0100000; CPU services end of transaction and clears I2COINT

12C0 int 12COSTAT = x1101010; CPU clears START and I2COINT; CPU writes ‘1’ to BUSY to NACK future data transfers

12COSTAT = x1110010; CPU fetches DB3 from 12CODIN and clears 12COINT, NACK; CPU writes ‘0’ to BUSY to ACK future
data transfers

I2COSTAT = x0100100; CPU clears STOP and I12COINT
*Ata, b, c, d, f, g : Bits are set/cleared at 9" scL falling edge. CPU clears I12COINT to release SCL

12C0 int

12C0 int

OOOPEOOOY VOO

Figure 30.5. Typical I°C Write Sequence in CPU Mode

Note that at “f” in the above sequence, it is possible to leave the BUSY bit at 0. In this case, the master will receive
an ACK instead at “g” and it would still be possible for the I°C master to generate a STOP bit immediately after the
ACK.
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30.5.2. IC Read Sequence (CPU mode)
Figure 30.6 shows the details of how the I2COSTAT status bits change during an I2C Read data transfer.

| 12C0 module — CPU mode — clock stretch — Read

®

| Sleep | Active |
2 3 ® S=START
IsIstaA|r]A] | bBo |A] | pB1 |Aa] | bB2 |N| |s]stA|rR|A] | DB3 |N] [P p=STOP
A A A A ﬂk A A A T A=ACK
= 1 1 1 E 1l 1  N=NACK
e T = = = o S £  R=Read
é = W = Write

No int
12C0 int
12C0 int
12C0 int
12C0 int
12C0 int
12C0 int

12C0 int

O)CICXCIOICIONONGIOICXOIC)

O

o

SLA+R wakes CPU from sleep. SLA is ACK if BUSY was 0.

b o

INT generated. CPU writes DBO into I2CODOUT. SCL is held until CPU clears I2COINT. CPU clears I2COINT, releasing SCL

SCL held low; NACK bit reads ‘0’; CPU writes DB1 into I2CODOUT and clears 12COINT

NACK switches 12C slave to IDLE state and generates INT. Any following DB are ignored. If RpStart follows after NACK, the
START sticky bit will be set, but no interrupt.

STOP generates interrupt. No Clock Stretch. CPU clears I2COINT

I2COSTAT = x1001000 at 8" SCL rising edge

12COSTAT =x1101001; CPU clears START. CPU writes DBO into 12CODOUT and clears I2COINT

12COSTAT = x1100001; CPU writes DB1 into I2CODOUT and clears 12COINT

12COSTAT = x1100001; CPU writes DB2 into I2CODOUT and clears 12COINT

12COSTAT = x0110001; CPU prepares for STOP or RpStart and clears I2COINT and clears NACK

I2COSTAT = x1101001; CPU clears START. CPU writes DB3 into I2CODOUT and clears [2COINT

12COSTAT = x0110001; CPU prepares for STOP or RpStart and clears I2COINT and clears NACK

12COSTAT = x0100100; CPU clears STOP and clears I2COINT

*Ata, b, ¢, d, e, f:Bits are set/cleared at 9" SCL falling edge. CPU clears I2COINT to release SCL

Figure 30.6. Typical 12C Read Sequence in CPU Mode

Sr = repeated START
Shaded blocks are generated by
Slave device

Note that the 12C Master MUST always generate a NACK before it can generate a repeated START bit or a STOP
bit. This is because the NACK will cause the I12C Slave to release the SDA line for the 12C Master to generate the
START or STOP bit.

30.5.3. I12C Write Sequence (DMA mode)
Figure 30.7 shows the details of how the I2COSTAT status bits change during an I°C Write data transfer.
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|12C0 module — DMA mode — clock stretch — Write |

@)

| Sleep | Active |

A=ACK

N = NACK

R = Read

W = Write

Sr = repeated START

o
b o
t
b o
>
P
i
o
x>
P>
>
P

In
No In
No In
No In

Int:
No In

Int:

"

@) ® (0] S = START
[STsta]wlA] [oeo TA] [oer [a] [oe2 [A] [s]sta]w[a] [ oz Ta] [p] P=STOP
L

@—In

%é) ® 6 0060

@ SLA+W wakes CPU from sleep mode. Shaded bl.OCkS are generated by
Slave device
@ INT generated. CPU configures DMA for 12C Write. SCL is held low until CPU clears I2COINT.
@ DMA fetches DBO from 12CODIN and asserts i2c_dma_ack which releases SCL
@ DMA generates “done” interrupt. SCL is released by assertion of i2c_dma_ack. CPU disables DMA for 12C Write.
@ STOP generates interrupt. No Clock Stretch. CPU clears 12COINT
Noint (X)  I12COSTAT =x1001000 at 8" SCL rising edge
12C0 int @ 12COSTAT =x1101010; CPU clears START; CPU configures DMA for 4 bytes of 12C Write transfer and clears 12COINT
No int @ 12COSTAT = x1000000; DMA transfers DBO from I12CODIN to XRAM
No int @ 12COSTAT = x1000000; DMA transfers DB1 from I12CODIN to XRAM
No int @ 12COSTAT = x1000000; DMA transfers DB2 from I12CODIN to XRAM
12C0 int @ 12COSTAT = x0100000; CPU services end of transaction and clears I2COINT
12C0 int @ 12COSTAT =x1101010; CPU clears START; CPU configures DMA for I12C Write and clears I2COINT
DMA int @ 12COSTAT = x1000000; DMA transfers DB3 from I12CODIN to XRAM. CPU services DMA done interrupt
12C0 int @ I2COSTAT = x0100100; CPU clears STOP and I2COINT.

* At a, f: Bits are set at 9" SCL falling edge. CPU clears I2COINT to release SCL
*Ath, ¢, d, f, g: i2c_dma_req asserted on 9" SCL falling edge. 12c_dma_ack releases SCL

Figure 30.7. Typical 12C Write Sequence in DMA Mode
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30.5.4. I°C Read Sequence (DMA Mode)

|12C0 module — DMA mode - clock stretch — Read |

©)

| Sleep | Active |
S =START
2 3 4 4 P = STOP
Is]stA]rR]A] | bBo JA] | bB1 |A] | bB2 |N] [sr|sta]r]A] | DB3 [N] [P A=ACK
A A A A A A A A T N = NACK
= s s = s E £ £ R=Rea
z z

£
2 z 1 W = Write
O ©® 0 0 00 OO s
Shaded blocks are generated by
SLA+R wakes CPU from sleep mode. Slave device

INT generated. CPU configures DMA for I12C Read. CPU performs SW DMA request to transfer DBO from XRAM to
12CODOUT. SCL is held until CPU clears I2COINT.

DMA transfers DB1 from XRAM to 12CODOUT and asserts i2c_dma_ack which releases SCL

NACK switches 12C slave into IDLE state. Any following DB are ignored. If RpStart follows NACK, the START sticky bit will
be set, but no interrupt.

STOP generates interrupt. No Clock Stretch. CPU clears I2COINT

OO0 VOO

No int I2COINT = x1001000 at 8" SCL rising edge
12C0 int 12COINT = x1101001; CPU clears START. CPU configures DMA for I2C Read; CPU starts SW DMA to transfer DBO from
XRAM to 12CDOUT. CPU clears I2COINT
No int I2COSTAT = x1000000; DMA transfers DB1 from XRAM to 12CODOUT
No int I2COSTAT = x1000000; DMA transfers DB2 from XRAM to I2CODOUT
12C0 int I2COSTAT = x0110001; NACK causes 12C to not generate i2c_dma_req. CPU clears I2COINT, NACK. CPU disables DMA.
12C0 int I2COINT = x1101001; CPU clears START. CPU configures DMA for 12C Read; CPU starts SW DMA to transfer DB3 from
XRAM to 12CDOUT. CPU clears I12COINT
12C0 int I2COSTAT = x0110001; NACK causes 12C to not generate i2c_dma_req. CPU clears I2COINT, NACK. CPU disables DMA.
12C0 int I2COSTAT = x0100100; CPU clears STOP and clears I2COINT
*Ata, d, e, f: Bits are set at 9" SCL falling edge. SCL released when CPU clear I2COINT
* At b, c: i2c_dma_req asserted at 9" SCL falling edge. SCL released by i2c_dma_ack
Figure 30.8. Typical I°C Read Sequence in DMA Mode
®
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30.6. I2CSLAVEO Slave Registers

Register 30.1. I2CODIN: 12C0 Received Data

Bit 7 6 5 4 3 2 1 0
Name I2CODIN
Type R
Reset 0 0 0 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xA5
Bit Name Function
7.0 I2CODIN | 12C0 Received Data.
This field is the data byte received from the 12C bus during a write operation.
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Register 30.2. I2CODOUT: 12C0 Transmit Data

Bit 7 6 4 3 0
Name [2CODOUT
Type RwW
Reset 0 0 0 0 0
SFR Page = OxF; SFR Address: 0xA4
Bit Name Function
7.0 [2CODOUT |12C0 Transmit Data.
This field is the data byte to transmit to the I12C bus during a read operation.
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Register 30.3. I2COSLAD: 12C0 Slave Address

Bit 7 6 5 4 3
Name | Reserved [2COSLAD
Type RwW RW
Reset 0 0 0 0 0
SFR Page = OxF; SFR Address: OXAD
Bit Name Function
7 Reserved |Must write reset value.
6:0 I2COSLAD |12C Hardware Slave Address.
This field defines the 12C0 Slave Address for automatic hardware acknowledgement.
When the received 12C address matches this field, hardware sets the 1I2COINT bit in the
I2COSTAT register.
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Register 30.4. I2COSTAT: 12C0 Status

Bit 7 6 5 4 3 2 1 0
Name | HSMODE | ACTIVE I2COINT NACK START STOP WR RD
Type R R RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address: 0xF8 (bit-addressable)

Bit Name Function

7 HSMODE |High Speed Mode.
This bit is set to 1 by hardware when a High Speed master code is received received and
automatically clears when a STOP event occurs.

6 ACTIVE |Bus Active.
This bit is set to 1 by hardware when an incoming slave address matches and automati-
cally clears when the transfer completes with either a STOP or a NACK event.

5 I2COINT  [12C Interrupt.
This bit is set when a read (RD), write (WR), or a STOP event (STOP) occurs. This bit
will also set when the ACTIVE bit goes low to indicate the end of a transfer. This bit will
generate an interrupt, and hardware will automatically clear this bit after the RD and WR
bits clear.

4 NACK NACK.
This bit is set by hardware when one of the following conditions are met:
- A NACK is transmitted by either a Master or a Slave when the ACTIVE bit is high.
- An 12C slave transmits a NACK to a matching slave address.
Hardware will automatically clear this bit.

3 START Start.
This bit is set by hardware when a START is received and a matching slave address is
received. Hardware will automatically clear this bit.

2 STOP Stop.
This bit is set by hardware when a STOP is received and the last slave address received
matches the value in the I2COSLAD register. Hardware will automatically clear this bit.

1 WR I12C Write.
This bit is set by hardware on the 9th SCL falling edge when one of the following condi-
tions are met:
- The 12CO0 Slave responds with an ACK, and the DMA has not enabled I12C Write as a
data transfer function.
- The 12C0 Slave responds with a NACK, and the DMA has not enabled I12C Write as a
data transfer function.
- The current byte transaction has a matching 12C0 Slave address and the 8th bit was a
WRITE bit (0).
This bit will set the I2COINT bit and generate an interrupt, if enabled. Hardware will auto-
matically clear this bit.
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Bit Name

Function

I12C Read.
This bit is set by hardware on the 9th SCL falling edge when one of the following condi-
tions are met:

- The 12C Master responds with an ACK, and the DMA has not enabled 12C0 Slave Read
as a data transfer function.

- I12C Master responds with a NACK.

- The current byte transaction has a matching 12C slave address and the 8th bit was a
READ bit (1).

This bit will set the I2COINT bit and generate an interrupt, if enabled. Hardware will auto-
matically clear this bit.
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Register 30.5. I2COCN: 12C0 Control

Bit

3 2 1

Name

Reserved

PUEN PINMD TIMEOUT | PRELOAD | [2COEN BUSY

Type

R

RwW RwW RwW RwW RwW RwW

Reset

0

0 0 1 0

SFR Pag

e = OxF; SFR Address: OXAC

Bit

Name

Function

7:6

Reserved

Must write reset value.

5

PUEN

I12C Pull-Up Enable.

0: Disable internal pull-up resistors for the 12C0 Slave SCL and SDA pins.
1: Enable internal pull-up resistors for the 12C0 Slave SCL and SDA pins.

PINMD

Pin Mode Enable.

0: Set the 12C0 Slave pins in GPIO mode.
1: Set the 12C0 Slave pins in 12C mode.

TIMEOUT

Timeout Enable.

When this bit is set, Timer 3 will start counting only when SCL is low. When SCL is high,
Timer 3 will auto-reload with the value from the reload registers. Timer 3 must be config-
ured for 16-bit auto-reload mode.

0: Disable 12C SCL timeout detection using Timer 3.

1: Enable I2C SCL timeout detection using Timer 3.

PRELOAD

Preload Disable.

0: Data bytes must be written into the I2CODOUT register before the 8th SCL clock of the
matching slave address byte transfer arrives for an 12C read operation.

1: Data bytes need not be preloaded for 12C read operations. The data byte can be writ-
ten to 12CODOUT during interrupt servicing or by the DMA.

[2COEN

12C Enable.

