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

1RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

Description

The M16C/6N group of single-chip microcomputers are built using the high-performance silicon gate
CMOS process using a M16C/60 series CPU core and are packaged in a 100-pin plastic molded QFP.
These single-chip microcomputers operate using sophisticated instructions featuring a high level of instruc-
tion efficiency. With 1M bytes of address space, they are capable of executing instructions at high speed.
They also feature a built-in multiplier and DMAC, making them ideal for controlling office, communications,
industrial equipment, and other high-speed processing applications.

The M16C/6N group is consisted of two sub-groups, M16C/6NO group and M16C/6N1 group. The M16C/
6NO group has two CAN (Controller Area Network) modules and the M16C/6N1 group has one CAN mod-
ule (See Figure 1.1.4 Memory Expansion). The CAN modules comply with the 2.0B specification. The
M16C/6N group is suited to drive automotive and industrial control systems.

Features
* Memory capacity ........ccoceeeevniieeeennninne ROM 128K/256K bytes
RAM 5K/10K bytes
« Shortest instruction execution time....... 62.5 ns (f(XIN) = 16MHz, 1/1 prescaler, without software wait)
o Supply voltage ........coovviiiiiiiiiiiiiennnn, 4.2 to 5.5V (f(XIN) = 16MHz, 1/1 prescaler, without software wait)
» Low power dissipation ............cccccceeeee.. 60mA M16C/6NO group Mask products
65mA M16C/6NO group Flash products
50mA M16C/6N1 group Mask products
55mA M16C/6N1 group Flash products
(f(XIN) = 16MHz, 1/1 prescaler, without software wait)

¢ INLEITUPES .. 29 internal and 9 external interrupt sources, 4 software
interrupt sources, 7 priority levels (including key input interrupt)
» Multifunction 16-bit timer..................... 5 output timers + 6 input timers
e Serial IO ...oueviiiiiii 3 channels (UART/clock synchronous, 1 channel clock synchronous)
e DMAC .. 2 channels (trigger: 24 sources)
e CANmodule .......cccooovviiiiiiieee, 2 channels for M16C/6NO group S : : :
1 channel for M16C/6N1 group Specifications written in this
. manual are believed to be ac-
* A-D converter.......cccocvviiniiniiiciincinns 10 bits X (8X3+2) channels curate, but are not guaranteed
¢ D-A CONVEMEr ...ccvviieeieiiee e 8 bits X 2 channels to be entirely free of error.
+ CRC calculation Circuit......................... 1 circuit Specifications in this manual
. o may be changed for functional
° WatCthg UMEr e, 1 15-bit timer or performance improvements.
» Programmable 1/O ...........cccccveveverennenn, 87 lines Please make sure your manual
¢ INPUL POIt ... 1 line (P85 shared with NMI pin) L'2 the latest edition.
» Chip select output ..........oooouiviiiiienennnn. 4 lines
e Memory expansion ............cccccveeeeeeennn. Available (to a maximum of 1M bytes)
* Clock generating Circuit ............c.......... 3 built-in circuits

Main clock generating circuit, Sub clock generating circuit,

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

Ring oscillation circuit (with an oscillation stop detection circuit)
Applications

Automotive and industrial control systems

Central Processing Unit (CPU) ............co...... 11 Serial O v 117
RESEL ... 14 A-D Converter ........ccoeeveviivieieeeenn 157
Processor Mode .........ccccovvvieeieiniiiieeiiieene, 22 D-A Converter .......coovvvveveveeeeeeeeen 167
Clock Generating CirCuit ..........eeevveveeeeeriinnnnns 36 CRC Calculation Circuit .........cccccvvveerrreeeennn. 169
L 0] (=03 170 o S 52 CAN ModUIE .....vviiiiiiiieee e 171
INEEITUPTE .. 53 Programmable /O Port .........cccceovviieennnn. 196
Watchdog Timer ..o 75 Electrical Characteristics............ccceveernnnen. 207
DMAC .o 77 Flash Memory Version .........ccccccovvieeennnnn 224
TIMET e 87
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

Pin Configuration

Figures 1.1.1 and 1.1.2 show the pin configuration (top view).

Pin configuration (top view)
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Note: P71 and P91 are N channel open-drain output pin.

Package: 100P6S-A

Figure 1.1.1. Pin configuration for M16C/6NO group (top view)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description
. __________________________________________________________________________________________________________________________|

Pin configuration (top view)
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[45] <= P46/CS2

[47] <> pasicS3
[46] <& P50/WRL/WR_
[45] ~&—— P51/WRH/BHE

P07/AN07/D7 ~a—9
P06/ANo06/Ds ~a——
P0s/ANos/Ds5 ~at—
P04/AN04/D4 ~t—
P03/ANo03/D3 <=
P02/ANo02/D2 ~a—=

O

P01/AN01/D1 <= [44] < p52RD
P00/AN00/Do ~a—8=— [43] < P53/BCLK
P107/AN7/KI3 ~—= [42] < p54y/HLDA

P M16C/6N1 G ) T e

P105/ANs/KI1 <= rou p [40] <+ P5e/ALE

P104/AN4KIo ~= [30] <+ P57/RDY/CLKoOUT
P103/ANs > 28] <= p6o/CTSO/RTS0
P102/AN2 ~+ [27] <= pgy/cLKo
P101/AN; ~& [26] <& pg2/RxDo

AVss — [25] <+ pg3TxDo

P100/ANo ~*= [24] <= P64/CTSIRTSI/CTSO/CLKSL

VREF —* [33] <= P6s/CLKL
AVcc — > O

[22] < P66/RxD1
P97/ADTRG
3N 0 N Y Y

O

[21] <& P67/TxD1

E]
K]
=
E]
E]
]
B]
B
B

1

P75/TA2IN/W ~a—

P74/TA20UT/W <

P84/INT2 a3

P83/INT1 -a—

P82/INTO <3
P81/TA4IN/U -3

BYTE —»
P8o/TA4ouT/U <[]

CNVss
P85/NMI ——=

P87/XciN
P86/XcouT -a——

P77/TA3IN <a—= 3|
P76/TA30uT <= [X |

P94/DA1/TB4IN ~—3
P93/DA0/TB3IN
P92/TB2IN/SouT3

P90/TBOIN/CLKS ~a—

P91/TB1iN/SIN3(Note)

P9s/ANEX1/CTx
P95/ANEX0/CRx0 <—3
P72/CLK2/TAlout/V <[5 ]

P71/RxD2/SCL/TAOIN/TB5IN(Note) ~a— [ |

P73/CTS2/RTS2/TALIN/V ~a——[X |
P70/TxD2/SDA/TAOOUT <[]

Note: P71 and P91 are N channel open-drain output pin.
Package: 100P6S-A

Figure 1.1.2. Pin configuration for M16C/6N1 group (top view)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description
. __________________________________________________________________________________________________________________________|

Block Diagram
Figure 1.1.3 is a block diagram of the M16C/6N group.

Block diagram of the M16C/6N group
I A8 8 A8 A8 A8 A8
i R Y v Y Y Y]
I/O ports [PortPO | [ PortP1] [ PortP2 | [ PortP3 | [ PortP4 | [ PortP5 | [ PortP6 |
Internal peripheral functions g
Timer System clock generator 3 [
Bl A-D converter T T XiN-XouT | 3 ©
Timer TAO (16 bits) . ~
. . 10 bit: 2) ch | XCIN - XcouT L
Timer TAL (16 bits) (10bits x (8x3+2) channels) Ring oscillator —
Timer TA2 (16 bits) ,o)
Timer TA3 (16 bits) UART/clock synchronous SI/O Clock synchronous SI/O %, - -
Timer TA4 (16 bits) (8 bits x 3 channels) (8 bits x 1 channel) 3 \1
o]
Timer TBO (16 bits) - — CAN module L |
Timer TBL (16 bits) Polymamia B2 XDy (2 or 2 channels) ]
. . olynomial : Note 2
Timer TB2 (16 bits) (Note 2) 3
Timer TB3 (16 bits) M16C/60 series16-bit CPU core Memory o
Timer TB4 (16 bits) ) ®
Timer TB5 (16 bits) Registers Program counter ROM L]
Dlgl(-)lH T DQIOL | PC (Note 1) ]
Watchdog timer ] RAM o
(15 bits) 2 = RIL Vector table (Note 1) g
o )
H R3 ©
DMAC H AO Stack pointer L
(2 channels) M Al [ 1sP ] ] |
N FB USP — p
D-A converter Flag register Multiplier =
(8 bits x 2 channels) [ SB ] [ FLG ] 9 ™
o
Note 1: Memory sizes depend on MCU type.
Note 2: Number of channels depends on sub-group.

Figure 1.1.3. Block diagram of M16C/6N group
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

Performance Outline
Table 1.1.1 is a performance outline of the M16C/6N group.

Table 1.1.1. Performance outline of M16C/6N group

Iltem Performance
Number of basic instructions 91 instructions
The shortest instruction execution time 62.5 ns (f(Xin) = 16 MHz, 1/1 prescaler, without software wait)
Memory ROM 128K / 256K bytes
capacity RAM 5K /10 K bytes
1/0 ports PO to P10 (except P8s) 8-bit x 10, 7-bit x 1
Input port P8s 1-bitx 1
Multifunction TAO, TA1, TA2, TA3, TA4 16-bitx 5
timer TBO, TB1, TB2, TB3, TB4, TB5 | 16-bitx 6
. UARTO, UART1, UART2 (UART or clock synchronous) x 3

Serial I/0

S1/03 Clock synchronous
A-D converter 10 bits x (8 x 3 + 2) channels
D-A converter 8 bits x 2 channels
CRC calculation circuit 1 circuit CRC-CCITT
DMAC 2 channels (trigger: 24 sources)

2 channels for M16C/6NO group

CAN Module 1 channel for M16C/6N1 group
Watch-dog timer 15-bit x 1 (with prescaler)
Interrupt 29 internal and 9 external sources, 4 software sources,

7 priority levels

3 built-in clock generating circuits (built-in feedback resistor,
external ceramic or quartz crystal oscillator, and internal ring oscillator)
Supply voltage 4.2t0 5.5V (f(XiNn) = 16 MHz, 1/1 prescaler, without software wait)
60 mA M16C/6NO group Mask products

65 mA M16C/6NO group Flash products

50 mA M16C/6N1 group Mask products

55 mA M16C/6N1 group Flash products

(f(XiN) = 16 MHz, 1/1 prescaler, without software wait)

Clock generating circuit

Power dissipation

/0 I/0 withstand voltage 5V

characteristics | Output current 5 mA

Operating ambient temperature -40t0 125 °C

Device configuration CMOS high performance silicon gate

1RENESAS 5

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

M16C/6N Group Expansion
Mitsubishi releases the following products in the M16C/6N group.
(1) Supports to mask ROM versions and flash memory versions

(2) ROM size
(3) Package
100PBS-A ... Plastic mold QFP (Mask ROM and Flash memory versions)
ROM Size
(Byte)
--------------- L e ]
1 1 1 1
ROM /e :. .............. II. .............. .:
! M306NAMGT-XXXFP ! ' M306NAFGTFP !
--------------- L Ll L LR R I ]
M306NAMCT-XXXFP ! : : :
M306NAMCV-XXXFP ' ' '
M30BNBMCT-XXXFP ! v M3O0BNBFCTFP ]
M306NBMCV-XXXFP ' ' '
--------------- LR R R L RN L LR LR ]

-
]
1
1
]
1
1
]
L]
1
1
]
1
1
]
---
1
]
1
1
]
1
1
]
L]
1
[ ]
1
1
1
r--
1
1
L]
1
1
]
1
1
]
1
1
[ ]
1
1
-

1 1 1

: ( 5K ) : ( 10K ) + RAM Size
' i (Byte)
! ( Flash memory version '

( Mask ROM version

\—/

Figure 1.1.4. Memory expansion

Mitsubishi supports the types shown in the list below.

Table 1.1.2. M16C/6N group October 2002
Type No. R(()Bl\glltzi)ze R/(-\é\/ly%)ze Cé:’\#];?]%%ﬁ])le Characteristic Package type Remarks
M306NAMGT-XXXFP | 256K 10K

85°C guaranteed version
M306NAMCT-XXXFP | 128K 5K Mask ROM version
M16C/6NO 2 100P6S-A
group . . -
M306NAMCV-XXXFP | 128K 5K 125°C guaranteed version(Note 2)
M306NAFGTFP 256K 10K 85°C guaranteed version Flash memory 5V version
M306NBMCT-XXXFP | 128K 5K 85°C guaranteed version
M16C/6N1 Mask ROM version
group M306NBMCV-XXXFP | 128K 5K 1 125°C guaranteed version(Note 2) | 100P6S-A
M306NBFCTFP 128K 5K 85°C guaranteed version Flash memory 5V version

Note 1: It may change in the future.
Note 2: It is difficult from 85°C guranteed version on operating ambient temperature and terms of the use,
please inguire.
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Description

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Type No. 306NAMCT - XXX FP

— ROM No.

1 Package type:

FP :Package 100P6S-A

Omitted for Flash version

Temperature Range
T : Automotive 85°C guaranteed version
V : Automotive 125°C guaranteed version

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

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

Shows the number of CAN module
A : 2 channels
B : 1 channel
(The value itself has no specific meaning)

M16C/6N Group

M16C Family

Figure 1.1.5. Type No., memory size, and package
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Table 1.2.1. Pin description of M16C/6N group (1)

Pin name Signal name 1/0 type Function
Vcc, Vss i'?](;vlfr supply Supply 4.2 to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.
This pin switches between processor modes. Connect it to the
CNVss CNVss Input Vss pin to operate in single-chip or memory expansion mode.
Connect it to the Vcc pin to operate in microprocessor mode.
RESET Reset input Input A "L" on this input resets the microcomputer.
XIN Clock input Input These pins are provided for the main clock generating circuit. Connect
___________________________________________________ a ceramic resonator or quartz crystal between the XN and the Xout
XOUT Clock output | Output pins. To use an externally derived clock, input it to the XIN pin and
leave the XouT pin open.
External data This pin selects the width of an external data bus. A 16-bit width is
BYTE bus width Input selected when this input is "L"; an 8-bit width is selected when this
select input input is "H". This input must be fixed to either "H" or "L". When
operating in single-chip mode, connect this pin to Vss.
Analog power This pin is a power supply input for the A-D converter. Connect this
AVcc
supply input pin to Vcc.
AV Analog power This pin is a power supply input for the A-D converter. Connect this
SS supply input pin to Vss.
VREF Reference Input This pin is a reference voltage input for the A-D converter.
voltage input
This is an 8-bit CMOS 1/0O port. It has an input/output port direction
register that allows the user to set each pin for input or output
POo to PO7 I/O port PO Input/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.
Pins in this port also function as A-D converter input pins.
Do to D7 Input/output | When set as a separate bus, these pins input and output data (Do to D7).
This is an 8-bit I/0 port equivalent to PO. Pins in this port also function
Ploto P17 /O port P1 Inputfoutput as external interrupt pins as selected by software.
Ds to D15 Input/output | When set as a separate bus, these pins input and output data (Ds to D15).
This is an 8-bit I/0 port equivalent to PO. Pins in this port also function
P20 to P27 1/O port P2 Input/output as A-D converter input pins.
Ao to A7 Output These pins output 8 low-order address bits (Ao to A7).
A0/Do to If the external bus is set as an 8-bit wide multiplexed bus, these pins
A7/D7 Input/output [ input and output data (Do to D7) and output 8 low-order address bits
(Ao to A7) separated in time by multiplexing.
If the external bus is set as a 16-bit wide multiplexed bus, these pins
Ao, A1/Do Output input and output data (Do to De) and output address (A1 to A7) separated
to A7/Deé Input/output |- M bu : P P
in time by multiplexing. They also output address (A0).
P30 to P37 I/O port P3 Input/output | This is an 8-bit I/O port equivalent to PO.
As to A15 Output These pins output 8 middle-order address bits (As to A15).
If the external bus is set as a 16-bit wide multiplexed bus, these pins
AEZEI&) Als gﬁ;}lﬁ?urpm input and output data (D7) and output address (A8) separated in time
by multiplexing. They also output address (A9 to A15).
P40 to P47 I/O port P4 Input/output | This is an 8-bit I/O port equivalent to PO.
CSoto CS3 Output These pins output CSo to CS3 signals and A16 to A19. CSo to CS3 are
A16 1O A1,9 Output chip select signals used to specify an access space. A16 to A19 are 4
P high-order address bits.
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Table 1.2.2. Pin description of M16C/6N group (2)

Pin name

Signal name

I/0 type

Function

P50 to P57

WRL / WR,
WRH / BHE,
RD,

BCLK,
HLDA,
HOLD,

ALE,
RDY

I/O port P5

Input/output

Output
Input

This is an 8-bit I/O port equivalent to PO. In single-chip mode, P57 in
this port outputs a divide-by-8 or divide-by-32 clock of XIN or a clock of
the same frequency as XcCIN as selected by software.

Output WRL, WRH (WR and BHE), RD, BCLK, HLDA, and ALE
signals. WRL and WRH, and BHE and WR can be switched using
software control.

Bl WRL, WRH, and RD selected

With a 16-bit external data bus, data is written to even addresses
when the WRL signal is "L" and to the odd addresses when the WRH
signal is "L". Data is read when RD is "L".

B WR, BHE, and RD selected L

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

While the input level at the HOLD pin is "L", the microcomputer is
placed in the hold state. While in the hold state, HLDA outputs a "L"
level. ALE is used to latch the address. While the input level of the
RDY pin is "L", the microcomputer is in the ready state. BCLK outputs
a clock with the same cycle as the internal clock @.

P60 to P67

I/O port P6

Input/output

This is an 8-bit I/O port equivalent to PO. When used for input in single-
chip, memory expansion, and microprocessor modes, the port can be
set to have or not have a pull-up resistor in units of four bits by
software. Pins in this port also function as UARTO and UARTL1 I/O pins
as selected by software.

P70to P77

1/0 port P7

Input/output

This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as timer A0 to A3, timer B5, UART2 I/O or CAN1 transmit/receive data
pins as selected by software. (Note)

Port 71 has an n-channel open drain output.

P8o to P84,
P8s,

P87,

1/0 port P8

Input port P85

Input/output
Input/output

Input/output

P80 to P84, P86 and P87 are /O ports with the same functions as P6.
Using software, they can be made to function as the 1/O pins for timer
A4 and the input pins for external interrupts. P86 and P87 can be set
using software to function as the 1/O pins for a sub clock generation circuit.
In this case, connect a quartz crystal oscillator between P86 (XCOUT pin)
and P87 (XCIN pin). L L

P85 is an input-only port that also functions for NMI. The NMI interrupt
is generated when the input at this pin changes from "H" to "L". The NMI
function cannot be cancelled using software. P85 is not equipped with

a pull-up transistor.

P9o to P97

1/0O port P9

Input/output

This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as S 1/03 1/0 pins, Timer BO to B4 input pins, D-A converter output pins,
A-D converter extended input pins, A-D trigger input pins or CANO
transmit/receive data pins as selected by software.

Port 91 has an n-channel open drain output.

P10o0 to P107

1/0 port P10

Input/output

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

Note: Channel CANL1 is not available for M16C/6N1 group.
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory

Operation of Functional Blocks
The M16C/6N group accommodates several units in a single chip. These units include ROM and RAM to
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations.
Also included are peripheral units such as CAN module, timers, serial 1/0, D-A converter, DMAC, CRC
calculation circuit, A-D converter, and I/O ports.
Each unit is explained in the following.

Memory

Figure 1.3.1 shows the memory map of the M16C/6N group. The address space extends the 1M bytes from
address 0000016 to FFFFF16. The ROM area is mapped top-aligned up to FFFFF16. The start address
depends on the memory capacity of the device; e.g. 128Kbytes ROM are mapped E000016 up to FFFFF16.
The vector table for fixed interrupts such as the reset and NMI are mapped to FFFDC16 to FFFFF16. The
starting addresses of the interrupt routines are stored here. The address of the vector table for timer inter-
rupts, etc., can be set as desired using the internal register (INTB). See the section on interrupts for details.
The RAM area is mapped bottom-aligned starting from 0040016. The end address depends on the RAM
capacity of the device; e.g. 5Kbytes RAM are mapped to 0040016 to 017FF16. In addition to storing data,
the RAM also stores the stack used when calling subroutines and when interrupts are generated.
The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial /O, CAN modules and timers, etc. Figure 1.6.1 t0 1.6.3
show the locations of peripheral unit control registers. Any part of the SFR area that is not occupied is
reserved and cannot be used for other purposes.
The special page vector table is mapped to FFEOO16 to FFFDB16. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be implemented as 2-byte instructions, reducing the number of program steps.
Depending on processor mode setting, a part of the space is reserved and cannot be used. For example, in
the M306NAMCT-XXXFP, the following space cannot be used.

*» The space between 0180016 and 03FFF16 (All modes)

» The space between 0400016 and CFFFF16 (Single-chip mode)

*» The space between D000016 and DFFFF16 (Single-chip mode and memory expansion mode)
For details on how to enable usage of specific memory areas, see the section "Processor Mode".

Note 1: Cannot be used in any mode. 0000016
Note 2: Cannot be used in single-chip mode. SFR area
Note 3: Cannot be used in single-chip mode or memory FFE0O16
expansion mode. 0040016 ;
Internal RAM area :
KXXXX16 Special page
! vector table
Internal reserved
area (Note 1)
MMMMM16
Type No. Address XXXXX16 Address YYYYY16 TP F——
M306NBMCT/FCT 017FF16 E000016 External area 16 E Undefined instruction 3
M306NAMCT 017FF16 E000016 (Note 2) E Overflow
M306NAMGT 02BFF16 C000016 E  BRKinstruction
M306NAFGT 02BFF16 C000016 NNNNN1s r——— E_ Address match
area (Note 3) ; E Single step
PM13 (Note) Address MMMMMz16 Address NNNNN16 YYYYY16 E Oscilltion stop detection/Watchdog timer
0 0400016 D000016 Internal ROM area |/ E DBC
1 0600016 C000016 1 E NMI
Note: PM13 (Internal reserved area expansion bit) FFFFFel FFFEF16 E Reset

Figure 1.3.1. Memory map
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU

Central Processing Unit (CPU)

The CPU has a total of 13 registers shown in Figure 1.4.1. Seven of these registers (RO, R1, R2, R3, AOQ,
Al, and FB) come in two sets; therefore, these registers have two register banks.

b15 b8 b7 b0
RO(Note) | H | L |-|
II I I | I I |
b15 b8 b7 b0 b19 bo
R1(Note) | H | L |'| PC | | Program counter
II I I I I I A v v |
Data
registers
b15 bo b19 b0
R2(Note) | |-| INTB[ H | L | Interrupt table
II 1 I I A 111 I I I o e | register
b1l5 b0 b15 b0
R3(Note) | USP | | User stack pointer
II I T Y I I 1 I I A
b15 b0 b15 b0
AO(Note) | ISP | | Interrupt stack
T T T O O L1111l pointer
Address
b15 b0 rengterS b15 bo ]
A1 (Note) SB | | Static base
||||||||||||||||||-| L1111l register
b15 b0 b15 b0
FB(Note) Frame base FLG Flag register
||||||||||||||||n registers ,|Illl|llllllllll! ag registe
’/’ 1
L1 Py | [u] t]ole[s|z]p[c]
| | | |
Note: These registers consist of two register banks.

Figure 1.4.1. 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 be
used as 32-bit data registers (R2R0O/R3R1).

(2) Address rgisters (A0 and Al)
Address registers (A0 and Al) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AO0).
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU

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

The program counter (PC) is configured with 20 bits, indicating the address of an instruction to be ex-
ecuted.

(5) Interrupt table register (INTB)

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

(6) Stack pointer (USP/ISP)
Stack pointers come in two types: the user stack pointer (USP) and the 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)
The static base register (SB) is configured with 16 bits, and is used for SB relative addressing.
(8) Flag register (FLG)

The flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.4.2 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 results in 0; otherwise, cleared to "0".

« Bit 3: Sign flag (S flag)
This flag is set to "1" when an arithmetic operation results 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 results 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.
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M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU

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

* Bits 8 to 11: Reserved area

* Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight
processor interrupt priority levels from level O to level 7.
If a requested interrupt has a priority greater than the processor interrupt priority level (IPL), the inter-
rupt 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 bo
IPL ul1|lo|B|S|z|D|C| Flagregister (FLG)

L Carry flag

L——— Debug flag

Zero flag

Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Figure 1.4.2. Flag register (FLG)

1RENESAS 13

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset

Reset
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See "Software Reset" for details of software resets.) This section explains on hardware resets.
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level "L" (0.2Vcc max.) for at least 20 cycles of f(XIN). When the reset pin level is then returned to
the "H" level while main clock is stable, the reset status is released and program execution resumes from
the address in the reset vector table.
Figure 1.5.1 shows the example reset circuit. Figure 1.5.2 shows the reset sequence.

5V
vce
ov
RESET Vvce 5V
~ RESET

1T Ll
,;l; ov

Example when Vcc = 5V. 20 cycles or more of XIN are needed.

Figure 1.5.1. Example reset circuit

XIN ah
i
-

Microprocessor
mode BYTE ="H"

Y

More than 20 cycles are needed

RESET BCLK  24cycles

Content of reset vector

Address { FFFFCis | FFFFD1s FFFFE1s \

RD ’—‘ ’—‘ ’—‘—

v

€S0 A

Microprocessor
mode BYTE ="L" Content of reset vector

Address ( FFFFCi6 X FFFFE16 X X

RD ] e

WR H

cso /

Single chip FFFFC16 Content of reset vector
mode

Y
Address { X FFFFE16 X X
(Note)

Note: This is the internal address signal.
The address signal is not outputted to the external.

Figure 1.5.2. Reset sequence
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset

Table 1.5.1 shows the statuses of the other pins while the RESET pin level is "L". Figures 1.5.3 t0 1.5.5
show the internal status of the microcomputer immediately after the reset ha been released.

Table 1.5.1. Pin status when RESET pin level is "L"

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

PO Input port (floating) Data input (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Input port (floating)
P2, P3, P40 to P43 | Input port (floating) Address output (undefined) Address output (undefined)
P44 Input port (floating) CS0 output ("H" level is output) CS0 output ("H" level is output)
P4s to P47 Input port (floating) Input port (floating) Input port (floating)

(pull-up resistor is on) (pull-up resistor is on)
P50 Input port (floating) 'WR output ("H" level is output) | WR output ("H" level is output)
P51 Input port (floating) BHE output (undefined) BHE output (undefined)
P52 Input port (floating) RD output ("H" level is output) RD output ("H" level is output)
P53 Input port (floating) BCLK output BCLK output
it por (fcaing gt e ot v |[LOR ot (1 st e

HOLD pin) HOLD pin)
P55 Input port (floating) HOLD input (floating) HOLD input (floating)
P56 Input port (floating) ALE output ("L" level is output) [ALE output ("L" level is output)
P57 Input port (floating) RDY input (floating) RDY input (floating)
ggéypgé;:j%);?pi%“' Input port (floating) Input port (floating) Input port (floating)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset

E

Processor mode register O (Note 1)  (000416)+[ 0016 |  (29) UART2 receive interrupt control register  (005016)-- X[ }X[X]X[ 2[0] 0] 0]
XX DD 0] o]0]

B

Processor mode register 1 (000516)---

(30) UARTO transmit interrupt control register ~ (005116)---

(3) System clock control register 0 (000615)--[0] 1] o]0 1]0] 0] (31) UARTO receive interrupt control register  (005216)---[X<]X]] ?[0] 0] 0]
Emmmn (32) UART1 transmit interrupt control register (005315)...

AN

TEoeeTe[
(4) System clock control register 1 (000715)---[0] 0] 1] 0 o[ 0] 0] 0]
(5) Chip select control register (000816)“- (33) UART1 receive interrupt control register (005416)---
(6) A v IMermet (©000926)- [ L0]0] (34 Timer AQ interrupt control register (005516)- [ 2 0] 0] ]
(7) Protect register 000A6)- X0 ofo]  (35) Timer Al interrupt control register 00s616)-- DD 2] 0] 0] 0]
(8) Oscillation stop detect register (000Cws)-[ 0016 |  (36) Timer A2 interrupt control register 005716 XD 2] 0] 0] 0]

[0] 2[2]?

DT ?[o]0[0]
(10) Address match interrupt register 0 (00101e)~- (38) Timer A4 interrupt control register 005916)-- XD ?[0] 0] 0]

(9) Watchdog timer control register (000F16)--[0]0] 0] 2] ?[?] 7] (37) Timer A3 interrupt control register (005816)-++[]
(©o1l)--[ 0016 |  (39) Timer BO interrupt control register (00sAse)- XX 2] 0] 0] 0]
<7

(001216)-++ % X (40) Timer B1 interrupt control register (00sB1e)- XX 2] 0] 0] 0]
(11) Address match interrupt register 1~ (00141s)--[ 0016 | (41) Timer B2 interrupt control register (0oscie)-- PP ?[0] 0] 0]
(0151)-[ 0016 |  (42) INTO interrupt control register (00sD1s)- X< o] o] 2] 0] 0] 0]

oo161s)-- DI 0]oo]o]  (43) INTL interrupt control register (005E16)- - ?
(12) DMAGO control register (002c1e)--[0]o] 0] o[ 0]?[0]0]  (44) INT2 interrupt control register (005F1s)- <] 0] 0] ?[0] 0] 0]
(13) DMAL control register (003c1e)--[0]0] 0] o[ 0]2[0]o]  (45) Timer B3,4,5 count start flag (01c016)-{oJ o [o [XIXIXIXIX]
(14) g&Trglllr:g/;?é(tirup interrupt (Note2) (004116)___ (46) Three-phase PWM control register 0 (OlCS:LG)--
(15) ﬁﬁat‘r?];:lggﬁizﬁugeﬁgfgfon (004216)- [ ?[0[0]0] ~ (47) Three-phase PWM control register 1 (01Cc9 16)--
(16) CANO successful transmission (004316)- - (48) Three-phase output buffer register 0 (OlCAm)--

interrupt control register

(17) INT3 interrupt control register (004416)-- ] 0]0] 2] 0[0]0]  (49) Three-phase output buffer register 1 (01¢B1e)- X]Jo] o] o]0 0] 0]
XX]?]o]o]0]
ViV >

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

(18) Timer B5 interrupt control register  (004516) DX XD<{P{ ?[0] 0] (50) Timer B3 mode register (01DB16)--{ 0] o[ ?[0 o] 0] 0] 0]
(19) Timer B4 interrupt control register  (004616)--+| X ||| <] 7 (51) Timer B4 mode register (01DC1e)--{0] 0] 2] 0] 0] 0] 0]
(20) Timer B3 interrupt control register (004716)--- (52) Timer B5 mode register (01DD16)---
(21) ﬁ@%;ﬁ ggﬁtﬁ'zflurler;(;?grmn(Note 2) (004816)--- (53) Interrupt cause select register0 (01DEz1s)- )
(22) ﬁg’;ﬁstu ggﬁtsriflurlgé;asﬂzrrnlss(ﬁgte 2) (004916)--- <P 0] o[ ?[0]0]0]  (54) Interrupt cause select registerl (O10Fe)-{ o006 |
B llision detection ints t
23) cgr?trcool ::I(?Qtef ection netrup ©04Awe)-- DD 2[0]00]  (58) s 103 control register (01E216)--- 4016
g
(24) DMAO interrupt control register (004815)-- ] [2[o[o]o]  (s6) uarT2 special mode register 2 (01F616)---
(25) DMAL interrupt control register (004Cz16)- (57) UART2 special mode register (01|:716)...
(26) %gﬂ?é} error interrupt Cong\(‘)éte 2) 004D16)-- DD ?[0]0]0]  (88) UART2 transmitireceive mode register  (01F816)-<[ 001 |
@7 ﬁ;ﬁf;ﬁ‘égﬁ{g? interrupt (004€1e)-- PP ?[0]0]0]  (59) UART2 transmitireceive control register 0 (01FC1s)--[0] 0]oJo] 1] 0] o]0]
(28) g&izlzrggg?gn interrupt (004F16)- - DD 7 [o]  (60) UART2 transmitireceive control register 1 (01FDie)--[0] 0[o[0[0] 0] 1[o]
x : Nothing is mapped to this bit
? : Undefined

The RAM is indeterminate at power on. The initial value must therefore be defined. When a reset signal is input while the CPU is writing a value to the RAM,
the value may be changed to an unintended value.

