Mitsubishi microcomputers

M16C/80 (144-pin version) group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

The M16C/80 (144-pin version) 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 144-pin plastic
molded QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high
level of instruction efficiency. With 16M bytes of address space, they are capable of executing instructions
at high speed. They also feature a built-in multiplier and DMAC, making them ideal for controlling office,
communications, industrial equipment, and other high-speed processing applications.

The M16C/80 (144-pin version) group includes a wide range of products with different internal memory
types and sizes and various package types.

Features

e Memory Capacity..........ooecvvvriieeeeeenennn, ROM (See ROM expansion figure.)
RAM 10 to 24 Kbytes
« Shortest instruction execution time....... 50ns (f(XIN)=20MH2z)

o Supply voltage ........ccoooviiiiiiiiinieenins 4.2 t0 5.5V (f(XIN)=20MHz) Mask ROM and flash memory version
2.7 t0 5.5V (f(XIN)=10MHz) Mask ROM and flash memory version
* Low power consumption ...........cccceee.... 45mA (M30802MC-XXXGP)
¢ INEEITUPES .. 29 internal and 8 external interrupt sources, 5 software
interrupt sources; 7 levels (including key input interrupt)
» Multifunction 16-bit timer..................... 5 output timers + 6 input timers
eSerial O ., 5 channels for UART or clock synchronous
e DMAC .. 4 channels (trigger: 31 sources)
*DRAMC .. ..ottt Used for EDO, FP, CAS before RAS refresh, self-refresh
* A-D CONVEIEN .....vvveiiiiiiiiee e 10 bits X 8 channels (Expandable up to 10 channels)
* D-A CONVEITEr.....ovviviiiiiiiie e 8 bits X 2 channels — : : :
« CRC calculation Circuit............c..c......... 1 circuit Specifications written in this
S manual are believed to be ac-

® X-Y CONVEIEN ...covviieeiiiiiiiii e 1 circuit curate, but are not guaranteed
* Watchdog timer..........ccoooeiiiiiiiieeenenennn. 1line to be entirely free of error.
« Programmable 1/O ..........ccoveveeenrennee. 123 lines Specifications in this manual
. . [T may be changed for functional

Input port.......... e 1 Iln_e (P85 shared with NMI pin) or performance improvements.
. Memory expansion ... Available (16M byteS) Please make sure your manual
* Chip select output ........cccceeveevieineennn, 4 lines is the latest edition.
* Clock generating Circuit ............cc.co...... 2 built-in clock generation circuits

(built-in feedback resistance, and external ceramic or quartz oscillator)
Applications
Audio, cameras, office equipment, communications equipment, portable equipment, etc.

CPU e 11 A-D CONVEIET ..., 162
2 L=Y =Y R 16 D-A Converter ... 172
Processor MOUE ..........ccceveveeveeieeeereeenaeenns 24 CRC Calculation Circuit ... 174
Clock Generating CirCuit ..........c.ccoveeveeveennnne. 40 X-Y CONVEIET ..ot 176
PrOtECHON ..o 52 DRAM Controller ... 179
Outling of INEITUPL ......cvveeerereeeeeeeeeeeeeens 53 Programmable /0 POrts ... 186
Watchdog TIMer ......ccoeeeeeeieireeveeiceceea, 75 Usage Precaution ... 203
DMAC ..ottt 77 Electric characteristics ... 210
LI 0= SRS 88 Flash memory version............cccooiiiiiinnnen. 257
Serial 1O ... 120
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Configuration
Figure 1.1.1 show the pin configurations (top view).

PIN CONFIGURATION (top view)
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Note: This port is N-channel open drain output.

Package: 144P6Q-A

Figure 1.1.1. Pin configuration (top view)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram
Figure 1.1.2 is a block diagram of the M16C/80 (144-pin version) group.

Block diagram of the M30802MC-XXXGP

A8 A8 8 A8 A8 A8 A8
! ) ) ] i v B . ) N
| 1/0 ports [ PortPO | [PortP1 | [ PortP2 | [PortP3 | [ PortP4] [ PortP5 | [ PortPé |
Internal peripheral functions A-D converter System clock generator S
Timer (10 bits X8 channels | [T~ ————— — — — 7] ©
——————————— Expandable up to 10 channels) XIN - XouT
Timer TAO (16 bits) XCIN - Xcout
Timer TA1 (16 bits) UART /clock synchronous SI/O
Timer TA2 (16 bits) (8 bits X 5 channels) N
Timer TA3 (16 bits) N
Timer TA4 (16 bits) XY converter Memory -
Timer TBO (16 bits) (16 bits X 16 bits) NRCt)Ml
Timer TB1 (16 bits) (Note 1)
Timer TB2 (16 bits) CRC arithmetic circuit (CCITT) RAM
Timer TB3 (16 bits) (Polynomial : X16+X2+X5+1) (Note 2) n
Timer TB4 (16 bits)

Timer TBS (16 bits) M16C/80 series 16-bit CPU core

Registers ye ) DRAM
20U R0l controller
Watchdog timer r__ROH I ROL INTB |
15 bits M _R1H [ RIL ISP ©
( ) R2 usP DRAM
R3 PC controller |
D-A converter AD
- SVF .
(8 bits X 2 channels) ’éé SVP ‘ Multiplier <
SB VCT | o

[oTdwod |[ 6duod |[sedvod |[ sduod |[ zdvod |

[Port P15] [Port P14] [Port P13 ] [PortP12 | [Port P11]
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Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.

Figure 1.1.2. Block diagram of M30802MC-XXXGP
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline

Table 1.1.1 is a performance outline of M16C/80 (144-pin version) group.

Table 1.1.1. Performance outline of M16C/80 (144-pin version) group

Item

Performance

Number of basic instructions

106 instructions

Shortest instruction execution time

50ns(f(XIN)=20MHz)

Memory ROM See ROM expansion figure.

capacity RAM 10 to 24 K bytes

I/O port PO to P15 (except P85) 8 bits x 13, 7 bits x 2, 5 bits x 1

Input port P85 1bitx1

Multifunction |TAO, TA1, TA2, TA3,TA4 16 bits x 5

timer TBO, TB1, TB2, TB3, TB4, TB5 | 16 bits x 6

Serial I1/10 UARTO, UART1, UART2, (UART or clock synchronous) x 5
UART3, UART4

A-D converter

10 bits x (8 + 2) channels

D-A converter 8 bits x 2

DMAC 4 channels

DRAM controller CAS before RAS refresh, self-refresh, EDO, FP
CRC calculation circuit CRC-CCITT

X-Y converter

16 bits X 16 bits

Watchdog timer

15 bits x 1 (with prescaler)

Interrupt

29 internal and 8 external sources, 5 software sources, 7
levels

Clock generating circuit

2 built-in clock generation circuits
(built-in feedback resistance, and external ceramic or
guartz oscillator)

Supply voltage

4.2 to 5.5V (f(XIN)=20MHz) Mask ROM and flash
memory version
2.7 to 5.5V (f(XIN)=10MHz) Mask ROM and flash
memory version

Power consumptigwithstand voltage

45mA (f(XIN) = 20MHz without software wait,Vcc=5V)

Output current

Mask ROM 128 Kbytes version

I/O 5V

characteristics 5mA

Memory expansion Available (up to 16M bytes)
Operating ambient temperature —40 to 85°C

Device configuration

CMOS high performance silicon gate

Package

144-pin plastic mold QFP
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mitsubishi plans to release the following products in the M16C/80 (144-pin version) group:
(1) Support for mask ROM version, external ROM version and flash memory version
(2) ROM capacity
(3) Package
144P6Q : Plastic molded QFP (mask ROM version and flash memory version)

ROM Size
(Byte)

External) LTI M30805SGP D
! M30802SGP !

256K M30805MG-XXXGP

128K M30802MC-XXXGP

96K

80K

64K

32K

[ Mask ROM version j [ Flash memory j [External ROM versionj
version

Figure 1.1.3. ROM expansion

The M16C/80 (144-pin version) group products currently supported are listed in Table 1.1.2.

Table 1.1.2. M16C/80 (144-pin version) group As of June, 2000
Type No ROM capacity | RAM capacity Package type Remarks

M30802MC-XXXGP 128K bytes 10K bytes 144P6Q-A Mask ROM version
M30805MG-XXXGP 256K bytes 20K bytes

M30802FCGP 1 128K bytes 10K bytes Flash memory version
M30805FGGP ** | 256K bytes 20K bytes

M30802SGP - 10K bytes External ROM version
M30805SGP e 24K bytes

**:Under development
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Type No. 30802 M C - XXX GP

Package type:
GP :Package 144P6Q-A

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

ROM capacity:
C : 128K bytes
G : 256K bytes

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

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

M16C/80 Group

M16C Family

Figure 1.1.4. Type No., memory size, and package
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name Signal name 1/0 type Function
vee, Vss i':]%vdfr supply Supply 4.2 t0 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.
CNVss CNVss Input This pin switches between processor modes. Connect it to the Vss
when operating in single-chip or memory expansion mode after reset.
Connect it to the Vcc when in microprocessor mode after reset.

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

XIN Clock input Input These pins are provided for the main clock generating circuit. Connect

X Clock output | Output a ceramic resonator or crystal between the XIN and the XouT pins. To

ouT OCk outpu utpu 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”. When

not using the external bus,connect this pin to Vss.

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

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

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

POo to PO7 1/O port PO Input/output | This is an 8-bit CMOS I/O port. It has an input/output port direction

register that allows the user to set each pin for input or output
individually. When set for input in single chip mode, the user can
specify in units of four bits via software whether or not they are tied to a
pull-up resistance. In memory expansion and microprocessor mode,
an built-in pull-up resistance cannot be used. However, it is possible to
select pull-up resistance presence to the usable port as 1/O port by
setting.

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

Ploto P17 1/0 port P1 Input/output | This is an 8-bit I/O port equivalent to PO. P15 to P17 also function as

external interrupt pins as selected by software.

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

P20 to P27 1/0 port P2 Input/output | This is an 8-bit I/O port equivalent to PO.

Ao to A7 Output These pins output 8 low-order address bits (Ao—A7).

Ao/Do to Input/output | If a multiplexed bus is set, these pins input and output data (Do—-D7) and

A7/D7 output 8 low-order address bits (A0c—A7) separated in time by
multiplexing.

P30 to P37 1/0 port P3 Input/output | This is an 8-bit I/O port equivalent to PO.

A8 to A15 Output These pins output 8 middle-order address bits (A8—A15).

As/Ds to Input/output | If the external bus is set as a 16-bit wide multiplexed bus, these pins

A15/D15 input and output data (Ds—D15) and output 8 middle-order address bits

(A8—A15) separated in time by multiplexing.

MAO to MA7 Output If accessing to DRAM area, these pins output row address and column

address separated in time by multiplexing.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

. .. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Pin Description

Pin Description

Pin name Signal name I/O type Function

P40 to P47 I/O port P4 Input/output | This is an 8-bit I/O port equivalent to PO.

A16 to A22, Output These pins output 8 high-order address bits (A16—A22, A23). Highest

A23 address bit (A23) outputs inversely.

CSoto CS3 Output These pins output CSo—-CS3 signals. CSo—CS3 are chip select signals
used to specify an access space.

MAS8 to MA12 Output If accessing to DRAM area, these pins output data separated in time by
multiplexing.

P50 to P57 I/O port P5 Input/output | This is an 8-bit I/O port equivalent to PO. P53 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 software.

WRL / WR Output Output WRL, WRH (WR and BHE), RD, BCLK, HLDA, and ALE

WRH / BHE, Output signals. WRL and WRH, and BHE and WR can be switched using

RD, Output software control.

BCLK, Output B WRL, WRH, and RD selected

HLDA Output With a 16-bit external data bus, data is written to even addresses

HOLD, Input when the WRL signal is “L” and to the odd addresses when the WRH
signal is “L". Data is read when RD is “L”".

ALE, Output Il WR, BHE, and RD selected -

RDY Input Data is written when WR is “L". Data is read when RD is “L". Odd
addresses are accessed when BHE is “L”. Use this mode when using
an 8-hit external data bus.

While the input level at the HOLD pin is “L”, the microcomputer is
placed in the hold state. While in the hold state, HLDA outputs a “L”
level. ALE is used to latch the address. While the input level of the
RDY pin is “L", the microcomputer is in the ready state.

DW Output When accessing to DRAM area while DW signal is “L”, write to DRAM.

CASL, Output CASL and CASH show timing when latching to line address. When

CASH, Output CASL accesses to even address, and CASH to odd, these two pins

RAS Output become “L”". RAS signal shows timing when latching to row address.

P60 to P67 I/O port P6 Input/output | This is an 8-bit I/O port equivalent to PO. When set for input in single
chip mode, the user can specify in units of four bits via software
whether or not they are tied to a pull-up resistance. In memory
expansion and microprocessor mode, an built-in pull-up resistance
cannot be used. Pins in this port also function as UARTO and UART1 I/
O pins as selected by software.

P70to P77 I/O port P7 Input/output | This is an 8-bit I/O port equivalent to P6 (P70 and P71 are N-channel
open drain output). Pins in this port also function as timer Ao-A3,
timer B5 or UART2 I/O pins as selected by software.

P8o to P84, 1/0 port P8 Input/output | P8o to P84, P86, and P87 are I/O ports with the same functions as P6.

P8s, Input/output | Using software, they can be made to function as the 1/O pins for timer
A4 and the input pins for external interrupts. P86 and P87 can be set

P87, Input/output | ;sing software to function as the I/O pins for a sub clock generation

P85 /0 port P85 Input circuit. In this case, connect a quartz oscillator between P86 (XcouT
pin) and P87 (XCIN pin). P85 is an input-only port that also functions
for NMI. The NMI interrupt is generated when the input at this pin
changes from “H" to “L”. The NMI function cannot be canceled using
software. The pull-up cannot be set for this pin.

P9o to P97 I/O port P9 Input/output | This is an 8-bit /O port equivalent to P6. Pins in this port also function
as UART3 and UART4 I/O pins, Timer BO—B4 input pins, D-A converter
output pins, A-D converter extended input pins, or A-D trigger input pins
as selected by software.

P10o0to P107 | I/O port P10 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as A-D converter input pins. Furthermore, P104—P107 also function as
input pins for the key input interrupt function.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name Signal name I/0 type Function

P1loto P114 | 1/O port P11 Input/output | This is an 5-bit I/O port equivalent to P6.
P120to P127 | 1/O port P12 Input/output | This is an 8-bit I/O port equivalent to P6.
P130to P137 | 1/O port P13 Input/output | This is an 8-bit I/O port equivalent to P6.
P140 to P146 | 1/O port P14 Input/output | This is an 7-bit I/O port equivalent to P6.
P150 to P157 | I/O port P15 Input/output | This is an 8-bit I/O port equivalent to P6.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Operation of Functional Blocks
The M16C/80 group accommodates certain units in a single chip. These units include ROM and RAM to
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations.
Also included are peripheral units such as timers, serial I/O, D-A converter, DMAC, CRC calculation circuit,
A-D converter, DRAM controller and I/O ports.
The following explains each unit.

Memory

Figure 1.2.1 is a memory map of the M16C/80 group. The address space extends the 16 Mbytes from
address 00000016 to FFFFFF16. From FFFFFF16 down is ROM. For example, in the M30802MC-XXXGP,
there is 128K bytes of internal ROM from FE000016 to FFFFFF16. The vector table for fixed interrupts such
as the reset and NMI are mapped to FFFFDC16 to FFFFFF16. The starting address of the interrupt routine
is stored here. The address of the vector table for timer interrupts, etc., can be set as desired using the
internal register (INTB). See the section on interrupts for details.
From 00040016 up is RAM. For example, in the M30802MC-XXXGP, 10 Kbytes of internal RAM is mapped
to the space from 00040016 to 002BFF16. In addition to storing data, the RAM also stores the stack used
when calling subroutines and when interrupts are generated.
The SFR area is mapped to 00000016 to 0003FF16. This area accommodates the control registers for
peripheral devices such as I/O ports, A-D converter, serial 1/0, and timers, etc. Figure 1.5.1 to 1.5.4 are
location of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and
cannot be used for other purposes.
The special page vector table is mapped to FFFEOO16 to FFFFDB1s6. If the starting addresses of subrou-
tines or the destination addresses of jumps are stored here, subroutine call instructions and jump instruc-
tions can be used as 2-byte instructions, reducing the number of program steps.
In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be
used. For example, in the M30802MC-XXXGP, the following spaces cannot be used.

*» The space between 002C0016 and 00800016 (Memory expansion and microprocessor modes)

» The space between FO000016 and FDFFFF16 (Memory expansion mode)

00000016 SFR area
For details, see
Figures 1.5.1 to
15.4 FFFEOO16
00040016 I
1
Internal RAM !
area J
[ Special page
XXXXXX16 !
vector table
Internal reserved ,'
area (Note 1) i
00800016 )
1
' FFFFDC16E ™ {j o
External area , E Undefined instruction 3
, Overflow 3
! E  BRKinstruction 3
Address | Address FO000016 Internal reserved J E Address match 3
Type No. XXXXX16_| YYYYY16 area(Note2) | £ AT 3
= atchaog umer E
M30802MC/FC| 002BFF1s | FE00001s | Y YYYYY16 . : 9 E
M30805MG/FG | 0053FF16 | FC000016 Internal ROM |/ NIV 3
area 3
M30802S 002BFF — E 3
1 FFFFFF16 | | _____. FFFFFF16 E Reset 3
M30805S 0063FF16 | ———

Note 1: During memory expansion and microprocessor modes, can not be used.
Note 2: In memory expansion mode, can not be used.

Figure 1.2.1. Memory map
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Central Processing Unit (CPU)
The CPU has a total of 28 registers shown in Figure 1.3.1. Seven of these registers (RO, R1, R2, R3, A0,
Al, SB and FB) come in two sets; therefore, these have two register banks.

General register b15 b0
FLG Flag register
b31 greg
: R2 ROH | RoL ||
; R3 I
I R1H RIL | Data register (Note)
R2
b23 R3
A0 I
1 Address register (Note)
Al )
SB I Static base register (Note)
FB I Frame base register (Note)
USP User stack pointer
ISP Interrupt stack pointer
INTB Interrupt table register
PC Program counter
High-speed interrupt register bi5 bo
b23 SVF Flag save register
SVP PC save register
VCT Vector register
DMAC related register b7 b0
DMDO
DMA mode register
b15 DMD1
DCTO 1
DMA transfer count register
DCT1 i
DRCO
DMA transfer count reload register
b23 DRC1
DMAO
DMA memory address register
DMA1
DSAO0
DMA SFR address register
DSA1
DRAO
DMA memory address reload register
DRA1
Note: These registers have two register banks.

Figure 1.3.1. Central processing unit register
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, R3, R2R0 and R3R1)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H),
and low-order bits as (ROL/R1L). Registers R2 and RO, as well as R3 and R1 can use as 32-bit data
registers (R2R0/R3R1).

(2) Address registers (AO and Al)
Address registers (A0 and Al) are configured with 24 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.

(3) Static base register (SB)
Static base register (SB) is configured with 24 bits, and is used for SB relative addressing.

(4) Frame base register (FB)
Frame base register (FB) is configured with 24 bits, and is used for FB relative addressing.

(5) Program counter (PC)
Program counter (PC) is configured with 24 bits, indicating the address of an instruction to be executed.

(6) Interrupt table register (INTB)
Interrupt table register (INTB) is configured with 24 bits, indicating the start address of an interrupt vector
table.

(7) User stack pointer (USP), interrupt stack pointer (ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 24 bits.
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag).
This flag is located at the position of bit 7 in the flag register (FLG).
Set USP and ISP to an even number so that execution efficiency is increased.

(8) Save flag register (SVF)
This register consists of 16 bits and is used to save the flag register when a high-speed interrupt is
generated.
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(9) Save PC register (SVP)
This register consists of 24 bits and is used to save the program counter when a high-speed interrupt is
generated.

(10) Vector register (VCT)
This register consists of 24 bits and is used to indicate the jump address when a high-speed interrupt is
generated.

(11) DMA mode registers (DMDO/DMD1)
These registers consist of 8 bits and are used to set the transfer mode, etc. for DMA.

(12) DMA transfer count registers (DCTO/DCT1)
These registers consist of 16 bits and are used to set the number of DMA transfers performed.

(13) DMA transfer count reload registers (DRCO/DRC1)
These registers consist of 16 bits and are used to reload the DMA transfer count registers.

(14) DMA memory address registers (DMAO/DMA1)
These registers consist of 24 bits and are used to set a memory address at the source or destination of
DMA transfer.

(15) DMA SFR address registers (DSA0/DSA1)
These registers consist of 24 bits and are used to set a fixed address at the source or destination of DMA
transfer.

(16) DMA memory address reload registers (DRAO/DRA1)
These registers consist of 24 bits and are used to reload the DMA memory address registers.

z MITSUBISHI
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M16C/80 (144-pin version) group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(17) Flag register (FLG)
Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.3.2 shows the flag
register (FLG). The following explains the function of each flag:

« Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

« Bit 1: Debug flag (D flag)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.

* Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “0”.

« Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared
to “0”.

« Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank
1 is selected when this flag is “1”.

« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0”".

« Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is
cleared to “0” when the interrupt is acknowledged.

« Bit 7: Stack pointer select flag (U flag)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected
when this flag is “1”.
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of
software interrupt Nos. 0 to 31 is executed.

* Bits 8 to 11: Reserved area

14 ‘ MITSUBISHI
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* Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight
processor interrupt priority levels from level O to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.

 Bit 15: Reserved area

b15 b0
IIPLI | | ul1]O|B|S|z|D|C| Flagregister (FLG)
L Carry flag
L 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

Figure 1.3.2. Flag register (FLG)

z MITSUBISHI
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Reset

Reset

There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.

When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H”
level while main clock is stable, the reset status is cancelled and program execution resumes from the
address in the reset vector table.

Figure 1.4.1 shows the example reset circuit. Figure 1.4.2 shows the reset sequence.

5V
4.2V
Vce
ov
RESET Vcc 5V
~ RESET
I Ll
e ov

Example when f(XIN) = 10MHz and Vcc = 5V.

Figure 1.4.1. Example reset circuit

xR AU R
-

™ More than 20 cycles are needed

Microprocessor
mode BYTE = “H"

RESET | BCLK 24cycles

s .
BCLK  wroremmmmmmmrgrsmeeeeees \ |

Content of reset vector
v
Address FFFFCis | FFFFD1s | FFFFE1s )
RD
WR
CSO0 {
Microprocessor
mode SYTE PR Content of reset vector
Address FFFFC1s FFFFES S
RD
WR
CSo {
Single chip FFFFC16 Content of reset vector
mode

Address =T D G

Figure 1.4.2. Reset sequence
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.4.1 shows the statuses of the other pins while the RESET pin level is “L". Figures 1.4.3 and 1.4.4
show the internal status of the microcomputer immediately after the reset is cancelled.

Table 1.4.1. Pin status when RESET pin level is “L”

Status
Pin name CNVss = Vcc
CNVss = Vss
BYTE =Vss BYTE =Vcc
PO Input port (floating) Data input (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Input port (floating)
P2, P3, P4 Input port (floating) Address output (undefined) Address output (undefined)
P50 Input port (floating) 'WR output (“H” level is output) | WR output (“H” level is output)
P51 Input port (floating) BHE output (undefined) BHE output (undefined)
P52 Input port (floating) RD output (“H” level is output) RD output (“H” level is output)
P53 Input port (floating) BCLK output BCLK output
tpor loaing) | HECA St (e ot vlue | LDA vt (Tne ot vl
HOLD pin) HOLD pin)
P55 Input port (floating) HOLD input (floating) HOLD input (floating)
P56 Input port (floating) RAS output RAS output
P57 Input port (floating) RDY input (floating) RDY input (floating)
P6, P7, P8o to P84,
E?i E§72F|’3913P10 Input port (floating) Input port (floating) Input port (floating)
P14, P15

z MITSUBISHI
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset
(1) Processor mode register 0 (Note) (000416)-- (30) Timer B3 interrupt control register (007816)---
(2) Processor mode register 1 (000516)--- (31)INTS5 interrupt control register (007A16)--
(3) System clock control register 0 (000616)--- (32)INT3 interrupt control register (007C16)-+ [{]
(4) System clock control register 1 (000716)-+ (33)INT1 interrupt control register (007E16)- |
(5) Wait control register (000816):-- (34) DMAL interrupt control register (008816)---
Address match interrupt Y% 35) UART2 transmit/NACK interrupt ]
©) enable register (000916)-- D] ( control register (008916):-
(7) Protect register (000A16)---[> (36) DMAS3 interrupt control register (008A16)---| <]’
External data bus width control UARTS transmit/NACK interrupt Vi
® register (000B1s)-- @7 control register (008B16)-+-
(9) Main clock divided register (000C16)-+-| > (38) Timer Al interrupt control register (008Cz6)--
. UART4 receive/NACK interrupt
(10) \r/;/gité:tféc:og timer control (000F16)- - (9 control register P (008D16)---
(11) Address match interrupt register 0~ (001016)-[ 0015 |  (40)Timer A3 interrupt control register (008Ez6)--[
Bus collision detection(UART2)
(001116)”' (41) interrupt control register (008F16)---
(001216)_, (42) UARTO transmit interrupt control register (009016)-+- [
Bus collision detection(UART4)
(12) Address match interrupt register 1 (001416)--- (43)interrupt control register (009116)--
(001516 001 ]|  (449UARTL transmit interrupt control register  (009215)-+ [ [>[ <
(001616} 0016 |  (45)Keyinputinterrupt control register (009316)---[ X
(13) Address match interrupt register 2~ (001816)--[ 0015 | (46) Timer BO interrupt control register (009416)---
(001916)-- (47) Timer B2 interrupt control register (009616)---
(001A15)--~ (48) Timer B4 interrupt control register (009816)---
(14) Address match interrupt register 3 (001C1e)--- (49) INT4 interrupt control register (009A16)---[
(001D16) - (50) INT2 interrupt control register (009C16)---
(001E16)-- (51) INTO interrupt control register (009E16)--
(15)DMAM control register (004016)--[ 2 D] (52) Exit priority register (009F16)---
(16)DMAO interrupt control register (006816)-+- (83)XY control register (02E016)-
(17) Timer B2 interrupt control register ~ (006916)---| )< X (54)UARTA4 special mode register 3 (02F516)-+
(18)DMA2 interrupt control register (006A16)- - (55) UART4 special mode register 2 (02F616)---
19)%3:'\;;% receive/ACK interrupt control (gpggg)... (56) UART4 special mode register (02F716)--
(20) Timer A0 interrupt control register (006C1s)--| 4 (57) UART4 transmit/receive mode register (02F816)-
(21)UAR:'3 receive/ACK interrupt control 65, . (58) UARTA4 transmit/receive control register O (02FCié)--
register
(22) Timer A2 interrupt control register  (006E16)--- (59) UART4 transmit/receive control register 1 (02FDye)---
(23) UAR:’4 receive/ACK interrupt control (Q06F16).- Y (60) Timer B3,4,5 count start flag (030016)--
register A\
(24) Timer A4 interrupt control register  (007016)-+-| X (61) Three-phase PWM control register 0 (030816)--
Bus collision detection(UART3) 62) Three-phase PWM control register 1 030916)--
(25)interrupt control register (007116)-- (62) P 9 ¢ )
(26) lrilag'tl'eor receive interrupt control (007216)- (63) Three-phase output buffer register 0 (030A1e)»--
A-D conversion interrupt (64) Three-phase output buffer register 1 030B16)---
@7 control register (007316)-- ( 16) 0016
ive i 7 65) Timer B3 mode register
(28) UARTL receive interrupt control 007416)---[X ( g (031B1s) _
register ( ) EE..EEEE
(29) Timer B1 interrupt control register  (00761s)--- (66) Timer B4 mode register (031C16)--[0] 0] 2] 0] 0] 0] 0]
(67) Timer B5 mode register (031D16)--- mnmnmnm
x : Nothing is mapped to this bit
? : Undefined
The content of other registers and RAM is undefined when the microcomputer is reset. The initial values
must therefore be set.
Note: When the Vcc level is applied to the CNVSs pin, it is 0316 at a reset.

Figure 1.4.3. Device's internal status after a reset is cleared
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(68) Interrupt cause select register

(69) UART3 special mode register 3

(70) UART3 special mode register 2

(71) UARTS special mode register

(72) UARTS transmit/receive mode register
(73) UARTS transmit/receive control register O
(74) UARTS transmit/receive control register 1
(75) UART2 special mode register 3

(76) UART2 special mode register 2

(77) UART2 special mode register

(78) UART2 transmit/receive mode register
(79) UART2 transmit/receive control register 0
(80) UART2 transmit/receive control register 1
(81) Count start flag

(82) Clock prescaler reset flag

(83) One-shot start flag

(84) Trigger select flag

(85) Up-down flag

(86) Timer A0 mode register

(87) Timer A1 mode register

(88) Timer A2 mode register

(89) Timer A3 mode register

(90) Timer A4 mode register

(91) Timer BO mode register

(92) Timer B1 mode register

(93) Timer B2 mode register

(94) UARTO transmit/receive mode register
(95) UARTO transmit/receive control register 0
(96) UARTO transmit/receive control register 1
(97) UART1 transmit/receive mode register
(98) UARTL1 transmit/receive control register 0
(99) UARTL1 transmit/receive control register 1

(100) UART transmit/receive control register 2

(101) Flash memory control register 1 (Note)
(102) Flash memory control register 0 (Note)
(101) DMAQ cause select register

(102) DMAL cause select register

(103) DMAZ2 cause select register

(104) DMA3 cause select register

(105) A-D control register 2

(106) A-D control register 0

(107) A-D control register 1

(108) D-A control register

(109) Function select register C

(031F16)-
(032516)-+
(032616)--
(032716)-+
(032816)-+
(032C16)-
(032D16)
(033516)--
(033616)-
(033716)-
(033816)-+
(033C16)-
(033D16)-+
(034016)--
(034116)---
(034216)-+
(034316)-+
(034416)---
(035616)-+
(035716)-+
(035816)-+
(035916)-+
(035A16)-+
(035B16)-+
(035C16)-+
(035D16)-+
(036016)-+
(036416)--
(036516)-+
(036816)---
(036C16)-
(036D16)-+

(037016)-+- | X

(037616)--
(037716)--
(037816)--
(037916)-+
(037A16)-+

(037B16)--

>
s

0016

0016
0016

0016

0816

0216

0016
0016
0016

[ol-Jo][o]0]

0216

0016

0016
0016

0016

[o]o[o]o[?[0]

[o]o[o]o[2]0]

[o]o[o]o[?]0]

[o]o[o]o[?]0]

[o]o[o]o>]0]

[o]2[?[0[o]0]
S

0016

0816

0216

0016

0816

0216

]
o]
o]
=]
<]
<]
2]
[=]

[olJo]o[o]0]o]o]

(039416)--[0] 0] 0] O]

(039616)- -
(039716)-+
(039C16)-
(03AF16)--

0016

[]

0016

0016

x : Nothing is mapped to this bit

? : Undefined

(110) Function select register AO
(111) Function select register A1 (03B116)
(112) Function select register BO
(113) Function select register B1

(114) Function select register A2

(03B016)--

(03B216)--

(03B316) |

(03B416)--| X

(115) Function select register A3 (03B516)

(116) Function select register B2 (03B616)---| >

(117) Function select register B3 (03B716)-- mmmm
(118) Port P6 direction register (03C216)-- 0016

(119) Port P7 direction register
(120) Port P8 direction register (03C616)
(121) Port P9 direction register

(122) Port P10 direction register

(123) Port P11 direction register

(03C316)--

(03C716)--
(03CAu16)--+

(03CB16)---

0016

0016

0016

(124) Port P12 direction register (03CE16)-
(125) Port P13 direction register (03CF16)--
(126) Port P14 direction register (03D215)--[]0]o] 0]o]o]o] 0]
(127) Port P15 direction register (03D316)---
(128) Pull-up control register 2 (03DAw)--[ 0016 |
(129) Pull-up control register 3 (03DB1)--[ 0016 |
(130) Pull-up control register 4 (03DC1)-[ 001 |
(131) Port PO direction register (03E216)-[ 0016 |
(132) Port P1 direction register (03E316)---
(133) Port P2 direction register (03E616)-[ 0016 |
(132) Port P3 direction register (03E716)-[ 0016 |
(135) Port P4 direction register (03EAL6)--
(136) Port P5 direction register (03EB16)--
(137) Pull-up control register 0 (03F016)-+
(138) Pull-up control register 1 (03F116)--
(139) Port control register (03FF16)--|)

(140) Data registers (RO/R1/R2/R3)
(141) Address registers (AO/AL)

(142) Static base register (SB)

(143) Frame base register (FB)

(144) Interrupt table register (INTB)
(145) User stack pointer (USP)

(146) Interrupt stack pointer (ISP)

(147) Flag register (FLG)

(148) DMA mode register (DMD0O/DMD1)

(149) DMA transfer count register (DCTO/DCT1)

(150) DMA transfer count reload register
(DRCO/DRC1)

(151) DMA memory address register (DMAO/DMA1)
(152) DMA SFR address register (DSA0/DSAL)

(153) DMA memory address reload register
(DRAO/DRA1L)

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values

must therefore be set.

Note :This register exists in the flash memory version.

000016

00000016

00000016

00000016

00000016

00000016

00000016

000016

0016

)
N

)
N

)
)

)
)

)
)

Figure 1.4.4. Device's internal status after a reset is cleared
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000016 006016
000116 006116
000216 006216
000316 006316
000416 | Processor mode register 0 (PMO) 006416
000516 | Processor mode register 1(PM1) 006516
000616 | System clock control register 0 (CMO) 006616
000716 | System clock control register 1 (CM1) 006716
ooosis | Wait control register (WCR) 006816 | DMAO interrupt control register (DMOIC)
000916 | Address match interrupt enable register (AIER) 006916 | Timer B5 interrupt control register (TB5IC)
000A1s | Protect register (PRCR) 006A16 | DMAZ2 interrupt control register (DM1I1C)
000816 | External data bus widthcontrol register (DS) 006B1s | UART?2 receive/ACK interrupt control register (S2RIC)
000C1s | Main clock division register (MCD) 006C1s | Timer AO interrupt control register (TAOIC)
000D16 006D1s | UART3 receive/ACK interrupt control register (S3RIC)
oooess | Watchdog timer start register (WDTS) 006E16 | Timer A2 interrupt control register (TA2IC)
000F16 | Watchdog timer control register (WDC) 006F16 | UART4 receive/ACK interrupt control register (S4RIC)
001016 007015 | Timer A4 interrupt control register (TA4IC)
001116 | Address match interrupt register 0 (RMADO) 007116 | Bus collision detection(UART3) interrupt control register (BCN3IC)
001216 007216 | YARTO receive interrupt control register (SORIC)
001316 007315 | A-D conversion interrupt control register (ADIC)
001416 007416 | UART1 receive interrupt control register (S1RIC)
001516 | Address match interrupt register 1 (RMAD1) 007516
001616 007616 | Timer B1 interrupt control register (TB1IC)
001716 007716
001816 007816 | Timer B3 interrupt control register (TB3IC)
oo191s | Address match interrupt register 2 (RMAD2) 007916
001A16 007A16 | INT5 interrupt control register (INT5IC)
001B16 007B16
001C16 007C1s | INT3 interrupt control register (INT3IC)
001D16 | Address match interrupt register 3 (RMAD3) 007D1s
001E16 007E16 | INT1 interrupt control register (INT1IC)
001F16 007F16
002016 008016
002116 | Emulator interrupt vector table register (EIAD) * 008116
002216 008216
002316 | Emulator interrupt detect register (EITD) * 008316
002416 | Emulator protect register (EPRR) * 008416
002516 008516
002616 008616
002716 008716
002816 008816 | DMA1 interrupt control register (DM1IC)
002916 008916 | UART2 transmit/NACK interrupt control register (S2TIC)
002A16 008A16 | DMAZS interrupt control register (DM3IC)
002B16 008B16 | YARTS3 transmit/NACK interrupt control register (S3TIC)
002C16 008C1s | Timer Al interrupt control register (TALIC)
002D16 008D16 | ART4 transmit/NACK interrupt control register (S4TIC)
002E16 008E1s | Timer A3 interrupt control register (TA3IC)
002F16 008F16 | Bys collision detection(UART2) interrupt control register (BCN2IC)
003016 | ROM areaset register (ROA) * 009016 | UARTO transmit interrupt control register (SOTIC)
003116 | Debug monitor area set register (DBA) * 009116 | Bys collision detection(UARTA) interrupt control register (BCN4IC)
003216 | Expansion area set register 0 (EXAQ) * 009216 | UART1 transmit interrupt control register (S1TIC)
003315 | Expansion area set register 1 (EXA1) * 009316 | Key input interrupt control register (KUPIC)
003416 | Expansion area set register 2 (EXA2) * 009416 | Timer BO interrupt control register (TBOIC)
003516 | Expansion area set register 3 (EXA3) * 009516
003616 009616 | Timer B2 interrupt control register (TB2IC)
003716 009716
003816 009816 | Timer B4 interrupt control register (TB4IC)
003916 009916
003A16 009A16 | INT4 interrupt control register (INT4IC)
003B16 009B16
003C16 009C16 | INT2 interrupt control register (INT2IC)
003D16 009D16
003E16 009E1s | INTO interrupt control register (INTOIC)
003F16 009F1s | Exit priority register (RLVL)
004016 | DRAM control register (DRAMCONT) 00A016
004115)| DRAM reflesh interval set register (REFCNT) 00AL1s
004216 00A216
004316 00A316
004416 00A416
* As this register is used exclusively for debugger purposes, user cannot use this. Do not access to the register.
(The blank area is reserved and cannot be used by user.)

Figure 1.5.1. Location of peripheral unit control registers (1)
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gigiz X0 register (XOR) YO register (YOR) 828‘1)1: Timer B3, 4, 5 count start flag (TBSR)
02C216 . . 030216

o2cais | X1 register (X1R) Y1 register (Y1R) 030316 | Timer A1-1 register (TA11)

02C416 . . 030416 ) )

oocsis | X2 register (X2R) Y2 register (Y2R) 030516 | TIMer A2-1 register (TA21)

02C616 . . 030616

oocTis | X3 register (X3R) Y3 register (Y3R) 030716 | Timer A4-1 register (TA41)

02C816 . . 030816 | Three-phase PWM control register O(INVCO
o2coss | X4 TEQISter (X4R) Y4 register (Y4R) 030916 Three-ghase PWM control register 1§INVCl§
02CA1s : : 030A1s | Thrree-phase output buffer register 0(IDBO
ozcess | X5 register (X5R) V5 register (YSR) 030B1s Thrree-ghase outgut buffer register 1EID81§
02CCz16 030C16 i i

02CD16 X6 reglster (XGR) Y6 reglster (YGR) 030D16 EﬁeardB;Ierrthgoegggll)fa frequency set counter(ICTB2)
02CE16 . . 030E16

ozcris | X7 register (X7R) Y7 register (Y7R) 030F1s

02D016 i ) 031016 . )

02D11s | X8 register (X8R) Y8 register (Y8R) 031116 | Timer B3 register (TB3)

02D216 . . 031216

02D31s | X9 register (X9R) Y9 register (Y9R) 031316 | TiIMer B4 register (TB4)

02D416 ) ] 031416 | _ )

02D516 | X10 register (X10R) Y10 register (Y10R) 03151 | TiMer B5 register (TB5)

02D616 ) ] 031616

02716 | X11 register (X11R) Y11 register (Y11R) 031716

02D816 . ) 031816

02D916 | X12 register (X12R) Y12 register (Y12R) 031916

02DA16 . ) 031A16

020B1s | X13 register (X13R) Y13 register (Y13R)

031B16 | Timer B3 mode register (TB3MR)

02DC 031C: i i
**| X14 register (X14R) Y14 register (Y14R) o | Timer B4 mode register (TBAMR)

02DD16 031D1s | Timer B5 mode register (TB5MR)

02DE16 . . 031E16

020Fss | X15 register (X15R) Y15 register (Y15R) 031F1s | Interrupt cause select register (IFSR)

02016 | XY control register (XYC) 032016

02E116 032116

02E216 032216

02E316 032316

02E416 032416

02E516 032516 | UART3 special mode register 3 (U3SMR3)
02E616 032616 | UART3 special mode register 2 (U3SMR2)
02E716 032716 | UART3 special mode register (U3SSMR)

02E816 032816 | UART3 transmit/receive mode register (USMR)
02E916 032916 | UARTS3 bit rate generator (U3SBRG)

02EAse 032A160 UART3 transmit buffer register (U3TB)

02EB16 032B16

02EC16 032C1s | UART3 transmit/receive control register 0 (U3CO0)
02ED16 032D1s | UART3 transmit/receive control register 1 (U3C1)
O2EE18 032E10 UARTS3 receive buffer register (U3RB)

02EF16 032F16

02F016 033016

02F116 033116

02F216 033216

02F316 033316

02F416 033416

02F516 | UART4 special mode register 3 (U4ASMR3) 033516 | UART2 special mode register 3 (U2SMR3)
02r616 | UART4 special mode register 2 (U4SMR?2) 033616 | UART?2 special mode register 2 (U2SMR2)
02F716 | UART4 special mode register (U4SMR) 033716 | UART2 special mode register (U2SMR)

02F816 | UART4 transmit/receive mode register (U4AMR) 033816 | UART2 transmit/receive mode register (U2MR)
02F916 | UART4 bit rate generator (U4BRG) 033916 | UART2 bit rate generator (U2BRG)

02FA16 . . 033A16 . .

02FB16 UART4 transmit buffer register (U4TB) 033B16 UART2 transmit buffer register (U2TB)

02FCi6 | UART4 transmit/receive control register 0 (U4CO0) 033C16 | UARTZ2 transmit/receive control register 0 (U2CO0)
02FD16 | UART4 transmit/receive control register 1 (U4C1) 033D16 | UART2 transmit/receive control register 1 (U2C1)
02FE16 ) . 033E16 ) .

02FF16 UART4 receive buffer register (U4RB) 033F16 UART2 receive buffer register (U2RB)

(The blank area is reserved and cannot be used by user.)

Figure 1.5.2. Location of peripheral unit control registers (2)
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034016 | Count start flag (TABSR) 038016 | ;
034116 | Clock prescaler reset flag (CPSRF) 038116 A-D register 0 (ADO)
034216 One-shot start flag (ONSF) 038216 | A D register 1 (AD1)
034316 | Trigger select register (TRGSR) 038316
034416 | Up-down flag (UDF) 038415 1 A_D register 2 (AD2)
034516 038516
gzjjiz Timer AO register (TAO) gzgjﬁ A-D register 3 (AD3)
gz:giz Timer Al register (TA1) ﬁzzzﬁ A-D register 4 (AD4)
gzi;: Timer A2 register (TA2) 222;: A-D register 5 (ADS)
gzj(;: Timer A3 register (TA3) gzgﬁiz A-D register 6 (AD6)
gi:i: Timer A4 register (TA4) gz:i: A-D register 7 (AD7)
035016 039016
035116 | TiMer BO register (TBO) 039116
035216 X ) 039216
035316 Timer B1 register (TB1) 039316
gzzziz Timer B2 register (TB2) gz:giz A-D control register 2 (ADCON2)
035616 | Timer AO mode register (TAOMR) 039615 | A-D control register 0 (ADCONO)
035716 | Timer A1 mode register (TAIMR) 039716 | A-D control register 1 (ADCONL1)
035816 | Timer A2 mode register (TA2MR) 039816 | D-A register 0 (DAO)
035916 | Timer A3 mode register (TASMR) 039916
035A1s | Timer A4 mode register (TA4MR) 03%A1s | D-A register 1 (DA1)
035816 | Timer BO mode register (TBOMR) 039B16
035C16 | Timer B1 mode register (TB1IMR) 039C15 | D-A control register (DACON)
035D16 | Timer B2 mode register (TB2MR) 039D16
035E16 039E16
035F16 039F16
036016 | UARTO transmit/receive mode register (UOMR) 03A016
036116 | UARTO bit rate generator (UOBRG) 03Al16
036216 . . 03A216
036315 | YARTO transmit buffer register (UOTB) 03A316
036416 | UARTO transmit/receive control register 0 (UOCO) 03A416
036516 | UARTO transmit/receive control register 1 (UOC1) 03A516
036616 X X 03A616
03671 | YARTO receive buffer register (UORB) 03A715
036816 | UART1 transmit/receive mode register (U1MR) 03A816
036916 | UART1 bit rate generator (U1BRG) 03A916
036A16 . ] 03AA16
036B16 | YART1 transmit buffer register (U1TB) 03AB1s
036C16 | UART1 transmit/receive control register 0 (U1CO) 03AC16
036D16 | UART1 transmit/receive control register 1 (U1C1) 03AD16
036E16 X . 03AE1s
o36r1s | YARTL receive buffer register (U1RB) 03aFis | Function select register C(PSC)
037016 | UART transmit/receive control register 2 (UCONZ2) 03B01s | Function select register A0 (PS0)
037116 03Bl16 | Function select register Al (PS1)
037216 03B216 | Function select register BO (PSLO)
037316 03B316 | Function select register B1 (PSL1)
037416 03B416 | Function select register A2 (PS2)
037516 03B516 | Function select register A3 (PS3)
037616 | Flash memory control register 1 (FMR1) (Note) 03B616 | Function select register B2 (PSL2)
037716 | Flash memory control register 0 (FMRO) (Note) 03B716 | Function select register B3 (PSL3)
037816 | DMAO request cause select register (DMOSL) 03B816
037916 | DMAL request cause select register (DM1SL) 03B916
037A15 | DMA2 request cause select register (DM2SL) 03BA16
037B1s | DMA3 request cause select register (DM3SL) 03BB16
037C16 . 03BC16
03701 | CRC data register (CRCD) 03BD16
037E1s | CRC input register (CRCIN) 03BE16
037F16 03BF16
Note :This register exists in the flash memory version. (The blank area is reserved and cannot be used by user.)

Figure 1.5.3. Location of peripheral unit control registers (3)
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03C016
03Cl1s
03C216
03C316
03C416
03C516
03C616
03C716
03C816
03C916
03CA16
03CB16
03CCis
03CD1s
03CE16
03CF16
03D016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DC16
03DD1s
03DE16
03DF16
03EO016
03E1l16
03E216
03E316
03E416
03ES16
03E616
03E716
03E816
03E916
03EA16
03EB1s
03EC16
03ED16
03EE1s
03EF16
03F016
03F116
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FCi1s
03FD1s
03FE16
03FF16

Port P6 (P6)

Port P7 (P7)

Port P6 direction register (PD6)

Port P7 direction register (PD7)

Port P8 (P8)

Port P9 (P9)

Port P8 direction register (PD8)

Port P9 direction register (PD9)

Port P10 (P10)

Port P11 (P11)

Port P10 direction register (PD10)

Port P11 direction register (PD11)

Port P12 (P12)

Port P13 (P13)

Port P12 direction register (PD12)

Port P13 direction register (PD13)

Port P14 (P14)

Port P15 (P15)

Port P14 direction register (PD14)

Port P15 direction register (PD15)

Pull-up control register 2 (PUR2)

Pull-up control register 3 (PUR3)

Pull-up control register 4 (PUR4)

Port PO (P0O)

Port P1 (P1)

Port PO direction register (PD0)

Port P1 direction register (PD1)

Port P2 (P2)

Port P3 (P3)

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 (P4)

Port P5 (P5)

Port P4 direction register (PD4)

Port P5 direction register (PD5)

Pull-up control register 0 (PURO)

Pull-up control register 1 (PUR1)

Port control register (PCR)

(The blank area is reserved and cannot be used by user.)

Figure 1.5.4. Location of peripheral unit control registers (4)
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M16C/80 (144-pin version) group

Software Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Software Reset
Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has the same effect as a hardware reset. The contents of internal RAM
are preserved.

Processor Mode

(1) Types of Processor Mode
One of three processor modes can be selected: single-chip mode, memory expansion mode, and micro-
processor mode. The functions of some pins, the memory map, and the access space differ according to
the selected processor mode.
* Single-chip mode
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be
accessed. Ports PO to P10 can be used as programmable I/O ports or as I/O ports for the internal
peripheral functions.
* Memory expansion mode
In memory expansion mode, external memory can be accessed in addition to the internal memory
space (SFR, internal RAM, and internal ROM).
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)
* Microprocessor mode
In microprocessor mode, the SFR, internal RAM, and external memory space can be accessed. The
internal ROM area cannot be accessed.
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)

(2) Setting Processor Modes

The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address
000416). Do not set the processor mode bits to “102”".
Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. Therefore,
never change the processor mode bits when changing the contents of other bits. Also do not attempt to
shift to or from the microprocessor mode within the program stored in the internal ROM area.
* Applying V ss to CNVss pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing “012” to the processor mode is selected bits.
* Applying V cc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figure 1.6.1 and 1.6.2 show the processor mode register 0 and 1.
Figure 1.6.3 shows the memory maps applicable for each processor modes.
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Processor Mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor mode register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
Lol [ [ ]| ] PMO 000416 8016 (Note 2)

- . Bit symbol Bit name Function RIW

e . b1 b0 i

[ A A PMO00 Processor mode hit 0 0: Single-chip mode 0.0

R T A S 0 1: Memory expansion mode |

T R 1 0: Inhibited i

A PMOL 1 1: Microprocessor mode O )

e PMO02 R/W mode select bit 0:RD,BHE,WR 00

N (Note 7) 1: RD,WRH,WRL |

E E H E E PMO3 Software reset bit The device is reset when this bit is set to “1”. Oi o

v E ooTTTTTTTT The value of this bit is “0” when read. !

E E E E PMO4 - b5 b4 !

[ leltlrzlg?:e?\l btus3space 0 0 : Multiplexed bus is not used O; O

b : select bit (Note 3) 01 : Allocated to CS2 space ;

o PMO5 10 : Allocated to CS1 space !

b Yommmommmmmmmmmmo 11 : Allocated to entire space (Note4) O: o

Mmoo Reserved bit Must always be set to “0” 0.0

PMO7 BCLK output disable bit | 0 : BCLK is output (Note 6)

------------------------ (Note 5) 1 : Function set by bit 0,1 of system 0:0
clock control register 0 !

Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to this register.

Note 2: If the Vcc voltage is applied to the CNVss, the value of this register when reset is 0316. (PMOO is set
to “1” and PMO7 is set to “0".)

Note 3: Valid in microprocessor and memory expansion modes 1, 2 and 3. Do not use multiplex bus when
mode 0 is selected. Do not set to allocated to CS2 space when mode 2 is selected.

Note 4: After the reset has been released, the M16C/80 group MCU operates using the separate bus. As a
result, in microprocessor mode, you cannot select the full CS space multiplex bus.

When you select the full CS space multiplex bus in memory expansion mode, the address bus
operates with 64 Kbytes boundaries for each chip select.

Mode 0: Multiplexed bus cannot be used.

Mode 1: CS0 to CS2 when you select full CS space.

Mode 2: CS0 to CS1 when you select full CS space.

Mode 3: CSO0 to CS3 when you select full CS space.

Note 5: No BCLK is output in single chip mode even when "0" is set in PMO7. When stopping clock output in
microprocessor or memory expansion mode, make the following settings: PM07="1", bit 0 (CM00) and
bit 1 (CM01) of system clock control register O (address 000616) = "0". "L" is now output from P53.

Note 6: When selecting BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CM01) to "0".

Note 7: When using 16-bit bus width in DRAM controler, set this bit to "1".

Figure 1.6.1. Processor mode register 0
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bo

| | 1o}

pemmm===d

g

Processor mode register 1 (Note 1) :Mask ROM version

Symbol Address When reset
| PM1 000516 0016
Bit symbol Bit name Function RIW
b1 bo 1
PMI10 External memory area | 0 0: Mode 0 (P44 to P47 : A20 to A23) }
mode bit (Note 3) 01 : Mode 1 (P44 : A2, !
P45 to P47 : CS2 to CS0) 1
10: Mode 2 (P44, P4s : A0, A21, O:O
PM11 P4s, P47 : CS1, CS0) :
11 : Mode 3 (Note 2) !
(P44 to P47 : CS3 to CS0) |
PM12 Internal memory wait bit 0 : No wait state _f_
1 : Wait state inserted !
Reserved bit Must always be set to “0” =
PM14 i i b5 b4
ALE pin select bit (Note 3) 00: No ALE o:o
0 1:P53/BCLK (Note 4) ;
PM15 10: P56/RAS 00
11:P54/HLDA ‘
Nothing is assinged. When read, the content is indeterminate. — —

Processor mode register 1 (Note 1) :Flash memory version

Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to this register.
Note 2: When mode 3 is selected, DRAMC is not used.
Note 3: Valid in memory expansion mode or in microprocessor mode.
Note 4: When selecting P53/BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CMO01) to "0".

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | 0 | | PM1 000516 0016
i . E . . . : : Bit symbol Bit name Function Rf W
A b1 b0 - !
R R B PM10 iﬂg;ngilt r?'\?cr)‘?:%area 00 : Mode O (P44 to P47 : A20 to A23) !
01: Mode 1 (P44 : A2o, |
Poror P45 to P47 : CS2 to CS0)
A . PM11 10: Mode 2 (P44, P45 ..Azo, A21, 00
I P4e, P47 : CS1, CS0) !
T 11: Mode 3 (Note 2) :
A (P44 to P47 : CS3 to CS0) :
A PM12 Internal memory wait bit | 0 : No wait state i
oor e 1 : Wait state inserted !
E E E E rmmmmeeee-o Reserved bn hﬂustahNays be settouon _ﬂ()
I PM14 ; ; b5 b4 !
Dol e ALE pin select bit (Note 3) 00: No ALE O:O
R 0 1: P53/BCLK (Note 4) .
E e PM15 10: P56/RAS 0'0
v 11: P54/HLDA 3
S RLLICTTTRRRE Reserved bit Must always be set to “1” ofo
Note 1: Set bit 1 of the protect register (address 000Az16) to “1” when writing new values to this register.
Note 2: When mode 3 is selected, DRAMC is not used.
Note 3: Valid in memory expansion mode or in microprocessor mode.
Note 4: When selecting P53/BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CMO01) to "0".
Figure 1.6.2. Processor mode register 1
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor Mode
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Figure 1.6.3. Memory maps in each processor mode (without memory area expansion, normal mode)
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Bus Settings SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bus Settings

The BYTE pin, bit 0 to 3 of the external data bus width control register (address 000B16), bits 4 and 5 of the
processor mode register 0 (address 000416) and bit 0 and 1 of the processor mode register 1 (address
000516) are used to change the bus settings.

Table 1.7.1 shows the factors used to change the bus settings, figure 1.7.1 shows external data bus width

control register and table 1.7.2 shows external area 0 to 3 and external area mode.

Table 1.7.1. Factors for switching bus settings

Bus setting Switching factor
Switching external address bus width External data bus width control register
Switching external data bus width BYTE pin (external area 3 only)
Switching between separate and multiplex bus Bits 4 and 5 of processor mode register 0

(1) Selecting external address bus width
You can select the width of the address bus output externally from the 16 Mbytes address space, the
number of chip select signals, and the address area of the chip select signals. (Note, however, that when
you select “Full CS space multiplex bus”, addresses Ao to A15 are output.) The combination of bits 0 and
1 of the processor mode register 1 allow you to set the external area mode.
When using DRAM controller, the DRAM area is output by multiplexing of the time splitting of the row and
column addresses.

(2) Selecting external data bus width
You can select 8-bit or 16-bit for the width of the external data bus for external areas 0, 1, 2, and 3. When
the data bus width bit of the external data bus width control register is “0”, the data bus width is 8 bits;
when “1”, it is 16 bits. The width can be set for each of the external areas. The default bus width for
external area 3 is 16 bits when the BYTE pin is “L” after a reset, or 8 bits when the BYTE pin is “H” after
a reset. The bus width selection is valid only for the external bus (the internal bus width is always 16 bits).
During operation, fix the level of the BYTE pin to “H” or “L".

(3) Selecting separate/multiplex bus

The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode register 0.

 Separate bus
In this bus configuration, input and output is performed on separate data and address buses. The data
bus width can be set to 8 bits or 16 bits using the external data bus width control register. For all
programmable external areas, PO is the data bus when the external data bus is set to 8 bits, and P1 is
a programmable 10 port. When the external data bus width is set to 16 bits for any of the external
areas, PO and P1 (although P1 is undefined for any 8-bit bus areas) are the data bus.
When accessing memory using the separate bus configuration, you can select a software wait using
the wait control register.

* Multiplex bus
In this bus configuration, data and addresses are input and output on a time-sharing basis. For areas
for which 8-bit has been selected using the external data bus width control register, the 8 bits DO to D7
are multiplexed with the 8 bits A0 to A7. For areas for which 16-bit has been selected using the
external data bus width control register, the 16 bits DO to D15 are multiplexed with the 16 bits AO to
A15. When accessing memory using the multiplex bus configuration, two waits are inserted regard-
less of whether you select “No wait” or “1 wait’ in the appropriate bit of the wait control register.

28 ‘ MITSUBISHI
AN ELECTRIC



Mitsubishi microcomputers

M16C/80 (144-pin version) group

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Bus Settings

The default after a reset is the separate bus configuration, and the full CS space multiplex bus configu-
ration cannot be selected in microprocessor mode. If you select “Full CS space multiplex bus”, the 16
bits from AO to A15 are output for the address

External data bus width control register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
MO [ 1] ] o8 00081 X000
Bit symbol Bit name Function RIW
¢4t 4 1] DSO External area O data bus | 0 : 8 bits data bus width 00
. width bit 1 : 16 bits data bus width ;
T External area 1 databus | 0 : 8 bits data bus width 1
' ' ' ' 1 1 oo DS1 . 8 i
Pl width bit 1: 16 bits data bus width 0.0
- o DS2 External area 2 data bus 0 : 8 bits data bus width OEO
N width bit 1: 16 bits data bus width !
oo DS3 External area 3 data bus | O : 8 bits data bus width OiO
por Tt width bit (Note) 1: 16 bits data bus width
N SN Nothing is assigned. _ _
When write, set "0". When read, their contents are indeterminate. |
Note: The value after a reset is determined by the input via the BYTE pin.
Figure 1.7.1. External data bus width control register
Table 1.7.2. External area 0 to 3 and external area mode
External area mode
X Note 2) Mode 0 Mode 1 Mode 2 Mode 3
© o .
c Memory expansion mode, <CSl1 area> <CSl1 area> <CSl1 area>
g 8| vicro r{)cegsor mode 00800016 t0 | gogooOI6to | 00800016 to 10000016 to
X P 1FFFFF1e 1FFFFF16 1FFFFF16 1FFFFF16
t_tS — . < > .
5 © | Memory expansion mode, | 20000016 to 300000 1g | Noareais 50000019 10
+— o 1
X < | Microprocessor mode 3FFFFF16 3EEEEE1s selected. SEEFFF16
© .
c % Memory expansion mode, 40000016 to | <DRAMC area>| <DRAMC area>| <CS3 area>
Lo Microprocessor mode BFFFFF16 40000016 to 40000016 to C0000016 to
i (Note 1) BFFFFF16 BFFFFF16 CFFFFF16
C0000016 ¢ <CSO0 area> <CSO area> <CSO0 area>
. 16 to
_ Memorv expansion mode C0000016 to C0000016 to E0000016 to
g yexp EFFFFF16 EFFFFF16 EFFFFF16 EFFFFF16
Qo
X <CSO0 area> <CS0 area> <CS0 area>
W | Microprocessor mode nggggll:‘sléo E0000016 to C0000016 to F0000016 to
FFFFFF16 FFFFFF16 FFFFFF16

Note 1: DRAMC area when using DRAMC.

Note 2: Set the external area mode (modes 0, 1, 2, and 3) using bits 0 and 1 of the processor mode register

1 (address 000516).
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Bus Settings SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.7.3. Each processor mode and port function

Processor | Single-chip ; ; Memory
mode mode Memory expansion mode/microprocessor modes expansion mode
Multiplexed “01”, “10” “00” “11” (Note 1)
bus space ’
. CS1 or CS2 : multiplexed Separate bus ;
select bit bus, and the other - All spacebTSuItlplexed
separate bus
Data bus width All external | Some external| All external | Some external
BYTE pin level area is 8 hits | area is 16 bits | area is 8 bits | area is 16 bits
POo to P07 1/0O port Data bus Data bus Data bus Data bus 1/O port 1/O port
Ploto P17 1/0 port 1/0O port Data bus 1/O port Data bus 1/O|port I/0
port
P20to P27 I/O port | Address bus Address bus Address bus | Address bus Address bus | Address bus
/data bus /data bus /data bus /data bus
(Note 2) (Note 2)
P3oto P37 I/O port | Address bus Address bus Address bus | Address bus Address bus | Address bus
/data bus /data bus
(Note 2)
P40 to P43 1/O port Address bus Address bus | Address bus | Address bus 1/0 port 1/O port
P44to P46 1/O port CS (chip select) or address bus (A23)
(For details, refer to “Bus control”) (Note 5)
P47 I/0 port cs (chip select) or address bus (A23)
(For details, refer to “Bus control”) (Note 5)
P5oto P53 | /O port | Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “Bus control”) (Note 3,4)
P54 1/0 port HLDA(Note 3) | HLDA(Note 3) | HLDA(Note 3) | HLDA(Note 3) |HLDA(Note 3) | HLDA(Note 3)
P5s 1/0 port HOLD HOLD HOLD HOLD HOLD HOLD
P56 1/0 port RAS (Note 3) | RAS (Note 3) [ RAS (Note 3) | RAS (Note 3) | RAS (Note 3) | RAS (Note 3)
P57 1/0 port RDY RDY RDY RDY RDY RDY

Note 1:The default after a reset is the separate bus configuration, and "Full CS space multiplex bus" cannot be selected in
microprocessor mode. When you select "Full CS space multiplex bus" in extended memory mode, the address bus
operates with 64 Kbytes boundaries for each chip select.

Note 2: Address bus in separate bus configuration.

Note 3: The ALE output pin is selected using bits 4 and 5 of the processor mode register 1. -

Note 4: When you have selected use of the DRAM controller and you access the DRAM area, these are CASL, CASH, DW, and
BCLK outputs.

Note 5: The CS signal and address bus selection are set by the external area mode.
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Bus Control
The following explains the signals required for accessing external devices and software waits. The signals
required for accessing the external devices are valid when the processor mode is set to memory expansion
mode and microprocessor mode.

(1) Address bus/data bus

There are 24 pins, Ao to A22 and A23 for the address bus for accessing the 16 Mbytes address space. A23
is an inverted output of the MSB of the address.
The data bus consists of pins for data 10. The external data bus control register (address 000B16) selects
the 8-bit data bus, DO to D7 for each external area, or the 16-bit data bus, DO to D15. After a reset, there
is by default an 8-bit data bus for the external area 3 when the BYTE pin is “H”, or a 16-bit data bus when
the BYTE pin is “L".
When shifting from single-chip mode to extended memory mode, the value on the address bus is unde-
fined until an external area is accessed.
When accessing a DRAM area with DRAM control in use, a multiplexed signal consisting of row address
and column address is output to As to A20.

(2) Chip select signals
The chip select signals share Ao to A22 and A23. You can use bits 0 and 1 of the processor mode register
1 (address 000516) to set the external area mode, then select the chip select area and number of address
outputs.
In microprocessor mode, external area mode 0 is selected after a reset. The external area can be split
into a maximum of four using the chip select signals. Table 1.7.4 shows the external areas specified by
the chip select signals.

Table 1.7.4. External areas specified by the chip select signals

Memory space Chip select signal
expansion Processor mode
mode CSO CS1 CS2 CS3
Mode 0
(A23) (A22) (A21) (A20)
) C0000016 to
2 Memory expansion mode DFFFFF16
© (2 Mbytes) 00800016 to 20000016 to
@ | Mode 1 1FFFFF16 3FFFFF16
o E0000016 to (2016 Kbytes) (2 Mbytes) (A20)
S Microprocessor mode FFFFFF16
g (2 Mbytes)
kS C0000016 to
S Memory expansion mode EFFFFF16
(g'). yerp (3 Mbytes) 00800016 to
)| Mode 2 3FFFFF16
C0000016 to (4064 Kbytes) (A21) (A20)
Microprocessor mode FFFFFF16
(4 Mbytes)
. E0000016 to
Memory expansion mode EFFFFF16
(1 Mbytes) 10000016 to 20000016 to C0000016 to
Mode 3 0000016 ¢ 1FFFFF16 2FFFFF16 CFFFFF16
16 1O
Microprocessor mode FEFEFE16 (1 Mbytes) (1 Mbytes) (1 Mbytes)
(1 Mbytes)
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(3) Read/write signals
With a 16-bit data bus, bit 2 of the processor mode register O (address 000416) select the combinations of
RD, BHE, and WR signals or RD, WRL, and WRH signals. With a 8-bit full space data bus, use the
combination of RD, WR, and BHE signals as read/write signals. (Set "0" to bit 2 of the processor mode
register 0 (address 000416).) When using both 8-bit and 16-bit data bus widths and you access an 8-bit
data bus area, the RD, WR and BHE signals combination is selected regardless of the value of bit 2 of the
processor mode register 0 (address 000416).
Tables 1.7.5 and 1.7.6 show the operation of these signals.
After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically selected.
When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of the
processor mode register 0 (address 000416) has been set (Note).
Note 1: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect

register (address 000A16) to “1”".

Note 2: When using 16-bit data bus width for DRAM controller, select RD, WRL, and WRH signals.

Table 1.7.5. Operation of RD, WRL, and WRH signals

Data bus width RD WRL WRH Status of external data bus
L H H Read data
16-bit H L H Write 1 byte of data to even address
H H L Write 1 byte of data to odd address
H L L Write data to both even and odd addresses
8-bit H L (Note) Not used | Write 1 byte of data
L H (Note) Not used | Read 1 byte of data

Note: It becomes WR signal.

Table 1.7.6. Operation of RD, WR, and BHE signals

Data bus width RD WR BHE AO Status of external data bus
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
L H H L Read 1 byte of data from 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
. H L Not used H/L Write 1 byte of data
8-bit
L H Not used H/L Read 1 byte of data
32 ‘ MITSUBISHI

AN ELECTRIC



Mitsubishi microcomputers

M16C/80 (144-pin version) group
Bus COﬂtrOl SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(4) ALE signal
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when the

ALE signal falls. The ALE output pin is selected using bits 4 and 5 of the processor mode register 1
(address 000516).

The ALE signal is occurred regardless of internal area and external area.

When BYTE pin = “H” When BYTE pin =*"L"
ALE ALE
Do/Ao to D7/A7 >< Address >< Data (Note 1) >< Do/Ao to D15/A15 >< Address X Data (Note 1) ><
A8 to A15 >< Address ><
A16 to A19 >< Address (Note 2) >< Al6 to A19 >< Address (Note 2) ><
A20 to A22, A23 >< Address or CS >< A20 to A22, A23 >< Address or CS ><
Note 1: Floating when reading.
Note 2: When full space multiplexed bus is selected, these are 1/O ports.

Figure 1.7.2. ALE signal and address/data bus

(5) Ready signal
The ready signal facilitates access of external devices that require a long time for access. As shown in
Figure 1.7.2, inputting “L” to the RDY pin at the falling edge of BCLK causes the microcomputer to enter
the ready state. Inputting “H” to the RDY pin at the falling edge of BCLK cancels the ready state. Table
1.7.7 shows the microcomputer status in the ready state. Figure 1.7.3 shows the example of the RD
signal being extended using the RDY signal.
Ready is valid when accessing the external area during the bus cycle in which the software wait is ap-
plied. When no software wait is operating, the RDY signal is ignored, but even in this case, unused pins
must be pulled up.

Table 1.7.7. Microcomputer status in ready state (Note)

Iltem Status
Oscillation On
RD/WR signal, address bus, data bus, CS Maintain status when ready signal received
ALE signal, HLDA, programmable I/O ports
Internal peripheral circuits On

Note: The ready signal cannot be received immediately prior to a software wait.
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Separate bus (2 wait)

1st cycle

T

s/ /[

2nd cycle 3rd cycle 4th cycle

_ (Note)

CSi _\

(i=0 to 3)

RDY

R | ) S

Multiplexed bus (2 wait)

1st cycle

tsu(RDY - BCLK)

*

RDY received timing

2nd cycle 3rd cycle 4th cycle

(i=0 to 3)

RDY i

@ : Wait using RDY signal

%’f{? : Wait using software

(i=1to3)

< o tsu(RDY - BCLK)

*

RDY received timing

Input RDY signal at i + 1 cycles for i wait.

Note: Chip select may get longer by a state of CPU such as an instruction queue buffer.

Figure 1.7.3. Example of RD signal extended by RDY signall
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(6) Hold signal
The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting “L” to
the HOLD pin places the microcomputer in the hold state at the end of the current bus access. This status
is maintained and “L” is output from the HLDA pin as long as “L" is input to the HOLD pin. Table 1.7.8
shows the microcomputer status in the hold state. The bus is used in the following descending order of
priority: HOLD, DMAC, CPU.

HOLD > DMAC > CPU

Figure 1.7.4. Example of RD signal extended by RDY signal

Table 1.7.8. Microcomputer status in_hold state

Item Status
Oscillation ON
RD/WR signal, address bus, data bus, CS, BHE Floating
Programmable I/O ports PO, P1, P2, P3, P4, P5 Maintains status when hold signal is received
P6, P7, P8, P9, P10
HLDA Output “L”
Internal peripheral circuits ON (but watchdog timer stops)
ALE signal Undefined

(7) External bus status when accessing to internal area
Table 1.7.9 shows external bus status when accessing to internal area

Table 1.7.9. External bus status when accessing to internal area
Item SFR accessing status | Internal ROM/RAM accessing status

Address bus Remain address of external area accessed immediately before

Data bus| When read | Floating

When write | Floating

RD, WR, WRL, WRH | Output "H"
BHE Remain external area status accessed immediately before
CS Output "H"
ALE ALE output

(8) BCLK output
BCLK output can be selected by bit 7 of the processor mode register 0 (address 000416 :PM07) and bit 1
and bit O of the system clock select register 0 (address 000616 :CM01, CM00). Setting PM07 to “0” and
CMO01 and CMOQO to “002” outputs the BCLK signal from P53. However, in single chip mode, BCLK signal
is not output. When setting PMQ7 to “1”, the function is as set by CM01 and CMOO.
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(9) DRAM controller signals (RAS, CASL, CASH, and DW)
Bits 1, 2, and 3 of the DRAM control register (address 000416) select the DRAM space and enable the
DRAM controller. The DRAM controller signals are then output when the DRAM area is accessed. Table
1.7.10 shows the operation of the respective signals.

Table 1.7.10. Operation of RAS, CASL, CASH, and DW signals

Data bus width RAS CASL CASH DW Status of external data bus

L L L H Read data from both even and odd addresses
L L L H Read 1 byte of data from even address

16-bit L H H H Read 1 byte of data from odd address
L L L L Write data to both even and odd addresses
L L H L Write 1 byte of data to even address
L H L L Write 1 byte of data to odd address

8-bit L L Not used H Read 1 byte of data
L L Not used L Write 1 byte of data

(10) Software wait
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note) and bits 4 to 7 of the wait control register (address 000816). Figure 1.7.5 shows wait
control register
You can use the external area | wait bits (where | = 0 to 3) of the wait control register to specify from “No
wait” to “3 waits” for the external memory area. When you select “No wait”, the read cycle is executed in
the BCLK1 cycle. The write cycle is executed in the BCLK2 cycle (which has 1 wait). When accessing
external memory using the multiplex bus, access has two waits regardless of whether you specify “No
wait” or “1 wait” in the appropriate external area i wait bits in the wait control register.
Software waits in the internal memory (internal RAM and internal ROM) can be set using the internal
memory wait bits of the processor mode register 1 (address 000516). Setting the internal memory wait bit
= “0" sets “No wait”. Setting the internal memory wait bit = “1” specifies a wait.
The SFR area is not affected by the setting of the internal memory wait bit and is always accessed in the
BCLK2 cycle.
Table 1.7.11 shows the software waits and bus cycles. Figures 1.7.6 and 1.7.7 show example bus
timings when using software waits.
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Wait control register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
TTTTT ] wew 000516 FEs

v 1 v o0 [ Bit symbol Bit name Function RIW
1 1 1 L} ] 1 ] 1 . . bl bO :
E , , , , , . ! WCRO External area 0 wait bit 0 0: Without wait O:O
Por o e 0 1: With 1 wait !
oo ] WCR1 1 0: With 2 wait 1
Vo 1 1: With 3 wait OEO
A i b3 b2 |
S T S— WCR2 External area 1 wait bit 0 0- Without wait 00
o 0 1: With 1 wait :
[ WCR 1 0: With 2 wait 0.0
. 1 1: With 3 wait !
o b5 ba l
Voo Tt WCR4 External area 2 wait bit 0 0: Without wait 0.0
- 0 1: With 1 wait 1
. WCR5 1 0: With 2 wait 00
b 1 1: With 3 wait !
I WCR6 b7 b6 |
' External area 3 wait bit 0 0: Without wait 0.0
; 0 1: With 1 wait ;
B e EREEEEEEED WCR7 1 0: With 2 wait !

