To all our customers

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

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

contents of the document itself.

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

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
|
Description
The M16C/80 group of single-chip microcomputers are built using the high-performance silicon gate CMOS
process using a M16C/80 Series CPU core and are packaged in a 100-pin and 144-pin plastic molded
QFP. The peripheral functions of 100-pin and 144-pin are common. 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 multi-
plier and DMAC, making them ideal for controlling office, communications, industrial equipment, and other
high-speed processing applications.
Features
* Memory capacity ........ccccveeeeriiieeeennninne ROM (See ROM expansion figure.)
RAM 10 to 24 Kbytes
* Shortest instruction execution time ...... 50ns (f(XIN)=20MHz)
o Supply voltage ......ccoevviiiieiiiiiiieee 4.2 to 5.5V (f(XIN)=20MHz)
Mask ROM, external ROM and flash memory versions
2.7 t0 5.5V (f(XIN)=10MHz)
Mask ROM, external ROM and flash memory versions

* Low power consumption ...........cccce...... 45mA (M30800MC-XXXFP)
(f(XIN) = 20MHz without software wait,Vcc=5V)

e INLEITUPLS ..o 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)

CDRAMC ... Used for EDO, FP, CAS before RAS refresh, self-refresh

* A-D CONVEIET ...oeeeiiiieiiiiiiiiiieeeee e 10 bits X 8 channels (Expandable up to 10 channels)

* D-A CONVEIMET ..ooeiiiiieeeiiiiiieeeee e 8 bits X 2 channels

Specifications written in this manual are believed to be ac-
¢ CRC calculation circuit..........cccccceeeen. 1 circuit curate, but are not guaranteed to be entirely free of error.
Specifications in this manual may be changed for func-

* X-Y CONVEIET ..o 1 circuit tional or performance improvements. Please make sure
* Watchdog timer........coocveeeeiniiieneennn 1line your manual is the latest edition.

e Programmable I/O ..........oociiiiiiieennnn. 87 lines:100-pin version, 123 lines:144-pin version

* INPUE POt ..., 1 line (P85 shared with NMI pin)

o Memory expansion ..........ccccoccvveeeennnnn Available (16M bytes)

* Chip select output ..........oooeiiviiiiienennenn. 4 lines

* Clock generating circuit ..........ccccceeee... 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 i 13 A-D CoNnVerter .......ccceeeeeeeeeeeieeeeeeeeeee 165
RESEL....oiiiiiiiii 18 D-A CONVEIEN ...ccooviiiiiiiiiiiiie e 175
Processor Mode .........cccooveieeiiiniiicee i, 26 CRC Calculation Circuit ........cccccvvveeeeerinnnns 177
Clock Generating CirCuit ...........cccovvvveeeennnnne 43 X-Y CONVEIET ...t 179
Protection ........c.eeveeviiieieeiiiieee e 55 DRAM controller.........ccccevvivieveiiiiieneee 182
INEEITUPLES oo 56 Programmable 1/0O POrts ...........ccccveveennne 189
Watchdog Timer ..o 78 Usage Precaution ............ccccevvviiiniiinninennn, 207
DMAC .o 80 Electric characteristics ...........cccovviiivvinnen. 219
THMEN e 91 Flash memory version.........ccccccovvveeeennnnne, 266
Serial O e 123
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

Pin Configuration
Figures 1.1.1 and 1.1.2 show the pin configuration (top view) for 100-pin and Figure 1.1.3 shows the pin
configuration (top view) for 144-pin.

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

Package: 100P6S-A

Figure 1.1.1. Pin configuration for 100-pin version (top view) (1)
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Package: 100P6Q-A

P53/BCLK/ALE/CLKout
P54/HLDA/ALE
P5s/HOLD
P56/ALE/RAS

P57/RDY
P60/CTS0/RTSo
P61/CLKo

P70/TxD2/SDA2/TAQOUT (Note)
P71/RxD2/SCL2/TAOIN/TB5IN (Note)
P72/CLK2/TAlout/V

Figure 1.1.2. Pin configuration for 100-pin version (top view) (2)
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Package: 144P6Q-A

Figure 1.1.3. Pin configuration for 144-pin version (top view)
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram
Figure 1.1.4 is a block diagram of the M16C/80 group.

A8 AS 8 A8 A8 A8 A8
! i B v v I A B A
| 1/O ports [ PortP0 | [PortP1 ] [ PortP2 | [PortP3 | [ PortP4] [ PortP5 | [ PortP6 |
S
Internal peripheral functions A-D converter System clock generator = RN
Timer (10 bits X 8 channels | |~ ——— ——= —— — 7] 3 o
——————————— Expandable up to 10 channels) XIN - XouT
Timer TAO (16 bits) XCIN - XcouT —
Timer TA1 (16 bits) UART /clock synchronous SI/O av)
Timer TA2 (16 bits) (8 bits X 5 channels) ol | o
Timer TA3 (16 bits o o o
Timer TA4 ElG bitsg X-Y converter Memory o |
Timer TBO (16 bits) (16 bits X 16 bits) NR?Ml —
Timer TB1 (16 bits) (Note 1) -
Timer TB2 (16 bits) CRC arithmetic circuit (CCITT) RAM o)
Timer TB3 (16 bits) (Polynomial : X18+)X2+X5+1) (Note 2) :"-6 <|7
Timer TB4 (16 bits) ®
Timer TBS (16 bits) M16C/80 series 16-bit CPU core — |
—|—|Diigi5terosm FLG | DTA'lY' S
Watchdog timer H_ROH I ROL INTB controTer 2
i M_RiH RiL o o]
(15 bits) i =5 Iﬁgp DRAM 3
R3 PC controller — |
D-A converter AQ -
(8 bits X 2 channels) éé S\JE Multiplier =
SB VCT 3 o
o
|
|

| ) I W W

DT T

5
Note 1: ROM size depends on MCU type.  \_ /
Note 2: RAM size depends on MCU type. N
Note 3: Ports P11 to P15 exist in 144-pin version. (Note 3)

Figure 1.1.4. Block diagram of the M16C/80 group
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline
Table 1.1.1 is a performance outline of M16C/80 group.

Table 1.1.1. Performance outline of M16C/80 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 100-pin PO to P10 (except P85) 8-bit x 10, 7-bit x 1
144-pin PO to P15 (except P85) 8-bit x 13, 7-bit x 2, 5-bit x 1
Input port P8s 1bitx1
Multifunction | TAO, TA1, TA2, TA3,TA4 16 bits x 5
timer TBO, TB1, TB2, TB3, TB4, TB5 | 16 bits x 6
Serial I/O UARTO, UART1, UARTZ2, (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
quartz oscillator)

Supply voltage

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

Power consumption

45mA (f(XIN) = 20MHz without software wait,Vcc=5V)
Mask ROM 128 Kbytes version

I/10 I/0 withstand voltage 5V

characteristics | Output current SMA

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

Device configuration

CMOS high performance silicon gate

Package

100-pin and 144-pin plastic mold QFP

RENESAS
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mitsubishi plans to release the following products in the M16C/80 group:

(1) Support for mask ROM version, external ROM version and flash memory version

(2) ROM capacity

(3) Package
100P6S-A : Plastic molded QFP (mask ROM version and flash memory version)
100P6Q-A : Plastic molded QFP (mask ROM version and flash memory version)
144P6Q-A : Plastic molded QFP (mask ROM version and flash memory version)

ROM Size
(Byte)

M30805SGP-BL
M30803SFP/GP-BL
M30802SGP-BL
M30800SFP/GP-BL

' M30805SGP
' M30803SFP/GP
. M30802SGP
________________________________________ .__ M30800SFP/GP______
256K M30803MG-XXXFP/GP | M30803FGFP/GP |
M30805MG-XXXGP | M30805FGGP :
128K | MB30B0OMC-XXXFP/GP | M30800FCFP/GP |
M30802MC-XXXGP i M30802FCGP i

[ Mask ROM version ] : [ Flash memory ] :[External ROM version]
' version '

Figure 1.1.5. ROM expansion

The M16C/80 group products currently supported are listed in Table 1.1.2.

Table 1.1.2. M16C/80 group

As of August, 2001

Type No ROM capacity RAM capacity Package type Remarks
M30800MC-XXXFP 128K bytes 10K bytes 100P6S-A Mask ROM version
M30800OMC-XXXGP 100P6Q-A
M30802MC-XXXGP 144P6Q-A
M30803MG-XXXFP 256K bytes 20K bytes 100P6S-A
M30803MG-XXXGP 100P6Q-A
M30805MG-XXXGP 144P6Q-A
M30800FCFP 128K bytes 10K bytes 100P6S-A Flash memory version
M30800FCGP 100P6Q-A
M30802FCGP 144P6Q-A
M30803FGFP 256K bytes 20K bytes 100P6S-A
M30803FGGP 100P6Q-A
M30805FGGP 144P6Q-A
M30800SFP™ — 10K bytes 100P6S-A External ROM version
M3OSOOSGF’* 100P6Q-A
M30802SGP 144P6Q-A
M30803SFP * 24K bytes 100P6S-A
MSOSOSSGF’* 100P6Q-A
M30805SGP 144P6Q-A

*
MSOSOOSFP_BL* - 10K bytes 1oopes-A External ROM version
M30800SGP-BL 100P6Q-A with built-in boot loader
M30802SGP-BL" 144P6Q-A
M30803SFP-BL™ [ 24K bytes 100P6S-A
M30803SGP-BL* 100P6Q-A
M30805SGP-BL™* 144P6Q-A

*

: New ﬁroduct
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Mitsubishi Microcomputers

M16C/80 group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MC - XXXGP - BL

—D Boot loader

Package type:
FP :Package 100P6S-A
GP :Package 100P6Q-A, 144P6Q-A

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

ROM capacity:
C : 128K hytes
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 1.1.6. Type No., memory size, and package
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Mitsubishi Microcomputers

M16C/80 group
Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description (1)

Pin name Signal name | I/O type Function
vee, Vss E%‘:fr supply Supply 4.2 (2.7) to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.
CNVss CNVss | 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 I An “L” on this input resets the microcomputer.
XIN Clock input | These pins are provided for the main clock generating circuit. Connect
X Clock o a ceramic resonator or crystal between the XiN and the XouT pins. To
out Ock output use an externally derived clock, input it to the XIN pin and leave the
XouT pin open.
BYTE External data | This pin selects the width of an data bus in the external area 3. A 16-
bus width -bit width is selected when this input is “L”; an 8-bit width is selected
select input when this 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 | This pin is a reference voltage input for the A-D converter.
voltage input
POo to PO7 1/O port PO I/O | 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 I/
O port by setting.
Do to D7 I/0 | When set as a separate bus, these pins input and output data (Do—D7).
Ploto P17 1/0 port P1 I/O | This is an 8-bit I/O port equivalent to PO. P15 to P17 also function as
external interrupt pins as selected by software.
Ds to D15 /0 | When set as a separate bus, these pins input and output data (De-D1s).
P20 to P27 1/0 port P2 110 This is an 8-bit /0O port equivalent to PO.
Ao to A7 O These pins output 8 low-order address bits (Ao—A7).
Ao/Do to /0 | If a multiplexed bus is set, these pins input and output data (Do-D7)
A7/D7 and output 8 low-order address bits (Ao—A7) separated in time by
multiplexing.
P30 to P37 1/0 port P3 /0 | This is an 8-bit I/O port equivalent to PO.
As to A15 (0] These pins output 8 middle-order address bits (A8—A15).
As/Ds to 1/0 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 (As—A15) separated in time by multiplexing.
MAO to MA7 e} 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 group

Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

10

Pin Description (2)

Pin name Signal name | I/O type Function

P4o to P47 I/O port P4 110 This is an 8-bit I/O port equivalent to PO.

A16 to A22, (0] These pins output 8 high-order address bits (A16—A22, A23). Highest

A23 address bit (A23) outputs inversely.

CSo to CS3 o These pins output CSo0—CS3 signals. CSo—-CS3 are chip select
signals used to specify an access space.

MAS to MA12 e} If accessing to DRAM area, these pins output row address and
column address separated in time by multiplexing.

P50 to P57 I/O port P5 /O 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, 0 Output WRL, WRH (WR and BHE), RD, BCLK, HLDA, and ALE

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

RD, o software control.

BCLK, O B WRL, WRH, and RD selected

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

HOLD, I 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, o] H WR, BHE, and RD selected L

RDY | 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-bit 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 an “L”
level. ALE is used to latch the address. While the input level of the
RDY pin is “L", the bus of microcomputer is in the wait state.

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

CASL, (0] CASL and CASH show timing when latching to line address. When

CASH, (0] CASL accesses to even address, and CASH to odd, these two pins

RAS 0] become “L". RAS signal shows timing when latching to row address.

P60 to P67 I/0 port P6 /O This is an 8-bit I/O port equivalent to PO. When set for input in single
chip mode, microprocessor mode and memory expansion mode the
user can specify in units of four bits via software whether or not they
are tied to a pull-up resistance. Pins in this port also function as
UARTO and UART1 /O pins as selected by software.

P70to P77 I/O port P7 1/0 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 UART?2 /O pins as selected by software.

P8o to P84, I/0O port P8 11O P8o to P84, P86, and P87 are I/O ports with the same functions as P6.

P8s, I/0 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, 1o using software to function as the I/O pins for a sub clock generation

P85 /O port P85 I 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 I/0 This is an 8-bit I/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.

P100 to P107 | I/O port P10 I/O 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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Pin Description (3)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin name Signal name 1/O type Function
P1loto P114 | 1/O port P11 /O This is an 5-bit I/O port equivalent to P6.
(Note)

P120to P127 | 1/O port P12 /O This is an 8-bit I/0 port equivalent to P6.
(Note)
P130to P137 | 1/O port P13 /O This is an 8-bit I/O port equivalent to P6.
(Note)
P140to P146 | 1/O port P14 /0 This is an 7-bit I/O port equivalent to P6.
(Note)
P150 to P157 | 1/O port P15 /O This is an 8-bit I/O port equivalent to P6.

(Note)

Note : Port P11 to P15 exist in 144-pin version.

RENESAS
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Mitsubishi Microcomputers

M16C/80 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 M30800MC-XXXFP,
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 M30800MC-XXXFP, 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 FFFFDB16. 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 M30800MC-XXXFP, 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
154 FFFEOO16
00040016 1
1
Internal RAM !
area J
' Special page
XXXXXX16
/ vector table
. . Internal reserved B
<100-pin version> area (Note 1) f
Type No Address | Address 00800016 K
ype No. XXXXX16 | YYYYY16 N R
M30800MC/FC| 002BFF16 | FE000016 External area / FFFFDC16E” Undefined instruction 3
1 E =
M30803MG/FG| 0053FF16 | FC000016 . E Oyerflowl 3
:’ E BRK instruction E
<144-pin version> F0000016 Internal reserved ,' f Address match f
area (Note 2) I E =
Address Address E - =
Type No. XXXXX16 | YYYYY16 YYYYYY16 / £ Watchdog timer 3
M30802MC/FC| 002BEF16 | FE000016 Internal ROM |/ g NV :
M30805MG/FG | 0053FF16 | FCO00016 area 5 Reset E
308025 prv— FFFFFF16 | | . FFFFFF16 E 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 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. Eight of these registers (RO, R1, R2, R3, A0, A1,
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
e 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
DMAL1
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

RENESAS 13
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Mitsubishi Microcomputers

M16C/80 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 (A0 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.

14 RENESAS
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Mitsubishi Microcomputers

M16C/80 group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(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 (DMD0/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 (DSAO/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.

RENESAS 15
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Mitsubishi Microcomputers

M16C/80 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 8to 11: Reserved area
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Mitsubishi Microcomputers

M16C/80 group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

* 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 bo
IPL | . [v]1]ofB]|s|[z|p|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)
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Reset

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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.

4.2V

5V
Vce
ov
RESET Vcc 5V
w RESET

1 Ll
& ov

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

Figure 1.4.1. Example reset circuit

xS A U A A
—- ™ More than 20 cycles are needed

Microprocessor
mode BYTE = “H”

RESET BCLK 24cycles

-
BCLK  wromemmmmmmrgremeeeeaes \ .
Content of refet vector

Address FFFFCis | FFFFDis | FFFFE1s )

RD [ 1 [ ] I
WR

CS0 K
Microprocessor

mode BpYTE R Content of reset vector

Address FFFFCio | FFFFEs \ f
RD

WR

CSo {

Single chip FFFFCi16 Content of reset vector

mode
Address =TI D G

Figure 1.4.2. Reset sequence
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Mitsubishi Microcomputers

M16C/80 group

Reset 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
tporloaing) | KPS The cuput e LLOA ot (T ot e

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)
ESGPIZB$%)E;OPF;I.%4 Input port (floating) Input port (floating) Input port (floating)
Eﬂ Eig'(ﬁﬁi&) Input port (floating) Input port (floating) Input port (floating)

Note :Port P11 to P15 exist in 144-pin vrsion.
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Mitsubishi Microcomputers

M16C/80 group

Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Processor mode register O (Notel) ~ (000416)--[ 8016 |  (30)Timer B3 interrupt control register (©07816)-- D 2] 0] 0] 0]
(2) Processor mode register 1 (000516)-[ 0016 |  (3L)INT5 interrupt control register (007A6)-- D0 0] 2] 0] o] 0]
(3) System clock control register 0 (000616)-[ 0816 |  (32)INT3interrupt control register (007C16)- [X[X
(4) System clock control register 1 (000716)-[ 2016 |  (33)INTL interrupt control register (007E16)--
(5) Wait control register (000816} FFis | (34)DMAL interrupt control register (008815)--- XD 2] 0] 0] 0]
Address match interrupt _ 35) UART2 transmit/NACK interrupt
© enable register (0009:6)--[ L] Joo[o]0] ¢ control register (008915)---
(7) Protect register (000A6)- XD Jo]o]o]  (36)DMAS interrupt control register (008A16)-[] [2[0[0]
External data bus width control T 37) UART3 transmit/NACK interrupt T 7
®) register (Note 2) (000316)"' ( )control register (008316)'"
(9) Main clock divided register (0oocss)-- D<ol 1[o]oJo]  (38)Timer Al interrupt control register (008cis)-- DX 2] o] 0] 0]
. . UART4 receive/NACK interrupt —
(10) Watchdog timer control register (000F16)--[0] 0] 0] ?[ ?[?]?][?] (B9 control register (008D1s)-- X< 2] 0] 0] 0]
(11) Address match interrupt register 0 (001016)--- (40) Timer A3 interrupt control register (008E16)---
Bus collision detection(UART2) T
(001115)'" (41) interrupt control register (008F1s)-- D 2] 0] o] 0]
(001216)... (42) UARTO transmit interrupt control register (009016)-- nmﬂ
. . 43 Bus collision detection(UART4)
(12) Address match interrupt register 1~ (001416)-- 0016 | (*inerrupt control register 009116)-- [P 2] 0] o] 0]
(001515)... (44) UARTL transmit interrupt control register  (009216)--- DD 2] o] o] 0]
(001516)... (45) Key input interrupt control register (009316)-- Kﬂmﬂ
(13) Address match interrupt register 2 (001816)-[ 0016 |  (46)Timer BO interrupt control register (009416)- XPP<] 2] 0] 0] 0]
(001916)--- (47) Timer B2 interrupt control register 009616)-- D ?[ 0] 0] 0]
(001A16)-- (48) Timer B4 interrupt control register (009816)-+- Emm
(14) Address match interrupt register 3 (001(:16)... (49) INT4 interrupt control register (009A16)---
(001D16)-- (50) INT2 interrupt control register (009C16)-- Emmnm
(001E16)- (51) INTO interrupt control register (009516)...
(15)DMAM control register (004016)--[2 XX 2[?[?]2] (B2 Exit priority register (009F16)-- XPXP<J<J0 o] 0]0]
(16)DMAO interrupt control register (006816)- - (83) XY control register (02e016)-- XD 0] 0]
(17) Timer B5 interrupt control register (006915)--- (54) UART4 special mode register 3 (02F516)---
(18) DMA2 interrupt control register (006A16)-- _ (55) UART4 special mode register 2 (02F616)---
(19) :Jeg:_\;:;azr receive/ACK interrupt control (gog16)... X< <[?[0[0]0]  (56)UART4 special mode register (2F716)-[ 001 |
(20) Timer AO interrupt control register (006015)---_ (57) UART4 transmit/receive mode register (02|:316)...
(21) UARTS receive/ACK interrupt control 006D1s)-- DA (58) UARTA4 transmitireceive control register 0 (02rCe)--[ 081 |
register /
(22) Timer A2 interrupt control register ~ (006E1s)---|) (59) UART4 transmitireceive control register 1 (02Fpsg)..[ 0216 |
(23) ;gz_‘{; receive/ACK interrupt control ©0sF1s)- DD 2[0]0] 0] (60) Timer B3,4,5 count start flag ©30016)-[ 0 0] o DDA
(24) Timer A4 interrupt control register  (007016)---D{XX[X[ ?[0]0]0] ~ (61) Three-phase PWM control register O (030816)---
Bus collision detection(UART3) DT ?[0]o]o] (62 Three-phase PWM control register 1 030916)--[0]0[0]0[?]0]0]0]
(25)interrupt control register ©o7116)- PP ?[0]ofo]  (62) P 9 ( )--[0]o[o]o[?]o[o[0]
26) té,;z'tléor receive interrupt control ©07216)-- D ?[0]0]o] ~ (63) Three-phase output buffer register 0 (030A16)---
I
A-D conversion interrupt (64) Three-phase output buffer register 1
27 5 Y TN 030B16
( )control register (007315)”' ( 1) 0016
ive i 65) Timer B3 mode register
(28) UARTL receive interrupt control 007416 m ( g (031B16)-- _
register (007416)-- PP 2 0] 0] o] [o[o[>[]o[o[0[o]
(29) Timer B1 interrupt control register (007615)--~ (66) Timer B4 mode register (031C16)- mm-mnmn
(67) Timer B5 mode register (031D16)--- mmﬂmmn
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 1: When the Vcc level is applied to the CNVSs pin, it is 0316 at a reset.
Note 2: When the BYTE pin is "L", the third bit is "1". When the BYTE pin is "H", the third bit is "0".

Figure 1.4.3. Device's internal status after areset is cleared
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Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(68) Interrupt cause select register

(69) UART3 special mode register 3

(70) UART3 special mode register 2

(71) UART3 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) UARTZ 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) UART1 transmit/receive control register 0
(99) UART1 transmit/receive control register 1

(100) UART transmit/receive control register 2

(101) Flash memory control register 1 (Note 1)
(102) Flash memory control register O (Note 1)
(103) DMAO cause select register

(104) DMAL1 cause select register

(105) DMAZ2 cause select register

(106) DMAS3 cause select register

(107) A-D control register 2

(108) A-D control register 0

(109) A-D control register 1

(110) D-A control register

(111) Function select register C

must therefore be set.

Note 2:This register exists in 144-pin version.

(031F16)--
(032516)---
(032616)--
(032716) -
(032816)---
(032Czs6)-+-
(032D16)-+-
(033516)--
(033616)--
(033716)-
(033816)--
(033C16)--
(033D16)-+
(034016)---
(034116)---
(034216)--
(034316)---
(034416)---
(035616)---
(035716)---
(035816)---
(035916)---
(035A16)-+
(035B16)--+
(035C16)--
(035D16)--
(036016)--
(036416)--
(036516)--
(036816)--
(036Ca16)-+

(036D16)--

(037016)

(037616)--| ?

(037716)--

(037816)
(037916)
(037A16)

(037B16)

(039416)---

(039616)

(039716)--

(039C16)--

(03AF16)

Note 1:This register exists in the flash memory version.

] ofo]o]o[0]
0016

0016
0016

0016

0816

0216

[ OB

0016

0016

0016
[o[To[1]o]0]

0216

0016
DODDDDIA

0016

0016

0016

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

0016

0816

0216

0016

0816

0216

.
~-[Jofo[o]o[o[0]

BN
o]
lo]
lo]
o]
lo]
]

~[o]]o[ofo]o[0]
~[0[Jo]o]o[o0]
~[o]JoJofo]o[0]
~[o]Jo]o]o[0]

1]

~-[0]ofoo[o]?[?[>

0016

=] [=] [2] [2]
o] [
B
B

5l [5] [of o

0016

T
= DPDDPIA0]

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

(112) Function select register A0
(113) Function select register Al
(114) Function select register BO
(115) Function select register B1
(116) Function select register A2
(117) Function select register A3
(118) Function select register B2
(119) Function select register B3
(120) Port P6 direction register
(121) Port P7 direction register
(122) Port P8 direction register
(123) Port P9 direction register

(124) Port P10 direction register

(125) port P11 direction register (Note 2)
(126) port P12 direction register (Note 2)
(127) port P13 direction register (Note 2)
(128) port P14 direction register (Note 2)

(129) port P15 direction register (Note 2)

(130) Pull-up control register 2

(131) Pull-up control register 3 (Note 2)
(132 Pull-up control register 4 (Note 2)
(133) Port PO direction register

(132) Port P1 direction register

(135) Port P2 direction register

(136) Port P3 direction register

(137) Port P4 direction register

(138) Port P5 direction register

(139) Pull-up control register 0

(140) Pull-up control register 1

(141) Port control register

(142) Data registers (RO/R1/R2/R3)
(143) Address registers (A0/A1)

(144) Static base register (SB)

(145) Frame base register (FB)

(146) Interrupt table register (INTB)
(147) User stack pointer (USP)

(148) Interrupt stack pointer (ISP)

(149) Flag register (FLG)

(150) DMA mode register (DMDO/DMD1)

(03B016)-+
(03B116)-
(03B216)--
(03B316)-
(03B416)-+
(03B516):-+
(03B616)-
(03B716)--
(03C216)-+
(03C316)-
(03C616)-
(03C716)--
(03CAu16)--
(03CB16)--
(0O3CEz16)-
(03CF1s)--
(03D216)--[pJ 0] 0] 0] 0] 0] O]
(03D316)+
(03DAu16)-+
(03DB16)-+
(03DCu1s):+
(03E216)-+
(03E316)--
(0O3E616)-+
(03E716)
(03EA16)--
(0O3EBu16)---
(03FO016)--
(03F116)--

(03FF16)---

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

(152) DMA transfer count reload register

(DRCO/DRC1)

(153) DMA memory address register (DMAO/DMA1)

(154) DMA SFR address register (DSA0/DSA1)

(155) DMA memory address reload register

(DRAO/DRA1)

x : Nothing is mapped to this bit

? : Undefined

[Jo[o[o] o]
X X
7
[JoJo[o]o]o]o]
NN %
LLDIDDIDA
DT0fo]o]
LLDDDD0]
0016
TN T
R R
S0l
10X

0016

B'lIX
=] (=] [2]

0016

[o[To[o]o[o]

0016

0016

T
X

0016

0016

4]

0016

0016

0016

X016

0016

0016

0016

0016

0016

0016

0016

X016

SN TN T
D B B

000016

00000016

00000016

00000016

00000016

00000016

00000016

000016

0016

)
)

)
D

>
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)
)

. o |- . .
) NEE . .

Figure 1.4.4. Device's internal status after areset is cleared
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Mitsubishi Microcomputers

M16C/80 group

SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

000016 006016
000116 006116
000216 006216
000316 006316
000416 | Processor mode register 0 (PMO0) 006416
000516 | Processor mode register 1(PM1) 006516
000616 | System clock control register 0 (CMO0) 006616
000716 | System clock control register 1 (CM1) 006716
ooos1s | 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 (DM11C)
000816 | External data bus width control 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)
000F1s | 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(UARTA3) 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) 007D16
001E16 007E1s | 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)
002C1s 008C1s | Timer Al interrupt control register (TALIC)
002D16 008D16 | ART4 transmit/NACK interrupt control register (S4TIC)
002E16 008E16 | 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 | gys collision detection(UARTA) interrupt control register (BCN4IC)
003216 | Expansion area set register 0 (EXAQ) * 009216 | UART1 transmit interrupt control register (S1TIC)
003316 | Expansion area set register 1 (EXAL) x 009316 | Key input interrupt control register (KUPIC)
003416 | Expansion area set register 2 (EXA2) * 009418 | 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 009818 | Timer B4 interrupt control register (TB4IC)
003916 009916
003A16 009A16 | INT4 interrupt control register (INT4IC)
003B16 009B16
003C1s 009C16 | INT2 interrupt control register (INT2IC)
003D16 009D16
003E16 009E1s | INTO interrupt control register (INTOIC)
003F1s 009F1s | Exit priority register (RLVL)
004016 | DRAM control register (DRAMCONT) 00A016
004116 | HRAM refresh 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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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

02CO016
02C116
02C216
02C316
02C416
02C516
02C616
02C716
02C816
02C916
02CA16
02CB16
02CC1e
02CD16
02CE1s
02CF16
02D016
02D116
02D216
02D316
02D416
02D516
02D616
02D716
02D816
02D916
02DA1s
02DB16
02DC16
02DD1e
02DE16
02DF16
02E016
02El16
02E216
02E316
02E416
02E516
02E616
02E716
02E816
02E916
02EA16
02EB16
02EC1s6
02ED16
02EE16
02EF16
02F016
02F116
02F216
02F316
02F416
02F516
02F616
02F716
02F816
02F916
02FA16
02FB16
02FC16
02FD16
02FE16
02FF16

XO register (XOR) YO register (YOR)

X1 register (X1R) Y1 register (Y1R)

X2 register (X2R) Y2 register (Y2R)

X3 register (X3R) Y3 register (Y3R)

X4 register (X4R) Y4 register (Y4R)

X5 register (X5R) Y5 register (Y5R)

X6 register (X6R) Y6 register (Y6R)

X7 register (X7R) Y7 register (Y7R)

X8 register (X8R) Y8 register (Y8R)

X9 register (X9R) Y9 register (Y9R)

X10 register (X10R) Y10 register (Y10R)

X11 register (X11R) Y11 register (Y11R)

X12 register (X12R) Y12 register (Y12R)

X13 register (X13R) Y13 register (Y13R)

X14 register (X14R) Y14 register (Y14R)

X15 register (X15R) Y15 register (Y15R)

XY control register (XYC)

UART4 special mode register 3 (U4SMR3)

UART4 special mode register 2 (U4SMR2)

UART4 special mode register (U4SMR)

UART4 transmit/receive mode register (U4MR)

UART4 bit rate generator (U4BRG)

UART4 transmit buffer register (U4TB)

UART4 transmit/receive control register 0 (U4C0)

UART4 transmit/receive control register 1 (U4C1)

UART4 receive buffer register (U4RB)

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

030016
030116
030216
030316
030416
030516
030616
030716
030816
030916
030A16
030B16
030C16
030D16
030E16
030F16
031016
031116
031216
031316
031416
031516
031616
031716
031816
031916
031A16
031B16
031Ci6
031D16
031E16
031F16
032016
032116
032216
032316
032416
032516
032616
032716
032816
032916
032A16
032B16
032C16
032D16
032E16
032F16
033016
033116
033216
033316
033416
033516
033616
033716
033816
033916
033A16
033B16
033C16
033D16
033E16
033F16

Timer B3, 4, 5 count start flag (TBSR)

Timer Al-1 register (TA11)

Timer A2-1 register (TA21)

Timer A4-1 register (TA41)

Three-phase PWM control register O(INVCO)

Three-phase PWM control register 1(INVC1)

Thrree-phase output buffer register 0(IDB0)

Thrree-phase output buffer register 1(IDB1)

Dead time timer(DTT)

Timer B2 interrupt occurrence frequency set counter(ICTB2)

Timer B3 register (TB3)

Timer B4 register (TB4)

Timer B5 register (TB5)

Timer B3 mode register (TB3MR)

Timer B4 mode register (TB4MR)

Timer B5 mode register (TB5MR)

Interrupt cause select register (IFSR)

UARTS3 special mode register 3 (U3SMR3)

UARTS3 special mode register 2 (U3SMR2)

UART3 special mode register (U3SMR)

UARTS3 transmit/receive mode register (U3SMR)

UART3 bit rate generator (U3BRG)

UART3 transmit buffer register (U3TB)

UARTS3 transmit/receive control register 0 (U3CO0)

UARTS3 transmit/receive control register 1 (U3C1)

UARTS3 receive buffer register (U3RB)

UART2 special mode register 3 (U2SMR3)

UART?2 special mode register 2 (U2SMR2)

UART?2 special mode register (U2SMR)

UART?2 transmit/receive mode register (U2MR)

UART2 bit rate generator (U2BRG)

UART2 transmit buffer register (U2TB)

UART2 transmit/receive control register 0 (U2C0)

UART2 transmit/receive control register 1 (U2C1)

UART2 receive buffer register (U2RB)

Figure 1.5.2. Location of peripheral unit control registers (2)
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M16C/80 group

SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

034016 | Count start flag (TABSR) 038016 | i
034116 | Clock prescaler reset flag (CPSRF) ossus | 7D register 0 (ADO)
034216 Or_1e—shot start flag (ONSF) 038216 [ "1 register 1 (AD1)
034316 | Trigger select register (TRGSR) 038316
034416 | Up-down flag (UDF) 038415 | A_D register 2 (AD2)
034516 038516
gziiz Timer AO register (TAQ) gz:i: A-D register 3 (AD3)
gz:giz Timer Al register (TA1) 222312 A-D register 4 (AD4)
gzigiz Timer A2 register (TA2) gzz;: A-D register 5 (ADS)
giigiz Timer A3 register (TA3) gz:(;: A-D register 6 (AD6)
gzii: Timer A4 register (TA4) gz:i: A-D register 7 (AD7)
035016 039016
035116 | TIMer BO register (TBO) 039116
035216 | _. . 039216
0353 | TiMer Bl register (TB1) 039315
gzz:iz Timer B2 register (TB2) 2’;‘2‘;2 A-D control register 2 (ADCONZ2)
035616 | Timer AO mode register (TAOMR) 039616 | A-D control register 0 (ADCONO)
035716 | Timer A1 mode register (TAIMR) 039716 | A-D control register 1 (ADCON1)
035816 | Timer A2 mode register (TA2MR) 039816 | D-A register 0 (DAO)
035916 | Timer A3 mode register (TASMR) 039916
035A16 | Timer A4 mode register (TA4MR) 03%A1s | D-A register 1 (DA1)
035816 | Timer BO mode register (TBOMR) 039B16
035C16 | Timer B1 mode register (TBIMR) 039C1s | 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 X X 03A216
036315 | YARTO transmit buffer register (UOTB) 03A315
036416 | UARTO transmit/receive control register 0 (UOCO) 03A416
036516 | UARTO transmit/receive control register 1 (UOC1) 03A516
036616 . . 03A616
036715 | YARTO receive buffer register (UORB) 03A715
036816 | UARTA transmit/receive mode register (U1IMR) 03A816
036916 | UART1 bit rate generator (U1BRG) 03A916
036A16 . . 03AA16
036B16 | YART1L transmit buffer register (U1TB) 03AB16
036C16 | UART1 transmit/receive control register 0 (U1CO) 03AC16
036D16 | UART1 transmit/receive control register 1 (U1C1) 03AD16
036E16 . . 03AE16
o3er1s | YARTL receive buffer register (U1RB) 03AFis | Function select register C(PSC)
037016 | UART transmit/receive control register 2 (UCONZ2) 03B016 | Function select register AO (PS0)
037116 03Bl16 | Function select register Al (PS1)
037216 03B216 | Function select register BO (PSL0)
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 | DMAL1 request cause select register (DM1SL) 03B916
037A16 | DMA2 request cause select register (DM2SL) 03BA16
037B1s | DMA3 request cause select register (DM3SL) 03BB16
037C16 X 03BC16
037016 | CRC data register (CRCD) 03BD1s
037e16 | 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)

24 RENESAS

RenesasTechnology Corp.