Note 1: When the Vcc level is applied to the CNVSs pin, it is 0316 at reset.
Note 2: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.5.3. Device's internal status after areset is cleared
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset
(61) CANO message control register 0 (020016)-- (86) CAN1 message control register 0 (Note) (022016)- -
(62) CANO message control register 1 (020116)-- (87) CAN1 message control register 1 (Note) (022116)---
(63) CANO message control register 2 (020216)-- (88) CAN1 message control register 2 (Note) (022216)-+-
(64) CANO message control register 3 (020316)-- (89) CAN1 message control register 3 (Note) (022316)---
(65) CANO message control register 4 (020416)-- (90) CAN1 message control register 4 (Note) (022416)---
(66) CANO message control register 5 (020516)-- (91) CAN1 message control register 5 (Note) (022516)---
(67) CANO message control register 6 (020616)-- (92) CAN1 message control register 6 (Note) (022616)-+-
(68) CANO message control register 7 (020716)-- (93) CAN1 message control register 7 (Note) (022716)--
(69) CANO message control register 8 (020816)-- (94) CAN1 message control register 8 (Note) (022816)-+-
(70) CANO message control register 9 (020916)-- (95) CAN1 message control register 9 (Note) (022916)- -
(71) CANO message control register 10 (020A16)--- (96) CAN1 message control register 10 (Note) (022A16)---
(72) CANO message control register 11 (020B1s)--- (97) CAN1 message control register 11 (Note) (022B16)-+-
(73) CANO message control register 12 (020(316)“' (98) CAN1 message control register 12 (Note) (022C1e)~-
(74) CANO message control register 13 (020D1e)-[ 0018 ] (99) CAN1 message control register 13 (Note) (022D16)--[ 0016 |
(75) CANO message control register 14 (020E1s)--- (100) CAN1 message control register 14 (Note) (022E16)-[ 0016 |
(76) CANO message control register 15 (020F16)--- (101) CAN1 message control register 15 (Note) (022F16)--[ 0016 |
(77) CANO control register (021016)--- ] 0[0] o[ o] 0] o[ 1] (102) CAN1 control register (Note) (023016)- -
(021129 [IOE[oTo[0] (022129 [XISTE[To[o]
(78) CANO status register (021216)--- (103) CANL1 status register (Note) (023216)-+
(021316)- P 0] o[ 0] o[ 0 0[1] (023316)-
(79) CANO slot status register (021416)-- (104) CANL slot status register (Note) (023416)--[ 0016 |
(021516)--- (023516)---
(80) CANO interrupt control register (021616 0016 | (105) CANL interrupt control register  (Note) (023616)---
(021716)~ (023716)- -
(81) CANO extended register (021816)-- (106) CAN1 extended register (Note) (023816)--
(©21916) [ 0016 | (023916) [ o001 |
(82) CANO configuration register (021Az16)--- (107) CAN1 configuration register (Note) (023A16)--'
(021B16)--- (023B16)- -
(83) CANO receive error count register (021C16)-- (108) CANL receive error count register (Note) (023016)---
(84) CANO transmit error count register (021D1s)-- (109) CANL1 transmit error count register (Note) (023D16)---
(85) CANO time stamp register ©16)-[ 006 ] (110) CAN1 time stamp register (Note) (02316)-[ 001 ]
(021F16)--- (©23F1)[ o001 |
X : Nothing is mapped to this bit
? : Undefined
The RAM is indeterminate at power on. The initial value must therefore be defined. When a reset signal is input while the CPU is writing a value to the RAM,
the value may be changed to an unintended value.
Note: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.5.4. Device's internal status after areset is cleared
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Reset

18

(111) Peripheral function clock select register (025E16)--- (138) A-D control register 0 (03D616)- - mmmmm
(112) CANO/1 clock select register ~ (Note 3) (025Fu16)--- (139) A-D control register 1 (03D716)--
(113) Count start flag (038016)--- (140) D-A control register (03DC1s6)---
(114) Clock prescaler reset flag (038116)-+ E (141) Port PO direction register (03E216)---
(115) One-shot start flag (038216) Emﬂﬂﬂmﬂ (142) Port P1 direction register (O3E316)-+
(116) Trigger select flag (038316)-- (143) Port P2 direction register (03E616)-
(117) Up-down flag (038416)- - (144) Port P3 direction register (03E716)- -
(118) Timer A0 mode register (039616) - (145) Port P4 direction register (03EA16)- -
(119) Timer A1 mode register (039716)-- (146) Port P5 direction register (03EB16)--
(120) Timer A2 mode register (039816)--- (147) Port P6 direction register (03EE15)- -
(121) Timer A3 mode register (039916)-- (148) Port P7 direction register (O3EFu16)---
(122) Timer A4 mode register (039A16)--- (149) Port P8 direction register (03F216)--- ﬂmmﬂmﬂm
(123) Timer BO mode register (039B16)--- Emmﬂmmﬂ (150) Port P9 direction register (03F316)---
(124) Timer B1 mode register (039C16)-- [0] o 2[}J0[0]0[0o]  (151) Port P10 direction register (03F616) -
(125) Timer B2 mode register (039D16)---[0] o] 2] o[ 0] 0[0]  (152) Pull-up control register 0 (03FC16)---
(126) UARTO transmit/receive mode register  (03A016)--- (153) Pull-up control register 1 (Notel) (0O3FDz1s)---
(127) UARTO transmit/receive control register 0(03A416)--- [0] 0[0]0[1]o[0]0]  (154) Pull-up control register 2 (03FEt1s)--
(128) UARTO transmit/receive control register 1(03A516)--- [0] 0[0J0[0[0[1]0]  (155) Port control register (03FF16)---
(129) UART1 transmit/receive mode register  (03A816)--- (156) Data registers (RO/R1/R2/R3)
(130) UART1 transmit/receive control register 0(03AC16)--[ 0] 0[o[o[1]0[0]0]  (157) Address registers (AO/A1)
(131) UART1 transmit/receive control register 1(03AD16)--[0] 0[o[o[o[o[1]0]  (158) Frame base register (FB)

(132) UART transmit/receive control register 2 (03B016)--- ] 0[0J0[0]0[0]0]  (159) Interrupt table register (INTB) 0000016
(133) Flash memory control register 1 (Note2) (03B616)--- ‘ ? (160) User stack pointer (USP) 000016
(134) Flash memory control register 0 (Note2) (03B716)--- }X{mmmﬂm (161) Interrupt stack pointer (ISP) 000016
(135) DMAO cause select register (03B816)--- (162) Static base register (SB) 000016
(136) DMAL cause select register (03BAus)--- (163) Flag register (FLG) 000016
(137) A-D control register 2 (03D416)- mﬂmn

x : Nothing is mapped to this bit
? : Undefined

The RAM is indeterminate at power on. The initial value must therefore be defined. When a reset signal is input while the CPU is writing a value to the RAM,
the value may be changed to an unintended value.

Note 1: When the Vcc level is applied to the CNVSS pin, it is 0216 at a reset.

Note 2: These registers are available on the flash version only.
Note 3: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.5.5. Device's internal status after areset is cleared
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000015
000315
000415
000516
000616
000716
000815
000915
000A
000B:1s
000Cis
000D1s
000E1s
000F s
001015
001215
00131
001416
001616
001716
001F1s
002018
002215
002315
002415
002615
002716
002816
002915
002A16
002B1s
002C1s
002D1s
002F1s
003016
003215
003315
003415
003615
003716
003816
003916
003A1s
003Bu1s
003Cis
003D1s
004016
004116
004216
004315
004415
004515
004615
004716

004816

004915

004A1s
004B1s
004Cis
004D1s

004E1s

004F s

005018
005116

Processor mode register 0 (PMO0)

Processor mode register 1 (PM1)

System clock control register 0 (CMO0)

System clock control register 1 (CM1)

Chip select control register (CSR)

Address match interrupt enable register (AIER)

Protect register (PRCR)

Oscillation stop detection register (CM2)

Watchdog timer start register (WDTS)

Watchdog timer control register (WDC)

Address match interrupt register 0 (RMADO)

Address match interrupt register 1 (RMAD1)

DMAO source pointer (SARO)

DMAO destination pointer (DARO)

DMAO transfer counter (TCRO)

DMAO control register (DMOCON)

DMAZ1 source pointer (SAR1)

DMAL destination pointer (DAR1)

DMAL transfer counter (TCR1)

DMAL control register (DM1CON)

CANO/1 Wake Up interrupt control register (CO1WKIC) (Notel)

CANO successful reception interrupt control register (CORECIC)

CANO successful transmission interrupt control register (COTRMIC)

INT3 interrupt control register (INT3IC)

Timer B5 interrupt control register (TB5IC)

Timer B4 interrupt control register (TB4IC)

Timer B3 interrupt control register (TB3IC)

CANL1 successful reception interrupt control register (CIRECIC)
INTS5 interrupt control register (INT5IC) (Notel)

CANL1 successful transmission interrupt control register (CLTRMIC)
SI03 interrupt control register (S3IC)
INT4 interrupt control register (INT4IC) (Notel)

Bus collision detection interrupt control register (BCNIC)

DMAO interrupt control register (DMOIC)

DMAL interrupt control register (DM1IC)

CANO/1 error interrupt control register (COLERRIC)  (Notel)

A-D conversion interrupt control register (ADIC)
Key input interrupt control register (KUPIC)

UART2 transmit interrupt control register (S2TIC)

UART2 receive interrupt control register (S2RIC)

UARTO transmit interrupt control register (SOTIC)

Note 1: Channel CANL1 is not available for M16C/6N1 group.

005215
005315
005415
005516
005616
005716
005815
005915
005A16
005B16
005C1s
005D16
005E1s
005F16
006015
006F1s
00701
007Fis
008016
008F16
009015
009F 16
00AOQ:1s
00AF1s
00BO:1s
00BF1s
00CO016
00CF1s
00D01s
00DF1s
00EO:6
00EF1s
00F 016
00FF1s
010015
010F1s
011016
011Fs
012016
012F16
013016
013F1s
014015
014F1s
015016
015F1s
016016
016516
016615
016B1s
016C1s
017116
017216
01BF1s
01CO016
01Cls
01C216
01C31s
01C41s
01C516
01C61s
01C716
01C81s
01C916
01CAs
01CB1s
01CCis
01CDs1s

UARTO receive interrupt control register (SORIC)

UART1 transmit interrupt control register (S1TIC)

UART1 receive interrupt control register (S1RIC)

Timer AO interrupt control register (TAOIC)

Timer Al interrupt control register (TA1IC)

Timer A2 interrupt control register (TA2IC)

Timer A3 interrupt control register (TA3IC)

Timer A4 interrupt control register (TA4IC)

Timer BO interrupt control register (TBOIC)

Timer B1 interrupt control register (TB1IC)

Timer B2 interrupt control register (TB2IC)

INTO interrupt control register (INTOIC)

INT1 interrupt control register (INT1IC)

INT2 interrupt control register (INT2IC)

CANO message box 0: Identifier / DLC, Data Field, Time Stamp

CANO message box 1: Identifier / DLC, Data Field, Time Stamp

CANO message box 2: Identifier / DLC, Data Field, Time Stamp

CANO message box 3: Identifier / DLC, Data Field, Time Stamp

CANO message box 4: Identifier / DLC, Data Field, Time Stamp

CANO message box 5: Identifier / DLC, Data Field, Time Stamp

CANO message box 6: Identifier / DLC, Data Field, Time Stamp

CANO message box 7: Identifier / DLC, Data Field, Time Stamp

CANO message box 8: Identifier / DLC, Data Field, Time Stamp

CANO message box 9: Identifier / DLC, Data Field, Time Stamp

CANO message box 10: Identifier / DLC, Data Field, Time Stamp

CANO message box 11: Identifier / DLC, Data Field, Time Stamp

CANO message box 12: Identifier / DLC, Data Field, Time Stamp

CANO message box 13: Identifier / DLC, Data Field, Time Stamp

CANO message box 14: Identifier / DLC, Data Field, Time Stamp

CANO message box 15: Identifier / DLC, Data Field, Time Stamp

CANO global mask (COGMR)

CANO local mask A (COLMAR)

CANO local mask B (COLMBR)

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

Timer Al-1 register (TA11)

Timer A2-1 register (TA21)

Timer A4-1 register (TA41)

Three-phase PWM control register 0 (INVCO0)

Three-phase PWM control register 1 (INVC1)

Three-phase output buffer register 0 (IDBO)

Three-phase output buffer register 1 (IDB1)

Dead time timer (DTT)

Timer B2 interrupt occurrence frequency set counter (ICTB2)

Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.

Figure 1.6.1. Location of peripheral unit control registers (1)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

01CEss
01CF1s
01DO0ss
01D11s
01D216
01D316
01D41s
01D516
01D61s
01DAs
01DB1s
01DC1s
01DD1s
01DEss
01DF1s
01EO1s
01E11s
01E216
01E316
01E41s
01F51s
01F61s
01F71s
01F81s
01F91s
01FAs
01FBis
01FC1s
01FD1s
01FEzs
01FF1s
020016
020116
020216
020316
020416
020516
020616
020716
020816
020916
020A1s
020B1s
020C1s
020D16
020E1s
020F1s
021016
021116
021216
021316
021415
021516
021616
021716
021816
021916
021A1s
021B1s
021Cse
021D16
021E1s
021F1s
022016
022116
022216
022316
022416

Timer B3 register (TB3)

Timer B4 register (TB4)

Timer B5 register (TB5)

Timer B3 mode register (TB3MR)

Timer B4 mode register (TB4MR)

Timer B5 mode register (TB5MR)

Interrupt cause select register 0 (IFSRO)

Interrupt cause select register 1 (IFSR1)

S 1/03 transmit/receive register (S3TRR)

S 1/03 control register (S3C)

S 1/03 bit rate generator (S3BRG)

UART?2 special mode register 2 (U2SMR2)

UART?2 special mode register (U2SMR)

UART2 transmit/receive mode register (U2MR)

UART?2 bit rate generator (U2BRG)

UART2 transmit buffer register (U2TB)

UART?2 transmit/receive mode register 0 (U2CO0)

UART?2 transmit/receive mode register 1 (U2C1)

UART?2 receive buffer register (U2RB)

CANO message control register 0 (COMCTLO)

CANO message control register 1 (COMCTL1)

CANO message control register 2 (COMCTL?2)

CANO message control register 3 (COMCTL3)

CANO message control register 4 (COMCTLA4)

CANO message control register 5 (COMCTL5)

CANO message control register 6 (COMCTL6)

CANO message control register 7 (COMCTL7)

CANO message control register 8 (COMCTLS8)

CANO message control register 9 (COMCTL9)

CANO message control register 10 (COMCTL10)

CANO message control register 11 (COMCTL11)

CANO message control register 12 (COMCTL12)

CANO message control register 13 (COMCTL13)

CANO message control register 14 (COMCTL14)

CANO message control register 15 (COMCTL15)

CANO control register (COCTLR)

CANQO status register (COSTR)

CANO slot status register (COSSTR)

CANO interrupt control register (COICR)

CANO extended register (COIDR)

CANO configuration register (COCONR)

CANO receive error count register (CORECR)

CANO transmit error count register (COTECR)

CANO time stamp register (COSTR)

CAN1 message control register 0 (CIMCTLO) (Notel)
CAN1 message control register 1 (CIMCTL1) (Notel)
CAN1 message control register 2 (CIMCTL2) (Notel)
CAN1 message control register 3 (CIMCTL3) (Notel)
CAN1 message control register 4 (CLIMCTL4) (Notel)

Note 1: Channel CANL1 is not available for M16C/6N1 group.

Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.

022515
022615
022715
022815
022916
022A16
022B1s
022C1s
022D1s
022E1s
022F1s
023016
023116
023216
023315
023415
023515
023615
023716
023815
023916
023A1s
023Bu1s
023Cis
023D1s
023E1s
023F1s
024016
024115
024215
024315
024415
024515
024615
025D16
025E16
025F 15
026015
026F:s
027016
027F1s
028016
028F1s
029015
029F s
02A0:6
02AFis
02B01s
02BF1s
02CO01s
02CF1s
02D01s
02DF1s
02E016
02EFis
02F016
02FF1s
030015
030F1s
03101
031Fs
032016
032F1s
033015
033F1s
034015
034F1s
035016
035F1s

CAN1 message control register 5 (CIMCTL5) (Notel)
CAN1 message control register 6 (CIMCTL6) (Notel)
CAN1 message control register 7 (CIMCTL7) (Notel)
CAN1 message control register 8 (CIMCTLS8) (Notel)
CAN1 message control register 9 (CIMCTL9) (Notel)
CAN1 message control register 10 (CLMCTL10) (Notel)
CAN1 message control register 11 (CLIMCTL11) (Notel)
CAN1 message control register 12 (CLMCTL12) (Notel)
CAN1 message control register 13 (CLIMCTL13) (Notel)
CAN1 message control register 14 (CLMCTL14) (Notel)
CAN1 message control register 15 (CLMCTL15) (Notel)
CAN1 control register (C1CTLR) (Notel)
CANL1 status register (C1STR) (Notel)
CANL slot status register (CLSSTR) (Notel)
CANL1 interrupt control register (C1SICR) (Notel)
CANL1 extended register (C1IDR) (Notel)
CANL1 configuration register (C1CONR) (Notel)
CANL1 receive error count register (CLRECR) (Notel)
CANL1 transmit error count register (CLTECR) (Notel)
CANL1 time stamp register (C1STR) (Notel)

CANO acceptance filter support register (COAFS)

CAN1 acceptance filter support register (C1LAFS) (Notel)

Peripheral function clock select register (PCLKR)

CANO/1 clock select register (CCLKR) (Notel)

CAN1 message box 0: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 1: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 2: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 3: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 4: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 5: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 6: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 7: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 8: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 9: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 10: Identifier / DLC, Data Field, Time Stamp (Note1)

CAN1 message box 11: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 12: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 13: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 14: Identifier / DLC, Data Field, Time Stamp (Notel)

CAN1 message box 15: Identifier / DLC, Data Field, Time Stamp (Notel)

Figure 1.6.2. Location of peripheral unit control registers (2)

20

1RENESAS

RenesasTechnology Corp.



SFR
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M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

036015
036515
036615
036B1s
036C1s
03711
037215
037F1s
038016
038116
038215
038316
038415
038515
038615
038716
038815
038915
038A1s
038Bu1s
038C1s
038D1s
038E1s
038Fis
039016
039116
039215
039315
039415
039515
039616
039716
039816
039916
039A1s
039B1s
039C1s
039D1s
039E1s
039F1s
03A01s
03Al1s
03A216
03A316
03A416
03A516
03A61s
03AT71s
03A81s
03A916
03AA1s
03AB1s
03ACis
03AD1s
03AE1s
03AF1s
03B01s
03Bl
03B516
03B61s
03B71s
03B81s
03B91s
03BA1s

CAN1 global mask (C1GMR) (Notel)

CAN1 local mask A (CILMAR) (Notel)

CANL1 local mask B (CILMBR) (Notel)

Count start flag (TABSR)

Clock prescaler reset flag (CPSRF)

One-shot start flag (ONSF)

Trigger select register (TRGSR)

Up-down flag (UDF)

Timer AO register (TAO)

Timer Al register (TA1)

Timer A2 register (TA2)

Timer A3 register (TA3)

Timer A4 register (TA4)

Timer BO register (TBO)

Timer B1 register (TB1)

Timer B2 register (TB2)

Timer A0 mode register (TAOMR)

Timer A1 mode register (TAIMR)

Timer A2 mode register (TA2MR)

Timer A3 mode register (TASMR)

Timer A4 mode register (TA4MR)

Timer BO mode register (TBOMR)

Timer B1 mode register (TBLMR)

Timer B2 mode register (TB2MR)

UARTO transmit/receive mode register (UOMR)

UARTO bit rate generator (UOBRG)

UARTO transmit buffer register (UOTB)

UARTO transmit/receive control register 0 (UOCO)

UARTO transmit/receive control register 1 (UOC1)

UARTO receive buffer register (UORB)

UART1 transmit/receive mode register (ULMR)

UART1 bit rate generator (ULBRG)

UART1 transmit buffer register (U1TB)

UARTL1 transmit/receive control register 0 (U1CO)

UART1 transmit/receive control register 1 (U1C1)

UART1 receive buffer register (U1RB)

UART transmit/receive control register 2 (UCON)

Flash memory control register 1 (FMR1) (Note2)

Flash memory control register 0 (FMRO) (Note2)

DMAO cause select register (DMOSL)

DMAL cause select register (DM1SL)

Note 1: Channel CAN1 is not available for M16C/6N1 group.
Note 2: These registers are available on the flash version only.

Note 3: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.

03BBu1s
03BCis
03BD1s
03BE1s
03BF1s
03C016
03Cls
03C21s
03C31s
03C41s
03C516
03C61s
03C716
03C81s
03C916
03CA1s
03CB1s
03CCis
03CD1s
03CE1s
03CF1s
03D01s
03D31s
03D41s
03D516
03D61s
03D716
03D81s
03D916
03DA1s
03DB1s
03DCis
03DD1s
03DF1s
03EO01s
03E1l1s
03E216
03E3:16
03E41s
03ES5:s
03E61s
03E71s
03E81s
03E91s
03EA1s
03EB:1s
03EC1s
03ED1s
03EE1s
03EF1s
03F01s
03F1is
03F216
03F316
03F416
03F516
03F616
03F71s
03FB1s
03FCis
03FD1s
03FE1s
03FF1s

CRC data register (CRCD)

CRC input register (CRCIN)

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D register 6 (AD6)

A-D register 7 (AD7)

A-D control register 2 (ADCONZ2)

A-D control register 0 (ADCONO)

A-D control register 1 (ADCON1)

D-A register 0 (DAO)

D-A register 1 (DA1)

D-A control register (DACON)

Port PO register (P0O)

Port P1 register (P1)

Port PO direction register (PD0)

Port P1 direction register (PD1)

Port P2 register (P2)

Port P3 register (P3)

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 register (P4)

Port P5 register (P5)

Port P4 direction register (PD4)

Port P5 direction register (PD5)

Port P6 register (P6)

Port P7 register (P7)

Port P6 direction register (PD6)

Port P7 direction register (PD7)

Port P8 register (P8)

Port P9 register (P9)

Port P8 direction register (PD8)

Port P9 direction register (PD9)

Port P10 register (P10)

Port P10 direction register (PD10)

Pull-up control register 0 (PURO)

Pull-up control register 1 (PUR1)

Pull-up control register 2 (PUR2)

Port control register (PCR)

Figure 1.6.3. Location of peripheral unit control registers (3)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Software Reset

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

Processor Mode

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

(2) Setting processor modes

The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address
000416). Do not set the processor mode bits to "102".
Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. Therefore,
never change the processor mode bits when changing the contents of other bits. Do not change the
processor mode bits simultaneously with other bits when changing the processor mode bits "012" or
"112". Change the processor mode bits after changing the other bits. Also do not attempt to shift to or from
the microprocessor mode within the program stored in the internal ROM area.
* Applying Vss to CNVss pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing "012" to the processor mode bits.
* Applying Vcc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figure 1.7.1 shows the processor mode register 0 and 1.
Figure 1.7.2 shows the memory maps applicable for each of the modes when memory area dose not be
expanded (normal mode).
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor Mode

Processor mode register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| PMO 000416 0016 (Note 2)
' T T T T T 11
[ I R A A - - - T
I I I I I I I I Bit symbol Bit name Function RyW
i b1 b0 |
I I I I I I I I| PMmoo Processor mode bit 0 0: Single-chip mode 0|10
T 0 1: Memory expansion mode ]
I 1 1 1 1 1 L—=d pmo 1 0 Inhibited OI o
T 1 1: Microprocessor mode |
p— [— T
I I I I I l___1 emo2 R/W mode select bit 0: RD,BHE,WR olo
T 1:RD,WRH,WRL |
R I
L PMO03 Software reset bit The device is reset when this bit is set | _|
b b—— to "1". The value of this bit is "0" when [O]O
[ I | read. I
BEE i
PMO4 Multiplexed bus space pbe
I T selecﬁ bit P 00 : Multiplexed bus is not used OI o
| 01 : Allocated to CS2 space
I PMO5 10 : Allocated to CS1 space I
I I ________ 11 : Allocated to entire space (Note4) OI o
I PMO06 Port P40 to P43 function | 0 : Address output I
I b—— == select bit (Note 3) 1 : Port function 0,0
I (Address is not output) |
' PMO7 BCLK output disable bit | 0 : BCLK is output }
l——————————— (Note 3) 1: BCLK is not output 0I0
I

(Pin is left floating)

Note 1: Set bit 1 of the protect register (address 000A1s) to "1" when writing new
values to this register.

Note 2: If the Vcc voltage is applied to the CNVss, the value of this register when
reset is 0316. (PM0O and PMO1 both are set to "1".)

Note 3: Valid in microprocessor and memory expansion modes. In single-chip mode,
ports P4o to P43 are not used for address output and BCLK is not output.

Note 4: If the entire space is of multiplexed bus in memory expansion mode, choose an
8-bit width.The processor operates using the separate bus after reset is revoked,
space multiplexed bus cannot be chosen in microprocessor mode.

The higher-order address becomes a port if the entire space multiplexed bus is
chosen, so only 256 bytes can be used in each chip select.

Processor mode register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | 0 | 0| o| |><|><| 0| PM1 000516 00000XX02
I I
Il
I I I Bit symbol | Bit name Function RIW
| 1| Y Reserved bit Must always be setto 0 OI O
Il
.. . I
Il Nothing is assigned.
1 g g

—=1 In an attempt to write to these bits, write 0. The value, if read, turns ||
out to be indeterminate.

|

I

|

|

|

|

! |
| |
| !
T

I PM13 Internal reserved area 0: The same internal reserved I

| expansion bit (Note 2) area as that of M16C/60, I

| M16C/61 and M16C/62 group :

| E—— 1: Expands the internal ROM area | OO

up to 256K bytes respectively. |

(Note 2) | |

|

1

I

|

b

——————— Reserved bits Must always be set to "0" [eHe)

[————————————

PM17 Wait bit 0 : No wait state OI a
_____________ 1 : Wait state inserted I

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

Note 2: Be sure to set this bit to 0 except for products whose ROM size exceeds 192K bytes.
Set this bit to "1" for MB06NAMG and M306NAFG.
Specify D000016 or a subsequent address as a reset address in the fixed
vector table.

Figure 1.7.1. Processor mode register 0 and 1
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor Mode
.}

Memory maps in each processor mode (Internal reserved area expansion bit PM13 is "0")

Single-chip mode Memory expansion mode Microprocessor mode
ooooow [ || ~~~~~7rTr——————— T
SFR area SFR area SFR area
004001 [~ ~~~~"~"~""~"~"1T1r " A "~
Internal Internal Internal
RAM area RAM area RAM area
XXXXXee .
Internally reserved Internally reserved
area area
04000, |  fTTTTTTTTTTTTYTYYIT |t
Inhibited External External
area area
Dooo0ss | T
Internally reserved
area (Note)
YYYYYe o
Internal Internal
ROM area ROM area
FFFFF®86

Memory maps in each processor mode (Internal reserved area expansion bit PM13 is "1")

Single-chip mode Memory expansion mode Microprocessor mode
ooooows [ | ~~~~—~—"~"~—"""T1 1 "~
SFR area SFR area SFR area
oo400 | | "~~~ T1———— |
Internal Internal Internal
RAM area RAM area RAM area
XXXXXwe o o —_—
Internally reserved Internally reserved
area area
oeoo0 { V.
Inhibited External External
area area
co0000 | b ..
Internally reserved
area
A A4 AT NN ey i ————
Internal Internal
ROM area ROM area
FFFFFwe | e

|:| External area: Accessing this area allows the user to access a device connected
externally to the microcomputer.

Address XXXXX16 Address YYYYYi1e
Type No.
PM13=0 PM13=1 PM13 =0 PM13 =1
M306NBMCT/FCT 017FF16 E000016
M306NAMCT 017FF16 E000016
M306NAMGT 02BFF16 D000016 C000016
M306NAFGT 02BFF16 D000016 C000016

Note: When YYYYY1e is lower than DO00016 (products with more than 192 Kbytes of ROM),
internal ROM in the range of YYYYY16 to CFFFF16 cannot be accessed when PM13 is "0".