This bit enables the 12C0 Slave module. PINMD must be enabled first before this bit is
enabled.

0: Disable the 12C0 Slave module.

1: Enable the 12C0 Slave module.

BUSY

Busy.

0: Device will acknowledge an 12C master.
1: Device will not respond to an I2C master. All I2C data sent to the device will be
NACKed.
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31. Universal Asynchronous Receiver/Transmitter (UARTO)

UARTO is an asynchronous, full duplex serial port offering modes 1 and 3 of the standard 8051 UART. Enhanced
baud rate support allows a wide range of clock sources to generate standard baud rates (details in Section
“31.1. Enhanced Baud Rate Generation” on page 380). Received data buffering allows UARTO to start reception of
a second incoming data byte before software has finished reading the previous data byte.

UARTO has two associated SFRs: Serial Control Register 0 (SCONO) and Serial Data Buffer 0 (SBUFQ). The
single SBUFO location provides access to both transmit and receive registers. Writes to SBUFO always access
the transmit register. Reads of SBUFO always access the buffered receive register; it is not possible to
read data from the transmit register.

With UARTO interrupts enabled, an interrupt is generated each time a transmit is completed (Tl is set in SCONO),
or a data byte has been received (Rl is set in SCONQ). The UARTO interrupt flags are not cleared by hardware
when the CPU vectors to the interrupt service routine. They must be cleared manually by software, allowing soft-
ware to determine the cause of the UARTO interrupt (transmit complete or receive complete).

UARTO

TBS8
TI, RI (9t bit)

Interrupts Output Shift

T Register
Control / < T

Configuration |«
B SBUF (8 LSBs)
A

y 1

X X

YY

Baud Rate TX Clk - _
Generator ” Input Shift | 52 RX
(Timer 1) =& »|  Register
7y |
RB8 v
(9% bit START

Detection

Figure 31.1. UARTO Block Diagram

31.1. Enhanced Baud Rate Generation

The UARTO baud rate is generated by Timer 1 in 8-bit auto-reload mode. The TX clock is generated by TL1; the
RX clock is generated by a copy of TL1 (shown as RX Timer in Figure 31.2), which is not user-accessible. Both TX
and RX Timer overflows are divided by two to generate the TX and RX baud rates. The RX Timer runs when
Timer 1 is enabled, and uses the same reload value (TH1). However, an RX Timer reload is forced when a START
condition is detected on the RX pin. This allows a receive to begin any time a START is detected, independent of
the TX Timer state.
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Baud Rate Generator

(In Timer 1)
+2 +H» TX Clock
START |
Detection
+2 H» RX Clock

Figure 31.2. UARTO Baud Rate Logic

Timer 1 should be configured for Mode 2, 8-bit auto-reload. The Timer 1 reload value should be set so that
overflows will occur at two times the desired UART baud rate frequency. Note that Timer 1 may be clocked by one
of six sources: SYSCLK, SYSCLK/4, SYSCLK/12, SYSCLK/48, the external oscillator clock/8, or an external input
T1. For any given Timer 1 overflow rate, the UARTO baud rate is determined by Equation 31.1.

UartBaudRate = % x T1 Overflow_Rate

Equation 31.1. UARTO Baud Rate

Timer 1 overflow rate is selected as described in the Timer section. A quick reference for typical baud rates and
system clock frequencies is given in Table 31.1.
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31.2. Operational Modes

UARTO provides standard asynchronous, full duplex communication. The UART mode (8-bit or 9-bit) is selected by
the SOMODE bit in register SCON.

31.2.1. 8-Bit UART

8-Bit UART mode uses a total of 10 bits per data byte: one start bit, eight data bits (LSB first), and one stop bit.
Data are transmitted LSB first from the TX pin and received at the RX pin. On receive, the eight data bits are stored
in SBUFO and the stop bit goes into RB8 in the SCON register.

Data transmission begins when software writes a data byte to the SBUFO register. The Tl Transmit Interrupt Flag is
set at the end of the transmission (the beginning of the stop-bit time). Data reception can begin any time after the
REN Receive Enable bit is set to logic 1. After the stop bit is received, the data byte will be loaded into the SBUFO
receive register if the following conditions are met: Rl must be logic 0, and if MCE is logic 1, the stop bit must be
logic 1. In the event of a receive data overrun, the first received 8 bits are latched into the SBUFO receive register
and the following overrun data bits are lost.

If these conditions are met, the eight bits of data is stored in SBUFO, the stop bit is stored in RB8 and the RI flag is
set. If these conditions are not met, SBUF0O and RB8 will not be loaded and the RI flag will not be set. An interrupt
will occur if enabled when either Tl or Rl is set.

MARK START
DO D1 D2 D3 D4 D5 D6 D7 STOP
SPACE — BIT >< >< >< >< >< >< BIT
BIT TIMES | I I I I I I I I I |
0 0 0 0 0 0 0 0 0 0
BIT SAMPLING | ! ! ! ! ! ! ! ! !
Figure 31.3. 8-Bit UART Timing Diagram
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31.2.2. 9-Bit UART

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programmable ninth
data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB8, which is assigned
by user software. It can be assigned the value of the parity flag (bit P in register PSW) for error detection, or used
in multiprocessor communications. On receive, the ninth data bit goes into RB8 and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The Tl Transmit Interrupt
Flag is set at the end of the transmission (the beginning of the stop-bit time). Data reception can begin any time
after the REN Receive Enable bit is set to 1. After the stop bit is received, the data byte will be loaded into the
SBUFO receive register if the following conditions are met: (1) Rl must be logic 0, and (2) if MCE is logic 1, the 9th
bit must be logic 1 (when MCE is logic 0, the state of the ninth data bit is unimportant). If these conditions are met,
the eight bits of data are stored in SBUFO, the ninth bit is stored in RB8, and the RI flag is set to 1. If the above

conditions are not met, SBUFO and RB8 will not be loaded and the RI flag will not be set to 1. A UARTO interrupt
will occur if enabled when either Tl or Rl is set to 1.

MARK START
sacE BIT DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7 >< D8 S‘;C;P
BIT TIMES | I I I I I I I I I I I
0 0 0 0 0 0 a 0 0 0 0
arswewe |0 b b
Figure 31.4. 9-Bit UART Timing Diagram
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31.3. Multiprocessor Communications

9-Bit UART mode supports multiprocessor communication between a master processor and one or more slave
processors by special use of the ninth data bit. When a master processor wants to transmit to one or more slaves,
it first sends an address byte to select the target(s). An address byte differs from a data byte in that its ninth bit is
logic 1; in a data byte, the ninth bit is always set to logic 0.

Setting the MCE bit of a slave processor configures its UART such that when a stop bit is received, the UART will
generate an interrupt only if the ninth bit is logic 1 (RB8 = 1) signifying an address byte has been received. In the
UART interrupt handler, software will compare the received address with the slave's own assigned 8-bit address. If
the addresses match, the slave will clear its MCE bit to enable interrupts on the reception of the following data
byte(s). Slaves that weren't addressed leave their MCE bits set and do not generate interrupts on the reception of
the following data bytes, thereby ignoring the data. Once the entire message is received, the addressed slave
resets its MCE bit to ignore all transmissions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple slaves,
thereby enabling "broadcast" transmissions to more than one slave simultaneously. The master processor can be
configured to receive all transmissions or a protocol can be implemented such that the master/slave role is
temporarily reversed to enable half-duplex transmission between the original master and slave(s).

Master Slave Slave oo Slave
Device Device Device Device
V+
RX X RX X RX X RX X
l l 000 J
L @ 000
Figure 31.5. UART Multi-Processor Mode Interconnect Diagram
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Table 31.1. Timer Settings for Standard Baud Rates Using The Internal 24.5 MHz Oscillator

Frequency: 49 MHz
Target Baud Rate | Oscillator | Timer Clock SCA1-SCAO0 | T1q1ml| Timer1l
Baud Rate % Error Divide Source (pre-scale Reload
(bps) Factor select)! Value (hex)
230400 -0.32% 106 SYSCLK XX? 1 0xCB
115200 -0.32% 212 SYSCLK XX 1 0x96
E o 57600 0.15% 426 SYSCLK XX 1 0x2B
2
; 9 28800 -0.32% 848 SYSCLK/4 01 0 0x96
IS
3) g 14400 0.15% 1704 SYSCLK/12 00 0 0xB9
(,) -
(>,') c 9600 -0.32% 2544 SYSCLK/12 00 0 0x96
2400 -0.32% 10176 SYSCLK/48 10 0 0x96
1200 0.15% 20448 SYSCLK/48 10 0 0x2B
Notes:
1. SCA1-SCAO and T1M bit definitions can be found in Timerl chapter.
2. X =Don't care.
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31.4. UART Control Registers

Register 31.1. SCONO: UARTO Serial Port Control

Bit 7 6 5 4 3 2 1 0
Name SMODE Reserved MCE REN TB8 RB8 TI RI
Type RW R RW RW RW RW RW RW
Reset 0 1 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0x98 (bit-addressable)

Table 31.2. SCONO Register Bit Descriptions

Bit

Name

Function

SMODE

Serial Port 0 Operation Mode.

Selects the UARTO Operation Mode.

0: 8-bit UART with Variable Baud Rate (Mode 0).
1: 9-bit UART with Variable Baud Rate (Mode 1).

Reserved

Must write reset value.

MCE

Multiprocessor Communication Enable.

This bit enables checking of the stop bit or the 9th bit in multi-drop communication buses.
The function of this bit is dependent on the UARTO operation mode selected by the
SMODE bit. In Mode 0 (8-bits), the peripheral will check that the stop bit is logic 1. In
Mode 1 (9-bits) the peripheral will check for a logic 1 on the 9th bit.

0: Ignore level of 9th bit / Stop bit.

1: Rl is set and an interrupt is generated only when the stop bit is logic 1 (Mode 0) or
when the 9th bit is logic 1 (Mode 1).

REN

Receive Enable.

0: UARTO reception disabled.
1: UARTO reception enabled.

TB8

Ninth Transmission Bit.

The logic level of this bit will be sent as the ninth transmission bit in 9-bit UART Mode
(Mode 1). Unused in 8-bit mode (Mode 0).

RB8

Ninth Receive Bit.

RB8 is assigned the value of the STOP bit in Mode O; it is assigned the value of the 9th
data bit in Mode 1.

TI

Transmit Interrupt Flag.

Set by hardware when a byte of data has been transmitted by UARTO (after the 8th bit in
8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the
UARTO interrupt is enabled, setting this bit causes the CPU to vector to the UARTO inter-
rupt service routine. This bit must be cleared manually by firmware.
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Table 31.2. SCONO Register Bit Descriptions

Bit Name Function
0 RI Receive Interrupt Flag.
Set to 1 by hardware when a byte of data has been received by UARTO (set at the STOP
bit sampling time). When the UARTO interrupt is enabled, setting this bit to 1 causes the
CPU to vector to the UARTO interrupt service routine. This bit must be cleared manually
by firmware.
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Register 31.2. SBUF0: UARTO Serial Port Data Buffer

Bit 7 6 5 4 3 2 1 0
Name SBUFO
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x99

Table 31.3. SBUFO Register Bit Descriptions

Bit

Name

Function

7:0

SBUFO

Serial Data Buffer.
This SFR accesses two registers; a transmit shift register and a receive latch register.

When data is written to SBUFO, it goes to the transmit shift register and is held for serial

transmission. Writing a byte to SBUFO initiates the transmission. A read of SBUFO
returns the contents of the receive latch.
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32. Timers (Timer0, Timerl, Timer2, and Timer3)

Each MCU in the C8051F97x family includes four counter/timers: two are 16-bit counter/timers compatible with
those found in the standard 8051, and two are 16-bit auto-reload timers for timing peripherals or for general
purpose use. These timers can be used to measure time intervals, count external events and generate periodic
interrupt requests. Timer 0 and Timer 1 are nearly identical and have four primary modes of operation. Timer 2 and
Timer 3 are also identical and offer both 16-bit and split 8-bit timer functionality with auto-reload capabilities.
Timer 2 and Timer 3 both offer a capture function, but are different in their system-level connections. Timer 2 is
capable of performing a capture function on an external signal input routed through the crossbar, while the Timer 3
capture is dedicated to the low-frequency oscillator output. Table 32.1 summarizes the modes available to each
timer.

Table 32.1. Timer Modes

Timer 0 and Timer 1 Modes

Timer 2 Modes

Timer 3 Modes

13-bit counter/timer

16-bit timer with auto-reload

16-bit timer with auto-reload

16-bit counter/timer

Two 8-bit timers with auto-reload

Two 8-bit timers with auto-reload

8-bit counter/timer with auto-reload

Two 8-bit counter/timers
(Timer 0 only)

Timers 0 and 1 may be clocked by one of five sources, determined by the Timer Mode Select bits (TLM-TOM) and
the Clock Scale bits (SCA1-SCAQ). The Clock Scale bits define a prescaled clock from which Timer 0 and/or
Timer 1 may be clocked.

Timer 0/1 may then be configured to use this prescaled clock signal or the system clock. Timer 2 and Timer 3 may
be clocked by the system clock, the system clock divided by 12, or the external oscillator clock source divided by 8.

Timer 0 and Timer 1 may also be operated as counters. When functioning as a counter, a counter/timer register is
incremented on each high-to-low transition at the selected input pin (TO or T1). Events with a frequency of up to
one-fourth the system clock frequency can be counted. The input signal need not be periodic, but it must be held at
a given level for at least two full system clock cycles to ensure the level is properly sampled.