SFR

Mitsubishi Microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
e

03C016
03Cl16
03C216
03C316
03C416
03Cb16
03C616
03C716
03C816
03C916
03CA16
03CB16
03CCu1s
03CD1s
03CEz16
03CF16
03D016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DCu1s
03DD1s
03DE1s
03DF16
03EO16

03E1l1e

03E216

03E316

03E416

03E516

03E616

03E716

03E816

03E916

03EA16
03EB16
03EC16
03ED16
03EE16
03EF16
03F016

03F116

03F216

03F316

03FC1s
03FD16
03FE16
03FF16

<100-pin version>

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 P10 direction register (PD10)

Pull-up control register 2 (PUR2)

Pull-up control register 3 (PUR3)

Port PO (P0O)

Port P1 (P1)

Port PO direction register (PDQ)

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)

Note 1:

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

<144-pin version>

03CO016
03C116
03C216
03C316
03C416
03Cb516
03C616
03C716
03C816
03C916
03CA16
03CB16
03CCu1e
03CD16
03CE16
03CF16
03DO016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03E016

03El16

03E216

03E316

03E416

03E516

03E616

03E716

03E816

03E916

03EA16
03EB16
03EC16
03ED16
03EE16
03EF16
03F016

03F116

03F216

03F316

03FC1e
03FD16
03FEz1s
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 (P0)

Port P1 (P1)

Port PO direction register (PDO0)

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)

A

«

Y

Port control register (PCR)

Addresses 03C916, 03CB16 to 03D316 area is for future plan.

Must set "FF16" to address 03CB16, 03CEz16, 03CF16, 03D216, 03D316 at initial setting.

Note 2: - Address 03DCu1s area is for future plan. Must set "0016" to address 03DCi1s at initial setting.

Figure 1.5.4. Location of peripheral unit control registers (4)
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Mitsubishi Microcomputers

M16C/80 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 Vss to CNVSss 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 Vcc 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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Mitsubishi Microcomputers

M16C/80 group
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
L{of [ ||| ] ] Pwo 000416 8015 (Note 2)
vor v [ Bitsymbol Bit name Function RIW
R - b1 b0 i
T PMO0O Processor mode bit 0 0: Single-chip mode 0.0
Voo (Note 8) 0 1: Memory expansion mode |
Coror 1 0: Inhibited |
E E . E E E REEEE PMO1 1 1: Microprocessor mode OEO
T PM02 R/W mode select bit 0:RD,BHEWR O:O
A (Note 7) 1: RD,WRH,WRL }
N PMO03 Software reset bit The device is reset when this bit is set to “1. OEO
po E vt The value of this bit is “0” when read. !
PM04 - b5 be !
e Mlilltlrilg?;e(’i\l btussspace 0 0 : Multiplexed bus is not used 0] ! 0
b ' select bit (Note 3) 01: Allocated to CS2 space ;
o PMO5 10: Allocated to CS1 space !
b bommmmmmmmmmmmmmy 11: Allocated to entire space (Note4) o ! o
Do temmmmmmmm e 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 00
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: CS0 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 (CMO01) of system clock control register 0 (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 controller, set this bit to "1".

Note 8: Do not set the processor mode bits and other bits simultaneously when setting the processor mode
bits to “012" or “112". Set the other bits first, and then change the processor mode bits.

Figure 1.6.1. Processor mode register 0
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Processor mode register 1 (Note 1) :Mask ROM version
ROMless version (144-pin version)

11 : Mode 3 (Note 2)
(P44 to P47 : CS3 to CS0)

....... PM12 Internal memory wait bit 0 : No wait state
1 : Wait state inserted

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

| | | | | 0 | | | | PM1 000516 0016
Bit symbol Bit name Function R'W
-, b1 bo —
Voo PM10 External memory area [0 0: Mode 0 (P44 to P47 : A20 to A23)
Lo mode bit (Note 3) 01: Mode 1 (P44 : Ao,
T P45 to P47 : CS2 to CS0)
oo 10: Mode 2 (P44, P45 : A0, A21, 00
o T PM11 P4s, P47 : CS1, CS0)

Py Reserved bit Must always be set to “0” -0
' PM14 i i b5 b4 |
b e ALE pin select bit (Note 3) 00 No ALE o:o
H 0 1: P53/BCLK (Note 4) .
e PM15 10: P56/RAS 00

11:P54/HLDA |

S

-------------------- Nothing is assinged. When read, the content is indeterminate. — -

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".

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

mode bit (Note 3) 01:Mode 1 (P44 : A2o0,

P45 to P47 : CS2 to CSO0)

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | | |o| | | | PM1 000516 0016
Bit symbol Bit name Function R'W
VoL b1 bo - |
‘ PM10 External memory area 00 : Mode O (P44 to P47 : A20 to A23)

10: Mode 2 (P4a, P45 : A20, A21, 00
P4s, P47 : CS1, CS0) !

REREE PM11

11: Mode 3 (Note 2)
(P44 to P47 : CS3 to CS0)

_______ PM12 Internal memory wait bit | 0 : No wait state
1 : Wait state inserted

Pt Reserved bit Must always be set to “0” -0
D] PM14 ALE pin select bit (Note 3) *65 g“_ No ALE 00
i 01 : P53/BCLK (Note 4) j
e PM15 10: P56/RAS 00

11:P54/HLDA |

i

____________________ Reserved bit Must always be set to “1” (Note 5) 00

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".
Note 5: Rewrite this bit when the main clock is in division by 8 mode.

Figure 1.6.2. Processor mode register 1
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Processor Mode
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Figure 1.6.3. Memory maps in each processor mode
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Bus Settings
The BYTE pin, bit O to 3 of the external data bus width control register (address 000Bz16), bits 4 and 5 of the
processor mode register O (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 P1is
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 Ao 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 regardless of whether
you select “No wait” or “1 wait’ in the appropriate bit of the wait control register.
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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 DS b4 b3 b2 bl b0 Symbol Address When reset
SO 1] o8 00081 Xx000K0002
Bit symbol Bit name Function RIW
¢+ 4 1] DSO External area O data bus | 0 : 8 bits data bus width 00
. width bit 1 : 16 bits data bus width ;
A External area 1 databus | 0 : 8 bits data bus width |
' ' ' ' 1 1 oo DS1 . 8 i
Pl width bit 1: 16 bits data bus width 0.0
- Vo DS2 External area 2 data bus 0 : 8 bits data bus width OEO
e width bit 1 : 16 bits data bus width !
oo DS3 External area 3 data bus | O : 8 bits data bus width OiO
v Tttt 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, <CSl area> <CSl1 area> <CSl1 area>
g 8| wicro r{)cegsor mode 00800016 to | gogooOI6to | 00800016 to 10000016 to
X P 1FFFFF1e 1FFFFF16 1FFFFF16 1FFFFF16
t'—tS — . < > .
5 © | Memory expansion mode, | 20000016 to S00000n 1o | Noareais 56000019 10
+— o 1
X < | Microprocessor mode 3FFFFF16 3EEEEE1s selected. SEEFEF16
© .
= % Memory expansion mode, 40000016 to | <DRAMC area>| <DRAMC area>| <CS3 area>
Lo Microprocessor mode BFFFFF16 40000016 to 40000016 to C0000016 to
hiG (Note 1) BFFFFF16 BFFFFF16 CFFFFF16
0000016 ¢ <CSO0 area> <CSO0 area> <CSO0 area>
. 16 to
g Y exp EFFFFF16 EFFFFF16 EFFFFF16 EFFFFF16
Qo
X <CS0 area> <CS0 area> <CS0 area>
W | Microprocessor mode nggggllf 00 | E0000016 to C0000016 to F0000016 to
16 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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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 : Al spacebrlTéJItlplexed
separate bus
Data bus width All external | Some external| All external | Some external | All external | Some external
BYTE pin level area is 8 bits | area is 16 bits | area is 8 bits | areais 16 bits | areais 8 bits | area is 16 bits
PO0o to P07 1/0 port Data bus Data bus Data bus Data bus 1/O port 1/0 port
Ploto P17 1/O port 1/0 port Data bus 1/O port Data bus I/O port I/O 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/Oport | CS (chip select) or address bus (A20 to A22)
(For details, refer to “Bus control”) (Note 5)
P47 /O port | CS (chip select) or address bus (A23)
(For details, refer to “Bus control”) (Note 5)
P50 to P53 1/0 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)
P55 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 pinis “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 p—
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
0 E0000016 to (2016 Kbytes) (2 Mbytes) (A20)
S Microprocessor mode FFFFFF16
e (2 Mbytes)
kS C0000016 to
S Memory expansion mode EFFFFF16
§. yexp (3 Mbytes) 00800016 to
0| 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 €0000016 to
Mode 3 F0000016 to IFPPFFLs 2FFEPF10 P
Microprocessor mode FEFFFF16 (1 Mbytes) (1 Mbytes) (1 Mbytes)
(1 Mbytes)
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The chip select signal turns “L” (active) in synchronize with the address bus. However, its turning “H”
depends on the area accessed in the next cycle. Figure 1.7.2 shows the output examples of the address
bus and chip select signals.

(Example 1) After accessing the external area, the address bus and chip (Example 2) After accessing the external area, only the chip select signal

select signal both are changed in the next cycle. is changed in the next cycle. (The address bus does not
change.)
The following example shows the other chip select signal accessing
area (j) in the cycle after having accessed external area (i). In this The following example shows the CPU accesses the internal
case, the address bus and chip select signal both change between the ROM/RAM area in the cycle after having accessed external
two cycles. area. In this case, the chip select signal changes between the

two cycles but the address bus does not.

Access to Access to
external  external
area (i) ~ area(j)

; e 3 -

Data bus /—L\
54.—.5 Data @ Data bus | — Data ) i

Address bus ; :
' AddressX ! Address bus ! Address! :

Chip select : : ; ) : :
(Csi) ! Chip select :

Chip select ! : : : ‘
(Csj) —]_ ! : ! !

(Example 3) After accessing the external area, only the address bus is (Example 4) After accessing the external area, the address bus and chip
changed in the next cycle. (The chip select signal does not select signal both are not changed in the next cycle.
change.)

The following example shows CPU does not access any
The following example shows the same chip select signal area in the cycle after having accessed external area (no
accessing area (i) in the cycle after having accessed instruction pre-fetch is occurred). In this case, the address
external area (i). In this case, the address bus changes bus and the chip select signal do not change between the
between the two cycles, but the chip select signal does not. two cycles.
Access to Access to Access to
external  external external
‘ : area (i) |area 0] . , , area . No access
: - : -
Data bus o ‘ S (A '
: : g ata bus i \ /
Address bus AddressX Address bus | Address

Chip select
(s

Chip select

Note: These examples show the address bus and chip select signal for two consecutive cycles.
By combining these examples, chip select signal can be extended beyond two cycles.

Figure 1.7.2. Example of address bus and chip select signal outputs (Separate bus)
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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

RH 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 A0 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
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(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 X Data (Note 1) >< Do/Ao to D15/A15 >< Address >< Data (Note 1) ><
A8 to A15 >< Address ><
A16 to A19 >< Address (Note 2) >< Al6to 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 1.7.3. 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 1.7.4 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)

Item 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

2nd cycle

se /[ [ X [\ [\

3rd cycle 4th cycle

RD _—\ | |
: >
_ (Note) : }'f '}Pr
CSi ! \ ! !
(i=0to 3) } 7 } ‘
RDY | | A |
tsu(RDY - BCLK)
RDY received timing
Multiplexed bus (2 wait)
1st cycle 2nd cycle 3rd cycle 4th cycle

(i=0 1o 3)

RDY i

%’f{? : Wait using software

(i=1to3)

@ : wait using RDY signal

RDY signal received timing for i wait(s): i+ 1 cycles

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

5| tsu(RDY - BCLK)

*

RDY received timing

Figure 1.7.4. Example of RD signal extended by RDY signal
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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 1.7.5. Example of RD signal extended by RDY signal

Table 1.7.8. Microcomputer status in hold state

Iltem 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
P11, P12, P13, P14, P15 (Note)

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

Note: Ports P11 to P15 exist in 144-pin version.

(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 O (address 000616 :CM01, CM00). Setting PM07 to “0” and
CMO01 and CMO0O to “00” outputs the BCLK signal from P53. However, in single chip mode, BCLK signal
is not output. When setting PMO07 to “1”, the function is as set by CM01 and CMOQO.
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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 control register (address 000816). Figure 1.7.6 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 1.7.7 and 1.7.8 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
WCR 000816 FF16
Bit symbol Bit name Function RIW
% hi bl b0 !
WCRO External area 0 wait bit 0 0: Without wait o)fe
0 1: With 1 wait !
WCR1 1 0: With 2 wait |
1 1: With 3 wait OEO
i b3 b2 |
WCR2 External area 1 wait bit 0 0- Without wait 00
0 1: With 1 wait
WCR 1 0: With 2 wait 00
1 1: With 3 wait !
WCR4 b5b4 _ |
External area 2 wait bit 0 0: Without wait (ONe)
0 1: With 1 wait 1
WCR5 1 0: With 2 wait 00
1 1: With 3 wait !
WCRS6 b7 b6 |
External area 3 wait bit 0 0: Without wait 00
0 1: With 1 wait ;
WCR7 1 0: With 2 wait !
1 1: With 3 wait 0,0
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 1.7.6. 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 - _ - 2 BCLK cycles
Internal _ 0 - 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 .
102 3 BCLK cycles
112 4 BCLK cycles
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< Separate bus (no wait) >

Bus cycle (Note)

-
- >

Bus cycle (Note)

S

-
-<

>

BCLK |

Write signal
Read signal

Address bus (Note 2)

>< Address X

XAddressX

A

Chip select (Note 2,3)

< Separate bus (with wait) >

Bus cycle (Note)

Bus cycle (Note)

<

>

BCLK |

Write signal

Read signal

Data bus

——COutput >

Address bus (Note 2)

Chip select (Note 2,3)

< Separate bus with 2 wait >

X Address ><

>< Address ><

Bus cycle (Note 1)

3
>

-<
-«

Bus cycle (Note 1)

3
>

A

BCLK

Write signal

Read signal

Data bus —< Data output > { Input ¥

Address bus (Note 2) <

Address X

Address

—

Chip select (Note 2,3) |

bus cycle.

continuously.

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

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

Figure 1.7.7. Typical bus timings using software wait
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< Separate bus (with 3 wait) >

|

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) >

i‘ Bus cycle (Note)

Bus cycle (Note)
»‘

—

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

< Multiplexed bus (with 3 wait) >

Bus cycle (Note)

=

Bus cycle (Note)

i

Address

<

Address

Data output

<Address ><

XAddress)

Input

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 1.7.8. 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

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

Microcomputer
(Built-in feedback resistance)

XIN Xout
Open
(Note)
Rd
Externally derived clock
ICIN T Cour Vee |—| |—| |_| |_
e e 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 XiN and XouT when an oscillation manufacture required.

Figure 1.8.1. Examples of main clock

Microcomputer
(Built-in feedback resistance)

Microcomputer
(Built-in feedback resistance)

XcCIN XcouTt XcIN Xcout
Open
(Note) T
Rcd
Externally derived clock
0
i Cein Ccout vee
T vee .l LI LI

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 XciNn and XcouTt when an oscillation manufacture required.

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
CML1i: Biti at address 000716
WDCi : Bit i at address 000F16

d

faD

P |>4f8|>~ f8S102
0—| >—
4|>_ 325102
y : 32

{>_ f1S102

b |c
»_ia Divider 1

y S ™)
d_J
b
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=1,2,34,6,8, 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 000C1s) 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 XIiN-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.

When the sub clock is used, set ports P86 and P87 to no pull-up resistance with the input port.

(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 PMO07 in memory expansion mode and
microprocessor mode.
When main clock is stoped or shifting to stop mode, the main clock division register (address 000C1s) 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) fcaz
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
S N N N (N I CMO 000616 0816
i ' ' ' ' ' ' ' Bit symbol Bit Function R:W,
S S : b1 00 ;
Poioibbb i by CMoo ) Clock output function 00 : I/O port P53 00
A select bit (Note 2) 0 1: fc output (Note 3) -
e CMO1 10 : fs output (Note 3) OEO
A 11 : f32 output (Note 3) !
A cMO2 WAIT peripheral function | 0 : Do not stop peripheral clock in wait OEO
oo clock stop bit mode :
o 1 : Stop peripheral clock in wait mode |
A (Note 10) |
A XcIN-Xcourt drive capacity | g - Low !
; P Tmmmmmeeeeey CMmo3 select bit (Note 4) 1:HIGH O;O
A Port Xc select bit 0: 1/0 port i
N cMo4 1 : XciN-XcouT generation (Note 11) OEO
. Main clock (XIN-XouT) 0:0n 1
R CMO05 ’ |
Vo stop bit (Note 5, 6) 1: Off (Note 7) O:O
E - Watchdog timer function 0 : Watchdog timer interrupt
vooTTTTTT T CMo6 select bit 1:Reset (Note 8) O:O
1 CcMo7 System clock select bit 0 : XIN, Xout OEO
Sommmmmmmmmmmmmmmmmee o (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 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 the power saving mode, the main clock is stopped using this bit. To stop the main
clock, set system clock stop bit (CM07) to "1" while an oscillation of sub clock is stable. Then set this
bit to "1".

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 CMO07 simultaneously. Also, to set CM07 "0" from "1", first set CM05
to "1", and an oscillation of main clock is stable. Then set CMO07.

Note 10: fc32 is not included.

Note 11: When XcIN-XcouT is used, set port P86 and P87 to no pull-up resistance with the input port.

System clock control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bO

| 0| 0| 0 | 0 | | Symbol Address  When reset
B el el Bl Bl B CM1 000716 2016
v i symbol Bit Function R:W
E ' ' ' H CM10 Al clock stop control bit 0: Clock on OEO
oo (Note 3) 1 : All clocks off (stop mode) (Note 4) |
toodeoio-ioof Reserved bit Always set to “0” 0:0
XIN-XouT drive capacity 0:LOW 1
""""""""" CM15 select bit (Note 2) 1:HIGH OEO
"""""""""""" Reserved bit Always set to “0” o (@)

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
Xcour 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. System clock control registers 0 and 1
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Main clock division register (Note 1)

b7 b6 bS5 b4 b3 b2 bl bo

| | Symbol Address When reset
NANZN L MCD 000C16 XXX010002
Bit symbol Bit name Function RW|
A : — 6463 620100 !
b T Mep | ey M St 110010 : No division mode 0.0
T 00010 : Division by 2 mode ]
. i i E E . MCD1 00011 :Division by 3 mode 00
A 00100 : Division by 4 mode 1
r o 00110 : Division by 6 mode !
R MCD2 01000 : Division by 8 mode ojle)
A 01010 : Division by 10 mode 1
T MCD3 01100 : Division by 12 mode oo

; 01110 : Division by 14 mode
o MCDA4 00000 : Division by 16 mode

00

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

S
[ep—

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 :PMQ7) is “1”, you
can output f8, f32, or fc from the P53/BCLK/ALE/CLKoUT pins by setting the clock output function select
bits (bits 1 and O at address 000616 :CM01, CM00).(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 fs, f32, or fc
from the P53/BCLK/ALE/CLKouUT pins by setting CM01 and CMQO.
In memory expansion mode or microprocessor mode, when PM15 and PM14 are other than “012(P53/
BCLK)” and PMO07 is “0” and CM01 and CMOO 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 CMO0O 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", PM07 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”, fs 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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BCLK seultepclf[tbfil':mtion Clock output;itinction 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)

BCLnguIEechtltbfiLthtion Clock outputgiLtlnction select ALE pin select bit PEa/BCLK/ALE/CLKOUT

PMO7 cMo1 CMO00 PM15 PM14 pin function
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 f8 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.

Although stop mode is cancelled by hardware reset only, the interrupt enable flag (I flag) must be set to "1".
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, CS0 to CS3, BHE | Retains status before stop mode
RD, WR, WRL, WRH, DW, 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/N/ZN | RLVL 009F16 XXXX00002
N =T symbol Bit Function RW
L] RLVLO Interrupt priority set bit for bébébé - Level 0 OEO
T exiting Stop/Wait state ; !
A Note 1.2 001:Levell ‘
R (Note 1,2) 010: Level 2 :
A RLVL1 011:Level3 00
Vo 100: Level 4 !
- 101:Level5 ;
S et 110:Level6 |
Lo RLVL2 111:Level7 O}O
ESIT High-_speed interrupt 0: Interrupt priority level 7 = normal
P rmmmmemseeey set bit (Note 3) interrupt _ 00
' P 1: Interrupt priority level 7 = high-speed|
o interrupt |
R 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. EXxit priority register
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Wait Mode

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, CS0 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
CLKouTt 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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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 | CM04 | 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

CMOi: Clock control register 0 (address 000616) bit i
MCDi: Main clock division register (address 000C16) bit i
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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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Transition of stop mode, wait mode

Al oscillators stopped + WAIT CPU operation stopped
CM10="1" instruction
_ Medium-speed mode \ ————p .
Stop mode | i (Divided-by-8 mode) | ————— Wait mode
Interrupt A Interrupt
Note 1 WAIT CPU operation stopped
CM10="1" v instruction
High-speed/medium- ) ———— Wait mode
speed mode 44—
A Interrupt
Note 1 Note 2 )
All oscillators stopped WAIT CPU operation stopped

S d Sl =/ Low speed/lovaower instruction
topmode | T - _| instruction _
i ‘——Mwe «——— ' Waitmode

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").

Y 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
\ CMO07="0" MCD="0816"

|
High-speed/medium-speed mode

]
4 MCD=“XX16" _ _ o CM04="1" I
Main clock is oscillating Note 1, 3 Main clock is oscillating MCD="XX16"
Sub clock is stopped Sub clock is oscillating v Note 1, 3
/ High-speed mode \ High-speed mode
BCLK :f(Xin) ’ BCLK :f(XIN)
CMO07="0" MCD="1216" CM04="0 CMO7="0" MCD=*1216"
«—
Medium-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(Xv)/division rate CM04="1" BCLK :f(xiv)/division rate
CMO07="0" MCD="XX16" CMO07="0" MCD="XX16"
Note 4 Note 4
\_ cmoz="0"___Note 1\ / 4 J
McD="xx16" Note 3 .
CM04="1" cmo7=-0 Note 1 CMO7="1
fecinati McD="xx16" Note 3 Note 2
Low-speed/low power dissipation mode -
ga!iJn (I:Iolc(k_ is stoﬁpﬁd cmo7="1" Note 2 Main clock is oscillating
ub CIOCK IS osclllating —uqn . . .
Low power CMO05="1 Sub clock is oscillating
dissipation mode Low-speed mode 4

CMO05="1" / M
BCLK :f(XcIN) W( BCLK :f(XcIN)
CMO7="1" J\

CMO7=1"
cmos="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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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 000C1s), 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 b0

Symbol Address When reset
DO [ 1] prer 000A16  XXXXX0002

! Bit symbol Bit name Function R 'W
. Enables writing to system clock e |
oo - PRCO control registers 0 and 1 (addresses | 0 Write-inhibited 0.0

b 000616 and 000716) and main clock |1 - Write-enabled

division register (address 000C16)

A Enables writing to processor mode 0
v PRC1 registers 0 and 1 (addresses 000416

: Write-inhibited 0o
and 000516) ‘

1 : Write-enabled

E ' ' ' ' , Enables writing to port P9 direction !
. Vo T PRC2 register (address 03C716) and 0 : Write-inhibited 00

function select register A3 (address | 1: Write-enabled !
03B516) (Note)

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
H
O

BRK?2 instruction
INT instruction

Interrupt

[ Reset

0 NMI

0 Watchdog timer
Single ste

0 g p

[

Special

N o o

Hardware

Address matched

[
[
[
[
O 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 I/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 I/O interrupts.
This means that by executing the INT instruction, you can execute the same interrupt routine as used
in peripheral 1/O 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 O 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 immediately before the instruction at the address indicated by the address match
interrupt register is executed while the address match interrupt enable bit is set to “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, do not use it in other circumstances. A single-
step interrupt occurs when the D flag is set (= 1); in this case, an interrupt is generated after one
instruction is executed.

(2) Peripheral I/O interrupts

A peripheral I/O 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.
* DMAO through DMA3 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 I/0 transmission generates.
* UARTO, UARTL1, UART2/ACK, UART3/ACK and UART4/ACK reception interrupt
These are interrupts that the serial I/O reception generates.
» Timer AO 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 an "H" level or an "L" level is input to the INT pin.

58 RENESAS

RenesasTechnology Corp.



Mitsubishi Microcomputers

M16C/80 group

Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

RENESAS 59

RenesasTechnology Corp.



Mitsubishi Microcomputers

M16C/80 group

|nterruptS SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

 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 FFFFEB816 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 00002216). 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
00002216).

Table 1.9.2. Interrupt vector table register for emulator

Interrupt source Vector table addresses Remarks
Address (L) to address (H)
BRK2 instruction Interrupt vector table register for emulator Interrupt for debugger
00002016 to 00002216
Single step Interrupt vector table register for emulator Interrupt for debugger
00002016 to 00002216

* 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 I/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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Interrupt control register

Symbol Address When reset
ADIC 007316 XXXXX0002
BCNIlC(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
b7 b6 b5 b4 b3 b2 bl b 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
Vv v v v v 4 1| Bitsymbol Bit name Function R: W
Vo ILVLO Interrupt priority level |
R R R R T select bit b2 b1 b0 o' 0
R T T T R 000: Level O (interrupt disabled) i
e 001: Levell ;
o ILVLL 010: Level2 !
I S R 011: Level3 O O
R S T 100: Level4 |
A 101: Level5 '
E . . . . ] ILVL2 110: Level6 !
poro 111: Level7 O 0
L IR Interrupt request bit 0: Interrupt not requested O' 0
oo 1: Interrupt requested | (Note)
Vo 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
00 0: Level O (interrupt disabled) !
001:Levell (Note 2) 1
ILVL1 010:Level 2
011:Level3 o RNe)
100:Level 4 !
101:Level5
ILVL2 110:Level6 |
111:Level7 0.0
IR Interrupt request bit 0: Interrupt not requested o 0
1: Interrupt requested 1(Note 1)
POL Polarity select bit 0: Selects falling edge or L level | o
1: Selects rising edge or H level 1
LVS Level sense/edge 0 : Edge sense o o
sense select bit 1: Level sense (Note 3) 1
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 INTS5IC.

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

|><|><|><|><I | | | | Symbol Address When reset
NZNZNZN | ] RLVL 009F16 XXXX00002
T symbol Bit Function RW
Poro bbbl oy | Interrupt priority set bit for 000 : Level OEO
- exiting Stop/Wait state . 1
- Note 1.2 001:Levell ‘
A A A (Note 1,2) 010: Level 2 1
R RLVL1 011:Level3 oo
i E vy 100:Level 4 !
oo 101:Level5 ‘
e et 110:Level6 |
o RLvL2 111:Level 7 ©0
FSIT High-speed interrupt 0: Interrupt priority level 7 = normal
oor b e set bit (Note 3) interrupt _ 00
' oo 1: Interrupt priority level 7 = high-speed|
Lo interrupt !
R S S 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

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.
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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 priori_ty Interrupt priority level Priority Pr9c§ssor interrupt Enabled interrupt priority
level select bit order priority level (IPL) levels
o o o [|tevelointerrupt disabled) Pz 1Pe Pl Interrupt levels 1 and above are enabled.
0 0 1 Level 1 Low 0 0 1 Interrupt levels 2 and ahove are enabled.
0 1 o0 Level 2 0o 1 0 Interrupt levels 3 and above are enabled.
o 1 1 Level 3 0o 1 1 Interrupt levels 4 and above are enabled.
1 0 O Level 4 1 0 o0 Interrupt levels 5 and above are enabled.
1 0 1 Level 5 1 0 1 Interrupt levels 6 and above are enabled.
1 1 o0 Level 6 1 1 0 Interrupt levels 7 and above are enabled.
1 1 1 Level 7 High 1 1 1 All maskable interrupts are disabled.

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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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-
guence 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.

Interrupt request generated Interrupt request acknowledged

b —

Instruction in interrupt S

i 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
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Time (a) varies with each instruction being executed. The DIVX instruction requires a maximum time that
consists of 24* 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 2+ X
* Index addressing 13+ X
* Indirect addressing 5+ X+2Y
* Indirect index addressing 6+ 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.

Table 1.9.6 Interrupt Sequence Execution Time

Interrupt Interrupt vector address | 16 bits data bus | 8 bits data bus
Peripheral 110 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, if possible.
Note 2: The vector table is fixed to even address.
Note 3: The high-speed interrupt is independent of these conditions.
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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

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
Program counter
m-6 m-6 (PCy) [SP]
Program counter New stack
m-5 m-5 (PCw) pointer value
Program counter
m-4 m-4 (PCH)
m-3 m-3 0 0
Flag register
m—2 m—2 (FLGL)
Flag register
m-1 (P m-1 (FLGH)
Content of Stack pointer Content of
m previous stack < Value Eefore 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 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 1/0 > Single step > Address match

Figure 1.9.7. Interrupt priority that is set in hardware
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High
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Low

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

UART1 reception

Timer BO

Timer B1

Timer B2

Timer B3

Timer B4

INTS

INT4

INT3

INT2

INT1

INTO

Timer B5

UART2 transmission/NACK

UART?2 reception/ACK

UART3 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

Processor interrupt priority level
(IPL)

Interrupt enable flag (I flag)

Instruction fetch

Address match

DBC

request
accepted.
To CLK

Interrupt
request
accepted.
To CPU

NMI

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

|
|
|
| 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
T T T T T IFSR 031F16 XX0000002
i+ ¢ | Bitsymbol Bit name Fumction RIW
N - IFSRO INTO interrupt polarity 0 : One edge ;
A swiching bit (Note) 1: Two edges N
. IFSR1 INT1 interrupt polarity 0 : One edge
A swiching bit (Note) 1: Two edges O ! O
IFSR2 INT2 interrupt polarity 0 : One edge O O
o ey T swiching bit (Note) 1: Two edges :
IFSR3 INT3 interrupt polarity 0 : One edge
e swiching bit (Note) 1: Two edges 0,0
oo | IFSR4 INT4 interrupt polarity 0: One edge O: O
Cooa TTTTmmmmes swiching bit (Note) 1: Two edges
IFSR5 INT5 interrupt polarity 0 : One edge
vy T 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 P85 register (bit 5 at address
03C41s).
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

Z select bit
Pull-up Key input interrupt control
( transistor ) Port P107 direction yinp registerp (address 009316)

register

Port P107 direction register

P107/KI3 O

Pull-up ) Port P106 direction

transistor register
Interrupt control s Key input interrupt

P106/Kl2 O T upt cC Keyin

fr;ﬂ;fﬁtor Port P10s direction

register

P10s/KiL O T

Pull-up Port P104 direction

( transistor ) register

P104/Klo O T \_D

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.

b7 b6 b5 b4 b3 b2 bl bO

(b23)
b7

Address match interrupt enable register

(b16)b15)
b0 b7

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

Symbol Address When reset
AIER 000916 XXXX00002
Bit symbol Bit name Function R'W
AIERO |Address match interrupt O | ¢ |nterrupt disabled OEO
enable bit | 1 - |nterrupt enabled
AIER1 [Address match interrupt 1 | 0 : Interrupt disabled OEO
enable bit | 1 : Interrupt enabled :
AIER2 |Address matchinterrupt 2. | ¢ : nterrupt disabled 00
enable bit | 1 . nterrupt enabled
AIER3 Address match interrupt 3 | 0 : Interrupt disabled o EO
enable bit | 1 : Interrupt enabled ;
Nothing is assigned.
When write, set "0". When read, their contents are indeterminate. T
®8) Symbol Address When reset
b0 b7 o RMADO 001216 to 001016 00000016
| | RMAD1 001616 to 001416 00000016
RMAD2 001A16 to 001816 00000016
RMAD3 001E16to 001C16 00000016
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 00000016 and 00000216
» 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 address to the stack pointer so that the operating
efficiency of accessign memory 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 O
(Disable INT interrupt)

( Set the polarity select bit )

( Clear the interrupt request bit to “0” )

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INT 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 address of the starting instruction in an interrupt routine.
2. Any of the next 7 instructions addresses immediately after an instruction to clear an interrupt request
bit of an interrupt control register or 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
eoee : 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 | pg ot set address match interrupt
nop ; 4th instruction > during 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 )
- ond instructi Do not set address match interrupt
nop » nd instruction during this period
nop ; 3rd instruction
Example 4)
Idipl  #0 ; Rewrite IPL to a smaller value
nop ; 1st instruction )
o - ond instruction Do not set address match interrupt
P ' INSTUCH during this period
nop ; 3rd instruction

* To return from an interrupt to the address set in an address match interrupt register using return
instruction (reit or freit)
To rewrite the interrupt control register within the interrupt routine, add the below processing to the
end of the routine (immediately before the reit or freit instruction). Also, if multiple interrupts are
enabled with other interrupts, add the below processing to the end of the interrupt that enables the
multiple interrupts.

If the interrupt control register is being rewritten within the non-maskable interrupt routine, add the
below processing to the end of all interrupts.

