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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Description

The M16C/6K7 (144-pin version) group of single-chip microcomputers are built using the high-performance
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 144-pin plastic molded
QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high level of
instruction efficiency. To communicate with host CPU, the LPC bus interface is built in. In this way, this MCU
can work as slave controller in the personal computer system.

The specification is target oriented specification for the development of M16C/6K7 (144-pin version).

Features

e Memory Capacity .........ceceeeeeeeeeriniiieinnnee. ROM (Refer to the figure of ROM Expansion)
RAM 3K bytes

* The Min. time of instruction execution ...125.0ns (f(XIN)=8MHz, with 0 wait, Vcc=3V)

e Supply voltage .......oeeevvviiiiieiiiiiee e 3.0 to 3.6V (f(XIN)=8MHz with 0 wait)

e Low power consumption .............cc.eeeeee.. Target 41.3mW ( f(XIN)=8MHz, with 0 wait, Vcc = 3.3V)

@ INEEITUPLS .. 36 internal and 15 external interrupt sources, 4 software
interrupt sources; 7 levels (including key input interrupt)

* Multifunction 16-bit timer........................ 5 output timers + 6 input timers

eSerial O ..o 5 channels (3 for UART or clock synchronous, 2 for clock
synchronous)

S DMAC ..o 2 channels

e Host interface.........ccccevvivieieiiiiiiie e, LPC bus interface X 4

* A-D CONVEIMET ...t 10 bits X 8 channels (Expandable up to 10 channels)

® D-A CONVEIMEI ...t 8 bits X 2 channels

o Comparator CirCUIt ........ccccceevviviiieiinnnnnn. 8 channels

CPWM e 14 bits X 4 channels

e Watchdog timer ..........cccceeveeiiiiiiiiiiiiinen, 1

¢ 12C bus iNterface .........ccoceveveveveeeccnnns 2 channels

« Serial interrupt output .............ccccuiiienee. 6 factors (2 fixed factors, 4 programmable factors)

* PS/2 interface ......cccccevviiiiiiiiie 3 channels

e Programmable 1/O ........ccccceviiiiiiiiiinnnn. 129

¢ INPUL POt ..o 1 (P85 shared with NMI pin)

« Clock generating circuit ..............cc.eeeeeee. 2 built-in clock generation circuits

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

Appllcatlons Specifications written in this
Notebook PC, others manual are believed to be ac-
curate, but are not guaranteed
to be entirely free of error.
Specifications in this data sheet
may be changed for functional
or performance improvements.
Please make sure your manual
is the latest edition.
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The differences in M16C/6K (144-pin) group

Type name

M306K5F8LRP

M306K7F8LRP

Pin numbers

144-pin

144-pin

ROM

NEW DINOR
Flash memory

NEW DINOR
Flash memory

Built-in ROM area

User ROM area

Address OE800016 - OF5FFF16
Address OFEO0016 - OFFFFF16
Boot ROM area

In parallel I/O mode

Address OFE00016 - OFFFFF16

In CPU reprogram mode & standard
serial /0 mode

Address ODE00016 - ODFFFF16

User ROM area
Address OEF00016 - OFFFFF16
Boot ROM area
Address OFF00016 - OFFFFF16

Address 03B416

Flash memory control register
After reset XXXX00012

Flash memory recognition register
After reset 000000002

Address 03B716
After reset 000000002

Flash memory recognition register
After reset 000000002

Flash memory control register
After reset XX0000012

The power supply Vce 3.0 - 3.6V Vcec 3.0 - 3.6V
for program/erase M2 pin 4.5 - 5.25V
M2 pin The input pin of power supply for Not exist
program/erase
Programmable I/O 128 129
Port O - Port 16 without P84 Port O - Port 16
The I/O voltage in P2, P3 3.3V/5V 3.3V
Programmable 1/O ports
ISA bus interface Exist Not exist
Serial interrupt output Exist Exist
& LPC bus interface
Timer B TB2IN Not exist Exist

Note 1: Timer B TB2IN refers to the count source input and pulse period measurement in event count
mode/ pulse input in pulse width measurement mode.
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Description

Pin Configuration
Fig.AA-1 shows the pin configurations (top view).

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. __________________________________________________________________________________________________________________________|

PIN CONFIGURATION (top view)
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Description

Block Diagram
Fig.AA-2 is a block diagram of the M16C/6K7 (144-pin version) group.

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A8

A8 8 A8

A8 A8

A8

10 ports

Internal peripheral function

Timer TAO(16 bits)
Timer TA1(16 bits)
Timer TA2(16 bits)
Timer TA3(16 bits)
Timer TA4(16 bits)
Timer TBO(16 bits)
Timer TB1(16 bits)
Timer TB2(16 bits)
Timer TB3(16 bits)
Timer TB4(16 bits)
Timer TB5(16 bits)

Watchdog timer

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

System clock generator

XIN-XouT
XCIN-XCcouT

UART/clock synchronous SI/O
(8 bits x 3 channels)

Clock synchronous SI/O
(8 bits x 2channels)

Comparator
(8 channels)

I C bus interface
(2 channels)

Host interface
(LPC bus interface X 4 channels)

PWM output
(14 bits x 4channels)
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Fig.AA-2 Block diagram of M16C/6K7 (144-pin version) group
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Description

Performance QOutline

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table AA-1 is a performance outline of M16C/6K7 (144-pin version) group.

Table AA-1 Performance outline of M16C/6K7 (144-pin version) group

Item

Performance

Number of basic instructions

91 instructions

The Min. time of instruction execution

125ns (f(XIN)=8MHz, with 0 wait, Vcc=3V)

Memory ROM (See the figure of ROM Expansion)
capacity RAM 3K bytes
I/O port PO to P10 (except P8s) 8 bits x 10, 7 bits x 1
P11 to P16 8 bitsx5, 2 bitsx1
Input port P85 1bitx 1
Multifunction | TAO, TA1, TA2, TA3, TA4 16 bits x 5
timer TBO, TB1, TB2, TB3, TB4, TB5 | 16 bits x 6
Serial 1/0 UARTO, UART1, UART2 (UART or clock synchronous) x 3
S1/03, SI/04 (Clock synchronous) x 2
A-D converter 10 bits x (8 + 2) channels
D-A converter 8 bits x 2
DMAC 2 channels (trigger: 24 sources)
Watchdog timer 15 bits x 1 (with prescaler)
Interrupt 36 internal and 15 external sources, 4 software

sources, 7 levels

Host interface

4 channels (LPC bus interface)

Comparator circuit 8 channels
PWM 14 bits x 4
I2C bus interface 2 channels
PS2 interface 3 channels

Serial interrupt output

6 factors (2 fixed factors, 4 programmable factors)

Clock generating circuit

2 built-in clock generation circuits

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

Supply voltage 3.0 to 3.6V (f(XIN)=8MHz with 0 wait)
Power consumption 41.3mW (3.3V, f(XIN)=8MHz, with 0 wait)
I/O I/0 withstand voltage 3.3V

characteristics | Output current 5mA

Device configuration CMOS high performance silicon gate
Package 144-pin plastic mold QFP
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Mitsubishi plans to release the following products in the M16C/6K7 (144-pin version) group:
(1) Support for flash memory version
(2) ROM capacity
(3) Package
144PFB-A : Plastic molded QFP(flash memory version)

F---r----

(Mask ROM version) ( Flash version )

Fig.AA-3 ROM expansion

Table AA-2 Product list

Type No. ROM size | RAM size | Package type | Host Interface Remarks

Flash memory
M306K7F8LRP 68K bytes | 3K bytes 144PFB-A LPC (NEW DINOR)

version
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M16C / 6K7 Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Type No. M30 6K 7

1<
loo
X
1%
X
Py
Y

Package type
RP : 144PFB-A

ROM No.

ROM type
8 : 68Kbytes

Memory type
M : Mask ROM version
F : Flash version

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

M16C/6KGroup

M16C Family

Fig.AA-4 Type No., memory size, and package
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Pin Description

Pin name Signal name I/O type Function

Vcce, Vss Power supply Apply 3.0to 3.6 V to Vcc . Apply OV to Vss

input

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.

Xout Clock output |Output Connect a ceramic resonator or crystal between the XiN and
the XouT pins. To use an externally derived clock, input it to
the XIN pin and leave the XouT pin open.

Mo,M1 Chip mode Input Connect to Vss

setting

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

supply input Connect this pin to Vcc.

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

supply input Connect this pin to Vss.

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

voltage input

PQo to P07 1/0 port PO Input/output | This is an 8-bit CMOS I/O port. It has an input/output port
direction register that allows the user to set each pin for
input or output individually. When set for input, the user can
specify in units of four bits via software whether or not they
are tied to a pull-up resistor.

This port supports CMOS input level. And output type supports
CMOS 3 state or N channel open drain selectable.

Ploto P17 I/0O port P1 Input/output | This is an 8-bit I/O port equivalent to PO. Pins in this port also
function as external interrupt pins as selected by software.

P20 to P27 1/0 port P2 Input/output | This is an 8-bit I/O port equivalent to PO. (Except that output
type just supports CMOS 3 state only). The 4 bits P24-P27
are available for directly driving LED's.

P30 to P37 1/0 port P3 Input/output | This is an 8-bit I/O port equivalent to PO. (Except that output
type just supports CMOS 3 state only). The port can be
used for LPC bus interface 1/O pins by software selection.

P40 to P47 1/0 port P4 Input/output | This is an 8-bit I/O port equivalent to PO. (Except that output
type just supports CMOS 3 state only). By software selecting,
the port can also be used for LPC bus interface 1/O pins,
Timer Ao to A2 output pins PWM output pins or serial interrupt
output I/O pins. P40 to P46 pins' level can be read regardless
the setting of input port or output port. If P4o or P43 are used
for output ports, the function that clears P40 or P43 to "0" after
the read of output data buffer from host CPU is available.

P50 to P57 1/0 port P5 Input/output | This is an 8-bit I/O port equivalent to PO. (Except that output type
is CMOS 3 state only). Key on wake interrupt 0 and comparator
input function support. P57 in this port outputs a divide-by-8 or
divide-by-32 clock of XiN or a clock of the same frequency as
XCIN as selected by software.

ENESAS

RenesasTechnology Corp.




Mitsubishi microcomputers

M16C / 6K7 Group
Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
|

Rev.1.0

Pin Description

10

Pin name

Signal name

I/O type

Function

P60 to P67

I/O port P6

Input/output

This is an 8-bit I/O port equivalent to P0. (Except that P60 to
P63's output type is N channel open drain only; P64 to P67's
output type is CMOS 3 state only; P60 to P63 no internal
pull-up registor support.) By software selecting, this port
can be used for 12C-BUS interface, UARTO/UART1 input/
output pin, timerA3,A4 output pin or same frequency with
XIN clock output pin. When P60 to P63 used as 12C-BUS
interface SDA,ScL, the input level of these pins are CMOS/
SMBUS selectable.

P70to P77

I/O port P7

Input/output

This is an 8-bit I/O port equivalent to P0. (Except that P70 to
P77 output type is N channel open drain only; no internal
pull-up registor support.) By software selecting, this port
can be used for external interrupt input pin, timerAO to A3
and timerB5 input pin, PS2 interface input/output pin, or
UART2 input/output pin. P70 to P75 pins' level can be read
regardless of the setting of input port or output port.

P8o to P84,
P8s,
P87,
P85

I/O port P8

I/O port P85

Input/output
Input/output
Input/output
Input

P8o to P84, P86, and P87 are I/O ports with the same functions
as PO. (Except that P86 to P87's output type is CMOS 3 state
only; P80 to P84's output type is N channel open drain only;
P85 is input port only; the P8o to P84 and P85 are no internal
pull-up registor support.)

By software selecting, this port can be used for timer A4, BO to
B2, 12C-BUS interface I/O pins. P86 and P87 can be set using
software to function as the 1/O pins for a sub clock generation
circuit. In this case, connect a quartz oscillator between P86
(XcouT pin) and P87 (XCIN pin). P8s is an input-only port that
also functions for NMI. The NMI interrupt is generated when
the input at this pin changes from “H” to “L”. The NMI function
cannot be cancelled using software.

P9o to P97

I/O port P9

Input/output

This is an 8-bit I/0O port equivalent to PO. (Except that output
type is CMOS 3 state only.) By software selecting, the port can
be used for external interrupt, timer B3 to B4, A-D converter
extended input pins, A-D trigger, SI/O3, SI/O4 1/O pins, PWM,
D-A converter output pins.

P10o to P107

I/O port P10

Input/output

This is an 8-bit I/O port equivalent to PO. (Except that output
type is CMOS 3 state only.) By software selecting, the port
can be used for A-D converter, external interrupt input pins.
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Pin Description

Pin name

Signal name

I/O type

Function

P11loto P117

1/0 port P11

Input/output

This is an 8-bit I/O port equivalent to PO.

P120to P127

1/0 port P12

Input/output

This is an 8-bit I/0 port equivalent to PO. (Except that output
type is CMOS 3 state only.) By software selecting, this port
can be used for external interrupt input pin.

P130 to P137

1/0 port P13

Input/output

This is an 8-bit I/O port equivalent to PO. (Except that output
type is N channel open drain only; no internal pull-up
registor support.)

P140 to P147

1/0 port P14

Input/output

This is an 8-bit I/O port equivalent to PO. The port can be
used for key on wake-up interrupt 1 input pins. P140 to P143
are available for directly driving LED's.

P150 to P157

1/0 port P15

Input/output

This is an 8-bit I/O port equivalent to PO. (Except that output
type is CMOS 3 state only.) By software selecting, this port
can be used for timer AO to A2's output pin.

P160, P161

1/0 port P16

Input/output

This is an 2-bit I/O port equivalent to PO. (Except that output
type is CMOS 3 state only.) By software selecting, this port
can be used for timer B3 and B4 input pin.
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Memory
. __________________________________________________________________________________________________________________________|

Operation of Functional Blocks
The M16C/6K7 (144-pin version) group accommodates certain units in a single chip. These units include

ROM and RAM to store instructions and data and the central processing unit (CPU) to execute arithmetic/
logic operations. Also peripheral units such as timers, serial 1/0, D-A converter, DMAC, A-D converter, host
bus interface, comparator, PWM output , I12C BUS interface, PS2 interface and 1/O ports are included.

The following explains each unit.

Memory
Fig.CA-1 is the memory map. The address space extends up to 1M bytes from address 0000016 to FFFFF16.

From FFFFF16 to the address decreasing direction ROM is allocated. For example, in the M306K7F8LRP,
there is 68K bytes of internal ROM from EF00016 to FFFFF16. The vector table for fixed interrupts such as
the reset and NMI are mapped from 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 to the address increasing direction RAM is allocated. For example, in the M306K7F8LRP, 3K
bytes of internal RAM is mapped to the space from 0040016 to OOFFF16. In addition to storing data, the RAM
also stores the stack used when calling subroutines and when interrupts are generated.
The SFR area is mapped from 0000016 to 003FF16. This area accommodates the control registers for pe-
ripheral devices such as 1/O ports, A-D converter, serial /0, and timers, etc. Fig.CA-2 to CA-5 are location of
peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be
used for other purposes.
The special page vector table is mapped from FFEOO16 to FFFDBU1s. 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
Fig.CA-2 to Fig.CA-4
0040016
Internal RAM area
; FFEOO16
XXXXX16 i .
! Special page
! vector table
Type No. Address XXXXXies | Address YYYYYis '

! FFFD F= "7~ St ee g
M306K7FBLRP | OOFFF1s EF00016 - , €18 £ Undefined instruction
Inhibited ! E Overflow E
! ' BRKinstruction A
! ' Address match J
! F Single step E
YYYYYi6 /’ E Watchdog timer S
/ F DBC E
Internal ROM area | E NMT E
FFFFF16 ____ FFFFF1s [ Reset E

Fig.CA-1 Memory map
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M16C / 6K7 Group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
.}

Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Fig.BA-1 Seven of these registers (RO, R1, R2, R3, A0, Al, and
FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
(Note)
RO |||||||_||||||||||‘||||.|\
b15 b8 b7 b0 b19 bo
(Note)
R1 ||||||T|||||||||F||||] PC|||||||||||||||||||||Pr()gramCoumer
Data
b15 b0 registers bio w0
(Note)
R2 |||||||||||||||||-| INTB'||—|||||||||||lr||||||||Ime_m'lpttable
T register
b15 bo b15 b0
(Note) .
R3 ||||||||||||||||||-|j USP|||||||||||||||||UserStaCkpolnter
b15 bo b15 b0
N Interrupt stack
Ao(me)|||||||||||||||||-| ISl:’||||||||||||||||| . P
T pointer
Address
bi5 bo registers b15 bo )
A1(Note) | SB | | Static base
Ll L L L LY pegister
b15 bO b15 b0
(Note) .
FBoe||||||||||||||||n Framebase FLG""""""""'FlagreQISter
I register e :
”’ 1
’/’ 1
- I
Ll |,y [ulr]ofels]z]p]c]
Note- These reqisters consist of two reqister banks

Fig.BA-1 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 u2sed for address register indirect addressing and address register
relative addressing.

In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AO0).
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(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 configured
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. Fig.BA-2 shows the flag register
(FLG). The following explains the function of each flag:

« Bit 0: Carry flag (C flag)

This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

« Bit 1: Debug flag (D flag)

This flag enables a single-step interrupt.

When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is cleared to
“0” when the interrupt is acknowledged.

« Bit 2: Zero flag (Z flag)

This flag is set to “1” when an arithmetic operation resulted in O; otherwise, cleared to “0".

« Bit 3: Sign flag (S flag)

This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “0”.

« Bit 4: Register bank select flag (B flag)

This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1”.

« Bit 5: Overflow flag (O flag)

This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0".

« Bit 6: Interrupt enable flag (I flag)

This flag enables a maskable interrupt.

An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to “0”
when the interrupt is acknowledged.

* Bit 7: Stack pointer select flag (U flag)

ENESAS
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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 No. 0 to 31 is executed.

* Bits 8 to 11: Reserved area

« Bits 12 to 14: Processor interrupt priority level (IPL)

Processor interrupt priority level (IPL) is configured with the three bits, for specification of up to eight proces-
sor 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.

b15 b0
[T P T, .~ |u]i[o]B[s]|z[p]|c]| Fiagregister (FLG)
Carry flag
L Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level (CPU)

Reserved area

Fig.BA-2 Flag register (FLG)
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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 the hardware reset.

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.

Fig.VB-1 shows the example reset circuit. Fig.VB-2 shows the reset sequence.

3.0v

3.3v
Vcc
ov
RESET vee 3.3v
RESET

—

7; ov

Example when Vcc = 3.3V

Fig.VB-1 Example reset circuit

S I s O

XIN
More than 20 cycles are needed
RESET | « BCLK  24cycles
Internal
clock @
Single chip FFFFCi16 Content of reset vector
mode
Address ( X FFFFE16

A
X

Fig.VB-2 Reset sequence
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Table VB-1 shows the statuses of the other pins while the RESET pin level is “L". Fig.VB-3 and VB-4 show
the internal status of the microcomputer immediately after the reset is cancelled.

Table VB-1 Pin status when RESET pin level is “L”

Status
Pin name CNVss = Vss
(Mo)
PO I/O port (floating)
P1 I/O port (floating)

P2, P3, P40 to P43 I/O port (floating)

P44 I/0 port (floating)
P45 to P47 I/O port (floating)
P50 I/O port (floating)
P51 I/O port (floating)
P52 I/O port (floating)
P53 I/O port (floating)
P54 I/O port (floating)
P55 I/O port (floating)
P56 I/O port (floating)
P57 I/O port (floating)

P6, P7, P8o to P84,

P86, P87, P9, P10 I/O port (floating)

P11, P12, P13, P14 | |/O port (floating)

P15, P16 I/O port (floating)

ENESAS
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I

G

Processor mode register 0

(2) Processor mode register 1

C

System clock control register 0

S

System clock control register 1

(5) Address match interrupt enable register

(6) Protect register

3

Watchdog timer control register

(8) Address match interrupt register 0

9

Address match interrupt register 1

(10)DMAO control register

(11)DMAL control register

(12)INTS interrupt control register
(13)Timer B5 interrupt control register
(14)Timer B4 interrupt control register
(15)Timer B3 interrupt control register
(16) SI/04 interrupt control register

(17)S1/03 interrupt control register

1g)Bus collision detection interrupt
control register
(19) DMAO interrupt control register

(20) DMAL interrupt control register

(21) Key input interrupt control register 0

(22) A-D conversion interrupt control register

(23)UART2 transmit interrupt control register

(000416)-+-
(000516):+-
(000616)-
(000716)-+
(000916)-
(000A1s6)--
(000F16)--
(001016)---
(001116)-
(001216)---
(001416)--
(001516)-
(001616)--
(002C16)-
(003C16)-+
(004416)--
(004516)---
(004616)--
(004716)---
(004816)--
(004916)--
(004A16)-+
(004B16)--
(004C1s)--
(004D16)--
(004E16)---

(004F16)-:-

o] [o] [o] o] [o] [o] [o] [o] [o] o] [o] [=] [o] [=] [e] o]

0016
[o]o[o]o[XIX]
[1]ofo]a]o[0]
[o]1]o[o]o]o]
DDA o]
DDPIX oo

[~]

0016

0016
DD ofo[o]

0016

0016
DDIXK o] o[ o]
[oJofo]of2[0]
[o]oJo]o]?[o]
XIXo]o]>]o]o]
DX =] o] o]
DDIXD =] o] o]
DDIXD 2l o] o]
DX oof=[o]o]
XD o] o[ 7[o]0]
DDAXIK2[0] o]
XDX[o]o>[o]0]
XDo]o]2[o]0]
DDIX 2] o] ]
DDAXD 2l o] ]
DD 2l o] o]

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.

(24)UART2 receive interrupt control register
(25)UARTO transmit interrupt control register
(26)UARTO receive interrupt control register
(27)UART1 transmit interrupt control register

(28) UARTL1 receive interrupt control register

(29) Timer AOQ interrupt control register
(30)Timer A1 interrupt control register
(31)Timer A2 interrupt control register
(32)Timer A3 interrupt control register
(33)Timer A4 interrupt control register
(34)Timer BO interrupt control register
(35)Timer B1 interrupt control register
(36) Timer B2 interrupt control register
(37)INTO interrupt control register
(38)INT1 interrupt control register
(39)INT2 interrupt control register
(40)PS20 shift register

(41)PS20 status register

(42)PS20 control register

(43)PS21 shift register

(44)PS21 status register

(45)PS21 control register

(46)PS22 shift register

(47)PS22 status registerr

(48)PS22 control register

(49)PS2 mode register

(005016)-+-
(005116)--
(005216)--
(005316)--
(005416)--
(005516)--
(005616)-
(005716)--
(005816)--
(005916)--
(005A16)--
(005B1s6)--

(005C16)-+

o o
5 5
o] [o] o] [=] [o] [o] [e] [o] [o] [e] [=] [=] [=] [o] [o] [e]

(005D16)--
(005E16)--
(005F16)--
(02A016)-+
(02A116)-+
(02A216)--
(02A416)--|
(02A516)--
(02A616)--
(02A816)--
(02A916)--
(02AA16)-+

(02AC16)--

DX =T o] o]
FeeEnn
XD ol of2[o]o]
DDA 2[o]o]
XDo]of2[o]o]
XDo]o]2[o]o]
XDo]of2[o]o]
DDA 2[0] o]

XDAXD 2] o] o]
DX =] o] o]
XDo]of2[o]o]
X[ o] >[0[ o]
XD =T o] o]
XDXolof2[o]o]
Xo[o]>[o[o]
XDo[of=[o]o]

0016

0016

0016

0016

0016

0016

0016

0016

Fig.VB-3 Device's internal status after areset is cleared (1)
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(50)Data bus buffer status register 0
(51)Data bus buffer status register 1
(52)Data bus buffer status register 2
(53)Data bus buffer status register 3
(54)ISA bus control register 0
(55)ISA bus control register 1

(56) GateA20 control register
(57)Port P11 direction register
(58)Port P12 direction register
(59)Port P13 direction register
(60)Port P14 direction register
(61)Port P15 direction register
(62)Port P16 direction register
(63)Port function selection register 0
(64)Port function selection register 1
(65)Port P4 input register

(66)Port P7 input register

(67) Pull-up control register 3

(68) Pull-up control register 4
(69)Port control register 1

(70) Port control register 2

(71) PWMOL register

(72) PWMLL register

(73) PWM2L register

(74) PWM3L register

(75) PWM control register 0

(02C116)--
(02C316)-+-
(02C516)--
(02C716)-+-
(02C816)--
(02C916)--
(02CA16)-+
(02E216)--
(02E316)--
(02E616)--
(02E716)--
(02EA16)--
(02EBus)--
(02F8u16)--

(02F916)-+
(02FAz6)---

(02FBa1s6)--
(02FCa1s)--
(02FD16)---
(02FEz1s)---
(02FFue6)---
(030116)--
(030316)-+-
(030516)-
(030716)-+

(030816)--

T
TR
T
[ oow
T
[ oow
T
T
T
T
T
T
SIXXXs o
T
T
BN
BToIIXXIXXY
T
o]
T
o]
KoK

D

DT DXDIXIXIX
DXL XXX
%

DT DXDIXDIXIX

0016

x : Nothing is mapped to this bit
? : Undefined

(76) PWM control register 1 (030916)-+
(77) 12C0 address register (032216
(78) 12C0 control register (032316)--
(79) 120 clock control register (032416)-
(80) 1%CO start/stop condiction (032516).--
control register
(81) 12C0 control register 1 (032616)-
(82) 12C0 control register 2 (032716)-+
(83) 12CO status register (032816)--
(84) 12C1 address register (033216)
(85) 12C1 control register (033316)--
(86) 12C1 clock control register (033416)-
@7 12C1 start/stop condiction (033516)---
control register
(88) 12C1 control register 1 (033616)--
(89) 12C1 control register 2 (033716) -
(90) 12C1 status register (033816)-+
(91) TimerB3,4,5 count start flag (034016)--
(92) Interrupt factor selection register 1 (035616)--
(93) Interrupt factor selection register 2 (035716) -
(94) Interrupt factor selection register 3 (035816) -
(95) Interrupt factor selection register 4 (035916)--
(96) TimerB3 mode register (035B16)-+
97) TimerB4 mode register (035C16)-++
(98) TimerB5 mode register (035D16)---
(99) Interrupt factor selection register 0 (035Fz16)--
(100) SI/O3 control register (036216)-
(101) SI/O4 control register (036616)-+

T
[ oow
o
[ oow
T
T
T
[elolxlelololol]
o]
T
T
TR
T
T
[elolalolololol]
BToTo XXX
T
o]
o]
T
DOEXBODE

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

0016

4016

4016

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

Fig.VB-4 Device's internal status after areset is cleared (2)
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(102) UART?2 special mode register

(103) UART2 transmit/receive mode register

(122) UART1 transmit/receive mode register

(126) Flash memory recognition register
(127) Flash memory control register
(128) DMAO cause select register

(129) DMAL1 cause select register

(037716)-

(037816)---

(104) UART2 transmit/receive control register 0 (037Cz16)--

(105) UART?2 transmit/receive control register 1 (037D16)---

(106) Count start flag (038016)-+
(107) Clock prescaler reset flag (038116)--
(108) One-shot start flag (038216)---
(109) Trigger select flag (038316)-
(110) Up-down flag (038416)---
(111) Timer AO mode register (039616)--
(112) Timer A1 mode register (039716)--+
(113) Timer A2 mode register (039816)-+-
(114) Timer A3 mode register (039916)---
(115) Timer A4 mode register (039A16)--
(116) Timer BO mode register (039B16)-+
(117) Timer B1 mode register (039C16)-
(118) Timer B2 mode register (039D16)
(119) UARTO transmit/receive mode register (03A016)-+-

(120) UARTO transmit/receive control register 0 (03A416)--
(121) UARTO transmit/receive control register 1 (03A516)--
(03A816)--
(123) UART1 transmit/receive control register 0 (03AC1s6)---
(124) UARTL transmit/receive control register 1 (03AD16)---
(125) UART transmit/receive control register 2 (03B016)--
(03B416)--
(03B716)--
(03B816)-

(03BA16)-+

0016

0016

[ofoolx[o]o
[a[ofele[o]

0016
OO0
[aele[o]o

0016

0016

0016

0016

0016

0016

0016
[o[7IX(a[o[o]
[o[7Xo[o[o]
[o[zIXele[o]

0016
[o[oo[x[e[o]
[o[oJolo[o[3]

0016
[o[oolx[e[o]
[o[oJole[e[]
X[ofole[o[oo

o ofole[e[]
SN oo

0016

0016

x : Nothing is mapped to this bit
? : Undefined

(130) A-D control register 0

(131) A-D control register 1

(132) D-A control register

(133) Comparator control register
(134) Port PO direction register
(135) Port P1 direction register
(136) Port P2 direction register
(137) Port P3 direction register
(138) Port P4 direction register
(139) Port P5 direction register
(140) Port P6 direction register
(141) Port P7 direction register
(142) Port P8 direction register
(143) Port P9 direction register
(144) Port P10 direction register
(145) Pull-up control register 0
(146) Pull-up control register 1
(147) Pull-up control register 2
(148) Port control register 0

(149) Data registers (RO/R1/R2/R3)
(150) Address registers (A0/AL)
(151) Frame base register (FB)
(152) Interrupt table register (INTB)
(153) User stack pointer (USP)
(154) Interrupt stack pointer (ISP)
(155) Static base register (SB)

(156) Flag register (FLG)

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

(03D615)- [0 0[o[ o[ o[ 2[ 7] ]
79[ oo ]
(03DC:9) -
(03DEw)-[ 006 ]
(03E219)-
(03E316)--
(03E619)-
(03E716)--
(©03emwe)-[ oo |

(03EBie)-[ o016 |
(03eE0)-[ o0 ]
(03EF5).
(03F216)--[o]o]X[o]o[ o]0 [o]
(©03F31)-[ 005 |
(O3F6e)-[ 00 |
(osFci)-[ 001 ]
(03FD1e)}[ oo ]
(03FE10)--
(03FFie-[ 00 |

000016
000016
000016
0000016
000016
000016

000016

000016

Fig.VB-5 Device's internal status after areset is cleared (3)
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(157) Serial interrupt control register 0 (02B016)-- 0016
(158) serial interrupt control register 1 (02B116)--- 0016
(159) IRQ request register 0 (02B216)-+ 0016
(160) IRQ request register 1 (02B316)-- 0016
(161) IRQ request register 2 (02B416)-+ 0016
(162) IRQ request register 3 (02B516)-+ 0016
(163) IRQ request register 4 (02B616)--- 0016
(164) LPC1 address register L (02D016)-+ 0016
(165) LPC1 address register H (02D116)- 0016
(166) LPC2 address register L (02D216)-+ 0016
(167) LPC2 address register H (02D316) 0016
(168) LPC3 address register L (02D416)-- 0016

(169) LPC3 address register H (02D516) - 0016

(170) LPC control register (02D616)- - 0016

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

Fig.VB-6 Device's internal status after areset is cleared (2)
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000016 004016
000116 004116
000216 004216
000316 004316
000416 | Processor mode register 0 (PMO) 004416 | INT3 interrupt control register (INT3IC)
000516 | Processor mode register 1(PM1) 004516 | Timer B5 interrupt control register (TB5IC)
oooe1s | System clock control register 0 (CMO0) INT9 interrupt control register (INT9IC)
000716 | System clock control register 1 (CM1) oo4616 | Timer B4 interrupt control register (TB4IC)
000816 004716 | _Timer B3 interrupt control register (TB3IC)
000916 | Address match interrupt enable register (AIER) 004816 | SI/O4 interrupt control register (S4IC)
oooaws | Protect register (PRCR) INT6 interrupt control register (INT6IC)
000B16 004916 | SI/O3 interrupt control register (S3IC)
000C16 INT5 interrupt control register (INT5IC)
000D16 004A16 | Bus collision detection interrupt control register (BCNIC)
oooeis | Watchdog timer start register (WDTS) INT4 interrupt control register (INT4IC)
ooorFis | Watchdog timer control register (WDC) 004B1s | DMAO interrupt control register (DMOIC)
001016 INT8 interrupt control register (INT8IC)
00111 | Address match interrupt register 0 (RMADO) oo4cis | DMAL interrupt control register (DM1IC)
001216 INT7 interrupt control register (INT7IC)
001316 00416 | Key input interrupt O control register (KUPOIC)
001416 oo4e1s | A-D conversion interrupt control register (ADIC)
oo1516 | Address match interrupt register 1 (RMAD1) 004F1s | UART2 transmit interrupt control register (S2TIC)
001616 IBFO interrupt control register (IBFOIC)
001716 005016 | UART2 receive interrupt control register (S2RIC)
001816 IBF1 interrupt control register (IBF1IC)
001916 005116 | UARTO transmit interrupt control register (SOTIC)
001A16 I2CO interrupt control register (11COIC)
001B16 005216 | UARTO receive interrupt control register (SORIC)
001C16 SCLO,SDAO interrupt control register (SCLDAOIC)
001D16 INT11 interrupt control register (INT11IC)
001E16 005316 | UARTL transmit interrupt control register (S1TIC)
001F16 12c1 interrupt control register (IIC1IC)
002016 005416 | UART1 receive interrupt control register (S1RIC)
002116 | DMAO source pointer (SARO0) SCL1,SDAL interrupt control register (SCLDAL1IC)
002216 INT10 interrupt control register (INT10IC)
002316 005516 | Timer AQ interrupt control register (TAOIC)
002416 INT8 interrupt control register (INT8IC)
002516 | DMAO destination pointer (DARO) 005615 | Timer Al interrupt control register (TA1IC)
002616 INT7 interrupt control register (INT7IC)
002716 005716 | Timer A2 interrupt control register (TA2IC)
002815 | H\VIAQ transfer counter (TCRO) 005816 Timer_ A3 interrupt contro! register (TA3IC)
002916 IBF2 interrupt control register (IBF2IC)
002A16 005916 | Timer A4 interrupt control register (TA4IC)
002B16 IBF3 interrupt control register (IBF3IC)
002c16 | DMAO control register (DMOCON) 005A16 | Timer BO interrupt control register (TBOIC)
002D16 SCLO,SDAO interrupt control register (SCLDAOIC)
002E16 INT11 interrupt control register (INT11IC)
002F16 00sBis | Timer B1 interrupt control register (TB1IC)
003016 SCL1,SDAL interrupt control register (SCLDA1IC)
003116 | DMAL source pointer (SAR1) INT10 interrupt control register (INT10IC)
003216 005C1s | Timer B2 interrupt control register (TB2IC)
003316 Key input interrupt 1 control register (KUP1IC)
003416 005D1s | INTO interrupt control register (INTOIC)
003516 | DMAL destination pointer (DAR1) PS20 interrupt control register (PS20IC)
003616 005E1s | INT1 interrupt control register (INT1IC)
003716 PS21 interrupt control register (PS21IC)
003816 005F16 | INT2 interrupt control register (INT2IC)
003e:s | DMAL transfer counter (TCR1) PS22 interrupt control register (PS22IC)
003A16 006016
003B16 006116
oo3cis | DMAL control register (DM1CON)
003D16 ~ =
003E16
003F16 027D16

027E16

027F16

Note 1: The areas that nothing are allocated in SFR are reserved. Read and Write to the areas are inhibited.

Fig.CA-2 Location of peripheral unit control registers (1)
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028016 02C01s | Data bus buffer register0 (DBB0)
028116 02Cl11s | Data bus buffer status register0 (DBBSTS0)
028216 02c216 | Data bus buffer registerl (DBB1)
028316 02c31 | Data bus buffer status registerl (DBBSTS1)
028416 02C415 | Data bus buffer register2 (DBB2)
028516 02cs516 | Data bus buffer status register2 (DBBSTS2)
028616 02cé1s | Data bus buffer register3 (DBB3)
028716 02c71s | Data bus buffer status register3 (DBBSTS3)
028816 02C816 | |ISA control register0 (DBBCONO)
028916 02C915 | ISA control registerl (DBBCON1)
028A16 02caws | Gate A20 control register (GA20CON)
028B16 02CB16
028C16 02CC16
028D16 02CD16
028E16 02CE16
028F16 02CF16
029016 020016 | LPC1 address registerL (LPC1ADL)
029116 020116 | LPC1 address registerH (LPC1ADH)
029216 020216 | LPC2 address registerL (LPC2ADL)
029316 020316 | LPC2 address registerH (LPC2ADH)
029416 020416 | LPC3 address registerL (LPC3ADL)
029516 020516 | LPC3 address registerH (LPC3ADH)
029616 020616 | LPC control register (LPCCON)
029716 02D716
029816 02D816
029916 02D916
029A16 02DA16
029B16 02DB16
029C16 02DC16
029D16 02DD16
029E16 02DE16
029F16 02DF16
02A016 | PS20 shift register (PS20SR) 02E016 | Port P11 (P11)
02a116 | PS20 status register (PS20STS) 02e116 | Port P12 (P12)
02A216 | PS20 control register (PS20CON) 02216 | Port P11 direction register (PD11)
02A316 02e316 | Port P12 direction register (PD12)
02A416 | PS21 shift register (PS21SR) 02E416 | Port P13 (P13)
02A516 | PS21 status register (PS21STS) 02E516 | Port P14 (P14)
024616 | PS21 control register (PS21CON) 02E616 | Port P13 direction register (PD13)
02A716 02e716 | Port P14direction register (PD14)
02A816 | PS22 shift register (PS22SR) 02e816 | Port P15 (P15)
02A916 | PS22 status register (PS22STS) 02E916 | Port P16 (P16)
02aa16 | PS22 control register (PS22CON) 02eA16 | Port P15 direction register (PD15)
02AB16 02eB1s | Port P16 direction register (PD16)
02AC16 | PS2 mode register (PS2MOD) 02EC16
02AD16 02ED16
02AE16 02EEz16
02AF16 02EF16
028016 | Serial Interrupt control register 0 (SERCONO) 02F016
028116 | Serial Interrupt control register 1 (SERCON1) 02F116
02216 | IRQ request register 0 (IRQO) 02F216
028316 | IRQ request register 1 (IRQ1) 02F316
02416 | IRQ request register 2 (IRQ2) 02F416
028516 | IRQ request register 3 (IRQ3) 02F516
02616 | IRQ request register 4 (IRQ4) ozre1s | P14 event register (P14EV)
02B716 02r71s | Port control register3 (PCR3)
02B816 o2r816 | Port function selection register0 (PSLO)
02B916 02r916 | Port function selection registerl (PSL1)
02BA16 o2rAis | Port P4 input register (P4PIN)
02BB16 02FBis | Port P7 input register (P7PIN)
02BC16 ozrcis | Pull-up control register3 (PUR3)
02BD16 o2rD1s | Pull-up control register4 (PUR4)
02BE16 oz2Fes | Port control registerl (PCR1)
02BF16 02FF1s | Port control register2 (PCR2)

Note 1: The areas that nothing are allocated in SFR are reserved. Read and Write to the areas are inhibited.

Fig.CA-3 Location of peripheral unit control registers (2)
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030016 | PWMOH register (PWMOH) 034016 | TimerB3,4,5 count start flag (TBSR)
030116 | PWMOL register (PWMOL) 034116

030216 | PWM1H register (PWM1H) 034216

030316 | PWMIL register (PWM1L) 034316

030416 | PWM2H register (PWM2H) 034416

030516 | PWMZ2L register (PWM2L) 034516

030616 | PWM3H register (PWM3H) 034616

030716 | PWM3L register (PWM3L) 034716

030816 | PWM control register0 (PWMCONO) 034816

030916 | PWM control registerl (PWMCON1) 034916

030A16 034A16

030B16 034B16

030C16 034C16

030D16 034D16

030E16 034E16

030F16 034F16

031016 035016 TimerB3 register (TB3)

031116 035116

031216 9352 | TimerB4 register (TB4)

031316 035316

031416 035416 | TimerBS register (TB5)

031516 035516

031616 035616 | Interrupt event select registerl (IFSR1)
031716 035716 | Interrupt event select register2 (IFSR2)
031816 035816 | Interrupt event select register3 (IFSR3)
031916 035916 | Interrupt event select register4 (IFSR4)
031A16 035A16

031B16 035816 | TimerB3 mode register (TB3MR)

031C1s 035C1s | TimerB4 mode register (TB4MR)

031D16 03sD1s | TimerB5 mode register (TB5MR)

031E16 035E16

031F16 035F16 | Interrupt event select register0 (IFSR0)
032016 | 12CO0 data shift register (S00) 036016 | SI/O3 transmit/receive register (S3TRR)
032116 036116

032216 | 12CO address register (SOD0) 036215 | SI/O3 control register (S3C)

032316 | 12CO control register0 (S1D0) 036316 | SI/O3 communication speed register (S3BRG)
032416 | 12CO clock control register (S20) 036416 | SI/O4 transmit/receive register (S4TRR)
032516 | 12CQ start/stop condition control register (S2D0) 036516

032616 | 12CO control registerl (S3D0) 036616 | SI/O4 control register (S4C)

032716 | 12CO control register2 (S4D0) 036716 | SI/O4 communication speed register (S4BRG)
032815 | |°CO status register (510) 036816

032916 036916

032A16 036A16

032B16 036B16

032C16 036C16

032D16 036D16

032E16 036E16

032F16 036F16

033015 | 1°C1 data shift register (S01) 037016

033116 037116

033216 | |12C1 address register (S0D1) 037216

033316 | I°C1 control register0 (S1D1) 037316

033416 | 12C1 clock control register (S21) 037416

033516 | 12C1 start/stop condition control register (S2D1) 037516

033616 | 12C1 control registerl (S3D1) 037616

033716 | 12C1 control register2 (S4D1) 037716 | UART2 special mode register (U2SMR)
033816 | |2C1 status reqister (S11) 037816 | UART2 transmit/receive mode register (U2MR)
033916 037916 | UART2 communication speed register (U2BRG)
033A1s 037A18 | YART2 tranmit buffer register (U2TB)
033B16 037B16

033C16 o37cis | UART2 transmit/receive control register0 (U2C0O
033D16 037016 | UART?2 transmit/receive control registerl (U2C1)
033E16 037Eie | JART2 receive buffer register (U2RB)
033F16 037F16

Note 1: The areas that nothing are allocated in SFR are reserved. Read and Write to the areas are inhibited.

Fig.CA-4 Location of peripheral unit control registers (3)
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038016 | Count start flag (TABSR) 03CO016 .

038116 | Clock prescaler reset flag (CPSRF) 03Cl16 A-D register0 (ADO)

038216 | One-shot start flag (ONSF) 03C216 .

0383 | Trigger select register (TRGSR) oscai | AD registerl (AD1)

038416 | Up-down flag (UDF) 03C416 .

038516 03C516 A-D register2 (AD2)

038%:0 | TimerAO (TAO) 0308 | oD register3 (AD3)

038716 03C716

038816 | T 03C816 .

aaser | TIMErAL (TA1) vacon | AD register4 (AD4)

03871 | TimerA2 (TA2) 03CAe | A_D register5 (AD5)

038B16 03CB16

038C16 H 03CCis .

43801 TimerA3 (TA3) vacnee| AD register6 (AD6)

038510 | TimerAd (TA4) 03CE16 | A_D register7 (AD7)

038F16 03CF16

039016 TimerBO (TBO) 03DO016

039116 03D116

039216 TimerB1 (TBl) 03D216

039316 03D316

039416 TimerB2 (TBZ) 03D416

039516 03D516

039616 | TimerAO mode register (TAOMR) 03p61s | A-D control register0 (ADCONO)
039716 | TimerAl mode register (TAIMR) 03D716 | A-D control registerl (ADCON1)
039816 | TimerA2 mode register (TA2MR) 030816 | D-A register0 (DAO)

039916 | TimerA3 mode register (TASMR) 03D916

039a16 | TimerA4 mode register (TA4MR) 03pAs | D-A registerl (DA1)

039B16 | TimerB0O mode register (TBOMR) 03DB16

039cis | TimerB1 mode register (TB1IMR) o3pcs| D-A control register (DACON)
039D16 | TimerB2 mode register (TB2MR) 03DD16

039E16 o03peis | Comparator control register (CMPCON)
039F16 03DF16 | Comparator data register (CMPD)
03a016 | UARTO transmit/receive mode register (UOMR) 03E016 | Port PO (P0)

03a116 | UARTO communication speed register (UOBRG) 03e116 | Port P1 (P1)

03A216 . . 03E216 | Port PO direction register (POD
03A316 UARTO tranmit buffer register (UOTB) 03e316 | Port P1 direction register gPlD;
03a416 | UARTO transmit/receive control register0 (UOCOQ) 03E416 | Port P2 (P2)

03as16 | UARTO transmit/receive control registerl (UOC1) 03e516 | Port P3 (P3)

03A616 ] . 03e616 | Port P2 direction register (P2D)
03A716 UARTO receive buffer register (JORB) 03e71s | Port P3 direction register (P3D)
03a81s | UARTL1 transmit/receive mode register (UIMR) 03E816 | Port P4 (P4)

03a916 | UART1 communication speed register (ULBRG) 03e916 | Port P5 (PS5)

03AA16 . . 03EA1s | Port P4 direction register (P4D
03AB16 UARTL tranmit buffer register (U1TB) 03eBis | Port P5 direction register §P5D;
03acis | UART1 transmit/receive control register0 (U1CO0) 03eCis| Port P6 (P6)

03aD1s | UARTL1 transmit/receive control registerl (U1C1) 03eDs | Port P7 (P7)

03AEzs . . 03eeis | Port P6 direction register (P6D)
03AF16 UARTI receive buffer register (U1RB) 03eF1s | Port P7 direction register (P7D)
03Bos | UART transmit/receive control register2 (UCON) 03rows | Port P8 (P8)

03B116 o03r11s | Port P9 (P9)

03B216 o3r2:6 | Port P8 direction register (P8D)
03B316 03r316 | Port P9 direction register (P9D)
03B41s | Flash memory recognition register (FMRR) 03F416 | Port P10 (P10)

03B516 03F516

03B616 o03rFe1s | Port P10 direction register (P10D)
038716 | Flash memory control register (FMCR) 03F716

038816 | DMAO request cacse select register (DMOSL) 03F816

03B916 03F916

038A1s | DMAL request cacse select register (DM1SL) 03FA16

03BB16 03FB16

03BC16 o3rcs | Pull-up control register0 (PUROQ)
03BD16 03rD1s | Pull-up control registerl (PUR1)
03BE16 03rEss | _Pull-up control register2 (PUR2)
03BF16 03FF16 | _Port control register0 (PCRO)

Note 1: The areas that nothing are allocated in SFR are reserved. Read and Write to the areas are inhibited.

Fig.CA-5 Location of peripheral unit control registers (4)
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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 retained.

Processor Mode

(1) Types of Processor Mode

The single-chip mode is supported in processor mode.

* Single-chip mode

In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be accessed.
Ports PO to P16 can be used as programmable 1/O ports or as I/O ports for the internal peripheral functions.
Fig. BG-1 shows the structure of processor mode register 0 and processor mode register 1.

Processor mode register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo El)\l/ln(])bm %%%rfss O\SIheT\Iretsezt
16 16 (Note

olololo]| |o ( )

oo 1| Bitsymbol Bit name Function R'W
1 ' ' ' 1 1 ' ' . b1 b0 :

E : : : : : : v PMO00 Processor mode bit 00: Single-chip mode 00
- 0 1: Inhibited :
. PMO1 1 0: Inhibited '
. 1 1: Inhibited 0.0
E ‘ I I l R Reserved bit Must always be set to “0” —EO
E E E E E PMO03 Software reset bit The device is reset when this bit is set '
i to “1”. The value of this bitis “0” when [O1O
- read. 3
bbb bbb bbbt Reserved bit Must always be set to “0” -0

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

Processor mode register 1 (Note 1)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
[ [olofo[oXDX]o] pm 000516 00000XX02
¢4 4| Bitsymbol Bit name Function R:W
i : ' : ' : ' 4 Reserved bit Must always be set to “0” Q.0
B _____ Nothing is assigned.
A In an attempt to write to these bits, write “0”. The value, if read, turns out to be |[—!—
E : : ; : indeterminate. '
E e AALRCEECEEEELE Reserved bit Must always be set to “0” —30
________________________ PM17 Wait bit 0 : No wait state OEO
1 : Wait state inserted !

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

Fig.BG-1 Processor mode register 0 and 1
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Bus control
(1) Software wait

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address

000516) (Note) .

A software wait is inserted in the internal ROM/RAM area by setting the wait bit of the processor mode
register 1. When set to “0”, each bus cycle is executed in one BCLK cycle. When set to “1”, each bus cycle
is executed in 2 BCLK cycles. After the microcomputer has been reset, this bit defaults to “0".

Set this bit after referring to the recommended operating conditions (main clock input oscillation frequency)
of the electric characteristics.
The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits.
Table.EF-1 shows the software wait and bus cycles. Fig.EF-1 shows example bus timing when using soft-

ware waits.

Note: Before attempting to change the contents of the processor mode register 1, set bit 1 of the protect
register (address 000A16) to “1”.

Table.EF-1 Software waits and bus cycles

Area Wait bit Bus cycle
SFR Invalid 2 BCLK cycles
Internal 0 1 BCLK cycle
ROM/RAM 1 2 BCLK cycles
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. Bus cycle Bus cycle
No wait (Note 1) (Note 1)
|—— | —
BCLK
Write signal
Read signal
Data bus {Output) \ Input>
Address bus >< XAddressX XAddressx X
Chip select
With wait Bus cycle Bus cycle
(Note 1) (Note 1)
|-——— P
BCLK
Write signal
Read signal

—
Data bus \ Output / Inpu
Address bus X Address >< X Address

— ><<

Chip select

Note 1: This timing sample shows the lenth of bus cycle. It is possible that the read cyles, write cycle
comes after this cycle in succession.

Fig.EF-1 Typical bus timings using software wait
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Clock Generating Circuit
The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the
CPU and internal peripheral units.

Table.WA-1 Main clock and sub clock generating circuits

Main clock generating circuit Sub clock generating circuit

Use of clock » CPU’s operating clock source » CPU’s operating clock source

* Internal peripheral units’ » Timer A/B’s count clock

operating clock source source

Usable oscillator Ceramic or crystal oscillator Crystal oscillator

Pins to connect oscillator XIN, XouT XCIN, XcouT

Oscillation stop/restart function Available Available

Oscillator status immediately after reset | Oscillating Stopped

Other Externally derived clock can be input

Example of oscillator circuit

Fig.WA-1 shows some examples of the main clock circuit, one using an oscillator connected to the circuit,
and the other one using an externally derived clock for input. Figure WA-2 shows some examples of sub
clock circuits, one using an oscillator connected to the circuit, and the other one using an externally derived
clock for input. Circuit constants in Fig.WA-1 and WA-2 vary with each oscillator used. Use the values

recommended by the manufacturer of your oscillator.

Microcomputer
(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

XIN Xout XIN Xout
Open
(Note)
Rd
Externally derived clock
+—
CiN Cout zcc
— — ss

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.
Apply the feedback register between XiN and Xour if required by oscillator maker.

Fig.WA-1 Examples of main clock

Microcomputer
(Built-in feedback resistor)
XCIN

Xcout

—

—— Ccn

L

rban

capacity setting. Use th

(Note)
Rcd

Ccout

e value recommended by the maker of the oscillator.

Microcomputer
(Built-in feedback resistor)

XCIN Xcout

T Open

Externally derived clock

JLLLr

Vce
Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive

When the oscillation drive capacity is set to low, check that oscillation is stable.
Apply the feedback register between XciNn and XcouT if required by oscillator maker.

Fig.WA-2 Examples of sub clock
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Clock Generating Circuit

Clock Control

Fig.WA-3 shows the block diagram of the clock generating circuit.

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CM10 “1”
Write signal

RESET
Software reset
NMmI

Interrupt request

level judgment
output

WAIT instruction

XCIN XcouTt

CM04

Sub clock

Main clock

CMO5 CM02

/2 -

>

n—b— f15102
fAD
Pl D—{>— f8SI02

J D fs
4{>— 325102
D f32

blc

Divider
BCLK

_________________________________

CM06=0

CM17,.CM16=01

b
P% 12 }—4}—‘ 12 12
CM06=0
CM17,CM16=11

CM06=1
cMoe=0 ——Q

——O

CM06=0
CM17 CM16=00

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

Details of divider

Fig.WA-3 Clock generating circuit
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The following paragraphs describes the clocks generated by the clock generating circuit.

(1) Main clock

The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to
the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). After switching
the CPU operation clock to sub clock stopping the 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 de-
faults to “1” when shifting from high speed mode or mid-speed mode to stop mode and after a reset.

(2) Sub clock

The sub clock is generated by the sub clock oscillation circuit. No sub clock is generated after a reset. After
oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub clock can be selected as
the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure that the sub clock
oscillation has fully stabilized before switching.

After the oscillation of the sub clock oscillation circuit has stabilized, the drive capacity of the sub clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting to stop mode and at a reset.

(3) BCLK

The BCLK is the clock that drives the CPU, and is either the main clock or fc or is derived by dividing the main
clock by 2, 4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset.

When shifting from high speed mode or mid-speed mode to stop mode, the main clock division select bit (bit
6 at 000616) is set to “1". The bit maintains in low speed mode and low power save mode.

(4) Peripheral function clock

f1, f8, f32, f1S102, f8S102, f32S102, 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 and timer B counts.
(6) fc

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

ENESAS
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Fig.WA-4 shows the system clock control registers 0 and 1.

System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
CMO0 000616 4816
i1 | Bit symbol Bit name Function R'W
' i . b1 b0 '
E L CMO00 Clock Ol:Jtput function 00 : 1/0 port P57 O}O
: select bit 01: fc output —
EEES CMmo1 10 : fs output (e}{e}
11: fa2 output
. CMO02 WAIT peripheral function [0 :Do not stop peripheral clock in wait mode
clock stop bit 1 :Stop peripheral clock in wait mode (Note8) OJO
___________ CcMo3 XCIN-XcouT drive capacity | 0 : LOW o0
select bit (Note 2) 1:HIGH '
_____________ CcMo4 Port Xc select bit 0 : 1/O port . oo
1 : XcIN-XcouT generation '
________________ cMo5 | Main clock (XiN-XouT) 0:0n oo
stop bit 1: Off ‘
(Note 3) (Note 4) (Note 5) !
____________________ CMO06 Main clock division select | 0 : CM16 and CM17 valid OEO
bit 0 (Note 7) 1 : Division by 8 mode :
______________________ cMO7 System clock select bit 0: XN, XouT 00
(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 shiffing to stop mode.

Note 3: When entering power saving mode, main clock stops using this bit. When returning from stop
mode and operating with XIN, set this bit to "0". When main clock oscillation is operating by
itself, set 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 ON, so XIN turns pulled

up to Xout ("H") via the feedback resistor.
Note 6: In the case of setting the bit from "0" to "1", set port Xc select bit (CM04) to "1" and wait for the
subclock being stable before wrting the bit. Don't write in the same time.

In the case of setting the bit from "1" to "0", set main clock stop bit (CM05) to "0" and wait for the main

clock being stable before write the bit.

