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

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

Description

The M30201 group of single-chip microcomputers are built using the high-performance silicon gate CMOS
process using a M16C/60 Series CPU core. M30201 group is packaged in a 52-pin plastic molded SDIP, or
56-pin plastic molded QFP. These single-chip microcomputers operate using sophisticated instructions
featuring a high level of instruction efficiency. With 1M bytes of address space, they are capable of execut-
ing instructions at high speed.

The M30201 group includes a wide range of products with different internal memory types and sizes and
various package types.

Features

* Basic machine instructions .................. Compatible with the M16C/60 series

* Memory capacity ........ccccveeeeviiiieeeernninne ROM/RAM (See figure 1.4. ROM expansion.)

« Shortest instruction execution time....... 100ns (f(XIN)=10MHz)

o Supply voltage ......ccoevvvieieeiiiieeeee 4.0 to 5.5V (f(XIN)=10MHz) :mask ROM version
2.7 t0 5.5V (f(XIN)=3.5MHz ):mask ROM version
4.0 to 5.5V (f(XIN)=10MHz) :flash memory version

¢ INEEITUPES . 13 internal and 3 external interrupt sources, 4 software
(including key input interrupt)

* Multifunction 16-bit timer..................... Timer Ax 1, timer B x 2, timer X x 3

« Clock output

e Serial 1O v 1 channel for UART or clock synchronous, 1 for UART

* A-D CONVEIET ..oeeeiiiiieeiiiiiiiiiieeee e 10 bits X 8 channels (Expandable up to 13 channels)

* Watchdog timer..........ccoooviiiiiiiieenennenn. 1line

e Programmable I/O .........ccccviiiiieenennn. 43 lines

* LED drive ports ......cccoocvveeeeiiiineeeennne 8 ports

* Clock generating circuit ..........ccccceeee... 2 built-in clock generation circuits

(built-in feedback resistor, and external ceramic or quartz oscillator)

Applications
Home appliances, Audio, office equipment, Automobiles

Central Processing Unit (CPU) ..................... 12 THMEL e 47
RESEL ... 15 Serial HO e 74
Clock Generating CirCuit ..........c.coovcvveeeennnnnen. 19 A-D CONVEIET ...evieiiiiiiiee it 88
ProteCtion ........cceevveiiiiiiieeiiiee e 26 Programmable I/O POrts .........cccocovvvvnerernenn. 98
INTEITUPLS .o 27 Electric CharacteristiCs ..........cvvvvveveeeeeeaennn. 110
Watchdog Timer.........cccocoiiiiiiiiiiic 45 Flash Memory Version ..........c.ccceeeeeeeeannnn, 124
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description
. __________________________________________________________________________________________________________________________|

Pin Configuration
Figures 1.1 to 1.2 show the pin configurations (top view).

PIN CONFIGURATION (top view)
Avss =¥ [1] —/ [52]€» P61/ANL
P6o/ANo €[ 2] [51] 4> P62/AN2
vrer = [3] [50€> Pea/AN:
Avce —»[4] [49]€» P64/AN4
P54/CKouT/ANss [ 5] [25 4> P65/ANS
P53/CLKS/ANss > [6] [47] 4> P6s/ANG
P52/CLKo/ANs2 4% [7] 26| 4> P67/AN7
P51/RxDo/ANs1 > L8] 45/ «> POo/KIo
P50/TxDo/ANso > [9] (% g [24«> PouKIL
CNvss —>[10 OO [ poaki
P7UTBLN/Xcn SO 424> poa/kis
P70/TBOIN/XcouT > [12 = E [41] > PO4/Kla
reseT ¥ [13 o [ 404> POs/Kis
XouT * ('/U) < [30 4> Pos/Kls
vss = [15 < 384> PO7/KI7
XIN —>[14] (?f) [37]9» P1o(LEDo)
vee > [17 o [3d 4> P1y(LEDY)
P4s5/TX2iNouT 4 [18] [35] 4> P12(LED2)
P44/INT/TX1iNouT < [19 [34]4» P13(LED3)
P43/INTo/TXO0INOUT 0@ @0 P14(LEDa)
P42/RxD1 ¥ [21] 324> p15(LEDS)
P41/TAOoUT ™ [27] [31] 4> P16(LEDs)
P4o/TAOIN/TxD1 ™ [23 [3d > P17(LEDY)
P3s 4[24 29> p3o
P34 > [ 26 ¢> p3;
P33 4 g [o7]¢> P32
Package: 52P4B

Figure 1.1. Pin configuration for the M30201 group (shrink DIP product) (top view)
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description
. __________________________________________________________________________________________________________________________|

PIN CONFIGURATION (top view)

54 ©> P54/CKouT/ANs4
N.C

53]

E] <« P52/CLKo/AN52
35] <4 P53/CLKS/ANS53

[50] € P60/ANo
[49] €— AVss

48] €4 P61/ANL
[47] 4> P62/AN2
[46] > P63/AN3
[45] 4 P64/AN4
E] <4» P65/ANs
[43 > P66/ANG

[50] €+—Avce
E_] <— \/REF

P51/RxDo/ANs1 € [ 1] [42] €» P67/AN7
P50/TxDo/ANso € [ 2] O Q [41] N.C.
CNVss _p 3] [40] «€» P0Oo/Klo
P71/TBLIN/XCIN @ [4] [39] €» POU/KIL
P70/TBOIN/XcouT < [5] 38] € PO2/KI2

RESET = E M30201MX-XXXFP E <+» PO3/KI3
N.C. [7] M30201MXT-XXXFP [36] > PO4/Kia

XouT ¢— [8] M30201F6FP [35] > POs/Kls
Vss — [9] M30201F6TFP [34] «» P0s/Kis
XiN —p [10 33] € PO7/KI7
Vee 1T [37] > P1o(LEDo)

31 «» P11(LED1)
30] ¢ P12(LED2)
29] «» P13(LED3)

P4s/TX2iNoUT @ [12
P44/INT1/TX1inouT € [13
P43/INTo/TXOmouT € [T

O

[18]

P35> [19]
P31 4» [20]
P33 4> [21]
P32 4> [27]
P31 4> [23]
P30 4> [24]
P17(LED7) €% [25]
P1e(LEDs) €» [26]
P15(LEDs) € [27]
P14(LED4) «» [28]

P42/RxD1 € [15]

P41/TAOouT <> [16]

P4o/TAOIN/TXD1 € [17]
N.C

Package: 56P6S-A

Figure 1.2. Pin configuration for the M30201 group (QFP product) (top view)
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description
. __________________________________________________________________________________________________________________________|

Block Diagram
Figure 1.3 is a block diagram of the M30201 group.

A8 A8 6 6 A5 A8 A2
) Y Y i ] Y Y
I/O ports [ PortPO | [ PortP1 | [ PortP3| [ PortP4 | [ PortP5 | [ PortP6 | | PortP7 |
Internal peripheral functions A-D converter _stt_enlclogkgeﬂeiat_or_
Timer (10 bits x 8 channels XIN-XOUT
___________ E dabl to 13 channels R
Timer TAO (16 bits) xpandabie up : XCIN-XcouT

Timer TBO (16 bits)
Timer TB1 (16 bits) UART/clock synchronous SI/O
Timer TXO (16 bits) (8 bits x1 channel)

Timer TX1 (16 bits)

Timer TX2 (16 bits) (8 bits ;J/iRc-Lannel)

M16C/60 series16-bit CPU core Memory
- Registers Program counter ROM
Watchdog timer Sr T 5o oc (Note 1)
(15 bits) Rom [ Ror | L——P¢ | RAM
RIH | RIL Vector table (Note 2)
2
R3
A0 Stack pointer
AL
Multiplier
[ SB | FLG |

Note 1. ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.

Figure 1.3. Block diagram for the M30201 group

4 RENESAS

RenesasTechnology Corp.



Description

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline
Table 1.1 is performance outline of M30201 group.

Table 1.1. Performance outline of M30201 group

Item

Performance

Number of basic instructions

91 instructions

Shortest instruction execution time

100ns (f(XiN)=10MHz

Memory ROM (See figure 4. ROM expansion.)
capacity RAM (See figure 4. ROM expansion.)
1/O port PO to P7 43 lines
Multifunction | TAO 16 bits x 1
timer TBO, TB1 16 bits x 2
TXO0, TX1, TX2 16 bits x 3
Serial I/0 UARTO (UART or clock synchronous) x 1
UART1 UART x 1

A-D converter

10 bits x 8 channels (Expandable up to 13 channels)

Watchdog timer

15 bits x 1 (with prescaler)

Interrupt

13 internal and 3 external sources, 4 software sources

Clock generating circuit

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

Supply voltage

4.0 to 5.5V (f(XIN)=10MHz) :mask ROM version
2.7 to 5.5V (f(XIN)=3.5MHz) :mask ROM version
4.0 to 5.5V (f(XIN)=10MHz) :flash memory version

Power consumption

11mW (f(XIN)=3.5MHz , Vcc=3V) :mask ROM version
95mW (f(XIN)=10MHz, Vcc=5V) :flash memory version

I/0 I/O withstand voltage

5V

characteristics| Output current

5mA (15mA:LED drive port)

Device configuration

CMOS silicon gate

Package

52-pin plastic mold SDIP
56-pin plastic mold QFP
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Mitsubishi microcomputers

M30201 Group
o SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description

Mitsubishi plans to release the following products in the M30201 group:

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

(2) ROM capacity

(3) Package
52P4B : Plastic molded SDIP (mask ROM version and flash memory version)
56P6S-A  : Plastic molded QFP (mask ROM version and flash memory version)

Apr. 2001
RAI\/(IBSitzee) . , M30201F6SP/FP
Y | i M30201F6TFP
7 M30201M6-XXXFP

M30201M6T-XXXFP

________________________________

[ M30201M4-XXXSP/FP }

{1 G EEE L EE L EEEEEELEEEEEED M30201MAT-XXXFP

512 ""'""'""""E’"'"""'"""'""'""":'"""'"""“""""""""‘; """"""""

16K 32K 48K ROM Size
(Byte)

Figure 1.4. ROM expansion

TypeNo. M3020]

E

Package type:
SP :Package 52P4B
FP :Package 56P6S-A

ROM No.
Omitted for flash memory version

Shows difference of characteristics
and usage etc:

Nothing : Common

T : Automobiles

ROM capacity:
4. 32K bytes
6: 48K bytes

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

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

M30201 Group

M16C Family

Figure 1.5. Type No., memory size, and package
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin Description

Pin name Signal name 1/O type Function

vee, Vss i':]%‘l’;’ter supply Supply 2.7 t0 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.

CNVss CNVss Input Connect it to the Vss pin.

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

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

X Clock o Connect a ceramic resonator or crystal between the XiN and the

ouT ock output utput Xourt pins. To use an externally derived clock, input it to the
XIN pin and leave the XouT pin open.

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

supply input it to Vcc.

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

supply input it to Vss.

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

voltage input

POo to PO7 1/0 port PO Input/output | This is an 8-bit CMOS 1/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, the user can specify in
units of four bits via software whether or not they are tied to a
pull-up resistor.

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

P30 to P35 1/0 port P3 Input/output | This is a 6-bit I/O port equivalent to PO.

P40 to P45 I/O port P4 Input/output | This is a 6-bit /O port equivalent to PO. The P4o pin is shared
with timer AO input and serial I/O output TxD1. The P41 pin is
shared with timer AO output. The P42 pin is shared with serial
I/O input RxD1. The P43 pin is shared with external interrupt
INTO and timer X0 input/output TXOINOUT. The P44 pin is
shared with external interrupt INT1 and timer X1 input/output
TXLINoUT. The P45 pin is shared with timer X2 input/output
TX2INOUT.

P50to P54 | I/O port P5 Input/output | This is a 5-bit I/O port equivalent to PO. The P50, P51, P52, and
P53 pins are shared with serial 1/O pins TxDo, RxDo, CLKo,
and CLKS. The P54 pin is shared with clock output CLKOUT.
Also, these pins are shared with analog input pins AN50
through ANsa4.

P60 to P67 I/O port P6 Input/output | This is an 8-bit I/O port equivalent to PO. These pins are shared
with analog input pins ANo through AN7.

P70 to P71 I/O port P7 Input/output | This is a 2-bit I/O port equivalent to PO . These pins are used
for input/output to and from the oscillator circuit for the clock.
Connect a crystal oscillator between the XciNn and the XcouT
pins.
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory

Operation of Functional Blocks
The M30201 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, A-D converter, and 1/O ports.
The following explains each unit.

Memory
Figure 1.6 is a memory map of the M30201. The address space extends the 1M bytes from address

0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30201M4-XXXSP, there is 32K
bytes of internal ROM from F800016 to FFFFF16. The vector table for fixed interrupts such as the reset are
mapped to FFFDC16 to FFFFF16. 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 0040016 up is RAM. For example, in the M30201M4-XXXSP, there is 1K byte of internal RAM from
0040016 to 007FF16. In addition to storing data, the RAM also stores the stack used when calling subrou-
tines and when interrupts are generated.

The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial I/0, and timers, etc. 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 FFE0016 to FFFDB1s6. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.

0000016
SFR area
For details, see
Figures 1.7 to 1.8
, FFE0016
0040016 '
1
Internal RAM area !
1
1
I Special page
YYYYY I’ vector table
16
- Address !
RAM size YYYYY16 II
1K bytes 007FF16 :I _________________________
/ FFFDC16 E" Undefined instruction 3
2K bytes 00BFF16 /I o Overflow 3
! E  BRKnstruction 3
] Address I E  Address match E
ROMsize | (8 ! E Single step E
32K bytes | F800016 XXXXX16 y £ Watchdog timer 3
E DB E
Internal ROM area E < =
48K bytes | F40001s E 3
FFFFFae | | . FFFFF16 E Reset E

Figure 1.6. Memory map
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Mitsubishi microcomputers
M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory

000016 004016

000116 004116

000216 004216

000316 004316

000415 | Processor mode register 0 (PMO) 004416

000516 | Processor mode register 1(PM1) 004516

000616 | System clock control register 0 (CMO0) 004616

000716 | System clock control register 1 (CM1) 004716

000816 004816

000916 | Address match interrupt enable register (AIER)

000A1s | Protect register (PRCR) 004916

000B16

000C16 004A16

000D16 004B16

oootis | Watchdog timer start register (WDTS) 004C16

ooor1s | Watchdog timer control register (WDC) 004D1s | Key input interrupt control register (KUPIC)

001016 004E1s | A-D conversion interrupt control register (ADIC)

o001lis | Address match interrupt register 0 (RMADO) 004F16

001216 005016

001316 005116 | UARTO transmit interrupt control register (SOTIC)

001416 005216 | UARTO receive interrupt control register (SORIC)

001516 | Address match interrupt register 1 (RMAD1) 005316 | UARTL transmit interrupt control register (S1TIC)

001616 005416 | UARTL1 receive interrupt control register (S1RIC)

001716 005516 | Timer AQ interrupt control register (TAOIC)

001816 005616 | Timer XO interrupt control register (TXO0IC)

001916 oos716 | Timer X1 interrupt control register (TX1IC)

001A16 005816 | Timer X2 interrupt control register (TX2IC)

001B16 005916

001C16 00sa1s | Timer BO interrupt control register (TBOIC)

001D16 00sB1s | Timer B1 interrupt control register (TB1IC)

001E1s 005C16

001F16 00sb1s | INTO interrupt control register (INTOIC)

002016 00sE1s | INTI interrupt control register (INT1IC)

002116 005F16

002216

002316

002416

002516

002616

002716

002816

002916

002A16

002B16

002C16

002D16

002E16

002F16

003016

003116

003216

003316

003416

003516

003616

003716

003816

003916

003A16

003B16

003C16

003D16

003E16

003F16

Note: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for
read or write.

Figure 1.7. Location of peripheral unit control registers (1)

RENESAS 9

RenesasTechnology Corp.



Memory

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

038016
038116
038216
038316
038416
038516
038616
038716
038816
038916
038A16
038B16
038C16
038D16
038E16
038F16
039016
039116
039216
039316
039416
039516
039616
039716
039816
039916
039A16
039B16
039C16
039D16
039E16
039F16
03A016
03Al16
03A216
03A316
03A416
03A516
03A616
03A716
03A816
03A916
03AA16
03AB16
03AC16
03AD16
03AE1s
03AF16
03B016
03B116
03B216
03B316
03B416
03B516
03B616
03B716
03B816
03B916
03BA16
03BB16
03BC16
03BD16
03BE16
03BF16

Count start flag (TABSR)

Clock prescaler reset flag (CPSRF)

One-shot start flag (ONSF)

Trigger select reqgister (TRGSR)

Up-down flag (UDF)

Timer AO (TAO)

Timer X0 (TXO0)

Timer X1 (TX1)

Timer X2 (TX2)

Clock divided counter (CDC)

Timer BO (TBO)

Timer B1 (TB1)

Timer A0 mode register (TAOMR)

Timer X0 mode register (TXOMR)

Timer X1 mode register (TX1IMR)

Timer X2 mode register (TX2MR)

Timer BO mode register (TBOMR)

Timer B1 mode register (TBIMR)

UARTO transmit/receive mode register (UOMR)

UARTO bit rate generator (UOBRG)

UARTO transmit buffer register (UOTB)

UARTO transmit/receive control register 0 (UOCO0)

UARTO transmit/receive control register 1 (UOC1)

UARTO receive buffer register (UORB)

UART1 transmit/receive mode register (UIMR)

UART1 bit rate generator (U1BRG)

UART1 transmit buffer register (U1TB)

UART1 transmit/receive control register 0 (U1CO0)

UART1 transmit/receive control register 1 (U1C1)

UARTL1 receive buffer register (U1RB)

UART transmit/receive control register 2 (UCON)

Flash memory control register 0 (FCONO) (Notel)

Flash memory control register 1 (FCON1) (Notel)

Flash command register (FCMD) (Note)

Note 1: This register is only exist in flash memory version.
Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.

03C016
03C116
03C216
03C316
03C416
03C516
03C616
03C716
03C816
03C916
03CA16
03CB16
03CCis
03CD16
03CE16
03CF16
03DO016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DCis
03DD16
03DE16
03DF16
03E016
03El16
03E216
03E316
03E416
03E516
03E616
03E716
03E816
03E916
03EA16
03EB16
03EC16
03ED16
03EE16
03EF16
03F016
03F116
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FCi6
03FD16
03FE16
03FF16

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D register 6 (AD6)

A-D register 7 (AD7)

A-D control register 2 (ADCON2)

A-D control register 0 (ADCONO)

A-D control register 1 (ADCON1)

Port PO (P0O)

Port P1 (P1)

Port PO direction register (PD0)

Port P1 direction register (PD1)

Port P2 (P2) (Reserved)

Port P3 (P3)

Port P2 direction register (PD2) (Reserved)

Port P3 direction register (PD3)

Port P4 (P4)

Port P5 (P5)

Port P4 direction register (PD4)

Port P5 direction register (PD5)

Port P6 (P6)

Port P7 (P7)

Port P6 direction register (PD6)

Port P7 direction register (PD7)

Pull-up control register 0 (PURQ)

Pull-up control register 1 (PUR1)

Port P1 drive control register (DRR)

Figure 1.8. Location of peripheral unit control registers (2)
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CPU

Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 1.9. Seven of these registers (RO, R1, R2, R3, A0, A1,
and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 bo
RO(Note) | H | L |'|
II L1 1111 I |
b15 b8 b7 b0 b19 b0
R1(Note) | H | L PC | | Program counter
II L1111 I | I Y I I I
Data
registers
b15 b0 b19 b0
R2(Note) | |-| INTB| H | L | Interrupt table
ALl Lri bttt 1l pegister
b15 b0 b15 b0
R3(Note) | |-| USP| | User stack pointer
1 T I I | I T I I I A A A
bi5 bo b15 bo
AQ(Note) ISP | | Interrupt stack
||"""""""'” L1111l pointer
Address
b5 bo registers bi5 bo .
A1 (Note) SB | | Static base
||"""""""'” Ll register
b15 b0 b15 b0
FB(Note) | Frame base FLG | | Flag register
I| AN reglsters . I A O O A A A {
- 1
’/’ I
_-" 1
”’ 1
| IPL | [u][1]o[e]s|z]p]c]
1 L1
Note: These registers consist of two register banks.

Figure 1.9. Central processing unit register

(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)
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). In some instructions, 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 16 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.

In some instructions, registers A1l and AO can be combined for use as a 32-bit address register (A1A0).
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU

(3) Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
(4) Program counter (PC)

Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed.
(5) Interrupt table register (INTB)

Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector
table.

(6) Stack pointer (USP/ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 16 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).

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

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.10 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.

12 RENESAS
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« 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. O to 31 is executed.

* Bits 8to 11: Reserved area

* 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

The C, Z, S, and O flags are changed when instructions are executed. See the software manual for

details.

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b15

b0

IPL

Flag register (FLG)

Carry flag

Debug flag

Zero flag

Sign flag

Register bank select flag
Overflow flag

Interrupt enable flag

Stack pointer select flag
Reserved area

Processor interrupt priority level

Reserved area

Figure 1.10. Flag register (FLG)

RENESAS

RenesasTechnology Corp.

13



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset

Reset
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H”
level while main clock is stable, the reset status is cancelled and program execution resumes from the
address in the reset vector table.
Figure 1.11 shows the example reset circuit. Figure 1.12 shows the reset sequence.

5V

Vce

RESET Vcc RESET

ov
5V

’7|—7 RESET

ov

Example when Vcc = 5V.

Figure 1.11. Example reset circuit

o A

~ ™ More than 20 cycles are needed

RESET | BCLK 24cycles
s

= 1 I \ «

(Internal clock)

Content of reset vector

Address FFFFCis | FFFFE16 | X """"""""""""
(Internal address |
signal)

Figure 1.12. Reset sequence

14 RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset
(1) Processor mode register 0 (000416)--- (33) Timer BO mode register (039516)..
@ processor mode register 1 (000516 (34) Timer B1 mode register (039¢19-{of o[> [X[o[ o] o[]
(3 System clock control register 0 (000616)-- (35) :égzg transmit/receive mode (03A016)--
(@) system clock controlregister 1 (000716)--[0]0] 1]0[0]0[00] B9 gy oo eV ! (03aase)-oT of o[ o 1] o] o] o]
®) :gggleessr,erg;tg: interrupt (000915)-- @7) :Jegﬁg ansmiteceive contol 3 xc. ). oo o[elele[ 1[0
(6) Protect register (000As).-- (38) g’aiz;lr transmitreceive mode (03A816)---
() Watchdog timer control register  (000F6)- 69 egistero e O 03acg- o] o] o] o] [o] o[o]
(001116)-- (41) iAg:RS"tI;trrgnsmit/receive control (03B015) mmnaannn
(001215)... (42) (F'\lla;g ;nemory control register 05 415)~-~
©) ;’-\e%(il;e:rslmatch interrupt (001416)-- (43) Flash memory control register 1 (033515)--
(001516 (44) Flash command register (033615)---
(001616)-- (45) A-D control register 2 (03D416)--
(10)Key input interrupt control register ~ (004D16)-- (46) A-D control register 0 (03D616)-
(1) &?féﬂlﬁi@? interrupt (004E16)- (47) A-D control register 1 (03,3716)..
12) ruexaiF;tTeor transmit interrupt control (005116),,. (48) Port PO direction register (035218)...
( )%gitTeor receive interrupt control (005216),,, (49) Port P1 direction register (035316)..
4) ruexathelr transmit interrupt control (005316)... (50) Port P2 direction register (035616)... Ennnnnn
(15)UARTL eceive intermuptcontol — (00541c) SOXIXIX?[o]ofo] (51 Port P direction register (0se716)-)X| X[ 0] 0] 0] 0 0] o]
(16)Timer AQ interrupt control register (005516)--- (62) Port P4 direction register (03EA16)'“
(17)Timer X0 interrupt control register (005616)... (53) Port P5 direction register (03E316)...
(18)Timer X1 interrupt control register  (005716)-[X)XX[X[ 2[ o] o] o] (54 Port P6 direction register oseEi-[ 0w |
(19)Tmer 2 merpt conol eisr o 7[a[o]e] 9 PorP ectonregiser e KDDL
(20)Timer BO interrupt control register (005A16)--- (56) Pull-up control register 0 (OSFCm)--
(21)Timer B1 interrupt control register ~ (005B16)--- }X{}X{}X{}X{nnn (57) Pull-up control register 1 (OSFDle)--
(22)INTO interrupt control register (005D16)--- (58) rF’eogrltS lljelr drive capacity control (03FE16)-
(23)INT1 interrupt control register (005E16)-- (59) Data registers (RO/RL/R2/R3)
(24)Count start fiag (038016)... (60) Address registers (AO/A1)
(25)Clock prescaler reset flag 038116)-| o XX XXX[X] ~ (62) Frame base register (FB)
(26)One-shot start flag (038216)--- (62) Interrupt table register (INTB)
(27)Trigger select flag (038316) - (63) User stack pointer (USP)
(28)Up-down flag (038416)- (64) Interrupt stack pointer (ISP)
(29)Timer A0 mode register (039616) (65) Static base register (SB)
(30)Timer X0 mode register (039716 (66) Flag register (FLG)
(31)Timer X1 mode register G
(32)Timer X2 mode register 03990 oo |

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: This register is only exist in flash memory version.

Figure 1.13. Device's internal status after areset is cleared
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Software Reset

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 almost the same effect as a hardware reset. The contents of internal
RAM are preserved.
Figure 1.14 shows the processor mode register 0 and 1.

Processor mode register 0 (Note)

Symbol Address When reset

S e 28 02 bl b PMO 000416 XXXX00002
0]0|0

A T symbol Bit name Function RIW,
i i i E i i1 1 | Reserved bit Must always be set to “0” O§O
PMO3 Software reset bit The device is reset when this bit !
R P is set to “1”. The value of this bit |O!O
is “0” when read.

------------------------ In an attempt to write to these bits, write “0”. The value, if read, turns |—
out to be indeterminate.

Nothing is assigned.

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

Processor mode register 1 (Note)

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

0 oo PM1 000516 OXXXXXX02
oo i symbol Bit name Function RIW
v o Reserved bit Must always be set to “0” 00
AR

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns [—
out to be indeterminate.

------------------------ Reserved bit Must always be set to “0” 00

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

Figure 1.14. Processor mode register 0 and 1.
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Clock Generating Circuit
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The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the

CPU and internal peripheral units.

Table 1.2. 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’
operating clock source

» CPU’s operating clock source
» Timer A/B/X’s count clock
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 1.15 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 1.16 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 15 and 16 vary with each oscillator used. Use the values
recommended by the manufacturer of your oscillator.

M30201
(Built-in feedback resistor)
XIN Xout
(Note)
Rd
+—
CiN Cout

M30201
(Built-in feedback resistor)

XIN Xout

T Open

Externally derived clock

Note:

Insert a damping resistor if
required. The resistance will
vary depending on the
oscillator and the oscillation
drive capacity setting. Use the
value recommended by the
maker of the oscillator.

When the oscillation drive
capacity is set to low, check
that oscillation is stable. Also,
if the oscillator manufacturer's
data sheet specifies that a
feedback resistor be added
external to the chip, insert a
feedback resistor between XIiN
and Xout following the
instruction.

Figure 1.15. Examples of main clock

M30201
(Built-in feedback resistor)

XcCIN Xcout

(Note)
Rcd
+—
€L

— CciNn Ccout

L

M30201
(Built-in feedback resistor)

XcIN Xcout

T Open

Externally derived clock

ST

Vcec
Vss

Note:

Insert a damping resistor if
required. The resistance will
vary depending on the oscillator
and the oscillation drive
capacity setting. Use the value
recommended by the maker of
the oscillator.

When the oscillation drive
capacity is set to low, check that
oscillation is stable. Also,

if the oscillator manufacturer's
data sheet specifies that a
feedback resistor be added
external to the chip, insert a
feedback resistor between

XcIN and Xcourt following the
instruction.

Figure 1.16. Examples of sub-clock
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Clock Generating Circuit

Clock Control
Figure 1.17 shows the block diagram of the clock generating circuit.

XCIN XcouTt
O O

Sub clock —|>—f8

CM10 ‘1" __|
Write signal

d  CM07=0

RESET —o@—‘

Software reset

Main clock
CMO5 Mo2

Interrupt request
level judgment output

WAIT instruction

12 12 1/2 J

CM06=0
CM17,CM16=11

a—e 12 e 12

CM06=1
CM06=0
CM17,CM16=10

—0
CMO06=0
_ —O
CMOi : Bit i at address 000616 ' CM17,CM16201
CMLi : Biti at address 000716 : CM06=0
WDCi : Bit i at address 000F16 CM17,CM16=00

Details of divider

_______________________________________________________________________________________________________

Figure 1.17. Clock generating circuit
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Clock Generating Circuit

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
BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the
clock, after switching the operating clock source of CPU to the sub-clock, reduces the power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock
oscillation circuit can be reduced using the XIN-XouT drive capacity select bit (bit 5 at address 000716).
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is re-
tained.

(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 00061¢), the sub-clock can be
selected as BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure that the
sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting to stop mode and at a reset.

(3) BCLK
The BCLK is the clock that drives the CPU, and is fc or the clock is derived by dividing the main clock by
1,2, 4,8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset.
The main clock division select bit O(bit 6 at address 000616) changes to “1” when shifting from high-
speed/medium-speed to stop mode and at reset. When shifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

(4) Peripheral function clock (f1, fs, f32, fAD)

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.

(5) fca2
This clock is derived by dividing the sub-clock by 32. It is used for the timer A, timer B and timer X counts.
(6) fc

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

RENESAS 19

RenesasTechnology Corp.



Clock Generating Circuit

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

20

Figure 1.18 shows the system clock control registers 0 and 1.