Figure 1.7.2. Memory maps in each processor mode
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Processor Mode
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

0000016
0040016

XXXXX16
0400016

0800016

2800016

3000016

CFFFFi6
D000016

YYYYYi6

FFFFF16

Memory expansion mode

Internal reserved area expansion bit (PM13) = "0"

Microprocessor mode

SFR area (1 Kbytes)

SFR area (1 Kbytes)

Internal RAM
area

Internal RAM
area

Internal reserved area

Internal reserved area

CSs3
(16 Kbytes)

External
area

Internal reserved area

Internal ROM
area (Note)

External
area

1
> (32 Kbytes) (128 Kbytes)

CSso
Memeory expansion mode: 640 Kbytes

Microprocessor mode: 832 Kbytes

(

|:| External area : Accessing this area allows the user to

access a device connected externally
to the microcomputer.

Address XXXXX16 Address YYYYY16
Type No.
PM13=0 PM13=1 | PM13=0 PM13=1
M306NBMCT/FCT 017FF16 E000016
M306NAMCT 017FF16 E000016
M306NAMGT 02BFF16 D000016 C000016
M306NAFGT 02BFF16 D000016 C000016

Note: When YYYYYz1s is lower than D000016 (products with

more than 192 Kbytes of ROM), internal ROM in the
range of YYYYY16 to CFFFF16 cannot be accessed.

Internal reserved area expansion bit (PM13)
Microprocessor mode

Memory expansion mode

="

00000
| SFR area (1 Kbytes) SFR area (1 Kbytes)
0040016 T
Internal RAM Internal RAM
area area
XXXXX16 T
Internal reserved area Internal reserved area -
0600016 ‘g L
08000 }--10%
16 ©
Qv
N
B
©
)
28000 T 18
16 — <,
ih
3000016 T N
o
E 0
ge
External External o
area area oo
% o)
FEL
Oc@2
BFFFF16 | 1 ... ry 9E
C000016 g3
Internal reserved area g 8
83
YYYYY16 235
o o
25
Internal ROM £
area \E_/
FFFFF16 R -
Chip PM13 Address range
select
TS0 0 3000016 to CFFFF16 (640Kbytes)
()
g 1 3000016 to BFFFF16 (576Kbytes)
all S —
g c CcSs1 — 2800016 to 2FFFF16 (32Kbytes)
k=] —
2 % CS2 — 0800016 to 27FFF16 (128Kbytes)
3 0 0400016 to 07FFF16 (16Kbytes)
o CS3
1 0600016 to 07FFF16  (8Kbytes)
3 === 0 3000016 to FFFFF16 (832Kbytes)
g 0]
g 1 3000016 to FFFFF16 (832Kbytes)
% Ccs1 — 2800016 to 2FFFF16 (32Kbytes)
3 cs2 — 0800016 to 27FFF16 (128Kbytes)
Q.
g 0 0400016 to 07FFF16  (16Kbytes)
= CSs3
= 1 0600016 to 07FFF16  (8Kbytes)

Figure 1.7.3. Memory location and chip select area in each processor mode

Internal Reserved Area Expansion Bit (PM13)

This bit expands the internal RAM area and the internal ROM area, and changes the chip select area. In
M306NAMGT/FGT, for example, to set this bit to "1" expandes the internal ROM area to 256 Kbytes
respectively. Refer to Figure 1.7.2 and 1.7.3 for the chip select area. When the reset is revoked, this bit is
set to "0". To expand the internal area, set this bit to "1" in user program. And the top of user program

must be allocated to D000016 or subsequent address.

In the case of the product in which the internal ROM is 192 Kbytes or less set this bit to "0" when this
product is used in the memory expansion mode or the microprocessor mode. When the product is used in
the single chip mode, the internal area is not expanded and any action is not affected, even if this bit is set
to "1".
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Bus Settings

The BYTE pin and bits 4 to 6 of the processor mode register O (address 000416) are used to change the bus
settings.
Table 1.8.1 shows the factors used to change the bus settings.

Table 1.8.1. Factors for switching bus settings

Bus setting Switching factor
Switching external address bus width Bit6 of processor mode registerQ
Switching external data bus width BYTE pin
Switching between separate and multiplex bus Bits4 and 5 of processor mode registerQ

(1) Selecting external address bus width
The address bus width for external output in the 1M bytes of address space can be set to 16 bits (64K bytes
address space) or 20 bits (1M bytes address space). When bit 6 of the processor mode register 0 is set to
"1", the external address bus width is set to 16 bits, and P2 and P3 become part of the address bus. P40 to
P43 can be used as programmable 1/O ports. When bit 6 of processor mode register 0 is set to "0", the
external address bus width is set to 20 bits, and P2, P3, and P40 to P43 become part of the address bus.

(2) Selecting external data bus width

The external data bus width can be set to 8 or 16 bits. (Note, however, that only the separate bus can be
set.) When the BYTE pin is "L", the bus width is set to 16 bits; when "H", it is set to 8 bits. (The internal bus
width is permanently set to 16 bits.) While operating, fix the BYTE pin either to "H" or to "L".

(3) Selecting separate/multiplex bus

The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode register 0.
» Separate bus
In this mode, the data and address are input and output separately. The data bus can be set using the
BYTE pin to be 8 or 16 bits. When the BYTE pin is "H", the data bus is set to 8 bits and PO functions as
the data bus and P1 as a programmable 1/O port. When the BYTE pin is "L", the data bus is set to 16
bits and PO and P1 are both used for the data bus.
When the separate bus is used for access, a software wait can be selected.
* Multiplex bus

In this mode, data and address I/O are time multiplexed. With an 8-bit data bus selected (BYTE pin =
"H"), the 8 bits from Do to D7 are multiplexed with Ao to A7.
With a 16-bit data bus selected (BYTE pin = "L"), the 8 bits from Do to D7 are multiplexed with A1 to As.
Ds to D15 are not multiplexed. In this case, the external devices connected to the multiplexed bus are
mapped to the microcomputer's even addresses (every 2nd address). To access these external de-
vices, access the even addresses as bytes.
The ALE signal latches the address. It is output from P5s.
Before using the multiplex bus for access, always set the CSi wait bit of the chip select control register
to "0".
In microprocessor mode, multiplexed bus for the entire space cannot be selected.
In memory expansion mode, when multiplexed bus for the entire space is selected, address bus range
is 256 bytes in each chip select.

- 1RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bus Settings

Table 1.8.2. Pin functions for each processor mode

Processor mode | Single-chip Memory expansion mode/microprocessor modes Memory
mode expansion mode
Multiplexed bus and separate bus Multiplexed
External bus type separate bus bus (Note 1)
|\/|u|tip|exed bus .-01..’ "10" "00" "1 (NOte 2)
space select bit Either CS1 or CS2 is for multiplexed Separate bus Multiplexed bus for
bus and others are for separate bus. the entire space
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE pln Ievel = an = uLu = IIHII = "L" = ||H||
P0o to PO7 I/O port Data bus Data bus Data bus Data bus 1/0 port
(Note 3)
Ploto P17 1/0 port I/O port Data bus I/O port Data bus I/0O port
P20 1/O port Address bus Address bus | Address bus | Address bus Address bus
/data bus(Note 4) /data bus
P21to P27 1/0 port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 4) |/data bus (Note 4) /data bus
P30 1/0 port Address bus Address bus Address bus | Address bus As/D7
/data bus (Note 4)
P31to P37 I/O port Address bus Address bus | Address bus | Address bus 1/0O port
P40 to P43 I/O port 1/0O port I/O port 1/0O port I/O port 1/0 port
Port P40 to P43
function select bit = "1"
P40 to P43 I/O port Address bus Address bus | Address bus | Address bus 1/0O port
Port P40 to P43
function select bit = "0"

P44 to P47 1/0 port cs (chip select) or programmable 1/O port

(For details, refer to "Bus control")
P50 to P53 /0 port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK

(For detalils, refer to "Bus control")
P54 1/0 port HLDA HLDA HLDA HLDA HLDA
P55 1/0 port HOLD HOLD HOLD HOLD HOLD
P56 1/O port ALE ALE ALE ALE ALE
P57 I/O port RDY RDY RDY RDY RDY

Note 1: In memory expansion mode, do not select a 16-bit multiplex bus.

Note 2: In microprocessor mode, multiplexed bus for the entire space cannot be selected.
In memory expansion mode, when multiplexed bus for the entire space is selected, address bus range is 256 bytes
in each chip select.

Note 3: These ports don’t function as A-D converter input pins.

Note 4: Address bus when in separate bus mode.
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Bus Control
The following explains the signals required for accessing external devices and software waits. The signals
required for accessing the external devices are valid when the processor mode is set to memory expansion
mode and microprocessor mode. The software waits are valid in all processor modes.

(1) Address bus/data bus

The address bus consists of the 20 pins AO to A19 for accessing the 1M bytes of address space.
The data bus consists of the pins for data 1/0. When the BYTE pin is "H", the 8 ports DO to D7 function as
the data bus. When BYTE is "L", the 16 ports DO to D15 function as the data bus.
Both the address and data bus retain their previous states when internal ROM or RAM is accessed. Also,
when a change is made from single-chip mode to memory expansion mode, the value of the address bus
is undefined until external memory is accessed.

(2) Chip select signal
The chip select signal is output using the same pins as P44 to P47. Bits 0 to 3 of the chip select control
register (address 000816) set each pin to function as a port or to output the chip select signal. The chip select
control register is valid in memory expansion mode and microprocessor mode. In single-chip mode, P44 to
P47 function as programmable I/O ports regardless of the value in the chip select control register.
In microprocessor mode, only CS0 outputs the chip select signal after the reset state has been cancelled.
CS1 to CS3 function as input ports. Figure 1.9.1 shows the chip select control register.
The chip select signal can be used to split the external area into as many as four blocks. Table 1.9.1 shows
the external memory areas specified using the chip select signal. Note that the address ranges for CS0 and
CS3 vary according to processor mode and setting of the internal reserved area expansion bit (PM13).

Table 1.9.1. External areas specified by the chip select signals

Chip select| PM13 - Address range -
Memory expansion mode Microprocessor mode
N 0 3000016 to CFFFF1s (640Kbytes) 3000016 to FFFFF16 (832Kbytes)
S0 3000016 to BFFFF16 (576Kbytes) 3000016 to FFFFF16 (832Kbytes)
cs1 — 2800016 to 2FFFF16  (32Kbytes) 2800016 to 2FFFF16  (32Kbytes)
CSs2 — 0800016 to 27FFF16  (128Kbytes) 0800016 to 27FFF1s  (128Kbytes)
N 0 0400016 to 07FFF16  (16Kbytes) 0400016 to 07FFF1s  (16Kbytes)
©s3 0600016 to 07FFF16 (8Kbytes) 0600016 to 07FFF16 (8Kbytes)
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Chip select control register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | CSR 000816 0116

T T T T ] T T T
I I I I | I I I T
T T S R R R I - symbol Bit name Function R:W
I I I I I I I I
I I I I 1 I I 1 gt . 1
Lobr e €S0 €S0 output enable bit 0 : Chip select output disabled O:O
A A CS1 output enable bit (Normal port pin) O10
: : : : : e cS2 Ccs2 output enable bit 1 : Chip select output enabled O:O
b e cs3 CS3 output enable bit OEO
I I I I ——

——————————— csow it bi [
P EO wait bit 0 : Wait state inserted O:O
Ittt Csiw CS1 wait bit 1 : No wait state 0,0
| o CS2W | CS2 wait bit o10
R CS3wW CS3 wait bit 0,0

Figure 1.9.1. Chip select control register

The timing of the chip select signal changing to "L" (active) is synchronized with the address bus. But the
timing of the chip select signal changing to "H" depends on the area which will be accessed in the next
cycle. Figure 1.9.2 shows the output example of the address bus and chip select signal.
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the two cycles.

BCLK

Read/Write
signal

Data bus

Address bus

Chip select
(Csi)

Chip select
(Cs))

Access to the

LI N

Example 1) After access the external area, both the address signal and
the chip select signal change concurrently in the next cycle.

In this example, after access to the external area(i), an access to the area
indicated by the other chip select signal(j) will occur in the next cycle. In
this case, both the address bus and the chip select signal change between

Access to the Other
External Area(i) External Area(j)

Data,
|

XAddressX

L
I

Access to the

BCLK
Read/Write
signal
Data bus { Data\

Address bus

XAddressX

Chip select
(CSi)

I

Example 3) After access the external area, only the address bus changes
in the next cycle (the chip select signal does not change).

In this example, after access to the external area(i), an access to the area
indicated by the same chip select signal(i) will occur in the next cycle. In
this case, the address bus changes between the two cycles, but the chip
select signal does not change.

Access to the Same
External Area(i) External Area(i)

Note : These examples show the address bus and chip select signal within the successive two cycles.
According to the combination of these examples, the chip select can be elongated to over 2cycles.

Example 2) After access the external area, only the chip select signal
changes in the next cycle (the address bus does not change).

In this example, an access to the internal ROM or the internal RAM in the
next cycle will occur, after access to the external area. In this case, the
chip select signal changes between the two cycles, but the address does

not change.
Access to the  Internal ROM/RAM
External Area  Access
BCLK
Read/Write
signal
Data bus { Datay)
i
Address bus XAddress

Chip select

Example 4) After access the external area, either the address signal and
the chip select signal do not change in the next cycle.

In this example, any access to any area does not occur in the next cycle
(either instruction prefetch does not occur). In this case,either the address
bus and chip select signal do not change between the two cycles.

Access to the

External Area No Access

BCLK
Read/Write
signal
Data bus { Data )
Address bus ><Address

Chip select

Figure 1.9.2. Output examples about address bus and chip select sighal (separated bus without
wait)
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(3) Read/write signals

With a 16-bit data bus (BYTE pin = "L"), bit 2 of the processor mode register 0 (address 000416) selects
the combinations of RD, BHE, and WR signals or RD, WRL, and WRH signals. With an 8-bit data bus
(BYTE pin = "H"), use the combination of RD, WR, and BHE signals. (Set bit 2 of the processor mode
register 0 (address 000416) to "0".) Tables 1.9.2 and 1.9.3 show the operation of these signals.

After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically selected.
When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of the
processor mode register 0 (address 000416) has been set (Note).

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect
register (address 000A16) to "1".

Table 1.9.2. Operation of RD, WRL, and WRH signals

Data bus width RD WRL WRH Status of external data bus
L H H Read data
16-bit H L H Write 1 byte of data to even address
(BYTE ="L") H H L Write 1 byte of data to odd address
H L L Write data to both even and odd addresses

Table 1.9.3. Operation of RD, WRL, and BHE signals

Data bus width RD WR BHE A0 Status of external data bus
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
(BYTE ="L") L H H L Read 1 byte of data from even address
H L L L Write data to both even and odd addresses
L H L L Read data from both even and odd addresses
8-bit H L Not used H/L Write 1 byte of data
(BYTE ="H") L H Not used H/L Read 1 byte of data

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

When BYTE pin = "H" When BYTE pin ="L"
ALE ALE
Do/Ao to D7/A7 >< Address >< Data (Note 1) >< Ao >< Address ><
Do/A1 to D7/As >< Address >< Data (Note 1) ><
Ag to A19 >< Address (Note 2) ><
A9 to A19 >< Address ><
Note 1: Floating when reading.
Note 2: When multiplexed bus for the entire space is selected, these are 1/O ports.

Figure 1.9.3. ALE sigal and address/data bus
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(5) RDY signal

The ready signal facilitates access of external devices that require a long time for access. As shown in
Figure 1.9.4, inputting "L" to the RDY pin at the falling edge of BCLK causes the microcomputer to enter
the ready state. Inputting "H" to the RDY pin at the falling edge of BCLK cancels the ready state. Table
1.9.4 shows the microcomputer status in the ready state. Figure 1.9.4 shows the example of the RD
signal being extended using the RDY pin.

The RDY signal is valid when accessing the external area during the bus cycle in which bits 4 to 7 of the
chip select control register (address 000816) are set to "0". The RDY signal is invalid when setting "1" to all

bits 4 to 7 of the chip select control register (address 000816), but the RDY pin should be treated as properly
as in non-using.

Table 1.9.4. Microcomputer status in ready state (Note)

Iltem Status

Oscillation On

R/W signal, address bus, data bus, CS Maintain status when RDY signal accepted
ALE signal, HLDA, programmable 1/0 ports

Internal peripheral circuits On

Note: The RDY signal cannot be accepted immediately prior to a software wait.

In an instance of separate bus

BCLK / \ / ! / -/ \_

w0
s,

(=010 3)

RDY

tsu(RDY - BCLK)

*

Accept timing of RDY signal

In an instance of multiplexed bus

BCLK

RD

CSi
(=0t0 3)

RDY

tsu(RDY - BCLK)

*

@ : Wait using RDY signal Accept timing of RDY signal
iz Wailt using software

Figure 1.9.4. Example of RD signal extended by RDY signal
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(6) Hold signal
The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting "L" to
the HOLD pin places the microcomputer in the hold state at the end of the current bus access. This status
is maintained and "L" is output from the HLDA pin as long as "L" is input to the HOLD pin. Table 1.9.5
shows the microcomputer status in the hold state.
Bus-using priorities are given to HOLD, DMAC, and CPU in order of decreasing precedence.

HOLD > DMAC > CPU

Figure 1.9.5. Bus-using priorities

Table 1.9.5. Microcomputer status in hold state

Item Status
Oscillation On
R/W signal, address bus, data bus, CS, BHE Floating
Programmable 1/0 ports PO, P1, P2, P3, P4, P5 Floating

P6, P7, P8, P9, P10 Maintain status when hold signal is received

HLDA Output "L"
Internal peripheral circuits On (but watchdog timer stops)
ALE signal Undefined

(7) External bus status when the internal area is accessed
Table 1.9.6 shows the external bus status when the internal area is accessed.

Table 1.9.6. External bus status when the internal area is accessed

Item SFR accessed Internal ROM/RAM accessed
Address bus Address output Maintain status before accessed
address of external area
Data bus When read Floating Floating
When write Output data Undefined
RD, WR, WRL, WRH RD, WR, WRL, WRH output Output "H"
BHE ﬁoutput Maintain status before accessed

status of external area

CS Output "H" Output "H"

ALE Output "L" Output "L"

(8) BCLK output
The output of the internal clock g can be selected using bit 7 of the processor mode register 0 (address
000416) (Note). The output is floating when bit 7 is set to "1".

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect
register (address 000A16) to "1".
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(9) Software wait
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note) and bits 4 to 7 of the chip select control register (address 000816).
A software wait is inserted in the internal ROM/RAM area and in the external memory 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 two or three BCLK cycles. After the microcomputer has
been reset, this bit defaults to "0". When set to "1", bits 4 to 7 of the chip select control register are invalid
and a wait is applied to all external memory areas (two or three BCLK cycles).
When the wait bit of the processor mode register 1 is "0", software waits can be set independently for
each of the 4 areas selected using the chip select signal. Bits 4 to 7 of the chip select control register
correspond to chip selects CS0 to CS3. When one of these bits is set to "1", the bus cycle is executed in
one BCLK cycle. When set to "0", the bus cycle is executed in two or three BCLK cycles. These bits
default to "0" after the microcomputer has been reset.
The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits. Also,
the corresponding bits of the chip select control register must be set to "0" if using the multiplex bus to
access the external memory area.
Table 1.9.7 shows the software wait and bus cycles. Figure 1.9.6 shows example bus timing when using
software 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 1.9.7. Software waits and bus cycles

. Bits 4 to 7 of chip select
Area Bus status Wait bit control register Bus cycle
SFR —_ Invalid Invalid 2 BCLK cycles
R 0 Invalid 1 BCLK cycle
Internal
ROM/RAM
—_— 1 Invalid 2 BCLK cycles
Separate bus 0 1 1 BCLK cycle
Separate bus 0 0 2 BCLK cycles
External
memory Separate bus 1 0 (Note) 2 BCLK cycles
area
Multiplex bus 0 0 (Note) 3 BCLK cycles
Multiplex bus 1 0 (Note) 3 BCLK cycles

Note: When using the RDY signal, always set to "0".
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< Separate bus (no wait) > Bus cycle (Note 1) Bus cycle (Note 1)

BCLK
Write signal
Read signal
Data bus @ @}
Address bus (Note 2) X XAddressX XAddressx ><

Chip select (Note 2)

< Separate bus (with wait) >

Bus cycle (Note 1) Bus cycle (Note 1)

l——————————————— |

BCLK
Write signal
Read signal |
Data bus \ Output } ,'Inpun
Address bus (Note 2) X Address >< >< Address )<
Chip select (Note 2) |
< Multiplexed bus >
Bus cycle (Note 1) Bus cycle (Note 1)
I< - I
BCLK |
Write signal

Read signal
ALE

Address bus (Note 2) < Address X X Address )_
Address bus/ \ \
Data bus Address Data output X ><Address/ {Input
Chip select (Note 2) |

Note 1: These example timing charts indicate bus cycle length.
After this bus cycle sometimes come read and write cycles in succession.

Note 2: The address bus and chip select may be extended depending on the CPU status
such as that of the instruction queue buffer.

Figure 1.9.6. Typical bus timings using software wait
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Clock Generating Circuit

The clock generating circuit contains three oscillator circuits that supply the operating clock sources to the
CPU and internal peripheral units.

Table 1.10.1. Main clock and sub clock generating circuits

Main clock generating circuit Sub clock generating circuit

Use of clock ®CPU’s operéting cIoclf source . OClPU’s operating clock source

e |nternal peripheral unit's operating clock source e Timer A/B’s count clock source
Usable oscillator Ceramic or quartz crystal oscillator Quartz crystal oscillator
Pins to connect oscillator XIN, XouT XCIN, XcouT
Oscillation stop/restart function Available Available
Oscillator status immediately after reset | Oscillating Stopped
Other Externally derived clock can be input

Example of Oscillator Circuit
Figure 1.10.1 shows some examples of the main clock circuit, one using an oscillator connected to the
circuit, and the other one using an externally derived clock for input. Figure 1.10.2 shows some examples
of sub clock circuits, one using an oscillator connected to the circuit, and the other one using an externally

derived clock for input. Circuit constants in Figures 1.10.1 and 1.10.2 vary with each oscillator used. Use
the values recommended by the manufacturer of your oscillator.

Microcomputer ‘Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XN Xout XIN Xout

Open
(Note)
Rd

I:I Externally derived clock
.0 c Vce

IN T Cour
= = Vss

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

Figure 1.10.1. Examples of main clock

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

O
(Note) T pen

Rcd
Externally derived clock

Py

—(]

_— CciN Ccout

ek

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

Figure 1.10.2. Examples of sub clock
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. __________________________________________________________________________________________________________________________|
Internal Ring-Oscillator

A ring oscillator is built in the microcomputer. It can be used instead of XIN as a main clock by setup of the
bit 1 of the oscillation stop detect register. Lower power dissipation can be realized because the oscillating
frequency of the ring oscillator is much lower compared to that of XIN.

Clock Control

Figure 1.10.3 shows the block diagram of the clock generating circuit.

I fCANO

—fcan1 (Note)

Selector

PCLRo=0"
LO_% f
O PCLKO="1"

f8

—|>_f32
PCLKO="0" szD
OPCLKo="1" >
peLko=tr
Sub clock  cpm20 OPKCLK?T >—f2si02

}f&smz

f32s102

CM10="1"
Write signal

c |dlelf
Divider

Main clock *ﬁ} 2
switching L

circuit
software reset

Main clock
NMI Hﬁ—’i Ring oscillator
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g
CMO06="0"
; CM17,CM16="01" O
CMOi : Biti at address 000616 !
CM1i : Biti at address 000716 CM06="0"
CM2i : Biti at address 000C16 : CM17.CM16="00"
PCLKi : Bit i at address 025E16 :
CCLKi : Bit i at address 025F16 . -
i i : Details of divider
Note: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.10.3. Clock generating circuit
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Clock Generating Circuit

The following paragraphs describe 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). Stopping the
clock, after switching the operating clock source of CPU to the sub clock, reduces the power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the XouT pin
can be reduced using the XIN-XouUT drive capacity select bit (bit 5 at address 000716). Reducing the drive
capacity of the XouT pin reduces the power dissipation. This bit defaults to "1" when shifting to stop mode
and after a reset. When shifting from low-speed/low power dissipation mode to stop mode, the value
before stop mode is retained.

You can switch over from the main clock to the ring oscillator by changing the value of the main clock
switch bit (bit 1 at address 000C16).

(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 XcouT pin
can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616). Reducing the
drive capacity of the XcouT pin reduces the power dissipation. This bit changes to "1" when shifting to
stop mode and at a reset.

When the XCIN/XcouT is used, set ports P86 and P87 as the input ports without pull-up.

(3) BCLK

The BCLK is the clock that drives the CPU and the watchdog timer, i.e. the internal clock g, and is either
the main clock or fc or is derived by dividing the main clock by 2, 4, 8, or 16. After a reset the BCLK is
derived by dividing the main clock by 8 .
When shifting to stop mode, the main clock division select bit (bit 6 at address 000616) is set to "1".
When shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is
retainded.
(4) Peripheral function clocks

* 2, f8, 32, f2s102, f8s102, f32S102
The clock for the peripheral devices is derived by dividing the main clock by 2 (or no division), 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 address 000616) to "1" and then executing a WAIT instruction.
As to f2 and f2s102, you can select division by 2 or no division by changing the value of the peripheral
function clock select register.

* f2AD
This clock is derived by dividing the main clock by 2 (or no division) and is used for A-D conversion. The
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function
clock stop bit (bit 2 at address 000616) to "1" and then executing a WAIT instruction. You can select
division by 2 or no division by changing the value of the peripheral function clock select register.
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« fcano, fcani (Note)
These clocks are derived by dividing the main clock by 1, 2, 4, 8 or 16 and they are used for the corre-
sponding CAN module. The peripheral function clock is stopped by stopping the main clock or by setting
the WAIT peripheral function clock stop bit (bit 2 at address 000616) to "1" and then executing a WAIT
instruction. When CAN modules are shifted to sleep mode, these clocks stop at "H".
(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 may be selected as the BCLK and for the watchdog
timer.

(7) fRING

This clock is supplied by the ring oscillator circuit. Immediately after a reset, this clock is not supplied. The
ring oscillator oscillation can be set to BCLK when oscillation stop is detected or with the main clock
switch bit (bit 1 at address 000C16).

After the oscillation of the ring oscillator circuit has stabilized, the XIN clock driver can be stopped by
setting the main clock stop bit (bit 5 at address 000616) to "1". This can reduce the power dissipation even
more.

Note: Channel CAN1 is not available for M16C/6N1 group.
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Figure 1.10.4 shows the system clock control registers 0 and 1.

System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address When reset
i CMO 000616 4816
: Bit symbol Bit name Function RW
[ . b1 b0 i
it i 1 =1 CMoo | Clockoutput function 00: 1/0 port P57 o0
o select bit . !
R (Valid only in single-chip 01:fc output !
b CMO1 A 10: f8 output 0
P mode) 11 : f32 output 0,0
I CMO02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode 0
Vo clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) Oio
. XcIN-XcouT drive capacity | 0 : LOW !
bR CMO3 | select bit (Note 2) 1:HIGH 0.0
s Port Xc select bit 0 : /0 port 1
cMo4 1 : XcIN-XcouT generation (Note 9) O}O
___________________ cMo5 | Main clock (XiN-XouT) 0:0n 00
stop bit (Note 3, 4, 5, 10) [ 1: Off '
CMO06 Main clock division select | 0 : CM16 and CM17 valid OEO
"""""""""""" bit O (Note 7) 1 : Division by 8 mode
__________________________ CcMo7 System clock select bit 0 : XIN, Xout ofo
(Note 6) 1: XCIN, XcouT '

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

: Changes to "1" when shiffing to stop mode and at a reset.

: When entering the low power dissipation mode and the ring oscillator mode, main clock stops by using this bit.
To stop the main clock, when the sub clock oscillation is stable, set system clock select bit (CM07) to "1" be-
fore setting this bit to "1".

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

. If this bit is set to "1", XouT turns "H". The built-in feedback resistor remains being connected, so XIN turns
pulled up to Xout ("H") via the feedback resistor.

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

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

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

Note 9: When the XCIN/XcouT is used, set ports P86 and P87 as the input ports without pull-up.

Notel0: Setting this bit to "1" disables the main clock buffer. If the oscillation is generated by a quartz crystal or ceramic 0s-

cillator, oscillation stops. To avoid stopping the MCU, set CMO07 to "1" or CM21 to "1" prior to setting this bit to "1".

Note
Note

Note

Note 7

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address  When reset
CM1 000716 2016
Bit symbol Bit name Function RW
CM10 All clock stop control bit 0 : Clock on
(Note4) 1 : All clocks off (stop mode)
Reserved bits Must always be set to "0" (e)(e}
XIN-XouT drive capacity 0:LOW
CM15 select bit (Note 2) 1:HIGH o0
b7 b6
CM16 Main clock division 0 0 : No division mode
select bit 1 (Note 3) 0 1: Division by 2 mode 0.0
CM17 10 : Division by 4 mode !
11 : Division by 16 mode |

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

Note 2: This bit changes to "1" when shifting from high-speed/medium-speed mode to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 3: Can be selected when bit 6 of the system clock control register 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 is cut off. XCIN and XcouT turn high-
impedance state.

Figure 1.10.4. Clock control registers 0 and 1
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Figure 1.10.5 shows the peripheral function clock select register and Figure 1.10.6 shows the CANO/1 clock
select register.

Peripheral function clock select register (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

1: Division by 1 mode

|

|

i

|

:

PCLK1 UARTO-2, S I/03 function | (fzsioz is) !
L clock 0: Division by 2 mode O: O

|

T

|

|

|

|

|

|

|

Symbol Address When reset
PCLKR 025E16 XXXXXX002
T
| |
o Bit symbol Bit name Function RIW
: : PCLKO TimerA, TimerB, A-D (f2and f2ap are)
o= converter function clock | O: Division by 2 mode 0,0
[
|
|
|

1: Division by 1 mode

Nothing is assigned.

""""""""""""""" These bits can neither be set nor reset. When read, their contents are "0". O

Note: Set bit 0 of the protect register (address 000Az16) to "1" before writing in this
register.

