MICROCHIP PIC18C601/801

High-Performance ROM-less Microcontrollers
with External Memory Bus

High Performance RISC CPU: Advanced Analog Features:

« C compiler optimized architecture instruction set * 10-bit Analog-to-Digital Converter module (A/D)
« Linear program memory addressing up to 2 Mbytes with:

) . - Fast sampling rate
¢ Linear data memory addressing to 4 Kbytes - Conversion available during SLEEP

External Program Memory - DNL=%1LSh, INL=%#1LSb
On-Chip on.Chi - Upto 12 channels available
Device - - n-<hnip » Programmable Low Voltage Detection (LVD)
Maximum Maximum | RAM (bytes) module
Addressin Single Word
(bytes) ¢ Ins?ructions - Supports interrupt on Low Voltage Detection
PIC18C601 256K 128K 15K Special Microcontroller Features:
PIC18C801 2M 1M 15K
- B ) » Power-on Reset (POR), Power-up Timer (PWRT),
* Up 10 160 ns instruction cycle: and Oscillator Start-up Timer (OST)
- DC - 25 MHz clock input . ) - e
- 4 MHz - 6 MHz clock input with PLL active \(g\é?:tilﬁzgoorg Timer (WDT) with its own on-chip RC

« 16-bit wide instructions, 8-bit wide data path
 Priority levels for interrupts
* 8 x 8 Single Cycle Hardware Multiplier

On-chip Boot RAM for boot loader application
8-bit or 16-bit external memory interface modes
Up to two software programmable chip select sig-

Peripheral Features: nals (CS1 and CS2)

One programmable chip 1/O select signal (CSIO)
for memory mapped 1/0 expansion

Power saving SLEEP mode

Different oscillator options, including:

« High current sink/source 25 mA/25 mA
« Up to 47 1/O pins with individual direction control
« Three external interrupt pins

+ Timer0 module: 8-bit/16-bit timer/counter with - 4X Phase Lock Loop (of primary oscillator)
8-bit programmable prescaler - Secondary Oscillator (32 kHz) clock input
« Timerl module: 16-bit timer/counter (time-base for
CCP) CMOS Technology:
+ Timer2 module: 8-bit timer/counter with 8-bit « Low power, high speed CMOS technology

period register
« Timer3 module: 16-bit timer/counter
« Secondary oscillator clock option - Timerl/Timer3
¢ Two Capture/Compare/PWM (CCP) modules
CCP pins can be configured as:
- Capture input: 16-bit, max. resolution 10 ns
- Compare is 16-bit, max. resolution 160 ns (Tcy)
- PWM output: PWM resolution is 1- to 10-bit
Max. PWM freq. @:
8-bit resolution = 99 kHz
10-bit resolution = 24.4 kHz
« Master Synchronous Serial Port (MSSP) with two
modes of operation:
- 3-wire SPI™ (Supports all 4 SPI modes)
- 12C™ Master and Slave mode
Addressable USART module: Supports Interrupt
on Address bit
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* Fully static design

* Wide operating voltage range (2.0V to 5.5V)
* Industrial and Extended temperature ranges
* Low power consumption



PIC18C601/801

Pin Diagrams
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PIC18C601/801

Pin Diagrams (Cont.'d)

68-Pin PLCC
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PIC18C601/801

Pin Diagrams (Cont.'d)

80-Pin TQFP
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PIC18C601/801

Pin Diagrams (Cont.'d)

84-Pin PLCC
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PIC18C601/801

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)
« The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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PIC18C601/801

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following two devices:

1. PIC18C601

2. PIC18C801

The PIC18C601 is available in 64-pin TQFP and 68-pin
PLCC packages. The PIC18C801 is available in 80-pin

An overview of features is shown in Table 1-1.

Device block diagrams are provided in Figure 1-1 for
the 64/68-pin configuration, and Figure 1-2 for the 80/
84-pin configuration. The pinouts for both packages
are listed in Table 1-2.

TQFP and 84-pin PLCC packages.

TABLE 1-1: DEVICE FEATURES

Features PIC18C601 PIC18C801
Operating Frequency DC - 25 MHz DC - 25 MHz
External Bytes . 256K 2M
Program Memory Max. # _of Single Word 128K im

Instructions
Data Memory (Bytes) 1536 1536
Interrupt Sources 15 15
1/0 Ports Ports A - G Ports A-H, J
Timers 4 4
Capture/Compare/PWM modules 2 2
MSSP, MSSP,

Serial Communications

Addressable USART

Addressable USART

10-bit Analog-to-Digital Module

8 input channels

12 input channels

RESETS (and Delays)

POR,
RESET Instruction, Stack Full,
Stack Underflow (PWRT, OST)

POR,
RESET Instruction, Stack Full,
Stack Underflow (PWRT, OST)

Programmable Low Voltage Detect Yes Yes
8-bit External Memory Interface Yes Yes
8-bit De-multiplexed External No Yes
Memory Interface

16-bit External Memory Interfaces Yes Yes
On-chip Chip Select Signals Ccs1 CS1,CS2
On-chip I/0O Chip Select Signal Yes Yes

Instruction Set

75 Instructions

75 Instructions

Packages

64-pin TQFP
68-pin PLCC

80-pin TQFP
84-pin PLCC

© 2001-2013 Microchip Technology Inc.
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PIC18C601/801

FIGURE 1-1:

PIC18C601 BLOCK DIAGRAM
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PIC18C601/801

FIGURE 1-2: P1C18C801 BLOCK DIAGRAM
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PIC18C601/801

TABLE 1-2: PINOUT I/O DESCRIPTIONS

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
MCLR/VpPP 7 16 9 20

MCLR | ST Master clear (RESET) input. This pin is
an active low RESET to the device.

VPP P Programming voltage input.

NC — 1,18, — 1,22, — — These pins should be left
35, 52 43, 64 unconnected.
OSC1/CLKI 39 50 49 62

0OSC1 | CMOS/ST Oscillator crystal input or external clock
source input. ST buffer when in RC
mode. Otherwise CMOS.

External clock source input.

CLKI [ CMOS Always associated with pin function
OSC1 (see OSC1/CLKI, OSC2/CLKO
pins).

0OSC2/CLKO 40 51 50 63

0SsC2 o — Oscillator crystal output.

Connects to crystal or resonator in
Crystal Oscillator mode.

CLKO O — In RC mode, OSC2 pin outputs CLKO,
which has 1/4 the
frequency of OSC1 and denotes the
instruction cycle rate.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

| = Input

P = Power

CMOS = CMOS compatible input or output
Analog = Analog input

o
oD

= Output

= Open Drain (no P diode to VDD)

DS39541B-page 12
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PIC18C601/801

TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTA is a bi-directional 1/0 port.
RAO/ANO 24 34 30 42
RAO /0 TTL Digital I/0.
ANO | Analog Analog input 0.
RA1/AN1 23 33 29 41
RA1 /0 TTL Digital I/0.
AN1 | Analog Analog input 1.
RA2/AN2/VREF- 22 32 28 40
RA2 /0 TTL Digital I/0.
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage (Low) input.
RAS3/AN3/VREF+ 21 31 27 39
RA3 /0 TTL Digital I/0.
AN3 | Analog Analog input 3.
VREF+ | Analog A/D reference voltage (High) input.
RA4/TOCKI 28 39 34 47
RA4 /0 ST/OD Digital I/O — Open drain when
configured as output.
TOCKI | ST Timer0 external clock input.
RA5/AN4/SS/LVDIN 27 38 33 46
RA5 /0 TTL Digital I/0.
AN4 | Analog Analog input 4.
SS | ST SPI slave select input.
LVDIN | Analog Low voltage detect input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I =Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)

© 2001-2013 Microchip Technology Inc. Advance Information DS39541B-page 13



PIC18C601/801

TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTB is a bi-directional I/O port. PORTB
can be software programmed for internal
weak pull-ups on all inputs.
RBO/INTO 48 60 58 72
RBO 110 TTL Digital I/O.
INTO | ST External interrupt 0.
RB1/INT1 47 59 57 71
RB1 110 TTL Digital I/O.
INT1 | ST External interrupt 1.
RB2/INT2 46 58 56 70
RB2 110 TTL Digital I/O.
INT2 | ST External interrupt 2.
RB3/CCP2 45 57 55 69
RB3 110 TTL Digital I/O.
CCP2 1/0 ST Capture2 input, Compare2 output,
PWM2 output.
RB4 44 56 54 68 1/0 TTL Digital I/0, Interrupt-on-change pin.
RB5 43 55 53 67 1/0 TTL Digital I/O, Interrupt-on-change pin.
RB6 42 54 52 66 /0 TTL Digital I/O, Interrupt-on-change pin.
| ST ICSP programming clock.
RB7 37 48 47 60 110 TTL Digital I/0, Interrupt-on-change pin.
1/0 ST ICSP programming data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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PIC18C601/801

TABLE 1-2: PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTC is a bi-directional I/O port.
RCO/T10SO/T13CKI| 30 41 36 49
RCO 1/10 ST Digital I/O.
T10SO (0] — Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T108lI 29 40 35 48
RC1 1/10 ST Digital I/O.
T10SI | CMOS Timer1 oscillator input.
RC2/CCP1 33 44 43 56
RC2 /0 ST Digital I/0.
CCP1 1/0 ST Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 34 45 44 57
RC3 1/10 ST Digital I/O.
SCK /0 ST Synchronous serial clock
input/output for SPI mode.
SCL /0 ST Synchronous serial clock
input/output for 12C mode.
RC4/SDI/SDA 35 46 45 58
RC4 /0 ST Digital I/0.
SDI | ST SPI data in.
SDA Vo ST 2C data I/0.
RC5/SDO 36 47 46 59
RC5 /0 ST Digital I/0.
SDO [¢) — SPI data out.
RC6/TX/CK 31 42 37 50
RC6 1/10 ST Digital I/O.
TX (0] — USART asynchronous transmit.
CK /0 ST USART synchronous clock.
RC7/RX/DT 32 43 38 51
RC7 /0 ST Digital I/0.
RX | ST USART asynchronous receive.
DT 1/0 ST USART synchronous data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I =Input O = Output
P = Power oD = Open Drain (no P diode to VDD)

© 2001-2013 Microchip Technology Inc.

Advance Information

DS39541B-page 15



PIC18C601/801

TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
. Pin Buffer
Pin Name PIC18C601 PIC18C801 Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTD is a bi-directional I/O port. These
pins have TTL input buffers when external
memory is enabled.
RDO/ADO 58 3 72 3
RDO 110 ST Digital I/O.
ADO 110 TTL External memory address/data 0.
RD1/AD1 55 67 69 83
RD1 110 ST Digital I/O.
AD1 1/0 TTL External memory address/data 1.
RD2/AD2 54 66 68 82
RD2 110 ST Digital I/O.
AD2 110 TTL External memory address/data 2.
RD3/AD3 53 65 67 81
RD3 l{e} ST Digital I/O.
AD3 1/0 TTL External memory address/data 3.
RD4/AD4 52 64 66 80
RD4 110 ST Digital I/O.
AD4 110 TTL External memory address/data 4.
RD5/AD5 51 63 65 79
RD5 110 ST Digital I/O.
AD5 1/0 TTL External memory address/data 5.
RD6/AD6 50 62 64 78
RD6 110 ST Digital I/O.
AD6 110 TTL External memory address/data 6.
RD7/AD7 49 61 63 77
RD7 110 ST Digital I/O.
AD7 1/0 TTL External memory address/data 7.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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PIC18C601/801

TABLE 1-2: PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTE is a bi-directional I/O port.

REO/AD8 2 11 4 15

REO 1/10 ST Digital I/O.

AD8 /0 TTL External memory address/data 8.
RE1/AD9 1 10 3 14

RE1 /0 ST Digital I/0.

AD9 /0 TTL External memory address/data 9.
RE2/AD10 64 9 78 9

RE2 1/10 ST Digital I/O.

AD10 /0 TTL External memory address/data 10.
RE3/AD11 63 8 77 8

RE3 /0 ST Digital I/0.

AD11 /0 TTL External memory address/data 11.
RE4/AD12 62 7 76 7

RE4 /0 ST Digital I/0.

AD12 /0 TTL External memory address/data 12.
RE5/AD13 61 6 75 6

RE5 1/10 ST Digital I/O.

AD13 /0 TTL External memory address/data 13.
RE6/AD14 60 5 74 5

RE6 /0 ST Digital I/0.

AD14 /0 TTL External memory address/data 14.
RE7/AD15 59 4 73 4

RE7 1/10 ST Digital I/O.

AD15 1/0 ST External memory address/data 15.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

|
P

= Input
= Power

CMOS = CMOS compatible input or output
Analog = Analog input

6}
oD

Qutput
Open Drain (no P diode to VDD)
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TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTF is a bi-directional I/O port.

RFO/AN5 18 28 24 36

RFO 1/10 ST Digital 1/O.

AN5 | Analog Analog input 5.
RF1/AN6 17 27 23 35

RF1 110 ST Digital I/O.

AN6 | Analog Analog input 6.
RF2/AN7 16 26 18 30

RF2 1/10 ST Digital 1/O.

AN7 | Analog Analog input 7.
RF3/CSIO 15 25 17 29

RF3 110 ST Digital I/O.

CSIO /0 ST System bus chip select I/0.
RF4/A16 14 24 — —
RF4/CS2 — — 16 28

RF4 110 ST Digital I/O.

A16 110 TTL External memory address 16.

Cs2 0 TTL Chip select 2.
RF5/CS1 13 23 15 27

RF5 1/10 ST Digital 1/O.

CS1 o] TTL Chip select 1.
RF6/LB 12 22 14 26

RF6 110 ST Digital I/O.

LB (0] TTL Low byte select signal for external

memory interface.

RF7/UB 11 21 13 25

RF7 110 ST Digital I/O.

uB 0 TTL High byte select signal for external

memory interface.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

| = Input

P = Power

CMOS = CMOS compatible input or output
Analog = Analog input

= Output

= Open Drain (no P diode to VDD)

o
oD
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TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
. Pin Buffer
Pin Name PIC18C601 PIC18C801 Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTG is a bi-directional 1/0 port.
RGO/ALE 3 12 5 16
RGO /0 ST Digital I/0.
ALE o TTL Address Latch Enable.
RG1/OE 4 13 6 17
RG1 /0 ST Digital I/0.
OE 0 TTL Output Enable.
RG2/WRL 5 14 7 18
RG2 /0 ST Digital I/0.
WRL O TTL Write Low control.
RG3/WRH 6 15 8 19
RG3 /0 ST Digital I/0.
WRH (0] TTL Write High control.
RG4/BAO 8 17 10 21
RG4 /0 ST Digital I/0.
BAO O TTL System bus byte address 0.
PORTH is a bi-directional I/O port.
RHO/A16 — — 79 10
RHO /0 ST Digital I/0.
A16 (0] TTL External memory address 16.
RH1/A17 — — 80 ik
RH1 /0 ST Digital I/0.
A17 (0] — External memory address 17.
RH2/A18 — — 1 12
RH2 /0 ST Digital I/0.
A18 O — External memory address 18.
RH3/A19 — — 2 13
RH3 /0 ST Digital I/0.
A19 (0] — External memory address 19.
RH4/AN8 — — 19 31
RH4 /0 ST Digital I/0.
AN8 | Analog Analog input 8.
RH5/AN9 — — 20 32
RH5 /0 ST Digital I/0.
AN9 | Analog Analog input 9.
RH6/AN10 — — 21 33
RH6 /0 ST Digital I/0.
AN10 | Analog Analog input 10.
RH7/AN11 — — 22 34
RH7 /0 ST Digital I/0.
AN11 | Analog Analog input 11.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I =Input O = Output
P = Power oD = Open Drain (no P diode to VDD)
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TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTJ is a bi-directional I/O port.
RJO/DO — — 39 52
RJO 1/10 ST Digital 1/O.
DO 1/0 TTL System bus data bit 0.
RJ1/D1 — — 40 53
RJ1 110 ST Digital I/O.
D1 1/0 TTL System bus data bit 1.
RJ2/D2 — — 41 54
RJ2 1/10 ST Digital 1/O.
D2 110 TTL System bus data bit 2.
RJ3/D3 — — 42 55
RJ3 110 ST Digital I/O.
D3 1/0 TTL System bus data bit 3.
RJ4/D4 — — 59 73
RJ4 110 ST Digital I/O.
D4 110 TTL System bus data bit 4.
RJ5/D5 — — 60 74
RJ5 1/10 ST Digital 1/O.
D5 1/0 TTL System bus data bit 5.
RJ6/D6 — — 61 75
RJ6 110 ST Digital I/O.
D6 110 TTL System bus data bit 6.
RJ7/D7 — — 62 76
RJ7 1/10 ST Digital 1/O.
D7 1/0 TTL System bus data bit 7.
Vss 9,25, | 19,36, | 11,31, | 23, 44, P — Ground reference for logic and I/O pins.
41,56 | 53,68 | 51,70 | 65,84
VDD 10,26, | 2,20, | 12,32, | 2, 24, P — Positive supply for logic and I/O pins.
38,57 | 37,49 | 48,71 | 45,61
Avss 20 30 26 38 P — Ground reference for analog modules.
AvDD 19 29 25 37 P — Positive supply for analog modules.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

| = Input

P = Power

CMOS = CMOS compatible input or output
Analog = Analog input

= Output

= Open Drain (no P diode to VDD)

O
oD
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2.0 OSCILLATOR FIGURE 2-1: CRYSTAL/CERAMIC
CONFIGURATIONS RESONATOR OPERATION
(HSOR LP OSC
2.1 Oscillator Types CONFIGURATION)
PIC18C601/801 can be operated in one of four oscilla- c1m osci
tor modes, programmable by configuration bits e ? {>%_¢
FOSC1:FOSCO in CONFIG1H register: l . Internal
1. LP  Low Power Crystal CIXTAL 'SR Logic
2. HS High Speed Crystal/Resonator = _ 1 SLEEP
3. RC External Resistor/Capacitor Rs®
4. EC External Clock c2 0sc2 PIC18C601/801
2.2 Crystal Oscillator/Ceramic Note 1: See Table2-1 and Table 2-2 for recom-
Resonators mended values of C1 and C2.
2: Aseries resistor (Rs) may be required for AT
In LP or HS oscillator modes, a crystal or ceramic res- strip cut crystals.
onator is connected to the OSC1 and OSC2 pins to 3: RF varies with the crystal chosen.
establish oscillation. Figure 2-1 shows the pin connec-

tions. An external clock source may also be connected
to the OSCL1 pin, as shown in Figure 2-3 and Figure 2-4.

PI1C18C601/801 oscillator design requires the use of a
parallel cut crystal.

Note:  Use of a series cut crystal may give a fre-
quency out of the crystal manufacturer’s
specifications.
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TABLE 2-1: CERAMIC RESONATORS

Note 1: Recommended values of C1 and C2 are
Ranges Tested: identical to the ranges tested (Table 2-1).
Mode Freq. osci O@\ 2: Higher capacitance increases the stability
of the oscillator, but also increases the
HS 8.0 MHz 10 - 68 pF 9> 68 pP start-up time.
16.0 MHz 10 - 22 pF »kls pF 3: Since each resonator/crystal has its own
20.0 MHz TBD& characteristics, the user should consult the
25.0MHz | TBD TBD resonator/crystal manufacturer for appro-
HS+PLL |4.0 MHZ <\ \Ré@\& TBD priate values of external components.
These valuges a Wé)sign guidance only. 4: Rs may be required in HS mode to avoid
See nofes o(\thig \page. overdriving crystals with low drive level
0 % esonators Used: S 2l G,

Murata Erie CSA4.00MG |+ 0.5% 2.3 RC Oscillator

OMHZ M Erie CSA8.00MT |+ 0.5% » . .
\&Q/ z urata Erie CSA8.00 0.5% For timing insensitive applications, the "RC" oscillator

16:0 MHz | Murata Erie CSA16.00MX |+ 0.5% mode offers additional cost savings. The RC oscillator

All resonators used did not have built-in capacitors. frequency is a function of the supply voltage, the resis-
tor (RexT) and capacitor (CexT) values and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR

also affect the oscillation frequency, especially for low
Crystal Cap.R Cap.R ;
Osc Type Frys & ap. ange | Lap. Range CEeXT values. The user also needs to take into account
req. C1 Cc2 o
variation due to tolerance of external R and C compo-
LP 32.0 kHz 33 pF 33pF_ nents used. Figure 2-2 shows how the RC combination
200 kHz 15 pF 15@ t is connected.
HS 4.0 MHz 15 pF <@51R,: In the RC oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
8.0 MHz 15'33&': \ fk}}sé/pF may be used for test purposes or to synchronize other
20.0 MHz Jg\-@\ 15-33 pF logic.
25.0 MHz_{ (\\ (B> TBD
HS+PLL 4.0 MI-Q\ N\N\35 pF 15 pF FIGURE 2-2: RC OSCILLATOR MODE
These v, are\br design guidance only. VDD
S% on 1S page.
</ Crystals Used REXT
320 kMz | Epson C-001R32.768K-A | 20 PPM 0SCL I\ "‘C“fggs'
200 kHz | STD XTL 200.000kHz | +20 PPM 1 T;
1.0 MHz ECS ECS-10-13-1 +50 PPM cext =
Vss — - PIC18C601/801
4.0 MHz ECS ECS-40-20-1 +50 PPM < OSC2/CLKO
8.0 MHz |EPSON CA-301 8.000M-C | *30 PPM FOS;/%“
or
20.0 MHz | EPSON CA-301 20.000M-C | + 30 PPM
Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20pF
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2.4

The EC oscillator mode requires an external clock
source to be connected to the OSC1 pin. The feedback
device between OSC1 and OSC2 is turned off in these
modes to save current. There is no oscillator start-up
time required after a Power-on Reset or after a
recovery from SLEEP mode.

External Clock Input

In the EC oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
oscillator mode.

EXTERNAL CLOCK INPUT
OPERATION (EC OSC
CONFIGURATION)

~I>o—> 0OSC1
ext. system

FIGURE 2-3:

Clock from
P1C18C601/801

Fosc/4-«—— OSC2

2.5  HS4 (PLL)

A Phase Lock Loop (PLL) circuit is provided as a soft-
ware programmable option for users that want to multi-
ply the frequency of the incoming crystal oscillator
signal by 4. For an input clock frequency of 6 MHz, the
internal clock frequency will be multiplied to 24 MHz.
This is useful for customers who are concerned with
EMI due to high frequency crystals.

The PLL is enabled by configuring HS oscillator mode
and setting the PLLEN bit in the OSCON register. If HS
oscillator mode is not selected, or PLLEN bit in
OSCCON register is clear, the PLL is not enabled and
the system clock will come directly from OSC1. HS
oscillator mode is the default for PIC18C601/801. In all
other modes, the PLLEN bit and the SCS1 bit are
forced to ‘0.

A PLL lock timer is used to ensure that the PLL has
locked before device execution starts. The PLL lock
timer has a time-out, referred to as TPLL.

FIGURE 2-4: PLL BLOCK DIAGRAM
HS Osc
PLL Enable >:|_D
OSCouT
Phase
Comparator Cveo
FIN
] Crystal Loop T VCO
Osc Filter
OSCIN Four
YSCLK
Feedback Divider é ﬂ,
3 [ 2] 1]o0
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2.6 Oscillator Switching Feature

PIC18C601/801 devices include a feature that allows
the system clock source to be switched from the main
oscillator to an alternate low frequency clock source.
For PIC18C601/801 devices, this alternate clock
source is the Timerl oscillator. If a low frequency crys-
tal (32 kHz, for example) has been attached to the
Timerl oscillator pins and the Timerl oscillator has
been enabled, the device can switch to a low power
execution mode. Figure 2-5 shows a block diagram of
the system clock sources.

FIGURE 2-5: DEVICE CLOCK SOURCES

26.1 SYSTEM CLOCK SWITCH BIT

The system clock source switching is performed under
software control. The system clock switch bit, SCSO
(OSCCON register), controls the clock switching. When
the SCSO bit is '0’, the system clock source comes from
the main oscillator, selected by the FOSC2:FOSCO con-
figuration bits in CONFIG1H register. When the SCSO0 bit
is set, the system clock source will come from the Timerl
oscillator. The SCSO bit is cleared on all forms of RESET.

The Timerl oscillator must be enabled to
switch the system clock source. The
Timer1 oscillator is enabled by setting the
T1OSCEN bit in the Timerl control register
(T1CON). If the Timerl oscillator is not
enabled, any write to the SCSO bit will be
ignored (SCSO bit forced cleared) and the
main oscillator will continue to be the sys-
tem clock source.

Note:

PIC18C601/801

T108I Kli . Oscillator

Note: 1/0 pins have diode protection to VDD and Vss.

oscz2 X’i: Tosc/4

. . SLEEP

: ! P = TSCLK
osor [t %

 Timer 1 Oscillator ™

' ' T1P
T10SO @ - '@ ’

1 —T10SCEN Clock

) ' Enable Source

Clock Source option
for other modules
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REGISTER 2-1: OSCCON REGISTER
U-0 uU-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — LOCK PLLEN SCS1 SCS0
bit 7 bit 0
bit 7-4 Unimplemented: Read as '0'
bit 3 LOCK: Phase Lock Loop Lock Status bit
1 = Phase Lock Loop output is stable as system clock
0 = Phase Lock Loop output is not stable and cannot be used as system clock
bit 2 PLLEN: Phase Lock Loop Enable bit
1 = Enable Phase Lock Loop output as system clock
0 = Disable Phase Lock Loop
bit 1 SCS1: System Clock Switch bit 1
When PLLEN and LOCK bit are set:
1 = Use PLL output
0 = Use primary oscillator/clock input pin
When PLLEN bit or LOCK bit is cleared:
Bit is forced clear
bit 0 SCS0: System Clock Switch bit 0
When T1OSCEN bit is set:
1 = Switch to Timerl oscillator/clock pin
0 = Use primary oscillator/clock input pin
When T1O0SCEN is cleared:
Bit is forced clear
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
2.6.2 OSCILLATOR TRANSITIONS The sequence of events that takes place when switch-

PIC18C601/801 devices contain circuitry to prevent
"glitches" when switching between oscillator sources.
Essentially, the circuitry waits for eight rising edges of
the clock source that the processor is switching to.
This ensures that the new clock source is stable and
that its pulse width will not be less than the shortest
pulse width of the two clock sources.

A timing diagram indicating the transition from the main
oscillator to the Timerl oscillator is shown in Figure 2-6.
The Timerl oscillator is assumed to be running all the
time. After the SCSO bit is set, the processor is frozen
at the next occurring Q1 cycle. After eight synchroniza-
tion cycles are counted from the Timer1 oscillator, oper-
ation resumes. No additional delays are required after
the synchronization cycles.

ing from the Timer1 oscillator to the main oscillator will
depend on the mode of the main oscillator. In addition
to eight clock cycles of the main oscillator, additional
delays may take place.

If the main oscillator is configured for an external crys-
tal (HS, LP), the transition will take place after an oscil-
lator start-up time (TosT) has occurred. A timing
diagram indicating the transition from the Timer1 oscil-
lator to the main oscillator for HS and LP modes is
shown in Figure 2-7.
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FIGURE 2-6: TIMING DIAGRAM FOR TRANSITION FROM OSC1 TO TIMER1 OSCILLATOR

QilQz21 3 lqa Q1 Ql, Q2,Q3 , Q4 , QL ;Q2 | Q3 | Q4 @ Q1

Ti0sI

osct M\

- \ . ) .
Tosc ' . ' ' ' ' ' . . )
Internal (- V2 N2 N2 N2 N N2 NV A VA
System ! \ X \ X X
Clock gt L
SCS0 . . . . . . : . :
(OSCCON<0>) 1 . . . . . , ' ! !
Program PC X PC+2 \ B \ X . _PCt4

Counter

Note: Delay on internal system clock is eight oscillator cycles for synchronization.

FIGURE 2-7: TIMING DIAGRAM FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS, LP)

T1lP

ecym—. AV W Wl W W WV WV N A WA VAR WA

TosT

B, u | « . ‘ Q1,Q2,Q3,Q4,; Q1,Q2, Q3

Tscs

osc2

! '
Internal System

Clock v /" \ Tose ‘ aVaValaVaWall

SCso | ' !
(0SCCON<O%) ' T\

Program Counter PC PC+2 X__PC+4

Note: TosT = 1024Tosc (drawing not to scale).
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If the main oscillator is configured for HS4 (PLL) mode put is not used, so the system oscillator will come from
with SCS1 bit set to ‘1, an oscillator start-up time OSC1 directly and additional delay of TpPLL is not
(TosT), plus an additional PLL time-out (TpLL) will required. A timing diagram indicating the transition from
occur. The PLL time-out is typically 2 ms and allows the the Timerl oscillator to the main oscillator for HS4
PLL to lock to the main oscillator frequency. A timing mode is shown in Figure 2-9.

diagram indicating the transition from the Timerl oscil-

) - . . If the main oscillator is configured in the RC or EC
lator to the main oscillator for HS4 mode is shown in

modes, there is no oscillator start-up time-out. Opera-

Figure 2-8. tion will resume after eight cycles of the main oscillator
If the main oscillator is configured for HS4 (PLL) mode, have been counted. A timing diagram indicating the
with SCS1 bit set to ‘0’, only oscillator start-up time transition from the Timerl oscillator to the main oscilla-
(TosT) will occur. Since SCS1 bit is set to ‘0", PLL out- tor for RC and EC modes is shown in Figure 2-10.
FIGURE 2-8: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS4 WITH SCS1 =1)

Q. al | X 3TT1P1 Q1:Q2,Q3.Q4 Q1 Q2. Q3 Q4
nog/—\_/—\_/—\_/—\_/—\_/—\_/—L/—\_/—L

«—— TOST —><+—>

TPLL o o
oscz m_, 3 / \ I S e o S
-
PLL Clock : m?rscwmﬁ\cj/mﬂj\fww
Input ! !
e S — P

SCS0 .
(OSCCON<0>)

Program Counter PC_ X PC+2 X PC+4

Note: TosT = 1024Tosc (drawing not to scale).

FIGURE 2-9: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS4 WITH SCS =0)
ool 1 1 P Tre T QL. Q2 Q3 [ Q4 QL. Q2

OSC1 :

PLL | 1 ‘ ‘ Tses ‘ . . ‘ ‘
Slock | ‘ AL UL UL
Output | \ h \ \ \ | | ) \
Internal ' ! vTPLL ! | ' f ' . '
System - L L N I B WY S Y e WY e N
Clock ' ! ! ! ' ' ' ' | '
scso - : o : : ‘ : . . ‘ 1
(OSCCON<0>) *
Program
Counter _PC X PC+2 X PC+4

Note: TosT = 1024Tosc (drawing not to scale).
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FIGURE 2-10: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (RC, EC)
Q3 | Q4 | o1 : e ‘ ‘01102 031 04] Q1l Q2103 |qal
T10sI E \—/ :TOSC: m
oscl | 12\ /3\/2\/5\_/6\/7\ /8. \ /S S\
osc2 :
Intenal System \_/ L/ /—L/—\J_L/—\J—L/_\J_L/—\_J—L/—\_/—\_/—\_
Clock . !
SCSO * - \
(OSCCON<0>) ! ‘ :
' Tscs
Program Counter | \ PC X PC +2 . X PC+4
Note: RC oscillator mode assumed.

2.6.3 SCSO0, SCS1 PRIORITY

If both SCS0 and SCS1 are set to ‘1’ simultaneously,
the SCSO bit has priority over the SCS1 bit. This means
that the low power option will take precedence over the
PLL option. If both bits are cleared simultaneously, the
system clock will come from OSC1, after a TOST time-
out. If only the SCSO bit is cleared, the system clock will
come from the PLL output, following TosT and TpLL
time.

TABLE 2-3: SCSO0, SCS1 PRIORITY
SCS1 | SCS0 Clock Source
0 0 Ext Oscillator OSC1
0 1 Timerl Oscillator
1 0 HS + PLL
1 1 Timerl Oscillator

2.7 Effects of SLEEP Mode on the
On-Chip Oscillator

When the device executes a SLEEP instruction, the
on-chip clocks and oscillator are turned off and the
device is held at the beginning of an instruction cycle
(Q1 state). With the oscillator off, the OSC1 and OSC2
signals will stop oscillating. Since all the transistor
switching currents have been removed, SLEEP mode
achieves the lowest current consumption of the device
(only leakage currents). Enabling any on-chip feature
that will operate during SLEEP, will increase the cur-

rent consumed during SLEEP. The user can wake from
SLEEP through external RESET, Watchdog Timer
Reset, or through an interrupt.

2.8 Power-up Delays

Power-up delays are controlled by two timers, so that
no external RESET circuitry is required for most appli-
cations. The delays ensure that the device is kept in
RESET until the device power supply and clock are sta-
ble. For additional information on RESET operation,
see Section 3.0 RESET.

The first timer is the Power-up Timer (PWRT), which
optionally provides a fixed delay of TPWRT (parameter
#33) on power-up only. The second timer is the Oscil-
lator Start-up Timer (OST), intended to keep the chip in
RESET until the crystal oscillator is stable.

PIC18C601/801 devices provide a configuration bit,
PWRTEN in CONFIG2L register, to enable or disable
the Power-up Timer. By default, the Power-up Timer is
enabled.

With the PLL enabled (HS4 oscillator mode), the time-out
sequence following a Power-on Reset is different from
other oscillator modes. The time-out sequence is as fol-
lows: the PWRT time-out is invoked after a POR time
delay has expired, then, the Oscillator Start-up Timer
(OST) is invoked. However, this is still not a sufficient
amount of time to allow the PLL to lock at high frequen-
cies. The PWRT timer is used to provide an additional
time-out, called TPLL (parameter #7), to allow the PLL
ample time to lock to the incoming clock frequency.

TABLE 2-4: OSC1 AND OSC2 PIN STATES IN SLEEP MODE

OSC Mode OSC1 Pin OSC2 Pin

RC Floating, external resistor should pull high At logic low

EC Floating At logic low

LP and HS | Feedback inverter disabled, at quiescent voltage level | Feedback inverter disabled, at quiescent voltage level

Note:  See Table 3-1 in Section 3.0 RESET, for time-outs due to SLEEP and MCLR Reset.
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3.0 RESET

PIC18C601/801 devices differentiate between various

kinds of RESET:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation

c¢) MCLR Reset during SLEEP

d) Watchdog Timer (WDT) Reset during normal
operation

e) RESET Instruction

f)  Stack Full Reset

g) Stack Underflow Reset

Most registers are unaffected by a RESET. Their status

is unknown on POR and unchanged by all other

RESETS. The other registers are forced to a “RESET”

state on Power-on Reset, MCLR, WDT Reset, MCLR

Reset during SLEEP, and by the RESET instruction.

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal oper-
ation. Status bits from the RCON register, RI, TO, PD
and POR, are set or cleared differently in different
RESET situations, as indicated in Table 3-2. These bits
are used in software to determine the nature of the
RESET. See Table 3-3 for a full description of the

RESET states of all registers.

A simplified block diagram of the on-chip RESET circuit
is shown in Figure 3-1.

PIC18C601/801 has a MCLR noise filter in the MCLR
Reset path. The filter will detect and ignore small
pulses.

A WDT Reset does not drive MCLR pin low.

FIGURE 3-1: SIMPLIFIED BLOCK DIAGRAM OF THE ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack Stack Full/Underflow Reset
Pointer
External Reset
X—z

MCLR SLEEP,

Module [ Time-out
VDD Rise
Detect

VDD Power-on Reset

T TostPwmRT T T
| osT

@_‘—D—b 10-bit Ripple Counter
oscil

L
PWRT

| .
| R%na:gg)m > 10-bit Ripple Counter}—

2: See Table 3-1 for time-out situations.

S
- 1
\
\ Chip_Reset
R Q———>
gl
\
\
\
_ 1
Enable PWRT
Enable OST®

Note 1: This is a separate oscillator from the RC oscillator of the CLKI pin.
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3.1 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when a
VDD rise is detected. To take advantage of the POR cir-
cuitry, connect the MCLR pin directly (or through a
resistor) to VDD. This will eliminate external RC compo-
nents usually needed to create a Power-on Reset
delay. A minimum rise rate for VDD is specified (param-
eter DO04). For a slow rise time, see Figure 3-2.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating con-
ditions are met. Power-on Reset may be used to meet
the voltage start-up condition.

FIGURE 3-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW Vbb POWER-UP)

R1
MCLR

c PIC18C601/801

Note 1: External Power-on Reset circuit is required only
if the VDD power-up slope is too slow. The diode
D helps discharge the capacitor quickly when
VDD powers down.

2: R <40 kQ is recommended to make sure that
the voltage drop across R does not violate the
device's electrical specification.

3: R1=100Q to 1 kQ will limit any current flowing
into MCLR from external capacitor C, in the
event of MCLR/VPP pin breakdown due to
Electrostatic Discharge (ESD), or Electrical
Overstress (EOS).

3.2 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out
(parameter #33), only on power-up from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in RESET as long as the PWRT is
active. The PWRT time delay allows VDD to rise to an
acceptable level. PIC18C601/801 devices are avail-
able with PWRT enabled or disabled.

The power-up time delay will vary from chip to chip, due
to VDD, temperature and process variation. See DC
parameter #33 for details.

3.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter #32). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for LP, HS and HS4
modes and only on Power-on Reset or wake-up from
SLEEP.

3.4 PLL Lock Time-out

With the PLL enabled, the time-out sequence following
a Power-on Reset is different from other oscillator
modes. A portion of the Power-up Timer is used to pro-
vide a fixed time-out that is sufficient for the PLL to lock
to the main oscillator frequency. This PLL lock time-out
(TpLL) is typically 1 ms and follows the oscillator start-
up time-out (OST).

35 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, PWRT time-out is invoked after the POR time
delay has expired; then, OST is activated. The total
time-out will vary based on oscillator configuration and
the status of the PWRT. For example, in RC mode with
the PWRT disabled, there will be no time-out at all.
Figure 3-3, Figure 3-4, Figure 3-5, Figure 3-6 and
Figure 3-7 depict time-out sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire.
Bringing MCLR high will begin execution immediately
(Figure 3-5). This is useful for testing purposes or to
synchronize more than one PIC18C601/801 device
operating in parallel.

Table 3-2 shows the RESET conditions for some
Special Function Registers, while Table 3-3 shows the
RESET conditions for all registers.
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TABLE 3-1: TIME-OUT IN VARIOUS SITUATIONS

Oscillator Power-u p(z) WaSkLeI;IJE[I;fg(er
Configuration PWRTEN =0 PWRTEN = 1 Oscillator Switch®
HS with PLL enabled® 72 ms + 1024Tosc 1024Tosc 1024Tosc + 1 ms
HS, LP 72 ms + 1024Tosc 1024Tosc 1024Tosc
EC 72 ms — —
External RC 72 ms — —

Note 1: 1 ms is the nominal time required for the 4X PLL to lock. Maximum time is 2 ms.
2: 72 ms is the nominal Power-up Timer delay.

REGISTER 3-1: RCON REGISTER BITS AND POSITIONS

R/W-0 U-0 u-0 R/W-1 RW-1 RMW-1 R/MW-1 u-0
IPEN r = RI TO PD POR r
bit 7 bit 0

TABLE 3-2: STATUS BITS, THEIR SIGNIFICANCE, AND THE INITIALIZATION CONDITION FOR
RCON REGISTER

Condition Program RCON | 2/ | TO | PD | POR |STKFUL | STKUNF
Counter Register

Power-on Reset 00000h 0r-1 110r 1 1 1 0 u u
MCLR Reset during normal 00000h O0r-u uuur u u u u u u
operation

Software Reset during normal 00000h 0r-0 uuur | 0 u u u u u
operation

Stack Full Reset during normal 00000h O0r-u uulr u u u 1 u 1
operation

Stack Underflow Reset during normal 00000h Or-u uulr | u | u u 1 1 u
operation

MCLR Reset during SLEEP 00000h O0r-u 10ur u 1 0 u u u
WDT Reset 00000h Or-u 0lur u 0 1 u u u
WDT Wake-up PC+2 ur-u 00ur u 0 0 u u u
Interrupt wake-up from SLEEP pc + 2@ ur-u 00ur | u 0 0 u u u

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', r = reserved, maintain ‘0’
Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the
interrupt vector (000008h or 000018h).
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FIGURE 3-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

i~—— TPWRT—

e TOST -

FIGURE 3-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT

' TOST —»

FIGURE 3-5:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT.
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FIGURE 3-6: SLOW RISE TIME (MCLR TIED TO VDD)
5V

VDD oV 1V

INTERNAL POR I_I :
' _»' 'e_ TDEADTIME

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET ‘

FIGURE 3-7: TIME-OUT SEQUENCE ON POR W/ PLL ENABLED (MCLR TIED TO VDD)
VDD #

MCLR

IINTERNAL POR H

« TPWRT— &

PWRT TIME-OUT < TOST—>

OST TIME-OUT [ TPLL

PLL TIME-OUT |

INTERNAL RESET |

TosT = 1024 clock cycles.
TPLL ~ 2 ms max. First three stages of the PWRT timer.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS

MCLR Reset
Register | “PeVea” | Power-on Reset Reaat nstraction e et
Stack Over/Underflow Reset
TOSU 601 | 801 ---0 0000 ---0 0000 ---u uuuu®
TOSH 601 | 801 0000 0000 0000 0000 uuuu uuuu®
TOSL 601 | 801 0000 0000 0000 0000 uuuu uuuu®
STKPTR 601 | 801 00-0 0000 00-0 0000 uu-u uuuu®
PCLATU 601 801 ---0 0000 ---0 0000 ---u uuuu
PCLATH 601 801 0000 0000 0000 0000 uuuu uuuu
PCL 601 | 801 0000 0000 0000 0000 pc + 20
TBLPTRU 601 801 --00 0000 --00 0000 --uu uuuu
TBLPTRH 601 801 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 601 801 0000 0000 0000 0000 uuuu uuuu
TABLAT 601 801 0000 0000 0000 0000 uuuu uuuu
PRODH 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON 601 | 801 0000 000x 0000 000U uuuu uuuu®
INTCON2 601 | 801 1111 -1-1 1111 -1-1 uuuu -u-u®
INTCON3 601 | 801 11-0 0-00 11-0 0-00 uu-u u-uu®
INDFO 601 801 (Note 5) (Note 5) (Note 5)
POSTINCO | 601 | 801 (Note 5) (Note 5) (Note 5)
POSTDECO | 601 | 801 (Note 5) (Note 5) (Note 5)
PREINCO 601 801 (Note 5) (Note 5) (Note 5)
PLUSWO 601 801 (Note 5) (Note 5) (Note 5)
FSROH 601 801 ---- 0000 ---- 0000 ---- uuuu
FSROL 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
WREG 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 601 801 (Note 5) (Note 5) (Note 5)
POSTINC1 | 601 | 801 (Note 5) (Note 5) (Note 5)
POSTDEC1 601 801 (Note 5) (Note 5) (Note 5)
PREINC1 601 801 (Note 5) (Note 5) (Note 5)
PLUSW1 601 801 (Note 5) (Note 5) (Note 5)
FSR1H 601 801 ---- 0000 ---- 0000 ---- uuuu
FSRI1L 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
BSR 601 801 ---- 0000 ---- 0000 ---- uuuu
INDF2 601 | 801 (Note 5) (Note 5) (Note 5)

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,
r = reserved, maintain ‘0’
Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (00008h or 00018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH, and TOSL are
updated with the current value of the PC. The SKPTR is modified to point to the next location in the
hardware stack.

4: See Table 3-2 for RESET value for specific condition.

5: This is not a physical register. It is an indirect pointer that addresses another register. The contents
returned is the value contained in the addressed register.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
m Reset
Register | "TLjea® | PoweronReset | 0 e on e erant
Stack Over/Underflow Reset

POSTINC2 601 801 (Note 5) (Note 5) (Note 5)

POSTDEC2 601 801 (Note 5) (Note 5) (Note 5)

PREINC2 601 801 (Note 5) (Note 5) (Note 5)

PLUSW2 601 801 (Note 5) (Note 5) (Note 5)
FSR2H 601 801 ---- 0000 ---- 0000 ---- uuuu
FSR2L 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS 601 801 ---X XXXX ---u uuuu ---u uuuu
TMROH 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
TMROL 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON 601 801 1111 1111 1111 1111 uuuu uuuu
OSCCON 601 801 --00 0-00 --uu u-uo --uu u-uu
LVDCON 601 801 --00 0101 --00 0101 --uu uuuu
WDTCON 601 801 ---- 1111 ---- uuuu ---- uuuu
RCON® 601 801 Or-1 1lgr 0r-1 gqur ur-u gqur
TMR1H 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
TMRI1L 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
T1CON 601 801 0-00 0000 u-uu uuuu u-uu uuuu
TMR2 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
PR2 601 801 1111 1111 1111 1111 1111 1111
T2CON 601 801 -000 0000 -000 0000 -uuu uuuu
SSPBUF 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
SSPADD 601 801 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 601 801 0000 0000 0000 0000 uuuu uuuu
SSPCON1 601 801 0000 0000 0000 0000 uuuu uuuu
SSPCON2 601 801 0000 0000 0000 0000 uuuu uuuu
ADRESH 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
ADCONO 601 801 --00 0000 --00 0000 --uu uuuu
ADCON1 601 801 -000 0000 -000 0000 -uuu uuuu
ADCON2 601 801 0--- -000 0--- -000 u--- -uuu
CCPR1H 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1L 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 601 801 --00 0000 --00 0000 --uu uuuu

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,

r = reserved, maintain ‘0’

Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (00008h or 00018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH, and TOSL are
updated with the current value of the PC. The SKPTR is modified to point to the next location in the
hardware stack.

4: See Table 3-2 for RESET value for specific condition.

5: This is not a physical register. It is an indirect pointer that addresses another register. The contents
returned is the value contained in the addressed register.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MReset
Register | APl ices” | PoweronReset | B O o et
Stack Over/Underflow Reset
CCPR2H 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2L 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON 601 801 --00 0000 --00 0000 --uu uuuu
TMR3H 601 801 XXKK XXXX uuuu uuuu uuuu uuuu
TMR3L 601 801 XXKK XXXX uuuu uuuu uuuu uuuu
T3CON 601 801 0000 0000 uuuu uuuu uuuu uuuu
SPBRG 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
RCREG 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
TXREG 601 801 XXKK XXXX uuuu uuuu uuuu uuuu
TXSTA 601 801 0000 -01x 0000 -0lu uuuu -uuu
RCSTA 601 801 0000 000x 0000 000u uuuu uuuu
IPR2 601 801 -1-- 1111 -1-- 1111 -u-- uuuu
PIR2 601 | 801 -1-- 0000 -1-- 0000 -u-- uuuu®
PIE2 601 801 -1-- 0000 -1-- 0000 -u-- uuuu
IPR1 601 801 1111 1111 1111 1111 uuuu uuuu
601 801 -111 1111 -111 1111 -uuu uuuu
PIR1 601 | 801 0000 0000 0000 0000 uuuu uuuu®
601 | 801 -000 0000 -000 0000 ~uuu uuuu®
PIE1 601 801 0000 0000 0000 0000 uuuu uuuu
601 801 -000 0000 -000 0000 -uyuu uuuu
MEMCON 601 801 0000 --00 0000 --00 uuuu --uu
TRISJ 601 801 1111 1111 1111 1111 uuuu uuuu
TRISH 601 801 1111 1111 1111 1111 uuuu uuuu
TRISG 601 801 ---1 1111 ---1 1111 ---u uuuu
TRISF 601 801 1111 1111 1111 1111 uuuu uuuu
TRISE 601 801 1111 1111 1111 1111 uuuu uuuu
TRISD 601 801 1111 1111 1111 1111 uuuu uuuu
TRISC 601 801 1111 1111 1111 1111 uuuu uuuu
TRISB 601 801 1111 1111 1111 1111 uuuu uuuu
TRISA 601 801 --11 1111 --11 1111 --uu uuuu
LATG 601 801 ---X XXXX ---u uuuu ---u uuuu
LATF 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
LATE 601 801 XXXX XXXX uuuu uuuu uuuu uuuu

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,
r = reserved, maintain ‘0’
Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (00008h or 00018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH, and TOSL are
updated with the current value of the PC. The SKPTR is modified to point to the next location in the
hardware stack.

4: See Table 3-2 for RESET value for specific condition.

5: This is not a physical register. It is an indirect pointer that addresses another register. The contents
returned is the value contained in the addressed register.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
m Reset
Register | ADiitey” | Poweron Reset Reset Instruction e rpt
Stack Over/Underflow Reset

LATD 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
LATC 601 801 XXXX XXXX uuuu  uuuu uuuu  uuuu
LATB 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
LATA 601 801 - -XX XXXX --uu uuuu --uu uuuu
PORTJ 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
PORTH 601 801 0000 XXXX 0000 uuuu uuuu  uuuu
PORTG 601 801 ---X XXXX ---u uuuu ---u uuuu
PORTF 601 801 xxxx x000 uuuu u000 uuuu uuuu
PORTE 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
PORTD 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
PORTC 601 801 XKXX XXXXK uuuu uuuu uuuu uuuu
PORTB 601 801 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 601 801 --0x 0000 --0u 0000 --uu uuuu
CSEL2 601 801 1111 1111 uuuu uuuu uuuu uuuu
CSELIO 601 801 1111 1111 uuuu uuuu uuuu uuuu

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,

r = reserved, maintain ‘0’

Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (00008h or 00018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH, and TOSL are
updated with the current value of the PC. The SKPTR is modified to point to the next location in the
hardware stack.

4: See Table 3-2 for RESET value for specific condition.

5: This is not a physical register. It is an indirect pointer that addresses another register. The contents
returned is the value contained in the addressed register.
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NOTES:
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4.0 MEMORY ORGANIZATION

There are two memory blocks in PIC18C601/801
devices. These memory blocks are:

* Program Memory
« Data Memory

Each block has its own bus so that concurrent access
can occur.

4.1 Program Memory Organization

PIC18C601/801 devices have a 21-bit program coun-
ter that is capable of addressing up to 2 Mbyte of exter-
nal program memory space. The PIC18C601 has an
external program memory address space of 256
Kbytes. Any program fetch or TBLRD from a program
location greater than 256K will return all NOPs. The
PIC18C801 has an external program memory address
space of 2Mbytes. Refer to Section 5.0 (“External
Memory Interface”) for additional details.

The RESET vector address is mapped to 000000h and
the interrupt vector addresses are at 000008h and
000018h. PIC18C601/801 devices have a 31-level stack
to store the program counter values during subroutine
calls and interrupts. Figure 4-1 shows the program
memory map and stack for PIC18C601. Figure 4-2
shows the program memory map and stack for the
PIC18C801.

4.1.1 “BOOT RAM” PROGRAM MEMORY

PIC18C601/801 devices have a provision for configur-
ing the last 512 bytes of general purpose user RAM as
program memory, called “Boot RAM”. This is achieved
by configuring the PGRM bit in the MEMCON register
to ‘1. (Refer to Section 5.0, “External Memory Inter-
face” for more information.) When the PGRM bit is ‘1’,
the RAM located in data memory locations 400h
through 5FFh (bank 4 through 5) is mapped to program
memory locations 1FFEOOh to 1FFFFFh.

When configured as program memory, the Boot RAM is
to be used as a temporary “boot loader” for program-
ming purposes. It can only be used for program execu-
tion. A read from locations 400h to 5FFh in data
memory returns all ‘0’'s. Any attempt to write this RAM
as data memory when PGRM = 1, does not modify any
of these locations. TBLWT instructions to these loca-
tions will cause writes to occur on the external memory
bus. The boot RAM program memory cannot be modi-
fied using TBLWT instruction. TBLRD instructions from
boot RAM will read memory located on the external
memory bus, not from the on-board RAM. Constants
that are stored in boot RAM are retrieved using the
RETLW instruction.

The default RESET state (power-up) for the PGRM bit
is ‘0’, which configures 1.5K of data RAM and all pro-
gram memory as external. The PGRM bit can be set
and cleared in the software.

When execution takes place from “Boot RAM”, the
external system bus and all of its control signals will be
deactivated. If execution takes place from outside of
“Boot RAM”, the external system bus and all of its con-
trol signals are activated again.

Figure 4-3 and Figure 4-4 show the program memory
map and stack for PIC18C601 and PIC18C801, when
the PGRM bit is set.
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FIGURE 4-1: PROGRAM MEMORY MAP FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR AND STACK FOR
PIC18C601 (PGRM = 0) PIC18C801 (PGRM = 0)
PC<20:0> | PC<20:0> |
E 21 ji 21
Stack Level 1 Stack Level 1
Stack Level 31 Stack Level 31
RESET Vector ooooh | RESET Vector 0000h
High Priority Interrupt Vector | 0008h High Priority Interrupt Vector | 0008h
Low Priority Interrupt Vector | 0018h Low Priority Interrupt Vector | 0018h
External
Program Memory 8 I
154 IS4
& &
g g
£ <: External £
2 Program Memory 2
3FFFFh § §
-] o]
40000h
Read '0'
1FFFFFh y 1FFFFFh y
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FIGURE 4-3: PROGRAM MEMORY MAP AND STACK FOR PIC18C601 (PGRM = 1)
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FIGURE 4-4:

PROGRAM MEMORY MAP AND STACK FOR PIC18C801 (PGRM = 1)
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4.1.2 BOOT LOADER

When configured as Program Memory, Boot RAM can
be used as a temporary “Boot Loader” for programming
purposes. If an external memory device is used as pro-
gram memory, any updates performed by the user pro-
gram will have to be performed in the “Boot RAM”,
because the user program cannot program and fetch
from external memory, simultaneously.

A typical boot loader execution and external memory
programming sequence would be as follows:

« The boot loader program is transferred from the
external program memory to the last 2 banks of
data RAM by TBLRD and MOVWF instructions.

« Once the “boot loader” program is loaded into
internal memory and verified, open combination
lock and set PGRM bit to configure the data RAM
into program RAM.

« Jump to beginning of Boot code in Boot RAM.
Program execution begins in Boot RAM to begin
programming the external memory. System bus
changes to an inactive state.

« Boot loader program performs the necessary
external TBLWT and TBLWRD instructions to
perform programming functions.

* When the boot loader program is finished pro-
gramming external memory, jump to known valid
external program memory location and clear
PGRM bit in MEMCON register to set Boot RAM
as data memory, or reset the part.

4.2 Return Address Stack

The return address stack allows any combination of up to
31 program calls and interrupts to occur. The PC (Pro-
gram Counter) is pushed onto the stack when a PUSH,
CALL or RCALL instruction is executed, or an interrupt is
acknowledged. The PC value is pulled off the stack on a
RETURN, RETLW or a RETFIE instruction. PCLATU and
PCLATH are not affected by any of the return instructions.

The stack operates as a 31-word by 21-bit stack memory
and a five-bit stack pointer, with the stack pointer initial-
izedto 00000D after all RESETS. There is no RAM asso-
ciated with stack pointer 00000b. This is only a RESET
value. During a CALL type instruction, causing a push
onto the stack, the stack pointer is first incremented and
the RAM location pointed to by the stack pointer is written
with the contents of the PC. During a RETURN type
instruction, causing a pop from the stack, the contents of
the RAM location indicated by the STKPTR is transferred
to the PC and then the stack pointer is decremented.

The stack space is not part of either program or data
space. The stack pointer is readable and writable, and
the data on the top of the stack is readable and writable
through SFR registers. Status bits STKOVF and
STKUNF in STKPTR register, indicate whether stack
over/underflow has occurred or not.

4.2.1 TOP-OF-STACK ACCESS

The top of the stack is readable and writable. Three
register locations, TOSU, TOSH and TOSL, allow
access to the contents of the stack location indicated by
the STKPTR register. This allows users to implement a
software stack, if necessary. After a CALL, RCALL or
interrupt, the software can read the pushed value by
reading the TOSU, TOSH and TOSL registers. These
values can be placed on a user defined software stack.
At return time, the software can replace the TOSU,
TOSH and TOSL and do a return.

The user should disable the global interrupt enable bits
during this time to prevent inadvertent stack operations.

422  RETURN STACK POINTER
(STKPTR)

The STKPTR register contains the stack pointer value,
the STKFUL (stack full) status bit, and the STKUNF
(stack underflow) status bits. Register 4-1 shows the
STKPTR register. The value of the stack pointer can be
0 through 31. The stack pointer increments when val-
ues are pushed onto the stack and decrements when
values are popped off the stack. At RESET, the stack
pointer value will be 0. The user may read and write the
stack pointer value. This feature can be used by a Real
Time Operating System for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit can only be cleared in software or
by a POR. Any subsequent push operation that causes
stack overflow will be ignored.

The action that takes place when the stack becomes
full, depends on the state of STVREN (stack overflow
RESET enable) configuration bit in CONFIGAL regis-
ter. Refer to Section 4.2.4 for more information. If
STVREN is set (default), stack over/underflow will set
the STKFUL bit, and reset the device. The STKFUL bit
will remain set and the stack pointer will be set to 0.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the stack pointer will increment to 31. All
subsequent push attempts will be ignored and
STKPTR remains at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and sets the STKUNF bit, while the stack
pointer remains at 0. The STKUNF bit will remain set
until cleared in software, or a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the RESET vector, where the
stack conditions can be verified and appro-
priate actions can be taken.
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REGISTER 4-1: STKPTR - STACK POINTER REGISTER

R/C-0 R/C-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL | STKUNF — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0

bit 7 STKFUL: Stack Full Flag bit
1 = Stack became full or overflowed
0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit
1 = Stack underflow occurred
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as '0'
bit 4-0 SP4:SPO: Stack Pointer Location bits

Note:  Bit 7 and bit 6 can only be cleared in user software, or by a POR.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ =Bitis set ‘0’ = Bit is cleared C = Clearable bit
FIGURE 4-5: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS
Return Address Stack
11111
11110
11101
TOSU TOSH TOSL L e ] STKPTR<4:0>
(ooh ] [ZAh ] [38h] | ¢ -
A A A 00011
~—» Top-of-Stack | 001A34h 00010
000D58h [00001
000000h_Jooooo@

Note 1: No RAM is associated with this address; always maintained ‘O’s.
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4.2.3 PUSH AND POP INSTRUCTIONS

Since the Top-of-Stack (TOS) is readable and writable,
the ability to push values onto the stack and pop values
off the stack, without disturbing normal program execu-
tion, is a desirable option. To push the current PC value
onto the stack, a PUSH instruction can be executed.
This will increment the stack pointer and load the cur-
rent PC value onto the stack. TOSU, TOSH and TOSL
can then be modified to place a return address on the
stack.

The poP instruction discards the current TOS by decre-
menting the stack pointer. The previous value pushed
onto the stack then becomes the TOS value.

4.2.4 STACK FULL/UNDERFLOW RESETS

These RESETS are enabled/disabled by programming
the STVREN configuration bit in CONFIGAL register.

When the STVREN bit is disabled, a full or underflow
condition will set the appropriate STKFUL or STKUNF
bit, but not cause a RESET. When the STVREN bit is
enabled, a full or underflow will set the appropriate
STKFUL or STKUNF bit and then cause a RESET. The
STKFUL or STKUNF bits are only cleared by the user
software or a POR.

4.3 Fast Register Stack

A “fast return” option is available for interrupts and calls.
A fast register stack is provided for the STATUS, WREG
and BSR registers, and is only one layer in depth. The
stack is not readable or writable and is loaded with the
current value of the corresponding register when the
processor vectors for an interrupt. The values in the fast
register stack are then loaded back into the working reg-
isters, if the fast return instruction is used to return
from the interrupt.

A low or high priority interrupt source will push values
into the stack registers. If both low and high priority
interrupts are enabled, the stack registers cannot be
used reliably for low priority interrupts. If a high priority
interrupt occurs while servicing a low priority interrupt,
the stack register values stored by the low priority
interrupt will be overwritten.

If high priority interrupts are not disabled during low pri-
ority interrupts, users must save the key registers in
software during a low priority interrupt.

If no interrupts are used, the fast register stack can be
used to restore the STATUS, WREG and BSR registers
at the end of a subroutine call. To use the fast register
stack for a subroutine call, a fast call instruction
must be executed.

Example 4-1 shows a source code example that uses
the fast register stack.

EXAMPLE 4-1: FAST REGISTER STACK
CODE EXAMPLE

CALL SUB1, FAST ;STATUS, WREG, BSR
;SAVED IN FAST REGISTER
; STACK

SUBL e

RETURN FAST ;RESTORE VALUES SAVED

; IN FAST REGISTER STACK
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4.4 PCL, PCLATH and PCLATU

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21-bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<15:8>
bits and is not directly readable or writable. Updates to
the PCH register may be performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits and is not directly
readable or writable. Updates to the PCU register may
be performed through the PCLATU register.

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the LSb of the PCL is fixed to a value of '0’.
The PC increments by 2 to address sequential instruc-
tions in the program memory.

The CALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

The contents of PCLATH and PCLATU will be trans-
ferred to the program counter by an operation that
writes PCL. Similarly, the upper two bytes of the pro-
gram counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (See Section 4.8.1).

45 Clocking Scheme/Instruction

Cycle

The clock input (from OSC1 or PLL output) is internally
divided by four to generate four non-overlapping
quadrature clocks, namely Q1, Q2, Q3 and Q4. Inter-
nally, the program counter (PC) is incremented every
Q1, the instruction is fetched from the program memory
and latched into the instruction register in Q4. The
instruction is decoded and executed during the follow-
ing Q1 through Q4. The clocks and instruction execu-
tion flow are shown in Figure 4-6.

FIGURE 4-6: CLOCK/INSTRUCTION CYCLE
Q1| Q| Q| Q4 1 QL | Q| Q| Q1 Q1| Q| Q| Q4
oscil /. s/ / v/ L/ /v /L
Qly—\ y J |
2 | i ' | e
Q3 | \ | clock
o4 | \ 1
PC ¢ PC ) PC+2 X PC+4
OSC2/CLKOUT
(RC mode) |

Fetch INST (PC)

Execute INST (PC-2)

Fetch INST (PC+2)

Execute INST (PC)

|
|
|
Fetch INST (PC+4) |
Execute INST (PC+2) |

1
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4.6 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined, such that fetch takes one instruction cycle,
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO),
two cycles are required to complete the instruction
(Example 4-2).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register” (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

4.7 Instructions in Program Memory

The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSB ='0’). Figure 4-1 shows an
example of how instruction words are stored in the pro-
gram memory. To maintain alignment with instruction
boundaries, the PC increments in steps of 2 and the
LSB will always read '0’ (see Section 4.4).