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

Symbol Address When reset
CMO 000616 4816

Bit symbol Bit name Function RIW
. bl b0 '

CMO00 Clclbckt (t))L_Jttput function 00: /O port P54 Ie} O
select bi 01 : fc output :

CMO1 10 fg output 0 O
11 : Clock divide counter output '
CM02 WAIT peripheral function 0 : Do not stop peripheral function clock in wait mode !

clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) |O 'O
XcIN-XcouT drive capacity | 0 : LOW

CMOo3 select bit (Note 2) 1:HIGH o ;O
Port Xc select bit 0:1/0 port |

cMo4 1 : XCIN-XCOouT generation o O

CMO5 | Main clock (XiN-XouT) 0:0n o O
stop bit (Note 3,4,5) 1: Off '

CMO6 Main clock division select | 0: CM16 and CM17 valid 0 O
bit 0 (Note 7) 1: Division by 8 mode |

CMO7 System clock select bit 0 : XIN, XouT o) o
(Note 6) 1 : XcIN, XcouT !

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

Note 2: Changes to “1” when shifting to stop mode and at a reset.

Note 3: This bit is used to stop the main clock when placing the device in a low-power mode. If you want to operate with XiN
after exiting from the stop mode, set this bit to “0”. When operating with a self-excited oscillator, set the system clock
select bit (CM07) to “1” before setting this bit to “1”.

Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

Note 5: If this bit is set to “1”, XouT turns “H". The built-in feedback resistor remains being connected, so XiN turns pulled up to
Xourt (“H”) via the feedback resistor.

Note 6: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting to this bit from “0” to “1”.
Do not write to both bits at the same time. And also, set the main clock stop bit (CM05) to “0” and stabilize the main clock
oscillating before setting this bit from “1” to “0”.

Note 7: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting
from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 8: fc32 is not included. Do not set to “1” when using low-speed or low power dissipation mode.

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0
| 0 | 0 | 0 | 0 | | Symbol Address When reset

i T CM1 000716 2016

v [ Bt symbol Bit name Function R:W

A CM10 Al clock stop control bit 0: Clock on o O

I (Note 4) 1 : All clocks off (stop mode) 1

SR R R Reserved bit Always set to “0” 0:0

e Reserved bit Always set to “0” 00

S T B MR Reserved bit Always set to “0” 0.0

T Reserved bit Always set to “0” 0.0

o CM15 XIN-XouT drive capacity 0:LOW 0 O

. select bit (Note 2) 1: HIGH |

H ' b7 b6 '

[ NS S CM16 Main clock division 0 0 : No division mode |

H select bit 1 (Note 3) 0 1 : Division by 2 mode o O

] CM17 1 0 : Division by 4 mode !
11 : Division by 16 mode '

Note 1: Set bit O of the protect register (address 000Az16) to “1” before writing to this register.
Note 2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting
from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.
Note 3: Can be selected when bit 6 of the system clock control register O (address 000616) is “0”. If “1”, division mode is fixed at 8.
Note 4: If this bit is set to “1”, XouT turns “H”, and the built-in feedback resistor is cut off. XcIN and Xcout turn high-impedance state.

Figure 1.18. Clock control registers 0 and 1
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Clock Generating Circuit

Clock Output
The clock output function select bit allows you to choose the clock from fs, fc, or a divide-by-n clock that is
output from the P54/CKouT pin. The clock divide counter is an 8-bit counter whose count source is f32, and
its divide ratio can be set in the range of 0016 to FF16. Figure 1.19 shows a block diagram of clock output.

Clock source
selection

P54_O

fe O\o
f O P54/CKouT
c —o

172 L

f32 — Clock divided couter (8) —!

Division n+1 n=0016 to FF16

Example:
- When f(XiN)=10MHz
| Reload‘r'e‘?lster ®) | Address 038E16 n=0715 : BpproX. 10.5kHz
Low-order 8 bits n=2616 : approx. 4.0kHz
) n=4Di6 : approx. 2.0kHz
S Data bus low-order bits S n=9B16 : approx. 1.0kHz

Figure 1.19. Block diagram of clock output
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Stop Mode, Wait Mode

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 VVcc remains
above 2V.
Because the oscillation of BCLK, f1 to f32, 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, timer B and timer X operate
provided that the event counter mode is set to an external pulse, and UARTO functions provided an external
clock is selected. Table 1.3 shows the status of the ports in stop mode.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop mode,
that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is executed.
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division
select bit 0 (bit 6 at address 000616) is set to “1”. When shifting from low-speed/low power dissipation mode
to stop mode, the value before stop mode is retained.

Table 1.3. Port status during stop mode
Pin States

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

When fg, clock devided | Retains status before stop mode
counter output selected

Wait Mode

When a WAIT instruction is executed, BCLK stops and the microcomputer enters the wait mode. In this
mode, oscillation continues but 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. However, peripheral function clock fc32 does not stop
so that the peripherals using fc32 do not contribute to the power saving. When the MCU running in low-
speed or low power dissipation mode, do not enter WAIT mode with this bit set to “1”. Table 1.4 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 from the interrupt routine using as BCLK, the clock that had been selected when the
WAIT instruction was executed.

Table 1.4. Port status during wait mode
Pin States

Port Retains status before wait mode
CLKouT When fc selected Does not stop

When fg, clock devided | Does not stop when the WAIT

counter output selected | peripheral function clock stop bit is “0”.
When the WAIT peripheral function
clock stop bit is “1”,the status immedi-
ately prior to entering wait mode is
maintained.
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Status Transition of BCLK

Status Transition of BCLK

Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.5 shows the operating modes corresponding to the settings of system clock control regis-
ters 0 and 1.

When reset, the device starts in division by 8 mode. The main clock division select bit O(bit 6 at address
000616) changes to “1” when shifting from high-speed/medium-speed to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.
The following shows the operational modes of BCLK.

(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4

mode, the main clock must be oscillating stably. When going to low-speed or lower power consumption
mode, make sure the sub-clock is oscillating stably.

(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is divided by 1 to obtain the BCLK.
(6) 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.

(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.
Note : Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which

the count source is going to be switched must be oscillating stably. Allow a wait time in software for
the oscillation to stabilize before switching over the clock.

Table 1.5. Operating modes dictated by settings of system clock control registers 0 and 1

CMm17 CM16 Cmo7 CMO06 CMO05 CM04 Operating mode of BCLK
0 1 0 0 0 Invalid Division by 2 mode
1 0 0 0 0 Invalid Division by 4 mode
Invalid Invalid 0 1 0 Invalid Division by 8 mode
1 1 0 0 0 Invalid Division by 16 mode
0 0 0 0 0 Invalid No-division mode
Invalid Invalid 1 Invalid 0 1 Low-speed mode
Invalid Invalid 1 Invalid 1 1 Low power dissipation mode
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Power Saving
. __________________________________________________________________________________________________________________________|

Power Saving
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 BCLK. 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, 4, 8, or 16 to form BCLK. The CPU operates on the
BCLK. 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 1.20 shows the transition between each of the three modes, (1), (2), and (3).
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Power Saving

Transition of stop mode, wait mode

( Reset )
|
All oscillators stopped 4 v N\ WAIT CPU operation stopped
«EMI0="1" L " Medium-speed mode \—Hnstiuction ;
-Sto mode I o P Wait mode
Interrupt | (divided-by-8 mode) Interrupt

All oscillato ou" T l WAIT CP

operation stopped
_ g High-speed/medium- \—jnstruction . .
m CcM10=*1
Stop mode <__( speed mode ) — Wait mode

All oscillato opped WAIT CPU operation stopped
Interrupt issipation mode Interrupt
“— Normal mode —’
(Refer to the following for the transition of normal mode.)

Transition of normal mode

Main clock is oscillating
Sub clock is stopped
Medium-speed mode
(divided-by-8 mode)

BCLK : f(XiN)/8

CMO6 =*1"
>\ CMO7 = 0" CM06 =*1”

CMO7 = “0" (Note 1)
i i illati = CMO06 =“1"
Main clock is oscillating cmo4 = 07| CM04 =1 — ugn
Sub clock is oscillating T l(NOtes 1.39) gMo4="0
4 Medium-speed mode h
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2

CMO07 =“0" CM06 =“0" | | CM07 =*0” CMo6 =“0* | Medium-speed mode
CM17=*0" CM16="0" ) | CM17="0" CM16="1" ) (divided-by-8 mode) CMO7 =“0"

Main clock is oscillating
Sub clock is oscillating

Low-speed mode

BCLK : f(Xin)/8 (Note 1, 3) .
Medium-speed mode  Medium-speed mode CMO7 (: “0?, BCLK:: f(Xcn)
(divided-by-4 mode)  (divided-by-16 mode) 06 = “1° > cMo7 =1
CMO7 = “1"
BCLK : f(Xin)/4 BCLK : f(Xn)/16 (Note 2)

CMO07 ="“0" CMO06 = “0" CMO07 ="0" CMO06 = “0"
CM17 =“1" CM16 ="“0" CM17 =“1" CM16 ="“1"

\_ CMO5 = 0] CMO5 = “1"
A
CMO04 ="0"  Main clock is oscillating | CM04 = 1" . )
Sub clock is stopped Main CIOCI.‘ IS stqpp_ed
Ve - ~ Sub clock is oscillating
. Medium-speed mode Low power dissipation mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2 CMO7 ="1" (Note 2) BCLK : f(Xci)
CMO7 = 0" CMoB =*0" | | eMO7 = “0" CMOB = 0" CMO5 =“1 o
CM17 =“0" CM16="0" ) | CM17=“0" CM16 = 1" CMO7 =1
—— . _ .
CMO06 = 0 Medium-speed mode  Medium-speed mode gmgg z “g,, gmgi ég
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) ©MO4 = “1"
BCLK : f(XiN)/4 BCLK : f(XiN)/16
CMO07 =“0" CM06 =“0" | | CMO7 ="“0" CMO06 = “0"
CM17 =“1" CM16=*0" ) | CM17 ="1" CM16 ="“1"

- /

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.

Note 4: Transit in accordance with arrow.

Figure 1.20. 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 1.21 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 O (address 000616), system clock control register 1 (address 000716) and port P4 direction register
(address 03EA16) can only be changed when the respective bit in the protect register is set to “1". There-
fore, important outputs can be allocated to port P4.
If, after “1” (write-enabled) has been written to the port P4 direction register write-enable bit (bit 2 at address
000A1s), a value is written to any address, the bit automatically reverts to “0” (write-inhibited). However, the
system clock control registers 0 and 1 write-enable bit (bit O at 000A16) and processor mode register 0 and
1 write-enable bit (bit 1 at 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”.

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Protect register

b7 b6 b5 b4 b3 b2 bl b0

Symbol
PRCR

Address When reset
000A16 XXXXX0002

Bit name

Function

' [Bit symbol

- PRCO

Enables writing to system clock
control registers 0 and 1 (addresses
000616 and 000716)

o

: Write-inhibited
1: Write-enabled

b PRC1

Enables writing to processor mode
registers 0 and 1 (addresses 000416
and 000516)

: Write-inhibited
. Write-enabled

PRC2

Enables writing to port P4 direction
register (address 03EA16) (Note)

0

: Write-inhibited
: Write-enabled

hmmmmmccceccccc;mccccmmm—————————
i
L m e cccccccccccccc === ==

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be -
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 1.21. Protect register
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Overview of Interrupt

Type of Interrupts
Figure 1.22 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

[ I

Interrupt
[] Reset

[] DBC
] [] Watchdog timer
] [] Single step
0 [] Address matched
O
O

Special

0

Hardware

Peripheral I/O™

*1 Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system.

Figure 1.22. 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
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

e Undefined instruction interrupt

An undefined instruction interrupt occurs when executing the UND instruction.
e Overflow interrupt

An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to “1".
The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK interrupt

A BRK interrupt occurs when executing the BRK instruction.
« INT interrupt

An INT interrupt occurs when assigning one of software interrupt numbers 0 through 63 and executing the
INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts, so
executing the INT instruction allows executing the same interrupt routine that a peripheral 1/O interrupt
does.

The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.

So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and select
the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from the
interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt request. So
far as software numbers 32 through 63 are concerned, the stack pointer does not make a shift.
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Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

* Reset
Reset occurs if an “L” is input to the RESET pin.

« DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.

* Watchdog timer interrupt
Generated by the watchdog timer.

« Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug flag
(D flag) set to “1”, a single-step interrupt occurs after one instruction is executed.

* Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is
set, no address match interrupt occurs.

(2) Peripheral 1/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. The interrupt vector table is
the same as the one for software interrupt numbers 0 through 31 the INT instruction uses. Peripheral I/O
interrupts are maskable interrupts.
* 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 and UARTL1 transmission interrupt
These are interrupts that the serial I/O transmission generates.
« UARTO and UARTL1 reception interrupt
These are interrupts that the serial 1/0O reception generates.
e Timer AO interrupt
This is an interrupts that timer AO generates.
e Timer BO and timer B2 interrupt
These are interrupts that timer B generates.
e Timer X0 to timer X2 interrupt
These are interrupts that timer X generates.
« INTO and INT1 interrupt
An INT interrupt occurs if either a rising edge or a falling edge is input to the INT pin.
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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 1.23 shows format for
specifying interrupt vector addresses.
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 0000 High address
Vector address + 3 0000 0000

Figure 1.23. Format for specifying interrupt vector addresses

* 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 FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 1.6 shows the interrupts assigned to the fixed vector tables
and addresses of vector tables.

Table 1.6. Interrupt and fixed vector address

Interrupt source

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

Remarks

Undefined instruction

FFFDC1s to FFFDF1s

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE31s

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector is filled with FF1s, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFES816 to FFFEB1s6

There is an address-matching interrupt enable bit

Single step (Note)

FFFECis to FFFEF16

Do not use

Watchdog timer

FFFFO16 to FFFF316

DBC (Note) FFFF416 to FFFF716 Do not use
- FFFF816 to FFFFB1s -
Reset FFFFCi6 to FFFFF1s

Note: Interrupts used for debugging purposes only.
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* 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 address 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 1.7 shows the interrupts assigned

to the variable vector tables and addresses of vector tables.

Table 1.7. Interrupt causes (variable interrupt vector addresses)

Software interrupt number

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

Interrupt source

Remarks

Software interrupt number O

+0 to +3 (Note)

BRK instruction

Cannot be masked by | flag

Software interrupt number 11

+44 to +47 (Note)

Software interrupt number 12

+48 to +51 (Note)

Software interrupt number 13

+52 to +55 (Note)

Key input interrupt

Software interrupt number 14

+56 to +59 (Note)

A-D

Software interrupt number 17

+68 to +71 (Note)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note)

UARTO receive

Software interrupt number 19

+76 to +79 (Note)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note)

UART1 receive

Software interrupt number 21 +84 to +87 (Note) Timer AO
Software interrupt number 22 +88 to +91 (Note) Timer X0
Software interrupt number 23 +92 to +95 (Note) Timer X1
Software interrupt number 24 +96 to +99 (Note) Timer X2
Software interrupt number 25 +100 to +103 (Note) -
Software interrupt number 26 +104 to +107 (Note) Timer BO
Software interrupt number 27 +108 to +111 (Note) Timer B1
Software interrupt number 28 +112 to +115 (Note) —
Software interrupt number 29 +116 to +119 (Note) | |INTO
Software interrupt number 30 +120 to +123 (Note) INT1

Software interrupt number 31

+124 to +127 (Note)

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note)

to
+252 to +255 (Note)

Software interrupt

Cannot be masked by | flag

Note : Address relative to address in interrupt table register (INTB).
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Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level select
bit, and processor interrupt priority level (IPL). Whether an interrupt request is present or absent is indi-
cated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection bit are
located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and the IPL
are located in the flag register (FLG).
Figure 1.24 shows the interrupt control registers.
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Interrupt control register (Note 2)
Symbol Address When reset
KUPIC 004D16 XXXXX0002
ADIC 004E1s XXXXX0002
SIiTIC(i=0, 1) 005116, 005316 XXXXX0002
SIRIC(i=0, 1) 005216, 005416 XXXXX0002
b7 b6 b5 b4 b3 b2 bl bo TAIIC(i=0) 005516 XXXXX0002
TXiIC(i=0 to 2) 005616 to 005816 XXXXX0002
TBIIC(i=0, 1) 005A16, 005B16 XXXXX0002
T symbol Bit name Function R W
- ILVLO Interrupt priority level !
- . select bit b2 b1 b o' 0
A 000 : Level 0 (interrupt disabled) |
A 001: Levell 1
A ILVL1 010: Level2 !
A 011: Level3 o' o
- 100: Level4 !
A 101: Level5 -
A A . ILVL2 110: Level 6
[ 111: Level7 o0
. IR Interrupt request bit 0: Interrupt not requested o' O
oo 1: Interrupt requested ! (Note 1.
Nothing is assigned.
""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns | — © —
out to be indeterminate. !

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

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

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
0 | | | | INTIIC(i=0, 1) 005D16, 005E16  XX00X0002
S R =T symbol Bit name Function RI W
Vo ILVLO Interrupt priority level !
A select bit b2 b1 b0 4 . 0! 0
R R 000 : Level O (interrupt disabled) !
. 001:Levell .
A ILVL1 010:Level2 !
voor o e T 011:Level3 O O
e 100:Level4 !
A 101:Level5 ;
A ILVL2 110:Level 6 !
T A 111:Level? O (@)
R IR Interrupt request bit 0: Interrupt not requested o
1: Interrupt requested (Note 1)
A POL Polarity select bit 0 : Selects falling edge
. 1: Selects rising edge o ! o
I bttt Reserved bit Always set to “0” o) o)
R Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, - =
turns out to be indeterminate.

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

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

Figure 1.24. Interrupt control register
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Interrupt Enable Flag
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this
flag to “1” enables all maskable interrupts; setting it to “0” disables all maskable interrupts. This flag is set
to “0” after reset.

Interrupt Request Bit
The interrupt request bit is set to “1” by hardware when an interrupt is requested. After the interrupt is
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The
interrupt request bit can also be set to “0” by software. (Do not set this bit to "1").

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.
Table 1.8 shows the settings of interrupt priority levels and Table 1.9 shows the interrupt levels enabled,
according to the contents of the IPL.

The following are conditions under which an interrupt is accepted:
- interrupt enable flag (I flag) = 1
- interrupt request bit = 1
- interrupt priority level > IPL

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are
independent, and they are not affected by one another.

Table 1.8. Settings of interrupt priority levels Table 1.9. Interrupt levels enabled according
to the contents of the IPL

l?ésgluf;lggfgitty lntemlf\f eplriority Porir(c)jreitry IPL Enabled interrupt priority levels
b2 bl bO Level O IPL2 IPL1 IPLo
0 0 O (interrupt disabled) —_— 0 O O | Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 O 1 | Interruptlevels 2 and above are enabled
0 1 0 Level 2 0 1 O | Interruptlevels 3 and above are enabled
0 1 1 Level 3 0 1 1| Interruptlevels 4 and above are enabled
1 0O Level 4 1 0 O |Interruptlevels 5 and above are enabled
1 0 1 Level 5 1 0 1 |Interruptlevels 6 and above are enabled
1 1 0 Level 6 Y 1 1 O |Interruptlevels 7 and above are enabled
1 1 1 Level 7 High 1 1 1 |Allmaskable interrupts are disabled
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Changing the Interrupt Control Register

< Program examples >
The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET I ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET I ; Enable interrupts.
Example 3:
INT_SWITCHS:
PUSHC FLG ; Push Flag register onto stack
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions or dummy read are inserted before FSET | in Examples 1 and
2 is to prevent the interrupt enable flag | from being set before the interrupt control reqister is rewritten

due to effects of the instruction queue.

If changing the interrupt control register using an instruction other than the instructions listed hear, and
if an interrupt occurs associated with this register during execution of the instruction, there can be
instances in which the interrupt request bit is not set. To avoid this problem, use one of the instruc-
tions given below to change the register.

Following instructions: AND, OR, BCLR or 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 SMOVB, SMOVF, SSTR 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 0000016. After this, the corresponding interrupt request bit becomes "0".

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt
sequence 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) within the CPU in the stack area.

(5) Saves the content of the program counter (PC) in the stack area.

(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 1.25 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

4} 4} — Time
ya /

Instruction in S
/

Instruction Interrupt sequence . ;
interrupt routine

N __—

P e (b) -

Interrupt response time

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 1.25. Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).
Time (b) is as shown in Table 1.10.

Table 1.10. Time required for executing the interrupt sequence
16-bit bus, without wait

Interrupt vector address | Stack pointer (SP) value 8-bit bus, without wait

Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

Note 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address match
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BCLK
Address bus X%%%rglses >< Indeterminate >< Sp-2 >< SP-4 >< vec X vec+2 >< PC
Data bus _Interrupt >< - >< SP-2 >< SP-4 >< vec >< vec+2 ><

>< information Indeterminate contents |\ contents }\ contents )\ contents

R U—\{ Indeterminate y u u

=

S

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

Figure 1.26. Time required for executing the interrupt sequence

Variation of IPL when Interrupt Request is Accepted
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 1.11 is set in the IPL.

Table 1.11. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer 7
Reset 0
Other Not changed
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Saving Registers
In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter
(PC) are saved in the stack area.
First, the processor saves the 4 high-order bits of the program counter, and 4 high-order bits and 8 low-
order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 low-order bits of the
program counter. Figure 1.27 shows the state of the stack as it was before the acceptance of the interrupt
request, and the state the stack after the acceptance of the interrupt request.
Save other necessary registers at the beginning of the interrupt routine using software. Using the
PUSHM instruction alone can save all the registers except the stack pointer (SP).

Address Stack area Address Stack area
MSB LSB MSB LSB
[SP]
m-—4 m-—4|  program counter (PC.)  |«&——New stack
pointer value
m-3 m-3|  Program counter (PCw)
m-2 m-2 Flag register (FLGL)
Flag register Program
m-1 m-1
[SP] (FLGH) counter (PC)
m Content of previous stack |-4—— \?;?Sg Eggg:gr m Content of previous stack
interrupt occurs
m+ 1| Content of previous stack m+ 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 1.27. State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the

content of the stack pointer (Note), at the time of acceptance of an interrupt request, is even or odd. If the

content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the

program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at

atime. Figure 1.28 shows the operation of the saving registers.

Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the stack pointer
indicated by the U flag. Otherwise, it is the interrupt stack pointer (ISP).

(1) Stack pointer (SP) contains even number

Address Stack area Sequence in which order
registers are saved

[SP] - 5 (Odd)
[SP] - 4 (Even) Program counter (PCL)  |-g

(2) saved simultaneously,
[SP] - 3(Odd) Program counter (PCv) | g | all 16 bits
[SP] -2 (Even) Flag register (FLGL) -

(1) Saved simultaneously,
[SP]-1(0dd) | Flagregister | Program | |  all16bits

(FLGH) counter (PCh)

[SP] (Even)

Finished saving registers
in two operations.

(2) Stack pointer (SP) contains odd number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Even)

[SP] — 4(Odd) Program counter (PC.)  |qg— (3)

[SP] -3 (Even) Program counter (PCu) “—(4) | saved simultaneously.

all 8 bits

[SP] - 2(Odd) Flag register (FLGL) < 1)

_ Flag register Program
[SP]—1 (Even) (FLGH) counter (PCy)[ ™% 2)

[SP]  (Odd)

Finished saving registers
in four operations.

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

Figure 1.28. Operation of saving registers
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Returning from an Interrupt Routine

Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program
counter (PC), both of which have been saved in the stack area. Then control returns to the program that
was being executed before the acceptance of the interrupt request, so that the suspended process re-
sumes.

Return the other registers saved by software within the interrupt routine using the POPM or similar in-
struction before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral 1/O interrupts) using the interrupt priority
level select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher
hardware priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 1.29 shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Interrupt Priority Level Judge Circuit

This circuit selects the interrupt with the highest priority level when two or more interrupts are generated
simultaneously.
Figure 1.30 shows the interrupt resolution circuit.
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Reset > DBC > Watchdog timer > Peripheral I/O > Single step > Address match

Figure 1.29. Hardware interrupts priorities

| INTL

| Timer BO

| Timer X2

Timer X0

| INTO

| Timer B1

| Timer X1

| UART1 reception

| UARTO reception

| A-D conversion

| Timer AO Priority of peripheral /O
interrupts

(if priority levels are same)

| UART1 transmission

| UARTO transmission

| Key input interrupt

Processor interrupt priority level

(IPL) Interrupt request level judgment output
Interrupt enable flag (I flag) H Interrupt
request
Address match accepted

DBC

|
|
| Watchdog timer
|
|

Reset

Figure 1.30. Interrupt resolution circuit
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. __________________________________________________________________________________________________________________________|

Key Input Interrupt
If the direction register of any of POo to P07 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 cancelling the
wait mode or stop mode. Figure 1.31 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.

Port P04-P07 pull-up select

bit
Pull-qp z Key input interrupt control register | (address 004D16)
transistor Port PO7 direction

register

Port P07 direction register

PO7/KI7 O
Pull-up Port P06 direction
transistor register Y
Interrupt control Key input interrupt
POs/KlE O T circuit 3 request
( tFr’;g-sLijgtor Port P01 direction
register
PovKiL O T
Pull-up Port P0o direction
transistor ) register

POO/KIo O T \_D

Figure 1.31. 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. Two 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). For an address match interrupt, the value
of the program counter (PC) that is saved to the stack area varies depending on the instruction being
executed.

Figure 1.32 shows the address match interrupt-related registers.

Address match interrupt enable register

b7 b6 b5 bd b3 b2 bl b0 Symbol Address When reset
AIER 000916 XXXXXX002
Bit symbol Bit name Function R'W
P AIERQ |Address match interrupt O | o |nterrupt disabled OEO
' enable bit | 1 - |nterrupt enabled

H AIER1 |Address match interrupt 1

= O

. Interrupt disabled 0.0

enable bit : Interrupt enabled

N S S S Nothing is assigned. !
In an attempt to write to these bits, write “0”. The value, if read, ——
turns out to be indeterminate. ‘

Address match interrupt registeri (i = 0, 1)

(b23) (b19) (b16)b15) (b8) Symbol Address When reset
b 3 B0 b7 bo b7 2 RMADO 001216 to 001016 X0000016
| | | RMAD1 001616 to 001416 X0000016

E Function Values that can be set |R 'W|

---1 Address setting register for address match interrupt 0000016 to FFFFF16 |O'O

................................. Nothing is assigned. |
In an attempt to write to these bits, write “0”. The value, if read, —
turns out to be indeterminate. |

Figure 1.32. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 0000016
» When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “0”.
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000016 by software.
(2) Setting the stack pointer
» The value of the stack pointer immediately after reset is initialized to 000016. 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. Concerning the first instruction immediately after reset,
generating any interrupts is prohibited.
(3) External interrupt
« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTO
and INT1 regardless of the CPU operation clock.
» When changing a polarity of pins INTO and INT1, the interrupt request bit may become "1". Clear the
interrupt request bit after changing the polarity. Figure 1.33 shows the switching condition of INT inter-
rupt request.

Clear the interrupt enable flag to “0”
(Disable interrupt)

Set the interrupt priority level to level O
(Disable INTi interrupt)

Set the polarity select bit

U

Clear the interrupt request bit to “0”

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

Set the interrupt enable flag to “1”
(Enable interrupt)

Y

avYavalataYe
&

Figure 1.33. Switching condition of INT interrupt request

(4) Changing interrupt control register
See "Changing Interrupt Control Register".
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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. A watchdog
timer interrupt is generated when an underflow occurs in the watchdog timer. 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 XcIN 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).

When XIN is selected in BCLK

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

Watchdog timer cycle =
BCLK

When XcCIN is selected in BCLK

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

Watchdog timer cycle =

For example, when BCLK is 10MHz and the prescaler division ratio is set to 16, the watchdog timer cycle is
approximately 52.4 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). In stop mode and wait mode the watchdog
timer and prescaler are stopped. Counting is resumed from the held value when the modes are released.
Figure 1.34 shows the block diagram of the watchdog timer. Figure 1.35 shows the watchdog timer-related
registers.

Prescaler

' : “CM07 = 0"
H L“WDC7 =1" X
BCLK: L101/128 | O¥ Watchdog timer p Watchdog timer

N interrupt request
5 i A
Lo mor =T
= 12 =

Write to the watchdog timer S :

start register

(address O00E16) %eéégmu

RESET © OI> 3

Figure 1.34. Block diagram of watchdog timer
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Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address When reset
| | 0| 0 | | WDC 000F16 000XXXXX2
E I I I I I I I Bit symbol Bit name Function R W
v 0 tiiit] High-order bit of watchdog timer 0:X
[ S Reserved bit Must always be set to “0” 00
I RREEEEEEEEEEEEEE Reserved bit Must always be set to “0” 0.0
] WDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 |
Watchdog timer start register
b7 b0 Symbol Address When reset
WDTS 000E16 Indeterminate
E Function R:W,
, The watchdog timer is initialized and starts counting after a write instruction to
fommmmmmem this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. '

Figure 1.35. Watchdog timer control and start registers
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Timer
There are six 16-bit timers. These timers can be classified by function into timer A (one), timers B (two) and
timers X (three). All these timers function independently. Figure 1.36 show the block diagram of timers.