Figure 1.10.5. Peripheral function clock select register

CANO/1 clock select register (Note 1, 2)
b7 b6 b5 b4 b3 b2 bl bo
| 0 | | 0 | | | Symbol Address When reset
8 N Y S B CCLKR 025F16 0016
EEREEEE
bbb Bit symbol Bit name Function R!W
I I R (R I I B | . b2 bl b0 |
P CCLKO | CANO Clock select bit 0 0 0: No division mode olo
R A 0 0 1: Division by 2 mode |
[ R R (R R S N CCLK1 0 1 O: Division by 4 mode olo
T T B 0 1 1: Division by 8 mode I
o e 1 0 0: Division by 16 mode !
[T T T A
Lo CCLK2 10 1: Inhibited |
______ s e)le)
Lo 11 0: Inhibited I
: : : : : 11 1: Inhibited I
T
i i i i e Reserved bit Always set to "0" fo]le)
|
I I I I ] b6 b5 ba 0
Dol o] CCLK4 | CAN1 Clock select bit 00 0: No division mode 010
A (Note3) 0 0 1: Division by 2 mode !
b ] CCLK5 0 1 0: Division by 4 mode olo
b 0 1 1: Division by 8 mode :
b CCLK6 100: Div'is?on by 16 mode :
: e 1 0 1: Inhibited |
! 110: Inhibited o0
| 11 1: Inhibited !
I T
|
b Reserved bit Always set to "0" OEO
Note 1: Set bit 0 of the protect register (address 000Ass) to "1" before writing in this register.
Note 2: Change the register value only when the CAN module is in Reset/Initialization mode
(the bit 0 of the CAN Control Register (address 021016 and 023016) is "1").
Note 3: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.10.6. CANO/1 clock select register
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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
000618) is set to "1", the output of f8 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 re-
mains above 2V.
Because the oscillation of BCLK, f2 to 32, fisio2 to f32si02, f2aD, fcaNo, fcaNz, fc32, and fc 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 provided that the event counter mode is set to an external pulse, and UARTI (i=0to0 2), S
I/03 functions provided an external clock is selected. Table 1.10.2 shows the status of the ports in stop mode.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop mode,
that interrupt must first have been enabled, and the priority level of the interrupt which is not used to cancel
must have been changed to "0". If returning by an interrupt, that interrupt routine is executed. If only a
hardware reset or an NMI interrupt is used to cancel stop mode, change the priority level of all interrupt to
"0", then shift to stop mode.
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division
select bit O (bit 6 at address 000616) is set to "1". When shifting from low-speed/low power dissipation mode
to stop mode, the value before stop mode is retained.

Table 1.10.2. Port status during stop mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode

Address bus, data bus, CSO0 to CS3, Retains status before stop mode

BHE

RD, WR, WRL, WRH "H"

HLDA, BCLK "H" —_—

ALE "H" —_—

Port Retains status before stop mode |Retains status before stop mode
CLKouTt When fc selected Valid only in single-chip mode |"H"

When f8, f32 selected Valid only in single-chip mode |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 the watchdog timer stop. Writing "1" to the WAIT peripheral
function clock stop bit and executing a WAIT instruction also stops the clock being supplied to the internal
peripheral functions, allowing power dissipation to be reduced. However, peripheral function clock fca2
does not stop so that the peripherals using fc32 do not contribute to the power saving. When the MCU
running in low-speed or low power dissipation mode, do not enter WAIT mode with this bit set to "1". Table
1.10.3 shows the status of the ports in wait mode.

Wait mode is cancelled by a hardware reset or an interrupt. If an interrupt is used to cancel wait mode, that
interrupt must first have been enabled, and the priority level of the interrupt which is not used to cancel must
have been changed to "0". If returning by an interrupt, the clock in which the WAIT instruction executed is
set to BCLK by the microcomputer, and the action is resumed from the interrupt routine. If only a hardware
reset or an NMI interrupt is used to cancel wait mode, change the priority level of all interrupt to "0", then
shift to wait mode.

Table 1.10.3. Port status during wait mode

Pin Memory expansion mode

Microprocessor mode

Single-chip mode

Address bus, data bus, CSO0 to CS3, Retains status before wait mode

BHE

RD, WR, WRL, WRH "H" —
HLDA,BCLK "H" —_—

ALE "H" _—

Port Retains status before wait mode | Retains status before wait mode
CLKourt When fc selected Valid only in single-chip mode | Does not stop

When fs, f32 selected

Valid only in single-chip mode

Does not stop when the WAIT

peripheral function clock stop
bit is "0".

When the WAIT peripheral
function clock stop bit is "1",
the status immediately prior
to entering wait mode is main-
tained.
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Status Transition of BCLK
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.10.4 shows the operating modes corresponding to the settings of system clock control
registers 0 and 1.
When reset, the device starts in division by 8 mode. The main clock division select bit O (bit 6 at address
000616) changes to "1" when shifting from high-speed/medium-speed to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.
The following shows the operational modes of BCLK.
(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4
mode, the main clock must be oscillating stably. When going to low-speed or low power dissipation mode,
make sure the sub clock is oscillating stable.
(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is divided by 1 to obtain the BCLK.
(6) Low-speed mode

fc is used as BCLK. Note that oscillation of both the main and sub clocks must have stabilized before
transferring from this mode to another or vice versa. 2 to 3 seconds or more are required before the sub
clock is fully stabilized. Therefore, the program must be written to wait until this clock has stabilized
immediately after powering up and after stop mode is cancelled.

(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.

(8) Ring oscillator mode

BCLK is generated by the ring oscillator. You can use it by dividing it by 2, 4, 8 or 16, and also no division
is possible.

Note: Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stable. Allow a wait time in software for
the oscillation to stabilize before switching over the clock.
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Table 1.10.4. Operating modes dictated by settings of system clock control registers 0 and 1
CMm21 CMm17 CM16 CMO7 CMO06 CMO05 CM04 Operating mode of BCLK
0 0 0 0 0 0 Invalid No division mode
0 0 1 0 0 0 Invalid Division by 2 mode
0 1 0 0 0 0 Invalid Division by 4 mode
0 Invalid Invalid 0 1 0 Invalid Division by 8 mode
0 1 1 0 0 0 Invalid Division by 16 mode
0 Invalid Invalid 1 Invalid 0 1 Low-speed mode
0 Invalid Invalid 1 Invalid 1 1 Low power dissipation mode
1 0 0 0 0 1 (Note) Invalid Ring oscillator mode/1
0 1 0 0 1 (Note) Invalid Ring oscillator mode/2
1 1 0 0 0 1 (Note) Invalid Ring oscillator mode/4
1 Invalid Invalid 0 1 1 (Note) Invalid Ring oscillator mode/8
1 1 1 0 0 1 (Note) Invalid Ring oscillator mode/16

Note: Set CM21 to "1" before setting this bit to "1".
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Power Control
The following is a description of the four available power control modes:

Modes
Power control is available in four 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 oper-
ates according to its assigned clock.

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

» Low power dissipation 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 reducing power dissipation.

(4) Ring oscillator mode
The ring oscillator replaces XIN. No-division-, divide-by-2-, 4-, 8- or 16 mode can be selected by
changing the values in CM06, CM16 and CM17. The higher the division ratio is, the lower power
dissipation. The clock driver of XiN can be stopped by changing the value of the main clock stop bit
to "0" when the CPU operates using the ring oscillator. Through this the power dissipation will be
still lower.

Figure 1.10.7 shows the state transition of power control modes.
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Transition of stop mode, wait mode

Stop mode

All oscillators are stopped CM20="0"

Transition of normal operation mode

Medium speed mode
(division by 8 mode)

Interrupt
(Note 1) CMO5 ="0"
Main clock is oscillating
CM04 = "1" cM21="0"
W Subclock is oscillating Ring oscillator is stopped
I(r"\lltgtréug)t Wait instruction
High speed/medium speed mode >
o | Low speed/low power dissipation mode | Wait mode
e ”’| Ring oscillator mode hl
CM10="1
Main clock is stopped k / Interrupt

CPU operation is stopped

Oscillation stop detetion

function is disabled
CM21 = "0" (Note 3)

Ring oscillator is stopped

Normal operation mode

/

Note 1: When the mode returns to normal operation mode again after shifting from high speed/medium speed mode to stop
mode, the mode shifts to division by 8 mode of medium speed mode.

Note 2: When the mode returns to normal operation mode again after shifting from low speed/low power dissipation mode to
stop mode, the mode shifts to low speed/low power dissipation mode.

Note 3: The mode does not shift directly from ring oscillator mode to stop mode.

Medium speed mode

CMO05 ="0" Main clock is oscillating
CMO04 ="0" Sub clock is stopped
CM21 ="0" Ring oscillator is stopped

CMO05 = "0" Main clock is oscillating

" Sub clock is oscillating

" Oscillation stop detetion function is disabled
CM21 ="0" Ring oscillator is stopped

v

BCLK: f(XIN)/n n=1, 2,4, 8,16
CMO7 ="0" System clock is main clock P CMO7 ="1" System clock is sub clock
CM20 ="0" Oscillation stop detection function is disabled/

CMO7 = "1 / Low speed mode
BCLK : f(XCIN)

High speed/medium speed mode \

A

CMO7 ="0" k

CMO05 ="0"

CM04 ="0"

CM20 ="1"

CM21="0"

Main clock is oscillating
Sub clock is stopped

Oscillation stop detetion
function is enabled

Ring oscillator is stopped v

A A A
CM05 ="0" CMO05 ="0" CMO05 ="0"
Main clock is oscillating Main clock is oscillating Main clock is oscillating
CM04 ="1" CMO04 ="1" CM04 ="1"
Sub clock is oscillating Sub clock is oscillating Sub clock is oscillating
CM20 ="0" CM20 ="0" CM21="0"
Oscillation stop detetion Oscillation stop detetion Ring oscillator is stopped
function is disabled function is disabled
CM21="0" CM21="0"

Ring oscillator is stopped Ring oscillator is stopped (Note 3)

CMO5 = "1" (Note 2)

CM04 ="0"
Sub clock is stopped CMO05 ="1"
CM20 ="0" Main clock is stopped
Oscillation stop detetion CM04 ="1"
function is disabled Sub clock is oscillating
Ccm21="1" Cm21="0"

Ring oscillator is oscillating v Ring oscillator is stopped v

High speed/medium speed mode
BCLK : f(XIN)/n n=1, 2, 4,8, 16
CMO07 ="0" System clock is main clock
CM20 ="1" Oscillation stop detection function is enabled

Ring oscillator mode
BCLK: fRING/n n=1, 2, 4, 8, 16 (Note)
CMO07 ="0" System clock is main clock

Low power dissipation mode

BCLK : f(XCIN)
CMO07 ="1" System clock is sub clock

I * Note 1: Division value of CM06, CM16, CM17.
CMO5 ="1" Main clock is stopped Mode Division value | CM06 | CM16 | CM17

When main clock is stopped, or oscillation stop is detected. High speed mode | Division by 1 0 0 0
When occuring this shift, an internal reset or the oscil- Division by 2 0 1 0
lation stop detection interrupt occurs. Divisionby 4 | 0 0 1

Medium speed mode ——— " "
Division by 8 1 Invalid | Invalid

Division by 16 0 1 1
Note 2: Be sure to set CM05 = "1", after setting CM21 = "1".

Note 3: Be sure to set CM21 = "0", after setting CM05 = "0'
and the oscillation of the main clock has stabilized.

Figure 1.10.7. State transition diagram of power control mode
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Oscillation Stop Detection Function
The oscillation stop detection function detects abnormal stopping of the clock by causes such as opening
and shorting of the XIN oscillation circuit. When oscillation stop is detected, either an internal reset or an
oscillation stop detection interrupt is generated. The selection depends on the value in the bit 7 of the
oscillation stop detection register (address 000C16). When an oscillation stop detection interrupt is gener-
ated, the ring oscillator in the microcomputer operates automatically and is used as the system clock in
place of the XIN clock. This allows interrupt processing.
The oscillation stop detection function can be enabled/disabled with bit O of the oscillation stop detection
register. When this bit is set to "1", the function is enabled. After the reset is released, the oscillation stop
detection function becomes invalid because the bit value is "0".
Note that an oscillator input signal that violates the timing or voltage specification for XIN may cause the
CPU to hang. Therefore the oscillation stop detection interrupt may not be processed. Countermeasures
on system level should be taken for the CPU to recover from such kind of status.
Table 1.10.5 gives an specification overview of the oscillation stop detection function.

Table 1.10.5. Specification outlint of the oscillation stop detection function

Item Specification
Oscillation stop detectable clock and | XIN : 2MHz or higher
frequency range
Enabling condition for oscillation stop | When the oscillation stop detection bit (bit O of address 000C16)
detection function is set to "1"
Operation at oscillation stop detection| When internal reset is generated (bit 7 at address 000C16 is
cleared to "0".)
When oscillation stop detection interrupt is generated (bit 7 at
address 000C16 is set to "1".)
Notes on STOP mode Before setting up the stop mode, write "0" in the oscillation stop
detection valid bit to invalidate the oscillation stop detection func-
tion. Write "1" into the bit again after the stop mode is released.

Compulsory discharge when CM20="0"

l Internal reset
generating cicuit [——®Internal reset
Charge/discharge —o)_
cicuit o —
Oscillation stop
| detection interrupt
Pulse generation generating circuit __D—VT the CPU
L o the
XIN circuit for clock edge Watchdog timer
O detection and charge/ interrupt
discharge control
Note CM21]
Main clock switch control
A
Ring oscillator o)
; To the main clock
o/o—— Main clock prescaler

Note: When XIN is supplied, this repeats charge and discharge with pulses by XIN edge detection.
When XIN is not supplied, this continues charging. When the charge exceeds a certain
level, it regards the oscillation as stopped.

Figure 1.10.8. Structure of the oscillation stop detection circuit
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Oscillation stop detection register (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| | 0 | 0 | 0 | | | | | Symbol Address  When reset
N Ecl W N [N B I CM2 000C16 0016
: I I I I I I I
| | I | | I I

P v b 1| Bitsymbol Bit name Function R EW

S R L CM20 Oscillation stop 0: The function is disabled O:O

R detection bit (Note 2) 1: The function is enabled !

R L__| cm21 Main clock source 0: Select Xin O:O

: Lo select bit (Note 3) 1: Select ring oscillator '

I

! TR :_ _____ cM22 Oscillation stop detection | 0: Invalid |

I interrupt request bit (Note 4) | 1: Oscillation stop has been detected O:O

| I I I I

bt CM23 Clock monitor bit (Note 5) | 0: XN is in operation O:

T T R 1: Invalid 1X

| I I I

(R SR R Reserved bits Must be set to "0" OiO

| Ccm27 Action selection on 0: Issue internal reset i

R stop detection (Note 5) 1: Switch to ring oscillators and 0|0
request an interrupt :

Note 1: Set bit 0 of the protect register to "1" before writing to this register.

Note 2: Not valid during wait mode with disabled peripheral clocks (CM02 = "1"), main clock
stop (CM10 = "1"), or if the ring oscillator is selected manually (CM21 ="1").

Note 3: If CM07 = "1", the selection of XcIN takes precedence over fRING.

Note 4: CM22 may be reset but not set

Note 5: Valid when CM20 ="1".

Figure 1.10.9. Structure of the oscillation stop detection register

Oscillation Stop Detection Bit (CM20)
The oscillation stop detection is activated by setting CM20 to "1".
Set this bit to "0" before entering the stop mode. When returning from stop mode, the external oscillator
may be unstable for a period of time. The detection may be enabled again after returning from stop mode.
Set this bit to "0" also before setting main clock stop bit (bit 5 at address 000616).
Do not enable the detection function if XIN is lower than 2MHz.

Main Clock Source Selection Bit (CM21)

The internal ring oscillator may be selected as the main clock source independently of the oscillation stop
detection by setting this bit to "1". The division ratio of the ring oscillator, like that of XIN, is governed by
CMO06, CM16, and CM17. Note that the selection of the sub clock (XCIN) takes precedence over the ring
oscillator selection.

Switching to fRING manually disables the oscillation stop detection regardless of CM20.

Oscillation Stop Detection Interrupt Request Bit (CM22)
This bit signals an oscillation stop detection interrupt. The oscillation stop/restart detection and the watch-
dog timer share an interrupt request line. The interrupt service routine can determine which unit re-
guested the interrupt by sampling this bit. Whe an oscillation stop is detected, this bit goes high. It has to
be reset manually during interrupt servicing.
See also Figure 1.10.10.
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Clock Monitor Bit (CM23)
The operational status of XIN can be monitored with this bit. When XIN is operating, this bit is "0". After a
clock stop detection, this bit can be polled to check if XIN has restarted. This bit is valid when CM20 is "1".

Reserved Bits (CM24-CM26)

These bits are reserved. They must always remain at "0".

Action Selection (when an oscillation stop is detected) Bit (CM27)
(i) Operation when internal reset is selected (CM27="0")
In case an abnormal stop of XIN is detected when the oscillation stop detection valid bit (CM20) is "1", an
internal reset is generated. The microcomputer stops in reset state, and it does not operate further.
Note: Release from this state is possible by external reset only. However, if XiN clock includes some
errors, further operation cannot be guaranteed.
Table 1.10.6 shows the status of each port after an internal reset is generated.

(ii) Operation when oscillation stop detection interrupt is selected (CM27="1")

In case an abnormal stop of XIN is detected when the oscillation stop detection valid bit (CM20) is "1", an
oscillation stop detection interrupt is generated. In this case, the ring oscillator operates instead of the XIN
stopped abnormally. Further operation can be done to the ring oscillation. Oscillation stop detection inter-
rupt shares the vector table with watchdog timer interrupt. Accordingly, the interrupt factor should be
judged. For this purpose, use the CM22, oscillation stop detection status.

Figure 1.10.10 shows how to judge the factor by the oscillation stop detection interrupt process program.

Stop Mode (CM10="1")

It is recommended the stop detection be disabled before entering stop mode. When returning from stop
mode, the external quartz crystal oscillator is instable for a period of time and may falsely cause a clock
stop to be signalled. It may be enabled again after returning from the stop mode.

Wait Mode (WAIT instruction issued)
When peripheral clocks during wait are enabled (CM02="0"), the oscillation stop/restart detection circuit
can continue to monitor XIN. Should XN fail, the wait mode is cancelled and an interrupt is generated
(CM27="1"). The microcomputer issues an internal reset if CM27 is "0".

When the wait mode is entered with the peripheral clocks disabled (CM02="1"), the clock stop detection
is disabled. Clock stops will not be detected. The oscillation stop detection circuit will, however, detect
and react to a stopped clock if the wait mode is cancelled (for instance by an NMI).

Generally, it is recommended to disable the detection circuit before entering wait mode if the peripheral
clocks are to be disabled during wait.
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Tablel.10.6. Port status after an internal reset is generated

Pin status
Pin name Single chip mode Operating mode of BCLK

BYTE =Vss BYTE =Vcc
PO Input port (floating) Data input (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Data input (floating)
P2, P3, P4o to P43 Input port (floating) Address output (indeterminate) Address output (indeterminate)
P44 Input port (floating) CS0 output ("H" level output) CS0 output ("H" level output)
P45 to P47 Input port (floating) Input port (floating) (Pull-up resistance is ON.) Input port (floating) (Pull-up resistance is ON.)
P50 Input port (floating) WR output ("H" level output) WR output ("H" level output)
P51 Input port (floating) BHE output (indeterminate) BHE output (indeterminate)
P52 Input port (floating) RD output ("H" level output) RD output ("H" level output)
P53 Input port (floating) BCLK output BCLK output
P54 Input port (floating) HLDA output (output value depends on HOLD pin input) HLDA output (output value depends on HOLD pin input)
P5s Input port (floating) HOLD input (floating) HOLD input (floating)
P56 Input port (floating) ALE output ("L" level output) ALE output ("L" level output)
P57 Input port (floating) RDY input (floating) RDY input (floating)

P6, P7, P8o to P84,

P86, P87, P9, P10

Input port (floating)

Input port (floating)

Input port (floating)

Oscillation stop detection interrupt
or watchdog timer interrupt
is generated

Read CM22

CM22=17 NO

YES

Jump to the execution program

) | Jump to the execution program
for oscillation stop detection interrupt

for watchdog timer interrupt

Figure 1.10.10. Flow of the judgment
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Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.10.11 shows the protect register. The values in the processor
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister 0 (address 000616), system clock control register 1 (address 000716), peripheral function clock select
register (address 025E16), CANO/1 clock select register (address 025F16), S 1/03 control register (address
01E216), oscillation stop detection register (address 000C16) port P7 direction register (address 03EF16)
and port P9 direction register (address 03F316) can only be changed when the respective bit in the protect
register is set to "1". Therefore, important outputs can be allocated to port P7 or port P9.

If, after "1" (write-enabled) has been written to the port P7 or port P9 direction registers 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 O at address 000A16) and proces-
sor mode register 0 and 1 write-enable bit (bit 1 at address 000A16) do not automatically return to "0" after
a value has been written to an address. The program must therefore be written to return these bits to "0".

Protect register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
PRCR 000A16 XXXXX0002

L
Loropororo b Bit symbol Bit name Function R iW
N T T T A T R PRCO Clock register protection bit | Enables writing to the system clock |
A control registers 0 and 1 (addresses :
A 000616 and 000716), oscillation stop I
I Y T T EE B detection register (address 000C1s), |
A A peripheral function clock select regis- | _!
oror ter (address 025E16), and CANO/1 0,0
[ T T T T B clock select register (address 025F16) | |
R A (Note 1) !
I I I I I I I ]
I 0 : Write-inhibited :
A 1 : Write-enabled I
S T S S PRC1 Processor mode register Enables writing to processor mode :
A protection bit registers 0 and 1 (addresses 000416 !
A and 000516) olo
R 0 : Write-inhibited !
N 1 : Write-enabled I
IR PRC2 P7/P9 direction register and | Enables writing to port P7/9 direction |
AT T R S 1/03 control register register (addresses 03F316 and i
R S R protection bit 03EF16) and S 1/03 control register :
T (address 01E216) (Note 2) 0,0
A T 0 : Write-inhibited |
A 1 : Write-enabled |
I I I I I
R Nothing is assigned. i
Lot ot b e e e These bits can neither be set nor reset. When read, their contents are —1—

indeterminate. i

Note 1: There is only one CAN channel available for M16C/6N1 group.

Note 2: Writing a value to an address after "1" is written to this bit returns the bit
to "0" . Other bits do not automatically return to "0" and they must therefore
be reset by the program.

Figure 1.10.11. Protect register
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Overview of Interrupt

Type of Interrupts
Figure 1.11.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Software Overflow (INTO instruction)

BRK instruction

INT instruction

Reset

NMI

DBC

Oscillation Stop detection
Watchdog timer

Single step

Address matched

Interrupt

Special

Hardware

Peripheral 1/0 (Note)

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

Figure 1.11.1. 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.

1RENESAS £3

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Interrupt

Software Interrupts

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

* 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 interrupt 1/O inter-
rupts, so executing the INT instruction allows executing the same interrupt routine that a peripheral 1/0
interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to "0" and select
the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from the inter-
rupt routine, the U flag is returned to the state it was before the acceptance of interrupt request. So far as
software numbers 32 through 63 are concerned, the stack pointer does not make a shift.
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Hardware Interrupts
Hardware interrupts are classified into two types - special interrupts and peripheral 1/O interrupts.

(1) Special interrupts
Special interrupts are non-maskable interrupts.

* Reset

Reset occurs if an "L" is input to the RESET pin.

* NMlI 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.

* Oscillation stop detection interrupt
Generated by the oscillation stop detection function.

* 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.

e 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 no address
match interrupt occurs. For address match interrupt, see "Address match interrupt".

(2) Peripheral I/O interrupts
A peripheral 1/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 too are 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.
* Bus collision detection interrupt
This is an interrupt that the serial I/O bus collision detection generates.
* DMAQO interrupt, DMA1 interrupt
These are interrupts that DMA generates.
» Key-input interrupt
A key-input interrupt occurs if an "L" is input to the KI pin.

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

*« UARTO, UART1, UART2/NACK, and S I/O3 transmission interrupt
These are interrupts that the serial I/O transmission generates.
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* UARTO, UART1, UART2/ACK, and S I/0O3 reception interrupt

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

e Timer AO interrupt through timer A4 interrupt
These are interrupts that timer A generates.

e Timer BO interrupt through timer B5 interrupt
These are interrupts that timer B generates.

« INTO interrupt through timer INT5 interrupt
An INT interrupt occurs if either a rising edge or a falling edge or both edges are input to the INT pin.

* CANO/1 wake up interrupts (Note)
These interrupts are generated when a falling edge is input to CRxo ro CRx1 pin.

* CANO, 1 transmission interrupts (Note)
These are interrupts that a CAN transmission generates.

* CANO, 1 reception interrupts (Note)
These are interrupts that a CAN reception generates.

* CANO/1 error interrupts (Note)
These are interrupts that a CAN error generates.
Note: Channel CAN1 is not available for M16C/6N1 group.
Interrupts relating to channel CAN1 are invalid for M16C/6N1 group.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 1.11.2 shows the format for

specifying the address.

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

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

Figure 1.11.2. 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 1.11.1 shows the interrupts assigned to the fixed vector tables
and addresses of vector tables.

Table 1.11.1. Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source

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

Undefined instruction

FFFDC16 to FFFDF16

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

Oscillation stop detection/ | FFFFO16 to FFFF316

Watchdog timer

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 setting. Indicate the
first address using the interrupt table register (INTB). The 256-byte area subsequent to the address the
INTB indicates becomes the area for the variable vector tables. One vector table comprises four bytes.
Set the first address of the interrupt routine in each vector table. Table 1.11.2 shows the interrupts as-
signed to the variable vector tables and addresses of vector tables.

Table 1.11.2. Interrupt 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 instr.

Software interrupt number 1 +4 to +7 (Note 1) CANO/1 Wake Up (Note 4)
Software interrupt number 2 +8to +11 (Note 1) CANO reception

Software interrupt number 3 +12 to +15 (Note 1) CANO transmission

Software interrupt number 4 +16 to +19 (Note 1) INT3

Software interrupt number 5 +20 to +23 (Note 1) Timer B5

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 1,2) CANL1 reception, INT5 (Note 4)
Software interrupt number 9 +36 to +39 (Note 1,2) CANL1 transmission, INT4, S /03 | (Note 4)
Software interrupt number 10 +40 to +43 (Note 1) Bus collision detection

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

Software interrupt number 12 +48 to +51 (Note 1) DMA1

Software interrupt number 13 +52 to +55 (Note 1) CANO/1 Error int. (Note 4)

Software interrupt number 14

+56 to +59 (Note 1,2)

A-D conversion, Key input

Software interrupt number 15

+60 to +63 (Note 1,3)

UART?2 transmission/NACK

Software interrupt number 16

+64 to +67 (Note 1,3)

UART?2 reception/ACK

Software interrupt number 17

+68 to +71 (Note 1)

UARTO transmission

Software interrupt number 18

+72 to +75 (Note 1)

UARTO reception

Software interrupt number 19

+76 to +79 (Note 1)

UART1 transmission

Software interrupt number 20

+80 to +83 (Note 1)

UART1 reception

Software interrupt number 21 +84 to +87 (Note 1) Timer AO
Software interrupt number 22 +88 to +91 (Note 1) Timer A1
Software interrupt number 23 +92 to +95 (Note 1) Timer A2
Software interrupt number 24 +96 to +99 (Note 1) Timer A3
Software interrupt number 25 +100 to +103 (Note 1) Timer A4
Software interrupt number 26 +104 to +107 (Note 1) Timer BO
Software interrupt number 27 +108 to +111 (Note 1) Timer B1
Software interrupt number 28 +112 to +115 (Note 1) Timer B2
Software interrupt number 29 +116 to +119 (Note 1) INTO

Software interrupt number 30 +120 to +123 (Note 1) INTL

Software interrupt number 31 +124 to +127 (Note 1) INT2

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 | flag

Note 1: Address relative to address in interrupt table register (INTB).
Note 2: It is selected by interrupt request cause select bits (bit 0 and bit 1 at address 01DE16 and bit 6 and bit 7

at address 01DF16).

Note 3: When IIC mode is selected, NACK and ACK interrupts are selected.
Note 4: Channel CANL1 is not available for M16C/6N1 group.
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Interrupt Control
Descriptions are given here regarding how to enable or disable 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 selection bit,
or 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 bit are located in
the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and the IPL are located
in the flag register (FLG).
Figure 1.11.3 shows the memory map of the interrupt control registers.
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Interrupt control register (Note 2)

Symbol Address When reset

CO1WKIC, (Note 3) 004116 XXXXX0002

CORECIC, COTRMIC 004216, 004316 XXXXX0002

TBIlC(i=3 to 5) 004516 to 004716 XXXXX0002

BCNIC 004A16 XXXXX0002

DMIlC(i=0, 1) 004B16, 004C16 XXXXX0002

CO1ERRIC (Note 3) 004D16 XXXXX0002

ADIC/KUPIC 004E16 XXXXX0002

b7 b6 bS b4 b3 b2 bl bo SIiTIC(i=0 to 2) 005116, 005316, 004F16 XXXXX0002

SIRIC(i=0 to 2) 005216, 005416, 005016 XXXXX0002

S TAIIC(i=0 to 4) 005516 to 005916 XXXXX0002

e TBIlC(i=0 to 2) 005A16 to 005C16 XXXXX0002
b1 b1 11 1| Bitsymbol Bit name Function R! W

oo ILVLO Interrupt priority level b2 b1 b0
A select bit 000: Level O (interrupt disabled) oO: o

e 001: Levell

- 010: Level2 ;

Pl ILVLL 011: Level3 ;
Pooror e 100: Level4 o: O

Voo 101: Level5 :

H H H H H EEEEEEEE ILVL2 110: Level6 1
b 111: Level7 o' o
P T R IR Interrupt request bit 0: Interrupt not requested (@] (@]

Voo 1: Interrupt requested ! (Notel)

R Nothing is assigned. _ _

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

Note 1: This bit can only be accessed for reset (= "0"), but cannot be accessed for set (= "1").
Note 2: To rewrite the interrupt control register, do so at a point that dose not generate the interrupt

request for that register. For details, see the precautions for interrupts.
Note 3: Channel CANL1 is not available for M16C/6N1 group.