Note 7: The bit is set to "1" when shifting from high speed mode or mid speed mode to stop mode and after reset.

The bit maintains in low speed mode and power save mode.
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

olololo Symbol Address When reset
e e e CM1 000716 2016

T symbol Bit name Function R!
A CM10 | All clock stop control bit | 0: Clock on oo

e (Note4) 1 : All clocks off (stop mode) ]
I Reserved bit Always set to “0” o0
A Reserved bit Always set to “0” oo
P e Reserved bit Always set to “0” OiO
v Reserved bit Always set to “0” fe)e)
i CM15 XIN-XouT drive capacity 0:LOW OEO

: select bit (Note 2) 1:HIGH |

H b7 b6 j

R CM16 Main clock division 0 0 : No division mode
select bit 1 (Note 3) 0 1: Division by 2 mode (e}{e}

........................ cM17 10 : Division by 4 mode

11 : Division by 16 mode

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

Note 2: Changes to "1" when shiffing to stop mode.

Note 3: Can be selected when bit 6 of the system clock control register 0 (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 turns null.

Fig.WA-4 System clock control registers 0 and 1
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Clock Output

In single-chip mode, the clock output function select bits (bits 0 and 1 at address 000616) enable fs, f32, or fc
to be output from the P57/CLKouT pin. When the WAIT peripheral function clock stop bit (bit 2 at address
000616) is set to “1”, the output of fs and f32 stops when a WAIT instruction is executed.

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.

The oscillation , BCLK, f1 to f32, f1s102 to f32s102, fc, fc32, and fAD stop in stop mode, peripheral functions
such as the A-D converter and watchdog timer do not function. However, timer A and timer B operate pro-
vided that the event counter mode is set to an external pulse, and UARTI(i = 0 to 2) ,SI03,4 functions
provided an external clock is selected. Table.WA-2 shows the status of the ports in stop mode.

Stop mode is cancelled by a hardware reset or interrupt. If an interrupt is to be used to cancel stop mode, that
interrupt must first have been enabled.After the restoration by interrupt, the corresponding interrupt routine
will be processed.When shifting from high speed mode or mid-speed mode to stop mode, the main clock
division select bit O (bit 6 at 000616) is set to “1".

Table.WA-2 Port status during stop mode

Pin Single-chip mode
Port Retains status before stop mode
CLKourt When fc selected “H”
When f8, f32 selected Retains status before stop mode
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Wait Mode

When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In this
mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral func-
tion 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, because the peripheral function clock (fc32)
that is generated by sub clock does not stop, there is no reducing of power dissipation. Do not set the bit to
"1" then enter wait mode in low speed mode and low power dissipation mode.Table.WA-3 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 interrupt routine using as BCLK, the clock that had been selected when the
WAIT instruction was executed.

Table.WA-3 Port status during wait mode

Pin Single-chip mode
CLKouTt When fc selected Does not stop
When fg, f32 selected| Does not stop when the WAIT peripheral function clock stop
bit is “0”".

When the WAIT peripheral function clock stop bit is “1”, the
status immediately prior to entering wait mode is maintained.

Port maintained the status immediately prior to enterig wait mode
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Status Transition Of BCLK

Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table.WA-4 shows the operating modes corresponding to the settings of system clock control regis-
ters0and 1.

After a reset, operation defaults to division by 8 mode. When shifting from high speed mode or mid-speed
mode to stop mode, and after a reset main clock division select bit 0 (bit 6 at address 000616) is set to “1”. It
is matained in low speed mode and low power dissipation mode.

(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. After reset, it works in this mode. Note that oscillation of
the main clock must have stabilized before transferring from this mode to No-division, Division by 2 and
Division by 4 mode. Oscillation of the sub clock must have stabilized before transferring this mode to Low-
speed mode and Low power dissipation mode.

(4) Division by 16 mode

The main clock is divided by 16 to obtain the BCLK.

(5) No-division mode

The main clock is used as the BCLK.

(6) Low-speed mode

fc is used as the 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 power-
ing up and after stop mode is cancelled.

(7) Low power dissipation mode

fc is the BCLK and the main clock is stopped.

Precaution

In the case of switching the BCLK count source from XIN to XCIN, or from XCIN to XIN, it is necessary that the
destination clock count source be stable. The transition should be waited by software after the oscillation
being stable.

Table.WA-4 Operating modes dictated by settings of system clock control registers 0 and 1

CM17 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 control
The following is a description of the power control modes:

Modes
Power control is available in three modes.

(1) Normal operation mode

 High-speed mode
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the internal clock
selected. Each peripheral function operates according to its assigned clock.

* Medium-speed mode

Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the BCLK. The
CPU operates according to the internal clock selected. Each peripheral function operates according to its
assigned clock.

* Low-speed mode
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the sub clock.
Each peripheral function operates according to its assigned clock.

* Low power consumption mode

The main clock operating in low-speed mode is stopped. The CPU operates according to the fc clock. The
fc clock is supplied by the sub clock. The only peripheral functions that operate are those with the sub-clock
selected as the count source.

(2) Wait mode
The CPU operation is stopped. The oscillators do not stop.

(3) Stop mode
All oscillators stop. The CPU and all built-in peripheral functions stop. This mode, among the three modes

listed here, is the most effective in decreasing power consumption.

Fig.WA-5 is the state transition diagram of (1) to (3).
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Transition of stop mode, wait mode

WAIT
v \ CPU operation stop

All oscillators stop

CM10 ="1"
Medium-speed mode .
Stop mode N = y Wait mode
Interrupt |y (Divided-by-8 mode) Interrupt
Interrupt/ WAIT

All oscillators stop

command

CM10 ="1"

High-speed/medium-
speed mode

Stop mode Wait mode

Interrupt

WAIT
command

All oscillators stop

CM10 =“1" CPU operation stop

Stop mode low-speed/low power
Tterrapt —P\ _ dissipation mode /—

N Narmal mede————

Normal mode
(Please see the diagram below on transition of normal mode)

Wait mode
Interrupt

Transition of normal mode -
Main clock oscillation

Sub clock stop
Medium-speed mode (divided-by-8 mode)

CMO6 = “1” BCLK : f(XiN)/8
CMO07 =“0" CMO06 =*“1"

CMO07 =*“0" Note 1
CMO06 = 1"

Main clock is oscillating

Sub clock is oscillating Main clock is oscillating

/ Medium-speed mode \ Sub clock is oscillating
High-speed mode (divided-by-2) CMO7 = “0” Low-speed mode
BCLK : f(XIN) BCLK : f(XiN)/2 #otel,NoteB
CMO07 =“0” CMO06 = “0” CMO07 =*0" CMO06 = "0 Medlu_m—speed mode BCLK : f(XciN)
CM17 =“0” CM16 = “0” CM17 =“0" CM16 ="1" divided-by-8 CMO7 =“1" CMO7 = “1
BCLK : f(XIN)/8
Medium-speed mode Medium-speed mode CMO7 :( g\‘)
(divided-by-4) (divided-by-16) CMO6 = “1”
BCLK : f(Xin)/4 BCLK : f(XIN)/16
CMO07 =“0" CMO06 = “0” CMO07 =“0" CMO06 = “0"
\CM17 =“1" CM16="0" CM17="1" CM16="1"
CMO5 =“0" CMO05 =*“1"

Main clock is stop

CMO04 ="0" CMO04 = 1" CMO7 = “1* Note 2 Sub clock is oscillating
Main clock is oscillating CMO5 ="1 | +
Sub clock is stop Low power dissipation mode
Medium-speed mode T\ CMO7 = 0" Note 1 _
High-speed mode (divided-by-2) CM06 ="0" Note 3 BCLK : f(XciN)
. . CMO04 = *1" CMO7 ="1
BCLK : f(XIN) BCLK : f(XIN)/2

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

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

CMO6 = “0" Medium-speed mode Medium-speed mode
Notel Note3 (divided-by-4) (divided-by-16)
BCLK: f(Xin)/4 BCLK : f(XN)/16 Note 1: Please switch after the main clock oscillation being stable.
CM07 =*0" CMO06 ="“0" CMO7 =“0" CMO06 =*“0" Note 2: Please switch after the sub clock oscillation being stable.
CM17 =“1” CM16 = “0" CM17 =“1" CM16 = “1” Note 3: Please change the CM06 after CM16,CM17 being changed.
\ / Note 4: Please transit following the arrow direction.

Fig.WA-5 State transition diagram of Power control mode
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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. Fig.WA-6 shows the protect register. The values in the processor mode
register 0 (address 000416), processor mode register 1 (address 000516), system clock control register 0
(address 000616), system clock control register 1 (address 000716), port P9 direction register (address
03F316) , SI/0O3 control register (address 036216) and SI/O4 control register (address 036616) can only be
changed when the respective bit in the protect register is set to “1". Therefore, important outputs can be
allocated to port P9.

If, after “1” (write-enabled) has been written to the port P9 direction register and SI/Oi control register (i=3,4)
write-enable bit (bit 2 at address 000A16), 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 0 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”.

Protect register

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function RIW
Enables writing to system clock e i
PRCO | control registers 0 and 1 (addresses | O - Write-inhibited 0.0
000616 and 000716) 1: Write-enabled ‘
_____ Enables writing to processor mode A fie
PRC1  |registers 0 and 1 (addresses 000416 | O - Write-inhibited 0.0
and 000516) 1: Write-enabled !
e Enables writing to port P9 direction !
register (address 03F316) 0 : Write-inhibited |
PRC2 and SI/Oi control register (i=3,4) 1 : Write-enabled © :O
(address 036216 and 036616 ) (Note)

. Nothing is assigned.
P R LT TEEEILEL 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.

Fig.WA-6 Protect register
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Overview of Interrupt

Type of Interrupts
Fig.DD-1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Reset

NMI

DBC

Watchdog timer
Single step

Interrupt

[]Special
[
[

[
[]Peripheral I/O (Note) L] Address matched

N o o o
Ny o o o o

Hardware

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

Fig.DD-1 Classification of interrupts

« Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority can be changed by priority level.

« Non-maskable interrupt :  An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable inter-
rupts.

« Undefined instruction interrupt

An undefined instruction interrupt occurs when executing the UND instruction.

« 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 ex-
ecuting 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 in-
volved.

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.

ENESAS

RenesasTechnology Corp.

40



Rev.1.0 Mitsubishi microcomputers

M16C / 6K7 Group
Interrupt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
|

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.

« NMI interrupt

An NMI interrupt occurs if an “L” is input to the NMI 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 I/O interrupts

A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral functions are
dependent on classes of products, so the interrupt factors are also dependent on classes of products. 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.

1)Bus collision detection interrupt

This is an interrupt that the serial I/O bus collision detection generates.

2)DMAQO interrupt, DMA1 interrupt

These are interrupts that DMA generates.

3)Key-input interrupt 0 / Key-input interrupt 1

A key-input interrupt occurs if an “L” is input to the KI pin.

4)A-D conversion interrupt

This is an interrupt that the A-D converter generates.

5)UARTO, UART1, UART2/NACK, SI/O3 and SI/O4 transmission interrupt

These are interrupts that the serial I/O transmission generates.

6)UARTO, UART1, UART2/ACK, SI/0O3 and SI/O4 reception interrupt

These are interrupts that the serial 1/O reception generates.

7)Timer AO interrupt through timer A4 interrupt

These are interrupts that timer A generates

8)Timer BO interrupt through timer B5 interrupt

These are interrupts that timer B generates.

9)INTO interrupt through INT11 interrupt

An INT interrupt occurs if either a rising edge or a falling edge or both edges are input to the INT pin.
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10)IBFO to IBF3 interrupt

These are interrupts that host bus interface generates.
11)I2C0,12C1,SCL0,SDA0,SCL1,SDA1 interrupt
These are interrupts that I2C bus interface generates.
12)PS20 to PS22 interrupt

These are interrupt that PS2 interface generates.
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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. Fig.DD-2 shows the format for
specifying the address.

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

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

Fig.DD-2 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.DD-1 shows the interrupts assigned to the fixed vector tables
and addresses of vector tables.

Table.DD-1 Interrupts assigned to the fixed vector tables and addresses of vector tables

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

FFFDCa1i6 to FFFDF16

Interrupt source

Undefined instruction Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector contains FF16, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFE816 to FFFEB16

There is an address-matching interrupt enable bit

Single step (Note) FFFEC16 to FFFEF16 | Do not use

Watchdog timer FFFFO16 to FFFF316

DBC (Note) FFFF416 to FFFF716 | Do not use

NMI FFFF816 to FFFFB16 | External interrupt by input to NMI pin
Reset FFFFC16 to FFFFF16

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. The start
address of vector table is set to the interrupt table register (INTB). The 256-byte area subsequent that the
start address is indicated by the INTB becomes the area for the variable vector tables. One vector table
comprises 4 bytes. Set the first address of the interrupt routine in each vector table. Table.DD-2 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.
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Table.DD-2 Interrupts assigned to the variable vector tables and addresses of vector tables

Software interrupt number

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

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note 1)

BRK instruction

Cannot be masked by | flag

Software interrupt number 4

+16 to +19 (Note 1)

INT3

Software interrupt number 5

+20 to +23 (Note 1)

Timer B5/INT9  (Note 2)

Software interrupt number 6

+24 to +27 (Note 1)

Timer B4

Software interrupt number 7 +28 to +31 (Note 1) Timer B3
Software interrupt number 8 +32 to +35 (Note 1) SI/04/INT6  (Note 2)
Software interrupt number 9 +36 to +39 (Note 1) SI/O3/INT5  (Note 2)

Software interrupt number 10

+40 to +43 (Note 1)

Bus collision detection/INT4 (Note 2)

Software interrupt number 11

+44 to +47 (Note 1)

DMAO/INT8  (Note 3)

Software interrupt number 12

+48 to +51 (Note 1)

DMAL/INT7 (Note 3)

Software interrupt number 13

+52 to +55 (Note 1)

Key input interrupt O

Software interrupt number 14

+56 to +59 (Note 1)

A-D

Software interrupt number 15

+60 to +63 (Note 1)

UART?2 transmit/IBFO (Note 2)

Software interrupt number 16

+64 to +67 (Note 1)

UART?2 receive/IBF1 (Note 2)

Software interrupt number 17

+68 to +71 (Note 1)

UARTO transmit/I>’CO (Note 2)

Software interrupt number 18

+72 to +75 (Note 1)

UARTO receive/SCLO,SDAO/INT11 (Note 3)

Software interrupt number 19

+76 to +79 (Note 1)

UART1 transmit/I°’C1 (Note 2)

Software interrupt number 20

+80 to +83 (Note 1)

UART1 receive/SCL1,SDAL/INT

10 (Note 3)

Software interrupt number 21

+84 to +87 (Note 1)

Timer AO/INT8 (Note 3)

Software interrupt number 22

+88 to +91 (Note 1)

Timer AL/INT7 (Note 3)

Software interrupt number 23

+92 to +95 (Note 1)

Timer A2

Software interrupt number 24

+96 to +99 (Note 1)

Timer A3/IBF2

Software interrupt number 25

+100 to +103 (Note 1)

Timer A4/IBF3

Software interrupt number 26

+104 to +107 (Note 1)

Timer BO/INT11/SCLO,SDAO (Note 3)
I

Software interrupt number 27

+108 to +111 (Note 1)

Timer BL/INT10/SCL1,SDA1 (Note 3)
\

Software interrupt number 28

+112 to +115 (Note 1)

Timer B2/Key input interrupt 1 (Note 2)

Software interrupt number 29

+116 to +119 (Note 1)

INTO/PS20 (Note 2)

Software interrupt number 30

+120 to +123 (Note 1)

INT1/PS21 (Note 2)

Software interrupt number 31

+124 to +127 (Note 1)

INT2/PS22 (Note 2)

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note 1)

to
+252 to +255 (Note 1)

Software interrupt

Cannot be masked by | flag

Note 1: Address relative to address in interrupt table register (INTB).

Note 2: It is selected by interrupt request cause bit.

Note 3: Depend on interrupt event selection bit setting.Please do not set same interrupt
event at the same time.
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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 selection
bits and processor interrupt priority level (IPL). Whether an interrupt request is present or absent is indicated
by the interrupt request bit. The interrupt request bit and the interrupt priority level selection bits are located
in the interrupt control register of each interrupt. The interrupt enable flag (I flag) and the IPL are located in
the flag register (FLG).

Fig.DD-3 and DD-4 shows the memory map of the interrupt control registers.

The interrupt factors in the same vector share the same interrupt control register. Which factor to be used
depends on interrupt factor selection bit of interrupt event selection register i(address:035F16,035616,
to 035816, i = 0 to 3) setting. After setting the interrupt factor, the corresponding interrupt request bit must be
set to "0" before changing the interrupt.

Interrupt control register Symbol Address When reset
TBIlC(i=3,4) 004716 ,004616 XXXXX0002
KUPOIC 004D16 XXXXX0002
ADIC 004E16 XXXXX0002
S2TIC/IBFOIC 004F16 XXXXX0002
S2RIC/IBF1IC 005016 XXXXX0002
SIiTIC/IICjIC(i=0,1) 005116 ,005316 XXXXX0002
(=0,1) 005116 ,005316 XXXXX0002
TA2IC 005716 XXXXX0002
TAIIC/IBFjIC(i=3,4) 005816 ,005916  XXXXX0002
w7 b6 b5 b4 b3 b2 bl ho (=2.,3) 005816 ,005916  XXXXX0002
TB2IC/KUP1IC 005C16 XXXXX0002
P 1| Bit symbol Bit name Function R W
P ; ILVLO Interrupt priority level b2 b1bo !
select bit 000: Level O (interrupt disabled) © ©
A A A 001: Level1
R ILVL1 010: Level 2 !
AR 011: Level3 © 0
A 100: Level4 1
A ILVL2 101: Level5 ;
A 110: Level 6 o, 0O
E E E E E 111: Level7 ‘
[ IR Interrupt request bit 0: Interrupt not requested o' O
1: Interrupt requested 1(Note 1)
R Nothing is assigned. ;
Note 1: Can only be writing by "0" (Please do not write "1" to this bit)

Fig.DD-3 Interrupt control registers(1)
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Symbol Address When reset

INT3IC 004416 XX00X0002
b7 b6 b5 b4 b3 b2 Dbl b0 TB5IC/INTIIC 004516 XX00X0002

SIIC/INT{IC (i=4, 3) 004816, 004916 XX00X0002
N I (=6, 5) 004816, 004916 XX00X0002
. A BCNIC/INT4IC 004A16 XX00X0002
Vo P DMIIC/INT]jIC(i=0, 1) 004B16, 004C16 XX00X0002
o A (=8, 7) 004B16, 004C16 XX00X0002
b P SiRIC/SCLDAJIC/INTKIC(i=0, 1) 005216, 005416 XX00X0002
- - (=0, 1) 005216, 005416 XX00X0002
N . (k=11,10) 005216, 005416 XX00X0002
. E I E TAIIC/INTjIC(i=0, 1) 005516, 005616 XX00X0002
b I (=8, 7) 005516, 005616 XX00X0002
o N TBIIC/INTjIC/SCLDKIC(i=0, 1) 005A16, 005B16 XX00X0002
. o (=11, 10) 005A16, 005B16 XX00X0002
. o : (k=0,1) 005A16, 005B16 XX00X0002
b oo INTIIC/PS2jIC(i=0 to 2) 005D16 to 005F16  XX00X0002
o oo (=0 to 2) 005D16 to 005F16 XX00X0002
i1 1 +| Bitsymbol Bit name Function R W
v ILVLO Intlerruglt priority level b2 b1 bo o o
o P select bit 000: Level O (interrupt disabled) | ~ !
b I 001:Levell }
Vo Pl ILVL1 010:Level 2 3
o Lo 011:Level3 o ©
b Co 100: Level 4 }
Vo ] ILVL2 101:Level5
b : 110: Level 6 0.0
P : 111:Level? 1
R IR Interrupt request bit 0: Interrupt not requested o o
1: Interrupt requested 1 (Note 1)
_______________ POL Polarity select bit 0 : Selects falling edge
o . o O
P 1: Selects rising edge !
ERRRRERLRRELEY Reserved bit Always set to “0” O O
Lt ] Nothing is assigned.

Note 1: Can only be written by "0" (Please do not write "1" to this bit)

Fig.DD-4 Interrupt control registers (2)
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Interrupt Enable Flag (I 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 Bits and Processor Interrupt Priority Level (IPL)

Set the interrupt priority level using the interrupt priority level select bits in the interrupt control register.
When an interrupt request occurs, the interrupt priority level is compared with the IPL. The interrupt is en-
abled 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.DD-3 shows the settings of interrupt priority levels and Table.DD-4 shows the interrupt levels enabled,
according to the consist 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 > processor interrupt priority level (IPL)

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bits, and the IPL are
independent, and they are not affected each other.

Table.DD-3 Settings of interrupt priority Table.DD-4 Interrupt levels enabled according
levels to the contents of the IPL

Interrupt priori_ty Interrupt priority Priority PL Enabled interrupt priority levels

level select bit level order
b2 bl bO IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) 0 0 O Interrupt levels 1 and above are enabled
0 01 Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
0 1 0 Level 2 010 Interrupt levels 3 and above are enabled
01 1 Level 3 01 1 Interrupt levels 4 and above are enabled
1 0O Level 4 1 0O Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 0 1 Interrupt levels 6 and above are enabled
11 0 Level 6 1 1 0 Interrupt levels 7 and above are enabled
111 Level 7 High 1 11 All maskable interrupts are disabled
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Rewrite the interrupt control register

To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register. If there is possibility of the interrupt request occurrence, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR | ; 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 | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCH3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) 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 register is rewritten due to effects of the instruction queue.

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

An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.

If an interrupt occurs during execution of an instruction, the processor determines its priority when the execu-
tion 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
000001s.

(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 procession of interrupt sequence the processor executes 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 instruc-
tion 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). Fig.DD-5 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

4} 4} — Time
/ /

Instruction Interrupt sequence _ Instruction n
interrupt routine
g (@) (b) /
- > -
< Interrupt response time =

Fig.DD-5 Interrupt response time
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Time (a) is dependent on the instruction under execution. 30 cycles is the maximum required for the DIVX
instruction (without wait).
Time (b) is as shown in Table.DD-5

Table.DD-5 Time required for executing the interrupt sequence

Interrupt vector address| Stack pointer (SP) value 16-Bit bus, without wait 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 coincidence
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 FLT Lo e
Address bus XAdOdOrOersx Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC

Data bus X.'ntefrUPtX ; >< SP-2 >< SP-4 >< vec >< vec+2 ><
information Indeterminate contents /\contents /\contents /\ contents

R m Indeterminate Y u U
NN

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

=

Fig.DD-6 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.DD-6 is set in the IPL.

Table.DD-6 Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer, NMI 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 four higher-order bits of the program counter, and 4 upper-order bits and 8
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the
program counter. Fig.DD-7 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)
m-1 m-1 Flag register Program
[SP] (FLGH) counter (PCh)
m Content of previous stack |-a— Stack pointer m Content of previous stack
value before
m+1| Content of previous stack interrupt occurs m+1| Content of previous stack

Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Fig.DD-7 State of stack before and after acceptance of interrupt request

The operation of saving registers carried out in the interrupt sequence is dependent on whether the content

of the stack pointer, 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 a time. Fig.DD-8

shows the operation of the saving registers.

Note: Stack pointer is indicated by U flag when software number 32 - 63 INT command is executed,
otherwise is indicated by ISP.

(1) Stack pointer (SP) contains even number (2) Stack pointer (SP) contains odd number
Address Stack area Sequence in which order Address Stack area Sequence in which order
registers are saved registers are saved

[SP] — 5 (Odd) [SP] -5 (Even)

[SP] - 4 (Even) | Program counter (PCL) [SP] -4 (Odd) | Program counter (PCL) |g—(3)

(2) Saved simultaneously,

[SP] -3 (Odd) | Program counter (PCM) all 16 bits [SP] -3 (Even) | Program counter (PCM) [<®—(4) | Saved

simultaneously,

[SP] -2 (Even)| Flag register (FLGL) [SP]1-2 (Odd) | Flagregister (FLGL)  [<®—(1) | 4 g bits

(1) Saved simultaneously, Fioa rearer m
- > i

(SP1-1 (0wo) | PRgredse] v, | al 16 bis (P11 (Even)| "R T )

[SP]  (Even) [SP]  (Odd) o i i
Finished saving registers Finished saving registers
in two operations. 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.

Fig.DD-8 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 resumes.

Return the other registers saved by software within the interrupt routine using the POPM or similar instruc-
tion 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 I/O interrupts) using the interrupt priority level
select bits. If the same interrupt priority level is assigned, however, the interrupt with 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.

Fig.DD-9 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 judgement circuit
When two or more interrupts are generated simultaneously, this circuit selects the interrupt with the highest
priority level. Fig.DD-10 shows the circuit that judges the interrupt priority level..
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Reset > NMI > DBC > Watchdog timer > Peripheral I/O > Single step > Address match

Fig.DD-9 Hardware interrupts priorities

-

Priority level of each interrupt

INT1/PS21

Timer B2/Key input interrupt 1

Timer BO/INT11/SCLO,SDAQ

Timer A3/IBF2

Timer A1/INT7

Timer B4

INT3

INT2/PS22

INTO/PS20

Timer B1/INT10/SCL1,SDA1

Timer A4/IBF3

Timer A2

Timer B3

Timer B5/INT9

UART1 reception/SCL1,SDAL/INT10 :

UARTO reception/SCLO,SDAO/INT11 |+

UART?2 reception/IBF1

A-D conversion

DMAL/INT7

Bus collision detection/INT4

Serial I/04/INT6

Timer AO/INT8

UART1 transmission/I2C1

UARTO transmission/I2C0

UART2 transmission/IBFO

Key input interrupt 0

DMAO/INT8

Serial I/03/INT5

Processor interrupt priority level (IPL)

Level O (initial value)

R R e e o R R

High

Y Low

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

To interrupt request level judgment output

Interrupt enable flag (I flag)

Address match

DBC

NMI

|
I
1
I
Watchdog timer I
1
|
]
I
1
|

Reset

clock generation circuit (Fig. WA-3)

Interrupt
request
accepted

Fig.DD-10 Interrupt priority judgement circuit

54

ENESAS

RenesasTechnology Corp.



Rev.1.0 Mitsubishi microcomputers

M16C / 6K7 Group
INT Interrupt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. __________________________________________________________________________________________________________________________|

Factor selection

Numbers of interrupt factors share the same interrupt registers in the addresses of 004516, 004816 - 004C1s,
004F16 - 005616, 005816 -005F16. The setting of interrupt factor selection bits of interrupt factor selection
registers 0 - 3 (addresses of 035F16, 035616 - 035816) select the interrupt factor. After the selection of
interrupt factor, the corresponding interrupt request bit must be "0" before enabling the interrupt.
Fig.DD-11 - Fig.DD-13 show the structure of interrupt factor selection register O - 3.

INT Interrupt

INTO to INT11 are triggered by the edges of external inputs. The edge polarity can be selected using the
polarity select bit.

INTO to INT2 and INT4 to INT11 have polarity switching bit in the interrupt event select register. The polarity
switching bit has to set to "0" when INT interrupt event is not selected.

As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge by
setting “1” in the INTI interrupt polarity switching bit of the interrupt factor selection register0,4
(035F16,035916). To select both edges, set the polarity switching bit of the corresponding interrupt control
register to ‘falling edge’ (“0").

Fig.DD-11, Fig.DD-13 show the Interrupt factor selection register 0, 4.

Interrupt factor selection register 0
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address When reset
oo IFSRO 035F16 0016
' Bit symbol Bit name Function RIW
' IFSRO0 INTO interrupt polarity 0: One edge O O
: switching bit 1: Two edges |
! - IFSRO1 INT1 interrupt polarity 0 : One edge O O
; switching bit 1: Two edges
H R IFSR02 INT2 interrupt polarity 0: One edge o o
oo switching bit 1: Two edges
: T IFSR03 INT3 interrupt polarity 0 : One edge O O
H switching bit 1: Two edges :
: _______________ IFSR04 INT4 interrupt polarity 0: One edge O O
H switching bit 1: Two edges |
: IFSRO5 INTS5 interrupt polarity 0: One edge O O
Voo switching bit 1: Two edges 1
L] IFSRO6 | Interrupt faptor selection plt 0:SI03 o o
(Selecting interrupt factor in the 1- 7|NT5 !
' address of 004916) i 1
R CLLTCETEERPRRERS IFSRO7 Interrupt factor selection bit 0:SIO4 o o
(Selecting interrupt factor in 1:INT6 !
the address of 004816) |

Fig.DD-11 Interrupt factor selection register(1)
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Interrupt factor selection register 1

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
. : HE IFSR1 035616 0016
bbb b b [ Bitsymbol Bit name Function RIW
E HEE ' Y1 Y] IFSR10 Interrupt factor selection bit 0 : TimerB5
b oo (Selecting interrupt factor in the | 1 . |NT9 O ! O
oo address of 004516) !
S IFSR11 | Interrupt factor selection bit 0: Bus collision detection | 1
oy v (Selecting interrupt factor inthe | 1 - |NT4 i
A address of 004A16) 1
i - i IFSR12 Interrupt factor selection bit 0 : DMAO ‘
oo (Selecting interrupt factor in the | 1. |\Ts 00
P address of 004B16) ' (Note1)
E . ' . Rt IFSR13 Interrupt factor selection bit 0: DMAL |
oo (Selecting interrupt factor in the |, =\~ ONO)
oo address of 004C16) : (Note1)
; ;  EGOREEEEEE IESR14 Interrupt factor selection bit . i
R (Selecting interrupt factor in the 0 : UART?2 transmission OO
o address of 004F16) 1:1BFO
E |oTTmmmmmmmmmmmmm IFSR15 Interrupt factor selection bit 0: UART2 i
b (Selecting interrupt factor in the | | : BFL reception 0:0
P address of 005016) : !
Pormmmmmmemnemeee IFSR16 | Interrupt factor selection bit 0 UARTO transmission !
; (Selecting interrupt factor in 5 00
: the address of 005116) 1:1°CO !
) Interrupt factor selection bit . i |
IFSR17 (Selecting interrupt factor in 0 : liARTl transmission 00
the address of 005316) 1:1°C1 !

Note 1: Do not select the bit if INT7, INT8 are selected by interrupt factor selection register 3.

Interrupt factor selection register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset

j . oo o IFSR2 035716 0016
P b [ Bit symbol Bit name Function RIW
g B ion bi b1 b0 |
oo Interrupt factor selection bit 00 : UARTO reception 00
S (Noted) 01:SCLO,SDAO 3
; b ; . IFSR21 (Selecting interrupt factorinthe | 1 0: INT11 o0
Vo address of 005216) 11 : Inhibited ;
P E E ) ) b3 b2 1
, . (R IFSR22 Interrupt factor selection bit 00 : UARTL reception 010
P (Note1) 01:SCL1,SDA1 ‘
o ] IFSR23 (Selecting interrupt factor inthe | 10: INTlQ O O
oo address of 005416) 11:Inhibited !
oo IFSR24 o b5 ba
I Interrupt factor selection bit 00 : TimerBo O | O
P (Notel) 01:INT11 |
oo IFSR25 (Selecting interrupt factor in the | 1 0 : SCLO,SDAO O: O
Con T address of 005A16) 1 1: Inhibited
b IFSR26 - o7 o6 3
B RRCRLREEE, Interrupt factor selection bit 00 : TimerB1 00
: (Notel) 01:INTI0 j
] IFSR27 (Selecting interrupt factor inthe | 1 0: SCL1,SDA1 00

address of 005B16) 11 : Inhibited !

Notel : Do not select INT10, INT11, SCLO, SDAO, SCL1, SDAL1 simultaneously in the

interrupt control registers.

Fig.DD-12 Interrupt factor selection register(2)
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Interrupt factor selection register 3

b7 b6 b5 b4 b3 b2 bl bo

(Selecting interrupt factor in the 1:IBF2 ‘
address of 005814) :

' Interrupt factor selection bit -
"""""" IFSR33 (Selecting interrupt factor in the |0 : TimerA4 0.0
address of 005916) 1

| | | | | | | | | Symbol Address When reset

Voo IFSR3 035816 0016

v 1 1 1 1 1| Bitsymbol Bit name Function RIW
: : IFSR30 Interrupt factor selection bit 0 : TimerAO
e (Selecting interrupt factor in the 1:INT8 O ‘(Nggl
I address of 005516) : ‘
R IFSR31 Interrupt factor selection bit 0 : TimerAl Ol O
[ Selecting interrupt factor in the . ‘
A gddreqq o 00B61R) 1:INT7 et
P E . IFSR32 Interrupt factor selection bit 0 : TimerA3 O O

[ T IESR34 Interrupt factor selection bit 0 : TimerB2

- 1BF3 ;

H (Selecting interrupt factor in the . ; ; 00
address of 005C16) 1 : Key input interrupt 1

] IFSR35 Interrupt factor selection bit 0:INTO 1
(Selecting interrupt factor in the 1:PS20 Q; O

address of 005D16) : 1

e — Interrupt factor selection bit 0:INT1 !
IFSR36 (Selecting interrupt factor inthe | | " poy O:0

address of 005E16) : ‘

SRR Interrupt factor selection bit S INT2 i
IFSR37 (Selecting interrupt factor in the 0 : OH®)

address of 005F16) 1:PS22 !

Notel: Do not select the bit if INT7, INT8 are selected by interrupt factor selection register 1.

Interrupt factor selection register 4

b7 b6 b5 b4 b3 b2 bl bo

| |><| | | | | | | Symbol Address When reset

. : Vo IFSR4 035916 0016

P04 4 D Bitsymbol Bit name Function R'W
; i P I IFSR40 INT6 Interrupt polarity 0: One edge Oi O
R switching bit 1: Two edges

E i ' ' . ' R IFSR41 INT7 Interrupt polarity 0 : One edge Qi 0
switching bit 1: Two edges |

E i ' ' , ' ________ IFSR42 INT8 Interrupt polarity 0 : One edge Qi O
oo switching bit 1: Two edges

E : I I . ___________ IFSR43 INTO Interrupt polarity 0 : One edge Oi O
oo switching bit 1: Two edges
e IFSR44 [ INT10 Interrupt polarity 0: One edge O O
o switching bit 1: Two edges
IFSR45 | INT11 Interrupt polarity 0: One edge o0
b T switching bit 1: Two edges !
o Nothing is assigned i

Fig.DD-13 Interrupt factor selection register(3)
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NMI Interrupt

An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt
is a non-maskable external interrupt. The pin level can be checked in the port P85 register (bit 5 at address
03FO016).

This pin cannot be used as a normal port input.

Key Input Interrupt O

If the direction register of any of P50 to P57 is set for input and a falling edge is input to that port, a key input
interrupt O is generated. A key input interrupt O can also be used as a key-on wakeup function for cancelling
the wait mode or stop mode. Fig.DD-14 shows the block diagram of the key input interrupt 0. 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.

Key Input Interrupt 1

If the direction register of any of P140 to P147 is set for input and a falling edge is input to that port, a key input
interrupt 1 is generated. The key input interrupt 1's function is equity to key input interrupt O except for the
valid falling edge input will be latched. When there is a valid falling edge input in P140 to P147 the corre-
sponding bit of P14 event register (Address : 02F616) will be set to "1". After interrupt request is generated,
the interrupt generated by "L" input can be conformed by reading the the register even the pin has been
returned to "H". A dummy write to the P14 event register clears the register to "0".

The block diagram of key input interrupt 1 is shown on Fig.DD-15 and the timing diagram of key input
interrupt 1 is shown on Fig.DD-16.

Pull-up select bit
Pull-up ]
t transistor Port P57 direction register Key input interrupt 0 control register | (address 004Dis)

’— Port P57 direction register
Jo—
o —

P57/Klo7

Pull-up Port P56 direction register
transistor ‘ (
pPse/kios O T @ :
p— Interrupt control circuit Key input interrupt 0
request
Pull-up ] Port P55 direction
transistor
register
pssikios O \_D

Pull-up Port P54 direction
transistor

register
ot —{
psakios O

Pull-up Port P53 direction register
transistor
N .
psaics O—& \_D
Pull-up
transistor ] Port P52 direction
register
Kloz T o——!
psaKkioz O
Pull-up Port P51 direction
transistor

register
_ o1
psukion O T @
Pull-up

Port P50 direction
transistor

register
Toa = >—
psokioo O

Fig.DD-14 Block diagram of key input interrupt O
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Key input interrupt 1 register | (005C16)
- 05
— 5
Interrupt control Key input interrupt 1 request
u'rjcun Y Inputl up au
[ Pull-up ] E Pull-up select bit
transistor
L@ P147 direction register rm === === | 02F616 read
P147 direction register | P147 event latch circuit 0 £ DB7
! Falling edge detection l
p147/Kii7 O I lone-shot generate circuit |
! 02F616 write QC l
[ Pull-up ] P146 direction register L _____ = | 02F616 read
transistor I_D I — [:
p14eiKize O 1 P146 event latch circuit DB6
02F616 write —1
[ Pull-up ] P14s direction register 02F616 read
transistor T
— 1 P14s event latch circuit DB5
P14s/Kiis O
02F616 write —1
[ Pull-up ] P144 direction register 02F616 read
transistor \_D T — [:
p144iKis O 1 P14a4 event latch circuit DB4
02F616 write —T
[ Pull-up ] P143 direction register 02F616 read
transistor \_D I [
p143Kis O 1 P143event latch circuit DB3
02F616 write —T
Pull-up P142 direction register 02F616 read
transistor \_D I [:
v ircui DB2
P42k O 1 P142 event latch circuit
02F616 write J
[ Pull-up ] P141 direction register 02F616 read
transistor T — [
P14k O 1 P141 event latch circuit DB1
02F616 write —T
Pull-up P14o direction register 02F616 read
transistor [
P14o/Kito O 1 P140 event latch circuit |—| g; DBO
02F616 write —T

Fig.DD-15 Block diagram of key input interrupt 1

P140

‘l}—‘

b\
\

P141 \

Al

P142

Key input interrupt 1 request

Interrupt request bit

(Notel) (Note2)

T

P14 event request  0016) 0116 X

0016 (041

0616 0016

Write signal of

[

[

[

address 02F616

0116

0616

00186,

Read out data from
address 02F616

% Interrupt process »‘

Interrupt process |

Interrupt process |

Note 1: The input sequence order can not be conformed if there are numbers of valid falling edge inputs,
Note2 : If the valid falling edge input and the write to the address of 02F616 occur simultaneously, the event may not be latched.

Fig.DD-16 Block diagram of key input interrupt 1
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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 interrupt
enable flag (I flag) and processor interrupt priority level (IPL). The stacked value of the program counter (PC)
for an address match interrupt varies depending on the instruction being executed.

Fig.DD-17 shows the address match interrupt-related registers.

Address match interrupt enable register

R Y S N L NP Nothing is assigned.

be indeterminated.

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

AIER 000916 XXXXXX002
A Bit symbol Bit name Function RiW
ke AIERQ |Address match interruptp 0 : Interrupt disabled 00
e enable bit | 1 : |nterrupt enabled |
E i E E i é R AIER1 Address match interrupt 1 0 : Interrupt disabled OEO
oo enable bit | 1 : Interrupt enabled |

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

Address match interrupt registeri (i =0, 1)

(b23) (b19)  (b16)b15) (©8) Symbol Address When reset
b7 b3 b0 b7 b0 b7
I><|><|>q><| | | RMADO 001216 to 001016 X0000016
A/ N/N/ i RMAD1 001616 to 001416 X0000016
; , Function Values that can be set |R 'W

Address setting register for address match interrupt 0000016 to FFFFF16 OEO

S Nothing is assigned.

be indeterminated.

In an attempt to write to these bits, write “0”. The value, if read, turns out to [

Fig.DD-17 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 the request bit, which the interrupt source is enabled with the
highest priority, to “0”.

Though the interrupt is generated, the interrupt routine may not be executed.

Hence do not read address 0000016 by software.

(2) Setting the stack pointer

« The value of the stack pointer is initialized to 000016 right after the reset. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in the
stack pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack point at the
beginning of a program. Concerning the first instruction immediately after reset, generating any interrupts
including the NMI interrupt is prohibited.

(3) The NMI interrupt

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

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

« Do not reset the CPU with the input to the NMI pin being in the “L” state.

« Do not attempt to go into stop mode with the input to the NMI pin being in the “L” state. With the input to the
NMI being in the “L” state, the CM10 is fixed to “0”, so attempting to go into stop mode is turned down.

« Do not attempt to go into wait mode with the input to the NMI pin being in the “L” state. With the input to the
"NMI pin being in the “L” state, the CPU stops but the oscillation does not stop, so no power is saved. In this
instance, the CPU is returned to the normal state by a later interrupt.

« Signals input to the NMI pin require an "L" level of 1 clock or more, from the operation clock of the CPU.
(4) External interrupt

« Either an “L” level or an “H” level of at least 380 ns width is necessary for the signal input to pins INTo
through INT11 regardless of the CPU operation clock.

« When the polarity of the INTo to INT11 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0". Fig.DD-18 shows the procedure for changing
the INT interrupt generate factor.
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Clear the interrupt enable flag to “0”
(Disable interrupt)

Set the polarity select bit

Set the interrupt priority level to level 0
(Disable INTi interrupt)

( 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)

Fig.DD-18 Switching condition of INT interrupt request

(5) Rewrite the interrupt control register

« To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register. If there is possibility of the interrupt request occurs, rewrite the interrupt control register after the
interrupt is disabled. The program examples are described as follow:

* When a instruction to rewrite the interrupt control register is executed when the interrupt is disabled, the

Example 1:
INT_SWITCH1:
FCLR | ; 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 | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCH3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) 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 register is rewritten due to effects of the instruction queue.

interrupt request bit is not set sometimes even if the interrupt request for that register has been generated.
This will depend on the instruction. If this creates problems, use the below instructions to change the regis-
ter.

Instructions : AND, OR, BCLR, BSET
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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 XcCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7 of the
watchdog timer control register (address 000F16). Thus the watchdog timer's period can be calculated as
given below. The watchdog timer's period is, however, subject to an error due to the pre-scaler.

With XIN chosen for BCLK

pre-scaler dividing ratio (16 or 128) X watchdog timer count (32768)
BCLK

Watchdog timer period =

With XcIN chosen for BCLK
pre-scaler dividing ratio (2) X watchdog timer count (32768)
BCLK

Watchdog timer period =

For example, suppose that BCLK runs at 10 MHz and that 16 has been chosen for the dividing ratio of the
pre-scaler, then the watchdog timer's period becomes 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).

Fig.DG-1 shows the block diagram of the watchdog timer. Fig.DG-2 shows the watchdog timer-related reg-
isters.

Prescaler

BCLK

Watchdog timer p- Watchdog timer
HOLD : ! interrupt request
: E A
o lifomor=1
= 12 [ ©
Write to the watchdog timer Lo i
start register Set to
(address 000E16) “7EEF16"
RESET © OI> D

Fig.DG-1 Block diagram of watchdog timer
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Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
| | O| O| | | | | | Symbol Address When reset
— 1 WDC 000F16 000XXXXX2
i+ 4+ 4+ % 4 1 | Bitsymbol Bit name Function RIW,
T R P O N S High-order bit of watchdog timer 0iXx
T P Reserved bit Must always be set to “0” 00
L RREEEEEEEEEEEEED Reserved bit Must always be set to “0” 0.0
E ________________________ WDC7 Prescaler select bit 0 : Divided by 16 OEO
1 : Divided by 128 1
Watchdog timer start register
b7 b0 Symbol Address When reset
WDTS 000E16 Indeterminate
i Function RIW
i The watchdog timer is initialized and starts counting after a write instruction to
""""""" this register. The watchdog timer value is always initialized to “7FFF16” X O
regardless of whatever value is written. 1

Fig.DG-2 Watchdog timer control and start registers
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DMAC

This microcomputer has two DMAC (direct memory access controller) channels that allow data to be sent to
memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a higher
right of using the bus than the CPU, which leads to working the cycle stealing method. On this account, the
operation from the occurrence of DMA transfer request signal to the completion of 1-word (16-bit) or 1-byte
(8-bit) data transfer can be performed at high speed. Fig.EC-1 shows the block diagram of the DMAC.
Table.EC-1 shows the DMAC specifications. Fig.EC-2 to EC-4 show the registers used by the DMAC.

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

Fig.EC-1 Block diagram of DMAC

Either a write signal to the software DMA request bit or an interrupt request signal is used as a DMA transfer
request signal. But the DMA transfer is affected neither by the interrupt enable flag (I flag) nor by the interrupt
priority level. The DMA transfer doesn't affect any interrupts neither.

If the DMAC is active (the DMA enable bit is set to 1), data transfer starts every time a DMA transfer request
signal occurs. If the cycle of the occurrences of DMA transfer request signals is higher than the DMA transfer
cycle, there can be instances in which the number of transfer requests doesn't agree with the number of
transfers. For details, see the description of the DMA request bit.
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Table.EC-1 DMAC specifications

Item Specification
No. of channels 2 (cycle steal method)
Transfer memory space * From any address in the 1M bytes space to a fixed address

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

(Note that DMA-related registers [002016 to 003F16] cannot be accessed)
Maximum No. of bytes transferred | 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (Note) Falling edge of INTO or INT1 or both edge
Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO transfer and reception interrupt requests
UART1 transfer and reception interrupt requests
UART2 transfer and reception interrupt requests
Serial /03, 4 interrpt requests

A-D conversion interrupt requests

IBFO to IBF3 interrupt requests

Software triggers
Channel priority DMAQ takes precedence if DMAO and DMAL requests are generated simultaneously
Transfer unit 8 bits or 16 bits
Transfer address direction forward/fixed (forward direction cannot be specified for both source and
destination simultaneously)
Transfer mode « Single transfer mode

After the transfer counter underflows, the DMA enable bit turns to
“0”, and the DMAC turns inactive
* Repeat transfer mode
After the transfer counter underflows, the value of the transfer counter
reload register is reloaded to the transfer counter.
The DMAC remains active unless a “0” is written to the DMA enable bit.
DMA interrupt request generation timing| When an underflow occurs in the transfer counter
Active When the DMA enable bit is set to “1”, the DMAC is active.
When the DMAC is active, data transfer starts every time a DMA
transfer request signal occurs.
Inactive * When the DMA enable bit is set to “0”, the DMAC is inactive.
» After the transfer counter underflows in single transfer mode
Forward address pointer and | At the time of starting data transfer immediately after turning the DMAC active, the

reload timing for transfer value of one of source pointer and destination pointer - the one specified for the

counter forward direction - is reloaded to the forward direction address pointer,and the value
of the transfer counter reload register is reloaded to the transfer counter.

Writing to register Registers specified for forward direction transfer are always write enabled.

Registers specified for fixed address transfer are write-enabled when
the DMA enable bit is “0".

Reading the register Can be read at any time.

However, when the DMA enable bit is “1”, reading the register set up as the
forward register is the same as reading the value of the forward address pointer.

Note: DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the interrupt enable
flag (I flag) nor by the interrupt priority level.
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DMAO request factor selection register

b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
DMOSL 03B816 0016

Bit symbol Bit name Function R'W

DMA request factor | b3b2b1bo ling edae of INTO A
. f 0000 : Falling edge of INTO pin !
selection bits 0001 : Software trigger o ! o
0010: Timer AO !
0011:Timer Al .
Lecloolocdo 0100: Timer A2
0101: Timer A3
DSELL 0110: Timer A4 (DMS=0) 0'0
/two edges of INTO pin (DMS=1) .
0111: Timer BO (DMS=0) i
Timer B3 (DMS=1) .
1000 : Timer B1 (DMS=0) B
DSEL2 Timer B4 (DMS=1) .
1001 : Timer B2 (DMS=0) o0
Timer B5 (DMS=1) h
1010 : UARTO transmit (DMS=0) !
/IBFO(DMS=1) T
1011:UARTO receive (DMS=0)
/IBF1(DMS=1)
1100 : UART2 transmit (DMS=0)
/IBF2(DMS=1) i
1101 :UART2 receive(DMS=0) H
/IBF3(DMS=1) B
1110:A-D conversion
1111:UARTL transmit |

DSELO

DSEL3

Vo TTTTTmm e Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0".

R DMS DMA re_ques_t factor 0 : Normal o'o
expansion bit 1 : Expanded factor !

________________________ DSR Software DMA If software trigger is selected, a
request bit DMA request is generated by 0.0
setting this bit to “1” (When read,
the value of this bit is always “0”)

Fig.EC-2 DMAC register (1)

ENESAS

67
RenesasTechnology Corp.



Rev.1.0
DMAC

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

DMAL request factor selection register

b7 b6 b5 b4 b3 b2 bl bo

Leclaoadooda

DMAI control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
DM1SL 03BA16 0016
Bit symbol Bit name Function R'W
DSELO DMA request factor b3 b2 b1 b0 [ 1
; i 0000 : Falling edge of INT1 pin |
selection bits 000 1: Software trigger o | o
0010: Timer AO |
0011:TimerAl .
0100: Timer A2 |
DSEL1 0101 : Timer A3(DMS=0) 1
/serial 1/03 (DMS=1) e} | o
0110: Timer A4 (DMS=0) |
/serial 1/04 (DMS=1) !
0111:Timer BO (DMS=0) ;
/two edges of INT1 (DMS=1) !
DSEL2 1000: Timer B1 !
1001 : Timer B2 o0
101 0:UARTO transmit (DMS=0) !
/IBFO(DMS=1) !
1011:UARTO receive (DMS=0) !
DSEL3 /IBF1(DMS=1) !
1100 : UART2 transmit(DMS=0) 0.0
/IBF2(DMS=1) !
1101:UART2 receive(DMS=0) !
/IBF3(DMS=1) |
1110:A-D conversion !
1111:UART1 receive !
Nothing is assigned. _ 3 _
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0". !
DMS DMA request factor 0 : Normal o o
expansion bit 1 : Expanded factor |
DSR Software DMA If software trigger is selected, a
request bit DMA request is generated by 0'0
setting this bit to “1” (When read, |
the value of this bit is always “0”) !
Symbol Address When reset
DMICON(i=0,1) 002C16, 003C16 00000X002
Bit symbol Bit name Function R W
DMBIT Transfer unit bit select bit [0 : 16 bits o0
1: 8 bits 1
DMASL Repeat transfer mode_ 0 : Single transfer 0:'0
select bit 1 : Repeat transfer !
DMAS DMA request bit (Note 1) 0 : DMA not requested O 1NSZ
1 : DMA requested (
DMAE DMA enable bit 0 : Disabled o0
1: Enabled s
Source address direction - Fi i
DSD ¢ 0 : Fixed 00
select bit (Note 3) 1: Forward :
Destination address 0 : Fixed ;
DAD o . : [ONN®)
direction select bit (Note 3) | 1 : Forward !
Nothing is assigned. _ 3 _
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0". !
Note 1: DMA request can be cleared by resetting the bit to "0".
Note 2: This bit can only be set to “0".
Note 3: Source address direction select bit and destination address direction select bit
cannot be set to “1” simultaneously.

Fig.EC-3 DMAC register (2)
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DMA. source pointer (i =0, 1)

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 bo  Symbol Address When reset
DXIXIXIX : : SARO 00221610 002016 Indeterminate
Y ! T : SAR1 003216 to 003016 Indeterminate
o : Function Transfer count | gy
T H specification i
Pl beeneenes * Source pointer 0000016 to FFFFF1s |O10
Stores the source address !
P ERGRRLE LT EELETEIEE LT LT EE LT ELEEEE Nothing is assigned. 3
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. -
DMAI destination pointer (i = 0, 1)
(b23) (b19) (b16) (b15) (b8)
D b3 b0, b7 b0, b7 50 Symbol Address When reset
: : DARO 002616 to 002416 Indeterminate
L T DAR1 003616 to 003416 Indeterminate
oo H Function Transfgr count RW
oo ! specification |
AR teeonees * Destination pointer 0000016 to FFFFF16 (OO
Stores the destination address |
S SSUECECEECETEECEPEETPREPTEPERLRTLRE Nothing is assigned. _3_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”". !
DMAI transfer counter (i = 0, 1)
(b15) (b8)
b7 b0 b7 b0
j Symbol Address When reset
: TCRO 002916, 002816 Indeterminate
i TCR1 003916, 003816 Indeterminate
: . Transfer count
' Function e R
: specification i
(AR » Transfer counter 000016 to FEFF1s  |O'0
Set a value one less than the transfer count 1

Fig.EC-4 DMAC register (3)
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(1) Transfer cycle

The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area (source
read) and the bus cycle in which the data is written to memory or to the SFR area (destination write). The
number of read and write bus cycles depends on the source and destination addresses.

* Effect of source and destination addresses

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

Fig.EC-5 shows the example of the transfer cycles for a source read. For convenience, the destination write
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer cycle
changing accordingly. When calculating the transfer cycle, remember to apply the respective conditions to
both the destination write cycle and the source read cycle. For example (2) in Fig.EC-5, if data are being
transferred in 16-bit units on an 8-bit bus, two bus cycles are required for both the source read cycle and the
destination write cycle.

(2) DMAC transfer cycles

Any combination of even or odd transfer read and write addresses is possible. Table.EC-2 shows the num-
ber of DMAC transfer cycles.
The number of DMAC transfer cycles can be calculated as follows:

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

Table.EC-2 No. of DMAC transfer cycles

Single-chip mode Memory expansion mode
Transfer unit Bus width | Access address Microprocessor mode
No. of read | No. of write | No. of read | No. of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (BYTE="L") Odd 1 1 1 1
(DMBIT=“1") 8-bit Even — — 1 1
(BYTE =“H") Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers (BYTE =“L") Odd 2 2 2 2
(DMBIT=“0") 8-bit Even — — 2 2
(BYTE =“H") Odd — — 2 2
Coefficient j, k
Internal memory External memory
Internal ROM/RAM | Internal ROM/RAM | SFR area | Separate bus | Separate bus | Multiplex
No wait With wait No wait With wait bus
1 2 2 1 2 3
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(1) 8-bit transfers
16-bit transfers from even address and the source address is even.

BCLK

Address CPU use >< Source ><Destination>< Dummy >< CPU use
bus cycle

RD signal

WR signal

Data CPU use >< Source ><Destinati0n><Dummy >< CPU use
bus cycle

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

BCLK

Address CPU use Source Source + 1 XDestination Dummy CPU use
bus cycle

RD signal

WR signal

Data CPU use >< Source ><Source + l><Destinati0n><Dummy >< CPU use
bus cycle

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

BCLK

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

bus cycle

ED signal

WR s

Data CPU use >< Source ><Destinatio>< Dummy >< CPU use
bus cycle

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

BCLK

gggress CPU use >< Source >< Source + 1 ><Destinati0|>< (I:D;Crlr;my >< CPU use

E) sonal D Y
WR sgrad T

Data CPU use >< Source >< Source + 1 ><Destinatior>< Dummy >< CPU use
bus cycle

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

Fig.EC-5 Example of the transfer cycles for a source read
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DMA enable bit

Setting the DMA enable bit to "1" makes the DMAC active. The DMAC carries out the following operations at
the time data transfer starts immediately after DMAC is turned active.