Clock prescaler

xin (O
T xcin O fca2
‘

Clock prescaler reset flag (bit 7 Reset

14 f2 at address 038116) set to “1”

f1 f8 f32 fc32

« Timer mode
« One-shot mode

P 0 \ * PWM mode Timer AO
)

—O Timer AO L
Noise 1
7] —o0
TAOIN O filter O/ « Event counter mode
/4

» Timer mode
« One-shot mode

* PWM mode

O
O
O
>
O
O
o 0O \ * Pulse width measuring mode Timer X0
o
- —O o} Timer X0 -
Tx0mout() —o
filter « Event counter mode
O
O
O
D>
O
O
O

» Timer mode
» One-shot mode
« PWM mode

o * Pul idth i d .
s \ ulse width measuring mode Timer X1
T~ O / p—oO o) Timer X1 -
INOUT >_' —oO
filter  Event counter mode

» Timer mode
» One-shot mode
« PWM mode

O * Pulse width measuring mode .
o Timer X2
- —oO o] Timer X2 -
{? -N0|se
> ) ——O
TX2INOUTO filter ?/ « Event counter mode

O
'e) « Timer mode
o O « Pulse width measuring mode Timer BO
¢ Noise ¢ b 1 Ti BO
TBOIN Q filtor 0 0 | imer ——

 Event counter mode

O .
O » Timer mode
O

o) « Pulse width measuring mode
< Noise 0% O\ - Timer B1
TBIN - O flter 0 0 Timer B1 >

 Event counter mode

Figure 1.36. Timer block diagram
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Timer A
Figure 1.37 shows the block diagram of timer A. Figures 1.38 to 1.40 show the timer A-related registers.
Use the timer AO mode register 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 “000016".
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

q Data bus high-order bits g
Clock source 17
selection « Timer q Data bus low-order bits S
fi —o0 : S\T\fMShOt 11 Low-order High-order
f8 —o \O iy 8 bits 10 8 bits
f32 —O « Timer Q ; L
oo (gate function) Reload register (16) |
« Event counter U
Polarity Counter (16) }

selection

TAOIN

Clock selection Up count/down count
Count start flag Always down count except
|n event counter mode
Down count —Q
TB1overflow —O
External Up/down flag

TX0 overflow  — oA——0O trigger

TX2 overflow—nw——0

Pulse output

TAOouUT
(e, I Toggle flip-flop I

Figure 1.37. Block diagram of timer A

Timer A0 mode register

Symbol Address When reset
| b7 | b6| b5| b4 b3 b2 bl b0 TAOMR 039616 0016
i 4 4 4 1 1 1 1| Bitsymbol Bit name Function RfW
. TMODO . .| bibo T
I Operation mode select bit | 4 ¢ - Timer mode 00
A 0 1: Event counter mode |
A TMODL1 1 0 : One-shot timer mode i
e T N 11 : Pulse width modulation 00
e (PWM) mode |
e MRO . . . . 00
. Function varies with each operation mode 1
R R MR1 o0
i MR2 00
e MR3 00
o mmmmmmmmmmmmmmsoee TCKO Count source select bit 0.0
R TCK1 (Function varies with each operation mode) 0.0

Figure 1.38. Timer A-related registers (1)
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Timer AO register (Note 1)

When not using the two-phase
pulse signal processing function,
set the select bit to “0”

Nothing is assigned.
----------------------- In an attempt to write to these bits, write “0”. The value, if read, turns
out to be indeterminate.

b($15) égsb)7 bo Symbol Address When reset
| | TAO 038716,038616 Indeterminate
E Function Values that can be set | R ;W
="« Timer mode 000016 to FFFF16 ||
Counts an internal count source |
« Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow O;O
« One-shot timer mode 000016 to FFFF16 \
Counts a one shot width (Note 2) ;O
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 % EO
Functions as a 16-bit pulse width modulator (Note 2) !
« Pulse width modulation mode (8-bit PWM) 0016 to FF16(Note 2) ‘
Timer low-order address functions as an 8-bit (Both high-order |X o
prescaler and high-order address functions as an 8-bit and low-order !
pulse width modulator addresses) !
Note 1: Read and write data in 16-bit units.
Note 2: Use MOV instruction to write to this register.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
TABSR 038016 000X00002
Bit symbol Bit name Function R EW
TAOS Timer AO count start flag 0: Stops counting 00
TX0S Timer X0 count start flag 1: Starts counting 0.0
TX1S Timer X1 count start flag 00
TX2S Timer X2 count start flag oio
Nothing is assigned. !
In an attempt to write to this bit, write “0”. The value, if read, turns out |——|
to be indeterminate. :
TBOS Timer BO count start flag 0 : Stops counting OEO
TBIS | Timer Bl countstartflag | ©- Stors counting 0.0
CDCSs Clock devided count start flag OEO
Up/down flag (Note)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
UDF 038416 XXX0XXX02
E : : I : Bit symbol Bit name Function RfW
A TAOUD  |Timer AO up/down flag 0 : Down count |
- 1: Up count !
E . . . L This specification becomes valid O:O
[ when the up/down flag content is |
. selected for up/down switching ‘
Vo cause !
oo Nothing is assigned. 1
i --4-------{In an attempt to write to these bits, write “0”. The value, if read, turns ~ [——
: out to be indeterminate. 1
: TAOP Timer AO two-phase 0 : two-phase pulse signal i
E pulse signal processing processing disabled !
el select bit 1 : two-phase pulse signal 1
processing enabled x EO

Note : Use MOV instruction to write to this register.

Figure 1.39. Timer A-related registers (2)
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One-shot start flag

Symbol Address When reset
b7 b6 bS5 b4 b3 b2 bl b0 ONSF 038216 XXXX00002
T symbol Bit name Function RIW
] TA0OS | Timer AO one-shot start flag | 1 : Timer start OEO
I TX00S | Timer X0 one-shot start flag When read, the value is *0” 0.0
e TX10S | Timer X1 one-shot start flag oio
S TX20S | Timer X2 one-shot start flag oio

Nothing is assigned. |
------------------------ In an attempt to write to these bits, write “0”. The value, if read, turns out |——
to be indeterminate. |

Trigger select register

11 : TX2 overflow is selected :

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016

" % 4+ 1+ a1 1 1 .| Bitsymbol Bit name Function RW
e Timer AO event/trigger | bibo !
R TAOTGL select bit 99 0 O : Input on TAOIN is selected (Note) OO
e 0 1: TB1 overflow is selected .
T TAOTGH 1 0: TX2 overflow is selected O: o
1 1:TX0 overflow is selected
Timer X0 event/trigger b3 b2
R TXOTGL select bit 0 O : Input on TXO0InouT is selected (Note) O:O
o 0 1:TB1 overflow is selected ;
R TXOTGH 1 0: TAO overflow is selected O o
oo 11:TX1 overflow is selected !
oo ] Timer X1 event/trigger | b5b4 :

E E E """"""" TXITGL select bit 99 0 O : Input on TXLiNouT is selected (Note) OEO
o 01: TB1 overflow is selected ;
R TX1TGH 1 0 : TXO overflow is selected 00

; ; b7 b6 |
""""""""""" TX2TGL Timer X2 event/trigger 0 O : Input on TX2iNouT is selected (Note) 00

select bit 0 1: TB1 overflow is selected
b ] TX2TGH 10 : TX1 overflow is selected o0
11:TAO overflow is selected !
Note: Set the corresponding port direction register to “0”(input mode).
Clock prescaler reset flag
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
o or ] Bit symbol Bit name Function R'W
i i E E i i E E Nothing is assigned. ‘
Pote-da--aeoeooeoo:oo:f [0 an attempt to write to these bits, write “0”. The value, if read, turns —E—
' out to be indeterminate. !
CPSR | Clock prescaler reset flag 0 : No effect i
LI 1: Prescaler is reset lo)e)
(When read, the value is “0”) |

Figure 1.40. 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 1.12.) Figure 1.41 shows

the timer AO mode register in timer mode.

Table 1.12. 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

TAOIN pin function

Programmable I/O port or gate input

TAOOUT pin function

Programmable I/O port or pulse output

Read from timer

Count value can be read out by reading timer AO register

Write to timer

* When counting stopped
When a value is written to timer AQ register, it is written to both reload register and counter
« When counting in progress
When a value is written to timer AO register, it is written to only reload register
(Transferred to counter at next reload time)

Select function

* Gate function

Counting can be started and stopped by the TAOIN pin’s input signal
« Pulse output function

Each time the timer underflows, the TAOOUT pin’s polarity is reversed

b7 b6 b5 b4 b3 b2 bl b0

Timer AO mode register

LI lo] | ] fo]o

Symbol Address When reset
| TAOMR 039616 0016

Bit symbol Bit name Function R'W
TMODO | Operation mode bibo 0.0
TMODL select bit 0 0 : Timer mode OEO

MRO Pulse output function 0 : Pulse is not output
select bit (TAOOUT pin is a normal port pin) 00

1: Pulse is output (Note 1) |

(TAQOUT pin is a pulse output pin) ‘

Gate function select bit b4 b3 ‘
MR1 0 X (Note 2): Gate function not available 00

(TAOIN pin is a normal port pin) !

1 0 : Timer counts only when TAOIN pin ?

MR2 is held “L" (Note 3) !
11 : Timer counts only when TAOIN pin (OO

is held “H” (Note 3) '
MR3 0 (Must always be “0” in timer mode) 0.0

TCKO . b7 b6 w
Count source select bit 00:fi O:O

01:fs -

TCK1 10:f32 1
11:fc3z O:O

Note 1: Set the corresponding port direction register to “1” (output mode).
Note 2: The bit can be “0” or “1".
Note 3: Set the corresponding port direction register to “0” (input mode).

Figure 1.41. Timer AO 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. Timer AO can count a
single-phase and a two-phase external signal. Table 1.13 lists timer specifications when counting a
single-phase external signal. Figure 1.42 shows the timer AO mode register in event counter mode.

Table 1.14 lists timer specifications when counting a two-phase external signal. Figure 1.43 shows the
timer AO mode register in event counter mode.

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.13. Timer specifications in event counter mode (when not processing two-phase pulse signal)

Item

Specification

Count source

+ External signals input to TAOIN pin (effective edge can be selected by software)
» TB1 overflow, TXO overflow, TX2 overflow

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

TAOIN pin function

Programmable I/O port or count source input

TAOouUT pin function

Programmable I/O port, pulse output, or up/down count select input

Read from timer

Count value can be read out by reading timer AO register

Write to timer

* When counting stopped
When a value is written to timer AO register, it is written to both reload register and counter
« When counting in progress
When a value is written to timer AQ 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 TAOoUT pin’s polarity is reversed

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

Timer A0 mode register (When not using two-phase pulse signal processing)
b7 b6 b5 b4 b3 b2 bl b0

52

Symbol Address When reset
| | | 0| | 0| 1| TAOMR 039616 0016

P | Bit symbol Bit name Function R\W
v o0 v v TMODO | operation mode select bit | b1bo o0
R M TMOD1 0 1: Event counter mode 00
MRO Pulse output function 0 : Pulse is not output
[ T N select bit (TAOoUT pin is a normal port pin) 0.0
A 1: Pulse is output (Note 1) !
R (TAOouT pin is a pulse output pin) '
N MR1 Count polarity 0:: Counts external signal's falling edge |~
oo select bit (Note 2) 1: Counts external signal's rising edge |~ '
o ] MR2 Up/down switching 0 : Up/down flag's content OEO
I cause select bit 1: TAiouT pin's input signal (Note 3) '
R MR3 0 (Must always be “0” in event counter mode) 00
L] TCKO Count operation type 0 : Reload type OEO
! select bit 1: Free-run type !
] TCK1 Two-phase pulse operation| 0 : Normal processing operation

select bit (Note 4) 1 : Multiply-by-4 processing operation O;O

Note 1: Set the corresponding port direction register to “1” (output mode).

Note 2: This bit is valid when only counting an external signal.

Note 3: Set the corresponding port direction register to “0” (input mode).

Note 4: When performing two-phase pulse signal processing, make sure the two-phase
pulse signal processing operation select bit (address 03841s) is set to “1” and
event/trigger select bits (addresses 038316) to “00”".

Figure 1.42. Timer AO mode register in event counter mode
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Table 1.14. Timer specifications in event counter mode (when processing two-phase pulse signal)

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

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

Divide ratio e 1/ (FFFF16 - n + 1) for up count
e 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
TAOIN pin function Two-phase pulse input
TAOOUT pin function Two-phase pulse input
Read from timer Count value can be read out by reading timer AO register
Write to timer * When counting stopped

When a value is written to timer AO register, it is written to both reload regis-
ter and counter
« When counting in progress
When a value is written to timer AQO register, it is written to only reload regis-
ter. (Transferred to counter at next reload time.)
Select function * Normal processing operation
The timer counts up rising edges or counts down falling edges on the TAOIN
pin when input signal on the TAOOUT pin is “H”

TAOOUT J L
TAOIN J + * * * L

Up Up Up Down Down Down
count  count count count count count

Multiply-by-4 processing operation

If the phase relationship is such that the TAOIN pin goes “H” when the input
signal on the TAOouUT pin is “H”, the timer counts up rising and falling edges
on the TAOouT and TAOIN pins. If the phase relationship is such that the
TAOIN pin goes “L” when the input signal on the TAOOUT pin is “H”, the timer
counts down rising and falling edges on the TAOouT and TAOQIN pins.

oo fY AV A YV At

Count up\zgl edges Count down all edges
o ey
- / . J
Y '
Count up all edges Count down all edges

Note: This does not apply when the free-run function is selected.
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Timer AO mode register
(When using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
|||0|1|0|0|0|1| TAOMR 039616 0016

A Bit name Function RIW

¢+ 1+ 4 . v -1 TMODO | Operation mode select bit |b2b0 0.0

e TMOD1 0 1: Event counter mode 00

________ MRO 0 (Must always be “0” when using two-phase pulse signal OEO

. processing)

Vo ] MR1 0 (Must always be “0” when using two-phase pulse signal OEO

Voo processing) !

o ] MR2 1 (Must always be “1” when using two-phase pulse signal OEO

v processing) !

_________________ MR3 0 (Must always be “0” when using two-phase pulse signal OEO

HE processing) !

L TCKO Count operation type 0 : Reload type OEO

' select bit 1: Free-run type

' Two-phase pulse _ ,

e ELECEEEEEEEE LT EPEr TCK1 processing operation 0: Norr_nal processing operation 0.0
select bit (Note) 1 : Multiply-by-4 processing operation !

Note: When performing two-phase pulse signal processing, make sure the two-phase
pulse signal processing operation select bit (address 03841s) is set to “1". Also,
always be sure to set the event/trigger select bit (addresses 038316) to “00”".

Figure 1.43. Timer AO mode register in event counter mode
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 1.15.) When a trigger occurs, the timer starts up
and continues operating for a given period. Figure 1.44 shows the timer AO mode register in one-shot
timer mode.

Table 1.15. 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 00001, the timer stops counting after reloading a new count

« If atrigger occurs when counting, the timer reloads a new count and restarts counting
Divide ratio 1/n  n:Setvalue

Count start condition < An external trigger is input

* The timer overflows

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

Count stop condition * A new count is reloaded after the count has reached 000016

» The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TAOIN pin function Programmable I/O port or trigger input

TAOouUT pin function Programmable I/O port or pulse output

Read from timer When timer AQ register is read, it indicates an indeterminate value
Write to timer * When counting stopped

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

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

Timer A0 mode register

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
| | | 0 | | | | 1 | 0 | TAOMR 039616 0016

poiof i i b1 [ Bitsymbol Bit name Function RW

oo v TMODO | operation mode select bit bllbo_ hot g 0.0

] TMODL 0 : One-shot timer mode 00

A MRO Pulse output function 0 : Pulse is not output

T A select bit (TAOoUT pin is a normal port pin) 0'0

T 1: Pulse is output (Note 1) !

(TAOoUT pin is a pulse output pin) !

E E E E E MR1 External trigger select 0 : Falling edge of TAOIN pin's input signal (Note 3) w

- bit (Note 2) 1: Rising edge of TAOIN pin's input signal (Note 3) O:O

MR2 Trigger select bit 0 : One-shot start flag is valid

S REELEEEEED 1: Selected by event/trigger select o0

T register '

R EGGLELEEEEEEEEE MR3 0 (Must always be “0” in one-shot timer mode) 0.0

P TCKO Count source select bit ~ [°78

! 00:f1 O:O

! 01:fs

"""""""""""" TCK1 10:f32 00
11:fc32 !

Note 1: Set the corresponding port direction register to “1” (output mode).

Note 2: Valid only when the TAOIN pin is selected by the event/trigger select bit
(addresses 038316). If timer overflow is selected, this bit can be “1” or “0”".

Note 3: Set the corresponding port direction register to “0” (input mode).

Figure 1.44. Timer AO 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 1.16.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.45 shows the timer
A0 mode register in pulse width modulation mode. Figure 1.46 shows the example of how a 16-bit pulse width
modulator operates. Figure 1.47 shows the example of how an 8-bit pulse width modulator operates.

Table 1.16. Timer specifications in pulse width modulation mode

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

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

16-bit PWM « High level width n/fi n:Setvalue
* Cycle time (216-1) / fi fixed
8-bit PWM * High level width n X(m+1) /fi n:values set to timer AO register’'s high-order address
« Cycle time (28-1) X(m+1) /fi m: values set to timer AQ 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 |8 bits PWM | « Set value of "H" level width is except FF16, 0016 : PWM pulse goes “L”
request « Set value of "H" level width is FF16, 0016 : Timing that count value goes to 0116
generation |16 bits PWM | « Set value of "H" level width is except FFFF16, 000016 : PWM pulse goes “L”
timing « Set value of "H" level width is FFFF16, 000016 : Timing that count value goes to 000116
TAOIN pin function Programmable I/O port or trigger input

TAOouUT pin function Pulse output

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

Write to timer « When counting stopped :When a value is written to timer A0 register, it is

written to both reload register and counter
* When counting in progress : When a value is written to timer AO register, it is
written to only reload register (Transferred to counter at next reload time)
Note: When set value of "H" level width is 0016 or 000016, pulse outputs "L" level and inversion value, FF16 or FFFF16 is set to timer.

Timer AO mode register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
L] [ ] [2]a]s] TAomr 039616 0016

Bit symbol Bit name Function RiW
: TMODO  |Operation mode b1 bo o.°
] TMODL1 select bit 11:PWM mode 00
oo MRO 1 (Must always be “1” in PWM mode) 00
h MR1 External trigger select | o: Falling edge of TAOI pin's input signal (Note 2) OEO

Bl bbbl bit (Note 1) 1: Rising edge of TAOIN 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 00

select bit 1: Functions as an 8-bit pulse width modulator |

H | b7be 1
R ERECEEEEEEEE TCKO Count source select bit [go:f1 00

! 01:fs ‘

! 10:f32 |
"""""""""""" TCKL 11:fc32 Oio

Note 1: Valid only when the TAOIN pin is selected by the event/trigger select bit
(addresses 038316). If timer overflow is selected, this bit can be “1” or “0”.
Note 2: Set the corresponding port direction register to “0” (input mode).
Note 3: Set the corresponding port direction register to “1” (output mode) when the pulse is output.

Figure 1.45. Timer AO mode register in pulse width modulation mode
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Condition : Reload register = 000316, when external trigger
(rising edge of TAQIN pin input signal) is selected

1/fix(2¥%-1)

Count source : : : :
TAOQIN pin H f | }‘1 _____________
input signal “Lr )

—»——=<— 1/fixn

PWM pulse output “H" ‘
from TAOouUT pin | | |

Timer AO interrupt ~ “1”
request bit P I I
fi: Frequency of count source \ /

(1, fs, fa2, fca2) Cleared to “0” when interrupt request is accepted, or cleared by software

- ;
Trigger is not generated by this signal

Note: n = 000016 to FFFF1s.

Figure 1.46. 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 TAOIN pin input signal) is selected

1/fiX(m+1) X(28-1)
Count source (Notel)

TAOIN pin input signal H—+

Underflow signal of ~ “H’ ‘ ‘ N
8-bit prescaler (Note2) . » |_| |_| |_| I_l |_| | |

PWM pulse output H ‘
from TAOoUT pin " | .

Timer AO interrupt S

request bit wo# 1 = o ______

fi: Frequency of count source  Cleared to “0” when interrupt request is accepted, or cleaerd by software
(fa, fs, f32, fc32)

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Note 3: m = 0016 to FF16; n = 0016 to FF16.

Figure 1.47. Example of how an 8-bit pulse width modulator operates
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Timer B
Figure 1.48 shows the block diagram of timer B. Figures 1.49 and 1.50 show the timer B-related registers.
Use the timer Bi mode register (i = 0, 1) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:

* Timer mode
* Event counter mode

* Pulse period/pulse width measuring mode

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

: The timer counts an internal count source.
: The timer counts pulses from an external source or a timer overflow.

: The timer measures an external signal's pulse period or

TBI
(i=

pulse width.
S Data bus high-order bits
Clock source selection ! Data bus low-order bits

fi
f8

—o0

* Timer

* Pulse period/pulse width measurement

O \o
f3a2 —o
fcaa— o

« Event counter

IN

Polarity switching
and edge pulse

0,1)

Can be selected in only
event counter mode

TBjoverflow —O

(i=1wheni=0,
j=0wheni=1)

[Low-order 8 bits U

High-order 8 bits

Reload register (16)

U]

Counter (16)

Count start flag

A

Counter reset circuit I_

Figure 1.48. Block diagram of timer B

b7

Timer Bi mode register

Symbol Address When reset
| b6| b5| b4| b3| b2| bl| b°| TBIMR(i=0,1)  039B16, 039C16  00XX00002
: 01 1 [ Bitsymbol Bit name Function R
E , , , - , +] TMODO Operation mode select bit bé %’: Timer mode (@) ‘ (@)
[ A 0 1 : Event counter mode ‘
A TMOD1 10 : Pulse period/pulse width ;
oo e measurement mode O 0
oo E 1 1 : Inhibited |
O MRO Function varies with each operation mode O 0
A S MR1 O ! O
- MR2 O O
! ' ] (Note 1)4‘ ______
P DX
P (Note 2) |
b b MR3 O | X
Bommmmmmmmmnmemieog TCKO Count source select bit O ! 0
_______________________ TCKL (Function varies with each operation mode) O ' O

Note 1: Timer BO.
Note 2: Timer B1.

Figure 1.49. Timer B-related registers (1)
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(When read, the value is “0”)

Timer Bi register (Note) Symbol Address When reset
TBO 039116, 039016 Indeterminate
(b15) E)b8% TB1 039316, 039216  Indeterminate
b7 0b7 b0
E Function Values that can be set | R EW
-1 « Timer mode 000016 to FFFF15 |5/
Counts the timer's period
« Event counter mode 000016 to FFFF16 |
Counts external pulses input or a timer overflow O:O
* Pulse period / pulse width measurement mode
Measures a pulse period or width O;X
Notel: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | N | | | | TABSR 038016 000X00002
Bit symbol Bit name Function R W
- TAOS Timer AO count start flag 0 : Stops counting 00
A TX0S Timer X0 count start flag 1: Starts counting 0.0
o e TX1S Timer X1 count start flag 0.0
R TX2S Timer X2 count start flag ofo
Nothing is assigned.
R EEREEEEEEE In an attempt to write to this bit, write “0”. The value, if read, turns out |——
to be indeterminate. 1
E E R LR TBOS Timer BO count start flag 0 : Stops counting O}O
. TB1S Timer B1 count start flag 1: Starts counting 0.0
T P LTTIT CDCS Clock devided count start flag 0.0
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
L_Mlzgzﬁzﬁ CPSRF 038116 OXXXXXXX2
» 11 1 4 44 4| Bitsymbol Bit name Function R!W,
v+« ¢+ 1+ 1 1| Nothing is assigned. !
e ELECEELPL In an attempt to write to these bits, write “0”. The value, if read, turns —}—
' out to be indeterminate. !
: CPSR | Clock prescaler reset flag |9 : No effect !
: P 9 1 : Prescaler is reset 0.0

Figure 1.50. Timer B-related registers (2)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.17.) Figure 1.51 shows
the timer Bi mode register in timer mode.

Table 1.17. Timer specifications in timer mode

ltem Specification
Count source f1, fs, 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 I/O port

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

When a value is written to timer Bi register, it is written to both reload register and counter
» When counting in progress

When a value is written to timer Bi register, it is written to only reload register

(Transferred to counter at next reload time)

Timer Bi mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | |><I | | 0 | 0 | TBIMR(i=0, 1) 039B16 to 039C16 00XX00002

A T symbol Bit name Function R ' W

by L Tvopo i it [bxb0 O 0

A Operation mode select bit 00 : Timer mode

e TMOD1 O O

A MRO Invalid in timer mode o, 0O

e MR1 Can be “0” or “1” O O

Nothing is assigned.

oo In an attempt to write to this bit, write “0”. The value, if read, turns out to be —_ -

oo T indeterminate.

MR3 Invalid in timer mode.

 CEGREEEEEEEPEE In an attempt to write to this bit, write “0”. The value, ifreadin | O &+ X

timer mode, turns out to be indeterminate. !

b Count source select bit b7 b6 |

i D CELE TP TCKO 00:f1 @) : O

' 01:fs .

L e ] TCK1 10:f32 |
11:fcs2 © ©

Figure 1.51. 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 1.18.) Figure

1.52 shows the timer Bi mode register in event counter mode.

Table 1.18. Timer specifications in event counter mode

Item

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

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

Read from timer
Write to timer

Count value can be read out by reading timer Bi register

» 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=0, 1) 039B16 to 039C16 00XX00002
Vv 1 4 4 v v 1| Bitsymbol Bit name Function R I W
P4 o4 o %1 TMODO | Operation mode select bit |b1bo O 0
[ 01: Event counter mode T
R A b TMOD1 o)
oo MRO Count polarity select b3 b2
T bit (Notpe 1) y 0 0 : Counts external signal's o 0
oo falling edges !
e 0 1: Counts external signal's !
Voo MR1 rising edges o 1 o
R 1 0: Counts external signal's
falling and rising edges !
oor o 11 : Inhibited !
Nothing is assigned. !
AR ELELEELELEEE In an attempt to write to this bit, write “0”. The value, if read, turns out to be — —
indeterminate. ;
Invalid in event counter mode. |
Vo MR3 . S . . . O ' X
vy TTTTTTTTTTTT In an attempt to write to this bit, write “0”. The value, if read in !
v event counter mode, turns out to be indeterminate. !
S ] TCKO Invalid in event counter mode. oo
! Can be “0”" or 1", !
: TCK1 Event clock select 0 : Input from TBiIN pin (Note 2)
R EELEEEELEEEEEEEEEEE 1: TBj overflow O ' 0
(j=1wheni=0, !
j=0wheni=1) !

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: Set the corresponding port direction register to “0” (input mode).

Figure 1.52. Timer Bi mode register in event counter mode
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In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.19.)
Figure 1.53 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.54 shows the operation timing when measuring a pulse period. Figure 1.55 shows the operation timing
when measuring a pulse width.

Table 1.19. Timer specifications in pulse period/pulse width measurement mode

Item

Specification

Count source

f1, fs, f32, fc32

Count operation

* Up count

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

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

* When measurement pulse's effective edge is input (Note 1)

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

TBIIN pin function

Measurement pulse input

Read from timer

(measurement result) (Note 2)

When timer Bi register is read, it indicates the reload register’s content

Write to timer

Cannot be written to

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

Timer Bi mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | |><| | | 1 | 0 | TBIMR(i=0, 1) 039B16, 039C16  00XX00002
1 | Bit symbol Bit name Function R W
-{ TmoDo - b1bo )
Se[?g(l;?ttl)?tn mode 1 0: Pulse period / pulse width L
...... TMOD1 measurement mode o O
MRO Measurement mode | %392 i
-------- select bit 0 0 : Pulse period measurement (Interval between o' o
measurement pulse's falling edge to falling edge) !
0 1: Pulse period measurement (Interval between '
measurement pulse's rising edge to rising edge) :
MR1 1 0: Pulse width measurement (Interval between |
----------- measurement pulse's falling edge to rising edge, o o
and between rising edge to falling edge) !
1 1: Inhibited '
Nothing is assigned.
""""""" In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. -
__________________ MR3 Timer Bi overflow 0 : Timer did not overflow o | %
flag ( Note) 1: Timer has overflowed !
..................... TCKO Count source A o 0
select bit 01:fs '
10:fs2 1
"""""""""""" TeK1 11:fc32 o o
Note : 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.

Figure 1.53. 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

L | Transfer Transfer
3 //' (indeterminate value) / (measured value)
Reload register« counter | |_| |_| 1
transfer timing ‘ | (Note 1) i (N-; D 1 (Note 2)
; | / ote | /v ote | / ote
Timing at which counter |_| |_|
reaches “000016" ‘ --
agr | N

Count start fla ‘
g .

Timer Bi interrupt “ Ii
request bit “q |_ -
e i

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

S

=

Timer Bi overflow flag

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

Figure 1.54. Operation timing when measuring a pulse period

Count source --

Measurement pulse

11+ Transfer Transfer i Transfer 1 Transfer
/" value) i /i value)

Reload register « counter
transfer timing :

|
|

|

|

|

|

|

|

|

| A (indeterminate s (measured value) | (measurey(measured value)
{ |

|

|

|

.

I

|

|

|

|

A (Note 1) 3/ (Note 1) 3/1 (Note i)/,(Note 1)
Timing at which counter ‘ | ‘ l
reaches “000016"

wqn | |
Count start fla | ‘
g “0” | 1

Timer Bi interrupt “1” ‘ ‘
request bit “gy I_u_|_ - _Ii

A a4 !

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

Timer Bi overflow flag !
“gr

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

Figure 1.55. Operation timing when measuring a pulse width
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|

Timer X
Figure 1.56 shows the block diagram of timer X. Figures 1.57 to 1.59 show the timer X-related registers.
Use the timer Xi mode register bits 0 and 1 to choose the desired mode.
Timer X has the five 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.
* One-shot timer mode : The timer stops counting when the count reaches “000016".
« Pulse period/pulse width measuring mode  : The timer measures an external signal's pulse period or
pulse width.
* Pulse width modulation (PWM) mode : The timer outputs pulses of a given width.
q Data bus high-order bits S
Clock source « Timer 10
selection - One shot q Dat‘a l3us low-order bits {
fi —o0 . PV\I/M Soul it Low-order High-order
« Pulse period/pulse width measurement 8 it 8 bit
s —0\, _ o 1] its Y its
fa2 —O e Timer Reload register (16) |
fczp ——O (gate function) 7N VAN
'I_'XiINOUT « Event counter A4 AV.4
(i=0to 2) Polarity Counter (16) F——m
© switching and Clock selection A
edge pulse

Count start flag

[ Counter reset circuit  |—

L— O
TB1 overflow —— O
- E_xternal
xy —O trigger

. *1 =TAO, *2 = TX1 when TX0
—F—F— 0 - -
2 *1 =TXO0, *2 = TX2 when TX1

*1 =TX1, *2 = TAO when TX2
Pulse output

I Toggle flip-flop I

Figure 1.56. Block diagram of timer X

Timer Xi mode register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TXIMR(i=0to 2) 039716 to 039916 0016

i1 41t [ Bitsymbol Bit name Function R ' W
P bt TMODO Operation mode | §'3’: Timer mode o ! 0
. select bit 0 1 : Event counter mode
. TMOD1 1 0 : One-shot timer mode or pulse period/ !
e pulse width measurement mode c . 0
oo 1 1 : Pulse width modulation (PWM) mode !