All four timers are capable of clocking other peripherals and triggering events in the system. The individual
peripherals select which timer to use for their respective functions. Table 32.2 summarizes the peripheral
connections for each timer. Note that the Timer 2 and Timer 3 high overflows apply to the full timer when operating
in 16-bit mode or the high-byte timer when operating in 8-bit split mode.

Table 32.2. Timer Peripheral Clocking / Event Triggering

Function TO T1 T2 High T2 Low T3 High T3 Low
Overflow Overflow Overflow Overflow Overflow Overflow

UARTO Baud Rate X

SMBus0 Clock Rate X X X X

SMBusO0 SCL Low Timeout X

PCAO Clock X

ADCO Conversion Start X X* X* X* X*

*Note: The high-side overflow is used when the timer is in16-bit mode. The low-side overflow is used in 8-bit mode.
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32.1. Timer 0 and Timer 1

Timer 0 and Timer 1 are each implemented as al6-bit register accessed as two separate bytes: a low byte (TLO or
TL1) and a high byte (THO or TH1). The Counter/Timer Control register (TCON) is used to enable Timer 0 and
Timer 1 as well as indicate status. Timer O interrupts can be enabled by setting the ETO bit in the IE register.
Timer 1 interrupts can be enabled by setting the ET1 bit in the IE register. Both counter/timers operate in one of
four primary modes selected by setting the Mode Select bits TIM1-TOMO in the Counter/Timer Mode register
(TMOD). Each timer can be configured independently for the operating modes described below.
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32.1.1. Mode 0: 13-bit Counter/Timer

Timer 0 and Timer 1 operate as 13-bit counter/timers in Mode 0. The following describes the configuration and
operation of Timer 0. However, both timers operate identically, and Timer 1 is configured in the same manner as
described for Timer 0.

The THO register holds the eight MSBs of the 13-bit counter/timer. TLO holds the five LSBs in bit positions TLO0.4—
TLO.0. The three upper bits of TLO (TLO.7-TLO0.5) are indeterminate and should be masked out or ignored when
reading. As the 13-bit timer register increments and overflows from Ox1FFF (all ones) to 0x0000, the timer overflow
flag TFO in TCON is set and an interrupt will occur if Timer 0 interrupts are enabled.

The CTO bit in the TMOD register selects the counter/timer's clock source. When CTO is set to logic 1, high-to-low
transitions at the selected Timer 0 input pin (T0) increment the timer register. Clearing CT selects the clock defined
by the TOM bit in register CKCON. When TOM is set, Timer 0 is clocked by the system clock. When TOM is cleared,
Timer 0 is clocked by the source selected by the Clock Scale bits in CKCON.

Setting the TRO bit enables the timer when either GATEO in the TMOD register is logic 0 or the input signal INTO is
active as defined by bit INOPL in register ITOLCF. Setting GATEO to 1 allows the timer to be controlled by the
external input signal INTO, facilitating pulse width measurements

TRO GATEO INTO Counter/Timer
0 X X Disabled
1 0 X Enabled
1 1 0 Disabled
1 1 1 Enabled
Note: X = Don't Care

Setting TRO does not force the timer to reset. The timer registers should be loaded with the desired initial value
before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TLO and THO. Timer 1
is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The input signal INT1 is
used with Timer 1; the /INT1 polarity is defined by bit IN1PL in register ITO1CF.

TOM CTo

Pre-scaled Clock

SYSCLK — 1

TLO THO

Gbits) | @bits)y [ > FO

(Interrupt Flag)

Figure 32.1. TO Mode 0 Block Diagram

32.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The counter/timers
are enabled and configured in Mode 1 in the same manner as for Mode 0.
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32.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload

Mode 2 configures Timer 0 and Timer 1 to operate as 8-bit counter/timers with automatic reload of the start value.
TLO holds the count and THO holds the reload value. When the counter in TLO overflows from all ones to 0x00, the
timer overflow flag TFO in the TCON register is set and the counter in TLO is reloaded from THO. If Timer O
interrupts are enabled, an interrupt will occur when the TFO flag is set. The reload value in THO is not changed. TLO
must be initialized to the desired value before enabling the timer for the first count to be correct. When in Mode 2,

Timer 1 operates identically to Timer O.

Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. Setting the TRO bit
enables the timer when either GATEO in the TMOD register is logic 0 or when the input signal INTO is active as

defined by bit INOPL in register ITO1CF.

Pre-scaled Clock

SYSCLK

T0 X

TOM CTO

Figure 32.2. TO Mode 2 Block Diagram

D

TLO
(8 bits)

1]

THO
(8 bits)

Reload

TFO
(Interrupt Flag)
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32.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)

In Mode 3, Timer O is configured as two separate 8-bit counter/timers held in TLO and THO. The counter/timer in
TLO is controlled using the Timer O control/status bits in TCON and TMOD: TRO, CTO, GATEO and TFO. TLO can
use either the system clock or an external input signal as its timebase. The THO register is restricted to a timer
function sourced by the system clock or prescaled clock. THO is enabled using the Timer 1 run control bit TR1. THO
sets the Timer 1 overflow flag TF1 on overflow and thus controls the Timer 1 interrupt.

Timer 1 is inactive in Mode 3. When Timer O is operating in Mode 3, Timer 1 can be operated in Modes 0, 1 or 2,
but cannot be clocked by external signals nor set the TF1 flag and generate an interrupt. However, the Timer 1
overflow can be used to generate baud rates for the SMBus and/or UART, and/or initiate ADC conversions. While
Timer 0 is operating in Mode 3, Timer 1 run control is handled through its mode settings. To run Timer 1 while
Timer 0 is in Mode 3, set the Timer 1 Mode as 0, 1, or 2. To disable Timer 1, configure it for Mode 3.

TOM
CTO
Pre-scaled Clock 0
THO

P (8 bits) >TF1

(Interrupt Flag)
SYSCLK

¢ (8T|t;i?s) »TFO

(Interrupt Flag)

Figure 32.3. TO Mode 3 Block Diagram
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32.2. Timer 2

Timer 2 is a 16-bit timer formed by two 8-bit SFRs: TMR2L (low byte) and TMR2H (high byte). Timer 2 may operate
in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T2SPLIT bit in TMR2CN defines the Timer 2 oper-
ation mode. Timer 2 can also be used in Capture Mode to measure the SmaRTClock or the Comparator O period
with respect to another oscillator. The ability to measure the Comparator 0 period with respect to the system clock
makes using Touch Sense switches very easy.

Timer 2 may be clocked by the system clock, the system clock divided by 12, SmaRTClock divided by 8, or
Comparator 0 output. Note that the SmaRTClock divided by 8 and Comparator O output is synchronized with the
system clock.

32.2.1. 16-bit Timer with Auto-Reload

When T2SPLIT in the TMR2CN register is zero, Timer 2 operates as a 16-bit timer with auto-reload. Timer 2 can
be clocked by SYSCLK, SYSCLK divided by 12, SmaRTClock divided by 8, or Comparator O output. As the 16-bit
timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in the Timer 2 reload registers
(TMR2RLH and TMR2RLL) is loaded into the Timer 2 register as shown in Figure 32.4, and the Timer 2 High Byte
Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled (if IE.5 is set), an interrupt will be generated on
each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled and the TF2LINT bit is set, an interrupt will be
generated each time the lower 8 bits (TMR2L) overflow from OxFF to 0x00.

CKCON
T2XCLK[1:0] TT|T|T|T|T|S[S
3/3|2|2[1|o|c|c]
l MNMMMINMIN MA A
H|L|H|L 1 10
SYSCLK /12 — 00 ToADG
l T2 To SMBus SMBus
Overfiow
SmaRTClock/8 —] 01 1 0 o
TR2 TMR2L | TMR2H > T et
TF2L
& [ TF2EN
1 | TF2CEN
& [T2SPLIT
= L,
SYSCLK =

T2XCLK

TMR2RLL | TMR2RLH
Reload

Figure 32.4. Timer 2 16-Bit Mode Block Diagram
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32.2.2. 8-bit Timers with Auto-Reload

When T2SPLIT is set, Timer 2 operates as two 8-bit timers (TMR2H and TMR2L). Both 8-bit timers operate in auto-
reload mode as shown in Figure 32.5. TMR2RLL holds the reload value for TMR2L; TMR2RLH holds the reload
value for TMR2H. The TR2 bit in TMR2CN handles the run control for TMR2H. TMR2L is always running when
configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, SmaRTClock divided by 8 or
Comparator 0 output. The Timer 2 Clock Select bits (T2MH and T2ML in CKCON) select either SYSCLK or the
clock defined by the Timer 2 External Clock Select bits (T2XCLK[1:0] in TMR2CN), as follows:

T2MH | T2XCLK[1:0]| TMR2H Clock T2ML T2XCLK][1:0] TMR2L Clock
Source Source
0 00 SYSCLK /12 0 00 SYSCLK /12
0 01 SmaRTClock / 8 0 01 SmaRTClock / 8
0 10 Reserved 0 10 Reserved
0 11 Comparator 0 0 11 Comparator 0
1 X SYSCLK 1 X SYSCLK

The TF2H bit is set when TMR2H overflows from OxFF to 0x00; the TF2L bit is set when TMR2L overflows from
OxFF to 0x00. When Timer 2 interrupts are enabled (IE.5), an interrupt is generated each time TMR2H overflows. If
Timer 2 interrupts are enabled and TF2LINT (TMR2CN.5) is set, an interrupt is generated each time either TMR2L
or TMR2H overflows. When TF2LINT is enabled, software must check the TF2H and TF2L flags to determine the
source of the Timer 2 interrupt. The TF2H and TF2L interrupt flags are not cleared by hardware and must be man-
ually cleared by software.

CKCON TMOD ITOLCF
TlT|T|T|T|T|S|S| [G|c|T[T|c|c|T|T| [1|{t{r]t]i]r|r]t
3l3l21211lolclc| [Al7|z[2[A[/[ofof [N|N|N|N|N|N|N|N
mivivimimimlalal [TITIMM[T[T{M|M] [2{1]2]2|0f0[0]0
E[1[2|o]|E|O[2|0| [P[S|S|S|P[S|S|S
HILIHIL 1[0 1 0 Ljejefefeiefefe
— l 2|1{o] |2[1]o
Pre-scaled Clock 0 l l
SYSCLK
o— 1
! _: TFL
TR1
: TL-O » TFO —» Interrupt
| (8 bits) RO
| b E1l
! QI
EO
:Crossbar =
I »i
: TH_O " Reload
I (8 bits)
|
/INTO—:

—_———_————

Figure 32.5. Timer 2 8-Bit Mode Block Diagram
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32.2.3. Comparator 0/SmaRTClock Capture Mode

The Capture Mode in Timer 2 allows either Comparator 0 or the SmaRTClock period to be measured against the
system clock or the system clock divided by 12. Comparator 0 and the SmaRTClock period can also be compared
against each other. Timer 2 Capture Mode is enabled by setting TF2CINT to 1. Timer 2 should be in 16-bit auto-
reload mode when using Capture Mode.

When Capture Mode is enabled, a capture event will be generated either every Comparator 0 rising edge or every
8 SmaRTClock clock cycles, depending on the T2XCLK1 setting. When the capture event occurs, the contents of
Timer 2 (TMR2H:TMR2L) are loaded into the Timer 2 reload registers (TMR2RLH:TMR2RLL) and the TF2H flag is
set (triggering an interrupt if Timer 2 interrupts are enabled). By recording the difference between two successive
timer capture values, the Comparator 0 or SmaRTClock period can be determined with respect to the Timer 2
clock. The Timer 2 clock should be much faster than the capture clock to achieve an accurate reading.

For example, if T2ML = 1b, T2XCLK1 = 0b, and TF2CINT = 1b, Timer 2 will clock every SYSCLK and capture
every SmaRTClock clock divided by 8. If the SYSCLK is 24.5 MHz and the difference between two successive cap-
tures is 5984, then the SmaRTClock clock is as follows:

24.5 MHz/(5984/8) = 0.032754 MHz or 32.754 kHz.

This mode allows software to determine the exact SmaRTClock frequency in self-oscillate mode and the time
between consecutive Comparator O rising edges, which is useful for detecting changes in the capacitance of a
Touch Sense Switch.

T2XCLKI[1:0]
l CKCON
T|T|T|T|T|T[S|S
3|3|2(2]|1|0|C|C|
SYSCLK /12 —1 X0 | [MMMMMM[A{A
H|L|H|L 110
SmaRTClock /8 — 11 0
TR2 T | tMR2L | TMR2H
SYSCLK —m8@™ 1 Capture
T2XCLK1
TMR2RLL | TMR2RLH > TF2H > Interrupt
l TEOL
5[ TF2LEN
| TF2CEN —»
SmaRTClock / 8 X [ T2SPLIT
Iy Srpctery
T2XCLKO
Figure 32.6. Timer 2 Capture Mode Block Diagram
®
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32.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may operate
in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T3SPLIT bit in the TMR3CN register defines the
Timer 3 operation mode. Timer 3 can also be used in Capture Mode to measure the external oscillator source or
the SmaRTClock oscillator period with respect to another oscillator.

Timer 3 may be clocked by the system clock, the system clock divided by 12, external oscillator source divided by
8, or the SmaRTClock oscillator. The external oscillator source divided by 8 and SmaRTClock oscillator is synchro-
nized with the system clock.

