To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Overview

The M16C/62P group of single-chip microcomputers are built using the high-performance silicon gate
CMOS process using a M16C/60 Series CPU core and are packaged in a 100-pin and 128-pin plastic
molded QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high
level of instruction efficiency. With 1M bytes of address space, they are capable of executing instructions at
high speed. In addition, this microcomputer contains a multiplier and DMAC which combined with fast
instruction processing capability, makes it suitable for control of various OA, communication, and industrial
equipment which requires high-speed arithmetic/logic operations.

Applications
Audio, cameras, office/communications/portable/industrial equipment, etc
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Specifications written in this manual are believed to be accurate, but are
not guaranteed to be entirely free of error. Specifications in this manual
may be changed for functional or performance improvements. Please make
sure your manual is the latest edition.
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M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline
Table 1.1.1 lists performance outline of M16C/62P group.

Table 1.1.1. Performance outline of M16C/62P group

Item

Performance

Number of basic instructions

91 instructions

Shortest instruction execution time

41.7 ns (f(BCLK)= 24MHz, Vcci= 3.0V to 5.5V)
100 ns (f(BCLK)= 10MHz, Vcci= 2.7V to 5.5V)

PO to P10 (except P8s)

Memory ROM (See the product list)
capacity RAM (See the product list)
1/O port 100-pin version 8 bits x 10, 7 bits x 1 | PO to P5: VVcc2 ports

P6 to P10: Vcc1 ports

128-pin version
PO to P14 (except P8s)

8 bits x 13, 7 bits x 1, PO to P5, P12, P13: Vcc2 ports
2 bitsx 1 P6 to P10, P11, P14: Vcci ports

Input port P8s

1 bit x 1 (NMI pin level judgment): Vcc1 ports

Multifunction timer
Output
Input

16 bits x 5 channels (TAO, TA1, TA2, TA3, TA40)
16 bits x 6 channels (TBO, TB1, TB2, TB3, TB4, TB5)

Serial I/0

3 channels (UARTO, UART1, UART2)

UART, clock synchronous, 12C bus? (option?), or IE bus? (option3)
2 channels (SI/03, SI/04)

Clock synchronous

A-D converter

10 bits x (8 x 3 + 2) channels

D-A converter 8 bits x 2
DMAC 2 channels (trigger: 25 sources)
CRC calculation circuit CRC-CCITT

Watchdog timer

15 bits x 1 (with prescaler)

Interrupt

25 internal and 8 external sources, 4 software sources, 7 levels

Clock generation circuit

4 circuits

» Main clock D]](These circuits contain a built-in feedback

* Sub-clock [ resistor and external ceramic/quartz oscillator)

* Ring oscillator (for main-clock oscillation stop detect function)
* PLL frequency synthesizer

Voltage detection circuit

Present (option3)

Power supply voltage

Vce1=3.0V to 5.5V, Vcez=3.0V to Vi (f(BCLK)=24MHz)
Vcci=Veee=2.7V to 5.5V (f(BCLK)=10MHz)

Flash memory | Program/erase voltage
Number of program/erase

3.3V +0.3Vor5.0V+0.5vV
100 times

Power consumption

14mA (Vcci=Vcee=5V, f(BCLK)=24MHz)
8mA (Vcci=Vcez=3V, f(BCLK)=10MHz)
1.8pA (Vcci=Veez=3V, f(XcIN)=32kHz, when wait mode)

I/0 I/0 withstand voltage 5.0v

characteristics | Output current 5mA

Memory expansion Available (to 4M bytes)
Operating ambient temperature -20to 85°C

-40 to 85°C (option3)

Device configuration

CMOS high performance silicon gate

Package

100-pin and 128-pin plastic mold QFP

Notes:

1. 12C Bus is a registered trademark of PHILIPS.

2. IE Bus is a registered trademark of NEC.

3. If you desire this option, please so specify.
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Block Diagram

Figure 1.1.1 is a block diagram of the M16C/62P group.
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[ Port P6 |

<VCC2 ports>

<Vcc1 ports>

|

Internal peripheral functions

Timer (16-bit)

Output (timer A): 5
Input (timer B): 6

Three-phase motor

control circuit

Watchdog timer
(15 bits)

DMAC
(2 channels)

D-A converter
(8 bits X 2 channels)

A-D converter
(10 bits x 8 channels
Expandable up to 26 channels)

UART or
clock synchronous serial /1O
(8 bits x 3 channels)

CRC arithmetic circuit (CCITT )
(Polynomial : X16+X12+X5+1)

System clock generator

XIN-XOUT
XCIN-XCOoUT
PLL frequency synthesizer
Ring oscillator

Clock synchronous serial I/O
(8 bits x 2 channels)

M16C/60 series16-bit CPU core Memory
ROH [ ROL [T | SB | ROM
R1H L RIL [ USP (Note 1)

R3 - ISP RAM
— INTB | (Note 2)

o |

AL H c
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Multiplier
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8 ¥ 2 8 8 Note 1: ROM size depends on microcomputer type.

Note 2: RAM size depends on microcomputer type.
Note 3: Ports P11 to P14 exist only in 128-pin version.

Figure 1.1.1. Block Diagram
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Product List
Tables 1.1.2 and 1.1.3 list the M16C/62P group products and Figure 1.1.2 shows the type numbers,
memory sizes and packages.

Table 1.1.2. Product List (1) As of January 2003
Type No. ROM capacity | RAM capacity =~ Package type Remarks
M30622M6P-XXXFP Yk 100P6S-A
48K bytes 4K bytes
M30622M6P-XXXGP *%k 100P6Q-A
M30622MBP-XXXFP e 64K byt 100P6S-A
es
M30622MBP-XXXGP ok Y aKbytes ) bopeg-a
M30622MAP-XXXFP s 100P6S-A
96K bytes 5K bytes
M30622MAP-XXXGP ok 100P6Q-A
M30620MCP-XXXFP .. 100P6S-A
128K bytes 10K bytes
M30620MCP-XXXGP Yk 100P6Q-A
M30622MEP-XXXFP  geye 100P6S-A
M30622MEP-XXXGP | | 192K bytes 12K bytes = 100P6Q-A
M30623MEP-XXXGP _'I‘__'I‘_ 128P6Q-A
FaXAY
M30622MGP-XXXFP ., 100P6S-A
M30622MGP-XXXGP 12K bytes | 100P6Q-A
M30623MGP-XXXGP 128P60-A
256K bytes Q
M30624MGP-XXXFP 100P6S-A
M30624MGP-XXXGP 20K bytes | 100P6Q-A MASK ROM version
M30625MGP-XXXGP | 128P6Q-A
M30622MWP-XXXFP 4 4 100P6S-A
M30622MWP-XXXGP g 16K bytes | 100P6Q-A
M30623MWP-XXXGP J% 128P6Q-A
M30624MWP-XXXFP sk 100P6S-A
M30624MWP-XXXGP -
*% | 320K bytes 24K bytes | 100P6Q-A
M30625MWP-XXXGP Sk 128P6Q-A
M30626 MWP-XXXFP ok 100P6S-A
M30626MWP-XXXGP . 31K bytes  100P6Q-A
M30627MWP-XXXGP * 128P6Q-A
M30622MHP-XXXFP 100P6S-A
M30622MHP-XXXGP " 16K bytes = 100P6Q-A
M30623MHP-XXXGP % 128P6Q-A
M30624MHP-XXXFP *% 100P6S-A
M30624MHP-XXXGP 4 4. | 384K bytes 24K bytes | 100P6Q-A
M30625MHP-XXXGP Tk 128P6Q-A
M30626 MHP-XXXFP S 100P6S-A
M30626MHP-XXXGP *% 31K bytes | 100P6Q-A
M30627MHP-XXXGP 4.4 128P6Q-A

: Under planning
%%k Under development
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Table 1.1.3. Product List (2) As of January 2003

Type No. ROM capacity | RAM capacity | Package type Remarks
M30622F8PFP Kk 100P6S-A
64K bytes 4K bytes
M30622F8PGP 100P6Q-A
*%*
M30620FCPFP % 100P6S-A
128K bytes 10K bytes

M30620FCPGP *% 100P6Q-A

M30624FGPFP *% 100P6S-A

M30624FGPGP %% | 256K bytes 20K bytes 100P6Q-A Flash memory version
M30625FGPGP %% 128P6Q-A

M30626FHPFP *% 100P6S-A

M30626FHPGP %% | 384K bytes 31K bytes 100P6Q-A

M30627FHPGP K% 128P6Q-A

M30626FJPFP * 100P6S-A

M30626FJPGP * 512K bytes 31K bytes 100P6Q-A

M30627FJPGP * 128P6Q-A

M30620SPFP 100P6S-A

*% 10K bytes
M30620SPGP *% 100P6Q-A
External ROM version
M30622SPFP Kk 100P6S-A
4K bytes
M30622SPGP ek 100P6Q-A
: Under planning
%%k Under development
Type No. 3062 6 MH P- XXX

FP
—L Package type:

FP :Package 100P6S-A
GP :Package 100P6Q-A, 128P6Q-A

ROM No.
Omitted for flash memory version and
external ROM version

ROM capacity:

6: 48K bytes G: 256K bytes
8: 64K bytes W: 320K bytes
A: 96K bytes H: 384K bytes
C: 128K bytes  J: 512K bytes
E: 192K bytes

Memory type:

M: Mask ROM version
F: Flash memory version
S: External ROM version

Shows RAM capacity, pin count, etc
(The value itself has no specific meaning)

M16C/62 Group

M16C Family

Figure 1.1.2. Type No., Memory Size, and Package
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Pin Configuration

Figures 1.1.3 to 1.1.5 show the pin configurations (top view).

PIN CONFIGURATION (top view)
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Package: 100P6S-A

Note: P70 and P71 are N channel open-drain output pins.

Figure 1.1.3. Pin Configuration (Top View)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

P07/AN07/D7 a3
P06/ANo6/Ds ~3=
POs/ANos/D5 ~——
P04/AN04/D4 ~——
P03/AN03/D3
P02/AN02/D2 <=
P01/AN01/D1 e
P00/AN00/D0
P107/AN7/KI3 <3
P106/AN6/Ki2 a3
P105/ANS/Ki1 <t
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P103/AN3 a3
P102/AN2 -t
P101/AN1 ~&9

AVss —

P100/ANo ~—

VREF —#

AvVcc —
P97/ADTRG/SING ~& >
P96/ANEX1/Sout4 ~* %=
P9s/ANEX0/CLK4 ~a——

PIN CONFIGURATION (top view)
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Note: P70 and P71 are N channel open-drain output pins.

P42/A18

P43/A19

P44/CSO

P4s/CS1

P46/CS2

P47/CS3

PSOWRLAWR
P51/WRH/BHE

P52/RD

P53/BCLK

P54/HLDA

P5s/HOLD

P56/ALE

P57/RDY/CLKouT
P60/CTS0/RTS0

P61/CLKo

P62/RxDo/SCLo
P63/TxDo/SDA0
P64/CTS1/RTS1/CTS0/CLKS1
P65s/CLK1

P66/RxD1/SCL1
P67/TxD1/SDA1
P70/TxD2/SDA2/TAOouT(Note)
P71/RxD2/SCL2/TAOIN/TB5IN(Note)
P72/CLK2/TAlout/V

Package: 100P6Q-A

Figure 1.1.4. Pin Configuration (Top View)
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PIN CONFIGURATION (top view)
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Package: 128P6Q-A
Note: P70 and P71 are N channel open-drain output pins.

Figure 1.1.5. Pin Configuration (Top View)
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Table 1.1.4 Pin Description (100-pin and 128-pin Packages) (Continued)

Pin name |Signal name | 1/Otype |Power supply Function

Vcci, Veez, Power supply — Apply 2.7V to 5.5 V to the Vcci and Vccez pins and 0 V to the Vss

Vss input pin. The Vcc apply condition is that Vcc2 < Vcci  (Note)

CNVss CNVss Input vcel This pin switches between processor modes. Connect this pin to
Vss pin when after a reset you want to start operation in single-
chip mode (memory expansion mode) or the Vcc1 pin when
starting operation in microprocessor mode.

RESET Reset input | Input Vccel “L” on this input resets the microcomputer.

XIN Clock input | Input veel These pins are provided for the main clock generating circuit input/
output. Connect a ceramic resonator or crystal between the XIN

Xout Clock output | Output and the XouT pins. To use an externally derived clock, input it to
the XIN pin and leave the XouT pin open.

BYTE External data | Input This pin selects the width of an external data bus. A 16-bit width is
bus width selected when this input is “L”; an 8-bit width is selected when this
select input input is “H”. This input must be fixed to either “H” or “L". Connect

this pin to the Vss pin when operating in single-chip mode.

AvVcc Analog power This pin is a power supply input for the A-D converter. Connect
supply input this pin to Vcci.

AVss Analog power, This pin is a power supply input for the A-D converter. Connect
supply input this pin to Vss.

VREF Reference Input This pin is a reference voltage input for the A-D converter.
voltage input

POo to PO7 | I/O port PO | Input/output| Vcc2 This is an 8-bit CMOS 1/0O port. This port has an input/output select
direction register, allowing each pin in that port to be directed for
input or output individually.

If any port is set for input, selection can be made for it in a program
whether or not to have a pull-up resistor in 4 bit units. This selection
is unavailable in memory extension and microprocessor modes.
This port can function as input pins for the A-D converter when so
selected in a program.

Do to D7 Input/output When set as a separate bus, these pins input and output data (Do
-D7).

Ploto P17 | I/O port P1 |Input/output|Vcc2 This is an 8-bit I/O port equivalent to PO. P15 to P17 also function

____________________________ as INT interrupt input pins as selected by a program..

Ds to D15 Input/output When set as a separate bus, these pins input and output data (Ds
—D1s).

P20 to P27 | I/O port P2 | Input/output|Vcc2 This is an 8-bit /O port equivalent to PO. This port can function as
input pins for the A-D converter when so selected in a program.

AotoA7 || Ouput | | These pins output 8 low-order address bits (Aoto A7). |

Ao/Do to Input/output If the external bus is set as an 8-bit wide multiplexed bus, these

A7/D7 pins input and output data (Do to D7) and output 8 low-order

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, address bits (Ao to A7) separated in time by multiplexing. |

Ao Output If the external bus is set as a 16-bit wide multiplexed bus, these

A1/Do to Input/output pins input and output data (Do to De) and output address (A1 to A7)

A7/D6 separated in time by multiplexing. They also output address (A0).

P30 to P37 | I/O port P3 | Input/output|Vcc2 This is an 8-bit I/O port equivalent to PO.

ABTOAILS Output _These pins output 8 middle-order address bits (As to A15). |

A8/D7, Input/output If the external bus is set as a 16-bit wide multiplexed bus, these

Ag to A15 Output pins input and output data (D7) and output address (A8)
separated in time by multiplexing. They also output address (A9
to A15).

P4oto P47 |1/O port P4 | Inputioutput | Vcc2  Thisis an 8:bit /O port equivalentto PO.

A16 to A19, Output These pins output A16 to A19 and CSo to CS3 signals. A16 to A19

CSoto CS3 Output are 4 high- order address bits. CSo to CS3 are chip select signals
used to specify an access space.

Note: In this manual, hereafter, Vcc refers to Vcci unless otherwise noted.
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Overview SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.5 Pin Description (100-pin and 128-pin Packages) (Continued)

Pin name

Signal name

I/0 type

Power supply

Function

P50 to P57

I/O port P5

Input/output

\Y/ele¥]

This is an 8-bit I/O port equivalent to PO. In single-chip mode, P57
in this port outputs a divide-by-8 or divide-by-32 clock of XiN or a
clock of the same frequency as XCIN as selected by program.
Output WRL/WR, WRH/BHE, RD, BCLK, HLDA, and ALE signals.
WRL/WR and WRH/BHE are switchable in a program. Note that
WRL and WRH are always used as a pair, so as WR and BHE.

H WRL, WRH, and RD selected

If the external data bus is 16 bits wide, data are written to even
addresses when the WRL signal is low, and written to odd
addresses when the WRH signal is low. Data are read out when the
RD signalis low. _

B WR, BHE, and RD selected

Data are written when the WR signal is low, or read out when the
RD signal is low. Odd addresses are accessed when the BHE
signal is low. Use this mode when the external data bus is 8 bits
wide.

The microcomputer goes to a hold state when input to the HOLD
pin is held low. While in the hold state, HLDA outputs a low

level. ALE is used to latch the address. While the input level of the
RDY pin is low, the bus of the microcomputer goes to a wait state.

P60 to P67

I/O port P6

Input/output

Vccl

This is an 8-bit I/O port equivalent to PO. Pins in this port also
function as UARTO and UART1 I/O pins as selected by program.

P70to P77

1/0 port P7

Input/output

Vccel

This is an 8-bit I/O port equivalent to PO (P70 and P71 are N
channel open-drain output). This port can function as input/output
pins for timers AO to A3 when so selected in a program.
Furthermore, P70 to P75, P71, and P72 to P75 can also function as
input/output pins for UART2, an input pin for timer B5, and output
pins for the three-phase motor control timer, respectively.

P8o to P84,
P8s,
P87,
P8s

1/0 port P8

1/0 port P8s

Input/output
Input/output

Input/output
Input

Vccl

P80 to P84, P86, and P87 are I/O ports with the same functions as
PO. When so selected in a program, P80 to P81 and P82 to P84 can
function as input/output pins for timer A4 or output pins for the
three-phase motor control timer and INT interrupt input pins,
respectively. P86 and P87, when so selected in a program, both
can function as input/output pins for the subclock oscillator circuit.
In that case, connect a crystal resonator between P86 (XCouT pin)
and P87 (XCIN pin). - o

P8s is an input-only port shared with NMI. An NMI interrupt is
generated when input on this pin changes state from high to low.
The NMI function cannot be disabled in a program.

A pull-up cannot be set for this pin.

P9o to P97

1/0 port P9

Input/output

Vccel

This is an 8-bit I/0O port equivalent to PO. Pins in this port also
function as S1/0O3 and SI/04 1/O pins, Timer BO to B4 input pins, D-
A converter output pins, A-D converter input pins, or A-D trigger
input pins as selected by program.

P10o to
P107

1/0 port P10

Input/output

Vcc1

This is an 8-bit 1/0 port equivalent to PO. Pins in this port also
function as A-D converter input pins as selected by program.
Furthermore, P104 to P107 also function as input pins for the key
input interrupt function.

Table 1.1.6 Pin Description (3) (128-pin Package) (Continued)

Power supply|

Pin name | Signal name| /O type |7"* Function
circuit block

P110 to P117| 1/O port P11 | Input/output| \/cc1 This is an 8-bit /0 port equivalent to PO.

P120 to P127| I/O port P12 | Input/output| VCC2 This is an 8-bit I/O port equivalent to PO

P130 to P137| 1/O port P13 | Input/output| vcc2 This is an 8-bit I/O port equivalent to PO

P140, P141 |1/O port P14 | Input/output| Vcc1 This is an 2-bit I/O port equivalent to PO.
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M

emory

Figure 1.2.1 is a memory map of the M16C/62P group. The address space extends the 1M bytes from
address 0000016 to FFFFF16.

The internal ROM is allocated in a lower address direction beginning with address FFFFF16. For example,
a 64-Kbyte internal ROM is allocated to the addresses from FO00016 to FFFFF16.

The fixed interrupt vector table is allocated to the addresses from FFFDC16 to FFFFF16. Therefore, store
the start address of each interrupt routine here.

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example,
a 10-Kbytes internal RAM is allocated to the addresses from 0040016 to 02BFF16. In addition to storing
data, the internal RAM also stores the stack used when calling subroutines and when interrupts are gener-
ated.

The SRF is allocated to the addresses from 0000016 to 003FF16. Peripheral function control registers are
located here. Of the SFR, any area which has no functions allocated is reserved for future use and cannot
be used by users.

The special page vector table is allocated to the addresses from FFE0016 to FFFDB16. This vector is used
by the JIMPS or JSRS instruction. For details, refer to the “M16C/60 and M16C/20 Series Software Manual.”
In memory expansion and microprocessor modes, some areas are reserved for future use and cannot be

used by users.

0000016
SFR
, FFE0O16
0040016 .
I
Internal RAM /)
1
XXXXX16 ! Special page
Reserved area !
1000016 (Note 1 J vector table
Internal RAM Internal ROM E | ,
xternal area
Size Address XXXXX16 Size Address YYYYY16 2700016 I/I
4K bytes 013FF16 48K bytes F400016 Reserved area II EFFDC16 E-777norzzrm=cz=== Fp—
5K bytes 017FF1s 64K bytes F000016 2800016 | E Undefined instruction 3
10K bytes 02BFF16 96K bytes E800016 External area ) £ O\./erflow. E
12K bytes 033FF16 128K bytes E000016 8000016 N F_BRKinstruction 3
E Address match E
16K bytes 043FF16 192K bytes D0000 ! F - =
— — 16 Reserved ar?’\?me 2 ! E Single step E
0K bytes 53FF16 256K bytes €000016 YYYYY16 / E Watchdog timer 3
24K bytes 063FF16 320K bytes B000016 ,' E DBC E
Internal ROM / E — =
31K bytes 07FFF16 384K bytes A000016 E NMI E
512K bytes 8000016 FFEFFSL_ FFFFF16 E Reset E

Note 1: During memory expansion and microprocessor modes, can not be used.

Note 2: In memory expansion mode, can not be used.

Note 3: Shown here is a memory map for the case where the PM10 bit in the PM1
register is “1” and the PM13 bit in the PM1 register is “1".

Figure 1.2.1. Memory Map
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. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Central Processing Unit (CPU)

Central Processing Unit (CPU)

Figure 1.3.1 shows the CPU registers. The CPU has 13 registers. Of these, RO, R1, R2, R3, A0, A1 and FB
comprise a register bank. There are two register banks.

b31 b15 b8b7 bo
FFe2 ROH(RO's high bits] ROL(RO's low bits)]
I R3 R1H(R1's high bits]|R1L(R1's low bits; )
b - =5 1 Data registers (Note)
R3
A0 }
Al H Address registers (Note)
: FB Frame base registers (Note)
b19 b15 b0
| INTBH | INTBL | Interrupt table register

The upper 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.

b19 b0
| pC | Program counter
b15 bo
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b1s bo
| FLG | Flag register
b1_5,——""’— b8 b7 boi
LI P [T [ylr]ole]s]z[p]c]
Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Note: These registers comprise a register bank. There are two register banks.

Figure 1.3.1. Central Processing Unit Register

(1) Data Registers (RO, R1, R2 and R3)
The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to
R3 are the same as RO.
The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32-
bit data register (R2R0). R3R1 is the same as R2RO0.

(2) Address Registers (A0 and Al)

The register A0 consists of 16 bits, and is used for address register indirect addressing and address
register relative addressing. They also are used for transfers and logic/logic operations. Al is the same as
AO.

In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AO0).

15 RENESAS
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Central Processing Unit (CPU) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(3) Frame Base Register (FB)
FB is configured with 16 bits, and is used for FB relative addressing.
(4) Interrupt Table Register (INTB)

INTB is configured with 20 bits, indicating the start address of an interrupt vector table.
(5) Program Counter (PC)

PC is configured with 20 bits, indicating the address of an instruction to be executed.
(6) User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

(7) Static Base Register (SB)
SB is configured with 16 bits, and is used for SB relative addressing.
(8) Flag Register (FLG)

FLG consists of 11 bits, indicating the CPU status.
« Carry Flag (C Flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
« Debug Flag (D Flag)
The D flag is used exclusively for debugging purpose. During normal use, it must be set to “0”.
e Zero Flag (Z Flag)
This flag is set to “1” when an arithmetic operation resulted in O; otherwise, it is “0”.
* Sign Flag (S Flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, it is “0”.
* Register Bank Select Flag (B Flag)
Register bank 0 is selected when this flag is “0” ; register bank 1 is selected when this flag is “1".
* Overflow Flag (O Flag)
This flag is set to “1” when the operation resulted in an overflow; otherwise, it is “0".
* Interrupt Enable Flag (I Flag)
This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag is “0”, and are enabled when the | flag is “1”. The |
flag is cleared to “0” when the interrupt request is accepted.
« Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is “0”; USP is selected when the U flag is “1”.
The U flag is cleared to “0” when a hardware interrupt request is accepted or an INT instruction for
software interrupt Nos. 0 to 31 is executed.
* Processor Interrupt Priority Level (IPL)
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from
level 0 to level 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.
* Reserved Area
When write to this bit, write "0". When read, its content is indeterminate.
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Address Register Symbol After reset
000016
000116
000216
000316
000416 | Processor mode register O (Note 2) PMO 000000002(CNVss pin is “L")
000000112(CNVss pin is “H")
000516 | Processor mode register 1 PM1 000010002
oooeis | System clock control register 0 CMO0 010010002
000716 | System clock control register 1 CM1 001000002
ooosis | Chip select control register CSR 000000012
000915 | Address match interrupt enable register AIER XXXXXX002
000A16 | Protect register PRCR XX0000002
oooB1s | Data bank register DBR 0016
ooocis | Oscillation stop detection register (Note 3) CM2 0000X0002
000D16
000E1s | Watchdog timer start register WDTS 7716
oooFs | Watchdog timer control register WDC 00?2???2?2(Note 4)
001016 | Address match interrupt register O RMADO 0016
001116 0016
001216 X016
001316
001416 | Address match interrupt register 1 RMAD1 0016
001516 0016
001616 X016
001716
001816
001916 | Power supply detection register 1 (Note 5) VCR1 000010002
0o1A16 | Power supply detection register 2 (Note 5) VCR2 0016
oo1B1s | Chip select expansion control register CSE 0016
oo1cie | PLL control register O PLCO 0001X0102
001D16
001E16 | Processor mode register 2 PM2 XXX000002
001E15 | Power supply down detection interrupt register D4INT 0016
002016 | DMAO source pointer SARO ??16
002116 ??16
002216 X?16
002316
002416 | DMAO destination pointer DARO ??16
002516 ??16
002616 X?16
002716
002816 | DMAO transfer counter TCRO 77?16
002916 27?16
002A16
002B16
002C16 | DMAO control register DMOCON 000007002
002D16
002E16
002F16
003016 | DMA1 source pointer SAR1 2716
003116 77?16
003216 X?16
003316
003416 | DMAL destination pointer DAR1 7716
003516 2?16
003616 X?16
003716
003816 | DMA1 transfer counter TCR1 2?16
003916 2?16
003A16
003B16
003C16 | DMAL control register DM1CON 000007002
003D16
003E16
003F16

Note 1: The blank areas are reserved and cannot be used by users.

Note 2: The PM00 and PMO1 bits do not change at software reset, watchdog timer reset and oscillation stop detection reset.

Note 3: The CM20, CM21, and CM27 bits do not change at oscillation stop detection reset.

Note 4: The WDCS5 bit is “0” (cold start) immediately after power-on. It can only be set to “1” in a program. It is set to “0” when the input voltag
at the Vcci pin drops to Vdet2 or less while the VC25 bit in the VCR2 register is set to “1” (RAM retention limit detection circuit enable

Note 5: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

X : Nothing is mapped to this bit

? : Undefined
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Address Register Symbol After reset
004016
004116
004216
004316
004416 | INT3 interrupt control register INT3IC XX00?0002
004516 | Timer B5 interrupt control register TB5IC XXXX?0002
004616 | Timer B4 interrupt control register, UART1 BUS collision detection interrupt control register | TB4IC, UIBCNIC XXXX?0002
004716 | Timer B3 interrupt control register, UARTO BUS collision detection interrupt control register | TB3IC, UOBCNIC XXXX?0002
004816 | SI/O4 interrupt control register (S4IC), INT5 interrupt control register | S4IC, INT5IC XX00?0002
004916 | S)/03 interrupt control register, INT4 interrupt control register S3IC INT4IC XX0020002
004A16 | UARTZ2 Bus collision detection interrupt control register BCNIC XXXX?0002
004B1s | DMAQ interrupt control register DMOIC XXXX?0002
004C1s | DMA1 interrupt control register DM1IC XXXX?0002
004D1s | Key input interrupt control register KUPIC XXXX?0002
004E16 | A-D conversion interrupt control register ADIC XXXX?20002
004F16 | UART?2 transmit interrupt control register S2TIC XXXX?20002
005016 | YART2 receive interrupt control register S2RIC XXXX?20002
005116 | YARTO transmit interrupt control register SOTIC XXXX?20002
005216 | |ARTOQ receive interrupt control register SORIC XXXX20002
005316 | UART1 transmit interrupt control register S1TIC XXXX?0002
005416 | UART1 receive interrupt control register S1RIC XXXX?0002
005516 | Timer AQ interrupt control register TAOIC XXXX?0002
005616 | Timer Al interrupt control register TA1IC XXXX20002
005716 | Timer A2 interrupt control register TA2IC XXXX?20002
005816 | Timer A3 interrupt control register TA3IC XXXX?20002
005916 | Timer A4 interrupt control register TA4IC XXXX?0002
005A16 | Timer BO interrupt control register TBOIC XXXX?20002
005816 | Timer B1 interrupt control register TB1IC XXXX?0002
005C16 | Timer B2 interrupt control register TB2IC XXXX?0002
005D16 | INTO interrupt control register INTOIC XX0020002
005E16 | INT1 interrupt control register INT1IC XX00?0002
005F16 | INT2 interrupt control register INT2IC XX00?0002
006016
006116
006216
006316
006416
006516
006616
006716
006816
006916
006A16
006B16
006C16
006D16
006E16
006F16
007016
007116
007216
007316
007416
007516
007616
007716
007816
007916
007A16
007B16
007C16
007D16
007E16
007F16

Note :The blank areas are reserved and cannot be used by users.

X : Nothing is mapped to this bit
? : Undefined
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Address Register Symbol After reset
008016
008116
008216
008316
008416
008516
008616

01BO016
01B116
01B216
01B316
018416 | Flash identification register (Note 2) FIDR XXXXXX002
01B516 | Flash memory control register 1 (Note 2) FMR1 0?00?7072
01B616
01B716 | Flash memory control register O (Note 2) FMRO 270000012
01B816 | Address match interrupt register 2 RMAD2 0016

01B916 0016

01BA16 X016

01BB16 | Address match interrupt enable register 2 AIER2 XXXXXX002
01BCis | Address match interrupt register 3 RMAD3 0016

01BD1s 0016

01BE16 X016
01BF16

025016
025116
025216
025316
025416
025516
025616
025716
025816
025916
025A16
025B16
025C16
025D16
02516 | Peripheral clock select register PCLKR 000000112
025F16

u
u

033016
033116
033216
033316
033416
033516
033616
033716
033816
033916
033A16
033B16
033C16
033D16
033E16
033F16

Note 1: The blank areas are reserved and cannot be used by users.
Note 2: This register is included in the flash memory version.

X : Nothing is mapped to this bit
? : Undefined
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Address Register Symbol After reset
034015 | Timer B3, 4, 5 count start flag TBSR 000XXXXX2
034116
034216 | Timer Al-1 register TAll ??16
034316 ?7?16
034416 | Timer A2-1 register TA21 ?7?16
034516 77?16
034616 | Timer A4-1 register TA41 ??16
034716 ??16
034816 | Three-phase PWM control register 0 INVCO 0016
034916 | Three-phase PWM control register 1 INVC1 0016
034A16 | Three-phase output buffer register O IDBO 0016
034B1s | Three-phase output buffer register 1 IDB1 0016
034C1s | Dead time timer DTT ??16
034D1s | Timer B2 interrupt occurrence frequency set counter ICTB2 ?7?16
034E16
034F16
035016 | Timer B3 register TB3 ??16
035116 2716
035216 | Timer B4 register TB4 ??16
035316 2?16
035416 | Timer B5 register TB5 ??16
035516 2716
035616
035716
035816
035916
035A16
03sB1s | Timer B3 mode register TB3MR 007200002
035C16 | Timer B4 mode register TB4AMR 00?X00002
035D16 | Timer BS mode register TB5MR 00?7X00002
035E1s | Interrupt cause select register 2 IFSR2A 0OXXXXXX2
035F1s | Interrupt cause select register IFSR 0016
036016 | SI/O3 transmit/receive register S3TRR ??16
036116
036216 | SI/O3 control register S3C 010000002
036316 | SI/O3 bit rate generator S3BRG ??16
036416 | SI/O4 transmit/receive register S4TRR 77?16
036516
036616 | SI/O4 control register S4C 010000002
036716 | S|/O4 bit rate generator S4BRG 2?16
036816
036916
036A16
036B16
036Cis | UARTO special mode register 4 UOSMR4 0016
036D1s | UARTO special mode register 3 UOSMR3 000X0X0X2
036E1s | UARTO special mode register 2 UOSMR2 X00000002
036F1s_| UARTO special mode register UOSMR X00000002
037016 | UART1 special mode register 4 U1SMR4 0016
037116 | UART1 special mode register 3 U1SMR3 000X0X0X2
037216 | UART1 special mode register 2 U1SMR2 X00000002
037316 | UART1 special mode register U1SMR X00000002
037416 | UART2 special mode register 4 U2SMR4 0016
037516 | UART2 special mode register 3 U2SMR3 000X0X0X2
037616 | UART2 special mode register 2 U2SMR2 X00000002
037716 | UART2 special mode register U2SMR X00000002
037816 | UART2 transmit/receive mode register U2MR 0016
037916 | UART2 bit rate generator U2BRG 77?16
037A16 | UART2 transmit buffer register u2TB 2?7?7772
037B16 XXXXXXX?2
037cis | UART2 transmit/receive control register 0 U2Co 000010002
037D1s | UART2 transmit/receive control register 1 U2C1 000000102
03716 | UART2 receive buffer register U2RB ????°?72
037F16 222?2?2XX?2

Note : The blank areas are reserved and cannot be used by users.
X : Nothing is mapped to this bit
? : Undefined
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Address Register Symbol After reset
038015 | Count start flag TABSR 0016
038116 | Clock prescaler reset flag CPSRF OXXXXXXX2
038215 | One-shot start flag ONSF 0016
038315 | Trigger select register TRGSR 0016
038416 | Up-down flag UDF 0016
038516
038616 | Timer AOQ register TAO ?716
038716 ??16
038816 | Timer Al register TAl ??16
038916 ??16
038A16 | Timer A2 register TA2 ??16
038B16 ??16
038Cis | Timer A3 register TA3 ??16
038D16 27?16
038E16 | Timer A4 register TA4 ??16
038F16 77?16
039016 | Timer BO register TBO ??16
039116 ??16
039216 | Timer B1 register TB1 ?716
039316 ??16
039416 | Timer B2 register TB2 ??16
039516 ??16
039616 | Timer AO mode register TAOMR 0016
039716 | Timer A1 mode register TALIMR 0016
039816 | Timer A2 mode register TA2MR 0016
039916 | Timer A3 mode register TA3SMR 0016
039A16 | Timer A4 mode register TAAMR 0016
039816 | Timer BO mode register TBOMR 00?700002
039Css | Timer B1 mode register TB1MR 00?7X00002
039D16 | Timer B2 mode register TB2MR 00?X00002
039E1s | Timer B2 special mode register TB2SC XXXXXX002
039F16
03A016 | UARTO transmit/receive mode register UOMR 0016
03Al16 | UARTO bit rate generator UOBRG ??16
03A21s | JARTO transmit buffer register uoTB ??°°°°772
03A316 XXXXXXX?2
03A416 | UARTO transmit/receive control register O UoCo 000010002
03A516 | UARTO transmit/receive control register 1 uoC1 000000102
03A616 | UARTO receive buffer register UORB 27?7?7772
03A716 P?2?7?2XX?2
03A816 | UART1 transmit/receive mode register UIMR 0016
03A916 | UART1 bit rate generator U1BRG ??16
03AA16 | UART1 transmit buffer register uiTB ??0?7?7°7?2
03AB16 XXXXXXX?2
03AC16 | UART1 transmit/receive control register O U1co 000010002
03AD1s | UART1 transmit/receive control register 1 UicCi 000000102
03AE1s | UART1 receive buffer register U1RB 2777?77?72
03AF16 22??2?XX?2
03B01s | UART transmit/receive control register 2 UCON X00000002
03B116
03B216
03B316
03B416
03B516
03B616
03B716
03B81s | DMAO request cause select register DMOSL 0016
03B916
03BA1s | DMAL request cause select register DM1SL 0016
03BB16
038C1s| CRC data register CRCD ?716
03BD16 2?16
03BE1s | CRC input register CRCIN ??16
03BF16

Note : The blank areas are reserved and cannot be used by users.

X: Nothing is mapped to this bit
? : Undefined

18

RENESAS

RenesasTechnology Corp.




\)“‘36‘ et Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
\le\o‘) e . . . . .

o Specifications in this manual are tentative and subject to change. M16C / 62P Group

SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address Register Symbol After reset
03C016 | A-D register O ADO ??7°7?772
03C116 XXXXXX?2?2
03C216 | A-D register 1 AD1 20?27?7772
03C316 XXXXXX??2
03C416 | A-D register 2 AD2 ???°?°°?7?2
03C516 XXXXXX?2?2
03Cé16 | A-D register 3 AD3 20?27?7772
03C716 XXXXXX?2?2
o3csis | A-D register 4 AD4 ???°?9??7?2
03C916 XXXXXX?2?2
03CAs | A-D register 5 AD5 2?77?7772
03CB16 XXXXXX?2?2
03cCis | A-D register 6 AD6 ???°???7?2
03CD16 XXXXXX?2?2
03CE1s | A-D register 7 AD7 ?2?7?7?772
03CF16 XXXXXX?2?2
03D016
03D116
03D216
03D316
03D41s | A-D control register 2 ADCON2 0016
03D516
03p61s | A-D control register 0 ADCONO 000007772
03p716 | A-D control register 1 ADCON1 0016
03816 | D-A register 0 DAO ??16
03D916
03pA1s | D-A register 1 DAl ??16
03DB16
03bcis | D-A control register DACON 0016
03DD16
03DEws | Port P14 control register PC14 XX00XXXX2
03DF1s | Pull-up control register 3 PUR3 0016
03e016 | Port PO register PO 7?16
03els | Port P1 register P1 ??16
03e216 | Port PO direction register PDO 0016
03e316 | Port P1 direction register PD1 0016
03E416 | Port P2 register P2 ??16
03E516 | Port P3 register P3 77?16
03e616 | Port P2 direction register PD2 0016
03E716_| Port P3 direction register PD3 0016
03e816 | Port P4 register P4 7?16
03E916 | Port P5 register P5 2716
03EA1s | Port P4 direction register PD4 0016
03eBis | Port P5 direction register PD5 0016
03EC16 | Port P6 register P6 ??16
03eD1s | Port P7 register P7 ??16
03eE1s | Port P6 direction register PD6 0016
03EF1s | Port P7 direction register PD7 0016
o3rFois | Port P8 register P8 ??16
03rF1s | Port P9 register P9 ??16
o3r216 | Port P8 direction register PD8 00X000002
03F316 | Port P9 direction register PD9 0016
03F415 | Port P10 register P10 ??16
03F516 | Port P11 register P11 ??16
o3re1s | Port P10 direction register PD10 0016
03rF716 | Port P11 direction register PD11 0016
o3r8is | Port P12 register P12 7?16
03F916 | Port P13 register P13 ??16
03FA1s | Port P12 direction register PD12 0016
03rFB1s | Port P13 direction register PD13 0016
o3rcis | Pull-up control register 0 PURO 0016
03rFD1s | Pull-up control register 1 PUR1 000000002

(Note 2)
000000102
o3rFess_| Pull-up control register 2 PUR2 0016
03FF1s | Port control register PCR 0016

Note 1: The blank areas are reserved and cannot be used by users.
Note 2: At hardware reset 1 or hardware reset 2, the register is as follows:
« “000000002" where “L" is inputted to the CNVss pin
« “000000102" where “H” is inputted to the CNVss pin
At software reset, watchdog timer reset and oscillation stop detection reset, the register is as follows:
« “000000002" where the PM01 to PMO0O bits in the PMO register are “002" (single-chip mode)
« “000000102" where the PMO01 to PMOQO bits in the PMO register are “012" (memory expansion mode) or
“112" (microprocessor mode)

X : Nothing is mapped to this bit
7?2 * lIndefined
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Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Reset

There are four types of resets: a hardware reset, a software reset, an watchdog timer reset, and an oscilla-
tion stop detection reset.

Hardware Reset

There are two types of hardware resets: a hardware reset 1 and a hardware reset 2.
Hardware Reset 1

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the
power supply voltage is within the recommended operating condition, the pins are initialized (see
Table 1.5.1). The oscillation circuit is initialized and the main clock starts oscillating. When the input
level at the RESET pin is released from “L” to “H”, the CPU and SFR are initialized, and the program
is executed starting from the address indicated by the reset vector. The internal RAM is not initialized.
If the RESET pin is pulled “L” while writing to the internal RAM, the internal RAM becomes indetermi-
nate.

Figure 1.5.1 shows the example reset circuit. Figure 1.5.2 shows the reset sequence. Table 1.5.1
shows the statuses of the other pins while the RESET pin is “L”. Figure 1.5.3 shows the CPU register
status after reset. Refer to “SFR” for SFR status after reset.

1. When the power supply is stable

(1) Apply an “L” signal to the RESET pin.

(2) Supply a clock for 20 cycles or more to the XIN pin.
(3) Apply an “H” signal to the RESET pin.

2. Power on

(1) Apply an “L” signal to the RESET pin.

(2) Let the power supply voltage increase until it meets the recommended operating condition.
(3) Wait td(P-R) or more until the internal power supply stabilizes.

(4) Supply a clock for 20 cycles or more to the XIN pin.

(5) Apply an “H” signal to the RESET pin.

Hardware Reset 2
This reset is generated by the microcomputer’s internal voltage detection circuit. The voltage detec-
tion circuit monitors the voltage supplied to the Vcc1 pin.
If the VC26 bit in the VCR2 register is set to “1” (reset level detection circuit enabled), the microcom-
puter is reset when the voltage at the Vcc1 input pin drops below Vdet3.
Similarly, if the VC25 bit in the VCR2 register is set to “1” (RAM retention limit detection circuit en-
abled), the microcomputer is reset when the voltage at the VCCL1 input pin drops below Vdet2.
Conversely, when the input voltage at the Vcci pin rises to Vdet3 or more, the pins and the CPU and
SFR are initialized, and the program is executed starting from the address indicated by the reset
vector. It takes about td(S-R) before the program starts running after Vdet3 is detected. The initialized
pins and registers and the status thereof are the same as in hardware reset 1.
Set the CM10 bit in the CM1 register to “1” (stop mode) after setting the VC25 bit to “1” (RAM retention
limit detection circuit enabled), and the microcomputer will be reset when the voltage at the VCC1
input pin drops below Vdet2 and comes out of reset when the voltage at the Vcc1 input pin rises above
Vdet3. During stop mode, the value set in the VC26 bit has no effect. Therefore, no reset is generated
even when the input voltage at the Vcc1 pin drops to Vdet3 or less.
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Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Recommended ;
operating y
voltage
Vcel
ov
RESET vcel
VVV ? RESET  ovitoorless | |
i quaitooriless : i Equal to or less
,;T; than 0.2Vcc1 - than 0.2Vcet
ov

—> 4— More than 20 cycles of XIN + td(P-R)
! are needed.

Note : When the microcomputer is used under the condition Vcc1 = Vccz, make sure the Vccz voltage does not
exceed the Vcci voltage when powering up, or powering down the microcomputer.

Figure 1.5.1. Example Reset Circuit

Software Reset

When the PMO3 bit in the PMO register is set to “1” (microcomputer reset), the microcomputer has its pins,
CPU, and SFR initialized. Then the program is executed starting from the address indicated by the reset

vector.

Select the main clock for the CPU clock source, and set the PMO03 bit to “1” with main clock oscillation

satisfactorily stable.

At software reset, some SFR’s are not initialized. Refer to “SFR”. Also, since the PMO01 to PMOO bits in the

PMO register are not initialized, the processor mode remains unchanged.

Watchdog Timer Reset

Where the PM12 bit in the PML1 register is “1” (reset when watchdog timer underflows), the microcom-
puter initializes its pins, CPU and SFR if the watchdog timer underflows. Then the program is executed

starting from the address indicated by the reset vector.

At watchdog timer reset, some SFR’s are not initialized. Refer to “SFR”. Also, since the PM01 to PM00O

bits in the PMO register are not initialized, the processor mode remains unchanged.

Oscillation Stop Detection Reset

Where the CM27 bit in the CM2 register is “0” (reset at oscillation stop detection), the microcomputer
initializes its pins, CPU and SFR, coming to a halt if it detects main clock oscillation circuit stop. Refer to

the section “oscillation stop, re-oscillation detection function”.

At oscillation stop detection reset, some SFR’s are not initialized. Refer to the section “SFR”. Also, since

the PMO1 to PMOQO bits in the PMO register are not initialized, the processor mode remains unchanged.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vce, Veez

XIN

L -
td(P-R) More than
20 cycles
are needed
Microprocessor
mode BYTE = “H"
RESET BCLK 28cycles
Il -
(N 0 e 1 e o o B e
§5
Content of refet vector
Address { FFFFCis | FFFFD1s | FFFFE1s )
RD ’—\—
WR
Cso {
Microprocessor
mode SYTE N Content of reset vector
Y
Address ( FFFFC16 X FFFFE16 X X
RD
WR
Cso |

Single chip FFFFC16 Content of reset vector
mode {
Y

Address ( X FFFFE16 X X

Figure 1.5.2. Reset Sequence
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Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.5.1. Pin Status When RESET Pin Level is “L”

Status
Pin name CNVss = Vccel
CNVss = Vss
BYTE = Vss BYTE =Vcc

PO Input port Data input Data input
P1 Input port Data input Input port
P2, P3, P40 to P43 | Input port Address output (undefined) Address output (undefined)
P44 Input port CSO0 output (“H” is output) CSO0 output (“H” is output)
P45 to P47 Input port Input port (Pulled high) Input port (Pulled high)
P50 Input port WR output (“H” is output) WR output (“H” is output)
P51 Input port BHE output (undefined) BHE output (undefined)
P52 Input port RD output (“H” is output) 'RD output (“H” is output)
P53 Input port BCLK output BCLK output
P54 Input port HLDA output (The output value HLDA output (The output value

depends on the input to the depends on the input to the

HOLD pin) HOLD pin)
P55 Input port HOLD input HOLD input
P56 Input port ALE output (“L” is output) ALE output (“L” is output)
P57 Input port RDY input RDY input
Egélplzéz%g’o;’l%‘h Input port Input port Input port
Eﬂb,PF}lzﬁf(ll\?bte) Input port Input port Input port

Note : P11, P12, P13, P140, P141 pins exist in 128-pin version.

bis b0

000016 Data register(R0)
000016 I Data register(R1)
000016 I Data register(R2)
000016 I Data register(R3)
000016 I Address register(A0)
000016 I Address register(Al)
000016 I Frame base register(FB)
L

b19 b0

0000016 Interrupt table register(INTB)
Content of addresses FFFFE16 to FFFFC16 Program counter(PC)

b15 b0
000016 User stack pointer(USP)
000016 Interrupt stack pointer(ISP)
000016 Static base register(SB)

b15 b0

| 000016 Flag register(FLG)

1
b15_ -~~~ b8 b7 bol

I|P|—I Uul oBS Z DZC
Figure 1.5.3. CPU Register Status After Rreset
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Voltage Detection Circuit

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The voltage detection circuit has circuits to monitor the input voltage at the Vcci pin, each checking the
input voltage with respect to Vdet2, Vdet3, and Vdet4, respectively. Use the VC25 to VC27 bits in the VCR2

register to select whether or not to enable these circuits.

Enable the RAM retention limit detection circuit when using hardware reset 2 in stop mode, or when using
the WDCS5 bit in the WDC register. The WDCS5 bit indicates that the RAM is retained.

Use the reset level detection circuit for hardware reset 2.

The power supply down detection circuit can be set to detect whether the input voltage is equal to or greater
than Vdet4 or less than Vdet4 by using the VC13 bit in the VCR1 register. Furthermore, a power supply

down detection interrupt can be used.

Write to WDC register —

| Internal power on reset

VCR2 register

1

WDCS bit

B Q [ WARM/COLD
(Cold start, warm start)

RESET O—"}Dfdb7|bs|b5| [T T T

— +
2Vdet2

Half latch
b Q
T *~—

2Vdet3
E

CM10 bit=1
(stop mode)

+
>Vdetd

E

vear O

Internal power supply
voltage stable time

1 shot
I td(S-R)
nd 1

>

Internal reset signal
(“L” active)

ol

Power supply down
— detection signal

VCRL1 register

VC13 bit
Figure 1.5.4. Reset Circuit Block
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After reset

| | 0 | | | | | | | wDC 000F16 O00XXXXXX2(Note2)
Bit symbol Bit name | Function RW
et s High-order bit of watchdog timer RO
oo Cold start / warm start 0 : Cold start
P WDCS discrimination flag (Note 1)| 1 : Warm start RW
--------------------- (b6) Reserved bit Setto “0 RW
E ________________________ WDC7 Prescaler select bit 0 : Divided by 16 RW

1: Divided by 128

Note 1: The WDCS5 bit is always “1” (= warm start) no matter how it is set by writing a “0” or “1".

Note 2: The WDCS5 bit is “0” (= cold start) immediately after power-on. It can only be set to “1” in a program. It is
set to “0” when the input voltage at the Vcci pin drops to Vdet2 or less while the VCR2 register's VC25
bit = 1 (RAM retention limit detection circuit enabled).

Figure 1.5.5. WDC Register

24 RENESAS

RenesasTechnology Corp.




el \" N g .
\):\?e\o\)“‘e“ Preh_rfr_una_\ry S_peﬁ_lflcatlonsI Rev.1.0 _ .. ) Mitsubishi microcomputers
[\ SpECI ications in this manual are tentative and subject to change. M16C / 62P Group

Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b b b4 b b bl b Symbol Address After reset (Note 2)

|0 |0 |0 |0 | |0 |O |0 | VCR1 001916 000010002
E : : : : : : : Bit symbol Bit name Function RW
. et (b2-b0) Reserved bit Must set to “0” RW
: : e vC13 Power supply down monitor | 0:Vcci < Vdet4 RO
. flag (Note 1) 1:\/cc1 \/detd
R R LR LR (b7-b4) Reserved bit Must set to “0” RW

Note 1: The VC13 bit is useful when the VC27 bit of VCR2 register is set to “1” (power supply down detection circuit
enable). The VC13 bit is always “1” (Vcc1 4 V) when the VC27 bit in the VCR2 register is set to “0” (power
supply down detection circuit disable).

Note 2: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

Power supply detection register 2 (Note 1)

E (Notes 3, 4,7)
H detection circuit

0: Disable reset level detection

R e B e e Symbol Address After reset (Note 6)

| | | |0 |0 |O |O |O | VCR2 001A16 0016
. ' 4+ 1 1 | Bitsymbol Bit name Function RW
E ‘ : [EREREEEEEEEE (b4-b0) Reserved bit Must set to “0” RW
A VC25 RAM retention limit 0: Disablg RAM rfetention limit
LA EEEEE, detection monitor bit detection circuit RW
! 1: Enable RAM retention limit

VC26 Reset level monitor bit 1oan
IR (Notes 2,3, 7) circuit _|rRw
: 1: Enable reset level detection
E circuit
: vear Power supply down monitor | 0: Disable power supply down
e bit (Note 5) detection circuit RW
1: Enable power supply down

detection circuit

Note 1: Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable).

Note 2: To use hardware reset 2, set the VC26 bit to “1” (reset level detection circuit enable).

Note 3: To use hardware reset 2 in stop mode, set the VC25 bit to “1” (RAM retention limit detection circuit enable).
VC26 bit is disabled in stop mode. (The microcomputer is not reset even if the voltage input to Vcc1 pin
becomes lower than Vdet3.)

Note 4: To use the WDCS5 bit in the WDC register, set the VC25 bit to “1” (RAM retention limit detection circuit enable).

Note 5: Where the VC13 bit in the VCR1 register and D42 bit in the D4INT register are used or the D40 bit is set to “1”
(power supply down detection interrupt enable), set the VC27 bit to “1” (power supply down detection circuit
enable).

Note 6: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

Note 7: The detection circuit does not start operation until td(E-A) elapses after the VC25 bit, VC26 bit, or VC27 bit is
set to “1".

Power supply down detection interrupt register (Note 1)

LT, 06, b6 b4 DS b2 bl b0 Symbol Address After reset
DAINT 001F16 0016
Bit symbol Bit name Function RW
D40 Power supply down detection | 0 : Disable RW

interrupt enable bit (Note 5) 1:Enable

D41 STOP mode deactivation 0: Disable (do not use the power
control bit supply down detection
interrupt to get out of stop mode)
(Note 4) 1: Enable (use the power supply RW

down detection interrupt to get
out of stop mode)

paz Power supply change 0: Not detected
detection flag (Note 2) 1: Vdet4 passing detection (Note 3)
(P D43 WDT overflow detect flag 0: Not detected RW
1: Detected (Note 3)
Sampling clock select bit bsba
DFO ping 00 : CPU clock divided by 8 RW
01 : CPU clock divided by 16
----------------- DF1 10 : CPU clock divided by 32

11 : CPU clock divided by 64 RW

_______________________ Nothing is assigned. When write, set to “0”. When read, its

(b7-b6) content is “0".

Note 1: Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable).

Note 2: Useful when the VC27 bit in the VCR2 register is set to “1" (power supply down detection circuit enabled).
If the VC27 bit is set to “0” (power supply down detection circuit disable), the D42 bit is set to “0” (Not
detect).

Note 3: This bit is set to “0” by writing a “0” in a program. (Writing a “1” has no effect.)

Note 4: If the power supply down detection interrupt needs to be used to get out of stop mode again after once
used for that purpose, reset the D41 bit by writing a “0” and then a “1".

Note 5: The D40 bit is useful where the VC27 bit in the VCR2 register is set to “1".

Figure 1.5.6. VCR1 Register, VCR2 Register, and D4INT Register

RENESAS 25

RenesasTechnology Corp.




0“°§0 «e™  Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
oV Specifications in this manual are tentative and subject to change. M16C / 62P Group
Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Typical operation 1 of hardware reset 2

Vdet4
Vdet3r

veel Vdet3

Vdet3s
Vss

RESET

Internal reset signal

1

I

- Set to “1” in a program (reset level detection circuit enable)

Set to “1” in a program
(power supply down detect'ion circuit enable)

VC13 bit undefined /

VC26 bit undefined \

VC27 bit undefined \

Typical operation 2 of hardware reset 2

5.0V 5.0V

Vdet4

Vccel Vdet3r
Vdet2
Vdet3s

Vss

RESET

Internal reset signal

1

1

- Setto 1" in a program (warm start)
H ]

i

I 1
: Set to “1” in a program (stop mode)
1

| I
l

1

I

I

I

WDCS5 bit undefined \

CM10 bit undefined \ |

I
Set to “1” in a program
/ (RAM retention limit detection circuit enable)
1

VC13 bit undefined /

VC25 bit “undefined \

Set to “1” in a program
(power supply down detection circuit enable)

VC27 bit undefined '\

Figure 1.5.7. Typical Operation of Hardware Reset 2
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Power Supply Down Detection Interrupt
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Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A power supply down detection interrupt request is generated when the input voltage at the VVcc1 pin rises
to Vdet4 or more or drops below Vdet4 while the D40 bit in the D4INT register is set to “1” (power supply
down detection interrupt enable). The power supply down detection interrupt shares the interrupt vector
with the watchdog timer interrupt and oscillation stop, re-oscillation detection interrupt.

To use the power supply down detection interrupt to get out of stop mode, set the D41 bit in the D4AINT
register to “1” (enable).

The D42 bit in the D4INT register becomes “1” when passing through Vdet4 is detected after the voltage
inputted to the Vcci1 pin is up or down.

A power supply down detection interrupt is generated when the D42 bit changes state from “0” to “1”. The
D42 bit needs to be set to “0” in a program. However, where the D41 bit is “1” and the stop mode is selected,
the power supply down detection interrupt request arises, and the microcomputer is reset from the stop
mode with no regard for the status of D42 bit if it is detected that the voltage applied to the VVcci pin has

increased, passing through Vdet4.

Table 1.5.2 shows the power supply down detection interrupt request generation conditions.
It is possible to set the sampling clock detecting that the voltage applied to the Vcc1 pin has passed through
Vdet4 with the DF1 to DFO bits of D4INT register. Table 1.5.3 shows sampling clock periods.

Table 1.5.2. Power Supply Down Detection Interrupt Request Generation Conditions

Bit, Vdet4 passing detection, operation mode condition Power supply
down detection
VC27 | D40 Vdet4 passing | D42 bit D41 VC13 Operation mode Interrupt
bit bit detection bit bit (Notes 1, 2) request
0 — — — — — — Not generated
1 0 — — — — —
1 Not detected — — — —
Detected FromOto 1 0 — Normal, wait Generated
Stop Not generated
1 — — Generated
From1to 1 0 — — Not generated
(No change) 1 |Fromoto1 | Normal, wait
(Up) Stop Generated
Fé%rxnl) 00 — Not generated

Note 1: The status except the wait mode and stop mode is handled as the normal mode.(Refer to “Clock generating circuit”)
Note 2: Refer to “Limitations on stop mode”, “Limitations on wait mode”.

Table 1.5.3. Sampling Clock Periods

CIPUk Sampling clock (us)

clocl

(MHz) | divided by 8 | divided by 16 | divided by 32 | divided by 64
16 15 3.0 6.0 12.0

Precautions

1. Limitations on Stop Mode
If the CM10 bit in the CML1 register is set to “1” (stop mode) when the VC13 bit in the VCR1 register is “1”
(Vcc1 = Vdetd) while the VC27 bit in the VCR2 register is “1” (power supply down detection circuit enable)
and the D40 bit in the D4INT register is “1” (power supply down detection interrupt enable) and D41 bit in
the D4INT register is “1” (power supply down detection interrupt is used to get out of stop mode), a power
supply down detection interrupt is immediately generated, causing the microcomputer to exit stop mode.
In systems where the microcomputer enters stop mode when the input voltage at the Vcci pin drops
below Vdet4 and exits stop mode when the input voltage rises to Vdet4 or more, make sure the CM10 bit
is set to “1” when VC13 bit is “0” (Vcc1 < Vdet4).

RENESAS

RenesasTechnology Corp.

27



28

«e™  Preliminary Specifications Rev.1.0
Specifications in this manual are tentative and subject to change.

2. Limitations on WAIT Instruction
If the WAIT instruction is executed when the VC13 bit in the VCR1 register is “1” (Vcci1 = Vdet4) while the
VC27 bit in the VCR2 register is “1” (power supply down detection circuit enable) and the D40 bit in the
D4INT register is “1” (power supply down detection interrupt enable), a power supply down detection
interrupt is immediately generated, causing the microcomputer to exit wait mode.
In systems where the microcomputer enters wait mode when the input voltage at the Vcci pin drops
below Vdet4 and exits wait mode when the input voltage rises to Vdet4 or more, make sure the WAIT

instruction is executed when VC13 bit is “0” (Vcc1 < Vdet4).

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Power supply down detection circuit

Power supply down detection interrupt generation circuit

vC27

+ K
veer Noise

DF1, DFO

L
v v

VREF rejection

(Rejection wide:200 ns)

Power supply
down
detection

Watchdog timer block

WAIT instruction(wait mode)

signal
“H” when VC27
bit= 0 (disabled)

MO02

| Noise rejection Digital
| circuit filter
D41

D42 bit is set to “0"(not detected) by
writing a “0” in a program. VC27 bit
is set to “0" (power supply down
detection circuit disabled), the D42
bitis setto “0".

D42

»

Watchdog timer
underflow signal

D43

This bit is set to “0"(not detected) by writing a “0” in a program.

D40 —

Watchdog
timer interrupt
signal

Power supply
down detection
interrupt signal

Non-maskable
interrupt signal

Oscillation stop..
re-oscillation
detection
interrupt signal

Figure 1.5.8. Power Supply Down Detection Interrupt Generation Block

Vcel

VC13 bit

D42 bit

interrupt signal

! . N
— — | !
sampling | sampling | I I sampling

Output of the digital filter (Note 2)

|
|
|
|
|

sampling
|

No power supply down detéction interrupt signals
are generated when the D4R bit is “H".

| e

Power supply down detection

o o e I e T
|
I I t | A |
| | | Setto “0”ina Setto “0”ina
| program (not | program (not |
| | detected) | detected) |
: [ [ | |
!
! I
' !’l | :
[ | !

Note 1 : D40 is “1"(power supply down detection interrupt enabled)
Note 2 : Output of the digital filter shown in Figure 1.5.8.

Figure 1.5.9. Power Supply Down Detection Interrupt Generation Circuit Operation Example
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Processor Mode
(1) Types of Processor Mode

Three processor modes are available to choose from: single-chip mode, memory expansion mode, and
microprocessor mode. Table 1.6.1 shows the features of these processor modes.

Table 1.6.1. Features of Processor Modes

Processor modes Access space Pins which are assigned 1/0 ports
Single-chip mode SFR, internal RAM, internal ROM All pins are I/O ports or peripheral
function I/O pins
Memory expansion mode SFR, internal RAM, internal ROM, Some pins serve as bus control pins (Note)
external area (Note)
Microprocessor mode SFR, internal RAM, external area (Note) Some pins serve as bus control pins (Note)

Note : Refer to “Bus”.

(2) Setting Processor Modes

Processor mode is set by using the CNVss pin and the PM01 to PMOO bits in the PMO register.
Table 1.6.2 shows the processor mode after hardware reset. Table 1.6.3 shows the PM01 to PMQO bit set
values and processor modes.

Table 1.6.2. Processor Mode After Hardware Reset

CNVSS pin input level Processor mode
Vss Single-chip mode
Vccer (Note 1, Note 2) Microprocessor mode

Note 1: If the microcomputer is reset in hardware by applying Vcci to the CNVss pin (hardware reset 1
or hardware reset 2), the internal ROM cannot be accessed regardless of PM10 to PMOO bits.
Note 2: The multiplexed bus cannot be assigned to the entire CS space.

Table 1.6.3. PMO01 to PMOO Bits Set Values and Processor Modes

PMO1 to PMOO bits Processor modes
002 Single-chip mode
012 Memory expansion mode
102 Must not be set
112 Microprocessor mode

Rewriting the PM0O1 to PMOO bits places the microcomputer in the corresponding processor mode regard-
less of whether the input level on the CNVss pin is “H” or “L”. Note, however, that the PM01 to PMOO bits
cannot be rewritten to “012” (memory expansion mode) or “112" (microprocessor mode) at the same time
the PMO7 to PMO2 bits are rewritten. Note also that these bits cannot be rewritten to enter microprocessor
mode in the internal ROM, nor can they be rewritten to exit microprocessor mode in areas overlapping the
internal ROM.

If the microcomputer is reset in hardware by applying Vcci to the CNVss pin (hardware reset 1 or hard-
ware reset 2), the internal ROM cannot be accessed regardless of PM0O1 to PMOO bits.

Figures 1.6.1 and 1.6.2 show the registers associated with processor modes. Figure 1.6.3 show the
memory map in single chip mode.
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Processor mode register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset (Note.4)
| | | PMO 000416 000000002 (CNVss pin = “L")
000000112 (CNVSS pin = “H?)

' [ Bt symbol Bit name Function RW

- - oy

E E E E E E E ™ PMO0 g\zgf[:eei?or mode bit 0 0: Single-chip mode RW
toror e 0 1: Memory expansion mode
- PMO1 1 0: Must not be set RW
L 1 1: Microprocessor mode
e PMO02 R/W mode select bit 0 : RD,BHE,WR RW
o (Note 2) 1: RD,WRH,WRL

PMO3 Software reset bit Setting this bit to “1” resets the
R microcomputer. When read, its content | RW
or o is “0".

o - b5 b4

E E E : PMo4 &Tgéqlgﬁe?\lbﬁsspace 0 0 : Multiplexed bus is unused RW
oo T (Note 2) (Separate bus in the entire CS

oo space)

o PMO5 0 1: Allocated to CS2 space
] 10: Allocated to CS1 space RW
v 11: Allocated to the entire CS space

. (Note 3)

PMO6 Port P4o to P43 function [0 : Address output
[ select bit (Note 2) 1 : Port function RwW
. (Address is not output)

: PMO7 BCLK output disable bit |0 : BCLK is output
"""""""""""" (Note 2) 1: BCLK is not output RW

(Pin is left high-impedance)

Note 1: Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enable).

Note 2: Effective when the PM0O1 to PMOO bits are set to “012” (memory expansion mode) or “112” (microprocessor
mode).

Note 3: To set the PMO01 to PMOO bits are “012” and the PMO05 to PMO04 bits are “112" (multiplexed bus assigned to
the entire CS space), apply an “H” signal to the BYTE pin (external data bus is 8 bits wide). While the
CNVss pin is held “H” (= Vcc1), do not rewrite the PMO05 to PMO04 bits to “112” after reset.

If the PMO5 to PMO04 bits are set to “112” during memory expansion mode, P31 to P37 and P40 to P43
become I/O ports, in which case the accessible area for each CS is 256 bytes.

Note 4: The PMO1 to PMOO bits do not change at software reset, watchdog timer reset and oscillation stop
detection reset.

Figure 1.6.1. PMO Register
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Processor mode register 1 (Note 1)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After reset

| | 0 | | | | | | | PM1 000516 0X0010002
oo B symbol Bit name Function RW
e CS2 area switch bit 0: 0800016 to 26FFF1s R
. (data block enable bit) (block A disable)
R (Note 2) 1: 1000016 to 26FFF16
v o (block A enable)
i : I : E : S PM11 Port P37 to P34 0 : Address output RW
function select bit (Note 3)[ 1 : Port function
. PM12 Watchdog timer function | O : Watchdog timer interrupt RW
o select bit 1: Watchdog timer reset (Note 4)
A PM13 Internal reserved area See Note 6 RW
voor o expansion bit
Pl Memory area bS b4
e ——— PM14 f - 00 : 1 Mbyte mode RW
b expansion bit (Note 3) (Do not expand)
! . ' 0 1: Must not be set
R PM15 10 : Must not be set RW
. 11:4 Mbyte mode
D e — Reserved bit Should be set to “0”.
: (b6) RW
: PM17 Wait bit (Note 5) 0 : No wait state _ RW
""""""""""""" 1 : With wait state (1 wait)

Note 1: Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable).
Note 2: For the mask ROM version, this bit must be set to “0” . For the flash memory version, the PM10 bit also
controls block A by enabling or disabling it. However, the PM10 bit is automatically set to “1” when the
FMRO1 bit in the FMRO register is “1” (CPU rewrite mode).
Note 3: Effective when the PMO01 to PMOO bits are set to “012" (memory expansion mode) or “112” (microprocessor
mode).
Note 4: PM12 bit is set to “1” by writing a “1” in a program. (Writing a “0” has no effect.)
Note 5: When PM17 bit is set to “1” (with wait state), one wait state is inserted when accessing the internal RAM,
_internal ROM, or an external area. If the CSiW bit (i = 0 to 3) in the CSR register is “0” (with wait state), the
CSi area is_always accessed with one or more wait states regardless of whether the PM17 bit is set or not.
Where the RDY signal is used or multiplex bus is used, set the CSiW bit to “0” (with wait state).

Note 6: The access area is changed by the PM13 bit as listed in the table below.

Access area PM13=0 PM13=1
Internal | RAM | Up to addresses 0040016 to 03FFF16 (15 Kbytes) |The entire area is usable
ROM | Up to addresses D000016 to FFFFF16 (192 Kbytes) The entire area is usable

External Addresses 0400016 to 07FFF16 are usable Addresses 0400016 to 07FFF16 are reserved
Addresses 8000016 to CFFFF16 are usable Addresses 8000016 to CFFFF16 are reserved

Figure 1.6.2. PM1 Register
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Single-chip mode PM13=0
Internal RAM Internal ROM
0000016 SFR Capacity | Address XXXXX16 Capacity | Address YYYYY16
4K bytes| 013FFis 48K bytes | F400016
0040016 5K bytes| 017FF1s 64K bytes | FO00016
Internal RAM 10K bytes | 02BFF16 96K bytes | E800016
12K bytes | 033FF16 128K bytes | E000016
XXXXX16 16K bytes | 03FFF1s(Note 2) | 192K bytes | D000016

20K bytes | 03FFFi6(Note 2) 256K bytes | D000016(Note 2)
24K bytes | 03FFF16(Note 2) 320K bytes | D000016(Note 2)
31K bytes | 03FFFie(Note 2) 384K bhytes | D000016(Note 2)
512K bytes | DO00016(Note 2)

Can not PM13=1
use
Internal RAM Internal ROM
Capacity | Address XXXXX16 Capacity Address YYYYYi6
4K bytes | 013FFie 48K bytes | F400016
5K bytes| 017FF16 64K bytes F000016
YYYYY16
10K bytes| 02BFF16 96K bytes E800016
Internal ROM 12K bytes| 033FFi6 128K bytes | E000016
16K bytes| 043FF16 192K bytes | DO000016
FFFFF16 20K bytes | 053FFuis 256K bytes | C000016
24K bytes | 063FF16 320K bytes | B000016
31K bytes| O07FFFis 384K bytes | A000016

512K bytes | 8000016

Note 1: For the mask ROM version, set the PM10 bit to “0” (0800016 to 26FFF16 for CS2 area).
Note 2: If PM13 bit is set to “0”, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.

Figure 1.6.3. Memory Map in Single Chip Mode
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Bus
During memory expansion or microprocessor mode, some pins serve as the bus control pins to perform
data input/output to and from external devices. These bus control pins include Ao to A19, Do to D15, CSO
to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA and BCLK.

Bus Mode

The bus mode, either multiplexed or separate, can be selected using the PMO05 to PM04 bits.

Separate Bus
In this bus mode, data and address are separate.

Multiplexed Bus
In this bus mode, data and address are multiplexed. If the data bus is 8 bits wide, Do to D7 and Ao to
A7 are multiplexed. If the data bus is 16 bits wide, Do to D7 and A1 to A8 are multiplexed, with D8 to D15
not multiplexed. In this case, external devices connecting to the multiplexed bus are mapped to the
even addresses of the microcomputer.
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Bus Control
The following describes the signals needed for accessing external devices and the functionality of software
wait.
(1) Address Bus
The address bus consists of 20 lines, Ao to A19. The address bus width can be chosen to be 12, 16 or
20 bits by using the PMO06 bit in the PMO register and the PM11 bit in the PM1 register. Table 1.7.1
shows the PM06 and PM11 bit set values and address bus widths.

Table 1.7.1. PM06 and PM11 Bits Set Value and Address Bus Width

Set value(Note) Pin function Address bus wide
o o
PM11=0 A12t0 AL5 _
PM06=1 P40 to P43 16 bits
PM11=0 A12t0 AL5 _
PM06=0 A16 to A10 20 bits

Note 1: No values other than those shown above can be set.

When processor mode is changed from single-chip mode to memory extension mode, the address
bus is indeterminate until any external area is accessed.

(2) Data Bus
When input on the BYTE pin is high, 8 lines Do to D7 comprise the data bus; when input on the BYTE
pin is low, 16 lines Do to D15 comprise the data bus.
Do not change the input level on the BYTE pin while in operation.

(3) Chip Select Signal

The chip select (hereafter referred to as the CSi) signals are output from the CSi (i = 0 to 3) pins.
These pins can be chosen to function as I/O ports or as CS by using the CSi bit in the CSR register.
Figure 1.7.1 shows the CSR register.

During 1 Mbyte mode, the external area can be separated into up to 4 by the CSi signal which is output
from the CSi pin. During 4 Mbyte mode, CSi signal or bank number is output from the CSi pin. Refer to
“Memory space expansion function”. Figure 1.7.2 shows the example of address bus and CSi signal
output in 1 Mbyte mode.

Chip select control register
b7 b6 b5 b4 b3 b2 bl boO Symbol Address After reset
CSR 000816 000000012
Bit symbol Bit name Function RW
€S0 CS0 output enable bit 0: Chip select output disabled | RW |
: cs1 CS1 output enable bit (functions as 1/O port) RW
: L cs2 €52 output enable bit 1 : Chip select output enabled RW
P Cs3 CS3 output enable bit RW
[ csow 'CS0 wait bi
H EO wait bit 0 : With wait state ﬂ
Lommmmmmmmmeeeees csiw CS1 wait bit 1 : Without wait state RW
L EEE TP cs2w 'CS2 wait bit (Note 1, Note 2, Note 3) RW
LR EEE Cs3w CS3 wait bit RW
Note 1: Where the RDY signal is used in the area indicated by CSi (i = 0 to 3) or the multiplex bus is used, set
the CSiW bit to “0” (Wait state). —
Note 2: If the PM17 bit in the PM1 register is set to “1” (with wait state), the external area indicated by CSO0 to
CS3is always accessed with one wait state even when the CSiW bit is “1” (without wait state).
Note 3: When the CSiW bit = “0” (with wait state), the number of wait states (interms of clock cycles) can be
selected using the CSEi1W to CSEIOW bits in the CSE register.

Figure 1.7.1. CSR Register
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Example 1

To access the external area indicated by §Sj in the next cycle after
accessing the external area indicated by CSi

The address bus and the chip select signal both change state between
these two cycles.

Access to the external
area indicated by CSi

Access to the external
area indicated by CSj

BCLK
Read signal
Data bus ------<-----

Address bus XAddressXAddress"

L
L

csi

csj

Example 3

To access the external area indicated by CSi in the next cycle after
accessing the external area indicated by the same CSi

The address bus changes state but the chip select signal does not
change state

Access to the same
external area

Access to the external
area indicated by CSi

BCLK

Read signal

Data bus

Address bus

iy

XAddressXAddress_ [

Example 2

To access the internal ROM or internal RAM in the next cycle after
accessing the external area indicated by CSi

The chip select signal changes state but the address bus does not
change state

Access to the internal
ROM or internal RAM

Access to the external
area indicated by CSi

BCLK
Read signal
Data bus --------------(Data }---------

Address bus XAddress

—

csi

Example 4

Not to access any area (nor instruction prefetch generated) in the next cycle after
accessing the external area indicated by CSi

Neither the address bus nor the chip select signal changes state between
these two cycles

Access to the external  No access

area indicated by CSi

BCLK
Read signal I_l
Databus --------------(Data )--------
Address bus X Address |

Note : These examples show the address bus and chip select signal when accessing areas in two successive cycles. The chip select bus cycle
may be extended more than two cycles depending on a combination of these examples.

Shown above is the case where separate bus is selected and the area is accessed for read without wait states. i=0t0 3,j=0to 3

(not including i, however)

Figure 1.7.2. Example of Address Bus and CSi Signal Output in 1 Mbyte Mode
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(4) Read and Write Signals
When the data bus is 16 bits wide, the read and write signals can be chosen to be a combination of RD,
BHE and WR or a combination of RD, WRL and WRH by using the PMO02 bit in the PMO register. When
the data bus is 8 bits wide, use a combination of RD, WR and BHE.
Table 1.7.2 shows the operation of RD, WRL, and WRH signals. Table 1.7.3 shows the operation of
operation of RD, WR, and BHE signals.

Table 1.7.2. Operation of RD, WRL and WRH Signals

Data bus width RD WRL WRH Status of external data bus
. L H H Read data
( BYT%E%?S input H L H Write 1 byte of data to an even address
=“L") H H L Write 1 byte of data to an odd address
H L L Write data to both even and odd addresses

Table 1.7.3. Operation of RD, WR and BHE Signals

Data bus width RD WR BHE A0 Status of external data bus
H L L H Write 1 byte of data to an odd address
L H L H Read 1 byte of data from an odd address
16-bit H L H L Write 1 byte of data to an even address
(BYTE pin input L H H L Read 1 byte of data from an even address
=) H L L L Write data to both even and odd addresses
L H L L Read data from both even and odd addresses
8-bit (BYTE pin H L — (Note) HorlL Write 1 byte of data
input = “H") L H — (Note)| HorL | Read1 byte of data

Note : Do not use.

(5) ALE Signal
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when the
ALE signal falls.

When BYTE pin input = *H" When BYTE pin input = “L”
ALE ALE
Ao/Do to A7/D7 >< Address >< Data >< Ao >< Address ><
A1/Do to Ag/D7 >< Address >< Data ><
Ag 10 A19 >< Address (Note) ><
Agto Alg >< Address ><
Note : If the entire CS space is assigned a multiplexed bus, these pins function as 1/O ports.