(1) Reloads the value of one of the source pointer and the destination pointer - the one specified for the
forward direction - to the forward direction address pointer.

(2) Reloads the value of the transfer counter reload register to the transfer counter.

Thus overwriting "1" to the DMA enable bit with the DMAC being active carries out the operations given
above, so the DMAC operates again from the initial state at the instant "1" is overwritten to the DMA enable
bit.

DMA request bit

The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of DMA
request factors for each channel.

DMA request factors include the following.

* Factors effected by using the interrupt request signals from the built-in peripheral functions and software
DMA factors (internal factors) effected by a program.

* External factors effected by utilizing the input from external interrupt signals.

For the selection of DMA request factors, see the descriptions of the DMAI factor selection register.

The DMA request bit turns to "1" if the DMA transfer request signal occurs regardless of the DMAC's state
(regardless of whether the DMA enable bit is set "1" or to "0"). It turns to "0" immediately before data transfer
starts.

In addition, it can be set to "0" by use of a program, but cannot be set to "1".

There can be instances in which a change in DMA request factor selection bit causes the DMA request bit to
turn to "1". So be sure to set the DMA request bit to "0" after the DMA request factor selection bit is changed.
The DMA request bit turns to "1" if a DMA transfer request signal occurs, and turns to "0" immediately just
before data transfer starts. If the DMAC is active, data transfer starts immediately, so the value of the DMA
request bit, if read by use of a program, turns out to be "0" in most cases. To examine whether the DMAC is
active, read the DMA enable bit.

Here follows the timing of changes in the DMA request bit.

(1) Internal factors

Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to "1" due to
an internal factor is the same as the timing for the interrupt request bit of the interrupt control register to turn
to "1" due to several factors.

Turning the DMA request bit to "0" due to an internal factor is timed to be effected immediately just before the
transfer starts.

(2) External factors

An external factor is a factor caused to occur by the edge of input from the INTi pin (i depends on which
DMAC channel is used).

Selecting the INTi pins as external factors using the DMA request factor selection bit causes input from these
pins to become the DMA transfer request signals.

The timing for the DMA request bit to turn to "1" when an external factor is selected synchronizes with the
signal's edge applicable to the function specified by the DMA request factor selection bit (synchronizes with
the falling edge of the input signal to each INTi pin, for example).

With an external factor selected, the DMA request bit is timed to turn to "0" immediately just before data
transfer starts similarly to the state in which an internal factor is selected.
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(3) The priorities of channels and DMA transfer timing

If a DMA transfer request signal falls on the same sampling cycle (a sampling cycle means one period from
the rising edge to the falling edge of BCLK), the DMA request bits of applicable channels concurrently turn to
"1". If the channels are active at that moment, DMAO is given a high priority to start data transfer. When
DMAO finishes data transfer, it gives the bus right to the CPU. When the CPU finishes single bus access,
then DMAL starts data transfer and gives the bus right to the CPU.

An example in which DMA transfer is carried out in minimum cycles at the time when DMA transfer request
signals due to external factors concurrently occur.

Fig.EC-6 An example of DMA transfer effected by external factors.

An example in which DMA transmission is carried out in minimum
cycles at the time when DMA transmission request signals due to
external factors concurrently occur.

BCLK
DMAO = 0

o B < /9 Obtaining

L i 3 L 3 the bus
CPu i /ﬁ iz right
-
owo
Nt L

DMA1 |
request bit Q

DMA1

Fig.EC-6 An example of DMA transfer effected by external factors
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There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B
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(six). All these timers function independently. Fig.FB-1 and FB-2 show the block diagram of timers.

xin O

f1 fg f32

Y

1/8 f8

1/. f32

N

Clock prescaler

Clock prescaler reset flag (bit 7
at address 038116) set to “1”

« Timer mode
« One-shot mode

*« PWM mode
1

TA0m O

e

1 Timer AO

« Event counter mode

Timer AO interrupt

« Timer mode
« One-shot mode

O
O
D—y
—O
Noise o
filter
O
O
O O

« PWM mode

s

AN O

- —O
> N_0|se o
filter

Timer Al interrupt

Timer Al

« Event counter mode

|

« Timer mode
* One-shot mode

D—O) (¢]

« PWM mode

A

A2 ()

TA3N (O

=
filter

KE

Timer A2 interrupt

Timer A2

« Event counter mode

|

« Timer mode
« One-shot mode

e

« PWM mode
1

A

/4
/A

TAaN ()

- —O
N_0|se o
filter

Timer A3 interrupt

1 Timer A3

« Event counter mode

« Timer mode
« One-shot mode

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

e g

« PWM mode
|

Lol

- —O
> N_0|se o
filter

v

1 Timer A4

« Event counter mode

Timer A4 interrupt

Timer B2 overflow

Note 1: The TAOIN pin (P71) is shared with RxD2 and the TB5IN pin. so be careful.

Fig.FB-1 Timer A block diagram
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f1 fg f32 fC32

O
O

XIN O * > f1

Timer A

T

Clock prescaler

XCIN .

Clock prescaler reset flag (bit 7
at address 038116) set to “1”

» Timer mode

Bomn O

O
O

) l\#_cl)ise ) o b
{2 lter

0\-0Pulse width measuring mode
e} | Timer BO

I_‘Timer BO interrupt
>

 Event counter mode

» Timer mode

81N ()

[eNeXNe]

) l\#_cl)ise g}
{2 lter

« Pulse width measuring mode

0o I Timer B1

I_‘Timer B1 interrupt
——

« Event counter mode

« Timer mode

828 ()

[eNeNe]

) l\#_cl)ise g}
{2 lter

Timer B2 interrupt

OXPulse width measuring mode
1 )
O 1 Timer B2

|« =

 Event counter mode

 Timer mode

B3N O

[eNeXNe]

) l\#_cl)ise o b
{2 lter

Timer B3 interrupt

0\-0Pulse width measuring mode
o | Timer B3

|—o—>

 Event counter mode

» Timer mode

TBan ()

[eNeXNe]

) l\#_cl)ise g}
{2 lter

Timer B4 interrupt

OXPulse width measuring mode
0 I Timer B4

|—o—>

 Event counter mode

« Timer mode

85N ()

) l\#_cl)ise g}
{2 ilter

Timer B5 interrupt

OXPulse width measuring mode
1 )
O 1 Timer B5

|« =

 Event counter mode

Note 1: The TB5IN pin (P71) is shared with RxD2 and the TAOIN pin, so be careful.

Fig.FB-2 Timer B block diagram
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Timer A
Fig.FB-3 shows the block diagram of timer A. Fig.FB-4 to FB-6 show the timer A-related registers.
Except in event counter mode, timers AO through A4 all have the same function. Use the timer Ai mode
register (i = 0 to 4) bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer over flow.
» One-shot timer mode: The timer stops counting when the count reaches “000016".
* Pulse width modulation (PWM) mode: The timer continually outputs pulse with arbitrary width.

S Data bus high-order bits S
Clock source 10 &5
selection  Timer ¢ Dat:':l lfus low-order bits q
fl —o * One shot Low-order High-order
fs —O0\g * PWM o 1l 8 bits Y 8 bits
AV4
f32 O *Timer Reload register (16 |
fczo—O (gate function) 7N 7N
« Event counter A4 Z
Polarity Counter (16) |
TAIN selection Clock selection Up count/down count
(i=0to4) Count start flag [.A'Ways down count excemj
in event counter mode
(Address 038016)
TAI Addresses TAj TAk
TB2 overflow —————O Down count Q Timer AO 038716 038616  Timer A4 Timer Al
External Un/d i Timer A1 038916 038816  Timer AO Timer A2
; o own flaf O Timer A2 B A Timer AL Timer A
TA overflow i _ trigger ( Aeress 038 41) Timer A3 823012 gggcﬁ Timer Az Timer A431
(j=i-1. Note, however, that j = 4 when i = 0) o Timer A4 038F1s 038E1s Timer A3 Timer AO
TAk overflow —— O
(k =i+ 1. Note, however, that k = 0 when i = 4)
TAiouT Pulse output
(i=0to4) | - 1
o | |  Toggle flip-flop |
Fig.FB-3 Block diagram of timer A
Timer Ai mode register
Symbol Address When reset

e e I TAIMR(i=0t0 4) 039616 to 039A16 0016

poro1 o1 1| Bit symbol Bit name Function R'W,
Voo b1 b0 0
oot TMODO Operation mode selection bits| g ¢ - Timer mode 0.0
Cor o 0 1 : Event counter mode 1
A T TMOD1 10: One—shqt timer modg !
R 11 : Pulse width modulation 00
oo (PWM) mode !
oL e MRO o . 00
o Function varies with each operation mode ;
Dol e MR1 o0
R RhhEEEE MR2 0.0
 EEEREEEEEEE MR3 0.0
PooTTTTTT T TCKO Count source selection bits o0
------------------------ TCK1 (Function varies with each operation mode) o0

Fig.FB-4 Timer A-related registers (1)
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Timer Ai register (Note)

©15) 8 Symbol Address When reset
b7 b0 b7 b0 TAO 038716,038616 Indeterminate
TA1 038916,038816 Indeterminate
H TA2 038B16,038A16 Indeterminate
: TA3 038D16,038C16 Indeterminate
H TA4 038F16,038E16 Indeterminate
E Function Values that can be set | R'W
* Timer mode 000016 to FFFF16[{O1O
Count the internal count source !
« Event counter mode ‘
Count pulses from external input or the overflow of timer | 000016 to FFFF16/O:O
* One-shot timer mode !
Count one shot width 000016 to FFFF16(X1O
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 [y 30
Function as a 16-bit pulse width modulator
« Pulse width modulation mode (8-bit PWM) 0016 to FE16
Timer low-order address functions as an 8-bit (Both high-order |X O
prescaler and high-order address functions as an 8-bit and low-order
pulse width modulator addresses) !
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | TABSR 038016 0016
¢4 44| Bitsymbol Bit name Function R'W
i : : : : : : - TAOS Timer AO count start flag 0 : Stop count 00
T TA1S Timer A1l count start flag 1: Start count 0.0
et TA2S Timer A2 count start flag OiO
E l I ' [P TA3S Timer A3 count start flag OEO
E ' ' R TA4S Timer A4 count start flag OEO
T LAaLEETEEE TBOS Timer BO count start flag 00
R RRREEEEEEEEEEED TB1S Timer B1 count start flag 00
RER LR EREEELEEY TB2S Timer B2 count start flag 0.0
Up/down flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
UDF 038416 0016
boror ottt Bitsymbol Bit name Function R'W
e TAOUD  [Timer AO up/down flag 0 : Down count 00
E : : : : : ERREE TALUD Timer Al up/down flag 1: Up count 00
- This specification becomes valid "
N et i 0.0
[ TA2UD Timer A2 up/down flag when the up/down flag content is "
P e TA3UD  |Timer A3 up/down flag selected for up/down switching  [O:O
R T TR TA4UD  |Timer A4 up/down flag factor 0.0
E E E _________________ TA2P Timer A2 two-phase pulse 0 : two-phase pulse signal X io
Vo signal processing select bit processing disabled 1
- TA3P - 1 : two-phase pulse signal !
E E  EEEGREEEEEEPEEE Timer A3 two-phase pulse processing enabled X0
' signal processing select bit g
: -g P 9 When not using the two-phase ;
e e ] TA4P | Timer A4 two-phase pulse | pulse signal processing function, X'0

signal processing select bit

set the select bit to “0”

Fig.FB-5 Timer A-related registers (2)
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One-shot start fla
9 Symbol Address When reset
be Lhobi bl b 12 il 10 ONSF 038216 00X000002
cobo [ Bitsymbol Bit name Function RIW
Poro o4 b Y TA00S | Timer AO one-shot start flag | 1 : Timer start 00
N TA10S | Timer Al one-shot start flag When read, the value is “0" 00
T A R S— TA20S | Timer A2 one-shot start flag 0:0
i TA30S | Timer A3 one-shot start flag 0.0
T R GLREEEEEEE TA40S | Timer A4 one-shot start flag 00
] Nothing is assigned. i
E ' In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. !
i TAOTGL | Timer AO event/trigger b7 b6 ) fo)fe)
' . R 0 0 : Input on TAOIN is selected (Note) '
! selection bits ) .
! 01:TB2 overflow is selected T
] TAOTGH 10 : TA4 overflow is selected 0.0
11:TA1 overflow is selected i
Note: Set the corresponding port direction register to “0”.
Trigger selection register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | TRGSR 038316 0016
H : : : : : : : Bit symbol Bit name Function R'W
HE A - TALTGL Timer Al event/trigger b1 b0 |
T selection bits 99 00 : Input on TALi is selected (Note)  |O'1O
T N 0 1:TB2 overflow is selected .
T T R TAITGH 10: TAO overflow is selected OEO
[ 11:TA2 overflow is selected !
E ' ' ' ' ' ________ Timer A2 event/trigger b3 b2 :
[ TAZTGL selection bits 99 0 0 : Input on TA2in is selected (Note) OJO
R 01:TB2 overflow is selected .
H ' . . R TA2TGH 10: TA1 overflow is selected OEO
P 11:TA3 overflow is selected !
HE E | ; b5 b4 3
H E E TASTGL Tlr;nerlA3 syent/tngger 0 0 : Input on TA3IN is selected (Note) OEO
P selection bits 01 : TB2 overflow is selected :
[ U TA3TGH 1 0: TA2 overflow is selected 00
o 1 1: TA4 overflow is selected |
E E ____________________ i ; b7 b6 i
' TA4TGL TlmerlA4 eyenUtrlgger 0 0 : Input on TA4IN is selected (Note) 0.0
H selection bits 01: TB2 overflow is selected :
e TA4TGH 10 : TA3 overflow is selected 00
11:TAO overflow is selected !
Note: Set the corresponding port direction register to “0”.
Clock prescaler reset flag
b7 b6 bS b4 bS b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
oo Bit symbol Bit name Function R'W
A Nothing is assigned. !
! te-deedenatootootooiol Inan attempt to write to these bits, write “0”. The value, if read, turns out to be -7
! indeterminate. !
: CPSR | Clock prescaler reset flag 01 No effect !
R R R Rt 1: Prescaler is reset O;O
(When read, the value is “0") !

Fig.FB-6

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.FB-1) Fig.FB-7 shows the
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timer Ai mode register in timer mode.

Table.FB-1 Specifications of timer mode

Item

Specification

Count source

f1, f8, f32, fc32

Count operation

* Down count
* When the timer underflows, it reloads the reload register contents and then continuing counting

Divide ratio

1/(n+1) n: Setvalue

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

When the timer underflows

TAIIN pin function

Programmable I/O port or gate input

TAiouT pin function

Programmable I/O port or pulse output

Read from timer

Count value can be read out by reading timer Ai register

Write to timer

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

Select function

» Gate function

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

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

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai mode register

LI el 1

Symbol Address When reset
|0 | 0 | TAIMR(i=0t0 4) 039616t0 039A16 0016

. Bit symbol Bit name Function REW
¢ “1__TMODO _|Operation mode 8‘:)“_ _ 4 00
“---1 TMoOD1 |[selection bits - Timer mode O.0

MRO Pulse output function 0 : Pulse is not output
...... selection bit (TAiouT pin is a normal port pin) (e){e}

1: Pulse is output (Note 1) |

(TAiouT pin is a pulse output pin)

MRl G f . I . b b4 b3 :
ate function selection bits| 4 5 (Note 2): Gate function not available |50

(TAiIN pin is @ normal port pin) |

1 0 : Timer counts only when TAiIIN pin is |

MR2 held “L" (Note 3) |
11 : Timer counts only when TAiN pin is |O:O

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

R D |
TCKO Count source selection bits 00:f1 oio

01:fs -
TCK1 10:f32 o0

11:fc32 |

Note 1: The settings of the corresponding port register and port direction register
are invalid.

Note 2: The bit can be “0” or “1”.

Note 3: Set the corresponding port direction register to “0”.

Fig.FB-7 Timer Ai mode register in timer mode
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(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer’s overflow. Timers A0 and Al can count
a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase external
signals. Table.FB-2 lists timer specifications and Fig. FB-8 shows the timer Ai mode register in event count
mode when counting a single-phase external signal.

Table.FB-3 lists timer specifications and Fig. FB-8 shows the timer Ai mode register in event count mode
when counting a two-phase external signals.

Table.FB-2 Timer specifications in event counter mode (when not processing two-phase pulse signal)

ltem Specification
Count source + External signal input to TAIIN pin (effective edge can be selected by software)
» TB2 overflow, TAj 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 and then continuing counting (Note)

Divide ratio 1/ (FFFF16 - n + 1) for up count
1/ (n + 1) for down count n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | The timer overflows or underflows
TAIIN pin function Programmable I/O port or count source input
TAiouT pin function Programmable I/O port, pulse output, or up/down count select input
Read from timer Count value can be read out by reading timer Ai register
Write to timer » When counting stopped

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

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

(Transferred to counter at next reload time)
Select function » Free-run count function

Even when the timer overflows or underflows, the reload register content is not reloaded to it
 Pulse output function

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

Timer Ai mode register

e e Symbol Address When reset
..n...n TAIMR(i =0, 1) 039616, 039716 0016

Bit symbol Bit name Function R:
b160 0.0

TMODO Operation mode selection

TMOD1 bits 0 1 : Event counter mode (Note 1) 0
MRO Pulse output function 0 : Pulse is not output |
selection bit (TAiouT pin is a normal port pin) 0.0

1: Pulse is output (Note 2)
(TAiouT pin is a pulse output pin)

MR1 Count polarity 0 : Counts external signal's falling edge OEO
selection bit (Note 3) 1 : Counts external signal's rising edge |

MR2 Up/down switching factor | 0 : Up/down flag's content oio
selection bit 1: TAiouUT pin's input signal (Note 4)

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

[ TCKO Count operation type 0 : Reload type OEO
selection bit 1: Free-run type '

LA, TCK1 Invalid in event counter mode OEO

Can be “0” or “1”

Note 1: In event counter mode, the count source is selected by the event / trigger select bit
(addresses 038216 and 038316).

Note 2: The settings of the corresponding port register and port direction register are invalid.

Note 3: Valid only when counting an external signal.

Note 4: When an “L” signal is input to the TAiouT pin, the downcount is activated. When “H”",
the upcount is activated. Set the corresponding port direction register to “0”".

Fig.FB-8 Timer Ai mode register in event counter mode
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Table.FB-3 Timer specifications in event counter mode (when processing two-phase pulse signals with timers A2, A3, and A4)

Item

Specification

Count source

» Two-phase pulse signals input to TAiIN and TAIOUT pin

Count operation

» Up count or down count can be selected by two-phase pulse signals
* When the timer overflows or underflows, the reload register content is
reloaded and the timer starts over again (Note)

Divide ratio

1/ (FFFF16 - n + 1) for up count

1/ (n + 1) for down count n: Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

Timer overflows or underflows

TAIIN pin function

Two-phase pulse input

TAiouT pin function

Two-phase pulse input

Read from timer

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

Write to timer

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

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

Select function

* Normal processing operation
The timer up-counts by the rising edge of TAIIN pin and down-counts by the
falling edge fo TAIIN pin during the "H" level period of input signal in TAiouT

o LT

count count count count count count

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

TAiouT \_4 u *_f U YU L

Count down all edges

Count up all edges

TAIIN

o drbvd phvdy

Count up all edges

Count down all edges

Note: This does not apply when the free-run function is selected.
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b6 b5 b4 b3 b2 bl bo

10

Timer Ai mode register
(When not using two-phase pulse signals' processing)
Symbol

Address

TAIMR(i = 2 to 4) 039816 to 039A16

When reset

0016

Bit symbol

Bit name

Function

T [l

TMODO

Operation mode selection

TMOD1

bits

bl b0
0 1 : Event counter mode

MRO

Pulse output function
selection bit

0 : Pulse is not output
(TAiourT pin is a normal port pin)
1: Pulse is output (Note 1)

(TAiouT pin is a pulse output pin)

MR1

Count polarity selection bit
(Note 2)

: Counts external signal's falling edges
: Counts external signal's rising edges

MR2

Up/down switching
factor selection bit

: Up/down flag's content
: TAiouT pin's input signal (Note 3)

RPO| O

MR3

0 : (Must always be “0” in event counter mode)

TCKO

Count operation type
selection bit

0 : Reload type
1: Free-run type

TCK1

Two-phase pulse signals'
processing operation
selection bit

(Note 4)(Note 5)

: Normal processing operation
: Multiply-by-4 processing operation

= O

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:

The settings of the corresponding port register and port direction register are invalid.
This bit is valid when only counting an external signal.
Set the corresponding port direction register to “0”.
This bit is valid for the timer A3 mode register.

For timer A2 and A4 mode registers, this bit can be “0 "or “1”.

Timer Ai mode register
(When using two-phase pulse signals' processing)

When performing two-phase signal processing, make sure the two-phase pulse signals'
processing operation selection bit (address 03841s) is set to “1”. Also, always be sure
to set the event/trigger selection bit (addresses 038216 and 038316) to “00”".

b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
|||0|1|0|0|0|1| TAIMR(i = 2 to 4) 039816 to 039A16 0016
{0 4 ¢ 1 ¢ ¢ | Bitsymbol Bit name Function RIW
i+ 4+ 4 1 4 -1 TMODO |Operation mode selection | 0.0
. TMOD1 |bits 0 1: Event counter mode 00
________ MRO 0 (Must always be “0” when using two-phase pulse signal OEO
A processing) !
R MR1 0 (Must always be “0” when using two-phase pulse signal OEO
processing) 1
] MR2 1 (Must always be “1” when using two-phase pulse signal OEO
o processing) !
R MR3 0 (Must always be “0" when using two-phase pulse signal OEO
processing) |
R TCKO Count operation type 0 : Reload type 00
' selection bit 1 : Free-run type :
Two-phase pulse processing| . . ; : i
------------------------ TCKL |operation selection bit | J hol Processing operaton 10,0
(Note 1)(Note 2) ) 3

Note 1: This bit is valid for timer A3 mode register.

For timer A2 and A4 mode registers, this bit can be “0” or “1".

Note 2: When performing two-phase pulse signals' processing, make sure the two-phase pulse
signals' processing operation selection bit (address 038416) is set to “1”. Also, always be
sure to set the event/trigger selection bit (addresses 038216 and 038316) to “00”.

Fig.FB-9 Timer Ai 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.FB-4) When a trigger occurs, the timer starts to
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operate for a given period. Fig.FB-10 shows the timer Ai mode register in one-shot timer mode.
Table.FB-4 Timer specifications in one-shot timer mode

Item

Specification

Count source

f1, f8, 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 : Set value

Count start condition

» An external trigger is input
* The timer overflows
» The one-shot start flag is set (= 1)

Count stop condition

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

Interrupt request generation timing

The count reaches 000016

TAIIN pin function

Programmable I/O port or trigger input

TAiouT pin function

Programmable I/O port or pulse output

Read from timer

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

Write to timer

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

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

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo

L1 lo]

Symbol Address When reset
| 1 | 0 | TAIMR(i=0to4) 039616t0 039A16 0016

i | Bitsymbol Bit name Function RIW,|
i ’ TMODO Operation mode oL . hot t o o0
" TMOD1 selection bits 1 0 : One-shot timer mode 00

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

1 : Pulse is output (Note 1) i

(TAiouT pin is a pulse output pin)
MR1 External trigger selection |0 : Falling edge of TAiiN pin's input signal (Note 3) OEO

bit (Note 2) 1: Rising edge of TAiIN pin's input signal (Note 3) |
MR2 Trigger selection bit 0 : One-shot start flag is valid OEO

1 : Selected by event/trigger selection register| ™~
MR3 0 (Must always be “0” in one-shot timer mode) 0,0
TCKO Count source selection bitg ;bos ; OEO

tfi 1

01:fs '
TCK1 10:f2 00

11:fc32 1

Note 1: The settings of the corresponding port register and port direction register are invalid.
Note 2: Valid only when the TAiIN pin is selected by the event/trigger selection bit

(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0".
Note 3: Set the corresponding port direction register to “0”.

Fig.FB-10 Timer Ai mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode

In this mode, the timer outputs pulses of a given width in succession. (See Table.FB-5) In this mode, the
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Fig.FB-11
shows the timer Ai mode register in pulse width modulation mode. Fig.FB-12 shows the example of how a
16-bit pulse width modulator operates. Fig.FB-13 shows the example of how an 8-bit pulse width modulator

operates.

Table.FB-5 Timer specifications in pulse width modulation mode

Item

Specification

Count source

f1, fs, f32, fc32

Count operation

» The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)
 The timer reloads a new count at a rising edge of PWM pulse and continues counting
* The timer is not affected by a trigger that occurs when counting

16-bit PWM « High level width n/fi n:Setvalue
e Cycletime  (216-1)/fi fixed
8-bit PWM ¢ High level width nX(m+1)/fi  n:values set to timer Ai register’s high-order address
* Cycle time (28-1)% (m+1) / fi m : values set to timer Ai register’s low-order address

Count start condition

« External trigger is input
e The timer overflows
e The count start flag is set (= 1)

Count stop condition

e The count start flag is reset (= 0)

Interrupt request generation timing

The falling edge of PWM pulse

TAIIN pin function

Programmable I/O port or trigger input

TAIouT pin function

Pulse output

Read from timer

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

Write to timer

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

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

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl b0

__________

Symbol Address When reset
1]11]1 TAIMR(i=0to 4) 039616 to 039A16 0016
Bit symbol Bit name Function RIW
-1 _TMODO Operation mode selection| *** Oio
----- TMOD1 | bits 11:PWM mode 00
""""" MRO 1 (Must always be “1” in PWM mode) o0
MR1 External trigger selection | o: Falling edge of TAi pin's input signal (Note 2) OEO
"""" bit (Note 1) 1: Rising edge of TAiIN pin's input signal (Note 2) |
........ MR2 Trigger selection bit 0: Count start flag is valid oo
1: Selected by event/trigger selection register | |
________ MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator 00
selection bit 1: Functions as an 8-bit pulse width modulator 1
b7 b6 3
--------- TCKO Count source selection bits| 0 : f 00
01:fs j
10:f32 !
""""" TCK1 11:fc32 Olo

Note 1: Valid only when the TAIIN pin is selected by the event/trigger selection bit
(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0”.
Note 2: Set the corresponding port direction register to “0”.

Fig.FB-11 Timer Ai mode register in pulse width modulation mode
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Condition : Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

17X (2% -1)

-t »

TAIN pin “H” ’ ! S :
input signal “Lr ! ' ‘

PWM pulse output  “H" ‘ ‘
from TAiouT pin L e
Timer Aiinterrupt ~ “1”
request bit Qp—_—
fi: Frequency of count source \ /

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

----a

Note: n = 000016 to FFFE16.

Fig.FB-12 Example of how a 16-bit pulse width modulator operates

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

1/fi X (m+1) X(2%-1)

TAIIN pin input signal H_+
v L

%

Underflow signal of H—U—U—“—U—“—U— —————— —“_U_U_I_I_
8-bit prescaler (Note2) « »

PWM pulse output H |—| 4|—|_
from TAiouT pin “L . - - -

Timer Ai interrupt "1" —| |_
request bit “— -

fi: Frequency of count source

Cleared to “0” when interrupt request is accepted, or cleared 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 FE16; n = 0016 to FE16.

Fig.FB-13 Example of how an 8-bit pulse width modulator operates
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Timer B
Fig.FB-14 shows the block diagram of timer B. Fig.FB-15 and FB-16 show the timer B-related registers.
Use the timer Bi mode register (i = 0 to 5) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer overflow.
* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or

pulse width.
S Data bus high-order bits
Clock source selection ! Data bus low-order bits
] [Low-order 8 bits U High-order 8 bits
fi —o « Timer —Z -
fs « Pulse period/pulse width measurement | Reload register (16) |
—O0 o p
f32 —o0 1 [ J { [
fcaz——o  Event counter Counter (16) |
A
TBiN Polarity switching Count start flag
(i=01t05) O—and edge pulse (address 038016)
Counter reset circuit I—

Can be selected in only
event counter mode

TBI Address TBj
TBj overflow —O Timer BO 039116 039016 Timer B2
(j =i-1. Note, however, Timer B1 039316 039216 Timer BO
j=2wheni=0, Timer B2 039516 039416 Timer B1
j=5wheni=3) Timer B3 035116 035016 Timer B5

Timer B4 035316 035216 Timer B3
Timer B5 035516 035416 Timer B4

Fig.FB-14 Block diagram of timer B

Timer Bi mode register
Symbol Address When reset
b7 b6 bS5 b4 b3 b2 bl bo A )
| | | TBIMR(i=0to 5) 039B16 to 039D16 00XX00002
035B16 to 035D16 00XX00002

©o0 ot 414 1| Bitsymbol Bit name Function R | W
+{ TMODO Qperation mode selection B“g - Timer mode e} le)
TVMODL bits 0 1 : Event counter mode ‘
R T 10 : Pulse period/pulse width o o
T measurement mode !

[ 11 Inhibited 3
Dol e MRO Function varies with each operation mode o ' 0
I MR1 o | O
Pl MR2 © .0
T et Note D)1 ___]
P X X
: : ' (Note 2) |

I RRRRELELE MR3 o | x
poTTTTTTTTTmmmm TCKO Count source selection bits O ' O
EREEEEEEEEEEEEEEEEEEEEEE TCK1 (Function varies with each operation mode) O ' 0

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

Fig.FB-15 Timer B-related registers (1)
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i i i Symbol Address When reset
Timer B register (NOte) TBO 039116, 039016  Indeterminate
(bi5) (b8) TB1 039316, 039216  Indeterminate
b7 b0 b7 b0 TB2 039516, 039416  Indeterminate
| TB3 035116, 035016  Indeterminate
i TB4 035316, 035216  Indeterminate
| TB5 035516, 035416 Indeterminate
E Function Values that can be set | R EW
=71 Timer mode 000016 to FFFF16 |00
Counts the timer's period |
« Event counter mode 000016 to FFFF16 !
. ’ [e}{e)
Counts external pulses input or a timer overflow 1
« Pulse period / pulse width measurement mode
) . — OX
Measures a pulse period or width !
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| TABSR 038016 0016
¢4+ 4 | Bitsymbol Bit name Function RIW|
R TAOS | Timer AO count start flag 0 : Stops counting 0.0
e TALS Timer Al count start flag 1: Starts counting 0:0
e TA2S Timer A2 count start flag 0.0
(— TA3S Timer A3 count start flag Ofo
T O — TA4S Timer A4 count start flag 0.0
 EADLGLEEEEEEEED TBOS Timer BO count start flag 0.0
T ECEalCrE e e EEE TB1S | Timer B1 count start flag 00
e RRREREEEEEEEEEEEE TB2S Timer B2 count start flag 00
Timer B3, 4, 5 count start flag
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
TBSR 034016 000XXXXX2
i 1| Bit symbol Bit name Function RW|

Nothing is assigned.

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

R EEEEEEEE TB3S Timer B3 count start flag 0 : Stops counting 0.0
1 : Starts counting

indeterminate.

kit TB4S Timer B4 count start flag OEO
REREEEEEEEEEEEEEEEEREEEEE TB5S Timer B5 count start flag (o)e}
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

CPSRF 038116 OXXXXXXX2
P4+ o144 4| Bitsymbol Bit name Function RIW|
¢+ 1 1+ 11| Nothing is assigned.
} tmmt--d--2---------4 nan attempt to write to these bits, write “0”. The value, if read, turns out to be| ™ | ™

CPSR | Clock prescaler reset flag |0 : No effect
........................ 1: Prescaler is reset o

(When read, the value is “0”)

O

Fig.FB-16 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.FB-6.) Fig.FB-17 shows the
timer Bi mode register in timer mode.

Table.FB-6 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 and
then 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 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 bo Symbol Address When reset

| | o| 0 | TBIMR(i=0t0 5) 039B16 to 039D16  00XX00002
— 7 1 . 035B16 to 035D16 00XX00002
P40 ow 14| Bitsymbol Bit name Function R | W
P4 1 4 1 4 1 -] TMODO . . b1 b0 o' O
oo Qperatlon mode selection 00 : Timer mode ‘
A TMOD1 | bits o . 0
S A MRO Invalid in timer mode ©:0
S MR1 Can be “0” or “1” ©. . 0©
- . P L O O
MR2 0 (Fixed to “0” in timer mode ; i = 0, 3) (Note 1
o Nothing is assigned (i=1,2,4,5. | X | X
o In an attempt to write to this bit, write “0”. The value, if read, turns out (Note 2)1
A to be indeterminate. !
MR3 Invalid in timer mode.
Vo tTmmmmmmmmmmmmmm e In an attempt to write to this bit, write “0”. The value, if read in o ! x
o timer mode, turns out to be indeterminate.
] TCKO Count source selection bits| ggﬁ f (e} (e}
01:fs
mmmmmmmmmmmmmmmmmmmmmod TCK1 10;:f3 O ' O

11:fca2 |
Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Fig.FB-17 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.FB-7) Fig.FB-18
shows the timer Bi mode register in event counter mode.

Table.FB-7 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 both
edges as selected by software
Count operation *Counts down
*When the timer underflows, it reloads the reload register contents and
then 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 Count source input

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

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

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

Timer Bi mode register

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

| | | | | | |0| 1| TBIMR(i=0to 5) 039B16 to 039D16  00XX00002
T 035B16 to 035D16  00XX00002

v or o | Bitsymbol Bit name Function R I W
P41 rr 1t "1 _TMODO | Operation mode selection |t o 0
N T™MOD1 bits 01: Event counter mode o O
R Count polarity selection [ !
R T S S MRO ount polarity : 00 : Counts external signal's (o e]
HE T bits (Note 1) : '
Vo falling edges .
R MR1 0 1: Counts external signal's i
I rising edges [oNINe]
H H 1 0: Counts external signal's w
oor o falling and rising edges i
[ 11 : Inhibited :
. : } i iz o !
Pl wRp |0 (FpedioOneventcountermodes =0, (o2
A Nothing is assigned (i = 1, 2, 4, 5). % ‘ %
T In an attempt to write to this bit, write “0”. The value, if read, (Note 3)}

: turns out to be indeterminate. 1
I MR3 Invalid in event counter mode. o x
. In an attempt to write to this bit, write “0”. The value, if read in ‘
. event counter mode, turns out to be indeterminate. |
R TCKO Invalid in event counter mode. o' o
H Can be “0” or 1", |
E TCK1 Event clock selection 0 : Input from TBiIN pin (Note 4) !
"""""""""""" 1: TBj overflow o 0

(i=i-1; however, j=2wheni=0, |
j=5wheni=3)

Note 1: Valid only when input from the TBIIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1”.

Note 2: Timer BO, timer B3.

Note 3: Timer B1, timer B2, timer B4, timer B5.

Note 4: Set the corresponding port direction register to “0".

Fig.FB-18 Timer Bi mode register in event counter mode
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(3) Pulse period/pulse width measurement mode

In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table.FB-8)
Fig.FB-19 shows the timer Bi mode register in pulse period/pulse width measurement mode. Fig.FB-20
shows the operation timing when measuring a pulse period. Fig.FB-21 shows the operation timing when
measuring a pulse width.

Table.FB-8 Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, f8, f32, fc32
Count operation *Up count

*At measurement pulse's effective edge, after the count value is transferred
to reload register, it is cleared to "000016" and then 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 becomes
“1". The timer Bi overflow flag becomes “0” when the count start flag is “1”
and a value is written to the timer Bi mode register.)

TBIIN pin function Measurement pulse input

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

Write to timer Cannot be written to

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

Timer Bi mode register

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

1({0 TBIMR(i=0to 5) 039B16to 039D16  00XX00002

HE 035B16t0 035D16  00XX00002
P41 Bit symbol Bit name Function R | W
Poooi i or it TMODO i Lo o0
oror Oplergtlonbmode 10: Pulse period / pulse width
H Vo i ---1 TmoD1 | Selectionbits measurement mode o . 0
H H MRO Measurement mode (b;bé pul od ¢ (int | betw |
H temmee- L : Pulse period measurement (Interval between !
H I " 9 !
: selection bits measurement pulse's falling edge to falling edge) o o
H 0 1: Pulse period measurement (Interval between
E measurement pulse's rising edge to rising edge)
[ MR1 10 : Pulse width measurement (Interval between '
E measurement pulse's falling edge to rising edge, o O
' and between rising edge to falling edge) i
H 11 : Inhibited
E 0 (Fixed to “0” in pulse period/pulse width measurement mode; i =0, 3 (] (]
N mRp | 0 (Fredtoroin prse perlodlptive meh messremen moe 1= b (Note2),

Nothing is assigned (i = 1, 2, 4, 5). X | X

In an attempt to write to this bit, write “0”. The value, if read, turns out to be (Note 3)3
indeterminate. ;

: [ MR3 Timer Bi overflow 0 : Timer did not overflow o | x
P flag ( Note 1) 1: Timer has overflowed :
R TCKO Count source EDS " o0
: selection bits 01:fs
e TCK1 10:fa2 O 0
11:fcs2 '

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

Note 2: Timer BO, timer B3.

Note 3: Timer B1, timer B2, timer B4, timer B5.

Fig.FB-19 Timer Bi mode register in pulse period/pulse width measurement mode
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Count source

Measurement pulse

Transfer

When measuring a pulse time interval from falling edge to falling edge

/(indeterminatevalue) ‘/'(measured value) |

Transfer

..

transfer timing

/ (Note 1)
1

Timing at which counter

%/(Note 1) /(Note 2)
[ E—

Reload register + counter | |_|
reaches “000016” !

Count start flag

Timer Bi interrupt “

request bit “0”

Timer Bi overflow flag

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

C

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

Fig.FB-20 Operation timing when measuring a pulse period

Count source

Measurement pulse

' Transfer

Transfer

. /' value)
Reload register + counter

‘/.V(indeterminate/ (measured value) A (measured (measured value)
! /1 value)

i .
Transfer , Transfer

transfer timing

:/ (Note 1)

Timing at which counter

i/(Note i)/q(No;e-l) ;/(Note 2)
] ——

reaches “000016"

Timer Bi overflow flag

wpr | 1
Count start flag | ‘

‘0" 4 | |
Timer Bi interrupt ‘1" I_I ‘
request bit “0”

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

v v !

oo

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

Fig.FB-21 Operation timing when measuring a pulse width
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Serial 1/0

Serial 1/O is configured as five channels: UARTO, UART1, UART2, S I/03 and S 1/04.

UARTO to 2

Each of UARTO - UART2 has an exclusive timer to generate a transfer clock, operating independently from
each other.

Fig.GA-1 shows the block diagram of UARTO, UART1 and UART2. Fig.GA-2 and GA-3 show the block
diagram of the transmit/receive unit.

UARTI (i = 0 to 2) 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 selection bits (bits 0 to 2 at addresses
03A016, 03A816 and 037816) determine whether UARTI is used as a clock synchronous serial 1/0 or as a
UART. Although a few functions are different, UARTO, UART1 and UART2 have almost the same functions.
UARTO through UART2 are almost equal in their functions with minor exceptions. UARTZ2, in particular, is
compliant with the SIM interface with some extra settings added in clock-asynchronous serial /O mode
(Note). It also has the bus collision detection function that generates an interrupt request if the TxD pin and
the RxD pin are different in level.

Table.GA-1 shows the comparison of functions of UARTO through UART2, and Fig.GA-4 to GA-8 show the
registers related to UARTI.

Note: SIM : Subscriber Identity Module

Table.GA-1 Comparison of functions of UARTO through UART2

92

Function UARTO UART1 UART2
CLK polarity selection Possible (Note 1) | Possible (Note 1) Possible  (Note 1)
LSB first / MSB first selection Possible (Note 1) | Possible (Note 1) Possible  (Note 2)
Continuous receive mode selection Possible (Note 1) | Possible (Note 1) Possible  (Note 1)
Transfer clpck output from multiple Impossible Possible  (Note 1) Impossible
pins selection
Separate CTS/IRTS pins Possible Impossible Impossible
Serial data logic switch Impossible Impossible Possible  (Note 4)
Sleep mode selection Possible (Note 3) | Possible (Note 3) Impossible
TxD, RxD 1/O polarity switch Impossible Impossible Possible
TxD, RxD port output format CMOS output CMOS output ';:f;‘i””el open-drain
Parity error signal output Impossible Impossible Possible  (Note 4)
Bus collision detection Impossible Impossible Possible

Note 1: Only in clock synchronous serial I/O mode.
Note 2: Only in clock synchronous serial I/O mode and 8-bit UART mode.

Note 3: Only in UART mode.
Note 4: Can be used for SIM interface.
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RxD0 O —O TxDo
UART reception Receive
Clock source selection ‘ clock Transmit/
fi— o Bit rate generator Clock synchronous type F" ! control circuit receive
fs ——o ~\._Intemal (address 03A116) ! ) unit
fp——0 o - UART transmission ! Transmit
32 % 1/(no+1) : Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is elected)
O
Clock synchronous type Clock synchronous type
K (when internal clock is selected) (when external clock is
N )/I selected)
cLko O polarity <!
switching
ireuit -
credtt_ CTS/RTS disabled
O CTS/RTS selected 53,‘ RTSO
CTS0/RTS0 ~N
Vce
b =amm=
CTS/RTS disabled
CTSo
? CTS/RTS separated
CTSO from UART1
(UART1)
RxD1O —O TxD1
Receive
Clock source selection clock Transmiy
f Bit rate generator | Clock synchronous type ”0 3 control circuit rece!:le
fg — Internal (address 03A916) : . unt
8 UART transmission Transmit
fa2 o 1/ (n1+1) 1/16 U Transmission clock
External Clock synchronous type [© control cirouit |
Clock synchronous type
(when internal clock is selected)
Q
O
Clock synchronous type Clock synchronous type
CLK (when internal clock is selected) (when external clock is
CLK1 polarity selected)
switching .
cireuit I CTSIRTS disabled
P CTS/RTS separated RTS1
CTS1/RTS1(O) o5 . <]
/ CTS0/ CLKS1 Clock output pin Vee
select switch J> CTS/RTS disabled  cTg1
) O
LTS CTSO0 to UARTO
(UART2) —
RxD polarity L !
rxD2 O switching circuit Sev‘i’t';']'itri’g O TxD2
UART reception Receive circuit
Clock source selection Reception | clock Transmit/
fl——o | | Bit rate generator control circuit receive
nternal i
Y address 037916 E—'i unit
:8 oo ¢ ) UART transmission Transmit
% o Transmission clock
External Clock synchronous type control circuit
Clock synchronous type
(when internal clock iselected)
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
CLK
polarity selected)
O i
CLK2 switching| — ~N
circuit | CTS/RTS  CTS/RTS disabled
selected RTS?2
o—0
cts2/Rr1520 ° A
Vce -
CTS/RTS disabled pre——
O{Q CTS2
no : Values set to UARTO bit rate generator (BRGO)
nl: Values set to UART1 bit rate generator (BRG1)
n2 : Values set to UART?2 bit rate generator (BRG2)

Fig.GA-1 Block diagram of UARTI (i =0 to 2)
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Clock
synchronous type

UART (7 bits)

Clock UART (8 bits)

synchronous
type

UART (7 bits) UARTI receive register

o]
PAR
enabled

UART (9 bits)

Clock
synchronous type

UART (8 bits)
UART (9 bits)

0i0:0:0:0:0:0iDs| |DriDeiDsiDaiDsiDziDiiDol

| MSB/LSB conversion circuit |

Data bus high-order bits

Data bus low-order bits

| MSB/LSB conversion circuit |

|D7§D6§D5;D4§D3§D2§D1§D0|

|D8|

UART (8 bits)
UART (9 bits)

Clock synchronous
type

UART (9 bits)

PAR enabled
UART

Clock
synchronous
type

UART (7 bits) UARTI transmit register

UART (7 bits)
UART (8 bits)
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Address 03A716
Address 03AE16
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UARTI transmit

buffer register
Address 03A216
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Address 03AA16
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Fig.GA-2 Block diagram of UARTI (i =0, 1) transmit/receive unit
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RxDZOf

o)

No reverse
RxD data ELo—
reverse circuit

Reverse

syn

PAR UAI

synchronous type
UART
Clock (7 bits)
oCl . "
PAR chronous UART UART(7 bits) UART2 receive register

type

Clock

(8 bits)

RT Clock

enabled YART
Q

PAR Clock
disabled

type

“Qr

enabled synchronous type
UART
(8 bits)
UART
(9 bits)
0/ 0.0 0, 0:0:0 Ds| [DriDs DsiDs;Ds DojDijDo| UARTZreceive
buffer register
Address 037E16
| Logic reverse circuit + MSB/LSB conversion circuitl Address 037F16
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuitl
|DB | | D7 i Do i Ds i D4 i D3 i D2 i D1i Do | UART2 transmit
buffer register
(Address 037A16 )
UART Address 037B16
(8 bits)
UART
(9 bits)
UART Clock
R (9 bits) synchronous type

synchronous

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

UART(7 bits) UART?2 transmit register

Error signal output

disable
Error signal

output circuit

Error signal output
enable

Not reverse

e

Reverse

TxD data
reverse circuit

p ( ) TxD2
SP: Stop bit

PAR: Parity bit

Fig.GA-3 Block diagram of UART2 transmit/receive unit
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UARTI transmit buffer register

(b15) (8) Symbol Address When reset

o7 b0 b7 bo UoTB 03A316, 03A216 Indeterminate

DXDXDXDXIXIXIX] | | ws 03AB1s, 03AAs  Indeterminate
H ! : u2TB 037B16, 037A16 Indeterminate
Function RIW|
: Poommmenneee- ARREEERS Transmit data X0

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

UARTI receive buffer register

(b15) (b8) Symbol Address When reset
b7 b0 b7 bo :

| | | | UORB 03A716, 03A616 Indeterminate

U1RB 03AF16, 03AE16 Indeterminate

U2RB 037F16, 037E16 Indeterminate

Bit . . Function Function ;
o P H Bit name (During clock synchronous ) R'W
Vo I H symbol serial /O mode) (During UART mode) '
[ L - I Receive data Receive data Oix
R Nothing is assigned. e
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. 3
.................................... OER | Overrun error flag (Note 1) | O : No overrun error 0 : No overrun error OEX
1 : Overrun error found 1 : Overrun error found !
L FER Framing error flag (Note 1) | Invalid 0 : No framing error OEX
1 : Framing error found !
P Tmmeemmmeenosessosniiinoii e PER |Parity error flag (Note 1) | Invalid 0 : No parity error o'x
1 : Parity error found 1
e SUM | Error sum flag (Note 1) | Invalid 0 : No error o %
1: Error found !

Note 1: Bits 15 through 12 are set to “0” when the serial I/O mode selection bits (bits 2 to 0 at addresses
03A016, 03A816 and 037816) are set to “0002" or 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, 03AE16 and 037Eus) is read out.

UARTI bit rate generator

Function Values that can be set R W,
|

b7 bo Symbol Address When reset
UOBRG 03Al16 Indeterminate
T U1BRG 03A916 Indeterminate
H U2BRG 037916 Indeterminate

Assuming that set value = n, BRGi divides the count source by 0016 to FF1s X'0
n+1 !

Fig.GA-4 Serial I/0O-related registers (1)
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Serial I/0 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UiMR(i=0,1) 03A016, 03A816 0016
P : : Function ) !
T ' Bit Bit name (During clock synchronous Function RIW
HE A 1| symbol serial I/0 mode) (During UART mode) !
oo 1] smDo - ) Must be fixed to 001 b2b1b0
oo Serial /O mode selection | ., 100 : Transfer data 7 bits long [O1O
P bits 000 : Serial I/O invalid 10 1: Transfer data 8 bits long .
A SMD1 010 : Inhibited 11 0: Transfer data 9 bits long |
oo 011: Inhibited 000 : Serial I/O invalid _ 00
A 11 1: Inhibited 01 0: Inhibited -
A SMD2 011: Inhibited oo
oo 111 : Inhibited |
P e CKDIR | Internal/external clock 0 : Internal clock 0 : Internal clock Oi o
N selection bit 1: External clock (Note 1) | 1 : External clock (Note 1) ‘
T STPS | Stop bit length selection | |valid 0 : One stop bit
o bit . : 00
o 1 : Two stop bits !
[T P PRY [ Odd/even parity selection| Invalid Valid when bit 6 = “1”
P bit 0 : Odd parity 0.0
P 1 : Even parity j
R RALALLITELED PRYE | Parity enable bit Invalid 0 : Parity disabled oo
: 1 : Parity enabled !
 GGRGEECEESEESTERERRS SLEP [ Sleep selection bit Must always be “0” 0 : Sleep mode deselected 00
1 : Sleep mode selected !
Note 1: Set the corresponding port direction register to "0".
UART?2 transmit/receive mode register
b7 b6 b5 _bd4 b3 b2 bl _bo Symbol Address When reset
U2MR 037816 0016
1 ' I I I l : Function ; ‘
o ' Bit Bit name (During clock synchronous _ Function RIW
A v | symbol serial I/O mode) (During UART mode) !
E E E E E E SMDO ) . . b2 b1 b0 l‘
oo S‘enal /O mode selection '\ilﬁobe fixed to 001 100 : Transfer data 7 bits long [©:O
Coron bits 000 : Serial /O invalid 101: Transfer data 8 bits long |
e - SMD1 010 : | ?]r.'gt d invall 11 0: Transfer data 9 bits long !
oo - nnibite: 000 : Serial I/O invalid ~ 0.0
Vo 01 1: Inhibited < Inhibhi .
R 111 Inhibited 01 0: Inhibited :
P R SMD2 - Inhibite: 011 : Inhibited | o'o
Coron 111 Inhibited 3
E _ . . . CKDIR | Internal/external clock 0 : Internal clock Must always be "0" OEO
oo selection bit 1: External clock (Note 1)
P e STPS | Stop bit length selection | nyalid 0 : One stop bit oo
P bit 1 : Two stop bits [
T PR, PRY | Odd/even parity selection | Invalid Valid when bit 6 = *1”
P bit 0 : Odd parity o ;O
b 1 : Even parity |
 ERRRICRELEEEEED PRYE | Parity enable bit Invalid 0 : Parity disabled oo
' 1 : Parity enabled 1
b jopoL | TxD, RxD I/O polarity 0 : Not reverse 0 : Not reverse
switching bit 1:Reverse 1: Reverse 0.0
Usually set to “0” Usually set to “0”
Note 1: Set the corresponding port direction register to "0".
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UARTI transmit/receive control register 0
b7 b6 bS b4 b3 b2 bl bo
Symbol Address When reset
UiCO0(i=0,1) 03A416, 03AC16 0816
. Function . i
A Bit Bit name (During clock synchronous . Function RIW
Vo4 o4 4 4 1 1 1| symbol serial I/0 mode) (During UART mode) |
I :
¢ ro1 o1 1t 1 ] CLKO | BRG countsource 00:fiis selected 00:fiis selected 00
A selection bits 01:fsis selected 01:fsis selected -
Coror v CLKL 10:f32is selected 10:fs2is selected o0
[ 11 : Inhibited 11 : Inhibited .
R ~Te/pTe . Valid when bit 4 = “0” Valid when bit 4 = “0" 1
I CRS CTSIR_TS f_unctlon 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (OO
oo selection bit 1:RTS function is selected (Note 2) [ 1 : RTS function is selected (Note 2) !
- B - ) 0 : Dat: tin t it . ; it regi i
[ TXEPT | Transmit register empty ,eziitfe’{e(?ﬁ,”nn'g ‘:Zrn]:;];ssion) 0: ([(’jala Prfsem in tff’ms)mﬂ register |
[ e EhCREEE . y N uring transmission, )
Voo flag 1 :\legii?et? presentin ransmit | 4 . No data present in transmit o ! X
E : : : (transmission completed) register (transmission completed) :
E E E E i i 0 : CTS/RTS function enabled | 0 : CTS/RTS function enabled ‘
e  EREEELED CRD | CTS/RTS disable bit 1: CTS/RTS function disabled | 1: CTS/RTS function disabled 00
oo (Pins function as (Pins function as programmable !
oo programmable I/O port) 1/0 port) !
I ion bit |0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output i
. NCH | Data output selection bit 1: TXDi pin is N-channel open- | 1: TXDi pin is N-channel open-drain |O 1O
. drain output output i
v CKPOL | CLK polarity selection bit|© * Transmit data is output at Must always be “0" !
o falling edge of transfer clock i
R and receive data is input at 1
H rising edge .
H 1: Transmit data is output at o i ©
H rising edge of transfer clock |
H and receive data is input at |
' falling edge ,
EELEEEETEEEEERRERRES UFORM |Transfer format selection |0 : LSB first Must always be “0" oXfe)
bit 1: MSB first 1
Note 1: Set the corresponding port direction register to “0”.
Note 2: The settings of the corresponding port register and port direction register are invalid.
UART2 transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl bo
| | |><| | | | | | Symbol Address When reset
u2Co 037C16 0816
. Function ; !
A A . - Function !
N Bit Bit name (During clock synchronous . RiW
Vv v 0 v 0 | symbol serial 1/O mode) (During UART mode) 1
A e o0 1
¢ o041 11 ] CLKO | BRG countsource 00:f1is selected 00:fiis selected S
I selection bits 01:fgis selected 01:fsis selected T
A N Ao N e 10:f32is selected 10:fa2is selected o0
[ 11 : Inhibited 11 : Inhibited !
A TTERTE e Valid when bit 4 = “0” Valid when bit 4 = “0” !
A CRS CTSIRTS f_unct|0n 0: CTS function is selected (Note 1) |0 : CTS function is selected (Note 1) [O 'O
oo selection bit 1:RTS function is selected (Note 2) |1 : RTS function is selected (Note 2) '
TXEPT | Transmit register empty |0 : Datapresentin transmit |0 Data present in transmit register
[ EECREEE i register (during transmission) [ (during transmission) o'x
[ ag 1:No data present in transmit (1 : No data present in transmit register |~ |
vor o register (transmission completed) '
(A (transmission completed) 1
' : : : CTS/RTS di : 0 :ZTS/ETS function enabled |O: @/Es function enabled ‘
A S O — CRD | CTS/RTS disable bit | ) <r SiRTS function disabled |1 : CTSIRTS funcion disabled oio
[ (Pins function programmable (Pins function programmable i
o 1/0 port) 1/0 port) |
b ] Nothing is assigned. i
- In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0". !
. . B .. [0 : Transmit data is output at “g” )
Vo CKPOL | CLK polarity selection bit| ™ " ¢ it e 0\ ansfer clock Must always be “0 |
. and receive data is input at ,
T ETEPEPEPEPEPRERERE rising edge !
: 1 : Transmit data is output at 0.0
H rising edge of transfer clock ,
H and receive data is input at i
i falling edge |
[ UFORM |Transfer format selection |0 : LSB first 0 : LSB first o o
bit (Note 3) 1: MSB first 1: MSB first |
Note 1: Set the corresponding port direction register to “0”.
Note 2: The settings of the corresponding port register and port direction register are invalid.
Note 3: Only clock synchronous serial /O mode and 8-bit UART mode are valid.