1 1: With 3 wait 00

Note 1: When using the multiplex bus configuration, there are two waits regardless of whether
you have specified "No wait" or "1 wait". However, you can specify "2 wait" or "3 wait".

Note 2: When using the separate bus configuration, the read bus cycle is executed in the
BCLK1 cycle, and the write cycle is executed in the BCLK2 cycle (with 1 wait).

Figure 1.7.5. Wait control register

Table 1.7.11. Software waits and bus cycles

Internal External memory
Area Bus status memory wait bit area i wait bit Bus cycle
SFR S - 2 BCLK cycles
internal _ 0 I 1 BCLK cycle
ROM/RAM
E— 1 _ 2 BCLK cycles
Read :1 BCLK cycle
002
Write : 2 BCLK cycles
Separate bus E— 012 2 BCLK cycles
External 102 3 BCLK cycles
memory
area 112 4 BCLK cycles
002 3 BCLK cycle
) 012 3 BCLK cycles
Multiplex bus N
102 3 BCLK cycles
112 4 BCLK cycles
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< Separate bus (no wait) > Bus cycle (Note) Bus cycle (Note)
BCLK |
Write signal
Read signal
Address bus (Note 2) >< Address >< ><Address>< ><

Chip select (Note 2,3)

< Separate bus (with wait) >

Bus cycle (Note) Bus cycle (Note)
BCLK |
Write signal
Read signal
< \ Lom)
Data bus Output / { Input)
Address bus (Note 2) >< Address X X Address ><
Chip select (Note 2,3)
< Separate bus with 2 wait >
Bus cycle (Note 1) Bus cycle (Note 1)
BCLK
Write signal
Read signal
Data bus —< Data output > { Input ¥

Address bus (Note 2) < Address >< X Address >7

Chip select (Note 2,3) |

Note 1: This timing example shows bus cycle length. Read cycle and write cycle may be continued after this

bus cycle.
Note 2: Address bus and chip select may get longer by a state of CPU such as an instruction queue buffer.
Note 3: When accessing same external area (same CS area) continuously, chip select may output
continuously.

Figure 1.7.6. Typical bus timings using software wait
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< Separate bus (with 3 wait) >

e

Bus cycle (Note)

Bus cycle (Note)

BCLK

Write signal

Read signal

Data bus

Address
(Note 2)

Chip select |
(Note 2,3)

H
X

Data output

Address

Address

|
,
|

BCLK

Write signal
Read signal
ALE

Address

(Note 2)

Chip select
(Note 2,3)

BCLK

Write signal

Read signal

Address

Address bus
/Data bus
(Note 2)

ALE

Chip select
(Note 2,3)

bus cycl

Address bus/Data bus

< Multiplexed bus (with 2 wait) >

}< Bus cycle (Note)

Bus cycle (Note)
»‘

—

(

Address X >< Address )—
AddressX Data output X ><Add \ { )
X o] ress/ { Input)

< Multiplexed bus (with 3 wait) >

Bus cycle (Note)

=

Bus cycle (Note)

Address

<

Address

i

Data output

<Address X

Input

XAddress)

Note 1: This timing example shows bus cycle length. Read cycle and write cycle may be continued after this

e.

Note 2: Address bus and chip select may get longer by a state of CPU such as an instruction queue buffer.
Note 3: When accessing same external area (same CS area) continuously, chip select may output
continuously.

Figure 1.7.7. Typical bus timings using software wait
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Clock Generating Circuit
The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the

CPU and internal peripheral units.

Table 1.8.1. Main clock and sub clock generating circuits

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Main clock generating circuit

Sub clock generating circuit

Use of clock

» CPU’s operating clock source
* Internal peripheral units’

» CPU’s operating clock source
» Timer A/B’s count clock

operating clock source source
Usable oscillator Ceramic or crystal oscillator Crystal oscillator
Pins to connect oscillator XIN, XouT XcIN, XcouT
Oscillation stop/restart function Available Available
Oscillator status immediately after reset | Oscillating Stopped

Other

Externally derived clock can be input

Example of oscillator circuit

Figure 1.8.1 shows some examples of the main clock circuit, one using an oscillator connected to the
circuit, and the other one using an externally derived clock for input. Figure 1.8.2 shows some examples
of sub clock circuits, one using an oscillator connected to the circuit, and the other one using an externally
derived clock for input. Circuit constants in Figures 1.8.1 and 1.8.2 vary with each oscillator used. Use
the values recommended by the manufacturer of your oscillator.

Microcomputer
(Built-in feedback resistance)

XIN Xout
(Note)
Rd

+—l

I CiN

Court

XIN

Microcomputer
(Built-in feedback resistance)

Xout

T

Externally derived clock

S

Note: Insert a damping resistance 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.
Insert a feedback resistance between XiN and XouT when an oscillation manufacture required.

Vce
Vss

Open

Figure 1.8.1. Examples of main clock

Microcomputer
(Built-in feedback resistance)

XcIN XcouTt

— CciNn

L

(Note)
Rcd
+—l
L

Ccourt

(Built-in feedback resistance)

Microcomputer

XCIN Xcout

Vcc
Vss

Note: Insert a damping resistance 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.
Insert a feedback resistance between XcIN and XcouT when an oscillation manufacture required.

Open

T

Externally derived clock

S L

Figure 1.8.2. Examples of sub clock
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Clock Control
Figure 1.8.3 shows the block diagram of the clock generating circuit.

RESET
Software reset
NMI

output

Interrupt request
level judgment

CM10 “1”

Sub clock

Write signal

CMO05

Main clock
MO02

WAIT instruction

CMOi : Bit i at address 000616
CM1i: Biti at address 000716
WDCi : Bit i at address 000F16

d

{>_ 15102

faD

’_‘>*4f8‘>; 85102

l>—| >—
4‘>~ 325102
[: f
< 32

b |c
>—|a Divider 1

BCLK
° R
d_J
b C
a 1/2 1/2 12 | @ 12 1/2
Details of divider 1
a 1/N divider e

N is set by MCD4 to MCDO as follow:

N=1,2,3,4,6,8, 10, 12, 14 and 16

Details of divider 2

Figure 1.8.3.

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

The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to
the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Switching to
the sub clock oscillation as CPU operating clock source before stopping the clock reduces the power
dissipation.

When the main clock is stoped (bit 5 at address 000616 =1) or the mode is shifted to stop mode (bit O at
address 000716 =1), the main clock division register (address 000C16) is set to the division by 8 ("0816").
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock
oscillation circuit can be reduced using the XIN-XouT drive capacity select bit (bit 5 at address 000716).
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit
defaults to “1” when shifting from high-speed or middle-speed mode to stop mode and after a reset.
This bit remains in low-speed and low power dissipation mode.

(2) Sub clock

The sub clock is generated by the sub clock oscillation circuit. No sub clock is generated after a reset.
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub clock can be
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure
that the sub clock oscillation has fully stabilized before switching.
After the oscillation of the sub clock oscillation circuit has stabilized, the drive capacity of the sub clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting to stop mode and at a reset.

(3) BCLK
The BCLK is the clock that drives the CPU, and is either fc or is derived by dividing the main clock by 1,
2,3,4,6,8,10, 12, 14 or 16. The BCLK is derived by dividing the main clock by 8 after a reset.
This signal is output from BCLK pin using CM01, CM00 and PMO7 in memory expansion mode and
microprocessor mode.
When main clock is stoped or shifting to stop mode, the main clock division register (address 000C16) is
set to the division by 8 ("0816").

(4) Peripheral function clock
* f1, f8, 132, f1S102, f8s102, f325102
The clock for the peripheral devices is derived from the main clock or by dividing it by 8 or 32. The
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function
clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.
* fAD
This clock has the same frequency as the main clock and is used for A-D conversion.

(5) fcs2
This clock is derived by dividing the sub clock by 32. It is used for the timer A and timer B counts.

(6) fc

This clock has the same frequency as the sub clock. It is used for BCLK and for the watchdog timer.

Figure 1.8.4 shows the system clock control registers 0 and 1 and figure 1.8.5 shows main clock division
register.
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System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | Symbol Address ~ When reset
I T . CMO 000616 0816

T symbol Bit Function RW
A i b1b0 !
. CMO00 Cl?th %yttpll\ljt Iunzcnon 00: 1/O port P53 0'0
oo select bit (Note 2) 01 fc output (Note 3)
. CMO1 10 fg output (Note 3) 00
P 11 : f32 output (Note 3) !
A CM02 WAIT peripheral function | 0 : Do not stop f1, fs, f32 in wait mode | _!
Cor oo clock stop bit 1: Stop f1, fs, f32 in wait mode 0,0
oo XcIN-XcouT drive capacity | 0 : LOW l
e CM03 select bit (Note 4) 1:HIGH OEO
oo Port Xc select bit 0:1/0 port
v T cMo4 1 : XCIN-XCOUT generation 0.0
P Main clock (XIN-XouT) 0:0n l

[T T SRR CMO05

v stop bit (Note 5, 6) 1 : Off (Note 7) OiO
Vo Watchdog timer function 0 : Watchdog timer interrupt
poTTTTmm e CMO06 select bit 1: Reset (Note 8) O:O
CMo7 System clock select bit 0 : XN, XouT OfO
"""""""""""" (Note 9) 1: XcIN, XcouT !

Note 1: Set bit O of the protect register (address 000A16) to “1" before writing to this register.

Note 2: When outputting BCLK (bit 7 of processor mode register 0 is "0"), set these bits to "00". When
outputting ALE to P53 (bit 5 and 4 of processor mode register 0 is "01"), set these bits to "00". The
port P53 function is not selected even when you set "00" in microprocessor or memory expansion
mode and bit 7 of the processor mode register 0 is "1".

Note 3: When selecting fc, f8 or 32 in single chip mode, must use P57 as input port.

Note 4: Changes to “1” when shifting to stop mode or reset.

Note 5: When entering power saving mode, main clock stops using this bit. When returning from stop
mode and operating with XIN, set this bit to “0".

Note 6: When this bit is "1", XouT is "H". Also, the internal feedback resistance remains ON, so XIN is pulled
up to Xout ("H" level) via the feedback resistance.

Note 7: When the main clock is stopped, the main clock division register (address 000C16) is set to the
division by 8 mode.

Note 8: When "1" has been set once, "0" cannot be written by software.

Note 9: To set CM07 "1" from "0", first set CM04 to "1", and an oscillation of sub clock is stable. Then set
CMO07. Do not set CM04 and CMO7 simultaneously. Also, to set CMO7 "0" from "1", first set CM05
to "1", and an oscillation of main clock is stable. Then set CM07.

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Svmbol Add Wh .

ymbo ress en rese

|°|0||°|0|0|0|| CcM1 000716 2016

roro o [ Bitsymbol Bit Function R'W
N e VAs) All clock stop control bit | 0 : Clock on OEO
oo (Note 3) 1 : All clocks off (stop mode) (Note 4) |
b1 eadid Reserved bit Always set to “0” 00
o XIN-XouT drive capacity 0:LOW i
Py Ty CMI5 select bit (Note 2) 1: HIGH Ofo
B RRREEED Reserved bit Always set to “0” Oi (@)

Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.

Note 2: Changes to “1” when shifting from high-speed or middle-speed mode to stop mode or reset.
This bit is remained in low speed or low power dissipation mode.

Note 3: When this bit is "1", XouT is "H", and the internal feedback resistance is disabled. XcIN and
Xcourt are high-inpedance.

Note 4: When the main clock is stopped, the main clock division register (address 000C16) is set to the
division by 8 mode.

Figure 1.8.4. Clock control registers 0 and 1
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Main clock division register (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| | Symbol Address When reset

A4 . MCD 000C16 XXX010002

v [ Bit symbol Bit name Function RIW|
Yoy b . L b4 b3 b2 bl b0 !
boror oo m Mcebo 't\)’i'f“(r,llg'tgcgd'v's'on select | 15010 : No division mode 0.0
- T R T B 000 10 : Division by 2 mode 1
R MCD1 00011 :Division by 3 mode 00
S 00100 : Division by 4 mode |
T 00110 :Division by 6 mode !
Von o Tt MCD2 01000 : Division by 8 mode O;O
- 01010 : Division by 10 mode 1
R MCD3 01100 : Division by 12 mode 00
oo 01110 : Division by 14 mode !
______________ MCD4 00000 : Division by 16 mode OEO
LL _________________ Nothing is assigned. _ i

When write, set "0". When read, their contents are indeterminate.

Note 1: Set bit O of the protect register (address 000A16) to “1” before writing to
this register.

Note 2: These bits are "010002" (8-division mode) when main clock is stopped
or you shift to stop mode.

Note 3: Do not attempt to set combinations of values other than those shown in
this figure.

Figure 1.8.5. Main clock division register

Clock Output
In single chip mode, when the BCLK output function select bit (bit 7 at address 000416 :PMO07) is “1”, you
can output fg, f32, or fc from the P53/BCLK/ALE/CLKoUT pins by setting the clock output function select
bits (bits 1 and 0 at address 000616 :CM01, CMO00).(Note)
Even when you set PM07 to “0” and CM01 and CMO0O to “002”, no BCLK is output.
In memory expansion mode or microprocessor mode, when the ALE pin select bits (bits 5 and 4 at ad-
dress 000516 :PM15, PM14) are other than “012(P53/BCLK)” and PMQ7 is “1", you can output f, f32, or fc
from the P53/BCLK/ALE/CLKoUT pins by setting CM01 and CMOO.
In memory expansion mode or microprocessor mode, when PM15 and PM14 are other than “012(P53/
BCLK)” and PMOQ7 is “0” and CM01 and CMO0O to “002", BCLK is output from the P53/BCLK/ALE/CLKouT
pins.
When stopping clock output in memory expansion mode or microprocessor mode, set PM07 to “1” and
CMO01 and CMOO to “002" (10 port P53). The P53 function is not selected. When PM15 and PM14 are “012
(P53/BCLK)” and CM01 and CMO0O are “002”, PMO07 is ignored and the P53 pin is set for ALE output.
When the WAIT peripheral function clock stop bit (bit 2 at address 000616) is set to “1”, fg or f32 clock
output is stopped when a WAIT command is executed.
Table 1.8.2 shows clock output setting (single chip mode) and Table 1.8.3 shows clock output setting
(memory expansion/microprocessor mode).
Note :When outputting the fs, f32 or fc from port P53/BCLK/ALE/CLKouT pin in single chip mode, use port

P57/RDY as an input only port.
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Table 1.8.2. Clock output setting (single chip mode)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BCLK SoeultepCL;tbfiL;nction Clock outputgitinction select ALE pin select bit P53/BCLK/ALE/CLKOUT
PMO7 CMO1 CMO00 PM15 PM14 pin function
0/1 0 0 Ignored Ignored P53 1/O port
1 0 1 Ignored Ignored fc output (Note)
1 1 0 Ignored Ignored fs output (Note)
1 1 1 Ignored Ignored f32 output (Note)

Note :Must use P57 as input port.

Table 1.8.3. Clock output setting (memory expansion/microprocessor mode)

BCLK output function | Clock output function select . .
select bit bit ALE pin select bit P53/BCLK/ALE/CLKouT
in function
PMO7 cMo1 CMO00 PM15 PM14 pin
0 0 0 BCLK output
1 0 0 0 0 "L" output (not P53)
1 0 1 1 0 fc output
1 1 0 1 1 fs8 output
1 1 1 f32 output
Ignored 0 0 0 1 ALE output
Stop Mode

Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc re-
mains above 2V.

Because the oscillation of BCLK, f1 to f32, f1s102 to f32s102, fc, fc32, and fAD stops in stop mode, peripheral
functions such as the A-D converter and watchdog timer do not function. However, timer A and timer B
operate provided that the event counter mode is set to an external pulse, and UARTI(i = 0 to 2) functions
provided an external clock is selected. Table 1.8.4 shows the status of the ports in stop mode.

Stop mode is cancelled by a hardware reset or interrupt.

When using an interrupt to exit stop mode, the relevant interrupt must have been enabled and set to a
priority level above the level set by the interrupt priority set bits (bits 2, 1, and 0 at address 009F16) for
exiting a stop/wait state. Set the interrupt priority set bits for the exit from a stop/wait state to the same level
as the flag register (FLG) processor interrupt level (IPL). Figure 1.8.6 shows the exit priority register.
When exiting stop mode using an interrupt, the relevant interrupt routine is executed.

When shifting to stop mode and reset, the main clock division register (000C16) is set to “0816".
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Table 1.8.4. Port status during stop mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode

Address bus, data bus, CSO0 to CS3 Retains status before stop mode
RD, WR, BHE, WRL, WRH, W, CASL, |“H” (Note)

CASH

RAS “H” (Note)

HLDA, BCLK “H”

ALE “H”

Port Retains status before stop mode |Retains status before stop mode
CLKouTt When fc selected “H” “H”

When f8, f32 selected Retains status before stop mode |Retains status before stop mode
Note :When self-refresh is done in operating DRAM control, CAS and RAS becomes “L".

Exit priority register

b7 b6 b5 b4 b3 b2 bl bO

| | | | Symbol Address When reset
N/ N/NZN | RLVL 009F16 XXXX00002
N =T symbol Bit Function RW
L] RLVLO Interrupt priority set bit for bébéba - Level 0 OEO
R exiting Stop/Wait state ; !
- Note 1.2 001:Levell !
. (Note 1,2) 010: Level 2 :
A RLVL1 011:Level3 oo
SR 100: Level 4 |
- 101:Level5 ;
N et 110:Level6 |
Lo RLVL2 111:Level7 O}O
FSIT High-_speed interrupt 0: Interrupt priority level 7 = normal :
bbb set bit (Note 3) interrupt _ 00
: oo 1: Interrupt priority level 7 = high-speed|
v interrupt !
I Nothing is assigned. |
When write, set "0". When read, their contents are indeterminate. -

Note 1: Exits the Stop or Wait mode when the requested interrupt priority level is
higher than that set in the exit priority register.

Note 2: Set to the same value as the processor interrupt priority level (IPL) set in
the flag register (FLG).

Note 3: The high-speed interrupt can only be specified for interrupts with
interrupt priority level 7. Specify interrupt priority level 7 for only one
interrupt.

Figure 1.8.6. Exit priority register
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Wait Mode
When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In this
mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal
peripheral functions, allowing power dissipation to be reduced. Table 1.8.5 shows the status of the ports in
wait mode.
Wait mode is cancelled by a hardware reset or interrupt. If an interrupt is used to cancel wait mode, the
microcomputer restarts using as BCLK the clock that had been selected when the WAIT instruction was
executed.
When using an interrupt to exit Wait mode, the relevant interrupt must have been enabled and set to a
priority level above the level set by the interrupt priority set bits for exiting a stop/wait state (bits 2, 1, and 0
at address 009F16). Set the interrupt priority set bits for the exit from a stop/wait state to the same level as
the flag register (FLG) processor interrupt level (IPL).
When using an interrupt to exit Wait mode, the microcomputer resumes operating the clock that was oper-
ating when the WAIT command was executed as BCLK from the interrupt routine.

Table 1.8.5. Port status during wait mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode
Address bus, data bus, CSO to CS3, Retains status before wait mode
BHE
RD, WR, WRL, WRH, DW, CASL, “H” (Note)
CASH
RAS “H” (Note)
HLDA,BCLK “H”
ALE “Lr
Port Retains status before wait mode | Retains status before wait mode
CLKourt When fc selected Does not stop

When f8, f32 selected | Does not stop when the WAIT peripheral function clock stop bit
is “0”. When the WAIT peripheral function clock stop bit is “1”,
the status immediately prior to entering wait mode is main-
tained.

Note :When self-refresh is done in operating DRAM control, CAS and RAS becomes “L”.
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Status Transition of BCLK
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.8.6 shows the operating modes corresponding to the settings of system clock control
registers 0 and main clock division register.
After a reset, operation defaults to division by 8 mode. When shifting to stop mode, reset or stopping main
clock, the main clock division register (address 000C16) is set to “0816”.

(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 3 mode
The main clock is divided by 3 to obtain the BCLK.
(3) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(4) Division by 6 mode
The main clock is divided by 6 to obtain the BCLK.
(5) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. After reset, this mode is executed. Note that oscillation
of the main clock must have stabilized before transferring from this mode to no-division, division by 2, 6,
10, 12, 14 and 16 mode.

Oscillation of the sub clock must have stabilized before transferring to low-speed and low power dissipa-
tion mode.

(6) Division by 10 mode
The main clock is divided by 10 to obtain the BCLK.
(7) Division by 12 mode
The main clock is divided by 12 to obtain the BCLK.
(8) Division by 14 mode
The main clock is divided by 14 to obtain the BCLK.
(9) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(10) No-division mode
The main clock is divided by 1 to obtain the BCLK.
(11) Low-speed mode
fc is used as BCLK. Note that oscillation of both the main and sub clocks must have stabilized before
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub

clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately
after powering up and after stop mode is cancelled.

(12) Low power dissipation mode
fc is the BCLK and the main clock is stopped.
When the main clock is stoped, the main clock division register (address 000C16) is set to the division by
8 mode.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Note: When count source of BCLK is changed from clock A to clock B (XIN to XCIN or XCIN to XIN), clock B
needs to be stable before changing. Please wait to change modes until after oscillation has stabilized.

Table 1.8.6. Operating modes dictated by settings of system clock control register 0 and main clock division register

CMO07 | CMO5 | CM0O4 | MCD4 | MCD3 | MCD2 | MCD1 | MCDO | Operating mode of BCLK
0 0 Invalid 1 0 0 1 0 No division
0 0 Invalid 0 0 0 1 0 Division by 2 mode
0 0 Invalid 0 0 0 1 1 Division by 3 mode
0 0 Invalid 0 0 1 0 0 Division by 4 mode
0 0 Invalid 0 0 1 1 0 Division by 6 mode
0 0 Invalid 0 1 0 0 0 Division by 8 mode
0 0 Invalid 0 1 0 1 0 Division by 10 mode
0 0 Invalid 0 1 1 0 0 Division by 12 mode
0 0 Invalid 0 1 1 1 0 Division by 14 mode
0 0 Invalid 0 0 0 0 0 Division by 16 mode
1 0 1 Invalid | Invalid | Invalid | Invalid | Invalid | Low-speed mode
1 1 1 Invalid | Invalid | Invalid | Invalid | Invalid | Low power dissipation mode
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Power Saving
In Power Save modes, the CPU and oscillator stop and the operating clock is slowed to minimize power
dissipation by the CPU. The following outlines the Power Save modes.
There are three power save modes.

(1) Normal operating mode

« High-speed mode
In this mode, one main clock cycle forms BCLK. The CPU operates on the selected internal clock. The
peripheral functions operate on the clocks specified for each respective function.

* Medium-speed mode
In this mode, the main clock is divided into 2, 3, 4, 6, 8, 10, 12, 14, or 16 to form BCLK. The CPU
operates on the selected internal clock. The peripheral functions operated on the clocks specified for
each respective function.

* Low-speed mode
In this mode, fc forms BCLK. The CPU operates on the fc clock. fc is the clock supplied by the
subclock. The peripheral functions operate on the clocks specified for each respective function.

* Low power-dissipation mode
This mode is selected when the main clock is stopped from low-speed mode. The CPU operates on
the fc clock. fc is the clock supplied by the subclock. Only the peripheral functions for which the
subclock was selected as the count source continue to run.

(2) Wait mode

CPU operation is halted in this mode. The oscillator continues to run.

(3) Stop mode
All oscillators stop in this mode. The CPU and internal peripheral functions all stop. Of all 3 power saving
modes, power savings are greatest in this mode.

Figure 1.8.7 shows the clock transition between each of the three modes, (1), (2), and (3).
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Power Saving

Transition of stop mode, wait mode

All oscillators stopped + WAIT CPU operation stopped
CM10="1" instruction
> Medium-speed mode —_ .
Stop mode I > (Divided-by-8 mode) | €——— Wait mode
Interrupt A Interrupt
Note 1 .
Interrupt WAIT CPU operation stopped
CM10="1" A 4 instruction
High-speed/medium- ) ———— Wait mode
speed mode <
A Interrupt
Note 1 Note 2 .
Al oscillators stopped v WAIT CPU operation stopped
q CM10="1" )/ Low-speed/iow power instruction
Stopmode | T < w- W pow 7 _ _
P — dissipation mode 44— Wait mode
Interrupt Note 4 Interrupt
Note 3 p— Normal mode ——

(Please see the following as transition of normal mode.)
Note 1: Switch clocks after oscillation of main clock is fully stable. After stop mode or when main clock oscillation is stopped,
transferred to the middle speed mode.
Note 2: Switch clocks after oscillation of sub clock is fully stable.
Note 3: The main ckock devision register is set to the division by 8 mode (MCD="0816").
Note 4: When shifting to low power dissipation mode, the main ckock devision register is set to the division by 8 mode (MCD="0816").

H Main clock is oscillating
Transition of normal mode Sub clock is stopped
Please change according to a direction of an arrow. Medium-speed mode (divided-by-8 mode)

/ BCLK :f(XIN)/8
k CMO07="0" MCD="0816"

|
High-speed/medium-speed mode

]
4 MCD="XX16" _ _ o CM04="1" )
Main clock is oscillating Note 1, 3 Main clock is oscillating MCD="XX16"
Sub clock is stopped Sub clock is oscillating w Note 1,3
High-speed mode High-speed mode
BCLK :f(XIN) i BCLK :f(XIN)
CMO07="0" MCD="1216" CM04="0 CMO07=0" MCD="121¢"
—
Mgdium-speed mode Medium-speed mode
(divided-by-2, 3, 4, 6, 10, 12, 14 and 16 mode) ————p (divided-by-2 3,4, 6,8, 10, 12, 14 and 16 mode)
BCLK :f(Xin)/division rate CM04="1" BCLK :f(xiny/division rate
CMO07=*0" MCD="XX16" CMO07=*0" MCD="XX16"
Note 4 Note 4
\_ cMmo7="0" _Note 1\ / 4 J
McD="xx16" Note 3 —aqn
CM04="1" cmo7="0 Note 1 CMO7="1
iccipati McD="xx16" Note 3 Note 2
Low-speed/low power dissipation mode = ARLE
“S/'ati’“ lC'Of(k_ is S‘O_ﬁpfd cmo7="1" Note 2 Main clock is oscillating
ub clock Is oscillating —uqn . N .
Low power CM05="1 Sub clock is oscillating
dissipation mode Low-speed mode L 4
CM05="1"
BCLK :f(XcIN) W( BCLK :f(XcIN)
CMO7=-1" J\ CMO7="1"
cmMo5=0" Note 4

Note 1: Switch clocks after oscillation of main clock is fully stable.

Note 2: Switch clocks after oscillation of sub clock is fully stable.

Note 3: Set the desired division to the main clock division register (MCD).
Note 4: When shifting to division by 8 mode, MCD is set to "0816".

Figure 1.8.7. Clock transition
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; SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Protection

Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.8.8 shows the protect register. The values in the processor
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister 0 (address 000616), system clock control register 1 (address 000716), main clock division register
(address 000C1s6), port P9 direction register (address 03C716) and function select register A3 (address
03B516) can only be changed when the respective bit in the protect register is set to “1”. Therefore, impor-
tant outputs can be allocated to port P9.

If, after “1” (write-enabled) has been written to the PRC2 (bit 2 at address 000A16), a value is written to any
address, the bit automatically reverts to “0” (write-inhibited). Change port P9 input/output and function
select register A3 immediately after setting "1" to PRC2. Interrupt and DMA transfer should not be inserted
between instructions. However, the PRCO (bit O at address 000A16) and PRC1 (bit 1 at address 000A16) do
not automatically return to “0” after a value has been written to an address. The program must therefore be
written to return these bits to “0”.

Protect register

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function R ‘W]
Enables writing to system clock e
PRCO control registers 0 and 1 (addresses | 0 Write-inhibited O O

000616 and 000716) and main clock 1: Write-enabled
division register (address 000816)

' Enables writing to processor mode
=== PRC1 registers 0 and 1 (addresses 000416

: Write-inhibited 0o
and 000516) ‘

. Write-enabled

= O

Enables writing to port P9 direction !
register (address 03C716) and 0 : Write-inhibited 0'0
function select register A3 (address | 1 : Write-enabled '
03B516) (Note)

R PRC2

Nothing is assigned.
When write, set "0". When read, their contents are indeterminate.

Note: Writing a value to an address after “1” is written to this bit returns the bit
to “0”. Other bits do not automatically return to “0” and they must therefore
be reset by the program.

Figure 1.8.8. Protect register
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Interrupt Outline

Types of Interrupts
Figure 1.9.1 lists the types of interrupts.

[] Undefined instruction (UND instruction)
[] Overflow (INTO instruction)
Software [] BRK instruction
[] BRK2 instruction
[] INT instruction

Interrupt
0 Reset

Special —D NMI
0 Watchdog timer

N o o o

]

O N Single step

% [ Address matched
]

Hardware

[
Peripheral 1/0™

*1 Peripheral 1/O interrupts are generated by the peripheral functions built into the microcomputer
system. High-speed interrupt can be used as highest priority in peripheral 1/O interrupts.

Figure 1.9.1. Classification of 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 interrupt : 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
Software interrupts are generated by some instruction that generates an interrupt request when ex-
ecuted. Software interrupts are nonmaskable interrupts.

(1) Undefined-instruction interrupt
This interrupt occurs when the UND instruction is executed.

(2) Overflow interrupt
This interrupt occurs if the INTO instruction is executed when the O flag is 1.
The following lists the instructions that cause the O flag to change:
ABS, ADC, ADCF, ADD, ADDX, CMP, CMPX, DIV, DIVU, DIVX, NEG, RMPA, SBB, SCMPU, SHA,
SUB, SUBX

(3) BRK interrupt
This interrupt occurs when the BRK instruction is executed.

(4) BRK2 interrupt
This interrupt occurs when the BRK2 instruction is executed. This interrupt is used exclusively for
debugger purposes. You normally do not need to use this interrupt.

(5) INT instruction interrupt
This interrupt occurs when the INT instruction is executed after specifying a software interrupt number
from 0 to 63. Note that software interrupt numbers 0 to 43 are assigned to peripheral 1/O interrupts.
This means that by executing the INT instruction, you can execute the same interrupt routine as used
in peripheral 1/0O interrupts.
The stack pointer used in INT instruction interrupt varies depending on the software interrupt number.
For software interrupt numbers 0 to 31, the U flag is saved when an interrupt occurs and the U flag is
cleared to 0 to choose the interrupt stack pointer (ISP) before executing the interrupt sequence. The
previous U flag before the interrupt occurred is restored when control returns from the interrupt rou-
tine. For software interrupt numbers 32 to 63, such stack pointer switchover does not occur.
However, in peripheral I/O interrupts, the U flag is saved when an interrupt occurs and the U flag is
cleared to 0 to choose ISP.
Therefore movement of U flag is different by peripheral I/O interrupt or INT instruction in software
interrupt number 32 to 43.
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Hardware Interrupts

There are Two types in hardware Interrupts; special interrupts and Peripheral I/O interrupts.
(1) Special interrupts
Special interrupts are nonmaskable interrupts.
* Reset
A reset occurs when the RESET pin is pulled low.
» NMI interrupt
This interrupt occurs when the NMI pin is pulled low.
» Watchdog timer interrupt
This interrupt is caused by the watchdog timer.
» Address-match interrupt
This interrupt occurs when the program's execution address matches the content of the address match
register while the address match interrupt enable bit is set (= 1).
This interrupt does not occur if any address other than the start address of an instruction is set in the
address match register.
* Single-step interrupt
This interrupt is used exclusively for debugger purposes. You normally do not need to use this inter-
rupt. A single-step interrupt occurs when the D flag is set (= 1); in this case, an interrupt is generated
each time an instruction is executed.

(2) Peripheral 1/O interrupts

A peripheral I/0 interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
43 the INT instruction uses. Peripheral I/O interrupts are maskable interrupts.
* Bus collision detection, start/stop condition detection interrupts (UART2, UART3, UART4), fault
error interrupts (UART3, 4)
This is an interrupt that the serial I/O bus collision detection generates. When 12C mode is selected,
start, stop condition interrupt is selected. When SS pin is selected, fault error interrupt is selected.
* DMAQO through DMAS3 interrupts
These are interrupts that DMA generates.
* Key-input interrupt
A key-input interrupt occurs if an “L” is input to the KI pin.
» A-D conversion interrupt
This is an interrupt that the A-D converter generates.
* UARTO, UART1, UART2/NACK, UART3/NACK and UART4/NACK transmission interrupt
These are interrupts that the serial 1/0 transmission generates.
* UARTO, UART1, UART2/ACK, UART3/ACK and UART4/ACK reception interrupt
These are interrupts that the serial 1/O reception generates.
* Timer AQ interrupt through timer A4 interrupt
These are interrupts that timer A generates
 Timer BO interrupt through timer B5 interrupt
These are interrupts that timer B generates.
« INTO interrupt through INT5 interrupt
An INT interrupt selects a edge sense or a level sense. In edge sense, an INT interrupt occurs if either
a rising edge or a falling edge or a both edge is input to the INT pin. In level sense, an INT interrupt
occurs if either a "H" level or a "L" level is input to the INT pin.
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High-speed interrupts
High-speed interrupts are interrupts in which the response is executed at 5 cycles and the return is 3
cycles.
When a high-speed interrupt is received, the flag register (FLG) and program counter (PC) are saved to
the save flag register (SVF) and save PC register (SVP) and the program is executed from the address
shown in the vector register (VCT).
Execute a FREIT instruction to return from the high-speed interrupt routine.
High-speed interrupts can be set by setting “1” in the high-speed interrupt specification bit allocated to bit
3 of the exit priority register. Setting “1” in the high-speed interrupt specification bit makes the interrupt set
to level 7 in the interrupt control register into a high-speed interrupt.
You can only set one interrupt as a high-speed interrupt. When using a high-speed interrupt, do not set
multiple interrupts as level 7 interrupts.
The interrupt vector for a high-speed interrupt must be set in the vector register (VCT).
When using a high-speed interrupt, you can use a maximum of two DMAC channels.
The execution speed is improved when register bank 1 is used with high speed interrupt register selected
by not saving registers to the stack but to the switching register bank. In this case, switch register bank
mode for high-speed interrupt routine.

Interrupts and Interrupt Vector Tables

If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 1.9.2 shows the format for
specifying the address.

Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and
variable vector table in which addresses can be varied by the setting.

MSB LSB
Vector address + 0 Low address
Vector address + 1 Mid address
Vector address + 2 High address
Vector address + 3 0000 0000

Figure 1.9.2. Format for specifying interrupt vector addresses
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« Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFFDC16 to FFFFFF16. One vector table comprises four bytes. Set the first address
of interrupt routine in each vector table. Table 1.9.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 1.9.1. Interrupt factors (fixed interrupt vector addresses)

Interrupt source Vector table addresses Remarks
Address (L) to address (H)
Undefined instruction | FFFFDC16 to FFFFDF16 | Interrupt on UND instruction
Overflow FFFFEO16 to FFFFE316 Interrupt on INTO instruction
BRK instruction FFFFE416 to FFFFE716 If content of FFFFE716 is filled with FF16, program
execution starts from the address shown by the vector in the
variable vector table
Address match FFFFE816 to FFFFEB16 | There is an address-matching interrupt enable bit
Watchdog timer FFFFFO16 to FFFFF316
NMI FFFFF816 to FFFFFB16 External interrupt by input to NMI pin
Reset FFFFFC1i6 to FFFFFF16

« Vector table dedicated for emulator
Table 1.9.2 shows interrupt vector address which is vector table register dedicated for emulator (ad-
dress 00002016 to 00002316). These instructions are not effected with interrupt enable flag (I flag)
(non maskable interrupt).
This interrupt is used exclusively for debugger purposes. You normally do not need to use this inter-
rupt. Do not access to the interrupt vector table register dedicated for emulator (address 00002016 to
00002316).

Table 1.9.2. Interrupt vector table register for emulator

Interrupt source Vector table addresses Remarks
Address (L) to address (H)
BRK?2 instruction Interrupt vector table register for emulator Interrupt for debugger
00002016 to 00002316
Single step Interrupt vector table register for emulator Interrupt for debugger
00002016 to 00002316

« Variable vector tables

The addresses in the variable vector table can be modified, according to the user’s settings. Indicate
the first address using the interrupt table register (INTB). The 256-byte area subsequent to the ad-
dress the INTB indicates becomes the area for the variable vector tables. One vector table comprises
four bytes. Set the first address of the interrupt routine in each vector table. Table 1.9.3 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Set an even address to the start address of vector table setting in INTB so that operating efficiency is
increased.
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Table 1.9.3. Interrupt causes (variable interrupt vector addresses)

Software interrupt number

Vector table address
Address (L) to address (H)

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note 1)

BRK instruction

Cannot be masked | flag

Software interrupt number 8 +32 to +35 (Note 1) DMAO

Software interrupt number 9 +36 to +39 (Note 1) DMA1

Software interrupt number 10 +40 to +43 (Note 1) DMA2

Software interrupt number 11 +44 to +47 (Note 1) DMA3

Software interrupt number 12 +48 to +51 (Note 1) Timer AO
Software interrupt number 13 +52 to +55 (Note 1) Timer Al
Software interrupt number 14 +56 to +59 (Note 1) Timer A2
Software interrupt number 15 +60 to +63 (Note 1) Timer A3
Software interrupt number 16 +64 to +67 (Note 1) Timer A4
Software interrupt number 17 +68 to +71 (Note 1) UARTO transmit

Software interrupt number 18

+72 to +75 (Note 1)

UARTO receive

Software interrupt number 19

+76 to +79 (Note 1)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note 1)

UART1 receive

Software interrupt number 21 +84 to +87 (Note 1) Timer BO
Software interrupt number 22 +88 to +91 (Note 1) Timer B1
Software interrupt number 23 +92 to +95 (Note 1) Timer B2
Software interrupt number 24 +96 to +99 (Note 1) Timer B3
Software interrupt number 25 +100 to +103 (Note 1) | Timer B4
Software interrupt number 26 +104 to +107 (Note 1) | |INTS
Software interrupt number 27 +108 to +111 (Note 1) | INT4
Software interrupt number 28 +112 to +115 (Note 1) INT3
Software interrupt number 29 +116 to +119 (Note 1) INT2
Software interrupt number 30 +120 to +123 (Note 1) INT1
Software interrupt number 31 +124 to +127 (Note 1) | |INTO
Software interrupt number 32 +128 to +131 (Note 1) | Timer B5

Software interrupt number 33

+132 to +135 (Note 1)

UART2 transmit/NACK (Note 2)

Software interrupt number 34

+136 to +139 (Note 1)

UART?2 receive/ACK (Note 2)

Software interrupt number 35

+140 to +143 (Note 1)

UART3 transmit/NACK (Note 2)

Software interrupt number 36

+144 to +147 (Note 1)

UART3 receive/ACK (Note 2)

Software interrupt number 37

+148 to +151 (Note 1)

UART4 transmit/NACK (Note 2)

Software interrupt number 38

+152 to +155 (Note 1)

UART4 receive/ACK (Note 2)

Software interrupt number 39

+156 to +159 (Note 1)

Bus collision detection, start/stop
condition detection (UART2) (Note 2)

Software interrupt number 40

+160 to +163 (Note 1)

Bus collision detection, start/stop condition
detection, fault error (UART3) (Note 2, 3)

Software interrupt number 41

+164 to +167 (Note 1)

Bus collision detection, start/stop condition
detection, fault error (UART4) (Note 2, 3)

Software interrupt number 42

+168 to +171 (Note 1)

A-D

Software interrupt number 43

+172 to +175 (Note 1)

Key input interrupt

Software interrupt number 44

to
Software interrupt number 63

+176 to +179 (Note 1)
to
+252 to +255 (Note 1)

Software interrupt

Cannot be masked | flag

Note 1: Address relative to address in interrupt table register (INTB).
Note 2: When 12C mode is selected, NACK/ACK, start/stop condition detection interrupts are selected.
Note 3: The fault error interrupt is selected when SS pin is selected.
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Interrupt control registers
Peripheral 1/O interrupts have their own interrupt control registers. Figure 1.9.3 shows the interrupt con-
trol registers.
When using an interrupt to exit Stop mode or Wait mode, the relevant interrupt must have been enabled
and set to a priority level above the level set by the interrupt priority set bits for exit a stop/wait state (bits
2,1, and O at address 009F16). Set the interrupt priority set bits for the exit from a stop/wait state to the
same level as the flag register (FLG) processor interrupt level (IPL).
Figure 1.9.4 shows the exit priority register.
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b7 b6 bS5 b4 b3 b2 bl b0

Interrupt control register

Symbol Address When reset
ADIC 007316 XXXXX0002
BCNiIlC(i=2 to 4) 008F16, 007116, 009116 XXXXX0002
DMIIC(i=0 to 3) 006816, 008816, 006A16, 008A16  XXXXX0002
KUPIC 009316  XXXXX0002
TAIIC(i=0 to 4) 006C16, 008C16, 006E16, 008E16, 007016  XXXXX0002
TBIlC(i=0 to 5) 009416, 007616, 009616, 007816, 009816, 006916  XXXXX0002
SIiTIC(i=0 to 4) 009016, 009216, 008916, 008B16, 008D16  XXXXX0002
SiRIC(i=0 to 4) 007216, 007416, 006B16, 006D16, 006F16  XXXXX0002
Bit symbol Bit name Function RI W
ILVLO Interrupt priority level i
select bit b2 b1 b0 o' 0O
000 : Level O (interrupt disabled) i
001: Levell ;
ILVL1 010: Level 2 !
011: Level3 O 0O
100: Level4 :
101: Level5 :
ILVL2 110: Level6 !
111: Level 7 O 0
IR Interrupt request it 0: Interrupt not requested Oo: 0
1: Interrupt requested ! (Note)
Nothing is assigned. :
When write, set "0". When read, their contents are indeterminate. - -

b7 b6 b5 b4 b3 b2 bl bo

Note: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).

Symbol Address When reset
INTiIC(i=0to 5)  009E16, 007E16, 009C16, 007C16, 009A16, 007A16 XX00X0002
Bit symbol Bit name Function R, W
ILVLO Interrupt priority level !
select bit b2b1bo . . O 0
000 : Level O (interrupt disabled) !
001:Levell (Note 2) I
ILVL1 010: Level 2
011:Level3 o RENe)
100: Level 4 !
101:Level5 ;
ILVL2 110:Level6 i
111:Level7 0.0
IR Interrupt request bit 0: Interrupt not requested o 0
1: Interrupt requested |(Note 1)
POL Polarity select bit 0 : Selects falling edge or L level o o
1: Selects rising edge or H level |
LVS Level sense/edge 0 : Edge sense e) ! 0]
sense select bit 1:Level sense (Note 3) :
Nothing is assigned. |
When write, set "0". When read, their contents are indeterminate. - -

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).

Note 2: When INT3 to INT5 are used for data bus in microprocessor mode or memory
expansion mode, set the interrupt disabled to INT3IC, INT4IC and INT5IC.

Note 3: When level sense is selected, set related bit of interrupt cause select register (

address 031F16) to one edge.

Figure 1.9.3. Interrupt control register
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Exit priority register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
RLVL 009F16 XXXX00002
Bit symbol Bit Function RW
RLVLO Interrupt priority set bit for lgtgbg - Level 0 OEO
exiting Stop/Wait state . 1
Note 1.2 001:Levell |
(Note 1,2) 010:Level 2 1
RLVL1 011:Level3 00
100:Level4 !
101:Level5 ‘
110:Level6 1
RLVL2 111:Level7 O}O
FSIT High-_speed interrupt 0: Interrupt priority level 7 = normal
set it (Note 3) interrupt ) 0.0
1: Interrupt priority level 7 = high-speed|
interrupt !
Nothing is assigned.
When write, set "0". When read, their contents are indeterminate. -

Note 1: Exits the Stop or Wait mode when the requested interrupt priority level is
higher than that set in the exit priority register.

Note 2: Set to the same value as the processor interrupt priority level (IPL) set in
the flag register (FLG).

Note 3: The high-speed interrupt can only be specified for interrupts with
interrupt priority level 7. Specify interrupt priority level 7 for only one
interrupt.

Figure 1.9.4. Exit priority register
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Interrupt Enable Flag (I Flag)
The interrupt enable flag (I flag) is used to disable/enable maskable interrupts. When this flag is set
(= 1), all maskable interrupts are enabled; when the flag is cleared to 0, they are disabled. This flag
is automatically cleared to O after a reset is cleared.

Interrupt Request Bit
This bit is set (= 1) by hardware when an interrupt request is generated. The bit is cleared to 0 by
hardware when the interrupt request is acknowledged and jump to the interrupt vector.
This bit can be cleared to 0 (but cannot be set to 1) in software.

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Interrupt priority levels are set by the interrupt priority select bit in an interrupt control register. When
an interrupt request is generated, the interrupt priority level of this interrupt is compared with the
processor interrupt priority level (IPL). This interrupt is enabled only when its interrupt priority level is
greater than the processor interrupt priority level (IPL). This means that you can disable any particu-
lar interrupt by setting its interrupt priority level to O.
Table 1.9.4 shows how interrupt priority levels are set. Table 1.9.5 shows interrupt enable levels in
relation to the processor interrupt priority level (IPL).

The following lists the conditions under which an interrupt request is acknowledged:

* Interrupt enable flag (I flag) =1
* Interrupt request bit =1
* Interrupt priority level > Processor interrupt priority level (IPL)

The interrupt enable flag (I flag), interrupt request bit, interrupt priority level select bit, and the proces-
sor interrupt priority level (IPL) all are independent of each other, so they do not affect any other bit.

Table 1.9.4 Interrupt Priority Levels Table 1.9.5 IPL and Interrupt Enable Levels
Interrupt priority . Priority Processor interrupt Enabled interrupt priority
| Interrupt priority level .
level select bit order priority level (IPL) levels

gz 151 Obo Level O (interrupt disabled) 'F’Sz 'F’Sl 'PSU Interrupt levels 1 and ahove are enabled.
0 0 1 Level 1 Low o o0 1 Interrupt levels 2 and above are enabled.
0 1 0 Level 2 0o 1 o0 Interrupt levels 3 and above are enabled.
0 1 1 Level 3 o 1 1 Interrupt levels 4 and above are enabled.
1 0 © Level 4 1 0 0 Interrupt levels 5 and above are enabled.

0o 1 Level 5 1 0 1 Interrupt levels 6 and above are enabled.
1 1 0 Level 6 1 1 0 Interrupt levels 7 and above are enabled.
11 1 Level 7 High 1 1 1 All maskable interrupts are disabled.

62 z MITSUBISHI
ELECTRIC



Mitsubishi microcomputers

M16C/80 (144-pin version) group
Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Rewrite the interrupt control register
When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gen-
erated. This will depend on the instruction. If this creates problems, use the below instructions to
change the register.
Instructions : AND, OR, BCLR, BSET

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 SCMPU, SIN, SMOVB, SMOVF, SMOVU,

SSTR, SOUT or RMPA instruction, the processor temporarily suspends the instruction being executed,

and transfers control to the interrupt sequence.

In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading
address 00000016 (address 00000216 when high-speed interrupt). After this, the related interrupt
request bit is "0".

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt se-
quence in the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag)
to “0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32
through 63, is executed)

(4) Saves the content of the temporary register (Note 1) within the CPU in the stack area. Saves in the
flag save register (SVF) in high-speed interrupt.

(5) Saves the content of the program counter (PC) in the stack area. Saves in the PC save register
(SVP) in high-speed interrupt.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first

address of the interrupt routine.

Note: This register cannot be utilized by the user.

Interrupt Response Time
'Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the
time required for executing the interrupt sequence (b). Figure 1.9.5 shows the interrupt response time.
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Interrupt request generated Interrupt request acknowledged

b o

Instruction in interrupt S

- Interrupt sequence .
Instruction pt seq routine

-— ) g (b) -

Interrupt response time

(a) The period from the occurrence of an interrupt to the completion of the instruction under execution.
(b) The time required for executing the interrupt sequence.

Figure 1.9.5 Interrupt response time

Time (a) varies with each instruction being executed. The DIVX instruction requires a maximum time that
consists of 29* cycles.
Time (b) is shown in table 1.9.6.

* |t is when the divisor is immediate or register. When the divisor is memory, the following value is

added.
» Normal addressing 12+ X
* Index addressing 3+ X
* Indirect addressing 5+ X+2Y
* Indirect index addressing 5+ X+2Y

X is number of wait of the divisor area. Y is number of wait of the indirect address stored area.
When X and Y are in odd address or in 8 bits bus area, double the value of X and Y.
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Table 1.9.6 Interrupt Sequence Execution Time

Interrupt Interrupt vector address | 16 bits data bus | 8 bits data bus
Peripheral 1/0 Even address 14 cycles 16 cycles
Odd address (Note 1) 16 cycles 16 cycles
INT instruction Even address 12 cycles 14 cycles
Odd address (Note 1) 14 cycles 14 cycles
NMI Even address (Note 2) 13 cycles 15 cycles

Watchdog timer
Undefined instruction
Address match

Overflow Even address (Note 2) 14 cycles 16 cycles
BRK instruction (Variable vector table) Even address 17 cycles 19 cycles

Odd address (Note 1) 19 cycles 19 cycles
Single step Even address (Note 2) 19 cycles 21 cycles

BRK2 instruction
BRK instruction (Fixed vector table)

High-speed interrupt (Note 3) Vector table is internal

. 5 cycles
register y

Note 1: Allocate interrupt vector addresses in even addresses as must as possible.
Note 2: The vector table is fixed to even address.
Note 3: The high-speed interrupt is independent of these conditions.

Changes of IPL When Interrupt Request Acknowledged
When an interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt is
set to the processor interrupt priority level (IPL).
If an interrupt request is acknowledged that does not have an interrupt priority level, the value shown in
Table 1.9.7 is set to the IPL.

Table 1.9.7 Relationship between Interrupts without Interrupt Priority Levels and IPL

Interrupt sources without interrupt priority levels Value that is set to IPL
Watchdog timer, NMI 7

Reset 0

Other Not changed
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Saving Registers
In an interrupt sequence, only the contents of the flag register (FLG) and program counter (PC) are
saved to the stack area.
The order in which these contents are saved is as follows: First, the FLG register is saved to the stack
area. Next, the 16 high-order bits and 16 low-order bits of the program counter expanded to 32-bit are
saved. Figure 1.9.6 shows the stack status before an interrupt request is acknowledged and the stack
status after an interrupt request is acknowledged.
In a high-speed interrupt sequence, the contents of the flag register (FLG) is saved to the flag save
register (SVF) and program counter (PC) is saved to PC save register (SVP).
If there are any other registers you want to be saved, save them in software at the beginning of the
interrupt routine. The PUSHM instruction allows you to save all registers except the stack pointer (SP)
by a single instruction.
The execution speed is improved when register bank 1 is used with high speed interrupt register selected
by not saving registers to the stack but to the switching register bank. In this case, switch register bank
mode for high-speed interrupt routine.

Address Stack area Address Stack area
MSB LSB MSB LSB

/‘\/ /—\/

Program counter

m-6 m-6 (PCL) ‘TSP]
Program counter New stack
m-5 m-5 (PCw) pointer value
Program counter
m—4 m—4 (PCw)
m-3 m-3 0 o0
Flag register
m-2 m-2 (FLGL)
Flag register
m-1 m-1 (FLGH)
[SP]
m Content of Stack pointer Content of
previous stack value before m previous stack
Content of interrupt occurs Content of
m+1 previous stack m+1 previous stack
Stack status before interrupt request is acknowledged Stack status after interrupt request is acknowledged

Figure 1.9.6 Stack status before and after an interrupt request is acknowledged
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Return from Interrupt Routine
As you execute the REIT instruction at the end of the interrupt routine, the contents of the flag register
(FLG) and program counter (PC) that have been saved to the stack area immediately preceding the
interrupt sequence are automatically restored. In high-speed interrupt, as you execute the FREIT instruc-
tion at the end of the interrupt routine, the contents of the flag register (FLG) and program counter (PC)
that have been saved to the save registers immediately preceding the interrupt sequence are automati-
cally restored.
Then control returns to the routine that was under execution before the interrupt request was acknowl-
edged, and processing is resumed from where control left off.
If there are any registers you saved via software in the interrupt routine, be sure to restore them using an
instruction (e.g., POPM instruction) before executing the REIT or FREIT instruction.
When switching the register bank before executing REIT and FREIT instruction, switched to the register
bank immediately before the interrupt sequence.

Interrupt Priority
If two or more interrupt requests are sampled active at the same time, whichever interrupt request is
acknowledged that has the highest priority.
Maskable interrupts (Peripheral I/O interrupts) can be assigned any desired priority by setting the inter-
rupt priority level select bit accordingly. If some maskable interrupts are assigned the same priority level,
the interrupt that a request came to most in the first place is accepted at first, and then, the priority
between these interrupts is resolved by the priority that is set in hardware.
Certain nonmaskable interrupts such as a reset (reset is given the highest priority) and watchdog timer
interrupt have their priority levels set in hardware. Figure 1.9.7 lists the hardware priority levels of these
interrupts.
Software interrupts are not subjected to interrupt priority. They always cause control to branch to an
interrupt routine whenever the relevant instruction is executed.

Interrupt Resolution Circuit

Interrupt resolution circuit selects the highest priority interrupt when two or more interrupt requests are
sampled active at the same time.
Figure 1.9.8 shows the interrupt resolution circuit.

Reset > NMI > Watchdog > Peripheral /0O > Single step > Address match

Figure 1.9.7. Interrupt priority that is set in hardware
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High  Priority level of each interrupt

DMAO

| DMA1

| DMA2

| DMA3

| Timer AO

| Timer Al

| Timer A2

| Timer A3

| Timer A4

| UARTO transmission

| UARTO reception

| UART1 transmission

| UARTT1 reception

| Timer BO

| Timer B1

| Timer B2

| Timer B3

| Timer B4

[ INT5

| INT4

| INT3

INT2

\J

Low

Priority of peripheral I/O interrupts
(if priority levels are same)

INTL

INTO

Timer B5

UART2 transmission/NACK

UART2 reception/ACK

UARTS3 transmission/NACK

UARTS3 reception/ACK

UART4 transmission/NACK

UARTA4 reception/ACK

Bus collision/start, stop
condition(UART2)

Bus collision/start, stop
condition/fault error (UART3)

Bus collision/start, stop
condition/fault error (UART4)

A-D conversion

Key input interrupt

Stop/wait return interrupt level
(RLVL)

Interrupt
request
accepted.

To CLK

Processor interrupt priority level

(IPL)
Interrupt enable flag (I flag)
Instruction fetch Irr;geljreus;t)t
Address match _?_gcggtgd.

DBC

NMI

|
|
|
| Watchdog timer
|
|
|

Reset

Figure 1.9.8. Interrupt resolution circuit
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INT Interrupts
INTO to INT5 are external input interrupts. The level sense/edge sense switching bits of the interrupt control
register select the input signal level and edge at which the interrupt can be set to occur on input signal level
and input signal edge. The polarity bit selects the polarity.
With the external interrupt input edge sense, the interrupt can be set to occur on both rising and falling
edges by setting the INTi interrupt polarity switch bit of the interrupt request select register (address
031F16) to “1". When you select both edges, set the polarity switch bit of the corresponding interrupt control
register to the falling edge (“0”).
When you select level sense, the INTI interrupt polarity switch bit of the interrupt request select register
(address 031F16) to “0".
Figure 1.9.9 shows the interrupt request select register.

Interrupt request cause select register

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address When reset
S IFSR 031F1s XX0000002
v+ 1| Bitsymbol Bit name Fumction RIW
N - IFSRO INTO interrupt polarity 0 : One edge ;
A B swiching bit (Note) 1: Two edges 0,0
e IFSR1 INT1 interrupt polarity 0 : One edge
voror ! swiching bit (Note) 1: Two edges O ! O
_______ IFSR2 INT2 interrupt polarity 0 : One edge O O
A | swiching bit (Note) 1: Two edges !
IFSR3 INT3 interrupt polarity 0 : One edge
e swiching bit (Note) 1: Two edges 0:0
H : b IFSR4 INT4 interrupt polarity 0 : One edge O | O
e swiching bit (Note) 1: Two edges
IFSR5 INT5 interrupt polarity 0 : One edge
Voo TTmmmmmmm e swiching bit (Note) 1: Two edges O ! O
____________________ Nothing is assigned. _ _
When write, set "0". When read, their contents are indeterminate. |

Note :When level sense is selected, set this bit to "0".

Figure 1.9.9 Interrupt request cause select register
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NMI Interrupt
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt
is a non-maskable external interrupt. The pin level can be checked in the port P8s register (bit 5 at address
03C416).
This pin cannot be used as a normal port input.
Notes:
When not intending to use the NMI function, be sure to connect the NMI pin to Vcc (pulled-up). The NMI
interrupt is non-maskable. Because it cannot be disabled, the pin must be pulled up.

Key Input Interrupt

If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a key
input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancel-
ling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not use P104 to
P107 as A-D input ports. Figure 1.9.10 shows the block diagram of the key input interrupt. Note that if an “L”
level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as an
interrupt.

Setting the key input interrupt disable bit (bit 7 at address 03AF16) to “1” disables key input interrupts from
occurring regardless of the setting in the interrupt control register. When “1” is set in the key input interrupt
disable register, there is no input via the port pin even when the direction register is set to input.

Port P104-P107 pull-up

select bit
Pull-gp Key input interrupt control register | (address 009316)
transistor Port P107 direction

register

Port P107 direction register

P107/KI3 O

transistor register

( Pull-up ) Port P106 direction

Key input interrupt

Interrupt control circuit
request

P106/Kl2 O T

Pull-up o
transistor ) Port P10s direction
register

o—4%&

P105/Kl1

Port P104 direction

Pull-up register

( transistor

P104/Klo O T

Figure 1.9.10. Block diagram of key input interrupt
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Address Match Interrupt

An address match interrupt is generated when the address match interrupt address register contents match
the program counter value. Four address match interrupts can be set, each of which can be enabled and
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter-
rupt enable flag (I flag) and processor interrupt priority level (IPL).

Figure 1.9.11 shows the address match interrupt-related registers.

Set the start address of an instruction to the address match interrupt register.
Address match interrupt is not generated when address such as the middle of instruction or table data is

set.

Address match interrupt enable register
b7 b6 DS b4 b3S b2 bl b0 Symbol Address When reset
DXXIX | | | | AIER 000916 XXXXXX002
: Bit symbol Bit name Function RIW
T A T R AIERQ |Address matchinterrupt O | o |nterrupt disabled 00
A enable bit | 1 - |nterrupt enabled
S T A AIER1 | Address match interrupt 1 | 0 : Interrupt disabled 00
enable bit | 1 : Interrupt enabled !
S RRLOGICTRLECELSSREEEEI R AIER2 |Address match interrupt 2 | o - |nterrupt disabled oi0
enable bit | 1 : |nterrupt enabled
AIER3 |Address match interrupt 3 | 0 : Interrupt disabled o EO
enable bit | 1 : Interrupt enabled 1
Nothing is assigned. _3_
When write, set "0". When read, their contents are indeterminate.
Address match interrupt registeri (i=0, 1)
Symbol Address When reset
o iy o7 b RMADO 001216 to 001016 00000016
| | RMAD1 001616 to 001416 00000016
. RMAD2 001A16 to 001816 00000016
, RMAD3 001E16to 001C16 00000016
E Function Values that can be set |R W
Address setting register for address match 00000016 to FFFFFF16 OEO
interrupt !

Figure 1.9.11. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading addresses 000000 16 and 000002 16
» When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence from address 00000016. When high-speed interrupt
is occurred, CPU read from address 00000216.
The interrupt request bit of the certain interrupt will then be set to “0”.
However, reading addresses 00000016 and 00000216 by software does not set request bit to “0”".

(2) Setting the stack pointer

* The value of the stack pointer immediately after reset is initialized to 00000016. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in
the stack pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack point
at the beginning of a program. Any interrupt including the NMI interrupt is generated immediately after
executing the first instruction after reset. Set an even number to the stack pointer. When an even
number is set, execution efficiency is increased.
Set an even address to the stack pointer so that operating efficiency is increased.

(3) The NMI interrupt

« As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Vcc pin via a resistance
(pull-up) if unused. Be sure to work on it.

» The NMI pin also serves as P85, which is exclusively input. Reading the contents of the P8 register
allows reading the pin value. Use the reading of this pin only for establishing the pin level at the time
when the NMI interrupt is input.

» Signal of "L" level width more than 1 clock of CPU operation clock (BCLK) is necessary for NMI pin.

(4) External interrupt

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

* Level sense
Either an “L” level or an “H” level of 1 cycle of BCLK + at least 200 ns width is necessary for the signal
input to pins INTo to INTs regardless of the CPU operation clock. (When XiIN=20MHz and no division
mode, at least 250 ns width is necessary.)

» When the polarity of the INTo to INT5 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0". Figure 1.9.12 shows the procedure for
changing the INT interrupt generate factor.

(5) Rewrite the interrupt control register
* When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change
the register.
Instructions : AND, OR, BCLR, BSET
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Set the interrupt priority level to level 0
(Disable INTi interrupt)

C Set the polarity select bit )

C Clear the interrupt request bit to “0” )

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INTi interrupt request)

Figure 1.9.12. Switching condition of INT interrupt request

(6) Address match interrupt

Do not set the following addresses to the address match interrupt register.

1. The start address of an interrupt instruction.

2. Address of an instruction to clear an interrupt request bit of an interrupt control register or any of the
next 7 instructions addresses immediately after an instruction to rewrite an interrupt priority level to a
smaller value.

3. Any of the next 3 instructions addresses immediately after an instruction to set the interrupt enable
flag (I flag).

4. Any of the next 3 instructions addresses immediately after an instruction to rewrite a processor inter-
rupt priority level (IPL) to a smaller value.

Example 1)
Interrupt_A: ; Interrupt A routine

pushm RO,R1,R2,R3,A0,Al ; <---- Do not set address match interrupt to the
start address of an interrupt instruction

Example 2)
mov.b  #0,TAOIC ;Change TAO interrupt priority level to a smaller value
nop : 1st instruction
nop ; 2nd instruction
nop ; 3rd instruction Do not set address match interrupt
nop ; 4thinstruction > quring this period
nop ; 5th instruction
nop ; 6th instruction
nop ; 7th instruction
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Example 3)
fset | ; Set | flag (interrupt enabled)
nop ; 1st instruction ) _
) . . L Do not set address match interrupt
nop ; 2nd instruction during this period
nop ; 3rd instruction J
Example 4)
Idipl  #0 ; Rewrite IPL to a smaller value
nop ; 1st instruction ) )
) . . L Do not set address match interrupt
nop ; 2nd instruction during this period
nop ; 3rd instruction J
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Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. Whether a
watchdog timer interrupt is generated or reset is selected when an underflow occurs in the watchdog timer.
Watchdog timer interrupt is selected when bit 6 of the system control register 0 (address 000816 :CMO06) is
"0" and reset is selected when CMO06 is "1". No value other than "1" can be written in CM06. Once when
reset is selected (CM06="1"), watchdog timer interrupt cannot be selected by software.

When XN is selected for the BCLK, bit 7 of the watchdog timer control register (address 000F16) selects the
prescaler division ratio (by 16 or by 128). When XcCIN is selected as the BCLK, the prescaler is set for
division by 2 regardless of bit 7 of the watchdog timer control register (address 000F16). Therefore, the
watchdog timer cycle can be calculated as follows. However, errors can arise in the watchdog timer cycle
due to the prescaler.

When XIN is selected in BCLK

Prescaler division ratio (16 or 128) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

When XcCIN is selected in BCLK

Prescaler division ratio (2) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

For example, when BCLK is 20MHz and the prescaler division ratio is set to 16, the monitor timer cycle is
approximately 26.2 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000E16). CMO6 is initialized only at reset. After reset,
watchdog timer interrupt is selected.

Figure 1.10.1 shows the block diagram of the watchdog timer. Figure 1.10.2 shows the watchdog timer-
related registers.

Prescaler

"CM06=0"

Watchdog timer
interrupt request
o—
BCLK .
Watchdog timer o
HOLD o—m
“ "CM06=1"
Reset

Write to the watchdog timer R :

start register Set to
(address 000E16) “7EFF16”
RESET © O[> ®

Figure 1.10.1. Block diagram of watchdog timer
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Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0

| | 0| 0| | | | | | Symbol Address When reset
i Il e wDC 000F16 000XXXXX2
E , , , , , , , Bit symbol Bit name Function R!W|
E - - t..di.io.a_.tl High-order bit of watchdog timer ofx
P Reserved bit Must always be set to “0” OfO
o wbDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 |
Watchdog timer start register
b7 b0 Symbol Address When reset
WDTS 00O0E16 Indeterminate

Function R'W

The watchdog timer is initialized and starts counting after a write instruction to |
this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. 1

System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

. 1 1 | CMO 000616 0816

oo g symbol Bit Function RW
A ; b1 b0 |
i1 i1 v CMoo ) Clock output function 00 : 1/O port P53 oo
oo select bit (Note 2) 01 fc output (Note 3) j
T T S R R CcMO1 1 0: fs output (Note 3) 00
11 : 32 output (Note 3) !
A CcMO2 WAIT peripheral function | 0 : Do not stop f1, fs, 32 in wait mode OEO
oo clock stop bit 1 : Stop f1, f8, f32 in wait mode |
XCIN-XcouT drive capacity | 0: LOW 1

[ CMO3 select bit (Note 4) 1:HIGH Oio
Voo Port Xc select bit 0: 1/O port
P T CMo4 1 : XCIN-XCOUT generation o}
oo CMO5 Main clock (XIN-XouT) 0:0n !
o stop bit (Note 5, 6) 1 : Off (Note 7) O}O
HE Watchdog timer function 0 : Watchdog timer interrupt

Coo T CMo6 select bit 1: Reset (Note 8) O;O
CMO7 System clock select bit 0 : XiN, Xout 00
"""""""""""" (Note 9) 1 : XCIN, XcouT !

Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.

Note 2: When outputting BCLK (bit 7 of processor mode register 0 is "0"), set these bits to "00". When
outputting ALE to P53 (bit 5 and 4 of processor mode register 0 is "01"), set these bits to "00". The
port P53 function is not selected even when you set "00" in microprocessor or memory expansion
mode and bit 7 of the processor mode register 0 is "1".

Note 3: When selecting fc, f8 or f32 in single chip mode, must use P57 as input port.

Note 4: Changes to “1” when shifting to stop mode or reset.

Note 5: When entering power saving mode, main clock stops using this bit. When returning from stop
mode and operating with XIN, set this bit to “0”.

Note 6: When this bit is "1", XouT is "H". Also, the internal feedback resistance remains ON, so XIN is pulled
up to Xout ("H" level) via the feedback resistance.

Note 7: When the main clock is stopped, the main clock division register (address 000C16) is set to the
division by 8 mode.

Note 8: When "1" has been set once, "0" cannot be written by software.

Note 9: To set CM07 "1" from "0", first set CM04 to "1", and an oscillation of sub clock is stable. Then set
CMO7. Do not set CM04 and CM07 simultaneously. Also, to set CMQ7 "0" from "1", first set CM05
to "1", and an oscillation of main clock is stable. Then set CM07.

Figure 1.10.2. Watchdog timer control and start registers
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DMAC

This microcomputer has four DMAC (direct memory access controller) channels that allow data to be sent
to memory without using the CPU. DMAC is a function that to transmit 1 data of a source address (8 bits /
16 bits) to a destination address when transmission request occurs. When using three or more DMAC
channels, the register bank 1 register and high-speed interrupt register are used as DMAC registers. If you
are using three or more DMAC channels, you cannot, therefore, use high-speed interrupts. The CPU and
DMAC use the same data bus, but the DMAC has a higher bus access privilege than the CPU, and because
of the use of cycle-steeling, operations are performed at high-speed from the occurrence of a transfer
request until one word (16 bits) or 1 byte (8 bits) of data have been sent. Figure 1.11.1 shows the mapping
of registers used by the DMAC. Table 1.11.1 shows DMAC specifications. Figures 1.11.2 to 1.11.5 show the
structures of the registers used.

As the registers shown in Figure 1.11.1 is allocated in CPU, use LDC instruction when writing. When writing
to DCT2, DCT3, DRC2, DRC3, DMA2 and DMA3, set register bank select flag (B flag) to "1" and use MOV
instruction to set RO to R3, A0 and Al registers. When writing to DSA2 and DSAS, set register bank select
flag (B flag) to "1" and use LDC instruction to set SB and FB registers.

DMAC related register
DMDO | |
oYY ~ DMA mode register
Z
DCTO
DCTL DMA transfer count register
J
DRCO )
~ DMA transfer count reload register
DRC1 )
DMAO
DMAL DMA memory address register
DSA0 ]
DSAL >~ DMA SFR address register
/
DRAO
DMA memory address reload register
DRA1
When using three or more DMAC register channels When using three or more DMAC channels
The high-speed interrupt register is used as a DMAC The register bank is used as a DMAC register
register
DCT2 (R0) DMA2 transfer count register SVF Flag save register
DCT3 (R1) DMAS3 transfer count register DRAZ2 (SVP) DMA2 memory address reload register
DRC2 (R2) DMA?2 transfer count reload register DRAL (VCT) DMA3 memory address reload register
DRC3 (R3) DMAS3 transfer count reload register
DMA2 (AO DMA2 memory address register .
(A0) ) When using DMA2 and DMAS, use the CPU
DMAS3 (A1) DMA3 memory address register registers shown in parentheses.
DSA2 (SB) DMA2 SFR address register
DSA3 (FB) DMA3 SFR address register

Figure 1.11.1. Register map using DMAC

In addition to writing to the software DMA request bit to start DMAC transfer, the interrupt request signals
output from the functions specified in the DMA request factor select bits are also used. However, in contrast
to the interrupt requests, repeated DMA requests can be received, regardless of the interrupt flag.

(Note, however, that the number of actual transfers may not match the number of transfer requests if the
DMA request cycle is shorter than the DMR transfer cycle. For details, see the description of the DMAC
request bit.) see the description of the DMAC request bit.
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Table 1.11.1. DMAC specifications

Item Specification

No. of channels 4 (cycle steal method)

Transfer memory space « From any address in the 16 Mbytes space to a fixed address (16
Mbytes space)

« From a fixed address (16 Mbytes space) to any address in the 1 M

bytes space

Maximum No. of bytes transferred| 128 Kbytes (with 16-bit transfers) or 64 Kbytes (with 8-bit transfers)

DMA request factors (Note) Falling edge of INTO to INT3 or both edge

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to UARTA4 transmission and reception interrupt requests
A-D conversion interrupt requests

Software triggers

Channel priority DMAO > DMA1 > DMA2 > DMA3 (DMAQO is the first priority)

Transfer unit 8 bits or 16 bits

Transfer address direction forward/fixed (forward direction cannot be specified for both source and
destination simultaneously)

Transfer mode * Single transfer

Transfer ends when the transfer count register is "000016".

* Repeat transfer
When the transfer counter is "000016", the value in the transfer
counter reload register is reloaded into the transfer counter and the
DMA transfer is continued

DMA interrupt request generation timing| When the transfer counter register changes from "000116" to "000016".