[ R MRO Function varies with each operation mode O ! 0
T T MR1 O O
S EEREREEEE MR2 o . 0O
B S SRRELEELEEL MR3 O | O
Pttt TCKO Count source select bit O O
(RPN TCK1 (Function varies with each operation mode) e} o)

Figure 1.57. Timer X-related registers (1)
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Timer Xi register (Note 1)

(b15) ®8) Symbol Address When reset
b7 bOb7 bo TXO0 038916,038816 Indeterminate
| X1 038B16,038A16 Indeterminate
X2 038D16,038C16 Indeterminate
E Function Values that can be set REW
"7 « Timer mode 000016 to FFFF16 |~!
Counts an internal count source !
» Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow O;O
* One-shot timer mode 000016 to FFFF16 XEO
Counts a one shot width (Note 2)
« Pulse period / pulse width measurement mode O x
Measures a pulse period or width !
* Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 XEO
Functions as a 16-bit pulse width modulator (Note 2)
« Pulse width modulation mode (8-bit PWM) 0016|_t|9 ';FleéNOte 2|
Timer low-order address functions as an 8-bit (High-order X0
. . . addresses) |
prescaler and high-order address functions as an 8-bit  [5915't0 FF16 Note )|
pulse width modulator (Low-order
addresses) .
Note 1: Read and write data in 16-bit units.
Note 2: Use MOV instruction to write to this register.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
TABSR 038016 000X00002
A A =T symbol Bit name Function RIW
E : : : : : : <1 TAOS Timer AO count start flag 0 : Stops counting 00
N TX0S Timer X0 count start flag 1 : Starts counting 0.0
it TX1S Timer X1 count start flag 0.0
E ' ' ' [P TX2S Timer X2 count start flag oio
T S P Nothing is assigned.
oo In an attempt to write to this bit, write “0”. The value, if read, turns out to be ——
I indeterminate. !
b e TBOS Timer BO count start flag 0 : Stops counting 0:0
L e eeeeeees TB1S Timer B1 count start flag 1: Starts counting O:0
Mememeemmeeaeaaaaaaaaan] CDCS Clock devided count start flag Oi O

Figure 1.58. Timer X-related

registers (2)
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One-shot start flag

Symbol Address When reset
b7 b6 b5 b4 b3| b2| b1| b0 ONSF 038216 XXXX00002
b i symbol Bit name Function RIW
+ | TAoos | Timer A0 one-shot start flag 1 - Timer start 00
I TX00S | Timer X0 one-shot start flag When read, the value is “0” OEO
eeeand TX10S | Timer X1 one-shot start flag @) )
........... TX20S | Timer X2 one-shot start flag oio

Nothing is assigned.
------------------------ In an attempt to write to these bits, write “0”. The value, if read, turns out [—
to be indeterminate.

Trigger select register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016
" v a1 4+ %+ | Bitsymbol Bit name Function R'W
R R Timer AO event/trigger b1 b0 !
L TAOTGL select bit 0 0 : Input on TAOIN is selected (Note) 0.0
oo 0 1:TB1 overflow is selected !
T TAOTGH 10: TX2 overflow is selected O:O
11 : TXO0 overflow is selected
Timer X0 event/trigger b3 b2
ooror e mEEETee TXoTGL select bit 0 O : Input on TX0INouT is selected (Note) O: &
oo 0 1: TB1 overflow is selected ‘
oo ] TXOTGH 10: TAO overflow is selected O: o
oo 11 : TX1 overflow is selected
A S Timer X1 event/trigger [ b5b4 1
E E E TXITGL select bit 99 0 0 : Input on TX1linouT is selected (Note) O O
oo 01 :TB1 overflow is selected ;
SRR TX1TGH 1 0 : TXO overflow is selected 00
I 11:TX2 overflow is selected |
o i i b7 b6 |
VooTTTTT T TX2TGL l-lerlr:;; )b(I% event/trigger 0 O : Input on TX2iNouT is selected (Note) o0
: 0 1:TB1 overflow is selected ‘
] TX2TGH 1 0: TX1 overflow is selected 00
11:TAO overflow is selected !

Note: Set the corresponding port direction register to “0”(input mode).

Clock prescaler reset flag

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
CPSRF 038116 OXXXXXXX2

» 1+ | Bitsymbol Bit name Function R'WM
i+ 1+ | Nothing is assigned.

--t--:-| In an attempt to write to these bits, write “0”. The value, if read, turns -
out to be indeterminate.

bmmmmmmm ==
Feemmmmm—aa

0 : No effect
1: Prescaler is reset OO0
(When read, the value is “0")

CPSR Clock prescaler reset flag

Figure 1.59. Timer X-related registers (3)
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(1) Timer mode

In this mode, the timer counts an internally generated count source. (See Table 1.20.) Figure 1.60 shows

the timer Xi mode regist

Table 1.20. Specification
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er in timer mode.

s of timer mode

Item

Specification

Count source

f1, f8, 32, 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

TXiINOUT pin function

Programmable I/O port, gate input or pulse output

Read from timer

Count value can be read out by reading timer Xi register

Write to timer

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

Select function

» Gate function

Counting can be started and stopped by the TXilNOUT pin’s input signal
* Pulse output function

Each time the timer underflows, the TXiINOUT pin’s polarity is reversed

Timer Xi mode register

b7 b6 b5 b4 b3 b2 bl b0

L Tol | | fofo]

mbol Address When reset
TXIMR(i=0to 2) 039716 to 039916 0016

Bit symbol Bit name Function R'W
TMODO | Operation mode e mode 0.0

; :Ti i
T™MOD1 select bit 00

MRO Pulse output function 0 : Pulse is not output
select bit (TXiINouT pin is a normal port pin) 00

1: Pulse is output (Note 1) |

(TXiINOUT pin is a pulse output pin) 1

MR1 Gate function select bit b4 b3 . . 1
0 X (Note 2): Gate function not available 00

(TXIINOUT pin is a normal port pin) |

1 0 : Timer counts only when TXiinouT :

MR2 pin is held “L” (Note 3)
11 : Timer counts only when TXiinouT |O'O

pin is held “H” (Note 3) !
MR3 0 (Must always be fixed to “0” in timer mode) 0.0

TCKO it [oree |
Count source select bit 00:f1 O:O

01:fs :

TCK1 10:f32 1
11:fc32 O:O

Note 1: Set the corresponding port direction register to “1” (output mode). Gate function
cannot be selected when pulse output function is selected.

Note 2: The bit can be “0” or “1".

Note 3: Set the corresponding port direction register to “0” (input mode). Pulse output
function cannot be selected when gate function is selected.

Figure 1.60. Timer Xi mo

de 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 1.21.) Figure
1.61 shows the timer Xi mode register in event counter mode.

Table 1.21. Timer specifications in event counter mode (when not processing two-phase pulse signal)
ltem Specification

Count source External signals input to TXilNouT pin (effective edge can be selected by software)

TB1 overflow, TAO overflow, TXi overflow

Count operation » Down count

When the timer underflows, it reloads the reload register contents before

continuing counting (Note)

Divide ratio U/ (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

TXiINOUT pin function Programmable 1/O port, count source input or pulse output
Read from timer Count value can be read out by reading timer Xi register
Write to timer * When counting stopped

When a value is written to timer Xi register, it is written to both reload register and counter
* When counting in progress

When a value is written to timer Xi 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 underflows, the reload register content is not reloaded to it
 Pulse output function

Each time the timer underflows, the TXiINOUT pin’s polarity is reversed
Note: This does not apply when the free-run function is selected.

Timer Xi mode register
b7 b6 b5 b4 b3 b2 bl bo

! 1: Pulse is output (Note 2) ‘
. (TXiNnouT pin is a pulse output pin) 1

Symbol Address When reset
| | | 0| | | | 0| 1| TXiMR(i=01t02) 03971610 039916 0016
v+ 1 1| Bitsymbol Bit name Function R:W
-1__T™MODo Operation mode select bit [b150 00
oo TMOD1 0 1: Event counter mode (Note 1) 0.0
E . . MRO Pulse output function 0 : Pulse is not output i
N select bit (TXiNnouT pin is a normal port pin) 0.0

MR1 Count polarity 0 : Counts external signal's falling edge

T select bit (Note 3) 1 : Counts external signal's rising edge 0.0
N S MR2 Invalid in event counter mode. OEO
! Can be “0” or “1". !

P trmmmmmmmemeoeo MR3 0 (Must always be “0” in event counter mode) 00
R TCKO Count operation type 0 : Reload type OEO
! select bit 1: Free-run type !
] TCK1 |Invalid in event counter mode.

Can be “0” or “1”. o0

Note 1: Count source is selected by event/trigger select bit(address 038316) in event counter mode.

Note 2: Set the corresponding port direction register to “1” (output mode). TXiINOUT pin input is not
selected as count source when pulse output function is selected.

Note 3: This bit is valid when only counting an external signal.

Figure 1.61. Timer Xi mode register in event counter mode
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 1.22.) When a trigger occurs, the timer starts up and
continues operating for a given period. Figure 1.62 shows the timer Xi mode register in one-shot timer mode.

Table 1.22. Timer specifications in one-shot timer mode

Item 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 atrigger occurs when counting, the timer reloads a new count and restarts counting
Divide ratio 1/n  n:Setvalue

Count start condition < An external trigger is input

* The timer overflows

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

Count stop condition * A new count is reloaded after the count has reached 000016

» The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TXilNouT pin function Programmable I/O port, trigger input or pulse output
Read from timer When timer Xi register is read, it indicates an indeterminate value
Write to timer * When counting stopped

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

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

Timer Xi mode register

Py 1: Selected by event/trigger select register (Note 4)[O:O

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | 0 | | | | 1 | 0 | TXIMR(i=0to 2) 039716t0 039916 0016

i1 i 11 1 [ Bitsymbol Bit name Function RIW

t ¢ ¢ 1 ¢ ¢ 1 I TMODO |Operation mode b1 b0 _ , 0.0

A select bit 10 : One-shot timer mode or pulse period / ;

R T R R TMOD1 pulse width measurement mode 00

A MRO Pulse output function |0 : Pulse is not output

S select bit (TXiINoouT pin is a normal port pin) !

o 1: Pulse is output (Note 1) 0.0

A (TXiINnoouT pin is a pulse output pin)

E E E E ] MR1 External trigger select | 0: Falling edge of TXIINOOUT pin's input signal (Note 3) O:O

Cor o bit (Note 2) 1: Rising edge of TXIINOOUT pin's input signal (Note 3)

H MR2 Trigger select bit 0 : One-shot start flag is valid |

R EGGEEEEEETLE MR3 0 (Must always be “0” in one-shot timer mode) 0.0

R TCKO Count source select bit |76 00

' 00:f1 ‘

‘ 01:fs

"""""""""""" TCK1 10:f32 00
11:fcs2 :

Note 1: Set the corresponding port direction register to “1” (output mode). External trigger cannot be selected
as count start condition when pulse output function is selected.

Note 2: Valid only when the TXiiNouT pin is selected by the event/trigger select bit (addresses 038316). If
timer overflow is selected, this bit can be “1” or “0".

Note 3: Set the corresponding port direction register to “0” (input mode).

Note 4: Pulse output function cannot be selected when TXiiNouT pin is selected by the event/trigger select bit
(addresses 038316).

Figure 1.62. Timer Xi mode register in one-shot timer mode
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(4) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.23.)
Figure 1.63 shows the timer Xi mode register in pulse period/pulse width measurement mode. Figure
1.64 shows the operation timing when measuring a pulse period. Figure 1.65 shows the operation timing
when measuring a pulse width.

Table 1.23. Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, fs, f32, 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 Xi overflow flag
changes to “1”. The timer Xi overflow flag changes to “0” when the count
start flagis “1” and a value is written to the timer Xi mode register.)

TXiINOUT pin function Measurement pulse input

Read from timer When timer Xi 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 Xi register is indeterminate until the second effective edge is input after the timer.

Timer Xi mode register

| b7 | b6| bls| b4| b3| b2 | bll | k§| Symbol Address When reset

TXIMR(i = 0to 2) 039716 to 039916 002

i & 1 [ Bit symbol Bit name Function RIW
' 1 -1 TMODO [ Operation mode b1 b0 , i 0.0
Vo select bit 1 0: One-shot timer mode or pulse period / ;
AEEEEEEE TMOD1 pulse width measurement mode 0.0
: MRO Measurement mode | %32 i
eeeeaa-d select bit 0 0 : Pulse period measurement (Interval between 1

measurement pulse's falling edge to falling edge) 0.0
0 1: Pulse period measurement (Interval between !

measurement pulse's rising edge to rising edge)
MR1 1 0 : Pulse width measurement (Interval between
tememeanaand measurement pulse's falling edge to rising edge,

and between rising edge to falling edge) o o
11 : Inhibited !
MR Timer Xi overflow 0 : Timer did not overflow
"""""""" 2 flag (Note) 1: Timer has overflowed 0. X
__________________ MR3 1 (Must always be “1” in pulse period / pulse width measurement mode) o) o)
R S TCKO Count source 00t 0:0
H select bit 01:fs ‘
. 10:f32 1
........................ TCK1 11 fos 0.0

Note: The timer Xi overflow flag changes to “0” when the count start flag is “1” and a value is written to
the timer Xi mode register. This flag cannot be set to “1” by software.

Figure 1.63. Timer Xi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source | -

Measurement pulse

ransfer Transfer
indeterminate value) /(measured value)

=4

|
|
|
L
|
|
|
|
|

transfer timing (Note 1) ‘ (N-; 1) (Note 2)
/ ote /4 ote / ote

1 .. I
Count start flag ;

Timing at which counter
reaches “000016”

Reload register« counter 1 |_| |_|

Timer Xi interrupt “1”
request bit “ .
A w
Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Xi overflow flag v |

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

Figure 1.64. Operation timing when measuring a pulse period

Count source | --

Measurement pulse

'
1+ Transfer
| | (indeterminate (measured value) | (measurey (measured value)
1/ value) i /7 value) i

Reload register « counter
transfer timing :

I
I

I

I

I

I

I

i

' T - T

Transfer i\ Transfer 1 Transfer i
I

I

I

I

I

I

]

I

Timing at which counter
reaches “000016"

Count start fla ‘
g “Q” 3 : 3

Timer Xi interrupt “1” ‘ | ‘

request bit “gr | .

A P AR 4 !

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

Timer Xi overflow flag !
“gr

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

Figure 1.65. Operation timing when measuring a pulse width
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(5) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.24.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.66 shows the timer
Xi mode register in pulse width modulation mode. Figure 1.67 shows the example of how a 16-bit pulse width
modulator operates. Figure 1.68 shows the example of how an 8-bit pulse width modulator operates.

Table 1.24. Timer specifications in pulse width modulation mode

Item Specification
Count source f1, fs, f32, fC32
Count operation » Down counts (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 * "H" level width n / fi n : Set value
« Cycletime  (216-1)/fi fixed
8-bit PWM o "H" level width nx(m+1)/ fi n:values set to timer Xi register’s high-order address
« Cycle time (28-1)x (m+1)/fi m : values set to timer Xi register’s low-order address
Count start condition * The timer overflows
* The count start flag is set (= 1)
Count stop condition * The count start flag is reset (= 0)
Interrupt 8 bits PWM | « Set value of "H" level width is except FF16, 0016 : PWM pulse goes “L”
request  Set value of "H" level width is FF16, 0016 : Timing that count value goes to 0116

generation |16 pits PWM | » Set value of "H" level width is except FFFF16, 000016 : PWM pulse goes “L”

timing « Setvalue of "H" level width is FFFF16, 000016 : Timing that count value goes to 000116
TXiINOUT pin function Pulse output

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

Write to timer * When counting stopped

When a value is written to timer Xi register, it is written to both reload register and counter
« When counting in progress

When a value is written to timer Xi register, it is written to only reload register

(Transferred to counter at next reload time)

Note: When set value of "H" level width is 0016 or 000016, pulse outputs "L" level and inversion value, FF16 or FFFF16 is set to timer.

Timer Xi mode register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | 1 | 1 | 1| TXiIMR(i = 0to 2) 039716 to 039916 0016
oo [ Bitsymbol Bit name Function RIW
A TMODO | Operation mode b1 b0 00
A A A . TMODL _ |select bit 11:PWMmode 00
s MRO 1 (Must always be “1” in PWM mode) 0!0
S MR1 Invalid in PWM mode. Can be “0” or “1”. 00
T MR2 Trigger select bit 0: Count start flag is valid (Note 1) OEO
. 1: Selected by event/trigger select register !
E E E MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO
e select bit 1: Functions as an 8-bit pulse width modulator !
N | b7b6 !
D e TCKO Count source select bit 00:f1 0'0
! 01:fs 1
' 10:f3 ;
ToTTTTTmmmTTTETTTITTT TCK1 11:fca2 O;O

Note 1: TXiINouT pin inout cannot be selected by the event/trigger select bit(addresses 038316).
Note 2: Set the corresponding port direction register to “1” (output mode).

Figure 1.66. Timer Xi mode register in pulse width modulation mode
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Condition : Reload register = 000316, when trigger (timer overflow) is selected
1/fix (216-1)

Count source H I
=l 1 1 w h

A\

Trigger signal

Trigger is not generated by this signal

PWM pulse output
from TXiNouT pin- « »

Timer Xi interrupt ~ “1”
request bit o L ________ PE—
fi: Frequency of count source \ /

(1, fs, f32, fca2) Cleared to “0” when interrupt request is accepted, or cleared by software

j

Notel: n = 000016 to FFFFi6.

Figure 1.67. 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
Trigger (timer overflow) is selected

! 1/fiX(m+1) X(@2%-1) !

Trigger signal “H”
o { |

\ . L/fiX (m+1)

Underflow signal of H i it —— - - = =
8-bit prescaler (Note2) .« . |_| |_| |_| U |_| I_I | | |

| 1/fiX(M+1)Xn 5
i — e -— |

PWM pulse output H

from TXiiNouT pin wp | o
Timer Xi interrupt S I—I_

request bit P I

fi: Frequency of count source

(1, fs, 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 FF16; n = 0016 to FF1e.

Figure 1.68. Example of how an 8-bit pulse width modulator operates
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Serial 1/10
Serial I/0O is configured as two channels: UARTO and UART1.
UARTO and UART1 each have an exclusive timer to generate a transfer clock, so they operate indepen-
dently of each other.
Figure 1.69 shows the block diagram of UARTO and UARTL. Figure 1.70 shows the block diagram of the
transmit/receive unit.
UARTO has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous serial I/
O mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses 03A016 and
03A816) determine whether UARTO is used as a clock synchronous serial I/O or as a UART.
UARTL1 is used as a UART only.
Figures 1.71 through 1.73 show the registers related to UARTI.

(UARTO)
RxDo O ——( TxDo
UART reception i Receive
Clock source selection | Reception clock Transmit/
fil—o Bit rate generator i control circuit receive
Internal | | unit
f§ —0 o ° .
¢ - . UART transmission | [ Transmit
% o 1/(m+1) & Transmission clock
fc © External Clock synchronous type control circuit
Clock synchronous type
(when internal clock is selected)
:
0
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
selected)
CcLKoO+ ¢k Qo %
polarity
reversing
CLKS O* circuit
Clock output pin
select switch
(UART1)
RxD1O ——O TxD1
. Receive
Clock source selection Reception clock Transmit/
fi — o Bit rate generator control circuit [~ | Teceive
g o unit
fs2 —o0 Transmit
fc —o Transmission |  clock |
control circuit
m : Values set to UARTO bit rate generator (BRGO)
n : Values set to UART1 bit rate generator (BRG1)

Figure 1.69. Block diagram of UARTi (i =0, 1)
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Serial I/O
Clock
synchronous
type
ART (7 bi ) ) :
8 ART EB E:}z; UART (7 bits) UARTI receive register
RxDi O—4

enabled

Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTI receive
buffer register

0§D8| |D7§D6§D5§D4§D3§D2§D1§Do

| MSB/LSB conversion circuit |

Data bus high-order bits

Data bus low-order bits

PAR
2P eabled UART
.
———oO
1SP PAR Clock
disabled| synchronous
type
e

Note: UART1 cannot be used in clock synchronous serial 1/O.

¢ K E

| MSBJ/LSB conversion circuit |

(d

UARTI transmit
buffer register

|Ds| |D7§D6§D5§D4§D3§D2§D1§Do|

UART (8 bits)
UART (9 bits)

Clock
synchronous
type

UART (9 bits)

TxDi

UART (7 bits) UART (7 bits)

UART (8 bits)

UARTI transmit register

Clock
synchronous
type

SP: Stop bit
PAR: Parity bit

Figure 1.70. Block diagram of transmit/receive unit
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UARTI transmit buffer register (Note)

(b15)
b7

(b8)
b0 b7

Symbol
b0 uoTB

| UlTB

UARTI receive buffer register

(b15)
b7

(b8)
b0 b7

Address
03A316, 03A216
03AB1s, 03AA16

When reset
Indeterminate
Indeterminate

RPN

RIW

Transmit data X0
Nothing is assigned.

In an attempt to write to these bits, write “0”. The value, if read, turns outto be | — —
indeterminate. |

Note : Use MOV instruction to write to this register.
Symbol Address When reset
bo UORB 03A716, 03A616 Indeterminate
U1RB 03AF16, 03AE16 Indeterminate

Bit ) Function (During clock Eunction !

symbol Bit name synchronous serial /O |  (puring UART mode) R'W
mode) |

— — Receive data Receive data O X
Nothing is assigned. !

In an attempt to write to these bits, write “0”. The value, if read, turns out to —=
be indeterminate. !

OER | Overrun error flag | 0 : No overrun error 0 : No overrun error O X
(Note) 1 : Overrun error found 1 : Overrun error found !

FER Framing error flag | Invalid 0 : No framing error O: x
(Note) 1 : Framing error found ‘

PER | Parity error flag Invalid 0 : No parity error Oi X
(Note) 1 : Parity error found |

SUM [ Error sum flag Invalid 0 : No error O'X
(Note) 1 : Error found !

Note: Bits 15 through 12 are set to “0” when the receive enable bit is set to “0”. (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 03A616, and 03AE1s) is

UARTI bit rate generator (Note 1, 2)

b7

bo

read out.

Symbol Address When reset
UOBRG 03Al1s Indeterminate
U1BRG 03A916 Indeterminate
Values that can be set R:W
T
Assuming that set value = n, BRGi divides the 0016 to FF1s X ‘O

count source by n + 1

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

Figure 1.71.

Serial I/O-related registers (1)
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UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 03A016, 03A816 0016
. Function : !
P Bit . " Function !
[ Bit name (During clock synchronous : RIW
I symbol serial /O mode) (During UART mode) :
v+ 1] swmDo ; f Must be fixed to 001 b2 b1 b0 3
. (S,\ng Ill)o mode select bit b2 b1 bo 100 : Transfer data 7 bits long |O: O
000 : Serial I/0 invalid 101: Transfer data 8 bits long | .
v .| SMD1 01 0 : Inhibited 11 0: Transfer data 9 bits long i
. 011 : Inhibited 000 : Serial I/O invalid 0.0
1 11 1: Inhibited 01 0: Inhibited ‘
e SMD2 01 1: Inhibited !
111 Inhibited 0.0
———————————— CKDIR [Internal/external clock 0 : Internal clock (Note 3) 0 : Internal clock (Note 3) o ‘ o
select bit (Note 2) 1: External clock (Note 4) 1: External clock (Note 4) ‘
"""""""" STPS | stop bit length select bit | Invalid 0 One stop bit 00
1: Two stop bits |
.................. PRY | Odd/even parity select bit| Invalid Valid when bit 6 = “1"
0 : Odd parity 0.0
1: Even parity i
--------------------- PRYE | Parity enable bit Invalid 0: Parity disabled 0.0
1: Parity enabled !
----------------------- SLEP | Sleep select bit Must always be “0” 0: Sleep mode deselected 0o
1: Sleep mode selected i
Note 1: UART1 cannot be used in clock synchronous serial I/O.
Note 2: UARTL1 can use only internal clock. Must set this bit to “1”.
Note 3: Set the corresponding port direction register to “1” (output mode).
Note 4: Set the corresponding port direction register to “0” (input mode).
UARTI transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl bo
| 1 | | | | | Symbol Address When reset
i el I 0 A UiC0(i=0,1) 03A416, 03AC16 0816
I : . Function (Note) ) i
o : Bit . ) Function !
T H Bit name (During clock synchronous . R:W
E . . : symbol serial /O mode) (During UART mode) :
oo ! b1 b0 b1 b0
HE -1 CLKO | BRG count source 00 : f1is selected 00: f1is selected O;O
HE select bit 01:fsis selected 01:fsis selected ;
A N CLK1 10: fa2 is selected 10:fa2 is selected oo
[ 11:fcis selected 11:fcis selected |
o Set this bit to “0”. f
A 0.0
Pl TXEPT | Transmit register empty | °° r';ztgtg:e(fﬂ‘itn'g t‘:;ﬂssmi';sion) 0: (E;ata} present in tr_anS)mit register | |
! ! emmmeeeee=d fla X . . uring transmission !
v 9 1 No_dtala [t)resem_ |n_lransm|t 1 : No data present in transmit o 1X
v ‘r:%%splé;r“(aé?nsmlssmn register (transmission completed) | |
P Set this bit to “1”. 3
P 00
H NCH Data output select bit 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output |
Tttt 1: TXDi pin is N-channel 1: TXDi pin is N-channel 0.0
open-drain output open-drain output |
. . 0 : Transmit data is output at “on i
CKPOL | CLK polarity select bit falling edge of transfer clock Must always be *0 !
____________________ and receive data is input at :
rising edge I
1: Transmit data is output at o io
rising edge of transfer clock !
and receive data is input at !
falling edge !
RN UFORM | Transfer format select bit | O : LSB first “Qr 1
1 MSB firet Must always be “0 (e} :O
Note: UART1 cannot be used in clock synchronous serial I/O.

Figure 1.72. Serial I/O-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216

A ) Function (Note 1) - *
- Bit : : Function !
R R Bit name (During clock synchronous : R!W
. b . . . . symbol serial /0 mode) (During UART mode) :
TE Transmit enable bit 0 : Transmission disabled 0 : Transmission disabled OEO
A 1 : Transmission enabled | 1 : Transmission enabled !
A Tl Transmit buffer 0 : Data present in 0 : Data present in
o oo T empty flag transmit buffer register transmit buffer register o) X
A A 1: No data present in 1: No data present in !
R transmit buffer register transmit buffer register !
R N RE Receive enable bit 0 : Reception disabled 0 : Reception disabled oo
oo e (Note 2) 1 : Reception enabled 1: Reception enabled
RI Receive complete flag 0 : No data present in 0 : No data present in
L LEEEE receive buffer register receive buffer register Qx|
N 1: Data present in 1: Data present in !
HE receive buffer register receive buffer register :
A Nothing is assigned. i

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. | |

Note 1: UART1 cannot be used in clock synchronous serial I/0.

Note 2: If you are using clock asynchronous serial I/O mode, you can enable 'receive enable bit' when
RxD port input is “H". If RxD port input is “L” and you have enabled 'receive enable bit' , then
receive operation starts immediately.

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | UCON 03B016 XX0000002

A ) Function . i
[ Bit . - Function I
- Bit (During clock synchronous ) R'W|
P44 b b| symbol name serial /O mode) (During UART mode) |
V4 4+ 4+ 1+ % 1+ 1] UOIRS | UARTO transmit 0 : Transmit buffer empty 0 : Transmit buffer empty O:O
. interrupt cause select bit @=1 (M=1) 1
A 1: Transmission completed 1: Transmission completed \
- (TXEPT =1) (TXEPT =1) '
E E E E E E E U1IRS | UART1 transmit Set this bit to “0”. 0 : Transmit buffer empty !
A interrupt cause select bit (T=1) 0.0
e 1: Transmission completed !
T R R (TXEPT =1) |
oo UORRM | UARTO continuous 0 : Continuous receive Must always be “0” 1
e antt receive mode enable bit mode disabled fo}le)
oor o 1 : Continuous receive !
Lo mode enable ;
T Set this bit to “0". o0
CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1” Must always be “0” i
SRRREELLLE 0 : Clock output to CLK1 e
N 1: Clock output to CLKS1 !
T CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0”
o bit 1 (Note 2) (CLK output is CLKO only) 1
P TTTTmmTmmmm e 1 : Transfer clock output 00
v from multiple pins !
- function selected !
R S Nothing is assigned. i

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. i

Note 1: UART1 cannot be used in clock synchronous serial 1/0.
Note 2: When using multiple pins to output the transfer clock, the following requirements must be met:
* UARTO internal/external clock select bit (bit 3 at address 03A016) = “0”".

Figure 1.73. Serial I/O-related registers (3)
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(1) Clock synchronous serial I/O mode
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. (See Table
1.25.) Figure 1.65 shows the UARTO transmit/receive mode register.