The CALL and GOTO instructions have an absolute pro-
gram memory address embedded into the instruction.
Since instructions are always stored on word bound-
aries, the data contained in the instruction is a word
address. The word address is written to PC<20:1>,
which accesses the desired byte address in program
memory. Instruction #2 in Figure 4-1 shows how the
instruction “GOTO 0x06” is encoded in the program
memory. Program branch instructions that encode a
relative address offset operate in the same manner.
The offset value stored in a branch instruction repre-
sents the number of single word instructions by which
the PC will be offset. Section 20.0 provides further
details of the instruction set.

EXAMPLE 4-2: INSTRUCTION PIPELINE FLOW
Tcy0 Tcyl Tcy2 Tcy3 Tcy4 Tcys
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. BRA SUB_1 Fetch 3 Execute 3

4. BSF PORTA, BIT3 (Forced NOP)

5. Instruction @ address SUB_1

All instructions are single cycle, except for any program branches. These take two cycles, since the fetch instruction
is “flushed” from the pipeline, while the new instruction is being fetched and then executed.

Fetch 4 Flush
Fetch SUB_1| Execute SUB_1

TABLE 4-1: INSTRUCTIONS IN PROGRAM MEMORY

Instruction Opcode Memory Address
— — — 000007h
MOVLW 055h O0E55h 55h 000008h
OEh 000009h

GOTO 000006h EFO03h, FOOOh 03h 00000Ah
EFh 00000Bh

00h 00000Ch

FOh 00000Dh

MOVFF 123h, 456h C123h, F456h 23h 00000Eh
Cih 00000Fh

56h 000010h

Fah 000011h

— — — 000012h
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4.7.1 TWO-WORD INSTRUCTIONS

PIC18C601/801 devices have four two-word instruc-
tions: MOVFF, CALL, GOTO and LFSR. The second
word of these instructions has the four MSB's setto 1's
and is a special kind of NOP instruction. The lower 12
bits of the second word contain data to be used by the
instruction. If the first word of the instruction is exe-
cuted, the data in the second word is accessed. If the
second word of the instruction is executed by itself (first
word was skipped), it will execute as a NOP. This action
is necessary when the two-word instruction is preceded
by a conditional instruction that changes the PC and
skips one instruction. A program example that demon-
strates this concept is shown in Example 4-3. Refer to
Section 19.0 for further details of the instruction set.

4.8

Lookup tables are implemented two ways:

¢ Computed GOTO
* Table Reads

Lookup Tables

4.8.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL).

A lookup table can be formed with an ADDWF PCL
instruction and a group of RETLW 0Oxnn instructions.
WREG is loaded with an offset into the table, before exe-
cuting a call to that table. The first instruction of the called
routine is the ADDWF PCL instruction. The next instruc-
tion executed will be one of the RETLW Oxnn instruc-
tions that returns the value 0xnn to the calling function.

The offset value (value in WREG) specifies the number
of bytes that the program counter should advance.

In this method, only one data byte may be stored in
each instruction location and room on the return
address stack is required.

Warning: The LSb of the PCL is fixed to a value of ‘0".
Hence, computed GOTO to an odd address
is not possible.

4.8.2 TABLE READS/TABLE WRITES

A better method of storing data in program memory
allows 2 bytes of data to be stored in each instruction
location.

Lookup table data may be stored as 2 bytes per pro-
gram word by using table reads and writes. The table
pointer (TBLPTR) specifies the byte address and the
table latch (TABLAT) contains the data that is read
from, or written to, program memory. Data is trans-
ferred to/from program memory one byte at a time.

A description of the Table Read/Table Write operation
is shown in Section 6.0.

Note: If execution is taking place from Boot RAM
Program Memory, RETLW instructions
must be used to read lookup values from

the Boot RAM itself.

EXAMPLE 4-3: Two-Word Instructions
CASE 1:
Object Code Source Code
0110 0110 0000 0000 TSTFSZ REG1 ; is RAM location 07?
1100 0001 0010 0011 MOVFF REG1, REG2 ; No, execute 2-word instruction
1111 0100 0101 0110 ; 2nd operand holds address of REG2
0010 0100 0000 0000 ADDWF REG3 ; continue code
CASE 2:
Object Code Source Code
0110 0110 0000 0000 TSTFSZ REG1 ; is RAM location 07?
1100 0001 0010 0011 MOVFF REG1, REG2 ; Yes
1111 0100 0101 0110 ; 2nd operand executed as NOP
0010 0100 0000 0000 ADDWF REG3 ; continue code
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4.9 Data Memory Organization

The data memory is implemented as static RAM. Each
register in the data memory has a 12-bit address, allow-
ing up to 4096 bytes of data memory. Figure 4-8 shows
the data memory organization for PIC18C601/801
devices.

The data memory map is divided into banks that con-
tain 256 bytes each. The lower four bits of the Bank
Select Register (BSR<3:0>) select which bank will be
accessed. The upper 4 bits for the BSR are not imple-
mented.

The data memory contains Special Function Registers
(SFR) and General Purpose Registers (GPR). The
SFR’s are used for control and status of the controller
and peripheral functions, while GPR’s are used for data
storage and scratch pad operations in the user’s appli-
cation. The SFR’s start at the last location of Bank 15
(OFFFh) and grow downwards. GPR’s start at the first
location of Bank 0 and grow upwards. Any read of an
unimplemented location will read as '0’s.

GPR banks 4 and 5 serve as a Program Memory called
“Boot RAM”, when PGRM bitin MEMCON is set. When
PGRM bit is set, any read from “Boot RAM” returns ‘0’s,
while any write to it is ignored.

The entire data memory may be accessed directly or
indirectly. Direct addressing may require the use of the
BSR register. Indirect addressing requires the use of a
File Select Register (FSR). Each FSR holds a 12-bit
address value that can be used to access any location
in the Data Memory map without banking.

The instruction set and architecture allow operations
across all banks. This may be accomplished by indirect
addressing, or by the use of the MOVFF instruction. The
MOVFF instruction is a two-word/two-cycle instruction
that moves a value from one register to another.

To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle,
regardless of the current BSR values, an Access Bank
is implemented. A segment of Bank 0 and a segment of
Bank 15 comprise the Access bank. Section 4.10 pro-
vides a detailed description of the Access bank.

4.9.1 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly or indi-
rectly. Indirect addressing operates through the File
Select Registers (FSR). The operation of indirect
addressing is shown in Section 4.12.

PIC18C601/801 devices have banked memory in the
GPR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other RESETS.

Data RAM is available for use as GPR registers by all
instructions. Bank 15 (OF80h to OFFFh) contains
SFR’s. All other banks of data memory contain GPR
registers starting with bank 0.

4.9.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and Peripheral Modules for control-
ling the desired operation of the device. These regis-
ters are implemented as static RAM. A list of these
registers is given in Table 4-2.

The SFR’s can be classified into two sets: those asso-
ciated with the “core” function and those related to the
peripheral functions. Those registers related to the
“core” are described in this section, while those related
to the operation of the peripheral features are
described in the section of that peripheral feature.

The SFRs are typically distributed among the peripher-
als whose functions they control.

The unused SFR locations are unimplemented and
read as '0's. See Table 4-2 for addresses for the SFRs.

49.3 SECURED ACCESS REGISTERS

PIC18C601/801 devices contain software program-
ming options for safety critical peripherals. Because
these safety critical peripherals can be programmed in
software, registers used to control these peripherals
are given limited access by the user code. This way,
errant code will not accidentally change settings in
peripherals that could cause catastrophic results.

The registers that are considered safety critical are the
Watchdog Timer register (WDTCON), the External
Memory Control register (MEMCON), the Oscillator
Control register (OSCCON) and the Chip Select regis-
ters (CSSEL2 and CSELIO).

Two bits called Combination Lock (CMLK) bits, located
in the lower two bits of the PSPCON register, must be
set in sequence by user code to gain access to
Secured Access registers.
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REGISTER 4-2: PSPCON REGISTER
U-0 U-0 U-0 U-0 U-0 U-0 W-0 W-0
— — — — — — CMLK1 CMLKO
bit 7 bit 0
bit 7-2 Unimplemented: Read as '0'
bit 1-0 CMLK<1:0>: Combination Lock bits
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared

x = Bit is unknown

The Combination Lock bits must be set sequentially,
meaning that as soon as Combination Lock bit CMLK1
is set, the second Combination Lock bit CMLKO must be
set on the following instruction cycle. If user waits more
than one machine cycle to set the second bit after set-
ting the first, both bits will automatically be cleared in
hardware and the lock will remain closed. To satisfy this
condition, all interrupts must be disabled before attempt-
ing to unlock the Combination Lock. Once secured reg-
isters are modified, interrupts may be re-enabled.

Each instruction must only modify one combination lock
bit at a time. This means, user code must use the BSF
instruction to set CMLK bits in the PSPCON register.

Note:  The Combination Lock bits are write-only
bits. These bits will always return ‘0’ when

When the Combination Lock is opened, the user will
have three instruction cycles to modify the safety criti-
cal register of choice. After three instruction cycles
have expired, the CMLK bits are cleared, the lock will
close and the user will have to set the CMLK bits again,
in order to open the lock. Since there are only three
instruction cycles allowed after the Combination Lock is
opened, if a subroutine is used to unlock Combination
Lock bits, user code must preload WREG with the
desired value, call unlock subroutine, and write to the
desired safety critical register itself.

Note:  Successive attempts to unlock the Combi-
nation Lock must be separated by at least
three instruction cycles.

read.
EXAMPLE 4-4: COMBINATION UNLOCK SUBROUTINE EXAMPLE CODE
MOVLW 5Ah ; Preload WREG with data to be stored in a safety critical register
BCF INTCON, GIE ; Disable all interrupts
CALL UNLOCK ; Now unlock it

MOVWF OSCCON

; Lock is closed
BSF INTCON, GIE
L]
L]
UNLOCK
BSF PSPCON, CMLK1
BSF PSPCON, CMLKO
RETURN
L]

; Re-enable interrupts

; Write must take place in next instruction cycle

DS39541B-page 50

Advance Information

© 2001-2013 Microchip Technology Inc.



PIC18C601/801

EXAMPLE 4-5: COMBINATION UNLOCK MACRO EXAMPLE CODE

UNLOCK_N_MODIFY @REG MACRO
BCF INTCON, GIE ; Disable interrupts
BSF PSPCON, CMLK1
BSF PSPCON, CMLKO
MOVWF @REG ; Modify given register
BSF INTCON, GIE ; Enable interrupts
ENDM
MOVLW 5Ah ; Preload WREG for OSCCON register
UNLOCK_N MODIFY OSCCON ; Modify OSCCON
FIGURE 4-7: THE DATA MEMORY MAP FOR PIC18C801/601 (PGRM = 0)
BSR<3:0> Data Memory Map
, 000h
~ 0000b 00h| Access GPR’s ovEh
Bank0 [ — — — — 7 080h
GPR
FFh OFFh
00h 100h
= 0001b
—> Bank 1 GPR
FFh 1FFh
= 0010b 00h 200h
o Bank 2 GPR
FFh 2FFh
- 00h 300h
= 0011b Bank 3 GPR
FFh 3FFh
00h 400h
ﬂ» Bank 4 GPR Access RAM Bank
FFh 4FFh
0oh 500h Access Bank Low 0oh
= 0101b ‘ GPR | _ (GPR's)__ | 7Fh
> Bank 5 FFh SFFh Access Bank High| 80h
(SFR's) FFh
= 0110b Bank 6 When a =0,
- 1110b to hoo Rg;é’,sggh, hoy the BSR is ignored and this
> Bank 14 Access RAM bank is used.
The first 128 bytes are General
Purpose RAM (from Bank 0).
The next 128 bytes are Special
Function Registers (from
EFFh Bank 15).
00h FOOh
= 1111Db Unused
L=211b, pors | Ot F7Eh
FFh| Access SFR’s FEFh Whena=1,
the BSR is used to specify
the RAM location that the
instruction uses.
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FIGURE 4-8: DATA MEMORY MAP FOR PIC18C601/801 (PGRM = 1)
BSR<3:0> Data Memory Map
) 000h
~ 0000b 00h|  Access GPR's | (ot
> Bank0 | — — — — o 080h
FFh GPR OFFh
00h 100h
= 0001b, Bank 1 GPR
FFh 1FFh
= 0010b 00h 200h
E— Bank 2 GPR
FFh 2FFh
- 00h 300h
1= 0911 L pank3 GPR
FFh 3FFh
Access RAM Bank
Access Bank Low ooh
L _ (GPR's)__ | 7Fh
Access Bank High 80h
(SFR’s) FFh

= 0100b
> Bank 4

= 1110b to
— Bank 14

U Unused
" Read '00h’

)J

When a =0,

the BSR is ignored and this
Access RAM bank is used.
The first 128 bytes are General
Purpose RAM (from Bank 0).
The next 128 bytes are Special
Function Registers (from

EFFh Bank 15).

00h FOOh
= 1111 Unused
|= 1111b, Bank 15 F7Fh

v

; F80h
FFh| Access SFR's | pppp Whena =1,
the BSR is used to specify

the RAM location that the
instruction uses.
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FIGURE 4-9: SPECIAL FUNCTION REGISTER MAP
FFFh TOSU FDFh INDF2 FBFh CCPR1H F9Fh IPR1
FFEh TOSH FDEh POSTINC2 | FBEh CCPRI1L F9Eh PIR1
FFDh TOSL FDDh POSTDEC?2 | FBDh CCP1CON | F9Dh PIE1
FFCh STKPTR FDCh PREINC2 FBCh CCPR2H F9Ch MEMCON
FFBh PCLATU FDBh PLUSW2 FBBh CCPR2L F9Bh =
FFAh PCLATH FDAh FSR2H FBAh CCP2CON | F9Ah TRISJ
FF9h PCL FDYh FSR2L FB9h Reserved | F99h TRISH
FF8h TBLPTRU | FD8h STATUS FB8h Reserved | F98h TRISG
FF7h TBLPTRH | FD7h TMROH FB7h Reserved | F97h TRISF
FF6h TBLPTRL | FD6h TMROL FB6h — F96h TRISE
FF5h TABLAT FD5h TOCON FB5h — F95h TRISD
FF4h PRODH FD4h Reserved FB4h = F94h TRISC
FF3h PRODL FD3h OSCCON FB3h TMR3H F93h TRISB
FF2h INTCON FD2h LVDCON FB2h TMR3L F92h TRISA
FF1h INTCON2 | FD1h WDTCON FB1h T3CON F91h LATJ
FFOh INTCON3 | FDOh RCON FBOh PSPCON | F90h LATH
FEFh INDFO FCFh TMR1H FAFh SPBRG F8Fh LATG
FEEh POSTINCO | FCEh TMRIL FAEh RCREG F8Eh LATF
FEDh POSTDECO| FCDh T1CON FADh TXREG F8Dh LATE
FECh PREINCO | FCCh TMR2 FACh TXSTA F8Ch LATD
FEBh PLUSWO FCBh PR2 FABh RCSTA F8Bh LATC
FEAh FSROH FCAh T2CON FAAh — F8Ah LATB
FE9h FSROL FC%h SSPBUF FA9h — F89h LATA
FE8h WREG FC8h SSPADD FA8h = F88h PORTJ
FE7h INDF1 FC7h SSPSTAT FA7h CSEL2 F87h PORTH
FE6h POSTINC1 | FC6h SSPCON1 | FAGh CSELIO F86h PORTG
FES5h POSTDECL1| FC5h SSPCON2 | FA5h — F85h PORTF
FE4h PREINC1 | FC4h ADRESH FA4h = F84h PORTE
FE3h PLUSW1 FC3h ADRESL FA3h = F83h PORTD
FE2h FSR1H FC2h ADCONO FA2h IPR2 F82h PORTC
FE1h FSR1L FC1lh ADCON1 FAlh PIR2 F81h PORTB
FEOh BSR FCOh ADCON2 FAOh PIE2 F80h PORTA
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TABLE 4-2: REGISTER FILE SUMMARY - PIC18C601/801
. . E . . . E . . Value on Value on
File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR all other
RESETS®
FFFh | TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000 |---0 0000
FFEh | TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000 0000 0000
FFDh | TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000 [ 0000 0000
FFCh | STKPTR STKOVF STKUNF — Return Stack Pointer 00-0 0000 [00-0 0000
FFBh | PCLATU — — — Holding Register for PC<20:16> ---0 0000 |---0 0000
FFAh | PCLATH Holding Register for PC<15:8> 0000 0000 0000 0000
FF9h | PCL PC Low Byte (PC<7:0>) 0000 0000 [ 0000 0000
FF8h | TBLPTRU — — r Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) | --r0 0000 | --r0 0000
FF7h | TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 | 0000 0000
FF6h | TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000 0000 0000
FF5h | TABLAT Program Memory Table Latch 0000 0000|0000 0000
FF4h | PRODH Product Register High Byte XXXX XXXX [Uuuu uuuu
FF3h | PRODL Product Register Low Byte XXXX XXXX [uuuu uuuu
FF2h | INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOE RBIE TMROIF INTOF RBIF 0000 000x 0000 000u
FF1h |INTCON2 RBPU INTEDGO INTEDG1 | INTEDG2 — TOIP — RBIP 1111 -1-1{1111 -1-1
FFOh | INTCON3 INT2P INT1P — INT2E INT1E — INT2F INT1F 11-0 0-00(11-0 0-00
FEFh | INDFO Uses contents of FSRO to address data memory - value of FSRO not changed (not a physical register) N/A N/A
FEEh | POSTINCO | Uses contents of FSRO to address data memory - value of FSRO post-incremented (not a physical register) N/A N/A
FEDh | POSTDECO | Uses contents of FSRO to address data memory - value of FSRO post-decremented N/A N/A
(not a physical register)
FECh | PREINCO Uses contents of FSRO to address data memory - value of FSRO pre-incremented N/A N/A
(not a physical register)
FEBh | PLUSWO Uses contents of FSRO to address data memory -value of FSRO offset by WREG N/A N/A
(not a physical register)
FEAh | FSROH — — — — Indirect Data Memory Address Pointer 0 High ---- XXXX|---- uuuu
FE9h | FSROL Indirect Data Memory Address Pointer O Low Byte XXXX XXXX [Uuuu uuuu
FE8h | WREG Working Register XXXX XXXX [Uuuu uuuu
FE7h | INDF1 Uses contents of FSR1 to address data memory - value of FSR1 not changed (not a physical register) N/A N/A
FE6h | POSTINC1 | Uses contents of FSR1 to address data memory - value of FSR1 post-incremented N/A N/A
(not a physical register)
FE5h | POSTDECL1 | Uses contents of FSR1 to address data memory - value of FSR1 post-decremented N/A N/A
(not a physical register)
FE4h | PREINC1 Uses contents of FSR1 to address data memory - value of FSR1 pre-incremented (not a physical register) N/A N/A
FE3h | PLUSW1 Uses contents of FSR1 to address data memory - value of FSR1 offset by WREG (not a physical register) N/A N/A
FE2h |FSR1H — | — ‘ — ‘ — ‘ Indirect Data Memory Address Pointer 1 High ---- XXXX|---- uuuu
FE1lh |FSRI1L Indirect Data Memory Address Pointer 1 Low Byte XXXX XXXX [Uuuu uuuu
FEOh |BSR — | — l — l — ‘ Bank Select Register ---- 0000|---- 0000
FDFh | INDF2 Uses contents of FSR2 to address data memory - value of FSR2 not changed (not a physical register) N/A N/A
FDEh | POSTINC2 | Uses contents of FSR2 to address data memory - value of FSR2 post-incremented (not a physical register) N/A N/A
FDDh | POSTDEC2 | Uses contents of FSR2 to address data memory - value of FSR2 post-decremented N/A N/A
(not a physical register)
FDCh | PREINC2 Uses contents of FSR2 to address data memory - value of FSR2 pre-incremented (not a physical register) N/A N/A
FDBh | PLUSW2 Uses contents of FSR2 to address data memory -value of FSR2 offset by WREG (not a physical register) N/A N/A
FDAh | FSR2H — | — l — l — ‘ Indirect Data Memory Address Pointer 2 High ---- XXXX|---- uuuu
FD9h | FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXXX XXXX [Uuuu uuuu
FD8h | STATUS — | — l — ‘ N ‘ ov z DC C ---X XXXX |---U uuuu
Legend x = unknown, u = unchanged, - = unimplemented, q = value depends on condition, r = reserved
Note 1: Other (non-power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.
2: These registers can only be modified when the Combination Lock is open.
3: These registers are available on PIC18C801 only.
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TABLE 4-2: REGISTER FILE SUMMARY - PIC18C601/801 (CONTINUED)
) . . ) . . . B : Value on Value on
File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
RESETS®

FD7h | TMROH Timer0 Register High Byte 0000 0000 | 0000 0000
FD6h | TMROL TimerO Register Low Byte XXXX XXXX | Uuuu uuuu
FD5h | TOCON TMROON 16BIT TOCS TOSE | TOPS3 TOPS2 TOPS1 TOPSO 1111 1111|1111 1111
FD4h | Reserved YIrrr rrrr |rrrr rrrr
FD3h | O0SCCON®@ — — — — LOCK PLLEN SCs1 SCSO | ---- 0000 |---- uuuo
FD2h |LVDCON® — — IRVST LVDEN LVV3 LVVv2 Lvv1 LVVO --00 0101 |--00 0101
FD1h | WDTCON® — — — — WDPS2 | WDPS1 | WDPSO |SWDTEN |---- 0000 |---- xxxx
FDOh |RCON IPEN r — RI TO PD POR r 00-1 11qgg|00-g gquu
FCFh | TMR1H Timerl Register High Byte XXXX XXXX | Uuuu uuuu
FCEh | TMRI1L Timerl Register Low Byte XXXX XXXX | Uuuu uuuu
FCDh | TICON RD16 ‘ — | T1CKPS1 | T1CKPSO | T10SCEN | TISYNC ‘ TMR1CS ‘ TMR1ON [ 0-00 0000 | u-uu uuuu
FCCh | TMR2 Timer2 Register 0000 0000 [ 0000 0000
FCBh | PR2 Timer2 Period Register 1111 1111|1111 1111
FCAh | T2CON — ‘ TOUTPS3 | TOUTPS2 |TOUTPSl | TOUTPSO | TMR20ON ‘ T2CKPS1 ‘TZCKPSO -000 0000 |-000 0000
FC9h | SSPBUF SSP Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
FC8h | SSPADD SSP Address Register in 12C Slave Mode. SSP Baud Rate Reload Register in 12C Master Mode 0000 0000 | 0000 0000
FC7h | SSPSTAT SMP CKE D/A P S RIW UA BF 0000 0000 0000 0000
FC6h | SSPCON1 wcCoL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000|0000 0000
FC5h | SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000
FC4h | ADRESH A/D Result Register High Byte XXXX XXXX | Uuuu uuuu
FC3h | ADRESL A/D Result Register Low Byte XXXX XXXX | Uuuu uuuu
FC2h | ADCONO — — CHS3 CHS2 CHS1 CHSO | GO/DONE | ADON |--00 0000 |--00 0000
FC1lh | ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO |--00 0000 |--00 0000
FCOh | ADCON2 ADFM — — — — ADCS2 ADCS1 ADCSO |0--- -000|0--- -000
FBFh | CCPR1H Capture/Compare/PWM Registerl High Byte XXXX XXXX [ uuuu uuuu
FBEh | CCPR1L Capture/Compare/PWM Registerl Low Byte XXXX XXXX | Uuuu uuuu
FBDh | CCP1CON — ‘ — | DC1B1 | DC1BO | CCP1M3 | CCP1M2 ‘ CCP1M1 ‘ CCP1MO | --00 0000 | --00 0000
FBCh | CCPR2H Capture/Compare/PWM Register2 High Byte XXXX XXXX | Uuuu uuuu
FBBh | CCPR2L Capture/Compare/PWM Register2 Low Byte XXXX XXXX [uuuu uuuu
FBAh | CCP2CON — ‘ — | DC2B1 | DC2B0O | CCP2M3 | CCP2M2 ‘ ccpP2Mm1 ‘CCPZMO --00 0000 | --uu uuuu
FB9h | Reserved YIrrr rrrr |rrrr rrrr
FB8h | Reserved YIrrr rrrr|rrrr rrrr
FB7h | Reserved YIrrr rrrr |rrrr rrrr
FB6h
FB5h
FB4h
FB3h | TMR3H Timer3 Register High Byte XXXX XXXX | Uuuu uuuu
FB2h | TMR3L Timer3 Register Low Byte XXXX XXXX | Uuuu uuuu
FB1lh | T3CON RD16 T3CCP2 T3CKPS1 | T3CKPSO | T3CCP1 T3SYNC | TMR3CS | TMR3ON | 0000 0000 |uuuu uuuu
Legend x = unknown, u = unchanged, - = unimplemented, g = value depends on condition, r = reserved
Note 1: Other (non-power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.

2: These registers can only be modified when the Combination Lock is open.

3: These registers are available on PIC18C801 only.
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TABLE 4-2: REGISTER FILE SUMMARY - PIC18C601/801 (CONTINUED)

. . E . . . E . . Value on Value on
File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR all other
RESETS®

FBOh | PSPCON — — — — — — CMLK1 CMLKO |---- -- 00 |---- -- 00
FAFh | SPBRG USART Baud Rate Generator 0000 0000 [ 0000 0000
FAEh | RCREG USART Receive Register 0000 0000 [ 0000 0000
FADh | TXREG USART Transmit Register 0000 0000 0000 0000
FACh | TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
FABh | RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 000x | 0000 000x
FAAh
FA9h
FA8h
FATh |CSEL2® csL7 CSL6 CSL5 CsL4 CSL3 csL2 csL1 CSLO |1111 1111 |uuuu uuuu
FA6h |CSELIO® Cslo7 CSIO6 CSIOo5 CSlo4 CsIo3 Csl02 Cslio1 CSIO0 | 1111 1111 [uuuu uuuu
FA5h
FA4h
FA3h
FA2h |IPR2 — — — — BCLIP LVDIP TMR3IP CCP2IP | ---- 1111 |---- 1111
FAlh |PIR2 — — — — BCLIF LVDIF TMR3IF CCP2IF | ---- 0000 |---- 0000
FAOh | PIE2 — — — — BCLIE LVDIE TMR3IE CCP2IE | ---- 0000|---- 0000
F9Fh |IPR1 — ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP |-111 1111 |-111 1111
F9Eh |PIR1 — ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | -000 0000 |-000 0000
F9Dh | PIE1 — ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE | -000 0000 |-000 0000
F9Ch |MEMCON® | EBDIS PGRM WAITL WAITO - — WM1 WMO | 0000 --00{0000 --00
F9Bh
F9Ah | TRISJ® Data Direction Control Register for PORTJ 1111 1111|1111 1111
Fooh | TRISH®) Data Direction Control Register for PORTH 1111 11111111 1111
F98h | TRISG — — — Read PORTG Data Latch, Write PORTG Data Latch ---11111|---1 1111
F96h | TRISF Read PORTF Data Latch, Write PORTF Data Latch 1111 11111111 1111
F96h | TRISE Data Direction Control Register for PORTE 1111 1111|1111 1111
F95h | TRISD Data Direction Control Register for PORTD 1111 1111 (1111 1111
F94h |TRISC Data Direction Control Register for PORTC 1111 1111|1111 1111
F93h | TRISB Data Direction Control Register for PORTB 1111 1111|1111 1111
F92h | TRISA — | — ‘ Data Direction Control Register for PORTA --11 1111 |--11 1111
Foih |LATI®) Read PORTJ Data Latch, Write PORTJ Data Latch XXXX XXXX | UUUU uuuu
F9oh |LATH® Read PORTH Data Latch, Write PORTH Data Latch XXXX XXXX |uuuu uuuu
F8Fh | LATG — | — ‘ — Read PORTG Data Latch, Write PORTG Data Latch ---X XXXX|---u uuuu
F8Eh | LATF Read PORTF Data Latch, Write PORTF Data Latch XXXX XXXX [ uuuu uuuu
F8Dh | LATE Read PORTE Data Latch, Write PORTE Data Latch XXXX XXXX [uuuu uuuu
F8Ch | LATD Read PORTD Data Latch, Write PORTD Data Latch XXXX XXXX [Uuuu uuuu
F8Bh |LATC Read PORTC Data Latch, Write PORTC Data Latch XXXX XXXX [uuuu uuuu
F8Ah | LATB Read PORTB Data Latch, Write PORTB Data Latch XXXX XXXX [Uuuu uuuu
F89h | LATA — | — ‘ Read PORTA Data Latch, Write PORTA Data Latch --XX XXXX | --uu uuuu
F8sh |PORTI® | Read PORTJ Pins, Write PORTJ Data Latch XXXX XXXX | UUUU uuuu
F87h |PORTH® | Read PORTH pins, Write PORTH Data Latch XXXX XXXX | UUUU uuuu
F86h | PORTG — | — l — Read PORTG pins, Write PORTG Data Latch ---X XXXX | ---u uuuu
F85h | PORTF Read PORTF pins, Write PORTF Data Latch xxxXX xxX00 [uuuu uu00
Legend x = unknown, u = unchanged, - = unimplemented, g = value depends on condition, r = reserved
Note 1: Other (non-power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.

2: These registers can only be modified when the Combination Lock is open.

3: These registers are available on PIC18C801 only.
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TABLE 4-2: REGISTER FILE SUMMARY - PIC18C601/801 (CONTINUED)
Value on Value on
File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
RESETS®
F84h | PORTE Read PORTE Pins, Write PORTE Data Latch XXXX XXXX | Uuuu uuuu
F83h |[PORTD Read PORTD pins, Write PORTD Data Latch XXXX XXXX | uuuu uuuu
F82h | PORTC Read PORTC pins, Write PORTC Data Latch XXXX XXXX | Uuuu uuuu
F81h |PORTB Read PORTB pins, Write PORTB Data Latch XXXX XXXX | uuuu uuuu
F80h | PORTA — — Read PORTA pins, Write PORTA Data Latch --0x 0000 |--0u 0000
Legend x = unknown, u = unchanged, - = unimplemented, g = value depends on condition, r = reserved
Note 1: Other (non-power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.
2: These registers can only be modified when the Combination Lock is open.
3: These registers are available on PIC18C801 only.
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4.10 Access Bank

The Access Bank is an architectural enhancement that
is very useful for C compiler code optimization. The
techniques used by the C compiler are also useful for
programs written in assembly.

This data memory region can be used for:

* Intermediate computational values

¢ Local variables of subroutines

* Faster context saving/switching of variables

e Common variables

* Faster evaluation/control of SFR’s (no banking)

The Access Bank is comprised of the upper 128 bytes
in Bank 15 (SFR'’s) and the lower 128 bytes in Bank 0.
These two sections will be referred to as Access Bank
High and Access Bank Low, respectively. Figure 4-8
indicates the Access Bank areas.

A bit in the instruction word specifies if the operation is
to occur in the bank specified by the BSR register, or in
the Access Bank.

When forced in the Access Bank (a = '0’), the last
address in Access Bank Low is followed by the first

4.11 Bank Select Register (BSR)

The need for a large general purpose memory space
dictates a RAM banking scheme. When using direct
addressing, the BSR should be configured for the
desired bank.

BSR<3:0> holds the upper 4 bits of the 12-bit RAM
address. The BSR<7:4> bits will always read '0’s, and
writes will have no effect.

A MOVLB instruction has been provided in the instruc-
tion set to assist in selecting banks.

If the currently selected bank is not implemented, any
read will return all '0's and all writes are ignored. The
STATUS register bits will be set/cleared as appropriate
for the instruction performed.

Each Bank extends up to OFFh (256 bytes). All data
memory is implemented as static RAM.

A MOVFF instruction ignores the BSR, since the 12-bit
addresses are embedded into the instruction word.

Section 4.12 provides a description of indirect address-
ing, which allows linear addressing of the entire RAM

space.
address in Access Bank High. Access Bank High maps a
all Special Function Registers so that these registers
can be accessed without any software overhead.
FIGURE 4-10: DIRECT ADDRESSING
Direct Addressing
BSR<3:0> 7 from opcode(® 0
. J
bank select(z)L location select®® |
© ooh  o1h OEh OFh
000h 100h EOOh FOOh
Data oo o
Memory®
OFFh 1FFh EFFh FFFh
Bank 0 Bank 1 Bank 14 Bank 15
Note 1: For register file map detail, see Table 4-2.
2: The access bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to the
registers of the Access Bank.
3: The MOVFF instruction embeds the entire 12-bit address in the instruction.
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4.12 Indirect Addressing, INDF and
FSR Registers

Indirect addressing is a mode of addressing data mem-
ory, where the data memory address in the instruction
is not fixed. A SFR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 4-11
shows the operation of indirect addressing. This shows
the moving of the value to the data memory address
specified by the value of the FSR register.

Indirect addressing is possible by using one of the
INDFn (0 < n < 2) registers. Any instruction using the
INDFn register actually accesses the register indicated
by the File Select Register, FSRn (0 < n < 2). Reading
the INDFn register itself indirectly (FSRn ='0"), will read
00h. Writing to the INDFn register indirectly, results in a
no-operation. The FSRn register contains a 12-bit
address, which is shown in Figure 4-11.

Example 4-6 shows a simple use of indirect addressing
to clear the RAM in Bank 1 (locations 100h-1FFh) in a
minimum number of instructions.

EXAMPLE 4-6: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING

LFSR FSRO, 100h ;

NEXTCLRF POSTINCO ; Clear INDF
; register
; & inc pointer
BTFSS FSROH, 1 ; All done
; with Bank1?
BRA NEXT ; NO, clear next

CONTINUE;
: ; YES, continue

There are three indirect addressing registers. To
address the entire data memory space (4096 bytes),
these registers are 12-bit wide. To store the 12-bits of
addressing information, two 8-bit registers are
required. These indirect addressing registers are:

1. FSRO: composed of FSROH:FSROL
2. FSR1: composed of FSR1H:FSR1L
3. FSR2: composed of FSR2H:FSR2L

In addition, there are registers INDFO, INDF1 and
INDF2, which are not physically implemented. Reading
or writing to these registers activates indirect address-
ing, with the value in the corresponding FSR register
being the address of the data.

If an instruction writes a value to INDFO, the value will
be written to the address indicated by FSROH:FSROL.
A read from INDF1 reads the data from the address
indicated by FSR1H:FSR1L. INDFn can be used in
code anywhere an operand can be used.

If INDFO, INDF1, or INDF2 are read indirectly via an
FSR, all '0's are read (zero bit is set). Similarly, if
INDFO, INDF1, or INDF2 are written to indirectly, the
operation will be equivalent to a NOP instruction and the
STATUS bits are not affected.

4.12.1 INDIRECT ADDRESSING
OPERATION

Each FSR register has an INDF register associated
with it, plus four additional register addresses. Perform-
ing an operation on one of these five registers deter-
mines how the FSR will be modified during indirect
addressing.

When data access is done to one of the five INDFn
locations, the address selected will configure the FSRn
register to:

Do nothing to FSRn after an indirect access (no
change) - INDFn

Auto-decrement FSRn after an indirect access
(post-decrement) - POSTDECnH

Auto-increment FSRn after an indirect access
(post-increment) - POSTINCn

Auto-increment FSRn before an indirect access
(pre-increment) - PREINCn

Use the value in the WREG register as an offset
to FSRn. Do not modify the value of the WREG or
the FSRn register after an indirect access (no
change) - PLUSWn

When using the auto-increment or auto-decrement fea-
tures, the effect on the FSR is not reflected in the
STATUS register. For example, if the indirect address
causes the FSR to equal '0', the Z bit will not be set.

Incrementing or decrementing an FSR affects all 12
bits. Thatis, when FSRnL overflows from an increment,
FSRnH will be incremented automatically.

Adding these features allows the FSRn to be used as a
software stack pointer, in addition to its uses for table
operations in data memory.

Each FSR has an address associated with it that per-
forms an indexed indirect access. When a data access
to this INDFn location (PLUSWn) occurs, the FSRn is
configured to add the 2's complement value in the
WREG register and the value in FSR to form the
address before an indirect access. The FSR value is
not changed.

If an indirect addressing operation is done where the
target address is an FSRnH or FSRnL register, the
write operation will dominate over the pre- or post-
increment/decrement functions.

© 2001-2013 Microchip Technology Inc.
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FIGURE 4-11: INDIRECT ADDRESSING

Indirect Addressing
FSR Register

11 8 7 0
HEEEEEEREEEN
N FSRnH FSRnL Y
Location Select

L 0000h

e

Data

Memory“)

OFFFh

Note 1: For register file map detail, see Table 4-2.
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4.13 STATUS Register For example, CLRF STATUS will clear all implemented

bits and set the Z bit. This leaves the STATUS register

The STATUS register, shown in Register 4-3, contains as ---0 0100 (where - = unimplemented).
the arithmetic status of the ALU. The STATUS register

can be the destination for any instruction, as with any
other register. If the STATUS register is the destination
for an instruction that affects the Z, DC, C, OV, or N bits,
then the write to these five bits is disabled. These bits
are set or cleared according to the device logic. There-
fore, the result of an instruction with the STATUS regis-

It is recommended, therefore, that only BCF, BSF,
SWAPF, MOVFF and MOVWF instructions are used to
alter the STATUS register, because these instructions
do not affect the Z, C, DC, QV, or N bits from the
STATUS register. For other instructions which do not
affect the status bits, see Table 20-2.

ter as destination may be different than intended. Note: The C and DC bits operate as a borrow and

REGISTER 4-3:

bit 7-5
bit 4

bit 3

bit 2

bit 1

bit 0

digit borrow bit respectively, in subtraction.

STATUS REGISTER

u-0 uU-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x

— — — N ov Z DC C

bit 7 bit 0

Unimplemented: Read as '0'

N: Negative bit

This bit is used for signed arithmetic (2's complement). It indicates whether the result of the ALU
operation was negative (ALU MSb = 1).

1 = Result was negative

0 = Result was positive

OV: Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the 7-bit
magnitude, which causes the sign bit (bit 7) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred

Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

DC: Digit carry/borrow bit

For arithmetic addition and subtraction instructions

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRCF, RRNCF, RLCF, and
RLNCF) instructions, this bit is loaded with either the bit 4, or bit 3 of the source
register.

C: Carry/borrow bit

For arithmetic addition and subtraction instructions

1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRCF, RLCF) instructions, this bit
is loaded with either the high, or low order bit of the source register.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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4.14 RCON Register

The Reset Control (RCON) register contains flag bits Note:  Itis recommended that the POR bit be set
that allow differentiation between the sources of a after a Power-on Reset has been detected,
device RESET. These flags include the TO, PD, POR so that subsequent Power-on Resets may
and RI bits. This register is readable and writable. be detected.

REGISTER 4-4: RCON REGISTER

R/W-0 u-0 u-0 R/W-1 RW-1  RMW-1  R/W-0 u-0
IPEN r = RI TO PD POR r
bit 7 bit 0

bit 7 IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (16CXXX compatibility mode)
bit 6 Reserved: Maintain as ‘0’
bit 5 Unimplemented: Read as '0'
bit 4 RI: RESET Instruction Flag bit
1 = The RESET instruction was not executed
0 =The RESET instruction was executed causing a device RESET
(must be set in software after RESET instruction was executed)
bit 3 TO: Watchdog Time-out Flag bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred
bit 2 PD: Power-down Detection Flag bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 1 POR: Power-on Reset Status bit
1 = A Power-on Reset has not occurred
0 = A Power-on Reset occurred
(must be set in software after a Power-on Reset occurs)

bit 0 Reserved: Maintain as ‘0’

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
r =Reserved
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5.0 EXTERNAL MEMORY
INTERFACE

The External Memory Interface is a feature of the
PIC18C601/801 that allows the processor to access
external memory devices, such as FLASH, EPROM,
SRAM, etc. Memory mapped peripherals may also be
accessed.

The External Memory Interface physical implementa-
tion includes up to 26 pins on the PIC18C601 and up to
38 pins on the PIC18C801. These pins are reserved for
external address/data bus functions.

These pins are multiplexed with 1/O port pins, but the
1/0 functions are only enabled when program execution
takes place in internal Boot RAM and the EBDIS bit in
the MEMCON register is set (see Register 5-1).

5.1 Memory Control Register
(MEMCON)
Register 5-1 shows the Memory Control Register

(MEMCON). This register contains bits used to control
the operation of the External Memory Interface.

REGISTER 5-1: MEMCON REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 R/W-0 R/W-0
EBDIS PGRM WAIT1 WAITO — — WM1 WMO
bit7 bit0
bit 7 EBDIS: External Bus Disable
1 = External system bus disabled, all external bus drivers are mapped as /O ports
0 = External system bus enabled, and 1/O ports are disabled
bit 6 PGRM: Program RAM Enable

1 = 512 bytes of internal RAM enabled as internal program memory from location 1FFEQOOh to
1FFFFFh, external program memory at these locations is unused. Internal GPR memory
from 400h to 5FFh is disabled and returns 00h.

0 = Internal RAM enabled as internal GPR memory from 400h to 5FFh. Program memory from
location 1FFEOOh to 1FFFFFh is configured as external program memory.

bit 5-4 WAIT<1:0>: Table Reads and Writes Bus Cycle Wait Count

11 = Table reads and writes will wait 0 Tcy

10 = Table reads and writes will wait 1 Tcy

01 = Table reads and writes will wait 2 Tcy

00 = Table reads and writes will wait 3 Tcy

bit 3-2 Unimplemented: Read as '0'

bit 1-0 WM<1:0>: TABLWT Operation with 16-bit Bus

1X = Word Write mode: TABLATO and TABLAT1 word output, WRH active when TABLAT1 written

01 = Byte Select mode: TABLAT data copied on both MS and LS Byte, WRH and (UB or LB) will
activate

00 = Byte Write mode: TABLAT data copied on both MS and LS Byte, WRH or WRL will activate

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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5.2 8-bit Mode

The External Memory Interface can operate in 8-bit
mode. The mode selection is not software configurable,
but is programmable via the configuration bits.

There are two types of connections in 8-bit mode. They
are referred to as:

« 8-bit Multiplexed

* 8-bit De-Multiplexed

521 8-BIT MULTIPLEXED MODE

The 8-bit Multiplexed mode applies only to the
PIC18C601. Data and address lines are multiplexed on
port pins and must be decoded with glue logic.

For 8-bit Multiplexed mode on the PIC18C601, the
instructions will be fetched as two 8-bit bytes on a
shared data/address bus (PORTD). The two bytes are
sequentially fetched within one instruction cycle (Tcy).

Therefore, the designer must choose external memory
devices according to timing calculations based on 1/2
Tecy (2 times instruction rate). For proper memory
speed selection, glue logic propagation delay times
must be considered along with setup and hold times.

The Address Latch Enable (ALE) pin indicates that the
address bits A<7:0> are available on the External
Memory Interface bus. The OE output enable signal will
enable one byte of program memory for a portion of the
instruction cycle, then BAO will change and the second
byte will be enabled to form the 16-bit instruction word.
The least significant bit of the address, BAO, must be
connected to the memory devices in this mode.
Figure 5-1 shows an example of 8-bit Multiplexed
mode on the PIC18C601. The control signals used in
8-bit Multiplexed mode are outlined in Table 5-1.
Register 5-2 describes 8-bit Multiplexed mode timing.

FIGURE 5-1: 8-BIT MULTIPLEXED MODE EXAMPLE
AD<7:O>
A<17:0>
AD<7:0> (== > P A<x:1>
373
ALE AO
PIC18C601 =& D<7:0>
CE OE WR®
BAO
A16, AD<15:8> >

Cs1

OE
WRL

Note 1: This signal only applies to Table Writes. See Section 6.0, Table Reads and Writes.

TABLE 5-1: 8-BIT MULTIPLEXED MODE CONTROL SIGNALS
Name 8-3;2/'6”)( Function

RGO/ALE ALE Address Latch Enable (ALE) control pin
RG1/OE OE Output Enable (OE) control pin
RG2/WRL WRL Write Low (WRL) control pin

RG4/BAO BAO Byte address bit 0
RF3/CSIO csIo Chip Select I/O (See Section 5.4)
RF5/CS1 Cs1 Chip Select 1 (See Section 5.4)
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FIGURE 5-2: 8-BIT MULTIPLEXED MODE TIMING

Al16, AD<15:8>

’

’ Q1 ‘ Q2 \ Q3 ‘ Q4
|
\
\

'03AN : ><

AD<7:0> < ABh

BAO

< 55h OEh

ALE

\ 1 S
‘ \
\

Opcode I‘;etch

y

MOVLW 55h
from 007556h

522 8-BIT DE-MULTIPLEXED MODE

The 8-bit De-Multiplexed mode applies only to the
PIC18C801. Data and address lines are available sep-
arately. External components are not necessary in this
mode.

For 8-bit De-Multiplexed mode on the PIC18C801, the
instructions are fetched as two 8-bit bytes on a dedi-
cated data bus (PORTJ). The address will be pre-
sented for the entire duration of the fetch cycle on a
separate address bus. The two instruction bytes are
sequentially fetched within one instruction cycle (Tcy).
Therefore, the designer must choose external memory
devices according to timing calculations, based on 1/2
Tcy (2 times instruction rate). For proper memory speed
selection, setup and hold times must be considered.

The Address Latch Enable (ALE) pin is left_uncon-
nected, since glue logic is not necessary. The OE out-
put enable signal will enable one byte of program
memory for a portion of the instruction cycle, then BAO
will change and the second byte will be enabled to form
the 16-bit instruction word. The least significant bit of
the address, BAO, must be connected to the memory
devices in this mode. Figure 5-3 shows an example of
8-bit De-Multiplexed mode on the PIC18C801. The
control signals used in 8-bit De-Multiplexed mode are
outlined in Register 5-2. Register 5-4 describes 8-bit
De-Multiplexed mode timing.
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FIGURE 5-3:

8-BIT DE-MULTIPLEXED MODE EXAMPLE

A<19:16>, AD<15:0>

PIC18C801

D<7:0>

BAO

A0
A<20:0>

| A<x:1>
D<7:0>

3
v

ALE

cs1

»| D<7:0>

CE OE WRY

OE

WRL

Note 1: This signal only applies to Table Writes. See Section 6.0, Table Reads and Writes.

TABLE 5-2: 8-BIT DE-MULTIPLEXED MODE CONTROL SIGNALS
Name 8-bit De-Mux Mode Function
RGO/ALE ALE Address Latch Enable (ALE) control pin
RG1/OE OE Output Enable (OE) control pin
RG2/WRL WRL Write Low (WRL) control pin
RG4/BAO BAO Byte address bit 0
RF3/CSIO csIo Chip Select I/O (See Section 5.4)
RF4/CS2 CcS2 Chip Select 2 (See Section 5.4)
RF5/CS1 Cs1 Chip Select 1 (See Section 5.4)
FIGURE 5-4: 8-BIT DE-MULTIPLEXED MODE TIMING

Al6, AD<15:8>

AD<7:0>

BAO

ALE

OE

ERENERER

B X
S e e |

. N ? ?

— — § —
\

\

Opcode Fetch

MOVLW 55h
from 007556h
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5.3 16-bit Mode

The External Memory Interface can operate in 16-bit
mode. The mode selection is not software configurable,
but is programmable via the configuration bits.

The WM<1:0> bits in the MEMCON register determine
three types of connections in 16-bit mode. They are
referred to as:

« 16-bit Byte Write

* 16-bit Word Write

« 16-bit Byte Select

These three different configurations allow the designer
maximum flexibility in using 8-bit and 16-bit memory
devices.

For all 16-bit modes, the Address Latch Enable (ALE)
pin indicates that the address bits A<15:0> are avail-
able on the External Memory Interface bus. Following
the address latch, the output enable signal (OE ) will
enable both bytes of program memory at once to form
a 16-bit instruction word.

In Byte Select mode, JEDEC standard FLASH memo-
ries will require BAO for the byte address line, and one
1/0 line, to select between byte and word mode. The
other 16-bit modes do not need BAO. JEDEC standard
static RAM memories will use the UB or UL signals for
byte selection.

531 16-BIT BYTE WRITE MODE

Figure 5-5 shows an example of 16-bit Byte Write
mode for the PIC18C601/801.

FIGURE 5-5: 16-BIT BYTE WRITE MODE EXAMPLE
D<7:0> N
PIC18C801 (MSB) (LSB)
AD<15:8> (€= ¥ 373 A<19:0> ) A<x:0> »| A<x:0>
D<15:8> D<7:0>
@ D<7:0> G==fp| D<7:0>
CE CE
AD<T7:0> < P| 373 OE WR® OE _WRW
ALE
A<19:16> —lp
Cs1
OE
WRH
WRL
Note 1: This signal only applies to Table Writes. See Section 6.0, Table Reads and Writes.
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5.3.2 16-BIT WORD WRITE MODE

Figure 5-6 shows an example of 16-bit Word Write
mode for the PIC18C801.

FIGURE 5-6: 16-BIT WORD WRITE MODE EXAMPLE
PIC18C801 A<201
0> (4= > <20.1> . . JEDEC Word
AD<T:0> 4 873 » A<x0> eppom Menc:(r)ry
—>1
D<15:0>

L 3

D<15:0>

v

CE OE WRW®W

AD<15:8> | @=p
N 373 e

v

ALE
A<19:16>

cs1
OE
WRH

Note 1: This signal only applies to Table Writes. See Section 6.0, Table Reads and Writes.

5.3.3 16-BIT BYTE SELECT MODE

Figure 5-7 shows an example of 16-bit Byte Select
mode for the PIC18C801.

FIGURE 5-7: 16-BIT BYTE SELECT MODE EXAMPLE
PIC18C801 » ) . 201
AD<7:0> [@=b » 373 »A<x:1> JEDEC Word
N FLASH Memory
D<15:0>
D<15:0> | >
AD<15:8> |@=po > CE
N 373 o A0
ALE BYTE/WORD OE WRW®W
A<19:16>
OE
WRH
A<20:1>
WRL ® A<x:1> JEDEC Word
BAO SRAM Memory
110
cst _ D<15:0>
cs2 CE D<15:0> @ >
8 B
UB uB OE WR®W

Note 1: This signal only applies to Table Writes. See Section 6.0, Table Reads and Writes.
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534 16-BIT MODE CONTROL SIGNALS

Table 5-3 describes the 16-bit mode control signals for
the PIC18C601/801.

TABLE 5-3: PIC18C601/801 16-BIT MODE CONTROL SIGNALS

Name 18C601 16-bit 18C801 16-bit Function
Mode Mode
RGO/ALE ALE ALE Address Latch Enable (ALE) control pin
RG1/OE OE OE Output Enable (OE) control pin
RG2/WRL WRL WRL Write Low (WRL) control pin
RG3/WRH WRH WRH Write High (WRH) control pin
RG4/BA0 BAO BAO Byte address bit 0
RF3/CSIO CSIO CSIO Chip Select I/O (See Section 5.4)
RF4/CS2 N/A CS2 Chip Select 2 (See Section 5.4)
RF5/CS1 CS1 CsS1 Chip Select 1 (See Section 5.4)
RF6/UB UB UB Upper Byte Enable (UB) control pin
RF7/LB LB LB Lower Byte Enable (LB) control pin
1/0 1/0 1/0 1/0 as BYTE/WORD control pin for JEDEC FLASH

535 16-BIT MODE TIMING

Figure 5-8 describes the 16-bit mode timing for the
P1C18C601/801.

FIGURE 5-8: 16-BIT MODE TIMING
' Q1 ‘ Q2 \ Q3 ‘ Q4 ’
} . |
A6, AD<15:8> | '03Ah ><
\ : ; : : }
AD<T:0> —— 3AABH < 0ES5h ‘
‘ Z ‘ 1 ; \
BAO ‘ : ; ; ‘ VA
| ' | ‘ ‘ |
ALE f 1 f
PR | \
OE | ' : N '
. |
_ | , |
WRH ‘1 ‘ ‘
WRL 1 ‘ : i
- Opcode Fetch >
MOVLW 55h
from 007556h
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5.4 Chip Selects

Chip select signals are used to select regions of exter-
nal memory and /O devices for access. The
PIC18C801 has three chip selects and all are program-
mable. The chip select signals are CS1, CS2 and
CSIO. CS1 and CS2 are general purpose chip selects
that are used to enable large portions of program mem-
ory. CSIO is used to enable external /O expansion.
The PIC18C601uses two of these programmable chip
selects: CS1 and CSIO.

Two SFRs are used to control the chip select signals.
These are CSEL2 and CSELIO (see Register 5-2 and
Register 5-3). A chip select signal is asserted low when
the CPU makes an access to a dedicated range of
addresses specified in the chip select registers, CSEL2
and CSELIO. The 8-bit value found in either of these
registers is decoded as one of 256, 8K banks of pro-
gram memory. If both chip select registers are 00h, all
of the chip select signals are disabled and their corre-
sponding pins are configured as 1/O. Since the last 512
bytes of program memory are dedicated to internal pro-
gram RAM, the chip select signals will not activate if the
program memory address falls in this range.

REGISTER 5-2: CSEL2 REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CsL7 CSL6 CSL5 CSL4 CSL3 CSL2 CSL1 CSLO
bit 7 bit 0
bit 7-0 CSL<7:0>: Chip Select 2 Address Decode bits
xxh = All eight bits are compared to the Most Significant bits PC<20:13> of the program
counter. If PC<20:13> > CSL<7.0> register, then the CS2 signal is low.
If PC<20:13> < CSL<7:0>, CS2is high.
00h = CS2 is inactive
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
REGISTER 5-3: CSELIO REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CslIo7 CSIO6 CSIO5 CSI04 CSIO3 CSI02 Csio1 CSIOo0
bit7 bit0
bit 7-0 CSIO<7:0>: Chip Select 10 Address Decode bits

xxh = All eight bits are compared to the Most Significant bits PC<20:13> of the program
counter. If PC<20:13> = CSI|O<7:0>, then the CSIO signal is low. If not, CSIO is high.

00h =CSIO is inactive

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’
X = Bit is unknown

'0’ = Bit is cleared
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54.1 CHIP SELECT 1 (CS1)

CS1 is enabled by writing a value other than 00h into
either the CSEL2 register, or the CSELIO register. If
both of the chip select registers are programmed to
00h, the CS1 signal is not enabled and the RF5 pin is
configured as 1/0.

CS1 is low for all addresses in which CS2 and CSELIO
are high. Therefore, if CSEL2 = 20h and CSELIO = 80h,
then the CS1 signal will be low for the address that falls
between 000000h and (2000h x 20h) - 1 = 03FFFFh.
CS1 will always be low for the lower 8K of program
memory. Figure 5-9 shows an example address map for
CS1.

54.2 CHIP SELECT 2 (CS2)

CS2 is enabled for program memory accesses, starting
at the address derived by the 8-bit value contained in
CSEL2. For example, if the value contained in the
CSEL2 register is 80h, then the CS2 signal will be
asserted low whenever the address is greater than or
equal to 2000h x 80h = 100000h.

A 00h value in the CSEL2 register will disable the CS2
signal and will configure the RF4 pin as I/O. Figure 5-9
shows an example address map for CS2.

5.4.3 CHIP SELECT 1/O (CSIO)

CSIO is enabled for a fixed 8K address range starting
at the address defined by the 8-bit value contained in
CSELIO. If, for instance, the value contained in the
CSELIO register is 80h, then the CSIO signal will be
low for the address range between 100000h and
101FFFh.

If the 8K address block overlaps the address range
specified in the CSEL2 register, the CSIO signal will be
low, and the CS2 signal will be high, for that region.

A 00h value in the CSELIO register will disable the

CSIO signal and will configure the RF3 pin as I/O.
Figure 5-9 shows an example address map for CSIO.

FIGURE 5-9: EXAMPLE CONFIGURATION ADDRESS MAP FOR CS1, CS2, AND CSIO
CSEL2 = FFh (DEFAULT) CSEL2 =80h CSEL2 = 20h
CSELIO = FFh (DEFAULT) CSELIO = 00h CSELIO = 80h
PROGRAM MEMORY PROGRAM MEMORY PROGRAM MEMORY
000000h 000000h 000000h
03FFFFh
040000h
OFFFFFh
prosasa 100000h
101FFFh
102000h
1FFDFFh 1FFDFFh 1FFDFFh
1FFEOOh 1FFEQOh
1FFFFFh 1FFFFFh
|:| = CS1ACTIVE - = CS2 ACTIVE l:l =CSIO ACTIVE NO CHIP SELECT ACTIVE
INTERNAL EXECUTION IF
PGRM = 1
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5.5 External Wait Cycles

The external memory interface supports wait cycles.
Wait cycles only apply to Table Read and Table Write
operations over the external bus. See Section 6.0 for
more details.

Since the device execution is tied to instruction fetches,
there is no need to execute faster than the fetch rate.
So, if the program needs to be slowed, the processor
speed must be slowed with a different Tcy time.
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6.0 TABLE READS/TABLE WRITES

PIC18C601/801 devices use two memory spaces: the
external program memory space and the data memory
space. Table Reads and Table Writes have been pro-
vided to move data between these two memory spaces
through an 8-bit register (TABLAT).

The operations that allow the processor to move data
between the data and external program memory
spaces are:

» Table Read (TBLRD)

» Table Write (TBLWT)

FIGURE 6-1: TABLE READ OPERATION

Table Read operations retrieve data from external pro-
gram memory and place it into the data memory space.
Figure 6-1 shows the operation of a Table Read with
program and data memory.

Table Write operations store data from the data mem-
ory space into external program memory. Figure 6-2
shows the operation of a Table Write with external pro-
gram and data memory.

Table operations work with byte entities. A table block
containing data is not required to be word aligned, so a
table block can start and end at any byte address. If a
Table Write is being used to write an executable pro-
gram to program memory, program instructions must
be word aligned.

Table Pointer™®

TBLPTRU TBLPTRH : TBLPTRL

Program Memory

Instruction: TBLRD* (TBLPTR)

External Program Memory

Table Latch (8-bit)

TABLAT

—

Note 1: Table Pointer points to a byte in external program memory.

FIGURE 6-2: TABLE WRITE OPERATION

Table Pointer®

TBLPTRU TBLPTRH; TBLPTRL

External
Program Memory

(TBLPTR)

Instruction: TBLWT*

External Program Memory

Table Latch (8-bit)

TABLAT

Note 1: Table Pointer points to a byte in external program memory.
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6.1 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWT instructions. These include:

» TABLAT register

* TBLPTR registers

6.1.1 TABLAT - TABLE LATCH REGISTER

The Table Latch (TABLAT) is an 8-bit register mapped
into the SFR space. The Table Latch is used to hold
8-bit data during data transfers between program mem-
ory and data memory.

6.1.2 TBLPTR - TABLE POINTER
REGISTER

The Table Pointer (TBLPTR) addresses a byte within
the program memory. The TBLPTR is comprised of
three SFR registers (Table Pointer Upper byte, High
byte and Low byte). These three registers
(TBLPTRU:TBLPTRH:TBLPTRL) join to form a 21-bit
wide pointer. The 21-bits allow the device to address up
to 2 Mbytes of program memory space.

The table pointer TBLPTR is used by the TBLRD and
TBLWRT instructions. These instructions can update
the TBLPTR in one of four ways, based on the table
operation. These operations are shown in Table 6-1.
These operations on the TBLPTR only affect the low
order 21-bits.

TABLE 6-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWT INSTRUCTIONS
Example Operation on Table Pointer
TBLRD* ) "
TBLWT* TBLPTR is not modified
TBLRD*+ TBLPTR is incremented after the read/write
TBLWT*+
TBLRD* - TBLPTR is decremented after the read/write
TBLWT* -
TBLRD+x TBLPTR is incremented before the read/write
TBLWT+*
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6.2 Table Read

The TBLRD instruction is used to retrieve data from
external program memory and place it into data
memory.

TBLPTR points to a byte address in external program
memory space. Executing TBLRD places the byte into
TABLAT. In addition, TBLPTR can be modified auto-
matically for the next Table Read operation.

Table Reads from external program memory are
performed one byte at a time. If the external interface is
8-bit, the bus interface circuitry in TABLAT will load the
external value into TABLAT. If the external interface is
16-bit, interface circuitry in TABLAT will select either the
high or low byte of the data from the 16-bit bus, based
on the least significant bit of the address.

Example 6-1describes how to use TBLRD. Figure 6-3
and Figure 6-4 show Table Read timings for an 8-bit
external interface, and Figure 6-5 describes Table
Read timing for a 16-bit interface.

EXAMPLE 6-1: TABLE READ CODE EXAMPLE
; Read a byte from location 0020h
CLRF TBLPTRU ; clear upper 5 bits of TBLPTR
CLRF TBLPTRH ; clear higher 8 bits of TBLPTR
MOVLW 20h ; Load 20h into
MOVWF TBLPTRL ; TBLPTRL
TBLRD* ; Data is in TABLAT
FIGURE 6-3: TBLRD EXTERNAL INTERFACE TIMING (8-BIT MULTIPLEXED MODE)
|
Q1 QZ‘Q3‘Q4 Ql‘QZ‘Q3‘Q4 Q1 QZ‘Q3‘Q4\

Q2‘Q3‘Q4 Q1

A<15:8> |)(

|
03Ah >< 03Ah D< CCFh | 03Ah b[

AD<7:0>

|
(o )-{c) (o))

(e (s

|
B0 _| ! U [
| T I
ALE _ | J \ I \ |
| I |
OF ] \ ' A W A W
I | | | | 1
WRH 1| | | | |
. | . , s
WRL 7' ' f T T
| l | | \
Memory | Opcode Fetch ! Opcode Fetch I TABLRD 92h I Opcode Fetch |
<+ - e - P
Cycle TBLRD* MOVLW 55h from 199E67h ADDLW 55h
from 007554h from 007556h from 007558h
Instruction
Execution INST(PC-2) TBLRD Cyclel TBLRD Cycle2 MOVLW
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FIGURE 6-4: TBLRD EXTERNAL INTERFACE TIMING (8-BIT DE-MULTIPLEXED MODE)

|
QZ‘Q3‘Q4|
|

| | | |
A<15:8> ‘X 03AAAh >< 03AABh |>< CCF33h | 03AACh Mi

Q1 Q1 Q1 Q1

QZ‘Q3‘Q4 QZ‘Q3‘Q4

Q2‘Q3‘Q4

AD<7:0> 08h }{ ooh|
\
|
BAO | e | [ I \ o |
\ I | | |
ALE _| | | | J \ |
* ' . | |
OE | \ A N T
2 | | | =
WRH | | | | |
" q
| | I | I
WRL | | .
\ l | | |
Memory | Opcode Fetch ! Opcode Fetch I TABLRD 92h | Opcode Fetch |
- e — P - PP
Cycle TBLRD* MOVLW 55h from 199E67h ADDLW 55h
from 007554h from 007556h from 007558h
Instructi
Ceaouon INST(PC-2) TBLRD Cyclel TBLRD Cycle2 MOVLW
FIGURE 6-5: TBLRD EXTERNAL BUS TIMING (16-BIT MODE)
|
Q1 QZ‘Q3‘Q4 Ql‘QZ‘QS‘Q‘l Q1 QZ‘Q3‘Q4 Q1 QZ‘Q3‘Q4|
|
| | | |
A<19:16> | oh | oh |>< ch | oh D(i
\
AD<15:0>
\
Bao _ | | y |
\ I | | |
ALE _| | | | |
» ' | | |
OE | R A U [ A
1 | I | | |
WRH | I | | |
1y | \ | L
WRL ' ' T f f
\ l | | |
Memory | Opcode Fetch ! Opcode Fetch | TABLRD 92h | Opcode Fetch |
-+ - e -
Cycle TBLRD* MOVLW 55h from 199E67h ADDLW 55h
from 007554h from 007556h from 007558h
Instructi
o tion INST(PC-2) TBLRD Cyclel TBLRD Cycle2 MOVLW

DS39541B-page 76 AdvanceInformation © 2001-2013 Microchip Technology Inc.