Figure 1.7.3. ALE Signal, Address Bus, Data Bus
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(6) The RDY Signal

This signal is provided for accessing external devices which need to be accessed at low speed. If input on
the RDY pin is asserted low at the last falling edge of BCLK of the bus cycle, one wait state is inserted in
the bus cycle. While in a wait state, the following signals retain the state in which they were when the RDY

signal was acknowledged.

Ao to A19, Do to D15, CSO to CS3, RD, WRL, WRH, WR, BHE, ALE, HLDA

Then, when the input on the RDY pin is detected high at the falling edge of BCLK, the remaining bus cycle
is executed. Figure 1.7.4 shows example in which the wait state was inserted into the read cycle by the
RDY signal. To use the RDY signal, set the corresponding bit (CS3W to CSOW bits) in the CSR register
to “0” (with wait state). When not using the RDY signal, process the RDY pin as an unused pin.

In an instance of separate bus

BCLK

g
s W

(i=0 to 3)
RDY - \
tsu(RDY - BCLK)

*

Accept timing of RDY signal

In an instance of multiplexed bus

s /[ \

o T
es T\

(i=0 to 3)

RDY A

tsu(RDY - BCLK)

*

@ : Wait using RDY signal Accept timing of RDY signal

Zzz=z 1 Wait using software

Shown above is the case where CSEiW to CSEi1W (i = 0 to 3) bits are “002” (one wait state).

Figure 1.7.4. Example in which Wait State was Inserted into Read Cycle by RDY Signal
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(7) Hold Signal
This signal is used to transfer control of the bus from the CPU or DMA to an external circuit. When input
on the HOLD pin is asserted “L", the microcomputer goes to a hold state after completing the bus access
then in progress. While the HOLD pin is held “L”, the microcomputer remains in a hold state, outputting a
low signal from the HLDA pin.
Table 1.7.4 shows the microcomputer status in the hold state.
Bus-using priorities are given to HOLD, DMAC, and CPU in order of decreasing precedence.

HOLD > DMAC > CPU

Figure 1.7.5. Bus-using Priorities

Table 1.7.4. Microcomputer Status in Hold State

ltem Status
BCLK Output
Ao to Aus, Do to D1s, CSO to CS3, RD, WRL, WRH, WR, BHE | High-impedance
I/O ports PO, P1, P3, P4(Note 2) | High-impedance

P6 to P14(Note 1) Maintains status when hold signal is received

HLDA Output “L”
Internal peripheral circuits ON (but watchdog timer stops)
ALE signal Undefined

Note 1: P11 to P14 are included in the 128-pin version.
Note 2: When I/O port function is selected.

(8) BCLK Output
If the PMO7 bit in the PMO register is set to “0” (output enable), a clock with the same frequency as that
of the CPU clock is output as BCLK from the BCLK pin. Refer to “CPU clock and pheripheral clock”.
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Processor mode Memory expansion mode or microprocessor mode r“{',gg"emy expansion
002(separate bus) 012(CS2 is for multiplexed bus and 112(multiplexed bus
Lo o o) e s sece)
others are for separate bus)
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE pin “H” L H v “H
POo to P07 Do to D7 Do to D7 Do to D7 Do to D7 I/O ports
Ploto P17 I/O ports Ds to D15 I/O ports Ds to D15 I/O ports
P20 Ao Ao Ao/Do(Note 2) Ao Ao/Do
P21 to P27 A1lto A7 Alto A7 A1 to A7/D1to D7| A1 to A7/Do to Dé | Al to A7/D1to D7
(Note 2) (Note 2)
P30 As As As As/D7(Note 2) As
P31 to P33 Ag to A11 I/O ports
P34 to P37| PM11=0 A12 to A15 I/O ports
PM11=1 I/O ports
P4oto P43 PM06=0 A16 to A19 I/O ports
PMO06=1 I/O ports
P44 CS0=0 I/O ports
CS0=1 "CSO0
P45 CS1=0 I/O ports
CS1=1 CS1
P46 CS2=0 I/O ports
CS2=1 CS2
P47 CS3=0 I/O ports
CS3=1 CS3
P50 PM02=0 WR
PM02=1 [—— (Note 3) | WRL | —— (Note 3) | WRL | —— (Note 3)
P51 PM02=0 BHE
PM02=1 |— (Note 3) | WRH | —— (Note 3) | WRH | —— (Note 3)
P52 RD
P53 BCLK
P54 HLDA
P55 HOLD
P56 ALE
P57 RDY

I/O ports: Function as I/O ports or peripheral function 1/0O pins.

Note 1: To set the PM01 to PMOO bits are set to “012” and the PM05 to PMO04 bits are set to “112” (multiplexed bus assigned to the entire CS
space), apply “H” to the BYTE pin (external data bus 8 bits wide). While the CNVss pin is held “H” (= Vcc1), do not rewrite the PM05
to PMO04 bits to “112" after reset. If the PM05 to PMO04 bits are set to “112” during memory expansion mode, P31 to P37 and P4o to P43
become 1/O ports, in which case the accessible area for each CS is 256 bytes.

Note 2: In separate bus mode, these pins serve as the address bus. -

Note 3: If the data bus is 8 bits wide, make sure the PMO02 bit is set to “0” (RD, BHE, WR).
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(9) External Bus Status When Internal Area Accessed
Table 1.7.6 shows the external bus status when the internal area is accessed.

Table 1.7.6. External Bus Status When Internal Area Accessed

Item SFR accessed Internal ROM, RAM accessed
Ao to A19 Address output Maintain status before accessed
address of external area or SFR
Do to D15 When read High-impedance High-impedance
When write Output data Undefined
RD, WR, WRL, WRH RD, WR, WRL, WRH output Output “H”
BHE ﬁoutput Maintain status before accessed

status of external area or SFR

CS0 to CS3 Output “H” Output “H”

ALE Output “L” Output “L”

(10) Software Wait
Software wait states can be inserted by using the PM17 bit in the PM1 register, the CSOW to CS3W bits
in the CSR register, and the CSE register.
To use the RDY signal, set the corresponding CS3W to CSOW bit to “0”. Figure 1.7.6 shows the CSE
register. Table 1.7.7 shows the software wait related bits and bus cycles. Figure 1.7.7 and 1.7.8 show the
typical bus timings using software wait.

Chip select expansion control register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| CSE 001B16 0016
Bit symbol Bit name Function RW
CS( i i i b1 bo
L CSE0OW CSO0 wait expansmn(t'i‘lgte) 00: 1 wait RW
0 1: 2 waits
' 1 0: 3 waits
""" CSE0IW 1 1: Must not be set RW
e CS1 wait expansion bit b3 b2
CSELoW P (Note) 0 0: 1 wait RwW
' 0 1: 2 waits
"""""" CSE11W 1 0: 3 waits RW
1 1: Must not be set
______________ CS:? i i i b5 b4
CSE20W CS2 wait expansion t'illtt 0 0: 1 wait RW
, (Note) 0 1: 2 waits
e CSE21W 1 0: 3 waits
1 1: Must not be set RW
o] csesow | CS3 wait expansion bit  |b7 b6 ) RW
(Note) 0 0: 1 wait
: 0 1: 2 waits
B EEDECEEEEEEEEEE CSE31W 1 0: 3 waits RW

1 1: Must not be set

Note: Set the CSiW bit (i = 0 to 3) in the CSR register to “0” (with wait state) before writing to the CSEi1W to
CSEIiOW bits. If the CSiW bit needs to be set to “1” (without wait state), set the CSEi1W to CSEiIOW bits to “
002" before setting it.

Figure 1.7.6. CSE Register

10 RENESAS
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Table 1.7.7. Bit and Bus Cycle Related to Software Wait

CSR register CSE register
PML register CS3W bit (Note 1) CSE31W to CSE30W bit
> CS2W bit (Note 1) CSE21W to CSE20W bit Software wait
Area Bus mode PM17 bit CS1W bit (Note 1) CSE11W to CSE10W bit Bus cycle
CSOW bit (Note 1) CSEO01W to CSEOOW bit
Internal — 0 — — No wait 1 BCLK cycle (Note 3)
RAM, ROM — 1 — — 1 wait 2 BCLK cycles
1 BCLK cycle (read)
0 1 002 No wait
2 BCLK cycles (write)
Separate bus — 0 002 1 wait 2 BCLK cycles (Note 3)
— 0 012 2 waits 3 BCLK cycles
External areg — 0 102 3 waits 4 BCLK cycles
1 1 002 1 wait 2 BCLK cycles
— 0 002 1 wait 3 BCLK cycles
Multiplexed bus — 0 012 2 waits 3 BCLK cycles
(Note 2) — 0 102 3 waits 4 BCLK cycles
1 0 002 1 wait 3 BCLK cycles

Note 1: To use the RDY signal, set this bit to “0".

Note 2: To access in multiplexed bus mode, set the corresponding bit of CSOW to CS3W to “0” (with wait state).

Note 3: After reset, the PM17 bit is set to “0” (without wait state), all of the CSOW to CS3W bits are set to “0” (with wait state), and the CSE register is set to
“0016” (one wait state for CSO to CS3). Therefore, the internal RAM and internal ROM are accessed with no wait states, and all external areas are
accessed with one wait state.
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(1) Separate bus, No wait setting

Bus cycle (Note)

-

Bus cycle (Note)

|
s || | || ||

Write signal
Read signal
Databus ---------s-a-eeoaoo{  Output N { '”PUt> ------------------

Address bus >< Address

X

><Address><

CS

(2) Separate bus, 1-wait setting

Bus cycle (Note)

o

Bus cycle (Note)

_B_CLKI\J\J\_}J\_\JH\_
Read signal LI
Data bus -----r-=-m-eeroe @) ----------------------- ..........

Address bus Address

X

Address

-

|

=] g
3)S te bus, 2-wait setti
(3) Separate bus, 2-wait setting Bus cycle (Note) Bus oycle (Note)
I< |
e | [ L L L) L
Write signal
Read signal | |
Data bus :------------------- { Output > ................................

Address bus Address

CS

succession.

Note : These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and write cycles in

Figure 1.7.7. Typical Bus Timings Using Software Wait (1)
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(1) Separate bus, 3-wait setting

Bus cycle (Note) Bus cycle (Note)

BCLK

Write signal |
Read signal |

Data bus  --------- < Output > .........................................

Address bus >< Address >< X Address x
5| ] ~

(2)Multiplexed bus, 1- or 2-wait setting

Bus cycle (Note) Bus cycle (Note)

BCLK

Write signal
Read signal
ALE

Address bus < Address X >< Address ).

Address bus/ Address Data output Address } ... _(Input)--- .-
Data bus
cs | |

(3)Multiplexed bus, 3-wait setting

Bus cycle (Note) Bus cycle (Note)

BCLK

Write signal
Read signal |

ALE
Address bus < Address X X Address >-
Address bus/
Data bus Address>< Data output X XAddress > ------------------ —eed
cs | |

Note : These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and write cycles in
succession.

Figure 1.7.8. Typical Bus Timings Using Software Wait (2)
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Memory Space Expansion Function

Memory Space Expansion Function

The following describes a memory space extension function.

During memory expansion or microprocessor mode, the memory space expansion function allows the
access space to be expanded using the appropriate register bits.

Table 1.8.1 shows the way of setting memory space expansion function, memory spaces.

Table 1.8.1. The Way of Setting Memory Space Expansion Function, Memory Space

Memory space expansion function | How to set (PM15 to PM14) Memory space
1 Mbytes mode 002 1 Mbytes (no expansion)
4 Mbytes mode 11, 4 Mbytes

(1) 1 Mbyte Mode
In this mode, the memory space is 1 Mbytes. In 1 Mbyte mode, the external area to be accessed is
specified using the CSi (i = 0 to 3) signals (hereafter referred to as the CSi area). Figures 1.8.2 t0 1.8.3
show the memory mapping and CS area in 1 Mbyte mode.

(2) 4 Mbyte Mode
In this mode, the memory space is 4 Mbytes. Figure 1.8.1 shows the DBR register. The BSR2 to BSRO
bits select a bank number which is to be accessed to read or write data. Setting the OFS bit to “1” (with
offset) allows the accessed address to be offset by 4000016.

In 4 Mbyte mode, the CSi (i=0 to 3) pin functions differently for each area to be accessed.

Addresses 0400016 to 3FFFF16, C000016 to FFFFF16

» The CSi signal is output from the CSi pin (same operation as 1 Mbyte mode. However the last address
of CS1 area is 3FFFF16)

Addresses 4000016 to BFFFF16

+ The CSO pin outputs “L”

» The CS1 to CS3 pins output the value of the BSR2 to BSRO bits (bank number)

Figures 1.8.4 to 1.8.5 show the memory mapping and CS area in 4 Mbyte mode. Note that banks 0 to 6
are data-only areas. Locate the program in bank 7 or the CSi area.

Data bank register (Note)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
DBR 000B16 0016
Bit symbol Bit name Description RW
© Nothing is assigned. When write, set to “0”. When read, its contentis | _
(b1-b0) “Qr.
e OFS Offset bit 0: Not offset
1: Offset RW
] BSRO Bank selection bits b5 b4 b3 b5 b4 b3 RW
000:Bank 0 001:Bank1
[P BSR1 010:Bank 2 011:Bank3
: 100: Bank 4 101:Bank5 RW
' 110:Bank 6 111:Bank7
""""""""" BSR2 RW
b Nothing is assigned. When write, set to “0”. When read, its content is
(b7-b6) Q. —

Note : Effective when the PMO1 to PMOO bits are set to “012" (memory expansion mode) or “112" (microprocessor
mode).

Figure 1.8.1. DBR Register
14 RENESAS
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Memory expansion mode Microprocessor mode
0000016 SFR SFR
0040016 [ |~ 0T
Internal RAM Internal RAM
XXXXXwe | |
Reserved area Reserved area
0400016 ‘CS3(16 Kbytes)
0800016 Reserved, Externalarea| Reserved, external area
1000016
2700016 Reservedarea | Reserved area
2800016
3000016 |TTTTTTTTTTpIET T
External area External area
D0000ss Reserved area
YYYYYie
Internal ROM
FFFFFGO L | __________ . | N___________
PM13=0
Internal RAM Internal ROM External area
Capacity | Address XXXXX1s Capacity Address YYYYY1s CSO CS1 CS2 CS3
4 Kbytes | 013FF16 48 Kbytes| F400016 Memory expansion mode 2800016~ | When PM10=0 0400016—
5 Kbytes | 017FF16 64 Kbytes| FO00016 3000016—CFFFF16 2FFFF16 0800016—26FFF16 07FFF16
10 Kbytes | 02BFF16 96 Kbytes| E800016 Microprocessor mode When PM10=1
12 Kbytes | 033FF16 128 Kbytes| EO00016 3000016—-FFFFF16 1000016—26FFF16

16 Kbytes | 03FFF16(Note)| 192 Kbytes| D000016

20 Kbytes | 03FFF16(Note)| 256 Kbytes| D0O00016(Note)
24 Kbytes | 03FFF16(Note)| 320 Kbytes| D000016(Note)
31 Kbytes | 03FFFi6(Note)| 384 Kbytes| DO00016(Note))
512 Kbytes| D00001s(Note)

Note : If PM13 bit is set to “0”, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.

Figure 1.8.2. Memory Mapping and CS Area in 1 Mbyte Mode (PM13=0)

Memory expansion mode Microprocessor mode
0000016 SFR SFR
004006 [ |77
Internal RAM Internal RAM
XXXXXwe f
Reserved area
0800016 | Reserved, external area | Reserved, external area |
1000016
2700016 Reserved area | Reserved area
28000, |77
300006 [ TP
External
area External area
8000016 Reserved area
YYYYY16
Internal ROM
FFFFFe L | ___ Y
PM13=1
Internal RAM Internal ROM External area
Capacity | Address XXXXXis Capacity Address YYYYYis CS0 CS1 CS2 CS3
4 Kbytes| 013FF16 48 Kbytes| F400016 Memory expansion mode 2800016~ | When PM10=0 No area
5 Kbytes|  017FF16 64 Kbytes| F000016 3000016-7FFFF16 2FFFF16 0800016—26FFF16
10 Kbytes 02BFF16 96 Kbytes| E800016 Microprocessor mode When PM10=1
12 Kbytes| 033FF1s 128 Kbytes| E000016 3000026—FFFFF16 1000016-26FFF1s
16 Kbytes 043FF16 192 Kbytes| D000016
20 Kbytes 053FF16 256 Kbytes| C000016
24 Kbytes 063FF16 320 Kbytes| B000016
31 Kbytes 07FFF16 384 Kbytes| A000016
512 Kbytes| 8000016

Figure 1.8.3. Memory Mapping and CS Area in 1 Mbyte Mode (PM13=1)
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. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory Space Expansion Function
. __________________________________________________________________________________________________________________________|

Memory expansion mode Microprocessor mode
0000016 SER SFR
004006 [ | T
Internal RAM Internal RAM
XXXXXKw |
Reservedarea | Reserved area o
0400016 CS3(16 Kbytes)
0800016 Reserved, externalarea [ Reserved, external area 1 _(;_52(PM10:O: 124 Kbytes)
w0006 | B ”;7C_SZ(PM10=1‘ 92 Kbytes)
2700016 Reservedarea | Reserved area o
2800015 3 CS108 koytes)
4000016 [ [T [ _
External area External area Other than the CS area (512 Kbytes X 8 banks)
(1010101023 e N AT s
16 I CS0(Memory expansion mode:64 Kbytes )
D000016 R qaea | T I
eserved area CSO0(Microprocessor mode:256 Kbytes)
YYYYYi16
Internal ROM
FFFFF6 L 1 -
PM13=0
Internal RAM Internal ROM _ xternal area _ _
Capacity | Address XXXXXi Capacity Address YYYYYig Cso CSs1 CS2 CS3 Other than the CS area (Note 1)
4 Kbytes | 013FF16 48 Kbytes|F400016 Memory expansion mode  |2800016—  |When PM10=0
5 Kbytes | 017FF16 64 Kbytes|F000016 C000016-CFFFF16 3FFFF16 0800016—26FFF16 0400016— |4000016-BFFFF16
10 Kbytes | 02BFF16 96 Kbytes|E800016 Microprocessor mode When PM10=1 07FFF15
12 Kbytes | 033FF1s 128 Kbytes|E000016 C000016—-FFFFF16 1000016-26FFF16
16 Kbytes | 03FFF16(Note2)| 192 Kbytes|D000016
20 Kbytes | 03FFF16(Note2)| 256 Kbytes DO00016(Note2)
24 Kbytes | 03FFFis(Note2)| 320 Kbytes| D000016(Note2)
31 Kbvtes | 03FFF16(Note2)| 384 Kbytes|D000016(Note2)
512 Kbytes/D000016(Note2)
Note 1: The (ﬁ pin outputs a low signal, and the @—@ pins output a bank number.
Note 2: If PM13 bit is set to “0”, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.

Figure 1.8.4. Memory Mapping and CS Area in 4 Mbyte Mode (PM13=0)

Memory expansion mode Microprocessor mode
0000016 SFR SFR
004008 | T
Internal RAM Internal RAM
XXXXKe |
Reserved area Reserved area
0800016 [ “Reserved, extemalarea | | Reserved, extemal area |} CS(PM10=0: 124 Kbyes)
1000016 vy »(fz(PMlOzl: 92 Kbytes)
2700016 Reserved area Reserved area .
2800016 CS1(96 Kbytes)
0T R N [ATY
[SitniglEes B e Other than the CS area (Memory expansion mode:256 Kbytes X 8 banks)*
*Two 256 Kbytes X 8 banks can be used by changing the offset.
AT N N "1 "Other than the Ts area(Microprocessor mode:512 Kbytes X 8 banks)
C000016 Reserved area
YYYYYis CSO0(Microprocessor mode:256 Kbytes)
Internal ROM
FFFFF6L | Y
PM13=1
Internal RAM Internal ROM xternal area
Capacity | Address XXXxXis | Capacity | Address YYYYYis CS0 Ts1 TS?2 TS3 Other than the CS area (Note)
4 Kbytes|  013FF16 48 Kbytes| F400016 Microprocessor mode 2800016~  |When PM10=0 No area Memory expansion mode
5Kbytes|  017FF16 64 Kbytes| F000016 | CO00016-FFFFF16 3FFFF16  |0800016-26FFF16 0400016-7FFFF16
10 Kbytes| 02BFF16 96 Kbytes| E800016 When PM10=1 Microprocessor mode
12 Kbytes|  033FF1s 128 Kbytes E000015 1000016-26FFF16 0400016-BFFFF16
16 Kbytes|  043FF16 192 Kbytes) D000016
20 Kbytes|  053FF16 256 Kbytes| C000016
24 Kbytes|  063FF16 320 Kbytes| B000016
31Kbytes| 07FFF1s 384 Kbytes|  A000016
512 Kbytes| 8000016

Note : The ﬁ pin outputs a low signal, and the @—(ﬁ pins output a bank number.

Figure 1.8.5. Memory Mapping and CS Area in 4 Mbyte Mode (PM13=1)
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Memory Space EXpanSion Function SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Figure 1.8.6 shows the external memory connect example in 4 Mbyte mode.

In this example, the CS pin of 4-Mbyte ROM is connected to the CSO0 pin of microcomputer. The address
input AD21, AD20 and AD19 pins are connected to the CS3, CS2 and CS1 pins of microcomputer,
respectively. The address input AD18 pin is connected to the A19 pin of microcomputer. Figures 1.8.7 to
1.8.9 show the relationship of addresses between the 4-Mbyte ROM and the microcomputer for the case
of a connection example in Figure 1.8.6.

In microprocessor mode, or in memory expansion mode where the PM13 bit is “0”, banks are located
every 512 Kbytes. Setting the OFS bit to “1” allows the accessed address to be offset by 4000016, so that
even the data overlapping a bank boundary can be accessed in succession.

In memory expansion mode where the PM13 bit is “1”, each 512-Kbyte bank can be accessed in 256
Kbyte units by switching them over with the OFS bit.

Because the SRAM can be accessed on condition that the chip select signals S2 = “H” and S1 =“L”, CSO
and CS2 can be connected to S2 and S1, respectively. If the SRAM does not have the input pins to accept
“H” active and “L” active chip select signals, CS0 and CS2 should be decoded external to the chip.

8
DO to D7 DQO to DQ7
17
A0 to A16 ADO to AD16
AL7 AD17 =
. A19 AD18 o)
2 x
R— g
£ cs1 AD19 2,
g o
g Ccs2 AD20 -
S Cs3 AD21 <
= RO OF
CSo cs
WR— L —{bgo to DQ7
=
<
ADOto AD16 &
"
— 4
OE <
S2 =
—_(Note) X
S1 X
W —
Note: If only one chip select pin (S1 or S2) is present,
decoding by use of an external circuit is required.

Figure 1.8.6. External Memory Connect Example in 4M Byte Mode
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Memory expansion mode where PM13 =0

Output from the microcomputer pins
HE;'::; OFS A;::eeass CS output Address output
Cs3[ Cs2[CS1| Al | A | Az | As | Ais—Ao
o 4000016 | 5 | o | o | o | 1 | o | o | oooois | 00000016
0 BFFFFi6 [ © 0 0 1 0 1 1 | FFFFs 07FFFF16
1 4000016 [ © 0 0 1 0 0 0 | 000016 04000016
BFEFF1s | © [ 1 [ 1 1 1 | FFFFis OBFFFF16
o | 4000016 O o 1 o1 0 0 oo00s| 08000016
1 BFFFF16 | © 0 1 1 0 1 1 | FFFFis | OFFFFF16
4000016 | o | o | 1| 1| 0 | O | 0 | g0 | 0CO00016
1
BFFFFi6 | © 1 0 0 1 1 1 | FFFFis 13FFFF16
R 4000016 [ O | 1 | 0 | 0 |1} 0 | 0 | gy905 10000016
BFFFFis| 0 | 1 | o | 1 [ 0o | 1 | 1 |FFFFs| 17FFFF1e
2
1 4000016 | 0 | 1 o 1] 0 0 | 0 | oooois | 14000016
BFFFFi6 | o 1 1 0 1 1 1 | FFFFis 1BFFFF16
4000016 [ 0 | 1 10 |1 0 | 0 | oooois 18000016
0
3 BFFFFi6 | © 1 1 1 0 1 1 | FFFFis 1FFFFF16
4000016 | 0 | 1 1 1] o0 0 | O | ooooss | 1C000016
1 BFFFF16 1 0 0 0 1 1 1 FFFF16 23FFFF16
4000016 | 1 0 0 0 1 0 0 | 000016 20000016
0
4 BFFFF16 1 0 0 1 0 1 1 FFFF16 27FFFF16
1 4000016 [ 1 | © o 1|0 0 | 0 | oooois 24000016
BFFFF16 | 1 0 1 0 1 1 1 | FFFFs | oBEFFF16
4000016 [ 1 | © 1] 0 1 O | 0 | 000016 28000016
0 BFFFFi16 1 0 1 1 0 1 1 FFFF16 2FFFFF16
5
| 4000016 | 1 0 1 1 0 0 0 | 00001 2C000016
BFFFFi6 [ 1 1 0 0 1 1 1 | FFFFis 33FFFF16
4000016 | 1 | 1 0 0|1 0 | 0 | ooo0is 30000016
. Y BFFFF16 | 1 1 0 1 0 1 1 | FFFFs | 37FFFF16
4000016 | 1 1 0 1 o o 0 | 00001 34000016
1
BFFFFi6 | 1 1 1 0 1 1 1 | FFFFis 3BEFFF16
4000016 | 1 1 1|10 1 0 | 0 | 00001 38000016
7FFFF16 1 1 1 0 1 1 1 FFFF1s 3BFFFF16
8000016 | 1 | 1 1)1 ]o0 0 | 0 | oogois | 3C000016
. o BFFFF16 | 1 1 1 1 0 1 1 | FFFFs | 3FFFFF16
C000016 | 1 1 1 1 1 0 0 | 000016 3C000016
CFFFFi6 | 1 1 1 1 1 0 0 | FFFF1s 3CFEFF16
D000016 Internal ROM access
DFFFF16 Internal ROM access
D000016 Internal ROM access
DFFFF16 Internal ROM access
- A21 | A20 | A19 | A18 | N.C.| A17 | A16 | A15-A0 | Address input for 4-

Address input for 4-Mbyte ROM

Mbyte ROM

N.C.: No connected

Data

Program or data

Program or data

A 00000016

¥ _3FFFFF1s

ROM address

OFS bit of the DBR register=0

Microcomputer address
OFS bit of the DBR register=1

04000016

08000016

0C000016

10000016

14000016

18000016

1C000016

20000016

24000016

28000016

2C000016

30000016

34000016

3C000016

4000016
bank 0 ---ooossseeee oo
4000016
_______________ iB.'_:EE!:_:.L?__.___.___. -----bank O
4000016
BFFFFi6
sfebanK 1 e
4000016
_______________ BFFFFs | pooed
4000016
[ V-1 o |2 PP A ?'_:_'_:.'_:E.l_s_
4000016
............... BFFFF16 . |....bank2
4000016
bank 3 eeceeeeeeeeeaendonn.... . BFFFF16
4000016
_______________ BFFFF1s | . pank3
4000016
-bank 4  ceeeeeeemmeieeieee i B _'_:E_F_Ei_l?
4000016
_______________ B FFFFlG -..-bank 4
4000016
-bank 5 el .B.'.:.F.:EE.lﬁ
4000016
............... B .'_:E!:_'_:,J.'?_,.__,.__,._ ----bank 5
4000016
-bank 6 e Ll BFFFF16
4000016
............... BEFFF1s .l ._.banks
4000016
bank 7
I OO AN .o s oLt
BFFFF16

uonoun4 uoisuedx3 aoeds Alowa

H31NdINODO0HDIN SOND 119-9T dIHO-31ONIS

dnoio dz9 / D9TIN
slaindwo20421W 1YSIgNSN
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Memory expansion mode where PM13 =1

Output from the microcomputer pins
m?;nb‘;r OFS A:fee:S CSoutput Address output
CS3 | CS2 | CS1 | Al | Ais | A7 Ats | Ais—Ao
0 4000016 | o | o | o | o | 1 | o | o | oooows 00000016
o 7FFFF16 | © 0 0 0 1 1 1 | FFFF1s 03FFFF16
1 4000016 [ o | o o 1] 0 0o | o | 0000 04000016
7FFFF16 | 0 | © o 1]0 1| 1 | FFFFs 07FFFF16
o 4000016 [ o | o 1] 0| 1 o | o | 0000 08000016
1 TFFFF16 | 0 0 1 0 1 1 1 FFFF16 OBFFFF16
1 4000016 0 0 1 1 0 0 0 000016 0C000016
7FFFF16 | © 0 1 1 0 1 1 FFFF1s OFFFFF16
o 4000016 [ o | 1 o 0o | 1 0o | o | 0000 10000016
5 7TFFFF6 | 0 [ 1 [ o [ o [ = [ 1 [ 1 | FFFRs| 13FFFF1e
1 4000016 | o | 1 o 1] 0 0o | o | 0000 14000016
7FFFF16 | © 1 0 1 0 1 1 | FFFFs 17FFFF16
o 4000016 | o | 1 1] 0| 1 o | o | 0000 18000016
3 7FFFF16 | © 1 1 0 1 1 1 | FFFFis 1BFFFF16
i 4000016 | o 1 1 1 0 0 0 | 000016 1C000016
7FFFF16 | © 1 1 1 0 1 1 | FFFFis 1FFFFF16
o 4000016 [ 1 | o | o| o | 1 | o | o | oooow | 20000016
. 7FFFF16 | 1 0 0 0 1 1 1 | FFFFis 23FFFF16
1 4000016 [ 1 | o o 1] 0 0 | o | 0000 24000016
7FFFF16 | 1 0 0 1 0 1 1 | FFFFis 27FFFF16
o 4000016 | 1 0 1 0 1 0 0 | 000016 28000016
5 7FFFF16 | 1 0 1 0 1 1 1 | FFFF1s 2BFFFF16
i 4000016 | 1 0 1 1 0 0 0 | 00001 2C000016
7TFFFF16 | 1 0 1 1 0 1 1 | FFFF1s |  2FFFFF16
o 4000016 | 4 | 1 o 0o | 1 0o | o | 0000 30000016
. 7FFFF1s | 1 | 1 | 0 | 0 | 1 | 1| 1 | FFFFs| 33rpppg
1 4000016 | 1 1 0 1 0 0 0 | 00001 34000016
TFFFF6 | 1 | 1 [ o [ 1 | o | 1| 1 | FFFFs| 37FFFF16
4000016 | 1 | 1 1] 0| 1 o | o | 0000 38000016
; o 7FFFF16 [ 1 1 1 0 1 1 1 | FFFF1s 3BFFFF16
8000016 Internal ROM access
FFFFF16 Internal ROM access
4000016 | 1 1 1 1|0 0 | o | 00001 | 3C000016
7 o | TFFFRs| 1 | 1 1l 1]0 1| 1 | FFFFs | 3FFFFF16
8000016 Internal ROM access
FFFFF16 Internal ROM access
A21 | A20 | A19 | A18 | N.C. | A17 | A16 | A15-A0 | Address input for 4-
/// Address input for 4-Mbyte ROM Mbyte ROM

N.C.: No connected

Data

Program or data

Program or data

ROM address

OFS bit of the DBR regist

Microcomputer address
OFS bit of the DBR register=1

A 00000016

04000016

08000016

0C000016

10000016

14000016

18000016

1C000016

20000016

24000016

28000016

2C000016

30000016

34000016

A 3C000016

{ 3FFFFF16

4000016
bank 0
________________________________________________ TFFFF16
4000016
bank 1
_______________ TRRRRI6
4000016
bank 1
________________________________________________ TFFFF1e
) 4000016
bank 2
e TEFERLS
4000016
bank 2
______________________________________________ TFFFF16
4000016
) bank 3
________________ TRFEFFLS
4000016
bank 3
_____________________________________________ TFFFF16
4000016
bank 4
_______________ TRFEF16
4000016
bank 4
________________________________________________ TFFFF16
4000016
bank 5
Joo o TFFFRS
4000016
bank 5
............................................. TFFFF16
4000016
bank 6
SO 4 1 i v L
4000016
> bank 6
________________________________________________ 7FFFF16.
4000016
bank 7
______________ TFFRRIS
4000016
bank 7
7FFFF16

uondun4 uoisuedx3 aoeds Alowa
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Microprocessor mode

Output from the microcomputer pins
nS;?fer OFS A;(r:ee:s CS output Address output
CTS3 | CS2 | CS1 | Awle | A | Awr Ais | Ais—Ao

4000016 | o 0 0 0 1 0 0 | 000016 00000016

0
0 BFFFF16| 0 0 0 1 0 1 FFFF16 07FEFE16
1 4000016 [ © 0 0 1 0 0 0 | 000016 04000016
BFFFF16| 0 0 1 0 1 1 1 | FFFFis |  OBFFFF16
0 4000016 | © 0 1 0 1 0 0 000016 08000016
1 BFFFF16 | o 0 1 1 0 1 1 FFFF16 OFFFFF16
4000016 | o 0 1 1 0 0 0 | 000016 0C000016

1
BFFFF16 | © 1 0 0 1 1 1 | FFFFis |  13FFFF16
0 4000016 [ © 1 0 0 1 0 0 | 000016 10000016
) BFFFF16 0 1 0 1 0 1 1 FFFF16 17FFFF16
4000016 | © 1 0 1 0 0 0 000016 14000016

1
BFFFF16 | o 1 1 0 1 1 1 | FFFFis | 1BFFFF16
4000016 | o 1 1 0 1 0 0 | 000016 18000016

0
3 BFFFF16 0 1 1 1 0 1 1 FFFF16 1FFFEF16
1 4000016 | © 1 1 1 0 0 0 | 000016 1C000016
BFFFF16 | 1 0 0 0 1 1 1 | FFFFis 23FFFF16
0 4000016 1 0 0 0 1 0 0 000016 20000016
4 BFFFF16 [ 1 0 0 1 0 1 1 | FFFFi 27FFFF16
1 4000016 1 0 0 1 0 0 0 000016 24000016
BFFFF16| 1 | 0 | 1 | 0 | 1 | 1) 1 |FFFFs| opEEEFg
0 4000016 | 1 0 1 0 1 0 0 | 00001 28000016
5 BFFFF16 | 1 0 1 1 0 1 1 FFFF16 2FEFEEF16
1 4000016 1 0 1 1 0 0 0 000016 2C000016
BFFFF16 | 1 1 0 0 1 1 1 | FFFFis 33FFFF16
0 4000016 | 1 1 0 0 1 0 0 | 000016 30000016
. BFFFF16 | 1 1 0 1 0 1 1 | FFFFis 37FFFF16
1 4000016 | 1 1 0 1 0 0 0 000016 34000016
BFFFF16 | 1 1 1 0 1 1 1 FFFF16 3BEFEF16
4000016 | 1 1 1 0 1 0 0 | 000016 38000016
7TFFFF16 | 1 1 1 0 1 1 1 | FFFFis 3BEEEF16
7 0 8000016 | 1 1 1 1 0 0 0 | 000016 3C000016
BFFFF15| 1 1 1 1 0 1 1 | FFFFis 3FFFFF16
C000016 | 1 1 1 1 1 0 0 000016 3C000016
FFFFF16 | 1 1 1 1 1 1 1 FFFFi6 3FFFEF16
A21 | A20 | A19 [ A18 | N.C. | A17 | A16 | A15-A0 | Address input for 4-
Address input for 4-Mbyte ROM Mbyte ROM

N.C.: No connected

Data

Program or data

Program or data

ROM address

OFS bit of the DBR register=0

A 00000016

Microcomputer address
OFS bit of the DBR register=1

04000016

08000016

0C000016

10000016

14000016

18000016

1C000016

20000016

24000016

28000016

2C000016

30000016

34000016

3C000016

 3FFFFF1s

4000016
bank 0 ----eememee e
4000016
____________ BFFFF1s Ll banko
4000016
bank 1
____________ BFFFF1s | oy
4000016
DANK 2 eeemeeeeeeemeeeideee BFFFF1s
4000016
............ BFFFF1s 1. . pank2
4000016
bank 3 eeoeeeeeeeeneadnnn.... . BEFFF16
4000016
____________ BFFFF1s | pooia
4000016
DANK 4 <ommmmmmeeeeeeeeea L BFFFF1s
4000016
............ B. '.:E.F.E%?............ ----bank 4
4000016
- S A BFFFF16
4000016
............ BFFFF1s | . banks
4000016
DANK 6 omeeeemmmeeemmeeedoneeeenn ] BFFFEF16
4000016
............. BFFFF1s | . banks
4000016
bank 7
_____________ TFFFF16 /... BFFFFs
C000016
FFFFFi6

uonoun4 uoisuedx3 aoeds Alowa
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Clock Generation Circuit

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock Generation Circuit

The clock generation circuit contains four oscillator circuits as follows:
(1) Main clock oscillation circuit
(2) Sub clock oscillation circuit
(3) Ring oscillator (oscillation stop detect function)
(4) PLL frequency synthesizer

Table 1.9.1 lists the clock generation circuit specifications. Figure 1.9.1 shows the clock generation circuit.
Figures 1.9.2 to 1.9.6 show the clock-related registers.

Table 1.9.1. Clock Generation Circuit Specifications

Main clock Sub clock ; ; PLL frequency
ltem oscillation circuit oscillation circuit Ring oscillator synthesizer
Use of clock * CPU clock source | *CPU clock source |+ CPU clock source * CPU clock source
« Peripheral function|  Timer A, B's clock |« Peripheral function clock source| * Peripheral function clock
clock source source » CPU and peripheral function source
clock sources when the main
clock stops oscillating
Clock frequency | 0to 16 MHz 32.768 kHz About 1 MHz 10 to 24 MHz
Usable oscillator | « Ceramic oscillator | « Crystal oscillator
» Crystal oscillator
Pins to connect | XIN, XouT XCIN, XcouT
oscillator o
Oscillation stop, | Presence Presence Presence Presence
restart function
Oscillator status | Oscillating Stopped Stopped Stopped
after reset
Other Externally derived clock can be input
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Clock Generation Circuit

Sub-clock
generating circuit

CMO01-CM00=002

PMO01-PM00=002, CM01-CM00=012 i
° CLKout

1/0 ports

XCIN Xcout PM01-PM00=002, CM01-CM00=102__,
PM01-PMO00=002,
fea { CM01-CM00=112
CM04 132
f1
Sub-clock > . R PeLko=1
2
I e —{>—o PCLK0=0
fc fa
Ring
cm21 oscillator fa2
clock >—
N~ fap
Oscillation f1si0 L
stop, re- PCLK1=1
oscillation P
detection >_Ozswo PCLK1=0
circuit
ﬁ [N_f8sio
CM10=1(stop mode) S Q PLL |
frequency fa2sio
R synthesizer e|bfc
CMO07=0
PLL cM21=1 @q Divider |9
< 1 | clock CPU clock
Main clock 0 CM21=0 ! BCLK
i ircuit CMm11
Cmos  9enerating circuit
cMo2 _40D7
s e : d
WAIT instruction —— =
—q 12
a 1/32
RESET
Software reset
—_ CM17-CM16=112
NMI O
CMO06=0
Interrupt request level judgment output CM17-CM16=102 o) ~— O d
CM02, CM04, CMO05, CM06, CM07: CMO register bits CMO06=0
CM10, CM11, CM16, CM17: CM1 register bits CM17-CM16=012
PCLKO, PCLK1: PCLK register bits
CM21, CM27  : CM2 register bits CM06=0
CM17-CM16=002 Details of divider

Internal low-
pass filter

: Reset :
Pulse generation Cm27 generating Oscillation stop
Viai i [circuit for clock Charge, circuit » Getection reset :
aln - _: ledge detection |[— discharge 1 :
clock i |and charge, circuit O—=—— Oscillation stop, [—® Oscillation stop, !
discharge control re-oscillation re-oscillation
H detection interrupt|  detection signal
H generating circuit H
P CM21 switch signal |
PLL frequency synthesizer
CoT Ty e e e I
|
| \\
Programmable
| counter L Voltage PLL clock
! Phase Charge control
| comparator pump oscillator
CO,
Main clock — > veo)
|
|
|
|

Figure 1.9.1. Clock Generation Circuit
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System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
| | | . | . | . | . | . | | CMO 000616 010010002

Bit symbol Bit name Function RwW
L CMO00 Clock output function 6“8 - 1/O port P57 RW
P ?\?Iaﬁicdt c?ll':ly in single-chip 01:fc output
- CcMO1 B 10 :fs output
A mode) 11 fa2 output RW
A CMO02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode RW
A clock stop bit (Note 10) 1 : Stop peripheral function clock in wait mode (Note 8)
XcIN-XcouT drive capacity [ 0 : LOW
T CMO3 | Select bit (Note 2) 1:HIGH RW
- Port Xc select bit 0:1/0 port P8e, P87
"""""""" CMo4 (Note 2) 1 : XcIN-XcouT generation function(Note 9) RW
I CMO5 Main clock stop bit 0:0n
o TTTTmmmmmmmm (Notes 3, 10, 12, 13) 1 : Off (Note 4, Note5) RW
b CMO6 Main clock division select | 0 : CM16 and CM17 valid RW
poTTTTTTT bit O (Notes 7, 13) 1 : Division by 8 mode
System clock select bit 0 : Main clock, PLL clock, or ring oscillator clock
------------------------ MO7

CMO (Notes 6, 10, 11, 12) 1 : Sub-clock RW

Note 1: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

Note 2: The CMO3 bit is set to “1” (high) when the CM04 bit is set to “0” (I/O port) or the microcomputer goes to a stop mode.

Note 3: This bit is provided to stop the main clock when the low power dissipation mode or ring oscillator low power dissipation mode
is selected. This bit cannot be used for detection as to whether the main clock stopped or not. To stop the main clock, the
following setting is required:

(1) Set the CMO7 bit to “1” (Sub-clock select) or the CM21 bit of CM2 register to “1” (Ring oscillator select) with the sub-clock
stably oscillating.

(2) Set the CM20 bit of CM2 register to “0” (Oscillation stop, re-oscillation detection function disabled).

(3) Set the CMO5 bit to “1” (Stop).

Note 4: During external clock input, only the clock oscillation buffer is turned off and clock input is accepted.

Note 5: When CMO5 bit is set to “1, the XouT pin goes “H”". Furthermore, because the internal feedback resistor remains connected,
the XIN pin is pulled “H” to the same level as XouT via the feedback resistor.

Note 6: After setting the CMO04 bit to “1” (XcIN-XcouT oscillator function), wait until the sub-clock oscillates stably before switching
the CMO7 bit from “0” to “1” (sub-clock).

Note 7: When entering stop mode from high or middle speed mode, ring oscillator mode or ring oscillator low power mode, the CM06
bit is set to “1” (divide-by-8 mode).

Note 8: The fca2 clock does not stop. During low speed or low power dissipation mode, do not set this bit to “1” (peripheral clock
turned off when in wait mode).

Note 9: To use a sub-clock, set this bit to “1”. Also make sure ports P86 and P87 are directed for input, with no pull-ups.

Note 10: When the PM21 bit of PM2 register is set to “1” (clock modification disable), writing to the CM02, CM05, and CMO07 bits has

no effect.

Note 11: If the PM21 bit needs to be set to “1”, set the CMO7 bit to “0”"(main clock) before setting it.

Note 12: To use the main clock as the clock source for the CPU clock, follow the procedure below.

(1) Set the CMO0S5 bit to “0” (oscillate).

(2) Wait until td(M-L) elapses or the main clock oscillation stabilizes, whichever is longer.

(3) Set the CM11, CM21 and CMO07 bits all to “0”.

Note 13: If the CMO5 bit is set to “1” (main clock turned off) in low speed mode, the CMO06 bit is set to “1” (divide-by-8 mode) and the

CM15 bit is set to “1” (drive capability high). Avoid changing the CMO06 bit in low power dissipation mode.
During ring oscillator mode, the CM06 and CM15 bits do not change even if the CMO05 bit is set to “1”. During ring oscillator
low power dissipation mode, the divide-by-n value can be selected using the CM06 and CM17 to CM16 bits. To return to
high or middle speed mode, however, set the CMO06 bit to “1” and the CM15 bit to “1” before selecting the desired mode.

Figure 1.9.2. CMO Register
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Clock Generation Circuit

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

| | | | 0 | 0 | 0 | | | Symbol Address After reset

R M SN N . - CM1 000716 001000002
Bit symbol Bit Function RW
CcM10 | All clock stop control bit | 0: Clock on RW
' ! (Notes 4, 6) 1 : All clocks off (stop mode)
CM11 System clock selectbit1 | g : Main clock RW
(Notes 6, 7) 1: PLL clock (Note 5)
; ' (ba-b2) | Reserved bit Must set to “0” RW
: XIN-XouT drive capacity 0:LOW
! CM15
Voo TTTTTTTmmmmTTTT select bit (Note 2) 1:HIGH RW
' b7 b6
D CM16 Main clock division 0 0 : No division mode RW
: select bit 1 (Note 3) 0 1 : Division by 2 mode
T CM17 10 : Division by 4 mode

11 : Division by 16 mode RW

Note 1: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

Note 2: When entering stop mode from high or middle speed mode, or when the CMO5 bit is set to “1” (main clock turned off) in low
speed mode, the CM15 bit is set to “1” (drive capability high).

Note 3: Effective when the CMO06 bit is “0” (CM16 and CM17 bits enable).

Note 4: If the CM10 bit is “1” (stop mode), XouT goes “H” and the internal feedback resistor is disconnected. The XcIN and Xcout
pins are placed in the high-impedance state. When the CM11 bit is set to “1” (PLL clock), or the CM20 bit of CM2 register is
set to “1” (oscillation stop, re-oscillation detection function enabled), do not set the CM10 bit to “1”.

Note 5: After setting the PLCO7 bit in PLCO register to “1” (PLL operation), wait until Tsu (PLL) elapses before setting the CM11 bit to
“1" (PLL clock).

Note 6: When the PM21 bit of PM2 register is set to “1” (clock maodification disable), writing to the CM10, CM011 bits has no effect.
When the PM22 bit of PM2 register is set to “1” (watchdog timer count source is ring oscillator clock), writing to the CM10 bit
has no effect.

Note 7: Effective when CMO7 bit is “0” and CM21 bit is “0” .

Figure 1.9.3. CM1 Register
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Clock Gene

Mitsubishi microcomputers

M16C / 62P Group

ration Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Oscillation stop detection register (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

Note 1:
Note 2:

Note 3:
Note 4:

Note 5:

Note 6:
Note 7:

Note 8:

Note 9:

| N 0 | Ol | | | | Symbol Address After reset
N CM2 000C16 0X0000002(Note 11)
to4 o0 01t i 1| Bitsymbol Bit name Function RW
A cM20 | Oscillation stop, re- 0: Oscillation stop, re-oscillation
oscillation detection bit detection function disabled RW
A (Notes 7, 9, 10, 11) 1: Oscillation stop, re-oscillation
detection function enabled
SN cMm21 | System clock select bit 2 | 0: Main clock or PLL clock (Ring
N (Notes 2, 3, 6, 8, 11) oscillator turned off)
1: Ring oscillator clock RW
A (Ring oscillator oscillating)
A cm22 | Oscillation stop, re- 0: Main clock stop, re-oscillation
A oscillation detection flag not detected RW
o (Note 4) 1: Main clock stop, re-oscillation
P detected
S XIN monitor flag 0: Main clock oscillating
P Cm23 (Note 5) 1: Main clock turned off RO
E  SRREELEEELEEELE (EM) Reserved bit Must set to “0” RW
o - Nothing is assigned. When write, set to “0”. When read, its .
(b6) content is indeterminate.
CcM27 Operation select bit 0: Oscillation stop detection reset
REREEEEEEEEEEEEEEEEEEEEEEEE (when an oscillation stop, | 1: Oscillation stop, re-oscillation RW
re-oscillation is detected) | detection interrupt
(Note 11)

Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

When the CM20 bit is “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is “1”
(oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the
CM21 bit is set to “1” (ring oscillator clock) if the main clock stop is detected.

If the CM20 bit is “1” and the CM23 bit is “1” (main clock turned off), do not set the CM21 bit to “0".

This bit becomes “1” at main clock stop detection and main clock re-oscillation detection. When this bit
changes from “0” to “1”, there arise oscillation stop, re-oscillation detection interrupt. Use this register to
discriminate the causes for oscillation stop, re-oscillation detection interrupt and watchdog timer interrupt
in the interrupt processing program. By writing “0” in the program, this bit becomes “0”. (Even when “1” is
written in the program, no change is identified for the bit. Also, this bit is not set to “0” where there occur
oscillation stop, re-oscillation detection interrupt.) When the CM22 bit is “1”, no oscillation stop, re-
oscillation detection interrupt occur even if oscillation stop or re-oscillation is detected.

Read the CM23 bit in an oscillation stop, re-oscillation detection interrupt handling routine to determine
the main clock status.

Effective when the CMO07 bit of CMO register is “0”.

When the PM21 bit of PM2 register is “1” (clock modification disabled), writing to the CM20 bit has no
effect.

Where the CM20 bit is “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is “1”
(oscillation stop, re-oscillation detection interrupt), and the CM11 bit is “0” (the CPU clock source is PLL
clock), the CM21 bit remains unchanged even when main clock stop is detected. If the CM22 bit is “0”
under these conditions, oscillation stop, re-oscillation detection interrupt occur at main clock stop
detection; it is, therefore, necessary to set the CM21 bit to “1” (ring oscillator clock) inside the interrupt
routine.

Set the CM20 bit to “0” (disable) before entering stop mode. After exiting stop mode, set the CM20 bit
back to “1” (enable).

Note 10: Set the CM20 bit to “0” (disable) before setting the CMO05 bit of CMO register.
Note 11: The CM20, CM21 and CM27 bits do not change at oscillation stop detection reset.

Figure 1.9.4. CM2 Register
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Clock Generatlon CerUIt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Peripheral clock select register (Note)

e T ‘Gosge o000t
16 2
lofofofo]ofo] | |
Por o 1| Bitsymbol Bit name Function RW
T R R T A PCLKO Timers A, B clock select bit 0 f
e (Clock source for the 1:f1 RW
R S timers A, B, and the dead '
- time timer)
. PCLK1 SI/O clock select bit 0: f2si0
A (Clock source for UARTO 1: fisio RW
- to UART2, SI/O3, SI/04)
""""""""""""" (b7-02) Reserved bit Must set to “O RW

Note: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

Processor mode register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

0 | 0| | PM2 001E16 XXX000002
E E i E E i E i Bit symbol Bit name Function RW
i E E E i E E E PM20 Specifying wait when . .
accessing SFR at PLL 2 : ixgzts RW
e operation (Note 2) :
o ] PM21 System clock protective | g : clock is protected by PRCR
bit register RW
A R R (Note 3, Note 4) | 1 : Clock modification disabled
P e PM22 WDT count source 0 : CPU clock is used for the
N protective bit watchdog timer count source RW
N (Note 3, Note 5) [ 1 : Ring oscillator clock is used
oo for the watchdog timer count
[ T source
oo — Reserved bit M “Qr
Vo] ust set to “0 RW
b (b4-b3)
E___E___E_ _________________ — Nothing is assigned. When write, set to “0”. When read, its _

(b7-b5) content is interdeterminate.

Note 1: Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable).

Note 2: This bit can only be rewritten while the PLCO7 bit is “0” (PLL turned off). Also, to select a 16 MHz or higher PLL
clock, set this bit to “0” (2 waits). Note that if the clock source for the CPU clock is to be changed from the PLL
clock to another, the PLCO7 bit must be set to “0” before setting the PM20 bit.

Note 3: Once this bit is set to “1”, it cannot be cleared to “0” in a program.

Note 4: Setting the PM21 bit to “1” results in the following conditions:

« The BCLK is not halted by executing the WAIT instruction.
« Writing to the following bits has no effect.
CMO2 bit of CMO register
CMO5 bit of CMO register (main clock is not halted)
CMO7 bit of CMO register (CPU clock source does not change)
CM10 bit of CM1 register (stop mode is not entered)
CM11 bit of CM1 register (CPU clock source does not change)
CM20 bit of CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits of PLCO register (PLL frequency synthesizer settings do not change)

Note 5: Setting the PM22 bit to “1” results in the following conditions:

« The ring oscillator starts oscillating, and the ring oscillator clock becomes the watchdog timer count source.

* The CM10 bit of CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode
entered.)

« The watchdog timer does not stop when in wait mode or hold state.

Figure 1.9.5. PCLKR Register and PM2 Register
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Clock Generation Circuit

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PLL control register O (Note 1, Note 2)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After reset
| | 0 | 0 | 1 |><| | | | PLCO 001C16 0001 X0102
T 5 )
: ; : P symbol it name Function RW
A oy
Piob bbb L prcoo PLL mu!tlplylng factor 00 0: Do not set RW
Pobob b select bit (Note 3)1 ¢ 0 1: Multiply by 2
A 01 0: Multiply by 4
A PLCO1 0 1 1: Multiply by 6 RW
O 10 0: Multiply by 8
Pl 101
Pl e PLCO2 110: % Do not set RW
A 111:
—— [Nothing is assigned. When write, set to “0”.
I (b3) |When read, its content is indeterminate. T
A S O Reserved bit Must set to “1” RW
Pl (b4)
R T Reserved bit Must set to “0” RW
: (b6-b5)
e ———- PLCO7 |Operation enable bit 0: PLL Off RW
(Note 4)| 1: PLLOn
Note 1: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).
Note 2: When the PM21 bit of PM2 register is “1” (clock modification disable), writing to this register has no effect.
Note 3: These three bits can only be modified when the PLCO7 bit = 0 (PLL turned off). The value once written to this bit
cannot be modified.
Note 4: Before setting this bit to “1”, set the CMO07 bit to “0” (main clock), set the CM17 to CM16 bits to “002”
(main clock undivided mode), and set the CMO06 bit to “0” (CM16 and CM17 bits enable).

Figure 1.9.6. PLCO Register
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Clock Generatlon CerUIt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The following describes the clocks generated by the clock generation circuit.
(1) Main Clock

This clock is used as the clock source for the CPU and peripheral function clocks. This clock is used as
the clock source for the CPU and peripheral function clocks. The main clock oscillator circuit is configured
by connecting a resonator between the XIN and XouT pins. The main clock oscillator circuit contains a
feedback resistor, which is disconnected from the oscillator circuit during stop mode in order to reduce the
amount of power consumed in the chip. The main clock oscillator circuit may also be configured by
feeding an externally generated clock to the XIN pin. Figure 1.9.7 shows the examples of main clock
connection circuit.

After reset, the main clock divided by 8 is selected for the CPU clock.

The power consumption in the chip can be reduced by setting the CMO05 bit of CMO register to “1” (main
clock oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock or ring
oscillator clock. In this case, XouT goes “H”. Furthermore, because the internal feedback resistor remains
on, XIN is pulled “H” to XouT via the feedback resistor. Note that if an externally generated clock is fed into
the XIN pin, the main clock cannot be turned off by setting the CMO5 bit to “1”. If necessary, use an
external circuit to turn off the clock.

During stop mode, all clocks including the main clock are turned off. Refer to “power control”.

Microcomputer _M_icrocomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XIN Xout XIN Xout

Open
(Note)
Rd

I:I Externally derived clock
—_ Vee
IN Cout
— — Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XiN
and Xout following the instruction.

Figure 1.9.7. Examples of Main Clock Connection Circuit
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(2) Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for
the CPU clock, as well as the timer A and timer B count sources. In addition, an fc clock with the same
frequency as that of the sub clock can be output from the CLKouT pin.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XciN and
XcouT pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the
oscillator circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub
clock oscillator circuit may also be configured by feeding an externally generated clock to the XcIN pin.
Figure 1.9.8 shows the examples of sub clock connection circuit.

After reset, the sub clock is turned off. At this time, the feedback resistor is disconnected from the oscilla-
tor circuit.

To use the sub clock for the CPU clock, set the CMO07 bit of CMO register to “1 ” (sub clock) after the sub
clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to “power control”.

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XCIN Xcout XCIN XcouT

O
(Note) T pen

Rcd
Externally derived clock

ST

+—ll

—_— CciN

L

Ccour vee

ek

Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XcIN
and Xcout following the instruction.

Figure 1.9.8. Examples of Sub Clock Connection Circuit
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(3) Ring Oscillator Clock

This clock, approximately 1 MHz, is supplied by a ring oscillator. This clock is used as the clock source for
the CPU and peripheral function clocks. In addition, if the PM22 bit of PM2 register is “1” (ring oscillator
clock for the watchdog timer count source), this clock is used as the count source for the watchdog timer.
After reset, the ring oscillator clock is turned off. It is turned on by setting the CM21 bit of CM2 register to
“1” (ring oscillator clock), and is used as the clock source for the CPU and peripheral function clocks, in
place of the main clock. If the main clock stops oscillating when the CM20 bit of CM2 register is “1”
(oscillation stop, re-oscillation detection function enabled) and the CM27 bit is “1” (oscillation stop, re-
oscillation detection interrupt), the ring oscillator automatically starts operating, supplying the necessary
clock for the microcomputer.

(4) PLL Clock
The PLL clock is generated from the main clock by a PLL frequency synthesizer. This clock is used as the
clock source for the CPU and peripheral function clocks. After reset, the PLL clock is turned off. The PLL
frequency synthesizer is activated by setting the PLCO7 bit to “1” (PLL operation). When the PLL clock is
used as the clock source for the CPU clock, wait tsu(PLL) for the PLL clock to be stable, and then set the
CM11 bit in the CM1 register to “1”.
To enter wait or stop mode, set the CM11 bit to “0” (main clock for the CPU clock source) and then the
PLCO7 bit of PLCO register to “0” (PLL off) before entering that mode. Figure 1.9.9 shows the procedure
for using the PLL clock as the clock source for the CPU.
The PLL clock frequency is determined by the equation below.
PLL clock frequency=f(XIN) X (multiplying factor set by the PLCO02 to PLCOO bits PLCO register
(However, 10 MHz < PLL clock frequency < 24 MHz)
The PLCO02 to PLCOO bits can be set only once after reset. Table 1.9.2 shows the example for setting PLL
clock frequencies.

Table 1.9.2. Example for Setting PLL Clock Frequencies

XIN PLCO2 PLCO1 PLCOO Multiplying factor PLL clock
(MHz) (MHz)(Note)

10
5
3.33
2.5
12
6
4

3 1 0 0

Note: 10MHz<PLL clock frequency<24MHz.

20

24

o|lo|lo|lr|o|lolo
Rlr|lo|lo|r|r|o
R|lo|r|o|lrkr|o|r

QIO BN A~IN
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( Using the PLL clock as the clock source for the CPU >

Set the CMO7 bit to “0” (main clock), the CM17 to CM16
bits to “002”"(main clock undivided), and the CMO06 bit to “0”
(CM16 and CML17 bits enabled). (Note)

Set the PLCO02 to PLCOO bits (multiplying factor).

(To select a 16 MHz or higher PLL clock)
Set the PM20 bit to “0” (2-wait states).

Set the PLCO7 bit to “1” (PLL operation).

Wait until the PLL clock becomes stable (tsu(PLL)).

Set the CM11 bit to “1” (PLL clock for the CPU clock source).

( END )

Note : PLL operation mode can be entered from high speed mode.

Figure 1.9.9. Procedure to Use PLL Clock as CPU Clock Source
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CPU Clock and Peripheral Function Clock
Two type clocks: CPU clock to operate the CPU and peripheral function clocks to operate the peripheral
functions.

(1) CPU Clock and BCLK
These are operating clocks for the CPU and watchdog timer.
The clock source for the CPU clock can be chosen to be the main clock, sub clock, ring oscillator clock or
the PLL clock.
If the main clock or ring oscillator clock is selected as the clock source for the CPU clock, the selected
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit in
CMO register and the CM17 to CM16 bits in CM1 register to select the divide-by-n value.
When the PLL clock is selected as the clock source for the CPU clock, the CMO06 bit should be set to “0”
and the CM17 to CM16 bits to “002” (undivided).
After reset, the main clock divided by 8 provides the CPU clock.
During memory expansion or microprocessor mode, a BCLK signal with the same frequency as the CPU
clock can be output from the BCLK pin by setting the PMOQ7 bit of PMO register to “0” (output enabled).
Note that when entering stop mode from high or middle speed mode, ring oscillator mode or low power
ring oscillator mode, or when the CMO05 bit of CMO register is set to “1” (main clock turned off) in low-
speed mode, the CMO06 bit of CMO register is set to “1” (divide-by-8 mode).

(2) Peripheral Function Clock(f1, 2, fs, f32, f1sI0, f2sI0, f8slo, f32sI0, fAD, fC32)
These are operating clocks for the peripheral functions.
Of these, fi (i=1, 2, 8, 32) and fisio are derived from the main clock, PLL clock or ring oscillator clock by
dividing them by i. The clock fi is used for timers A and B, and fisio is used for serial /0. The fs8 and 32
clocks can be output from the CLKoUT pin.
The faD clock is produced from the main clock, PLL clock or ring oscillator clock, and is used for the A-D
converter.
When the WAIT instruction is executed after setting the CM02 bit of CMO register to “1” (peripheral
function clock turned off during wait mode), or when the microcomputer is in low power dissipation mode,
the fi, fisio and fAD clocks are turned off.
The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can be used
when the sub clock is on.

Clock Output Function
During single-chip mode, the fs, f32 or fc clock can be output from the CLKouT pin. Use the CMO01 to
CMOO bits of CMO register to select.
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Power Control
There are three power control modes. For convenience’ sake, all modes other than wait and stop modes
are referred to as normal operation mode here.

(1) Normal Operation Mode

Normal operation mode is further classified into seven modes.
In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU clock
frequency. The higher the CPU clock frequency, the greater the processing capability. The lower the CPU
clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator circuits are
turned off, the power consumption is further reduced.
Before the clock sources for the CPU clock can be switched over, the new clock source to which switched
must be oscillating stably. If the new clock source is the main clock, sub clock or PLL clock, allow a
sufficient wait time in a program until it becomes oscillating stably.
Note that operation modes cannot be changed directly from low speed or low power dissipation mode to
ring oscillator or ring oscillator low power dissipation mode. Nor can operation modes be changed directly
from ring oscillator or ring oscillator low power dissipation mode to low speed or low power dissipation
mode. Where the CPU clock source is changed from the ring oscillator to the main clock, change the
operation mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8 (the
CMO06 bit of CMO register was set to “1”) in the ring oscillator mode.
« High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fc32 can be used as the
count source for timers A and B.
* PLL Operation Mode
The main clock multiplied by 2, 4, 6 or 8 provides the PLL clock, and this PLL clock serves as the CPU
clock. If the sub clock is on, fc32 can be used as the count source for timers A and B. PLL operation
mode can be entered from high speed mode. If PLL operation mode is to be changed to wait or stop
mode, first go to high speed mode before changing.
* Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fc32 can be used
as the count source for timers A and B.
* Low-speed Mode
The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit is set to “0” (ring oscillator turned off), and the ring oscillator clock is
used when the CM21 bit is set to “1” (ring oscillator oscillating).
The fc32 clock can be used as the count source for timers A and B.
e Low Power Dissipation Mode
In this mode, the main clock is turned off after being placed in low speed mode. The sub clock provides
the CPU clock. The fc32 clock can be used as the count source for timers A and B. fc32 is the only
peripheral function clock available when the CM21 bit is set to “0” (ring oscillator turned off). If the
CM21 bit is set to “1” (ring oscillator oscillating), then fc32 and the ring oscillator clock can be used.
Simultaneously when this mode is selected, the CMO06 bit of CMO register becomes “1” (divided by 8
mode). In the low power dissipation mode, do not change the CM06 bit. Consequently, the medium
speed (divided by 8) mode is to be selected when the main clock is operated next.
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* Ring Oscillator Mode
The ring oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock. The ring
oscillator clock is also the clock source for the peripheral function clocks. If the sub clock is on, fc32
can be used as the count source for timers A and B.

* Ring Oscillator Low Power Dissipation Mode
The main clock is turned off after being placed in ring oscillator mode. The CPU clock can be selected
as in the ring oscillator mode. The ring oscillator clock is the clock source for the peripheral function
clocks. If the sub clock is on, fc32 can be used as the count source for timers A and B. When the
operation mode is returned to the high and medium speed modes, set the CMO06 bit to “1” (divided by
8 mode).

Table 1.9.3. Setting Clock Related Bit and Modes

CM2 register CM1 register CMO register
Modes cM21 CM11 | CM17,CM16 | CM07 | CMO06 | CMO5 | CMO4
PLL operation mode 0 1 002 0 0 0
High-speed mode 0 0 002 0 0 0 —
Midium- divided by 2 0 0 012 0 0 0
speed divided by 4 0 0 102 0 0 0 —
mode divided by 8 0 0 — 0 1 0 —
divided by 16 0 0 112 0 0 0 —
Low-speed mode — — — 1 — 0 1
Low power dissipation mode — — — 1 1(Note 1) 1(Note 1 1
Ring divided by 1 1 — 002 0 0 0 —
oscillator  [givided by 2 1 — 012 0 0 0 —
mode divided by 4 1 — 102 0 0 0 —
divided by 8 1 — — 0 1 0 —
divided by 16 1 — 112 0 0 0
Ring oscillator low power 1 — (Note 2) 0 (Note 2) 1 —
dissipation mode

Note 1: When the CMO5 bit is set to “1” (main clock turned off) in low-speed mode, the mode goes to low power
dissipation mode and CMO6 bit is set to “1” (divided by 8 mode) simultaneously.
Note 2: The divide-by-n value can be selected the same way as in ring oscillator mode.

(2) Wait Mode
In wait mode, the CPU clock is turned off, so are the CPU (because operated by the CPU clock) and the
watchdog timer. However, if the PM22 bit of PM2 register is “1” (ring oscillator clock for the watchdog
timer count source), the watchdog timer remains active. Because the main clock, sub clock, ring oscillator
clock and PLL clock all are on, the peripheral functions using these clocks keep operating.
* Peripheral Function Clock Stop Function
If the CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the f1, f2, fs, f32, f1sio,
fgsio, f32s10 and fAaD clocks are turned off when in wait mode, with the power consumption reduced
that much. However, fc32 remains on.
* Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.
If the CM11 bit is “1” (PLL clock for the CPU clock source), set the CM11 bit to “0” (main clock for the
CPU clock source) and then the PLCO7 bit to “0” (PLL turned off) before entering wait mode.
 Pin Status During Wait Mode
Table 1.9.4 lists pin status during wait mode
» Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt or peripheral func-
tion interrupt.
If the microcomputer is to be moved out of exit wait mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disabled) before execut-
ing the WAIT instruction.
The peripheral function interrupts are affected by the CMO02 bit. If CMO02 bit is “0” (peripheral function
clocks not turned off during wait mode), all peripheral function interrupts can be used to exit wait
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mode. If CMO02 bit is “1” (peripheral function clocks turned off during wait mode), the peripheral func-
tions using the peripheral function clocks stop operating, so that only the peripheral functions clocked
by external signals can be used to exit wait mode.

Table 1.9.4. Pin Status During Wait Mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode

Ao to Ass, Do to D1s, CSO to CS3, Retains status before wait mode

BHE

RD, WR, WRL, WRH “H”

HLDA,BCLK “H”

ALE HH”

I/O ports Retains status before wait mode | Retains status before wait mode

CLKourt When fc selected Does not stop

When fs, f32 selected Does not stop when the CM02
bit is “0”.
When the CMO02 bit is “1”, the
status immediately prior to
entering wait mode is main-
tained.
Table 1.9.5. Interrupts to Exit Wait Mode

Interrupt CM02=0 CM02=1

NMI interrupt Can be used Can be used

Serial I/0O interrupt Can be used when operating Can be used when operating

with internal or external clock with external clock

key input interrupt Can be used Can be used

A-D conversion Can be used in one-shot mode | — (Do not use)

interrupt or single sweep mode

Timer A interrupt Can be used in all modes Can be used in event counter

Timer B interrupt mode or when the count

source is fC32
INT interrupt Can be used Can be used

Table 1.9.5 lists the interrupts to exit wait mode.
If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the
following before executing the WAIT instruction.
1. In the ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the periph
eral function interrupt to be used to exit wait mode.
Also, for all of the peripheral function interrupts not used to exit wait mode, set the ILVL2 to ILVLO
bits to “0002” (interrupt disable).
2. Set the I flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit wait mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt routine is executed.
The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU
clock that was on when the WAIT instruction was executed.
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(3) Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least
amount of power is consumed in this mode. If the voltage applied to Vccl and Vece2 pins is VRAM or more,
the internal RAM is retained. When applying 2.7 or less voltage to Vccl and Vcc2 pins, make sure
Vccl=zVee2=2VRAM.
However, the peripheral functions clocked by external signals keep operating. The following interrupts
can be used to exit stop mode.

» NMI interrupt

» Key interrupt

« INT interrupt

» Timer A, Timer B interrupt (when counting external pulses in event counter mode)

* Serial 1/0O interrupt (when external clock is seleted)

» Entering Stop Mode
The microcomputer is placed into stop mode by setting the CM10 bit of CM1 register to “1” (all clocks
turned off). At the same time, the CMO06 bit of CMO register is set to “1” (divide-by-8 mode) and the
CM15 bit of CM10 register is set to “1” (main clock oscillator circuit drive capability high).
Before entering stop mode, set the CM20 bit to “0” (oscillation stop, re-oscillation detection function
disable).
Also, if the CM11 bit is “1” (PLL clock for the CPU clock source), set the CM11 bit to “0” (main clock for
the CPU clock source) and the PLCO7 bit to “0” (PLL turned off) before entering stop mode.
« Pin Status in Stop Mode
Table 1.9.6 lists pin status during stop mode
 Exiting Stop Mode
The microcomputer is moved out of stop mode by a hardware reset, NMI interrupt or peripheral func-
tion interrupt.
If the microcomputer is to be moved out of stop mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disable) before setting the
CM10 bit to “1”.
If the microcomputer is to be moved out of stop mode by a peripheral function interrupt, set up the
following before setting the CM10 bit to “1”.
1. In the ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the periph-
eral function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO
bits to “0002".
2. Set the I flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt service routine is executed.

Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is
determined by the CPU clock that was on when the microcomputer was placed into stop mode as
follows:

If the CPU clock before entering stop mode was derived from the sub clock: sub clock

If the CPU clock before entering stop mode was derived from the main clock: main clock divide-by-8
If the CPU clock before entering stop mode was derived from the ring oscillator clock: ring oscillator
clock divide-by-8
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Table 1.9.6. Pin Status in Stop Mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode

Ao to Ase, Do to D1s, CSO to CS3, Retains status before stop mode
BHE
HLDA, BCLK “H”
ALE “H”
I/O ports Retains status before stop mode |Retains status before stop mode
CLKourt When fc selected “H”

When f8, f32 selected Retains status before stop mode
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Figure 1.9.10 shows the state transition from normal operation mode to stop mode and wait mode. Figure
1.9.11 shows the state transition in normal operation mode.

Table 1.9.7 shows a state transition matrix describing allowed transition and setting. The vertical line
shows current state and horizontal line shows state after transition.

Reset
WAIT

All oscillators stopped CM10=1 instruction

CPU operation stopped
v

- (Note 3)
— Medium-speed mode —_— .
™ Stopmode = ___ | (avidedbysmode) ><_— Wait mode
nterrup / A A Interrupt
Interrupt WAIT
CMO07=0 / instruction
CMO06=1 A 4

(Note 3)
CMO05=0 < High-speed, medium- \g—————» i
oM11=0 Stop mode > [ cpaed mode e Wait mode

CM10=1 CM10=1
(Note 5) T
A

When Notes 1, 2|
low power |When
dissipation ||ow- 4

mode speed PLL operation
mode WAIT
~ mode

CM10=1 instruction

(Note 3)
< | Low-speed, low power P > B
Stop mode | ,E dissipation mode )< —— Wait mode

Interrupt
WAIT
oM10=1 instruction
= L/ Ring oscillator, Ring oscillator \4=_| (Note 3)
— ciator, ) — .
Stop mode m_} dissipation mode 4_—Interrupt Wait mode
(Note 4)

Normal mode

Note 1: Do not go directly from PLL operation mode to wait or stop mode.

Note 2: PLL operation mode can be entered from high speed mode. Similarly, PLL operation mode can be changed back to high speed mode.
Note 3: When the PM21 bit = 0 (system clock protective function unused).

Note 4: The ring oscillator clock divided by 8 provides the CPU clock.

Note 5: Write to the CMO register and CM1 register simultaneously by accessing in word units while CM21=0 (ring oscillator turned off).

Figure 1.9.10. State Transition to Stop Mode and Wait Mode
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Main clock oscillation

Ring oscillator clock
oscillation

PLL operation mode

Middle-speed mode  Middle-speed mode  Middle-speed mode ~ Middle-speed mode

Ring oscillator low power
Ring oscillator mode

Sub clock oscillation

- !
:;L&ffz_ll High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16) dissipation mode
cPu Cg’;‘:);(_';“) (Note 6) CPU clock: f0xn) \ | (7CPU dlock: (xn)2 CPU dlock: 10xm4 (" CPU clock: f(xn)8 CPU dock: (XNY16 C:’,‘ﬁ:% CT(L;‘C:;’)C“ CM05=0 C'i(‘;;‘;)“k
- * cmor=0 || CMo7=0 CMo7=0 _ = f(Ring)/2 #(Ring)/2
CM06=0 | CMOo7=0
. CM06=0 CM06=0 CM06=0 f(Ring)/4 f(Ring)/4.
CML7=0 PLC07=0 cmiz=o |} cm17=1 cm17=1 ARinaye CM05=T fRinoy®
CM16=0 p CM06=1 CMm21=1 Ring)/16 " Ring)/16
CM11=0 CM16=0 | CM16=1 CM16=0 CM16=1 (Ring) (Note 1) (Fng)
(Note 7) |
CMO04=1 CM04=0 CMO04=1 CM04=0 CM04=1 CM04=0 CM04=1 CM04=0
Ring oscillator
PLL ti
P gperation | Middie-speed mode Middie-speed mode _ Middle-speed mode _Middle-speed mode ﬁ‘gg:sc‘"am' 4 l;‘;vs:";‘z:‘ mode
PLCO7=1 High-speed mode | (diide by 2) (divide by 4) (divide by 8) (divide by 16) =
CPU clock: f(PLL) CM11=1 ) CM21=0 CPU clock CPU clock
CMO7=0 (Note 6) CPU clock: f(Xin) ) CPU clock: f(xi)/2 CPU clock: f(Xn)/4 ‘CPU clock: f(Xi)/8 CPU clock: f(XN)/16 (Note 8) f(Ring) CMos=0 f(Ring)
CM07=0 CM07=0 CM07=0 CM07=0 f(Ring)/2 f(Ring)/2
CMO06=0 CMO07=0
piiing cmos=0 || CMoB=0 CM06=0 CMo6=0 {(Ring)/4 f(Ring)/4
- = | = - - f(Ring)/8 - f(Ring)/8
CM16=0 CM11=0 cmir=o 1 cmir=0 cmir=L CMO6=1 o=t f(Ring)/16 (Ring)/16
(Note 7) CM16=0 | CM16=1 CM16=0 CM16=
CMO5=1
(Note 1)
CMO7=1 CMO07=0
(Note 3) Note 2, Note 4)
Low-speed mode cM21=0 Low-speed mode
CPU clock: f(XciN) ] CPU clock: f(Xcin)
CMo7=0 CMo7=0
cM21=1
CMO5=1 CM05=0 CMos=1 CM05=0
(Note 1) (Note 1)
Low power
Low power dissipation mode ¥ dissipation mode
CPU clock: f(XciN) CM21=0 CPU clock: f(Xcin)
CMo7=0 CMo7=0
CM06=1 - CM06=1
CM15=1 j CM21=1 CM15=1

Notes:

o

Change CM17 and CM16 before changing CM06.
Transit in accordance with arrow.

QaRON

y

=3

Avoid making a transition when the CM20 bit is set to “1" (oscillation stop, re-oscillation detection function enabled).
Set the CM20 bit to “0” (oscillation stop, re-oscillation detection function disabled) before transiting.

Switch clock after oscillation of main clock is sufficiently stable.

Switch clock after oscillation of sub-clock is sufficiently stable.