Additional process
; Execute after the register reset instruction (popm instruction)

fclr U ; Select ISP (Unnecessary if the ISP has been selected)

pushm RO ; Store RO register

mov.w 6[SP],R0 ; Read FLG on stack (use "stc SVF,R0" when high-speed

; interrupt)

ldc RO,FLG ; Setin FLG

popm RO ; Restore RO register

nop ; Dummy

reit ; Interrupt completed (use freit when high-speed interrupt)
Example 5)

If rewriting the interrupt control register for interrupt B with the interrupt A routine and enabling multiple
interrupts with interrupt C, the above processing is required at the end of the interrupt A and interrupt
C routines.
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Interrupt A routine
Interrupt_A:
pushm RO,R1,R2,R3,A0,A1 ; Store registers

bclr  3,TAOIC ; Rewrite interrupt control register of interrupt B

popm RO,R1,R2,R3,A0,Al ; Restore registers

fclr U ; Select ISP (Unnecessary if the ISP has been selected)
pushm RO ; Store RO register

mov.w 6[SP],R0 ; Read FLG on stack

Idc RO,FLG ; Setin FLG

popm RO ; Restore RO register

nop ; Dummy

reit ; Interrupt completed

Interrupt C routine

Interrupt_C:
pushm RO,R1,R2,R3,A0,A1 ; Store registers
fset | ; Multiple interrupt enabled

popm RO,R1,R2,R3,A0,Al ;Restore registers

fclr U ; Select ISP (Unnecessary if the ISP has been selected)
pushm RO ; Store RO register

mov.w 6[SP],R0 ; Read FLG on stack

Idc RO,FLG ; Setin FLG

popm RO ; Restore RO register

nop ; Dummy

reit ; Interrupt completed
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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 CMO6 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 XIN 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)

Watchdog timer cycle =
BCLK

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.

The watchdog timer and the prescaler stop in stop mode, wait mode and hold status. After exiting these
modes and status, counting starts from the value remained before.

In the stop mode, wait mode and hold state, the watchdog timer and prescaler are stopped. Counting is
resumed from the held value when the modes or state are released. 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 .
S —¢ Watchdog timer o
HOLD o—m
A “CM06=1"
Reset

Write to the watchdog timer

start register -] Set to
(address 000E16) “7TFFF16”
RESET © OI> D

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

| | 0 | 0| | | | | | Symbol Address When reset
i B I T wDC 000F16 000XXXXX2
Bit symbol Bit name Function R'W,|
E ' ' vodao o] High-order bit of watchdog timer OEX
L Reserved bit Must always be set to “0” Ofo
o wDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 |
Watchdog timer start register
b7 bo Symbol Address When reset
WDTS 000E16 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.

System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
i I I I I CMO 000616 0816
: N T symbol Bit Function R'W
: A i F Y |
: A C'?c"t%‘t‘pﬁt I““ZC“O” 00 : /O port P53 fo}le)
: P select bit (Note 2) 01 fc output (Note 3) :
: o ] CMO1 10 : f8 output (Note 3) 00
: E E E 11 : f32 output (Note 3) !
H R CM02 WAIT peripheral function | 0 : Do not stop peripheral clock in wait | _:
: o clock stop bit mode 0.0
! I 1 : Stop peripheral clock in wait mode i
! I (Note 10) |
H . XcCIN-XcouT drive capacity | g - | ow ;
: Pty CcMo3 select bit (Note 4) 1:HIGH 00
: E Port Xc select bit 0 : I/O port |
T cMo4 1 : XcIN-XcouT generation (Note 11) OEO
' CMO5 Main clock (XIN-XouT) 0:0n
T stop bit (Note 5, 6) 1: Off (Note 7) O;O
. Watchdog timer function 0 : Watchdog timer interrupt 1
[ CMo6 select bit 1: Reset (Note 8) O:O
i System clock select bit 0 : XIN, XouT OEO
ity cMmo7 (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, fg 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 the power saving mode, the main clock is stopped using this bit. To stop the main
clock, set system clock stop bit (CM07) to "1" while an oscillation of sub clock is stable. Then set this
bit to "1".

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 000C1s) 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 CMO07 simultaneously. Also, to set CM07 "0" from "1", first set CM05
to "1", and an oscillation of main clock is stable. Then set CMO07.

Note 10: fc32 is not included.

Note 11: When XcIN-XcouT is used, set port P86 and P87 to no pull-up resistance with the input port.

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
DMDL DMA mode register 0, 1
DCTO
DCTL DMAQ, 1 transfer count register
DRCO
DMAO,1 transfer count reload register
DRC1
DMAO ] _
DMAL » DMAO, 1 memory address register
J
DSAO
DSAL DMAO, 1 SFR address register
DRAO
DMAO, 1 memory address reload register
DRA1
When using three or more DMAC channels When using three or more DMAC channels
The register bank 1 is used as a DMAC register The high-speed interrupt register is used as a DMAC
register
DCT2 (RO) DMA?2 transfer count register SVF Flag save register
DCT3 (R1) DMAS3 transfer count register DRA2 (SVP) DMA2 memory address reload register
DRC2 (R2) DMA2 transfer count reload register DRAL (VCT) DMA3 memory address reload register
DRC3 (R3) DMAS3 transfer count reload register
DMA2 (A0 DMA2 memory address register .
9 ) When using DMA2 and DMA3, 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.)
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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 16 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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b7 b6 b5 b4 b3 b2 bl bo

| | DMiSL

Symbol

DMAI request cause select register (i = 0 to 3)(Note 1)

Address
037816 to 037B16

When reset
0X0000002

Bit symbol

Bit name

Function

DMA request cause

select bit 00000:

00001:
00010:
00011:

(Note 2)

| DSELO

DSEL1

00100:
00101:
00110:
00111:
01000:
01001:

DSEL2

01010:
01011:
01100:
01101:
01110:

DSEL3

01111:

10001:
10010:
10011:
10100:

DSEL4

10101:
10110:
10111:
11000:

10000:

b4 b3 b2 b1 b0

Software trigger

Falling edge of INTi pin (Note 3)
Two edges of INTi pin (Note 3)

Timer AO

Timer A1

Timer A2

Timer A3

Timer A4

Timer BO

Timer B1

Timer B2

Timer B3

Timer B4

Timer B5
UARTO transmit
UARTO receive
UART1 transmit
UARTL1 receive
UART?2 transmit

UART2 receive/ACK (Note 4)

UART3 transmit

UARTS3 receive/ACK (Note 4)

UART4 transmit

UART4 receive/ACK (Note 4)

A-D conversion

11001to11111:Inhibit

DSR

Software DMA
request bit (Note 5)

If software trigger is selected, a
DMA request is generated by
setting this bit to “1” (When read,
the value of this bit is always “0”)

When write

Nothing is assigned.
, set"0". When read, its co

ntent is indeterminate.

DRQ

DMA request bit
(Note 5,6)

0 : Not requested
1: Requested

Note 1:
Note 2:

eg)
Note 3:
Note 4:
Note 5:

e.g.)
Note 6:

Please refer to DMAC precautions.
Set DMA inhibit before changing the DMA request cause. Set DRQ to "1"
simultaneously.

MOV.B #083h, DMiSL

OR.B #0AOh, DMiSL

; Settimer AO
DMAGO-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.
UARTI reception and ACK switching are effected using the UARTI special mode
register and UARTI special mode register 2.

When setting DSR to "1", set DRQ to "1" using OR instruction etc. simultaneously.

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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DMA mode register O
(CPU internal register)
b7 b6 b5 b4 b3 b2 bl b0 Symbol When reset
| | | | DMDO 0016
¢+ 4| Bitsymbol Bit name Function R W
v+ 1+ o+ | Mpoo | Channel O transfer | bbo- .
A mode select bit 00 : DMA inhibit ©.0
[ A 0 1: Single transfer !
A MDO1 10 : Reserved :
. 11 : Repeat transfer O O
A BWO |Channel O transfer | O : 8 bits o o
unit select bit 1: 16 bits !
S 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 | 2504 -
Voo T mode select bit 00 : D_MA inhibit O ! O
P 0 1: Single transfer 1
I MD11 10: Reserved !
vy TTTTTTTmmmmmmTees 11 : Repeat transfer 0.0
____________________ BW1 Channel 1 transfer | 0 : 8 bits o o
: unit select bit 1:16 bits !
R Rw1 Channel 1 transfer | o : Fixed address to memory (forward direction) o o
direction select bit | 1 : Memory (forward direction) to fixed address 1
DMA mode register 1
(CPU internal register)
b7 b6 b5 b4 b3 b2 bl b0 Symbol When reset
NN o0
P14 | Bit symbol Bit name Function RIW
vor v 4 1| VD20 | Channel 2 transfer | btbo o
A mode select bit 00: DMA inhibit 0.0
I 0 1: Single transfer :
L MD21 10: Reserved o ! o
e 11: Repeat transfer !
A BW2 | 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
e direction select bit | 1 : Memory (forward direction) to fixed address
b MD30 | Channel 3 transfer [ bSb4 o |
Do T mode select bit | 0 O : DMA inhibit 0.0
o 0 1 : 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 !
L e e RW3 Channel 3 transfer | 0 : Fixed address to memory (forward direction) | o
direction select bit | 1 : Memory (forward direction) to fixed address

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

i i Symbol When reset
(CPU internal register) oeTo s
bi5 bo DCT1 XXXX16
DCT2 (bank 1;R0) (Note 1) 000016
| | DCT3 (bank 1;R1) (Note 1) 000016

Function

Transfer count
specification

* Transfer counter
Set transfer number

000016 to FFFF16

Note 1: When setting DCT2

and DCT3, set "1" to the register bank select

flag (B flag) of flag register (FLG), and then set desired value to RO
and R1 of register bank 1.

Note 2: When "0" is set to th
is requested.

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

is register, data transfer is not done even if DMA

; ; Symbol When reset
(CPU internal register) DRCO v
o1 o DRC1 XXXX16
DRC2 (bank 1;R2) (Note 1) 000016
| | DRC3 (bank 1:R3) (Note 1) 000016

Transfer count

Function specification

RIW

« Transfer count register reload value

Set transfer number 000016 to FFFF16

00

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

Figure 1.11.4. DMAC register (3)
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DMAI memory address register (i = 0 to 3)

Set source or destination memory address

i i Symbol When reset
(CPU internal register) DVAD s
DMAL XXXXXX16
b23 . . bo DMAZ2 (bank 1;A0) (Note 1) 00000016
| ; ; | DMA3 (bank 1'A1) (Note 1) 00000016
: Transfer address
E Function specification area R;W
S * Memory address (Note 2) 00000016 to FFFFFF1s [0/

(16 Mbytes area)

is destination memory address.

is source memory address.

DMAI SFR address register (i = 0 to 3)

Note 1: When setting DMA2 and DMAZ3, 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

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

; ; Symbol
(CPU internal register) DSAO
DSAL
b23 . . b0 DSA2 (bank 1;SB) (Note 1)
| ; : DSA3 (bank 1.FB) (Note 1)

When reset
XXXXXX16
XXXXXX16
00000016

00000016

Transfer address
specification area

RIW

Function

* SFR address (Note 2)

Set source or destination fixed address

00000016 to FFFFFF16 |~
(16 Mbytes area) !

is source fixed address.

is destination fixed address.

DMAI memory address reload register (i = 0 to 3)

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

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

Set source or destination memory address

(16 Mbytes area)

i i Symbol When reset
(CPU internal register) BRAO K15
DRA1 XXXXXX16
b2 . . bo DRA2 (SVP) (Note) XXXXXX16
| ! : | DRA3 (VCT) (Note) XXXXXX16
i Functi Transfer address
unction specification area  |RIW|
_________ * Memory address register reload value 00000016 to FFFFFF16 (!0

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) *When 8-bit data is transferred
*When 16-bit data is transferred on a 16-bit data bus and the source address is even

BCLK

Address —

b CPU use Source Destination CPU use
us

RD signal

WR signal

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

(2) *When 16-bit data is transferred and the source address is odd
*When 16-bit data is transferred and the width of data bus at the source is 8-bit
(When the width of data bus at the destination is 8-bit, there are also two destination write cycles).

BCLK

Address .

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

WR signal

Data

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

(3) *When one wait is inserted into the source read under the conditions in (1)

BCLK

Address CPU use >< Source >< Destination >< CPU use

bus

RD signal

WR signal

Data -
bus CPU use Source Destination CPU use

(4) *When one wait is inserted into the source read under the conditions in (2)
(When 16-bit data is transferred and the width of data but at the destination is 8-bit, there are
two destination write cycles).

BCLK

Qggress 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 Mel\lmg%;)égzgzgnmn;%%e
No. of read | No. of write | No. of read | No. of write
cycles cycles cycles cycles
16-hit 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-hit 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 |, k
Internal Memory External Memory
Internal ROM/RAM SFR area Separate bus Multiplex bus
No wait With wait No wait | One wait | Two waits | Three waits | Two waits | Three waits
=1 j=2 j=2 =1 =2 =3 j=4 =3 =4
k=1 k=2 k=2 k=2 k=2 k=3 k=4 k=3 k=4

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, DMAQO 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 > DMAS.
Figure 1.11.7. DMA transfer example by external factors shows what happens when DMAQO 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.

om0 oz —
DMA1 A Bus

L b : : : priviledge
CPU /%/ ?—@j 1 2223—6 ZZ acquired
INTO \ :
DMAO

request bit
INT1 B

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, set the corresponding DMA channel to disabled
before changing the DMAI request cause select bit. At least 2 instructions are needed from the instruc-
tion to write to the DMAI request cause select register 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 DMAO transfer mode select bit to "00"
Idc RO, DMDO ; DMAOQ 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 are
or.b #00000001b, ROL ; Set DMAO single transfer ( needed until DMA enabled.
Idc RO, DMDO ; DMAO enabled

pop.w RO ; Restore RO register
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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

fca2

XN () . - f1
1/8 fs . Reset
Clock prescaler reset flag (bit 7

f3o ataddress 034116) set to “1”

1/

N

f1 fg f32 fc32

» Timer mode
* One-shot mode

« PWM mode
o s x I Timer A3 interrupt
> o Timer A3 -
TA3IN —0 I
O filter « Event counter mode

* Timer mode
« One-shot mode

« PWM mode
»—o) o O\ |
- p—O
waan O p—{ e '
« Event counter mode

1

o

O « Timer mode
O * One-shot mode
O * PWM mode
o—o} o O\ I - 1 Timer AQ interrupt
_ —O o) | Timer AO I -
reon O— B (E
filter « Event counter mode
O  Timer mode
O * One-shot mode
O « PWM mode . i
.,_0) o) \ I . 1 Timer Al interrupt
- —O o) 1 Timer A1 I -
v O—tHHB— B H
» Event counter mode
o) « Timer mode
’e) * One-shot mode
o * PWM mode
lp—o} fo) O\ I 1 Timer A2 interrupt
Nose] T ° o | Timer A2 I -
e O—HHHB—EH
Ilter « Event counter mode
O
O
O
> i
O
O
O

Timer A4 interrupt

|

Timer A4

[e]

—

Timer B2 overflow

Figure 1.12.1. Timer A block diagram
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XN O

f1 fg f32 fc32

f1
f8

Clock prescaler

xein O)

Clock prescaler reset flag (bit 7

fap ataddress 034116) set to “1”

Timer B2 overflow (to timer A count source)

« Timer mode

Reset

TBOIN Q

TB1IN Q

o\oPulse width measuring mode
o) I Timer BO

I_‘

« Event counter mode

fc32

Timer BO interrupt
—

t
O
O o,
b Noise ) é
2 filter ©
O
O

« Timer mode

OXPulse width measuring mode
o) I Timer B1

I_q

« Event counter mode

Timer B1 interrupt
————

« Timer mode

[eNeNe]

82N ()

OXPUISG width measuring mode
o} Timer B2

0—0/O -
Noise
?: filter

Timer B2 interrupt

« Event counter mode

« Timer mode

O
O
O

TB3IN Q

TB4IN O

3\-0Pulse width measuring mode
O Timer B3

¢ ° Noise
filter

Timer B3 interrupt

« Event counter mode

|

* Timer mode

[eXeXe}

XPulse width measuring mode
o) | Timer B4

¢ Noise
filter

« Event counter mode

Timer B4 interrupt
————

« Timer mode

000

TB5IN Q

XPuIse width measuring mode
o] Timer B5

¢ Noise
filter

Timer B5 interrupt

« 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 §
fi —o0 X SCfMShOt Low-order High-order
f8 —o \C 1l 8 bits 0 8 bits
- O \/ \/
f32 O *Timer Reload register (16) |
fczp—oO (gate function) 7 7
« Event counter A4 A4
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
Timer A1 034916 034816 Timer AO Timer A2

5;3;2:3' Up/down flag O Timer A2 034Bis 034A1s TimerAl Timer A3

TAj overflow : ! !
L . . Timer A3 034D1s 034Cie6 Timer A2 Timer A4
(=17~ 1. Note, however, that j = 4 when i = 0) (Address 03441¢) Timer A4 034F1s 034Ei  Timer A3 Timer AO

TB2 overfow —O

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

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

Figure 1.13.1. Block diagram of timer A

Timer Ai mode register

Symbol Address When reset
| b7| b6| *’5| b“| b3 | b2 | b1 b0 TAIMR(i=0 to 4) 035616 to 035A16 00000X002
i v 4 4 1+ 1 1 .| Bitsymbol Bit name Function RIW
T TMODO ; .. | b1bo !
S A Operation mode select bit | 54" Timer mode o0
oor o e 0 1: Event counter mode .
ooror e TMOD1 10: One—shqt timer modt_e T
[ A 11 : Pulse width modulation 0.0
R R (PWM) mode !
MRO This bit is invalid in M16C/80 series. !
. Port output control is set by the function select registers A and B. -
N MR1 Function varies with each operation mode 1)
A SRRRREEEEEY MR2 0.0
I RACUECEEEEEE MR3 00
fTTTmTTTTTTTT T TCKo Count source select bit O‘lO
R RREEEEEE TCK1 (Function varies with each operation mode) 00

Figure 1.13.2. Timer A-related registers (1)
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Timer Ai register (Note 1)

(b15) (68) Symbol Address When reset
b7 bob7 b0 TAO 034716,034616 Indeterminate
| TA1 034916,034816 Indeterminate
TA2 034B16,034A16 Indeterminate
! TA3 034D16,034C16 Indeterminate
' TA4 034F16,034E16 Indeterminate
E Function Values that can be set | R EW
“~"1 - Timer mode 000016 to FFFF16 O o
Counts an internal count source '
» Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow o0
* One-shot timer mode (Note 2, 3) 000016 to FFFF16
Counts a one shot width X0

* Pulse width modulation mode (16-bit PWM) (Note 2, 4) 000016 to FFFE16 [%! o
Functions as a 16-bit pulse width modulator

* Pulse width modulation mode (8-bit PWM) (Note 2, 4) 0016 to FE16 ]
Timer low-order address functions as an 8-bit (High-order address) [ X' O
prescaler and high-order address functions as an 8-bit 0016 to FF16
pulse width modulator (Low-order address) |

Note 1: Read and write data in 16-bit units.

Note 2: Use MOV instruction to write to this register.

Note 3: When the timer Ai register is set to "000016", the counter does not
operate and the timer Ai interrupt request is not generated. When
the pulse is set to output, the pulse does not output from the TAiouT
pin.

Note 4: When the timer Ai register is set to "000016", the pulse width
modulator does not operate and the output level of the TAiouT pin
remains "L" level, therefore the timer Ai interrupt request is not
generated. This also occurs in the 8-bit pulse width modulator mode
when the significant 8 high-order bits in the timer Ai register are set

to "0016".
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
i i i i i i i “{ TAOS Timer AO count start flag 0 : Stops counting [e)le)
A A TALS Timer Al count start flag | 1 Starts counting [S}e)
EEEEEEES TA2S Timer A2 count start flag [eXe]
(R — TA3S Timer A3 count start flag oio
R CLLLrE TA4S Timer A4 count start flag o0
 RREEEEEE LR TBOS Timer BO count start flag (o)e}
 EREEEE R R LRl TB1S Timer B1 count start flag OEO
(A TB2S Timer B2 count start flag OEO
Up/down flag (Note)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | UDF 034416 0016

Bit symbol Bit name Function RIW
P 4 1 4 v 1 L9 TAOUD  |Timer AO up/down flag 0 : Down count 00
T R A R 1 : Up count :
N TALUD  [Timer Al up/down flag o0
T K This specification becomes valid \
A TA2UD | Timer A2 up/down flag when the up/down flag content is ©.0
i, TA3UD Timer A3 up/down flag iglfscéed for up/down switching 00
N P TA4UD  |Timer A4 up/down flag 0.0
o TA2P Timer A2 two-phase pulse | O : two-phase pulse signal ‘
vy TTTTmmmmmmm T i i i rocessing disabled X0
HE signal processing select bit p 9 > i
HE 1: two—pha_se pulse signal .
E ] TA3P Timer A3 two-phase pulse processing enabled 'O
' signal processing select bit H
. - When not using the two-phase
R TA4P Timer A4 two-phase pulse | pulse signal processing function, i)

signal processing select bit | set the select bit to “0” !

Note: Use MOV instruction to write to this register.

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 ONSF 034216 0016

v [Bit symbol Bit name Function RW
i “{ TA00s |TimerAO one-shotstartflag | 1: Timer start 00
— TA10S | Timer Al one-shot start flag When read, the value is “0 0.0
........ TA20S | Timer A2 one-shot start flag OEO
........... TA30S | Timer A3 one-shot start flag OEO
............... TA40S | Timer A4 one-shot start flag 00
_________________ TAZIE  |Z phase input enable bit 0 : Invalid OEO

1: Valid !
..................... TAOTGL | Timer AO event/trigger b706 e} e}

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 1

Note: Set the corresponding function select register A to 1/0O 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 | Bitsymbol Bit name Function R'W
N Timer Al event/trigger b1 b0 !
e TAITGL select bit 0 0 : Input on TALN is selected (Note) |O'O
e 01:TB2 overflow is selected !
R TALTGH 10: TAO overflow is selected O:O
11 : TA2 overflow is selected
E ' ' ' ' ' Timer A2 event/trigger b3 b2
e TAZTGL select bit 0 0 : Input on TA2N is selected (Note) O;O
N 01: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 99 00 : Input on TA3i is selected (Note)  |O:O
v 01:TB2 overflow is selected ;
e TA3TGH 10: TA2 overflow is selected 00
P 11 : TA4 overflow is selected !
Vo i i b7 b6 |
e TAATGL -srérr;il; ,[/_)\:tl 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 function select register A to 1/O port, and port
direction register to “0”".

Clock prescaler reset flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 034116 OXXXXXXX2

i+ | Bitsymbol Bit name Function R'W

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

[ —
Lccccccaaa
Femmmm———

CPSR | Clock prescaler reset flag (1) s?eggael(;tr is reset 0o

(When read, the value is “0”)

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 the corresponding function
select registers A and B)

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)

* 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

Select function

Timer Ai mode register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | 0| | | | 0| 0| TAIMR(i=0to 4) 035616 to 035A16 00000X002

oor o : o Bit symbol Bit name Function R'W

P4 1 4 4 1 1 -1 TMODO [Operation mode 8180 Timer mode 00

H P . i CTi i

R TMOD1 select bit 00

P MRO | This bit is invalid in M16C/80 series.

P e Port output control is set by the function select registers A and B. -

R i i b4 b3

oo MR1 Gate function select bit 0 X (Note 1): Gate function not available 00

' P Ty (TAIIN pin is a normal port pin) i

! o 1 0: Timer counts only when TAiIN pinis|

R R MR2 held “L” (Note 2) 3

L 11 : Timer counts only when TAIN pinis [O'O

bl held “H” (Note 2) !

I ERREEELTTLLLY MR3 0 (Set to “0” in timer mode) 0:0

: : TCKO : b7 b6 i

P Lo Count source select bit 00:f1 00

' c 01:fs .

e ] TCK1 10:f32 !
11:fc32 Oio

Note 1: The bit can be “0” or “1".
Note 2: Set the corresponding port function select register to 1/0 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 I/O port, pulse output, or up/down count select input (Setting by
the corresponding function select registers A and B)

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 TAiOUT pin’s polarity is reversed
Note: This does not apply when the free-run function is selected.

Timer Ai mode register
(When not using two-phase pulse signal processing)

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

| | | o| | | | 0 | 1| TAIMR(i=0 to 4) 035616 to 035A16 00000X002
A Bit symbol Bit name Function RIW
P o v -1 TMODO Operation mode select bit | °*° g OEO
T T A . TMODL 0 1 : Event counter mode oo}
A A MRO | This bitis invalid in M16C/80 series. ;
e Port output control is set by the function select registers A and B. -
A MR1 Count polarity 0 : Counts external signal's falling edges OEO
o select bit (Note 1) 1 : Counts external signal's rising edges [~
T MR2 Up/down switching 0 : Up/down flag's content OEO
' cause select bit 1 : TAiouT pin's input signal (Note 2) !
E : R MR3 0 : (Set to “0” in event counter mode) [eX{e]
o TCKO | Count operation type 0 : Reload type oo
: select bit 1 : Free-run type :
: Two-phase pulse signal . . i
! TCK1 - : When not using two-phase pulse signal '
e gg?ec(?tsts)iltng operation processing, set this bit to “0” o0

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”.

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 *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 (Set the corresponding function select registers A to I/
O port)

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 (Note 2) | » Normal processing operation (TimerA2 and timer A3)
The timer counts up rising edges or counts down falling edges on the TAIiIN
pin when input signal on the TAiouT pin is “H”

TAIoOUT J L
TAIIN _+ 4 4 * * L

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

« Multiply-by-4 processing operation (TimerA3 and timer A4)
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 \_4 U Lf U !(_4 tj

Count up?:gl edges Count down all edges

TAi(liN=3,4) ﬂvn ﬂ A_tA_L

Count up all edges Count down all edges

(when processing two-phase pulse signal with timers A2, A3, and A4)

Note 1: This does not apply when the free-run function is selected.

Note 2: Timer A3 is selectable. Timer A2 is fixed to normal processing operation and timer A4 is fixed to
multiply-by-4 operation.
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Timer Ai mode register
(When using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
TAIMR(i=2to 4) 035816 to 035A16 00000X002
L[ Tofzfo] fol1]
E : : : : : : : Bit symbol Bit name Function R'W
v+ o405 TMODO | operation mode select bit %“10 Event counter mode Oio
A TMOD1 : 00
Dol VMR | This bitis invalid in M16C/80 series. (Note 1) [
oo T Port output control is set by the function select registers A and B. i
A MR1 0 (Set to “0” when using two-phase pulse signal processing) 00
Do emmememmeeeeey MR2 1 (Set to “1” when using two-phase pulse signal processing) 00
b fTmmmmmmmmmeee MR3 0 (Set to “0” when using two-phase pulse signal processing) 00
R TCKo | Count operation type 0 : Reload type O 0
select bit 1: Free-run type

TCK1 Two-phase pulse . .
------------------------ processing operation 0 : Normal processing operation 0.0
select it (Note 2)(Note 3) | 1 - Multiply-by-4 processing operation !

Note 1: Set the corresponding function select register A to 1/O port.

Note 2: This bit is valid for timer A3 mode register.
Timer A2 is fixed to normal processing operation and timer A4 is fixed to multiply-by-4
processing operation.

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 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 034C16).
The Z-phase is input when the INT2 input edge is detected. The edge polarity is selected by the INT2
polarity switch bit (bit 4 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 | 3 |
(B phase) : |

Count source

]
|
1
]
1
|
]
1

INT2 (Note) |
(Z phase) 1

Note: When the rising edge of INT2 is selected

Figure 1.13.8. The relationship between the two-phase pulse (A phase and B phase) and the Z phase
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TA3ouT
(A phase)

TA3IN
(B phase)

camsoe _[| 11 1 11 1

INT2  (Note)
(Z phase) |

Count value X m ><m+1>< 1 X 2 X 3X 4 X5

*

Becoming "0" at this timing.

Note: When the rising edge of INT2 is selected

Figure 1.13.9. The counter reset timing

Note that 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

ltem 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

e 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

TAiourT pin function Programmable I/O port or pulse output (Setting by the corresponding function
select registers A and B)

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| | | |l|0| Symbol Address When reset

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

E ' ' ' ' ' ' ' Bit symbol Bit name Function Ri W
poronon o1 v TMODO | operation mode select bit ‘1180_ One-shot f J 0.0
A T T T S TMOD1 : One-shot timer mode 00
A MRO  [This bitis invalid in M16C/80 series. :
- Port output control is set by the function select registers A and B. _ -
E E E E E MR1 External trigger select 0 : Falling edge of TAiN pin's input signal (Note 2) 3
- 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 ‘
e R EEEEE 1: Selected by event/trigger select (o))
o register !
S CLCECEEEEEEES MR3 0 (Set to “0” in one-shot timer mode) 0,0
R CEIaaeeRE R TCKO | count source select bit |72
; 00:f 0.0
' 01:fs 1
"""""""""""" TCK1 10:f32 00
11:fc3z 1

Note 1: Valid only when the TAiIIN 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 1/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

Mitsubishi Microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

width modulator operates.
Table 1.13.5. Timer specif

Figure 1.13.13 shows the example of how an 8-bit pulse width modulator operates.
ications in pulse width modulation mode

Item

Specification

Count source

f1, f8, 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 I/O port or trigger input

TAiouT pin function

Pulse output (TAiouT output is selected by the corresponding function select
registers A and B)

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 bS5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | | 1 | 1 | TAIMR(i=0to 4) 035616 to 035A16 00000X002
Bit symbol Bit name Function RIW|
TMODO | Operation mode b1 b0 ) 0.0
_____ TMODL | select bit 11: Pulse width modulaten (PWM) mode  [575
--------- MRO This bit is invalid in M16C/80 series. !
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
"""""" 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 EO
select bit 1: Functions as an 8-hit pulse width modulator ‘
Count source select bit | 2706
""""""""""" TCKO 00:f1 O;O
01:fs .
TCK1 10:f32 |
""""""""""""" 11:fcs2 Ofo

Note 1: Valid only when the TAiIIN 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 function select register A to 1/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
TAIIN pin H } 1 *\ _____________ 1 1
input signal | » 1 s 1
+ Trigger is not generated by this signal !
e e 1/fixn | .
PWM pulse output “H" ‘ ‘
from TAiouT pin an | |
Timer Aiinterrupt ~ “1”
request bit o ________
fi: Frequency of count source \ /
(1, 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/fiX(m+1) X (2% -1)
Count source (Notel) r

TAIN pin input signal ~ “H” —+

o

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

‘
|
|
|
-

PWM pulse output H ‘
from TAiouT pin " | o

Timer Ai interrupt
request bit agp

:
:
|

1/fiX(m+1)Xn ;

|
|

fi : Frequency of count source

(. 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 FE1s.

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
. —o « Timer AV.4 :
| Reload register (16) |

fs * Pulse period/pulse width measurement
—0 o p
fa2 —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

A N D symbol Bit name Function R '\ W
+| TMODO Operation mode select bit 8150: Timer mode o) o)
A 0 1 : Event counter mode
. TMOD1 1 0 : Pulse period/pulse width !
R measurement mode o 0
oo 11 : Inhibited 1
] MRO Function varies with each operation mode O O
R MR1 S Ie)
A MR2 o ' O
: H . e (Note l)l ______
I X
oo (Note 2) |
R ARt MR3 O | X
PRy TCKO  [Count source select bit O ! O
e 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 b0b7 bo 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 00

* 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 b0 Symbol Address When reset

| | | | | | | | | TABSR 034016 0016
Bit symbol Bit name Function RiW
oo i TAOS Timer AO count start flag 0 : Stops counting 0.0
o] TA1S Timer Al count start flag 1: Starts counting OiO
e TA2S Timer A2 count start flag OEO
T R TA3S Timer A3 count start flag OiO
e TA4S | Timer A4 count start flag 0:0
e eeeeneas TBOS Timer BO count start flag 0.0
e TB1S Timer B1 count start flag 0.0
b ] TB2S Timer B2 count start flag OiO
Timer B3, 4, 5 count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

L_L_L_W TBSR 030016 000XXXXX2

Bit symbol Bit name Function RW

Nothing is assigned.
When write, set "0". When read, the value of these bits is indeterminate.

[ TB3S | Timer B3 count start flag 0 : Stops counting 0.0

: 1: Start ti 1

b o] TB4S Timer B4 count start flag arts counting 00
e TB5S | Timer B5 count start flag 0.0

Clock prescaler reset flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 034116 OXXXXXXX2

i 1| Bitsymbol Bit name Function RIW,

Nothing is assigned.
When write, set "0". When read, the value of these bits is indeterminate.

Femmm—m———
[
[

CPSR Clock prescaler reset flag | 0 - No effect
........................ P g 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
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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

Item

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)

b7 b6 b5 b4 b3 b2 bl bO

LI L 11T Jofo]

Timer Bi mode register

fmmm————

Symbol Address When reset
TBIMR(i = 0to 5) 035B16 to 035D16 00XX00002
031B16 to 031D16 00XX00002
Bit symbol Bit name Function R I W
TMODO i it |orbo o . 0
Operation mode select bit 00 : Timer mode :
TMOD1 O O
MRO Invalid in timer mode O o
MR1 Can be “0” or “1” o' O
MR2 0 (Set to “0” in timer mode ; i =0, 3) (Nc(n)e 1)1 o
Nothing is assiigned (i = 1, 2, 4, 5). X X
When write, set "0". When read, its content is indeterminate.  |(Note 2),
MR3 Invalid in timer mode. 1
When write, set "0". When read in timer mode, its content is @) X
indeterminate. !
Count source select bit o706 |
TCKO 00:f1 ©:.0
01:fs .
TCK1 10:f32 1
11:fcs2 o i ©

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

* TBi 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
B N S N T N 031B16to 031D16  00XX00002
V4 v v v+ 1+ 1| Bitsymbol Bit name Function R W
bt or 14 r 5 TMODO | Operation mode b1 bo o 0
A TMODL select bit 01: Event counter mode o o
oo MRO Count polarity select [b3b2 i
e bit (Notz 1 y 0 0 : Counts external signal's falling edges| O 'O
[ 0 1 : Counts external signal's rising edges i
Vo or o 1 0: Counts external signal's falling and '
A MR1 rising edges O !0
T R 11 : Inhibited |
0 (Set to “0” in event counter mode; i = 0, 3 O 0
oo MR2 () (Note2)
- Nothing is assigned (i =1, 2, 4, 5). X X
E E E When write, set "0". When read, its content is indeterminate. (Note 3)3
MR3 Invalid in event counter mode. |
[ When write, set "0". When read in event counter mode, its O X
v content is indeterminate. !
___________________ TCKO Invalid in event counter mode. o o
! Can be “0” or “1”. !
TCK1 Event clock select 0 : Input from TBiIN pin (Note 4)
bmmmmsssmmmmsesmmmee 1: TBj overflow O 'O
(j=1i-1; however, j=2wheni=0, |
j=5wheni=23) |

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 (Set the corresponding function select register A to 1/O port.)