Fig.GA-6 Serial I/O-related registers (3)
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Serial I/O-related registers (4)

Serial 1/0 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
UARTI transmit/receive control register 1
b7 06 05 b4 b3 b2 bl b0 Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216

A ) Function ) i
e Bit Bit name (During clock synchronous . Function REW
ooy v v v v | symbol serial 1/0 mode) (During UART mode) !
P A = Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
! v 1: Transmission enabled | 1 : Transmission enabled |
A Tl Transmit buffer empty flag| 0 : Data present in 0 : Data present in
A transmit buffer register transmit buffer register O %
e 1: No data present in 1: No data present in '
A transmit buffer register transmit buffer register !
R RE Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
Voo 1 : Reception enabled 1 : Reception enabled !
RI Receive complete flag 0 : No data present in 0 : No data present in
 nLEE receive buffer register receive buffer register O'X
N 1: Data present in 1: Data present in !
receive buffer register receive buffer register i
A S Nothing is assigned. i

In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”.
UART2 transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

| u2C1 037D16 0216
5 E i 5 5 E E . Function .
e Bit Bit name (During clock synchronous ) Function RIW|
oy v v v v v| symbol serial 1/0 mode) (During UART mode) .
v+ o0 1 il TE | Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled 00
v E E oo 1: Transmission enabled | 1: Transmission enabled !
Tl |Transmit buffer empty flag| 0 : Data present in 0 : Data present in
oror T transmit buffer register transmit buffer register e %
e 1: No data present in 1: No data present in |
A transmit buffer register transmit buffer register 1
E E E 5 i_ _______ RE Receive enable bit 0 : Reception disabled 0 : Reception disabled OEO
o e 1 : Reception enabled 1 : Reception enabled |
E E E f RI Receive complete flag 0 : No data present in 0 : No data present in
SRRt receive buffer register receive buffer register O'X
oo 1: Data present in 1: Data present in |
E E E receive buffer register receive buffer register
. U2IRS | UART2 transmit interrupt | O : Transmit buffer empty | O : Transmit buffer empty 1
A R — factor selection bit (TI=1) (TI=1) 0.0
v E 1: Transmit is completed [ 1: Transmit is completed '
oo (TXEPT = 1) (TXEPT = 1)
E E U2RRM| UART2 continuous 0 : Continuous receive Invalid |
b ] receive mode enable bit mode disabled OfO
E 1: Continuous receive ;
v mode enabled
] U2LCH | Data logic selection bit 0 : Not reverse 0 : Not reverse OEO
! 1: Reverse 1: Reverse |
e U2ERE | Error signal output Must be fixed to “0” 0 : Output disabled 00
enable bit 1 : Output enabled |
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UART transmit/receive control register 2
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
N UCON 03B016 X00000002
A . Function : ;
N Bit Bit name (During clock synchronous . Function R W
N serial /O mode) (During UART mode) 1
E E E E E E E : UOIRS [ UARTO transmit interrupt | O : Transmit buffer empty (TI=1) | O: Transmit buffer empty (Tl = 1) O:O
Poror e t factor selection bit 1 : Transmission completed 1 : Transmission completed
Poror (TXEPT = 1) (TXEPT =1) !
A ULIRS | UART1 transmit interrupt | O : Transmit buffer empty (TI=1) | O : Transmit buffer empty (T = 1) | _ !
e factor selection bit 1 : Transmission completed 1 : Transmission completed OJO
. (TXEPT = 1) (TXEPT = 1) |
UORRM | UARTO continuous 0 : Continuous receive Invalid
s receive mode enable bit mode disabled 0.0
A 1: Continuous receive !
Vo mode enabled |
A U1RRM | UART1 continuous 0 : Continuous receive Invalid
R receive mode enable bit mode disabled 0:0
o 1: Continuous receive !
Voo mode enabled |
Voo CLKMDO| CLK/CLKS selection bit 0| Valid when bit 5 = “1” Invalid i
A 0 : Clock output to CLK1 0.0
o 1 : Clock output to CLKS1 i
E E E CLKMD1| CLK/CLKS selection bit 1| 0 : Normal mode Must always be “0”
. (Note) (CLK output is CLK1 only) B
P T 1: Transfer clock output 00
v from multiple pins ;
b function selected |
S RCSP |Separate CTS/RTS bit | 0: CTS/RTS shared pin | 0 : CTS/RTS shared pin oo
' 1: CTS/RTS separated 1: CTS/IRTS separated !
b e Nothing is assigned. ——=
In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate.
Note: When using multiple pins to output the transfer clock, the following requirements must be met:
« UART1 internal/external clock selection bit (bit 3 at address 03A816) = “0”.
UART?2 special mode register
b7 b6 bS5 b4 b3 b2 bl b0
| | | | | | | Symbol Address When reset
Q A1 O 0 0 0 U2SMR 037716 0016
P I : Function . i
Vo Vo Bit Bit name (During clock synchronous . Function R'W
o po1o1 1| symbol serial 1/0 mode) (During UART mode) !
N ERRLRRt e Reserved bits Must always be “0” —=
ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
EREEELEEEE sampling clock 00
. clock selection bit 1: Underflow signal of timer AO |
ACSE | Auto clear function Must always be “0” 0 : No auto clear function |
oy TTTTTmmmmmmmem selection bit of 1 : Auto clear at occurrence of O o
I transmit enable bit bus collision !
R Transmit start condition | Must always be “0” 0 : Ordinary
SsS selection bit Y 1 : Falling edge of RxD2 0.0
] Nothing is assigned. _i_
In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0”.

Fig.GA-8 Serial I/0O-related registers (5)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Clock synchronous serial I/O mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables.GA-2 and
GA-3 list the specifications of the clock synchronous serial I/O mode. Fig.GA-9 shows the UARTi transmit/

receive mode register.

Table.GA-2 Specifications of clock synchronous serial /O mode (1)

Iltem

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

* When internal clock is selected (bit 3 at addresses 03A016, 03A816, 037816
="0") : fi/ 2(n+1) (Note 1) fi =f1, fs, f32

» When external clock is selected (bit 3 at addresses 03A016, 03A816, 037816
="1") : Input from CLKi pin

Transmission/reception control

« Selecting from CTS function/RTS function/Disable CTS, RTS function

Transmission start condition

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

- Transmit enable bit (bit O at addresses 03A516, 03AD16, 037D16) = “1”

— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”

— When CTS function selected, CTS input level = “L”

« Furthermore, if external clock is selected, the following requirements must also be met:

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0™:
CLKi input level = “H”

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1™
CLKi input level = “L”

Reception start condition

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

- Receive enable bit (bit 2 at addresses 03A516, 03AD16, 037D16) = “1”

— Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 037D16) = “1”

— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”

* Furthermore, if external clock is selected, the following requirements must
also be met:

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0™:
CLKi input level = “H”

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1":
CLKi input level = “L”

Interrupt request
generation timing

* When transmitting

— Transmit interrupt factor selection bits (bits 0, 1 at address 03B01s, bit 4 at
address 037D16) = “0": At the completion of data transmission from UARTi
transfer buffer register to UARTI transmit register

— Transmit interrupt factor selection bits (bits 0, 1 at address 03B01s, bit 4 at
address 037D16) = “1": At the completion of data transmission from
UARTI transfer register is completed

* When receiving

— At the completion of data transferring from UARTI receive register to
UARTI receive buffer register

Error detection

* Overrun error (Note 2)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

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

Note 2: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that

the UARTI receive interrupt request bit is not set to “1”.
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Clock Synchronous serial I/0 mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
]

Table.GA-3 Specifications of clock synchronous serial I/O mode (2)

Item Specification
Function selection * CLK polarity selection
Whether transmit data is output/input at the rising edge or falling edge of the
transfer clock can be selected
* LSB first/MSB first selection
Whether transmission/reception begins with bit 0 or bit 7 can be selected
« Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
« Transfer clock output from multiple pins selection (UART1) (Note)
UART1 transfer clock can be chosen by software to be output from one of
the two pins set
» Separate CTS/RTS pins (UARTO) (Note)
Each of UARTO CTS and RTS pins can be assigned to separate pins
 Switching serial data logic (UART?2)
Whether to reverse data in writing to the transmission buffer register or
reading the reception buffer register can be selected.
» TXD, RxD I/O polarity switching (UART2)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.

Note: The transfer clock output from multiple pins and the separate CTS/RTS pins functions cannot be
selected simultaneously.
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Clock Synchronous serial I/0 mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit/receive mode registers

b7 b6 b5 b4 b3 b2 bl b0

| o o | o | | Symbol Address When reset
B N I el l UiIMR(i=0,1) 03A016, 03A816 0016
coror b | Bitsymbol Bit name Function R'W
oy v T1__SMDO Serial /0 mode selection bits| . OEO
A 00 1: Clock synchronous serial [O'O
Voo SMD1 /0 mod '
[ SMD2 mode 00
e CKDIR Internal/external clock 0 : Internal clock OEO
A selection bit 1 : External clock (Note 1) !
R STPS 0.0
P tmmmmmmmmoooooood PRY Invalid in clock synchronous serial /O mode 0,0
B ERREEEEEEEEEEEEEE PRYE 00
L EEEEREEEEERET SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) OEO

Note 1: The corresponding port direction register should be "0".

UART2 transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | Symbol Address When reset
0] | | | [0]0]1 U2MR 037816 0016
V4 4+ 4+ a4 1 1| Bitsymbol Bit name Function R W
oo 04 0 T1_SMDO  fSerial /O mode selection bit| |99
[ A 00 1: Clock synchronous serial (OO
' l l l Ll 1 SMDl I/O d !
A I B SMD2 mode 00
] CKDIR Internal/external clock 0 : Internal clock O:O
N selection bit 1 : External clock (Note 2) :
R STPS 00
P Pmmmmmmmmmeeeeo o PRY Invalid in clock synchronous serial 1/0 mode 00
I RRCEECEEEEEL PRYE 00
e I0POL TxD, RxD 1/O polarity 0 : No reverse O:O
reverse bit (Note 1) 1: Reverse !

Note 1: Usually sent to "0".
Note 2: The corresponding port direction register should be "0".

Fig.GA-9 UARTI transmit/receive mode register in clock synchronous serial I/O mode
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Clock Synchronous serial I/0 mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table.GA-4 lists the functions of the input/output pins during clock synchronous serial I/O mode. This table
shows the pin functions that the transfer clock output from multiple pins and the separation of CTS/RTS pins
are_not selected. Note that for a period from when the UARTi operation mode is selected to when transfer
starts, the TxDi pin outputs a “H". (If the N-channel open-drain is selected, this pin is in floating state.)

Table.GA-4 Input/output pin functions in clock synchronous serial /0O mode
(The function that the transfer clock output from multiple pin is not selected. The function that separates
CTS/RTS pins is not selected.)

Pin name Function Method of selection
TxDi Serial data output (Outputs dummy data when performing reception only)
(P63,P67,P70)
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE(1s,
(P62,P66,P71) bit 1 at address 03EF16)= “0"

(Can be used as an input port when performing transmission only)

CLKi Transfer clock output Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “0”

P61,P65,P72) [~ Tt e T T T T
( ) Transfer clock input Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “1”

Port P61, P65 and P72 direction register (bits 1 and 5 at address 03EE1s,
bit 2 at address 03EF16) = “0”

CTSIRTS! | CTS input CTSIRTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) =*0"
(P60,P64,P73) CTS/RTS function selection bit (bit 2 at address 03A416, 03AC16, 037C16) = “0”
The corresponding port direction bit = “0”

RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “0”
CTS/RTS function selection bit (bit 2 at address 03A416, 03AC16, 037C16) = “1”

Programmable /O port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “1”
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» Example of transmit timing (when internal clock is selected)

Tc

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

| |

Transmit enable
bit (TE)

Transmit buffer
empty flag (TI)

S &

Data is set in UARTI transmit buffer register

NN

Transferred from UARTI transmit buffer register to UARTI transmit register

CTsi L —I_J Teik \l_l L

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

OEEERREEPEROEENE REENEERE

Sy ] = — -
flag (TXEPT) 3 : 3
e I_I\ |—|\ ,—|/

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

T g+

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(n+1)/fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, f8, f32)
« CTS function is selected. n: value set to BRGi

» CLK polarity selection bit = “0”.
« Transmit interrupt factor selection bit = “0”.

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

apr
Receive enable .

bit (RE) i
|

. 1 ‘
Transmit enable ) ) ) ) .
bit (TE) “0" ! Dummy data is set in UARTI transmit buffer register
Transmit buffer . i (1>\
empty flag (TI) “0” —

H 1 Transferred from UARTI transmit buffer register to UARTI transmit register

l ]

! _’l_"_ 1/ fexr

CLKi
RxDi
Transferred from UARTI receive register Read out from UART:I receive buffer register
Receive complete to UARTI receive buffer register ~a |
flag (RI) 0"
Receive interrupt v |
request bit (IR) 0"

-

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

Shown in () are bit symbols.

The above timing applies to the following settings: The following conditions should be matched when the input level of
« External clock is selected. CLKi pin is "H" before the data reception.
* RTS function is selected. * Transmit enable bit ~ “1”
* CLK polarity selection bit = “0". « Receive enable bit ~ “1”

« Dummy data write to UARTI transmit buffer register
fext: frequency of external clock

Fig.GA-10 Typical transmit/receive timings in clock synchronous serial I/O mode
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(a) Polarity selection function

As shown in Fig.GA-11, the CLK polarity selection bit (bit 6 at addresses 03A416, 03AC16, 037C16) allows to
select the polarity of the transfer clock.

* When CLK polarity selection bit = “0”

ST S I I o N o A S A R O I O

TXDi >< Do >< D1 >< D2)>< D3 >< D4 >< D5 >< D6 >< D7 Note 1: The CLK pin level is "H" when
/ there is no transferring.
RXDi X po X b1 X D2 X D3 X Da X D5 X Ds X D7

» When CLK polarity select bit = “1”

CLKi l

V Note 2: The CLK pin level is "L" when
A bo R b1 X D2/)>< D3 X Ds X Ds X Ds X D7 there is no transferring.
RXDi X po X b1 X p2 X D3 X pa X Ds X s X D7

TXDi

Fig.GA-11 Polarity of transfer clock

(b) LSB first/MSB first selection function
As shown in Fig.GA-12, when the transfer format selection bit (bit 7 at addresses 03A416, 03AC16, 037C16)
= “0", the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

* When transfer format selection bit = “0”

e L LU
D X po X b1 X D2 X D3 X Da X Ds X D6 X D7

= | SB first
RXDi X po X b1 X D2 X D3 X Da X ps X s X D7
* When transfer format selection bit = “1”
e L LT LT LI LI
_—" X b7 X D6 X ps X pa X D3 X D2 X D1 X Do
= \MSB first

RXDi ><D7><D6><D5><D4><D3><D2><Dl><D0

Note: This applies when the CLK polarity selection bit = “0”.

Fig.GA-12 Transfer format
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(c) Transfer clock output from multiple pins function (UART1)

This function allows to set two transfer clock output pins and chooses one to output a clock by the setting of
CLK and CLKS selection bits (bits 4 and 5 at address 03B016). (See Fig.GA-13) The function is valid only
when the UARTL internal clock is selected. Note that when this function is selected, UART1 CTS/RTS
function cannot be used.

Microcomputer

TxD1
(P67)

CLKS1
(P64)

CLK1 IN IN
(P65) \7

CLK CLK

Fig.GA-13 The sample of transfer clock output from the multiple pins function

(d) Continuous receive mode

If the continuous receive mode enable bits (bits 2 and 3 at address 03B01s, bit 5 at address 037D16) are set
to “1”, the unit is placed in continuous receive mode. In this mode, when the receive buffer register is read
out, the unit simultaneously goes to a receive enable state without having to set dummy data to the transmit
buffer register back again.

(e) Separate CTS/RTS pins function (UARTO)

This function works the same way as in the clock asynchronous serial /0 (UART) mode. The method of
setting and the input/output pin functions are both the same, so refer to the selection function in the next
section, “(2) Clock asynchronous serial I/O (UART) mode.” Note that this function is invalid if the transfer
clock output from the multiple pins function is selected.

(f) Serial data logic switch function (UART2)

When the data logic selection bit (bit6 at address 037D16) = “1”, the data writing to transmit buffer register or
reading from receive buffer register, are reversed. Fig.GA-14 shows the example of serial data logic switch
timing.

*When LSB first

Transfer clock s | | | | | | | | | |
oL

(nore;’rg T Ypo X\ b1 ) p2) b3 ) pa)ps ) o6 ) p7)
I A €10 €58 (7 28 78 &3 T )

Fig.GA-14 Serial data logic switch timing
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(2) Clock asynchronous serial 1/0 (UART) mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables.GA-5 and GA-6 list the specifications of the UART mode. Fig.GA-15 shows the UARTI
transmit/receive mode register.

Table.GA-5 Specifications of UART Mode (1)

Item

Specification

Transfer data format

 Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected
« Start bit: 1 bit

« Parity bit: Odd, even, or nothing as selected

« Stop bit: 1 bit or 2 bits as selected

Transfer clock

» When internal clock is selected (bit 3 at addresses 03A016, 03A816, 037816 = “0") :
fi/16(n+1) (Note 1) fi = f1, fs, f32

» When external clock is selected (bit 3 at addresses 03A016, 03A816 ="1") :

fEXT/16(n+1)(Note 1) (Note 2)

* Do not select the external clock in UART2.

Transmission/reception control

« Selecting from CTS function/ RTS function/ Disable CTS, RTS function

Transmission start condition

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

- Transmit enable bit (bit O at addresses 03A516, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”
- When CTS function is selected CTS input level = “L”

Reception start condition

« To start reception, the following requirements must be met:
- Receive enable bit (bit 2 at addresses 03A516, 03AD16, 037D16) = “1”
- Start bit detection

Interrupt request
generation timing

» When transmitting

- Transmit interrupt factor selection bits (bits 0,1 at address 03B01s, bit4 at
address 037D16) = “0": At the completion of data transferring from UARTI
transfer buffer register to UARTI transmit register

- Transmit interrupt factor selection bits (bits 0, 1 at address 03B016, bit4 at
address 037D16) = “1": At the completion of data transmission from

UARTI transfer register

» When receiving

- At the completion of data transferring from UARTI receive register to
UARTI receive buffer register

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 set for stop bits is not detected

* Parity error
This error occurs in the case that parity is enabled and the number of "1" in
parity bit and character bits does not match the number of 1" in parity odd/
even setting.

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

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

Note 2: fEXT is input from the CLKi pin.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Also note that
the UARTI receive interrupt request bit is not set to “1”.
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Table.GA-6 Specifications of UART Mode (2)

ltem Specification
Function selection » Separate CTS/RTS pins (UARTO)
Each of UARTO CTS and RTS pins can be assigned to separate pins
* Sleep mode selection (UARTO, UART1)
This mode is used to transfer data to and from one of multiple slave micro-
computers
* Serial data logic switch (UART2)
This function is reversing logic value of transferring data. Start bit,and stop
bit are not reversed.
* TXD, RXD I/O polarity switch (UART2)
This function is reversing TxD port output and RxD port input. All I/O data
level are reversed.
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UARTI transmit / receive mode registers
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | UIMR(i=0,1) 03A016, 03A816 0016
P o | Bit symbol Bit name Function RIW
[ !
T R R R SMDO . i ] b2 b1 b0 00
E . . . . . P Serial I/O mode selection bits 100 : Transfer data 7 bits long F—
T SMD1 101 : Transfer data 8 bits long O}O
R SMD2 11 0: Transfer data 9 bits long |O'O
E . H . L CKDIR Internal / external clock 0 : Internal clock OEO
[ - ' selection bit 1: External clock (Note 1) i
Cor o] STPS Stop bit length select bit 0 : One stop bit 00
o 1 : Two stop bits !
S PRY Odd / even parity select bit Valid when bit 6 = “1”
v 0 : Odd parity 0.0
b 1 : Even parity
E e PRYE Parity enable bit 0 : Parity disabled o}o
H 1 : Parity enabled ;
e ] SLEP Sleep selection bit 0 : Sleep mode deselected ofo
1: Sleep mode selected '
Note 1: The corresponding port direction register should be "0".
UART?2 transmit / receive mode register
b7 b6 b5 b4 b3 b2 bl _bO Symbol Address When reset
U2MR 037816 0016
¢4 ov | Bitsymbol Bit name Function RIW
S SMDO . . .| b2bibo OEO
E . . . . . P Serial I/O mode selection bits 100 : Transfer data 7 bits long [
S B R SMD1 101 : Transfer data 8 bits long |29
it SMD2 11 0: Transfer data 9 bits long |O'O
E ' ' ' ] CKDIR Internal / external clock Must always be "0" OEO
oo selection bit
oo STPS Stop bit length select bit 0 : One stop bit OEO
voor o 1: Two stop bits !
E I I _________________ PRY Odd / even parity selection bit| Valid when bit 6 = *1"
Vo 0 : Odd parity 0.0
E ' 1: Even parity
e PRYE | Parity enable bit 0 : Parity disabled 00
; 1 : Parity enabled 1
] IOPOL | TxD, RxD I/O polarity 0 : No reverse 00
switching bit (Note) 1: Reverse
Note: Usually set to “0”.

Fig.GA-15

ENESAS

RenesasTechnology Corp.

UARTI transmit/receive mode register in UART mode




Rev.1.0 Mitsubishi microcomputers
M16C / 6K7 Group

Clock asynchronous serial /0 (UART) mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
|

Table.GA-7 lists the functions of the input/output pins during UART mode. This table shows the pin functions
when the separate CTS/RTS pins function is not selected. Note that for a period from when the UARTI
operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel open-drain
is selected, this pin is in floating state.)

Table.GA-7 Input/output pin functions in UART mode (when CTS/RTS separate function is not selected)

Pin name Function Method of selection

TxDi Serial data output

(P63,P67,P70)

RXDi Serial data input Corresponding port direction register bit = "0".(Can be used as an input port

(P62,P66,P71) when performing transmission only)

CLKi Programmable I/O port | Internal/external clock selection bit (bit 3 at address 03A016, 03A816, 037816) = “0”

(P61,P65,P72) Transfer clock input Internal/external clock selection bit (bit 3 at address 03A016, 03A816) = “1”
Corresponding port direction register bit = “0” (Don't select the external clock
for UART2)

CTSI/RTSI CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) =“0"

(P60,P64,P73) CTS/RTS function selection bit (bit 2 at address 03A416, 03AC16, 037C16) = “0”

Corresponding port direction register bit = “0”
RTS output CTSIRTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “0"
CTS/RTS function selection bit (bit 2 at address 03A416, 03AC16, 037C16) = “1”

Programmable I/O port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “1”
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» Example of transmit timing when transfer data are 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is “H” when the stop bit is checked.
Te The transfer clock starts as the transfer starts immediately CTS changes to “L".

= g
Transfer clock CUuiuiuirrii Ty Uyt

—

Transmit enable

bit(TE) o J Data is set in UARTI transmit buffer: regiéter.
Transmit buffer E | o X
empty flag(Tl) “gr d
Transfefred from UARTI transmit buffer register to UARTI transmit register

“H H H

CTSi o | | | |
Start Parity : Stob Stopped because transmit enable bit = “0”
bit bit bit Y

i STAOXONoXoXOXOKOKOK2Y sp \sTAON XXX XosKosKo:Xp 5P
Transmit register ‘1" ———— i

empty flag (TXEPT) w0

Transmit interrupt _| L
request bit (IR) “Q

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n+ 1)/ fext
« Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32)
« One stop bit. fext : frequency of BRGi count source (external clock)
« CTS function is selected. n : value set to BRGi

« Transmit interrupt factor selection bit = “1".

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

Tc

L
Transfer clock —l_ﬂl || |||||||||||||||||||||||| |_||_||_

Transmit enable 1 J | l'
bit(TE) “Q Data is set in UARTI transmit buffer register
Transmit buffer v | q;‘
empty flag(Tl) “gr
Transferred from UARTI transmit buffer register to UARTI transmit register
Start Stop  Stop
bit bit bit

TxDi T Ner @@@@@@@@@ SPSP \ST, @@@@@@@@@ SPSP

Transmit register
empty flag (TXEPT) «q»

e ] ]
N s

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n + 1)/ fext
« Parity is disabled. fi : frequency of BRGi count source (f1, f8, 32)
« Two stop bits. fext : frequency of BRGi count source (external clock)
 CTS function is disabled. n : value set to BRGi

« Transmit interrupt factor selection bit = “0”.

Fig.GA-16 Typical transmit timings in UART mode
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» Example of transmit timing when transfer data are 8 bits long (parity enabled, one stop bit)

Tc

Transfer clock Ill ||| ||U|_|I_||_||_|LI UUUUU]—'I—H—IUUUI—”—

Transmit enable
bit(TE)

L

Data is set in USAR2 transmit buffer registef Notel
Transmit buffer E | \ck Vd
empty flag(TI) g \

Transferred from UART2 transmit buffer register to UART2 transmit register

e T \rEEREREEEE r  \«OeEeEREEE T

«qr 1 —_—

Transmit register
empty flag (TXEPT) g

Transmit interrupt
request bit (IR) g

N S

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fi
« Parity is enabled. fi : frequency of BRGi count source (f1, 8, f32)
« One stop bit. n : value set to BRGi

« Transmit interrupt factor selection bit = “1".

Notel. According to the above timing, the transmission is started by the timing of BRG overflow after writing to the transmit buffer.

Fig.GA-17 Typical transmit timings in UART mode (UART2)
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BRGi count
source

“qr
Receive enable bit o

RxDi

Transfer clock

Receive
complete flag

RTSi

Receive interrupt
request bit

» Example of receive timing when transfer data are 8 bits long (parity disabled, one stop bit)

- ... Stop bit
. D1 Do) |

Receive data taken in

Start bit A Do

Sampled “L”

[ S R

ﬁecéption triggered when transfer clock ~ Transferred from UARTI receive register to
is generated by falling edge of start bit UARTI receive buffer register —af

1 I
]
o

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

The above timing applies to the following settings :
*Parity is disabled.
*One stop bit.
*RTS function is selected.

Fig.GA-18 Typical receive timing in UART mode

(a) Separate CTS/RTS pins function (UARTO)

Setting the CTS/RTS separate bit (bit 6 of address 03B016) to "1" separates the RTS and CTS signals to

different input/out pins.(Fig GA-19). Choosing one from CTS or RTS, by using of the CTS/RTS function
selection bit (bit 2 of address 03A416). This function is effective in UARTO only. If the function is used, the

user cannot use the CTS/RTS function of UART1. Set "0" both to the CTS/RTS function selection bit (bit 2 of

address 03AC16) and to the CTS/RTS disable bit (bit 4 of address 03AC1s6).

Microcomputer IC
TxDo (P63) > IN
RxDo (P62) [« ouT

RTSO (P60)|——————————> | CTS

CTSO (P64) [ RTS

Note : The user cannot use CTS and RTS at the same time.

Fig.GA-19 The separate CTS/RTS pins function usage

(b) Sleep mode (UARTO, UART1)

This mode is used to transfer data between specific microcomputers among multiple microcomputers con-
nected with UARTIi. The sleep mode is selected when the sleep selection bit (bit 7 at addresses 03A01s,
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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(c) Function for switching serial data logic (UART2)

When the data logic selection bit (bit 6 of address 037D16) is assigned 1, data is inverted in writing to the
transmission buffer register or reading the reception buffer register. Fig. GA-20 shows the example of timing
for switching serial data logic.

* When LSB first, parity enabled, one stop bit

Transfer clock H| | | | | | | | | | | | | | | |

TxD2  *H"
o revern o \ st{po)p1)Yp2Yp3)paYp5) o6 D7) P )P

wevoos o \_st(D0o )bz KBz o3 N ma N os me Ko (B ) s
ST : Start bit
P : Even parity
SP: Stop bit

Fig.GA-20 Timing for switching serial data logic

(d) TxD, RxD I/O polarity switching function (UART2)

This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not to reverse) for usual
use.

(e) Bus collision detection function (UART?2)

This function is to sample the output level of the TXD pin and the input level of the RxD pin at the rising edge
of the transfer clock; if their values are different, then an interrupt request occurs. Fig.GA-21 shows the
example of detection timing of a bus collision (in UART mode).

ranserdosk A LA LA LA LA LA LA LA L
™z  \st/  \ [/ Sl
ROz T\ 57 \_J N

Bus collision detection ;-

interrupt request signal ., L/
Bus collision detection “qr
interrupt request bit . |
ST : Start bit
SP : Stop bit

Fig.GA-21 Detection timing of a bus collision (in UART mode)
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(3) Clock-asynchronous serial /0O mode (compliant with the SIM interface)

The SIM interface is used for connecting the microcomputer with a memory card IC or the like; adding some extra
settings in UART?2 clock-asynchronous serial I/O mode allows the user to effect this function. Table.GA-8 shows
the specifications of clock-asynchronous serial I/O mode (compliant with the SIM interface).

Table.GA-8 Specifications of clock-asynchronous serial /O mode (compliant with SIM I/F)

ltem Specification
Transfer data format * Transfer data 8-bit UART mode (bit 2 through bit O of address 037816 = “1012")
* One stop bit (bit 4 of address 037816 = “0")
* With the direct format chosen
Set parity to “even” (bit 5 and bit 6 of address 037816 = “1" and “1” respectively)
Set data logic to “direct” (bit 6 of address 037D16 = “0").
Set transfer format to LSB (bit 7 of address 037C16 = “0").
* With the inverse format chosen
Set parity to “odd” (bit 5 and bit 6 of address 037816 = “0” and “1” respectively)
Set data logic to “inverse” (bit 6 of address 037D16 = “1")
Set transfer format to MSB (bit 7 of address 037C16 = “1")
Transfer clock * With the internal clock chosen (bit 3 of address 037816 ="0") : fi/ 16 (n + 1) (Note 1) : fi=f1, fg, f32
* Don't chose external clock.
Transmission / reception control | « Disable the CTS and RTS function (bit 4 of address 037C16 = “17)
Other settings * The sleep mode selection function is not available for UART2
* Set transmission interrupt factor to “transmission completed” (bit 4 of address 037D16 = “1")
Transmission start condition| » To start transmission, the following requirements must be met:
- Transmit enable bit (bit O of address 037D16) = “1”
- Transmit buffer empty flag (bit 1 of address 037D16) = “0”
Reception start condition | ¢ To start reception, the following requirements must be met:
- Reception enable bit (bit 2 of address 037D16) = “1”
- Detection of a start bit
Interrupt request « When transmitting
generation timing When data transmission from the UART2 transfer register is completed
(bit 4 of address 037D16 = “1")
* When receiving
When data transfer from the UART2 receive register to the UART2 receive
buffer register is completed
Error detection « Overrun error (see the specifications of clock-asynchronous serial I/0) (Note 2)
» Framing error (see the specifications of clock-asynchronous serial I/O)
« Parity error (see the specifications of clock-asynchronous serial 1/0)
- On the reception side, an “L" level is output from the TxD2 pin by use of the parity error
signal output function (bit 7 of address 037D16 = “1") when a parity error is detected
- On the transmission side, a parity error is detected by the level of input to
the RxDz2 pin when a transmission interrupt occurs
 The error sum flag (see the specifications of clock-asynchronous serial 1/0)
Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
Note 2: If an overrun error occurs, the UART2 receive buffer will have the next data written in. Also Note
that the UARTI receive interrupt request bit is not set to “1”.
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Tc

Transfer clock I||| |||| |I_| |_||_|[_|I_||_I]_||_|I_II_||_I]_I|_I|_

Transmit enable E
bit(TE) 0"

H Data is set in UART2 transmit buffer register Notel
Transmit buffer E :I \(k F
empty flag(TI) " \

Transferred from UART2 transmit buffer register to UART2 transmit register

Start Parity ~ Stop
bit bit bit

TxD2 ST, @@@@@@@@Q STADoAD1A D2A D3 DaADsA DsAD7A P )/ SP

RxD2 A "L" level returns from TxD2 due to the* /
occurrence of a parity error
s consucorievsl — \s OO || D
The level is detected by The level is detected by
. . wn the interrupt routine the interrupt routine
Transmit register 1 —

empty flag (TXEPT)

Transmit interrupt E _l_
request bit (IR) “gr

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16 (n+1)/fi
« Parity is enabled. fi : frequency of BRG2 count source (f1, f8, f32)
« One stop bit. n : value set to BRG2

« Transmit interrupt cause select bit = “1".

Note 1. According to the above timing, the transmission is started by the timing of BRG overflow after writing to the transmit buffer.

Tc

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

=

Receive enable E J
bit(RE) “0”
Start Parity | Stop
bit bit bit
RAD2 STADKOX XXX DX P Y 5 STADKOKOKONNONOXOX ). 5P
TxD2 A "L" level returns from TxD2 due to the.*

occurrence of a parity error

(S’\i‘%rtlglzt;onductor level — Net @@@@@@@@o - < @@@@@@@@Q i/_
:l?;é:?gs complete 1 —_ _|\

o
o aqn Read to receive buffer Read to receive buffer

Receive interrupt —| _l_

request bit (IR) g

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fi
« Parity is enabled. fi : frequency of BRG2 count source (f1, f8, f32)
« One stop bit. n : value set to BRG2

« Transmit interrupt cause select bit = “1".

Note 2. The waveforms are the same because TxD2 and RxD2 are connected.

Fig.GA-22 Typical transmit/receive timing in UART mode (compliant with the SIM interface)
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(a) Function for outputting a parity error signal

With the error signal output enable bit (bit 7 of address 037D16) assigned “1”, an “L” level from the TxD2 pin
will be output when a parity error is detected. Link with this function, the timing to generate a transmission
completion interrupt varies according to the timing of a parity error signal detection. Fig.GA-23 shows the
timing of the parity error signal output.

» LSB first
fransfer | M) ML LT L LT LT L L LML
clock v
RxD2 T \sT fDo) D1 D2XD3) D4 )D5)D6)D7) P ) sp

Receive
complete flag @

TxD2 Hi-Z \__/
—

ST : Start bit
P : Even parity
SP: Stop bit

Fig.GA-23 Timing of the parity error signal output

(b) Direct format/inverse format

Connecting the SIM card allows you to switch between direct format and inverse format. If you choose the
direct format, data are output from TxD2 beginning with Do. If you choose the inverse format, data are
inverted and output from TxD2 beginning with D7.

Fig.GA-24 shows the SIM interface format.

Transfer clcck | | | | | | | | | | | | | | | |

(irech \___{Dofp1)fD2)D3)D4fD5)D6 D7k P [
(invgg \__ (D7 X6 X o5 b4 [ D3 [z bz Do [ P/
P : Even parity

Fig.GA-24 SIM interface format
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Fig.GA-25 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply pull-up.

Microcomputer

SIM card

TxD2 i

RxD2

Fig.GA-25 Connecting the SIM interface
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UART2 Special Mode Register

The UART2 special mode register (address 037716) is used to control UART2 in various ways.
Fig.GA-26 shows the UART2 special mode register.

UART2 special mode register
b7 b6 b5 b4 b3 b2 bl b0
| | | Symbol Address When reset
0] | 1 [0]0]OjoO U2SMR 037716 0016
’ Function . |
Bit . Function |
Bit name i R'W
symbol (During glock synchronous (During UART mode) !
serial /0 mode) !
LT Reserved bits Must always be “0” -
! ABSCS [ Bus collision detect . 0 : Rising edge of transfer 1
P T sampling clock selection Must always be “0 clock O:O
bit 1 : Underflow signal of timer AO |
ACSE [ Auto clear function 0 : No auto clear function :
""""""""" selection bit of Must always be 0 1: Auto clear at occurrence of O ©
transmit enable bit bus collision |
: Transmit start condition 0 : Ordinary i
e SSS . ) Must always be “0” ) |
selection bit ust aiway 1: Falling edge of RxD2 O o
T DCTCTERERER Reserved bit Must always be “0” -

Fig.GA-26 UART2 special mode register

Some other functions added are explained here. Fig.GA-27 shows their workings.

Bit 4 of the UART2 special mode register is used as the bus collision detect sampling clock selection bit. The
bus collision detect interrupt occurs when the RxD2 level and TxD2 level do not match, but the nonconfor-
mity is detected in synchronization with the rising edge of the transfer clock signal if the bit is set to “0”. If this
bit is set to “1”, the nonconformity is detected at the timing of the overflow of timer AO rather than at the rising
edge of the transfer clock.

Bit 5 of the UART2 special mode register is used as the auto clear function selection bit of transmit enable bit.
Setting this bit to “1” automatically resets the transmit enable bit to “0” when “1” is set in the bus collision
detect interrupt request bit (nonconformity).

Bit 6 of the UART2 special mode register is used as the transmit start condition selection bit. Setting this bit
to “1” starts the TxD transmission in synchronization with the falling edge of the RxD pin.
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1. Bus collision detect sampling clock select bit (Bit 4 of the UART2 special mode register)
Oj_Rising edges of the transfer clock

HaRanianEaa i
TxD/RxD | |

Timer AO

2. Auto clear function selection bit of transmit enable bit (Bit 5 of the UART2 special mode register)

ST S N O S O B
TXD/RXD_| | |

Bus collision |
detect interrupt

request bit >
Transmit |
enable bit

3. Transmit start condition selection bit (Bit 6 of the UART2 special mode register)
0: In normal state

ok NN R N R A A A
TxD 1 | |

Enabling transmission

With "1: falling edge of RxD2" selected

w Y | |

Fig.GA-27 Some other functions added
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S1/03, 4

S 1/0 3 and S I/O 4 are exclusive clock-synchronous serial I/Os.

Fig.GA-28 shows the S I/O 3, 4 block diagram, and Fig.GA-29 shows the S I/O 3, 4 control register.
Table.GA-9 shows the specifications of S 1/O 3, 4.

f1 —o0 SMiL Data_bus
SMi0
f8 —o o !
fsa—o0
ol Synchronous K
ﬂ circuit 1/2 1/(ni+1)
SMi3 Transfer rate register (8)
SMi6 SMi6
P90/CLK3 - | S 1/0i
( r—d - ————————— P S 1/0 counter i (3) o
(P95/CLK4) J: | ' interrupt request
SMi2
SMi3
P92/SouTs O 1 SMi5LSB <a—mMSB
(P96/SouTa) | Y
PI1USIN3 L I S 1/Oi transmission/reception register (8)
(P97/SINg)
A 8
Note: i =3, 4.
ni = A value set in the S I/O transfer rate register i (036316, 036716).

Fig.GA-28 S 1/03, 4 block diagram
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b7 b6 b5 b4 b3 b2 bl bo

S 1/Oi control register (i = 3, 4) (Note 1)

Symbol Address When reset
— SiC 036216, 036616 4016
Bit Bit name Description R'W
b0 1 | symbol |
oo i 1| SMi0 | Internal synchronous bolcb)o: Selecting f1 OEO
, clock selection bits 01: Selecting fs '
N L 10 Selecting fa2 o0
A 11 : Not to be used |
A SMi2 | Souri output disable bit | 0 : Souri output 00
A 1 : SOUTi output disable (high impedance) |
A SMi3 | S I/0i port selection bit | 0 : Input-output port 00
oo (Note 2) 1 : Souri output, CLK function i
E E E : ______________ Nothing is assigned. ,
T In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0”. -
T SMi5 [ Transfer direction 0: LSB first o O
. selection bit lect bit,0 1: MSB first |
R S SMi6 | Synchronous clock 0 : External clock o EO
' selection bit (Note 2) 1: Internal clock |
e SMi7 | Souri initial value Effective when SMi3 =0 1
set it 0: L output 0,0
1:Houtput

SI/Oi bit rate generator

Note 1: Set "1" in bit 2 of the protection register (000A16) in advance to write to the
S I/Oi control register (i = 3, 4).
Note 2: When SI/Oi port selection bit (i= 3, 4) is set to "0" as for I/O port, set the
synchronous clock selection bit to "1".

b7 bo Symbol Address When reset
| S3BRG 036316 Indeterminate
. S4BRG 036716 Indeterminate
: Indeterminate Values that can be set [R W
e Assuming that set value = n, BRGi divides the count 0016 to FF16 o
source by n +1 |
SI/Oi transmission/reception register
b7 b0 Symbol Address When reset
S3TRR 036016 Indeterminate
- SATRR 036416 Indeterminate
Indeterminate R'W
L Transmission/reception starts by writing data to this register. O o
After transmission/reception finishes, reception data is input. :

Fig.GA-29 S /03, 4 control registers
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Table.GA-9 Specifications of S 1/03, 4

Item Specifications
Transfer data format | « Transfer data length: 8 bits
Transfer clock * With the internal clock selected (bit 6 of 036216, 036616 = “1"): f1/2(ni+1),

f8/2(ni+1), f32/2(ni+1) (Note 1)
« With the external clock selected (bit 6 of 036216, 036616 = 0):Input from the CLKi terminal (Note 2)

Conditions for * To start transmit/reception, the following requirements must be met:
transmission/ - Select the synchronous clock (use bit 6 of 036216, 036616).
reception start Select a frequency dividing ratio if the internal clock has been selected (use bits

0 and 1 of 036216, 036616).
- Souri initial value set bit (use bit 7 of 036216, 036616)= 1.
- S 1/Oi port select bit (bit 3 of 036216, 036616) = 1.
- Select the transfer direction (use bit 5 of 036216, 036616)
- Write transfer data to SI/Oi transmission/reception register(036016, 036416)
» To use S I/QOi interrupts, the following requirements must be met:
- S 1/Oi interrupt request bit (bit 3 of 004916, 004816) = 0.

Interrupt request | . At the rising edge of the last transfer clock (Note3)
generation timing

* LSB first or MSB first selection
Whether transmission/reception begins with bit 0 (LSB) or bit 7 (MSB) can be
selected.

« The Souri default value setting function
If the transfer clock is selected to external clock, the output level of SouTi pin

can be selected when it is not in transferring please refer to Fig.GA-30.

» The SI/Oi (i=3,4) is different from UARTO to 2 that the register and buffer can not
be separated, so don't write the next transfer data to the transmission/reception
register(036016, 036416) during transferring.

« If the transfer clock is selected to internal clock, at the end of transferring, the
Souri holds the last data during the last 1/2 transfer clock, and then to high impedance.
If the transmission/reception register(036016, 036416) is written during the period,
the SouTi becomes the high impedance right the writing ,the data hold time will be

shortened.

Select function

Precaution

Note 1: n is a value from 0016 through FF16 set in the S I/Oi transfer rate register (i = 3, 4).
Note 2: With the external clock selected:

« Please write to the SI/Oi transmission/reception register(036016, 036416) under the status that the
CLKi pin is input to "H" level. Also please write to the bit 7(SouTi default value setting bit) under

the status that the CLKi pin is input to "H" level.

* The S I/Oi circuit keeps on with the shift operation as long as the synchronous clock is entered in it,
so stop the synchronous clock at the instant when it counts to eight. The internal clock, if selected,
automatically stops.

Note 3: If the internal clock is used for the synchronous clock, the transfer clock signal stops at the “H” state.
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M Functions for setting an Souri initial value
In carrying out transmission, the output level of the SourTi pin as it is before transmitting 1-bit data can be set
either to “H” or to “L". Fig.GA-30 shows the timing chart for setting an Souri initial value and how to set it.

(Example) With "H" selected for Souri - —
SI/Oi port selection bit SMi3 =0

| {

SOuUTi initial value selection bit
SMi7=1
(SouTi: Internal = "H" level)

!

SI/Oi port selection bit
SMi3=0—~>1
(Port selection: Normal port—=> SOUTi

E Do i’

) SOUTi pin = "H" output

Signal written to the SI/Oi
transmission /reception
register

SouTi's initial value
set bit (SMi7)

SI/Oi port selection bit
(SMi3)

SouTi (internal)

Port output x:/ Do
| S EEE—
1 Initial value = "H"(Note)
¥ ¥
Setting the Souriinitial  Port selection

valueto H (normal port = Souri)

SOuTi pin output

(i=3,4)

Note: The set value is output only when the external clock has been selected. Please
set the SouTi default under the status that the CLKi is input to "H" level.
If the internal clock has been selected or if SOUTi output inhibition has been set,

v

Signal written to the SI/Oi register
="L"—>"H"—> "L"
(Falling edge )

!

SOUTI pin = Outputting
stored data in the SI/Oi transmission/|

this output goes to the high-impedance state. reception register

Fig.GA-30 Timing chart for setting SouTi’s initial value and how to set it

M S I/Oi operation timing
Fig.GA-31 shows the S I/Oi operation timing

MAX:1.5 cycle
|M'
|
SI/Oi internal clock . | I I—,_|—,_|—,_|—,_|—,_|—,_|—I_|—I
! |
Transfer clock |
(Note 1) |
. . |
Signal written to the _I_I

SI/Oi register
(Note 2)

L
I
X e

S I/Oi output SOUTI Dt X 2] X s X oz X b5 X bs X b7 »Hz_
(= 3, 4) ;
SI/Oi input SINi X X X X X X X
(i=3,4) I

SI/Oi interrupt "1"
request bit (i=3,4)
ngr

Note 1: With the internal clock selected for the transfer clock, the frequency dividing ratio can be selected using bits 0 and 1 of the
SI/Oi control register (i = 3,4). (No frequency division, 8-division frequency, 32-division frequency.)

Note 2: With the internal clock selected for the transfer clock, the SOUTi (i = 3,4) pin becomes to the high-impedance state after the
transfer finishes.

Note 3: The figure shows when the port selection bit of SOUTi (i = 3,4) is set to "1".

Fig.GA-31 S I/Oi operation timing chart
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A-D Converter

The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins P10o to P107, P95, and P96 also function as the analog signal input pins. The
direction registers of these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit 5
at address 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 con-
version 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.JA-1 shows the performance of the A-D converter. Fig.JA-1 shows the block diagram of the A-D
converter, and Fig.JA-2 and JA-3 show the A-D converter-related registers.

Table.JA-1 Performance of A-D converter

ltem Performance
Method of A-D conversion | Successive approximation (capacitive coupling amplifier)
Analog input voltage 0V to Avcc (Vce)
Operating clockgab (Notel)| fap/divide-by-2 of fap/divide-by-4 of fab, fAD=f(XIN)
Resolution 8-bit or 10-bit (selectable)
Absolute precision * 8-bit resolution
+2L.SB
* 10-bit resolution
+6LSB
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1
Analog input pins 8pins (ANo to AN7) + 2pins (ANEX0 and ANEX1)

A-D conversion start condition | * Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
« External trigger (can be retriggered)
A-D conversion starts when the A-D conversion start flag is “1” and the
ADTRG/P97 input changes from “H” to “L”
Conversion speed per pin | «Without sample and hold function
8-bit resolution : 49 @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: Without sample and hold function,set the @aD frequency to 250kHz min.
With the sample and hold fucntion, set the @AD frequency to 1MHz min.
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A-D conversion rate selection
CKS1=1
(N
CKS0=1 o——>
(\ PAD
CKS1=0
fAD CKS0=0 ©
o+ 12 |+ 12 |—o0
VREF O——
veyr=o Resistor ladder
SN
AVss O—o0 YRR
VCUT=1
[
LI fe
Successive conversion register
A-D control register 1 (address 03D716)
A-D control regi‘ster‘ 0 (‘adc‘ires‘,s 0‘3D(‘316)‘ ‘
Addresses YYVY
(03C116, 03CO016) A-D register 0(16) -
(03C316, 03C216) A-D register 1(1 -
(03C516, 03C416) A-D register 2(1 < Vref
(03C716, 03C616) A-D register 3(1 - Decoder
(03C916, 03C816) A-D register 4(16) - 7
(03CBu1s, 03CA16) A-D register 5(16) -
(03CD16, 03CCa1e) A-D register 6(16) - VIN Comparator
(03CF16, 03CEze) A-D register 7(16) -
S Data bus high-order S
S Data bus low-order S
YYvvyvyvyyvy
ANo O CH2,CH1,CH0=000 5™~
ANL O CH2,CH1,CHO=001 ~~~—
AN2 O CH2,CH1,CH0=010 5™~
ANz O CH2,CH1,CHO=011 5™~ OPA1,0PA0=0,0
00—
ANa O CH2,CH1,CH0=100 S~
ANs O CH2,CH1,CH0=101 S~~~
AN O CH2,CH1,CHO=110 5™
AN7 O CH2,CH1,CHO=111 5™~
OPA1, OPAO
0 0:ANO0-AN7
0 1:ANEXO
- 1 0:ANEX1
OPALOPAO=OL | 7 1 - Inhibited
ANEX0O o)
ANEX1O o o
QPALQPAL=10

Fig.JA-1 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
|  Apcono 03D616  0000OXXX2

Bit symbol Bit name Function RIW
b2 bl b0 :

CHO Analog input pin selection | 00 0 : ANo is selected 0:0
bits 00 1:ANz1is selected 1
010:AN2is selected |

CH1 011:ANz3is selected OEO
100 : AN is selected !
101:ANsis selected |

CH2 110:ANsis selected 0.0
111:ANvis selected (Note 2) |
. b4 b3 :

MDO AD operat'lon mode 0 0 : One-shot mode 00
selection bits 0 01 : Repeat mode !
1 0: Single sweep mode

MD1 11 : Repeat sweep mode 0 0.0
Repeat sweep mode 1 (Note 2) !

TRG Trigger selection bit 0 : Software trigger OEO
1: ADTRG trigger |

ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1 : A-D conversion started

CKS0 Frequency selection bit0 |0 : fap/4 ?s selected oio
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.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

Symbol
ADCON1

Address
03D716

When reset

0016

Bit symbol

Bit name

Function

SCANO

SCAN1

A-D sweep pin selection bits

When single sweep and repeat sweep
mode 0 are selected
bl b0

00 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins)
1 0: ANo to ANs (6 pins)
11 : ANoto AN7 (8 pins)

When repeat sweep mode 1 is selected
b1 b0
00 : ANo (1 pin)
0 1: ANo, AN1 (2 pins)
10: ANo to AN2 (3 pins)
11 :ANoto AN3 (4 pins)

MD2

A-D operation mode
selection bit 1

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

BITS

8/10-bit mode selection bit

: 8-bit mode

CKS1

Frequency selection bit 1

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

VCUT

Vref connect bit

0
1
0
1 : 10-bit mode
0
1
0

: Vref not connected
1: Vref connected

OPAO

OPAl

ANEXO0,1 selection bits

b7 b6

0 0 : ANEXO and ANEX1 are not used
01 : ANEXO input is A-D converted
10: ANEX1 input is A-D converted
11 : Inhibited

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

Fig.JA-2 A-D converter-related registers (1)
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A-D control register 2 (Note)

be “0".

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

0]0(0 ADCON2 03D416 0000XXX02
Bit symbol Bit name Function RIW
Reserved bit Always set to “0”. O.0

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

A-D register i Symbol

(b15)
b7

(b8)
b0 b7

Note 1: If the A-
is indeterminate.

ADi(i=0 to 7)

D control register is rewritten during A-D conversion, the conversion result

Address
03C016 to 03CF16

b0

When reset
Indeterminate

%

Function

Eight low-order bits of A-D conversion result

 During 10-bit mode
Two high-order bits of A-D conversion result !

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

hmmecccccccccccaccee ===
|
e
N e

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

Nothing is assigned. ‘

read, turns out to be “0".

Fig.JA-3 A-D converter-related registers (2)
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I

In one-shot mode, the pin selected using the analog input pin selection bits is used for one-shot A-D conver-
sion. Table.JA-2 shows the specifications of one-shot mode. Fig.JA-4 shows the A-D control register in one-

shot mode.

Table.JA-2 One-shot mode specifications

Item

Specification

Function

The pin selected by the analog input pin selection bits is used for one A-D conversion

Start condition

Writing “1” to A-D conversion start flag

Stop condition

» End of A-D conversion (A-D conversion start flag changes to “0”, except
when external trigger is selected)
» Writing “0” to A-D conversion start flag

Interrupt request generation timing

End of A-D conversion

Input pin

One of ANo to AN7, as selected

Reading of result of A-D converter

Read A-D register corresponding to selected pin

A-D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

o|o0

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function R'W
Analog input pin selection | %" ) :
CHO bi 000 : ANo is selected o,0
its 001:AN1is selected -
010:AN2is selected
CH1 011:ANsis selected (S]]
100 : AN4 is selected
101:ANsis selected '
CH2 110:ANsis selected 00
111:AN7is selected (Note 2)|
MDO - i baka o0
A-D operat.lon mode 0 0 : One-shot mode (Note 2)[—
MD1 selection bits 0 o0
TRG Trigger selection bit 0 Softwareltrlgger OfO
1: ADTRG trigger ]
ADST A-D conversion start flag | 0 : A-D conversion disabled 00
1: A-D conversion started '
CKS0 Frequency selection bit 0 | O: faD/4 is selected 0.0
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.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

LI e[ [ Tof |

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RIW
SCANO | A-D sweep pin selection | Invalid in one-shot mode fe}e)
bits —
SCAN1 0.0
MD2 A-D operation mode 0 : Any mode other than repeat sweep Qfo
selection bit 1 mode 1 :
BITS 8/10-bit mode select bit | 0 : 8-bit mode OEO
1:10-bit mode :
. . .| 0: fap/2 or fap/4 is selected
CKS1 Frequency selection bit 1| ;: ¢/ 0 24 O:O
VCUT Vref connect bit 1 : Vref connected OEO
b7 b6 |
OPAQ 00: ANEX0 and ANEX are not used 0.0
ANEXO0,1 selection bis 01 : ANEXO input is A-D converted —
OPA1 1 0: ANEX1 input is A-D converted 00
11 : Inhibited :

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

result is indeterminate.

Fig.JA-4 A-D conversion register in one-shot mode
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(2) Repeat mode

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

In repeat mode, the pin selected using the analog input pin selection bits is used for repeated A-D conver-
sion. Table.JA-3 shows the specifications of repeat mode. Fig.JA-5 shows the A-D control register in repeat

mode.

Table.JA-3 Repeat mode specifications

Item

Specification

Function

The pin selected by the analog input pin selection bits is used for repeated A-D conversion

Star condition

Writing “1” to A-D conversion start flag

Stop condition

Writing “0” to A-D conversion start flag

Interrupt request generation timing

Not generated

Input pin

One of ANo to AN7, as selected

Reading of result of A-D converter

Read A-D register corresponding to selected pin

b7 b6 b5 b4 b3 b2 bl b0

A-D control register 0 (Note 1)

Frmmmmmmmmmmmm e —————

Symbol Address When reset
ADCONO 03D616 00000XXX2

Bit symbol Bit name Function R'W,|
. . . b2 b1 b0 |

cHo | Analoginputpin selection | o o ; ANp is selected o)

bits 00 1:AN1is selected L
010:AN2is selected '

CH1 01 1:ANsis selected OJO
100:AN4is selected .
101:ANsis selected ;

CH2 110:ANsis selected 0.0

111:ANz7is selected (Note 2)

MDO A-D operation mode e 5 00|

MD1 selection bits 0 01: Repeat mode (Note 2) 0.0

TRG Trigger selection bit 0: Software'trigger OEO
1 : ADTRG trigger '

ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1: A-D conversion started :

CKSO | Frequency selection bit 0 | O : fAD/4 is selected 0.0
1:faD/2 is selected '

b7 b6 b5 b4 b3 b2 bl bo

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

result is indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

R ——

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RW
SCANO A-D sweep pin selection | Invalid in repeat mode ofo
bits ——
SCAN1 O}O
MD2 A-D operation mode Should be "0" in this mode o0
selection bit 1 :
BITS 8{10-bn mode selection | 0: 8-b|t_mode 00
bit 1 : 10-bit mode :
: f 0: fAD/2 or faD/4 is selected '
CKS1 Frequency selection bit 1 1 fap is selected O:O
VCUT | Vref connect bit 1 : Vref connected 0.0
b7 b6 '
OPAQ . . 00 : ANEXO and ANEX1 are not used Ofo
ANEXO0,1 selection bis [ 0 1: ANEXO input is A-D converted —
OPAl1 1 0: ANEX1 input is A-D converted 00
11 Inhibited :

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

result is indeterminate.