Table 1.25. Specifications of clock synchronous serial I/O mode

Item

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

* When internal clock is selected (bit 3 at address 03A016 = “0”) : fi/ 2(n+1) (Note 1)
fi = f1, fg, f32, fc
« When external clock is selected (bit 3 at address 03A016 = “1") : Input from CLKO pin

Transmission start
condition

« To start transmission, the following requirements must be met:

- Transmit enable bit (bit O at address 03A516) = “1”

— Transmit buffer empty flag (bit 1 at addresses 03A516) = “0”

« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKO polarity select bit (bit 6 at address 03A416) = “0”: CLKO input level = “H”

— CLKO polarity select bit (bit 6 at address 03A416) = “1": CLKO input level = “L"

Reception start
conditio

« To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at address 03A516) = “1”

— Transmit enable bit (bit O at address 03A516) = “1”

- Transmit buffer empty flag (bit 1 at address 03A516) = “0”

« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKO polarity select bit (bit 6 at address 03A416) = “0": CLKO input level = “H”

— CLKO polarity select bit (bit 6 at address 03A416) = “1": CLKO input level = “L”

Interrupt request
generation timing

* When transmitting

— Transmit interrupt cause select bit (bit 0 at address 03B016) = “0”": Interrupts re-
guested when data transfer from UARTO transfer buffer register to UARTO transmit
register is completed

— Transmit interrupt cause select bit (bit 0 at address 03B016) = “1”": Interrupts re-
guested when data transmission from UARTO transfer register is completed

* When receiving

— Interrupts requested when data transfer from UARTO receive registerto UARTO
receive buffer register is completed

Error detection

* Overrun error (Note 2)
This error occurs when the next data is ready before contents of UARTOreceive
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 trans-
fer 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
UARTO transfer clock can be chosen by software to be output from one of the two
pins set

Note 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
Note 2: If an overrun error occurs, the UARTO receive buffer will have the next data written in. Note also that the
UARTO receive interrupt request bit does not change.
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UARTO transmit/receive mode registers

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| O| | | | | 0| 0| 1| UOMR 03A016 0016

¢or o v L Bitsymbol Bit name Function RiW
bt v i "1 SMDO | Serial I/O mode select bit | b2 b1 bo - |©©%
I . SMD1 00 1: Clock synchronous serial  [0'O
. I/0 mode

oo T SMD2 00
] CKDIR Internal/external clock 0 : Internal clock (Note 1) OEO
oo select bit 1 : External clock (Note 2) !
Pl o] STPS 0.0
P Tmmmmmmmmmmeeeeed PRY Invalid in clock synchronous serial /0 mode 00
b ] PRYE 00
LT e SLEP 0 (Must always be “0” in clock synchronous serial /O mode) 00

Note 1: Set the corresponding port direction register to “1” (output mode).
Note 2: Set the corresponding port direction register to “0” (input mode).

Figure 1.74. UARTO transmit/receive mode register in clock synchronous serial /O mode

Table 1.26 lists the functions of the input/output pins during clock synchronous serial I/O mode. Note that
for a period from when the UARTO operation mode is selected to when transfer starts, the TxDO pin
outputs a “H”. (If the N-channel open-drain is selected, this pin is in floating state.)

Table 1.26. Input/output pin functions in clock synchronous serial /O mode

Pin name Function Method of selection
TxDO Serial data output Port P50 direction register (bit O at address 03EB16)= “1"
(P50) (Outputs dummy data when performing reception only)
RxDO Serial data input Port P51 direction register (bit 1 at address 03EB16)= “0"
(P51) (Can be used as an input port when performing transmission only)
CLKO Transfer clock output Internal/external clock select bit (bit 3 at address 03A016) = “0”
((RE57) H e PSP
: Internal/external clock select bit (bit 3 at address 03A016) = “1”
T fer clock A X .
ransfer clock input Port P52 direction register (bit 2 at address 03EB16) = “0”
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» Example of transmit timing (when internal clock is selected)
Tc

SuLLPe

Transfer clock

_ wn : |
Transmit enable ' Datais setin UARTO transmit buffer

bit (TE) 0 register
Transmit buffer ‘1" | | $ CI)
empty flag (TI) “or | ~_

Transferred from UARTO transmit buffer register to UARTO
transmit register

TcLk

Stopped pulsing because transfer enable bit = “0”

CLKO

PEEEEEEEREEEREHE JRCEEREEE

Transmit wgr :
register empty w0 |—| I_
flag (TXEPT) . | | _]:

Transmit interrupt  “1” l_l_

request bit (IR) “« \ | |\ I_/|

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=Tck=2(n+1)/fi
« Internal clock is selected. fi: frequency of BRGO count source (f1, f8, f32, fc)
* CLK polarity select bit = “0". n: value set to BRGO
» Transmit interrupt cause select bit = “0".

» Example of receive timing (when external clock is selected)

wg
Receive enable l
bit (RE) ‘0"

Transmit enable | ) ) ] )

bit (TE) 0" Dummy data is set in UARTO transmit buffer register
Transmit buffer ! (1;\

empty flag (TI) “0”

Transferred from UARTO transmit buffer register to UARTO transmit register

CLKO
Receive data is taken in

RxDO

Transferred from UARTO receive register Read out from UARTO receive buffer register
Receive complete ‘1 to UARTO receive buffer register
flag (RI) “0”
Receive interrupt 1" | |
request bit (IR) “0”

P

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 CLK
« External clock is selected. input before data reception = *H
* CLK polarity select bit = “0”.  Transmit enable bit — “1

* Receive enable bit — “1”
* Dummy data write to UARTO transmit buffer register

fEXT: frequency of external clock

Figure 1.75. Typical transmit/receive timings in clock synchronous serial /O mode
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(a) Polarity select function

As shown in Figure 1.76, the CLK polarity select bit (bit 6 at addresses 03A416) allows selection of the
polarity of the transfer clock.

* When CLK polarity select bit = “0”

ST B O A

TXDO X po ¥ p1 X D; JX D3 X pa X Ds X Ds X D7 Note 1: Lgigéﬁiggig;g’g vahen not

RXDO X po X b1 X b2 X D3 X _pa X D5 X ps X D7

* When CLK polarity select bit = “1"

CLKo l

Note 2: The CLKO pin level when not

TXDO >< Do }8{ D1 >< D2)>< D3 >< D4 >< D5 >< D6 >< D7 transferring data is “L".
/
RXDo ><DO><D1><D2><D3><D4><D5><D6><D7

Figure 1.76. Polarity of transfer clock

(b) LSB first/MSB first select function

As shown in Figure 1.77, when the transfer format select bit (bit 7 at addresses 03A416) = “0”, the
transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

* When transfer format select bit = “0”

CLKo
TXDO X po X b1 X D2 X D3 X Da X D5 X De X D7

mp | SB first
RXDO X po X b1 X D2 X D3 X D4 X Ds X Ds X D7
* When transfer format select bit = “1”
o L L) L)L) L)L L L
TXDO ><D7><D6><D5><D4><D3><D2><D1><Do
= MSB first

RXDO X b7 X bs X Ds X pa X D3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit = “0".

Figure 1.77. Transfer format
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. __________________________________________________________________________________________________________________________|

(c) Transfer clock output from multiple pins function
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 03B016). (See Figure 1.78.) The
multiple pins function is valid only when the internal clock is selected for UARTO.

Microcomputer

TxDo (P50)

CLKS (P53)

CLKo (P52) IN IN
CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial I/O mode.

Figure 1.78. 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 03B016) 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.
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(2) Clock asynchronous serial I/0 (UART) mode
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer

84

data format. (See Table 1.27.) Figure 1.79 shows the UARTi transmit/receive mode register.

Table 1.27. Specifications of UART Mode

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 03A016, 03A816 = “0") :
fi/zt6(n+1) (Note 1) fi = f1, fs, f32, fC

* When external clock is selected (bit 3 at addresses 03A016="1") :
fExT/16(n+1) (Note 1) (Note 2)

Transmission start
condition

* To start transmission, the following requirements must be met:
- Transmit enable bit (bit O at addresses 03A516, 03AD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “0”

Reception start condi-
tion

« To start reception, the following requirements must be met:
- Receive enable bit (bit 2 at addresses 03A516, 03AD16) = “1”
- Start bit detection

Interrupt request gen-
eration timing

* When transmitting

- Transmit interrupt cause select bits (bits 0,1 at address 03B016) = “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 03B016) = “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

Error detection

* Overrun error (Note 3)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

* Framing error
This error occurs when the number of stop bits set is not detected

* Parity error
This error occurs when if parity is enabled, the number of 1's in parity and
character bits does not match the number of 1's set

« Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is
encountered

Select function

« Sleep mode selection
This mode is used to transfer data to and from one of multiple slave micro-
computers

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UART bit rate generator.

Note 2: fEXT is input from the CLKO pin. Since UART1 does not have this pin, cannot select external clock.

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 does not change.
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UARTI transmit / receive mode registers

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UIMR(i=0,1) 03A016, 03A816 0016
+ + 1| Bit symbol Bit name Function RIW
1+ "1 SmDo Serial I/0 mode select bit |2 0100 00

100 : Transfer data 7 bits long ‘

v SMD1 101: Transfer data 8 bits long ~ |2:O
(R SMD2 11 0: Transfer data 9 bits long 0.0
R CKDIR Internal / external clock 0 : Internal clock (Note 2) OEO

select bit (Note 1) 1: External clock (Note 3) |
STPS Stop bit length select bit 0 : One stop bit |

VT 1: Two stop bits Oio
: PRY Odd / even parity Valid when bit 6 = “1” :
b e select bit 0 : Odd parity 00
: 1: Even parity |
E PRYE Parity enable bit 0 : Parity disabled O:O
e 1 : Parity enabled :
E_ _______________________ SLEP Sleep select hit 0 : Sleep mode deselected O:O
1 : Sleep mode selected ;

Note 1: UART1 can use only internal clock. Must set this bit to “1”.
Note 2: Set the corresponding port direction register to “1” (output mode).
Note 3: Set the corresponding port direction register to “0” (input mode).

Figure 1.79. UARTI transmit/receive mode register in UART mode

Table 1.28 lists the functions of the input/output pins during UART mode. 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 1.28. Input/output pin functions in UART mode

Pin name Function Method of selection

TxDi Serial data output Port P51 and P42 direction register (bit O at address 03EB1s, bit O at
(P50, P40) address 03EA16)= “1"

(Can be used as an input port when performing reception only)
RxDi Serial data input Port P51 and P42 direction register (bit 1 at address 03EB16, bit 2 at
(P51, P42) address 03EA16)= “0"

(Can be used as an input port when performing transmission only)
CLKO Programmable 1/O port | Internal/external clock select bit (bit 3 at address 03A016) = “0”
(P52) Transfer clock input Internal/external clock select bit (bit 3 at address 03A016) = “1”
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» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc

e

o] |

Transfer clock

Transmit enable

bit(TE) Data is set in UARTI transmit buffer register.
Transmit buffer %’ _l : X
empty flag(Tl) “gr ¥
Transferred from UARTi transmit buffer register to UARTI transmit register
Start Parity ~ Stop Stopped pulsing because transmit enable bit = “0”

bit bit bit \
o STADKOXLXOXOXOXOKOKPY 57 \STADKD X0 XN XA OK ) P
Transmit register “1" ————
empty flag
(TXEPT)

Transmit nterrupt | ]
N yd

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, 32, fc)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

The above timing applies to the following settings :
« Parity is enabled.
« One stop bit.
« Transmit interrupt cause select bit = “1”.

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

Tc

e

Transfer clock

Transmit enable ‘1" !
bit(TE) “Q J Data is set in UARTI transmit buffer register | |_
Transmit buffer r | q;‘
empty flag(Tl) “gr :
Transferred from UARTi transmit buffer register to UARTI transmit register
Start Stop  Stop
bit bit bit

TXDi ) :

STADXDX DN DN DKOKLKLXDeY 5P 5P \STADK KX X DX DX DN 0 X0y s
Transmit register 1" —
empty flag .
(TXEPT) 0
Transmit interrupt  “1" I —l |
request bit (IR) . | |

N /

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

The above timing applies to the following settings :
* Parity is disabled.
* Two stop bits.
« Transmit interrupt cause select bit = “0".
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Figure 1.80. 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)

BRGi count
source

ap
Receive enable bit o0
Stop bit

|-

Sampled “L”
Receive data taken in

Transfer clock

] S [

Reception triggered when transfer clock ~ Transferred from UARTI receive register to
Receive “1" is generated by falling edge of start bit UARTI receive buffer register ~——. |>7

complete flag “o”

Receive interrupt = «1»
request bit “g

-

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.

Figure 1.81. Typical receive timing in UART mode

(a) Sleep mode

This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTIi. The sleep mode is selected when the sleep select bit (bit 7 at addresses
03A016, 03A816) 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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A-D Converter
The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins P60 to P67, and P50 to P54 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 03D716) 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 03D716 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 1.29 shows the performance of the A-D converter. Figure 1.82 shows the block diagram of the A-D
converter, and Figures 1.83 and 1.84 show the A-D converter-related registers.

Table 1.29. Performance of A-D converter
Item Performance

Method of A-D conversion | Successive approximation (capacitive coupling amplifier)

Analog input voltage (Note 1)| OV to AVcc (Vcc)

Operating clock @ab (Note 2) | Vcc =5V faD, divide-by-2 of faD, divide-by-4 of fap, fAD=f(XIN)
Vcc =3V divide-by-2 of faD, divide-by-4 of faD, fAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vcc =5V« Without sample and hold function
+3LSB
» With sample and hold function (8-bit resolution)
+2LSB
» With sample and hold function (10-bit resolution)
+3LSB
Vcec =3V« Without sample and hold function (8-bit resolution)
+2LSB
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) + 5 pins (AN50 to AN54)

A-D conversion start condition | » Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
Conversion speed per pin | » Without sample and hold function
8-bit resolution: 49 @AD cycles, 10-bit resolution: 59 @aD cycles
* With sample and hold function
8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @aD cycles

Note 1: Does not depend on use of sample and hold function.
Note 2: Without sample and hold function, set the @ab frequency to 250kHz min.
With the sample and hold function, set the @aD frequency to 1MHz min.
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CKS1=1
@)
fAD CKSO0=1 5\ T @AD
o—«—{ 1/2 }—l—{ 1/2 }—o cksi=o A-D conversion rate
CKS0=0 selection
VREF O——
vegr=o Resistor ladder
SN
AVss O—o0O
o, AAAARLAAAA
LTI
-
Successive conversion register
A-D control register 1 (address 03D716)
A-D control register 0 (address 03D616)
Addresses v | ‘ V
(03C116, 03CO016) A-D register 0(16) -
(03C316, 03C216) A-D register 1(16) -
(03C516, 03C416) A-D register 2(16) - Vref
(03C716, 03C616) A-D register 3(16) - Decoder
(03C916, 03C816) A-D register 4(16) - —
(03CB16, 03CA16) A-D register 5(16) -
(03CD16, 03CCa1s) A-D register 6(16) - VIN Comparator
(03CF1s, 03CE16) A-D register 7(16) -
S Data bus high-order S
S Data bus low-order S
Y
Port P6 group
PBo/ANO O CH2,CH1,CHO=000 3
P6LANL O CH2,CH1,CHO=001 5~ .
P62/AN2 () CH2,CHLCHO=010 S~~~ | ADGSELO0
P63/AN3 O CH2,CH1,CHO=011 5~ . —
CH2,CH1,CHO=100 5~~~ 3 1
P64/ANs O CH2,CH1,CHO=101 2
P65/ANs O CHLCHOSIOL 70—
P66/ANG O CH2,CHLCHO=110 ~™~ \
P67/AN7 O CH2.CHLCHO=111 S~
Port P5 group Yvy
P50/ANS0 O CH2,CH1,CHO=000 3
P51/ANsL O CH2.CH1,CHO=001 (™, . ADGSELO=1
P52/ANs2 O CH2,CH1,CH0=010 ™~ S0
P53/ANSs O CH2,CH1,CHO=011 5 .
P54/ANs4 O CH2,CH1,CHO=100 5™~

Figure 1.82. Block diagram of A-D converter
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A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | 0| | | | | | ADCONO 03D616 00000XXX2
¢or oo 1| Bitsymbol Bit name Function RIW
P TN 1
[ CHO Analog input pin select bit | 0 0 0 : ANo is selected 00
I T R R R 001:ANz1is selected '
R 010:AN2is selected '
T CH1 011:ANsis selected 0.0
100 : AN4 s selected
e 101:ANsis selected i
I T R R CH2 110:ANsis selected 0.0
Voo 111:AN7is selected (Note 2, 3) i
Lo - i b4 b3 :
T T S mpo | AD creration mode 00 : One-shot mode oo
T select bit 0 0 1: Repeat mode !
R 10: Single sweep mode !
neeCTEEE MD1 11 : Repeat sweep mode 0 00
Py Repeat sweep mode 1 (Note 2)
[ Set this bit to “0". 00
L ___________________ A-D conversion start flag | 0 : A-D conversion disabled
H ADST 1: A-D conversion started O;O
_______________________ CKS0 Frequency select bit 0 0:faD/4 is selected OEO
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.

Note 3: AN50 to ANs4 can be used in the same way as for ANo to AN4.

A-D control register 1 (Note 1)

b3

o
>

bl b0

90

Symbol

ADCON1

Address When reset

03D716

0016

Bit symbol

Bit name

Function

P -

SCANO

A-D sweep pin select bit

SCAN1

When single sweep and repeat sweep
mode 0 are selected

bl b0

0 0 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins)

1 0: ANo to ANs (6 pins)

11 : ANo to AN7 (8 pins)

When repeat sweep mode 1 is selected
bl b0
00 : ANo (1 pin)
01 : ANo, AN1 (2 pins)
1 0 : ANo to AN2 (3 pins)

11 ANo to AN3 (4 pins) (Note 2, 3)

MD2

A-D operation mode
select bit 1

0 : Any mode other than repeat sweep
mode 1
: Repeat sweep mode 1

BITS

8/10-bit mode select bit

: 8-bit mode
: 10-bit mode

CKS1

Frequency select bit 1

: fap/2 or faD/4 is selected
: fAD is selected

VCUT

Vref connect bit

: Vref not connected
: Vref connected

rol|lrolrolr

SRR ——— )

Set this bit to

“0".

ADGSELO

A-D input group select bit

: Port P6 group is selected
: Port P5 group is selected

0o

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: AN5so0 to AN54 can be used in the same way as for ANo to AN4.
Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.
If port P5 group is selected, do not select 8 pins sweep mode.

Figure 1.83. A-D converter-related registers (1)
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A-D control register 2 (Note)

Nothing is assigned.

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

|><|><|><|><| 0| 0 | 0| | ADCON2 03D416 XXXX00002
T symbol Bit name Function R'W,
i : : : : : : : A-D conversion method 0 : Without sample and hold
- SMP select bit 1 : With sample and hold Oio
t--i--i----| Reserved bit Always set to “0” O (@]

EEEEEEEEEEEEREEEE In an attempt to write to these bits, write “0”. The value, if read, turns out to - -
be indeterminate.

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=0 to 7) 03CO016 to 03CF16 Indeterminate
(b15) (b8)
b7 bo b7 bo

:

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

Function R'W,
- .| Eight low-order bits of A-D conversion result 0'X
; « During 10-bit mode OEX

* During 8-bit mode XX
The value, if read, turns out to be indeterminate. !

Frmmcccemcccceme_————————
i —
i
e ——

Nothing is assigned.

read, turns out to be indeterminate.

In an attempt to write to these bits, write “0”. The value, if - -

Figure 1.84. 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. (See Table 1.30.) Figure 1.85 shows the A-D control register in one-shot mode.

Table 1.30. 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")

» 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 (Note)

Reading of result of A-D converter | Read A-D register corresponding to selected pin
Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register O (Note 1)

00 1:ANz1is selected

010:AN2is selected '
oo CH1 011:ANs3is selected 0.0
100: AN4is selected |
101:ANsis selected i

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | 0| O| 0| | | | ADCONO 03D616 00000XXX2
¢+ | Bit symbol Bit name Function RIW
E E b2 bl b0 !
[ CHO Analog input pin select bit [ 00 0 : ANo is selected 00

Pl CH2 110: ANs is selected 00

H 111:AN7is selected (Note 2, 3) |

' . b4 b3 i
"""""" MDO A-D operation mode 0 0 : One-shot mode (Note 2) 00
[ MD1 select bit 0 00
. Set this bit to “0”. 00
e ADST A-D conversion start flag | 0 : A-D conversion disabled 00

1: A-D conversion started

________________________ CKSO Frequency select bit 0 0: fap/4 is selected OEO
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.

Note 3: ANso to ANs4 can be used in the same way as for ANo to AN4.

A-D control register 1 (Note)

b7 b6 bS b4 b3 b2 bl bO Symbol Address  When reset
[ Jo[a] | [o] [ | ADcom: 03D716 0016

poror o Bt symbol Bit name Function R'W
E , , , , , , . SCANO A-D sweep pin select bit Invalid in one-shot mode o o)
e oo
oo A-D operation mode Set this bit to *0” in this mode. o0
A MD2 select bit 1 ;
[ 8/10-bit mode select bit | 0 : 8-bit mode i
P BTS 1: 10-bit mode 0,0
. _____________ Frequency select bit 1 0 : fAaD/2 or faD/4 is selected i
P CcKS1 1:fap is selected 0.0
: : : ________________ VeUT Vref connect bit 1: Vref connected O o
E L Set this bit to “0”. O o)
R REEEELEEEEEPEEPE ADGSELO | A-D input group select bit |0 : Port P6 group is selected 00

1: Port P5 group is selected

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Figure 1.85. 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.
(See Table 1.31.) Figure 1.86 shows the A-D control register in repeat mode.

Table 1.31. Repeat mode specifications

Item Specification
Function The pin selected by the analog input pin select bit is used for repeated A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing | None generated
Input pin One of ANo to AN7, as selected (Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register O (Note 1)

001:AN1is selected

010:AN2is selected

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

| | | 0| 0| 1| | | | ADCONO 03D616 00000XXX2
:+| Bitsymbol Bit name Function RIW
Vo b2 b1 bo !
vk CHO Analog input pin select bit | 000 : ANo is selected 00

ol em 011:ANsis selected 00
100:AN4is selected :

101:ANsis selected

boheeeaas CH2 110:ANsis selected 00
. 111:AN7is selected (Note 2, 3) !
. ~ : b4 b3 !
"""""" MDO A-D operation mode 01 : Repeat mode (Note 2) O:O
O MD1 select bit 0 00
D . Set this bit to “0". 00
b e ADST A-D conversion start flag | 0 : A-D conversion disabled oo
1: A-D conversion started |
________________________ CKSO Frequency select bit 0 0 : fapn/4 is selected OEO

1:fap/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.

Note 3: AN50 to ANs4 can be used in the same way as for ANo to AN4.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address  When reset
| [o]a] | [o] | | ADconi 03D716 0016
c1 [ Bt symbol Bit name Function RIW|
oo i+ 1 L] SCANO |A-Dsweep pinselectbit | invalid in repeat mode oo
E E E E E e SCAN1 OEO
P ' : A-D operation mode Set this bit to “0” in this mode. !
CoTTTT MD2 select bit 1 0,0
P e 8/10-bit mode select bit | 0 ; 8-bit mode 3
Pl BITS 1 10-bit mode 0,0
[ S Frequency select bit 1 0 : fAD/2 or faD/4 is selected ;
o ckst 1:fap is selected 00
. VCUT Vref connect bit 1 : Vref connected oo
R Set this bit to “0”. oo
L Di + |0 : Port P6 group is selected |
ADGSELO | A-D input group select bit 1: Port P5 group is selected OEO

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Figure 1.86. A-D conversion register in repeat mode

RENESAS 03

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D Converter

(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. (See Table 1.32.) Figure 1.87 shows the A-D control register in single sweep mode.
Table 1.32. Single sweep mode specifications

ltem Specification
Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D conversion
Start condition Writing “1” to A-D converter start flag
Stop condition * End of A-D conversion (A-D conversion start flag changes to “0".)

» 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)(Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note)

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

[T Jo[efo] [ [ ] ADcoNo 03D616  00000XXX2
i | Bit symbol Bit name Function RIW
o L CHO Analog input pin select bit | Invalid in single sweep mode o0
AR TR N SO e oo
Dol e CH2 00
Pl : babs :
ooy T MDO A-D operation mode 10 : Single sweep mode o0
S MD1 select bit 0 00
LA S SO Set this bit to “0". 00
S ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
H 1 : A-D conversion started |
] CKS0 Frequency select bit 0 0 : fap/4 is selected oio

1:fap/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 bS5 b4 b3 b2 bl b0 Symbol Address When reset
[o[1] | Jo] [ | ~pcon 03D716 0016

Bit symbol Bit name Function R'W

A-D sweep pin select bit [ when single sweep and repeat sweep

SCANO mode 0 are selected OEO
b1 b0

00: ANo, AN1 (2 pins) 1
01 : ANo to AN3 (4 pins) i
----] SCAN1 10 : ANo to ANs (6 pins) 0.0

. . 11 : ANo to AN7 (8 pins) (Note 2, 3)

. . _______ MD2 ,;-\(;Iliégtp;{altion mode Set this bit to “0” in this mode. Oio
' ' __________ BITS 8/10-bit mode select bit (1) iibtjik;i{nnggge O%O
______________ CKS1 Frequency select bit 1 2 Iﬁg/izs?sggggdis selected O o
L veur | Vref connectbit 1: Vref connected oo
e Set this bit to “0". 00
S ADGSELO | A-D input group select bit |9 Bor B9 oroup Is selected oo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: ANso to AN54 can be used in the same way as for ANo to AN4.

Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.
If port P5 group is selected, do not select 8 pins sweep mode.

Figure 1.87. 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. (See Table 1.33.) Figure 1.88 shows the A-D control register in repeat sweep mode 0.

Table 1.33. Repeat sweep mode O specifications

Iltem Specification
Function The pins selected by the A-D sweep pin select bit are used for repeat sweep A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing | None generated
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)(Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address  When reset
[ | [o]a]a] [ || ADcono 03D616  0O000OXXX2
Bit symbol Bit name Function R}W
: T CHO Analog input pin select bit | Invalid in repeat sweep mode 0 oo
Dl ] om oo
: e CH2 0i0
: N ) - b4 b3 ;
H I MDO A-D operation mode 11 : Repeat sweep mode 0 O\O
: [ PR MD1 select bit 0 O}O
R Set this bit to “0”. 00
L ADST | A-D conversion start flag | 0 : A-D conversion disabled oo
' 1 : A-D conversion started \
' _______________________ CKSO Frequency select bit 0 0 : faD/4 is selected OEO
1:fap/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 b0

Symbol Address When reset
| [o]2] | [o] [ | Apcom 03D716 0016
Bit symbol Bit name Function RiW

A-D sweep pin select bit | When single sweep and repeat sweep |

-1 SCANO mode O are selected 00
b1 b0

0 0: ANo, AN1 (2 pins) "

01 : ANo to AN3 (4 pins) !

----| SCAN1 10 : ANo to ANs (6 pins) o0

11: ANo to AN7 (8 pins) (Note 2, 3) !

bmmmmmmmmm i ———

_______ MD2 ;—}E Cotptt)ei:altion mode Set this bit to “0” in this mode. 030

----------- BITS 8/10-hit mode select bit (1) ?E)kfgi?]n?gge O e}

| (FR cKks1 | Frequency select bit 1 0: ][Qg/lzs or {gg{g dis selected O% o
________________ veuT Vref connect bit 1: Vref connected O o

: e Set this bit to “0”. oio

----------------------- ADGSELO |A-D input group select bit |0 : Port P6 group is selected |
1: Port P5 group is selected Oio

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: AN5s0 to ANs4 can be used in the same way as for ANo to AN4.

Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.
If port P5 group is selected, do not select 8 pins sweep mode.

Figure 1.88. 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. (See Table 1.34.) Figure 1.89 shows the A-D control register in repeat sweep mode 1.

Table 1.34. 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 — ANS3, 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 ANOo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins) (Note)

Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)
Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note)

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

| | | 0| 1| 1| | | | ADCONO 03D616 00000XXX2
bbb | Bitsymbol Bit name Function R'W
e I I CHO Analog input pin select bit | Invalid in repeat sweep mode 1 0!0
Db e o 00
I cH2 0o
I . e ;
e MDO A-D operation mode 11 : Repeat sweep mode 1 %
T MD1 select bit 0 00
T Set this bit to “0”. 00
L ___________________ ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1 1: A-D conversion started 1
_______________________ CKSO Frequency select bit 0 0 : faD/4 is selected OiO

1:fap/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 bS5 b4 b3 b2 bl b0 Symbol Address When reset
[ To[2] T ]2 [ ] Abcom 03D716 0016
Bit symbol Bit name Function R'W

T
'

A-D sweep pin select bit [ When single sweep and repeat sweep
-1 SCANO mode 1 are selected elfe}
bl b0

00 : ANo (1 pins) T
0 1: ANo, AN1 (2 pins) '
+---41 SCAN1 10 : ANo to AN2 (3 pins) o0
11 : ANo to AN3 (4 pins) (Note 2) !

A-D operation mode Set “1” in this mode. 1
"""" MD2 select bit 1 00

__________ 8/10-bit mode select bit 0 : 8-bit mode 1
: BITS 1 10-bit mode 0.0

L S Frequency select bit 1 0 : faD/2 or fap/4 is selected ;
' CKS1 1:faD is selected OEO
: I VCUT Vref connect bit 1 : Vref connected oo
I SGLGLCEOITLELS Set this bit to 0", o0
R LR PP L L L ADGSELO | A-D input group select bit 0 : Port P6 group is selected OEO

1: Port P5 group is selected

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: ANso to AN54 can be used in the same way as for ANo to ANa4.

Figure 1.89. A-D conversion register in repeat sweep mode 1
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» Sample and hold
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 03D416) to “1”. When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 @aD cycle is
achieved with 8-bit resolution and 33 @aD 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.
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Programmable I/O Ports
There are 43 programmable 1/O ports: PO to P7. 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. The port P1 allows the
drive capacity of its N-channel output transistor to be set as necessary.
Figures 1.90 to 1.92 show the programmable I/O ports.
Each pin functions as a programmable 1/0O 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, they function as outputs
regardless of the contents of the direction registers. See the descriptions of the respective functions for how
to set up the built-in peripheral devices.