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 bo Symbol Address When reset
| | | | | | | 1 | 0 | TBIMR(i = 0to 5) 035B16to 035D16  00XX00002

— 1 ~1 1 031B16 to 031D16  00XX00002
Vv 4 4 v 4 11| Bitsymbol Bit name Function R W
T T T T R R TMODO . b1b0 O O
T A A O[l)erat\ttl’qtn mode 1 0: Pulse period / pulse width .
Do Tmop1 | S®ECH! measurement mode o' o
N Vo MRO Measurement mode | % ) ;
oo R select bit 0 0 : Pulse period measurement (Interval between '
N H measurement pulse's falling edge to falling edge) o ' o
I H 0 1 : Pulse period measurement (Interval between |
o : measurement pulse's rising edge to rising edge)
[ ! MR1 10 : Pulse width measurement (Interval between '
e L measurement pulse's falling edge to rising edge, o ' o
oo and between rising edge to falling edge) |
oo 11 : Inhibited
T - . ) . o . O
oo MR2 0 (Set to “0” in pulse period/pulse width measurement mode; i = 0, 3) (Mot 2);
T T UpUpUpR R ote 2),
E I I Nothing is assigned (i =1, 2, 4, 5). X X
T When write, set "0". When read, its content is indeterminate. (Note 3),
o] MR3 Timer Bi overflow 0 : Timer did not overflow o D
[ flag ( Note 1) 1: Timer has overflowed '
D e TCKO Count source gbg f1 O O
select bit 01:fs !
: 10:f32 1
SrTmmmmmmmmmmmmmmmmeemoy TeK1 11:fcs2 o o

Note 1: It is indeterminate when reset.

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

Transfer Transfer

/ (indeterminate value) /' (measured value)

transfer timing | (Note 1) ‘ (N-; 1)
;/, ote 1/4 ote

I . 1
Count start flag (l)

Timing at which counter
reaches “000016"

Reload register « counter | |_| |_|

Timer Bi interrupt ‘1" |—| Ii
request bit “qr A
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

I

I

I

3 :

1 Transfer Transfer | Transfer 1 Transfer |

Vg . I | I I

. A (indeterminate | (measured value) |« (measured 4 (measured value)

3 /1 value) / ‘/value) : 3
Reload register + counter |
I

|

transfer timing

:/ (Note 1) :/(Note 1) ‘/(Note :‘L)/q(No;e-l) 1/(Note2)
[ [ ] —

Timing at which counter
reaches “000016"

wgr | | |
Count start fla | i i
’ “0” 4 | 1
Timer Bi interrupt “1” ‘ ‘ |
request bit “or | .

A v !

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

Timer Bi overflow flag !
"o

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
B I I N A INVCO 030816 0016
A =T symbol Bit name Description R W
A Effective interrupt output 0: A timer B2 interrupt occurs when the i
ooy INVOo polarity select bit timer A1l reload control signal is “0”. !
e 1: A timer B2 interrupt occurs when the o, O
timer A1 reload control signal is “1”. !
T Effective only in three-phase mode 1 !
Effective interrupt output 0: Not specified. 1
[ INVOL specification bit (Note 4) | 1: Selected by the effective interrupt ol o
oo output polarity selection bit. |
A Effective only in three-phase mode 1 ‘
Mode select bit 0: Normal mode |
e INVO2 (Note 2) 1: Three-phase PWM output mode © ©
Output control 0: Output disabled
[ INVO3 bit 1: Output enabled © ! ©
i : : . Positive and negative 0: Feature disabled i
Vo INVO4 phases concurrent L output| 1: Feature enabled O, O
I disable function enable bit !
. Positive and negative 0: Not detected yet 0 | o
iy INVOs phases concurrent L output| 1: Already detected | (Note 1)
v detect flag !
E i ___________________ INVOs Modulation mode select 0: Triangular wave modulation mode o ! o
: bit (Note 3) 1: Sawtooth wave modulation mode |
o 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 occurrences frequency set circuit works.

For U, U, V, V, W and W output from P8o, P81, and P72 through P7s, setting of function select registers A, B and C is
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 bo

| Symbol Address When reset
B N I INVC1 030916 XXX0X0002
¢ 1 11| Bit symbol Bit name Description R W
. ; ; ; 0: Timer B2 overflow signal 1
R R Timer Ai start trigger : ! !
Db b M VI | signal selectbit 1: Timer B2 overflow signal, 00
[ signal for writing to timer B2 '
E : : : _____ Timer Al-1, A2-1, A4-1 0: Three-phase mode 0 1
o INV11 control bit 1: Three-phase mode 1 © ' ©
E : : Dead time timer count 0:f1 !
[P, INV12 . '
v source select bit 1:f1/2 o ! o
o] INV13 Carrier wave detect flag 0: Rising edge of triangular waveform o 1 X
H (Note) 1: Falling edge of triangular waveform
E ______________ INV14 Output porality control bit 0: Low active o o
1: High active '
Noting is assigned.
When write, set "0". When read, their contents are "0". -

Note : INV13 is valid when INVOs = 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
i1 1| BitSymbol Bit name Function RIW
. DUO U phase output buffer 0 | Setting in U phase output buffer O O O

Ve DUBO U phase output buffer 0 | Setting inU phase output buffer 0 O O

I aLn DVO V phase output buffer 0 | Setting in V phase output buffer 0 @) O

----------- DVBO V phase output buffer 0 | Setting in V phase output buffer 0 O O

| ceeesesceenaand DWO W phase output buffer 0 | Setting in W phase output buffer 0 O O

e EREEEEE LY DWBO W phase output buffer 0 | Setting in W phase output buffer 0 o'

IR e —

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
i i |_BitSymbol Bit name Function R W
P DU1 U phase output buffer 1 | Setting in U phase output buffer 1 00

A DUB1 U phase output buffer 1 | Setting inU phase output buffer 1 @) O

: o] DV1 V phase output buffer 1 | Setting in V phase output buffer 1 O O
o] DVB1 V phase output buffer 1 | Setting in V phase output buffer 1 O O
P temeeieeeennd DW1 W phase output buffer 1 | Setting in W phase output buffer 1 O O
] DWB1 W phase output buffer 1 | Setting in W phase output buffer 1 010

Nothing is assigned.
"""""""""" When write, set "0". When read, its content is "0".

e

Note: When executing read instruction of this register, the contents of three-phase shift
register is read out.

Dead time timer (Note)

b b0
L Symbol Address When reset
| DTT 030C16 Indeterminate
Function Values that can be set | R w
b Set dead time timer 1to 255 o e
Note: Use MOV instruction to write to this register.
Timer B2 interrupt occurrences frequency set counter (Note 1 to 3)
b o0 Symbol Address When reset
ICTB2 030D16 Indeterminate
: Function Values that can be set [ R ' W
s Set occurrence frequency of timer B2 1to0 15 _ 3 e}
interrupt request 1

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.

Note 3: Use MOV instruction to write to this register.

Figure 1.15.2. Registers related to timers for three-phase motor control
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Timer Ai register (Note)

Symbol Address When reset
(®19) (e bo TAL 034916,034816  Indeterminate
| TA2 034B16,034A16 Indeterminate
TA4 034F16,034E16 Indeterminate
' TB2 035516,035416 Indeterminate
E Function Values that can be set | R W
i « Timer mode 000016 to FFFF16 o EO
Counts an internal count source |
« One-shot timer mode 000016 to FFFF16 X :O
Counts a one shot width (Note 2, 3)

Note 1: Read and write data in 16-bit units.

Note 2: When the timer Ai register is set to "000016", the counter does not operate
and a timer Ai interrupt does not occur.

Note 3: When writing to this register, use MOV instruction.

Timer Ai-1 register (Note)

(s%5> <§§) . bo Symbol Address When reset
TA11l 030316,030216 Indeterminate
| TA21 030516,030416 Indeterminate
! TA41 030716,030616 Indeterminate
E Function Values that can be set |R1Wj
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

11:TA3 overflow is selected i

TA3TGL Timer A3 event/trigger | b5b4
tommmmmmmmmmm e select bit . 0 0 : Input on TA3IN is selected (Note) O:O
01 : TB2 overflow is selected .

Vo] TA3TGH 10: TA2 overflow is selected 00
11:TA4 overflow is selected

Symbol Address When reset
| | | | | | | | | TRGSR 034316 0016
oo b Bit symbol Bit name Function R'W
T ) ! b1 b0 |
oo Pt TALTGL Ig;i; ﬁi event/trigger 00 : Inputon TALi is selected (Note)  [O!O
A 0 1: TB2 overflow is selected :
[ TALTGH 10: TAO overflow is selected O: o
oo 11:TA2 overflow is selected ;
o ] TA2TGL Timer A2 event/trigger | P3P2 O:O
Vo select bit 0 0 : Input on TA2iN is selected (Note) |
oo 01: TB2 overflow is selected
L o] TA2TGH 1 0: TA1 overflow is selected 0.0

_______________________ i i b7 b6 |
TAATGL -Srg;irt ﬁ: event/trigger 00 : Input on TA4IN is selected (Note)  |O'1O

01 : TB2 overflow is selected
] TA4ATGH 10: TA3 overflow is selected 0.0
11 :TAO overflow is selected i

Note: Set the corresponding port function select register to 1/O 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

i : Bit symbol Bit name Function R W
i : TAOS Timer AO count start flag 0 : Stops counting 00
P TA1S Timer Al count start flag 1: Starts counting 0.0
i : TA2S Timer A2 count start flag 0.0
. . TA3S Timer A3 count start flag oio
E : TA4S Timer A4 count start flag OEO
- - TBOS Timer BO count start flag (e){e}
i e TB1S Timer B1 count start flag e
S — 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 PWM output mode)
Setting “1” in the mode select bit (bit 2 at 030816) shown in Figure 1.15.1 causes three-phase PWM
output mode that uses four timers Al, A2, A4, and B2 to be selected. As shown in Figure 1.15.4, set
timers Al, 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
— TA3MR 035A16 00000X002
Poio4 b i 14| Bitsymbol Bit name Function RIW
P40 i 11 "1_TMODO |operation mode b1 b0 ) 0,0
R T™MODL | select bit 10 : One-shot timer mode 00
b MRO | This bitis invalid in M16C/80 series. 5
e Port output control is set by the function select registers A and B. i
femmmmmmeeey MR1 External trigger select Invalid in three-phase PWM output mode. OEO
Voo bit !
I R MR2 Trigger select bit 1: Selected by event/trigger select OEO
T register .
I S EaaaaGOEEEEE MR3 0 (Set to “0” in one-shot timer mode) 0.0
E STy TCKO Count source select bit bé %6: f1 OEO
01:fs ;
"""""""""""" TCK1 10:f32 00
11:fc32 !

Timer B2 mode register

Symbol Address When reset

b7 b6 b5 b4 b3 b2 bl bl

| 7| 6| 5| 04| 3| 2| 01| 00| TB2MR 035D16 00XX00002
byt 41 | Bitsymbol Bit name Function RW
*{ TMODO Operation mode select bit |b1b0 OEO

- 00 : Timer mode T

e TMOD1 00
A MRO Invalid in timer mode o0
P . . e ] MR1 Can be “0” or “1” OEO
Pon ey MR2 0 (Set to “0” in timer mode) )
MR3 Invalid in timer mode.
R When write, set "0". When read in timer mode, its content is O:X
Vo indeterminate. !
Count source select bit ~ |°706 !
L] TCKO 00:f1 Oio
H 01:fs 1
1 10:f32 !
"""""""""""" TeK1 11:fc32 0.0

Figure 1.15.4. Timer mode registers in three-phase PWM output 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 P8o, 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
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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, Al1-1, 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 “0” 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 1t 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 030816).
An example of U phase waveform is shown in Figure 1.15.6, 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 030A16). In
addition, set “0” in DU1 (bit O 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 specifi-
cation 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 (034F16, 034E16) 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 —

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
i\ set circuit

timer Ai start : : o ; NG .
(timer B2 overflow J'| |'| |'| |'| 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 b
output signal 5_|V/
G phase ;
output signal _|
U phase _| |
(Note 1) ' ' ,
Uphase | ! l
b
Dead time
Uphase : |: :
(Note2) § P : i
Uphase | ] : : :
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

! Rewriting timer A4 every timer B2 interrupt occurres.

. : }FTimer B2 intérrupt occurres.
Trigger signal for § ! i Rewriting three-phase buffer register.
timer Ai start I : I '

(timer B2 overflow_i-l ” ” ﬂ H n ﬂ ﬂ

signal)

Timer A4 output

Control signal for l_— l I

timer A4 reload

U phase
output signal

U[tJhatse_ I _l IW I : : ! '
output signal
S R I S i

U phase
Uphase Vo : o : : ! : :
Dead time

Note: Set to triangular wave modulation mode and to three-phase mode 1.

Figure 1.15.7. Timing chart of operation (2)
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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, Al, 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 1.15.8, 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 O at 030B16) and set “1” in DUBL1 (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 000016.
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,

Signal wave —a¢

Timer B2

Interrupt occurres.

Trigger signa| for Reyvriting the value of timer A4.

Data transfer is made from the three-
phase buffer register to the three-
phase shift register in step with the
timing of the timer B overflow.

timer Ai start ; : ; ; :
(timer B2 overflow ﬂ |_| / : \ ﬂ

signal)

! L

The three-phase

Timer A4 output

U phase output

shift register

§ /shifts in
i |4 synchronization

with the falling
edge of timer A4.

signal

output signal

U phase ' I l '

U phase j

G phase

> - >l - > e e

i

Dead time

L
.
N l_l

)
H
H
;
.
H
,
H
,
:
- P

Note: Set to sawtooth modulation mode and to three-phase mode 0.

b >

Figure 1.15.8. Timing chart of operation (3)
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Three-phase motor control timers’ functions SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
|

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-a

Timer B2
Interr.u.p t ot;]currels. fti Interrupt occurres. . Data transfe:r is made from the three-
Rewriting the value o! 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 | : : timing of the timer B overflow.
(timer B2 overflow f : H T P
signal) ﬂ H \ 1 ﬂ / I—L
: The three-phase
1 shift register shifts

Timer A4 output in synchronization
' with the falling

d edge of timer A4.

U phase

output signal

u phase

output signal : :

U phase : ' H I : : s Lo

Gphase v i i i ! l I I :
> - > > e e e Vo

Dead time

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.15.9. Timing chart of operation (4)
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M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0O

Serial 1/10
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 I/O 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 UART2 UART3 UART4
CLK polarity selection PossibleMo€ )| possible(Note 1)| possibldNoe D | possible™® D | possible™ V)
LSB first/ MSB first selection| Possible Vo€ | possibleMoe 1| possibldNo 2 | possible™°® ) | possible™® 2
Continuous receive mode Possible M€ 1| possible™ote D possibldNote D | possible™® Y | possible™oe Y
selection
Transfer clock output from |, qjpje PossibleN°® D} mpossible Impossible Impossible
multiple pins selection
Separate CTS/RTS pins Possible Impossible Impossible Impossible Impossible
Serial data logic switch Impossible Impossible PossibléN® 4 | possible™?® 4 | possible™® 4
Sleep mode selection PossibleMo€ 3) | possible Nt 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-c.hannel Open | cmos output CMOS output

drain output

Parity error signal output Impossible Impossible PossiblgNot 4) Possible™°® 4 | possible™te 4
Bus collision detection Impossible Impossible Possible Possible Possible

Note 1: Only when clock synchronous serial /0 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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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

RxD0 O ——OTxD0
UART reception Receive
Clock source selection Reception clock Transmit/
f1 ° Clock synchronous type rﬂ | control circuit receive
Internal ' unit
—0 "\
:8 UART transmission ' Transmit
32 R NS Transmission clock
External Clock synchronous type 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
CILKty gy selected)
CLKO (O Ppolar
reversing N
circuit
CTng]TS disabled
CTS/RTS selected RTSO
CTS0/RTS0O oo Y
? Vee
b ~reipTe A
TS/RT! | e
CTS/RTS disabled CcTSo
o_O
; CTS/RTS separated
CTSO0 from UART1
(UART1)
RxD1 O ——O TxD1
Receive T v
i Reception clock ransmi
Clock source selection ‘ receive
f1 Bit rate Clock synchronous type ro ' unit
fg —o Internal enerator o ! )
1/ (el UART transmission ! Transmit
2 —0 o ) |1/i| . Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is slected)
O
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
CLK lected
CLK1 O polarity o se )
reversing
circuit I CTS/RTS disabled
CTS/RTS separated e—
CTS1/RTS1 O o—5 o—G—e <] RTS1
/CTSO/CLKS1 Clock output pin V:L:C
select switch CTS/RTS di
CTS/RTS disabled CTS1
) O
CTSo CTSO0 to UARTO
RxD polarity ™D
RxD2 O— . i H polarity [ -OTxD2
reversing circuit reversing
UART reception . Receive circuit
Clock source selection Reception | clock Transmit/
f1— o Bit rate Clock synchronous type [—o I control circuit receive
£ Internal generator N I unit
8 So—o 1/ (n2+1 UART transmission | | Transmit
fs2 © - U Transmission clock
control circuit
External
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
CiLK )/I selected)
CLK2 polarity
O reversing N
cireuit | CTS/IRTS  CTS/RTS disabled
selected RTS2
CTS2/RTS2 O o0 \I
Vce
o{c CTSIRTS disabled 75
nO : Values set to UARTO bit rate generator (BRGO)
nl: Values set to UARTL1 bit rate generator (BRG1)
n2 : Values set to UART?2 bit rate generator (BRG2)

Figure 1.16.1. Block diagram of UARTi (i =0 to 2)
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Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

( ) RxD polarity D
RxD3 O reversing circuit M rg\(/)éar‘gitgg OTxD3
UART reception Receive circuit
Clock source selection o] R‘icelptﬁon " clock Transmit/
; Clock synchronous type —o control circur receive
f1 Internal gsr?er?atteor ro . T unit
fa So—o - UART transmission 1 | Transmit
b —o 1/(n2+1) ! Transmission clock
External Clock synchronous type control circuit
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
CILKt )/‘ selected)
(O~ polarity
CLK3 reversing I N
cireuit | CTS/RTS  CTS/RTS disabled
selected RTS3
CTS3/RTS30O o0 3§
Vce
o{o CTSIRTS disabled g3
( ) RxD polarity D
RXD4O reversing circuit m rg\?(lafgitrxllg O TxD4
UART reception Receive circuit
Clock source selection Reception [ ¢lock Transmit/
f1 Bit rate Clock synchronous type i control circuit receive
° Internal generator FO H I unit
f8 ° N UART transmission | | Transmit
fa2 1/(n2+1) : Transmission clock
External Clock synchronous type control circuit
Clock synchronous type
(when internal clock is selected)
O
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
pcﬁlélr?ty )/‘ selected)
CLK4O reversing - N
circuit CTSIRTS  CTSIRTS disabled
selecte I
P —— RTS4
CTS4/RTS40 Sl <
Vce
O<C CTSIRTS disabled 7,
n3: Values set to UARTS3 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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M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Py
Clock
synchronous type
UART (7 bits)
Clock UART (8 bits)
PAR synchronous UART (7 bits) UARTI receive register
disabled |YP®
O
O— o
. PAR UART .
RxDi enabled UART (9 bits)
Clock
synchronous type
UART (8 bits)
UART (9 bits)
: : : : : H H : UARTIi receive
0 0 0 0 0 0 0 : Ds | | D7. Ds : Ds : D4. D3 H D2 : D1 : D0| buffer register
- — Address 036616
| MSB/LSB conversion circuit | Address 036716
Address 036E16
| | Address 036F16
Data bus high-order bits
Data bus low-order bits
| MSB/LSB conversion circuit |
|D8 | | D7: De: Ds; Da: D3; D2: D1i Do | UARTI transmit
- : : . : . : buffer register
Address 036216
Address 036316
Address 036A16
UART (8 bits) Address 036B16
UART (9 bits)
UART (9 bits) S/I:ed( synchronous
PAR
enabled UART
Q
Clock ) - ] ]
giéaRbled Sy?\?:hronous UART (7 bits) UARTI transmit register
type UART (7 bits)
UART (8 bits) .
“0” Clock synchronous SP: Stop bit
type 4 PAR: Parity bit

Figure 1.16.3. Block diagram of UARTiI (i = 0, 1) transmit/receive unit
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Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

No reverse
O

Reverse

RxD da
reverse circuit

RxDi O—¢

Clock
synchronous type
UART
(7 bits)
UART
(8 bits)

Clock
synchronous

PAR UARTI receive register
disabled type

UART(7 bits)

Clock

2SP PAR
synchronous type

enabled

UART

0i0i0io0ionioO 0§D8| |D7§D6§D5§D4§D3§D2§D1§Do|
| Logic reverse circuit + MSB/LSB conversion circuitl
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuitl
L <>
|Ds| |D7§D6§D5§D4§D3§D2§D1§Do|

UART

(8 bits)

UART

(9 bits)

Clock
synchronous type

UART
(9 bits)

PAR
enabled

UART

UART(7 bits) UARTI transmit register

synchronous
type

synchronous type

Error signal output

disable No reverse

Error signal output Reverse

enable
SP : Stop bit
PAR : Parity bit
i :2t04

UARTI receive
buffer register

Address 033E16
Address 033F16
Address 032E16
Address 032F16
Address 02FE16
Address 02FF16

UART2 transmit
buffer register

Address 033A16
Address 033B16
Address 032A16
Address 032B16
Address 02FA16
Address 02FB16

Error signal TxD data TxDi
output circuit reverse circuit

Figure 1.16.4. Block diagram of UARTI (i = 2 to 4) transmit/receive unit
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Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(b15)
b7

(b15)
b7

ARTI transmit buffer reqgister (Not: Symbol Address When reset
U ans butfer register (Note) uoTB 036316, 036216 Indeterminate
e bo u1TB 036B16, 036A16 Indeterminate
u2TB 033B16, 033A16 Indeterminate
| U3TB 032B16, 032A16 Indeterminate
: : U4TB 02FB16, 02FA16 Indeterminate
Function RIW
H H i
T t----1 Transmit data X0
Nothing is assigned. |
"""""""""""""""" When write, set "0". When read, their contents are indeterminate. -7
Note: Use MOV instruction to write to this register.
UARTI receive buffer register Symbol Address When reset
(b8) UORB 036716, 036616 Indeterminate
b0 b7 bo U1RB 036F16, 036E16 Indeterminate
|><|><| | U2RB  033Fi, 033E.6  Indeterminate
—l - U3RB 032F16, 032E16 Indeterminate
[ : U4RB 02FF16, 02FE1s Indeterminate
Bit Bit name (During cll:oli:rllcg)?r?chronous Function RIW
symbol serial 110 mode) (During UART mode)
brmmmmmmmmmeee 1 — — Receive data Receive data O:x
L 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 o)
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 !
L L C LT EEEEERPREEEEEPRREE FER | Framing error flag (Note 1) | Invalid 0 : No framing error O: %
1: Framing error found
........................................ PER |Parity error flag (Note 1) | Invalid 0 : No parity error Oix
1 : Parity error found |
............................................ SUM | Error sum flag (Note 1) Invalid 0 : No error %
1 : Error found

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

“Qr

(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 02FEzs) is read out.
Note 2: Arbitration lost detecting flag is allocated to U2RB, U3RB and U4RB and nothing 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”.

UARTI bit rate generator (Note 1, 2)

b7

bo

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
|
Assuming that set value = n, BRGi divides the count source by 0016 to FF1s % 10

Note 1: Use MOV instruction to write to this register.
Note 2: Write a value to this reaister while transmit/receive halts.

Figure 1.16.5. Serial I/O-related registers (1)
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Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

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 : 1
T R T - Bit . . Function !
symbol Bit name (Dunr;%r(izell??/kOSﬁ;gg))nous (During UART mode) R :W
N T . .| Must be fixed to 001 b2b160
e Serial /0 mode select bit b2b1 b0 100 : Transfer data 7 bits long |O: O
T 000: Serial /O invalid 7| | 10 1: Transfer data 8 bits long |
oo e SMD1 01 0: Inhibited 110: Transfer data 9 bits long |
ol 01 1: Inhibited 000 : Serial I/O invalid 0.0
R R 111: Inhibited 010 Inhibited :
T SMD2 011 : Inhibited !
oo 111 Inhibited C:0
L T TranaE CKDIR [Internal/external clock 0 : Internal clock (Note 1) | 0: Internal clock O o
oo select bit 1: External clock (Note 2) | 1: External clock (Note 2)
R R ERRREEE STPS | stop bit length select bit | Invalid 0 : One stop bit 0.0
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
v 1 : Even parity |
Pt PRYE | Parity enable bit Invalid 0: Parity disabled o0
H 1. Parity enabled !
(A SLEP | Sleep select bit Set to “0” 0: Sleep mode deselected O: o)
1: Sleep mode selected i
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.
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
Bit Bit name (Durini cII:OL::rI](C;io:chronous Function R w
v v 0| symbol s%rial o) ?Inode) (During UART mode) !
Pobob ] SvMpo | aen . 4 1
A Serial /O mode select bit “ﬂiobe fixed to 001 100 : Transfer data 7 bits long |O:O
- . . . . 101 : Transfer data 8 bits long .
e Yo ) 000 Serial I/ invalid 110: Transfer data 9 bits long | _
o 010: (Note) Lora ata < 00
AT Inhihi 000 : Serial /0 invalid !
R T 011 : Inhibited e !
Pl 111 Inhibited 010:Inhibited :
e SMD2 011 Inhibited oo
oo 111 : Inhibited 3
e EEeEr CKDIR |Internal/external clock 0 Internal clock (Note 2) | 0 : Internal clock oo
oo select bit 1: External clock (Note 3) 1: External clock (Note 3) !
SRR, STPS | stop bit length select bit | Invalid 0 : One stop bit O o)
v 1: Two stop bits ;
FA T T PRY |Odd/even parity select bit | Invalid Valid when bit 6 = 1" ;
P 0 : Odd parity 0.0
Vo 1: Even parity !
ot PRYE | Parity enable bit Invalid 0: Parity disabled 00
H 1: Parity enabled i
R joPoOL | TxD, RxD I/O polarity 0 : No reverse 0 : No reverse
reverse bhit 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 1°C 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 I/O port.

Figure 1.16.6. Serial I/O-related registers (2)
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Serial I/O

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit/receive control register O

b7 b6 b5 b4 b3 b2 bl b0

UART?2 transmit/receive control register 0

b7 b6 bS5 b4 b3 b2 bl b0

| Symbol Address When reset
UiCo(i=0,1) 036416, 036C16 0816
. Function . 1
Bit ; ) Function i
. R'W
symbol Bit name (Durlr;gerci:gl)(;/kosm)c;é?nous (During UART mode) !
b1 bo b1 bo |
CLKO | BRG count source 00:fi1is selected 00:fiis selected OEO
select bit 01:fsis selected 01:fsis selected s
CLK1 10:f32is selected 10:f32is selected 00
11 : Inhibited 11 : Inhibited |
raiDTG . Valid when bit 4 = “0” Valid when bit 4 = “0” |
CRS | CTS/RTS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (OO
select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) |
TXEPT | Transmit register empty |°° Eaztiztge(fjirr‘itn'g t‘::rr]‘ssmi'ésion) 0: Data present in transmit register |
flag 1 : No data present in transmit (during transmission) O 'X
rouiss rt) n 1 : No data present in transmit 1
register (transmission register (transmission completed) i
completed) I
CTe/RTE di ; 0: CTS/RTS function enabled | 0: CTS/RTS function enabled !
CRD | CTS/RTS disable bit 1: CTS/RTS function disabled | 1: CTS/RTS function disabled 0.0
f 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output i
NCH Data output select bit 1: TXDi pin is N-channel 1: TXDi pin is N-channel 00
open drain output open drain output 3
CKPOL | CLK polarity select bit |0 : Transmit datais outputat | get g “0” !
falling edge of transfer clock |
and receive data is input at i
rising edge |

1: Transmit data is output at o i ©
rising edge of transfer clock i
and receive data is input at |
falling edge i

UFORM |Transfer format select bit [0 : LSB first g 00

1: MSB first Setto’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.
Symbol Address When reset
u2Co 033C16 0816
Bit Function Function
i i . R'W
symbol Bit name (Durlr;ger?;cl)?/kOSﬁggg))nous (During UART mode) !
bl b0 b1 b0 :
CLKO | BRG count source 00:f1is selected 00:f1is selected 0.0
select bit 01:fsis selected 01:fsis selected :
CLK1 10:f32 |s selected 10:f32 |s selected O:O
11 : Inhibited 11 : Inhibited |
Aro/DTo . Valid when bit 4 = “0” Valid when bit 4 = “0” 3
CRS CTIS/ RJS function 0 : CTS function s selected (Note 1) | 0 : CTS function is selected (Note 1) |O 1O
select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) !
. . 0 : Dat: t in transmit . . . . |
TXEPT | Transmit register empty reziitge(fﬁ?ir:g trranssmilssion) 0: (%at&.‘ b ”?‘"S)m" register |
. . . uring transmission !
flag 1:No .d?ta ?resentl |nltransm|t 1: No data present in transmit o | X
register (transmission register (transmission completed) i
completed) !
RD | CTS/RTS disable bi 0: CTS/RTS function enabled | 0: CTS/RTS function enabled !
¢ 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”. 1
. . 0 : Transmit data is output at wry 3
CKPOL | CLK polarity select bit falling edge of transfer clock Setto"0 !
and receive data is input at !
rising edge !

1 : Transmit data is output at 00
rising edge of transfer clock !
and receive data is input at !
falling edge !

UEORM |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 /O mode and 8-bit UART mode are valid.

Figure 1.16.7. Serial I/0O-related registers (3)
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Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0

| | Symbol Address When reset
UiCO0(i=3,4) 032Cz1e6, 02FC16 0816

E E E E E E E i i Function ) !
R N R Bit Bit name (During clock synchronous _ Function RIW
bbb yme serial /0 mode) (During UART mode) :
Ponon o160 b1b0 :
¢ 1 ¢ 1 1 1 1 CLKO | BRG count source 00:f1is selected 00:f1is selected 0.0
. select bit 01:fsis selected 01:fsis selected
Coror o i) CLKL 10:fs2is selected 10:fs2is selected 00
e 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) '
5 5 E E E . f 0 : Data present in transmit . ; ; ; .
N TXEPT ]:II';ansmlt register empty | " o qister (during transmission) | © ai[ﬁn%r?f;nstrmsz%ﬁm't register :
E E E E 9 L Nold?ta ?resentl intransmit | 4 . N data present in transmit OEX
. register (transmission register (transmission completed) !
R R completed) '
o ~ro/BTa A : 0: CTSIRTS function enabled | 0 : CTS/RTS function enabled :
R CRD | CTSIRTS disable bit 1: CTS/RTS function disabled | 1 : CTS/RTS function disabled OEO
Voo NCH | Data output select bit 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output
I 1: TXDi pin is N-channel 1: TXDi pin is N-channel o0
I open drain output open drain output .
E E - . 0 : Transmit data is output at Set to “0”
v CKPOL | CLK polarity select bit falling edge of transfer clock !
S and receive data is input at '
! 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 [0 : LSB first 0: LSB first 00

(Note 3) 1: MSB first 1: MSB first |

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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Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/O

UARTI transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | UiC1(i=0,1) 036516,036D16 0216

I ] Function . !
T Bit . : Function !
R R Bit name (During clock synchronous ! RIW,|
b symbol serial /O 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 !
A transmit buffer register transmit buffer register !
R A RE Receive enable bit : Reception disabled 0 : Reception disabled 00
[ : Reception enabled 1: Reception enabled
RI Receive complete flag : No data present in 0 : No data present in
Rt receive buffer register receive buffer register O'X
- : Data present in 1: Data present in {
P receive buffer register receive buffer register '
i ______________ 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 bS b4 b3 b2 bl bO Symbol Address When reset

| | | | | | | | | UIiC1 (i=2 to 4) 033D16, 032D16, 02FD16 0216
I ] Function . :
T Bit . : Function {
R R Bit name (During clock synchronous ! RIW,|
b symbol serial /O mode) (During UART mode)
TE Transmit enable bit : Transmission disabled | O : Transmission disabled O:O
H S : Transmission enabled | 1 : Transmission enabled
TI | Transmit buffer : Data present in 0 : Data present in
e empty flag transmit buffer register transmit buffer register O'X
- : No data present in 1: No data present in !
A transmit buffer register transmit buffer register
R A RE | Receive enable bit : Reception disabled 0 : Reception disabled OEO
[ : Reception enabled 1: Reception enabled !
RI Receive complete flag : No data present in 0 : No data present in
S receive buffer register receive buffer register O'X
. : Data present in 1: Data present in |
P receive buffer register receive buffer register
i : : : UiIRS [ UARTI transmit interrupt : Transmit buffer empty | O : 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 Set to “0”
RO receive mode enable bit mode disabled 00
. : Continuous receive |
Vo mode enabled
e UILCH [ Data logic select bit - No reverse 0 : No reverse OEO
i : Reverse 1:Reverse !
e UIERE | Error signal output Set 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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Serial I/0

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
|><| |><[><| | | | | UCON 037016 X00000002

Bit Function Function ;
R Bit name (During clock synchronous ) R'W,|
symbol serial /O mode) (During UART mode) !
v+ 1+ % 4+ % 1 | UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI=1) | !
T A R interrupt cause select bit | 1: Transmission completed 1 : Transmission completed 0.0
R T R (TXEPT =1) (TXEPT = 1) |
E E E E E E E ULlIRS [ UART1 transmit 0 : Transmit buffer empty (TI=1) [ O : Transmit buffer empty (Tl = 1) 3
e interrupt cause select bit | 1: Transmission completed 1: Transmission completed o ;O
: : ' ' ' ' (TXEPT =1) (TXEPT =1) !
UORRM | UARTO continuous 0 : Continuous receive Set to “0”
[ Lt receive mode enable bit mode disabled 0.0
oo e 1: Continuous receive |
T mode enable |
Vo U1RRM | UART1 continuous 0 : Continuous receive Set to “0”
T R RRLEEEEEE receive mode enable bit mode disabled 00
oo 1: Continuous receive !
ooror mode enabled !
- Nothing is assigned. —i—
I When write, set "0". When read, its content is indeterminate. ;
o RCSP | Separate CTS/RTS bit | 0: CTS/RTS shared pin | 0: CTS/RTS shared pin oo
1: CTS/RTS separated 1: CTS/RTS separated !
_______________________ Nothing is assigned. _3_

When write, set "0". When read, its content is indeterminate. |

UARTI special mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
|><I | | | | | | | UiSMR (i=2 to 4) 033716, 032716, 02F716 0016

A : Function ) |
e Bit ; " Function |
R R Bit name (During clock synchronous . R'W
symbol serial /0 mode) (During UART mode) !
bororor o ieM | e mode select bit 0 : Normal mode Set to “0” OEO
Voo 1:1IC mode '
P4 4 444 | ABC | Arbitration lost detecting | O : Update per bit Set to “0” OEO
or oy e flag control bit 1: Update per byte
P BBS | Bus busy flag 0 : STOP condition detected | Set to “0” 0.0
- 1: START condition detected (Notel)
N LSYN | SCLL sync output 0 : Disabled Set to “0” OEO
. enable bit 1: Enabled
o ABSCS | Bus collision detect Setto “0” 0: Rising edge of transfer clock ;
Voo e sampling 1 : Underflow signal of timer Ai 0'0
clock select bit (Note 2) !
o ACSE | Auto clear function Set to “0” 0 : No auto clear function

P e select bit of transmit 1 : Auto clear at occurrence of |O:O
o enable bit bus collision B
e Transmit start condition | Setto “0” 0 : Ordinary 1

: SSS select bit 1: Falling edge of RxDi 0.0
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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UARTI special mode register 2

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UISMR2 (i=2t04) 033616, 032616, 02F616 0016
i Bit Bit name Function R'W
+ | symbol
: | 11cM2 | 11c mode select bit 2 0 : NACK/ACK interrupt

DMA source - ACK

Transfer to receive buffer at the rising edge of

last bit of receive clock

Receive interrupt is occurred at the rising

edge of last bit of receive clock o)
1: UART transfer/receive interrupt

DMA source - UART receive

Transfer to receive buffer at the falling edge

of last bit of receive clock

Receive interrupt is occurred at the falling

edge of last bit of receive clock

O

CSC | Clock synchronous bit 0 : Disabled

" 1: Enabled 0,0
SWC | SCL wait output bit 0 : Disabled
St 1: Enabled 0.0
: ALS | SDA output stop flag 0 : Disabled
T 1: Enabled 0,0
L STC | UARTI initialize bit 0 : Disabled
: 1: Enabled 00
L SWC2 | SCL wait output bit 2 0 : UARTI clock 00
, 1: 0 output
] SDHI | SDA output inhibit bit 0: Enabled oo
1: Disabled (high impedance)
________________________ SHTC [ Start/stop condition Must set to "1" in selecting IIC mode. 00
control bit

Figure 1.16.11. Serial 1/0O-related registers (7)
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Serial I/0

UART2 special mode register 3

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
U2SMR3 033516 000XXXXX2
bl b [ Bitsymbol | Bit name Function R

ceadaad

------+4 Nothing is assigned. These bits can neither be set nor reset. When read, —
their contents are indeterminate.