: PLL operation mode can only be entered from high speed mode. Also, wait until the PLL clock is sufficiently stable before changing operation modes.
To select a 16 MHz or higher PLL clock, set the PM20 bit to “0” (SFR accessed with two wait states) before setting PLC07 to “1” (PLL operation).
: PLL operation mode can only be changed to high speed mode. If the PM20 bit = 0 (SFR accessed with two wait states), set PLC07 to “0” (PLL turned off)
before setting the PM20 bit to “1” (SFR accessed with one wait state).
: Set the CMO6 bit to “1” (division by 8 mode) before changing back the operation mode from ring oscillator mode to high- or middle-speed mode.

Figure 1.9.11. State Transition in Normal Mode
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State after transition
. . . Ring oscillator
High-speed mode, | | oy.speed model| LOW power PLL operation Ring oscillator I )
middle-speed mode| P dissipation model | mode mode ;gsﬁ)(;ﬁ; mode Stop mode Wait mode
High-speed mode, 9 7 13 3 16 1
middle-speed mode See Table A ( ) - ( ) (15) - ( ) (17)
Low-speed mode? 1,6 1
(®) (1) - - - (16) @
Low power dissipation 1
o |mode - (10) - - - (16) (17)
=
©
® PLL operation mode? (12)3
- - - - - - -
s
[J]
= Ring oscillator mode (14)4 (11)1 (16)1
3 - - - See Table A a7
Ring oscillator 1
low power dissipation - -- - - (10) See Table A (16) (17)
mode
Stop mode 5 5 5
(18) (18) (18) - (18) (18) -
Wait mode
(18) (18) (18) -- (18) (18) --
--: Cannot transit
Table 1. State Transition with Main Clock Division Ration in High- or Middle-speed Mode,
Ring Oscillator Mode, and Ring Oscillator Low Power Dissipation Mode Table B. Setting and Operation
Sub clock oscillating Sub clock turned off Setting Operation
No Divided | Divided | Divided | Divided | No Divided | Divided | Divided |Divided _
CM04=0 Sub clock t d off
division | by2 | by4 | by8 |by16 |division | by2 | by4 |by8 |by16 (€] ub clock turned of
No division (4) (5) (7) (6) 1) - - - - ) CM04 =1 Sub clock oscillating
Divided by 2 | (3) ® | @[ ©® [ - [o - - | - =
5 2 CMO06 =0 A
g £ (3) - 116 = o | CPU clock no division mode
S Z|Divided by 4 | (3) (4) 7) (6) - - (1) - - CMlZ _(;)51 COM16 =0
o T MO06 = 0, o
2 § Divided by 8 ) (4) (5) (6) - - - (1) - 4) CM17=0,CM16 =1 CPU clock division by 2 mode
Divided by 16|  (3) 4) (5) (7) - - - - (1) (5) CM]_?ZI?LG 2&16 - o| CPU clock division by 4 mode
No division 2 - -- - - 4 5 7 6 =
— @) @ ©) ) © (6) Cﬁ"oe 0. _ . | CPU clock division by 16 mode
ggpvveatyz [~ [ @ | - | - [ - [ O ® | @ [® CMi7=1,CM16=1
o P
E g Divided by 4 - - ) - - (3) (4) 7 (6) @) CM06 =1 CPU clock division by 8 mode
B 3|Divided by 8 - - - 2) - 3) 4) (5) (6) ®) CcMO7=0 Main clock, PLL clock,
— or ring oscillator clock selecte
i ll, lock sel d
Divided by 16| - - - - (2) (3) (4) (5) (7)
9) CM07=1 Sub clock selected
--: Cannot transit
Notes: (10) CM05=0 Main clock oscillating
1. Avoid making a transition when the CM21 bit is set to “1" (oscillation stop, re-oscillation detection function enabled). _ .
Set the CM21 bit to “0” (oscillation stop, re-oscillation detection function disabled) before transiting. (11) CMo5 =1 Main clock turned off
2. Ring oscillator clock oscillates and stops in low-speed mode and low power dissipation mode. In these mode, PLCO7 =0, .
the ring oscillator can be used as peripheral function clock. (12) CM11=0 Main clock selected
Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as peripheral function =
clock. P P perip (13) EI;\;:]?;: 11' PLL clock selected
3. PLL operation mode can only be entered from and changed to high-speed mode. _ .
4. Set the CMOG bit to “1” (division by 8 mode) before transiting from ring oscillator mode to high- or middie-speed mode. |(14) Ccmz1=0 Main clock or PLL clock selected
5. When exiting stop mode, the CMO06 bit is set to “1” (division by 8 mode). _
6. If the CMOS5 bit is set to “1” (main clock stop), then the CMO6 bit is set to “1” (division by 8 mode). (15) CcM21=1 Ring oscillator clock selected
7. Atransition can be made only when sub clock is oscillating. i
(16) CM10=1 Transition to stop mode
(17) wait Transition to wait mode
(18) Hardware interrupt | Exit stop mode or wait mode
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System Clock Protective Function
When the main clock is selected for the CPU clock source, this function disables the clock against modifica-
tions in order to prevent the CPU clock from becoming halted by run-away.
If the PM21 bit of PM2 register is set to “1” (clock modification disabled), the following bits are protected
against writes:
* CM02, CMO05, and CMO07 bits in CMO register
« CM10, CM11 bits in CML1 register
* CM20 bit in CM2 register
« All bits in PLCO register

Before the system clock protective function can be used, the following register settings must be made while
the CMO5 bit of CMO register is “0” (main clock oscillating) and CMO07 bit is “0” (main clock selected for the
CPU clock source):

(1) Set the PRC1 bit of PRCR register to “1” (enable writes to PM2 register).

(2) Set the PM21 bit of PM2 register to “1” (disable clock modification).

(3) Set the PRC1 bit of PRCR register to “0” (disable writes to PM2 register).

Do not execute the WAIT instruction when the PM21 bit is “1”.
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Oscillation Stop and Re-oscillation Detect Function
The oscillation stop and re-oscillation detect function is such that main clock oscillation circuit stop and re-
oscillation are detected. At oscillation stop, re-oscillation detection, reset or oscillation stop, re-oscillation
detection interrupt are generated. Which is to be generated can be selected using the CM27 bit of CM2
register. Table 1.9.4 lists an specification overview of the oscillation stop and re-oscillation detect function.

Table 1.9.7. Specification Overview of Oscillation Stop and Re-oscillation Detect Function
Item Specification

Oscillation stop detectable clock and | f(Xin) = 2 MHz
frequency bandwidth
Enabling condition for oscillation stop, | Set CM20 bit to “1”(enable)
re-oscillation detection function
Operation at oscillation stop, *Reset occurs (when CM27 bit =0)

re-oscillation detection *Oscillation stop, re-oscillation detection interrupt occurs(when CM27 bit =1)

(1) Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)

Where main clock stop is detected when the CM20 bit is “1” (oscillation stop, re-oscillation detection
function enabled), the microcomputer is initialized, coming to a halt (oscillation stop reset; refer to “SFR”,
“Reset”).

This status is reset with hardware reset 1 or hardware reset 2. Also, even when re-oscillation is detected,
the microcomputer can be initialized and stopped; it is, however, necessary to avoid such usage. (During
main clock stop, do not set the CM20 bit to “1” and the CM27 bit to “0”.)

(2) Operation When CM27 bit = 0 (Oscillation Stop and Re-oscillation Detect Interrupt)
Where the main clock corresponds to the CPU clock source and the CM20 bit is “1” (oscillation stop and
re-oscillation detect function enabled), the system is placed in the following state if the main clock comes
to a halt:

* Oscillation stop and re-oscillation detect interrupt request occurs.

» The ring oscillator starts oscillation, and the ring oscillator clock becomes the CPU clock and clock
source for peripheral functions in place of the main clock.

» CM21 bit = 1 (ring oscillator clock for CPU clock source)

» CM22 hit = 1 (main clock stop detected)

* CM23 bit =1 (main clock stopped)

Where the PLL clock corresponds to the CPU clock source and the CM20 bit is “1”, the system is placed
in the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, set it to “1”
(ring oscillator clock) inside the interrupt routine.

* Oscillation stop and re-oscillation detect interrupt request occurs.

» CM22 bit = 1 (main clock stop detected)

* CM23 bit =1 (main clock stopped)

* CM21 bit remains unchanged

Where the CM20 bit is “1”, the system is placed in the following state if the main clock re-oscillates from
the stop condition:

* Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit = 1 (main clock re-oscillation detected)

* CM23 bit =0 (main clock oscillation)

» CM21 bit remains unchanged
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How to Use Oscillation Stop and Re-oscillation Detect Function

» The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. If the re-oscillation detection and watchdog timer interrupts both are used, read the CM22 bit in an
interrupt routine to determine which interrupt source is requesting the interrupt.

» Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source in the program. Figure 1.9.12 shows the procedure for switching the
clock source from the ring oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes “1”. When the CM22 bit is set at “1”, oscillation stop, re-oscillation detection interrupt are dis-
abled. By setting the CM22 bit to “0” in the program, oscillation stop, re-oscillation detection interrupt
are enabled.

« If the main clock stops during low speed mode where the CM20 bit is “1”, an oscillation stop, re-oscilla-
tion detection interrupt request is generated. At the same time, the ring oscillator starts oscillating. In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the ring oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CMO02 bit to
“0” (peripheral function clocks not turned off during wait mode).

» Since the oscillation stop , re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to “0” (Oscillation stop , re-oscillation detection function dis-
abled) where the main clock is stopped or oscillated in the program, that is where the stop mode is
selected or the CMO5 bit is altered.

» This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit
to “0".

C Main clock switch )

d

a
o
o

Inspect the CM23 bit -
1(Main clock stop)

0(Main clock oscillation)

Do this check a number of time

The main clock is confirmed to be active a number of times.

Set the CM22 bit to 0 (main clock stop,
re-oscillation not detected).

Set the CM21 bit to 0
(main clock for the CPU clock source)(Note)

I : :
C End ) All of CM21-23 are the CM2 register bits

Note: If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation
mode after set to high-speed mode.

Figure 1.9.12. Procedure to Switch Clock Source From Ring Oscillator to Main Clock
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74

In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 1.10.1 shows the PRCR register. The following lists the registers protected
by the PRCR register.

* Registers protected by PRCO bit: CM0, CM1, CM2, PLCO and PCLKR registers

* Registers protected by PRCL1 bit: PMO, PM1, PM2, TB2SC, INVCO and INVC1 registers

* Registers protected by PRC2 bit: PD9, S3C and S4C registers

* Registers protected by PRC3 bit: VCR2 and D4INT registers

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0”
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to “1". Make sure no interrupts or DMA transfers will occur between the instruction in
which the PRC2 bit is set to “1” and the next instruction. The PRCO, PRC1 and PRC3 bits are not automati-
cally cleared to “0” by writing to any address. They can only be cleared in a program.

Protect register

b7 b6 b5 b4 b3 b2 bl bo

o[ o]

| Symbol Address After reset
PRCR 000A16 XX0000002

Bit symbol Bit name Function RW

P 0 0 0 0wl preo Protect bit 0 Enable write to CMO, CM1, CM2,
P oo PLCO and PCLKR registers

- Voo . RW
L 0 : Write protected

- oo 1: Write enabled

E ' . ' ' Enable write to PMO, PM1, PM2,
I PRC1 Protect bit 1 TB2SC, INVCO and INVC1

I registers RW
E . . . . 0 : Write protected
A 1 : Write enabled

Voo . Enable write to PD9, S3C and
T N RO PRC2 Protect bit 2 SAC registers

A . RW
Voo 0 : Write protected
- - 1 : Write enabled

o . Enable write to VCR2 and D4INT
i PRC3 Protect bit 3 registers

Vo ) RW
! o 0 : Write protected
. 1 : Write enabled

e (b5-ba) Reserved bit Must set to “0 RW

] Nothing is assigned. When write, set to “0”. When read, its
(b7-b6) content is interdeterminate. —_—

Note: The PRC2 bit is set to “0” by writing to any address after setting it to “1”. Other bits are not set to “0”
by writing to any address, and must therefore be set in a program.

Figure 1.10.1. PRCR Register
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Interrupts

Type of Interrupts
Figure 1.11.1 shows types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software
[] (Non-maskable interrupt)

Interrupt [ ]

NMI

DBC (Note 2)
[]Special Watchdog timer
[](Non-maskable interruptl] single step (Note 2)
B B Address match

[

Peripheral function (Note 1)
(Maskable interrupt)

i
N ey o o o o

OO

Hardware

Note 1: Peripheral function interrupts are generated by the microcomputer's internal functions.
Note 2: Do not normally use this interrupt because it is provided exclusively for use by development
support tools.

Figure 1.11.1. Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
» Non-maskable 10nterrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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Software Interrupts

A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

e Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

e Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the opera-
tion resulted in an overflow). The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

< INT Instruction Interrupt
An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63
can be specified for the INT instruction. Because software interrupt Nos. 4 to 31 are assigned to
peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can be
executed by executing the INT instruction.
In software interrupt Nos. O to 31, the U flag is saved to the stack during instruction execution and is
cleared to “0” (ISP selected) before executing an interrupt sequence. The U flag is restored from the
stack when returning from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not
change state during instruction execution, and the SP then selected is used.
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Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.
(1) Special Interrupts

Special interrupts are non-maskable interrupts.

« NMI Interrupt
An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details
about the NMI interrupt, refer to the section "NMI interrupt”.

+ DBC Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

* Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to the section "watchdog timer".

* Oscillation Stop and Re-oscillation Detection Interrupt
Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla-
tion stop detection function, refer to the section "clock generating circuit".

» Power Supply Down Detection Interrupt
Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to the
section "voltage detection circuit".

* Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

» Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO to RMAD3 register that corresponds to one of the AIER register's AIERO or
AIERL1 bit or the AIER2 register’'s AIER20 or AIER21 bit which is "1" (address match interrupt en-
abled). For details about the address match interrupt, refer to the section "address match interrupt".

(2) Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal
functions. The interrupt sources for peripheral function interrupts are listed in Table 1.11.2. For details
about the peripheral functions, refer to the description of each peripheral function in this manual.
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Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 1.11.2 shows the interrupt vector.

MSB LSB
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000

Figure 1.11.2. Interrupt Vector

* Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 1.11.1 lists
the fixed vector tables. In the flash memory version of microcomputer, the vector addresses (H) of
fixed vectors are used by the ID code check function. For details, refer to the section "flash memory
rewrite disabling function".

Table 1.11.1. Fixed Vector Tables

Interrupt source Vector table addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| FFFDC16 to FFFDF16 | Interrupt on UND instruction M16C/60, M16C/20
Overflow FFFEO16 to FFFE316 | Interrupt on INTO instruction serise software

BRK instruction FFFE416 to FFFE716 | If the contents of address |maual
FFFE716 is FF16, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table.

Address match FFFE816 to FFFEB16 Address match interrupt
Single step (Note) FFFEC16 to FFFEF16
Watchdog timer FFFFO16 to FFFF316 Watchdog timer
Oscillation stop and
re-oscillation detection Clock generating circuit
Power supply down
detection Voltage detection circuit
DBC (Note) FFFF416 to FFFF716
NMI FFFF816 to FFFFB16 NMI interrupt
Reset FFFFC16 to FFFFF16 Reset

Note: Do not normally use this interrupt because it is provided exclusively for use by development sup-

port tools.
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* Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector
table area. Table 1.11.2 lists the relocatable vector tables. Setting an even address in the INTB regis-
ter results in the interrupt sequence being executed faster than in the case of odd addresses.

Table 1.11.2. Relocatable Vector Tables

Interrupt source Vector address (Note 1) Software interrupt Reference
Address (L) to address (H) number
BRK instruction (Note 5) +0 to +3 (000016 to 000316) 0 M16C/60, M16C/20
— (Reserved) 1to3 rsnearlr:eusalsoftware
INT3 +16 to +19 (001016 to 001316) 4 INT interrupt
Timer B5 +20 to +23 (001416 to 001716) 5 Timer
Timer B4, UART1 bus collision ((jNeottgc? +24 to +27 (001816 to 001B16) 6 Timer
Timer B3, UARTO bus collision %\g)ttgég +28 to +31 (001C16 to 001F16) 7 Serial I/0
SI/04, INT5  (Note 2) +32 to +35 (002016 to 002316) 8 INT interrupt
SI/03, INT4  (Note 2) +36 to +39 (002416 to 002716) 9 Serial /0
UART 2 bus collision detection +40 to +43 (002816 to 002B16) 10 Serial I/O
DMAO +44 to +47 (002C16 to 002F16) 11
DMA1 +48 to +51 (003016 to 003316) 12 DMAC
Key input interrupt +52 to +55 (003416 to 003716) 13 Key input interrupt
A-D +56 to +59 (003816 to 003B16) 14 A-D convertor
UART2 transmit, NACK2 (Note 3) +60 to +63 (003C16 to 003F16) 15
UART2 receive, ACK2 (Note 3) +64 to +67 (004016 to 004316) 16
UARTO transmit, NACKO(Note 3) +68 to +71 (004416 to 004716) 17 _
UARTO receive, ACKO (Note 3) +72 to +75 (004816 to 004B16) 18 Serial /0
UART1 transmit, NACK1(Note 3) +76 to +79 (004C16 to 004F16) 19
UART1 receive, ACK1(Note 3) +80 to +83 (005016 to 005316) 20
Timer AO +84 to +87 (005416 to 005716) 21
Timer Al +88 to +91 (005816 to 005B16) 22
Timer A2 +92 to +95 (005C16 to 005F16) 23
Timer A3 +96 to +99 (006016 to 006316) 24 .
Timer A4 +100 to +103 (006416 to 006716) 25 Timer
Timer BO +104 to +107 (006816 to 006B16) 26
Timer B1 +108 to +111 (006C16 to 006F16) 27
Timer B2 +112 to +115 (007016 to 007316) 28
INTO +116 to +119 (007416 to 007716) 29
INT1 +120 to +123 (007816 to 007B16) 30 INT interrupt
INT2 +124 to +127 (007C16 to 007F16) 31
+128 to +131 (008016 to 008316) 32 M16C/60, M16C/20
Software interrupt  (Note 5) to to series software
+252 to +255 (O0FC16 to 00FF16) 63 manual

Note 1: Address relative to address in INTB.
Note 2: Use the IFSR register's IFSR6 and IFSR7 bits to select.
Note 3: During I2C mode, NACK and ACK interrupts comprise the interrupt source.
Note 4: Use the IFSR2A register's IFSR26 and IFSR27 bits to select.
Note 5: These interrupts cannot be disabled using the | flag.
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Interrupt Control
The following describes how to enable/disable the maskable interrupts, and how to set the priority in which
order they are accepted. What is explained here does not apply to nonmaskable interrupts.
Use the FLG register’s | flag, IPL, and each interrupt control register’s ILVL2 to ILVLO bits to enable/disable
the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each interrupt control
register.
Figure 1.11.3 shows the interrupt control registers.
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Interrupt control register (Note 2)

Symbol Address After reset

TBSIC 004516 XXXXX0002

TB4IC/U1BCNIC (Note 3) 004616 XXXXX0002

TB3IC/UOBCNIC (Note 3) 004716 XXXXX0002

BCNIC 004A16 XXXXX0002

DMOIC, DM1IC 004B16, 004C16 XXXXX0002

KUPIC 004D1s XXXXX0002

ADIC 004E16 XXXXX0002

SOTIC to S2TIC 005116, 005316, 004F16 XXXXX0002
b7 b6 b5 b4 b3 b2 bl bo SORIC to S2RIC 005216, 005416, 005016 XXXXX0002

TAOIC to TA4IC 005516 to 005916 XXXXX0002

TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
o ¢ 1| Bit symbol Bit name Function RW
. I ILVLO Interrupt priority level
oo L select Eitp / b2 b1 b0 : . RW
oo ! 000 : Level O (interrupt disabled)
o . 001: Levell
Voo . 010: Level 2
P R VL 011: Level3 RW
N 100: Level4
oo 101: Level5
T T - R ILVL2 110: Level6
oo 111: Level7 RW
R IR Interrupt request bit 0: Interrupt not requested RW
A 1: Interrupt requested (Note 1)
Vo _ No functions are assigned.
"""""""""""""" When writing to these bits, write “0”. The values in these bits —

(b7-b4) when read are indeterminate.

Note 1: This bit can only be reset by writing "0" (Do not write "1").

Note 2: To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that
register. For details, see the precautions for interrupts.

Note 3: Use the IFSR2A register to select.

Symbol Address After reset
INT3IC (Note 4) 004416 XX00X0002
S4IC/INT5IC 004816 XX00X0002
S3IC/INT4IC 004916 XX00X0002
INTOIC to INT2IC  005D16 to 005F16  XX00X0002
Bit symbol Bit name Function RW
ILVLO Interrupt priority level b2 b1 bo
select bit . ) RW
000 : Level O (interrupt disabled)
001:Levell
ILVL1 010:Level 2
011:Level3
100: Level 4 RW
101:Level5
ILVL2 110:Level6
111:Level7 RW
IR Interrupt request bit 0: Interrupt not requested RW
1: Interrupt requested (Note 1),
POL Polarity select bit 0 : Selects falling edge (Notes 3, 5)
1: Selects rising edge RW
—_— Reserved bit Must always be set to “0” RW
—_ No functions are assigned.
(b7-b6) When writing to these bits, write “0”. The values in these bits RW
when read are indeterminate.

Note 1: This bit can only be reset by writing "0" (Do not write "1").

Note 2: To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register. For details, see the precautions for interrupts.

Note 3: If the IFSR register’s IFSRi bit (i = 0 to 5) is "1" (both edges), set the INTIIC register's POL bit to "0 "(falling
edge).

Note 4: During memory expansion and microprocessor modes, set the INT3IC register’s ILVL2 to ILVLO bits to ‘0002’
(interrupt disabled).

Note 5: Set the S3IC or S4IC register’s POL bit to "0" (falling edge) when the IFSR register's IFSR6 bit = 0 (SI/03
selected) or IFSR7 bit = 0 (SI/O4 selected), respectively.

Figure 1.11.3. Interrupt Control Registers
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| Flag
The | flag enables or disables the maskable interrupt. Setting the | flag to “1” (= enabled) enables the
maskable interrupt. Setting the | flag to “0” (= disabled) disables all maskable interrupts.

IR Bit

The IR bit is set to “1” (= interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is
cleared to “0” (= interrupt not requested).

The IR bit can be cleared to “0” in a program. Note that do not write “1” to this bit.

ILVL2 to ILVLO Bits and IPL
Interrupt priority levels can be set using the ILVL2 to ILVLO bits.
Table 1.11.3 shows the settings of interrupt priority levels and Table 1.11.4 shows the interrupt priority
levels enabled by the IPL.

The following are conditions under which an interrupt is accepted:
- | flag = “1”
- IR bit =“1"
- interrupt priority level > IPL

The | flag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. In no case do they affect one
another.

Table 1.11.3. Settings of Interrupt Priority Table 1.11.4. Interrupt Priority Levels
Levels Enabled by IPL
. Interrupt priority Priority

ILVL2 to ILVLO bits level order IPL Enabled interrupt priority levels
0002 Level O (interrupt disabled) _— 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Low 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6 Y 1102 Interrupt levels 7 and above are enabled
1112 Level 7 High 1112 All maskable interrupts are disabled
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Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.
The CPU behavior during the interrupt sequence is described below. Figure 1.11.4 shows time required for
executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading the
address 0000016. Then it clears the IR bit for the corresponding interrupt to “0” (interrupt not re-
quested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal
temporary register(Note 1),

(3) The |, D and U flags in the FLG register become as follows:

The | flag is cleared to “0” (interrupts disabled).

The D flag is cleared to “0” (single-step interrupt disabled).

The U flag is cleared to “0” (ISP selected).

However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is
executed.

(4) The CPU's internal temporary register (N0t 1) js saved to the stack.

(5) The PC is saved to the stack.

(6) The interrupt priority level of the accepted interrupt is set in the IPL.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, the processor resumes executing instructions from the start
address of the interrupt routine.

Note: This register cannot be used by user.

1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18
CPU clock
Address bus X%%%rglsgx Indeterminate >< SP-2 X SP-4 >< vec >< vec+2>< PC
Data bus ,lnterruth - >< SP-2 >< SP-4 >< vec >< vec+2 ><
>< information Indeterminate contents /\ contents )\ contents )\ contents

RD UY indeterminate | u U
WR u u

The indeterminate state depends on the instruction queue buffer. A read cycle occurs when the
instruction queue buffer is ready to accept instructions.

Figure 1.11.4. Time Required for Executing Interrupt Sequence
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Interrupt Response Time

Figure 1.11.5 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes a time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of a time from when an interrupt request is generated till when
the instruction then executing is completed ((a) in Figure 1.11.5) and a time during which the interrupt

sequence is executed ((b) in Figure 1.11.5).

}

;

Interrupt request generated  Interrupt request acknowledged

— Time
Instruction Interrupt sequence _ Instruction in
interrupt routine
a b
S C R (b) -

Interrupt response time

(a) A time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without walit state, the divisor being a register).

(b) A time during which the interrupt sequence is executed. For details, see the table
below. Note, however, that the values in this table must be increased 2 cycles for the
DBC interrupt and 1 cycle for the address match and single-step interrupts.

Interrupt vector address | SP value |16-Bit bus, without wait | 8-Bit bus, without wait
Even Even 18 cycles 20 cycles
Even Odd 19 cycles 20 cycles
Odd Even 19 cycles 20 cycles
Odd Odd 20 cycles 20 cycles

Figure 1.11.5. Interrupt response time

Variation of IPL when Interrupt Request is Accepted

When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set

in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed
in Table 1.11.5 is set in the IPL. Shown in Table 1.11.5 are the IPL values of software and special
interrupts when they are accepted.

Table 1.11.5. IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted

Interrupt sources

Level that is set to IPL

Watchdog timer, NMI

7

Software, address match, DBC, single-step

Not changed
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Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved. Figure
1.11.6 shows the stack status before and after an interrupt request is accepted.
The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address Stack Address Stack
MSB LSB MSB LSB
[SP]
m-4 m-4 PC <a— New SP value
L
m-3 m-3 PC
M
m-2 m-—2 FLGL
m-1 m-1 FLGH PCH
[SP]
m Content of previous stack |«a—— ii}ﬁtﬁ gs;%rri m Content of previous stack
m+ 1| Content of previous stack m+ 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 1.11.6. Stack StatusBefore and After Acceptance of Interrupt Request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
spP(Note) at the time of acceptance of an interrupt request, is even or odd. If the stack pointer (Not©) js
even, the FLG register and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits
at a time. Figure 1.11.7 shows the operation of the saving registers.

Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated

by the U flag. Otherwise, it is the ISP.

(1) SP contains even number

Address

[SP] - 5 (Odd)
[SP] — 4 (Even)
[SP] - 3(Odd)
[SP] - 2 (Even)
[SP] - 1(Odd)

[SP] (Even)

Stack

Sequence in which order
registers are saved

PC.

PCwm

(2) Saved simultaneously,
all 16 bits

FLGL

(1) Saved simultaneously,

FLGH

PCH

t1ts

all 16 bits

Finished saving registers

(2) SP contains odd number

Address

[SP] - 5 (Even)
[SP] - 4(Odd)
[SP] - 3 (Even)
[SP] - 2(Odd)
[SP] -1 (Even)

[SP]  (Odd)

in two operations.

Stack Sequence in which order
registers are saved
PCL - (3)
PCwm < (4)
Saved, 8 bits at a time
FLGH PCHx |——— (2)

Finished saving registers

in four operations.

Note: [SP] denotes the initial value of the SP when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 1.11.7. Operation of Saving Register
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Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt se-
quence are restored from the stack by executing the REIT instruction at the end of the interrupt routine.
Thereafter the CPU returns to the program which was being executed before accepting the interrupt re-
quest.
Return the other registers saved by a program within the interrupt routine using the POPM or similar in-
struction before executing the REIT instruction.

Interrupt Priority
If two or more interrupt requests are generated while executing one instruction, the interrupt request that
has the highest priority is accepted.
For maskable interrupts (peripheral functions), any desired priority level can be selected using the ILVL2 to
ILVLO bits. However, if two or more maskable interrupts have the same priority level, their interrupt priority
is resolved by hardware, with the highest priority interrupt accepted.
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 1.11.8
shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset > NMI > DBC > WDT > Peripheral function > Single step > Address match

Figure 1.11.8. Hardware Interrupt Priority

Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 1.11.9 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt

| Timer B2

| Timer BO :

' | Timer A3

| Timer Al

: | Timer B4, UART1 bus collision :

| INT3

i iNT2

1 INTO

| Timer B1

| Timer A4

| Timer A2

{ [ Timer B3, UARTO bus collision

| Timer B5

[ UARTL reception, ACK1

| UARTO reception, ACKO

| UART?2 reception, ACK2

H | A-D conversion

| DMAL

| UART 2 bus collision

H SI/04, INT5

| Timer AO

| UARTI transmission, NACKL

| UARTO transmissionm, NACKO

i | UART?2 transmission, NACK2

: | Key input interrupt i

| DMAO

| SI/03, INT4

Level O (initial value)

High

Priority of peripheral fucntion interrupts
(if priority levels are same)

Low

R R e R R RS

D

| flag

Address match

Watchdog timer

re-oscillation detection

Power supply down detection

DBC

|
|
|
| Oscillation stop and
|
|
| NMI

Interrupt request level resolution output
to clock generating circuit (Fig.1.11.1)

Interrupt
request
accepted

Figure 1.11.9. Interrupts Priority Select Circuit
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INT Interrupt

'INTi interrupt (i=0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the
IFSR register's IFSRIi bit.
'INT4 and INT5 share the interrupt vector and interrupt control register with SI/O3 and S1/O4, respectively.
To use the INT4 interrupt, set the IFSR register's IFSR6 bit to “1” (= INT4). To use the INT5 interrupt, set the
IFSR register’s IFSR7 bit to “1” (= INT5).
After modifying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to “0” (= interrupt not requested)

before enabli

ng the interrupt.

Figure 1.11.10 shows the IFSR and IFSR2A registers.

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request cause select register

R ——

| Symbol Address After reset
IFSR 035F16 0016
Bit symbol Bit name Function RW
IFSRO INTO interrupt polarity 0: One edge RW
switching bit 1:Both edges (Note 1)
IFSR1 INT1 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR2 INT2 interrupt polarity 0 : One edge
switching bit 1:Both edges (Note 1) RW
IFSR3 INT3 interrupt polarity 0 : One edge
switching bit 1: Both edges (Note 1) RW
IFSR4 INT4 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR5 INT5 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR6 Interrupt request cause 0:SI/03  (Note 3)
select bit (Note 2) 1:INT4 RW
IFSR7 Interrupt request cause 0: SI/04
select bit (Note 2) 1:1INT5 RW

Note 1: When setting this bit to “1” (= both edges), make sure the INTOIC to INT5IC register's POL bit

is set to “0” (= falling edge).

Note 2: During memory expansion and microprocessor modes, set this bit to “0” (= SI/O3, SI/04)
Note 3: When setting this bit to “0” (= SI/O3, SI/04), make sure the S3IC and S4IC registers’ POL bit is

set to “0” (= falling edge).

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request cause select register 2

R

Symbol Address After reset
IFSR2A 035E16 OOXXXXXX2
Bit symbol Bit name Function RW
T Nothing is assigned. When write, set to “0". o
(b5-b0) When read, their contents are indeterminate.
IFSR26 Interrupt request cause 0 : Timer B3
select bit 1: UARTO bus collision RW
detection
IFSR27 | Interrupt request cause 0: Timer B4 =
select bit 1: UART1 bus collision RW
detection

Figure 1.11.10. IFSR Register and IFSR2A Register
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NMI Interrupt
An NMI interrupt is generated when input on the NMI pin changes state from high to low. The NMI interrupt
is a non-maskable interrupt.
The input level of this NMI interrupt input pin can be read by accessing the P8 register’'s P8_5 bit.
This pin cannot be used as an input port.

Key Input Interrupt

Of P104 to P107, a key input interrupt is generated when input on any of the P104 to P107 pins which has
had the PD10 register's PD10_4 to PD10_7 bits set to “0” (= input) goes low. Key input interrupts can be
used as a key-on wakeup function, the function which gets the microcomputer out of wait or stop mode.
However, if you intend to use the key input interrupt, do not use P104 to P107 as analog input ports. Figure
1.11.11 shows the block diagram of the key input interrupt. Note, however, that while input on any pin which
has had the PD10_4 to PD10_7 bits set to “0” (= input mode) is pulled low, inputs on all other pins of the port
are not detected as interrupts.

PURZ2 register's PU25 bit
Pull—qp E KUPIC register
transistor PD10 register's
PD10_7 bit
PD10 register's PD10_7 bit
KIz O
Pull-up PD10 register's
transistor PD10_6 bit
. Key input interrupt
Klz O T Interrupt control circuit request
tﬁ;ggstor PD10 register's
PD10_5 bit
Kiin O T
Pulp | Fpi0eiers
transistor —
Klo O T

Figure 1.11.11. Key Input Interrupt
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Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address indi-
cated by the RMAD:I register (i=0 to 3). Set the start address of any instruction in the RMADI register. Use
the AIER register's AIERO and AIER1 bits and the AIER2 register’'s AIER20 and AIER21 bits to enable or
disable the interrupt. Note that the address match interrupt is unaffected by the | flag and IPL. For address
match interrupts, the value of the PC that is saved to the stack area varies depending on the instruction
being executed. Figure 1.11.12 shows the instruction just before execution and address stored in the stack
when there occurs interruption.

Note that when using the external data bus in width of 8 bits, the address match interrupt cannot be used for
external area.

Figure 1.11.13 shows the AIER, AIER2, and RMADO to RMAD3 registers.

(2) Instructions in which the "return destination + 2" address is stored in the stack when address match
interrupt occurs
* 16-bit operation code
« Instruction shown below among 8-bit operation code instructions

ADD.B:S #IMM8,dest SUB.B:S  #IMM8,dest AND.B:S  #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B:S #IMM8,dest
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#IMM82,dest

CMP.B:S #IMM8,dest PUSHM src POPM dest

JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM,dest (However, dest = AO or Al)

(2) Instructions in which the "return destination + 1" address is stored in the stack when address match
interrupt occurs
* Instructions other than the above

Figure 1.11.12. Instruction Just Before Execution and Address Stored in Stack When There
Occurs Interrupts

Table 1.11.6. Relationship Between Address Match Interrupt Sources and Associated Registers

Address match interrupt sources | Address match interrupt enable bit | Address match interrupt register
Address match interrupt 0 AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
Address match interrupt 2 AIER20 RMAD2
Address match interrupt 3 AIER21 RMAD3
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Address match interrupt enable register

b7 D6 bS bi b3 b2 bl bO Symbol Address After reset
MM_J_J AER 000916 XXXXXX002
Bit symbol Bit name Function RW
R AIERO Address 'match interrupt0 | o - Interrupt disabled RW
A enable bit 1 : Interrupt enabled
S A A AIER1  |Address match interrupt 1 | 0 Interrupt disabled RW
enable bit 1 Interrupt enabled
R — Nothing is assigned.
(b7-b2) When write, set to “0”. —
When read, their contents are indeterminate.
Address match interrupt enable register 2
b7 D6 DS b4 b3 b2 bl bO Symbol Address After reset
M_J AIER?2 01BB16 XXXXXX002
E i Bit symbol Bit name Function RW
T AIER20 |Address matchinterrupt 2 | o : nterrupt disabled RW
enable bit 1 : Interrupt enabled
__________ AIER21 |Address match interrupt 3 | O : Interrupt disabled
Pl enable bit 1: Interrupt enabled RW
_______________ - Nothing is assigned.
(b7-b2) When write, set to “0”. —_—
When read, their contents are indeterminate.

Address match interrupt register i (i = 0 to 3)

Nothing is assigned.
When write, set to “0”.

When read, their contents are indeterminate.

(b23) (b19) (b16)b15) (b8) Symbol Address After reset
o i 2007 e Ll 2 RMADO 001216 to 001016 X0000016

I><|><|><|><] | | | RMAD1 001616 to 001416 X0000016
I . RMAD2 01BA16 to 01B816 X0000016
A , RMAD3 01BE16 to 01BC16 X0000016
P Function Setting range RW
Address setting register for address match interrupt 0000016 to FFFFF16 | RW

Figure 1.11.13. AIER Register, AIER2 Register and RMADO to RMAD3 Registers
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Precautions for Interrupts

(1) Reading Address 0000016

» Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the
CPU reads interrupt information (interrupt number and interrupt request priority level) from the address
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to “0”.
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to “0”. This causes a problem that the interrupt is canceled, or
an unexpected interrupt is generated.

(2) SP Setting

* Set any value in the SP before accepting an interrupt. The SP is cleared to ‘000016’ after reset. There-
fore, if an interrupt is accepted before setting any value in the SP, the program may go out of control.
Especially when using NMI interrupt, set a value in the SP at the beginning of the program. For the first
and only the first instruction after reset, all interrupts including NMI interrupt are disabled.

(3) NMI Interrupt

» The NMI interrupt cannot be disabled. If this interrupt is unused, connect the NMI pin to Vcc via a
resistor (pull-up).

» The input level of the NMI pin can be read by accessing the P8 register's P8_5 bit. Note that the P8_5 bit
can only be read when determining the pin level after an NMI interrupt is generated.

« Stop mode cannot be entered into while input on the NMI pin is low. This is because while input on the
NMI pin is low the CM1 register's CM10 bit is fixed to “0”.

+ Do not go to wait mode while input on the NMI pin is low. This is because when input on the NMI pin
goes low, the CPU stops but CPU clock remains active; therefore, the current consumption in the chip
does not drop. In this case, normal condition is restored by an interrupt generated thereafter.

+ The low and high level durations of the input signal to the NMI pin must each be 2 CPU clock cycles +
300 ns or more.

(4) INT Interrupt

« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to the INTo
through INT5 pins regardless of the CPU clock.

» When the polarity of the INTo to INT5 pins is changed, the IR bit is sometimes set to “1” (=interrupt
requested). After changing the polarity, set the IR bit to “0” (=interrupt not requested). Figure 1.11.13
shows the procedure for changing the INT interrupt generate factor.

( Set the | flag to “0” (=disable interrupt) )

Set the ILVL2 to ILVLO bits to '0002' (= level 0)
(Disable INT interrupt)

( Set the POL bi )

( Set the IR bit to “0” (=interrupt not requested) >

Set the ILVL2 to ILVLO bits to
'0012' (=level 1) to '1112' (=level 7)
)

(Enable the accepting of INT interrupt request

( Set the | flag to “1” (= enable interrupt) )

Note: Execute the setting above individually. Do not execute two or
more settings at once (by one instruction).

Figure 1.11.14. Switching Procedure for INT Interrupt Request
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(5) Watchdog Timer Interrupt

« Initialize the watchdog timer after the watchdog timer interrupt occurs.
(6) Modifying Interrupt Control Register
 Each interrupt control register can only be modified while no interrupt requests corresponding to that
register are generated. If interrupt requests managed by any interrupt control register are likely to occur,
disable the interrupts before modifying the register. A sample program is shown below.

Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016".
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Set the TAOIC register to “0016”.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCH3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016".
POPC FLG ; Enable interrupts.

Why the FSET | instruction is preceded by two NOP instructions (four when using HOLD function) in
Example 1 and why the FSET | instruction is preceded by a dummy read in Example 2

This is to prevent the | flag from being set to “1” before writing to the interrupt control register for reasons
of the instruction queue buffer.

To modify any interrupt control register after disabling interrupts, be careful with the instructions used.

Modifying other than the IR bit

If an interrupt request corresponding to that register is generated while executing the instruction, the IR
bit may not be set to “1” (= interrupt requested), with the result that the interrupt request is ignored. If this
presents a problem, use the following instructions to modify the register.

Instructions to use: AND, OR, BCLR, BSET

Modifying the IR bit
Even when the IR bit is cleared to “0” (= interrupt not requested), it may not actually be cleared to “0”
depending on the instruction used. Therefore, use the MOV instruction to clear the IR bit.
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Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit
counter which counts down the clock derived by dividing the CPU clock using the prescaler. Whether to
generate a watchdog timer interrupt request or apply a watchdog timer reset as an operation to be per-
formed when the watchdog timer underflows after reaching the terminal count can be selected using the
PM12 bit of PM1 register. The PM12 bit can only be set to “1” (reset). Once this bit is set to “1”, it cannot be
set to “0” (watchdog timer interrupt) in a program.

The pin, CPU and SFR initialized where the monitor timer underflows when the PM12 bit is “1” are the same
as in software reset.

When the main clock is selected for CPU clock, the divide-by-N value for the prescaler can be chosen to be
16 or 128. If a sub-clock is selected for CPU clock, the divide-by-N value for the prescaler is always 2 no
matter how the WDC7 bit is set. The period of watchdog timer can be calculated as given below. The period
of watchdog timer is, however, subject to an error due to the prescaler.

With main clock chosen for CPU clock
Prescaler dividing (16 or 128) X Watchdog timer count (32768)

Watchdog timer period = CPU clock

With sub-clock chosen for CPU clock

Prescaler dividing (2) X Watchdog timer count (32768)
CPU clock

Watchdog timer period =

For example, when CPU clock = 16 MHz and the divide-by-N value for the prescaler= 16, the watchdog
timer period is approx. 32.8 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset.
Note that the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is
activated to start counting by writing to the WDTS register.

In stop mode, wait mode and hold state, the watchdog timer and prescaler are stopped. Counting is re-
sumed from the held value when the modes or state are released.

Figure 1.12.1 shows the block diagram of the watchdog timer. Figure 1.12.2 shows the watchdog timer-
related registers.

< Count source protective mode

In this mode, a ring oscillator clock is used for the watchdog timer count source. The watchdog timer can be
kept being clocked even when CPU clock stops as a result of run-away.

Before this mode can be used, the following register settings are required:

(1) Set the PRC1 bit of PRCR register to “1” (enable writes to PM1 and PM2 registers).

(2) Set the PM12 bit of PM1 register to “1” (reset when the watchdog timer underflows).

(3) Set the PM22 bit of PM2 register to “1” (ring oscillator clock used for the watchdog timer count source).
(4) Set the PRC1 bit of PRCR register to “0” (disable writes to PM1 and PM2 registers).

(5) Write to the WDTS register (watchdog timer starts counting).
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Setting the PM22 bit to “1” results in the following conditions

» The ring oscillator starts oscillating, and the ring oscillator clock becomes the watchdog timer count

source.

« The CM10 bit of CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode

entered.)
» The watchdog timer does not stop when in wait mode or hold state.

Ring oscillator clock

Prescaler

T oo =0

: !WDC7 =0

i ou1e |

 E— PM12=0
CPU ECMO7 :,0 _ Watchdog timer
clock 17128 EWDC7 = 10 o PM22 =0 interrupt request
HOLD i I : A O)4>

5] icMo7 =1 T PM22=1 O Watchdog timer

: |l_| : A PM12=1

H | Reset

Set to
Write to WDTS register 4|ﬁ_\ “TFFF16”
RESETO ’»{> ’H_/
Figure 1.12.1. Watchdog Timer Block Diagram
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| | 0 | | | | | | | wDC 000F16 0OXXXXXX2(Note2)
Bit symbol Bit name | Function RW
i : : SRR (b4-bO) High-order bit of watchdog timer RO
__________________ Cold start / warm start 0: Cold start
N WDC5 discrimination flag (Note 1)| 1 : Warm start RW
--------------------- (b6) Reserved bit Must set to “0 RW
L WDC7 Prescaler select bit 0 : Divided by 16 RW
1: Divided by 128

Note 1: The WDCS bit is always “1” (warm start) no matter how it is set by writing a “0” or “1”.

is set to “1” (RAM retention limit detection circuit enable).

Watchdog timer start register (Note)

b7 b0 Symbol Address After reset
| WDTS 000E16 Indeterminate

Note 2: The WDCS bit is “0” (cold start) immediately after power-on. It can only be set to “1” in a program. It is set
to “0” when the input voltage at the Vcci pin drops to Vdet2 or less while the VC25 bit in the VCR2 register

Function

regardless of whatever value is written.

The watchdog timer is initialized and starts counting after a write instruction to
""""""" this register. The watchdog timer value is always initialized to “7FFF16” WO

Note : Write to the WDTS register after the watchdog timer interrupt occurs.

Figure 1.12.2. WDC Register and WDTS Register
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DMAC

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by
the CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of
a cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time
after a DMA request is generated. Figure 1.13.1 shows the block diagram of the DMAC. Table 1.13.1
shows the DMAC specifications. Figures 1.13.2 to 1.13.4 show the DMAC-related registers.

{ Address bus y
A/\k
_|:>| DMAQO source pointer SAR0(20) ':>
| | (addresses 002216 to 002016)
:>| DMAO destination pointer DARO (20) |:>
U U (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) ':>
—|:>i DMAO transfer counter reload register TCRO (16) ':> :>| DMA1 source pointer SAR1 (20) I:>
U (addresses 002916, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) |:> :>|DMA1 destination pointer DAR1 (20)
{} O (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) I:> | DMAL1 forward address pointer (20) (Note) |:>
v (addresses 003916, 003816)
| DMAL1 transfer counter TCR1 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
S_ Data bus low-order bits S
{ Data bus high-order bits §
Note: Pointer is incremented by a DMA request.

Figure 1.13.1. DMAC Block Diagram

A DMA request is generated by a write to the DMISL register (i = 0—1)’s DSR bit, as well as by an interrupt
request which is generated by any function specified by the DMISL register's DMS and DSEL3-DSELDO bits.
However, unlike in the case of interrupt requests, DMA requests are not affected by the | flag and the
interrupt control register, so that even when interrupt requests are disabled and no interrupt request can be
accepted, DMA requests are always accepted. Furthermore, because the DMAC does not affect interrupts,
the interrupt control register’s IR bit does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMICON register's DMAE bit =
“1” (DMA enabled). However, if the cycle in which a DMA request is generated is faster than the DMA
transfer cycle, the number of transfer requests generated and the number of times data is transferred may
not match. For details, refer to “DMA Requests”.
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Table 1.13.1. DMAC Specifications

Item

Specification

No. of channels

2 (cycle steal method)

Transfer memory space

« From any address in the 1M bytes space to a fixed address
* From a fixed address to any address in the 1M bytes space
* From a fixed address to a fixed address

Maximum No. of bytes transferred

128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors
(Note 1, Note 2)

Falling edge of INTO or INT1

Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UARTL transfer, UARTL1 reception interrupt requests
UART?2 transfer, UART2 reception interrupt requests
SI/03, SI/O4 interrpt requests

A-D conversion interrupt requests

Software triggers

Channel priority

DMAO > DMA1 (DMAO takes precedence)

Transfer unit

8 bits or 16 bits

Transfer address direction

forward or fixed (The source and destination addresses cannot both be
in the forward direction.)

Transfer mode | «Single transfer

Transfer is completed when the DMAI transfer counter (i = 0-1)
underflows after reaching the terminal count.

*Repeat transfer

When the DMAI transfer counter underflows, it is reloaded with the value
of the DMA. transfer counter reload register and a DMA transfer is con
tinued with it.

DMA interrupt request generation timing

When the DMAI transfer counter underflowed

DMA startup

Data transfer is initiated each time a DMA request is generated when the
DMAICON register's DMAE bit = “1” (enabled).

DMA shutdown |<Single transfer

* When the DMAE bit is set to “0” (disabled)
» After the DMAI transfer counter underflows

*Repeat transfer

When the DMAE bit is set to “0” (disabled)

Reload timing for forward ad-
dress pointer and transfer
counter

When a data transfer is started after setting the DMAE bit to “1” (en
abled), the forward address pointer is reloaded with the value of the
SARI or the DARI pointer whichever is specified to be in the forward
direction and the DMA.i transfer counter is reloaded with the value of the
DMA.: transfer counter reload register.

98

Notes:

1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the

interrupt control register.
2. The selectable causes of DMA

requests differ with each channel.

3. Make sure that no DMAC-related registers (addresses 002016—-003F16) are accessed by the DMAC.
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DMAO request cause select register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
| | | DMOSL 03B816 0016
Poion oo 4| Bitsymbol Bit name Function RW
©oro4 i on o - DSELO DMA request cause Refer to note RW
A select bit
[ DSEL1 RW
T S . DSEL2 RW
e DSEL3 RW
i i ' ' - Nothing is assigned. When write, set to “0”.
h E R (b5-b4) When read, its content is “0”. -
DMA request cause 0: Basic cause of request
R DMS ! :
' expansion select bit 1: Extended cause of request RW
E Software DMA A DMA request is generated by
e request bit setting this bit to “1” when the DMS
DSR bit is “0” (basic cause) and the RW
DSEL3 to DSELDO bits are “00012"
(software trigger).
The value of this bit when read is “0” .

Note: The causes of DMAO requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the

manner described below.

DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INTO pin -

00012 Software trigger -

00102 Timer AQ -

00112 Timer Al —

01002 Timer A2 -

01012 Timer A3 -

01102 Timer A4 Two edges of INTO pin
01112 Timer BO Timer B3

10002 Timer B1 Timer B4

10012 Timer B2 Timer B5

10102 UARTO transmit -

10112 UARTO receive -

11002 UART2 transmit -

11012 UART2 receive -

11102 A-D conversion -

11112 UART1 transmit -

Figure 1.13.2. DMOSL Register
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DMAL1 request cause select register

b7 b6 b5 b4 b3 b2 bl bo

Note: The causes of DMAL requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the

S ——

Symbol Address After reset
DM1SL 03BA16 0016
Bit symbol Bit name Function RW
DSELO DMA request cause Refer to note RW
DSEL1 select bit RW
DSEL2 RW
DSEL3 RW
Nothing is assigned. When write, set to “0”". I
(b5-b4) When read, its content is “0”
DMS DMA request cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to “1” when the DMS
DSR bit is “0” (basic cause) and the RW
DSEL3 to DSELO bits are “00012"
(software trigger).
The value of this bit when read is “0” .

manner described below.

DSELS3 to DSELO

DMS=0(basic cause of request)

DMS=1(exte!

nded cause of request)

00002 Falling edge of INTT pin -

00012 Software trigger -

00102 Timer AO -

00112 Timer Al -

01002 Timer A2 -

01012 Timer A3 SI/03

01102 Timer A4 SI/04 _
01112 Timer BO Two edges of INT1
10002 Timer B1 -

10012 Timer B2 -

10102 UARTO transmit —

10112 UARTO receive/ACKO -

11002 UART2 transmit -

11012 UART2 receive/ACK2 -

11102 A-D conversion -

11112 UART1 receive/ACK1 -

DMAI control register(i=0,1)

b7 b6

b5 b4 b3 b2 bl b0

Note 1: The DMAS bit can be set to “0” by writing “0” in a program (This bit remains unchanged even if “1” is written).

Symbol Address After reset
DMOCON 002C16 00000X002
DM1CON 003C16 00000X002
Bit symbol Bit name Function RW
DMBIT Transfer unit bit select bit | 0 : 16 bits
1: 8 bits RW
DMASL Repeat transfer mode 0 : Single transfer RW
select bit 1: Repeat transfer
DMAS DMA request bit 0 : DMA not requested RW
1: DMA requested (Note 1)
DMA enable bit 0 : Disabled
DMAE 1: Enabled RW
Source address direction | : Fixed
DSD select bit (Note 2) 1: Forward RW
Destination address 0 : Fixed
DAD direction select bit (Note 2)| 1 - Forward RW
b7-b6 Nothing is assigned. When write, set to “0”. When —
(b7-b6) read, its content is “0".

Note 2: At least one of the DAD and DSD bits must be “0” (address direction fixed).

Figure 1.13.3. DM1SL Register, DMOCON Register, and DM1CON Registers
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DMA. source pointer (i = 0, 1) (Note)

Nothing is assigned. When write, set “0”. When read, these contents
.......................................... are “0". —

Note: If the DSD bit of DMICON register is “0” (fixed), this register can only be written to when the DMAE bit of
DMICON register is “0” (DMA disabled).
If the DSD bit is “1” (forward direction), this register can be written to at any time.
If the DSD bit is “1” and the DMAE bit is “1” (DMA enabled), the DMAI forward address pointer can be read from
this register. Otherwise, the value written to it can be read.

DMAI destination pointer (i = 0, 1)(Note)

Note: If the DAD bit of DMICON register is “0” (fixed), this register can only be written to when the DMAE bit of
DMICON register is “0"(DMA disabled).
If the DAD bit is “1” (forward direction), this register can be written to at any time.
If the DAD bit is “1” and the DMAE bit is “1” (DMA enabled), the DMAI forward address pointer can be read from
this register. Otherwise, the value written to it can be read.

DMAI transfer counter (i =0, 1)

(b15) (b8)
b7 b0 b7 b0
Symbol Address After reset
TCRO 002916, 002816 Indeterminate
TCR1 003916, 003816 Indeterminate
Function Setting range RW

Set the transfer count minus 1. The written value
is stored in the DMAI transfer counter reload
register, and when the DMAE bit of DMiICON
register is set to “1” (DMA enabled) or the DMAI
transfer counter underflows when the DMASL bit
of DMICON register is “1” (repeat transfer), the
value of the DMAI transfer counter reload register
is transferred to the DMAI transfer counter.

When read, the DMAI transfer counter is read.

000016 to FFFF16 RW

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0 Symbol Address After reset
|><|><|><|><| ' ' SARO 002216 to 002016 Indeterminate
LN N ! r ! SAR1 003216 to 003016 Indeterminate
Voo . Function Setting range RW
oo Ve Set the source address of transfer 0000016 to FFFFF16 | RW

(b23) (b19) (b16)(b15) (b8)
b7 b3 bo b7 bo b7 20 Symbol Address After reset
|><|><|><|><| H . | DARO 002616 to 002416 Indeterminate
T : T : DAR1 003616 to 003416 Indeterminate
o Function Setting range RW
oo L Set the destination address of transfer 0000016 to FFFEE1s | RW
] Nothing is assigned. When write, set “0”. When read, these contents | —
are “0".

Figure 1.13.4. SARO, SAR1, DARO, DAR1, TCRO, and TCR1 Registers
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1. Transfer Cycles
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination
write) bus cycle. The number of read and write bus cycles is affected by the source and destination
addresses of transfer. During memory extension and microprocessor modes, it is also affected by the
BYTE pin level. Furthermore, the bus cycle itself is extended by a software wait or RDY signal.

(a) Effect of Source and Destination Addresses
If the transfer unit and data bus both are 16 bits and the source address of transfer begins with an odd
address, the source read cycle consists of one more bus cycle than when the source address of
transfer begins with an even address.
Similarly, if the transfer unit and data bus both are 16 bits and the destination address of transfer
begins with an odd address, the destination write cycle consists of one more bus cycle than when the
destination address of transfer begins with an even address.

(b) Effect of BYTE Pin Level
During memory extension and microprocessor modes, if 16 bits of data are to be transferred on an 8-
bit data bus (input on the BYTE pin = high), the operation is accomplished by transferring 8 bits of data
twice. Therefore, this operation requires two bus cycles to read data and two bus cycles to write data.
Furthermore, if the DMAC is to access the internal area (internal ROM, internal RAM, or SFR), unlike
in the case of the CPU, the DMAC does it through the data bus width selected by the BYTE pin.

(c) Effect of Software Wait
For memory or SFR accesses in which one or more software wait states are inserted, the number of
bus cycles required for that access increases by an amount equal to software wait states.

(d) Effect of RDY Signal
During memory extension and microprocessor modes, DMA transfers to and from an external area
are affected by the RDY signal. Refer to “RDY signal”.

Figure 1.13.5 shows the example of the cycles for a source read. For convenience, the destination write
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality,
the destination write cycle is subject to the same conditions as the source read cycle, with the transfer
cycle changing accordingly. When calculating transfer cycles, take into consideration each condition for
the source read and the destination write cycle, respectively. For example, when data is transferred in 16
bit units using an 8-bit bus ((2) in Figure 1.13.5), two source read bus cycles and two destination write bus
cycles are required.
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BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

CPU use

>< Source >< Destination

Dummy
cycle

CPU use

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the
transfer unit is 16 bits and an 8-bit bus is used

CPU use

CPU use

>< Source ><Source + 1>< Destination ><

Dummy
cycle >< CPU use

(3) When the source read cycle under condition (1) has one wait state inserted

Source ><

CPU use ><

Source

>< Destination ><

Dummy
cycle CPU use

(4) When the source read cycle under condition (2) has one wait state inserted

CPU use ><

Source ><

Source +1 >< Destination

CPU use ><

Source ><

Source + 1 >< Destination

Note: The same timing changes occur with the respective conditions at the destination as at the source.

Figure 1.13.5. Transfer Cycles for Source Read
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2. DMA Transfer Cycles

Any combination of even or odd transfer read and write addresses is possible. Table 1.13.2 shows the
number of DMA transfer cycles. Table 1.13.3 shows the Coefficient j, k.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k

Table 1.13.2. DMA Transfer Cycles

Single-chip mode Memory expansion mode
Transfer unit Bus width | Access address Microprocessor mode
No. of read | No. of write| No. of read | No. of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (BYTE="L") Odd 1 1 1 1
(DMBIT="1") 8-bit Even — — 1 1
(BYTE =*“H") Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers (BYTE ="“L") Odd 2 2 2 2
(DMBIT=“0") 8-bit Even — — 2 2
(BYTE =*“H") Odd — — 2 2
Table 1.13.3. Coefficient j, k
Internal area External area
Internal ROM, RAM SFR Separate bus Multiplex bus
No wait | With wait| 1-wait2 2-wait2 | No wait With waitl With waitl
1 wait 2 waits | 3 waits 1wait 2 waits | 3 waits
] 1 2 2 3 1 2 3 4 3 3 4
k 1 2 2 3 2 2 3 4 3 3 4

Notes:
1. Depends on the set value of CSE register.
2. Depends on the set value of PM20 bit in PM2 register.
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3. DMA Enable

When a data transfer starts after setting the DMAE bit in DMiICON register (i = 0, 1) to “1” (enabled), the

DMAC operates as follows:

(1) Reload the forward address pointer with the SARI register value when the DSD bit in DMiICON register
is “1” (forward) or the DARI register value when the DAD bit of DMICON register is “1” (forward).

(2) Reload the DMAI transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to “1” again while it remains set, the DMAC performs the above operation. However,
if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.
Step 1: Write “1” to the DMAE bit and DMAS bit in DMICON register simultaneously.

Step 2: Make sure that the DMAI is in an initial state as described above (1) and (2) in a program.

If the DMAI is not in an initial state, the above steps should be repeated.

4. DMA Request

The DMAC can generate a DMA request as triggered by the cause of request that is selected with the
DMS and DSEL3 to DSELO bits of DMISL register (i = 0, 1) on either channel. Table 1.13.4 shows the
timing at which the DMAS bit changes state.

Whenever a DMA request is generated, the DMAS bit is set to “1” (DMA requested) regardless of whether
or not the DMAE bit is set. If the DMAE bit was set to “1” (enabled) when this occurred, the DMAS bit is
set to “0” (DMA not requested) immediately before a data transfer starts. This bit cannot be set to “1” in
a program (it can only be set to “0").

The DMAS bit may be set to “1” when the DMS or the DSEL3 to DSELO bits change state. Therefore,
always be sure to set the DMAS bit to “0” after changing the DMS or the DSEL3 to DSELDO bits.
Because if the DMAE bit is “1”, a data transfer starts immediately after a DMA request is generated, the
DMAS bit in almost all cases is “0” when read in a program. Read the DMAE bit to determine whether the
DMAC is enabled.

Table 1.13.4. Timing at Which the DMAS Bit Changes State
DMA factor _ ' DM,.AS' bit of the DM|§ON reglstgr _
Timing at which the bit is set to “1” | Timing at which the bit is set to “0”

Software trigger When the DSR bit of DMICON » Immediately before a data transfer starts
register is set to “1” » When set by writing “0” in a program

Peripheral function | When the interrupt control register
for the peripheral function that is
selected by the DSEL3 to DSELO
and DMS bits of DMICON register
has its IR bit set to “1”
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Channel Priority and DMA Transfer Timing

If both DMAO and DMAL are enabled and DMA transfer request signals from DMAO and DMAL are
detected active in the same sampling period (one period from a falling edge to the next falling edge of
BCLK), the DMAS bit on each channel is set to “1” (DMA requested) at the same time. In this case, the
DMA requests are arbitrated according to the channel priority, DMAO > DMA1. The following describes
DMAC operation when DMAO and DMAL requests are detected active in the same sampling period.
Figure 1.13.6 shows an example of DMA transfer effected by external factors.

In Figure 1.13.6, because DMAO and DMAL requests occurred at the same time, DMAO which has higher
channel priority is accepted first and a DMA transfer on it starts. When DMAQO finishes one transfer unit, it
relinquishes control of the bus to the CPU, and when the CPU finishes one bus access, DMAL starts a
transfer next and after completion of one transfer unit, returns control of the bus to the CPU.

Note that because there is only one DMAS bit on each channel, the number of times DMA is requested
cannot be counted. Therefore, even if multiple DMA requests occurred before gaining control of the bus
as in the case of DMAL in Figure 1.13.6, the DMAS bit is set to “0” when control of the bus is gained and
after completion of one transfer unit, control of the bus is returned to the CPU.

An example where DMA requests for external causes are detected active at the same

DMAO R R /s i
DMA1 | - —— 70— | Obtainment
of the bus

CPU 7T right
wo o |

DMAO

request bit
INTL 1 ]

DMA1 : '

request bit

Figure 1.13.6. DMA Transfer by External Factors
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Timers

Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function
as either timer A (five) and timer B (six). The count source for each timer acts as a clock, to control such
timer operations as counting, reloading, etc. Figures 1.14.1 and 1.14.2 show block diagrams of timer A and
timer B configuration, respectively.

f2 PCLKO bit =0

Clock prescaler

* Main clock

* PLL clock

* Ring oscillator
clock

f1 or f2

xein O)

PCLKO bit =1

f8

Set the CPSR bit of CPSRF
fa2 register to “1” (= prescaler
florf2 fa fa32 fca2 reset)
* Timer mode
o) * One-shot timer mode
o * Pulse Width Measuring (PWM) mode
—O o \ I 1 Timer AO interrupt
_ —O o} Timer AO -
TAoN O —er 9 L /
filter ? « Event counter mode
« Timer mode
O « One-shot timer mode
O * PWM mode
®—oO o \ I . 1 Timer Al interrupt
O Timer Al I .

Y

TAIN () Z>—| Noise
filter
? « Event counter mode

« Timer mode
* One-shot timer mode

« PWM mode
b \ Timer A2 interrupt
e} { Timer A2 -

O filter ? « Event counter mode

« Timer mode
* One-shot timer mode

1o

Py

Y

o

« PWM mode ] '
q o Timer A3 interrupt
— ¢—0 o | Timer A3 l -
Tasn O _O/O 1 I
flter ? « Event counter mode
» Timer mode
& « One-shot timer mode
* PWM mode
O
o o O\ I . 1 Timer A4 interrupt
O Timer A4 I -

\

O filter ? « Event counter mode

Timer B2 overflow or underflow

Note: Be aware that TAOIN shares the pin with RxD2 and TB5IN.

Figure 1.14.1. Timer A Configuration
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_ 2,PCLKO bit = 0 Clock prescaler
* Main clock f1 florf2
« PLL clock xein () fcaz

PCLKO bit=1

* Ring oscillator

clock f8

Set the CPSR bit of CPSRF
f32 register to “1” (= prescaler
reset)
frorf2 fg f32 fc32

N

t

 Timer mode
« Pulse width measuring mode,

Timer B2 overflow or underflow ( to Timer A count source)

\pulse period measuring mode
—O - —O

TBOoN () @—@ >0 o Timer BO
ilter

Timer BO interrupt

-

« Event counter mode

|

« Timer mode
« Pulse width measuring mode,
pulse period measuring mode

o

Timer B1

gC

—O -
Noise
TB1IN O @ filtler

Timer B1 interrupt

-

« Event counter mode

|

» Timer mode
« Pulse width measuring mode,

Timer B2 interrupt

O\pulse period measuring mode
O Timer B2

82N ()

[

_—

« Event counter mode

* Timer mode
* Pulse width measuring mode,

Timer B3 interrupt

O\Opulse period measuring mode
O Timer B3

83N ()

« Event counter mode

» Timer mode
« Pulse width measuring mode,
pulse period measuring mode

Timer B4 interrupt

Timer B4

TB4IN O

-

-

« Event counter mode

« Timer mode
« Pulse width measuring mode,

Timer B5 interrupt

O\pulse period measuring mode
O Timer B5

85N ()

—O Noi O
i f_ols.e 0
ilter

-

|

« Event counter mode

Note: Be aware that TB5IN shares the pin with RxD2 and TAOIN.

Figure 1.14.2. Timer B Configuration
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Timer A

Figure 1.14.3 shows a block diagram of the timer A. Figures 1.14.4 to 1.14.6 show registers related to the

timer A.

The timer A supports the following four modes. Except in event counter mode, timers A0 to A4 all have the

same function. Use the TMOD1 to TMODO bits of TAIMR register (i = 0 to 4) to select the desired mode.

» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external device or overflows and underflows of

other ti

mers.

» One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count
“000016.”
* Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively.

. (Note)
TAj overflow ~ ——O

TAk overfow — O

fcagza—O (gate function)
« Event counter
Polarity
O selection
TAIIN
i=0to4
¢ °9 Clock selection
(Note)
TB2 overfow —O

(j =i—1. Note, however, that j = 4 when i = 0)

q Data bus high-order bits g
1
Clock source :
' Data bus low-order bits S
selection * Timer —
fiorfo—o0 : ICDJ\r/]\/eMShOt Low-order High-order
f8 —o \G o 1 8 bits 8 bits
f32 —O « Timer

Reload register |

\

1

Counter }

TABSR register

To external
trigger circuit

Down count —Q

UDF register \O—

7

(k =i+ 1. Note, however, that k = 0 when i = 4)
TAiouT Pulse output
(i=0to4) |
|

o
|

Note: Overflow or underflow

Toggle flip-flop

Up-count/down-count

Always counts down exce
in event counter mode

TAI Addresses

’)

TAj TAK

Timer AO 038716 038616 Timer A4 Timer Al
Timer A1 038916 038816 Timer AO Timer A2
Timer A2 038Bis 038A16 Timer A1 Timer A3
Timer A3 038D1s 038Cie Timer A2 Timer A4
Timer A4 038F16 038Eis Timer A3 Timer AO

Figure 1.14.3. Timer A Block Diagram

b7 b6 b5 b4 b3 b2 bl bo

TAOMR to TA4MR

Timer Ai mode register (i=0 to 4)

Symbol Address

After reset

039616 to 039A16 0016

Bit symbol Bit name Function RW
TMODO Operation mode select bit '6“8 : Timer mode RW
0 1: Event counter mode
TMOD1 10 : One-shot timer mode
11 : Pulse width modulation RW
(PWM) mode
MRO Function varies with each RW
MR1 operation mode RW
MR2 RW
MR3 RW
TCKO Count source select bit Function varies with each RW
TCK1 operation mode RW

Figure 1.14.4. TAOMR to TA4AMR Registers
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Timer Ai register (i= 0 to 4) (Note 1)

15 o Symbol Address After reset
©5 s 0o TAO 038716, 038616 Indeterminate
| | TAl 038916, 038816 Indeterminate
TA2 038B16, 038A16 Indeterminate
! TA3 038D16, 038C16 Indeterminate
. TA4 038F16, 038E16 Indeterminate
. Mode Function Setting range RW
=== Timer Divide the count source by n + 1 where n =| 000016 to FFFF16 | Rw
mode set value
Event Divide the count source by FFFF16 —n+ 1| 000016 to FFFF16
counter where n = set value when counting up or RW
mode by n + 1 when counting down _(Note 5)
One-shot Divide the count source by n where n = set| 000016 to FFFF16 |\
timer mode | value and cause the timer to stop (Notes 2, 4)
Pulse width | Modify the pulse width as follows: 000016 to FFEE16
modulation | PWM period: (216 — 1) / fj Note 3, 4
mode High level PWM pulse width: n/ fj ( 4 WO
(16-bit PWM) | where n = set value, fj = count source
,,,,,,,,,,,, frequency || |
Pulse width | Modify the pulse width as follows: .~ 0016 to FE16
modulation | PWM period: (28 — 1) x (m + 1)/ fj (nggarﬁdg 22‘1’;“5)
mode High level PWM pulse width: (m + 1)n/fj Low-order addre
(8-bit PWM) | where n = high-order address set value, (Low-ord ss)| wo
m = low-order address set value, fj = (Note 3, 4)

count source frequency

Note 1: The register must be accessed in 16 bit units.

Note 2: If the TAi register is set to ‘000016,” the counter does not work and timer Ai interrupt
requests are not generated either. Furthermore, if “pulse output” is selected, no pulses are
output from the TAIOUT pin.

Note 3: If the TAi register is set to ‘000016,’ the pulse width modulator does not work, the output
level on the TAIOUT pin remains low, and timer Ai interrupt requests are not generated
either. The same applies when the 8 high-order bits of the timer TAi register are set to ‘001
6’ while operating as an 8-bit pulse width modulator.

Note 4: Use the MOV instruction to write to the TAi register.

Note 5: The timer counts pulses from an external device or overflows or underflows in other timers.

Count start flag

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| TABSR 038016 0016

i 5 i E i E E Bit symbol Bit name Function RW
i E i E i E E TAOS Timer AO count start flag 0: Stops counting RW
e LY Timer A1 count start flag 1: Starts counting RW
et TA2S Timer A2 count start flag RW
A T S SO TA3S Timer A3 count start flag RW
E : : e TA4S Timer A4 count start flag RW
I hECLECE LR TBOS Timer BO count start flag RW
ERRECEEEEEEEEEEE, TB1S Timer B1 count start flag RW
N TB2S Timer B2 count start flag RW
Up/down flag (Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset

UDF 038416 0016
i E i f i E E i Bit symbol Bit name Function RW
Poror oo o TAQUD | Timer AO up/down flag 0 : Down count RW
R N 1: Up count =
o0 or o 1 ottt TALUD | Timer Al up/down flag ) ) RW
[ S Enabled by setting the TAIMR —
e TA2UD Timer A2 up/down flag register's MR2 bit to “0” RW
T N (= switching source in UDF
R TA3UD | Timer A3 up/down flag register) during event counter RW
e TA4UD | Timer A4 up/down flag mode. RW
L TA2P Timer A2 two-phase pulse | 0 : two-phase pulse signal WO
Vo signal processing select bit processing disabled
- 1 : two-phase pulse signal I
S TA3P Timer A3 two-phase pulse processing enabled WO
1 signal processing select bit (Notes 2, 3)
i _______________________ TA4P Timer A4 two-phase pulse WO

signal processing select bit

Note 1: Use MOV instruction to write to this register.

Note 2: Make sure the port direction bits for the TA2IN to TA4IN and TA20UT to TA40UT pins are set
to “0” (input mode).

Note 3: When not using the two-phase pulse signal processing function, set the corresponding bit
to “0".

Figure 1.14.5. TAO to TA4 Registers, TABSR Register, and UDF Register
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One-shot start flag

Symbol Address After reset
b7 b6 b5 b4 b3 b2 bl bo ONSF 038216 0016
' [Bit symbol Bit name Function RW

TAOOS Timer AO one-shot start flag | The timer starts counting by setting RW
this bit to “1” while the TMOD1 to

TMODO bits of TAIMR register (i= | RW
-------- TA20S | Timer A2 one-shot start flag | O to 4) =102’ (= one-shot timer RW
mode) and the MR2 bit of TAIMR
R R TA30S | Timer A3 one-shot start flag | register = “0” (=TAIOS bit enabled). | RW
When read, its content is “0".

HERRL N TA10S | Timer Al one-shot start flag

--------------- TA40S | Timer A4 one-shot start flag RW
---------------- TA40S | Z-phase input enable bit 2 : gzgﬂzzg :ESL‘: glr?:t?lfg RW
--------------------- TAOTGL [ Timer AO event/trigger b7 b6 ' RW
select bit 00 : Input on TAO|N is selected (Note 1,
0 1: TB2 overflow is selected (Note 2)
------------------------ TAOTGH 10 : TA4 overflow is selected (Note 2) RW

1 1:TA1 overflow is selected (Note 2)

Note 1: Make sure the PD7_1 bit of PD7 register is set to “0” (= input mode).
Note 2: Overflow or underflow

Trigger select register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| | | | | | | | TRGSR 038316 0016
i I I : I : : : Bit symbol Bit name Function RW
A R Timer Al event/trigger b1 b0
oor o e e TAITGL select bit 99 0 0 : Input on TALIN is selected (Note 1) | RW
e 01 : TB2 overflow is selected(Note 2)
o ] TALTGH 1 0 : TAO overflow is selected(Note 2) RW
A 11: TA2 overflow is selected(Note 2)
i i i i i i Timer A2 event/trigger b3 b2
Voo s T TAZTGL select bit 0 0 : Input on TA2N is selected (Note 1) RW
A R 0 1:TB2 overflow is selected(Note 2)
[ R TA2TGH 10: TAL overflow is selected(Note 2) RW
oo 11 : TA3 overflow is selected(Note 2)
S Timer A3 event/trigger bS b4
o TASTGL select bit 99 00 : Input on TA3 is selected (Note 1) | RW
oo 01: TB2 overflow is selected (Note 2)
[ N TA3TGH 10: TA2 overflow is selected (Note 2)| by
. 11 : TA4 overflow is selected (Note 2)
. f i b7 b6
N . : Input on TA4IN is selected (Note 1
TAATGL ;F‘Iarlréirt ﬁlétl event/trigger 00 : RW
: 0 1:TB2 overflow is selected(Note 2)
] TA4TGH 10: TA3 overflow is selected(Note 2)| .
1 1:TAO overflow is selected(Note 2)
Note 1: Make sure the port direction bits for the TALIN to TA4IN pins are set to “0” (= input mode).
Note 2: Overflow or underflow
Clock prescaler reset flag
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After reset
mem CPSRF 038116 OXXXXXXX2
R i+ + 1| Bitsymbol Bit name Function RW
o Lo _ Nothing is assigned.
Pl ebatoot When write, set to “0”. When read, their contents are —
: (b6-b0) [ indeterminate.
E CPSR | Clock prescaler reset flag | Setting this bit to “1” initializes the
EEEEEEEEEEEEEEEEEEEEEEEE prescaler for the timekeeping clock. ( RW
When read, its content is “0".)

Figure 1.14.6. ONSF Register, TRGSR Register, and CPSRF Register
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1. Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 1.14.1). Figure 1.14.7
shows TAIMR register in timer mode.

Table 1.14.1. Specifications in Timer Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

* Down-count
» When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio

1/(n+1) n: setvalue of TAIMR register (i=0to4) 000016 to FFFF16

Count start condition

Set TAIS bit of TABSR register to “1” (= start counting)

Count stop condition

Set TAIS bit to “0” (= stop counting)

Interrupt request generation timing

Timer underflow

TAIIN pin function

I/O port or gate input

TAiouT pin function

I/O port or pulse output

Read from timer

Count value can be read by reading TAi register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)

Select function

* Gate function
Counting can be started and stopped by an input signal to TAIIN pin

« Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When not counting, the pin outputs a low.

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai mode register (i=0 to 4)

HECEEN

.............

Symbol Address After reset
0 | 0 | TAOMR to TA4MR 039616 to 039A16 0016
Bit symbol Bit name Function RW
TMODO [ Operation mode bLbo RW
_____ TMODL select bit 00 : Timer mode W
MRO Pulse output function 0 : Pulse is not output
________ select bit (TAiouT pin is a normal port pin) RW
1: Pulse is output (Note 1)
(TAiouT pin is a pulse output pin)
MR1 Gate function select bit b4 b3 . X
0 0:1 Gate function not available RW
"""" 01:7 (TAiN pin functions as I/O port)
1 0: Counts while input on the TAiIN pin
MR2 islow (Note 2)
________ 11 : Counts while input on the TAIIN pin | RW
is high (Note 2)
-------- MR3 Must be set to “0” in timer mode RW
TCKO i o706
________ Count source select bit 00:fiorf RW
01:fs
________ TCK1 10:f32 RW
11:fc32

Note 1: TAOouUT pin is N-channel open drain output.
Note 2: The port direction bit for the TAIIN pin must be set to “0” (= input mode).

Figure 1.14.7. Timer Ai Mode Register in Timer Mode
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2. Event Counter Mode
In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3 and A4 can count two-phase external signals. Table 1.14.2 lists specifica-
tions in event counter mode (when not processing two-phase pulse signal). Table 1.14.3 lists specifica-
tions in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4).
Figure 1.14.8 shows TAIMR register in event counter mode (when not processing two-phase pulse sig-
nal). Figure 1.14.9 shows TA2MR to TA4MR registers in event counter mode (when processing two-

phase pulse signal with the timers A2, A3 and A4).