(1) Direction registers
Figure 1.93 shows the direction registers.
These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis-
ters corresponds one for one to each 1/O pin.

(2) Port registers
Figure 1.94 shows the port registers.
These registers are used to write and read data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in port registers corresponds one for one to each 1/O pin.

(3) Pull-up control registers

Figure 1.95 shows 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.

(4) Port P1 drive capacity control register

Figure 1.95 shows a structure of the port P1 drive capacity control register.
This register is used to control the drive capacity of the port P1's N-channel output transistor. Each bit in
this register corresponds one for one to the port pins.
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Figure 1.90. Programmable I/O ports (1)
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Figure 1.91. Programmable I/O ports (2)
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Figure 1.92. Programmable I/O ports (3)
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Port Pi direction register (Note 1)

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

| | | | | | | | | PDi(i=0to 7) 03E216, 03E316, 03E716, 03EA1S6, 0016
— 03EB16, 03EE16, 03EF16 0016
v | Bit symbol Bit name Function R'W,
Ly 4. 4 v 4 % “{PDi_0 Port Pio direction register 0.0
A - — : 0 : Input mode i
PDi_1 Port Pi1 direction register (Functions as an input port) OEO
s PDi_2 Port Pi2 direction register | 1 : Output mode 00
A R PDi_3 Port Pi3 direction register (Functions as an output port) 00
T P PDi_4 Port Pis direction register (i=0to7 except2) 00
R — PDi 5 Port Pis direction register 00
L ECEEE PP E R PDi_6 Port Pie direction register (o6
R EECECECEEETETETE 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 P4 direction register.

Note 2: Nothing is assigned in direction register of P3e, P37, P46, P47, P55 to p57,
P72 to P77. These bits can either be set nor reset. When read, its contents
are indeterminate.

Figure 1.93. Direction register
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Port Pi register

b7 b6 b5 b4 b3 b2 bl bo _ 'Symbol Address When reset
Pi(i=0to7) 03EO016, 03E116, 03E516, 03E81s, Indeterminate

| | . | i | i | . | . | . | | 03E916, 03EC16, 03ED16 Indeterminate
Bit symbol Bit name Function R'W
o 4P Port Pi i |
L !_O ot fo regfster Data is input and output to and from © ;O
[ Pi_1 Port Pi1 register each pin by reading and writing to 0.0
(R R T S RUUP . Pi_2 Port Pi2 register and from each corresponding bit 00
N - - - 0:“L" level data 1
N Pi_3 Port Pis register 1: “H” level data ©) O
LECEEEEEr Pi_4 Port Pia register 00
S R —— Pi_5 Port Pis register (i=0to7 except?) 0.0
R ERREEEEEEEEEEEEEE Pi_6 Port Pis register (ON@)
B RRCECEEEEEEEEEE Pi_7 Port Pi7 register 0.0

Note: Nothing is assigned in direction register of P36, P37, P4s, P47, P55 to p57, P72 to
P77. This bit can either be set nor reset. When read, its content is indeterminate.

Figure 1.94. Port register
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Pull-up control register 0
b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | Symbol Address When reset
B N I A N PURO 03FC1s6 0016
S R R B =T symbol Bit name Function R'W
Poron oo RqPU0O POo to P03 pull-up The corresponding port is pulled 00
N PUO1 P04 to P07 pull-up high with a pull-up resistor 0.0
R _ 0 : Not pulled high !
bl PU02 P10 to P13 pull-up 1 Pulled high O:O
[ ARty PUO3 P14 to P17 pull-up 00
T S R— — — 0.0
R EECRILEa — — 00
SRR EEEEEEEEEEE PUO6 P30 to P33 pull-up 0.0
EEREEECTECTECEEEEEREEEEE PUO7 P34 to P35 pull-up 00

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
B N N N N N PUR1 03FD1s6 0016
A T symbol Bit name Function R'W
e P40 to P43 pull-up The corresponding port is pulled  |O O
N PU11 P44 to P47 pull-up high with a pull-up resistor 00
E ' ' ' ' ] 0 : Not pulled high
oo PU12 P50 to P53 pull-up 1: Pulled high O:O
T b bl PU13 P54 pull-up o0
SRR EEPTEERPEREREE PU14 P60 to P63 pull-up 00
I CLAAGOEEEEEES PU15 P64 to P67 pull-up 0.0
o Ry PU16 P70 to P71 pull-up 0.0
B EGREEEEEEEEELEEEE — — 0.0
Port P1 drive capacity control register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

LTI TTTT ] Core 03FE1 0015
poot 01 [ Bitsymbol Bit name Function R:W
¢+ 4 1 o+ 4+ =1DRRO Port Plo drive capacuty | Set P1 N-channel output 0.0
e DRR1 Port P11 drive capacuty trgr-]sﬂs(’)t(\)/\r/ drive capacity 0:0
I DRR2 Port P12 drive capacuty 1 HIGH 00
R  hRREr DRR3 Port P13 drive capacuty 00
LA GhCECEE DRR4 Port P14 drive capacuty 0.0
H AREELEEEEEELL DRR5 Port P15 drive capacuty 0.0
o Rmmmmmmmmmmmmmmnnneey DRR6 Port P16 drive capacuty 0.0
REREEEEEEEEEEEEEEEEEEEEED DRR7 Port P17 drive capacuty 0.0

Figure 1.95. Pull-up control register
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Example connection of unused pins

Table 1.36. Example connection of unused pins

Pin name

Connection

Ports PO, P1, P3 to P7

After setting for input mode, connect every pin to Vss (pull-down); or
after setting for output mode, leave these pins open.

Xout (Note)

Open

AVcc

Connect to Vcc

AVss, VREF

Connect to Vss

Note: With external clock input to XIN pin.
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Usage precaution
. __________________________________________________________________________________________________________________________|

Usage Precaution

Timer A (timer mode)

(1) Reading the timer AO register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer AO register with the reload timing gets “FFFF16”. Reading
the timer AO register after setting a value in the timer A0 register with a count halted but before the
counter starts counting gets a proper value.

Timer A (event counter mode)

(1) Reading the timer AO register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer AO register with the reload timing gets “FFFF16” by under-
flow or “000016” by overflow. Reading the timer AO register after setting a value in the timer AO
register with a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

Timer A (one-shot timer mode)
(1) Setting the count start flag to “0” while a count is in progress causes as follows:
» The counter stops counting and a content of reload register is reloaded.
» The TAOOUT pin outputs “L” level.
» The interrupt request generated and the timer AO interrupt request bit goes to “1”.
(2) The timer AO 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 AO interrupt (interrupt request bit), set timer AO interrupt request bit to “0”
after the above listed changes have been made.

Timer A (pulse width modulation mode)
(1) The timer AO 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 AO interrupt (interrupt request bit), set timer AO 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 TAOOUT pin is outputting an “H” level in this instance, the output level goes to “L”,
and the timer AO interrupt request bit goes to “1”. If the TAOOUT pin is outputting an “L” level in this
instance, the level does not change, and the timer AO interrupt request bit does not becomes “1”.
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Usage precaution

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.

Timer X (timer mode)

(1) Reading the timer Xi register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Xi register with the reload timing gets “FFFF16". Reading the
timer AO register after setting a value in the timer Xi register with a count halted but before the counter
starts counting gets a proper value.

Timer X (event counter mode)

(1) Reading the timer Xi register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Xi register with the reload timing gets “FFFF16” by underflow
or “000016” by overflow. Reading the timer Xi register after setting a value in the timer Xi register with
a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

Timer X (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 TXiINOUT pin outputs “L” level.
 The interrupt request generated and the timer Xi interrupt request bit goes to “1”.
(2) The timer Xi 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 Xi interrupt (interrupt request bit), set timer Xi interrupt request bit to “0” after
the above listed changes have been made.
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Usage precaution

Timer X (pulse width modulation mode)
(1) The timer Xi 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 Xi interrupt (interrupt request bit), set timer Xi 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 TXiINOUT pin is outputting an “H” level in this instance, the output level goes to “L”, and
the timer Xi interrupt request bit goes to “1”. If the TXiINOUT pin is outputting an “L” level in this
instance, the level does not change, and the timer Xi interrupt request bit does not becomes “1”.

Timer X (pulse period/pulse width measurement mode)

(1) If changing the measurement mode select bit is set after a count is started, the timer Xi 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 Xi interrupt request is not generated.

A-D Converter

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs).
In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an
elapse of 1 us or longer.

(2) When changing A-D operation mode, select analog input pin again.

(3) Using one-shot mode or single sweep mode
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A-
D conversion interrupt request bit.)

(4) Using repeat mode, repeat sweep mode O or repeat sweep mode 1
Use the undivided main clock as the internal CPU clock.

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 8 bytes from the WAIT
instruction and the instruction that sets all clock stop bits to “1” in the instruction queue. Therefore,
insert a minimum of 8 NOPs after the WAIT instruction and the instruction that sets all clock stop bits
to “1”.

(3) When the MCU running in low-speed or low power dissipation mode, do not enter WAIT mode with
WAIT peripheral function clock stop bit set to “1”.
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Usage precaution
. __________________________________________________________________________________________________________________________|

Interrupts

(1) Reading address 0000016
* When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to
‘0.
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000016 by software.
(2) Setting the stack pointer
» The value of the stack pointer immediately after reset is initialized to 000016. Accepting an inter-
rupt 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.
Concerning the first instruction immediately after reset, generating any interrupt is prohibited.
(3) External interrupt
» When changing a polarity of pins INTO and INTZ1, the interrupt request bit may become "1". Clear
the interrupt request bit after changing the polarity.
(4) Changing interrupt control register
See "Changing Interrupt Control Register".
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Electrical characteristics

Electrical characteristics

Table 1.36. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vcce Supply voltage -0.3t06.5 (Note 1) \Y
AVce Analog supply voltage -0.310 6.5 (Note 1) \
Vi Input voltage RESET, CNVss, P0Oo to P07, P1lo to P17, P3o to P3s, -0.3toVee +0.3 v

P40 to P45, P50 to P54, P60 to P67, (Note 2)

P70, P71, VREF, XIN
Vo Output voltage  PQOo to P07, P1o to P17, P30 to P35, P40 to P4s, 0310V 03

P50 to P54, P60 to P67, P70, P71, VREF, XIN -0.3to Vee +0. v
Pd Power dissipation Ta=25°C 1000 (Note 3) mw
Topr Operating ambient temperature - 20 to 85 (Note 4) °C
Tstg Storage temperature - 40 to 150 (Note 5) °C

Note 1: Flash memory version: —0.3to 7 (V) .

Note 2: When writing to flash MCU, CNVss is —0.3 to 13 (V) .

Note 3: Flat package (56P6S-A) is 300 mW.

Note 4: Extended operating temperature version: -40 to 85 °C. When flash memory version is program/erase mode: 255 °C.
Note 5: Extended operating temperature version: -65 to 150 °C.
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Electrical characteristics

Table 1.37. Recommended operating conditions (Note 1)

Standard )
Symbol Parameter Min Typ. Max,  Jnit
vee  Supply voltage Mask ROM version 2.7 5.0 55,
Flash memory version 4.0 5.0 55
Avee | Analog supply voltage Vee v
Vss Supply voltage 0 \Y
Avss  Analog supply voltage 0
ViH HIGH input voltage P00 to P07, P1oto P17, P30 to P35, P4o to P4s, 0.8Vee vee v
P50 to P54, P60 to P67, P70, P71, XIN, RESET, CNVss,
Vi LOW input voltage P00 to P07, P1o to P17, P30 to P3s, P4o to P4s,
P50 to P54, P60 to P67, P70, P71, XN, RESET, CNVss 0 0.2vec | V
o1 (peak) | HIGH peak output P0o to P07, P1o to P17, P30 to P35, P4o to P4s, -10.0 mA
current P50 to P54, P6o to P67, P70, P71
loL (peak) | LOW peak output P00 to P07, P30 to P3s, P4o to P4s, 10.0 mA
current P50 to P54, P60 to P67, P70, P71
LOW peak output Ploto P17 HIGHPOWER 30.0
0L peal) current LOWPOWER 100 | MA
loH (avg) | HIGH average output P0Oo to P07, P10 to P17, P30 to P35, P4o to P4s,
current P50 to P54, P60 to P67, P70, P71 -50  MA
loL (avg) |LOW average output ~ POo to P07, P30 to P35, P4o to P4s, 50 A
current P50 to P54, P60 to P67, P70, P71
loL avg) | LOW average output  P1gto P17 HIGHPOWER 15.0
current LOWPOWER 50 mA
£ (XIN) Main clock input oscillation Mask ROM version Vee=4.0V to 5.5V 0 10 MHz
frequency 5% Vee
Vee=2.7V to 4.0V 0 -10.000 MHz
Flash memory version Vcc=4.0V to 5.5V 0 10 MHz
f(Xci) | Subclock oscillation frequency 32.768 50 kHz

Note 1: Unless otherwise noted: Vcc = 2.7V to 5.5V, Vss = 0V, Ta = — 20 to 85°C (Extended operating temperature version:— 40 to
85°C). Flash version: Vcc = 4.0V to 5.5V, Vss = 0V, Ta = — 20 to 85°C (Extended operating temperature version:— 40 to 85°C.)

Note 2: The average output current is an average value measured over 100ms.

Note 3: Keep output current as follows:
The sum of port P3 and P4 IoL (peak) is under 40 mA. The sum of port P1 loL (peak) is under 60 mA. The sum of port P1, P3
and P4 IoH (peak) is under 40 mA. The sum of port PO, P5, P6 and P7 loL (peak) is under 80 mA. The sum of port PO, P5, P6
and P7 IoH (peak) is under 80 mA.

Note 4: Relationship between main clock oscillation frequency and supply voltage.

Main clock input oscillation frequency

¥
=3 (Without wait)
)
& 10.0
g 5 x Vcc - 10.000MHz %
'
2 4
I
g
P \\\
2
T

0.0 :---‘

2.7 4.0 55

Power supply voltage [V]
(Main clock : no division)
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Table 1.38. Electrical characteristics (Notel)

Vcc =5V

. - Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
\VOH HIGH output  POo to P07,P1o to P17,P30 to P35, IOH= -5 mA 3.0 v
voltage P40 to P45,P50 to P54,P60 to P67,P70,P71
VoH HIGH output  P0o to P0O7,P10 to P17,P30 to P35,
loH =- 200 pA 4.7 \%
voltage P40 to P4s,P50 to P54,P60 to P67,P70,P71 H H
HIGH output HIGHPOWER loH=-1mA 3.0
VoH voltage Xout v
9 LOWPOWER | lon=-0.5 mA 30
HIGH output HIGHPOWER No load 3.0
VoH voltage P XcouT Y,
9 LOWPOWER | No load 1.6
VoL \I;gt\;\l/gcéutput P0o to P0O7,P30 to P35,P40 to P4s loL=5 mA 20 v
P50 to P54,P60 to P67,P70,P71
POo to P07,P30 to P35,P40 to P4s
VoL LOW output loL = 200 A 045 v
voltage P50 to P54,P60 to P67,P70,P71
HIGHPOWER loL=15mA
vou LOW OUPUL 1o 10 P17 or=om 20 |
oftage LOWPOWER | loL=5mA 2.0
LOW output Ploto P17 HIGHPOWER loL =200 pA 0.3 v
VoL voltage LOWPOWER | loL = 200 pA 0.45
LOW output HIGHPOWER loH =1 mA 2.0
VoL voltage Xout \
LOWPOWER loH= 0.5 mA 20
LOW output HIGHPOWER No load 0
Vo voltage Xour \Y
LOWPOWER No load 0
VT+-VT1-  |Hysteresis TAOIN, TX0INOUT, TX1INOUT, TX2INOUT
TBOIN,TB1in TNTo,INTZ,CLKo,KTo to KI7 0.2 0.8 \%
RxDo, RxD1
VT+-VT- |Hysteresis RESET 0.2 18 \%
i+ HIGH input PQo to PO7,P10to P17,P30 to P3s,
current P40 to P45,P50 to P54,P60 to P67 Vi=5V 5.0 HA
P70,P71, RESET, CNVss
L LOW input P0o to PO7,P10 to P17,P30 to P35, Vi=0V
current P40 to P45,P50 to P54,P60 to P67, 5.0 HA
P70,P71, RESET, CNVss
RpPuLLUP | Pull-up P0o to PO7,P1o to P17,P30 to P3s, Vi=0V 30.0 | 500 |167.0 KQ
resistor P40 to P4s5,P50 to P54,P6o to P67,P70,P71
RXIN Feedback resistor ~ XIN 1.0 MQ
RxciN Feedback resistor ~ XCIN 6.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \%
f(XIN)=10MHz 19.0 | 380 | mA
Square wave, no division
f(XC|N)=32kHZ 90.0 p'A
) Square wave
VO pin f(XCIN)=32kH
Power supply current has no CIN)= z )
lcc PRy load When a WAIT instruction 4.0 HA
is executed (Note 2)
Ta=25C when clock is 10
stopped ) LA
Ta=85C when clock is 20.0
stopped ’

Note 1: Unless otherwise noted: Vcc = 5V, Vss = 0V at Ta = -20 to 85°C, f(XIN) = 10MHz

Note 2: With one timer operated using fc32.

(Extended operating temprature version; -40 to 85°C)
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Electrical characteristics (Vcc = 5V)

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.39. A-D conversion characteristics (Note)

Vcc =5V

Symbol Parameter Measuring condition Min.Sta_p)(lj;rd Max. Unit
- Resolution VRrer =Vcc 10 Bits
- Absolute | Sample & hold function not available VREF =Vce = 5V +3 | LSB
accuracy | sample & hold function available(10bit) | Vrer =Vce= 5V 3 | LSB
Sample & hold function available(8bit) | VRer=Vce =5V 2 | LSB
Riapper | Ladder resistance VRer =Vce 10 40 | kohm
tcon Conversion time(10bit) 3.3 us
tconv Conversion time(8bit) 2.8 us
tsamp Sampling time 0.3 us
V/REF Reference voltage 2 Vce \
Via Analog input voltage 0 VREF \

Note : Unless otherwise noted: Vcc =AVcc = VREF =5V, Vss =AVss = 0V at Ta = -25°C, f(XIN) = 10MHz
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =5V
Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

specified)
* Extended operating temprature version; -40 to 85°C

Table 1.40. External clock input

RenesasTechnology Corp.

Standard .
Symbol Parameter Min Max Unit
te 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 15 ns
tf External clock fall time 15 ns
Table 1.41. Timer A input (counter input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(TA) TAOIN input cycle time 100 ns
tw(TAH) TAOIN input HIGH pulse width 40 ns
tw(TAL) TAOIN input LOW pulse width 40 ns
Table 1.42. Timer A input (gating input in timer mode)
Standard Uni
Symbol Parameter Min. | Max. nit
te(TA) TAOIN input cycle time 400 ns
tw(TAH) TAOIN input HIGH pulse width 200 ns
w(TAL) TAOIN input LOW pulse width 200 ns
Table 1.43. Timer A input (external trigger input in one-shot timer mode)
Svmbol Standard Unit
ymbo Parameter Min. Max.
te(TA) TAOIN input cycle time 200 ns
tw(TAH) TAOIN input HIGH pulse width 100 ns
tw(TAL) TAOIN input LOW pulse width 100 ns
Table 1.44. Timer A input (external trigger input in pulse width modulation mode)
Standard Unit
Symbol Parameter Min. Max.
tw(TAH) TAOIN input HIGH pulse width 100 ns
tw(TAL) TAOIN input LOW pulse width 100 ns
Table 1.45. Timer A input (up/down input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(UP) TAOoUT input cycle time 2000 ns
tw(UPH) TAOouT input HIGH pulse width 1000 ns
tw(UPL) TAOouT input LOW pulse width 1000 ns
tsu(UP-TiN) TAOouUT input setup time 400 ns
th(TIN-UP) TAOouT input hold time 400 ns
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Electrical characteristics (Vcc = 5V)

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

specified)
* Extended operating temprature version; -40 to 85°C
Table 1.46. Timer B input (counter input in event counter mode)
Standard .
Symbol Parameter Min Max Unit
tc(TB) TBi 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) TBiN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 1.47. Timer B input (pulse period measurement mode)
Standard .
Symbol Parameter Min Max Unit
te(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 1.48. Timer B input (pulse width 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 1.49. Timer X input (counter input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(TX) TXiiNouT input cycle time 100 ns
tw(TXH) TXiNouT input HIGH pulse width 40 ns
tw(TXL) TXiinouT input LOW pulse width 40 ns
Table 1.50. Timer X input (gate input in timer mode)
Standard .
Symbol Parameter Min. Max Unit
te(Tx) TXiINouT input cycle time 400 ns
tw(TXH) TXiNout input HIGH pulse width 200 ns
tw(TXL) TXiNouT input LOW pulse width 200 ns
Table 1.51. Timer X input (external trigger input in one-shot timer mode)
Standard Unit
Symbol Parameter Min. Max.
to(TX) TXinouT input cycle time 200 ns
tw(TXH) TXiinouT input HIGH pulse width 100 ns
tw(TXL) TXiiNouT input LOW pulse width 100 ns
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Vcc =5V

Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =5V

Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise
specified)
* Extended operating temprature version; -40 to 85°C

Table 1.52. Timer X input (pulse period measurement mode)

Standard .
Symbol Parameter Min. Max Unit
te(TX) TXiINouT input cycle time 400 ns
tw(TXH) TXiinout input HIGH pulse width 200 ns
tw(TXL) TXiinouT input LOW pulse width 200 ns
Table 1.53. Timer X input (pulse width measurement mode)
Standard .
Symbol Parameter Min. Max Unit
te(TX) TXiinouT input cycle time 400 ns
tw(TXH) TXinouT input HIGH pulse width 200 ns
tw(TXL) TXiNouT input LOW pulse width 200 ns
Table 1.54. Serial I/O
Standard .
Symbol Parameter Min. Max Unit
te(CK) CLKO input cycle time 200 ns
tw(CKH) CLKO input HIGH pulse width 100 ns
tw(CKL) CLKO 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 1.55. External interrupt INTI inputs
Standard .
Symbol Parameter Min. Max Unit
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =35V
tc(TA)
tw(TAH)
TAOIN input \
tw(TAL)
[
tc(UP)
tw(UPH)
TAOOUT input \
tw(uPL)
I
TAOOUT input
(Up/down input) ><
During event counter mode
TAOIN input —_—
(When count on falling th(Tin—-UP) tsu(UP-TIN)
edge is selected) P
TAOIN input
(When count on rising
edge is selected)
tc(TB)
tw(TBH)
TBIIN input \
tw(TBL)
[
te(TX)
tw(TXH)
TXIINOUT input \
tw(TXL)
tc(CK)
tw(CKH)
CLKO
tw(CKL) th(c-0
TXDi X X
td(c-Q) |, tsu(b-C) th(C-D)
RxDi *
tw(INL)
INTi input + /
tw(INH)
|
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Electrical characteristics (Vcc = 3V)

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.56. Electrical characteristics (Note 1)

Vcc =3V

) - Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max Unit
\OH HIGH output  POo to P07,P10 to P17,P30 to P3s, loH = - MA 25 v
voltage P40 to P4s,P50 to P54,P60 to P67,P70,P71
HIGH output HIGHPOWER loH=-1mA 25
VoH voltal g P Xour v
9 LOWPOWER | loH=-50 pA 25
HIGHPOWER No load 3.0
VoH Cgﬁ; gutput Xcout \
9 LOWPOWER | No load 16
VoL LOW output  POo to P07,P30 to P35,P40 to P4s loL=1mA 05 v
voltage P50 to P54,P60 to P67,P70,P71
VoL LO|:N output  p14to P17 HIGHPOWER | loL=3 mA 0.5 v
voltage LOWPOWER | loL=1mA 0.5
LOW output HIGHPOWER loH=0.1 mA 0.5
VoL voltage Xout \Y2
LOWPOWER | |on =50 pA 05
LOW output HIGHPOWER No load 0
VoL voltage Xout \
LOWPOWER No load 0
VT+-VT-  |Hysteresis TAOIN, TXO0INOUT, TX1INoUT, TX2INOUT
TBOIN,TB1in TNTo,INTZ,CLKo,KTo to KI7- 0.2 0.8 \%
RxDo, RxD1
VT+-VT-  |Hysteresis RESET 0.2 1.8 \%
IiH HIGH input POo to P07,P10 to P17,P3o0 to P35,
current P40 to P4s,P50 to P54,P60 to P67, Vi=3V 4.0 HA
P70,P71, RESET, CNVss
I LOW input P0o to P07,P10 to P17,P30 to P3s,
current P40 to P4s,P50 to P54,P60 to P67, Vi=0ov 40 | pA
P70,P71, RESET, CNVss
RPULLUP | pyll-up PQo to P07,P10 to P17,P30 to P35 -
! ! ’ Vi=0V
resistor P4o to P4s,P50 to P54,P60 to P67,P70,P71 66.0 | 120.0 | 5000 | kQ
RxIN Feedback resistor ~ XIN 3.0 MQ
RxIN Feedback resistor ~ XIN 10.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \
f(XIN)=3.5MHz 35 70 | mA
Square wave, no division
f(XCIN)=32kHz A
Square wave 40.0 M
f(XCIN)=32kHz
. When a WAIT instruction 28 HA
lr:O PN s executed
Icc Power supply current Ioisdno Oscillation capacity HIGH (Note 2)
f(XCIN)=32kHz
When a WAIT instruction 0.9 UA
is executed
Oscillation capacity LOW (Note 2)
Ta=25C when 10
clock is stopped ’ UA
Ta=85C when clock 200
is stopped ’

Note 1: Unless otherwise noted: Vcc = 3V, Vss = 0V at Ta = -20 to 85°C, f(XIN) = 3.5MHz)

(Extended operating temprature version;

Note 2: With one timer operated using fc32.
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Electrical characteristics (Vcc = 3V)

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.57. A-D conversion characteristics (Note)

Vcc =3V

Symbol Parameter Measuring condition Min.Stag;;rd Max. Unit
- Resolution VREF =Vce 10 Bits
- Absolute | sample & hold function not available VREF 2VCC = 3V, £2 | LSB

accuracy | (8bit) @A = faD

Riabpber | Ladder resistance VREF =VcC 10 40 | kohm

tcony Conversion time(8bit) 14.0 us

VREE Reference voltage 2.7 Vce \

Via Analog input voltage 0 VREF V

Note : Unless otherwise noted: Vcc =AVcc = VREF =3V, Vss =AVss = 0V at Ta = 25°C, f(XIN) = 3.5MHz.
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Mitsubishi microcomputers

M30201 Group

. L SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics (Vcc = 3V)

Vcc =3V

Timing requirements (referenced to Vcc = 3V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise
specified)
* Extended operating temprature version; -40 to 85°C

Table 1.58. External clock input

Standard Unit
Symbol Parameter Min. Max.
te External clock input cycle time 286 ns
tu(H) External clock input HIGH pulse width 120 ns
tw(L) External clock input LOW pulse width 120 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
Table 1.59. Timer A input (counter input in event counter mode)
Standard .
Symbol Parameter Min Max Unit
te(TA) TAOIN input cycle time 300 ns
tw(TAH) TAOIN input HIGH pulse width 120 ns
tw(TAL) TAOIN input LOW pulse width 120 ns
Table 1.60. Timer A input (gating input in timer mode)
Standard Uni
Symbol Parameter Min. | Max. nit
te(TA) TAOIN input cycle time 1200 ns
tw(TAH) TAOIN input HIGH pulse width 600 ns
tw(TAL) TAOIN input LOW pulse width 600 ns
Table 1.61. Timer A input (external trigger input in one-shot timer mode)
Standard .
Symbol Parameter Min Max Unit
te(TA) TAOIN input cycle time 600 ns
tw(TAH) TAOIN input HIGH pulse width 300 ns
tw(TAL) TAOQIN input LOW pulse width 300 ns
Table 1.62. Timer A input (external trigger input in pulse width modulation mode)
Standard Unit
Symbol Parameter Min. Max.
tw(TAH) TAOIN input HIGH pulse width 300 ns
tw(TAL) TAOQIN input LOW pulse width 300 ns
Table 1.63. Timer A input (up/down input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(uP) TAOouT input cycle time 6000 ns
tw(UPH) TAOouT input HIGH pulse width 3000 ns
tw(UPL) TAOQouT input LOW pulse width 3000 ns
tsu(UP-TIN) TAOouT input setup time 1200 ns
th(Tin-UP) TAOouT input hold time 1200 ns
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Timing requirements (referenced to Vcc = 3V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

Electrical characteristics (Vcc = 3V)

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

specified)
* Extended operating temprature version; -40 to 85°C
Table 1.64. Timer B input (counter input in event counter mode)
Standard Unit
Symbol Parameter Min. Max.
te(TB) TBiIN input cycle time (counted on one edge) 300 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 120 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 120 ns
te(TB) TBIIN input cycle time (counted on both edges) 600 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 320 ns
tw(TBL) TBiiN input LOW pulse width (counted on both edges) 320 ns
Table 1.65. Timer B input (pulse period measurement mode)
Standard Unit
Symbol Parameter Min. Max.
te(TB) TBIIN input cycle time 1200 ns
tw(TBH) TBiIN input HIGH pulse width 600 ns
tw(TBL) TBiiN input LOW pulse width 600 ns
Table 1.66. Timer B input (pulse width measurement mode)
Standard .
Symbol Parameter Min Max unit
te(TB) TBIIN input cycle time 1200 ns
tw(TBH) TBiIN input HIGH pulse width 600 ns
tw(TBL) TBiIN input LOW pulse width 600 ns
Table 1.67. Timer X input (counter input in event counter mode)
Standard Unit
Symbol Parameter Min. Max.
te(Tx) TXiNouT input cycle time 300 ns
tw(TXH) TXiNouT input HIGH pulse width 120 ns
tw(TXL) TXiiNouT input LOW pulse width 120 ns
Table 1.68. Timer X input (gate input in timer mode)
Standard Unit
Symbol Parameter Min. Max.
te(TX) TXiiNnouT input cycle time 1200 ns
tw(TXH) TXiinouT input HIGH pulse width 600 ns
tw(TXL) TXiNouT input LOW pulse width 600 ns
Table 1.69. Timer X input (external trigger input in one-shot timer mode)
Standard Unit
Symbol Parameter Min. Max.
te(Tx) TXiINouT input cycle time 600 ns
tw(TXH) TXiinouT input HIGH pulse width 300 ns
tw(TXL) TXiinouT input LOW pulse width 300 ns

RENESAS

RenesasTechnology Corp.