Symbol Address When reset
b7 DG DS b4 b3 b2 b1 b INT3IC 004416 XX00X0002
|><|><| 0 | | | | | | CLRECIC/INTSIC (Notes 3, 4) 004816 XX00X0002
e C1TRMIC/S3IC/INT4IC  (Notes 3, 4) 004916 XX00X0002
e INTIIC(i=0 to 2) 005D16 to 005F16 XX00X0002
i+ 4 4+ 1 1+ 1 1| Bitsymbol Bit name Function R :
- ILVLO Interrupt priority level b2 b1 b0 o o
T select bit 000 : Level O (interrupt disabled)
N 001:Levell T
P ILVL1 010: Level 2 5
P 011:Level3 o: O
oo 100: Level 4 .
A 101:Level5 .
A e ILvL2 110:Level 6 5
I 111:Level 7 c: O
A IR Interrupt request bit 0: Interrupt not requested Oo! O
1: Interrupt requested i (Note1)
A POL Polarity select bit 0 : Selects falling edge
o 1: Selects rising edge o ! o
B SRELEELELE Reserved bit Always set to "0" O: O
e Nothing is assigned. _ _
In an attempt to write to these bits, write "0". The value, if read, turns out to be "0". i
Note 1: This bit can only be accessed for reset (= "0"), but cannot be accessed for set (= "1").

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

Note 3: Channel CANL1 is not available for M16C/6N1 group.

Note 4: Use IFSR0/ISFR1 (addresses 01DE16 and 01DF16) for interrupt request cause selection.

Figure 1.11.3. Interrupt control registers
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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 to "0" disables all maskable interrupts. This flag is set
to "0" after reset.

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

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Table 1.11.3 shows the settings of interrupt priority levels and Table 1.11.4 shows the interrupt levels
enabled, according to the consist of the IPL.

The following are conditions under which an interrupt is accepted.

sinterrupt enable flag (I flag) = "1"
einterrupt request bit = "1"

sinterrupt priority level > IPL

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

Table 1.11.3. Settings of interrupt priority Table 1.11.4. Interrupt levels enabled according
levels to the contents of the IPL

I?ésgluspélye)gto Sltty InterrLIJg\Eeplriority Por;(é:try IPL Enabled interrupt priority levels
b2 bl b0 IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) _ 0 0O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
01 0 Level 2 0 1 0 Interrupt levels 3 and above are enabled
01 1 Level 3 01 1 Interrupt levels 4 and above are enabled
1 00 Level 4 1 00 Interrupt levels 5 and above are enabled
101 Level 5 1 01 Interrupt levels 6 and above are enabled
110 Level 6 Y 110 Interrupt levels 7 and above are enabled
1 1 1 Level 7 High 1 1 1 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 when no interrupt request for that register can be
generated. If there is possibility of the interrupt request to occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1
INT_SWITCH1:
FCLR I ;Disable interrupts.
AND.B #00h, 0055h  ;Clear TAOIC int. priority level and int. request bit.
NOP ;Four NOP instructions are required when using HOLD function.
NOP
FSET I ;Enable interrupts
Example 2
INT_SWITCH2:
FCLR I ;Disable interrupts.
AND.B #00h, 0055h  ;Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ;Dummy read
FSET I ;Enable interrupts
Example 3
INT_SWITCHS3:
PUSHC FLG ;Push Flag register onto stack
FCLR I ;Disable interrupts.
AND.B #00h, 0055h  ;Clear TAOIC int. priority level and int. request bit.
POPC FLG ;Enable interrupts

The reason why two NOP instructions (four when using the HOLD function) or dummy read is inserted
before ESET | 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 an 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
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Interrupt Sequence
An interrupt sequence — What are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction, the
processor temporarily suspends the instruction being executed, and transfers control to the interrupt se-
quence.
In the interrupt sequence, the processor carries out the following in sequence given:
(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading
address 0000016. After this, the corresponding interrupt request bit becomes "0".
(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt
sequence Tin the temporary register (Note) within the CPU.
(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag)
to "0" (the U flag, however does not change if the INT instruction, in software interrupt numbers 32
through 63, is executed).

(4) Saves the content of the temporary register (Note) within the CPU in the stack area.
(5) Saves the content of the program counter (PC) in the stack area.

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

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

Note: This register cannot be utilized by the user.

Interrupt Response Time
‘Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the
occurence of an interrupt to the completion of the instruction under execution at that moment (a) and the
time required for executing the interrupt sequence (b). Figure 1.11.4 shows the interrupt responce time.

Interrupt request generated  Interrupt request acknowledged

P o

Instruction in
interrupt routine

S Instruction Interrupt sequence

(@) (b)

_— .
- -

Interrupt response time

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

Figure 1.11.4. Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).
Time (b) is as shown in Table 1.11.5.

Table 1.11.5. 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

[ e e v

>< Address ><
0000

Data bus Interrupt
information

" L)Y

BCLK

Address bus

Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2>< PC

; SP-2 SP-4 vec vec+2
Indeterminate >< contents Xcontents Xcontents >< contents ><

U

Indeterminate y

=

NN

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

Figure 1.11.5. Time required for executing the interrupt sequence

Variation of IPL when Interrupt Request is accepted
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.

If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 1.11.6 is set in the IPL.

Table 1.11.6. Relation between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL

Oscillation stop detection, 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. Figure 1.11.6 shows the state of the stack as it was before the acceptance of the interrupt
reguest, 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 ecept the stack pointer (SP).

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

Figure 1.11.6. State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
content of the stack pointer (Note), at the time of acceptance of an interrupt equest, is even or odd. If the
counter of the stack pointer (Note) is even, the counter 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. Figure 1.11.7 shows the operation of the saving registers.

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

(1) Stack pointer (SP) contains even number

Address Stack area Sequence in which order
registers are saved

[SP] - 5 (Odd)

[SP] - 4 (Even) Program counter (PCv)

(2) Saved simultaneously,
[SP] — 3(Odd) Program counter (PCw) all 16 bits
[SP] - 2 (Even) Flag register (FLGL)

(1) Saved simultaneously,
[SP] - 1(Odd) Flag register Program : all 16 bits

(FLGH) counter (PCh)

[SP] (Even)

Finished saving registers
in two operations.

(2) Stack pointer (SP) contains odd number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Even)

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

[SP] =3 (Even) Program counter (PCu) I (4) Saved simultaneously
all 8 bits

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

_ Flag register Program
[SPI-1 Even) | "k Gy |counter (PC[ <+ (2)

[SP]  (Odd)

Finished saving registers
in four operations.

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

Figure 1.11.7. 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 suspendedd process
resumes.

Return the other registers saved by software within the interrupt routine using the POPM or similar
instruction befoere executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral 1/O interrupts) using the interrupt priority
level select bit. If the same interrupt priority level is assigned, however, the interrupt agssigned a higher
hardware priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),

watchdog timer interrupt, etc. are regulated by hardware.
Figure 1.11.8 shows the priorities of hardware interrupts.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset > NMI > DBC > Oscillation stop detection / Watchdog timer > Peripheral I/0 > Single step > Address match

Figure 1.11.8. Hardware interrupts priorities

Interrupt Resolution Circuit
When two or more interupts are generated simultaneously, this circuit selects the interrupt with the
highest priority level. Figure 1.11.9 shows the circuit that judges the interrupt priority level.
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1 Level 0O (initial value)

l INTL

i [ Timer B2 High

] Timer BO

| Timer A3

| Timer A1

: | UART1 reception

. | UARTO reception

[ UART2 reception/ACK

| Timer B1

| Timer A4

| Timer A2

R R e R R R R RS

| Timer AO

| UART1 transmission

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

| UARTO transmission

|A»D conversion/Key input interrupt

l DMA1

. | Bus collision detection

' [ cAN1 reception (Note), INT5

| Timer B4

i [ INT3

| CANO reception

| UART? transmission/NACK

| CANO/1 error (Note)

H DMAQ

(Note) - - - - | CAN1 transmission, INT4, Serial /03

| Timer B3

| Timer B5

| CANO transmission

Low

| CANO0/1 Wake up (Note)

| Processor interrupt priority level (IPL)

Interrupt request level judgement output
| to clock generating circuit (Figure 1.10.3)

[ interrupt enable flag ( fiag) | g Interrupt request accepted
| Address match ¢
| Oscillator stop detection/Watchdog timer |—

[ DBC

[ NMI

Note: Channel CANL1 is not available
for M16C/6N1 group.

| Reset

Figure 1.11.9. Maskable interrupts priorities (peripheral I/O interrupts)
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INTO to INT5 are triggered by the edges of external inputs. The edge polarity is selected using the polarity
select bit.

Of interrupt control registers, address 004816 is used both as CAN1 reception and external interrupt INTS
input control register, and 004916 is used as S I/03, CAN1 transmission and as external interrupt INT4 input
control register. Use the interrupt request cause select bits (bit 0 and 1 at address 01DE16 and bit 6 and 7
at address 01DF16) to specify which interrupt request cause to select. After having set an interrupt request
cause, be sure to clear the corresponding interrupt request bit before enabling an interrupt. (Note)

The interrupt control registers (address 004916 and address 004816) have the polarity-switching bit. Be
sure to set this bit to "0" when selecting the S 1/03, CAN1 reseption or CAN1 transmission as the interrupt
request cause. (Note)

As to 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 request cause select register (address
01DF1s6). To select both edges, set the polarity switching bit of the correponding interrupt control register to
'falling edge' ("0").

Note: Channel CAN1 is not available for M16C/6N1 group.

Figures 1.11.10 and 1.11.11 show the interrupt request cause select registers 0 and 1.

Interrupt request cause select register 0
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address When reset
IFSRO 01DEzs XXXXX00016
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 N N N T
[ | Bit symbol Bit name Function R1W
1 1 1 1 1 1 1 1
oyt Interrupt request cause 0: CITRMIC (Note) !
1 1 1 1 1 1 1 1 1
Poror T IFSR00 select bit 1:SI03 O: )
I I I I I I I t
1 1 1 1 1 1 1
[ Interrupt request cause 0: AD Converter 1
T R T IFSROL | select bit 1: Key On Wake Up O: )
I I T :
1 1 1 1 1 1 1
[ IFSR02 | Reserved bit Always set to "0" 0O
L :
Pt Nothing is assigned. |
bodoto bt e oo These bits can neither be set nor reset. When read, their contents are - =
indeterminate. !
Note: Channel CANL1 is not available for M16C/6N1 group.
Figure 1.11.10. Interrupt request cause select register 0
Interrupt request cause select register 1
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
T T IFSR1 01DF16 0016
A T R T A
[ Bit symbol Bit name Fumction Ry W
[ A A [ SST ) INTO interrupt polarity 0 : One edge O: o
o swiching bit 1: Two edges 1
Voo b b LoZ] iFsR11 INTZ interrupt polari 0: One edge i
E E E E E E - swiching bitp polanty 1: Two edges 010
1 1 1 1 1 1
[ T T T S S IFSR12 INT2 interrupt polari 0 : One edge !
o swiching bitp polarty 1:Two edges O; ©
[ R IFSR13 INT3 interrupt polari 0: One edge |
i i i i - swiching it v 1: Two edges 1o
o IFSR14 INTZ i i 0 : One edge !
| R R S interrupt polarity g
o swiching bit 1:Two edges Q10
. IFSR15 INT5 interrupt polarity 0 : One edge !
1 1 | I ———
Vo swiching bit 1: Two edges oro
Ve IFSR16 Interrupt request cause 0 : SI03/ C1TRMIC (Note) O: o
! select bit 1:INT4 !
e IFSR17 Interrupt request cause 0 : C1RECIC (Note) O: o
select bit 1:INTS i
Note: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.11.11. Interrupt request cause select register 1
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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
03FO0186).
This pin cannot be used as a normal port input.

Key Input Interrupt
If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a key
input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancel-
ling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not use P104 to
P107 as A-D input ports. Figure 1.11.12 shows the block diagram of the key input interrupt. Note that if an
"L" level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as
an interrupt.

Port P104-P107 pull-up

select bit
PU”'QP Key input interrupt control register | (address 004E16)
transistor Port P107 direction

register

Port P107 direction register

P107/KI3  O—4 \_D’

Pull-up Port P10 direction
transistor register

Y

P106/Kl2 O T Interrupt control circuit

Pull-up o
transistor ] Port P10s direction
register
P10s/Kiz O T 2 J

Pull-up Port f’104 direction
transistor register

P104/Klo O T \_D

Figure 1.11.12. Block diagram of key input interrupt

Key input interrupt
request

CANO/1 Wake up Interrupt
CANO/1 wake up interrupt occurs when a falling edge is input to CRxo or CRx1. Use the interrupt in stop/
wait mode or CAN sleep mode. The CANO/1 wake up interrupt is enabled only when the port is defined as
the CAN port. One interrupt is allocated to CANO/1. Figure 1.11.13 shows the block diagram of the CANO/
1 wake up interrupt. (Note)
Please note that the wake up message will be lost.
Note: There is only one CAN channel available for M16C/6N1 group.

CANO port enable bit | CANO/1 wake up interrupt control register

(address 004116)

P95/CRx0
Y

Interrupt control circuit

CANO/1 wake up

CANL1 port enable bit interrupt request

P77/CRx1
(Note) Note: Channel CANL1 is not available M16C/6N1 group.

Figure 1.11.13. Block diagram of CANO/1 wake up interrupt
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Address Match Interrupt
An address match interrupt is generated when the address match interrupt address register contents match
the program counter value. Two address match interrupts can be set, each of which can be enabled and
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter-
rupt enable flag (I flag) and processor interrupt priority level (IPL). The value of the program counter (PC)
for an address match interrupt varies depending on the instruction being executed.
Figure 1.11.14 shows the address match interrupt-related registers.

Address match interrupt enable register
b7 b6 BS b4 b3 b2 bl bO Symbol Address When reset
MMT\‘IJ AIER 000916 XXXXXX002
[ I Y Y O N A B - - : T
I Bit symbol Bit name Function RW|
rrrrorr Address match interrupt O . ; |
R . AIERO : 0 : Interrupt disabled
1 1 1 1 1 1 1 enable bit 1: Interrupt enabled O!O
: : : : : : L ] AIER1 | Address match interrupt 1 | 0: Interrupt disabled OIO
T enable bit | 1 : Interrupt enabled :
| I O A I B |
[ T I I | Nothing is assigned. :
______________ In an attempt to write to these bits, write "0". The value, if read, turns out to I
be indeterminated. X
Address match interrupt registeri (i =0, 1)
(b23) (b19) (b16)b15) (b8) Symbol Address When reset
o7 = b7 LI 2 RMADO 001216 to 001016 X0000016
DXIXXX | | | RMADL  00l616to001416  X000001s
I T T I
| I I |
: : : : : Function Values that can be set |[R :W
: : : : Le————- Address setting register for address match interrupt | 0000016 to FFFFF16 |OIO
]
| I I Nothing is assigned. |
L ——— In an attempt to write to these bits, write "0". The value, if read, turns out to 1
be indeterminated. |

Figure 1.11.14. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 0000016

* When maskable interrupt occurs, CPU reads 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".

Even if the address 0000016 is read out by software, "0" is set to the enabled highest priority interrupt
source request bit. Therefore interrupt can be canceled and unexpected interrupt can occur.
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 for
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
interrupt including the NMI interrupt is prohibited.
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(3) The NMl interrupt

« As for the NMI 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 for 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 pin 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 250 ns width is necessary for the signal input to pins INTO
through INT5 regardless of the CPU operation clock.

* When the polarity of the INTO to INT5 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0". Figure 1.11.15 shows the procedure for
changing the INT interrupt generate factor.

Clear the interrupt enable flag to "0"
(Disable interrupt)

(Disable INTi interrupt)

Set the interrupt priority level to level O )

Set the polarity select bit

Clear the interrupt request bit to "0" )

e aNale

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)

)

Note: Execute the setting above individually. Don’t execute two or more setting at once (by one instruction).

Figure 1.11.15. Switching condition of INT interrupt request
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(5) Rewrite the interrupt control register

» To rewrite the interrupt control register, do so at a point when no interrupt request for that register can
be generated. If there is possibility of the interrupt request to occur, rewrite the interrupt control register
after the interrupt is disabled. The program examples are described as follow:

Example 1
INT_SWITCH1.:
FCLR I ;Disable interrupts.
AND.B #00h, 0055h  ;Clear TAOIC int. priority level and int. request bit.
NOP ;Four NOP instructions are required when using HOLD function.
NOP
FSET I ;Enable interrupts
Example 2
INT_SWITCH2:
FCLR I ;Disable interrupts.
AND.B #00h, 0055h  ;Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ;Dummy read
FSET I ;Enable interrupts
Example 3
INT_SWITCHS3:
PUSHC FLG ;Push Flag register onto stack
FCLR I ;Disable interrupts.
AND.B #00h, 0055h  ;Clear TAOIC int. priority level and int. request bit.
POPC FLG ;Enable interrupts

The reason why two NOP instructions (four when using the HOLD function) or dummy read is
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 an 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
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Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. The watchdog timer 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 as BCLK, bit 7 of the
watchdog timer control register (address 000F16) selects the prescaler division ratio (by 16 or by 128). When
XCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7 of the watchdog timer
control register (address 000F16). 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 prescaler.

With XIN chosen for BCLK

prescaler dividing ratio (16 or 128) X watchdog timer count (32768)
BCLK

Watchdog timer period =

With XcIN chosen for BCLK
prescaler dividing ratio (2) X watchdog timer count (32768)
BCLK

Watchdog timer period =

For example, suppose that BCLK runs at 16 MHz and that 16 has been chosen for the dividing ratio of the
prescaler, then the watchdog timer's period becomes approximately 32.8 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when a
watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000E16). In stop mode, wait mode and hold state, the
watchdog timer and prescaler are stopped. Counting is resumed from the held value when the modes or
state are released.

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

Prescaler

Watchdog timer p Watchdog timer
interrupt request
A

BCLK —83 —
HOLD —

Write to the watchdog timer
start register Set to
(address 000E16) "7EFF16"

- =T

Figure 1.12.1. Block diagram of watchdog timer
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Watchdog Timer

Watchdog Timer during Wait and Clock Stop Modes
The watchdog timer is supplied by the BCLK. If the BCLK stops, the watchdog timer stops also. When
executing a WAIT instruction, the BCLK stops and watchdog timer operation is suspended. The same ap-
plies when entering Stop Mode (CM10 = "1"). Watchdog timer operation recommences when either mode is
cancelled.

Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
L foJol | [ [ 1] WDC 000F16 000XXXXX2
BERRREE
! Lo ! 1 1| Bitsymbol Bit name Function RIW
N N X
P | ~-+--——r_a4 High-order bits of watchdog timer Oi X
[
[ T
! ! e Reserved bit This bit can neither be set nor reset. [O}O
[ |
| T
: S Reserved bit Must always be set to "0" 0,0
I |
]
L WDC7 Prescaler select bit 0 : Divided by 16 O: o
1: Divided by 128 I

Watchdog timer start register

b7 bo Symbol Address When reset
WDTS 000Ez16 Indeterminate
RIW

I
|
|
: Function
|
|
|

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
regardless of whatever value is written.

O

Figure 1.12.2. 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, performing the cycle steal method. On this account, the opera-
tion 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. Figure 1.13.1 shows the block diagram of the DMAC. Table
1.13.1 shows the DMAC specifications. Figures 1.13.2 to 1.13.4 show the registers used by the DMAC.

{ Address bus §
A/\x
_|:>| DMAO source pointer SAR0(20) |:>
| | (addresses 002216 to 002016)
:>| DMAO destination pointer DARO (20) |:>
U U (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) '::>
—I:>{ DMAO transfer counter reload register TCRO (16) '::> :>|DMA1 source pointer SAR1 (20) ':>
U (addresses 002916, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) '::> :>|DMA1 destination pointer DAR1 (20)
U v (addresses 003616 to 003416)
:>| DMAL1 transfer counter reload register TCR1 (16) I:> |DMA1 forward address pointer (20) (Note) |:>
) (addresses 003916, 003816)
[DMAL transfer counter TCR1 (16) > | DMA latch high-order bits | DMA latch low-order bits |
X XX /} AN {T X
S_ Data bus low-order bits v VS
{ Data bus high-order bits v §
Note: Pointer is incremented by a DMA request.

Figure 1.13.1. 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 either.

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 1.13.1. DMAC specifications

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

* From a fixed address to any address in the 1M bytes space
* From a fixed address to a fixed address
(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 (INTo can be selected by DMAO, INT1 by
DMAL) or both edge
Timer AO to timer A4 interrupt requests
Timer BO to timer B5 interrupt requests
UARTO transmission and reception interrupt requests
UARTL1 transmission and reception interrupt requests
UART2 transmission and reception interrupt requests
Serial /03 interrupt request
A-D conversion interrupt requests
Software triggers

Channel priority DMAO 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 | When an underflow occurs in the transfer counter

timing

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.

Reload timing for forward address | At the time of starting data transfer immediately after turning the DMAC
pointer and transfer counter active, the value of one of source pointer and destination pointer - the one
specified for the 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 cause select register

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

Bit symbol Bit name Function R

i
I
i
I
i DMA request cause b3b2 b1 b0
\ DSELO select bit 0000 : Falling edge of INTo pin
' 000 1 : Software trigger o
[ 0010: Timer AO
' 0011:TimerAl
1 0100: Timer A2
: DSEL1 0101: T@mer A3
1 0110: Timer A4 (DMS=0) o)
: /two edges of INTo pin (DMS=1)
I 0111: Timer BO (DMS=0)
i Timer B3 (DMS=1)
! 1000: Timer B1 (DMS=0)
' DSEL2 Timer B4 (DMS=1)
I
I
I
I
I
I
I
I
I
I
I
I
i
I
J

e =

S —

100 1: Timer B2 (DMS=0) (@]
Timer B5 (DMS=1)
1010 :UARTO transmit
1011:UARTO receive
1100 : UART2 transmit
1101:UART2 receive
1110:A-D conversion
1111:UART1 transmit

DSEL3

Nothing is assigned.
These bits can neither be set nor reset. When read, the value of these bits is "0".

e DMA request cause 0 : Normal
DMS
expansion bit 1: Expanded cause

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

Figure 1.13.2. DMAC register (1)
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DMAL request cause select register

b7 b6 b5 b4 b3 b2 bl bo

M,

-4

DMA. control register

b7 b6 b5 b4 b3 b2 bl bo

DAL L]

Symbol Address When reset
DM1SL 03BA16 0016
. . T
Bit symbol Bit name Function RIW
I
DMA request cause b3 b2 b1 b0 L !
DSELO select bit 0000 : Falling edge of INT1 pin o'o
000 1: Software trigger |
0010: Timer AO 1
0011:TimerAl :
0100: Timer A2 1
DSEL1 0101: Timer A3(DMS=0) :
/serial /03 (DMS=1) o'o
0110: Timer A4 (DMS=0) '
0111:Timer BO (DMS=0) !
/two edges of INT1 (DMS=1) :
1000: Timer B1
DSEL2 1001: Timer B2 :
1010: UARTO transmit 010
1011:UARTO receive 1
1100 :UART2 transmit !
1101:UART2 receive 1
DSEL3 1110:A-D conversion '
1111:UART1 receive O i (e}
:
Nothing is assigned. 1
These bits can neither be set nor reset. When read, the value of these bits is "0". :
DMA request cause 0 : Normal '
DMS !
expansion select bit 1: Expanded cause © : ©
DSR Software DMA If software trigger is selected, a :
request bit DMA request is generated by o ! o
setting this bitto "1" (When read, |
the value of this bit is always "0") |
Symbol Address When reset
DMICON(i=0,1) 002Cz16, 003C16 00000X002
T
Bit symbol Bit name Function R :W
DMBIT Transfer unit bit select | 0: 16 _bits o | 1)
bit 1: 8 bits !
T
DMASL Repeat transfer mode | 0 : Single transfer 010
select bit 1 : Repeat transfer i
DMA request bit 0 : DMA not requested 0|0
DMAS I
(Note 1) 1 : DMA requested (Npte 2
I
DMA enable bit 0 : Disabled I
DMAE 1: Enabled © :O
Source address direc- | o : Fixed i
DSD tion select bit (Note 3) 1 Forward o i o
Destination address direc| q : Fixed i
DAD tion select bit (Note 3) 1 : Forward o | &
Nothing is assigned. :
These bits can neither be set nor reset. When read, the value of these bits is "0". T
1
Note 1: DMA request can be cleared by resetting the bit.
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.

Figure 1.13.3. DMAC register (2)
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DMAI source pointer (i=0, 1)

(b16)(b15)
b0 b7

(b8)

DXDAIXIY |

DMAI destination pointer (i=0, 1)

(b23) (b19) (b16)(b15)
b7 b3 b0 b7

b0 b7 b0 Symbol Address When reset
! SARO 002216 to 002016  Indeterminate
1 SAR1 003216 to 003016  Indeterminate
Function Transfer count R'WI

specification

» Source pointer
Stores the source address

Nothing is assigned.

T

I

I

i
0000016 to FFFFF16 [O}O

|

i
These bits can neither be set nor reset. When read, the value of these bits is "0". '

(b8)
b0 b7 b0

:

S —

,_____________
e — ]

DMA. transfer counter (i=0, 1)

(b15) (b8)
b7 b0 b7

. Symbol Address When reset
! DARO 002616 to 002416 Indeterminate
DAR1 003616 to 003416 Indeterminate
T
Function Transfer count R'W

specification

« Destination pointer E

Stores the destination address 0000016 to FFFFF16 O.O
Nothing is assigned. i
These bits can neither be set nor reset. When read, the value of these bits is "0". - :—

b0
Symbol Address When reset
TCRO 002916, 002816 Indeterminate
TCR1 003916, 003816 Indeterminate
. Transfer count i
Function specification R :W
« Transfer counter i
- 0,0
Set a value one less than the transfer count 000016 to FFFF1s 1

Figure 1.13.4. 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. In
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de-
pends on the level of the BYTE pin. Also, the bus cycle itself is longer when software waits are inserted.

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

(b) Effect of BYTE pin level
When transferring 16-bit data over an 8-bit data bus (BYTE pin = "H") in memory expansion mode and
microprocessor mode, the 16 bits of data are sent in two 8-bit blocks. Therefore, two bus cycles are
required for reading the data and two are required for writing the data. Also, in contrast to when the
CPU accesses internal memory, when the DMAC accesses internal memory (internal ROM, internal
RAM, and SFR), these areas are accessed using the data size selected by the BYTE pin.

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

Figure 1.13.5 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 Figure 1.13.5, if
data is being transferred in 16-bit units on an 8-bit bus, two bus cycles are required for both the source read
cycle and the destination write cycle.
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(1) 8-bit transfers
16-bit transfers and the source address is even.

BCLK

Address

bus CPU use

>< Source ><Destination>< Dummy ><
cycle

CPU use

RD signal

- Dummy
><Source ><Dest|ne\t|on><cyCIe ><

(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).

WR signal

Data

bus CPU use

CPU use

BCLK

Address

bus CPU use

CPU use

>< Source ><Source + :L><Destination>< Dummy ><
cycle

RD signal

WR signal
Data CPU use Source Y Source + 1YDestination 2ummY
bUS estination CyCle

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

CPU use

BCLK

Address

bus CPU use

L Dummy
><Dest|nat|on>< cycle ><

CPU use

>< Source

RD signal

><Destinatio>< Dummy ><
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 cycles).

WR signal

Data
bus CPU use

Source CPU use

BCLK

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

RD signal

WR signal

Data A Dummy

bus CPU use >< Source >< Source +1 ><Dest|nat|or>< cycle CPU use

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

Figure 1.13.5. Example of the transfer cycles for a source read
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(2) DMAC transfer cycles

Any combination of even or odd transfer read and write addresses is possible. Table 1.13.2 shows the
number of DMAC transfer cycles.

The number of DMAC transfer cycles can be calculated as follows:

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

Table 1.13.2. No. of DMAC transfer cycles

) ) Memory expansion mode
Single-chip mode .
_ _ Microprocessor mode
Transfer unit Bus width Access address 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
InternaROM/RAM | InternaROM/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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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 the source pointer or 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 de-
scribed above, so the DMA operates again, beginning from the initial state instantly when "1" is overwrit-
ten 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.
The DMA request factor is selected by the DMA request cause select bits (bit O to 3 at addresses 03B816
and 03BA16).
The DMA request bit turns to "1" if the DMA transfer request signal occurs regardless of the DMAC's state
(Whether the DMA enable bit is set to "1" or "0"). It turns to "0" immediately before data transfer starts.
In addition, the DMA request bit 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 cause select bits cause the DMA request bit to
turn to "1". So be sure to set the DMA request bit to "0" after the DMA request cause select bits are
changed.
The DMA request bit turns to "1" if a DMA transfer request signal occurs, and turns to "0" immediately
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 before the
transfer starts.

(2) External factors

An external factor is caused to occur by the leading 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 cause select bits cause 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 cause select bits (synchronizes with
the trailing 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 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 a single sampling cycle (a sampling cycle means one period from
the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels concurrently
turn to "1". If the channels are active at that moment, DMAQ 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 DMAL1 starts data transfer and gives the bus right to the CPU after transfer is finished.
An example which shows DMA transfer is carried out in minimum cycles at the time when DMA transfer
request signals due to external factors concurrently occur, is given below.
Figure 1.13.6 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.

owo G
DMA1 m— Obtainment
3 of the bus

v o

DMAO

request bit
INT1 |

DMA1

request bit

Figure 1.13.6. An example of DMA transfer effected by external factors
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Timer
There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(six). All these timers function independently. Figures 1.14.1 and 1.14.2 show the block diagram of timers.

PCLKO ="1"

Clock prescaler

o —o0———of2
XCIN 1/32 fcaz

(Note)

f . Reset
8 Clock prescaler reset flag (bit 7 A
of32 at address 038116) set to "1" —
f2 f8 32 fc32

o]  Timer mode

o] « One-shot mode

O O\ *PWM mode

0—9/o o I 1 | Timer A0 interrupt
O Nose] © ‘o] | Timer AO I -
TAOIN —o
filter / « Event counter mode

« Timer mode
* One-shot mode

o)
o)
O * PWM mode . .
»—(/c [ Timer Al interrupt
—O o} Timer Al -
Noise |
TALN (O >

4{0

» Event counter mode

« Timer mode
* One-shot mode

o
0
0o O\ °*PWM mode i ]
>—9/O \ I Timer A2 interrupt
— —0 0 Timer A2 -
Noise |
TA2N ()

 Event counter mode

4{30

« Timer mode
* One-shot mode

‘o]
O
o) * PWM mode
—o o\c I Timer A3 interrupt
[ o Timer A3 >
Noise 1
TA3N ()

« Event counter mode

|

@{%o

« Timer mode
* One-shot mode

* PWM mode
O\ Timer A4 interrupt
{ Timer A4 -

< Event counter mode

i

4{0

—oO
Noise
TA4N (O Z> filter

Timer B2 overflow

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

Figure 1.14.1. Timer A block diagram
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Timer

PCLKO ="1"

Clock prescaler

5 —o————of2
XCIN ( )—i 1/32 b—»fcsz

Reset
o Clock prescaler reset flag (bit 7 A

of32 at address 038116) setto "1" — |

xin O

f2 fg f32 fCc32

Timer A

t

» Timer mode

O\-OPuIse width measuring mode
- [ Timer BO interrupt
TBoN () §>—| Noise 0o o Timer BO .