DMA startup * Single transfer
Transfer starts when DMA transfer count register is more than
"000116" and the DMA is requested after “012” is written to the
channel i transfer mode select bits

* Repeat transfer
Transfer starts when the DMA is requested after “112” is written to the
channel i transfer mode select bits

DMA shutdown « Single transfer
When “002” is written to the channel i transfer mode select bits and
DMA transfer count register becomes "000016" by DMA transfer or
write

* Repeat transfer
When “002” is written to the channel i transfer mode select bits

Reload timing When the transfer counter register changes from "000116" to "000016" in
repeat transfer mode.
Reading / writing the register Registers are always read/write enabled.

Number of DMA transfer cycles |Between SFR and internal RAM : 3 cycles
Between external 1/0 and external memory : minimum 3 cycles

Note: DMA transfer is not effective to any interrupt.
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DMAI request cause select register (i = 0 to 3)(Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| |><| | | | | | | DMiSL 037816 to 037B16 0X0000002
boron o1 | Bitsymbol Bit name Function R W
e DMA request cause b4 b3 b2 bl b0 . |
1 ' 1 ' 1 ' 1 ' select bit 00000 : Software trigger !
e DSELO 0000 1: Falling edge of INTi pin (Note 3)] O + O
E E E E E E E E (Note 2) 000 10: Two edges of INTi pin (Note 3) ;
! : ! ! ! ! ! ! OOOll:TimerAO !
T T T T S T 00100: Timer Al '
E E E bmbmmtemdends 00101:Timer A2 w
oo 00110: Timer A3 '
DSELL 00111:Timer A4 % %
oo OlOOO:T!merBO !
' ' ' OlOOl:T!merBl :
o 01010: Timer B2 '
01011: Timer B3
o DSEL2 01100: Timer B4 0.0
' ' ' 01101:Timer B5 ) !
oo 01110 :UARTO transmit '
01111:UARTO receive
o 10000 : UART1 trangmit !
o 1000 1:UART1 receive w
DSEL3 10010 : UART2 transmit 6.0
oo 10011:UART2 receive_/ACK (Note 4) !
oo 10100:UART3 transmit ;
A 10101:UART3 recewe_/ACK (Note 4) !
oo 10110:UART4 transmit !
oo DSEL4 10111:UART4 rece!ve/ACK (Note 4) O:'0
oo 11000:A-D conversion !
P 11001to11111:Inhibit ;
o DSR Software DMA If software trigger is selected, a
I REEEEEEEEEEEE request bit (Note 5) DMA request is generated by 00
b setting this bit to “1” (When read, !
o the value of this bit is always “0”) !
b b e Nothing is assigned. o
When write, set "0". When read, the value of these bits is indeterminate.
. DRQ DMA request bit 0 : Not requested o o
(Note 5,6) 1: Requested ;
Note 1: Please refer to DMAC precautions.
Note 2: Set DMA inhibit before changing the DMA request cause. Set DRQ to "1"
simultaneously.
e.g.) MOV.B #083h, DMiSL ; Settimer AO
Note 3: DMAO-INTO, DMA1-INT1, DMA2-INT2, and DMA3-INT3 correspond to DMAi and
INTi. However, when INT3 pin becomes data bus in microprocessor mode, DMA3-
INT3 cannot be used.
Note 4: UARTI reception and ACK switching are effected using the UARTI special mode
register and UARTI special mode register 2.
Note 5: When setting DSR to "1", set DRQ to "1" using OR instruction etc. simultaneously.
e.g.) OR.B #0AOh, DMiSL
Note 6: Do not write "0" to this bit. There is no need to clear the DMA request bit.

Figure 1.11.2. DMAC register (1)
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DMAC

DMA mode register O
(CPU internal register)
b7 b6 b5 b4 b3 b2 bl b0 Symbol When reset
| | | | DMDO 0016
v+ o+ o+ | Bitsymbol Bit name Function R W
v v 1+ o+ | mpoo | Channel O transfer | bbo- .
A mode select bit 00 : DMA inhibit ©.0
[ A A 0 1: Single transfer ‘
. MDO1 10: Reserved |
P e T 1 1 : Repeat transfer o o
R BWO Channel 0 transfer | 0 : 8 bits o o
unit select bit 1: 16 bits ;
R RWO [ Channel O transfer | 0 : Fixed address to memory (forward direction) 00
oo direction select bit | 1 : Memory (forward direction) to fixed address
MD10 | Channel 1 transfer | 5504 -
Voo T mode select bit 00 : DMA inhibit @) ! @)
P 0 1: Single transfer !
N MD11 10: Reserved !
vy TTTTTTTmmmmmmTees 11 : Repeat transfer 0.0
____________________ BW1 Channel 1 transfer | O : 8 bits o o
: unit select bit 1:16 bits !
e Rw1 Channel 1 transfer | o : Fixed address to memory (forward direction) o o
direction select bit | 1 : Memory (forward direction) to fixed address !
DMA mode register 1
(CPU internal register)
b7 b6 b5 b4 b3 b2 bl b0 Symbol When reset
HEEEEEE N o0
v+ 1| Bit symbol Bit name Function R'W
v v+ 4 1 | D20 | Channel 2 transfer | btbo o
oo mode select bit | 0 0 : DMA inhibit 0.0
I 0 1: Single transfer .
L MD21 10 : Reserved o ! o
e 11 : Repeat transfer :
Lo BW?2 Channel 2 transfer | 0 : 8 bits o o
unit select bit 1 16 bits |
o RW2 | Channel 2 transfer | O : Fixed address to memory (forward direction) | o
v T direction select bit | 1 : Memory (forward direction) to fixed address
o MD30 | Channel 3 transfer [ bSb4 . |
P mode select bit 00: D_MA inhibit O . O
o 01 : Single transfer :
. MD31 10 : Reserved oo
o 11 : Repeat transfer !
o] BW3 Channel 3 transfer | 0 : 8 bits o o
' unit select bit 1 : 16 bits '
] RW3 Channel 3 transfer | 0 : Fixed address to memory (forward direction) | o
direction select bit | 1 : Memory (forward direction) to fixed address

80

Figure 1.11.3. DMAC register (2)
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DMAI transfer count register (i = 0 to 3)

; i Symbol Address
(CPU internal register) DeTo e
bis b0 DCT1 XXXX16
T DCT2 (bank 1 RO) (Note 1) 000016
| ' | DCT3 (bank 1 R1) (Note 1) 000016
. Transfer count !
E Function specification RIW

000016 to FFFF16 0.0

Set transfer number

* Transfer counter |

Note 1: When setting DCT2 and DCT3, set "1" to the register bank select
flag (B flag) of flag register (FLG), and set desired value to RO and
R1 of register bank 1.

Note 2: When "0" is set to this register, data transfer is not done even if DMA
is requested.

DMAI transfer count reload register (i = 0 to 3)

specification !

; ; Symbol Address
(CPU internal register) DRCO 00
b15 bo DRC1 XXXX16
. DRC2 (bank 1 R2) (Note 1) 000016
| ; | DRC3 (bank 1 R3) (Note 1) 000016
' . Transfer count !
! Function RI/W|

« Transfer count register reload value

Set transfer number 000016 to FFFF16 OO

Note: When setting DRC2 and DRC3, set "1" to the register bank select flag
(B flag) of flag register (FLG), and set desired value to R2 and R3 of
register bank 1.

Figure 1.11.4. DMAC register (3)
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DMAIi memory address register (i = 0, 1)

i i Symbol Address
(CPU internal register) DMAG XKL
DMA1 XXXXXX16
b3 bo DMA2 (bank 1 A0) (Note 1) 00000016
| : : | DMA3 (bank 1 A1) (Note 1) 00000016

Function

Transfer count !
specification !

* Memory address (Note 2)
Set source or destination memory address

00000016 to FFFFFF16
(16 Mbytes area) |

Note 1: When setting DMA2 and DMAS3, set "1" to the register bank select flag (B flag) of
flag register (FLG), and set desired value to AO and Al of register bank 1.
Note 2: When the transfer direction select bit is "0" (fixed address to memory), this register

is destination memory address.

When the transfer direction select bit is "1" (memory to fixed address), this register

is source memory address.

DMAI SFR address register (i = 0 to 3)

P P Symbol Address
(CPU internal register) DSAD OO0
DSA1 XXXXXX16
b23 . . bo DSA2 (bank 1 SB) (Note 1) 00000016
| i E DSAS3 (bank 1 FB) (Note 1) 00000016

Transfer count

specification RIW

Function

* SFR address (Note 2)
Set source or destination fixed address

00000016 to FFFFFF16

(16 Mbytes area) O:O

Note 1: When setting DSA2, set "1" to the register bank select flag (B flag) of flag register
(FLG), and set desired value to SB of register bank 1.
When setting DSA3, set "1" to the register bank select flag (B flag) of flag register
(FLG), and set desired value to FB of register bank 1.

Note 2: When the transfer direction select bit is "0" (fixed address to memory), this register
is destination fixed address.
When the transfer direction select bit is "1" (memory to fixed address), this register
is source fixed address.

DMAIi memory address reload register (i= 0, 1)

; ; Symbol Address
(CPU internal register) BRAG Nt
DRA1 XXXXXX16
028 . . 0o DRA2 (SVP) (Note) XXXXXX16
| : ' | DRA3 (VCT) (Note) XXXXXX16
i Functi Transfer count
unction specification RIW
_________ * Memory address register reload value 00000016 to FFFFFF16 |0
Set source or destination memory address (16 Mbytes area) !

Note: When setting DRA2, set desired value to save PC register (SVP).
When setting DRA3, set desired value to vector register (VCT).

Figure 1.11.5. DMAC register (4)
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(1) Transfer cycle
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination
write). The number of read and write bus cycles depends on the source and destination addresses. In
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de-
pends on the level of the BYTE pin. Also, the bus cycle itself is longer when software waits are inserted.

(a) Effect of source and destination addresses
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd
addresses, there are one more source read cycle and destination write cycle than when the source
and destination both start at even addresses.

(b) Effect of external data bus width control register

When in memory expansion mode or microprocessor mode, the transfer cycle changes according to

the data bus width at the source and destination.

1. When transferring 16 bits of data and the data bus width at the source and at the destination is 8
bits (data bus width bit = “0"), there are two 8-bit data transfers. Therefore, two bus cycles are
required for reading and two cycles for writing.

2. When transferring 16 bits of data and the data bus width at the source is 8 bits (data bus width bit
="“0") and the data bus width at the destination is 16 bits (data bus width bit = “1”), the data is read
in two 8-bit blocks and written as 16-bit data. Therefore, two bus cycles are required for reading
and one cycle for writing.

3. When transferring 16 bits of data and the data bus width at the source is 16 bits (data bus width bit
="1") and the data bus width at the destination is 8 bits (data bus width bit = “0"), 16 bits of data are
read and written as two 8-bit blocks. Therefore, one bus cycle is required for reading and two
cycles for writing.

(c) Effect of software wait
When the SFR area or a memory area with a software wait is accessed, the number of cycles is
increased for the wait by 1 bus cycle. The length of the cycle is determined by BCLK.

Figure 1.11.6 shows the example of the transfer cycles for a source read. Figure 1.11.6 shows the desti-
nation is external area, the destination write cycle is shown as two cycle (one bus cycle) and the source
read cycles for the different conditions. In reality, the destination write cycle is subject to the same condi-
tions as the source read cycle, with the transfer cycle changing accordingly. When calculating the transfer
cycle, remember to apply the respective conditions to both the destination write cycle and the source read
cycle. For example (2) in Figure 1.11.6, if data is being transferred in 16-bit units on an 8-bit bus, two bus
cycles are required for both the source read cycle and the destination write cycle.
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(1) 8-bit transfers
16-bit transfers from even address and the source address is even.

BCLK

Address -

bus CPU use Source Destination CPU use
RD signal

WR signal

bDS;a CPU use >< Source >< Destination >< CPU use

(2) 16-bit transfers and the source address is odd
Transferring 16-bit data on an 8-bit data bus (In this case, there are also two destination write cycles).

BCLK

Address o

bus CPU use Source Source +1 Destination CPU use
RD signal

WR signal

Data

bus CPU use >< Source ><Source + 1>< Destination >< CPU use

(3) One wait is inserted into the source read under the conditions in (1)

BCLK

Qggress CPU use >< Source >< Destination >< CPU use
RD signal

WR signal

Data -

bus CPU use Source Destination CPU use

(4) One wait is inserted into the source read under the conditions in (2)
(When 16-bit data is transferred on an 8-bit data bus, there are two destination write cycles).

BCLK

ﬁggress CPU use >< Source >< Source +1 >< Destination >< CPU use

RD signal

WR signal
Data -
bus CPU use Source Source + 1 Destination CPU use

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

Figure 1.11.6. Example of the transfer cycles for a source read
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(2) DMAC transfer cycles

Any combination of even or odd transfer read and write addresses is possible. Table 1.11.2 shows the

number of DMAC transfer cycles.
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 1.11.2. No. of DMAC transfer cycles

Transfer unit Bus width | Access address Single-chip mode Me,\r/rl}ggperépézgzg)rnmrg%%e
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 (DSi ="1") Odd 1 1 1 1
(BWi ="0") 8-bit Even — — 1 1
(DSi =“0") Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers (DSi ="1") Odd 2 2 2 2
(BWi =*“1") 8-bit Even — — 2 2
(DSi =“0") Odd — — 2 2
Coefficient j, k
Coefficient j Coefficient k
Internal memory | Internal ROM/RAM No wait 1 1
Internal ROM/RAM With wait 2 2
External memory | SFR area 2 2
Separate bus No wait 1 2
Separate bus One wait 2 2
Separate bus Two wait 3 3
Separate bus Three wait 4 4
Multiplex bus 3 3

DMA Request Bit
The DMAC can issue DMA requests using preselected DMA request factors for each channel as trig-
gers.
The DMA transfer request factors include the reception of DMA request signals from the internal periph-
eral functions, software DMA factors generated by the program, and external factors using input from
external interrupt signals.
See the description of the DMAI factor selection register for details of how to select DMA request factors.
DMA requests are received as DMA requests when the DMAI request bit is set to “1” and the channel i
transfer mode select bits are “01” or “11”. Therefore, even if the DMAI request bit is “1”, no DMA request
is received if the channel i transfer mode select bit is “00”. In this case, DMAI request bit is cleared.
Because the channel i transfer mode select bits default to “00” after a reset, remember to set the channel
i transfer mode select bit for the channel to be activated after setting the DMAC related registers. This
enables receipt of the DMA requests for that channel, and DMA transfers are then performed when the
DMAI request bit is set.
The following describes when the DMAI request bit is set and cleared.
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(1) Internal factors
The DMAI request flag is set to “1” in response to internal factors at the same time as the interrupt
request bit of the interrupt control register for each factor is set. This is because, except for software
trigger DMA factors, they use the interrupt request signals output by each function.
The DMAI request bit is cleared to "0" when the DMA transfer starts or the DMA transfer is in disable
state (channel i transfer mode select bits are "00" and the DMAI transfer count register is "0").

(2) External factors

These are DMA request factors that are generated by the input edge from the INTi pin (where i indi-
cates the DMAC channel). When the INTi pin is selected by the DMAI request factor select bit as an
external factor, the inputs from these pins become the DMA request signals.

When an external factor is selected, the DMAI request bit is set, according to the function specified in the
DMA request factor select bit, on either the falling edge of the signal input via the INTi pins, or both edges.
When an external factor is selected, the DMAI request bit is cleared, in the same way as the DMAI
request bit is cleared for internal factors, when the DMA transfer starts or the DMA transfer is in
disable state.

(3) Relationship between external factor request input and DMAI request flag, and DMA transfer timing
When the request inputs to DMAI occur in the same sampling cycle (between the falling edge of BCLK
and the next falling edge), the DMAI request bits are set simultaneously, but if the DMAI enable bits
are all set, DMAO takes priority and the transfer starts. When one transfer unit is complete, the bus
privilege is returned to the CPU. When the CPU has completed one bus access, DMAL transfer starts,
and, when one transfer unit is complete, the privilege is again returned to the CPU.
The priority is as follows: DMAO > DMA1 > DMA2 > DMA3.
Figure 1.11.7. DMA transfer example by external factors shows what happens when DMAO and DMA1
requests occur in the same sampling cycle.

In this example, DMA transfer request signals are input simultaneously from
external factors and the DMA transfers are executed in the minimum cycles.

DMAO ///////%
DMA1 \,// oy Bus

o priviledge
77770 7 | it
INTO B §
DMAO

request bit
INT1 |

DMA1

request bit

Figure 1.11.7. DMA transfer example by external factors
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Precautions for DMAC

(1) Do not clear the DMA request bit of the DMAI request cause select register.
In M16C/80, when a DMA request is generated while the channel is disabled (Note), the DMA transfer is
not executed and the DMA request bit is cleared automatically.
Note :The DMA is disabled or the transfer count register is "0".

(2) When DMA transfer is done by a software trigger, set DSR and DRQ of the DMAI request cause select
register to "1" simultaneously using the OR instruction.

e.g.) OR.B #0AOh, DMiSL ; DMISL is DMAI request cause select register

(3) When changing the DMAI request cause select bit of the DMAI request cause select register, set "1" to
the DMA request bit, simultaneously. In this case, the corresponding DMA channel is set to disabled. At
least 2 instructions are needed from the instruction to write to the DMAI request cause select bit to
enable DMA.

Example) When DMA request cause is changed to timer AO and using DMAQO in single transfer after DMA

initial setting

push.w RO ; Store RO register

stc DMDO, RO ; Read DMA mode register 0

and.b #11111100b, ROL ; Clear DMAQO transfer mode select bit to "00"
Idc RO, DMDO ; DMAQO disabled

mov.b #10000011b, DMOSL ; Select timer AO
; (Write "1" to DMA request bit simultaneously)

mov.b ROL, ROL ; Dummy cycle | Atleast 2 instructions are
or.b #00000001b, ROL ; Set DMAO single transfer f needed until DMA enabled.
Idc RO, DMDO ; DMAO enabled

pop.w RO ; Restore RO register

z MITSUBISHI
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Timer
There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(six). All these timers function independently. Figures 1.12.1 and 1.12.2 show the block diagram of timers.

Clock prescaler

XN () ° - f1 fca2
= * : Reset
Clock prescaler reset flag (bit 7
1/4 f3p ataddress 034116) set to “1”

f1 fg f32 fc32

» Timer mode
* One-shot mode

* PWM mode
—0 ¢ O\ I - Timer AQ interrupt
_ —O o} 1 Timer AO >
TAoN O —O
filter « Event counter mode

« Timer mode

* One-shot mode
Timer Al interrupt

/4
e, * PWM mode

° I
p—O Timer A1 >

an O— B H= |
ilter
» Event counter mode
77

Py
(@]
—

* Timer mode
* One-shot mode

« PWM mode
>—o) o Q\ I
- Timer A2
Noise |
TA2N () —o

Timer A2 interrupt

[
|

« Event counter mode

4\5

» Timer mode

* One-shot mode
Timer A3 interrupt

* PWM mode
o o Qx I
Timer A3 L
e |
O filter « Event counter mode

» Timer mode
* One-shot mode

* PWM mode
»—o) ¢} O\ 1
- p—O
raan O— B} T |
« Event counter mode

1

[e]

O
O
O
7>
O
O
O
2>
O
O
O
7>
O
O
O
7>
O
O
O

Timer A4 interrupt

|

Timer A4

Py
(@]
—

Timer B2 overflow

Figure 1.12.1. Timer A block diagram

38 z MITSUBISHI
ELECTRIC



Timer

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

xin (O

f1 fg f32 fc32

?

O
O

f1
f8

Clock prescaler

xcin ()

Clock prescaler reset flag (bit 7

fao ataddress 034116) set to “1”

Timer B2 overflow (to timer A count source)

» Timer mode

O

8o ()

Reset

fc32

¢ Noise ) b
2> filter ©

o\-PuIse width measuring mode
o | Timer BO

I—‘ Timer BO interrupt
———

« Event counter mode

000

» Timer mode

Timer B1 interrupt

OXPulse width measuring mode
o] { Timer B1

TB1IN Q

D—O}.

I—o—>

« Event counter mode

[eXeXNe]

» Timer mode

Timer B2 interrupt

OX-PuIse width measuring mode
o} Timer B2

tB2in ()

c»—o/o - o}
Noise
2> filter ©

-
|

« Event counter mode

« Timer mode

{:OO

83N )

Noise
filter

\Pulse width measuring mode
'} Timer B3

Timer B3 interrupt

|

« Event counter mode

» Timer mode

O
O
0—8)

TB4IN Q

Timer B4 interrupt

OXPuIse width measuring mode
o] | Timer B4

Noise
filter

le =

« Event counter mode

O
O
O

» Timer mode

Timer B5 interrupt

Ox-PuIse width measuring mode
o { Timer B5

85N )

¢ Noise g}
filter

I—c»—»

« Event counter mode

Figure 1.12.2. Timer B block diagram
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Timer A
Figure 1.13.1 shows the block diagram of timer A. Figures 1.13.2 to 1.13.4 show the timer A-related registers.
Except in event counter mode, timers AO through A4 all have the same function. Use the timer Ai mode
register (i = 0 to 4) bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer over flow.
* One-shot timer mode: The timer stops counting when the count reaches “0000,,".
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

Data bus high-order bits g
Clock source LI
selection « Timer Data bus low-order bits §
f1 o * One shot Low-order High-order
fs —o0\g * PWM o U 8 bits U 8 bits
f32 O * Timer Reload register (16) |
fczp—O (gate function) 7 7
« Event counter ~ LV
Polarity Counter (16) |
TAIN selection Clock selection Up count/down count
(i=0to4) Count start flag [Always down count exceptj
in event counter mode

(Address 034016)

TAI Addresses TAj TAk

Down count —Q Timer AO 034716 034616  Timer A4 Timer Al
External Timer A1 034916 034816 Timer AO Timer A2
trigger Up/down flag O Timer A2 034Bis 034A1s Timer Al Timer A3
Timer A3 034D16 034Cie6 Timer A2 Timer A4
(Address 03441¢) Timer A4 034Fis 034Eis  Timer A3 Timer AO

TB2 overfow —O

TAj overflow
(j =1—1. Note, however, that j = 4 when i = 0)

TAk overfow ——O
(k =i+ 1. Note, however, that k = 0 when i = 4)

TAiouT Pulse output
(i=0to4)
O | I Toggle flip-flop I

Figure 1.13.1. Block diagram of timer A

Timer Ai mode register

Symbol Address When reset
| "7| b6| *’5| b“| b | b2 | b1 b0 TAIMR(i=0 to 4) 035616 to 035A16 00000X002
L v 4+ 4+ 1+ 4 1 | Bitsymbol Bit name Function RIW
A TMODO ; .. | b1bo !
S A Operation mode select bit | 50" Timer mode 00
oor o e 0 1: Event counter mode .
Pooror e TMOD1 10: One—sho_t timer mod(_e T
[ N aa 11 : Pulse width modulation 0.0
R R (PWM) mode !
MRO This bit is invalid in M16C/80 series. 1
. Port output control is set by the function select registers A and B. O;O
N MR1 Function varies with each operation mode He)
 SREREEEEEE, MR2 0.0
I R RACRLECEEEEEE MR3 00
fTTTmmTTTTTTITT TCKo Count source select bit O‘JO
R REEEEEEE TCK1 (Function varies with each operation mode) 00

Figure 1.13.2. Timer A-related registers (1)
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Timer A

Timer Ai register (Note)
- " Symbol Address When reset
( b7) (bo)m bo TAO 034716,034616 Indeterminate
| TA1l 034916,034816 Indeterminate
| TA2 034B16,034A16 Indeterminate
' TA3 034D16,034C16 Indeterminate
! TA4 034F16,034E16 Indeterminate
E Function Values that can be set | R 3 W
"1 « Timer mode 000016 to FFFF16 OEO
Counts an internal count source |
 Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow O;O
* One-shot timer mode 000016 to FFFF16
Counts a one shot width X ;O
* Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 |y O
Functions as a 16-bit pulse width modulator !
* Pulse width modulation mode (8-bit PWM) 0016 to FE16
Timer low-order address functions as an 8-bit (Both high-order |x:O
prescaler and high-order address functions as an 8-bit and low-order
pulse width modulator addresses) !
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | TABSR 034016 0016
Bit symbol Bit name Function R'W
<{ TAOS Timer AO count start flag 0 : Stops counting 00
N TALS Timer Al count start flag 1: Starts counting e}fe)
R e TA2S Timer A2 count start flag OEO
(R TA3S Timer A3 count start flag ofo
(R TA4S Timer A4 count start flag O O
E  EREEEEEEEE T TBOS Timer BO count start flag 00
SRR EEEEE TB1S Timer B1 count start flag e
R — TB2S Timer B2 count start flag 0.0
Up/down flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | UDF 034416 0016
Bit symbol Bit name Function RW
v v v o TAOUD  |Timer AO up/down flag 0 : Down count 0o
- 1: Up count 7
oo e TALUD  [Timer A1 up/down flag 0.0
e - This specification becomes valid i
A TA2UD | Timer A2 up/down flag when the up/down flag content is o0
H H H H feemecenaad TA3UD Timer A3 up/down f|ag selected for Up/dOWn SWItChlng O:O
oy cause :
R EEEEEEEEE TA4UD | Timer A4 up/down flag 00
TA2P Timer A2 two-phase pulse | 0 two-phase pulse signal
[ i i i rocessing disabled X0
HE signal processing select bit p 9 > ‘
o 1: two-phase pulse signal .
R TASP | Timer A3 two-phase pulse processing enabled x'0
! signal processing select bit |
: - When not using the two-phase
e ] TA4pP Timer A4 two-phase pulse | pulse signal processing function, %'0
signal processing select bit | set the select bit to “0” !
Figure 1.13.3. Timer A-related registers (2)
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One-shot start flag

Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b0 ONSE 034216 0016
A T symbol Bit name Function RW
boiob 411 W TA0OS | Timer AO one-shot startflag | 1 : Timer start 00
— TA10S | Timer Al one-shot start flag When read, the value is *0 0.0
R TA20S | Timer A2 one-shot start flag ofo
] TA30S | Timer A3 one-shot start flag (e} (e}
S SO — TA40S | Timer A4 one-shot start flag 00
R TAZIE |z phase input enable bit |0 Invalid L
v 1: Valid !
R TAOTGL | Timer AO event/trigger b706 00
: select bit 0 0 : Input on TAOIN is selected (Note) !
; 0 1: TB2 overflow is selected ;
[ TAQTGH 10 : TA4 overflow is selected 00
11:TAL overflow is selected |

Note: Set the corresponding pin output function select register to 1/0 port, and
port direction register to “0”.

Trigger select register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TRGSR 034316 0016
i 4 4+ 4+ 1 1 1 .| Bitsymbol Bit name Function RIW
P A Timer Al event/trigger b1 bo !
Poron TALTGL select bit 00 : Input on TALi is selected (Note) |O'O
e 0 1: TB2 overflow is selected !
R TALTGH 1 0: TAO overflow is selected O:O
11:TA2 overflow is selected
Timer A2 event/trigger b3 b2
v e T TAZTGL select bit 0 0 : Input on TA2iN is selected (Note) O;O
R 0 1: TB2 overflow is selected ;
T TA2TGH 10: TA1 overflow is selected O:O
11: TA3 overflow is selected
S Timer A3 event/trigger b5 ba !
P TASTGL select bit 9% 00 : Input on TA3i is selected (Note)  |O:O
oo 0 1:TB2 overflow is selected ;
SRR TA3TGH 10: TA2 overflow is selected 00
I 11:TA4 overflow is selected |
Vo i i b7 b6 |
VooTTTTT T TA4TGL -srg?;il; Il/_)\létl event/trigger 0 0 : Input on TA4iN is selected (Note) |O'O
. 0 1:TB2 overflow is selected :
] TA4TGH 10 : TA3 overflow is selected 00
11:TAO overflow is selected !

Note: Set the corresponding port function select register to 1/O port, and port
direction register to “0”".

Clock prescaler reset flag

b7 Symbol Address When reset
.MMMMMMM CPSRF 034116 OXXXXXXX2
Bit symbol Bit name Function R/W
N Nothing is assigned. —i_
VT When write, set "0". When read, their contents are indeterminate. '
CPSR | Clock prescaler reset flag 0: No effect :
e 1: Prescaler is reset 0.0
(When read, the value is “0”) i

Figure 1.13.4. Timer A-related registers (3)
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(1) Timer mode

In this mode, the timer counts an internally generated count source. (See Table 1.13.1.) Figure 1.13.5
shows the timer Ai mode register in timer mode.

Table 1.13.1. Specifications of timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation * Down count

* When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio 1/(n+1) n: Setvalue

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | When the timer underflows

TAIIN pin function Programmable I/O port or gate input

TAiouT pin function Programmable 1/O port or pulse output (Setting by corresponding port function
select register and peripheral function select register)

Read from timer Count value can be read out by reading timer Ai register

Write to timer « When counting stopped

When a value is written to timer Ai register, it is written to both reload register
and counter

* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Select function * Gate function
Counting can be started and stopped by the TAIIN pin’s input signal

* Pulse output function
Each time the timer underflows, the TAiouT pin’s polarity is reversed

Timer Ai mode register

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

| | | o| | | | o| o| TAIMR(i=0 to 4) 035616 to 035A16 00000X002
oo : v Bit symbol Bit name Function RIW
i+ o+ 4 1 4 4 -1 TMODO |Operation mode b1b0 o0
: v o] T™MODL | select bit 0 0 : Timer mode 00
SR R MRO | This bit is invalid in M16C/80 series. |
b LR Port output control is set by the function select registers A and B. (O}®)
' MR1 Gate function select bit

b4 b3

0 X (Note 2): Gate function not available 00
(TAIIN pin is a normal port pin) |

' 1 0: Timer counts only when TAiN pinis| |

. MR2 held “L” (Note 2)

e ] 11 : Timer counts only when TAiN pinis [Q'O

held “H” (Note 2) !

D GEREECTEEEEEE MR3 0 (Must always be fixed to “0” in timer mode) 00
o . b7 b6 1
R ettt TCKO Count source select bit 00 f1 offe
' C 01:fs :
] TCK1 10:f32 !
11:fc32 O:O

Note 1: The bit can be “0” or “1".
Note 2: Set the corresponding port function select register to 1/0O port, and port
direction register to “0”.

Figure 1.13.5. Timer Ai mode register in timer mode
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(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer’s overflow. Timers A0 and Al can count a single-
phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase external signal. Table
1.13.2 lists timer specifications when counting a single-phase external signal. Figure 1.13.6 shows the timer Ai
mode register in event counter mode. Table 1.13.3 lists timer specifications when counting a two-phase
external signal. Figure 1.13.7 shows the timer Ai mode register in event counter mode.

Table 1.13.2. Timer specifications in event counter mode (when not processing two-phase pulse signal)

ltem Specification
Count source « External signals input to TAIIN pin (effective edge can be selected by software)
» TB2 overflows or underflows , TAj overflows or underflows
Count operation « Up count or down count can be selected by external signal or software

* When the timer overflows or underflows, it reloads the reload register con
tents before continuing counting (Note)

Divide ratio * 1/ (FFFF16 - n + 1) for up count
* 1/ (n + 1) for down count n : Set value

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | The timer overflows or underflows

TAIIN pin function Programmable I/O port or count source input

TAiouT pin function Programmable 1/O port, pulse output, or up/down count select input (Setting by
corresponding port function select register and peripheral function select register)

Read from timer Count value can be read out by reading timer Ai register

Write to timer * When counting stopped

When a value is written to timer Ai register, it is written to both reload register and counter
« When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)
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
Each time the timer overflows or underflows, the TAiouUT pin’s polarity is reversed

Note: This does not apply when the free-run function is selected.

Timer Ai mode register

: Counts external signal's falling edge !
select bit (Note 2) g 9€dge 160

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | 0 | | | | 0 | 1 | TAIMR(i=0 to 4) 035616 to 035A16 00000X002
Bit symbol Bit name Function RIW,
A TMODO Operation mode select bit | b1bo 0.0
- TMOD1 0 1 : Event counter mode (Note 1) [eXe)
A MRO This bit is invalid in M16C/80 series. 3
- Port output control is set by the function select registers A and B. 0.0
H : MR1 Count polarity o

o 1 : Counts external signal's rising edge

N MR2 Up/down switching 0 : Up/down flag's content OEO
cause select bit 1 : TAiouT pin's input signal (Note 3) |

o T MR3 0 (Must always be fixed to “0” in event counter mode) 00

R TCKO Count operation type 0 : Reload type OEO

: select bit 1 : Free-run type !

e TCK1 Invalid in event counter mode OEO
Can be “0” or “1” |

Note 1: In event counter mode, the count source is selected by the event / trigger
select bit (addresses 034216 and 034316).

Note 2: Valid only when counting an external signal.

Note 3: When an “L” signal is input to the TAiouT pin, the downcount is activated.
When “H”, the upcount is activated. Set the corresponding port function
select register to 1/0O port, and port direction register to “0”.

Figure 1.13.6. Timer Ai mode register in event counter mode
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Table 1.13.3. Timer specifications in event counter mode

Item Specification
Count source » Two-phase pulse signals input to TAiIN or TAIOUT pin
Count operation < Up count or down count can be selected by two-phase pulse signal

*When the timer overflows or underflows, the reload register content is
reloaded and the timer starts over again (Note)

Divide ratio e 1/ (FFFF16 - n + 1) for up count
* 1/ (n + 1) for down count n: Set value

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| Timer overflows or underflows

TAIIN pin function Two-phase pulse input

TAiouT pin function Two-phase pulse input (Setting by corresponding port function select register
and peripheral function select register)

Read from timer Count value can be read out by reading timer A2, A3, or A4 register

Write to timer « When counting stopped

When a value is written to timer A2, A3, or A4 register, it is written to both
reload register and counter

* When counting in progress
When a value is written to timer A2, A3, or A4 register, it is written to only
reload register. (Transferred to counter at next reload time.)

Select function * Normal processing operation
The timer counts up rising edges or counts down falling edges on the TAIIN
pin when input signal on the TAiouT pin is “H”

TAiouT J L
A LA LAY L]

(i=2,3) up Up Up  Down Down Down
count count count count count count

» Multiply-by-4 processing operation
If the phase relationship is such that the TAIiIN pin goes “H” when the input
signal on the TAiouT pin is “H”, the timer counts up rising and falling edges
on the TAiouT and TAIIN pins. If the phase relationship is such that the
TAIIN pin goes “L” when the input signal on the TAiouT pin is “H”, the timer
counts down rising and falling edges on the TAiouT and TAIIN pins.

TAiouT 3‘ U u U U L

Count up\zgll edges Count down all edges

TAi(Iil\i3’4) ﬂvﬂ ﬂ ﬂvn

Count up all edges Count down all edges

(when processing two-phase pulse signal with timers A2, A3, and A4)
Note: This does not apply when the free-run function is selected.

MITSUBISHI
ELECTRIC 95



Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timer A SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer Ai mode register
(When not using two-phase pulse signal processing)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | 0| | | | 0| 1| TAIMR(i=2 to 4) 035816 to 035A16 00000X002
A Bit symbol Bit name Function RIW
oo = TMODO | gperation mode select bit |12 00
[ TMOD1 0 1 : Event counter mode 00
S I MRO | This bitis invalid in M16C/80 series. 0o
T Port output control is set by the function select registers A and B. !
oo MR1 Count polarity 0 : Counts external signal's falling edges OEO
Vo select bit (Note 1) 1: Counts external signal's rising edges |~
______________ MR2 Up/down switching 0 : Up/down flag's content OEO
cause select bit 1: TAiouT pin's input signal (Note 2) !
R EREEEEEERE MR3 0 : (Must always be “0” in event counter mode) o0
. TCKO | Count operation type 0 : Reload type 00
! select bit 1: Free-run type
TCK1 ;:I(\;(;-epsg?r?ge g;(lesrzﬂs(l)%nal 0 : Normal processing operation O o
select bit (Note 3,4) 1 : Multiply-by-4 processing operation
Note 1: This bit is valid when only counting an external signal.
Note 2: Set the corresponding function select register A to I/O port, and port direction
register to “0”.
Note 3: This bit is valid for the timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0 "or “1”.
Note 4: When performing two-phase pulse signal processing, make sure the two-phase
pulse signal processing operation select bit (address 034416) is set to “1”. Also,
always be set the event/trigger select bit (address 034316) to “00".
Timer Ai mode register
(When using two-phase pulse signal processing)
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | O | 1 | 0 | 0| O | l | TAIMR(i=2 to 4) 035816 to 035A16 00000X002
P or oo v Bit symbol Bit name Function RIW
vov o0 4 o4 -1 TMODO | Operation mode select bit 81;0. Event count q 00
T R R TMOD1 : Event counter mode 00
o MRO This bit is invalid in M16C/80 series. (Note 1) OiO
oo T Port output control is set by the function select registers A and B. i
R MR1 0 (Must _always be “0” when using two-phase pulse signal OEO
Voo processing) !
S MR2 1 (Must always be “1” when using two-phase pulse signal OiO
oo processing) |
_________________ MR3 0 (Must always be “0” when using two-phase pulse signal OEO
i : processing) !
R TCKO Count operation type 0 : Reload type OEO
! select bit 1: Free-run type
: Two-phase pulse ) ] |
o] TCK1 processing operation 0 : Normal processing operation 00
select bit (Note 2)(Note 3) |1 : Multiply-by-4 processing operation !
Note 1: Set the corresponding function select register A to I/O port.
Note 2: This bit is valid for timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0” or “1".
Note 3: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 034416) is set to “1”. Also, always be
sure to set the event/trigger select bit (addresses 034216 and 034316) to “00”.

Figure 1.13.7. Timer Ai mode register in event counter mode
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» Counter Resetting by Two-Phase Pulse Signal Processing
This function resets the timer counter to “0” when the Z-phase (counter reset) is input during two-
phase pulse signal processing.
This function can only be used in timer A3 event counter mode, two-phase pulse signal processing,
free-run type, and multiply-by-4 processing. The Z phase is input to the INT2 pin.
When the Z-phase input enable bit (bit 5 at address 034216) is set to “1”, the counter can be reset by
Z-phase input. For the counter to be reset to “0” by Z-phase input, you must first write “000016” to the
timer A3 register (address 034D16 and 034C1s).
The Z-phase is input when the INT2 input edge is detected. The edge polarity is selected by the INT2
polarity switch bit (bit 5 at address 009C16). The Z-phase must have a pulse width greater than 1 cycle
of the timer A3 count source. Figure 1.13.8 shows the relationship between the two-phase pulse (A
phase and B phase) and the Z phase.
The counter is reset at the count source following Z-phase input. Figure 1.13.9 shows the timing at
which the counter is reset to “0”.

TA3ouT
(A phase) r

TA3IN |
(B phase)

camswes [ [T T[T

INT2 |
(Z phase) _—

The pulse must be wider than this width.

Note: Select rising edge.

Figure 1.13.8. The relationship between the two-phase pulse (A phase and B phase) and the Z phase
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TA30UT
(A phase)

TA3IN
(B phase)

camsoce _[| 11 11 T 1

INT2 (Note) 1
(Z phase) |

Count value X m ><m+1>< 1 >< 2 >< 3 >< 4 >< 5

*

Becoming "0" at this timing.

Note: Select rising edge.

Figure 1.13.9. The counter reset timing

Note that two timer A3 interrupt requests occur successively two times when timer A3 underflow
and INT2 input reload are happened at the same timing.
Do not use timer A3 interrupt request when this function is used.
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 1.13.4.) When a trigger occurs, the timer starts up and
continues operating for a given period. Figure 1.13.10 shows the timer Ai mode register in one-shot timer mode.

Table 1.13.4. Timer specifications in one-shot timer mode

Iltem Specification
Count source f1, fs, f32, fc32
Count operation  The timer counts down
< When the count reaches 000016, the timer stops counting after reloading a
new count
« If a trigger occurs when counting, the timer reloads a new count and restarts counting
Divide ratio 1/n  n:Setvalue
Count start condition < An external trigger is input

* The timer overflows

« The one-shot start flag is set (= 1)

Count stop condition * A new count is reloaded after the count has reached 000016
» The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TAIIN pin function Programmable I/O port or trigger input

TAiouT pin function Programmable 1/O port or pulse output (Setting by corresponding port function
select register and peripheral function select register)

Read from timer When timer Ai register is read, it indicates an indeterminate value

Write to timer * When counting stopped

When a value is written to timer Ai register, it is written to both reload
register and counter

« When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo
| | |0| | | |1|0| Symbol Address When reset

TAIMR(i=0to 4) 035616 to 035A16 00000X002

E ' ' ' ' ' ' ' Bit symbol Bit name Function Ri W
poror oo v TMODO [ operation mode select bit ;180_ One-shot f § 0.0
A T T A TMOD1 : One-shot timer mode 00
oo MRO  [This bitis invalid in M16C/80 series. :
oo e Port output control is set by the function select registers A and B. O}O
E E E E E MR1 External trigger select 0 : Falling edge of TAiN pin's input signal (Note 2) 3
P o oottt bit (Note 1) 1 : Rising edge of TAiIN pin's input signal (Note 2) O;O
E , , , MR2 Trigger select bit 0 : One-shot start flag is valid :
R, 1: Selected by event/trigger select (o))
P register !
R LRCEEECEEEE MR3 0 (Must always be “0” in one-shot timer mode) 0,0
B SERREEELEEELEEED TCKO | count source select bit |7 00
' 00:f1 |
' 01:fs ‘
"""""""""""" TCK1 10:f32 00
11:fcaz 1

Note 1: Valid only when the TAiIN pin is selected by the event/trigger select bit
(addresses 034216 and 034316). If timer overflow is selected, this bit can be “1” or “0”.
Note 2: Set the corresponding port function select register to /O port, and port direction
register to “0”.

Figure 1.13.10. Timer Ai mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.13.5.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.13.11 shows the
timer Ai mode register in pulse width modulation mode. Figure 1.13.12 shows the example of how a 16-bit pulse
width modulator operates. Figure 1.13.13 shows the example of how an 8-bit pulse width modulator operates.
Table 1.13.5. Timer specifications in pulse width modulation mode

Item Specification
Count source f1, fs, f32, fc32
Count operation * The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads a new count at a rising edge of PWM pulse and continues counting
 The timer is not affected by a trigger that occurs when counting

16-bit PWM « High level width n/fi n:Setvalue
» Cycle time (216-1) / fi fixed
8-bit PWM * High level width nX(m+1)/fi n:values set to timer Ai register's high-order address
« Cycle time (28-1)x (m+1)/fi m:values set to timer Ai register’s low-order address
Count start condition « External trigger is input

* The timer overflows
* The count start flag is set (= 1)

Count stop condition « The count start flag is reset (= 0)

Interrupt request generation timing | PWM pulse goes “L”

TAIIN pin function Programmable 1/O port or trigger input

TAIouT pin function Pulse output Two-phase pulse input (Setting by corresponding port function
select register and peripheral function select register)

Read from timer When timer Ai register is read, it indicates an indeterminate value

Write to timer « When counting stopped

When a value is written to timer Ai register, it is written to both reload
register and counter

* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | 1 | 1 | l| TAIMR(i=0to 4) 035616 to 035A16 00000X002
Bit symbol Bit name Function RIW
! TMODO | Operation mode b1 b0 00
o] TMODL1 select bit 11:PWM mode 0.0
R MRO This bit is invalid in M16C/80 series. 00
Port output control is set by the function select registers A and B. |
: MR1 External trigger select | o: Falling edge of TAin pin's input signal (Note 2) OEO
e bit (Note 1) 1: Rising edge of TAiIN pin's input signal (Note 2) |~!
_______________ MR2 Trigger select bit 0: Count start flag is valid OEO
1: Selected by event/trigger select register |
] MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO
select bit 1: Functions as an 8-hit pulse width modulator 1
Count source select bit | 2706
""""""""""" TCKO 00:f1 O;O
01:fs .
, TCK1 10:f32 |
""""""""""""" 11:fcs2 OEO

Note 1: Valid only when the TAIIN pin is selected by the event/trigger select bit
(addresses 034216 and 034316). If timer overflow is selected, this bit can be “1” or “0”".
Note 2: Set the corresponding port function select register to I/O port, and port direction
register to “0”.

Figure 1.13.11. Timer Ai mode register in pulse width modulation mode
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Condition : Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

1/fix(2*°-1)

Count source ‘ I ‘ I
TAIIN pin H } | }‘ _____________
input signal 'K 3 ;
H 1/fiXn

PWM pulse output “H” ‘ ‘
from TAiouT pin o | |
Timer Aiinterrupt ~ “1”
request bit wy

o e ____

fi: Frequency of count source \ /

(f1, f8, f32, fc32) Cleared to “0” when interrupt request is accepted, or cleared by software

Note: n = 000016 to FFFE16.

Figure 1.13.12. Example of how a 16-bit pulse width modulator operates

Condition : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAIIN pin input signal) is selected

1/fi X (m+1) X(@2%-1) :
Count source (Notel)

TAIN pin input signal ~ “H” —+

R

Underflow signal of
8-bit prescaler (Note2) .« »

|
%

1/fiX(Mm+1)Xn !
- I

PWM pulse output H

from TAiouT pin e w -
Timer Ai interrupt kS

request bit S

W

fi : Frequency of count source

(f, s, f32, fca2) Cleared to “0” when interrupt request is accepted, or cleaerd by software

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 FE16; n = 0016 to FE16.

Figure 1.13.13. Example of how an 8-bit pulse width modulator operates
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Timer B
Figure 1.14.1 shows the block diagram of timer B. Figures 1.14.2 and 1.14.3 show the timer B-related
registers. Use the timer Bi mode register (i = 0 to 5) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:

» Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts pulses from an external source or a timer overflow.

* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or
pulse width.

{ Data bus high-order bits

Clock source selection ) Data bus low-order bits S

] [Low-order 8 bits U High-order 8 bits
i —o « Timer A4 :
| Reload register (16) |

fs * Pulse period/pulse width measurement
—0 o p
f32 —o ] [ J l [
fcsa— o « Event counter Counter (16) |
A
TBiN Polarity switching Count start flag
(i=0to05) O— and edge pulse (address 034016)
Counter reset circuit ||

Can be selected in only
event counter mode

TBI Address TBj
TBj overflow  ——O Timer BO 035116 035016 Timer B2
( =i— 1. Note, however, Timer B1 035316 035216 Timer BO
j=2wheni=0, Timer B2 035516 035416 Timer B1
j=5wheni=3) Timer B3 031116 031016 Timer B5

Timer B4 031316 031216 Timer B3
Timer B5 031516 031416 Timer B4

Figure 1.14.1. Block diagram of timer B

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| TBIMR(i= 0to 5) 035B16 to 035D16 00XX00002

031B16to 031D16 ~ 00XX00002

t 00t 1t [ Bitsymbol Bit name Function R

+{ TMODO Operation mode select bit 8180: Timer mode (@] (@]
S A 0 1: Event counter mode
A TMOD1 1 0 : Pulse period/pulse width !
N measurement mode o .0
oo 11 : Inhibited |
] MRO Function varies with each operation mode (@) (@)
N MR1 O ' O
Voo MR2 o 0
. H H I (Note 1)1 ______
. X
oo (Note 2) |
DL e MR3 o | X
PRy TCKO  [Count source select bit O ! O
] TCK1 (Function varies with each operation mode) o ' o

Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 1.14.2. Timer B-related registers (1)
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Timer Bi register (Note) Symbol Address When reset
TBO 035116, 035016  Indeterminate
(b15) (b8) TB1 035316, 035216  Indeterminate
b7 b0 b7 b0 TB2 035516, 035416  Indeterminate
| TB3 031116, 031016 Indeterminate
1 TB4 031316, 031216  Indeterminate
! TB5 031516, 031416 Indeterminate
E Function Values that can be set REW
'===1 « Timer mode 000016 to FFFF16 OEO
Counts the timer's period
* Event counter mode 000016 to FFFF16 | _:
Counts external pulses input or a timer overflow O;O
* Pulse period / pulse width measurement mode
Measures a pulse period or width O;X
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
| | | | | | | | | TABSR 034016 0016
bo4on 4011 | Bitsymbol Bit name Function RW
-{ TAOS Timer AO count start flag 0 Stops counting 00
N h TA1S Timer Al count start flag 1: Starts counting 0.0
o] TA2S Timer A2 count start flag OEO
R R TA3S Timer A3 count start flag 00
Dol e TA4S | Timer A4 count start flag 0.0
ASGRCEEEEEEEE TBOS Timer BO count start flag 00
s TB1S Timer B1 count start flag OEO
L] TB2S Timer B2 count start flag 00
Timer B3, 4, 5 count start flag
b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
IZ $ $ $ $ :| TBSR 030016 000XXXXX2
Bit symbol Bit name Function RW
Nothing is assigned.
vy When write, set "0". When read, the value of these bits is indeterminate. -
TR TB3S Timer B3 count start flag 0 : Stops counting 00
b 1: Start ti 1
. TB4S Timer B4 count start flag arts counting 00
e TBSS | Timer B5 count start flag 00
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
CPSRF 038116 OXXXXXXX2
poronon oo 1| Bitsymbol Bit name Function RIW
¢+ i 4+ 41| Nothing is assigned. i
oo TT T When write, set "0". When read, the value of these bits is indeterminate.
: CPSR | Clock prescaler reset flag | 9 : No effect
] P 9 |1 Prescaler is reset 0.0
(When read, the value is “0”)

Figure 1.14.3. Timer B-related registers (2)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.14.1.) Figure 1.14.4
shows the timer Bi mode register in timer mode.

Table 1.14.1. Timer specifications in timer mode

ltem Specification
Count source f1, 18, f32, fC32
Count operation » Counts down

» When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio 1/(n+1) n: Setvalue

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | The timer underflows

TBIIN pin function Programmable 1/O port

Read from timer Count value is read out by reading timer Bi register
Write to timer * When counting stopped

When a value is written to timer Bi register, it is written to both reload register
and counter

* When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | 0 | 0 | TBiIMR(i=0to 5) 035B16 to 035D16 00XX00002
S N N S N S S - 031B16 to 031D16 00XX00002
Bit symbol Bit name Function R | W
T R T T TMODO . .. | btbo o O
A Operation mode select bit 00 : Timer mode :
e TMOD1 O ' O
e MRO Invalid in timer mode O . O
oo MR1 Can be “0” or “1” O ' O
oo MR2 0 (Fixed to “0” in timer mode ;i = 0, 3) (Nge 1)1 o
A Nothing is assiigned (i = 1, 2, 4, 5). X X
o When write, set "0". When read, its content is indeterminate.  |(Note 2),
Voo MR3 Invalid in timer mode. 1
T GGLGLETEEEEEEEE When write, set "0". When read in timer mode, its content is o i X
o indeterminate. !
E . Count source select bit b7b6 !
A RRRRRRERECEEEEEEE TCKO 00:f1 O O
: 01:fs :
e ] TCK1 10:f32 1
11:fc32 o 1 o

Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 1.14.4. Timer Bi mode register in timer mode
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.14.2.)
Figure 1.14.5 shows the timer Bi mode register in event counter mode.

Table 1.14.2. Timer specifications in event counter mode

ltem Specification

Count source * External signals input to TBiIN pin
Effective edge of count source can be a rising edge, a falling edge, or falling
and rising edges as selected by software

* TBj overflows or underflows

Count operation » Counts down

» When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio 1/(n+1) n : Set value

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | The timer underflows

TBIIN pin function Count source input (Set the corresponding function select register A to I/O port.)
Read from timer Count value can be read out by reading timer Bi register

Write to timer * When counting stopped

When a value is written to timer Bi register, it is written to both reload register
and counter

» When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | 0 | 1 | TBIMR(i =0to 5) 035B16to 035D16  00XX00002
I I N N I Bl 031B16 to 031D16  00XX00002
v 4 4 v 4 4+ 1| Bitsymbol Bit name Function R W
v or i i1 "1 TMODO | operation mode P et counter mod o 0
o i . Event counter mode i
poro i b0 L.l Tmopi1 | selectbit o 0
oo MRO Count polarity select |°3b2 ;
e bit (Notg 1) y 0 0 : Counts external signal's falling edges| O 'O
[ 0 1: Counts external signal's rising edges i
[ 1 0: Counts external signal's falling and !
Vo MR1 rising edges O 0
T 11 : Inhibited i
0 (Fixed to “0” in event counter mode; i = 0, 3 O |0
Dol MR | © (Fxedto 0"in event countermade: 10, S [
Voo TTTTTmmTmTTT Nothing is assigned (i =1, 2, 4, 5). X X
o When write, set "0". When read, its content is indeterminate. (Note 3).
MR3 Invalid in event counter mode. i
P TTmTmmmmmmsmmmees When write, set "0". When read in event counter mode, its o X
o content is indeterminate. !
e TCKO Invalid in event counter mode. o o
! Can be “0” or “1". !
TCK1 Event clock select 0 : Input from TBiIN pin (Note 4)
Rt 1: TBj overflow O 'O
(j=1i-1; however, j=2wheni=0, |
j=5wheni=3) i

Note 1: Valid only when input from the TBiIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1".
Note 2: Timer BO, timer B3.
Note 3: Timer B1, timer B2, timer B4, timer B5.
Note 4: Set the corresponding function select register A to 1/0 port, and port direction register to “0”.

Figure 1.14.5. Timer Bi mode register in event counter mode
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(3) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.14.3.)
Figure 1.14.6 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.14.7 shows the operation timing when measuring a pulse period. Figure 1.14.8 shows the operation
timing when measuring a pulse width.

Table 1.14.3. Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, 18, 32, fc32
Count operation * Up count

 Counter value “000016" is transferred to reload register at measurement
pulse's effective edge and the timer continues counting

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing |* When measurement pulse's effective edge is input (Note 1)

« When an overflow occurs. (Simultaneously, the timer Bi overflow flag
changes to “1". The timer Bi overflow flag changes to “0” when the count
start flagis “1” and a value is written to the timer Bi mode register.)

TBIIN pin function Measurement pulse input

Read from timer When timer Bi register is read, it indicates the reload register’s content
(measurement result) (Note 2)

Write to timer Cannot be written to

Note 1. An interrupt request is not generated when the first effective edge is input after the timer has started counting.
Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is input after the timer.

Timer Bi mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | 1 | 0 | TBIMR(i=0t0 5) 035B16t0 035D16  00XX00002

— 031B16 to 031D16  00XX00002
Cor B symbol Bit name Function R W
P i1 1 Y4 TMODO i b1.b0 o)
I . (S)e?:(';?tklj?’[n mode 1 0: Pulse period / pulse width .
Do ey TMOD1 measurement mode o' 0
b Lo MRO Measurement mode | % , !
o e select bit 0 0 : Pulse period measurement (Interval between o ! o
- . measurement pulse's falling edge to falling edge) !
HE H 0 1: Pulse period measurement (Interval between |
measurement pulse's rising edge to rising edge)
o ! MR1 10 : Pulse width measurement (Interval between !
o LT EY measurement pulse's falling edge to rising edge, o ! o
- and between rising edge to falling edge) |
b 11 : Inhibited !
HE ) - . . L o O
v MR2 0 (Fixed to “0” in pulse period/pulse width measurement mode; i = 0, 3) (Nob 2);
' ' ote 2),
E . Nothing is assigned (i = 1, 2, 4, 5). X ‘ X
- When write, set "0". When read, its content is indeterminate. (Note 3):
S MR3 Timer Bi overflow 0 : Timer did not overflow o ! %
o flag ( Note 1) 1: Timer has overflowed !
E E b7 b6 1
[ CLETCETEEREEPEE TCKO Count source 00:f1 o O
! select bit 01:fs !
: 10:f32 i
Frmmmmmmmmmmmmo e ekl 11:fc32 o ©

Note 1: The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value is written to the

timer Bi mode register. This flag cannot be set to “1” by software.
Note 2: Timer BO, timer B3.
Note 3: Timer B1, timer B2, timer B4, timer B5.

Figure 1.14.6. Timer Bi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source --

Measurement pulse

ransfer Transfer

—

indeterminate value) / (measured value)

—

transfer timing (Note 1) ! (N-; 1)
/ ote :/ ote

1 [ 1
Count start flag ;

Timing at which counter
reaches “000016"

Reload register+ counter | |_| |_|

Timer Bi interrupt "
request bit “r I_I_ ) r
. . / '
Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag 1

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.14.7. Operation timing when measuring a pulse period

Count source | --

Measurement pulse

I
I
I
. |
1 Transfer Transfer Transfer | Transfer |
L ig g ] I I I
. A (indeterminate | (measured value) (measured , (measured value)
. /0 value) / ‘/value) : 3
Reload register « counter |
I
]
I
|

transfer timing

‘/ (Note 1)/4(Note 1)

Timing at which counter
reaches “000016"

wpr | | |
Count start fla | i i
’ “0” | 1
Timer Bi interrupt “1” ‘ I i
request bit “r | »

A v !

Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag !

“qr --

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.14.8. Operation timing when measuring a pulse width
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Three-phase motor control timers’ functions
Use of more than one built-in timer A and timer B provides the means of outputting three-phase motor
driving waveforms.
Figures 1.15.1 through 1.15.3 show registers related to timers for three-phase motor control.

Three-phase PWM control register 0

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address ~ When reset
i INVCO 030816 0016
¢4 1| Bit symbol Bit name Description RI W
oo Effective interrupt output 0: A timer B2 interrupt occurs when the !
[ v INVOo polarity select bit timer A1 reload control signal is “0”. !
I - 1: A timer B2 interrupt occurs when the O, O
timer Al reload control signal is “1”. !
v ' Effective only in three-phase mode 1 !
Effective interrupt output 0: Not specified. 1
N : INVO1 specification bit 1: Selected by the effective interrupt o | o
b output polarity selection bit. |
[ Effective only in three-phase mode 1 ‘
Mode select bit 0: Normal mode |
H INVO! i
: 2 (Note 2) 1: Three-phase PWM output mode © ! o
Output control 0: Output disabled
: INVOs bit 1: Output enabled © ! ©
. Positive and negative 0: Feature disabled !
INVO4 phases concurrent L output| 1: Feature enabled O, O
disable function enable bit !
Positive and negative 0: Not detected yet o) | o
""""""""" INVOs phases concurrent L output| 1: Already detected ! (Note 1)
detect flag !
____________________ INVOs Modulation mode select 0: Triangular wave modulation mode o o
bit (Note 3) 1: Sawtooth wave modulation mode |
----------------------- INVO7 Software trigger bit 1: Trigger generated o 0
The value, when read, is “0". !

Note 1: No value other than “0” can be written.

Note 2: Selecting three-phase PWM output mode causes the dead time timer, the U, V, W phase output control circuits, and the
timer B2 interrupt frequency set circuit works.

For U, U, V, V, W and W output from P8o, P81, and P72 through P7s, setting of port function select register, peripheral
function select register and peripheral subfunction select regoster are required.

Note 3: In triangular wave modulation mode: The dead time timer starts in synchronization with the falling edge of timer Ai
output. The data transfer from the three-phase buffer register to the three-phase output shift register is made only once in
synchronization with the transfer trigger signal after writing to the three-phase output buffer register.

In sawtooth wave modulation mode: The dead time timer starts in synchronization with the falling edge of timer A
output and with the transfer trigger signal. The data transfer from the three-phase output buffer register to the three-
phase output shift register is made with respect to every transfer trigger.

Note 4: Set bit 1 of this register to "1" after setting timer B2 interrupt frequency set counter.

Three-phase PWM control register 1
b7 b6 b5 b4 b3 b2 bl b0

| Symbol Address When reset

N . INVC1 030916 XXX0X0002

: 1| Bit symbol Bit name Description R W

E E E E E i E Timer Al start trigger 0: Timer B2 overflow signal !

oo [ INV1o signal select bit 1: Timer B2 overflow signal, o' 0

oo ' signal for writing to timer B2 |

E : : : : : _____ Timer Al-1, A2-1, A4-1 0: Three-phase mode 0 1

E . _ . . INV11 control bit 1: Three-phase mode 1 © ' ©

E : : : : Dead time timer count 0 : Inhibit 1

A S INV12 - ‘

oo source select bit 1:f1/2 (Note) © | ©

___________ INV13 Carrier wave detect flag 0: Rising edge of triangular waveform |

o 1: Falling edge of triangular waveform

E ' ' ' INV14 Output porality control bit 0 : Low active |

S GREEEEE R : . O .0

R 1 : High active '

S S Noting is assigned.
When write, set "0". When read, their contents are "0". o ! o

Note : INV12 is valid when INVOes = 0 and INV11 = 1.

Figure 1.15.1. Registers related to timers for three-phase motor control
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Three-phase output buffer register 0 (Note)
b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
IDBO 030A16 0016
i 1 1| BitSymbol Bit name Function R W
. DUO U phase output buffer 0 | Setting in U phase output buffer 0 O O

Ve DUBO U phase output buffer 0 | Setting in U phase output buffer 0 00

N EEEr DVO V phase output buffer 0 | Setting in V phase output buffer 0 O O

----------- DVBO V phase output buffer 0 | Setting in V phase output buffer 0 OO

T ALY DWO W phase output buffer 0 | Setting in W phase output buffer 0 O:0

B LR DWBO W phase output buffer 0 | Setting in W phase output buffer 0 OO0

Feeeccccsccccsccsscccssasssccscace=aad

Nothing is assigned.
When write, set "0". When read, its content is "0". i

Note: When executing read instruction of this register, the contents of three-phase shift
register is read out.

Three-phase output buffer register 1 (Note)
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | IDB1 030B16 0016
t i | BitSymbol Bit name Function RIwW
P DU1 U phase output buffer 1 | Setting in U phase output buffer 1 00

A DUB1 U phase output buffer 1 | Setting in U phase output buffer 1 00

b eeeeaod DV1 V phase output buffer 1 | Setting in V phase output buffer 1 O 0

----------- DVB1 V phase output buffer 1 | Setting in V phase output buffer 1 OO0

T ALY DW1 W phase output buffer 1 | Setting in W phase output buffer 1 OO0

b DWB1 W phase output buffer 1 | Setting in W phase output buffer 1 00

e ——

Nothing is assigned.
"""""""""" When write, set "0". When read, its content is "0".

Note: When executing read instruction of this register, the contents of three-phase shift
register is read out.

Dead time timer
b7 b0

Symbol Address When reset
DOT 030C16 Indeterminate
Function Values that can be set | R W
b Set dead time timer 1to 255 ! 0
Timer B2 interrupt occurrences frequency set counter
o = Symbol Address When reset
ICTB2 030D16 Indeterminate
: Function Values that can be set [ R I W
L Set occurrence frequency of timer B2 1to 15 o 0
interrupt request

Note 1: When the effective interrupt output specification bit (INVO1: bit 1 at 030816) is set to
"1" and three-phase motor control timer is operating, do not rewrite to this register.
Note 2: Do not write to this register at the timing of timer B2 overflow.

Figure 1.15.2. Registers related to timers for three-phase motor control
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1

Timer Ai register (Note)

11 :TA3 overflow is selected |

TA3TGL | Timer A3 event/trigger | B554 '
It select bit 99 0 0 : Input on TA3IN is selected (Note) Olo
01:TB2 overflow is selected .
L e TA3TGH 10: TA2 overflow is selected 00

11 : TA4 overflow is selected

Symbol Address When reset
%5) (Bg) b7 b0 TAL 034916,034816 Indeterminate
| TA2 034B16,034A16 Indeterminate
| TA4 034F16,034E16 Indeterminate
! TB2 035516,035416 Indeterminate
E Function Values that can be set |R1W|
i  Timer mode 000016 to FFFF16 OEO
Counts an internal count source |
« One-shot timer mode 000016 to FFFF16 x O
Counts a one shot width !
Note: Read and write data in 16-bit units.
Timer Ai-1 register (Note)
“;15) (gg)b bo Symbol Address When reset
! i TALL 030316,030216  Indeterminate
| TA21 030516,030416 Indeterminate
' TA41 030716,030616 Indeterminate
E Function Values that can be set |RIW
R Counts an internal count source 000016 to FFFF16 ofo
Note: Read and write data in 16-bit units.
Trigger select register
b7 b6 b5 b4 b3 b2 bl po
Symbol Address When reset
| | | | | | | TRGSR 034316 0016
Bit symbol Bit name Function R'W
e ) . b1 b0 (
A bt TAITGL Ig;;i; ﬁi eventitrigger | . Input on TAL is selected (Note)  |O1O
A 0 1: TB2 overflow is selected -
oo ] TALTGH 1 0: TAO overflow is selected O:O
11:TA2 overflow is selected '
R TA2TGL | Timer A2 eventitrigger | P3b2 O:O
Voo select bit 0 0 : Input on TA2iN is selected (Note) |
0 1:TB2 overflow is selected
T TA2TGH 10: TA1 overflow is selected 0.0

_______________________ i i b7 b6 !
TAATGL IQ:;; ﬁ;{l event/trigger 00 : Input on TA4 is selected (Note) OO

0 1: TB2 overflow is selected
b e TA4TGH 10: TA3 overflow is selected 0.0
11 :TAO overflow is selected |

Note: Set the corresponding port function select register to 1/0 port, and port direction
register to "0".

Count start flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TABSR 034016 0016

Bit symbol Bit name Function R W
g E E E E E E . TAOS Timer AO count start flag 0 : Stops counting 00
N TA1S Timer Al count start flag 1: Starts counting 00
— TA2S Timer A2 count start flag O ©)
R TA3S Timer A3 count start flag O (e}
TN TA4S Timer A4 count start flag 0.0
S TBOS Timer BO count start flag 0.0
i R TB1S Timer B1 count start flag 0o
R TB2S Timer B2 count start flag OiO

Figure 1.15.3. Registers related to timers for three-phase motor control
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Three-phase motor driving waveform output mode (three-phase waveform mode)
Setting “1” in the mode select bit (bit 2 at 030816) shown in Figure 1.15.1 - causes three-phase waveform
mode that uses four timers A1, A2, A4, and B2 to be selected. As shown in Figure 1.15.4, set timers A1,
A2, and A4 in one-shot timer mode, set the trigger in timer B2, and set timer B2 in timer mode using the
respective timer mode registers.

Timer Ai mode register
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b0 TAIMR 035716 00000X002
| 0| 1| | | 1 | 0 | TA2MR 035816 00000X002
L TA3MR 035A16 00000X002
Bit symbol Bit name Function RfW
P11 1 % TMODO Operation mode b1 b0 _ o0
A T™MODL | select bit 1 0 : One-shot timer mode 00
P MRO | This bitis invalid in M16C/80 series. !
P T Port output control is set by the function select registers A and B. 0,0
e SRREREEE MR1 External trigger select Invalid in three-phase PWM waveform mode. [0
H bit |
R MR2 Trigger select bit 1: Selected by event/trigger select o:o
register !
------------------ MR3 0 (Must always be “0” in one-shot timer mode) 0,0
"""""""""" TCKO Count source select bit ba %6: f1 OiO
01:fs T
"""""""""""" TCK1 10:f32 00
11:fc3z !
Timer B2 mode register
Symbol Address When reset
bl Db bo bl b8 bE DL B0 TB2MR 035D16 00XX00002
of | [ofo]
Bit symbol Bit name Function RW
TMODO Operation mode select bit (b1b0 O}O
0 0 : Timer mode v
TMOD1 0.0
MRO Invalid in timer mode O.:O
MR1 Can be “0” or “1” 0.0
MR2 0 (Fixed to “0” in timer mode) O}O
MR3 Invalid in timer mode. |
When write, set "0". When read in timer mode, its content is O}X
indeterminate. '
Count source select bit ~ |°706 1
TCKO 00:f 0.0
01:fs
10:f32 |
TCKL 11:fc32 0.0

Figure 1.15.4. Timer mode registers in three-phase waveform mode
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Figure 1.15.5 shows the block diagram for three-phase waveform mode. In “L” active output polarity in
three-phase waveform mode, the positive-phase waveforms (U phase, V phase, and W phase) and
negative waveforms (U phase, V phase, and W phase), six waveforms in total, are output from P81, P72,
P73, P74, and P75 as active on the “L” level. Of the timers used in this mode, timer A4 controls the U
phase and U phase, timer Al controls the V phase and V phase, and timer A2 controls the W phase and
W phase respectively; timer B2 controls the periods of one-shot pulse output from timers A4, Al, and A2.
In outputting a waveform, dead time can be set so as to cause the “L” level of the positive waveform
output (U phase, V phase, and W phase) not to lap over the “L” level of the negative waveform output (U
phase, V phase, and W phase).

To set short circuit time, use three 8-bit timers sharing the reload register for setting dead time. A value
from 1 through 255 can be set as the count of the timer for setting dead time. The timer for setting dead
time works as a one-shot timer. If a value is written to the dead timer (030C16), the value is written to the
reload register shared by the three timers for setting dead time.

Any of the timers for setting dead time takes the value of the reload register into its counter, if a start
trigger comes from its corresponding timer, and performs a down count in line with the clock source
selected by the dead time timer count source select bit (bit 2 at 030916). The timer can receive another
trigger again before the workings due to the previous trigger are completed. In this instance, the timer
performs a down count from the reload register’s content after its transfer, provoked by the trigger, to the
timer for setting dead time.

Since the timer for setting dead time works as a one-shot timer, it starts outputting pulses if a trigger
comes; it stops outputting pulses as soon as its content becomes 0016, and waits for the next trigger to
come.

The positive waveforms (U phase, V phase, and W phase) and the negative waveforms (U phase, V
phase, and W phase) in three-phase waveform mode are output from respective ports by means of
setting “1” in the output control bit (bit 3 at 030816). Setting “0” in this bit causes the ports to be the high-
impedance state. This bit can be set to “0” not only by use of the applicable instruction, but by entering a
falling edge in the NMI terminal or by resetting. Also, if “1” is set in the positive and negative phases
concurrent L output disable function enable bit (bit 4 at 030816) causes one of the pairs of U phase and U
phase, V phase and V phase, and W phase and W phase concurrently go to “L”, as a result, the output
control bit becomes the high-impedance state.
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Figure 1.15.5. Block diagram for three-phase waveform mode

113

MITSUBISHI
ELECTRIC



Mitsubishi microcomputers

M16C/80 (144-pin version) group

Three-phase motor control timers’ functions SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
1

Triangular wave modulation
To generate a PWM waveform of triangular wave modulation, set “0” in the modulation mode select bit
(bit 6 at 030816). Also, set “1” in the timers A4-1, Al-1, A2-1 control bit (bit 1 at 030916). In this mode, each
of timers A4, A1, and A2 has two timer registers, and alternately reloads the timer register’s content to the
counter every time timer B2 counter’s content becomes 00001s. If “1” is set to the effective interrupt
output specification bit (bit 1 at 030816), the frequency of interrupt requests that occur every time the timer
B2 counter’s value becomes 000016 can be set by use of the timer B2 counter (030D16) for setting the
frequency of interrupt occurrences. The frequency of occurrences is given by (setting; setting 1 0).
Setting “1” in the effective interrupt output specification bit (bit 1 at 030816) provides the means to choose
which value of the timer Al reload control signal to use, “0” or “1”, to cause timer B2’s interrupt request to
occur. To make this selection, use the effective interrupt output polarity selection bit (bit O at 0308186).
An example of U phase waveform is shown in Figure 74, and the description of waveform output workings
is given below. Set “1” in DUO (bit 0 at 030A16). And set “0” in DUBO (bit 1 at 030Az16). In addition, set “0”
in DU1 (bit 0 at 030B16) and set “1” in DUB1 (bit 1 at 030B16). Also, set “0” in the effective interrupt output
specification bit (bit 1 at 030816) to set a value in the timer B2 interrupt occurrence frequency set counter.
By this setting, a timer B2 interrupt occurs when the timer B2 counter’s content becomes 000016 as many
as (setting) times. Furthermore, set “1” in the effective interrupt output specification bit (bit 1 at 030816),
set in the effective interrupt polarity select bit (bit O at 030816) and set "1" in the interrupt occurrence
frequency set counter (030D16). These settings cause a timer B2 interrupt to occur every other interval
when the U phase output goes to “H".
When the timer B2 counter’s content becomes 000016, timer A4 starts outputting one-shot pulses. In this
instance, the content of DU1 (bit 0 at 030B16) and that of DUO (bit O at 030A16) are set in the three-phase
output shift register (U phase), the content of DUB1 (bit 1 at 030B16) and that of DUBO (bit 1 at 030A16)
are set in the three-phase shift register (U phase). After triangular wave modulation mode is selected,
however, no setting is made in the shift register even though the timer B2 counter’s content becomes
00001s.
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (038F16, 038E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase shift register’s content is shifted one posi-
tion, and the value of DU1 and that of DUB1 are output to the U phase output signal and to U phase output
signal respectively. At this time, one-shot pulses are output from the timer for setting dead time used for
setting the time over which the “L” level of the U phase waveform doesn’t lap over the “L” level of the U
phase waveform, which has the opposite phase of the former. The U phase waveform output that started
from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot pulses
even though the three-phase output shift register’s content changes from “1” to “0” by the effect of the
one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, "0" already
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the "L"
level. When the timer B2 counter’s content becomes 000016, the timer A4 counter starts counting the
value written to timer A4-1 (030716, 030616), and starts outputting one-shot pulses. When timer A4 fin-
ishes outputting one-shot pulses, the three-phase shift register’s content is shifted one position, but if the
three-phase output shift register’'s content changes from “0” to “1” as a result of the shift, the output level
changes from “L” to “H” without waiting for the timer for setting dead time to finish outputting one-shot
pulses. A U phase waveform is generated by these workings repeatedly. With the exception that the
three-phase output shift register on the U phase side is used, the workings in generating a U phase
waveform, which has the opposite phase of the U phase waveform, are the same as in generating a U
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phase waveform. In this way, a waveform can be picked up from the applicable terminal in a manner in
which the "L" level of the U phase waveform doesn’t lap over that of the U phase waveform, which has the
opposite phase of the U phase waveform. The width of the “L” level too can be adjusted by varying the
values of timer B2, timer A4, and timer A4-1. In dealing with the V and W phases, and V and W phases,
the latter are of opposite phase of the former, have the corresponding timers work similarly to dealing with
the U and U phases to generate an intended waveform.