32.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT in the TMR3CN register is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 can be
clocked by SYSCLK, SYSCLK divided by 12, external oscillator clock source divided by 8, or SmaRTClock oscilla-
tor. As the 16-bit timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in the Timer 3
reload registers (TMR3RLH and TMR3RLL) is loaded into the Timer 3 register as shown in Figure 32.7, and the
Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled (if EIE1.7 is set), an interrupt
will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled and the TF3LINT bit is
set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L) overflow from OxFF to 0x00.

CKCON
. T[T[T[T[T[T]S[S
T3XCLK[1:0] 3(3]2|2|1|o|c|c
l MIM|M[MIM|M[A]A
H|L[H|L 1(0
SYSCLK /12 — 00
To ADC
External Clock/8 — 01 —— 0
TR3 T | TMRSL | TMR3H [ TE Interrupt
TF.
SmaRTClock — 11 & [TFBLEN
1 ® [ TE3CEN
O [[T3SPLIT
E_TR3 _+—>
T3XCLK1
SYSCLK T3XCLKO
TMR3RLL | TMR3RLH [«
Reload

Figure 32.7. Timer 3 16-Bit Mode Block Diagram
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32.3.2. 8-Bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers operate in auto-
reload mode as shown in Figure 32.8. TMR3RLL holds the reload value for TMR3L; TMR3RLH holds the reload
value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H. TMR3L is always running when
configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, the external oscillator clock source

divided by 8, or the SmaRTClock. The Timer 3 Clock Select bits (T3MH and T3ML in CKCON) select either
SYSCLK or the clock defined by the Timer 3 External Clock Select bits (T3XCLK[1:0] in TMR3CN), as follows:

T3MH | T3XCLK[1:0]| TMR3H Clock T3ML |T3XCLK[1:0]| TMR3L Clock
Source Source
0 00 SYSCLK /12 0 00 SYSCLK /12
0 01 SmaRTClock 0 01 SmaRTClock
0 10 Reserved 0 10 Reserved
0 11 External Clock / 8 0 11 External Clock / 8
1 X SYSCLK 1 X SYSCLK

The TF3H bit is set when TMR3H overflows from OxFF to 0x00; the TF3L bit is set when TMR3L overflows from
OxFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H overflows. If Timer
3 interrupts are enabled and TF3LINT (TMR3CN.5) is set, an interrupt is generated each time either TMR3L or
TMR3H overflows. When TF3LINT is enabled, software must check the TF3H and TF3L flags to determine the
source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not cleared by hardware and must be man-
ually cleared by software.

CKCON
. T[T[T[T[T[T]s[s
T3XCLK[1:0] alal2l2(1lolcle
MMMMIM[M[A|A
l HILIH|L| | 2|0 TMRARLH [£2°
SYSCLK /12 —{ 00 N
0
SmaRTClock — 01 TCLK
TMR3H »>[__TF3H
L TR3 I =T :D_'_Z>Imerrupt
External Clock / 8—— 11 b4 1:::2%%’;\\‘1
Q [T3sPLIT
¢ TR3
TMR3RLL [Kel0ad S [T3XCLKT
SYSCLK r — [T3XCLKO
1 il
TCLK | TMR3L » To ADC
0

Figure 32.8. Timer 3 8-Bit Mode Block Diagram
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32.3.3. SmaRTClock/External Oscillator Capture Mode

The Capture Mode in Timer 3 allows either SmaRTClock or the external oscillator period to be measured against
the system clock or the system clock divided by 12. SmaRTClock and the external oscillator period can also be
compared against each other.

Setting TF3CINT to 1 enables the SmaRTClock/External Oscillator Capture Mode for Timer 3. In this mode,
T3SPLIT should be set to 0, as the full 16-bit timer is used.

When Capture Mode is enabled, a capture event will be generated either every SmaRTClock rising edge or every
8 external clock cycles, depending on the T3XCLK1 setting. When the capture event occurs, the contents of Timer
3 (TMR3H:TMR3L) are loaded into the Timer 3 reload registers (TMR3RLH:TMR3RLL) and the TF3H flag is set
(triggering an interrupt if Timer 3 interrupts are enabled). By recording the difference between two successive timer
capture values, the SmaRTClock or external clock period can be determined with respect to the Timer 3 clock. The
Timer 3 clock should be much faster than the capture clock to achieve an accurate reading.

For example, if T3ML = 1b, T3XCLK1 = 0b, and TF3CINT = 1b, Timer 3 will clock every SYSCLK and capture
every SmaRTClock rising edge. If SYSCLK is 24.5 MHz and the difference between two successive captures is
350 counts, then the SmaRTClock period is as follows:

350 x (1 /24.5 MHz) = 14.2 pis.

This mode allows software to determine the exact frequency of the external oscillator in C and RC mode or the time
between consecutive SmaRTClock rising edges, which is useful for determining the SmaRTClock frequency.

T3XCLK[1:0]
l CKCON
TIT[T[T[T[T[S]s
3[3|2[2]1|olclc
SYSCLK/12 — X0 M[M[m|Mm[mm[A |A
HI|L|H|L 1|0
External Clock/8 — 01 1 l
SmaRTClock —{ 11 0 RS TeLk
/ TMR3L TMR3H
SYSCLK ——8 11 Capture
T3XCLK1
TFSCEN TMR3RLL | TMR3RLH > TE3H > Interrupt
l TE3L
5 [IESLEN
@[ TF3CEN —»
SmaRTClock X [T3SPLIT
f £ TR3 —»
T3XCLK1
TIXerKko] >
External Clock/8
Figure 32.9. Timer 3 Capture Mode Block Diagram
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32.4. Timer Control Registers

Register 32.1. CKCON: Clock Control

Bit 7 6 5 4 3 2 1 0
Name T3MH T3ML T2MH T2ML TiM TOM SCA
Type RwW RwW RwW RW RW RwW RwW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: Ox8E

Table 32.3. CKCON Register Bit Descriptions

Bit

Name

Function

T3MH

Timer 3 High Byte Clock Select.

Selects the clock supplied to the Timer 3 high byte (split 8-bit timer mode only).
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.

T3ML

Timer 3 Low Byte Clock Select.

Selects the clock supplied to Timer 3. Selects the clock supplied to the lower 8-bit timer
in split 8-bit timer mode.

0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.

1: Timer 3 low byte uses the system clock.

T2MH

Timer 2 High Byte Clock Select.

Selects the clock supplied to the Timer 2 high byte (split 8-bit timer mode only).
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.

T2ML

Timer 2 Low Byte Clock Select.

Selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer mode,
this bit selects the clock supplied to the lower 8-bit timer.

0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.

1: Timer 2 low byte uses the system clock.

TiM

Timer 1 Clock Select.

Selects the clock source supplied to Timer 1. Ignored when C/T1 is set to 1.
0: Timer 1 uses the clock defined by the prescale field, SCA.

1: Timer 1 uses the system clock.

TOM

Timer 0 Clock Select.

Selects the clock source supplied to Timer 0. Ignored when C/TO is set to 1.
0: Counter/Timer 0 uses the clock defined by the prescale field, SCA.

1: Counter/Timer O uses the system clock.

400

Rev 1.1

SILICON LABS




Table 32.3. CKCON Register Bit Descriptions

Bit

Name

Function

1:0

SCA

Timer 0/1 Prescale.

These bits control the Timer 0/1 Clock Prescaler:
00: System clock divided by 12.

01: System clock divided by 4.

10: System clock divided by 48.

11: External oscillator divided by 8 (synchronized with the system clock).
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Register 32.2. TCON: Timer 0/1 Control

Bit 7 6 5 4 3 2 1 0
Name TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x88 (bit-addressable)

Table 32.4. TCON Register Bit Descriptions

Bit Name Function

7 TF1 Timer 1 Overflow Flag.

Set to 1 by hardware when Timer 1 overflows. This flag can be cleared by firmware but is
automatically cleared when the CPU vectors to the Timer 1 interrupt service routine.

6 TR1 Timer 1 Run Control.
Timer 1 is enabled by setting this bit to 1.
5 TFO Timer 0 Overflow Flag.

Set to 1 by hardware when Timer 0 overflows. This flag can be cleared by firmware but is
automatically cleared when the CPU vectors to the Timer O interrupt service routine.

4 TRO Timer 0 Run Control.
Timer 0 is enabled by setting this bit to 1.

3 IE1 External Interrupt 1.

This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can
be cleared by firmware but is automatically cleared when the CPU vectors to the External
Interrupt 1 service routine in edge-triggered mode.

2 IT1 Interrupt 1 Type Select.

This bit selects whether the configured INT1 interrupt will be edge or level sensitive. INTL
is configured active low or high by the IN1PL bit in register ITO1CF.

0: INT1 is level triggered.

1: INT1 is edge triggered.

1 IEO External Interrupt O.

This flag is set by hardware when an edge/level of type defined by ITO is detected. It can
be cleared by firmware but is automatically cleared when the CPU vectors to the External
Interrupt O service routine in edge-triggered mode.

0 ITO Interrupt O Type Select.

This bit selects whether the configured INTO interrupt will be edge or level sensitive. INTO
is configured active low or high by the INOPL bit in register ITO1CF.

0: INTO is level triggered.

1: INTO is edge triggered.
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Register 32.3. TMOD:

Timer 0/1 Mode

Bit 7 6 4 3 2
Name GATE1 CT1 TiM GATEO CTO TOM
Type RwW RwW RwW RwW RwW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x89

Table 32.5. TMOD Register Bit Descriptions

Bit Name Function
7 GATE1 Timer 1 Gate Control.
0: Timer 1 enabled when TR1 = 1 irrespective of INT1 logic level.
1: Timer 1 enabled only when TR1 = 1 and INT1 is active as defined by bit IN1PL in reg-
ister ITO1CF.
6 CT1 Counter/Timer 1 Select.
0: Timer Mode. Timer 1 increments on the clock defined by T1M in the CKCON register.
1: Counter Mode. Timer 1 increments on high-to-low transitions of an external pin (T1).
5:4 TiM Timer 1 Mode Select.
These bits select the Timer 1 operation mode.
00: Mode 0, 13-bit Counter/Timer
01: Mode 1, 16-bit Counter/Timer
10: Mode 2, 8-bit Counter/Timer with Auto-Reload
11: Mode 3, Timer 1 Inactive
3 GATEO Timer 0 Gate Control.
0: Timer 0 enabled when TRO = 1 irrespective of INTO logic level.
1: Timer 0 enabled only when TRO = 1 and INTO is active as defined by bit INOPL in reg-
ister ITO1CF.
2 CTO Counter/Timer 0 Select.
0: Timer Mode. Timer 0 increments on the clock defined by TOM in the CKCON register.
1: Counter Mode. Timer 0 increments on high-to-low transitions of an external pin (TO).
1:0 TOM Timer 0 Mode Select.

These bits select the Timer 0 operation mode.

00: Mode 0, 13-bit Counter/Timer

01: Mode 1, 16-bit Counter/Timer

10: Mode 2, 8-bit Counter/Timer with Auto-Reload
11: Mode 3, Two 8-bit Counter/Timers
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32.5. Timer 0/1 Registers

Register 32.4. TLO: Timer O Low Byte

Bit 7 6 4 3 2 0
Name TLO
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x8A

Table 32.6. TLO Register Bit Descriptions

Bit

Name

Function

7:0

TLO

Timer 0 Low Byte.

The TLO register is the low byte of the 16-bit Timer 0.
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Register 32.5. TL1: Timer 1 Low Byte

Bit 7 6 5 4 3 2
Name TL1
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x8B

Table 32.7. TL1 Register Bit Descriptions

Bit Name

Function

7:0 TL1 Timer 1 Low Byte.

The TL1 register is the low byte of the 16-bit Timer 1.
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Register 32.6. THO: Timer 0 High Byte

Bit 7 6 4 3 2 0
Name THO
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x8C

Table 32.8. THO Register Bit Descriptions

Bit

Name

Function

7:0

THO

Timer 0 High Byte.

The THO register is the high byte of the 16-bit Timer O.
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Register 32.7. TH1: Timer 1 High Byte

Bit 7 6 4 3 2
Name TH1
Type RW
Reset 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x8D

Table 32.9. TH1 Register Bit Descriptions

Bit

Name

Function

7:0

TH1

Timer 1 High Byte.

The TH1 register is the high byte of the 16-bit Timer 1.
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32.6. Timer 2 Registers

Register 32.8. TMR2CN: Timer 2 Control

Bit 7 6 5 4 3 2
Name TF2H TF2L TF2LEN TF2CEN T2SPLIT TR2 T2XCLK
Type RwW RwW RwW RW RW RwW RwW
Reset 0 0 0 0 0 0 0 0

SFR Page = ALL; SFR Address: 0xC8 (bit-addressable)

Table 32.10. TMR2CN Register Bit Descriptions

Bit Name Function

7 TF2H Timer 2 High Byte Overflow Flag.
Set by hardware when the Timer 2 high byte overflows from 0xFF to 0x00. In 16-bit
mode, this will occur when Timer 2 overflows from OxFFFF to 0x0000. When the Timer 2
interrupt is enabled, setting this bit causes the CPU to vector to the Timer 2 interrupt ser-
vice routine. This bit must be cleared by firmware.

6 TF2L Timer 2 Low Byte Overflow Flag.
Set by hardware when the Timer 2 low byte overflows from OxFF to 0x00. TF2L will be
set when the low byte overflows regardless of the Timer 2 mode. This bit must be cleared
by firmware.