Table 1.14.2. Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count source  External signals input to TAIIN pin (i=0 to 4) (effective edge can be selected
in program)

* Timer B2 overflows or underflows,
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows,
timer Ak (k=i+1, except k=0 if i=4) overflows or underflows

Count operation » Up-count or down-count can be selected by external signal or program

» When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divided ratio 1/ (FFFF16 - n + 1) for up-count
1/ (n + 1) for down-count  n: set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit of TABSR register to “1” (= start counting)
Count stop condition Set TAIS bit to “0” (= stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function I/O port or count source input
TAiourT pin function I/O port, pulse output, or up/down-count select input
Read from timer Count value can be read by reading TAi register
Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)
Select function  Free-run count function
Even when the timer overflows or underflows, the reload register content is
not reloaded to it
 Pulse output function
Whenever the timer underflows or underflows, the output polarity of TAiout
pin is inverted . When not counting, the pin outputs a low.
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Timer Ai mode register (i=0 to 4)

(When not using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl

o
=)

Symbol Address After reset
| | | 0| | | | 0 | 1 | TAOMR to TA4MR 039616 to 039A16 0016
P11+ o 4| Bitsymbol Bit name Function RW
¢ v+ 4 4o+ -1 TMODO | Operation mode select bit | b5 RW
e S TMOD1 0 1 : Event counter mode (Note 1) RW
oo MRO Pulse output function 0 : Pulse is not output
A select bit (TAiouT pin functions as 1/O port) RW
e 1: Pulse is output (Note 2)
- (TAiout pin functions as pulse output pin)
AR MR1 Count polarity 0 : Counts external signal's falli
R ) : gnal's falling edge RW
oo select bit (Note 3) 1: Counts external signal's rising edge
v ] MR2 Up/down switching 0 : UDF register
N cause select bit 1: Input signal to TAiouT pin (Note 4) RW
Pon o mmmmmmmmeeeeeod MR3 Must be set to “0” in event counter mode RW
L TCKO Count operation type 0 : Reload type
' select bit 1: Free-run type RW
e TCK1 Can be “0” or “1” when not using two-phase pulse signal RW
processing
Note 1: During event counter mode, the count source can be selected using the ONSF and TRGSR

registers.
Note 2:
Note 3:
Note 4:

TAOouT pin is N-channel open drain output.
Effective when the TAIGH and TAIGL bits of ONSF or TRGSR register are ‘002’ (TAIiIN pin input).
Count down when input on TAiouT pin is low or count up when input on that pin is high. The port

direction bit for TAiouT pin must be set to “0” (= input mode).

Figure 1.14.8. TAIMR Register in Event Counter Mode (when not using two-phase pulse signal
processing)
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Table 1.14.3. Specifications in Event Counter Mode (when processing two-phase pulse signal with timers A2, A3 and A4)

Item

Specification

Count source

» Two-phase pulse signals input to TAiIN or TAiOUT pins (i = 2 to 4)

Count operation

» Up-count or down-count can be selected by two-phase pulse signal

» When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio

1/ (FFFF16 - n + 1) for up-count
1/ (n + 1) for down-count n : set value of TAi register 000016 to FFFF16

Count start condition

Set TAIS bit of TABSR register to “1” (= start counting)

Count stop condition

Set TAIS bit to “0” (= stop counting)

Interrupt request generation timing

Timer overflow or underflow

TAIIN pin function

Two-phase pulse input

TAiouT pin function

Two-phase pulse input

Read from timer

Count value can be read by reading timer A2, A3 or A4 register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to reload register
(Transferred to counter when reloaded next)

Select function (Note)

» Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TAjIN pin
when input signals on TAjouT pin is “H”.

TAjouT |_| |_| L
TAJIN § § § i i i

(=2,3) up- Up- Up- Down- Down- Down-
count count count count count count
» Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that TAkin(k=3, 4) pin goes “H” when the
input signal on TAkourT pin is “H”, the timer counts up rising and falling
edges on TAkouT and TAKIN pins. If the phase relationship is such that
TAKIN pin goes “L” when the input signal on TAkouT pin is “H”, the timer
counts down rising and falling edges on TAkouT and TAKIN pins.

TAkOUT§i§i§ i;i;i

- J - J

h'd R
Count up all edges Count down all edges
TAKIN
k34 Ay by hyhylhy
. J - /
Y '
Count up all edges Count down all edges

« Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to 0 by Z-phase input.

Notes:

1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to
multiply-by-4 processing operation.
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Timer Ai mode register (i=2 to 4)
(When using two-phase pulse signal processing)
b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | O | 1 | 0| 0| 0 | 1 | TA2MR to TAAMR 039816 to 039A16 0016
Bit name Function RW
v+ 1o o =1 TMODO | operation mode select bit | ™ RW
L TMODL 0 1 : Event counter mode RW
T R S MRO To use two-phase pulse signal processing, set this bit to “0". RW
L MR1 To use two-phase pulse signal processing, set this bit to “0”. RW
S REEEEEE MR2 To use two-phase pulse signal processing, set this bit to “1”. RW
T MR3 To use two-phase pulse signal processing, set this bit to “0". RW
L] TCKO Count operation type 0 : Reload type RW
! select bit 1: Free-run type
' Two-phase pulse signal . .
e e TCK1 processing operation 0 : Normal processing operation RW
select bit (Note 1)(Note 2) |1 : Multiply-by-4 processing operation
Note 1: TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate in
normal processing mode and x4 processing mode, respectively.

Note 2: If two-phase pulse signal processing is desired, following register settings are required:

« Set the UDF register’s TAIP bit to “1” (two-phase pulse signal processing function enabled).

* Set the TRGSR register's TAIGH and TAIGL bits to ‘002’ (TAIIN pin input).

« Set the port direction bits for TAiIN and TAiouT to “0” (input mode).

Figure 1.14.9. TA2MR to TA4AMR Registers in Event Counter Mode (when using two-phase
pulse signal processing with timer A2, A3 or A4)
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» Counter Initialization by Two-Phase Pulse Signal Processing
This function initializes the timer count value to “0” by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal process-
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin.

Counter initialization by Z-phase input is enabled by writing “000016” to the TA3 register and setting
the TAZIE bit in ONSF register to “1” (= Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen to be the rising or falling edge by using the POL bit of INT2IC register. The Z-phase pulse width
applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 1.14.10
shows the relationship between the two-phase pulse (A phase and B phase) and the Z phase.

If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this
function.

TA3ouTt T

(A phase)

TA3IN ‘
ewas) | [ S N S

Count source |_| |_| |_| |_| —| |—| |—| |—| |_| |_|

} | I ' Input equal to or greater than one clock cycle
of count source

Timer A3 X m Xm1X 1 X 2 X 3 X 4 X5

Note: This timing diagram is for the case where the POL bit of INT2IC register = “1” (= rising edge).

Figure 1.14.10. Two-phase Pulse (A phase and B phase) and the Z Phase
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3. One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. (See Table 1.14.4.) When the
trigger occurs, the timer starts up and continues operating for a given period. Figure 1.14.12 shows the
TAIMR register in one-shot timer mode.

Table 1.14.4. Specifications in One-shot Timer Mode

Item Specification
Count source f1, f2, f8, f32, fc32
Count operation + Down-count

* When the counter reaches 00001s, it stops counting after reloading a new value
« If atrigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n  n:setvalue of TAi register 000016 to FFFF16
However, the counter does not work if the divide-by-n value is set to 00001s.
Count start condition TAIS bit of TABSR register = “1” (start counting) and one of the following

triggers occurs.
 External trigger input from the TAIIN pin
 Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow
» The TAIOS bit of ONSF register is set to “1” (= timer starts)
Count stop condition « When the counter is reloaded after reaching “000016"
 TAIS bit is set to “0” (= stop counting)
Interrupt request generation timing | When the counter reaches “000016”

TAIIN pin function I/O port or trigger input

TAiourT pin function I/O port or pulse output

Read from timer An indeterminate value is read by reading TAi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)
Select function * Pulse output function
The timer outputs a low when not counting and a high when counting.
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Timer Ai mode register (i=0 to 4)
b7 06 bS b4 b3 b2 bl b0 Symbol Address After reset
[ T To] [ ] [t]o] TroMRoTA4MR 39616t0 030A1s 0016
Bit symbol Bit name Function RW
P14 n o1 - TMODO | operation mode select bit ‘I"S - one-shot t g RW
R TMODL : One-shot timer mode W
MRO Pulse output function 0: Pulse is not output
N select bit (TAiouT pin functions as I/O port) RW
R 1: Pulse is output (Note 1)
(TAiouT pin functions as a pulse output pin)
E E E E E MR1 External trigger select 0 : Falling edge of input signal to TAiIN pin (Note 3)
. bit (Note 2) 1: Rising edge of input signal to TAiIN pin (Note 3) RwW
oo MR2 | Trigger select bit 0 : TAIOS bit is enabled
e 1 : Selected by TAITGH to TAITGL bits RW
S ERREEEEEEEEED MR3 Must be set to “0” in one-shot timer mode RW
Do TCKO | count source select bit | RW
' 00:fiorf2
! 01:fs
i, TCK1 10:f32
11:fca32 RW
Note 1: TAOOUT pin is N-channel open drain output.
Note 2: Effective when the TAIGH and TAIGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input).
Note 3: The port direction bit for the TAiIN pin must be set to “0” (= input mode).

Figure 1.14.12. TAIMR Register in One-shot Timer Mode
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4. Pulse Width Modulation (PWM) Mode
In PWM mode, the timer outputs pulses of a given width in succession (see Table 1.14.5). The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 1.14.13 shows
TAIMR register in pulse width modulation mode. Figures 1.14.14 and 1.14.15 show examples of how a
16-bit pulse width modulator operates and how an 8-bit pulse width modulator operates.

Table 1.14.5. Specifications in PWM Mode

Item Specification
Count source f1, f2, f8, f32, fcs2
Count operation » Down-count (operating as an 8-bit or a 16-bit pulse width modulator)

 The timer reloads a new value at a rising edge of PWM pulse and continues counting
* The timer is not affected by a trigger that occurs during counting
16-bit PWM « High level width n/fj n : set value of TAi register (i=0 to 4)
« Cycletime (216-1)/fjfixed fj: count source frequency (f1, f2, fs, f32, fc32)
High level width nx(m+1)/fi n:setvalue of TAIMR register high-order address
« Cycletime (28-1) x (m+1)/fi m: set value of TAIMR register low-order address
Count start condition  External trigger input from the TAIIN pin
* Timer B2 overflow or underflow,

timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,

timer Ak (k=i+1, except k=0 if i=4) overflow or underflow
» TAIS bit of TABSR register is set to “1” (= start counting)

8-bit PWM

Count stop condition TAIS bit is set to “0” (= stop counting)

Interrupt request generation timing | PWM pulse goes “L”

TAIIN pin function I/O port or trigger input

TAiouT pin function Pulse output

Read from timer An indeterminate value is read by reading TAi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TAi register is written to only reload register

(Transferred to counter when reloaded next)
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Timer Ai mode register (i=0to 4)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After reset

| | | | | | 1 | 1 | 1| TAOMR to TA4MR 039616 to 039A16 0016
Bit symbol Bit name Function RW
v+ ¢ 4 1+ 4 =1 TMODO [Operation mode beo- RwW
A A TMODL _|select bit 11:PWM mode (Note 1) | Rw
et MRO Must be set to “1” in PWM mode RW
o MR1 External trigger select 0: Falling edge of input signal to TAi pin(Note 3) | p\y
T bit (Note 2) 1: Rising edge of input signal to TAiIN pin(Note 3)
A S S SO MR2 | Trigger select bit 0 : TAIOS bit is enabled RW
E . . 1: Selected by TAITGH to TAITGL bits
E E i _________________ MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator RW
Lo select bit 1: Functions as an 8-bit pulse width modulator
b o766
e GLEEEEEEEEE TCKO Count source select bit |00 : f1or f2 RW
i 01:fs
' 10:f32
------------------------ TCK1 11:fc32 RW

Note 1: TAOouUT pin is N-channel open drain output.

Note 2: Effective when the TAIGH and TAIGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input).
Note 3: The port direction bit for the TAIIN pin must be set to “0” (= input mode).

Figure 1.14.13. TAIMR Register in PWM Mode

RENESAS

RenesasTechnology Corp.

121



\)(\de\‘o‘)me“‘ Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
aeN® Specifications in this manual are tentative and subject to change. M16C / 62P Group

Timers (Timer A) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1/fix (2% -1)

Count source v P

Input signal to A A !
TAIIN pin a ! AN |

Trigger is not generated by this signal

; - 1/fiXn '
PWM pulse output “H"
from TAiouT pin o] L .

IR bit of TAIIC
register

fi: Frequency of count source \ /

(fa, f2, fs, f32, fc32)
i=0to 4
Note 1: n = 000016 to FFFE16.
Note 2: This timing diagram is for the case where the TAi register is ‘000316,” the TAIGH and TAIGL bits of ONSF
or TRGSR register = ‘002’ (TAIIN pin input), the MR1 bit of TAIMR register = 1 (rising edge), and the MR2
bit of TAIMR register = 1 (trigger selected by TAITGH and TAITGL bits).

Figure 1.14.14. Example of 16-bit Pulse Width Modulator Operation

Set to “0” upon accepting an interrupt request or by writing in program

comsaeter  [IMNMANNGES— AAAAILUL

Input signal to H
TAIIN pin o } !

Underflow signal of ~ “H” i .  — ———— — — — — —
8-bit prescaler (Note2) .« |_| |_| |_| |_| |_| | | |

PWM pulse output H
from TAiouT pin " ‘ o
. . “1”
IR bit of TAIIC
register “ - e _ ______

fj: Frequency of count source
(fa, f2, fs, f32, fc32) Set to “0” upon accepting an interrupt request or by writing in program
i=0to4

Note 1: The 8-bit prescaler counts the count source.

Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.

Note 3: m = 0016 to FF16; n = 0016 to FE1s.

Note 4: This timing diagram is for the case where the TAi register is ‘02021s,” the TAIGH and TAIGL bits of ONSF or
TRGSR register = ‘002’ (TAIIN pin input), the MR1 bit of TAIMR register = 0 (falling edge), and the MR2 bit of
TAIMR register = 1 (trigger selected by TAITGH and TAITGL bits).

Figure 1.14.15. Example of 8-bit Pulse Width Modulator Operation
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Timer B

Figure 1.15.1 shows a block diagram of the timer B. Figures 1.15.2 and 1.15.3 show registers related to the

timer B.

Timer B supports the following three modes. Use the TMOD1 and TMODO bits of TBIMR register (i = 0 to 5)

to select the desired mode.

 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external device or overflows or underflows of

other timers.
* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or

b7 b6 b5 b4 b3 b2 bl b0

TBOMR to TB2MR 039B16 to 039D16  00XX00002
TB3MR to TB5MR  035B16 to 035D16  00XX00002

pulse width.
( Data bus high-order bits
Clock source selection ) Data bus fow-order bits
« Timer ] [Low-order 8 hits U High-order 8 bits
f1 or 2 o * Pulse period measuremnet, | Reload register |
fs —0 \O pulse width measurement y
fa2 Clock selection ] [ J l
fcsa— o « Event counter Counter |
A
TBiN Polarity switching TABSR register
(i=0t05) O— and edge pulse TBSR register
Counter reset circuit I_
Can be selected in only
event counter mode
TBI Address
TBj overflow (Note) ———O Timer BO 039116 039016 Timer B2
(i =i-1. Note, however, Timer B1 039316 039216 Timer BO
j=2wheni=0, Timer B2 039516 039416 Timer B1
j=5wheni=3) Timer B3 035116 035016 Timer B5
Timer B4 035316 035216 Timer B3
Note: Overflow or underflow. Timer B5 035516 035416 Timer B4
Figure 1.15.1. Timer B Block Diagram
Timer Bi mode register (i=0 to 5)
Symbol Address After reset

Bit symbol Bit name Function RW
TMODO Operation mode select bit 818): Timer mode RW
0 1 : Event counter mode
TMOD1 1 0: Pulse period measurement mode,
pulse width measurement mode RW
11 : Must not be set
MRO I Function varies with each operation RW
MR1 mode RW
MR2 RW
| (Note 1)
(Note 2)
MR3 RO
TCKO Count source select bit Function varies with each operation RW
TCK1 mode RW

Note 1: Timer BO, timer B3.

Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 1.15.2. TBOMR to TB5MR Registers
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Timer Bi register (i=0 to 5)(Note 1)  Symbol Address After reset
TBO 039116, 039016  Indeterminate
(b15) (08) TB1 039316, 039216  Indeterminate
o7 bo b7 bo TB2 039516, 039416  Indeterminate
| | B3 035116, 035016  Indeterminate
1 TB4 035316, 035216  Indeterminate
! TB5 035516, 035416  Indeterminate
Mode Function Setting range | RW
'===1 Timer mode Divide the count source by n + 1 000016 to FFFF16 RW
where n = set value
Event counter Divide the count source by n + 1 000016 to FFFF16 | Ry
mode where n = set value (Note 2)
Pulse period Measures a pulse period or width
modulation mode, RO
Pulse width
modulation mode

Note 1: The register must be accessed in 16 bit units.

Count start flag

b7 b6 b5 b4 b3 b2

Note 2: The timer counts pulses from an external device or overflows or underflows of other timers.

b7 b6 b5 b4 b3 b2 bl bo

Timer B3, B4, B5 count start flag

b7 b6 b5 b4 b3 b2 bl b0

Clock prescaler reset flag

Symbol Address After reset
TABSR 038016 0016
Bit symbol Bit name Function RW
TAOS Timer AO count start flag 0 : Stops counting RW
TA1S Timer A1l count start flag 1: Starts counting RW
TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RW
TBOS Timer BO count start flag RW,
TB1S Timer B1 count start flag RW|
TB2S Timer B2 count start flag RW
Symbol Address After reset
TBSR 034016 000XXXXX2
Bit symbol Bit name Function RW
— Nothing is assigned. When write, set to “0”. When read, their _
(b4-b0) | contents are indeterminate.
TB3S Timer B3 count start flag 0 : Stops counting RW
- 1: Starts counting
TB4S Timer B4 count start flag RwW
TB5S Timer B5 count start flag RW
Symbol Address After reset
CPSRF 038116 OXXXXXXX2
Bit symbol Bit name Function RW|
Nothing is assigned. When write, set to “0”. When read, their _
(b6-b0) | contents are indeterminate.
CPSR Clock prescaler reset flag| Setting this bit to “1” initializes the
prescaler for the timekeeping clock. RW,|

(When read, the value of this bit is “0".)

Figure 1.15.3. TBO to TB5 Registers, TABSR Register, TBSR Register, CPSRF Register
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1. Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 1.15.1). Figure 1.15.4
shows TBiIMR register in timer mode.

Table 1.15.1. Specifications in Timer Mode

Item

Specification

Count source

f1, f2, 8, f32, fc32

Count operation

* Down-count
» When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio

1/(n+1) n: setvalue of TBIMR register (i=0to5) 000016 to FFFF16

Count start condition

Set TBiS bit(Not€) o “1” (= start counting)

Count stop condition

Set TBIS bit to “0” (= stop counting)

Interrupt request generation timing

Timer underflow

TBIIN pin function

I/O port

Read from timer

Count value can be read by reading TBi register

Write to timer

» When not counting and until the 1st count source is input after counting start
Value written to TBi register is written to both reload register and counter
» When counting (after 1st count source input)
Value written to TBi register is written to only reload register
(Transferred to counter when reloaded next)

Note : The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S
bits are assigned to the TBSR register bit 5 to bit 7.

Timer Bi mode register (i= 0 to 5)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | | 0 | 0 | TBOMR to TB2MR  039B16 to 039D16 00XX00002
. B I el TB3MR to TB5SMR  035B16 to 035D16 00XX00002
Vv v v v v 1 | Bitsymbol Bit name Function RW
t o1 1 1 1 1 -1 TMODO | Operation mode select bit 6“60 Timer mode RW
A TMOD1 RW
A MRO Has no effect in timer mode RW
T MR1 Can be set to “0” or “1” RW
oo MR2 TBOMR, TB3MR registers RW
oo Must be set to “0” in timer mode
P TBIMR, TB2MR, TB4MR, TB5MR registers
Vo Nothing is assigned. When write, set to “0”. When read, its —
E . . content is indeterminate
I RRERCEECEELE MR3 When write in timer mode, set to “0”. When read in timer mode, its
' content is indeterminate. RO
Voot TCKO Count source select bit 6”65 fLorf RW
] 01:fs
TCK1 10:f32
11:fc32 RW

Figure 1.15.4. TBiMR Register in Timer Mode
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2. Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers (see Table 1.15.2) . Figure 1.15.5 shows TBiMR register in event counter mode.

Table 1.15.2. Specifications in Event Counter Mode

Item Specification
Count source « External signals input to TBiIN pin (i=0 to 5) (effective edge can be selected
in program)
* Timer Bj overflow or underflow (j=i-1, except j=2 if i=0, j=5 if i=3)
Count operation * Down-count

* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio 1/(n+1) n: set value of TBi register 000016 to FFFF16

Count start condition Set TBIS bit! to “1” (= start counting)

Count stop condition Set TBIS bit to “0” (= stop counting)

Interrupt request generation timing | Timer underflow

TBIIN pin function Count source input

Read from timer Count value can be read by reading TBi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TBi register is written to only reload register

(Transferred to counter when reloaded next)

Notes:
1. The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits
are assigned to the TBSR register bit 5 to bit 7.

Timer Bi mode register (i=0 to 5)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | | 0 | 1 | TBOMR to TB2MR  039B16 to 039D16 00XX00002
I I S TB3MR to TBSMR  035B16 to 035D16 00XX00002
i1 | Bit symbol Bit name Function RW
¢+ 4 0 =1 TMODO | Operation mode select bit | ot RW
A 01: Event counter mode
A TMOD1 RW
P ' ‘ ' ' MRO Count polarity select b3b2 o
[ R et bit (Note 1) 00 : Counts external signal's RW
oo falling edges
o 0 1: Counts external signal's
T rising edges
o eceaoand MR1 1 0: Counts external signal's
: falling and rising edges RW
11 : Must not be set

TBOMR, TB3MR registers
MR2 Must be set to “0” in timer mode

TB1MR, TB2MR, TB4MR, TB5MR registers
' Nothing is assigned. When write, set to “0”. When read, its
: content is indeterminate.

' MR3 When write in event counter mode, set to “0”. When read in event
""""""""" counter mode, its content is indeterminate. RO

_____________________ TCKO Has no effect in event counter mode.
Can be set to “0” or “1". RwW

' TCK1 Event clock select 0 : Input from TBiIN pin (Note 2)

"""""""""""" 1 : TBj overflow or underflow

(j=i—1,exceptj=2ifi=0,
j=5ifi=3)

Note 1: Effective when the TCK1 bit = “0” (input from TBIIN pin). If the TCK1 bit = “1” (TBj overflow or underflow), these
bits can be set to “0” or “1”.
Note 2: The port direction bit for the TBiIN pin must be set to “0” (= input mode).

RW

Figure 1.15.5. TBiMR Register in Event Counter Mode
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3. Pulse Period and Pulse Width Measurement Mode
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal (see Table 1.15.3). Figure 1.15.6 shows TBiMR register in pulse period and pulse width
measurement mode. Figure 1.15.7 shows the operation timing when measuring a pulse period. Figure
1.15.8 shows the operation timing when measuring a pulse width.

Table 1.15.3. Specifications in Pulse Period and Pulse Width Measurement Mode

Item Specification
Count source f1, f2, f8, f32, fc32
Count operation » Up-count

» Counter value is transferred to reload register at an effective edge of mea-
surement pulse. The counter value is set to “000016” to continue counting.

Count start condition Set TBIS (i=0 to 5) bit3 to “1” (= start counting)

Count stop condition Set TBIS bit to “0” (= stop counting)

Interrupt request generation timing| « When an effective edge of measurement pulse is input!

 Timer overflow. When an overflow occurs, MR3 bit of TBIMR register is set
to “1” (overflowed) simultaneously. MR3 bit is cleared to “0” (no overflow) by
writing to TBIMR register at the next count timing or later after MR3 bit was
set to “1”. At this time, make sure TBIS bit is set to “1” (start counting).

TBIIN pin function Measurement pulse input

Read from timer Contents of the reload register (measurement result) can be read by reading TBi register?
Write to timer Value written to TBi register is written to neither reload register nor counter
Notes:

1. Interrupt request is not generated when the first effective edge is input after the timer started counting.

2. Value read from TBi register is indeterminate until the second valid edge is input after the timer starts counting.

3. The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits are assigned
to the TBSR register bit 5 to bit 7.

Timer Bi mode register (i=0 to 5)

b7 b6 b5 b4 b3 b2 bl b Symbol Address After reset
| | | | | | | 1 | 0 | TBOMR to TB2MR ~ 039B16 to 039D16 00XX00002
TB3MR to TB5MR 035B16 to 035D16 00XX00002
Bit symbol Bit name Function RW
: N b1 b0
- TMODO O;?er?ttl’qtn mode 10 : Pulse period / pulse width RW
TMOD1 select bl measurement mode RW
b3 b2
MRO g/le?:;ugiment mode 0 0 : Pulse period measurement

(Measurement between a falling edge and the RW

next falling edge of measured pulse)

: Pulse period measurement

(Measurement between a rising edge and the next

MR1 rising edge of measured pulse)

10 : Pulse width measurement
(Measurement between a falling edge and the RW
next rising edge of measured pulse and between
a rising edge and the next falling edge)

11 : Must not be set.

LR MR2 TBOMR and TB3MR registers RW
Must be set to “0” in pulse period and pulse width measurement mode

TBIMR, TB2MR, TB4MR, TB5MR registers
Nothing is assigned. When write, set to “0”. When read, its content turns out to be —
indeterminate.

[ MR3 Timer Bi overflow 0 : Timer did not overflow

0

[N

flag ( Note) 1 : Timer has overflowed RO
' b7 b6
-------------------- TCKO g:lg::]tt Eic:urce 00:fiorf2 RW
' 01:fs
H 10:fs2
_______________________ TCK1 11 foa RW

Note: This flag is indeterminate after reset. When the TBiS bit = 1 (start counting), the MR3 bit is cleared to “0” (no overflow) by writing
to the TBIMR register at the next count timing or later after the MR3 bit was set to “1” (overflowed). The MR3 bit cannot be set to
“1"in a program. The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits are
assigned to the TBSR register's bit 5 to bit 7.

Figure 1.15.6. TBiMR Register in Pulse Period and Pulse Width Measurement Mode
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Timers (Timer B) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Count source | --

Measurement pulse

Transfer Transfer
(indeterminate value) (measured value)

transfer timing | (Note 1) ‘ (N-; 1)
:/ ote :/ ote

Timing at which counter

1 -

Reload register+ counter |_| |_|
reaches “000016”

TBIS bit - ‘

TBIIC register's “1” ‘
IR bit “qr -
Set to “0” upon accepting an interrupt request or by writing in
) ) agn program ‘
TBIMR register's |
MR3 bit ‘0" --

The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits
are assigned to the TBSR register's bit 5 to bit 7.

i=0to5

Note 1: Counter is initialized at completion of measurement.

Note 2: Timer has overflowed.

Note 3: This timing diagram is for the case where the TBIMR register's MR1 to MRO bits are “002” (measure the interval
from falling edge to falling edge of the measurement pulse).

Figure 1.15.7. Operation timing when measuring a pulse period

Count source --

Measurement pulse

: .-
Transfer Transfer i\ Transfer 1 Transfer

I
i

i

I

i

i

|

i

i

/1 (indeterminate/‘ﬂ (measured value) /lv(measurey (measured value) |
value) i 1/ value) { !

I

I

]

i

I

i

|

transfer timing

 (Note1) | 4(Notel " «(Note 1) (Note 1 Note 2
:/(oe):/(oe) :/(oe‘)/,(oe) (Note 2)

1 1 [ —

Timing at which counter
reaches “000016”

Reload register « counter .

TBIS bit ‘1

. . . “qn
TBIIC register's |
IR bit “0” --
> EA.4

Set to “0” upon accepting an interrupt request or by

“1 writing in program li
TBIMR register's «

. 0" -
MR3 bit
The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits
i=0t05 are assigned to the TBSR register's bit 5 to bit 7.

Note 1: Counter is initialized at completion of measurement.

Note 2: Timer has overflowed.

Note 3: This timing diagram is for the case where the TBIMR register's MR1 to MRO bits are “102” (measure the interval
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the
measurement pulse).

Figure 1.15.8. Operation timing when measuring a pulse width
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Three-phase Motor Control Timer Functions SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase Motor Control Timer Function
Timers Al, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 1.16.1 lists the
specifications of the three-phase motor control timer function. Figure 1.16.1 shows the block diagram for
three-phase motor control timer function. Also, the related registers are shown on Figure 1.16.2 to Figure
1.16.7.
Table 1.16.1. Three-phase Motor Control Timer FunctionS Specifications

ltem Specification

Three-phase waveform output pin Six pins (U, U, V, V, W, W)

Forced cutoff inputl Input “L” to NMI pin

Used Timers Timer A4, Al, A2 (used in the one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in the timer mode)
Carrier wave cycle control
Dead timer timer (3 eight-bit timer and shared reload register)
Dead time control
Output waveform Triangular wave modulation, Sawtooth wave modification
Enable to output “H” or “L” for one cycle
Enable to set positive-phase level and negative-phase
level respectively
Carrier wave cycle Triangular wave modulation: count source x (m+1) x 2
Sawtooth wave modulation: count source x (m+1)
m: Setting value of TB2 register, 0 to 65535
Count source: f1, f2, fg, f32, fc32
Three-phase PWM output width Triangular wave modulation: count source x n x 2
Sawtooth wave modulation: count source x n
n: Setting value of TA4, TA1 and TAZ2 register (of TA4,
TA41, TAL, TA1l, TA2 and TA21 registers when setting
the INV11 bit to “1”), 1 to 65535
Count source: f1, f2, fg, f32, fc32
Dead time Count source x p, or no dead time
p: Setting value of DTT register, 1 to 255
Count source: f1, f2, f1 divided by 2, f2 divided by 2

active disable function

Active level Eable to select “H” or “L”

Positive and negative-phase concurrent Positive and negative-phases concurrent active disable
function
Positive and negative-phases concurrent active detect func
tion

Interrupt frequency For Timer B2 interrupt, select a carrier wave cycle-to-cycle

basis through 15 times carrier wave cycle-to-cycle basis

Notes:

1. Forced cutoff with NMI input is effective when the IVPCRL1 bit of TB2SC register is set to “1” (three-phase
output forcible cutoff by NMI input enabled). If an “L” signal is applied to the NMI pin when the IVPCR1 bit
is “1”, the related pins go to a high-impedance state regardless of which functions of those pins are being
used.

Related pins P72/CLK2/TAlouT/V
P73/CTS2/RTS2/TALINN
P74/TA20UT/W
P75/TA2IN/W
P8o/TA40uT/U
P81/TA4IN/U
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ICTB2 register

4' >o———>INV13 n=1to 15

H INVO1 Interrupt occurrence set circuit H
' INVOO — INVIL 4
. : ) Al :
Timer B2 underflow ' ICTB2 counter +  Timer B2
: T—co/o_ n=1to 15 1 7 interrupt request bit
! 0y INV12

Slgnal to be Q Reload register

written to f1 o n=1to 255

timer B2 1

INVO7 ‘
Timer B2 INV10 Q) > ! > Trigger 3 Reverse u
© Trigger Dead time timer .II:.) control
(Timer mode) INVO6 n=1to 255

U phase output
control circuit

t bi

Timer Ai(i = 1, 2, 4) start trigger signal

Transfer trigger

(Note 1)
Timer A4 reload control signal U phase output signal :D_
TA4 register TA41 register l,> I
Timer A4 counter LI~ Three-phase output
(One-shot timer mode) one-shot pulse shift register
(U phase)
INV11 —! )
<

U phase output signal

[T— Reverse > O -
D°— - control u

Setto 0 when TA4S bit= 0

'
'
'
'
'
'
'
'
'
v
'
.
'
'
'
'

Timer A4 H
'
'
'
'
'
'
'
'
'
'
'
.
'
'
'
'

J ) > Reverse s O
?!UGH o control v
rigger | Dead time timer
INVOB n=1to 255

[ i Vphase output signal
Reload TALL register |

V phase output
control circuit

vphase output Reverse

control >_O v

Timer A 1 counter

(One-shot timer mode)

INV11 ) 1S
TO _D— | :D Trigger

Setto 0 when TA1S bit= 0 Trigger o) Dead time timer
INVO6 n=1to 255

Reverse
D Q control

:

- - wphase output signal
TA2 register TA21 register P P N | |
W phase output phase output i I>°_ R
i control circuit Wi utput signal everse _
Timer A 2 counter >o— ) control W
(One-shot timer mode) T

@ INVIL—])

Setto 0 when TA2S bit= 0

Diagram for switching to P8o, P81 and P72 - P75 is not shown.

Note : If the INVO6 bit = O (triangular wave modulation mode), a transfer trigger is generated at only the first occurrence of a timer B2 underflow after writing to the IDBO and IDB1 registers.
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Three-phase Motor Control Timer Functions

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase PWM control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset
| | INVCO 034816 0016
¢ v | Bit symbol Bit name Description RW
Effective interrupt output 0: ICTB2 counter incremented by 1 at
P INVOO polarity select bit odd-numbered occurrences of a timer
- B2 underflow RW
Por o 1: ICTB2 counter incremented by 1 at
A even-numbered occurrences of a timer
A B2 underflow
- (Note 3)
A Effective interrupt output | o: |CTB2 counter incremented by 1 at a
E : : : : : BREE INVO1 specification bit timer B2 underflow RW
oo (Note 2)| 1. selected by INVOO bit (Note 3)
Mode select bit  (Note 4)| 0: Three-phase motor control timer
R S INVO2 function unused ~ (Note 5| RW
Coron 1: Three-phase motor control timer
A function
Output control bit (Note 6)| 0: Three-phase motor control timer output
T T INVO3 disabled (Note 5) RW
oo 1: Three-phase motor control timer output
enabled
Positive and negative 0: Simultaneous active output enabled
Voo TTTTmTTmmeee INVO4 phases concurrent output | 1: Simultaneous active output disabled RW
disable function enable bit
Positive and negative 0: Not detected yet
P4 TTTTTTTmmmmeees INVO5 phases concurrent output | 1: Already detected (Note 7) | RW
detect flag
Modulation mode select 0: Triangular wave modulation mode (note 9
[ INV06 bit (Note 8)| 1 Sawtooth wave modulation mode (Note 9) | pw
INVO7 Software trigger select bit | Setting this bit to “1” generates a transfer
! trigger. If the INVO6 bit is “1”, a trigger for
"""""""""""" the dead time timer is also generated. RW
The value of this bit when read is “0”".

Note 1: Write to this register after setting the PRCL1 bit of PRCR register to “1” (write enable). Note also that this register
can only be rewritten when timers Al, A2, A4 and B2 are idle.
Note 2: If this bit needs to be set to “1”, set any value in the ICTB2 register before writing to it.
Note 3: Effective when the INV11 bit is “1” (three-phase mode 1). If INV11 is “0” (three-phase mode 0), the ICTB2 counter
is incremented by “1” each time the timer B2 underflows, regardless of whether the INVOO and INVOL1 bits are set.
Note 4: Setting the INV02 bit to “1” activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter.
Note 5: All of the U, U, V, V, W and W pins are placed in the high-impedance state by setting the INVO2 bit to 1 (three-
phase motor control timer function) and setting the INVO3 bit to “0” (three-phase motor control timer output

disable).

Note 6: The INVO3 bit is set to “0” in the following cases:

* When reset

» When positive and negative go active simultaneously while INV04 bit is “1”

* When set to “0” in a program

* When input on the NMI pin changes state from “H” to “L” (The INVO03 bit cannot be set to “1” when NMI input is

‘L)

Note 7: Can only be set by writing “0” in a program, and cannot be set to “1”.
Note 8: The effects of the INVO06 bit are described in the table below.

Item

INV06=0

INV06=1

Mode

Triangular wave modulation mode

Sawtooth wave modulation mode

Timing at which transferred from IDBO to
IDBL1 registers to three-phase output shift
register

Transferred only once synchronously
with the transfer trigger after writing to

Transferred every transfer trigger

the IDBO to IDB1 registers

Timing at which dead time timer trigger is
generated when INV16 bit is “0”

Synchronous with the falling edge of
timer Al, A2, or A4 one-shot pulse

Synchronous with the transfer

Al, A2, or A4 one-shot pulse

trigger and the falling edge of timer

INV13 bit

is “0”

Effective when INV11 is “1” and INV06

Has no effect

Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when INV10 is “1”
Note 9: If the INVO6 bit is “1”, set the INV11 bit to “0” (three-phase mode 0) and set the PWCON bit to “0” (timer B2

reloaded by a timer B2 underflow).

Figure 1.16.2. INVCO Register
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Three-phase Motor Control Timer Functions

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase PWM control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset

| | | | INVC1 034916 0016
i1+ 4| Bitsymbol Bit name Description RW
A Timer A1, A2, A4 start 0: Timer B2 underflow
Eror o INV10 trigger signal select bit 1: Timer B2 underflow and write to the RW
I TB2 register
E E E E E E E Timer Al-1, A2-1, A4-1 0: Three-phase mode 0
oo T INV11 control bit (Note 2)| 1: Three-phase mode 1 (Note 3) | RW
E ' ' ' ' ' Dead time timer count 0:fiorf2
Lo b meeeeaad] INV12 . L L
I source select bit 1 : f1 divided by 2 or f2 divided by 2 RW
E ' ' ' ' Carrier wave detect flag 0: Timer A output at even-numbered occ-
e INV13 Note 4 urrences (TAj1 register value counted)
oo ( ) 1: Timer A output at odd-numbered occ- RO
voor o urrences (TA]1 register value counted)
R R PERPPEPEERPS INV14 | Output polarity control bit | O :Output waveform “L” active RW
oo 1 : Output waveform “H” active
A INV15 | Dead time invalid bit 0: Dead time timer enabled RW
. 1: Dead time timer disabled
E , Dead time timer trigger 0: Falling edge of timer A4, Al or A2
VT INV16 select bit one-shot pulse
1: Rising edge of three-phase output shift RW
' register (U, V or W phase) output
: (Note 5)
: Reserved bit This bit should be set to “0”
"""""""""""" (b7) RW

Note 1: Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable). Note also that this
register can only be rewritten when timers A1, A2, A4 and B2 are idle.
Note 2: The effects of the INV11 bit are described in the table below.

timer B2 underflows regardless of
whether the INVOO to INVO1 bits are set.

Item INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
TAL11, TA21, TA41 registers | Not used Used
INVOO bit, INVO1 bit Has no effect. ICTB2 counted every time | Effect

INV13 bit

Has no effect

INVO6 bit is “0”

Effective when INV11 bit is “1” and

Note 3: If the INVO6 bit is “1” (sawtooth wave modulation mode), set this bit to “0” (three-phase mode 0). Also, if the

INV11 bit is “0”, set the PWCON bit to “0” (timer B2 reloaded by a timer B2 underflow).
Note 4: The INV13 bit is effective only when the INVO6 bit is “0” (triangular wave modulation mode) and the INV11 bit

is “1” (three-phase mode 1).

Note 5: If all of the following conditions hold true, set the INV16 bit to “1” (dead time timer triggered by the rising edge
of three-phase output shift register output)

* The INV15 bit is “0” (dead time timer enabled)

* When the INVO3 bit is set to “1” (three-phase motor control timer output enabled), the Dij bit and DiBj bit (i:U,

V, or W, j: 0 to 1) have always different values (the positive-phase and negative-phase always output

different levels during the period other than dead time).

Conversely, if either one of the above conditions holds false, set the INV16 bit to “0” (dead time timer triggered

by the falling edge of one-shot pulse).

Figure 1.16.3. INVC1 Register
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Three-phase Motor Control Timer Functions SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase output buffer register i (i=0, 1) (Note)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
IDBO 034A16 0016

N IDB1 034B16 0016
¢ v | Bt Symbol Bit name Function RW
L DUi U phase output buffer i Write the output level RW
Vo — 0: Active level
ERERY DUBI U phase output buffer i 1: Inactive level RW
Pl e DVi V phase output buffer i | When read, these bits show the RW
Voo — three-phase output shift register
i DVBi V phase output bufferi | value. RW
 REEEEEEE DWi W phase output buffer i RW
AT R — DWB W phase output buffer i RW
] — Nothing is assigned. When write, set to “0”. When read, its

(b7-b6) content is “0”. T

Note: The IDBO and IDB1 register values are transferred to the three-phase shift register by a transfer trigger. The
value written to the IDBO register after a transfer trigger represents the output signal of each phase, and the
next value written to the IDB1 register at the falling edge of the timer A1, A2 or A4 one-shot pulse represents
the output signal of each phase.

Dead time timer (Note 1, Note 2)

b7 b0

Symbol Address After reset
| DTT 034C16 Indeterminate

Function Setting range RW

------------- Assuming the set value = n, upon a start trigger the 1to 255
timer starts counting the count source selected by
the INV12 bit and stops after counting it n times. The WO
positive or negative phase whichever is going from
an inactive to an active level changes at the same
time the dead time timer stops.

Note 1: Use MOV instruction to write to this register.
Note 2: Effective when the INV15 bit is “0” (dead time timer enable). If the INV15 bit is “1”, the dead time timer is
disabled and has no effect.

Figure 1.16.4. IDBO Register, IDB1Register, and DTT Register
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Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B

2 interrupt occurrences frequency set counter
b0

|><D<|><|>q Symbol Address After reset
ICTB2 034D16 Indeterminate

Function Setting range RW

If the INVO1 bit is “0” (ICTB2 counter counted every
time timer B2 underflows), assuming the set value
=n, a timer B2 interrupt is generated at every n'th
occurrence of a timer B2 underflow.

"""" If the INVOL1 bit is “1” (ICTB2 counter count timing
selected by the INVOO bit), assuming the set value
=n, a timer B2 interrupt is generated at every n'th
occurrence of a timer B2 underflow that meets the
condition selected by the INVOO bit. (Note)

1to 15

WO

Nothing is assigned. When write, set to “0”. When read, its content is
indeterminate.

Note : Use MOV instruction to write to this register.

If tl
If t
do

he INVO1 bit = “1”, make sure the TB2S bit also = “0” (timer B2 count stopped) when writing to this register.
he INVO1 bit = “0", although this register can be written even when the TB2S bhit = “1” (timer B2 count start),
not write synchronously with a timer B2 underflow.

Timer Ai, Ai-1 register (i=1, 2, 4) (Note 1, Note 2, Note 3, Note 4, Note 5, Note 6)

1: Three-phase output forcible cutoff
by NMI input (high impedance)
enabled

Symbol Address After reset
TAl 038916-038816 Indeterminate
TA2 038B16-038A16 Indeterminate
G615 9 bo TA4 038F16-038E16  Indeterminate
| | TAll 034316-034216 Indeterminate
TA21 034516-034416 Indeterminate
1 TA41 034716-034616 Indeterminate
Function Setting range RW
e Assuming the set value = n, upon a start trigger the timer | 000016 to FFFF16
starts counting the count source and stops after counting WO
it n times. The positive and negative phases change at
the same time timer A, A2 or A4 stops.
Note 1: The register must be accessed in 16 bit units.
Note 2: When the timer Ai register is set to “000016”, the counter does not operate and a timer Ai interrupt does
not occur.
Note 3: Use MOV instruction to write to these registers.
Note 4: If the INV15 bit is “0” (dead time timer enable), the positive or negative phase whichever is going from an
inactive to an active level changes at the same time the dead time timer stops.
Note 5: If the INV11 bit is “0” (three-phase mode 0), the TAi register value is transferred to the reload register by
atimer Ai (i = 1, 2 or 4) start trigger.
If the INV11 bitis “1” (three-phase mode 1), the TAIl register value is transferred to the reload register
by a timer Ai start trigger first and then the TAi register value is transferred to the reload register by the
next timer Ai start trigger. Thereafter, the TAil register and TAi register values are transferred to the
reload register alternately.
Note 6: Do not write to these registers synchronously with a timer B2 underflow.
Note 7: Write to the TAil register as follows:
(1) Write a value to the TAIl register.
(2) Wait for one cycle of timer Ai count source.
(3) Write the same value to the TAi1 register again.
Timer B2 special mode register
b7 b6 bS5 b4 b3 b2 bl b0
Symbol Address After reset
TB2SC 039E16 XXXXXX002
Bit symbol Bit name Function RW
PWCOM [ Timer B2 reload timing 0 : Timer B2 underflow
A switching bit 1: Timer A output at odd-numbered | RW
occurrences (Note 2)
I[VPCR1 | Three phase output port | 0 : Three-phase output forcible cutoff
Vo NMI control bit 1 by NMI input (high impedance)
oo (Note 3) disabled RW

Note 1:
Note 2:

Note 3:

— Nothing is assigned.
(b7-b2) [ When write, set to “0”. When read, its content is “0”.

Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable).

If the INV11 bit is “0” (three-phase mode 0) or the INV06 bit is “1” (triangular wave modulation mode), set
this bit to “0” (timer B2 underflow). _

Related pins are U(P80), U(P81), V(P72), V(P73), W(P74) and W(P7s). If a low-level signal is applied to
the NMI pin when the IVPCR1 bit = 1, the target pins go to a high-impedance state regardless of which
functions of those pins are being used. After forced interrupt (cutoff), input “H” to the NMI pin and set
IVPCR1 bit to “0”: this forced cutoff will be reset.

Figure 1.16.5. ICTB2 Register, TA1, TA2, TA4, TA1l, TA21 and TA41 Registers, and TB2SC Registers

134

RENESAS

RenesasTechnology Corp.




uode\‘o‘)«\e“‘ Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
deN® Specifications in this manual are tentative and subject to change.

P _ , ) 9 M16C / 62P Group
Three-phase Motor Control Timer Functions SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B2 register (Note )

Symbol Address After reset
(b15) ®8) bo TB2 039516-039416 Indeterminate
b7 b0”_ b7
E Function Setting range RW
" Divide the count source by n + 1 where n = set value. 000016 to FFFF16
Timer A1, A2 and A4 are started at every occurrence of RW
underflow.

Note : The register must be accessed in 16 bit units.

Trigger select register
b7 b6 b5 b4 b3 b2 bl po

I TA3TGL Timer A3 event/trigger | P5b4 _
0 0 : Input on TA3IN is selected (Note 1) | RW

0 1 : TB2 overflow is selected (Note 2)
N M mmmmmmimeeaaa ] TA3TGH 1 0 : TA2 overflow is selected (Note 2)
1 1 : TA4 overflow is selected (Note 2)

select bit

Symbol Address After reset
| | | | | | | | | TRGSR 038316 0016

o b Bit symbol Bit name Function RW
© o] TaTeL | TimerAl event/trigger | To use the V-phase output control | oy
A I select bit circuit, set these bits to “012"(TB2
e underflow).

e TALTGH RW
T TA2TGL | Timer A2 eventitrigger | To use the W-phase output control RW
oo select bit circuit, set these bits to “012"(TB2

oo underflow).

e Rttt TA2TGH RW

RW

....................... TA4TGL Timer A4 event/trigger | To use the U-phase output control RW

select bit circuit, set these bits to “012"(TB2

. underflow).
------------------------- TA4TGH RW
Note 1: Set the corresponding port direction bit to “0” (input mode).

Note 2: Overflow or underflow.

Count start flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

TABSR 038016 0016

i+ 4+ 4+ a2 4 1 .| Bitsymbol Bit name Function RW
E - ' ' ' - ' - TAOS Timer AO count start flag 0 : Stops counting RW
N TA1S Timer A1 count start flag 1: Starts counting RW
E . . . . EETTEEEY TA2S Timer A2 count start flag RW
E ' I I (R TA3S Timer A3 count start flag RW
S RODETEEE TA4S Timer A4 count start flag RW
 EELLCCEEE e TBOS Timer BO count start flag RW
S RREREEEEEEEELLE TB1S Timer B1 count start flag RW
EREEEEEEEEEEEEEEEEEEEEED TB2S Timer B2 count start flag RW

Figure 1.16.6. TB2 Register, TRGSR Register, and TABSR Register
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Timer Ai mode register Svmbol Add Al .
b7 b6 b5 b4 b3 b2 bl b0 ymoo ress er rese
| | | | | | | TALIMR 039716 0016
1 {01} | f1]0 TA2MR 039816 0016
P e TA4AMR 039A16 0016
p o040t r i | Bitsymbol Bit name Function RW
poror v 4w v -1 TMODO | operation mode Must set to “102" (one-shot timer mode) for | RW
L . TMOD1 | select bit the three-phase motor control timer function [ gy
MRO Pulse output function Must set to “0” for the three-phase motor
e select bit control timer function -
L MR1 External trigger select Has no effect for the three-phase motor RW
Vo bit control timer function
T T MR2 Trigger select bit Must set to “1” (selected by event/trigger RW
oo select register) for the three-phase motor
control timer function
S SEDEEEEEEEEE MR3 Must set to “0” for the three-phase motor control timer function RW
Py TCKO Count source select bit bé %6: f1 or f2 RW
01:fs
"""""""""""" TCK1 10:f32 RW
11:fcs2
Timer B2 mode register
b7 b6 b5 bd b3 b2 bl b0 Symbol Address After reset
0 | 0| 0 TB2MR 039D16 00XX00002
'+ 4 4+ % 4+ v | Bitsymbol Bit name Function RW
P4t o+ 4 -4 TMODO | Operation mode select bit | Set to “002” (timer mode) for the three- RW
PR TMOD1 phase motor control timer function RW
e MRO Has no effect for the three-phase motor control timer function. RW
T R — MR1 When write, set to “0”. When read, its content is indeterminate. RW
PR MR2 Must set to “0” for the three-phase motor control timer function RW
o MR3 When write in three-phase motor control timer function, write “0”.
I R EEEEEEE R . S : RO
o When read, its content is indeterminate.
b Count source select bit |07 b6
R TCKO 00:fiorf2 RW
' 01:fs
‘ 10:f32
R TCKL 11:fca2 RW

Figure 1.16.7. TAIMR, TA2MR, TA4MR, and TB2MR Registers
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The three-phase motor control timer function is enabled by setting the INVO02 bit of INVCO register to “1”.
When this function is on, timer B2 is used to control the carrier wave, and timers A4, Al and A2 are used
to control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated
dead time timer. Figure 1.16.8 shows the example of triangular modulation waveform and Figure 1.16.9
shows the example of sawtooth modulation waveform.

Carrier wave \»\
| |
\ \
\ :

‘
|
Signal wave —®| ;
|
|
|
|

TB2S bit of the
TABSR register

]

Timer B2

Start trigger signal
for timer Ad4*

Timer A4
one-shot pulse*

Rewriting IDBO, IDB] registers

U phase
output signal *

Transfer to three-phase
output shift register
I

U phase
output signal *

I I
I I
‘ :
INVI4 =0 Lo ‘ T H :
(“L" active) I I I [ I i
U phase Lo 'l b ¥ :
| | | [ [N [ !
o | —> =7 Dead time o |
U phase L ik : : :
N oot i P ! I ! H !
(" actve) o | | e Deadtime || |
U phase 1 1 1 L | L |
p I I I I Lf_‘-' I
I I I I I
| : : ! :
INV13 ! | ! 1 ! 1
(INV11=1(three-phase
mode 1)) b

* Internal signals. See the block diagram of the three-phase motor control timer function.

Shown here is a typical waveform for the case where INVCO = 00XX11XX2 (X = set as suitable for the system) and INVC1 = 010XXXXO02.
An example for changing PWM outputs is shown below.

(1)When INV11=1(three-phase mode 1)

- INV01=0, ICTB2=216(timer B2 interrupt is generated at every 2'th
occurrence of a timer B2 underflow), or INV01=1, INV00=1,
ICTB2=116(timer B2 interrupt is generated at even-numbered
occurrences of a timer B2 underflow).

- Initial timer value: TA41=m, TA4=m. The TA4 and TA41 registers
are modified every time a timer B2 interrupt occurs. First time,
TA41="n, TA4 = n. Second time, TA41 =p, TA4 = p.

- Initial values of IDBO and IDB1 registers: DUO = 1, DUBO = 0,
DU1 =0, DUB1 = 1.The register values are changed to DUO = 1,
DUBO =0, DU1= 1 and DUBL1 = 0 the third time a timer B2
interrupt occurs.

(2)When INV11=0(three-phase mode 0)
- INV01=0, ICTB2=116(timer B2 interrupt is generated at every

occurrence of a timer B2 underflow)

- Initial timer value: TA4 = m. The TA4 register is modified each time

a timer B2 interrupt occurs. First time, TA4 = m. Second time, TA4 =n.
Third time, TA4 = n. Fourth time, TA4 =p. Fifth time, TA4 = p.

- Initial values of IDBO and IDB1 registers: DU0O=1, DUB0=0, DU1=0,

DUB1=1.The register values are changed to DUO = 1, DUBO = 0, DU1=
1 and DUBL = 0 the sixth time a timer B2 interrupt occurs.

The value written to the TA4 register and TA41 register are inverted at odd-numbered timer A outputs.

Figure 1.16.8. Triangular Wave Modulation Operation
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Carrier wave: sawtooth waveform

Timer B2

Start trigger signal H

—
e
T

for timer A4* X X X

Timer A4 | ‘ |

one-shot pulse*

Transfer to three-phase
output shift register

U phase L L]

output signal *

I I I I
U phase l ! ! !
output signal * } } ! !
U phase 1 ) | | |
INV14 =0 ! | ! ! }
(“L” active) i | | —» 4— Dead time
U phase | | | H \
| | | ' |
INvi4 =1 | YPhase l | | ‘
(*H" active) \ } —»! l4— Dead time
U phase 1 . . X

* Internal signals. See the block diagram of the three-phase motor control timer function.

Shown here is a typical waveform for the case where INVC0= 01XX110X2 (X = set as suitable for the
system) and INVC1 = 010XXX002. An example for changing PWM outputs is shown below.

« ICTB2=n (timer B2 interrupt is generated at every n’th occurrence of a timer B2 underflow)

« Initial values of IDBO and IDBL1 registers: DU0=0, DUB0=1, DU1=1, DUB1=1. The register values are
changed to DUO=1, DUB0=0, DU1=1, DUB1=1 a timer B2 interrupt occurs.

Figure 1.16.9. Sawtooth Wave Modulation Operation
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/0

Serial I/0O

Serial 1/0 is configured with five channels: UARTO to UART2, SI/0O3 and S1/O4.

UARTI (i=0 to 2)
UARTI each have an exclusive timer to generate a transfer clock, so they operate independently of each
other.
Figure 1.17.1 shows the block diagram of UARTi. Figures 1.17.2 shows the block diagram of the UARTI
transmit/receive.

UARTI has the following modes:

* Clock synchronous serial /0 mode

* Clock asynchronous serial I/O mode (UART mode).

« Special mode 1 (12C mode)

 Special mode 2

« Special mode 3 (Bus collision detection function, IE mode) : UARTO, UART1
* Special mode 4 (SIM mode) : UART2

Figures 1.17.3 to 1.17.8 show the UARTi-related registers.
Refer to tables listing each mode for register setting.
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. . . f1s10 or f2s10
Main clock, PLL clock, or ring oscillator clock

fgsio

fa2sio

(UARTO)

TxD
RxD polarity polarity
RxDo reversing cire reversing _O TxDo
circuit
Clock source selection UART reception

Receive
clock

Reception
control circuit

CLKl to CLKO Clock synchronous ,

f1s10 or f2510 type | Transmit/
¢ ! receive
8sio 102 UART transmission_ ! \ Transmit unit
fazsio ——o !
External —o L [Transmission control] | clock
Clock synchronous circuit |
type
Clock synchronous type
(when internal clock is selected)
KDIR=0|
Clock synchronous type \
CKPOL p (when external clock is selected) , ckpjr=1
Clock synchronous type
CLK (when internal clock is selected)
polarity
CLKOG reversing AN
circuit
CTSIRTS selected CTSIRTS disabled
e o CRS=1 RTS0
CTS0/RTSO
CRS=0 ~N Vce
l CTSIRTS disabled
RCSP=0 = ~Tor
CcRD=1 CTSo
— T
CTSo from UARTL ———0 CRD=0
RCSP=1

(UART1)

XD
RxD polarity polarity
RxD1 C reversin; circuit reversing O TxD1
UART reception . circuit

Receive
clock

Clock source selection
CLK1 to CLKO

Reception

Clock synchronous, control circuit

j
Transmit/
fisl0 or f2sio o _ " type ’—Q 3 receive
fesio —© Q - unit

UART transmission _ | | Transmit

. Transmission | | clock
Clock synchronous control circuit__|

—o
External CKDIR=1

type

Clock synchronous type
(when internal clocis selected)

\CKDIR:O
Clock synchronous type o—-
CKPOL (when external clock is selected) ; -~y R=1
CLK Clock synchronous type
polarity (when internal clock is selected)
CLK]-O_ reversing CLKMDO 0
circuit CLKMDO 1 \I
Clock output ]
pin select CTSIRTS selected  CTS/RTS disabled
CTS1/RTS1/ O CLKMD1=1 CRS=1 M RTS1
'CTS0/ CLKS1 ™~ cixmpize o 3§
CRS=0
Vcc
CTS/RTS disabled
l CRD=1 RCSP=0 CTS1

CRD=0 o——— CTSo from UARTO

(UARTZ) RCSP=1

TXD
RxD polarity olarit,
RxD2( )_| reversing circuit ngETSi"yg C D2

. circuit
UART reception reu!
(Note)

Clock source selection
CLK1 to CLKO

Receive
clock

Reception

Clock synchronous control circuit

f1S10 or f2s10 ntemal o reaisior type Trr:cneS\Tew
nternal CKDIR=! I
fesio — 2 o Q 9

. unit
| Transmit
Transmission | [ clock

control circuit |

UART transmission

—o
External CKDIR=1

Clock synchronous

type
Clock synchronous type
(when internal clock is selected)
AWhen Internal clocrs
KDIR=0
Clock synchronous type \
4 (when external clock is selected); (5 r=1
CKkPOL Clock synchronous type
CLK (when internal clock is selected)
polarity
CLK2 O, reversing |
circuit
CTSIRTS CTS/RTS disabled
selected cpg- RTS2
CTS2/RTS2 CRS=0 ~
Vce
l CTSIRTS disabled
CRD=1 CTS2
CRD=0

i=0to 2

ni: Values set to the UiBRG register

SMD2 to SMDO, CKDIR: UiMR register's bits

CLK1 to CLKO, CKPOL, CRD, CRS: UiCO register's bits
CLKMDO, CLKMD1, RCSP: UCON register's bits

Note: UART2 is the N-channel open-drain output. Cannot be set to the CMOS output.

Figure 1.17.1. UARTI Block Diagram
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No reverse

I0POL=0

. TL%—
RxDi ( )— reverse circuit °
Reverse |opoL=1

Clock
synchronous type

UART

Clock
synchronous
type

UART(7 bits) UARTi receive register

2SP

o)
PRYE=1

Clock

PAR UART
enabled synchronous type
0;0;0;0{0;0;0 {Ds| [DriDeiDsiDs;Ds;Dz;iDijDo| URBregser

‘ ‘ | Logic reverse circuit + MSB/LSB conversion circuitl

Data bus high-order bits

Data bus low-order bits

s

| Logic reverse circuit + MSB/LSB conversion circuitl

(

|Ds | | DriDeiDsi{DajDsiDziDiiDol uireregiser

UART

(9 bits) UART

(8 bits)
UART
(9 bits)

Clock

PAR synchronous type

STPS=1 enabled pryE=1 UART
0 o} Q

UARTI transmit register

Clock UART(7 bits)

R
disabled ugr lsyy;echronous
synchronous type
i=0to 2 Error swgna\ output No reverse
SP: Stop bitb UlERE 0 s 10POL=0
PAR: Parity bit TXD data i
SMD?2 to SMDO, STPS, PRYE, IOPOL, CKDIR: UiMR register's bits E'{O'f'g”a'l M reverse aireut XD
UIERE: UICO register's bit vere=s LR 22 ] opor
: 9 Error signal output Reverse

enable

Figure 1.17.2. UARTi Transmit/Receive Unit
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/O

UARTI transmit buffer register (i=0 to 2)(Note)

(b15) ©8) Symbol Address After reset
b7 b0 b7 b0 uoTB 03A316-03A216 Indeterminate
| ulTB 03AB16-03AA16 Indeterminate
u2TB 037B16-037A16 Indeterminate
Function RW
Transmit data WO

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate.

Note: Use MOV instruction to write to this register.

UARTI receive buffer register (i=0 to 2)

(b15) (b8) Symbol Address After reset
b7 bo b7 bo UORB  03A716-03A616 Indeterminate
[T T 1] XX | | UIRB  03AF1-03AEis  Indeterminate

T T U2RB 037F16-037E16 Indeterminate
: : Bit ) ,
: : symbol Bit name Function RW
(b;ao) — Receive data (D7 to Do) RO
: (E) — Receive data (Ds) RO

- Nothing is assigned.
(b10-b9) | In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”.

e e ABT | Arbitration lost detecting 0 : Not detected

flag (Note 2) 1 : Detected RW
____________________________________ OER | Overrun error flag (Note 1) | 0 : No overrun error

1 : Overrun error found RO

........................................ FER | Framing error flag (Note 1) | 0 : No framing error
1 : Framing error found RO
- PER | Parity error flag (Note 1) 0 : No parity error RO

1 : Parity error found
............................................... SUM | Error sum flag (Note 1) 0 : No error RO

1 : Error found

Note 1: When the UiMR register's SMD2 to SMDO bits = “0002” (serial I/O disabled) or the UiC1 register's RE bit = “0” (reception disabled), all of the SUM,
PER, FER and OER bits are set to “0” (no error). The SUM bit is set to “0” (no error) when all of the PER, FER and OER bits = “0” (no error).
Also, the PER and FER bits are set to “0” by reading the lower byte of the UiRB register.

Note 2: The ABT bit is set to “0” by writing “0” in a program. (Writing “1” has no effect.)

UARTI bit rate generator (i=0 to 2)(Notes 1, 2)

b7 b0 Symbol Address After reset
UOBRG 03Alis Indeterminate
| U1BRG 03A916 Indeterminate
H U2BRG 037916 Indeterminate
Function Setting range RW
v Assuming that set value = n, UiBRG divides the count source 0016 to FF16 wo
"""""""""""""""""" byn+1

Note 1: Write to this register while serial I/O is neither transmitting nor receiving.
Note 2: Use MOV instruction to write to this register.

Figure 1.17.3. UOTB to U2TB Register, UORB to U2RB Register, and UOBRG to U2BRG Register
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UARTI transmit/receive mode register (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl b0

(Note 4) 1: RTS function is selected

[ —— TXEPT | Transmit register empty |0 : Data present in transmit register (during transmission)
flag 1 : No data present in transmit register RO
(transmission completed)

| Symbol Address After reset
B I I A N B UOMR to U2MR 03A016, 03A816, 037816 0016
A T . :
Pl 1] symbol Bit name Function RW
SRR R peeveve By
oo : SMDO | Serial /0 mode select bit| (.00 ; Serial /O disabled RW
oo ' (Note 2) 00 1 : Clock synchronous serial I/O mode
A : SMD1 010:12C mode (Note 3)
I 100 : UART mode transfer data 7 bits long RW
oo e 101 : UART mode transfer data 8 bits long
A SMD2 110 : UART mode transfer data 9 bits long RW
Must not be set except above
R CKDIR [Internal/external clock 0 : Internal clock RW
voor o select bit 1 : External clock (Note 1)
E i E (S STPS Stop bit length select bit 0 : One stop bit
P g 1: Two stop bits RW
S PRY | Odd/even parity select bit | Effective when PRYE = 1
N 0 : Odd parity RW
P 1 : Even parity
T PRYE | parity enable bit 0 : Parity disabled RW
H 1 : Parity enabled
] jopoOL | TXD, RxD I/O polarity 0 : No reverse RW
reverse bit 1: Reverse
Note 1: Set the corresponding port direction bit for each CLKi pin to “0” (input mode).
Note 2: To receive data, set the corresponding port direction bit for each RxDi pin to “0” (input mode).
Note 3: Set the corresponding port direction bit for SCL and SDA pins to “0” (input mode).
UARTI transmit/receive control register 0 (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After reset
| | | | | | | | | UOCO to U2CO  03A416, 03AC16, 037C16 000010002
Dol Bit . _
T Bit name Function RW
! ! ! symbol
E E E bl b0
o CLKO | BRG count source 00 : f1sio or f2sio is selected RW
N select bit 01:fssiois selected
T CLK1 10: f3zsio is selected RW
o 11 : Must not be set
oo CRS | CTS/RTS function Effective when CRD =0
. select bit 0 : CTS function is selected (Note 1) RW

~To/RTS di : 0 : CTSIRTS function enabled
--------------- CRD | CTSIRTS disable bit |} " S/RTS function disabled RW
(P60, P64 and P73 can be used as I/O ports)

_________________ NCH Data output select bit 0 : TxDi/SDAI and SCLi pins are CMOS output

(Note 2) 1: TxDi/SDAi and SCLi pins are N-channel open-drain output RW

CKPOL | CLK polarity select bit 0: Transmitldata is output at faIAIir)g edge of transfer clock

and receive data is input at rising edge RW
! : Transmit data is output at rising edge of transfer clock
H and receive data is input at falling edge

[N

________________________ UFORM [ Transfer format select bit | 0 : LSB first RW
(Note 3) 1: MSB first

Note 1: Set the corresponding port direction bit for each CTSi pin to “0” (input mode).

Note 2: TxD2/SDA2 and SCL2 are N-channel open-drain output. Cannot be set to the CMOS output. Set the NCH bit of the U2C0
register to “0”.

Note 3: Effective for clock synchronous serial I/O mode and UART mode transfer data 8 bits long.

Note 4: CTS1/RTS1 can be used when the UCON register’s CLKMD1 bit = “0” (only CLK1 output) and the UCON register's RCSP bit =
“0” (CTSo/RTSo not separated).

Figure 1.17.4. UOMR to U2MR Register and UOCO to U2CO Register
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UARTI transmit/receive control register 1 (i=0, 1)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset

| | |><|><| | | | | UoC1, U1cl 03A516,03AD16 000000102
Bit Bit name Function RW
TE Transmit enable bit 0 : Transmission disabled RW
A 1 : Transmission enabled
Tl Transmit buffer 0 : Data present in UiTB register RO
. empty flag 1: No data present in UiTB register
. RE Receive enable bit 0 : Reception disabled RW
Yo g 1: Reception enabled
' R RI Receive complete flag 0 : No data present in UiRB register RO
oo 1: Data present in UiRB register
R — Nothing is assigned. _
b (b5-b4) | When write, set “0”. When read, these contents are “0”.
o UILCH [ Data logic select bit 0 : No reverse RW
: 1: Reverse
] UIERE | Error signal output 0 : Output disabled RW

enable bit 1: Output enabled

UART2 transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset

| | | | | | | | | u2c1 037D16 000000102
Bit Bit name Function RW
TE Transmit enable bit 0 : Transmission disabled RW
A 1 : Transmission enabled
P oo Tl Transmit buffer 0 : Data present in U2TB register RO
empty flag 1 : No data present in U2TB register
A RE | Receive enable bit 0 : Reception disabled
oror o 1 : Reception enabled RW
T Rl |Receive complete flag | O : No data present in U2RB register RO
A 1 : Data present in U2RB register
S U2IRS | UARTZ2 transmit interrupt | O : Transmit buffer empty (TI = 1) RW
A cause select bit 1: Transmit is completed (TXEPT = 1)
H _________________ U2RRM | UART2 continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enabled
] U2LCH | Data logic select bit 0: No reverse
! 1: Reverse RwW
_______________________ U2ERE | Error signal output 0 : Output disabled RW

enable bit 1 : Output enabled

Figure 1.17.5. UOC1 to U2C1 Registers
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial 1/10
UART transmit/receive control register 2
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After reset
| | | UCON 03B016 X00000002
: E Bit . E i
v Bit unction RW
b symbol name
HE UOIRS | UARTO transmit 0 : Transmit buffer empty (Tl = 1)
P interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) RW
E U1lIRS | UART1 transmit 0 : Transmit buffer empty (Tl = 1)
N interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) RW
i ' UORRM | UARTO continuous 0 : Continuous receive mode disabled
. . . . . RW
v receive mode enable bit | 1 : Continuous receive mode enable
U1RRM | UART1 continuous 0 : Continuous receive mode disabled RW
v receive mode enable bit | 1: Continuous receive mode enabled
E CLKMDO| UART1 CLK/CLKS Effective when CLKMD1 = “1”
e select bit 0 0 : Clock output from CLK1 RW
1 : Clock output from CLKS1
E CLKMD1| UART1 CLK/CLKS 0 : CLK output is only CLK1
b select bit 1 (Note) 1: Transfer clock output from multiple pins function RW
selected
_____________________ RCSP | Separate UARTO 0: CTS/RTS shared pin RW
CTS/RTS bit 1: CTS/RTS separated (CTSo supplied from the P64 pin)
________________________ (b_7) Nothing is assigned. When write, set “0”. When read, its content is indeterminate. .
Note: When using multiple transfer clock output pins, make sure the following conditions are met:
U1MR register’'s CKDIR bit = “0” (internal clock)
UART2 special mode register (i=0 to 2)
b7 b6 b5 bl b0
Symbol Address After reset
N | 1 UOSMR to U2SMR  036F16, 037316, 037716  X00000002
I HE Bit ) )
N Vo Bit Function RW
L A ki name
N ¢+ IICM [12C mode select bit 0 : Other than 12C mode RW
o ' 1:12C mode
i___| ABC |Arbitration lost detecting | 0 : Update per bit RW
. flag control bit 1: Update per byte
E ' ' BBS Bus busy flag 0 : STOP condition detected RW
e 1: START condition detected (busy) (Notel,
T S — (b3) Reserved bit Set to “0” RW
oo ] ABSCS | Bus collision detect 0 : Rising edge of transfer clock RW
o sampling clock select bit | 1 : Underflow signal of timer Aj (Note 2)
P ACSE | Auto clear function 0 : No auto clear function
----------------- select bit of transmit 1 : Auto clear at occurrence of bus collision RW
o enable bit
P sss | Transmit start condition | O : Irrelevant to RxDi _
oo select bit 1 : Synchronous with RxDi (Note 3) RW
:L — Nothing is assigned. When write, set “0”. When read, its content is indeterminate.
"""""""""""" (b7) —
Note 1: The BBS bit is set to “0” by writing “0” in a program. (Writing “1” has no effect.).
Note 2: Underflow signal of timer A3 in UARTO, underflow signal of timer A4 in UART1, underflow signal of timer A0 in UART2.
Note 3: When a transfer begins, the SSS bit is set to “0” (irrelevant to RxDi).

Figure 1.17.6. UCON Register and UOSMR to U2SMR Registers
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial 1/0

UARTI special mode register 2 (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After reset
| | | | | | | UOSMR2 to U2SMR2 036Ez16, 037216, 037616  X00000002
Bit Bit name Function RW
Vv 4 4 4 4 4 | symbol
oo ; b 'L lICM2 | 12C mode select bit 2 Refer to Table 1.20.4 RW
CSsC Clock-synchronous bit 0 : Disabled RW
oo e e T 1: Enabled
R SWC | SCL wait output bit 0 : Disabled
e 1: Enabled RW
A ALS SDA output stop bit 0 : Disabled RW
Voo 1: Enabled
R T STAC | UARTI initialization bit 0 : Disabled RW
oo 1: Enabled
I LR EEY SWC2 [ SCL wait output bit 2 0: Transfer clock RW
1: 0 output
E . ___________________ SDHI SDA output disable bit 0: Enabled RW
: 1: Disabled (high impedance)
— Nothing is assigned. When write, set “0”. When read, its content is .
"""""""""""" (b7) indeterminate.
UARTI special mode register 3 (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| | | |><| |><| |><| UOSMR3 to U2SMR3  036D16, 037116, 037516  000X0X0X2
E ' ' ' ' ' ' Bit Bit name Function RW
L4 4 4 % a4 4 1| symbol
A ] Nothing is assigned. J—
oo oot (b0) [ when write, set “0”. When read, its content is indeterminate.
E : : : : : : CKPH | Clock phase set bit 0 : Without clock delay RW
e 1 : With clock delay
— Nothing is assigned. .
R (b2) When write, set “0”. When read, its content is indeterminate.
oo NODC | Clock output select bit 0 : CLKiis CMOS output
e 1: CLKi is N-channel open drain output RW
5 : : ' - Nothing is assigned. _
oo T (b4) When write, set “0”. When read, its content is indeterminate.
Co ] DLO | sDAi digital delay b7b6 b5 RW
- setup bit 0 0 0: Without delay
. (Note 1, Note 2) 0 0 1:1to 2 cycle(s) of UIBRG count source
I DL1 0 1 0:2to 3 cycles of UIBRG count source
"""""""""" 0 1 1:3to 4 cycles of UIBRG count source RW
! 1 0 0:4tob5 cycles of UIBRG count source
! DL2 1 0 1:5to 6 cycles of UIBRG count source
N 1 1 0:6to 7 cycles of UBRG count source RW
1 1 1:7to 8cycles of UBRG count source
Note 1 : The DL2 to DLO bits are used to generate a delay in SDAI output by digital means during 12C mode. In other than 12C
mode, set these bits to “0002” (no delay).
Note 2 : The amount of delay varies with the load on SCLi and SDAI pins. Also, when using an external clock, the amount of
delay increases by about 100 ns.

Figure 1.17.7. UOSMR2 to U2SMR2 Registers and UOSMR3 to U2SMR3 Registers
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UARTI special mode register 4 (i=0 to 2)

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address After reset

| | | | | | | | | UOSMR4 to U2SMR4 036C16, 037016, 037416 0016
E ' ' ' ' ' ' ' Bit Bit name Function RW
Voo v 4 v v v | symbol
A :| STAREQ | Start condition 0: Clear RW
oror e generate bit (Note) 1: Start
A RSTAREQ | Restart condition 0: Clear RW
Cooror e T generate bit (Note) 1: Start
A STPREQ | Stop condition 0: Clear
e generate bit (Note) 1: Start RW
R STSPSEL | SCL,SDA output 0 : Start and stop conditions not output RW
oo select bit 1 : Start and stop conditions output
S ACKD | ACK data bit 0:ACK RW
oo 1:NACK
 ARGREEEEEEEEED ACKC | ACK data output 0 : Serial I/O data output RW
v enable bit 1: ACK data output
E :. ___________________ SCLHI SCL output stop 0 : Disabled
: enable bit 1: Enabled RW
: SwcC9 | SCL wait bit 3 0 : SCL “L” hold disabled
"""""""""""" 1: SCL “L” hold enabled RW

Note: Set to “0” when each condition is generated.

Figure 1.17.8. UOSMR4 to U2SMR4 Registers
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Clock Synchronous serial I/O Mode
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 1.18.1
lists the specifications of the clock synchronous serial /O mode. Table 1.18.2 lists the registers used in
clock synchronous serial I/O mode and the register values set.

Table 1.18.1. Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * UIMR(i=0 to 2) register’s CKDIR bit = “0” (internal clock) : fj/ 2(n+1)

fj = f1isi0, f2s10, f8sl0, f32s10. n: Setting value of UiIBRG register 0016 to FF16
* CKDIR bit = “1” (external clock) : Input from CLKi pin
Transmission, reception control « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition « Before transmission can start, the following requirements must be met (Note 1)
- The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register = 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin = “L”

Reception start condition « Before reception can start, the following requirements must be met (Note 1)

— The RE bit of UiC1 register= 1 (reception enabled)

— The TE bit of UiC1 register= 1 (transmission enabled)

- The TI bit of UiC1 register= 0 (data present in the UiTB register)

Interrupt request « For transmission, one of the following conditions can be selected

generation timing — The UIIRS bit (Note 3) = 0 (transmit buffer empty): when transferring data from the
UIiTB register to the UARTI transmit register (at start of transmission)

- The UIIRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register

 For reception

When transferring data from the UARTI receive register to the UiRB register (at

completion of reception)

Error detection » Overrun error (Note 2)

This error occurs if the serial I/O started receiving the next data before reading the

UiRB register and received the 7th bit of the next data

Select function * CLK polarity selection
Transfer data input/output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock

* LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected

« Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register

« Switching serial data logic
This function reverses the logic value of the transmit/receive data

« Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set

« Separate CTS/RTS pins (UARTO)

CTSo and RTSo are input/output from separate pins

Note 1: When an external clock is selected, the conditions must be met while if the UiCO register's CKPOL bit = “0”
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the UiCO register's CKPOL bit = “1” (transmit data output at the rising edge
and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SIiRIC register does not change.