A carrier wave of triangular waveform

Carrier wave — g

Signal wave —m

Timer B2

Timber B2 interrupt occurres

Rewriting timer A4 and timer A4-1. .
{ Possible to set the number of overflows to generate an

interrupt by use of the interrupt occurrences frequency |

Trigger signal for P
'\ set circuit

timer Ai start : : o . NG :
(timer B2 overflow J'| |'| ﬂ |'| ﬂ\\ﬂ |'| ”

signal)
The three-phase

shift register
shifts in
synchronization
with the falling
edge of the A4
output.

Timer A4 output

Control signal for
timer A4 reload

U phase :
output signal a_[l//
G phase ;
output signal _l
U phase : ! : : i : '
(Note 1 R I
Uphase & ! l . !
e L e e
Dead tlirlne
Uphase | | : , .
(Note2) { _ S o !
Uphase | ] : P : . ;
e O e e e e e |
Dead time

INV13(Triangular wave
modulation detect flag)
(Note 3)

Note 2: When INV14="1" (output wave High active)
Note 3: Set to triangular wave modulation mode and to three-phase mode 1.

Figure 1.15.6. Timing chart of operation (1)
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Assigning certain values to DUO (bit 0 at 030A16) and DUBO (bit 1 at 030A16), and to DU1 (bit O at 030B16)
and DUB1 (bit 1 at 030B16) allows you to output the waveforms as shown in Figure 1.15.7, that is, to
output the U phase alone, to fix U phase to “H”, to fix the U phase to “H,” or to output the U phase alone.

A carrier wave of triangular waveform

Carrier wave 7\ /\
Signal wave —a : \/ : \/

Timer B2

i Rewriting timer A4 every timer B2 interrupt occurres.

o : §Timer B2 intérrupt occurres.
Trigger signal for | 5 i Rewriting three-phase buffer register.
timer Ai start I : N '

(timer B2 overflow_i-l ” ﬂ ﬂ |'| n |-| |-|

signal)

Timer A4 output

Control signal for l_— l |

timer A4 reload

U phase
output signal

U[tJhatse_ | _l |17'_| . ! : .

U phase
U phase P : o : : : :
Dead time

Note: Set to triangular wave modulation mode and to three-phase mode 1.

Figure 1.15.7. Timing chart of operation (1)
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Sawtooth modulation
To generate a PWM waveform of sawtooth wave modulation, set “1” in the modulation mode select bit (bit
6 at 030816). Also, set “0” in the timers A4, A1, and A2-1 control bit (bit 1 at 030916). In this mode, the
timer registers of timers A4, Al, and of A2 comprise conventional timers A4, A1, and A2 alone, and reload
the corresponding timer register’s content to the counter every time the timer B2 counter’s content be-
comes 000016. The effective interrupt output specification bit (bit 1 at 030816) and the effective interrupt
output polarity select bit (bit 0 at 030816) go nullified.
An example of U phase waveform is shown in Figure 75, and the description of waveform output workings
is given below. Set “1” in DUO (bit O at 030A16), and set “0” in DUBO (bit 1 at 030A16). In addition, set “0”
in DU1 (bit 0 at 030B16) and set “1” in DUB1 (bit 1 at 030B16).
When the timber B2 counter’s content becomes 000016, timer B2 generates an interrupt, and timer A4
starts outputting one-shot pulses at the same time. In this instance, the contents of the three-phase buffer
registers DU1 and DUO are set in the three-phase output shift register (U phase), and the contents of
DUB1 and DUBO are set in the three-phase output register (U phase). After this, the three-phase buffer
register’'s content is set in the three-phase shift register every time the timer B2 counter’s content be-
comes 00001s6.
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (034F16, 034E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase output shift register’s content is shifted one
position, and the value of DU1 and that of DUB1 are output to the U phase output signal and to the U
output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time
used for setting the time over which the “L” level of the U phase waveform doesn't lap over the “L” level of
the U phase waveform, which has the opposite phase of the former. The U phase waveform output that
started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot
pulses even though the three-phase output shift register’'s content changes from “1” to “0 "by the effect of
the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, 0 already
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the “L”
level. When the timer B2 counter’s content becomes 000016, the contents of the three-phase buffer
registers DU1 and DUO are set in the three-phase shift register (U phase), and the contents of DUB1 and
DUBO are set in the three-phase shift register (U phase) again.
A U phase waveform is generated by these workings repeatedly. With the exception that the three-phase
output shift register on the U phase side is used, the workings in generating a U phase waveform, which
has the opposite phase of the U phase waveform, are the same as in generating a U phase waveform. In
this way, a waveform can be picked up from the applicable terminal in a manner in which the “L” level of
the U phase waveform doesn’t lap over that of the U phase waveform, which has the opposite phase of
the U phase waveform. The width of the “L” level too can be adjusted by varying the values of timer B2
and timer A4. In dealing with the V and W phases, and V and W phases, the latter are of opposite phase
of the former, have the corresponding timers work similarly to dealing with the U and U phases to gener-
ate an intended waveform.
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A carrier wave of sawtooth waveform

Carrier wave ——i_5,

Signal wave —¢

Timer B2
Data transfer is madé from the three-
Intl rrupt lrr phase buffer register to the three-

) ) : : R € L:p ot(;cu els'e of ti Ad phase shift register in step with the
Tt_”gge;_s'%”i' for : e;W” ing e: vaid Imer Ad. i timing of the timer B overflow.

imer Ai star : : : : : : ' Co
(timer B2 overflow ﬂ : H / : \ ﬂ : I_l : l_l-
signal) 5 : : ; 5 : g Pt

The three-phase

Timer A4 output ) shift register

§ /shifts in
i |4 synchronization

with the falling
edge of timer A4.

U phase output
signal

U phase ' I l '

output signal

. A
L t [ [N N i_éé

- - > - > - - - > - > - > - —>

i

Dead time

G phase

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.15.8. Timing chart of operation (2)
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Setting “1” both in DUBO and in DUB1 provides a means to output the U phase alone and to fix the U
phase output to “H” as shown in Figure 1.15.9.

A carrier wave of sawtooth waveform

Carrier wave ——i_,,

Signal wave ~»

Timer B2
gterm_pt ochcurrels.  timer Ad Interrupt occurres. Data transfer is made from the three-
ewnt‘mg the value 0 timer A4. Rewntlmg the value of timer A4. phase buffer register to the three-
Trigger signal for : Rewriting three-phase | \ : phase shift register in step with the
timer Ai start : : output buffer register ! 5 5 timing of the timer B overflow.
(timer B2 overflow f ‘ H b
signal) ﬂ H \ ﬂ / ; ﬂ_

/

The three-phase
shift register shifts
in synchronization
' with the falling
d edge of timer A4.

Timer A4 output

U phase
output signal

u phase
output signal

U phase ! |

G phase

> > > e e Lo e

d

Dead time

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.15.9. Timing chart of operation (3)
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Serial I/O

Serial 1/0
Serial I/O is configured as five channels: UARTO to UART4.

UARTOto 4
UARTO to UART4 each have an exclusive timer to generate a transfer clock, so they operate independently
of each other.
Figure 1.16.1 and 1.16.2 show the block diagram of UARTi (i=0 to 4). Figures 1.16.3 and 1.16.4 show the
block diagram of the transmit/receive unit.
UARTI has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous serial 1/0
mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses 036016,
036816, 033816, 032816 and 02F816) determine whether UARTI is used as a clock synchronous serial 1/0 or
as a UART. Although a few functions are different, UARTO to UART4 have almost the same functions.
UART2 to UART4, in particular, are compliant with the SIM interface with some extra settings added in
clock-asynchronous serial I/O mode (Note). It also has the bus collision detection function that generates
an interrupt request if the TxD pin and the RxD pin are different in level.
Table 1.16.1 shows the comparison of functions of UARTO to UART4, and Figures 1.16.5 through 1.16.11
show the registers related to UARTI.
Note: SIM : Subscriber Identity Module

Table 1.16.1. Comparison of functions of UARTO to UART4

Function UARTO UART1 UART?Z2 UART3 UART4
CLK polarity selection PossibleMo€ )| possible(Note 1)| possibldNoe D) | possible™® ) | possible™e V)
LSB first/ MSB first selection| Possible Vo€ | possibleMoe )| possibldNo® 2 | possible™° ) | possible™*® 2
Continuous receive mode Possible M€ 1| possible™ote | possibldNote D | possible™® Y | possible™® Y
selection
Transfer clock output from |, qjple PossibleN°® )| |mpossible Impossible Impossible
multiple pins selection
Separate CTS/RTS pins Possible Impossible Impossible Impossible Impossible
Serial data logic switch Impossible Impossible PossibléN® ) | possible™?€ 4 | possible™® 4
Sleep mode selection PossibleMo® 3) | possible N 3) |mpossible Impossible Impossible
TxD, RxD 1/O polarity switch | Impossible Impossible Possible Possible Possible
TxD, RxD port output format | CMOS output | CMOS output | N-¢hannel open | o5 output | CMOS output

drain output

Parity error signal output Impossible Impossible Possible™ot 4) Possible™°® 4 | possible™ot 4
Bus collision detection Impossible Impossible Possible Possible Possible

Note 1: Only when clock synchronous serial I/O mode.
Note 2: Only when clock synchronous serial I/O mode and 8-bit UART mode.

Note 3: Only when UART mode.
Note 4: Using for SIM interface.
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(UARTO)
RxDO0 O ———QOTxDO0
UART reception i Receive
Clock source selection clock Transmit/
f1 o Bit rate Clock synchronous type TO ' control circuit receive
s Internal generator ] . unit
UART transmission ! Transmit
fez o 1/(no+ ! Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is selected)
:
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when éxternal clock is
CLKO poclgﬁty )/I selected)
LKO O+
reversing N
circuit
CTS/RTS disabled
CTS/RTS selected BTSN
P RTSo0
cTso/RTs0 O o~ <
Vee
b CTSIRTS disabled
CTSo0
? CTS/RTS separated
CTSO from UART1
(UART1)
RxD1 O ——O TxD1
UART reception Receive .
Clock source selection clock Transmi/
j ircui receive
f1 Bit rate Clock synchronous type ”O H control circuit unit
fs o Internal generator . T ]
UART transmission ! Transmit
faz o 1/(n1+1) U Transmission clock
External Clock synchronous type control circuit_|
Clock synchronous type
(when internal clock is slecled)
<
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
pc():lléﬁty selected)
CLK1 C reversing -
circuit I CTSIRTS disabled
CTS/RTS separated
CTS1/RTS1 °p M RTS1
/ CTSO/ CLKS1 Clock output pin VJC)C N
select switch CTS/RTS di I
CTS/RTS disabled CTS1
CTSo CTSO0 to UARTO
(UART2)
RXD2 O——r D polarity H pgl:\?ity L OTxD2
reversing circui reversing
Receive circuit
Clock source selection Ricelpt_ion it clock Transmit/
5 i Clock synchronous type o i control circui receive
fi Internal ggger?;'g)r ’—O . I unit
fa \O—O 1/ (n2+1 UART transmission | Transmit
fa2 ° Y Transmission | | clock
External Clock synchronous type control circuit
Clock synchronous type
(when internal clock is selected)
Q
Clock synchronous type Clock synchronous type
Em— (when internal clock is selected)  (when external clock is
CILK )/I selected)
polarity
CLK2 O reversing N
cireuit_ | CTS/RTS  CTS/RTS disabled
selected RTS2
CTS2/RTS2 O 00
N
Vce
O{O CTSIRTS disabled g5
nO : Values set to UARTO bit rate generator (BRGO)
nl: Values set to UARTL1 bit rate generator (BRG1)
n2 : Values set to UART2 bit rate generator (BRG2)

Figure 1.16.1. Block diagram of UARTI (i = 0 to 2)
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( ) RxD polarity D
RXD3 O—— reversing circuit N r(’eJ\?(le?gilri/g —OTxD3
- Receive circuit
Clock source selection Recelpt_|on | _clock Transmit/
; Clock synchronous type —o control circuit receive
f1 ° Internal 922;?;& Fo T unit
—-2O0 ] .
fs \0—0 UART transmission ‘ Transmit
fa2 ° 1/(n2+1) Q4,_| Transmission | |clock
External Clock synchronous type —o control circuit
Clock synchronous type
(when internal clock is selected)
:
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
CILK )/I selected)
O] polarity
CLK3 reversing N
cireutt | CTSIRTS  cTg/RTS disabled
selected RTS3
CTS3/RTS30O oo Y
Vce
Oi CTSIRTS disabled <72
( ) RxD polarity D
RxD4 O reversing circuit W rg\%?gitzg O TxD4
UART reception . Receive circuit
Clock source selection R?CEIP'F'OH it clock Transmit/
' control circui i
o i Clock synchronous type I receive
f1 Internal ggggraalte()r ’—O . I unit
f8 i N— 1/ (ol UART transmission | [ Transmit
fs2 o . Transmission clock
control circuit
External Clock synchronous type
Clock synchronous type
(when internal clock is selected)
Q
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
pt():lla_u"?ty )/I selected)
CLK4O reversing N
cireuit | CTSIRTS  CTS/RTS disabled
selected RTS4
CTS4/RTS40O oo <
Vce
O% CTSIRTS disabled 7,
n3: Values set to UART3 bit rate generator (BRG3)
n4 : Values set to UART4 bit rate generator (BRG4)

Figure 1.16.2. Block diagram of UARTI (i = 3, 4)
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Clock

PAR
disabled |YP®
O

RxDi O—4 5
PAR
enabled

UART

synchronous

Clock
synchronous type

UART (7 bits)
UART (8 bits)

UART (7 bits) UARTI receive register

UART (9 bits)

Clock
synchronous type

UART (8 bits)
UART (9 bits)

0

UARTI receive
buffer register

O§D8| |D7§D6§D5§D4§D3§D2§D1§Do|

Address 036616
Address 036716
Address 036E16
Address 036F16

| MSB/LSB conversion circuit |

Data bus high-order bits

Egs

Data bus low-order bits

PAR
enabled UART
Q

Clock
synchronous
type

| MSB/LSB conversion circuit |

L I
|D7§D6§D5§D4§D3§D2§D1§

UARTI transmit
buffer register

Do|

| Ds |

Address 036216
Address 036316
Address 036A16
Address 036B16

UART (8 bits)
UART (9 bits)

Clock synchronous

UART (9 bits) 0%

TxDi

UART (7 bits) UARTI transmit register

UART (7 bits)
UART (8 bits) X
SP: Stop bit

PAR: Parity bit

Clock synchronous
type

Figure 1.16.3. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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O
Reverse

X RxD data
RxDI O_‘

Clock
PAR

disabled | ype

PAR UART

enabled

synchronous

Clock
synchronous type
UART

(7 bits)

UART

(8 bits)

UART(7 bits) UARTI receive register

Clock

UART synchronous type

(9 bits)

0

UARTI receive
buffer register

O§D8| |D7§D6§D5§D4§D3§D2§D1§D0|

J\/L Address 033E16
Address 033F16

| Logic reverse circuit + MSB/LSB conversion circuitl ‘Address 032E16

[] Address 032F16
Address 02FE16

Data bus high-order bits Address 02FF16

Data bus low-order bits

PAR
enabled

UART

Clock
synchronous
type

GHE

| Logic reverse circuit + MSB/LSB conversion circuit|

(d

|D7§D6§D5§D4§D3§D2§D1§Do|

| Ds | UART2 transmit
buffer register
Address 033A16
Address 033B16
UART Address 032A16
(8 bits) Address 032B16
UART Address 02FA16
(9 bits) Address 02FB16
UART Clock
(9 bits) synchronous type

UART(7 bits) UARTI transmit register

synchronous type

Error signal output
disable

No reverse

o .
Error signal o TxD data QO TxDi
output circuit © reverse circuit

Error signal output Reverse

enable
SP : Stop bit
PAR : Parity bit
i 12t04

Figure 1.16.4.

Block diagram of UARTI (i = 2 to 4) transmit/receive unit
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(b15)
b7

(b15)
b7

b7

0 : No error
1 : Error found

i i i Symbol Address When reset
UARTI transmit buffer register uoTB 036316, 036216 Indeterminate
o bo u1TB 036B1s, 036A1s  Indeterminate
u2TB 033B16, 033A16 Indeterminate
u3TB 032B16, 032A16 Indeterminate
: : U4TB 02FBz1s, 02FA16 Indeterminate
Function R/W
feeemeeenaes ... Transmit data X 0
Nothing is assigned. H
""""""""""""""" When write, set "0". When read, their contents are indeterminate. -
UARTI receive buffer register Symbol Address When reset
(b8) UORB 036716, 036616 Indeterminate
b0 b7 b0 U1RB 036F16, 036E16 Indeterminate
U2RB 032F16, 032E16 Indeterminate
- - U3RB 032F16, 032E16 Indeterminate
' : U4RB 02FF16, 02FE1s Indeterminate
Bt Bit name (During c'I:oL::rl](C;i;/)r?chronous Function RIW
symbol serial 1/0 mode) (During UART mode)
EERRRhhhhhhh bbb el — — Receive data Receive data O X
Nothing is assigned.
""""""""""""" When write, set "0". When read, the value of these bits is “0". -
----------------------------- ABT | Arbitration lost detecting 0 : Not detected Invalid O: 1)
flag (Note 2) 1 : Detected
______________________________ OER | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error O x
1: Overrun error found 1 : Overrun error found !
.............................. FER | Framing error flag (Note 1) | Invalid 0 : No framing error O: X
1 : Framing error found
.............................. PER |Parity error flag (Note 1) | Invalid 0 : No parity error O X
1 : Parity error found |
............................................ SUM | Error sum flag (Note 1) Invalid O X

UARTI bit rate generator

b0

Note 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses
036016, 036816, 033816, 032816 and 02F816) are set to “0002" or the receive enable bit is set to
“Q.
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0”
when the lower byte of the UARTI receive buffer register (addresses 036616, 036E16, 033E1s,
032E16 and 02FEus) is read out.

Note 2:

Arbitration lost detecting flag is allocated to U2RB, U3RB and U4RB and noting but “0” may

be written. Nothing is assigned in bit 11 of UORB and U1RB. When write, set "0". When read,
the value of this bit is “0”".

n+1

Symbol Address When reset
UOBRG 036116 Indeterminate
U1BRG 036916 Indeterminate
U2BRG 033916 Indeterminate
U3BRG 032916 Indeterminate
U4BRG 02F916 Indeterminate
Function Values that can be set R'W
T
Assuming that set value = n, BRGi divides the count source by 0016 to FF16 X :O

Figure 1.16.5. Serial I/O-related registers (1)
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 036016, 036816 0016
. Function i !
R - Bit . . Function !
Do bbb symbol Bit name (During (;Iock synchronous (During UART mode) R :W
[ serial I/O mode) i
N T . .| Must be fixed to 001 62160
e Serial /0 mode select bit b2 b1 b0 100 : Transfer data 7 bits long |O:O
A 000 : Serial I/O invalid 101 : Transfer data 8 bits long |
v | SMD1 010 : Inhibited 11 0: Transfer data 9 bits long |
ol 01 1: Inhibited 000 : Serial /O invalid 0.0
[ T R R 111: Inhibited 010 Inhibited ‘
] SMD2 01 1: Inhibited !
oo 11 1: Inhibited O:O
o CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock OEO
Vor o select bit 1: External clock (Note 2) 1 : External clock i
R RRREEE STPS | stop bit length select bit | Invalid 0 : One stop bit 00
v 1 : Two stop bits |
L P PRY | Odd/even parity select bit| Invalid Valid when bit 6 = 1"
b 0: Odd parity 0,0
b 1: Even parity |
e SGGLEEETTIEEEREE PRYE | Parity enable bit Invalid 0 : Parity disabled 00
H 1: Parity enabled !
A SLEP | Sleep select hit Must always be “0” 0 : Sleep mode deselected 00
1: Sleep mode selected 0
Note 1: Select CLK output by the corresponding function select registers A, B and C.
Note 2: Set the corresponding function select register A to the I/O port.
UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UiMR (i=2 to 4) 033816, 032816, 02F816 0016
T R Bit Function Function i
Bit name (During clock synchronous ) RIW
A A symbol serial 1/0 mode) (During UART mode) :
bbb om0 | een . . :
A Serial /O mode select bit '\iifsobe fixed to 001 100 : Transfer data 7 bits long |O1O
- R T . . . . 101 : Transfer data 8 bits long .
A e YO 000: Serial I/ invalid 110: Transfer data 9 bits long |
o 010: (Note) L ra ata < 00
A T Inhihi 000 : Serial /O invalid !
R B 011 : Inhibited e !
Dol 111 : Inhibited 010 Inhibited :
A SMDz2 011 Inhibited olo
oo 11 1: Inhibited i
e CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock oo
oo select bit 1: External clock (Note 3) 1: External clock !
Pl e STPS | stop bit length select bit | Invalid 0 : One stop bit o) 1)
v 1 : Two stop bits !
AT PRY | Odd/even parity select bit| Invalid Valid when bit 6 = 1" !
b 0 : Odd parity 0.0
v 1: Even parity !
Pt o PRYE | Parity enable bit Invalid 0: Parity disabled 00
H 1 : Parity enabled |
e joPoL | TxD, RxD I/O polarity 0 : No reverse 0 : No reverse !
reverse bit 1: Reverse 1: Reverse 00
Usually set to “0” Usually set to “0” !

Note 1: Bit 2 to bit 0 are set to “0102” when I2C mode is used.
Note 2: Select CLK output by the corresponding function select registers A, B and C.
Note 3: Set the corresponding function select register A to the 1/O port.

Figure 1.16.6. Serial I/O-related registers (2)
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Serial I/0O

UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0
| | Symbol Address When reset
UiCo(i=0,1) 036416, 036C16 0816
R - Function : 1
H Bit . ’ Function |
' 1 ' 1 ' 1 1 ' ) R | W
L4 4 4 4 4 4 1| symbol Bit name (Durlr;%r?;?ﬁrosynngggnous (During UART mode) !
T b1 b0 b1 b0 !
¢+ v ¢+ v+ -1 CLKO | BRG count source 00:fLis selected 00:fLis selected OEO
A select bit 01:fsis selected 01:fsis selected s
v o weed CLKL 10:fs2is selected 10:f32is selected 0'0
Poor o 11 : Inhibited 11 : Inhibited |
E l I I I I ATa/DTe ) Valid when bit 4 = “0” Valid when bit 4 = “0” )
e CRS | CTS/RTS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O:O
oo select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) |
TXEPT | Transmit register empty |°° Eeztiztge:ﬂr‘;:g f:?ﬁ:mi'ision) 0 : Data present in transmit register | |
T T S fla ) ) h (during transmission) |
oo 9 1:No _d?ta rtJresent_ in ransmit | ; . No data present in transmit 0 X
oo register (transmission register (transmission completed) |
voor o completed) I
o ] ATepTe o " 0 : CTS/RTS function enabled | 0 : CTS/RTS function enabled !
A CRD | CTS/RTS disable bit |} “Cre/RTS function disabled | 1 - CTS/RTS function disabled 00
E E : i 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output |
Vo TTTTTTTT Tt NCH | Data output select bit 1: TXDi pin is N-channel 1: TXDi pin is N-channel 00
Vo open drain output open drain output 3
P CKPOL | CLK polarity select bit |0+ Transmit datais outputat | myst always be “0” f
o falling edge of transfer clock |
R and receive data is input at |
' rising edge |
' 1: Transmit data is output at o | ©
! rising edge of transfer clock |
! and receive data is input at |
' falling edge |
] UFORM |Transfer format select bit |0 : LSB first M I “y o o
1: MSB first ust always be "0 !
Note 1: Set the corresponding function select register A to 1/O port, and port direction register to “0”.
Note 2: Select RTS output using the corresponding function select registers A and B.
UART?2 transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
u2Co 033C16 0816
E ‘ ' ' ‘ ' ‘ ' Bit Function Function
' ' ' ' ' ' ' ' ; ; i R'W
D symbol Bit name (buring clock synchronous | (pying UART mode) |
[ A b1 b0 b1 bo 3
¢+ 1 4 o 4 CLKO | BRG countsource 00:f1is selected 00:f1is selected 00
A select bit 01:fsis selected 01:fsis selected ;
S e 10:f32is selected 10:f32is selected 00
oo 11 : Inhibited 11 : Inhibited |
E E E E E E Aro/DTG . Valid when bit 4 = 0" Valid when bit 4 = “0” 3
Voo T CRS | CTS/RTS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (OO
oo select bit 1:RTS function is selected (Note 2) | 1: RTS function is selected (Note 2) | !
A ] ) 0 : Dat: tin t it ; it reqi !
oo TXEPT | Transmit register empty reZiitge(Zirrlir:g trr:rTsSrTilssion) OZ(Dda‘? pr‘fsem'r.‘”?”im" register |
T T S — ) i ‘ uring transmission !
voror flag 1:No .d?ta ;;resentl |nltransm|t 1: No data present in transmit o | X
oo register (transmission register (transmission completed) |
. completed) :
o RD | CTS/RTS disable bi 0: CTS/RTS function enabled | 0: CTS/RTS function enabled !
R ¢ CTS/RTS disable bit 1: CTS/RTS function disabled | 1: CTS/RTS function disabled 0 ! 0
] Nothing is assigned. i
When write, set “0”. When read, the value of this bit is “0". |
E E - . 0 : Transmit data is output at anyr 3
. CKPOL | CLK polarity select bit falling edge of transfer clock Must always be *0 !
o and receive data is input at !
[ S rising edge !
' 1 : Transmit data is output at 0.0
' rising edge of transfer clock !
' and receive data is input at !
' falling edge !
] UFORM |Transfer format select bit [0 : LSB first 0: LSB first OEO
(Note 3) 1: MSB first 1: MSB first |
Note 1: Set the corresponding function select register A to 1/O port, and port direction register to “0”.
Note 2: Select RTS output using the corresponding function select registers A and B.
Note 3: Only clock synchronous serial I/O mode and 8-bit UART mode are valid.

Figure 1.16.7. Serial I/O-related registers (3)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Serial |/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0

| | Symbol Address When reset
UiC0(i=3,4) 032C16, 02FC16 0816

E E E E E E E E ; Function ) !
R R Bit Bit name (During clock synchronous _ Function RIW
P [y serial /0 mode) (Buring UART mode) :
A o160 b160 :
¢ 1 ¢ 1 1 1 1 CLKO | BRG countsource 00:f1is selected 00:f1is selected 0,0
. select bit 01:fsis selected 01:fsis selected
Coror o ] CLKL 10:fs2is selected 10:fs2is selected 00
. 11 : Inhibited 11 : Inhibited !
— == ) Valid when bit 4 = *0" Valid when bit 4 = 0" :
(A S CRS CTS/RT_S function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O O
Coor o select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) !
E 5 5 E E : f 0 : Data present in transmit . ; . ; !
N TXEPT ]:Il';ansmlt register empty | " eister (during transmission) | © aﬁﬁn%rff;rgn'ﬁst;%:;m't register ;
E E E E 9 1 Nold?ta rtJresentl in transmit | 4 - No data present in transmit o 1 X
. L%%]spgé(;\nsmlssmn register (transmission completed) !
~ro/BTa A : 0: CTS/RTS function enabled | 0 : CTS/RTS function enabled |
R CRD | CTS/RTS disable bit 1: CTS/RTS function disabled | 1 : CTS/RTS function disabled o 3 o
Vo] NCH | Data output select bit 0: TXDi pin is CMOS output 0: TXDi pin is CMOS output
- 1: TXDi pin is N-channel 1: TXDi pin is N-channel o0
- open drain output open drain output |
E E . . 0 : Transmit data is output at Must always be “0” 1
P CKPOL | CLK polarity select bit falling edge of transfer clock y! :
SR and receive data is input at 1
! rising edge !
! 1: Transmit data is output at o ' o
' rising edge of transfer clock '
' and receive data is input at '
! falling edge !
PP UFORM | Transfer format select bit | O : LSB first 0 : LSB first 00

(Note 3) 1: MSB first 1: MSB first i

Note 1: Set the corresponding function select register A to I/O port, and port direction register to “0".
Note 2: Select RTS output using the corresponding function select registers A and B.
Note 3: Valid only in clock syncronous serial I/O mode and 8 bits UART mode.

Figure 1.16.8. Serial I/O-related registers (4)
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Serial I/0O

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit/receive control register 1

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address When reset
| | | UiC1(i=0,1) 036516,036D16 0216

A ] Function . |
- Bit . ; Function I
R N Bit name (During clock synchronous ! RIW|
b symbol serial /0 mode) (During UART mode) |
TE Transmit enable bit : Transmission disabled | 0 : Transmission disabled OEO
A : Transmission enabled | 1 : Transmission enabled !
Tl Transmit buffer : Data present in 0 : Data present in
e empty flag transmit buffer register transmit buffer register ofx
- : No data present in 1: No data present in !
R transmit buffer register transmit buffer register !
N RE Receive enable bit : Reception disabled 0 : Reception disabled 00
[ T : Reception enabled 1: Reception enabled
RI Receive complete flag : No data present in 0 : No data present in
R receive buffer register receive buffer register O'X
- : Data present in 1: Data present in !
o receive buffer register receive buffer register !
______________ Nothing is assigned. _f_

When write, set "0". When read, the value of these bits is “0". |
UARTI transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset

| | | | | | | | | UiC1 (i=2 to 4) 033D16, 032D16, 02FD16 0216
P A _ Function ' :
- Bit . ; Function |
R N Bit name (During clock synchronous ! RIW,|
b symbol serial /0 mode) (During UART mode)
TE Transmit enable bit : Transmission disabled | 0 : Transmission disabled O:O
A : Transmission enabled | 1 : Transmission enabled
TI | Transmit buffer : Data present in 0 : Data present in
[ empty flag transmit buffer register transmit buffer register O'X
- : No data present in 1: No data present in !
R transmit buffer register transmit buffer register
R N RE | Receive enable bit : Reception disabled 0 : Reception disabled OEO
[ T : Reception enabled 1: Reception enabled !
RI Receive complete flag : No data present in 0 : No data present in
R receive buffer register receive buffer register O'X
o : Data present in 1: Data present in |
o receive buffer register receive buffer register
E ‘ : : UIIRS | UARTI transmit interrupt : Transmit buffer empty | 0 : Transmit buffer empty i
[ S cause select bit (TI=1) (T1=1) 00
[ : Transmit is completed | 1 : Transmit is completed !
o (TXEPT =1) (TXEPT = 1) !
UIRRM | UARTI continuous : Continuous receive Must be fixed to “0”
[ receive mode enable bit mode disabled oio
HE : Continuous receive |
b mode enabled
o] UILCH | Data logic select bit : No reverse 0: No reverse OEO
i : Reverse 1:Reverse !
] UIERE | Error signal output Must be fixed to “0” 0 : Output disabled OEO
enable bit 1: Output enabled |

Figure 1.16.9. Serial I/O-related registers (5)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Serial |/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| UCON 037016 X00000002

. - Function ] T
. Bit : ) Function |
T R TR SR Bit name (During clock synchronous . RIW|
symbol serial 1/0 mode) (During UART mode) !
Vv 4 1 v 1+ 1 1| UOIRS |UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (Tl = 1) |
T interrupt cause select bit | 1: Transmission completed 1 : Transmission completed 0.0
A (TXEPT = 1) (TXEPT = 1)
U1IRS | UART1 transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI=1) | _!
S interrupt cause select bit | 1: Transmission completed 1: Transmission completed O;O
A (TXEPT = 1) (TXEPT = 1) !
UORRM | UARTO continuous 0 : Continuous receive Must be fixed to “0”
A T S receive mode enable bit mode disabled 0.0
e 1: Continuous receive |
R A mode enable |
- U1RRM | UART1 continuous 0 : Continuous receive Must be fixed to “0”
PR receive mode enable bit mode disabled 00
P 1 : Continuous receive !
oo mode enabled |
oo Nothing is assigned. —i—
5 E frmmmmmmmmmmmme When write, set "0". When read, its content is indeterminate. !
D] RCSP | Separate CTS/RTS bit | 0: CTS/RTS shared pin | 0 : CTS/RTS shared pin oo
; 1: CTS/RTS separated 1: CTS/RTS separated ;
S Nothing is assigned. - _

When write, set "0". When read, its content is indeterminate.

Note: When using multiple pins to output the transfer clock, the following requirements must be met:
« UART1 internal/external clock select bit (bit 3 at address 036816) = “0".

UARTI special mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
|><| | | | | | | | UiSMR (=2 to 4) 033716, 032716, 02F716 0016

P b ; Function . |
T T T T Bit . . Function !
T T T T A Bit name (During clock synchronous ) RIW
E E E E E E E E symbol serial 1/0 mode) (During UART mode) !

E . . . . . . \ 1ICM 1IC mode select bit 0 : Normal mode Must always be “0” OEO
1:1IC mode !
¢+ o+ 4+ o 4 & | ABC |Arbitration lost detecting | O : Update per bit Must always be “0” OEO
[ flag control bit 1: Update per byte
R BBS | Bus busy flag 0: STOP condition detected | Must always be “0” 0.0
A 1: START condition detected (Note1)
N LSYN | SCLL sync output 0 : Disabled Must always be “0” 00
oo enable bit 1: Enabled
oo ABSCS | Bus collision detect Must always be “0” 0: Rising edge of transfer clock !
Vo e sampling 1 : Underflow signal of timer Ai 00
o clock select bit (Note 2) !
o ACSE | Auto clear function Must always be “0” 0 : No auto clear function !

P Tt select bit of transmit 1: Auto clear at occurrence of |O'O
. enable bit bus collision !
] Transmit start condition | Must always be “0” 0 : Ordinary 1

. SSS select bit Y 1 : Falling edge of RxDi Oio
Nothing is assigned. i
"""""""""""" When write, set "0". When read, its content is indeterminate. !

Note 1: Nothing but "0" may be written.
Note 2: UART2 : timer AO underflow signal, UART3 : timer A3 underflow signal, UART4 : timer A4
underflow signal.

Figure 1.16.10. Serial I/O-related registers (6)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0O

UARTI special mode register 2
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UiSMR?2 (i=2 to 4) 033616, 032616, 02F616 0016
P ] e Bit name Function RW
oo 0 | symbol :
porobn b bt ieM2 | 1ic mode select bit 2 0 : NACK/ACK interrupt }
A DMA source - ACK !
A Transfer to receive buffer at the rising edge of | |
[ last bit of receive clock |
A P Receive interrupt is occurred at the rising ‘
Vo edge of last bit of receive clock 0.0
N . o 1: UART transfer/receive interrupt !
A DMA source - UART receive |
P o P Transfer to receive buffer at the falling edge ‘
N T A of last bit of receive clock ;
A Receive interrupt is occurred at the falling !
P oo edge of last bit of receive clock |
P : Lo ; CSC | Clock synchronous bit 0 : Disabled |
R 1 : Enabled O o
P o SWC | SCL wait output bit 0 : Disabled
S R 1: Enabled 0.0
RN ALS | SDA output stop flag 0 : Disabled }
ooy T 1: Enabled 0.0
e STC | UARTI initialize bit 0 : Disabled |
Py 1: Enabled 00
Pl SWC2 | SCL waitoutputbit2 | o - UARTI clock oo
. 1:0 output
o] SDHI | SDA output inhibitbit | 0: Enabled oo
; 1: Disabled (high impedance)
R SHTC | Start/stop condition Must set to "1" in selecting IC mode. 00
control bit !

Figure 1.16.11. Serial I/O-related registers (7)
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Serial I/O

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UART2 special mode register 3
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
— . U2SMR3 033516 000XXXXX2
Lo ' [ Bit symbol | Bit name Function R
E E E (R R Nothing is assigned. _i_
This bit can neither be set nor reset. When read, its content is indeterminate. | |
o SDA2(TxDz) digital b7 b6 b5 1
Voo TTTTTTmTTTmrTTT DLO delay time set bit 000:Without delay OEO
(Note 1,2) 001:2-cycle of 1/f(XIN) !
. 010:3-cycle of 1/f(XIN) !
e DL1 011:4-cycle of 1/f(XiN) 00
100:5-cycle of 1/f(XIN) !
. 101:6-cycle of 1/f(XIN) !
e DL2 110:7-cycle of 1/f(XIN) 00

111:8-cycle of 1/f(XIN) .

Note 1: These bits are used for SDA2(TxD2) output digital delay when using UART?2 for IIC interface.

Otherwise, must set to "000".
Note 2: When external clock is selected, delay is increased approx. 100ns.

UARTI special mode register 3 (i=3,4)

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address When reset
U3SMR3 032516 000000002
U4SMR3 02F516 000000002
Bit symbol Bit name Function R'W
SSE SS port function enable bit | 0: SS function disable 00
(Note 3) 1: SS function enable !
Clock phase set bit 0: Without clock delay
CKPH P 1: With clock delay 00
DINC Serial input port set bit 0: Select TxDi and RxDi
(master mode) (Note 5) !
1: Select STxDi and SRXDi 0.0
(slave mode) (Note 6) |
) 0: CLKi is CMOS output
NODC | Clock output select bit 1: CLKi is N-channel open drain  |O!O
output 1
ERR 0: Without fault error 00
Fault error flag 1: With fault error (Note 4)
SDAI(TxDz2) digital b7b6b5 1
DLO delay time set bit 000 :Without delay 00
(Note 1,2) 001 :2-cycle of 1/f(XIN) !
010 :3-cycle of 1/f(XIN)
DL1 011 :4-cycle of 1/f(XIN) 00
100 :5-cycle of 1/f(XIN)
101 :6-cycle of 1/f(XIN) !
DL2 110 :7-cycle of 1/f(XIN) O:O
111 :8-cycle of 1/f(XIN)

Note 1:

Otherwise, must set to "000".

Note 2:
Note 3:

register 0) to "1".

Note 4:
Note 5:

Note 6:

Nothing but "0" may be written.
Set CLKi and TxDi both for output using the CLKi and TxDi function select register A. Set the
RxDi function select register A for input/output port and the port direction register to "0".

Set STxDi for output using the STxDi function select registers A and B. Set the CLKi and
SRxDi function select register A for input/output port and the port direction register to "0".

These bits are used for SDA2(TxDz2) output digital delay when using UART2 for I2C interface.

When external clock is selected, delay is increased approx. 100ns.
Set SS function after setting CTS/RTS disable bit (bit 4 of UARTI transfer/receive control

Figure 1.16.12. Serial I/O-related registers (8)
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Clock synchronous serial I/O mode

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Clock synchronous serial /O mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables 1.17.1
and 1.17.2 list the specifications of the clock synchronous serial /O mode. Figure 1.17.1 shows the
UARTI transmit/receive mode register.

Table 1.17.1. Specifications of clock synchronous serial I/O mode (1)

Item

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

* When internal clock is selected (bit 3 at addresses 036016, 036816, 033816,
032816, 02F816 = “0") : fi/ 2(n+1) (Note 1) fi = f1, {8, f32
- CLK is selected by the corresponding port function select register, periph-
eral function select register and peripheral subfunction select register.
* When external clock is selected (bit 3 at addresses 036016, 036816, 033816 ,
032816, 02F816= “1") : Input from CLKi pin
- Set the corresponding function select register A to I/O port

Transmission/reception control

* CTS function/RTS function/CTS, RTS function chosen to be invalid

Transmission start condition

* To start transmission, the following requirements must be met:
— Transmit enable bit (bit 0 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “1”
— Transmit buffer empty flag (bit 1 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “0”
— When CTS function selected, CTS input level = “L”
- CLK selected by the corresponding port function select register, peripheral
function select register and peripheral subfunction select register.
« Furthermore, if external clock is selected, the following requirements must
also be met:
- CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C1s6,
032C16, 02FC16) = “0": CLKi input level = “H”
- CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C1s6,
032C16, 02FC16) = “1": CLKi input level = “L”

Reception start condition

« To start reception, the following requirements must be met:

— Receive enable bit (bit 2 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “1”

— Transmit enable bit (bit 0 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “1”

— Transmit buffer empty flag (bit 1 at addresses 036516, 036D16, 033D16, 032D16, 02FD16) = “0”

 Furthermore, if external clock is selected, the following requirements must
also be met:

— CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C1s,
032C16, 02FC16) = “0": CLKi input level = “H”

- CLKi polarity select bit (bit 6 at addresses 036416, 036C16, 033C1s6,
032C16, 02FC16) = “1": CLKi input level = “L”

Interrupt request
generation timing

* When transmitting
- Transmit interrupt cause select bit (bits 0, 1 at address 037016, bit 4 at address
033D16, 032D16, 02FD16) = “0": Interrupts requested when data transfer from
UARTI transfer buffer register to UARTI transmit register is completed
- Transmit interrupt cause select bit (bits 0, 1 at address 037018, bit 4 at
address 033D16, 032D16, 02FD16) = “1": Interrupts requested when data
transmission from UARTI transfer register is completed
* When receiving
— Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

Note 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
Note 2: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that
the UARTI receive interrupt request bit is not set to “1”.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Clock SynChronOUS serial I/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.17.2. Specifications of clock synchronous serial /O mode (2)

Item Specification
Error detection  Overrun error (Note 2)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out
Select function » CLK polarity selection
Whether transmit data is output/input at the rising edge or falling edge of the
transfer clock can be selected
* LSB first/MSB first selection
Whether transmission/reception begins with bit O or bit 7 can be selected
« Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
« Transfer clock output from multiple pins selection (UART1) (Note)
UART1 transfer clock can be chosen by software to be output from one of
the two pins set
« Separate CTS/RTS pins (UARTO) (Note)
UARTO CTS and RTS pins each can be assigned to separate pins
 Switching serial data logic (UART2 to UART4)
Whether to reverse data in writing to the transmission buffer register or
reading the reception buffer register can be selected.
* TXD, RxD 1/O polarity reverse (UART2 to UART4)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

Note: The transfer clock output from multiple pins and the separate CTS/RTS pins functions cannot be
selected simultaneously.
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Clock synchronous serial I/O mode

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bo

UARTI transmit/receive mode registers

Symbol Address When reset
| 0| | | | | 0| 0| 1| UiMR(i=0,1) 036016, 036816 0016

Bit symbol Bit name Function R W
voior o4 r 11 "1 SMDO | serial I/O mode select bit | **° _ O}O
L SMD1 00 1: Clock synchronous serial 00
- 1/0 mode

e SMD2 0.0
] CKDIR Internal/external clock 0 : Internal clock OEO
Voo select bit 1: External clock (Note 2) !
AR ARRELIEEERLEEEEES STPS 00
R R ELLY PRY Invalid in clock synchronous serial I/O mode OfO
FE R PRYE 00
S EELCEEEPEPEEPEPEPEES SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) 0.0

UART2 transmit/receive mode register

Note 1: Select CLK output by the corresponding function select registers A, B and C.
Note 2: Set the corresponding function select register A to the 1/O port.

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| 0| | | | | 0| 0| 1| UiMR (i=2 to 4) 033816, 032816, 02F816 0016

Bit symbol Bit name Function R'W
SMDO Serial /O mode select bit | =" . ) O}O
T SMD1 00 1: Clock synchronous serial 00
- I/0 mode ‘
e SMD2 0.0
] CKDIR Internal/external clock 0 : Internal clock O:O
- select bit 1 : External clock (Note 3) |
b ey STPS 00
i PRY Invalid in clock synchronous serial I/0 mode 00
T SRREEEECEEEEEE PRYE 00
] IOPOL TxD, RxD 1/O polarity 0 : No reverse OEO

reverse bit (Note) 1: Reverse 1

Note 1: Usually set to “0”.
Note 2: Select CLK output by the corresponding function select registers A, B and C.
Note 3: Set the corresponding function select register A to the 1/0O port.

Figure 1.17.1. UARTI transmit/receive mode register in clock synchronous serial I/O mode
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Clock SynChronOUS serial I/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.17.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. This
table shows the pin functions when the transfer clock output from multiple pins and the separate CTS/
RTS pins functions are not selected. Note that for a period from when the UARTI operation mode is
selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel open drain is selected, this
pin is in floating state.)

Table 1.17.3. Input/output pin functions in clock synchronous serial I/O mode

Pin name Function Method of selection
TxDi Serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70, | (Note 1)
P92, P96)
RxDi Serial data input Port P62, P66, P71, P91 and P97 direction register (bits 2 and 6 at address
(P62, P66, P71, | (Note 2) 03C21s, bit 1 at address 03C316, bit 1 and 7 at address 03C716)= “0"
P91, P97) (Can be used as an input port when performing transmission only)
CLKi Transfer clock output Internal/external clock select bit (bit 3 at addresses 036016, 036816,
(P61, P65, P72, | (Note 1) 033816, 032816, 02F816) = “0”
RS NN Internal/external clock select bit (bit 3 at addresses 036016, 036816,
Transfer clock input nternal/external clock select bit (bit 3 at addresses 16, 16,
(Note 2) P 033816, 032816, 02F816) = “1”
Port P61, P65, P72, P90 and P95 direction register (bits 1 and 5 at address
03C21s6, bit 2 at address 03C316, bit 0 and 5 at address 03C716) = “0”
CTSI/RTSi CTS input CTSIRTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C16,
(P60, P64, P73, | (Note 2) 02FC16) =“0"
P93, P94) CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033Cl1s,
032C16, 02FC16) = “0”
Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address
03C21s, bit 3 at address 03C316, bits 3 and 4 at address 03C716) = “0”
RTS output (Note 1) CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C1s,
032C16, 02FC16) = “0”
CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C16,
032C16, 02FC16) = “1”
Programmable 1/O port CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C186,
(Note 2) 032C16, 02FC16) = “1”

(when transfer clock output from multiple pins and separate CTS/RTS pins functions are not selected)

Note 1: Select TxD output, CLK output and RTS output by the corresponding function select registers A, B
and C.
Note 2: Select I/O port by the corresponding function select register A.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Clock synchronous serial /O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

» Example of transmit timing (when internal clock is selected)

Tc

Transfer clock ||||| ||||| |||||| |||| |||||| |||||

| |
i

Transferred from UARTI transmit buffer register to UARTI transmit register

Stopped pulsing because CTS = “H” Stopped pulsing because transfer enable bit = “0”

Transmit enable
bit (TE)

Transmit buffer
empty flag (TI)

J ‘Data is set in UARTI transmit buffer register

T 32 g+

CLKi

O @@@@@@@ﬂ@@@@@@@@@@@@@@ &

e [ | [

o

flag (TXEPT) |
Tansmi merupt [ —

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(n+1)/fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, 8, f32)
« CTS function is selected. n: value set to BRGi

* CLK polarity select bit = “0”".
« Transmit interrupt cause select bit = “0”.

» Example of receive timing (when external clock is selected)

wqn

Receive enable
bit (RE) ‘0" J

| Transferred from UARTI transmit buffer register to UARTI transmit register

e
RTSi | |
wn .

Transmit enable I ) ) ] ) )

bit (TE) “0” . Dummy data is set in UARTI transmit buffer register
Transmit buffer i 43\

empty flag (TI) “Qr r

—>‘—{<— 1/ fext

CLKi
RxDi
Transferred from UARTI receive register Read out from UARTI receive buffer register
Receive complete ‘1" to UARTI receive buffer register
flag (RI) “0”
Receive interrupt 1’ | |
request bit (IR) “0”
/

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings: Meet the following conditions are met when the CLKi
« External clock is selected. input before data reception = “H”
* RTS function is selected. * Transmit enable bit — “1”
* CLK polarity select bit = “0". » Receive enable bit — “1”

* Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.17.2. Typical transmit/receive timings in clock synchronous serial I/O mode
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(a) Polarity select function

As shown in Figure 1.17.3, the CLK polarity select bit (bit 6 at addresses 036416, 036C16, 033C1s,
032C16, 02FC1s6) allows selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”

e LIV TP LT

! , .
TXDi X o ¥ b1 X D2/)>< D3 X Da X Ds X D6 X D7 Note 1: -trrgis?éfrir?éndlgae:sw‘ﬁ’)’h not
RXDi X po X b1 X D2 X D3 X Da X D5 X Ds X D7

» When CLK polarity select bit = “1”

CLKi l

Note 2: The CLK pin level when not

TXDi >< Do >< D1 >< D2 )>< D3 >< D4 >< D5 >< D6 >< D7 transferring data is “L".
/
RXDi X po X b1 X p2 X p3 X pa X ps X ps X D7

Figure 1.17.3. Polarity of transfer clock

(b) LSB first/MSB first select function
As shown in Figure 1.17.4, when the transfer format select bit (bit 7 at addresses 036416, 036C1s6,
033C1s, 032C16, 02FC16) =“0", the transfer format is “LSB first”; when the bit = “1”, the transfer format
is “MSB first”.

* When transfer format select bit = “0”

e L UL UL L
TXDi X Do X p1 X p2 X D3 X pa X D5 X Ds X D7

=P | SB first
RXDi X po X b1 X D2 X D3 X D4 X D5 X De X D7
* When transfer format select bit = “1”
e L LU L L
TXDi X b7 X D6 X D5 X Da X b3 X D2 X D1 X Do
=P MSB first

RXDi X b7 X D6 X Ds X pa X b3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit = “0”".

Figure 1.17.4. Transfer format
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(c) Transfer clock output from multiple pins function (UART1)
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the port function select register (bits of related to-P64 and P65). (See Figure 1.17.5.)
The multiple pins function is valid only when the internal clock is selected for UART1. Note that when
this function is selected, UART1 CTS/RTS function cannot be used.

Microcomputer

TxD1 (P67)

CLKS1 (P64)
CLK1 (P65) IN L——IN

CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial I/O mode.

Figure 1.17.5. The transfer clock output from the multiple pins function usage

(d) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 037016, bit 5 at address 033D1s,
032D16, 02FDz1s) is set to “1”, the unit is placed in continuous receive mode. In this mode, when the
receive buffer register is read out, the unit simultaneously goes to a receive enable state without
having to set dummy data to the transmit buffer register back again.

(e) Separate CTS/RTS pins function (UARTO)
This function works the same way as in the clock asynchronous serial /O (UART) mode. The method
of setting and the input/output pin functions are both the same, so refer to select function in the next
section, “(2) Clock asynchronous serial /0 (UART) mode.” Note that this function is invalid if the
transfer clock output from the multiple pins function is selected.

(f) Serial data logic switch function (UART2 to UART4)
When the data logic select bit (bit6 at address 033D16, 032D16, 02FD16) = “1”, and writing to transmit
buffer register or reading from receive buffer register, data is reversed. Figure 1.17.6 shows the
example of serial data logic switch timing.

*When LSB first

Transfer clock " | | | | | | | | |
@

TXDi *H
(o rever’;e)' T EEEEES S ED T

e A ) 9 i el el e e

Figure 1.17.6. Serial data logic switch timing
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(2) 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 1.18.1 and 1.18.2 list the specifications of the UART mode. Figure 1.18.1 shows the
UARTI transmit/receive mode register.

Table 1.18.1. Specifications of UART Mode (1)
ltem Specification

Transfer data format  Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected

« Start bit: 1 bit

« Parity bit: Odd, even, or nothing as selected

« Stop bit: 1 bit or 2 bits as selected

Transfer clock « When internal clock is selected (bit 3 at addresses 036016, 036816, 033816, 032818,
02F816 ="0") : fi/16(n+1) (Note 1) fi = f1, fs, f32

« When external clock is selected (bit 3 at addresses 036016, 036816, 033816, 032818,
02F816 =1") : fEXT/16(n+1)(Note 1) (Note 2)

Transmission/reception control | « CTS function/RTS function/CTS, RTS function chosen to be invalid

Transmission start condition | « To start transmission, the following requirements must be met:

- Transmit enable bit (bit 0 at addresses 036516, 036D16, 033D16, 032D1s,
02FDze) = “1”

- Transmit buffer empty flag (bit 1 at addresses 036516, 036D16, 033D1s6,
032D16, 02FD16) = “0”

- When CTS function selected, CTS input level = “L”

- TxD output is selected by the corresponding port function select register,
peripheral function select register and peripheral subfunction select
register.

Reception start condition | ¢ To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at addresses 036516, 036D16, 033D16, 032D16,

02FD16) = “1”
- Start bit detection
Interrupt request * When transmitting
generation timing - Transmit interrupt cause select bits (bits 0,1 at address 037016, bit 4 at

address 033D16, 032D16, 02FD16) = “0": Interrupts requested when data transfer
from UARTI transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits 0, 1 at address 0370186, bit 4 at
address 033D16, 032D16, 02FD16) = “1”: Interrupts requested when data
transmission from UARTI transfer register is completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to

UARTI receive buffer register is completed

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
Note 2: fEXT is input from the CLKi pin.
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Table 1.18.2. Specifications of UART Mode (2)
Iltem Specification

Error detection * Overrun error (Note 3)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

* 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 » Separate CTS/RTS pins (UARTO)
UARTO CTS and RTS pins each can be assigned to separate pins

« Sleep mode selection (UARTO, UART1)
This mode is used to transfer data to and from one of multiple slave micro-
computers

« Serial data logic switch (UART2 to UART4)
This function is reversing logic value of transferring data. Start bit, parity bit
and stop bit are not reversed.

* TxD, RxD /O polarity switch (UART2 to UART4)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that
the UARTI receive interrupt request bit is not set to “1”.
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UARTI transmit / receive mode registers
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | UIMR(i=0,1) 036016, 036816 0016
¢+ o+ o | Bit symbol Bit name Function RiW
S L Serial /0 mode select bit "1“3*8 Transfer data 7 bits | 00
[ : Transfer data 7 bits long ;
e SMD1 10 1: Transfer data 8 bits long 0.0
R SMD2 11 0: Transfer data 9 bits long |00
] CKDIR Internal / external clock 0 : Internal clock OEO
R select bit 1: External clock |
N STPS Stop bit length select bit 0 : One stop bit |
N 1 : Two stop bits Oio
HE PRY Odd / even parity Valid when bit 6 = “1”
 SEGGREERETEEEE select bit 0 : Odd parity 0.0
N 1: Even parity !
E ' PRYE Parity enable bit 0 : Parity disabled O:O
Voot 1 : Parity enabled
:L _______________________ SLEP Sleep select bit 0 : Sleep mode deselected 0'0
1: Sleep mode selected
UARTI transmit / receive mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UIMR (i=2 to 4) 033816, 032816, 02F816 0016
P 0| Bit symbol Bit name Function RiW
Pof b i i i "] SMDO | serial VO mode selectbit ' 0o
I : Transfer data 7 bits long T
o SMD1 101 : Transfer data 8 bits long 00
A AR CEELEEE SMD2 11 0: Transfer data 9 bits long 00
E ' ' ' ' ___________ CKDIR Internal / external clock 0 : Internal clock OEO
- select bit 1: External clock |
HE STPS Stop bit length select bit 0 : One stop bit O:O
N 1: Two stop bits
- PRY Odd / even parity Valid when bit 6 = “1” ‘
e EEEEt select bit 0 : Odd parity 00
v 1: Even parity !
E I PRYE Parity enable bit 0 : Parity disabled O:O
VoI 1 : Parity enabled
E_ _______________________ IOPOL TxD, RxD 1/O polarity 0 : No reverse O:O
reverse bit (Note) 1: Reverse
Note: Usually set to “0”.

Figure 1.18.1. UARTI transmit/receive mode register in UART mode

~
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Table 1.18.3 lists the functions of the input/output pins during UART mode. This table shows the pin
functions when the separate CTS/RTS pins function is not selected. Note that for a period from when the
UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel
open drain is selected, this pin is in floating state.)

Table 1.18.3. Input/output pin functions in UART mode

Pin name Function Method of selection

TxDi Serial data output

(P63, P67, P70, | (Note 1)

P92, P96)

RxDi Serial data input Port P62, P66, P71, P91 and P97 direction register (bits 2 and 6 at address

(P62, P66, P71, | (Note 2) 03C21s, bit 1 at address 03C31s, bit 1 and 7 at address 03C716)= “0"

P91, P97) (Can be used as an input port when performing transmission only)

CLKi Programmable I/O port | Internal/external clock select bit (bit 3 at addresses 036016, 036816,

(P61, P65, P72, (Note 2) 033816, 032816, 02F816) = “0”

P90, P9s) Transfer clock input Internal/external clock select bit (bit 3 at addresses 036016, 036816,
(Note 2) 033816, 032816, 02F816) = “1”

Port P61, P65, P72, P90 and P9s direction register (bits 1 and 5 at address
03C216, bit 2 at address 03C316, bits 0 and 5 at address 03C716) = “0”

CTSI/RTSI CTS input CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C1s6,
(P60, P64, P73, | (Note 2) 032Cz16, 02FC16) ="0"
P93, P94) CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C1s,

032C16, 02FC16) = “0”
Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address
03C21s, bit 3 at address 03C316, bits 3 and 4 at address 03C716) = “0”

RTS output (Note 1) CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C1s6,
02FC16) = “0”

CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C1s,
032C16, 02FC16) = “1”

Programmable 1/0 port | CTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C16,
(Note 2) 02FC16) = “1”

(When separate CTS/RTS pins function is not selected)

Note 1: Select TxD output, CLK output and RTS output by the corresponding function select registers A, B
and C.

Note 2: Select I/O port by the corresponding function select register A.
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» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is “H” when the stop bit is checked.
Tc The transfer clock starts as the transfer starts immediately CTS changes to “L".

——— e

|

Transfer clock

Transmit enable

bit(TE) Data is set in UARTI transmit buffer regi:ster.
Transmit buffer s : | \X
empty flag(Tl) Qg . \
Transferred from UARTI transmit buffer register to UARTI transmit register
CTSi
- L] |
Start Parity Stof) Stopped pulsing because transmit enable bit = “0”
bit bit bt v

el STADKONDKONDKOXCHOK P 5P \STADKONLKONDKOXOHKONK P 5
Transmit register 17—
empty flag (TXEPT)
Transmit interrupt 1" ; :
request bit (IR) “Qr |

N v

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings :
« Parity is enabled.
 One stop bit.
 CTS function is selected.
 Transmit interrupt cause select bit = “1".

Tc=16(n+1)/fior16 (n+ 1)/ fexr
fi : frequency of BRGi count source (f1, 8, 32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

e

Transfer clock

Transmit enable

bit(TE) Data is set in UARTI transmit buffer regi§ter ' |

" L
Transn;lit b(uf'f)er ke w 4‘
empty flag(TI “Qn ] -
° Transferred from QARTi_ t?;wsmit buffer register to UARTI transmit register
Start Stép Stop
bit bit bit
P! STAPKLKONOKONDKOKOKL 57 5P \STADK N OXOKONKON K0 sPs
agr :

Transmit register
empty flag (TXEPT) w0

Transmit interrupt
request bit (IR)

] ]
X s

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings :
« Parity is disabled.
* Two stop bits.
* CTS function is disabled.
» Transmit interrupt cause select bit = “0".

Tc=16 (n+1)/fior 16 (n + 1)/ fext
fi : frequency of BRGi count source (f1, 8, 32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

Figure 1.18.2. Typical transmit timings in UART mode
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

source [T,
source - .

Receive enable bit ; _I
| - Stop bit
{D1. D7y |-

Receive data taken in

Start bit

k

Sampled “L”

RxDi

[ S e

Transfer clock !
Reception triggered when transfer clock  Transferred from UARTI receive register to

Receive ‘1 i.S ge‘nerated by falling edge of start bit UARTI receive buffer register \ﬁ
complete flag ‘0" T !

TS il —
Receive interrupt  «1» ;

request bit “qn

Cleared to “0” when interrupt request is accepted, or cleared by software

The above timing applies to the following settings :
*Parity is disabled.
*One stop bit.
*RTS function is selected.

Figure 1.18.3. Typical receive timing in UART mode

(a) Separate CTS/RTS pins function (UARTO)
With the separate CTS/RTS bit (bit 6 at address 037016) is set to “1”, the unit outputs/inputs the CTS
and RTS signals on different pins. (See Figure 1.18.4.) This function is valid only for UARTO. Note
that if this function is selected, the CTS/RTS function for UART1 cannot be used.
Set both CTS/RTS function select bit (bit 2 at address 036416) and CTS/RTS disable bit (bit 4 at
address 036416) to "0" and set P64 to input port by the function select register.

Microcomputer IC

TxDo(P63)|— S| N

RxDo (P62) |« ouT

RTSO (P6O)}—————— > | CTS

CTSO (P64)| << RTS

Figure 1.18.4. The separate CTS/RTS pins function usage

(b) Sleep mode (UARTO, UART1)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTI. The sleep mode is selected when the sleep select bit (bit 7 at addresses
036016, 036816) is set to “1” during reception. In this mode, the unit performs receive operation when
the MSB of the received data = “1” and does not perform receive operation when the MSB = “0".
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(c) Function for switching serial data logic (UART2 to UART4)
When the data logic select bit (bit 6 of address 033D16, 032D16, 02FDz16) is assigned 1, data is inverted
in writing to the transmission buffer register or reading the reception buffer register. Figure 1.18.5
shows the example of timing for switching serial data logic.

* When LSB first, parity enabled, one stop bit

Transfer clock | | | | | | | | | | | | |
n

TxDi
(no reverse)

\sTfDo)fD1)D2)D3XD4)D5)fD6)D7f P ) SP

ey 1" \LsT [P0 {1 )2 Dz N 02 )05 N o o7 ) P ) 5P
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.18.5. Timing for switching serial data logic

(d) TxD, RxD /O polarity reverse function (UART2 to UART4)
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not to reverse) for
usual use.

(e) Bus collision detection function (UART2 to UART4)
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 1.18.6
shows the example of detection timing of a buss collision (in UART mode).

e Ve e e U N W u e I u i a—
o YT \st T\ [\ [ w
RO T\ st S WY

Bus collision detection wpn

interrupt request signal o * /
Bus collision detection agn
interrupt request bit w0 |
ST : Start bit
SP : Stop bit

Figure 1.18.6. Detection timing of a bus collision (in UART mode)
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(3) Clock-asynchronous serial /0O mode (compliant with the SIM interface)

The SIM interface is used for connecting the microcomputer with a memory card I/C or the like; adding some
extra settings in UART2 to UARTA4 clock-asynchronous serial /O mode allows the user to effect this function.
Table 1.19.1 shows the specifications of clock-asynchronous serial I/O mode (compliant with the SIM interface).

Table 1.19.1. Specifications of clock-asynchronous serial /0O mode (compliant with the SIM interface)
Item Specification

Transfer data format * Transfer data 8-bit UART mode (bit 2 to 0 of addresses 033816, 032816, 02F816 = “1012")

 One stop bit (bit 4 of addresses 033816, 032816, 02F816 = “0")

 With the direct format chosen
Set parity to “even” (bit 5 and 6 of addresses 033816, 032816, 02F816 = “1" and “1” respectively)
Set data logic to “direct” (bit 6 of address 033D16 = “0").
Set transfer format to LSB (bit 7 of address 033C16 = “0").

 With the inverse format chosen
Set parity to “odd” (bit 5 and 6 of addresses 033816, 032816, 02F816 = “0” and “1” respectively)
Set data logic to “inverse” (bit 6 of address 033D16 = “1")
Set transfer format to MSB (bit 7 of address 033C16 = “1")

Transfer clock  With the internal clock chosen (bit 3 of addresses 033816, 032816, 02F816 = “0")
cfil16 (n+1) (Note 1) : fi=f1, s, f32
» With an external clock chosen (bit 3 of addresses 033816, 032816, 02F816 = “1")
. fEXT /16 (n+1) (Note 1) (Note 2)
Transmission / reception control|  Disable the CTS and RTS function (bit 4 of address 033C16, 032C16, 02FC16 = “17)
Other settings  The sleep mode select function is not available for UART2

« Set transmission interrupt factor to “transmission completed” (bit 4 of address 033D1s,

032D16, 02FD16 = “17)

» Set N-channel open drain output to TxD and RxD pins in UART3 and 4 (bit 5 of

address 032C16, 02FC16 = “1”)

Transmission start condition * To start transmission, the following requirements must be met:

- Transmit enable bit (bit 0 of address 033D16, 032D16, 02FD16) = “1”

- Transmit buffer empty flag (bit 1 of address 033D16, 032D16, 02FD16) = “0”

Reception start condition « To start reception, the following requirements must be met:

- Reception enable bit (bit 2 of address 033D16, 032D16, 02FD16) = “1”

- Detection of a start bit

Interrupt request * When transmitting

generation timing When data transmission from the UART2 to UARTA4 transfer register is completed (bit
4 of address 033D16, 032D16, 02FD16 = “1")

* When receiving
When data transfer from the UART2 to UART4 receive register to the UART2 to
UARTA4 receive buffer register is completed

Error detection « Overrun error (see the specifications of clock-asynchronous serial 1/0) (Note 3)

» Framing error (see the specifications of clock-asynchronous serial 1/0)

« Parity error (see the specifications of clock-asynchronous serial 1/0)

- On the reception side, an “L” level is output from the TxDi pin by use of the parity
error signal output function (bit 7 of address 033D16, 032D16, 02FD16 = “1") when a
parity error is detected

- On the transmission side, a parity error is detected by the level of input to the RxDi
pin when a transmission interrupt occurs

» The error sum flag (see the specifications of clock-asynchronous serial I/O)

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.

Note 2: fEXT is input from the CLKi pin.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that the
UARTI receive interrupt request bit is not set to “1”.
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Transfer clock

Tc

-

UUU iy

Transmit enable v
bit(TE) 0 Data is set in UARTI transmit buffer register (Note)
Transmit buffer S L Y
empty flag(Tl) - (E
Transferred from UARTi transmit buffer register to UARTI transmit register
Stt)ailtrt Parity EStop
bit bit

TxDi —_— ;

STADKOXDXCKOKON KON P) P STADXOXXONXOKOKONKOK P s
RxDi

Signal conductor level
(Note 1)

Transmit register "1

. o
The level is detected by the
interrupt routine.

ATy

A*“L” level returns from SIM card due 7
to the occurrence of a parity error.

STADo AD1

empty flag (TXEPT) g

Transmit interrupt
request bit (IR) “gr

D2 XD3 XD4 XDs XDs XD7 X P \SP

The level isidetected by
the interrupt routine.

Shown in () are bit symbols.

The above timing applies to the following settings :

« Parity is enabled.
« One stop bit.

« Transmit interrupt cause select bit = “1”.

Note: After writing to the transfer buffer at above timing, transmission starts at the timing of BRG overflow.

Tc
—>|—‘<—

Transfer clock

N

Cleared to “0” when interrupt request is accepted, or cleared by software

Tc=16(n+1)/fiorl6 (n+1)/fext
fi : frequency of BRGi count source (f1, 8, f32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

UUuut

el

Receive enable lJ :
bit (RE) “Qr o
Start Parity  Stop
bit bit bit
TxDi STA DoX D1 X D2X D3X DaX DsX DsXD7X P )i SP STADoXD1 X D2XD3XDsXDsXDsXD7X P SP
RxDi /
A “L" level returns from TxDz2 due to
the occurrence of a parity error.
Signal conductor level STA DoX D1X D2X D3X DaX DsX DeXD7X P Y sP

(Note 1)

Receive complete  “1”

S

o000 N

flag (RI) “gr

Read to receive buffer Read to receive buffer
Receive interrupt
request bit (IR) “qr

Shown in () are bit symbols.

The above timing applies to the following settings :

* Parity is enabled.
* One stop bit.

 Transmit interrupt cause select bit = “0”.

N

Cleared to “0” when interrupt request is accepted, or cleared by software

Note: Equal in waveform because TxDi and RxDi are connected.

Tc=16 (n+1)/fior16 (n+ 1)/ fexr
fi : frequency of BRGi count source (f1, f8, f32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

/

Figure 1.19.1. Typical transmit/receive timing in UART mode (compliant with the SIM interface)
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Clock asynchronous serial I/0 (UART) mode

(a) Function for outputting a parity error signal
With the error signal output enable bit (bit 7 of address 033D16, 032D16) assigned “1”, you can output
an “L” level from the TxDi pin when a parity error is detected. In step with this function, the generation
timing of a transmission completion interrupt changes to the detection timing of a parity error signal.
Figure 1.19.2 shows the output timing of the parity error signal.

* LSB first
franster | L ML LML ML L L L L L L
clock v
RXDi *C \ st (Do b1 Y\ p2)D3)Da)D5) D6 )07 ) P )sp

TXDi Hi-Z \_ [
—

Receive 1
complete flag o

ST : Start bit
P : Even Parity
SP : Stop hit

Figure 1.19.2. Output timing of the parity error signal

(b) Direct format/inverse format
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose
the direct format, DO data is output from TxDi. If you choose the inverse format, D7 data is inverted
and output from TxDi.
Figure 1.19.3 shows the SIM interface format.

Transfer | | | | | | | | | | | |

cleck
(dirTeXcl?)i \__ Apo)p1)fp2fD3)D4)Ds5)fD6)fD7 N P [
(inve-ll-éeD)i \ I(EXD_GXEXEXD_?’XFZXEXD_OX?/

P : Even parity

Figure 1.19.3. SIM interface format
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Figure 1.19.4 shows the example of connecting the SIM interface. Connect TxDi and RxDi and apply pull-
up.

Microcomputer

(Note) SIM card

TxDi

RxDi

Note :TxD pin is N-channel open drain and needs a pull-up resistance.

Figure 1.19.4. Connecting the SIM interface
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UARTI Special Mode Register (i = 2 to 4)
UART2 to UART4 operate the IIC bus interface (simple IIC bus) using the UARTI special mode register
(addresses 033716, 032716 and 02F716 [i = 2 to 4]) and UARTI special mode register 2 (addresses
033616, 032616 and 02F616 [i = 2 to 4]). UART3 and UART4 add special functions using UARTI special
mode resister 3 (addresses 032516 and 02F516 [i = 3 or 4]).

() IC Bus Interface Mode

The IIC bus interface mode is provided with UART2 to UART4.

Table 1.20.1 shows the construction of the UARTI special mode register and UARTI special mode regis-
ter 2.

When the IC mode select bit (bit 0 in addresses 033716, 032716 and 02F716) is set to “1”, the 12C bus
(simple 12C bus) interface circuit is enabled. Table 1.20.1 shows the relationship of the IIC mode select bit
to control. To use the chip in the clock synchronized serial I/O mode or clock asynchronized serial 1/0
mode, always set this bit to “0”.