5 TF2LEN |Timer 2 Low Byte Interrupt Enable.
When set to 1, this bit enables Timer 2 Low Byte interrupts. If Timer 2 interrupts are also
enabled, an interrupt will be generated when the low byte of Timer 2 overflows.

4 TF2CEN | Timer 2 Capture Enable.
When set to 1, this bit enables Timer 2 Capture Mode. If TF2CEN is set and Timer 2
interrupts are enabled, an interrupt will be generated based on the selected input capture
source, and the current 16-bit timer value in TMR2H:TMR2L will be copied to
TMR2RLH: TMR2RLL.

3 T2SPLIT |Timer 2 Split Mode Enable.
When this bit is set, Timer 2 operates as two 8-bit timers with auto-reload.
0: Timer 2 operates in 16-bit auto-reload mode.
1: Timer 2 operates as two 8-bit auto-reload timers.

2 TR2 Timer 2 Run Control.

Timer 2 is enabled by setting this bit to 1. In 8-bit mode, this bit enables/disables TMR2H
only; TMR2L is always enabled in split mode.

408

Rev 1.1

SILICON LABS




Table 32.10. TMR2CN Register Bit Descriptions

Bit Name Function

1:0 T2XCLK |Timer 2 External Clock Select.

This bit selects the external clock source for Timer 2. If Timer 2 is in 8-bit mode, this bit
selects the external oscillator clock source for both timer bytes. However, the Timer 2
Clock Select bits (T2MH and T2ML in register CKCON) may still be used to select
between the external clock and the system clock for either timer. Note: External clock
sources are synchronized with the system clock.

00: External Clock is SYSCLK/12. Capture trigger is RTC/8.

01: Capture trigger is RTC/8.

10: External Clock is SYSCLK/12.

11: External Clock is RTC/8.
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Register 32.9. TMR2RLL: Timer 2 Reload Low Byte

Bit 7 6 5 4 3 2 0
Name TMR2RLL
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxCA

Table 32.11. TMR2RLL Register Bit Descriptions

Bit Name Function
7:0 TMR2RLL |Timer 2 Reload Low Byte.
When operating in one of the auto-reload modes, TMR2RLL holds the reload value for
the low byte of Timer 2 (TMR2L). When operating in capture mode, TMR2RLL is the cap-
tured value of TMR2L.
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Register 32.10. TMR2RLH: Timer 2 Reload High Byte

Bit 7 6 5 4 3 2
Name TMR2RLH
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xCB

Table 32.12. TMR2RLH Register Bit Descriptions

Bit

Name

Function

7:0

TMR2RLH

Timer 2 Reload High Byte.

When operating in one of the auto-reload modes, TMR2RLH holds the reload value for
the high byte of Timer 2 (TMR2H). When operating in capture mode, TMR2RLH is the

captured value of TMR2H.
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Register 32.11. TMR2L: Timer 2 Low Byte

Bit 7 6 5 4 3 2 0
Name TMR2L
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxCC

Table 32.13. TMR2L Register Bit Descriptions

Bit Name Function
7:0 TMR2L Timer 2 Low Byte.
In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-bit
mode, TMR2L contains the 8-bit low byte timer value.
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Register 32.12. TMR2H: Timer 2 High Byte

Bit 7 6 4 3 2
Name TMR2H
Type RW
Reset 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxCD

Table 32.14. TMR2H Register Bit Descriptions

Bit

Name

Function

7:0

TMR2H

Timer 2 High Byte.

In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-bit
mode, TMR2H contains the 8-bit high byte timer value.
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32.7. Timer 3 Registers

Register 32.13. TMR3CN: Timer 3 Control

Bit 7 6 5 4 3 2 1 0
Name TF3H TF3L TF3LEN TF3CEN T3SPLIT TR3 T3XCLK
Type RwW RwW RwW RW RW RwW R RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x91

Table 32.15. TMR3CN Register Bit Descriptions

Bit Name Function

7 TF3H Timer 3 High Byte Overflow Flag.
Set by hardware when the Timer 3 high byte overflows from 0xFF to 0x00. In 16-bit
mode, this will occur when Timer 3 overflows from OxFFFF to 0x0000. When the Timer 3
interrupt is enabled, setting this bit causes the CPU to vector to the Timer 3 interrupt ser-
vice routine. This bit must be cleared by firmware.

6 TF3L Timer 3 Low Byte Overflow Flag.
Set by hardware when the Timer 3 low byte overflows from OxFF to 0x00. TF3L will be
set when the low byte overflows regardless of the Timer 3 mode. This bit must be cleared
by firmware.

5 TF3LEN |Timer 3 Low Byte Interrupt Enable.
When set to 1, this bit enables Timer 3 Low Byte interrupts. If Timer 3 interrupts are also
enabled, an interrupt will be generated when the low byte of Timer 3 overflows.

4 TF3CEN |Timer 3 Capture Enable.
When set to 1, this bit enables Timer 3 Capture Mode. If TF3CEN is set and Timer 3
interrupts are enabled, an interrupt will be generated based on the selected input capture
source, and the current 16-bit timer value in TMR3H:TMR3L will be copied to
TMR3RLH:TMR3RLL.

3 T3SPLIT |Timer 3 Split Mode Enable.
When this bit is set, Timer 3 operates as two 8-bit timers with auto-reload.
0: Timer 3 operates in 16-bit auto-reload mode.
1: Timer 3 operates as two 8-bit auto-reload timers.

2 TR3 Timer 3 Run Control.

Timer 3 is enabled by setting this bit to 1. In 8-bit mode, this bit enables/disables TMR3H
only; TMR3L is always enabled in split mode.
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Table 32.15. TMR3CN Register Bit Descriptions

Bit Name Function

1:0 T3XCLK |Timer 3 External Clock Select.

This bit selects the external clock source for Timer 3. If Timer 3 is in 8-bit mode, this bit
selects the external oscillator clock source for both timer bytes. However, the Timer 3
Clock Select bits (T3MH and T3ML in register CKCON) may still be used to select
between the external clock and the system clock for either timer. Note: External clock
sources are synchronized with the system clock.

00: External Clock is SYSCLK/12. Capture trigger is RTC.

01: External Clock is External Oscillator/8. Capture trigger is RTC.

10: External Clock is SYSCLK/12. Capture trigger is External Oscillator/8.

11: External Clock is RTC. Capture trigger is External Oscillator/8.
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Register 32.14. TMR3RLL: Timer 3 Reload Low Byte

Bit 7 6 5 4 3 2 0
Name TMR3RLL
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x92

Table 32.16. TMR3RLL Register Bit Descriptions

Bit Name Function
7:0 TMR3RLL |Timer 3 Reload Low Byte.
When operating in one of the auto-reload modes, TMR3RLL holds the reload value for
the low byte of Timer 3 (TMR3L). When operating in capture mode, TMR3RLL is the cap-
tured value of TMR3L.
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Register 32.15. TMR3RLH: Timer 3 Reload High Byte

Bit 7 6 5 4 3 2
Name TMR3RLH
Type RW
Reset 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x93

Table 32.17. TMR3RLH Register Bit Descriptions

Bit

Name

Function

7:0

TMR3RLH

Timer 3 Reload High Byte.

When operating in one of the auto-reload modes, TMR3RLH holds the reload value for
the high byte of Timer 3 (TMR3H). When operating in capture mode, TMR3RLH is the

captured value of TMR3H.

SILICON LABS

Rev 1.1

417



Register 32.16. TMR3L: Timer 3 Low Byte

Bit 7 6 5 4 3 2 0
Name TMR3L
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x94

Table 32.18. TMR3L Register Bit Descriptions

Bit Name Function
7:0 TMR3L Timer 3 Low Byte.
In 16-bit mode, the TMR3L register contains the low byte of the 16-bit Timer 3. In 8-bit
mode, TMR3L contains the 8-bit low byte timer value.
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Register 32.17. TMR3H: Timer 3 High Byte

Bit 7 6 4 3 2
Name TMR3H
Type RW
Reset 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0x95

Table 32.19. TMR3H Register Bit Descriptions

Bit

Name

Function

7:0

TMR3H

Timer 3 High Byte.

In 16-bit mode, the TMR3H register contains the high byte of the 16-bit Timer 3. In 8-bit
mode, TMR3H contains the 8-bit high byte timer value.
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33. Programmable Counter Array (PCAO)

The programmable counter array (PCAO) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer and three
16-bit capture/compare modules. Each capture/compare module has its own associated I/O line (CEXn) which is
routed through the Crossbar to Port I/0O when enabled. The counter/timer is driven by a programmable timebase
that can select between six sources: system clock, system clock divided by four, system clock divided by twelve,
the external oscillator clock source divided by 8, SmaRTClock divided by 8, Timer 0 overflows, or an external clock
signal on the ECI input pin. Each capture/compare module may be configured to operate independently in one of
six modes: Edge-Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8 to 11-Bit PWM, or
16-Bit PWM (each mode is described in Section “33.3. Capture/Compare Modules” on page 423). The external
oscillator clock option is ideal for real-time clock (RTC) functionality, allowing the PCA to be clocked by a precision
external oscillator while the internal oscillator drives the system clock. The PCA is configured and controlled
through the system controller's Special Function Registers. The PCA block diagram is shown in Figure 33.1

Important Note: The PCA Module 2 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled. See Section

33.4 for details.
SYSCLK/12 ‘\

SYSCLK/4

—»

Timer 0 Overflow
»| PCA . .

ECl cLOCK 1 16-Bit Counter/Timer
> MUX

SYSCLK N

External Clock/8

SmaRTClock/8 ‘/

Capture/Compare Capture/Compare Capture/Compare

Module 0 Module 1 Module 2/ WDT
m (@) (@] (@]
(@} m m m
= x x X
o [ N

Figure 33.1. PCA Block Diagram
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33.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCAOL and PCAOH. PCAOH is the high byte (MSB) of the
16-bit counter/timer and PCAOQL is the low byte (LSB). Reading PCAOL automatically latches the value of PCAOH
into a “snapshot” register; the following PCAOH read accesses this “snapshot” register. Reading the PCAOL
Register first guarantees an accurate reading of the entire 16-bit PCAO counter. Reading PCAOH or PCAOL
does not disturb the counter operation. The CPS2—-CPSO0 bits in the PCAOMD register select the timebase for the

counter/timer as shown in Table 33.1.

When the counter/timer overflows from OxFFFF to 0x0000, the Counter Overflow Flag (CF) in PCAOMD is set to
logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in PCAOMD to logic 1
enables the CF flag to generate an interrupt request. The CF bit is not automatically cleared by hardware when the
CPU vectors to the interrupt service routine, and must be cleared by software. Clearing the CIDL bit in the
PCAOMD register allows the PCA to continue normal operation while the CPU is in Idle mode.

Table 33.1. PCA Timebase Input Options

CPS2 CpPS1 CPSO Timebase
0 0 0 System clock divided by 12
0 0 1 System clock divided by 4
0 1 0 Timer O overflow
0 1 1 High-to-low transitions on ECI (max rate = system clock divided by 4)
1 0 0 System clock
1 0 1 External oscillator source divided by 81
1 1 0 SmaRTClock oscillator source divided by 82
1 1 1 Reserved
Notes:
1. External oscillator source divided by 8 is synchronized with the system clock.
2. SmaRTClock oscillator source divided by 8 is synchronized with the system clock.

IDLE E

PCAOMD PCAOCN
C|W|w| |C|CICIE C|C Cl|c|c
I|ID|D| [P|P|P|C FI|R C[C|C
D[T|L| |S|S|S|F F|F|F
L|E[C| |2|1(0 2|1|0 To SFR Bus
K PCAOL
X read
Snapshot
Register
SYSCLK/12 000
SYSCLK/4 001
Timer 0 Overflow 010 v o overtiow
el o~ o—>»p PCAOH PCAOL To PCA Interrupt System
———p 011 1
SYSCLK 100 CF
External Clock/8
S >
101 To PCA Modules
SmaRTClock/8 110
E——

Figure 33.2. PCA Counter/Timer Block Diagram
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33.2. PCAO Interrupt Sources

Figure 33.3 shows a diagram of the PCA interrupt tree. There are five independent event flags that can be used to
generate a PCAO interrupt. They are: the main PCA counter overflow flag (CF), which is set upon a 16-bit overflow
of the PCAO counter, an intermediate overflow flag (COVF), which can be set on an overflow from the 8th, 9th,
10th, or 11th bit of the PCAO counter, and the individual flags for each PCA channel (CCFO0, CCF1, and CCF2),
which are set according to the operation mode of that module. These event flags are always set when the trigger
condition occurs. Each of these flags can be individually selected to generate a PCAO interrupt, using the
corresponding interrupt enable flag (ECF for CF, ECOV for COVF, and ECCFn for each CCFn). PCAOQ interrupts
must be globally enabled before any individual interrupt sources are recognized by the processor. PCAOQ interrupts
are globally enabled by setting the EA bit and the EPCAO bit to logic 1.