» Event counter mode

{c:oo

[eXeXe)

» Timer mode

) O NPulse width measuring mode Timer B1 interrupt
Noise - -
TBLN () w g\s o Timer B1 >

 Event counter mode

* Timer mode
Pulse width measuring mode Timer B2 interrupt

0—9/C , 0\:
N - -
82N () noise oY o Timer B2 >

« Event counter mode

[eNeXNe]

()6}

* Timer mode

O NPulse width measuring mode
——< o —\ Timer B3 interrupt
TB3IN O é>_‘ fi?tlesre O O Timer B3 -

+ Event counter mode

« Timer mode
NPulse width measuring mode Timer B4 interrupt
O

Timer B4 -

{(7)00

TBAN () B[] b

« Event counter mode

[e}e)

» Timer mode

o O\ * Pulse width measuring mode Timer B5 interrupt
*—Q - (@)
851N () @—@ % o Timer B5 >
filter

(Note)

« Event counter mode

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

Figure 1.14.2. Timer B block diagram
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Timer A
Figure 1.14.3 shows the block diagram of timer A. Figures 1.14.4 to 1.14.6 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 "0000,,
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

q Data bus high-order bits g
Clock source [T
selection « Timer q Data bus low-order bits S
o O g\r;\;eMshot Low-order High-order
fs —o \C : o 1y 8 bits Vi 8 bits
fsa2 —oO * Timer Reload register (16 |
fczp—oO (gate function) ~ 7
« Event counter AV AV4 I
o— Polarity Counter (16) |
TAIN selection Clock selection
(i=0to4) Count start flag
(Note)

TB2 overflow —O

Up count/down count
Always down count except
in event counter mode
(Address 038016)
TAI Addresses TAj TAk
Down count Timer AO 038716 038616 Timer A4 Timer Al
External Timer A1 038916 038816 Timer AO Timer A2
Up/down flag Timer A2 038Bis 038Ais Timer AL Timer A3

TAj overflow ——0O trigger i i i
(i=i- L. Note, however, that j = 4 when i = 0) (Address 038416) e s e mer
TAk overfow — O
(k =i+ 1. Note, however, that k = 0 when i = 4)
TAiouT Pulse output
(i=0to4) I |
(e, | | Toggle flip-flop |

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

Figure 1.14.3. Block diagram of timer A

Timer Ai mode register

Symbol Address When reset
| b7 | b6 | b5 b4 bS b2 b1 b0 TAIMR(i=0 to 4) 039616 to 039A16 0016

] T ] H
A Lo .
! P b i 1 1| Bitsymbol Bit name Function RiW

[ [ +
I 1 . . b1 b0 I
: Do ! i : i ! | TMODO Operation mode select bit | ¢0'. Timer mode olo
- oo I 01 : Event counter mode |
N ot TMODL1 10 : One-shot timer mode :
P R 1 1: Pulse width modulation 010
! . ' Lo (PWM) mode !
A A N MRO olo
T T T Function varies with each operation mode t
Lo : R MR1 o110
: i i L MR2 0'o
i i [ MR3 010
e iatabel TCKO Count source select bit 0oI10
b ] TCK1 (Function varies with each operation mode) 0o

Figure 1.14.4. Timer A-related registers (1)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer Ai register (Note 1)

(b15)
b7

(b8)

b0 b7

Count start flag

b7 b6 b5 b4 b3 b2

b1l

Symbol Address When reset
b0 TAO 038716,038616 Indeterminate
TA1 038916,038816 Indeterminate
TA2 038B16,038A16 Indeterminate
TA3 038D16,038C16 Indeterminate
TA4 038F16,038E16 Indeterminate
Function Values that can be set | R EW
* Timer mode 000016 to FFFF16 OEO
Counts an internal count source '
- Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow o0
« One-shot timer mode 000016 to FFFF16 ‘
Counts a one shot width (Note 2,4) X ;O
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 |y O
Functions as a 16-bit pulse width modulator (Note 3,4) '
« Pulse width modulation mode (8-bit PWM) 0016 to FE16
Timer low-order address functions as an 8-bit (High-order address) |y | ~
f : f 0016 to FF16 '
prescaler and high-order address functions as an 8-bit [ (| ow-order address) | |
pulse width modulator (Note 3,4) !

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

Note 2: When the timer Ai register is set to "000016", the counter does not
operate and the timer Ai interrupt request is not generated. When the
pulse is set to output, the pulse does not output from the TAiouT pin.

Note 3: When the timer Ai register is set to "000016", the pulse width
modulator does not operate and the output level of the TAiouUT pin
remains "L" level, therefore the timer Ai interrupt request is not
generated. This also occurs in the 8-bit pulse width modulator mode
when the significant 8 high-order bits in the timer Ai register are set

to "0016".
Note 4: Use MOV instruction to write to this register.
bO Symbol Address When reset
| TABSR 038016 0016
i
: Bit symbol Bit name Function RIW|
] T
1 TAOS Timer AO count start flag 0 : Stops counting o0
TA1S Timer Al count start flag 1: Starts counting O;O
TA2S Timer A2 count start flag e}{e}
TA3S Timer A3 count start flag oio
TA4S Timer A4 count start flag 0i0
TBOS Timer BO count start flag [e}{e)
TB1S Timer B1 count start flag OEO
TB2S Timer B2 count start flag 00
bo Symbol Address When reset
UDF 038416 0016
i
: Bit symbol Bit name Function R:W
]
4 TAOUD |Timer AO up/down flag 0 : Down count OEO
1: Up count T
TAL1UD | Timer Al up/down flag o0
R This specification becomes valid |
TA2UD Timer A2 up/down flag when the up/down flag content is O:O
TA3UD Timer A3 up/down flag selected for up/down switching [e}{e)
TA4UD | Timer A4 up/down flag cause 010
TA2P Timer A2 two-phase pulse |0 two-phase pulse signal 1
i i i rocessing disabled X0
signal processing select bit P 9 >
1 : two-phase pulse signal :
TA3P Timer A3 two-phase pulse processing enabled (Note 2) x'o
signal processing select bit 1
AP - When not using the two-phase :
Timer A4 two-phase pulse | pulse signal processing function, x!o
signal processing select bit | get the select bit to "0" :

Note 1: Use MOV instruction to write to this register.
Note 2: Set the TAiIN and TAiouUT pins correspondent port direction registers
to "0".

Figure 1.14.5. Timer A-related registers (2)
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One-shot start flag

Nothing is assigned. !
This bit can neither be set nor reset. When read, its content is indeterminate. |

Symbol Address When reset
| b7 b6 b5 b4 b3 b2 bl b0 ONSF 038216 00X000002
RRERERE
I I
P i 111 1| Bitsymbol Bit name Function RIW
I t
T i i{ TA0OS |Timer AO one-shot start flag | 1 : Timer start o!'o
[ T T T i A
T L--J TA10s |Timer Al one-shot start flag When read, the value is "0 OEO
1 | 1 1 1 1
o b [E— TA20S | Timer A2 one-shot start flag oi (@)
1 | | | 1 _ |
! i ! ! [N — TA30S | Timer A3 one-shot start flag 010
I .
| Lo L TA40S | Timer A4 one-shot start flag olo
I N
o
I I
P
! |
b ] TAOTGL | Timer AO event/trigger 0'0
I select bit 00 : Input on TAOIN is selected (Note) '
' 0 1: TB2 overflow is selected i
L] TAOTGH 1 0: TA4 overflow is selected 010
I
I

11:TA1 overflow is selected

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

Trigger select register

! 0 1:TB2 overflow is selected
I TA3TGH 1 0: TA2 overflow is selected o)

1 1: TA4 overflow is selected

_______________ TA4TGL | Timer A4 event/trigger o

select bit : Input on TA4IN is selected (Note) | OO

0 1: TB2 overflow is selected
TA4TGH 10: TA3 overflow is selected o
11:TAO overflow is selected

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016
Tt T
I .
: : ! | : o : Bit symbol Bit name Function RIW
I o - : b1 b0 !
: ' : ! ' ! P TAITGL ;—(Ierlréi; 'gﬁ event/irigger 00 : Input on TALIN is selected (Note) | OO
1 ) -

oyt : : ! | 01 : TB2 overflow is selected :
Coor . '__1 TA1TGH 1 0: TAO overflow is selected 00
1 1 | . f 1
I R 11:TA2 overflow is selected |
[T T T B - - b3 b2 !
[ I |
P ! ' ! - TA2TGL ;rglréi; ﬁi eventtrigger 00 : Input on TA2 is selected (Note) | O1O
R 01: TB2 overflow is selected :
oy ! L TA2TGH 10 : TA1 overflow is selected o0
! | b 11 :TA3 overflow is selected !
Colo Timer A3 event/trigger bs ba !
i i e TASTGL select bit 99 0 O : Input on TA3IN is selected (Note) Oi
o I
I | I
[ |
N :
[ I
1 I
I [}
I T
I I

I

I

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

Clock prescaler reset flag

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
AR
I
: i i 1 || Bitsymbol Bit name Function RiW
| 1 [ |
| 1 [

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

CPSR | Clock prescaler reset flag EL) E?eggsgr s reset o

(When read, the value is "0")

Figure 1.14.6. Timer A-related registers (3)
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Timer A

(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.14.1.) Figure 1.14.7
shows the timer Ai mode register in timer mode.

Table 1.14.1. Specifications of timer mode

ltem Specification
Count source f2, fs, f32, fc32
Count operation * Down count

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

Divide ratio 1/(n+1) n: Setvalue
Count start condition Count start flag is set (= "1")
Count stop condition Count start flag is reset (= "0")

Interrupt request

generation timing When the timer underflows

TAIIN pin function Programmable I/O port or gate input

TAiouT pin function Programmable 1/O port or pulse output

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

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

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

Select function * Gate function

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

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

Timer Ai mode register

b7 6 bS5 b4 bS b2 bl b0 Symbol Address When reset
| | | 0 | | | | 0 | 0 | TAIMR(i=0to 4) 0396160 039A16 0016
RERRERE
1 Lo . i ! V[ Bt symbol Bit name Function RIW
I I ] I
i : i i | 1 i ']_TMODO_|Operationmode 8160 Timer mode o
I i .
P i : i UL I Tmop1 | select bit (e}{e}
b oo MRO Pulse output function 0 : Pulse is not output
! . ! o select bit (TAiouT pin is a normal port pin) [e]le}
T 1: Pulse is output (Note 1)
1 1 ! 1 ! (TAiouT pin is a pulse output pin)
1 . b MR1 Gate function select bit b4b3 . .
[ N T 0 X (Note 2): Gate function not available |+l
: : 1 : (TAIIN pin is a normal port pin)
b 1 ! 10 : Timer counts only when TAIIN pin is
[ MR2 held "L" (Note 3)
i - [ 11 : Timer counts only when TAIIN pin is |OI10
Lo 1 held "H" (Note 3)
]
I
! i e MR3 0 (Must always be fixed to "0" in timer mode) Olo
o] TCKO Count source select bit "6"8 6 o
H :
! 01:fs
[ TCK1 10:f32
11:fc32 o0
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".

Figure 1.14.7. 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 signal. Table 1.14.2 lists timer specifications when counting a single-phase external signal.
Figure 1.14.8 shows the timer Ai mode register in event counter mode.
Table 1.14.2 lists timer specifications when counting a two-phase external signal. Figure 1.14.9 shows
the timer Ai mode register in event counter mode.

Table 1.14.2. Timer specifications in event counter mode (when not processing two-phase pulse signal)

Iltem Specification
Count source + External signals 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 before continuing counting (Note)

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

1/ (n + 1) for down count n : Set value
Count start condition Count start flag is set (= "1")
Count stop condition Count start flag is reset (= "0")

Interrupt request

generation timing The timer overflows or underflows

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

TAiouT pin function Programmable 1/O port, pulse output, or up/down count select input
Read from timer Count value can be read out by reading timer Ai register

Write to timer * When counting stopped

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

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

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

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

Each time the timer overflows or underflows, the TAiouT pin’s polarity is reversed

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

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

D7 b6 b5 b4 b3 b2 bl OO Symbol Address When reset
[T To[[]] Siz0.1)  oaseresers ons
I

T
| [

! i o 3 i Bit symbol Bit name Function R

1 1 I I 1

I i | 4 TMODO | Operation mode select bit | |O10]
! A i L.-d TmoD1 0 1 : Event counter mode (Note 1) 010!
i Pl ! MRO Pulse output function 0 : Pulse is not output .

A A N select bit (TAiouT pin is a normal port pin) olo
[ T 1: Pulse is output (Note 2]

' Yo (TAiouT pin |ps a pulse output pin)

[ -

A S MR1 Count polarity 0: Counts external signal's falling edge | 5!
P select bit (Note 3) 1 : Counts external signal’s rising edge

i b L 7777777777 MR2 Up/down switching 0 : Up/down flag’s content

i 1 i cause select bit 1 : TAiout pin’s input signal (Note 4)

! 1 1

et MR3 0 (Must always be fixed to "0" in event counter mode)

|

! } TCKO Count operation type 0 : Reload type olo
LT select bit 1: Free-run type

i TCK1 Invalid in event counter mode

Can be "0" or "1" 00
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".

Figure 1.14.8. Timer Ai mode register in event counter mode
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Table 1.14.3. Timer specifications in event counter mode (when processing two-phase pulse
signal with timers A2, A3, and A4)

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

* When the timer overflows or underflows, the reload register content is
reloaded and the timer starts over again (Note 1)

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 (Set the TAIIN pin correspondent port direction register to "0")
TAIouUT pin function Two-phase pulse input (Set the TAiouT pin correspondent port direction register to "0")
Read from timer Count value can be read out by reading timer A2, A3, or A4 register
Write to timer * When counting stopped

When a value is written to timer A2, A3, or A4 register, it is written to both
reload register and counter
* When counting in progress
When a value is written to timer A2, A3, or A4 register, it is written to only
reload register. (Transferred to counter at next reload time.)
Select function (Note 2) |« Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on the TAIiIN
pin when input signal on the TAiouT pin is "H".

TAioUr L
an AL AL e

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

* Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that the TAiIN 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\JUM Uut

Count up\zgl edges Count down all edges
TAIIN
SN EERREERRX]
- / - J
h'd '
Count up all edges Count down all edges

Note 1: This does not apply when the free-run function is selected.
Note 2: Timer A3 can be selected. Timer A2 is fixed to normal processing operation, and timer A4 is fixed
to multiply-by-4 processing operation.
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Timer Ai mode register
(When using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
TAIMR(i = 2 to 4) 039816 to 039A16 0016

T T T

I I I I I I I I T

i i i i i i i i Bit symbol Bit name Function RIW

i 1 1 1 1 1 1 “1 TMODO | operation mode select bit b“’i’ e d Q1o

i i i i i i L __] T™moD1 0 1: Event counter mode 0'0

e MRO 0 (Must always be "0" when using two-phase pulse signal O:O

[ processing) i

N MR1 0 (Must always be "0" when using two-phase pulse signal O:O

oo processing) |

A MR2 1 (Must always be "1" when using two-phase pulse signal OiO

Lo T processing) I

. 0 (Must always be "0" when using two-phase pulse signal !

I I I

Loy T MR3 processing) O:O

A TCKO | Count operation type 0 : Reload type oo

! select bit 1: Free-run type !

I

i Two-phase pulse |

] TCK1 procepssing (F))peration 0: Norr_ﬂal PTOCESSing OPETation i OEO
select bit (Note 1)(Note 2) 1 : Multiply-by-4 processing operation !

Note 1: This bit is valid for timer A3 mode register.
Timer A2 is fixed to normal processing operation, and timer A4 is fixed to multiply-
by-4 processing operation.

Note 2: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 038416) is set to "1". Also, always be
sure to set the event/trigger select bit (address 038316) to "00".

Figure 1.14.9. 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 1.14.4.) When a trigger occurs, the timer starts up
and continues operating for a given period. Figure 1.14.10 shows the timer Ai mode register in one-shot
timer mode.

Table 1.14.4. Timer specifications in one-shot timer mode

Item Specification
Count source f2, 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

s Cycle time  (2%-1)/fi fixed
8-bit PWM * High level width n X(m+1)/fi  n:values set to timer Ai register’s high-order address

* Cycle time (28-1) X (m+1) /fi m : values set to timer Ai register's low-order address
Count start condition * External trigger is input

* The timer overflows
* The count start flag is set (= "1")
Count stop condition * The count start flag is reset (= "0")

Interrupt request
generation timing

PWM pulse goes "L"

TAIIN pin function Programmable 1/O port or trigger input

TAiouT pin function Pulse output

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 progressWhen 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
| | | 0 | | | 1 | 0 | TAIMR(i = 0to 4) 039616 to 039A16 0016
T T T T
i P : i
i oo ! ! [ Bit symbol Bit name Function RIW|
1 1
o - I} o TMODO |operation mode select bit| *™ ) Oo10
. ! ! Vo L Tmop1 1 0: One-shot timer mode olo|
1 1
I 1 1 [
' o i MRO Pulse output function 0 : Pulse is not output
poror I select bit (TAiouT pin is a normal port pin) oo
[ T T 1: Pulse is output (Note 1)
Pbo o (TAiouT pin is a pulse output pin)
1 [
i i ! S MR1 External trigger select 0 : Falling edge of TAi pin’s input signal (Note 3) o
: N : bit (Note 2) 1 : Rising edge of TAIIN pin’s input signal (Note 3)
oo
[ :_ __________ MR2 Trigger select bit 0 : One-shot start flag is valid olo
! b 1: Selected by event/trigger select bits
o
Pl e MR3 0 (Must always be "0" in one-shot timer mode) O10
I
| bmmmmmmmmmm e TCKo Count source select bit ‘E)”S 6 olo
i :
| 01:fs —
] TCK1 10:f32 olo
11:fc32

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 select 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".

Figure 1.14.10. Timer Ai mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.14.5.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.14.11 shows the timer
Ai mode register in pulse width modulation mode. Figure 1.14.12 shows the example of how a 16-bit pulse width
modulator operates. Figure 1.14.13 shows the example of how an 8-bit pulse width modulator operates.

Table 1.14.5. Timer specifications in pulse width modulation mode

Item Specification
Count source f2, fs, f32, fc32
Count operation * The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)

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

16-bit PWM * High level width n/fi n:Setvalue

* Cycle time  (2%-1) /fi fixed
8-bit PWM * High level width n X(m+1)/fi  n:values set to timer Ai register's high-order address

* Cycle time (22-1)X(m+1) /fi m : values set to timer Ai register's low-order address
Count start condition « External trigger is input

* The timer overflows
* The count start flag is set (= "1")
Count stop condition * The count start flag is reset (= "0")

Interrupt request
generation timing

PWM pulse goes "L"

TAIIN pin function Programmable 1/O port or trigger input

TAIouUT 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 progressWhen 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

0: Count start flag is valid

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
L] ][] [a]e]f2] TAMRG=0t04) 03961610 039A16 0016

T

I I I
i ! i ! i i i ! [ Bitsymbol Bit name Function RiW|

1 Yo
T 1§ 1 1 =9 TMODO |operation mode select bit| "™ o0
b : v L Tvop: 11:PWM mode olo
I I ] I 1
P i RS MRO 1 (Must always be "1" in PWM mode) olo0
] I
1 : : : :l MR1 External trigger select 0: Falling edge of TAiIN pin’s input signal (Note 2) olo
i ! : : """" bit (Note 1) 1: Rising edge of TAiIN pin’s input signal (Note 2)
Yo

BN
] I
] I
] I
] I
] I
] I
1 1
1 1

i ___________ MR2 Trigger select bit 1: Selected by event/trigger select register olo
[ MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator
select bit 1: Functions as an 8-bit pulse width modulator o
________________ TCKO Count source select bit | "7®
i 00:f2 0,0
1 01:fs
[ TCK1 10:fs2
11:fcs32 ©,0

Note 1: Valid only when the TAIIN pin is selected by the event/trigger select 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".

Figure 1.14.11. Timer Ai mode register in pulse width modulation mode
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98

Condition: Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

1/fix(2*%-1)

Count source

%

TAIIN pin
input signal

Trigger is not generated by this signal

PWM pulse output
from TAiouT pin

Timer Ai interrupt
request bit

fi - Frequency of count source

(f2, f8, f32, fc32) Cleared to "0" when interrupt request is accepted, or cleared by software

Note: n = 000016 to FFFE16.

Figure 1.14.12. Example of how a 16-bit pulse width modulator operates

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

1/fi X (m+1) X(2°-1)

Count source (Notel)

TAIIN pin input signal

_— 4 1/fi X (m+1)

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

1/ X (M+1)Xn

i
i
i
i
i
i
e
i
|

g
PWM pulse output ~ "H"
from TAiouT pin K e e

aqn

Timer Ai interrupt
request bit

fi: Frequency of count source

(f2, T8, fao, fca2) Cleared to "0" when interrupt request is accepted, or cleaerd by software

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler’s underflow signal.
Note 3: m = 0016 to FE16; n = 0016 to FE1s.

Figure 1.14.13. Example of how an 8-bit pulse width modulator operates
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Timer B

Timer B
Figure 1.14.14 shows the block diagram of timer B. Figures 1.14.15 and 1.14.16 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
2 — o - Timer 4 -
8 —o « Pulse period/pulse width measurement | Reload register (16) |
o ~
32 —20 ] [ J l
fcez— o « Event counter Counter (16) |
A
TBin Polarity switching Count start flag
(i=0t05) O— and edge pulse (address 038016)
Counter reset circuit |_

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 01D116 01DO1s Timer B5

Timer B4 01D316 01D216 Timer B3
Timer B5 01D516 01D416 Timer B4

Figure 1.14.14. Block diagram of timer B

Timer Bi mode register

b7 b5 b5 ba b3 b2 bl bo Symbol Address When reset
TBIMR(i = 0 to 5) 039B16 to 039D16  00XX00002
| | | | 01DB16 to 01DD16  00XX00002

BEEEEEE
I I
N i Bit symbol Bit name Function R I w
oo : . . . b1 b0 T
Lo E Do i i| TMODO | operation mode select bit | §0 - Timer mode o! o
: | . T 0 1: Event counter mode :
' . . . TMOD1 1 0 : Pulse period/pulse width |
Pl R measurement mode o .0
: o : : 11 : Must not be set i
1 1
! i i ' i B MRO Function varies with each operation mode oo
Pl e MR1 o 10
A MR2 O 1 O
[ T T (Note 1) !
I 1 1 [ A P —
Lol pX
: : : (Note 2) |
]
P mmmmeee MR3 o 1 X
i H
ittty TCKO Count source select bit O, 0O
] TCK1 (Function varies with each operation mode) o1 O
1

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

Figure 1.14.15. Timer B-related registers (1)
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Timer B

Timer Bi register (Note) Symbol Address When reset
TBO 039116, 039016  Indeterminate
(b15) (b8) TB1 039316, 039216  Indeterminate
o7 b0 b7 0 TB2 039516, 039416  Indeterminate
| TB3 01D116, 01D016  Indeterminate
1 TB4 01D316, 01D216 Indeterminate
| TBS 01D516, 01D416 Indeterminate
I
| Function Values that can be set RiW
I
1 __| « Timer mode 000016 to FFFF16 O:O
Counts the timer’s period '
1
I
» Event counter mode 000016 to FFFF16 i
Counts external pulses input or a timer overflow O:O
1
* Pulse period / pulse width measurement mode 1
Measures a pulse period or width O:X
1
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
RN
I - - - T
tood 1111 1| Bit symbol Bit name Function RIW|
[ ! "
E ! : : i i : 1] TAOS Timer AO count start flag 0: Stops counti_ng 0|0
P i boroLo4 TALS Timer A1 count start flag 1: Starts counting 0'o
[ [ T
b E i s TA2S Timer A2 count start flag oo
I
i i i i bmmmem e TA3S Timer A3 count start flag oio
! P ] TA4S Timer A4 count start flag 010
I | 1
! i (PR TBOS | Timer BO count start flag 010
I 1
(A S — TB1S Timer B1 count start flag Olo
I t
e TB2S Timer B2 count start flag (eHle)
Timer B3, 4, 5 count start flag
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address When reset
LJJ_W TBSR 01CO016 000XXXXX2
AR R
| E E i 111 1| Bitsymbol Bit name Function RIW
1 [ N R | 1
| - ' 1 1111 Nothing is assigned. I
! ' | 77777777777 These bits can neither be set nor reset. When read, the value of these bits is "0". —=
I I I ]
1ol T
Dol oo TB3S | Timer B3 count start flag 0: Stops counting 0,0
b - 1 : Starts counting T
R — TB4S Timer B4 count start flag olo
I
] TB5S Timer B5 count start flag O:O
1
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
CPSRF 038116 OXXXXXXX2
AR A
I B N N
i A Bit symbol Bit name Function REW
T N N N |
i L _vL_l1_J__t_1] Nothingis assigned. _ ) ) _i_
H These bits can neither be set nor reset. When read, their contents are indeterminate. H
I I
I T
1 CPSR Clock prescaler reset flag | O : No effect !
------------------ 1: Prescaler is reset 00
(When read, the value is "0") | |

Figure 1.14.16. Timer B-related registers (2)
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Timer B

(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.14.6.) Figure 1.14.17
shows the timer Bi mode register in timer mode.

Table 1.14.6. Timer specifications in timer mode

ltem Specification
Count source f2, f8, f32, fc32
Count operation » Counts down

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

Divide ratio 1/(n+1) n: Setvalue
Count start condition Count start flag is set (="1")
Count stop condition Count start flag is reset (= "0")

Interrupt request

generation timing The timer underflows

TBIIN pin function Programmable I/O port
Read from timer Count value is read out by reading timer Bi register
Write to timer * When counting stopped

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

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

(Transferred to counter at next reload time)

Timer Bi mode register
b7 b6 DbS b4 b3 b2 b1 b0 Symbol Address When reset

| | | | | | | 0 | 0 TBIMR(i = 0to 5) 039B16 to 039D16  00XX00002
T S R I I 01DB16 to 01DD16  00XX00002
[ | T
Pl E E i | Bit symbol Bit name Function R 1 W
! [ [ 1
[ T T T R T _ b1 b0 1
- R ‘1 _MODo Operation mode select bit | 0 0 : Timer mode o : o
: : 1 : : : ----[ TMOD1 (@) ! (@)

I I
i ! b i '-----o MRO Invalid in timer mode e
i ! ! i e ] MR1 Can be "0" or "1" o) : o)
1 I
| Loy 0 (Fixed to "0" in timer mode ; i = 0, 3) O O
[ | (Note 1)!
. L g b iebiinii il Hai o
ot Nothing is assiigned (i = 1, 2, 4, 5). 1 X
| : : This bit can neither be set nor reset. When read, its content is indeterminate. (Note 2)i
i i ' Invalid in timer mode. i
' ! ] MR3 This bit can neither be set nor reset. When read in timer mode,| O 1 X
b its content is indeterminate. '
: : b7 b6 :
iy TCKO Count source select bit 00:f2 o | ©
1 01:fs :
I . I
__________________ TCK1 10:f32 f
11:fcs2 © ! ©
Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 1.14.17. Timer Bi mode register in timer mode
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Timer B

(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.14.7.)
Figure 1.14.18 shows the timer Bi mode register in event counter mode.

Table 1.14.7. 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 falling
and rising edges as selected by software

Count operation  Counts down

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

Divide ratio 1/(n+1) n: Set value
Count start condition Count start flag is set (="1")
Count stop condition Count start flag is reset (= "0")

Interrupt request

generation timing The timer underflows

TBIIN pin function Count source input
Read from timer 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

Symbol Address When reset
DY D6 b5 b4 b3 b2 b1 bO TBIMR(i=01t05) 039B16t0 039D16  00XX00002
[T ][] ]o]2 01DB1s to 01DD1s  00XX00002
1 1 T
EEEEEEE ;
[ : 1 P i | Bit symbol Bit name Function R | W
[ [
1 1 [ L] TMODO : - b1 b0 o ' 0
i ! Pl i Operation mode select bit | /1" &0 counter mode '
P +---| TMOD1 O 1 0
[ T i b3 b2 |
| i Pl MRO &?m{;’;(ﬂf”ty select 00 : Counts external signal’s !
v [ falling edges o, 0
[ 0 1: Counts external signal's i
R b rising edges T
! | Lo MR1 1 0: Counts external signal's 1
iy falling and rising edges o | O
i ! Pl 11: Must not be set !
1 1
T X [ L o o
P MR2 | O (Fxedto 0 In event coumter mode: 0 ] o2y
1 i |ommm e Nothing is assigned (i = 1, 2, 4, 5). X !
! | ! This bit can neither be set nor reset. When read, its content is |
: ! : indeterminate. (Note 3)
! Vo Invalid in event counter mode. i
ol ] MR3 This bit can neither be set nor reset. When read in event o) ! X
| ! counter mode, its content is indeterminate. !
1 . 1
[ TCKO Invalid in event counter mode. |
i Can be "0" or "1". O ! o
1 T
! 0 : Input from TBiIN pin (Note 4) 1
!- TCK1 Event clock select 1: T8Bj overflow o ! o
_________________ (j=i-1; however, j =2 wheni =0, !
j=5wheni=3) |
1

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

Note 2: Timer BO, timer B3.

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

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

Figure 1.14.18. 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 1.14.8.)
Figure 1.14.19 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.14.20 shows the operation timing when measuring a pulse period. Figure 1.14.21 shows the operation
timing when measuring a pulse width.

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.14.8. Timer specifications in pulse period/pulse width measurement mode

Item

Specification

Count source

f2, f8, f32, fc32

Count operation

* Up count

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

Count start condition

Count start flag is set (= "1")

Count stop condition

Count start flag is reset (= "0")

Interrupt request
generation timing

* When measurement pulse’s effective edge is input (Note 1)
* When an overflow occurs. (Simultaneously, the timer Bi overflow flag

changes to "1". The timer Bi overflow flag changes to "0" when the count
start flag is "1" and a value is written to the timer Bi mode register.)