Table 1.20.1. Features in | 2C mode

Function Normal mode 12C mode (Note 1)
Start condition detection or stop

1 | Factor of interrupt number 39 to 41 (Note 2) Bus collision detection condition detection

2 | Factor of interrupt number 33, 35, 37 (Note 2) UARTI transmission No acknowledgment detection (NACK)
3 | Factor of interrupt number 34, 36, 38 (Note 2) UARTI reception Acknowledgment detection (ACK)

4 | UARTI transmission output delay Not delayed Delayed

5 [ P70, P92, P96 at the time when UARTI is in use TxDi (output) SDAI (input/output) (Note 3)

6 | P71, P91, P97 at the time when UARTI is in use RxDi (input) SCLi (input/output)

7 | P72, P9o, P95 at the time when UARTI is in use CLKi P72, P9o, P95

DMAL factor at the time when 1 1 0 1 is assigned

8 to the DMA request factor selection bits UARTI reception Acknowledgment detection (ACK)
9 | Noise filter width 15ns 50ns
. Reading the terminal when 0 is Reading the terminal regardless of the
10| Reading P71, P91, P97 assigned to the direction register | value of the direction register
11| Initial value of UARTI output H level (when 0 is assigned to The value set in latch P70, P92, P96
the CLK polarity select bit) when the port is selected (Note 3)

Note 1: Make the settings given below when 12C mode is in use.
Set 01 0 in bits 2, 1, 0 of the UARTI transmission/reception mode register.
Disable the RTS/CTS function. Choose the MSB First function.
Note 2: Follow the steps given below to switch from a factor to another.
1. Disable the interrupt of the corresponding number.
2. Switch from a factor to another.
3. Reset the interrupt request flag of the corresponding number.
4. Set an interrupt level of the corresponding number.
Note 3: Set an initial value of SDA transmission output when IIC mode (IIC mode select bit = "1") is valid and serial I/O is invalid.
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e

UARTI special mode register
b7 b6 DbS b4 b3 b2 bl bO Symbol Address When reset
| | | UISMR (i=2 to 4) 033716, 032716, 02F716 0016
: : . Function : !
H H Bit . - Function '
: H Bit (During clock synchronous ) R/W
E i symbol name serial I/0 mode) (During UART mode) B
: | iem 12C mode select bit 0 : Normal mode Must always be “0” 1
' - 1:12C mode Oio
ABC Arbitration lost detecting | 0 : Update per bit Must always be “0” O o
ooro T flag control bit 1: Update per byte !
: BBS Bus busy flag 0 : STOP condition detected Must always be “0” 00
o T 1: START condition detected (Note 1)
: LSYN | SCLL sync output 0 : Disabled Must always be “0” o EO
Vommmmmmmmeeo enable bit 1: Enabled !
ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
[ sampling clock select bit clock (Note 2) |O;0
1 : Underflow signal of timer Ai |
ACSE | Auto clear function Must always be “0” 0 : No auto clear function
e select bit of transmit 1: Auto clear at occurrence of (O;O
enable bit bus collision |
____________________ Sss Transmit start condition | Must always be “0" 0: Ordinary _ !
select bit 1 : Falling edge of RxDi OEO
Nothing is assigned. i
"""""""""""" This bit can neither be set nor reset. When read, its content is indeterminate. '
Note 1: Nothing but "0" may be written.
Note 2: UART2 : timer AO underflow signal, UART3 : timer A3 underflow signal, UART4 : timer A4
underflow signal.
UARTI special mode register 2
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UiSMR?2 (i=2 to 4) 033616, 032616, 02F616 0016
b b : Bit Bit name Function RIW
¢ v+ 1 1| symbol 1
bbb 1] ez | e mode select bit 2 Refer to Table 1.20.2. oo
o CSC | Clock synchronous bit 0 : Disabled OiO
H ' 1: Enabled !
P SWC | SCL wait output bit 0 : Disabled 3
S 1: Enabled ©0
E ' ALS SDA output stop flag 0 : Disabled ‘
T 1: Enabled OEO
o STC | UARTI initialize bit 0: Disabled !
1: Enabled o0
swc2 | SCL wait output bit 2 0 UARTI clock oi o
1: 0 output |
_____________________ SDHI | SDA output inhibit bit 0 : Enabled OiO
1: Disabled (high impedance)
________________________ SHTC | Start/stop condition Must set to "1" in selecting IIC mode. 00
control bit !

Figure 1.20.1. UART?2 special mode register
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UARTI Special Mode Register
P70/TXD2/SDA
O+ : .
[e— Timer ——————————% ToDMAI
Selector|
le—1/O0
UART2
ART2 IICM=1 1ICM=0 or lICM2=1 transmission/NACK
S de|a)'|—T—| Transmission register |—4>b\o interrupt request
__nierruptrequest
L ————— _ o
1ICM=0 UART2 IICM=1 and
1ICM2=0
ALS
o To DMAI
Avrbitration
> lICM=1 ::gm;gf ' UART?2 reception/ACK
- - interrupt request
: o | Denten
= —>0
r lIEM=0 UART2 IICM=1 and
iti i 1ICM2=0
4 | Start condition detection I— _D_
S Bus
N| | R Q busy
_.l Stop condition detection [
Falling ed L-synchronous | D g NACK
alling eage «— q,iput enabling bit T
detection
P71/RXD2/SCL D g
1/0 R > ACK
O Data register T
9th pulse .
|_0<} Selector _ Bus collision/start, stop
Internal clock lICM=1 condition detection
UART2 interrupt request R
lICM=1 SWC2 | oLk Bus collision —0
lIcM=1 control detection 1ICM=0
- External clock UART2
] Noize o )
Filter 1ICM=0 ] Falling edge of 9th pulse
S .' swc
Port reading
UART2 * With [ICM set to 1, the port terminal is to be readable
P72/CLK> lICM=0 even if 1 is assigned to P71 of the direction register.
O.o—o<]—o<]7 Serector
l— 1/0
l«—— Timer

Figure 1.20.2. Functional block diagram for |  2C mode

Figure 1.20.2 is a block diagram of the IIC bus interface.
To explain the control bit of the 1IC bus interface, UART2 is used as an example.

UART2 Special Mode Register (Address 0337 )

Bit 0 is the IIC mode select bit. When set to “1”, ports P70, P71 and P72 operate respectively as the
SDAZ2 data transmission-reception pin, SCL2 clock 1/0O pin and port P72. A delay circuit is added to
SDAZ2 transmission output, therefore after SCL2 is sufficiently L level, SDA2 output changes. Port P71
(SCL2) is designed to read pin level regardless of the content of the port direction register. SDA2
transmission output is initially set to port P70 in this mode. Furthermore, interrupt factors for the bus
collision detection interrupt, UART2 transmission interrupt and UART2 reception interrupt change
respectively to the start/stop condition detection interrupts, acknowledge non-detection interrupt and
acknowledge detection interrupt.
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The start condition detection interrupt is generated when the fall at the SDA2 pin (P70) is detected
while the SCL2 pin (P71) is in the H state. The stop condition detection interrupt is generated when the
rise at the SDA2 pin (P70) is detected while the SCL2 pin (P71) is in the H state.

The acknowledge non-detection interrupt is generated when the H level at the SDA2 pin is detected at
the 9th rise of the transmission clock.

The acknowledge detection interrupt is generated when the L level at the SDA2 pin is detected at the
9th rise of the transmission clock. Also, DMA transfer can be started when the acknowledge is de-
tected if UART2 transmission is selected as the DMAL1 request factor.

Bit 2 is the bus busy flag. It is set to “1” when the start condition is detected, and reset to “0” when the
stop condition is detected.

Bit 1 is the arbitration lost detection flag control bit. Arbitration detects a conflict between data trans-
mitted at SCL2 rise and data at the SDA2 pin. This detection flag is allocated to bit 3 in UART2
transmission buffer register 1 (address 033F16). It is set to “1” when a conflict is detected. With the
arbitration lost detection flag control bit, it can be selected to update the flag in units of bits or bytes.
When this bit is set to “1”, update is set to units of byte. If a conflict is then detected, the arbitration lost
detection flag control bit will be set to “1” at the 9th rise of the clock. When updating in units of byte,
always clear (“0” interrupt) the arbitration lost detection flag control bit after the 1st byte has been
acknowledged but before the next byte starts transmitting.

Bit 3 is the SCL2 L synchronization output enable bit. When this bit is set to “1”, the P71 data register
is set to “0” in sync with the L level at the SCL2 pin.

Bit 4 is the bus collision detection sampling clock select bit. The bus collision detection interrupt is
generated when RxDi and TxDi level do not conflict with one another. When this bit is “0”, a conflict is
detected in sync with the rise of the transfer clock. When this bit is “1”, detection is made when timer
Ai (timer A0 with UART?2, timer A3 with UART3 and timer A4 with UART4) underflows. Operation is
shown in Figure 1.20.3.

Bit 5 is the transmission enable bit automatic clear select bit. By setting this bit to “1”, the transmission
bit is automatically reset to “0” when the bus collision detection interrupt factor bit is “1” (when a conflict
is detected).

Bit 6 is the transmission start condition select bit. By setting this bit to “1”, TxDi transmission starts in
sync with the rise at the RxDi pin.
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1. Bus collision detect sampling clock select bit (Bit 4 of the UARTI special mode register)
0: Rising edges of the transfer clock

e EaEsEsEaEa e
TxDi/RxDi —| | |

Timer Ai

2. Auto clear function select bit of transmit enable bit (Bit 5 of the UARTI special mode
register)

CLKi | |

TXDI/RXDi —| | |

Bus collision
detect interrupt |

request bit >
Transmit |

enable bit

3. Transmit start condition select bit (Bit 6 of the UARTI special mode register)
0: In normal state

CLKi I |

TxDi I | |

Enabling transmission

With "1: falling edge of RxDi" selected

CLKi

) | |
/ | |

Figure 1.20.3. Some other functions added

MITSUBISHI
ELECTRIC 155



Mitsubishi microcomputers

M16C/80 (144-pin version) group

UARTI Special Mode Register SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

UART2 Special Mode Register 2 (Address 0336 )
Bit O is the 1IC mode select bit. Table 1.20.2 gives control changes by bit when the 1IC mode select bit
is “1”. Start and stop condition detection timing characteristics are shown in Figure 1.20.4. Always set
bit 7 (start/stop condition control bit) to “1”.

Bit 1 is the clock synchronization bit. When this bit is set to “1”, if the rise edge is detected at pin SCL2
while the internal SCL is H level, the internal SCL is changed to L level, the baud rate generator value
is reloaded and the L sector count starts. Also, while the SCL2 pin is L level, if the internal SCL
changes from L level to H, baud rate generator stops counting. If the SCL2 pin is H level, counting
restarts. Because of this function, the UART2 transmission-reception clock takes the AND condition
for the internal SCL and SCL2 pin signals. This function operates from the clock half period before the
1strise of the UART?2 clock to the 9th rise. To use this function, select the internal clock as the transfer
clock.

Bit 2 is the SCL wait output bit. When this bit is set to “1”, output from the SCL2 pin is fixed to L level
at the clock’s 9th rise. When set to “0”, the L output lock is released.

Bit 3 is the SDA output stop bit. When this bit is set to “1”, an arbitration lost is generated. If the
arbitration lost detection flag is “1”, the SDA2 pin simultaneously becomes high impedance.

Bit 4 is the UARTZ2 initialize bit. While this bit is set to “1”, the following operations are performed when
the start condition is detected.

1. The transmission shift register is initialized and the content of the transmission register is trans-
mitted to the transmission shift register. As such, transmission starts with the 1st bit of the next
input clock. However, the UART2 output value remains the same as when the start condition
was detected, without changing from when the clock is input to when the 1st bit of data is output.

2. The reception shift register is initialized and reception starts with the 1st bit of the next input
clock.

3. The SCL wait output bit is set to “1”. As such, the SCL2 pin becomes L level at the rise of the 9th
bit of the clock.

When UART transmission-reception has been started using this function, the content of the transmis-
sion buffer available flag does not change. Also, to use this function, select an external clock as the

transfer clock.

Bit 5 is SCL wait output bit 2. When this bit is set to “1” and serial I/0O has been selected, an L level can
be forcefully output from the SCL2 pin even during UART operation. When this bit is set to “0', the L
output from the SCL2 pin is canceled and the UART2 clock is input and output.

Bit 6 is the SDA output disable bit. When this bit is set to “1”, the SDA2 pin is forcefully made high
impedance. To overwrite this bit, do so at the rise of the UART?2 transfer clock. The arbitration lost
detection flag may be set.
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Table 1.20.2. Functions changed by I 2C mode select bit 2

Function [ICM2=0 ICM2=1

Interrupt no. 33, 35, 37 factor Acknowrege not detect (NACK) | UART?2 transfer (rising edge of )
Interrupt no. 34, 36, 38 factor Acknowrege detect (ACK) Acknowrege detect (ACK)

DMA factor Acknowrege detect (ACK) Acknowrege detect (ACK)

Data transfer timing from UARTI (i | Rising edge of the last bit of re- | Rising edge of the last bit of re-
= 2 to 4) receive shift register to re- | ceive clock ceive clock

ceive buffer

UARTI(i = 2 to 4) receive / ACK in- | Rising edge of the last bit of re- | Rising edge of the last bit of re-
terrupt request generation timing ceive clock ceive clock

3 to 6 cycles < set up time (Note)
3 to 6 cycles < hold time (Note)

Note : Cycle number shows main clock input oscillation frequency f(XIN) cycle number.

! Set up time Hold time !

SCL

SDA
(Start condition)

SDA
(Stop condition)

Figure 1.20.4. Start/stop condition detect timing characteristics

UART2 Special Mode Register 3 (Address 0335 )
Bits 5 to 7 are the SDAZ2 digital delay setting bits. By setting these bits, it is possible to turn the SDA2
delay OFF or set the f(XIN) delay to 2 to 8 cycles.
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(2) Serial Interface Special Function
UART 3 and UART4 can control communications on the serial bus using the SSi input pins (Figure
1.20.5). The master outputting the transfer clock transfers data to the slave inputting the transfer clock. In
this case, in order to prevent a data collision on the bus, the master floats the output pin of other slaves/
masters using the SSi input pins. Figure 1.20.6 shows the structure of UARTi special mode register 3
(addresses 032516 and 02F516 [i = 3 or 4]) which controls this mode.
SSi input pins function between the master and slave are as follows.

IC1 1C2

PR\

P12 f———
P93(SS3) P93(SS3)

P90(CLK3)
P91(RxD3)
P92(TxD3)

M16C/80 (M)

P90(CLK3)
P91(STxD3)
P92(SRxD3)

M16C/80 (S)

IC3

P93(SS3)
P90(CLK3)
M :Master PO1(STxD3)
S :Slave P92(SRxD3)
M16C/80 (S)

Figure 1.20.5 Serial bus communication control example using the SSi input pins

< Slave Mode (STxDi and SRxDi are selected, DINC = 1) >
When an H level signal is input to an SSi input pin, the STxDi and SRxDi pins both become high
impedance, hence clock input is ignored. When an "L" level signal is input to an SSi input pin, clock
input becomes effective and serial communications are enabled. (i = 3 or 4)

< Master Mode (TxDi and RxDi are selected, DINC = 0) >
The SSi input pins are used with a multiple master system. When an SSi input pin is H level, transmis-
sion has priority and serial communications are enabled. When an L signal is input to an SSi input pin,
another master exists, and the STxDi, SRxDi and CLKi pins all become high impedance. Moreover,
the trouble error interrupt request bit becomes “1”. Communications do not stop even when a trouble
error is generated during communications. To stop communications, set bits 0, 1 and 2 of the UARTI
transmission-reception mode register (address 032816 and 02F816 [i = 3 or 4]) to “0".
The trouble error interrupt is used by both the bus collision interrupt and start/stop condition detection
interrupts, but the trouble error interrupt itself can be selected by setting bit 0 of UARTi special mode
register 3 (address 032516 and 02F516 [i = 3 or 4]) to “1".
When the trouble error flag is set to “0”, output is restored to the clock output and data output pins. In
the master mode, if an SSi input pin is H level, “0” can be written for the trouble error flag. When an SSi
input pin is L level, “0” cannot be written for the trouble error flag. In the slave mode, the “0” can be
written for the trouble error flag regardless of the input to the SSi input pins.
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UARTI special mode register 3 (i=3,4)

(master mode) (Note 5)
1: Select STxDi and SRxDi 00
(slave mode) (Note 6) 1

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
U3SMR3 032516 000000002

oo U4SMR3 02F516 000000002
v v 1 [ Bitsymbol Bit name Function R'W
borob 0 Ll ssE SS port function enable bit | 0: SS function disable 00
b (Note 3) 1: SS function enable
Lo L Clock phase set bit 0: Without clock delay
Lo CKPH P 1: With clock delay 00
DINC Serial input port set bit 0: Select TxDi and RxDi

H S . 0: CLKi is CMOS output !

: NODC Clock output select bit 1: CLKi is N-channel open drain  |O'O

‘ output .
b ] ERR Eaul fl 0: Without fault error 00
: ault error flag 1: With fault error (Note 4)
: SDAI(TxD2) digital b7b6b5 !

B RRRREEEEEE DLO delay time set bit 000 :Without delay 00

: (Note 1,2) 001 :2-cycle of 1/f(XIN) !

E 010 :3-cycle of 1/f(XIN)
I DL1 011 :4-cycle of 1/f(XIN) 00O
: 100 :5-cycle of 1/£(XIN)

: 101 :6-cycle of L/(XIN) :
T DL2 110 :7-cycle of 1/f(Xin) 00

111 :8-cycle of 1/f(XIN)

Note 1: These bits are used for SDA2(TxDz2) output digital delay when using UART2 for 12C interface.
Otherwise, must set to "000".

Note 2: When external clock is selected, delay is increased approx. 100ns.

Note 3: Set SS function after setting CTS/RTS disable bit (bit 4 of UARTI transfer/receive control
register 0) to "1".

Note 4: Nothing but "0" may be written.

Note 5: Set CLKi and TxDi both for output using the CLKi and TxDi function select register A. Set the
RxDi function select register A for input/output port and the port direction register to "0".

Note 6: Set STxDi for output using the STxDi function select registers A and B. Set the CLKi and
SRxDi function select register A for input/output port and the port direction register to "0".

Figure 1.20.6. UARTI special mode register 3 (i=3,4)
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B Clock Phase Setting
With bit 1 of UARTI special mode register 3 (addresses 032516 and 02F516 [i = 3 or 4]) and bit 6 of
UARTI transmission-reception control register 0 (addresses 032C16 and 02FCzi6 [i = 3 or 4]), four
combinations of transfer clock phase and polarity can be selected.
Bit 6 of UARTI transmission-reception control register 0 (addresses 032C16 and 02FC16 [i = 3 or 4])
sets transfer clock polarity, whereas bit 1 of UARTI special mode register 3 (addresses 032516 and
02F516 [i = 3 or 4]) sets transfer clock phase.
Transfer clock phase and polarity must be the same between the master and slave involved in the
transfer.

< Master (Internal Clock) (DINC = 0) >
Figure 1.20.7 shows the transmission and reception timing.

< Slave (External Clock) (DINC =1) >

 With “0” for bit 1 (CKPH) of UARTI special mode register 3 (addresses 032516 and 02F516 [i = 3 or
4]), when an SSi input pin is H level, output data is high impedance. When an SSi input pin is L level,
the serial transmission start condition is satisfied, though output is indeterminate. After that, serial
transmission is synchronized with the clock. Figure 1.20.8 shows the timing.

» With “1” for bit 1 (CKPH) of UARTI special mode register 3 (addresses 032516 and 02F516 [i = 3 or
4]), when an SSi input pin is H level, output data is high impedance. When an SSi input pin is L level,
the first data is output. After that, serial transmission is synchronized with the clock. Figure 1.20.9
shows the timing.

noT

Master SS input

Clock output
(CKPOL=0, CKPH=0) "L"

Clock output e
(CKPOL=1, CKPH=0) ""

Clock output H
(CKPOL=0, CKPH=1) w«

Clock output "H
(CKPOL=1, CKPH=1) "L"

Data output timing ':_X DOX DlX sz D3X D“X D5X DGX D7
Data input timing T T T T T T T T

Figure 1.20.7. The transmission and reception timing in master mode (internal clock)

MITSUBISHI
160 )‘ ELECTRIC

r




Mitsubishi microcomputers

M16C/80 (144-pin version) group
UARTI Special Mode Register SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SS input

Clock input "H —J_|_|_|_|_|—|_|_|_|_|_|—| o

(CKPOL=0, CKPH=0) "L" |

(CKPOL=1, CKPH=0) "L | |
. "

Data output timing :: DOX DlX DZX D3X D4X - X - X —

- npes } High-

inpedance inpedance

=

=

Figure 1.20.8. The transmission and reception timing (CKPH=0) in slave mode (external clock)

SS input
Clock input "H" _|_|_|_|_|_|_|_|_|_|_|_|_|_|_
(CKPOL=0, CKPH=0) "L"  ___ |
(CKPOL=1, CKPH=0) "L
-~ o
puacapuinmg 7 (o0 o) o) (o) oo Con X o J
igh-

High- !
inpedance inpedance

rrrrrrd

-

Figure 1.20.9. The transmission and reception timing (CKPH=1) in slave mode (external clock)
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M16C/80 (144-pin version) group
A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D Converter

The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins P100 to P107, P95, and P96 also function as the analog signal input pins. The
direction registers of these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit
5 at address 039716) can be used to isolate the resistance ladder of the A-D converter from the reference
voltage input pin (VREF) when the A-D converter is not used. Doing so stops any current flowing into the
resistance ladder from VREF, reducing the power dissipation. When using the A-D converter, start A-D
conversion only after setting bit 5 of 039716 to connect VREF.

The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision,
the low 8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit
precision, the low 8 bits are stored in the even addresses.

Table 1.21.1 shows the performance of the A-D converter. Figure 1.21.1 shows the block diagram of the A-

D converter, and Figures 1.21.2 and 1.21.3 show the A-D converter-related registers.

Table 1.21.1. 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 fab (Note 2) | Vcc =5V faD/divide-by-2 of fab/divide-by-4 of faD, fAD=f(XIN)
Vce =3V divide-by-2 of fan/divide-by-4 of fAD, fAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vce =5V * Without sample and hold function
+3LSB
« With sample and hold function (8-bit resolution)
+2L.SB

» With sample and hold function (10-bit resolution)
ANo to AN7 input : £3LSB
ANEXo and ANEX1 input (including mode in which external
operation amp is connected) : +7LSB

Vcc =3V » Without sample and hold function (8-bit resolution)
+2L.SB
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)

A-D conversion start condition| ¢ Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
» External trigger (can be retriggered)
A-D conversion starts when the A-D conversion start flag is “1” and the
ADTRG/P97 input changes from “H” to “L”
Conversion speed per pin | + Without sample and hold function
8-bit resolution: 49 faD cycles, 10-bit resolution: 59 fAD cycles
» With sample and hold function
8-bit resolution: 28 faD cycles, 10-bit resolution: 33 fAD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: When f(XIN) is over 10 MHz, the faD frequency must be under 10 MHz by dividing.
Without sample and hold function, set the fab frequency to 250kHz min.
With the sample and hold function, set the faD frequency to 1IMHz min.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CKS1=1
O
fAD CKSO0=1 5 [ . @AD
O—«—{ 1/2 }—l—{ 1/2 }—O cksi=o A-D conversion rate
CKS0=0 selection
VREF (O)————
VCSTZO Resistance ladder
> 5
AVss O—oO
Y YRR N!
LI LTI
-
Successive conversion register
A-D control register 1 (address 039716)
A-D control register O (address 039616)
Addresses \ A V Y V
(038116, 038016) A-D register 0(16) -t
(038316, 038216) A-D register 1(16) -
(038516, 038416) A-D register 2(16) - Vref
(038716, 038616) A-D register 3(16) - Decoder
(038916, 038816) A-D register 4(16) - —
(038B16, 038A16) A-D register 5(16) -
(038D16, 038C16) A-D register 6(16) - VIN Comparator
(038F16, 038E16) A-D register 7(16) -
S Data bus high-order S
S Data bus low-order S
YYVYVYVYYYY
ANo (5 CH2,CH1,CH0=000 S~
ANL (5 CH2,CH1,CH0=001 S~
AN2 () CH2,CH1,CH0=010 S~
ANs () CH2,CH1,CHO=011 S~ OPA1,0PA0=0,0
AN4 () CH2,CH1,CH0=100 S~ 00—
ANs () CH2,CH1,CHO=101 S~
ANs () CH2,CH1,CHO=110 S~
AN7 (O CH2,CHL,CHO=111 S~
OPA1, OPAO
0 0: Normal operation
_ 0 1:ANEXO
OPA0=1 T\@ OPALOPAO=LL 1 0:ANEX1
1 1:External op-amp mode
ANEX0O e 00—
OPA1,0PA0=0,1
ANEX1 (0 me)
OPA1=1
Figure 1.21.1. Block diagram of A-D converter
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D control register 0 (Note 1)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
LI [ [ ][] ]]| ~pcono 039616  0000OXXX2
¢or o | Bit symbol Bit name Function RIW
A o RETTINN |
T CHO Analog input pin select bit [ 000 : ANo is selected (o))
- 00 1:AN1is selected |
e 010:AN2is selected !
R CH1 01 1:ANsis selected 0.0
T 100 : ANa4 is selected
- 101:ANsis selected ;
T CH2 110:ANsis selected 00
Vo 111:AN7is selected (Note 2) 1
S i b4 b3 !
S S S Mpo  [A:D oberation mode 00 : One-shot mode oo
Vo select bit 0 0 1: Repeat mode !
I 1 0: Single sweep mode i
S eCLEEEEEE MD1 11 : Repeat sweep mode 0 oo
oo Repeat sweep mode 1 (Note 2)
R TRG Trigger select bit 0 : Software trigger 00
. 1: ADTRG trigger !
E L ____________________ ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
, 1 : A-D conversion started !
] CKSO Frequency select bit 0 0 fap/4 is selected 00
1:faD/2 is selected !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset
. ADCON1 039716 0016
' [ Bit symbol Bit name Function RIW
H A-D sweep pin When single sweep and repeat sweep
E select bit mode O are selected
:| SCANO b1 b0 (o)

00 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins) !

1 0 : ANo to ANs (6 pins) !

11: ANo to AN7 (8 pins) ;
When repeat sweep mode 1 is selected !
P SCAN1 b1 bo ;
00 : ANo (1 pin) 00

01 : ANo, AN1 (2 pins)
1 0 : ANo to AN2 (3 pins)
11: ANo to AN3 (4 pins)

________ A-D operation mode |0 : Any mode other than repeat sweep mode 1 |O'O
MD2 select bit 1 1 : Repeat sweep mode 1
___________ 8/10-bit mode select |0 : 8-bit mode

BITS it 1: 10-bit mode o0

Ve Frequency select bit |0 : faD/2 or faD/4 is selected ‘
CKst 1 (Note 2) 1:fap is selected 0.0
b VCUT Vref connect bit 0 Vref not connected 00

1 : Vref connected !

____________________ External op-amp b7bO !
OPAO connection mode bit | © 0 : ANEXO0 and ANEX1 are not used(Note 3) |O;O

0 1: ANEXO input is A-D converted(Note 4) 1
________________________ OPA1 1 0: ANEX1 input is A-D converted(Note 5) 00

1 1 : External op-amp connection mode(Note 6)

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: When f(XIN) is over 10 MHz, the fab frequency must be under 10 MHz by dividing.

Note 3: Set "0" to PSL3_5 and PSL3_6 of the function select register B3.

Note 4: Set "1" to PSL3_5 of the function select register B3.

Note 5: Set "1" to PSL3_6 of the function select register B3.

Note 6: Set "1" to PSL3_5 and PSL3_6 of the function select register B3.

Figure 1.21.2. A-D converter-related registers (1)
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A-D Converter

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D control register 2 (Note)

A-D register i

(b15)
b7

Nothing is assigned.

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
ADCON2 039416 XXXXXXX02
0|0]|0
v 40| Bitsymbol Bit name Function R'W
' A-D conversion method 0 : Without sample and hold
I SMP 1 qelect bit 1 With sample and hold 0.0
E : : : t--t--i----| Reserved bit Always set to “0” oio

When write, set "0". When read, their content is "0".

Note: If the A-D control register is rewritten during A-D conversion, the conversion

result is indeterminate.

Symbol Address

ADi(=0t07) 038016 to 038F16

b0 b7 b0

:

o
i
L
S S e

When reset
Indeterminate

When read, the content is indeterminate

Function R'W

.| Eight low-order bits of A-D conversion result o}x

« During 10-bit mode OEX
Two high-order bits of A-D conversion result

« During 8-bit mode x x

Nothing is assigned.

When write, set "0". When read, their content is "0".

Figure 1.21.3. A-D converter-related registers (2)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) One-shot mode

In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver-
sion. Table 1.21.2 shows the specifications of one-shot mode. Figure 1.21.4 shows the A-D control regis-

ter in one-shot mode.
Table 1.21.2. One-shot mode specifications

Item Specification
Function The pin selected by the analog input pin select bit is used for one A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition « End of A-D conversion (A-D conversion start flag changes to “0”, except

when external trigger is selected)
» Writing “0” to A-D conversion start flag
Interrupt request generation timing | End of A-D conversion
Input pin One of ANo to AN7, as selected

Reading of result of A-D converter| Read A-D register corresponding to selected pin

A-D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
[ T ] JoJo] [ ]| Abcono 039616 00000XXX2
v+ 4| Bit symbol Bit name Function R'W
A i i b2 b1 b0 !
oo b b il CHO Analog input pin select 1755 o: Ao is selected oo
A 00 1:AN1is selected :
010:AN2is selected 1
T CH1 01 1:ANsis selected oo
oor o e 1 00 : AN4 is selected !
T T - B 10 1:ANsis selected '
T T CH2 110 : ANs is selected [eXe)
111 :AN7is selected (Note 2)
T MDO R i b4 b3 1
oo A-D operation mode 0 O : One-shot mode (Note 2) O:O
[ MD1 select bit O o0
R Trigger select bit 0 : Software trigger
HE - TRG 1 : ADTRG trigger O: o
H e ] ADST A-D conversion start flag | O : A-D conversion disabled Ol o
1 : A-D conversion started 1
L CKSO Frequency select bit O 0: fAD/4 is selected O o
1: fAD/2 is selected !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
Ll 2l [ Jof ] ADCON1 039716 0016
HE Bit symbol Bit name Function RW
Lo n v ) geaNO | A-D sweep pin Invalid in one-shot mode oo
[ select bit .
A SCAN1 oio
: MD2 A-D operation mode 0 : Any mode other than repeat sweep O o
e select bit 1 mode 1 |
N A BITS 8/10-bit mode select 0 : 8-bit mode O o
HE A bit 1 : 10-bit mode !
N S CKS1 Frequency select bit 1 | O : fap/2 or fAp/4 is selected Oi o
H H H (Note 2) 1 : faD is selected '
P T VCUT Vref connect bit 1 : Vref connected (oX{e}
H H b7 b6 '
[ttt OPAO External op-amp 0 0 : ANEXO and ANEX1 are not used(Note 3) (OO
! connection mode bit 0 1 : ANEXO input is A-D converted(Note 4) !
H 1 0 : ANEX1 input is A-D converted(Note 5) |
------------------------ OPAL 1 1 : External op-amp connection mode(Note 6) O: o

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing.

Note 3: Set "0" to PSL3_5 and PSL3_6 of the function select register B3.

Note 4: Set "1" to PSL3_5 of the function select register B3.

Note 5: Set "1" to PSL3_6 of the function select register B3.

Note 6: Set "1" to PSL3_5 and PSL3_6 of the function select register B3.

Figure 1.21.4. A-D conversion register in one-shot mode
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A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(2) Repeat mode
In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
Table 1.21.3 shows the specifications of repeat mode. Figure 1.21.5 shows the A-D control register in
repeat mode.

Table 1.21.3. Repeat mode specifications

ltem Specification
The pin selected by the analog input pin select bit is used for repeated A-D

conversion

Function

Star condition

Writing “1” to A-D conversion start flag

Stop condition

Writing “0” to A-D conversion start flag

Interrupt request generation timing

None generated

One of ANo to AN7, as selected

Input pin

Reading of result of A-D converter

Read A-D register corresponding to selected pin

A-D control register O (Note 1)

b7 b6 bS5

3
R

b3 b2 bl bo

Symbol Address When reset
| | fofa] [ ] ] ADCONO 039616 00000XXX2
Bit symbol Bit name Function R!W
H H H : : b2 bl b0
o CHO sA;zlcotgbli?put pin 000 : ANo is selected [e}e)
R 00 1:ANz1is selected .
HE 01 0: ANz is selected
A CH1 011:ANsis selected (o){e]
oo 100 : AN4 is selected !
R A 10 1:ANs is selected T
H H H CH2 11 0:ANs is selected o0
111 :AN7is selected (Note 2)
b MDO A-D operation mode b4 b3 (e}
S o1 select bit 0 01 : Repeat mode (Note 2) 55
‘_ ________________ TRG Trigger select bit 0 : Software trigger OfO
H 1 : ADTRG trigger '
R ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
E 1 : A-D conversion started :
R L CEETTEEEEPEEE CKSO Frequency select bit O 0 : fap/4 is selected oo
1 : fAD/2 is selected H

indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

Note 2: When changing A-D operation mode, set analog input pin again.

| | | 1 | | | 0 | | | Symbol Address When reset
ADCON1 039716 0016
A =T symbol Bit name Function RW
E E E ' E E :,_ SCANO A-D sweep pin Invalid in repeat mode ofo
- select bit :
A S SCAN1 oo
P I A-D operation mode 0 : Any mode other than repeat sweep mode 1 1
T MDb2 select bit 1 Y P P O}O
----------- 8/10-bit mode select bit | O : 8-bit mode 1
BITS 1 : 10-bit mode o}o
............... Frequency select bit 1 0 : fAD/2 or fAD/4 is selected 3
CKS1 ‘ h
(Note 2) 1 : faD is selected O:O
ey VCUT Vref connect bit 1 : Vref connected [eYe)
I External op-am b7 b6
iy OPAD | o T bit 0 0: ANEXO and ANEX1 are not used(Note 3) |©:©
5 0 1 : ANEXO input is A-D converted(Note 4) -
e ] OPA1 1 0 : ANEX1 input is A-D converted(Note 5) oo
1 1 : External op-amp connection mode(Note 6) h

: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing.
: Set "0" to PSL3_5 and PSL3_6 of the function select register B3.

: Set "1" to PSL3_5 of the function select register B3.

: Set "1" to PSL3_6 of the function select register B3.

: Set"1" to PSL3_5 and PSL3_6 of the function select register B3.

Figure 1.21.5. A-D conversion register in repeat mode
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(3) Single sweep mode
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D
conversion. Table 1.21.4 shows the specifications of single sweep mode. Figure 1.21.6 shows the A-D
control register in single sweep mode.
Table 1.21.4. Single sweep mode specifications

ltem Specification
Function The pins selected by the A-D sweep pin select bit are used for one-by-one
A-D conversion
Start condition Writing “1” to A-D converter start flag
Stop condition * End of A-D conversion (A-D conversion start flag changes to “0”, except

when external trigger is selected)
» Writing “0” to A-D conversion start flag
Interrupt request generation timing| End of A-D conversion
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), or ANo to AN7
(8 pins)
Reading of result of A-D converter| Read A-D register corresponding to selected pin

A-D control register O (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
[ [ [ Ja]o] [ [ | ~ADcono 039616  00DOOXXX2
Bit symbol Bit name Function R'W
i CHO Analog input pin Invalid in single sweep mode OEO
N select bit '
o CH1 e}{e)
CH2 oo
S MDO A-D operation mode A, [e)e}
A select bit O 1 0 : Single sweep mode :
A EEEEEEEEE MD1 [e}le)
T TRG Trigger select bit 0 : Software trigger oo
: : 1 : ADTRG trigger !
A-D conversion start flag | 0 : A-D conversion disabled
e ADST 1 : A-D conversion started o :O
] CKSO0 Frequency select bit O 0 : faD/4 is selected o0
1 : faDp/2 is selected '

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo
| | | 1 | | | ) | | | Symbol Address When reset
ADCON1 039716 0016
o] Bit symbol Bit name Function R'W
H H H H SCANO A-D sweep pin select bit | When single sweep and repeat sweep mode 0 !
-1 are selected [e}e)

E bl bo
: 0 0 : ANo, AN1 (2 pins)

0 1 : ANo to AN3 (4 pins)

I T SCANL 10 : ANo to ANs (6 pins) o0

N 11 : ANo to AN7 (8 pins) '

E I l ' ' I A-D operation mode 0 : Any mode other than repeat sweep mode 1 ‘
HE MD2 select bit 1 SHS

A . 8/10-bit mode select bit | O : 8-bit mode 3
HE BITS 1 : 10-bit mode o :O

T SO Frequency select bit 1 0 : fAD/2 or fAD/4 is selected !
HE Cks1 (Note 3) 1 : faD is selected © ;O
A i, VCUT Vref connect bit 1 : Vref connected o:0

N E | - b7 b6 !
"""""""""" OPAO cgrzir:;ic?rfriqupe 0 0 : ANEXO and ANEX1 are not used(Note 4) .0

: bit (Note 2) 0 1 : ANEXO input is A-D converted(Note 5) :
L R OPA1 1 0 : ANEX1 input is A-D converted(Note 6) o o

1 1 : External op-amp connection mode(Note 7)

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: Neither ‘O1’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Note 3: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing.

Note 4: Set "0" to PSL3_5 and PSL3_6 of the function select register B3.

Note 5: Set "1" to PSL3_5 of the function select register B3.

Note 6: Set "1" to PSL3_6 of the function select register B3.

Note 7: Set "1" to PSL3_5 and PSL3_6 of the function select register B3.

Figure 1.21.6. A-D conversion register in single sweep mode
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep
A-D conversion. Table 1.21.5 shows the specifications of repeat sweep mode 0. Figure 1.21.7 shows the
A-D control register in repeat sweep mode 0.

Table 1.21.5. Repeat sweep mode 0 specifications

Item

Specification

Function

The pins selected by the A-D sweep pin select bit are used for repeat sweep
A-D conversion

Start condition

Writing “1” to A-D conversion start flag

Stop condition

Writing “0” to A-D conversion start flag

Interrupt request generation timing

None generated

Input pin
(8 pins)

ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7

Reading of result of A-D converter

Read A-D register corresponding to selected pin (at any time)

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo

| | | | 1 | 1 | | | | Symbol Address When reset
— ADCONO 039616 00000XXX2
¢+ ¢+ .| Bitsymbol Bit name Function RIW
:h_ CHO Analog input pin Invalid in repeat sweep mode 0 o) O
- B T select bit !
Pl b om oo
R T CH2 oo
T MDO A-D operation mode oos. o0
oo select bit 0 11 : Repeat sweep mode O :
 RREEEEEEE MD1 0.0
R TRG Trigger select bit 0 : Software trigger 00
HE 1 : ADTRG trigger !
A-D conversion start flag | O : A-D conversion disabled
N ADST 1 : A-D conversion started o ;O
] CKSO0 Frequency select bit O 0 : faD/4 is selected o0
1: faD/2 is selected |

A-D control register 1 (Note 1)

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

Note 3: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing.
Note 4: Set "0" to PSL3_5 and PSL3_6 of the function select register B3.

Note 5: Set "1" to PSL3_5 of the function select register B3.

Note 6: Set "1" to PSL3_6 of the function select register B3.

Note 7: Set "1" to PSL3_5 and PSL3_6 of the function select register B3.

b7 b6 b5 b4 b3 b2 bl bO
| | | 1| | | 0| | | Symbol Address When reset
ADCON1 039716 0016
oo r 11| Bit symbol Bit name Function RW
S S A-D sweep pin select bit | When single sweep and repeat sweep mode 0 .
b4 o0 i i1 1] SCANO are selected 00
T b1 bO '
R R 0 0 : ANo, AN1 (2 pins) ‘
- 0 1: ANo to AN3 (4 pins) '
N SCAN1L 10 : ANo to ANs (6 pins) (o}{e}
N 1 1 : ANo to AN7 (8 pins) '
] A-D operation mode 0 : Any mode other than repeat sweep mode 1
P MD2 select bit 1 o0
S 8/10-bit mode select bit | 0 : 8-bit mode 3
Voo BITS 1 : 10-bit mode o ;O
oo ] CKS1 Frequency select bit 1 0 : faD/2 or faD/4 is selected oo
[ (Note 3) 1:faD is selected
S RRREEEEEEEEEE VCUT Vref connect bit 1 : Vref connected (e}{e)
H H Ext | . b7 b6 i
e OPAO c;nigftic?r?n{:gndpe 0 0 : ANEXO and ANEX1 are not used(Note 4) [eXle)
H bit (Note 2) 0 1 : ANEXO input is A-D converted(Note 5) .
e ] OPA1 1 0 : ANEX1 input is A-D converted(Note 6) o 10
1 1 : External op-amp connection mode(Note 7)
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Figure 1.21.7. A-D conversion register in repeat sweep mode 0
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(5) Repeat sweep mode 1
In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected
using the A-D sweep pin select bit. Table 1.21.6 shows the specifications of repeat sweep mode 1. Figure
1.21.8 shows the A-D control register in repeat sweep mode 1.

Table 1.21.6. Repeat sweep mode 1 specifications
Item Specification
Function All pins perform repeat sweep A-D conversion, with emphasis on the pin or
pins selected by the A-D sweep pin select bit
Example : ANo selected ANo — AN1— ANo — AN2 — ANo — ANg3, etc

Start condition Writing “1” to A-D conversion start flag

Stop condition Writing “0” to A-D conversion start flag

Interrupt request generation timing | None generated

Input pin ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins)

Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

A-D control register O (Note)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | 1 | 1 | | | | ADCONO 039616 00000XXX2
HE i+ v+ 1| Bitsymbol Bit name Function RW
: : : : : : : i__ CHO Analog input pin Invalid in repeat sweep mode 1 o O
R R select bit '
e ! oo
T h CH2 oo
- A K ba b3 j
e MDO A-D operation mode . (elle]
o select bit O 1 1 : Repeat sweep mode 1 :
R MD1 o0
R TRG Trigger select bit 0 : Software trigger oo
. 1 : ADTRG trigger '
E ' A-D conversion start flag 0 : A-D conversion disabled
N ADST 1 : A-D conversion started o :O
] CKSO0 Frequency select bit O 0 : fAD/4 is selected oo
1 : fAD/2 is selected ;

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bOo

| | | 1 | | | 1| | | Symbol Address When reset
ADCON1 039716 0016
oo r Bt symbol Bit name Function RIW
R S T SCANO A-D sweep pin select bit [ When repeat sweep mode 1 is selected 1
(A b1 b0 _ SHS)
T R 0 0 : ANo (1 pin) '
- 0 1: ANo, AN1 (2 pins) j
e SCAN1 10 : ANo to AN2 (3 pins) [eXe)
' AR B 11 : ANo to AN3 (4 pins)
E : : : : I A-D operation mode 1 : Repeat sweep mode 1
oo MD2 select bit 1 S
R 8/10-bit mode select bit | O : 8-bit mode 3
oo BITS 1 | 10-bit mode ©.0
T S CKsS1 Frequency select bit 1 0 : faDb/2 or faD/4 is selected oo
. (Note 3) 1:faD is selected
R SREREEEEEEERE VCUT Vref connect bit 1 : Vref connected [eXe}
R External op-am b7 b '
: OPAQ helioisi ol 4 00 : ANEXO and ANEX1 are not used(Note 4)  [O1O
: bit (Note 2) 0 1 : ANEXO input is A-D converted(Note 5) :
N OPA1 1 0 : ANEX1 input is A-D converted(Note 6) re)
1 1 : External op-amp connection mode(Note 7) '

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Note 3: When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing.

Note 4: Set "0" to PSL3_5 and PSL3_6 of the function select register B3.

Note 5: Set "1" to PSL3_5 of the function select register B3.

Note 6: Set "1" to PSL3_6 of the function select register B3.

Note 7: Set "1" to PSL3_5 and PSL3_6 of the function select register B3.

Figure 1.21.8. A-D conversion register in repeat sweep mode 1
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(a) Sample and hold
Sample and hold is selected by setting bit O of the A-D control register 2 (address 039416) to “1”. When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 faD cycle is
achieved with 8-bit resolution and 33 faD with 10-bit resolution. Sample and hold can be selected in all
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and
hold is to be used.

(b) Extended analog input pins

In one-shot mode and repeat mode, the input via the extended analog input pins ANEXo and ANEX1 can
also be converted from analog to digital.

When bit 6 of the A-D control register 1 (address 039716) is “1” and bit 7 is “0”, input via ANEXo is
converted from analog to digital. The result of conversion is stored in A-D register 0.

When bit 6 of the A-D control register 1 (address 039716) is “0” and bit 7 is “1”, input via ANEX1 is
converted from analog to digital. The result of conversion is stored in A-D register 1.

Set the related input peripheral function of the function select register B3 to disabled.

(c) External operation amp connection mode
In this mode, multiple external analog inputs via the extended analog input pins, ANEXo and ANEX1, can
be amplified together by just one operation amp and used as the input for A-D conversion.
When bit 6 of the A-D control register 1 (address 039716) is “1” and bit 7 is “1”, input via ANo to AN7 is
output from ANEXo. The input from ANEX1 is converted from analog to digital and the result stored in the
corresponding A-D register. The speed of A-D conversion depends on the response of the external op-
eration amp. Do not connect the ANEXo and ANEX1 pins directly. Figure 1.21.9 is an example of how to
connect the pins in external operation amp mode.
Set the related input peripheral function of the function select register B3 to disabled.

Resistance ladder

AAAAAAAAAA

| <
|

Successive conversion register

ANo O———1—0—0—
AN1 O——1—0—0—1
AN2 O————0—0—1
Analo AN3 O———0—0—
input ? AN4 O———0—0—
AN5s O———O0—0—
AN O———0—0—
AN7 O———F—0—0—

O
\J

ANEXO
N~ >
|~ Anex

Comparator

External op-amp

Figure 1.21.9. Example of external op-amp connection mode
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D-A Converter

This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of this type.
D-A conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A
output enable bits) of the D-A control register decide if the result of conversion is to be output. Set the
function select register A to I/O port, the related input peripheral function of the function select register B3 to
disabled and the direction register to input mode. Do not set the target port to output mode if D-A conver-
sion is to be performed.
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage
Table 1.22.1 lists the performance of the D-A converter. Figure 1.22.1 shows the block diagram of the D-A
converter. Figure 1.22.2 shows the D-A control register.

Table 1.22.1. Performance of D-A converter

Item Performance
Conversion method R-2R method
Resolution 8 bits
Analog output pin 2 channels

Data bus low-order bits

| D-A register i (8) (i = 0, 1) | (Address 039816, 039A16)

D-Ai output enable bit (i=0, 1)

P93/ DAO
| R-2R resistance ladder l—O/O—O P94/ DAL

Figure 1.22.1. Block diagram of D-A converter
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D-A control register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

DACON 039C16 0016
P4 w4 | Bit symbol Bit name Function RIW,
P : : : : : : ~ : 0 : Output disabled ‘
A DAOE D-A0 output enable bit 1 Output enabled 00
PoLon DAIE | D-Aloutputenable bit |0 :Output disabled 00
- 1 : Output enabled

R Nothing is assigned.
"""""""""""" When write, set "0". When read, the value of these bits is "0".

D-A register

Symbol Address When reset
b7 b°| DAi (i = 0,1) 039816, 039A16 Indeterminate
Function R'W|
] Output value of D-A conversion 0.0

Figure 1.22.2. D-A control register

D-AO0 output enable bit

% R R R R R R R 2R
DA0 O-AN\—00
Y
2R

MSB...| .. SN IO S SR E— S R B LSB

D-A register 0 0T01

AVvss O
VRer O

Note 1: In the above figure, the D-A register value is "2A16".

Note 2: This circuit is the same in D-A1.

Note 3: To save power when not using the D-A converter, set the D-A output enable bit to "0"
and the D-A register to "0016", and prevent current flowing to the R-2R resistance.

Figure 1.22.3. D-A converter equivalent circuit
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CRC Calculation Circuit

The Cyclic Redundancy Check (CRC) calculation circuit detects an error in data blocks. The microcom-
puter uses a generator polynomial of CRC_CCITT (X186 + X12 + X5 + 1) to generate CRC code.

The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The CRC
code is set in a CRC data register each time one byte of data is transferred to a CRC input register after
writing an initial value into the CRC data register. Generation of CRC code for one byte of data is com-
pleted in two machine cycles.

Figure 1.23.1 shows the block diagram of the CRC circuit. Figure 1.23.2 shows the CRC-related registers.

q Data bus high-order bits S
q Data bus low-order bits S
‘ [Eight low-order bits Eight high-order bits

CRC data register (16)
1 ] [ (Addresses 037D16, 037C16)

CRC code generating circuit
X16+X12+X5+1

CRC input register (8) | (Address 037E16)

| )

Figure 1.23.1. Block diagram of CRC circuit

CRC data register

15 s bo Symbol Address When reset
CRCD 037D16, 037C16 Indeterminate
Function Values that g\
can be set :
1 CRC calculation result output register 000016 to FFFF16 (OO
CRC input register
b7 b0 Symbo Address When reset
| | CRCIN 037E1s Indeterminate
Function Values that | pyy
can be set :
"""""""" Data input register 0016to FF16 |O io

Figure 1.23.2. CRC-related registers
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b15

(1) Setting 000016 —»

b7

(2) Setting 0116 —

b15

[ ]

b0

2 cycles

After CRC calculation is complete

b0

118916

Y

conformity with the modulo-2 operation.

LSB

R

L

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,
(X8 + x12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000) X1 by (1 0001 0000 0010 0001) in

1000 1000

10001 0000 0010 0001 | 1900 00O 0000 0000 0000 0000
1000 1000 0001 0000 1

1000 0001 0000 1000 O
1000 1000 0001 0000 1

LSB/

b7

(3) Setting 2316 —

b15

1001 0001 1000 1000

[ ]

A

9 8 1 1
LR W
Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC
operation. Also switch between the MSB and LSB of the result as stored in CRC data.

b0

After CRC calculation is complete

b0

0A4116

Y

b

| CRC data register

CRC input register

CRC data register

Stores CRC code

MSB

MSB

CRC input register

CRC data register

Stores CRC code

CRCD
[037D16, 037C16]

CRCIN
[037E16]

CRCD
[037D16, 037C16]

Modulo-2 operation is
operation that complies
with the law given below.

0+0=0
0+1=1
1+0=1
1+1=0

-1=1

CRCIN
[037E16]

CRCD
[037D16, 037C16]

Figure 1.23.3. CRC example

~
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X-Y Converter
X-Y conversion rotates the 16 x 16 matrix data by 90 degrees. It can also be used to invert the top and
bottom of the 16-bit data. Figure 1.24.1 shows the XY control register.
The Xi and the Yi registers are 16-bit registers. There are 16 of each (where i= 0 to 15).
The Xi and Yi registers are mapped to the same address. The Xi register is a write-only register, while the
Yi register is a read-only register. Be sure to access the Xi and Yi registers in 16-bit units from an even
address. Operation cannot be guaranteed if you attempt to access these registers in 8-bit units.

XY control register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
MXMN—J—J XYC 02EO016 XXXXXX002
P | Bit symbol Bit name Function RIW,
P : : N - . 0 : Data conversion 1
. Xvco Read-mode set bit 1 : No data conversion 00
. XYC1 Write-mode set bit 0 : No bit mapping conversion OEO
T 1 : Bit mapping conversion !
P I b Nothing is assigned. _3_
""""""""""""" When write, set "0". When read, the value of these bits is indeterminate. !

Figure 1.24.1. XY control register

MITSUBISHI
176 A ELECTRIC



Mitsubishi microcomputers

M16C/80 (144-pin version) group
X-Y Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The reading of the Yi register is controlled by the read-mode set bit (bit O at address 02E016).

When the read-mode set bit (bit 0 at address 02E016) is “0”, specific bits in the Xi register can be read at the
same time as the Yi register is read.

For example, when you read the YO register, bit O bit O is read as bit O of the XO register, bit 1 is read as bit
0 of the X1 register, ..., bit 14 is read as bit O of the X14 register, bit 15 as bit 0 of the X15 register. Similarly,
when you read the Y15 register, bit O is bit 15 of the XO register, bit 1 is bit 15 of the X1 register, ..., bit 14 is
bit 15 of the X14 register, bit 15 is bit 15 of the X15 register.

Figure 1.24.2 shows the conversion table when the read mode set bit = “0”. Figure 1.24.3 shows the X-Y
conversion example.

Read address
A
e I
R N o e
R RERNSHOZeas N4
NNANNANDOODOOOOOOOOO
OO0 O0OO0OONNANNNNNNNON
8888885585588888
SSesee8888888888
L EEEEEEEEEE
Do DD D22 .20 00 000N 0N
EEEEErPRETETETED
S>> >>>>>>>>>>>>>
[ X15 register (0002DE1s) 4
X14 register (0002DC16) A
X13 register (0002DA16)
X12 register (0002D816)
X11 register (0002D616)
X10 register (0002D416)
X9 register (0002D216) 5
Write address X8 register (0002D016) A7)
< X7 register (0002CEu16) 2
X6 register (0002CC16) =
X5 register (0002CA16) >
X4 register (0002C816) ks
X3 register (0002C616) =
X2 register (0002C416
X1 register (0002C216 \4
\_ X0 register (0002CO016) g
b15 < > bo
Bit of Xi register

Figure 1.24.2. Conversion table when the read mode set bit = “0”

r (X register) A ‘ (Y register)

n < n < M N -

2323223833588 83832823 33525335338358833828
X0-Reg > YO-Reg < |
X1 Y1 |
X2 Y2 |
X3 Y3 |
X4 Y4 §
X5 Y5 i
X6 Y6 |
X7 HU ) Y7 )
X8 Y8
X9 Y9
X10 Y10
X11 Y11
X12 Y12
X13 Y13
X14 Y14
X15 - Y15 <

‘ x

Figure 1.24.3. X-Y conversion example
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When the read-mode set bit (bit 0 at address 02E016) is “1”, you can read the value written to the Xi register
by reading the Yi register. Figure 1.24.4 shows the conversion table when the read mode set bit = “1".

[ X15,Y15 register éOOOZDEleg
X14,Y14 register (0002DC16
X13,Y13 register (0002DA16)
X12,Y12 register (0002D816)
X11,Y11 register (0002D616)
X10,Y10 register (0002D416)
. X9,Y9 register (0002D216)
Write address X8,Y8 register (0002D016)
Read address X7,Y7 register (0002CE16)
X6,Y6 register (0002CCz1s)
X5,Y5 register (0002CA16)
X4,Y4 register (0002C816)
X3,Y3 register (0002C616)
X2,Y2 register (0002C416)
X1,Y1 register (0002C216)
K X0,YO0 register (0002C016)

b15 = » bO

Bit of Xi register
Bit of Yi register

Figure 1.24.4. Conversion table when the read mode set bit = “1”

The value written to the Xi register is controlled by the write mode set bit (bit 1 at address 02E0Q16).
When the write mode set bit (bit 1 at address 02E016) is “0” and data is written to the Xi register, the bit

stream is written directly.
When the write mode set bit (bit 1 at address 02E016) is “1” and data is written to the Xi register, the bit
sequence is reversed so that the high becomes low and vice versa. Figure 1.24.5 shows the conversion

table when the write mode set bit = “1”.

b15 b0
Write address |

b15
eitofxiregister | | | | | [ [ [ [ [ ][] ]]]]

Figure 1.24.5. Conversion table when the write mode set bit = “1”
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DRAM Controller
There is a built in DRAM controller to which it is possible to connect between 512 Kbytes and 8 Mbytes of
DRAM. Table 1.25.1 shows the functions of the DRAM controller.

Table 1.25.1 DRAM Controller Functions

DRAM space 512KB, 1MB, 2MB, 4MB, 8MB
Bus control 2CAS/1W
Refresh CAS before RAS refresh
Self refresh-compatible
Function modes EDO-compatible, fast page mode-compatible
Waits 1 wait or 2 waits, programmable

To use the DRAM controller, use the DRAM space select bit of the DRAM control register (address 004016)
to specify the DRAM size. Figure 1.25.1 shows the DRAM control register.

The DRAM controller cannot be used in external memory mode 3 (bits 1 and 2 at address 000516 are “112").
Always use the DRAM controller in external memory modes 0, 1, or 2.

When the data bus width is 16-bit in DRAM area, set "1" to R/W mode select bit (bit 2 at address 000416).
Set wait time between after DRAM power ON and before memory processing, and dummy cycle for reflesh
by sowtwear.

DRAM control register

b7 b6 b5 b4 b3 b2 bl b0

| |>q><l | | | | | Symbol Address When reset
NN LT DRAMCONT 0004016 Indeterminate (Note 4)
Bit symbol Bit name Function R!W
WT Wait select bit (Note 1) 0 : Two wait 0:0
1: One wait '
b3 b2 b1 :
Pt ARO 000 : DRAM ignored oo
001 : Inhibit ‘
| DRAM space select bit 010:0.5MB |
R AR1 '
R A 011:1MB O;O
oo 100:2MB ;
: b AR2 101:4MB ;
: 110:8MB 0:0
3 111 : Inhibit '
o] Nothing is assigned.
When write, set "0". When read, the value of these bits is indeterminate. i
SR SREF Self-refresh mode bit 0: Self-refresh OFF OEO
(Note 2) 1: Self-refresh ON

Note 1: The number of cycles with 2 waits is 3-2-2. With 1 wait, it is 2-1-1.

Note 2: When you set "1", both RAS and CAS change to "L". When you set "0",
RAS and CAS change to "H" and then normal operation (read/write, refresh)
is resumed. In Stop mode, there is no control.

Note 3: Set the bus width using the external data bus width control register (address
000516). When selecting 8-bit bus width, CASH is indeterminate.

Note 4: After reset, the content of this register is indeterminate.

DRAM controller begins executing after writing to this register.

Figure 1.25.1. DRAM control register
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* DRAM Controller Multiplex Address Output
The DRAM controller outputs the row addresses and column addresses as a multiplexed signal to the
address bus A8 to A20. Figure 1.25.2 shows the output format for multiplexed addresses.

8-bit bus mode

Pin function MA12[ MAI1] MA10] MA9 | MA8 | MA7 [ MA6 | MA5 | MA4 | MA3 | MA2 | MA1 | MAO
(A20) | (A19) | (A18) | (A17) | (A16)] (A15) | (A14) | (A13) | (A12) | (A11) | (AL0) | (A9) [ (A8)
Row address |(A20) | (A19)| A18 | A7 | Al6 | A15| Al4 | A13 | Al12 | All | A10 | A9 | (A8) |

Column address |(A22)|(A22)| A19| A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0 | (A8)|

512KB, 1MB

< g
- Ll

Row address |(A20)| A19 | A18 | AL7 | A16 | Al5 | Al4 | A13 | A12 | A1 | A10 | A9 | (»8) |

Column address |(A22)| A21 | A20| A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL | AO ‘ (A8)|

2MB, 4MB

-
-

Row address | A20 | Al19 | Al8 | Al7 | Al6 | Al15 | Al4 | Al13 | Al12 | A1l | A10 | A9 | (A8) |

Column address |(A22)| A22 | A21| A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL | A0 | (A8)|

8MB

<< -
- |

16-bit bus mode

MA12| MA11l| MA10 | MA9 | MA8 | MA7 | MA6 | MA5 | MA4 | MA3 | MA2 | MA1 | MAO

Pin function (A20) | (A19) | (A18) | (A17) | (A16) | (A15) | (a14) | (A13) | (A12) | (A11) | (A20) | (A9) | (AB)

Row address |(A20) I (A19)| Al8 | AL7 | AlL6 | ALS | Al4 | A13 | AL2 | All | AL0 | (A9) | (A8) |

>

Column address |(A22)|(A20)| A9 | A8 | a7 | A6 | A5 | A4 | 3 | A2 | Al | (AO)| (A8)|

512KB

< -
%

Row address |(A20)| A19 | A18 | A17

A6 | A15| Al4 | A13 | AL2 | ALl | AL0 | (A9) | (A8) |

Colurmn addressl(Azz)I A20 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | (A0)| (A8)|
~ 1MB, 2MB .
Row address | A20 I A19 | Al8 | A17 | A16 | A15 | Al4 | A13 | A12 | Al1 | A10 | (A9) | »8) |

Column address | A22 I A21 | 20

A8|A7|A6|A5|A4|A3|A2|A1|(AO)|(A8)|

- 4mB, smp (Note 2) _

Il

Note 1: () invalid bit: bits that change according to selected mode (8-bit/16-bit bus mode, DRAM
space).

Note 2: The figure is for 4Mx1 or 4Mx4 memory configuration. If you are using a 4Mx16 configuration,
use combinations of the following: For row addresses, MAO to MA12; for column addresses
MA2 to MA8, MA11, and MA12. Or for row addresses MA1 to MA12; for column addresses
MA2 to MA9, MA11, MA12.

Figure 1.25.2. Output format for multiplexed addresses
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* Refresh
The refresh method is CAS before RAS. The refresh interval is set by the DRAM refresh interval set
register (address 004116). The refresh signal is not output in HOLD state. Figure 1.25.3 shows the
DRAM refresh interval set register.
Use the following formula to determine the value to set in the refresh interval set register.

Refresh interval set register value = refresh interval time / (BCLK frequency X 32) - 1
(0 to 255)

DRAM refresh interval set register
(L D6 DS b4 b3 b2 bl DO Symbol Address When reset
REFCNT 0004116 Indeterminate
Y :
: Bit symbol Bit name Function R:W
REFCNTO | Refresh interval set bit | b7b6 b5 b4 b3 b2 b1 bo 0.0
00000000:1.6ps 5
REFCNT1 00000001:3.2us 0.0
e REFCNT3 . 0:0
REFCNT4 . OEO
REFCNT5 ) oio
REFCNT6 11111111:409.6 s oio
REFCNT7 (Note) |O:0
Note: Refresh interval at 20 MHz operating (no division)
Refresh interval = BCLK frequency X (refresh interval set bit + 1) X 32

Figure 1.25.3. DRAM refresh interval set register
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The DRAM self-refresh operates in STOP mode, etc.

When shifting to self-refresh, select DRAM ignored by the DRAM space select bit. In the next instruction,
simultaneously set the DRAM space select bit and self-refresh ON by self-refresh mode bit. Also, insert
two NOPs after the instruction that sets the self-refresh mode bit to "1".

Do not access external memory while operating in self-refresh. (All external memory space access is
inhibited. )

When disabling self-refresh, simultaneously select DRAM ignored by the DRAM space select bit and self-
refresh OFF by self-refresh mode bit. In the next instruction, set the DRAM space select bit.

Do not access the DRAM space immediately after setting the DRAM space select bit.

Example) One wait is selected by the wait select bit and 4MB is selected by the DRAM space select bit
Shifting to self-refresh
mov.b #00000001b,DRAMCONT ;DRAM ignored, one wait is selected
mov.b #10001011b,DRAMCONT ;Set self-refresh, select 4MB and one wait
nop ;Two nops are needed
nop ;

Disable self-refresh

mov.b #00000001b,DRAMCONT ;Disable self-refresh, DRAM ignored, one wait is

;selected
mov.b #00001011b,DRAMCONT ;Select 4MB and one wait
nop ;Inhibit instruction to access DRAM area

nop

Figures 1.25.4 to 1.25.6 show the bus timing during DRAM access.
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< Read cycle (wait control bit =0) >

BCLK

>< Row >< Column X Column X Column

MAO to MA12 address address 1 address 2 address 3
RAS \
CASH \ /_\
CASL

IEE

|

o016 0 ( XK PAS J—

(EDO mode)

Note : Only CASL is operating in 8-bit data bus width.

< Write cycle (wait control bit = 0) >

BCLK

Row Column Column Column
MAO to MA12 X address address 1 X address 2 X address 3

RAS \
CASH \ /_\
CASL

I

|

I

—
oo —— X X

Note : Only CASL is operating in 8-bit data bus width.

Figure 1.25.4. The bus timing during DRAM access (1)
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M16C/80 (144-pin version) group
DRAM Controller SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

< Read cycle (wait control bit =1) >

BCLK

Row Column Column Column Column
MAQ to MA12 >< address /\address 1/\address 2/\address 3 address 4

RAS \

CASH
CASL

!

C X X X >

(EDO mode)

Note : Only CASL is operating in 8-bit data bus width.

< Write cycle (wait control bit = 1) >

BCLK

Row Column Column Column Column ><
MAO to MA12 >< address address 1><address 2><address 3 address 4

RAS \ /

Tt N\
CASL

=0
oos ———( X XX

Note : Only CASL is operating in 8-bit data bus width.

Figure 1.25.5. The bus timing during DRAM access (2)
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M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BCLK

RAS

CASH
CASL

Note

BCLK

RAS

CASH
CASL

Note

N\

—
—

s

< CAS before RAS refresh cycle >

: Only CASL is operating in 8-bit data bus width.

]

7y

N

< Self refresh cycle >

: Only CASL is operating in 8-bit data bus width.

Figure 1.25.6. The bus timing during DRAM access (3)

MITSUBISHI
ELECTRIC

~

185
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M16C/80 (144-pin version) group
Programmable 1/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Programmable 1/0 Ports
There are 123 programmable 1/0O ports: PO to P15 (excluding P85s). Each port can be set independently for
input or output using the direction register. A pull-up resistance for each block of 4 ports can be set. P85 is
an input-only port and has no built-in pull-up resistance.
Figures 1.26.1 to 1.26.3 show the programmable 1/O ports.
Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices.
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con-
verter), set the corresponding function select registers A, B and C. When pins are to be used as the outputs
for the D-A converter, set the function select register of each pin to I/O port, and set the direction registers
to input mode.
Table 1.26.1 lists each port and peripheral function.
See the descriptions of the respective functions for how to set up the built-in peripheral devices.

(1) Direction registers

Figures 1.26.4 and 1.26.5 shows the direction registers.

These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis-
ters corresponds one for one to each I/O pin.

In memory expansion and microprocessor mode, the contents of corresponding direction register for
setting of bus control such as address bus and data bus is not changed.

Note: There is no direction register bit for P8s.

(2) Port registers

Figures 1.26.6 and 1.26.7 shows the port registers.

These registers are used to write and read data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in port registers corresponds one for one to each 1/O pin.

In memory expansion and microprocessor mode, the contents of corresponding port register for setting of
bus control such as address bus and data bus is not changed.

(3) Function select register A

Figures 1.26.8 and 1.26.9 show the function select registers A.

The register is used to select port output and peripheral function output when the port functions for both
port output and peripheral function output.

Each bit of this register corresponds to each pin that functions for both port output and peripheral function
output.
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(4) Function select register B
Figures 1.26.10 and 1.26.11 show the function select registers B.
This register selects the 1st peripheral function output and second peripheral function output when mul-
tiple peripheral function outputs are assigned to a pin. For pins with a third peripheral function, this regis-
ter selects whether to enable the function select register C, or output the second peripheral function.
Each bit of this register corresponds to each pin that has multiple peripheral function outputs assigned to it.
This register is enabled when the bits of the corresponding function select register A are set for peripheral
functions.
The bit 3 to bit 6 of function select register B3 is ignored bit for input peripheral function. When using DA/
DA1 and ANEXO/ANEX1, set related bit to "1". When not using DAO/DA1 or ANEXO/ANEX1, set related
bit to "0".

(5) Function select register C
Figure 1.26.12 shows the function select register C.
This register is used to select the first peripheral function output and the third peripheral function output
when three peripheral function outputs are assigned to a pin.
This register is effective when the bits of the function select register A of the counterpart pin have selected
a peripheral function and when the function select register B has made effective the function select
register C.
The bit 7 (PSC_7) is assigned the key-in interrupt inhibit bit. Setting 1 in the key-in interrupt inhibit bit
causes no key-in interrupts regardless of the settings in the interrupt control register even if L is entered
in pins KIO to KI3. With 1 set in the key-in interrupt inhibit bit, input from a port pin cannot be effected even
if the port direction register is set to input mode.

(6) Pull-up control registers
Figures 1.26.13 and 1.26.14 show the pull-up control registers.
The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is
set for input.
Since PO to P5 operate as the bus in memory expansion mode and microprocessor mode, do not set the
pull-up control register. However, it is possible to select pull-up resistance presence to the usable port as
I/O port by setting.

(7) Port control register
Figure 1.26.15 shows the port control register.
This register is used to choose whether to make port P1 a CMOS port or an Nch open drain. In the Nch
open drain, the port P1 has no function that a complete open drain but keeps the CMOS port’s Pch
always turned off. Thus the absolute maximum rating of the input voltage falls within the range from - 0.3
Vito+0.3V.
The port control register functions similarly to the above also in the case in which port P1 can be used as
a port when the bus width in the full external areas comprises 8 bits in either microprocessor mode or in
memory expansion mode.
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Pull-up selection

—{ Direction register }—

P0o to P07, P20 to P27,
P30 to P37, P40 to P47, hd
P50 to P52, P54 to P57, ~
P110 to P114, P120 to P127,

| FDQ
P130 to P137. P14o to P14s, Databus —$—  Portlatch |
P150 to P157 |
R |

~N

Pull-up selection

P1loto Pla ﬂ Direction register r—

Port P1 control

o J
1

Data bus H._{ Port latch }

g

Pull-up selection

Port P1 control
register bit 0 .

P15 to P17 ﬁ Direction register }—4

b
~

Data bus —«—{ Port latch \

Wm_l_m_¢

TLT]

| FP L

Input to respective peripheral functions

Pull-up selection

—{ Direction register }—‘

b
~

Data bus Hv—‘ Port latch }

< [

~N

o

~N
Input to respective peripheral functions

P62, P66, P77, P87

S
L

Figure 1.26.1. Programmable I/O ports (1)
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P82 to P84

P60, P61, P64, P65, P72, P73

P75, P81, P9o, P91, P92, P97
(inside dotted-line not included)

P53, P63, P67, P74, P76, P8o, P86
(inside dotted-line included)

Output from respective

Data bus ——{

Pull-up selection

—{ Direction register }—

b

™~

Port latch }

™~

S

-
NS

By T
=

~N

Input to respective peripheral functions

Note

4

Function select Pull-up selection
register A

ﬂ Direction register \\

Bl

peripheral functions

P8s
Data bus

Data bus ——{

Port latch

D
4>0D11

J
1,

Note : P53 is connected to clock output function select bit.

P70, P71

NMI interrupt input

Function select
register A

—‘ Direction register }—
7

Output from respective

~N

4

peripheral functions

Data bus H»—{

AV,

Port latch [

™~

S

~N

Input to respective peripheral functions

Figure 1.26.2. Programmable I/O ports (2)
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P100 to P103 Pull-up selection
. I L4
N

_ il

1
~N
P
~N

Analog input

Pull-up selection

Direction register

d
~N

Data bus fﬁ Port latch

P104 to P107

J Ld
}Jo
>

il
b

Input to respective peripheral functions 4[

Analog input

P93 P94 Function select Pull-up selection
! register A
f Direction register j j
<t D
Output from respective ~N
peripheral functions

=
Data bus 4"‘( Port latch T

P

~N

Input to respective peripheral functions @

Analog input
D-A output enabled

P9s (inside dotted-line included) Pull-up selection
P9e (inside dotted-line not included) register A
ﬁ Direction register j j
< D
o X \I ®_
utput from respective "

peripheral functions 1

Data bus —¢ Port latch ‘F\%

Analog input

Figure 1.26.3. Programmable I/O ports (3)
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Programmable 1/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Pi direction register (Note 1,2)

Symbol Address When reset
PDi (i = 0to 15, 03E216, 03E316, 03E616, 03E716, 03EA16 0016
b7 b6 bS b4 b3 b2 bl b0 except 8, 11, 14) 03EB16, 03C216, 03C316, 03C716, 03CA16 0016
| | | | | | | | | 03CE16, 03CF16, 03D316 0016
E E E E E E E E Bit symbol Bit name Function RIW|
V47 v 4+ 4+ % . -{PDiO Port Pio direction register 00
A PDi_1 Port Pi1 direction register | O * Input mode . 0.0
A (Functions as an input port) ;
I PDi_2 Port Pi2 direction register 1 : Output mode OJO
T RREREEEEE PDi_3 Port Pi3 direction register (Functions as an output port) (00
P e PDi_4 Port Pia direction register (i=0to15except8, 11,14) (00O
b PDi_5 Port Pis direction register 0.0
b EE e EEE R PDi_6 Port Pie direction register 0.0
R P ELEEEEE PDi_7 Port Pi7 direction register 00

Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to the port
P9 direction register.