Fig.JA-5 A-D conversion reg

ister in repeat mode

ENESAS

RenesasTechnology Corp.

131



Rev.1.0

A-D Converter

(3) Single sweep mode
In single sweep mode, the pins selected using the A-D sweep pin selection bits are used for one-by-one A-
D conversion. Table.JA-4 shows the specifications of single sweep mode. Fig.JA-6 shows the A-D control
register in single sweep mode.

Table.JA-4 Single sweep mode specifications

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

Item

Specification

Function

The pins selected by the A-D sweep pin selection bits are used for one-by-one A-D conversion

Start condition

Writing “1” to A-D converter start flag

Stop condition

« End of A-D conversion (A-D conversion start flag changes to “0”, except

when external trigger is selected)
* Writing “0” to A-D conversion start flag

Interrupt request generation timing

End of A-D conversion

Input pin

ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)

Reading of result of A-D converter

Read A-D registers corresponding to selected pins

b7 b6 bS5 b4 b3 b2 bl b0

1{o0

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0

1 0

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RW
CHO Analog input pin selection bits Invalid in single sweep mode le) o
CH1 (e} O
CH2 oo
. . b4 b3 }
MDO /-E)—tD %peranon mode selection 10 Single sweep mode o0
its ——
MD1 (e}(e)
Trigger selection bit 0 : Software trigger :
TRG 1: ADTRG trigger Oio
ADST A-D conversion start flag 0:AD conversion disabled o O
1 : A-D conversion started '
CKS0 Frequency selection bit 0 0 : fap/4 ?s selected oo
1 :faD/2 is selected '

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

is indeterminate.

A-D control register 1 (Note 1)

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RIW
SCANO A-D sweep pin select bit | When single sweep and repeat sweep mode 0 o O
are selected '
00: ANo, AN1 (2 pins) ]
01 : ANo to AN3 (4 pins) !
SCAN1 10 : ANo to ANs (6 pins) o.0
11 : ANo to AN7 (8 pins) !
MD2 A-D opgraﬂon mode Should be "0" in this mode OEO
select bit 1 !
BITS 8/10-bit mode select bit | 0 : 8-bit mode o o
1 : 10-bit mode i
CKS1 Frequency selection bit 1| 0 : fAD/2 or fap/4 is selected 0'0
1:faD is selected :
VCUuT Vref connect bit 1 : Vref connected 0.0
b7 b6 '
OPAO 00 : ANEXO and ANEX1 are not used 0.0
ANEXO0,1 selection bis 01 : ANEXO input is A-D converted —
10: ANEX1 input is A-D converted i
OPA1 i
11 : Inhibited O‘O

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

is indeterminate.

Fig.JA-6 A-D conversion register in single sweep mode
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M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(4) Repeat sweep mode O

In repeat sweep mode 0, the pins selected using the A-D sweep pin selection bits are used for repeat sweep
A-D conversion. Table.JA-5 shows the specifications of repeat sweep mode 0. Fig.JA-7 shows the A-D
control register in repeat sweep mode 0.

Table.JA-5 Repeat sweep mode O specifications

ltem Specification

Function The pins selected by the A-D sweep pin selection bits 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 | Not generated

Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), or ANo to AN7 (8 pins)

Reading of result of A-D converter | Read A-D registers corresponding to selected pins (at any time)

A-D control register O (Note)

b7 06 05 b4 b3 b2 bl DO Symbol Address  When reset

i I l 1 i ADCONO 03D616 00000XXX2

¢+ | Bit symbol Bit name Function RIW

i E : E E E E E.. CHO Analog input pin selection bits| Invalid in repeat sweep mode 0 ofo

e ! oo

bbb e CH2 oo

. ) e T

bbb MDO A-D operation mode selection| 1 4 . Repeat sweep mode 0 0.0

o bits O ' :

HE MD1 o0

. TRG Trigger selection bit 0 Software_trigger OEO

HE 1: ADTRG trigger !

E I_ ___________________ A-D conversion start flag 0 : A-D conversion disabled 3

H ADST 1 : A-D conversion started O1O

[ CKSO0 Freguency selection bit 0 0: fan/4 is selected oo
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

| | | 1 | | | 0 | | | Symbol Address When reset
ADCON1 03D716 0016
oo | Bitsymbol Bit name Function RIW
T T R R A-D sweep pin selection bits| When single sweep and repeat sweep mode 0 | |
orobobo b1 2| SCANO are selected 0.0
A 00 ANo, AN1 (2 pins) j
e 01 : ANo to AN3 (4 pins) !
R SCANL 10 : ANo to ANs (6 pins) 0.0
R 11: ANo to AN7 (8 pins) !
e mpz | AD operation mode Should be *0" in this mode o0
R selection bits 1 !
A T S S BITs | 8/10-bit mode selection bit | O : 8-bit mode oo
[ 1: 10-bit mode j
A S CKs1 Frequency selection bit 1 | O : fAD/2 or fab/4 is selected oo
. 1:faDis selected !
e VCUT Vref connect bit 1 : Vref connected 00
HE b7 b6 !
VT OPAQ 00 : ANEXO and ANEX1 are not used 00
ANEXO,1 selection bis 01 : ANEXO input is A-D converted ;
L OPA1 10: ANEX1 input is A-D converted 00
1 1: Inhibited !

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

Fig.JA-7 A-D conversion register in repeat sweep mode 0
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(5) Repeat sweep mode 1
In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected using
the A-D sweep pin selection bits. Table.JA-6 shows the specifications of repeat sweep mode 1. Fig.JA-8
shows the A-D control register in repeat sweep mode 1.

Table.JA-6 Repeat sweep

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 selection bits
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

Not generated

Input pin

ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins)

Reading of result of A-D converter

Read A-D registers corresponding to selected pins (at any time)

b7 b6 b5 b4 b3 b2 bl bo

A-D control register 0 (Note)

1|1

A-D control register

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RW
i CHO Analog input pin selection bits| Invalid in repeat sweep mode 1 le) o
{1 cH1 0.0
CH2 00
. . b4 b3 :
MDO »k';\_-tD(())peratlon mode selection| 4 1 . Repeat sweep mode 1 0.0
its ——
MD1 00
TRG Trigger select bit 0 : Software trigger 00
1: ADTRG trigger !
ADST A-D conversion start flag 0 : A-D conversion disabled o) EO
1: A-D conversion started i
| ckso  |Frequency select bit 0 0: fap/4 is selected 00
1:fAD/2 is selected '

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

1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RIW
SCANO A-D sweep pin selection bits V:Ilflfn repeat sweep mode 1 is selected o ‘O
00: ANo (1 pin) ‘
01:ANo, AN1 (2 pins) |
SCAN1 10 : ANo to AN2 (3 pins) 00
11 : ANo to AN3 (4 pins) !
MD2 A.-D operation mode selection| 1 : Repeat sweep mode 1 00
bit 1 !
8/10-bit mode selection bit 0 : 8-bit mode ‘
BITS 1 : 10-bit mode OJO
CKS1 Frequency selection bit 1 0 : faD/2 or fAD/4 is selected fe) O
1:fapis selected !
VCuUT Vref connect bit 1: Vref connected 00
b7 b6 !
OPAO 00 : ANEXO0 and ANEX1 are not used 00
ANEXO0,1 selection bis 01 : ANEXO input is A-D converted ——
OPAL 10: ANEX1 input is A-D converted o EO
11 : Inhibited !

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

Fig.JA-8 A-D conversion register in repeat sweep mode 1
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A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
.}

(a) 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 rage of conversion of each pin increases. As a result, a 28 fAD cycle is
achieved with 8-bit resolution and 33fab with 10-bit resolution. Sample and hold can be selected in all
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and hold is
to be used.

(b) Extended analog input pins

In one-shot mode and repeat mode, the input via the extended analog input pins ANEXO and ANEX1 can
also be converted from analog to digital.

When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “0”, input via ANEXO is converted
from analog to digital. The result of conversion is stored in A-D register 0.

When bit 6 of the A-D control register 1 (address 03D716) is “0” and bit 7 is “1”, input via ANEX1 is converted
from analog to digital. The result of conversion is stored in A-D register 1.
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Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

D-A Converter

This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of

this type.

DA conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A
output enable bits) of the D-A control register decide if the result of conversion is to be output. Do not set the
corresponding port to output mode if D-A conversion is to be performed. If D-A output is enabled, the pull-up
of corresponding port is inhibited.
Output analog voltage (V) is determined by a set value n (n : decimal) in the D-A register.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage

Table.JB-1lists the performance of the D-A converter. Fig.JB-1 shows the block diagram of the D-A con-
verter. Fig.JB-2 shows the D-A control register. Fig.JB-3 shows the D-A converter equivalent circuit.

Table.JB-1 Performance of D-A converter

Item Performance
Conversion type R-2R type
Resolution 8 bits
Analog output pins 2 channels

Data bus low-order bits

D-A register0 (8)

(Address 03D816)

l

D-AO0 output enable bit

R-2R resistor ladder

00— P93/DA0

D-A registerl (8)

(Address 03DA16)

:

D-A1 output enable bit

R-2R resistor ladder

o~ 0—) P94/DAL

Fig.JB-1 Block diagram of D-A converter
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D-A Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

D-A control register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
DACON 03DC16 0016
Bit symbol Bit name Function R'W,
: i ; 0 : Output disabled !
: DAOE D-A0 output enable bit 1 Output enabled o:o
: DALIE  |D-Aloutputenable bit | O: Output disabled oo
: 1 : Output enabled i
Nothing is assigned. _ f_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0"| |
D-A register
o7 w0 Symbol Address When reset
DAi (i=0,1) 03D816, 03DA16 Indeterminate
Function RfW
E. ............ Output value of D-A conversion o) o
Fig.JB-2 D-A control register
D-AO0 output enable bit
g
o R R R R R R R 2R

AVss O

D-AO register0

LSB

VREF O

Note 1: The above diagram shows an instance in which the D-A register is assigned 2A16.

Note 2: The same circuit as this is also used for D-Al.

Note 3: To reduce the current consumption when the D-A converter is not used, set the D-A output enable bit to 0 and set the D-A register to 0016
Do not let current flows through R-2R resistors.

Fig.JB-3 D-A converter equivalent circuit
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M16C / 6K7 Group
Comparator SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Comparator Circuit

Comparator Configuration

A comparator circuit consists of a switch tree, ladder resistance, comparators, comparator control circuit, the
comparator control register (address 03DE16), comparator data register (address 03DF16), and analog signal
input pins(P50 - P57). The analog input pins (P50 - P57) are shared with the usual digital port 1/O pins.
The comparator control register is a 4-bit register and can generate internal analog voltages in steps of 1/16
Vcc with the contens of bits 0 to 3. In Table.JC-2 contents of bits 0 to 3 of the comparator control register
and corresponding internal analog voltage generated are indicated. The compared result of the analog
input voltage and internal analog voltage is stored in the comparator data register. The value of comparator
control register can not be read out.

Comparator Operation

In order to perform comparator operation, first, set the port P5 direction register (address 03EB16) to "0", as
P5 can be used as the analog input pins. Then write a digital value, which corresponds to the internal
analog voltage to be compared, to bits 0 to 3 of the comparator control register (address 03DE16) . The
voltage comparison starts immediately by the writing operation. After 14 cycles of 1/2 main clock (the time
needed for comparison), the compared result of the comparator is stored in the comparator data register (address
03DF16). Each bit of this register becomes as follows depending on the status of corresponding P50 to P57 pins:

When analog input voltage > internal analog voltage, it is "1".
When analog input voltage < internal analog voltage, it is "0".

For comparing once more, it is necessary to write data into comparator control register again even if the
internal analog voltage is the same.

To read the result, wait 14 or more cycles after the comparator operation starts.

During the 14 cycles of the comparison, the ladder resistance is turned on and the reference voltage is
generated. When the comparator is not in operation, the ladder resistance is off. Therefore, unnecessary
consumption is prevented.

The comparison is accomplished by capacitive coupling. If the clock frequency is too low, electric charge
will be lost. While the comparator is in operation, the clock frequency must be 1MHz or higher. During this
time, do not execute a STP instruction, a WIT instruction, or an I/O instruction for port P5.

{ Data bus 5
A
8 8 4
y Comparator control
Comparator data register(03DE16)
P5 (8) register(olSDFla) l l l b(i lbal VI lbo}
P57
O—4—o{o— A
7ra?$pa R-ladder
P5i
b—z—o/ o——w
P—rator
[———
P50 i
O—o/ O——{Compa
i Switch Tree
Comparator -
Comparator connection (Control Cricuit R-ladder connection 5
signal A signal Vss

Fig.JC-1 Comparator circuit
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Table.JC-1 Correspondence of internal analog voltage and contents of bits 0 to 3 of the comparator
control register.

Comparator Control Register Internal Analog Voltage

Contents of bit 0 to 3
0000 LSB 1/32«Vcec
0001 1/16eVcc + 1/ 32+Vce
0010 2/ 16eVcc + 1/ 32+Vce
0011 3/16eVcec + 1/ 32+Vcce
0100 4 /16eVcc + 1/ 32+Vce
0101 5/16eVcc + 1/ 32+Vcce
0110 6/ 16eVcc + 1/ 32+Vcce
0111 7/ 16eVcec + 1/ 32+Vcce
1000 8/ 16eVcc + 1/ 32+Vce
1001 9/16eVcec + 1/ 32+Vce
1010 10/ 16+Vcec + 1/ 32¢Vce
1011 11/16Vcc + 1/ 32<Vce
1100 12 /16+Vcc + 1/ 32¢Vce
1101 13/16-Vcc + 1/ 32+Vce
1110 14/ 16+Vcc + 1/ 32¢Vce
1111 15/16Vcc + 1/ 32+Vce

Comparator Control register

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When Reset
N CMPCON 03DEz1s 0016
' Bit Symbol Bit name Function RIW
i.....l..!l CREFs Internal analog voltage n/16+Vcc+1/32+Vce o
setting bits n=setting vaule
bl Reserved bit
Can't be written. "0" will be read out.

Fig.JC-2 Comparator control register
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Pulse Width Modulation (PWM) Output Circuit

The M16C/6K group has four PWM output circuits, PWMO to PWM3, with 14-bit resolution.

They operate independently. When the oscillation frequency XiN= 8MHz, the minimum resolution bit width is
250 ns and the cycle period is 4096 ps. The PWM timing generator supplies a PWM control signal based on
the XIN clock.

The following explanation assumes XIN = 8 MHz.

Data Bus

( Set to “1” ) PWMOL register (address 030116)
atwrite bit 7 bit 5 bit 0

bit 7 bit 0

PWMOH register
Q  (address 030016)

PWMO latch (14 bits Y
MSB LSB

P4a4latch

L

P44/PWMo1

PWMo

14-bit PWMO circuit

A

PWMO 64 ) ;;TMO o Jtpl:; V?;::Ie?;iuotr; ubtit
operation bit PWMO S perio eno output
f(xin) O © o timing 7

(8MHz) (4MHz) generator | (4096 ps period)

P44 direction registel

P93 latch

L P93/DA1/PWMoo

PWMo output selection bit
PWNMo output enable bit

P93 direction reaister

Fig.LA-1 PWM blobk diagram(PWMO)
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PWM SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Data Setup (PWMO)

The PWMo output pin shares with P93 or P44. The PWMo output pin is selected from either P93/PWMoo or
P44/PWMoz1 by bit 0 of PWM control register 0 (address 030816). The PWMo output is enabled by setting bit
4 of PWM control register (address 030816) to "1". The PWM operation starts by setting bit 0 of PWM control
register 1 (address 030916) to "1". The high-order eight bits of output data are set in the PWMOH register
(address 030016) and the low-order six bits are set in the PWMOL register (address 030116). PWML1 to
PWMS3 is set as the same way.

PWM Operation

The 14-bit PWM data is divided into the low-order six bits and the high-order eight bits in the PWM latch.
The high-order eight bits of data determine how long an “H"-level signal is output during each sub-period.
There are 64 sub-periods in each period, and each sub-period is 256 X T (64 ps) long. The signal is “H” for a
length equal to N times T, where T is the minimum resolution (250 ns). “H” or “L” of the bit in the ADD part
shown in Fig. LA-2 is added to this “H” duration by the contents of the low-order 6-bit data according to the
rule in Table.LA-1. That is, only in the sub-period tm shown by Table.LA-1 in the PWM cycle period T = 64t,
its “H” duration is lengthened to the minimum resolution T added to the length of other periods.

For example, if the high-order eight bits of the 14-bit data are 0316 and the low-order six bits are 0516, the
length of the “H”-level output in sub-periods t8, t24, t32, t40, and t56 is 4 T, and its length is 3 T in all other sub-
periods. Time at the “H” level of each sub-period almost becomes equal, because the time becomes length
set in the high-order 8 bits or becomes the value plus T, and this sub-period t (= 64 ps approximate 15.6 kHz)
becomes cycle period approximately.

Transfer From Register to Latch

Data written to the PWML register is transferred to the PWM latch at each PWM period (every 4096 us) and
data written to the PWMH register is transferred to the PWM latch at each sub-period (every 64 us). The
signal which is output to the PWM output pin corresponds to the contents of this latch. A read from the PWML
gets the latch content. However, bit 7 of the PWML register indicates whether the transfer to the PWM latch
is completed; the transfer is completed when bit 7 is “0” and it is not done when bit 7 is “1.”

Table.LA-1 Relationship between low-order 6 bits of data and period set by the ADD bit.

Low-order 6 bits of data (PWML) Sub-periods tm Lengthened (m=0 to 63)

000000 LSB None

000001 m=32

000010 m=16,48

000100 m=8,24,40,56

001000 m=4,12,20,28,36,44,52,60

010000 m=2,6,10,14,18,22,26,30,34,38,42,46,50,54,58,62

100000 M=1,3,5,7 et 63
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4096 ps
64 ps 64 ps 64 ps 64 ps 64 ps
m=0 m=7 m=8 m=9 m=63
—> < —> ): —> < —> < —> < —> ): —> e
15.75 ps 15.75 ps 15.75 ps 16.0 us 15.75 ps 15.75 ps 15.75 ps
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width is 16.0 ps : m = 8, 24, 32, 40, 56
Sub-periods where “H” pulse width is 15.75 ps : m = all other values

Fig.LA-2 PWM timing
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PWM SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Data 6A16 stored at address 030016 Data 7B16 stored at address 030016
PWMOH ‘
register 5916 B 6A16 1 7B16
Data 2416 stored at address 030116 Bit 7 cleared after transfer Data 3516 stored at address 030116
rd
PWMOL 1316 ‘ Ad16 3\ 2416 ‘ h 3516
register
\ Transfer from register to latch 5515/’ ‘Transfer from register to latch
PWMO latch ‘ 165316 \*1A9316 1AAd16 ‘ 1AAd416 \ 1EE416 1EF516
(14bits)
_ When bit 7 of PWMOL is 0, transfer
T=4096 p from register to latch is disabled.
(64 X 64 ps) ‘
//////// t=64ps
Example 1 6B 6B 6A 6B 6A 6B 6A 6B 6A
PWMo output
low-order
6-bit output: 5 2 5 5 5 5 5
H L
6A16, 2416 .
............. BALE v 28 tiMeES 106 X 64 + 36
(107) (106)
Example 2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B
PWMo output
low-order
6-bit output:

(no o) | GBiso 2etmes  BA

—— t=64us e ]

(256 X 0.25 ps)
Minimum resolution bit width| t=0.25 ps

PWMO(ugut EEZ 6A 169 (68 67 | 7 02 01 6A 1 69 68 67 02 01

ADD ADD
8-bit 02 0L 00 |FF FE FD FC -~ 97 196 95 02 01 00 |FF FE FD FC “ 97 96 95
counter j
The ADD e S
portions with H duration length specified by PWMOH

additional T are
determined by -
PWML. 2561 (64 pis), fixed

Fig.LA-3 14-bit PWM timing (PWMO)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PWM control register 0
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset
. : oo PWMCONO 030816 0016
P [ Bitsymbol Bit name Function RIW
P10 1 D11 L] PWMSELO | PWMO output pin selection bit | 0 : P93/PWMoo o
A 1: P44/PWMo1 O 1
E : E E E I PWMSEL1 [ PWM1 output pin selection bit 0 : P94/PWM10 O O
AR 1: P4s/PWM11 |
A PWMSEL2 | PWM2 output pin selection bit | 0 : P9s/PWMz0 O O
P 1: P46/PWM21 |
oo ] PWMSEL3 | PWM3 output pin selection bit | 0 : P96/PWM30 Qi O
A 1: P47/PWM31
e PWMENO | PWMO output enable bit 0 : disable O o
o 1: enable
P PWMEN1 [ PWM1 output enable bit 0 : disable Qi o
Vo T 1:enable
____________________ PWMEN2 [ PWM2 output enable bit 0 : disable Q O
1:enable !
] PWMEN3 | PWM3 output enable bit 0 : disable Q O
1:enable |
PWM control register 1
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
H - oo PWMCON1 030916 0016
v [ Bitsymbol Bit name Function R'W
A E i1 1 PWMSTO [PWMO operation bit 0 : operation stop Qi O
A 1 : operation start 1
- PWMST1 | PWML1 operation bit 0 : operation stop Q O
1 : operation start
E : : : : ________ PWMST2 | PWM2 operation bit 0 : operation stop 1 O
oo 1 : operation start Of
oo o PWMST3 | PWM3 operation bit 0 : operation stop O O
N 1 : operation start !
Lot Reserved bit i
Can't be written. "0" will be read out. |

Fig.LA-4 PWM control registers
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LPC Bus Interface
LPC bus interface is based on Intel Low Pin Count (LPC) Interface Specification, Revision 1.0. Itis I/O cycle
data transfer format of serial communication. 4 channels are built in. The function of data bus buffer and data
bus buffer status are almost the same as that of MELPS8-41 series. It can be written in or read out (as slave
mode) by the control signals from host CPU side. The LPC bus interface functionality block diagram is shown
in Figure GF-2. LPC data bus buffer functional Input / Output ports (P30-P36 ) are shared with GPIO port.
The setting of bit3 (LPC bus buffer enable bit) of LPC control register (02D616 ) is as below:

0: General purpose Input / Output port

1: LPC bus buffer functional Input / Output port
The enabling of channel of LPC bus buffer is controlled by bits 4-7 (LPC bus buffer 0-3 enable bits) of LPC
control register (02D616 ). The slave address (16 bits) of LPC bus buffer channel 0 is fixed on 0060h, 0064h.
The slave addresses (16 bits) of LPC bus buffer channel 1-3 are definable by setting LPC 1-3 address
register H, L (02D016 to 02D516 ). The setting value of bit2 of LPC1-3 address register (A2) L will not be
decoded. The bit is “0” when read from slave CPU. The A2 status of slave address is latched to XA2 flag
when written by host CPU. The input buffer full interrupt is generated when written in the data by host CPU.
The Output buffer empty interrupt is generated when read out the data by host CPU. As shown in GF-1, the
input buffer full interrupt request and output buffer empty interrupt request are switched by bit6, 7 of ISA
control register0.
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Input buffer full flago
IBFo

Input buffer full flagl
IBF1

Input buffer full flag2
IBF2

Input buffer full flag3
IBF3

Rising edge
detection circuit

One shot pulse
generator

Rising edge
detection circuit

One shot pulse
generator

#

Rising edge

detection circuit generator

IBF2INT

‘ One shot pulse

- o b7.56
b7,b6
00
01
Rising edge One shot pulse 10 Input Buffer Full3/output buffer empty interrupt
detection circuit generator IBE3INT o —o0 b7.b6 request signal (IBF3/OBE interrupt request)
o )
s 11
DBBCONo

detection circuit

One shot pulse
generator

edge ‘

detection circuit

edge One shot pulse

generator

1 T

. OBEo isi
Output buffer full flagd OBFo ——| 0 Rising

~._ OBE1 Rising
Output buffer full flagl OBF1 P

[ OBE2 Rising

Output buffer full flag2 OBF2 —— >0

detection circuit

edge One shot pulse

generator

Rising

[ OBE3
Output buffer full flag3 OBF3 —— >

detection circuit

edge One shot pulse

generator

Input Buffer FullO interrupt request signal
(IBFo interrupt request)

Input Buffer Fulll/output buffer empty interrupt
request signal (IBF1/OBE interrupt request)

Input Buffer Full2/output buffer empty interrupt
request signal (IBF2/OBE interrupt request)

bit 7,6

IBFo

IBFo interrupt request

IBF1

IBF1INT

]

IBF2INT

IBF3

IBF3INT

IBF2

OBF0(OBE0)

OBF1(OBE1)

OBF2(OBE2)

OBF3(0BE3)

OBE

(Example) ISA control register 0 bit 7=1, bit

IBF1/OBE interrupt request

IBF2/OBE interrupt request

IBF3/OBE interrupt request

-

Fig.GF-1 Interrupt, request, circuit of Data Bus Buffer
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P34/LFRAME
P3s/LRESET
P36/LCLK

A4

[

[T111
[111

A4

A\ 4
Input Data Comparator
2

[T1T]

RD/WR register

[11

Address register HH (Notel) }<“x

[

11

Address register HL (Notel) ‘ﬁ

[

[

’ Address register LH (Notel) %ﬂ
[

’ Address register LL (Notel) %ﬂ

Start register

[T

[111

[]
l

[

P30/LAD0 O——

[T

[11

11
[

P31/LAD1 O0— ‘

’ Input Data Buffer [7:4]| Input Data Buffer [3:0] } >

’Output Data Buffer [7:410utput Data Buffer [3:0]}:
P33/LAD3 O———
oo J
4 o Data bus buffer status register
TN D W W W '
[ur [us [ us [ us [xaz] uz | 18F JoBF]
A 'Y

S O O O O W & 5 & .

Input Control Circuit

Y

A AL A

P32/LAD2 O—

System Bus
Internal Data Bus

Output Control Circuit

A A1)

I

|
‘W

! .
! Z o
o 138 .
! o 2 » | Interrupt generate Interrupt signal
4—0_%_-0* LZ) [ E Circuit IBF, OBE
> <
%) =

\
%

[b7 [ o6 [ 65 [ b4 [ 63 [h2] 0 [ 0]
N N W .

LPC control register (address 02D616)

Notel : LPC bus interface channel 0 is fixed on slave address “0060h”, “0064h”.

Fig.GF-2 LPC bus interface function block diagram (LPC1)
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Figure GF-3: ISA control registers

Figure GF-4: Data bus buffer status register

Figure GF-5, 6: LPC related registers

Data bus buffer status register (DBBSTS0-DBBSTS3)

This is 8-bit register.

The bit 0, 1, 3 are read only bits and indicatie the status of data bus buffer.

Bit 2, 4, 5, 6, 7 are user definable and flags which can be read and written by software. The data bus buffer
status register can be read out by host CPU when the slave address (16 bit) bit2 (A2) is high.

 Output buffer full flag (OBF)

The bit will be set to "1" when a data is written into output data bus buffer and will be cleared to "0" when host
CPU read out the data from output data bus buffer.

* Input buffer full flag (IBF)

The bit will be set to "1" while a data is written into input data bus buffer by host CPU and will be cleared to
"0" when the data is read out from input data bus buffer by slave CPU.

* XA2 flag (XA2)

The bit 2 of slave address (16 bits) is latched while a data is written into data bus buffer.

Input data bus buffer register (DBBINO-DBBIN3)

When there is a write request from host CPU, the data on the data bus will be latched to DBBINO-3. The data
of DBBINO-3 can be read out from data bus buffer registers (Address:02C016, 02C216 , 02C416 , 02C616 ) in
SFR field.

Output data bus buffer register (DBBOUTO0-DBBOUT?3)

When writing data to data bus buffer registers (Address: 02C016 , 02C216 , 02C416 , 02C616 ), the data will
be transferred to DBBOUTO0-3 automatically. The data of DBBOUTO-3 will be output to the data bus when
there is a read request from host CPU and the status of bit2 (A2) of slave address (16 bits) is low.

LPCi address register H/L (LPC1ADH-LPC3ADH / LPC1ADL-LPC3ADL)

The slave address (16 bits) of LPC bus buffer channel 0 is fixed on 0060h, 0064h.

The slave addresses (16 bits) of LPC bus buffer channel 1-3 are definable by setting LPC1-3 address regis-
ters H/L (02D016 to 02D516 ). The settings are for slave address upper 8 bits and lower 8 bits. And these
registers can be set and cleared in any time.

The bit 2 of LPC 1-3 address L is not decoded regardless of the setting value. When slave CPU reads LPC1-
3 address registers, the bit2 (A2) of address low byte will be fixed to "0". The bit2 (A2) status of slave address
is latched to XA2 flag when written by host CPU. The slave addresses that are already set in these registers
will be used for comparing with the addresses to be received.
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LPC control register (LPCCON)

* LPC bus interface enable bit (LPCBEN)

"0": P30 -P36 use as GPIO

"1": P30 -P36 use as LPC bus interface
LPC bus buffer 0 enable bit (LPCENO)
"0": LPC bus bufferO disable

"1": LPC bus buffer0O enable

LPC bus buffer 1 enable bit (LPCEN1)
"0": LPC bus bufferl disable

"1": LPC bus bufferl enable

LPC bus buffer 2 enable bit (LPCENZ2)
"0": LPC bus buffer2 disable

"1": LPC bus buffer2 enable

LPC bus buffer 3 enable bit (LPCEN3)
"0": LPC bus buffer3 disable

"1": LPC bus buffer3 enable

L]

L]

* LPC software reset bit (LPCSR)

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

By setting the bit to "1", LPC interface is reset by the same status as LRESET="L". After 1.5 cycles of

BCLK at writing "1", reset is released and the bit becomes "0".

Nothing happens if "0" is set.

* SYNC output selection bits (SYNCSELO,SYNCSEL1)
Table.GF-1 shows the content of SYNC output selected by SYNC output selection bits.

Table GF-1 SYNC output

SYNC output
SYNCSELL | SYNCSELO SYNC cycle 1st cycle 2nd cycle 3rd cycle 4th cycle
0 0 1 00002 — - -
0 1 4 01102 01102 01102 00002
1 0 1 10102 — — —
1 1 4 01102 01102 01102 10102
RENESAS
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ISA control register 0

b7 b6 b5 b4 b3

b7 b6 b5 b4 b3 b2 bl bo
| | | 0 | 0 | 0 | 0 | 0 | 0 | Symbol Address When reset
. : : : : : : : DBBCONO 02C816 000000002
to1 0 0 0+ 1| Bitsymbol Bit name Function R W
bt ee-deesoseooood Nothing is assigned. —i—
HE Cannot be written. The value is "0" in reading. !
B EGEGEECEEEEPEEPEERE IBFSEL | IBF/OBE b7 b6 _ (Note 1) :
interrupt request select bit 0 0 :OBE disable ) |
0 1 :OBE enable, IBF1disable| O O
1 0 :OBE enable, IBF2 disable|
1 1 : OBE enable, IBF3 disable !

Note 1: By setting these two bits, one of IBF1 to IBF3 interrupt requests will be switched

to OBE interrupt request.

There is no relative between IBFo interrupt request and these two bits.

b7,b6| 0,0 0,12 ] 1,0 1,1
Interrupt
IBFo interrupt IBFo IBFo IBFo IBFo
IBF1 interrupt IBF1 OBE | IBF1 IBF1
IBF2 interrupt IBF2 IBF2 OBE [ IBF2
IBF3 interrupt IBF3 IBF3 | IBF3 [ OBE
ISA control register 1
b2 bl bo
| Symbol Address When reset
I DBBCON1 02C916 000000002
¢+ 1 | Bit symbol Bit name Function R
't 1 1 1 OBFOSEL |OBFO output selection bit 0 : OBFoo enable o ‘ o
oo 1: OBFo1 enable |
b . Do OBFooEN | OBFoo output enable bit 0: P40 as GPIO 00
E ' , ' 1: P4o as OBFoo output !
- Co ] OBFo1EN | OBFo1 output enable bit 0: P43 as GPIO o ! o
o 1 : P43 as OBFo1 output !
P ] OBF1EN | OBF1 output enable bit 0:P44as GPIO 0.0
. 1: P44 as OBF1 output |
b OBF2EN | OBF2 output enable bit 0: P45 as GPIO o ! o
: 1: P45 as OBF2 output |
e OBFSEN | OBF3 output enable bit 0: P46 as GPIO oo
1 : P46 as OBFs3 output
.................. Nothing is assigned. - ‘ —
Cannot be written. The value is "0" in reading. |

Fig.GF-3 ISA control registers
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Data bus buffer status register
b7 b6 b5 b4 b3 b2 bl b0

| Symbol Address When reset
S I N B DBBSTS0 02C116 000000002
i E : : H : : : DBBSTS1 02C316 000000002
e DBBSTS2 02Cb16 000000002
T DBBSTS3 02C716 000000002
Bit symbol Bit name Function RIW
toip 0 i 1 i Y 0BF | outputbuffer full flag 0 : Buffer empty o lx
S 1: Buffer full |
IBF Input buffer full flag 0 : Buffer empty o !X
P 1 : Buffer full !
H N o u2 User definable flag This flag can be freely defined o o
A by user |
el XA2 XA2 flag This flag is indication the A2
status of the 16 bit slave address| © | X
. HE when IBF flag is set
S u4 User definable flag This flag can be freely defined [ o e}
by user
b} e us 00
I RRRRRAELLLE U6 oo
"""""""""""" u7 00

Fig.GF-4 Data bus buffer status register
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. __________________________________________________________________________________________________________________________|
LPCi address register L (i=1,2,3) (Note2)
b7 b b5 ba b3 b2 bl bo Symbol Address When reset
LPC1ADL 02D016 000000002
| . | 1 1 LPC2ADL 02D216 000000002
- LPC3ADL 02D416 000000002
o100 it | Bit symbol Bit name R W
Pobor b Y [ pCSADO Slave address0 oo
A LPCSAD1 Slave address1 0.0
; P P LPCSAD2 Slave address2 (Notel) O X
: Rt LPCSAD3 Slave address3 0:'0
i s LPCSAD4 Slave address4 O i o)
b by LPCSAD5 Slave address5 1o o)
B RRREEEELEEEDE LPCSAD6 Slave address6 1o o)
mmmemmmsmmeseneeonees LPCSAD7 Slave address7 00
Notel: Always returns “0” when read, even if writing “1” to this bit.
Note2: Do not set the same 16 bits slave address in each channel.
LPCi address register H (i=1,2,3)
b7 b6 b5 ba b3 b2 bl bo Symbol Address When reset
| | | | | | | | | LPC1ADH 02D11e 000000002
— 1 LPC2ADH 02D316 000000002
S LPC3ADH 02D516 000000002
Lo © 1 ¢ 1| Bitsymbol Bit name R
oo v b Tl LPCSADS Slave address8 00
Porob bbb 1 LPCSAD9 Slave address9 0.0
A Do LPCSAD10 Slave address10 0:0
e LPCSAD11 Slave address11 00
I LPCSAD12 Slave address12 00
 CCEaRLOEEE LPCSAD13 Slave address13 0.0
| T LPCSAD14 Slave address14 o) 3 'e)
e ECRRRGREETEEELED LPCSAD15 Slave address15 00

Fig.GF-5 LPC related registers
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LPC control register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset
. : R LPCCON 02D616 000000002
bbb Bit symbol Bit name Function RIW
o4 1 0 b1 ] SYNCSELO b1 b0 !
T 00: OK :
A A SYNC output selection bits 0 1 Long & OK (OR@)
e SYNCSEL1 10: Err !
A 11:Long & Err 1
e LPCSR LPC software reset bit 0: The release of reset (Note) (O ' O
A 1: Reset !
T COLEREEr LPCBEN | LPC interface enable bit 0:P30- P36 as GPIO 00
oo 1: LPC bus buffer enable !
I Rt LPCENO | LPC bus buffer 0 enable bit 0:LPC bus buffer O disable | ' g
oo 1: LPC bus buffer 0 enable |
Dol oo LPCEN1 | LPC bus buffer 1 enable bit 0: LPC bus buffer 1 disable 00
b 1: LPC bus buffer 1 enable !
T LPCEN2 | LPC bus buffer 2 enable bit 0: LPC bus buffer 2 disable | ! o
1: LPC bus buffer 2 enable !
EE  RRRELEEEEEEEEEPPPE LPCEN3 | LPC bus buffer 3 enable bit 0: LPC bus buffer 3 disable 00
1 : LPC bus buffer 3 enable |
Note: For LPC software reset, the bit will automatically return to “0” after writing “1”.

Fig.GF-6 LPC control register
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Basic operation of LPC bus interface
The status transition of LPC bus interface is shown in Figure GF-7.
Setting steps for using LPC bus interface is explained below.
« Setting bit3 (LPC interface enable bit) of LPC control register(02D616 ) to "1"
* Choosing which LPC bus buffer channel will be used
* Setting "1" to bits 4-7 (LPC bus buffer 0-3 enable bit) of LPC control register (02D616 ).
» The 16-bit slave address of LPC bus buffer channel is defined by writing 16-bit slave address to LPC 1-3
address registers (02D016 - 02D516 ). If channel 1-3 LPC bus buffer is chosen, set the address to the corre-
sponding address register.
« Selecting IBF/ OBE interrupt in ISA control register0 (02C816 )
 Selecting OBF output port in ISA control registerl (02C916 )
<1> Example of I/O writing cycle from HOST
Writing timing is shown in Figure GF-8.
The basic communication cycles of LPC I/O protocol are 13 cycles. The data of LAD[3:0] will be read by the
rising edge of LCLK. Communication will start from LFRAME falling edge.
« 1St cycle : When LFRAME is "Low", sending "00002 " to LAD[3:0] for communication start frame detecting.
« 2nd cycle : When LFRAME is "High", sending "001X2 " to LAD[3:0] for write frame detecting.
« From 3' cycle to 6! cycle: These four cycles are detecting for 16 bits slave address.
3" cycle: The slave address which is from host is written to slave address register [15:12] through LAD[3:0]
4™ cycle: The slave address which is from host is written to slave address register [11:8] through LAD[3:0]
5t cycle: The slave address which is from host is written to slave address register [7:4] through LAD[3:0]
6! cycle: The slave address which is from host is written to slave address register [3:0] through LAD[3:0]
« 7 and 8t cycles are used for one data byte transfer.
7t cycle: The data which is from host is written to input data buffer[3:0] through LAD[3:0]
8! cycle: The data which is from host is written to input data buffer[7:4] through LAD[3:0]
« 9th and 10Mcycles are for changing the communication direction from host - slave to slave - host
9t cycle: Host outputs "11112 " to LAD[3:0]
10thcycle: The LAD[3:0] will be set to Hi-Z by HOST to switch the communication direction.
« 11" cycle: The "00002 " (SYNC OK) is output to LAD[3:0] for acknowledge.
« 12t cycle: The "11112 " is output to LAD[3:0]. The XA2 and IBF flag are set. IBF interrupt signal is generated.
« 13" cycle: The LAD[3:0] will be set to Hi-Z by slave to switch the communication direction.
During the host write period, the bit2 (A2) status of 16 bits slave address will be latched to XA2 flag. When 8
bits data from input data buffer are read out by slave CPU, the IBF flag will be cleared simultaneously.
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<2> Example for 1/O reading cycle from HOST

Reading timing is shown in Figure GF-9.

The basic communication cycles of LPC I/O protocol are 13 cycles. The data of LAD[3:0] will be read by the

rising edge of LCLK. Communication will start from LFRAME falling edge.

« 15t cycle: When LFRAME is "Low", sending "00002 " to LAD[3:0] for communication start detecting.

« 2"dcycle: When LFRAME is "High", the host send "000X2 " on LADI[3:0] to inform the cycle type as I/O read.

« From 3" cycle to 6tcycle: These four cycles are detecting for 16 bits slave address.
3'dcycle: The slave address which is from host is written to slave address register [15:12] throughLAD[3:0]
4thcycle: The slave address which is from host is written to slave address register [11:8] throughLAD[3:0]
5thcycle: The slave address which is from host is written to slave address register [7:4] throughLAD[3:0]
6!cycle: The slave address which is from host is written to slave address register [3:0] throughLAD[3:0]

« 7t and 8tcycles are used for changing the communication direction from host - slave to slave - host
7theycle: Host is output "11112 " to LAD[3:0]
8thcycle: The LAD[3:0] will be set to Hi-Z by HOST to switch the communication direction.

« 9thcycle : The "00002 " (SYNC OK) is output to LAD[3:0] for acknowledge.

« 10" and 11t"cycles are for output 8 bits data from output data buffer or output 8 bits data from status register.
10thcycle: Sending output data buffer [3:0] to LAD[3:0] or sending data of status register [3:0] to LAD[3:0]
11thcycle: Sending output data buffer [7:4] to LAD[3:0] or sending data of status register [7:4] to LAD[3:0].

« 12thcycle: The "11112 " is output to LAD[3:0]. The OBF flag is cleared and OBE interrupt signal is generated.

« 13tcycle: The LAD[3:0] will be set to Hi-Z by slave to switch the communication direction. OBF flag will be
set when 8 bits data are written to output data buffer by slave CPU.
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® Data WR (/O write cycle)

| START | WR | 16 BIT ADDRESS | DATA 1 TAR | SYNC | TAR

LCLK

LFRAME

-

(Notel)

LAD [3:0]

Input buffer

XA2 flag
IBF flag
Driven by the HOST Driven by the SLAVE
® Command WR (I/O write cycle)

" START ' WR | 16 BIT ADDRESS ' DATA ' TAR ' SYNC ! TAR

LCLK

\

- (Notel)
A

LFRAME \ /

LAD [3:0] \

Input buffer

XA2 flag

IBF flag

Driven by the HOST Driven by the SLAVE

Notel : LADo to LAD3 pins remain Hi-Z after transfer completion

Fig.GF-7 Data and Command write timing figure
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® Data RD (I/O read cycle)

| START | RD 16 BIT ADDRESS | TAR | SYNC | DATA , TAR

LCLK

LFRAME
(Notel)

LAD [3:0]

Output data bus buffer / /

OBF flag

Driven by the HOST Driven by the SLAVE

@ Status RD (I/O read cycle)

START RD 16 BIT ADDRESS TAR SYNC DATA TAR

w 00T 3 T TG

LFRAVE ./

(Notel)

LAD [3:0]

O

OBF flag : : : } } } " (Note2)

Driven by the HOST Driven by the SLAVE

Notel : LADo to LAD3 pins become Hi-Z after transfer completion.
Note2 : OBF flag does not change.

Fig.GF-8 Data and Status read timing figure
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Table GF-3 Conditions of LPC bus interface function induced by LRESET input

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

Pin name / Internal register

LRESET="H"

LRESET="L"

Note

P30/LADO

P31/LAD1

P32/LAD2

P33/LAD3

P34/LFRAME

P35/LRESET

Pin

P36/LCLK

P40/OBF00

P43/0OBF01

P44/0OBF1

P45/0BF2

P46/0OBF3

P42/GateA20

Input data bus buffer

Output data bus buffer

U flag 7,6,5,4,2

XA2 flag

IBF flag

OBF flag

Internal register

LPCADH/L

LPCCON

GAZ20 circuit

LPC bus interface
function(function is
select)

I/O port

1/0O port

LPC bus interface function

1/0 port

OBF output is enable until
LRESET="L". A spike pluse may
be output to the port when the port
is already set to L output port and
OBF signal is output to the port
just before LRESET is set to L.

unstable

It can't be written by slave side.

It can be written and read by
slave side.

Initialization to "0"

Initialization to "0"

There is possibility to generate
IBF interrupt request.

Initialization to "0"

There is possibility to generate
OBE interrupt request.

It can be written and read by
slave side.

It can be written and read by
slave side.

Initialization
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.}

GateA20 output function

The GateA20 pin (port P42) can be controlled by LPC interface function channel 0 in hardware.

Hardware GateA20 is sharing with P42 pin. Setting "1" to bit O of GateA20 control reigsiter enables the hard-
ware GateA20 function. The default value of hardware GateA20 is "1".

The GateA20 control register is shown in Fig.GF-9.

When the host CPU writes "D1" command to address 006416, and then writes data to address 006016 in
succession, the value of bit 1 of the data will be output to GateA20 pin. The timing is shown in Fig.GF-10.
The GateA20 operation sequences are shown in Fig.GF-11, Fig.GF-12. As shown in the figures, there is no
change in input buffer full flag(IBF0) and no input buffer full(IBF) interrupt request, but the input data bus
buffer and XA2 flag are changed in these sequences.

The value of the GateA20 output pin will be held till the data next to D1 command is written in. P42 becomes
/0O port and the the value of GateA20 becomes "0" when LRESET input is "L". GateA20 will be initialized even
if the sequence is executed. However, the GateA20 enable bit will not be changed and GateA20 output pin
will be resumed after the LRESET input becomes "H".

GateA20 control register

b7 b6 b5 b4 b3 b2 bl bo

0 | | Symbol Address Reset
o GA20CON 002CA16 0016
P4t 1l Bit Symbol Bit name Function RIW
Dbl 1l 11 U GA2EN | GateAeo enable bit 0: P42 as GPIO 0.0
. . 1 : Hardware GateA2o function enable| i

r --
[l
1

‘| Reserved bit Must be set to "0"

R R EEELEEE Nothing is assigned. _i_
Meanless in writing. "0" in reading. ‘

Fig.GF-9 GateA20 control register

| START | WRITE | 16-bit address . DATA | TAR | SYNC | TAR

LCLK $

LFRAME

LAD (3:0)

GateA20 pin . . Previous value . . & Theivalue of bit 1 of the data

Fig.GF-10 GateA20 output timing
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Sequence 1 (basic operation 1)

LPC communication 4< Write D1
to 006416

Write data
to 006016

WriteFF
to 006416

GateA20 pin

Previous value

>< Bit 1 value of the data

IBFo flag refresh

IBF interrupt request

Sequence 2 (basic operation 2)

LPC communication

No No No
No No No
Write D1 Write data Write data othe
to 006416 to 006016 than £F and D1

GateA20 pin

Previous value

>< Bit 1 value of the data

IBFo flag refresh

IBF interrupt request

) ) t
No No Yes
No No Yes

Sequence 3 (basic operation 3)

LPC communication Write D1
to 006416

Write data
to 006016

Writedata
to 006016

GateA20 pin

Previous value

>< Bit 1 value of the data

IBFo flag refresh

IBF interrupt request

) t )
No No Yes
No No Yes

Fig.GF-11 GateA20 operation sequence (1)
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Sequence 4 (re-trigger)

LPC communication Write D1
to 006416

Write D1
to 006416

Write data
to 006016

GateA20 pin Previous value | Bit 1 value of the data
) ) )
IBFo flag refresh No No No
IBF interrupt request No No No

Sequence 5 (cancel operation)

LPC communication

: Write data
( Write D1 ) —
other than
to 006416 1to 006416>

GateA20 pin Previous value
)
IBFO flag refresh No Yes
IBF interrupt request No Yes
Sequence 6 (continuance operation)
icati -/ WriteD1 Write datal Write D1 Write data2
LPC communication < to 006416 {0 006016
GateA20 pin Previous value >< Bit 1 value of the data >< The value of bit 1 of data 2
A A
IBFO flag refresh No No No No
IBF interrupt request No No No No

Fig.GF-12 GateA20 operation sequence (2)

162

ENESAS

RenesasTechnology Corp.



Rev.1.0 Mitsubishi microcomputers

M16C / 6K7 Group
Serial Interrupt Output SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial Interrupt Output

The serial interrupt output is the circuit that outputs the interrupt request to the host with serial interrupt
data format.
Tab.SI-1 shows the specification of serial interrupt output.

Table.SI-1 Specifications of serial interrupt output

Item Specification
The factors of serial interrupt | The numbers of serial interrupt requests (humbers of channels) that can output simul-
taneously are 5 factors. Each interrupt factor of each channel is explained as follows.
e Channel 0
0 By setting "1" to IRQi request bit (bit 5, 6 i=1,12) of IRQ request register 0, the interrupt
request can be generated.
O Synchronized with the rising edge of OBF00 and OBFO0L1 that are the host bus inter-
face internal signals, the serial interrupt request can be generated.
e Channel 1-3
0 By setting "1" to IRQ request bit (bit 5) of IRQ request register 1-3, the interrupt
request can be generated.
O Synchronized with the rising edge of OBF1-3 that are the host bus interface internal
signals, the serial interrupt request can be generated.
e Channel 4
By setting "1" to IRQ request bit (bit 5) of IRQ request register 4, the interrupt request can be
generated.
The number of frame e Channel 0
0 Setting the IRQ1 request bit (bit 5) of IRQ request register0 to “1” or
detecting the rising edge of OBF00, which is the host bus interface internal signal,
selects Frame 1.
0 Setting the IRQ12 request bit (bit 6) of IRQ request register0 to “1” or detecting the
rising edge of OBFO1, which is the host bus interface internal signal, selects Frame 12.
e Channel 1-4
Selecting the frame select bit (bit 0-4) of IRQ request registerl-4
selects Frame 1-15 or extend Frame 0-10.

Operation clock The operation synchronized with LCLK (Max. 33MHz). (Note)

Clock restart Setting the clock restart enable bit (bit 6) of serial interrupt control register0 to “1”
requests the clock restart if the clock has stopped or slowed down in serial interrupt
output.

Clock stop inhibition Setting the clock stop inhibition bit (bit 5) of serial interrupt control register0 to “1”

requests the inhibition of clock stop if the clock tends to stop or slow down in serial
interrupt output.

OBF sync enable Setting the OBF00, OBFO01, OBF1-3 sync enable bit (bit 0-4) of serial interrupt con-
trol register0 to “1” enables the OBF synchronization.

Note: To enable LCLK, it is necessary to enable the LPC bus interface function.
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Internal data bus

Serial interrupt control register0 IRQ request register0 IRQ request registerl - 4
(address:02B016 ) (address:02B216 ) (address:02B316 , 02B416

or[oe[os[oa

, 02B516 ,02B616)

or[oe[os[oa 2oz
L

L
IRQ request 00 ,01 IRQ request 1 - 4
Clock stop inhibiting enable
& clock restart enable
OBF sync enable
Internal signals | Serial interrupt enable IRQ request 0 - 4
Serial interrupt request IRQ frame number 1 - 4 Y
OBF00,0BF01, \_/ Control circuit
OBF1 - OBF3
]
Port control section IRQ request | IRQ request | Frame number
0-4 clear (CHO — CH4)
=
SERIRQ O—@—_
~ !
| A
Serial interrupt output 3 >O
L -
’—Cy\ Control circuit
- )
Clock restart
Clock operation request & start frame
Status & finish start request
acknowledge
»—%_\
Clock monitor/
° Control circuit
L
o>
CLKRUN O <
LCLK O
| Reset selection
[RESET O O

= o 9> S [o7]oe s[4 3[ 1]

Serial interrupt control registerl(address:
02B116)

Internal data bus

Fig.SI-1 Serial interrupt block chart
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(1) Register explanation

Fig.SI-2 shows the configuration of IRQ request register0, Fig.SI-3 shows the configuration of
IRQ request registerl-4, Fig.Sl-4, SI-5 show the configurations of serial interrupt control regis-
ter0,1 respectively.

e |IRQ request register0 IRQRO

The serial interrupt request of Channel 0 is set by software.

*IRQ1 request bit IRO

Setting the bit to “1” generates the serial interrupt request (Frame 1).

By setting the OBF0O0 sync enable bit (bit 0) of the serial interrupt control registerQ to “1”, the value
of IRO is the same as that of OBF0O0, which is the host bus interface internal signal. When the
internal signal OBFOO is "1", the serial interrupt is generated.

IRO is cleared to "0" by writing "0" in software.

IR0 can not be cleared to "0" by software when the internal signal OBF0O is "1" if OBFO00 sync
enable bit is set to "1".

*IRQ12 request bit IR1

Setting the bit to “1” generates the serial interrupt request (Frame 12).

By setting the OBF01 sync enable bit (bit 1) of the serial interrupt control register0 to “1”, the value
of IR1 is the same with that of OBFO1, which is the host bus interface internal signal. When the
internal signal OBFOL1 is "1", the serial interrupt is generated.

IR1 is cleared to "0" by writing "0" in software.

IR1 can not be cleared to "0" by software when the internal signal OBFO1 is "1" if OBFO1 sync
enable bit is set to "1".

IRQ request register0

b7 b6 b5 b4 b3 b2 bl bo

Symbol: IRQRO Address: 02B216 When reset: 0016

i 1 1 1 1|Bitsymbol | Bit name | Function RIW

i--—------+--14 Nothing is located. . ) — -
Meaningless in writing, “0” in reading. !

e IR0 |IRQL request bit 0: No IRQLrequest  |o o
1. IRQ1 request !

_____________________ IR1 IRQ12 request bit 0: No IRQ12 request 0.0
1: IRQ12 request !

T IIRRS Nothing is located. _ . — —
Meaningless in writing, “0” in reading. !

Fig.SI-2 Configuration of IRQ request register0
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e IRQ request register i IRQRI (i=1-4)
The serial interrupt request of Channel 1-4 is set by software, or asserting frame is selected.

*IRQ request bit IR

Setting the bit to “1” generates the serial interrupt request.
By setting the OBFj sync enable bit (bit2-4, j=1-3) of the serial interrupt control register0 to “1”, the
value of IR is the same as that of OBFj, which is the host bus interface internal signal. When the
internal signal OBFj is "1", the serial interrupt is generated.
IR is cleared to "0" by writing "0" in software.
IR can not be cleared to "0" by software when the internal signal OBFjis "1" if OBFj sync enable

bit is set to "1".

e |IRQ select bit 1SO-4

The asserting frame is selected.

IRQ request registerl-4

b7 b6 b5 b4 b3 b2 bl bo

Symbol
| IRQR1
IRQR2
IRQR3
IRQR4

Address
02B316
02B416
02B516
02B616

When reset
0016
0016
0016
0016

Bit symbol

Bit name

Function RIW

IS1

[ 1S2

R LD 1S3

e 1S4

1S0O Frame select bit

00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
11101:
11110:
11111:

bab3b2b1bo IRQ Frame

No SERIRQ output O\
Frame 1 1
Frame 2
Frame 3
Frame 4
Frame 5 T
Frame 6 o ; o
Frame 7
Frame 8
Frame 9
Frame 10
Frame 11
Frame 12
Frame 13
Frame 14
Frame 15
Can't select
Can't select
Can't select !
Can't select ]
Can't select 0.0
Extend Frame 0
Extend Frame 1
Extend Frame 2
Extend Frame 3
Extend Frame 4 !
Extend Frame 5 '
Extend Frame 6 © ; ©
Extend Frame 7
Extend Frame 8
Extend Frame 9
Extend Frame 10

[P IR IRQ request bit

0: No IRQ request O 0
1: IRQ request

R Nothing is located.