PIC18C601/801

6.3 Table Write

Table Write operations store data from the data mem-
ory space into external program memory.

PIC18C601/801devices perform Table Writes one byte
at a time. Table Writes to external memory are two-cycle
instructions, unless wait states are enabled. The last
cycle writes the data to the external memory location.

16-bit interface Table Writes depend on the type of
external device that is connected and the WM<1:0>
bits in the MEMCON register (See Figure 5-2).

Example 6-2 describes how to use TBLWT.

EXAMPLE 6-2: TABLE WRITE CODE EXAMPLE

; Write a byte to location 0020h

CLRF TBLPTRU ; clear upper 5 bits of TBLPTR
CLRF TBLPTRH ; clear higher 8 bits of TBLPTR
MOVLW 20h ; Load 20h into

MOVWF TBLPTRL ; TBLPTRL

MOVLW 55h Load 55h into
MOVWF TBLAT ; TBLAT
TBLWT* ; Write it
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6.3.1 8-BIT EXTERNAL TABLE WRITES

When the external bus is 8-bit, the byte-wide Table
Write exactly corresponds to the bus length and there
are no special considerations required.

The WRL signal is used as the active write signal.

Figure 6-6 and Figure 6-7 show the timings associated
with the 8-bit modes.

FIGURE 6-6: TBLWT EXTERNAL INTERACE TIMING (8-BIT MULTIPLEXED MODE)

Ql | Q2 Q3‘Q4 Q1] Q2

|
Q3‘Q4 Ql‘QZ‘Q3‘Q4|

[
| | | |
A<19:8> ‘ 03Ah >< 03Ah >< CCFh | 03Ah i><:
\
s ) (o))
\

Ql‘QZ‘QS‘Q4

BAO / \
\ \ |
ALE 1/ ‘ |
| | |
—_— Il
OE ~ | [ |
\ ‘ [ | |
WRH '1' | | | | |
_ | | | | I
WRL ‘ T \ Ji T
\ \ | |
Memory | Opcode Fetch > : Opcode Fetch ! TBLWT 92h ! " Opcode Fetch > !
Cycle TBLWT* “voviwssh » % o1ooEeTn ADDLW 55h
from 007554h from 007556h from 007558h
Instruction
Exocution INST(PC-2) TBLWT Cyclel TBLWT Cycle2 MOVLW
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FIGURE 6-7: TBLWT EXTERNAL INTERFACE TIMING (8-BIT DE-MULTIPLEXED MODE)

Q1 Q1 Q2‘Q3‘Q4|

QZ‘ QS‘ Q4

Ql‘QZ‘QS‘Qll

QZ‘Q3‘Q4 Q1

A<19:8>

Ll

AD<7:0>

BAO
ALE |
_ |
OE |
\ ‘ \ | |
WRH 1| \ \ | |
_ | | | | I
WRL ! ‘ ! \ / J
\ \ | |
Mem?ry ! < Opcode Fetch > : Opcode Fetch | TBLWT 92h ! Opcode Fetch !
Cycle TBLWT* —oviwssn » % iooEerh  » % ADDLWSSh P
from 007554h from 007556h from 007558h
Instruction
Execution INST(PC-2) TBLWT Cyclel TBLWT Cycle2 MOVLW
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6.3.2 16-BIT EXTERNAL TABLE WRITE

(BYTE WRITE MODE)

This mode allows Table Writes to byte-wide external
memories. During a TBLWT cycle, the TABLAT data is
presented on the upper and lower byte of the
AD<15:0> bus. The appropriate WRH or WRL line is
strobed based on the LSb of the TBLPTR. Figure 6-8
shows the timing associated with this mode.

FIGURE 6-8:

TBLWT EXTERNAL INTERFACE TIMING (16-BIT BYTE WRITE MODE)

Q1 Q1 Q4

QZ‘Q3‘Q4 02‘03

Ql‘QZ‘QS‘ Q4

Ql‘QZ‘QS‘ Q4

|
Ql‘ QZ‘Q3‘ Q4
I

| | |

Ql‘ QZ‘Q3‘Q4

A<19:16> Oh Ch

o
=3
T

)

Oh

I S

W —

AD<15:0> 000Dh

5656h

I I

|
e |
I I | | |
BAO | | | [ [ )
I I | | | I I
Ak | [\ L/ A AR L/ WA !
_ I | | | I I
OE
I / \ { | S S |
| | | | | | ),
WRH
I I | | | I I
WRL | I [ \ A | I I
| ' { i i I I
B | ' L | | h
I ' | | | I I
Memory | Opcode Fetch | Opcode Fetch | TBLWT56h | Opcode Fetch | Opcode Fetch | TBLWT 92h |
Cycle
y "™ TBLWT*+ 'MOVWF TABLAT| to199E66h |  TBLWT* = | MOVLw5sh | to 199E67h |
| from007554h | from 007556h | from007558h | from 00755Ah | |
Instruction
Exeé‘uﬁ'on | INST(PC-2) | TBLWT*+ Cyclel | TBLWT*+ Cycle2 | MOVWF | TBLWT*Cyclel | TBLWT* Cycle2 |
| I
| |
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6.3.3 EXTERNAL TABLE WRITE IN 16-BIT
WORD WRITE MODE

This mode allows Table Writes to any type of word-
wide external memories.

This method makes a distinction between TBLWT
cycles to even or odd addresses.

During a TBLWT cycle to an even address, where
TBLPTR<0> = 0, the TABLAT data is transferred to a
holding latch and the external address data bus is tri-
stated for the data portion of the bus cycle. No write
signals are activated.

FIGURE 6-9:

During a TBLWT cycle to an odd address, where
TBLPTR<0> = 1, the TABLAT data is presented on the
upper byte of the AD<15:0> bus. The contents of the
holding latch are presented on the lower byte of the
AD<15:0> bus. The WRH line is strobed for each
write cycle and the WRL line is unused. The BAO line
indicates the LSb of TBLPTR, but it is unnecessary.
The UB and LB lines are active to select both bytes.

The obvious limitation to this method is that the TBLWT
must be done in pairs on a specific word boundary to
correctly write a word location.

Figure 6-9 shows the timing associated with this mode.

TBLWT EXTERNAL INTERFACE TIMING (16-BIT WORD WRITE MODE)
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|
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[

|
' WA
|

-

Memory | Opcode Fetch
Cycle ‘

| from007554h | from 007556h |
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i
[

Opcode Fetch |  TBLWT 56h
TBLWT*+ MOVWE TABLAT |  to 199E66h

Execution | INST(PC-2) | TBLWT*+ Cyclel | TBLWT*+ Cycle2
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|
|
|
|
f
|
|
|
TBLWT* |

\

\

\ MOVLW 55h
[ from 007558h

\

\

|

from 00755Ah |
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\

\

l I
S e W |

| |

\ |

\

\

\

\

\

\

\
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\

|
|
f
|
|
TBLWT 92h |
|
|
|
|
|
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6.3.4 16-BIT EXTERNAL TABLE WRITE

(BYTE SELECT MODE)

This mode allows Table Writes to word-wide external
memories that have byte selection capabilities. This
generally includes word-wide FLASH devices and
word-wide static RAM devices.

During a TBLWT cycle, the TABLAT data is presented
on the upper and lower byte of the AD<15:0> bus.
The WRH line is strobed for each write cycle and the

FIGURE 6-10:

WRL line is unused. The BAO or UB or UL lines are
used to select the byte to be written, based on the LSb
of the TBLPTR.

JEDEC standard flash memories will require a 1/0O port
line to become a BYTE/WORD input signal and will
use the BAO signal as a byte address. JEDEC stan-
dard static RAM memories will use the UB or UL sig-
nals to select the byte.

Figure 6-10 shows the timing associated with this mode.

TBLWT EXTERNAL INTERFACE TIMING (16-BIT BYTE SELECT MODE)

Q1 Q1

QZ‘ Q3‘ Q4 Ql‘ QZ‘ Q3‘Q4
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|
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\
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Q2‘Q3‘Q4
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o
=3
T

Ch

AD<15:0> SAAAN, 000Dh | 6FF4h

CF33h 5656h

I T

3AACh 000Ch

\ \

[

|
| | | |
BAO | | | | E—
l | | | \ \
ALE [ o\ L\ L LS |
_ I | | | \ \
O | / \ { | S— S |
___ | | | | | \
WRH ' L | | ]
WRL 711 ' | [ | \ \
| | '/—\ | \ \
uB _, | | . ‘ ‘
T 1 | I [ [
B | ! | | | / ]
| ! | | | \ \
Memory | Opcode Fetch | Opcode Fetch | TBLWT56h | Opcode Fetch | Opcode Fetch | TBLWT 92h |
Cycle
4 '™ tBLWT*+  'mMOvwr TABLAT| to199E66h |  TBLWT* | MOVLWSSh | to 199E67h |
| from007554h | from 007556h | | from007558h | from 00755Ah |
Instruction
Execution | INST(PC-2) | TBLWT*+ Cycle1 | TBLWT*+ Cycle2| ~ MOVWF | TBLWT* Cyclel | TBLWT* Cycle2 |
| | \
| | |
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6.4

Long writes will not be supported on the PIC18C601/
801 to program FLASH configuration memory. The con-
figuration locations can only be programmed in ICSP
mode.

Long Writes

6.5

The Table Reads and Writes have the capability to
insert wait states when accessing external memory.
These wait states only apply to the execution of a Table
Read or Write to external memory and not to instruction
fetches out of external memory. The guidelines pre-
sented in Section 5.0 must be followed to select the
proper memory speed grade for the device operating
frequency.

External Wait Cycles

The WAIT<1:0> bits in the MEMCON register will select
0, 1, 2, or 3 extra TcY cycles per TBLRD/TBWLT cycle.
The wait will occur on Q4.

The default setting of the wait on power-up is to assert
a maximum wait of 3Tcy cycles. This insures that slow
memories will work in Microprocessor mode immedi-
ately after RESET.

Figure 6-11 shows 8-bit external bus timing for a Table
Read with 2 wait cycles. Figure 6-12 shows 16-bit
external bus timing for a Table Read with 1 wait cycle.

FIGURE 6-11: EXTERNAL INTERFACE TIMING (8-BIT MODE)

Apparent Q | QL QZ‘QS\Q4 o1 Q2‘Q3‘Q4 Q4‘Q4‘Q4 oa| 04| 04| 04 qa
ActualQ | Q11Q21Q31Q4| Q1] Q21 Q31Q41Q11Q21Q3] Q4| Q1] Q2] Q31 Q4
A<19;8>j<; ' '03AH >< CCFh %

—— :
AD<7:0> { h | 33h >< 92h |>>
R |
BaO | ¢ v \
| o ' \ |
me L 1 |
I '
CE T S I
1 o X 1 X |
l ' : ' 2Tcy: Wait
(- - - >
(- . ! | :
Opcode Fetch Table Read
~oviwssh T of 92h >
from 007556h from 199E67h
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FIGURE 6-12: EXTERNAL INTERFACE TIMING (16-BIT MODE)
|
ApparentQ | Q1 | Q2 | Q3 ‘ o | Q1 | Q2 ‘ Q3 ‘ o | o4 | s ‘ 04 ‘ Qo4 |
ActualQ | Q1 | Q2 Q3 | Q4 Q1 Q2 Q3 Q4 Q1L | Q2 Q3 | Q4 |
A<19:16> :’X 2 1 O‘P |>< och M:
. 1 ‘ { : |
(- 1
AD<15:0> —T—{ 3AABh >< OE55h :>—< CF33h >< " 9256h i>—
o | ; |
BAO | ! ;| / : N
' I
\ o |
ALE | A\ : \ . |
| | ! |
OE T | T\ y \ : /
IR ! ' |
WRH '1" | | ) | BE
wRL ot ' T
(- Lo ! |
1Tcy Wait
Opcode Fetch Table Read g
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7.0 8 X8 HARDWARE MULTIPLIER

An 8 x 8 hardware multiplier is included in the ALU of
PIC18C601/801 devices. By making the multiply a
hardware operation, it completes in a single instruction
cycle. This is an unsigned multiply that gives a 16-bit
result. The result is stored into the 16-bit product regis-
ter pair (PRODH:PRODL). The multiplier does not
affect any flags in the STATUS register.

Making the 8 x 8 multiplier execute in a single cycle
gives the following advantages:
« Higher computational throughput

» Reduces code size requirements for multiply
algorithms

The performance increase allows the device to be used
in some applications previously reserved for Digital
Signal Processors.

Table 7-1 shows a performance comparison between
enhanced devices using the single cycle hardware mul-
tiply, and performing the same function without the
hardware multiply.

TABLE 7-1: PERFORMANCE COMPARISON
Program Cvcles Time
Routine Multiply Method Memory (l)\//Iax)
(Words) @25MHz | @ 10 MHz | @ 4 MHz
) Without hardware multiply 13 69 11.0 us 27.6 pus 69.0 us
8 x 8 unsigned :
Hardware multiply 1 1 160.0 ns 400.0 ns 1.0 us
. Without hardware multiply 33 91 14.6 us 36.4 ps 91.0 us
8 x 8 signed .
Hardware multiply 6 6 960.0 ns 2.4 us 6.0 us
. Without hardware multiply 21 242 38.7 us 96.8 us 242.0 pus
16 x 16 unsigned .
Hardware multiply 24 24 3.8 us 9.6 us 24.0 pus
. Without hardware multiply 52 254 40.6 ps 102.6 ps 254.0 pus
16 x 16 signed -
Hardware multiply 36 36 5.8 us 14.4 ps 36.0 us
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7.1 Operation

Example 7-1 shows the sequence to perform an 8 x 8
unsigned multiply. Only one instruction is required
when one argument of the multiply is already loaded in
the WREG register.

Example 7-2 shows the sequence to do an 8 x 8 signed
multiply. To account for the sign bits of the arguments,
each argument’s most significant bit (MSb) is tested
and the appropriate subtractions are done.

EXAMPLE 7-1: 8 x 8 UNSIGNED
MULTIPLY ROUTINE
MOVFF ARG1, WREG ;
MULWF ARG2 ; ARGl * ARG2 ->
; PRODH : PRODL
EXAMPLE 7-2: 8 x 8 SIGNED MULTIPLY
ROUTINE
MOVFF ARG1, WREG
MULWF ARG2 ; ARGl * ARG2 ->
; PRODH:PRODL
BTFSC ARG2, SB ; Test Sign Bit
SUBWF PRODH ; PRODH = PRODH
; - ARG1
MOVFF ARG2, WREG
BTFSC ARG1, SB ; Test Sign Bit
SUBWF PRODH ; PRODH = PRODH
; - ARG2

Example 7-3 shows the sequence to perform a 16 x 16
unsigned multiply. Equation 7-1 shows the algorithm
that is used. The 32-bit result is stored in 4 registers
RES3:RESO.

EQUATION 7-1: 16 x 16 UNSIGNED
MULTIPLICATION
ALGORITHM

RES3:RESO = ARGLH:ARGIL e ARG2H:ARG2L

= (ARG1H e ARG2H e 2%6)+
(ARG1H e ARG2L o 2°%)+
(ARG1L e ARG2H e 2°)+
(ARG1L e ARG2L)

EXAMPLE 7-3: 16 x 16 UNSIGNED

MULTIPLY ROUTINE

MOVFF ARG1L, WREG

MULWF ARG2L ; ARG1L * ARG2L ->
; PRODH:PRODL

MOVFF PRODH, RES1 ;

MOVFF PRODL, RESO ;

MOVFF ARG1H, WREG

MULWF ARG2H ; ARG1H * ARG2H ->
; PRODH:PRODL

MOVFF PRODH, RES3 ;

MOVFF PRODL, RES2 ;

MOVFF ARG1L, WREG
MULWF ARG2H ; ARG1L * ARG2H ->
; PRODH:PRODL

MOVF PRODL, W ;
ADDWF RES1 ; Add cross
MOVF PRODH, W ; products
ADDWFC RES2 ;
CLRF WREG ;

ADDWFC RES3 i

MOVFF ARG1H, WREG ;
MULWF ARG2L ; ARG1H * ARG2L ->
; PRODH:PRODL

MOVF PRODL, W ;

ADDWF RES1 ; Add cross

MOVF PRODH, W ; products

ADDWFC RES2 ;

CLRF WREG ;

ADDWFC RES3 ;

Example 7-4 shows the sequence to perform a 16 x 16
signed multiply. Equation 7-2 shows the algorithm
used. The 32-bit result is stored in four registers,
RES3:RESO. To account for the sign bits of the argu-
ments, each argument pairs’ most significant bit (MSb)
is tested and the appropriate subtractions are done.

EQUATION 7-2: 16 x 16 SIGNED
MULTIPLICATION
ALGORITHM
RES3:RES0O

= ARG1H:ARGLL e ARG2H:ARG2L

ARG1H e ARG2H e 21°) +

ARG1H e ARG2L e 2°) +
ARG1L e ARG2H e 2°) +

1 e ARG2H<7> e ARGIH:ARGIL e 2°) +

(
(
(
(ARGIL e ARG2L) +
(
(-1 e ARG1H<7> e ARG2H:ARG2L e 21)
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16 x 16 SIGNED
MULTIPLY ROUTINE

EXAMPLE 7-4:
MOVFF ARG1L, WREG
MULWF ARG2L
MOVFF PRODH, RES1
MOVFF PRODL, RESO
MOVFF ARG1H, WREG
MULWF ARG2H
MOVFF PRODH, RES3
MOVFF PRODL, RES2
MOVFF ARG1L, WREG
MULWF ARG2H
MOVF PRODL, W
ADDWF RES1
MOVF PRODH, W
ADDWFC  RES2
CLRF WREG
ADDWFC  RES3
MOVFF ARG1H, WREG
MULWF ARG2L
MOVF PRODL, W
ADDWF RES1
MOVF PRODH, W
ADDWFC  RES2
CLRF WREG
ADDWFC  RES3
BTFSS ARG2H, 7
GOTO SIGN_ARG1
MOVFF ARG1L, WREG
SUBWF RES2
MOVFF ARG1H, WREG
SUBWFB  RES3
SIGN_ARG1
BTFSS ARG1H, 7
GOTO CONT_CODE
MOVFF ARG2L, WREG
SUBWF RES2
MOVFF ARG2H, WREG
SUBWFB  RES3
CONT_CODE

i

ARG1L * ARG2L ->
PRODH : PRODL

ARG1H * ARG2H ->
PRODH : PRODL

ARGLL * ARG2H ->
PRODH : PRODL

Add cross
products

ARG1H * ARG2L ->
PRODH : PRODL

Add cross
products

ARG2H:ARG2L neg?
no, check ARG1

ARG1H:ARG1L neg?
no, done
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NOTES:
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8.0 INTERRUPTS

PIC18C601/801 devices have 15 interrupt sources and
an interrupt priority feature that allows each interrupt
source to be assigned a high priority level, or a low pri-
ority level. The high priority interrupt vector is at
000008h and the low priority interrupt vector is at
000018h. High priority interrupt events will override any
low priority interrupts that may be in progress.

There are 10 registers that are used to control interrupt
operation. These registers are:

* RCON

¢« INTCON

¢ INTCON2

¢ INTCON3

¢ PIR1, PIR2

* PIE1, PIE2

¢ |IPR1, IPR2

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/

compiler to automatically take care of the placement of
these bits within the specified register.

Each interrupt source has three bits to control its oper-
ation. The functions of these bits are:

« Flag bit to indicate that an interrupt event
occurred

Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

« Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON register). When interrupt priority is
enabled, there are two bits that enable interrupts glo-
bally. Setting the GIEH bit (INTCON register) enables
all interrupts that have the priority bit set. Setting the
GIEL bit (INTCON register) enables all interrupts that
have the priority bit cleared. When the interrupt flag,
enable bit and appropriate global interrupt enable bit
are set, the interrupt will vector immediately to address
000008h or 000018h, depending on the priority level.
Individual interrupts can be disabled through their cor-
responding enable bits.

When the IPEN bit is cleared (default state), the inter-
rupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In Compati-
bility mode, the interrupt priority bits for each source
have no effect. The PEIE bit (INTCON register)
enables/disables all peripheral interrupt sources. The
GIE bit (INTCON register) enables/disables all interrupt
sources. All interrupts branch to address 000008h in
Compatibility mode.

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt prior-
ity levels are used, this will be either the GIEH or GIEL
bit. High priority interrupt sources can interrupt a low
priority interrupt.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts, to avoid recursive interrupts.

The "return from interrupt" instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.
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FIGURE 8-1: INTERRUPT LOGIC
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8.1 Control Registers

This section contains the control and status registers.

REGISTER 8-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

8.1.1 INTCON REGISTERS

The INTCON Registers are readable and writable
registers, which contain various enable, priority, and
flag bits.

INTCON REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF
bit 7 bit 0
GIE/GIEH: Global Interrupt Enable bit
When IPEN = 0:

1 = Enables all unmasked interrupts

0 = Disables all interrupts

When IPEN = 1:

1 = Enables all high priority interrupts

0 = Disables all high priority interrupts

PEIE/GIEL: Peripheral Interrupt Enable bit

When IPEN = 0:

1 = Enables all unmasked peripheral interrupts

0 = Disables all peripheral interrupts

When IPEN = 1:

1 = Enables all low priority peripheral interrupts

0 = Disables all priority peripheral interrupts

TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt

0 = Disables the TMRO overflow interrupt

INTOIE: INTO External Interrupt Enable bit

1 = Enables the INTO external interrupt

0 = Disables the INTO external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow

INTOIF: INTO External Interrupt Flag bit

1 =The INTO external interrupt occurred (must be cleared in software)

0 = The INTO external interrupt did not occur

RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)

0 = None of the RB7:RB4 pins have changed state

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
Note: Interrupt flag bits get set when an interrupt condition occurs, regardless of the state

of its corresponding enable bit, or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature
allows software polling.
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REGISTER 8-2:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1
bit 0

INTCONZ2 REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 uU-0 R/W-1 uU-0 R/W-1
‘ RBPU ‘ INTEDGO ‘ INTEDG1 ‘ INTEDG2 ‘ = ‘TMROIP‘ = ‘ RBIP ‘
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDGO: External Interrupt O Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

Unimplemented: Read as '0’

TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as '0’

RBIP: RB Port Change Interrupt Priority bit

1 = High priority

0 = Low priority

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

Note: Interrupt flag bits get set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit, or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature
allows software polling.
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REGISTER 8-3:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2
bit 1

bit 0

INTCON3 REGISTER

R/W-1 R/W-1 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
INT2IP INT1IP = INT2IE INT1IE = INT2IF INT1IF
bit 7 bit 0

INT2IP: INT2 External Interrupt Priority bit
1 = High priority

0 = Low priority

INT1IP: INT1 External Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as '0’

INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt

0 = Disables the INT2 external interrupt
INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt

0 = Disables the INT1 external interrupt
Unimplemented: Read as '0’

INT2IF: INT2 External Interrupt Flag bit

1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur

INT1IF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Legend:
R = Readable bit W = Writable bit
- n =Value at POR 1’ = Bitis set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

Note: Interrupt flag bits get set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit, or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature

allows software polling.
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8.1.2 PIR REGISTERS

The Peripheral Interrupt Request (PIR) registers con-
tain the individual flag bits for the peripheral interrupts
(Register 8-5). There are two Peripheral Interrupt
Request (Flag) registers (PIR1, PIR2).

Note 1: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit, or the global
enable bit, GIE (INTCON register).

2: User software should ensure the appropri-
ate interrupt flag bits are cleared prior to
enabling an interrupt, and after servicing
that interrupt.

8.1.3 PIE REGISTERS

The Peripheral Interrupt Enable (PIE) registers contain
the individual enable bits for the peripheral interrupts
(Register 8-6). There are two two Peripheral Interrupt
Enable registers (PIE1, PIE2). When IPEN is clear, the
PEIE bit must be set to enable any of these peripheral
interrupts.

8.1.4 IPR REGISTERS

The Interrupt Priority (IPR) registers contain the individ-
ual priority bits for the peripheral interrupts (Register 8-9).
There are two Peripheral Interrupt Priority registers
(IPR1, IPR2). The operation of the priority bits requires
that the Interrupt Priority Enable bit (IPEN) be set.

8.1.5 RCON REGISTER

The Reset Control (RCON) register contains the bit that
is used to enable prioritized interrupts (IPEN).

REGISTER 8-4: RCON REGISTER
R/W-0 u-0 u-0 R/W-1 RW-1  RMW-1  R/W-0 u-0
‘ IPEN ‘ r ’ — RI ‘ TO ‘ PD ‘ POR ‘ r ‘
bit 7 bit 0

bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (L6CXXX compatibility mode)

bit 6 Reserved: Maintain as '0'
bit 5 Unimplemented: Read as '0'
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-4

bit 3 TO: Watchdog Time-out Flag bit

For details of bit operation, see Register 4-4

bit 2 PD: Power-down Detection Flag bit

For details of bit operation, see Register 4-4

bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 4-4

bit 0 Reserved: Maintain as '0'

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
']’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-5:

bit 7
bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PIR1 REGISTER

U-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
— ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF
bit 7 bit 0
Unimplemented: Read as '0’
ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
(must be cleared in software)
0 = The A/D conversion is not complete
RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer, RCREG, is full
(cleared when RCREG is read)
0 = The USART receive buffer is empty
TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer, TXREG, is empty
(cleared when TXREG is written)
0 = The USART transmit buffer is full
SSPIF: Master Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete
(must be cleared in software)
0 = Waiting to transmit/receive
CCP1IF: CCP1 Interrupt Flag bit
Capture mode:
1 = A TMR1 register capture occurred
(must be cleared in software)
0 = No TMR1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred
(must be cleared in software)
0 = No TMR1 register compare match occurred
PWM mode:
Unused in this mode
TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred
(must be cleared in software)
0 = No TMR2 to PR2 match occurred
TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed
(must be cleared in software)
0 = TMR1 register did not overflow
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-6:

bit 7-4
bit 3

bit 2

bit 1

bit 0

PIR2 REGISTER

u-0 uU-0 u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — BCLIF LVDIF | TMRS3IF | CCP2IF
bit 7 bit 0

Unimplemented: Read as'0’
BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision occurred
(must be cleared in software)

0 = No bus collision occurred
LVDIF: Low Voltage Detect Interrupt Flag bit

1 = Alow voltage condition occurred
(must be cleared in software)

0 = The device voltage is above the Low Voltage
TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMR3 register overflowed
(must be cleared in software)
0 = TMR3 register did not overflow
CCP2IF: CCPx Interrupt Flag bit
Capture mode:

1 = A TMRL1 register capture occurred
(must be cleared in software)

0 = No TMRL1 register capture occurred
Compare mode:

1 = A TMRL1 register compare match occurred
(must be cleared in software)

0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode

Detect trip point

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-7: PIE1 REGISTER

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ADIE RCIE TXIE SSPIE CCP1lIE | TMR2IE | TMR1IE
bit 7 bit 0
bit 7 Unimplemented: Read as '0’
bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5 RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4 TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt
bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-8:

bit 7-4
bit 3

bit 2

bit 1

bit 0

PIE2 REGISTER

u-0 u-0 u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — BCLIE LVDIE | TMR3IE | CCP2IE
bit 7 bit 0

Unimplemented: Read as '0'

BCLIE: Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled

LVDIE: Low Voltage Detect Interrupt Enable bit
1 = Enabled

0 = Disabled

TMRS3IE: TMR3 Overflow Interrupt Enable bit
1 = Enables the TMR3 overflow interrupt

0 = Disables the TMR3 overflow interrupt
CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt

0 = Disables the CCP2 interrupt

Legend:
R = Readable bit W = Writable bit
- n = Value at POR "1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-9: IPR1 REGISTER

uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP
bit 7 bit 0
bit 7 Unimplemented: Read as '0’
bit 6 ADIP: A/D Converter Interrupt Priority bit

1 = High priority
0 = Low priority
bit 5 RCIP: USART Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TXIP: USART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCPL1IP: CCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-10:

bit 7-4
bit 3

bit 2

bit 1

bit 0

IPR2 REGISTER

u-0 u-0 u-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
= = = = BCLIP LVDIP | TMR3IP | CCP2IP
bit 7 bit 0

Unimplemented: Read as '0'

BCLIP: Bus Collision Interrupt Priority bit

1 = High priority

0 = Low priority

LVDIP: Low Voltage Detect Interrupt Priority bit
1 = High priority

0 = Low priority

TMRS3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

CCP2IP: CCP2 Interrupt Priority bit

1 = High priority

0 = Low priority

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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8.1.6 INT INTERRUPTS

External interrupts on the RBO/INTO, RB1/INT1 and
RB2/INT2 pins are edge triggered: either rising, if the
corresponding INTEDGX bit is set in the INTCON2 reg-
ister, or falling, if the INTEDGx bit is clear. When a valid
edge appears on the RBx/INTx pin, the corresponding
flag bit INTxIF is set. This interrupt can be disabled by
clearing the corresponding enable bit INTXIE. Flag bit
INTXIF must be cleared in software in the Interrupt Ser-
vice Routine before re-enabling the interrupt. All exter-
nal interrupts (INTO, INT1 and INT2) can wake-up the
processor from SLEEP, if bit INTXIE was set prior to
going into SLEEP. If the global interrupt enable bit GIE
is set, the processor will branch to the interrupt vector
following wake-up.

Interrupt priority for INT1 and INT2 is determined by the
value contained in the interrupt priority bits INT1IP
(INTCONS3 register) and INT2IP (INTCONS3 register).
There is no priority bit associated with INTO; it is always
a high priority interrupt source.

8.1.7 TMRO INTERRUPT

In 8-bit mode (which is the default), an overflow
(OFFh — 00h) in the TMRO register will set flag bit
TMROIF. In 16-bit mode, an overflow (OFFFFh — 0000h)

EXAMPLE 8-1:

in the TMROH:TMROL registers will set flag bit TMROIF.
The interrupt can be enabled/disabled by setting/clear-
ing enable bit TMROIE (INTCON register). Interrupt prior-
ity for TimerO is determined by the value contained in the
interrupt priority bit TMROIP (INTCON2 register). See
Section 10.0 for further details on the Timer0 module.

8.1.8 PORTB INTERRUPT-ON-CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON register). The interrupt can be enabled/
disabled by setting/clearing enable bit RBIE (INTCON
register). Interrupt priority for PORTB interrupt-on-
change is determined by the value contained in the
interrupt priority bit RBIP (INTCONZ2 register).

8.2 Context Saving During Interrupts

During an interrupt, the return PC value is saved on the
stack. Additionally, the WREG, STATUS and BSR regis-
ters are saved on the fast return stack. If a fast return
from interrupt is not used (See Section 4.3), the user
may need to save the WREG, STATUS and BSR regis-
ters in software. Depending on the user’s application,
other registers may also need to be saved. Example 8-1
saves and restores the WREG, STATUS and BSR
registers during an Interrupt Service Routine.

SAVING STATUS, WREG AND BSR REGISTERS IN RAM

MOVWF W_TEMP

MOVFF STATUS, STATUS_TEMP
MOVFF BSR, BSR_TEMP

; USER ISR CODE

MOVFF BSR_TEMP, BSR

MOVF W_TEMP, W

MOVFF STATUS_TEMP, STATUS

; W_TEMP is in Low Access bank
; STATUS_TEMP located anywhere
; BSR located anywhere

; Restore BSR
; Restore WREG
; Restore STATUS

© 2001-2013 Microchip Technology Inc.
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NOTES:
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9.0 1/OPORTS

Depending on the device selected, there are up to 9
ports available. Some pins of the 1/O ports are multi-
plexed with an alternate function from the peripheral
features on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose /O pin.

Each port has three registers for its operation. These
registers are:

* TRIS register (data direction register)

« PORT register (reads the levels on the pins of the
device)

« LAT register (output latch)

The data latch (LAT register) is useful for read-modify-
write operations on the value that the 1/0 pins are driving.

9.1 PORTA, TRISA and LATA
Registers

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).
On a Power-on Reset, these pins are configured as
analog inputs and read as '0'.

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch.

Read-modify-write operations on the LATA register,
reads and writes the latched output value for PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. The RA4/
TOCKI pin is a Schmitt Trigger input and an open drain
output. All other RA port pins have TTL input levels and
full CMOS output drivers.

The other PORTA pins are multiplexed with analog
inputs and the analog VREF+ and VREF- inputs. The
operation of each pin is selected by clearing/setting the
control bits in the ADCONL1 register (A/D Control
Registerl). On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

Note: On a Power-on Reset, PORTA pins
RA3:RAO0 and RAS5 default to analog inputs.

EXAMPLE 9-1: INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
CLRF LATA ; Alternate method
; to clear output

; data latches

MOVLW 07h ; Configure A/D
MOVWF ADCON1 ; for digital inputs
MOVLW OCFh ; Value used to

; initialize data

; direction

MOVWF TRISA ; Set RA3:RA0 as inputs

; RA5:RA4 as outputs

FIGURE 9-1: RA3:RAO0 AND RA5 PINS
BLOCK DIAGRAM
RD LATA
Data
Bus
D Qr—
VDD
WR LATA —
or cKk L Q D 5
WR PORTA Data Latch J 4&
— D Q :D_{ N 1/0 pin®)
WR TRISA
CcK L 6 o Vss
Analog
Input
TRIS Latch Mode
TTL
RD TRISA Input
Buffer
Q D
EN
RD PORTA | >
SS Input (RAS only)
To A/D Converter and LVD Modules
Note 1: 1/O pins have diode protection to VDD and Vss.
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FIGURE 9-2: RA4/TOCKI PIN BLOCK
DIAGRAM
RD LATA

Data

Bus D Q
WR LATA —
or KL i@
WR PORTA N /O pin

Data Latch
+— D Q Vss
WRTRISA K9 Schmitt
Trigger %7
Input
TRIS Latch Buffer
RD TRISA
Q D
EN
RD PORTA {>o \‘

_, TMRO Clock Input

Note 1: 1/O pin has diode protection to Vss only.

TABLE 9-1: PORTA FUNCTIONS

Name Bit# Buffer Function
RAO/ANO bit0 TTL |Input/output or analog input
RA1/AN1 bitl TTL |Input/output or analog input
RA2/AN2/VREF- bit2 TTL | Input/output or analog input or VREF-
RA3/AN3/VREF+ bit3 TTL | Input/output or analog input or VREF+
RA4/TOCKI bit4 ST/OD |Input/output or external clock input for Timer0, output is open drain type
RA5/SS/AN4/LVDIN bit5 TTL |Input/output or slave select input for synchronous serial port or analog
input or low voltage detect input

Legend: TTL = TTL input, ST = Schmitt Trigger input, OD = Open Drain

TABLE 9-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on | Valueon all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --uu uuuu
LATA — | Latch A Data Output Register -XXX XXXX | -uuu uuuu
TRISA — | PORTA Data Direction Register -111 1111 -111 1111
ADCON1 | — — [VvcrG1] veFGo [ PCFG3 | PCFG2 | PCFGL [ PCFGO | --00 0000 | --uu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'".
Shaded cells are not used by PORTA.
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9.2 PORTB, TRISB and LATB
Registers

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output ( i.e.,
put the contents of the output latch on the selected pin).

Read-modify-write operations on the LATB register
read and write the latched output value for PORTB.

EXAMPLE 9-2: INITIALIZING PORTB

CLRF PORTB Initialize PORTB by
clearing output
data latches
Alternate method

to clear output
data latches

Value used to
initialize data

; direction

; Set RB3:RBO as inputs
; RB5:RB4 as outputs
; RB7:RB6 as inputs

CLRF LATB

MOVLW 0CFh

MOVWF TRISB

FIGURE 9-3: RB7:RB4 PINS BLOCK
DIAGRAM
VDD
(2)
RBPU e Weak
Pull-up
Data Latch
Data Bus
D Q
1/0 pin®
WR LATB
or CK L
WR PORTB
TRIS Latch
s— D Q
WR TRISB TTL
K N AVARAY
Buffer ST
Buffer
—< %}
RD TRISB
RD LATB Latch
<ﬁ] Q Dt—e
RD PORTB EN Q1
Set RBIF
From other C Q D
RB7:RB4 pins RD PORTB
EN
Q3
RBXx/INTx
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (INTCONZ2 register).

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (INTCONZ2 register). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Pin RB3 is multiplexed with the CCP input/output. The
weak pull-up for RB3 is disabled when the RB3 pin is
configured as CCP pin. By disabling the weak pull-up
when pin is configured as CCP, allows the remaining
weak pull-up devices of PORTB to be used while the
CCP is being used.

Four of PORTB's pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR'd together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON register).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF instruction). This will end the mismatch
condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.
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FIGURE 9-4: RB2:RBO PINS BLOCK
DIAGRAM
Voo
2)
RBPU J Weak
Pull-up
Data Latch
Data Bus
D Q
WR Port 110 pin®
or oKy
TRIS Latch
>
1D Q
WR TRIS iy 7
Input
CK L Buffer
yd
RD TRIS
1 o o
RD Port EN
Schmitt Trigger
RBX/INTX Buffer<‘|
RD Port
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (INTCON2 register).

FIGURE 9-5: RB3 PIN BLOCK DIAGRAM
VbD
RBPU®@ o weak
CCP Enable 4130_‘ Pull-up
CCP Output 1 VDD
P
Enable 0
CCP Output Data Latch (1)
Data Bus /O pin
D Qo

WR LATB or N
WR PORTB CcK _\7 y

TRIS Latch Vss

o—( D Q
TTL
WR TRISB CK_\77 Input 7
Q Buffer
RD TRISB
RD LATB
1 Q D

RD PORTB EN

RD PORTB
CCP2 Input

Note 1: 1/O pin has diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (INTCON2<7>).

4
X[ schmitt Trigger
Buffer
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TABLE 9-3: PORTB FUNCTIONS

weak pull-up. Serial programming clock.

Name Bit# Buffer Function
RBO/INTO bit0 TTLSTD Input/output pin or external interrupt 0 input. Internal software
programmable weak pull-up.
RBL/INT1 bitl TTL/STA | Input/output pin or external interrupt 1 input. Internal software
programmable weak pull-up.
RB2/INT2 bit2 TTL/STD | Input/output pin or external interrupt 2 input. Internal software
programmable weak pull-up.
RB3/CCP2 bit3 TTL/STG) | Input/output pin or Capture2 input or Capture2 output or PWM2 output.
Internal software programmable weak pull-up.
RB4 bit4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB5 bit5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB6 bit6 TTLIST® Input/output pin (with interrupt-on-change). Internal software programmable

RB7 bit7 TTL/ST® | Inputioutput pin (with interrupt-on-change). Internal software programmable
weak pull-up. Serial programming data.

Legend: TTL = TTL input, ST = Schmitt Trigger input

Note 1: This pin is a Schmitt Trigger input when configured as the external interrupt.
2: This pin is a Schmitt Trigger input when used in Serial Programming mode.

3: This pin is a Schmitt Trigger input when used in a Capture input.

TABLE 9-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other

’ RESETS
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO |xxxx xxxx |uuuu uuuu
LATB LATB Data Output Register XXXX XXXX |[uuuu uuuu
TRISB | PORTB Data Direction Register 1111 1111|1111 1111
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF | RBIF | 0000 000x|0000 000u
INTCON2 | RBPU INTEDGO | INTEDG1 |INTEDG2 | INTEDG3 | TMROIP — RBIP |1111 1111|1111 1111
INTCON3 | INT2IP INT1IP — INT2IE INT1IE — INT2IF | INT1IF {1100 0000|1100 0000

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTD.
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9.3 PORTC, TRISC and LATC

Registers

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-lImpedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

Read-modify-write operations on the LATC register,
read and write the latched output value for PORTC.

PORTC is multiplexed with several peripheral functions
(Table 9-5). PORTC pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to make
a pin an input. The user should refer to the correspond-
ing peripheral section for the correct TRIS bit settings.

FIGURE 9-6:

The pin override value is not loaded into the TRIS reg-
ister. This allows read-modify-write of the TRIS register,
without concern due to peripheral overrides.

EXAMPLE 9-3: INITIALIZING PORTC

CLRF PORTC ; Initialize PORTC by
; clearing output
; data latches
LATC ; Alternate method
; to clear output
; data latches

; Value used to

CLRF

MOVLW 0CFh
; initialize data
; direction

TRISC ; Set RC3:RCO as inputs
; RC5:RC4 as outputs

; RC7:RC6 as inputs

MOVWFE

PORTC BLOCK DIAGRAM (PERIPHERAL OUTPUT OVERRIDE)

Peripheral Out Select

Peripheral Data Out

0 VDD
—) e
1 in@®
RD LATC /0 pin
Data Bus D Q
X\I{R s KjLa TRIS OVERRIDE
WR PORTC Data Latch N
Pin |Override |Peripheral
D Q -
Vss RCO Yes  |Timerl OSC for
WRTRISC K\Q TRIS Timerl/Timer3
Override -
TRIS Latch RC1 Yes Timerl OSC for
Timerl/Timer3
L
RC2 No —
Peripheral Enable | RD TRISC ?ﬁgg‘é‘r‘ :\7 RC3 | Yes |spi2C Master Clock
] 0 ) RC4 | Yes |12c pataOut
RC5 Yes SPI Data Out
EN—‘ RC6 Yes USART Async Xmit,
RD PORTC DC Sync Clock
Peripheral Data In RC7 Yes USART Sync Data Out

Note 1: I/O pins have diode protection to VDD and Vss.
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TABLE 9-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function
RCO/T10SO/T13CKIl | bit0 ST Input/output port pin or Timerl oscillator output or Timer1/Timer3
clock input.
RC1/T10SI bitl ST Input/output port pin, Timerl oscillator input.
RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/
PWM1 output.
RC3/SCK/SCL bit3 ST Input/output port pin or synchronous serial clock for SPI/I2C.
RC4/SDI/SDA bit4 ST Input/output port pin or SPI Data in (SPI mode) or Data 1/0
(1°C mode).
RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port Data output.
RC6/TX/CK bité ST Input/output port pin, Addressable USART Asynchronous Transmit, or
Addressable USART Synchronous Clock.
RC7/RX/IDT bit7 ST Input/output port pin, Addressable USART Asynchronous Receive, or

Addressable USART Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 9-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on Value on all

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX uuuu uuuu

LATC LATC Data Output Register

KXXX XXXX uuuu uuuu

TRISC |PORTC Data Direction Register

1111 1111 1111 1111

Legend: x = unknown, u = unchanged
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9.4 PORTD, TRISD and LATD FIGURE 9-7: PORTD BLOCK DIAGRAM

Registers IN I/O MODE
PORTD is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD RD LATD
pin an input (i.e., put the corresponding output driver in Data Bus
a Hi-lImpedance mode). Clearing a TRISD bit (= 0) will P Q '—K
make the corresponding PORTD pin an output (i.e., put WR LATD 110 pin
the contents of the output latch on the selected pin). or CK AL

i : i H WR PORTD Data Latch
Read-modify-write operations on the LATD register
reads and writes the latched output value for PORTD. D Q
PORTD is an 8-bit port with Schmitt Trigger input buff- WR TRISD oo
ers. Each pin is individually configurable as an input or cK L Input §
output. TRIS Latch B”“9X7
PORTD is multiplexed with the system bus and is avail- <]
able only when the system bus is disabled, by setting
EBIDS bit in register MEMCON. When operating as RDTRISD
the system bus, PORTD is the low order byte of the
address/data bus (AD7:ADO0), or as the low order Q D
address byte (A15:A8) if the address and data buses
are de-multiplexed. EN
Note: On a Power-on Reset, PORTD defaults to RD PORTD . {>Q T
the system bus.
Note: I/O pins have diode protection to VDD and Vss.

EXAMPLE 9-4: INITIALIZING PORTD
CLRF PORTD ; Initialize PORTD by

; clearing output
; data latches

CLRF LATD ; Alternate method
; to clear output
; data latches

MOVLW 0CFh ; Value used to
; initialize data
; direction
MOVWF TRISD ; Set RD3:RDO as inputs

; RD5:RD4 as outputs
; RD7:RD6 as inputs
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FIGURE 9-8: PORTD BLOCK DIAGRAM IN SYSTEM BUS MODE
Q D
EN
RD PORTD {>c —‘
/A
RD LATD -
Data Bus D Q Port o I~ /O pin
ces], X
WR LATD
or Kl
PORTD Data Latch

System Bus
Control

WR TRISD

+— D Q¢

Bus Enable

CK

TRIS Latch

RD TRISD

Data/TRIS Out

Drive Bus

— 7 TTL
Input
Buffer

Instruction Register

Instruction Read

Note 1: 1/O pins have protection diodes to VbD and Vss.
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TABLE 9-7: PORTD FUNCTIONS

Name Bit# Buffer Type Function
RDO/ADO/A0® bit0 sSTTTL® Input/output port pin or system bus bit 0
RD1/AD1/A1® bit1 sTTTL® Input/output port pin or system bus bit 1
RD2/AD2/A2@ bit2 sT/TTL® Input/output port pin or system bus bit 2
RD3/AD3/A3@) bit3 sT/TTL® Input/output port pin or system bus bit 3
RD4/AD4/A4G) bit4 sTTTL® Input/output port pin or system bus bit 4
RD5/AD5/A5(?) bit5 sT/TTL® Input/output port pin or system bus bit 5
RD6/AD6/A6?) bit6 sTrTL® Input/output port pin or system bus bit 6
RD7/AD7/A7® bit7 sTTTL® Input/output port pin or system bus bit 7

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in System Bus mode.
2: RDx is used as a multiplexed address/data bus for PIC18C601 and PIC18C801 in 16-bit mode, and as an
address only for PIC18C801 in 8-bit mode.

TABLE 9-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bit1 | BitO POR, other
BOR RESETS
PORTD RD7 RD6 RD5 RD4 RD3 | RD2 | RD1 | RDO XXXX XXXX uuuu uuuu
LATD LATD Data Output Register XXXX XXXX uuuu uuuu
TRISD PORTD Data Direction Register 1111 1111 1111 1111
MEMCON [ EBDIS | PGRM [ WAITL | WAITO [ — [ — [WML1[WMO [ oooo --00 [ o000 --00
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PORTD.
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9.5 PORTE, TRISE and LATE
Registers

PORTE is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISE. Setting a
TRISE bit (= 1) will make the corresponding PORTE pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISE bit (= 0) will
make the corresponding PORTE pin an output (i.e., put
the contents of the output latch on the selected pin).

Read-modify-write operations on the LATE register
reads and writes the latched output value for PORTE.

PORTE is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output. PORTE is multiplexed with several peripheral
functions (Table 9-9).

PORTE is multiplexed with the system bus and is avail-
able only when the system bus is disabled, by setting
EBDIS bit in register MEMCON. When operating as the
system bus, PORTE is configured as the high order

byte of the address/data bus (AD15:AD8), or as the
high order address byte (A15:A8), if address and data
buses are de-multiplexed.

Note: On Power-on Reset, PORTE defaults to
the system bus.

EXAMPLE 9-5: INITIALIZING PORTE

CLRF PORTE ; Initialize PORTE by
clearing output
data latches

; Alternate method

; to clear output

; data latches

MOVLW 03h ; Value used to
initialize data

; direction

; Set RE1:REO0 as inputs
; RE7:RE2 as outputs

CLRF LATE

MOVWF TRISE

VbD
[=)
4D_{ 1/0 pin®
N
Vss TRIS OVERRIDE

FIGURE 9-9: PORTE BLOCK DIAGRAM IN I/O MODE
Peripheral Out Select
Peripheral Data Out
0
—e
1
RD LATE
Data Bus D 0
g{R LATE K\_Q
WR PORTE Data Latch
D Q
WR TRISE K\_a TRS
Override
TRIS Latch
9 ]
Peripheral Enable RD TRISE

RD PORTE

i

Peripheral Data In

Pin | Override Peripheral
REO Yes External Bus
RE1 Yes External Bus
Schmitt :\7 RE2 Yes External Bus
Trigger RE3 Yes External Bus
RE4 Yes External Bus
RE5 Yes External Bus
—‘ RE6 Yes External Bus
RE7 Yes External Bus

Note 1: I/O pins have diode protection to VDD and Vss.
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FIGURE 9-10: PORTE BLOCK DIAGRAM IN SYSTEM BUS MODE
Q D
EN
RD PORTE

/A

RD LATD 0
Data Bus D Q Port | M /O pin
X
\éYR LATE el
PORTE Data Latch
TRIS Latch
»— D Q
WR TRISE N / TTL
cK Input
Buffer
External Enable RD TRISE

System Bus

Control Data/Address Out

Drive System

To Instruction Register

Instruction Read

Note 1: I/O pins have diode protection to VDD and Vss.
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TABLE 9-9: PORTE FUNCTIONS

Name Bit# Buffer Type Function

REO/AD8/A8?) bito ST/TTL® | Input/output port pin or Address/Data bit 8

RE1/AD9/A9®) bit1 sT/TTLD | Input/output port pin or Address/Data bit 9

RE2/AD10/A10@ | bit2 sST/TTLA | Input/output port pin or Address/Data bit 10

RE3/AD11/A11®) | bit3 sSTATL® | Input/output port pin or Address/Data bit 11

RE4/AD12/A12@ | bit4 sT/TTLD | Input/output port pin or Address/Data bit 12

RE5/AD13/A13@) | bit5 sSTATL® | Input/output port pin or Address/Data bit 13

RE6/AD14/A14@ | bit6 sST/TTLD | Input/output port pin or Address/Data bit 14

RE7/AD15/A15@ | bit7 sST/TTLA | Input/output port pin or Address/Data bit 15

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in System Bus mode.
2: REXxis used as a multiplexed address/data bus for PIC18C601 and PIC18C801 in 16-bit mode, and as an

address only for PIC18C801 in 8-bit mode.

TABLE 9-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

MEMCON | EBDIS | PGRM | WAIT1 | WAITO| — | — | WM1 | WMO

Value on: | Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, other
BOR RESETS
TRISE PORTE Data Direction Control Register 1111 1111 1111 1111
PORTE Read PORTE pin/Write PORTE Data Latch XXXX XXXX | uuuu uuuu
LATE Read PORTE Data Latch/Write PORTE Data Latch XXXX XXXX | Uuuu uuuu
0000 --00 | 0000 --00

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTE.
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9.6 PORTF, LATF, and TRISF
Registers

PORTF is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISF. Setting a
TRISF bit (= 1) will make the corresponding PORTF pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISF bit (= 0) will
make the corresponding PORTF pin an output (i.e., put
the contents of the output latch on the selected pin).

Read-modify-write operations on the LATF register
reads and writes the latched output value for PORTF.

PORTF pins, RF2:RFO0, are multiplexed with analog
inputs. The operation of these pins are selected by
ADCONO and ADCONL1 registers.

PORTF pins, RF3 and RF5, are multiplexed with two of
the integrated chip select signals CSIO and CS1. For
PIC18C801, pin RF4 is multiplexed with chip select sig-
nal CS2, while for PIC18C601, it is multiplexed with
system bus signal A16. For PIC18C801 devices, both
CSEL2 and CSELIO registers must set to all zero, to
enable these pins as I/0O pins, while for PIC18C601
devices, only CSELIO register needs to be set to zero.
For PIC18C601 devices, pin RF4 can only be config-
ured as I/0 when the EBDIS bit is set and execution is
taking place in internal Boot RAM.

PORTF pins, RF7:RF6, are multiplexed with the sys-
tem bus control signal UB and LB, respectively, when a
device with 16-bit bus execution is used. These pins
can be configured as 1/O pins by setting WM bits in the
MEMCON register to any value other than '01".

Note 1: On Power-on Reset, PORTF pins
RF2:RFO default to A/D inputs.

2: On Power-on Reset, PORTF pins
RF7:RF3 for PIC18C801 and pins
RF7:RF5, RF3 for PIC18C601, default to
system bus signals.

EXAMPLE 9-6: INITIALIZING PORTF

CLRF PORTF Initialize PORTF by
clearing output
data latches
Alternate method

to clear output

data latches

CLRF LATF

MOVLW OFh
MOVWF ADCON1
MOVLW 0CFh

Set PORTF as digital I/O
Value used to

initialize data
direction

Set RF3:RF0 as inputs

; RF5:RF4 as outputs
RF7:RF6 as inputs

MOVWF TRISF

EXAMPLE 9-7: PROGRAMMING CHIP

SELECT SIGNALS

Program chip select to activate CS1
; for all address less than 03FFFFh,
; while activate CS2 for rests of the
; addresses
; CSEL2 register is secured register.
; Before it can be modified it,
; combination lock must be opened
MOVLW 20h ; Preload WREG with
; correct CSEL2 valu
BCF INTCON, GIE ; Disable interrupts
CALL UNLOCK ; Now unlock it
; Lock is open. Modify CSEL2...
MOVWF CSEL2
; Lock is closed
BSF INTCON, GIE ; Re-enable interrupts
; Chip select is programmed.
L]

UNLOCK
BSF PSPCON, CMLK1
BSF PSPCON, CMLKO

RETURN
FIGURE 9-11: RF2:RFO PINS BLOCK
DIAGRAM
RD LATF
Data Bus D ol |
VbD
X\:R LATF oK _\_6 D‘ .
WR PORTF
Data Latch

N 1/0 pin

— D QJ

WR TRISF CKj\,é Vss
Analog
Input
TRIS Latch Mode
RD TRISF ST
Input
/‘ Buffer
Q D

EN
RD PORTF {>¢

To A/D Converter

-

Note: /O pins have diode protection to VDD and Vss.
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FIGURE 9-12: RF5:RF3 PINS BLOCK DIAGRAM
Q D
EN
RD PORTF
A
RD LATF -
Data Bus D Q Port /O pin
or CK Y
PORTF Data Latch
TRIS Latch
»— D Q *
WR TRISF KU
cs out RD TRISF
System Bus ) gyieral Enable

Control

Drive System

Note 1: I/O pins have diode protection to VDD and Vss.

Drive System

Note 1: I/O pins have diode protection to VDD and Vss.

FIGURE 9-13: RF7:RF6 PINS BLOCK DIAGRAM
Q D
EN
RD PORTF
/A
RD LATF /0 oin®
pin
Data Bus D 0 Port
\(;\rIR LATF KL
PORTF Data Latch
TRIS Latcl
»— D Q '
WR TRISF K
UB/LB Out RD TRISF
System Bus s
Control WM =01

© 2001-2013 Microchip Technology Inc.
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TABLE 9-11: PORTF FUNCTIONS

Name Bit# | Buffer Type Function

RFO/AN5 bit0 ST Input/output port pin or analog input

RF1/AN6 bitl ST Input/output port pin or analog input

RF2/AN7 bit2 ST Input/output port pin or analog input

RF3/CSIO bit3 ST Input/output port pin or I/O chip select

RF4/A16/CS2W) | pita ST Input/output port pin or chip select 2 or address bit 16

RF5/CS1 bit5 ST Input/output port pin or chip select 1
RF6/LB bit6 ST Input/output port pin or low byte select signal for external memory
RF7/UB bit7 ST Input/output port pin or high byte select signal for external memory

Legend: ST = Schmitt Trigger input
Note 1: CS2 is available only on PIC18C801.

TABLE 9-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

Value on: | Value on all

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other

BOR RESETS

TRISF PORTF Data Direction Control Register 1111 1111 1111 1111
PORTF | Read PORTF pin/Write PORTF Data Latch XXXX XXXX | Uuuuu uuuu
LATF Read PORTF Data Latch/Write PORTF Data Latch 0000 0000 uuuu uuuu
ADCON1 — — VCFG1 |VCFGO | PCFG3 | PCFG2 |PCFG1 |PCFGO| --00 0000 --00 0000
MEMCON | EBDIS | PGRM | WAIT1 | WAITO | — = WM1 | WMO | 0000 --00 | 0000 --00

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTF.
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9.7 PORTG, LATG, and TRISG
Registers

PORTG is a 5-bit wide, bi-directional port. The corre-
sponding data direction register is TRISG. Setting a
TRISG bit (= 1) will make the corresponding PORTG
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISG bit (= 0) will
make the corresponding PORTG pin an output (i.e., put
the contents of the output latch on the selected pin).

Read-modify-write operations on the LATG register
read and write the latched output value for PORTG.

PORTG is multiplexed with system bus control signals
ALE, ﬁ, WRH, WRL and BAO. The WRH signal is the
only signal that is disabled and configured as a port pin
(RG3) during external program execution in 8-bit mode.
All other pins are by default, system bus control sig-
nals. PORTG can be configured as an I/O port by set-
ting EBDIS bit in the MEMCON register and when
execution is taking place in internal program RAM.

Note: On Power-on Reset, PORTG defaults to
system bus signals.

EXAMPLE 9-8: INITIALIZING PORTG

CLRF PORTG

Initialize PORTG by
clearing output

; data latches

; Alternate method

; to clear output

; data latches

MOVLW 04h ; Value used to
initialize data

; direction

; Set RG1:RGO as outputs
; RG2 as input

; RG4:RG3 as outputs

CLRF LATG

MOVWF TRISG

FIGURE 9-14: PORTG BLOCK DIAGRAM
IN 1/0O MODE
Data RD LATG
Bus D Q
1/0 pin®
gYR LATG KW
PORTG Data Latch
$— D Q
WR TRISG Schmitt
oK L Trigger %7
TRIS Latch Input
Buffer
<
RD TRISG
Q D
EN
RD PORTG [:>o *W
Note 1: I/O pins have diode protection to VDD and Vss.
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FIGURE 9-15: PORTG BLOCK DIAGRAM IN SYSTEM BUS MODE
Q D
EN
RD PORTG
7N
RD LATG . o
1/0 pin
Data Bus D Q Port o
WR LATG Data
or CK_\_
PORTG Data Latch
»— D Q L 4
WR TRISG
cK
TRIS Latch
Control Out RD TRISG
System Bus ) External Enable
Control
Drive System
Note 1: I/O pins have diode protection to VDD and Vss.
TABLE 9-13: PORTG FUNCTIONS
Name Bit# Buffer Type Function
RGO/ALE bit0 ST Input/output port pin or Address Latch Enable signal for external memory
RG1/OE bitl ST Input/output port pin or Output Enable signal for external memory
RG2/WRL bit2 ST Input/output port pin or Write Low byte signal for external memory
RG3/WRH bit3 ST Input/output port pin or Write High byte signal for external memory
RG4/BA0 bit4 ST Input/output port pin or Byte Address 0 signal for external memory
Legend: ST = Schmitt Trigger input
TABLE 9-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG
Value on: Value on all
Name Bit 7 Bit 6 Bit5 Bit 4 Bit3 | Bit2 | Bit1 | Bit0 POR, other
BOR RESETS
TRISG PORTG Data Direction Control Register ---1 1111 ---1 1111
PORTG |Read PORTG pin/Write PORTG Data Latch ---X XXXX ---u uuuu
LATG Read PORTG Data Latch/Write PORTG Data Latch ---X XXXX ---u uuuu
MEMCON | EBDIS | PGRM | WAITL | WAITO | — | — | WM1 | WMO | 0000 --00 | 0000 --00

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTG.
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9.8 PORTH, LATH, and TRISH
Registers

Note: PORTH is available only on PIC18C801
devices.

PORTH is an 8-bit wide, bi-directional I/O port. The cor-
responding data direction register is TRISH. Setting a
TRISH bit (= 1) will make the corresponding PORTH
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISH bit (= 0) will
make the corresponding PORTH pin an output (i.e., put
the contents of the output latch on the selected pin).

Read-modify-write operations on the LATH register
read and write the latched output value for PORTH.

Pins RH7:RH4 are multiplexed with analog inputs
AN18:AN11, while pins RH3:RHO are multiplexed with
system address bus A19:A16. By default, pins
RH7:RH4 will setup as A/D inputs and pins RH3:RHO
will setup as system address bus. Register ADCON1
configures RH7:RH4 as /O or A/D inputs. Register
MEMCON configures RH3:RHO as I/O or system bus
pins.

Note 1: On Power-on Reset, PORTH pins
RH7:RH4 default to A/D inputs and read
as'0.

2: On Power-on Reset, PORTH pins
RH3:RHO default to system bus signals.

FIGURE 9-16: RH3:RHO PINS BLOCK
DIAGRAM IN I/O MODE
Data RD LATH
Bus D 0
1/0 pin®
r{R LATH KL
PORTH Data Latch
p— D Q
WR TRISH Schmitt
oK Trigger %7
Input
TRIS Latch Buffer
<
RD TRISH
Q D
EN
RD PORTH {>o —‘
Note 1: I/O pins have diode protection to Vbp and Vss.