Note 3: The UOIRS and U1IRS bits reseectivelz are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.
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Table 1. 18. 2. Registers to Be Used and Settings in Clock Synchronous Serial /0 Mode

Register Bit Function

UiTB(Note3) | Oto 7 Set transmission data

UiRB(Note3)| Oto 7 Reception data can be read
OER Overrun error flag

UIBRG Oto7 Set a transfer rate

UiMR(Note3) SMD2 to SMDO Set to “0012”
CKDIR Select the internal clock or external clock
I0POL Set to “0”

uiCco CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode (Note 2)
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first

UiC1 TE Set this bit to “1” to enable transmission/reception
Tl Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 1) Select the source of UART2 transmit interrupt
U2RRM (Note 1) Set this bit to “1” to use continuous receive mode
UILCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”

UiSMR Oto7 Set to “0”

UiSMR2 Oto7 Set to “0”

UiSMR3 Oto2 Set to “0”
NODC Select clock output mode
4t07 Set to “0”

UiSMR4 | Oto7 Set to “0”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM Set this bit to “1” to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 =1
CLKMD1 Set this bit to “1” to output UART1 transfer clock from two pins
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

Note 1: Set the UOC1 and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are in the UCON register.

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial /0 mode.

i=0to 2
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Table 1.18.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. Table
1.18.3 shows pin functions for the case where the multiple transfer clock output pin select function is
deselected. Table 1.18.4 lists the P64 pin functions during clock synchronous serial I/O mode. Note that
for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs
an “H”. (If the N-channel open-drain output is selected, this pin is in a high-impedance state.)

Table 1.18.3. Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function)

Pin name Function Method of selection
TxDi (i = 0 to 2)| Serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70)
RxDi Serial data input PD6 register's PD6_2 hit=0, PD6_6 bit=0, PD7 register's PD7_1 bit=0
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Transfer clock output UiMR register’'s CKDIR bit=0

(P61, P65, P72) [~~~ e oo D
Transfer clock input UiMR register's CKDIR bit=1

PDE6 register's PD6_1 bit=0, PD6_5 bit=0, PD7 register's PD7_2 bit=0

CTSI/RTSI CTS input UiCO register's CRD bit=0

(P60, P64, P73) UiCO register's CRS bit=0
PDG6 register's PD6_0 bit=0, PD6_4 bit=0, PD7 register's PD7_3 bit=0

RTS output UiCO register's CRD bit=0

UiCO register’'s CRS bit=1

1/O port UiCO register’'s CRD bit=1

Table 1.18.4. P64 Pin Functions

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4

P64 1 — 0 0 — Input: 0, Output: 1

CTS1 0 0 0 0 — 0

RTS1 0 1 0 0 — |—

CTSo(Note1)| O 0 1 0 — 0

CLKS1 — — — | 1(Note 2) 1 —

Note 1: In addition to this, set the UOCO register's CRD bit to “0” (CTS0/RTSo enabled) and the U0
CO register's CRS bit to “1” (RTSo selected).

Note 2: When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output:
* High if the U1CO register's CLKPOL bit = 0
 Low if the U1CO register's CLKPOL bit =1
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(1) Example of transmit timing (when internal clock is selected)
Tc

Transfer clock || |||||||| ||| ||| ||| ||| | ||||||||| ||| ||

UiC1 register
TE bit

J 'Write data to the UiTB register
Transferred from UiTB register to UARTI transmit register

s NI L

Stopped pulsing because CTSi = “H”

UiC1 register
T bit

T 32 g4

L

Stopped pulsing because the TE bit = “0”
CLKi

o @@@@@@@@@@@@@@@@@@@@@ o

A . m 1 ~

STCregser T - —
— X S

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
Tc=TCLK=2(n+1)/fj
fj: frequency of UIBRG count source (f1SIO, f2S10, f8SI0, f32S10)
n: value set to UiBRG register
i:0to2

The above timing diagram applies to the case where the register bits are set as follows:
* UIMR register CKDIR bit = 0 (internal clock) -
« UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 0 (CTS selected)
« UiCO register CKPOL bit = 0 (transmit data output at the falling edge and receive data taken in at the rising edge of the transfer clock)
« UiRS bit = 0 (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

(2) Example of receive timing (when external clock is selected)

agr
UiC1 register
RE bit "O"J‘

UiC1 register I ) ) .
TE bit " Write dummy data to UiTB register

1
“0
. . “1" —| | |—<1 g
UiC1 register i (1)\
Tl bit “0” ‘
H

e 1 Transferred from UiTB register to UARTI transmit register
RTSi | | |_| Even if the reception is completed, the RTS
“rr does not change. The RTS becomes “L”

i —>|—*<— 1/ fexr >~ when the RI bit changes to “0" from “1".
(]

CLKi
Receive data is taken in
RxDi
Transferred from UARTI receive register Read out from UiRB register
UIiC1 register ‘1 to UiRB register~g_
RI bit “0”
SIiTIC register o | |
IR bit “0”
v
Cleared to “0” when interrupt request is
accepted, or cleared to “0” in a program
The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input
as follows: to the CLKi pin before receiving data is high:
« UIMR register CKDIR bit = 1 (external clock) « UiCO register TE bit = 1 (transmit enabled)
« UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 1 (RTS selected) « UiCO register RE bit = 1 (Receive enabled)

« UiCO register CKPOL bit = 0 (transmit data output at the falling edge and receive « Write dummy data to the UiTB register
data taken in at the rising edge of the transfer clock)

fEXT: frequency of external clock

Figure 1.18.1. Transmit and Receive Operation
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(a) CLK Polarity Select Function
Use the UICO register (i = 0 to 2)’'s CKPOL bit to select the transfer clock polarity. Figure 1.18.2 shows

the polarity of the transfer clock.

(1) When the UiCO register's CKPOL bit = 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

S U

|
TXDi ><DO>§<D1><D2/)><D3><D4><D5><D6><D7
RXDi X po X p1 X p2 X D3 X pa X D5 X Ds X D7

(2) When the UiCO register's CKPOL bit = 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

CLKi l (Note 3)

|
TXDi ><Do)§{m><D2/)><D3><D4><D5><D6><D7
RXDi X po X b1 X D2 X D3 X pa X Ds X Ds X D7

Note 1: This applies to the case where the UiCO register's UFORM bit = 0
(LSB first) and UiC1 register's UiLCH bit = 0 (no reverse).

Note 2: When not transferring, the CLKi pin outputs a high signal.

Note 3: When not transferring, the CLKi pin outputs a low signal.

i=0to2

Figure 1.18.2. Transfer Clock Polarity

(b) LSB First/MSB First Select Function
Use the UiCO register (i = 0 to 2)’'s UFORM bit to select the transfer format. Figure 1.18.3 shows the

transfer format.

(1) When UiCO register's UFORM bit = 0 (LSB first)

e LI L)L LT L L
TXDi X po X p1 X D2 X D3 X D4 X D5 X D6 X D7
RXDi X po X b1 X p2 X D3 X D4 X D5 X De X D7

(2) When UiCO register's UFORM bit = 1 (MSB first)

e LT LT LU
TXDi X b7 X b6 X b5 X pa X b3 X p2 X b1 X Do
RXDi X b7 X ps X Ds X pa X D3 X D2 X D1 X Do

Note: This applies to the case where the UiCO register's CKPOL bit = 0 (
transmit data output at the falling edge and the receive data taken
in at the rising edge of the transfer clock) and the UiC1 register’s
UILCH bit = 0 (no reverse).

i=0to2

Figure 1.18.3. Transfer Format
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(c) Continuous Receive Mode
When the UiIRRM bit (i = 0 to 2) = 1 (continuous receive mode), the UiC1 register’'s Tl bit is set to “1”
(data present in the UIiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit = 1, do not
write dummy data to the UiTB register in a program. The UORRM and U1RRM bits are the UCON
register bit 2 and bit 3, respectively, and the U2RRM bit is the U2C1 register bit 4.

(d) Serial Data Logic Switching Function
When the UiC1 register (i = 0 to 2)’s UILCH bit = 1 (reverse), the data written to the UiTB register has
its logic reversed before being transmitted. Similarly, the received data has its logic reversed when
read from the UiRB register. Figure 1.18.4 shows serial data logic.

(1) When the UiC1 register's UILCH bit = 0 (no reverse)

Transfer clock “H" | I | I
"

TxDi “H"
(noreverse) o~

\ Do) D1 Y D2 Y D3 ) D4 Y D5 X D6 f D7

(2) When the UiC1 register's UILCH bit = 1 (reverse)

Transfer clock " | | | |
wn

ST 673 (78 (67 58 2 (58 () %

(reverse)

Note: This applies to the case where the UiCO0 register’'s CKPOL bit = 0
(transmit data output at the falling edge and the receive data
taken in at the rising edge of the transfer clock) and the UFORM
bit = 0 (LSB first).

i=0to 2

Figure 1.18.4. Serial Data Logic Switching

(e) Transfer Clock Output From Multiple Pins (UART1)
Use the UCON register's CLKMD1 to CLKMDO bits to select one of the two transfer clock output pins.
(See Figure 1.18.5.) This function can be used when the selected transfer clock for UART1 is an
internal clock.

Microcomputer

TxD1 (P67)

CLKS1 (P64)

CLK1 (P65) IN IN

CLK CLK
Transfer enabled Transfer enabled
when the UCON when the UCON
register's register's
CLKMDO bit=0 CLKMDO bit=1

Note: This applies to the case where the ULMRregister's CKDIR bit
= 0 (internal clock) and the UCON register's CLKMDL1 bit = 1 (
transfer clock output from multiple pins).

Figure 1.18.5. Transfer Clock Output From Multiple Pins

RENESAS 153

RenesasTechnology Corp.




\)“de\‘opme“\ Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
aeN® Specifications in this manual are tentative and subject to change. M16C / 62P Group

Serial 1/0 (Clock Synchronous Serial 1/0) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
.}

(f) CTS/RTS Separate Function (UARTO)
This function separates CTS0o/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin. To use this function, set the register bits as shown below.
» UOCO register's CRD bit = 0 (enables UARTO CTS/RTS)
+ UOCO register's CRS bit = 1 (outputs UARTO RTS)
» U1CO register's CRD bit = 0 (enables UART1 CTS/RTS)
+ U1CO register's CRS bit = 0 (inputs UART1 CTS)
« UCON register's RCSP bit = 1 (inputs CTSo from the P64 pin)
* UCON register's CLKMD1 bit = 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be
used.

Microcomputer IC
TxDo (P63) | IN
RxDo (P62) [« ouT
CLKo (P61) | CLK
RTSo (P60) p| CTS
CTSo (P64) |- RTS

Figure 1.18.6. CTS/RTS Separat Function
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Clock Asynchronous Serial /0 (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 1.19.1 lists the specifications of the UART mode.

Table 1.19.1. UART Mode Specifications
Item Specification
Transfer data format  Character bit (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
« Stop bit: Selectable from 1 or 2 bits
Transfer clock * UIMR(i=0 to 2) register's CKDIR bit = 0 (internal clock) : fj/ 16(n+1)
fj = f1s10, f2sI10, f8slo, f32s10. n: Setting value of UIBRG register 0016 to FF16
* CKDIR bit =“1" (external clock) : fExT/16(n+1)
fEXT: Input from CLKi pin. n :Setting value of UIBRG register 0016 to FF16
Transmission, reception control| « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition| < Before transmission can start, the following requirements must be met
— The TE bit of UiC1 register= 1 (transmission enabled)
— The TI bit of UiC1 register = 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin = “L”
Reception start condition « Before reception can start, the following requirements must be met
- The RE bit of UiC1 register= 1 (reception enabled)
- Start bit detection
Interrupt request * For transmission, one of the following conditions can be selected
generation timing — The UIIRS bit (Note 2) = 0 (transmit buffer empty): when transferring data from the
UIiTB register to the UARTI transmit register (at start of transmission)
- The UIIRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register
 For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection » Overrun error (Note 1)
This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the bit one before the last stop bit of the next data
» Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
This error occurs when if parity is enabled, the number of 1's in parity and
character bits does not match the number of 1's set
« Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is encountered

Select function * LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7
can be selected
« Serial data logic switch
This function reverses the logic of the transmit/receive data. The start and stop bits
are not reversed.
* TXD, RXD I/O polarity switch
This function reverses the polarities of hte TxD pin output and RxD pin input. The
logic levels of all I/O data is reversed.
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
Note 1: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SIRIC register does not change.
Note 2: The UOIRS and U1IRS bits respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bhit 4.
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Table 1. 19. 2. Registers to Be Used and Settings in UART Mode

Register Bit Function

uiTB Oto8 Set transmission data (Note 1)

UiRB Oto8 Reception data can be read (Note 1)
OER,FER,PER,SUM| Error flag

UiBRG Set a transfer rate

UIMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long

Set these bits to ‘1012’ when transfer data is 8 bits long
Set these bits to ‘1102’ when transfer data is 9 bits long

CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TxD/RxD input/output polarity
UiCo CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode (Note 2)
CKPOL Set to “0”
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to “0” when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag

U2IRS (Note 2) Select the source of UART2 transmit interrupt
U2RRM (Note 2) Set to “0”

UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”
UiSMR Oto7 Set to “0”
UiSMR2 Oto7 Set to “0”
UiSMR3 O0to7 Set to “0”
UiSMR4 Oto7 Set to “0”
UCON UOIRS, ULIRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, ULIRRM | Setto “0"
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Set to “0”
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

Note 1: The bits used for transmit/receive data are as follows: Bit O to bit 6 when transfer data is 7 bits long;
bit 0 to bit 7 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.

Note 2: Set the UOC1 and U1CL1 registers bit 4 to bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are included in the UCON register.

Note 3: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “0”.

i=0 to 2
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Table 1.19.3 lists the functions of the input/output pins during UART mode. Table 1.19.4 lists the P64 pin
functions during UART mode. Note that for a period from when the UARTI operation mode is selected to
when transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pin
is in a high-impedance state.)

Table 1.19.3. I/O Pin Functions
Pin name Function Method of selection
TxDi (i = 0 to 2)| Serial data output (Outputs dummy data when performing reception only)

(P63, P67, P70)

(P61, P65, P72)

Transfer clock input

RxDi Serial data input PD6 register's PD6_2 bit=0, PD6_6 bit=0, PD7 register's PD7_1 bit=0
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Input/output port UiMR register's CKDIR bit=0

UiMR register's CKDIR bit=1
PD6 register's PD6_1 bit=0, PD6_5 bit=0, PD7 register’'s PD7_2 bit=0

CTSI/RTSi
(P60, P64, P73)

CTS input

Input/output port

UiCO register's CRD bit=0
UiCO register's CRS bhit=0
PD6 register’'s PD6_0 bit=0, PD6_4 bit=0, PD7 register's PD7_3 bit=0

UiCO register's CRD bit=0
UiCO register's CRS bit=1

UiCO register’s CRD bit=1

Table 1.19.4. P64 Pin Functions

Pin function Bit set value
U1CO register UCON register PDG6 register
CRD CRS RCSP | CLKMD1 PD6_4

P64 1 — 0 0 Input: 0, Output; 1

CTS1 0 0 0 0 0

RTS1 0 1 0 0 —

CTSo (Note) 0 0 1 0 0

Note: In addition to this, set the UOCO register's CRD bit to “0” (CTS0o/RTS0
enabled) and the UOCO register’s CRS bit to “1” (RTSo selected).

RENESAS

RenesasTechnology Corp.

157



\)oée\‘opme“‘ Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
3eN® Specifications in this manual are tentative and subject to change. M16C / 62P Group

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/0 (UART)

(1) Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTSi is “H” when the stop bit is checked.

Tc The transfer clock starts as the transfer starts immediately CTSi changes to “L".

i .
Transfer clock |||| || || | || H_Hll || |||| || || | || ||

UiC1 register

TE bit J
o Write data to the UiTB register \‘

UIC1 register
Tibit wp —4}/
Transferred from UiTB register to UARTI transmit register

- U
orsi L ||

Stobped pulsing

Slt]atrt Pzé({ty S_ttop because the TE bit
i i i =0"
DI wOOe000000,
UiCO register “n :
TXEPT bit

w0

SITIC register 1 i i
IR bit “Qr Ii

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor16 (n+1)/fexr

as follows: ) ) fj : frequency of UIBRG count source (f1SI0, f2SI0, f8SIO, f32SI0)
* UIMR register PRYE bit = 1 (parity enabled) fEXT : frequency of UIBRG count source (external clock)
* UIMR register STPS bit = 0 (1 stop bit) n : value set to UiBRG

« UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 0 (CTS selected)
* UIRS bit = 1 (an interrupt request occurs when transmit completed):
UOIRS bit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

i:0to2

(2) Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)
Tc

e
Innnnnnnnnnnnnnnnnannnns

Write data to the UiTB register | I_

Transfer clock

UiC1 register J
1L

TE bit 0"
'LI'JII%i register 1 j/ 4|
© Transferred from UiTB register to UARTI
transmit register
Start Stop Stop
bit bit bit
o STADK LN DNOXLKOHKOKON DY 5P 52 \STAPK NN KKK oKDY 5P
UiCO register 1 —
TXEPT bit o

e ] —
~ /

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor 16 (n + 1)/ fext

as follows: fj : frequency of UIBRG count source (f1S10, f2SI0, f8S10, f32SI0)
* UiMR register PRYE bit = 0 (parity disabled) fEXT : frequency of UIBRG count source (external clock)
« UiMR register STPS bit = 1 (2 stop bits) n : value set to UiBRG
« UiCO register CRD bit = 1 (CTS/RTS disabled) i 0to2

« UiRS bit = 0 (an interrupt request occurs when transmit buffer becomes empty):
UOIRS bit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

Figure 1.19.1. Transmit Operation
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

couree [T,
source - .

UiC1 register “1” —I ......
RE bi wyn

' L e . Stop bit
RO e L o D1 D7) \

Sampled “L”
Receive data taken in

[ S N

Transfer clock !
Reception triggered when transfer clock Transferred from UARTI receive |

UiC1 register 1" is generated by falling edge of start bit register to UiRB register \‘ﬁ
RI bit PP

0" = :
RS " I
SiRIC register “1" l_l:
IR bit 0

vl

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set as follows:
* UIMR register PRYE bit = 0 (parity disabled)
* UIMR register STPS bit = 0 (1 stop bit) N
« UICO register CRD bit = 0 (CTSIi/RTSi enabled), CRS bit = 1 (RTSi selected)
i=0to2

Figure 1.19.2. Receive Operation

(a) LSB First/MSB First Select Function
As shown in Figure 1.19.3, use the UiCO register's UFORM bit to select the transfer format. This
function is valid when transfer data is 8 bits long.

(1) When UiCO register's UFORM bit = 0 (LSB first)

e L LU
TXDi ST A Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P ) sP
RXDi ST A po X D1 X D2 X D3 X D4 X Ds X D6 X b7 X P ) sp

(2) When UiCO register's UFORM bit = 1 (MSB first)

™0i A\ ST A b7 X D6 X Ds X Da X D3 X D2 X D1 X Do X P Y sP
reDi A\ ST A b7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P Y sP

Note: This applies to the case where the UiCO register's CKPOL bit=0( ST : Start bit
transmit data output at the falling edge and the receive data taken P : Parity bit
in at the rising edge of the transfer clock), the UiC1 register's UILCH SP : Stop bit
bit = 0 (no reverse), UiMR register's STPS bit = 0 (1 stop bit) and i=0to2
UiMR register's PRYE bit = 1 (parity enabled).

Figure 1.19.3. Transfer Format
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(b) Serial Data Logic Switching Function

The data written to the UiTB register has its logic reversed before being transmitted. Similarly, the

received data has its logic reversed when read from the UiRB register. Figure 1.19.4 shows serial data
logic.

(1) When the UiC1 register's UiLCH bit = 0 (no reverse)

Transferclock‘| ||||| ||||| |||||

(noreveTéE)i T \ st {Do Y\ D1\ D2 ) D3 ) D4 D5 D6 D7) P JSP

(2) When the UiC1 register's UILCH bit = 1 (reverse)

Transfer clock H
LI L LI L] LI L
oy o \Lst {mo) o Xz X8 N oa (B (e P ) sp

Note: This applies to the case where the UiCO register's CKPOL bit=0( ST : Start bit

transmit data output at the falling edge of the transfer clock), the P : Parity bit
UiCO register's UFORM bit = 0 (LSB first), the UIMR register's SP : Stop bit
STPS bit = 0 (1 stop bit) and UiMR register's PRYE bit=1 (parity i=0to2
enabled).

Figure 1.19.4. Serial Data Logic Switching

(c) TxD and RxD /O Polarity Inverse Function

This function inverses the polarities of the TxDi pin output and RxDi pin input. The logic levels of all

input/output data (including the start, stop and parity bits) are inversed. Figure 1.19.5 shows the TxD
pin output and RXD pin input polarity inverse.

(1) When the UiMR register's IOPOL bit = 0 (no reverse)
Transfer clock E | | | | | | | | | | | | | | |

(norevlég ‘;':: \ ST (DOY DL\ D2 D3| D4)YD5YD6Y D7) P J 5P
(norevség :';j‘ \ sT (Do) D1)Y D2 ) D3) D4} D5) D6) D7) P Y SP

(2) When the UiMR register's IOPOL bit = 1 (reverse)
Transfer clock “H’

roversy [ ST (D0 DT D7 (D3 D5 (D[ DT P ) P
R s [ST{DoYDI)DZ) D3 DA D5 D6 D7) P ) SP

Note: This applies to the case where the UiCO register's UFORM bit =0  ST: Start bit
(LSB first), the UiMR register's STPS bit = 0 (1 stop bit) and the P : Parity bit
UiMR register's PRYE bit = 1 (parity enabled). SP ; Stop bi

Figure 1.19.5. TxD and RxD I/O Polarity Inverse
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(d) CTS/RTS Separate Function (UARTO)

This function separates CTS0/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo

from the P64 pin. To use this function, set the register bits as shown below.
« UOCQO register's CRD bit = 0 (enables UARTO CTS/RTS)

+ UOCO register's CRS bit = 1 (outputs UARTO RTS)

» U1CO register's CRD bit = 0 (enables UART1 CTS/RTS)

+ U1CO register's CRS bit = 0 (inputs UART1 CTS)

* UCON register's RCSP bit = 1 (inputs CTSo from the P64 pin)

* UCON register's CLKMD1 bit = 0 (CLKS1 not used)

Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.

Microcomputer

TxDo (P63)
RxDo (P62)

RTSo (P60)
CTSo (P64)

g

¢

Figure 1.19.6. CTS/RTS Separate Function
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Special Mode 1 (12C mode)
I2C mode is provided for use as a simplified 12C interface compatible mode. Table 1.20.1 lists the speci-
fications of the I2C mode. Table 1.20.2 lists the registers used in the 12C mode and the register values
set. Figure 1.20.1 shows the block diagram for I2C mode. Figure 1.20.2 shows SCLi timing.

As shown in Table 1.20.3, the microcomputer is placed in I2C mode by setting the SMD2 to SMDO bits to
‘0102’ and the IICM bit to “1”. Because SDAI transmit output has a delay circuit attached, SDAI output
does not change state until SCLi goes low and remains stably low.

Table 1.20.1. 12C Mode Specifications

Item

Specification

Transfer data format

* Transfer data length: 8 bits

Transfer clock

* During master

UiIMR(i=0 to 2) register's CKDIR bit = “0” (internal clock) : fj/ 2(n+1)

fj = f1isio0, f2s10, f8sl0, f32s10. n: Setting value of UiBRG register 0016 to FF16
* During slave

CKDIR bit = “1” (external clock) : Input from CLKi pin

Transmission start condition

« Before transmission can start, the following requirements must be met (Note 1)
- The TE bit of UiC1 register= 1 (transmission enabled)
- The TI bit of UiC1 register = 0 (data present in UiTB register)

Reception start condition

« Before reception can start, the following requirements must be met (Note 1)
— The RE bit of UiC1 register= 1 (reception enabled)

- The TE bit of UiC1 register= 1 (transmission enabled)

- The TI bit of UiC1 register= 0 (data present in the UiTB register)

Interrupt request
generation timing

When start or stop condition is detected, acknowledge undetected, and acknowledge
detected

Error detection

» Overrun error (Note 2)
This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the 8th bit of the next data

Select function

* Arbitration lost

Timing at which the UiRB register's ABT bit is updated can be selected
» SDA. digital delay

No digital delay or a delay of 2 to 8 UiIBRG count source clock cycles selectable
* Clock phase setting

With or without clock delay selectable

Note 1: When an external clock is selected, the conditions must be met while the external clock is in the

high state.

Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiRIC
register does not change.
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SDAi Start and stop condition generation block
-
o DA, DU s
SDASTSP ( : only)
—1SCLsTsp
STPSEL=0 lICM2=1
Transmission UARTI transmit,
register 0 NACK interrupt
UARTi lICM=1 and request
1ICM2=0
ALS
. . » DMAO
_ Arbitration (UARTO, UART?)
Noise
> Filter
lIcM2=1 ) )
Reception registe] UARTI receive,
'—'U ART [, ACK interrupt request,
1ICM=1 and DMAL request
Start condition llCM2=0
detection L
R busy
Stop condition [ NACK
detection
D
Falling edge T
detection
SCLi | |
IICM=0 Port register dl ACK
1/0 port (Note) 9th bit
Internal clock
0 o Start/stop condition detection
licmM=1YARTI ~ <I-s CLK — tp !
STPSEL=1 |External control interrupt reques
Noise clock
Filter UARTI
] 9th bit falling edge
S .' SwWC
This diagram applies to the case where the UiMR register's SMD2 to SMDO bits = 0102 and the UiSMR register's IICM bit = 1.
IICM: UiSMR register bit
IICM2: UiSMR2 register bit
i=0to 2
Note: When the IICM bit =1, the pins can be read even if the direction bit = 1 (output).

Figure 1.20.1. 12C Mode Block Diagram
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Table 1. 20. 2. Registers to Be Used and Settings in I1°C Mode (1) (Continued)

Register Bit Function
Master Slave
UiTB3 |[0to 7 Set transmission data Set transmission data
UiRB3 [0to7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
UBRG |--- Set a transfer rate Invalid
UiIMR3 |SMD2 to SMDO | Set to ‘0102’ Set to ‘0102’
CKDIR Set to “0” Set to “1”
IOPOL Set to “0” Set to “0”
uico CLK1, CLKO Select the count source for the UiBRG Invalid
register
CRS Invalid because CRD =1 Invalid because CRD =1
TXEPT Transmit buffer empty flag Transmit buffer empty flag
CRD Set to “1” Setto “1”
NCH Set to “1"2 Set to “1"2
CKPOL Set to “0” Set to “0”
UFORM Set to “1” Set to “1”
uiC1 TE Set this bit to “1” to enable transmission | Set this bit to “1” to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to “1” to enable reception Set this bit to “1” to enable reception
RI Reception complete flag Reception complete flag
U2IRS? Invalid Invalid
U2RRM1, Set to “0” Set to “0”
UILCH, UIERE
UiSMR [IlICM Set to “1” Set to “1”
ABC Select the timing at which arbitration-lost | Invalid
is detected
BBS Bus busy flag Bus busy flag
3to7 Set to “0” Set to “0”
UiSMR2 [ lICM2 Refer to Table 1.20.4. Refer to Table 1.20.4.
CSsC Set this bit to “1” to enable clock Set to “0”
synchronization
sSwC Set this bit to “1” to have SCLi output Set this bit to “1” to have SCLi output
fixed to “L” at the falling edge of the 9th | fixed to “L” at the falling edge of the 9th
bit of clock bit of clock
ALS Set this bit to “1” to have SDAI output Set to “0”
stopped when arbitration-lost is detected
STAC Set to “0” Set this bit to “1” to initialize UARTI at
start condition detection
SWC2 Set this bit to “1” to have SCLi output Set this bit to “1” to have SCLi output
forcibly pulled low forcibly pulled low
SDHI Set this bit to “1” to disable SDAI output | Set this bit to “1” to disable SDAI output
7 Set to “0” Set to “0”
UiISMR3 |0, 2, 4 and NODC| Set to “0” Set to “0”
CKPH Refer to Table 1.20.4 Refer to Table 1.20.4
DL2 to DLO Set the amount of SDAI digital delay Set the amount of SDAI digital delay
i=0to 2
Notes:

1. Set the UOC1 and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits are
in the UCON register.

2. TxD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to “0".

3. Not all register bits are described above. Set those bits to “0” when writing to the registers in 12C mode.
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Table 1. 20. 3. Registers to Be Used and Settings in I1°C Mode (2) (Continued)

Register Bit Function
Master Slave
UiSMR4 | STAREQ Set this bit to “1” to generate start Set to “0”
condition
RSTAREQ Set this bit to “1” to generate restart Set to “0”
condition
STPREQ Set this bit to “1” to generate stop Set to “0”
condition
STSPSEL Set this bit to “1” to output each condition| Set to “0”
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to “1” to output ACK data Set this bit to “1” to output ACK data
SCLHI Set this bit to “1” to have SCLi output Set to “0”
stopped when stop condition is detected
SWC9 Set to “0” Set this bit to “1” to set the SCLi to “L”
hold at the falling edge of the 9th bit of
clock
IFSR2A |IFSR26, ISFR27 | Setto “1” Set to “1”
UCON |UOIRS, U1IRS Invalid Invalid
2t07 Set to “0” Set to “0”
i=0to 2
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Function Clock synchronous serial 1/0 12C mode (SMD2 to SMDO = 0102, IICM = 1)
mode (SMD2 to SMDO = 0012, [ jcm2 =0 ICM2 = 1
lICM = 0) (NACK/ACK interrupt) (UART transmit/ receive interrupt)
CKPH =0 CKPH=1 |[CKPH=0 CKPH=1
(No clock delay) [ (Clock delay) | (No clock delay) (Clock delay)

Factor of interrupt number
6, 7 and 10 (Note 1)(Refer
to Fig 1.20.2)

Start condition detection or stop condition detection

(Refer to Fig 1.20.4)

Factor of interrupt number
15, 17 and 19 (Note 1)(
Refer to Fig 1.20.2)

UARTI transmission
Transmission started or
completed (selected by UiIRS)

No acknowledgment
detection (NACK)
Rising edge of SCLi 9th bit

UARTI transmission

Rising edge of
SCLi 9th bit

UARTI transmission
Falling edge of SCLi
next to the 9th bit

Factor of interrupt number
16, 18 and 20 (Note 1)(
Refer to Fig 1.20.2)

UARTI reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection
(ACK)
Rising edge of SCLi 9th bit

UARTI transmission
Falling edge of SCLi 9th bit

Timing for transferring data
from the UART reception
shift register to the UiRB
register

CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Rising edge of SCLi 9th bit

Falling edge of
SCLi 9th bit

Falling and rising
edges of SCLi 9th
bit

P71 pins

UARTI transmission output |Not delayed Delayed

delay

Functions of P63, P67 and | TxDi output SDAI input/output
P70 pins

Functions of P62, P66 and [RxDi input SCLi input/output

Functions of P61, P65 and
P72 pins

CLKi input or output selected

(Cannot be used in 12C mode)

Noise filter width

15ns

200ns

Read RxDi and SCLi pin
levels

Possible when the
corresponding port direction bit

Always possible no matter how the corresponding port direction bit is set

Initial value of TxDi and
SDAI outputs

CKPOL =0 (H)
CKPOL =1 (L)

The value set in the port register before setting 12C mode (Note 2)

Initial and end values of
SCLi

H L

H

L

DMAL factor (Refer to Fig
1.20.2)

UARTI reception

Acknowledgment detection
(ACK)

UARTI reception

Falling edge of SCLi 9th bit

Store received data

1st to 8th bits are stored in
UiRB register bit 0 to bit 7

1st to 8th bits are stored in
UIRB register bit 7 to bit 0

1st to 7th bits are stored in UiRB register
bit 6 to bit 0, with 8th bit stored in UIRB

register bit 8

1st to 8th bits are
stored in UIRB
register bit 7 to bit 0
(Note 3)

Read received data

UiRB register status is read
directly as is

Read UiRB register
Bit 6 to bit 0 as bit 7
to bit 1, and bit 8 as
bit 0 (Note 4)

i=0to 2

Note 1: To change the interrupt sources from one to another, follow the procedure described below.

1. Disable the interrupt of the corresponding interrupt number to be changed.
2. Change interrupt sources from one to another.
3. Set the IR bit for the corresponding interrupt number to 0 (no interrupt request).
4. Set the IPL2 to IPLO bits for the corresponding interrupt number.
Note 2: Set the initial value of SDAI output while the UiMR register's SMD2 to SMDO bits = ‘0002’ (serial I/O disabled).
Note 3: Second data transfer to UiRB register (Rising edge of SCLi 9th bit)
Note 4. First data transfer to UiRB register (Falling edge of SCLi 9th bit)
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(2) ICM2= 0 (ACK and NACK interrupts), CKPH= 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

S U I O o O
spai X D7 X D6 X D5 X a4 X D3 X D2 X D1 X Do X D8 (ACK, NACK)
f

ACK interrupt (DMA1 request),
NACK interrupt

t

Transfer to UiRB register

bis b9 b8 b7

b0

l:l ‘ |DE| D7| Del D5| D4| D3| D2| Dll DD‘

(2) ICM2= 0, CKPH= 1 (clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

ST T I )

spai X D7 X D6 X D5 X Da X D3 X D2 X D1 X Do X D8 (ACK, NACK)
f

ACK interrupt (DMA1 request),
NACK interrupt

UIRB register

Transfer to UiRB register
bis b9 b8 b7 b0
D‘ |D8|D7|D6|D5|D4|D3|D2|D1|DD‘

(3) ICM2= 1 (UART transmit/receive interrupt), CKPH=0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

seu L[ LTI Ly
SDAI D< D7 X D6 X Ds X D4 X D3 X D2 X D1 X Do X D8 (ACK, NACK)
4

Receive interrupt  Transmit interrupt
(DMAL1 request)

Transfer to UiRB register

b15 b9 b8 b7

UiRB register

bo

l:l ‘ |Do| 7| D7| D6| D5| DAl D3| D2| Dl‘

(4) ICM2= 1, CKPH= 1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

UIiRB register

SCLi

spai X D7 X b6 X b5 X 4 X b3 X D2 X D1 X Do X D8 (ACK, NACK)
bttt

(DMA1 request)

t

b1s b9 b8 b7 bo bis b9 b8 b7

Receive interrupt Transmit interrupt

Transfer to UIRB register  Transfer to UiRB register

b0

l:l‘ |D0|_|D7|D6|D5|DA|D3|D2|D1‘ l:l‘ |DB|D7|DS|D5|DA|D3|D2|DllDO‘

This diagram applies to the case where the following condition is met.
* UIMR register CKDIR bit = 0 (Slave selected)

. i i UiRB register
i=0 to 2 UiRB register g

Figure 1.20.2. Transfer to UiRB Register and Interrupt Timing
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« Detection of Start and Stop Condtion
Whether a start or a stop condition has been detected is determined.
A start condition-detected interrupt request is generated when the SDAI pin changes state from high to
low while the SCLi pin is in the high state. A stop condition-detected interrupt request is generated
when the SDAI pin changes state from low to high while the SCLi pin is in the high state.
Because the start and stop condition-detected interrupts share the interrupt control register and vec-
tor, check the UiSMR register’'s BBS bit to determine which interrupt source is requesting the interrupt.

3 to 6 cycles < duration for setting-up (Note)

3 to 6 cycles < duration for holding (Note)

Duration for Duration for

setting up holding :

SCLi

SDAI
(Start condition)

SDAI
(Stop condition)

i=0to 2
Note: When the PCLKR register's PCLK1 bit = 1, this is the cycle number of
fisio, and the PCLK1 bit = 0, this is the cycle number of f2sio.

Figure 1.20.3. Detection of Start and Stop Condition

e Output of Start and Stop Condition
A start condition is generated by setting the UiSMRA4 register (i = 0 to 2)'s STAREQ bit to “1” (start).
A restart condition is generated by setting the UiSMR4 register's RSTAREQ bit to “1” (start).
A stop condition is generated by setting the UiSMR4 register's STPREQ bit to “1” (start).
A start condition is output by setting the STAREQ bit to “1” and then the UiSMR4 register's STSPSEL
bit to “1” (start). Similarly, a restart condition is output by setting the RSTAREQ bit to “1” and then the
STSPSEL bit to “1”, and a stop condition is output by setting the STPREQ bit to “1” and then the
STSPSEL bit to “1”.
Table 1.20.5 and Figure 1.20.4 show the functions of the STSPSEL.
If start, stop and restart conditions are to be output, make sure no interrupts will occur between the
instruction that sets the STAREQ, STPREQ or RSTAREQ bit to “1” and the instruction that sets the
STSPSEL bit to “1”.
Also, if a start condition is to be output, make sure the STAREQ bit is set to “1” before setting the
STSPSEL bit to “1”.
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Table 1.20.5. STSPSEL Bit Functions

Function STSPSEL =0 STSPSEL =1
Output of SCLi and SDAI pins Output of transfer clock and Output of a start/stop condition
data according to the STAREQ,

Output of start/stop condition is |RSTAREQ and STPREQ bit
accomplished by a program
using ports (not automatically
generated in hardware)
Star/stop condition interrupt Start/stop condition detection Finish generating start/stop condi-
request generation timing tion

(1) When slave
CKDIR=1 (external clock)

STPSEL bit 0
1st 2nd 3rd 4th 5th 6th 7th 8th Sth bit

= —yoongpona

Start condition Stop condition
detection interrupt detection interrupt

(2) When master
CKDIR=0 (internal clock), CKPH=1 (clock delayed)

STPSEL bit | |

Setto“1”in  Setto“0”in Setto “1"in  Setto “0"in
a program a program a program a program

Ist 2nd 3rd 4th 5th 6th 7th 8th 9th bit

SCLi
a

Set STAREQ= Set STPREQ=

1 (start) Start condition 1 (start)
detection interrupt

Figure 1.20.4. STSPSEL Bit Functions

Stop condition
detection interrupt

* Arbitration

Unmatching of the transmit data and SDAI pin input data is checked synchronously with the rising
edge of SCLi. Use the UiSMR register's ABC bit to select the timing at which the UiRB register’s ABT
bit is updated. If the ABC bit = 0 (updated bitwise), the ABT bit is set to “1” at the same time
unmatching is detected during check, and is cleared to “0” when not detected. In cases when the ABC
bit is set to “1”, if unmatching is detected even once during check, the ABT bit is set to “1” (unmatching
detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be updated bytewise,
clear the ABT bit to “0” (undetected) after detecting acknowledge in the first byte, before transferring
the next byte.

Setting the UISMR2 register's ALS bit to “1” (SDA output stop enabled) causes arbitration-lost to
occur, in which case the SDAI pin is placed in the high-impedance state at the same time the ABT bit
is set to “1” (unmatching detected).
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» Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 1.20.4.
The UiSMR2 register’s CSC bit is used to synchronize the internally generated clock (internal SCLi)
and an external clock supplied to the SCLi pin. In cases when the CSC bit is set to “1” (clock synchro-
nization enabled), if a falling edge on the SCLi pin is detected while the internal SCLi is high, the
internal SCLi goes low, at which time the UiBRG register value is reloaded with and starts counting in
the low-level interval. If the internal SCLi changes state from low to high while the SCLi pin is low,
counting stops, and when the SCLi pin goes high, counting restarts.
In this way, the UARTI transfer clock is comprised of the logical product of the internal SCLi and SCLi
pin signal. The transfer clock works from a half period before the falling edge of the internal SCLi 1st
bit to the rising edge of the 9th bit. To use this function, select an internal clock for the transfer clock.
The UiISMR2 register's SWC bit allows to select whether the SCLi pin should be fixed to or freed from
low-level output at the falling edge of the 9th clock pulse.
If the UiISMRA4 register's SCLHI bit is set to “1” (enabled), SCLi output is turned off (placed in the high-
impedance state) when a stop condition is detected.
Setting the UISMR2 register's SWC2 bit = 1 (0 output) makes it possible to forcibly output a low-level
signal from the SCLi pin even while sending or receiving data. Clearing the SWC2 bit to “0” (transfer
clock) allows the transfer clock to be output from or supplied to the SCLi pin, instead of outputting a
low-level signal.
If the UiISMR4 register's SWC9 bit is set to “1” (SCL hold low enabled) when the UiSMR3 register’'s
CKPH bit = 1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse next to the
ninth. Setting the SWC9 bit = 0 (SCL hold low disabled) frees the SCLi pin from low-level output.

* SDA Output
The data written to the UiTB register bit 7 to bit 0 (D7 to Do) is sequentially output beginning with D7.
The ninth bit (D8) is ACK or NACK.
The initial value of SDAI transmit output can only be set when IICM = 1 (12C mode) and the UiIMR
register's SMD2 to SMDO bits = ‘0002’ (serial /0O disabled).
The UiSMR3 register’s DL2 to DLO bits allow to add no delays or a delay of 2 to 8 UIBRG count source
clock cycles to SDAI output.
Setting the UiSMR2 register’s SDHI bit = 1 (SDA output disabled) forcibly places the SDAI pin in the
high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the UARTI
transfer clock. This is because the ABT bit may inadvertently be set to “1” (detected).

* SDA Input
When the IICM2 bit = 0, the 1st to 8th bits (D7 to Do) of received data are stored in the UiRB register bit
7 to bit 0. The 9th bit (D8) is ACK or NACK.
When the IICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in the UiRB register bit
6 to bit 0 and the 8th bit (Do) is stored in the UiRB register bit 8. Even when the IICM2 bit = 1, providing
the CKPH bit = 1, the same data as when the IICM2 bit = 0 can be read out by reading the UiRB
register after the rising edge of the corresponding clock pulse of 9th bit.
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* ACK and NACK
If the STSPSEL bit in the UiISMRA4 register is set to “0” (start and stop conditions not generated) and
the ACKC bit in the UiISMRA4 register is se to “1” (ACK data output), the value of the ACKD bit in the
UiSMR4 register is output from the SDAI pin.
If the ICM2 bit = 0, a NACK interrupt request is generated if the SDAI pin remains high at the rising
edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDAI pin is low
at the rising edge of the 9th bit of transmit clock pulse.
If ACKi is selected for the cause of DMAL request, a DMA transfer can be activated by detection of an
acknowledge.

« Initialization of Transmission/Reception

If a start condition is detected while the STAC bit = 1 (UARTI initialization enabled), the serial I/O

operates as described below.

- The transmit shift register is initialized, and the content of the UiTB register is transferred to the
transmit shift register. In this way, the serial /0O starts sending data synchronously with the next
clock pulse applied. However, the UARTI output value does not change state and remains the same
as when a start condition was detected until the first bit of data is output synchronously with the input
clock.

- The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the
next clock pulse applied.

- The SWC bit is set to “1” (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the
falling edge of the ninth clock pulse.

Note that when UARTI transmission/reception is started using this function, the TI does not change

state. Note also that when using this function, the selected transfer clock should be an external clock.
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Special Mode 2

Multiple slaves can be serially communicated from one master. Synchronous clock polarity and phase
are selectable. Table 1.20.6 lists the specifications of Special Mode 2. Table 1.20.7 lists the registers
used in Special Mode 2 and the register values set. Figure 1.20.5 shows communication control example
for Special Mode 2.

Table 1.20.6. Special Mode 2 Specifications

Item Specification
Transfer data format * Transfer data length: 8 bits
Transfer clock * Master mode

UiIMR(i=0 to 2) register's CKDIR bit = “0” (internal clock) : fj/ 2(n+1)
fj = fis10, f2sl0, f8sl0, f32s10. n: Setting value of UiBRG register 0016 to FF16
* Slave mode
CKDIR bit = “1” (external clock selected) : Input from CLKi pin
Transmit/receive control Controlled by input/output ports
Transmission start condition |  Before transmission can start, the following requirements must be met (Note 1)
- The TE bit of UiC1 register= 1 (transmission enabled)
- The TI bit of UiC1 register = 0 (data present in UiTB register)
Reception start condition - Before reception can start, the following requirements must be met (Note 1)
— The RE bit of UiC1 register= 1 (reception enabled)
- The TE bit of UiC1 register= 1 (transmission enabled)
- The TI bit of UiC1 register= 0 (data present in the UiTB register)
Interrupt request « For transmission, one of the following conditions can be selected
generation timing - The UIIRS bit of UiC1 register = 0 (transmit buffer empty): when transferring data
from the UIiTB register to the UARTI transmit register (at start of transmission)
— The UIIRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register
 For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection » Overrun error (Note 2)
This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the 7th bit of the next data
Select function * Clock phase setting
Selectable from four combinations of transfer clock polarities and phases
Note 1: When an external clock is selected, the conditions must be met while if the UiCO register's CKPOL bit = “0”
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock),
the external clock is in the high state; if the UiCO register's CKPOL bit = “1” (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low

state.
Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiRIC register does
not change.
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P13
P12
P93
P72(CLK2) ® P72(CLK>)
P71(RxD2) l P71(RxD2)
P70(TxDz2) P70(TxDz2)
Microcomputer Microcomputer
(Master) (Slave)
P93
P72(CLK2)
P71(RxD2)
P70(TxD2)

Microcomputer
(Slave)

Figure 1.20.5. Serial Bus Communication Control Example (UART2)
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Table 1. 20. 7. Registers to Be Used and Settings in Special Mode 2

Register Bit Function
UiTB(Note3) | Oto 7 Set transmission data
UiRB(Note3)| 0to 7 Reception data can be read
OER Overrun error flag
UIBRG Oto7 Set a transfer rate
UiMR(Note3)] SMD2 to SMDO Set to ‘0012’
CKDIR Set this bit to “0” for master mode or “1” for slave mode
IOPOL Set to “0”
UiCo CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because CRD =1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxDi pin output format(Note 2)
CKPOL Clock phases can be set in combination with the UiSMR3 register's CKPH bit
UFORM Set to “0”
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 1) Select UART2 transmit interrupt cause
U2RRM(Note 1), Set to “0”
U2LCH, UIERE
UiISMR Oto7 Set to “0”
UiSMR2 Oto7 Set to “0”
UiSMR3 CKPH Clock phases can be set in combination with the UiCO register's CKPOL bit
NODC Set to “0”
0,2,4t07 Set to “0”
UiSMR4 Oto7 Set to “0”
UCON UOIRS, ULIRS Select UARTO and UART1 transmit interrupt cause
UORRM, U1RRM Set to “0”
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7| Setto “0”

Note 1: Set the UOCO and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are in the UCON register.

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in Special
Mode 2.

i=0to 2
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* Clock Phase Setting Function
One of four combinations of transfer clock phases and polarities can be selected using the UiISMR3
register’'s CKPH bit and the UiCO register's CKPOL bit.
Make sure the transfer clock polarity and phase are the same for the master and salves to be commu-
nicated.

(a) Master (Internal Clock)
Figure 1.20.6 shows the transmission and reception timing in master (internal clock).

(b) Slave (External Clock)
Figure 1.20.7 shows the transmission and reception timing (CKPH=0) in slave (external clock) while
Figure 1.20.8 shows the transmission and reception timing (CKPH=1) in slave (external clock).

o eeon - L LI L L L L L L
(CKPOL=0, CKPH=0) "L"
(CKPOL=1, CKPH=0) "L
Clock output e
eeorso,cenen | ] L] L L L L L
o ey - L LT LT L L L
(CKPOL=1, CKPH=1) "L"

. ”
e oupiimng L:X Do X D1 X D2 X D3 X D4 X Ds X Ds X D7
Data input timing T T T T T T T T

Figure 1.20.6. Transmission and Reception Timing in Master Mode (Internal Clock)
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|

Slave control input

Clock input H

(CKPOL=0, CKPH=0) "L" J I_I |_| I_I |_| u |_| I_

Clock input "H"

(CKPOL=1, CKPH=0) »»  ____| | | | | | | | | | |
. o

Data output timing —<:_>< DOX D1X DzX D3X D4X Ds X Ds X D7 >—
(Note) L

Data input timing Indeterminate T T T T T T T T

Note :UART2 output is an N-channel open drain and must be pulled-up externally.

=

-

Figure 1.20.7. Transmission and Reception Timing (CKPH=0) in Slave Mode (External Clock)

Slave control input
Clock input H
(CKPOL=0, CKPH=1) "L"  _____| l_l |_| |_| |_| u |_| | |
(CKPOL=1, CKPH=1) "
. -
Data output timing —( Do X D1X D2X D3X D4X DSX D6X D7 >—
(Note) ~ "L"
Data input timing T T T T T T T T

Note :UART2 output is an N-channel open drain and must be pulled-up externally.

|
|

=

Figure 1.20.8. Transmission and Reception Timing (CKPH=1) in Slave Mode (External Clock)
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Special Mode 3 (IE mode)

In this mode, one bit of IEBus is approximated with one byte of UART mode waveform.
Table 1.20.8 lists the registers used in IE mode and the register values set. Figure 1.20.9 shows the
functions of bus collision detect function related bits.
If the TxDi pin (i = 0 to 2) output level and RxDi pin input level do not match, a UARTI bus collision detect
interrupt request is generated.
Use the IFSR2A register's IFSR26 and IFSR27 bits to enable the UARTO/UART1 bus collision detect

function.

Table 1. 20. 8. Registers to Be Used and Settings in IE Mode

Register Bit Function

uiTB Oto8 Set transmission data

UiRB(Note3) | O to 8 Reception data can be read
OER,FER,PER,SUM | Error flag

UiBRG Set a transfer rate

UIMR SMD2 to SMDO Set to ‘1102’
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Invalid because PRYE=0
PRYE Set to “0”
I0POL Select the TxD/RxD input/output polarity

uiCco CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because CRD=1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxDi pin output mode (Note 2)
CKPOL Set to “0”
UFORM Set to “0”

UiC1 TE Set this bit to “1” to enable transmission
Tl Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 1) Select the source of UART2 transmit interrupt
UiRRM (Note 1), Set to “0”
UiLCH, UIERE

UiSMR 0to 3,7 Set to “0”
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to “1” to use the auto clear function of transmit enable bit
SSS Select the transmit start condition

UiSMR2 Oto7 Set to “0”

UiSMR3 Oto7 Set to “0”

UiSMR4 Oto7 Set to “0”

IFSR2A IFSR26, IFSR27 Set to “1”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, ULIRRM | Setto “0"
CLKMDO Invalid because CLKMD1 =0
CLKMD1,RCSP,7 | Setto “0”

Note 1: Set the UOCO and U1C1 registers bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are in the UCON register.

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in IEmode.

i=0to 2
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(1) UiSMR register ABSCS bit (bus collision detect sampling clock select) (i=0to 2)

If ABSCS=0, bus collision is determined at the rising edge of the transfer clock
¥
Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi ]

RxDi |

Input to TAjiN T

Timer Aj

If ABSCS=1, bus coIIisibn is determined when timer
Aj (one-shot timer mode) underflows.

Timer Aj: timer A3 when UARTO; timer A4 when UARTZ,; timer AO when UART2

(2) UiSMR register ACSE bit (auto clear of transmit enable bit)

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

I

TxDi

|
RxDi J |

UiBCNIC register | If ACSE bit = 1 (automatically

IR bit (Note) clear when bus collision occurs),
the TE bit is cleared to “0”

UiC1 register (transmission disabled) when

the UIBCNIC register's IR bit = 1
| (unmatching detected).

TE bit

Note: BCNIC register when UART2.

(3) UiSMR register SSS bit (Transmit start condition select)
If SSS bit = 0, the serial 1/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi ] | |

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (Note 1) of RxDi

CLKi f

f ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

) | |
RxDi } | |

Note 1: The falling edge of RxDi when IOPOL=0; the rising edge of RxDi when IOPOL =1.
Note 2: The transmit condition must be met before the falling edge (Note 1) of RxD.

TxDi (Note 2)

This diagram applies to the case where IOPOL=1 (reversed).

Figure 1.20.9. Bus Collision Detect Function-Related Bits
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Special Mode 4 (SIM Mode) (UART2)

Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be
implemented, and this mode allows to output a low from the TxD2 pin when a parity error is detected.
Tables 1.20.9 lists the specifications of SIM mode. Table 1.20.10 lists the registers used in the SIM mode
and the register values set.

Table 1.20.9. SIM Mode Specifications

Item Specification
Transfer data format * Direct format
* Inverse format
Transfer clock * U2MR register's CKDIR bit = “0” (internal clock) : fi/ 16(n+1)

fi = fisio, f2s10, f8sl0, f32s10. n: Setting value of U2BRG register 0016 to FF16
* CKDIR bit = “1” (external clock) : fExXT/16(n+1)
fexT: Input from CLK2 pin. n: Setting value of U2BRG register 0016 to FF16
Transmission start condition| < Before transmission can start, the following requirements must be met
— The TE bit of U2C1 register= 1 (transmission enabled)
— The TI bit of U2C1 register = 0 (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met
- The RE bit of U2C1 register= 1 (reception enabled)
— Start bit detection
Interrupt request * For transmission
generation timing When the serial I/O finished sending data from the U2TB transfer register (U2IRS bit =1)
 For reception
When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection » Overrun error (Note)
This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit of the next data
» Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
During reception, if a parity error is detected, parity error signal is output from the
TxD2 pin.
During transmission, a parity error is detected by the level of input to the RxD2 pin
when a transmission interrupt occurs
« Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is encountered
Note: If an overrun error occurs, the value of U2RB register will be indeterminate. The IR bit of S2RIC

register does not change.
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Table 1. 20. 10. Registers to Be Used and Settings in SIM Mode

Register Bit Function
U2TB(Note) | O to 7 Set transmission data
U2RB(Note) | 0 to 7 Reception data can be read
OER,FER,PER,SUM| Error flag
U2BRG Set a transfer rate
U2MR SMD2 to SMDO Set to ‘1012’
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Set this bit to “1” for direct format or “0” for inverse format
PRYE Set to “1”
IOPOL Set to “0”
uU2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD=1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Set to “0”
CKPOL Set to “0”
UFORM Set this bit to “0” for direct format or “1” for inverse format
U2C1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS Set to “1”
U2RRM Set to “0”
U2LCH Set this bit to “0” for direct format or “1” for inverse format
U2ERE Set to “1”
U2SMR(Note)| 0 to 3 Set to “0”
U2SMR2 | 0Oto7 Set to “0”
U2SMR3 | 0to7 Set to “0”
U2SMR4 [ 0Oto7 Set to “0”

Note: Not all register bits are described above. Set those bits to “0” when writing to the registers in SIM mode.
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(1) Transmission Te

-
Transfer clock | | | | | | | | | | | | | | | | | | | |

U2C1 register 1J
TE bit ..

Write data to U2TB r:egister

U2C1 register ‘1" N
TIbit |, I

Trénsfefred }rom U2TB register to UART2 transmit register

Parity Sﬁop
Start bit  bit

i bit ; S
o2 oo eeeeee o XX XXX,

Parity error signal sent
back from receiver An “L" level returns due to the - /
occurrence of a parity error.

RxD2 pif(l'\lli\t/:; I @@@@@@@@9 'sp \ STADoX D1X D2X DX DaX DsX DsX D7X P ne/_

The level is detected by the SP
intertupt routine.

U2CO0 register 1" | [The level is
TXEPT bit g / detected by the
) g The IR bit is set to “1” at the mjpruptroutine.
s2TIc fe?stg; falling edge of transfer clock ™a
i
g

N A

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where data is transferred in Tc=16(n+1)/fior16 (n + 1)/ fext

the direct format. ) fi : frequency of U2BRG count source (f1SI0, f2s10, f8SI0, f32S10)
* U2MR register PRY bit = 1 (even) fEXT : frequency of U2BRG count source (external clock)
« U2CO register UFORM bit = 0 (LSB first) n : value set to U2BRG

* U2C1 register U2LCH bit = 0 (no reverse)

Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error signal
sent back from receiver.

(1) Reception

Transfer clock | | | | | | | | | | | | | | | |

U2C1 register “1"
o

=

RE bit
Transmitter's Start ParityStop
transmit waveform bit bit * : bit
STADoX D1X D2X D3X DaX DsX DsA D7X P ) SP STA DoX D1X D2X D3 X D2X DsX DsX D7X P )':SP
TxD2
An “L" level is output from TxD2 due to/
. the occurrence of a parity error
RxD2 pin level —_
(Note) STADoX D1X D2X D3X DaX DsX\ DsA D7X P ) SP STA DoX DiX D24 D3X D4X DsX Ds A D7X P ! /

ik

U2CO register “1" —
RI bit Qo L

[\
S2RIC register “1” Read the U2RB register Read the U2RB register
IR bit g
Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where data is received in Tc=16(n+1)/fior 16 (n + 1)/ fext
direct format. ) fi : frequency of U2BRG count source (f1S10, f2S10, f8SI0, f32S10)

* U2MR register PRY bit = 1 (even) fEXT : frequency of U2BRG count source (external clock)

* U2CO0 register UFORM bit = 0 (LSB first) n - value set to U2BRG

« U2C1 register U2LCH bit = 0 (no reverse)

Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform and the
parity error signal received.

Figure 1.20.10. Transmit and Receive Timing in SIM Mode
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Figure 1.20.11 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply
pull-up.

Microcomputer

SIM card

TxD2 o

RxD2

Figure 1.20.11. SIM Interface Connection

(a) Parity Error Signal Output
The parity error signal is enabled by setting the U2C1 register’'s U2ERE bit to “1”.
* When receiving
The parity error signal is output when a parity error is detected while receiving data. This is achieved
by pulling the TxD2 output low with the timing shown in Figure 1.20.12. If the R2RB register is read
while outputting a parity error signal, the PER bit is cleared to “0” and at the same time the TxD2 output
is returned high.
» When transmitting
A transmission-finished interrupt request is generated at the falling edge of the transfer clock pulse
that immediately follows the stop bit. Therefore, whether a parity signal has been returned can be
determined by reading the port that shares the RxD2 pin in a transmission-finished interrupt service
routine.

fransfer | M ML MMM rrrrr
clock «

L

RxD2 ': \ st (Do D1 Y D2 D3YDa D5 D6 D7) P Jsp

U2C1 register -1

TxD2 (Note) \ /
Ii

Rl bit o
This timing diagram applies to the case where the direct format is ST : Start bit
implemented. :

P : Even Parity

Note: The output of microcomputer is in the high-impedance state SP : Stop bit
(pulled up externally).

Figure 1.20.12. Parity Error Signal Output Timing
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(b) Format
* Direct Format
Set the U2MR register's PRY bit to “1”, U2CO register's UFORM bit to “0” and U2C1 register's U2LCH
bit to “0”.
* Inverse Format
Set the PRY bit to “0”, UFORM bit to “1" and U2LCH bit to “1”.
Figure 1.20.13 shows the SIM interface format.

(1) Direct format
clecck v

TxD2
xXD2 o \

ADoXD1)X D2 D3 D4 D5)fD6) D7) P/

P : Even parity

(2) Inverse format

Transfer“H"|||| |||| ||||| |||||
o

cleck

LI N 572 (65 (550 0678 50 7 58 i

P : Odd parity

Figure 1.20.13. SIM Interface Format
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SI1/03 and SI/O4

S1/03 and S1/04 are exclusive clock-synchronous serial 1/0s.

Figure 1.21.1 shows the block diagram of SI/O3 and SI/O4, and Figure 1.21.2 shows the SI/O3 and SI/O4-
related registers.

Table 1.21.1 shows the specifications of SI/O3 and S1/04.

Clock source select

fasio  PCLK1=0 SMil to SMI0
) 1/2 O Data b
Main clock, f1s10 002 ata bus
PLL clock, L 4 0 o1
PCLK1=1 f8sio T |

or ring oscillator clock
102

f32s10

__ | Synchronous
circuit 1/(n+1)
SiBRG register

SMi4
CLK

polarity
CLKi O_ reversing

circuit

SI/Oi
interrupt request

SI/O counter i l

SMi2

SMi3
sour O )/’4 SMi5 L SE— \iSB

.
SINi O >| SiTRR register
A

y

Note: i =3, 4.
n = A value set in the SiBRG register.

Figure 1.21.1. SI/O3 and SI/O4 Block Diagram
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S 1/Oi control register (i = 3, 4) (Note 1)
b7 b6 bS b4 b3 b2 bl ho Symbol Address After reset
| | | | | | | S3C 036216 010000016
- S4C 036616 010000016
Bit Bit name Description RW
oiof o iib | symbol
pororor o oi| swio |internal synchronous Y6 Selecting fisio or f2sio RW
P clock select bit 0 1: Selecting fssio
. SMil 1 0 : Selecting f32sio RW
- 11 : Must not be set.
P N SMi2 | Sourti output disable bit | 0 : Souti output RW
. (Note 4) | 1 : Souri output disable(high impedance)
A SMi3 | S I/Oi port select bit 0 : Input/output port RW
Vo 1 : Souri output, CLKi function
N : ; i 0 : Transmit data is output at falling edge of
. SMi4 | CLK polarity select bit transfer clock and receive data is input at
oo rising edge RW
Vo 1 : Transmit data is output at rising edge of
Vo transfer clock and receive data is input at
Vo falling edge
R LELEETEEEE, SMi5 [ Transfer direction select | 0 : LSB first RW
P bit 1: MSB first
e ERERGREEELEEE SMi6 | Synchronous clock 0 : External clock (Note 2) RW
' select bit 1: Internal clock (Note 3)
e ] SMi7 | Souri initial value Effective when SMi3 = 0
set bit 0 : “L” output RW
1:“H” output
Note 1: Make sure this register is written to by the next instruction after setting the PRCR register's PRC2 bit to “1”
(write enable).
Note 2: Set the SMi3 bit to “1” (SouTi output, CLKi function).
Note 3: Set the SMi3 bit to “1” and the corresponding port direction bit to “0” (input mode).
Note 4: Effective when SMi3 bit = 1.
SI/Oi bit rate generator (i = 3, 4) (Notes 1, 2)
b7 bo Symbol Address After reset
| S3BRG 036316 Indeterminate
. S4BRG 036716 Indeterminate
Description Setting range RW
. Assuming that set value = n, BRGi divides the count 0016 to FF16 WO
source by n+1
Note 1: Write to this register while serial 1/O is neither transmitting nor receiving.
Note 2: Use MOV instruction to write to this register.
SI/Oi transmit/receive register (i = 3, 4) (Note 1, 2)
b7 b0 Symbol Address After reset
S3TRR 036016 Indeterminate
T S4ATRR 036416 Indeterminate
: Description RW
_____________ Transmission/reception starts by writing transmit data to this register. After RW
transmission/reception finishes, reception data can be read by reading this register.
Note 1: Write to this register while serial I/O is neither transmitting nor receiving.
Note 2: To receive data, set the corresponding port direction bit for Sini to “0” (input mode).

Figure 1.21.2. S3C and S4C Registers, S3BRG and S4BRG Registers, and S3TRR and S4TRR Registers
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Table 1.21.1. SI/O3 and SI/O4 Specifications

Item

Specification

Transfer data format

* Transfer data length: 8 bits

Transfer clock

* SiC (i=3, 4) register's SMi6 bit = “1” (internal clock) : fj/ 2(n+1)
fj = f1sl10, fgslo, f32s10. n=Setting value of SiBRG register 0016 to FF16.
» SMi6 bit = “0” (external clock) : Input from CLKi pin (Note 1)

Transmission/reception
start condition

« Before transmission/reception can start, the following requirements must be met
Write transmit data to the SITRR register (Notes 2, 3)

Interrupt request
generation timing

* When SiC register's SMi4 bit=0

The rising edge of the last transfer clock pulse (Note 4)
*When SMi4 =1

The falling edge of the last transfer clock pulse (Note 4)

CLKi pin fucntion

I/O port, transfer clock input, transfer clock output

SouTi pin function

I/O port, transmit data output, high-impedance

SINi pin function

I/O port, receive data input

Select function

* LSB first or MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected

« Function for setting an SouTi initial value set function
When the SiC register's SMi6 bit = 0 (external clock), the SouTi pin output level while
not tranmitting can be selected.

* CLK polarity selection
Whether transmit data is output/input timing at the rising edge or falling edge of
transfer clock can be selected.

Note 1: To set the SiC register's SMi6 bit to “0” (external clock), follow the procedure described below.
« If the SiC register’'s SMi4 bit = 0, write transmit data to the SiTRR register while input on the CLKi pin is
high. The same applies when rewriting the SiC register's SMi7 bit.
« If the SMi4 bit = 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The same
applies when rewriting the SMi7 bit.
« Because shift operation continues as long as the transfer clock is supplied to the SI/Oi circuit, stop the
transfer clock after supplying eight pulses. If the SMi6 bit = 1 (internal clock), the transfer clock automatically

stops.

Note 2: Unlike UARTO to UART2, SI/Oi (i = 3 to 4) is not separated between the transfer register and buffer. There-
fore, do not write the next transmit data to the SiTRR register during transmission.

Note 3: When the SiC register’'s SMi6 bit = 1 (internal clock), Souri retains the last data for a 1/2 transfer clock period
after completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit data is
written to the SITRR register during this period, SouTi immediately goes to a high-impedance state, with the
data hold time thereby reduced.

Note 4: When the SiC register's SMi6 bit = 1 (internal clock), the transfer clock stops in the high state if the SMi4 bit
=0, or stops in the low state if the SMi4 bit = 1.
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(a) SI/Oi Operation Timing
Figure 1.21.3 shows the SI/Oi operation timing

1.5 cycle (max) (Note 3)

| ———
|

z

SI/Oi internal clock

r

CLKi output

Signal written to the
SiTRR register

‘;é

SOUTi output

|
& \ : | (Note 2)
X

e (o b X Dz] X 03 X bz X 05 X 06 X D7 F----
e |
Smiinput X ><_"/_>< X X XX
|
|
i i 1
Sllcregllll'\’Stbei{ o |
i=3,4

Note 1: This diagram applies to the case where the SiC register bits are set as follows:
SMi2=0 (SouTi output), SMi3=1 (SOUTi output, CLKi function), SMi4=0 (transmit data output at the falling edge and receive data input at the
rising edge of the transfer clock), SMi5=0 (LSB first) and SMi6=1 (internal clock)

Note 2: When the SMi6 bit = 1 (internal clock), the SOuUTi pin is placed in the high-impedance state after the transfer finishes.

Note 3: If the SMi6 bit=0 (internal clock), the serial I/O starts sending or receiving data a maximum of 1.5 transfer clock cycles after writing to the
SiTRR register.

Figure 1.21.3. SI/Oi Operation Timing

(b) CLK Polarity Selection
The SiC register's SMi4 bit allows selection of the polarity of the transfer clock. Figure 1.21.4 shows
the polarity of the transfer clock.

(1) When SiC register's SMi4 bit = “0”
e LT LA LD L L LT L oote2)
SINi XD—O>%<D1><D2)><D3><D4><D5><D6><D7

X b2 X p3 X pa X_ps X ps X D7

L~

SouTi X po X D1

(2) When SiC register's SMi4 bit = “1”

CLKi l (Note 3)

SINi ><Do}§(Dl><D2/)><D3><D4><D5><De><D7
SouTi X po X p1 X p2 X D3 X pa X b5 X ps X D7
i=3 and 4

Note 1: This diagram applies to the case where the SiC register bits are set as follows:
SMi5=0 (LSB first) and SMi6=1 (internal clock)

Note 2: When the SMi6 bit=1 (internal clock), a high level is output from the CLKi
pin if not transferring data.

Note 3: When the SMi6 bit=1 (internal clock), a low level is output from the CLKi
pin if not transferring data.

Figure 1.21.4. Polarity of Transfer Clock
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(c) Functions for Setting an Souri Initial Value
If the SiC register’'s SMi6 bit = 0 (external clock), the SouTi pin output can be fixed high or low when not
transferring. Figure 1.21.5 shows the timing chart for setting an SouTi initial value and how to set it.

(Example) When “H” selected for Souri initial value (Note 1)

~N

( Setting of the initial value of SourTi
output and starting of transmission/
reception

Signal written to
SiTRR register

|

I

1

|

1 (. J
SMi7 bit : ¢'

X Set the SMi3 bit to “0”

| (Souri pin functions as an 1/O port)
SMi3 bit ¢'

Set the SMi7 bit to “1”
(Souri initial value = “H")

]

1
1
1
! DO
Souri (internal) : v
1 1
1 I Set the SMi3 bit to “1”
Port output : k:/ DO (Souri pin functions as SouTi output)
SouTi pin output ; / -
| 1 Initial value = “H” (Note 3) H" level is OUtPUt_
(i=3,4) v ¥ from the SouTi pin
Setting the SouTi  Port selection switching . i .
initial value to “H”  (1/0 port == Souri) Write to the SITRR register

(Note 2) ¢

Note 1: This diagram applies to the case where the SiC register bits are set as follows: Serial transmit/reception starts
SMi2=0 (SouTi output), SMi5=0 (LSB first) and SMi6=0 (external clock)

Note 2: SouTi can only be initialized when input on the CLKi pin is in the high state if the SiC
register's SMi4 bit = 0 (transmit data output at the falling edge of the transfer clock) or
in the low state if the SMi4 bit = 1 (transmit data output at the rising edge of the
transfer clock).

Note 3: If the SMi6 bit = 1 (internal clock) or if the SMi2 bit = 1 (SouT output disabled),
this output goes to the high-impedance state.

Figure 1.21.5. SouTi’s Initial Value Setting
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A-D Converter

A-D Converter

The microcomputer contains one A-D converter circuit based on 10-bit successive approximation method
configured with a capacitive-coupling amplifier. The analog inputs share the pins with P100 to P107, P95,
P9, P00 to P07, and P20 to P27. Similarly, ADTRG input shares the pin with P97. Therefore, when using
these inputs, make sure the corresponding port direction bits are set to “0” (= input mode).

When not using the A-D converter, set the VCUT bit to “0” (= Vref unconnected), so that no current will flow
from the VREF pin into the resistor ladder, helping to reduce the power consumption of the chip.

The A-D conversion result is stored in the ADi register bits for ANi, ANOi, and AN2i pins (i =0to 7).

Table 1.22.1 shows the performance of the A-D converter. Figure 1.22.1 shows the block diagram of the
A-D converter, and Figures 1.22.2 and 1.22.3 show the A-D converter-related registers.

Table 1.22.1. Performance of A-D Converter

Item Performance
Method of A-D conversion | Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1)| OV to AVcc (Vcc)
Operating clock @ap (Note 2) | fap/divide-by-2 of fap/divide-by-3 of fab/divide-by-4 of fap/divide-by-6 of
fap/divide-by-12 of fab
Resolution 8-bit or 10-bit (selectable)
Integral nonlinearity error | When AVcc = VREF = 5V
* With 8-bit resolution: +2LSB
* With 10-bit resolution
- ANo to AN7 input : £3LSB
- ANoo to ANO7 input and AN20 to AN27 input : £7LSB
- ANEXO0 and ANEX1 input (including mode in which external operation
amp is connected) : £7LSB
When AVcc = VREF = 3.3V
* With 8-bit resolution: +2LSB
* With 10-bit resolution
- ANo to AN7 input : £5LSB
- ANoo to ANO7 input and AN20 to AN27 input : +7LSB
- ANEXO0 and ANEX1 input (including mode in which external operation
amp is connected) : £7LSB

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1
Analog input pins 8 pins (ANo to AN7) + 2 pins (ANEXO and ANEX1) + 8 pins (ANoo to AN07)

+ 8 pins (AN20 to AN27)
A-D conversion start condition| « Software trigger
The ADCONO register's ADST bit is set to “1” (A-D conversion starts)
« External trigger (retriggerable)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A-D conversion starts)
Conversion speed per pin | « Without sample and hold function
8-bit resolution: 49 @AD cycles, 10-bit resolution: 59 @aD cycles
» With sample and hold function
8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @AD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: The faD frequency must be 10 MHz or less.
Without sample-and-hold function, limit the faD frequency to 250kHz or less.
With the sample and hold function, limit the fAaD frequency to 1MHz or less.

Note 3: If Vcc2 < Ve, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins.
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A-D conversion rate

CKS1=1
0

VCUT=0

AVSS O—ycur=r®

Successive conversion reg|ster ADCON1

Addresses

(03C116 to 03CO016)
(03C316 to 03C216)
(03C516 to 03C416)
(03C716 to 03C616)
(03C916 to 03C816)
(03CB16 to 03CA16)
(03CD16 to 03CCi1s),
(O3CF16 to 03CE16)

Resistor ladder |

selection
CKS2=0
=1 L= 1 L—= 1
fap O 1/3 o
CKS2=1
TRG=0
Software trigger ——=Q X

P A-D trigger
ADTRG O o

TRG=1

VREF

CKS0=0

—T° @AD
X —= CKSO1°_ o0 5 >
l 1/2 [ 1/2 CKS1=0

MMMMM

AD register 0(16)

register E
(address 03D716) i

ADCONO register
(address 03D616)

YYY

\

AD register 1(16)

\

AD register 2(16)

AD register 3(16)

AD register 4(16)

AD register 5(16)

AAAA

AD register 6(16)

AD register 7(16)

4

7 [

S

Data bus high-order

Decoder
for A-D register

S

~Z
S Data bus low-order ADCON2 register
PMOO:D . (address 03D416)
PMO1 Y Y Y
(Note)
Decoder
for channel
I selection
YYYYVVYVY ‘
Port P10 group CHZ_‘(‘;O‘(;ZHO ;
ANo O—ﬁo ADGSEL1 to ADGSEL0=002
AN1 O———=g7%0 oi OPA1 to OPA0=002
Port PO group CH2 to CHO ﬁms 8—W\c Yo
< = )
AN O =0002 ANa _1002 Q}
ANo1 O—f— =00l25 ANs O—f——=1922, PMO1 to PM00=002)
ANoz O— =0102 ANe O—|— - 1192 ADGSELL to ADGSEL0=102
ANos O— =Dl AN7 O—}— =112 OPA1 to OPA0=002]
ANos O—f—— =12 | |
ANos O ‘ﬁéis\c o \;
ANos O—— - ;
=1112 PMO1 to PM00=002]
0O | =111a 0
ANoz ADGSELL1 to ADGSEL0=117)
YYVYVYVYYVYY OPAL to OPA0=007
Port P2 group CH2 to CHO '
=000! ,—V—‘
AN20 O 2 o oo
=0012 =
AN21 O— =010> !
AN22 O o1, ° ADGSELL to ADGSEL0=002[9/, |
AN23 O— =100z OPAL1 to OPA0O=112 |
AN24 O =012 g |
O—Ft+—— =0 1
ﬁmzz 0 =1102 PMO1 to PM00=002 !
AN27 O— 21112 | ADGSEL1 to ADGSELO=102| /e -~~~ --f------cuo" .
OPAL to OPA0O=112 |
PMO1 to PM00=002 !
ADGSELL to ADGSELO=112 /&~~~ =~ =~~~ b .
OPAL to OPA0=112 OPAL to OPAQ
OPAO=1 =012
ANEXo o o
ANEX1 0O OPAL=1 opaL=1 X

Note: Port PO group (ANoo to ANo7) can be used as analog input pins even when PM01
to PMOO bits are set to “012” (memory expansion mode) and PM05 to PM04 bits are
set to “112” (multiplex bus allocated to the entire CS space).

Vref

VIN

Comparator

Figure 1.22.1. A-D Converter Block Diagram
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A-D Converter

A-D control register 0 (Note)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | | | | ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RW
L CHO Analog input pin select bit | Function varies with each operation mode | Rw
I R RW
Pl e CH2 RW
A P ———
T MDO o operétion mode 00 : One-shot mode RW
- select bit 0 1: Repeat mode
- 1 0: Single sweep mode
L LLGREEEEEE MD1 11 : Repeat sweep mode O or RW
P Repeat sweep mode 1
R Trigger select bit 0 : Software trigger
b TR
N G 1: ADTRG trigger RW
L ___________________ A-D conversion start flag [ 0 : A-D conversion disabled
! ADST 1 : A-D conversion started RW
L CKSO | Frequency select bit 0 See Note 3 for the ADCON2 register RW
Note: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate.
A-D control register 1 (Note 1)
b7 06 b5 b4 b3 b2 bl b0 Symbol Address After reset
[Tl ]]]]]| Abcon 03D716 0016
Bit symbol Bit name Function RW
A-D sweep pin select bit Function varies with each operation mode
b L soan RW
T T T R B SCAN1
Pl RW
A A-D operation mode 0 : Any mode other than repeat sweep
o T MD2 select bit 1 mode 1 RW
1 : Repeat sweep mode 1
___________ 8/10-bit mode select bit 0 : 8-bit mode
BITS 1: 10-bit mode RW
R SGRRECEEt CKs1 Frequency select bit 1 See Note 3 for the ADCONZ2 register RW
o b ] VCUT Vref connect bit (Note 2) 0 : Vref not connected RW
1: Vref connected
____________________ External op-amp Function varies with each operation mode
OPAO connection mode bit RW
S SCGRIGEECEECETEEPEE OPAL RW
Note 1: If the ADCONL1 register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting
A-D conversion.