Meaningless in writing, “0" in reading.

Fig.SI-3 Configuration of IRQ request registerl-4
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e Serial interrupt control register0O SERCONO

The operation condition of serial interrupt is set.

*OBFi sync enable bit SENi (i=00,01,1-3)

By setting the bit to “1”, the rising edge of OBFi output to host bus interface generates the serial
interrupt request synchronously.

*Clock stop inhibition bit SUPEN

Setting the bit to “1” will request the inhibition of clock if the clock tends to stop or slow down in
serial interrupt request.

*Clock restart enable bit RUNEN

Setting the bit to “1” requests the clock restart during the clock stop or clock slow down in serial
interrupt request.

*Serial interrupt enable bit IRQEN

0: SERIRQ, PRST, CLKRUN are 1/O ports.
1. SERIRQ, PRST, CLKRUN are serial interrupt function ports.

Serial interrupt control register0
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address  When reset
T o SERCONO 02B016 0016
: Por o Bt symbol Bit name Function R W
i} 11 11 1 1 il SENOO |OBFOO sync enable bit 0: Sync inhibition 0.0
. 1: Sync enable
AR T A A SENO1 | OBFO1 sync enable bit 0: Sync inhibition o o
S 1: Sync enable 1
: o] SEN1 OBF1 sync enable bit 0: Sync inhibition 00
P 1: Sync enable 1
A SEN2 | OBF2 sync enable bit 0: Sync inhibition 6.0
b 1: Sync enable
b ] SEN3 | OBF3 sync enable bit 0: Sync inhibition o0
Do 1: Sync enable
Lo SUPEN | Clock stop inhibition bit 0: Stop control operation o
1: No stop control operatior) ~
____________________ RUNEN | Clock restart enable bit 0: No clock restart 00
! 1. Clock restart 1
] IRQEN | Serial interrupt enable bit 0: Serial interrupt inhibition| ~ } o
(Note 1) 1: Serial interrupt enable 1
Note 1 : By setting this bit to “1”, P43, P4s and P4s are selected as SERIRQI/O, PRST input and CLKRUN 1/O ports respectively.
The output of CLKRUN pin is N channel open drain type.
P4s/PRST functions as GPIO port even when the bit is "1" if bit 1 of serial interrupt control register 1 (Address 02B11s) is "1".

Fig.Sl-4 Configuration of serial interrupt control register0
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e Serial interrupt control registerl SERCONL1

The register is for setting the pins of serial interrupt.

*Reset selection bit RSEL

0: The input of PRST is the reset signal.
1: The input of LRESET is the reset signal. (Notel)
Note 1: The PRST pin becomes I/O port if setting the bit to “1”.

*OBFO0 mergence function

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

By setting the bit to “1”, the signal, which is logically OR by OBF00 and OBFO01 signals from LPC
bus interface, will output to IRQ1 and IRQ12 of serial interrupt circuit.

Fig.SI-6 shows the selection circuit controlled by the bit.

With the function, the IRQ1 and IRQ12 request bits can be cleared simultaneously by H/W at the
read of output data buffer from system if both IRQ1 and IRQ12 request bits are set in the case
that IRQ1 request bit (or IRQ12 request bit) is set after that of IRQ12 (or IRQ1) because of the
overwrite to the output data buffer.

Serial interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

RGN

Symbol Address When reset
SERCON1 02B116 0016
Bit symbol Bit symbol Function R'W
“ Reserved bit Must be “0”. — —
RSEL Reset selection bit 0: Select PRST pin. 00

1: Select LRESET pin.

Reserved bit

Must be “0”. — —

OBFOMRG | OBFO mergence bit

0 : OBFOO and OBFO1 are !
independent. 0.0

1: OBFOO and OBFO1 are w
merged (logical OR).

Nothing is allocated.

Meaningless in writing. “0” in reading.

Fig.SI-5 Configuration of serial interrupt control registerl
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OBFOMRG

OBFO00 from LPC bus
interface a . To IRQ1 request bit of

wqn

O serial interrupt output

?

OBFO01 from LPC bus 0 _
interface Q| To IRQ12 request bit of
~QOo—
wn -
| serial interrupt output

Fig.SI-6 The selection circuit controlled by OBFOMRG
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170

e Serial interrupt control register2 SERCON2

The polarity of serial interrupt output can be selected by bit O to bit 5 of serial interrupt control register 2.

When the bit is setto “0":
If there is a request, Hiz-Hiz-Hiz
If there is no request, L-H-Hiz
When the bit is set to “1"™:
If there is a request, L-H-Hiz
If there is no request, Hiz-Hiz-Hiz

Only the default value of bit 4 (serial interrupt polarity bit 3) of serial interrupt control register 2

after reset is “1”.

Fig.SI-7 shows the configuration of serial interrupt control register 2.

Serial interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0

|><|><| | | | | | | Symbol Address When reset
E E : E : E : E SERCON2 02B716 1016
: ; : Bit symbol Bit name Function W
v 14 1 1 1 4 SERSELO0O | Serial interrupt polarity selection gﬁ:gﬁ: Sgi;liti;ffr{;gl n o
oo bit 00 channel 0. (Note) |
R SERSELO1 | Serial interrupt polarity selection SSIISSE ;ﬁﬂt%ﬁ%lz )
- . i . : bit 01 in channel 0. (Note)
' menee e SERSEL1 | Serial interrupt polarity selection ESIISS: Zg;lityt)efrlr;g in @)
Lo bit 1 channel 1. (Note) |
Vo o " ’ Select serial interrupt i
e SERSEL2 | Serialinterrupt polarity selection output pol",mt'y of @% in e
o bit 2 channel 2. (Note) :
Do ey SERSEL3 | Serial interrupt polarity selection gjt'gl‘j: 23?2'.52?![%‘3 - 0
b bit 3 channel 3. (Note)
o] SERSEL4 | Serial interrupt polarity selection gﬁ:;ﬁ: Sglri:‘r'itg‘gefr{;g . 0
bit4 channel 4. (Note) 1
Frrhmrmremnenneneood Nothing is allocated. P
Meaningless in writing. “0” in reading.

If there is no request  L-H-Hiz
“1"  :lIf there is a request L-H-Hiz

Note: “0” : If there is a request Hiz-Hiz-Hiz

If there is no request  Hiz-Hiz-Hiz

Fig.SI-7 The configuration of serial interrupt control register 2
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(2) The operation of serial interrupt

A cycle operation of serial interrupt starts with start frame and finishes with stop frame. There are
2 kinds of operation mode: continuous mode and quiet mode. The next operation mode is judged
by monitoring the length of stop frame sent from host side.

e The timing of serial interrupt cycle

Fig.SI-8 shows an example of basic timing of serial interrupt cycle.

O Start frame

The start frame will be detected if the SERIRQ remains “L” in 4-8 clock cycles.

OIRQ data frame

Each IRQ data frame is 3 clock cycles.

«Channel 0-2,4:If the IRQ request bit is "0", then the SERIRQ is driven to “L” during the 15t clock
cycle of the corresponding data frame, to “H” during the 2" clock cycle, to high impedance during
the 3" clock cycle. If the IRQ request bit is "1", then the SERIRQ is high impedance during all of
the 3 clock cycles.

*Channel 3:If the IRQ request bit is "0", then the SERIRQ is high impedance during all of the 3
clock cycles. If the IRQ request bit is "1", then the SERIRQ is driven to “L” during the 15t clock
cycle of the corresponding data frame, to “H” during the 2" clock cycle, to high impedance during
the 3 clock cycle.

OStop frame

The stop frame will be detected if the SERIRQ remains “L” in 2 or 3 clock cycles. The next opera-
tion mode is quiet mode if the length of “L” is 2 clock cycles, the continuous mode mode if the
length is 3 clock cycles.

Start frame frame O frame 1 frame 15 I0OCHK Stop frame to the next cycle

cock [ [Tttt rer e e e e e e e e

SERIRQ

) -
Driver source System side Device side Device side System side

Fig.SI-8 Basic timing of serial interrupt cycle
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e Operation mode

Fig.SI-9 shows an example of timing of continuous mode, Fig.SI-10 shows that of quiet mode.

OContinuous mode

After reset, at the rising edge of PRST (or LRESET) or the length of the last stop frame of serial

interrupt cycle being 3 clock cycles, it will be the continuous mode.

After receiving the start frame (Note 1), the Frame 1, Frame 12 or frames selected in each chan-

nel will be asserted.

Note 1: If the length of “L” is less than 4 clock cycles or more than 9 clock cycles, the start frame
will not be detected and the next start (the falling edge of SERIRQ) is waited.

Start frame (Note1) . IRQO frame IRQ1 frame | IRQ2 frame IRQ3 frame
cock | LI LT LT e e
SERIRQ line i _ ] ‘
SystemeSERIRQ output
Device*SERIRQ output ‘ N ‘
. “ -
Driver source System side Device side
Notel . The start frame is set to 4 clock as setting exemple

Fig.SI-9 Timing diagram of continuous mode

OQuiet mode

At clock stop or clock slow down, or the length of the last stop frame of serial interrupt cycle being
2 clock cycles, it will be the quiet mode.
In this mode the SERIRQ is driven to “L” in the 15t clock cycle by device and after the receiving of
the rest start frame (Note 1) from host, the IRQ1 Frame , IRQ12 Frame or frames selected in each
channel will be asserted.
Note 1: If the sum of length of “L” that is driven by the device in the 15 clock cycle and by the host
in the rest clock cycles is within 4-8 clock cycles, the start frame will be detected.
If the sum of length of “L” is less than 4 clock cycles or more than 9 clock cycles, the start
frame will not be detected and the next start (the falling edge of SERIRQ) is waited.

; Start frame (Notel) e IRQO frame e IRQ1 frame e IRQ2 frame e IRQ3 frame
ek ||| L L] L ]
SERIRQ line i J
System«SERIRQ output - / o - I
Device*SERIRQ output ‘ ’ ! /7
Driver source Device side Device side
System side
Notel . The start frame is set to 4 clock as setting example

Fig.SI-10 Timing diagram of quiet mode
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(3) Clock restart/ stop inhibition request

Asserting the CLKRUN signal can request to restart or maintain the clock which stops or slows
down or request the host to tend to stop or slow down.

Fig.SI-11 shows an example of timing of clock restart request, Fig.SI-12 shows an example of
timing of clock stop inhibition request.

OClock restart operation
Setting the clock restart bit of serial interrupt control register0 to “1” will request the clock restart if

the clock has slowed down or stopped at serial interrupt request.

CLKRUN line

System-CLKRUN A

DeviceeCLKRUN ; Restart frame -

SERIRQ line Start frame

System*SERIRQ \ /

Device*SERIRQ

f1

Serial interrupt request

—

Internal Interrupt restart
request signal

Fig.SI-11 Timing diagram of clock restart request

OClock stop inhibition request
Setting the clock stop inhibition bit of serial interrupt control registerO to “1” will request the inhibi-
tion of clock stop if the clock tends to stop or slow down during all the period of serial interrupt

output.
CLKRUN line 3 3 |
SystemsCLKRUN /‘7 : \‘ { {

Inhibition

DevicesCLKRUN A\, request i/ \

SERIRQ line { A cycle of serial interrupt :

Y

- \
|
Seralnerup reques - // ) .

request signal

Internal Interrupt Inhibition f : : /

Fig.SI-12 Example of timing of clock stop inhibition request
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MULTI-MASTER I2C-BUS INTERFACE

The multi-master I2C-BUS interface is a serial communication circuit based on Philips 12C-BUS data transfer
format. 2 independ channels, with both arbitration lost detection and a synchronous functions, are built in for
the multi-master serial communication. Fig.GC-1 shows a block diagram of the multi-master 12C-BUS inter-
face and Table.GC-1 lists the multi-master I2C-BUS interface functions. The multi-master 12C-BUS interface
consists of the 12C address register, the 12C data shift register, the 12C clock control register, the 12C control
register 1, 12C control register 2, the 12C status register, the 12C start/stop condition control register and other
control circuits.

Table.GC-1 Multi-master 12C-BUS interface functions
ltem Function

Based on Philips 12C-BUS standard:
10-bit addressing format

Format 7-bit addressing format
High-speed clock mode
Standard clock mode

Based on Philips 12C-BUS standard:
Master transmission

Communication mode Master reception

Slave transmission

Slave reception

ScL clock frequency 16.1kHz to 400kHz (at Viic = 4MHz)

*Viic=I2C system clock
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Fig.GC-1 Block diagram of multi-master I12C-BUS interface
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I2C Data Shift Register

The I12C data shift register (address 032016,033016) is an 8-bit shift register to store receiving data and write
transmission data. When transmit data is written into this register, it is transferred to the outside from bit 7 in
synchronization with the ScL clock, and each time one-bit data is output, the data of this register are shifted
by one bit to the left. When data is received, it is input to this register from bit O in synchronization with the
ScL clock, and each time one-bit data is input, the data of this register are shifted by one bit to the left. The
timing of storing received data to this register is shown in figure GC-3.The I2C data shift register is in a write
enable status only when the 12C-BUS interface enable bit (ESO bit : bit 3 of address 032316,033316) of the
12C control register 0 is “1”. The bit counter is reset by a write instruction to the 12C data shift register. When
both the ESO bit and the MST bit of the 12C status register (address 032816,033816) are “1”, the ScL is output
by a write instruction to the 12C data shift register. Reading data from the 12C data shift register is always
enabled regardless of the value of ESO bit.

1°C data shift register

b7 b5 b5 b4 b3 b2 bi bo Symbol Address When reset
S0i(i=0,1) 032016,033016 --
E Function RIW
Meeeseenemeed Transmission data /receiving data are stored. O o)

In the master transmission mode, the start condition/ stop condition are
triggered by writing data to the register (refer to the section on the method to
generate the start/stop condition). The transmission/receiving are started
synchronized with ScL.

Note

Note The write is only enabled when bus interface enable bit (ESO bit) is "1".
Because the register is used both for storing transmission data/receiving data, the
transmission data should be written after the receiving data are read out before
writing transmission data to this register.

Fig.GC-2 I°C data shift register

ScL
SDA .
: : tdfil
Internal ScL : ‘—" tdfil : Noise elimination circuit delay time
. : 1to 2 Viic cycle
Internal Spba ] : tdsf : Shift clock delay time
tdfil © tdsft 1 Viic cycle
Shift clock 3 <—>T

Storing data at shift clock rising edge.

Fig.GC-3 The timing of receiving data stored to I2C data shift register
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I2C Address Register

The I12C address register (address 032216,033216) consists of a 7-bit slave address and a read/write bit. In
the addressing mode, the slave address written in this register is compared with the address data to be
received immediately after the START condition is detected.

*Bit 0: Read/write bit (RBW)

This is not used in the 7-bit addressing mode. In the 10-bit addressing mode, the first byte address data to
be received are compared with the contents (SAD6 to SADO + RBW) of the 12C address register.

The RBW bit is cleared to “0” automatically when the stop condition is detected.

*Bits 1to 7: Slave address (SADO-SADSG)

These bits store slave addresses. Regardless of the 7-bit addressing mode or the 10-bit addressing
mode, the address data transmitted from the master is compared with the contents of these bits.

1°C address register

Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b0 »
| | | S0Di(i=0,1) 032216,033216 000000002
© 01 bt Bit Symbol Bit name Function R W
; Cor Y RBW Read/Write bit This bit is using for comparing |

with receiving address datainthe | O ' O
10-bit address mode. (Note) !

b : N SADO Slave address For comparing with received 0] 'e)
A address data |

T R SAD1 00
A S S — SAD2 oo}
T S — SAD3 0.0
L] SAD4 }

L] SAD5 0.0

------------------------ SAD6 0.0

Note.The RWB bit is cleard to "0" automatically when stop condition is detected

Fig.GC-4 12C address register
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I2C Clock Control Register

The 12C clock control register 0,1 (address 032416,033416) is used to set ACK control, ScL mode and ScL
frequency.

*Bits 0 to 4: ScL frequency control bits (CCR0O-CCR4)

These bits control the ScL frequency. Refer to Table GC-2.

*Bit 5: ScL mode specification bit (FAST MODE)

This bit specifies the ScL mode. When this bit is set to “0”, the standard clock mode is selected. When the bit
is setto “1” , the high-speed clock mode is selected. When connecting to the bus with the high-speed mode
12C-BUS standard (maximum 400 kbits/s), set 4 MHz or more to I2C system clock(Viic).

*Bit 6: ACK bit (ACK BIT)

This bit sets the Spba status when an ACK clock is generated. When this bit is set to “0”, the ACK return mode
is selected and SDA goes to “L” at the occurrence of an ACK clock. When the bit is set to “1”, the ACK
nonreturn mode is selected. The SpA is held in the “H” status at the occurrence of an ACK clock. However,
when the slave address agrees with the address data in the reception of address data at ACK BIT =“0", the
SpA is automatically made “L” (ACK is returned). If there is a disagreement between the slave address and
the address data, the Spa is automatically made “H” (ACK is not returned).

*ACK clock: Clock for acknowledgment

*Bit 7: ACK clock bit (ACK)

This bit specifies the mode of acknowledgment which responses to the data transferring. When this bit is set
to “0”, the no ACK clock mode is selected. In this case, no ACK clock occurs after data transmission. When
the bit is set to “1”, the ACK clock mode is selected and the master generates an ACK clock at the comple-
tion of each 1-byte data transfer. The device for transmitting address data and control data releases the SpA
at the occurrence of an ACK clock (makes SbA “H”) and receives the ACK bit generated by the data receiving
device.

Note: Except for ACK bit (ACKBIT), do not write data into the I2C clock control register during transfer.
If data is written during transfer, the 12C clock generator is reset, so that data cannot be transferred
normally.
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2 .

| C clock control register
b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset
H : - S2i(i=0,1) 032416,033416 000000002
voio Bt Symbol Bit name Function R W
E - . . E . . - CCRO ScL frequency control bits Refer to table.GC-2 o ; o
Dol CCR1 o0
T S— CCR2 00
A R S — CCR3 00
T CLLEr e CCR4 0.0
S SR FAST | sci mode specification bit 0: Standard clock mode 0.0
o MODE 1 : High-speed clock mode !
R R — ACK BIT | ACK bit 0: ACKiis returned 00
' 1:ACK is not returned |
S LITT ACK | ACK clock bit 0 - No ACK clock o lie)

1: ACK clock 3

Fig.GC-5 I2C clock register
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Table.GC-2 Set values of I12C clock control register and ScL frequency

Setting value of CCR4 to CCRO ScL frequency (at Viic=4MHz, unit : kHz) (Notel)
CCR4|CCR3|CCR2 |CCR1|CCRO Standard clock mode High-speed clock mode

0 0 0 0 0 Setting disabled Setting disabled

0 0 0 0 1 Setting disabled Setting disabled

0 0 0 1 0 Setting disabled Setting disabled

0 0 0 1 1 - (Note2) 333

0 0 1 0 0 - (Note2) 250

0 0 1 0 1 100 400 (Note3)

0 0 1 1 0 83.3 166

500 / CCR value 1000 / CCR value

! ! ! ! ! (Note3) (Note3)

1 1 1 0 1 17.2 345

1 1 1 1 0 16.6 33.3

1 1 1 1 1 16.1 32.3

Notes1: Duty of ScL clock output is 50 %. The duty becomes 35 to 45 % only when the high-speed clock
mode is selected and CCR value = 5 (400 kHz, at Viic = 4 MHz). “H” duration of the clock
fluctuates from —4 to +2 machine cycles in the standard clock mode, and fluctuates from —2 to +2
machine cycles in the high-speed clock mode. In the case of negative fluctuation, the frequency
does not increase because “L” duration is extended instead of “H” duration reduction. These are
value when ScL clock synchronization by the synchronous function is not performed. CCR value
is the decimal notation value of the ScL frequency control bits CCR4 to CCRO.

2: Each value of ScL frequency exceeds the limit at Viic = 4 MHz or more. When using these
setting value, use Viic = 4 MHz or less. Refer to 12C system clock selection bits (bit 6,7 of
12C control register 1) on Viic.

3: The data formula of ScL frequency is described below:

Viic/(8 X CCR value) Standard clock mode

Viic/(4 X CCR value) High-speed clock mode (CCR value # 5)

Viic/(2 X CCR value) High-speed clock mode (CCR value = 5)

Do not set 0 to 2 as CCR value regardless of Viic frequency.

Set 100 kHz (max.) in the standard clock mode and 400 kHz (max.) in the high-speed clock
mode to the ScL frequency by setting the ScL frequency control bits CCR4 to CCRO.
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I2C Control Register 0

The 12C control register 0 (address 032316,033316) of channel 0, 1 controls data communication format.

*Bits 0 to 2: Bit counter (BC0-BC2)

These bits decide the number of bits for the next 1-byte data to be transmitted. The I2C interrupt request

signal occurs immediately after the number of count specified with these bits (ACK clock is added to the

number of count when ACK clock is selected by ACK bit (bit 7 of address 032416,033416)) have been trans-

ferred, and BCO to BC2 are returned to “0002".

Also when a START condition is detected, these bits become “0002” and the address data is always trans-

mitted and received in 8 bits.

*Bit 3: I12C interface enable bit (ES0)

This bit enables to use the multi-master 12C-BUS interface. When this bit is set to “0”, the interface is disabled

and the Sba and the ScL become high-impedance. When the bit is set to “1”, the interface is enabled.

When ESO = “0", the following is performed.

1)Set MST = “0", TRX = “0", PIN = “1”, BB ="0", AL = “0", AAS = “0", and ADO = “0", of I2C status
register (Address : 032816, 033816)

2)Writing data to 12C data shift register (Address : 032016, 033016) is inhibited.

3)The TOF bit of I2C control register (Address : 032716,033716) is cleared to “0”

4)12C system clock (Viic) is stopped and the interval counter, flags are initialized.

*Bit 4: Data format selection bit (ALS)

This bit decides if the recognition of slave address should be processed. When this bit is set to “0”, the

addressing format is selected, so that address data will be recognized. The transfer will be processed only

when a comparison is matched between the salve address and the address data or a general call is received

(refer to the item of bit 1 of 12C status register: general call detection flag). When this bit is set to “1”, the free

data format is selected, so that slave address will not be not recognized.

*Bit 5: Addressing format selection bit (DBIT SAD)

This bit selects a slave address specification format. When this bit is set to “0”, the 7-bit addressing format

is selected. In this case, only the high-order 7 bits (slave address) of the 12C address register (address

032316,033316) are compared with address data. When this bit is set to “1”, the 10-bit addressing

format is selected, and all the bits of the 12C address register are compared with address data.

*Bit 6: 12C-BUS interface reset bit (IHR)

The bit is used to reset 12C-BUS interface circuit in the case that the abnormal communication occurs.

When the ESO bit is“1” (I2C-BUS interface is enabled), writing“1” to the IHR bit makes a H/W reset.

Flags are processed as follows:

1)Set MST = “0", TRX = “0", PIN = “1", BB =“0", AL = “0”, AAS = “0", and ADO = “0", of I2C status
register (Address : 032816, 033816)

2)The TOF bit of 12C control register (Address : 032716,033716) is cleared to “0”

3)The interval counter, flags are initialized.
After writing“1” to IHR bit, the circuit reset processing will be finished in Max. 2.5 Viic cycles and IHR bit will
be automatically cleared to “0”. Fig.GC-6 shows the reset timing.

*Bit 7: 12C-BUS interface pin input level selection bit

This bit selects the input level of the ScL and SpA pins of the multi-master 12C-BUS interface. When this bit is

set to“1” the P60,P61,P62,P63 will become SMBus input level.
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The signal of writing "1" to IHR bit

IHR bit

The reset signal to I2C-BUS interface circuit

N

. 2.5 VIIC cycles

Fig.GC-6 The timing of reset to the 12C-BUS interface circuit

12C control register 0
b7 b6 b5 b4 b3 b2 bl b0
| | | Symbol Address When reset
T T T T T S1Di(i=0,1) 032316,033316 000000002
v | Bit Symbol Bit name Function R W
oo BCO Bit counter b2 bl bo (Note)
A (Number of transmitting/ 8 8 2 ? 00
receiving bits) 01 0 6
i e Yoo 4 i
AR 10 1:3 0.0
A 11 0: 2 |
A 11 1:1 |
. BC2 :
AN 0.0
PR ESO 12C-BUS interface 0 : Disable o o
o enable bit 1: Enable !
ALS Data format selection bit 0 - Addressing format O (@)
oo 1 : Free data format '
DBIT Addressing format 0 : 7-bit addressing format 00
o SAD selection bit 1 : 10-bit addressing format
P ECCECECTEEEPERRREE IHR 12C-BUS interface reset bit | 0 : Release of reset (auto) 00
! 1: Reset |
R CLCECEEREETRRERERS Tiss | 12C-BUS interface pin 0: 1°C-BUS input 00
input level selection bit 1: SMBUS input ;
Note In the following status, the bit counter will be cleared automatically

«Start condition/stop condition is detected

*Right after the completion of 1 byte data transmission

*Right after the completion of 1 byte data receiving

Fig.GC-7 I2C control register
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|2C Status Register

The I2C status register (address 032816,033816) controls the 12C-BUS interface status. The low-order 6 bits
are read-only if it is used for status check. The high-order 2 bits can be both read and written. Regarding to
the function of writing to the low-order 6 bits, refer to the the method of start condition/stop condition genera-
tion described later.

*Bit 0: Last receive bit (LRB)

This bit stores the last bit value of received data and can also be used for ACK receive confirmation. If ACK
is returned when an ACK clock occurs, the LRB bit is set to “0”. If ACK is not returned, this bit is set to “1”.
Except in the ACK mode, the last bit value of received data is input. The bit will be “0” by executing a
write instruction to the 12C data shift register (address 032016,033016).

«Bit 1: General call detecting flag (ADO)

When the ALS bit is “0”, this bit is set to “1” when a general call* whose address data is all “0” is received in
the slave mode. By a general call of the master device, every slave device receives control data after the
general call. The ADO bit is set to “0” by detecting the STOP condition, START condition, or ESO is“0”, or
reset.

*General call: The master transmits the general call address “0016” to all slaves.

«Bit 2: Slave address comparison flag (AAS)

This flag indicates a comparison result of address data when the ALS bit is “0".

1)In the slave receive mode, when the 7-bit addressing format is selected, this bit is set to “1” in one of the
following conditions:

. The address data, which following the start conduction, is same with upper bits data of I2C address
register(Address 0032216,033216)

+ A general call is received.

2)In the slave reception mode, when the 10-bit addressing format is selected, this bit is set to “1” with the
following condition:

- When the address data is compared with the 12C address register (8 bits consisting of slave

address and RBW bit), the first bytes agree.

3)This bit is set to “0” by executing a write instruction to the 12C data shift register (address 032016, 033016)
when ESO is set to “1”. The bit is also set to “0” when ESO is set to “0” or when reset.

Bit 3: Arbitration lost* detecting flag (AL)

In the master transmission mode, when the SpA is made “L” by any other device, arbitration is judged to have
been lost, so that this bit is set to “1”. At the same time, the TRX bit is set to “0”. Immediately after transmis-
sion of the byte whose arbitration was lost is completed, the MST bit is set to “0”. The arbitration lost can be
detected only in the master transmission mode. When arbitration is lost during slave address transmission,
the TRX bit is set to “0” and the reception mode is set. Consequently, it becomes possible to detect the
agreement between its own slave address and address data transmitted by another master device. The bit is
cleared to “0” if writing to 12C data shift register (address 032016, 033016) when ESO is “1”.

The bit is also cleared to “0” when ESO is set to “0” or when reset.

*Arbitration lost: The status in which communication as a master is disabled.
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*Bit 4: 12C-BUS interface interrupt request bit (PIN)
This bit generates an interrupt request signal. After each byte data is transmitted, the PIN bit changes from
“1” to “0”. At the same time, an 12C interrupt request signal occurs to the CPU. The PIN bit is set to “0”
synchronized with the falling edge of the last internal transmitting clock (including the ACK clock) and an
interrupt request signal occurs synchronized with the falling edge of the PIN bit. When the PIN bit is “0”, the
ScL is kept in the “0” state and clock generation is disabled. In the ACK clock enable mode, if WIT bit (bit 1
of 12C control register 1) is set to “1”, synchronized with the falling edge of last bit clock and ACK clock, PIN
bit becomes to “0” and 12C interrupt request is generated (Refer to the description on bit 1 of 12C control
register 1: the data reception completion interrupt enable bit). Fig.GC-9 shows the timing of 12C interrupt
request generation. The bit is read-only, the value should be “0” in writing.
The PIN bit is set to “0” in one of the following condition:

Executing a write instruction to the I2C data shift register (address 032016,033016).

Executing a write instruction to the I2C clock control register (Address : 032416,033416)

(only when WIT is “1” and internal WAIT flag is “1")

*When the ESO bit is “0”

*At reset
The PIN bit is set to “0” in one of the following condition:

sImmediately after the completion of 1-byte data transmission (including arbitration lost is detected)

sImmediately after the completion of 1-byte data reception

«In the slave reception mode, with ALS = “0” and immediately after the completion of slave address

agreement or general call address reception

*In the slave reception mode, with ALS = 1" and immediately after the completion of address data

reception
*Bit 5: Bus busy flag (BB)
This bit indicates the in-use status the bus system. When this bit is set to “0”, bus system is not busy and a
START condition can be generated. The BB flag is set/reset by the ScL, SDA pins input signal regardless of
master/slave. This flag is set to “1” by detecting the start condition, and is set to “0” by detecting the stop
condition. The condition of the detecting is set by the start/stop condition setting bits (SSC4-SSCO0) of the
12C start/stop condition control register (address 032516,033516). When the ESO bit (bit 3) of the 12C control
register (address 032316,033316) is “0” or reset, the BB flag is set to “0”. For the writing function to the BB
flag, refer to the sections “START Condition Generating Method” and “STOP Condition Generating Method”
described later.
*Bit 6: Communication mode specification bit (transfer direction specification bit: TRX)
This bit decides a direction of transfer for data communication. When this bit is “0”, the reception mode is
selected and the data from a transmitting device is received. When the bit is “1”, the transmission mode is
selected and address data and control data are output onto the SpA synchronized with the clock gener-
ated on the ScL. This bit can be set/reset by software or hardware. This bit is set to “1” by hardware in the
following condition:

In slave mode with ALS =“0", if the AAS flag is set to “1” after the address data reception and the received
R/W bit is “1”.
This bit is set to “0” by hardware in one of the following conditions:

*When arbitration lost is detected.

*When a STOP condition is detected.

*When a start condition is prevented by the start condition duplication preventing function (Note).

*When a start condition is detected with MST = “0".

*When ACK non-return is detected with MST = “0".

*When ESO = “0".

*At reset
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«Bit 7: Communication mode specification bit (master/slave specification bit: MST)

This bit is used for master/slave specification for data communication. When this bit is “0”, the slave is
specified, so that a START condition and a STOP condition generated by the master are received. The data
communication is performed synchronized with the clock generated by the master. When this bit is “1”, the
master is specified and a START condition and a STOP condition are generated.
Additionally, the clocks required for data communication are generated on the ScL.

This bit is set to “0” by hardware in one of the following conditions.

sImmediately after the completion of 1-byte data transfer when arbitration lost is detected.

*When a STOP condition is detected.

*Writing a start condition is prevented by the start condition duplication preventing function (Note).

*At reset

Note: START condition duplication preventing function The MST, TRX, and BB bits is set to “1” at the same
time after confirming that the BB flag is “0” in the procedure of a START condition occurrence.
However, when a START condition by an other master device occurs and the BB flag is set to “1”
immediately after the contents of the BB flag is confirmed, the START condition duplication prevent-
ing function makes the writing to the MST and TRX bits invalid. The duplication preventing function
becomes valid from the rising of the BB flag to reception completion of slave address. Refer to the
method on the start condition generation in detail.

2 .
I~ C status register
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | Symbol Address When reset
S LN L S S S - S1i(i=0,1) 032816,033816 0001000X2
b r o n ] Bit symbol Bit name Function R!W
A LRB Last receive bit 0 : Last bit ="0" o
e 1: Last bit="1" | (Note1)
: : R ADO General call detecting flag 0 : No general call detected 1o
1: General call detected | (ote)
. AAS Slave address comparison flag 0 : Address disagreement o)
oo 1 : Address agreement (Note1)
o o AL Arbitration lost detection flag 0 : Not detected o
- 1 : Detected ! (Note1)
R PIN 12C-BUS interface interrupt 0 : Interrupt request issued o)
' ' request bit 1 : No interrupt request issued E(Nclez
. BB Bus busy flag 0 : Bus free o !
HE 1: Bus busy | (Note1
l_ ____________________ TRX Communication mode b7 b6 o o
specification bits 0 O :Slave receive_ mode i(Nmes
0 1 :Slave transmit mode !
MST 1 O : Master receive mode o ! o
1 1 :Master transmit mode | o3
Notel.This bit is read only if it is used for the status check.
How to write this bit, please refer to start condition/stop condition generating
method.
Note2.The bit can be read and only can be written with "0" by software.
Note3.Refer to the method of start condition generation on how to write these bits.
How to write this bit, please refer to start condition/stop condition generating
method.

Fig.GC-8 I2C status register
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PIN flag

I2CIRQ |_|

Fig.GC-9 Interrupt request signal generating timing
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12C0, 12C1 control register 1

I2C control register 10 ,11 (address 032616,033616) controls 12C-BUS interface circuit.

*Bit 0 : Interrupt enable bit by STOP condition (SIM)

It is possible for I2C-BUS interface to request an interrupt by detecting a STOP condition. If the bit set to “1”,
an interrupt from 12C-BUS interface occurs by detecting a STOP condition ( There is no change for PIN flag)
«Bit 1: Interrupt enable bit at the completion of data receiving (WIT)

When with-ACK mode (ACK bit = “1”) is specified, by enabling the interrupt at the completion of data
receiving (WIT bit = “1”), the 12C interrupt request occurs and PIN bit becomes “0” synchronized with the
falling edge of last data bit clock. ScL is fixed “L” and the generation of ACK clock is suppressed.

Table GC-3 and Fig.GC-10 show the I2C interrupt request timing and the method of communication restart.
After the communication restart, synchronized with the falling edge of ACK clock, PIN bit becomes to “0”
and 12C interrupt request occurs.

Table.GC-3 Timing of interrupt generation in data receiving

The timing of 12C interrupt generation The method of communication restart
1)Synchronized with the falling edge of the The execution of writing to ACKBIT of 12C clock control
last data bit clock register. (Do not write to 12C data shift register.
The processing of ACK clock would be incorrect.)
2)Synchronized with the falling edge of the The execution of writing to I2C data shift register
ACK clock

The state of internal WAIT flag can be read out by reading the WIT bit. The internal WAIT flag is set after
writing to 12C data shift register, and it is reset after writing to 12C clock control register. Consequently, which
of the timing 1) and 2) of interrupt request occurring can be understood. (See Fig.GC-10)In the cases of
transmission and address data reception immediately after the START condition, the interrupt request only
occurs at the falling edge of ACK clock regardless of the value of WIT bit and the WAIT flag remains the reset
state. Write “0” to WIT bit when in NACK is specified. (ACK bit = “0")
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*Bits 2,3 : Port function selection bits PED, PEC

When ESO bit of 12C control register 0 is set to “1”, P61/P63 and P60/P62 function as ScL and SbA respec-
tively. However, if PED is set to “1”, SDA functions as output port so as to ScL if PEC is set to “1”. In this case,
if “0” or “1” is written to the port register, the data can be output on to the 12C-BUS regardless of the internal
ScL/SpA output signals. The functions of SCL/SDA are returned back by setting PED/PEC to “1” again.

If the ports are set in input mode, the values on the 12C-BUS can be known by reading the port register
regardless of the values of PED and PEC.Table GC-4 shows the port specification.

Table.GC-4 Ports specifications

P6 port

Pin name ESO bit PED bit direction register Function
P60/P62 0 - 0/1 Port 1/0 function
1 0 - SDA 1/O function
1 1 - SDA input function, port output function
. . P .
P61/P63 ESO bit PEChIt | gresion register Function
0 - 0/1 Port 1/O function
1 0 - ScL I/O function
1 1 - ScL input function, port output function

*Bits 4,5 : SpA/ScL logic output value monitor bits SbAM /ScLM

It is possible to monitor the logic value of the SpA and ScL output signals from 12C-BUS interface circuit.
SDAM can monitor the output logic value of SDA. ScLM can monitor the output logic value of ScL. The bits are
read-only. Write “0” if in writing (Writing “1” is reserved)

*Bits 6,7 : 12C system clock selection bits ICKO, ICK1

These bits select the basic operation clock of 12C-BUS interface circuit. It is possible to select 12C system
clock Viic among 1/2,1/4 and 1/8 of main clock f(XIN) and 1/2 of external 12C clock (ICCK)

Table.GC-5 I12C system clock selecting bits

ICK1 ICKO 12C system clock
0 0 Viic=1/2f1
0 1 Vic =1/ 4f1
1 0 Vic=1/8f1
1 1 Viic = 1/ 2ICCK

Note: f1 = f(XIN)
ICCK = External 12C clock
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*The address reception in STOP mode /WAIT mode
It is possible for 12C-BUS interface to receive address data even in STOP mode or in WAIT mode. However
the 12C system clock Viic should be supplied. Table.GC-6 shows the setting list.

Table.GC-6 Clock setting to the I2C system in different operation mode.

Mode The setting content
STOP mode The external clock is selcted as the 12C system clock (ICK1 = 1, ICKO = 1) and
the external 12C clock is supplied by ICCK.
WAIT mode The external clock is selcted as the 12C system clock (ICK1 =1, ICKO = 1) and

the external 12C clock is supplied by ICCK.

Select the peripheral function clock stop bit CMO2 (bit 2 of the system clock

control register 0, address : 000616) to the state of not stopping 1,8,f32

(CMO2 = 0) when in WAIT mode, and then execute the WAIT command.
Low power The external clock is selcted as the I2C system clock (ICK1 =1, ICKO = 1) and

consumption mode the external 12C clock is supplied by ICCK.

When in reception mode, ACK bit ="1" WIT bit ="0"

ScL J 7 clock 8 clock ‘ ?I(o:fk 1 clock
Soa 7 bit 8 bit ACK bit Lot X
ACKBIT
PIN flag ‘ ‘

Internal WAIT flag

12c interrupt request signal H

The writing signal of 1’c H
data shift register

When in reception mode, ACK bit ="1" WIT bit ="1"

ScL J 7 clock 8 clock ‘ ngk

Son 7 bit 8 bit \ : 1 bit X
ACKBIT : ‘
PIN flag ‘

1
W

Internal WAIT flag ‘

12c interrupt request signal H o FD

The writing signal of 12c —‘
data shift register
The writing signal of 12c H
clock control register

Note. Do not write to 1°C clock control register except bit ACKBIT.

Fig.GC-10 The timing of the interrupt generation at the completion of data reception
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12C control register 1

b7 b6 b5 b4 b3 b2 bl bo

| Symbol Address When reset
S3Di(i=0,1) 032616,033616 001100002
Bit Symbol Bit name Function R'W
SIM The interrupt enable bit of 0 : Disable the interrupt of STOP
STOP condition detection condition detection 00
1: Enable the interrupt of STOP :
condition detection
WIT The interrupt enable bit of 0 : Disable
at the completion of data 1: Enable !
reception !
When in NACK setting 0.0
(ACK bit = "0") please write "0"
PED Spai/Port function switching | O : Spa I/O pin(enable ESO = 1)
bit 1: GPIO(enable ESO = 1) 00
PEC Scti/Port function switching | 0 : ScL I/O pin(enable ESO = 1) (@) (@)
bit 1: GPIO(enable ESO = 1) |
SDAM The logic value monitor 0 : SpaA output logic value ="0" o _
bit of SpA output 1 : Spa output logic value = "1" |
SCLM The logic value monitor 0 : ScL output logic value = "0" o _
bit of ScL output 1: ScL output logic value = "1" |
ICKO 12C system clock selection | b7 b6
bits 0 0:Vic=1/2f1 o ! o
0 1:Vic=1/4f1 O f1=f(XiN) 1
ICK1 1 0:Vic=1/8f1 !
1 1:Vic=1/2ICCK 0.0
0 ICCK=External I2C clock }

Fig.GC-11 I2C control register 1
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12C control register 2

12C0, 1 control register 2 (address: 032716,033716) control the detection of communication abnormality. In 12C-
BUS communication, the data transfer is controlled by the ScL clock signal. The devices will stop in the commu-
nication state if ScL stops during transfer. So if the ScL clock stops in “H” state for a period of time, the 12C-BUS
interface circuit can detect the time out and request an 12C interrupt. Please see Fig.GC-12.

| ScL clock stop (“H")

ScL —‘—‘ 1 clock ‘ ‘ 2 clock ‘ ‘ 3 clock SS

Soa ‘ 1 bit 2 bit 3bit | SS

BB flag SS

Internal counter start signal —‘ H H
Internal counter stop, reset signal E ‘ I ‘ ‘
Internal counter overflow signal The time of imeout detection

12C interrupt request signal T

Fig.GC-12 The timing of timeout detection

*Bit0: Time out detection function enable bit (TOE)

The bit enables timeout detection function. By setting this bit to “1”, the 12C interrupt request signal will be
generated if the ScL clock stops in “H” state for a period of time during bus busy (BB flag ="1").

The time of time out detection which is selected by timeout detection time selection bit (TOSEL) with long
time mode or short time mode will be calculated by internal counter. When time out is detected, please set “0”
to I2C-BUS interface enable bit (ES0) and then process initialization.

*Bitl: Time out detection flag (TOF )

The bit is the flag showing timeout detection status. If the time which is calculated by the internal counter
overflows, the time out detection flag (TOF) becomes to “1”, and at the same time the 12C interrupt request
signal is generated.

*Bit2: timeout detection time selection bit (TOSEL)

The bit selects timeout detection time from long time and short time mode. If TOSEL = “0”, the long time
mode; TOSEL = *1", the short mode is selected respectively. The long time is up counted by 16 bits counter
and the short time is up counted by 14 bits counter based on 12C system clock (Viic). Table GC-7 shows
examples of the timeout detection time.

Table.GC-7 Examples of timeout detection time (Unit: ms)

Viic(MHz) Long time mode Short time mode
4 16.4 4.1
2 32.8 8.2
1 65.6 16.4
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2 .
I”Control register 2
b7 b6 b5 b4 b3 b2 bl bo

| | Symbol Address When reset
AVAVAVA\ N BN S4Di(i=0,1) 032716,033716 000000002
pobo b [ Bitsymbol Bit name Function R:W
oo oo TOE Timeout detection function 0 : Disable e) e)
oo oo enable bit 1: Enable '
E P P TOF Timeout detection flag 0 : Not detected o : _
oo 1: Detected '
: _______ TOSEL Timeout detection time selection bit( o : Long time o o
P 1: Short time !
O S T Nothing on location —i
. Can not be written in the value is "0" :
e e ] SCPIN STOP COUditiOﬂ detection interrupt 0 : No interrupt request o) E o)

request bit 1 : Interrupt request '

Fig.GC-13 I2C control register 2

*Bit7: STOP condition detection interrupt request bit (SCPIN)
The bit monitors the stop condition detection interrupt. The bit becomes to “1” when 12C-BUS interface
interrupt is generated by the detecting of STOP condition. Writing “0” clears the bit and “1” can not be written.
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I2C START/STOP condition control register

12C START/STOP condition register(address 032516,033516) controls the detection of START/STOP condition.

*Bit0-Bit4: START/STOP condition setting bits (SSC4-SSCO0)

Because the release time, set up time and hold time of ScL is calculated on the base of I2C system clock(VIIC).

the detecting condition changes depending on the oscillation frequency and 12C system clock selecting bits. It is

necessary to set the suitable value of START/STOP condition setting bits (SSC4-SSCO0) so that obtain the
release time, set up time and hold time corresponding to the system clock frequency. Refer to Table GC-11. Do
not set odd number or “000002” to START/STOP condition setting bits. The recommended setting value to

START/STOP condition setting bits (SSC4-SSCO0) at each oscillation frequency under standard clock mode is

shown in Table. GC-8. The detection of START/STOP condition starts immediately after the setting of ESO=1.

*Bit5: SCL/SDA interrupt pin polarity selection bit (SIP)

The interrupt can be generated by detecting the rising edge or the falling edge of ScL pin or SDA pin. SCL/SDA

interrupt pin polarity selection bit selects the polarity of ScL pin or SpA pin for interrupt.

*Bit6 : SCL/SDA interrupt pin selection bit (SIS)

SCL/SDA interrupt pin selection bit selects either ScL pin or SDA pin as SCL/SDA interrupt enable pin.

Note: The ScL/SDA interrupt request may be set when the setting of I2C-BUS interface enable bit ESO changes.
Thus set the interrupt disable before the setting of SCL/SDA interrupt pin polarity selection bit (SIP) and
ScL/SDA interrupt selection bit(SIS). After that reset “0” to the interrupt request bit before enabling the
interrupt.

*Bit7: START/STOP condition generation selecting bit (STSPSEL)

The bit selects the length of set up/hold time when START/STOP condition occurs. The length of set up/hold

time is based on the 12C system clock cycles. Refer to Table GC-9. Set the bit to “1” if 12C system clock frequency

is over 4MHz.
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b7 b6 b5 b4 b3 b2 bl bo

2 " :
| C start/stop condition control register

S

Symbol Address When reset
S2Di(i=0,1) 032516,033516 000110102
Bit Symbol Bit name Function R
SSCO START/STOP condition setting | The setting of the detecting o | o
bits condition of START/STOP
condition.Refer to Table GC-8.—
SSC1 !
Note: Prohibit the setting of © | ©
P "000002" and odd value
0:0
ssc3 |
0.0
SSC4 o 0
sIp SCL/S_DA in;errupt pin polarity 0: Act@ve ?n fal!ing edge o o
selection bit 1: Active in rising edge 1
SIS ScL/SpA interrupt pin selection | O : SDA enable o ‘ o
bit 1:ScL enable !
STSP START/STOP condition 0 : Setup/hold time short mode
SEL generation selection bit 1 : Setup/hold time long mode | O O

Fig.GC-14 I2C start/stop condition control register

Table.GC-8 Recommended setting value (SSC4 - SSCO) start/stop condition at each oscillation frequency

Oscillation I2C system 12C system | SSC4-SSCO ScL release Setup time | Hold time
f(XIN) (MHZz)| clock selection |clock(MHZz) time(cycle) (cycle) (cycle)

10 1/2f1 5 XXX11110 6.2us (31) 3.2us (16)| 3.0us (15)

8 1/2f1 4 XXX11010 6.75us(27) 3.5us (14)| 3.25ps(13)

XXX11000 6.25us(25) 3.25us(13) | 3.0us (12)

8 1/8f1 1 XXX00100 5.0us (5) 3.0us (3) | 2.0us (2)

4 1/2f1 2 XXX01100 6.5us (13) 3.5us (7) | 3.0us (6)

XXX01010 5.5us (11) 3.0us (6) | 2.5us (5)

2 1/2f1 1 XXX00100 5.0us (5) 3.0us (3) | 2.0us (2)

Note: Do not set odd value or “000002” to START/STOP condition setting bits
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START Condition Generation Method

When ESO bit of the 12C control register is “1” and the BB flag of 12C status register is “0”, writing “1” to the
MST, TRX, and BB bits and “0” to the PIN and low-order 4 bits of the 12C status register (address 032816,
033816) simultaneously enters the standby status to generate the start condition. The start condition is gen-
erated after writing slave address data to the 12C data shift register. After that, the bit counter becomes “0002”
and 1 byte ScL are output. The START condition generation timing is different in the standard clock mode
and the high-speed clock mode. Refer to Fig.GC-17 the START condition generation timing diagram, and
Table GC-9 the START condition generation timing table.

Interrupt disable

No
BB=0?
Yes
’ S1i=E016 ‘ Start condition standby status setting
’ SOi=Data ‘ Start condition trigger occur.
00 Data=Slave address data

’ Interrupt enable ‘

Fig.GC-15 Start condition generation flow chart
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Function of protection of duplicate START condition

It is necessary to verify that the bus is not in use via BB flag before setting up a START Condition. However,
there is a possibility that right after the verification of BB flag, the BB flag becomes to “1” because a START
condition is generated by another master device .In this case, the function to interrupt the start condition is
built in.When the function starts, it works as follows:

*The prohibition of setting up START condition standby

If the START condition standby has been set up, releases it and resets the bits of MST and TRX.

«The prohibition of writing to the 12C data shift register (The prohibition of generating a START condition
trigger)

«If the generation of start condition is interrupted, sets the AL flag.

The function of protection of duplicate START condition is valid from the falling edge of Spa of START
condition to the completion of slave reception. Fig.GC-16 shows the valid period of the function of protection
of duplicate START condition.

ScL —\—‘ 1 clock 2 clock 3 clock LEE J 8 clock ACK clock

1 bit >< 2 bit 3 bit 8 bit ACK bit

The valid period of protection of duplicate START condition

Fig.GC-16 The valid period of the function of protection of duplicate START condition
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STOP Condition Generation Method

When the ESO bit of the 12C control register is “1”, writing “1” to the MST and TRX bits, and “0” to the BB, PIN
and low-order bits of the I2C status register simultaneously enters the standby status to generate the stop
condition. The stop condition is generated after writing dummy data to the 12C data shift register. The STOP
condition generation timing is different in the standard clock mode and the high-speed clock mode. Refer to
Fig.GC-18, the STOP condition generation timing diagram, and Table GC-9, the STOP condition generation
timing table. Do not write data to 12C status register and 12C data shift register, before BB flag becomes to “0”
after the instruction to generate the stop condition to avoid the influence on generating STOP condition wave-
form.

12C data shift register |—|'
write signal !

Fig.GC-17 Start condition generation timing diagram

IZC data shift register M

write signal

Hold -

L
I
I
! K

-d4--  time -
I

I
1

ScL 4‘ Setup
! time

Soa '

Fig.GC-18 Stop condition generation timing diagram

Table.GC-9 Start/Stop generation timing table

Iltem | Start/Stop condition generation Standard clock mode High-speed clock mode
selection bit

Setup “0” 5.0us (20 cycle) 2.5us (10 cycle)

time “1” 13.0us (52 cycle) 6.5us (26 cycle)

hold “0” 5.0us (20 cycle) 2.5us (10 cycle)

time “1” 13.0us (52 cycle) 6.5us (26 cycle)

Note: Viic = 4MHz

As mentioned above, Writing “1” to MST and TRX bits.

Writing “1” or “0” to BB bit, writing “0” to PIN and low-order 4 bits, simultaneously sets up the START or STOP
condition standby. It releases Sba in START condition standby, makes SDA to “L” in STOP condition
standby. The signal of writing to data shift register triggers the generation of START/STOP condition. In the
case of setting MST, and TRX to “1” but do not want to generate a START/STOP condition. Write “1” to the
low-order 4 bits simultaneously. Fig.GC-10 illustrates the function of writing to status register.

Table.GC-10 The function of writing to status register

The value of the data writing to status register Function
MST |TRX|BB | PIN | AL | AAS | ASO | LRB
1 1 1 0 0 0 0 0 Setting up the START condition stand by in master transmission mode
1 1 0 0 0 0 0 0 Setting up the STOP condition stand by in master transmission mode
o/1 |0/1 | - 0 1 1 1 1 Setting up the communication mode (refer to the description on I2C status register)
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START/STOP Condition Detecting Operation
The START/STOP condition detection operations are shown in Fig.GC-19, GC-20 and Table.GC-11 The
START/STOP condition is set by the START/STOP condition set bit. The START/STOP condition can be de-
tected only when the input signal of the ScL and SDA pins satisfy with three conditions: ScL release time, setup
time, and hold time (see Table.GC-11). The BB flag is set to “1” by detecting the START condition and is reset
to “0” by detecting the STOP condition. The BB flag set/reset timing is different in the standard clock mode and
the high-speed clock mode. Refer to Table GC-11, the BB flag set/reset time.

!
i
BB flag |
|
i

T
I
-4
|
!
I
‘L -set time
I

BB flag

Fig.GC-19 Start condition detection timing diagram

- Sci release time- - - - — — — —, |

I |

ScL | |
_IL Setup ~ l o Hold .

| time | time ‘

SpA w i !
1 | [

| | BB flag } |

[ L resettime -, |

[ ! | l

BB flag : : | ‘

Fig.GC-20 Stop condition detection timing diagram

Table.GC-11 Start/Stop generation timing table

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Standard clock mode

High-speed clock mode

ScL release time

SSC value + 1 cycle (6.25pus)

4 cycle (1.0ps)

Setup time SSC value + 1 cycle < 4.0us (3.25us) 2 cycle (0.5us)
2
Hold time SSC value cycle <4.0us (3.0us) 2 cycle (0.5us)
2
BB flag set/reset SSCvalue -1 +2 cycle (3.375us) 3.5 cycle (0.875us)
time 2

Note: Unit : Cycle number of system clock Viic
SSC value is the decimal notation value of the START/STOP condition set bits SSC4 to SSCO.
Do not set “0” or an odd number to SSC value. The value in parentheses is an example when the
I2C START/STOP condition control register is set to “1816” at Viic = 4 MHz.
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Address Data Communication

There are two address data communication formats, namely, 7-bit addressing format and 10-bit addressing
format. The respective address communication formats are described below.

(1) 7-bit addressing format

To adapt the 7-bit addressing format, set the DBIT SAD bit of the I2C control register 0 (address
032316,033316) to “0”. The first 7-bit address data transmitted from the master is compared with the high-
order 7-bit slave address stored in the 12C address register (address 032216,033216). At the time of this
comparison, address comparison of the RBW bit of the I2C address register (address 032216,033216) is not
performed. For the data transmission format when the 7-bit addressing format is selected, refer to Fig.GC-21
(1) and (2).

(2) 10-bit addressing format

To adapt the 10-bit addressing format, set the DBIT SAD bit of the 12C control register 0 (ad-
dress032316,033316) to “1”. Also set the WIT bit of I2C control register 1 to “1”. An address comparison is
performed between the first-byte address data transmitted from the master and the 8-bit slave address
stored in the 12C address register (address 032216,033216). At the time of this comparison, an address
comparison between the RBW bit of the 12C address register (address 032016,033016) and the R/W bit
which is the last bit of the address data transmitted from the master is made. In the 10-bit addressing mode,
the RBW bit which is the last bit of the address data not only specifies the direction of communication for
control data, but also is processed as an address data bit.