EXAMPLE 9-9: INITIALIZING PORTH

CLRF PORTH ; Initialize PORTH by
; clearing output
; data latches
CLRF LATH ; Alternate method

; to clear output

; data latches
MOVLW OFh ;
MOVWF ADCON1 ;
MOVLW 0CFh ; Value used to
initialize data
; direction
; Set RH3:RHO as inputs
; RH5:RH4 as outputs
; RH7:RH6 as inputs

MOVWF TRISH

FIGURE 9-17: RH7:RH4 PINS BLOCK
DIAGRAM

Data RD LATH

Bus D 0
WR LATH VO pin®
or CK_L
PORTH Data Latch

D Q
WR TRISH Schmitt
cK L Triggelr:\7
TRIS Latch o
RD TRISH
Q D

EN
RD PORTH {>¢ T

To A/D Converter

Note 1: I/O pins have diode protection to Vbbp and Vss.
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FIGURE 9-18: RH3:RHO PINS BLOCK DIAGRAM IN SYSTEM BUS MODE
Q D
EN
RD PORTH

A

RD LATD I
1/0 pin
Data Bus b Q Port o —
Data|, X
r(R LATH KL
PORTH Data Latch
»— D Q
L
WR TRISH L
o Input
TRIS Latch Buffer
External Enable. ~ RD TRISH

System Bus ) aqqress Out
Control

Drive System

To Instruction Register

Instruction Read

Note 1: I/O pins have diode protection to VDD and Vss.
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TABLE 9-15: PORTH FUNCTIONS

Name Bit# Buffer Type Function

RHO/AL16W bit0 ST Input/output port pin or Address bit 16 for external memory interface
RH1/A170) bit1 ST Input/output port pin or Address bit 17 for external memory interface
RH2/A180) bit2 ST Input/output port pin or Address bit 18 for external memory interface
RH3/A190) bit3 ST Input/output port pin or Address bit 19 for external memory interface
RH4/AN8() bit4 ST Input/output port pin or analog input channel 8

RH5/AN9(D) bit5 ST Input/output port pin or analog input channel 9

RH6/AN10W) | bit6 ST Input/output port pin or analog input channel 10

RH7/AN11D | bit7 ST Input/output port pin or analog input channel 11

Legend: ST = Schmitt Trigger input
Note 1: PORTH is available only on PIC18C801 devices.

TABLE 9-16: SUMMARY OF REGISTERS ASSOCIATED WITH PORTH

Value on: | Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other

BOR RESETS

TRISH |PORTH Data Direction Control Register 1111 1111 1111 1111
PORTH |Read PORTH pin/Write PORTH Data Latch XXXX XXXX uuuu uuuu
LATH Read PORTH Data Latch/Write PORTH Data Latch XXXX XXXX uuuu uuuu
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 |PCFG1 |PCFGO| --00 0000 --00 0000
MEMCON | EBDIS | PGRM | WAIT1 | WAITO — — WM1 | WMO | 0000 --00 0000 --00

Legend: x = unknown, u = unchanged, - = unimplemented. Shaded cells are not used by PORTH.
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9.9 PORTJ, LATJ, and TRISJ FIGURE 9-19: PORTJ BLOCK DIAGRAM
Registers IN I/O MODE
Note: PORTJ is available only on PIC18C801
devices.
. - R RD LATJ
PORTJ is an 8-bit wide, bi-directional I/O port. The cor- [B’ﬁéa
responding data direction register is TRISJ. Setting a D Q
TRISJ bit (= 1) will make the corresponding PORTJ pin WR LAT 1/0 pin®
an input (i.e., put the corresponding output driver in a or CK 3
Hi-Impedance mode). Clearing a TRISJ bit (= 0) will PORTJ Data Latch
make the corresponding PORTJ pin an output (i.e., put
the contents of the output latch on the selected pin). D Q
Read-modify-write operations on the LATJ register WR TRISJ KL Schmitt
read and write the latched output value for PORTJ. H;)gugter %7
. ' . . TRIS Latch
PORTJ is multiplexed with de-multiplexed system data acﬂ Buffer
bus D7:D0, when device is configured in 8-bit execution \'\1
mode. Register MEMCON configures PORTJ as I/O or
system bus pins. RDTRISJ
Note: On Power-on Reset, PORTJ defaults to Q D
system bus signals.
EN
RD PORTJ {>o T
EXAMPLE 9-10: INITIALIZING PORTJ
CLRF PORT ; Initialize PORTJ by Note 1: I/O pins have diode protection to VDD and Vss.

; clearing output
; data latches
CLRF LATJ ; Alternate method
; to clear output
; data latches
MOVLW 0CFh ; Value used to
; initialize data
; direction
MOVWF TRISJ ; Set RJ3:RJ0 as inputs
; RJI5:RJ4 as outputs
; RJ7:RJ6 as inputs
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FIGURE 9-20: PORTJ BLOCK DIAGRAM IN SYSTEM DATA BUS MODE
Q D
EN
RD PORTJ

7N

RD LATD ’ o
1/0 pin
Data Bus D 0 Port 0 I~
Data] 1 K
XYR LATJ KL
PORTJ Data Latch
TRIS Latch
»— D Q *
WR TRISJ Y / TTL
CK L Input
S R Buffer
External Enable RD TRISJ

System Bus

Control Data Out

Drive System

To Instruction Register

Instruction Read

Note 1: I/O pins have diode protection to VDD and Vss.
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TABLE 9-17: PORTJ FUNCTIONS

Name Bit# Buffer Type Function
RJO/DOW bit0 ST/TTL Input/output port pin or Data bit O for external memory interface
RJ1/D1®) bitl ST/TTL Input/output port pin or Data bit 1 for external memory interface
RJ2/D2W bit2 ST/TTL Input/output port pin or Data bit 2 for external memory interface
RJ3/D3M bit3 ST/TTL Input/output port pin or Data bit 3 for external memory interface
RJ4/D4W) bit4 ST/TTL Input/output port pin or Data bit 4 for external memory interface
RJ5/D5W) bit5 ST/TTL Input/output port pin or Data bit 5 for external memory interface
RJ6/D6(L) bit6 ST/TTL Input/output port pin or Data bit 6 for external memory interface
RJ7/D7W bit7 ST/TTL Input/output port pin or Data bit 7 for external memory interface

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: PORTJis available only on PIC18C801 devices.

TABLE 9-18: SUMMARY OF REGISTERS ASSOCIATED WITH PORTJ

Value on: Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
TRISJ PORTJ Data Direction Control Register 1111 1111 1111 1111
PORTJ Read PORTJ pin/Write PORTJ Data Latch XXXX XXXX uuuu uuuu
LATJ Read PORTJ Data Latch/Write PORTJ Data Latch XXKX XXX uuuu uuuu
MEMCON | EBDIS | PGRM |WAIT1 | WAITO| — | — \ wM1 \ WMO | 0000 --00 | 0000 --00

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTJ.
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10.0 TIMERO MODULE Register 10-1 shows the Timer0 Control register

The TimerO module has the following features:
« Software selectable as an 8-bit or 16-bit timer/

counter

(TOCON).
Figure 10-1 shows a simplified block diagram of the

* Readable and writable mode.

Dedicated 8-bit software programmable prescaler
« Clock source selectable to be external or internal
Interrupt on overflow from FFh to 00h in 8-bit prescale selection.

Timer0 module in 8-bit mode and Figure 10-2 shows a
simplified block diagram of the Timer0 module in 16-bit

The TOCON register is a readable and writable register
that controls all the aspects of Timer0, including the

mode and FFFFh to 0000h in 16-bit mode Note:  Timer0 is enabled on POR.

« Edge select for external clock

REGISTER 10-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

TOCON REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMROON TO8BIT TOCS TOSE PSA TOPS2 | TOPS1 TOPSO
bit 7 bit 0

TMROON: Timer0 On/Off Control bit

1 = Enables Timer0

0 = Stops Timer0

TO8BIT: Timer0 8-bit/16-bit Control bit

1 = TimerO is configured as an 8-bit timer/counter
0 = TimerO is configured as a 16-bit timer/counter

TOCS: Timer0O Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TimerO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

PSA: TimerO Prescaler Assignment bit
1 = TImerO prescaler is NOT assigned. Timer0 clock input bypasses prescaler.
0 = TimerO0 prescaler is assigned. Timer0 clock input comes from prescaler output.

TOPS2:TOPSO0: TimerO Prescaler Select bits
111 = 1:256 prescale value

110 = 1:128 prescale value

101 = 1:64 prescale value

100 = 1:32 prescale value

011 =1:16 prescale value

010 = 1:8 prescale value

001 = 1:4 prescale value

000 = 1:2 prescale value

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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FIGURE 10-1: TIMERO BLOCK DIAGRAM IN 8-BIT MODE
Data Bus
Fosc/4 —— 0 f
<’
Sync with
R_A<42/>TOCKI Programmable Clocks
pin Prescaler
TOSE (2 Tcy delay)
3 PSA
Set Interrupt
TOPS2, TOPS1, TOPSO Flag bit TMROIF
Tocs® on Overflow

Note 1: Upon RESET, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
2: 1/0 pins have diode protection to VDD and Vss.

FIGURE 10-2: TIMERO BLOCK DIAGRAM IN 16-BIT MODE

Foscl/4
Sync with Set Interrupt
miernal ' TmRoL | Hm%‘;w Flag bit TMROIF
RA4TOCKI Programmable on Overflow
pin®  1osE Prescaler (2 Tey delay)
3
Read TMROL
TOPS2, TOPS1, TOPSO -
Write TMROL
1
Tocs® PSA 8
8
TMROH
8
AV Data Bus<7:0>

Note 1: Upon RESET, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
2: /0 pins have diode protection to VDD and Vss.
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10.1 TimerO Operation

TimerO can operate as a timer or as a counter.

Timer mode is selected by clearing the TOCS bit. In
Timer mode, the TimerO module will increment every
instruction cycle (without prescaler). If the TMROL reg-
ister is written, the increment is inhibited for the follow-
ing two instruction cycles. The user can work around
this by writing an adjusted value to the TMROL register.

Counter mode is selected by setting the TOCS bit. In
Counter mode, TimerO will increment either on every
rising, or falling edge, of pin RA4/TOCKI. The incre-
menting edge is determined by the TimerO Source
Edge Select bit (TOSE). Clearing the TOSE bit selects
the rising edge. Restrictions on the external clock input
are discussed below.

When an external clock input is used for TimerO0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of TimerO after synchronization.

10.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module. The prescaler is not readable or
writable.

The PSA and TOPS2:TOPSO bits determine the
prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g. CLRF TMRO,
MOVWF TMRO, BSF TMRO, x....etc.) will clear the
prescaler count.

Note:  Writing to TMRO when the prescaler is
assigned to Timer0, will clear the prescaler
count but will not change the prescaler
assignment.

10.2.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software con-
trol (i.e., it can be changed “on-the-fly” during program
execution).

10.3 TimerO Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h in 8-bit mode, or FFFFh
to 0000h in 16-bit mode. This overflow sets the TMROIF
bit. The interrupt can be masked by clearing the
TMROIE bit. The TMROIF bit must be cleared in soft-
ware by the TimerO module Interrupt Service Routine
before re-enabling this interrupt. The TMRO interrupt
cannot awaken the processor from SLEEP, since the
timer is shut-off during SLEEP.

10.4 16-Bit Mode Timer Reads and
Writes

TimerO can be set in 16-bit mode by clearing TOCON
TO8BIT. Registers TMROH and TMROL are used to
access 16-bit timer value.

TMROH is not the high byte of the timer/counter in
16-bit mode, but is actually a buffered version of the
high byte of TimerO (refer to Figure 10-1). The high byte
of the Timer0 counter/timer is not directly readable nor
writable. TMROH is updated with the contents of the
high byte of Timer0 during a read of TMROL. This pro-
vides the ability to read all 16-bits of TimerO without
having to verify that the read of the high and low byte
were valid, due to a rollover between successive reads
of the high and low byte.

A write to the high byte of Timer0 must also take place
through the TMROH buffer register. TimerO high byte is
updated with the contents of the buffered value of
TMROH, when a write occurs to TMROL. This allows all
16-bits of TimerO to be updated at once.

TABLE 10-1: REGISTERS ASSOCIATED WITH TIMERO

) _ _ _ _ _ _ _ value on Value on

Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR. BOR all other

’ RESETS
TMROL | TimerO Module’s Low Byte Register XXXX XXXX | UUUU uuuu
TMROH | TimerO Module’s High Byte Register 0000 0000 | 0000 0000
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF | 0000 000x | 0000 000u
TOCON | TMROON TO8BIT TOCS TOSE PSA | TOPS2 | TOPS1 | TOPSO | 1111 1111 |1111 1111
TRISA — PORTA Data Direction Register --11 1111 | --11 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by TimerO0.
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11.0 TIMER1 MODULE

The Timerl module timer/counter has the following
features:

16-bit timer/counter
(Two 8-bit registers: TMR1H and TMR1L)

Readable and writable (both registers)

Internal or external clock select

Interrupt on overflow from FFFFh to 0000h
RESET from CCP module special event trigger

REGISTER 11-1: T1CON REGISTER

Register 11-1 shows the Timerl Control register. This
register controls the operating mode of the Timerl
module as well as contains the Timer1l oscillator enable
bit (TLOSCEN). Timerl can be enabled/disabled by
setting/clearing control bit TMR1ON (T1CON register).

Figure 11-1 is a simplified block diagram of the Timerl
module.

Note:  Timerl is disabled on POR. |

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 | — | T1CKPS1 | TICKPSO | TIOSCEN | TISYNC | TMR1CS | TMR1ON
bit 7 bit 0
bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register Read/Write of TImer1 in one 16-bit operation
0 = Enables register Read/Write of Timerl in two 8-bit operations

bit 6 Unimplemented: Read as '0'

bit 5-4 T1CKPS1:T1CKPSO: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T1OSCEN: Timerl Oscillator Enable bit

bit 2

1 =Timerl Oscillator is enabled
0 =Timerl Oscillator is shut-off
The oscillator inverter and feedback resistor are turned off to eliminate power drain.

T1SYNC: Timerl External Clock Input Synchronization Select bit

When TMRICS = 1:

1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMRACS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T10SO/T13CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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11.1 Timerl Operation

Timerl can operate in one of these modes:
* As atimer

« As a synchronous counter

* As an asynchronous counter

The operating mode is determined by the clock select

bit, TMR1CS (T1CON register).

When TMRICS is clear, Timerl increments every
instruction cycle. When TMRI1CS is set, Timerl incre-
ments on every rising edge of the external clock input
or the Timer1 oscillator, if enabled.

When the Timer1 oscillator is enabled (TLOSCEN is set),
the RC1/T10SI and RCO/T1OSO/T1CKI pins become
inputs. That is, the TRISC<1:0> value is ignored.

Timerl also has an internal “RESET input”. This RESET

Note:

When Timerl is configured in an Asyn-
chronous mode, care must be taken to
make sure that there is no incoming pulse
while Timerl is being turned off. If there is
an incoming pulse while Timerl is being
turned off, Timerl value may become
unpredictable.

If an application requires that Timerl be
turned off and if it is possible that Timerl
may receive an incoming pulse while being
turned off, synchronize the external clock
first, by clearing the TLSYNC bit of register
T1CON. Please note that this may cause
Timerl to miss up to one count.

FIGURE 11-1: TIMER1 BLOCK DIAGRAM

can be generated by the CCP module (Table 14.0).

TMRL1IF
Overflow

Interrupt TMR1
Flag Bit CLR

TMR1H TMR1L

CCP Special Event Trigger

Synchronized

0|

1|—

Clock Input

TMR1ON
ff -
rTlESC—I on/o T1SYNC
T13¢KIT1050 X J— | '|> 1 :
‘ﬁ T1OSCEN Prescaler Synchronize
T1081 [ |Enable oo 12,48 _f det
. ___ Oscillator Internal 0 1 I
Clock x: SLEEP Input
T1CKPSL:T1CKPSO
TMRLCS

Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This reduces power drain.

© 2001-2013 Microchip Technology Inc.

Advance Information

DS39541B-page 131



PIC18C601/801

FIGURE 11-2: TIMER1 BLOCK DIAGRAM: 16-BIT READ/WRITE MODE

Data Bus<7:0>
o4

TMR1H

8
I °
Write TMR1L u
Read TMR1L Special Event Trigger
TMRLIE T™MRL < Synchronized
Overflow . Clock Input
Interrupt | T'”,‘frl | TMRLL
High Byt
Flag bit =V <
TMR1ON
"""" On/Off T1SYNC
' T10SC !
T13CKI/T10SO @ .
Synchronize
Prescaler
T10SCEN 1,2,4,8 A det
Enable
T10SI Oscillator® 2
"""" TMR1CS SLEEP Input
T1CKPS1:T1CKPSO

Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This reduces power drain.
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11.2 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T1O0SO (amplifier output). It is enabled by
setting control bit TIOSCEN (T1CON register). The
oscillator is a low power oscillator rated up to 200 kHz.
It will continue to run during SLEEP. It is primarily
intended for a 32 kHz crystal. Table 11-1 shows the
capacitor selection for the Timerl oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.

TABLE 11-1: CAPACITOR SELECTION FOR
THE ALTERNATE
OSCILLATOR
Osc Type Freq C1 Cc2
LP 32 kHz TBDW TBD(l)(\

Crystal to be Tested: ) \

32.768 kHz | Epson C-001R32.768K-A-|+ RKPEM

Note 1: Microchip suggests 3 rtlng
point in validatin t cucun
2: Higher capac es the stability
of the osu Iso increases the

start—
{ esonator/crystal has its own
nstlcs the user should consult the
sonator/crystal manufacturer for appro-
@ priate values of external components.
4: Capacitor values are for design guidance
only.

11.3 Timerl Interrupt

The TMR1 Register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR1 interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit TMR1IF (PIR regis-
ters). This interrupt can be enabled/disabled by setting/
clearing TMR1 interrupt enable bit TMRILIE (PIE
registers).

11.4 Resetting Timerl using a CCP
Trigger Output

If the CCP module is configured in Compare mode
to generate a “special event trigger"
(CCP1M3:CCP1MO =1011), this signal will reset
Timerl and start an A/D conversion (if the A/D module
is enabled).

Note:  The special event triggers from the CCP1
module will not set interrupt flag bit
TMRL1IF (PIR registers).

Timerl must be configured for either Timer, or Synchro-
nized Counter mode, to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timer1 coincides with a special
event trigger from CCP1, the write will take precedence.

In this mode of operation, the CCPR1H:CCPRLL regis-
ters pair, effectively becomes the period register for
Timerl.

11.5 Timerl 16-Bit Read/Write Mode

Timerl can be configured for 16-bit reads and writes
(see Figure 11-2). When the RD16 control bit (TLCON
register) is set, the address for TMR1H is mapped to a
buffer register for the high byte of Timerl. A read from
TMR1L will load the contents of the high byte of Timerl
into the Timer1 high byte buffer. This provides the user
with the ability to accurately read all 16 bits of Timer1,
without having to determine whether a read of the high
byte followed by a read of the low byte is valid, due to
a rollover between reads.

A write to the high byte of Timerl must also take place
through the TMR1H buffer register. Timer1 high byte is
updated with the contents of TMR1H when a write
occurs to TMRL1L. This allows a user to write all 16-bits
to both the high and low bytes of Timerl at once.

The high byte of Timerl is not directly readable or writ-
able in this mode. All reads and writes must take place
through the Timerl high byte buffer register. Writes to
TMR1H do not clear the Timerl prescaler. The
prescaler is only cleared on writes to TMR1L.
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TABLE 11-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

value on Value on

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other

' RESETS
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u

GIEH GIEL
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | -000 0000 [ -000 0000
PIE1 — ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
IPR1 — ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP | -000 0000 | -000 0000
TMRI1L |Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
TMR1H | Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
T1CON RD16 | — | T1CKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | 0-00 0000 |u-uu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timerl module.
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12.0 TIMER2 MODULE

The Timer2 module timer has the following features:

 8-bit timer (TMR2 register)

« 8-bit period register (PR2)

« Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4, 1:16)

« Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMR2 match of PR2

¢ SSP module optional use of TMR2 output to
generate clock shift

Register 12-1 shows the Timer2 Control register.
Timer2 can be shut-off by clearing control bit TMR20ON
(T2CON register), to minimize power consumption.
Figure 12-1 is a simplified block diagram of the Timer2
module. The prescaler and postscaler selection of
Timer2 are controlled by this register.

REGISTER 12-1: T2CON REGISTER
uU-0 R/W-0 R/W-0

12.1 Timer2 Operation

Timer2 can be used as the PWM time-base for the PWM
mode of the CCP module. The TMR2 register is read-
able and writable, and is cleared on any device RESET.
The input clock (Fosc/4) has a prescale option of 1:1,
1:4, or 1:16, selected by control bits
T2CKPS1:T2CKPSO0 (T2CON register). The match out-
put of TMR2 goes through a 4-bit postscaler (which
gives a 1:1 to 1:16 scaling inclusive) to generate a TMR2
interrupt (latched in flag bit TMR2IF, PIR registers).

The prescaler and postscaler counters are cleared
when any of the following occurs:
* A write to the TMR2 register
* A write to the T2CON register
* Any device RESET (Power-on Reset, MCLR
Reset, or Watchdog Timer Reset)
TMR2 is not cleared when T2CON is written.

Note:  Timer2 is disabled on POR.

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

‘ — |TOUTPS3 TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO

bit 7

bit 7 Unimplemented: Read as '0'

bit 0

bit 6-3 TOUTPS3: TOUTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 =1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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12.2 Timer2 Interrupt

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

12.3 Output of TMR2

The output of TMR2 (before the postscaler) is a clock
input to the Synchronous Serial Port module, which
optionally uses it to generate the shift clock.

FIGURE 12-1: TIMER2 BLOCK DIAGRAM
Sets Flag
TMR2 )
output® bit TMR2IF
Prescaler RESET
Fosc/4
1:1,1:4,1:16
$2 Postscaler
EQ 1:1 to 1:16
T2CKPS1:T2CKPS0O
4
TOUTPS3:TOUTPSO
Note 1: TMR2 register output can be software selected by the SSP Module as a baud clock.

TABLE 12-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR. BOR all other

! RESETS
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x|0000 000u

GIEH GIEL
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | -000 0000 |-000 0000
PIE1 — ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRILIE | -000 0000 |-000 0000
IPR1 — ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP |-000 0000 |-000 0000
TMR2 | Timer2 Module’s Register 0000 0000|0000 0000
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 | -000 0000 | -000 0000
PR2 | Timer2 Period Register 1111 1111 (1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer2 module.
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13.0 TIMER3 MODULE Figure 13-1 is a simplified block diagram of the Timer3

module.
The Timer3 module timer/counter has the following

features: Register 13-1 shows the Timer3 Control register. This

o register controls the operating mode of the Timer3
* 16-bit timer/counter module and sets the CCP clock source.
(Two 8-bit registers: TMR3H and TMR3L)

K K Register 11-1 shows the Timerl Control register. This
« Readable and writable (both registers)

register controls the operating mode of the Timerl

* Internal or external clock select module, as well as contains the Timerl oscillator
« Interrupt on overflow from FFFFh to 0000h enable bit (TLOSCEN), which can be a clock source for
« RESET from CCP module trigger Timer3.

Note:  Timer3 is disabled on POR.

REGISTER 13-1: T3CON REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON
bit 7 bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable
1 = Enables register Read/Write of Timer3 in one 16-bit operation
0 = Enables register Read/Write of Timer3 in two 8-bit operations
bit 6,3 T3CCP2:T3CCP1: Timer3 and Timerl to CCPx Enable bits
1x =Timer3 is the clock source for compare/capture CCP modules
01 =Timer3 is the clock source for compare/capture of CCP2,
Timerl is the clock source for compare/capture of CCP1
00 =Timerl is the clock source for compare/capture CCP modules
bit 5-4 T3CKPS1:T3CKPSO0: Timer3 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the system clock comes from Timer1/Timer3)
When TMR3CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMR3CS = 0:
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.

bit 1 TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timerl oscillator or TLCKI (on the rising edge after the first
falling edge)
0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ']’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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13.1

Timer3 can operate in one of these modes:

Timer3 Operation

* As atimer
» As a synchronous counter
» As an asynchronous counter

The operating mode is determined by the clock select
bit, TMR3CS (T3CON register).

When TMR3CS = 0, Timer3 increments every instruc-
tion cycle. When TMR3CS = 1, Timer3 increments on
every rising edge of the Timerl external clock input or
the Timerl oscillator, if enabled.

When the Timerl oscillator is enabled (TLIOSCEN is
set), the RC1/T10S| and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored.

Timer3 also has an internal “RESET input”. This
RESET can be generated by the CCP module
(Section 13.0).

FIGURE 13-1: TIMER3 BLOCK DIAGRAM
TMR3IE CCP Special Trigger
Overflow T3CCPx Synchronized
Interrupt D Clock Input
Flag bit CLR
TMR3H TMR3L B
TMR3ON
SRS On/off T3SYNC
71050/ T10sc @
T13CKI i
Prescaler Synchronize
—T10SCEN  Fosc/a 1,2,4,8 _A det
. Enable Internal
T10SI : Oscillator'™  cjock 2
________ TMR3CS SLEEP Input
T3CKPS1:T3CKPSO
Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This reduces power drain.

FIGURE 13-2: TIMER3 BLOCK DIAGRAM CONFIGURED IN 16-BIT READ/WRITE MODE
Data Bus<7:0>
8
TMR3H
8
I[°
Write TMR3L 1
Read TMR3L
CCP Special Trigger
TMRS3IF Overflow 8 TMR3\/ T3cepx - S)(/;Ch;(olnize;i
Interrupt Flag 4 LR ock Inpu
bit TMR3H TMR3L ¢
To Timerl Clock Input <*———— T%R?gﬂN
n T3SYNC
T10S0/ T1i0s¢C :
T13CKI i
Prescaler Synchronize
: Foscl4 1,2,4,8 A det
. CE)na_hille @ Internal 0 $ [
' Oscillator’
T10SI ! Clock 2 SLEEP Input
""""" T3CKPS1:T3CKPSO
TMR3CS
Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This reduces power drain.
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13.2

The Timerl oscillator may be used as the clock source
for Timer3. The Timerl oscillator is enabled by setting
the TLOSCEN bit (TLCON Register). The oscillator is
a low power oscillator rated up to 200 kHz. Refer to
“Timerl Module”, Section 11.0, for Timerl oscillator
details.

Timerl Oscillator

13.3 Timer3 Interrupt

The TMRS register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR3 interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit TMR3IF (PIE
registers). This interrupt can be enabled/disabled by
setting/clearing TMR3 interrupt enable bit TMR3IE
(PIE registers).

13.4 Resetting Timer3 Using a CCP
Trigger Output
If the CCP module is configured in Compare mode to

generate a “special event trigger" (CCP1M3:CCP1MO
=1011), this signal will reset Timer3.

Note: The special event triggers from the CCP
module will not set interrupt flag bit

TMR3IF (PIR registers).

Timer3 must be configured for either Timer, or Synchro-
nized Counter mode, to take advantage of this feature. If
Timer3 is running in Asynchronous Counter mode, this
RESET operation may not work. In the event that a write
to Timer3 coincides with a special event trigger from
CCP1, the write will take precedence. In this mode of
operation, the CCPR1H:CCPR1L registers pair
becomes the period register for Timer3. Refer to
Section 14.0, “Capture/Compare/PWM (CCP) Modules”,
for CCP details.

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON | GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
GIEH GIEL
PIR2 — — — — BCLIF LVDIF | TMR3IF | CCP2IF | ---- 0000 | -0-- 0000
PIE2 — — — — BCLIE LVDIE TMR3IE | CCP2IE | ---- 0000 | -0-- 0000
IPR2 — — — — BCLIP LVDIP | TMR3IP | CCP2IP | ---- 0000 | -0-- 0000
TMR3L | Holding register for the Least Significant Byte of the 16-bit TMR3 register XXXX XXXX | uuuu uuuu
TMR3H | Holding register for the Most Significant Byte of the 16-bit TMR3 register XXXX XXXX | uuuu uuuu
T1CON | RD16 — T1CKPS1 | TAICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | 0-00 0000 | u-uu uuuu
T3CON | RD16 | T3CCP2 | T3CKPS1 | T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR3ON | 0000 0000 | uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer3 module.
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NOTES:
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14.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register that can operate as a 16-bit capture
register, as a 16-bit compare register, or as a PWM
Duty Cycle register. Table 14-1 shows the timer
resources of the CCP module modes.

REGISTER 14-1: CCP1CON REGISTER
CCP2CON REGISTER

The operation of CCP1 is identical to that of CCP2, with
the exception of the special event trigger. Therefore,
operation of a CCP module in the following sections is
described, with respect to CCP1.

Table 14-2 shows the interaction of the CCP modules.

Register 14-1 shows the CCPx Control registers
(CCPXCON). For the CCP1 module, the register is
called CCP1CON and for the CCP2 module, the regis-
ter is called CCP2CON.

u-0 u-0 RIW-0 RW-0  RMW-0 RMW-0 RW-O0  RMW-0
CCP1CON | — [ — ] pciBiL | DC1BO [CCPIM3 | CCPIM2 [ CCPIML | CCPIMO |
bit 7 bit 0

u-0 u-0 RIW-0 RW-0  RMW-0 RMW-0 RW-O0  RMW-0
CCP2CON | — | — ] pce1 | pc2Bo | ccpams | ccpam2 | ccpami [ cCP2mo |
bit 7 bit 0

bit 7-6 Unimplemented: Read as '0'

bit 5-4 DCxB1:DCxB0: PWM Duty Cycle bitl and bit0

Capture mode:
Unused

Compare mode:
Unused

PWM mode:

These bits are the two LSbs (bitl and bit0) of the 10-bit PWM duty cycle. The upper eight bits
(DCx9:DCx2) of the duty cycle are found in CCPRxL.

bit 3-0 CCPxM3:CCPxMO0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)

0001 = Reserved

0010 = Compare mode, toggle output on match (CCPXIF bit is set)

0011 = Reserved

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge

1000 = Compare mode,

Initialize CCP pin Low, on compare match force CCP pin High (CCPIF bit is set)

1001 = Compare mode,

Initialize CCP pin High, on compare match force CCP pin Low (CCPIF bit is set)

1010 = Compare mode,

Generate software interrupt on compare match
(CCPIF bit is set, CCP pin is unaffected)

1011 = Compare mode,

Trigger special event (CCPIF bit is set, reset TMR1 or TMR3)

11xx = PWM mode

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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14.1 CCP1 Module

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

14.2 CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

TABLE 14-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timerl or Timer3
Compare Timerl or Timer3
PWM Timer2

14.3 Capture Mode

In Capture mode, CCPR1H:CCPRLL captures the 16-bit
value of the TMR1 or TMRS3 registers, when an event
occurs on pin RC2/CCP1. An event is defined as:

« every falling edge

« every rising edge

« every 4th rising edge

« every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR registers) is set. It
must be cleared in software. If another capture occurs
before the value in register CCPR1 is read, the old cap-
tured value will be lost.

143.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 is configured as an out-
put, a write to the port can cause a capture
condition.

14.3.2 TIMER1/TIMER3 MODE SELECTION

The timers used with the capture feature (either Timerl
and/or Timer3) must be running in Timer mode or Syn-
chronized Counter mode. In Asynchronous Counter
mode, the capture operation may not work. The timer
used with each CCP module is selected in the T3CON
register.

TABLE 14-2: INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capture Capture | TMR1 or TMR3 time-base. Time-base can be different for each CCP.

Capture Compare | The compare could be configured for the special event trigger, which clears either TMR1

or TMR3, depending upon which time-base is used.

Compare Compare | The compare(s) could be configured for the special event trigger, which clears TMR1 or

TMRS3, depending upon which time-base is used.

PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt).
PWM Capture  |None.
PWM Compare |None.
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14.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE registers) clear to avoid false interrupts
and should clear the flag bit CCP1IF, following any
such change in operating mode.

14.3.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
RESET will clear the prescaler counter.

FIGURE 14-1:

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared; therefore, the first capture may be from
a non-zero prescaler. Example 14-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 14-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON, F ; Turn CCP module off
MOVLW NEW_CAPT_PS ; Load WREG with the
; new prescaler mode
; value and CCP ON

; Load CCP1CON with

; this value

MOVWF CCP1CON

CAPTURE MODE OPERATION BLOCK DIAGRAM

RC2/CCP1 pin

Prescaler
+1,4,16
RXBOIF or <
RXB1IF
CCP1CON<3:0> and
edge detect

j( CCP1M3:CCP1MO

RC1/CCP2 pin

j and 1
edge detect

CCP2M3:CCP2MO
Q's

Note: 1/O pins have diode protection to VDD and Vss.

Set Flag bit CCP1IF

Q's
Set Flag bit CCP2IF
T3CCP1
T3CCP2
Prescaler
Ei +1,4,16

T3CCP2
T3CCP1

TMR3H TMR3L

T3CCP2

T3CCP2

*

TMR1H TMR1L
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14.4 Compare Mode

In Compare mode, the 16-bit CCPR1 (CCPRZ2) register
value is constantly compared against either the TMR1
register pair value, or the TMRS3 register pair value.
When a match occurs, the RC2/CCP1 (RC1/CCP2) pin
can have one of the following actions:

« Driven high

* Driven low

» Toggle output (high to low or low to high)

* Remains unchanged

The action on the pin is based on the value of control
bits CCP1M3:CCP1M0O (CCP2M3:CCP2MO0). At the
same time, interrupt flag bit CCP1IF (CCP2IF) is set.

14.4.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRISC bit.

Note:  Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the

default low level. This is not the data latch.

FIGURE 14-2:

COMPARE MODE OPERATION BLOCK DIAGRAM

14.4.2 TIMERL/TIMER3 MODE SELECTION

Timerl and/or Timer3 must be running in Timer mode,
or Synchronized Counter mode, if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

14.4.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt is chosen, the
CCPL1 pin is not affected. Only a CCP interrupt is gen-
erated (if enabled).

14.4.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPRL register to
effectively be a 16-bit programmable period register for
Timerl.

The special trigger output of CCPx resets either the
TMR1, or TMRS3 register pair. Additionally, the CCP2
Special Event Trigger will start an A/D conversion, if the
A/D module is enabled.

Note:  The special event trigger from the CCP2
module will not set the Timerl or Timer3
interrupt flag bits.

Special Event Trigger will:

Special Event Trigger

Reset Timerl or Timer3 (but not set Timerl or Timer3 Interrupt Flag bit)
Set bit GO/DONE, which starts an A/D conversion (CCP2 only)

Set Flag bit CCP1IF

CCPR1H| CCPRI1L

Vi

Q s Output
RC2/CCP1 R Logic
pin

TRISC<2>
Output Enable

CCP1M3:CCP1MO
Mode Select

Special Event Trigger

Set Flag bit CCP2IF  T3CCP1

Comparator

T3ccP2

TMR1H | TMRIL TMR3H | TMR3L

T3CCP2

Comparator

Qs Output
RC1/CCP2 R Logic
pin
TRISC<1>

Output Enable CCP2M3:CCP2MO0
Mode Select

Note: 1/O pins have diode protection to VDD and Vss.
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TABLE 14-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, all other

BOR RESETS
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u

GIEH GIEL
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | -000 0000 |-000 0000
PIE1 — ADIE RCIE TXIE SSPIE CCPlIE | TMR2IE | TMR1IE | -000 0000 | -000 0000
IPR1 — ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP | -000 0000 | -000 0000
TRISC |[PORTC Data Direction Register 1111 1111|1111 1111
TMR1L |Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX |Uuuu uuuu
TMR1H |Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX |Uuuuu uuuu
TICON | RD16 | — [T1CKPS1]|T1CKPSO[T10SCEN| TISYNC [TMRICS [ TMRION | 0-00 0000 [u-uu uuuu
CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX |uuuu uuuu
CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX |uuuu uuuu
ccpicoN| — [ — [ pciBl | DC1BO | cCPIM3 [ CCPIM2 [ CCPIML | CCPIMO | --00 0000 | --00 0000
CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX |uuuu uuuu
CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX |uuuu uuuu
CCP2CON — — DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | --00 0000 | --00 0000
PIR2 — — — — BCLIF LVDIF TMR3IF | CCP2IF | ---- 0000 |---- 0000
PIE2 — — — — BCLIE LVDIE TMR3IE | CCP2IE | ---- 0000 |---- 0000
IPR2 — — — — BCLIP LVDIP TMR3IP | CCP2IP | ---- 0000 |---- 0000
TMR3L Holding register for the Least Significant Byte of the 16-bit TMR3 register XXXX XXXX |Uuuu uuuu
TMR3H Holding register for the Most Significant Byte of the 16-bit TMR3 register XXXX XXXX |Uuuuu uuuu
T3CON | RD16 |T3CCP2 | T3CKPSL|T3CKPS0] T3CCP1 | T3SYNC [ TMR3CS [ TMR3ON | 0000 0000 [uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by Capture and Timer1.
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145 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC /O data
latch.

Figure 14-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to setup the CCP
module for PWM operation, see Section 14.5.3.
FIGURE 14-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cycle Registers‘/ CCP1CON<5:4>

CCPRI1L (Master)
L

Comparator ‘ R Q
RC2/CCP1
—S
TRISC<2>
Clear Timer,
CCP1 pin and

latch D.C.

Note 1: 8-bit timer is concatenated with 2-bit internal Q clock, or
2 bits of the prescaler, to create 10-bit time-base.

A PWM output (Figure 14-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 14-4:

Period

| L] B

PWM OUTPUT

+ Duty Cycle
TMR2 = PR2
1 TMR2 = Duty Cycle

TMR2 = PR2

1451 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated by the
formula:
PWM period= [(PR2) +1] « 4+ ToSC*
(TMR2 prescale vaue)

where PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCPL1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

* The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 12.1)
is not used in the determination of the
PWM frequency. The postscaler could be
used to have a servo update rate at a dif-
ferent frequency than the PWM output.

14.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRIL register and to the CCP1CON<5:4> bhits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle= (CCPR1L:CCP1CON<5:4>) «
Tosc ¢ (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

o (Fosc)
9 FPwM

PWM Resolution (max) = ths

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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14.5.3 SETUP FOR PWM OPERATION 3.
. . TRISC<2> bit.
The following steps should be taken when configuring 4
the CCP module for PWM operation: by writing to T2CON.
1. Set the PWM period by writing to the PR2 5

register.

2. Set the PWM duty cycle by writing to the

CCPRL1L register and CCP1CON<5:4> bhits.

TABLE 14-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 25 MHz

Make the CCP1 pin an output by clearing the
Set the TMR2 prescale value and enable Timer2

Configure the CCP1 module for PWM operation.

PWM Frequency 153 kHz | 6.10kHz | 24.41 kHz | 97.66kHz | 195.31 kHz | 260.42 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OFFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 14-5. REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
GIEH GIEL
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
IPR1 — ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP | -000 0000 | -000 0000
TRISC |PORTC Data Direction Register 1111 1111 (1111 1111
TMR2 |Timer2 Module’s Register 0000 0000 [ 0000 0000
PR2 Timer2 Module’s Period Register 1111 1111 (1111 1111
T2CON — [Toutps3][TouTPs2|TOUTPS1] TOUTPSO [TMR20N [ T2CKPS1] T2CKPSO | -000 0000 | -000 0000
CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX |uuuu uuuu
CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX |uuuu uuuu
ccpicoN| — [ — [ pciBl | DC1BO | CCPIM3 [CCPIM2 [ CCPIML [ CCPIMO | --00 0000 | --00 0000
CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX |uuuu uuuu
CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX |uuuu uuuu
CCP2CON — — DC2B1 DC2B0 CCP2M3 |CCP2M2 | CCP2M1 | CCP2MO | --00 0000 | --00 0000
PIR2 — — — — BCLIF LVDIF TMRS3IF CCP2IF | ---- 0000 [ ---- 0000
PIE2 — — — — BCLIE LVDIE TMR3IE | CCP2IE | ---- 0000 |---- 0000
IPR2 — — — — BCLIP LVDIP TMR3IP | CCP2IP | ---- 0000 |---- 0000
Legend: x =unknown, u = unchanged, — = unimplemented, read as '0'. Shaded cells are not used by PWM and Timer2.
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NOTES:
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15.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

15.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:
« Serial Peripheral Interface™ (SPI)
« Inter-Integrated Circuit™ (12C)

- Full Master mode

- Slave mode (with general address call)
The I2C interface supports the following modes in
hardware:
« Master mode
* Multi-Master mode
« Slave mode

© 2001-2013 Microchip Technology Inc. Advance Information
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15.2 Control Registers

The MSSP module has three associated registers.

Register 15-1 shows the MSSP Status Register
(SSPSTAT), Register 15-2 shows the MSSP Control
Register 1 (SSPCONL1), and Register 15-3 shows the

These include a status register and two control registers. MSSP Control Register 2 (SSPCON2).

REGISTER 15-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT REGISTER

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0

SMP CKE D/IA P S RIW UA BF

bit 7 bit 0

SMP: Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode

In 12C Master or Slave mode:

1= Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0= Slew rate control enabled for high speed mode (400 kHz)

CKE: SPI Clock Edge Select

CKP =0:

1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP =1:

1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

D/A: Data/Address bit (12C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

P: STOP bit

(IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a STOP bit has been detected last (this bit is '0' on RESET)

0 = STOP bit was not detected last

S: START bit

(12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a START bit has been detected last (this bit is '0' on RESET)

0 = START bit was not detected last

R/W: Read/Write bit Information (IZC mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from
the address match to the next START bit, STOP bit, or not ACK bit.

In I2C Slave mode:

1 =Read

0 = Write

In 12C Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress.

OR-ing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in IDLE mode.

UA: Update Address (10-bit 12C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and I°C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit (I2C mode only): _

1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bits), SSPBUF is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 15-2: SSPCON1 REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO
bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit

Master mode:

1 = A write to the SSPBUF register was attempted while the 12C conditions were not valid for a
transmission to be started

0 = No collision

Slave mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case of
overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. In Slave mode, the
user must read the SSPBUF, even if only transmitting data, to avoid setting overflow. In Master
mode, the overflow bit is not set since each new reception (and transmission) is initiated by writing
to the SSPBUF register. (Must be cleared in software.)

0 = No overflow

In 12C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a
"don’t care" in Transmit mode. (Must be cleared in software.)

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit
In both modes, when enabled, these pins must be properly configured as input or output.

In SPI mode: —

1 = Enables serial port and configures SCK, SDO, SDI, and SS as the source of the serial port pins
0 = Disables serial port and configures these pins as 1/O port pins

In 12C mode:

1 = Enables the serial port and configures the SDA and SCL pins as the source of the serial port pins
0 = Disables serial port and configures these pins as 1/O port pins

bit 4 CKP: Clock Polarity Select bit
In SPI mode:
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In 12C Slave mode:
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In 12C Master mode:
Unused in this mode

bit3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
0000 = SPI Master mode, clock = Fosc/4
0001 = SPI Master mode, clock = Fosc/16
0010 = SPI Master mode, clock = Fosc/64
0011 = SPI Master mode, clock = TMR2 output/2
0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled. ___
0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as 1/O pin.
0110 = I2C Slave mode, 7-bit address
0111 = I2C Slave mode, 10-bit address
1000 = 12C Master mode, clock = Fosc / (4 * (SSPADD+1) )
1001 = Reserved
1010 = Reserved
1011 = I2C firmware controlled Master mode (Slave idle)
1100 = Reserved
1101 = Reserved
1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-bit address with START and STOP bit interrupts enabled

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 15-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2 REGISTER

RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RMW-0 RMW-0  RW-0
GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN RSEN SEN
bit 7 bit 0

GCEN: General Call Enable bit (In IC Slave mode only)
1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled

ACKSTAT: Acknowledge Status bit (In I2C Master mode only)
In Master Transmit mode:

1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (In I2C Master mode only)

In Master Receive mode:

Value transmitted when the user initiates an Acknowledge sequence at the end of a receive
1 = Not Acknowledge

0 = Acknowledge

ACKEN: Acknowledge Sequence Enable bit (In 1°C Master mode only)

In Master Receive mode:

1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence idle

RCEN: Receive Enable bit (In [2C Master mode only)
1 = Enables Receive mode for I12C
0 = Receive idle

PEN: STOP Condition Enable bit (In I2C Master mode only)

SCK release control

1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.

0 = STOP condition idle

RSEN: Repeated START Condition Enabled bit (In 12C Master mode only)

1 = Initiate Repeated START condition on SDA and SCL pins. Automatically cleared
by hardware.

0 = Repeated START condition idle

SEN: START Condition Enabled bit (In I°C Master mode only)

1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.

0 = START condition idle

Note:  For hits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is not in the IDLE
mode, this bit may not be set (no spooling) and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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15.3 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received, simultaneously. All four
modes of SPI are supported. To accomplish communi-
cation, typically three pins are used:

¢ Serial Data Out (SDO) - RC5/SDO

« Serial Data In (SDI) - RC4/SDI/SDA

« Serial Clock (SCK) - RC3/SCK/SCL/LVOIN
Additionally, a fourth pin may be used when in any
Slave mode of operation:

« Slave Select (SS) - RA5/SS/AN4

15.3.1 OPERATION

When initializing the SPI, several options need to be

specified. This is done by programming the appropriate

control bits SSPCON1<5:0> and SSPSTAT<7:6>.

These control bits allow the following to be specified:

* Master mode (SCK is the clock output)

¢ Slave mode (SCK is the clock input)

« Clock polarity (Idle state of SCK)

« Data input sample phase (middle or end of data
output time)

« Clock edge (output data on rising/falling edge of
SCK)

» Clock rate (Master mode only)

« Slave Select mode (Slave mode only)

Figure 15-1 shows the block diagram of the MSSP

module, when in SPI mode.

FIGURE 15-1: MSSP BLOCK DIAGRAM
(SPI MODE)
< Internal
Data Bus
Read Write

SDI bit0 Shift
Clock
SDO
SS Control
Enable
Clock Select

SSPM3:SSPMO
MR2 Qutput
2

Prescaler | Tosc
4,16, 64

Data to TX/RX in SSPSR

TRIS bit

[

SCK

Note: 1/O pins have diode protection to VDD and Vss.
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The MSSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then the buffer full detect bit, BF (SSPSTAT
register), and the interrupt flag bit, SSPIF (PIR regis-
ters), are set. This double buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored, and the write collision detect bit, WCOL
(SSPCONL1 register), will be set. User software must
clear the WCOL bit so that it can be determined if the
following write(s) to the SSPBUF register completed
successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
buffer full (BF) bit (SSPSTAT register) indicates when
SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPI is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. The SSPBUF must be read and/or
written. If the interrupt method is not going to be used,
then software polling can be done to ensure that a write
collision does not occur. Example 15-1 shows the
loading of the SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable, and
can only be accessed by addressing the SSPBUF reg-
ister. Additionally, the MSSP status register (SSPSTAT
register) indicates the various status conditions.

15.3.2 ENABLING SPI I/O

To enable the serial port, SSP enable bit, SSPEN
(SSPCONL1 register), must be set. To reset or reconfig-
ure SPI mode, clear the SSPEN bit, re-initialize the
SSPCON registers, and then set the SSPEN bit. This
configures the SDI, SDO, SCK, and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, corresponding pins must have their data direction
bits (in the TRIS register) appropriately programmed.
That is:

« SDI is automatically controlled by the SPI module

* SDO must have TRISC<5> bit cleared

¢ SCK (Master mode) must have TRISC<3> bhit
cleared

¢ SCK (Slave mode) must have TRISC<3> bit set

* RA5 must be configured as digital I/O using
ADCONL1 register

« SS must have TRISA<5> bit set

Any serial port function that is not desired may be

overridden by programming the corresponding data

direction (TRIS) register to the opposite value.

EXAMPLE 15-1:  LOADING THE SSPBUF (SSPSR) REGISTER

LOOP BTFSS SSPSTAT, BF
BRA LOOP iNo
MOVF SSPBUF, W

;Has data been received

(transmit complete)?

;WREG reg = contents of SSPBUF

MOVWF RXDATA ;Save in user RAM,

if data is meaningful

MOVWF SSPBUF ;New data to xmit

MOVF TXDATA, W ;W reg = contents of TXDATA
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15.3.3 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave is to broadcast data by the software
protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “line activity monitor” mode.

FIGURE 15-2:

The clock polarity is selected by appropriately program-
ming the CKP bit (SSPCONL register). This, then,
would give waveforms for SPlI communication as
shown in Figure 15-2, Figure 15-4, and Figure 15-5,
where the MSb is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user programmable to be one
of the following:

» Fosc/4 (or Tcy)

» FOsc/16 (or 4 « Tcy)
* Fosc/64 (or 16 « Tcy)
» Timer2 output/2

This allows a maximum data rate (at 25 MHz) of 6.25
Mbps.

Figure 15-2 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

SPI MODE WAVEFORM (MASTER MODE)

Write to

SSPBUF l

SCK
(CKP=0
CKE=0) —|

SCK
(CKP=1
CKE = 0)
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oy I
\
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scK
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CKE =1)
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g
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L

4 Clock
Modes

bit6 1>< bits
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SDO > bit7
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(CKE =0)

|
SDO bit7 bité ' X bits

(CKE = 1) ‘

(SMP =0) I bitz | | |
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Sample f
(SMP = 1) ‘
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SSPBUF

L Next Q4 Cycle
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15.34 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times, as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

15.35 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control
enabled (SSPCON1<3:0> = 04h). The pin must not
be driven low for the SS pin to function as an input.
The data latch must be high. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,

FIGURE 15-3:

the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. External pull-up/pull-down resistors may be
desirable, depending on the application.

Note 1: When the SPI is in Slave mode with SS
pin control enabled, (SSPCON<3:0> =
0100), the SPI module will reset if the SS
pin is set to VDD.

2: If the SPIis used in Slave mode with CKE
set, then the SS pin control must be
enabled.

When the SPI module resets, the bit counter is forced
to 0. This can be done by either forcing the SS pin to a
high level, or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function),
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM
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FIGURE 15-4: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)
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FIGURE 15-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)
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15.3.6

In Master mode, all module clocks are halted, and the
transmission/reception will remain in that state until the
device wakes from SLEEP. After the device returns to
normal mode, the module will continue to transmit/
receive data.

SLEEP OPERATION

In Slave mode, the SPI transmit/receive shift register
operates asynchronously to the device. This allows the
device to be placed in SLEEP mode, and data to be
shifted into the SPI transmit/receive shift register.
When all eight bits have been received, the MSSP
interrupt flag bit will be set and, if enabled, will wake the
device from SLEEP.

15.3.7 EFFECTS OF A RESET

A RESET disables the MSSP module and terminates
the current transfer.

15.3.8 BUS MODE COMPATIBILITY

Table 15-1 shows the compatibility between the stan-
dard SPI modes and the states of the CKP and CKE
control bits.

TABLE 15-1: SPIBUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0,0 0 1
0,1 0 0
1,0 1 1
1,1 1 0

There is also a SMP bit that controls when the data will
be sampled.

TABLE 15-2: REGISTERS ASSOCIATED WITH SPI OPERATION
Value on | Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x | 0000 000u

GIEH GIEL
PIR1 — ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRLIF | -000 0000 | -000 0000
PIE1 — ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRLIE | -000 0000 |-000 0000
IPR1 — ADIP | RCIP | TXIP | SSPIP | CCP1IP | TMR2IP | TMRLIP | -000 0000 | -000 0000
TRISC |PORTC Data Direction Register 1111 1111 (1111 1111
SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XKXXX [Uuuu uuuu
SSPCON | WCOL [SSPOV| SSPEN | CKP [SSPM3| SSPM2 | SSPM1 [ SSPMO | 0000 0000|0000 0000
TRISA — PORTA Data Direction Register --11 1111 --11 1111
SSPSTAT| swmpP CKE | D/A ’ P S | RIW ’ UA ‘ BF | 0000 0000|0000 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0".

Shaded cells are not used by the MSSP in SPI mode.
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15.4 MSSP I2C Operation

The MSSP module in 12C mode, fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (Multi-Master
mode). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer. These are the RC3/
SCKI/SCL pin, which is the clock (SCL), and the RC4/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISC<4:3> bits.

The MSSP module functions are enabled by setting
MSSP Enable bit SSPEN (SSPCONL1 register).

The MSSP module has these six registers for 12C oper-
ation:

¢ MSSP Control Registerl (SSPCON1)

* MSSP Control Register2 (SSPCON2)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

« MSSP Shift Register (SSPSR) - Not directly
accessible

* MSSP Address Register (SSPADD)

FIGURE 15-6: MSSP BLOCK DIAGRAM
(12C MODE)
< Internal
Data Bus
Read Write
RC3/SCK/SCL

RC4/
Sbl/
SDA

Addr Match

SSPADD reg

START and Set, RESET

STOP bit Detect [ ~_S, P bits
(SSPSTAT reg)

Note: I/O pins have diode protection to VDD and Vss.

The SSPCONL register allows control of the 12C oper-
ation. The SSPM3:SSPMO mode selection bits
(SSPCON1 register) allow one of the following 12C
modes to be selected:

« 12C Master mode, clock = OSC/(4*(SSPADD +1))

« 12C Slave mode (7-bit address)

I2C Slave mode (10-bit address)

12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled

12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled

12C firmware controlled master operation, slave is
idle

Selection of any 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

154.1 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The MSSP module
will override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse and
load the SSPBUF register with the received value cur-
rently in the SSPSR register.

If either or both of the following conditions are true, the
MSSP module will not give this ACK pulse:

a) The buffer full bit BF (SSPCONL1 register) was
set before the transfer was received.

b) The overflow bit SSPOV (SSPCONL1 register)
was set before the transfer was received.

In this event, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR registers) is set.
The BF bit is cleared by reading the SSPBUF register,
while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
12C specification, as well as the requirement of the
MSSP module, is shown in timing parameter #100 and
parameter #101.
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15.4.1.1  Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the eight bits are shifted into the SSPSR register.
All incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit BF is set.

c) An ACK pulse is generated.

d) MSSP interrupt flag bit SSPIF (PIR registers) is
set on the falling edge of the ninth SCL pulse
(interrupt is generated, if enabled).

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSb) of the first address byte, specify if this is a 10-bit
address. The R/W bit (SSPSTAT register) must specify
a write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘1111 0 A9 A8 0’,where A9 and A8 are the
two MSb’s of the address.

The sequence of events for 10-bit addressing is as fol-

lows, with steps 7- 9 for slave-transmitter:

1. Receive first (high) byte of address (the SSPIF,
BF and UA bits (SSPSTAT register) are set).

2. Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of address. If match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive repeated START condition.

8. Receive first (high) byte of address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

154.1.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT register) is
set or bit SSPOV (SSPCONL1 register) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR registers) must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

15.4.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register, which also loads the SSPSR regis-
ter. Then pin RC3/SCK/SCL should be enabled by set-
ting bit CKP (SSPCONL1 register). The master must
monitor the SCL pin prior to asserting another clock
pulse. The slave devices may be holding off the master
by stretching the clock. The eight data bits are shifted
out on the falling edge of the SCL input. This ensures
that the SDA signal is valid during the SCL high time
(Figure 15-8).

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line is high (n@), then the
data transfer is complete. When the ACK is latched by
the slave, the slave logic is reset (resets SSPSTAT reg-
ister) and the slave monitors for another occurrence of
the START bit. If the SDA line was low (ACK), the trans-
mit data must be loaded into the SSPBUF register, which
also loads the SSPSR register. Pin RC3/SCK/SCL
should be enabled by setting bit CKP.

DS39541B-page 160

Advance Information

© 2001-2013 Microchip Technology Inc.



PIC18C601/801

FIGURE 15-7: I2C SLAVE MODE WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

. Receiving Address R/W =0 __ Receiving Data ACK Receiving Data Not ACKr 4
|

SDA "I\1_/ATXREABXATXASXE2XAD) 57D/ D5 DD 02XBIXE0_/DDBX05I0H0IODEITY £\_!

|
\ l
P L R
! I
SSPIF L o [ Bus Master
' N T | Terminates
! | | Transfer
BF ‘ | |
LL Cleared in software !
SSPBUF register is read 1
SSPOV h
Bit SSPOV is set because the SSPBUF register is still full. A
ACK is not sent.
FIGURE 15-8: 12C SLAVE MODE WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
RW =0
Receiving Address R/W = 1 Transmitting Data ~ Not ACK - - -
SDA . /AT X a6 X A5 X aa)X A3 X A2 XAL) /D7) D6 X D5 X D4 X D3 X D2 X D1 XDO 7

scL 1
 Data in £ SCL Peld Tow P
. . while CPU , .
Sampled responds to SSPIF, ' '
SSPIF [ / | ‘
' A
BF : y
' Cleared in software }From SSP Interrupt
] SSPBUF is written in software | Service Routine
CKP

Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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15.4.2 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the I1°C bus is such that
the first byte after the START condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address,
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all 0's with R/W = 0.

The general call address is recognized (enabled) when
the General Call Enable (GCEN) bit is set (SSPCON2
register). Following a START bit detect, eight bits are
shifted into the SSPSR and the address is compared
against the SSPADD. Itis also compared to the general
call address and fixed in hardware.

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF bit is set (eighth bit),

and on the falling edge of the ninth bit (ACK bit), the
SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match, and the UA
bit is set (SSPSTAT register). If the general call address
is sampled when the GCEN bit is set and while the
slave is configured in 10-bit address mode, then the
second half of the address is not necessary. The UA bit
will not be set, and the slave will begin receiving data
after the Acknowledge (Figure 15-9).

FIGURE 15-9: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE (7 OR 10-BIT ADDRESS)
Address is compared to General Call Address
l after ACK, set interrupt
- RW =0 Receiving Data ACK
SDA ﬁl\ : General Call Address mmmmmm DO
scL —
SSPIF
BF ,—| ﬁ
I — Cleared in software
SSPBUF is read
SSPOV o
GCEN Eh
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15.4.3 MASTER MODE

Master mode of operation is supported by interrupt
generation on the detection of the START and STOP
conditions. The STOP (P) and START (S) bits are
cleared from a RESET, or when the MSSP module is
disabled. Control of the 12C bus may be taken when the
P bit is set, or the bus is idle, with both the S and P bits
clear.

In Master mode, the SCL and SDA lines are manipu-
lated by the MSSP hardware.

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt if enabled):

* START condition

« STOP condition

« Data transfer byte transmitted/received

« Acknowledge Transmit

* Repeated START condition

15.4.4 I2C MASTER MODE SUPPORT

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCON1 and by setting the
SSPEN bit. Once Master mode is enabled, the user
has the following six options:

1. Assert a START condition on SDA and SCL.

2. Assert a Repeated START condition on SDA
and SCL.

3. Write to the SSPBUF register initiating transmis-

sion of data/address.

Generate a STOP condition on SDA and SCL.

Configure the 12c port to receive data.

6. Generate an Acknowledge condition at the end
of a received byte of data.

a s

Note:  The MSSP module, when configured in 12C
Master mode, does not allow queueing of
events. For instance, the user is not
allowed to initiate a START condition and
immediately write the SSPBUF register to
imitate transmission, before the START
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

FIGURE 15-10: MSSP BLOCK DIAGRAM (I2C MASTER MODE)
< Internal SSPM3:SSPMO
Data Bus SSPADD<6:0>
Baud
Rate
Generator
SDA i 5
E . |> SDA In 2
= 8 T
=
° ‘-‘ MSb LSb T 8 3
E 2]
= g I 2|5
& START bit, STOP bit, 46:73 ] gl
2 Acknowledge 5 = e
S ot a|o
§ Generate % 5|o
o <}
ScCL ~ 4 S E £
=4 = S
| 1
[ ™~
1 START bit Detect
- STOP bit Detect
SCL In Write Collision Detect —» Set/Reset, S, P, WCOL (SSPSTAT)
Clock Arbitration Set SSPIF, BCLIF
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCON2)
End of XMIT/RCV

Note: 1/O pins have diode protection to Vbp and Vss.
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15.4.4.1  12C Master Mode Operation

The master device generates all of the serial clock
pulses and the START and STOP conditions. A trans-
fer is ended with a STOP condition or with a Repeated
START condition. Since the Repeated START condi-
tion is also the beginning of the next serial transfer, the
12C bus will not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic '0'. Serial data is
transmitted eight bits at a time. After each byte is trans-
mitted, an Acknowledge bit is received. START and
STOP conditions are output to indicate the beginning
and the end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic '1'. Thus, the first byte transmitted is a 7-bit slave
address followed by a '1' to indicate receive bit. Serial
data is received via SDA, while SCL outputs the serial
clock. Serial data is received eight bits at a time. After
each byte is received, an Acknowledge bit is transmit-
ted. START and STOP conditions indicate the begin-
ning and end of transmission.

The baud rate generator used for the SPI mode opera-
tion is now used to set the SCL clock frequency for
either 100 kHz, 400 kHz, or 1 MHz I2C operation. The
baud rate generator reload value is contained in the
lower 7 bits of the SSPADD register. The baud rate
generator will automatically begin counting on a write to
the SSPBUF. Once the given operation is complete
(i.e., transmission of the last data bit is followed by
ACK), the internal clock will automatically stop counting
and the SCL pin will remain in its last state.

FIGURE 15-11: BAUD RATE GENERATOR

A typical transmit sequence would go as follows:

a) The user generates a START condition by set-
ting the START enable (SEN) bit (SSPCON2
register).

SSPIF is set. The MSSP module will wait the
required start time before any other operation
takes place.

The user loads the SSPBUF with the address to
transmit.

Address is shifted out the SDA pin until all eight
bits are transmitted.

The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit (SSPCON2 register).

The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

The user loads the SSPBUF with eight bits of
data.

Data is shifted out the SDA pin until all eight bits
are transmitted.

The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit (SSPCON2 register).

The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

The user generates a STOP condition by setting
the STOP enable bit PEN (SSPCON2 register).
Interrupt is generated once the STOP condition
is complete.

b)

c)
d)

e)

9)

h)

15.4.5 BAUD RATE GENERATOR

In 12C Master mode, the reload value for the BRG is
located in the lower 7 bits of the SSPADD register
(Figure 15-11). When the BRG is loaded with this
value, the BRG counts down to 0 and stops until
another reload has taken place. The BRG count is dec-
remented twice per instruction cycle (Tcy) on the Q2
and Q4 clocks. In 12C Master mode, the BRG is
reloaded automatically. If clock arbitration is taking
place, for instance, the BRG will be reloaded when the
SCL pin is sampled high (Figure 15-12).

BLOCK DIAGRAM

SSPM3:SSPMO

SSPADD<6:0>

SSPM3:SSPM0 ——— Reload
SCL — Control
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FIGURE 15-12: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION
SDA DX >< DX-1
SCL de-asserted but slave holds SCL allowed to transition high
SCL low (clock arbitration) | 17
scL S
BRG decrements on
Q2 and Q4 cycles
‘ | |
BRG
value

BRG

X o03n X o0zh X o0ih X  00h (hold off) ¥ X o02h
|
|

SCL is sampled high, reload takes
place and BRG starts its count

|
IX 03h
I

reload

I2C MASTER MODE START
CONDITION TIMING

To initiate a START condition, the user sets the START
Condition Enable (SEN) bit (SSPCON2 register). If the
SDA and SCL pins are sampled high, the baud rate
generator is re-loaded with the contents of
SSPADD<6:0> and starts its count. If SCL and SDA are
both sampled high when the baud rate generator times
out (TBRG), the SDA pin is driven low. The action of the
SDA being driven low while SCL is high, is the START
condition, and causes the S bit (SSPSTAT register) to
be set. Following this, the baud rate generator is
reloaded with the contents of SSPADD<6:0> and
resumes its count. When the baud rate generator times
out (TBRG), the SEN bit (SSPCON2 register) will be
automatically cleared by hardware, the baud rate gen-
erator is suspended leaving the SDA line held low and
the START condition is complete.