SDA2(TxD2) digital b7 b6 b5
oI bLO delay time set bit 000:Without delay eYe)
(Note 1,2) 001:2-cycle of 1/f(XIN)
: 010:3-cycle of 1/f(XIN)

100:5-cycle of 1/f(XIN)

101:6-cycle of 1/f(XIN)

........................ 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 IIC interface.
Otherwise, must set to "000".

Note 2: When external clock is selected, delay is increased approx. 100ns.

_____________________ DL1 011:4-cycle of 1/f(XiN) 0.0

UARTI special mode register 3 (i=3,4)

(master mode) (Note 5)
1: Select STxDi and SRxDi 0.0
(slave mode) (Note 6)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
U3SMR3 032516 000000002

N U4SMR3 02F516 000000002
v+ [ Bitsymbol Bit name Function R'W
oo SSE SS port function enable bit | 0: SS function disable 00
P (Note 3) 1: SS function enable !
oo Clock phase set bit 0: Without clock delay
b CKPH P 1: With clock delay O:O
DINC Serial input port set bit 0: Select TxDi and RxDi

R . 0: CLKi is CMOS output !
' NODC Clock output select bit 1: CLKi is N-channel open drain  [O'O
‘ output |
] ERR 0: Without fault error 00
Fault error flag 1: With fault error (Note 4)
SDAI(TxD2) digital b7b6b5 !
VT DLO delay time set bit 000 :Without delay OEO
H (Note 1,2) 001 :2-cycle of 1/f(XIN) !
010 :3-cycle of 1/f(XIN)
R DL1 011 :4-cycle of 1/f(XIN) 00
: 100 :5-cycle of 1/f(XIN) }
101 :6-cycle of 1/f(XIN) 1
R DL2 110 :7-cycle of 1/f(XIN) e

111 :8-cycle of 1/f(XIN)

Note 1: These bits are used for SDAI(TxDi) output digital delay when using UART: for IIC 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 1.16.12. Serial I/O-related registers (8)
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(1) Clock synchronous serial I/O mode

The clock synchronous serial /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)

ltem Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * When internal clock is selected (bit 3 at addresses 036016, 036816, 0338186,

032816, 02F816 = “0") : fi/ 2(n+1) (Note) fi =11, f8, 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”
- TxD output selected by the corresponding function select register A, B and C.
 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, 033C1s,
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, 033C1s,
032C16, 02FC16) = “1": CLKi input level = “L”
* When transmitting
Interrupt request - Transmit interrupt cause select bit (bits 0, 1 at address 037016, bit 4 at address
generation timing 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 03701s, 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 : “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
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Table 1.17.2. Specifications of clock synchronous serial I/O mode (2)

Item

Specification

Error detection

 Overrun error (Note 1)
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 2)
UART1 transfer clock can be chosen by software to be output from one of
the two pins set
+ Separate CTS/RTS pins (UARTO) (Note 2)
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 1: 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 will not change.

Note 2: The transfer clock output from multiple pins and the separate CTS/RTS pins functions cannot be
selected simultaneously.
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UARTI transmit/receive mode registers

br D6 DS b4 B3 b2 b B0 Symbol Address When reset

| 0| | | | | 0| 0| l| UiMR(i=0,1) 036016, 036816 0016
¢or o v | Bt symbol Bit name Function R'W
poror b1 i Y SMDO | serial /O mode select bit | "™ - |©©%
[ SMD1 00 1: Clock synchronous serial OfO
R T I/0 mode
N SMD2 0.0
A CKDIR Internal/external clock 0 : Internal clock (Note 1) OEO
o select hit 1: External clock (Note 2) !
ARREDEEEEED STPS 00
A REEEEEELELERD PRY Invalid in clock synchronous serial I/O mode 00
(R R PRYE 0'0
O EELEEEEPEEPEEEEEPPES SLEP 0 (Set to “0” in clock synchronous serial /O mode) 00

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.

UART2 transmit/receive mode register

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
oy T SMDO Serial /O mode select bit | =" _ ) O}o
L . SMD1 00 1 : Clock synchronous serial [e}fe)
R A T I/0 mode ‘
A SMD2 0.0
o] CKDIR Internal/external clock 0 : Internal clock (Note 2) O:O
- select hit 1: External clock (Note 3) .
e REEEEEEE R STPS 0.0
Pop o Fmmmmmsmssssenood PRY Invalid in clock synchronous serial I/O mode 00
B ERRCEETEECEREE PRYE 00
] IOPOL TxD, RxD /O polarity 0 : No reverse OEO

reverse bit (Note 1) 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/O port.

Figure 1.17.1. UARTI transmit/receive mode register in clock synchronous serial I/O mode
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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 03C31s, 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”
R S Internallexternal clock select bit (bit 3 at addresses 036016, 036816,
Transfer clock input nternal/external clock select bit (bit 3 at addresses , ,
Note2) Y 033816, 032816, 02F816) = “1”
Port P61, P65, P72, P90 and P95 direction register (bits 1 and 5 at address
03C21s, bit 2 at address 03C316, bit 0 and 5 at address 03C716) = “0”
CTSI/RTSI CTS input CTS/RTS 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, 033C16,

032C16, 02FC16) = “0”
Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address
03C21s6, hit 3 at address 03C31s6, 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, 033C16,
(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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» Example of transmit timing (when internal clock is selected)

Tc

_,I_F_
Transfer clock ||||||| ||||||| ||||||| |||||| ||||||| |||||||

Transmit enable
bit (TE)

Transmit buffer
empty flag (TI)

J :Data is set in UARTI transmit buffer register

iy

Transferred from UARTI transmit buffer register to UARTI transmit register

Stopped pulsing because CTS = “H” Stopped pulsing because transfer enable bit = “0”

T 3 s g4

CLKi

o @@@@@@@@@@@@@@@@@@@@@ >

ey ST ] 1 [~

flag (TXEPT) |
Tt 1 [ —

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, f8, 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

Transmit enable I ) ) ] ) )

bit (TE) ‘0" . Dummy data is set in UARTI transmit buffer register
Transmit buffer i 4)\

empty flag (TI) “0” '

o
RTSi | |
@ .
i —P‘—P— 1/ fexr
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 /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, 033C1s6,
032C16, 02FC16) allows selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”

e LIV TP L L

| .
TXDi >< DO ){ D1 >< D2/)>< D3 >< D4 >< D5 >< D6 >< D7 Note 1: -trrgerlls?éfrir?éndlgzlzf!swﬁh not

RXDi X po X b1 X D2 X D3 X Da X D5 X D6 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 ><D0><Dl><D2><D3><D4><D5><D6><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,
033C16, 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) L)LY
TXDi X Do X p1 X p2 X D3 X pa X D5 X Ds X D7

=P | SB first
RXDi X Do X b1 X b2 X p3 X pa X ps X ps X D7
* When transfer format select bit = “1”
e L L LS L)L L
TXDi ><D7><D6><D5><D4><D3><D2><D1><DO
=P \ISB first

RXDi X b7 X D6 X Ds X Da 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 (P6s) IN IN

CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial /0 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, 02FD1s) 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 /0O (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, 02FDz16) = “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 H | | | | | | | | | | | | | | | |

L

TxDi "H’
(noreveée)' 'Z \ po Y b1 Y b2 Y D3 Y pa Y D5 Y D6 ) D7
e D G 7 Sl e e e

Figure 1.17.6. Serial data logic switch timing
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(2) Clock asynchronous serial 1/0 (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)

Item

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,
02FDze6) = “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 function select register A, B
and C.

Reception start condition

« To start reception, the following requirements must be met:
- Receive enable bit (bit 2 at addresses 036516, 036D16, 033D16, 032D16,
02FDze6) = “1”
- Start bit detection

Interrupt request
generation timing

* When transmitting
- 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 037016, 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)
ltem Specification

Error detection  Overrun error (Note)
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 1/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: 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 will not change.
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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
¢+ 1+ 1+ 1| Bitsymbol Bit name Function RIW,
A Serial I/O mode select bit "1“8“8 Transfer data 7 bits | 0.0
oo e : Transfer data 7 bits long ;
A SMD1 101 : Transfer data 8 bits long 00
et SMD2 110: Transfer data 9 bitslong |00
S CKDIR Internal / external clock 0 : Internal clock OEO
R select bit 1 : External clock (Note) |
. STPS Stop bit length select bit 0 : One stop bit O:O
. 1: Two stop bits \
. PRY Odd / even parity Valid when bit 6 = “1” !
S SGRRERECEEEEES select bit 0: Odd parity 0.0
b 1: Even parity |
E ' PRYE Parity enable bit 0 : Parity disabled O:O
P TTTTTTTT T 1 : Parity enabled ‘
E. _______________________ SLEP Sleep select bit 0 : Sleep mode deselected 00
1: Sleep mode selected ‘
Note: Set the corresponding port function select register A to I/O port.
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
poron o | Bit symbol Bit name Function RIW
roror 1 71 SMmDo Serial I/0 mode select bit "1“3"00 Transfer data 7 bits | 00
[ R R : Transfer data 7 bits long ;
oo SMD1 101 : Transfer data 8 bits long |10
N it SMD2 11 0: Transfer data 9 bits long 00
] CKDIR Internal / external clock 0 : Internal clock OEO
R select bit 1: External clock (Note 2) |
A STPS Stop bit length select bit 0 : One stop bit O:
e 1: Two stop bits fo
Vo PRY Odd / even parity Valid when bit 6 = “1” !
A SSSERRCEEEEEEE select bit 0: Odd parity 00
v 1: Even parity |
E . PRYE Parity enable bit 0 : Parity disabled O:O
Voo TTTTTTT T 1 : Parity enabled !
e IOPOL | TxD, RxD I/O polarity 0 No reverse 00
reverse bit (Note 1) 1: Reverse ‘
Note 1: Usually set to “0”.
Note 2: Set the corresponding port function select register A to 1/0 port.

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, P9s)

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, 0368186,
(Note 2) 033816, 032816, 02F816) = “1”

Port P61, P65, P72, P90 and P95 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, 033C16,
(P60, P64, P73, | (Note 2) 032C16, 02FC16) =“0”
P93, P94) CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C1s6,

032C16, 02FC16) = “0”
Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address
03C218, bit 3 at address 03C316, bits 3 and 4 at address 03C716) = “0”

RTS output (Note 1) gTS/RTS disable bit (bit 4 at addresses 036416, 036C16, 033C16, 032C1s6,
2FCi16) = “0"

CTS/RTS function select bit (bit 2 at addresses 036416, 036C16, 033C1s,

032C16, 02FC16) = “1”

Programmable I/O 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.
Te The transfer clock starts as the transfer starts immediately CTS changes to “L".

— ’d
Transfer clock ||||||| | | | |||||||||||||||||| |||| |

Transmit enable J ; |
bITE) o Data is set in UARTI transmit buffer register.
Transmit buffer s _UW/ : X
empty flag(Tl) Qo - \
Transferred from UARTI transmit buffer register to UARTI transmit register

“H" P

CTSi
Start Parity = Stop Stopped pulsing because transmit enable bit = “0”
bit bit bt v

P! STAPKOKONDKONLKOKONK PY . 5P \STAPHKOXOKON KKK P 5P
Transmit register ‘1 1 ;
empty flag (TXEPT)
Transmit interrupt 1" ; :
request bit (IR) o | |

N 7

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=16(n+1)/fior16 (n+ 1)/ fext
« Parity is enabled. fi : frequency of BRGi count source (f1, 8, 32)
« One stop bit. fEXT : frequency of BRGi count source (external clock)
» CTS function is selected. n : value set to BRGi

« Transmit interrupt cause select bit = “1".

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

Transfer clock ||||||||| | | | |||||||||||||||||| | |

Transmit enable 1 J I I'
bit(TE) 0 Data is set in UARTI transmit buffer register

Transmit buffer 1 @’ —|
empty flag(T1) . : AN

0 g
Transferred from UARTiv transmit buffer register to UARTI transmit register

OO\ BEERRREEE

Transmit register 1
empty flag (TXEPT) w0

e T[] ] —
N /

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=16(n+1)/fior16 (n+1)/fexr
* Parity is disabled. fi : frequency of BRGi count source (f1, 8, f32)
« Two stop bits. fEXT : frequency of BRGi count source (external clock)
 CTS function is disabled. n : value set to BRGi

« Transmit interrupt cause select bit = “0".

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)

e [T,
source - .

Receive enable bit :(L) _I
e Stop bit
{D1. D7y |-

Receive data taken in

Start bit

k

Sampled “L”

RxDi

[ S [

Transfer clock !
Reception triggered when transfer clock ~ Transferred from UARTI receive register to

Receive ‘1 i; ggnerated by falling edge of start bit UARTI receive buffer register \ﬁ
complete flag ‘0" T !

BE 1 | —
Receive interrupt = «1» :

request bit “Qr |

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 036C16) of UART1and CTS/RTS disable bit (bit
4 at address 036C16)of UART1 to "0" and set P64 to input port by the function select register.

Microcomputer IC
TxDo (P63) > | IN
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, 02FDz1s6) 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)

\sTf{pDo)fD1)D2)D3XD4XD5)D6)D7f P ) SP

(e - \_st {0 (D1 )7 |53 Dz {5 N D6 o7 P ) sp
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.18.5. Timing for switching serial data logic

(d) TxD, RxD 1I/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).

Transterdlock  F LA TA A TA A LA LA A TA LA
o M\ st )\ [\ [ sP
o T\ T/ U

Bus collision detection wpn

interrupt request signal - U
Bus collision detection wpn
interrupt request bit - |
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 /0 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 I/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 I/O 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, 032D16, 02FD16 = “0").
Set transfer format to LSB (bit 7 of address 033C16, 032C16, 02FC16 = “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, 032D16, 02FD16 = “1")
Set transfer format to MSB (bit 7 of address 033C16, 032C16, 02FC16 = “1")

Transfer clock « With the internal clock chosen (bit 3 of addresses 033816, 032816, 02F816 = “0")
cfil16 (n+1) (Note 1) : fi=f1, fs, 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 and UART3

« 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 = “17)

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 will not change.
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Transfer clock

Transmit enable
bit(TE)

Transmit buffer
empty flag(TI)

TxDi

RxDi

Signal conductor level

(Note 2)

Transmit register

o]

Tc

e

NN AARaRRRaRa]E

Data is set in UARTI transmit buffer register

(Note 1)

Transferred from UART:

Sl;ailtrt Parity
bit

Stop
bit

0

i transmit buffer register to UARTI transmit register

Y2000 o000

empty flag (TXEPT) wor

Transmit interrupt
request bit (IR)

Shown in () are bit symbols.

Transfer clock

Receive enable
bit (RE)

RxDi

TxDi

aqn

o

AT XXX XX e 5

. o
The level is detected by the

interrupt routine.

A“L” level returns from SIM card due 7
to the occurrence of a parity error.

The level is

the interrupt

Y

VDD DD DD DON

detected by

routine.

The above timing applies to the following settings :
* Parity is enabled.

* One stop bit.

* Transmit interrupt cause select bit = “1".

Tc

e

N

Tc=16(n+1)/fior16 (n+1)/fexr
fi : frequency of BRGi count source (f1, f8, 32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

el

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

Parity :

Signal conductor level

(Note 2)

Receive complete
flag (RI)

Receive interrupt
request bit (IR)

SP

Start r Stop
bit bit bit
STA DoX D1A D2X D3X DaX DsA DsA D7X P )i SP ST, @@@@@@@@G
A “L” level returns from TxDz2 due to /
the occurrence of a parity error.
STA DoA DiX D2X D3X DaX DsX DeA D7X P )/ SP

[k

STALHOXKOXHoXoX oKX N5/

Read to receive buffer

Read to receive buffer

The above timing applies to the following settings :
« Parity is enabled.
« One stop bit.
« Transmit interrupt cause select bit = “0”.

N

el

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

Shown in () are bit symbols.

Tc=16(n+1)/fior16 (n+ 1)/ fext
fi : frequency of BRGI count source (f1, f8, f32)
fEXT : frequency of BRGI count source (external clock)
n : value set to BRGi

Note 1: After writing to the transfer buffer at above timing, transmission starts at the timing of BRG overflow.
Note 2: Equal in waveform because TxDi and RxDi are connected.

Figure 1.19.1. Typical transmit/receive timing in UART mode (compliant with the SIM interface)
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(a) Function for outputting a parity error signal
With the error signal output enable bit (bit 7 of address 033D16, 032D16, 02FD16) 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
e L L L L L L L L L
clock v
RxDi \ st (Do b1 Y\ p2) D3 ) Da)D5)D6)D7 ) P Ysp
oo .
TxDi i Hi-Z \ /
Receive 1 I
complete flag o
ST : Start bit
P : Even Parity
SP : Stop bit

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
(olirTeXcEt))i \ Do b1 p2)D3fps) D5 D6 D7 P/
(inve-l;)s(eD)i \ I(EXD_GXEXEXD_C%XEXEXD_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

TxDi {
RxDi

(Note) SIM card

Note :TxDi 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 033616, 032616 and 02F616 [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]).

(1) IC Bus Interface Mode

The I12C bus interface mode is provided with UART?2 to UARTA4.

Table 1.20.1 shows the construction of the UARTI special mode register and UARTI special mode regis-
ter 2.

When the 12C mode select bit (bit 0 in addresses 033716, 032716 and 02F716) is set to “1”, the I2C bus
(simple I2C bus) interface circuit is enabled.

To use the 12C bus, set the SCLi and the SDAI of both master and slave to output with the function select
register. In UART3 and 4, set the data output select bit (bit 5 in address 032C16 and 02FC16) to N-channel
open drain output.

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 I/O mode, always set this bit to “0”.

Table 1.20.1. Features in I°C mode

Function

12C mode (Note 1)
Start condition detection or stop

Normal mode

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) SDA. (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, P90, P95

DMAL factor at the time when 1 1 0 1 is assigned
to the DMA request factor selection bits

UARTI reception

Acknowledgment detection (ACK)

9 | Noise filter width

15ns

50ns

10 [ Reading P71, P91, P97

Reading the terminal when 0 is
assigned to the direction register

Reading the terminal regardless of the
value of the direction register

11/ Initial value of UARTI output

H level (when 0 is assigned to
the CLK polarity select bit)

The value set in latch P70, P92, P96
when the port is selected (Note 3)

Note 1: Make the settings given below when I2C mode is in use.
Set 01 0in 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 [IC mode (IIC mode select bit = "1") is valid and serial I/O is invalid.
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UARTI special mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | UiSMR (i=2 to 4) 033716, 032716, 02F 716 0016
[ . Function : !
- Bit . : Function '
Voo Bit (During clock synchronous ! RIW
P symbol name serial I/0 mode) (During UART mode) 1
R eV 12C mode select bit 0 : Normal mode Set to “0" 1
T 1:12C mode OEO
ABC Arbitration lost detecting | 0 : Update per bit Set to “0” O o
oo T flag control bit 1: Update per byte !
. BBS Bus busy flag 0 : STOP condition detected | Set to “0” 00
o Tt 1: START condition detected (Note 1)
LSYN | SCLL sync output 0 : Disabled Set to “0” o o
bbb enable bit 1: Enabled !
ABSCS | Bus collision detect Set to “0” 0 : Rising edge of transfer
TR sampling clock select bit clock (Note 2) [O1O
1 : Underflow signal of timer Ai |
ACSE | Auto clear function Set to “0” 0 : No auto clear function
Tmmmmmmmmmmmimee- select bit of transmit 1 : Auto clear at occurrence of |O'O
enable bit bus collision |
____________________ SSS | Transmit start condition | Setto “0” 0: Ordinary ) !
select bit 1 : Falling edge of RxDi OEO
Nothing is assigned. i
"""""""""""" When write, set "0". When read, the content is "0". '
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 b0 Symbol Address When reset
| | | | | | UiSMR?2 (i=2 to 4) 033616, 032616, 02F616 0016
S Bit . - 3
: i ; : symbol Bit name Function R 3W
P ICM2 | 1IC mode select bit 2 Refer to Table 1.20.2. 0o
E i : : CSC Clock synchronous bit 0 : Disabled OEO
oo 1: Enabled !
A SWC | SCL wait output bit 0 : Disabled |
oo 1: Enabled Oio
ALS | SDA output stop flag 0 : Disabled
o 1: Enabled OEO
e STC | UARTI initialize bit 0: Disabled !
P 1: Enabled 0.0
oo SWC2 | SCL wait output bit 2 0 - UART clock oo
E . 1: 0 output |
o SDHI | SDA output inhibit bit 0': Enabled olo
5 1 : Disabled (high impedance) !
e SHTC | Start/stop condition Set to "1" in selecting IIC mode. olo
control bit !

Figure 1.20.1. UART2 special mode register
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UARTI Special Mode Register
P70/TXD2/SDA
On i .
[e— Timer ———————————» ToDMAI
Selector| /o
UART2
ART2 lICM=1 1ICM=0 or lICM2=1 transmission/NACK
S delay Transmission register |—4>b\° interrupt request
__nerruptrequest
UART2 lICM=1 and $
1ICM2=0
ALS
o To DMAI
Avrbitration
>— Moze IICM=1 ::gm;gf ' UART2 reception/ACK
- - interrupt request
X o | Do g
= —>0
[ Iem=0 UART2 IICM=1 and
| , | Start condition detection I— _D— 1ICM2=0
S Bus
> | R Q busy
_.l Stop condition detection [
Falling ed L-synchronous | D g NACK
alling edge 1 «— ,,1hut enabling bit T
detection
P71/RXD2/SCL D g
1/0 R > ACK
On Data register T
9th pulse .
|_0<} Selector - Bus collision/start, stop
Internal clock lICM=1 condition detection
UART2 interrupt request R
lcm=1 CLK Bus collision —o .
lICM=1 control detection 1ICM=0
T BN 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/CLK2 lICM=0 even if 1 is assigned to P71 of the direction register.
O.o—c<]—o<]7 Serector
l—— 1/0
l«—— Timer

Figure 1.20.2. Functional block diagram for I2C mode

Figure 1.20.2 is a block diagram of the 1IC bus interface.
To explain the control bit of the IIC bus interface, UART2 is used as an example.

UART2 Special Mode Register (Address 033716)

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 I/O pin and port P72. A delay circuit is added to
SDA2 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 DMAI 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 11 in UART2
transmission buffer register (address 033E1s). 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 falling 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
A ¥u

CLKi | |
TxDi/RxDi —| | |

Timer Ai

2. Auto clear function select bit of transmit enable bit (Bit 5 of the UARTI special mode
register)

cLk N T I M T IO O O O
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 l |
TxDi I | |

Enabling transmission

With "1: falling edge of RxDi" selected

ST O N N N I B O I R N I B O

) | |
/ | |

Figure 1.20.3. Some other functions added
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UART?2 Special Mode Register 2 (Address 033616)
Bit 0 is the IC mode select bit 2. Table 1.20.2 gives control changes by bit when the IIC 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
1st rise 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 UART?2 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/0 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?C 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.

E Set up time Hold time E

SCL

SDA
(Start condition)

SDA
(Stop condition)

Figure 1.20.4. Start/stop condition detect timing characteristics

UART2 Special Mode Register 3 (Address 033516)
Bits 5 to 7 are the SDA2 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

P13
Pl2f———
P93(5S3) P93(SS3)

P90(CLK3)
P91(RxD3)
P92(TxD3)

P90(CLK3)
P91(STxD3)
P92(SRXD3)

M16C/80 (M) M16C/80 (S)
IC3
P93(SS3)
P90(CLK3)
M :Master P91(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 TxDi, RxDi 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 trans-
mission-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 0,0
(slave mode) (Note 6) 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
U3SMR3 032516 000000002

A U4SMR3 02F516 000000002
por o[ Bitsymbol Bit name Function R'W
b b L] ssE SS port function enable bit | 0: SS function disable 00
b (Note 3) 1: SS function enable
Lo 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

b e ) 0: CLKi is CMOS output !
: NODC Clock output select bit 1: CLKi is N-channel open drain  |O'O
; output !
v ] ERR 0: Without fault error 00
: Fault error flag 1: With fault error (Note 4)
: SDAI(TxD2) digital b7b6bS5 !
R RRREh DLO delay time set bit 000 :Without delay 00
: (Note 1,2) 001 :2-cycle of 1/f(XIN) !
: 010 :3-cycle of L/(XIN) 3
N ] DL1 011 :4-cycle of 1/f(XIN) 00
: 100 :5-cycle of 1/f(XIN)
5 101 :6-cycle of 1/f(XiN) 1
A DL2 110 :7-cycle of 1/(XIN) oo

111 :8-cycle of 1/f(XIN)

Note 1: These bits are used for SDAI(TxDi) output digital delay when using UARTI for 1IC 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 02FCzis6 [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.

Master SS input

= T

Clock output
(CKPOL=0, CKPH=0) "

T I

Clock output "H"
(CKPOL=1, CKPH=0) "L"

r

Clock output H
(CKPOL=0, CKPH=1) w«

Clock output "H"
(CKPOL=1, CKPH=1) "L"

Data output timing ['_X DOX DlX D2X 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)

r
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SS input

Clock input "H —J_L|_|—|_|_|_|_|_|_|_|_| o

(CKPOL=0, CKPH=0) "L" |

kool oL L

(CKPOL=1, CKPH=0) "" | |
—{ X DoX D1X D2X D3X D4X Ds X DGX D7 >_

"L" High- —

inpedance inpedance

-

-

T

Data output timing

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"  ____ |
creal 1 Loy
(CKPOL=1, CKPH=0) ""

-~ o
puacapuinmg (o0 o o) (o) o) (o)oK o

Igh-

High- !
inpedance inpedance

rrrr e

-

Figure 1.20.9. The transmission and reception timing (CKPH=1) in slave mode (external clock)
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A-D Converter

The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins P10o 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

ltem 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, fAD/2, faD/4 fAD=f(XIN)
Vce =3V faD/2, fAD/4 fAD=f(XIN)
Resolution 8-bit or 10-bit (selectable)
Absolute precision Vcc =5V
* 8-bit resolution
+2L.SB
* 10-bit resolution
+3LSB

However, when using ANo to AN7 in the mode 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 O,
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 fab frequency must be under 10 MHz by dividing.
Without sample and hold function, set the faD frequency to 250kHz min.
With the sample and hold function, set the faD frequency to 1MHz min.
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CKS1=1
O
fAD CKSO=1 5 [ S @AD
O—«—{ 1/2 }—l—{ 1/2 }—O cksi=o A-D conversion rate
CKS0=0 selection
VREF O———
VCgTZO Resistance ladder
> o
AVss O—oO
o, AAAALALAL
LI
-
Successive conversion register
A-D control register 1 (address 039716)
A-D control register O (address 039616)
Addresses v v v v
(038116, 038016) A-D register 0(16) -t
(038316, 038216) A-D register 1(16) -
(038516, 038416) A-D register 2(16) -t 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
YYvvyyvyyy
ANo () CH2,CH1,CH0=000 S~
ANL (O CH2,CH1,CHO=001 S~
AN2 () CH2,CH1,CHO=010 S~
ANs () CH2,CH1,CHO=011 S~ OPA1,0PA0=0,0
ANa (5 CH2,CH1,CH0=100 S~ 0o
ANs (5 CH2,CH1,CHO=101 S~
ANs (5 CH2,CH1,CHO=110 S~
AN7 (5 CH2,CHL,CHO=111 S~
OPA1, OPAO
0 0: Normal operation
_ 0 1:ANEXO
OPAO=1 T\& OPALOPAO=LL 1 0:ANEX1
1 1:External op-amp mode
ANEX0O oo O 0
OPA1,0PA0=0,1
ANEX1 (0 oo
OPA1=1

Figure 1.21.1. Block diagram of A-D converter
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A-D control register O (Note 1)

00 1:ANz1is selected
010 :AN2is selected !
HE CH1 011:AN3is selected (o))
100: AN4is selected |

101: ANs is selected

Rkl CH2 110:ANsis selected 0.0
111:AN7is selected (Note 2) |

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

L1 ][] ]]] Abcono 039616  0000OXXX2
¢+ [ Bit symbol Bit name Function RIW
E E b2 b1 bo ) '
T CHO Analog input pin select bit [ 00 0 : ANo is selected 0.0

A-D operation mode 00

: select bit 0 0 1: Repeat mode

H 1 0 : Single sweep mode
R MD1 11 : Repeat sweep mode 0 (Note 2) |00
Repeat sweep mode 1 i

: Software trigger 0.0
: ADTRG trigger '

[ S MDO : One-shot mode 0'0

I TRG Trigger select bit

] ADST A-D conversion start flag . A-D conversion disabled 00

. A-D conversion started '

RPO|PFRPO|FR,O

CKSO0 Frequency select bit 0

: fap/4 is selected |
: fAD/2 is selected © 10

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
S [ (N N I N ADCON1 039716 0016
A T symbol Bit name Function R'W
A-D sweep pin When single sweep and repeat sweep
e select bit mode 0 are selected ;
Poro4 o4 on 11 L] SCANO b1bo 00
A 0 0 : ANo, AN1 (2 pins) |
e 0 1: ANo to AN3 (4 pins) :
e 1 0: ANo to ANs (6 pins) :
e 11 : ANo to AN7 (8 pins) .
- When repeat sweep mode 1 is selected !
A SCANI b1b0 |
- 00 : ANo (1 pin) 00
- 01 : ANo, AN1 (2 pins) !
. 10 : ANo to AN2 (3 pins) !
A 11: ANo to AN3 (4 pins) !
A A-D operation mode |0 : Any mode other than repeat sweep mode 1 [O:O
E ' ' ' ' MD2 select bit 1 1: Repeat sweep mode 1
S 8/10-bit mode select |0 : 8-bit mode
Do BITS | it 1 10-bit mode ©.0
. ______________ Frequency select bit |0 : faD/2 or faD/4 is selected
A CKst 1 (Note 2) 1:fap is selected O,0
o o] VCUT Vref connect bit 0 Vref not connected oo
v 1: Vref connected '
E - ____________________ External op-amp b7BS !
: OPAO connection mode bit | © 0 : ANEX0 and ANEX1 are not used(Note 3) |O:O
! 01 : ANEXO input is A-D converted(Note 4) !
(R 10 : ANEX1 input is A-D converted(Note 5) !
OPAL 1 1: External op-amp connection mode(Note 6) OEO

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 fabp 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 control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
ADCON2 039416 XXXXXXX02
0o(0fo0
P04 | Bitsymbol Bit name Function R'W
: A-D conversion method 0 : Without sample and hold w
A SMP 1 elect bit 1 With sample and hold offe;
E : : : t--i--i---| Reserved bit Must always set to “0” oio
..LL.‘ ______________ Nothing is assigned. i
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.

A-D register i Symbol Address When reset
ADI(i=0to 7) 038016 to 038F16 Indeterminate

(b15) (b8)

b7 b0 b7 b0

§

Function RIW,|
.| Eight low-order bits of A-D conversion result of X
« During 10-bit mode O X

Two high-order bits of A-D conversion result !

« During 8-bit mode XX
When read, the content is indeterminate !

o
i
L
R L L L T T e

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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(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
Bit symbol Bit name Function R'W
A R . b2 b1 bo ]
R S CHO ;t’-)\i?alog input pin select 00 0 : ANo is selected o0
Voo 00 1:AN1is selected :
A 0 10 : ANz is selected |
oo CH1 01 1:ANs3is selected ©.0
ooy 1 00 : AN4 is selected '
H H H H 101:ANsis selected '
A CH2 11 0:ANs is selected [eXe)
111 :AN7is selected (Note 2)
o MDO i b4 b3 :
T A-D operation mode 0 O : One-shot mode (Note 2) O:O
R U MD1 select bit O [eXe]
I Trigger select bit 0 : Software trigger
HE N TRG 1 : ADTRG trigger o :O
' e e ] ADST A-D conversion start flag | O : A-D conversion disabled o 1O
1 : A-D conversion started |
] 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)

O L Symbol Address When reset
Ll Tal [ Jof T ] ADCON1 039716 0016

N =T symbol Bit name Function R!W,|
oo - 5CANO A-D sweep pin Invalid in one-shot mode leXe)
[ T I select bit .

[ SCAN1 o0
E : : : : : MD2 A-D operation mode 0 : Any mode other than repeat sweep @) o
e select bit 1 mode 1 i

[ S R SR BITS 8/10-bit mode select 0 : 8-bit mode o O
[ bit 1 : 10-bit mode i
. Frequency select bit 1 | O : fap/2 or fap/4 is selected :

H H H - CKSs1 !