When the first-byte address data agree with the slave address, the AAS bit of the 12C status register (address
032816,033816) is set to “1”. After the second-byte address data is stored into the I2C data shift register
(address 32016,33016), perform an address comparison between the second-byte data and the slave ad-
dress by software. When the address data of the 2 bytes agree with the slave address, write “0” to the
ACKBIT to I2C clock control register, to return an ACK. When the address data of the 2 bytes do not agree
with the slave address, it does not return an ACK so that makes the finish of the communication by writing “1”
to the ACKBIT. If the address data agree with each other, set the RBW bit of the 12C address register
(address 032216,033216) to “1” by software. This processing can make the 7-bit slave address and R/W data
agree, which are received after a RESTART condition is detected, with the value of the 12C address register
(address 032216,033216). For the data transmission format when the 10-bit addressing format is selected,
refer to Fig.GC-21(3) and (4).
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(1) A master-transmitter transmits data to a slave-receiver

S Slave address RW| A Data A Data AIA P
7 bits 0" 1-8 bits 1-8 bits
(2) A master-receiver receives data from slave-transmitter
S Slave address RW| A Data A Data A P
7 bits ‘1 1-8 bits 1-8 bits

(3) A master-transmitter transmits data to a slave-receiver with a 10-bit address

Slave address Slave address

S 1 st 7 bits RIW A 2nd byte A Data A Data AA P
7 bits “0” 8 bits 1-8 bits 1-8 bits
(4) A master-receiver receives data from slave-transmitter with a 10-bit address
Slave address W\ Slave address Slave address A A
S 1 et7 bits RW | A 2nd byte A Sr |1t 7 bits RW | A Data A Data A P
7 bits “0” 8 bits 7 bits “1r 1-8 bits 1-8 bits
S : START condition P : STOP condition
A : ACK bit R/W : Read/Write bit
Sr : Restart condition

Fig.GC-21 Address data communication format
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Example of Master Transmission

An example of master transmission in the standard clock mode, at the ScL frequency of 100 kHz and in the

ACK return mode is shown below.

1)Set a slave address in the high-order 7 bits of the 12C address register and “0” into the RBW bit.

2)Set the ACK return mode and ScL = 100 kHz by setting “0016” in the 12C control register 1 and “8516” in the
I2C clock control register respectively. (f(XIN)=8MHz)

3)Set “0016” in the 12C status register so that transmission/reception mode is initialized.

4)Set a communication enable status by setting “0816” in the 12C control register 0.

5)Confirm the bus free condition by the BB flag of the 12C status register.

6)Set “EO16” in the I2C status register to setup a standby of START condition.

7)Set the destination address data for transmission in high-order 7 bit of 12C data shift register and set “0” in
the least significant bit. And then a START condition occurs. At this time, ScL for 1 byte and an ACK clock
automatically generate.

8)Set transmission data in the 12C data shift register. At this time, an ScL and an ACK clock automatically
generate.

9)When transmitting control data of more than 1 byte, repeat step 8).

10)Set “C016” in the I2C status register to setup a STOP condition if ACK is not returned from slave reception
side or transmission ends.

11)A STOP condition occurs when writing dummy data to 12C data shift register.

Example of Slave Reception
An example of slave reception in the high-speed clock mode, at the ScL frequency of 400 kHz, in the ACK
return mode and using the addressing format is shown below.
1)Set a slave address in the high-order 7 bits of the 12C address register and “0” in the RBW bit.
2)Set the ACK clock mode and ScL = 400 kHz by setting “0016” in the 12C control register 1 and “A516” in the
12C clock control register respectively. (f(XIN)=8MHz)
3)Set “0016” in the 12C status register so that transmission/reception mode is initialized.
4)Set a communication enable status by setting “0816” in the 12C control register 0.
5)When a START condition is received, an address comparison is performed.
6)*When all transmitted addresses are “0” (general call):
ADO of the I2C status register is set to “1” and an interrupt request signal occurs.
*When the transmitted addresses agree with the address set inl):
ASS of the 12C status register is set to “1” and an interrupt request signal occurs.
«In the cases other than the above ADO and AAS of the 12C status register are set to “0” and no interrupt
request signal occurs.
7)Set dummy data in the 12C data shift register.
8)After receiving 1 byte data, it returns an ACK automatically and an interrupt request signal occurs.
9)In the case of whether returning an ACK or not by the content of the received control data, set the WIT bit of
12C control register 1 to “1”, and after writing dummy data to I2C data shift register, receives the control data.
10)After receiving 1 byte data, an interrupt request signal occurs, set the ACKBIT to “1” or “0” by reading the
content of the data shift register. and then returns or does not return an ACK.
11)When receiving control data of more than 1 byte, repeat step 7) 8) or 7) 10).
12)When a STOP condition is detected, the communication ends.
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Usage precautions

(1) Access to the registers of 12C-BUS interface circuit
The precaution of read/write to the control registers of 12C-BUS circuit is as follows.
+|2C data shift register (SOi : 032016, 033016)
Do not write the register during transfer. The transfer bit counter will be reset and makes data communication
incorrect.
*|2C address register (SODi : address 032216, 033216)
After the detection of a STOP condition, RBW is reset by H/W. Do not read/write the register at the time,
because data may become undetermined. Fig.GC-22 shows the RBW bit H/W reset timing.
+12C control register 0 (S1Di : address 032316, 033316).
After the detection of a START condition or the completion of 1 byte transfer, bit counter (bits BCO - BC2)
is reset by H/W. Do not read/write the register at the time, because data may become undetermined.
Fig.GC-23, GC-24 show the bit counter H/W reset timing.
«12C clock control register (S2i : address 032416, 033416)
Do not write to this register except ACKBIT during transfer. The 12C clock generator will be reset and
makes transfer incorrect.
*12C control register 1 (S3Di : address 032616, 033616)
Write 12C system clock selection bits when 12C-BUS interface enable bit (ESO)is in disable state. By read-
ing the data reception completion interrupt enable bit (WIT), the internal WAIT flag will be read. Thus, do
not use bit manipulation (read-modify-write instruction) to access the register.
*|2C status register (S1i : address 032816, 033816)
Do not use bit manipulation (read-modify-write instruction) to access the register because all bits of this
register are changed by H/W. Do not read/write during the timing when communication mode setting bits
MST and TRX are changed by H/W. Data may become undetermined. Fig.GC-22, GC-23, and GC-24
show the change timing of MST and TRX bits by H/W.

ENESAS

RenesasTechnology Corp.

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER



Rev.1.0 Mitsubishi microcomputers

M16C / 6K7 Group
MULTI-MASTER I2C-BUS Interface SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
.}

ScL

SDA

BB flag [E
Bit reset signal LT
>

MST

Related bits
{ TRX

1.5Viic cycl
RBW J 5Viic cycle

Fig.GC-22 The timing of bit reset (The detection of STOP condition)

ScL

SpA l

BB flag ! :
| |

Bit reset signal
Related bits

BCO - BC2
TRX(slave mode)

Fig.GC-23 The timing of bit reset (The detection of START condition)

PIN bit

]
. The bits referring[ BCO-BC2 _—

) ) h H to reset| MST(When in arbitration lost)

Bit reset signal : TRX(When in NACK reception in slave
<« transmission mode)
. . [_| 2Viic cycle

Bit set signal »: JF The bits referring | TRX(ALS="0" meanwhile the slave

L to set | reception R/W bit = "1"
1Vic cycle

Fig.GC-24 Bit set/reset timing ( at the completion of data transfer)
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(2) Generation of RESTART condition
After 1 byte data transfer, a RESTART condition standby can be set up by writing “E016” to 12C
statusregister and the SpA pin will be released. Wait in software until SDA become “H” stable and then
owing to writing to 12C data shift register a START condition trigger will be generated. Fig.GC-25 shows
the restart condition generation timing.

(3) limitation of internal clock O
The registers of I2C-BUS interface circuit can not be read from or written to if the internal clock up selected
to sub clock (XcIN, XcouT) by system clock selection bit (system clock control register 0, address 000616,
CMO7 bit). Please select main clock (XIN, XouT) in read/write.

ScL 8 clock ACK

clock
SDA >\

S1i writing signal
( Set the standby of start condition)

H Insert software wait

SO0i writing signal H
(START condition trigger generation) :

Fig.GC-25 The time of generation of RESTART condition
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PS2 Interface
PS2 interface is supported by 3 channels of serial transmission/reception circuit which is based on PS2
standard specifications.
There are two signal lines, used by PS2 interface : PS2 data(DAT) and PS2 clock(CLK).

The DAT and CLK signal lines are bidirection and should be connected to positive power supply via external
pull-up resistors. These two pins are N-channel open drain output. While bus is released, the states of DAT
and CLK is “High”. Fig.GK-1 shows the system configuration.

Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

DAT
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

CLK

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

fffffffffffffffffffffffffffffffffffffffffffffff

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Control side

P

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Device side

TE }—O%put

DAT

CLK |

put

Fig.GK-1 System configuration
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The PS2 interface performs 1 byte data transfer with the format shown in Fig.GK-2.
Table GK-1 shows the communication specification.

Table GK-1 Communication specification

ltem Specification
Data transfer format *Start bit 1 bit
*Data bit : 8 bits (LSB first)
*Parity bit : 1 bit (Odd)
*Stop bit 1 bit
*Acknowledge : 1 bit (Transmission only)

Transfer clock

*Using the clock, which is synchronized with the sampling clock of PS2
clock (CLK)

Reception start condition

*The following conditions should be met for reception start
1) Setting reception enable bit to “1”
2) The detection of “L” on both PS2 clock (CLK) and PS2 data (DAT) lines

Transmission start condition

*The following conditions should be met for transmission start
1) Setting transmission data to PS2i shift register
2) Setting transmission enable bit to “1”

Transfer abort

*The following conditions should be met for transfer abort
1) Setting transfer interruption bit to “1”
2) The transfer completion flag becomes “1”

Interrupt request generation
timing

*In reception: At the completion of stop bit reception
*In transmission: At the completion of ACK bit reception.
*In transfer interruption: At the completion of transfer interruption

Error detection

*Parity error (In reception)
It occurs when there is a parity error in data reception
*Framing error (In reception)
It occurs when the detection of stop bit of reception data fails.
*Abnormal acknowledge reception (In transmission)
It occurs when NAK is received from a device side after the data
transmission

Selection function

*Sampling clock selection
Selecting the clock which samples the PS2 clock (CLK) and PS2 data (DAT)

206
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In reception

Data :8-bit

Parity :0Odd 10-bit
Stop :1 bit

1START‘ DO \ D1 \ D2 \ D3 \ D4 \ D5 \ D6 \ D7 \PARITY\STOP

) 1 byte data format

N}
v 2,

1
! |
! I
+ I
! I
! I
! I
! I
p

! 1
! 1

In Transmission

Data :8-bit
Parity :Odd 11-bit
Stop :1 bit

Acknowledge :1 bit

TSTART\ DO \ D1 \ D2 \ D3 \ D4 \ D5 \ D6 \ D7 \PARITY\STOP ACKINAK]

L

3 1 byte data format

|

|

1

|

3

AY d
|

Fig.GK-2 1 byte data format
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Fig.GK-3 shows the PS2 interface overall block diagram.
Fig.GK-4 shows the transmission/reception block diagram.

‘ Internal data bus

PS2 mode register (02AC16) @

HNEEENEN
Wt

Pin selection
Control stop
PS2Bi(i=0-2) ‘
Q—»—‘_‘ CLK output ‘
L
DAT output |
P Cho
Transmission/
reception Interrupt request 0
section D
PS2Ai(i=0-2) CLK input
Q—»—L DAT input
Chl
Transmission/
reception Interrupt request 1
tion >
’\n " Secl
=
Port control section
Sampling clock | [
1 1/4 selection Ch2 B
D Divider 18 Transmission/ Interrupt request 2
EE— Sampling clock reception
section
1/16 - >
1/32 N

Fig.GK-3 PS2 interface block diagram
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Internal data bus

Sampling clockD J

PS2i shift register
(02A016,02A416,02A816)

DAT output

|

CLK input 3—»
DAT input 3—>

> Reception |------ —
Synchronization| | Start
|, detection | —
circuit
Shift enable
Reception enable

Transfer abort

Transmission

PS2i control register
(02A216,02A616,02AA16)

17

enable

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ All bits clear
}(—

Transmission/reception
control circuit

Reception process
section

« Completion detection
« Parity generation

CLK output

Reception completion

PE & FE Transfer

Transmission process
section

Completion detection

« Parity generation

« Acknowledge reception

Communication status flags ‘

completion

Transmission completion

Acknowledge result
)

process circuit

D

—

Error flag refresh

Transfer completion
flag refresh

PS2i status register

(02A116,02A516,02A916)

L

Internal data bus

Interrupt request

Fig.GK-4 Transmission/reception section block diagram (One channel)
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(1) Register description
e PS2i shift register
» Transmission/reception data
(1) Data reception
The reception data are stored.
(2) Data transmission
By writing the transmitted data to the register, data transmission is ready to start. PS2 data (DAT) will
become “L” automatically (transmission start).

PS2i Shift register symbol Address Reset value

b7 b6 b5 b4 b3 b2 bl b0 PS20SR 02A016 0016

L] | PS21SR 02Ad15 0016

R PS22SR 02A816 0016

T symbol Bit name Function R W

L] Transmission/reception |
data 0,0

Fig.GK-5 PS2i shift register
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e PS2i Control register
* Reception enable bit (REN)

The data reception is allowed when this bit is set to “1”. The PS2 clock (CLK) will become to “H” (reception

enable status) automatically.

This bit will be cleared to “0” automatically after the completion of data reception and PS2 clock (CLK) will

become “L” (reception disable status) .

If this bit is needed wants to be cleared after setting it to “1” but before the transfer completion flag is
set, set reception enable bit = “0", transfer abort request bit = “0” and proccess the transfer abort simultaneously.

» Transmission enable bit (TEN)

After writing transmission data to the PS2i shift register, setting the bit to “1” makes data transmission

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. __________________________________________________________________________________________________________________________|

enabled and PS2 clock (CLK) will become “H” automatically (transmission enable status).

This bit will be cleared to “0” automatically after the completion of data transmission and PS2 clock (CLK)

will become “L” (transmission disable status).

If this bit is needed to be cleared after setting it to “1” but before the transfer completion flag is set, set
reception enable bit = “0”, transfer abort request bit = “0” and proccess the transfer abort simultaneously.

« Transfer abort request bit (RSTOP)

This bit is used to abort the data transfer procession.

At the completion of transfer abort procession, the transfer completion flag and transfer abort flag of
PS2i status register are set to “1”, the bit is cleared to “0” automatically and PS2 clock (CLK) will become

“L” ( reception disable status).

After “L” is output to the PS2 clock (CLK), do not execute the following transmission/reception before the

device recognizes the transfer abort request.

PS2i control register
Symbol Address Reset Value
b7 b6 b5 b4 b3 b2 bl bo PS20CON 02A216 0016
PS21CON 02A616 0016
e T PS22CON 02AA16 0016
oo Bit Symbol Bit name Function R
P P ¢+ <1 REN Reception enable bit 0 : Disable O O
oo E v 1: Enable !
, E i R TEN Transmission enable bit 0 : Disable O | 0
R 1: Enable
R RSTOP Transfer abort request bit 0 : No transfer abort
N 1 : Transfer abort O ‘ O
(A A R Nothing is allocated. ‘
Meaningless in writing, "0" in reading. !

Fig.GK-6 PS2i control register
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e PS2i status register

« Transfer completion flag (TI)
The flag is set to “1” at the completion of transmission/reception and the completion of transfer abort.
The flag is cleared at read out from PS2i shift register or when the reception enable bit is changed from “0”
to “1”.

* Receiving flag (RF)
The flag is set to “1” during the data reception.
The flag is cleared automatically after the data reception or after the transfer abort.

» Reception abort incognizable flag (CD)

The flag is set in the case that device side can not recognize the abort even if the reception abort is requested.

(The flag is set in the period between the completion of data bit 6 reception and the completion of stop bit

reception.) The flag is cleared automatically after the completion of data reception or after the completion

of transfer abort.

O Note that during the period when the flag is set, the device side can not recognize the reception abort
request even if the tranfer abort is executed. Thus the data that the transfer abort is requested will not be
resent from device side.

« Transfer status flag (TS)
The flag is set to “1” at the completion of data reception.
The flag is cleared at read out from PS2i shift register or when the reception enable bit is changed from “0”
to “1”.

* Parity error flag (PE)
This bit is set to “1” when parity error occurs in received data.
The flag is cleared at read out from PS2i shift register or when the reception enable bit is changed from
“017 to 5(117.

« Framing error / NACK reception flag (FE)
At the completion of reception: The flag is set when the detection of stop bit of reception data fails.
At the completion of transmission: The flag is set when NAK is received from the device side.
The flag is cleared at read out from PS2i shift register, the reception enable bit or the transmission bit is
changed from “0” to “1".

« Transfer abort completion flag (CC)
This bit is set to “1” when transfer abort procession is completed.
The flag is cleared at read out from PS2i shift register, or when the reception enable bit or the transmission
bit is changed from “0” to “1”.
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PS2i status register
Symbol Address Reset Value

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | PS20STS 02Al1s 0016
N L PS21STS 02A516 0016
. E e PS22STS 02A916 0016
Pl b r L Bt Symbol Bit name Function W
E 1 E E E E E E. TI Transfer completion fla 0 : Waiting for transfer , i
e P g During transfer O X
R 1 : Communication complete .
R RF | Receiving flag o scoma 0ix
! ! ! Pt : 1 : During receiving .
s CD Reception abort incognizable 0 : Recognizable Y
P flag 1 : Incognizable !
R T P TS Transfer status flag 0 : Transmission operation | w
o 1 : Reception operation '
E E ' ] PE Parity error flag 0 : No error
P 1: Error O X
] FE Framing error / 0 : No error o >
o NACK reception flag 1: Error
S cc Transfer abort completion flag | O : Not abort
: 1: Abort SRR
S Nothing is allocated.

Meaningless in writing, "0" in reading. T

Fig.GK-7 PS2i status register
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e PS2 mode register

« Sampling clock selection bits (SCKO0,1)
These two bits select clock frequency for sampling PS2 clock (CLK) and PS2 data (DAT).
The relation between main clock (XiN) and sampling cycle is shown in table below.

XIN Setting value 1/4 1/8 1/16 1/32
8MHz 0.5un 1.0p 2.0u 4.0p
5MHz 0.8u 1.6p 3.2u 6.4

OSampling clock , which samples each line periodically, is used for avoiding the reflection from
each line. The sampling clock will be delayed by internal circuit around 1 cycle. Thus, set the
samplingclock as fast as possible.

« Pin selection bit (PSEL)
This bit is for selecting PS2 clock (CLK) or PS2 data (DAT) to connect to PS2Bi (i=0 to 2) .PS2Bi are external
interrupt input pins. The bit setting definition is shown in table below.

Pin selection bit PS2Bi (i=0to 2)
“0” PS2 clock (CLK)
“1” PS2 data (DAT)

* PS2 interface enable bit (PSEN)

The PS2Ai (i= 0 to 2) and PS2Bi (i= 0 to 2) will be disconnected to hardware PS2 control section and become
GPIO port when the bit is “0".

The PS2Ai and PS2Bi will be connected to hardware PS2 control section when this bit is “1”.
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PS2 mode register

b7 b6 b5 b4 b3 b2 bl bo

| 0 | | | [><| | | | Symbol Address Reset Value

o T PS2MOD 02AC1s 0016

v 4 1 1 Bit Symbol Bit name Function R!IW
: E - E HE SCKO Sampling clock 00 : Main clock /4 O E O
, : selection bits 01 : Main clock /8 !
oo v 10 : Main clock /16 '
A SCK1 11 : Main clock /32 !

E E i E E ] PSEL . . . 0 : PS2B connects to PS2 clock(CLK) H
oo Pin selection bit 1: PS2B connects to PS2 data(DAT) | O ©
. S S Nothing is allocated.
oo Meaningless in writing, "0" in reading. !
S PSENO , _ |0:P70,P73as GPIO 5
T PS2 interface enable bits | 1 . p70' P73 as PS2A0 PS2B0 0.0
R S PSEN1 0:P71,P74 as GPIO o6
b 1:P71,P74as PS2A1,PS2B1 5
L] PSEN2 0:P72,P75 as GPIO o0
: 1:P72,P75 as PS2A2,PS2B2 '
----------------------- Reserved bit Must be set to "0". O E O

Fig.GK-8 PS2 mode register
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(2) Operation description
e Basic setting
The following items should be set for PS2 mode register (address 02AC16) set when PS2 interface is used.
* PS2 interface enable bit
Set the PS2 interface enable bits (bit4 to 6 of PS2 mode register) to “1” to enable the PS2 channels to be
used. At this time PS2 clock goes “Low” (Receiving disable).
» Sampling clock selection bit
Sampling clock cycle (1/4,1/8,1/16,1/32 of main clock) is selected by setting sampling clock bit (bits 0,1).
« External interrupt function support pin (PS2B) selection
This bit is used to select PS2 clock (CLK) or PS2 data (DAT) for the external interrupt function support pin
(PS2B).
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e Reception operation
Fig.GK-9 shows the reception operation timing.

@ @@@@@@@@@@@@

Wf,’ﬁﬁ,'jIﬁ'?fﬁlﬁﬁl[ﬁ'?f?iﬁ){ﬁ'?f?{ﬁ){ﬁﬁD]?ﬁﬁlt-iiﬁﬁDf%?ﬁ}-i[ﬁfﬁﬁﬁﬁZﬁ'?]?ﬁﬁlééﬁtﬁvﬁW
(Deviceside CLK) L L L L L L L L L L W

(Controller side 77777777 77777777 77777777 77777777 77777777 , :
CLK) 1 1 1 1 1 1 1 1 1 1 1 :
Reception enable bit J

Data receiving flag

Reception abort incognizable flag

-
Transfer completion flag 1

Interrupt request | v |

Fig.GK-9 Reception operation timing

(1) Reception enable
The reception operation is enabled by writing 0116 (reception enable bit = “1") to PS2i control register
(address : 02A216, 02A616, 02AA16). The PS2 clock (CLK) will become “H”.
(2) Reception start
The reception operation starts when both PS2 clock (CLK) and PS2 data (DAT) are detected with “L”".
(3) Data reception (The reception of data and parity bits)
The content PS2 data (DAT) is read into PS2i shift register (address : 02A016, 02A416, 02A816) sequentially
by the falling edge of PS2 clock (CLK). The data transfer sequence is data bit (DO -D7) then parity bit.
(4) Reception completion (Stop bit Reception completion)
By detecting the falling edge of PS2 clock (CLK), the transfer completion flag (bit O of PS2i status register)
is set to “1” after the update of error flag (bit 4 - 6 of PS2i status register) and the reception enable bit
(bit O of PS2i control register) is cleared to “0”. The PS2 clock (CLK) becomes “L” (reception disable
status) and interrupt request occurs.
(5) Data read out
Read out data from PS2i shift register (address : 02A016,02A416,02A816). At this time , the error flags
(Bit4 to 6) of and transfer completion flag (bit 0) of PS2i status register (address: 02A116, 02A516, 02A916)
will be cleared to “0”.
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e Transmission operation
Fig.GK-10 shows the transmission operation timing.

@®©®©©®©©©®©@@@

(Device side DAT)
(Controller side DAT)
CLK

(Device side CLK)
(Controller side

CLK)
Transmission enable flag

Transfer completion flag

Interrupt request

Fig.GK-10 Transmission operation timing

(1) Data writing
Write transmission data to PS2i shift register (address : 02A016, 02A416, 02A816). At this time,PS2 data
will become “L” (transmission start).

(2) Transmission enable
Set 0216 (Transmission enable bit = “1") to PS2i control register (address : 02A216, 02A616, 02AA16) for
enabling transmission operation. At this time , PS2 clock (CLK) will become “H”.

(3) Data transmission (The transmission of data, parity and stop bits)
The content of PS2i shift register (address : 02A016, 02A416, 02A816) will be output to the PS2 data
(DAT) sequentially by the falling edge of PS2 clock (CLK). The sequence of data transfer is data bits (DO
to D7) , Parity bit, and stop bit.

(4) Acknowledge reception
The content of acknowledge bit will be read by the falling edge of PS2 clock (CLK).

(5) Communication completion
The communication opeartion is completed by detecting “H” on both PS2 clock (CLK) and PS2 data
(DAT). After the update of error flag (bit 4 - 6 of PS2i status register), the transfer completion flag (bit O of
PS2i status register) is set to “1” and the reception enable bit (bit 0 of PS2i control register) is cleared to
“0”. At this time, PS2 clock (CLK) becomes “L” (reception disable status) and the interrupt request occurs.

(6) Status clear
Read out the data from PS2i shift register (address : 02A016, 02A416, 02A816). At this time , the error flags
(bits 4 to 6) and transfer completion flag (Bit0) of PS2i status register (address : 02A116, 02A516, 02A916)
will be cleared to “0”.
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e Transfer abort operation
Fig.GK-11 shows the transfer abort operation timing.

® © 9 © 0 o @ @

(Device side CLK) %LLLLL ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(Controller side S """" """" l
CLK) L
Transfer abort request bit : ! ! : ' T_l

Reception abort incognizable flag

Transfer abort completion flag T—l
Transfer completion flag 8 ‘

Interrupt request

Fig.GK-11 Transfer abort operation timing ( reception)

(1) - (3) Data reception operation

(4) Transfer abort request
Set 0416 (transfer abort request bit = “1”) to PS2i control register (address : 02A216, 02A616,02AA16).

(5) Transfer abort completion
The transfer abort completion flag (bit 6) and transfer completion flag (bit 0) of PS2i status register
(address : 02Al116, 02A516, 02A916) are set to “1”, transfer abort request bit (bit 2) of PS2i control register
(address : 02A216, 02A616, 02AA16) is cleared to “0”. At this time, PS2 clock (CLK) becomes “L” (recep-
tion disable status) and interrupt request occurs.

(6) Status clear
By a pseudo read of PS2i shift register (address : 02A016, 02A416, 02A816), the transfer abort completion
flag (bit 6) and transfer completion flag (bit 0) of PS2i status register (address : 02A116, 02A516, 02A916)
are cleared to “0".

Note: Do not execute the following transmission/reception during the period between the “L” output from
PS2 clock (CLK) and the transfer abort request recognition of the device.
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Programmable 1/0O Ports

There are 129 programmable 1/O ports: PO to P16 (excluding P85). 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 N
channel open drain ports P60 to P63, P70 to P77, P80 to P84, P130 to P137 and P85 (input only port) do not
build internal pull-up resistance.

Fig.UA-1 to UA-6 show the configurations of programmable 1/O ports.

Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices.

To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con-
verter), they function as outputs regardless of the contents of the direction registers. When pins are used as
the outputs for the D-A converter, do not set the direction registers to output mode. See the descriptions of
the respective functions for how to set up the built-in peripheral devices.

(1) Direction registers

Fig.UA-7 shows the configurations of direction registers.

These registers are used to choose the direction of the programmable 1/O ports. Each bit in these registers
corresponds one for one to each I/O pin.

Note: There is no direction register bit for P8s.

(2) Port registers

Fig.UA-8 shows the configurations of port registers.

These registers are used to write and read data for input and output to and from exterior. 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 I/O pin.

(3) Pull-up control registers

Fig.UA-9 and UA-10 shows the configurations of 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 control register
Fig.UA-11 shows the configurations of port control register 0, 1. Fig.UA-12 shows the configuraitons of port
control register 2, 3. The bit O of port control resister O is used to read port P1 as follows:
0 : When port P1 is input port, port input level is read.
When port P1 is output port , the contents of port P1 register is read.
1: The contents of port P1 register is read always. (neither input port nor output port)
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The PO, P1, P40 to P46, P11 and P14 output type, CMOS or N channel open drain, are set by bit O to 6 of port
control register 1 and bit 0 to 2 of port control register 3.

0 : CMOS output

1: N channel open drain output
Exception: P42 output type is N channel open drain if either bit 4 of port control register 1 or bit 2 of port
control register 3 is set to “1”".

Bit 7 of port control registerl functions as below
0 : P40/P43 output is cleared by software only
1 : P40/P43 output is cleared by software or when output buffer 0 is read by host side.

The driving ability of N channel output transistors for P140 to P143 can be selected by bit 6 of port control
register 2 controls as below:

0 : Driving ability of N channel open drain output transistor is LOW

1 : Driving ability of N channel open drain output transistor is HIGH

(5) Port P4/P7 input register
Fig.UA-13 shows the configurations of P4 and P7 input register.
By reading the registers, the input level of the corresponding pins can be known regardless the input/output
mode.These two registers can be read regardless port direction setting. And the ports level will be read out.
Port4 : Bit 0 to bit6's level will be read out. And bit7 is always “0”.
Port7 : Bit 0 to bit5's level will be read out. And bit6,7 is always “0”".

(6) Port function selection register 0,1

Fig.UA-14 shows the configurations of port function selection register 0,1. The port functions of UARTO to
UART2 output, TimerAO to TimerA2 output, TimerB3,B4 input or external interrupt INT6 to INT12 input can
be switched by setting these two registers. And by setting bit6,7 of port function selection register 1, the
same frequency clock with f(XIN) can be output from P66 and P67.
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P00 to PO7
Plloto P117
P140 to P147

P12, Ple

P13, P43to P46

Plo, P11, P14, P15, P17
P40 to P42

Data bus —‘—| Port latch

A

Output formality
selection bit

Pull-up selection
D\rectlon register’ ;D—jt j

LT

Pull-up selectio
D\rect\on register ’ED—j,l_‘ j

Data bus

A

Output formality
selection bit

—| Port latch

i/ Zﬂ

Pull-up selection

Direction register

function

A

Data bus

/\

—| Port latch

Output formality
selection bit Output

AW

—

/

—

/

Pull-up selection

Direction register

Databus ——4

|

Output formality

H

selection bit

Output:

—| Port latch

Input respi function q‘l
(Note) ----- {¢---- symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc each port.

(Note)

(Note)

Fig.UA-1 Programmable I/O ports (1)
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P126, P127
P153 to P157

P21, P24 to P27, P50 to P57
P91, P97

P120 to P126

P160, P161

P47

P20, P22, P23, P30 to P37

P150 to P152, P64 to P67, P90, P92

Pull-up selection

Direction register

/\

Data bus —‘—| Port latch

/

'ne
o

BT

/

Pull-up selection

Direction register

]

o

(Note)

Data bus —‘—| Port latch

T

Input to respective peripheral function

Pull-up selection

Direction register

/\

)

E (Note)

¥

Outpu(—Qj\G
Data bus —‘—| Port latch 0

/

/

Pull-up selection

Direction register

|

_H_..L.H.<__.¢

(Note)

%4__

Data bus —‘—| Port latch

/

/

Input to respective peripheral function

%]7

RN |¢---- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

L

! (Note)

3

Fig.UA-2 Programmable I/O ports (2)
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13010 P137

/

b
~
Data bus Port latch \ 4 O
i (Note)
T

e —

/

P76 to P77, P80 to P84

Data bus Port latch ‘.[' O
:jT i (Note)
TIT

Input to respective peripheral function @I

}A

[N

P60 to P63, P70 to P75

]

[e]

|
Output
[ Portlatch |

|
Data bus Port latch ;Q‘\O J ? O
\—DO—LDT *
ﬁT i (Note)

T

T

Input to respective peripheral function 4}

Note. ------ I{-—-- symbolizes a parasitic diode.

Fig.UA-3 Programmable 1/O ports (3)
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P100, P101 (Excepting the short dashes line section)
P102 to P107 (Including the short dashes line section)

Data bus

Pull-up selection

Direction register

/\

[ Portlatch }

T o
1=

P93, P94

Data bus

Port latch

e
L.

J
]
]
1

Pull-up selection

DA output enable

Direction register|

Analog inptt ————————— ¢

/\

[ Portlatch |

Output

oss

q

d
1

—0O
x=

I (Note)
T

-

&=
+

P95

Port latch

Zﬂ Zﬂ

Input to respective peripheral function

Pull-up selection

Direction register

— g

DA output enable

Analog output

Data bus

/\

Port latch

Output

e

S
!

+—0O
*

i (Note)
T

B

L= 1T

P96

L

Input to respective periphe:
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Direction register
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Analog input

Databus ——¢

/\

Output

D—{ Port latch

£
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=
+—CO

x=

1 (Not
i 0

T

e

Analog input ————— |

--- symholizes a parasitic diode

Do not apply a voltage higher than Ve to each port.

B

1 (Note)

3

Fig.UA-4 Programmable I/O ports (4)
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P87

P86

Data bus

Data bus

Pull-up selection
~d —
Hl =
™ portlach | H
Port latch * O
EN
[/l—_ i (Note)
;ﬂT —ly ’
ST i
Input to respective peripheral function %— V Rf
Pull-up selection
Rd
g
< o -
o '
~ | i
Output -QL} =
™ portlach | H
Port latch 0 4 . O
*
T. 1 (Note)
:jT
Note ------] {¢---- symbolizes a parasitic diode.
Do not apply a voltage higher than Vce to each port.

Fig.UA-5 Programmable I/O ports (5)

Mo

RESET

RESET signal input

O

M1 signal input

(Notel)

O

Mo signal input

(Notel)

<

Notel. -=----f I{-»-- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each pin.

O

R e e B o e )

(Notel)

Fig.UA-6 I/O pins
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Port Pi direction register (Notel)

symbol Address When reset

b b6 b b b3 b b bo PDi(i=0-15, except 8) 03E216,03E316,03E616,03E716,03EA16 0016
L] ] 03EB16,03EE16,03EF16,03F316,03F616

02E216,02E316,02E616,02E716,02EA16

Bit symbol Bit name Function RIW

i i i i i i i ' PDi_0 Port Pio direction register OEO

S PDi_1 Port Pi1 direction register 0:lnput mode [oXe)

Por o e - — - (Function as an input port) .

[ Rt PDi_2 Port Pi2 direction register 1 : Output mode 00

Do e PDi_3 Port Pis direction register (Function as an output port) 00

i i i [N PDi_4 Port Pi4 direction register (i=0-15, except 8) OEO

S S PDi_5 Port Pis direction register 0.0

E A PDi_6 Port Pis direction register 0.0

R — PDi_7 Port Pi7 direction register 0.0

Port P8 direction register

P9 direction register.

Note Set bit 2 of protect register(address 000A16) to "1" before rewriting to the port

In an

Nothing is assigned.
attempt to write to this bit, write "0". The value, if read, turns out to be indeterminate

0 : Input mode

b7 b6 b5 bi b3 b2 bl bo Symbol Address When reset

PD8 03F216 00X000002
e Bit symbol Bit name Function RIW
i 4+ 4 4+ a1 4 . =4PD8O Port P8o direction register 0.0
A —— . 0 : Input mode !
E E E E E E PD8_1 Port P81 direction register (Function as an input port) ()3 (@)
i PD8_2 Port P82 direction register 1: Output mode 00
[ T T T Functi tput port] T
 EEEEEE, PD8_3 Port P83 direction register (Function as an output port) 00
E E E I PD8_4 Port P84 direction register oi O

Nothing is assigned.
In an attempt to write to this bit, write "0". The value, if read, turns out to be indeterminate

R EREEEEEEEEEE PD8_6 Port P8e direction register . . o 0
(Function as an input port) |
1 : Output mode i
........................ PD8_7 Port P87 direction register (Function as an output port) 00
Port P16 direction register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
PD16 02EB16 XXXXXX002
Bit symbol Bit name Function RIW,|
Voo E o 0 : Input mode i
br 4 4w 4 ' v LIPD160 Port P160 direction register (Function as an input port) 0'0
Vo E E E o 1 : Output mode |
E ' oo (Function as an output port) "
E P E - PD16_1 Port P161 direction register o EO

Fig.UA-7 Direction register
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Port Pi register Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl bo Pi(i=0 to15 03E016,03E116,03E416,03E516,03E816 Indeterminate
| | | | | | | | | .except 8) 03E916,03EC16,03ED16,03F116,03F416
— T T T T 02E016,02E116,02E416,02E516,02E816
N Bit symbol Bit name Function RIW,
A S Y Port Pio register Data is input and output to and from |01 O
. Pi 1 Port Pi1 register each pin by reading and writing to o o
I - and from each corresponding bit .
e Pi_2 Port Pi2 register 0:"L" level data O O
E E E E o] Pi_3 Port Pis register 1:"H"level data OE le)
T P — Pi_4 Port Pi4 register (i=0-15, except 8) 0.0
T S Pi_ 5 Port Pis register 0.0
i Pi_6 Port Pic register 0.0
EREEEETEPEEPEPPEPEPEEPES Pi_7 Port Pi7 register 0: 0
Port P8 register
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b0 ;
| | | | | | | | | P8 03FO016 Indeterminate
e Bit symbol Bit name Function R'W|
A ) Port P8o register 0: 0
E E E E E E o P8 1 Port P81 register Data is input and output to and from [~ |
I - each pin by reading and writing to and :
e P8 _2 Port P82 register from each corresponding bit O: O
[ I B - 0:"L" level data T
E E E E ----------- P83 Port P83 register 1:"H" level data OE O
P ] P8_4 Port P84 register O O
E ' b o] P8 5 Port P8s register O:X
i P8 6 Port P8s register 0.0
EEEEELETEERLETTELERTREEY P8_7 Port P87 register 0.0
Port P16 register
b7, 06 b5 D b3 b2 bl DO Symbol Address When reset
P16 02E916 Indeterminate
A Bit symbol Bit name Function RIW,
A I Data is input and output to and from |
Vv o 0 o LI PD16.0 Port P160 register each pin by reading and writing to 0.0
A and from each corresponding bit i
HE : : : o 0:"L" level data ‘
- 1:"H" level data |
e PD16_1 Port P161register oo
Vo E Nothing is assigned. l
TTTEToETmRm AT In an attempt to write to this bit, write "0". The value, if read, turns out to be indeterminate[— | —

Fig.UA-8 Port register
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Pull-up control register O

b7 b6 b5 b4 b3

b2 bl bo

Pull-up control register 1

b7 b6

b5 b4 b3 b2 bl b0

Pull-up control register 2

b7 b6

b5 b4 b3 b2

bl b0

HEEE

Feemeeccccccccccccsscccccaa==d

Symbol Address When reset
PURO 03FCi16 0016
Bit symbol Bit name Function R W
PUOO POo to P03 pull-up 0.0
The corresponding port is pulled ’
PUO1 P04 to P07 pull-up high with a pull-up register 6.0
PUO02 Ploto P13 pull-up 0: Not pulled high 00
1: Pulled high :
PUO3 P14 to P17 pull-up o 0O
PU04 P20 to P23 pull-up 00
PUO5 P24 to P27 pull-up o0
PU06 P30 to P33 pull-up o0
PUO7 P34 to P37 pull-up O .0
Symbol Address When reset
PUR1 03FD16 0016
Bit symbol Bit name Function R W
PU10 P4o to P43 pull-u |
P P The corresponding port is pulled o . o
PU11 P44 to P47 pull-up high with a pull-up register 0,0
0: Not pulled high T
PU12 P50 to P53 pull-up 1- Pulled high o0
PU13 P54 to P57 pull-up o0
Nothing is assigned. (Note) i
Can't write to this bit. The value, if read, turns out to be “0". !
PU15 | 6 to P67 pull-up 0.0
Nothing is assigned. (Note) _ _
Can't write to this bit. The value, if read, turns out to be “0”. !
Note.Since P6o to P63 and P70 to P77 are N-channel open drain ports, internal pull-up is not
available for them.
Symbol Address When reset
PUR2 03FE16 0016
Bit symbol Bit name Function RIW
1 Nothing is assigned. _ 3 —
Can't write to this bit. The value, if read, turns out to be “0". i
pu21 P8s, P87 pull-up(Note) The corresponding port is pulled o0
PU22 P90 to P93 pull-up high with a pull-up register 00
- 0: Not pulled high T
PU23 P94 to P97 pull-up 1: Pulled high (@) 1O
PU24 P100 to P103 pull-up 00
PU25 P104 to P107 pull-up 00
Nothing is assigned. - 3 -
Can't write to this bit. The value, if read, turns out to be “0”. — =
Note.Since P8o to P84 are N-channel open drain ports, internal pull-up is not available for them.
And P8s is input port only , also no internal pull-up is available.

Fig.UA-9 Pull-up control resiter(1)
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Pull-up control register 3

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
PUR3 02FC16 0016
Bit symbol Bit name Function RIW
PU30 P11oto P113 pull-up 0.0
The corresponding port is pulled 5
PU31 P114 to P117 pull-up high with a pull-up register 0.0
PU32 P120 to P123 pull-up 0: Not pulled high 00
1: Pulled high ;
PU33 P124 to P127 pull-up 0:0
Nothing is assigned. (Note) l
Can't write to this bit. The value, if read, turns out to be “0". - : -
PU36 P14o0 to P143 pull-up 0 : Not pulled high 0.0
PU37 P144 to P147 pull-up 1: Pulled high 00

Note.Since P130 to P137 are N-channel open drain ports, internal pull-up is not available for them.

Pull-up control register 4

b5 b4 b3 b2 bl b0

OB

Nothing is assigned.

Symbol Address When reset
PUR4 02FD16 0016
Bit symbol Bit name Function R.W
PU40 P150 to P153 pull-up The corresponding port is pulled 3
high with a pull-up register '
PU41 P154 to P157 pull-up 0 : Not pulled high 0 0
PU42 P160, P161 pull-up 1: Pulled high

Can't write to this bit. The value, if read, turns out to be “0".

Fig.UA-10 Pull-up control register(2)
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Port control register 0
by b6 bS5 b4 bS b2 Dbl b0 Symbol Address When reset
PCRO 03FF16 0016
A R R T T T Bit Symbol Bit name Function RIW,
" 1% 1 a1 a1 .+ | PCROO Port P1 control register 0 : When input port, read port 1
A T T T T R R input level. When output port, 1
e read the contents of port P1 register | |
N 1 : Read the contents of port P1 o :O
P register though input/output port. 1
R Nothing is assigned. 1
"""""""""" Can't write to this bit. The value, if read, turns out to be “0”. -
Port control register 1
b7 b6 b5 b4 b3 b2 bl b0
| | | Symbol Address When reset
I I I I PCR1 02FE16 0016
. Bit Symbol Bit name Function R'W
'+ 1 1 4 1 1 “{PCR10 Output type selection bit | 0: CMOS !
A (pofto Fy>83) 1: N-channel open drain 0.0
E E E E E E — PCR11 Output type selection bit | 0: CMOS :
P (pof_pog)p 1: N-channel open drain 0.0
R PCR12 Output type selection bit | 0:CMOS !
oo (plf_plz)p 1: N-channel open drain o) ! o)
I S PCR13 Output type selection bit | 0:CMOS !
P (plf_plgl)p 1: N-channel open drain 0.0
E E E : -------------- PCR14 Output type selection bit 0:CMOS !
oo (p4§_p4él)p 1: N-channel open drain 0.0
 GLLECECEEE T PCR15 Output type selection bit | 0:CMOS !
. (plfo_pﬁg) 1: N-channel open drain o) ! o)
LR CLECEEEEEPEEPEE PCR16 Output type selection bit | 0: CMOS !
: (pli_p)l/?_n 1: N-channel open drain 0.0
Seeeeesecmeeeeeeeieenood PCR17 P40,P43 output ‘1’ : %Ieareddbg SOf;tWWafe only A ° ! °
: . . Cleared by software or when !
clear function selection bit output buffer is read by host side. |

Fig.UA-11 Port control register 0, 1
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SINGLE-CHIP 16-BIT

Mitsubishi microcomputers

M16C / 6K7 Group
CMOS MICROCOMPUTER

Port control register 2
b7 b6 b5 b4 b3 b2 bl b
|><| | 0 | 0 | 0 | 0 | olo | Symbol Address When reset

— T T T T T T PCR2 02FF16 0016
A Bit symbol Bit name Function RW
E E E E E E E “1 Reserved bit Must be set to "0" e} 3 fe}
E E E E E i Rt Reserved bit Must be set to "0" 00
RRRb Reserved bit Must be set to "0" 0:0
E : : : REEEEEEEEED Reserved bit Must be set to "0" 00
P mmmmmmmee e Reserved bit Must be set to "0" o 3 o
Vo Ty Reserved bit Must be set to "0" 00
R EGLCEEEEEEEPEREE PCR26 Drive polarity selection bit [ O : Low side o 3 o
(P40 to P143) 1: High side ;
"""""""""""" Nothing is assigned. —_

Can't write to this bit. The value, if read, turns out to be “0”. |
Port control register 3
O 00 b bt b3 b2 b1 DO Symbol Address When reset

8 PCR3 02F716 0016

oo [ Bitsymbo Bit name Function RW
. Output type selection bit 0:CMOS |
P04 4 1 “1PCR30 (plﬁo . 5243) 1 : N-channel open drain 0.0
A - 0:CMOS
[ R T R Output type selection bit : : |
E E E E : E PCR31 (P144 - P147) 1 : N-channel open drain 030
R Output type selection bit 0:CMOS |
e PCR32 (P42) 1 : N-channel open drain 0.0
I S SO Nothing is assigned. !

Can't write to this bit. The value, if read, turns out to be “0”. -

Fig.UA-12

Port control register 2, 3
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Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port P4 input register

b7 b6 b5 b4 b3 b2 bl bo

Port P7 input register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
P4PIN 02FA16 OXXXXXXX2
Bit Symbol Bit name Function RIW
1 P4PIN_O Port P4o input register For reading P4o pin level 3 -
P4APIN_1 Port P41 input register For reading P41 pin level Oi -
P4PIN_2 Port P42 input register For reading P42 pin level 03 -
P4PIN_3 Port P43 input register For reading P43 pin level 0% -
P4PIN_4 Port P44 input register For reading P44 pin level 03 -
P4PIN_5 Port P4s input register For reading P45 pin level Oi -
P4PIN_6 Port P4s input register For reading P4s pin level 03 -
Nothing is assigned. _ ‘ _
Can't write to this bit. The value, if read, turns out to be “0".
Symbol Address When reset
P7PIN 02FB16 O0XXXXXX2
Bit Symbol Bit name Function R'W
1 P7PIN_O Port P70 input register For reading P70 pin level 0 -
P7PIN_1 Port P71 input register For reading P71 pin level O} -
P7PIN_2 Port P72 input register For reading P72 pin level Oi -
P7PIN_3 Port P73 input register For reading P73 pin level 03 -
P7PIN_4 Port P74 input register For reading P74 pin level (0] -
P7PIN_5 Port P75 input register For reading P75 pin level Oi -
Nothing is assigned. _3 _
Can't write to this bit. The value, if read, turns out to be “0”. i

Fig.UA-13 Port P4,P7 input register
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Mitsubishi microcomputers

M16C / 6K7 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port function selection register 0
b7 b6 b5 b4 b3 b2 bl bo
| Symbol Address When reset
A\ I D N N B I PSLO 02F816 0016
oo o v v | it Symbol Bit name Function RIW
Poror b r o ulpsioo UARTO I/O pin selection bit | O : P60-P63 !
e 1 :PloP13 0:0
e PSLOL UART1 /O pin selection bit | O : P64-P67 :
A R 1 :P1aP17 0.0
R R PSL02 UART2 I/O pin selection bit | O : P70-P73 1
T 1 :P20-P23 0:0
P11 teeeaeeeeend PSLO3 INT7 input pin selection bit | O :P103 :
Pl MPUEPIN SEIECHON B 1 1 T p14 00
R PSL04 INT8 1/O pin selection bit 0 :P104 }
o 1:Pls 0.0
S SO PSLO5 INTO 1/O pin selection bit 0 :P10s |
o P 1 :Pls 00
D i PSL06 INTL0 I/O pin selection bit | O : P10s }
: 1:P17 0.0
------------------------ Reserved bit Must be set to "0" (e] (e}
Port function selection register 1
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
L PSL1 02F916 0016
A Bit Symbol Bit name Function RW
oo ~psL1o TAO output pin selection bit | 0 : P4o |
e 1 :P150 0.0
- e PSL11 TA1 output pin selection bit 0 : P41 |
A 1 :P151 0.0
o l Rk PSL12 TA2 output pin selection bit | 0 : P42 :
bbb putp 1 P15z oo
CELLREEy PSL13 TB3 output pin selection bit | 0 : P93 |
o 1 : P160 0.0
E E E b ] PSL14 TB4 output pin selection bit | 0 : P94 3
: : : putp 1 :Pl61 O :O
oo —_— . 0 : P97,P103-P107 !
T R PSL15(Note) 'S"\‘A}t%'mglét'”p“t pin 1 : P120,P121-P125 0.0
R R PSL16 P66 : f1 output function 0 : P6sas GPIO !
' selection bit 1 : P6sas f1 output -
' ) - 0 : P67as GPIO |
"""""""""""" PSL17 Spg;étfiil?léti?m function 1 : P67 as f1 output - 3 -
Note. If this is set to "1" then port function selection register 1 (address 02F816) bit 3 to bité
setting will be ignored.

Fig.UA-14 Port function register 0,1
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Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table.UA-1 Example connection of unused pins in single-chip mode

Pin name

Connection

Ports PO to P10
(excluding P8s)

After setting for input mode, connect every pin to Vss or Vcc via a
resistor; or after setting for output mode, leave these pins open.

Ports P11 to P16

After setting for input mode, connect every pin to Vss or Vcc via a
resistor; or after setting for output mode, leave these pins open.

XouT (Note)

Open

NMI

Connect via resistor to Vcc (pull-up)

Avcc

Connect to Vcc

AVss, VREF, M1

Connect to Vss

Note: With external clock input to XIN pin.

Microcomputer

Port PO to P16 (input mode) NN\~
(except for P8s) ' : :
(inputlmode) —/\/\/V—“
(output mode)— open
NMI —/\/\/\/j
Xout open
vce
Avcc Jﬂ-«»
0.47 pF
M1
AVss
VREF
Mo ——AAN—¢
Vss
777

In single-chip mode

Fig.UA-15 Example connection of unused pins
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M16C / 6K7 Group
Usage precaution SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. __________________________________________________________________________________________________________________________|

Usage Precaution

Timer A (timer mode)

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

Timer A (event counter mode)

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

(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 TAIiouUT pin outputs “L” level.
* The interrupt request generated and the timer Ai interrupt request bit goes to “1".
(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the following
procedures:
* Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0” after the
above listed changes have been made.

Timer A (pulse width modulation mode)

(2) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance with

any of the following procedures:

* Selecting PWM mode after reset.

» Changing operation mode from timer mode to PWM mode.

» Changing operation mode from event counter mode to PWM mode.

Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0” after the
above listed changes have been made.

(2) Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop counting.
If the TAIoUT pin is outputting an “H” level in this instance, the output level goes to “L”, and the timer Ai
interrupt request bit goes to “1”. If the TAIOUT pin is outputting an “L” level in this instance, the level does
not change, and the timer Ai interrupt request bit does not becomes “1".

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. But, 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 setting value to the timer.
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Timer B (pulse period/pulse width measurement mode)

(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt request
bit goes to “1".

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to the
reload register. At this time, timer Bi interrupt request is not generated.

A-D Converter

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

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

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

(4) Using repeat mode, repeat sweep mode 0O or repeat sweep mode 1
Use the undivided main clock as the internal CPU clock.

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 switching to either wait mode or stop mode, instructions occupying four bytes either from the WAIT
instruction or from the instruction that sets the every-clock stop bit to “1” within the instruction queue are
prefetched and then the program stops. So put at least four NOPs in succession either to the WAIT
instruction or to the instruction that sets the every-clock stop bit to “1”.

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.
When using the NMI interrupt, initialize the stack point at the beginning of a program. Concerning the first
instruction immediately after reset, generating any interrupts including the NMI interrupt is prohibited.
(3) The NMI interrupt
« As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Vcc pin via a resistor
(pull-up) if unused. Be sure to work on it.
« Do not get either into stop mode with the NMI pin set to “L”.
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(4) External interrupt
« When the polarity of the INTO to INT11 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0".

(5) Rewrite the interrupt control register
« To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCHZ1:
FCLR | ; 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 | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) 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 register is rewritten due to effects of the instruction queue.

« When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been generated.
This will depend on the instruction. If this creates problems, use the below instructions to change the
register.

Instructions : AND, OR, BCLR, BSET

Noise

(2) Insert the by-pass condencer to the Vcc-Vss line for preventing a noise and latch-up. Connect the by -pass
condencer (about 0.1uF) between Vcc pin and Vss pin. It is distance must be shortest rather sicker line.
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Electrical characteristics

Table.ZA-1 Absolute maximum ratings

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Symbol Parameter Condition Rated value Unit
Vcece Supply voltage Vcc=AVcc -0.3t04.6 \
AVce Analog Supply voltage Vcc=AVcc -0.3t0 4.6 \

Input RESET,M0,M1,VReF,XIN,POo to P07,
voltage Ploto P17,P20 to P27,P30 to P37,
P40 to P47,P50 to P57,P64 to P67
Vi P86,P87,P90 to P97,P100 to P107, -0.3to Vee+0.3 v
P11oto P117,P120 to P127,
P140 to P147,P150 to P157,P160,P161
P6o to P63,P70 to P77,P8o to P8s v
P130 to P137 031058
output POo to P0O7,P1o to P17,P20 to P27,
voltage P30 to P37,P40 to P47,P50 to P57,
v P64 to P67,P86,P87,P90 to P97, -0.3to Vcc+0.3 \%

o P100 to P107,P110 to P117,P120 to P127,

P140 to P147,P150 to P157,P160 ,P161,XouT

P60 to P63,P70to P77, P8o to P84 }

P130to P137 031058 v
Pd Power dissipation Ta=25C 300 mwW
Topr Operating ambient temperature -20 to 85 ‘c
Tstg Storage temperature -40 to 125 ‘c
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.}

Table.ZA-2 Recommended operating conditions (referenced to Vcc=3.0V to 3.6V, Ta=-20 to 85°C)

bol Standard Unit
Symbo Parameter Min. TvD. Max. ni
Vcce Supply voltage 3.0 3.3 3.6 \Y
AVcc Analog Supply voltage Vcc \
Vss Supply voltage 0 \
AVss Analog Supply voltage 0 \%
“H" input P0o to P07, P1o to P17,P20 to P27, P30 to P37,P4o to P47,
v voltage P50 to P57, P64 to P67,P86,P87,P90 to P97, P100 to P107, 0.8Vee Vee v
H P1lo to P117, P120 to P127,P140 to P147, P150 to P157,
P160,P161,XIN, RESET, MO,M1
P6o to P63, P70 to P77,P8o to P84,P85,P130 to P137, 0.8Vce 55 \Y)
PSAo to PSA2, PSBo to PSB2 ) )
LADo to LAD3,LFARAME,LCLK,SERIRQ,CLKRUN 0.6Vce Vce Vv
2 .
SDA0,SCL0,SDA1,SCL1,PBoto P63 |I-C-BUSinputlevel selected | 0.7VCC 5.5 v
SMBUS input level selected 1.4 55
“L" input POo to P07, P1o to P17,P20 to P27, P30 to P37,P4o to P47,
v voltage P50 to P57, P64 to P67,P86,P87,P90 to P97, P100 to P107, 0 0.2Vce Vv
It P110 to P117, P120 to P127,P140 to P147, P150 to P157,
P160,P161,XIN, RESET, MO,M1
P6o to P63, P70 to P77,P8o to P84,P85,P130 to P137,
PSAo to PSA2, PSBo to PSB2 0 02vee |V
LADo to LAD3,LFARAME,LCLK,SERIRQ,CLKRUN 0 0.2Vce
SDA0,SCLo,SDA1,SCL1,P60 to P63 12C-BUSes input level selected 0 0.3Vce v
SMBUS input level selected 0 0.6
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Table.ZA-3 Recommended operating conditions (referenced to Vcc=3.0V to 3.6V,Ta=-20 to 85°C)

Symbol Parameter Min Stgrr;gérd Max. Unit
"H"peak output PO0o to P07, P1o to P17,P20 to P27,P30 to P37,P40 to P47,
l0H (peak) | current P50 to P57,P64 to P67,P86 to P87,P90 to P97,P100 to P107,
P110to P117, P120to P127,P140 to P147,P150 to P157, -10.0 mA
P160,P161
"L"peak output PQo to P07, P1o to P17,P20 to P23,P30 to P37,P40to P47,
I oL (peak) | current P50 to P57,P60 to P67,P76 to P77,P80 to P84, P86 to P87, 10.0 mA
P9o to P97,P100 to P107, P110 to P117,P120 to P127, ’
P130 to P137,P144 to P147, P150 to P157,P160,P161
P24 to P27 20.0 mA
loL (peaky | - PEaK output P140 to P143 Driven ability:High 20.0 mA
current Driven ability:Low 10.0 mA
| "H" average output|POo to P07, P1o to P17,P20 to P27,P30 to P37,
OH@9) | current P40 to P47,P50 to P57,P6o to P67,P86 to P87,P90 to P97, -5.0 mA

P10o0 to P107, P11o0 to P117, P120to P127,P140 to P147,
P150 to P157,P160,P161

"L"average output POo to P07, Plo to P17,P20 to P23,P30 to P37, P4o to P47,
loL (avg) | current P50 to P57,P6o to P67,P76 to P77,P80 to P84, P86 to P87, 5.0 mA
P9oto P97,P100 to P107,P110 to P117,P120 to P127,
P130 to P137,P140 to P147,P150 to P157,P160,P161

P24 to P27 15.0 mA

loL (avg) "L"average output |P140to P143 Driven ability:High 15.0 mA

current Driven ability:Low 5.0 mA

£ OXn) Main clock input Non wait 0 4 MHz
oscillation frequency

With wait 0 8 MHz

f(XciN) | Subclock oscillation frequency 32.768 50 kHz

Notel : The average output current is the average value during the 100ms period limited current.