Measurement pulse input

TBIIN pin function
Read from timer

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

Cannot be written to

Write to timer

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

Timer Bi mode register
Symbol Address When reset
b7 b8 65 b4 b3 b2 bl b0 TBIMR(i = 0 to 5) 039B16 to 039D16  00XX00002
......n 01DB16to 01DD16  00XX00002
T
A
! . [ 1 | Bit symbol Bit name Function R I W
[ [ - e I
! [ Vol ‘-_TMODo Operation mode select bit | 10 : Pulse period / pulse width o ! o
[ H | =--- TmOD1 measurement mode O ' O
1 1
H o H H Measurement mode 00 : Pulse period measurement |
[ ! select bit (Interval between measure- !
| Vo ! Vo] ment pulse’s falling edge to I
O MRO falling edge) o1l o
H o 1 0 1 : Pulse period measurement |
[ (Interval between measure- !
| o H ment pulse’s rising edge to T
[ 1 ! rising edge) |
! Vo ! 10 : Pulse width measurement H
[ (Interval between measure- 1
H [ fmmm oo MR1 ment pulse’s falling edge to o | O
N i rising edge, and between |
! . rising edge to falling edge) !
[ 11 : Must not be set 1
: [ o) : o)
! i i i 0 (Fixed to "0" in pulse period/pulse width measurement mode; i = 0, 3) (Note 2):
I N e e e T S t————
H i i Lo MR2 Nothing is assigned (i = 1, 2, 4, 5). 1
: [ This bit can neither be set nor reset. When read, its contentis | X : X
! o indeterminate. (Note 3) !
1 1
[ N . " . 1
Vo] Timer Bi overflow 0 : Timer did not overflow !
i | MR3 flag ( Note 1) 1 : Timer has overflowed © ! X
[ o7 !
| T TCKO Count source 00:f2 o H o
H select bit 01:fs T
] 10:f32 1
TCKt 11:fcs2 o ! ©
Note 1: It is indeterminate when reset.The timer Bi overflow flag changes to "0" when the
count start flag is "1" and a value is written to the timer Bi mode register. This flag
cannot be set to "1" by software.
Note 2: Timer BO, timer B3.
Note 3: Timer B1, timer B2, timer B4, timer B5.

Figure 1.14.19. Timer Bi mode register in pulse period/pulse width measurement mode
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104

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

Count source

Measurement pulse

Transfer
(measured value)

Transfer
(indeterminate value)

transfer timing ‘ (Note 1) ; (Note 1) (Note 2)
1/ ote / ote /1 ote

7 (N
v

Timing at which counter
reaches "000016"

Reload register« counter | |_| |_|

Count start flag

Timer Bi interrupt "
request bit g C‘_r

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

—_—

Timer Bi overflow flag

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

Figure 1.14.20. Operation timing when measuring a pulse period

Count source

Measurement pulse

Transfer Transfer

}/(indeterminate/‘, (measured value)
! value) i 1

| 1

L
! 1
|

% i/, (Note 1) 3/(N0te 1) 3/(N0te :;l.)/,(Note 1)

(measurey (measured value)
value) i

Reload register + counter
transfer timing

T

Timing at which counter
reaches "000016"

- JJL .l

Count start flag

Timer Bi interrupt "1
request bit ngn

S o T

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

e

Timer Bi overflow flag

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

Figure 1.14.21. Operation timing when measuring a pulse width
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Timer's Functions for Three-Phase Motor Control

Timer's Functions for Three-Phase Motor Control
Use of more than one built-in timer A and timer B provides the means of outputting three-phase motor

driving waveforms.

Figures 1.15.1 through 1.15.3 show registers related to timers for three-phase motor control.

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase PWM control register 0

b7 b6 b5 b4 b3 b2 bl bO
| | Symbol Address  When reset
- . . INVCO 01C816 0016
o .
[ [ I ) . -
. i it 1 1| Bitsymbol Bit name Description Rl W
1 1 t
i i | 1 o ' i Effective interrupt output | 0: A timer B2 interrupt occurs when the timer !
o : Vo ! 1 INV0O polarity select bit Al reload control signal is "1". !
T T R 1: A timer B2 interrupt occurs when the timer [O, O
L Al reload control signal is "0". 1
P 1 [ Effective only in three-phase mode 1 !
[ H
P | ! P 1 Effective interrupt output | 0: Not specified. H
Vo ! ! Vo [ INVO1 specification bit 1: Selected by the effective interrupt output ol o
P [ . (Note 4) polarity selection bit. 1
oo | b Effective only in three-phase mode 1 1
1
Pbr b Mode select bi 0: Normal mod i
[ Vo] INVO2 ode select bit - Normal mode
. ! i | (Note 2) 1: Three-phase PWM output mode o i 0O
[ !
o | Output control bit 0: Output disabled |
I Vo] utput control bi : Output disable
b i ! INVO3 1: Output enabled o | o
1 ! 4
! i i 1 Positive and negative 0: Feature disabled i
[ 1: Feature enabled !
| T T R INVO4 phases concurrent L eal ol O
N output disable function :
ol enable bit |
1
! i i Positive and negative | 0: Not detected yet o 1 o
T INVO5 phases concurrent L 1: Already detected :(Note "
P output detect flag !
1 1
Vo INVO6 Modulation mode select |0: Triangular wave modulation mode o | o
LTI bit (Note 3) 1: Sawtooth wave modulation mode 1
I - t
[ INVO7 | Software trigger bit L Tiager generated @ o ol o
) ) . !

Note 1: No value other than "0" can be written. _ _
Note 2: Selecting three-phase PWM output mode causes P8o, P81, and P72 through P75 to output U, U, V, V, W, and W, and
works the timer for setting short circuit prevention time, the U, V, W phase output control circuits, and the circuit for
setting timer B2 interrupt frequency.
Note 3: In triangular wave modulation mode:
The short circuit prevention timer starts in synchronization with the falling edge of timer Ai output.
The data transfer from the three-phase buffer register to the three-phase output shift register is made only once in
synchronization with the transfer trigger signal after writing to the three-phase output buffer register.
In sawtooth wave modulation mode:
The short circuit prevention timer starts in synchronization with the falling edge of timer A output and with the transfer
trigger signal. The data transfer from the three-phase output buffer register to the three-phase output shift register
is made with respect to every transfer trigger.
Note 4:To write "1" to bit 1 (INV01) of the three-phase PWM control register 0, set in advance the contentof the timer B2
interrupt occurrences frequency set counter.

Three-phase PWM control register 1

Noting is assigned.
In an attempt to write to these bits, write "0". The value, if read, turns out to be "0".

b7 b6 b5 b4 b3 b2 bl bo
0 |><| | Symbol Address When reset
INVC1 01C916 0016
H 1
AR A '
[ A | _Bit symbol Bit name Description RI1W
[ S S E B T
' P o Vo i Timer Ai start trigger 0: Timer B2 overflow signal '
! R . INV10 signal select bit 1: Timer B2 overflow signal, O ! O
[ ! bl ! signal for writing to timer B2 |
N T T 1
i N S INV1L Timer AL-1, A2-1, A4-1 | 0: Three-phase mode 0 o i o
| : : | : : control bit 1: Three-phase mode 1 |
[ :
| bl i i :_ _____ INV12 Short circuit timer count | 0 : inhibited o | o
i . Lo source select bit 1:f2/2 (Note) !
1 [ T
H P [ Noting is assigned. !
! . 1 These bits can be set nor reset. When read, their contents are indeterminate. - ! -
1 1 1 1 1
1 1
1 o S Reserved bit Always set to "0" 010
1 1
P :
bt 1
- - I
1
1

Note: To use three-phase PWM output mode, write "1" to INV12.

Figure 1.15.1. Registers related to timers for three-phase motor control
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Timer's Functions for Three-Phase Motor Control

Three-phase output buffer register O

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | iDBO 01CA16 0016

P

\ T
i 1| Bitsymbol Bit name Function R1W
I T
i - DUO U phase output buffer 0 | Setting in U phase output buffer 0 Note)l O
I
I

T
---4 DUBO U phase output buffer 0 | Setting in U phase output buffer 0 Note)j O

| e———— DVO V phase output buffer 0 | Setting in V phase output buffer 0 Note) O
I 1
] . — I
L e e e DVBO V phase output buffer 0 | Setting in V phase output buffer 0 Note)! @)
T
o] DWO W phase output buffer 0 | Setting in W phase output buffer 0 Note)) O

I — DWBO W phase output buffer 0 | Setting in W phase output buffer 0 Note)j O

1

__________________ Nothing is assigned. _i o
I
1

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

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

Three-phase output buffer register 1

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| IDB1 01CB16 0016

[l | T
I | I
I I T
1} 1| BitSymbol Bit name Function RIW

I
i i i DU1 U phase output buffer 1 | Setting in U phase output buffer 1 Note)i O
Lo
I
I

— p— T
-——- DUB1 U phase output buffer 1 | Setting in U phase output buffer 1 Note)i O

e DV1 V phase output buffer 1 | Setting in V phase output buffer 1 Note)i O
1

tm—m - DVB1 V phase output buffer 1 | Setting in V phase output buffer 1 Note)i O

T
I mmm DW1 W phase output buffer 1 | Setting in W phase output buffer 1 Note)l O

e+ DWB1 W phase output buffer 1 | Setting in W phase output buffer 1 Note) O
1
Nothing is assigned. i

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

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

Dead time timer (Note)

i = Symbol Address When reset
| DTT 01CC1s Indeterminate
I
I
i Function Values that can be set | R i W
I
e Set dead time timer 1to 255 _i O
Note: Use MOV instruction to write to this register.
Timer B2 interrupt occurrences frequency set counter (Note 1, 2, 3)
b7 bo
Symbol Address When reset
ICTB2 01CD1s6 Indeterminate
I
! T
i Function Values that can be set | R | W
! T
] Set occurrence frequency of timer B2 11015 | 0
interrupt request !

Note 1: In setting 1 to bit 1 (INVO1) - the effective interrupt output specification bit - of three-
phase PWM control register 0, do not change the B2 interrupt occurrences frequency
set counter to deal with the timer function for three-phase motor control.

Note 2: Do not write at the timing of an overflow occurrence in timer B2.

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

Figure 1.15.2. Registers related to timers for three-phase motor control
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Timer's Functions for Three-Phase Motor Control

Timer Ai register (Note 1)

(b15) (b8)
b7 b0 b7 bo Symbol Address When reset
| TAL 038916,038816 Indeterminate
T TA2 038B16,038A16 Indeterminate
| TA4 038F16,038E16  Indeterminate
1 TB2 039516,039416 Indeterminate
1 .
: Function Values that can be set | RIW|
1 « Timer mode 000016 to FFFF16 olo
1 Counts an internal count source
« One-shot timer mode 000016 to FFFF16 xlo
Counts a one shot width (Note 2, 3)

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

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

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

Timer Ai-1 register (Note)

(b15) (b8)
oL b0 57 b0 Symbol Address When reset

| TA1l 01C316,01C216  Indeterminate

H TA21 01C516,01C416  Indeterminate

1 TA41 01C716,01C616  Indeterminate

i

: Function Values that can be set | RIW

1

____| Counts an internal count source 000016 to FFFF16 |0 10

Note: Read and write data in 16-bit units.
Trigger select register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

- L TRGSR 038316 0016
i i T i |

1 1 1 1 . . :
' . i Lol ! ! Bit symbol Bit name Function RIW
1 1
[ T E B B . . b1 b0

1

1 i i | i i ! ' TALTGL ;—g;i: ﬁ;' event/trigger 0 0 : Input on TALiN is selected (Note) |O 10
A 01 : TB2 overflow is selected
bbb te—d TarTeH 10: TAO overflow is selected o
! . ! b 11:TA2 overflow is selected
T R I T | . .

[ o TA2TGL | Timer A2 event/trigger b3 b2
: oy | ; 99 0 0 : Input on TA2N is selected (Note) oo
N B | select bit ‘
[ N B | 01:TB2 overflow is selected
: | i 1 R TA2TGH 1 0: TAL overflow is selected olo
! o ! 11: TA3 overflow is selected
[ |
T Timer A3 event/trigger bS b4
b e iy TASTGL select bit 99 00 : Input on TA3IN is selected (Note) [O1O
o 01:TB2 overflow is selected
[ T TA3TGH 10: TA2 overflow is selected olo
! ! 11: TA4 overflow is selected
1 1
[ - ; b7 b6
1 fmmmmmmmmmm e TA4TGL TITe; ﬁ“: event/trigger 00 : Input on TA4I is selected (Note) [O 10
! select bl 0 1: TB2 overflow is selected
] TA4TGH 10: TA3 overflow is selected 0oI0

11:TAO overflow is selected

Note: Set the corresponding port direction register to "0".
Count start flag

b7 b6 b5 b4 b3 b2 bl b0

— TAOS Timer AO count start flag 0 : Stops counting
1 : Starts counting

Symbol Address When reset
L TABSR 038016 0016
Do
! 1| Bitsymbol Bit name Function
L
I
]

=== TA1S Timer Al count start flag

ety TA2S Timer A2 count start flag

b= m - TA3S Timer A3 count start flag

----------- TA4S Timer A4 count start flag

I —— TBOS Timer BO count start flag

--------------- TB1S Timer B1 count start flag

Ol 0o|O0o[O|O0|0O[0O|0O|Z
oojojofoJolofo]=

—————————————————— TB2S Timer B2 count start flag

Figure 1.15.3. Registers related to timers for three-phase motor control
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Three-Phase Motor Driving Waveform Output Mode (three-phase PWM output mode)
Setting "1" in the mode select bit (bit 2 at address 01C816) shown in Figure 1.15.1 - causes three-phase
PWM output mode that uses four timers A1, A2, A4, and B2 to be selected. As shown in Figure 1.15.4, set
timers A1, A2, and A4 in one-shot timer mode, set the trigger in timer B2, and set timer B2 in timer mode
using the respective timer mode registers.

Timer Ai mode register
b7 b6 b5 b4 b3 b2 bl bO Symbo' gggress Whgg reset
TAIMR 716 16
| | | 0| 1| |Q | 1 | 0 | TA2MR 039816 0016
o N ! P TA4MR 039A16 0016
] I I
Lo E Pl i Bit symbol Bit name Function RIW
I I
o b i i ' TMODO Operation mode bLbo . o0
po i E ! [ TMODL | select bit 1 0 : One-shot timer mode olo
I 1 I
Vo ' ' | E MRO Pulse output function 0 : (Must always be "0" in three-phase PWM
o E i ] select bit output mode) olo
P
[
IR
Lo ! ' ] MR1 External trigger select Invalid in three-phase PWM output mode olo
oo ! bit
[
o :_ __________ MR2 Trigger select bit 1: Selected by event/trigger select o
P register
I 1 I
Dty MR3 0 (Must always be "0" in one-shot timer mode) 00
I I
I I b7 b6
|t TCKO Count source selectbit |- ¢, 0,0
' 01:fs
b o] TCK1 10:f32 010
11:fca2
Timer B2 mode register
b7 b6 b5 b4 b3 b2 Dbl b0 Symbol Address When reset
L [ [ [o] [ [o]o TB2MR 039D16 00XX00002
T T T T
BEEERERRE
i E i i ! 1 1 | _Bitsymbol Bit name Function RIW
! [ ) .
E i ! i P TMODO | Operation mode select bit | '’ Timer mode oo
Lo A R R B (oo} 0|0
I |
P ! ' s MRO Invalid in timer mode olo
! ! ! i e MR1 Can be "0" or "1" 010
I 1 I
E bl e MR2 0 (Fixed to "0" in timer mode) QiI0
[
i : : MR3 Invalid in timer mode.
1 : B This bit can neither be set nor reset. When read in timer mode, o)X
' ' its content is indeterminate.
[
1 1 f b7 b6
Count source select bit
ittty TCKO 00:f2
| 01:fs
] TCK1 10:f32 0I0
11:fca2

Figure 1.15.4. Timer mode registers in three-phase waveform mode
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Figure 1.15.5 shows the block diagram for three-phase PWM output mode. In three-phase PWM output
mode, the positive-phase PWM output (U phase, V phase, and W phase) and negative waveforms (U
phase, V phase, and W phase), six waveforms in total, are output from P8o, P81, P72, P73, P74, and P75
as active on the "L" level. Of the timers used in this mode, timer A4 controls the U phase and U phase,
timer A1 controls the V phase and V phase, and timer A2 controls the W phase and W phase respectively;
timer B2 controls the periods of one-shot pulse output from timers A4, Al, and A2.

In outputting a waveform, dead time can be set so as to cause the "L" level of the positive waveform
output (U phase, V phase, and W phase) not to lap over the "L" level of the negative waveform output (U
phase, V phase, and W phase).

To set short circuit time, use three 8-bit timers sharing the reload register for setting dead time. A value
from 1 through 255 can be set as the count of the timer for setting dead time. The timer for setting dead
time works as a one-shot timer. If a value is written to the dead timer (address 01CCz16), the value is
written to the reload register shared by the three timers for setting dead time.

Any of the timers for setting dead time takes the value of the reload register into its counter, if a start
trigger comes from its corresponding timer, and performs a down count in line with the clock source
selected by the dead time timer count source select bit (bit 2 at address 01C916). The timer can receive
another trigger again before the workings due to the previous trigger are completed. In this instance, the
timer performs a down count from the reload register's content after its transfer, provoked by the trigger,
to the timer for setting dead time.

Since the timer for setting dead time works as a one-shot timer, it starts outputting pulses if a trigger
comes; it stops outputting pulses as soon as its content becomes 0016, and waits for the next trigger to
come.

The positive waveforms (U phase, V phase, and W phase) and the negative waveforms (U phase, V
phase, and W phase) in three-phase PWM output mode are output from respective ports by means of
setting "1" in the output control bit (bit 3 at address 01C816). Setting "0" in this bit causes the ports to be
the state of set by port direction register. This bit can be set to "0" not only by use of the applicable
instruction, but by entering a falling edge in the NMI terminal or by resetting. Also, if "1" is set in the
positive and negative phases concurrent "L" output disable function enable bit (bit4 at address 01C816)
causes one of the pairs of U phase and U phase, V phase and V phase, and W phase and W phase
concurrently go to "L", as a result, the output control bit become the state of set by port direction register.
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Triangular Wave Modulation

To generate a PWM waveform of triangular wave modulation, set "0" in the modulation mode select bit (bit
6 at address 01C816). Also, set "1" in the timers A4-1, Al-1, A2-1 control bit (bit 1 at address 01C916). In
this mode, each of timers A4, A1, and A2 has two timer registers, and alternately reloads the timer register's
content to the counter every time timer B2 counter's content becomes 00001s. If "0" is set to the effective
interrupt output specification bit (bit 1 at address 01C816), the frequency of interrupt requests that occur
every time the timer B2 counter's value becomes 000016 can be set by use of the timer B2 counter (address
01CDzs) for setting the frequency of interrupt occurrences. The frequency of occurrences is given by a set
value (% 0).

Setting "1" in the effective interrupt output specification bit (bit 1 at address 01C816) provides the means to
choose which value of the timer Al reload control signal to use, "0" or "1", to cause timer B2's interrupt
request to occur. To make this selection, use the effective interrupt output polarity selection bit (bit O at
address 01C816).

An example of U phase waveform is shown in Figure 1.15.6, and the description of waveform output work-
ings is given below. Set "1" in DUO bit (bit 0 at address 01CAz16). And set "0" in DUBO bit (bit 1 at address
01CAu1e). In addition, set "0" in DU1 bit (bit O at address 01CB16) and set "1" in DUB1 bit (bit 1 at address
01CBas). Also, set "0" in the effective interrupt output specification bit (bit 1 at address 01C816) to set a
value in the timer B2 interrupt occurence frequency set counter. By this setting, a timer B2 interrupt occurs
when the timer B2 counter's content becomes 000016 as many as (setting) times. Furthermore, set "1" in
the effective interrupt output specification bit (bit 1 at address 01C816), set "0" in the effective interrupt
output polarity select bit (bit 0 at address 01C816) and set "1" in the interrupt occurence frequency set
counter (address 01CD16). These settings cause a timer B2 interrupt to occur every other interval when the
U phase output goes to "H".

When the timer B2 counter's content becomes 000016, timer A4 starts outputting one-shot pulses. In this
instance, the content of DU bit (bit O at address 01CB16) and that of DUO bit (bit O at address 01CA16) are
set in the three-phase output shift register (U phase), the content of DUB1 bit (bit 1 at address 01CB16) and
that of DUBO bit (bit 1 at address 01CA16) are set in the three-phase output shift register (U phase). After
triangular wave modulation mode is selected, however, no setting is made in the shift register even though
the timer B2 counter's content becomes 000016.

The value of DUO bit and that of DUBO bit are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (addresses 038F16 and
038E16) and when timer A4 finishes outputting one-shot pulses, the three-phase shift register's content is
shifted one position, and the value of DU1 bit and that of DUB1 bit are output to the U phase output signal
and to U phase output signal respectively. At the this time, one-shot pulses are output from the timer for
setting dead time used for setting the time over which the "L" level of the U phase waveform doesn't lap over
the "L" level of the U phase waveform, which has the opposite phase of the former. The U phase waveform
output that started from the "H" level keeps its level until the timer for setting dead time finishes outputting
one-shot pulses even though the three-phase output shift register's content changes from "1" to "0" by the
effect of the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, "0"
already shifted in the three-phase shift register goes effective, and the U phase waveform changes to the
"L" level. When the timer B2 counter's content becomes 000016, the timer A4 counter starts counting the
value written to timer A4-1 (addresses 01C116 and 01CO016), and starts outputting one-shot pulses. When
timer A4 finishes outputting one-shot pulses, the three-phase shift register's content is shifted one position,
but if the three-phase output shift register's content changes from "0" to "1" as a result of the shift, the output
level changes from "L" to "H" without waiting for the timer for setting dead time to finish outputting one-shot
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pulses. A U phase waveform is generated by these workings repeatedly. With the exception that the three-
phase output shift register on the U phase side is used, the workings in generating a U phase waveform,
which has the opposite phase of the U phase waveform, are the same as in generating a U phase wave-
form. In this way, a waveform can be picked up from the applicable terminal in a manner in which the "L"
level of the U phase waveform doesn't lap over that of the U phase waveform, which has the opposite
phase of the U phase waveform. The width of the "L" level too can be adjusted by varying the values of
timer B2, timer A4, and timer A4-1. In dealing with the V and W phases, and V and W phases, the latter are
of opposite phase of the former, have the corresponding timers work similarly to dealing with the U and U
phases to generate an intended waveform.

A carrier wave of triangular waveform

Camerwave\_é o /\ %{\ /\
Signal wave —m \/ \/ \/

Timer B2

{ Timber B2 interrupt occurres
, Rewriting timer A4 and timer A4-1. H
Possible to set the number of overflows to generate an ) :

. . : ( interrupt by use of the interrupt occurrences frequency
Trigger signal for & set circuit

me Nt Lo PR DRSNS on o
s NI NG

Timer A4 output

1+ The three-phase
i shift register
i shifts in

~/ synchronization
/ with the falling

i edge of timer A4.

Control signal for
timer A4 reload

U phase |_._|V/

output signal Vo

U phase T |

output signal P ' A ' P,

U phase —'—‘ : i

u phase L : : L : 1 | : i :
Pl ' i e : > > — -l
/

Dead time

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

Figure 1.15.6. Timing chart of operation (1)
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Assigning certain values to DUO bit (bit O at address 01CA16) and DUBO bit (bit 1 at address 01CA1s), and
to DU bit (bit O at address 01CB16) and DUBL1 bit (bit 1 at address 01CB16) allows the user to output the
waveforms as shown in the Figure 1.15.7, that is, to output the U phase alone, to fix U phase to "H", to fix
the U phase to "H", or to output the U phase alone.

A carrier wave of triangular waveform

Carrier wave ~—» /! /\
Signal wave ~a H \/ : \/

Timer B2
i Rewriting timer A4 every timer B2 interrupt occurres.
P : 'Timer B2 intérrupt occurres.
Trigger signal for ! : : : Rewriting thr_ee—phasq buffer register. : ' : :
timer Al start Lo : oo \ : \ N : ; : : :
(timer B2 overflow _ﬂ : ﬂ : Il : I | ﬂ ; ﬂ : ﬂ ; 1
signal) P : oo | P ; b

The three-phase
shift register shifts
in synchronization
with the falling edge
of timer A4.

Timer A4 output

timer A4 reload

Control signal for :

U phase v : i I : |

output signal b : I : T

U phase ] : 1 : |

output signal b ' ' ; ' Do

U phase —‘—l M L'_I

U phase P : b : N : ;
Dead time

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

Figure 1.15.7. Timing chart of operation (2)
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Sawtooth Modulation
To generate a PWM waveform of sawtooth wave modulation, set "1" in the modulation mode select bit
(bit 6 at address 01C816). Also, set "0" in the timers Al-1, A2-1, A4-1 control bit (bit 1 at address
01C916). In this mode, the timer registers of timers A4, Al, and of A2 comprise conventional timers A4,
Al, and A2 alone, and reload the corresponding timer register's content to the counter every time the
timer B2 counter's content becomes 000016. The effective interrupt output specification bit (bit 1 at
address 01C816) and the effective interrupt output polarity selection bit (bit O at address 01C816) turn
nullified.
An example of U phase waveform is shown in Figure 1.15.8, and the description of waveform output
workings is given below. Set "1" in DUO bit (bit O at address 01CA16) and set "0" in DUBO bit (bit 1 at
address 01CA16). In addition, set "0" in DU1 bit (bit O at address 01CA16) and set "1" in DUBL1 bit (bit 1
at address 01CA1s).
When the timer B2 counter's content becomes 000016, timer B2 generates an interrupt, and timer A4
starts outputting one-shot pulses at the same time. In this instance, the contents of the three-phase
buffer registers DU1 bit and DUO bit are set in the three-phase output shift register (U phase), and the
contents of DUBL1 bit and DUBO bit are set in the three-phase output register (U phase). After this, the
three-phase buffer register's content is set in the three-phase shift register every time the timer B2
counter's content becomes 000016.
The value of DUO bit and that of DUBO bit are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (addresses 038F16 and
038E16) and when timer A4 finishes outputting one-shot pulses, the three-phase output shift register's
content is shifted one position, and the value of DU1 bit and that of DUB1 bit are output to the U phase
output signal and to the U output signal respectively. At the this time, one-shot pulses are output from
the timer for setting dead time used for setting the time over which the "L" level of the U phase waveform
doesn't lap over the "L" level of the U phase waveform, which has the opposite phase of the former. The
U phase waveform output that started from the "H" level keeps its level until the timer for setting dead
time finishes outputting one-shot pulses even though the three-phase output shift register's content
changes from "1" to "0" by the effect of the one-shot pulses. When the timer for setting dead time
finishes outputting one-shot pulses, 0 already shifted in the three-phase shift register goes effective, and
the U phase waveform changes to the "L" level. When the timer B2 counter's content becomes 000016,
the contents of the three-phase buffer registers DU1 bit and DUO bit are set in the three-phase shift
register (U phase), and the contents of DUB1 bit and DUBO bit are set in the three-phase shift register (U
phase) again.
A U phase waveform is generated by these workings repeatedly. With the exception that the three-
phase output shift register on the U phase side is used, the workings in generating a U phase waveform,
which has the opposite phase of the U phase waveform, are the same as in generating a U phase
waveform. In this way, a waveform can be picked up from the applicable terminal in a manner in which
the "L" level of the U phase waveform doesn't lap over that of the U phase waveform, which has the
opposite phase of the U phase waveform. The width of the "L" level too can be adjusted by varying the
values of timer B2 and timer A4. In dealing with the V and W phases, and V and W phases, the latter are
of opposite phase of the former, have the corresponding timers work similarly to dealing with the U and
U phases to generate an intended waveform.
Setting "1" both in DUBO bit and DUBL1 bit provides a means to output the U phase alone and to fix the
U phase output to "H" as shown in Figure 1.15.9.
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A carrier wave of sawtooth waveform

Carrier wave ——i_,

Signal wave -

Timer B2

Interrupt occurres.
Trigger signal for Rewriting the value of timer A4.

timer Ai start

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

signal)

(timer B2 overflowJ;_| I_I / \ H

E

Timer A4 output

U phase output

The three-phase
shift register

; /shiftsin
i |4 synchronization

with the falling
edge of timer A4.

signal

output signal

U phase ' I '

L

U phase j

.

G phase

! H
> - —»E -

v

Dead time

vLTJ;H— -

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

L

Figure 1.15.8. Timing chart of operation (3)
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A carrier wave of sawtooth waveform

Carrier wave ~—i_5

Signal wave—a+

Timer B2
IFr;terr_u_pt ochcurrels.  timer Ad Interrupt occurres. Data transfer is made from the three-

‘ - ewriting the value o! timer A4. Rewntlmg the value of timer A4. phase buffer register to the three-
Trigger signal for : Rewriting three-phase \ : phase shift register in step with the
timer Ai start : : output buffer register ' : timing of the timer B overflow.

(timer B2 overflow T : [ : i
signal) ﬂ T H \ | ! / ﬂ-
The three-phase
. shift register shifts
Timer A4 output o p in synchronization
! with the falling
d edge of timer A4.
U phase
output signal
U phase
output signal : ' :
U phase H l ' 5 ' '
U phase o i e o 0L I '
Bshhalindiha e e e b
Dead time

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

Figure 1.15.9. Timing chart of operation (4)
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Serial I/0

Serial 1/10
Serial 1/O is configured as four channels: UARTO, UART1, UART2 and S 1/03.

UARTO to 2

UARTO, UART1 and UART2 each have an exclusive timer to generate a transfer clock, so they operate
independently of each other.

Figure 1.16.1 shows the block diagram of UARTO, UART1 and UART2. Figures 1.16.2 and 1.16.3 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 /0 mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses
03A016, 03A816 and 01F816) determine whether UARTI is used as a clock synchronous serial I/O or as a
UART. Although a few functions are different, UARTO, UART1 and UART2 have almost the same func-
tions.

UARTZ2, in particular, is used for the SIM (Subscriber Identity Module) interface with some extra settings
added in clock-asynchronous serial I/O mode (Note). It also has the bus collision detection function that
generates an interrupt request if the TxD pin and the RxD pin are different in level.