15.4.6

FIGURE 15-13: FIRST START BIT TIMING

Note: If at the beginning of the START condition,
the SDA and SCL pins are already sam-
pled low, or if during the START condition
the SCL line is sampled low before the
SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag
BCLIF is set, the START condition is
aborted, and the 12C module is reset into its
IDLE state.

15.4.6.1 WCOL Status Flag

If the user writes the SSPBUF when a START
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn't
occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the START

condition is complete.

Write to SEN bit occurs here
SDA =1,

SCL=1

l

Set S bit (SSPSTAT)

At completion of START bit,
Hardware clears SEN bit
| and sets SSPIF bit

k=T8RG —H—TaRG>, Write to SSPBUF occurs here
‘ 3 I 1st bit X 2nd bit
SDA -
}TBRG *f
SCL ... |TereA
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15.4.7 I°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated START condition occurs when the RSEN
bit (SSPCON2 register) is programmed high and the
12C logic module is in the IDLE state. When the RSEN
bit is set, the SCL pin is asserted low. When the SCL
pin is sampled low, the baud rate generator is loaded
with the contents of SSPADD<5:0> and begins count-
ing. The SDA pin is released (brought high) for one
baud rate generator count (TBRG). When the baud rate
generator times out, if SDA is sampled high, the SCL pin
will be de-asserted (brought high). When SCL is sam-
pled high, the baud rate generator is re-loaded with the
contents of SSPADD<6:0> and begins counting. SDA
and SCL must be sampled high for one TBRG. This
action is then followed by assertion of the SDA pin (SDA
= 0) for one TBRG while SCL is high. Following this, the
RSEN bit (SSPCONZ2 register) will be automatically
cleared and the baud rate generator will not be reloaded,
leaving the SDA pin held low. As soon as a START con-
dition is detected on the SDA and SCL pins, the S bit
(SSPSTAT register) will be set. The SSPIF bit will not be
set until the baud rate generator has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated
START condition occurs, if:

« SDA is sampled low when SCL goes
from low to high.

¢ SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data "1".

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in
7-bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional
eight bits of address (10-bit mode) or eight bits of data
(7-bit mode).

15.4.7.1 WCOL Status Flag

If the user writes the SSPBUF when a Repeated
START sequence is in progress, the WCOL is set and
the contents of the buffer are unchanged (the write
doesn’t occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCONB2 is disabled until the Repeated
START condition is complete.

|
[ I

FIGURE 15-14: REPEATED START CONDITION WAVEFORM
Set S (SSPSTAT<3>)
Write to SSPCON2 SDA=1
occurs here. L - 1’ At completion of START bit,
SDA=1, SCL= hardware clear RSEN bit
SCL (no change) l and set SSPIF
.
f-TBRG*+ TBRGTk—TisG -
| 1st Bit X
SDA t
Falling edge of ninth clock | Write to SSPBUF occurs here
SCL —

f-TBRG

Sr = Repeated START
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15.4.8 12C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address, or the
other half of a 10-bit address, is accomplished by sim-
ply writing a value to the SSPBUF register. This action
will set the Buffer Full bit, BF, and allow the baud rate
generator to begin counting and start the next transmis-
sion. Each bit of address/data will be shifted out onto
the SDA pin after the falling edge of SCL is asserted
(see data hold time specification parameter 106). SCL
is held low for one baud rate generator rollover count
(TBRG). Data should be valid before SCL is released
high (see data setup time specification parameter 107).
When the SCL pin is released high, it is held that way
for TBRG. The data on the SDA pin must remain stable
for that duration and some hold time after the next fall-
ing edge of SCL. After the eighth bit is shifted out (the
falling edge of the eighth clock), the BF bit is cleared
and the master releases SDA, allowing the slave
device being addressed to respond with an ACK bit
during the ninth bit time, if an address match occurs, or
if data was received properly. The status of ACK is writ-
ten into the ACKDT bit on the falling edge of the ninth
clock. If the master receives an Acknowledge, the
Acknowledge Status bit, ACKSTAT, is cleared,; if not,
the bit is set. After the ninth clock, the SSPIF bit is set
and the master clock (baud rate generator) is
suspended until the next data byte is loaded into the
SSPBUF, leaving SCL low and SDA unchanged
(Figure 15-15).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL, until all seven
address bits and the R/W bit, are completed. On the
falling edge of the eighth clock, the master will de-
assert the SDA pin, allowing the slave to respond with
an Acknowledge. On the falling edge of the ninth clock,
the master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2
register). Following the falling edge of the ninth clock
transmission of the address, the SSPIF is set, the BF
bit is cleared and the baud rate generator is turned off,
until another write to the SSPBUF takes place, holding
SCL low and allowing SDA to float.

15.4.8.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT register) is set
when the CPU writes to SSPBUF, and is cleared when
all eight bits are shifted out.

15.4.8.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.
15.4.8.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2
register) is cleared when the slave has sent an
Acknowledge (ACK = 0), and is set when the slave
does not Acknowledge (ACK = 1). A slave sends an
Acknowledge when it has recognized its address
(including a general call), or when the slave has
properly received its data.

15.4.9 I2C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPCON2 register).

Note: The MSSP module must be in an IDLE
state before the RCEN bit is set, or the
RCEN bit will be disregarded.

The baud rate generator begins counting and on each
rollover, the state of the SCL pin changes (high to low/
low to high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the RCEN bit is
automatically cleared, the contents of the SSPSR are
loaded into the SSPBUF, the BF bit is set, the SSPIF
flag bit is set and the baud rate generator is suspended
from counting, holding SCL low. The MSSP is now in
IDLE state, awaiting the next command. When the
buffer is read by the CPU, the BF bit is automatically
cleared. The user can then send an Acknowledge bit at
the end of reception, by setting the Acknowledge
Sequence Enable bit ACKEN (SSPCON2 register).

15.4.9.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

15.49.2  SSPOV Status Flag

In receive operation, the SSPOV bit is set when eight
bits are received into the SSPSR and the BF bit is
already set from a previous reception.

15.49.3  WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).
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1°C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 15-15:
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12C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 15-16:
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15.4.10 ACKNOWLEDGE SEQUENCE
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence enable bit, ACKEN (SSPCON2
register). When this bit is set, the SCL pin is pulled low
and the contents of the Acknowledge Data bit (ACKDT)
is presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The baud rate gen-
erator then counts for one rollover period (TBRG) and the
SCL pin is de-asserted (pulled high). When the SCL pin
is sampled high (clock arbitration), the baud rate gener-
ator counts for TBRG. The SCL pin is then pulled low. Fol-
lowing this, the ACKEN bit is automatically cleared, the
baud rate generator is turned off and the MSSP module
then goes into IDLE mode (Figure 15-17).

15.4.10.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t occur).

FIGURE 15-17:

15.4.11 STOP CONDITION TIMING

A STOP bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN (SSPCON2 register). At the end of a receive/
transmit, the SCL line is held low after the falling edge
of the ninth clock. When the PEN bit is set, the master
will assert the SDA line low. When the SDA line is sam-
pled low, the baud rate generator is reloaded and
counts down to 0. When the baud rate generator times
out, the SCL pin will be brought high, and one TBRG
(baud rate generator rollover count) later, the SDA pin
will be de-asserted. When the SDA pin is sampled high
while SCL is high, the P bit (SSPSTAT register) is set.
A TBRG later, the PEN bit is cleared and the SSPIF bit
is set (Figure 15-18).

15.4.11.1 WCOL Status Flag

If the user writes the SSPBUF when a STOP sequence
is in progress, then the WCOL bit is set and the contents
of the buffer are unchanged (the write doesn’t occur).

ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
Write to SSPCON2
ACKEN =1, ACKDT =0

Jﬁ ACKEN automatically cleared

l—TerRG "!‘*TBRG —]
SDA >< DO ACK :
| I
SCL 8 | : 9 |
| f |
| |
} |
SSPIF )
J I ) L Cleared in
Set SSPIF at the end Cleared in software
of receive software

Set SSPIF at the end
of Acknowledge sequence

Note: TBRG = one baud rate generator period.

FIGURE 15-18: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2 SCL = 1 for TBRG, followed by SDA = 1 for TBRG
Set PEN | after SDA sampled high, P bit (SSPSTAT) is set
Falling edge of PEN bit (SSPCON2) is cleared by
hardware and the SSPIF bit is set
9th clock i - = A
TBRG |
scL \ f | |
SDA ACK ‘ |
Lk v
[— TBrRG —*— TBRG —*}*— TBRG —
SCL brought high after TBRG
SDA asserted low before rising edge of clock
to set up STOP condition
Note: TBRG = one baud rate generator period.
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15.4.12 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit or Repeated START/STOP condition,
de-asserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the baud rate
generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is
sampled high, the baud rate generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count, in the event that the clock
is held low by an external device (Figure 15-19).

FIGURE 15-19:

15.4.13 SLEEP OPERATION

While in SLEEP mode, the I°C module can receive
addresses or data, and when an address match or
complete byte transfer occurs, wake the processor
from SLEEP (if the MSSP interrupt is enabled).

15.4.14 EFFECT OF A RESET

A RESET disables the MSSP module and terminates
the current transfer.

CLOCK ARBITRATION TIMING IN MASTER TRANSMIT MODE

BRG overflow,

Release SCL,

If SCL = 1, load BRG with
SSPADD<6:0> and start count
to measure high time interval

l

BRG overflow occurs,

SCL

Release SCL, Slave device holds SCL low.

/

SCL = 1 BRG starts counting

clock high interval.

11

SCL line sampled once every machine cycle (Tosc? 4).
Hold off BRG until SCL is sampled high.

SDA ><

X

‘HTBRG—D‘% TBRG —»‘

‘4—TBRG —»‘
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15.4.15 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a RESET, or
when the MSSP module is disabled. Control of the 12C
bus may be taken when the P bit (SSPSTAT register) is
set, or the bus is idle, with both the S and P bits clear.
When the bus is busy, enabling the SSP interrupt will
generate the interrupt when the STOP condition
occurs.

In Multi-Master operation, the SDA line must be moni-
tored for arbitration, to see if the signal level is the
expected output level. This check is performed in hard-
ware, with the result placed in the BCLIF bit.

Arbitration can be lost in the following states:

» Address transfer

 Data transfer

* A START condition

* A Repeated START condition
* An Acknowledge condition

15.4.16 MULTI-MASTER
COMMUNICATION, BUS
COLLISION, AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a '1' on SDA, by letting SDA float high and
another master asserts a '0'.  When the SCL pin floats
high, data should be stable. If the expected data on

SDAis a '1' and the data sampled on the SDA pin ='0',
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag (BCLIF) and reset the
12C port to its IDLE state. (Figure 15-20).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF bit is
cleared, the SDA and SCL lines are de-asserted, and
the SSPBUF can be written to. When the user services
the bus collision Interrupt Service Routine, and if the
12C bus is free, the user can resume communication by
asserting a START condition.

If a START, Repeated START, STOP, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted, and the respective control bits in
the SSPCONZ2 register are cleared. When the user ser-
vices the bus collision Interrupt Service Routine, and if
the I12C bus is free, the user can resume communication
by asserting a START condition.

The master will continue to monitor the SDA and SCL
pins. If a STOP condition occurs, the SSPIF bit will be
set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of START and STOP conditions allows the
determination of when the bus is free. Control of the 12C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is idle and the S and P bits are
cleared.

FIGURE 15-20: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
SDA line pulled low Sample SDA. While SCL is high,
Data changes by another source data doesn’'t match what is driven
while SCL=0 by the master.
l SDA released — J Bus collision has occurred.
by Master Y v v
SDA
SCL Set bus collision
lﬁ interrupt (BCLIF)
BCLIF
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15.4.16.1 Bus Collision During a START
Condition

During a START condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the START condition (Figure 15-21).

b) SCL is sampled low before SDA is asserted low
(Figure 15-22).

During a START condition, both the SDA and the SCL

pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
« the START condition is aborted;
« the BCLIF flag is set, and
« the MSSP module is reset to its IDLE state

(Figure 15-21).
The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,
the baud rate generator is loaded from SSPADD<6:0>
and counts down to 0. If the SCL pin is sampled low
while SDA is high, a bus collision occurs, because it is
assumed that another master is attempting to drive a
data '1' during the START condition.

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 15-23). If, however, a '1' is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The baud rate generator is then reloaded and
counts down to 0, and during this time, if the SCL pin is
sampled as '0', a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.

Note:  The reason that bus collision is not a factor
during a START condition, is that no two
bus masters can assert a START condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision, because the two masters must be
allowed to arbitrate the first address follow-
ing the START condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
START or STOP conditions.

FIGURE 15-21: BUS COLLISION DURING START CONDITION (SDA ONLY)
SDA goes low before the SEN bit is set.
. Set BCLIF,
S bit and SSPIF set because
SDA =0, SCL=1.
SDA .
SCL .
Set SEN, enable START — : SEN cleared automatically because of bus collision.
condition if SDA =1, SCL=1 | SSP module reset into IDLE state.
SEN |
|
SDA sampled low before
START condition. Set BCLIF.
S bit and SSPIF set because
BCLIF SDA=0,SCL=1.
| t_ SsPIF and BCLIF are
! cleared in software.
s |
SSPIF
T_ SSPIF and BCLIF are
cleared in software.
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FIGURE 15-22: BUS COLLISION DURING START CONDITION (SCL = 0)
SDA=0,SCL=1
— TBrRG —*— TBrRG —
SDA N
scL Set SEN, enable START AN
sequence if SDA=1,SCL=1 >
l T— SCL = 0 before SDA =0,
SEN Bus collision occurs, set BCLIF
SCL = 0 before BRG time-out, j
Bus collision occurs, set BCLIF
BCLIF | -
T_ Interrupt cleared
in software
S ‘0’ ‘0’
SsPIF O o
FIGURE 15-23: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,SCL=1
l Sets l Set SSPIF
Less than TBRG —N‘ - ﬁ_—j — Tero |
SDA SDA pulled low by other Mas‘ter. | \I\ | !
Reset BRG and assert SDA,, ‘ i | :
B .
|
scL s, N
| \ T— SCL pulled low after BRG
SEN ’ : | Time-out
T— Set SEN, enable START
sequence if SDA=1,SCL=1
BCLIF | , o
! 1
! 1
| 1
S |
|
|
SSPIF —|_
SDA =0, SCL :ﬂ Interrupts cleared
Set SSPIF in software
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15.4.16.2 Bus Collision During a Repeated
START Condition

During a Repeated START condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low,
indicating that another master is attempting to
transmit a data '1’.

When the user de-asserts SDA and the pin is allowed
to float high, the BRG is loaded with SSPADD<6:0>
and counts down to 0. The SCL pin is then de-asserted
and when sampled high, the SDA pin is sampled.

If SDAis low, a bus collision has occurred (i.e., another
master is attempting to transmit a data '0’, see
Figure 15-24). If SDA is sampled high, the BRG is

reloaded and begins counting. If SDA goes from high to
low before the BRG times out, no bus collision occurs
because no two masters can assert SDA at exactly the
same time.

If SCL goes from high to low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data "1’ during the Repeated START condi-
tion (Figure 15-25).

If, at the end of the BRG time-out both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated START condition is
complete.

FIGURE 15-24: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
Sample SDA when SCL goes high.
If SDA =0, set BCLIF and release SDA and SCL.
RSEN |
BCLIF _
Cleared in software
S ‘0
SSPIF o
FIGURE 15-25: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
i i TBRG i
SDA /e
SCL /
SCL goes low before SDA
BCLIF Set BCLIF, release SDA and SCL. ‘
Interrupt cleared
in software
RSEN ‘
S o
SSPIF
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15.4.16.3 Bus Collision During a STOP
Condition

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is sam-
pled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the baud rate generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data '0' (Figure 15-26). If the SCL pin is sampled
low before SDA is allowed to float high, a bus collision
occurs. This is another case of another master attempt-
ing to drive a data '0' (Figure 15-27).

FIGURE 15-26: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG ‘ TBRG ‘ SDA sampled
low after TBRG,
""""""""" set BCLIF
SDA
t
SDA asserted low
SCL
PEN L
BCLIF
P 0’
SSPIF 0
FIGURE 15-27: BUS COLLISION DURING A STOP CONDITION (CASE 2)
‘ TBRG | TBRG |
SDA
TAssert SDA SCL goes low before SDA goes high,
set BCLIF
SCL /
PEN 4 L
BCLIF
P 0
SSPIF 0
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16.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/0 modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices, such as CRT ter-
minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A inte-
grated circuits, serial EEPROMSs, etc.

REGISTER 16-1: TXSTA REGISTER

The USART can be configured in the following modes:

» Asynchronous (full duplex)
» Synchronous - Master (half duplex)
» Synchronous - Slave (half duplex)

The SPEN (RCSTA register) and the TRISC<7> bits
have to be set, and the TRISC<6> bit must be
cleared, in order to configure pins RC6/TX/CK and
RC7/RX/DT as the Universal Synchronous Asynchro-
nous Receiver Transmitter.

Register 16-1 shows the Transmit Status and Control
Register (TXSTA) and Register 16-2 shows the
Receive Status and Control Register (RCSTA).

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN SYNC — BRGH TRMT TX9D
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care

Synchronous mode:

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled

SREN/CREN overrides TXEN in SYNC mode.

bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as '0'

bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed

0 = Low speed

Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

bit 0 TX9D: 9th bit of Transmit Data. Can be Address/Data bit or a parity bit.
Legend:

R = Readable bit
- n =Value at POR

W = Writable bit
1’ = Bitis set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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REGISTER 16-2: RCSTA REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0
bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (Configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled

bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:
Don't care
Synchronous mode - Master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - Slave:
Unused in this mode

bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8>

is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
bit 2 FERR: Framing Error bit

1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0 RX9D: 9th bit of Received Data. Can be Address/Data bit or a parity bit.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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16.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA register) also controls the
baud rate. In Synchronous mode, bit BRGH is ignored.
Table 16-1 shows the formula for computation of the
baud rate for different USART modes, which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 16-1. From this, the error in
baud rate can be determined.

EXAMPLE 16-1:

Example 16-1 shows the calculation of the baud rate
error for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9600

BRGH =0

SYNC=0

It may be advantageous to use the high baud rate
(BRGH = 1), even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

16.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

CALCULATING BAUD RATE ERROR

Desired Baud Rate = Fosc/ (64 (X + 1))

Solving for X:
X = ( (Fosc/ Desired Baud Rate) /64 ) -1
X = ((16000000 / 9600) / 64) - 1
X = [25.042] =25
Calculated Baud Rate = 16000000 / (64 (25 + 1))
= 9615
Error = (Calculated Baud Rate - Desired Baud Rate

= (9615 - 9600) / 9600
= 0.16%

Desired Baud Rate

TABLE 16-1: BAUD RATE FORMULA

SYNC BRGH = 0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) NA

Legend: X = value in SPBRG (0 to 255)

TABLE 16-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Value on Value on all

Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bitl | BitO POR, other
BOR RESETS
TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 0000 -010
RCSTA | SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x 0000 000x
SPBRG | Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, - = unimplemented, read as '0'. Shaded cells are not used by the BRG.

© 2001-2013 Microchip Technology Inc.
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TABLE 16-3: BAUD RATES FOR SYNCHRONOUS MODE
Fosc =25 MHz 20 MHz
BAUD
RATE % SPBRG % SPBRG
(Kbps) | kgaup ERROR , V@U€ | kpAUD ERROR |, VAlue
(decimal) (decimal)
0.3 NA - - NA - -
12 NA - - NA - -
2.4 NA - - NA - -
9.6 NA - - NA - -
19.2 NA - - NA - -
768 | 7716  +0.47 80 7692 +0.16 64
96 96.15  +0.16 64 96.15  +0.16 51
300 | 29762  -0.79 20 20412 -1.96 16
500 | 480.77  -3.85 12 500 0 9
HIGH | 6250 - 0 5000 - 0
Low | 2441 - 255 19.53 - 255
FosC = 16 MHz 10 MHz 7.15909 MHz 5.0688 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | kgaup ERROR Y3U€ | kpaUD ERROR  Y3U€ | kpaup ERROR Y& |kBaUD ERROR | Yalue
(decimal) (decimal) (decimal) (decimal)
03 NA - - NA - - NA - - NA - -
12 NA - - NA - - NA - - NA - -
2.4 NA - - NA - - NA - - NA - -
9.6 NA - - NA - - 9.62 +0.23 185 9.60 0 131
192 | 1923  +0.16 207 19.23  +0.16 129 19.24 +0.23 92 19.20 0 65
768 | 7692  +0.16 51 75.76 -1.36 32 77.82 +1.32 22 7454 294 16
96 9524 079 41 96.15  +0.16 25 94.20 -1.88 18 9748  +154 12
300 | 307.70  +2.56 12 31250  +4.17 7 20835  -0.57 5 NA - -
500 500 0 7 500 0 4 NA - - NA - -
HIGH | 4000 - 0 2500 - 0 1789.80 - 0 1267.20 - 0
Low | 15.63 - 255 9.77 - 255 6.99 - 255 4.95 - 255
Fosc = 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | kgaup ERROR |, YAU® | kgaUD ERROR V@Y€ | ypaup ERROR  YAU€ |ipAUD ERROR  Yalue
(decimal) (decimal) (decimal) (decimal)
0.3 NA B NA - NA B 0.30 +1.14
12 NA - - NA - - 1.20 +0.16 207 117 -2.48 6
2.4 NA - - NA - - 2.40 +0.16 103 NA - -
9.6 9.62 +0.16 103 9.62 +0.23 92 9.62 +0.16 25 NA - -
192 | 1923  +0.16 51 19.04 -0.83 46 19.23 +0.16 12 NA - -
768 | 7692  +0.16 12 74.57 -2.90 11 NA - - NA - -
96 1000  +4.17 9 99.43  +3.57 8 NA - - NA - -
300 NA - 20830  -057 2 NA - - NA - -
500 500 0 1 NA - - NA - - NA - -
HIGH | 1000 - 0 894.89 - 0 250 - 0 8.20 - 0
LowW 3.01 - 255 3.50 - 255 0.98 - 255 0.03 - 255
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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
FoSC = 25 MHz 20 MHz
BAUD
RATE % SPBRG % SPBRG
(Kbps) | kgaup  ERROR |, Y3U® | kgAaUD ERROR  YAlU€
(decimal) (decimal)
0.3 NA - NA -
12 NA - - NA - -
2.4 2.40 -0.15 162 2.40 +0.16 129
9.6 9.53 -0.76 40 9.47 -1.36 32
192 | 1953  +1.73 19 19.53 +1.73 15
76.8 | 7813  +1.73 4 78.13 +1.73 3
96 97.66  +1.73 3 NA - -
300 NA - - 31250  +4.17 0
500 NA - - NA - -
HIGH | 390.63 - 0 312.50 - 0
LowW | 153 - 255 1.22 - 255
FosC = 16 MHz 10 MHz 7.15909 MHz 5.0688 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | kgaup ERROR |, YAU® | kgaup ERROR V&Y€ | kBauD ERROR  VAU® |ypaup ERROR | YalU€
(decimal) (decimal) (decimal) (decimal)
03 NA - NA - NA - NA
12 1.20 +0.16 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65
2.4 2.40 +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
9.6 9.62 +0.16 25 9.77 +1.73 15 9.32 -2.90 11 9.90 +3.13 7
192 | 1923  +0.16 12 19.53 +1.73 7 18.64 -2.90 5 1980  +3.13 3
76.8 NA - - 78.13 +1.73 1 NA - - 7920  +3.13 0
96 NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 250 - 0 156.25 - 0 111.86 - 0 79.20 - 0
Low | o098 - 255 0.61 - 255 0.44 - 255 0.31 - 255
Fosc = 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | «gaup ERROR |, YAU® | kgaup ERROR |, YAU® | kBauD ERROR  YAU€ | «gauD ERROR | Yalue
(decimal) (decimal) (decimal) (decimal)
0.3 0.30 -0.16 0.30 +0.23 0.30 +0.16 NA B
12 1.20 +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA - -
2.4 2.40 +1.67 25 2.43 +1.32 22 NA - - NA - -
9.6 NA - - 9.32 -2.90 5 NA - - NA - -
19.2 NA - - 18.64 -2.90 2 NA - - NA - -
76.8 NA - - NA - - NA - - NA - -
96 NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 62.50 - 0 55.93 - 0 15.63 - 0 0.51 - 0
Low | o024 - 255 0.22 - 255 0.06 - 255 0.002 - 255
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TABLE 16-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)
Fosc = 25 MHz 20 MHz
BAUD
RATE % SPBRG % SPBRG
(Kbps) | kgaup ERROR . Y3U® | kBAUD ERROR | Yalue
(decimal) (decimal)
03 NA - NA -
12 NA - - NA - -
24 NA - - NA - -
2.6 9.59 -0.15 162 962  +0.16 129
19.2 1030 +0.47 80 1923  +0.16 64
76.8 7813  +1.73 19 7813  +1.73 15
96 97.66  +1.73 15 96.15  +0.16 12
300 | 31250  +4.17 4 31250  +4.17 3
500 | 520.83  +4.17 2 NA - -
HIGH | 1562.50 - 0 1250 - 0
Low 6.10 - 255 4.88 - 255
Fosc = 16 MHz 10 MHz 7.15909 MHz 5.0688 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | kgaup ERROR |, Y@U€ | kpaup ERROR |, Y&U€ | ypaup ERROR  YalU® | ypAUD ERROR |, YAlue
(decimal) (decimal) (decimal) (decimal)
03 NA - NA - NA B NA -
12 NA - - NA - - NA - - NA -
24 NA - - NA - - 241 +0.23 185 2.40 0 131
9.6 9.62 +0.16 103 9.62 +0.16 64 9.52 -0.83 46 9.60 0 32
19.2 1923  +0.16 51 18.94 -1.36 32 19.45  +1.32 22 18.64  -2.94 16
76.8 7692  +0.16 12 7813  +1.73 7 74.57 -2.90 5 7920  +3.13 3
96 100 +4.17 9 NA - - NA - - NA - -
300 NA - 31250  +4.17 1 NA - - NA - -
500 500 0 1 NA - - NA - - NA - -
HIGH 1000 - 0 625 - 0 447.44 - 0 316.80 - 0
LOW 3.01 - 255 2.44 - 255 175 - 255 1.24 - 255
Fosc = 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | kgaup ERROR ,.Y@U€ | kgaup ERROR YA€ | ypaup ERROR  YalU® | ypAUD ERROR |, YAlue
(decimal) (decimal) (decimal) (decimal)
03 NA - - NA - - 0.30 +0.16 207 0.29 -2.48 6
12 1.20 +0.16 207 1.20 +0.23 185 1.20 +0.16 51 NA - -
24 2.40 +0.16 103 2.41 +0.23 92 2.40 +0.16 25 NA - -
9.6 9.62 +0.16 25 9.73 +1.32 22 NA - - NA - -
19.2 1923 +0.16 12 18.64 -2.90 1 NA - - NA - -
76.8 NA - - 74.57 -2.90 2 NA - - NA - -
96 NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH 250 - 0 55.93 - 0 62.50 - 0 2.05 - 0
Low 0.98 - 255 0.22 - 255 0.24 - 255 0.008 - 255
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16.2 USART Asynchronous Mode

In this mode, data is transmitted in non-return-to-zero
(NRZ) format. Data consists of one START bit, eight or
nine data bits and one STOP bit. Data is transmitted in
serial fashion with LSb first. An on-chip 8-bit baud rate
generator can be programmed to generate the desired
baud rate. The baud rate generator produces a clock,
either x16 or x64 of the bit shift rate, depending on the
BRGH bit (TXSTA register). USART does not automat-
ically calculate the parity bit for the given data byte. If
parity is to be transmitted, USART must be pro-
grammed to transmit nine bits and software must set/
clear ninth data bit as parity bit. Asynchronous mode is
stopped during SLEEP.

Asynchronous mode is selected by clearing the SYNC
bit (TXSTA register).

The USART Asynchronous module consists of the fol-
lowing important elements:

* Baud Rate Generator

¢ Sampling Circuit

« Asynchronous Transmitter

« Asynchronous Receiver

16.2.1 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 16-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The TSR register obtains
its data from the Read/Write Transmit Buffer register
(TXREG). The TXREG register is loaded with data in
software. The TSR register is not loaded until the STOP
bit has been transmitted from the previous load. As
soon as the STOP bit is transmitted, the TSR is loaded
with new data from the TXREG register (if available).

FIGURE 16-1:

Once the TXREG register transfers the data to the TSR
register (occurs in one Tcy), the TXREG register is
empty and flag bit TXIF (PIR registers) is set. This inter-
rupt can be enabled/disabled by setting/clearing
enable bit TXIE (PIE registers). Flag bit TXIF will be
set, regardless of the state of enable bit TXIE and can-
not be cleared in software. It will reset only when new
data is loaded into the TXREG register. While flag bit
TXIF indicated the status of the TXREG register,
another bit TRMT (TXSTA register) shows the status of
the TSR register. Status bit TRMT is a read only bit,
which is set when the TSR register is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bitin order to determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory, so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set.

Steps to follow when setting up an Asynchronous

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 16.1).

2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

3. Ifinterrupts are desired, set enable bit TXIE.

4. If 9-bit transmission is desired, set transmit bit
TX9. Can be used as address/data bit.

5. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Load data to the TXREG register (starts trans-
mission).

USART TRANSMIT BLOCK DIAGRAM

TXREG Register

Pin Buffer
and Control

Note: 1/O pins have diode protection to VDD and Vss.

RC6/TX/CK pin
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FIGURE 16-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG I cc
BRG Output Wword 1 >
utpu '
(Shift Clocky —! L. ] L7 LT B s G | —
RCB/TX/CK (pi L . ‘
i) " \__START Bit Bit 0 Bit1 X S S X _Bit7/8_,/STOP Bit
TXIF bit L Word 1 .
(Transmit Buffer ' cc
Register Empty Flag) |_| pP)
. Word1 —
TRMT bit . R
(Transmit Shift Transmit Shift Reg
Register Empty Flag)—| cc
JJ
FIGURE 16-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG I I cc
Go Word 1 Word 2 pB)
BRGOQutput 1 L
(Shift Clock) ! L L Sm
ROBMXICK (in NSTART Bit < B0 X BIL X {§ < Bi7B 7 570p Bt \START Bit < B0
TXIE bit e Word 1 f Word 2
(Interrupt Reg. Flag) T 55
(TTRMT bitt shif Wordl —» word2 —
ransmi I i i
Reg. Empty Flag) Transmit Shift Reg. Transmit Shift Reg.
1 (C
P

Note: This timing diagram shows two consecutive transmissions.

TABLE 16-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

INTCON| GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE| RBIE | TMROIF| INTOIF RBIF 0000 000x | 0000 000u
PIR1 — ADIF RCIF TXIF | SSPIF | CCP1IF| TMR2IF| TMR1IF| -000 0000 | -000 0000

PIE1 — ADIE RCIE TXIE | SSPIE | CCP1IE| TMR2IE| TMR1IE | -000 0000 | -000 0000

IPR1 — ADIP RCIP TXIP | SSPIP | CCP1IP| TMR2IP| TMR1IP | -000 0000 | -000 0000

RCSTA SPEN RX9 SREN | CREN — FERR | OERR RX9D 0000 -00x | 0000 -00x
TXREG | USART Transmit Register 0000 0000 | 0000 0000
TXSTA | CSRC TX9 | TXEN [ SYNC|ADDEN| BRGH | TRMT | TX9D | 0000 0010 | 0000 0010
SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented locations read as '0'.
Shaded cells are not used for Asynchronous Transmission.
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16.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 16-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter, operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at Fosc. This mode would typi-
cally be used in RS-232 systems.

Steps to follow when setting up an Asynchronous

Reception:

1. |Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 16.1).

2. Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

Enable the reception by setting bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated if enable

bit RCIE was set.

7. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit CREN.

oo~ w

16.2.3 SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
Steps to follow when setting up an Asynchronous
Reception with Address Detect Enable:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is required,
set the BRGH bit.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. [Ifinterrupts are required, set the RCEN bit and

select the desired priority level with the RCIP bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.

Enable reception by setting the CREN bit.

The RCIF bit will be set when reception is com-

plete. The interrupt will be acknowledged if the

RCIE and GIE bits are set.

8. Read the RCSTA register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREG to determine if the device is being
addressed.

10. If any error occurred, clear the CREN bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

No ok

FIGURE 16-4: USART RECEIVE BLOCK DIAGRAM
| e4BadRaeCIK
; SPBRG E
S Reie Genaraar
RC7/RXIDT

Pin Buffer Data
and Control Recovery

SPEN

Note: I/O pins have diode protection to VDD and Vss.

Interrupt

RX9D RCREG Register
FIFO

Data Bus

RCIE
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FIGURE 16-5: ASYNCHRONOUS RECEPTION
RX (pi START START START
on b0 X i XSG Yoire/sToR\ b (oo Y( 55 Yorwis /STOR\ bit LSS b/ STOP
bit it ¢ bit
o % S5
Rcv Buffer Reg :T Word 1 ‘é"g;‘é T
1 RCREG !
Read Rev ' ! il
Buffer Reg C)C) T ()() C)C) g
RCREG ! : }
: (C CC '
RCIF CC 0
(Interrupt Flag) pD) : 2D 2?2 !
i CC Q CC
OERR bit o> 5 55 1
CREN C CQ CQ ‘)
J)J ) )J | R
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.

TABLE 16-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF| INTOIF RBIF 0000 000x 0000 000u

PIRL — ADIF RCIF | TXIF | SSPIF | CCPLIF| TMR2IF| TMRLIF| -000 0000 | -000 0000
PIEL — ADIE RCIE | TXIE | SSPIE | CCPLIE| TMR2IE| TMRLIE| -000 0000 | -000 0000
IPR1 — ADIP RCIP | TXIP | SSPIP | ccP1IP| TMR2IP| TMRLIP| -000 0000 | -000 0000
RCSTA | SPEN RX9 SREN | CREN | — | FERR | OERR | RX9D | 0000 -00x | 0000 -00x
RCREG | USART Receive Register 0000 0000 0000 0000
TXSTA | CSRC X9 | TXEN | SYNC [ ADDEN| BRGH | TRMT | TX9D | 0000 o010 | 0000 0010
SPBRG | Baud Rate Generator Register 0000 0000 0000 0000

Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Reception.
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16.3 USART Synchronous Master

Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA register).
In addition, enable bit SPEN (RCSTA register) is set, in
order to configure the RC6/TX/CK and RC7/RX/DT 1/O
pins to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA register).

USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 16-1. The heart of the transmitter is the Transmit
(serial) Shift register (TSR). The shift register obtains
its data from the Read/Write Transmit Buffer register
(TXREG). The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG is empty and interrupt

16.3.1

bit TXIF (PIR registers) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE registers). Flag bit TXIF will be set, regardless of
the state of enable bit TXIE, and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit TRMT
(TXSTA register) shows the status of the TSR register.
TRMT is a read only bit, which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty. The TSR is not mapped in data memory,
so it is not available to the user.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 16.1).

Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting bit TXEN.
If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

N

AR

TABLE 16-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Value on Value on all
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
IPR1 — ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | -000 0000 -000 0000
RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
TXREG | USART Transmit Register 0000 0000 | 0000 0000
TXSTA | CSRC X9 TXEN | SYNC [ ADDEN | BRGH | TRMT | TX9D | 0000 0010 | 0000 0010
SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for Synchronous Master Transmission.
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FIGURE 16-6: SYNCHRONOUS TRANSMISSION
QIPZ‘Q3P4EQ1|Q2F3‘Q4:()1‘QZP3‘QA:()1‘Q2)(Q3‘Qd{Ql‘QZ‘Q:&F}A‘ ‘QG})QA: lez‘qapalq1pz|qspalmpz )Q3|QAiQ1|Q2)Q3|Q4‘Q1|Q2P3|QAlbl|Q2P3 )Qa
RC7/RX/DT Bito >, Bit1 X, Bitz >} - SDdE
pin ) < Cword1 — L - _ Word 2 7: [
RCOMTXICK .« [ L L mL e T LSS
pin ] ' ' ! ' ' ' ' '
TXREG Reg N : 5 : : (e
Write Word 1 1 Write Word 2 ' i i i ' i
TXIF bit P ' ' ' ' ' ' ' (¢ '
(Interrupt Flag) : ' ' ' )()( ' ! ' A )J '
w1 A e
\ \ D) \ \ | ] D) )
TXEN bi ‘ e f— — 1 S
Note: Sync Master mode; SPBRG = '0'; continuous transmission of two 8-bit words.
FIGURE 16-7: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RC7/RX/DT pin bit0 bitt X bit2 § 5 bit6 bit7
RCB/TX/CK pin M§ / \ / \
Write to ]
TXREG reg J (C .
: )) 1
TXIF bit ] (C 3
; )) ]
TRMT bit _‘ ((
))
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TXEN bit ))
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16.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous Master mode is selected, reception
is enabled by setting either enable bit SREN (RCSTA
register), or enable bit CREN (RCSTA register). Data is
sampled on the RC7/RX/DT pin on the falling edge of
the clock. If enable bit SREN is set, only a single word
is received. If enable bit CREN is set, the reception is
continuous until CREN is cleared. If both bits are set,
then CREN takes precedence.

When setting up a Synchronous Master reception, fol-

low these steps:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 16.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

Ensure bits CREN and SREN are clear.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

If a single reception is required, set bit SREN.

For continuous reception, set bit CREN.

Interrupt flag bit RCIF will be set when reception

is complete and an interrupt will be generated if

the enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG register.

10. If any error occurred, clear the error by clearing

bit CREN.

o0k

N

TABLE 16-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

Value on Value on all
Bit 2 Bit1 Bit 0 POR, other
BOR RESETS

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE

TMROIF | INTOIF RBIF 0000 000x | 0000 000u

PIR1 = ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE | -000 0000 | -000 0000
IPR1 = ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | -000 0000 | -000 0000
RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x

RCREG | USART Receive Register

0000 0000 0000 0000

TXSTA | CSRC X9 TXEN | SYNC | ADDEN | BRGH | TRMT | TX9D | 0000 0010 | 0000 0010

SPBRG | Baud Rate Generator Register

0000 0000 0000 0000

Legend: x = unknown, - = unimplemented, read as '0'. Shaded cells are not used for Synchronous Master Reception.

FIGURE 16-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

azfeafoe|or]ezfes]oq ol ezfes|e| o] zfos]oqor|ozfeses s ezlos]osfor]ozfefas orloz|es|dl ezfes|es/es ozesfesfor ezfosfes|
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(interrupt)
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Note: Timing diagram demonstrates SYNC Master mode with bit SREN = '1' and bit BRGH ='0".
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16.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master
mode, in that the shift clock is supplied externally at the
RC6/TX/CK pin (instead of being supplied internally in
Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA register).

16.4.1 USART SYNCHRONOUS SLAVE

TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical, except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will be set.

e) Ifenable bit TXIE is set, the interrupt will wake the
chip from SLEEP. If the global interrupt is enabled,
the program will branch to the interrupt vector.

When setting up a Synchronous Slave Transmission,

follow these steps:

1. Enable the synchronous slave serial port by set-

ting bits SYNC and SPEN and clearing bit CSRC.

Clear bits CREN and SREN.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting enable bit

TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

o> wbd

16.4.2 USART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode and bit SREN, which is a "don't care" in Slave
mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register,
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector.
When setting up a Synchronous Slave Reception,
follow these steps:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete. An interrupt will be generated if enable bit

RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

A

TABLE 16-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on Value on all
Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 POR, other
BOR RESETS

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 -000 0000
IPR1 — ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | -000 0000 -000 0000
RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
TXREG USART Transmit Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 | TXEN | SYNC [ADDEN] BRGH | TRMT | Tx9D [ 0000 o010 | 0000 0olo
SPBRG Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for Synchronous Slave Transmission.
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TABLE 16-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on Value on all

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 POR, other
BOR RESETS
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 0000 000x | 0000 000u
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRLIE | -000 0000 | -000 0000
IPR1 — ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | -000 0000 | -000 0000
RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
RCREG | USART Receive Register 0000 0000 | 0000 0000
TXSTA | CSRC TX9 | TXEN | SYNC [ADDEN | BRGH | TRMT | TX9D [ o000 0010 | 0ooo 0010
SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented, read as '0'. Shaded cells are not used for Synchronous Slave Reception.
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17.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (A/D) converter module has 8

inputs for the PIC18C601 devices and 12 for the

PIC18C801 devices. This module has the ADCONO,
ADCON1, and ADCONZ2 registers.

The A/D allows conversion of an analog input signal
to a corresponding 10-bit digital number.

REGISTER 17-1: ADCONO REGISTER

The A/D module has five registers:

» A/D Result High Register (ADRESH)

» A/D Result Low Register (ADRESL)

» A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

» A/D Control Register 2 (ADCON2)

The ADCONO register, shown in Register 17-1, controls
the operation of the A/D module. The ADCONL register,
shown in Register 17-2, configures the functions of the

port pins. The ADCONZ2, shown in Register 16-3, config-
ures the A/D clock source and justification.

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CHS3 CHS2 CHS1 CHSO GO/DONE | ADON
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'
bit 5-2 CHS3:CHSO0: Analog Channel Select bits

0000 = channel 00, (ANO)
0001 = channel 01, (AN1)
0010 = channel 02, (AN2)
0011 = channel 03, (AN3)
0100 = channel 04, (AN4)
0101 = channel 05, (AN5)
0110 = channel 06, (AN6)
0111 = channel 07, (AN7)
1000 = channel 08, (AN8)1)
1001 = channel 09, (AN9)®)
1010 = channel 10, (AN10)(})
1011 = channel 11, (AN11)(®
1100 = Reserved

1101 = Reserved

1110 = Reserved

1111 = Reserved

These channels are not available on the PIC18C601 devices.

bit 1 GO/DONE: A/D Conversion Status bit

When ADON = 1:

1 = A/D conversion in progress. Setting this bit starts an A/D conversion cycle. This bit is
automatically cleared by hardware when the A/D conversion is complete.

0 = A/D conversion not in progress

bit 0 ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit
- n =Value at POR

W = Writable bit
']’ = Bitis set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared

X = Bit is unknown
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REGISTER 17-2: ADCON1 REGISTER

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — VCFG1 VCFGO PCFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0

bit 7-6 Unimplemented: Read as '0'
bit 5-4 VCFG1:VCFGO: Voltage Reference Configuration bits

A/D VREF+ A/D VREF-
00 AvVDD Avss
01 External VREF+ Avss
10 AvDD External VREF-
11 External VREF+ External VREF-
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits
AN11 |AN10 | AN9 | AN8 | AN7 | AN6 | AN5 | AN4 | AN3 | AN2 | AN1 | ANO
0000 | A A A A A A A A A A A A
0001 | A A A A A A A A A A A A
0010 | A A A A A A A A A A A A
0011 | A A A A A A A A A A A A
0100 | D A A A A A A A A A A A
0101 | D D A A A A A A A A A A
o110 | D D D A A A A A A A A A
0111 | D D D D A A A A A A A A
1000 | D D D D D A A A A A A A
1001 | D D D D D D A A A A A A
1010 | D D D D D D D A A A A A
1011 | D D D D D D D D A A A A
1100 | D D D D D D D D D A A A
1101 | D D D D D D D D D D A A
1110| D D D D D D D D D D D A
1111 | D D D D D D D D D D D D

A = Analog input D = Digital /O
Shaded cells = Additional A/D channels available on PIC18C801 devices.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 17-3: ADCON2 REGISTER

R/W-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
ADFM — — — — ADCS2 ADCS1 ADCSO0
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified
0 = Left justified
bit 6-3 Unimplemented: Read as '0'
bit 2-0 ADCS2:ADCSO0: A/D Conversion Clock Select bits
000 = Fosc/2
001 = FoOsc/8

010 = Fosc/32

011 = FRC (clock derived from an internal RC oscillator = 1 MHz max)

100 = Fosc/4
101 = Fosc/16
110 = Fosc/64

111 = FRc (clock derived from an internal RC oscillator = 1 MHz max)

Legend:
R = Readable bit
- n =Value at POR

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

The analog reference voltage is software selectable to
either the device’s positive and negative supply
voltage (VDD and Vss), or the voltage level on the
RA3/AN3/VREF+ pin and RA2/AN2/VREF-.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

A device RESET forces all registers to their RESET

state. This forces the A/D module to be turned off and
any conversion is aborted.

Each port pin associated with the A/D converter can
be configured as an analog input (RA3 can also be a
voltage reference), or as a digital 1/0.

The ADRESH and ADRESL registers contain the
result of the A/D conversion. When the A/D conver-
sion is complete, the result is loaded into the
ADRESH/ADRESL registers, the GO/DONE bit
(ADCONO register) is cleared, and A/D interrupt flag
bit ADIF is set. The block diagram of the A/D module
is shown in Figure 17-1.

© 2001-2013 Microchip Technology Inc.

Advance Information

DS39541B-page 195



PIC18C601/801

RH5/AN9(M)

FIGURE 17-1: A/D BLOCK DIAGRAM
CHS3:CHSO0
: 0111
! : RF2/AN7
| 0110
‘ RF1/ANG
1 0101
: ‘ RFO/AN5S
1 0100
‘ RAS5/AN4
1 \_ 0011 .
! ‘ ’—% RA3/AN3/VREF+
1 \o 0010 .
1 : E RA2/AN2/VREF-
1 \o 0001 .
' T K RA1/AN1
] 0000 |
VIN . \o : K RAO/ANO
(Input voltage) 1 1
‘ oot % RH7/AN11(D
AID X X
Converter ‘ N 1020 X RH6/AN10D

AVDD 1

7777777 \o 1000

VREF+ ! — oo
(Reference ! O
Voltage) .. __. | P
VCFGO
VREF- ! © !
(Reference ! .
Voltage) . ____ _.

| AVss

VCFG1

Note 1: These channels are not available on the PIC18C601 devices.

RH4/ANS(M)
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The value in the ADRESH/ADRESL registers is not
modified for a Power-on Reset. The ADRESH/ADRESL
registers will contain unknown data after a Power-on

Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 17.1.
After this acquisition time has elapsed, the A/D conver-
sion can be started. The following steps should be fol-
lowed to do an A/D conversion:

Configure A/D interrupt (if desired):

* Clear ADIF bit

* Set ADIE bit

* Set GIE bit

Wait the required acquisition time.

Start conversion:

«  Set GO/DONE bit (ADCONO register)

Wait for A/D conversion to complete, by either:

« Polling for the GO/DONE bit to be cleared,
OR
*  Waiting for the A/D interrupt

1. Configure the A/D module: Read A/D Result registers (ADRESH:ADRESL);
« Configure analog pins, voltage reference clear bit ADIF, if required.
and digital I/O (ADCON1) For next conversion, go to step 1 or step 2, as
« Select A/D input channel (ADCONO) required. The A/D conversion time per bit is
» Select A/D conversion clock (ADCON2) defm_ed as Tap. A minimum wait of 2TAp is
required before next acquisition starts.
e Turn on A/D module (ADCONO)
FIGURE 17-2: ANALOG INPUT MODEL
Voo Sampling
Switch
_______ VT=0.6V .
. . ANx Ric<lk 'SS Rss '
! Rs | '
: . Wy——e"Y
: @ A leakage CHOLD = 120 pF
LN BwF Vr=06v +500 nA
= LVSS
Legend: CPIN = input capacitance
\as = threshold voltage Sg
| LEAKAGE = leakage current at the pin due to VDD 4V
various junctions 3v
RiC = interconnect resistance 2v
SS = sampling switch
CHoOLD = sample/hold capacitance (from DAC)
Rss = sampling switch resistance 56789101
Sampling Switch (kQ)
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17.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 17-2. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 2.5kQ. After the analog input channel is
selected (changed), this acquisition must be done
before the conversion can be started.

Note:  When the conversion is started, the hold-
ing capacitor is disconnected from the
input pin.

EQUATION 17-1: ACQUISITION TIME

To calculate the minimum acquisition time,
Equation 17-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Example 17-1 shows the calculation of the minimum
required acquisition time TAcQ. This calculation is
based on the following application system assumptions:

120 pF

2.5kQ
1/2LSb

CHoOLD

Rs

Conversion Error
VDD 5V — Rss = 7 kQ
Temperature 50°C (system max.)
VHOLD = oV @ time=0

A 1

TACQ =  Amplifier Settling Time +
Holding Capacitor Charging Time +
Temperature Coefficient

= TAMP + TC + TCOFF

EQUATION 17-2:  A/D MINIMUM CHARGING TIME

or
Tc = (120 pF)(1 kQ + Rss + Rs) In(1/2047)

VHOLD = (VREF - (VREF/2048)) » (1 - e[ T¢/CHOLD(RIC + RSS + Rs)))

EXAMPLE 17-1: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMP + TC + TCOFF

Temperature coefficient is only required for temperatures > 25°C.

TACQ = 2 ps + Tc + [(Temp - 25°C)(0.05 ps/°C)]

Tc = -CHOLD (RIC + RSS + RS) In(1/2047)
-120 pF (1 kQ + 7 kQ + 2.5 kQ) In(0.0004885)
-120 pF (10.5 kQ) In(0.0004885)
-1.26 ps (-7.6241)
9.61 us

TACQ = 2 pus +9.61 ps + [(50°C - 25°C)(0.05 ps/°C)]
11.61 ps + 1.25 us
12.86 ps
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17.2  Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 12 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. There are seven possible options for TAD:

« 2Tosc

* 4Tosc

« 8Tosc

* 16Tosc

« 32Tosc

* 64Tosc

« Internal RC oscillator

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 1.6 pus.

Table 17-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

17.3 Configuring Analog Port Pins

The ADCON1, TRISA, TRISF and TRISH registers
control the operation of the A/D port pins. The port pins
needed as analog inputs must have their correspond-
ing TRIS bits set (input). If the TRIS bit is cleared (out-
put), the digital output level (VoH or VoL) will be
converted.

The A/D operation is independent of the state of the
CHS3:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to
consume current out of the device’s spec-
ification limits.

TABLE 17-1: TaAD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS2:ADCS0 PIC18C601/801 PIC18LC601/801(%)

2Tosc 000 1.25 MHz 666 kHz
4Tosc 100 2.50 MHz 1.33 MHz
8Tosc 001 5.00 MHz 2.67 MHz
16Tosc 101 10.0 MHz 5.33 MHz
32Tosc 010 20.0 MHz 10.67 MHz
64Tosc 110 — —

RC x11 — —

Note 1: The RC source has a typical TAD time of 4 ps.

These values violate the minimum required TAD time.

For faster conversion times, the selection of another clock source is recommended.

For device frequencies above 1 MHz, the device must be in SLEEP for the entire conversion or the A/D

RN

accuracy may be out of specification.
This column is for the LC devices only.

a
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17.4 A/D Conversions

Figure 17-3 shows the operation of the A/D converter
after the GO bit has been set. Clearing the GO/DONE
bit during a conversion will abort the current conver-
sion. The A/D result register pair will NOT be updated
with the partially completed A/D conversion sample.
That is, the ADRESH:ADRESL registers will continue
to contain the value of the last completed conversion
(or the last value written to the ADRESH:ADRESL reg-
isters). After the A/D conversion is aborted, a 2TAD wait
is required before the next acquisition is started. After
this 2TAD wait, acquisition on the selected channel is
automatically started.

Note:  The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

FIGURE 17-3:

A/D CONVERSION Tabp CYCLES

17.5 Use of the CCP2 Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP2 module. This requires that the
CCP2M3:CCP2M0 bits (CCP2CON<3:0>) be pro-
grammed as 1011, and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the GO/DONE
bit will be set, starting the A/D conversion and the Timerl
(or Timer3) counter will be reset to zero. Timerl (or
Timer3) is reset to automatically repeat the A/D acquisi-
tion period with minimal software overhead (moving
ADRESH/ADRESL to the desired location). The appropri-
ate analog input channel must be selected and the mini-
mum acquisition done before the “special event trigger”
sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared), the
“special event trigger” will be ignored by the A/D mod-
ule, but will still reset the Timerl (or Timer3) counter.

Tcy - TAD TaD1  TAD2  TAD3  TAD4 TAD5  TAD6  TAD7  TAD8  TAD9 TAD10 TAD1l

Conversion Starts

Tbg'bg b8 b7 b6 b5

Holding capacitor is disconnected from analog input (typically 100 ns)

b3 b2 bl b0

Set GO bit i

Next Q4: ADRESH/ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
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TABLE 17-2: SUMMARY OF A/D REGISTERS

. . . . . . . . Value on value on all

Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit 0 POR. BOR other

’ RESETS
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF INTOIF RBIF 0000 000x | 0000 000u
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE | -000 0000 -000 0000
IPR1 — ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | -000 0000 -000 0000
PIR2 — — — — BCLIF LVDIF TMR3IF | CCP2IF | -0-- 0000 | -0-- 0000
PIE2 — — — — BCLIE LVDIE TMR3IE | CCP2IE | ---- 0000 ---- 0000
IPR2 — — — — BCLIP | LVDIP TMR3IP | CCP2IP | ---- 0000 | ---- 0000
ADRESH | A/D Result Register XXXX XXXX | uuuu uuuu
ADRESL | A/D Result Register XXXX XXXX | uuuu uuuu
ADCONO — — CHS3 CHS3 | CHS1 CHSO | GO/DONE | ADON 0000 00-0 | 0000 00-0
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 PCFG1 PCFGO | ---- -000 | ---- -000
ADCON2 ADFM — — — — ADCS2 ADCS1 ADCSO | 0--- -000 | 0--- -000
PORTA — — RAS5 RA4 RA3 RA2 RA1 RAO --0x 0000 --0u 0000
TRISA — PORTA Data Direction Register --11 1111 | --11 1111
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO x000 0000 | ub00 0000
LATF LATF7 LATF6 LATF5 | LATF4 | LATF3 | LATF2 LATF1 LATFO | xxxx XXXX | uuuu uuuu
TRISF | PORTF Data Direction Control Register 1111 1111 | 1111 1111
PORTH® RH7 RH6 RH5 RH4 | RH3 RH2 RH1 RHO | 0000 xxxx | 0000 xxxx
LATH® LATH7 LATH6 LATHS5 | LATH4 | LATH3 | LATH2 LATH1 LATHO | xxxx XXXx | uuuu uuuu
TRISH® | PORTH Data Direction Control Register 1111 1111 | 1111 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used for A/D conversion.
Note 1: Only available on PIC18C801 devices.
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18.0 LOW VOLTAGE DETECT

In many applications, the ability to determine if the
device voltage (VDD) is below a specified voltage level
is a desirable feature. A window of operation for the
application can be created, where the application soft-
ware can do "housekeeping tasks", before the device
voltage exits the valid operating range. This can be
done using the Low Voltage Detect module.

This module is software programmable circuitry, where
a device voltage trip point can be specified (internal ref-
erence voltage or external voltage input). When the
voltage of the device becomes lower than the specified
point, an interrupt flag is set. If the interrupt is enabled,
the program execution will branch to the interrupt vec-
tor address and the software can then respond to that
interrupt source.

The Low Voltage Detect circuitry is completely under
software control. This allows the circuitry to be "turned
off" by the software, which minimizes the current con-
sumption for the device.

Figure 18-1 shows a possible application voltage curve
(typically for batteries). Over time, the device voltage
decreases. When the device voltage equals voltage VA,
the LVD logic generates an interrupt. This occurs at time
TA. The application software then has the time, until the
device voltage is no longer in valid operating range, to
shut-down the system. Voltage point VB is the minimum
valid operating voltage specification. This occurs at time
TB. TB - TA is the total time for shut-down.

FIGURE 18-1: TYPICAL LOW VOLTAGE
DETECT APPLICATION

Voltage

Time

Legend:

VA = LVD trip point
VB = Minimum valid device operating range

Figure 18-2 shows the block diagram for the LVD mod-
ule. A comparator uses an internally generated refer-
ence voltage as the set point. When the selected tap
output of the device voltage crosses the set point (is
lower than), the LVDIF bit (PIR registers) is set.

Each node in the resister divider represents a ‘“trip
point” voltage. The “trip point” voltage is the minimum
supply voltage level at which the device can operate,
before the LVD module asserts an interrupt. When the
supply voltage is equal to the trip point, the voltage
tapped off of the resistor array (or external LVDIN input
pin) is equal to the voltage generated by the internal
voltage reference module. The comparator then gener-
ates an interrupt signal setting the LVDIF bit. This volt-
age is software programmable to any one of 16 values
(see Figure 18-2). The trip point is selected by
programming the LVDL3:LVDLO bits (LVDCON<3:0>).
FIGURE 18-2: LOW VOLTAGE DETECT
(LVD) BLOCK DIAGRAM

VDD
LVD Control
ﬁ Register
.

: LVDIF

16 to 1 MUX

LVDIN
LVDEN —{

Internally Generated
Reference Voltage
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18.1 Control Register

The Low Voltage Detect Control register (Register 18-1)
controls the operation of the Low Voltage Detect

circuitry.

REGISTER 18-1:

bit 7-6
bit 5

bit 4

bit 3-0

LVDCON REGISTER

u-0 u-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
= = IRVST LVDEN LvDL3 LvDL2 LvDL1 LvDLO
bit 7 bit 0

Unimplemented: Read as '0'

IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the Low Voltage Detect logic will generate the interrupt flag at the specified
voltage range

0 = Indicates that the Low Voltage Detect logic will not generate the interrupt flag at the
specified voltage range and the LVD interrupt should not be enabled

LVDEN: Low Voltage Detect Power Enable bit

1 = Enables LVD, powers up LVD circuit
0 = Disables LVD, powers down LVD circuit

LVDL3:LVDLO: Low Voltage Detection Limit bits

1111 = External analog input is used (input comes from the LVDIN pin)
1110 = 4.5V

1101 =4.2V

1100 = 4.0V - Reserved on PIC18C601/801

1011 = 3.8V - Reserved on PIC18C601/801

1010 = 3.6V - Reserved on PIC18C601/801

1001 = 3.5V - Reserved on PIC18C601/801

1000 = 3.3V - Reserved on PIC18C601/801

0111 = 3.0V - Reserved on PIC18C601/801

0110 = 2.8V - Reserved on PIC18C601/801

0101 = 2.7V - Reserved on PIC18C601/801

0100 = 2.5V - Reserved on PIC18C601/801

0011 = 2.4V - Reserved on PIC18C601/801

0010 = 2.2V - Reserved on PIC18C601/801

0001 = 2.0V - Reserved on PIC18C601/801

0000 = Reserved on PIC18C601/801 and PIC18LC801/601
LVDL3:LVDLO modes which result in a trip point below the valid operating voltage of the device
are not tested.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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18.2 Operation The following steps are needed to setup the LVD

) ) module:
Depending on the power source for the device voltage,

the voltage normally decreases relatively slowly. This
means that the LVD module does not need to be con-
stantly operating. To decrease current consumption,

1. Write the value to the LVDL3:LVDLO bits
(LVDCON register), which selects the desired
LVD trip point.

the LVD circuitry only needs to be enabled for short 2. Ensure that LVD interrupts are disabled (the
periods, where the voltage is checked. After doing the LVDIE bit is cleared or the GIE bit is cleared).
check, the LVD module may be disabled. 3. Enable the LVD module (set the LVDEN bit in
Each time that the LVD module is enabled, the circuitry the LVDCON register).

requires some time to stabilize. After the circuitry has 4. Wait for the LVD module to stabilize (the IRVST
stabilized, all status flags may be cleared. The module bit to become set).

will then indicate the proper state of the system. 5. Clear the LVD interrupt flag, which may have

falsely become set, until the LVD module has
stabilized (clear the LVDIF bit).

6. Enable the LVD interrupt (set the LVDIE and the
GIE bits).

Figure 18-3 shows typical waveforms that the LVD
module may be used to detect.

FIGURE 18-3: LOW VOLTAGE DETECT WAVEFORMS
CASE 1.

LVDIF may not be set

oo }c’f _______ v ——————————— VLD

LVDIF

Enable LVD |

Internally Generated ~— 50ms—=
Reference Stable

LVDIF cleared in software

CASE 2:

VDD
—————————— x<———————————————————————————VLVD

LVDIF

Enable LVD

|
|
Internally Generated 1« 50 ms—|
Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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18.2.1 REFERENCE VOLTAGE SET POINT

The Internal Reference Voltage of the LVD module may
be used by other internal circuitry (the programmable
Brown-out Reset). If these circuits are disabled (lower
current consumption), the reference voltage circuit
requires time to become stable before a low voltage con-
dition can be reliably detected. This time is invariant of
system clock speed. This start-up time is specified in
electrical specification parameter #36. The low voltage
interrupt flag will not be enabled until a stable reference
voltage is reached. Refer to the waveform in Figure 18-3.

18.2.2 CURRENT CONSUMPTION

When the module is enabled, the LVD comparator and
voltage divider are enabled and will consume static cur-
rent. The voltage divider can be tapped from multiple
places in the resistor array. Total current consumption,
when enabled, is specified in electrical specification
parameter #D022B.

18.3 External Analog Voltage Input

The LVD module has an additional feature that allows
the user to supply the trip point voltage to the module
from an external source (the LVDIN pin). The LVDIN pin
is used as the trip point when the LVDL3:LVDLO bits
equal '1111’". This state connects the LVDIN pin volt-
age to the comparator. The other comparator input is
connected to an internal reference voltage source.

18.4 Operation During SLEEP

When enabled, the LVD circuitry continues to operate
during SLEEP. If the device voltage crosses the trip
point, the LVDIF bit will be set and the device will wake-
up from SLEEP. Device execution will continue from
the interrupt vector address, if interrupts have been
globally enabled.