Note2 : The value are as follow:
The sum of loL (peak) of P0,P1,P2,P86 to P87,P9,P10,P11,P120 to P126,P153 to P157 P16 should be under 80mA.
The sum of loH (peak) of PO,P1,P2,P86 to P87,P9,P10,P11,P120 to P126,P153 to P157 P16 should be under 80mA.
The sum of loL (peak) of P3,P4,P5,P6,P7,P80 to P84,P13,P14,P150 to P152 should be under 80mA.
The sum of loH (peak) of P3,P4,P5,P64 to P67,P14,P150 to P152 should be under 80mA.
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|
Table.ZA-4 Electorical characteristice (referenced to Vcc=3.0V,Vss=0V,Ta=25°C,f(XIN)=8MHz with WAIT)
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Symbol Parameter Measuring condition Standard Unit
Min. Typ. Max.
VOH High output POo to P07, Ploto P17, P20 to P27, P3oto P37, IoH=-1mA 25 \%
voltage P40 to P47, P50to P57, P64 to P67, P86, P87,
P90 to P97, P10o to P107, P11loto P117,
P120to P127, P140to P147, P150to P157,
P160, P161
VOH High output XouTt HIGH POWER loH=-0.1mA 25 \
voltage LOWPOWER I0H=-50pA 2.5
High output Xcout HIGHPOWER With no load applied 3.0 \%
voltage LOWPOWER With no load applied 1.6
VoL Low output POo to PO7, Ploto P17, P20 to P23, P3oto P37,
voltage P40 to P47,P50 to P57, P6o to P67, P70to P77,
P8o to P84, P86, P87, P90 to P97, P100to P107, |loL=1mA 0.5 \
P1loto P117, P120to P127, P130to P137,
P140to P147, P150to P157, P160, P161
P24to P27 Vce=3V, loL=3mA 0.5 \
VoL Low output Pl4oto P143 HIGH POWER loL=3mA 0.5 \%
voltage LOWPOWER loL=1mA 0.5 \%
VoL Low output Xout HIGH POWER IoH=0.1mA 0.5 \%
voltage LOWPOWER I0H=50pA 0.5
Low output Xcout HIGHPOWER With no load applied 0 \Y
voltage LOWPOWER With no load applied 0
VT+VT- Hysteresis TAOIN to TA4IN, TBOIN to TB5IN, INTO0 to INT11,
ADTRG, CTSo, CTS1, CTS2, CLKo, CLK1, 0.2 0.8
CLK2, CLK3, CLK4, SIN3, SIN4, RXDo, RXD1,
RXD2, ICCK, NMI, Kloo to Klo7
VT+VT- Hysteresis RESET 0.2 1.8 \%
IIH HIGH input PO0o to P07, Ploto P17, P20to P27, P30 to P37,
current P40 to P47, P50to P57, P60 to P67, P70to P77,
P8o to P87, P9oto P97, P100 to P107, VIi=3V 4.0 HA
P120to P127, P130to P137, P140to P147,
P150to P157, P160o, P161, XIN, RESET, MO, M1
liL Low input POo to PO7, Ploto P17, P20 to P27, P3oto P37,
current P40 to P47, P50to P57, P60 to P67, P70to P77,
P8oto P87, P9oto P97, P100 to P107, ViI=0V -4.0 HA
Plloto P117, P120to P127, P130to P137,
P140to P147, P150to P157, P160, P161,
XIN, RESET, M0, M1
R PuLLUP Pull-up POo to P07, Ploto P17, P20 to P27,
resisitance P3o0to P37, P4oto P47, P50to P57,
P64 to P67, P86, P87, P90 to P97, VIi=0V 66.0 120.0 500.0 kQ
P100to P107, P11oto P117,
P120to P127, P140to P147,
P150to P157, P160, P161
R fXIN Feedback resistance | XIN 3.0 MQ
R fXCIN Feedback resistance | XCIN 10.0 MQ
V RAM RAM retention voltage| When clock is stopped 2.0 \%
I cc When reset, the output pins are opened , the f(XIN)=8MHz,Square wave 12.5 24.25 mA
other pins are connected to Vss. without division
f(XcIN)=32kHz,Square wave 40.0 HA
Power supply When operation under RAM
current f(XCIN)=32kHz,Square wave When| 300.0 HA
operation under Flash memory
f(XcIN)=32kHz,with WAIT 4.5 HA
oscillation capacity High
(Notel)
f(XcIN)=32kHz,With WAIT 25 HA
oscillation capacity Low
(Notel)
Ta=25°C 3.0 MA
When clock is stopprd
Ta=85°C 60.0 HA
When clock is stopprd
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Electrical characteristics

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table.ZA-5 A-D conversion characteristics (referenced to Vcc=AVcc=VREF=3V,Vss=AVss=0V at
Ta=25°C,f(XIN)=8MHz unless otherwise specified)

Symbol Parameter Measuring condition ; Standard Unit
Min. | Typ. | Max.
— Resolution VRer =Vcc 10 | Bits
— 8 hit 12 LSB
Absolute accuracy Vrer =Vcc=3V, @ap=fap/2

— 10 bit +6 LSB
Riaoper | Ladder resistance VRer =Vce 10 40 kQ
tconv Conversion time 8 bit 12.25 us
10 bit 14.75 Hs
VREF Reference voltage 2.7 Vee| V
Via Analog input voltage 0 VREF| V

Table.ZA-6 D-A conversion characteristics (referenced to Vcc=AVcc=VREF=3V,Vss=AVss=0V at
Ta=25°C,f(XIN)=8MHz unless otherwise specified)

. . Standard )
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution 8 | Bits

- Absolute accuracy 1.0 %

tsu Setup time 3| us
Ro Output resistance 4 10 20 | kQ
IVREF Reference power supply input current (Notel) 1.0 mA

Notel: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to "0016".

The A-D converter's ladder resistance is not included.
When the content of D-A register is not "00", the IVRer will also be sent even if VREF is disconnected.

Table.ZA-7 Comparator characteristics (referenced to Vcc=AVcc=VREF=3V to 3.6V,Vss=AVss=0V

at Ta=25°C)
Symbol Parameter M i diti Standard Uni
ymbo easuring condition Min. | Typ. | Max. nit
- Resolution 4 | Bits
- Absolute accuracy 1/2 | LSB
— when f(XIN) = 8MHz 35| us
T Conversion time
conv when f(XIN) = 4MHz 7| s
Via Analog input voltage 0 Vcc \%
lia Analog input current 50| ps
RLADDER Ladder resistance 20 40 50 | kQ
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Timing requirements (referenced to Vcc=3V,Vss=0V at Ta=25°C unless otherwise specified)

Table.ZA-8 External clock input

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Standard _

Symbol Parameter Min. Max. Unit
tc External clock input cycle time 125 ns
tw(H) External clock input HIGH pulse width 50 ns
tw(L) External clock input LOW pulse width 50 ns
tr External clock rising time 18 ns
f External clock falling time 18 ns

244

ENESAS

RenesasTechnology Corp.




Rev.1.0 Mitsubishi microcomputers

M16C / 6K7 Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

|
Timing requirements (referenced to Vcc=3V,Vss=0V at Ta=25°C unless otherwise specified)

Table.ZA-9 Timer A input (The count input of event counter mode)

Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIN input "H" pulse width 60 ns
tw(TAL) TAIIN input "L" pulse width 60 ns
Table.ZA-10 Timer A input (The gating input of timer mode)
Symbol Parameter Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input "H" pulse width 300 ns
tw(TAL) TAIIN input "L" pulse width 300 ns
Table.ZA-11 Timer A input (The external trigger input of one shot timer mode)
Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIIN input "H" pulse width 150 ns
tw(TAL) TAIIN input "L" pulse width 150 ns
Table.ZA-12 Timer A input (The external trigger input of pulse width modulation mode)
Symbol Parameter Standard Unit
Min. Max.
tw(TAH) TAIIN input "H" pulse width 150 ns
tw(TAL) TAIIN input "L" pulse width 150 ns
Table.ZA-13 Timer A input (The up down input of event counter mode)
Standard .
Symbol Parameter - Unit
Min. Max.
te(upP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input "H" pulse width 1500 ns
tw(uPL) TAiouT input "L" pulse width 1500 ns
tsu(UP-TIN) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
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Timing requirements (referenced to Vcc=3V,Vss=0V at Ta=25°C unless otherwise specified)

Table.ZA-14 Timer B input (The count input of event counter mode)

Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiNinput cycle time (single edge count) 150 ns
tw(TBH) TBiNinput "H" pulse width (single edge count) 60 ns
tw(TBL) TBiiNninput "L" pulse width (single edge count) 60 ns
te(TB) TBiIN input cycle time (double edge count) 300 ns
tw(TBH) TBiN input "H" pulse width (double edge count) 160 ns
tw(TBL) TBiIN input "L" pulse width (double edge count) 160 ns
Table.ZA-15 Timer B input (Pulse period measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBiN input cycle time 600 ns
tw(TBH) TBiIN input "H" pulse width 300 ns
tw(TBL) TBiIN input "L" pulse width 300 ns
Table.ZA-16 Timer B input (Pulse width measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input "H" pulse width 300 ns
tw(TBL) TBiIN input "L" pulse width 300 ns
Table.ZA-17 A-D trigger input
Symbol Parameter . Standard Unit
Min. Max.
tc(AD) "ADTRG input cycle time (The Min. of trigger) 1500 ns
tw(ADL) ADTRG input "L" pulse width 200 ns
Table.ZA-18 Serial I/O
Symbol Parameter - Standard Unit
Min. Max.
te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input "H" pulse width 150 ns
tw(CKL) CLKi input "L" 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.ZA-19 External interrupt INTi input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input "H" pulse width 380 ns
tw(INL) INTi input "L" pulse width 380 ns
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Timing requirements (referenced to Vcc = 3.0 to 3.6V, Vss = 0V, Ta =25 °C)

Table. ZA-20 Multi-master 12C-BUS line

Symbol Parameter Standard clock mode Hig}h-speed clock mode Unit
Min. Max. Min. Max.
tBUF Bus free time 4.7 1.3 us
tHD;STA The hold time in start condition 4.0 0.6 us
tLOW The hold time in SCL clock "0" status 4.7 1.3 us
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 us
tHIGH The hold time in SCL clock "1" status 4.0 0.6 us
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 Us
tsu;STO Stop condition setup time 4.0 0.6 us
Table. ZA-21 PS2 interface (referenced to Vcc = 3.0 to 3.6V, Vss = 0V, Ta =25 °C)
Symbol Parameter Standard Unit
Min. Typ. Max.
twlL PS2 clock "L" pulse width 30 50 us
twH PS2 clock "H" pulse width 30 50 us
tsu PS2 data setup time 5 us
th PS2 data hold time 0 ns
td PS2 data delay time twL-5 us
tv PS2 data valid time 0 twL-5 us
Table. ZA-22 LPC bus interface/serial interrupt output
Standard .
Symbol Parameter - Unit
Min. Typ. Max.
tC(CLK) LCLK clock input cycle time 30 00 ns
tWH(CLK) LCLK clock input "H" pulse width 11 ns
tWL(CLK) LCLK clock input "L" pulse width 11 ns
tsu(D-C) Input setup time LAD3-LADo 9 ns
LFRAME
SERIRQ,CLKRUN 7 ns
th(C-D) LAD3-LAD0,SERIRQ,CLKRUN , LFRAME 0 ns
input hold time
tv(C-D) LAD3-LAD0,SERIRQ,CLKRUN 2 1 ns
output delay time
toff(A-F) LAD3-LADO0,SERIRQ,CLKRUN 28 ns
floating output delay time

Mitsubishi microcomputers

M16C / 6K7 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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PO
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16

30pF

N

Fig.ZA-1 The measuring circuit for port 0 to port 16

ENESAS

248
RenesasTechnology Corp.



Rev.1.0 Mitsubishi microcomputers
M16C / 6K7 Group

Timing SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
te(ta)
tw(TAH)
TAiN input \
tw(tAL)
tcur)
tw(UPH
TAiout input \
tw(upL)
TAiour input ><
(Up down input)

Inevent counter mode

TAIN input

(when selecting the fulling edge count) In(w-UP) | tsu(up-Ty

TAiN input
(when selecting the rising edge count) —

te(tB)
tw(TBH)
TBin input
tw(TBL)
|
te(aD) \
tw(aDL)
ADrTreG input
te(cK)
tw(CKH)

CLKi
tw(ckL)
thc-Q)

X %

td(c-Q) | tsu(d-c)

| th(c-D)
RxDi * *

tw(INL)

INTi input
tw(INH)
]

Fig.ZA-2 Timing diagram (1)
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tsu:sTo

1 tLow
:

tHD:STA tHD:DTA tHIGH tSu:DAT tSu:STA

[ -

Fig.ZA-3 Timing diagram (2)

PS/2 interface timing diagram
In receiving
| twH | twi
7|( 0.8Vce )‘\ 0.8Vee /
CLK (O.ZVCC £ 0.2vce
tsu th
0.8Vce 0.8Vcc
DATA 0.2Vcc 0.2Vcc
In transmitting
twi l twH |
}O.SVCC NK).SVCC
CLK Y 0.2vee Y 0.2vee | 0.2Vce
td tv
0.8Vcc 0.8Vcc
DATA 0.2Vce 0.2Vce

Fig.ZA-4 Timing diagram (3)
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LPC bus interface/serial interrupt output timing

| tc(CLK)

| twH(CLK) |1 twL(CLK)
LCLK VL

| tsu(D-C) th(C-D) |

LADI[3:0
SERIRQ,CLKRUN,LFRAME

(Input)

tv(C-D) |

LAD[3:0
SERIRQ,CLKRUN,LFRAME

(Active output)

toff(A-F)
LADI[3:0 :

SERIRQ,CLKRUN,LFRAME
(Floating output )

Fig.ZA-5 Timing diagram (4)
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Flash memory version

Feature Outline
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Table AB-1 shows the feature outline of M16C/6K7 (build-in NEW DINOR flash memory version).

Table.AB-1 Feature outline of M16C/6K7 (build-in NEW DINOR flash memory version)

Item

Feature

Power supply voltage

3.0-3.6V (f(Xin)=8MHz, 0 Wait)

Flash memory operation mode

3 modes (parallel I/0, standard serial I/O, CPU reprogram)

Erase block division

User ROM area

See Fig.AB-1

Boot ROM area

1 division (4K bytes) (Notel)

Program method

2-byte unit

Erase method

Block erase

Program/ erase control method

Program/ erase controlled by s/w commands

Number of command

5 commands

Program/ erase count

100 times

ROM code protect

Support for parallel I/O and standard serial I/O modes

Notel: The control program for standard serial I/O mode is stored in boot ROM area when shipping from factory.
The area can only be erased or programmed by parallel /O mode.
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Flash Memory

The M16C/6K7 (build-in flash memory version) contains the NEW DINOR type flash memory, which is applied
1 power supplies Vcc=3.3V when using CPU reprogram or standard serial /0O mode. For the flash memory,
3 flash memory modes are available in which to read, program and erase. They are parallel /O mode,
standard serial I/O mode and CPU reprogram mode. For parallel /O mode, a programmer is used. For
standard serial I/O and CPU reprogram modes, the flash memory is manipulated by CPU. Each mode is
detailed in the pages to follow.

Fig. AB-1 shows that flash memory is divided into several blocks. Erasing is in block unit.

In addition to the ordinary user ROM area there is a boot ROM area to store the control program for the CPU
reprogram and standard serial I/O modes. The control program for standard serial /O mode is stored in boot
ROM area when shipping from factory. User can reprogram the program to suit its own application system.
The area can only be erased or programmed by parallel /O mode.

Chip name | 'hestartaddress of | oepgg016 | Block 4 : 4K bytes
the flash memory

M306K7F8L OEF00016 0F000016 | Block 3 : 32K bytes

OF800016 Block 2 : 24K bytes

OFEO00016

Block 1 : 4K bytes
O0FF00016 0FF00016

Block 0 : 4K byt 4K bytes
OFFFFF16 | ¢ vies OFFFFF15

Boot block area
User block area

Note 1: Boot ROM area can be reprogrammed only in parallel /O mode.
(Access to any other areas is inhibited.)
Note 2: To specify a block, use the maximum even address in the block.

Fig.AB-1 Block diagram of flash memory version
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CPU reprogram mode

In CPU reprogram mode, the on-chip flash memory can be operated on (read, program or erase) under the
control of CPU.

In CPU reprogram mode, only the user ROM area shown in Fig.AB-1 can be reprogrammed. The boot ROM
area cannot be reprogrammed. Make sure the program and block erase commands are issued only for each
block of the user ROM area.

The control program for CPU reprogram mode can be stored in either user ROM or boot ROM area. In CPU
reprogram mode, because the flash memory cannot be read form CPU, the control program must be transferred
to the RAM area before execution.

Microcomputer mode and Boot mode

The control program for CPU reprogram 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 disable.)

See Fig.AB-1 for details about the boot ROM area.

Normal microcomputer mode is entered when reset with pulling “L” of Mo. In this case, the CPU starts
operating the control program in user ROM area.

If the microcomputer is reset with Mo being “H” and M1 being “L”, the CPU starts operating the control
program in boot ROM area. This mode is called as “boot” mode.

Block address
Block address refers to the maximum even address of each block. The address is used in block erase
command.
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Feature Outline (CPU reprogram mode)

In CPU reprogram mode, the CPU erases, programs and reads the on-chip flash memory as instructed by
S/W commands. The reprogram control program must be transferred to the RAM area before it can be
executed.

The CPU reprogram mode is accessed by writing “1” to the CPU reprogram select bit (bit 1 in address
03B716). S/W commands are accepted once the mode is accessed.

In CPU reprogram mode, the writing and reading of the commands and data should be in even address (“0”
for byte address Ao) in 16-bit unit, so the 8-bit unit S/W commands should be written in even address.
Commands are ignored with odd address.

Use S/W commands to control flash memory programming and erasing. Whether the programming and
erasing operation terminates correctly or in error can be verified by reading the status register.

Fig.BB-1 shows the flash control register.

Bit 0 is the RY/BY status flag exclusively used to read the operating status of the flash memory. During
programming and erasing operation, it is “0”, otherwise it is “1".

Bit 1 is the CPU reprogram mode select bit. When the bit is set to “1”, CPU reprogram mode is entered S/W
commands then can be accessed. In CPU reprogram mode, the CPU cannot access the on-chip flash memory
directly. Therefore, use the control program in RAM to write the bit to “1”. To set the bit, it is necessary to write
“0” and then write “1” in succession. The bit can be cleared to “0” by only writing the “0”.

Bit 3 is the flash memory reset bit used to reset the control circuit of the on-chip flash memory. The bit is used
when exiting the CPU reprogram mode and when flash memory access has failed. When the CPU reprogram
mode select bit is “1”, writing “1” to the bit resets the control circuit. To release the reset, it is necessary to set
the bit to “0”. If the control circuit is reset while erasing is in progress, the wait for 5 ms is needed so that the
flash memory can restore to the normal operation.

Bit 5 of the flash control register 0 is the user ROM select bit. It is enabled only in boot mode. When the bit is
set to “1”, the accessed area is switched from boot ROM to user ROM. When CPU reprogram mode is
entered in boot mode, please set this bit to “1”. The bit is disabled when program starts in user ROM. Please
write the bit with the program that is not located in on-chip flash memory area.

Fig.BB-2 shows a flowchart for the setting/ releasing the CPU reprogram mode.

ENESAS

RenesasTechnology Corp.

255



Rev.1.0 Mitsubishi microcomputers

M16C / 6K7 Group
CPU Reprogram Mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Flash memory control register

User ROM area select bit
S EMR5 (Note 3) 0: Access to boot ROM area 00

(Only enabled in boot mode)| 1: Access to user ROM area

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

WAL |0| . |0| . | ' | FMR 03B716 XXXX00012

Bit symbol Bit name Function R w
FMRO RY/& signal status bit 8 FB;gsa)éx(,be written and erased) O X
L T R | SRR | 2R Caprestam mode 00
"""" Reserved bit Must be “0”. O O
L __________ EMR3 I(:’\I%siz En)emory reset bit (1) gg;rgtal operation O o
S Reserved bit Must be “0". O o

When write, set “0”. When read, values is indeterminate.

Nothing is assigned. _ -

Note 1: To write “1” to the bit, it is necessary to write “0” and “1” in succession.
Otherwise the bit will not be “1”. Please do not enter interrupt and DMA.

Note 2: It is enabled only CPU reprogram mode select bit is “1”. After setting to
“1"(reset), please write “0” in succession.

Note 3: Please write this bit with program that is not located in on-chip flash
memory area.

Flash memory identification register

b7 b6 DS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | FTR 03B416 000000002
w

Function R

L

The value after reset
000000002 : M16C/6K7 Group O X

XXXX00012 : M16C/6K5 Group (Note)

Note: Address 03B416 of M16C/6K5 Group is the flash memory control register.

Fig.BB-1 The structure of flash memory control register and flash memory identification register
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Program located in ROM

Single-chip mode or boot mode

Program located in RAM

l

(Only for boot mode)
Set user ROM area select bit to "1"

Set processor mode register (Note 1)

!

|

Set CPU reprogram mode select bit="1"
(write "0" and then write "1") (Note 2)

Transfer CPU reprogram mode
control program to RAM area

l

!

Operate with S/W commands to erase

Jump to the program that is transferred to RAM
(the operation hereafter is on RAM)

and program.

}

Reset with read array command or the
setting of the flash memory reset bit
(write "1" and then write "0") (Note 3)

I

Write "0" to CPU reprogram mode select bit.

l

(Only for boot mode)
Write user ROM area select bit to "0". (Note 4)

End

Note 1: Set the main clock frequency as shown below using the main clock divide ratio select bits (bit 6 at
address 000616 and bit 6 and 7 at address 000716):
Not exceeding 8 MHz if wait bit (bit 7 of address 000516) = "0". (No wait for internal accessing)

Note 2: For writing "1" to the bit, it is necessary to write "0" and "1" in succession. Otherwise the bit will not be
"1". Please do not enter interrupt and DAM.

Note 3: Be sure to execute a read command or to set flash memory reset bit before exiting the CPU reprogram
mode after completing erasing or programming operation.

Note 4: The bit can remain "1" too. If it is "1", user ROM area will be accessed.

Fig.BB-2 CPU reprogram mode set/reset flowchart
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Precautions on CPU reprogram mode

Described below are the precautions to be observed in programming the flash memory in CPU reprogram
mode.

(1) Operation speed

During CPU reprogram mode, set the main clock frequency as shown below using the main clock divide ratio
select bits (bit 6 at address 000616 and bit 6 and 7 at address 000716):

Not exceeding 8MHz if wait bit (bit 7 of address 000516) = “0”. (No wait for internal accessing)

(2) Instructions inhibited against use

The instructions listed below cannot be used during CPU reprogram mode because they refer to the internal
data of the flash memory:

UND instruction, INTO instruction, JMPS instruction, JSRS instruction and BRK instruction

(3) Interrupts inhibited against use

The NMI, address match and WDC interrupts cannot be used during CPU reprogram mode because they
refer to the internal data of the flash memory. If interrupts have their vectors in the variable vector table, they
can be used by transferring the vector into the RAM area.

(4) Reset

The reset is always receivable.

(5) The reprogram in user ROM area

When CPU reprogram mode is entered and the block that the flash reprogram control program is located is
being reprogramming, the block may not be reprogrammed correctly if the power supply is suddenly down. It
is possible that the flash reprogram cannot be executed again in this case. Thus, it is recommended to use
standard serial I/O mode and parallel I/O mode.
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Software commands

Table BB-1 lists the S/W commands available.

After setting the CPU reprogram mode select bit to “1”, the S/W commands can be used to specify the
erasing or programming operation. Note that when entering a S/W command, the upper byte (D15-Ds) is
ignored.

The content of each S/W command is explained below.

Table BB-1 List of software commands (CPU reprogram mode)

The 15t bus cycle The 2nd bus cycle
Command Cycle Data Data
number | Mode | Address Mode | Address
(D15-Do) (D15-Do)

Read array 1 Write X (Note 5) FFie
Read status register 2 Write X 7016 Read X SRD(Note 2)
Clear status register 1 Write X 5016
Program 2 Write X 4016 Write | WA(Note 3) | WD(Note 3)
Block erase 2 Write X 2016 Write | BA(Note 4) D016

Note 1: When a S/W command is input, the high-order byte of the data(D15—Ds) is ignored.
Note 2: SRD = Status Register Data

Note 3: WA = Write Address, WD = Write Data

Note 4: BA = Block Address (the maximum even address of the block)

Note 5: “X” can be any even address in user ROM area.

Read Array Command (FF1e6)

Issuing the command code “FF16” in the 15t bus cycle enters the read array mode. When an even address is
issued in one of the bus cycle that follows, the content of the address is read out at the data bus (D15-Do), 16
bits at a time.

The read array mode is retained intact until another command is written.

Read Status Register Command (7016)

When the command code “7016” is issued in the 15t bus cycle, the content of the status register is read out at
the data bus (D7—Do) by a read in the 2"d bus cycle.

The status register is explained in the next section.

Clear Status Register Command (5016)

The command is used to clear the bits SR4 and SR5 of the status register after they have been set. These
bits indicate that operation has ended in error. To use this command, issue the command code “5016” in the
15t bus cycle.
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Program Command (4016)

Program operation starts when the command code “4016” is issued in the 15t bus cycle. If the address and
data are issued in the 2"d bus cycle, program operation (data programming and verification) will start.
Whether the program operation is completed can be conformed by reading the status register or the RY/BY
status flag. When the program starts, the read status register mode is accessed automatically and the
content of the status register can be read on the date bus (D7-Do). The status register bit 7 (SR7) is set to
“0” at the same time when the program operation starts and is returned to “1” upon the completion of the
program operation. In this case, the read status register mode remains active until the Read Array Command
(FF16) is issued.

The RY/BY status flag is “0” during program operation and “1” when the program operation is completed
same as the status register bit 7.

After the program, reading the status register can check the result. Refer to the section where the status
register is detailed.

[ Start ]

v
Write 4016

v

Write address
Write data

I

Status register read

Write

A

Program error

l YES

Program completed

Fig.BB-3 Program flowchart
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Block Erase Command (2016/D016)

By issuing the command code “2016” in the 15t bus cycle and the conformation command code “D016” and
block address in the 29 bus cycle, the erase operation specified by the block address starts (erase and
erase verification).

Whether the block erase command is terminated can be conformed by reading the status register or the RY/BY
status flag. When the block erase operation starts, the read status register mode is accessed automatically
and the content of the status register can be read out. The status register bit 7 (SR7) is set to “0” at the same
time when the erase operation starts and is returned to “1” upon the completion of the erase operation. In this
case, the read status register mode remains active until the Read Array Command (FF16) is written.

The RY/BY status flag is “0” during erase operation and “1” when the erase operation is completed the same
as the bit 7 of status register.

After the block erase, reading the status register can check the result. Refer to the section where the status
register is detailed.

(s )

v
Write 2016

¢

Write DO16
Block address

}

Status register read

D016 : Block erase

A

Erase error

1 YES

Erase completed

Fig.BB-4 Erase flowchart
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Status register

The status register shows the operation status of the flash memory and whether program and erase operations
end successfully or not. It can be read in the following conditions.

(1) By reading an arbitrary address from the user ROM area after issuing the read status register command
(7016)

(2) By reading an arbitrary address from the user ROM area in the period from the start of program or erase
operation to the execution of read array command (FF16).

Table BB-2 shows the status register.

The status register can be cleared in the following condition.

(1) By issuing the clear status register command (5016).

(2) After reset, the status register is set to “8016".

Each bit of the register is shows below.

Sequencer status (SR7)

After power-on, the sequencer status is set to “1” (ready).

The bit is set to “0” (busy) during program and erase operations and is set to “1” upon the completion of these
operations.

Erase status (SR5)
Erase status indicates the status of erase operation. When erase error occurs, it is set to “1”.
The bit becomes “0” when it is cleared.

Program status (SR4)
Program status indicates the status of program operation. When program error occurs, it is set to “1".
The bit becomes “0” when it is cleared.

If “1” is set to SR5 or SR4, the program and block erase operations are not accepted. Before execution of
these commands, it is necessary to execute the clear status register command (5016) to clear the status
register.

If any S/W commands are not correct, both the SR5 and SR4 are set to “1”.
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Table BB-2 Definition of each bit of status register

Each bit of Status name Definition
SRD nqn 0"
SR7 (bit7) | Sequencer status Ready Busy
SR6 (bit6) Reserved - ;
SR5 (bit5) Erase status Terminated in error | Terminated normally
SR4 (bit4) | Program status Terminated in error | Terminated normally
SR3 (bit3) | Reserved - }
SR2 (bit2) | Reserved . )
SR1 (bitl) Reserved - -
SRO (bit0) Reserved - .

Full status check

By performing full status check, the execution result of erase and program operations can be known.

Fig.BB-5 shows the full status check flowchart and the method to deal with the error.

Read status register

SR4=1 and~\ES

_ Execute the clear status register command (5016)
to clear the status register. Try to perform the
operation again after conforming that the command
is entered correctly.

Command
sequence error
Block erase error |* = *
Program error .-

[End (block erase, program)j

Should block erase error occur, the block cannot
be used.

- Should program error occur, the block cannot be
used.

Note: When SR5 or SR4 is set to “1”, neither of the program nor block erase
commands are accepted. Execute the clear status register command (5016)
before executina these commands.

Fig.BB-5 Full status check flowchart and the method to deal with errors
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Functions to inhibit rewriting to the on-chip flash memory
To prevent flash memory from being miss-read or miss-written, ROM code protect function for parallel I/O
mode and ID code check function for standard serial mode are introduced.

ROM code protect function

ROM code protect function can inhibit readout from or modification to the flash memory by setting the content
in ROM code protect control address (OFFFFF16) for parallel I/O mode. Fig.BB-6 shows the content of ROM
code protect control address (OFFFFF16). (The address exists in user ROM area.)

If one of the pair of ROM code protect bits is set to “0”, ROM code protect is turned on, so that the flash
memory is protected against the readout or modification. ROM code protect is implemented in two levels. If
level 2 is selected, the flash memory is protected even against readout by a shipment inspection LSI tester,
etc. When both level 1 and level 2 are set, level 2 will be selected.

If both of the two ROM code protect reset bits are set to “00”, ROM code protect is turned off, so that the flash
memory can be read out or modified. Once ROM code protect is turned on, the ROM code protect reset bits
cannot be modified in parallel I/O mode. Use the serial mode or other to rewrite these two bits.

ROM code protect control address

b3 b2
----------- ROMCP2 | ROM code protect level 8 (1) E;g%gg% gggg:gg
2 set bits (Note 1,2) 1 0: Protect enabled
1 1: Protect disabled

b5 ba
0 O: Protect removed

' 0 1: Protect set bits effective
' bits (Note 3) 1 0: Protect set bhits effective
: 1 1: Protect set bits effective

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
L] ] ROMCP OFFFFF16 FF16
+ 1| Bit symbol Bit name Function
:--i-| Reserved bits Always set these bits to “1”

e

............. ROMCR | ROM code protect reset

b

J

bl

(<2]

: Protect enabled
: Protect enabled
: Protect enabled

1 set bits (Note 1)
1: Protect disabled

00

SRR RREEEEEEEE ROMCP1 | ROM code protect level | g 1
10
1

Note 1: When ROM code protect is turned on, the on-chip flash memory is
protected against readout or modification in parallel I/O mode.

Note 2: When ROM code protect level 2 is turned on, ROM code readout by
a shipment inspection LSI tester,etc. is also inhibited.

Note 3: The ROM code protect reset bits can be used to turn off ROM code
protect level 1 and level 2. However,Since these bits can not be
modified in parallel I/O mode, they should be rewritten in serial I/O
mode or other modes.

Fig.BB-6 ROM code protect control address
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The function is used in standard serial I/O mode. If the flash memory is not blank, the ID code sent from serial
burner is compared with that inside flash memory to check the agreement. It the ID codes do not match, the
commands from serial burner are not accepted. Each ID code consists of 8-bit data, the areas of which,
beginning from the 15! byte, are OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716,
OFFFFB16. Write a program with the ID code at these addresses to the flash memory.

Address

/]

OFFFDC16 to OFFFDF16

D1

OFFFEO16 to OFFFE316

OFFFE416 to OFFFE716

OFFFES816 to OFFFEB16

OFFFEC16 to OFFFEF16

OFFFFO16 to OFFFF316

OFFFF416 to OFFFF716

OFFFF816 to OFFFFB16

Undefined instruction vector

ID2 Overflow vector

BRK instruction vector
ID3 Address match vector
ID4 Single step vector
ID5 Watchdog timer vector
ID6 DBC vector
ID7 NMI vector

OFFFFC16 to OFFFFF16

Reset vector

4 bytes

Fig.BB-7 ROM ID code addresses
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Parallel I/O mode

Parallel I/O mode is to input and output the software command, address and data in parallel to access the
on-chip flash memory (read, program, erase etc.).

Please use the specific device (programmer) supported for M16C/6K7 Group. Referring to the guideline etc.
of each device manufacture for the usage.

User ROM area and boot ROM area

In parallel /O mode, both user ROM area and boot ROM area showed in Fig.AB-1 can be reprogrammed.
The access method to both areas is the same.

The size of boot ROM area is 4K bytes. The addresses are allocated in OFF00016— OFFFFF16. Make sure
program and block erase operations are always performed within this address range. (Access to any location
outside this address range is prohibited.)

In the boot ROM area, erase block operation is applied to only one 4K bytes block. The boot ROM area has
had a standard serial I/O mode control program stored in it when shipped from Mitsubishi factory. Therefore,
if the standard serial /0O mode is used, the rewriting to the boot ROM area is not necessary.
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Table EE-1 Pin function (Flash memory standard serial I/O mode)

Pin name Name Ife]

Vce, Vss Power supply Apply 3.3 £ 0.3V to Vcc, apply OV to Vss

MO MO | Connect to Vcc

RESET Reset input | Reset input pin. While reset is "L", 20 cycles or more
clocks input to XIN pin are needed.

XIN Clock input | Connect a ceramic resonator or crystal oscillator

XouT Clock output @) between XIN and Xour. If external clock is used, input
it to XIN pin and open the XouT pin.

M1 M1 | Connect to Vss

AVcc, AVss Analog power supply Connect AVss to Vss, AVcc to Vcc

VREF Reference voltage | The input pin of reference voltage of AD converter

P0O0—-PO7 Input port PO | Input "H", "L" or open

Plo-P17 Input port P1 | Input "H", "L" or open

P20-P27 Input port P2 | Input "H", "L" or open

P30-P37 Input port P3 | Input "H", "L" or open

P40-P47 Input port P4 | Input "H", "L" or open

P50-P57 Input port P5 | Input "H", "L" or open

P60—P63 Input port P6 | Input "H", "L" or open

P64 BUSY output 0] The output pin of BUSY signal

P65 SCLK input | The input pin of serial clock

P66 RxD input | The input pin if serial data

P67 TXD input 0] The output pin of serial data

P70-P77 Input port P7 | Input "H", "L" or open

P80—P84 Input port P8 | Input "H", "L" or open

P86,P87

P85 NMI input I Connect to Vcc

P90-P97 Input port P9 | The input pin of serial data

P100-P107 Input port P10 | The input pin of serial data

P110-P117 Input port P11 | The input pin of serial data

P120-P127 Input port P12 | The input pin of serial data

P130—P137 Input port P13 | The input pin of serial data

P140-P147 Input port P14 | The input pin of serial data

P150-P157 Input port P15 | The input pin of serial data

P160,P161 Input port P16 | The input pin of serial data
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—a# P14/INT71/CTS11/RTS11/CTS01/CLKS11

~a P15/INT81/CLK11

~= P11/CLKo1
~a—» P12/RxDo1

[105] ~ P13/TxDo1

107]

P10/CTS01/RTS01 = [109|
P126 =
P125/INT111 ~at-
P124/INT102
P123/INTg2 s
P122/INTs2 ~ 5
P121/INT72 -
P120/INTe1 ~t—
P07

P06 -

PO5 <t

P04 <t

P03

P02 -t

P01
P00~

P117 -

Plle -

Plls —a—

Plls <

Pll3

O

P107/AN7/INT110 ~=
P106/AN6/INT100 ~t—3-
P105/ANs/INTo0 ~tt—
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P103/AN3/INT70 ~&%
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M306K7F8LRP
(144PFB)

48
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Connect to oscillation circuit

Mode setting method

Name of signal line Value
MO vce
M1 Vss
‘RESET Vss - vcc

Fig.EE-1 Pin connections for serial /O mode
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Standard serial /O mode

The standard serial I/O mode inputs and outputs the S/W commands, addresses and data needed to operate
(read, program, erase etc.) the on-chip flash memory with a dedicated serial programmer.

Different from parallel I/O mode, in standard serial mode, CPU controls the flash memory reprogramming
(uses the CPU reprogram mode) and the input of serial reprogram data etc. The standard serial I/O mode is
started by connecting Mo to “H”, M1 to “L” with the release of reset. (To connect Mo to “L” in normal
microcomputer mode.)

This control program is written in boot ROM area when the product is shipped from Mitsubishi factory. Make
sure that the standard serial /O mode cannot be used if boot ROM area is written in parallel I/O mode. Fig
EE-1 shows the pin connections for standard serial /O mode. The input and output of serial data are processed
in CLK10, RxD10, TxD10, RTS10 (BUSY) 4 pins of the UARTL1.

The CLKa1o is clock input pin, which clock is input externally. The TxD10 is CMOS output pin. The RTS10
(BUSY) pin outputs “L” when ready for reception and outputs “H” when reception starts. The serial data are
transferred in 8-bit unit.

In standard serial I/O mode, only the user ROM area shown in Fig.AB-1 can be reprogrammed. Boot ROM
area cannot be reprogrammed.

In the standard serial I/O mode, a 7-byte ID code is used. If the flash memory is not blank, commands sent
from programmer are not accepted unless the ID code matches.
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.}

Outline (standard serial /0 mode)

In standard serial I/O mode, S/W commands, addresses, and data etc. are input and output with the peripheral
device (serial programmer) using 4-wire clock-synchronized serial I/O (UARTL). In reception, S/W commands,
addresses and program data are read from RxD10 pin synchronized with the rising edge of the transfer clock
that is input to the CLK1o0 pin. In transmission, the read data and status are output to TxD10 pin synchronized
with the falling edge of the transfer clock.

The TxD10 is CMOS output pin. Transfer is in 8-bit unit with LSB first.

During transmission, reception, erasing and programming, the RTS10 (BUSY) pin is “H". Accordingly, always
start the next transfer after the RTS10 (BUSY) pin becomes “L".

The read after the input of S/W commands can get memory data and status register. Reading the status
register can check the flash memory operation status, the normal/error end of erasing or programming operation.
The following are the explanation of S/W commands, status register etc.
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S/W commands

Table EE-2 lists the S/W commands. In standard serial I/O mode, the S/W commands, which transferred
from RxD pin, control of erase, program and read etc. The S/W commands in standard serial I/O mode are
similar with that in parallel I/O mode. ID check function, download function, version information output function,
boot ROM area output function and read check data, 5 commands are added.

Table EE-2 The list of S/W commands (standard serial /0O mode)

Control 15t byte 2nd pyte 3 pyte 41 pyte 5t byte 6t byte - If ID
command transfer unmatched
1 | Page read FF16 Address Address Data Data Data 259t byte Not acceptable
(middle) (high) output output output data output
2 | Page program 4116 Address Address Data Data Data 259t pyte Not acceptable
(middle) (high) input input input data input
3 | Block erase 2016 Address Address D016 Not acceptable
(middle) (high)
4 | Read 7016 SRD SRD1 Acceptable
status register output output
5 | Clear 5016 Not acceptable
status register
6 | ID check F516 Address Address Address ID size ID1 -ID7 Acceptable
function (low) (middle) (high)
7 | Download FA16 Address Address Check Data No. of -ID7 Not acceptable
function (low) (high) sum input times required
8 | Version information | FB16 Version Version Version Version Version —9th pyte Acceptable
output function data output | data output | data output | data output | data output | Version data output
9 | Boot ROM area FC16 Address Address Data Data Data —259t byte Not acceptable
output function (middle) (high) output output output data output
10| Read check FD16 Check data | Check data Not acceptable
data (low) (high)

Note 1: Shading indicates transfer from flash memory on chip microcomputer to serial programmer.
The else indicates transfer from serial programmer to flash memory on chip microcomputer.

Note 2: SRD means status register data. SRD1 means status register 1 data.

Note 3: All commands are acceptable if the flash memory is blank.
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The following are the descriptions of S/W commands

Page read command

The command reads the specified page (256 bytes) of the flash memory sequentially one byte at a time.

Execute the page read command as following:

(1) Transfer the “FF16” command code in the 15t byte.

(2) Transfer addresses As— A15 and A16— A23 in the 2"d and 3' byte respectively.

(3) From the 4t byte onward, data (D7—-Do) of the page specified by the address (A23—As) will be output
sequentially from the smallest address sync with the falling edge of the clock.

CLK10

RxD10 ( FF16 X Asg to X A6 to)
(M16C reception data) A15 A23

TxD10o Data255,

(M16C transmit data)
RTS10(BUSY) |_| |_| |_| |_| \ |_|

Fig.EE-2 Timing of page read

Read status register command

The command is for reading status information. When command code “7016” is sent in the 15! byte, the
contents of status register (SRD) and status register 1 (SRD1) will be output in the 2"d and 3™ byte respectively
sync with the falling edge of the clock.

RxD10 ><
(M16C reception data) 7016

TxD10 X SRD X SRD1
(M16C transmit data) output output
RTS10(BUSY) I_I |_|

Fig.EE-3 Timing of read status register
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Clear status register command

The command clears the bits (SR4—-SR5), which are set when operation ended in error. When command
code “5016” is sent in the 15t byte, the aforementioned bits are cleared. When the clear status register
operation ends, the RTS10 (BUSY) signal changes from “H” to “L".

CLK10 lﬂmmﬂmu

RxD10 X 5016
(M16C reception data)

TxD1o
(M16C transmit data)

RTS10(BUSY)

Fig.EE-4 Timing of clear status register

Page program command

The command programs the specified page (256 bytes) of flash memory sequentially one byte a time. Execute

the command as follows:

(1) Transfer the command code “4116” in the 15t byte.

(2) Transfer addresses A15—-As and A23—A16 in the 2"d and 3" bytes respectively.

(3) From the 4! byte onward, after inputting 256 bytes program data (A7—Ao) from the smallest address of
the specified page, the page program operation will be executed automatically.
When the reception for the next 256 bytes is setup, the RTS10 (BUSY) signal changes from “H” to “L".
The result of the page program can be known by reading the status register. For more detail, see the
section on the status register.

RxD10 Ag to A16 to X_
(M16C reception data) 4116 A15 DataO Data255

TxD10
(M16C transmit data)

RTS10(BUSY) ] I_I |_| |_| |_| |_|

Fig.EE-5 Timing of page program
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Block erase command

The command erases the data in the specified block. Execute the command as follows:

(1) Transfer the command code “2016” in the 15! byte.

(2) Transfer addresses A15—-As and A23—-A16 in the 2" and 3" bytes respectively.

(3) After transferring the verify command code“D016" in the 4™ byte, the erase operation starts for the specified
block of the flash memory. Issue the biggest address of th2e specified block to A23—As.
After the completion of block erase, the RTS10 (BUSY) signal changes from “H” to “L”. The result of the block
erase can be know by reading the status register. For more detail, see the section on the status register.

CLK10 |||||||||||||||| """""""" |||||||||||||||| ||||||||||||||||

RxD10 ( X As to \ Ale toX
(M16C reception data) 2016 A15 A23 D016

TxD10
(M16C transmit data)

RTSI0BUSY) | |_| |_| |_| B

Fig.EE-6 Timing of block erase
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Download function

The command downloads an execution program to RAM. Execute the command as follows:

(1) Transfer the command code “FA16” in the 15! byte.

(2) Transfer the program size in the 2"d and 3" bytes.

(3) Transfer the checksum in the 4" byte. Check sum is calculated from all transferred data from the 5t byte
onward.

(4) The execution program is transferred from 5" byte onward.
After the entire program data have been transferred, the downloaded execution program will be executed
if the checksum matches.
The program size allowed to transfer varies according to the size of on-chip RAM.

CLK10 l

|
RxD10 ( FA16 XData size) Data sizeX Check gram Program
(M16C reception data) (low) )\ (high) f\ sum data data
TxD1o0
(M16C transmit data)

RTS10BUSY) | |_| |_| |_| Ii

Fig.EE-7 Timing of download function
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Version information output function

The version information of the control program stored in boot ROM area can be output by the function.
Execute the command as follows:

(1) Transfer the command code “FB16” in the 15 byte.

(2) From the 2" byte onward, the version information will be output. The information is composed of 8 ASCII

character code.
ﬁmmmnnmummmmnnnﬂmmmmmmununnunununﬁ

RxD1o FBlG
(M16C reception data)

TXD10 (XXX? N
(M16C transmit data) v E R X

1
RTS10BUSY) | |_| |_| |_| |_|\ |_|

Fig.EE-8 Timing of version information output function

Boot ROM area output function
The control program stored in boot ROM area can be read out in page (256 bytes) unit by the function.
Execute the command as follows:
(1) Transfer the command code “FC16” in the 15! byte.
(2) Transfer addresses A15—-As and A23—A16 in the 2"d and 3" bytes respectively.
From the 4t byte onward, the data (D7—Do) specified in page (256 bytes) address A23—As will be output
sequentially from the smallest address in sync with the rising edge of the clock.

RxD10 ,:016 Ag to A16 to
(M16C reception data) A15 A23

TxD1o (—X— _X_)
(M16C transmit data) Data0 Data255
RTS10(BUSY) “ ” ” IJ “

Fig.EE-9 Timing og boot ROM area output function
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ID check function

The command checks the ID code. Execute the command as follows:
(1) Transfer the command code “F516” in the 15t byte.
(2) Transfer addresses A7—Ao, A15—As and A23—A16 of 15! ID code (ID1) in the 2Md, 31 and 4t bytes

respectively.

(3) Transfer the number of the ID code in the 5! byte.
(4) From the 6! byte onward, transfer the IDs from the 15 ID code (ID1).

CLK10

RxD1o
(M16C reception data)

RTS10(BUSY)

( F516 X DF16 X FFie X OF16 XIDsizeX ID1 X_

TxD1o
(M16C transmit data)

-

ID7

Fig.EE-10 Timing of ID check function

ID code

If the flash memory is not blank, the input ID codes are compared with that written in flash memaory. If they do
not match, the input commands will not be accepted. Each ID code contains 8 bits data. Beginning from the
151D byte, the address of each ID code is OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716
and OFFFFB16 respectively. Write the program with the ID codes in these addresses to the flash memory.

—1
—1

Address

M
M

OFFFDC16 to OFFFDF16

ID1 Undefined instruction vector

OFFFEO16 to OFFFE316

ID2 Overflow vector

OFFFE416 to OFFFE716

BRK instruction vector

OFFFES816 to OFFFEB16

ID3 Address match vector

OFFFEC16 to OFFFEF16

ID4 Single step vector

OFFFFO016 to OFFFF316

OFFFF416 to OFFFF716

OFFFF816 to OFFFFB16

ID5 Watchdog timer vector
ID6 - DBC vector
ID7 NMI vector

OFFFFC16 to OFFFFF16

! Reset vector

4 bytes

Fig.EE-11 ID code addressed
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Read check data

Read check date command is for conforming if the reprogram data sent after page program command have
been received correctly.

(1) Transfer the command code “FD16” in the 15! byte.

(2) Transfer check data (low) and check data (high) in the 2"d and 3" bytes respectively.

When using read check data command, the command should be issued at first to initialize the check data.
The next is to issue the page program command and related reprogram data. After that, by issuing the read
check data command again, the check data for the reprogram data issued between the two read check data
command can be read out.

Adding the reprogram data in byte unit and then calculating the lower 2 bytes of the added data in two's
complement gives out the check data.

CLK1o0 |||||||||||||||| |||||||||||||||| ||||||||||||||||
RxD1o <
(M16C reception data) FD16

TxD1o0 (Check data)( Check data
(M16C transmit data) (low) (high)

RTS10(BUSY) |_| |_|

Fig.EE-12 Timing of read check dt command
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Status register

Status register indicates if the operation to the flash memory ends successfully or in error. It can be read by
issuing the read status register command (7016). The status register can be cleared by issuing the clear

status register command (5016).

Table EE-3 shows the definition of each bit of the register.

After reset, status register outputs “8016".

Table EE-3 Status register (SRD)

Definition
Symbol Status nq no

SR7 (D7) Sequencer status Ready Busy

SR6 (Ds) Reserved - -

SR5 (D5) Erase status Terminated in error | Terminated normally
SR4 (D4) Program status Terminated in error | Terminated normally
SR3 (D3) Reserved - -

SR2 (D2) Reserved - -

SR1 (D1) Reserved - -

SRO (Do) Reserved - -

Sequencer status (SR7)

After power-on, the sequencer status is set to “1” (ready).
The bit is set to “0” (busy) during program and erase operations and is set to “1” upon the completion of these

operations.

Erase status (SR5)
Erase status indicates the status of erase operation. When erase error occurs, it is set to “1”".
The bit becomes “0” when it is cleared.

Program status (SR4)
Program status indicates the status of program operation. When program error occurs, it is set to “1”.
The bit becomes “0” when it is cleared.
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Status register 1 (SRD1)

Status register 1 indicates the status of serial communication, the result of ID codes comparison, the result of
checksum comparison etc. It can be read after SDR by issuing the read status register command (7016). The
register can be cleared by issuing the clear status register command (5016).

Table EE-4 shows the definition of each bit of the register.

After power on, status register 1 outputs “0016".

Table EE-4 Status register (SRD1)

Each bit of Definition
SRD Status name o o
1 0
SR15 (bit7) | Boot update completed bit Update completed Not update

SR14 (bit6) | Reserved - -
SR13 (bit5) | Reserved - -

SR12 (bit4) | Check sum match bit Match Mismatch
SR11 (bit3) | ID check completed bits 00 Not verified
SR10 (bit2) 01 Verified with mismatch
10 Reserved
11 Verified with match
SR9 (bitl) | Timeout of data reception Timeout Normal operation

SR8 (bit0) Reserved - -

Boot update completed bit (SR15)
The flag indicates that if the control program has been downloaded to RAM with download function.

Check sum match bit (SR12)
The flag indicates if the check sum is matched when downloading the control program with download function.

ID check completed bits (SR11, SR10)
These bits indicate the result of ID checks. Some commands cannot be accepted without the ID checks.

Timeout of data reception bit (SR9)
The flag indicates if timeout occurs during data reception. If the bit is set to “1” during data reception,
microcomputer will discard the received data and return to wait state.
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Full status check
By performing full status check, the execution result of erase and program operations can be known. Fig.EE-
13 shows the full status check flowchart and the method to deal with the error.

(Read status registerj

sequence error to clear the status register. Try to perform the
operation again after conforming that the
commands is entered correctly.

Command ] . . Execute the clear status register command (5016)

Should block erase error occur, the block can not

Block erase error ] be used.

Should program error occur, the block can not be
used.

Program error ] T

[End (block erase, program)]

Note: When SR5 or SR4 is set to "1", neither of the program nor block erase
commands are accepted. Execute the clear status register command (5016)
before executing these commands.

Fig.EE-13 Full status check flowchart and the method to deal with errors
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Circuit applied for standard serial /0 mode (example)
The figure below shows a circuit applied for standard serial /O mode. The control pins bary by different
programmer. Refer to programmer manual for the detail.

CLK10

Clock input
BUSY output RTS10(BUSY)
Data input RxD10
Clock output TxD10

M16C/6K7 (NEW DINOR type

flash memory)

MO
M1

NMI

i

The control pins and external circuitry vary by different programmer.
Refer to programmer manual for the detail.

Fig.EE-14 Example circuit applied for the standard serial /O mode
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—— Keep safety first in your circuit designs!

+ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to
personal injury, fire or property damage. Remember to give due consideration to safety when making your circuit designs, with appropriate such as (i) 1t of substitutive, auxiliary circuits, (i) use of non-flammable
material or (jii) prevention against any malfunction or mishap.

— Notes regarding these materials

+ These materials are intended as a reference to assist our customers in the selection of the Mitsubishi semiconductor product best suited to the customer’s application; they do not convey any license under any intellectual property
rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in 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).

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.

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

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials.

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.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein.
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