Figure 1.22.2. ADCONO to ADCONL1 Registers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D control register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

DDA L]

Note 1: If the ADCONZ2 register is rewritten during A-D conversion, the conversion result will be indeterminate.

Symbol Address After reset
ADCON2 03D416 0016
Bit symbol Bit name Function RW
A-D conversion method 0 : Without sample and hold
SMP select bit 1 : With sample and hold RW
. . b2 bl
ADGSELO | A-D input group select bit | g : port P10 group is selected RW
0 1: Must not be set
10: Port PO group is selected (Note 3)
ADGSEL1 11: Port P2 group is selected RW
ﬁ Reserved bit Must always be set to “0” RW
Freguency select bit 2 0: Selects fap, faD divided by 2, or fAD
CKS2 Ny SEEE Note 3) | divided by 4. RW
1: Selects fap divided by 3, fap divided
by 6, or faD divided by 12.
. Nothing is assigned. In an attempt to write to these bits, write “0”". -
(b7-b5) The value, if read, turns out to be “0".

Note 2: If Vcc2 < Vect, do not use ANoo to ANo7 and AN2o to AN27 as analog input pins.

Note 3: The @ap frequency must be 10 MHz or less. The selected @AD frequency is determined by a combination of
the ADCONO register's CKSO bit, ADCON1 register's CKS1 bit, and ADCONZ2 register's CKS2 bit.

CKSO | CKS1 | CKS2 @AD
0 0 0 Divide-by-4 of fap
0 0 1 Divide-by-2 of faD
0 1 0 faD
0 1 1
1 0 0 Ddivide-by-12 of faD
1 0 1 Divide-by-6 of fap
1 1 0 Divide-by-3 of faD
1 1 1

A-D register i (i=0 to 7)

After reset

Symbol Address

ADO 03C116 to 03CO016
AD1 03C316 to 03C216
AD2 03C516 to 03C416
AD3 03C716 to 03C616
AD4 03C916 to 03C816
AD5 03CB16 to 03CA16
AD6 03CD16 to 03CCi1s6
AD7 03CF16 to 03CE16

b0

i
i
L

Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate

Fememmmeemeecececcneeaaad

A-D conversion result

Function
When the ADCONL register's When the ADCONL register's RW
BITS bit is “1” (10-bit mode) BITS bit is “0” (8-bit mode)
Eight low-order bits of A-D conversion result RO
A-D conversion result
Two high-order bits of When read, the content is RO

indeterminate

Nothing is assigned.

read, turns out to be “0".

In an attempt to write to these bits, write “0”. The value, if

Figure 1.22.3. ADCON2 Register, and ADO to AD7 Registers
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A-D Converter

(1) One-shot Mode

In this mode, the input voltage on one selected pin is A-D converted once. Table 1.22.2 shows the
specifications of one-shot mode. Figure 1.22.4 shows the ADCONO to ADCONL1 registers in one-shot

mode.
Table 1.22.2. One-shot Mode Specifications
Item Specification
Function The input voltage on one pin selected by the ADCONO register's CH2 to CHO

bits and ADCON?2 register's ADGSEL1 to ADGSELO bits or the ADCON1
register's OPA1 to OPAO bits is A-D converted once.
A-D conversion start condition | When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A-D conversion starts)
« When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A-D conversion starts)
A-D conversion stop condtision |+ Completion of A-D conversion (If a software trigger is selected, the ADST bit
is cleared to “0” (A-D conversion halted).)
* Set the ADST bit to “0”
Interrupt request generation timing| Completion of A-D conversion
Analog input pin (Note) |Select one pin from ANo to AN7, ANoo to ANo7, AN20 to AN27, ANEXO to ANEX1
Reading of result of A-D converter|Read one of the ADO to AD7 registers that corresponds to the selected pin
Note: If Vcc2 < Vcci, do not use ANoo—ANo7 and AN20—AN27 as analog input pins.
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A-D Converter

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
| | | | 0 | 0| | | | ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RW

. H b2 bl b0
1 cHo Qi't"a'og input pin select | 7' 5. ANo is selected RW

001 :ANz1is selected
010:AN2is selected
te-- CH1 011:ANsis selected RW
100: AN4is selected
101:ANsis selected

§ oo CH2 110:ANsis selected (Note 2) | RW
111:AN7is selected (Note 3)
R MDO ; b4 b3
A-D operation mode  Ana. RW
_______________ VDL select bit 0 0 0 : One-shot mode (Note 3) RW
Trigger select bit 0 : Software trigger
---------------- TR .
- G 1: ADTRG trigger RW
b ] ADST A-D conversion start flag | 0 : A-D conversion disabled RW
1: A-D conversion started
........................ CKSO0 Frequency select bit0 | See Note 3 for the ADCON2 register RW

Note 1: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate.

Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s
ADGSEL1 to ADGSELDO bits to select the desired pin. However, if Vcc2 < Vcci, do not use ANoo to ANo7 and
AN20 to AN27 as analog input pins.

Note 3: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
| | [2] | |o] [ | ADcom 03D716 0016

Bit symbol Bit name Function RW
poro b s gcaNo | A-Dsweep pin Invalid in one-shot mode RW
e select bit
A SCAN1 RW
A MD2 A-D operation mode Set to “0” when one-shot mode is selected | RW
e select bit 1
N . BITS | 8/10-bit mode select bit |0 : 8-bit mode RW
I 1 : 10-bit mode
LD CKS1 Frequency select bitl See Note 3 for the ADCON2 register RW
Frmmemmmenenee VCUT Vref connect bit (Note 2) | 1 : Vref connected RW
b External op-amp brbe
po T OPAO o , 00 : ANEXO0 and ANEX1 are not used RW
| connection mode bit 01 : ANEXO input is A-D converted
] 1 0: ANEX1 input is A-D converted

OPAL 11 : External op-amp connection mode RW

Note 1: If the ADCONL register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting
A-D conversion.

Figure 1.22.4. ADCONO Register and ADCON1 Register (One-shot Mode)
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A-D Converter

(2) Repeat mode

In this mode, the input voltage on one selected pin is A-D converted repeatedly. Table 1.22.3 shows the
specifications of repeat mode. Figure 1.22.5 shows the ADCONO to ADCONL registers in repeat mode.

Table 1.22.3. Repeat Mode Specifications

Iltem Specification

Function The input voltage on one pin selected by the ADCONO register's CH2 to CHO
bits and ADCONZ2 register's ADGSEL1 to ADGSELDO bits or the ADCON1
register's OPA1 to OPAO bits is A-D converted repeatdly.
A-D conversion start condition|* When the ADCONO register's TRG bit is “0” (software trigger)

The ADCONO register's ADST bit is set to “1” (A-D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)

Input on the ADTRG pin changes state from high to low after the ADST bit is

set to “1” (A-D conversion starts)
A-D conversion stop condtision | Set the ADST bit to “0” (A-D conversion halted)
Interrupt request generation timing| None generated
Analog input pin (Note) |Select one pin from ANo to AN7, ANoo to ANo7, AN20 to AN27, ANEXO to ANEX1
Reading of result of A-D converter| Read one of the ADO to AD7 registers that corresponds to the selected pin
Note: If Vcc2 < Vccei, do not use ANoo—ANo7 and AN20—AN27 as analog input pins.
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A-D Converter

A-D control register O (Note 1)
AL NLCNLE L Symbol Address After reset
| | | i | 0 | 1 | i | i | | ADCONO 03D616 00000XXX2
A A 1 symbol Bit name Function RW
1 1 1 1 1 1 1 1 . . b2 bl b0
vooron e CHO 'sAenlzlg[gbli?pUt pin 000 : ANo is selected RW
. 001:AN1is selected
. 010:AN2is selected
R CH1 011:ANz3is selected RW
R S B 100: ANa4is selected
e 101:ANsis selected
. CH2 110: ANe is selected (Note2) | RwW
E . . . . 11 1:AN7is selected (Note 3)
e MDO A-D operation mode bebs RW,
E E E : ______________ MD1 select bit 0 01: Repeat mode (NOte 3) RW
T TRG Trigger select bit 0 : Software trigger RW
N 1: ADTRG trigger
o ADST A-D conversion start flag | 0 : A-D conversion disabled RW
1: A-D conversion started
e EECETTET T PR R CKSO0 Frequency select bit 0 See Note 3 for the ADCON2 register RW
Note 1: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s
ADGSEL1 to ADGSELDO bits to select the desired pin. However, if Vcc2 < Vcci, do not use ANoo to ANo7 and
AN20 to AN27 as analog input pins.
Note 3: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction.
A-D control register 1 (Note)
b7 b6 b5 b4 b3 b2 bl b0
| | | 1 | | | 0 | | | Symbol Address After reset
I B Bt N B ADCON1 03D716 0016
poor o r b Bit symbol Bit name Function RW
boro i r i il SCANO | A-D sweep pin Invalid in repeat mode RW
R select bit
oo ] SCAN1 RW
o P . A-D operation mode Set to “0” when this mode is selected
A MD2 select bit 1 RW
(S 8/10-bit mode select bit |0 : 8-bit mode
AR BITS 1: 10-bit mode RW
b ey CKS1  |Frequency selecthit1 | See Note 3 for the ADCON2 register RW,
B RECEECEELE VCUT | Vref connect bit (Note 2) |1 : Vref connected RW
N External op-am 07 b6
T OPAD | o o ot bit |00 : ANEX0 and ANEX1 are not used RW
' 01 : ANEXO input is A-D converted
R OPA1 1 0: ANEX1 input is A-D converted RW
11 : External op-amp connection mode
Note 1: If the ADCONL register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting
A-D conversion.

Figure 1.22.5. ADCONO Register and ADCON1 Register (Repeat Mode)
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(3) Single Sweep Mode
In this mode, the input voltages on selected pins are A-D converted, one pin at a time. Table 1.22.4 shows
the specifications of single sweep mode. Figure 1.22.6 shows the ADCONO to ADCONL1 registers in
single sweep mode.

Table 1.22.4. Single Sweep Mode Specifications

Item Specification
Function The input voltages on pins selected by the ADCON1 register's SCANL1 to
SCANO bits and ADCON2 register's ADGSEL1 to ADGSELO bits are A-D con-
verted, one pin at a time.
A-D conversion start condition |« When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A-D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A-D conversion starts)
A-D conversion stop condtision | Completion of A-D conversion (If a software trigger is selected, the ADST bit
is cleared to “0” (A-D conversion halted).)
* Set the ADST bit to “0”
Interrupt request generation timing| Completion of A-D conversion
Analog input pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), ANo
to AN7 (8 pins) (Note)
Reading of result of A-D converter|Read one of the ADO to AD7 registers that corresponds to the selected pin
Note: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. However, if Vcc2 <
Vcci, do not use ANoo—ANo7 and AN20—AN27 as analog input pins.
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A-D control register 0 (Note)

b7 b6 DbS b4 b3 b2 bl b0 Symbol Address After reset
ADCONO 03D616 00000XXX2
+ | Bit symbol Bit name Function RW
CHO Analog input pin Invalid in single sweep mode RW
select bit
EREEE CH1 RW
-------- CH2 RW
----------- MDO A-D operation mode M RW
select bit 0 1 0: Single sweep mode
--------------- MD1 RW
_________________ TRG Trigger select bit 0 : Software trigger RW
1 : ADTRG trigger
A-D conversion start flag | 0 : A-D conversion disabled
""""""""""" ADST 1: A-D conversion started RW
________________________ CKS0 Frequency select bit 0 See Note 3 for the ADCONZ2 register RW
Note: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate.
A-D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl b0O
| | 1 | O| | | Symbol Address After reset
I I el N N el ADCON1 03D716 0016
A N =T symbol Bit name Function RW
SCANO A-D sweep pin select bit | When single sweep mode is selected RW
AT T T b0
- 0 0: ANo to AN1 (2 pins)
- 01 : ANo to AN3 (4 pins)
bbb SCAN1 10 ANo to ANs (6 pins) RW
A 11 : ANo to AN7 (8 pins) (Note 2)
T A TR S A-D operation mode Set to “0” when single sweep mode is selected
b MD2 | select bit 1 RW
I N 8/10-bit mode select bit | 0 : 8-bit mode
AR BITS 1! 10-bit mode RW
P CKSs1 Frequency select bit 1 See Note 3 for the ADCONZ2 register RW
P LCEEEEEPPRE VCUT Vref connect bit (Note 3) | 1 : Vref connected RW
. Ext | op- b7 b6
P mememmmmseeseeeee OPAD | o o 00 : ANEXO and ANEX1 are not used RW
' bit 01 : Must not be set
] OPA1 10 : Must not be set RW
11 : External op-amp connection mode

Note 1: If the ADCONL register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s
ADGSEL1 to ADGSELDO bits to select the desired pin. However, if Vcc2 < Vcci, do not use ANoo to ANo7 and

AN20 to AN27 as analog input pins.

Note 3: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting

A-D conversion.

Figure 1.22.6. ADCONO Register and ADCON1 Register (Single Sweep Mode)
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(4) Repeat Sweep Mode 0
In this mode, the input voltages on selected pins are A-D converted repeatedly. Table 1.22.5 shows the

specifications of repeat sweep mode 0. Figure 1.22.7 shows the ADCONO to ADCONL registers in repeat
sweep mode 0.

Table 1.22.5. Repeat Sweep Mode 0 Specifications

Item Specification

Function The input voltages on pins selected by the ADCONL1 register's SCANL1 to
SCANQO bits and ADCONZ2 register's ADGSEL1 to ADGSELO bits are A-D con-
verted repeatdly.
A-D conversion start condition | When the ADCONO register's TRG bit is “0” (software trigger)

The ADCONO register's ADST bit is set to “1” (A-D conversion starts)
* When the TRG bit is “1” (ADTRG trigger)

Input on the ADTRG pin changes state from high to low after the ADST bit is

set to “1” (A-D conversion starts)
A-D conversion stop condtision |Set the ADST bit to “0” (A-D conversion halted)
Interrupt request generation timing [None generated
Analog input pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), ANo
to AN7 (8 pins) (Note)
Reading of result of A-D converter |Read one of the ADO to AD7 registers that corresponds to the selected pin
Note: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. However, if Vcc2 <

Vcci, do not use ANoo—ANo07 and AN20—ANZ27 as analog input pins.
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A-D control register 0 (Note)
D7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
| | | 1| 1| | | | ADCONO 03D616 00000XXX2
¢ 0 0 | Bit symbol Bit name Function RW
i : : : : : ' CHO Analog input pin Invalid in repeat sweep mode 0 RW
- select bit
A RW
. Lo CH2 RW
. .
A MDO ?élljeap;{aotlon mode 11 : Repeat sweep mode 0 or RW
] MD1 Repeat sweep mode 1 RW
. ________________ TRG Trigger select bit 0 : Software trigger RW
N 1: ADTRG trigger
A-D conversion start flag | 0 : A-D conversion disabled
N ADST 1: A-D conversion started RW
!. ....................... CKSO0 Frequency select bit 0 See Note 3 for the ADCON2 register RW
Note: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate.
A-D control register 1 (Note 1)
b b6 b b4 b3 b2 b b0
! = : Symbol Address After reset
||1|||°||| ADCON1 03D716 0016
Bit symbol Bit name Function RW
o A-D sweep pin select bit | When repeat sweep mode 0 is selected
P00 v v v 1+ SCANO RW
A b1b0
voor o e 00 : ANo, AN1 (2 pins)
R - 01 : ANo to AN3 (4 pins)
I SCAN1 10 ANo to AN (6 pins) RW
e 11 : ANo to AN7 (8 pins) (Note 2)
R T A-D operation mode Set to “0” when repeat sweep mode 0 is
MD2 select bit 1 selected RW
A 8/10-bit mode select bit | 0 : 8-hit mode
P BITS 1 : 10-bit mode RW
R CKS1 Frequency select bit 1 See Note 3 for the ADCONZ2 register RW
 EERGLEEEEEEPPRY VCUT Vref connect bit (Note 3) | 1 : Vref connected RW
' ! b7 b6
VT OPAO Externat[ op—amdp 00 : ANEXO0 and ANEX1 are not used RwW
! gg;nnec 1on mode 0 1 : Must not be set
] OPAL : 10 : Must not be set
11 : External op-amp connection mode RW
Note 1: If the ADCONL register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s
ADGSEL1 to ADGSELO bits to select the desired pin. However, if Vcc2 < Vcci, do not use ANoo to ANo7 and
AN20 to AN27 as analog input pins.
Note 3: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 pus or more before starting
A-D conversion.

Figure 1.22.7. ADCONO Register and ADCON1 Registers (Repeat Sweep Mode 0)
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(5) Repeat Sweep Mode 1

In this mode, the input voltages on all pins are A-D converted repeatedly, with priority given to the se-
lected pins. Table 1.22.6 shows the specifications of repeat sweep mode 1. Figure 1.22.8 shows the
ADCONO to ADCONL1 registers in repeat sweep mode 1.

Table 1.22.6. Repeat Sweep Mode 1 Specifications

Item Specification
Function The input voltages on all pins selected by the ADCONZ2 register's ADGSELL1 to
ADGSELDO bits are A-D converted repeatdly, with priority given to pins se-
lected by the ADCONL1 register's SCAN1 to SCANO bits and ADGSEL1 to
ADGSELDO bits.
Example : If ANo selected, input voltages are A-D converted in order of
ANO — AN1— ANo— AN2— ANo— ANS3, and so on.
A-D conversion start condition | When the ADCONO register's TRG bit is “0” (software trigger)
The ADCONO register's ADST bit is set to “1” (A-D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST bit is
set to “1” (A-D conversion starts)
A-D conversion stop condtision |Set the ADST bit to “0” (A-D conversion halted)
Interrupt request generation timing| None generated

Analog input pins to be given |Select from ANo (1 pins), ANo to AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3
priority when A-D converted |(4 pins) (Note)

Reading of result of A-D converter| Read one of the ADO to AD7 registers that corresponds to the selected pin
Note: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. However, if Vcc2 <
Vcci, do not use ANoo—ANo07 and AN20—AN27 as analog input pins.
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A-D control register 0 (Note)
b7 DO bS5 b4 b3 b2 bl b0 Symbol Address  After reset
| | | | 1 | 1 | | | | ADCONO 03D616 00000XXX2
¢or o000 4| Bit symbol Bit name Function RW
L CHO Analog input pin Invalid in repeat sweep mode 1 RW
. select bit
Do s CHL RW
T CH2 RW
I .
R MDO lsﬁxéllje‘;p;tr%tlon mode 11 : Repeat sweep mode 0 or RW
] MD1 Repeat sweep mode 1 RW
e TRG Trigger select bit 0 : Software trigger RW
I 1: ADTRG trigger
A-D conversion start flag | 0 : A-D conversion disabled
R ADST 1: A-D conversion started RW
e CKSO0 Frequency select bit 0 See Note 3 for the ADCON2 register RW
Note: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate.
A-D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bO
| | | 1 | | | 1 | | | Symbol Address After reset
SN I Ml N et B ADCON1 03D716 0016
A T symbol Bit name Function RwW
Porob bbbl goaNo | A-D sweep pin select bit | When repeat sweep mode 1 is selected
- b1 b0 RW
R 00: ANo (1 pin)
T T T 0 1: ANo, AN1 (2 pins)
A SCAN1 10: ANo to AN2 (3 pins) RW
ro o 11 :ANo to AN3 (4 pins) (Note 2)
S A-D operation mode Set to “1” when repeat sweep mode 1 is
T T B MD2 select bit 1 selected RW
S TN 8/10-bit mode select bit | 0 : 8-bit mode
AR BITS 1: 10-bit mode RW
P e CKs1 Frequency select bit 1 See Note 3 for the ADCON2 register RW
E  RGLECETTETEERE VCUT Vref connect bit (Note 3) | 1 : Vref connected RW
R External op-amp b7b6
' OPAO . .
: connection mode 00 : ANEX0 and ANEX1 are not used RwW
' bit 0 1 : Must not be set
[P OPA1 1 0 : Must not be set RW
11 : External op-amp connection mode
Note 1: If the ADCONL register is rewritten during A-D conversion, the conversion result will be indeterminate.
Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s
ADGSEL1 to ADGSELDO bits to select the desired pin. However, if Vcc2 < Vcci, do not use ANoo to ANo7 and
AN20 to AN27 as analog input pins.
Note 3: If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting
A-D conversion.

Figure 1.22.8. ADCONO Register and ADCON1 Register (Repeat Sweep Mode 1)
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(a) Resolution Select Function
The desired resolution can be selected using the ADCONL1 register’s BITS bit. If the BITS bit is set to “1”
(10-bit conversion accuracy), the A-D conversion result is stored in the ADi register (i = 0 to 7)'s bit O to bit
9. If the BITS bit is set to “0” (8-bit conversion accuracy), the A-D conversion result is stored in the ADi
register's bit O to bit 7.

(b) Sample and Hold
If the ADCONZ2 register's SMP bit is set to “1” (with sample-and-hold), the conversion speed per pin is
increased to 28 @AD cycles for 8-bit resolution or 33 @AD cycles for 10-bit resolution. Sample-and-hold is
effective in all operation modes. Select whether or not to use the sample-and-hold function before starting
A-D conversion.

(c) Extended Analog Input Pins
In one-shot and repeat modes, the ANEX0 and ANEX1 pins can be used as analog input pins. Use the
ADCONL1 register's OPAL to OPAO bits to select whether or not use ANEXO and ANEX1.
The A-D conversion results of ANEXO and ANEX1 inputs are stored in the ADO and AD1 registers,
respectively.

(d) External Operation Amp Connection Mode
Multiple analog inputs can be amplified using a single external op-amp via the ANXEO and ANEX1 pins.
Set the ADCONL1 register's OPAL1 OPAO bits to ‘112’ (external op-amp connection mode). The inputs from
ANi (i = 0 to 7) (Note 1) are output from the ANEXO pin. Amplify this output with an external op-amp before
sending it back to the ANEX1 pin. The A-D conversion result is stored in the corresponding ADi register.
The A-D conversion speed depends on the response characteristics of the external op-amp. Note that the
ANXEO and ANEX1 pins cannot be directly connected to each other. Figure 1.22.9 is an example of how
to connect the pins in external operation amp.

Note: ANoi and AN2i can be used the same as ANi. However, if Vcc2 < Vcci, do not use ANoi and AN2i as
analog input pins.

Microcomputer
ADCON2 register's ADGSEL1 to ADGSELO bits=002
ANo ~o— -
AN1 6~ Resistor ladder
e ] IEYRLIILY
ANs — EENNENEEE]
AN5 L —5~o0— Successive conversion
ANs 00— register

AN7 +—o6—~o—

ADGSEL1 to ADGSELDO bits=102

ANoo o~o—t
ANo1 I 5~
ANo2 +—G—o—
ANo3 —0—~0—¢
ANoa +—G—o—
ANos —o—~0—¢
ANos 5~
ANo7 +—o—~o—

ADGSEL1 to ADGSELO bits=112

AN20 S~o——4
AN21 +—G—o—
AN22 I 5~
AN23 +—G—o—
AN24 +—0—~0—¢
AN25 +—G—o—
AN26 —o0—~o0—¢
AN27 —o6 —o—

ANEXO
ANEXlI ‘>
Comparator
External op-
amp

Figure 1.22.9. External Op-amp Connection
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(e) Current Consumption Reducing Function
When not using the A-D converter, its resistor ladder and reference voltage input pin (VREF) can be
separated using the ADCONL1 register’'s VCUT bit. When separated, no current will flow from the VREF pin
into the resistor ladder, helping to reduce the power consumption of the chip.
To use the A-D converter, set the VCUT bit to “1” (VREF connected) and then set the ADCONO register’'s
ADST bit to “1” (A-D conversion start). The VCUT and ADST bits cannot be set to “1” at the same time.
Nor can the VCUT bit be set to “0” (VREF unconnected) during A-D conversion.
Note that this does not affect VREF for the D-A converter (irrelevant).

(f) Analog Input Pin and External Sensor Equivalent Circuit Example

Figure 1.22.10 shows analog input pin and external sensor equivalent circuit example.

Microcomputer

Sensor equivalent
circuit
Ro R (7.8kQ)
W\ ——0— AW ?
Vl_ C (3.00F) Sampling time
T ' Ve Sample-and-hold function enabled: fAD
o !
Sample-and-hold function disabled: )

Figure 1.22.10. Analog Input Pin and External Sensor Equivalent Circuit
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(g) Caution of Using A-D Converter

(1) Make sure the port direction bits for those pins that are used as analog inputs are set to “0” (input
mode). Also, if the ADCONO register’'s TGR bit = 1 (external trigger), make sure the port direction bit
for the ADTRG pin is set to “0” (input mode).

(2) When using key input interrupts, do not use any of the four AN4 to AN7 pins as analog inputs. (A key
input interrupt request is generated when the A-D input voltage goes low.)

(3) To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVcc, VREF, and analog input pins (ANi (i=0 to 7), ANoi, and ANZ2i) each and
the AVss pin. Similarly, insert a capacitor between the VVcc pin and the Vss pin. Figure 1.22.11 is an
example connection of each pin.

(4) If Vcc2 < Veced, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins.

(5) If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A-D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for
CPU clock.

* When operating in one-shot or single-sweep mode
Check to see that A-D conversion is completed before reading the target ADi register. (Check the IR
bit in the ADIC register to see if A-D conversion is completed.)

« When operating in repeat mode or repeat sweep mode O or 1
Use the main clock for CPU clock directly without dividing it.

(6) If A-D conversion is forcibly terminated while in progress by setting the ADCONO register’'s ADST bit
to “0” (A-D conversion halted), the conversion result of the A-D converter is indeterminate. The con-
tents of ADi registers irrelevant to A-D conversion may also become indeterminate. If while A-D con-
version is underway the ADST bit is cleared to “0” in a program, ignore the values of all ADi registers.

Microcomputer

L

Vccl AVcc

Vss VREF

Lo

1 C2—
AVss F
Vcez C3
5 AN
Vss 777

oy

ANi: ANi, ANoi, and AN2i (i=0 to 7)
Note 1: C1>0.47uF, C220.47pF, C3=100pF, C420.1puF, C5=0.1uF (reference)
Note 2: Use thick and shortest possible wiring to connect capacitors.

Figure 1.22.11. Vcc, Vss, AVcc, AVss, VREF and ANi Connection
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This is an 8-bit, R-2R type D-A converter. These are two independent D-A converters.

D-A conversion is performed by writing to the DAI register (i = 0 to 1). To output the result of conversion, set
the DACON register’s DAIE bit to “1” (output enabled). Before D-A conversion can be used, the correspond-
ing port direction bit must be cleared to “0” (input mode). Setting the DAIE bit to “1” removes a pull-up from
the corresponding port.
Output analog voltage (V) is determined by a set value (n : decimal) in the DAI register.

equivalent circuit.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage
Table 1.23.1 lists the performance of the D-A converter. Figure 1.23.1 shows the block diagram of the D-A
converter. Figure 1.23.2 shows the D-A converter related registers. Figure 1.23.3 shows the D-A converter

Table 1.23.1. D-A Converter Performance

Item

Performance

D-A conversion method

R-2R method

Resolution

8 bits

Analog output pin

2 (DAO and DA1)

Data bus low-order

DAO register

:

R-2R resistor ladder

DALl register

:

o~ 0— pAo

DAOE bit

o~ 0—) bA1

R-2R resistor ladder

DA1E bit

Figure 1.23.1. D-A Converter Block Diagram
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D-A control register (Note)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
DACON 03DC16 0016
Bit symbol Bit name Function RW
i ; 0 : Output disabled
DAOE D-AO0 output enable bit 1 Output enabled RW
DA1E D-A1 output enable bit 0 : Output disabled RW
1 : Output enabled
Nothing is assigned. In an attempt to write to these bits, write “0”. RW
(b7-b2) The value, if read, turns out to be “0”
Note: When not using the D-A converter, clear the DAIE bit (i = 0 to 1) to “0” (output disabled) to reduce the
unnecessary current consumption in the chip and set the DAI register to ‘0016’ to prevent current from
flowing into the R-2R resistor ladder.
D-Ai register (Note) (i=0to 1)
. b0 Symbol Address After reset
L DAO 03D816 Indeterminate
| DAl 03DA16 Indeterminate
Function RW
____________ Output value of D-A conversion RW
Note: When not using the D-A converter, clear the DAIE bit (i = 0 to 1) to “0” (output disabled) to reduce the
unnecessary current consumption in the chip and set the DAI register to ‘0016’ to prevent current from
flowing into the R-2R resistor ladder.
Figure 1.23.2. DACON Register, DAO Register, and DA1 Register
DAIE bit
R o R R R R R R R 2R
om O—AM—0 0
___________________________________________________________________________________________________________________________________________ LSB
DAi register
Avss ()
VREF O

Note: The above diagram shows an instance i

n which the DAO register is assigned “2A16".

Figure 1.23.3. D-A Converter Equivalent Circuit
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CRC Calculation

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses
a generator polynomial of CRC_CCITT (X6 + X12 + X5 + 1) to generate CRC code.

The CRC code consists of 16 bits which are generated for each data block in given length, separated in 8
bit units. After the initial value is set in the CRCD register, the CRC code is set in that register each time one
byte of data is written to the CRCIN register. CRC code generation for one-byte data is finished in two
cycles.

Figure 1.24.1 shows the block diagram of the CRC circuit. Figure 1.24.2 shows the CRC-related registers.
Figure 1.24.3 shows the calculation example using the CRC operation.

¢ Data bus high-order
S Data bus low-order
Eight low-order bits Eight high-order bits

CRCD register

/] L

CRC code generating circuit
X16+X12+X5+ 1

L

CRCIN register

| f

Figure 1.24.1. CRC Circuit Block Diagram

CRC data register

15 e b Symbol Address After reset
CRCD 03BD16 to 03BC16 Indeterminate
Function Setting range | RW

---{ When data is written to the CRCIN register after setting  { 000016 to FFFF16 | RW
the initial value in the CRCD register, the CRC code can
be read out from the CRCD register.

CRC input register

b7 b0 Symbo Address After reset

| | CRCIN 03BEz1s Indeterminate
Function Setting range | RW
Sttt Data input 0016to FF16 | RW

Figure 1.24.2. CRCD Register and CRCIN Register
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(a) CRC operation performed by the M16C

(b) Setting procedure

“8016” _, “0Ol16”, “C416"  2316”

Setup procedure and CRC operation when generating CRC code “80C416"

CRC code: Remainder of a division in which the value written to the CRCIN register with its bit positions reversed is
divided by the generator polynomial

Generator polynomial: X16 + X12 + X5 + 1 (1 0001 0000 0010 00012)

(1) Reverse the bit positions of the value “80C416” bytewise in a program.

b15 b0
(2) Write 00001s (initial value) —p | CRCD register
b7 b0
(3) Write 0116 — I:I CRCIN register
Two cycles later, the CRC code for “801s,” i.e.,
918816, has its bit positions reversed to become
“118916” which is stored in the CRCD register.
b15 b0
118916 | CRCD register
b7 b0
(4) Write 2316 — I:I CRCIN register
Two cycles later, the CRC code for “80C41s,” i.e.,
825016, has its bit positions reversed to become
“0A4116” which is stored in the CRCD register.
b15 b0

0A4116 | CRCD register

(c) Details of CRC operation

modulo-2 arithmetic.

In the case of (3) above, the value written to the CRCIN register “0116 (000000012)” has its bit positions reversed to
become “100000002.” The value “1000 0000 0000 0000 0000 00002" derived from that by adding 16 digits and the
CRCD register’s initial value “000016” are added, the result of which is divided by the generator polynomial using

Modulo-2 operation is
operation that complies
with the law given below.

Generator polynomial

1000 1000
10001 0000 0010 0001 | 1000 0000 0000 0000 0000 0000 <~ Pata 0+0=0
1000 1000 0001 0000 1 0+1=1
1000 0001 0000 1000 O 1+0 = 1
1000 1000 0001 0000 1 1+_1;2

1001 0001 1000 1000

CRC code

The value “0001 0001 1000 10012 (118916)" derived from the remainder “1001 0001 1000 10002 (918816)" by
reversing its bit positions may be read from the CRCD register.

If operation (4) above is performed subsequently, the value written to the CRCIN register “2316 (001000112)" has its bit
positions reversed to become “110001002. The value “1100 0100 0000 0000 0000 00002 derived from that by adding
16 digits and the remainder in (3) “1001 0001 1000 10002" which is left in the CRCD register are added, the result of
which is divided by the generator polynomial using modulo-2 arithmetic.

The value “0000 1010 0100 00012 (0A4116)” derived from the remainder by reversing its bit positions may be read
from the CRCD register.

Figure 1.24.3. CRC Calculation
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Programmable I/O Ports

210

The programmable input/output ports (hereafter referred to simply as “I/O ports”) consist of 87 lines PO to
P10 (except P8s) for the 100-pin version, or 113 lines PO to P14 (except P85s) for the 128-pin version. Each
port can be set for input or output every line by using a direction register, and can also be chosen to be or
not be pulled high every 4 lines. P8s is an input-only port and does not have a pull-up resistor. Port P85
shares the pin with NMI, so that the NMI input level can be read from the P8 register P8_5 bit.
Figures 1.25.1 to 1.25.4 show the I/O ports. Figure 1.25.5 shows the I/O pins.
Each pin functions as an I/O port, a peripheral function input/output, or a bus control pin.
For details on how to set peripheral functions, refer to each functional description in this manual. If any pin
is used as a peripheral function input or D-A converter output pin, set the direction bit for that pin to “0” (input
mode). Any pin used as an output pin for peripheral functions other than the D-A converter is directed for
output no matter how the corresponding direction bit is set.
When using any pin as a bus control pin, refer to “Bus Control.”
PO to P5, P12, and P13 are capable of VVcc2-level input/output; P6 to P11 and P14 are capable of Vcci-
level input/output.
(1) Port Pi Direction Register (PDi Register, i =0to 13)
Figure 1.25.6 shows the direction registers.
This register selects whether the I/O port is to be used for input or output. The bits in this register corre-
spond one for one to each port.
During memory extension and microprocessor modes, the PDi registers for the pins functioning as bus
control pins (Ao to A19, Do to D15, CS0O to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified.
No direction register bit for P8s is available.
(2) Port Pi Register (Pi Register, i =0to 13)

Figure 1.25.7 and 1.25.8 show the Pi registers.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port latch to hold the input/output data and a circuit to read the pin status. For
ports set for input mode, the input level of the pin can be read by reading the corresponding Pi register,
and data can be written to the port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register. The data written to the port latch is output
from the pin. The bits in the Pi register correspond one for one to each port.

During memory extension and microprocessor modes, the PDi registers for the pins functioning as bus
control pins (Ao to A19, Do to D15, CS0 to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified.

(3) Pull-up Control Register 0 to Pull-up Control Register 2 (PURO to PUR2 Registers)

Figure 1.25.9 shows the PURO to PUR2 registers.
The PURO to PUR2 register bits can be used to select whether or not to pull the corresponding port high
in 4 bit units. The port chosen to be pulled high has a pull-up resistor connected to it when the direction bit
is set for input mode.
However, the pull-up control register has no effect on PO to P3, P40 to P43, and P5 during memory
extension and microprocessor modes. Although the register contents can be modified, no pull-up resis-
tors are connected.

(4) Port Control Register

Figure 1.25.10 shows the port control register.
When the P1 register is read after setting the PCR register's PCRO bit to “1”, the corresponding port latch
can be read no matter how the PD1 register is set.

RENESAS

RenesasTechnology Corp.



e we™ Preliminary Specifications Rev.1.0 Mitsubishi microcomputers
geN® Specifications in this manual are tentative and subject to change. M16C / 62P Group
Programmable /O Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up selection

POo to P07, P20 to P27 (inside dotted-line P j -
included) < ’_D—‘ J+O
x
—t{_ Portlatch | :
P30 to P37, P4o to P47, Data bus ort latc t
P50 to P54, P56 | ‘
’ : i (Note 1)
P11o to P117(Note 2), (inside dotted-line ),17 >O ) >o—| i
P120 to P127(Note 2), not included) |
P130 to P137(Note 2),
P140, P141(Note 2) /T
| Analog input S~

Pull-up selection
Ploto P1s ;D—jt
P
>—| Port latch

Data bus —¢
*
¢ (Note 1)
777

~N

S

~N

Pull-up selection
P1s 0 P17 @D—L j

-
|
x
Data bus —¢- Port latch '

t (Note 1)
< g
I
N

Input to respective peripheral functions%—

Pull-up selection

H

+

g

g =

__| Direction
P57, P60, P64, P73 to PTs, register o j j
P8o, P81, P9o, P92 <II —K\O ’_DJ %
| x
Output : n
Data bus —¢— Port latch | R j—%)
. x
Jj| i (Note 1)
< S I
N

Input to respective peripheral functions %7

Note 1: -4 ) R symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Note 2: Available in only the 128-pin version.

Figure 1.25.1. 1/O Ports (1)
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Pull-up selection

Direction

P61, P65, P72 register o j j
] 2 -©-
T
Output : "
Data bus —¢— Port latch S
E 'y
J:I Switching ‘l o 7757(N0te 1)
~N between
CMOS and
,3;] Nch
~N
Input to respective peripheral functions %7
Pull-up selection
P82 to P84

—1 Direction register |—

q pj = 1
Data bus —+—| Port latch | }
\ <[>0_LD_‘ j—, T (Note 1)

< 777

™~

e

~

Input to respective peripheral functions

Pull-up selection

— Direction register |—
P5s, P77, P91, P97 j j
e -
N FDJ j z
X
Data bus —¢—] Port latch |
i
:I I i (Note 1)
N M;]? 7
~N
Input to respective peripheral functions @

Note 1: -4 symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Note 2: Available in only the 128-pin version.

Figure 1.25.2. 1/O Ports (2)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Programmable I/O Ports

Pull-up selection

—_Direction register |—
P62, P66
A -
b A
i
Data bus —¢—] Portlatch |
&
:I T i (Note 1)
~ Switching 3_, r
between
59 CMOS and Nch
N

Input to respective peripheral functions \@I

Pull-up selection

Direction register
P63, P67 ﬁ . ’— aqn
/I 1 —K\C

o L
Port Iatch\I | OmpUH}E\C } t
j7 :

~

e

~N
Switching between CMOS and Nch

Data bus —#1

P8s

Data bus

VAN

NMI interrupt input @ 7757(N0te 1)

<

—Direction register 1

P70, P71 g
<F

Output
Data bus—+ Port latch | o ———O
I
D I LDO_LD—‘ i (Note 2)
77T

~

5
~

Input to respective peripheral functions \@I

Note 1: ---i----- symbolizes a parasitic diode.

Note 2: ----4a---- symbolizes a parasitic diode.

Make sure the input voltage on each port will not exceed Vcc.

Figure 1.25.3. 1/O Ports (3)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

P100 to P103
(inside dotted-line

Pull-up selection

e e j j
P104 to P107
(inside dotted-line < hd
included) x
Data bus—¢—]| Port latch j
s * (o
<4 777
N
Analog input——— ™o
Input to respective peripheral functions \é}
Pull-up selection
D-A output enabled
P93, P94 Direction register
< o
< - 7
Data bus_—¢| Port latch
=
7 ' %>O—LD07  (Note)
< 17
~
Input to respective peripheral functions @
Analog output
D-A output enabled
Pull-up selection
P9
o
i J 4~
Data bus—¢—| Port latch Pl
x
e T (o
< 17
N
Analog input
Pull-up selection
P9s j j‘
<tr—r D T
| x
(o] : n
Data bus—e—] Port latch Gl }J—o—o
'y
1 4[>0_L[>0—‘ i (Note)
< 1
N
Input to respective peripheral functions %]7
Analog input
Note: i symbolizes a parasitic diode.

Make sure the input voltage on each port will not exceed Vcc.

Figure 1.25.4. 1/O Ports (4)
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Programmable /0O Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up selection

—| Direction register |-

P87 j j
1 S
~ ’—DJ *‘ 5
£
Data bus —¢-] Portlatch | +—0O
g1 g | [ S
ech
\I fc
~N
Rf
Pull-up selection
— Direction register |4 Rd
P86

1 ‘ -
N 1 ’—D}J : ]

utput ; 4

Data bus —¢—] Port latch | PR3 — «—0O
| [ \:D j & (Note)
< e
N
Note: -4 oo symbolizes a parasitic diode.

Make sure the input voltage on each port will not exceed Vcc.

Figure 1.25.5. 1/O Ports (5)

e
BYTE & (Note 2)
BYTE signal input \@‘ * O
% (Note 1)
7
-
CNVss K (Note 2)
CNVss signal input \@I $ O
‘ (Note 1)
7
-
RESET x
RESET signal input \é} + O
‘ (Note 1)
7T
Note 1: ----ia----- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.
Note 2: A parasitic diode on the Vcc side is added to the mask ROM version.
Make sure the input voltage on each port will not exceed Vcc.

Figure 1.25.6. 1/O Pins
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Mitsubishi microcomputers

Port Pi direction register (i=0 to 7 and 9 to 13) (Note 1, 2, 3)

Symbol Address After reset
PDO to PD3 03E216, 03E316, 03E616, 03E716 0016
b7 b6 b5 b4 b3 b2 b1 W0 PD4to PD7 03EA16, 03EB16, 03EE16, 03EF16 0016
| | | PD9toPD12  03F316, 03F616, 03F716, 03FAILs 0016
- A PD13 03FB16 0016
Bit symbol Bit name Function RW
e o) Port Pio direction bit RW
A PDi_1 Port Pi1 direction bit 0 Input mode , RW
Por o e - e - (Functions as an input port)
o e PDi_2 Port Pi2 direction bit 1 : Output mode RW
T CCLEEEE PDi_3 Port Pi3 direction bit (Functions as an output port) [ RW
R CAREEEEE PDi_4 Port Pi4 direction bit (i=0to7and9to13) RW
H EEEEEEEEEEEEE PDi_5 Port Pis direction bit RW
PR PDi_6 Port Pis direction bit RW
R PDi_7 Port Pi7 direction bit RW

Note 1: Make sure the PD9 register is written to by the next instruction after setting the PRCR
register’'s PRC2 bit to “1” (write enabled).

During memory extension and microprocessor modes, the PD register for the pins
functioning as bus control pins (Ao to A19, Do to D15, CSo to CS3, RD, WRL/WR, WRH/BHE,
ALE, RDY, HOLD, HLDA and BCLK) cannot be modified.

To use ports P11 to P14, set the PUR3 register's PU37 bit to “1” (enable). If this bit is set to
“0” (disable), the P11 to P14 pins are placed in the high-impedance state.

Note 2:

Note 3:

Port P8 direction register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
| | |><| | | | | | PD8 03F216 00X000002
S A A A =Y symbol Bit name Function RW
i 4 4 4 1+ . . =-1PD8.O Port P8o direction bit RW
A ton b 0 : Input mode
PD8 1 Port P81 dfrect!on bft (Functions as an input port) RW
[ et PD8_2 Port P82 direction bit 1 : Output mode RW
T CGhEantt PD8_3 Port P83 direction bit (Functions as an output port) [ pyy
Dol e PD8_4 Port P84 direction bit RW
— Nothing is assigned. In an attempt to write to this bit, write “0".
Voo ST (b5) The value, if read, turns out to be indeterminate. -
 GCREETEEEEEEEPEE PD8_6 Port P8s direction bit 0 : Input mode _ RW
. (Functions as an input port)
' o ] 1 : Output mode
"""""""""""""" PD8_7 Port P87 direction bit (Functions as an output port) RW

Figure 1.25.7. PDO to PD13 Registers

216

RENESAS

RenesasTechnology Corp.




e we™ Preliminary Specifications Rev.1.0 Mitsubishi microcomputers

geN® Specifications in this manual are tentative and subject to change. M16C / 62P Group
Programmable 1/0O Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Pi register (i=0 to 7 and 9 to 13) (Note 2, 3)
Symbol Address After reset
b7 bs b5 ba b3 b2 bi bo PO to P3 03EO016, 03E116, 03E416, 03E516 Indeterminate
P4 to P7 03E816, 03E916, 03EC16, 03ED16 Indeterminate
| | | | | | | | | P9 to P12 03F116, 03F416, 03F516, 03F816 Indeterminate
for o 7 7 P13 03F916 Indeterminate
L4 4 4 % v 1 | Bitsymbol Bit name Function RW
- L) Port Pio bit The pin level on any I/O port whichis | RW
o] Pi 1 Port Pi1 bit set for input mode can be read by RW
I = — reading the corresponding bit in this
! ! ! ! [ P|_2 Port Pi2 bit register' RW
R Pi 3 Port Pi3 bit The pin level on any I/O port whichis | R\
Voo — — set for output mode can be controlled
Doty Pi_4 Port Pi4 bit by writing to the corresponding bitin | RW
e Pi_5 Port Pis bit this register RW
R - — 0:“L"level
; Pi_6 Port Pie bit 1:°H" level (Note 1) RW
R RRREEEELE Pi_7 Port Pi7 bit (i=0to7and9to13) RW
Note 1: Since P70 and P71 are N-channel open drain ports, the data is high-impedance.
Note 2: During memory extension and microprocessor modes, the Pi register for the pins
functioning as bus control pins (Ao to A19, Do to D15, CSo to CS3, RD, WRL/WR, WRH/BHE,
ALE, RDY, HOLD, HLDA and BCLK) cannot be modified.
Note 3: To use ports P11 to P14, set the PUR3 register's PU37 bit to “1” (enable). If this bit is set to
“0” (disable), the P11 to P14 registers are cleared to ‘0016’ and the P11 to P14 pins are
placed in the high-impedance state.
Port P8 register
b7 D6 bS b4 b3 b2 b1 B0 Symbol Address After reset
| P8 03F016 Indeterminate
T symbol Bit name Function RW
A P8_0 Port P8o b_lt The pin level on any I/O port which is RW
. P8_1 Port P81 bit set for input mode can be read by RW
T T S — P8 2 Port P82 bit reading the corresponding bit in this RW
N ' — - register.
e P8_3 Port P83 bit The pin level on any /O port whichis | RW
[ GGEEEEEE TR P8_4 Port P84 bit set for output mode can be controlled | RW
o ] . by writing to the corresponding bit in
. ' P85 Port P& bit this register (except for P8s) RO
R L L EE R P8_6 Port P8e bit 0:“L" level RW
P EEEEEEEEEEPEPRREE P8_7 Port P87 bit 1:"H" level RW

Figure 1.25.8. PO to P13 Registers
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M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port P14 control register (128-pin package)

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 3 (128-pin package)

b7 b6 b5 b4 b3 b2 bl bo

1 : Usable

Symbol Address After reset
PC14 03DE16 XX00XXXX2
Bit symbol Bit name Function RW
] . The pin level on any I/O port which is
P140 Port P140 bit set for input mode can be read by RW
reading the corresponding bit in this
register.
The pin level on any I/O port which is
) set for output mode can be controlled
P141 Port P141 bit by writing to the corresponding bitin | RW
this register
0:“L" level
1:“H" level
— Nothing is assigned. In an attempt to write to this bit, write “0”. The | _
(b3-b2) value, if read, turns out to be indeterminate.
PD140 Port P14o direction bit 0:lnputmode RW
(Functions as an input port)
1 : Output mode
PD141 Port P141 direction bit (Functions as an output port) RW
— Nothing is assigned. In an attempt to write to this bit, write “0”. The | _
(b7-b6) value, if read, turns out to be indeterminate.
Symbol Address After reset
PUR3 03DF16 0016
Bit symbol Bit name Function RW
{ PU30 P110 to P113 pull-up 0 : Not pulled high RW
PU31 P114 to P117 pull-up 1: Pulled high (Note 1) RW
PU32 P120 to P123 pull-up RW
PU33 P124 to P127 pull-up RW
PU34 P130 to P133 pull-up RW
PU35 P134 to P137 pull-up RW
PU36 P140, P141 pull-up RW
PU37 P11to P14 enabling bit | O : Unusable (Note 2) RW

Note 1: The pin for which this bit is “1” (pulled high) and the direction bit is “0” (input mode) is pulled high.

Note 2: If the PU37 bit is set to “0” (unusable), the P11 to P14 pins are placed in the high-impedance state and

the P11 to P14 registers are cleared to “0".

Figure 1.25.9. PC14 Register and PUR3 Register
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Pull-up control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | Symbol Address After reset

S N N S A PURO 03FC16 0016
Bit symbol Bit name Function RW
~{ PUOO POo to P03 pull-up 0 : Not pulled high RW
e PUO1 P04 to P07 pull-up 1 : Pulled high (Note 2) RW
P e PUO2 P10 to P13 pull-up RW
Pl e PUO3 P14 to P17 pull-up RW
(T T PR PUO4 P20 to P23 pull-up RW
R PUO5 P24 to P27 pull-up RW
R EREEEEEEEEEEEEEE PUO6 P30 to P33 pull-up RW
EERREEEEEETEEEETEETEEEED PUO7 P34 to P37 pull-up RwW
Note 1: During memory extension and microprocessor modes, the pins are not pulled high although their

corresponding register contents can be modified.

Note 2: The pin for which this bit is “1” (pulled high) and the direction bit is “0” (input mode) is pulled high.

Pull-up control register 1

DT b6 b5 b4 b3 b2 bl b0 Symbol Address After reset(Note 5)

| PURL 03FD16 000000002
R 000000102
Bit symbol Bit name Function RW
-4 PU10 P40 to P43 pull-up (Note 2) 0 : Not pulled high RW
A PU11 P44 to P47 pull-up (Note 4)| 1: Pulled high (Note 3) RW
oo PU12 P50 to P53 pull-up (Note 2) RW
P PU13 P54 to P57 pull-up (Note 2) RW
o PU14 P60 to P63 pull-up RW
oot PU15 P64 to P67 pull-up RW
E LR LR PU16 P72 to P73 pull-up (Note 1) RW
EEREEEELEEEEEEEEEEEREEEE PU17 P74 to P77 pull-up RW

Note 1: The P70 and P71 pins do not have pull-ups.
Note 2: During memory extension and microprocessor modes, the pins are not pulled high although the contents
of these bits can be modified.
Note 3: The pin for which this bit is “1” (pulled high) and the direction bit is “0” (input mode) is pulled high.
Note 4: If the PMO01 to PMOO bits are set to “012" (memory expansion mode) or “112" (microprocessor mode) in a
program during single-chip mode, the PU11 bit becomes “1".
Note 5: The values after hardware reset 1 and 2 are as follows:
+ 000000002 when input on CNVss pin is “L"
* 000000102 when input on CNVss pin is “H*
The values after software reset, watchdog timer reset and oscillation stop detection reset are as follows:
+ 000000002 when PM 01 to PMOO bits of PMO register are “002" (single-chip mode)
+ 000000102 when PM 01 to PMOO bits of PMO register are “012" (memory expansion mode) or
“112" (microprocessor mode)

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl b0o

Symbol Address After reset

NN ] PUR2 03FE16 0016

Bit symbol Bit name Function RW
-1 PU20 P8o to P83 pull-up 0 : Not pulled high RW
e PU21 P84 to P87 pull-up (Note 2)| 1: Pulled high (Note 1) RW
S PU22 P90 to P93 pull-up RW
T S SO PU23 P94 to P97 pull-up RW
R T PU24 P10o to P103 pull-up RW
T PU25 P104 to P107 pull-up RW
e e ] — Nothing is assigned. In an attempt to write to these bits, write | __

(b7-b6) “0". The value, if read, turns out to be “0”.

Note 1: The pin for which this bit is “1” (pulled high) and the direction bit is “0” (input mode) is pulled high.
Note 2: The P85 pin does not have pull-up.

Figure 1.25.10. PURO to PUR2 Registers
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Port control register

b7 b6 bS5 b4 b3 b2 bl b0 Symbpl Address After reset
PCR 03FF16 0016
. [ Bit symbol Bit name Function RW
i | PCRO Port P1 control bit Operation performed when the P1

; register is read

' 0: When the port is set for input,

: the input levels of P10 to P17 [RW
' pins are read. When set for

E output, the port latch is read.

' 1: The port latch is read

' regardless of whether the port
E is set for input or output.

R SREEE I Nothing is assigned. In an attempt to write to these bits,
(b7-b1) write “0”. The value, if read, turns out to be “0”.

Figure 1.25.11. PCR Register
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Table 1.25.1. Unassigned Pin Handling in Single-chip Mode

Pin name Connection
Ports PO to P14 After setting for input mode, connect every pin to Vss via a resistor(pull-down);
(excluding P85) or after setting for output mode, leave these pins open. (Note 2)
XouT (Note 1) Open
NMI Connect via resistor to Vcc (pull-up)
Avcc Connect to Vcc
AVss, VREF, BYTE Connect to Vss

Note 1: With external clock input to XIN pin.
Note 2: When not using all of the P11 to P14, the P11 to P14 pins may be left open by setting the PUR3

register's PU37 bit to “0” (unusable) without causing any problem.

Table 1.25.2. Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode

Pin name Connection
Ports P6 to P10 After setting for input mode, connect every pin to VSs via a resistor
(excluding P8s) (pull-down); or after setting for output mode, leave these pins open.
P45/ CS1 to P47/ CS3 Connect to Vcc via a resistor (pulled high) by setting the PD4 register’s

corresponding direction bit for CSi (i=1 to 3) to “0” (input mode) and the
CSR register’s CSi bit to “0” (chip select disabled).

BHE, ALE, HLDA, Open

XouT (Note 1), BCLK (Note 2)

HOLD, RDY, NMI Connect via resistor to Vcc (pull-up)
AvVcc Connect to Vcc

AVss, VREF Connect to Vss

Note 1: With external clock input to XIN pin.

Note 2: If the PMO register's PMO07 bit is set to “1” (BCLK not output), connect this pin to VCC via a resistor
(pulled high).

Note 3: When not using all of the P11 to P14, the P11 to P14 pins may be left open by setting the PUR3
register's PU37 bit to “0” (unusable) without causing any problem.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Microcomputer

Port PO to P14 (except for P8s)
(Note 2)

(Input mode)

(Inpu't mode)
(Output mode)

NMI

Xout
Avcc
BYTE

AVss

VREF

Open

Open

?— Vcc

In single-chip mode

Note 1: If the PMO register’'s PMO7 bit is set to “1” (BCLK not output), connect this pin to VCC via a resistor

(pulled high).

Note 2: When not using all of the P11 to P14, the P11 to P14 pins may be left open by setting the PUR3

Vss

Microcomputer

Port P6 to P14 (except for P8s)

i’\/\/\/* ot
Port P4s / CS1 _BHE

HLDA

ALE

Xout

BCLK (Note)

HOLD

to P47 /CS3

RDY

Avcc
AVss

VREF

—_—

(Note 2) (Input mode) NN\
(Input mode) NN N/
(Output mode) Open

é

Open

In memory expansion mode or

in microprocessor mode

register’'s PU37 bit to “0” (unusable) without causing any problem.

Vss

Figure 1.25.12. Unassigned Pins Handling
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Electrical Characteristics

Electrical Characteristics
Table 1.26.1. Absolute Maximum Ratings

Symbol Parameter Condition Rated value Unit
Vcci, Vec2 | Supply voltage Vcci=AVcc -0.3t06.5 \4
Vce2 Supply voltage Veez -0.3to Vcc1+0.1 \%
AVcc Analog supply voltage Vcci=AVcc -0.3t0 6.5 \%

Input RESET, CNVss, BYTE,
voltage P6o to P67, P72 to P77, P8o to P87,
P9o to P97, P10o to P107, P11o to P117, -0.3 to Vcc1+0.3 \%
P140, P141,
Vi VREF, XIN
POo to P07, Plo to P17, P20 to P27,
P30 to P37, P4o to P47, P50 to P57, -0.310 Veez+0.3 v
P120 to P127, P130 to P137
P70, P71 -0.3t0 6.5 \Y)
Output P60 to P67, P72 to P77, P8o to P84,
voltage P86, P87, P9o to P97, P100 to P107, -0.3 to Vcc1+0.3 \V;
P1loto P117, P14o, P141,
Xout
Vo
POo to P07, Ploto P17, P20 to P27,
P30 to P37, P4o to P47, P50 to P57, -0.3 to Vec2+0.3 v
P120 to P127, P130 to P137
P70, P71 -0.3t06.5 \
Pd Power dissipation Topr=25C 300 mw
Topr Operating ambient temperature -20t0 85 / -40to 85 c
Tstg Storage temperature -65 to 150 c
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Electrical Characteristics

Table 1.26.2. Recommended Operating Conditions (Note 1)

Standard .
Symbol Parameter Min. Typ. Max. Unit
Vccel, Veez | Supply voltage(Veci2vece?) 2.7 5.0 55 \%
AVce Analog supply voltage Vcel Vv
Vss Supply voltage 0 \Y
AVss Analog supply voltage 0 \%
HIGH input P31 to P37, P4o to P47, P50 to P57, P120 to P127, P130 to P137 0.8Vcc2 Vcez \
voltage POo to P07, P1o to P17, P20 to P27, P30 (during single-chip mode) | 0.8Vccz Vcez v
POo to P07, Ploto P17, P20 to P27, P30
ViH (data input function during memory expansion and microprocessor modes) 0.5veez Veea v
P60 to P67, P72 to P77, P8o to P87, P9o to P97, P100 to P107,
P11oto P117, P14o, P141, 0.8vcel Veel v
XiN, RESET, CNVss, BYTE
P70, P71 0.8Vcc1 6.5 Vv
LOW input | P31to P37, P4o to P47, P50 to P57, P120 to P127, P130 to P137 0 0.2Vce2 Vv
voltage POo to P07, P1o to P17, P20 to P27, P3o (during single-chip mode) 0 0.2Vce2 \Y
POo to P07, Ploto P17, P20 to P27, P30
Vi (data input function during memory expansion and microprocessor modes) 0 0.16Vcez \
P60 to P67, P70 to P77, P8o to P87, P9o to P97, P100 to P107, v
P11oto P117, P14o, P141, 0 0.2Vccl
XiN, RESET, CNVss, BYTE

HIGH peak output PQOo to P07, P1o to P17, P20 to P27,P30t P37,
10H (peak) current P40 to P47, P50 to P57, P60 to P67,P72t P77, -10.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
Plloto P117, P120to P127, P13oto P137, P140, P141
HIGH average POo to P07, P1o to P17, P20 to P27,P30t P37,
| oH (avg) output current P40 to P47, P50 to P57, P6o to P67,P7210 P77, -5.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
Pl1loto P117, P120 to P127, P130 to P137, P14o, P141

LOW peak output POo to P07, Plo to P17, P20 to P27,P30to P37,
loL (peak) current P40 to P47, P50 to P57, P6o to P67,P70t P77, 10.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
Pl1loto P117, P120 to P127, P130 to P137, P14o, P141
LOW average POo to P07, P1o to P17, P20 to P27,P30 1t P37,
loL (avg) output current P40 to P47, P50 to P57, P6o to P67,P70to P77, 5.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107,
Plloto P117, P120to P127, P130to P137, P140, P141

F(Xm) Main clock input oscillation frequency Vece=3.0to 5.5V 0 16 MHz
(Note 4) Vcc=2.7 to 3.0V 0 20 X Vcc-44 | MHz

f (XciN) Sub-clock oscillation frequency 32.768 50 kHz
f (Ring) Ring oscillation frequency 1 MHz
f(PLL) PLL clock oscillation frequency (Note 4) Vce=3.0to 5.5V 10 24 MHz
Vce=2.7 to 3.0V 10 46.671 i<6ch- MHz

f (BCLK) CPU operation clock 0 24 MHz
Tsu(PLL) PLL frequency synthesizer stabilization wait time Vce=5.0V 20 ms
Vce=3.0V 50 ms

Note 1: Referenced to Vcc = Vcc1 = Vece2 = 2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise specified.

Note 2: The mean output current is the mean value within 100ms.

Note 3: The total loL (peak) for ports PO, P1, P2, P8e, P87, P9, P10, P11, P140 and P141 must be 80mA max. The total loL (peak)
for ports P3, P4, P5, P6, P7, P8o to P84, P12, and P13 must be 80mA max. The total IoH (peak) for ports PO, P1, and P2
must be -40mA max. The total loH (peak) for ports P3, P4, P5, P12, and P13 must be -40mA max. The total lIoH (peak) for
ports P6, P7, and P8o to P84 must be -40mA max. The total loH (peak) for ports P86, P87, P9, P10, P11, P140, and P141
must be -40mA max.

Note 4: Relationship between main clock oscillation frequency, PLL clock oscillation frequency and supply voltage.

PLL clock oscillation frequency
46.67 x Vcc-116MHz

24.0f------- \ ,,,,,

10.0{-------= /

Main clock input oscillation frequency

20 x Vcc-44MHz

10.0f-----=+

f(XIN) operating maximum frequency [MHZ]
f(PLL) operating maximum frequency [MHz]

0.0 : : i
2.7 3.0 55 27 3.0 55

Supply voltage[V] (main clock: no division) Supply voltage[V] (PLL clock oscillation)

0.0

224 RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ue® we™ Preliminary Specifications Rev.1.0
aeN® Specifications in this manual are tentative and subject to change.

Electrical Characteristics

Table 1.26.3. A-D Conversion Characteristics (Note 1)

. - Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution VREF =VcC1 10 Bits
VREF= ANo to AN7 input +3 LSB
VREF: ANEXO, ANEXT input
Integral CC1= | External operation amp
9 v connection mode 7 | LSB
INL non- 10 bit ;
linearity ANoo to ANo7 input
error AN20 to AN27 input
VREF= ANo to AN7 input +5 LSB
VEEF: ANEX0, ANEX1 input
3 3\/1_ External operation amp
) connection mode +7 LSB
ANoo to ANo7 input
AN20 to AN27 input
8 bit Vrer =Vcc1=3.3V +2 LSB
DNL Differential non-linearity error +1 LSB
- Offset error +3 LSB
- Gain error +3 LSB
Ruabper | Ladder resistance VRer =Vce1 10 40 | kQ
tconv Conversion time(10bit), Sample & hold VREF =Vcc1=5V, gAb=10MHz 3.3 us
function available
tconv Conversion time(8bit), Sample & hold VREF =Vcc1=5V, gaAD=10MHz 2.8 us
function available
tsamp Sampling time 0.3 us
VREF Reference voltage 2.0 Veer| V
Via Analog input voltage 0 Vrer |V
Note 1: Referenced to Vcci=AVcc=VRer=3.3 to 5.5V, Vss=AVss=0V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise

specified.

Note 2: If Vcc1 > Vecz, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins.

Note 3: AD operation clock frequency (JAp frequency) must be 10 MHz or less. And divide the fap if Vcct is less than 4.2V,
and make @AD frequency equal to or lower than fapb/2.

Note 4: A case without sample & hold function turn @ap frequency into 250 kHz or more in addition to a limit of Note 3.
A case with sample & hold function turn @ap frequency into 1IMHz or more in addition to a limit of Note 3.

Table 1.26.4. D-A Conversion Characteristics (Note 1)

: . Standard .
Symbol Parameter Measuring condition Min. [Typ. |Max. Unit
- Resolution 8 Bits
- Absolute accuracy 1.0 %
tsu Setup time 3 us
Ro Output resistance 4 10 20 kQ
Ivrer Reference power supply input current (Note 2) 15 | mA
Note 1: Referenced to Vcc1=VREF=3.3 to 5.5V, Vss=AVss=0V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise

specified.

Note 2: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to “0016”. The
A-D converter’s ladder resistance is not included. Also, when D-A register contents are not “0016”, the current
IVREF always flows even though Vref may have been set to be unconnected by the A-D control register.

Table 1.26.5. Flash Memory Version Electrical Characteristics (Note 1)

Standard ]

Parameter Min. Typ. Max Unit
Word program time 30 200 us
Block erase time 1 4 s
Erase all unlocked blocks time 1Xn 4Xn s
Lock bit program time 30 200 us

Note 1: Referenced to Vcci1=4.5 to 5.5V, 3.0 to 3.6V at Topr = 0 to 60 °C unless otherwise specified.
Note 2: n denotes the number of block erases.

Table 1.26.6. Flash Memory Version Program/Erase Voltage and Read Operation Voltage Characteristics
(at Topr = 0to 60°C)

Flash program, erase voltage Flash read operation voltage

Vcc1=3.3V+0.3Vor50V+05V Vcci1=2.7t0 5.5V
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Electrical Characteristics

Table 1.26.7. Low Voltage Detection Circuit Electrical Characteristics (Note 1)

Symbol Parameter Measuring condition ____ Standard Unit
Min. Typ. Max.

Vdet4 Power supply down detection voltage (Notes 1, 2) 3.3 3.8 4.4 \Y

Vdet3 Reset level detection voltage (Notes 1, 2) 2.2 2.8 3.6 \%

Vdet3s Low voltage reset retention voltage Veer=0.8 to 5.5V 0.8 \Y%

Vdet3r Low voltage reset release voltage (Note 3) 2.2 2.9 4.0 \Y

Vdet2 RAM retention limit detection voltage (Notes 1, 2) 1.4 2.0 2.7 v

Note 1: Vdet4 > Vdet3 > Vdet2

Note 2: Where reset level detection voltage is less than 2.7 V, if the supply power voltage is greater than the reset level detection voltage, the
operation at f(BCLK) < 10MHz is guaranteed.

Note 3: Vdet3r > Vdet3 is not guaranteed.

Table 1.26.8. Power Supply Circuit Timing Characteristics

Symbol Parameter Measuring condition ___ Standard Unit
Min. Typ. Max.

td(P-R) Time for internal power supply stabilization during powering-on 2 ms

td(R-S) STOP release time Vee1=2.7 to 5.5V 150 us

td(M-L) Time for internal power supply stabilization when main clock oscillation starts 50 Us

td(S-R) Hardware reset 2 release wait time Vcci=Vdet3r to 5.5V 6 (Note) 20 ms

td(E-A) Low voltage detection circuit operation start time Vee1=2.7 to 5.5V 20 us

Note : When Vccl = 5V

Vccei Vdet3r ..
g
' td(S-R)
Interrupt for
stop mode
release '
ePu clock 5 ATUARARTATI
= '
td(R-S)
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.26.9. Electrical Characteristics (Note 1)

Vccilr=\Vcce2 =5V

Symbol Parameter Measuring condition . Standard Unit
Min. Typ. Max.
HIGH output |P60 to P67,P72 to P77,P80o to P84,P86,P87,P90 to P97, loH=5MmA
Vou voltage P100 to P107,P110 to P117,P140,P141 OH=-5m Vee1-2.0 Veer v
P0o to P0O7,P10 to P17,P20 to P27,P30 to P37, _
P40 to P47,P50 to P57,P120 to P127,P130to P137 | 10=-5SMA(Note 2) veez-2.0 vee2
HIGH output |P6o to P67,P72 to P77,P8o to P84,P86,P87,P90 to P97, Vcei-0.3
=-. -0. Vi
Von voltage P100 to P107,P110 to P117,P140,P141 lor=-200pA cct y
PO0o to P07,P1o to P17,P20 to P27,P30 to P37, loH=-200pA(Note 2)
P4o to P47,P50 to P57,P120 to P127,P130 to P137 Veez-0.3 Veez
HIGHPOWER loH=-ImA Vccei-2. Vi
HIGH output voltage Xout cc1-2.0 cc \Y
VoH LOWPOWER loH=-0.5mA Vcei-2.0 Vcel
HIGH output voltage XcouT | HIGHPOWER With no load applied 25 v
LOWPOWER With no load applied 1.6
LOW output P60 to P67,P70 to P77,P80 to P84,P86,P87,P90 to P97, |0L=5mMA 20
VoL voltage P100 to P107,P110to P117,P140,P141 ) Vi
PO0o to P07,P1o to P17,P20 to P27,P30 to P37,
) ) f ) . 20
P4oto P47,P50to P57,P120 to P127,P130to P137 | 10 MANOe 2)
LOW output |P60 to P67,P70 to P77,P80 to P84,P86,P87,P90 to P97, _
voltage P100 to P107,P110 to P117,P140,P141 10L=200pA 045
Vot P00 to P07,P10 to P17,P20 to P27,P30 to P37, L= 200LA(Note 2 . v
P4o to P47,P50 to P57,P120 to P127,P130 to P137 | 1O-7200HANOte 2) 0.45
loL=1mA 2.0
VoL LOW output voltage Xout HIGHPOWER vV
LOWPOWER IoL.=0.5mA 2.0
LOW output voltage Xcour | HIGHPOWER With no load applied 0 V2
LOWPOWER With no load applied 0
Hysteresis HOLD, RDY, TAON to TA4IN, o
VT VT TBOIN to TB5IN, INTo to INT5, NMI,
ADTRG, CTSo to CTS2, SCL, SDA, 0.2 1.0 \Y
CLKo to CLK4,TA20ouT to TA4ourT,
Klo to KI3, RxDo to RxD2, SIN3, SiN4
VT+VT- Hysteresis ~ RESET 0.2 2.2 \Y
HIGH input PO0o to P07,P1o to P17,P20 to P27,P30 to P37,
current P40 to P47,P50 to P57,P60 to P67,P70 to P77,
liH P8o to P87,P90 to P97,P100 to P107,P110 to P117, | v=5v 5.0 HA
P120to P127,P130 to P137,P140,P141,
XN, RESET, CNVss, BYTE
LOW input ~ POo to P07,P10 to P17,P20 to P27,P30 to P37,
current P4o to P47,P50 to P57,P60 to P67,P70 to P77,
IiL P8o to P87,P90 to P97,P100 to P107,P110to P117, | v=ov -5.0 PA
P120 to P127,P130 to P137,P140,P141,
XN, RESET, CNVss, BYTE
ReuLLUP | pyll-up POo to P07,P10 to P17,P20 to P27,P30 to P37,
resistance P4o to P47,P50 to P57,P60 to P67,P72 to P77, _
P80 to P84,P86,P87,P9 to P97,P100 to P107, Vi=ov 30 50 170 ka
P11oto P117,P120 to P127,P130 to P137,P140,P141
RixiN Feedback resistance XN 15 MQ
RixcIN Feedback resistance ~ XciN 15 MQ
VRAM RAM retention voltage At stop mode 2.0 \

Note 1: Referenced to Vcc=Vcci1=Vcc2=4.2 to 5.5V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=24MHz unless otherwise specified.
Note 2: Where the product is used at Vcc1 =5 V and Vccz = 3V, refer to the 3 V version value for the pin specified value on the Vccz port side.
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcci1=Vcce2=5V

Table 1.26.10. Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition , Standard Unit
Min. Typ. Max.
In single-chip mode, the output Mask ROM f(BC'_-K)_:MMHZ’ . 14 20 mA
pins are open and other pins are No division, PLL operation
Vss — - ——
No division, Ring oscillation 1 mA
Flash memory f(BCLK)=24MHz,
No division, PLL operation 18 27 mA
No division, Ring oscillation 1.8 mA
Flash memory f(BCLK)=10MHz
! 15 mA
Program Vce=5.0V
Flash memory f(BCLK)=10MHz, 25 mA
Erase Vce=5.0V
Mask ROM f(XciN)=32kHz, A
Low power dissipation mode, 25 "
lcc Power supply current ROM(Note 3)
(Vce=4.0 to 5.5V)
Flash memo, f(BCLK)=32kHz,
k4 Low power dissipation mode, 25 HA
RAM(Note 3)
[f(BCLK)=32kHz
Low power dissipation mode, 420 HA
Flash memory(Note 3)
Ring oscillation, |
Wait mode 50
f(BCLK)=32kHz,
Wait mode (Note 2), 75
Mask ROM Oscillation capacity High
Flash memory f(BCLK)=32kHz,
Wait mode(Note 2), 2.0 HA
Oscillation capacity Low
Stop mode.
! 0.8 3.0
Topr=25°C WA
Idet4 Power supply down detection dissipation current (Note 4) 0.7 4 HA
Idet3 Reset area detection dissipation current (Note 4) 12 8 HA
Idet2 RAM retention limit detection dissipation current (Note 4) 11 ‘ HA

Note 1: Referenced to Vcc=Vcci=Vcc2=4.2 to 5.5V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=24MHz unless otherwise specified.
Note 2: With one timer operated using fc32.
Note 3: This indicates the memory in which the program to be executed exists.
Note 4: Idet is dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet4: VC27 bit of VCR2 register
Idet3: VC26 bit of VCR2 register
Idet2: VC25 bit of VCR2 register
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcci=Vcec2 =5V

Timing Requirements
(Vcci1 =Vceez2 =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 1.26.11. External Clock Input

Standard .
Symbol Parameter . Unit
y Min. Max.
te External clock input cycle time 62.5 ns
tw(H) External clock input HIGH pulse width 25 ns
tw(L) External clock input LOW pulse width 25 ns
tr External clock rise time 15 ns
tf External clock fall time 15 ns
Table 1.26.12. Memory Expansion Mode and Microprocessor Mode
Standard .
Symbol Parameter Min. | Max. Unit
tac1(RD-DB) Data input access time (for setting with no wait) (Note 1) ns
tac2(RD-DB) Data input access time (for setting with wait) (Note 2) ns
tac3(RD-DB) Data input access time (when accessing multiplex bus area) (Note 3) ns
tsu(DB-RD) Data input setup time 40 ns
tsu(RDY-BCLK) | RDY input setup time 30 ns
tsu(HoLD-BCLK)| HOLD input setup time 40 ns
th(RD-DB) Data input hold time 0 ns
th(8CLK -RDY) | RDY input hold time 0 ns
th(BCLK-HOLD) | HOLD input hold time 0 ns
tdecLk-HLDA) | HLDA output delay time 40 ns
Note 1: Calculated according to the BCLK frequency as follows:
0.5 X 109
fBCLK) " [ns]
Note 2: Calculated according to the BCLK frequency as follows:
n—-0.5) X 10° . . . . . .
(=05 X10° _ 45 nis “2" for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait
f(BCLK) [ns] .
setting.
Note 3: Calculated according to the BCLK frequency as follows:
_(n05)X10° o
f(BCLK) [ns] nis “2” for 2-wait setting, “3” for 3-wait setting.
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X L. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcci1=Vcecz =5V

Timing Requirements
(Vcer =Veez =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 1.26.13. Timer A Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 1.26.14. Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIIN input LOW pulse width 200 ns
Table 1.26.15. Timer A Input (External Trigger Input in One-shot Timer Mode)
Symbol Parameter Standard Unit
Min. Max.
te(TA) TAiIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.26.16. Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Ma. Unit
tw(TAH) TAIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.26.17. Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(uP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TIN) TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
Table 1.26.18. Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 800 ns
tsu(TAN-TAouT) | TAiouT input setup time 200 ns
tsu(TAouT-TAIN) | TAIIN input setup time 200 ns
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vccilr=\Vcce2 =5V

Timing Requirements
(Vcci1 =Vceez2 =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 1.26.19. Timer B Input (Counter Input in Event Counter Mode)

Standard ]
Symbol Parameter Min. Max. Unit
te(TB) TBiIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiin input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBIIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiin input LOW pulse width (counted on both edges) 80 ns
Table 1.26.20. Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.26.21. Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiiN input cycle time 400 ns
tw(TBH) TBiN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.26.22. A-D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
te(AD) ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 1.26.23. Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(c-Q) TxDi output delay time 80 ns
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 30 ns
th(c-D) RxDi input hold time 90 ns
Table 1.26.24. External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcclr=\Vcece2=5V

Switching Characteristics
(Vcer =Veez =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C, CM15="1" unless otherwise
specified)

Table 1.26.25. Memory Expansion and Microprocessor Modes (for setting with no wait)

; - Standard .
Symbol Parameter Measuring condition Min. | max. | Unit
td(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (refers to BCLK) 4 ns
th(RD-AD) Address output hold time (refers to RD) 0 ns
th(WR-AD) Address output hold time (refers to WR) (Note 2) ns
td(BCLK-CS) Chip select output delay time 25 ns
th(BCLK-CS) Chip select output hold time (refers to BCLK) 4 ns
ta@ek-aLe) | ALE signal output delay time . 25 ns
thecLk-ALE) | ALE signal output hold time Figure 1.26.1 -4 ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
td(BCLK-WR) WR signal output delay time 25 ns
thck-wr) | WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (refers to BCLK) 40 ns
th(BCLK-DB) Data output hold time (refers to BCLK) 4 ns
td(DB-WR) Data output delay time (refers to WR) (Note 1) ns
th(WR-DB) Data output hold time (refers to WR)(Note 3) (Note 2) ns
Note 1: Calculated according to the BCLK frequency as follows:
0.5 X 10°
ieeLk) ~ 49 [ns]
Note 2: Calculated according to the BCLK frequency as follows:
0.5 X 10°
f(BCLK) [ns]
Note 3: This standard value shows the timing when the output is off,
and does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-up R
(pull-down) resistance value.
Hold time of data bus is expressed in DBi |
t=—-CR X In (1 — VoL /VccR) C
by a circuit of the right figure. l
For example, when VoL = 0.2Vccz, C = 30pF, R = 1kQ, hold time -

of output “L” level is
t=—30pF X 1kQ X In (1 — 0.2Vcc2/ Vcez)
=6.7ns.