18.5 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the LVD module to be turned off.
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19.0 SPECIAL FEATURES OF THE
CPU

There are several features intended to maximize
system reliability, minimize cost through elimination of
external components and provide power saving
operating modes:

* OSC Selection

¢ RESET

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

Interrupts

* Watchdog Timer (WDT)

¢ SLEEP

« ID Locations

PIC18C601/801 devices have a Watchdog Timer,
which can be permanently enabled/disabled via the
configuration bits, or it can be software controlled. By
default, the Watchdog Timer is disabled to allow soft-
ware control. It runs off its own RC oscillator for cost
reduction. There are two timers that offer necessary
delays on power-up. One is the Oscillator Start-up
Timer (OST), intended to keep the chip in RESET until
the crystal oscillator is stable. The other is the Power-
up Timer (PWRT), which provides a fixed delay on
power-up only, designed to keep the part in RESET

while the power supply stabilizes. With these two tim-
ers on-chip, most applications need no external
RESET circuitry.

SLEEP mode is designed to offer a very low current
Power-down mode. The user can wake-up from
SLEEP through external RESET, Watchdog Timer
Wake-up or through an interrupt. Several oscillator
options are also available to allow the part to fit the
application. The RC oscillator option saves system
cost, while the LP crystal option saves power. By
default, HS oscillator mode is selected. There are two
main modes of operations for external memory inter-
face: 8-bit and 16-bit (default). A set of configuration
bits are used to select various options.

19.1 Configuration Bits

The configuration bits can be programmed (read as '0'),
or left unprogrammed (read as '1'), to select various
device configurations. These bits are mapped starting
at program memory location 300000h.

The user will note that address 300000h is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h - 3FFFFFh),
which can only be accessed using table reads and
table writes.

TABLE 19-1: CONFIGURATION BITS AND DEVICE IDs
Default/
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Unprogrammed
Value
300001h | CONFIG1H — — — — — — FOSC1 FOsSCO | ---- -- 11
300002h | CONFIG2L — BW — — — — — PWRTEN -1-- ---1
300003h | CONFIG2H — — — — WDTPS2 | WDTPS1 | WDTPSO | WDTEN ---- 1110
300006h | CONFIGAL r — — — — — — STVREN 1--- --- 1
3FFFFEh DEVID1 DEV2 DEV1 DEVO REV4 REV3 REV2 REV1 REVO 0000 0000
3FFFFFh DEVID2 DEV10 | DEV9 DEVS8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented, g = value depends on condition, r = reserved, maintain ‘1'.

Shaded cells are unimplemented, read as '0’.
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REGISTER 19-1:

CONFIGURATION REGISTER 1 HIGH (CONFIG1H: BYTE ADDRESS 0300001h)

u-0 u-0 uU-0 u-0 uU-0 uU-0 R/P-1 R/P-1
— — — [ = T = — | Fosci | Fosco |
bit 7 bit 0
bit 7-2 Unimplemented: Read as '0’
bit 2-0 FOSC1:FOSCO: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = EC oscillator
00 = LP oscillator

Legend:
r = Reserved
R = Readable bit

P = Programmable bit
- n = Value when device is unprogrammed

U = Unimplemented bit, read as ‘0’
u = Unchanged from programmed state

REGISTER 19-2: CONFIGURATION REGISTER 2LOW

u-0 R/P-1 u-0 U

-0

(CONFIG2L: BYTE ADDRESS 300002h)

u-0 u-0 u-0 R/P-1

BW

[ —

| PWRTEN |

bit 7

bit 7
bit 6

Unimplemented: Read as '0’
BW: External Bus Data Width bit

1 = 16-bit external bus mode
0 = 8-bit external bus mode

bit 5-1
bit 0

Unimplemented: Read as '0’
PWRTEN: Power-up Timer Enable bit

1 = PWRT disabled
0 = PWRT enabled

bit 0

Legend:

r = Reserved

R = Readable bit
- n = Value when device is unprogrammed

P = Programmabl

e bit U= Unimplemented bit, read as ‘0’

u = Unchanged from programmed state
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REGISTER 19-3:

bit 7-4
bit 3-1

bit 0

REGISTER 19-4:

bit 7
bit 6-1
bit 0

CONFIGURATION REGISTER 2HIGH (CONFIG2H: BYTE ADDRESS 300003H)

u-o u-0 u-0 u-0 RIP-1 RIP-1 RIP-1 R/P-1
— — — | — [wbTtPs2 |wDTPS1 | WDTPSO | WDTEN |
bit 7 bit 0

Unimplemented: Read as '0’

WDTPS2:WDTPSO0: Watchdog Timer Postscale Select bits
000 =1:128

001 =1:64

010 =1:32

011 =1:16

100 =1:8

101 =14

110 =1:2

111 =1:1

WDTEN: Watchdog Timer Enable bit

1 =WDT enabled

0 = WDT disabled (control is placed on the SWDTEN bit)

Legend:

r = Reserved

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state

CONFIGURATION REGISTER 4 LOW (CONFIGAL: BYTE ADDRESS 300006H)

RIP-1 u-0 u-0 u-0 u-0 u-0 RIP-1 RIP-1
r — - | =71 = — — | STVREN |
bit 7 bit 0

Reserved: Maintain as ‘1’
Unimplemented: Read as '0’

STVREN: Stack Full/Underflow RESET Enable bit
1 = Stack Full/Underflow will cause RESET
0 = Stack Full/lUnderflow will not cause RESET

Legend:

r = Reserved

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state
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19.2 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator, which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the OSC1/CLKI pin. That means that the WDT will run,
even if the clock on the OSC1/CLKI and OSC2/CLKO
pins of the device has been stopped; for example, by
execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the RCON register
will be cleared upon a WDT time-out.

By default, the Watchdog Timer is disabled by configu-
ration to allow software control over Watchdog Timer
operation. If the WDT is enabled by configuration, soft-
ware execution may not disable this function. When the
Watchdog Timer is disabled by configuration, the
SWDTEN bit in the WDTCON register enables/
disables the operation of the WDT.

REGISTER 19-5: WDTCON REGISTER

The WDT time-out period values may be found in the
Electrical Specifications section under parameter #31.
Values for the WDT postscaler may be assigned by
using configuration bits WDPS<3:1> in CONFIG2H
register. If the Watchdog Timer is disabled by configu-
ration, values for the WDT postscaler may be assigned
using the SWDPS bits in the WDTCON register.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and the postscaler, if
assigned to the WDT, and prevent it from
timing out and generating a device
RESET condition.

2: When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but
the prescaler assignment is not changed.

19.2.1 CONTROL REGISTER

Register 19-5 shows the WDTCON register. This is a
readable and writable register. It contains control bits to
control the Watchdog Timer from user software. If the
Watchdog Timer is enabled by configuration, this regis-
ter setting is ignored.

u-0 U-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = = SWDPS2 | SWDPS1 | SWDPSO0 | SWDTEN
bit 7 bit 0

bit 7-4 Unimplemented: Read as '0’

bit 3-1 SWDPS2:SWDPSO0: Software Watchdog Timer Postscale Select bits

111 =1:128
110 =1:64

101 =1:32

100 = 1:16

011=18

010 =1:4

001=1:2

000=1:1

bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit

1 = Watchdog Timer is on

0 = Watchdog Timer is turned off if it is not disabled

Legend:
R = Readable bit
- n =Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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19.2.2 WDT POSTSCALER the device will use predefined set postscaler value. If
the device has the Watchdog Timer disabled by config-
uration bits, user software can set desired postscaler
value. When the device has the Watchdog Timer
enabled by configuration bits, by default, Watchdog
postscaler of 1:128 is selected.

The WDT has a postscaler that can extend the WDT
Reset period. The postscaler may be programmed by
the user software or is selected by configuration bits
WDTPS<2:0> in the CONFIG2H register. If the device
has the Watchdog Timer enabled by configuration bits,

FIGURE 19-1: Watchdog Timer Block Diagram

WDT Timer - Postscaler
8
Y
SWDTEN bit

8-t0-1MUX |==— WDTPS2:WDTPSO

WDT
Time-out

Note: WDPS2:WDPSO are bits in a configuration register.

TABLE 19-2: SUMMARY OF WATCHDOG TIMER REGISTERS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CONFIG2H = = = = WDTPS2 | WDTPS1 | WDTPSO | WDTEN
RCON IPEN r — RI TO PD POR r
WDTCON = = = = SWDPS2 | SWDPS1 | SWDPSO | SWDTEN

Legend: Shaded cells are not used by the Watchdog Timer.
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19.3 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

Upon entering into Power-down mode, the following
actions are performed:

1. Watchdog Timer is cleared and kept running.

PD bit in RCON register is cleared.

TO bit in RCON register is set.

Oscillator driver is turned off.

1/O ports maintain the status they had before the
SLEEP instruction was executed.

a s wDd

To achieve lowest current consumption, follow these
steps before switching to Power-down mode:

1. Place all I/O pins at either VDD or Vss and
ensure no external circuitry is drawing current
from 1/O pin.

2. Power-down A/D and external clocks.

3. Pull all hi-impedance inputs to high or low,
externally.

4. Place TOCKI at Vss or VDD.

5. Current consumption by PORTB on-chip pull-
ups should be taken into account and disabled,
if necessary.

The MCLR pin must be at a logic high level (VIHMC).

1931 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of

the following events:

1. External RESET input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change, or a
peripheral interrupt.

The following peripheral interrupts can wake the device
from SLEEP:

4. TMR1 interrupt. Timerl must be operating as
an asynchronous counter.

5. TMR3 interrupt. Timer3 must be operating as
an asynchronous counter.

6. CCP Capture mode interrupt.

7. Special event trigger (Timerl in Asynchronous
mode using an external clock).

8. MSSP (START/STOP) bit detect interrupt.

9. MSSP transmit or receive in Slave mode
(SPI/I%C).

10. USART RX or TX (Synchronous Slave mode).

11. A/D conversion (when A/D clock source is RC).

Other peripherals cannot generate interrupts, since
during SLEEP, no on-chip clocks are present.

External MCLR Reset will cause a device RESET. All
other events are considered a continuation of program
execution and will cause a "wake-up". The TO and PD
bits in the RCON register can be used to determine the
cause of the device RESET. The PD bit, which is set on
power-up, is cleared when SLEEP is invoked. The TO
bit is cleared, if a WDT time-out occurred (and caused
wake-up).

When the SLEEP instruction is being executed, the next
instruction (PC + 2) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

19.3.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

If an interrupt condition (interrupt flag bit and inter-
rupt enable bits are set) occurs before the execu-
tion of a SLEEP instruction, the SLEEP instruction
will complete as a NOP. Therefore, the WDT and
WDT postscaler will not be cleared, the TO bit will
not be set and PD bits will not be cleared.

If the interrupt condition occurs during or after
the execution of a SLEEP instruction, the device
will immediately wake-up from sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 19-2: WAKE-UP FROM SLEEP THROUGH INTERRUPT(!2)

. Q11Q2] Q31 @4, Q11Q21Q3l Q4 Q1l ‘ . Q11 Q21 Q31 Q4; Q11 Q2] Q31Q4; Q1] Q2| Q31 Q4, Q11 Q2| Q3| Q4;
OSCL/ /NN N\N\N\ @ \/\\\\ANN\\N\AN
CLKOUT@\

INT pin*

INTIF bit |

GIEH bit

' Processor in \

SLEEP !

Interrupt Latency®

INSTRUCTION FLOW ‘ 1
PC ¥ BC " Pce2 X PCHa X PC+4 X _PC+4 ) 0008h __.___000Ah

nstruction J inst(Pc) = SLEEP  Inst(PC +2)

! ' Inst(PC +4) Inst(0008h) Inst(000Ah)
instuction . |nsypc-1)  SLEEP . .

Inst(PC +2) Dummy cycle Dummy cycle:  |nst(0008h)

Note 1: HS or LP oscillator mode assumed.
2: GIE setis assumed. In this case, after wake- up, the processor jumps to the interrupt routine.
If GIE is cleared, execution will continue in-line.
3: TosT = 1024Tosc (drawing not to scale). This delay will not occur for RC and EC osc modes.
4: CLKOUT is not available in these oscillator modes, but shown here for timing reference.
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NOTES:
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20.0 INSTRUCTION SET SUMMARY

The PIC18C601/801 instruction set adds many
enhancements to the previous PIC® MCU instruction
sets, while maintaining an easy migration path from
them.

With few exceptions, instructions are a single program
memory word (16-bits). Each single word instruction is
divided into an OPCODE, which specifies the instruc-
tion type, and one or more operands which further
specify the operation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

* Byte-oriented operations

« Bit-oriented operations

« Literal operations

« Control operations

The PIC18C601/801 instruction set summary in
Table 20-2 lists byte-oriented, bit-oriented, literal

and control operations. Table 20-1 shows the opcode
field descriptions.

Most byte-oriented instructions have three operands:

1. The file register (represented by 'f’)

2. The destination of the result
(represented by 'd’)

3. The accessed memory
(represented by 'a’)

The file register designator ‘f’ specifies which file regis-
ter is to be used by the instruction.

The destination designator ‘d’ specifies where the
result of the operation is to be placed. If 'd" is zero, the
result is placed in the WREG register. If 'd" is one, the
result is placed in the file register specified in the
instruction.

All bit-oriented instructions have three operands:

1. The file register (represented by 'f’)

2. The bit in the file register
(represented by 'b’)

3. The accessed memory
(represented by 'a’)

The bit field designator 'b' selects the number of the bit
affected by the operation, while the file register desig-
nator 'f' represents the number of the file in which the
bit is located.

The literal instructions may use some of the following

operands:

» A literal value to be loaded into a file register
(represented by 'k’)

* The desired FSR register to load the literal value
into (represented by 'f")

* No operand required
(specified by '—)

The control instructions may use some of the following

operands:

» A program memory address (represented by 'n’)

» The mode of the Call or Return instructions

(represented by 's’)

The mode of the Table Read and Table Write

instructions (represented by 'm’)

No operand required

(specified by '—)

All instructions are a single word, except for four double
word instructions. These four instructions were made
double word instructions so that all the required infor-
mation is available in these 32 bits. In the second word,
the 4 MSbs are 1’s. If this second word is executed as
an instruction (by itself), it will execute as a NOP.

All single word instructions are executed in a single
instruction cycle, unless a conditional test is true, or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles, with the additional instruction cycle(s) executed
as a NOP.The double word instructions execute in two
instruction cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 us. If a conditional test is
true, or the program counter is changed as a result of
an instruction, the instruction execution time is 2 ps.
Two word branch instructions (if true) would take 3 ps.

Figure 20-1 shows the general formats that the instruc-
tions can have. All examples use the format ‘nnh’ to
represent a hexadecimal number, where *h'’ signifies
a hexadecimal digit.

The Instruction Set Summary, shown in Table 20-2,
lists the instructions recognized by the Microchip
assembler (MPASM™),

Section 20.1 provides a description of each instruction.
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TABLE 20-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
ACCESS ACCESS = 0: RAM access bit symbol
BANKED BANKED = 1: RAM access bit symbol
bbb Bit address within an 8-bit file register (0 to 7)
BSR Bank Select Register. Used to select the current RAM bank.
d Destination select bit;
d = 0: store result in WREG,
d = 1: store result in file register f.
dest Destination either the WREG register or the specified register file location
£ 8-bit Register file address (00h to FFh)
£y 12-bit Register file address (000h to FFFh). This is the source address.
fq 12-bit Register file address (000h to FFFh). This is the destination address.
k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value)
label Label name
mm The mode of the TBLPTR register for the Table Read and Table Write instructions
Only used with Table Read and Table Write instructions:
* No change to register (such as TBLPTR with Table reads and writes)
*4 Post-Increment register (such as TBLPTR with Table reads and writes)
*- Post-Decrement register (such as TBLPTR with Table reads and writes)
+* Pre-Increment register (such as TBLPTR with Table reads and writes)
n The relative address (2's complement number) for relative branch instructions, or the direct
address for Call/Branch and Return instructions
PRODH Product of Multiply high byte (Register at address FF4h)
PRODL Product of Multiply low byte (Register at address FF3h)
s Fast Call / Return mode select bit.
s =0: do not update into/from shadow registers
s =1: certain registers loaded into/from shadow registers (Fast mode)
u Unused or Unchanged (Register at address FE8h)
W W = 0: Destination select bit symbol
WREG Working register (accumulator) (Register at address FE8h)
x Don't care (0 or 1)
The assembler will generate code with x = 0. It is the recommended form of use for compatibility
with all Microchip software tools.
TBLPTR 21-bit Table Pointer (points to a Program Memory location) (Register at address FF6h)
TABLAT 8-bit Table Latch (Register at address FF5h)
TOS Top-of-Stack
PC Program Counter
PCL Program Counter Low Byte (Register at address FF9h)
PCH Program Counter High Byte
PCLATH Program Counter High Byte Latch (Register at address FFAh)
PCLATU Program Counter Upper Byte Latch (Register at address FFBh)
GIE Global Interrupt Enable bit
WDT Watchdog Timer
TO Time-out bit
PD Power-down bit
c, bc, z, ov, N [ALU status bits Carry, Digit Carry, Zero, Overflow, Negative
L1 Optional
) Contents
— Assigned to
< > Register bit field
€ In the set of
italics User defined term (font is courier)
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FIGURE 20-1: GENERAL FORMAT FOR INSTRUCTIONS
Byte-oriented file register operations Example Instruction
15 10 9 8 7 0
OPCODE [d [ a | f(FILE #) ADDWE MYREG, W

d = 0 for result destination to be WREG register
d = 1 for result destination to be file register (f)
a = 0 to force Access Bank

a =1 for BSR to select Bank

f = 8-bit file register address

Byte to Byte move operations (2-word)

15 12 11 0
\ OPCODE \ f (Source FILE #) | MOVFF MYREG1, MYREG2
15 12 11 0

| 1111 ‘ f (Destination FILE #) |

f = 12-bit file register address

Bit-oriented file register operations

15 1211 9 87 0
OPCODE [ b (BIT#)[a| f(FILE#) BSF MYREG, bit

b = 3-bit position of bit in file register (f)
a =0 to force Access Bank

a =1 for BSR to select Bank

f = 8-bit file register address

Literal operations
15 8 7 0
OPCODE k (literal) MOVLW 7Fh

k = 8-bit immediate value

Control operations

CALL, GOTO and Branch operations
15 87 0
\ OPCODE | n<7:0> (iteral) |

15 12 11 0
’ 1111 ‘ n<19:8> (literal) ‘

GOTO Label

n = 20-bit immediate value

15 87 0
| OPCODE | 5| n<7:0> (lteral) | CALL MYFUNC
15 12 1 o
| ] n<19:8> (literal) |
S = Fast bit
15 1110 0
| opcopE | n<10:0> (iiteral) | BRAMYFUNC
15 87 0
[ opcobE | n<7:0> (literal) | BC MYFUNC
15 6 4 0
[ opcooe [t [k<118>(it) LFSR FSRO, 100h
15 1 7 °
[ 1in | o000 [ ke7:0> (iteral) |
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TABLE 20-2: PIC18C601/801 INSTRUCTION SET

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSDb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF  f[,d[,a]] |Add WREG and f 1 0010 o0l1da ffff £ffff |[C,DC,Z OV,N [1,2,6
ADDWFC f[,d[,a]] |Add WREG and Carry bit to f 1 0010 o0l1da ffff £ffff |C,DC,Z OV,N [1,2,6
ANDWF  f[,d[,a]] |AND WREG with f 1 0001 0l1da ffff £fff |Z,N 12,6
CLRF f[,a] Clear f 1 0110 10la ffff ffff |Z 2,6
COMF f[,d[,a]] |Complement f 1 0001 11da ffff ffff |Z,N 1,2,6
CPFSEQ f[,a] Compare f with WREG, skip= |1(20or3) | 0110 o00la ffff £ffff [None 4,6
CPFSGT f[,a] Compare f with WREG, skip > |1(2o0r3) | 0110 010a ffff £f£f£ff |None 4,6
CPFSLT f[.a] Compare f with WREG, skip< |1(20r3) | 0110 000a ffff £ff£ff |None 1,2,6
DECF f[.d[,a]] |Decrement f 1 0000 o0lda ffff £fff ([C,DC,Z OV,N (1,2, 3,4,6
DECFSZ f[,d[a]] |Decrement f, Skip if O 1(2or3)| 0010 11da ffff ££f££f [None 1,2,3,4,6
DCFSNzZ f[,d[,a]] |Decrement f, Skip if Not O 1(2o0r3)| 0100 1lda ffff fEfff |None 1,2,6
INCF f[,d[a]] [Increment f 1 0010 10da ffff ffff |C,DC,Z 0OV,N |1,2, 3,4,6
INCFSZ f[,d[,a]] |Increment f, Skip if O 1(2or3)| 0011 11da ffff fEf£ff |None 4,6
INFSNZ  f[,d[,a]] [Increment f, Skip if Not O 1(20r3)| 0100 10da ffff fEfff |None 1,2,6
IORWF f[.d[,a]] |Inclusive OR WREG with f 1 0001 o00da ffff f£fff |Z,N 1,2,6
MOVF f[.d[,a]] |Move f 1 0101 o00da ffff £fff |Z,N 1,6
MOVFF  fg, fy Move fg (source) to 1st word 2 1100 ffff ffff f£££f [None
fq (destination)2nd word 1111 ffff ffff f£fff
MOVWF  f[,a] Move WREG to f 1 0110 11lla ffff ££f£ff [None 6
MULWF  f[,a] Multiply WREG with f 1 0000 00la ffff £fff [None 6
NEGF fl.a] Negate f 1 0110 110a ffff £fff |C,DC,Z OV,N [1,2,6
RLCF f[,d [,a]] |Rotate Left f through Carry 1 0011 0l1da ffff ffff |C,Z,N 6
RLNCF  f[,d[a]] |Rotate Left f (No Carry) 1 0100 O0lda ffff £ffff (Z,N 1,2,6
RRCF f[.d [,a]] |Rotate Right f through Carry 1 0011 o0o0da ffff ffff C,Z N 6
RRNCF  f[,d[a]] |Rotate Right f (No Carry) 1 0100 o00da ffff ffff (Z,N 6
SETF fl.a] Set f 1 0110 100a ffff ££f£ff [None 6
SUBFWB f[,d [,a]] |Subtract f from WREG with 1 0101 o01l1da ffff ffff |C,DC,Z 0OV,N |1,2,6
borrow
SUBWF  f[,d[,a]] |Subtract WREG from f 1 0101 11da ffff ffff |C,DC,Z OV,N |6
SUBWFB f[,d[,a]] |Subtract WREG from f with 1 0101 10da ffff ffff |C,DC,Z 0OV,N |1,2,6
borrow
SWAPF  f[,d[,a]] |Swap nibbles in f 1 0011 10da ffff ££f£ff [None 4,6
TSTFSZ f[,a] Test f, skip if 0 1(2or3)| 0110 o01la ffff ££££f [None 1,2,6
XORWF  f[,d[,a]] |Exclusive OR WREG with f 1 0001 1o0da ffff ffff [Z,N 6
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b[,a] [BitClearf 1 1001 bbba ffff £ffff |None 1,2,6
BSF f,b[,a] |BitSetf 1 1000 bbba ffff ffff |None 1,2,6
BTFSC f,b[,a] |Bit Testf, Skip if Clear 1(20r3)|1011 bbba ffff fE££ff |None 3,4,6
BTFSS f,b[.a] |BitTestf, Skip if Set 1(20or3)| 1010 bbba ffff £f£f££f [None 3,4,6
BTG f[,d [,a]] |Bit Toggle f 1 0111 bbba ffff f£f£f£ff [None 1,2,6

Note 1. When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value
present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an
external device, the data will be written back with a '0'.

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if

assigned.

3: If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle

is executed as a NOP.

4: Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP, unless the
first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all program memory
locations have a valid instruction.

If the table write starts the write cycle to internal memory, the write will continue until terminated.
6: Microchip's MPASM™ Assembler automatically defaults destination bit 'd’ to '1’, while access bit 'a’ defaults to '1’ or '0’,
according to address of register being used.

a
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TABLE 20-2: PIC18C601/801 INSTRUCTION SET (CONTINUED)
Mnemonic o 16-Bit Instruction Word Status
! Description Cycles Notes
Operands MSb LSb Affected

CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn [None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn [None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn [None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn [None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn [None
BNz n Branch if Not Zero 2 1110 0001 nnnn nnnn [None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn [None
BRA n Branch Unconditionally 1(2) 1101 Onnn nnnn nnnn [None
Bz n Branch if Zero 1(2) 1110 0000 nnnn nnnn [None
CALL n,s Call subroutinelst word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk kkkk kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO, PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to addresslst word 2 1110 1111 kkkk kkkk [None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 |[None
NOP — No Operation (Note 4) 1 1111 xxxx xxxx xxxx |None
POP — Pop top of return stack (TOS) 1 0000 0000 0000 0110 |None
PUSH — Push top of return stack (TOS) |1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1nnn nnnn nnnn |[None
RESET Software device RESET 1 0000 0000 1111 1111 (Al
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW  k Return with literal in WREG 2 0000 1100 kkkk kkkk [None
RETURN s Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value

present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an
external device, the data will be written back with a '0'".

If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.

If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle
is executed as a NOP.

Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP, unless the
first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all program memory
locations have a valid instruction.

If the table write starts the write cycle to internal memory, the write will continue until terminated.

Microchip’s MPASM™ Assembler automatically defaults destination bit 'd’ to '1’, while access bit 'a’ defaults to '1’ or '0’,
according to address of register being used.
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TABLE 20-2: PIC18C601/801 INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
LITERAL OPERATIONS
ADDLW  k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC, Z, OV, N
ANDLW  k AND literal with WREG 1 0000 1011 kkkk kkkk [Z,N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk |Z,N
LFSR f, k Load FSR (f) with a 12-bit 2 1110 1110 O00ff kkkk [None
literal (k) 1111 0000 kkkk kkkk
MOVLB  k Move literal to BSR<3:0> 1 0000 0001 0000 kkkk [None
MOVLW  k Move literal to WREG 1 0000 1110 kkkk kkkk [None
MULLW Kk Multiply literal with WREG 1 0000 1101 kkkk kkkk [None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk [None
SUBLW  k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC,Z OV,N
XORLW  k Exclusive OR literal with WREG |1 0000 1010 kkkk kkkk |Z,N
DATA MEMORY <> PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 [None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 [None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 [None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 [None
TBLWT* Table Write 2 (5) 0000 0000 0000 1100 [None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 [None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 [None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 [None
Note 1. When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value
present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an
external device, the data will be written back with a '0".

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.

3: If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle
is executed as a NOP.

4: Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP, unless the
first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all program memory
locations have a valid instruction.

5: If the table write starts the write cycle to internal memory, the write will continue until terminated.

6: Microchip’'s MPASM™ Assembler automatically defaults destination bit 'd’ to '1’, while access bit 'a’ defaults to '1' or '0’,
according to address of register being used.
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20.1 Instruction Set

ADDLW ADD literal to WREG ADDWF ADD WREG to f
Syntax: [label ] ADDLW Syntax: [label ] ADDWF  f[,d [,a]]
Operands: 0<k<255 Operands: 0<f<255
Operation: (WREG) + k - WREG de [8’11
ae ,
Status Affected:  N,0V, C, DC, Z . .1
) Operation: (WREG) + (f) > dest
Encoding: | 0000 ‘ 1111 ‘ kkkk ‘ kkkk |
- Status Affected:  N,0V, C, DC, Z
Description: The contents of WREG are added to .
the 8-bit literal 'k’ and the result is Encoding: | ooio | 0lda ‘ tEEf ‘ fEEf |
placed in WREG. Description: Add WREG to register 'f'. If 'd" is 0,
Words: 1 the result is stored in WREG. If 'd' is
) 1, theresultis stored back in register
Cycles: 1 ' (default). If '@’ is 0, the Access
Q Cycle Activity: Bank will be selected. If'a’is 1, the
Q1 Q2 Q3 Q4 Bank will be selected as perthe BSR
Decode Read Process Write to value.
literal 'k’ Data WREG Words: 1
e | Cycles: 1
xample: ADDLW  15h
Before | ) Q Cycle Activity:
efore Instruction
WREG = 10h QL Q2 Q3 Q4
N = 9 Decode Read Process Write to
ov - 5 register 'f' Data destination
C = 2
SC f Z Example: ADDWF REG, W
After | . Before Instruction
er Instruction WREG <= 17h
WREG = 25h REG = 0C2h
N = 0 N = ?
ov = 0 ov = 2
c = 0 c = 2
DC = 0 DC - -
z =0 z = 2
After Instruction
WREG = 0D%h
REG = 0C2h
N = 1
ov = 0
c = 0
DC = 0
z = 0
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ADDWFC ADD WREG and Carry bit to f ANDLW AND literal with WREG
Syntax: [label] ADDWFC f[,d [,a]] Syntax: [label] ANDLW  k
Operands: 0<f<255 Operands: 0<k<255
de {gﬂ Operation: (WREG) .AND. k - WREG
a e |0,
) Status Affected: N,z
Operation: (WREG) + (f) + (C) — dest .
Encoding: ‘ 0000 ‘ 1011 | kkkk | kkkk ‘
Status Affected:  N,0V, C, DC, Z o
. Description: The contents of WREG are AND’ed
Encoding: | o010 [ ooda [ eree [ rree | with the 8-bit literal 'k'. The result is
Description: Add WREG, the Carry Flag and data placed in WREG.
memory location 'f'. If 'd" is 0, the Words: 1
result is placed in WREG. If 'd' is 1, '
the result is placed in data memory Cycles: 1
location'f'. If'a’is 0, the Access Bank Q Cycle Activity:
will be selected. If'a’is 1, the Bank Q1 Q2 Q3 Q4
will be selected as per the BSR value. Decode Read literal Process Write to
Words: 1 K Data WREG
Cycles: 1
Q Cycle Activity: Example: ANDLW - SFR
Q1 Q2 Q3 Q4 Before Instruction
- WREG = 0A3h
Decode Read Process Write to N _ 5
register 'f' Data destination 7 ; 5
After Instruction
Example: ADDWFC REG, W WREG =  03h
Before Instruction N = 0
C = 1 z = 0
REG = 02h
WREG = 4Dh
N = 2
ov = 2
DC = 2
z = 2

After Instruction

C = 0
REG = 02h
WREG = 50h
N = 0
ov = 0
DC = 0
4 = 0
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ANDWF AND WREG with f BC Branch if Carry
Syntax: [label] ANDWF f[,d [,al] Syntax: [label] BC n
Operands: 0<f<255 Operands: -128 <n <127
de[01] Operation: if carry bit is '1’
ae[0] (PC)+2+2n - PC
Operation: (WREG) .AND. (f) — dest Status Affected:  None
Status Affected:  N,Z Encoding: | 1110 | 0010 ‘ nnnn ‘ nnnn |
Encoding: | o001 ‘ o1da ‘ feft ‘ feff | Description: If the Carry bit is '1’, then the pro-
Description: The contents of WREG are AND’ed gram will branch.
with register 'f'. If 'd'is O, the result is The 2’s complement number '2n’ is
stored in WREG. If 'd' is 1, the result added to the PC. Since the PC will
is stored back in register f' (default). have incremented to fetch the next
If'ais O, the Access Bank will be instruction, the new address will be
selected. If'a’is 1, the bank will be PC+2+2n. This instruction is then a
selected as per the BSR value. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1 Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 If Jump:
‘ Decode Read ‘ Process Write to Q1 Q2 Q3 Q4
register 'f Data destination Decode | Read literal | Process |Write to PC
n' Data
Example: ANDWF REG, W No No No No
Before Instruction operat-lon operation operation operation
WREG = 17h If No Jump:
REG = 0C2h Q1 Q2 Q3 Q4
N = 7 Decode | Read literal | Process No
z = ? n' Data operation
After Instruction
WREG = 02h Example: HERE BC 5
REG = 0C2h )
N - 0 Before Instruction
z = 0 PC = address (HERE)
After Instruction
If Carry = 1
PC = address (HERE+12)
If Carry = 0
PC = address (HERE+2)
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BCF Bit Clear f BN Branch if Negative
Syntax: [label] BCF f, b[,a] Syntax: [label] BN n
Operands: 0<f<255 Operands: -128 <n <127
0<b<7 Operation: if negative bit is '1’
ae(0]] (PC)+2+2n > PC
Operation: 0 — f<b> Status Affected:  None
Status Affected:  None Encoding: ’ 1110 ‘ 0110 | nnnn | nnnn ‘
Encoding: ‘ 1001 | bbba | £eef | £ret ‘ Description: If the Negative bitis '1’, then the pro-
Description: Bit'b'in register 'f'is cleared. If'a’is gram will branch.
0, the Access Bank will be selected, The 2's Comp|ement number '2n’ is
overriding the BSR value. If'a’=1, added to the PC. Since the PC will
the Bank will be selected as per the have incremented to fetch the next
BSR value. instruction, the new address will be
Words: 1 PC+2+2n. This instruction is then a
two-cycle instruction.
Cycles: 1 Y
- Words: 1
Q Cycle Activity:
o1 Q2 Q3 Q4 Cycles: 1(2)
Decode Read Process Write Q Cycle Activity:
register 'f Data register 'f If Jump:
Q1 Q2 Q3 Q4
Example: BCF FLAG_REG, 7 Decode Read literal Process | Write to PC
. n' Data
Before Instruction
FLAG_REG = 0C7h No No. No No.
operation operation operation operation
After Instruction If No Jump:
FLAG_REG = 47h Ql’ 02 03 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BN Jump

Before Instruction

PC = address (HERE)
After Instruction
If Negative = 1
PC = address (Jump)
If Negative = 0
PC = address (HERE+2)
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: [label] BNC n Syntax: [label] BNN n
Operands: -128 <n <127 Operands: -128 <n <127
Operation: if carry bitis '0’ Operation: if negative bit is '0’

(PC)+2+2n— PC
Status Affected:  None

Encoding: | 1110 ‘ 0011 ‘ nnnn ‘ nnnn |

Description: If the Carry bit is '0’, then the

program will branch.

The 2’s complement number '2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. Thisinstruction is then a
two-cycle instruction.

Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n' Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BNC Jump

Before Instruction

(PC)+2+2n—>PC

Status Affected:  None
Encoding: | 1110 | 0111 ‘ nnnn ‘ nnnn |
Description: If the Negative bit is '0’, then the
program will branch.
The 2’s complement number '2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process | Write to PC
n' Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BNN Jump

Before Instruction

PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Carry = 0 If Negative = 0
PC = address (Jump) PC = address (Jump)
If Carry = 1; If Negative = 1;
PC = address (HERE+2) PC = address (HERE+2)
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BNOV Branch if Not Overflow BNz Branch if Not Zero
Syntax: [label] BNOV n Syntax: [label] BNZ n
Operands: -128 <n <127 Operands: -128 <n <127
Operation: if overflow bit is '0’ Operation: if zero bitis '0’
(PC)+2+2n—- PC (PC)+2+2n—>PC
Status Affected:  None Status Affected:  None
Encoding: ‘ 1110 | 0101 | nnnn | nnnn ‘ Encoding: ‘ 1110 ‘ 0001 | nnnn | nnnn ‘
Description: If the Overflow bit is '0’, then the Description: Ifthe Zero bitis '0’, then the program
program will branch. will branch.
The 2’s complement number "2n’ is The 2’s complement number '2n’ is
added to the PC. Since the PC will added to the PC. Since the PC will
have incremented to fetch the next have incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC+2+2n. This instruction is then a PC+2+2n. This instruction is then a
two-cycle instruction. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process | Write to PC Decode Read literal Process | Write to PC
" Data n' Data
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
n' Data operation n' Data operation
Example: HERE BNOV Jump Example: HERE BNZ Jump
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Overflow = 0 If Zero = 0
PC = address (Jump) PC = address (Jump)
If Overflow = 1; If Zero = 1;
PC = address (HERE+2) PC = address (HERE+2)

DS39541B-page 226 AdvanceInformation © 2001-2013 Microchip Technology Inc.



PIC18C601/801

BRA Unconditional Branch BSF Bit Set f
Syntax: [label] BRA n Syntax: [label] BSF f,b[,a]
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC)+2+2n—PC 0<b<7
a e [0,1]
Status Affected:  None .
. Operation: 1 — f<b>
Encoding: | 1101 ‘ onnn ‘ nnnn ‘ nnnn |
o Status Affected:  None
Description: Addthe 2's complementnumber’2n’ o
to the PC. Since the PC will have Encoding: | 1000 [ wopa | eeee [ eeee |
incremented to fetch the next Description: Bit 'b'" in register 'f' is set. If'a’is 0
instruction, the new address will be Access Bank will be selected, over-
PC+2+2n. This instruction is a two- riding the BSR value. If'a’ is 1, the
cycle instruction. Bankwill be selected as perthe BSR
Words: 1 value (default).
Cycles: 2 Words: 1
Q Cycle Activity: Cycles: 1
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode | Read literal | Process | Write to PC Q1 Q2 Q3 Q4
n' Data Decode Read Process Write
No No No No register 'f' Data register 'f
operation operation operation operation
Example: BSF FLAG_REG, 7
Example: HERE BRA Jump Before Instruction
. FLAG_REG = OAh
Before Instruction
PC = address (HERE) After Instruction
After Instruction FLAG_REG = 8An
PC = address (Jump)

© 2001-2013 Microchip Technology Inc.

Advance Information

DS39541B-page 227



PIC18C601/801

BTFSC Bit Test File, Skip if Clear BTFSS Bit Test File, Skip if Set

Syntax: [label] BTFSC f, b [,a] Syntax: [label ] BTFSS f, b [,a]

Operands: 0<f<255 Operands: 0<f<255
0<b<7 0<b<7
ae[01] ae[01]

Operation: skip if (f<b>) =0 Operation: skip if (f<b>) =1

Status Affected:  None Status Affected:  None

Encoding: ’ 1011 | bbba ‘ fEEE ‘ fEEE | Encoding: ’ 1010 ‘ bbba ‘ fEEE ‘ fEEE |

Description: If bit 'b"in register 'f'is 0, then the next Description: If bit 'b" in register 'f' is 1 then the next
instruction is skipped. instruction is skipped.
If bit 'b" is 0, then the next instruction If bit 'b' is 1, then the next instruction
fetched during the current instruction fetched during the current instruction
execution is discarded, and a NOP is execution, is discarded and a NOP is
executed instead, making this a two- executed instead, making this a two-
cycleinstruction. If'a’is 0, the Access cycle instruction. If 'a’is 0, the
Bank will be selected, overriding the Access Bank will be selected, over-
BSR value. If’'a’is 1, the Bank will be riding the BSR value. If'a’is 1, the
selected as per the BSR value. Bank will be selected as per the BSR

Words: 1 value.

Cycles: 1(2) Words: 1
Note: 3 cycles if skip and followed Cycles: 1(2)

Q Cycle Activity:

by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register 'f' Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSC FLAG, 1
FALSE
TRUE

Before Instruction

PC

= address (HERE)

After Instruction

If FLAG<1>

PC

If FLAG<1>

PC

0;

address (TRUE)
1
address (FALSE)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ' Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSS FLAG, 1
FALSE
TRUE

Before Instruction

PC = address (HERE)
After Instruction
If FLAG<1> = O0;
PC = address (FALSE)
If FLAG<1> = 1;
PC = address (TRUE)
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BTG Bit Toggle f BOV Branch if Overflow
Syntax: [label] BTG f, b[,a] Syntax: [label] BOV n
Operands: 0<f<255 Operands: -128 <n <127
O0<b<7 Operation: if overflow bit is '1’
ac[01] (PC) + 2+ 2n — PC
Operation: (f<b>) — f<b> Status Affected:  None
Status Affected: None Encoding: | 1110 | 0100 ‘ nnnn ‘ nnnn |
Encoding: | o111 ‘ bbba | £t | feff ‘ Description: If the Overflow bitis '1’, then the pro-
Description: Bit 'b' in data memory location 'f' is gram will branch.
inverted. If'a’is 0, the Access Bank The 2's complement number '2n’ is
will be selected, overriding the BSR added to the PC. Since the PC will
value. If'a'is 1, the Bank will be have incremented to fetch the next
selected as per the BSR value. instruction, the new address will be
Words: 1 PC+2+2n. This instruction is then a
wo-cycle instruction.
Cycles: 1 two-cycle instructiol
L Words: 1
Q Cycle Activity: ords
Q1 Q2 Q3 Q4 Cycles: 1(2)
Decode Read Process Write Q Cycle Activity:
register 'f' Data register 'f' If Jump:
Q1 Q2 Q3 Q4
Example: BTG PORTC, 4 Decode Read literal Process Write to PC
. n' Data
Before Instruction:
PORTC = 0111 0101 [75h] No. No. No No
operation operation operation operation
After Instruction: If No Jump:
PORTC = 0110 0101 [65h] Qi Q2 03 04
Decode Read literal Process No
n' Data operation
Example: HERE BOV  Jump

Before Instruction

PC = address (HERE)
After Instruction
If Overflow = 1
PC = address (Jump)
If Overflow = 0
PC = address (HERE+2)
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BZ Branch if Zero CALL Subroutine Call
Syntax: [label] BZ n Syntax: [label] CALL kI,s]
Operands: -128 <n <127 Operands: 0 <k<1048575
Operation: if Zero bit is '1’ se[0.3]
(PC)+2+2n—> PC Operation: (PC) +4 - TOS,
Status Affected:  None k A_PC<20:1>'
Encoding: ‘ 1110 | 0000 | nnnn | nnnn ‘ I(fV\S/R_ElG) S WS,
Description: Ifthe Zero bitis '1’, then the program (STATUS) — STATUSS,
will branch. (BSR) - BSRS
The 2's complement number '2n’ is Status Affected:  None

added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then a

Encoding:
1st word (k<7:0>) 1110 110s | kqskkk | kkkkg
2nd word(k<19:8>)| 1111 |k;okkk | kkkk | kkkkg

two-cycle instruction. Description: Subroutine call of entire 2M byte
memoryrange. First, return address

Words: ! (PC+ 4) is pushed onto the return
Cycles: 1(2) stack. If's'=1, the WREG, STATUS
Q Cycle Activity: fand BSR register_s are also pushed
If Jump: into their respective shadow regis-
ters, WS, STATUSS and BSRS.
1 2 3 4 s )
o Q . R dQI' T p Q v Q e If's'= 0, no update occurs
ecode | Read eral | Pocess | Wiieto (default). Then the 20-bit value 'K'is
loaded into PC<20:1>. CALLis a
No No. No No two-cycle instruction.
operation operation operation operation
If No Jump: Words: 2
Q1 Q2 Q3 Q4 Cycles: 2
Decode Read literal Process No Q Cycle Activity:
n' Data operation Q1 Q2 Q3 04
Decode Read literal | Push PCto | Read literal
Example: HERE BZ  Jump 'K<7:0>, stack 'K<19:8>,

Before Instruction Write to PC

PC = address (HERE) No No No No
operation operation operation operation

After Instruction

If Zero = 1

PC = address (Jump) Example: HERE CALL THERE, FAST
If zero - 0; Before Instruction

PC = address (HERE+2) pC = Address (HERE)

After Instruction

PC = Address (THERE)
TOS = Address (HERE + 4)
WS = WREGREG

BSRS = BSR

STATUSS = STATUS
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [label] CLRF f[,a] Syntax: [label] CLRWDT
Operands: 0<f<255 Operands: None
ae[0] Operation: 000h — WDT,
Operation: 000h — f 000h — WDT postscaler,
1272 1->T0,
Status Affected: Z fﬂj
Encoding: | 0110 ‘ 101a ‘ fEEE ‘ FEEE | Status Affected: ~ TO, PD
Description: Clears the contents of the specified Encoding: | 0000 | 0000 ‘ 0000 ‘ 0100 |
register. If'a’is 0, the Access Bank Description: CLRWDT instruction resets the
will be selected, overriding the BSR Watchdog Timer. It also resets the
value. If'a’is 1, the Bank will be postscaler of the WDT. Status bits
selected as per the BSR value. TO and PD are set.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Write Decode No Process No
register 'f' Data register 'f' operation Data operation
Example: CLRF FLAG_REG Example: CLRWDT
Before Instruction Before Instruction
FLAG_REG = 5Ah WDT counter = 2
z = ? WDT postscaler = ?
After Instruction To = 7
FLAG REG = 00h PD = 2
z = 0 After Instruction
WDT counter = 00h
WDT postscaler = 0
o = 1
PD = 1
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Compare f with WREG,

CPFSE L
COMF Complement f Q skip if f = WREG
Syntax: [label] COMF f[,d[,a]] Syntax: [label] CPFSEQ f[,a]
Operands: 0<f<255 Operands: 0<f<255
d e[0,1] ae[0,1]
ae[01] Operation: (f) — (WREG),
Operation: - skip if (f) = (WREG)
(f) —dest (unsigned comparison)
Status Affected:  N,Z Status Affected:  None
Encoding: ’ 0001 | 1lda | fEEE | fEEE ‘ Encoding: ’ 0110 ‘ 001a | FEEE | FEFE ‘
Description: The contents of register 'f are com- Description: Compares the contents of data
plemented. If 'd" is O the result is memory location 'f' to the contents
stored in WREG. If 'd"is 1 the result of WREG by performing an
is stored back in register ' unsigned subtraction.
(default). If'a’ is 0, the Access If f = WREG. then the fetched
o COH ’
Bank will be selectye(yj_, overriding instruction is discarded and a NOP
the BSR value. If'a’is 1, the Bank ) . . .
ill be selected as per the BSR is executed instead making this a
:I/VII p two-cycle instruction. If 'a’ is 0, the
alue. Access Bank will be selected, over-
Words: 1 riding the BSR value. If'a’is 1, the
Cycles: 1 Bank will be selected as per the BSR
Q Cycle Activit value.
cle Activity:
y Y Words: 1
Q1 Q2 Q3 Q4
Decode Read Process Write to Cycles: 1(2)
register 'f Data destination Note: 3 cycles if Skip and followed
by a 2-word instruction.
Q Cycle Activity:
Example: COMF REG Q1 Q2 Q3 Q4
Before Instruction Decode Read Process No
REG = 13h register 'f' Data operation
N = Z If skip:
z - Q1 Q2 Q3 Q4
After Instruction No No No No
\?/IIE?(ISEG f ég(]:h operation operation operation operation
N I If skip and followed by 2-word instruction:
z = o0 Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG
NEQUAL
EQUAL
Before Instruction
PC Address =  HERE
WREG = ?
REG = ?
After Instruction
If REG = WREG;
PC = Address (EQUAL)
If REG # WREG;
PC = Address (NEQUAL)
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Compare f with WREG,

Compare f with WREG,

CPFSGT o CPFSLT o
skip if f > WREG skip if f < WREG

Syntax: [label] CPFSGT f[,a] Syntax: [label] CPFSLT f[,a]

Operands: 0<f<255 Operands: 0<f<255
a € [0,1] ae[0,1]

Operation: (f) - (WREG), Operation: (f) - (WREG),
skip if (f) > (WREG) skip if (f) < (WREG)
(unsigned comparison) (unsigned comparison)

Status Affected:  None Status Affected:  None

Encoding: | 0110 ‘ 010a ‘ fEEE ‘ fEEE | Encoding: | 0110 | 000a ‘ fEEE ‘ fEEE |

Description: Compares the contents of data Description: Compares the contents of data
memory location 'f' to the contents of memory location 'f' to the contents
the WREG by performing an of WREG by performing an
unsigned subtraction. unsigned subtraction.
If the contents of 'f' are greater than If the contents of 'f' are less than the
the contents of , then the fetched contents of WREG, then the fetched
instruction is discarded and a NOP instruction is discarded and a NOP
is executed instead, making this a is executed instead, making this a
two-cycle instruction. If 'a’is 0, the two-cycle instruction. If 'a’ is 0, the
Access Bank will be selected, over- Access Bank will be selected. If'a’is
riding the BSR value. If'a’is 1, the 1, the Bank will be selected as per
Bank will be selected as perthe BSR the BSR value.
value. Words: 1

Words: 1 Cycles: 1(2)

Cycles: 1(2) Note: 3 cycles if skip and followed

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Qs Q4
Decode Read Process No
register 'f' Data operation
If skip:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSGT REG
NGREATER
GREATER

Before Instruction

PC
WREG

Address (HERE)
?

After Instruction

If REG
PC

If REG
PC

WREG;

Address (GREATER)
WREG;

Address (NGREATER)

I iIA 1 v

Q Cycle Activity:

by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register 'f' Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSLT REG
NLESS
LESS

Before Instruction

PC
WREG

Address (HERE)
?

After Instruction

If REG
PC
If REG
PC

WREG;

Address (LESS)
WREG;

Address (NLESS)

v 1 A
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DAW Decimal Adjust WREG Register
Syntax: [label] DAW
Operands: None
Operation: If WREG<3:0>>9] or [DC = 1] then
(WREG<3:0>) + 6 — W<3:0>;
else
(WREG<3:0>) —» W<3:0>;
If WREG<7:4> >9] or [C = 1] then
(WREG<7:4>) + 6 - WREG<7:4>;
else
(WREG<7:4>) - WREG<7:4>;
Status Affected: C
Encoding: ‘ 0000 | 0000 | 0000 | 0111 ‘
Description: DAW adjusts the eight-bit value in
WREG resulting from the earlier
addition of two variables (each in
packed BCD format) and produces a
correct packed BCD result.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register WREG Data WREG
Examplel: DAW
Before Instruction
WREG = 0AS5h
Cc = 0
DC = 0
After Instruction
WREG = 05h
c = 1
DC = 0
Example 2:
Before Instruction
WREG = OCEh
c = 0
DC = 0
After Instruction
WREG = 34h
c = 1
DC = 0

DECF Decrement f
Syntax: [label ] DECF f[,d[,all
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f)—1 — dest
Status Affected: C,DC,N,0V,Z
Encoding: ’ 0000 ‘ 0lda | EEEE | EEEE
Description: Decrement register 'f'. If 'd" is O, the
result is stored in WREG. If 'd"is 1,
the resultis stored back in register 'f'
(default). If 'a’ is 0, the Access Bank
will be selected, overriding the BSR
value. If'a’is 1, the Bank will be
selected as per the BSR value.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: DECF CNT
Before Instruction
CNT = 01h
z = 0
After Instruction
CNT = 00h
z = 1
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DECFSZ

Decrement f, skip if 0

Syntax:

Operands:

Operation:

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

[label] DECFSZ f[.d[.a]]

0<f<255

d e [0,1]

a e [0,1]

(f)— 1 — dest,
skip if result =0

None

| 0010 ‘ 1lda‘ ffff | ffff |

The contents of register 'f' are decre-
mented. If 'd" is O, the result is
placed in WREG. If'd'is 1, the result
is placed back in register 'f' (default).
If the resultis 0, the next instruction,
which is already fetched, is dis-
carded, and a NOP is executed
instead, making it a two-cycle
instruction. If 'a’is 0, the Access
Bank will be selected, overriding the
BSR value. If'a’is 1, the Bank will
be selected as per the BSR value.

1

1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DECFSZ  CNT

GOTO LOOP

CONTINUE

Before Instruction

PC

=  Address (HERE)

After Instruction

CNT

If CNT
PC

If CNT
PC

CNT -1

0;

Address (CONTINUE)
0;
Address (HERE+2)

s 1mnonon

DCFSNzZ Decrement f, skip if not 0
Syntax: [labell] DCFSNZ f[,d[,a]l
Operands: 0<f<255

de[0,1]

a e [0,1]
Operation: (f) — 1 — dest,

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

skip if result = 0
None

| 0100 |11da‘ ffff | ffff |

The contents of register 'f'are decre-
mented. If 'd' is 0, the result is
placed in WREG. If 'd'is 1, the result
is placed back in register 'f' (default).
If the resultis not 0, the next instruc-
tion, which is already fetched, is
discarded, and a NOP is executed
instead, making it a two-cycle
instruction. If 'a’ is 0, the Access
Bank will be selected, overriding the
BSR value. If'a’is 1, the Bank will
be selected as per the BSR value.

1

12)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DCFSNZ TEMP
ZERO
NZERO

Before Instruction

TEMP = ?
After Instruction
TEMP = TEMP-1,
If TEMP = 0;
PC = Address (ZERO)
If TEMP * 0;
PC = Address (NZERO)
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GOTO Unconditional Branch INCF Increment f
Syntax: [label] GOTO k Syntax: [label] INCF f[,d[,a]]
Operands: 0 <k <£1048575 Operands: 0<f<255
Operation: k —» PC<20:1> def0]
ae[0,1]
Status Affected:  None .
. Operation: (f) + 1 — dest
Encoding: .
1stword (k<7:0>) | 1110 | 1111 | kskkk | kkkk, Status Affected: ~ C,DC,N,0V.Z
2nd word(k<19:8>)| 1111 |kjokkk| kkkk | kkkkg Encoding: ’ 0010 ‘ 10da | FEEE | fEEE ‘
Description: GOTO allows an unconditional Description: The contents of register 'f' are incre-
branch anywhere within entire 2M mented. If'd"'is 0, the resultis placed
byte memory range. The 20-bit in WREG. If 'd"is 1, the result is
value 'k’ is loaded into PC<20:1>. placed back in register 'f' (default). If
GOTO is always a two-cycle 'a’ is 0, the Access Bank will be
instruction. selected, overriding the BSR value.
Words: 2 If 'a’ is 1, the Bank will be selected
as per the BSR value.
Cycles: 2
- Words: 1
Q Cycle Activity: Cycles: L
o1 Q2 Q3 Q4 ycles: N
Decode | Read literal No Read literal Q Cycle Activity:
'k'<7:0>, operation 'k'<19:8>, Q1 Q2 Q3 Q4
Write to PC Decode Read Process Write to
No No No No register 'f' Data destination
operation operation operation operation
Example: INCF CNT
Example: GOTO THERE Before Instruction
After Instruction CNT = OFFh
PC = Address (THERE) z = 0
C = 2
DC = 2
After Instruction
CNT = 00h
z = 1
C = 1
DC = 1
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INCFSZ Increment f, skip if 0 INFSNZ Increment f, skip if not 0

Syntax: [label] INCFSZ f[,d[al]l Syntax: [labell] INFSNz f[,d[,a]]

Operands: 0<f<255 Operands: 0<f<255
d € [0,1] d e [0,1]
ae[0] ae[0,1]

Operation: (f) + 1 — dest, Operation: (f) + 1 > dest,
skip if result =0 skip if result = 0

Status Affected:  None Status Affected:  None

Encoding: | 0011 ‘ 11da ‘ fEEE ‘ fEEE | Encoding: | 0100 | 10da ‘ fEEE ‘ fEEE |

Description: The contents of register 'f' are incre- Description: The contents of register 'f' are incre-
mented. If'd"is O, the resultis placed mented. If'd'is O, the resultis placed
in WREG. If 'd" is 1, the result is in WREG. If 'd' is 1, the result is
placed back in register 'f' (default). placed back in register 'f' (default).
If the resultis O, the next instruction, If the result is not 0, the next instruc-
which is already fetched, is dis- tion, which is already fetched, is
carded, and a NOP is executed discarded, and a NOP is executed
instead, making it a two-cycle instead, making it a two-cycle
instruction. If 'a’is 0, the Access instruction. If 'a’ is 0, the Access
Bank will be selected, overriding Bank will be selected, overriding
the BSR value. If'a’is 1, the Bank the BSR value. If'a’is 1, the Bank
will be selected as per the BSR will be selected as per the BSR
value. value.

Words: 1 Words: 1

Cycles: 1(2) Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
If skip:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE INCFSZ  CNT
NZERO
ZERO

Before Instruction

PC

= Address (HERE)

After Instruction

CNT

If CNT
PC

If CNT
PC

CNT +1

0;

Address (ZERO)
0;

Address (NZERO)

W 1mnonon

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE INFSNZ REG
ZERO
NZERO

Before Instruction

PC

= Address (HERE)

After Instruction

REG

If REG
PC

If REG
PC

REG + 1

0;

Address (NZERO)
0;

Address (ZERO)

o n % n

© 2001-2013 Microchip Technology Inc.

Advance Information

DS39541B-page 237



PIC18C601/801

IORLW Inclusive OR literal with WREG IORWF Inclusive OR WREG with f
Syntax: [label] IORLW k Syntax: [label] IORWF f[d[a]l
Operands: 0<k<255 Operands: 0<f<255
Operation: (WREG) .OR. k - WREG de {81}
aelo,
Status Affected: N,Z .
. Operation: (WREG) .OR. (f) > dest
Encoding: ’ 0000 | 1001 | kkkk | kkkk ‘
o Status Affected: N,Z
Description: The contents of WREG are OR’ed o
with the eight bit literal 'k'. The result Encoding: [ o001 [ ooda | eee [ ecee
is placed in WREG. Description: Inclusive OR WREG with register
Words: 1 f.1f'd"is O, t_he result is plaf:ed in
WREG. If 'd"is 1, the result is
Cycles: 1 placed back in register 'f' (default).
Q Cycle Activity: If'a’ is 0, the Access Bank will be
Q1 Q2 Q3 Q4 se’Ie’gted, overriding the BSR value.
Decode Read Process Write 1 If 'a’ is 1, the Bank will be selected
literal 'k’ Data WREG as per the BSR value.
Words: 1
Example: IORLW 35h Cycles: 1
Before Instruction Q Cycle Activity:
\KIVREG = ?)Ah o1 Q2 3 Q4
z ; 5 Decode Read Process Write to
) register 'f' Data destination
After Instruction
WREG = O0BFh .
N _— Example: IORWF RESULT, W
z = 0 Before Instruction
RESULT = 13h
WREG = 091h
N = 2
z = 2
After Instruction
RESULT = 13h
WREG = 93h
N = 1
z = 0
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LFSR Load FSR MOVF Move f
Syntax: [label] LFSR fk Syntax: [label] MOVF f[,d[al]
Operands: 0<f<2 Operands: 0<f<255
0 <k <4095 d e [0,1]
Operation: k — FSRf ae[0,1]
Status Affected:  None Operation: f— dest
Encoding: 1110 | 1110 | O00ff |ky,kkk Status Affected:  N,Z
1111 0000 | kskkk | kkkk Encoding: | 0101 | 0o0da ‘ fEEE ‘ fEEE |
Description: The 12-bit literal 'k' is loaded into Description: The contents of register 'f is moved
the file select register pointed to to a destination dependent upon the
by 'f. status of 'd’. If 'd" is 0, the result is
Words: 2 placed in WREG. If 'd'is 1, the result
. is placed back in register 'f' (default).
Cycles: 2 Location 'f' can be anywhere in the
Q Cycle Activity: 256 byte Bank. If'a’is 0, the Access
Q1 Q2 Q3 Q4 Bank will be selected, overriding the
Decode Read literal | Process Write BSR value. If'a’is 1, the Bank will
'k' MSB Data literal 'k’ MSB be selected as per the BSR value.
to FSRfH Words: 1
Decode | Read literal | Process riteliteral'k' .
« LSB Data to FSRIL Cycles: 1
Q Cycle Activity:
Example: LFSR FSR2, 3ABh Q1 Q2 Q3 Q4
After Instruction Decode Read Process Write
FSR2H =  03h register 'f Data WREG
FSR2L = 0ABh
Example: MOVF  REG, W
Before Instruction
REG = 22h
WREG = OFFh
N = 2
z = 2
After Instruction
REG = 22h
WREG = 22h
N = 0
z = 0
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MOVFF Move f to f MOVLB Move literal to low nibble in BSR
Syntax: [label] MOVFF fg,fy Syntax: [label] MOVLB k
Operands: 0 <fs < 4095 Operands: 0<k=<255
0 <fy<4095 Operation: k - BSR
Operation: (fs) > 4 Status Affected:  None
Status Affected:  None Encoding: | 0000 ‘ 0001 | kkkk ‘ kkkk ‘
Encoding: Description: The 8-bit literal 'k is loaded into
1stword (source) | 1100 | £fff | £fff | £EFE the Bank Select Register (BSR).
2nd word (destin.) | 1111 | ffff | ffff | ffffy Words: 1
Description: The contents of source register 'fg' Cycles: 1
are mpvedtodestln‘atl'on register'fy'. Q Cycle Activity:
Location of source 'fg' can be any-
where in the 4096 byte data space Q1 Q_2 Q3 Q_4
(000h to FFFh), and location of desti- Decode Read literal Process ) Write
nationfy' can also be anywhere from K Data literal 'k’ to
000h to FFFh. BSR
Either source or destination can be
WREG (a useful special situation). Example: MOVLB  05h
MOVFF is particularly useful for Before Instruction
transferring a data memory location BSRregister = 02h
to a peripheral register (such as the After Instruction
transmit buffer or an I/O port). BSR register = 05h
The MOVFF instruction cannot use
the PCL, TOSU, TOSH or TOSL as
the destination register.
Words: 2
Cycles: 2(3)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register 'f' Data operation
(src)
Decode No No Write
operation operation register 'f'
No dummy (dest)
read
Example: MOVFF  REGl, REG2
Before Instruction
REG1 = 33h
REG2 = 11h
After Instruction
REG1 = 33h,
REG2 = 33h
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MOVLW Move literal to WREG MOVWF Move WREG to f
Syntax: [label] MOVLW k Syntax: [label] MOVWF f[a]
Operands: 0<k<255 Operands: 0<f<255
Operation: k - WREG ae[01]
Status Affected:  None Operation: (WREG) — f
Encoding: | 0000 ‘ 1110 ‘ Kkkkk ‘ Kkkkk | Status Affected: ~ None
Description: The eight bit literal 'k’ is loaded into Encoding: | 0110 | 111a ‘ feef ‘ ffff |
WREG. Description: Move data from WREG to register 'f'.
Words: 1 Location 'f' can be anywhere in the
256 byte Bank. If'a’is 0, the Access
Cycles: 1 Bank will be selected, overriding the
Q Cycle Activity: BSR value. If'a’is 1, the Bank will
Q1 Q2 Q3 Q4 be selected as per the BSR value.
Decode Read Process Write to Words: 1
literal 'k Data WREG Cycles: 1
Example: MOVLW san Q Cycle Activity:
! Q1 Q2 Q3 Q4
After Instructlcin Decode Read Process Write
WREG = Ox5A register 'f' Data register 'f'
Example: MOVWF REG
Before Instruction
WREG = 4Fh
REG = OFFh
After Instruction
WREG = 4Fh
REG = 4Fh
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MULLW Multiply Literal with WREG MULWF Multiply WREG with f
Syntax: [label] MULLW k Syntax: [label] MULWF f[a]
Operands: 0<k<255 Operands: 0<f<255
Operation: (WREG) x k — PRODH:PRODL ae[01]
Status Affected:  None Operation: (WREG) x (f) > PRODH:PRODL
Encoding: | 0000 | 1101 ‘ kkkk ‘ Kkkkk | Status Affected:  None
Description: An unsigned multiplication is Encoding: | 0000 | ooia | £ref | feff |
carried out between the contents Description: An unsigned multiplication is
of WREG and the 8-bit literal 'k'. carried out between the contents
The 16-bit result is placed in of WREG and the register file
PRODH:PRODL register pair. location 'f'. The 16-bit result is
PRODH contains the high byte. stored in the PRODH:PRODL
WREG is unchanged. register pair. PRODH contains
None of the status flags are the high byte.
affected. Both WREG and 'f' are
Note that neither overflow nor unchanged.
carry is possible in this operation. None of the status flags are
A zero result is possible but not affected.
detected. Note that neither overflow nor
Words: 1 carry is possible in this operation.
A zero result is possible but not
Cycles: 1 detected. If'a’is 0, the Access
Q Cycle Activity: Bank will be selected, overriding
Q1 Q2 Q3 Q4 the BSR value. If'a’is 1, the
Decode Read Process Write Bank will be selected as per the
literal 'k’ Data registers BSR value.
PRODH: Words: 1
PRODL
Cycles: 1
Example: MULLW  C4h Q Cycle Activity:
. 1 2 4
Before Instruction Q Q Q3 Q
WREG - OE2h Decode Read 3 Process erte
PRODH = 9 register 'f Data reg|ster§
PRODL - 5 PRODH:
PRODL
After Instruction
WREG = OE2h
PRODH = 0ADh Example: MULWE  REG
PRODL = 08h Before Instruction
WREG = 0C4h
REG = 0BS5h
PRODH = 2
PRODL = 2
After Instruction
WREG = 0C4h
REG = 0BS5h
PRODH = 8Ah
PRODL = 94h
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NEGF Negate f NOP No Operation
Syntax: [label] NEGF f[,a] Syntax: [label] NOP
Operands: 0<f<255 Operands: None
a_e [0.1] Operation: No operation
Operation: (F)+1-f Status Affected:  None
Status Affected:  N,OV, C, BC, Z Encoding: 0000 | 0000 | 0000 0000
Encoding: | 0110 ‘ 110a ‘ fEEE ‘ fEEE | 1111 | XXXX | XXXX | XXXX
Description: Location 'f is negated using two’s Description: No operation.
complement. The resultis placed in Words: 1

the data memory location 'f'. If'a’is

0, the Access Bank will be selected, Cycles: 1
overriding the BSR value. If'a’is 1, Q Cycle Activity:
the Bank will be selected as per the Q1 Q2 Q3 Q4
BSR value. Decode No No No
Words: 1 operation operation operation
Cycles: 1 £ |
xample:
Q Cycle Activity: £xampe
Q1 Q2 Q3 Q4 None.
Decode Read Process Write
register 'f' Data register 'f'
Example: NEGF REG
Before Instruction
REG = 0011 1010 [3Ah]
N = 2
ov = ?
C = ?
DC = ?
z = ?