121



Mitsubishi microcomputers
M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics (Vcc = 3V)

Vcc =3V
Timing requirements (referenced to Vcc = 3V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

specified)
* Extended operating temprature version; -40 to 85°C

Table 1.70. Timer X input (pulse period measurement mode)

RenesasTechnology Corp.

Standard .
Symbol Parameter Min. Max Unit
te(TX) TXiINouT input cycle time 1200 ns
tw(TXH) TXiiNnouT input HIGH pulse width 600 ns
tw(TXL) TXiinouT input LOW pulse width 600 ns
Table 1.71. Timer X input (pulse width measurement mode)
Standard .
Symbol Parameter Min. | Max Unit
te(Tx) TXiNouT input cycle time 1200 ns
tw(TXH) TXiNouT input HIGH pulse width 600 ns
tw(TXL) TXiNnout input LOW pulse width 600 ns
Table 1.72. Serial I/O
Standard .
Symbol Parameter Min. Max Unit
te(CK) CLKO input cycle time 300 ns
tw(CKH) CLKO input HIGH pulse width 150 ns
tw(CKL) CLKO input LOW pulse width 150 ns
td(c-Q) TxDi output delay time 160 ns
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 50 ns
th(C-D) RxDi input hold time 90 ns
Table 1.73. External interrupt INTI inputs
Standard .
Symbol Parameter Min. Max Unit
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 3V)

Vcc =3V
tc(TA)
tw(TAH)
TAOIN input \
tw(TAL)
[
tc(UP)
tw(UPH)
TAOOUT input \
tw(uPL)
I
TAOOUT input
(Up/down input) ><
During event counter mode
TAOIN input —_—
(When count on falling th(Tin—-UP) tsu(UP-TIN)
edge is selected) P
TAOIN input
(When count on rising
edge is selected)
tc(TB)
tw(TBH)
TBIIN input \
tw(TBL)
[
te(TX)
tw(TXH)
TXIINOUT input \
tw(TXL)
tc(CK)
tw(CKH)
CLKO
tw(CKL) th(c-0
TXDi X X
td(c-Q) |, tsu(b-C) th(C-D)
RxDi *
tw(INL)
INTi input + /
tw(INH)
|
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Mitsubishi microcomputers

M30201 Group
o . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description (Flash memory version)

Outline Performance
Table 1.74 shows the outline performance of the M30201 (flash memory version).

Table 1.74. Outline Performance of the M30201 (flash memory version)

ltem Performance
Power supply voltage 4.0V to 5.5 V (f(XIN)=10MHz)
Program/erase voltage VPP=12V * 5% (f(XIN)=10MHz, Ta=25+5°C)

Vce=5V + 10% (f(XIN)=10MHz, Ta=25+5°C)

Flash memory operation mode Three modes (parallel I/O, standard serial 1/0, CPU
rewrite)
Erase block User ROM area See Figure 1.96
division o
Boot ROM area One division (3.5 Kbytes) (Note)
Program method In units of byte
Erase method Collective erase
Program/erase control method Program/erase control by software command
Number of commands 6 commands
Program/erase count 100 times
ROM code protect Parallel /O mode is supported.

Note: The boot ROM area contains a standard serial I/O mode control program which is stored in it
when shipped from the factory. This area can be erased and programmed in only parallel /O
mode.
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Description (Flash memory version)

Flash Memory

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The M30201 (flash memory version) contains the NOR type of flash memory that requires a high-voltage
VPP power supply for program/erase operations, in addition to the Vcc power supply for device operation.
For this flash memory, three flash memory modes are available in which to read, program, and erase:
parallel I/O and standard serial I/O modes in which the flash memory can be manipulated using a program-
mer and a CPU rewrite mode in which the flash memory can be manipulated by the Central Processing Unit
(CPU). Each mode is detailed in the pages to follow.
In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and
standard serial I/O modes. This boot ROM area has had a standard serial I/O mode control program stored
in it when shipped from the factory. However, the user can write a rewrite control program in this area that
suits the user’s application system. This boot ROM area can be rewritten in only parallel /O mode.

Microcomputer mode

DFO00016

DFDFF16

XXXXX16

FFFFF16

0000016

SFR
0040016

RAM
YYYYY16

User ROM
area

Collective
erasable/
programmable
area

Collective
erasable/
programmable
area

Type No.

XXXXX16

YYYYY16

M30201F6

F400016

00BFF16

Parallel I/0 mode

CPU rewrite mode
Standard serial /O mode

SFR

SFR

RAM

Boot ROM
area
(3.5K bytes)

User ROM
area

RAM

Boot ROM
area
(3.5K bytes)

Collective
erasable/ User ROM
programmable area

area

Note 1: In CPU rewrite and standard serial I/O modes, the user ROM is the only erasable/programmable area.

Note 2: In parallel I/O mode, the area to be erased/programmed can be selected by the address A17 input.
The user ROM area is selected when this address input is high and the boot ROM area is selected
when this address input is low.

Figure 1.96. Block diagram of flash memory version
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Mitsubishi microcomputers

M30201 Group
. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CPU Rewrite Mode (Flash memory version)

CPU Rewrite Mode
In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control
of the Central Processing Unit (CPU). In CPU rewrite mode, the flash memory can be operated on by
reading or writing to the flash memory control register and flash command register. Figure 1.97, Figure 1.98
show the flash memory control register, and flash command register respectively.
Also, in CPU rewrite mode, the CNVSss pin is used as the Vpp power supply pin. Apply the power supply
voltage, VPPH, from an external source to this pin.
In CPU rewrite mode, only the user ROM area shown in Figure 1.96 can be rewritten; the boot ROM area
cannot be rewritten. Make sure the program and block commands are issued for only the user ROM area.
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must
be transferred to internal RAM before it can be executed.

Flash memory control register 0
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
|0 |><| 1| 0| 0| |><| | FCONO 03B416 001000002
for o 1| Bitsymbol Bit name Function Ri w
v v L EcONOO | CPU rewrite mode 0: CPU rewrite mode is invalid O o
H H select bit 1: CPU rewrite mode is valid '
b Lo Reserved bit This bit can not write. The value, if :
Lo o read, turns out to be indeterminate. |7 T
[ ECONO2 | CPU rewrite mode 0: CPU rewrite mode is invalid ‘
e monitor flag 1: CPU rewrite mode is valid O —
A Reserved bit Must always be set to "0". 0:0
Pl e Reserved bit Must always be set to "1". 00
P Nothing is assigned. In an attempt to write this bit, write "0". The value,
i if read, turns out to be "0". -
B ESCRERECEEEEEE e Reserved bit Must always be set to "0". O o
Flash memory control register 1
b7 b6 bS bd b3 b2 bl b0 Symbol Address When reset
olo FCON1 03B516 XXXXXX002
: Bit symbol | Bit name Function RiwW
Reserved bit Must always be set to "0". of o)
Nothing is assigned. In an attempt to write these bits, write "0". The i
value, if read, turns out to be indeterminate.
Figure 1.97. Flash memory control register
Flash command register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
FCMD 03B616 0016
Function R'W
Writing of software command
<Software command name> <Command code>
*Read command "0016" '
*Program command "4016" X0
«Program verify command "C016" :
*Erase command "2016" +"2016"
*Erase verify command "A016"
*Reset command "FF16" +"FFs"

Figure 1.98. Flash command register
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU Rewrite Mode (Flash memory version)

Microcomputer Mode and Boot Mode
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard
serial I/O mode becomes unusable.)
See Figure 1.96 for details about the boot ROM area.
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss pin low
(Vss). In this case, the CPU starts operating using the control program in the user ROM area.
When the microcomputer is reset by pulling the P52 pin high (Vcc), the CNVss pin high(VpPPH), the CPU
starts operating using the control program in the boot ROM area. This mode is called the “boot” mode.
The control program in the boot ROM area can also be used to rewrite the user ROM area.

CPU rewrite mode operation procedure

The internal flash memory can be operated on to program, read, verify, or erase it while being placed on-
board by writing commands from the CPU to the flash memory control register (addresses 03B41s,
03B516) and flash command register (address 03B616). Note that when in CPU rewrite mode, the boot
ROM area cannot be accessed for program, read, verify, or erase operations. Before this can be accom-
plished, a CPU write control program must be written into the boot ROM area in parallel input/output
mode. The following shows a CPU rewrite mode operation procedure.
<Start procedure (Note 1)>
(1) Apply VpPH to the CNVss/VPP pin and Vcc to the port P52 pin for reset release. Or the user can
jump from the user ROM area to the boot ROM area using the JMP instruction and execute the CPU
write control program. In this case, set the CPU write mode select bit of the flash memory control
register to “1” before applying VPPH to the CNVss/VPP pin.
(2) After transferring the CPU write control program from the boot ROM area to the internal RAM, jump
to this control program in RAM. (The operations described below are controlled by this program.)
(3) Set the CPU rewrite mode select bit to “1”".
(4) Read the CPU rewrite mode monitor flag to see that the CPU rewrite mode is enabled.
(5) Execute operation on the flash memory by writing software commands to the flash command regis-
ter.
Note 1: In addition to the above, various other operations need to be performed, such as for entering the
data to be written to flash memory from an external source (e.g., serial 1/0), initializing the ports, and
writing to the watchdog timer.

<Clearing procedure>

(1) Apply Vss to the CNVss/VPP pin.
(2) Set the CPU rewrite mode select bit to “0".
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Precautions on CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite
mode.

(1) Operation speed
During erase/program mode, set BCLK to 5 MHz or less by changing the divide ratio.

(2) Instructions inhibited against use
The instructions listed below cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

(3) Interrupts inhibited against use
No interrupts can be used that look up the fixed vector table in the flash memory area. Maskable
interrupts may be used by setting the interrupt vector table in a location outside the flash memory
area.
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Software Commands

Table 1.75 lists the software commands available with the M30201 (flash memory version).

When CPU rewrite mode is enabled, write software commands to the flash command register to specify
the operation to erase or program.

The content of each software command is explained below.

Table 1.75. List of Software Commands (CPU Rewrite Mode)

First bus cycle Second bus cycle
Command Data Data
Mode | Address (Do to D7) Mode | Address (Do to D7)
Read Write 03B616 0016
Program Write 03B616 4016 Write Program | Program
address data
Program verify Write 03B616 CO16 Read Verify Verify
address data
Erase Write 03B616 2016 Write 03B616 2016
Erase verify Write 03B616 AO16 Read Verify Verify
address data
Reset Write 03B616 FFie Write 03B616 FFie

Read Command (0016)
The read mode is entered by writing the command code “0016” to the flash command register in the
first bus cycle. When an address to be read is input in one of the bus cycles that follow, the content of
the specified address is read out at the data bus (Do-D7), 8 bits at a time.
The read mode is retained intact until another command is written.
After reset and after the reset command is executed, the read mode is set.

Program Command (4016)
The program mode is entered by writing the command code “4016” to the flash command register in
the first bus cycle. When the user execute an instruction to write byte data to the desired address (e.qg.,
STE instruction) in the second bus cycle, the flash memory control circuit executes the program op-
eration. The program operation requires approximately 20 ps. Wait for 20 us or more before the user
go to the next processing.
During program operation, the watchdog timer remains idle, with the value “7FFF16” set in it.

Note 1: The write operation is not completed immediately by writing a program command once. The
user must always execute a program-verify command after each program command executed. And if
verification fails, the user need to execute the program command repeatedly until the verification
passes. See Figure 1.99 for an example of a programming flowchart.
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Program-verify command (CO016)

The program-verify mode is entered by writing the command code “C016” to the flash command
register in the first bus cycle. When the user execute an instruction (e.g., LDE instruction) to read byte
data from the address to be verified (the previously programmed address) in the second bus cycle,
the content that has actually been written to the address is read out from the memaory.

The CPU compares this read data with the data that it previously wrote to the address using the
program command. If the compared data do not match, the user need to execute the program and
program-verify operations one more time.

Erase command (2016 + 2016)

The flash memaory control circuit executes an erase operation by writing command code “2016” to the
flash command register in the first bus cycle and the same command code to the flash command
register again in the second bus cycle. The erase operation requires approximately 20 ms. Wait for 20
ms or more before the user go to the next processing.

Before this erase command can be performed, all memory locations to be erased must have had data
“0016" written to by using the program and program-verify commands. During erase operation, the
watchdog timer remains idle, with the value “7FFF16 set in it.

Note 1: The erase operation is not completed immediately by writing an erase command once. The
user must always execute an erase-verify command after each erase command executed. And if
verification fails, the user need to execute the erase command repeatedly until the verification passes.
See Figure 1.99 for an example of an erase flowchart.

Erase-verify command (A016)
The erase-verify mode is entered by writing the command code “A016” to the flash command register
in the first bus cycle. When the user execute an instruction to read byte data from the address to be
verified (e.g., LDE instruction) in the second bus cycle, the content of the address is read out.
The CPU must sequentially erase-verify memory contents one address at a time, over the entire area
erased. If any address is encountered whose content is not “FF16” (not erased), the CPU must stop
erase-verify at that point and execute erase and erase-verify operations one more time.
Note 1: If any unerased memory location is encountered during erase-verify operation, be sure to
execute erase and erase-verify operations one more time. In this case, however, the user does not
need to write data “0016” to memory before erasing.
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. __________________________________________________________________________________________________________________________|

Reset command (FFi6 + FF16)
The reset command is used to stop the program command or the erase command in the middle of
operation. After writing command code “4016” or “2016” twice to the flash command register, write
command code “FF16” to the flash command register in the first bus cycle and the same command
code to the flash command register again in the second bus cycle. The program command or erase
command is disabled, with the flash memory placed in read mode.

Program Erase

Address = first location
Loop counter : X=0
Write program command ) Write : 4016

Write program data/
address

Duration = 20 ps

All bytes =
"0016"?

NO

Program all bytes =
"0016"

Address = First address
Loop counter X=0

Write : Program data

Write:2016

Wite:2010
Loop counter : X=X+1
Duration = 20ms
Write program verify L
command Write : €026 Loop counter X=X+1
Write erase verify Write:AO16

command/address

Duration = 6 ps

Duration = 6us

Read:
expect value=FF16

Last
address ?

Next address

>
Next address ? address?

(__write read command ) (Write read command ) write : 0016 ( wiite read command ) (Wite read command) Wiite:0016

_DASS ‘-FAIL

Figure 1.99. Program and erase execution flowchart in the CPU rewrite mode
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Pin name Signal name 110 Function
Vce,Vss Power supply input Apply 5V + 10 % to the Vcc pin and 0 V to the Vss pin.
CNVss CNVss I | Apply 12V £ 5 % to the CNVss pin.
RESET Reset input | | Connect this pin to Vss.
XIN Clock input I | Connect a ceramic or crystal resonator between the XiN and XouT pins.
XoUT Clock output o \)/(\lngnoepnetﬁl.fing an externally derived clock, enter it from XiN and leave
Avcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.
VREF Reference voltage input I Connect this pin to Vss.
POo to P07 Data I/0O Do to D7 1/0 | These are data Do—D7 input/output pins.
Ploto P17 Address input As to A15 | These are address As—A15 input pins.
P30 to P33 Address input A4 to A7 | These are address A4—A7 input pins.
P34t0P3s | inputportP3 | | | Enterlowsignalstothese pins.
P4o WE input | | Thisis a WE input pin.
pa | oFimput | 1 | ThisisaOEinputpin.
P4 | CEimpwt | | | ThisisaCEinputpn.
P42, Pas, P45 | InputportP4 | | | Enterhighsignals o low signals to these pins.
P50 Address input A17 | This is address A17 input pin.
P51 VRevinput | || Apply Vi (5 V) to this pin when VPP = VPPH (12 V), or VIL (0 V) when VPP

=VpPPL (5V).

P52 InputpotP5 | | |Enterlowsignaltothspin.
P53, P5s | InputportP5 | | | Enterhighsignals or low signals to these pins.
P60 to P63 Address input Ao to A3 | These are address Ao—A3 input pins.
P64toP67 | InputportP6 | | | Enterhighsignals or low signals to these pins.
P70to P71 Input port P7 I | Enter high signals or low signals to these pins.
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Parallel I/O Mode
The parallel I/O mode is entered by making connections shown in Figures 1.101 and 1.102 and then turning
the VPPH power supply on. In this mode, the M30201 (flash memory version) operates in a manner similar
to the NOR flash memory M5M28F101 from Mitsubishi. Note, however, that there are some differences
with regard to the functions not available with the microcomputer (function of read device identification
code) and matters related to memory capacity.
Table 1.76 shows pin relationship between the M30201 and M5M28F101 in parallel I/O mode.

Table 1.76. Pin relationship in parallel I/O mode

M30201(flash memory version) M5M28F101

Vvce vce Vce

Vss Vss Vss

Address input P60 to P63, P30 to P33, Ao to A1s, A17

P1o to P17, P50

Data I/O POo to PO7 Do to D7

OE input P41 OE

CE input P43 CE

WE input P40 WE

VRFY input (Note) P51 —_—

Note: The VRFY input only selects read-only or read/write mode, and does not have any pin
associated with it on the M5M28F101.

Microcomputer mode Parallel /O mode CPU rewrite mode
Standard serial /O mode
00000 [ [~~~ °~"~""~"°"""'r_____ """~ °=°7°
SFR SFR SFR
00400 [ | T[Tttt TT
RAM RAM RAM
Yyyyys| |\ o _____
DF00016 _________ ________________
Co"eck::"f Boot ROM Boot ROM
i:iZ?an?mable area area
3.5K bytes 3.5K bytes
A (35K bytes) (35K bytes)
DFDFF16 pem oo Y | ____
o< TX N Y I
Collective Collective
User ROM erasable/ User ROM erasable/ User ROM
area programmable area programmable area
area area
FFFFF1e | | . o)
Note 1: In CPU rewrite and standard serial /O modes, the user ROM is the only erasable/programmable area.
Note 2: In parallel I/0O mode, the area to be erased/programmed can be selected by the address A17 input.
The user ROM area is selected when this address input is high and the boot ROM area is selected
when this address input is low.
Type No. XXXXX16 YYYYY16
M30201F6 F400016 00BFF16

Figure 1.100. Block diagram of flash memory version
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VRFY

AVss —»
P60/ANo0 €|

VREF — P
AVcc 4%
P54/CKouT/AN54 <
P53/CLKS/ANs3 QIE

— P52/CLKo/ANs2 €49

VPPH

P51/RxDo/ANs1 <€
[ P50/TxDo/ANs0 €% g
CNVss —»

Connect oscillator circuit.

P71/TBLIN/XCIN €9 E

P70/TBOIN/XcouT % [15
i—— RESET —»>

XOUT<—L1_£L
— Vss >[5
XIN —>IE

Vvcc

Vcec —»
P4s/TX2INOUT 4> IE
P44/INT1/TX1iNOUT €

P43/INTo/TX0INOUT 4
P42/RxD1 4

[21]
P41/TAOouT 4>

P40/TAOIN/TXD1 €%
——————— P35 4>

24
P P <> 22

<>
P33 lz

dS94T0C0EN

P61/AN1

P62/AN2 @
PesiANs — A3 D

P64/AN4

P65/AN5

P66/AN6

P67/AN7

PO1/Kl1

PO2IKIz @
PO3/KI3 03D
P04/Kl4

POsiKIs @
PO7IKI7 @
P1o(LED)—_A8 D

P11(LED1) @
P12(LED?)

PlS(LED3) All
P14(LED4) @

P1s(LEDs) @
P16(LED6)

P17(LED7) A15

Figure 1.101. Pin connection diagram in parallel I/O mode (1)
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VRFY

VPPH

Connect oscillator
circuit.

P44/INTL/TX1iNouT >
P43/INTo/TXOINoUT >

O

g3 2
£3¢
g2 3 o 0 ©
359 s z22222
$99 6828535353
i} 9 I
LR ZzE8z888¢88¢8
BFEEEEEEFEREMEEEE
P51/RxDo/ANs1 4> [1] [2] € P67/ANY
PS50/ TxDo/ANs0 € [2] O O
CNvss = [3] [ad « POo/KIo —.
P7ATBLN/XCN 4> [4] [3d > poy/Kis -
P70/TBON/XcouT 4 [5] [38 > Po2iKiz —.
p———————— RESET > E [ > posikis ————(p3)
N.C. 7 (26 *» poa/Kia —.@
XouT 4— E M30201F6FP E > pOs/Kls -
p——————— vss—»[]  M30201F6TFP [3d > posikis —(p6 )
XiN —p- [ad *» poz/kir -
vee — [1] 132 *» p1o(LEDO) —.
P4s/TX2INOUT € (2] P11(LED1)

[3d > P12(LED2)

[2d « P13(LED3)

P42/RXD1 <p E
P41/TAOouT @» [1§

P40/TAOIN/TxD1 ¥ [17
N.C

[1d
P35 4> [19
P34 4> [
p3; & @
P32 & IZ
P31 & 23
P30 ¢ [24

P17(LED7) *® [25
—— P16(LEDs) ® [26

P1s(LEDs) ¥ [27
— P14(LED4) ¢ [28]

(oD
CaD
Cas)
an,
@

Vss

Q-
<,
Ca)
D,
aD

Figure 1.102. Pin connection diagram in parallel I/O mode (2)
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User ROM and Boot ROM Areas
In parallel I/O mode, the user ROM and boot ROM areas shown in Figure 1.100 can be rewritten.

In the boot ROM area, an erase block operation is applied to only one 3.5 K byte block. The boot ROM
area has had a standard serial I/O mode control program stored in it when shipped from the Mitsubishi
factory. Therefore, using the device in standard serial input/output mode, the user does not need to write
to the boot ROM area.

Functional Outline (Parallel 1/0 Mode)

In parallel I/O mode, bus operation modes—Read, Output Disable, Standby, and Write—are selected by
the status of the CE, OE, WE, VRFY, and CNVSss input pins.
The contents of erase, program, and other operations are selected by writing a software command. The
data in memory can only be read out by a read after software command input.

Program and erase operations are controlled using software commands.

Table 1.77. Relationship between control signals and bus operation modes

Mode Pin name CE OE WE VRFY VpPp Do to D7

Read ViL ViL VIH ViL vepy | Data output
Erﬁsd Output disabled | Vi ViH ViH ViL VPPH | Hi-Z

Stand by VIH X X ViL VPPH Hi-Z

Read ViL ViL VIH VIH VepH | Data output
s\ﬁﬁg/ Output disabled ViL VIH VIH VIH VepH | Hi-Z

Stand by VIH X X VIH VepH | Hi-Z

Write VIL VIH VIL VIH \/PPH Data input

Note: X can be ViL or VIH.
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The following explains about bus operation modes, software commands, and status register.

Bus Operation Modes
Read-only mode is entered by applying VPPH to the CNVss pin and a low voltage to the VRFY pin.
Read-only mode has three states: Read, Output Disable, and Standby which are selected by
setting the CE, OE, and WE pins high or low.
Read-write mode is entered by applying VPPH to the CNVss pin and a high voltage to the VRFY pin.
Read-write mode has four states: Read, Output Disable, Standby, and Write which are selected by
setting the CE, OE, and WE pins high or low.

Read
The Read mode is entered by pulling the WE pin high when the CE and OE pins are low. In Read
mode, the data corresponding to each software command entered is output from the data I/O pins
Do-D7.

Output Disable
The Output Disable mode is entered by pulling the CE pin low and the WE and OE pins high. Also,
the data 1/O pins are placed in the high-impedance state.

Standby
The Standby mode is entered by driving the CE pin high. Also, the data 1/O pins are placed in the
high-impedance state.

Write
The Write mode is entered by applying VPPH to the CNVss pin and a high voltage to the VRFY pin
and then pulling the WE pin low when the CE pin is low and OE pin is high. In this mode, the device
accepts the software commands or write data entered from the data I/O pins. A program, erase, or
some other operation is initiated depending on the content of the software command entered here.
The input data such as address is latched at the falling edge of WE pin. The input data such as
software command is latched at the rising edge of WE pin.
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Software Commands
Table 1.78 lists the software commands available with the M30201 (flash memory version). By entering a
software command from the data 1/O pins (Do—-D7) in Write mode, specify the content of the operation,
such as erase or program operation, to be performed.
The following explains the content of each software command.

Table 1.78. Software command list (parallel I/O mode)

First bus cycle Second bus cycle

Command Data Data

Mode | Address (Do to D7) Mode | Address (Do to D7)
Read Write X 0016

Program Write X 4016 Write Program | Program

address data

Program verify Write X CO16 Read X Verify

data

Erase Write X 2016 Write X 2016
Erase verify Write Verify AQ16 Read X Verify

address data
Reset Write X FFi6 Write X FFie6

Read Command (0016)
The read mode is entered by writing the command code “0016” in the first bus cycle. When an address
to be read is input in one of the bus cycles that follow, the content of the specified address is read out
at the data I/0 pins (Do-D7).
The read mode is retained intact until another command is written.
After reset and after the reset command is executed, the read mode is set.

Program Command (4016)
The program mode is entered by writing the command code “4016” in the first bus cycle. When an
address and data to be program is write in the second bus cycle, the flash memory control circuit
executes the program operation. The program operation requires approximately 20 ps. Wait for 20 ps
or more before the user go to the next processing.

Note 1: The write operation is not completed immediately by writing a program command once. The
user must always execute a program-verify command after each program command executed. And if
verification fails, the user need to execute the program command repeatedly until the verification
passes. See Figure 1.103 for an example of a programming flowchart.
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Program-verify command (CO016)
The program-verify mode is entered by writing the command code “C016” in the first bus cycle and the
verify data is output from the data I/O pins (Do—D7) in the second bus cycle.

Erase command (2016 + 2016)
The flash memory control circuit executes an erase operation by writing command code “2016” in the
first bus cycle and the same command code again in the second bus cycle. The erase operation
requires approximately 20 ms. Wait for 20 ms or more before the user go to the next processing.
Before this erase command can be performed, all memory locations to be erased must have had data
“0016" written to by using the program and program-verify commands.

Note 1: The erase operation is not completed immediately by writing an erase command once. The
user must always execute an erase-verify command after each erase command executed. And if
verification fails, the user need to execute the erase command repeatedly until the verification passes.
See Figure 1.103 for an example of an erase flowchart.

Erase-verify command (AO16)
The erase-verify mode is entered by writing the command code “A016” in the first bus cycle and the
verify data is output from the data I/O pins (Do—D7) in the second bus cycle.

Note 1: If any unerased memory location is encountered during erase-verify operation, be sure to
execute erase and erase-verify operations one more time. In this case, however, the user does not
need to write data “0016” to memory before erasing.
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The reset command is used to stop the program command or the erase command in the middle of
operation. After writing command code “4016” or “2016” twice, write command code “FF16” in the first
bus cycle and the same command code again in the second bus cycle. The program command or
erase command is disabled, with the flash memory placed in read mode.

Program

Address = first location

Loop counter : X=0

Write program data/
address

Duration = 20 ps

Loop counter : X=X+1

Write program verify
command

Duration = 6 ps

Last
address ?

Next address ?

Write program command ) Write : 4016

Write : Program data

Write : CO16

Erase

A 4

Next address NO

Program all bytes =
"0016"

Address = First address

Loop counter X=0

Write erase verify
command/address

Duration = 6us

NO

Write:2016

Write:2016

Write:A016

Read:
expect value=FF16

PASS

Last
address?

FAIL

(__write read command ) (Write read command ) write : 0016

( Write read command ) (Write read commancD Write:0016

Figure 1.103. Program and erase execution flowchart in the CPU rewrite mode
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Protect function
In parallel /O mode, the internal flash memory has the “protect function” available. This function protects
the flash memory contents from being read or rewritten easily.
Depending on the content at the protect control address (FFFFF16) in parallel I/O mode, this function
inhibits the flash memory contents against read or modification. The protect control address (FFFFF16) is
shown in Figure 1.104. (This address exists in the user ROM area.)
The protect function is enabled by setting one of the two protect set bits to “0”, so that the internal flash
memory contents are inhibited against read or modification. The protect function is disabled by setting
both of the two protect reset bits to “00”, so that the internal flash memory contents can be read or
modified. Once the protect function is set, the user cannot change settings of the protect clear bits while
in parallel I/O mode. Settings of the protect reset bits can only be changed in CPU rewrite mode.

Protect control address

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When shipping

| | | | | | | 1| 1| 1|1| ROMCP FFFFF16 FF1e
» 1 1 1 1 1| Bitsymbol Bit name Function
v+ oa..] Reserved bit Always set to "1".
P _
[EEREEEEEEEEEEEEEE ROMCR | Protect reset bit 00: Protect removed

01: Protect set bit effective
10: Protect set bit effective
11: Protect set bit effective

b7 b6

------------------------ ROMCP | protect set bit 00: Protect enabled
01: Protect enabled
10: Protect enabled
11: Protect disabled

Note 1: When protect is turned on, the flash memory version is protected against readout or modification
in parallel /0 mode.

Note 2: The protect reset bits can be used to turn off protect . However, since these bits cannot be
changed in parallel I/O mode, they need to be rewritten in CPU rewrite mode.

Figure 1.104. Protect control address
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Pin functions (Flash memory standard serial /O mode)

Pin Name 1/O Description

Vce,Vss Power input Apply 5V + 10 % to Vcc pin and 0 V to Vss pin.