PO

P1
P2

30pF

P3

P4 ;1;

P5
P6
P7
P8
P9
P10

Figure 1.26.1. Ports PO to P10 Measurement Circuit
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vccir=\Vcce2=5V

Switching Characteristics
(Vcci1 =Vcee2 =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C, CM15="1" unless otherwise
specified)

Table 1.26.26. Memory Expansion and Microprocessor Modes
(for 1- to 3-wait setting and external area access)

Symbol Parameter Measuring condition (—Standard Unit
Min. Max.
td(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (refers to BCLK) 4 ns
th(RD-AD) Address output hold time (refers to RD) 0 ns
th(WR-AD) Address output hold time (refers to WR) (Note 2) ns
td(BCLK-CS) Chip select output delay time 25 ns
th(BCLK-CS) Chip select output hold time (refers to BCLK) 4 ns
taecik-aLe) | ALE signal output delay time 25 ns
thcLk-aLe) | ALE signal output hold time Figure 1.26.1 —4 ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
tdecLk-wr) | WR signal output delay time 25 ns
thecLk-wr) | WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (refers to BCLK) 40 ns
th(BCLK-DB) Data output hold time (refers to BCLK) 4 ns
{d(DB-WR) Data output delay time (refers to WR) (Note 1) ns
th(WR-DB) Data output hold time (refers to WR)(Note 3) (Note 2) ns
Note 1: Calculated according to the BCLK frequency as follows:
_(n-0.5) X 10° — 40 nis “1” for 1-wait setting, “2” for 2-wait
f(BCLK) [ns]

setting and “3” for 3-wait setting.
Note 2: Calculated according to the BCLK frequency as follows:

0.5 X 10°
f(BCLK) [ns]

Note 3: This standard value shows the timing when the output is off,
and does not show hold time of data bus.

Hold time of data bus varies with capacitor volume and pull-up R
(pull-down) resistance value.
Hold time of data bus is expressed in DBi |

t=—CR X In (1 —VoL/Vcc2)
by a circuit of the right figure.
For example, when VoL = 0.2Vccz, C = 30pF, R = 1kQ, hold time
of output “L” level is
t=—30pF X 1kQ X In (1 — 0.2Vcc2/ Vce2)
=6.7ns.
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vccl=\Vcece2=5V

Switching Characteristics
(Vcer =Veez =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C, CM15="1" unless otherwise
specified)

Table 1.26.27. Memory Expansion and Microprocessor Modes
(for 2- to 3-wait setting, external area access and multiplex bus selection)

. L Standard )
Symbol Parameter Measuring condition Min. Max. Unit
td@cLk-ap) | Address output delay time 25 ns
thiecLk-ap) | Address output hold time (refers to BCLK) 4 ns
th(RD-AD) Address output hold time (refers to RD) (Note 1) ns
th(WR-AD) Address output hold time (refers to WR) (Note 1) ns
td(BCLK-CS) Chip select output delay time 25 ns
thiecLk-cs) | Chip select output hold time (refers to BCLK) 4 ns
th(RD-CS) Chip select output hold time (refers to RD) (Note 1) ns
thawr-CS) Chip select output hold time (refers to WR) (Note 1) ns
tdecik-rD) | RD signal output delay time 25 ns
theck-rp) | RD signal output hold time 0 ns
taecLk-wr) | WR signal output delay time Figure 1.26.1 25 ns
thecLk-wr) | WR signal output hold time 0 ns
taecLk-oB) | Data output delay time (refers to BCLK) 40 ns
thigcLk-npB) | Data output hold time (refers to BCLK) 4 ns
td(DB-WR) Data output delay time (refers to WR) (Note 2) ns
thwrDs) | Data output hold time (refers to WR) (Note 1) ns
tdecLk-aLE) | ALE signal output delay time (refers to BCLK) 25 ns
theck-aLe) | ALE signal output hold time (refers to BCLK) -4 ns
td(AD-ALE) ALE signal output delay time (refers to Address) (Note 3) ns
th(ALE-AD) ALE signal output hold time (refers to Adderss) 30 ns
td(AD-RD) RD signal output delay from the end of Adress 0 ns
td(AD-WR) WR signal output delay from the end of Adress 0 ns
tdz(RD-AD) Address output floating start time 8 ns
Note 1: Calculated according to the BCLK frequency as follows:
0.5 X 109
f(BCLK) [ns]
Note 2: Calculated according to the BCLK frequency as follows:
(n-0.5) X109
f(BCLK) [ns] n is “2” for 2-wait setting, “3” for 3-wait setting.

Note 3: Calculated according to the BCLK frequency as follows:

0.5X109
f(BCLK) [ns]
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcci=\Vcce =5V

te(TA)

tw(TAH)

TAIIN input

tw(TAL)

tc(UP)

tw(UPH)

TAIOUT input

tw(UPL)

N\

N\

TAIOUT input
(Up/down input)

X

During event counter mode
TAIIN input

(When count on falling th(TiIn-UP)

tsu(UP-TIN)

edge is selected)

TAIIN input
(When count on rising
edge is selected)

Two-phase pulse input in
event counter mode

tc(TA)

TAIIN input /|

tsu(TAIN-TAoUT)

tsu(TAIN-TAoUT)
<~ >

tsu(TAouT-TAIN) /7

TAIOUT input
tsu(TAouT-TAIN)
te(TB)
tw(TBH)
TBIIN input
tw(TBL)
tc(AD)

tw(ADL)

ADTRG input j

Figure 1.26.2. Timing Diagram (1)
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcci=\Vcce =5V

tc(CK)

tw(CKH)

CLKi
tw(CKL) th(C-0
TXDi X X
td(c-Q) |, tsu(d-C)  th(C-D)

RxDi *

tw(INL)
INTi input tw(INH) —

Figure 1.26.3. Timing Diagram (2)
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Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ue® we™ Preliminary Specifications Rev.1.0
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcci=\Vcce =5V

Memory Expansion Mode, Microprocessor Mode
(Effective for setting with wait)

BCLK VA A A A A

RD e
(Separate bus) \ /

WR, WRL, WRH PO
(Separate bus) \ ! /

RD e
(Multiplexed bus) \ /
WR, WRL, WRH JRS—
(Multiplexed bus) \ ; /

RDY input

tsu(RDY-BCLK) <> th(BCLK-RDY)

(Common to setting with wait and setting without wait)

BCLK

tsu(HOLD-BCLK).
o 3

HOLD input A\

HLDA output | N /) |
td(BCLK-HLDA) > < |~ < [d(BCLK-HLDA)

Po.pLP2 —— e

P3, P4 — T

P50 to P52 1 1 1 1 f 1

Note: The above pins are set to high-impedance regardless of the input level of the
BYTE pin, PMO6 bit in PMO register and PM11 bit in PM1 register.

Measuring conditions :

» Vcci=Veee=5V

« Input timing voltage : Determined with VIL=1.0V, VIH=4.0V

« Output timing voltage : Determined with VoL=2.5V, VOH=2.5V

Figure 1.26.4. Timing Diagram (3)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics (Vcc1 = Vce2 = 5V)

Memory Expansion Mode, Microprocessor Mode

(For setting with no wait)
Read timing

BCLK

1
1 td@®cLKk-cs)
> ognsmax ]

i th(BCLK-CS)

Vccli=Vcce2=5V

td(BCLK-AD)
i ]
:‘_>: 25ns.max

Eth(BCLK-AD)

ADi :<‘>: 4ns.min
BHE - X ! X X
td(BCLK-ALE) Ith(IBCLK-ALE) > < {h(RD-AD) |

E<—>E 25ns.max P, € -4ns.min
Y '

ALE

td(BCLIK—RD)

'
)

tac1(RD-DB) 1

| (05X teyc-45)ns.max €

tSU(DB-RD) w—Lw—h th(RD-DB) |

S amiE S G SO S G D S

40ns.min

BCLK

td(BCLK-CS)
:‘_’: 25ns.max

<> 25ns.max > -
H "
I

Ons.min

:
th(BCLK-RD) |
Ons.min

' ons.min

\

© th(BCLK-CS)

:<—>: 4ns.min
\

/

H I
1 teye |} >
1

I ldECLK-AD) | th(BCLK-AD)
P 25nsmax | > nsmin ;
BHE — : . -~ !
! ldBCLK-ALE) 1, th(BCLK-ALE): 11 thwraAD) '
:<—>225ns.max _’: 4= _4ns.min ! 1 (0.5 X teyc)ns.min :
ALE iy v D/ P\
td(BCLK-WR) th(BCLK-WR) !
E‘_'T 25ns.max _’2 E<_ Ons.min :
WR,WRL \ Hf
WRH : o : :
ta@ciLk-o) |} i thecikos) ! ' :
> qonsmax |1 > ansmin : E :
Hi-Z H R j . , ;
DBi "{ L ' )’ """"" [
L = = |
td(DB-WR) th(wR-DB)
(0.5 X teyc-40)ns.min - (0.5 X tcyc)ns.min
teyc=

" {(BCLK)

Measuring conditions
* Vcci=Veee=5V

* Input timing voltage  : ViL=0.8V, VIH=2.0V

 Output timing voltage : VoL=0.

4V, VoH=2.4V

Figure 1.26.5. Timing Diagram (4)
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Expansion Mode, Microprocessor Mode
(for 1-wait setting and external area access)

Read timing

Vcci=\Vcce =5V

BCLK

BCLK , ' [ , ' ' \
! tagcLk-cs) | ! theclkes)
:‘_’i 25ns.max E E 1 > 4nsmin ! ' H
csi P : : 5 iy ; 5 ;
:4 teyc E J E E E ! E
! tdBCLK-AD) | ' : : : '
: | 25ns.max ! i , . In(BCLK-AD) | : H
) :4—>: ! ! ' <, 4ns.min ! i |
ADI X , , ! Y : : !
BHE  — i z : S : :
| td(BCLK-ALE) 1 th(BCLK-ALE) ! th(RD-AD) § ! ! ' '
4>2505 max | 54- -4nsmin | ! ons.min v E 1 '
ALE iy P 5 | L/ A E g
! ldECLK-RD) | : I th(BCLK-RD) '
: * ': 25ns.max E , > E" Ons.min ' ! ]
" N : B z = e
; b ! tac2RD-DB) . f v : : |
' ! ! (L5 X teyc-45)ns.max E N E E H
s s e . G S .
' : : ! H—>;<—> th(RD-DB) ! !
tsu(pB-RD) © ' onsmin
40ns.min

(0.5 X tcyc-40)ns.min (0.5 X tcyc)ns.min
tcyc= ——m
f(BCLK)
Measuring conditions
* Vcci=Veee=5V
« Input timing voltage  : ViL=0.8V, VIH=2.0V
« Output timing voltage : VoL=0.4V, VOH=2.4V

i tyBcLkes) i th@CLKCs) .

<> 25ns.max | H ! : i 4ns.min E H !

csi N\ | | | -/ | | i
5 e | R ; Do ! ; E

i taecLKAD) | ! ' thecikap) | !

54_’: 25ns.max | 1 E : : 4ns.min E : E

ADi Y i : ; Y - i !
BHE A ; i P L ; 5 .

| ECLK-ALE) 1, Th(BOLK-ALE) | 11 thwRAD) 1 . ! :

}‘_’EZSns.max . ' -4ns.min | 11 (05X teyc)ns.mjn : E !

ALE L Y : H L/ A\ ; ;

! tECLKWR) 1! Th(BOLK-WR) |

E E 54_’2 25ns.max _’E 54_ Ons.min E H H E

WRWRL, — . — Ly : ; : !
WRH : : b o : : ; :
; : ! taecikos) | i thEckoB) ! :

i 1 > sonsmax | i (P> 4nsmin ! E H

! | HiZ 1 1 T . ] :

DBi TTTATTTTTTTTTT [ '{ e : ) """"" [ STt
‘ ' td(DB-WR) th(WR-DB) '

Figure 1.26.6. Timing Diagram (5)
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Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vccli=Vcce2=5V

Specifications in this manual are tentative and subject to change.

Preliminary Specifications Rev.1.0

Memory Expansion Mode, Microprocessor Mode
Read timing

(for 2-wait setting and external area access)

\ ! !
\ ! \
/—\;\—/—\;\—/
' i
\
th(BCLK-CS) !
'— 4ns.min '
j 1
' ] |
th(BCLK-AD) !
) 4ns.mirlu |
BN :
T T T
h |
H th(RD-AD) I
_e> “— Ons.mlin E
h |
h |
—» '« th(BCLK-RD) I
H Ons.min H
! T T
! 1 [
L i |
I i h
o ' i
R ' i
! ! 1 1
i h
_____EEEEE: i
! ) ' H
tSU(DB-RD) ¢ th(RD-DB) .
40ns.min Ons.min
/—\I\—/—\I\—/
) \
] i
|
. thecLk-cs) !
A—NI 4ns.min '
|
' T
|
|
/ |
| i
, BCLK-AD, H
thec )
“«—  4ns.min |
i T
by :
1
th(WR-AD;] !
(0.5 X tcyc)ns.min '
h
\ I
. h
h
h
h
|
h
th(BCLK-WR) H
—») 4— Ons.min H
|
|
i .
' :
H |
! th(BCLK-DB) \
! —' | 4— 4ns.min H
| |
1 > '
H e
! y
T
e >
th(wR-DB)

|||||||||||||||||||||||||||||||||||||||||||||||||| - - g R S P e e (i -
_
.
x .
m '
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ -= m R R e B e P L L L EE LRy PR I -
sel
!
£z g & e
_
ol ! z 8 . z
.................................................. A B e E i IRt R S S8 & S
X 8 4 a¢ =
: =8 25
m ~ ! [y
2 g ' 2 F.\«-.- .ﬁ.lﬂ\. ~
S SN N S S SO I R N S A N T N e A
5f =g " gt t LR
Q @ g
25 H _ _
5 £5 ! =5 INH
g 8 g ! R e o 3 7 5 | 3
g _ g _
o S W-F 1 B T I . (NS -2 T Sl ol e I
8s 8s o ! " 8s 8s 1 “
=8 =8 3 o =R =8 T “
« ! !
R B S - | i o RS U S I SO "
s , c JE .
T Y T = e e T —_ e T e S - C34|||| I e
f f =&f ! £ T f gz !
= —
= 4
v ) v =
3 — oLy w — = 3 — 5w w |z
) _S I o [a) o = 0 (%] T ] m
@ O <|m < x [a) = @ O <|m < =2 a

Electrical Characteristics (Vcc1 = Vce2 = 5V)

(0.5 X tcyc)ns.min

n

(1.5 X tcyc-40)ns.mi
2.0V
=2.4V

RenesasTechnology Corp.

RENESAS

0.8V, VIH
0.4V, VOH

T ViIL=
: VoL

5V

« Input timing voltage

Vcee=

Measuring conditions
« Output timing voltage

[RY/elei}

Figure 1.26.7. Timing Diagram (6)
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Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcci=\Vcce =5V

Memory Expansion Mode, Microprocessor Mode
(for 3-wait setting and external area access)

Read timing

' teye | | \ \ '

— : : : : : K : : :

BCLK ] \ / \ / \ / \ / \ / \
: : 1 1 1 1 ' : 1 th(BCLK-CS) 1 i

i+ td(BCLK-CS) X ‘ : : ‘ i It 4nsmin | |

¢ 25nsmax . . . . . ' R ' . . .
SR s | | | | | N | |
; td(BCLK-AD) : : : : : ; " th(BCLK-AD) | i

—»! ' 25nsmax ' ! ' ' ! ' :4_;: 4ns.mir|I ' '

) -

td(BCLK-ALE) 1 : : : : : : . ! : |
ssnsmax | WECLKALE) | : : : : pr thRoAD) :
S e o ke -dns.min : : : : : i 4 Onsmin : |
ALE | \ : : : : : : v N\ : :
' tigckRD) 1l thEcLKRD) !
: - 4= 25nsmax : . . : : =% 14— Ons.min : :
RD i AU i : : i i f : ! !
: D : : ¢ tac2(RD-DB), : ; L : : :
E 3 E E E (3.5 X teyc-45)ns.max E E ' E . E E E
DBi LLMZo S s R [ . . Y B . I
' ! ! ! ! ' ' tsu(oB-RD) T th(RD-DB) ' '
40ns.min ! Ons.min
Write timing
) , : . . . . : : : .

e S\ O\ L/ L/ L

th(BCLK-ALE) i th(wr-AD) :

E td(BcLK-CS) f E E f th(BCLK-CS)
— 4 25ns.max ' ' ' « N 4ns.mi:1
R U N N ]
: td(BCLK-AD) 1 1 ' ! th(BCLK-AD)
) —N: — 25ns.m‘ax E E E : 4ns.mi;n
ADI ) ! ! ! ; N
BFE 3 ‘ . . , B
td(BCLK-ALE) ' ! !

25ns.max e tnemin ' (0.5><tcyc)ns.mir||
- e T e >
ALE ¥ : ! § AR
! ' ! tdBOLK-WR) — 14— th(BCLK-WR) ,
: | —»  w— 25ns.max ! E Ons.min_ !
WR, WRL ! : : \ : : / : :
RH : i ! Z g ! !
H ' : td(BCLK-DB) " 11 th(eCLK-DB)
| ' — 14— 40ns.max " > 4ns.min
DB R HZ( ! . . . ¥ P S AU
' ' Vo i+ 1d(DB-WR) ' i thwr-D8) '

(25 X teyc-40)ns.min (0.5 X teyc)ns.min

tcyc: ;
f(BCLK)
Measuring conditions
» Vcci=Vcea=5v
« Input timing voltage  : VIL=0.8V, VIH=2.0V
« Qutput timing voltage : VoL=0.4V, VoH=2.4V

Figure 1.26.8. Timing Diagram (7)
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Expansion Mode, Microprocessor Mode
(For 1- or 2-wait setting, external area access and multiplex bus selection)

Read timing

Vccli=Vcce2=5V

€ 25ns.max
h

—»!
\

/

B

Write timing

BCLK

BCLK / ' / / : ; -
! tdECLKCS) | ; : : ! throCS) | thcLrees)
E :25ns.max E E: tove E :E E (9.5 X teyc)ns.min | r Ans.min E
CSi o\ : : : : L v 5
H td(AD-ALE) | th(ALE-AD) ' H . H h H
] i (0.5 X tcyc-25)ns.min 30ns.mini i : H 1 R H H H
. < i , 1 H L i ' .
ADi L X Address D beoemnoeeoaes domeee Data input }------- 4---{ Address
/DB ; — —/1  ldz(RD-AD) : . : g : ;
' i | — <= gnsmax! ! > {hRD-DB) ! '
' [ Con ¢ fac3(RD-DB) 1 1 tSUDBRD) ' onsmin ! :
! [ o !(L.5 X tcyc-45)ns.max ' 40ns.min E ! !
f o |_»! e td(aDRD) ; P 5 ;
P taecLkAD) | one.min ' i thecLead)
> osnsmax | | P : : D i dnsmin
ADi : X 1 : i : 1 v 1 X !
BHE ' — — : ; — — ;
WECLCAE) L ncucat) | : : L hroao) | :
bl 2SmAX ! g ansmin | ! 1 (05X teyons.min :
ae [N L s | | /T N\
| tdBCLK-RD) ! ¢ th(BCLK-RD)

i
.
.
i
|
.
‘4— Ons.min |
h
i
I
.
| :

tcyc= ———
f(BCLK)

Measuring conditions

* Vcci=Vcea=5V

« Input timing voltage  : VIL=0.8V, VIH=2.0V

« Output timing voltage : VoL=0.4V, VoH=2.4V

! ld(BCLK-CS) ! e teye » . thwrcs) :th(BC"‘K’CS) ;
| ' 25ns.max H H H 1 1 (0.5 X teyc)ns.min, E 4ns.min '
csi P\ : i i i ii i :
: : | tdBoLK-DB) ! : v i, thecikos) |
1 1 H—Pi A0ns.max 1 1 v ' E 4ns.min |
ADi { Address X i Data output; X Address
/DBiI Voo . T e A i P -y T
P ta(aD-ALE) | E E ) P toswR) E ; thwR-0B), E
o HADALE) G - (1.5 X teyc-40)ns.min | ! 1 (05X teyo)ns.min '
! (05X tcyc-25)r'15.lmin . ! | V! ] |
,td(BCLK-AD)E th(BCLK-AD)
> 25nsmax | i b ' ' v P 4ns.min '
ADi ; Y o T i i T i X i
BRE  — x SR : = - :
i WECLKALE) 11 fhpcikaLe) | 1) taaD-wR) | P thwraAD)
:<—>E 25NS.MaX _p; g -4ns.min :—PE €= Ons.min | 1 | E (0.5 X teyc)ns.min :
ALE L ¥ P s z | L/ \
Etd(BCLK'WR)E ! th(BCLK-WR)
—_— 1 1 4 25ns.max | 1 —» <= ons.min . 1
WR,WRL, ! | A \ 1 | H [:/ : 1
WRH H 1 H : : T — ' |

Figure 1.26.9. Timing Diagram (8)
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M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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Electrical Characteristics (Vcc1 = Vce2 = 5V)

Vcci=\Vcce =5V

Memory Expansion Mode, Microprocessor Mode
(For 3-wait setting, external area access and multiplex bus selection)

Read timing

— : | | : : : : : |
s/ /% “/ “J ‘“_J

i i i i i i ‘ th(rD-CS) i ' i i

: ' : : : : : ©5Xtcygnsmin | (BCLKCS) : :

R td(BCcLK-CS) | . . H | ) ey 4ns.min | |

| 25ns.max i ! i H . i :‘—’: | . . .

TS | i | | s Sy | |

1 td(aD-ALE) | th(ALE-AD) | ' ' ' . v : ' '

| (0.5 X tcyc-25)ns.min ~ 30ns.min ' ' ' ' v ' ' ' '

L e——) : ‘ X . o : : | |

ADi . N : : : : P— : : : :
A W L e S

! : >4 tazRO-AD) : D ¢ [h(RD-DB) : : :

TdBCLK-AD)  tgap-p)l | Bnsmax tac3Ro-08) ' otsuperD)'s O™ acLK-AD) ' :

ADi :Zqu.max ¥ O"S'm‘ﬂ;i:; : 5 X.lcyc-45)ns.ma.x :;}Ons.mm ; E _»E 1‘_ 4ns,minl E E

BHE Y i I ' A j j i . X . . .

(no multiplex) —J/\ L i L L L : — . : T T

td(BCLK-ALE) | 1 Dl : : : ' ' g s i | |

ot . i ' I ' [ RD-AD; ' ' '

25ns.lmalx | i th(BCLK'ALE) | 1 H : ' : (0.5 X tcyc)ns.min | | |

¢ ansmin : : : : Do b ; : :

ALE v a Vo | | | : . ; o N\ | |

: a Do ! : : | | | teckr) ! : :

' ' ' 1 td(BCLK-RD) ! ! ' ' 1. Ons.min ! ! !

_ : : 2L 2snsmax ; ; : [y m— : : :

RD : : ) : : : : : / : : : :

BCLK —/ ' y ' y ' I ' y ' y '

Eth<vvR-CS> th :

I tdBCLK-CS) i i 1 H ' (05 X teyo)ns.min AH(SBFCH:;IK'CS) 1 |

"—’, 25ns.max : : : : : . :"’: ) ! : :

CSi . . . . . . . b , / . . 1
\ \ \ td(BCLK-DB) , , : . . : th(BCLK-DB) ! !

| | . g 40ns.max ' , ' . I"V: 4ns.min ! !

ADi mVA - T y ! n : 0 — ) T ! T
/DB |\ Address : i Dataoutput | | : X}( : : !
o e——p o« S —— ' ' '

tA-AE) | | e : D lobwm | g N : | :

(05 X teye-25)ns min v : : BWR ! 1 thwr-DB) ! ! :

! e e ! ! (25X teyp-40)ns.min | 1) (0.5 X teyc)ns.min ! ! !

it B SRS N S S A S S T C R S

Zin_s’.;max N N ' ' ' ' Vo 5 :‘_4ns.mm ' '

ADI 1 : I: 1 1 1 1 1 ' d 1 1 1
BRE ik it i b IR
(no multiplex) ’ ™ L T T T T T T T T T
[dBCLK-ALE) | | thecLk-ALE) 1 1 H : ' "t i€ | 1 i

25ns.max | lansmin ! | | H H N h(WR-AD) | | |

o e P, taaowR) : : | P OSXepnsmn | : ;

ALE L H\ > < onsmin i i f D Ny H\ i i
: : b : : : : ! 1 thECLKWR) : : :

: : i1 Td(BCLK-WR) ' | ' | 1 Onsmin : : ‘

WR. WRL — : 2 25ns.max : : : b : : : :
WRH : . . \\ H M ! . . / : 1 1 .

tcyc= ——4m8 —
Y e

Measuring conditions

* Vcci=Vcee=5V

* Input timing voltage  : ViL=0.8V, VIH=2.0V

« Output timing voltage : VoL=0.4V, VOH=2.4V

Figure 1.26.10. Timing Diagram (9)
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. .- SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical Characteristics (Vcc1 = Vee2 = 3V)

Vcci=Vcez =3V

Table 1.26.28. Electrical Characteristics (Note)

Symbol Parameter Measuring condition _ Standard Unit
Min. Typ. Max.
HIGH output  POo to PO7,P10 to P17,P20 to P27,P30 to P37,
VoH voltage P40 to P47,P50 to P57,P60 to P67,P72 to P77,
P80 to P84,P86,P87,P90 to P97,P100 to P107, lon=-1mA Vee-0.5 vee v
P11o to P117,P120 to P127,P130 to P137,P140,P141
HIGHPOWER loH=-0.1mA Vce-0.5 Vce
VOH HIGH output voltage  Xout \Y
LOWPOWER loH=-50pA Vce-0.5 Vee
HIGH output voltage ~ XcouT |HIGHPOWER With no load applied 2.5 v
LOWPOWER With no load applied 1.6
LOW output  POo to P0O7,P10 to P17,P20 to P27,P30 to P37,
voltage
VoL g P40 to P47,P50 to P57,P60 to P67,P70 to P77, loL=1mA 0.5 \%
P8o to P84,P86,P87,P90 to P97,P100 to P107,
P11oto P117,P120 to P127,P130 to P137,P140,P141
Low | X HIGHPOWER loL=0.1mA 0.5
tput out
vo output voltage LOWPOWER loL=50pA 0.5 v
With no | li
LOW output voltage  Xcour | TCHPOWER ith no load applied 0 v
LOWPOWER With no load applied 0

Hysteresis HOLD, RDY, TAOIN to TA4IN,
TBO to TB5IN, INTo to INTs, NMI,

VT+VT-
ADTRG, CTSo to CTS2, SCL, SDA, 0.2 0.8 \Y
CLKo to CLK4, TA20uT to TA4o0uT,
Klo to KI3, RxDo to RxD2, SIN3,SIN4
VT+VT- Hysteresis RESET 0.2 (0.7) 18 \%
HIGH input POo to P07,P10 to P17,P20 to P27,P30 to P37,
current P40 to P47,P50 to P57,P60 to P67,P70 to P77,
IH P8o to P87,P90 to P97,P100 to P107,P110 to P117, Vi=3V 4.0 HA
P120 to P127,P130 to P137,P140,P141,
XiN, RESET, CNVss, BYTE
LOW input P0o to P0O7,P1o to P17,P20 to P27,P30 to P37,
current P40 to P47,P50 to P57,P60 to P67,P70 to P77,
I P8o to P87,P90 to P97,P100 to P107,P110 to P117, V=0V -4.0 UA
P120 to P127,P130 to P137,P140,P141,
XN, RESET, CNVss, BYTE
RpuLLUP | Pull-up PO0o to P0O7,P10 to P17,P20 to P27,P30 to P37,
resistance P40 to P47,P50 to P57,P60 to P67,P72 to P77,
P80 to P84,P86,P87,P90 to P97,P100 to P107, Vi=ov 66 160 500 kQ
P11oto P117,P120 to P127,P130 to P137,P140,P141
RixIN Feedback resistance XN 3.0 MQ
RixcIN Feedback resistance XcIN 25 MQ
VRAM RAM retention voltage At stop mode 2.0 \

Note : Referenced to Vcc=Vcc1=Vcc2=2.7 to 3.3V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=10MHz unless otherwise specified.
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. .. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical Characteristics (Vcc1 = Vce2 = 3V)

Vcci=Vcece =3V

Table 1.26.29. Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition ___Standard Unit
Min. Typ. Max.
In single-chip mode, the output Mask ROM f(BCLK)=10MHz,
! L e 8 11 mA
pins are open and other pins are No division
Vss ivisi i illati
No division, Ring oscillation 1 mA
f(BCLK)=10MHz,
Flash memory
No division 8 13 mA
No division, Ring oscillation 18 mA
Flash memory =
Program {/(ECSI;?O\:}'OMHZ’ 12 mA
Flash memory f(BCLK)=10MHz,
Erase Vee1=3.0V 22 mA
Mask ROM f(Xcin)=32kHz, A
Low power dissipation mode, 25
lcc Power supply current ROM(Note 3)

(Vce=2.7 to 3.6V)

f(BCLK)=32kHz,
Low power dissipation mode, 25 HA
RAM(Note 3)

f(BCLK)=32kHz,
Low power dissipation mode, 420 HA
Flash memory(Note 3)

Flash memory

Ring oscillation
! A
Wait mode 45 H
f(BCLK)=32kHz,
Wait mode (Note 2), 6.0 HA
Mask ROM Oscillation capacity High
Flash memory f(BCLK)=32kHz,
Wait mode (Note 2), 1.8 HA
Oscillation capacity Low
Stop mode
! 0.7 3.0
Topr=25°C KA
Idet4 Power supply down detection dissipation current (Note 4) 0.6 4 HA
Idet3 Reset level detection dissipation current (Note 4) 0.4 HA
Idet2 RAM retention limit detection dissipation current (Note 4) 0.9 4 HA

Note 1: Referenced to Vcc=Vcci=Vcee=2.7 to 3.3V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=10MHz unless otherwise specified.
Note 2: With one timer operated using fcs2.
Note 3: This indicates the memory in which the program to be executed exists.
Note 4: Idet is dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet4: VC27 bit of VCR2 register
Idet3: VC26 bit of VCR2 register
Idet2: VC25 bit of VCR2 register
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Vcci=Vcez =3V

Timing Requirements
(Vcer =Veez =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 1.26.30. External Clock Input

Standard .
Symbol Parameter . Unit
y Min. Max.
e External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tr External clock fall time 18 ns
Table 1.26.31. Memory Expansion and Microprocessor Modes
Standard .
Symbol Parameter . Unit
y Min. Max.
tac1(RD-DB) Data input access time (for setting with no wait) (Note 1) ns
tac2(RD-DB) Data input access time (for setting with wait) (Note 2) ns
tac3(RD-DB) Data input access time (when accessing multiplex bus area) (Note 3) ns
tsu(DB-RD) Data input setup time 50 ns
[suRDY-BCLK) | RDY input setup time 40 .
tsuHoLD-8cLK)| HOLD input setup time 50 ns
th(RD-DB) Data input hold time 0 ns
thEcLk RDY) | RDY input hold time 0 ns
th(BCLK-HOLD) | HOLD input hold time 0 ns
tdBCLK-HLDA) | HLDA output delay time 40 ns

Note 1: Calculated according to the BCLK frequency as follows:
0.5 X 10°

f(BCLK)

60 g

Note 2: Calculated according to the BCLK frequency as follows:

(n-0.5) X 102

f(BCLK) 60

n is “2” for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait

[ns] setting.

Note 3: Calculated according to the BCLK frequency as follows:

(n—-0.5) X 109
f(BCLK) 60

[ns] nis “2” for 2-wait setting, “3” for 3-wait setting.
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Electrical Characteristics (Vcc1 = Vce2 = 3V)

Vcci=Vcece =3V

Timing Requirements
(Vcecar =Veez2 =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 1.26.32. Timer A Input (Counter Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 1.26.33. Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input HIGH pulse width 300 ns
tw(TAL) TAIIN input LOW pulse width 300 ns

Table 1.26.34. Timer A Input (External Trigger Input in One-shot Timer Mode)

Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 1.26.35. Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard .

Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 1.26.36. Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(uUP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(uPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-TIN) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns

Table 1.26.37. Timer A Input (Two-phase Pulse Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 2 us
tsu(TAN-TAouT) | TAiouT input setup time 500 ns
tsu(TAouT-TAN) | TAIIN input setup time 500 ns
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Vcci=Vcez =3V

Timing Requirements
(Vceir =Veez =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 1.26.38. Timer B Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter Min. M Unit
te(TB) TBiIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBIIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBIIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 160 ns
tw(TBL) TBIIN input LOW pulse width (counted on both edges) 160 ns
Table 1.26.39. Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time 600 ns
tw(TBH) TBiN input HIGH pulse width 300 ns
tw(TBL) TBiiN input LOW pulse width 300 ns
Table 1.26.40. Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 1.26.41. A-D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max.
te(AD) 'ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) 'ADTRG input LOW pulse width 200 ns
Table 1.26.42. Serial I/O
Standard )
Symbol Parameter - Unit
Min. Max.
te(cK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(C-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 50 ns
th(c-D) RxDi input hold time 90 ns
Table 1.26.43. External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
I~ RENESAS
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Electrical Characteristics (Vcc1 = Vce2 = 3V)

Vcci=Veez2 =3V

Switching Characteristics
(Vcci1 =Vceez2 =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C, CM15="1" unless otherwise
specified)

Table 1.26.44. Memory Expansion, Microprocessor Modes (for setting with no wait)

- - Standard :
Symbol Parameter Measuring condition Min. | Max. Unit
td(BCLK-AD) Address output delay time 30 ns
th(BCLK-AD) Address output hold time (refers to BCLK) 4 ns
th(RD-AD) Address output hold time (refers to RD) 0 ns
th(WR-AD) Address output hold time (refers to WR) (Note 2) ns
td(BCLK-CS) Chip select output delay time 30 ns
th(BCLK-CS) Chip select output hold time (refers to BCLK) 4 ns
tdecLk-ALe) | ALE signal output delay time Figure 1.26.11 30 ns
theck-ate) | ALE signal output hold time -4 ns
td(BCLK-RD) RD signal output delay time 30 ns
th(BCLK-RD) RD signal output hold time 0 ns
taeck-wr) | WR signal output delay time 30 ns
th(BCLK-WR) WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (refers to BCLK) 40 ns
th(BCLK-DB) Data output hold time (refers to BCLK) 4 ns
td(DB-WR) Data output delay time (refers to WR) (Note 1) ns
th(WR-DB) Data output hold time (refers to WR)(Note 3) (Note 2) ns
Note 1: Calculated according to the BCLK frequency as follows:
0.5 X 10°
f(BCLK) 40 ng]
Note 2: Calculated according to the BCLK frequency as follows:
0.5 X 10°
f(BCLK) [ns]
Note 3: This standard value shows the timing when the output is off,
and does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-up R
(pull-down) resistance value.
Hold time of data bus is expressed in DBi
t=-CR X In (1 -VoL/Vcc2) C
by a circuit of the right figure. l
For example, when VoL = 0.2Vccz, C = 30pF, R = 1kQ, hold time B

of output “L” level is
t=—30pF X 1kQ X In (1 — 0.2Vcc2/ Vce?)
=6.7ns.

PO
P1

P2 30pF

P3

P4 ;

P5
P6

P7
P8

P9
P10

Figure 1.26.11. Ports PO to P10 Measurement Circuit
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Vccir=Vceez =3V

Switching Characteristics
(Vcer =Veez =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C, CM15="1" unless otherwise
specified)

Table 1.26.45. Memory expansion and Microprocessor Modes
(for 1- to 3-wait setting and external area access)

; i Standard .
Symbol Parameter Measuring condition Min. | Max. | Ynit
td(BCLK-AD) Address output delay time 30 ns
th(BCLK-AD) Address output hold time (refers to BCLK) 4 ns
th(RD-AD) Address output hold time (refers to RD) 0 ns
th(WR-AD) Address output hold time (refers to WR) (Note 2) ns
td(BCLK-CS) Chip select output delay time 30 ns
th(BCLK-CS) Chip select output hold time (refers to BCLK) 4 ns
tdecLk-aLe) | ALE signal output delay time 30 ns
thecik-ale) | ALE signal output hold time Figure 1.26.11 | -4 ns
td(BCLK-RD) RD signal output delay time 30 ns
th(BCLK-RD) RD signal output hold time 0 ns
taecik-wr) | WR signal output delay time 30 ns
th(BCLK-WR) WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (refers to BCLK) 40 ns
th(BCLK-DB) Data output hold time (refers to BCLK) 4 ns
td(DB-WR) Data output delay time (refers to WR) (Note 1) ns
th(WR-DB) Data output hold time (refers to WR)(Note 3) (Note 2) ns
Note 1: Calculated according to the BCLK frequency as follows:
(n-0.5) X 10°

—40 [ns] nis “1” for 1-wait setting, “2” for 2-wait setting
and “3” for 3-wait setting.
Note 2: Calculated according to the BCLK frequency as follows:

0.5 X 10°
f(BCLK) [ns]

f(BCLK)

Note 3: This standard value shows the timing when the output is off,
and does not show hold time of data bus.

Hold time of data bus varies with capacitor volume and pull-up R
(pull-down) resistance value.
Hold time of data bus is expressed in DBi |

t=-CR X In (1 -VoL/Vcc2)
by a circuit of the right figure.
For example, when VoL = 0.2Vccz, C = 30pF, R = 1kQ, hold time
of output “L” level is
t=—30pF X 1kQ X In (1 — 0.2Vcc2/ Vce?)
=6.7ns.
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Electrical Characteristics (Vcc1 = Vce2 = 3V)
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Switching Characteristics
(Vcci =Veez =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C, CM15="1" unless otherwise
specified)

Table 1.26.46. Memory expansion and Microprocessor Modes
(for 2- to 3-wait setting, external area access and multiplex bus selection)

. . Standard ]
Symbol Parameter Measuring condition Min. Max. Unit

tdecLk-aD) | Address output delay time 50 ns
thieck-ap) | Address output hold time (refers to BCLK) 4 ns
th(RD-AD) Address output hold time (refers to RD) (Note 1) ns
th(WR-AD) Address output hold time (refers to WR) (Note 1) ns
td(BCLK-CS) Chip select output delay time 50 ns
thcLk-cs) | Chip select output hold time (refers to BCLK) 4 ns
th(RD-CS) Chip select output hold time (refers to RD) (Note 1) ns
th(wR-CS) Chip select output hold time (refers to WR) (Note 1) ns
tdeck-rp) | RD signal output delay time 40 ns
thecLk-rD) | RD signal output hold time 0 ns
taeck-wr) | WR signal output delay time Figure 1.26.11 40 ns
thiecLk-wr) | WR signal output hold time 0 ns
tacLk-oB) | Data output delay time (refers to BCLK) 50 ns
thieck-o) | Data output hold time (refers to BCLK) 4 ns
td(DB-WR) Data output delay time (refers to WR) (Note 2) ns
th(WR-DB) Data output hold time (refers to WR) (Note 1) ns
tdecLk-ALE) | ALE signal output delay time (refers to BCLK) 40 ns
thecLk-ALe) | ALE signal output hold time (refers to BCLK) -4 ns
td(AD-ALE) ALE signal output delay time (refers to Address) (Note 3) ns
th(ALE-AD) ALE signal output hold time (refers to Adderss) 30 ns
td(AD-RD) RD signal output delay from the end of Address 0 ns
td(AD-wR) WR signal output delay from the end of Address 0 ns
tdz(RD-AD) Address output floating start time 8 ns

Note 1: Calculated according to the BCLK frequency as follows:

0.5 X 109
f(BCLK) [ns]
Note 2: Calculated according to the BCLK frequency as follows:
(n-0.5) X 109
f(BCLK) [ns] n is “2” for 2-wait setting, “3" for 3-wait setting.

Note 3: Calculated according to the BCLK frequency as follows:

0.5 X 109
f(BCLK) [ns]
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Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcci=Vcecz =3V

te(TA)
tw(TAH)
TAIIN input \
tw(TAL)
tc(uP)
tw(UPH)
TAIOUT input \
tw(uPL)
TAIoUT input
(Up/down input) ><
During event counter mode
TAIIN input —
(When count on falling th(Tin-UP) tsu(UP-TIN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
Two-phase pulse input in
event counter mode te(TA) -
TAIIN input /| ﬂ
tsu(TAIN-TAoUT) tsu(TA('N'TAOU,T)
tsu(TAoUT-TAIN) ) —
TAIOUT input
tsu(TAouT-TAIN)
tc(TB)
tw(TBH)
TBIIN input
tw(TBL)
|
tc(AD)
tw(ADL)
ADTRG input j

Figure 1.26.12. Timing Diagram (1)
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. L. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical Characteristics (Vcc1 = Vcee2 = 3V)

Vcci=Vcez2 =3V

fe(CK)

tw(CKH)
CLKi

tw(CKL) thic-0
TXDi X X
td(cQ) |, tsu(D-C) th(C-D)

RxDi *

tw(INL)

INTI input } /
tw(INH)

Figure 1.26.13. Timing Diagram (2)
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Electrical Characteristics (Vccl = Veez = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcci=Vcecz =3V

Memory Expansion Mode, Microprocessor Mode
(Effective for setting with wait)

BCLK _/—\_/—\_/— _/—\_/—\_
RD

(Separate bus) \ /r ................ /_—

WR, WRL, WRH

(Separate bus) \ ---------------- /—

RD S
(Multiplexed bus) \ /
WR, WRL, WRH

(Multiplexed bus) \

RDY input

tsu(RDY-BCLK) <> th(BCLK-RDY)

(Common to setting with wait and setting without wait)

BCLK

tsu(HOLD-BCLK) th(BCLK-HOLD)

<> ] =
N~ T\ ' I i 4
HOLD input 3 :\ & / j } / !
HLDA output N v |
td(BCLK-HLDA) > < | > < 1d(BCLK-HLDA)
PP, ———  we [
Ppa
P50 to P52 | ‘ | | | |

Note: The above pins are set to high-impedance regardless of the input level of the
BYTE pin, PMO06 bit of PMO register and PM11 bit of PM1 register.

Measuring conditions :

* Vcci=Vcee=3V

« Input timing voltage : Determined with VIL=0.6V, VIH=2.4V

« Output timing voltage : Determined with VoL=1.5V, VOH=1.5V
Figure 1.26.14. Timing Diagram (3)
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Mitsubishi microcomputers

M16C / 62P Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Expansion Mode, Microprocessor Mode
(For setting with no wait)
Read timing

Vcci = Veez =3V

BCLK / h d | h :
1 laeckes) th(BCLK-CS) : E

E<_’E 30ns.max E 5<—>: Ans.min 1 E E E
s\ T N VA
« ey » E | : ; :

ta(BCLK-AD) hEcLKAD) | | E |

| E 30ns.max E - 4ns.min i E 1 : i

ADi T X T — . T X . . X ;
BHE : . — ; : ; ; ;
td(BCLK-ALE) th(BCLK-ALE) > '« th(RD-AD) ! 1 ' :

54_’5 30ns.max 34‘ -4ns.min E E Ons.min E 1 : E .

ALE b i\ B : ‘ | 5 5
td(BCLK-RD) th(BCLK-RD)

! 4> 3onsmax » oL H ' : i

RD s ¥ i i 5
: tac1(RD.0B) | T : : :

E (O.5><lcyc—60)ns,lma>< :"E E E i E E E

S anm S e S S S

: tsu(e-rD) 14—:*'4'% thRo-08) | : i 3 i

. 50ns.min ' . ' onsmin . ' .

Write timing

Measuring conditions

* Vcci=Veee=3V

* Input timing voltage  : VIL=0.6V, VIH=2.4V
 Output timing voltage : VoL=1.5V, VOH=1.5V

BCLK ! h
i td@cLk-cs) ; ! thBoLkcs) | : ;
:‘_N: 30ns.max H h \ 4ns.min E E !
CSi Y : L/ : 5 !
S . | . : | |
: ;td(BCLK'AD) : : 3 i th@EcLk-AD) | ' :
. - 30ns.max E E H > nsmin ! E :
AD | ; =y , ;
BHE —! . j - : 5 : :
! tECLK-ALE) |, th(BCLI-ALE)| b thwRAD) : ; :
:4"5 30ns.max | : -4ns.min | (0.5 X teyc)nsimin 1 E
ALE / P : / P\ ;
: : taBCLKWR) ! | th(EBCLKWR) | i
: E ' 30"5-"“3)(_’} * onsmin H
taBeLKoB) | | th(BoLK-DB) i
H > 4onsmax |4 > ans.min |
. : I Hi-Z i e T :
DBi  -rreeroeeresessmesseesesoooches 3 S
1td(DB-WR) th(wr-DB)
1 (0.5 X teyc-40)ns.min (0.5 X teyc)ns.min
teyc= ———
f(BCLK)

Figure 1.26.15. Timing Diagram (4)
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Memory Expansion Mode, Microprocessor Mode
(for 1-wait setting and external area access)

Read timing

Vcci=Veez =3V

Write timing

BCLK / / , Y \
| tdecLk-cs) : ; th(BCLK-CS) E : :
14> 30ns.max i E H 4> 4ns.min ' ' H
Csi E : ; i L] ; | 5
e toye | . : : i : E
td'(BCLK-AD) : : : th(BCLK-AD) : i ;
. ! 30ns.max ' ' H H ' ¥ ! : '
i g \ | ! > 4ns.min : 1 !
ADL X - - : Y : - :
BHE ) : i i LA j : ;
|tdBCLK-ALE)  ithBCLK-ALE) 1 ' th(RD-AD) | ! ! ' ; '
“>30ns.max ) 54- -4ns.min | ! Oons.min 1| E | '
ALE ' 5: 5 : .y A i ;
; ! ldBCLKRD) | : ! 1 thECLKRD) : :
: h ': 30ns.max E ' > 54— ons.min ' E :
RD s T\ e s ¥4 5 ! :
; - i tac2(RD-DB) : . : i . : :
, Pl (L5 X teyc-60)ns.max » P '
S Sm— Tt gy 1 SO e
' : ! 4——tb1e> thRD-DB) | !
tsu(pB-RD) ' ons.min
50ns.min

Measuring conditions
« Vcci=Vee2=3V
« Input timing voltage  : VIL=0.6V, VIH=2.4V
« Output timing voltage : VoL=1.5V, VoH=1.5V

BCLK , \ / .
i taecikcs) | ! thBcLK-CS)
<> 30nsmax | ' ! : i ansmin H !

Csi PN E : : ] : : 5
. teye 1 H | ' E ' E '
i fdecLk-AD) 3 i : ' th(BCLK-AD) | : :
4 30nsmax | ; : > nsmin | 5 :
ADi x T i ' X I T [
BiE A : : i :
| tdBCLK-ALE) 1 | th(BCLK-ALE) } T thwRAD) | ! 1
*Higonsmax > ¥ -ansmin | 11 (05 X teyons.min : E '
ALE L P : H L/ A\ ; :
E : td(BCLK-WR) : , th(BCLK-WR)f f : :
E E 54_’? 30ns.max > 24_ Ons.min | H H E

WR,WRL T 1 T\ H '/ | H H ]

WRH : : : o ; 2 ; :
! | tdeckos) i thecLi-0B) | '
[ H > jons.max_ | . > dnsmin ! E :

. ! | HiZ : T ‘ : : :
DBi Tt T T L [ A [ A
' ta(oB-WR) thwR-DB) '
(0.5 X teyc-40)ns.min (0.5 X tcyc)ns.min
teyc= -1
f(BCLK)

Figure 1.26.16. Timing Diagram (5)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcci = Veez =3V

Specifications in this manual are tentative and subject to change.
Read timing

Preliminary Specifications Rev.1.0
Memory Expansion Mode, Microprocessor Mode

(for 2-wait setting and external area access)
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

(0.5 X teyc)ns.min

2.4V
=1.5V

RenesasTechnology Corp.
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0.6V, VIH
1.5V, VoH

2 ViL=
: VoL

3V

Measuring conditions

» Vcci=Vee2
« Output timing voltage

« Input timing voltage

Figure 1.26.17. Timing Diagram (6)
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Vcci = Veez =3V
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Memory Expansion Mode, Microprocessor Mode

(for 3-wait setting and external area access)

Read timing

1 1
: :
................................................... e [ SR IR I NN PR F R S
! ;
: :
: :
: :
: :
i i
: ;
................................................... I RO SR RN ER (R PR J R S
\ :
: :
: :
- _ a ' ~ ~ '
3 3 B g L @ A — :
? ) < < s @ M g 2 I
~- Y g-t--e-- S _-t---f- QE-F----- B J.-.Q ¢ mmmopmen gl T B Pt CEEEETTPP BT Rl EERE
Ot 35E 5] O E ! Q€ O E Ot X c !
I OE = [Ch] ! [T Q4 2 g g H
=2 a =S = ' =2 =2 =2 QE
S5 L = F S o ' S o = . = L W\m '
L= : LN c :
S — -x | ATy AT = = =<
H 1 S b S o € g | -0 ﬂ.\r .
A > ~
||||||||||||||||||||||||||||||||||||||||||||||| -F- [P P A . £ S Y Y R Y e, £ )
o9 i =4
1 H <z Q€ 2
P S g x £¢ g
' B s = g
LOEE = | Z
&
.................................................... | MW S SRR NN IR NN Sebebab fbefefbuteteluhops Sufebebubutets Rebsbel e’ S
32 T
2
:
:
i
s [y [ B e e [ (U (Y -
1
" <
i E
x ! 2
% £
.............................................. e D B hCEEEREEEEE EEEPERE SEEE FEPPEPPEEEY EEPPEEREPES EEREEES EEEY 1 4
82| £3
o 3 I el
o g5
S 2 \ Qi
s 2 I S
— X [
................................................ o3 R RN, G NRRON NUNRTN NN NPRIRPRY PRI SUPRRR SR A A
£-r-
oo
:
|
' ~
g -
: 5 8
. ] v 3
................................................... am-m- Bt ettty Ieieiieiat ety Itk Al St Sl B 0 Sl s i
h ol g E
I 25 a g
5 : =8 Eg
_ 3 ' —
w w
q 2 : g 1 1) :
= r ' R I
......................... MFIRES B BERE TR AL AR s E e B e B O
gt 8¢ | g€ t o
84 =8 ! gz _
2 ? 8 =3 ! “ o - - Z5 ol
i g :
B 8 3 + Tt : g 8. 3 Yo J =
~f ot oe- SE-- SEt-fe--- B e LR 4-mee ] e - e R (LS EREREE pooees
g 8 o | T “ g: 3 f “
2 = [m} N <X o
zs =8 2 3 =8 =8 o i
x 1 - 1
¢ ! AR 4 ¢ 2.4
|||||||||||||||||||| L L R ! P P ! [ P I
[ ] 0
f T 3t : £ 1 x 8g71 "
z
— O -
= _R
x L x >z
m = = _ w
(&} 4 2] = [} 4 _RR o0
@ < a = ) < 2= a

Measuring conditions

teyc
*Vcc1

>
>0
N
N
I
s>
>3
P
o
I o
=0
> >
oy
)
o8
86
5>
S o
o.£
£ E
g
S5
=
52
a5
£0
.

Figure 1.26.18. Timing Diagram (7)
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Electrical Characteristics (Vcc1 = Vee2 = 3V)

Vcci = Veez =3V

Memory Expansion Mode, Microprocessor Mode
(For 2-wait setting, external area access and multiplex bus selection)

Read timing

BCLK 1 h ) / "
: 1 : H 1 H \ h(BCLK-CS) |
: td(?CLK-CS) : 3 e R ; th(RD-CS) €y 4ns.min :
<> 40nsmax ! * T > ' (0.5 X teyc)ns.min ' '
csi P\ : : : P / 5
' td(AD-ALE) 1 th(ALE-AD) H . H H
| (0.5Xtcyc-40)ns.min  30ns.min + 10 H 1 o 1 :
' I i E—— ! ! H ' !

ADi X Address

) --------- RRREEEE L domens Data input }------- 4---{ Address
' tdz(RD-AD) ! h ! -

/DBI N — . T ) T H
' ' ! —$! '« 8ns.max! 4> {h(RD-DB) '
H v HE | tac3(RD-0B) : ISUDBRD) i ons.min |
' 1 E , E:‘ (1.5 X teyc-60)ns.max | | 50ns.min i i '
f . ! td(ADRD) 5 P f
i ldBCLK-AD) | _’ ons.min v . th(BCLK-AD)
, 4> donsmax ! | Lo : : P by dnsmin
BHE : o - : : . — ;
WECLCALE) L nsoLkAle) || : : LT throan), :
E*’E 40ns.max _y,; :4—‘4"5‘"“" E E E E . (0.5 X teye)ns.min 1
ALE s' \ L s 5 B N\
' : tdBCLK-RD) |1 th@CLKRD) !
' ' <>} donsmax | | —» < Ons.min | !
RD ' : C : | L | |

Write timing

BCLK ! ! . .
| tdBCLK-CS) ! < toye | Ny i thwrcs) :th(BCL_K'CS> :
™ sonsmax i i ; ' ! (05X tcygns.min i 4ns.min '

—_— I : 1 1 1 : 1 :4—?—’:/ !

CSi i \ | | | : L | i
' : ! ld(BCLK-DB) ! ' o L thecicos) |
H H H—P; 50ns.max : Vo H E 4ns.min H

ADi { Address E X i Data output: D : X Address

/DBi - T T e ; ; e I T
' > ' « T v et T H '
! H taADALE) | : o 1 tdoe-wR) ' [ thwr-DB) ! :
' + LAD-ALE) ' : (1.5 X tcyc-50)ns.min, 1 1 (05X teyc)ns.min H
! (05X tcyc—40)nsl.nllin ! 1 | ' | ! ' '
L tECLK-AD) | | hBCLK-AD)
‘«—p 40nsmax ! i ! E ! ! ! i '« 4ns.min !

ADI ! ) - - 5 : ) 5 X 5
BHE  — x AR R : x A
i WECLCALE) 1 fhgeLiate) | il tAD-WR) | Pl thwraD)!
14> A0NSMAX ) g gnsmin | b1 i€ Onsmin | ' Ll (05X tygns.min ;

ALE L g L e s | L/ \
: : : Etd(Bc'—K‘WR)E : :  th(BCLK-WR) : :
_— H H > 40nsmax | : —» < onsmin H
WR.WRL, " 1 \'\ | ' 1 y 1 :
WRH : : Do : : L : :

tcye= —————
f(BCLK)

Measuring conditions

* Vcci=Vee2=3V

« Input timing voltage  : VIL=0.6V, VIH=2.4V

« Output timing voltage : VoL=1.5V, VoH=1.5V

Figure 1.26.19. Timing Diagram (8)
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Mitsubishi microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Read timing

Memory Expansion Mode, Microprocessor Mode
(For 3-wait setting, external area access and multiplex bus selection)

Vcci=Veez =3V

ADi Y I
R BN
54— tdZ(RD-AD) !

— , : i : :
e/ O\ [ [

i : i i \ i ' th(RD-CS)

H t ' | | H H . (0.5 X tcyc)ns.min

o e aBoees) : ' : | e
| 40ns.max ' ' ' [ '

CSi P\ i : . ! i ;1 :

! td(AD-ALE) I th(ALE-AD) | : I l . I

1(0.5 X tcyc-40)ns.min 30ns.min \ 1 . o i

- i
e
! i+ th(RD-DB)

tcyc= ;
f(BCLK)
Measuring conditions
* Vcci=Vcee2=3V
« Input timing voltage  : VIL=0.6V, VIH=2.4V
« Output timing voltage : VoL=1.5V, VoH=1.5V

o : fiteh . | e— - 1 1
'd(BCLK-AD)  tyiap-rpy! !} 8ns.max tac3(RD-0B) ! itsupsrD) ™™ thecLk-AD) .
ADi :40n's.max o 0ns.min_e’:51 : (2,5Xt|cyc-60)ns.max‘ : =:50ns.min; E _»i ' 4ns.m|nI i
BHE Y ¥ D ! i i i o 1O i
(No multiplex) L 1Y — - : . : ' — T 7 T
tdBCLK-ALE) | E i : i | i H o IhRD-AD) g | 1
40ns.‘m'=7>< ] : th(BCLK ALE) | | H : | i (0.5 X tcyc)ns.min | 1
R ansmin : : : : D b i :
ALE y : i : : : : D ¥ 1\ :
' Y D ‘ ! , : ' | 1 thecLK-RD) , '
: L e ! : ¥ e e : :
RD ; i i | i ; i v i ;
Write timing
. C N . . . . . . . . .
D E— i i 1 1 i i 1 ' '
ST S U e U e U
| ' i | | | : ithwr-cs) th(BCLK-‘CS) : :
|, tdBCLK-CS) ] i ) 1 H 05 X t min | . 1 H
O sons max : : : : : (05 XML 5y dnsmin : :
AY ' ' ' ' ' ' —————— P I [ |
CSi 1 ] ] i i 1 : . 1 / 1 1 ]
| : : td(BCLK-DB) ' | ' . 1 thCLk-DB) : '
AR S ekt SRS S NN NN . RN S
ADi N Address VY ! Data outout . o o ! ! :
DB LA AR . ata output | o Lo . : .
ta A e tr e > e——> ; ) ;
d(AD-ALE) | | o 1 | b : Lo Lo 1 1 '
(05 X tcyc40s.min | ¥ ! P taohwey L thwR0B) : : :
! e v ! ! (25Xteyc-50)ns.min | ! (teyce/2)ns.min ! ' '
td(BCLK-AD) 1 | V) h H ; . . H :
aonsmax 1! o : : : ; o i ThecLk-AD) : :
ADi DI N |: ' ' ' ' o N :‘_4ns.min ' '
| L L ' : . ' Vo . . :
BHE : :E | : : : : ! ) : : :
(No multiplex) td(BCLK ALE) :Eth(BCLK-ALE) ! ! : ! ' :‘—"" ! H :
40ns.max | ! -4ns.min ! ! ! ! ' th(wR-AD) ! ! '
O e taeoww) : : : | @sXwognemn | : :
ALE L N\ >« onsmin i i f . L H\ i f
! ! L ! : ! ! !\ thBCLK-WR) : ! !
! ' ! 1 1d(BCLK-WR) ! ! ' ! | Ons.min ! ! !
WR, WRL — : e donamex i ; E M i i :
WRH : : : : : : : : / : : : :

Figure 1.26.20. Timing Diagram (9)
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Flash Memory Version SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Flash Memory Version

Flash Memory Performance
The flash memory version is functionally the same as the mask ROM version except that it internally con-
tains flash memory.
The flash memory version has three modes—CPU rewrite, standard serial input/output, and parallel input/
output modes—in which its internal flash memory can be operated on.
Table 1.27.1 shows the outline performance of flash memory version (see Table 1.1.1 for the items not

listed in Table 1.27.1.).
Table 1.27.1. Flash Memory Version Specifications

Item Specification

Flash memory operating mode 3 modes (CPU rewrite, standard serial 1/0O, parallel 1/0)

Erase block User ROM area See Figure 1.27.1
Boot ROM area 1 block (4 Kbytes) (Note 1)

Method for program In units of word, in units of byte (Note 2)

Method for erasure Collective erase, block erase

Program, erase control method Program and erase controlled by software command

Protect method Protected for each block by lock bit

Number of commands 8 commands

Number of program and erasure | 100 times

Data Retention 10 years

ROM code protection Parallel I/O and standard serial I/O modes are supported.

Note 1: The boot ROM area contains a standard serial I/O mode rewrite control program which is stored
in it when shipped from the factory. This area can only be rewritten in parallel input/output mode.
Note 2: Can be programmed in byte units in only parallel input/output mode.

Table 1.27.2. Flash Memory Rewrite Modes Overview

Flash memory CPU rewrite mode Standard serial /0 mode Parallel I/O mode

rewrite mode

Function The user ROM area is rewrit- | The user ROM area is rewrit- | The boot ROM and user
ten by executing software |ten by using a dedicated se- | ROM areas are rewritten by
commands from the CPU. rial programmer. using a dedicated parallel
EWO0 mode: Standard serial I/O mode 1: | programmer.

Can be rewritten in any | Clock sync serial /O
area other than the flash | Standard serial /0 mode 2:
memory UART

EW1 mode:
Can be rewritten in the
flash memory

Areas which |User ROM area User ROM area User ROM area
can be rewritten Boot ROM area
Operation Single chip mode Boot mode Parallel I/O mode
mode Memory expansion mode
(EWO0 mode)

Boot mode (EWO0 mode)
ROM None Serial programmer Parallel programmer
programmer

RENESAS 061
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1. Memory Map
The ROM in the flash memory version is separated between a user ROM area and a boot ROM area.
Figure 1.27.1 shows the block diagram of flash momoery. The user ROM area has a 4K-byte block A, in
addition to the area that stores a program for microcomputer operation during singe-chip or memory expan-
sion mode.
The user ROM area is divided into several blocks, each of which can individually be protected (locked)
against programming or erasure. The user ROM area can be rewritten in all of CPU rewrite, standard serial
input/output, and parallel input/output modes. Block A is enabled for use by setting the PM1 register’s
PM10 bit to “1” (block A enabled, CS2 area at addresses 1000016 to 26FFF16).
The boot ROM area is located at addresses that overlap the user ROM area, and can only be rewritten in
parallel input/output mode. After a hardware reset that is performed by applying a high-level signal to the
CNVss and P50 pins and a low-level signal to the P55 pin, the program in the boot ROM area is executed.
After a hardware reset that is performed by applying a low-level signal to the CNVss pin, the program in the
user ROM area is executed (but the boot ROM area cannot be read).

00F00016 ’

Block A :4K bytes ‘
00FFFF16

08000016

Block 12 : 64K bytes

08FFFF16
09000016

Block 11 : 64K bytes

09FFFF16
0A000016

Block 10 : 64K bytes

OAFFFF16
0B000016

Block 9 : 64K bytes

OBFFFF16
0C000016 » OF000016

Block 8 : 64K bytes

OCFFFF16
0D000016

Block 5 : 32K bytes

Block 7 : 64K bytes

ODFFFF16 : OF7FFF16
0E000016 ; 0F800016
B Block 4 : 8K bytes
Block 6 : 64K bytes N OF9FFF16
: OFA00016
N Block 3 : 8K bytes
OEFFFF16 ' OFBFFF16
0F000016 O0FC00016
Block 2 : 8K bytes
Block 0 to Block 5 (32+8+8+8 OFDFFF16
+4+4)K bytes OFE00016 Block 1 : 4K bytes
OFEFFF16
O0FF00016 . 0FF00016
OFFFFF6 | | OFFFFF16 Block 0 : 4K bytes OFFFFF16 4K bytes
User ROM area Boot ROM area

Note 1: The boot ROM area can only be rewritten in parallel input/output mode.

Note 2: To specify a block, use an even address in that block.

Note 3: Shown here is a block diagram during single-chip mode.

Note 4: Block A can be made usable by setting the PM1 register's PM10 bit to “1” (block A enabled, CS2 area allocated at addresses 1000016 to 26FFF16).
Block A cannot be erased by the Erase All Unlocked Block command. Use the Block Erase command to erase it.

Figure 1.27.1. Flash Memory Block Diagram
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Flash Memory

Boot Mode
After a hardware reset which is performed by applying a low-level signal to the P55 pin and a high-level
signal to the CNVss and P50 pins, the microcomputer is placed in boot mode, thereby executing the pro-
gram in the boot ROM area.
During boot mode, the boot ROM and user ROM areas are switched over by the FMROS5 bit in the FMRO
register.
The boot ROM area contains a standard serial input/output mode based rewrite control program which was
stored in it when shipped from the factory.
The boot ROM area can be rewritten in parallel input/output mode. Prepare an EWO0 mode based rewrite
control program and write it in the boot ROM area, and the flash memory can be rewritten as suitable for the
system.

Functions To Prevent Flash Memory from Rewriting
To prevent the flash memory from being read or rewritten easily, parallel input/output mode has a ROM
code protect and standard serial input/output mode has an ID code check function.

* ROM Code Protect Function

The ROM code protect function inhibits the flash memory from being read or rewritten during parallel
input/output mode. Figure 1.27.2 shows the ROMCP register.

The ROMCP register is located in the user ROM area.The ROMCPL1 bit consists of two bits. The ROM
code protect function is enabled by clearing one or both of two ROMCPL1 bits to “0” when the ROMCR bits
are not ‘002,” with the flash memory thereby protected against reading or rewriting. Conversely, when the
ROMCR bits are ‘002’ (ROM code protect removed), the flash memory can be read or rewritten. Once the
ROM code protect function is enabled, the ROMCR bits cannot be changed during parallel input/output
mode. Therefore, use standard serial input/output or other modes to rewrite the flash memory.

* |ID Code Check Function

Use this function in standard serial input/output mode. Unless the flash memory is blank, the ID codes
sent from the programmer and the ID codes written in the flash memory are compared to see if they
match. If the ID codes do not match, the commands sent from the programmer are not accepted. The ID
code consists of 8-bit data, the areas of which, beginning with the first byte, are OFFFDF16, OFFFE31s,
OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Prepare a program in which the ID codes
are preset at these addresses and write it in the flash memory.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Flash Memory

ROM code protect control address

b7 b6 b5 b4 b3 b2 bl bo Symbol Address Value when shipped
| | | | | 1 | 1 | 1| 1| ROMCP OFFFFF16 FF16 (Note 4)

| Bit symbol Bit name Function RW
A Reserved bit Set this bit to “1” RW
- ——— [Reserved bit Set this bit to “1” RW
Pl ] ——— [Reserved bit Set this bit to “1” RW
i E E E e — [Reserved bit Set this bit to “1” RW
o] ROM code protect reset | 22
I ROMCR bit (Note 2 %ote 4) 82 Removes protect RW
o 10: } Enables ROOMCP1 bit
- 11: RW
ROM code protect level | 27"
------------------------ ROMCP1 .

1 set bit 00: Protect enabled RW

(Note 1, Note 3, Note 4) % rotect enable

11: Protect disabled RW

Note 1: If the ROMCR bits are set to other than ‘002’ and the ROMCP1 bits are set to other than ‘112’ (
ROM code protect enabled), the flash memory is disabled against reading and rewriting in
parallel input/output mode.

Note 2: If the ROMCR bits are set to ‘002’ when the ROMCR bits are other than ‘002’ and the ROMCP1
bits are other than ‘112,” ROM code protect level 1 is removed. However, because the ROMCR
bits cannot be modified during parallel input/output mode, they need to be modified in standard
serial input/output or other modes.

Note 3: The ROMCP1 bits are effective when the ROMCR bits are ‘012,’ ‘102, or ‘112’

Note 4: Once any of these bits is cleared to “0”, it cannot be set back to “1”. If a memory block that
contains the ROMCP register is erased, the ROMCP register is set to ‘FF16.’

Figure 1.27.2. ROMCP Register

/—\—/—\_//
Address //\—/—\/

Undefined instruction vector|

OFFFDF16 to OFFFDC16 | ID1

OFFFE316 to OFFFEO16 |1D2 Overflow vector

OFFFE716 to OFFFE416 BRK instruction vector

OFFFEB16 to OFFFES816 |ID3 Address match vector

OFFFEF16 to OFFFEC16 |I1D4 Single step vector

OFFFF316 to OFFFF016 |IDS Watchdog timer vector

OFFFF716 to OFFFF416 |ID6 DBC vector

OFFFFB16 to OFFFF816 |ID7 NMI vector

OFFFFF16 to OFFFFC16 | ROMCP: Reset vector

— _/
—~—

4 bytes

Figure 1.27.3. Address for ID Code Stored

264 RENESAS

RenesasTechnology Corp.




Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A\ . . .
\)“‘5?; et Preliminary Specifications Rev.1.0
aev® Specifications in this manual are tentative and subject to change.

Flash Memory
. __________________________________________________________________________________________________________________________|

CPU Rewrite Mode
In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the CPU.
Therefore, the user ROM area can be rewritten directly while the microcomputer is mounted on-board
without having to use a ROM programmer, etc.
In CPU rewrite mode, only the user ROM area shown in Figure 1.27.1 can be rewritten and the boot ROM
area cannot be rewritten. Make sure the Program and the Block Erase commands are executed only on
each block in the user ROM area.
During CPU rewrite mode, the user ROM area be operated on in either Erase Write 0 (EW0) mode or Erase
Write 1 (EW1) mode. Table 1.27.3 lists the differences between Erase Write 0 (EW0) and Erase Write 1
(EW1) modes.

Table 1.27.3. EWO0 Mode and EW1 Mode

Iltem EWO0 mode EW1 mode
Operation mode « Single chip mode Single chip mode
* Memory expansion mode
* Boot mode
Areas in which a * User ROM area User ROM area
rewrite control * Boot ROM area
program can be located
Areas in which a Must be transferred to any area other|Can be executed directly in the user
rewrite control than the flash memory (e.g., RAM) |ROM area
program can be executed before being executed
Areas which can be User ROM area User ROM area
rewritten However, this does not include the area
in which a rewrite control program
exists
Software command None » Program, Block Erase command
limitations Cannot be executed on any block in

which a rewrite control program exists

« Erase All Unlocked Block command
Cannot be executed when the lock bit
for any block in which a rewrite control
program exists is set to “1” (unlocked)
or the FMRO register's FMRO02 bit is set
to “1” (lock bit disabled)

* Read Status Register command
Cannot be executed

Modes after Program or | Read Status Register mode Read Array mode

Erase

CPU status during Auto | Operating Hold state (I/O ports retain the state in
Write and Auto Erase which they were before the command

was executed)Note)

Flash memory status * Read the FMRO register's FMR0OO, |Read the FMRO register's FMRO0O,
detection FMRO06, and FMRO7 bits in a FMRO06, and FMRO7 bits in a program
program

» Execute the Read Status Register
command to read the status
register's SR7, SR5, and SR4 flags.
Note: Make sure no interrupts (except NMI and watchdog timer interrupts) and DMA transfers will occur.
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« EWO0 Mode
The microcomputer is placed in CPU rewrite mode by setting the FMRO register's FMRO1 bit to “1” (CPU
rewrite mode enabled), ready to accept commands. In this case, because the FMR1 register's FMR11 bit
=0, EW0 mode is selected. The FMRO1 bit can be set to “1” by writing “0” and then “1” in succession.
Use software commands to control program and erase operations. Read the FMRO register or status
register to check the status of program or erase operation at completion.

* EW1 Mode

EW1 mode is selected by setting FMR11 bit to “1” (by writing “0” and then “1” in succession) after setting
the FMROL1 bit to “1” (by writing “0” and then “1” in succession).

Read the FMRO register to check the status of program or erase operation at completion. The status
register cannot be read during EW1 mode.
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Figure 1.27.4 shows the FIDR, FMRO and FMRL1 registers.
FMROO Bit

This bit indicates the operating status of the flash memory. The bit is “0” when the Program, Erase, or
Lock Bit program is running; otherwise, the bit is “1”.

FMRO1 Bit
The microcomputer is made ready to accept commands by setting the FMROL1 bit to “1” (CPU rewrite
mode). During boot mode, make sure the FMRO5 bit also is “1” (user ROM area access).

FMRO2 Bit
The lock bit set for each block can be disabled by setting the FMRO02 bit to “1” (lock bit disabled). (Refer to
the description of the data protect function.) The lock bits set are enabled by setting the FMRO02 bit to “0”.
The FMRO02 bit only disables the lock bit function and does not modify the lock bit data (lock bit status
flag). However, if the Erase command is executed while the FMRO2 bit is set to “1”, the lock bit data
changes state from “0” (locked) to “1” (unlocked) after Erase is completed.

FMSTP Bit

This bit is provided for initializing the flash memory control circuits, as well as for reducing the amount of
current consumed in the flash memory. The internal flash memory is disabled against access by setting
the FMSTP bit to “1”. Therefore, the FMSTP bit must be written to by a program in other than the flash
memory.
In the following cases, set the FMSTP bit to “1":

» When flash memory access resulted in an error while erasing or programming in EW0 mode (FMR0O

bit not reset to “1” (ready))

» When entering low power mode or ring low power mode
Figure 1.27.7 shows a flow chart to be followed before and after entering low power mode.
Note that when going to stop or wait mode, the FMRO register does not need to be set because the power
for the internal flash memory is automatically turned off and is turned back on again after returning from
stop or wait mode.

FMRO5 Bit

This bit switches between the boot ROM and user ROM areas during boot mode. Set this bit to “0” when
accessing the boot ROM area (for read) or “1” (user ROM access) when accessing the user ROM area
(for read, write, or erase).

FMROG6 Bit

This is a read-only bit indicating the status of auto program operation. The bit is set to “1” when a program
error occurs; otherwise, it is cleared to “0". For details, tefer to the description of the full status check.

FMRO7 Bit

This is a read-only bit indicating the status of auto erase operation. The bit is set to “1” when an erase
error occurs; otherwise, it is cleared to “0". For details, tefer to the description of the full status check.

Figure 1.27.5 and 1.27.6 show the setting and resetting of EW0 mode and EW1 mode, respectively.

FMR11 Bit
Setting this bit to “1” places the microcomputer in EW1 mode.
FMR16 Bit

This is a read-only bit indicating the execution result of the Read Lock Bit Status command.
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Flash identification register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
FIDR 01B416 XXXXXX002

Bit symbol Bit name Function RW

R b160 RO
T A FIDRO EZ;:JQ;?;LEVZ[’J‘Z 0 0: M16C/62N, M3062GF8N type flash module
R 1 0: M16C/62P type flash module
[ R FIDR1 1 1: M16C/62M, M16C/62A type flash module RO
o] Nothing is assigned.

(b7-b2) When write, set to “0”. When read, their contents are indeterminate. JR—

Note: This register identifies on-chip flash module type of M16C/62 group. Note, however, no chip version is known
by this register. Follow the procedure described below for the identification.
(1) Write FF16 to FIDR register
(2) Read FIDR register
(3) Check two low-order bits of read value
Make sure no access to external memories or other SFRs or no interrupts or DMA transfers will occur between
the above two instructions no. 1 and no. 2.

Flash memory control register O

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | 0 | | | | | FMRO 01B716 XX0000012
Bit symbol Bit name Function RW

(placed in low power mode, RW
flash memory initialized)

H ' H .| FMR0OO RY/BY status flag 0: Busy (being written or erased) RO
I 1: Ready

A A N FMRO1 | CPU rewrite mode select bit | 0: Disables CPU rewrite mode

Vo (Note 1) 1: Inables CPU rewrite mode RW
| ' T EMRO2 Lock bit disable select bit 0: Inables lock bit

i . . (Note 2) 1: Disables lock bit RW
Pl . __________ EMSTP Flash memory stop bit 0: Enables flash memory operation

- (Note 3, Note 5)) 1: Stops flash memory operation

P REEEEEEL (b4) Reserved bit Must always be set to “0" RW
T FMRO5 User ROM area select bit 0: Boot ROM area is accessed
(Note 3) 1: User ROM area is accessed RW

(Effective in only boot mode)

FMRO06 Program status flag (Note 4) 0: Terminated normally

___________________ 1: Terminated in error RO
S FMRO7 | Erase status flag (Note 4) 0: Terminated normally RO
1: Terminated in error

Note 1: To set this bit to “1”, write “0” and then “1” in succession. Make sure no interrupts or DMA transfers
will occur before writing “1” after writing “0”.