After Instruction
REG
N
ov
C
DC
z

1100 0110 [0C6h]

OO OOoOr
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POP Pop Top of Return Stack PUSH Push Top of Return Stack
Syntax: [label] POP Syntax: [label] PUSH
Operands: None Operands: None
Operation: (TOS) — bit bucket Operation: (PC+2) » TOS
Status Affected:  None Status Affected:  None
Encoding: ’ 0000 | 0000 | 0000 | 0110 ‘ Encoding: ’ 0000 ‘ 0000 | 0000 | 0101 ‘
Description: The TOS value is pulled off the Description: The PC+2 is pushed onto the top of
return stack and is discarded. The the return stack. The previous TOS
TOS value then becomes the previ- value is pushed down on the stack.
ous value that was pushed onto the Thisinstruction allowsimplementing
return stack. a software stack by modifying TOS,
Thisinstructionis providedto enable and then push it onto the return
the user to properly manage the stack.
return stack to incorporate a soft- Words: 1
ware stack.
Cycles: 1
Words: 1 L
cvel 1 Q Cycle Activity:
cles:
Y 3 Q1 Q2 ® Q4
Q Cycle Activity: Decode Push PC+2 No No
Q1 Q2 Q3 Q4 onto return | operation operation
Decode No Pop TOS No stack
operation value operation
Example: PUSH
Example: POP Before Instruction
GoTo NEW TOS = 00345Ah
Before Instruction PC = 000124h
TOS = 0031A2h
Stack (1 level down) = 014332h After Instruction
PC = 000126h
After Instruction TOS = 000126h
TOS = 014332h Stack (1 level down) = 00345Ah
PC = NEW
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RCALL Relative Call RESET Reset
Syntax: [label] RCALL n Syntax: [label] RESET
Operands: -1024 <n <1023 Operands: None
Operation: (PC)+2 > TOS, Operation: Reset all registers and flags that are
(PC)+2+2n— PC affected by a MCLR Reset.
Status Affected:  None Status Affected:  All
Encoding: | 1101 ‘ 1lnnn ‘ nnnn ‘ nnnn | Encoding: | 0000 | 0000 ‘ 1111 ‘ 1111 |
Description: Subroutine call with a jump up to 1K Description: This instruction provides a way to
from the current location. First, execute a MCLR Reset in software.
return address (PC+2) is pushed Words: 1
onto the stack. Then, add the 2's
complement number '2n’ to the PC. Cycles: 1
Since the PC will have incremented Q Cycle Activity:
to fetch the nextinstruction, the new Q1 Q2 Q3 Q4
_address_ W|_II be PC+2+2n_. Thls_ Decode Start No No
instruction is a two-cycle instruction. reset operation operation
Words: 1
Cycles: 2 Example: RESET
Q Cycle Activity: After Instruction
Q1 Q2 Q3 Q4 Registers =  Reset Value
- - Flags* = Reset Value
Decode Read literal Process Write to PC
n' Data
Push PC to
stack
No No No No
operation operation operation operation
Example: HERE RCALL Jump
Before Instruction
PC = Address (HERE)
After Instruction
PC = Address (Jump)
TOS=  Address (HERE+2)
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RETFIE Return from Interrupt RETLW Return Literal to WREG
Syntax: [label] RETFIE [s] Syntax: [label] RETLW k
Operands: s € [0,1] Operands: 0<k<255
Operation: (TOS) —» PC, Operation: k—> W,
1 — GIE/GIEH or PEIE/GIEL, (TOS) - PC,
ifs=1 PCLATU, PCLATH are unchanged
(WS) - WREG, Status Affected:  None
(STATUSS) — STATUS, .
(BSRS) —> BSR, Encoding: ‘ 0000 ‘ 1100 | kkkk | kkkk ‘
PCLATU, PCLATH are unchanged. Description: W is loaded with the eight-bit literal
Status Affected:  None 'k'. The program counter is loaded
- from the top of the stack (the return
Encoding: ‘ 0000 | 0000 | 0001 | 000s ‘ address). The high address latch
Description: Return from Interrupt. Stack is (PCLATH) remains unchanged.
popped and Top-of-Stack (TOS) is Words: 1
loaded into the PC. Interrupts are ’
enabled by setting the either the Cycles: 2
high or low priority global interrupt Q Cycle Activity:
enable bit. If’s’ = 1, the contents Q1 Q2 Q3 Q4
of the shadow registers WS, Decode Read Process |Pop PC from
STATUSS and BSRS are loaded literal 'k’ Data [stack, write to
into their corresponding registers, WREG
WREG, STATUS and BSR. If No No No No
's’ =0, no update of these operation | operation | operation | operation
registers occurs (default).
Words: 1 Example:
Cycles: 2
. CALL TABLE ; WREG contains table
Q Cycle Activity: offset value
Q1 Q2 Q3 Q4 ;  WREG now has
Decode No No Pop PC i table value
operation operation from stack :
Set GIEH or TABLE
GIEL ADDWF PCL  ; WREG = offset
RETLW kO ; Begin table
No No No No RETLW k1 .
operation operation operation operation . !
Example: RETFIE 1 RETLW kn ; End of table
After Interrupt
PC =  TOS Before Instruction
WREG = WS WREG = 07h
BSR = BSRS After Instruction
STATUS = STATUSS WREG = value of kn
GIE/GIEH, PEIE/GIEL = 1
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RETURN Return from Subroutine RLCF Rotate Left f through Carry
Syntax: [label] RETURN [s] Syntax: [label] RLCF f[,d[,a]]
Operands: s € [0,1] Operands: 0<f<255
Operation: (TOS) - PC, de[01]
ifs=1 a e [0,1]
(WS) > W, Operation: (f<n>) — dest<n+1>,
(STATUSS) — STATUS, (f<7>) > C,
(BSRS) - BSR, (C) - dest<0>
PCLATU, PCLATH are unchanged Status Affected: CNZ
Status Affected:  None Encoding: | 0011 | 01da ‘ £EEE | fEEE ‘
Encoding: | 0000 ‘ oooo ‘ ooo1 ‘ oois | Description: The contents of register 'f' are
Description: Return from subroutine. The stack rotated one bit to the left through the
is popped and the top of the stack Carry Flag. If 'd" is O the result is
(TOS) is loaded into the program placed in WREG. If 'd"is 1 the result
counter. If's’ = 1, the contents of is stored back in register 'f' (default).
the shadow registers WS, STA- If 'a’ is 0, the Access Bank will be
TUSS and BSRS are loaded into selected, overriding the BSR value.
their corresponding registers, If 'a’ is 1, the Bank will be selected
WREG, STATUS and BSR. If as per the BSR value.
's’ = 0, no update of these
ter f
registers occurs (default). register <—|
Words: 1 Words: 1
Cycles: 2 Cycles: 1
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Qs Q4 Q1 Q2 Qs Q4
Decode No Process Pop PC Decode Read Process Write to
operation Data from stack register ' Data destination
No No No No
operation operation operation operation Example: RLCF REG, W
Before Instruction
REG = 1110 0110
Example: RETURN c - 0
After Call N =
PC = TOs z =7
RETURN FAST After Instruction
. REG = 1110 0110
Before Instruction WREG = 1100 1100
WRG = 04h c = 1
STATUS = 00h N = 1
BSR = 00h z = 0
After Instruction
WREG = 04h
STATUS = 00h
BSR = 00h
PC = TOS
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RLNCF Rotate Left f (no carry) RRCF Rotate Right f through Carry
Syntax: [label] RLNCF f[,d[all Syntax: [label] RRCF f[,d[al]
Operands: 0<f<255 Operands: 0<f<255

de[0,1] d e [0,1]

ac[01] ae[01]
Operation: (f<n>) — dest<n+1>, Operation: (f<n>) — dest<n-1>,

(f<7>) — dest<0> (f<0>) > C,

(C) — dest<7>
Status Affected: C,N,Z

Status Affected: N,Z

Encoding: ‘ 0100 ‘ 01da | 3334 ‘ fEEE |

Description: The contents of register 'f' are Encoding: ’ oot ‘ 00da | fEfs | fees ‘
rotated one bit to the left. If 'd" is O Description: The contents of register 'f' are
the resultis placed in WREG. If 'd'is rotated one bit to the right through
1, theresultis stored back in register the Carry Flag. If'd"is 0, the resultis
'f' (default). If 'a’ is 0, the Access placed in WREG. If 'd' is 1, the result
Bank will be selected, overriding the isplaced backin register 'f' (default).
BSR value. If'a’is 1, the Bank will If 'a’ is 0, the Access Bank will be
be selected as per the BSR value. selected, overriding the BSR value.

If 'a’ is 1, the Bank will be selected
_ as per the BSR value.
worcs : ot
1

Cycles: 1
- Words:
Q Cycle Activity:
o1 Q2 03 04 Cycles: 1
Decode Read Process Write to Q Cycle Activity:
register 'f' Data destination Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: RLNCF REG register 'f Data destination
Before Instruction
REG = 1010 1011 Example: RRCF REG, W
N z Z Before Instruction
z - ! REG = 1110 0110
C = 0
After Instruction N = ?
REG = 0101 0111 z = ?
N =0 After Instruction
z = 0 REG = 1110 0110
WREG = 0111 0011
c = 0
N = 0
z = 0
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RRNCF Rotate Right f (no carry) SETF Set f
Syntax: [label] RRNCF f[,d[,all Syntax: [label] SETF f[,a]
Operands: 0<f<255 Operands: 0<f<255
d € [0,1] ae[01]
ac[0l] Operation: FFh — f
Operation: (f<n>) —» dest<n-1>, Status Affected:  None
(f<0>) — dest<7> ) ’
Encoding: | 0110 | 100a ‘ fEEE ‘ fEEE |
Status Affected:  N,Z D — -
o Description: The contents ofthe specified register
Encoding: | 0100 ‘ ooda ‘ et ‘ feef | are setto FFh. If'a’is 0, the Access
Description: The contents of register 'f' are Bank will be selected, overriding the
rotated one bit to the right. If 'd"is O, BSR value. If'a’is 1, the Bank will
the result is placed in WREG. If 'd" is be selected as per the BSR value.
1, the result is placed back in regis- Words: 1
ter 'f' (default). If'a’is 0, the Access
Bank will be selected, overriding the Cycles: 1
BSR value. If’'a’is 1, the Bank will Q Cycle Activity:
be selected as per the BSR value. Q1 Q2 Q3 Q4
r» Decode Read Process Write
register 'f' Data register 'f'
Words: 1
Cycles: 1 Example: SETF REG
Q Cycle Activity: Before Instruction
01 Q2 03 04 REG = B5Ah
Decode Read Process Write to After Instruction
register 'f Data destination REG = OFFh
Example 1: RRNCF  REG
Before Instruction
REG = 1101 0111
N = 2
z = 2
After Instruction
REG = 1110 1011
N = 1
z = 0
Example 2: RRNCF  REG, 0, 0
Before Instruction
WREG = ?
REG = 1101 0111
N = 2
z = 2
After Instruction
WREG = 1110 1011
REG = 1101 0111
N = 1
z = 0
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SLEEP Enter SLEEP mode SUBFWB Subtract f from WREG with borrow
Syntax: [label ] SLEEP Syntax: [label ] SUBFWB f[,d[,a]]
Operands: None Operands: 0<f<255
Operation: 00h — WDT, d <[0,1]
0 — WDT postscaler, a<[0d] _
1->T0O, Operation: (WREG) - (f) — (C) — dest
Eﬂa Status Affected:  N,OV, C, DC, Z
Status Affected:  TO, PD Encoding: ’ 0101 ‘ 01lda ‘ £EEE | fEEE |
Encoding: ‘ 0000 | 0000 | 0000 ‘ o011 ‘ Description: Subtract register 'f' and carry flag
Description: The power-down status bit (PD) is (borrow) from WREG (2's comple-
cleared. The time-out status bit ment method). If'd'is O, the result is
(TO) is set. Watchdog Timer and stored in WREG. If 'd" is 1, the result
its postscaler are cleared. is stored in register 'f' (default) . If'a’
The processor is put into SLEEP is 0, the Access Bank will be
mode with the oscillator stopped. selected, overriding the BSR value.
) If'a’ is 1, the Bank will be selected
Words: 1 as per the BSR value.
Cycles: 1 Words: 1
Q Cycle Activity: Cycles: 1
1 2 3 4 -
Q Q Q Q Q Cycle Activity:
Decode No Process Goto
operation Data sleep Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: SLEEP
Before Instruction
= 2
PD = 2
After Instruction
TO = 1t
PD = 0

T If WDT causes wake-up, this bit is cleared.
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SUBFWB (Cont.)

Example 1: SUBFWB  REG
Before Instruction
REG = 3
WREG = 2
C = 1
After Instruction
REG = OFFh
WREG = 2
C = 0
z = 0
N = 1 ;resultis negative
Example 2: SUBFWB  REG
Before Instruction
REG = 2
WREG = 5
C = 1
After Instruction
REG = 2
WREG = 3
C = 1
z = 0
N = 0 ;resultis positive
Example 3: SUBFWB  REG
Before Instruction
REG = 1
WREG = 2
C = 0
After Instruction
REG = 0
WREG = 2
C = 1
z = 1 ;resultiszero
N 0

SUBLW Subtract WREG from literal
Syntax: [label ] SUBLW k
Operands: 0<k<255
Operation: k — (WREG) - WREG
Status Affected: N,0V, C,DC, Z
Encoding: | 0000 ‘ 1000 ‘ kkkk | kkkk ‘
Description: WREG is subtracted from the eight
bit literal 'k". The result is placed in
WREG.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process Write to
literal 'k' Data WREG
Example 1: SUBLW 02h
Before Instruction
WREG = 1
c = 2
After Instruction
WREG = 1
C = 1 ;resultis positive
z = 0
N = 0
Example 2: SUBLW 02h
Before Instruction
WREG = 2
c = 2
After Instruction
WREG = 0
C = 1 ;resultiszero
z = 1
N = 0
Example 3: SUBLW 02h
Before Instruction
WREG = 3
C = ?
After Instruction
WREG = OFFh ;(2's complement)
C = 0 ;resultis negative
z = 0
N = 1
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SUBWF Subtract WREG from f SUBWEF (Cont.)
Syntax: [label] SUBWF f[,d[.a]] Example 1: SUBWF  REG
Operands: 0<f<255 Before Instruction
d e[0,1] REG = 3
ae[0,1] WREG = 3
Operation: (f) — (WREG) — dest ¢ T
After Instruction
Status Affected: N,0V, C, DC, Z REG - 1
Encoding: ’ 0101 | 11da | fEEE ‘ FEEE ‘ WREG = 2
- - C = 1 ;resultis positive
Description: Subtract WREG from register 'f' 7 I
(2'scomplement method). If'd"'is 0, N - 0
the result is stored in WREG. If 'd" .
is 1, theresultis stored back in reg- Example 2: SUBWE  REG, W
ister 'f' (default). If'a’ is 0, the Before Instruction
Access Bank will be selected, over- REG = 2
riding the BSR value. If'a’is 1, the WREG = 2
Bank will be selected as per the c = 7
BSR value. After Instruction
. REG = 2
Words: 1 WREG = 0
Cycles: 1 C = 1 ;resultiszero
Q Cycle Activity: ﬁ = é
Q1 Q2 Q3 Q4
Decode Read Process Write to Example 3: SuBwE REG
register 'f Data destination Before Instruction
REG = 1
WREG = 2
C = ?
After Instruction
REG = OFFh ;(2's complement)
WREG = 2
C = 0 ;resultis negative
z = 0
N = 1
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Subtract WREG from f with

SUBWFB
Borrow
Syntax: [label] SUBWFB f[,d[a]]
Operands: 0<f<255
de[0,1]
ae[0,1]
Operation: (f) — (WREG) — (C) —> dest
Status Affected: N,0V,C,DC, Z
Encoding: | 0101 | 10da ‘ ffEf | fEEE |
Description: Subtract WREG and the carry flag
(borrow) from register 'f' (2's com-
plement method). If 'd" is O, the
resultis stored in WREG. If 'd"is 1,
the result is stored back in register
'f' (default). If 'a’ is 0, the Access
Bank will be selected, overriding
the BSR value. If'a’is 1, the Bank
will be selected as per the BSR
value.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process Write to
register 'f' Data destination

SUBWFB (Cont.)

Example 1:

Before Instruction

REG
WREG
C

After Instruction

REG
WREG
C

4

N

Example 2:

Before Instruction

REG
WREG
C

After Instruction

REG
WREG
C

4

N

Example 3:

Before Instruction

REG
WREG
C

After Instruction

REG
WREG
C

4

N

SUBWFB REG

19h (0001 1001)
0Dh (0000 1101)
1

0Ch (0000 1011)
0Dh (0000 1101)
1

0

0 ; result is positive
SUBWFB REG, W
1Bh (0001 1011)
1Ah (0001 1010)
0

1Bh (0001 1011)
00h

1

1 ; result is zero
0

SUBWFB REG

03h (0000 0011)
OEh (0000 1101)
1

O0F5h (1111 0100)[2's comp]

OEh (0000 1101)

0

0

1 ; result is negative
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SWAPF Swap nibbles in f
Syntax: [label] SWAPF f[,d[,all
Operands: 0<f<255

d e[0,1]

ae[0,1]
Operation: (f<3:0>) — dest<7:4>,

Status Affected:

(i<7:4>) > dest<3:0>
None

Encoding: ‘ 0011 | 10da | fEEE | FEEE ‘
Description: The upper and lower nibbles of reg-
ister ' are exchanged. If 'd'is 0, the
result is placed in WREG. If 'd" is 1,
the result is placed in register 'f'
(default). If'a’is 0, the Access Bank
will be selected, overriding the BSR
value. If'a’is 1, the Bank will be
selected as per the BSR value.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: SWAPF  REG
Before Instruction
REG = 53h
After Instruction
REG = 35h
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TBLRD Table Read TBLRD (Cont.)
Syntax: [label]  TBLRD (*; *+; *-; +¥) Example 1: TBLRD *+ ;
Operands: None Before Instruction
Operation: if TBLRD *, TABLAT - 55h
Prog Mem (TBLPTR)) - TABLAT; TBLPTR = 00A3S6h
(Prog ' MEMORY(00A356h) =  34h
TBLPTR - No Change; .
if TBLRD *+ After Instruction
(Prog Mem (TBLPTR)) — TABLAT; TABLAT = 34n A
(TBLPTR) +1 —> TBLPTR; TBLPTR = 00Ass?
if TBLRD *-, Example 2: TBLRD +% ;
(Prog Mem (TBLPTR)) — TABLAT; Before Instruction
(TBLPTR) -1 —» TBLPTR; TABLAT = 0AAh
if TBLRD +*, TBLPTR = 01A357h
(TBLPTR) +1 — TBLPTR; MEMORY(01A357h) = 12h
(Prog Mem (TBLPTR)) — TABLAT; MEMORY(01A358h) = 34h
Status Affected: None After Instruction
Encoding: 0000 0000 0000 10 TABLAT = 34n
ncoding: o TBLPTR = 01A358h
nn=0 *
=1 *4
=2 *-
:3 + |
Description: This instruction is used to read the con-
tents of Program Memory (P.M.). To
address the program memory, a pointer
called Table Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2 Mbyte address range.
TBLPTR[0] = 0: Least Significant
Byte of Program
Memory Word
TBLPTR[0] = 1: Most Significant
Byte of Program
Memory Word
The TBLRD instruction can modify the
value of TBLPTR as follows:
¢ no change
* post-increment
* post-decrement
* pre-increment
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No No No
operation operation operation operation
(Read (Write
Program TABLAT)
Memory)
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TBLWT Table Write TBLWT (Cont.)
Syntax: [ label ] TBLWT (*; *+; *-; +¥) Example 1: TBLWT *+;
Operands: None Before Instruction
Operation: if TBLWT*, TABLAT - 55h
TABLAT) —> Prog Mem (TBLPTR) or TBLPTR = 00A3seh
( ; ; MEMORY (00A356h) = OFFh
Holding Register; . . .
TBLPTR - No Change; After Instructions (table write completion)
if TBLWT*+ TABLAT = 55h
' TBLPTR = 00A357h
(TASLAT) e Prog Mem (TBLPTR) or MEMORY(00A356h) - ssh
Holding Register;
(TBLPTR) +1 — TBLPTR; Example 2: TBLWT  +*
if TBLWT*, Before Instruction
(TABLAT) — Prog Mem (TBLPTR) or TABLAT =  34h
Holding Register; TBLPTR = 01389Ah
(TBLPTR) -1 —» TBLPTR; MEMORY/(01389Ah) = OFFh
if TBLWT+*, MEMORY(01389Bh) = OFFh
(TBLPTR) +1 — TBLPTR; After Instruction (table write completion)
(TABLAT) — Prog Mem (TBLPTR) or TABLAT =  34h
Holding Register; TBLPTR = 01389Bh
. MEMORY (01389Ah) = OFFh
Status Affected:  None MEMORY(013898h) - 3
Encoding: 0000 0000 0000 1lnn
nn=0 *
=1 *4
=2 *-
=3 +*
Description: This instruction is used to program the
contents of Program Memory (P.M.).
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2 MByte address range.
The LSb of the TBLPTR selects which
byte of the program memory location to
access.
TBLPTRI[0] = 0:Least Significant
Byte of Program
Memory Word
TBLPTRI[O0] = 1:Most Significant
Byte of Program
Memory Word
The TBLWT instruction can modify the
value of TBLPTR as follows:
* no change
* post-increment
* post-decrement
* pre-increment
Words: 1
Cycles: 2 (many if long write is to on-chip
EPROM program memory)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation |operation operation
No No operation No No operation
operation (Read operation | (Write to Holding
TABLAT) Register or Memory)
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TSTFSZ Test f, skip if 0 XORLW Exclusive OR literal with WREG
Syntax: [label] TSTFSZ f[,a] Syntax: [label ] xorRLW K
Operands: 0<f<255 Operands: 0<k<255
ae[01 .
. e [_ ] Operation: (WREG) .XOR. k > WREG
Operation: skipiff=0
Status Affected: N,Z
Status Affected: None .
. Encoding: | 0000 ‘ 1010 ‘ kkkk | kkkk ‘
Encoding: | 0110 | 0lla ‘ fEEE | fEEE ‘ o
o - - Description: The contents of WREG are
Description: If'f'= 0, the nextinstruction, fetched XOR’ed with the 8-bit literal 'k'. The
during the current instruction exe- result is placed in WREG.
cution, is discarded and a NOP is
Words: 1

executed, making this a two-cycle
instruction. If 'a’ is 0, the Access Cycles: 1
Bank will be selected, overriding the Q Cycle Activity:
BSR value. If'a’is 1, the Bank will

be selected as per the BSR value. Q1 Q2 Q3 Q4
Decode Read Process Write to
Words: 1 literal 'k’ Data WREG
Cycles: 1(2)
Note: 3 cycles if skip and followed Example: XORLW OAFh

by a 2-word instruction .
Before Instruction

Q Cycle Activity: WREG = 0B5h
Q1 Q2 Q3 Q4 N =2
Decode Read Process No z = ?
register 'f Data operation After Instruction
If skip: WREG = 1Ah
Q1 Q2 OF! Q4 7 -0
No No No No

operation operation operation operation
If skip and followed by 2-word instruction:

Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No

operation operation operation operation

Example: HERE TSTFSZ CNT
NZERO
ZERO

Before Instruction

PC = Address (HERE)
After Instruction
If CNT = 00h,
PC = Address (ZERO)
If CNT * 00h,
PC = Address (NZERO)
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XORWF Exclusive OR WREG with f
Syntax: [label] XORWF f[,d[,a]]
Operands: 0<f<255

d e[0,1]

ae[0,1]
Operation: (WREG) .XOR. (f) —> dest
Status Affected: N,Z
Encoding: ’ 0001 | 10da | fEEE | EEEE ‘
Description: Exclusive OR the contents of WREG

with register 'f'. If 'd"is 0, the resultis
stored in WREG. If 'd'is 1, the result
is stored back in the register 'f'
(default). If'a’is 0, the Access Bank
will be selected, overriding the BSR
value. If'a’is 1, the Bank will be
selected as per the BSR value.

Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f Data destination
Example: XORWF REG
Before Instruction
REG = OAFh
WREG = 0B5h
N = 2
z = 2
After Instruction
REG = 1Ah
WREG = 0B5h
N = 0
z = 0
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21.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
¢ Integrated Development Environment
- MPLAB® IDE Software
« Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

¢ Simulators
- MPLAB SIM Software Simulator
¢ Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ In-Circuit Emulator
In-Circuit Debugger
- MPLAB ICD for PIC16F87X
« Device Programmers
- PRO MATEZ® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

¢ Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoQ® Demonstration Board

21.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:

« An interface to debugging tools

- simulator

- programmer (sold separately)

- emulator (sold separately)

- in-circuit debugger (sold separately)

A full-featured editor

« A project manager

« Customizable toolbar and key mapping

* A status bar

* On-line help

The MPLAB IDE allows you to:

Edit your source files (either assembly or ‘C’)

One touch assemble (or compile) and download

to PIC MCU emulator and simulator tools (auto-
matically updates all project information)

Debug using:

- source files

- absolute listing file

- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-

effective simulator to a full-featured emulator with
minimal retraining.

21.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PIC MCUs.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

Integration into MPLAB IDE projects.
User-defined macros to streamline assembly
code.

Conditional assembly for multi-purpose source
files.

Directives that allow complete control over the
assembly process.

21.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.
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21.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can also
link relocatable objects from pre-compiled libraries,
using directives from a linker script.

The MPLIB object librarian is a librarian for pre-
compiled code to be used with the MPLINK object
linker. When a routine from a library is called from
another source file, only the modules that contain that
routine will be linked in with the application. This allows
large libraries to be used efficiently in many different
applications. The MPLIB object librarian manages the
creation and modification of library files.

The MPLINK object linker features include:

* Integration with MPASM assembler and MPLAB
C17 and MPLAB C18 C compilers.

* Allows all memory areas to be defined as sections
to provide link-time flexibility.

The MPLIB object librarian features include:

* Easier linking because single libraries can be
included instead of many smaller files.

» Helps keep code maintainable by grouping
related modules together.

* Allows libraries to be created and modules to be
added, listed, replaced, deleted or extracted.

21.5 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC-hosted environment by simulating the
PIC series microcontrollers on an instruction level. On
any given instruction, the data areas can be examined
or modified and stimuli can be applied from a file, or
user-defined key press, to any of the pins. The execu-
tion can be performed in single step, execute until
break, or trace mode.

The MPLAB SIM simulator fully supports symbolic debug-
ging using the MPLAB C17 and the MPLAB C18 C com-
pilers and the MPASM assembler. The software simulator
offers the flexibility to develop and debug code outside of
the laboratory environment, making it an excellent multi-
project software development tool.

21.6 MPLAB ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB ICE universal in-circuit emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC micro-
controllers (MCUs). Software control of the MPLAB ICE
in-circuit emulator is provided by the MPLAB Integrated
Development Environment (IDE), which allows editing,
building, downloading and source debugging from a
single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE in-circuit emulator system has been
designed as a real-time emulation system, with
advanced features that are generally found on more
expensive development tools. The PC platform and
Microsoft® Windows environment were chosen to best
make these features available to you, the end user.

21.7 ICEPIC In-Circuit Emulator

The ICEPIC low cost, in-circuit emulator is a solution
for the Microchip Technology PIC16C5X, PIC16C6X,
PIC16C7X and PIC16CXXX families of 8-bit One-
Time-Programmable (OTP) microcontrollers. The mod-
ular system can support different subsets of PIC16C5X
or PIC16CXXX products through the use of inter-
changeable personality modules, or daughter boards.
The emulator is capable of emulating without target
application circuitry being present.
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21.8 MPLAB ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC16F87X and can be used to
develop for this and other PIC microcontrollers from the
PIC16CXXX family. The MPLAB ICD utilizes the in-cir-
cuit debugging capability built into the PIC16F87X. This
feature, along with Microchip's In-Circuit Serial
Programming™ protocol, offers cost-effective in-circuit
FLASH debugging from the graphical user interface of
the MPLAB Integrated Development Environment. This
enables a designer to develop and debug source code
by watching variables, single-stepping and setting
break points. Running at full speed enables testing
hardware in real-time.

21.9 PRO MATE Il Universal Device
Programmer

The PRO MATE II universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VDD and Vpp supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In stand-alone mode, the PRO MATE I
device programmer can read, verify, or program PIC
devices. It can also set code protection in this mode.

21.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PIC devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

21.11 PICDEM 1 Low Cost PIC MCU
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

21.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The user can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the I°C™ bus
and separate headers for connection to an LCD
module and a keypad.
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21.13 PICDEM 3 Low Cost PIC16CXXX
Demonstration Board

The PICDEM 3 demonstration board is a simple dem-
onstration board that supports the PIC16C923 and
PIC16C924 in the PLCC package. It will also support
future 44-pin PLCC microcontrollers with an LCD Mod-
ule. All the necessary hardware and software is
included to run the basic demonstration programs. The
user can program the sample microcontrollers pro-
vided with the PICDEM 3 demonstration board on a
PRO MATE Il device programmer, or a PICSTART Plus
development programmer with an adapter socket, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 3 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding hardware and connecting it
to the microcontroller socket(s). Some of the features
include a RS-232 interface, push button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the
PICDEM 3 demonstration board is a LCD panel, with 4
commons and 12 segments, that is capable of display-
ing time, temperature and day of the week. The
PICDEM 3 demonstration board provides an additional
RS-232 interface and Windows software for showing
the demultiplexed LCD signals on a PC. A simple serial
interface allows the user to construct a hardware
demultiplexer for the LCD signals.

21.14 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. All neces-
sary hardware is included to run basic demo programs,
which are supplied on a 3.5-inch disk. A programmed
sample is included and the user may erase it and
program it with the other sample programs using the
PRO MATE Il device programmer, or the PICSTART
Plus development programmer, and easily debug and
test the sample code. In addition, the PICDEM 17 dem-
onstration board supports downloading of programs to
and executing out of external FLASH memory on board.
The PICDEM 17 demonstration board is also usable
with the MPLAB ICE in-circuit emulator, or the
PICMASTER emulator and all of the sample programs
can be run and modified using either emulator. Addition-
ally, a generous prototype area is available for user
hardware.

21.15 KeeLoQ Evaluation and
Programming Tools

KEeELOQ evaluation and programming tools support
Microchip’s HCS Secure Data Products. The HCS eval-
uation kit includes a LCD display to show changing
codes, a decoder to decode transmissions and a pro-
gramming interface to program test transmitters.
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DEVELOPMENT TOOLS FROM MICROCHIP
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NOTES:
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22.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings("
Ambient temperature UNAET DIAS...........oooviiiiiiiiie e s -55°C to +125°C
Storage temperature -65°C to +150°C
Voltage on any pin with respect to Vss (except Vbb, MCLR, and RA4) . 0.3V to (VDD + 0.3V)
Voltage on VDD with respect to Vss -0.3Vto +7.5vV
Voltage on MCLR with respect to Vss (Note 2) 0V to +13.25V
Voltage on RA4 with respect to Vss ....0V to +8.5V
Total power dissipation (Note 1)
Maximum current out of Vss pin
Maximum current into VDD pin
Input clamp current, K (V1 < 0 OF VI > VDD) ...ouoiiiiiieieieeieieieeteie ettt sttt et sttt et se et et sebesebs s snsssnnas +20 mA
Output clamp current, I0K (VO < 0 OF VO > VDD) ....ouciiririeiiieieieiieieie ettt ettt s s ses s e eeeseenseseseeenns +20 mA
Maximum output current sunk by any I/O pin
Maximum output current sourced by any 1/O pin
Maximum current sunk by all ports (combined)
Maximum current sourced by all ports (combined)

Note 1: Power dissipation is calculated as follows:
Pdis = VDD x {IDD - ¥, IoH} + ¥ {(VDD-VOH) X lIoH} + X (VoI x loL)
2: Voltage spikes below Vss at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.

Thus, a series resistor of 50-100Q2 should be used when applying a “low” level to the MCLR/VPP pin, rather
than pulling this pin directly to Vss.

T NOTICE: 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 device 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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FIGURE 22-1: PIC18C601/801 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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FIGURE 22-2: PIC18C601/801 VOLTAGE-FREQUENCY GRAPH (EXTENDED)
6.0 V-
55V
5.0 V+ %
o 45Vt PIC18C601/801 @
2 4.0V % B
S 35V
3.0 V-
2.5 V-
2.0 V-
I
4 MHz 16 MHz 25 MHz
Frequency

FMAX = (12.0 MHz/V) (VDDAPPMIN - 2.0 V) + 4 MHz where VDDAPPMIN < 3
FmAX = (7.5 MHz/V) (VDDAPPMIN - 3.0 V) + 16 MHz where VDDAPPMIN > 3
Note: VDDAPP is the minimum voltage of the PIC® device in the application.
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22.1 DC Characteristics

PIC18LC601/801 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial
PIC18C601/801 Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial

(irelsnel, BEsriee) -40°C < TA < +125°C for extended

Param Symbol Characteristic/ Min Typ Max | Units Conditio|
No. Device
D001 VDD Supply Voltage \
PIC18LC601/801 | 20 | — | 55 | V NN

D001 PIC18C601/801 | 4.2 — 5.5 \Y

D002 VDR RAM Data Retention | 15 | — | — A V N9}
Voltage®

D003 VPOR VDD Start Voltage to — — \.7\\ Vv \/bee section on Power-on Reset
ensure internal for details
Power-on Reset signal X

D004 SvDD VDD Rise Rate to 0 — V/ms | See section on Power-on Reset
ensure internal P r- for details
on Reset signal r \

Legend:
Note 1:

ha for improved readability.
ed in SLEEP mode, or during a device RESET, without losing

he power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
easured with the part in SLEEP mode, with all /O pins in hi-impedance state and tied to VDD or Vss, and
all features that add delta current disabled (such as WDT, Timerl Oscillator, BOR, ...).
4: For RC osc option, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.
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22.1 DC Characteristics (Continued)

PIC18LC601/801 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature  -40°C < Ta < +85°C for industrial

PIC18C601/801
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < Ta < +85°C for industrial
-40°C <Ta < +125°C for extended

Param Symbol Characteristic/ Min Typ Max | Units Conditions
No. Device
D010 IbD Supply Current@4) /\ \
PIC18LC601/801 RC osc optign. '~
— TBD | TBD mA l;esg: 4 HZ(VD\&\=>2.5V
D010 PIC18C601/801 cggz tions
— | TBD | TBD | M\ > 4 Mgz, VoD = 4.2V
DO010A PIC18LC601/801 x LR o§c option
— | 1BD\(BR N\wA o€ = 32 kHz, VoD = 2.5V
DO10A PIC18C601/801 LP osc option
Ap A | Fosc =32 kHz, VbD = 4.2V
D010C PIC18LC601/801< EC osc option,
— \T\ 45 mA | Fosc =25 MHz, VbD = 5.5V
D010C PIC18@6Q1/801 D EC osc option,
/> — 45 mA | Fosc =25 MHz, VbD = 5.5V
D013 PleighCe00/801 ] HS osc options
— — TBD mA |Fosc =6 MHz, VbD = 2.5V
— — 50 mA | Fosc =25 MHz, VbD = 5.5V
C HS + PLL osc option
— — 50 mA |Fosc =10 MHz, VbD = 5.5V
D013 9 PIC18C601/801 HS osc option
— — 50 mA |Fosc =25 MHz, Vbbp = 5.5V
HS + PLL osc option
— — 50 mA |Fosc =10 MHz, VDD = 5.5V
D014 PIC18LC601/801 Timerl osc option
— — 48 pA | Fosc =32 kHz, Vbp = 2.5V
— — TBD pA | Fosc =32 kHz, VbDp = 2.5V, 25°C
D014 PIC18C601/801 OSCB osc option
— — TBD pA | Fosc =32 kHz, VbD = 4.2V
— — TBD pA | Fosc =32 kHz, VDD = 4.2V, 25°C
Legend: Rows with industrial-extended data are shaded for improved readability.

Note 1:

2:

This is the limit to which VDD can be lowered in SLEEP mode, or during a device RESET, without losing
RAM data.

The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/O pin
loading and switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD

MCLR = VbD; WDT enabled/disabled as specified.

The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss, and
all features that add delta current disabled (such as WDT, Timerl Oscillator, BOR, ...).

For RC osc option, current through RexT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.
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22.1 DC Characteristics (Continued)

PIC18LC601/801 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature  -40°C < Ta < +85°C for industrial
PIC18C601/801 Standa}rd Operating Condn:ons (unless °othervylse stgted)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extended
Param Symbol Characteristic/ Min Typ Max | Units Conditio
No. Device
D020 IPD Power-down Current® /\
PICI18LC601/80L | — | TBD | 5 | uA < K5W-460C to +85°C
— — 36 i .5Y%-2Q°G to +85°C
— — | TBD | 1 5\ 25°
D020 PIC18C601/801| — | TBD TBI& LA\ |bp =2V -40°C to +85°C
— — /\3K A DD ='5.5V, -40°C to +85°C
D020A — < T N n DD = 4.2V, 25°C
D021B T WA | VDD =4.2V, -40°C to +125°C
— 4 VDD = 5.5V, -40°C to +125°C
D022 AlwDT Module Differenq’zi\cﬁ(rﬁ(a:f\\
PIC18LC801, oi\ | 8D | TBD | uA [vop=25v
Wi dog Timgr 6.5 12 pA | VDD = 3.0V
— — TBD pA | VDD = 5.5V
— — TBD pA | VDD = 2.5V, 25°C
D022 C180601/801 | — — | TBD | pA |VDD = 5.5V, -40°C to +85°C
tchdog Timer — — TBD pA | VDD = 5.5V, -40°C to +125°C
O — | — | TBD | pA |VDD=4.2V,25°C
DO VD PIC18LC801/601 — — 50 pA | VDD = 2.5V
O Low Voltage Detect | — — TBD pA | VDD =25V, 25°C
D02 PIC18C601/801 — — TBD pA | VDD = 4.2V, -40°C to +85°C
Low Voltage Detect — — TBD pA VDD = 4.2V, -40°C to +125°C
— — TBD pA | VDD = 4.2V, 25°C
D025 AloscB PIC18LC801/601 — — 3 pA | VDD = 2.5V
Timerl Oscillator — — TBD pA | VDD = 2.5V, 25°C
D025 PIC18C601/801 — — TBD pA | VDD = 4.2V, -40°C to +85°C
Timerl Oscillator — — TBD pA | VDD = 4.2V, -40°C to +125°C
— — TBD pA | VDD = 4.2V, 25°C
Legend: Rows with industrial-extended data are shaded for improved readability.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode, or during a device RESET, without losing

RAM data.

: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O pin

loading and switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD

MCLR = VDD; WDT enabled/disabled as specified.

. The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is

measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss, and
all features that add delta current disabled (such as WDT, Timer1 Oscillator, BOR, ...).

. For RC osc option, current through REXT is not included. The current through the resistor can be estimated

by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.
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22.2

DC Ch

aracteristics:

PIC18LC601/801 (Industrial)

PIC18C801 (Industrial, Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for extended

Param | Symbol Characteristic/ Min Max Units Conditions
No. Device
ViL Input Low Voltage
1/0 ports:
D030 with TTL buffer
DO30A
D031 with Schmitt Trigger buffer
RC3 and RC4
D032 MCLR
D032A OSC1 (in XT, HS and LP modes)
and T10SI
D033 0SC1(in RC mode)®
VIH Input High Voltage \ \
1/0 ports: \3&
D040 with TTL buffer .25V .8V VDD V |VDD < 4.5V
DO040A .0 VDD V |45V <VDD <55V
D041 0.8VDD VDD \Y
0.7VbD VDD \%
D042 0.8VDD VDD \Y
D042A 0.7VbD VDD \%
D043 /()\ 0.9VDD VDD v
Vs Hystéfésis of Schmitt Trigger Inputs
D050 TBD D | Vv |
I Input Leakage Current(®3)
D060 1/0 ports — +1 pA |VSs <VPIN < VDD,
Pin at hi-impedance
D061 MCLR — +5 pA |Vss <VPIN < VDD
D063 0OSC1 — +5 pA |Vss < VPIN < VDD
IPU Weak Pull-up Current
D070 |IPuRe | PORTB weak pull-up current 50 400 | pA [vop =5V, VPIN = Vss

Note 1: In RC oscillator option, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the PIC
device be driven with an external clock while in RC mode.
The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified

levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.
3: Negative current is defined as current sourced by the pin.

2:
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22.2

DC Characteristics:

PIC18C801 (Industrial, Extended)
PI1C18LC601/801 (Industrial) (Continued)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
Param | Symbol Characteristic/ Min Max Units Conditions
No. Device 1
VoL Output Low Voltage \ \
D080 /O ports — lor=8.5"m4, VoD = 4.5V,
-40Clto +85
DO80A — %)T&mA, DD = 4.5V,
-40°C 25°C
D083 OSC2/CLKO — LY 1.6 mA, VDD = 4.5V,
(RC mode) -40°C to +85°C
DO083A — loL=1.2 mA, VDD = 4.5V,
-40°C to +125°C
D084 System Bus mode — loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
DO084A TBD V |loL=1.2 mA, VDD = 4.5V,
-40°C to +125°C
D085 Control Signals TBD V |[loL=1.6 mA, VDD =45V,
-40°C to +85°C
DO85A @ — TBD V |loL=1.2 mA, VDD = 4.5V,
-40°C to +125°C
VOH tput Nigk Vetfaye®
D090 10/ pbrts VDD - 0.7 — vV [loH=-3.0mA, VDD = 4.5V,
-40°C to +85°C
D O&D VoD - 0.7 — V |loH=-2.5mA, VDD = 4.5V,
-40°C to +125°C
D092 OSC2/CLKO VDD - 0.7 — V |loH=-1.3 mA, VDD = 4.5V,
(RC mode) -40°C to +85°C
D092A VoD - 0.7 — V |loH=-1.0 mA, VDD =4.5V,
-40°C to +125°C
D093 System Bus mode TBD — V [loH=-1.3mA, VDD = 4.5V,
-40°C to +85°C
DO093A TBD — V |loH=-1.0 mA, VDD =4.5V,
-40°C to +125°C
D094 Control Signals TBD — V [loH=-1.3mA, VDD = 4.5V,
-40°C to +85°C
DO094A TBD — V |loH=-1.0 mA, VDD = 4.5V,
-40°C to +125°C
Vob Open-drain High Voltage
D150 — 75 | v [RA4pin
Capacitive Loading Specs on Output Pins
D101 |Cio All /O pins and OSC2 — 50 pF |To meet the AC Timing
(in RC mode) Specifications
D102 |CB SCL, SDA — 400 pF |In 12C mode
Note 1: In RC oscillator option, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the PIC
device be driven with an external clock while in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as current sourced by the pin.
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FIGURE 22-3: LOW-VOLTAGE DETECT CHARACTERISTICS

VDD

------------------------ (LVDIF can be

VLVD cleared in software)

(LVDIF set by hardware)

LVDIF _

TABLE 22-1: LOW VOLTAGE DETECT CHARACTERISTICS

Vee = 2.0V to 5.5V
Commercial (C): TamB = 0°C to +70°C
Industrial (1): TAMB = -40°C to +85°C
P?\‘r:m Characteristic Symbol Min | Typt Ma& Units Conditions
D420 LVD Voltage on Vop | LVV = 0001 VLvD 20 | 2.06 {Zi& v
Transition High to LVV = 0010 2.2 2 \g@h& \
Low LVV = 0011 24 N2 w254 v
LVV = 0100 <REXR2%8 | 2.66 v
LVV = 0101 BXM 2.78 | 2.86 v
LVV = 0110 2.8 2.89 | 2.98 Vv
LVV =0111 % 3.0 3.1 3.2 \
LVV = 10002 v 33 | 341 | 352 v
LVV = 106]) 35 | 361 | 3.72 v
L= 010> 36 | 372 | 384 v
VA 1021 38 | 392 | 404 v
LVYC= 1100 40 | 413 | 4.26 v
LVV =1101 4.2 4.33 | 4.46 Vv
LVV = 1110 4.5 464 | 4.78 \
D421 LVD Voltage Drift Temperature TCVout — 15 50 ppm/°C
Coefficient
D422 Bandgap Voltage Drift with respect to AVBG/ — — 50 nVviv
VDD Regulation AVDD
D423 Bandgap Reference Voltage Value VBG — 1.22 \

Note: Production tested at TamMB = 25°C. Specifications over temperature limits guaranteed by characterization.
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22.3 AC (Timing) Characteristics

22.3.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created
following one of the following formats:

1. TppS2ppS 3. Tcc:st (12C specifications only)
2. TppS 4.Ts (12C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 0osc OoscC1
ck CLKO rd RD
cs cs w RD or WR
di SDI sc SCK
do SDO ss ss
dt Data-in t0 TOCKI
io 1/O port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) \% Valid
L Low z Hi-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (I2C specifications only)
cC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
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22.3.2 TIMING CONDITIONS

The temperature and voltages specified in Table 22-2
apply to all timing specifications, unless otherwise
noted. Figure 22-4 specifies the load conditions for the
timing specifications.

TABLE 22-2: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C <Ta< +85°C for industrial

AC CHARACTERISTICS -40°C < TA< +125°C for extended
Operating voltage VDD range as described in DC spec Section 22.1.
LC parts operate for industrial temperatures only.

FIGURE 22-4: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load condition 1 Load condition 2
VbD/2

RL Pin T CL

Vss
- CL
Pin RL = 4640
Vss CL = 50 pF for all pins except OSC2/CLKO
and including D and E outputs as ports
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22.3.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 22-5:  EXTERNAL CLOCK TIMING
: 7R a @ Qe .
osc1
- 2 >
CLKOUT

TABLE 22-3: EXTERNAL CLOCK TIMING REQUIREMENTS

Param No. | Symbol | Characteristic Min Typ Max Units
Fosc |External CLKI Frequency DC — 4 MHz

(Note 1) DC — 25 Hz

4 — 6.25 Hz

DC — 25 Hz

DC — 20071\ KNz

Oscillator Frequency (Note 1) DC — 4&/@ MHz

1 Tosc |External CLKI Period (Note 1) ns
o\ — ns

<<§\ \\ > — — HS

Oscillator Period e N 250 — — ns
40 — 100 ns
160 — 100 ns

5 — — us

2 Tcy  [{pstfustian Cycle Tire (Note 1) 160 Tcy DC ns

3 /Togt‘\ terpdl ClackMf (OSC1) High or 25 — — us
pes‘Fl) Low Tinfe 10 — — ns

4 TOsR, geha/ICIockin(OSCDRiseor — — 50 ns
4\\ o{ Time — — 5 ns

Not&1\ kfs uctio?\p}cle period (Tcy) equals four times the input oscillator time-base period. All specified values are based
n characterization data for that particular oscillator type under standard operating conditions, with the device exe-
cuting code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than
expected current consumption. All devices are tested to operate at "min." values with an external clock applied to the
OSC1/CLKI pin. When an external clock input is used, the "max." cycle time limit is "DC" (no clock) for all devices.

TABLE 22-4: PLL CLOCK TIMING SPECIFICATION (VDD@AZV -5.5V)
&

No.

7 TPLL PLL Start-up Time %\ — 2 ms
o8

Param Symbol Characteristic & \1&% Max Units Conditions
A

(Lock Time) N
ACLK  |CLKOUT Stability (Jit@\)@b\g’ﬁu -2 +2 %
AN}
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Q3

CoraL I
. '

FIGURE 22-6: CLKOUT AND 1I/O TIMING
Q4 Q1 Q2

osc1 ‘

3.1_91

CLKOUT ‘
13 ol
' 14 . 197 «18»

/0 Pin |
(input)

: ——124—

<16

1/0 Pin

(output) old value

new value

Note: Refer to Figure 22-4 for load conditions.

20,21

TABLE 22-5:  CLKOUT AND I/O TIMING REQUIREMENTS
Pa’\zim. Symbol Characteristic Min Typ Max Lﬂts Conditions
10 TosH2ckL | OSC1T to CLKOUTY — 75 | 200\ s\ | W
1 TosH2ckH | 0SC17 to CLKOUTT — 75 K200l [ s [@
12 TckR CLKOUT rise time — |35 100\ > ns |@
13 TckF CLKOUT fall time — 185 130 ns |®
14 TckL2ioV | CLKOUT Y to Port out valid < \ {osTey +20] ns @
15 TioV2ckH | Port in valid before CLKOUT 1 Q25T 25 || - ns |@
16 TckH2iol | Port in hold after CLKOUT T < — — ns |®
17 TosH2ioV | 0SC17 (Q1 cycle) to Port out vélid S 50 150 ns
18 TosH2iol |0SC1T (Q2 cycle) |PICZECE01/RQ1 100 — — ns
18A to Port input invalid ﬂiy\w&p 200 _ _ ns

(/O in hold time)
19 TioV2osH |Port input vé{iﬂgosc 0 — — ns

(V0 ip sEip
20 TioR Pt a@pdiyise\ PIC18C601/801 — 10 25 ns
20A —[time PIC18LC601/801 — — 60 ns
21 Tio oKt obigput fall time | PIC18C601/801 — 10 25 ns
21A ’p\m> PIC18LC601/801 — — 60 ns
22T§\ ;wai INT pin high or low time Tey — — ns
231t (RBP RB7:RB4 change INT high or low time Tcy — — ns

Tt These parameters are asynchronous events, not related to any internal clock edges.
Note 1: Measurements are taken in RC mode, where CLKO pin output is 4 x TOSC.
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FIGURE 22-7: PROGRAM MEMORY READ TIMING DIAGRAM

|
Q1 | Q2 | Q3 | Q4 | Q1

i |
osc1_ Y \ ‘( \ i i |/ | |
| ‘ \ [ I ‘ \
\
[
[

A<19:16> . )

| W‘ Address | | >M Address ‘

BAO | ‘ ‘ ‘ — : : ‘ : ‘

AD<15:0> | ; Address : W Data from external > W Address >‘
3 ‘ T > : 3

| ‘. ARG B 3 I e 161 | |

I B WU B s O S |

| - : ‘ 166 —— L > | |

S S c |

we | b ] <« 1681». HE e U

| —led T ] T I Do \

=i | S R 189 — T S \

cs2 + > \ 1 I N \ \

or CSIO | ‘ \ . | : | I | / |

oo 171A ‘ . . !

| — | ‘ I ¥ \ \

oE 1 } t x [ [} i i

| I I < 165 J; I I

Operating Conditions: 2.0V <Vcc <5.5V, -40°C <Ta <125°C, unless otherwise stated.

TABLE 22-6: CLKOUT AND I/O TIMING REQUIREMENTS

P;a\lroam Symbol Characteristics Min Typ Max Units
150 TadV2alL |Address out valid to ALE{ (address setup time) 0.25TCY—10(\ — — ns
151 TalL2adl  |ALEY to address out invalid (address hold time) /S\Q — — ns
155 | TalL2oeL |ALE {to OE (\\% 0.125Tcy — ns
160 TadZ20eL |AD high-Z to OE { (bus release to OE) S \%}f — — ns
161 | ToeH2adD |OE 7 to AD driven 0.125Tcv-5 — — ns
162 TadV2oeH |LS data valid before OE T (da{a\w\wm 20 — — ns
163 ToeH2adl |OE 7 to data in invali a%iho e 0 — — ns

AR b

164 TalH2alL  |ALE pulse w% @ — Tey — ns

165 ToeL20eH |OE pulgeg\gr?}h\i\) 0.5Tcy-5 0.5Tcy — ns

166 TalH2alH |ALET to\gET (cycle time) — 0.25Tcy — ns
167 Tacc Address valid to data valid 0.75Tcy-25 — — ns
168 Toe OE | to data valid — 0.5Tcy-25 ns
169 TalL2oeH |ALE | to OE T 0.625Tcy-10 — 0.625Tcy+10 ns
171 TalH2csL | Chip select active to ALE 0.25Tcy-20 — — ns
171A TubL20eH |AD valid to chip select active — — 10 ns
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FIGURE 22-8: 8-BIT PROGRAM MEMORY FETCH TIMING DIAGRAM
| | | | | | |
Q1 | Q2 | Q3 | Q4 | Q1 | Q2 |
| \ \ \ \ |
OSC1 ‘( |/ \ \/ \—/ 1/ . / \ l
: 7 f t t . ‘ |
A<19:8> ‘ Address Address

< 166 —4 | > \ |

\ ] [ \
‘ ‘ | 150 X ‘ | ‘ . ! ‘ |
| ] y 151» <_ ‘ \ \ :4‘1&,: \ |
AD<7:0> ‘ W Address : T\ i W Data ‘ W Data ‘ ! 1.\ W Address >'|
. g i . N ' f |

‘ g \ \ ‘ G162 ' '
! ‘ PR « . !
\ | ! \ 1624 - , | |

| | : | ' : 163 . —
BAO . . / X [ . \ |
| C ] T | 10— L |
\ F \l [ {170A p V. \ |
@ | b | | ¥ o |
_cs2 ﬁ | | K | |
or CSIO ‘ | | | L | |
| l \ \ ¥ \ |
OE | | \ \ | \/;L \ I
| ! | | I | 1

Operating Conditions: 2.0V <Vcc <5.5V, -40°C <Ta <125°C, Fosc max = 25MHz, unless otherwise stated.

TABLE 22-7:  8-BIT PROGRAM MEMORY FETCH TIMING REQUIREMENTS

Pzr:m Symbol Characteristics Min %\p Max Units

150 TadV2alL |Address out valid to ALE{ (address setup time) (0\251\5\%10] 2 — ns
151 TalL2adl |ALEY to address out invalid (address hold time) \k\s\ — — ns
161 ToeH2adD |OE 1 to AD driven \ (\}(25ch-5 — — ns
162 TadV20eH |LS data valid before OE 1 (datafet{b\f@vi 20 — — ns

162A TadV2oeH |MS data valid before OE T (éﬂ\x\\%\%\e& 0.25Tcy+20 — — ns

163 ToeH2adl |OE 7 to data in invalid E}a{a hoh@é’f 0 — — ns

166 TalH2alH |ALET yAEE\MQUmé)\/ — 0.25Tcy — ns

170 TubH20eH mi\Q\aT(;dée\fWT 0.25Tcy-10 — — ns

170A | TubL2oeH é»«d/i 1%&1 before OE 1 0.5Tcy-10 — — ns
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FIGURE 22-9: PROGRAM MEMORY WRITE TIMING DIAGRAM
| I | | | | I
| Q1 \ Q2 | Q3 | Q4 | Q1 | Q2 \
\ | | | | \
oser_| e W S e W
22%9:16> | W; Address : : : W Address 1
4 | 166 | > |
N - : ] [ ! ] ‘
AD<15:0> W Address j}T W : Data : _:/ :W Address >‘
\
\

Y : | 1= =
' . Co . 156 ] .
; e “ g Co
e | | i |
| : | — | T Co \
Cs1,cCs2, | | I | |
or CSIO [ | | | | ! | |
\ | : :
WRH : 1 | C : e {; : 11
or .
WRL L | ‘ | [ C \
157 > <4—157A—P,
UBor ] \ | [ I 7
LB X ; X
| | | | I L \
| | | | | | |
Operating Conditions: 2.0V <Vcc <5.5V, -40°C <Ta <125°C unless otherwise stated.
TABLE 22-8: PROGRAM MEMORY WRITE TIMING REQUIREMENTS
Pi{gm Symbol Characteristics M@\ Typ Max Units
150 TadV2alL |Address out valid to ALE{ (address setup time) h\ -10 — — ns
151 TalL2adl |ALE! to address out invalid (address hold tin@)& 5 — — ns
153 TwrH2adl [WRn 7 to data out invalid (data hol%tq(\ 5 — — ns
154 TwrL WRn pulse width W\) 0.5Tcy-5 0.5Tcy — ns
156 | Tadv2wrH |Data valid before WR@M;: time) 0.5Toy-10 — — ns
157 ThsV2wrL |Byte selectxg&é@e@%i (byte select setup time) 0.25Tcy — — ns
1%
157A TwrH2bsl [WRn T to b€ select invalid (byte select hold time) 0.125Tcy-5 — — ns
166 TalH2alH |ALET to ALET (cycle time) — 0.25Tcy — ns
36 TivRsT | Time for Internal Reference Voltage to become stable — 20 50 us
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FIG

URE 22-10:

RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND

POWER-UP TIMER TIMING

Watchdog

VbD

Internal
POR

:

I~
=

<30 >

I~
=

PWRT
Time-out

osc
Time-out

|
hVANI/AN

32
-

d~
=

Internal
Reset

Timer
Reset

1/0 Pins

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-9: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS
Pa,\zgﬁw. Symbol Characteristic Min @%Max Units Conditions
30 |TmcL |MCLR Pulse Width (low) Q0 | us
31 TwDT Watchdog Timer Time-out Period &\%k 18 33 ms
(No Prescaler)
32 TosT Oscillation Start-up Time@}ibdp — — |1024Tosc| — |Tosc = OSC1 period
33 TPWRT | Power up Timer Perig X\ 28 72| 132 | ms
34 Tioz | /O Hi-impedanceffomMCLR Low | — 2 — us
or Watchdog TimeMReset
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FIGURE 22-11:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

| |
TOCKI M
|

- 47 > < 48 —»
TMRO or |
TMR1 |
Note: Refer to Figure 22-4 for load conditions. 1
TABLE 22-10: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pilr:m Symbol Characteristic Min Max |Units Conditions
40 TtOH TOCKI High Pulse Width | No Prescaler 0.5Tcy + 20 — ns
With Prescaler 10 — ns ﬂ
41 |ToL TOCKI Low Pulse Width | No Prescaler 0.5Tcy + 20 — [ ns DO \
With Prescaler 10 — /n$\
42 TtOP TOCKI Period No Prescaler Tcy + 10 — \/r{s
With Prescaler Greater of: f — \is b= prescale value
20 ns or Icy + \O 1,2, 4,.., 256)
N
45 TtlH T1CKI | Synchronous, no prescaler @3‘&@@3@ \ ( — ns
High  [synchronous, |PIC18C601/801< Ntee. \ 1 — [ ns
Time | with prescaler |piC18LC601/801 25 — | ns
Asynchronous PIC@@ﬁpl\(éhl 490 — ns
(PLCT8LTEOYE0L 50 — | ns
46 TtlL T1CKI | Synchronous, noprescalel 0.5Tcy + 5 — ns
Low Synch@\ws PIC18C602/801 10 — |'ns
Time | withprescaler | picher C601/801 25 — | ns
0 roWPI/CBCGOUSOl 30 — I'ns
N\ PIC18LC601/801 TBD TBD | ns
47 Tt1P p):lk& Wous Greater of: — ns |N=prescale value
i L 20 nsorIcy + 40 1,2,4,8)
O rio N
/> Asynchronous 60 — ns
\Eﬁ\ T1CKI oscillator input frequency range DC 50 kHz
48 Tok&2tmrl Delay from external T1CKI clock edge to 2Tosc 7Tosc | —
timer increment
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FIGURE 22-12: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

CCPx

(Capture mode) —m

\— 50 4. ‘e 51 —»!