Note 2: In memory expansion and microprocessor mode, the contents of
corresponding port Pi direction register for setting of bus control such as
address bus and data bus is not changed.

Port P8 direction register

b7 b6 b5 b4 b3 b2 bl bo

Nothing is assigned. ‘
This bit can either be set nor reset. When read, its content is indeterminate. i

R RGREREEEEEEEEES PD8_6 Port P8s direction register | 0 * Input mode , 0.0
(Functions as an input port) [

Symbol Address When reset

| . | . |><| . | I | PD8 03C616 00X000002
Bit symbol Bit name Function R W,
Vv v v v v v -{PD8.O Port P8o direction register 0.0

or — . 0 : Input mode 1

N PD8 1 Port P . . |
. 8_ ort P81 d'|rect.|on reg.lster (Functions as an input port) O:O
Rt PD8_2 Port P82 direction register | 1 : Qutput mode 0.0
A R — PD8_3 Port P83 direction register (Functions as an output port) |50
R CLLTEETTE PD8_4 Port P84 direction register 00

- ] 1 : Output mode 1
"""""""""""" PD8_7 Port P87 direction register (Functions as an output port)  [©1O

Figure 1.26.4. Direction register (1)
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Port P11 direction register
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b
N, “l 3| 2 °| PD11 03CB1s, XXX0000016
E ' ' ' ' ' ' ' Bit symbol Bit name Function R \ W,
P S4PD110 Port P110 direction register 0.0
A 0 : Input mode ‘
E E E E E E EREEE PD11 1 Port P111 direction register (Functions as an input port) O:O
S T T E— PD11 2 Port P112 direction register 1: Output mode OEO
o (Functions as an output port) :
T AEGEEEELE PD11 3 Port P113 direction register o)e}
E ' ' SR PD11_4 Port P114 direction register OEO
T Nothing is assigned.
This bit can either be set nor reset. When read, its content is indeterminate. |~ —
Port P14 direction register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
|><| _ | ' | _ | ' | _ | ' | . | PD14 03D216 X00000002
E ' ' ' ' ' ' ' Bit symbol Bit name Function R'W|
bor o 1 4+ -1PD14.0 Port P14o direction register 0.0
A — - 0 : Input mode [
e PD14_1 Port P141 direction register (Functions as an input port) 0.0
e PD14_2 Port P142 direction register | 1:Output mode 0.0
T T (Functions as an output port) F—
oo e PD14_3 Port P143 direction register o0
P11 teeeeeeeeeeeend PD14 4 Port P144 direction register 00
E . E EEEEEEEEEEE PD14_5 Port P14s direction register OEVO
 COORCEEEEEEEEEEE PD14_6 Port P14e direction register O O
] Nothing is assigned.
This bit can either be set nor reset. When read, its content is indeterminate. T

Figure 1.26.5. Direction register (2)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Pi register (Note 1)

b3 b2 bl b0

Pi(i=0to 15,
except 8, 11, 14) 03E916, 03C016, 03C116, 03C516, 03C816

When reset
Indeterminate
Indeterminate
Indeterminate

Address
03EO016, 03E116, 03E416, 03E516, 03E816

Symbol

03CC1s, 03CD16, 03D116

Note 2:

Port P8 register

b7 b6 b5 b4 b3 b2 bl b0

Bit symbol Bit name Function R EW
e T T ) Port Pio register o 0'0
e Data is input and output to and from 1
A PDi_1 Port Pi1 register each pin by reading and writing to 0.0
N PDi 2 Port Piz register ar?ci f,r’om each corresponding bit 00
[ = 0:"“L" level data X
I EEREEEEE PDi_3 Port Pi3 register 1:“H" level data (Note 2) 0.0
Vo : : : 00
[ EREEELEEED PDi_4 Port Pi4 register (i=0to 15 except 8, 11, 14) o :o
I DECECEECEEEE PDi_5 Port Pis register 00
I SSGRELELEEEEEEED PDi_6 Port Pie register 0'0
e PDi_7 Port Pi7 register 00
Note 1: In memory expansion and microprocessor mode, the contents of corresponding

port Pi direction register for setting of bus control such as address bus and data
bus is not changed.
P70 and P71 are N-channel open drain ports and high inpedance outputs.

Symbol Address When reset
| | | | | | | | | P8 03C416 Indeterminate

T symbol Bit name Function R'W
E E E E E E E - PD8_0 Port P80 register o O io
Poror e - Data is input and output to and from 00
R PD8_1 Port P81 register each pin by reading and writing to ‘

R S MR PD8 2 Port P82 register and from each corresponding bit 0.0
A R — (except for P8s) 0.0
T e PD8_3 Port P83 register 0:“L" level data 00
 SRERREEEEEE PD8_4 Port P84 register 1:"H"level data o) EO
R et PD8_5 Port P85 register O
I SSGRELLLEEEEEEEED PD8_6 Port P86 register 0.0
e ERGEEECEEEEREERRERRE PD8_7 Port P87 register 0:0

Figure 1.26.6. Port register (1)
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Programmab|e 1/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port P11 register
Symbol Address When reset
b7 b6 bS b4 b3 b2 bl bO P11 Indeterminate
R A T symbol Bit name Function R'W
bbb b MP110 Port P110 register Data is input and output to and |00
oo o o . from each pin by reading and 1
A P11 1 Port P111 register writing to and from each © O
[ P11 2 Port P112 register corresponding bit 0.0
I - 0:“L" level data ‘
P femmmmmmeeey P11 3 Port P113 register 1:“H” level data 0.0
R P11 4 Port P114 register 00
] Nothing is assigned.
This bit can either be set nor reset. When read, its content is indeterminate. |~

Port P14 register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

|><| | | | | | | P14 03D016 Indeterminate
Bit symbol Bit name Function R W
oo Y4P14.0 Port P14o register Data is input and output to and [0 O
S S IV Port P141 register from each pin by reading and 55
I writing to and from each ‘
R P14_2 Port P142 register corresponding bit (o)e}
oo . 0:“L" level data 1
bbb P14_3 Port P143 register 1 “H" Ie\\//el data 0.0
A SRR Pl14_4 Port P144 register 0.0
L  TTTEEEE P14 5 Port P14s5 register O 0]
e EEEECEEEEEEEEEE P14_6 Port P14s6 register 00
] Nothing is assigned. i

This bit can either be set nor reset. When read, its content is indeterminate. !

Figure 1.26.7. Port register (2)
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Table 1.26.1. Each port and peripheral function (Note 1)

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Periphral output function 1 | Periphraloutput function 2 | Periphral output function 3
P60 RTSo output —_— —_—
P61 CLKao output — —_—
P62 —_— —_— —_—
P63 TxDo output o —_—
P64 RTS1 output CLKS1 output —
P65 CLK1 output — —_—
P66 — - -
P67 TxD1 output —_— —_—
p7dNote 2) TxD2(SDA2) output TAOOUT output S
p7.(Note 2) SCL2 output — —
P72 CLK2 output TALouT output V phase output
P73 RTS2 output V phase output —_—
P74 TA20uUT output W phase output —
P75 W phase output — —
P76 TA30uUT output — —
P77 — —_— —_—
P8o TA40uUT output U phase output —
P81 U phase output — S—
P82 [ — S
P83 S - _
P84 —_ —_
P85 S - _
P86 — — —
P87 —_— —_— —_—
P9o CLKS3 output —_ —_
P91 SCL3 output STxD3 output —
P92 TxD3(SDAS3) output — —
P93 RTS3 output S— -
P94 RTS4 output — —
P95 CLK4 output —_ —_
P96 TxD4(SDA4) output —_ —_
P97 SCL3 output STxD4 output —

Note 1: When using peripheral input function, set the corresponding function select register A to "0" (I/O port).
Note 2: N-channel open drain output.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Function select register AO
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
X1 X || PSO 03B016 0X000X002
Bit symbol Bit name Function R'W
A PSO_0 Port P60 function select bit | 0 : 1/O port 00
A 1: RTSO output 5
Voo e PS0_1 Port P61 function select bit | O : /O port OEO
1 : CLKO output |
E : : : : e Nothing is assigned. i
o When write, set "0". When read, the content is indeterminate. _E_
N . PS0_3 Port P63 function select bit | 0 : 1/O port 00
- 1: TXDO output !
S PS0_4 |Port P64 function select bit | 0 : I/O port 5
1 : Peripheral function output 00
o (PSLO_4 enabled) |
S PS0_5 Port P65 function select bit | 0 : 1/O port OEO
o 1: CLK1 output |
] Nothing is assigned. i
: When write, set "0". When read, the content is indeterminate. '
b PSO_7 Port P67 function select bit | 0 : I/O port O:O
1: TXD1 output 5
Function select register A1
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
X1 ]| PS1 03B116 X00000002
b 4| Bit symbol Bit name Function R'W,
P14 4 4 Ly PS1.0 |PortP70function select bit | 0: 1/O port |
e (Note) 1 : Peripheral function output 0.0
(PSL1_0 enabled) !
o PS1 1 Port P71 function select bit | 0 : /O port OEO
(Note) 1: SCL2 output !
] PS1 2 Port P72 function select bit | 0 : 1/0O port |
P 1 : Peripheral function output OEO
(PSL1_2, PSC_0 enabled) !
Heeeeeen] PS1 3 Port P73 function select bit | 0 : I/O port
1 : Peripheral function output 0.0
Vo (PSL1 3 enabled) |
N T PS1_4 |Port P74 function select bit | 0 I/O port !
o 1 : Peripheral function output 0'0
(PSL1_4 enabled) |
] PS1 5 Port P75 function select bit | 0 : 1/O port O o
1: W phase output .
] PS1_6 |Port P76 function select bit | 0 : /O port
1: TA30UT output O O
] Nothing is assigned.
When write, set "0". When read, the content is indeterminate. -
Note: This port is N-channel open drain output.

Figure 1.26.8. Function select register A (1)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Programmable 1/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Function select register A2
D7 DO bo bd b3 b2 D1 b0 Symbol Address When reset
DDA | ] PS2 03B416 XXXXXX002
Bit symbol Bit name Function R'W|
v 1o+ 1 4 1 ol PS2.0 |Port P8ofunction select bit | 0 : I/O port
T A T R 1 : Peripheral function output 0.0
A (PSL2_0 enabled) |
. PS2_1 Port P81 function select bit | 0 : I/O port O o
1: U phase output
S S B S IR Nothing is assigned.
When write, set "0". When read, the content is indeterminate. -
Function select register A3 (Note)
b7 06 bS b4 b3 b2 bl bO Symbol Address When reset
HERRRRER PS3 03B516 0016
v+ 1 0+ 44 | Bitsymbol Bit name Function R'W,
A PS3_0 | Port P9o function select bit | 0 : I/O port O o
A 1: CLK3 output !
. PS3_1 |Port P91 function select bit | 0 : /O port ‘
A 1 : Peripheral function output 0,0
o (PSL3_1 enabled) |
IR A PS3_2  |Port P92 function select bit | 0 : /O port O o
1: TxD3(SDA3) output
S PS3 3 Port P93 function select bit | 0 : 1/0 port Oi o
1: RTS3 output |
R PS3_4 | Port P94 function select bit | 0: 1/0 port
P 1: RTS4 output ©.0
Do ] PS3_5 |Port P9s function select bit | 0 /O port 00
P 1 : CLK4 output ;
] PS3 6 Port P96 function select bit | 0 : 1/O port O o
‘ 1 : TxD4(SDA4) output !
] PS3_7 Port P97 function select bit | 0 : 1/O port !
1 : Peripheral function output 00
(PSL3_7 enabled) |
Note: Set bit 2 of protect register (address 000A16) to “1” before rewriting to this register.

Figure 1.26.9. Function select register A (2)
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Programmable 1/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Function select register BO

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
DX XXX PSLO 03B216 XXXOXXXX2
¢ 0 [ Bitsymbol Bit name Function R'W,

______ . ] Nothing is assigned.
When write, set "0". When read, the content is indeterminate.

PR PSLO_4 Port P64 peripheral function 0 : RTS1 output O
select bit 1: CLKS1 output '

(Enabled when PS0O_4 = 1)

________________________ Nothing is assigned.
When write, set "0". When read, the content is indeterminate.

Function select register B1

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
DX | | X | PSL1 03B316 XXX000X02
v+ o+ 4w 1| Bitsymbol Bit name Function RIW|
- PSL1_0 Port P70 peripheral function 0 : TxD2(SDA2) port
- select bit 1: TAOouT output O:O
A (Enabled when PS1_0=1)
A (Note 2) |
Lo Nothing is assigned. __
- When write, set "0". When read, the content is indeterminate.
o ] PSL1_2 | Port P70 peripheral function 0 : Port P72 peripheral
A select bit subfunction select bit :
AR (Enabled when PS1_2 = 1) PSC_0) is enabled 010
R 1: TAlout output (Note 1) |
o ] PSL1 3 Port P70 peripheral function 0: RTS2 port |
A - select bit Vi 00
(Enabled when PS1_3 = 1) 1:V phase output
N PSL1 4 | Port P70 peripheral function | o . TA20uT port
. select bit . 00
(Enabled when PS1_4 =1) 1: W phase output
_________________ Nothing is assigned.
When write, set "0". When read, the content is indeterminate. -
Note 1: Set PSC_0to “1".
Note 2: This port is N-channel open drain output.
Function select register B2
b7 b6 b5 b4 b3S b2 bl b0 Symbol Address When reset
PSL2 03B616 XXXXXXX02
Bit symbol Bit name Function R W
P+ o+ 4 4 1 od PSL2 0 | PortP8o peripheral function select | 0 : TA4ouT output 00
A bit (Enabled when PS2_0 = 1) 1: U phase output 1

When write, set "0". When read, the content is indeterminate.

________________________ Nothing is assigned.

Figure 1.26.10. Function select register B (1)
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b

Function select register B3

7 b6 b5 b4 b3 b2 bl bO
| | | | |><| |><| Symbol Address When reset
— PSL3 03B716 XXXXXXXX2
¢ | Bit symbol Bit name Function RW,
. Nothing is assigned. _ _
When write, set "0". When read, the content is indeterminate.
- PSL3_1 Port P91 peripheral function |0 : SCL3 output o O
r o select bit 1: STxD3 output |
S nnEt Nothing is assigned. i
vor oo When write, set "0". When read, the content is indeterminate. !
Vo PSL3_3 Port P93 peripheral function | O : Input peripheral function |
P ey enabled (Except DAO output) o O
o (Note) |
o 1 : Input peripheral function |
disabled (DAO output)
PSL3 4 |Port P94 peripheral function | O Input peripheral function
o enabled (Except DAL output) !
bbbt (Note) 00
N 1 : Input peripheral function |
disabled (DA1 output)
Lo PSL3_5 | Port P95 peripheral function | O : Input peripheral function
enabled (Except ANEXO use)
' (Note) 0.0
: 1 : Input peripheral function |
disabled (ANEXO use) |
e PSL3 6 |Port P9 peripheral function | O : Input peripheral function :
enabled (Except ANEX1 use)|
(Note) o Xe)
1 : Input peripheral function |
disabled (ANEX1 use)
------------------------ PSL3 7 Port P97 peripheral function | 0 : SCL4 output o O
select bit 1: STxD4 output

Note: Although DAO, DA1 output and ANEXO, ANEX1 can be used when "0" is set in
these bits, the power supply may be increased.

Figure 1.26.11. Function select register B (2)

Function select register C

b7 b6 b5 b4 b3 b2 bl bo

ECEOE

Fmmmm——-

Symbol Address When reset
PSC 03AF16 0016
Bit symbol Bit name Function RIW,
PSC_0 Port P72 peripheral subfunction 0 : CLK2 output
(Note 1) | select bit (Enabled when PS1_2 = |1 :V phase output ()@
1and PSL1_2=0) !
Nothing is assigned. i
When write, set "0". When read, the content is indeterminate.
PSC_7 Key input interrupt disable bit 0 : Enabled O o
(Note 2) 1 : Disabled |

Note 1: Set this bit to "0" when PSL1_2 ="1".
Note 2: When this bit is "1", key input interrupt for interrupt controller is disabled
regardless of port input and setting of interrupt control register.
When changing this bit, set key input interrupt disabled by key input interrupt
control register.

Figure 1.26.12. Function select register C
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Pull-up control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset
B N N N N I B PURO 03F016 0016
Bit symbol Bit name Function R l W
P = PU00 POo to POs pull-up The corresponding port is pulled o0
e PUO1 P04 to P07 pull-up high with a pull-up resistance O O
R i 0 : Not pulled high !
P PU02 P1o to P13 pull-up 1 Pulled high O: O
[ Rty PUO3 P14 to P17 pull-up 0:0
T LT TTETE PU04 P20 to P23 pull-up 00
T PUO5 P24 to P27 pull-up 0.0
 EEEEEEEEEEEEEEED PU06 P30 to P33 pull-up 00
ERREEECEEEEEEEEEEEEEEEEE PUO7 P34 to P37 pull-up 00

b7 b6 b5 b4 b3 b0

up resistance presence to the usable port as I/O port by setting.

Pull-up control register 1 (Note)

Note: Since PO to P5 operate as the bus in memory expansion mode and microprocessor
mode, do not set the pull-up control register. However, it is possible to select pull-

|><|><[><|><| | | | | Symbol Address When reset

NZNN/N | PURL1 03F1l16 X016
E E E E E E E E Bit symbol Bit name Function RIW
PU10 P40 to P43 pull-up The corresponding port is pulled  |91O
e PU11 P44 to P47 pull-up high with a pull-up resistance 0.0
T R PU12 P50 to P53 pull-up 9 ggﬁé’é"ﬂﬁghh'gh 00
i PU13 P54 to P57 pull-up 0.0
R T Nothing is assigned.

Theses bits can neither be set nor reset. When read, their contents are “0”. -

Note: Since PO to P5 operate as the bus in memory expansion mode and microprocessor
mode, do not set the pull-up control register. However, it is possible to select pull-
up resistance presence to the usable port as I/O port by setting.

Pull-up control register 2

b4 b3 bl b0

Symbol Address When reset
LTI Pure 03DALS 0015

Bit symbol Bit name Function R'W
A P60 to P63 pull-up The corresponding port is pulled  [O:1O
- R high with a pull-up resistance 0.0
S A P64 to P67 pull-up 0 : Not pulled high ;

N PU16 P70 to P73 pull-up (Note 1)| 1 : Pulled high O:0
I T PU17 P74 to P77 pull-up 00
T PU20 P8o to P83 pull-up 0.0
Cono T PU21 P84 to P87 pull-up (Note 2) 00
po T PU22 P90 to P93 pull-up 00
T T PU23 P94 to P97 pull-up 00

Note 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them.

Note 2: Except port P8s.

Figure 1.26.13. Pull-up control register (1)
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Pull-up control register 3
e Symbol Address When reset
| B N N N B B PUR3 03DB16 0016
i i i i i i i i Bit Bit Function R'W
-4 PU30 P100 to P103 pull-up The corresponding port s pulled O 0
e PU31 P104 to P107 pull-up high with a pull-up resistance 0.0
I 0 : Not pulled high }
e PU32 P110 to P113 pull-up 1 : Pulled high 00
R — PU33 P114 pull-up o0
Do e PU34 P120 to P123 pull-up 00
T RRRREEEEEEED PU35 P124 to P127 pull-up 00
I EGERECEEEEERRE PU36 P130 to P133 pull-up 0.0
R RRCEECEFEEEREREPEE PU37 P134 to P137 pull-up 0!0
Pull-up control register 4
b7 b6 b5 b4 b3 b2 bl bo
| | Symbol Address When reset
NN [ ] PUR4 03DC16 XXXX000016
Bit symbol Bit name Function R'W
A P14o to P143 pull-up The corresponding port is pulled 0.0
A PU41 P144 to P146 pull-up high with a pull-up resistance 00
- 0 : Not pulled high ;
[ e PU42 P150 to P153 pull-up 1 : Pulled high o 0
e PU43 P154 to P157 pull-up 00
A S S Nothing is assigned. i
Theses bits can neither be set nor reset. When read, their contents are “0”. !

Figure 1.26.14. Pull-up control register (2)

Port control register (Note 1)

Nothing is assigned.
When write, set "0". When read, their contents are indeterminate.

b7 b6 bS b4 b3 b2 bl bo Symbpl Address When reset

|| | [ [ ] Pcr 03FF16 XXXXXXX02
v or 0 r v T Bitsymbol Bit name Function RIW
L PCRO Port P1 control register 0 : Function as common CMOS |
A port ;
- 1: Function as N-ch open drain !
R T R A port 00
. (Note 2) |

Note 1: Since P1 operates as the data bus in memory expansion mode and
microprocessor mode, do not set the port control register. However, it is
possible to select the CMOS port or N-channel open drain to the usable port
as 1/0 port by setting.

Note 2: This function is designed to permanently turn OFF the Pch of the CMOS port.

Figure 1.26.15. Port control register
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Table 1.26.2. Example connection of unused pins in single-chip mode

Pin name Connection

Ports PO to P15
(excluding P8s)

XouT (Note)
NMI

After setting for input mode, connect every pin to Vss via a resistance
(pull-down); or after setting for output mode, leave these pins open.

Open

Connect via resistance to Vcc (pull-up)

AvVcc Connect to Vcc

AVsSs, VREF, BYTE

Connect to Vss

Note: With external clock input to XIN pin.

Table 1.26.3. Example connection of unused pins in memory expansion mode and microprocessor mode

Pin name Connection

Ports P6 to P15
(excluding P8s)

BHE, ALE, HLDA,
XouTt(Note), BCLK

After setting for input mode, connect every pin to Vss via a resistance(
pull-down); or after setting for output mode, leave these pins open.

Open

HOLD, RDY, NMI
AVcc

AVss, VREF
Note: With external clock input to XiN pin.

Connect via resistance to Vcc (pull-up)

Connect to Vcc

Connect to Vss

Microcomputer Microcomputer
Port PO to P15 (except for P8s) Port P6 to P15 (except for P8s)
(Input mode) AN (Input mode) AN
(Input mode) —/\/\/\/——0 (Input mode) —AN—2
(Output mode) Open (Output mode) pen
NMI —/\/\/\/j
NMI _BHE——
X HLDA [ ———
ouTt Open ALE Open
vee XouT |———
AvVce J BCLK —— oVee
BYTE HOLD
AVss RDY
VREF AVcc
AV
Vss SS Vss
— VREF
In single-chip mode In memory expansion mode or =
in microprocessor mode

Figure 1.26.16. Example connection of unused pins
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Usage Precaution

SFR
(1) Addresses 03C916, 03CB16 to 03D316 area is for future plan. Must set "FF16" to address 03CB1s,
03CEu16, 03CF16, 03D216, 03D316 at initial setting.

Timer A (timer mode)

(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16”. Reading
the timer Ai register after setting a value in the timer Ai register with a count halted but before the
counter starts counting gets a proper value.

Timer A (event counter mode)

(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16” by under-
flow or “000016” by overflow. Reading the timer Ai register after setting a value in the timer Ai
register with a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

Timer A (one-shot timer mode)
(1) Setting the count start flag to “0” while a count is in progress causes as follows:
» The counter stops counting and a content of reload register is reloaded.
» The TAIoUT pin outputs “L” level.
» The interrupt request generated and the timer Ai interrupt request bit goes to “1”.
(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the
following procedures:
« Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0” after
the above listed changes have been made.

Timer A (pulse width modulation mode)

(1) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance

with any of the following procedures:

« Selecting PWM mode after reset.

» Changing operation mode from timer mode to PWM mode.

« Changing operation mode from event counter mode to PWM mode.
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0”
after the above listed changes have been made.

(2) Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop
counting. If the TAiouT pin is outputting an “H” level in this instance, the output level goes to “L”,
and the timer Ai interrupt request bit goes to “1”. If the TAIOUT pin is outputting an “L” level in this
instance, the level does not change, and the timer Ai interrupt request bit does not becomes “1".
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Timer B (timer mode, event counter mode)

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16”. Reading the
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter
starts counting gets a proper value.

Timer B (pulse period/pulse width measurement mode)

(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt
request bit goes to “1".

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to
the reload register. At this time, timer Bi interrupt request is not generated.

A-D Converter

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs).

In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an
elapse of 1 us or longer.

(2) When changing A-D operation mode, select analog input pin again.

(3) Using one-shot mode or single sweep mode
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A-
D conversion interrupt request bit.)

(4) Using repeat mode, repeat sweep mode 0O or repeat sweep mode 1
Use the undivided main clock as the internal CPU clock.

(5) When f(XIN) is faster than 10 MHz, make the frequency 10 MHz or less by dividing.

(6) To carry out A-D conversion properly, charging the internal capacitor C shown in Figure 2.7.29 has to
be completed within a specified period of time. With T as the specified time, time T is the time that
switches SW2 and SW3 are connected to O in Figure 2.7.28. Let output impedance of sensor equiva-
lent circuit be RO, microcomputer’s internal resistance be R, precision (error) of the A-D converter be

X, and the A-D converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode).
t
Vcis generally Vc=VIN{l -e C (RO +R) }

X X
Andwhent=T, VC=VIN- TVIN=VIN(1 —T)

.
- <moTR X
C(RO+R) _
€ Y
T X
- C(RO+R) TNy
h
Hence, RO=——""""""""——"-R
Cein X
Y
‘ MITSUBISHI
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With the model shown in Figure 1.27.1 as an example, when the difference between VIN and Vc becomes
0.1LSB, we find impedance RO when voltage between pins Vc changes from 0 to VIN-(0.1/1024) VIN in
time T. (0.1/1024) means that A-D precision drop due to insufficient capacitor charge is held to 0.1LSB at
time of A-D conversion in the 10-bit mode. Actual error however is the value of absolute precision added
to 0.1LSB. When f(XIN) = 10 MHz, T = 0.3 us in the A-D conversion mode with sample & hold. Output
impedance RO for sufficiently charging capacitor C within time T is determined as follows.

T=03pus,R=7.8kQ,C=3pF, X=0.1,and Y = 1024 . Hence,

0.3 X 10°
RO=- -7.8 X10° 3.0 X 108
3.0X10*2e«In

1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A-D con-
verter turns out to be approximately 3.0 kQ. Tables 1.27.1 and 1.27.2 show output impedance values
based on the LSB values.

Microprocessor's inside

RO R (7.8kQ)
P——O——/AN
VIN :
— : C (3.0pF)

=" ¢

Figure 1.27.1 A circuit equivalent to the A-D conversion terminal
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Tables 1.27.1. Output impedance values based on the LSB values (10-bit mode)

f(XIN) Cycle Sampling time R C Resolution ROmax
(MHz) (Hs) (Hs) (Kohm) | (pF) (LSB) (Kohm)

10 0.1 0.3 7.8 3.0 0.1 3.0

(3 X cycle, 0.3 4.5

Sample & hold 0.5 5.3

bit is enabled) 0.7 59

0.9 6.4

1.1 6.8

1.3 7.2

15 7.5

1.7 7.8

1.9 8.1

10 0.1 0.2 7.8 3.0 0.3 0.4

(2 X cycle, 0.5 0.9

Sample & hold 0.7 1.3

bit is enabled) 0.9 1.7

1.1 2.0

1.3 2.2

15 2.4

1.7 2.6

1.9 2.8

Tables 1.27.2. Output impedance values based on the LSB values (8-bit mode)

f(XIN) Cycle Sampling time R Cc Resolution ROmax
(MHz) | (ks) (1s) (Kohm) | (pF) (LSB) (Kohm)

10 0.1 0.3 7.8 3.0 0.1 4.9

(3 X cycle, 0.3 7.0

Sample & hold 0.5 8.2

bit is enabled) 0.7 9.1

0.9 9.9

1.1 10.5

1.3 11.1

1.5 11.7

1.7 12.1

1.9 12.6

10 0.1 0.2 7.8 3.0 0.1 0.7

(2 X cycle, 0.3 2.1

Sample & hold 0.5 2.9

bit is enabled) 0.7 3.5

0.9 4.0

1.1 4.4

1.3 4.8

1.5 5.2

1.7 55

1.9 5.8
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Stop Mode and Wait Mode

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock
oscillation is stabilized.

(2) When shifting to WAIT mode or STOP mode, the program stops after reading from the WAIT instruc-
tion and the instruction that sets all clock stop control bits to “1” in the instruction queue. Therefore,
insert a minimum of 4 NOPs after the WAIT instruction and the instruction that sets all clock stop
control bits to “1” in order to flush the instruction queue.

Interrupts

(1) Setting the stack pointer
» The value of the stack pointer is initialized to 000016 immediately after reset. Accepting an
interrupt before setting a value in the stack pointer may cause runaway. Be sure to set a value in
the stack pointer before accepting an interrupt.
When using the NMI interrupt, initialize the stack pointer at the beginning of a program. Regard-
ing the first instruction immediately after reset, generating any interrupts including the NMI inter-
rupt is prohibited.
Set an even address to the stack pointer so that operating efficiency is increased.
(2) The NMI interrupt
« As for the NMI interrupt pin, an interrupt cannot be prohibited. Connect it to the Vcc pin if unused.
(3) Address match interrupt
Do not set the following addresses to the address match interrupt register.
1. The start address of an interrupt instruction
2. Address of an instruction to clear an interrupt request bit of an interrupt control register or any of
the next 7 instructions addresses immediately after an instruction to rewrite an interrupt priority
level to a smaller value
3. Any of the next 3 instructions addresses immediately after an instruction to set the interrupt
enable flag (I flag).
4. Any of the next 3 instructions addresses immediately after an instruction to rewrite a processor
interrupt priority level (IPL) to a smaller value.

Example 1)
Interrupt_A: ; Interrupt A routine
pushm RO,R1,R2,R3,A0,A1 ; <----Do not set address match interrupt to the
eese : start address of an interrupt instruction
Example 2)
mov.b  #0,TAOIC ;Change TAO interrupt priority level to a smaller value
nop ; 1st instruction )
nop ; 2nd instruction
nop ; 3rd instruction
nop : 4th instruction > Do not set address match interrupt
nop ; 5th instruction during this period
nop ; 6th instruction
nop ; 7th instruction
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Example 3)
fset | ; Set | flag (interrupt enabled)
nop ; 1st instruction )
nop - 2nd instruction L Do not set address match interrupt
nop ; 3rd instruction J during this period
Example 4)
Idipl #0 ; Rewrite IPL to a smaller value
Y
nop ; Lst instruction _
) . . Do not set address match interrupt
nop ; 2nd instruction : . .
. | during this period
nop ; 3rd instruction _

DMAC

(1) Do not clear the DMA request bit of the DMAI request cause select register.
In M16C/80, when a DMA request is generated while the channel is disabled (Note), the DMA transfer
is not executed and the DMA request bit is cleared automatically.
Note :The DMA is disabled or the transfer count register is "0".

(2) When DMA transfer is done by a software trigger, set DSR and DRQ of the DMAI request cause select
register to "1" simultaneously using the OR instruction.

e.g.) OR.B #0AOh, DMiSL ; DMISL is DMAI request cause select register

(3) When changing the DMAI request cause select bit of the DMAI request cause select register, set "1" to
the DMA request bit, simultaneously. In this case, the corresponding DMA channel is set to disabled.
At least 2 instructions are needed from the instruction to write to the DMAI request cause select bit to
enable DMA.

Example) When DMA request cause is changed to timer AO and using DMAO in single transfer
after DMA initial setting

push.w RO ; Store RO register
stc DMDO, RO ; Read DMA mode register 0
and.b #11111100b, ROL ; Clear DMAO transfer mode select bit to "00"
Idc RO, DMDO ; DMAO disabled
mov.b #10000011b, DMOSL ; Select timer AO

; (Write "1" to DMA request bit simultaneously)
mov.b ROL, ROL ; Dummy cycle At least 2 instructions
orb #00000001b, ROL ; Set DMAQO single transfer | are needed until DMA
ldc RO, DMDO - DMAO enabled enabled.
pop.w RO ; Restore RO register

Noise

(1) A bypass capacitor should be inserted between Vcc-Vss line for reducing noise and latch-up
Connect a bypass capacitor (approx. 0.1uF) between the Vcc and Vss pins using short wiring and
thicker circuit traces.
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Reducing power consumption

(1) When A-D conversion is not performed, select the Vref not connected with the Vref connect bit of A-D
control register 1. When A-D conversion is performed, start the A-D conversion at least 1 ps or longer
after connecting Vref.

(2) When using AN4 (P104) to AN7 (P107), select the input disable of the key input interrupt signal with
the key input interrupt disable bit of the function select register C .
When selecting the input disable of the key input interrupt signal, the key input interrupt cannot be
used. Also, the port cannot be input even if the direction register of P104 to P107 is set to input (the
input result becomes undefined). When the input disable of the key input interrupt signal is selected,
use all AN4 to AN7 as A-D inputs.

(3) When ANEXO and ANEX1 are used, select the input peripheral function disable with port P95 and P96
input peripheral function select bit of the function select register B3.
When the input peripheral function disable is selected, the port cannot be input even if the port direc-
tion register is set to input (the input result becomes undefined).
Also, it is not possible to input a peripheral function except ANEX0O and ANEX1.

(4) When D-A converter is not used, set output disabled with the D-A output enable bit of D-A control
register and set the D-A register to "0016".

(5) When D-A conversion is used, select the input peripheral function disabled with port P93 and P94 input
peripheral function select bit of the function select register B3.
When the input peripheral function disabled is selected, the port cannot be input even if the port
direction register is set to input (the input result becomes undefined).
Also, it is not possible to input a peripheral function.

Precautions for using CLK  ouT pin
When using the Clock Output function of P53/CLKouT pin (fs, f32 or fc output) in single chip mode, use
port P57 as an input only port (port P57 direction register is "0").
Although port P57 may be set as an output port, it will become high impedance and will not output "H" or
"L" levels.

External ROM version
The external ROM version is operated only in microprocessor mode, so be sure to perform the following:
» Connect CNVss pin to Vcc.
* Fix the processor mode bit to “112"
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Electrical characteristics

Table 1.28.1. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vce Supply voltage Vcc=AVcc -0.3t06.5 \%
AVce Analog supply voltage Vce=AVce -0.3t0 6.5 \Y;

Input RESET, (maskROM : CNVss, BYTE),
voltage P0o-P07, P1o-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
Vi P60-P67, P72-P77, P80-P87, -0.3to Vee+0.3 \4

P90-P97, P100-P107, P110-P114,
P120-P127, P130-P137, P140-P14s,
P150-P157, VREF, XIN

P70, P71 031065 v
Output P00-P07, P1o-P17, P20-P27,
voltage P30-P37,P40-P47, P50-P57,
Vo P60-P67,P72-P77, P80-P84, -0.3 to Vcc+0.3 \%

P86, P87, P90-P97, P100-P107,
P110-P114, P120-P127, P130-P137,
P140-P14s, P150-P157, Xout

P70, P71 -0.3t06.5 \
Pd Power dissipation Topr:25°C 500 mw
Topr Operating ambient temperature -20to 85 / -40 to 85(Note) ‘c
Tstg Storage temperature -65 to 150 ‘c

Note: Specify a product of -40 to 85°C to use it.
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Table 1.28.2. Recommended operating conditions (referenced to V cc=2.7Vto 5.5V at Topr=-20
to 85°C / — 40 to 85°C(Note3) unless otherwise specified)

Symbol Parameter Standard i
y Min Typ. | Max. | Unit
Vee Supply voltage 2.7 5.0 55 \%
AVce Analog supply voltage Vce Vv
Vss Supply voltage 0 v
AVss Analog supply voltage 0 v
HIGH input | P4o-P47, P50-P57,P60-P67,
voltage P72-P77, P8o-P87, P90-P97, P100-P107, 0.8V Vi v
P110-P114, P120-P127,P130-P137, P1do-P14s, -ovee cc
P150-P157, XN, RESET, CNVss, BYTE
ViH P70, P71 0.8Vce 6.5 \
P0o-P07, Plo-P17, P20-P27, P30-P37 0.8Vce Vce \
(during single-chip mode)
P0o-P0O7, Plo-P17, P20-P27, P30-P37 0.5Vce Vee \V]

(data input function during memory expansion and microprocessor modes)

LOW input | P4o-P47, P50-P57,P60-P67,
voltage P70-P77, P80-P87, P90-P97, P100-P107, 0 0.2Vce \VJ
P110-P114, P120-P127,P130-P137, P140-P14s,
P150-P157, XiN, RESET, CNVss, BYTE

ViL PQ0o-P07, P1o-P17, P20-P27, P30-P37
(during single-chip mode)

P0o-P0O7, P1lo-P17, P20-P27, P30-P37
(data input function during memory expansion and microprocessor modes)

HIGH peak output P0o-P07, Plo-P17, P20-P27, P30-P37
| oH (peak) | current P40-P47, P50-P57, P60-P67, P72-P77,
P80-P84, P86, P87, P%-P97, P100-P107, -10.0 mA
P11o0-P114, P120-P127,P130-P137, P140-P14e,
P150-P157

HIGH average output POo0-P07, Plo-P17, P20-P27, P30-P37
loH (avg) | CUrrent P4o0-P47, P50-P57, P60-P67, P72-P77,
P80-P84, P86, P87, P90-P97, P100-P107, -5.0 mA
P110-P114, P120-P127,P130-P137, P140-P14s,
P150-P157

LOW peak output P00-P07, P10-P17, P20-P27, P30-P37
loL (peak) | current P40-P47, P50-P57, P60-P67, P70-P77,
P80-P84, P86, P87, P90-P97,P100-P107, 10.0 mA
P110-P114, P120-P127,P130-P137, P140-P14s,
P150-P157

LOW average P0o-P07, P1o-P17, P20-P27, P30-P37
loL (avg) output current P40-P47, P50-P57, P60-P67, P70-P77,
P80-P84,P86, P87,P90-P97, P100-P107, 5.0 mA
P110-P114, P120-P127,P130-P137, P140-P14s,
P150-P157

0 0.2Vce Y,

0 0.16Vcce \

f o) Main clock input oscillation frequency No wait | Vce=4.2V to 5.5V 0 20 MHz
IN

Vce=2.7V to 5.5V 0 10 MHz

f(Xcin) | Subclock oscillation frequency 32.768 50 kHz

Note 1: The mean output current is the mean value within 100ms.

Note 2: The total loL (peak) for ports PO, P1, P2, P86, P87, P9, P10, P11, P14 and P15 must be 80mA max. The total
loH (peak) for ports PO, P1, P2, P8e, P87, P9, P10, P11, P14 and P15 must be 80mA max. The total loL (peak)
for ports P3, P4, P5, P6, P7, P80 to P84, P12 and P13 must be 80mA max. The total loH (peak) for ports P3,
P4, P5, P6, P72 to P77, P80 to P84, P12 and P13 must be 80mA max.

Note 3: Specify a product of -40 to 85°C to use it.

Note 4: The specification of VIH and VIL of P87 is not when using as XCIN but when using programmable input port.
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Electrical characteristics (Vcc = 5V)

Table 1.28.3. Electrical characteristics (referenced to V

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

cc=5V, Vss=0V at Topr=25 °C, f(XIN)=20MHz unless otherwise specified)

) o Standard -
Measuring condition
Symbol Parameter g Min Typ. | Max. Unit
HIGH output P0o-P07, Plo-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P72-P77, P8o-P84, P86, P87, _
VoH P90-P97, P100-P107, P110-P114, P120-P127, | lOH=-5mMA 3.0 v
P130-P137, P140-P146, P150-P157
HIGH output P00-P07, P10-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P72-P77, P8o-P84, P86, P87,
VoH P90-P97, P100-P107, P110-P114, P120-P127, | loh=-200uA 4.7 v
P130-P137, P140-P146, P150-P157
HIGH output HIGHPOWER loH= - 1ImA 3.0
It Xout \Y
Vor voitage LOWPOWER IoH= - 0.5mA 3.0
HIGH output  xcout HIGHPOWER With no load applied 3.0 v
voltage LOWPOWER With no load applied 1.6
LOW output PO0o-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P70-P77, P8o-P84, P86, P87,
VoL P90-P97, P100-P107, P110-P114, P120-P127, loL,=5mA 2.0 \Y
P130-P137, P140-P146, P150-P157
LOW output P00-P07, P1lo-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P70-P77, P8o-P84, P86, P87,
Vou P90-P97, P100-P107, P110-P114, P120-P127, | l0L=200pA 045 |V
P130-P137, P140-P146, P150-P157
loL=1mA 2.0
VoL LOW output XouT HIGHPOWER v
voltage LOWPOWER loL=0.5mA 2.0
LOW output  yeout HIGHPOWER With no load applied v
voltage LOWPOWER With no load applied Y
Hysteresis HOLD, RDY, TAON-TA4IN, TBOIN-TBSIN,
VT+VT- INTo-INTs, ADTRG, CTS0-CTS4, CLKo-CLKa,
TAOoUT-TA4ouT,NMI, Klo-KI3 RXDO-RXD4, 0.2 10 |V
SCL2-SCL4, SDA2-SDA4
VT+VT- | Hysteresis RESET 0.2 1.8 Y,
HIGH input P0o0-P07, Plo-P17, P20-P27, P30-P37,
current P40-P47, P50-P57, P60-P67, P72-P77, P80-P84,
IH P86, P87, P90-P97,P100-P107, P110-P114, VI=5V 50 | pa
P120-P127,P130-P137, P140-P146, P150-P157,
XN, RESET, CNVss, BYTE
LOW input  PQo-P07, P10-P17, P20-P27, P30-P37,
current P40-P47, P50-P57, P60o-P67, P72-P77, P80-P84,
I P8s, P87, P90-P97,P100-P107, P110-P114, VI=0V -50 | uA
P120-P127,P130-P137, P140-P146, P150-P157,
XN, RESET, CNVss, BYTE
RpuLLup| Pull-up P00-P0O7, P1o-P17, P20-P27, P30-P37,
resistance P40-P47, P50-P57, P60-P67, P72-P77, P80-P84,
P8se, P87, P90-P97,P100-P107, P110-P114, Vi=0V 30.0 50.0 |167.0 | kQ
P120-P127,P130-P137, P140-P146, P150-P157,
Rixin | Feedback resistance XN 1.0 MQ
Rixcin | Feedback resistance Xcin 6.0 MQ
V ram | RAM retention voltage When clock is stopped 2.0 \%
\ -
) S f(XIN)=20MHz Mask ROM 128 KB version 45.0 | 72.0
Measuring condition: | équa)re wave, no division : mA
In single-chip | Mask ROM 256 KB version 50.0 | 80.0
mode, the output } Flash memory version 50.0 | 80.0
pins are openand f(XciN)=32kHz Mask ROM 128 KB version 90.0
Power supply | other pins are Vss | : vy
lcc current | Square wave Mask ROM 256 KB version 100.0
‘ Flash memory version 7.0 mA
; f(XCIN)=32kHz when a WAIT instruction is executed 4.0 UA
| Topr=25°C when Mask ROM 128 KB version
I clock is stopped ROMless RAM 10KB version 1.0 A
| Mask ROM 256 KB version 20 | "
| ROMIless RAM 24KB version ’
| Flash memory version 1.0
| Topr=85°C when clock is stopped 20.0
‘ MITSUBISHI
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Electrlcal Characterlstlcs (VCC = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Table 1.28.4. A-D conversion characteristics (referencedtoV ~ cc = AVcc = VREF = 5V, Vss = AVSss =
0V at Topr = 25 °C, f(XIN) = 20MHz unless otherwise specified)
. . Standard )
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution VREeF = Ve 10 | Bits
- Absolute | Sample & hold function not ~ |Vrer = Vcc = 5V +3 | LSB
accuracy |available
Sample & hold function VRer = ANoto AN7 input +3 | LSB
ilable (10bit) REF= :
aval Vee = 5V | ANEXO, ANEX1 input, +7 | LSB
External op-amp
connection mode
Sample & hold function VRer = Vcc = 5V +2 | LSB
available (8bit)
Ruapper | Ladder resistance VRer = Vec 10 40 | kQ
tconv Conversion time (10bit) 3.3 ps
tconv Conversion time (8bit) 2.8 us
tsamp Sampling time 0.3 us
VRer Reference voltage 2 Veec |V
Via Analog input voltage 0 VRer |V

Note: Divide the frequency if f(XIN) exceeds 10 MHz, and make @AD equal to or lower than 10 MHz.

Table 1.28.5. D-A conversion characteristics (referencedtoV ~ cc=5V, Vss = AVss= 0V, VREF =5V
at Topr = 25 °C, f(XIN) = 20MHz unless otherwise specified)
) o 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) 1.5 | mA
Note: 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 the contents of D-A register is except "0016" and the Vref is unconnected at the A-D
control register 1, IVREF is sent.
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Timing (Vcc =5V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Timing requirements (referencedto V. cc =5V, Vss = 0V at Topr = 25 °C unless otherwise specified)

Table 1.28.6. External clock input

Standard .

Symbol Parameter Min | Max. Unit

tc External clock input cycle time 50 ns

tw(H) External clock input HIGH pulse width 22 ns

tw(L) External clock input LOW pulse width 22 ns

tr External clock rise time 5 ns

tf External clock fall time 5 ns

Table 1.28.7. Memory expansion and microprocessor modes
Standard .
Symbol Parameter Min_ | Max. Unit
tac1(RD-DB) Data input access time (RD standard, no wait) (Note) | ns
tac1(AD-DB) Data input access time (AD standard, CS standard, no wait) (Note) | ns
tac2(RD-DB) Data input access time (RD standard, with wait) (Note) | ns
tac2(AD-DB) Data input access time (AD standard, CS standard, with wait) (Note) | ns
tac3(RD-DB) Data input access time (RD standard, when accessing multiplex bus area) (Note) | ns
tac3(AD-DB) Data input access time (AD standard, CS standard, when accessing (Note) | ns
multiplex bus area)

tac4(RAS-DB) Data input access time (RAS standard, DRAM access) (Note) | ns
tac4(CAS-DB) Data input access time (CAS standard, DRAM access) (Note) | ns
tac4(CAD-DB) Data input access time (CAD standard, DRAM access) (Note) | ns
tsu(DB-BCLK) Data input setup time 26 ns
tsu(RDY-BCLK) | RDY input setup time 26 ns
tsu(HOLD-BCLK ) | HOLD input setup time 30 ns
th(RD-DB) Data input hold time 0 ns
th(CAS -DB) Data input hold time 0 ns
th(BCLK -RDY) | RDY input hold time 0 ns
th(BCLK-HOLD ) | HOLD input hold time 0 ns
d(BCLK-HLDA) | HLDA output delay time 25 ns

Note: Calculated according to the BCLK frequency as follows:
Note that inserting wait or using lower operation frequency f(BCLK) is needed when
calculated value is negative.

10°
tac1(RD - DB) = T X2 35 [ns]
10°
tac1(AD - DB) = oo 35 [ng]
10°X m
tac2(RD - DB) = Teom X2 35 [ns] (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively)
10°X n
tac2(AD —-DB)= —————— —35 [ns] (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively)
f(BCLK)
10°X m
tac3(RD - DB) = Tec X2 35 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively)
10°X n
tac3(AD - DB) = e X2 35 [ns] (n=5 and 7 when 2 wait and 3 wait, respectively)
10°X m
tac4(RAS — DB) = oo X2 35 [ns] (m=3 and 5 when 1 wait and 2 wait, respectively)
10°X n
tac4(CAS - DB) = Teco X2 35 [ns] (n=1 and 3 when 1 wait and 2 wait, respectively)
10°X |
tac4(CAD — DB) = e 35 [ns] (I=1 and 2 when 1 wait and 2 wait, respectively)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Timing requirements (referencedto V. cc =5V, Vss = 0V at Topr = 25 °C unless otherwise specified)

Table 1.28.8. Timer A input (counter input in event counter mode)

Standard .
Symbol Parameter Min an :l/lrax 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 1.28.9. 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 1.28.10. Timer A input (external trigger input in one-shot timer mode)
Standard .
Symbol Parameter Min. | Max. Unit
tc(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 1.28.11. Timer A input (external trigger input in pulse width modulation mode)
t .
Symbol Parameter Misnanda':/rlgx Unit
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.28.12. Timer A input (up/down input in event counter mode)
Symbol Parameter MiSrfande/lrgX Unit
tc(UP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAiouUT input LOW pulse width 1000 ns
tsu(UP-TIN) | TAiOUT input setup time 400 ns
th(TIN-UP) | TAIoOUT input hold time 400 ns
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Tlmlng (VCC - 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Timing requirements (referencedto V. cc =5V, Vss = 0V at Topr = 25 °C unless otherwise specified)

Table 1.28.13. Timer B input (counter input in event counter mode)

Standard )

Symbol Parameter Min Max Unit
tc(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 1.28.14. Timer B input (pulse period measurement mode)

Symbol Parameter Miitanda,\r/ldax Unit
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 1.28.15. Timer B input (pulse width measurement mode)
Standard i

Symbol Parameter Min Max Unit
tc(TB) TBIIN input cycle time 400 ns
tw(TBH) TBIiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns

Table 1.28.16. A-D trigger input

Symbol Parameter Miﬁtanda'\r/?ax Unit
tc(AD) ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns

Table 1.28.17. Serial I/O

Symbol Parameter Miitandali/cliax Unit
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 1.28.18. External interrupt INTi inputs
Symbol Parameter .Standard Unit
_ Min. Max.
tw(NH) | INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
T|m|ng (VCC = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Switching characteristics (referencedto V. cc =5V, Vss =0V at Topr = 25 °C, CM15 = “1" unless
otherwise specified)

Table 1.28.19. Memory expansion mode and microprocessor mode (no wait)

i - Standard .
Symbol Parameter Measuring condition Mi Unit
in. Max.

td(BCLK-AD) | Address output delay time 18 ns
th(8CLK-AD) | Address output hold time (BCLK standard) -3 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdcLk-cs) | Chip select output delay time 18 ns
th@CcLK-cs) | Chip select output hold time (BCLK standard) -3 ns
th(RD-CS) Chip select output hold time (RD standard) 0 ns
th(WR-CS) Chip select output hold time (WR standard) Figure 1.28.1 (Note) ns
td(BCLK-ALE) | ALE signal output delay time 18 ns
th(BCLK-ALE) | ALE signal output hold time -2 ns
td@CLK-RD) | RD signal output delay time 18 ns
th(8CLK-RD) | RD signal output hold time -5 ns
tdBCLK-WR) | WR signal output delay time 18 ns
th(8CLK-WR) | WR signal output hold time -3 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
tw(WR) WR signal width (Note) ns

Note: Calculated according to the BCLK frequency as follows:

td(DB— WR) = Lg 20
f(BCLK) [ns]

9

th(WR-DB) = ﬁ - 10 [ns]
9

th(WR-AD) = %%2))(2 -10 [ns]
9

th(WR-CS) = W -10 [ns]
9

bw(WR) = f(BC]I:(K)) Xz [ns]
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Tlmlng (VCC - 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Switching characteristics (referencedto V. cc =5V, Vss = 0V at Topr = 25 °C unless otherwise

specified)

Table 1.28.20. Memory expansion mode and microprocessor mode

(with wait, accessing external memory)

i - Standard )
Symbol Parameter Measuring condition Mi Unit
in. Max.

td(BCLK-AD) | Address output delay time 18 ns
th@8CLK-AD) | Address output hold time (BCLK standard) -3 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdcLk-cs) | Chip select output delay time 18 ns
th@cLK-cs) | Chip select output hold time (BCLK standard) -3 ns
th(RD-CS) Chip select output hold time (RD standard) 0 ns
th(WR-CS) Chip select output hold time (WR standard) . (Note) ns
td(BCLK-ALE) | ALE signal output delay time Figure 1.28.1 18 ns
th(8CLK-ALE) | ALE signal output hold time -2 ns
td@CLK-RD) | RD signal output delay time 18 ns
th(8CLK-RD) | RD signal output hold time -5 ns
td@CLK-WR) | WR signal output delay time 18 ns
th(BCLK-WR) | WR signal output hold time -3 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
tw(WR) WR signal width (Note) ns

Note: Calculated according to the BCLK frequency as follows:

_ 10°Xn
td(EB-WR) = f(BCLK) [ns] (n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively)
_ 10°
th(WR-DB) = fBCLK) X 2 10 [ns]
_ 10°
th(WR - AD) = f(BCLK) X 2 10 [ns]
_ 10°
th(WR-CS) = fecL) X 2 10 [ns]
tw(WR) = M - 15
fBCLK) X 2 [ns] (n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
T|m|ng (VCC = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Switching characteristics (referencedto V. cc =5V, Vss = 0V at Topr = 25 °C unless otherwise
specified)

Table 1.28.21. Memory expansion mode and microprocessor mode
(with wait, accessing external memory, multiplex bus area selected)

i - Standard )
Symbol Parameter Measuring condition . Unit
Min. Max.
tdBCLK-AD) | Address output delay time 18 ns
th(BCLK-AD) | Address output hold time (BCLK standard) -3 ns
th(RD-AD) Address output hold time (RD standard) (Note) ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdBCLK-cS) | Chip select output delay time 18 ns
thBCLK-CS) | Chip select output hold time (BCLK standard) -3 ns
th(RD-CS) Chip select output hold time (RD standard) (Note) ns
th(WR-CS) Chip select output hold time (WR standard) . (Note) ns
- . Figure 1.28.1
tdeCLK-RD) | RD signal output delay time 18 ns
th@CLK-RD) | RD signal output hold time -5 ns
td@BCLK-WR) | WR signal output delay time 18 ns
th@CLK-WR) | WR signal output hold time -3 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
tdBCLK-ALE) | ALE signal output delay time (BCLK standard) 18 ns
thBCLK-ALE) | ALE signal output hold time (BCLK standard) -2 ns
td(AD-ALE) ALE signal output delay time (address standard) (Note) ns
th(ALE-AD) ALE signal output hold time (address standard) (Note) ns
tdz(RD-AD) Address output flowting start time 8 ns
th(eck-DB) | Data output hold time (BCLK standard) -5 ns
Note: Calculated according to the BCLK frequency as follows:
10°
th(RD - AD) = —f(BCLK) X2 " 10 [ns]
10°
th(WR-AD) = W -10 [ns]
10°
th(RD - CS) = —f(BCLK) X2~ 10 [ns]
10°
th(WR-CS) = W -10 [ns]
td(DB-WR) = —109X m 25
(0B=WR) feoLK X 2 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively)
th(WR-DB) = 10° 10
feCLK) X2 [ns]
10°
td(AD- ALE) = W - 20 [ns]
th(ALE — AD) = 10° 10
feCLK) X2 [ns]
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Tlmlng (VCC - 5\/) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =35V

Switching characteristics (referenced to V. cc =5V, Vss =0V at Topr = 25 °C unless otherwise
specified)

Table 1.28.22. Memory expansion mode and microprocessor mode
(with wait, accessing external memory, DRAM area selected)

i . Standard .
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-RAD) | Row address output delay time 18 ns
th(BCLK-RAD) | Row address output hold time (BCLK standard) -3 ns
td(BCLK-CcAD) | String address output delay time 18 ns
th(BCLK-CcAD) | String address output hold time (BCLK standard) -3 ns
th(RAS-RAD) | Row address output hold time after RAS output (Note) ns
td(BCLK-RAS) | RAS output delay time (BCLK standard) Figure 1.28.1 18 ns
th(BCLK-RAS) | RAS output hold time (BCLK standard) -3 ns
tRP RAS "H" hold time (Note) ns
tdBCLK-cAs)| CAS output delay time (BCLK standard) 18 ns
th(8CLK-CAS) | CAS output hold time (BCLK standard) -3 ns
td@ecLk-dDw) | Data output delay time (BCLK standard) 18 ns
th(eClK-DW) | Data output hold time (BCLK standard) -5 ns
tsuDB-CAS) | CAS after DB output setup time (Note) ns
th(sck-pB) | DB signal output hold time (BCLK standard) -7 ns
tsu(CAS-RAS) | CAS before RAS setup time (refresh) (Note) ns

Note: Calculated according to the BCLK frequency as follows:

th(RAS — RAD) = A 13
(RAS=RAD) = aciig X 2 [ns]
10° X 3
tRP = feoLk X2 20 [ns]
10°

tsu(DB - CAS) = W -20 [ns]

tsu(CAS —RAS) = 109 13
sul - = =
fBCLK) X 2 [ns]
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Timing (Vcc = 5V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PO

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15

|

30pF

Figure 1.28.1. Port PO to P15 measurement circuit
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode (without wait)
Read Timing

d(BCLK-ALE) | th(BCLK-ALE) !
18ns.max > < 2ns.min !

ALE :

th(BCLK-CS)

™ 1gns.max” -3ns.min ;
Csi b\ ! iy : /
P tcyc | > i« I(RD-CS)
- : > i Ons.mini
tf.’(BC.'-';AD) i ' th(BCLK-AD) '
'« 18ns.max ! -3ns.min !
ADi ' ; ™ T
BHE A i X j X A

td(BCLK-RD) ,
18ns.max * >

tac1(RD-DB)

tsU(DB-BCLK) '«——»! ‘> th(RD-DE)
S ' Lo :
26ns.min" :

RD : i

2 T+ th(BCLK-RD) |

i > -5ns.min | '

tac1(AD-DB) < ! P

Hi-Z ; \ : :
s GENEE S D SEUS S G S

:
Ons.min*

*1:It is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).
*2:1t depends on operation frequency.

tac1(RD-DB)=(tcyc/2-35)ns.max

tac1(AD-DB)=(tcyc-35)ns.max

Write Timing ( Written by 2 cycles in selecting no wait)

' 18ns.max 1 1

td(BCLK-ALE) _p! i« th(BCLK-ALE)
h gl

ALE _'_/—\ -2ns.min

. td(BCLK-CS)

: ! ; th(BCLK-CS) 5 |

<> 18ns.max; ' ' <> -3ns.min ! !
csi N | | = L/ | | |

teye] . L thwr-c)® | : ;

! Itd(BCLK-AD) i b '« BCLK-AD) i |

) <% 18ns.max; : L . ! -3ns.min ! : ;

ADi ; X : . e : : ! l
BHE LA : . . L , 5 .

’ : ' P 3 : ; :

: | HBECLKWR) |, vy L (NWR-AD) *: : : :

! 18nS.maxie—pie— 1 p! P I
WR,WRL, — . Y Ly ' : ! l
R : - b\ . / th(BCLK-WR) : 5 :

' ' — e-3ns.min | ! ' i

; L1 tOBWR)® !l thwr-DB)S | : i i
DBI e - : L D G R o

*3:1t depends on operation frequency. Measuring conditions

td(DB-WR)=(tcyc-20)ns.min « Vee=5V+10%

th(wr-DB)=(tcyc/2-10)ns.min e . .

th(WR-AD)=(tcyc/2-10)ns.min * Input timing voltage :Determined with ViH=2.5V, ViL=0.8V

th(wr-CS)=(tcyc/2-10)ns.min * Output timing voltage :Determined with VoH=2.0V, VoL=0.8V

tw(WR)=(tcyc/2-15)ns.min

Figure 1.28.2. V cc=5V timing diagram (1)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing (Vcc =5V)

Vce=5V
Memory expansion Mode and Microprocessor Mode (with 1 wait)
Read Timing : : . . : ,
BCLK — 18ns.max \ ;/ ' i ;—/:/ \:\—
td(BCLK-ALE) ! th(BCLK-ALE) ' i : : ;
ALE b A : : D/ A\ i
| td(BCLK-CS) i ; |, th(BCLK-CS) 3 g
{1 18ns.max*l : : > -3ns.min . :
Csi Y ; ; : b : ; !
o teyc 1 = th(RD-CS) !
Eﬁ L L > ' Vo Ons.min ' I
td(BCLK-AD) i i E ith(BCLK-AD) E E i
ADI > 18ns.max*l > 3ns.min |
| | T ' T T T ' '
BHE ; X : I = X I : :
} | td(BCLK-RD) i ! i» & th(RD-AD) i ;
! 18ns.max ™ i ; 11~ Ons.min . : :
RD o A\ ; : ¥ NS
Do b ' *: ! th(BCLK-RD) : |
Lo Do lac2RDDBY2. . P -5nsmin | : i
DL : tac2(AD-DB)2 | Dl i 5 :
DB """"""" [ miz o <__ L } """" T <__j ) """
; ! '[su(DB—BCLK)§<_>'f -« th(RD-DB) : ;
: : ' 26ns.min*1 Cl 0 Oons.min :
*1:1t is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).
*2:1t depends on operation frequency.
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.)
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.)
Write Timing
BCLK _/, 18ns.max  \ / \I\—/—\—
' td(BCLK-ALE)! . : : ! ' :
-, —» & th(BCLK-ALE) ! ' : ! ;
ALE i /' : \: -2ns.min : é i / i\ ; é
| td(BCLK-CS) | : th(BCLK-CS) :
_ — 18ns.max : “": : -3ns.min '
CSi L\ ; ; , L ! ; :
B teyc > | th(WR-CS)*3 _! : ; E
| 1td(BCLK-AD) : P | th(BCLK-AD) 5 i
ADi i X 18ns.max§ i E E i ' -3ns.min : : E
BHE —/ i : = : : 5 :
| WBCLKWR) ; tuwRrys | (WR-AD)'S | 5 5
WRWEL ; ! 18ns.max e Pe— — : !
WRH | \ ./ th(BCLK-WR) i f :
i ' ) ' —>€ ‘< -3ns.min ! i i i E
i A td(DB-WR)*3 ! i_ th(WR-DB)*3_! 5 ; i
DBi Treprmmemmemees { : E ; } """"" """"""" pmnoseoeaaaas
*3:1t depends on operation frequency. Measuring conditions
td(DB-WR)=(tcyc x n-20)ns.min * Vce=5V+10%
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.)  « Input timing voltage
th(WR-DB)=(tCyC/2-10)nS.m!n :Determined with VIH=2.5V, VIL=0.8V
th(WR-AD)=(tCyC/2-10)nS.m!n « Output timing voltage
th(wr-cS)=(tcyc/2-10)ns.min :Determined with Von=2.0V, VoL=0.8V
tw(wR)=(tcyc/2 x n-15)ns.min
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Figure 1.28.3. V cc=5V timing diagram (2)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode (with 2 wait)

Read Timing

PP /—\_/—\4/ U e

d(BCLK-ALE) | th(BCLK-ALE) |

el > i+ -2ns.min ! ! ,
ALE . a 5 5 5 ! / \ ! !

| td(BCLK-CS) | | ! ; ! th(BCLK-CS) i

v 71 18ns. max*l | i i had :

‘ 1 -3ns.min:
1 ) i
‘

I AN

i th(BCLK- RD)
" -5ns.min

: oyc : 5 : >« th(RD- cs) ; i
D : ; ; ! Onsmin
{d(BCLK-AD) | 5 i th(BCLK-AD) 5 ! !
&> 18ns.max*1 : ' @ -3ns.min :
ADi_ i X : : - : o i : :
BHE ; : : ; : ¥ : : i
! | td(BCLK- RD) . 3 : | I '* th(RD-AD) i :
1 18ns.max 4 ; ; i : |~ Ons.min_; E ;
= ;i | | | ] /T

i tac2(RD-DB)*2

- »
: tac2(AD-DB)*2 : b
L > [

s o e s s S N e O G D S

i i i tsu(DB-BCLK) r+—: ‘&> th(RD- DB) !
: : ; 26ns.min*L ' Ons.min! :

*1:Itis a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).

*2:1t depends on operation frequency.
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.)
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.)

Write Timing : .
BCLK _ [ 18ns.max \ / \ I\I \—/ N
1 td(BCLK- -ALE): . : : ' ‘ ' ' B
“ - i th(BCLK- ALE) ' ' ' ! : : !
v T\ -2ns.min | : : : v \ : ;
ALE o : i ' 1 ! ' : ' H
L |,y l0BCLK- cs) : i E | th(BCLKCS)
I | 18ns.max; i : E“’E -3ns.min ; :
csi \ ! ! : : : iy . : !
< teyc! , E E L th(WR-CS)'3 | ! i ;
. 1td(BCLK-AD) 5 , , o ; th(BCLK-AD : :
. ';‘" 18ns. max' . f E D ! —éns.min . ) E :
AD Y . : : ; : ' : : ;
BHE -y 5 5 j j - i ' j :
g | W(BCLKWR) | L twwRy3 | i EM : g :
WRTRL ; ' 18ns.max 4—»4—!—!—» L : '
WRH \ : / th(BOLK-WR)
: - : : > e 3nsmini : :
E Lo ! ! td(DB-WR)*3 ! l pig INOWR- DB)*3_E E E i
R e o B z z B e e
*3:It depends on operation frequency. Measuring conditions
td(DB-WR)=(tcyc x n-20)ns.min * Vee=5V+10% ' '
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) « Input timing voltage
th(WR-DB)=(tcyc/2-1O)ns.m@n :Determined with ViH=2.5V, ViL=0.8V
th(WR-AD)=(tcyc/2-10)ns.min + Output timing voltage
th(wRr-cS)=(tcyc/2-10)ns.min :Determined with VoH=2.0V, VoL=0.8V

tw(WR)=(tcyc/2 x n-15)ns.min
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Figure 1.28.4. V cc=5V timing diagram (3)

MITSUBISHI
224 A ELECTRIC




Mitsubishi microcomputers

M16C/80 (144-pin version) group

Timing (Vcc =5V)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode (with 3 wait)
Read Timing

t5u(DB-BCLK) “—"  R008)
' ‘ 26ns.min ~ © ' Ons.min'
*1:It is a guarantee value with being alone. 35ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).
*2:It depends on operation frequency.
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.)
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.)

Write Timing

BCLK ' 18ns.max

WBCLKALE) 5! '« fh(BCLK-ALE) ! | : : 1 1

BCLK , .
118ns.max . ! ; ! .
td(BCLK-ALE) | I(BCLK-ALE). : ‘ !
! € 2nsmin | ! ' '
ALE D ; Va— |
| dBCLKCS) ! ! | ! ! 1 ! 1 Ih(BCLK-CS) ;
'_" 18ns.max '+ A | ! | | ' & 3ns.min !
csi L\ E ; ! I ; ; : B ! ;
Lo teyc ! ‘ i w 1 »1 '« th(RD-CS) '
v : g | ‘ | ! L1t Onsmin !
td(BCLK-AD) 1 Hh(BCLK-AD) | ;
4> 1gns.max ¥ 3ns.min '
ﬁ 0 - s 3ns.min : .
BHE \ _ —J : :
| t(BCLK-RD), 1 1 : 1 1 : ‘st le- (h(RD-AD) :
| 18ns.max <> ; ; 1 1 ; | 1 Ons.min :
5 T\ | : o : B e A
b Do ‘ ‘ : p \ 1 th(BCLK-RD :
; Pl tac2(RD-DB) 2 ! L s e fsns.mm ) | !
3 D tac2(aD-DB) 2 ! ; L ‘ 5 !
SR S S—— T i

*3:1t depends on operation frequency.
td(DB-WR)=(tcyc x n-20)ns.min
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.)
th(WR-DB)=(tcyc/2-10)ns.min
th(WR-AD)=(tcyc/2-10)ns.min
th(WR-CS)=(tcyc/2-10)ns.min
tw(WR)=(tcyc/2 x n-15)ns.min
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Measuring conditions
e Vcc=5V+10%
« Input timing voltage

» Output timing voltage

ALE V} \I -2ns.min . : . . v \ \ . .
| d(BCLK-CS) ' : j ! | h(BCLK-CS) E
" 18ns.max, : : : | ! 1> 3nsmin - :
csi o\ : | : : ! ! | i, : i 5
’ toyc . ; : ‘ 5 D thWwrC9)® | 5 ;
.y HBCLK-AD) : i i ; | L Th(BCLK-AD) E E
™ 18ns.max, : ! : l L ™ 3ns.min ' :
ADI - . : : : ‘ . — — 3nsm|n: : .
BHE j i E j j : : - — : : ;
{(BOLKWIR) | ! Ry | E |1 thwr-AD)® ! E
WRWRL ' i 18ns.max >« . - ' I;:‘ — ' '
WRH E P [ ' ‘ 5 j / th(BCLKWR) :
: b : N . -« 3nsming ' ;
b : ! td(DB-WR) ! 1 : D! thwR-DB) " ! ; 5

DB | | | | | e

:Determined with VIH=2.5V, VIL=0.8V

:Determined with VoH=2.0V, VoL=0.8V

Figure 1.28.5. V cc=5V timing diagram (4)
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Timing (Vcc =5V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode

(When accessing external memory area with 2 wait, and select multiplexed bus))

Read Timing

BCLK

ALE

csi

ADi
/DBI

ADi
BHE

i th(BCLK-ALE)
<_

+ 18ns.max

td(BCLK -ALE) \
-2ns.min

j’

/ \

.th(BCLK CS)
+-3ns.min

—> ,<> th(RD- DB)

i td(BCLK- CS) ; 3 teyc -

" 18ns.max ! | N ' g

- ot 1 s | :

i 11d(AD-ALE) ~ th(ALE-AD) -, . . ;

D e . ' ; , L

X ddress ) e — feeee-{ Datm input -+

th(RD- CS)*l y

< Address

'« 18ns. max'

{td(BCLK-AD) e ; = tsu(Dg- BZ%';E)mmi  Ons. iny th(BCLK -AD) |
< 18ns. max' i \ tac3(RD—DB) ! H ! E <> -3ns.min !
* Taca(AD 0By L | o L T |
ac3(AD-DEB) td(BCLK-RD) ! | th(BCLK-RD) :

D

\ |

-5ns.min —'
,

*1:1t depends on operation frequency.

BCLK

ALE

csi

td(AD-ALE)=(tcyc/2-20)ns.min

th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.)
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.)

Write Timing

*2:It depends on operation frequency.

td(AD-ALE)=(tcyc/2-20)ns.min

th(ALE-AD)=(tcyc/2-10)ns.min, th(wR-

th(wR-CS)=(tcyc/2-10)ns.min, th(wr-
td(DB-WR)=(tcyc/2 x m-25)ns.min

1 18ns.max ' ' .
td(BCLK-ALE) | i 1 In(BCLK-ALE) ; 5 5 f 5
> —> = -2ns.min ' : : : ' i
L 3 5 toyc | 5 : ! 1 th(BCLK-CS)
>} td(BCLK-CS) i« e > | thwR.cg)2 [ 3nsmin |
—i—\ElSns.ma o . | | , ,4—,_,/7.
! td(AD-ALE)? th(ALE-AD)"?, 5 ; o s tN(BCLK-DB)
: -<—>-<—> ' ' [ ¢ 1 -5ns.min
“eeeeg Address | Data output ! | : X Address
P : P ; : T i :
: ! { td(DB-WR)"? ! th(WR-DB) 2 !
! 1td(BCLK-AD) ; ; : P i th(BCLK-AD)
: , 18ns.max; ! ' ' b <> -3ns.min
: ; | td(BCLK-WR) | {th(BCLK-WR) | | th(WR-AD)? ;
: ; I+ 18ns.max L -3ns.min—» < : !
RL— : : : : ¥ : .

Measuring conditions

AD)=(tcyc/2-10)ns.min
DB)=(tcyc/2-10)ns.min

(m=3 and 5 when 2 wait and 3 wait, respectively.)

* Vce=5V+10%
* Input timing voltage

:Determined with ViH=

« Output timing voltage

:Determined with VoH=

2.5V, VIL=0.8V

2.0V, VoL=0.8V

Figure 1.28.6. V cc=5V timing diagram (5)
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Timing (Vcc =5V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Read Timing

Memory expansion Mode and Microprocessor Mode

(When accessing external memory area with 3 wait, and select multiplexed bus))

*L:It depends on operation frequency.
td(AD-ALE)=(tcyc/2-20)ns.min

th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.)
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.)