Write to this bit when the NMI pin is in the high state. Also, while in EWO0 mode, write to this bit from
a program in other than the flash memory.

Note 2: To set this bit to “1”, write “0” and then “1” in succession when the FMRO1 bit = 1. Make sure no
interrupts or no DMA transfers will occur before writing “1” after writing “0”.

Note 3: Write to this bit from a program in other than the flash memory.

Note 4: This flag is cleared to “0” by executing the Clear Status command.

Note 5: Effective when the FMRO1 bit = 1 (CPU rewrite mode). If the FMRO1 bit = 0, although the FMRO03 bit
can be set to “1” by writing “1” in a program, the flash memory is neither placed in low power mode
nor initialized.

Note 6: This status includes writing or reading with the Lock Bit Program or Read Lock Bit Status command.

Flash memory control register 1

The value in this bit when read is

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| o| | o| o| | | | o| FMR1 01B516 0X00XX0X2
¢ 1| Bitsymbol Bit name Function RW
E . . H (b_O) Reserved bit The value in this bit when read is RO
HE H indeterminate.
P L...] FMR11 |[EW1 mode select bit ( 0: EWO mode RW
HE Note) 1: EW1 mode

"""""" (b3-b2) |Reserved bit indeterminate. RO
_________________ (Eb 4) | Reserved bit Must always be set to “0” RW
R FMRO6 | Lock bit status flag 0: Lock RO

1: Unlock
e (b_7) Reserved bit Must always be set to “0” RW

Note : To set this bit to “1”, write “0” and then “1” in succession when the FMRO1 bit = 1. Make sure no
interrupts or no DMA transfers will occur before writing “1” after writing “0”.
The FMRO1 and FMR11 bits both are cleared to “0” by setting the FMROL1 bit to “0”.

Figure 1.27.4. FIDR Register and FMRO and FMR1 Registers
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EWO mode operation procedure

A 4

J' - -Rewrite control program. - {- -« -« .

Single-chip mode, memory expansion
mode, or boot mode

For only boot mode
set the FMRO5 bit to “1” (user ROM area access)

l

I

Set CMO, CM1, and PML1 registers (Note
1)

Set the FMRO1 bit by writing “0” and then “1”
(CPU rewrite mode enabled) (Note 2)

l

I

Transfer a CPU rewrite mode based rewrite control
program to any area other than the flash memory

Execute software commands

!

|

Jump to the rewrite control program which has been
transferred to any area other than the flash memory

Execute the Read Array command

(The subsequent processing is executed by the
rewrite control program in any area other than the

l

flash memory)

Write “0” to the FMROL1 bit
(CPU rewrite mode disabled)

For only boot mode
Write “0” to the FMRO5 bit (Boot ROM area

accessed) (Note 4)

Jump to a specified address in the flash memory

transfers will occur before writing “1” after writing “0”.

“H” level.

Note 1: Select 10 MHz or less for CPU clock using the CMO register’'s CMO06 bit and CM1 register's CM17 to 6
bits. Also, set the PM1 register's PM17 bit to “1” (with wait state).
Note 2: To set the FMRO1 bit to “1”, write “0” and then “1” in succession. Make sure no interrupts or no DMA

Write to the FMRO1 bit from a program in other than the flash memory. Also write only when the NMI pin is

Note 3: Disables the CPU rewrite mode after executing the Read Array command.
Note 4: User ROM area is accessed when the FMROS5 bit is set to “1”.

Figure 1.27.5. Setting and Tesetting of EWO Mode
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EW1 mode operation procedure

Program in ROM

l

Single-chip mode (Note 1)

A

Set CM0, CM1, and PML1 registers (Note
)

A4

Set the FMRO1 bit by writing “0” and then “1" (CPU
rewrite mode enabled)

Set the FMR11 bit by writing “0” and then “1” (EW1
mode) (Note 3)

Execute software commands

A 4

Write “0” to the FMRO1 bit
(CPU rewrite mode disabled)

l

Note 1: In EW1 mode, do not set the microcomputer in memory expansion or boot mode.

Note 2: Select 10 MHz or less for CPU clock using the CMO register’'s CM06 bit and CM1
register's CM17 to 6 bits. Also, set the PM1 register's PM17 bit to “1” (with wait
state).

Note 2: To set the FMRO1 bit to “1”, write “0” and then “1” in succession. Make sure no
interrupts or no DMA transfers will occur before writing “1” after writing “0”.
Write to the FMROL1 bit from a program in other than the flash memory. Also write
only when the NMI pin is “H" level.

Figure 1.27.6. Setting and Resetting of EW1 Mode
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Low power dissipation l
l mode program e
Transfer a low power dissipation mode program Set the FMRO1 bit by writing “0” and then “1” X
to any area other the flash memory : (CPU rewrite mode enabled) (Note 2) ;

l l

Set FMSTP bit to “1”
(flash memory stopped. Low power state)(Note 1)

Jump to the low power dissipation mode program
which has been transferred to any area other the

flash memory. : l
(The subsequent processing is executed by a :
program in any area other than the flash memory.) ! Switch the clock source for CPU clock.

Turn main clock off. (Note 2)

l

! Process of low power dissipation mode or
' ring oscillator low power dissipation mode

!

Turn main clock on = wait until oscillation stabilizes
- switch the clock source for CPU clock (Note 2)

Set the FMSTP bit to “0” (flash memory operation)

Write “0” to the FMRO1 bit
(CPU rewrite mode disabled)

Wait until the flash memory circuit stabilizes (15 ps) |
(Note 3) '

Jump to a specified address in the flash memory

Note 1: Set the FMRO03 bit to 1 after setting the FMRO1 bit to “1”.

Note 2: Before the clock source for CPU clock can be changed to
main clock or sub clock, the clock to which to be changed
must be stable.

Note 3: Insert a 15 ps wait time in a program. The flash memory
cannot be accessed during this wait time.

Figure 1.27.7. Processing Before and After Low Power Sissipation Mode
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Precautions on CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode.
(1) Operation Speed
Before entering CPU rewrite mode (EWO0 or EW1 mode), select 10 MHz or less for BCLK using the
CMOE6 bit in the CMO register and the CM17 to CM16 bits in the CM1 register. Also, set the PM17 bit in
the PM1 register to “1” (with wait state).

(2) Instructions to Prevent from Using
The following instructions cannot be used in EW0 mode because the flash memory’s internal data is
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruc-
tion

(3) Interrupts
EWO0 Mode

» Any interrupt which has a vector in the variable vector table can be used providing that its vector is
transferred into the RAM area.

« The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 regis-
ter are initialized when one of those interrupts occurs. The jump addresses for those interrupt
service routines should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

» The address match interrupt cannot be used because the flash memory’s internal data is refer-
enced.

EW1 Mode

» Make sure that any interrupt which has a vector in the variable vector table or address match
interrupt will not be accepted during the auto program or auto erase period.

« Avoid using watchdog timer interrupts.

 The NMI interrupt can be used because the FMRO register and FMRL register are initialized when
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed
vector table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be
executed again after exiting the interrupt service routine.

(4) How to Access
To set the FMRO1, FMRO02, or FMR11 bit to “1”, write “0” and then “1” in succession. This is necessary
to ensure that no interrupts or DMA transfers will occur before writing “1” after writing “0”. Also only
when NMI pin is “H” level.

(5) Writing in the User ROM Space
EWO0 Mode
« If the power supply voltage drops while rewriting any block in which the rewrite control program is
stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse-
guently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial
I/O or parallel I/O mode should be used.
EW1 Mode
« Avoid rewriting any block in which the rewrite control program is stored.
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(6) DMA Transfer
In EW1 mode, make sure that no DMA transfers will occur while the FMRO register's FMROO bit = 0
(during the auto program or auto erase period).

(7) Writing Command and Data
Write the command code and data at even addresses.

(8) Wait Mode
When shifting to wait mode, set the FMROL1 bit to “0” (CPU rewrite mode disabled) before executing
the WAIT instruction.

(9) Stop Mode

When shifting to stop mode, the following settings are required:
* Set the FMRO1 bit to “0” (CPU rewrite mode disabled) and disable DMA transfers before setting the
CM10 bit to “1” (stop mode).
» Execute the JMP.B instruction subsequent to the instruction which sets the CM10 bit to “1” (stop
mode)
Example program BSET 0,CM1 ; Stop mode

JMP.B L1

L1:
Program after returning from stop mode

(10) Low Power Dissipation Mode and Ring Oscillator Low Power Dissipation Mode
If the CMO5 bit is set to “1” (main clock stop), the following commands must not be executed.
* Program
* Block erase
* Erase all unlocked blocks
* Lock bit program
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Software Commands

Software commands are described below. The command code and data must be read and written in 16-
bit units, to and from even addresses in the user ROM area. When writing command code, the 8 high-
order bits (D1t—Ds) are ignored.

Table 1.27.4. Software Commands

First bus cycle Second bus cycle
Command Mode Address (DCI)D gt%n Mode Address (D(l)j ?Otam)

Read array Write X xxFF16

Read status register Write X Xx7016 Read X SRD
Clear status register Write X xx5016

Program Write WA xx4016 Write WA WD
Block erase Write xx2016 Write BA xxDO016
Erase all unlocked blockNote)  \write XXA716 Write X xxDO016
Lock bit program Write BA XX7716 Write BA xxD016
Read lock bit status Write X XX7116 Write BA xxDO016

Note: It is only blocks 0 to 12 that can be erased by the Erase All Unlocked Block command.
Block A cannot be erased. Use the Block Erase command to erase block A.
SRD: Status register data (D7 to Do)
WA: Write address (Make sure the address value specified in the the first bus cycle is the same even address
as the write address specified in the second bus cycle.)
WD: Write data (16 bits)
BA: Uppermost block address (even address, however)
X: Any even address in the user ROM area
x: High-order 8 bits of command code (ignored)

Read Array Command (FF16)
This command reads the flash memory.
Writing ‘xxFF16’ in the first bus cycle places the microcomputer in read array mode. Enter the read
address in the next or subsequent bus cycles, and the content of the specified address can be read in
16-bit units.
Because the microcomputer remains in read array mode until another command is written, the con-
tents of multiple addresses can be read in succession.

Read Status Register Command (7016)
This command reads the status register.
Write ‘xx7016’ in the first bus cycle, and the status register can be read in the second bus cycle. (Refer
to “Status Register.”) When reading the status register too, specify an even address in the user ROM
area.
Do not execute this command in EW1 mode.
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Clear Status Register Command (5016)
This command clears the status register to “0”.
Write ‘xx5016’ in the first bus cycle, and the FMRO06 to FMRO7 bits in the FMRO register and SR4 to
SR5 in the status register will be cleared to “0”.

Program Command (4016)
This command writes data to the flash memory in 1 word (2 byte) units.
Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an
auto program operation (data program and verify) will start. Make sure the address value specified in
the first bus cycle is the same even address as the write address specified in the second bus cycle.
Check the FMROO bit in the FMRO register to see if auto programming has finished. The FMROO bit is
“0” during auto programming and set to “1” when auto programming is completed.
Check the FMRO6 bit in the FMRO register after auto programming has finished, and the result of auto
programming can be known. (Refer to “Full Status Check.”)
Each block can be protected against programming by a lock bit. (Refer to “Data Protect Function.”)
Writing over already programmed addresses is inhibited.

In EW1 mode, do not execute this command on any address at which the rewrite control program is
located.

In EWO0 mode, the microcomputer goes to read status register mode at the same time auto program-
ming starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to
“0” at the same time auto programming starts, and set back to “1” when auto programming finishes. In
this case, the microcomputer remains in read status register mode until a read command is written
next. The result of auto programming can be known by reading the status register after auto program-
ming has finished.

[ Start J
v

Write the command code ‘xx4016’
to the write address

v

Write data to the write address

YES

Full status check

v

Program
completed

Note: Write the command code and data at even number.

Figure 1.27.8. Program Command
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Block Erase
Write ‘xx2016’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even
address, however) in the second bus cycle, and an auto erase operation (erase and verify) will start.
Check the FMRO register's FMROO bit to see if auto erasing has finished.
The FMROO bit is “0” during auto erasing and set to “1” when auto erasiing is completed.
Check the FMRO register's FMRO7 bit after auto erasing has finished, and the result of auto erasing
can be known. (Refer to “Full Status Check.”)
Figure 1.27.9 shows an example of a block erase flowchart.
Each block can be protected against erasing by a lock bit. (Refer to “Data Protect Function.”)
Writing over already programmed addresses is inhibited.
In EW1 mode, do not execute this command on any address at which the rewrite control program is
located.
In EWO0 mode, the microcomputer goes to read status register mode at the same time auto erasing
starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to “0” at
the same time auto erasing starts, and set back to “1” when auto erasing finishes. In this case, the
microcomputer remains in read status register mode until the Read Array or Read Lock Bit Status
command is written next.

[ Start ]

v

Write the command code ‘xx2016’

v

Write ‘xxD016’ to the uppermost
block address

YES

Full status check

v

[ Block erase completed ]

Note: Write the command code and data at even number.

Figure 1.27.9. Block Erase Command
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Erase All Unlocked Block
Write ‘xxA716’ in the first bus cycle and write ‘xxD016’ in the second bus cycle, and all blocks except
block A will be erased successively, one block at a time.
Check the FMRO register's FMROO bit to see if auto erasing has finished. The result of the auto erase
operation can be known by inspecting the FMRO register's FMRO7 bit.
Each block can be protected against erasing by a lock bit. (Refer to “Data Protect Function.”)
In EW1 mode, do not execute this command when the lock bit for any block = 1 (unlocked) in which the
rewrite control program is stored, or when the FMRO register's FMRO02 bit = 1 (lock bit disabled).
In EW0 mode, the microcomputer goes to read status register mode at the same time auto erasing
starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to “0” at
the same time auto erasing starts, and set back to “1” when auto erasing finishes. In this case, the
microcomputer remains in read status register mode until the Read Array or Read Lock Bit Status
command is written next.
Note that only blocks 0 to 12 can be erased by the Erase All Unlocked Block command. Block A
cannot be erased. Use the Block Erase command to erase block A.

Lock Bit Program Command (7716/D016)
This command sets the lock bit for a specified block to “0” (locked).
Write ‘xx7716’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even
address, however) in the second bus cycle, and the lock bit for the specified block is cleared to “0”.
Make sure the address value specified in the first bus cycle is the same uppermost block address that
is specified in the second bus cycle.
Figure 1.27.10 shows an example of a lock bit program flowchart. The lock bit status (lock bit data) can
be read using the Read Lock Bit Status command.
Check the FMRO register’'s FMROO bit to see if writing has finished.
For details about the lock bit function, and on how to set the lock bit to “1”, refer to “Data Protect
Function.”

[ Start J
v

Write command code ‘xx7716’ to
the uppermost block address

Write ‘xxDO016’ to the uppermost
block address

YES

Full status check

v

[ Lock bit program completed]

Note: Write the command code and data at even number.

Figure 1.27.10. Lock Bit Program Command
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Read Lock Bit Status Command (7116)
This command reads the lock bit status of a specified block.
Write ‘xx7116’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even
address, however) in the second bus cycle, and the lock bit status of the specified block is stored in the
FMR1 register's FMR16 bit. Read the FMR16 bit after the FMRO register's FMROO bit is set to “1”
(ready).
Figure 1.27.11 shows an example of a read lock bit status flowchart.

[ Start ]

v

Write the command code ‘xx7116’

v

Write ‘xxD016’ to the uppermost
block address

YES

NO

YES

[ Block locked ] [Blocks not Iocked]

Note: Write the command code and data at even number.

Figure 1.27.11. Read Lock Bit Status Command
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Data Protect Function
Each block in the flash memory has a nonvolatile lock bit. The lock bit is effective when the FMRO2 bit =
0 (lock bit enabled). The lock bit allows each block to be individually protected (locked) against program-
ming and erasure. This helps to prevent data from inadvertently written to or erased from the flash
memory. The following shows the relationship between the lock bit and the block status.

* When the lock bit = 0, the block is locked (protected against programming and erasure).
» When the lock bit = 1, the block is not locked (can be programmed or erased.

The lock bit is cleared to “0” (locked) by executing the Lock Bit Program command, and is set to “1”
(unlocked) by erasing the block. The lock bit cannot be set to “1” by a command.
The lock bit status can be read using the Read Lock Bit Status command

The lock bit function is disabled by setting the FMRO02 bit to “1”, with all blocks placed in an unlocked state.
(The lock bit data itself does not change state.) Setting the FMRO02 bit to “0” enables the lock bit function
(lock bit data retained).

If the Block Erase or Erase All Unlocked Block command is executed while the FMRO2 bit = 1, the target
block or all blocks are erased irrespective of how the lock bit is set. The lock bit for each block is set to “1”
after completion of erasure.

For details about the commands, refer to “Software Commands.”

Status Register
The status register indicates the operating status of the flash memory and whether an erase or program-
ming operation terminated normally or in error. The status of the status register can be known by reading
the FMRO register's FMR00, FMRO06, and FMROQ7 bits.
Table 1.27.5 shows the status register.
In EWO0 mode, the status register can be read in the following cases:
(1) When a given even address in the user ROM area is read after writing the Read Status Register
command
(2) When a given even address in the user ROM area is read after executing the Program, Block Erase,
Erase All Unlocked Block, or Lock Bit Program command but before executing the Read Array
command.

Sequencer Status (SR7 and FMROO Bits )
The sequence status indicates the operating status of the flash memory. SR7 = 0 (busy) during auto
programming, auto erase, and lock bit write, and is set to “1” (ready) at the same time the operation
finishes.

Erase Status (SR5 and FMRO7 Bits)
Refer to “Full Status Check.”

Program Status (SR4 and FMRO6 Bits)
Refer to “Full Status Check.”
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Table 1.27.5. Status Register

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Status FMRO Contents Value
register register Status name after
bit bit 0" 1 reset
SR7 (D7) FMROO Sequencer status Busy Ready 1
SR6 (De) —_— Reserved - - S
SR5 (Ds) FMRO7 Erase status Terminated normally | Terminated in error 0
SR4 (D4) FMRO6 | Program status | Terminated normally | Terminated in error 0
SR3 (D3) —_ Reserved - - -
SR2 (D2) —_— Reserved - - -
SR1 (D1) —_— Reserved - - —_—
SRO (Do) — Reserved - - D

« Do to D7: Indicates the data bus which is read out when the Read Status Register command is executed.

* The FMROQ7 bit (SR5) and FMRO06 bit (SR4) are cleared to “0” by executing the Clear Status Register

command.

* When the FMRO7 bit (SR5) or FMRO06 bit (SR4) = 1, the Program, Block Erase, Erase All Unlocked Block,
and Lock Bit Program commands are not accepted.
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Full Status Check
When an error occurs, the FMRO register's FMRO06 to FMRO7 bits are set to “1”, indicating occurrence
of each specific error. Therefore, execution results can be verified by checking these status bits (full
status check). Table 1.27.6 lists errors and FMRO register status. Figure 1.27.12 shows a full status
check flowchart and the action to be taken when each error occurs.

Table 1.27.6. Errors and FMRO Register Status
FRMOO register
(status register)
status Error Error occurance condition

FMRO7 FMRO6
(SR5) (SR4)

1 1 Command * When any command is not written correctly

sequence error | « When invalid data was written other than those that can be writ-

ten in the second bus cycle of the Lock Bit Program, Block Erase,

or Erase All Unlocked Block command (i.e., other than ‘xxD016’ or

‘xxFF16’) (Note 1)

1 0 Erase error * When the Block Erase command was executed on locked blocks
(Note 2)

* When the Block Erase or Erase All Unlocked Block command
was executed on unlocked blocks but the blocks were not auto-
matically erased correctly

0 1 Program error | « When the Block Erase command was executed on locked blocks
(Note 2)

* When the Program command was executed on unlocked blocks
but the blocks were not automatically programmed correctly.

* When the Lock Bit Program command was executed but not pro-
grammed correctly
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( Full status check j

FMRO06 =1
and Command (1) Execute the Clear Status Register command to
FMRO7=1? sequence error oo clear these status flags to “0".
(2) Reexecute the command after checking that it is

entered correctly.

clear the erase status flag to “0”.
(2) Execute the Read Lock Bit Status command to see
if the lock bit for the block in error is “0”. If so, set
YES the FMRO register's FMRO02 bit to “1”.
(3) Reexecute the Block Erase or Erase All Unlocked
Block command.
Note 1: If the error still occurs, the block in error
cannot be used.
Furthermore, if the lock bit = 1 in (2) above,
the block in error cannot be used either.

[ ] (1) Execute the Clear Status Register command to
Erase error .-

[During programming]

NO (1) Execute the Clear Status Register command to
FMR06= Program error " clear the erase status flag to “0".
0? (2) Execute the Read Lock Bit Status command to see

if the lock bit for the block in error is “0”. If so, set
YES the FMRO register's FMRO02 bit to “1”.
(3) Reexecute the Program command.
Note 2: If the error still occurs, the block in error
cannot be used.
Furthermore, if the lock bit = 1 in (2) above,
the block in error cannot be used either.

[During lock bit programming]

(1) Execute the Clear Status Register command to
clear the erase status flag to “0”".

(2) Set the FMRO register's FMRO02 bit to “1”.

(3) Execute the Block Erase command to erase the
block in error.

(4) Reexecute the Lock Bit command.

Note 3: If the error still occurs, the block in error
[Full status check completed] cannot be used.

\4

Note 4: If FMR0O6 or FMRO7 = 1, any of the Program, Block Erase, Erase All Unlocked
Block, Lock Bit Program, or Read Lock Bit Status command is not accepted.
Execute the Clear Status Register command before executing those commands.

Figure 1.27.12. Full Status Check and Handling Procedure for Each Error
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Standard Serial I/O Mode
In standard serial input/output mode, the user ROM area can be rewritten while the microcomputer is
mounted on-board by using a serial programmer suitable for the M16C/62P group. For more information
about serial programmers, contact the manufacturer of your serial programmer. For details on how to use,
refer to the user’s manual included with your serial programmer.
Table 1.27.7 lists pin functions (flash memory standard serial input/output mode). Figures 1.27.13 to
1.27.15 show pin connections for serial input/output mode.

ID Code Check Function

This function determines whether the ID codes sent from the serial programmer and those written in the
flash memory match. (Refer to the desctiption of the functions to inhibit rewriting flash memory version.)
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Table 1.27.7. Pin Functions (Flash Memory Standard Serial /O Mode)

Pin Name 110 Description
VCC,VSS Power input Cp;gl{//g;ep\i/rtiltage guaranteed for Program and Erase to Vcc pin and 0
CNVss CNVss | Connect to Vcc pin.
RESET Reset input | Reset input pin. While RESET pin is "L" level, input a 20 cycle or
longer clock to XIN pin.
XIN Clock input I | Connect a ceramic resonator or crystal oscillator between XN and
XouT pins. To input an externally generated clock, input it to XIN pin
Xout Clock output O | and open XouT pin.
BYTE BYTE | Connect this pin to Vcc or Vss.
AvVcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.
VREF Reference voltage input | Enter the reference voltage for AD from this pin.
POo to P07 Input port PO | Input "H" or "L" level signal or open.
Ploto P17 Input port P1 | Input "H" or "L" level signal or open.
P20 to P27 Input port P2 | Input "H" or "L" level signal or open.
P30 to P37 Input port P3 | Input "H" or "L" level signal or open.
P40 to P47 Input port P4 | Input "H" or "L" level signal or open.
Eg(l;,tgsl:;&" Input port P5 | Input "H" or "L" level signal or open.
P50 CE input | Input "H" level signal.
Pss  EPMinput | o | nput'llevelsignal
P60 to P63 Input port P6 | Input "H" or "L" level signal or open.
Y BUSY output | O | Standard serial /O mode 1: BUSY signal output pin -
Standard serial I/O mode 2: Monitors the boot program operation
check signal output pin.
Pes | sCLKinput | | | Standard serial /O mode 1: Serial clock inputpin
o l....._....._.|.. | Standardserial /O mode 2:Input"L".
P66 RxD input | Serial data input pin
Pe7 | Tooupt | O | Serial dataoutputpin (Note)
P70to P77 Input port P7 | Input "H" or "L" level signal or open.
Egg to P84, P86, |nput port P8 I | Input"H" or "L" level signal or open.
P85 minput | Connect this pin to Vcc.
P9o to P97 Input port P9 | Input "H" or "L" level signal or open. (Note 2)
P100 to P107 Input port P10 | Input "H" or "L" level signal or open. (Note 2)
P1loto P117 Input port P11 | Input "H" or "L" level signal or open. (Note 2)
P120 to P127 Input port P12 | Input "H" or "L" level signal or open. (Note 2)
P130 to P137 Input port P13 | Input "H" or "L" level signal or open. (Note 2)
P140to P147 Input port P14 | Input "H" or "L" level signal or open. (Note 2)

Note 1: When using standard serial input/output mode 1, the TxD pin must be held high while the RESET
pin is pulled low. Therefore, connect this pin to Vcc via a resistor. Because this pin is directed for
data output after reset, adjust the pull-up resistance value in the system so that data transfers will
not be affected.

Note 2: Available in only the 128-pin version.
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bl bl bbbl oAbl ool sl ss s
i Cee>
M16C/62P Group e BT
(Flash memory version) i
O O i RxD @
|31} TxD
X3 1230 3 0 5 2 v .
Vss
e

Mode setup method

Signal Value
CNVss Vee
EPM Vss
RESET Vss to Voo Q_©
CE Vee C°";'E,°‘

circuit.

RESE’

Package: 100P6S-A

Figure 1.27.13. Pin Connections for Serial I/O Mode (1)
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AR Aedledl A A dedcdlcAed e edealeAled
|75“74“74\ 4174]7069]68|61]6§]64]64]63]62]64]6q]59]584|57/5§]°9]54]53]53]51

y

CE

M16C/62P Group
(Flash memory version)

EPM

BUSY
SCLK

bEElEkklkEkEREEREREEEREEE

O

[2]2][=][«]ls Te][7 [ e o Jad ekl d ek A hofod 20 eo4ls]

Vss

Mode setup method

Signal Value
CNVss Vee

EPM Vss

RESET  VsstoVce w
CE Vee Connect
oscillator
circuit.

RESET

Package: 100P6Q-A

Figure 1.27.14. Pin Connections for Serial /0 Mode (2)
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o A e o 2 e

M16C/62P Group
(Flash memory version)

EPM

EEREREEEERERREEEREE R
RSG5 588828828 L]8]8 8 ]12]R 3R

O O D

33|23 33 3 2 2 e 222 2 2 2 2 o =

Vss

Mode setup method
Signal Valu
CNVss evVee
EPM Vss O O
N
Connect
‘oscillator
circut

RESET Vss to Vee|
CE cc

(RESET)
TXD
RxD

Package: 128P6Q-A

Figure 1.27.15. Pin Connections for Serial 1/0 Mode (3)
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Example of Circuit Application in the Standard Serial /0O Mode
Figure 1.27.16 and 1.27.17 show example of circuit application in standard serial I/O mode 1 and mode 2,
respectively. Refer to the user's manual for serial writer to handle pins controlled by a serial writer.

Microcomputer

( Clock input ) % | SCLK L

BUSY output BUSY
( Dataoutput ) 1 RXD CNVss
M16C/62P Group

(Flash memory version)

Reset input RESET

wwww

User reset NMI
singnal

(1) Control pins and external circuitry will vary according to programmer.
For more information, see the programmer manual.

(2) In this example, modes are switched between single-chip mode and standard serial
input/output mode by controlling the CNVss input with a switch.

(3) If in standard serial input/output mode 1 there is a possibility that the user reset
signal will go low during serial input/output mode, break the connection between
the user reset signal and RESET pin by using, for example, a jumper switch.

Figure 1.27.16. Circuit Application in Standard Serial /0O Mode 1
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Microcomputer

| SCLK
; Data output <D
( Data input ) | RXD

P50(CE)
P55(EPM)

CNVss

WWWJM

NMI

(2) In this example, modes are switched between single-chip mode and standard serial
input/output mode by controlling the CNVss input with a switch.

Figure 1.27.17. Circuit Application in Standard Serial /o Mode 2
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Parallel /0O Mode
In parallel input/output mode, the user ROM and boot ROM areas can be rewritten by using a parallel
programmer suitable for the M16C/62P group. For more information about parallel programmers, contact
the manufacturer of your parallel programmer. For details on how to use, refer to the user’'s manual in-
cluded with your parallel programmer.

User ROM and Boot ROM Areas

In the boot ROM area, an erase block operation is applied to only one 4 Kbyte block. The boot ROM area
contains a standard serial input/output mode based rewrite control program which was written in it when
shipped from the factory. Therefore, when using a serial programmer, be careful not to rewrite the boot
ROM area.

When in parallel output mode, the boot ROM area is located at addresses OFF00016 to OFFFFF16. When
rewriting the boot ROM area, make sure that only this address range is rewritten. (Do not access other
than the addresses OFF00016 to OFFFFF16.)

ROM Code Protect Function
The ROM code protect function inhibits the flash memory from being read or rewritten. (Refer to the
description of the functions to inhibit rewriting flash memory version.)
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Package Outline
100P6S-A

MMP

Plastic 100pin 14020mm body QFP

O

ARAA AR AARAARRRAARRAARARARAAAA

EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 — 1.58 Alloy 42
HD
D
RAAARAARAAARAAAARAAR
@

Recommended Mount Pad

% Symbol Dimension in Millimeters

=== w Min Nom Max

= W T A - - 3.05

£ Al 0 0.1 0.2
E= A2 - 2.8 -

e b 025 | 03 0.4
£ c 013 | 015 | 0.2
E= D | 138 | 140 | 142

o 61 E | 198 | 200 | 202
R GRE R EE LR EREEL: €] - 0.65 -
@ Ho | 165 | 168 | 17.1

HE | 225 | 228 | 231

L 0.4 0.6 0.8
L1 14 -

x - - 0.13

y - - 0.1
F [ 0° - 10°
b2 - 0.35 -
e | 13 | - .
MD - 14.6 -
ME - 20.6 -

100P6Q-A MMP Plastic 100pin 14014mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material MD
LQFP100-P-1414-0.50 - 0.63 Cu Alloy

|| w
HD e
: IR
e
AARARARAAAAAAARARAAAARRRA Recommended Mount Pad
O=0O Q =0 _
=5 = Symbol Dlmen5|on in Millimeters
= = Min Nom Max
= = A - - 1.7
= = AL 0 0.1 0.2
= = w T A2 n 14 -
= =S b 0.13 0.18 0.28
= = c 0.105] 0.125] 0.175
= = D [ 139 [ 140 | 141
= E= E 13.9 14.0 14.1
@= Q =61 e _ 0.5 -
IR EEE LR R L L 1 Ho | 15.8 16.0 16.2
HE | 158 | 160 | 162
L 0.3 0.5 0.7
L1 - 1.0 —
Lp 0.45 0.6 0.75
- 0.25 -
X - - 0.08
y - - 0.1
0 0° - 10°
b2 - 0.225 —
12 0.9 — -
MD - 14.4 —
ME - 14.4 —
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128P6Q-A MMP

Mitsubishi microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Plastic 128pin 14020mm body LQFP

EIAJ Package Code JEDEC Code

Lead Material

LQFP128-P-1420-0.50 -

Weight(qg)

Cu Alloy

HD
D

ARAAARARARARAAARAAAAAARRRR

O Oﬁ

AAARARRRRARA
iEELELLLE

ARARARAAAAAARRARAAAAAARRRR
LR R EE L ERECRERLLLE

HE

L LR EERCE L L EL EEREL L

A L1

MbD

@Lgﬂﬁﬂ ,
|

Recommended Mount Pad

Dimension in Millimeters

A2

A1l

Detail F |Lp

Symbol Min Nom Max
A 14 15 1.7
A1l 0.05 0.125 0.2
A2 - 1.4 -
b 0.17 0.22 0.27
[ 0.105 0.125 0.175
D 13.9 14.0 14.1
E 19.9 20.0 20.1
e] - 0.5 -
HD 15.8 16.0 16.2
HE 21.8 22.0 22.2
L 0.35 0.5 0.65
L1 - 1.0 -
Lp 0.45 0.6 0.75
- 0.25 -

X - - 0.08
y - - 0.1
[’ 0° - 8°
b2 - 0.225 -
12 - 1.0 -
MD - 14.4 -
ME - 20.4 —
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Differences Between M16C/62P and M16C/62A

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Differences Between M16C/62P and M16C/62A
Differences in Mask ROM Version and Flash Memory Version (1) (Note)

Item

M16C/62P

M16C/62A

Shortest instruction
execution time

41.7ns (f(BCLK)=24MH z, Vcc1=3.0 to 5.5V)
100ns (f(BCLK)=10MH z, Vcc1=2.7 to 5.5V)

62.5ns (f(XIN)=16MHz, Vcc=4.2V to 5.5V)
100ns (f(XIN)=10MHz, Vcc=2.7V to 5.5V
with software one-wait)

Supply voltage

Vce1=3.0 to 5.5V, Vcc2=3.0V to Vcci
(f(BCLK)=24MH z)

Vcci=Veez=2.7 to 5.5V
(f(BCLK)=10MH z)

4.2V to 5.5V (f(XIN)=16MHz, without
software wait)

2.7V to 5.5V (f(XIN)=10MHz, with software
one-wait)

I/O power supply

Double (Vcci, Vce?)

Single (Vcc)

Package 100-pin, 128-pin plastic mold QFP 80-pin, 100-pin plastic mold QFP
Voltage detection Built-in None
circuit Vdet2, Vdet3, Vdet4 detect
Power supply voltage down detect interrupt
Hardware reset 2
Clock Generating PLL, XIN, XCIN, ring oscillator XIN, XCIN

Circuit

Main clock division rate when main clock is
stopped: Divide-by-8 frequency

XIN drive capacity when main clock is
stopped: HIGH

Main clock division rate when main
clock is stopped: No change

XIN drive capacity when main clock is
stopped: No change

System clock Built-in None
protective function (protected by protect register)
Oscillation stop, Built-in None

re-oscillation detection
function

Low power
consumption

18mA (Vcci=Vcez=5V, f(BCLK)=24MHz)

8mA (Vcci=Vccee=3V, f(BCLK)=10MHz)

1.8pA (Vcci=Veez=3V, f(XcIN)=32kHz,
when wait mode)

32.5mA (Vcec=5V, f(XIN)=16MHz)

8.5mA (Vcc=3V, f(XcIN)=10MHz with
software one-wait)

0.9pA (Vce=3V, f(XcIN)=32kHz,
when wait mode)

Memory area

Memory area expandable
(4 Mbytes)

1 Mbytes fixed

External device
connect area

0400016—07FFF16(PM13=0)
0800016—0FFFF16(PM10=0)
1000016—26FFF16

2800016—7FFFF16
8000016—CFFFF16(PM13=0)
D000016—FFFFF16(Microprocessor mode)

0400016—05FFF 16(PM13=0)
0600016—CFFFF16
D000016—FFFFF16(Microprocessor mode)

Upper address in
memory expansion
mode and
microprocessor mode

P40 to P43 (A16 to A19), P34 to P37 (A12 to
A15) : Switchable between address bus and
port

P40 to P43 (A16 to A19) : Switchable between

address bus and port

Access to SFR

Variable (1 to 2 waits)

1 wait fixed

Software wait to
external area

Variable (0 to 3 waits)

Variable (0 to 1 wait)

Protect

Can be set for PM0, PM1, PM2, CMO,
CM1, CM2, PLCO, INVCO, INVC1, PD9, S3
C, S4C, TB2SC, PCLKR, VCR2, D4INT
registers

Can be set for PM0, PM1, CMO, CM1,
PD9, S3C, S4C registers

Watchdog timer

Watchdog timer interrupt or watchdog
timer reset is selected
Count source protective mode is available

Watchdog timer interrupt
No count source protective mode

Address match
interrupt

4

Note: About the details and the electric characteristics, refer to data sheet.
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Differences Between M16C/62P and M16C/62A

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Differences in Mask ROM version and Flash memory version (2) (Note)

Item

M16C/62P

M16C/62A

Timers A, B count
source

Selectable: f1, f2, f8, 32, fc32

Selectable: f1, 8, 32, fc32

Timer A two-phase
pulse signal
processing

Z-phase (counter reset) input is available

No Z-phase (counter reset input

Timer functions for
three-phase motor
control

Function protect by protect register

Count source is selectable:
f1, f2, fs, f32, fc32

Dead time timer count source is selectable:
f1, f1 divided by 2, f2 , f2 divided by 2

Output polarity is selectable

Carrier wave phase detectable

Three-phase output port NMI control

No function protect by protect register
Count source is selectable:

f1, f8, 32, fc32
Dead time timer count source is fixed at f1/2

Serial 110
(UARTO to UART2)

(UART, clock synchronous, I2C bus, IE bus)
x3

(UART, clock synchronous,) x 2
(UART, clock synchronous, IIC bus, IE bus)
x1

UARTO to UART2,
SI/03, S1/0O4 count
source

Selectable: fisio, f2s10, f8sl10, 32510

Selectable: f1, f8, f32

Serial I/O RTS timing

Assert low when receive buffer is read

Assert low when reception is completed

CTS/RTS separate
function

Have

None

UART2 data transmit
timing

After data was written, transfer starts at the
2nd BRG overflow timing
(same as UARTO and UART1)

After data was written, transfer starts at the
1st BRG overflow timing

(Output starts one cycle of BRG overflow
earlier than UARTO and UART1)

Serial I/0O sleep
function

None

Have

Serial /0 12C mode

Start condition, stop condition:
Auto-generationable

Start condition, stop condition:
Not auto-generationable

Serial /0 12C mode
SDA delay

Only digital delay is selected as SDA delay
SDA digital delay count source: BRG

Analog or digital delay is selected as SDA
delay
SDA digital delay count source: 1/ f(XIN)

SI/03, SI/04 clock
polarity selection

Selectable

Not selectable

A-D converter

10 bits X 8 channels
Expandable up to 26 channels

10 bits X 8 channels
Expandable up to 10 channels

A-D converter
operation clock

Selectable: fap, faD divided by 2, 3, 4, 6, 12

Selectable: fAD, fAD/2, fAD/4

A-D converter
input pin

Selectable: ports PO, P2, P10

Fixed at port P10

Note: About the details and the electric characteristics, refer to data sheet.
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Differences Between M16C/62P and M16C/62A

Mitsubishi microcomputers

M16C / 62P Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Differences in Flash memory version(Note)

Item M16C/62P M16C/62A
User ROM blocks 14 blocks: 4 Kbytes x 3, 8 Kbytes x 3, 7 blocks: 8 Kbytes x 2, 16 Kbytes x1,
32 Kbytes x1, 64 Kbytes x 7 32 Kbytes x 1, 64 Kbytes x 3
(Flash memory: max. 512 Kbytes) (Flash memory: max. 256 Kbytes)
Program manner Word Page
Program command Page program command: none

Page program command: have
Program command: none
(program method: in units of page)

(software command) [ Program command: have
(program method: in units of word, in units

of byte)
Block status after Have None
program function
CPU rewrite EW1 mode is available No EW1 mode

mode

Note: About the details and the electric characteristics, refer to data sheet.
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Register Index

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Register Index

A INVCO 131
INVC1 132
ADO to AD7 192
ADCONO 191 O
ADCON1 191 ONSF 111
ADCON2 192
AIER 92 P
AIER2 92 POto P13 217
c PC14 218
PCLKR 56
CM0 53 PCR 220
CM1 54 PDO to PD13 216
CM2 55 PLCO 57
CPSRF 111, 124 PMO 30
CRCD 208 PM1 31
CRCIN 208 PM2 56
CSE 40 PRCR 74
CSR 34 PURO to PUR2 219
D PUR3 218
D4INT 25 R
DAO 207 RMADO to RMAD3 92
DA1 207 ROMCP 264
DACON 207
DARO 101 S
DAR1 101 S3BRG 185
DBR 44 S3C 185
DMOCON 100 S3TRR 185
DM1CON 100 S4BRG 185
DM1SL 100 S4C 185
DTT 133 SATRR 185
F SARO 101
SAR1 101
FIDR 268
FMRO 268 T
| TAO to TA4 110
TAOMR to TAAMR 109
ICTB2 134 TA1 134
IDBO 133 TA1l 134
IDB1 133 TAIMR 136
IFSR 89 TA2 134
IFSR2A 89 TA21 134
206 RENESAS
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Register Index SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TA2MR 136

TA4 134

TA41 134

TAAMR 136

TABSR 110, 124, 135
TBOto TBS 124
TBOMR to TBSMR 123
TB2 135

TB2MR 136

TB2SC 134

TBSR 124

TCRO 101

TCR1 101

TRGSR 111, 135

U

UOBRG to U2BRG 142
UOCO to U2C0O 143
UOClto U2C1 144
UOMR to U2MR 143
UORB to U2RB 142
UOSMR to U2SMR 145
UOSMR2 to U2SMR2 146
UOSMR3 to U2SMR3 146
UOSMR4 to U2SMR4 147
UOTB to U2TB 142
UCON 145

UDF 110

\%

VCR1 25
VCR2 25

W

WDC 24, 96
WDTS 96
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REVISION HISTORY M16C/62P GROUP DATA SHEET
Rev. Date Description
Page Summary
1.0 |Jan/31/Y03 1 Applications are partly revised.
(Continued) 2 Table 1.1.1 is partly revised.
) Table 1.1.3 is partly revised.
) Figure 1.1.2 is partly revised.
11 Explanation of “Memaory” is partly revised.
20 Explanation of “Hardware Reset 1” is partly revised.
21 Figure 1.5.1 is partly revised.
22 Figure 1.5.2 is partly revised.
24 Figure 1.5.4 is partly revised.
25 VCR2 Register in Figure 1.5.6 is partly revised.
26 Figure 1.5.6 is partly revised.
27 Explanation of “Power Supply Down Detection Interrupt” is partly revised.
30 Figure 1.6.1 is partly revised.
31 Figure 1.6.2 is partly revised.
39 Table 1.7.5 is partly revised.
41 Table 1.7.7 is partly revised.
43 Figure 1.7.8 is partly revised.
44 Explanation of “4 Mbyte Mode” is partly revised.
53 Notes 12 and 13 in Figure 1.9.2 is partly revised.
54 Notes 2 and 5 in Figure 1.9.3 is partly revised.
55 Figure 1.9.4 is partly revised.
57 Note 4 in Figure 1.9.6 is partly revised.
60 Explanation of “PLL Clock” is partly revised.
61 Figure 1.9.9 is partly revised.
62 Explanation of “CPU Clock and BCLK” is partly revised.
63 Explanation of “Low-speed Mode” is partly revised.
63 Explanation of “Low Power Dissipation Mode” is partly revised.
64 Explanation of “Ring Oscillator Low Power Dissipation Mode” is partly revised.
64 Table 1.9.3 is partly revised.
65 Table 1.9.5 is partly revised.
68 Figure 1.9.10 is partly revised.
69 Figure 1.9.11 is partly revised.
70 Table 1.9.7 is added.
71 Explanation of “System Clock Protective Function” is partly revised.
7 Explanation of “Power Supply Down Detection Interrupt” is partly revised.
78 Table 1.11.1 is partly revised.
88 Figure 1.11.9 is partly revised.
96 WDTS Register in Figure 1.12.2 is partly revised.
99 Figure 1.13.2 is partly revised.
100 Figure 1.13.3 is partly revised.
103 Figure 1.13.5 is partly revised.
104 | Table 1.13.3 is partly revised.
105 Explanation of “DMA Enable” is partly revised.
109 | Figure 1.14.3 is partly revised.
115 | Table 1.14.3 is partly revised.
117 | Explanation of “Counter Initialization by Two-Phase Pulse Signal Processing” is
partly revised.
117 | Figure 1.14.10 is partly revised.
122 | Figure 1.14.14 is partly revised.
122 | Figure 1.14.15 is partly revised.
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REVISION HISTORY

M16C/62P GROUP DATA SHEET

Rev. Date Description
Page Summary
1.0 |Jan/31/Y03 124 | Figure 1.15.3 is partly revised.
(Continued) 128 | Figure 1.15.7 is partly revised.
128 | Figure 1.15.8 is partly revised.
130 | Figure 1.16.1 is partly revised.
132 | Figure 1.16.3 is partly revised.
134 Note 7 is added to TAI, TAil Register in Figure 1.16.5.
137 | Figure 1.16.8 is partly revised.
146 UiSMR2 Register in Figure 1.17.7 is partly revised.
163 Figure 1.20.1 is partly revised.
164, 165| Table 1.20.2 and Table 1.20.3 are partly revised.

169 Figure 1.20.4 is partly revised.
169 Explanation of “Arbitration” is partly revised.
170 Explanation of “Transfer Clock” is partly revised.
171 Explanation of “ACK and NACK?” is partly revised.
179 Explanation of “Special Mode 4 (SIM Mode)” is partly revised.
179 | Table 1.20.9 is partly revised.
184 | Figure 1.21.1 is partly revised.
187 | Figure 1.21.4 is partly revised.
203 Explanation of “External Operation Amp Connection Mode” is partly revised.
205 Explanation of “Caution of Using A-D Converter” is partly revised.
205 Figure 1.22.11 is partly revised
206 | Table 1.23.1 is partly revised.
207 Figure 1.23.3 is partly revised.
218 Figure 1.25.9 is partly revised.
223 | Table 1.26.1 is partly revised.
224 | Table 1.26.2 is partly revised.
225 Note 1 of Table 1.26.3 is partly revised.
225 Note 1 of Table 1.26.4 is partly revised.
225 | Table 1.26.6 is partly revised.
227 | Note 1 of Table 1.26.9 is partly revised.
228 | Note 1 of Table 1.26.10 is partly revised.
229 Measurement conditions of timing requirements are partly revised.
229 | Table 1.26.11 is partly revised.
230 Measurement conditions of timing requirements are partly revised.
230 | Table 1.26.18 is added.
231 Measurement conditions of timing requirements are partly revised.
232 Measurement conditions of switching characteristics are partly revised.
233 Measurement conditions of switching characteristics are partly revised.
234 Measurement conditions of switching characteristics are partly revised.
235 | Figure 1.26.2 is partly revised.
242 | Figure 1.26.9 is partly revised.
244 Note of Table 1.26.28 is partly revised.
245 | Figure 1.26.29 is partly revised.
246 Measurement conditions of timing requirements are partly revised.
246 | Table 1.26.30 is partly revised.
247 Measurement conditions of timing requirements are partly revised.
247 | Table 1.26.37 is added.
248 Measurement conditions of timing requirements are partly revised.
249 Measurement conditions of switching characteristics are partly revised.
250 Measurement conditions of switching characteristics are partly revised.
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REVISION HISTORY M16C/62P GROUP DATA SHEET
Rev. Date Description
Page Summary
1.0 |Jan/31/Y03 251 | Measurement conditions of switching characteristics are partly revised.

(Continued) 252 | Figure 1.26.12 is partly revised.
255 | Figure 1.26.15 is partly revised.
256 | Figure 1.26.16 is partly revised.
257 | Figure 1.26.17 is partly revised.
258 | Figure 1.26.18 is partly revised.
259 | Figure 1.26.19 is partly revised.
260 | Figure 1.26.20 is partly revised.
262 | Explanation of “Memory Map” is partly revised.
263 | Explanation of “Boot Mode” is partly revised.
264 | Figure 1.27.3 is partly revised.
268 | Note of FIDR Register in Figure 1.27.4 is partly revised.
271 | Figure 1.27.7 is partly revised.
272 | Explanation of “Interrupts” is partly revised.
272 | Explanation of “Writing in the User ROM Space” is partly revised.
274 | Table 1.27.4 is partly revised.
274 | Explanation of “Read Array Command” is partly revised.
278 | Explanation of “Program Command” is partly revised.
287 | Figure 1.27.15 is partly revised.
293 | Partly revised.
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— Keep safety first in your circuit designs!

» Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is
always the possibility that trouble may occur with them. Trouble with semiconductors may lead to personal injury, fire or property
damage. Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of non-flammable material or (iii) prevention against any malfunction or mishap.

— Notes regarding these materials

* These materials are intended as a reference to assist our customers in the selection of the Mitsubishi semiconductor product best
suited to the customer’s application; they do not convey any license under any intellectual property rights, or any other rights,
belonging to Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in
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from the information contained herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under
circumstances in which human life is potentially at stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor when considering the use of a product contained herein for any specific purposes, such as
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these materials or the products contained therein.
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Keep safety first in your circuit designs!

Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (i) prevention against any malfunction or mishap.
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Preface

This book describes the M16C/62 (M16C/62P) group's
precautions for use, which contains paragraphs describing pre-
cautions of the user's manual and technical news relevant to
these paragraphs. Please refer to this book when developing
your systems. However, all of precautions are not contained in
this book, please perform sufficient evaluation under systems

development.
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1.1 Precautions for Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

1. Usage Precaution

1.1 Precautions for Interrupts

1.1.1 Reading address 0000016
Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the CPU
reads interrupt information (interrupt number and interrupt request priority level) from the address
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to “0”.
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to “0”. This causes a problem that the interrupt is canceled, or an
unexpected interrupt is generated.
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1.1 Precautions for Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

1.1.2 Setting the SP
Set any value in the SP before accepting an interrupt. The SP is cleared to ‘000016’ after reset. Therefore,
if an interrupt is accepted before setting any value in the SP, the program may go out of control.
Especially when using NMI interrupt, set a value in the SP at the beginning of the program. For the first
and only the first instruction after reset, all interrupts including NMI interrupt are disabled.
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1.1 Precautions for Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1.1.3 The NMI Interrupt
1. The NMI interrupt cannot be disabled. If this interrupt is unused, connect the NMI pin to Vcc via a

resistor (pull-up).

2. The input level of the NMI pin can be read by accessing the P8 register’'s P8_5 bit. Note that the P8_5
bit can only be read when determining the pin level after an NMI interrupt is generated.

3. Stop mode cannot be entered into while input on the NMI pin is low. This is because while input on the
NMI pin is low the CM1 register's CM10 bit is fixed to “0”.

4. Do not go to wait mode while input on the NMI pin is low. This is because when input on the NMI pin
goes low, the CPU stops but CPU clock remains active; therefore, the current consumption in the chip
does not drop. In this case, normal condition is restored by an interrupt generated thereafter.

5. The low and high level durations of the input signal to the NMI pin must each be 2 CPU clock cycles +

300 ns or more.
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1.1 Precautions for Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1.1.4 INT Interrupt

1. Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTo
through INT5 regardless of the CPU operation clock.

2. When the polarity of the INTo to INT5 pins is changed or the interrupt request cause of the software
interrupt numbers 8 to 9 is changed, the IR bit is sometimes set to “1” (interrupt request). After these
changes were made, set the interrupt request bit to “0” (no interrupt request). Figure 1.1.1 shows the
procedure for changing the INT interrupt generate factor.

C Set the | flag to “0” (=disable interrupt) )

Set the ILVL2 to ILVLO bits to '0002' (= level 0)
(Disable INT interrupt)

( Set the POL bit )

( Set the IR bit to “0” (=interrupt not requested) )

Set the ILVL2 to ILVLO bits to
'0012' (=level 1) to '1112' (=level 7)
(Enable the accepting of INT interrupt request)

( Set the | flag to “1” (= enable interrupt) )

Note: Execute the setting above individually. Do not execute two or
more settings at once (by one instruction).

Figure 1.1.1. Procedure for Changing the INT Interrupt Generate Factor
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v e Preliminary Specifications Rev.1.0
M16C / 62P Group

aeN® Specifications in this manual are tentative and subject to change.
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1.1 Precautions for Interrupts
. __________________________________________________________________________________________________________________________|

1.1.5 Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt occurs.
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1.1 Precautions for Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

1.1.6 Rewrite the Interrupt Control Register
Each interrupt control register can only be modified while no interrupt requests corresponding to that
register are generated. If interrupt requests managed by any interrupt control register are likely to occur,
disable the interrupts before modifying the register. A sample program is shown below.

Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016”.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016”".
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016”.
POPC FLG ; Enable interrupts.

Why the FSET | instruction is preceded by two NOP instructions (four when using HOLD function) in
Example 1 and why the FSET | instruction is preceded by a dummy read in Example 2

This is to prevent the | flag from being set to “1” before writing to the interrupt control register for reasons
of the instruction queue buffer.

To modify any interrupt control register after disabling interrupts, be careful with the instructions used.

(1) Modifying Other Than the IR Bit
If an interrupt request corresponding to that register is generated while executing the instruction, the IR
bit may not be set to “1” (= interrupt requested), with the result that the interrupt request is ignored. If this
presents a problem, use the following instructions to modify the register.
Instructions to use: AND, OR, BCLR, BSET

(2) Modifying the IR Bit
Even when the IR bit is cleared to “0” (= interrupt not requested), it may not actually be cleared to “0”
depending on the instruction used. Therefore, use the MOV instruction to clear the IR bit.
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1.2 Precautions for Protect

1.2 Precautions for Protect
Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0”

(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in

which the PRC2 bit is set to “1” and the next instruction.
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1.3 Precautions for DMAC

1.3 Precautions for DMAC

1.3.1 Write to DMAE Bit in DMiICON Register
When both of the conditions below are met, follow the steps below.

Conditions
» The DMAE bit is set to “1” again while it remains set (DMAI is in an active state).
» A DMA request may occur simultaneously when the DMAE bit is being written.

Step 1: Write “1” to the DMAE bit and DMAS bit in DMiCON register simultaneously(D).
Step 2: Make sure that the DMAI is in an initial state("2) in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

Notes:

*1. The DMAS bit remains unchanged even if “1” is written. However, if “0” is written to this bit, it is set to
“0” (DMA not requested). In order to prevent the DMAS bit from being modified to “0”, “1” should be
written to the DMAS bit when “1” is written to the DMAE bit. In this way the state of the DMAS bit
immediately before being written can be maintained.

Similarly, when writing to the DMAE bit with a read-modify-write instruction, “1” should be written to
the DMAS bit in order to maintain a DMA request which is generated during execution.

*2. Read the TCRi register to verify whether the DMAI is in an initial state. If the read value is equal to a
value which was written to the TCRi register before DMA transfer start, the DMAI is in an initial state.
(If a DMA request occurs after writing to the DMAE bit, the value written to the TCRi register is “1”.) If
the read value is a value in the middle of transfer, the DMAI is not in an initial state.

8 RENESAS

RenesasTechnology Corp.



et oL imi ificati Mitsubishi microcomputers
W we™  Preliminary Specifications Rev.1.0
66“6\0 Specifications in this manual are tentative and subject to change. M16C / 62P Group
. ) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
1.4 Precautions for Timers

1.4 Precautions for Timers

1.4.1 Timers A and B

This section describes precautions for timers A and B. Precautions for each mode should be referred as
well.

1. After reset, timers stop. After setting mode, count source or counter value, the TAIS bit (i=0 to 4) or
TB;jS bit (j=0 to 5) in the TABSR or TBSR register should be set to “1” (starts counting). Make sure that
the TAIS bit or TBjS bit is set to “0” (stops counting) before changing the registers and bits listed below.
* TAIMR register and TBjMR register
« TAi register and TBj register
* UDF register
* TAZIE, TAOTGL and TAOTGH bits in ONSF register
* TRGSR register
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1.4 Precautions for Timers

1.4.2 Timer A

1.4.2.1 Timer A (Timer Mode)
1. After reset, the TABSR register TAIS bit (i = 0 to 4) is cleared to “0” (stops counting). Select opera-
tion mode and set a value in the TAi register before setting the TAIS bit to “1” (starts counting).

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the counter is read at the same time it is reloaded, the value “FFFF16” is read.
Also, if the counter is read before it starts counting after a value is set in the TAi register while not
counting, the set value is read.

3. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCRL1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the TAlouT, TA20uUT and TA40UT pins go to a
high-impedance state.
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1.4 Precautions for Timers

1.4.2.2 Timer A (Event Counter Mode)
1. After reset, the TABSR register TAIS bit (i = 0 to 4) is cleared to “0” (stopped counting). Select
operation mode and set a value in the TAi register before setting the TAIS bit to “1” (start counting).

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, “FFFF16” can be read in underflow, while reloading, and “000016” in overflow.
When setting TAI register to a value during a counter stop, the setting value can be read before a
counter starts counting. Also, if the counter is read before it starts counting after a value is set in the
TAI register while not counting, the set value is read.

3. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCRL1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the TAlouT, TA20uUT and TA40UT pins go to a
high-impedance state.
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1.4 Precautions for Timers

1.4.2.3 Timer A (One-shot Timer Mode)
1. After reset, the TABSR register TAIS bit (i = 0 to 4) is cleared to “0” (stopped counting). Select
operation mode and set a value in the TAi register before setting the TAIS bit to “1” (start counting).

2. When setting TABSR register to “0” (count stop), the followings occur:
« A counter stops counting and a content of reload register is reloaded.
» TAIOUT pin outputs “L".
« After one cycle of the CPU clock, the IR bit of TAIIC register is set to “1” (interrupt request).

3. Output in one-shot timer mode synchronizes with a count source internally generated. When an
external trigger has been selected, one-cycle delay of a count source as maximum occurs between
a trigger input to TAIIN pin and output in one-shot timer mode.

4. The IR bit is set to “1” when timer operation mode is set with any of the following procedures:
« Select one-shot timer mode after reset.
« Change an operation mode from timer mode to one-shot timer mode.
* Change an operation mode from event counter mode to one-shot timer mode.
To use the timer Ai interrupt (the IR bit), set the IR bit to “0” after the changes listed above have
been made.

5. When a trigger occurs, while counting, a counter reloads the reload register to continue counting
after generating a re-trigger and counting down once. To generate a trigger while counting, gener-
ate a second trigger between occurring the previous trigger and operating longer than one cycle of
a timer count source.

6. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCRL1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the TAlouT, TA20uUT and TA40UT pins go to a
high-impedance state.
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1.4 Precautions for Timers

1.4.2.4 Timer A (Pulse Width Modulation Mode)
1. After reset, the TABSR register TAIS bit (i = 0 to 4) is cleared to “0” (stopped counting). Select
operation mode and set a value in the TAi register before setting the TAIS bit to “1” (start counting).

2. The IR bit is set to “1” when setting a timer operation mode with any of the following procedures:
* Select the PWM mode after reset.
» Change an operation mode from timer mode to PWM mode.
» Change an operation mode from event counter mode to PWM mode.
To use the timer Ai interrupt (interrupt request bit), set the IR bit to “0” by program after the above
listed changes have been made.

3. When setting TAIS register to “0” (count stop) during PWM pulse output, the following action occurs:
* Stop counting.
» When TAiouT pin is output “H”, output level is set to “L” and the IR bit is set to “1”.
* When TAiouT pin is output “L”, both output level and the IR bit remains unchanged.

4. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCRL1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the TAlouT, TA20uT and TA40UT pins go to a
high-impedance state.
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1.4 Precautions for Timers

1.4.3 Timer B

1.4.3.1 Timer B (Timer Mode and Event Counter Mode)

1. After reset, the TBIS bit (i = 0 to 5) is cleared to “0” (stopped counting). Select operation mode and
set a value in the TBi register before setting the TBIiS bit to “1” (start counting).

The TBOS to TB2S bits are the bits 5 to 7 of TABSR register, the TB3S to TB5S bits are the bits 5 to
7 of TBSR register.

2. A value of a counter, while counting, can be read in TBi register at any time. “FFFF16” is read while

reloading. Setting value is read between setting values in TBi register at count stop and starting a
counter.

14
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1.4 Precautions for Timers

1.4.3.2 Timer B (Pulse Period/pulse Width Measurement Mode)
1. The IR bit of TBIIC register (i=0 to 5) goes to “1” (overflow), when an effective edge of a measure-
ment pulse is input or timer Bi is overflowed. The factor of interrupt request can be determined by

use of the MR3 bit of TBIMR register within the interrupt routine.

2. If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse
input and a timer overflow occur at the same time, use another timer to count the number of times
timer B has overflowed.

3. To set the MR3 bit to “0” (no overflow), set TBIMR register with setting the TBiS bit to “1” and
counting the next count source after setting the MR3 bit to “1” (overflow).

4. Use the IR bit of TBIIC register to detect only overflows. Use the MR3 bit only to determine the
interrupt factor within the interrupt routine.

5. When a count is started and the first effective edge is input, an indeterminate value is transferred to
the reload register. At this time, timer Bi interrupt request is not generated.

6. A value of the counter is indeterminate at the beginning of a count. MR3 may be set to “1” and timer
Bi interrupt request may be generated between a count start and an effective edge input.

7. When changing the MR1 to MRO bits of TBIMR after a count is started, the IR bit of TBIIC register
may be set to “1” (interrupt request). Note that the IR bit does not change if the same value as
before is written to the MR1 to MRO bits.

8. For pulse width measurement, pulse widths are successively measured. Use program to check
whether the measurement result is an “H” level width or an “L” level width.
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1.5 Precautions for Serial I/0 (Clock-synchronous Serial 1/0)

1.5 Precautions for Serial 1/0 (Clock-synchronous Serial 1/0)

1.5.1 Transmission/reception
1. With an external clock selected, and choosing the RTS function, the output level of the RTSi pin goes
to “L” when the data-receivable status becomes ready, which informs the transmission side that the
reception has become ready. The output level of the RTSi pin goes to “H” when reception starts. So if
the RTSi pin is connected to the CTSi pin on the transmission side, the circuit can transmission and
reception data with consistent timing. With the internal clock, the RTS function has no effect.

2. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the RTS2 and CLK2 pins go to a high-impedance
state.
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1.5 Precautions for Serial 1/0 (Clock-synchronous Serial 1/0)

1.5.2 Transmission

When an external clock is selected, the conditions must be met while if the UiCO register’'s CKPOL bit =
“0” (transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer
clock), the external clock is in the high state; if the UiCO register's CKPOL bit = “1” (transmit data output at
the rising edge and the receive data taken in at the falling edge of the transfer clock), the external clock is
in the low state.

« The TE bit of UiC1 register= “1" (transmission enabled)

» The TI bit of UiC1 register = “0” (data present in UiTB register)

« If CTS function is selected, input on the CTSi pin = “L”

RENESAS
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1.5 Precautions for Serial I/0 (Clock-synchronous Serial 1/0)

1.5.3 Reception
1. In operating the clock-synchronous serial I/O, operating a transmitter generates a shift clock. Fix set-
tings for transmission even when using the device only for reception. Dummy data is output to the
outside from the TxDi pin when receiving data.

2. When an internal clock is selected, set the UiC1 register (i = 0 to 2)’s TE bit to 1 (transmission enabled)
and write dummy data to the UiTB register, and the shift clock will thereby be generated. When an
external clock is selected, set the UiC1 register (i = 0 to 2)’s TE bit to 1 and write dummy data to the
UITB register, and the shift clock will be generated when the external clock is fed to the CLKi input pin.

3. When successively receiving data, if all bits of the next receive data are prepared in the UARTI receive
register while the UiC1 register (i = 0 to 2)’s RE bit = “1” (data present in the UiRB register), an overrun
error occurs and the UiRB register OER bit is set to “1” (overrun error occurred). In this case, because
the content of the UiRB register is indeterminate, a corrective measure must be taken by programs on
the transmit and receive sides so that the valid data before the overrun error occurred will be retransmit-
ted. Note that when an overrun error occurred, the SiRIC register IR bit does not change state.

4. To receive data in succession, set dummy data in the lower-order byte of the UiTB register every time
reception is made.

5. When an external clock is selected, the conditions must be met while if the CKPOL bit = “0”, the
external clock is in the high state; if the CKPOL bit = “1”, the external clock is in the low state.
» The RE bit of UiC1 register= “1" (reception enabled)
» The TE bit of UiC1 register= “1" (transmission enabled)
» The TI bit of UiC1 register= “0" (data present in the UiTB register)
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1.6 Precautions for Serial I/O (UART Mode, Special Mode 2)

1.6 Precautions for Serial I/O (UART Mode, Special Mode 2)
1. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCRL1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the RTS2 and CLK2 pins go to a high-impedance

State.
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1.7 Precautions for A-D Converter
.}

1.7 Precautions for A-D Converter
1. Set ADCONO (except bit 6), ADCON1 and ADCONZ2 registers when A-D conversion is stopped (before
a trigger occurs).

2. When the VCUT bit of ADCONL1 register is changed from “0” (Vref not connected) to “1” (Vref con-
nected), start A-D conversion after passing 1 us or longer.

3. To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVcc, VREF, and analog input pins (ANi) each and the AVss pin. Similarly,
insert a capacitor between the Vcc pin and the Vss pin. Figure 1.7.1 is an example connection of each

pin.

4. Make sure the port direction bits for those pins that are used as analog inputs are set to “0” (input
mode). Also, if the ADCONO register's TGR bit = 1 (external trigger), make sure the port direction bit for
the ADTRG pin is set to “0” (input mode).

5. When using key input interrupts, do not use any of the four AN4 to AN7 pins as analog inputs. (A key
input interrupt request is generated when the A-D input voltage goes low.)

6. The @aD frequency must be 10 MHz or less. Without sample-and-hold function, limit the @aD frequency
to 250kHz or more. With the sample and hold function, limit the @ab frequency to 1IMHz or more.

7. When changing an A-D operation mode, select analog input pin again in the CH2 to CHO bits of
ADCONO register and the SCAN1 to SCANO bits of ADCON1 register.

Microcomputer

\V/elei} AVcc
c4

Vss VREF é

C1 Cc2

? AVss

Vcce2 C3
cs AN LT
% Vss

ANi: ANi, ANoi, and AN2i (i=0to 7)

Note 1: C120.47pF, C220.47uF, C32100pF, C420.1pF, C5=0.1pF (reference)
Note 2: Use thick and shortest possible wiring to connect capacitors.

Figure 1.7.1. Use of capacitors to reduce noise
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1.7 Precautions for A-D Converter

8. If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A-D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

* When operating in one-shot or single-sweep mode
Check to see that A-D conversion is completed before reading the target ADi register. (Check the
ADIIC register’s IR bit to see if A-D conversion is completed.)

* When operating in repeat mode or repeat sweep mode 0 or 1
Use the main clock for CPU clock directly without dividing it.

9. If A-D conversion is forcibly terminated while in progress by setting the ADCONO register's ADST bit to
“0” (A-D conversion halted), the conversion result of the A-D converter is indeterminate. The contents of
ADi registers irrelevant to A-D conversion may also become indeterminate. If while A-D conversion is
underway the ADST bit is cleared to “0” in a program, ignore the values of all ADi registers.

10. If Vcc2 < Vee, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins.
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1.8 Precautions for Power Control

1.8 Precautions for Power Control
1. When exiting stop mode by hardware reset, set RESET pin to “L” until a main clock oscillation is
stabilized.

2. Insert more than four NOP instructions after an WAIT instruction or a instruction to set the CM10 bit of
CML1 register to “1”. When shifting to wait mode or stop mode, an instruction queue reads ahead to the
next instruction to halt a program by an WAIT instruction and an instruction to set the CM10 bit to “1” (all
clocks stopped). The next instruction may be executed before entering wait mode or stop mode, de-
pending on a combination of instruction and an execution timing.

3. Wait until the tsu(m-L) elapses or main clock oscillation stabilization time, whichever is longer, before
switching the clock source for CPU clock to the main clock.
Similarly, wait until the sub clock oscillates stably before switching the clock source for CPU clock to the
sub clock.

4. Suggestions to reduce power consumption

(a) Ports
The processor retains the state of each 1/0 port even when it goes to wait mode or to stop mode. A
current flows in active 1/0 ports. A pass current flows in input ports that high-impedance state. When
entering wait mode or stop mode, set non-used ports to input and stabilize the potential.

(b) A-D converter
When A-D conversion is not performed, set the VCUT bit of ADICONL1 register to “0” (ho VREF connec-
tion). When A-D conversion is performed, start the A-D conversion at least 1 us or longer after setting
the VCUT bit to “1” (VREF connection).

(c) D-A converter
When not performing D-A conversion, set the DAI bit (i=0, 1) of DACON register to “0” (input inhibited)
and DA register to “0016".

(d) Stopping peripheral functions
Use the CMO register CMO02 bit to stop the unnecessary peripheral functions during wait mode. How-
ever, because the peripheral function clock (fc32) generated from the sub-clock does not stop, this
measure is not conducive to reducing the power consumption of the chip. During low speed mode and
low power dissipation mode, do not set the CMO02 bit to “1” (peripheral function clock stopped when in
wait mode) before entering wait mode.

(e) Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.

(f) External clock
When using an external clock input for the CPU clock, set the CMO register CMO5 bit to “1” (stop).
Setting the CMO5 bit to “1” disables the XouT pin from functioning, which helps to reduce the amount
of current drawn in the chip. (When using an external clock input, note that the clock remains fed into
the chip regardless of how the CMO5 bit is set.)
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1.9 Precautions for External Bus
.}

1.9 Precautions for External Bus
1. The external ROM version can operate only in the microprocessor mode, connect the CNVss pin to

Vcc.

2. When resetting CNVss pin with "H" input, contents of internal ROM cannot be read out.
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1.10 Electric Characteristic Differences Between Mask ROM and Flash Memory Version Microcomputers
. __________________________________________________________________________________________________________________________|

1.10 Electric Characteristic Differences Between Mask ROM and Flash Memory Version Microcomputers
Flash memory version and mask ROM version may have different characteristics, operating margin, noise
tolerated dose, noise width dose in electrical characteristics due to internal ROM, different layout pattern,
etc. When switching to the mask ROM version, conduct equivalent tests as system evaluation tests con-
ducted in the flush memory version.
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1.11 Precautions for Flash Memory Version
. __________________________________________________________________________________________________________________________|

1.11 Precautions for Flash Memory Version

1.11.1 Precautions for Functions to Inhibit Rewriting Flash Memory Rewrite
ID codes are stored in addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716,
and OFFFFBz1s. If wrong data are written to theses addresses, the flash memory cannot be read or written

in standard serial I/O mode.
The ROMCP register is mapped in address OFFFFF16. If wrong data is written to this address, the flash

memory cannot be read or written in parallel /O mode.
In the flash memory version of microcomputer, these addresses are allocated to the vector addresses (H)

of fixed vectors.
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1.11 Precautions for Flash Memory Version

1.11.2 Precautions for Program Command
Write ‘xx4016' in the first bus cycle and write data to the write address in the second bus cycle, and an
auto program operation (data program and verify) will start. Make sure the address value specified in the
first bus cycle is the same even address as the write address specified in the second bus cycle.
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1.11 Precautions for Flash Memory Version

1.11.3 Precautions for Lock Bit Program Command
Write ‘xx7716' in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even address,
however) in the second bus cycle, and the lock bit for the specified block is cleared to “0”. Make sure the
address value specified in the first bus cycle is the same uppermost block address that is specified in the

second bus cycle.
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1.11.4 Precautions for Stop mode
When shifting to stop mode, the following settings are required:
* Set the FMRO1 bit to “0” (CPU rewrite mode disabled) and disable DMA transfers before setting the
CM10 bit to “1” (stop mode).
» Execute the JMP.B instruction subsequent to the instruction which sets the CM10 bit to “1” (stop
mode)
Example program BSET 0,CM1 ; Stop mode
JMP.B L1
L1:
Program after returning from stop mode
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1.11.5 Precautions for Wait mode
When shifting to wait mode, set the FMROL1 bit to “0” (CPU rewrite mode diabled) before executing the

WAIT instruction.
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1.11 Precautions for Flash Memory Version

1.11.6 Precautions for CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite

mode.

1.11.6.1 Operation speed
Before entering CPU rewrite mode (EWO or EW1 mode), select 10 MHz or less for BCLK using the

CMO register’'s CMO06 bit and CM1 register's CM17-6 bits. Also, set the PML1 register's PM17 bit to 1

(with wait state).
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1.11.6.2 Instructions inhibited against use
The following instructions cannot be used in EWO0 mode because the flash memory’s internal data is

referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction
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1.11.6.3 Interrupts
EWO Mode

» Any interrupt which has a vector in the variable vector table can be used providing that its vector is
transferred into the RAM area.

» The NMI and watchdog timer interrupts can be used because the FMRO register and FMRL1 regis-
ter are initialized when one of those interrupts occurs. The jump addresses for those interrupt
service routines should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

» The address match interrupt cannot be used because the flash memory’s internal data is refer-
enced.

EW1 Mode

« Make sure that any interrupt which has a vector in the variable vector table or address match
interrupt will not be accepted during the auto program or auto erase period.

« Avoid using watchdog timer interrupts.

« The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed
vector table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be
executed again after exiting the interrupt service routine.
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1.11.6.4 How to access
To set the FMRO1, FMRO02, or FMR11 bit to “1”, write “0” and then “1” in succession. This is necessary

to ensure that no interrupts or DMA transfers will occur before writing “1” after writing “0”. Also only

when NMI pin is “H” level.
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1.11 Precautions for Flash Memory Version

1.11.6.5 Writing in the user ROM area

EWO0 Mode
« If the power supply voltage drops while rewriting any block in which the rewrite control program is

stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse-
guently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial
I/O or parallel /O mode should be used.

EW1 Mode
* Avoid rewriting any block in which the rewrite control program is stored.
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1.11.6.6 DMA transfer
In EW1 mode, make sure that no DMA transfers will occur while the FMRO register's FMROO bit = 0

(during the auto program or auto erase period).
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1.11 Precautions for Flash Memory Version

1.11.6.7 Writing command and data
Write the command code and data at even addresses.
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1.11 Precautions for Flash Memory Version

1.11.7 Precautions for Low power dissipation mode, ring oscillator low power dissipation mode
If the CMO5 bit is set to “1” (main clock stop), the following commands must not be executed.
* Program

* Block erase
 Erase all unlocked blocks

* Lock bit program
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1.12 Precautions for PLL Frequency Synthesizer
Make the supply voltage stable to use the PLL frequency synthesizer.
For ripple with the supply voltage 5V, keep below 10kHz as frequency, below 0.5V (peak to peak) as
voltage fluctuation band and below 1V/mS as voltage fluctuation rate.
For ripple with the supply voltage 3V, keep below 10kHz as frequency, below 0.3V (peak to peak) as
voltage fluctuation band and below 0.6V/mS as voltage fluctuation rate.
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1.13 Precautions for Programmable 1/0O Ports

1.13 Precautions for Programmable I/O Ports
1. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCRL1 bit = “1” (three-phase
output forcible cutoff by input on NMI pin enabled), the P72 to P75, P80 and P81 pins go to a high-imped-
ance state.
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2.1 Vdet2 Detection
.}

2. Differences Made Depending on Manufactured Time

2.1 Vdet2 Detection
The present version of the products may not detect the Vdet2 voltage in the voltage detection circuit prop-

erly. Therefore, the followings should be noted.
(1) When the VC25 bit in the VCR2 register is set to “1” (enabling the RAM retention limit detection
circuit), the present version may not be reset even if the voltage at the Vccl input pin drops below

Vdet2.
(2) The WDS5 bit in the WDC register may not change properly.

Supplementary Explanation
Normally, during the stop mode, the Vdet3 voltage is not detected, and thus no reset is generated even
when the input voltage at the Vccl pin drops to Vdet3 or less. Therefore, if the microcomputer is not reset
when the Vccl voltage drops below Vdet2 due to the reason described in the above No.1, the microcom-
puter cannot get out of the stop mode with Hardware Reset 2.
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2.2 RESET Input
|

2.2 RESET Input
Ensure that pin RESET must hold valid-low state during powering-up.
When using a reset IC, use a CMOS type IC. When using an open-drain type reset IC, insert a capacitor
between the reset input and Vss and a resistor between the input and Vcc respectively. The R-C time
constant of the capacitor and resistor must provide a low state at least 10 times longer than the Vcc rise

time.
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Rev. Date Description
Page Summary
1.0 |Jan/31/Y03 1 Figure 1.1.1 is partly revised.
8 The section “1.3 Precautions for DMAC” is added.
9 The section “1.4.1 Timers A and B” is added.
15 The section “1.4.3.2 Timer B (Pulse Period/Pulse Width Measurement Mode” is
partly revised.
18 The section “1.5.3 Reception” is partly revised.
19 The section “1.6 Precautions for Serial /0 (UART Mode, Special Mode 2)” is partly
revised.
22 The section “1.8 Precautions for Power Control” is partly revised.
25 The section “1.11.1 Precautions for Functions to Inhibit Rewriting Flash Memory
Rewrite” is partly revised.
26 The section “1.11.2 Precautions for Program Command” is partly revised.
38 The section “1.12 Precautions for PLL Frequency Synthesizer” is partly revised.
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