H H H (Note 2) 1 : faDpis selected © ;O
P T VCUT Vref connect bit 1 : Vref connected OO
H H b7 b6 !

[ ittty OPAO External op-amp 0 0 : ANEXO and ANEX1 are not used(Note 3) [O:O
: connection mode bit 0 1 : ANEXO input is A-D converted(Note 4) :

H 1 0 : ANEX1 input is A-D converted(Note 5) .
""""""""""""" OPA1 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 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 1.21.4. A-D conversion register in one-shot mode
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(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

Item 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

Input pin

One of ANo to AN7, as selected

Reading of result of A-D converter

Read A-D register corresponding to selected pin (at any time)

A-D control register O (Note 1)

b7 b6 b5

3
5

b3 b2 bl bo

Symbol Address When reset
| | fofa] [ [ ] Abcono 039616  00000XXX2

Bit symbol Bit name Function R'W,

! ! ' : : b2 b1 b0 .

o CHO sA;zlcotgbli?pUt pin 00 0 : ANo is selected [eYe)

HEH 00 1:ANz1is selected .

R 0 1 0: ANz is selected

o CH1 011:ANsis selected [ol{e)

oo 100 : AN4 is selected .

' ' H 101 :ANsis selected T
e CH2 110:ANsis selected o0
H H H 11 1:AN7is selected (Note 2)
b MDO A-D operation mode b4 b3 o0
: R o1 select bit 0 01 : Repeat mode (Note 2) [575
‘_ ________________ TRG Trigger select bit 0 : Software trigger O o
H 1 : ADTRG trigger '

H ADST A-D conversion start flag 0 : A-D conversion disabled ]

T T R : . (o))

: 1 : A-D conversion started !

R EE R EEEEEEEEEEE CKSO0 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
I =T symbol Bit name Function RW
it 1 1t 1 1l sSCANO | A-Dsweep pin Invalid in repeat mode oo
T select bit :
A R A . SCAN1 oo
. A-D operation mode 0 : Any mode other than repeat sweep mode 1 :
S MD2 select bit 1 Y P P OEO
(T T T R 8/10-bit mode select bit [0 : 8-bit mode :
P BITS 1 : 10-bit mode OEO
N Frequency select bit 1 0 : fAD/2 or fAD/4 is selected :
H H CKSs1 ‘ |
v (Note 2) 1:fAaD is selected 0.0
ey VCUT Vref connect bit 1 : Vref connected [ele)
I External op-am b7 b6
. OPAO connectior?modpe bit 0 0 : ANEXO and ANEX1 are not used(Note 3) O;O
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

Item 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 AN5 (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 DbS b4 b3 b2 bl b0 Symbol Address When reset
[ [ [ [a]o] [ [ | ~bcono 039616  0000OXXX2
i+ 1+ 1 1| Bitsymbol Bit name Function RIW
f :L_ CHO Analog input pin Invalid in single sweep mode OEO
- - A select bit !
o : CH1 e}{e)
CH2 oo
T R N MDO A-D operation mode PR3 [e¥{e}
A select bit O 1 0 : Single sweep mode ;
 GREEEEEEE MD1 [e}e)
N TRG Trigger select bit 0 : Software trigger oo
HE 1 : ADTRG trigger !
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 lole)
1 : faDp/2 is selected 1

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
Bit symbol Bit name Function R W
- HE SCANO A-D sweep pin select bit | When single sweep and repeat sweep mode 0 !

are selected o0
bl bo !

0 0 : ANo, AN1 (2 pins)
0 1: ANo to AN3 (4 pins)

A T SCAN1 10 : ANo to ANs (6 pins) (e}{e]

HE HEHE 11 : ANo to AN7 (8 pins) '

: l : ' N A-D operation mode 0 : Any mode other than repeat sweep mode 1
. MDb2 select bit 1 o :O

A . 8/10-bit mode select bit | 0 : 8-bit mode 3
HE BITS 1 : 10-bit mode O:O

H H e oo Frequency select bit 1 0 : fap/2 or fAD/4 is selected !
I CKs1 (Note 3) 1: faD is selected O;O
R i VCUT Vref connect bit 1 : Vref connected [e}le)

I E | op- b7 b6 '
"""""""""" OPAO cg;irgéic?r?na'lqupe 0 0 : ANEXO and ANEX1 are not used(Note 4) [e}le)

E bit (Note 2) 0 1 : ANEXO input is A-D converted(Note 5) .
L U 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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(4) Repeat sweep mode O
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
Iltem

Specification
The pins selected by the A-D sweep pin select bit are used for repeat sweep
A-D conversion
Writing “1” to A-D conversion start flag
Writing “0” to A-D conversion start flag
None generated
ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7
(8 pins)
Read A-D register corresponding to selected pin (at any time)

Function

Start condition

Stop condition

Interrupt request generation timing
Input pin

Reading of result of A-D converter

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo

| | | | 1 | 1 | | | | Symbol Address When reset
—t 1 ADCONO 039616 00000XXX2
¢+ + 1 1| Bitsymbol Bit name Function RIW
E__ CHO Analog input pin Invalid in repeat sweep mode 0 o O
R T B select bit !
e s oo
E beeeenes CH2 le}e)
- ---------- MDO A-D operation mode b4 b3 o O
oo select bit 0 1 1 : Repeat sweep mode O
 AEREEEEEED MD1 0.0
R TRG Trigger select bit 0 : Software trigger oo
- 1 : ADTRG trigger '
A-D conversion start flag | O : A-D conversion disabled
[ ADST 1 : A-D conversion started o :O
] CKSO0 Frequency select bit O 0 : fAD/4 is selected o0
1: faD/2 is selected H

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 | | | 0| | | Symbol Address When reset
ADCON1 039716 0016
por b b or b | Bit symbol Bit name Function R:W
T R A-D sweep pin select bit | When single sweep and repeat sweep mode 0 .
=1 SCANO are selected o0
' ' ' ' ' ' ' bl b0 !
R A R 0 0 : ANo, AN1 (2 pins) ‘
R 0 1 : ANo to AN3 (4 pins) '
e SCAN1 10 : ANo to ANs (6 pins) (o}{e]
e 1 1: ANo to AN7 (8 pins) '
] A-D operation mode 0 : Any mode other than repeat sweep mode 1
MD2 select bit 1 o JO
A T 8/10-bit mode select bit | 0 : 8-bit mode 3
Pl BITS 1 : 10-bit mode ©:0
s R S CKS1 Frequency select bit 1 0 : fAD/2 or faD/4 is selected o :O
(Note 3) 1: fap is selected
R S ERRREEEEEEEEEE VCUT Vref connect bit 1 : Vref connected 0.0
H H Exti | - b7 b6 i
e OPAO xterna op-amp 0 0 : ANEXO and ANEX1 are not used(Note 4) [eXle)
H connection mode : : - !
: 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.

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 1.21.7. 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 to AN7

With emphasis on the pin | ANo (1 pin), ANo and ANz (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
Ll [ [ala] | ADCONO 039616 00000XXX2
I : ¢+ &+ 1| Bitsymbol Bit name Function R W
: : : : : : : i__ CHO Analog input pin Invalid in repeat sweep mode 1 o EO
R select bit i
s foYte}
T cH2 oo
H - . ba b3 j
e MDO A-D operation mode . o o
oo select bit 0 1 1 : Repeat sweep mode 1 ;
[ Rt MD1 [eXe)
R TRG Trigger select bit 0 : Software trigger oo
H H 1 : ADTRG trigger !
E : A-D conversion start flag | O : A-D conversion disabled ‘
e ADST 1 : A-D conversion started o;o
] CKSO Frequency select bit 0 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 bo

| | | 1| | | 1| | | Symbol Address When reset
ADCON1 039716 0016
: Bit symbol Bit name Function R W
[ SCANO A-D sweep pin select bit [ When repeat sweep mode 1 is selected |
A b1 bo _ o0
R 0 0 : ANo (1 pin) '
R T R 0 1 : ANo, AN1 (2 pins) '
A A SCAN1 1 0 : ANo to AN2 (3 pins) o0
: 11 : ANo to AN3 (4 pins) ;
P ' o] A-D operation mode 1 : Repeat sweep mode 1 ‘
- MD2 select bit 1 S
P : o] 8/10-bit mode select bit 0 : 8-bit mode ]
- BITS 1 : 10-bit mode O;O
[ T T R CKS1 Frequency select bit 1 O : fAD/2 or fAD/4 is selected oo
oo (Note 3) 1: faD is selected 1
R bRt EE e VCuUT Vref connect bit 1 : Vref connected [e}[e)
E R OPAO External op-amp b7 b6 i
' connection mode 0 0 : ANEXO and ANEX1 are not used(Note 4) |O;O
: bit (Note 2) 0 1 : ANEXO input is A-D converted(Note 5) r
b eeemmmmeeeeeee e ] OPA1 1 0 : ANEX1 input is A-D converted(Note 6) OEO
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 fab cycle is
achieved with 8-bit resolution and 33 fab 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

AAAAAAAAL
| <
HRENRREREN,
Successive conversion register
ANo O —O0 —0—
AN1 O —O0 —0—¢
AN2 O —O0 —O0—¢
Analog AN3 O —O0 ——0—
input AN4 O —O0 —0—
ANs O —O0 —0—
ANe6 O —O0 —0—9
AN7 O———0—0—
ANEXO
N >
| ANEX1

Comparator
External op-amp

174

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. When the D-A output is enabled, the pull-up function of
the corresponding port is automatically disabled.
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/ DA0
| 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 bo Symbol Address When reset

DACON 039C16 0016
P 1| Bitsymbol Bit name Function RW,
P : : : : : : _ f 0 : Output disabled ‘
A DAOE D-AO0 output enable bit 1 Output enabled 00
oo DALE D-AL output enable bit | O : Output disabled 00
T T T 1 : Output enabled !

T Nothing is assigned.
"""""""""""" When write, set "0". When read, the value of these bits is "0".

D-A register i

Symbol Address When reset
b7 “°| 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\—0~0
oy
2R

MSB,... | SO SR S NSV VSO IO SO S — S W LSB

D-A register 0 0T01

Avss 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.

{ Data bus high-order bits S
{ Data bus low-order bits S
[Eight low-order bits Eight high-order bits

CRC data register (16)

] [ (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 b8 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 O}O
CRC input register
b7 b0 Symbo Address When reset
| | CRCIN 037Ez1e Indeterminate
: Function Values that | pyy
H can be set !
Sttt Data input register 0016 to FF16 oio

Figure 1.23.2. CRC-related registers
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b15 bo
. CRC data register CRCD
(1) Setting 000016 —»= | 037016, 037C1c]
b7 bo
(2) Setting 0116 > I:I CRC input register ~ CRCIN
[037E16]
2 cycles
After CRC calculation is complete
b15 bo

118916

(3) Setting 2316 —

b15

Y

b

Stores CRC code

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) X16 by (1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

LSB
MSB
RN 1000 1000
10001 0000 0010 0001 | 1900 0000 0000 0000 0000 0000
1000 1000 0001 0000 1
1000 0001 0000 1000 O
1000 1000 0001 0000 1
1001 0001 1000 1000
Lss7 ™ \MisB

9 8 101
L

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.

b7 b0

[ ]

After CRC calculation is complete

b0

0A4116

Y

b

Stores CRC code

CRC data register

CRC input register

CRC data register

CRCD
[037D16, 037C1s]

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
MM—.—LJ XYC 02EO016 XXXXXX002

v+ | Bit symbol Bit name Function RIW,

b . 0 : Data conversion

XYco Read-mode set bit 1 : No data conversion 0.0

- XYC1 Write-mode set bit 0 : No bit mapping conversion OEO

R 1 : Bit mapping conversion !

: Nothing is assigned. _3_

"""""""""""" When write, set "0". When read, the value of these bits is indeterminate. !

Figure 1.24.1. XY control register

RENESAS 179

RenesasTechnology Corp.



Mitsubishi Microcomputers

M16C/80 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 is read as bit 0 of the X0 register, bit 1 is read as bit O of
the X1 register, ..., bit 14 is read as bit 0 of the X14 register, bit 15 as bit O 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
O N e o Ry
LSRRI EU0IRES RS
NNNANNODODOO0O0000000
OO0 OCOO0OONNNNNNNNNN
88888858555888888
SSeesee8888888888
bbb R EEEEEEE
Do DD DL.L.2.90 00 N0 00N
EEEEEC e e TEEETED
o ™ N - =
SESISIPITELRIOSSL
(" X15 register (0002DE16) 2
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) 0
< X7 register (0002CE16) 2
X6 register (0002CC16) =
X5 register (0002CA16) >
X4 register (0002C816) ©
X3 register (0002C616) 5
X2 register (0002C416
X1 register (0002C216 \
\_ X0 register (0002CO016) 2
b15 < > 10
Bit of Xi register

Figure 1.24.2. Conversion table when the read mode set bit =*0”

& g (X register) N ‘ © < o (Y register)

2225339 383835882349238% 2225332338335 88F3928 ‘
X0-Reg ——> YO0-Reg < |
X1 Y1 |
X2 Y2 :
X3 Y3 |
X4 Y4 |
X5 Y5 §
X6 Y6 |
X7 HU ) Y7 !
X8 Y8
X9 Y9
X10 Y10
X11 Y11
X12 Y12
X13 Y13
X14 Y14
X15 - Y15 <

4

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 éOOOZDEmg
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 (0002CEu1s)
X6,Y6 register (0002CC1s)
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

wiieaddress | | | | [ [ [ [ [ [ ][] ]]]]

b158" & & "~ bO
Bitoinregister|||||||||||||||||

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/AW
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 processing necessary
for dummy cycle to refresh DRAM by software.

DRAM control register

b7 b6 b5 b4 b3 b2 bl b0

| |><|><|><I | | | | Symbol Address When reset
AANANZN ] L DRAMCONT 0004016 Indeterminate (Note 4)
oo ¢+ +| Bitsymbol Bit name Function RIW
‘ WT Wait select bit (Note 1) 0 : Two wait 0:0
1: One wait '
b3 b2 b1 :
------ ARO 000 : DRAM ignored oo
00 1: Inhibit
: DRAM space select bit 010:0.5MB i
T AR1 '
A 011:1MB O;O
oo 100:2MB '
T S S AR2 101:4MB ;
tor o 110:8MB 0:0
11 1: Inhibit i
________________________ Nothing is assigned. .
When write, set "0". When read, the value of these bits is indeterminate. - :_
e SREF Self-refresh mode bit 0: Self-refresh OFF oi o
(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
000B16). When selecting 8-bit bus width, CASH is indeterminate.

Note 4: After reset, the content of this register is indeterminate.

DRAM controller starts the operation 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 As to A20. Figure 1.25.2 shows the output format for multiplexed addresses.

8-bit bus mode

MA12| MA1l | MA10| MA9 | MA8 | MA7 | MA6 | MA5 | MA4 | MA3 | MA2 | MA1l | MAO

Pin function (A20) [ (A19) | (A18) | (AL7) ] (AL6) | (AL15)| (A14) | (A13) | (A12) | (A11) | (AL0)| (A9) | (A8)

Row address |(A20) | (A19)| A18 | Al17 | Al6 | A15 | Al4 | Al13 I Al12 | All | A10 | A9 |

Column address |(A22)|(A22)| A19| A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0 | - |

512KB, 1MB

<
-

»

Row address |(A20)| Al19 | Al18 | Al17 | Al6 | A15 | Al4 | A13 | Al12 | All | A10 | A9 |

Column address |(A22)| A21 | A20| A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0 ‘

2MB, 4MB

< »
<% >

Row address | A20 | Al9 | Al8 | Al7 | Al6 I A15 | Al4a | Al3 | Al12 | Alll A10 | A9 I - |

Column address |(A22)| A22 | A21| A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL | A0 | - |

8MB

< »
% |

16-bit bus mode

MA12| MA11| MA10| MA9 | MA8 | MA7 | MA6 | MA5 | MA4 | MA3 | MA2 | MA1 | MAO

Pin function a20) | (a19) | (a18) | (a17) | (a16) | (A15) | (a14)| (A13) | (a12) | (A1) | (A20) | (a9) | (as)

Row address |(A20) | (A19)| AL8 | AL7 | AL6 | A15 | AL4 | AL3 | A12 | ALL | AL0 | (A9) |

Column address |(A22)|(A20)| A | A8 | A7 | A6 | A5 | Ad | A3 | A2 | Al | (AO)|
512KB

< »
)

Row address |(A20)| AL9 | A18 | AL7 | AL6 | AL5 | AL4 | AL3 | A12 | ALl | A10 | (A9) | - |

Column address | (A22)| A20 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | (A0)|

1MB, 2MB

-
-

»
Ll

Row address | A20 | A19 | Al18 | A17 | Al6 | Al15 | Al4 | A13 | Al12 I All | A10 | (A9) | - |

Columnaddress|A22|A21|E| A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al |(A0)| - |

4mB, smp (Note 2)

< -
- e

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.

Note 3: "-" is indeterminate.

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 (0 to 255) = refresh interval time / (BCLK frequency X 32) - 1

DRAM refresh interval set register
(RLD6 D5 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 | b7 b6 b5 b4 b3 b2 b1 bo 0:0
00000000:1.6ps 5
REFCNT1 00000001:3.2us 0.0
e REFCNT3 . 0/0
REFCNT4 . 0:0
REFCNT5 ) O§O
REFCNT6 11111111:409.6ps 0:0
REFCNT7 (Note) |0:0
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

MAQ to MA12 address address 1 address 2 address 3
RAS \
CASH \ /_\
CASL

IEE

|

o010 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 X Column >< Column
address address 1 address 2 address 3

RAS \
CASH \ /_\
CASL

MAO to MA12 ><

IEE

|

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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< Read cycle (wait control bit=1) >

Note : Only CASL is operating in 8-bit data bus width.

< Write cycle (wait control bit = 1) >

BCLK
Row Column Column Column Column

MAQ to MA12 X address /\address 1/\address 2/\address 3 address 4
RAS \ /
o= (WAWAWA .
CASL

H
DW
Do to D15 < >< >< >< >7
(EDO mode)

BCLK

wroomatz X oo X Goumn X coum X oo X s, X
RAS \ /—
CASH

CAsL \_/_\_/_\_/_\_/—
wm o\ Yo
Do to D15 —< X X X >

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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DRAM Controller
.}

BCLK

= \ an
CASH —\ /7

CASL

"y

< CAS before RAS refresh cycle >

Note : Only CASL is operating in 8-bit data bus width.

™ |

= § /-
om 33 -

< Self refresh cycle >

Note : Only CASL is operating in 8-bit data bus width.

Figure 1.25.6. The bus timing during DRAM access (3)
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Programmable I/O Ports
There are 87 programmable 1/O ports for 100-pin version: PO to P10 (excluding P8s). There are 123 pro-
grammable I/O ports for 144-pin version: 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 1/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 show 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 1/O pin.
In memory expansion and microprocessor mode, the contents of corresponding direction register of
pins Ao to A22, A23, Do to D15, MAo to MA12, CSO to CS 3, WRL/WR/CASL, WRH/BHE/CASH, RD/DW,
BCLK/ALE/CLKouT, HLDA/ALE, HOLD, ALE/RAS, and RDY are not changed.
Note: There is no direction register bit for P8s.

(2) Port registers
Figures 1.26.6 and 1.26.7 show 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 of pins Ao to
A22, A23, Do to D15, MAOD to MA12, CSO0 to CS 3, WRL/WR/CASL, WRH/BHE/CASH, RD/DW, BCLK/ALE/
CLKouT, HLDA/ALE, HOLD, ALE/RAS, and RDY are 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 DA0O/
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 Klo 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
VtoVcc + 0.3 V.
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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Mitsubishi Microcomputers

M16C/80 group

PrOgrammable /0O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Figure 1.26.1. Programmable I/O ports (1)
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Programmable I/O Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

P82 to P84

P60, P61, P64, P65, P72, P73
P75, P81, P9o, P91, P92, P97
(inside dotted-line included)

- - - I
P53, P63, P67, P74, P76, P80, P86 | Direction register |
(inside dotted-line not included)

Output from respective
peripheral functions

Data bus —’—{ Port latch

P8s

P70, P71

Output from respective
peripheral functions

Data bus

Pull-up selection

—{ Direction register }—
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NMI interrupt input

Function select
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~N
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. a1 D>
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Input to respective peripheral functions

Figure 1.26.2. Programmable 1/O ports (2)
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Programmable 1/0 Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

P100 to P103

P104 to P107

P93, P94

Direction register

Pull-up selection

Data bus ——‘ Port latch

d
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1
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e
~N

Analog
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!
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Figure 1.26.3. Programmable I/O ports (3)
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Mitsubishi Microcomputers

M16C/80 group
Programmable |/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Pi direction register (Note 1,2, 3)

Symbol Address When reset
PDi (i=0to 15, 03E216, 03E316, 03E616, 03E716, 0016
b7 b6 b5 b4 b3 b2 bl b0 except 8, 11 and 14) 03EA16, 03EB16, 03C216, 03C31s,
| | | | | | | | | 03C716, 03CA16, 03CE16, 03CF16,

N S 03D316

Bit symbol Bit name Function R W,
] PDi_0 Port Pio direction register 0.0
e PDi_1 Port Pi1 direction register 0: I(r;%t;]tcr;g?seas an input port) 0.0
P e PDi_2 Port Piz direction register | 1 : Output mode 0.0
R it PDi_3 Port Piz direction register (Functions as an output port)  [510
T T P PDi_4 Port Pi4 direction register (i=0to 15 except 8, 11 and 14) |00
O PDi_5 Port Pis direction register (@) O
e ] PDi_6 Port Pis direction register o0
S — PDi_7 Port Pi7 direction register 0.0

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 direction register of pins Ao to A22, A23, Do to D15, MAo to
MA12, CS0 to CS 3, WRL/WR/CASL, WRH/BHE/CASH, RD/DW, BCLK/ALE/
CLKour, HLDA/ALE, HOLD, ALE/RAS, and RDY are not changed.

Note 3: Port P12, P13 and P15 direction registers exist in 144-pin version.

Port P8 direction register

b7 b6 b5 b4 b3 b2 bl bo

Nothing is assigned. !
When write, set "0". When read, its content is indeterminate. !

R LR LR EEREETEEE PD8_6 Port P8e direction register |0 [nput mode ) 0.0

(Functions as an input port) [
- ] 1 : Output mode ;
"""""""""""" PD8_7 Port P87 direction register (Functions as an output port) @O

Symbol Address When reset

| | | | | | PD8 03C616 00X000002
Bit symbol Bit name Function RW,|
v v v v v v -{PD8O Port P8o direction register 0.0

T T T T N — " 0 : Input mode 1

T PD8 1 Port P _ _ ‘
ooror 8 ort P81 d-|rect.|on reg.lster (Functions as an input port) O;O
N tRal PD8_2 Port P82 direction register | 1 : Output mode 0.0
o e PD8_3 Port P83 direction register (Functions as an output port)  f5:0
O A RREErer PD8_4 Port P84 direction register 00

Figure 1.26.4. Direction register (1)
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Mitsubishi Microcomputers

M16C/80 group

Programmable 1/0 Port

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port P11 direction register (Note)

Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl bo
| | | | PD11 03CBu1s, XXX000002
E ' ' ' ' ' ' ' Bit symbol Bit name Function R . W
boron o W4PD11 0 Port P110 direction register 00
- 0 : Input mode ;
N PD11 1 Port P111 direction register (Functions as an input port) (o)(@)
T S PD11_2 Port P112 direction register 1 Output_ mode OEO
N (Functions as an output port) | —
R ERRELELLELEEEE PD11_3 Port P113 direction register 0.0
E I I S PD11_4 Port P114 direction register ofo
R S Nothing is assigned.
When write, set "0". When read, its content is indeterminate. -
Note: This register exists in 144-pin version.
Port P14 direction register (Note)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
|><| ' | ‘ | ' | ' | . | ' | . | PD14 03D216 X00000002
E . . . . . . . Bit symbol Bit name Function R'W|
v+ 4+ -1PD14.0 Port P14o direction register 0.0
T - - - 0 : Input mode T
e PD14 1 Port P141 direction register (Functions as an input port) 0.0
N PD14_2 Port P142 direction register | 1:Output mode 00
o (Functions as an output port) —
Voo e PD14_3 Port P143 direction register o0
P11 eeeeeeeeanaaod PD14_4 Port P144 direction register 00
E . R bt PD14_5 Port P14s direction register OEO
I ERRREETEEEE PD14_6 Port P14e direction register 00
e e e Nothing is assigned.
When write, set "0". When read, its content is indeterminate. -

Note: This register exists in 144-pin version.

Figure 1.26.5. Direction register (2)
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Mitsubishi Microcomputers

M16C/80 group
Programmable |/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Pi register (Note 1, 3)

Symbol Address When reset

Pi (i=0to 15, 03EO16, 03E116, 03E416, 03E516, Indeterminate
b7 b6 b5 b4 b3 b2 bl bO except 8, 11 and 14)  03E816, 03E916, 03C016, 03C11s,
L] ] 03C516, 03C816, 03CC16, 03CD1s,

e 03D116

E ' ' ' ' ' ' ' Bit symbol Bit name Function R W
E ' ' ' ' ' ' “1PDLO Port Pio register Data is input and output to and from © ©
R S PDi_1 Port Pi1 register each pin by reading and writing to 0.0
R - - - and from each corresponding bit 00
E . . . . --------- PDi_2 Port Pi2 register 0 “L” level data ‘

! '  GEEEEEE PDi_3 Port Pi3 register 1:“H” level data (Note 2) o0
o - - - 00
o T PDi_4 Port Pi4 register (i=0to 15 except 8, 11 and 14) :
o - — 0.0
R PDi_5 Port Pis register 00
EEREEEEEEEEEEEEEE PDi_6 Port Pie register 00
e EEEETETEEEEEEE P PDi_7 Port Pi7 register (@) O

Note 1: In memory expansion and microprocessor mode, the contents of
corresponding port Pi direction register of pins Ao to A22, A23, Do to D15, MAo
to MA12, CS0 to CS 3, WRL/WR/CASL, WRH/BHE/CASH, RD/DW, BCLK/
ALE/CLKouT, HLDA/ALE, HOLD, ALE/RAS, and RDY are not changed.

Note 2: P70 and P71 are N-channel open drain ports and high inpedance outputs.

Note 3: Port P12, P13 and P15 registers exist in 144-pin version.

Port P8 register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | | | | P8 03C416 Indeterminate

E ' ' ' ' ' ' ' Bit symbol Bit name Function R W
P v 4 -1 PD8 0 Port P8O register o 00
A - Data is input and output to and from 00
L PD8_1 Port P81 register each pin by reading and writing to '

[ S R AR PD8 2 Port P82 register and from each corresponding bit 0.0
T T — (except for P8s) 0.0
R T P — PD8_3 Port P83 register 0:“L" level data 1®) Eo
R EERREEEEEED PD8_4 Port P84 register 1:"H"level data o O
b e PD8_5 Port P85 register O'X
B REEEEEEEEEEEE, PD8_6 Port P86 register 0.0
M PD8_7 Port P87 register 00

Figure 1.26.6. Port register (1)
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Programmable 1/0 Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port P11 register (Note)

Symbol Address When reset
b7 b6 DS b4 b3 b2 bl bO P11 Indeterminate
Vo v v v 4 1 1| Bitsymbol Bit name Function R'W|
A S LA Port P110 register Data is input and outputto and ~ |Q1O
R T . from each pin by reading and |
R P111 Port P111 register writing to and from each © O
et P11 2 Port P112 register corresponding bit 0.0
N - 0:“L" level data ‘
[ P11_3 Port P113 register 1:“H” level data (O)@)
T P — P11_4 Port P114 register 0.0
R S Nothing is assigned.
When write, set "0". When read, its content is indeterminate. -
Note: This register exists in 144-pin version.
Port P14 register (Note)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
|><| | | | | | | | P14 03D01s6 Indeterminate
¢ v [ Bitsymbol Bit name Function R'W,
oo SHP14 0 Port P14o register Data is input and outputto and (OO
AR R VR Port P141 register from each pin by readingand |57
Vo writing to and from each ‘
Voo feeeeeead P14 2 Port P142 register corresponding bit 0.0
I , 0:“L" level data 1
Rty P14 3 Port P143 register 1 : “H” level data (oNe)
 SEERREEREEE P14 _4 Port P144 register 0.0
LT EEEEES P14_5 Port P14s register 00
 SRAREEEEEEEEEREEEE P14_6 Port P146 register 00

Nothing is assigned.
When set, write "0". When read, its content is indeterminate.

Note: This register exists in 144-pin version.

Figure 1.26.7. Port register (2)
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Programmable I/O Port

Table 1.26.1. Each port and peripheral output function (Note 1)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Periphral output function 1 | Periphraloutput function 2 | Periphral output function 3
P60 RTSo output S S
P61 CLKo output —_ —_
P62 S S— -
P63 TxDo output o —_—
P64 RTS1 output CLKS1 output —
P65 CLK1 output e _
P66 —_— — —
P67 TxD1 output — —

P7o(Note 2)

TxD2(SDA2) output

TAOOUT output

P71(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 TA30UT output —_— —_—
P77 S - -
P8o TA40uUT output U phase output —
P81 U phase output — S—
P82 — — —
P83 — — —
P84 —_ —_ _—
P85 — — —
P86 — — —_—
P87 _— - -
P9o CLK3 output —_— —_—
P91 SCL3 output STxD3 output —_—
P92 TxD3(SDA3) output — —_
P93 RTS3 output — S
P94 RTS4 output — —
P95 CLKa4 output —_ o
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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Programmable 1/0 Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl b0

LD T T ]

Function select register AO

fe======d

b7 b6 b5 b4 b3 b2 bl b0

Function select register A1

Nothing is assigned.

When write, set "0". When read, the content is indeterminate.

Symbol Address When reset
PSO 03BO016 0X000X002
Bit symbol Bit name Function R'W
PS0_0 Port P6o function select bit | 0 : 1/O port 0'0
1 : RTSo output }
PS0_1 Port P61 function select bit | 0 : I/O port OEO
1 : CLKo output |
Nothing is assigned. 1
When write, set "0". When read, the content is indeterminate. _}_
PSO_3 Port P63 function select bit | 0 : I/O port OEO
1 : TXDo output 1
PS0_4 Port P64 function select bit | 0 : I/O port
1 : Peripheral function output 00
(PSLO_4 enabled) }
PS0_5 Port P65 function select bit | 0 : /0 port OEO
1 : CLK1 output |
Nothing is assigned. i
When write, set "0". When read, the content is indeterminate. !
PSO_7 Port P67 function select bit | 0 : I/O port O:O
1: TXD1 output !
Symbol Address When reset
PS1 03B116 X00000002
Bit symbol Bit name Function REW
PS1_0 Port P70 function select bit | 0 : 1/O port |
(Note) 1 : Peripheral function output 0:0
(PSL1_0 enabled) :
PS1 1 Port P71 function select bit | 0 : I/O port OEO
(Note) 1: SCL2 output !
PS1 2 Port P72 function select bit | 0 : 1/0O port 1
1 : Peripheral function output 0.0
(PSL1_2, PSC_0 enabled) !
PS1 3 Port P73 function select bit | O : I/O port
1 : Peripheral function output o0
(PSL1_3 enabled) |
PS1_4 Port P74 function select bit | 0 : /O port |
1 : Peripheral function output 00
(PSL1_4 enabled) |
PS1 5 Port P75 function select bit | 0 : 1/0 port O o
1 : W phase output !
PS1_6 Port P76 function select bit | 0 : 1/O port
1: TA30UT output O O

Note: This port is N-channel open drain output.

Figure 1.26.8. Function select register A (1)
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Programmable I/O Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bo

Function select register A2

(PSL3_7 enabled)

Symbol Address When reset
DDA | ] PS2 03B416 XXXXXX002
Bit symbol Bit name Function RIWI
v+ 1 4 14 ol PS2.0 |Port P8ofunction select bit | 0 : 1/0 port
Co o 1 : Peripheral function output 0.0
oo (PSL2_0 enabled) |
E I I I I I - PS2 1 Port P81 function select bit | O : I/O port O o
1 : U phase output
R S T S Nothing is assigned.
When write, set "0". When read, the content is indeterminate. -
Function select register A3 (Note)
b7 b6 S b4 b3 b2 bl b0 Symbol Address When reset
HERRRRRR PS3 03B516 0016
v+ 1 0+ 44+ Bitsymbol Bit name Function RIW,
v 1o+ 1 4 1 L PS3.0 |Port P9 function select bit | 0: I/O port oo
A 1 : CLKS3 output !
R PS3_1 Port P91 function select bit | 0 : I/O port
A 1 : Peripheral function output 0.0
o (PSL3_1 enabled) |
A PS3 2  [Port P92 function select bit | 0 : /O port O o
1: TxD3(SDAB3) output
R S PS3 3 Port P93 function select bit | 0 : I/O port O o
1: RTS3 output
R PS3_4 | Port P94 function select bit | 0: 1/O port
P 1: RTS4 output 0,0
Do ] PS3_5 |Port P9s function select bit | 0: I/O port 00
P 1 : CLK4 output i
] PS3 6 Port P96 function select bit | 0 : I/O port O o
‘ 1 : TxD4(SDA4) output !
] PS3_7 Port P97 function select bit | 0 : I/O port !
1 : Peripheral function output 00

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 1/0 Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Function select register BO
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
DX XXX PSLO 03B216 XXXOXXXX2
i ¢ 0 0 1 1 [ Bitsymbol Bit name Function R'W
t 1 1 it Nothing is assigned. |
When write, set "0". When read, the content is indeterminate. -
.............. PSLO_4 Port P64 peripheral function 0 : RTS1 output OEO
select bit 1: CLKS1 output |
A (Enabled when PS0_4 = 1) 1
LT S 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
vov o414+ 1| Bit symbol Bit name Function RiW,
v v 1 4 4w PSL1 0 | Port P70 peripheral function 0 : TXD2(SDA2) port
A select bit 1: TAOouT output O:O
R (Enabled when PS1_0=1)
A (Note 2) |
. Nothing is assigned. __
When write, set "0". When read, the content is indeterminate.
R PSL1_2 | Port P72 peripheral function 0 : Port P72 peripheral
Vo select bit subfunction select bit OEO
E E E E E (Enabled when PS1_2 =1) (PSC_0) is enabled :
R 1: TAlout output (Note 1) |
e PSL1 3 Port P73 peripheral function 0: RTS2 port |
oo - select bit N 00
Do (Enabled when ps1_3=1) |1V Phaseoutput |
O PSL1_4 | Port P74 peripheral function 0 : TA20uT port
R 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_0 to “1".
Note 2: This port is N-channel open drain output.
Function select register B2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
PSL2 03B616 XXXXXXX02
Bit symbol Bit name Function RW
v+ 4 4+ ol PSL2 0 | Port P8o peripheral function select |0 : TA4ouT output O:O
- bit (Enabled when PS2_0 =1) 1: U phase output 5
AT SN SR T N Nothing is assigned.
When write, set "0". When read, the content is indeterminate. -

Figure 1.26.10.