(forn=0to 2)
PCAOCPMn PCAOCN PCAOMD PCAOPWM

P|E|C|CIM|T|P|E C|C C[C|C] C| C|C|CIE A[E|C] C|C
C[A|A|A[OWC| F[R] C|C|C 1|D[D]| |P[P|P|C R|C|O L(L
M[O|P|P|T|G|M|C F|F|F D[T|L| |S|S|S|F S[OV S|S
1{MIP|N[n|n|n|F 2|10 L|E[C| |2[1|0 E|V|F E|E
6|n|n|n n K L L|L
n 1|0

v

PCA Counter/Timer 8, 9,

| |—|—,—> Set 8, 9, 10, or 11 bit Operation

10 or 11-bit Overflow
PCA Counter/Timer 16-

bit Overflow

e L
0
o -
ECCFO -3 1 EPCAO _l EA _l
0 0 0 Interrupt
oo oo o o— Priority

PCA Module 0
(CCFO0) 1 } 1 1 Decoder
ECCF1 -3 4IL
PCA Module 1 0
(CCF1) o o;
ECCF2
PCA Module 2 }C"
(CCF2) 1

Figure 33.3. PCA Interrupt Block Diagram
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33.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: edge-triggered capture,
software timer, high-speed output, frequency output, 8 to 11-bit pulse width modulator, or 16-bit pulse width
modulator. Each module has Special Function Registers (SFRs) associated with it in the CIP-51 system controller.
These registers are used to exchange data with a module and configure the module's mode of operation.
Table 33.2 summarizes the bit settings in the PCAOCPMn and PCAOPWM registers used to select the PCA
capture/compare module’s operating mode. Note that all modules set to use 8, 9, 10, or 11-bit PWM mode must
use the same cycle length (8—11 bits). Setting the ECCFn bit in a PCAOCPMn register enables the module's CCFn
interrupt.

Table 33.2. PCAOCPM and PCAOPWM Bit Settings for PCA Capture/Compare Modules

Operational Mode PCAOCPMn PCAOPWM
BitNumberl 7 |6 |54 |3|2|1|0]7|6|5]| 42 |10

Capture triggered by positive edge on CEXn XI{X|1]0]|0|0O|O0O|A]JO|X|B| XXX | XX
Capture triggered by negative edge on CEXn XI{X|0|1]|0|0O|O|A]JO|X|B]| XXX | XX
Capture triggered by any transition on CEXn X|IX|1[2[0[0]0]|AJO|X|B| XXX | XX
Software Timer X|C|O|O0O|2[0]|0]|AJO|X|B| XXX | XX
High Speed Output X|C|IO|O0O|2[12]|]0]|AJO|X|B| XXX | XX
Frequency Output X|C|IO|O|O[1]|1]|AJO|X|B| XXX | XX
8-Bit Pulse Width Modulator (Note 7) O|C|O|(O0O|E|O|2|A}JO|X|B| XXX | 00
9-Bit Pulse Width Modulator (Note 7) O|C|O|O0O|E|O|2|A|D|X|B| XXX | 01
10-Bit Pulse Width Modulator (Note 7) O|C|{O|O0O|E|O|1|A]D|X|B| XXX 10
11-Bit Pulse Width Modulator (Note 7) O|C|O0O(O0O|E|O |2 |A|D|X|B| XXX 11
16-Bit Pulse Width Modulator 1/ C|O0O|O0O|E|O|12|A]JO0|X|B| XXX | XX
Notes:

1. X =Don't Care (no functional difference for individual module if 1 or 0).

2. A = Enable interrupts for this module (PCA interrupt triggered on CCFn set to 1).

3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).

4. C = When set to 0, the digital comparator is off. For high speed and frequency output modes, the associated pin will

not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated channel is
accessed via addresses PCAOCPHn and PCAOCPLn.
6. E =When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting.
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33.3.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA counter/timer and
load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and PCAOCPHnN). The CAPPn
and CAPNN bits in the PCAOCPMn register are used to select the type of transition that triggers the capture: low-to-
high transition (positive edge), high-to-low transition (negative edge), or either transition (positive or negative
edge). When a capture occurs, the Capture/Compare Flag (CCFn) in PCAOCN is set to logic 1. An interrupt
request is generated if the CCFn interrupt for that module is enabled. The CCFn bit is not automatically cleared by
hardware when the CPU vectors to the interrupt service routine, and must be cleared by software. If both CAPPn
and CAPNnN bits are set to logic 1, then the state of the Port pin associated with CEXn can be read directly to
determine whether a rising-edge or falling-edge caused the capture.

PCA Interrupt

PCAOCPMn
PlE[CICIMTIP[E PCAOCN
WC|A|A|AlOIWC C[c cic|c
M|o|P|P[T|G[m[c F(R C[c|C
1|M|P|N[n|n|n|F FIF(F
6|n|n|n n 2|1/0

n

X X 000 x

g PCAOCPLN PCAOCPHnN
o | S

| 1 f O/Cl ﬁ
Port 1/0 |X’—: Crossbar Icﬂ[ I 0 Capt”re#/ »
' ' e o ]

PCA
~Timebase 1 PCAOL PCAOH

______ ]

Figure 33.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by the hardware.
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33.3.2. Software Timer (Compare) Mode

In Software Timer mode, the PCA counter/timer value is compared to the module's 16-bit capture/compare register
(PCAOCPHN and PCAOCPLnN). When a match occurs, the Capture/Compare Flag (CCFn) in PCAOCN is set to
logic 1. An interrupt request is generated if the CCFn interrupt for that module is enabled. The CCFn bit is not
automatically cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by
software. Setting the ECOMn and MATN bits in the PCAOCPMn register enables Software Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Capture/Compare
registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit to 0; writing to
PCAOCPHN sets ECOMn to 1.

Write to
PCAOCPLN 0
Reset
Write to ]
PCAOCPHnN E PCA Interrupt
1

+PCAOCPMn |—|:|
P[E[C[cIM[T]P[E PCAOCN
wclalalalowc clc c[cc
MO|P|P|T(GMIC PCAOCPLN | PCAOCPHN FIR clclc
1[M|P|N|n[n|n|F ElElE
6|n[nfn n 2|1]o0
n
X 00| 00X

Y o
Enable > 16-bit Comparator Match o/cl
PCA
m} PCAOL PCAOH
Figure 33.5. PCA Software Timer Mode Diagram
®
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33.3.3. High-Speed Output Mode

In High-Speed Output mode, a module’s associated CEXn pin is toggled each time a match occurs between the
PCA Counter and the module's 16-bit capture/compare register (PCAOCPHn and PCAOCPLn). When a match
occurs, the Capture/Compare Flag (CCFn) in PCAOCN is set to logic 1. An interrupt request is generated if the
CCFn interrupt for that module is enabled. The CCFn bit is not automatically cleared by hardware when the CPU
vectors to the interrupt service routine, and must be cleared by software. Setting the TOGn, MATn, and ECOMn
bits in the PCAOCPMn register enables the High-Speed Output mode. If ECOMn is cleared, the associated pin will
retain its state, and not toggle on the next match event.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Capture/Compare
registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit to 0; writing to
PCAOCPHN sets ECOMn to 1.

Write to
PCAOCPLN

Reset

. yPCAOCPMn
Write to
PCAOCPHN PIE|C|CIMIT|P|E
WC|A|A]A[O[WMC
M[O|P|P|T|G|M[C
1[MPIN|n|n|n|F
6|n|n|n n
n
x| 00 0 x
PCA Interrupt
PCAOCN
[¢f[ Cc|C
PCAOCPLN PCAOCPHnN F[R C[C|C
F|F|F
2|1{0
A
0
Enable,, 16-bit Comparator Match o/cl

TOGn
Toggle ¢ m————- 1
0
CEXn | |
E —o/1 ! Crossbar :—|X| Port 110

PCAOL pPCAOH | ——  =—————

PCA
Timebase

Figure 33.6. PCA High-Speed Output Mode Diagram
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33.3.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated CEXn pin.
The capture/compare module high byte holds the number of PCA clocks to count before the output is toggled. The
frequency of the square wave is then defined by Equation 33.1.

F — I:PCA
CEXn ™= 2 x PCAOCPHn

Note: A value of 0x00 in the PCAOCPHN register is equal to 256 for this equation.

Equation 33.1. Square Wave Frequency Output

Where Fpcp is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register, PCAOMD. The
lower byte of the capture/compare module is compared to the PCA counter low byte; on a match, CEXn is toggled
and the offset held in the high byte is added to the matched value in PCAOCPLn. Frequency Output Mode is
enabled by setting the ECOMn, TOGn, and PWMn bits in the PCAOCPMn register. Note that the MATn bit should
normally be set to 0 in this mode. If the MATn bit is set to 1, the CCFn flag for the channel will be set when the 16-
bit PCAO counter and the 16-bit capture/compare register for the channel are equal.
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Figure 33.7. PCA Frequency Output Mode

33.3.5. 8-bit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes

Each module can be used independently to generate a pulse width modulated (PWM) output on its associated
CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer, and the setting of
the PWM cycle length (8, 9, 10 or 11-bits). For backwards-compatibility with the 8-bit PWM mode available on other
devices, the 8-bit PWM mode operates slightly different than 9, 10 and 11-bit PWM modes. It is important to note
that all channels configured for 8/9/10/11-bit PWM mode will use the same cycle length. It is not possible to
configure one channel for 8-bit PWM mode and another for 11-bit mode (for example). However, other PCA
channels can be configured to Pin Capture, High-Speed Output, Software Timer, Frequency Output, or 16-bit PWM
mode independently.
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33.3.6. 8-Bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 8-bit PWM mode is varied using the module's PCAOCPLn capture/
compare register. When the value in the low byte of the PCA counter/timer (PCAOL) is equal to the value in
PCAOCPLN, the output on the CEXn pin will be set. When the count value in PCAOL overflows, the CEXn output
will be reset (see Figure 33.8). Also, when the counter/timer low byte (PCAOL) overflows from OxFF to 0x00,
PCAOCPLn is reloaded automatically with the value stored in the module’s capture/compare high byte
(PCAOCPHN) without software intervention. Setting the ECOMn and PWMn bits in the PCAOCPMn register, and
setting the CLSEL bits in register PCAOPWM to 00b enables 8-Bit Pulse Width Modulator mode. If the MATn bit is
set to 1, the CCFn flag for the module will be set each time an 8-bit comparator match (rising edge) occurs. The
COVF flag in PCAOPWM can be used to detect the overflow (falling edge), which will occur every 256 PCA clock
cycles. The duty cycle for 8-Bit PWM Mode is given in Equation 33.2.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO0 Capture/Compare
registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit to 0; writing to
PCAOCPHN sets ECOMn to 1.

_ (256 - PCAQOCPHnN)
Duty Cycle 256
Equation 33.2. 8-Bit PWM Duty Cycle

Using Equation 33.2, the largest duty cycle is 100% (PCAOCPHnN = 0), and the smallest duty cycle is 0.39%
(PCAOCPHN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.
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Figure 33.8. PCA 8-Bit PWM Mode Diagram
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33.3.7. 9/10/11-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 9/10/11-bit PWM mode should be varied by writing to an “Auto-Reload”
Register, which is dual-mapped into the PCAOCPHN and PCAOCPLn register locations. The data written to define
the duty cycle should be right-justified in the registers. The auto-reload registers are accessed (read or written)
when the bit ARSEL in PCAOPWM is set to 1. The capture/compare registers are accessed when ARSEL is set to
0.

When the least-significant N bits of the PCAO counter match the value in the associated module’s capture/compare
register (PCAOCPnN), the output on CEXn is asserted high. When the counter overflows from the Nth bit, CEXn is
asserted low (see Figure 33.9). Upon an overflow from the Nth bit, the COVF flag is set, and the value stored in the
module’s auto-reload register is loaded into the capture/compare register. The value of N is determined by the
CLSEL bits in register PCAOPWM.

The 9, 10 or 11-bit PWM mode is selected by setting the ECOMn and PWMn bits in the PCAOCPMn register, and
setting the CLSEL bits in register PCAOPWM to the desired cycle length (other than 8-bits). If the MATnN bit is set to
1, the CCFn flag for the module will be set each time a comparator match (rising edge) occurs. The COVF flag in
PCAOPWM can be used to detect the overflow (falling edge), which will occur every 512 (9-bit), 1024 (10-bit) or
2048 (11-bit) PCA clock cycles. The duty cycle for 9/10/11-Bit PWM Mode is given in Equation 33.2, where N is the
number of bits in the PWM cycle.

Important Note About PCAOCPHN and PCAOCPLn Registers: When writing a 16-bit value to the PCAOCPn
registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit to 0; writing to
PCAOCPHN sets ECOMn to 1.

_ (2N-PCAOCPN)
e =
2N

Equation 33.3. 9, 10, and 11-Bit PWM Duty Cycle
A 0% duty cycle may be generated by clearing the ECOMn bit to 0.
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Figure 33.9. PCA 9, 10 and 11-Bit PWM Mode Diagram
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33.3.8. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other (8/9/10/
11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCA clocks for the
low time of the PWM signal. When the PCA counter matches the module contents, the output on CEXn is asserted
high; when the 16-bit counter overflows, CEXn is asserted low. To output a varying duty cycle, new value writes
should be synchronized with PCA CCFn match interrupts. 16-Bit PWM Mode is enabled by setting the ECOMn,
PWMn, and PWM16n bits in the PCAOCPMn register. For a varying duty cycle, match interrupts should be enabled
(ECCFn = 1 AND MATn = 1) to help synchronize the capture/compare register writes. If the MATn bit is set to 1, the
CCFn flag for the module will be set each time a 16-bit comparator match (rising edge) occurs. The CF flag in
PCAOCN can be used to detect the overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by
Equation 33.4.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO0 Capture/Compare
registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit to 0; writing to
PCAOCPHN sets ECOMn to 1.