‘18ns.max - ; ! ; : | :
td(BCLK ALE) i I(BCLK-ALE) : ! | : ! ! !
> > 2ns.min | 1 i ! | : ; .
ALE Z / A\ E 3 : = E i ./ P\
: td(BCLK- CS) . P teyc R 5 5 5 ' (N(BCLK-CS)
<> 18ns.max | ! o ' o : : b ‘l ' -3ns.min
— —\! D : : : i : | 1 th(RD-CS) * ! ?
csi \ B : : : : ! ;1 RDCS)™ |
- itaeoae)? thaean)?, : 5 ! : b P ;
N —— ’ : ! oo ! !
ADI : Address : | :""""':' """"""" 'E """"""" 1: ----------- R m-------é--- Address
IDBi 5 X 1 ; .>Itdz(RD -AD) : ! ! :
P : | —#1< Bns.max : ' 1 «— ! th(RD-DB) -
! Itd(BCLK-AD) olle ; | : + tsu(DB-BCLK): ;i Ons. min; th(BCLK-AD)
) 4> 18ns.max | tac3(RD-DB) } 26ns.min > -3nsmin |
AD Y ! T ; ; : ; : T B ,
BHE — ; — ' \ 5 — — Z
P Gl . . : I P :
! tac3(AD-DB) .td(BCLK RD) | i : ' th(BCLK-RD) th(RD-AD) 1 :
> 18ns.max: ; L Bnemin > |
RD . . \ , ! : | | /; : :

*2:It depends on operation frequency.
td(AD-ALE)=(tcyc/2-20)ns.min

td(DB-WR)=(tcyc/2 x m-25)ns.min
(m=3 and 5 when 2 wait and 3 wait, respectively.)

th(ALE-AD)=(tcyc/2-10)ns.min, th(WR-AD)=(tcyc/2-10)ns.min
th(WR-CS)=(tcyc/2-10)ns.min, th(wr-DB)=(tcyc/2-10)ns.min

Measuring conditions
* Vee=5V+10%
* Input timing voltage

:Determined with ViH=2.5V, ViL=0.8V

+ Output timing voltage

:Determined with VoH=2.0V, VoL=0.8V

Write Timing : ‘
TSN AU W A W L W A U A
i18ns.max | ‘ : \ : 4 | \ !
td(BCLK-ALE) ! ., th(BCLK-ALE) : ! ; ; ; : 3
el omsmn | | | s | | :
NE \ | | | | z | -/ A\
; o 3 toye ; ; i i © 1th(BCLK-CS)
.<—>~td(BCLK CSI) < L »! ' ' :th(WR-CS) > -3ns.min
— 1 18ns.max: | i i i i P — ‘
csi b\ s : : : : : L D !
5 2 : f : f f o :.mmmﬁ
| WADALD) L. A0 2. : ; . : ¥ hae o
/ADi ( Address ! Data output X Address
DB| ' ! i ! 53: T T T 0 0 < ) 5
5 | P | ! td(DB-WR) 2! j L thwr-DB) 2 :
' td(BCLK-AD) ; : ; ; ; v ! th(BCLK-AD)
ADI > 18ns.max! ' ' ' ' ' " “—’ -3ns.min
| , : 1 . , . . H ) !
BE k- 1 e | e z 1D G
: ! ! : ! ! : Db 3
5 5 ! td(BCLK-WR) ! ; 5 1th(BCLK-WR) 1 th(WR-AD) 2 !
- ! ! -« ! ! ! 1 -3ns.min» < i '
WR WRL, E : 3 :\18ns.maxi E E E E :/ L
WRH | e IS s e z s

Figure 1.28.7. V cc=5V timing diagram (6)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode
(When accessing DRAM area with 1 wait)

Read Timing
BCLK \

i teyc |

td(BCLK-CAD)

tsu(DB- BCLK) '<—>' .4—» th(CAS -DB)
26ns.min*1 Ons.min

td(BCLK-RAD) th(BCLK-RAD) *,’. 18ns.max*1 th(BCLK-CAD) i
:<_>18ns max  -3ns. m|n'<>r ; > -3ns.min
MAI L X Row address; X Strlng address ! X : X
Lo th(RAS-RAD)*ZEE : - : tRP*2 b
: N | P . : .
RAS | N\ P : ¥ ! | A
: ' —»' 4 [N(BCLK-RAS) . ' '
: 3 ,t‘i(SBCLK RAS) td(BCLK-CAS) ¢ " -3ns.min : :
: ! ns.max*1; 4> 18ns.max*1 : : !
CASL ! v P ; \: v : ; !
CASH Lo P Lo > i« th(BCLK-CAS) ;
: o b - L -3ns.min ; :
bW : 5 5 | ! taca(CAS:DB)2 | | ! ; |
i I - . i | '
: P tac4(CAD-DB)2 ' | i1 : ! :
5 . e lac4(RAS-DB)2 IR i ; |
R N I I e

*1:It is a guarantee value with being alone. 35ns.max garantees as follows:
td(BCLK-RAS) + tsu(DB-BCLK)

td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

*2:1t depends on operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.)
taca(CAs-DB)=(tcyc/2 x n-35)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.)
taca(cAaD-DB)=(tcyc x I-35)ns.max (I=1 and 2 when 1 wait and 2 wait, respectively.)
th(RAS-RAD)=(tcyc/2-13)ns.min
trRP=(tcyc/2 x 3-20)ns.min

Measuring conditions
* Vce=5V+10%
 Input timing voltage
:Determined with VIiH=2.5V, VIL=0.8V
« Output timing voltage
:Determined with Von=2.0V, VoL=0.8V

Figure 1.28.8. V cc=5V timing diagram (7)
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Timing (Vcc =5V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Write Timing

BCLK /

td(BCLK-RAD) ,
18ns.max th(BCLK-RAD):

Memory expansion Mode and Microprocessor Mode
(When accessing DRAM area with 1 wait)

+ td(BCLK-
11 18ns.max

Vce=5V

th(BCLK-CAD)
- -3ns.mir|1

CAD)

*1:1t depends on operation frequency.
th(RAS-RAD)=(tcyc/2-13)ns.min
trRP=(tcyc/2 x 3-20)ns.min
tsu(DB-CAS)=(tcyc-20)ns.min

Measuring conditions
* Vce=5V+10%
« Input timing voltage

« Output timing voltage

>, -3ns.min 4 | - L i
MAI . X Rowaddress! )X String address X X
. | th(RAS-RAD)T ! L : P P
_ - . e -~ ' ' .
RAS | A E Y i -\
: ;_»itd(BCLK-RAS) td(BCLK-CAS) 1+ tg(BC'—_K'RAS) ! P
| 18ns.max il 18ns.max___ ns-min s :
CASL : | \ ] | 5 |
CASH : : ! ) - : :
1 1 ' — - | |
td(BCLK-DW) : : L t_*;ﬂ?f;ﬁ “AS) !
g ' i ! - ! 1
_ — 18ns.max i i o . . :
DW b\ E Iy i
o 5 ! i 1 % < {h(BCLK-DW) ! ;
i | tsuDB-CAS) T | , ~ -bns.min 5 5
Wiz i : — SR : 5
DB --eheeeeesss { : S ECITRER EECEERRRS beseees

:Determined with ViH=2.5V, VIiL=0.8V

:Determined with VoH=2.0V, VoL=0.8V

-7ns.min

Figure 1.28.9. V cc=5V timing diagram (8)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode

(When accessing DRAM area with 2 wait)
Read Timing , , . , , .

BCLK \
oy R | . ' | | | |
td(BCLK-RAD) th(BCLK-RAD)Iq—L%t(igiLr:;QD) : i th(BCLK-CAD) : i
i«-»!18ns.Max  -3ns.minie» ! o I > -3ns.min ;
MAI ' X Row address: X 5 String address ; X 5 ! X
!l th(RAS-RAD)2!! ! : ! L L tRPR2 Lo
: e : ; : i — ; —>
RAs N ) S
! i ' : ' : e th(BCLK-RAS) b
: | d(BCLK-RAS) ! td(BCLK-CAS) : >, e BCLIERAS) :
' [4%118ns.max*1. [ 18ns.max*1 I . o :
CASL L P N ; ¥ . i ;
CASH Do o o : ! S« th(BCLK-CAS) | i
i ! ' b b ; ! t -3ns.min | !
bW L o |1 {acA(CAS-DB)?2 i : 5 :
E P bl 1 tac4(CADDB)2] 1 i : 5 i
E b tac4(RAS-DB)*2 O i 5
S E TN N i -

{su(DB-BCLK) —>1 M-»{h(CAS-DB)
26ns.min*1 ' ons.min

*1:It is a guarantee value with being alone. 35ns.max garantees as follows:
td(BCLK-RAS) + tsu(DB-BCLK)

td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

*2:1t depends on operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.)

tac4(CAS-DB)=(tcyc/2 x n-35)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.)
tac4(CAD-DB)=(tcyc X I-35)ns.max (I=1 and 2 when 1 wait and 2 wait, respectively.)
th(RAS-RAD)=(tcyc/2-13)ns.min

trRP=(tcyc/2 x 3-20)ns.min

Measuring conditions
* Vee=5V+10%
* Input timing voltage
:Determined with VIH=2.5V, VIL=0.8V
* Output timing voltage
:Determined with Von=2.0V, VoL=0.8V

Figure 1.28.10. V cc=5V timing diagram (9)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode
(When accessing DRAM area with 2 wait)
Write Timing
BCLK | i

. teyc i
—

td(BCLK-RAD) Q_LEtd(BCLK-CAD)
18ns.max th(BC'—K'RAD):  18ns.max

th(BCLK-CAD)

P>

RAS AN

td(BCLK-RAS)  td(BCLK-CAS)

-+ th(BCLK-RAS)
1 -3ns.min

>118ns.max 1 18ns.max

g | -3ns.minies ! ! E"’ -3ns.min
MAi X Row address : X : String address : X X
. th(RASRAD)L | A

.__l/ Y_o__

S

% '« th(BCLK-CAS)
© -3ns.min

td(BCLK-DW)
Y

I

> 1< th(BCLK-DW)
© -5Bns.min

> th(BCLK-DB)
! -7ns.min

— 18ns.max
DW \ '

E,< {su(DB-CAS)*1
Hi-z

|
|
|
|
|
1
1
1
1
1
L
|
1
1
1
1
»
»

T

*1:1t depends on operation frequency.
th(RAS-RAD)=(tcyc/2-13)ns.min
tRP=(tcyc/2 x 3-20)ns.min
tsu(DB-CAS)=(tcyc-20)ns.min

Measuring conditions
* Vce=5V+10%
* Input timing voltage
:Determined with ViH=2.5V, ViL=0.8V
* Output timing voltage
:Determined with Von=2.0V, VoL=0.8V

g R [ ———

Figure 1.28.11. V cc=5V timing diagram (10)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode
Refresh Timing (CAS before RAS refresh)

BCLK

E i | td(BCLK-RAS) : foye 5
: ; '<_" 18ns.max . ; : '
RAS | : A\ ; 5 : ] i '
: | - , : : 4 th(BCLK-RAS
: | tsuCASRAS)1 ! : I Rl -3(ns min )
— = i | .
CASL | ! \ : : i | ¥ 5
CASH  td(BCLK-CAS) ; : ! ! > '« th(BCLK-CAS)
' - ' ' ' : -3ns.min

d
'
1
'
'
>
!
1
'
1

18ns.max

*1:1t depends on operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Refresh Timing (Self-refresh)

BCLK

td(BCLK-RAS),
18ns.max <>

= U S SV 2 N R NN |
| ' : :/ |

' - ' -
/ ; ! th(BCLK-RAS) |
' ‘ -|3nls.min

1 tsu(CAS-RAS)*1
P

cASL T\ | a . . |
: . : ; '« th(BCLK-CAS
// i ! e -3ns.min :

= {4(BCLK-CAS)

: 18ns.miax : : ((
W i ; V4

*1:1t depends on operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Measuring conditions
* Vce=5V+10%
« Input timing voltage
:Determined with ViH=2.5V, ViL=0.8V
« Output timing voltage
:Determined with Von=2.0V, VoL=0.8V

Figure 1.28.12. V cc=5V timing diagram (11)
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Timing (Vcc =5V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V
tc(TA) N
A
TAIIN input \
< tw(TAL) N
tc(UP) N
twUPH)_
TAIOUT input \
tw(UPL) N
TAIOUT input ><
(Up/down input)
During event counter mode
TAIIN input —
(When count on falling th(Tin-UP) < S\ tsu(UP-TiN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
fc(TB) N
tw(TBH)
TBIIN input
tw(TBL)
{c(AD) _
_twiapy)
ADTRG input J
fc(CK) N
(KR
CLKi
tw(CKL) N
th(c—Q
TXDi X X
dCcQ tsu@-0) L, thcop)
RXDi /{7—» *
tw(INL)
INT i \ /
et tw(INH) N

Figure 1.28.13. V cc=5V timing diagram (12)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Memory Expansion Mode and Microprocessor Mode
(Valid only with wait)

BCLK VAR AR WA G A
RD

(Separate bus) \ ',,’ """""""""" /———

WR, WRL, WRH

(Separate bus) \ ,/
RD e
(Multiplexed bus) \ /
WR, WRL, WRH prmmmmmmnmaaee
(Multiplexed bus) \ ; /

RDY input

tsu(RDY-BCLK) th(BCLK-RDY)

(Valid with or without wait)

BCLK

tsu(HOLD—-BCLK)

<>
HOLD input_\ (L/

/

HLEA output ‘ : D |

td(BCLK-HLDA) —> << T —>7 < {{(BCLK-HLDA)
PO, P1, P2, — H—z{ 1
paps,
P50 to P52 | | | | | |

Measuring conditions :

* VCC=5V+10%

* Input timing voltage : Determined with VIL=1.0V, VIH=4.0V

* Output timing voltage : Determined with VoL=2.5V, VOH=2.5V

Figure 1.28.14. V cc=5V timing diagram (13)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 3V)

Electrical characteristics (Vcc = 3V)

Table 1.28.23. Electrical characteristics (referenced to V

10MHz unless otherwise specified)

Vcc =3V

cc =3V, Vss =0V at Topr = 25 °C, f(XIN) =

. s Standard .
Measuring condition -
Symbol Parameter g Min. | Typ. | Max. Unit
HIGH output P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P72-P77, P80-P84, P86, P87, _
VoH P90-P97, P100-P107, P110-P114, P120-P127, |lOH=-1mA 2.5 v
P130-P137, P140-P14e, P150-P157
HIGH output HIGHPOWER lon=-0.1mA 2.5
volt Xout \Y%
Von oltage LOWPOWER IoH= - 50pA 2.5
HIGH output  xcout HIGHPOWER With no load applied 3.0 v
voltage LOWPOWER With no load applied 1.6
LOW output P0o-P07, Plo-P17, P20-P27, P30-P37, P40-P47,
VoL voltage P50-P57, P60-P67, P70-P77, P80-P84, P86, P87,
P90-P97, P100-P107, P110-P114, P120-P127, |loL=1mA 0.5 \%
P130-P137, P140-P146, P150-P157
lo.= 0.1mA 0.5
VoL LOW output w7 HIGHPOWER v
voltage LOWPOWER loL= 50pA 0.5
LOW output  weour HIGHPOWER With no load applied 0 v
voltage LOWPOWER With no load applied 0
Hysteresis HOLD, RDY, TAON-TA4IN, TBOIN-TBSIN,
VT+VI- INTo-INTs, ADTRG, CTS0-CTS4, CLKo-CLK4, 0.2 1.0 |V
TAOouT-TA4ouT,NMI, Klo-KI3,RxD0O-RxD4
SCL2-SCL4, SDA2-SDA3
VT+VT- | Hysteresis RESET 0.2 1.8 \
HIGH input P0o-P07, P1o-P17, P20-P27, P30-P37,
current P40-P47, P50-P57, P60-P67, P70-P77, P80-P87,
lH P90-P97,P100-P107, P110-P114, V=3V 4.0 HA
P120-P127,P130-P137, P140-P14e, P150-P157,
XN, RESET, CNVss, BYTE
LOW input PQo-P07, P10-P17, P20-P27, P30-P37,
current P40-P47, P50-P57, P60-P67, P70-P77, P80-P87,
I P%-P97,P100-P107, P110-P114, V=0V -4.0 pA
P120-P127,P130-P137, P140-P146, P15-P157,
XN, RESET, CNVss, BYTE
RpuLLup| Pull-up P0o-P0O7, P1o-P17, P20-P27, P30-P37,
resistance P40-P47, P50-P57, P60-P67, P72-P77, P80-P84,
P8s, P87, P90-P97,P100-P107, P110-P114, Vi=0V 66.0 | 120.0 | 500.0 | kQ
P120-P127,P130-P137, P140-P146, P150-P157,
RexiN Feedback resistance XIN 3.0 MQ
Rixcin | Feedback resistance XCIN 10.0 MQ
V ram | RAM retention voltage When clock is stopped 2.0 \%
Measuring condition:; fS(x|N):10|v|Hz Mask ROM 128 KB version 12.0 20.0 | mA
quare wave, no B
In single-chip division Mask ROM 256 KB‘ version 14.0 23.0 | mA
mode, the output Flash memory version 140 | 230 | mA
g{ﬂz r"i“i*ngFf;rg f\i/g(é } f(XciN)=32kHz Mask ROM 128 KB version 45.0 HA
e Power supply P | Square wave Mask ROM 256 KB version 60.0 HA
current | -
Flash memory version 3.5 mA
; f(XCIN)=32kHz When a WAIT instruction is executed.
| Oscillation drive capacity is High. 3.0 HA
| f(XCIN)=32kHz When a WAIT instruction is executed. 15 A
| Oscillation drive capacity is Low. ' H
I Topr=25°C, when | Mask ROM 128 KB version 1.0
I clock is stopped ROMIless RAM 10KB version ’ A
! Mask ROM 256 KB version 2.0 H
: ROMIess RAM 24KB version :
| Flash memory version 1.0
| Topr=85°C, when clock is stopped 20.0
z MITSUBISHI 235
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Electrlcal Characterlstlcs (VCC - 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Table 1.28.24. A-D conversion characteristics (referencedto V. cc = AVcc = VREF = 3V, Vss = AVSsS
=0V at Topr = 25 °C, f(XIN) = 10MHz unless otherwise specified)

) . Standard )
Symbol Parameter Measuring condition Min. | Typ. | Max Unit
- Resolution VRrer = Vcc 10 | Bits
- Absolute | Sample & hold function not | Vgrer = Vee = 3V, +2 | LSB
accuracy available (8 bit) @ap= fad/2
RLADDER Ladder resistance VReF = Vcc 10 40 kO
tconv Conversion time(8bit) 9.8 us
VREF Reference voltage 2.7 Vce \Y
Via Analog input voltage 0 VRer |V

Table 1.28.25. D-A conversion characteristics (referencedtoV ~ cc =3V, Vss = AVss = 0V, VREF =
3V at Topr = 25 °C, f(XIN) = 10MHz unless otherwise specified)

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
IVREF Reference power supply input current (Note) 1.0| mA

Note : 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 the contents of D-A register 1 is except "0016" and the Vref is unconnected at the A-D
control register 1, IVREF is sent.
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Timing (Vcc = 3V)

Mitsubishi microcompu

ters

M16C/80 (144-pin version) group

Vcc =3V

Timing requirements (referencedto V. cc =3V, Vss = 0V at Topr = 25 °C unless otherwise specified)

Table 1.28.26. External clock input

Standard .
Symbol Parameter Min T Max Unit
tc External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
twi(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
Table 1.28.27. Memaory expansion and microprocessor modes
Standard :
Symbol Parameter Min. | Max. Unit
tac1(RD-DB) Data input access time (RD standard, no wait) (Note) | ns
tac1(AD-DB) Data input access time (AD standard, CS standard, no wait) (Note)| ns
tac2(RD-DB) Data input access time (RD standard, with wait) (Note) | ns
tac2(AD-DB) Data input access time (AD standard, CS standard, with wait) (Note) | ns
tac3(RD-DB) Data input access time (RD standard, when accessing multiplex bus area) (Note) | ns
tac3(AD-DB) Data input access time (AD standard, CS standard, when accessing (Note) | ns
multiplex bus area)
tac4(RAS-DB) Data input access time (RAS standard, DRAM access) (Note)| ns
tac4(CAS-DB) Data input access time (CAS standard, DRAM access) (Note) | ns
tac4(CAD-DB) Data input access time (CAD standard, DRAM access) (Note)| ns
tsu(DB-BCLK) Data input setup time 40 ns
tsu(RDY-BCLK ) | RDY input setup time 60 ns
tsu(HOLD-BCLK ) | HOLD input setup time 80 ns
th(RD-DB) Data input hold time 0 ns
th(CAS-DB) Data input hold time 0 ns
th(BCLK -RDY) | RDY input hold time 0 ns
th(BCLK-HOLD ) | HOLD input hold time 0 ns
td(BCLK-HLDA) | HLDA output delay time 100 | ns

Note: Calculated according to the BCLK frequency as follows:
Note that inserting wait or using lower operation frequency f(BCLK) is needed when
calculated value is negative.

10°
tac1(RD - DB) = Fecg X2 55 [ns]
10°
tac1(AD - DB) = —eom 55  [ns]
10°X m _ . . .
tac2(RD - DB) = T X2 55 [ns] (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively)
10°X n _ . : .
ac - - &y i )
tac2(AD - DB) = feo 55 [ns] (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively)
10°X m . . .
tac3(RD - DB) = Tecw X2 55 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively)
10°X n _ . . .
tac3(AD — DB) = m —55 [ns] (n=5 and 7 when 2 wait and 3 wait, respectively)
10°X m
tac4(RAS - DB) = W —-55 [ns] (m=3 and 5 when 1 wait and 2 wait, respectively)
10°X n
tac4(CAS - DB) = Teco X2 55 [ns] (n=1 and 3 when 1 wait and 2 wait, respectively)
10°X
tac4(CAD — DB) = feor) —55 [ns] (I=1 and 2 when 1 wait and 2 wait, respectively)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Tlmlng (VCC = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Timing requirements (referencedto V. cc = 3V, Vss = 0V at Topr = 25 °C unless otherwise specified)

Table 1.28.28. Timer A input (counter input in event counter mode)

Symbol Parameter .Standard Unit
Min. Max.
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 1.28.29. Timer A input (gating input in timer mode)
Standard
Symbol Parameter - Unit
Min. Max.
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIN input HIGH pulse width 300 ns
tw(TAL) TAIIN input LOW pulse width 300 ns
Table 1.28.30. Timer A input (external trigger input in one-shot timer mode)
Standard .
Symbol Parameter Min. Max. Unit
tc(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 1.28.31. 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 1.28.32. Timer A input (up/down input in event counter mode)
Standard )
Symbol Parameter Min. Max. Unit
te(uP) 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
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Timing requirements (referencedto V. cc =3V, Vss = 0V at Topr = 25 °C unless otherwise specified)

Table 1.28.33. Timer B input (counter input in event counter mode)

Standard ]
Symbol Parameter Min, Mo, 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) TBiIN input HIGH pulse width (counted on both edges) 160 ns
tw(TBL) TBiiN input LOW pulse width (counted on both edges) 160 ns
Table 1.28.34. Timer B input (pulse period measurement mode)
Symbol Parameter .Standard Unit
Min. Max.
tc(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 1.28.35. Timer B input (pulse width measurement mode)
Symbol Parameter ‘Standard Unit
Min. Max.
tc(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 1.28.36. A-D trigger input
Symbol Parameter -Standard Unit
Min. Max.
te(AD) 'ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 1.28.37. Serial /0
Symbol Parameter _Standard 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 1.28.38. External interrupt INTi inputs
Standard )
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
T|m|ng (VCC = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Switching characteristics (referencedto V. cc = 3V, Vss = 0V at Topr = 25 °C, CM15 = “1" unless
otherwise specified)

Table 1.28.39. Memory expansion and microprocessor modes (with no wait)

i - Standard )
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-AD) | Address output delay time 25 ns
th(Bck-AD) | Address output hold time (BCLK standard) 0 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
td@cLk-cs) | Chip select output delay time 25 ns
th(cLk-cs) | Chip select output hold time (BCLK standard) 0 ns
th(RD-CS) Chip select output hold time (RD standard) 0 ns
th(WR-CS) Chip select output hold time (WR standard) . (Note) ns
td(BCLK-ALE) | ALE signal output delay time Figure 1.28.1 25 ns
th(BCLK-ALE) | ALE signal output hold time -2 ns
tdBCLK-RD) | RD signal output delay time 25 ns
th(8CcLK-RD) | RD signal output hold time -3 ns
td(BCLK-WR) | WR signal output delay time 25 ns
th(8clk-WR) | WR signal output hold time 0 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
tw(WR) WR signal width (Note) ns
Note: Calculated according to the BCLK frequency as follows:
td(DB- WR) = Lg -
f(BCLK) [ns]
th(WR-DB) = i - 20
f(BCLK) X 2 [ns]
th(WR- AD) = Lg - 20
f(ecLk) X 2 [ns]
thWR-CS) = L - 20
f(BCLK) X 2 [ns]
tw(WR) = L - 20
fBCLK) X 2 [ns]
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Switching characteristics (referencedto V. cc = 3V, Vss = 0V at Topr = 25 °C, unless otherwise

specified)

Table 1.28.40. Memory expansion and microprocessor modes

(with wait, accessing external memory)

i i, Standard .
Symbol Parameter Measuring condition Mi Unit
in. Max.

tdBCLK-AD) | Address output delay time 25 ns
th8CLK-AD) | Address output hold time (BCLK standard) 0 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdeck-cs) | Chip select output delay time 25 ns
th@CLK-cS) | Chip select output hold time (BCLK standard) 0 ns
th(RD-CS) Chip select output hold time (RD standard) 0 ns
th(WR-CS) Chip select output hold time (WR standard) (Note) ns
td(BCLK-ALE) | ALE signal output delay time Figure 1.28.1 25 ns
th(BCLK-ALE) | ALE signal output hold time -2 ns
tdBCLK-RD) | RD signal output delay time 25 ns
th(BCLK-RD) | RD signal output hold time -3 ns
tdBCLK-WR) | WR signal output delay time 25 ns
th(BCLK-WR) | WR signal output hold time 0 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
tw(WR) WR signal width (Note) ns

Note: Calculated according to the BCLK frequency as follows:

109X n
td(B-WR) = f(BCLK) B [ns] (n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively)
th(WR-DB) = 10° 20
feCLK) X2 [ns]
th(WR - AD) = .1 ’ 20
feeL X2 [ns]
10°
hWR-CS)= —Feciox2 20 [ns]
tw(WR) = __10°Xn_ _ 20 . . . ]
f(BCLK) X 2 [ns] (n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
T|m|ng (VCC = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Switching characteristics (referencedto V. cc = 3V, Vss = 0V at Topr = 25 °C, unless otherwise
specified)

Table 1.28.41. Memory expansion and microprocessor modes
(with wait, accessing external memory, multiplex bus area selected)

Symbol P Measuring condition Standard Uni
ymbo arameter g Min. Max. nit
td(BCLK-AD) | Address output delay time 25 ns
th(BCcLk-AD) | Address output hold time (BCLK standard) 0 ns
th(RD-AD) Address output hold time (RD standard) (Note) ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdecLk-cs) | Chip select output delay time 25 ns
th(BcLK-CS) | Chip select output hold time (BCLK standard) 0 ns
th(RD-CS) Chip select output hold time (RD standard) (Note) ns
th(WR-CS) Chip select output hold time (WR standard) (Note) ns
tdecLK-RD) | RD signal output delay time 25 ns
th(BCcLK-RD) | RD signal output hold time 0 ns
td(BCLK-WR) | WR signal output delay time Figure 1.28.1 25 ns
th(BCLK-WR) | WR signal output hold time 0 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
td(BCLK-ALE) | ALE signal output delay time (BCLK standard) 25 ns
th(BCLK-ALE) | ALE signal output hold time (BCLK standard) -2 ns
td(AD-ALE) ALE signal output delay time (address standard) (Note) ns
th(ALE-AD) ALE signal output hold time (address standard) (Note) ns
tdz(RD-AD) Address output flowting start time 8 ns
th(scLk-DB) | DB signal output hold time (BCLK standard) 0 ns
Note: Calculated according to the BCLK frequency as follows:
th(RD - AD) = 10° 20
feCLK) X 2 [ns]
th(WR — AD) = . 20
feCLK) X2 [ns]
th(RD - CS) = 10° 20
fecLK) X 2 [ns]
th(WR - CS) = 10° 20
feCLK) X 2 [ns]
td(DB - WR) = M —-40
(DB —WR) = f(BCLK) X 2 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively)
10°
th(WR - DB) = W -20 [ns]
td(AD — ALE) = 10° 27
feCLK) X 2 [ns]
10°
th(ALE - AD) = —f(BCLK) X2 " 20 [ns]
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Timing (Vcc = 3V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Switching characteristics (referenced to V

specified)

Table 1.28.42. Memory expansion and microprocessor modes

(with wait, accessing external memory, DRAM area selected)

Vcc =3V

cc =3V, Vss =0V at Topr = 25 °C unless otherwise

Symbol Parameter Measuring condition Standard Unit
Min. Max.
td(BCLK-RAD) | Row address output delay time 25 ns
th(BCLK-RAD) | Row address output hold time (BCLK standard) 0 ns
tdBCLK-CAD) | String address output delay time 25 ns
th(BCLK-CAD) | String address output hold time (BCLK standard) 0 ns
th(RAS-RAD) | Row address output hold time after RAS output (Note) ns
tdBCLK-RAS) | RAS output delay time (BCLK standard) 25 ns
th(BCLK-RAS) | RAS output hold time (BCLK standard) . 0 ns
trRP RAS "H" hold time Figure 1.28.1 (Note) ns
tdBcLK-cAs)| CAS output delay time (BCLK standard) 25 ns
thBCLK-CAS) | CAS output hold time (BCLK standard) -3 ns
tdeck-Dw) | Data output delay time (BCLK standard) 25 ns
th(eCclk-DW) | Data output hold time (BCLK standard) 0 ns
tsudB-cAs) | CAS after DB output setup time (Note) ns
th(sck-DB) | DB signal output hold time (BCLK standard) -7 ns
tsu(CAs-RAS) | CAS before RAS setup time (refresh) (Note) ns

Note: Calculated according to the BCLK frequency as follows:

th(RAS — RAD) = i - 25
(RAS=RAD) = aciig X 2 [ns]
109X 3
tRP = fecLK X2 40 [ns]
10°
tsu(DB - CAS) = W — [ns]
tsu(CAS —RAS) = 109 25
sul - = —_—
fBcLK) X 2 [ns]
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode (without wait)
Read Timing

A G i G X

> <« th(RD-AD)

BCLK ; \ / \ / ! [
td(BCLK-ALE) | E E : i 5 i
25ns.max 1 th(BCLK-ALE) | : E ! : :
> > < -2ns.min | : ' : .

ALE L ! : ! 5 : : :
R ta(BCLKCS) Lo th(()BC'-K-C.S) : i i E
> * , Ons.min ! ‘ ' ' '
1 25ns.max e : " ' i T

Csi N\ E Y ! o\ ! L/ E
- teyc > i« th(RD-CS) 5 ; | ;
D : > 1 Ons.min; ' ' '
td(BCLK-AD)  th(BCLK-AD) | : 5 : :
> 25ns.max «»! Ons.min” i ' '

td(BCLK-EzD) ,

25ns.max;* >, p 1 Ons.min ! .
RD o " y | : | | 5
' 2 1 th(BCLK-RD) ! | . !
tac1(RD-DB) “ . . ; ' : :
4(—.)_.": > 3nsmin | : : ;

tac1(AD-DB) % | :

e D S N D S S G S

tsu(DB-BCLK) i«——»! > th(RD-DB) : - !

. *1 ' o
40ns.min i Ons.min.

*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).
*2:1t depends on operation frequency.

tac1(RD-DB)=(tcyc/2-55)ns.max

tac1(AD-DB)=(tcyc-55)ns.max

Write Timing ( Written by 2 cycles in selecting no wait)

BCLK / .
'td(BCLK-ALE) : :
25ns.max  —p! e (N(BCLK-ALE)

-~ ~\ -2ns.min :
ALE v P\ '

i td(BCLK-CS)
<> 25ns.max! <> Ons.min | '

teyc! : | thwr-cs)S ! i

th(BCLK-CS)

'td(BCLK-AD)

ADi ;' > 25ns.max ' !
| j i i .
BHE D S : -

| __'th(BCLK-AD)
+ Ons.min

X

: ] T :
tdBCLK-WR) | fywRy3 ¢ INWR-AD) 3.
[ ! ' 25ns.max «—>-a4——p! —>

WR,WRL, — : —\ b ! : : 5
WRH ; ; P/ tnecik-wry : : E

! . ! —> < Ons.min | ;

; o tdB-WwR)® | | th(WR-DB)? | i ! :
SO S— e - I e — SR—

*3:1t depends on operation frequency.  Measuring conditions
td(DB-WR)=(tcyc-40)ns.min Vec=3V4+10%
. * Vcc= T 0
th(wR-DB)=(tcyc/2-20)ns.min
( =(tey ) « Input timing voltage :Determined with ViH=1.5V, VIL=0.5V

th(wR-AD)=(tcyc/2-20)ns.min Output timi It ‘Determined with Von=1.5V. VoL=15V
hWR.CS)=(tcyc/2-20)ns.min utput timing voltage :Determined with VoH=1.5V, VoL=1.

tw(WR)=(tcyc/2-20)ns.min

Figure 1.28.15. V cc=3V timing diagram (1)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (VCC - sv) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode (with 1 wait)
Read Timing . . ,

BCLK : 25ns.max ) i

td(BCLK-ALE) th(BCLK ALE) ! :
- > 4— -2ns.min | 1

ALE y :\,
: <« [(BCLK-CS)

[\

: th(BCLK-CS)

—_— _\ 25ns.max_ *1 ' > Ons.min !
CSi b ; : : : ; : :
P tcyc : i e th(RD- CS) : i
:4 y =: i i ; ' Ons.min i '
tijC.LK AD) :*1 E E 'th(BCLK -AD) :
! 25ns.max ' ' rd—b‘ ons.min

ADi
BHE

: e th(RD-AD)
Ons.min

i td(BCLK- RD)
25ns.max :<—>'

! . o th(BCLK RD) !

. > | -3ns.min ! '

' *2 ' H ' '
, tac2(AD-DB) ' 1 : b

DB -ttieeeeeeeeeees Ao ooee ;

; ; tSu(DB-BCLK) i«—— > thRD-DB) i

: 40ns.min ~ i ' Ons.min :

. 'gacZ(RD—DB)

*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).

*2:1t depends on operation frequency.
tac2(RD-DB)=(tcyc/2 x m-55)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.)
tac2(AD-DB)=(tcyc X n-55)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.)

Write Timing

Bok  fosnsmax N\ [\ /

' td(BCLK-ALE)! ’ :
B —L i+~ th(BCLK-ALE)

ALE . VI \' -2ns.min ! ! i

¢ td(BCLKCS)

—+
Z
ov)
7]
0
- N
o)
@ -

. 25ns.max <> Ons.min_: ; '
R . : o e ;
e toye ! ; i1 th(WR- CS) : ;
td(BCLK-AD) 5 L L thECLK- -AD)

4> 25ns.max! ! -

ADi . : E ' Ons.min :
R G s . IS S

td(BCLK- -WR) tw(WR)*s : th(WR-AD)*3
25ns.max .“—N—‘—P.

WRWRL,— :
WRH ; : \J th(BCLK- WR)

, —>. .<—Onsm|n : !

Lo tEBWR)® | | thwr-0B)"3 | :
DBi e - i | : ) ---------- T o
*3:It depends on operation frequency. Measuring conditions
td(DB-WR)=(tcyc x n-40)ns.min « Vee=3V410%

(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.)

th(WR-DB)=(tcyc/2-20)ns.min * Input timing voltage

th(WR-AD)=(tcyc/2-20)ns.min :Determined with ViH=1.5V, ViL=0.5V
th(WR-CS)=(tcyc/2-20)ns.min « Output timing voltage
tw(WR)=(tcyc/2 x n-20)ns.min :Determined with VoH=1.5V, VoL=1.5V

(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Figure 1.28.16. V cc=3V timing diagram (2)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing (Vcc = 3V)

Vee=3V
Memory expansion Mode and Microprocessor Mode (with 2 wait)
Read Timing : : , : , : : ,
K S [ : , : ;
td(BCLK-ALE) | th(BCLK-ALE) E ; i l ! : i
- > i< -2ns.min | : ! K ‘ : | ,
ALE E / A : : ; : D/ A ! i
d(BOLK-CS) 5 5 E 5 | th(BCLK-CS) : ;
D oens, max’ 1 | ; ! i > 0ns. min; i !
csi N\ . ; : : ; L ; !
P . ; : . '« th(RD- cs:) : :
! : ' : : e : ,
— tcy;c > ' ' ‘ ' ‘ ' Ons.min ; :
td(BCLK -AD) :*1 : E 5 'th(BCLK -AD) ! 5
. <> 25ns.max ! : ' ; '<->‘ Ons.min_. . :
ADi ; X : T : ' : o i i :
BHE ; ; : i Z : - E 5 :
| tdBCLK- RD) E : i . L. t«- th(RD- AD) 5 E
! 1 25ns.max > I ; ! : ' Ons.min : ;
S | | | 5 o\ |
‘ . . *) ! j 1 \ 1 th(BCLK-RD) ' i
Lo bl tac2(RD-DB) © | ' : > > % 3nsmin ! : i
Lo P tacoaDDB)? : N ' ' !
R e wwma G S
E i ! g | tSu(DB-BCLK) —! ch(RD D) ! f
; : : ' ! 40ns.min - L' Ons.min! :
*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).
*2:It depends on operation frequency.
tac2(RD-DB)=(tcyc/2 x m-55)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.)
tac2(AD-DB)=(tcyc X n-55)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.)
Write Timing
BCLK ) 25ns.max \ / . I : . I ' .
| [(BCLK-ALE : ! ; ! | : 5 ;
. —L <—th(BCLK ALE) : : : : ! ! :
AE _/—\ i i i Vo U 5
'y [(BCLK-CS) 5 ; : | th(BCLK-CS) 5 i
4_’: 25ns. max. i ! ! ! <> Ons.min_: 1 '
cs N\ - : : i : 3 / i E !
L teyc! J j ; ' th(wr-cs)S : ! i
b > . : D WRCS) ' ; .
i :1d(BCLK-AD) E 5 l [ .. th(BCLK-AD) : i
ADi H 25ns.max; : : ' i .~ "' Ons.min_! ; .
i : : : ! : T Ty : : :
A z : : NEN : :
: | IBCLKWR) | Ry : D1 th(WR-AD) 3 ;
_ ' ' 25ns.max 4> : : > : : ' :
WRWRL, ™ : T\ ! ! . / : : ! '
WRH 5 ; P : : i/ th(BCLK-WR) ; : :
! : ' ! ' - < Ons.min | ' ; !
; P td(DB-WR)° ! ; D thwr-DB) ! ; : 5
R s e I z N T
*3:It depends on operation frequency. Measuring conditions
td(DB-WR)=(tcyc x n-40)ns.min «Vee=3V410%
(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.) « iUt t » it
th(wr-DB)=(tcyc/2-20)ns.min npu |m|ng.vo age
th(WR-AD)=(tcyc/2-20)ns.min :Determined with ViH=1.5V, ViL=0.5V
th(wr-CS)=(tcyc/2-20)ns.min + Output timing voltage
tw(WR)=(tcyc/2 X n-20)ns.min A . :Determined with VoH=1.5V, VoL=1.5V
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Figure 1.28.17. V cc=3V timing diagram (3)
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Timing (Vcc = 3V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Read Timing ,

Memory expansion Mode and Microprocessor Mode (with 3 wait)

oo e ] L/ [\ [ L

*2:It depends on operation frequency.

[(BCLK-ALE) | th(BCLK-ALE) 3 i E | ! | : 5 i

- H i« 2nsmin ! I ! I : : 1 : !

ALE L 2 l i 5 i 5 l . \ : 5

| (BCLK-CS) : E i ! . . th(BCLKCS) 5 !

—_ 54_’? 25ns.max*1 E E E E E E r_h: OnSlmmi E i

csi L\ : 2 : : ] 1 : 1 ‘ : :

b o ! . ! . ' . '« N(RD-CS) ;

— > : ! : = : (i1 Onsmin : =

td(BCLK-AD) Ll i ! 5 ! h(BCLK-AD) | 5

_ 4 2505 max ! ! ; I ! ! «¥ Ons.min_| l !

ADI_ ' ! T 1 ! ' ! , o X | . |

BHE - : j E : : ' - — ‘ 5 '

|| td(BOLKRD). E ! 5 : E f i» ie- th(RD-AD) i i

o 25ns.max € ; ; ! ; ! ; ' Onsmin ! ' !
BT N\ T

- P 2 : ! : . th(BCLK-RD) : :

Lo Ll tac2(RD-DB) ° | j : : SN : i

b tac2AD-DB)% ! : | ! Lo 3 ; !
e i it O N — - S

§ : 5 : : E | UDB-BCLK) e e pp) E i

: | i ; 40ns.min v Ons.min! : '

*1:It is a guarantee value with being alone. 55ns.max garantees as td(BCLK-AD)+tsu(DB-BCLK).

tac2(RD-DB)=(tcyc/2 x m-55)ns.max (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively.)
tac2(AD-DB)=(tcyc x n-55)ns.max (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively.)

Write Timing
BCLK ): Bosmax |\ {' \—/7\—/—.\_/—\:\_/—\_
H(BCLK-ALE): : i 1 ! ! 5 } | : 5
had 4 th(BCLK-ALE) : 1 ; ! : | ! ‘ :
TR et S TS S N A AN I A VA S
| td(EeLKCS i 2 i 3 ; | ih(BeLKCY) : 5
> 25ns.max| : ! ! ! 1 ' ﬂ—" Ons.min 1 '
csi b ; ; : ! : : : L | ; ;
' ' ; : ! : ! L thwRes)D ! ! :
b [CVC: >E ! ! ! ! ! M’} ' i '
1 ld(BCLK-AD) ! i | E 1 i ! th(BCLK-AD) ! |
ADI (47 25ns max, : I ‘ I 1 L " onsmin ! : :
! ! ! . : ! : ! T T ! ! :
BHE :X z ; . : : : — — : : :
| H(BCLKWR) | tw(WR)*:S : ; i D thwRAD) 5 :
—_ | 25ns.max 4 : : : 1 —» s ; !
WRWRL, : : \ ! ; : 3 : / ! : : :
WRH i f P j ] f : L h(BCLKWR) : ;
: - - - ! : i - i Onsmin | ! ;
| Dol tdoewR)® 3 5 ! L1 thwrDB)" g ;
DB e (| | | | I o
*3:1t depends on operation frquency. Measuring conditions
td(DB-WR)=(tcyc X n-40)n§.m|n . - _ ¢ V/CcCc=3V+£10%
(n=1, 2 and 3when 1 wa|t., 2 wait and 3 wait, respectively.) « Input timing voltage
th(\NR'DB)z(tCYC/z'ZO)nS'm!n :Determined with ViH=1.5V, VIL=0.5V
th(\NR—AD)=(tCyC/2-20)nS.m!n » Output timing voltage
th(WR-CS)=(tcyc/2-20)ns.min :Determined with VoH=1.5V, VoL=1.5V
tw(WR)=(tcyc/2 x n-20)ns.min
(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)
Figure 1.28.18. V cc=3V timing diagram (4)
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Timing (Vcc = 3V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode

(When accessing external memory area with 2 wait, and select multiplexed bus)

Read Timing

BCLK

Id(BCLK-ALE) |t Boi k-ALE) 5 5 ; g :

:42_51:15.max > % 2ns.min | . ! i ' ]
ALE ] T\ : : : ; Lo ™\

| td(BCLK-CS) | 3 teyc R : '« (N(BCLK-CS)

14—" 25ns.max ! ! = i > [ . ,'Ons.min |
— - P i i i Lo PG j
Csi by : : : : : | h®D CS); / :

| itdap- -ALE)  th(ALE-AD)": i i : 5 P ;

. *4—»4—» \ ! ' . P ' '
ADi : X A.ddress R b -(-R:I-D--ALD-) ------------ SEREEE Data lnput ------- i---{ Address
/DB T ) . — ldz ' - .

' | H + < 8ns. max ! 4—’. .<'> th(RD DB)

! td(BCLK- AD) S . :  tsu(DB-BCLK): ' Ons. min} th(BCLK-AD) |
ADi :<—>: 25ns. max' : E : tac3(RD-DB) T ! 1 40ns. !“'” :4—»; ons.min
BRE X e - e I - X e

| - . " . . . > ' :4—._>.' ) '

' tac3(AD-DB) 1 ' td(BCLK-RD) ! ' th(BCLK RD)I : th(RD- AD) : '

i | 4—» 25ns.max ! N '
RD = = A i i y e |

*1:1t depends on operation frequency.

td(AD-ALE)=(tcyc/2-27)ns.min

th(ALE-AD)=(tcyc/2-20)ns.min, th(RD-AD)=(tcyc/2-20)ns.min, th(RD-CS)=(tcyc/2-20)ns.min
tac3(RD-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.)
tac3(AD-DB)=(tcyc/2 x n-55)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.)

Write Timing

BCLK

HtdBCLK-ALE) | | 1 BCLK-ALE)

25ns.max  —! @ -2ns.min
:

-
ALE b P\

/ P\

4—» td(BCLK- CS)

S T | 25ns.max: !
CSi A : :

teyc

[
<

e th(BCLK-CS)

> , '@h(WR—CS)*ZE Ons.min

td(AD ALE)

. th(BCLK-DB)

th(ALE- AD) i i Ons.min
ADi .-..é-..{ Address i x i i Data output i E i :X Address
/DB . , ' e : : e :
E : P ! td(DB-WR) 2 I ! th(WR-DB) 2 '
¢_y! [(BCLK-AD) : : : L i th(BCLK-AD)
ADi : . 25ns.max; ' ' ' L r » Ons.min !
I j . , . . i . \ .
SE K s : s | D G
: : : : : D> :
5 : i td(BCLK-WR) Eth(BCLK WR) ! ! th(WR-AD) 2 ;
WETR. — i = e T — i
WRH l . ; ; ;

*2:1t depends on operation frequency.
td(AD-ALE)=(tcyc/2-27)ns.min

th(ALE-AD)=(tcyc/2-20)ns.min, th(wR-AD)=(tcyc/2-20)ns.min
th(WR-cs)=(tcyc/2-20)ns.min, th(wRr-DB)=(tcyc/2-20)ns.min

td(DB-WR)=(tcyc/2 x m-40)ns.min

(m=3 and 5 when 2 wait and 3 wait, respectively.)

Measuring conditions
* Vce=3V+10%
« Input timing voltage
:Determined with ViH=1.5V, VIiL=0.5V
« Output timing voltage
:Determined with Von=1.5V, VoL=1.5V

Figure 1.28.19. V cc=3V timing diagram (5)
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Timing (Vcc = 3V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Read Timing

W(BCLK-ALE) | t(pCLK-ALE)

Memory expansion Mode and Microprocessor Mode
(When accessing external memory area with 3 wait, and select multiplexed bus)

RD : \

-3ns.min

*1:It depends on operation frequency.
td(AD-ALE)=(tcyc/2-27)ns.min

Write Timing

HABCLKALE) | th(BCLK-ALE)
2nsmax - - -2ns.min

BCLK / \ / \ /

th(ALE-AD)=(tcyc/2-20)ns.min, th(RD-AD)=(tcyc/2-20)ns.min, th(RD-CS)=(tcyc/2-20)ns.min
tac3(RD-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 2 wait and 3 wait, respectively.)
tac3(AD-DB)=(tcyc/2 x n-55)ns.max (n=5 and 7 when 2 wait and 3 wait, respectively.)

-~
ALE L "\

teyc

E‘Z_S’r?s.max _' '+ 2ns.min
ALE ' : : : : .
| td(BCLK- CS.) 5 L teyc K | 5 ; ch(BCLK c§
;<—> 25ns.max ! ! " ' g ' : v i, Ons.min |
csi O\ B ; ! 5 5 | | therD- CS) ,/——:
| o) 1 traeaoy’ ! : : : . : :
| w—n—v . | | 5 | ! v | |
ADI X Address >td) """""" qrenmseennnes TRRELIIIEEEE OTRES Data input }------- +---{ Address
/DBI T ' T T T ) z(RD-AD ! ' ! ! — ;
b ! | —b < gns.max . | ! > o ! th(RD- DB) !
! :td(BCLK AD) Dol ! - {_tsu(DB-BCLK); ' Ons.mini th(BCLK-AD) |
ADi > 25ns.max] Lo tacS(RD-DB)*l ! f P p AOnsmin s Onsin |
R B L s s T
' - T " T T " v > 1 e ’. '
' tfac3(AD-DB) 1 ! td(BCLK-RD) ' ' ! th(BCLK- RD): E th(RD-AD) : :
' | <—h 25ns.max ' ! ' O I

E

> th(BCLK -CS)

*2:It depends on operation frequency.
td(AD-ALE)=(tcyc/2-27)ns.min

td(DB-WR)=(tcyc/2 x m-40)ns.min
(m=3 and 5 when 2 wait and 3 wait, respectively.)

th(ALE-AD)=(tcyc/2-20)ns.min, th(wR-AD)=(tcyc/2-20)ns.min
th(wR-CS)=(tcyc/2-20)ns.min, th(wr-DB)=(tcyc/2-20)ns.min

Measuring conditions
* Vee=3V+10%
* Input timing voltage
:Determined with ViH=1.5V, ViL=0.5V
+ Output timing voltage
:Determined with VoH=1.5V, VoL=1.5V

82 — qoncs B
CSi ! i : | ] — !
‘ |2 : 5 ' ; L . th(BCLK-DB)
ﬁ:)DBI ( Address | Data output | . X Address
| b . L ' ; ' ' > = |
1 : o ' ! td(DB-WR) 2! . L1 thwr-B) 2 :
| td(BCLK-AD) , ; . ; , P ', M(BCLK-AD)
ADI <%\ 25ns.max! ! ! ' ! L > 0ns.min-
| ‘ T T X i T T T - ‘
Cr ) S e e ' e s I S
: : : : 5 : : D e !
1 ; ! td(BCLK- WR): : i 1ih(BCLK-WR) 1 | th(WR-AD) 2 |
_ ' ' '<—h i ! ' Ons.min - ,4— ! '
WRWRL,— : F 2snemax ! i : : / 5 1
WRH 3 E P i : E i i E 3

Figure 1.28.20. V cc=3V timing diagram (6)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Tlmlng (VCC - 3v) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode

(When accessing DRAM area with 1 wait)
Read Timing

ST A W S U S W A W

tcylc ‘ ' ' '

A - > {d(BCLK-CAD) | ’ i
td(BCLK-RAD)  th(BCLK-RAD) 1> o511¢ mas1 t'h(B%IHI;_rmP) |

-

25ns.max*1l i Ons.min |
String address!

-

MAI X Row address

- =

th(RAS-RAD)*2 !
- L e

RAS P\ :

A\

tRP*2

S

S [(BCLK-RAS)
Ons.min

td(BCLK-RAS) :td(Bc:LK-CAS) !

> 25ns.max*Li 4> 25ns.max*1

CASL P o \ / !
CASH o b " i« (NBCLK-CAS)
! b b ! i -3ns.min
W I r |
; Lo Lo | lesi tacd(CAS-DB)2 !
! P P ! tac4(CAD-DB)"2 5
E N > tac4(RAS-DB)*2 5 :
S S S N g S B —

tsu(DB-BCLK) i«—>! 1-» th(CAS-DB) '
40ns.min*1 Ons.min

*1:1t is a guarantee value with being alone. 55ns.max garantees as follows:
td(BCLK-RAS) + tsu(DB-BCLK)

td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

*2:1t depends on operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.)
tac4(CAS-DB)=(tcyc/2 x n-55)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.)
tac4(CAD-DB)=(tcyc x I-55)ns.max (I=1 and 2 when 1 wait and 2 wait, respectively.)
th(RAS-RAD)=(tcyc/2-25)ns.min
trRP=(tcyc/2 x 3-40)ns.min

Measuring conditions
* Vce=3V+10%
* Input timing voltage
:Determined with VIH=1.5V, VIL=0.5V
 Output timing voltage
:Determined with VoH=1.5V, VoL=1.5V

Figure 1.28.21. V cc=3V timing diagram (7)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (VCC - 3v) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode
(When accessing DRAM area with 1 wait)

Write Timing | | | : ;
SV A S T

25ns.max \ kthle N o
-« | Ons.min e ! 25ns.max < Ons.min;

W(BCLK-RAD) 4y 50 k.RAD) < L(BCLK-CAD) th(BCLK-CAD) 5
MAI :

| X Row address : X String address !

th(RAS-RAD)*L !

- = D !
RAS | \ : ;

tdBCLK-RAS)  td(BCLK-CAS) ™ ¢ [N(BCLK-RAS)
>'25ns.max o max Ons.min

: . : tRP*1

1
!

I

1

1
[
1

1

1

1

|

td(BCLK-DW)
g 25ns.max

o

-+ < th(BCLK-DW)
"~ Ons.mjn

—

«—>! th(BCLK-DB)
' -7ns.min

tsu(DB-CAS)*1

Hz (

»
»

*1:1t depends on operation frequency.
th(RAS-RAD)=(tcyc/2-25)ns.min
trRP=(tcyc/2 x 3-40)ns.min
tsu(DB-CAS)=(tcyc-40)ns.min

Measuring conditions
* Vce=3V+10%
* Input timing voltage
:Determined with VIH=1.5V, ViL=0.5V
* Output timing voltage
:Determined with VoH=1.5V, VoL=1.5V

Vee=3V

Figure 1.28.22. V cc=3V timing diagram (8)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

T|m|ng (VCC = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode

(When accessing DRAM area with 2 wait)
Read Timing

. teyc '
! ; | 1 td(BCLK-CAD)
td(BCLK-RAD)  TN(BCLK-RAD) 4% o5 mayey

th(BCLK-CAD)

\A

25ns.max*1 :  Ons.min | it ' ! . 0ns.mini

> : il ! i [ - ‘ ' :

MAi X Row address; ) String address X X
P th(RAS-RAD)*2 ! ! : ' tRP*2 i

2

'

'
' '
> '
' ot '
'

tac4(CAS-DB)*2
i 1 tac4(CAD-DB)*2:

tac4(RAS-DB)*2 ! i

RAS | N L 1 | o\
| : T ' e th(BCLK-RAS) ! b
| | M(BCLKRAS) | td(BCLK-CAS) | > DECLICRAS) :

' ;4"325ns.max*1; > 25ns.max*1 : 1 0 ' 1

CASL ; o N\ : ! ] ! i !

CASH ! P Lo o E 5 e th(BCLK-CAS) ! 5
I Lo b b ' ; i1 -3ns.min ! ;

W | R o é

,.-...
DI
=
N
:
:
:
:
:
:
:
:
:
:
-
:
:
:
,
:
:
:
:
:
-4
:
:
:
I!!II |

DB troheeeeeeeees : :

tsu(DB-BCLK) '4—>! 1 th(CAS-DB)
40ns.min*1 Ons.min

*1:It is a guarantee value with being alone. 55ns.max garantees as follows:
td(BCLK-RAS) + tsu(DB-BCLK)

td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

*2:1t depends on operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-55)ns.max (m=3 and 5 when 1 wait and 2 wait, respectively.)

tac4(CAS-DB)=(tcyc/2 x n-55)ns.max (n=1 and 3 when 1 wait and 2 wait, respectively.)
tac4(CAD-DB)=(tcyc x I-55)ns.max (I=1 and 2 when 1 wait and 2 wait, respectively.)
th(RAS-RAD)=(tcyc/2-25)ns.min

trRP=(tcyc/2 x 3-40)ns.min

Measuring conditions
¢ Vce=3V+10%
* Input timing voltage
:Determined with VIH=1.5V, ViL=0.5V
 Output timing voltage
:Determined with VoH=1.5V, VoL=1.5V

Figure 1.28.23. V cc=3V timing diagram (9)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Tlmlng (VCC - 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode Vee=3V
(When accessing DRAM area with 2 wait)

Write Timing | | | | : ;
| teyc | i | | | | i |
A(BCLKRAD) 4 oy ¢ RaD) ¢ JHBCLK-CAD) th(ECLK-CAD) 5
25ns‘.<rlalx ons. min « 25ns.n|1ax QOnsmm
MAi X RoWaddressE X St'ring address X X
' thrasReDp1 1 wen =
_ ' L ! : L : >
RAS | R | | i A -
. T4BCLCRAS)  ta(BCLK-CAS) i th(BOLK-RAS) ’
! | 2ons.max | 25ns.max Ons-min
CASL : | / |
CASH :

< th(BCLK-CAS)
"~ -3ns.min

td(BCLK-DW)
hag 25ns.max

DW j ;

- '« th(BCLK-DW)
© Ons.min

tsu(DB-CAS)*1

) G S —

+—> th(BCLK-DB)
-7ns.min

A/

<
€

*1:1t depends on operation frequency.
th(RAS-RAD)=(tcyc/2-25)ns.min
trRP=(tcyc/2 x 3-40)ns.min
tsu(DB-CAS)=(tcyc-40)ns.min

Measuring conditions
* Vce=3V+10%
* Input timing voltage
:Determined with ViH=1.5V, VIL=0.5V
+ Output timing voltage
:Determined with VoH=1.5V, VoL=1.5V

Figure 1.28.24. V cc=3V timing diagram (10)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode
Refresh Timing (CAS before RAS refresh)

BCLK /
E i td(BCLK-RAS) « teye o |
' ; . :25ns.malx : . . : :
RAS ! i Y : 5 i ] |
: : ; \ ; ; : = th(BCLK-RAS)
! | ISUCCASRAS)yL ! : : ™ ons.min;
-~ : - ' 1 S
CASL ! \ . .
CASH | 1td(BCLK-CAS) | ; : 5 : > '« th(BCLK-CAS)
. - : ! ' : i ' -3ns.min
25ns.max '
DW

*1:1t depends on operation frequency.
tsu(CAS-RAS)=(tcyc/2-25)ns.min

Refresh Timing (Self-refresh)

BCLK

td(BCLK-RAS).
25ns.max 4>

A U NS /A N B SRS

| tsuCAS-RAS)1 | : 4 th(BCLK-RAS) > "+
! ¢ MY ' Ons.ri"mln '
CASL \ P ! : , | !
CASH | ! : E ; (5 : ; e th(BCLK-CAS)
4> td(BCLK-CAS) : VA : P 3nsmin
25ns.max | : (( -
DW l ! Y/

*1:1t depends on operation frequency.
tsu(CAS-RAS)=(tcyc/2-25)ns.min

Measuring conditions
* Vcc=3V+£10%
* Input timing voltage
:Determined with ViH=1.5V, VIL=0.5V
« Output timing voltage
:Determined with VoH=1.5V, VoL=1.5V

Figure 1.28.25. V cc=3V timing diagram (11)
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Timing (Vcc = 3V)

Mitsubishi microcomputers

M16C/80 (144-pin version) group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

tc(TA) = VCC - 3V
tw(TAH)
TAIIN input \
L tw(TAL) N
tc(uP) N
tw(UPH)
TAIOUT input \
tw(uPL) <
TAIOUT input ><
(Up/down input)
During event counter mode
TAIIN input —T
(When count on falling th(Tin-UP) <>\ fsu(UP-Tiv)
edge is selected)
TAIIN input _
(When count on rising
edge is selected)
tc(TB) N
tw(TBH)
TBIIN input
tw(TBL)
tc(AD) N
tw(ADL)
ADTRG input J
tc(CK) N
tW(CKH)_
CLKi
tw(CKL) N
th(C—Q)
TxDi >< ><
td(c-Q) |  tsu(d-C) > >/ th(C-D)
RxDi *
tw(INL)
INTI input fw(INH) j /

Figure 1.28.26. V cc=3V timing diagram (12)
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Expansion Mode and Microprocessor Mode Vce = 3V
(Valid only with wait)

BCLK VA A A W

RD

(Separate bus) \ """""""" /—
WR, WRL, WRH PR
(Separate bus) \ ; /
RD O REEEEEEEEEE
(Multiplexed bus) \ /
WR, WRL, WRH PR
(Multiplexed bus) \ ; /

RDY input

tsu(RDY-BCLK) th(BCLK-RDY)

(Valid with or without wait)

BCLK

tsu(HOLD-BCLK)

. ~
HOLD input _\ ,./

th(BCLK-HOLD)

HLDA output : !

! ! > % |
PO, P1, P2, ‘ td(BCLK—HLDA) td(BCLK HLDA)
P3, P4, : /o T Thiz
P50 to P52 | | | | ‘ ‘

Measuring conditions :

» VVCcC=3V+10%

* Input timing voltage : Determined with VIH=2.4V, VIL=0.6V

* Qutput timing voltage : Determined with VOH=1.5V, VoL=1.5V

Figure 1.28.27. V cc=3V timing diagram (13)
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Description (Flash Memory Version)
. __________________________________________________________________________________________________________________________|

Outline Performance

Mitsubishi microcomputers

M16C/80 (144-pin version) group

Table 1.29.1 shows the outline performance of the M16C/80 (flash memory version).

Table 1.29.1. Outline Performance of the M16C/80 (flash memory version)

Iltem

Performance

Power supply voltage

5V version:
f(XIN)=20MHz, without wait, 4.2V to 5.5V
f(XIN)=10MHz, without wait, 2.7V to 5.5V

Program/erase voltage

5V version: 4.2V to 5.5V
f(BCLK)=12.5MHz, with one wait
f(BCLK)=6.25MHz, without wait

Flash memory operation mode

Three modes (parallel 1/0, standard serial I/0, CPU rewrite)

Erase block | User ROM area

See Figure 1.29.3

division
Boot ROM area

One division (8 Kbytes) (Note 1)

Program method

In units of pages (in units of 256 bytes)

Erase method

Collective erase/block erase

Program/erase control method

Program/erase control by software command

Protect method

Protected for each block by lock bit

Number of commands 8 commands
Program/erase count 100 times
Data holding 10 years

ROM code protect

Parallel 1/0 and standard serial modes are supported.

Note: The boot ROM area contains a standard serial I/O mode control program which is stored in
it when shipped from the factory. This area can be erased and programmed in only parallel

1/0 mode.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group

Description (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. ____________________________________________________________________________________________________________________________________________________________|

The following shows Mitsubishi plans to develop a line of M16C/80 products (flash memory version).
(1) ROM capacity
(2) Package 144P6Q ... Plastic molded QFP

ROM size
(Bytes)

"""""""""""""""""""""" -
ROM i

( Flash memory version ) ;

Figure 1.29.1. ROM Expansion

The following lists the M16C/80 products to be supported in the future.

Table 1.29.2. Product List As of June, 2000
Type No ROM capacity | RAM capacity Package type Remarks
M30802FCGP ** | 128 Kbytes 10 Kbytes 144P6Q-A
**
M30805FGGP 256 Kbytes 24 Kbytes 144P6Q-A

** - Under development

<
w
o
|co
o
N
=<

C - XXX FP

L Package type:

FP :Package 100P6S-A
GP :Package 100P6Q-A, 144P6Q-A

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

Type No.

ROM capacity:
C : 128K bytes
G : 256K bytes

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

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

M16C/80 Group

M16C Family

Figure 1.29.2. Type No., memory size, and package
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Description (F|ash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Flash Memory
The M16C/80 (flash memory version) contains the flash memory that can be rewritten with a single voltage
of 5 V. For this flash memory, three flash memory modes are available in which to read, program, and
erase: parallel /0 and standard serial /0O modes in which the flash memory can be manipulated using a
programmer and a CPU rewrite mode in which the flash memory can be manipulated by the Central Pro-
cessing Unit (CPU). Each modes are detailed in the pages to follow.
The flash memory is divided into several blocks as shown in Figure 1.29.3, so that memory can be erased
one block at a time. Each block has a lock bit to enable or disable execution of an erase or program
operation, allowing for data in each block to be protected.
In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and
standard serial I/O modes. This boot ROM area has had a standard serial I/O mode control program stored
in it when shipped from the factory. However, the user can write a rewrite control program in this area that
suits the user’s application system. This boot ROM area can be rewritten in only parallel I/O mode.

OFCO000016
Block 6 : 64K byte
Flash memory| Flash memory
OFDO000016 size start address
Block 5 : 64K byte
128Kbytes OFEO000016
256Kbytes OFC000016
OFE000016
Block 4 : 64K byte Note 1: The boot ROM area can be rewritten in
only parallel input/output mode. (Access
to any other areas is inhibited.)
Note 2: To specify a block, use the maximum
OFF000016 address in the block that is an even
Block 3 : 32K byte address.
0FF800016
Block 2 : 8K byte
OFFA00016 Block 1 : 8K byte
OFFCO0016 175100k 0 - 16K byte OFFE00016 8K byte
OFFFFFF16 OFFFFFF16
User ROM area Boot ROM area

Figure 1.29.3. Block diagram of flash memory version
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
CPU Rewrite Mode (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU Rewrite Mode
In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control
of the Central Processing Unit (CPU).
In CPU rewrite mode, only the user ROM area shown in Figure 1.29.3 can be rewritten; the boot ROM area
cannot be rewritten. Make sure the program and block erase commands are issued for only the user ROM
area and each block area.
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must
be transferred to any area other than the internal flash memory before it can be executed.

Microcomputer Mode and Boot Mode
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard
serial /0O mode becomes unusable.)
See Figure 1.29.3 for details about the boot ROM area.
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss pin low. In
this case, the CPU starts operating using the control program in the user ROM area.
When the microcomputer is reset by pulling the P55 pin low, the CNVss pin high, and the P50 pin high, the
CPU starts operating using the control program in the boot ROM area. This mode is called the “boot”
mode. The control program in the boot ROM area can also be used to rewrite the user ROM area.

Block Address

Block addresses refer to the maximum even address of each block. These addresses are used in the
block erase command, lock bit program command, and read lock status command.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
CPU Rewrite Mode (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
1

Outline Performance (CPU Rewrite Mode)
In the CPU rewrite mode, the CPU erases, programs and reads the internal flash memory as instructed by
software commands. Operations must be executed from a memory other than the internal flash memory,
such as the internal RAM.
When the CPU rewrite mode select bit (bit 1 at address 037716) is set to “1”, transition to CPU rewrite mode
occurs and software commands can be accepted.
In the CPU rewrite mode, write to and read from software commands and data into even-numbered ad-
dress (“0” for byte address AQ) in 16-bit units. Always write 8-bit software commands into even-numbered
address. Commands are ignored with odd-numbered addresses.
Use software commands to control program and erase operations. Whether a program or erase operation
has terminated normally or in error can be verified by reading the status register.
Figure 1.30.1 shows the flash memory control register 0 and the flash memory control register 1.
Bit 0 of the flash memory control register 0 is the RY/BY status flag used exclusively to read the operating
status of the flash memory. During programming and erase operations, it is “0”. Otherwise, it is “1".
Bit 1 of the flash memory control register 0 is the CPU rewrite mode select bit. The CPU rewrite mode is
entered by setting this bit to “1”, so that software commands become acceptable. In CPU rewrite mode, the
CPU becomes unable to access the internal flash memory directly. Therefore, write bit 1 in an area other
than the internal flash memory. To set this bit to “1”, it is necessary to write “0” and then write “1” in
succession. The bit can be set to “0” by only writing a “0” .
Bit 2 of the flash memory control register 0 is a lock bit disable bit. By setting this bit to “1”, it is possible to
disable erase and write protect (block lock) effectuated by the lock bit data. The lock bit disable select bit
only disables the lock bit function; it does not change the lock data bit value. However, if an erase operation
is performed when this bit =“1", the lock bit data that is “0” (locked) is set to “1” (unlocked) after erasure. To
set this bit to “1”, it is necessary to write “0” and then write “1” in succession. This bit can be manipulated
only when the CPU rewrite mode select bit = “1".
Bit 3 of the flash memory control register 0 is the flash memory reset bit used to reset the control circuit of
the internal flash memory. This bit is used when exiting CPU rewrite mode and when flash memory access
has failed. When the CPU rewrite mode select bit is “1”, writing “1” for this bit resets the control circuit. To
release the reset, it is necessary to set this bit to “0”.
Bit 5 of the flash memory control register 0 is a user ROM area select bit which is effective in only boot
mode. If this bit is set to “1” in boot mode, the area to be accessed is switched from the boot ROM area to
the user ROM area. When the CPU rewrite mode needs to be used in boot mode, set this bit to “1”. Note
that if the microcomputer is booted from the user ROM area, it is always the user ROM area that can be
accessed and this bit has no effect. When in boot mode, the function of this bit is effective regardless of
whether the CPU rewrite mode is on or off. Use the control program except in the internal flash memory to
rewrite this bit.

Bit 3 of the flash memory control register 1 turns power supply to the internal flash memory on/off. When
this bit is set to “1”, power is not supplied to the internal flash memory, thus power consumption can be
reduced. However, in this state, the internal flash memory cannot be accessed. To set this bit to “1”, it is
necessary to write “0” and then write “1” in succession. Use this bit mainly in the low speed mode (when
XCIN is the block count source of BCLK).

When the CPU is shifted to the stop or wait modes, power to the internal flash memory is automatically shut
off. It is reconnected automatically when CPU operation is restored. Therefore, it is not particularly neces-
sary to set flash memory control register 1.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
CPU Rewrite Mode (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Figure 1.30.2 shows a flowchart for setting/releasing the CPU rewrite mode. Figure 1.30.3 shows a flow-
chart for shifting to the low speed mode. Always perform operation as indicated in these flowcharts.

Flash memory control register 0

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
0 FMRO 037716 XX0000012
Cor o o+ | Bit symbol Bit name Function RIW
bbb i EvRoo |RY/BY statws flag 0: Busy (being written o erased) | '
A 1: Ready !
FMRO1 [CPU rewrite mode 0: Normal mode
T S select bit (Note 1) (Software commands invalid)
1: CPU rewrite mode O; &
. (Software commands acceptable)| |
EMRO2 |Lock bit disable bit 0: Block lock by lock bit data is
N (Note 2) enabled O o
1: Block lock by lock bit data is !
P disabled !
A EMRO3 | Flash memory reset bit | 0: Normal operation O o
(Note 3) 1: Reset !
b eaeaes Reserved bit Must always be set to “0” 0.0
FMRO5 |User ROM area select bit (| 0: Boot ROM area is accessed
ik Note 4) (Effective inonly | 1: User ROM area is accessed 0:0
o boot mode) !
o Nothing is assigned.
When write, set "0". When read, values are indeterminate. T

Note 1: For this bit to be set to “1”, the user needs to write a “0” and then a “1” to it in
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to
ensure that no interrupt or DMA transfer will be executed during the interval. Use the
control program except in the internal flash memory for write to this bit.

Note 2: For this bit to be set to “1”, the user needs to write a “0” and then a “1” to it in succession
when the CPU rewrite mode select bit = “1”. When it is not this procedure, it is not
enacted in “1”. This is necessary to ensure that no interrupt or DMA transfer will be
executed during the interval.

Note 3: Effective only when the CPU rewrite mode select bit = 1. Set this bit to 0 subsequently
after setting it to 1 (reset).

Note 4: Use the control program except in the internal flash memory for write to this bit.

Flash memory control register 1
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

m 0 | 0 | 0 | | 0| O| 0| FMR1 037616 XXXXOXXX2
¢+ 1 1+ | Bitsymbol Bit name Function RiwW
P Rt Reserved bit Must always be set to “0” — 0

: supply-OFF bit (Note) connected (O}N@)
. 1: Flash memory power supply-off

RRREEEEEEEEEEEEEEEEEREEE Reserved bit Must always be set to “0” -0

FMR13 [ Flash memory power 0: Flash memory power supply is f

Note : For this bit to be set to “1”, the user needs to write a “0” and then a “1” to it in
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to
ensure that no interrupt or DMA transfer will be executed during the interval. Use the
control program except in the internal flash memory for write to this bit.

During parallel I/O mode,programming,erase or read of flash memory is not controlled by
this bit,only by external pins.