52

CCPx % 1 : %

(Compare or PWM mode) C '

——:53:-— ——354,:-—

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-11: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pa,\zgm. Symbol Characteristic Min 4 Max Units Conditions
50 Tecl CCPxinputlow | No Prescaler O.STQL\@L — ns
time with PIC18C601/801 NCIN — ns
Prescaler |pIC18LC601/801 | | W\ 20 — ns
51 TecH CCPxinputhigh | No Prescaler (& \Q('STCY +20 — ns
time With PIC18GRONBOD 10 — ns
Prescaler | pee I 3RTp017801 20 — ns

52 TccP CCPx input period 3Tcy + 40 — ns |N =prescale
N value (1, 4 or 16)

53 TccR | CCPx output fa@&\% PIC18C601/801 — 25 ns
<O) PIC18LC601/801 — 45 | ns
54 TecF CCPx outpl}\gall time PIC18C601/801 — 25 ns
PIC18LC601/801 — 45 ns
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FIGURE 22-13:

EXAMPLE SPI MASTER MODE TIMING (CKE = 0)
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Note: Refer to Figure 22-4 for load conditions.
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TABLE 22-12: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)

Pa;\:gm. Symbol Characteristic Min Max | Units ﬁonditions
70 TssL2scH, |SSY to SCKY{ or SCKT input Tey Pan E\ \
TssL2scL
71 TscH SCK input high time Continuous 1.25Tcy+ 30 \ M1 P
71A (Slave mode) Single Byte Ap \v Ng> (Note 1)
72 TscL SCK input low time Continuous <\25Tc\( 4\}10 ns
72A (Slave mode) Single Byte \ | ns |(Note1)
73 TdiV2scH, |Setup time of SDI data input to SC B\ N.\go\) — ns
TdiV2scL
73A TB2B Last clock edge of Bytel to KN%&&\% \/f.STCY +40 — ns |(Note 2)
Byte2
74 TscH2diL, |Hold time of SI%{ata inpnt %% 100 — ns
TscL2diL
75 TdoR SDO gafa ettputXisk time~ \PIC18C601/801 _ 25 | ns
PIC18LC601/801 — 45 ns
76 | TdoF | 550 data Sutput fall fime — 25 | ns
78 TS K OMEpU ris€ time PIC18C601/801 — 25 ns
/E(R}\ (Kastey tnode) PIC18LC601/801 — 45 | ns
79 St'\gc}lz// §Q< output fall time (Master mode) — 25 ns
80 Tsé\gov, SDO data output valid after | PIC18C601/801 _ 50 | ns
TscL2doV | SCK edge PIC18LC601/801 — 100 | ns

Note 1: Requires the use of parameter # 73A.
2: Only if parameter #s 71A and 72A are used.
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FIGURE 22-14: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)

SDI

SDO

Note: Refer to Figure 22-4 for load conditions.

LSb In

TABLE 22-13: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

Pa;\:zm. Symbol Characteristic Min Max | Units | ,Conditions
71 TscH SCK input high time Continuous 1.25Tcy +30 | — | <pd \
71A (Slave mode) Single Byte 40 n~J (Note 1)
72 TscL SCK input low time Continuous 1.25Tcy + 30 é) Lns \
72A (Slave mode) Single Byte a0~ N_ns_ | (Note 1)
73 TdiV2scH, |Setup time of SDI data input to SCK edge 1%& \/ Ny~
TdiV2scL
73A TB28B Last clock edge of Bytel to the 1st clock dg%\ \Q‘}‘\:{W — ns |(Note 2)
of Byte2 <e\
74 TscH2diL, |Hold time of SDI data input to SCK (ﬁ 100 — | ns
TscL2diL
75 TdoR SDO data output rise tim P\:\i&ﬁﬁ(ﬁ@ﬁl — 25 ns
RIC18LE6017801 — 45 | ns
76 TdoF SDO data gu’fpyt\‘gl}\(ime — 25 ns
78 TscR SCK o isedim \P}C)lSC601/801 — 25 ns
(Master ode) PIC18LC601/801 — 45 | ns
79 TscF K putput ALt Master mode) — 25 | ns
80 TscH2do DO daroutput valid after | PIC18C601/801 — 50 | ns
TscLZdo EQ ed PIC18LC601/801 — 100 ns
81 Tdo\%:gr{ SDS-tata output setup to SCK edge Tcy — ns
TdoV

Note 1: Requir\es)the use of parameter # 73A.
2: Only if parameter #s 71A and 72A are used.
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FIGURE 22-15: EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)
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Note: Refer to Figure 22-4 for load conditions.

LSb In
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TABLE 22-14: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING (CKE = 0))

PaNrsm Symbol Characteristic Min Max | Units | Conditions
70 |TssL2scH, |SSL to SCKL or SCK? input Tev — | ns (\
TssL2scL
71 TscH SCK input high time Continuous 1.25Tcy + 30 R A
71A (Slave mode) Single Byte 40 s | (Nbte)
72 |TscL SCK input low time Continuous 1.25Tcrw30 |\ L ns
72A (Slave mode) Single Byte 49\ ns™T(Note 1)
73 TdiV2scH, | Setup time of SDI data input to SCK edge 10 \) ns
TdiV2scL
73A TB2B Last clock edge of Bytel to the 1st clocg,e\dég &B?@E\J\\éTc\ A2 | — ns |(Note 2)
74 TscH2diL, |Hold time of SDI data input IO?K\EX e 0 — ns
TscL2diL N N
75 TdoR SDO data output rise tim \1@&&0\1\(851) — 25 ns
N INI8L$601/801 45 | ns
76 | TdoF SDO data guthut YalNime \ — 25 | ns
77 |TssH2doz |SS7 taSQoGutputhi-mpedancs 10 50 | ns
78 |TscR u)‘p\t:{\tr/% PIC18C601/801 — 25 | ns
mf mied PIC18LC601/801 45 | ns
79 TseF ™\ éc/gzegmt\falhfne (Master mode) — 25 | ns
80 E@;g \Slggda\ta%utputvalid after SCK | PIC18C601/801 —_ 50 | ns
ctzd e PIC18LC601/801 100 ns
83 Tsc)gZigH, SS 1 after SCK edge 15Tcy +40 | — ns
TscL2ssH

Note 1: Requires the use of parameter # 73A.
2: Only if parameter #s 71A and 72A are used.
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FIGURE 22-16:  EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)
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Note: Refer to Figure 22-4 for load conditions.

LSb In

TABLE 22-15: EXAMPLE SPI SLAVE MODE REQUIREMENTS (CKE = 1)

PaNrgm Symbol Characteristic Min Max | Units | Conditions
70 TssL2scH, | SSY to SCKY or SCKT input Tey — | ns
TssL2scL
71 TscH SCK input high time Continuous 1.25Tcy +30 | — ns
71A (Slave mode) Single Byte 40 — | ns |[(Note1l)
72 TscL SCK input low time Continuous 1.25Tcy +30 | — ns
72A (Slave mode) Single Byte 140 — | ns [(Note1)
73A TB2B Last clock edge of Bytel to the 1st clock edge of Byte2 <Q\'I*p( +40 | — ns |(Note 2)
74 TscH2diL, |Hold time of SDI data input to SCK edge ics P00 — ns
TscL2diL NN
75 TdoR SDO data output rise time PIC{/S@Ql\(i{G’P — 25 ns
RICIBNCE01/801 — 45 | ns
76 TdoF SDO data output fall ime NN — 25 | ns
77 [TssH2doz |SST to SDO output hi-impedange\>~ 10 50 | ns
78 TscR SCK output rise tim PIC18C601/801 — 25 ns
(Master mode)(()\@ PIC18LC601/801 — 45 | ns
79 TscF SCK outpetall Yigge{Master mode) — 25 | ns
80 TscH2doV, | SDO data\\@put valid after SCK | PIC18C601/801 — 50 ns
TscL2doV |edge PIC18LC601/801 — 100 | ns
82 TssL2doV |SDO data output valid after SSI | PIC18C601/801 — 50 ns
edge PIC18LC601/901 — 100 | ns
83 TscH2ssH, | SS 7 after SCK edge 1.5Tcy + 40 — ns
TscL2ssH

Note 1: Requires the use of parameter # 73A.
2: Only if parameter #s 71A and 72A are used.
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FIGURE 22-17: I2C BUS START/STOP BITS TIMING
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Condition Condition

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-16: 12C BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)

Pa,\zgﬁw. Symbol Characteristic Min()%x Units Conditions
90 Tsu:sTA | START condition 100 kHz mode [~ 4788 — ns | Only relevant for Repeated
Setup time 400 kHz mode \R 640 — START condition
91 THD:STA | START condition 100 ka@Q@g\X 4000 — ns | After this period, the first
Hold time 40Q kh%\m‘é 600 _ clock pulse is generated
92 Tsu:sTO | STOP condition cf&b\\gﬁ& mode 4700 — ns
Setup time @\&5@ kHz mode 600 —
93 THD:sTO |STOP condﬁ@ 100 kHz mode 4000 — ns
Hold time 400 kHz mode 600 —

FIGURE 22-18: I°C BUS DATA TIMING

103 = . 100
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SDA
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Note: Refer to Figure 22-4 for load conditions.
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TABLE 22-17: 1°C BUS DATA REQUIREMENTS (SLAVE MODE)

Pi‘r:m Symbol Characteristic Min Max Units Conditions
100 THIGH Clock high time 100 kHz mode 4.0 — us PI1C18C601/801 must operate
at a minimum of 1.5 MHz
400 kHz mode 0.6 — us PIC18C601/801 must operate
at a minimum of 10 MHz
SSP Module 1.5Tcy — A
101 TLow Clock low time 100 kHz mode 4.7 — us PICIBCMH\EM operate
at a minfru 1.5 MHz
400 kHz mode 1.3 — us Pﬁ%ﬁgl/ must operate
agd mininum of Hz
SSP module 1.5Tcy — ns '\
102 |TR SDA and SCLrise | 100 kHz mode — 1000 { hs
time 400 kHz mode 20+0.1Cb 300 @ Cb\'{?ecified to be from
/K \1‘9;0 00 pF
103 TF SDAand SCL fall time | 100 kHz mode —\ 300\ [\ n§”
400 kHz mode Zbi\gbi \'\(}\O/ \n§ Cb is specified to be from
10 to 400 pF
90 TSu:STA START condition 100 kHz rao/dé\ 4.\Z >— us Only relevant for Repeated
setup time 400 kA, m\\d& \le _ ps | START condition
91 THD:STA START condition hold | 100 sz\moaq \4)) — us After this period the first clock
time <\/ 400 kH2mdde 0.6 _ us | pulse is generated
106 THD:DAT | Data input bofld 'mé\\l.oo kHz mody 0 — ns
4D0 kH? Wode 0 0.9 us
107 TSU:DAT 'np}s\sﬁ ime \AhQOJ;Hz/mode 250 — ns (Note 2)
LN ) 400 kHz mode 100 — ns
92 Towsto \ |$T6P éa\cm?b{l}et«ﬁ 100 kHz mode 4.7 — us
/\ time™ ™\ 400 kHz mode 0.6 — us
109 ﬁ\e// 6@1( valid from 100 kHz mode _ 3500 | ns |(Notel)
clo 400 kHz mode — — ns
110 T% Bus free time 100 kHz mode 4.7 — us Time the bus must be free
400 kHz mode 1.3 — us before a new transmission can
start
D102 Cb Bus capacitive loading — 400 pF

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of
the falling edge of SCL to avoid unintended generation of START or STOP conditions.
2. Afast mode I2C bus device can be used in a standard mode 12C bus system, but the requirement tsu;DAT > 250 ns must
then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a
device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line.
Before the SCL line is released, TR max. + tsu;DAT = 1000 + 250 = 1250 ns (according to the standard mode 12C bus
specification).

DS39541B-page 288 AdvanceInformation © 2001-2013 Microchip Technology Inc.



PIC18C601/801

FIGURE 22-19: MASTER SSP I2C BUS START/STOP BITS TIMING WAVEFORMS
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Note: Refer to Figure 22-4 for load conditions.

TABLE 22-18: MASTER SSP I°C BUS START/STOP BITS REQUIREMENTS

Pa;\:zm. Symbol Characteristic Min Max | Units Conditions
90 Tsu:STA |START condition 100 kHz mode | 2(Tosc)(BRG + 1) — Only relevant for
Setup time 400 kHz mode | 2(Tosc)(BRG + 1) [| — ns 5;5;:;? START
1 MHz mode® 2(Tosc)(BREHINY —
91 THD:STA |START condition {100 kHz mode 2(Tosc@@@\§® — After this period, the first
Hold time 400 kHz mode @@\c}@ﬁ% +1)| — ns |clock pulse is generated
1 MHz modgW) \g\(irp}é)(BRG +1)| —
92 Tsu:sTo |STOP conditon  |100 k@g\i&@é Y(Tosc)(BRG +1) | —
Setup time MO8 K node | 2(Tosc)(BRG +1) | — | ns
A Wmode(” 2(Tosc)(BRG +1) | —
93 THD:STO |STOP h@% 100 kHz mode | 2(Tosc)(BRG +1) | —
Hold ti@ 400 kHz mode | 2(Tosc)(BRG + 1) — ns
1 MHz mode® | 2(Tosc)(BRG +1)| —
Note 1: Maximum pin capacitance = 10 pF for all 12c pins.
FIGURE 22-20:

MASTER SSP I12C BUS DATA TIMING
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Note: Refer to Figure 22-4 for load conditions.
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TABLE 22-19: MASTER SSP I°C BUS DATA REQUIREMENTS

Pi{:m Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock high time | 100 kHz mode | 2(Tosc)(BRG + 1) — ms
400 kHz mode | 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)BRG+1) | — | ms P
101 |Tow Clock low time | 100 kHz mode | 2(Tosc)BRG+1) | — | ms 1]
400 kHz mode | 2(Tosc)BRG+1) | — | ms |
1 MHz mode® | 2(Tosc)BRG+1) | — | ms |~ \ \
102 |TR SDA and SCL | 100 kHz mode — 1000 | ns cﬁ?p ified to\pe
rise time 400 kHz mode 20 +0.1Cb 300 L~ns 0| 0 400 pF
1 MHz mode(® — 300\ NS
103 TF SDA and SCL 100 kHz mode — \%OO \ns i5specified to be
fall time 400 kHz mode 20 +0.1¢85™~_N\3r0 || g€ ]ffom 10 to 400 pF
1 MHz mode® %Ob\ S
90 Tsu:STA |START condition | 100 kHz mode ;F@Q) \B\R\G\ +\1) ms |Only relevant for
setup time 400 kHz mode_f~2(TOSCONBRG X IN — | ms |Repeated START
1 MHz mpd\e(i\\ \%\(I&S\%X(éﬁé\’el) _ ms | condition
91 THD:STA |START condition | 100 kHz ode \ XTOSQ)(BRG +1) | — | ms |After this period, the first
hold time 400 kHz mbge \g(lggé/)(BRG +1) | — ms |clock pulse is generated
N N\/I\{z mode(’\)/ 2(Tosc)BRG +1) | — ms
106 | THD:DAT |Datainp 100 kNzode 0 — | ns
hold time 400 kgzmode 0 09 [ ms
4}\ LNHz mode® TBD — | ns
107 | TsupaT \Data’inpti 100 kHz mode 250 — ns |(Note 2)
tuQ ti 400 kHz mode 100 — ns
O 1 MHz mode(® TBD — | ns
92 U:STO |STOP condition | 100 kHz mode | 2(Tosc)(BRG + 1) — ms
f\i setup time 400 kHz mode | 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)BRG+1) | — | ms
109 TAA Output valid from | 100 kHz mode — 3500 | ns
clock 400 kHz mode — 1000 | ns
1 MHz mode® — — | ns
110 TBUF Bus free time 100 kHz mode 4.7 — ms |Time the bus must be
400 kHz mode 1.3 — ms |free before a new
1 MHz mode® TBD - ms |transmission can start
D102 |Cb Bus capacitive loading — 400 pF

Note 1: Maximum pin capacitance = 10 pF for all 1’c pins.
2: Afast mode I2C bus device can be used in a standard mode I12C bus system, but parameter #107 > 250 ns
must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit
to the SDA line. Before the SCL line is released, parameter #102 + parameter
#107 = 1000 + 250 = 1250 ns (for 100 kHz mode).
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FIGURE 22-21: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING
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Note: Refer to Figure 22-4 for load conditions.

TABLE 22-20: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pilr:.m Symbol Characteristic (O\{k Min Max |Units| Conditions
120 [TckH2dtV [SYNC XMIT (Master & Slave) D

Clock high to data-out valid R 01/801 — 40 ns
\picisLce01/801 — [ 100 | ns
121 |Tekif Clock out rise time and fau® ™lPIC18C601/801 — 20 | ns
(Master mode) PIC18LC601/801 — 50 ns
122 [Tdtrf Data-out rise ti S@tba\fﬁime PIC18C601/801 — 20 | ns
@ PIC18LC601/801 — 50 | ns

FIGURE 22-22: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RC6/TX/CK ;
pin : 125 ' .
RC7/RX/DT : : ;
pin >< }<

l— 16—

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-21: USART SYNCHRONOUS RECEIVE RE%REMENTS
)

&
Param Symbol Characteristic K% Min Max Units Conditions
No. <\
125 TdtvV2ckl |SYNC RCV (Master &
Data-hold before CK QWP hold time) 10 — ns
126 |TckL2dil | Data-hold afterZR\ADT hold time) 15 — ns

e

© 2001-2013 Microchip Technology Inc. Advance Information DS39541B-page 291




PIC18C601/801

TABLE 22-22: A/D CONVERTER CHARACTERISTICS: PIC18C601/801 (INDUSTRIAL, EXTENDED)
PIC18LC601/801 (INDUSTRIAL)

Pilr:m Symbol Characteristic Min Typ Max Units Conditions
A01 NR Resolution — — 10 bit |VREF = VDD 2 3.0V
— — TBD bit |VREF = VDD < 3.0V
|
A03 EiL Integral linearity error — — <zl LSb | VREF = VDD > 3.0V
— — TBD LSb VREF{VD\
AO4 EbL Differential linearity error — — <#1 LSb
— — TBD L@«K)(ﬁff = VDD
AO05 EFs Full scale error — <zl L§k\ DD > 3.0V
— — B N LSb EF DD < 3.0V
A06 EOFF Offset error — — <zl /% \REF = VDD > 3.0V
— —~ BD VREF = VDD < 3.0V
Al0 |— Monotonicity gga{aﬁ@qu& \J — [vss<van<verer
A20 |VREF Reference voltage 0 \%
A20A (VREFH - VREFL) 3\\ — V | For 10-hit resolution
A21 |VRerH | Reference voltage High \W\\ |AvDD +0.3V| V
A22 |VRerL | Reference voltage Low @\}S\S\\Qzﬁ/\/ — AVDD Y
A25 | VAN Analog input voltage A\<s§—/\®.3 V| — |VREF+03V| V
A30 |ZAaIN Recommend ed of — — 10.0 kQ
analog vol
A40 |laD \;\ 60\14@01 — 180 — pA | Average current
\WCGOJ./SOJ. _ 90 _ pA consumption when
A/D is on!)
A50 /ﬁ@ VR\E@ut\c&rent(z) 10 — 1000 pA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN. To
charge CHOLD, see
Section 17.0.
— — 10 pA | During A/D conversion
cycle.
Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power-down current

spec includes any such leakage from the A/D module.
VREF current is from RA2/AN2/VREF- and RA3/AN3/VREF+ pins or AVDD and AVSs pins, whichever is
selected as reference input.

Vss < VAIN < VREF
The A/D conversion result either increases or remains constant as the analog input increases.
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FIGURE 22-23: A/D CONVERSION TIMING
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Note 1: Ifthe A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts.This allows the
SLEEP instruction to be executed.
2: Thisis a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.

GO

TABLE 22-23: A/D CONVERSION REQUIREMENTS

Pi{sm Symbol Characteristic Min Max | Units Conditions

130 | Tap |A/D clock period PIC18C601/801 1.6 | 200 | ps |Tosc based, VREF > 3.0V
PIC18LC601/801 | 3.0 20(% ps |Tosc based, VREF full range
PIC18C601/801 2.0 ,{eﬁi\ ps  |A/D RC mode
PIC18LC601/801 | 3.0\}/~80 us |A/D RC mode

131 | Tcnv |Conversion time I3 12 TAD

(not including acquisition time)™®) N
132 | TacQ |Acquisition time® 15 — ps  |-40°C < Temp < 125°C
10 — us 0°C < Temp <125°C

135 | Tswc [Switching time from esiVert Ssample — [(Note 4)

136 Tamp  |Amplifier settli ﬁ@ 1 — us |This may be used if the “new”
input voltage has not
changed by more than 1 LSb
(i.e., 5mV @ 5.12V) from the
last sampled voltage (as
stated on CHOLD).

Note 1: ADRES register may be read on the following Tcy cycle.

2: See Section 17.0 for minimum conditions, when input voltage has changed more than 1 LSb.

3: The time for the holding capacitor to acquire the “New” input voltage, when the voltage changes full scale
after the conversion (AVDD to AVss, or AVss to AVDD). The source impedance (Rs) on the input channels is
50Q.

4: On the next Q4 cycle of the device clock.

5: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
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NOTES:
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23.0 DCANDAC
CHARACTERISTICS GRAPHS
AND TABLES

Graphs and Tables are not available at this time.
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NOTES:
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24.0 PACKAGING INFORMATION

24.1 Package Marking Information

64-Lead TQFP Example
MicROCHIP MicROCHIP
XXXXXXXXXX PIC18C601-I/PT
XXXXXXXXXX
XXXXXXXXXX

O YYWWNNN O 0017017

68-Lead PLCC Example
O . O -
Mlcgcl-np Mlcgcl-np
XXXXXXXXXXXXXXXXX PIC18C601-I/L
):9:9.9.9.9.9.9.9.9.9,9.9.:9.9.9.0:¢
):9:9.9.9.9.9.9.9.9.9,9.9.9.9.9.9:¢
XXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXX
YYWWNNN 0017017
80-Lead TQFP Example
MicRocHIP MicRoCcHIP
XXXXXXXXXXXX PIC18C801-I/PT
XXXXXXXXXXXX
YYWWNNN 0017017

®) ©)

Legend: XX..X Customer specific information*
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*  Standard OTP marking consists of Microchip part number, year code, week code, facility code, mask
rev#, and assembly code. For OTP marking beyond this, certain price adders apply. Please check with
your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP price.
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Package Marking Information (Cont’d)

84-Lead PLCC Example
@) O

MicRoOCHIP MicROCHIP

XXXXXKX XXX XXX KXXXX PIC18C801-I/L
XXXXXX XXX XXX XXXXX
XXXXXX XXX XXX XXXXX
XXXXXX XXX XXX XXXXX
XXXXXXXXXXXXXXXXX

YYWWNNN 0017017
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64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging

I E

El

|=— #leads=n1 —=

A RTRA A RRAY

©)

I

2
1

A

UUUUUUUUUUUUUUUH%,
CH x 45°

L. NS
¢ r A2 :|[
Al—
femt— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 64 64
Pitch P .020 0.50
Pins per Side nl 16 16
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ¢ 0 35 7 0 3.5 7
Overall Width E .463 472 482 11.75 12.00 12.25
Overall Length D 463 AT72 482 11.75 12.00 12.25
Molded Package Width E1l .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 394 .398 9.90 10.00 10.10
Lead Thickness c .005 .007 .009 0.13 0.18 0.23
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MS-026
Drawing No. C04-085
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68-Lead Plastic Leaded Chip Carrier (L) — Square (PLCC)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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H 32°

ot
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 68 68

Pitch P .050 1.27

Pins per Side nl 17 17

Overall Height A .165 173 .180 4.19 4.39 4.57
Molded Package Thickness A2 .145 .153 .160 3.68 3.87 4.06
Standoff § Al .020 .028 .035 0.51 0.71 0.89
Side 1 Chamfer Height A3 .024 .029 .034 0.61 0.74 0.86
Corner Chamfer 1 CH1 .040 .045 .050 1.02 1.14 1.27
Corner Chamfer (others) CH2 .000 .005 .010 0.00 0.13 0.25
Overall Width E .985 .990 .995 25.02 25.15 25.27
Overall Length D .985 .990 .995 25.02 25.15 25.27
Molded Package Width E1l .950 .954 .958 24.13 24.23 24.33
Molded Package Length D1 .950 .954 .958 24.13 24.23 24.33
Footprint Width E2 .890 .920 .930 22.61 23.37 23.62
Footprint Length D2 .890 .920 .930 22.61 23.37 23.62
Lead Thickness C .008 .011 .013 0.20 0.27 0.33
Upper Lead Width B1 .026 .029 .032 0.66 0.74 0.81
Lower Lead Width B .013 .020 .021 0.33 0.51 0.53
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010" (0.254mm) per side.

JEDEC Equivalent: MO-047

Drawing No. C04-049
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80-Lead Plastic Thin Quad Flatpack (PT) 12x12x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging

E
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M0000000000 00000000
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CH x 45°

FA

R

T 1—
—]  |—— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 80 80
Pitch P .020 0.50
Pins per Side nl 20 20
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ¢ 0 35 7 0 3.5 7
Overall Width E .541 551 .561 13.75 14.00 14.25
Overall Length D 541 551 .561 13.75 14.00 14.25
Molded Package Width E1l .463 AT72 .482 11.75 12.00 12.25
Molded Package Length D1 463 472 482 11.75 12.00 12.25
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010" (0.254mm) per side.

JEDEC Equivalent: MS
Drawing No. C04-092

-026

© 2001-2013 Microchip Technology Inc.
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84-Lead Plastic Leaded Chip Carrier (L) — Square (PLCC)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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ot
D2
E2
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 68 68

Pitch P .050 1.27

Pins per Side nl 17 17

Overall Height A .165 173 .180 4.19 4.39 4.57
Molded Package Thickness A2 .145 .153 .160 3.68 3.87 4.06
Standoff § Al .020 .028 .035 0.51 0.71 0.89
Side 1 Chamfer Height A3 .024 .029 .034 0.61 0.74 0.86
Corner Chamfer 1 CH1 .040 .045 .050 1.02 1.14 1.27
Corner Chamfer (others) CH2 .000 .005 .010 0.00 0.13 0.25
Overall Width E .985 .990 .995 25.02 25.15 25.27
Overall Length D .985 .990 .995 25.02 25.15 25.27
Molded Package Width E1l .950 .954 .958 24.13 24.23 24.33
Molded Package Length D1 .950 .954 .958 24.13 24.23 24.33
Footprint Width E2 .890 .920 .930 22.61 23.37 23.62
Footprint Length D2 .890 .920 .930 22.61 23.37 23.62
Lead Thickness c .008 .011 .013 0.20 0.27 0.33
Upper Lead Width B1 .026 .029 .032 0.66 0.74 0.81
Lower Lead Width B .013 .020 .021 0.33 0.51 0.53
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-047

Drawing No. C04-093
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APPENDIX A:  DATA SHEET
REVISION HISTORY

Revision A

This is a new data sheet.

APPENDIX B:

DEVICE

DIFFERENCES

The differences between the PIC18C601/801 devices
listed in this data sheet are shown in Table B-1.

. TABLE B-1: DEVICE DIFFERENCES
Revision B (January 2013)
) ) Feature PIC18C601 | PIC18C801
Added a note to each package outline drawing.
Maximum External 256K 2M
Program Memory
(Bytes)
Data Memory (Bytes) 1.5K 1.5K
A/D Channels 8 12
Package TQFP 64-pin 80-pin
Types PLCC 68-pin 84-pin
© 2001-2013 Microchip Technology Inc. Advance Information DS39541B-page 303
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APPENDIX C: DEVICE MIGRATIONS

This section is intended to describe the functional and
electrical specification differences when migrating
between functionally similar devices (such as from a
PIC16C74A to a PIC16C74B).

Not Applicable

APPENDIX D: MIGRATING FROM
OTHER PIC DEVICES

This discusses some of the issues in migrating from
other PIC devices to the PIC18CXXX family of devices.

D.1 PIC16CXXX to PIC18CXXX

See application note AN716.
D.2 PIC17CXXX to PIC18CXXX

See application note AN726.
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APPENDIX E: DEVELOPMENT
TOOL VERSION
REQUIREMENTS

This lists the minimum requirements (software/

firmware) of the specified development tool to support
the devices listed in this data sheet.

MPLAB® IDE: TBD
MPLAB® SIMULATOR: TBD
MPLAB® ICE 3000:

PIC18C601/801 Processor Module:

Part Number - TBD
PIC18C601/801 Device Adapter:
Socket Part Number
64-pin TQFP TBD
68-pin PLCC TBD
80-pin TQFP TBD
84-pin PLCC TBD
MPLAB® ICD: TBD
PRO MATE® II: TBD
PICSTART® Plus: TBD
MPASM™ Assembler: TBD

MPLAB® C18 C Compiler: TBD

Note: Please read all associated README.TXT
files that are supplied with the develop-
ment tools. These "read me" files will dis-
cuss product support and any known
limitations.

© 2001-2013 Microchip Technology Inc. Advance Information
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NOTES:
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A/D Converter Flag (ADIF Bit) .
A/D Converter Interrupt, Configuri
ADCONO Register ...
ADCONL1 Register
ADCONZ2 Register
ADRES Register
Analog Port Pins, Configuring
Associated Registers ..
Block Diagram ...
Block Diagram, Analog Input Model .
Configuring the Module
Conversion Clock (TAD)
Conversion Status (GO/DONE Bit)
Conversions ...

ng

Converter Characteristics 292
Effects of a RESET 206
Equations
Acquisition TIMe ......ccevvviviiiiiiiie e 198
Minimum Charging Time 198

Operation During SLEEP ...
Sampling Requirements
Sampling Time ..............
Special Event Trigger (CCP) ...
Timing Diagram
Absolute Maximum Ratings ...
Access Bank
ADCONO Register

GO/DONE Bit ...
Registers
ADCON2 (A/D Control 2) .......cccevvvvnviiinenennne 195
ADCON1 Register .. .193, 194

ADCON?2 Register ..
ADDLW ...

ADDWF ...

ADDWFC

ADRES Register . .193, 195
AKS 167
Analog-to-Digital Converter. See A/D

ANDLW e 222
ANDWE Lo e 223
Assembler

MPASM Assembler
B

Bank Select Register .
Baud Rate Generator ...

Associated Registers ..
BC ....

Block Diagram ...
Block Diagrams
AID
Baud Rate Generator .
Capture Mode Operation ...
Compare Mode Operation 144
Interrupt Logic
Low Voltage Detect ....
MSSP
1°C Mode ...
SPI Mode ...
On-Chip Reset Circuit, Simplified ...........cccocovviiiinns 29

Phase LOCK LOOP ....cccoovviiiiiiiiiiiiiiicciccni s 23
PORTA

RA3:RA0 and RA5 Pins

RA4/TOCKI Pin
PORTB

RB3 Pin

RB3:RBO Port Pins ...

RB7:RB4 Port Pins ...
PORTC
PORTD

1/0 Mode

System Bus Mode
PORTD (In I/O Port Mode) .........ccccevvvieiiniiiiinininins 124
PORTE

1/0 Mode

System Bus Mode
PORTF

RF2:RFO Pins

RF5:RF3 Pins

RF7:RF6 Pins
PORTG

1/0 Mode ...

System Bus Mode
PORTH

RH3:RHO Pins (/0O Mode)

RH3:RHO Pins (System Bus Mode)

RH7:RHA PiNS ..ot
PORTJ

1/0 Mode ...

System Bus Mode ..
Simplified PWM Diagram ..
SSP (SPIMOUE) ..vviviieiiiie it
Timer0

16-bit Mode ...

8-bit Mode
Timerl ...

16-bit R/W Mode .
Timer2
Timer3

16-bit R/W Mode
USART

Asynchronous Receive ....

Asynchronous Transmit ...
Watchdog Timer

BSR. See Bank Select Register.
BTFSC .
BTFSS .
BTG
Bus
Bus Collision During a RESTART Condition ...
Bus Collision During a START Condition
Bus Collision During a STOP Condition .
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C

CALL
Capture (CCP Module)
Block Diagram ....
CCP Pin Configuration ..
CCPR1H:CCPRI1L Registers .
Changing Between Capture Prescalers ....
Software Interrupt
Timerl Mode Selection
Capture/Compare/PWM (CCP) ..
Capture Mode. See Capture
CCP1
CCPR1H Register
CCPRIL Register
CCP2
CCPR2H Register
CCPR2L Register
Compare Mode. See Compare
Interaction of Two CCP Modules ..........cccooevevveineenne 142
PWM Mode. See PWM
Registers Associated with Capture
and Compare
Timer Resources
Timing Diagram
Chip Select
Chip Select 2 (CS2) ...
Chip Select I/O (CSIO)
Chip Selects
Chip Select 1 (CS1)
Clocking Scheme
CLRF ......
CLRWDT .
Code Examples
Changing Between Capture Prescalers ....
Clearing RAM Using Indirect Addressing .
Combination Unlock (Macro) ........
Combination Unlock (Subroutine) .
Fast Register Stack ...
Initializing PORTA
Initializing PORTB ..
Initializing PORTC ..
Initializing PORTD ..
Initializing PORTE
Initializing PORTF ..
Initializing PORTG ..
Initializing PORTH ..
Initializing PORTJ
Programming Chip Select Signals ...
Saving STATUS, WREG and BSR Registers

Table Read ... .75
Table Write L 77
COMF

Compare (CCP Module) .
Block Diagram
CCP Pin Configuration ..
CCPR1H:CCPRIL Registers .
Software Interrupt .........
Special Event Trigger ...
Timerl Mode Selection

Configuration Address Map, Example ..

Configuration Bits ...
Table ..o

Context Saving During Interrupts

CPFSEQ .

CPFSGT ..

CPFSLT

D

Data Memory
General Purpose Registers .
Special Function Registers

Data Memory Map
Program Bit NOt Set ........cccooeiieiiieieeeece e 51
Program Bit Set ...

DAW

DC and AC Characteristics Graphs and Tables ...

DCFSNZ ...

DECF ..

DECFSZ ...

Development Support ..

Development Tool Version Reqwrements

Device Differences

Device Migrations

Direct Addressing

E

Electrical Characteristics
Errata .....
External Wait Cycles ...

F

Fast Register Stack
Firmware Instructions

G

General Call Address Sequence
General Call Address Support ..
GOTO

1/0 Mode ...
1/0 Ports ...
12C (SSP Module)
ACK Pulse ..
Addressing ....
Block Diagram o
Read/Write Bit Information (R/W Bit)
Reception
Serial Clock (RC3/SCK/SCL) .
Slave Mode
Timing Diagram, Data
Timing Diagram, START/STOP Bits
Transmission
12C Master Mode Reception ..
12C Master Mode RESTART Condition ....
12C Module
Acknowledge Sequence TiMiNg ......ccccceeeeriereennnens 170
Baud Rate Generator
Block Diagram ...
BRG Reset due to SDA Collision .
BRG Timing
Bus Collision
Acknowledge
RESTART Condition ...
RESTART Condition Timing (Casel) ...
RESTART Condition Timing (Case2) ...
START Condition
START Condition Timing
STOP Condition
STOP Condition Timing (Casel) .
STOP Condition Timing (Case2) ....
Transmit Timing
Bus Collision Timing ..
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Clock Arbitration
Clock Arbitration Timing (Master Transmit)
General Call Address Support ....
Master Mode 7-bit Reception Timing
Master Mode Operation
Master Mode START Condition
Master Mode Transmission
Master Mode Transmit Sequence ....
Multi-Master Mode .........ccccoeeveeeeee.
Repeated START Condition Timing .
STOP Condition Receive or Transmit Timing
STOP Condition TiMiNG ......cccocvviiiiiiiiiiiis i
Waveforms for 7-bit Reception
Waveforms for 7-bit Transmission ...
ICEPIC In-Circuit Emulator ...
INCF ...
INCFSZ
In-Circuit Serial Programming (ICSP) ...
Indirect Addressing
FSR Register ..
INFSNZ ...............
Initialization Conditions for All Registers
Instruction Cycle .................
Instruction Flow/Pipelining ..
Instruction Format ..
Instruction Set
ADDLW ...
ADDWF ...
ADDWEFC .

CPFSLT ...
DAW
DCFSNZ
DECF ...
DECFSZ

Instruction Set, Summary

INT Interrupt (RBO/INT). See Interrupt Sources

INTCON Register
RBIF Bt oot 105

Inter-Integrated Circuit. See 12C

Interrupt Control Registers
INTCON Register .....
INTCONZ2 Register ...
INTCONS3 Register ...
IPR Registers
PIE Registers ...
PIR Registers .
RCON Register .

Interrupt Sources
A/D Conversion Complete ....
Capture Complete (CCP)
Compare Complete (CCP) ...
Interrupt-on-Change (RB7:RB4) .
RBO/INT Pin, External ..............
SSP Receive/Transmit Complete ...
TMRO Overflow .
TMR1 Overflow .
TMR2 to PR2 Match
TMR2 to PR2 Match (PWM)
TMR3 Overflow .
USART Receive/Transmit Complete ....

Interrupts, Enable Bits
CCP1 Enable (CCPLIE Bit) ....cccccvvvereerierencreieieene 143

Interrupts, Flag Bits
A/D Converter Flag (ADIF Bit) ..
CCP1 Flag (CCP1IF Bit)
Interrupt-on-Change (RB7:RB4) Flag

(RBIF Bit) ...
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K

KEeeLoQ Evaluation and Programming Tools ................... 262

L

LFSR
Loading the SSPBUF (SSPSR) Registers
Low Voltage Detect
Block Diagram .
LVDCON Register
LVD. See Low Voltage Detect.

M

MEMCOM. See Memory Control Register
MEMOTY ..o
Memory Control Register (MEMCOM) ..
Memory Organization
Data Memory
Program Memory
Migrating from other PIC Devices
MOVF
MOVFF ...
MOVLB ...
MOVLW ...
MOVWF
MPLAB C17 and MPLAB C18 C Compilers
MPLAB ICD In-Circuit Debugger ...
MPLAB ICE High Performance Universal

In-Circuit Emulator with MPLAB IDE ..........ccccceeneen. 260
MPLAB Integrated Development
Environment Software ...........ccceveiiiiiniiineiiieeee 259

MPLINK Object Linker/MPLIB Object Librarian
MULLW
Multi-Master Mode ...
Multiplication Algorithm

16 X 16 SIGNEA ..ooveeiiieeeie e 86

16 X 16 UNnsigned ........cccccevviiiiiiininis s 86
Multiply Examples

16 x 16 Signed Routine

16 x 16 Unsigned Routine

8 x 8 Signed Routine ....

8 x 8 Unsigned Routine
MULWF

N
NEGF ..o 243
NOP et 243
O

On-Chip Reset Circuit
OPTION_REG Register ..
PS2:PS0 Bits ...
PSA Bit
TOCS Bit ...

OSCCON Register ...
Oscillator Configuration
Oscillator Configurations .

HS ...

Oscillator, Timerl
Oscillator, Timer3 ..
Oscillator, WDT

=]

Packaging ..o 297
Phase Lock Loop
Block Diagram
Time-out
PICDEM 1 Low Cost PIC MCU
Demonstration Board
PICDEM 17 Demonstration Board ....
PICDEM 2 Low Cost PIC16CXX
Demonstration Board ...........cccoceceeeeierenienieieeenns 261
PICDEM 3 Low Cost PIC16CXXX
Demonstration Board .........c.ccoceeeeerierenienieiieeenns 262
PICSTART Plus Entry Level
Development Programmer ...........cccocoovieiinninennn. 261
Pin Functions
AVDD ...
Avss ...
MCLR/VPP ..
OSC1/CLKI ....
OSC2/CLKO ..
RAO/ANO ...
RA1/AN1 ...
RA2/AN2/VREF- ...
RA3/AN3/VREF+
RA4/TOCKI
RAS5/AN4/SS/LVDIN ..
RBO/INTO
RB1/INT1 ....
RB2/INT2
RB3/INT3

RCO/T10SO/T1CKI
RC1/T108SI ...
RC2/CCP1 ..
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RCBITXI/CK ...
RC7/RX/DT ...
RDO/ADO ...
RDO/PSPO ..
RD1/AD1 ...
RD2/AD2 ...
RD3/AD3 ...
RD4/AD4
RD5/AD5
RD6/AD6
RD7/AD7 ...
REO/ALE ..
RE1/OE ...
RE2/CS ...
RE2/WRL
RE3/WRH
RE4 ...

RE7/CCP2 ..
RFO/AN5 ..
RF1/ANG ..
RF2/AN7 ..
RF3/ANS ..
RF4/AN9 ..
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RF5/AN10 ...
RF6/AN11
RF7 .
RGO/CANTXl .
RG1/CANTX2 ...
RG2/CANRX ..

RH1/A17
RH2/A18 ..
RH3/A19 ..
RH4/AN12 ..
RH5/AN13 ..
RH6/AN14 ..
RH7/AN15 ..
RJO/ADS ..
RJ1/AD9
RJ2/AD10 ...
RJ3/AD11 ...
RJ4/AD12 ...
RJ5/AD13
RJ6/AD14
RJ7/AD15
VDD
Vss .
POP
POR. See Power-on Reset
PORTA
Associated Registers
Block Diagram
RA3:RA0 and RA5 PiNS .....c.ccoceevieniicriiiiiens 103
RA4/TOCKI Pin ...
Functions
Initialization
PORTA Register
TRISA Register ..
PORTB

Associated RegISters .........coceeveeniierienieaieee e 107
Block Diagram
RB3 PN oottt 106

RB3:RBO Port Pins ...

RB7:RB4 Port Pins
Functions
Initialization
PORTB Register .........
RBO/INT Pin, External .............................................
RB7:RB4 Interrupt-on- Change Flag (RBIF Bit)
TRISB Register

PORTC
Associated RegISters .........coceeveeriienienieieeee e 109
Block Diagram
Functions
Initialization
PORTC Register
RC3/SCK/SCL Pin
RC7/RX/DT Pin .
TRISC Register ...
PORTD

Associated RegiSters ..........ccccvevviiiiiiiiiiiiiieines 112
Block Diagram

1/0 Mode

System Bus Mode .
Functions ...
Initialization .
PORTD Register ...
TRISD Register ...

107
105

.108

.160
.. 179
177

PORTE
Associated RegiSters .........ccoceveerierieenienneeeeneens 115
Block Diagram
1/0 Mode .. 113
System Bus Mode
Functions
Initialization . .. 113

.. 113

PORTE Register ... .
.. 113

TRISE Register
PORTF
Associated Registers ...........ccccvviiiiiiiiiiniiiiins 118
Block Diagram
RF2:RFO Pins
RF5:RF3 Pins
RF7:RF6 Pins ...
Functions
Initialization .
PORTF Register
TRISF
PORTG
Associated Registers
Block Diagram
System Bus Mode
Functions
Initialization
PORTG Register
TRISG ittt
PORTH
Associated Registers
Block Diagram
Functions
Initialization
PORTH Register
TRISH o
PORTJ
Associated Registers
Block Diagram
1O MOAE ..o
System Bus Mode
Functions
Initialization
PORTJ Register
TRISJ
Postscaler, WDT
Assignment (PSA Bit) ...cooeoeeveiieieeeeeee e
Rate Select (PS2:PS0 Bits)
Switching Between TimerO and WDT ..
Power-down Mode. See SLEEP
Power-on Reset (POR)
Oscillator Start-up Timer (OST) ..
Power-up Timer (PWRT) ...
Time-out Sequence
Time-out Sequence on Power-up
Timing Diagram .
Prescaler, Capture .
Prescaler, Timer0 ...
Assignment (PSA Bit)
Rate Select (PS2:PS0 Bits)
Switching Between TimerO and WDT ..
Prescaler, Timerl .
Prescaler, Timer2 .
PRO MATE II Unrversal Devrce Programmer
Product Identification System

.. 123
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Program Counter
PCL Register
PCLATH Register

Program Memory .....
Boot Loader
Memory Map, PIC18C601

Program Bit Not Set ..........ccoovviiiiiiiiiiiiiics 40
Program Bit Set ......cccooveiiiieiie e 41
Memory Map, PIC18C801
Program Bit Not Set ....
Program Bit Set

Program Memory Map

PIC18C601
Program Bit Set .
PIC18C801
Program Bit Set .

Programming, Device Instructions .

PUSH

PWM (CCP Module) ...
Block Diagram
CCPR1H:CCPRI1L Registers .
Duty Cycle .......
Example Frequencies/Resolutions
Output Diagram
Period
Registers Associated with PWM
Setup for PWM Operation ...
TMR2 to PR2 Match

Q

Q CIOCK ittt e 146

R

RAM. See Data Memory
RCALL oo 245
RCSTA Register
SPEN Bit
Reader Response .
Register File ....
Register File Summary ..
Registers
ADCONO (A/D Control 0)
ADCONL1 (A/D Control 1) ....
CCP1CON and CCP2CON (CCP Control) ..
CONFIG1H (Configuration Register 1 High)
CONFIG2H (Configuration Register 2 High) ...
CONFIG2L (Configuration Register 2 Low) .
CONFIGAL (Configuration Register 4 Low) .
CSEL2 (Chip Select 2)
CSELIO (Chip Select 1/0)
INTCON (Interrupt Control) .
INTCON2 (Interrupt Control 2)
INTCONS (Interrupt Control 3) ...
IPR (Interrupt Priority)
LVDCON (LVD Control)
MEMCON (Memory Control)
OSCCON (Oscillator Control)
PIE (Peripheral Interrupt Enable) ..
PIR (Peripheral Interrupt Request)
PSPCON (PSP Control)
RCON (Register Control) ....
RCON (RESET Control)

RCSTA (Receive Status and Control) .
SSPCONL (SSP Control 1) .......
SSPCON2 (SSP Control 2) ..
SSPSTAT (SSP Status)
STATUS
STKPTR (Stack Pointer)
TOCON (Timer0 Control)
T1CON (Timerl Control)
T2CON (Timer2 Control) ..
T3CON (Timer3 Control) ..
TXSTA (Transmit Status and Control) .
WDTCON (Watchdog Timer Control)
RESET
Timing Diagram ...
RETFIE
RETLW ..
RETURN ..
Revision History
RH3:RHO Pins (I/O Mode) .
RH3:RHO Pins (System Bus Mode) ..
RH7:RH4 Pins
RLCF ..
RLNCF

Sales and SUPPOIT ...cveeiieee e 317
SCI. See USART
SCK ...

Serial Clock, SCK

Serial Communication Interface. See USART
Serial Data In, SDI
Serial Data Out, SDO ..
Serial Peripheral Interface. See SPI

SET R ot
Slave Select Synchronization ...

Slave Select, SS .
SLEEP ...
Software Simulator (MPLAB SIM)
Special Event Trigger. See Compare
Special Features of the CPU
Special Function Register Map .
Special FUNCtion REJISLEIS ......oooveiieiieiie e
SPI

Associated RegISters ........cccoveriieeierieeienie e 158
Master Mode
Serial Clock
Serial Data In
Serial Data Out .
Slave Select
SPI Clock
SPI Mode ....
Module

Slave MO ......oooiiiiiiiiiiicie e
Slave Select Synchronization ....
Slave Synch Timing .............
Slave Timing with CKE =0 ..
Slave Timing with CKE = 1

SP
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Block Diagram
SPI Mode ...
Block Diagram (SPI Mode)
12C Mode. See I°C
SPIMOGE ittt 153
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

« General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

« Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

 Local Sales Office

« Field Application Engineer (FAE)

 Technical Support

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://microchip.com/support
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:  Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16xxxxxx family Literature Number: DS39541B

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Examples:

PIC18LC601 - I/L = Industrial temp., PLCC
package, Extended VDD limits, 16-bit data bus.
PIC18LC801 - E/PT = Extended temp., TQFP
package, Extended VDD limits, 16-bit data bus.

VDD range, 4.2V to 5.5V
PIC18LC601/801(M), PIC18LC601/801T?)
VDD range, 2.5V to 5.5V

-40°C to +70°C (Industrial)

Temperature Range |
E -40°C to +125°C (Extended)

Special Requirements. Blank for OTP and
Windowed devices.

PART NO. 2({ /Txg XXX
) a)
Device Temperature Package Pattern
Range b)
Device PIC18C601/801Y, PIC18C601/801T():

Package PT = TQFP Note 1: C =
L = PLCC LC=
2. T=
Pattern QTP, SQTP, ROM Code (factory specified) or

Standard Voltage Range
Wide Voltage Range

In tape and reel (both PLCC and
TQFP packages)

SALES AND SUPPORT

Data Sheets

1.  Your local Microchip sales office
2. The Microchip Worldwide Site (www.microchip.com)

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= [SO/TS 16949=

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC*2 logo, rfPIC, SST, SST Logo, SuperFlash
and UNI/O are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.
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MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
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Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICKkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQI, Serial Quad I/0,
Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
inthe U.S.A.

GestIC and ULPP are registered trademarks of Microchip
Technology Germany Il GmbH & Co. & KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2001-2013, Microchip Technology Incorporated, Printed in
the U.S.A., All Rights Reserved.

C:} Printed on recycled paper.
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Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
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analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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Tel: 480-792-7200
Fax: 480-792-7277
Technical Support:
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support
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www.microchip.com
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Tel: 678-957-9614
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Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075
Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260
Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

© 2001-2013 Microchip Technology Inc.

DS39541B-page 322

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu

Tel: 86-28-8665-5511
Fax: 86-28-8665-7889
China - Chongqging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-2819-3187
Fax: 86-571-2819-3189

China - Hong Kong SAR
Tel: 852-2943-5100
Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

Advance Information

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Osaka

Tel: 81-6-6152-7160
Fax: 81-6-6152-9310
Japan - Tokyo

Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771
Korea - Daegu

Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934
Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7828
Fax: 886-7-330-9305
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820

11/29/12


http://support.microchip.com
http://www.microchip.com

Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Microchip:

PIC18LC601-I/L PIC18LC801-I/L PIC18C801T-I/L PIC18C601T-l/L PIC18C801-/PT PIC18C601-I/PT
PIC18LC801-I/PT PIC18LC601-I/PT PIC18C601T-I/PT PIC18C601-l/L PIC18LC601T-I/L PIC18LC801T-I/L
PIC18C801-l/L PIC18C801T-/PT PIC18LC801T-I/PT PIC18LC601T-I/PT



http://www.mouser.com/microchip
http://www.mouser.com/access/?pn=PIC18LC601-I/L
http://www.mouser.com/access/?pn=PIC18LC801-I/L
http://www.mouser.com/access/?pn=PIC18C801T-I/L
http://www.mouser.com/access/?pn=PIC18C601T-I/L
http://www.mouser.com/access/?pn=PIC18C801-I/PT
http://www.mouser.com/access/?pn=PIC18C601-I/PT
http://www.mouser.com/access/?pn=PIC18LC801-I/PT
http://www.mouser.com/access/?pn=PIC18LC601-I/PT
http://www.mouser.com/access/?pn=PIC18C601T-I/PT
http://www.mouser.com/access/?pn=PIC18C601-I/L
http://www.mouser.com/access/?pn=PIC18LC601T-I/L
http://www.mouser.com/access/?pn=PIC18LC801T-I/L
http://www.mouser.com/access/?pn=PIC18C801-I/L
http://www.mouser.com/access/?pn=PIC18C801T-I/PT
http://www.mouser.com/access/?pn=PIC18LC801T-I/PT
http://www.mouser.com/access/?pn=PIC18LC601T-I/PT

	1.0 Device Overview
	2.0 Oscillator Configurations
	2.1 Oscillator Types
	2.2 Crystal Oscillator/Ceramic Resonators
	2.3 RC Oscillator
	2.4 External Clock Input
	2.5 HS4 (PLL)
	2.6 Oscillator Switching Feature
	2.6.1 System clock switch bit
	2.6.2 Oscillator Transitions
	2.6.3 SCS0, SCS1 Priority

	2.7 Effects of Sleep Mode on the On-Chip Oscillator
	2.8 Power-up Delays

	3.0 Reset
	3.1 Power-on Reset (POR)
	3.2 Power-up Timer (PWRT)
	3.3 Oscillator Start-up Timer (OST)
	3.4 PLL Lock Time-out
	3.5 Time-out Sequence

	4.0 Memory Organization
	4.1 Program Memory Organization
	4.1.1 “BOOT RAM” program memory
	4.1.2 BOOT loader

	4.2 Return Address Stack
	4.2.1 Top-Of-Stack Access
	4.2.2 Return Stack Pointer (STKPTR)
	4.2.3 PUSH and POP instructions
	4.2.4 Stack Full/Underflow Resets

	4.3 Fast Register Stack
	4.4 PCL, PCLATH and PCLATU
	4.5 Clocking Scheme/Instruction Cycle
	4.6 Instruction Flow/Pipelining
	4.7 Instructions in Program Memory
	4.7.1 Two-Word Instructions

	4.8 Lookup Tables
	4.8.1 Computed GOTO
	4.8.2 Table reads/Table writes

	4.9 Data Memory Organization
	4.9.1 General purpose Register File
	4.9.2 Special Function Registers
	4.9.3 Secured Access Registers

	4.10 Access Bank
	4.11 Bank Select Register (BSR)
	4.12 Indirect Addressing, INDF and FSR Registers
	4.12.1 Indirect Addressing Operation

	4.13 STATUS Register
	4.14 RCON Register

	5.0 External Memory Interface
	5.1 Memory Control Register (MEMCON)
	5.2 8-bit Mode
	5.2.1 8-bit MULTIPLEXED Mode
	5.2.2 8-bit De-multiplexed Mode

	5.3 16-bit Mode
	5.3.1 16-bit BYTE WRITE Mode
	5.3.2 16-bit word WRITE Mode
	5.3.3 16-bit byte select Mode
	5.3.4 16-bit Mode CONTROL SIGNALS
	5.3.5 16-bit Mode TIMING

	5.4 Chip Selects
	5.4.1 Chip Select 1 (CS1)
	5.4.2 Chip select 2 (CS2)
	5.4.3 Chip Select I/O (CSIO)

	5.5 External Wait Cycles

	6.0 Table Reads/Table Writes
	6.1 Control Registers
	6.1.1 TABLAT - TABLE LATCH REGISTER
	6.1.2 TBLPTR - Table Pointer Register

	6.2 Table Read
	6.3 Table Write
	6.3.1 8-BIT EXTERNAL TABLE WRITES
	6.3.2 16-BIT EXTERNAL TABLE WRITE (BYTE WRITE MODE)
	6.3.3 External Table Write in 16-bit Word Write Mode
	6.3.4 16-BIT EXTERNAL TABLE WRITE (BYTE SELECT MODE)

	6.4 Long Writes
	6.5 External Wait Cycles

	7.0 8 X 8 Hardware Multiplier
	7.1 Operation

	8.0 Interrupts
	8.1 Control Registers
	8.1.1 INTCON Registers
	8.1.2 PIR Registers
	8.1.3 PIE Registers
	8.1.4 IPR RegisterS
	8.1.5 RCON Register
	8.1.6 INT Interrupts
	8.1.7 TMR0 Interrupt
	8.1.8 PORTB Interrupt-on-Change

	8.2 Context Saving During Interrupts

	9.0 I/O Ports
	9.1 PORTA, TRISA and LATA Registers
	9.2 PORTB, TRISB and LATB Registers
	9.3 PORTC, TRISC and LATC Registers
	9.4 PORTD, TRISD and LATD Registers
	9.5 PORTE, TRISE and LATE Registers
	9.6 PORTF, LATF, and TRISF Registers
	9.7 PORTG, LATG, and TRISG Registers
	9.8 PORTH, LATH, and TRISH Registers
	9.9 PORTJ, LATJ, and TRISJ Registers

	10.0 Timer0 Module
	10.1 Timer0 Operation
	10.2 Prescaler
	10.2.1 Switching Prescaler Assignment

	10.3 Timer0 Interrupt
	10.4 16-Bit Mode Timer Reads and Writes

	11.0 Timer1 Module
	11.1 Timer1 Operation
	11.2 Timer1 Oscillator
	11.3 Timer1 Interrupt
	11.4 Resetting Timer1 using a CCP Trigger Output
	11.5 Timer1 16-Bit Read/Write Mode

	12.0 Timer2 Module
	12.1 Timer2 Operation
	12.2 Timer2 Interrupt
	12.3 Output of TMR2

	13.0 Timer3 Module
	13.1 Timer3 Operation
	13.2 Timer1 Oscillator
	13.3 Timer3 Interrupt
	13.4 Resetting Timer3 Using a CCP Trigger Output

	14.0 Capture/Compare/PWM (CCP) Modules
	14.1 CCP1 Module
	14.2 CCP2 Module
	14.3 Capture Mode
	14.3.1 CCP pin Configuration
	14.3.2 Timer1/Timer3 Mode Selection
	14.3.3 Software Interrupt
	14.3.4 CCP Prescaler

	14.4 Compare Mode
	14.4.1 CCP Pin Configuration
	14.4.2 timer1/Timer3 Mode Selection
	14.4.3 Software Interrupt Mode
	14.4.4 Special Event Trigger

	14.5 PWM Mode
	14.5.1 PWM period
	14.5.2 PWM Duty Cycle
	14.5.3 SetUp for PWM Operation


	15.0 Master Synchronous Serial Port (MSSP) Module
	15.1 Master SSP (MSSP) Module Overview
	15.2 Control Registers
	15.3 SPI Mode
	15.3.1 Operation
	15.3.2 Enabling SPI I/O
	15.3.3 Master Mode
	15.3.4 Slave Mode
	15.3.5 Slave Select Synchronization
	15.3.6 Sleep Operation
	15.3.7 Effects of a Reset
	15.3.8 Bus Mode Compatibility

	15.4 MSSP I2 C Operation
	15.4.1 SLAVE Mode
	15.4.1.1 Addressing
	15.4.1.2 Reception
	15.4.1.3 Transmission

	15.4.2 General Call Address Support
	15.4.3 Master Mode
	15.4.4 I2C Master Mode Support
	15.4.4.1 I2C Master Mode Operation

	15.4.5 Baud Rate Generator
	15.4.6 I2C Master Mode Start Condition Timing
	15.4.6.1 WCOL Status Flag

	15.4.7 I2C Master Mode Repeated Start Condition Timing
	15.4.7.1 WCOL Status Flag

	15.4.8 I2C Master Mode Transmission
	15.4.8.1 BF Status Flag
	15.4.8.2 WCOL Status Flag
	15.4.8.3 ACKSTAT Status Flag

	15.4.9 I2C Master Mode Reception
	15.4.9.1 BF Status Flag
	15.4.9.2 SSPOV Status Flag
	15.4.9.3 WCOL Status Flag

	15.4.10 Acknowledge Sequence Timing
	15.4.10.1 WCOL Status Flag

	15.4.11 Stop Condition Timing
	15.4.11.1 WCOL Status Flag

	15.4.12 Clock Arbitration
	15.4.13 Sleep Operation
	15.4.14 Effect of a Reset
	15.4.15 Multi-Master Mode
	15.4.16 Multi -Master Communication, Bus Collision, and Bus Arbitration
	15.4.16.1 Bus Collision During a START Condition
	15.4.16.2 Bus Collision During a Repeated START Condition
	15.4.16.3 Bus Collision During a STOP Condition



	16.0 Addressable Universal Synchronous Asynchronous Receiver Transmitter (USART)
	16.1 USART Baud Rate Generator (BRG)
	16.1.1 SAMPLING

	16.2 USART Asynchronous Mode
	16.2.1 USART Asynchronous Transmitter
	16.2.2 USART Asynchronous Receiver
	16.2.3 Setting up 9-bit mode with address detect

	16.3 USART Synchronous Master Mode
	16.3.1 USART Synchronous Master Transmission
	16.3.2 USART Synchronous Master Reception

	16.4 USART Synchronous Slave Mode
	16.4.1 USART Synchronous Slave Transmit
	16.4.2 USART Synchronous Slave Reception


	17.0 10-bit Analog-to-Digital Converter (A/D) Module
	17.1 A/D Acquisition Requirements
	17.2 Selecting the A/D Conversion Clock
	17.3 Configuring Analog Port Pins
	17.4 A/D Conversions
	17.5 Use of the CCP2 Trigger

	18.0 Low Voltage Detect
	18.1 Control Register
	18.2 Operation
	18.2.1 Reference Voltage Set Point
	18.2.2 Current Consumption

	18.3 External Analog Voltage Input
	18.4 Operation During SLEEP
	18.5 Effects of a RESET

	19.0 Special Features of the CPU
	19.1 Configuration Bits
	19.2 Watchdog Timer (WDT)
	19.2.1 Control Register
	19.2.2 WDT Postscaler

	19.3 Power-down Mode (SLEEP)
	19.3.1 Wake-up from SLEEP
	19.3.2 Wake-Up Using Interrupts


	20.0 Instruction Set Summary
	20.1 Instruction Set

	21.0 Development Support
	21.1 MPLAB Integrated Development Environment Software
	21.2 MPASM Assembler
	21.3 MPLAB C17 and MPLAB C18 C Compilers
	21.4 MPLINK Object Linker/ MPLIB Object Librarian
	21.5 MPLAB SIM Software Simulator
	21.6 MPLAB ICE High Performance Universal In-Circuit Emulator with MPLAB IDE
	21.7 ICEPIC In-Circuit Emulator
	21.8 MPLAB ICD In-Circuit Debugger
	21.9 PRO MATE II Universal Device Programmer
	21.10 PICSTART Plus Entry Level Development Programmer
	21.11 PICDEM 1 Low Cost PIC MCU Demonstration Board
	21.12 PICDEM 2 Low Cost PIC16CXX Demonstration Board
	21.13 PICDEM 3 Low Cost PIC16CXXX Demonstration Board
	21.14 PICDEM 17 Demonstration Board
	21.15 KeeLoq Evaluation and Programming Tools

	22.0 Electrical Characteristics
	22.1 DC Characteristics
	22.2 DC Characteristics: PIC18C801 (Industrial, Extended) PIC18LC601/801 (Industrial)
	22.3 AC (Timing) Characteristics
	22.3.1 Timing Parameter Symbology
	22.3.2 Timing Conditions
	22.3.3 Timing Diagrams and Specifications


	23.0 DC and AC Characteristics Graphs and Tables
	24.0 Packaging Information
	24.1 Package Marking Information

	Appendix A: Data Sheet Revision History
	Appendix B: Device Differences
	Appendix C: Device Migrations
	Appendix D: Migrating from other PIC Devices
	Appendix E: Development Tool Version Requirements
	INDEX
	A
	B
	C
	D
	E
	F
	G
	I
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	W
	X
	The Microchip Web Site
	Customer Change Notification Service
	Customer Support
	Reader Response

	Product Identification System
	Corporate Office
	Atlanta
	Boston
	Chicago
	Cleveland
	Fax: 216-447-0643
	Dallas
	Detroit
	Indianapolis
	Toronto
	Fax: 852-2401-3431
	Australia - Sydney
	China - Beijing
	China - Shanghai
	India - Bangalore
	Korea - Daegu
	Korea - Seoul
	Singapore
	Taiwan - Taipei
	Fax: 43-7242-2244-393
	Denmark - Copenhagen
	France - Paris
	Germany - Munich
	Italy - Milan
	Spain - Madrid
	UK - Wokingham
	Worldwide Sales and Service