_ (65536 — PCAOCPN)
Duty Cycle = 55536
Equation 33.4. 16-Bit PWM Duty Cycle

Using Equation 33.4, the largest duty cycle is 100% (PCAOCPn = 0), and the smallest duty cycle is 0.0015%
(PCAOCPN = OXFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.
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Figure 33.10. PCA 16-Bit PWM Mode
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33.4. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 2. The WDT is used to
generate a reset if the time between writes to the WDT update register (PCAOCPH2) exceed a specified limit. The
WDT can be configured and enabled/disabled as needed by software.

With the WDTE bit set in the PCAOMD register, Module 2 operates as a watchdog timer (WDT). The Module 2 high
byte is compared to the PCA counter high byte; the Module 2 low byte holds the offset to be used when WDT
updates are performed. The Watchdog Timer is enabled on reset. Writes to some PCA registers are
restricted while the Watchdog Timer is enabled. The WDT will generate a reset shortly after code begins
execution. To avoid this reset, the WDT should be explicitly disabled (and optionally re-configured and re-enabled if
it is used in the system).

33.4.1. Watchdog Timer Operation

While the WDT is enabled:

PCA counter is forced on.

Writes to PCAOL and PCAOQOH are not allowed.

PCA clock source bits (CPS2—-CPSQ0) are frozen.

PCA Idle control bit (CIDL) is frozen.

Module 2 is forced into software timer mode.

m  Writes to the Module 2 mode register (PCAOCPM?2) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCA counter state; the counter will run until the
WDT is disabled. The PCA counter run control bit (CR) will read zero if the WDT is enabled but user software has
not enabled the PCA counter. If a match occurs between PCAOCPH2 and PCAOH while the WDT is enabled, a
reset will be generated. To prevent a WDT reset, the WDT may be updated with a write of any value to

PCAOCPH2. Upon a PCAOCPH2 write, PCAOH plus the offset held in PCAOCPL2 is loaded into PCAOCPH2 (See
Figure 33.11).
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gy [sS9A
Ligd |22jo

K

—L:i:> | 8hit Meich
fept| Comparaor [ | ——F=%

N . N PCAOL Overflow
PCAOCPL2 Y 8hit Adder K PCAOH
A Adder
Wite to Enable
PCAOCPH2

Figure 33.11. PCA Module 2 with Watchdog Timer Enabled

The 8-bit offset held in PCAOCPH2 is compared to the upper byte of the 16-bit PCA counter. This offset value is the
number of PCAOL overflows before a reset. Up to 256 PCA clocks may pass before the first PCAOL overflow
occurs, depending on the value of the PCAOL when the update is performed. The total offset is then given (in PCA
clocks) by Equation 33.5, where PCAOL is the value of the PCAOL register at the time of the update.
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Offset = (256 x PCAOCPL2) + (256 — PCAOL)

Equation 33.5. Watchdog Timer Offset in PCA Clocks

The WDT reset is generated when PCAOL overflows while there is a match between PCAOCPH2 and PCAOQOH.
Software may force a WDT reset by writing a 1 to the CCF2 flag (PCAOCN.2) while the WDT is enabled.

33.4.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:

Disable the WDT by writing a 0 to the WDTE bit.

Select the desired PCA clock source (with the CPS2—CPSO0 bits).

Load PCAOCPL2 with the desired WDT update offset value.

Configure the PCA Idle mode (set CIDL if the WDT should be suspended while the CPU is in Idle mode).
Enable the WDT by setting the WDTE bit to 1.

Reset the WDT timer by writing to PCAOCPH2.

o0k whPE

The PCA clock source and Idle mode select cannot be changed while the WDT is enabled. The watchdog timer is
enabled by setting the WDTE or WDLCK bits in the PCAOMD register. When WDLCK is set, the WDT cannot be
disabled until the next system reset. If WDLCK is not set, the WDT is disabled by clearing the WDTE bit.

The WDT is enabled following any reset. The PCAO counter clock defaults to the system clock divided by 12,
PCAOL defaults to 0x00, and PCAOCPL2 defaults to 0x00. Using Equation 33.5, this results in a WDT timeout
interval of 256 PCA clock cycles, or 3072 system clock cycles. Table 33.3 lists some example timeout intervals for
typical system clocks.

Table 33.3. Watchdog Timer Timeout Intervals?

System Clock (Hz) PCAOCPL2 Timeout Interval (ms)
24,500,000 255 32.1
24,500,000 128 16.2
24,500,000 32 4.1
3,062,500° 255 257
3,062,500° 128 129.5
3,062,500° 32 33.1

32,000 255 24576
32,000 128 12384
32,000 32 3168
Notes:
1. Assumes SYSCLK/12 as the PCA clock source, and a PCAOL value of
0x00 at the update time.
2. Internal SYSCLK reset frequency = Internal Oscillator divided by 8.
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33.5. PCAO Control Registers

Register 33.1. PCAOCN: PCA Control

Bit 7 6 5 4 3 2 1 0
Name CF CR Reserved CCF2 CCF1 CCFO
Type RW RW R RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xD8 (bit-addressable)

Table 33.4. PCAOCN Register Bit Descriptions

Bit

Name

Function

CF

PCA Counter/Timer Overflow Flag.

Set by hardware when the PCA Counter/Timer overflows from OxFFFF to 0x0000. When
the Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the CPU to
vector to the PCA interrupt service routine. This bit is not automatically cleared by hard-
ware and must be cleared by firmware.

CR

PCA Counter/Timer Run Control.

This bit enables/disables the PCA Counter/Timer.
0: Stop the PCA Counter/Timer.
1: Start the PCA Counter/Timer running.

5:3

Reserved

Must write reset value.

CCF2

PCA Module 2 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF2 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine.
This bit is not automatically cleared by hardware and must be cleared by firmware.

CCF1

PCA Module 1 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF1 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine.
This bit is not automatically cleared by hardware and must be cleared by firmware.

CCFO

PCA Module 0 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCFO interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine.
This bit is not automatically cleared by hardware and must be cleared by firmware.
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Register 33.2. PCAOMD: PCA Mode

Bit 7 6 5 4 3 2 1 0
Name CIDL WDTE WDLCK Reserved CPS ECF
Type RW RW RW R RW RW
Reset 0 1 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xD9

Table 33.5. PCAOMD Register Bit Descriptions

Bit Name Function
7 CIDL PCA Counter/Timer Idle Control.
Specifies PCA behavior when CPU is in Idle Mode.
0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.
6 WDTE Watchdog Timer Enable.
If this bit is set, PCA Module 2 is used as the watchdog timer.
0: Disable Watchdog Timer.
1: Enable PCA Module 2 as the Watchdog Timer.
5 WDLCK |Watchdog Timer Lock.
This bit locks/unlocks the Watchdog Timer Enable. When WDLCK is set, the Watchdog
Timer may not be disabled until the next system reset.
0: Watchdog Timer Enable unlocked.
1: Watchdog Timer Enable locked.
4 Reserved |Must write reset value.
3:1 CPS PCA Counter/Timer Pulse Select.
These bits select the timebase source for the PCA counter.
000: System clock divided by 12.
001: System clock divided by 4.
010: Timer 0 overflow.
011: High-to-low transitions on ECI (max rate = system clock divided by 4).
100: System clock.
101: External clock divided by 8 (synchronized with the system clock).
110: RTC divided by 8.
111: Reserved.
0 ECF PCA Counter/Timer Overflow Interrupt Enable.

This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt.
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCAOCN.7) is set.
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Register 33.3. PCAOPWM: PCA PWM Configuration

Bit 7 6 5 4 3 2 1 0
Name ARSEL ECOV COVF Reserved CLSEL
Type RW RW RW R RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxDF

Table 33.6. PCAOPWM Register Bit Descriptions

Bit

Name

Function

ARSEL

Auto-Reload Register Select.

This bit selects whether to read and write the normal PCA capture/compare registers
(PCAOCPN), or the Auto-Reload registers at the same SFR addresses. This function is
used to define the reload value for 9 to 11-bit PWM modes. In all other modes, the Auto-
Reload registers have no function.

0: Read/Write Capture/Compare Registers at PCAOCPHN and PCAOCPLnN.

1: Read/Write Auto-Reload Registers at PCAOCPHn and PCAOCPLnN.

ECOV

Cycle Overflow Interrupt Enable.

This bit sets the masking of the Cycle Overflow Flag (COVF) interrupt.
0: COVF will not generate PCA interrupts.

1: A PCA interrupt will be generated when COVF is set.

COVF

Cycle Overflow Flag.

This bit indicates an overflow of the 8th to 11th bit of the main PCA counter (PCAQ). The
specific bit used for this flag depends on the setting of the Cycle Length Select bits. The
bit can be set by hardware or firmware, but must be cleared by firmware.

0: No overflow has occurred since the last time this bit was cleared.

1: An overflow has occurred since the last time this bit was cleared.

4:2

Reserved

Must write reset value.

1:0

CLSEL

Cycle Length Select.

When 16-bit PWM mode is not selected, these bits select the length of the PWM cycle.
This affects all channels configured for PWM which are not using 16-bit PWM mode.
These bits are ignored for individual channels configured to 16-bit PWM mode.

00: 8 bits.

01: 9 bits.

10: 10 bits.

11: 11 bits.
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Register 33.4. PCAOL: PCA Counter/Timer Low Byte

Bit 6 5 4 3 2 1 0
Name PCAOL
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xF9

Table 33.7. PCAOL Register Bit Descriptions

Bit Name

Function

7.0 PCAOL

PCA Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

Note: When the WDTE bit is set to 1, the PCAOL register cannot be modified by firmware. To change the contents of the
PCAOL register, the Watchdog Timer must first be disabled.
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Register 33.5. PCAOH: PCA Counter/Timer High Byte

Bit 7 6 4 0
Name PCAOH
Type RW
Reset 0 0 0 0

SFR Page = 0x0; SFR Address: OxFA

Table 33.8. PCAOH Register Bit Descriptions

Bit

Name

Function

7:0

PCAOH

PCA Counter/Timer High Byte.

The PCAOH register holds the high byte (MSB) of the 16-bit PCA Counter/Timer. Reads
of this register will read the contents of a "snapshot" register, whose contents are
updated only when the contents of PCAOL are read.

Note: When the WDTE bit is set to 1, the PCAOH register cannot be modified by firmware. To change the contents of the
PCAOH register, the Watchdog Timer must first be disabled.
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Register 33.6. PCAOCPMO: PCA Channel 0 Capture/Compare Mode 0

Bit 7 6 5 4 3 2 1 0
Name PWM16 ECOM CAPP CAPN MAT TOG PWM ECCF
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxDA

Table 33.9. PCAOCPMO Register Bit Descriptions

Bit

Name

Function

PWM16

Channel 0 16-bit Pulse Width Modulation Enable.

This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.

1: 16-bit PWM selected.

ECOM

Channel 0 Comparator Function Enable.
This bit enables the comparator function.

CAPP

Channel 0 Capture Positive Function Enable.
This bit enables the positive edge capture capability.

CAPN

Channel 0 Capture Negative Function Enable.
This bit enables the negative edge capture capability.

MAT

Channel 0 Match Function Enable.

This bit enables the match function. When enabled, matches of the PCA counter with a
module's capture/compare register cause the CCFO bit in the PCAOMD register to be set
to logic 1.

TOG

Channel 0 Toggle Function Enable.

This bit enables the toggle function. When enabled, matches of the PCA counter with the
capture/compare register cause the logic level on the CEXO pin to toggle. If the PWM bit
is also set to logic 1, the module operates in Frequency Output Mode.

PWM

Channel 0 Pulse Width Modulation Mode Enable.

This bit enables the PWM function. When enabled, a pulse width modulated signal is out-
put on the CEXO pin. 8 to 11-bit PWM is used if PWML16 is cleared to 0; 16-bit mode is
used if PWML16 is set to 1. If the TOG bit is also set, the module operates in Frequency
Output Mode.

ECCF

Channel 0 Capture/Compare Flag Interrupt Enable.

This bit sets the masking of the Capture/Compare Flag (CCFO) interrupt.
0: Disable CCFO interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFO is set.
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Register 33.7. PCAOCPLO: PCA Channel 0 Capture Module Low Byte

Bit 7 6 5 4 3 2 0
Name PCAOCPLO
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xFB

Table 33.10. PCAOCPLO Register Bit Descriptions

Bit

Name

Function

7:0

PCAOCPLO

PCA Channel 0 Capture Module Low Byte.

The PCAOCPLO register holds the low byte (LSB) of the 16-bit capture module. This reg-
ister address also allows access to the low byte of the corresponding PCA channel's
auto-reload value for 9 to 11-bit PWM mode. The ARSEL bit in register PCAOPWM con-

trols which register is accessed.

Note: A write to this register will clear the module's ECOM bit to a 0.
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Register 33.8. PCAOCPHO: PCA Channel 0 Capture Module High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPHO
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OxFC

Table 33.11. PCAOCPHO Register Bit Descriptions

Bit

Name

Function

7:0

PCAOCPHO

PCA Channel 0 Capture Module High Byte.
The PCAOCPHO register holds the high byte (MSB) of the 16-bit capture module. This

register address also allows access to the high byte of the corresponding PCA channel's
auto-reload value for 9 to 11-bit PWM mode. The ARSEL bit in register PCAOPWM con-

trols which register is accessed.

Note: A write to this register will set the module's ECOM bit to a 1.
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Register 33.9. PCAOCPML1: PCA Channel 1 Capture/Compare Mode

Bit 7 6 5 4 3 2 1 0
Name PWM16 ECOM CAPP CAPN MAT TOG PWM ECCF
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xDB

Table 33.12. PCAOCPM1 Register Bit Descriptions

Bit

Name

Function

PWM16

Channel 1 16-bit Pulse Width Modulation Enable.