Function select register B (1)
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Mitsubishi Microcomputers

M16C/80 group
Programmab|e |/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Function select register B3
b7 b6 b5 b4 b3 b2 bl b0
| | | | | |><| |><| Symbol Address When reset
T LAV PSL3 03B716 00000X0X2
¢+ 1 | Bit symbol Bit name Function R W,
- Nothing is assigned. i
When write, set "0". When read, the content is indeterminate.
Pt PSL3 1 Port P91 peripheral function |0 : SCL3 output 0'0

select bit 1: STxD3 output

R Lt Nothing is assigned.
When write, set "0". When read, the content is indeterminate.

PSL3 3 Port P93 peripheral function | O : Input peripheral function

P tmmmmmmmeed enabled (Except DAO output)
(Note)

1: Input peripheral function
disabled (DAO output)

PSL3_4 |Port P94 peripheral function | O : Input peripheral function 1
enabled (Except DAL output) |

"""""""" (Note) O})
1: Input peripheral function |
disabled (DA1 output)

L PO Oy PSL3 5 Port P9s peripheral function | O : Input peripheral function

' enabled (Except ANEXO use)

: (Note) 00

, 1 : Input peripheral function

disabled (ANEXO use)

R — PSL3_6 | Port P9s peripheral function | O : Input peripheral function
enabled (Except ANEX1 use)
(Note) o Xe)

: Input peripheral function
disabled (ANEX1 use)

........................ PSL3_7 | Port P97 peripheral function |0 : SCL4 output i
select bit 1: STxDa4 output !

Note: Although DAO, DA1 output and ANEXO0, 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

land PSL1_2=0)

b7 b6 b5 b4 b3 b2 bl_bO Symbol Address When reset
| |><|><|><[><]><|><| | PSC 03AF16 OXXXXXX02
Por oo | Bitsymbol Bit name Function RIW
A PSC_0 | Port P72 peripheral subfunction 0 : CLK2 output
A (Note 1) [ select bit (Enabled when PS1_2= |1V phase output 0.0

Nothing is assigned.
When write, set "0". When read, the content is indeterminate. !

PSC_7 Key input interrupt disable bit 0 : Enabled 0o
(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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Programmable 1/0 Port

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up control register O (Note)

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

B N I N N I PURO 03F016 0016

Bit symbol Bit name Function R W
pororon o RqPU00 POo to P03 pull-up The corresponding port is pulled o0
N PUO1 P04 to PO7 pull-up high with a pull-up resistance 0.0
e i 0 : Not pulled high !
bl PUO2 P1o to P13 pull-up 1 Pulled high O: O
Rl PUO3 P14 to P17 pull-up 00
P e PU04 P20 to P23 pull-up 00
AR PU0S P24 to P27 pull-up 00
P e PU06 P30 to P33 pull-up 0.0
ERREEEEEEEEELEEEEEEETEEE PUO7 P34 to P37 pull-up 0:0

b7 b6 b5 b4 b3 b2 b0

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 1 (Note)

Symbol Address When reset
PUR1 O3F116 X016
Bit symbol Bit name Function RIW
1 PU10 P40 to P43 pull-up The corresponding port is pulled c0o
PU11 P44 to P47 pull-up high with a pull-up resistance 0.0
0 : Not pulled high i
PU12 P50 to P53 pull-up 1: Pulled high O: O
PU13 P54 to P57 pull-up 0:0
Nothing is assigned.
When write, set "0". When read, their contents are indeterminate. -

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 1/O port by setting.

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
||||||||| PUR2 03DA16 0016

Bit symbol Bit name Function R'W
oo 51 PU20 P60 to P63 pull-up The corresponding port is pulled  |O: O
Loy v v ~ high with a pull-up resistance 0.0
A e P64 to P67 pull-up 0 : Not pulied high ;
oo PU22 P70 to P73 pull-up (Note 1)| 1 : Pulled high OO0
AR R, PU23 P74 to P77 pull-up 00
oo T PU24 P8o to P83 pull-up 00
poo T PU25 P84 to P87 pull-up (Note 2) 00
P T PU26 P90 to P93 pull-up 00
R S — PU27 P94 to P97 pull-up 0.0

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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100-pin version
Pull-up control register 3
b7 b6 S b4 b3 b2 b1 BO Symbol Address When reset
|0|0|0|0|0|0| | | PUR3 03DB16 0016
Bit symbol Bit name Function R w
P -1PU30 P100 to P103 pull-up The corresponding port is pulled 0.0
Poor o e high with a pull-up resistance
R PU31 P104 to P107 pull-up 0 : Not pulled high 0.0
- 1 : Pulled high !
rotordnededendeo ooy Reserved bit Must always be set to "0" o0
144-pin version
Pull-up control register 3
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset
LI LTI ] ‘Purs 03DB16 0015
E E E E E E E E Bit Bit Function RIW
oo PU30 P100 to P10s pull-up The corresponding port is pulled Oi o
R eeT PU31 P104 to P107 pull-up high with a pull-up resistance 00
Poor o 0 : Not pulled high ‘
ik PU32 P110 to P113 pull-up 1 : Pulled high 0:0
e PU33 P114 pull-up O O
 CCEEEEEEREE PU34 P120 to P123 pull-up 00
S SRR PU35 P124 to P127 pull-up 00
D e PU36 P130 to P133 pull-up 00
] PU37 P134 to P137 pull-up 0.0
Pull-up control register 4 (Note)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
|><|><l><|><l i | i | . | . | PUR4 03DC1s6 XXXX00002
E E E E E E E E Bit symbol Bit name Function R l W
P S{PU40 P140 to P143 pull-up The corresponding port is pulled |O!O
oo a0 o ol _ high with a pull-up resistance ‘
P U4l P144to P14s pull-up 0 : Not pulled high ©0
it PU42 P150 to P153 pull-up 1: Pulled high 00
R PU43 P154 to P157 pull-up 00
;___i__;___i ______________ Nothing is assigned. _ 1 _
When write, set "0". When read, their contents are “0”.
Note: This register exists in 144-pin version.

Figure 1.26.14. Pull-up control register (2)
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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
b b [ Bit symbol Bit name Function RIW
.. PCRO Port P1 control register 0 : Function as common CMOS |
N port :
A 1 : Function as N-ch open drain !
. port 0.0
oo (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 /0O port by setting.

Note 2: This function is designed to permanently turn OFF the Pch of the CMOS port.
It does not make port 1 a full open drain. Therefore, the absolute maximum
input voltage rating is [-3 to Vcc + 0.3V].

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 P85s) (After setting for input mode, connect every pin to Vss via a resistance
Note 1) (pull-down); or after setting for output mode, leave these pins open.
XouT (Note 2) Open
NMI Connect via resistance to Vcc (pull-up)
Avcc Connect to Vcc
AVss, VREF, BYTE Connect to Vss

Note 1: Port P11 to P15 exist in 144-pin version.
Note 2: 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) |( After setting for input mode, connect every pin to VSs via a resistance
Note 1) (pull-down); or after setting for output mode, leave these pins open.
BHE, ALE, HLDA, Open
XouT(Note 2), BCLK
HOLD, RDY, NMI Connect via resistance to Vcc (pull-up)
Avcc Connect to Vcc
AVss, VREF Connect to Vss

Note 1: Port P11 to P15 exist in 144-pin version.
Note 2: With external clock input to XIN pin.

Microcomputer Microcomputer
Port PO to P15 (except for P8s) Port P6 to P15 (except for P8s)
(Note) (Input mode) /\/\/\, (Note) (Input mode) /\/\/\,
(Input mode) /\/'\/\,-—0 (Input mode) ——ANN——2
(Output mode) Open (Output mode) Open
NMI M
NMI _BHEF——
HLDA | —
Xout Open ALE Open
_?VCC XouT|—
AvVcc BCLK —— Vcc
BYTE HOLD
AVss RDY
VREF AVcc
Vss AVss Vss
L VREF
In single-chip mode In memory expansion mode or =
in microprocessor mode
Note: Port P11 to P15 exist in 144-pin version.

Figure 1.26.16. Example connection of unused pins
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Usage Precaution
SFR (100-pin version)
(1) Addresses 03C916, 03CB16 to 03D316 , 03DC16 area is for future plan. Must set "FF16" to address
03CB16, 03CE16, 03CF16, 03D216, 03D316 and "0016" to address 03DC16 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.

(3) In the case of using as “Free-Run type”, the timer register contents may be unknown when count-
ing begins. If the timer register is set before counting has started, then the starting value will be
unknown.

« In the case where the up/down count will not be changed.
Enable the “Reload” function and write to the timer register before counting begins. Re-
write the value to the timer register immediately after counting has started. If counting
up, rewrite “000016” to the timer register. If counting down, rewrite “FFFF16” to the timer
register. This will cause the same operation as “Free-Run type” mode.

« In the case where the up/down count has changed.
First set to “Reload type” operation. Once the first counting pulse has occurred, the timer
may be changed to “Free-Run type”.

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 output from the one-shot timer synchronizes with the count source generated internally.
Therefore, when an external trigger has been selected, a delay of one cycle of count source as
maximum occurs between the trigger input to the TAIIN pin and the one-shot timer output.
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(3) 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.

(4) If a trigger occurs while a count is in progress, after the counter performs one down count following the
reoccurrence of a trigger, the reload register contents are reloaded, and the count continues. To
generate a trigger while a count is in progress, generate the second trigger after an elapse longer than
one cycle of the timer's count source after the previous trigger occurred.

Timer A (pulse width modulation mode)

(2) 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.

(3) The value of the counter is indeterminate at the beginning of a count. Therefore, the timer Bi overflow
flag may go to “1” and timer Bi interrupt request may be generated during the interval between a count
start and an effective edge input.

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.

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 ps 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 O 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) Output impedance of sensor at A-D conversion (Reference value)
To carry out A-D conversion properly, charging the internal capacitor C shown in Figure 1.27.1 has to
be completed within a specified period of time T. Let output impedance of sensor equivalent 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).
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t
Vcisgenerally Vc=VIN{l—e C(RO+R) }

Andwhent=T, VC=VIN- LV|N=V|N(1 —L)
Y Y
_r
e CRo+R = X
Y
T X
— =ln
C (RO +R) Y
Hence, RO = ——T -R
Celn L
Y

With the model shown in Figure 1.27.1 as an example, when the difference between VIN and VVC 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=03ps,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*«In 0.1
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)
WV——0— M
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) Reference value

f(XIN) Cycle Sampling time R C Resolution ROmax
(MHz) (ks) (Ws) (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 5.9

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 13

bit is enabled) 0.9 1.7

11 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) Reference value

f(XIN) Cycle Sampling time R c 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
1.3 111
15 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
15 5.2
1.7 55
1.9 5.8
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Interrupts
(1) Setting the stack pointer

» The value of the stack pointer is initialized to 00000016 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 via a
resistance (pulled-up) if unused.

» 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.

(3) Address match interrupt
* Do not set the following addresses to the address match interrupt register.

1. The address of the starting instruction in an interrupt routine.

2. Any of the next 7 instructions addresses immediately after an instruction to clear an interrupt
request bit of an interrupt control register or 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
osee : 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
Example 3)
fset | ; Set | flag ( interrupt enabled)
nop ; 1st instruction
nop - 2nd instruction Do not set address match interrupt
nop ; 3rd instruction | during this period

212 RENESAS

RenesasTechnology Corp.



Mitsubishi Microcomputers

M16C/80 group

Usage precaution SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Example 4)
Idipl #0 ; Rewrite IPL to a smaller value
nop ; 1stinstruction
nop - 2nd instruction » DO not set address match interrupt

nop ; 3rd instruction during this period

» To return from an interrupt to the address set in an address match interrupt register using return
instruction (reit or freit)
To rewrite the interrupt control register within the interrupt routine, add the below processing to the
end of the routine (immediately before the reit or freit instruction). Also, if multiple interrupts are
enabled with other interrupts, add the below processing to the end of the interrupt that enables the
multiple interrupts.

If the interrupt control register is being rewritten within the non-maskable interrupt routine, add the
below processing to the end of all interrupts.

Additional process
; Execute after the register reset instruction (popm instruction)

fclr U ; Select ISP (Unnecessary if the ISP has been selected)

pushm RO ; Store RO register

mov.w 6[SP],R0 ; Read FLG on stack (use "stc SVF,R0" when high-speed

; interrupt)

Idc RO,FLG ; Setin FLG

popm RO ; Restore RO register

nop ; Dummy

reit ; Interrupt completed (use freit when high-speed interrupt)
Example 5)

If rewriting the interrupt control register for interrupt B with the interrupt A routine and enabling multiple
interrupts with interrupt C, the above processing is required at the end of the interrupt A and interrupt
C routines.

Interrupt A routine

Interrupt_A:
pushm RO,R1,R2,R3,A0,A1 ; Store registers
bclr  3,TAOIC ; Rewrite interrupt control register of interrupt B
popm RO,R1,R2,R3,A0,Al ; Restore registers
fclr U ; Select ISP (Unnecessary if the ISP has been selected)
pushm RO ; Store RO register
mov.w 6[SP],R0 ; Read FLG on stack
Idc RO,FLG ; Setin FLG
popm RO ; Restore RO register
nop ; Dummy
reit ; Interrupt completed
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Interrupt C routine

Interrupt_C.:
pushm RO,R1,R2,R3,A0,A1 ; Store registers
fset | ; Multiple interrupt enabled

popm RO,R1,R2,R3,A0Al ;Restore registers

fclr U ; Select ISP (Unnecessary if the ISP has been selected)
pushm RO ; Store RO register

mov.w 6[SP],R0 ; Read FLG on stack

Idc RO,FLG ; Setin FLG

popm RO ; Restore RO register

nop ; Dummy

reit ; Interrupt completed

(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 INTs 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 XiN=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 1.27.2 shows the procedure for
changing the INT interrupt generate factor.

Set the interrupt priority level to level 0
(Disable INT 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 INT interrupt request)

Figure 1.27.2. Switching condition of INT interrupt request

(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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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 DMAIi 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, set the corresponding DMA channel to disabled
before changing the DMAI request cause select bit. At least 2 instructions are needed from the
instruction to write to the DMAI request cause select register 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 O
and.b #11111100b, ROL ; Clear DMAO transfer mode select bit to "00"
Idc RO, DMDO ; DMAOQ 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
or.b #00000001b, ROL ; Set DMAO 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.

Precautions for using CLKouT 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.

HOLD signal

When using the HOLD input while P40 to P47 and P50 to P52 are set as output ports in single-chip mode,
you must first set all pins for P40 to P47 and P50 to P52 as input ports, then shift to microprocessor mode
or memory expansion mode.
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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 ANEXO0 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 ANEX0 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.

DRAM controller

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 4AMB 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
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Setting the registers
The registers shown in Table 1.27.3 include indeterminate bit when read. Set immidiate to these regis-
ters.
Store the content of the frequently used register to RAM, change the content of RAM, then transfer to the
register.

Table 1.27.3 The object registers

Register name Symbol Address
UART4 bit rate generator U4BRG 02F916

UART4 transfer buffer register u4TB 02FB16, 02FA16
Dead time timer DTT 030C16

Timer B2 interrupt occurrence frequency set counter ICTB2 030D16

UARTS3 bit rate generator U3BRG 032916

UARTS transfer buffer register U3TB 032B16, 032A16
UART2 bit rate generator U2BRG 033916

UART?2 transfer buffer register u2TB 033B16, 033A16
Up-down flag UDF 034416

Timer AO register (Note) TAO 034716, 034616
Timer Al register (Note) TAl 034916, 034816
Timer A2 register (Note) TA2 034B16, 034A16
Timer A3 register (Note) TA3 034D16, 034C16
Timer A4 register (Note) TA4 034F16, 034E16
UARTO bit rate generator UOBRG 036116

UARTO transfer buffer register uoTB 036316, 036216
UARTL1 bit rate generator U1BRG 036916

UARTL1 transfer buffer register UlTB 036B16, 036A16

Note: In one-shot timer mode and pulse widt modulation mode.

External ROM version (144-pin version)
The external ROM version is operated only in microprocessor mode, so be sure to perform the following:
» Connect CNVss pin to Vcc.

Notes on the microprocessor mode and transition after shifting from the micropro-
cessor mode to the memory expansion mode / sigle-chip mode

In microprocessor mode, the SFR, internal RAM, and external memory space can be accessed.

For that reason, the internal ROM area cannot be accessed.

After the reset has been released and the operation of shifting from the microprocessor mode has started
(“H" applied to the CNVss pin), the internal ROM area cannot be accessed even if the CPU shifts to the
memory expansion mode or single-chip mode.
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Mitsubishi Microcomputers

M16C/80 group

Usage precaution SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Flash memory version
Bit 7 and bit 6 of the processor mode register 1 (address 000516) must be set to "112" and this setting
should be done when the main clock is divided by 8.

Rewrite program of external ROM version with built-in boot loader

* Do not use interrupts in rewrite program.
» Do not use absolute address jump instructions (JMP.A, JMPI.A) and absolute address subroutine call

instructions (JSR.A, JSRI.A) in rewrite program.
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Electrical characteristics

Electrical characteristics

Table 1.28.1. Absolute

maximum ratings

Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Symbol Parameter Condition Rated value Unit
Vee Supply voltage Vcc=AVcc -0.3t0 6.5 \
AVce Analog supply voltage Vce=AvVce -0.3t06.5 \%

Input RESET, (maskROM : CNVss, BYTE),
voltage P0o0-P07, Plo-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
Vi P60-P67, P72-P77, P80-P87, -0.3to Vee+0.3 v
P90-P97, P100-P107, P110-P114,
P120-P127, P130-P137, P140-P14s,
P150-P157, VReF, XIN (Note 1)
P70, P71 -0.3t06.5 \Y
Output P00-P07, P10-P17, P20-P27,
voltage P30-P37,P40-P47, P50-P57,
Vo P60-P67,P72-P77, P80-P8a4, -0.3to Vee+0.3 v
P86, P87, P90-P97, P100-P107,
P1lo0-P114, P120-P127, P130-P137,
P140-P146, P150-P157, XouT (Note 1)
P70, P71 -0.3t0 6.5 V

Pd Power dissipation Topr=25°C 500 mw
Topr Operating ambient temperature -20to 85 / -40 to 85 (Note 2) °‘c
Tstg Storage temperature -65 to 150 ‘c

Note 1: Port P11 to P15 exist in 144-pin version.
Note 2: Specify a product of -40 to 85°C to use it.
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Mitsubishi Microcomputers

M16C/80 group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.28.2. Recommended operating conditions (referenced to Vcc = 2.7V to 5.5V at Topr = - 20
to 85°C / — 40 to 85°C(Note3) unless otherwise specified)

Svmbol P i Standard ]
y arameter Min Typ. | Max. | Unit
Vee Supply voltage 2.7 5.0 5.5 \%
AVce Analog supply voltage Vce \%
Vss Supply voltage 0 \%
AVss | Analog supply voltage 0 v
HIGH input | P40-P47, P50-P57, P60-P67,
voltage P72-P77, P80-P87, P90-P97, P100-P107, 0.8Vee Vee v
P110-P114, P120-P127,P130-P137, P140-P14s, '
P150-P157 (Note 5),Xin, RESET, CNVss, BYTE
ViH P70,P71 0.8Vce 6.5 v
P00-P07, P1o-P17, P20-P27, P30-P37 0.8Vce Vcce \Y
(during single-chip mode)
P0o0-P07, P1o-P17, P20-P27, P30-P37 0.5Vee vee Vv

(data input function during memory expansion and microprocessor modes)

LOW input | P40-P47, P50-P57, P60-P67,
voltage P70-P77, P8o-P87, P90-P97, P100-P107, 0 0.2Vce \%
P110-P114, P120-P127,P130-P137, P140-P14s,

P150-P157 (Note 5), XiN, RESET, CNVss, BYTE

ViL P0o-P07, P1lo-P17, P20-P27, P30-P37
(during single-chip mode)

PO0o-P0O7, P10-P17, P20-P27, P30-P37
(data input function during memory expansion and microprocessor modes) 0 0.16Vce v

HIGH peak output P0o-PO07, P1o-P17, P20-P27, P30-P37
|OH (peak) | current P40-P47, P50-P57, P60-P67, P72-P77,
P80-P84, P86, P87, P90-P97, P100-P107, -10.0 mA
P110-P114, P120-P127,P130-P137, P140-P14s,
P150-P157 (Note 5)

HIGH average output POo-P07, Plo-P17, P20-P27, P30-P37

| OH (avg) current P40-P47, P50-P57, P60-P67, P72-P77,
P80-P84, P8s, P87, P90-P97, P100-P107, -5.0 mA
P11lo-P114, P120-P127,P130-P137, P140-P14s,
P150-P157 (Note 5)

LOW peak output P0o-P07, P1lo-P17, P20-P27, P30-P37

loL (peak) | current P40-P47, P50-P57, P60-P67, P70-P77,
P8o-P84, P86, P87, P90-P97, P100-P107, 10.0 mA
P110-P114, P120-P127,P130-P137, P140-P14s,
P150-P157 (Note 5)

LOW average P0o-P0O7, P10-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 (Note 5)

Main clock input oscillation frequency No wait | Vcec=4.2V to 5.5V 0 20 MHz

0 0.2Vce \%

f (XIN)

Vce=2.7V to 4.2V 0 10 MHz

f(Xen) | 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, P8s, P87, P9, P10, P11, P14 and P15 must be 80mA max. The total
loH (peak) for ports PO, P1, P2, P8s, 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 IoH (peak) for ports P3, P4,
P5, P6, P72 to P77, P8o 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.

Note 5: Port P11 to P15 exist in 144-pin version.
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Electrical characteristics (Vcc = 5V)

Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Table 1.28.3. Electrical characteristics (referenced to Vcc=5V, Vss=0V at Topr=25°C, f(XIN)=20MHz
unless otherwise specified)

. . Standard .
P Measuring condition
Symbol arameter (o] Min Typ. | Max. Unit
HIGH output P0o-P07, Plo-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P72-P77, P80-P84, P8s, P87, _
VoH P90-P97, P100-P107, P110-P114, P120-P127, | !OH=-5mMA 3.0 v
P130-P137, P140-P146, P150-P157 (Note 1)
HIGH output P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
voltage P50-P57, P60-P67, P72-P77, P80-P84, P8s, P87,
VOH P90-P97, P100-P107, P110-P114, P120-P127, | loH=-200uA 4.7 \
P130-P137, P140-P146, P150-P157 (Note 1)
HIGH output HIGHPOWER loH= - 1mA 3.0
XouTt \Y
Von voltage LOWPOWER loH= - 0.5mA 3.0
HIGH output  Xcout HIGHPOWER With no load applied 3.0 Vv
voltage LOWPOWER With no load applied 1.6
P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47
LOW t t ] ] ] ] 1
Voltag?au PU b50.p57, P6O-P67, P70-P77, P80-P84, P8s, P87,
VoL P90-P97, P100-P107, P110-P114, P120-P127, loL=5mA 2.0 \"
P130-P137, P140-P146, P150-P157 (Note 1)
LOW output P00-P07, P1o-P17, P20-P27, P30-P37, P4o-P47,
voltage P50-P57, P60-P67, P70-P77, P80-P84, P8s, P87,
VoL P90-P97, P100-P107, P110-P114, P120-P127, | lOL=200pA 045 | V
P130-P137, P140-P14s6, P150-P157 (Note 1)
loL=1mA 2.0
VoL LOW output XouT HIGHPOWER v
voltage LOWPOWER loL=0.5mA 2.0
LOW output  wcout HIGHPOWER With no load applied 0 v
voltage LOWPOWER With no load applied 0
Hysteresis HOLD, RDY, TAOIN-TA4IN, TBOIN-TBSIN,
VT+-VT- INTo-INTs, ADTRG, CTS0-CTS4, CLKo-CLKa4,
TAOouT-TA40uT,NMI, Klo-KI3,RxD0-RxD4, 0.2 1.0 4
SCL2-SCL4, SDA2-SDA4
VT1+VT- | Hysteresis RESET 0.2 1.8 \%
HIGH input PO0o-P07, P1o-P17, P20-P27, P30-P37,
current P40-P47, P50-P57, P60-P67, P70-P77, P80-P87,
IiH P90-P97,P100-P107, P110-P114, VI=5V 50 | uA
P120-P127,P130-P137, P140-P146, P150-P157,
XIN, RESET, CNVss, BYTE (Note 1)
LOW input POo-PO7, Plo-P17, P20-P27, P30-P37,
current P40-P47, P50-P57, P60-P67, P70-P77, P80-P87,
I P90-P97,P100-P107, P110-P114, V=0V -50 HA
P120-P127,P130-P137, P140-P146, P150-P157,
XN, RESET, CNVss, BYTE (Note 1)
RpurLup| Pull-up P00-P07, P10-P17, P20-P27, P30-P37, P40-P47,
resistance P50-P57, P60-P67, P72-P77, P80-P84, P86, P87,
P90-P97,P100-P107, P110-P114, P120-P127, Vi=0V 30.0| 50.0 |{167.0 | kQ
P130-P137, P140-P146, P150-P157 (Note 1)
RexIN Feedback resistance XIN 1.0 MQ
Rixcin | Feedback resistance XciN 6.0 MQ
V ram | RAM retention voltage When clock is stopped 2.0 \Y)
1
; ition:| TXIN)=20MHz Mask ROM 128 KB version 45.0 | 72.0
M dition: i ! mA
ea_lsurlng (?on ton : Square wave, no division | RoMless RAM 10 KB version(Note 2)
In S&ngli-(:hlp | Mask ROM 256 KB version 50.0 | 80.0
mode, the output ROMIless RAM 24 KB version (Note 2)
pins are open and -
lcc Power supply | other pins are Vss Flash memory version 50.0 | 80.0
current ; Mask ROM 128 KB version 90.0 UA
| f(Xcin)=32kHz ROMless RAM 10 KB version(Note 2)
| Square wave Mask ROM 256 KB version 100.0
I ROMless RAM 24 KB version (Note 2)
1 Flash memory version 7.0 mA
| f(XCIN)=32kHz When a WAIT instruction is executed 4.0 HA
| Topr=25°C when Mask ROM 128 KB version 1.0 HA
: clock is stopped ROMIless RAM 10KB version (Note 2) :
| Mask ROM 256 KB version 2.0
| ROMless RAM 24KB version (Note 2) ’
| Flash memory version 1.0
: Topr=85°C when clock is stopped 20.0
Note 1: Port P11 to P15 exist in 144-pin version.
Note 2: ROMless version exists in 144-pin version.
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Electrical characteristics (Vcc = 5V)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Table 1.28.4. A-D conversion characteristics (referenced to Vcc = AVcc = VREF =5V, Vss = AVss =
0V at Topr = 25°C, f(XIN) = 20MHz unless otherwise specified)

_ N Standard )
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution VREer = Vce 10 | Bits
- Absolute  |Sample & hold function not  |Vrer = Vcc = 5V +3 | LSB
accuracy |available
Sample & hold function _ | ANoto AN7 input +3 | LSB
available (10bit) VReF = :
Vcc = 5V | ANEXO, ANEX1 input, +7 | LSB
External op-amp
connection mode
Sample & hold function VRer = Vcc =5V +2 | LSB
available (8bit)
Ruapoer | Ladder resistance VRer = Vee 10 40 | kQ
tcony Conversion time (10bit) 33 s
tcony Conversion time (8bit) 2.8 Us
tsamp Sampling time 0.3 us
VREF Reference voltage 2 Vee | V
Via Analog input voltage 0 VRer | V

Note: Divide the frequency if f(XIN) exceeds 10 MHz, and make GAD equal to or lower than 10 MHz.

Table 1.28.5. D-A conversion characteristics (referenced to Vcc =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
IvREF 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 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Timing requirements (referenced to Vcc = 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 [nsg]
10°
tac1(AD - DB) = oo 35 [ns]
10°X m
tac2(RD - DB) = Teo 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) = oo X2 35 [ns] (n=5 and 7 when 2 wait and 3 wait, respectively)
10°X m
tac4(RAS — DB) = T X2 35 [ns] (m=3 and 5 when 1 wait and 2 wait, respectively)
10°X n
tac4(CAS - DB) = Teoo 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 group

Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Timing requirements (referenced to Vcc =5V, Vss = 0V at Topr = 25°C unless otherwise specified)

Table 1.28.8. Timer A input (counter input in event counter mode)

RenesasTechnology Corp.

Standard .
Symbol Parameter Min an zl?/lrax Unit
tc(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)
Standard .
Symbol Parameter Min. | Max. | Ynit
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 Misrrandi/lrgx Unit
tc(UP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) TAIioUT input LOW pulse width 1000 ns
tsu(UP-TIN) | TAiouT input setup time 400 ns
th(TIN-UP) | TAIOUT input hold time 400 ns
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Mitsubishi Microcomputers

M16C/80 group
Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Timing requirements (referenced to Vcc = 5V, Vss = 0V at Topr = 25°C unless otherwise specified)

Table 1.28.13. Timer B input (counter input in event counter mode)

Svmbol b Standard Uni
ymbo arameter Min. Max. nit
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)
Standard .
Symbol Parameter Min. Max. 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)
Svmbol P ‘ Standard Unit
ymbo arameter Min. Max. ni
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
Standard .
Symbol Parameter Min. Max. 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
Standard .
Symbol Parameter Min. Max. 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(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Mitsubishi Microcomputers

M16C/80 group
Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Switching characteristics (referenced to Vcc = 5V, Vss = 0V at Topr = 25°C, CM15 = “1" unless
otherwise specified)

Table 1.28.19. Memory expansion mode and microprocessor mode (no wait)

) - Standard )
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-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) 0 ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
td(BCLK-CcS) | Chip select output delay time 18 ns
th(BCLK-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
tdBCLK-RD) | RD signal output delay time 10 ns
th(BCLK-RD) | RD signal output hold time -5 ns
td(BCLK-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°
tdDB-WR) = ———— —
( ) f(BCLK) 20 [ns]
10°
thWR-DB)= ————————— —
¢ ) fBCLK) X 2 10 [ns]
10°
thWR-AD)= ———————— —
( ) fBCLK) X 2 10 [ns]
th(WR - CS) = Lg 10
(WR-C9) fecLky X2 [ns]
10°
tw(WR) =

fiecLK) X 2 -15 [ns]
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Mitsubishi Microcomputers

M16C/80 group

Timing (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Switching characteristics (referenced to Vcc =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)

) . Standard .
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-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) 0 ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdecLk-cs) | Chip select output delay time 18 ns
th(BCLK-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 tlme (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
tdBCLK-RD) | RD signal output delay time 10 ns
th(BCLK-RD) | RD signal output hold time =5 ns
td(BCcLK-WR) | WR signal output delay time 18 ns
th8cLK-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(DB - WR) = fecLk) [ns] (n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively)
10°
thwR-DB)= ——————— -1
( ) f(BCLK) X 2 0 [ns]
10°
thwWR-AD)= ——————— 1
( ) f(CcLK) X 2 0 [ns]
10°
thwWR-CS)= —/—— ——— —
( ) f(BCLK) X 2 10 [ns]
tw( WR) = _109Xn__ _ 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 group
Timing (Vcc =5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Switching characteristics (referenced to Vcc = 5V, Vss = OV 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)

) - Standard .
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-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
tdecLk-cs) | Chip select output delay time 18 ns
th(BCLK-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 §elect output hold thlme (WR standard) Figure 1.28.1 (Note) ns
td(BCcLK-RD) | RD signal output delay time 18 ns
th(BCLK-RD) | RD signal output hold time -5 ns
td(BCLK-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
td(BCLK-ALE) | ALE signal output delay time (BCLK standard) 18 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) | Data output hold time (BCLK standard) -5 ns
Note: Calculated according to the BCLK frequency as follows:
th(RD - AD) = A -10
f(BCcLK) X 2 [ns]
10°
Th(WR ~ AD) = fecLk) X2 10 [ns]
th(RD - CS) = Lg -10
f(BCLK) X 2 [ns]
th(WR - CS) = A -10
f(BCLK) X 2 [ns]
9
td(DB - WR) = 10 Xm -25 . . .
f(ecLK) X 2 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively)
th(WR - DB) = i -10
f(BCLK) X 2 [ns]
td(AD - ALE) = L -23
f(BCLK) X 2 [ns]
th(ALE - AD) = L -10
feCLK) X 2 [ns]

228 RENESAS

RenesasTechnology Corp.



Switching characteristics (referenced to Vcc =5V, Vss = 0V at Topr = 25°C unless otherwise

specified)

Timing (Vcc = 5V)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.28.22. Memory expansion mode and microprocessor mode

(with wait, accessing external memory, DRAM area selected)

Vcc =5V

Symbol Parameter Measuring condition Standard Unit
Min. Max.
td(BCLK-RAD) | Row address output delay time 18 ns
th(BCLK-RAD) | Row address output hold time (BCLK standard) -3 ns
td(BCLK-CAD) | String address output delay time 18 ns
th(BCLK-cAD) | 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-tlme (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(BCLK-cAS) | CAS output hold time (BCLK standard) -3 ns
td@ecLK-dDw) | Data output delay time (BCLK standard) 18 ns
th@@CLK-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) = acilig X 2 [ns]
10° X3
tRP = feCLK X 2 20 [ns]
10°
tsu(DB - CAS) = W - [ns]
tsu(CAS —RAS) = 109 13
sul - = —_—
fBCLK) X 2 [ns]
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PO
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15

Note: Port P11 to P15 exist in 144-pin version.

-

30pF

X H

(Note)

Figure 1.28.1. Port PO to P15 measurement circuit
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Mitsubishi Microcomputers

M16C/80 group
Tlmlng (VCC - 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode (without wait)
Read Timing
td(BCLK-ALE) ! th(BCLK-ALE)

18ns.max > i
> L 2ns.min

‘ﬁ‘” " -5ns.min
tac1(AD-DB) < !