Figure 1.30.1. Flash memory control registers
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Program in ROM

(s )
|

Program in RAM

)
I

Single-chip mode, memory expansion
mode, or boot mode

(Boot mode only)
Set user ROM area select bit to “1”

I

|

Set processor mode register (Note 1)

l

Set CPU rewrite mode select bit to “1” (by
writing “0” and then “1” in succession)(Note 2)

Transfer CPU rewrite mode control
program to internal RAM

l

I

Using software command execute erase,
program, or other operation
(Set lock bit disable bit as required)

Jump to transferred control program in RAM
(Subsequent operations are executed by control
program in this RAM)

A

|
= )

Execute read array command or reset flash
memory by setting flash memory reset bit (by
writing “1” and then “0” in succession) (Note 3)

I

Write “0” to CPU rewrite mode select bit

(Boot mode only)
Write “0” to user ROM area select bit (Note 4)

!
o )

Note 1: During CPU rewrite mode, set the main clock frequency as shown below using the main clock division
register (address 000C16):

6.25 MHz or less when wait bit (bit 2 at address 000516) = “0” (without internal access wait state)
12.5 MHz or less when wait bit (bit 2 at address 000516) = “1” (with internal access wait state)

Note 2: For CPU rewrite mode select bit to be set to “1”, the user needs to write a “0” and then a “1” to it in
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval.

Note 3: Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to
execute a read array command or reset the flash memory.

Note 4: “1” can be set. However, when this bit is “1”, user ROM area is accessed.

Figure 1.30.2. CPU rewrite mode set/reset flowchart
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Program in ROM

[ Start J
:

Program in RAM

)
l

Transfer the program to be executed in the
low speed mode, to the internal RAM.

Set flash memory power supply-OFF bit to “1”
(by writing “0” and then “1” in succession)(Note 1)

!

|

Jump to transferred control program in RAM
(Subsequent operations are executed by control

Switch the count source of BCLK.
XIN stop. (Note 2)

program in this RAM)

l }

Process of low speed mode

v

XIN oscillating = Wait until the XIN has stabilized

- Switch the count source of BCLK (Note 2)

l

Set flash memory power supply-OFF bit to “0”

I

Wait time until the internal circuit stabilizes
(Set NOP instruction about twice)

)
o )

Note 1: For flash memory power supply-OFF bit to be set to “1”, the user needs to write a “0” and then a “1" to it in
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval.

Note 2: Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stably.

Figure 1.30.3. Shifting to the low speed mode flowchart
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1

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
During CPU rewrite mode, set the main clock frequency as shown below using the main clock division
register (address 000C16):
6.25 MHz or less when wait bit (bit 2 at address 000516) = 0 (without internal access wait state)
12.5 MHz or less when wait bit (bit 2 at address 000516) = 1 (with internal access wait state)

(2) Instructions inhibited against use
The instructions listed below cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

(3) Interrupts inhibited against use
The address match interrupt cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory. If interrupts have their vector in the variable vector table, they can be
used by transferring the vector into the RAM area. The NMI and watchdog timer interrupts each can
be used to change the flash memory’s operation mode forcibly to read array mode upon occurrence of
the interrupt. Since the rewrite operation is halted when the NMI and watchdog timer interrupts occur,
the erase/program operation needs to be performed over again.
Disabling erase or rewrite operations for address FC00016 to address FFFFF16 in the user ROM block
disables these operations for all subsequent blocks as well. Therefore, it is recommended to rewrite
this block in the standard serial I/O mode.

(4) Reset
Reset input is always accepted.

(5) Access disable
Write CPU rewrite mode select bit, flash memory power supply-OFF bit and user ROM area select bit
in an area other than the internal flash memory.

(6) How to access
For CPU rewrite mode select bit, lock bit disable bit, and flash memory power supply-OFF bit to be set
to “1”, the user needs to write a “0” and then a “1” to it in succession. When it is not this procedure, it
is not enacted in “1”. This is necessary to ensure that no interrupt or DMA transfer will be executed
during the interval.
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Software Commands

Table 1.30.1 lists the software commands available with the M16C/62A (flash memaory version).

After setting the CPU rewrite mode select bit to 1, write a software command to specify an erase or
program operation. Note that when entering a software command, the upper byte (Ds to D15) is ignored.
The content of each software command is explained below.

Table 1.30.1. List of software commands (CPU rewrite mode)

First bus cycle

Second bus cycle

Third bus cycle

Command Mode | Address (D(E)ta(;aDﬂ Mode | Address (D(:Z)taotam) Mode |Address (D(?t?)t?m)
Read array Write X (Note 6) FFie6
Read status register Write X 7016 Read X SRD (Note 2)
Clear status register Write X 5016
Page program (Note 3) Write X 4116 Write | WAOQ(Note 3) WDO (Note 3) | \Write WA1 WD1
Block erase Write X 2016 Write | BA (Note 4) | DO16
Erase all unlock block Write X AT16 Write X D016
Lock bit program Write X 7716 Write BA D016
Read lock bit status Write X 7116 Read BA De (Note 5)

Note 1: When a software command is input, the high-order byte of data (Ds to D1s) is ignored.
Note 2: SRD = Status Register Data
Note 3: WA = Write Address, WD = Write Data

WA and WD must be set sequentially from 0016 to FE16 (byte address; however, an even address). The page size is

256 bytes.

Note 4: BA = Block Address (Enter the maximum address of each block that is an even address.)

Note 5: De corresponds to the block lock status. Block not locked when De = 1, block locked when De = 0.
Note 6: X denotes a given address in the user ROM area (that is an even address).

Read Array Command (FF 16)
The read array mode is entered by writing the command code “FF16” in the first bus cycle. When an
even address to be read is input in one of the bus cycles that follow, the content of the specified
address is read out at the data bus (Do—-D15), 16 bits at a time.
The read array mode is retained intact until another command is written.

Read Status Register Command (70 16)
When the command code “7016” is written in the first bus cycle, the content of the status register is
read out at the data bus (Do—D7) by a read in the second bus cycle.
The status register is explained in the next section.

Clear Status Register Command (50 16)
This command is used to clear the bits SR3 to 5 of the status register after they have been set. These
bits indicate that operation has ended in an error. To use this command, write the command code
“5016" in the first bus cycle.

266
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1

Page Program Command (41 16)
Page program allows for high-speed programming in units of 256 bytes. Page program operation
starts when the command code “4116” is written in the first bus cycle. In the second bus cycle through
the 129th bus cycle, the write data is sequentially written 16 bits at a time. At this time, the addresses
Ao-A7 need to be incremented by 2 from “0016” to “FE16.” When the system finishes loading the data,
it starts an auto write operation (data program and verify operation).
Whether the auto write operation is completed can be confirmed by reading the status register or the
flash memory control register 0. At the same time the auto write operation starts, the read status
register mode is automatically entered, so the content of the status register can be read out. The
status register bit 7 (SR7) is set to 0 at the same time the auto write operation starts and is returned to
1 upon completion of the auto write operation. In this case, the read status register mode remains
active until the Read Array command (FF16) or Read Lock Bit Status command (7116) is written or the
flash memory is reset using its reset bit.
The RY/BY status flag of the flash memory control register 0 is 0 during auto write operation and 1
when the auto write operation is completed as is the status register bit 7.
After the auto write operation is completed, the status register can be read out to know the result of the
auto write operation. For details, refer to the section where the status register is detailed.
Figure 1.30.4 shows an example of a page program flowchart.
Each block of the flash memory can be write protected by using a lock bit. For details, refer to the
section where the data protect function is detailed.
Additional writes to the already programmed pages are prohibited.

[ Start j

!

Write 4116

!

n=0

|«
v |
Write address n and
datan

n=n+2

RY/BY status flag
=1?

Check full status

!

Page program
completed

Figure 1.30.4. Page program flowchart
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Block Erase Command (20 16/DO016)
By writing the command code “2016” in the first bus cycle and the confirmation command code “D016”
in the second bus cycle that follows to the block address of a flash memory block, the system initiates
an auto erase (erase and erase verify) operation.
Whether the auto erase operation is completed can be confirmed by reading the status register or the
flash memory control register 0. At the same time the auto erase operation starts, the read status
register mode is automatically entered, so the content of the status register can be read out. The
status register bit 7 (SR7) is set to 0 at the same time the auto erase operation starts and is returned
to 1 upon completion of the auto erase operation. In this case, the read status register mode remains
active until the Read Array command (FF16) or Read Lock Bit Status command (7116) is written or the
flash memory is reset using its reset bit.
The RY/BY status flag of the flash memory control register 0 is 0 during auto erase operation and 1
when the auto erase operation is completed as is the status register bit 7.
After the auto erase operation is completed, the status register can be read out to know the result of
the auto erase operation. For details, refer to the section where the status register is detailed.
Figure 1.30.5 shows an example of a block erase flowchart.
Each block of the flash memory can be protected against erasure by using a lock bit. For details, refer
to the section where the data protect function is detailed.

[ Start j
!

Write 2016

Write D016
Block address

Check full status check

!

Block erase
completed

Figure 1.30.5. Block erase flowchart
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Erase All Unlock Blocks Command (A7 16/D016)
By writing the command code “A716” in the first bus cycle and the confirmation command code “D016”
in the second bus cycle that follows, the system starts erasing blocks successively.
Whether the erase all unlock blocks command is terminated can be confirmed by reading the status
register or the flash memory control register 0, in the same way as for block erase. Also, the status
register can be read out to know the result of the auto erase operation.
When the lock bit disable bit of the flash memory control register 0 = 1, all blocks are erased no matter
how the lock bit is set. On the other hand, when the lock bit disable bit = 0, the function of the lock bit
is effective and only nonlocked blocks (where lock bit data = 1) are erased.

Lock Bit Program Command (77 16/D016)
By writing the command code “7716” in the first bus cycle and the confirmation command code “D016”
in the second bus cycle that follows to the block address of a flash memory block, the system sets the
lock bit for the specified block to O (locked).
Figure 1.30.6 shows an example of a lock bit program flowchart. The status of the lock bit (lock bit
data) can be read out by a read lock bit status command.
Whether the lock bit program command is terminated can be confirmed by reading the status register
or the flash memory control register 0, in the same way as for page program.
For details about the function of the lock bit and how to reset the lock bit, refer to the section where the
data protect function is detailed.

[ Start ]
!

Write 7716

Write DO16
block address

l<
<

RY/BY status flag
=17

Lock bit program in ]
error

Lock bit program
completed

Figure 1.30.6. Lock bit program flowchart
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Read Lock Bit Status Command (71 16)
By writing the command code “7116” in the first bus cycle and then the block address of a flash
memory block in the second bus cycle that follows, the system reads out the status of the lock bit of
the specified block on to the data (D6).
Figure 1.30.7 shows an example of a read lock bit program flowchart.

[ Start j
!

Write 7116

!

Enter block address

<z
YES .
[ Blocks locked ] [ Blocks not locked ]

Figure 1.30.7. Read lock bit status flowchart
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Data Protect Function (Block Lock)
Each block in Figure 1.29.3 has a nonvolatile lock bit to specify that the block be protected (locked)
against erase/write. The lock bit program command is used to set the lock bit to 0 (locked). The lock bit of
each block can be read out using the read lock bit status command.
Whether block lock is enabled or disabled is determined by the status of the lock bit and how the flash
memory control register 0’s lock bit disable bit is set.
(1) When the lock bit disable bit = 0, a specified block can be locked or unlocked by the lock bit status
(lock bit data). Blocks whose lock bit data = 0 are locked, so they are disabled against erase/write.
On the other hand, the blocks whose lock bit data = 1 are not locked, so they are enabled for erase/
write.
(2) When the lock bit disable bit = 1, all blocks are nonlocked regardless of the lock bit data, so they are
enabled for erase/write. In this case, the lock bit data that is O (locked) is set to 1 (nonlocked) after
erasure, so that the lock bit-actuated lock is removed.

Status Register

The status register indicates the operating status of the flash memory and whether an erase or program
operation has terminated normally or in an error. The content of this register can be read out by only
writing the read status register command (7016). Table 1.30.2 details the status register.

The status register is cleared by writing the Clear Status Register command (5016).

After a reset, the status register is set to “8016.”

Each bit in this register is explained below.

Write state machine (WSM) status (SR7)
After power-on, the write state machine (WSM) status is set to 1.
The write state machine (WSM) status indicates the operating status of the device, as for output on the
RY/BY pin. This status bit is set to 0 during auto write or auto erase operation and is set to 1 upon
completion of these operations.

Erase status (SR5)
The erase status informs the operating status of auto erase operation to the CPU. When an erase
error occurs, it is set to 1.
The erase status is reset to 0 when cleared.
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Program status (SR4)
The program status informs the operating status of auto write operation to the CPU. When a write
error occurs, it is set to 1.
The program status is reset to 0 when cleared.
When an erase command is in error (which occurs if the command entered after the block erase
command (2016) is not the confirmation command (D016), both the program status and erase status
(SR5) are set to 1.
When the program status or erase status = 1, the following commands entered by command write are
not accepted.

Also, in one of the following cases, both SR4 and SR5 are set to 1 (command sequence error):
(1) When the valid command is not entered correctly
(2) When the data entered in the second bus cycle of lock bit program (7716/D016), block erase
(2016/D016), or erase all unlock blocks (A716/D016) is not the DO16 or FF16. However, if FF16 is
entered, read array is assumed and the command that has been set up in the first bus cycle is
canceled.

Block status after program (SR3)
If excessive data is written (phenomenon whereby the memory cell becomes depressed which results
in data not being read correctly), “1” is set for the program status after-program at the end of the page
write operation. In other words, when writing ends successfully, “8016” is output; when writing fails,
“9016”" is output; and when excessive data is written, “8816” is output.

Table 1.30.2. Definition of each bit in status register

Each bit of Definition

SRD Status name " "o
SR7 (bit7) | Write state machine (WSM) status Ready Busy
SR6 (bit6) Reserved - -
SR5 (bitb) Erase status Terminated in error | Terminated normally
SR4 (bit4) Program status Terminated in error | Terminated normally
SR3 (bit3) Block status after program Terminated in error | Terminated normally
SR2 (bit2) Reserved - -
SR1 (bitl) Reserved - -
SRO (bit0) Reserved - -
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Full Status Check
By performing full status check, it is possible to know the execution results of erase and program
operations. Figure 1.30.8 shows a full status check flowchart and the action to be taken when each

error occurs.

[Read status register]

YES

SR4=1 and SR5
172

Command Execute the clear status register command (5016)
sequence error | to clear the status register. Try performing the

operation one more time after confirming that the
command is entered correctly.

)

Block erase error |- = = Should a block erase error occur, the block in error
cannot be used.

Program error (page |- . - Execute the read lock bit status command (7116) to
or lock bit) see if the block is locked. After removing lock,
execute write operation in the same way. If the
error still occurs, the page in error cannot be used.

)

After erasing the block in error, execute write
operation one more time. If the same error still
occurs, the block in error cannot be used.

Program error ..
(block)

[End (block erase, program)]

Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, erase all unlock
blocks and lock bit program commands is accepted. Execute the clear status register command
(5016) before executing these commands.

Figure 1.30.8. Full status check flowchart and remedial procedure for errors
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Functions To Inhibit Rewriting Flash Memory Version
To prevent the contents of the flash memory version from being read out or rewritten easily, the device
incorporates a ROM code protect function for use in parallel I/O mode and an ID code check function for
use in standard serial /0O mode.

ROM code protect function
The ROM code protect function reading out or modifying the contents of the flash memory version by
using the ROM code protect control address (OFFFFFF16) during parallel I/O mode. Figure 1.31.1 shows
the ROM code protect control address (OFFFFFF16). (This address exists in the user ROM area.)
If one of the pair of ROM code protect bits is set to 0, ROM code protect is turned on, so that the contents
of the flash memory version are protected against readout and modification. ROM code protect is imple-
mented in two levels. If level 2 is selected, the flash memory is protected even against readout by a
shipment inspection LS| tester, etc. When an attempt is made to select both level 1 and level 2, level 2 is
selected by default.
If both of the two ROM code protect reset bits are set to “00,” ROM code protect is turned off, so that the
contents of the flash memory version can be read out or modified. Once ROM code protect is turned on,
the contents of the ROM code protect reset bits cannot be modified in parallel /O mode. Use the serial I/
O or some other mode to rewrite the contents of the ROM code protect reset bits.

ROM code protect control address

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | 1| 1| ROMCP  OFFFFFF16 FF16
i1 | Bit symbol Bit name Function
...] Reserved bit Always set this bit to 1.

o b3 b2
o] ROMCP2 ROM code protect level

2 set bit (Note 1, 2) 00: Protect enabled
' 01: Protect enabled
10: Protect enabled
11: Protect disabled
] ROMCR |ROM code protect reset | %

00: Protect removed

01: Protect set bit effective
10: Protect set bit effective
11: Protect set bit effective

bit (Note 3)

ROM code protect level b7b6
"""""""""""" ROMCP1 1 set bit (Nc?te 1) 00: Protect enabled

01: Protect enabled
10: Protect enabled
11: Protect disabled

Note 1: When ROM code protect is turned on, the on-chip flash memory is protected against
readout or modification in parallel input/output mode.

Note 2: When ROM code protect level 2 is turned on, ROM code readout by a shipment
inspection LS| tester, etc. also is inhibited.

Note 3: The ROM code protect reset bits can be used to turn off ROM code protect level 1 and
ROM code protect level 2. However, since these bits cannot be changed in parallel input/
output mode, they need to be rewritten in serial input/output or some other mode.

Figure 1.31.1. ROM code protect control address
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ID Code Check Function
Use this function in standard serial /O mode. When the contents of the flash memory are not blank, the ID
code sent from the peripheral unit is compared with the ID code written in the flash memory to see if they
match. If the ID codes do not match, the commands sent from the peripheral unit are not accepted. The ID
code consists of 8-bit data, the areas of which, beginning with the first byte, are OFFFFDF16, OFFFFE316,
OFFFFEB16, OFFFFEF16, OFFFFF316, OFFFFF716, and OFFFFFB16. Write a program which has had the
ID code preset at these addresses to the flash memory.

L
Address = o =]

OFFFFDC16 to OFFFFDF16 | ID1: Undefined instruction vector

OFFFFEO16 to OFFFFE316 ID2 Overflow vector

OFFFFE416 to OFFFFE716 + BRK instruction vector

OFFFFES16 to OFFFFEB16 | ID3: Address match vector

OFFFFEC16 to OFFFFEF16 ID4§

OFFFFF016 to OFFFFF316 ID5 : Watchdog timer vector

OFFFFF416 to OFFFFF716 ID6!

OFFFFF816 to OFFFFFB16 | ID7: NMI vector

OFFFFFC16 to OFFFFFF16 : Reset vector

~
4 bytes

Figure 1.31.2. ID code store addresses
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Parallel I/O Mode
In this mode, the M16C/80 (flash memory version) operates in a manner similar to the flash memory
M5M29FB/T800 from Mitsubishi. Since there are some differences with regard to the functions not avail-
able with the microcomputer and matters related to memory capacity, the M16C/80 cannot be programed
by a programer for the flash memory.
Use an exclusive programer supporting M16C/80 (flash memory version).
Refer to the instruction manual of each programer maker for the details of use.

User ROM and Boot ROM Areas
In parallel /O mode, the user ROM and boot ROM areas shown in Figure 1.29.3 can be rewritten. Both
areas of flash memory can be operated on in the same way.
Program and block erase operations can be performed in the user ROM area. The user ROM area and its
blocks are shown in Figure 1.29.3.
The boot ROM area is 8 Kbytes in size. In parallel I/O mode, it is located at addresses OFFE00016 through
OFFFFFF16. Make sure program and block erase operations are always performed within this address
range. (Access to any location outside this address range is prohibited.)
In the boot ROM area, an erase block operation is applied to only one 8 Kbyte block. The boot ROM area
has had a standard serial I/O mode control program stored in it when shipped from the Mitsubishi factory.
Therefore, using the device in standard serial input/output mode, you do not need to write to the boot
ROM area.
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Pin functions (Flash memory standard serial I/O mode)

Pin Name 1/O Description

Vce,Vss Power input Apply 4.2V to 5.5V to Vcc pin and 0 V to Vss pin.

CNVss CNVss I Connect to Vcc pin.

RESET Reset input | Reset input pin. While reset is "L" level, a 20 cycle or longer clock
must be input 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 I Connect this pin to Vcc or Vss.

AVcc, AVss Analog power supply input | Connect AVSS to Vss and AVcc to Vcc, respectively.

VREF Reference voltage input | Enter the reference voltage for A-D converter from this pin.

POo to PO7 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.

P4o to P47 Input port P4 | Input "H" or "L" level signal or open.

P51 to P54, Input port P5 | Input "H" or "L" level signal or open.

P5e, P57

P50 CEimput |, | Input'H'levelsignal

pss | EPMinput | , | Input'Ulevelsigna.

P60 to P63 Input port P6 | Input "H" or "L" level signal or open.

Pes | BUSY ouput | o | Standard serial mode 1: BUSY signal outputpin
Standard serial mode 2: Monitors the program operation check

Pes SCLKinput | | | Standardserial mode 1: Serial clockinputpin
Standard serial mode 2: Input "L" level signal.

Pes R<Dinputt | , | Seraldatainputpin

P67 TxDouput | o | Sefialdataouputpn

P70 to P77 Input port P7 | Input "H" or "L" level signal or open.

P8o to P84, P86,| Input port P8 | Input "H" or "L" level signal or open.

P87

Pes | NMrinput | | |comectthispintovee.

P90 to P97 Input port P9 | Input "H" or "L" level signal or open.

P100 to P107 Input port P10 | Input "H" or "L" level signal or open.

P11oto P114 Input port P11 | Input "H" or "L" level signal or open.

P120 to P127 Input port P12 | Input "H" or “L" level signal or open.

P130 to P137 Input port P13 | Input "H" or "L" level signal or open.

P140to P146 Input port P14 | Input "H" or "L" level signal or open.

P150 to P157 Input port P15 | Input "H" or "L" level signal or open.
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Mode setting
Signal Value
CNVss Vce *
EPM Vss
RESET Vss >> Vce
E Vce § o T
e z g 2 &g
§§§E§§§E§E§§§;§§§i§ 3 igi@
[l s sl oA Ao A A A A A
P10/Ds @109 [ 724 P4/CS3IA2(MAL2)
PO7/D7 <[ 110 [ 71 € P4sICS2/A2
POs/Ds <@ 111 | 70/ € P4/CSUAz
POs/Ds ¢ 112 | 69— P4/CS0/As
PO4/Ds P> 113] | ool € P12
P11s €114 | 67| P12
P11s —p[115] | o] P12
P11: 4> [iro] | o5 €p PSOWRLAVRICASL_ cE
P11 4[117] | 64|« P5Y/WRH/BHE/CASH
P1lo 4 11s] [ o3}« P5/RDIDW
P0y/Ds <¢—p>[119] | 62] ¢ P5/BCLK/ALE/CLKour
PO2/D2 €[ 120 | | 1] P13
POL/D: <P 121] [ 60— P13:
P0o/Do <—>£ . Eq— Vee
e M16C/80(144-pin) Group e
Fis <> 2] Flash Memory Version s e -
e (144P6Q) e rigim
P15: €129 | 52| € P57/RDY
Vss —p[130] [ 51— P13
P150 <[ 131 | [ 5ol P13s
Vee —p[122] [ 2] P13
P107/AN7/KI3 <133 | 2g/ > P37
P10S/ANG/KI2 <[ 134] | 47| PEI/CTSIRTSo
P105/ANS/KIL <[ 135 | | 26/ € P6I/CLKo
P104/ANJ/KIO <[ 135 | | 45| P62/RxDo
P10J/AN: ¢ 137] | 2a] € P6ITXDo
P10JAN: <€ [138] [ 23« PGICTSIRTSICTSICLKS: Ceus
PLOVAN: €—[139] [ 22l €» PEsICLK: @
o AVss—P 10| | a/l€—Vss ———————————— @
P100/ANo <> 141 | 40| € PESRD: @
Vrer —p[142 | | 30— Vec
AVee —p[143] Q O [ 5l P67 @
P%/g[éw&e/SR?ﬁ);A/ <> (1] | 3719 P7o/TxD2/SDATAcouT
EERREREERE R R EEEEE R EEEEEEEEEEEE
IRt et i e >
§ e g z o | | 2lIFAS s 1] <] Q
2F0388° g:s
- : 5
2 90gldx g
& BBTY )
Connect
oscillation
circuit

13s34

Figure 1.32.1. Pin connections for serial I/O mode
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Standard serial /0O mode
The standard serial /O mode inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory. This I/O is serial. There are actually two
standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which is asynchronized. Both
modes require a purpose-specific peripheral unit.

The standard serial I/O mode is different from the parallel /O mode in that the CPU controls flash memory
rewrite (uses the CPU's rewrite mode), rewrite data input and so forth. It is started when the reset is re-
leased, which is done when the P50 (CE) pin is "H" level, the P55 (EPM) pin "L" level and the CNVss pin "H"
level. (In the ordinary command mode, set CNVss pin to "L" level.)

This control program is written in the boot ROM area when the product is shipped from Mitsubishi. Accord-
ingly, make note of the fact that the standard serial I/O mode cannot be used if the boot ROM area is
rewritten in the parallel I/O mode. Figures 1.32.1 and 1.32.2 show the pin connections for the standard
serial I/O mode. Serial data I/0 uses UART1 and transfers the data serially in 8-bit units. Standard serial I/
O switches between mode 1 (clock synchronized) and mode 2 (clock asynchronized) according to the level
of CLK1 pin when the reset is released.

To use standard serial I/O mode 1 (clock synchronized), set the CLK1 pin to "H" level and release the reset.
The operation uses the four UART1 pins CLK1, RxD1, TxD1 and RTS1 (BUSY). The CLK1 pin is the transfer
clock input pin through which an external transfer clock is input. The TxDz1 pin is for CMOS output. The
RTS1 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts.

To use standard serial I/O mode 2 (clock asynchronized), set the CLK1 pin to "L" level and release the
reset. The operation uses the two UART1 pins RxD1 and TxDL1.

In the standard serial I/O mode, only the user ROM area indicated in Figure 1.32.19 can be rewritten. The
boot ROM cannot.

In the standard serial I/O mode, a 7-byte ID code is used. When there is data in the flash memory, com-
mands sent from the peripheral unit (programmer) are not accepted unless the ID code matches.
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Overview of standard serial /0O mode 1 (clock synchronized)
In standard serial /0 mode 1, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 4-wire clock-synchronized serial I/O (UART1).
Standard serial I/O mode 1 is engaged by releasing the reset with the P56 (CLK1) pin "H" level.
In reception, software commands, addresses and program data are synchronized with the rise of the trans-
fer clock that is input to the CLK1 pin, and are then input to the MCU via the RxD1 pin. In transmission, the
read data and status are synchronized with the fall of the transfer clock, and output from the TxD1 pin.
The TxDz1 pin is for CMOS output. Transfer is in 8-bit units with LSB first.
When busy, such as during transmission, reception, erasing or program execution, the RTS1 (BUSY) pin is
"H" level. Accordingly, always start the next transfer after the RST1 (BUSY) pin is "L" level.
Also, data and status registers in memory can be read after inputting software commands. Status, such as
the operating state of the flash memory or whether a program or erase operation ended successfully or not,
can be checked by reading the status register. Here following are explained software commands, status
registers, etc.
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Software Commands
Table 1.32.1 lists software commands. In the standard serial /O mode 1, erase operations, programs and
reading are controlled by transferring software commands via the RxD1 pin. Software commands are
explained here below.

Table 1.32.1. Software commands (Standard serial /O mode 1)

1st byte When ID is
Control command transfer| 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verified

1l|p d Address | Address Data Data Data Data Not
agerea FFi6 | (middle) | (high) | output | output | output | outputto | acceptable

259th byte

>l p Address | Address Data Data Data |Data input Not

age program 4l16 | (middle) | (high) input input | input | to 259th | acceptable
byte

3 | Block Address | Address D016 Not
ock erase 2016 | (middle) (high) acceptable
4 | Erase all unlocked blocks A716 D016 accglpc;table
5 | Read status register 7016 O?Fp?lt (?Lll::p?ult Acceptable
6 | Clear status register 5016 accypﬁ;ble

. Address | Address | Lock bit Not
7 | Read lock bit status 7116 | (middle) | (high) data acceptable

output

8 | Lock bi Address | Address D016 Not
ock bit program 7716 | (middle) | (high) acceptable
9 | Lock bit enable 7A16 accglpc;table
10 | Lock bit disable 7516 accomable

. . Address | Address | Address .
11| Code processing function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable

. Size Check- To Not
12| Download function FA16 |Size (low)| (high) sum Data |required acceptable
input | number
of times
. . Version | Version | Version | Version | Version | Version
13| Version data output function | FB16 | gata data data data | data data Acceptable
output output output | output | output | output to
9th byte
14| Boot ROM tout Ad_dress Adqlress Data Data Data Data Not
oot area outpu FCi6 | (middle) | (high) | output | output | output | outputto | acceptable
function 250th
byte
Check Check Not
15| Read check data FD16 |data (low)| data acceptable
(high)

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the rise of the clock.

RxD1 ( FF16 X As to | A6 to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data)
RTS1(BUSY) |_| |_| |_| |_| |_|

Figure 1.32.2. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent with the 1st byte, the

contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

ReDL | 7016
(M16C reception data)

SRD SRD1
TXD1 X X

. tput tput

(M16C transmit data) = oey
RTS1(BUSY) |_| |_|

Figure 1.32.3. Timing for reading the status register

MITSUBISHI
282 )‘ ELECTRIC



Mitsubishi microcomputers

M16C/80 (144-pin version) group
Appendix Standard Serial 1/0 Mode 1 (Flash Memory Version)S'NGLE'CH'P 16-BIT CMOS MICROCOMPUTER

Clear Status Register Command
This command clears the bits (SR3-SR5) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.

When the clear status register operation ends, the RTS1 (BUSY) signal changes from the “H” to the
“L” level.

CLK1 ””mmu””

RxD1 X
(M16C reception data) 5016

TxD1
(M16C transmit data)

RTS1(BUSY)

Figure 1.32.4. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the “H” to
the “L" level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

Each block can be write-protected with the lock bit. For more information, see the section on the data
protection function. Additional writing is not allowed with already programmed pages.

RxD1 As to A16 to
(M16C reception data) 4116 A15 A23 data0 X_ data255
TxD1

(M16C transmit data)

RTS1(BUSY) | ” ” ” IJ ” |_

Figure 1.32.5. Timing for the page program
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Block Erase Command
This command erases the data in the specified block. Execute the block erase command as explained
here following.
(1) Transfer the “2016” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, the
erase operation will start for the specified block in the flash memory. Write the highest address of
the specified block for addresses A16 to A23.

When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. After block
erase ends, the result of the block erase operation can be known by reading the status register. For
more information, see the section on the status register.

Each block can be erase-protected with the lock bit. For more information, see the section on the data
protection function.

RxD1 As to X A16 to X
(M16C reception data) ( 2016 X A15 A23 D016

TxD1
(M16C transmit data)

RTS1(BUSY) ] |_| |_| |_|

Figure 1.32.6. Timing for block erasing
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as

explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.
When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. The result of the
erase operation can be known by reading the status register. Each block can be erase-protected with the
lock bit. For more information, see the section on the data protection function.

R I 11
RxD1
(M16C reception data) D016

TxD1
(M16C transmit data)

RTS1(BUSY) |_|

Figure 1.32.7. Timing for erasing all unlocked blocks

Lock Bit Program Command
This command writes “0” (lock) for the lock bit of the specified block. Execute the lock bit program
command as explained here following.
(1) Transfer the “7716” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, “0” is
written for the lock bit of the specified block. Write the highest address of the specified block for
addresses A8 to A23.

When writing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. Lock bit status can
be read with the read lock bit status command. For information on the lock bit function, reset proce-

dure and so on, see the section on the data protection function.
OO 00T T

RxD1 Ag to X A16 to X
(M16C reception data) X rne X A15 A23 D016

TxD1
(M16C transmit data)

RTS1(BUSY) |_| |_| |_| |

Figure 1.32.8. Timing for the lock bit program
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. The 6th bit (D6) of output data
is the lock bit data. Write the highest address of the specified block for addresses As to A23.

e T

RxD1 >< 7116 X Ag to X Als toX
(M16C reception data) A15 A23

TxD1 DO6
(M16C transmit data) Q

RTSI(BUSY) |_| |_| |_| |

Figure 1.32.9. Timing for reading lock bit status

Lock Bit Enable Command
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com-
mand. The command code “7A16” is sent with the 1st byte of the serial transmission. This command
only enables the lock bit function; it does not set the lock bit itself.

CLK1 ””
RxD1 ><
(M16C reception data) TAL6
_TxD1
(M16C transmit data)

RTS1(BUSY)

Figure 1.32.10. Timing for enabling the lock bit
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Lock Bit Disable Command
This command disables the lock bit. The command code “7516” is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself.
However, if an erase command is executed after executing the lock bit disable command, “0” (locked)

lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is
cancelled, the lock bit is enabled.

CLK1 " " " "
RxD1
(M16C reception data) M

TxD1
(M16C transmit data)

RTS1(BUSY)

Figure 1.32.11. Timing for disabling the lock bit

Download Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.

(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

RxD1 FAL6 Check Program Program
(M16C reception data) sum data data
/ \
Data size (low)
TxD1

Data size (high
(M16C transmit data) ata size (high)

RTS1(BUSY) | |_| |_| |_| H H L

Figure 1.32.12. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

CLK1

RxD1 < >
(M16C reception data) FB16

TxD1 (XX e
(M16C transmit data) v E R X

RTS1(BUSY) | |_| H H ' |_| |

Figure 1.32.13. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first, in sync with the rise of the clock.

RxD1 ( Fcis | A8 toX A16 to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data) data255
RTS1(BUSY) I_I |_| |_| |_| |_|

Figure 1.32.14. Timing for boot ROM area output
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ID Check

This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, As to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,

3rd and 4th bytes respectively.

(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

CLK1

RxD1 ( |:516X DFleX FF1e X OF16 XID sizeX ID1 '

(M16C reception
data)

TxD1
(M16C transmit
data)

RTS1(BUSY) |_| |_|

Figure 1.32.15. Timing for the ID check

ID Code

When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFFDF16, OFFFFE316, OFFFFEB16, OFFFFEF16, OFFFFF316, OFFFFF716 and
OFFFFFB16. Write a program into the flash memory, which already has the ID code set for these

addresses.

Address =
OFFFFDC16 to OFFFFDF16 | ID1: Undefined instruction vector
OFFFFEO16 to OFFFFE316 ID2 Overflow vector
OFFFFE416 to OFFFFE716 BRK instruction vector
OFFFFES816 to OFFFFEB16 | ID3: Address match vector
OFFFFEC16 to OFFFFEF16 ID4
OFFFFFO16 to OFFFFF316 ID5 | Watchdog timer vector
OFFFFF416 to OFFFFF716 ID6
OFFFFF816 to OFFFFFB16 | ID7: NMI vector
OFFFFFC16 to OFFFFFF16 Reset vector
— —~ _/
4 bytes
Figure 1.32.16. ID code storage addresses
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Read Check Data
This command reads the check data that confirms that the write data, which was sent with the page
program command, was successfully received.
(1) Transfer the "FD16" command code with the 1st byte.
(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.

To use this read check data command, first execute the command and then initialize the check data.
Next, execute the page program command the required number of times. After that, when the read
check command is executed again, the check data for all of the read data that was sent with the page
program command during this time is read. The check data is the result of CRC operation of write
data.

. RxD1 >( FD16
(M16C reception data)

TxD1 ( X
(M16C transmit data) pal L

Check data (low) Check data (high)

RTS1(BUSY)

Figure 1.32.17. Timing for the read check data
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Data Protection (Block Lock)

Each of the blocks in Figure 1.32.19 have a nonvolatile lock bit that specifies protection (block lock)
against erasing/writing. A block is locked (writing “0” for the lock bit) with the lock bit program command.
Also, the lock bit of any block can be read with the read lock bit status command.

Block lock disable/enable is determined by the status of the lock bit itself and execution status of the lock
bit disable and lock enable bit commands.

(1) After the reset has been cancelled and the lock bit enable command executed, the specified block
can be locked/unlocked using the lock bit (lock bit data). Blocks with a “0” lock bit data are locked
and cannot be erased or written in. On the other hand, blocks with a “1” lock bit data are unlocked
and can be erased or written in.

(2) After the lock bit enable command has been executed, all blocks are unlocked regardless of lock bit
data status and can be erased or written in. In this case, lock bit data that was “0” before the block
was erased is set to “1” (unlocked) after erasing, therefore the block is actually unlocked with the
lock bit.

0FC000016
Block 6 : 64K byte
Flash memory | Flash memory
0FD000016 size start address
Block 5 : 64K byte
128Kbytes OFEO000016
256Kbytes OFC000016
OFE000016
Block 4 : 64K byte Note 1: The boot ROM area can be rewritten in
only parallel input/output mode. (Access
to any other areas is inhibited.)
Note 2: To specify a block, use the maximum
0EF000016 address in the block that is an even
Block 3 : 32K byte address.
OFF800016
Block 2 : 8K byte
OFFAQ0018 71001 - 8K byte
OFFC00016 ™51 0ok 0 - 16K byte OFFEO00016 8K byte
OFFFFFF16 OFFFFFF16
User ROM area Boot ROM area

Figure 1.32.18. Blocks in the user area
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase
operation or a program ended successfully or in error. It can be read by writing the read status register
command (7016). Also, the status register is cleared by writing the clear status register command (5016).
Table 1.32.2 gives the definition of each status register bit. After clearing the reset, the status register
outputs “8016”.

Table 1.32.2. Status register (SRD)

SRDO bits Status name e Definition "o"

SR7 (bit7) Write state machine (WSM) status Ready Busy

SR6 (bit6) Reserved - j

SRS (bit5) Erase status Terminated in error |Terminated normally
SR4 (bit4) Program status Terminated in error |Terminated normally
SR3 (bit3) Block status after program Terminated in error |Terminated normally
SR2 (bit2) Reserved - j

SR1 (bitl) Reserved - j

SRO (bit0) Reserved - j

Write State Machine (WSM) Status (SR7)
The write state machine (WSM) status indicates the operating status of the flash memory. When
power is turned on, “1” (ready) is set for it. The bit is set to “0” (busy) during an auto write or auto erase
operation, but it is set back to “1” when the operation ends.

Erase Status (SR5)
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is
set to “1”. When the erase status is cleared, it is set to “0".

Program Status (SR4)
The program status reports the operating status of the auto write operation. If a write error occurs, it is
set to “1". When the program status is cleared, it is set to “0".

Program Status After Program (SR3)

If excessive data is written (phenomenon whereby the memory cell becomes depressed which results
in data not being read correctly), “1” is set for the program status after-program at the end of the page
write operation. In other words, when writing ends successfully, “8016” is output; when writing fails,
“9016" is output; and when excessive data is written, “8816”" is output.

If “1” is written for any of the SR5, SR4 or SR3 bits, the page program, block erase, erase all unlocked
blocks and lock bit program commands are not accepted. Before executing these commands, execute
the clear status register command (5016) and clear the status register.
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Status Register 1 (SRD1)
Status register 1 indicates the status of serial communications, results from ID checks and results from
check sum comparisons. It can be read after the SRD by writing the read status register command (7016).
Also, status register 1 is cleared by writing the clear status register command (5016).
Table 1.32.3 gives the definition of each status register 1 bit. “0016" is output when power is turned ON
and the flag status is maintained even after the reset.

Table 1.32.3. Status register 1 (SRD1)

: Definition
SRD1 bits Status name e "o"
SR15 (bit7) Boot update completed bit | update completed Not update
SR14 (bit6) Reserved - -
SR13 (bit5) Reserved - -
SR12 (bit4) Checksum match bit Match Mismatch
SR11 (bit3) ID check completed bits 00  Not verified

. 01 Verification mismatch
SR10 (bit2) 10  Reserved

11 Verified

SR9 (bitl) Data receive time out Time out Normal operation
SR8 (bit0) Reserved - -

Boot Update Completed Bit (SR15)
This flag indicates whether the control program was downloaded to the RAM or not, using the down-
load function.

Check Sum Consistency Bit (SR12)
This flag indicates whether the check sum matches or not when a program, is downloaded for execu-
tion using the download function.

ID Check Completed Bits (SR11 and SR10)
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID
check.

Data Reception Time Out (SR9)
This flag indicates when a time out error is generated during data reception. If this flag is attached
during data reception, the received data is discarded and the microcomputer returns to the command
wait state.

~
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Full Status Check
Results from executed erase and program operations can be known by running a full status check. Figure
1.32.19 shows a flowchart of the full status check and explains how to remedy errors which occur.

Read status register

Execute the clear status register command (5016)

" to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

Command ..
sequence error
o
Program error (page |- - . Execute the read lock bit status command (7116) to
or lock bit) see if the block is locked. After removing lock,

execute write operation in the same way. If the
error still occurs, the page in error cannot be used.

Should a block erase error occur, the block in error
cannot be used.

After erasing the block in error, execute write
operation one more time. If the same error still
occurs, the block in error cannot be used.

Program error
(block)

(End (block erase, program)J

Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, erase all unlock
blocks and lock bit program commands is accepted. Execute the clear status register command
(5016) before executing these commands.

Figure 1.32.19. Full status check flowchart and remedial procedure for errors

Example Circuit Application for The Standard Serial /0O Mode 1
The below figure shows a circuit application for the standard serial /O mode 1. Control pins will vary
according to the peripheral unit (programmer), therefore see the peripheral unit (programmer) manual for
more information.

oLk
(' BUSY output = RTS1(BUSY)

M16C/80 Flash

memory version
CNVss %
NMI
=~ | psoicE)

P55(EPM)

(1) Control pins and external circuitry will vary according to peripheral unit (programmer). For more
information, see the peripheral unit (programmer) manual.
(2) In this example, the microprocessor mode and standard serial I/O mode are switched via a switch.

Figure 1.32.20. Example circuit application for the standard serial /0O mode 1
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Overview of standard serial /0O mode 2 (clock asynchronized)
In standard serial /0O mode 2, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 2-wire clock-asynchronized serial /O (UART1).
Standard serial I/O mode 2 is engaged by releasing the reset with the P65 (CLK1) pin "L" level.
The TxD1 pin is for CMOS output. Data transfer is in 8-bit units with LSB first, 1 stop bit and parity OFF.
After the reset is released, connections can be established at 9,600 bps when initial communications (Fig-
ure 1.32.21) are made with a peripheral unit. However, this requires a main clock with a minimum 2 MHz
input oscillation frequency. Baud rate can also be changed from 9,600 bps to 19,200, 38,400, 57,600 or
115,200 bps by executing software commands. However, communication errors may occur because of the
oscillation frequency of the main clock. If errors occur, change the main clock's oscillation frequency and
the baud rate.
After executing commands from a peripheral unit that requires time to erase and write data, as with erase
and program commands, allow a sufficient time interval or execute the read status command and check
how processing ended, before executing the next command.
Data and status registers in memory can be read after transmitting software commands. Status, such as
the operating state of the flash memory or whether a program or erase operation ended successfully or not,
can be checked by reading the status register. Here following are explained initial communications with
peripheral units, how frequency is identified and software commands.

Initial communications with peripheral units
After the reset is released, the bit rate generator is adjusted to 9,600 bps to match the oscillation fre-
guency of the main clock, by sending the code as prescribed by the protocol for initial communications
with peripheral units (Figure 1.32.21).
(1) Transmit "0016" from a peripheral unit 16 times. (The MCU with internal flash memory sets the bit
rate generator so that "0016" can be successfully received.)
(2) The MCU with internal flash memory outputs the "B016" check code and initial communications end
successfully *1. Initial communications must be transmitted at a speed of 9,600 bps and a transfer
interval of a minimum 15 ms. Also, the baud rate at the end of initial communications is 9,600 bps.

*1. If the peripheral unit cannot receive "B016" successfully, change the oscillation frequency of the main
clock.

Peripheral unit MCU with internal
flash memory
M Reset

1) Transfer "0016" 16 i :
(1) Transfer |mes:Lst | "0016"

At least _15ms # ond | "0016" R
transfer interval — >
15 th ' 3 "0016" o
16th “0016" £ :
_ "B016" ; (2) Transfer check code "B016"

<

The bit raté generator setting completes (9600bps)—

Figure 1.32.21. Peripheral unit and initial communication
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How frequency is identified
When "0016" data is received 16 times from a peripheral unit at a baud rate of 9,600 bps, the value of the
bit rate generator is set to match the operating frequency (2 - 20 MHz). The highest speed is taken from
the first 8 transmissions and the lowest from the last 8. These values are then used to calculate the bit
rate generator value for a baud rate of 9,600 bps.
Baud rate cannot be attained with some operating frequencies. Table 1.32.4 gives the operation fre-
guency and the baud rate that can be attained for.

Table 1.32.4 Operation frequency and the baud rate

Operation frequency | Baud rate Baud rate Baud rate Baud rate Baud rate
(MH2) 9,600bps 19,200bps | 38,400bps | 57,600bps 115,200bps

v Vv

<
<

20MHz v
16MHz
12MHz
11MHz
10MHz
8MHz
7.3728MHz
6MHz

5MHz
4.5MHz
4.194304MHz
4MHz
3.58MHz
3MHz

2MHz

< <] <

SN B I I S - I L I I I

L ] L ] L <

< | <

< < ] ] S ] ] ] =

v : Communications possible
—: Communications not possible
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Software Commands
Table 1.32.5 lists software commands. In the standard serial /O mode 2, erase operations, programs and
reading are controlled by transferring software commands via the RxD1 pin. Standard serial /O mode 2
adds five transmission speed commands - 9,600, 19,200, 38,400, 57,600 and 115,200 bps - to the soft-
ware commands of standard serial I/O mode 1. Software commands are explained here below.

Table 1.32.5. Software commands (Standard serial I/O mode 2)

1st byte When ID is
Control command transfer 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verified

1|p d Address | Address Data Data Data Data Not
age rea FFi6 | (middle) | (high) | output | output | output | outputto | acceptable

259th byte

5| p Address | Address Data Data Data |Data input Not

age program 4116 | (middle) | (high) input input | input | to 259th | acceptable
byte

3 | Block Address | Address D016 Not
ock erase 2016 | (middle) | (high) acceptable
4 | Erase all unlocked blocks A716 DO acceNﬁ;me
5 | Read status register 7016 o?:?p?lt ELEEU]} Acceptable
6 | Clear status register 5016 accglp(ﬁable

. Address | Address | Lock bit Not
7 | Read lock bit status 7116 | (middle) | (high) | data acceptable

output

. Address | Address D016 Not
8 | Lock bit program 7716 | (middle) | (high) acceptable
9 | Lock bit enable 7A16 accglpﬁgble
10| Lock bit disable 7516 accgg;;ble

. . Address | Address | Address )
11| Code processing function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable

12l b load functi Size Check- To Not
ownload function FA16 |Size (low)| (high) sum Data |required acceptable
input | number
of times
13| Version dat tout functi Version | Version | Version |Version | Version | Version
ersion data outputfunction | FB1s | data data data data | data data Acceptable
output output output | output | output | output to
9th byte
14| Boot ROM tout Address | Address Data Data Data Data Not
oot area outpu FC16 | (middle) | (high) | output | output | output | outputto | acceptable
function 259th byte
Check Check Not
15[ Read check data FDi6 |data (low)| data acceptable
(high)
16 | Baud rate 9600 BO16 B016 Acceptable
17| Baud rate 19200 Bl16 Bl16 Acceptable
18| Baud rate 38400 B216 B216 Acceptable
19| Baud rate 57600 B316 B316 Acceptable
20| Baud rate 115200 B416 B416 Acceptable

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the rise of the clock.

~ RxD1 ( FEs | A8 1O XAlG to) /
(M16C reception data) A15 A23

TxD1
(M16C transmit data) data255

Figure 1.32.22. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent with the 1st byte, the

contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

RAOL [ 7016
(M16C reception data)

SRD SRD1
TxD1 X X
(M16C transmit data) output /}_output

Figure 1.32.23. Timing for reading the status register

Clear Status Register Command

This command clears the bits (SR3-SR5) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.

RxD1 X
(M16C reception data) 5016

TxD1
(M16C transmit data)

Figure 1.32.24. Timing for clearing the status register
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Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

The result of the page program can be known by reading the status register. For more information,
see the section on the status register.

Each block can be write-protected with the lock bit. For more information, see the section on the data
protection function. Additional writing is not allowed with already programmed pages.

RxD1 As to | A16 to | )(
(M16C reception data) ( 4116X Al5 X A23 XdataOX_ data255

TxD1
(M16C transmit data)

Figure 1.32.25. Timing for the page program

Block Erase Command

This command erases the data in the specified block. Execute the block erase command as explained
here following.

(1) Transfer the “2016” command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, the

erase operation will start for the specified block in the flash memory. Write the highest address of
the specified block for addresses A16 to A23.

After block erase ends, the result of the block erase operation can be known by reading the status
register. For more information, see the section on the status register.

Each block can be erase-protected with the lock bit. For more information, see the section on the data
protection function.

RxD1 As to | Aie toX
(M16C reception data) ( 2016 X A15 A23 D016
TxD1
(M16C transmit data)

Figure 1.32.26. Timing for block erasing
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.
The result of the erase operation can be known by reading the status register. Each block can be erase-
protected with the lock bit. For more information, see the section on the data protection function.

RxD1
(M16C reception data) D016

TxD1
(M16C transmit data)

Figure 1.32.27. Timing for erasing all unlocked blocks

Lock Bit Program Command
This command writes “0” (lock) for the lock bit of the specified block. Execute the lock bit program
command as explained here following.

(1) Transfer the “7716” command code with the 1st byte.

(2) Transfer addresses As to A1s5 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, “0” is
written for the lock bit of the specified block. Write the highest address of the specified block for
addresses As to A23.

Lock bit status can be read with the read lock bit status command. For information on the lock bit
function, reset procedure and so on, see the section on the data protection function.

RxD1 As to | Ale6to
(M16C reception data) X 716 X A15 X A23 X D016

TxD1
(M16C transmit data)

Figure 1.32.28. Timing for the lock bit program
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. Write the highest address of
the specified block for addresses As to A23.

RxD1 X 7116 X Ag to X Ate toX
(M16C reception data) A15 A23

TXD1 X D06
(M16C transmit data)

Figure 1.32.29. Timing for reading lock bit status

Lock Bit Enable Command
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com-

mand. The command code “7A16” is sent with the 1st byte of the serial transmission. This command
only enables the lock bit function; it does not set the lock bit itself.

RxD1 K
(M16C reception data) 7A16

_TxD1
(M16C transmit data)

Figure 1.32.30. Timing for enabling the lock bit
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Lock Bit Disable Command
This command disables the lock bit. The command code “7516” is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself.
However, if an erase command is executed after executing the lock bit disable command, “0” (locked)
lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is
cancelled, the lock bit is enabled.

RxD1
(M16C reception data) E

TxD1
(M16C transmit data)

Figure 1.32.31. Timing for disabling the lock bit

Download Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.
(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.
(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

I

RxD1 ( FAL6 X X X Check XTDrogramX Program
(M16C reception data) sum data data

i\
Data size (low)

Data size (high)

TxD1
(M16C transmit data)

Figure 1.32.32. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

RxD1 < >
(M16C reception data) FBi6 /

TxD1 (XX e
(M16C transmit data) v E R X

Figure 1.32.33. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first, in sync with the rise of the clock.

RxD1 ( Fcis | A8 toX A16 to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data) data255

Figure 1.32.34. Timing for boot ROM area output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, As to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.
(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

oion P50 | DFis | FFio | oFis JiDsize] \
(M16C recegtif)r; F516 DFi16 FFie6 OF16 | ID size ID1 ID7
ata

TxD1
(M16C transmit
data)

Figure 1.32.35. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFFDF16, OFFFFE316, OFFFFEB16, OFFFFEF16, OFFFFF316, OFFFFF716 and
OFFFFFB16. Write a program into the flash memory, which already has the ID code set for these
addresses.

e
Address = o ]

OFFFFDC16 to OFFFFDF16 | ID1: Undefined instruction vector

OFFFFEO16 to OFFFFE316 ID2 Overflow vector

OFFFFE416 to OFFFFE716 + BRK instruction vector

OFFFFES816 to OFFFFEB16 ID3: Address match vector

OFFFFEC16 to OFFFFEF16 ID4§

OFFFFFO016 to OFFFFF316 | ID5: Watchdog timer vector

OFFFFF416 to OFFFFF716 | D6}

OFFFFF816 to OFFFFFB16 | ID7: NMI vector

OFFFFFC16 to OFFFFFF16 : Reset vector

~—
4 bytes

Figure 1.32.36. ID code storage addresses
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Read Check Data
This command reads the check data that confirms that the write data, which was sent with the page
program command, was successfully received.
(1) Transfer the "FD16" command code with the 1st byte.
(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.

To use this read check data command, first execute the command and then initialize the check data.
Next, execute the page program command the required number of times. After that, when the read
check command is executed again, the check data for all of the read data that was sent with the page

program command during this time is read. The check data is the result of CRC operation of write
data.

RxD1 X FD16
(M16C reception data)

TxD1 ( X
(M16C transmit data) l I

Check data (low) Check data (high)

Figure 1.32.37. Timing for the read check data

Baud Rate 9600
This command changes baud rate to 9,600 bps. Execute it as follows.
(1) Transfer the "B016" command code with the 1st byte.
(2) After the "B016" check code is output with the 2nd byte, change the baud rate to 9,600 bps.

RxD1 < >
(M16C reception data) BO16
TxD1 < )
(M16C transmit data) BO16

Figure 1.32.38. Timing of baud rate 9600
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Baud Rate 19200

This command changes baud rate to 19,200 bps. Execute it as follows.
(1) Transfer the "B116" command code with the 1st byte.

(2) After the "Bl116" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

RxD1 < >
(M16C reception data) Bl16
TxD1 ( )
(M16C transmit data) Bl

Figure 1.32.39. Timing of baud rate 19200

Baud Rate 38400

This command changes baud rate to 38,400 bps. Execute it as follows.
(1) Transfer the "B216" command code with the 1st byte.

(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps.

RxD1 < )
(M16C reception data) B216
TxD1 < >
(M16C transmit data) B216

Figure 1.32.40. Timing of baud rate 38400

Baud Rate 57600

This command changes baud rate to 57,600 bps. Execute it as follows.
(1) Transfer the "B316" command code with the 1st byte.

(2) After the "B316" check code is output with the 2nd byte, change the baud rate to 57,600 bps.

RxD1 < >
(M16C reception data) B316
TxD1 ( )
(M16C transmit data) B316

Figure 1.32.41. Timing of baud rate 57600
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Baud Rate 115200
This command changes baud rate to 115,200 bps. Execute it as follows.
(1) Transfer the "B416" command code with the 1st byte.
(2) After the "B416" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

RxD1 < >
(M16C reception data) B316
TxD1 < )
(M16C transmit data) B316

Figure 1.32.42. Timing of baud rate 115200

Example Circuit Application for The Standard Serial 1/0O Mode 2
The below figure shows a circuit application for the standard serial I/O mode 2.

CLK1

Monitor output RTS1(BUSY)

Data input RxD1

Data output TxD1

M16C/80 Flash
memory version

CNVss %
NMI

P50(CE)
P55(EPM)

1l

(1) In this example, the microprocessor mode and standard serial 1/O
mode are switched via a switch.

Figure 1.32.43. Example circuit application for the standard serial I/O mode 2
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Reuvision history SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

. __________________________________________________________________________________________________________________________|
Revision History

Version Contents for change Revision
date
Rev.Al1 |Page 216 Table 1.28.22  th(BCLK-DW) add 99.5.14
Page 222 Figure 1.28.6 th(BCLK-CAS) --> th(BCLK-DW)
Page 225 Figure 1.28.9 WR, WRL, WRH(sepalate bus) wave change
Rev.A2 |Page 24 Line 3 99.5.20
A software reset has almost the same ... --> A software reset has the same
Page 161 Note 2: 99.6.4
When f(XIN) is over 10 MHz, the fap frequency must be under 10 MHz by dividing. -
-> addition
Page 219 Figure 1.28.3 tac2(AD-DB)=(tcyc x n-35)ns.max (n=1, 3 ... ) --> (n=2, 3 ...) 99.6.28
Page 220 Figure 1.28.4 tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=2 and 5 ...) --> (m=3
and5 ..)
Page 226 Table 1.28.23
VT+VT- TB2IN --> TB5IN
TA20uUT --> TAOIN
SCL2 -SCL4, SDA2 - SDA3 --> Addition
Page 227 Table 1.28.25  Note
Page 228 Tables 1.28.26 and 1.28.27
Pages 231-233 Tables 1.28.39-1.28.41
Page 241 Figure 1.28.17
Page 18 Figure 1.4.3 (60) Timer B3,4,5 count start flag value change 99.7.9
Page 19 Figure 1.4.4 Flash memory control register 0 and 1 added
Page 22 Figure 1.5.3 Flash memory control register 0 and 1 added
Page 43 Figure 1.8.4 CMO Note 5 delate
Page 81 Figure 1.11.5 DMAI memory address reload register
Address DRA2, DRA3 00000016 --> XXXXXX16
Page 181, 182 Figures 1.25.4-1.25.5 D0-D15 waveform changed
Page 185 (6) Pull up control register changed
Page 208 Table 1.28.3 VT+-VT- TBOIN-TB2IN --> TBOIN-TB5IN,
TA20uUT-TA40UT --> TAOOUT-TA40UT
Page 213 Table 1.28.19
Page 214 Table 1.28.20
Page 215 Table 1.28.21
Page 216 Table 1.28.22
Page 218 Figure 1.28.2
Page 219 Figure 1.28.3
Page 220 Figure 1.28.4
Page 221 Figure 1.28.5
Page 222 Figure 1.28.6
Page 223 Figure 1.28.7
Page 225 Figure 1.28.9
Flash version addition
Rev.A3 |Page 2 Figure 1.1.1 99.9.24
Pin 1 P96/ANEX1/TxD4/SDA4 --> P96/ANEX1/TxD4/SDA4/SRxD4
Pin 5 P92/TB2IN/TXD3/SDA3/STxD3 --> P92/TB2IN/TXD3/SDA3/SRxD3
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Reuvision history SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Revision

Version Contents for change
date

Pin 6 P91/TB1IN/RXD3/SCL3 --> P91/TB1IN/RxD3/SCL3/STxD3
Rev.A4 |Page 18 Figure 1.4.3 PM1 reset value "COh" --> "00h" 00.02.29
Page 26 Figure 1.6.2 is insralled
PM1 reset value "COh" --> "00h"
Divided to Mask and flash ROM version.
Page 85 DMA request bit Line 9 addition "In this case, DMAI request bit is cleared."
Page 85 Internal factors
The DMAI request bit is cleared to "0" when the DMA transfer starts. The DMAI
request bit can be cleared by the program. -->
The DMAI request bit is cleared to "0" when the DMA transfer starts. Even if DMA
transfer disable state (channel i transfer mode select bit is "00" and DMAI transfer
count register is "0"), The DMAI request bit is cleared to "0".
Page 85 External factors
When an external factor is selected, the DMAI request bit is cleared, in the same
way as the DMAI request bit is cleared for internal factors, when the DMA transfer
starts. The DMAI request bit can also be cleared by the program. -->

When an external factor is selected, the DMAI request bit is cleared, in the same

way as the DMAI request bit is cleared for internal factors, when the DMA transfer

starts or DMA transfer disable state.
Page 210 Timing requirergent

4 N 35 4 10°X n
tac4(CAS-DB)= — - ns] --> tac4(CAS-DB)=—F =< o~
( = HecLk) o ¢ )= THBCLK)X2

Page 225 Figure 1.28.9
Memory Expansion Mode and Microprocessor Mode (Valid only with wait)

- 35[ns]

+ WR, WRL, WRH (separate bus) timing rasing edge is wrong

Rev.B |Pagel * DMAC...4 channels (trigger: 24 sources) --> 31 sources 14/3/'00
 Supply voltage 4.0 to 5.5V (f(XIN)=20MHz) Mask ROM version
4.2 to 5.5V (f(XIN)=20MHz) Flash memaory version
2.7 to 5.5V (f(XIN)=10MHz) Mask ROM and flash memory version
* Interrupt...4 software --> 5 software
Page 1,5 Table 1.1.1
Feature « Memory capacity ROM 128 Kbytes --> (See ROM expansion figure.)
RAM 10K --> 10 to 24 Kbytes
Interrupt...4 software --> 5 software
Page 2 Figure 1.1.1 Note addition, Package: 144P6Q --> 144P6Q-A
Page 5 Figure 1.1.4, Table 1.1.2 M30805MG-XXXFP/GP addition
Page 6 Figurel.1.5 ROM capacity G:256 Kbytes addition
Page 7 P0OO to PO7
However, it is possible to select pull-up resistance presence to the usable port as I/
O port by setting. --> addition
CNVss Connect it to the Vss pin when operating in single-chip or memory expan-
sion mode. Connect it to the Vcc pin when in microprocessor mode. -->
Connect it to the Vss pin when operating in single-chip or memory expan-
sion mode after reset. Connect it to the Vcc pin when in microprocessor
mode after reset.
BYTE When operating in single-chip mode,connect this pin to VSS. --> When not
using the external bus,connect this pin to VSS.
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Reuvision history SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Revision

Version Contents for change
date

Page 8 P50 to P57 In single chip mode, --> delate

Page 10 Figure 1.2.1 M30805FG --> M30805MG/FG
Page 13 Figure 1.4.3 (2) processor mode register CO16 --> 0016
Page 20 to 23 Figure 1.5.1t0 1.5.4 Note addition

Page 25 Figure 1.6.1, 1.6.2 Figure 1.6.1 is divided to Figure 1.6.1and 1.6.2

Page 30 Table 1.7.4

Page 34 Figure 1.7.3 Note addition

Page 36 Line 3 the chip select control register --> the wait control registe

Page 38, 39 Figure 1.7.6, 1.7.7  Note change

Page 42 Line 7 addition
When the main clock is stoped (bit 5 at address 000616 =1) or the mode is shifted
to stop mode (bit O at address 000716 =1), the main clock division register (address
000C1s) is set to the divided-8 mode.

Page 42 (3)BCLK When shifting to stop mode, --> When main clock is stoped or shifting to

stop mode,
Page 43 Figure 1.8.4 CMO Note 6 change, Note 7, 8 addition, CM1 Note 4 addition
Page 44 Figure 1.8.5 Note 2 change

Page 48 Line 5 When shifting to stop mode and reset, --> When shifting to stop mode,
reset or stopping main clock,
(12) Low power dissipation mode addition
When the main clock is stoped, the main clock division register (address 000C16) is
set to the division by 8 mode.

Page 51 Figure 1.8.7. Clock transition Note 3, 4 addition

Page 52 Line 9 addition

Page 54 Software Interrupts (2) Overflow interrupt, "CMPX" addition

Page 55 (2) Peripheral I/O interrupts
« Bus collision detection/start, stop condition (UART2, UART3, UART4) interrupts --
> change

Page 57 « Variable vector tables addition
Set an even address to the start address of vector table setting in INTB so that
operating efficiency is increased.

Page 58 Table 1.9.3
Software interrupt number 40, 41 fault errir --> addition

Page 71 Address match interrupt Line 7 addition

Page 72 (3) The NMI interrupt
« Do not reset the CPU with the input to the NMI pin being in the “L” state. --> «
Signal of "L" level width more than 1 clock of CPU operation clock (BCLK) is
necessary for NMI pin.

Page 72 (4) External interrupt

Page 74 Figure 1.10.1

Page 76 Line 2
"DMAC is a function that to transmit 1 data of a source address (8 bits /16 bits) to a
destination address when transmission request occurs. " addition.

Page 76 Line 12 addition
When writing to DSA2 and DSAS, set register bank select flag (B flag) to "1" and
use LDC instruction to set SB and FB registers.

Page 76 Figure 1.11.1

Page 77 Table 1.11.1 Transfer memory space (16 Mbyte space) --> addition
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Mitsubishi microcomputers

M16C/80 (144-pin version) group
Reuvision history SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Revision

Version Contents for change
date

Page 78 Figure 1.11.2 Note :6 OR instruction --> OR instruction etc.
Page 80 Figure 1.11.4 DRCi « Transfer counter --> ¢ Transfer count register
Page 81 Figure 1.11.5
DMAI, DSAI, DRAI Transfer count specification "(16 Mbytes area)" addition
DRAIi memory address counter --> memory address register
Page 85 Line 9 addition (1) Internal factors, (2) External factors change
Page 87 Fugure 1.12.1 "Timer B2 overflow" addition
Page 88 Fugure 1.12.2 Timer A --> Timer B2 overflow (to timer A count source)
Page 93 Table 1.13.2 Cout source » TB2 overflows, TAj overflows --> +TB2 over-
flows or underflows , TAj overflows or underflows
Page 95 Figure 1.13.7 When using two-phase signal processing Note 3 --> addition
Page 102 Figure 1.14.3 TBSR When reset 0016 --> 000XXXXXX16
b4-b0 When read, the value is "0" --> indeterminate
Page 104 Table 1.14.2 Cout source * TBj overflows --> «TBj overflows or underflows
Page 124 Figure 1.16.5 UiTB Note 1 delate
Page 126-127 Figure 1.16.7t01.16.8  CRD change
Page 130 Figure 1.16.11 SDHI Enabled <--> Disabled
Page 144  (a) Separate CTS/RTS pins function (UARTO)
Page 146 Table 1.19.1 Addition in "Other things"
Page 147 Figure 1.19.1
A "L" level returns from TxD due to the occurrence of a parity error. --> A "L" level
returns from SIM card...
Page 149 Figure 1.19.4  Note addition
Page 150 Table 1.20.1 Note 1: LSB first --> MSB first, Note 3 Change
Page 156 Figure 1.20.4 410 5 cycles --> 3 to 6 cycles
Page 163, 165-169 Figure 1.21.2-Figure 1.21.8 ADCONL1 Note 2-6 addition
Page 170 Line 14,23 addition
Page 171 Line 5 addition
Page 172 Figure 1.22.3  Note :3 D-A control register --> D-A register
Page 176 Figure 1.24.3
Page 178 Figure 1.25.1 Note 1 position change
Page 178 Line 10 DRAM controler --> addition
Page 179 Figure 1.25.2 Note 1 --> change
Page 184 (1) Direction registers, (2) Port registers --> change
Page 185 (4) Function select register B --> change
Page 189 Figure 1.26.4  Port Pi direction register Note 2 addition
Page 191 Figure 1.26.6  Port Pi register Note 1 and 2 addition
Page 193 Table 1.26.1 Note addition
Page 194 Figure 1.26.8 Function select register A1 Note 1 addition
Page 196 Figure 1.26.10 Function select register B1 Note 2 addition
Page 197 Figure 1.26.11 Function select register B3
Note 1 --> addition, PSL3_3-PSL3_6 change
Page 198 Figure 1.26.13  Port control register Note 2 addition
Page 199 Figure 1.26.15 Port Pi direction register Note 2 addition
Page 202 Precaution on A-D converter (6) --> addition
Page 205 Stop Mode and Wait Mode (2) all clock stop bits --> all clock stop control bits
Page 205 Noise addition
Page 205 Precaution on interrupt (1) line 7 --> addition
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M16C/80 (144-pin version) group
Reuvision history SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Version Contents for change Revision
date
Page 206 Making power consumption electricity small --> addition
Page 209 Table 1.28.3 VT+ —VT- SCL2-SCL4, SDA2-SDA4 Addition
Page 210 Table 1.28.5 Note Change
Page 217 Table 1.28.22  trp expression change
Page 221, 222, 224, 225, 227
Figure 1.28.4, 1.28.5, 1.28.7, 1.28.8, 1.28.10 addition
Page 229 Figure 1.28.12 Refresh timing (self refresh) RAS timing
Page 232 3V of electric characteristics addition
Page 248 Table 1.29.1 Data hold --> addition
Page 249 Figure 1.29.2 Package type 144P6Q --> 144P6Q-A
Page 250 Flash memory line 5 change
Page 251 Function outline Line 24 (Parallel ... function ) --> delate
Page 272 Standard serial I/O mode Line 26 externl device --> external device ( program-
mer)
Page 288 Figurel1.31.21  programer --> peripheral unit ( programmer)
Rev.B3 | page 43 Figure1.8.4 Note of the system clock control register 0-->addition 17/6/00

Page 44 Line 4 Note-->addition

Page 45 Tablel1.8.2 Note-->addition

Page 71 Line 9 "Address match interrupt is not generated with a start instruction of interrupt
routine."-->Delete

Page 73 (6) Precaution of Address mach interrupt-->addition

Page 79 Figurel.11.2 Note-->change

Page 87 Precaution for DMAC-->addition

Page 131 Figurel.16.11 Bit 7-->Must set to "1" in selecting IIC mode.

Page 152 Figurel.20.1 Bit 7-->Must set to "1" in selecting 1IC mode.

Page 182 Addition

Page 207 (3) Address match interrupt in Interrupt precautions-->addition

Page 208 (2) DMAC-->addition

Page 209 Precautions for using CLKouT pin-->addition

Page 212 Tablel.28.3 Icc when clock stop Topr=25C°-->change

Page 214 Table1.28.6 External clock input HIGH and LOW pulse waidth 22-->20

External clock rise and fall time 10-->5

Page 217, 218 Table1.28.19, 20 th(BCLK-DB)-->delete, tw(WR)-->addition

Page 220 Table1.28.22 th(BCLK-DB) -5ns --> -7ns

Page 235 Tablel.28.23 Icc when clock stop Topr=25C°-->change

Page 237 Tablel1.28.27 th(CAs-DB)-->addition

Page 240, 241 Table1.28.39, 40 tw(WR) -->addition, th(BCLK-RD) Ons-->-3ns

Page 242 Table1.28.41 td(AD-ALE)=10%/(f(BCLK)X2)-20 -->10%/(f(BCLK)X2)-27

Page 243 Table1.28.42 th(BCLK-CAS) Ons-->-3ns

Page 244 Figurel.28.15 tac1(RD-DB) min-->max, tac1(AD-DB) min-->max

Page 245 Figurel.28.16 tac2(RD-DB) min-->max, tac2(AD-DB) min-->max

Page 246, 255 Figure1.28.17 2 wait, Figure1.28.18 3 wait-->addition

Page 248 Figurel1.28.19 tac3(AD-DB)-->addition, tsu(DB-RD)-->tsu(DB-BCLK), th(BCLK-RD) Ons --
>-3ns, td(AD-ALE)=(tcyc/2-20)ns--> ... -27)ns

Page 249 Figurel1.28.20 Addition

Page 250, 251 Figure1.28.21, 1.28.22 -->addition

Page 252 Figurel.28.23 th(BCLK-DB)-->th(CAS-DB)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Version

Contents for change

Revision
date

Page 253 Figure 1.28.24 td(DB-CAS)-->tsu(DB-CAS), th(BCLK-CAS)-->th(BCLK-DB)

Page 254 Figurel.28.25 td(CAS-RAS)-->tsu(CAS-RAS)

Page 257 Table1.29.1 Power supply (under planning)-->delete, Program/erase voltage
f(XIN)-->f(BCLK), 2.7V-5.5V-->delete
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Keep safety first in your circuit designs!

e 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

e 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.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or
infringement of any third-party's rights, originating in the use of any product data,
diagrams, charts, programs, algorithms, or circuit application examples contained in
these materials.

¢ All information contained in these materials, including product data, diagrams, charts,
programs and algorithms represents information on products at the time of publication
of these materials, and are subject to change by Mitsubishi Electric Corporation
without notice due to product improvements or other reasons. It is therefore
recommended that customers contact Mitsubishi Electric Corporation or an authorized
Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical
errors. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation
by various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.com).

e When using any or all of the information contained in these materials, including
product data, diagrams, charts, programs, and algorithms, please be sure to evaluate
all information as a total system before making a final decision on the applicability of
the information and products. Mitsubishi Electric Corporation assumes no
responsibility for any damage, liability or other loss resulting from the information
contained herein.

e 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 apparatus or systems for
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint
or reproduce in whole or in part these materials.

e If these products or technologies are subject to the Japanese export control
restrictions, they must be exported under a license from the Japanese government
and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan
and/or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon
ductor product distributor for further details on these materials or the products con
tained therein.
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