CNVss CNVss I Mode entry pin. Apply 12V = 5 % to this pin.

RESET Reset input I Reset input pin. While reset is "L" level, a 20 cycle or longer clock
must be input to XIN pin.

XIN Clock input I Connect a ceramic resonator or crystal oscillator between XIN and
XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output o | and open XouT pin.

AVcce, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.

VREF Reference voltage input | Enter the reference voltage for AD from this pin.

P0o to P07 Input port PO | Input "H" or "L" level signal or open.

Ploto P17 Input port P1 I Input "H" or "L" level signal or open.

P30 to P35 Input port P3 I Input "H" or "L" level signal or open.

P40 to P45 Input port P4 I Input "H" or "L" level signal or open.

P54 Input port P5 | Input "H" or "L" level signal or open.

P50 TxD output O | Serial data output pin.

P51 RxD input I Serial data input pin.

P52 SCLK input | Mode entry pin. Supply "H" level when powering on MCU.
When startup is completed this pin serves the serial input clock.

P53 BUSY This pin sets the type of serial flash programming mode.
«An "H" level input (mode 1) sets the mode to clock synchronous.

I > 0| «an "L" level input (mode 2) sets the mode to clock asynchronous.

This pin changes to "output" after entry into standard serial I/O mode.

P60 to P67 Input port P6 I Input "H" or "L" level signal or open.

P70to P71 Input port P7 I Input "H" or "L" level signal or open.
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Mode setup method

Signal Value
CNVss VpPH
RESET Vss =¥ Vcc
SCLK Vcc (Note)
Note: Apply Vcc when powering
on MCU.

Avss = [1] [52]e> P61/AN1
P60/AN0 <[ 2] [51]€»> P62/AN2
Vrer = [ 3] [sd€> P63/ANs
AVce —»[4] [29l > P64/AN4

P54/CKouT/ANs4 <
P53/CLKS/ANs3 €[ g |

P52/CLKo/ANs2 €[ 7]
P51/RxDo/AN51 €[ g
P50/TxDo/ANs0 €[ o]

[1c] € P65/ANS
[47] 4> P66/ANG
i P67/AN7
[45]«» POo/Klo
[42]¢> POU/KIL

0 00
0900 ¢

CNvss =1 s [« Po2K2

P7UTBLINIXCIN > o [42] > pos/kis

P70/TBOIN/XcouT 4 [12} B [41] > POs/KIs

RESET —»[14] ; [40l€» POs/Kis

o xout <— [14 o [3d 4> Pos/KIs

Connect oscillator circuit. < @ Vss =¥ [14) 0 [38] e PO7/KI7
o XN = [14l v [37]¢» P1o(LEDo)

0

Vee —» [36]®> P1y(LEDY)
_P4s/TX2inouT 4 [14 [35] > P12(LED2)
P44/INT1/TX1INOUT <€ [24] > P13(LED3)
P43/INTo/TXO0INOUT € [ [33]«> P14(LED4)
P42/RxD1 > [1] [22]€> P1s(LEDS)
P41/TAQouT <> [31]4> P16(LEDs)
P40/TAOIN/TxD1 €[ 23 [30]¢> P17(LEDY)

P35 @[S4 [od€» P30

P31 4> e+ pP3:

P33 > 271« P32

Figure 1.105. Pin connections for standard serial I/O mode (1)
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Connect oscillator

Mode setup method
Signal Value
CNVss VppPH
RESET Vss = Vcc
SCLK Vcc (Note)

Note: Apply Vcc when powering

on MCU.

(SCLK>
(BUSY

Cveo
QussD

P42/RxD1 4»
P41/TAOoUT <
P40/TAOIN/TXD1 €

P3s &
P34 4>
P33 ©
P3, ¢
p3; ©
P30 ®>

N.C.
P17(LED7) >
P16(LEDs) ¢
P15(LEDs) $»
P14(LED4) €»

o @ 3
[¥e] E 4
EE g
S 0 2
X ¥ O o 4 N9 ¥ VW ©
43X = Zzzz2 z
885 g, %g35535%
ELL 2228280888 ¢
P51/RxDo/ANs1 > [1] (2] ¢ P67/AN7
PSOTXDo/ANs) #» [2] () O 1 nc
CNVss = [3] l2d > POo/KIo
P71/TBLIN/XCIN € [Z] [ad ¢ poyKiL
P70/TBOIN/XcouT @ [ 5] EER
RESET — 5] (37 > POa/Ki3
Ne. [ M30201F6FP [3d > Pou/Ks
Xout «— [8] [35 4 POs/Kis
O T Ll M30201F6TFP <> Pooks
XN — [10] [3d *» por/kiz
D) vee — [11] 30 > P1o(LEDO)
_ P4s/Tx2inout +» [12] O [31] > P11(LEDy)
P44INTLTX1inout > [13] [2d > P12(LED2)
P43/INTo/TXOINOUT € [29 > Pp13(LED3)

Figure 1.106. Pin connections for serial /O mode (2)
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Standard serial I/O mode
The standard serial /0O mode inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory. This I/O is serial. There are actually two
standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which is asynchronized. Both
modes require a purpose-specific peripheral unit.

The standard serial I/O mode is different from the parallel /O mode in that the CPU controls flash memory
rewrite (uses the CPU's rewrite mode), rewrite data input and so forth. It is started when the reset is re-
leased, which is done when the P52 (SCLK) pin is "H" level, the CNVss pin "VppH" level. (In the ordinary
command mode, set CNVss pin to "L" level.)

This control program is written in the boot ROM area when the product is shipped from Mitsubishi. Accord-
ingly, make note of the fact that the standard serial I/O mode cannot be used if the boot ROM area is
rewritten in the parallel /O mode. Figures 1.105 and 1.106 show the pin connections for the standard serial
I/0 mode. Serial data I/0 uses UARTO and transfers the data serially in 8-bit units. Standard serial 1/0
switches between mode 1 (clock synchronized) and mode 2 (clock asynchronized) according to the level of
P53 (BUSY) pin when the reset is released.

To use standard serial I/O mode 1 (clock synchronized), set the P53 (BUSY) pin to "H" level and release the
reset. The operation uses the four UARTO pins CLKo, RxDo, TxDo and P53 (BUSY). The CLKo pin is the
transfer clock input pin through which an external transfer clock is input. The TxDo pin is for CMOS output.
The P53 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts.

To use standard serial I/O mode 2 (clock asynchronized), set the P53 (BUSY) pin to "L" level and release
the reset. The operation uses the two UARTO pins RxDo and TxDo.

In the standard serial /O mode, only the user ROM area indicated in Figure 1.96 can be rewritten. The boot
ROM cannot.

In the standard serial I/O mode, a 7-byte ID code is used. When there is data in the flash memory, com-
mands sent from the peripheral unit are not accepted unless the ID code matches.
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Overview of standard serial I/O mode 1 (clock synchronized)
In standard serial I/O mode 1, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using clock-synchronized serial I/O (UARTO) and P53
(BUSY). Standard serial I/O mode 1 is engaged by releasing the reset with the P53 (BUSY) pin "H" level.
In reception, software commands, addresses and program data are synchronized with the rise of the
transfer clock that is input to the CLKo pin, and are then input to the MCU via the RxDo pin. In transmis-
sion, the read data and status are synchronized with the fall of the transfer clock, and output from the
TxDo pin.
The TxDo pin is for CMOS output. Transfer is in 8-bit units with LSB first.
When busy, such as during transmission, reception, erasing or program execution, the P53 (BUSY) pin is
"H" level. Accordingly, always start the next transfer after the P53 (BUSY) pin is "L" level.
Also, data and status registers in memory can be read after inputting software commands. Status, such
as the operating state of the flash memory or whether a program or erase operation ended successfully or
not, can be checked by reading the status register. Here following are explained software commands,
status registers, etc.
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Software Commands
Table 1.79 lists software commands. In the standard serial I/O mode 1, erase operations, programs and
reading are controlled by transferring software commands via the RxDo pin. Software commands are
explained here below.

Table 1.79. Software commands (Standard serial I/O mode 1)

When ID is
Control command 2nd byte | 3rd byte | 4th byte | 5th byte |6th byte not verificate
1 | Page read FFie | Address | Address Data Data Data Data Not
(middle) (high) output | output | output | output to | acceptable
259th byte
2 | Page program 4116 | Address | Address Data Data Data Data Not
(middle) (high) input input input input to | acceptable
259th byte
3 | Erase all unlocked blocks A716 D016 Not
acceptable
4 | Read status register 7016 SRD SRD1 Acceptable
output output
5 | Clear status register 5016 Not
acceptable
6 | Read lockbit status 7116 | Address | Address | Lock bit Not
(middle) (high) data acceptable
output
7 | ID check function F516 | Address | Address | Address| ID size ID1 To ID7 | Acceptable
(low) (middle) | (high)
8 | Download function FA16 Size Size Check- Data To Not
(low) (high) sum input | required acceptable
number
of times
9 | Version data output function |FB1e | Version | Version | Version | Version | Version| Version | Acceptable
data data data data data (data output
output output output | output output |to 9th byte
10 | Boot area output function FCi6 | Address | Address Data Data Data Data Not
(middle) | (high) output | output | output | output to = acceptable
259th byte

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A1s and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the rise of the clock.

RxDO ( FF16 XAjléo A}g,ofo)
(M16C reception data)

(M16C transmit data) -
P53(BUSY) " ” ” " " ”

\

Figure 1.107. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent with the 1st byte, the
contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

~ RxDO >< 7016
(M16C reception data)

SRD SRD1
output f\ output

_TxDO
(M16C transmit data)

P53(BUSY) ﬂ ﬂ "

Figure 1.108. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR3—-SR4) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.

When the clear status register operation ends, the P53 (BUSY) signal changes from the “H” to the “L”
level.

cvo [

RxDO X 5016
(M16C reception data)

TxDO
(M16C transmit data)

P53(BUSY) |_|

Figure 1.109. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the P53 (BUSY) signal changes from the “H” to the

“L” level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

RXDO (4116 [ A2 0} Alo o) dataOX_ data255
(M16C reception data) A1s_f\ A23

.TxDO
(M16C transmit data)

Ps(8USY L aNr 1

A\

Figure 1.110. Timing for the page program
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.
When block erasing ends, the P53 (BUSY) signal changes from the “H” to the “L” level. The result of the
erase operation can be known by reading the status register.

RxDO D016
(M16C reception data)

_TxDO
(M16C transmit data)

P53(BUSY) ﬂ

Figure 1.111. Timing for erasing all unlocked blocks

Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. Write the highest address of
the specified block for addresses As to A23.
The M30201 (flash memory version) does not have the lock bit, so the read value is always “1” (block
unlock).

ceo ML LA AR AN

X 7116 As to || Ale toX

A15 A23

. RxDO
(M16C reception data)

X DQ6

_TxDO
(M16C transmit data)

P53(BUSY) " " " "

Figure 1.112. Timing for reading lock bit status
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Download Command

This command downloads a program to the RAM for execution. Execute the download command as
explained here following.

(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.

(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

Check gram Program
RxDO FA16 0
(M16C reception data) / Sum ata ata
Data size (low) \
TxDO Data size (high)
(M16C transmit data)
P53(BUSY) " " ” ” ” | |
\

Figure 1.113. Timing for download
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Version Information Output Command

This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
() Transfer the “FB16” command code with the 1st byte.

(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

~ RxDO { FB16 ,
(M16C reception data)

. TxDO ( V' X 'E' X 'R’ X'
(M16C transmit data)

PsBUSY) I W

\

Figure 1.114. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first, in sync with the fall of the clock.

RxDO ( FC16 X As toX A16 to)
(M16C reception data) Al5 A23

(M16C transmit data) - -
P53(BUSY) ﬂ " " " ” ”

\\}

Figure 1.115. Timing for boot ROM area output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, Ag to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.
(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

CLKO |

RxDO ( F516X DF16X FF16 X OF16 XID sizex ID1 ID7
(M16C reception data)

_TxDO
(M16C transmit data)

P53(BUSY) ﬂ ” " ” " ” ” —|_

\

Figure 1.116. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

P L
Address = =

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | 1D2 Overflow vector

OFFFE416 to OFFFE716 i BRK instruction vector

OFFFE816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 | ID4 Single step vector

OFFFFO016 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 1D6 DBC vector

OFFFF816 to OFFFFB16 | ID7 —

OFFFFC16 to OFFFFF16 : Reset vector

—~—
4 bytes

Figure 1.117. ID code storage addresses
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase
operation or a program ended successfully or in error. It can be read by writing the read status register
command (7016). Also, the status register is cleared by writing the clear status register command (5016).
Table 1.80 gives the definition of each status register bit. After clearing the reset, the status register
outputs “8016".

Table 1.80. Status register (SRD)

SRDO bits Status name i Deflnition "

SR7 (bit7) Status bit Ready Busy

SR6 (bit6) Reserved - -

SR5 (bit5) Erase bit Terminated in error Terminated normally
SR4 (bit4) Program bit Terminated in error Terminated normally
SR3 (bit3) Reserved - -

SR2 (bit2) Reserved - -

SR1 (bitl) Reserved - -

SRO (bit0) Reserved - -

Status bit (SR7)
The status bit indicates the operating status of the flash memory. When power is turned on, “1” (ready)
is set for it. The bit is set to “0” (busy) during an auto write or auto erase operation, but it is set back to
“1” when the operation ends.

Erase Status (SR5)
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is
set to “1”. When the erase status is cleared, it is set to “0".

Program Status (SR4)
The program status reports the operating status of the auto write operation. If a write error occurs, it is
set to “1". When the program status is cleared, it is set to “0".
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Status Register 1 (SRD1)

Status register 1 indicates the status of serial communications, results from ID checks and results from
check sum comparisons. It can be read after the SRD by writing the read status register command (7016).
Also, status register 1 is cleared by writing the clear status register command (5016).

Table 1.81 gives the definition of each status register 1 bit. “0016” is output when power is turned ON and
the flag status is maintained even after the reset.

Table 1.81. Status register 1 (SRD1)

. Definition
SRD1 bits Status name e "o"
SR15 (bit7) Boot update completed bit | update completed Not update
SR14 (bit6) Reserved - -
SR13 (bit5) Reserved - -
SR12 (bit4) Checksum match bit Match Mismatch
SR11 (bit3) ID check completed bits 00  Not verified

. 01 Verification mismatch
SR10 (bit2) 10  Reserved

11 Verified

SR9 (bitl) Data receive time out Time out Normal operation
SR8 (bit0) Reserved - -

Boot Update Completed Bit (SR15)
This flag indicates whether the control program was downloaded to the RAM or not, using the down-
load function.

Check Sum Consistency Bit (SR12)
This flag indicates whether the check sum matches or not when a program, is downloaded for execu-
tion using the download function.

ID Check Completed Bits (SR11 and SR10)
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID
check.

Data Reception Time Out (SR9)
This flag indicates when a time out error is generated during data reception. If this flag is attached
during data reception, the received data is discarded and the microcomputer returns to the command
wait state.
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Example Circuit Application for The Standard Serial /0 Mode 1

The below figure shows a circuit application for the standard serial /O mode 1. Control pins will vary
according to programmer, therefore see the peripheral unit manual for more information.

( Clock input ) ? % p=| CLKO
l

( Data input ) p=| RXDO

Data output TXDO

P53(BUSY)

M30201 Flash
Y ?*
o memory version

CNVss

(1) Control pins and external circuitry will vary according to peripheral unit. For more
information, see the peripheral unit manual.

(2) In this example, the microprocessor mode and standard serial I/O mode are switched
via a switch.

Figure 1.118. Example circuit application for the standard serial /O mode 1
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Overview of standard serial I/O mode 2 (clock asynchronized)
In standard serial /0O mode 2, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 2-wire clock-asynchronized serial /O (UARTO).
Standard serial I/O mode 2 is engaged by releasing the reset with the P53 (BUSY) pin "L" level.
The TxDo pin is for CMOS output. Data transfer is in 8-bit units with LSB first, 1 stop bit and parity OFF.
After the reset is released, connections can be established at 9,600 bps when initial communications (Fig-
ure 1.119) are made with a peripheral unit. However, this requires a main clock with a minimum 2 MHz input
oscillation frequency. Baud rate can also be changed from 9,600 bps to 19,200, 38,400 or 57,600 bps by
executing software commands. However, communication errors may occur because of the oscillation fre-
quency of the main clock. If errors occur, change the main clock's oscillation frequency and the baud rate.
After executing commands from a peripheral unit that requires time to erase and write data, as with erase
and program commands, allow a sufficient time interval or execute the read status command and check
how processing ended, before executing the next command.
Data and status registers in memory can be read after transmitting software commands. Status, such as
the operating state of the flash memory or whether a program or erase operation ended successfully or not,
can be checked by reading the status register. Here following are explained initial communications with
peripheral units, how frequency is identified and software commands.

Initial communications with peripheral units

After the reset is released, the bit rate generator is adjusted to 9,600 bps to match the oscillation fre-
guency of the main clock, by sending the code as prescribed by the protocol for initial communications
with peripheral units (Figure 1.119).

(1) Transmit "BO16" from a peripheral unit. If the oscillation frequency input by the main clock is 10 MHz,
the MCU with internal flash memory outputs the "B016" check code. If the oscillation frequency is
anything other than 10 MHz, the MCU does not output anything.

(2) Transmit "0016" from a peripheral unit 16 times. (The MCU with internal flash memory sets the bit
rate generator so that "0016" can be successfully received.)

(3) The MCU with internal flash memory outputs the "B016" check code and initial communications end
successfully *1, Initial communications must be transmitted at a speed of 9,600 bps and a transfer
interval of a minimum 15 ms. Also, the baud rate at the end of initial communications is 9,600 bps.

*1. If the peripheral unit cannot receive "B016" successfully, change the oscillation frequency of the main clock.

Peripheral unit MCU with internal
flash memory

M Reset

(1) Transfer "B0O16" 3 "BO16" ‘
‘ > 3 If the oscillation frequency input
R < "B016" 3 by the main clock is 10 MHz, the
(2) Transfer "0016" 16 tlmeslst "0016" ; MCU outputs "B016". If other than
At least 15ms # ; > | 10 MHz, the MCU does not
transfer interval 2nd; ~0016" > f output anything.
15th — . "0016" .
16th : “0016” > :
_ "B016" : (3) Transfer check code "B016"

<

The bit raté generator setting completes (9600bps)_

Figure 1.119. Peripheral unit and initial communication
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How frequency is identified
When "0016" data is received 16 times from a peripheral unit at a baud rate of 9,600 bps, the value of the
bit rate generator is set to match the operating frequency (2 - 10 MHz). The highest speed is taken from
the first 8 transmissions and the lowest from the last 8. These values are then used to calculate the bit
rate generator value for a baud rate of 9,600 bps.
Baud rate cannot be attained with some operating frequencies. Table 1.82 gives the operation frequency
and the baud rate that can be attained for.

Table 1.82 Operation frequency and the baud rate

Operation frequency Baud rate Baud rate Baud rate Baud rate

(MHZ2) 9,600bps 19,200bps 38,400bps 57,600bps
10MHz J N - v
8MHz J y - v
7.3728MHz J Vv v v
6MHz N v Vv -
5MHz v Vv - -
4.5MHz J v -~ v
4.194304MHz J Vv v -
4MHz N J _ _
3.58MHz v Vv v v
3MHz Y v Vv -
2MHz N _ _ -

v : Communications possible
—: Communications not possible
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Software Commands

Table 1.83 lists software commands. In the standard serial I/O mode 2, erase operations, programs and
reading are controlled by transferring software commands via the RxDo pin. Standard serial I/O mode 2
adds four transmission speed commands - 9,600, 19,200, 38,400 and 57,600 bps - to the software com-
mands of standard serial I/O mode 1. Software commands are explained here below.

Table 1.83. Software commands (Standard serial /O mode 2)

1st byte When ID is
Control command trans)fler 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verified
1|p q Address | Address Data Data Data Data Not
agerea FFi6 | (middle) | (high) | output | output | output | outputto | acceptable
259th byte
5| p Address | Address Data Data Data Data Not
age program 4116 | (middle) | (high) input input | input | inputto | acceptable
259th byte
3 | Erase all unlocked blocks A716 D016 accglpcﬁable
4 | Read status register 7016 o?:?p?lt c?ip?ult Acceptable
5 | Clear status register 5016 accglp?t;ble
. Address | Address | Lock bit Not
6 [ Read lock bit status 7116 | (middle) | (high) data acceptable
output
. . Address | Address | Address )
7 | Code processing function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable
s lp load functi Size Check- To Not
ownload function FA16 |Size (low)| (high) sum Data |required acceptable
input | number
of times
9 | version dat tout funcii Version | Version | Version |Version | Version | Version
ersion data output function | FB16 |  data data data data | data data Acceptable
output output output | output | output | output to
9th byte
10| Boot ROM tout Address | Address Data Data Data Data Not
00 _ area outpu FCi6 | (middle) (high) output | output | output | outputto | acceptable
function 259th byte
11| Baud rate 9600 BO16 BO16 Acceptable
12| Baud rate 19200 Bl1s Blis Acceptable
13| Baud rate 38400 B216 B216 Acceptab|e
14 | Baud rate 57600 B316 B316 Acceptab|e

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.
Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A1s and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the fall of the clock.

RxDO ( FFis | A2 10 XA/i‘;;O) /
(M16C reception data)

TxDO data255
(M16C transmit data)

Figure 1.120. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent with the 1st byte, the
contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

~ RxDO >< 7016
(M16C reception data)

X SRD X SRD1

TxDO
(M16C transmit data) output A_output

Figure 1.121. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR3—-SR4) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.
When the clear status register operation ends, the RTS1 (BUSY) signal changes from the “H” to the
“L” level.

RxDO X 5016
(M16C reception data)

TxDO
(M16C transmit data)

Figure 1.122. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the “H” to
the “L” level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

RxDO ( 4116 XA8 to J'A16 tOX data0 X: data255
(M16C reception data) Als |\ A23

. TxDO
(M16C transmit data)

Figure 1.123. Timing for the page program
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.
When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. The result of the
erase operation can be known by reading the status register.

RxDO D016
(M16C reception data)

. TxDO
(M16C transmit data)

Figure 1.124. Timing for erasing all unlocked blocks
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Read Lock Bit Status Command

This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.

(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) The lock bit data of the specified block is output with the 4th byte. Write the highest address of
the specified block for addresses As to A23.

The M30201 (flash memory version) does not have the lock bit, so the read value is always “1” (block
unlock).

X 7116 X As to X A16 toX
. RxDO A15 A23
(M16C reception data)

X DQ6

_TxDO
(M16C transmit data)

Figure 1.125. Timing for reading lock bit status

Download Command

This command downloads a program to the RAM for execution. Execute the download command as
explained here following.

(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.

(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

Program
RxDO ( FA16 X X X Check X P/ogramx oo
(M16C reception data) = sum data ata
Data size (low) \
TxDO Data size (high)
(M16C transmit data)

Figure 1.126. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

~ RxDO < FB16 > /
(M16C reception data)

.TxDO ( V' X 'E' X 'R' X
(M16C transmit data)

Figure 1.127. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first.

RxDO ( FCi6 X As toX A16 to) /
(M16C reception data) A15 A23

TxDO data255
(M16C transmit data)

Figure 1.128. Timing for boot ROM area output
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ID Check

This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, Ag to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,

3rd and 4th bytes respectively.

(3) Transfer the number of data sets of the ID code with the 5th byte.

(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

RxDO
(M16C reception data)

_TxDO
(M16C transmit data)

( F516X DF16X FF16X OF16 XID sizeX ID1 XJ_X ID7

Figure 1.129. Timing for the ID check

ID Code

When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

Address %W
OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector
OFFFEO16 to OFFFE316 | ID2 Overflow vector
OFFFE416 to OFFFE716 BRK instruction vector
OFFFE816 to OFFFEB16 | D3} Address match vector
OFFFEC16 to OFFFEF16 | ID4 Single step vector
OFFFFO016 to OFFFF316 ID5§ Watchdog timer vector
OFFFF416 to OFFFF716 | ID6} DBC vector
OFFFF816 to OFFFFB16 | ID7 . —

OFFFFC16 to OFFFFF16 Reset vector .
~ I
4 bytes

Figure 1.130. ID code storage addresses
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Baud Rate 9600
This command changes baud rate to 9,600 bps. Execute it as follows.
(1) Transfer the "B0O16" command code with the 1st byte.
(2) After the "B016" check code is output with the 2nd byte, change the baud rate to 9,600 bps.

RxDO < )
(M16C reception data) BO16
TxDO < >
(M16C transmit data) BO16

Figure 1.131. Timing of baud rate 9600
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Baud Rate 19200

This command changes baud rate to 19,200 bps. Execute it as follows.
(1) Transfer the "B116" command code with the 1st byte.

(2) After the "B116" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

RxDO < >
(M16C reception data) Bl16
TxDO ( )
(M16C transmit data) Blis

Figure 1.132. Timing of baud rate 19200

Baud Rate 38400

This command changes baud rate to 38,400 bps. Execute it as follows.
(1) Transfer the "B216" command code with the 1st byte.

(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps.

RxDO < >
(M16C reception data) B216
TxDO ( )
(M16C transmit data) B216

Figure 1.133. Timing of baud rate 38400

Baud Rate 57600

This command changes baud rate to 57,600 bps. Execute it as follows.
(1) Transfer the "B316" command code with the 1st byte.

(2) After the "B316" check code is output with the 2nd byte, change the baud rate to 57,600 bps.

RxDO < >
(M16C reception data) B316
TxDO ( )
(M16C transmit data) B316

Figure 1.134. Timing of baud rate 57600
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Example Circuit Application for The Standard Serial I/0O Mode 2
The below figure shows a circuit application for the standard serial I/O mode 2.

—p| CLKO

P53(BUSY)

( Data input ) | RXDO
Data output TxDO

z

Vpp —?— M30201 Flash
memory version

CNVss

(1) Control pins and external circuitry will vary according to peripheral unit. For more
information, see the peripheral unit manual.

(2) In this example, the microprocessor mode and standard serial /O mode are switched
via a switch.

Figure 1.135. Example circuit application for the standard serial /O mode 2
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Revision History

Version Revision
Contents for change
date
REV.E |Pages1,5 01.4.12
internal interrupt 9 ->13
Pages 1, 5

2.7 to 5.5V (f(XIN)=7MHz with software one-wait):mask ROM version
->2.7 to 5.5V (f(XIN)=3.5MHz ):mask ROM version
Page 5
Power consumption 18mA (f(XiN)=7MHz with software one-wait, Vcc=3V)
->11mA (f(XIN)=3.5MHz , Vcc=3V)
Page 6
M30201M2-XXXSP/FP, M30201M2T-XXXSP/FP ->Delete
M30201M4T-XXXSP, M30201F6T-XXXSP ->Delete
M30201M6-XXXFP, M30201M6T-XXXFP ->Addition
Pages 9, 10
Figures 1.7 and 1.8 are partly revised.
Page 14
Figure 1.11 is partly revised.
Page 16
Figure 1.14 is partly revised (Bit 7 of the processor mode register 1).
Wait bit ->Reserved bit
Page 17
Software-wait
Page 20
Figure 1.18 is partly revised (Note 8 is partly revised).
Page 21
Figure 1.19 is partly revised (n=0716 : approx. 16.5kHz -> 19.5kHz).
Page 33
Figure 1.24 is partly revised (Note 2 is added).
Page 49
Figure 1.39 is partly revised.
Page 77
Figure 1.72 is partly revised (UARTI transmit/receive mode register).
Page 78
Figure 1.73 is partly revised.
Page 80
Figure 1.74 is partly revised.
Page 85
Figure 1.79 is partly revised.
Pages 90 to 96
Figures 1.83 to 1.89 are partly revised.
Pages 110 to 113, 118 to 122
Tables 1.36 to 1.39 and 1.56 to 1.71 are partly revised.
Page 124
Table 1.74 is partly revised (Boot ROM area 4 K bytes -> 3.5 K bytes) .
Page 142 to 168
Standard serial I/O mode 2 is added.
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Keep safety first in your circuit designs!

e Mitsubishi Electric Corporation puts the maximum effort into making semiconductor
products better and more reliable, but there is always the possibility that trouble may
occur with them. Trouble with semiconductors may lead to personal injury, fire or
property damage. Remember to give due consideration to safety when making your
circuit designs, with appropriate measures such as (i) placement of substitutive,
auxiliary circuits, (ii) use of non-flammable material or (iii) prevention against any
malfunction or mishap.

Notes regarding these materials

e These materials are intended as a reference to assist our customers in the selection
of the Mitsubishi semiconductor product best suited to the customer's application;
they do not convey any license under any intellectual property rights, or any other
rights, belonging to Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or
infringement of any third-party's rights, originating in the use of any product data,
diagrams, charts, programs, algorithms, or circuit application examples contained in
these materials.

¢ All information contained in these materials, including product data, diagrams, charts,
programs and algorithms represents information on products at the time of publication
of these materials, and are subject to change by Mitsubishi Electric Corporation
without notice due to product improvements or other reasons. It is therefore
recommended that customers contact Mitsubishi Electric Corporation or an authorized
Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical
errors. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation
by various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.com).

e When using any or all of the information contained in these materials, including
product data, diagrams, charts, programs, and algorithms, please be sure to evaluate
all information as a total system before making a final decision on the applicability of
the information and products. Mitsubishi Electric Corporation assumes no
responsibility for any damage, liability or other loss resulting from the information
contained herein.

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured
for use in a device or system that is used under circumstances in which human life is
potentially at stake. Please contact Mitsubishi Electric Corporation or an authorized
Mitsubishi Semiconductor product distributor when considering the use of a product
contained herein for any specific purposes, such as apparatus or systems for
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint
or reproduce in whole or in part these materials.

e If these products or technologies are subject to the Japanese export control
restrictions, they must be exported under a license from the Japanese government
and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan
and/or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon
ductor product distributor for further details on these materials or the products con
tained therein.
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