Hi-Z ! j
S Lt sos SENEE o

tsu(DB-BCLK) n<—> E*N:th(RD—DB)

26ns.min*l ‘

ALE ! \ : ; : 5
R td(BCLK-CS) ! 1 th(BCLK-CS) 5 i i :
1 18ns.max ' -3ns.min ; : E E :
Csi Do\ i X : A\ : L/ ;
tcyc | > i+ (N(RD-CS)
-~ : > 1 Ons.min: i : : :
W(BCLK-AD) |  th(BCLK-AD) 5 : : 5
14— 18ns.max »! -3ns.min | : E E 5
ADi —\ - - : - : : E
Cr D G ) G X ) G
!} td(BCLK-RD) > e th(RD-AD) : 5 5 :
1 10ns.max: <> i1 Ons.min : ! '
RD P by ¥, f ! : 5 E
| taciRD-DB) P les i e BCLKRD) | | | 5

,
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)

ST AU U A W A G S W
' 18ns.max h f H H !

td(BCLK-ALE) —p! '« th(BCLK-ALE)
B ) '

ALE __/—E\ -2ns.min

 td(BCLK-CS)

: 5 : th(BCLK-CS) 5

v ' 18ns.max; ! ' <> -3ns.min '
csi Lo\ I ; : L ! 5

l teye! . L thwR-cs)” ! 5 5

| 'td(BCLK-AD) : o | 'th(BCLK-AD) f

) <™ 18ns.max; , i ' -3ns.min ! ;

ADi ; X : T . : X : ! 1
_BHE h \ ' ! o ' . ' E i

: l ' Vo 3! ' ' :

! ! td(BCLK-WR) , tw(wR)'3 '<—_.th(WR'AD) : ! ! :
_ ! 18ns.Max «—»ie— 1 p P :
WRWRL, — : T\ b ' : ' 5
WRH ! : . '/ th(BCLK-WR) : 5 :

! H — e-3ns.min ;| ! ' H

| L1 EBWR)® ! thwr-DB)S : : E
I e B I A e

*3:1t depends on operation frequency. Measuring conditions

td(DB-WR)=(tcyc-20)ns.min . Vee=5V+10%

th(wRr-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-Ccs)=(tcyc/2-10)ns.min * Output timing voltage :Determined with Vor=2.0V, VoL=0.8V

tw(WR)=(tcyc/2-15)ns.min

Figure 1.28.2. Vcc=5V timing diagram (1)
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Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing (Vcc =5V)

Read Timing

_‘: 18ns.max \\

Memory expansion Mode and Microprocessor Mode (with 1 wait)

Sc---

Write Timing

BCLK . \
{d(BCLK-ALE) ! th(BCLK-ALE) | 5 E 5 5
g > < 2ns.min : f ; i i .
ALE Py T\ : i . \ 5 i
! td(BCLK-CS) : E D th(BCLK-CS) 5 i
! 1 18ns.max*1 ' ' 4l—>‘l g -3ns.min ' :
CSi b\ i ; E L/ : i :
P = ! : ? ‘« th(RD-CS) ! :
Eﬁ L - > ' Ve : Ons.min ' i
td(BCLK-AD) ! 5 g 'th(BCLK-AD) : 5 5
] €' 18ns.max*1 ' ' » -3ns.min ! | :
ADi Y : ! : B : ! !
BHE — : : : - : 5 :
! ! td(BCLK-RD) , 3 i»! e th(RD-AD) i :
! E 10ns.maxl:<_>: E E , : " Ons.min_. i |
RD o T\ | | ¥ N\ /ST
o oL tac2(RD DB)2: : ; th-(Si(;Lnlian?) ;
P b tac2(AD-DBy2 | Py i ; :
DB i F e o I S
: ! ' '[su(DB BCLK)A—H > th(RD-DB) ! !
' ' ' 26ns.min*1’ v ons.min i

*1:lt 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.)

*3:It depends on operation frequency.
td(DB-WR)=(tcyc X n-20)ns.min

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, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.)

BCLK / 18ns.max \ / \II\
| td(BCLK-ALE)! , :
> > ie—th(BCLK-ALE) ; :
ALE ] T\ -2nsmin | i / N\ :
| td(BCLK-CS) l g | th(BCLK-CS) ; :
_ L1 18ns.max; ; , :' ': -3ns.min :
Csi L\ ! ! : : / : :
B teyc! ! | i (WR-CS)'3 i : i
| 1td(BCLK-AD) : D : .th(BCLK -AD) E 5
. J,“’l 18ns.max; \ Lo <> _3ns.min ' '
ADI Y : : — — : : :
BHE - 5 : — — 5 5 :
5 | td(BCLK-WR) , tywRy's | (NWR-AD)'S ; : :
WRTWEL ! 18ns.max ‘€ . ! '
WRH : \4 th(BCLK-WR) 5 : :
i | , : > i« -3ns.min Co i ' E
E Lol {d(DB-WR)'S | . th(WR-DB)'3, | ; : 5
DBi R R Fog : ) SRR ponnneeeeee iy

Measuring conditions
* Vce=5V+10%
* Input timing voltage
:Determined with VIH=2.5V, ViL=0.8V
« Qutput timing voltage
:Determined with VoH=2.0V, VoL=0.8V

(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Figure 1.28.3. Vcc=5V timing diagram (2)
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode (with 2 wait)
Read Timing

BCLK ,‘ 18ns.max \— \—/ .\
td(BCLK-ALE)  th(BCLK-ALE) | : 5 ‘ ‘ :
- > ’4— -2ns.min ' ; ; 1 ‘ : :
ALE L '\ : i ! : L/ \ : '

 td(BCLK-CS) ; ! : ‘ 1 th(BCLK-CS) 5 !
! 18ns.max*1 : : ; : [ _-3ns.min; : :

cs 0\ : : : : : L ‘ : :

B GRREE

) o : : ; : e thRD-CS) : :
' ' > ; b1y Ons.min i
dBCLK-AD) : : : | {th(BCLK-AD) | 5 §

> 18ns.max*1 : i ' <» _3ns.min ¢ :

ADi ’ - i : - : = : : :
R, S T S S Y S S
| td(BCLK-RD) 5 5 5 } ! e th(RD- AD) i ’

' 1 10ns. max"" ' ' ; 1 P Ons.min : ;

m T | | | s / /S
' tac2(RD-DB)?2 ! L »‘ ﬁ“g?,ﬁi,ﬂff'?) :
P 5 tac2(AD-DB)*2 ; 3 :

et N T W W W

tsu(DB- BCLK) «— » ' th(RD- DB) ;
26ns.min*1 D

' 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\ _/ :\_
 td(BCLK-ALE). : : :
P > & th(BCLK- ALE) , ! ! !

ALE / ! \  -2ns.min ' : I / \ : :
| td(BCLK-CS) 5 5 E | thoLK-CY) i i
g ‘ : : i > 3ns.min! : '

o — 1 18nsmax; : : : ! oo ; ; :
CSi L\ : : : : ! -/ : :

e teyc! > : ! D thWR-CS)'3 | : ! i
! | ] 1 i ' 4—,_>' I i
. td(BCLK-AD | : : - v l :

t ) . : : . 0th(BCLKAD) , .

. 1 18ns.max; , ! ! [ ' -3ns.min | ' i
AD T T T T T — * T T .
St X ; ; : : B | X : : |

! th(WR-AD)'3 ! ! !

: i td(BCLK-WR) | D tw(WR)'3 D e > : : i
[ ! ; 18ns.max 4—»4—'—'—> | ' ' '
WR,WRL, = : \ ! ! / ! : : !
WRH ; P 5 . th(BCLK- WR) | | :

. b ; ! ! > ﬁ— Bnsmin i ! ' .

: L e : ! td(DB-WR)*3 | | ! th(WR-DB)*3 ! ; ; 5
DB Trotproeeoeeoees e : : : : P e frommmmnees prosmroeenoees

*3:1t depends on operation frequency.
td(DB-WR)=(tcyc x n-20)ns.min

th(wr-DB)=(tcyc/2-10)ns.min
th(WR-AD)=(tcyc/2-10)ns.min
th(Wr-CcS)=(tcyc/2-10)ns.min
tw(wR)=(tcyc/2 x n-15)ns.min

(n=1, 2 and 3 when 1 wait, 2 wait and 3 wait, respectively.)

(n=1, 3 and 5 when 1 wait, 2 wait and 3 wait, respectively.)

Measuring conditions |
* Vee=5V+10%
« Input timing voltage
:Determined with VIiH=2.5V, VIL=0.8V
« Output timing voltage
:Determined with VoH=2.0V, VoL=0.8V

Figure 1.28.4. Vcc=5V timing diagram (3)

LENESAS

RenesasTechnology Corp.

233



Mitsubishi Microcomputers

M16C/80 group

Tlmlng (VCC — 5\/) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode (with 3 wait)

Read Timing

BCLK
‘18nsmax ! ! | ! ! . ‘ ; . .
tdBCLK-ALE) ] IBOLKALE), ‘ I ‘ ‘ : ; : : !
PN >« -2nsmin | ' : ' ' : ! ' ; :
ALE L E 1 1 : : : ! L/ \ E :
| Hd(BCLK-CY) ! : j 1 : : | Th(BCLKCS) i |
hilg 18ns.max: : 1 | 1 ! | % _-3ns.min . :
Csi 5 \ : : : ‘ ! : : L ; i :
Lo teyc i ; ‘ 1 1 : ! i« th(RD-CS) 5 !
v ! > 1 ; 1 1 : P Onsmin : .
d(ECLCAD) L, 1 1 : 1 1 ; {h(BCLK-AD) | ; 5
ADi 4> 18ns.max ! ! ; ! ' ' <« 3ns.min ! ' |
BHE ‘ ‘ ‘ ‘ ‘ : ¥ — : i
|| WECLKRD) : : ‘ ; ; ! > e th[RD-AD) : :
i1 10nsmax <> ! ! ‘ ! ! : 1 Ons.min ; :

o P ‘ ‘ ! o ™! th(BCLK-RD) !
E | . ' ' : tacZ(RD-DB)‘ ' : =: -g‘ :4— Sns.min ‘
1 3 tac2(AD-DB) 2 | } Lo ! ! !

S e s e s s a3 WO SO g, O
' L iz | : ‘ : : T e ‘ , .

: ‘ ! | ' ! {su(DB-BCLK) +—— 14> th(RD-DB) |

: | 26ns.min - ' LT onsmin'

*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.
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 ' h 1
BCLKALE) 5! e-th(BCLK-ALE) ! : ! 5 ; ‘ ? : E

ALE L P\ Znsmin / A\

| td(BCLK-CS) : E i 3 : j | th(BoLKCcY) :

= 18nsmax! : : ! ‘ 147 -3ns.min : :

e A ; : : 3 E ‘ N 5 :
5 toyc ! , ; 5 3 5 D thWRC9)® | ; | ;
td(BCLK-AD) i 5 5 : D | h(BCLK-AD) 5

> 18ns.max! ' ! ! ; : L = 3ns.min : ;

ﬂ : : : ; ; ‘ . ; — 3ns. m|n: : :
BHE i i E : s — ‘ ' =
: | (BOLKWR) | . Ry | | L thwR-AD) | E

TRV 18ns.max (4« : - ‘ . ad e :
WRH \ : j / th(BOLK-WR) 5 | 5
‘ ' o ; > e -3nsmin . ;

3 ! tdoBWR)" | 3 | |1 thwr-0B)" ! ' |

e

*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(wWR-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 conditidns :
* Vcc=5V+10%
* Input timing voltage
:Determined with ViH=2.5V, VIL=0.8V
» Output timing voltage
:Determined with VoH=2.0V, VoL=0.8V

Figure 1.28.5. Vcc=5V timing diagram (4)
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ALE

csi

ADi
/DBI

ADi
BHE

ALE

BCLK

BCLK

td(BCLK -ALE) i
-«

< _2ns.min

Jn(BCLK-ALE)

Memory expansion Mode and Microprocessor Mode

(When accessing external memory area with 2 wait, and select multiplexed bus))

Read Timing

C

4—» 18ns.max

i {d(BCLK-CS) 5 tcyc - k_ﬁth(BCLlK-C;S)
k 1 18ns.max ! N ' g — 1 -3ns.min :
! ' ' ' ' *1 )
Y ' ' ' i th(RD- CS) / '
| td(AD- ALE) th(ALE-AD) T, i : ; b 5
P e e———— ! ' . Pl ' ;
X Address P ) ----------- To-ee- Data input }------- 1---{  Address
\ T +/\ tdz(RD-AD) I th(RD- DB
b : | —# 4= 8ns.max It -~ ;" 0( )
; {td(BCLK-AD) Do ; . 'S”(DB, BZ%';]?mmi L ons. m'”: th(BCLK-AD) |
<« 18ns.max’ ; tac3(RD-DB) 1 ' ' Co <> _3ns.min !
T T —— — s
; tac3(AD-DB) i td(BCLK-RD) ! ; ' ;

ceed----T |- -1

td(AD-ALE)=(tcyc/2-23)ns.min

M

-5ns.min —’: -

th(BCLK-RD) ! th(RD-AD)I

/

*1:It depends on operation frequency.

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/2-23)ns.min

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

td(DB-WR)=(tcyc/2 x m-25)ns.min

(m=3 and 5 when 2 wait and 3 wait, respectively.)

1 18ns.max ' ' : : .
td(BCLK-ALE) : ; th(BCLK-ALE) : : : : !
P —>! & -2ns.min :
& teyc | i :th(BCLK-CS)
—E\tféﬁf o] P i g | thowr-cs)2 7 7 SN |
! d(AD-ALE)? th(ALE-AD)2 f 5 b s tBCLK- DB)
i .<—>~—> ! ' [ ¢ 1 -Bns.min
( Address E i | Data output ! ! i i\ Address
b : L ; = T X > 5
: : ' 1d(DB-WR) 1 th(WR-DB) :
! _'td(BCLK-AD) : ; ; b i th(BCLK-AD)
=71 18ns.max; ' ! ' - <> -3ns.min
5 5 5 E i D 5
E i | td(BCLK-WR) ! {th(BCLK-WR) | | th(WR-AD)? 5
RL,— i > 18ns.max | -ans.min > /4- : 5

Measuring conditions
¢ Vce=5V+10%
« Input timing voltage

:Determined with ViH=2.5V, VIL=0.8V

« Output timing voltage
:Determined with VoH=

2.0V, VoL=0.8V

Figure 1.28.6. Vcc=5V timing diagram (5)
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode

(When accessing external memory area with 3 wait, and select multiplexed bus))

Read Timing

BCLK : ; . :

1 18ns.max ' ' : ! : : E :

td(BCLK-ALE) |  th(BCLK-ALE) ; : 5 : : : |

- > :" -2ns.min | i : ! : ! : ;
ALE ! \ i i E ¥ i i ./ A\

I td(BCLK-CS) : ! tC‘yC ! ; E E Ech(BCLK-C‘S)

—>18ns.max | ! N . >, ' : . ©-3ns.min

: a 1 ' : ' N ] !

oS Y ! - ! . ! th(RD-CS) © ! ;
Csi b l : : : | RS :

| td(aD- ALE)l th(ALE-AD) L, i : ; i . o |

| e—— ey : : ; : . . ; ;
ADi : Address : : : """"E' """"""" '5 """"""" 4: ------------- 1“ ------ m ------- -i--- Address
IDBi i X 5 — } tdz(RD-AD) ; - 3 tnRD-0B .

. ' ' —?::4— 8ns.max ! ; DI I" ( )

' 1d(BCLK-AD) D olle ; : ! ‘ tsu(DB BCLK): Ons.min: - th(BCLK- AD)

. > 18ns.max b tac3(RD-DB) L 1 26ns. m|n > -3ns.min |
ADL ! x : - : ! ! : - B :
BHE i . i ' ' i E ' L ' i : | 2

e *] ! ' o h > H
tac3(AP-DB) td(BCLK RD) ! i th(BCLK- RD) ! th(RD-AD) T |
- : > 18ns.max, : ! Bns.min ¥ €
RD : : O\ : : | : / |

*1:1t depends on operation frequency.

td(AD-ALE)=(tcyc/2-23)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

BCLK

b,

td(BCLK -ALE) |, th(BCLK-ALE) . i
‘—’; - < -2ns.min '
ALE ! ' 5 ! i T
b 5 i teyc : i RCETS cs)
Mg ¥ | g | | | tywrcy)2 1 Snsmin |
_— ; L : : K : : L e— .
CSi by ¥ f f : : ‘ L : /' l
5 e : E 5 ! E ' s t(BCLK- DB)
| eons weal | s e P sk,
ADi ( Address X  Data output : X Address
IDBi v ; T i ! ' : ' > < ) .
h ' - ' K » € ¥ ; |
; - ; ; ! td(DB-WR) 2! | th(WR-DB) 2 '
' 1td(BCLK-AD) ' ' ' ' na th(BCLK-AD)
ADi " 18ns.max! ' ' ' ' L "—V -3ns.min |
' - ! ! ! - - T ) !
e LA 5 5 i i , & A
: : . : : : : D :
i i | td(BCLK-WR) ! ; i Hh(BCLK-WR) | | th(WR-AD)IZ
SRR — ; 47> 18ns.max| l I o -3nsmin < !
WRWRL,— : T\ : : : : : /
WRH 5 i Do i : : i i

*2:1t depends on operation frequency.
td(AD-ALE)=(tcyc/2-23)ns.min

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

td(DB-WR)=(tcyc/2 x m-25)ns.min

(m=3 and 5 when 2 wait and 3 wait, respectively.)

Measuring conditions
* Vee=5V+10%
* Input timing voltage

« Output timing voltage

:Determined with ViH=2.5V, ViL=0.8V

:Determined with VoH=2.0V, VoL=0.8V

Figure 1.28.7. Vcc=5V timing diagram (6)
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vce=5V

Memory expansion Mode and Microprocessor Mode
(When accessing DRAM area with 1 wait)

Read Timing , , . . .

ok /o [/

tsu(DB-BCLK) '«—»! - th(CAS-DB)
26ns.min*1 : Ons.min

» teye . : : 5 5
! l ! td(BCLK-CAD) ! ! E
td(BCLK-RAD) th(BCLK-RAD) %™ 18ns.max*1 th(BCLK-CAD) ; !
§<_>:18ns.me}x -3ns.min'e» ! ' > -3ns.min ' :
MAi . X Rowaddress, % String address | X X E
i | th(RAS-RAD)2!! : L L trRPR2 P
L e | i . ! —>
RAS | N\ L : ! i A
| | BCLKRAS) typeiicas) T aborkRAS) | P
i 14>118ns.max*1; e 18ns.maxtl o ! ;
CASL ! v b o\ o ; 5 !
CASH o o T o ie th(BCLK-CAS) ;
! Lo Lo o 11 -3ns.min ; !
DW | P | ! tac4(CAS:DB)*2 ! | ! ! ;
: o o b b ' ' '
: - tac4(CAD-DB)*2 - . : ' !
5 | e lacARASDBY2 i1 1 5 |

D]

o R T

*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:It 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
* 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 1.28.8. Vcc=5V timing diagram (7)
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode

(When accessing DRAM area with 1 wait)

Write Timing
BCLK | , \
: teyc ; ; §

td(BCLK-RAD)

t—>

' <3 [d(BCLK-CAD)

18ns.max th(BCLK-RAD)E "l 18ns.max

th(BCLK-CAD)
- -3ns.min

Vce=5V

- \__-3ns.min . : : ;
MAI E X Row address ! X String address X X
. | th(RAS-RAD) ! L ' trP? P
_ - i \‘—'—“ ! : i f : —
RAS : Lo\ ! E L] E | o
; | td(BCLK-RAS) td(BCLK-CAS) (4 t(BCLK-RAS) P
' ~+*18ns.max ™ 18ns.max “3ns.min : :
CASL | ' | N | | |
CASH | = : | - ' : ’
- ; : I ! -» i« th(BCLK-CAS) ! :
td(Ei':-K'DW) : ! v + -3ns.min :
. = 18ns.max : b o ' ' :
DW : : ; L ¥ : ; !
. 5 ! i 1 ¥ < {h(BCLK-DW) !
: . ___tsuoB-cas)t 1 ; ensmin : :
Hiz ; — —\ . : |
DB ---heeiieee-ee ¢ ! ! [ SRR EEEEEEERR SRR beeeees

*1:It 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
:Determined with VIH=2.5V, VIL=0.8V
« Output timing voltage
:Determined with VoH=2.0V, VoL=0.8V

: i ! ! | * > th(BCLK-DB) | !

-7ns.min

Figure 1.28.9. Vcc=5V timing diagram (8)
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Mitsubishi Microcomputers

M16C/80 group

Tlmlng (VCC = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory expansion Mode and Microprocessor Mode
(When accessing DRAM area with 2 wait)
Read Timin , , , , | : :
BCLK _|j i ' \ '

tcyb R |
' ~ +1d(BCLK-CAD
td(BCLK-RAD) th(BCLK-RAD) ¢ ( ) .
T 41 18ns.max*l '
«»18ns.max  -3ns.mini® | i .

'
- '
¢

th(BCLK-CAD)

& -3ns.min

MA K ngaddressi X Strilng address B ! X

| th(RAS-RAD)2!
! ' — P>

'_'_'_'r"j )

ms 1 T\

> e th(BCLK-RAS)

tac4(CAS-DB)*2

" tac4(CAD-DB)*2!

SRR U AROS B 3% NU SO SO o OO AU

tsu(DB-BCLK) <—>; <-5!th(CAS-DB)
26ns.min*1 ' ons.min

*1:1t 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 |-35)ns.max (I=1 and 2 when 1 wait and 2 wait, respectively.)
th(RAS-RAD)=(tcyc/2-13)ns.min

tRP=(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

| dBOLK-RAS)  {dBCLK-CAS) | | e Tnecu i
! - 18”3'”‘?’(*1: i-»118ns.max*L I : 3ns.m:|n ! i
CASL : L R ; ] ! ! 5
CASH Lo Do b : ; > '« th(BCLK-CAS) ! 5
| P P v ; -3ns.min !
DW P P ¥ :

Figure 1.28.10. Vcc=5V timing diagram (9)
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Mitsubishi Microcomputers

M16C/80 group

Tlmlng (VCC - 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion Mode and Microprocessor Mode

(When accessing DRAM area with 2 wait)

. P!

ms T V%

Write Timing |
BCLK | : / \ / | . | |
e i T

. ? - vt 18ns. ' ! L ; : !

18nis<r_nhe,1x i -3ns.mines ! " max : : g -3ns.min ;

MAi X Row address ! X : String address ! X ! X
- th(RAS-RAD)1 | L tRP*L i

.__I/ Y.

{td(BCLK-RAS) td(BCITK-CAS)' - '« th(BCLK-RAS)

> th(BCLK-DB)
' -7ns.min

DB

: > 1 -3ns.min

: - 18ns.max 1 18ns.max P ; :

CASL ! ! Y ! / :
CASH | : : : : ¥ | |
! ; : o ! ! - '« th(BCLK-CAS) |
td(EBCLK-DW) ' ' -3ns.n|1|n ;

_ % 18ns.max b : .
ow Y a L = 7 e
: i E Do : 5 4 th(BCLK-DW) !

| [SUDB-CASF1 ! i ; 5 -Sns.min !

*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
:Determined with VIH=2.5V, ViL=0.8V
« Output timing voltage
:Determined with VoH=2.0V, VoL=0.8V

Figure 1.28.11. Vcc=5V timing diagram (10)
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Mitsubishi Microcomputers

M16C/80 group
Tlmlng (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) e oye - |
: ; f_’: 18ns.ma|x : : : : :
RAS ! i Y : 5 i ] |
: : ; \ : ; : = th(BCLK-RAS)
! | SUCCASRAS)y1 ! : : % 3ns.min
— | | | ' .
CASL - \ ! !
CASH Etd(BCLK-CAIS‘)_’: ; : 5 : > e th(BCLK-CAS)
. - ! : ! | © ' -3ns.min
18ns.max '
DW

*1:1t depends on operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Refresh Timing (Self-refresh)

BCLK

td(BCLK-RAS).
18ns.max <>

C // ' >
© tsU(CAS-RAS)*1 th(BCLK-RAS)

N L e ' ' -3ns.min
CASL E \ E E E {( ] : ' !
CASH . : . : : —h )

> td(BCLK-CAS) : ! // | ; > - t_g(r?s%ﬁ] CAS)

; 18ns.mfa1x : : ( ( ' ' ' !
Dw i 5 g )/

*1:1t depends on operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)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

Figure 1.28.12. Vcc=5V timing diagram (11)
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Mitsubishi Microcomputers

M16C/80 group

Tlmlng (VCC - 5\/) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Vcc =5V
te(TA) =
tw(TAH)
TAIIN input \
_ tw(TAL) N
tc(upP) 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) <>\ lsu(UP-Tin)
edge is selected)

TAIIN input

(When count on rising
edge is selected)

tc(TB) N
tw(TBH)
TBIIN input
tw(TBL)
fc(AD) N
tw(ADL)
ADTRG input J
tc(CK) N
tw(CKH)
CLKi
tw(CKL) o
th(C-Q)
TxDi >< ><
td(c-Q) tsu(b-C) < > th(C_D)
RxDi 4 *
tw(INL)
INTi input fw(INH) % /
Wi

Figure 1.28.13. Vcc=5V timing diagram (12)
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Timing (Vcc =5V)

Mitsubishi Microcomputers

M16C/80 group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BCLK

RD

Memory Expansion Mode and Microprocessor Mode
(Valid only with wait)

(Separate bus)

Vcc =5V

VAR VAR WA

RDY input

(Valid with

BCLK

PO, P1, P2
P3, P4,
P50 to P52

WR, WRL, WRH
(Separate bus)

RD
(Multiplexed bus)

WR, WRL, WRH
(Multiplexed bus)

<>
HOLD input \ VJ

HLDA output

tsu(RDY-BCLK)

<<—> th(BCLK-RDY)

or without wait)

tsu(HOLD-BCLK) | | th(BCLK-HOLD)
: ‘ I ,

]

I

td(BCLK-HLDA) —> <—

—> < td(BCLK-HLDA)

77777777777777777777777777777777777777

Measuring conditions :

* VCC=5V+10%

« Input timing voltage : Determined with VIiL=1.0V, VIH=4.0V
 Output timing voltage : Determined with VoL=2.5V, VOH=2.5V

Figure 1.28.14.

Vce=5V timing diagram (13)
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Mitsubishi Microcomputers

M16C/80 group
Electrical characteristics (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 3V)

Vcc =3V

Table 1.28.23. Electrical characteristics (referenced to Vcc = 3V, Vss = 0V at Topr = 25°C, f(XIN) =
10MHz with wait)

Measuring condition __Standard i
Symbol Parameter g Min Typ. | Max. Unit
HIGH output PO0o-P07,P10-P17,P20-P27,
voltage P30-P37,P40-P47,P50-P57
’ ’ ’ loH= - 1mA 2.5 A\
Vo P60-P67,P72-P77,P80-P84, on=-m
P86,P87,P90-P97,P100-P107,
P110-P114, P120-P127,P130-P137,
P140-P146, P150-P157 (Note 1)
HIGH output HIGHPOWER lon=- 0.1 mA 2.5
h XouTt \
Vou voltage LOWPOWER loH= - 50 HA 2.5
HIGH output  XcouT HIGHPOWER With no load applied 3.0 v
voltage LOWPOWER With no load applied 1.6
LOW output POo-P07,P1l0-P17,P20-P27,
voltage P30-P37,P40-P47,P50-P57, —
Vvor P60-P67,P70-P77,P80-P84, loL=1mA 05 v
P86,P87,P90-P97,P100-P107
P110-P114, P120-P127,P130-P137,
P140-P14e, P150-P157 (Note 1)
loL=0.1mA 0.5
VoL LOW output XouT HIGHPOWER v
voltage LOWPOWER loL=50pA 0.5
LOW output  xcout HIGHPOWER With no load applied o v
voltage LOWPOWER With no load applied o
Hysteresis HOLD, RDY, TAOIN-TA4IN,
VTV TBOIN-TB2IN, INTo-INTs, ADTRG,
T+-VT- P ———
CTS(&TS4,CLKO—CLK4,TA20UT—TA4OUT, 0.2 1.0 Vv
NMI, Klo-KI3, RxD0O-RxD4,
SCL2-SCL4, SDA2-SDA4
VT+-VT- Hysteresis RESET 0.2 1.8 \
HIGH input P00-P07,P10-P17,P20-P27,
current P30-P37,P40-P47,P50-P57,
IiH P60-P67,P70-P77,P80-P87, VI=3V 4.0 HA
P90-P97,P100-P107, P110-P11a4,
P120-P127,P130-P137, P140-P14s,
P150-P157 (Note 1)
XiN, RESET, CNVss, BYTE
LOW input PO0o-P07,P1l0-P17,P20-P27,
current P30-P37,P40-P47,P50-P57,
e P60-P67,P70-P77,P80-P87, VIi=0V -4.0 A
P90-P97,P100-P107, P11l0-P114, H
P120-P127,P130-P137, P140-P14s,
P150-P157 (Note 1)
XN, RESET, CNVss, BYTE
RpuLLUP Pull-up PO0Oo-P07,P10-P17,P20-P27,
resistance P30-P37,P40-P47,P50-P57,
P60-P67,P72-P77,P80-P84, Vi=0V 66.0 | 120.0 | 500.0 kQ
P86,P87,P90-P97,P100-P107
P110-P114, P120-P127,P130-P137,
P140-P14s, P150-P157 (Note 1)
RixiN Feedback resistance XiN 3.0 MQ
Rixcin Feedback resistance Xcin 10.0 MQ
V rRAM RAM retention voltage When clock is stopped 2.0 \Y2
n sinalo-chi | fOXIN)=10MHz Mask ROM 128 KB version 12.0 | 200 | mA
n single-chip Square wave, no ROMless RAM 10 KB version (Note 2)
mode, the output | division
pins are open and | Mask ROM 256 KB version 14.0 23.0
other pins are VSs | ROMless RAM 24 KB version (Note 2)
1 Flash memory version 14.0 23.0
lee Power supply I f(XcIN)=32kHz Mask ROM 128 KB version 45.0 HA
current I square wave ROMless RAM 10 KB version (Note 2)
| Mask ROM 256 KB version 60.0
| ROMless RAM 24 KB version (Note 2)
| Flash memory version 3.5 mA
|
f(XCIN)=32kHz
I When a WAIT instruction is executed. 3.0 HA
| Oscillation drive capacity is High.
f
f(XCIN)=32kHz
! When a WAIT instruction is executed. 15 HA
| Oscillation drive capacity is Low.
| Mask ROM 128 KB version 10
| Topr=25°C, when ROMless RAM 10 KB version (Note 2) .
| clock is stopped Mask ROM 256 KB version
| ROMIless RAM 24 KB version (Note 2) 1.0 HA
1 Flash memory version 1.0
| Topr=85°C, when clock is stopped 20.0

Note 1: Ports P11 to P15 exist in 144-pin version.

Note 2: ROMless version exists in 144-pin version.
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Mitsubishi Microcomputers

M16C/80 group

Electrlcal Characterlstlcs (VCC - 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Table 1.28.24. A-D conversion characteristics (referenced to Vcc = AVcc = VREF = 3V, VSS = AVSS =
0V at Topr = 25°C, f(XIN) = 10MHz unless otherwise specified)

) » Standard ]
Symbol Parameter Measuring condition Min. [ Typ. | Max Unit
- Resolution VRer = Vce 10 | Bits
- Absolute Sample & hold function not | Vrer = Vee = 3V, +2 | LSB
accuracy | available (8 bit) Qo= fan/2
RLADDER Ladder resistance VRer = Vce 10 40 kQ
tconv Conversion time(8bit) 9.8 Hs
VREF Reference voltage 2.7 Vee |V
Via Analog input voltage 0 VRer |V

Table 1.28.25. D-A conversion characteristics (referenced to Vcc = 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| ps
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 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 Microcomputers

M16C/80 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Timing requirements (referenced to Vcc = 3V, Vss = 0V at Topr = 25°C unless otherwise specified)

Table 1.28.26. External clock input

Standard .
Symbol Parameter Nin. Max. Unit
tc External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
Table 1.28.27. 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 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) = o o 42 [ns]
10°
tacl(AD - DB) = —pmre— - 55 [ns]
10°X _ . . .
tac2(RD - DB) = f(BTK))TZ —42  [ns] (m=3, 5 and 7 when 1 wait, 2 wait and 3 wait, respectively)
10°X _ . . .
tac2(AD - DB) = —— 20 _55 [ns] (n=2, 3 and 4 when 1 wait, 2 wait and 3 wait, respectively)
f(BCLK)
10°X . . :
tac3(RD - DB) = f(BTK))r(nZ =55 [ns] (m=3 and 5 when 2 wait and 3 wait, respectively)
9
tac3(AD - DB) = % —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) = W —55 [ns] (n=1 and 3 when 1 wait and 2 wait, respectively)
10°X |
tac4(CAD — DB) = W —55 [ns] (I=1 and 2 when 1 wait and 2 wait, respectively)
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Mitsubishi Microcomputers

M16C/80 group

T|m|ng (VCC = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Timing requirements (referenced to Vcc = 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) TAIN 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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Timing requirements (referenced to Vcc = 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) TBiN input HIGH pulse width (counted on both edges) 160 ns
tw(TBL) TBIIN input LOW pulse width (counted on both edges) 160 ns
Table 1.28.34. Timer B input (pulse period measurement mode)
Symbol Parameter ‘Standard Unit
Min. Max.
te(TB) TBIIN input cycle time 600 ns
tw(TBH) TBiN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 1.28.35. 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) TBiN 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 I/O
Symbol Parameter Standard Unit
Min. Max.
tc(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(Cc-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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Switching characteristics (referenced to Vcc = 3V, Vss = 0V at Topr = 25°C unless otherwise
specified)

Table 1.28.39. Memory expansion and microprocessor modes (with no wait)

) . Standard .
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (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(BCLK-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) 0 ns
th(WR-CS) Chip select output hold time (WR standard) (Note) ns
td(BCLK-ALE) | ALE signal output delay time . 25 ns
th(BCLK-ALE) | ALE signal output hold time Figure 1.28.1 _2 ns
td(BCLK-RD) | RD signal output delay time 10 ns
th(cLK-RD) | RD signal output hold time -3 ns
td(BCLK-WR) | WR signal output delay time 25 ns
th(8CcLK-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:
10°
td(DB - WR) = W —40 [ns]
10°
th(WR —DE) = fBeLk) X 2 20 [ns]
10°
th(WR - AD) = fBeLk) X 2 20 [ns]
10°
thWR - CS) = fBeLk) X 2 20 [ns]
tw(WR) = L - 20
f(RCI Ky X 2 Insl
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Switching characteristics (referenced to Vcc = 3V, Vss = 0V at Topr = 25°C unless otherwise
specified)

Table 1.28.40. Memory expansion and microprocessor modes
(with wait, accessing external memory)

) . Standard )
Symbol Parameter Measuring condition Min. Max. Unit
td(BCLK-AD) | Address output delay time 25 ns
th(BCLK-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(BCLK-CS) | Chip select output delay time 25 ns
th(ecLk-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) Figure 1.28.1 | (Note) ns
td(cLK-ALE) | ALE signal output delay time 25 ns