This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.

1: 16-bit PWM selected.

ECOM

Channel 1 Comparator Function Enable.
This bit enables the comparator function.

CAPP

Channel 1 Capture Positive Function Enable.
This bit enables the positive edge capture capability.

CAPN

Channel 1 Capture Negative Function Enable.
This bit enables the negative edge capture capability.

MAT

Channel 1 Match Function Enable.

This bit enables the match function. When enabled, matches of the PCA counter with a
module's capture/compare register cause the CCF1 bit in the PCAOMD register to be set
to logic 1.

TOG

Channel 1 Toggle Function Enable.

This bit enables the toggle function. When enabled, matches of the PCA counter with the
capture/compare register cause the logic level on the CEX1 pin to toggle. If the PWM bit
is also set to logic 1, the module operates in Frequency Output Mode.

PWM

Channel 1 Pulse Width Modulation Mode Enable.

This bit enables the PWM function. When enabled, a pulse width modulated signal is out-
put on the CEXL1 pin. 8 to 11-bit PWM is used if PWML16 is cleared to 0; 16-bit mode is
used if PWML16 is set to 1. If the TOG bit is also set, the module operates in Frequency
Output Mode.

ECCF

Channel 1 Capture/Compare Flag Interrupt Enable.

This bit sets the masking of the Capture/Compare Flag (CCF1) interrupt.
0: Disable CCF1 interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCF1 is set.
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Register 33.10. PCAOCPL1: PCA Channel 1 Capture Module Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPL1
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OXE9

Table 33.13. PCAOCPL1 Register Bit Descriptions

Bit

Name

Function

7:0

PCAOCPL1

PCA Channel 1 Capture Module Low Byte.

The PCAOCPL1 register holds the low byte (LSB) of the 16-bit capture module. This reg-

ister address also allows access to the low byte of the corresponding PCA channel's

auto-reload value for 9 to 11-bit PWM mode. The ARSEL bit in register PCAOPWM con-

trols which register is accessed.

Note: A write to this register will clear the module's ECOM bit to a 0.
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Register 33.11. PCAOCPH1: PCA Channel 1 Capture Module High Byte

Bit 7 6 5 4 3 2 0
Name PCAOCPH1
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OXEA

Table 33.14. PCAOCPH1 Register Bit Descriptions

Bit

Name

Function

7:0

PCAOCPH1

PCA Channel 1 Capture Module High Byte.

The PCAOCPHL1 register holds the high byte (MSB) of the 16-bit capture module. This
register address also allows access to the high byte of the corresponding PCA channel's
auto-reload value for 9 to 11-bit PWM mode. The ARSEL bit in register PCAOPWM con-

trols which register is accessed.

Note: A write to this register will set the module's ECOM bit to a 1.
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Register 33.12. PCAOCPM2: PCA Channel 2 Capture/Compare Mode

Bit 7 6 5 4 3 2 1 0
Name PWM16 ECOM CAPP CAPN MAT TOG PWM ECCF
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: 0xDC

Table 33.15. PCAOCPM2 Register Bit Descriptions

Bit

Name

Function

PWM16

Channel 2 16-bit Pulse Width Modulation Enable.

This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.

1: 16-bit PWM selected.

ECOM

Channel 2 Comparator Function Enable.
This bit enables the comparator function.

CAPP

Channel 2 Capture Positive Function Enable.
This bit enables the positive edge capture capability.

CAPN

Channel 2 Capture Negative Function Enable.
This bit enables the negative edge capture capability.

MAT

Channel 2 Match Function Enable.

This bit enables the match function. When enabled, matches of the PCA counter with a
module's capture/compare register cause the CCF2 bit in the PCAOMD register to be set
to logic 1.

TOG

Channel 2 Toggle Function Enable.

This bit enables the toggle function. When enabled, matches of the PCA counter with the
capture/compare register cause the logic level on the CEX2 pin to toggle. If the PWM bit
is also set to logic 1, the module operates in Frequency Output Mode.

PWM

Channel 2 Pulse Width Modulation Mode Enable.

This bit enables the PWM function. When enabled, a pulse width modulated signal is out-
put on the CEX2 pin. 8 to 11-bit PWM is used if PWML16 is cleared to 0; 16-bit mode is
used if PWML16 is set to 1. If the TOG bit is also set, the module operates in Frequency
Output Mode.

ECCF

Channel 2 Capture/Compare Flag Interrupt Enable.

This bit sets the masking of the Capture/Compare Flag (CCF2) interrupt.
0: Disable CCF2 interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCF2 is set.
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Register 33.13. PCAOCPL2: PCA Channel 2 Capture Module Low Byte

Bit 7 6 5 4 3 2 0
Name PCAOCPL2
Type RW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OXEB

Table 33.16. PCAOCPL2 Register Bit Descriptions

Bit

Name

Function

7:0

PCAOCPL2

PCA Channel 2 Capture Module Low Byte.

The PCAOCPL2 register holds the low byte (LSB) of the 16-bit capture module. This reg-
ister address also allows access to the low byte of the corresponding PCA channel's
auto-reload value for 9 to 11-bit PWM mode. The ARSEL bit in register PCAOPWM con-

trols which register is accessed.

Note: A write to this register will clear the module's ECOM bit to a 0.
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Register 33.14. PCAOCPH2: PCA Channel 2 Capture Module High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPH2
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address: OXEC

Table 33.17. PCAOCPH2 Register Bit Descriptions

Bit

Name

Function

7:0

PCAOCPH2

PCA Channel 2 Capture Module High Byte.
The PCAOCPH2 register holds the high byte (MSB) of the 16-bit capture module. This

register address also allows access to the high byte of the corresponding PCA channel's
auto-reload value for 9 to 11-bit PWM mode. The ARSEL bit in register PCAOPWM con-

trols which register is accessed.

Note: A write to this register will set the module's ECOM bit to a 1.
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34. C2 Interface

CB8051F97x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow flash programming and
in-system debugging with the production part installed in the end application. The C2 interface uses a clock signal
(C2CK) and a bidirectional C2 data signal (C2D) to transfer information between the device and a host system.
Details on the C2 protocol can be found in the C2 Interface Specification.

34.1. C2 Pin Sharing

The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and flash
programming may be performed. C2CK is shared with the RST pin, while the C2D signal is shared with a port I/O
pin. This is possible because C2 communication is typically performed when the device is in the halt state, where
all on-chip peripherals and user software are stalled. In this halted state, the C2 interface can safely “borrow” the
C2CK and C2D pins. In most applications, external resistors are required to isolate C2 interface traffic from the
user application. A typical isolation configuration is shown in Figure 34.1.

i CBO5LFxxX
/Reset (a) AN O—GZI C2CK
Input (b) — — C2D

Output (c)

C2 Interface Master

Figure 34.1. Typical C2 Pin Sharing

The configuration in Figure 34.1 assumes the following:
1. The user input (b) cannot change state while the target device is halted.
2. The RST pin on the target device is used as an input only.

Additional resistors may be necessary depending on the specific application.
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34.2. C2 Interface Registers

The following describes the C2 registers necessary to perform flash programming through the C2 interface. All C2
registers are accessed through the C2 interface, and are not available in the SFR map for firmware access.

Register 34.1. C2ADD: C2 Address

Bit 7 6 5 4 0
Name C2ADD
Type RW
Reset 0 0 0 0 0

This register is part of the C2 protocol.

Table 34.1. C2ADD Register Bit Descriptions

Bit

Name

Function

7:0

C2ADD

C2 Address.

The C2ADD register is accessed via the C2 interface. The value written to C2ADD
selects the target data register for C2 Data Read and Data Write commands.
0x00: C2DEVID

0x01: C2REVID

0x02: C2FPCTL

0xB4: C2FPDAT
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Register 34.2. C2DEVID: C2 Device ID

Bit 7 6 5 4 3 2 1
Name C2DEVID
Type R
Reset 0 0 1 0 1 0 0

C2 Address: 0x00

Table 34.2. C2DEVID Register Bit Descriptions

Bit

Name

Function

7:0

C2DEVID

Device ID.
This read-only register returns the 8-bit device ID: 0x29 (C8051F97x).
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Register 34.3. C2REVID: C2 Revision ID

Bit 7 6 5 4 3 2 1 0
Name C2REVID
Type R
Reset X X X X X X X X

C2 Address: 0x01

Table 34.3. C2REVID Register Bit Descriptions

Bit

Name

Function

7:0

C2REVID

Revision ID.

This read-only register returns the 8-bit revision ID. For example: 0x01 = Revision A.
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Register 34.4. C2FPCTL: C2 Flash Programming Control

Bit 7 6 5 4 3 2 1 0
Name C2FPCTL
Type RW
Reset 0 0 0 0 0 0 0 0

C2 Address: 0x02

Table 34.4. C2FPCTL Register Bit Descriptions

Bit

Name

Function

7:0

C2FPCTL

Flash Programming Control Register.
This register is used to enable flash programming via the C2 interface. To enable C2

flash programming, the following codes must be written in order: 0x02, 0x01. Note that
once C2 flash programming is enabled, a system reset must be issued to resume normal

operation.

SILICON LABS

Rev 1.1

451



Register 34.5. C2FPDAT: C2 Flash Programming Data

Bit 7 6 5 4 3 2 0
Name C2FPDAT
Type RW
Reset 0 0 0 0 0 0 0

C2 Address: 0xB4

Table 34.5. C2FPDAT Register Bit Descriptions

Bit Name Function

7:0 C2FPDAT |C2 Flash Programming Data Register.
This register is used to pass flash commands, addresses, and data during C2 flash
accesses. Valid commands are listed below.
0x03: Device Erase
0x06: Flash Block Read
0x07: Flash Block Write
0x08: Flash Page Erase
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DOCUMENT CHANGE LIST
Revision 1.0 to Revision 1.1

Updated packaging information for QFN48 and QFN32 packages in "5. QFN-48 Package Specifications"
on page 43 and "6. QFN-32 Package Specifications" on page 46.

Added a note about an additional divide-by-2 stage on RC and C oscillator modes in "24.3.2. External RC
Mode" on page 243 and "24.3.3. External Capacitor Mode" on page 245.

Fixed the first sentence in "26.3. Priority Crossbar Decoder” on page 281 that referred to UARTO as the top
priority peripheral on the crossbar.

Removed all ADCOMX channels other than ADCO0.0 and marked them as Reserved, since pin selections
are made using AMUXO.

Updated Table 3.1, “Pin Definitions for C8051F970/3-A-GM (QFN-48),” on page 32, Table 3.2, “Pin
Definitions for C8051F971/4-A-GM (QFN-32),” on page 36, and Table 3.3, “Pin Definitions for C8051F972/
5-A-GM (QFN-24),” on page 39 to replace ADCO0.n with AMUXO0.n.

Updated QFN-32 and QFN-24 pin definitions with correct pin numbering.

m Added wake-up request and RTC oscillator output to Table 3.1, “Pin Definitions for C8051F970/3-A-GM

(QFN-48),” on page 32 and specified in Register 16.4, “PMUOMD: Power Management Unit Mode,” on
page 103 that these outputs are not available on QFN-32 and QFN-24 packages.

Removed a mention of UARTO routing to P0.4 and P0.5 in Register 26.1, “XBRO: Port I/O Crossbar 0,” on
page 285.

Updated Figure 22.4, “DMA Mode Operation Flow Chart,” on page 206 to remove clearing ACCMD to 0
and added a note in "22.6. DMA Mode Operation” on page 205 regarding generating the MAC output for
two arrays.

Updated all references of “QFN-28" to “QFN-24."

m Added a note to "16.5. Sleep Mode" on page 97 that entering Sleep mode may cause a device to

disconnect while debugging.

Updated the PERIPH field in Register 21.6, “DMAONCF: DMAO Channel Configuration,” on page 195 to
swap values 6 and 7.

Updated references to MSTEN to refer to SPIOCFG instead of SPIOCN in "28. Serial Peripheral Interface
(SPI0)" on page 328.

Updated the example in "22.11.3. Initializing Memory Block Using DMAO and MACOQ" on page 212 to refer
to the MACOITER register instead of MACOICT.

Removed section 24.4.2 SMBus Pin Swap and 29.4.3 SMBus Timing Control because these features are
not available on this device family.

Revision 0.1 to Revision 1.0

Updated Capacitive Sense and ADC input channels listed on the front page.
Removed mention of the -1 temperature grade from Figure 4.1, “C8051F97x Part Numbering,” on page 41.

Updated Digital Supply Current numbers in Table 1.2, “Global Electrical Characteristics,” on page 10 to
reflect the latest data.

Removed mention of 12-bit mode for ADCO.

m Added a note to "17.1. ADCO Analog Multiplexer" on page 105, the ADCOMX register, and all AMUXO

registers regarding disconnecting the AMUXO0 when measuring an internal signal with the ADC.

Updated "24. Clocking Sources" on page 241 to mention that the external oscillator is not available on
QFN-24 (C8051F972/5) packages.

Updated "25. SmaRTClock (Real Time Clock, RTCO0)" on page 253 references to RTCOCN at address 0x05
to correctly refer to RTCOXCN.

Updated "25. SmaRTClock (Real Time Clock, RTCO0)" on page 253 to remove mention of using an external
CMOS clock with the SmaRTClock.

Updated port pins associated with the crystal pins on each package in Table 26.1, “Port I/O Assignment for
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Analog Functions,” on page 279.
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