Table 1.16.1 shows the comparison of functions of UARTO through UART2, and Figures 1.16.4 through
1.16.8 show the registers related to UARTI.

Table 1.16.1. Comparison of functions of UARTO through UART2

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 Cl.OCk output from multiple Impossible Possible (Note 1) Impossible

pins selection

Separate CTS/RTS 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 I/O polarity switch Impossible Impossible Possible

TxD port output format N-channel open-drain | N-channel open-drain | N-channel open-drain
/CMOS output (Note 5) | /CMOS output (Note 5) | /CMOS output (Note 5)

Parity error signal output Impossible Impossible Possible (Note 4)

Bus collision detection Impossible Impossible Possible  (Note 6)

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

Note 3: Only when UART mode.
Note 4: Using for SIM interface.

Note 5: When selecting N-channel open-drain output, connect via pull-up resister to Vcc outside.
Note 6: Generally, it use in case of IE bus-emulation.
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PCLK1 ="1"

(UARTO)
RxDo O

f2sio2

fgsio2

fa2si02

—O TxDo

fa2si02 ——o

—o
External

Cl

_ Receive
Clock source selection clock Transmit/
25102 —— Bit rate generator control circuit receive
fgsioz —o \o_olmemal (address 03A116) Transmit o
fazsioz o ° U(no +1) Transmission clock
External control circuit |
Clock synchronous type
(when internal clock is elecled)
0
Clock synchronous type Clock synchronous type
oK (when internal clock is selected) (when external clock is
- lected)
(O polarity A sel
CLko reversing N
circuit
CTSQ:TS disabled
CTS/RTS selected
RTS0
cTso/RTS0 O ° <l
Vee
b CTSIRTS disabl
CTS/RTS disabled CcTSo
D_-O-
? CTS/RTS separated
CTSO from UART1
(UART1)
RxD1O —O TxD1
UART reception Receive .
Clock source selection clock Transmi
f25102 ° Bit rate generator control circuit resgil:/e
fesioz o\ Internal (address 03A916) ranemit
fazsioz 5 o U(n1 +1) Transmission clock
External control circuit |
Clock synchronous type
(when internal clock is slected)
0
Clock synchronous type Clock synchronous type
CLK (when internal clock is selected) (when external clock is
C polarity selected)
CLK1 reversing
circuit I CTS/RTS disabled
e CTS/RTS separated
CTS1/RTS1 ° IRTS % RTSL
ICTS0/ CLKS1 Clock output pin vee
select switch RTS di —
CTS/RTS disabled CTS1
£Ts CTS0 to UARTO
( ) TxD
RxD2 H polarity {O) TxD2
reversing
- Receive circuit
Clock source selection clock Transmit/
25102 o Bit rate generator control circuit receive
fas102 o ~_ Intemal " (address 01F916) unit

(when internal clock is selected)
)

Transmit
clock

Transmission
control circuit |

lock synchronous type

Clock synchronous type

Clock synchronous type

(when internal clock is selected) ~ (when external clock is
pglla_Fity selected)
CLKZO reversing
circuit | CTS/RTS  CTS/RTS disabled
selected RTS?
cTs2/RTs2 O <l
vee
{v CTSIRTS disabled =755

nO : Values set to UARTO bit rate generator (BRG0)
nl: Values set to UART1 bit rate generator (BRG1)
n2 : Values set to UART?2 bit rate generator (BRG2)

Figure 1.16.1. Block diagram of UARTi (i =0 to 2)
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Serial I/0

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

RxDi(O)—

Clock
synchronous type
UART (7 bits)
Clock UART (8 bits)
PAR synchronous UART (7 bits) UARTI receive register
disabled |YP€
O
O
o]
z:;f),ed UART UART (9 bits)
Clock
synchronous type
UART (8 bits)
UART (9 bits)
1 H ? 1 1 t 1 1 1 H T 1 1 ? UARTi receive
0:0:0:0:0:0:0 ;DB| |D7;D65D5;D45D35D2;D15D0| buffer register
- — Address 03A616
| MSBI/LSB conversion circuit | Address 03A716
Address 03AE16
Address 03AF16
Data bus high-order bits
Data bus low-order bits
| MSB/LSB conversion circuit |
A <>
[Ds | | DriDsjDsiDsjDsiDz; DiDo| uarmisansmi
buffer register
Address 03A216
Address 03A316
Address 03AA16
UART (8 bits) Address 03AB16
UART (9 bits)
UART (9 bits) :;Il;j:k synchronous
R
2SP enabled UART
O Q
1SpP Clock ] N ] ]
Sombled | Symehronous UART (7 bits) UARTI transmit register
type UART (7 bits)
UART (8 bits) _
"o Clock synch SP: Stop bit
ty:: Synewoness PAR: Parity bit

Figure 1.16.2. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

o)
Reverse

RxD data
RxD2(O—

Clock

synchronous type
UART
(7 bits)
Clock UART ! )
i UART2 receive register
1sp Zi/::b\ed synchronous (8 bits) UART(7 bits) g
ype
o
2sp PAR UART UART Clock
enabled o bit synchronous type
(9 bits) UART
(8 bits)
UART
(9 bits)
Y
0:0:0;0:0;0;i0iDs| |[DriDs;Ds;DajDsiDziDijDo| UART2receie
: : : : : : : : : : : : : : buffer register
Address 01FE16
| Logic reverse circuit + MSB/LSB conversion circuitl Address 01FF16
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuitl
| Ds | | D7 : Des: Ds: DsaiDs:iDz2:Di: Do | UART2transmit
buffer register
Address 01FA16
Address 01FB16
UART
(8 bits)
UART
(9 bits)
UART Clock
PAR (9 bits) synchronous type

enabled

UART

UART
(7 bits)

UART

(8 bits)

Clock
synchronous type

synchronous UART(7 bits) UART2 transmit register

type

Error signal output

disable No reverse
Error signal TxD data TxD2
output circuit reverse circuit
Error signal output Reverse
enable
SP: Stop bit
PAR: Parity bit

Figure 1.16.3. Block diagram of UART2 transmit/receive unit
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

UARTI transmit buffer register (Note)

(b15) ©8) Symbol Address When reset
b7 b0 b7 b0 uoTB 03A316, 03A216 Indeterminate
|><|><|><|><|><|><|><| | | u1TB 03AB16, 03AA16 Indeterminate
Y ; ; u2TB 01FBis, 01FA16 Indeterminate
| | |
: : : Function RIW,
: L ————- Transmit data XI (e]
I Nothing is assigned. |
_______________ These bits can neither be set nor reset. When read, their contents are indeterminate. _= -

Note: Use MOV instruction to write to this register.

UARTI receive buffer register

(b15) (b8) Symbol Address When reset
b7 b0 b7 b0 :
UORB 03A716, 03A616 Indeterminate
| | | | | |><|><| | U1RB 03AF16, 03AE16 Indeterminate
- i i i ; T i T U2RB 01FF16, 01FE1s Indeterminate
|
! b b I
[ Y | - Funct . T
Bit ] unction Function
: : : : : [ : I symbol Bit name (During clock synchronous (During UART mode) RI Wi
Cn : Fo : serial I/O mode) H
|
: : : : : : | e —_——— — — Receive data Receive data OI X
|
: : : : : N Nothing is assigned. I
T These bits can neither be set nor reset. When read, the value of these bits is "0". -
[ | 1
Vv o ____ ABT | Arbitration lost detecting 0 : Not detected Invalid oo
: : [ flag (Note 2) 1 : Detected |
[ }
[ OER | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error OI X
: : : 1 : Overrun error found 1 : Overrun error found I
|
| : !_ __________________ FER Framing error flag (Note 1) | Invalid 0 : No framing error OI X
[ 1 : Framing error found |
1 T
D PER | Parity error flag (Note 1) Invalid 0 : No parity error ol x
: 1 : Parity error found |
1
L ______J SUM | Error sum flag (Note 1) Invalid 0 : No error OI X
1 : Error found I

Note 1: Bits 15 through 12 are set to "0" when the serial I/O mode select bit (bits 2 to 0 at addresses 03A01s,
03A816 and 01F816) 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 01FEus) is read out.
Note 2: Arbitration lost detecting flag is allocated to U2RB and noting but "0" may be written. Nothing is
assigned in bit 11 of UORB and U1RB. These bits can neither be set or reset. When read, the value

of this bit is "0".
UARTI bit rate generator (Note 1, 2)
b7 b0 Symbol Address When reset
| UOBRG 03Al1e Indeterminate
U1BRG 03A916 Indeterminate
: U2BRG 01F916 Indeterminate
|
| Function Values that can be set R I W]
: ________________ /:istiming that set value = n, BRGi divides the count source by 0016 to FF16 XI o

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

Figure 1.16.4. Serial I/O-related registers (1)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| UiMR(i=0,1) 03A016, 03A816 0016
oo T T
BEREEEE .
1 [ 1 . Function " |
Lot : P Bit Bit name During clock synchronous Function RIW
! | ! ! ! : ! I'| symbol ( sgerial 1o ¥node) (During UART mode) !
b | ! - T
b b1 svpo ' | Must be fixed to 001 b2 b1 b0
I : : : : : o Serial /O mode select bit b2 b1 b0 10 0: Transfer data 7 bits long O: o
: [ : 000 : Serial I/O invalid 10 1: Transfer data 8 bits long 1
[ : : | SMD1 010 : Inhibited 11 0: Transfer data 9 bits long :
| : : : o T 01 1: Inhibited 000 : Serial I/0 invalid |O
oo b 111 : Inhibited 010 : Inhibited +
¢t bt ] Smp2 01 1: Inhibited 0o
Lyl 111: Inhibited |
| | | t
: I : [ CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock O: o
1 : : : select bit 1: External clock (Note) 1 : External clock (Note) |
! T
I . ;
: I : (U STPS | stop bit length select bit | Invalid 0 : One stop bit o'o
ol 1: Two stop bits !
[ : P wqn
P PRY | Odd/even parity select bit| Invalid Valid when bit 6 = "1 :
ity 0: Odd parity 0,0
: | 1 : Even parity 1
I — T
b PRYE | Parity enable bit Invalid 0 : Parity disabled o'o
| 1 : Parity enabled !
I
SLEP | Sleep select bit Must always be "0" 0 : Sleep mode deselected O: o
1: Sleep mode selected |
Note: Set the corresponding port direction register to "0".
UART2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | U2MR 01F816 0016
] T ]
EEREEEE .
1 (. I . Function : I
S T B R T Bit . . Function
1 Bit name During clock synchronous : RIwW
: : : : : | : : symbol ( s%rial o) ?/node) (During UART mode) :
I I I
P ] swoo [ sen it| Must be fixed to 001 :
! ! Loy : ! 1] Serial I/0 mode select bit b;ils:n e fixed to 100 : Transfer data 7 bits long | ©C10
Py . cap P 10 1: Transfer data 8 bits long [ !
: | : | : SMD1 000 . Serial |/O invalid 11 0: Transfer data 9 bits long :
T [p—_— 010:(Note 1) 000 Serial RN olo
[ < Inhibi : Serial I/O invalid 1
[ 011:Inhibited - SeTia |
T : 1 111 : Inhibited 01 0 : Inhibited T
| : [T N SMD2 : 01 1: Inhibited oo
b 11 1: Inhibited !
by !
A T T N CKDIR |Internalfexternal clock 0 : Internal clock Must always be fixed to "0" O: o
P ! ! select bit 1: External clock (Note 2) |
I T
I - .
A STPS | stop bit length select bit | Invalid 0 : One stop bit olo
o 1: Two stop bits !
b : P wqn
b PRY [Odd/even parity select bit| Invalid Valid when bit 6 = "1 :
ity 0: Odd parity 0,0
: | 1 : Even parity I
I - f
b PRYE | Parity enable bit Invalid 0 : Parity disabled 0|0
| 1 : Parity enabled |
: ______________ loPoL | TxD, RxD l/O polarity 0: No reverse 0: No reverse :
reverse bit 1: Reverse 1: Reverse O10
Usually set to "0" Usually set to "0" :
Note 1: Bit 2 to bit 0 are set to "0102" when 12C mode is used.
Note 2: Set the corresponding port direction register to "0".

Figure 1.16.5. Serial I/O-related registers (2)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | Symbol Address When reset
. i UiC0(i=0,1) 03A416, 03AC16 0816
T T
I
1 -
po P i | i Bit Function Function !
Vo ! Bit name (During clock synchron : R'W
Voo gt 1 g clock synchronous H
. Pl ! ! : symbol serial /O mode) (During UART mode) i
! : [ : : : b1 b0 b1 b0 !
i 1 1 1 1 1 1 o CLKO |BRG countsource 00 : f2s102 is selected 00 : f2sioz is selected [el{@)
A select bit 01 : fssioz2is selected 01:fesioz2is selected L
[ 1 i CLK1 10: fazsioz is selected 10: fa2sioz is selected oo
P 11 Inhibited 11 : Inhibited '
1 1 1 1 T
[ N e : Valid when bit 4 = "0" Valid when bit 4 = "0" !
1 il L W
N CRS | CTS/RTS function 0 : CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O}O
Pl select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) | 1
1 1 1 1
I 1 B A R
[ : : : TXEPT | Transmit register empty 0: Da{a presenj{ in transmvlt . 0 : Data present in transmit register :
: : 1 : 1 flag register (during tr_ansm|55|9n) (during transmission) 1
[ : 1 Ity 1:No _dlata ;l)resent_ intransmit | 4 . N data present in transmit O:X
N register (transmission register (transmission completed) | |
o completed) !
| N R — —eioa . 1
Loroo CTS/RTS di f 0 : CTS/RTS function enabled 0 : CTS/RTS function enabled 1
(A N CRD | CTS/RTS disable bit |} “51S/RTS function disabled | 1 CTS/RTS function disabled :
[ (P60 and P64 function as (P60 and P64 function as 0.0
: : : programmable 1/O port) programmable 1/O port) :
I | 1 T
: : : NCH Data output select bit 0: TXD@ p@n @s CMOS output 0: TXD@ p@n @s CMOS output :
I e ————e 1: TXDi pin is N-channel 1: TXDi pin is N-channel 0,0
: : open-drain output open-drain output :
(I T
(I . 5 0 : Transmit data is output at n"o" 1
: : CKPOL | CLK polarity select bit falling edge of translfjer clock Must always be "0 :
: : and receive data is input at 1
V] rising edge !
1 ' 1: Transmit data is output at O:O
: rising edge of transfer clock :
1 and receive data is input at 1
1 falling edge !
1 - T
! it |0 LSB first wy
S — UFORM |Transfer format select bit ' Must al !
1 © MSB firet ust always be "0 O:O
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.
UART?2 transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
. . u2Cco 01FCie 0816
1
NEENREE
! E : i oo g (Ouri l|=url1<ction h Function REW
! [ T B Bit name uring clock synchronous :
Do b symbol serial /O mode) (Buring UART mode) i
1 T
1 : : : : : : ! b1 b0 b1 b0 1
T A ' CLKO | BRG count source 00: f2siozis selected 00:f2siozis selected olo
[ ! select bit 01:fssiozis selected 01:fssiozis selected 1
Pl o] cka 10:fa2sio2is selected 10:fazsiozis selected O:O
[ N 11 Inhibited 11 Inhibited !
[ N T
[ N e : Valid when bit 4 = "0" Valid when bit 4 ="0" !
Pt o [E— CRS | CTS/RTS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (OO
P select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) | 1
I 1 1 1 1
[ . . 0 : Data present in transmit . ; : ; !
A TXEPT | Transmit register empty | register (during transmission)| °* E;Ell:ﬁnpr?rs:nltrmsgﬁ)ﬁmn register i
o e flag 1:No data present in transmit | ; . o da?a present in transmit O}x
Lo P register (transmission register (transmission completed) 1
oo completed) !
| —— —
: i : i CRD CTS/RTS disable bit 0:CTS/RTS funct!on epabled 0: CTS/RTS funct!on e_nabled i
[ T T S 1: CTS/RTS function disabled | 1: CTS/RTS function disabled olo
[ (P73 functions (P73 functions programmable 1
: : : programmable 1/O port) 1/0 port) :
1
: i E NCH Data output select bit 0 : TXD2 pin is CMOS output 0 : TXD2 pin is CMOS output i
| mmmm————————d 1 : TXD2 pin is N-channel 1: TXD2 pin is N-channel open-drain OI O
: : open-drain output (Note 4) output :
(I - : : I
1 . . 0 : Transmit data is output at neyn
! : CKPOL | CLK polarity select bit falling edge of transfer clock Must always be "0 :
| ! and receive data is input at 1
[ rising edge 1
: B aaiebebe bttty 1: Transmit data is output at O:O
! rising edge of transfer clock 1
: and receive data is input at :
: falling edge !
i UFORM |Transfer format select bit | 0 : LSB first 0: LSB first O:O
CTTTTTTTT T (Note 3) 1: MSB first 1: MSB first !
Note 1: Set the corresponding port direction register to "0".
ote 2: The settings of the corresponding port register and port direction register are invalid.
Note 2: Th tti f th d t t d port direct t lid
ote 3: Only clock synchronous serial mode and 8-bi mode are valid.
Note 3: Only clock synch I 1/0 mode and 8-bit UART mod lid

Figure 1.16.6. Serial I/O-related registers (3)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

UARTI transmit/receive control register 1
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216
T ] 1
A , .
i oo i i i Bit Bit (Ouri II:UI’;CIIOH h Function R:W
[ N N | it name uring clock synchronous ’ H
i i i i i i ! i symbol serial /0 mode) (During UART mode) !
1
A A N | TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled O:O
bron . 1: Transmission enabled 1 : Transmission enabled :
1 1 1 1 1 I
1 1
! I ! i TI Transmit buffer 0 : Data present in 0 : Data present in i
[ A T empty flag transmit buffer register transmit buffer register oix
A 1: No data present in 1: No data present in !
! bororo ! transmit buffer register transmit buffer register 1
A RE Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
| e 1 : Reception enabled 1 : Reception enabled !
[ | I
i o RI Receive complete flag 0 : No data present in 0 : No data present in i
[ T T T PR receive buffer register receive buffer register O:X
oo 1: Data present in 1: Data present in 1
1 o receive buffer register receive buffer register !
I
!.__:__:__:_ __________ Nothing is assigned. _:_
These bits can neither be set nor reset. When read, the value of these bits is "0". :
UART?2 transmit/receive control register 1
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | u2c1 01FD16 0216
T R
i | oo i v i Function i
[ Bit : : Function !
[ T T T T Bit name (During clock synchronous : Ri
i i i ! : i ! i symbol serial /O mode) (During UART mode) i
I
b i o i 1 TE | Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled o0
! ! ! Lo ! I 1: Transmission enabled | 1 : Transmission enabled !
[ T R !
! 1 ! | . | T Transmit buffer 0 : Data present in 0 : Data present in !
Lol 1 | o empty flag transmit buffer register transmit buffer register o'x
o b 1: No data present in 1: No data present in |
! 1 Lo ! ! transmit buffer register transmit buffer register !
1
1 i 1 ! | ] RE | Receive enable bit 0 : Reception disabled 0 : Reception disabled O:O
1 | | ! ! 1 : Reception enabled 1 : Reception enabled |
I | I I T
1 1 ! i ! RI Receive complete flag 0 : No data present in 0 : No data present in !
[ T receive buffer register receive buffer register O'X
P! 1: Data present in 1: Data present in 1
1 1 ! ! receive buffer register receive buffer register !
[ 1
! ! ! i U2IRS | UART2 transmit interrupt | O : Transmit buffer empty | O : Transmit buffer empty !
[ T cause select bit (TI=1) (TI=1) oo
N 1: Transmitis completed | 1 : Transmit is completed |
: 1 : (TXEPT =1) (TXEPT =1) !
[
! 1 i U2RRM [ UART2 continuous 0 : Continuous receive Must always be "0" i
ol : _____________ receive mode enable bit mode disabled O:O
1 | 1 : Continuous receive H
! ! mode enabled !
I I
v ] U2LCH | Data logic select bit 0 : No reverse 0 : No reverse O:O
1 1: Reverse 1: Reverse |
1 1
:_ _________________ U2ERE | Error signal output Must be fixed to "0" 0 : Output disabled O:O
enable bit 1: Output enabled |

Figure 1.16.7. Serial I/O-related registers (4)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Serial I/0

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| UCON 03B016 X00000002
[ T B
: : | : : : ro Euncti !
I ol : . unction . |
[T I T I Bit Bit ' Function
: : : : : : : : symbol name (Durlr;ger(i:gl)tl:}(OS)r/nrgg:))nous (During UART mode) R:W
[ +
: : | : 1 1 1 | UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (Tl = 1) 1
1 : N I interrupt cause select bit | 1: Transmission completed 1: Transmission completed 00
poo : (TXEPT = 1) (TXEPT = 1) !
1 I
[ : | : : : U1IRS | UART1 transmit 0 : Transmit buffer empty (TI=1) | 0: Transm!t byﬁer empty (TI=1) :
: : I : Lo interrupt cause select bit | 1 : Transmission completed 1: Transmission completed 09
b (TXEPT = 1) (TXEPT = 1) I
[ t
: : : : [ UORRM [ UARTO continuous 0 : Continuous receive Must always be "0" |
I : L] receive mode enable bit mode disabled (@) :O
: : I : | 1: Continuous receive |
R ! mode enable I
: : | : | U1RRM | UART1 continuous 0 : Continuous receive Must always be "0" :
1o : N receive mode enable bit mode disabled o:o
[ 1: Continuous receive |
b ! : mode enabled I
: : 1 : CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 ="1" Invalid :
S T S 0 : Clock output to CLK1 09
1 : | 1: Clock output to CLKS1 :
I
[ : CLKMD1| CLK/CLKS select 0 : Normal mode Must always be "0" :
: : I bit 1 (Note) (CLK output is CLK1 only) |
R B 1: Transfer clock output oo
1ol from multiple pins :
: : function selected |
D RCSP | Separate CTS/RTS bit | 0: CTS/RTS shared pin | 0 : CTS/RTS shared pin oo
I 1: CTS/RTS separated 1: CTS/RTS separated !
I
] Nothing is assigned. - :—
This bit can neither be set nor reset. When read, its content is indeterminate. |

Note: When using multiple pins to output the transfer clock, the following requirements must be met:
* UARTL1 internal/external clock select bit (bit 3 at address 03A816) = "0".

UART2 special mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
|><I | | | | | | | U2SMR 01F716 0016
oy T
I Functi !
| o [ . . unction ) |
[ A Bit Bit Duri Function
| 1o (During clock synchronous - R W
: | : : | : : : symbol name serial /O mode) (During UART mode) |
[ | I }
1! : : [ : IICM | IIC mode selection bit 0 : Normal mode Must always be "0" O:O
b L B 1:1IC mode
I N B : :
1 [
: | : : [ ABC | Arbitration lost detecting | 0 : Update per bit Must always be "0" O:O
: : bl : : T flag control bit 1: Update per byte |
| | T
1 !
: | : : 1 L____ BBS Bus busy flag 0 : STOP condition detected Must always be "0" le) !o
| : Pl : 1: START condition detected (Note)
| 1 |
I I wey H
: 1 : : 1 LSYN | SCLL sync output 0 : Disabled Must always be "0 o |O
I : [ enable bit 1: Enabled [
| | | t
: : | : ABSCS | Bus collision detect Must always be "0" 0 : Rising edge of transfer |
S R sampling clock oY)
: : | clock select bit 1 : Underflow signal of timer AO |
I +
[ )
[ : ACSE | Auto clear function Must always be "0" 0 : No auto clear function :
! : b e select bit of transmit 1 : Auto clear at occurrence of |O O
: 1 enable bit bus collision :
[ - 1
[ Transmit start condition | Must always be "0" 0 : Ordinary |
: Sttt SSS select bit Y 1: Falling edge of RxD2 0,0
|
! T
0 Nothing is assigned. e
This bit can neither be set nor reset. When read, its content is indeterminate. :

Note: Nothing but "0" may be written.

Figure 1.16.8. Serial I/O-related registers (5)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock Synchronous Serial I/O Mode

(1) Clock synchronous serial I/O mode

The clock synchronous serial /0O mode uses a transfer clock to transmit and receive data. Tables 1.16.2
and 1.16.3 list the specifications of the clock synchronous serial I/O mode. Figure 1.16.9 shows the

UARTI transmit/receive mode register.

Table 1.16.2. Specifications of clock synchronous serial I/O mode (1)

ltem Specification
Transfer data format * Transfer data length: 8 bits
Transfer clock » When internal clock is selected (bit 3 at addresses 03A016, 03A816, 01F816

="0") : fisio2/ 2(n+1)(Note 1) j=2,8, 32
* When external clock is selected (bit 3 at addresses 03A016, 03A816, 01F816
="1") : Input from CLKi pin

Transmission/reception —_— . L e— — . . :
¢ CTS function/RTS function/CTS, RTS function chosen to be invalid

control
Transmission start * To start transmission, the following requirements must be met:
condition - Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 01FD16) = "1"

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 01FD16) = "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, 01FC16) = "0™:
CLKi input level ="H"

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 01FC16) = "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, 01FD16) = "1"

- Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 01FD16) = "1"

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 01FD16) = "0"

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

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 01FC16) = "0":
CLKi input level = "H"

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 01FC16) = "1™
CLKi input level ="L"

Interrupt request * When transmitting

generation timing - Transmit interrupt cause select bit (bits 0, 1 at address 03B01s, bit 4 at
address 01FD16) = "0": Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bit (bits 0, 1 at address 03B01s, bit 4 at
address 01FD16) = "1": Interrupts requested when data transmission from
UARTI transfer register is completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

Error detection * Overrun error (Note 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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Table 1.16.3. Specifications of clock synchronous serial I/O mode (2)
Item Specification
Select function * CLK polarity selection
Whether transmit data is output/input timing 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)
UARTL1 transfer clock can be chosen by software to be output from one of
the two pins set
« Separate CTS/RTS pins (UARTO) (Note)
UARTO CTS and RTS pins each can be assigned to separate pins
 Switching serial data logic (UART2)
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 reverse (UART2)
This function is reversing TxD port output and RxD port input. All /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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UARTI transmit/receive mode registers

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| 0| | 0| 0| 1| UiMR(i=0,1) 03A016, 03A816 0016
T T
o .
Lo T I 1| Bitsymbol Bit name Function RiW
[ T !
b Lo | ‘1__SMDO | serial /O mode select bit | **** - |©©
A T I SMD1 00 1: Clock synchronous serial  |0lO
I I/O mode .
. Lo b T SMD2 0!0
Lo i b CKDIR Internal/external clock 0 : Internal clock '

I olo
P ! l select bit 1 : External clock (Note) I
it STPS e}fe)
i i e bbby PRY Invalid in clock synchronous serial I/O mode O!O
B RaRREEEEE e PRYE 0l0
N —— SLEP 0 (Must always be "0" in clock synchronous serial I/O mode) olo

Note: Set the corresponding port direction register to "0".
UART2 transmit/receive mode registers
b7 b6 b5 b4 b3 b2 bl bo S bol Add Wh
ymbo ress en reset
lof [ ] 1 [ofo]s] U2MR 01F816 0016
[
oo i | T
Lo | Lo : Lo Bit symbol Bit name Function RiW

| | ! 1 | | +
b1 bor 1 D1 ']_SMDO_ | serial /O mode select bit | " . |9©
R R T I SMD1 00 1: Clock synchronous serial  |0lO
I I/O mode .
R SMD2 0lo
b i b CKDIR Internal/external clock 0 : Internal clock '

I olo
b | select bit 1 : External clock (Note 2) !
it STPS olo
i i Eaiainiaieieitiaiattty PRY Invalid in clock synchronous serial I/O mode O!O
B e PRYE 0l0
] IOPOL | TxD, RxD /O polarity 0 : No reverse oio

reverse bit (Note 1)

1: Reverse

Note 1: Usually set to "0".

Note 2: Set the corresponding port direction register to "0".

Figure 1.16.9. UARTI transmit/receive mode register in clock synchronous serial I/O mode
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Table 1.16.4 lists the functions of the input/output pins during clock synchronous serial I/O mode. This
table shows the pin functions when the transfer clock output from multiple pins and the separate CTS/
RTS pins functions are_not selected. Note that for a period from when the UARTi operation mode is
selected to when transfer starts, the TxDi pin outputs a "H". (If the N-channel open-drain is selected, this
pin is in floating state.)

Table 1.16.4. Input/output pin functions in clock synchronous serial I/O mode
(when transfer clock output from multiple pins and separate CTS/RTS pins functions are not selected)

Pin name Function Method of selection
TxDi Serial data output Outputs dummy data when performing reception onl
(P63, P67, P70) P (Outp Y P g P Y)
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
(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, 01F816) = "0"
PG, P65, P72) [ =mmmmmmmmm " oo oooooooooossslsssssiioiiieoooooooooeeooo
( ) Transfer clock input Internal/external clock se_Iect_blt (blt_3 at ad_dress 03A016, 03A816, 01F816) = "1"
Port P61, P65 and P72 direction register (bits 1 and 5 at address 03EE1s,

bit 2 at address 03EF16) = "0"

CTSI/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 01FC16) = "0"

(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 01FC16) = "0"
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EEz1s6,

bit 3 at address 03EF16) = "0"

RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 01FC16) = "0"
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 01FC16) = "1"

Programmable I/O port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 01FC16) = "1"
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» Example of transmit timing (when internal clock is selected)
Tc

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

..1..
Transmit enable | |
bit (TE) "0 Data is set in UARTI transmit buffer register
Transmit buffer 1" _l 'ﬁ ¥ CI)\
empty flag (TI) "o
Transferred from UARTI transmit buffer register to UARTI transmit register
I "H"
CTSi | TcLk |
o |

"'_‘« Stopped pulsing because CTS = "H" Stopped pulsing because transfer enable bit = "0"

CLKi

e @@@@@@@@@@@@@@@@@@@@@ &
Iéggfgiimpty : _| |_| I_I l_

flag (TXEPT) , : :
- e
i 1 1

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

o

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK =2(n + 1) / fjSi02
« Internal clock is selected. fisio2: frequency of BRGi count source (j = 2, 8, 32)
« CTS function is selected. n: value set to BRGi

* CLK polarity select bit = "0".
 Transmit interrupt cause select bit = "0".

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

Receive enable

bit (RE) OJ

Transmit enable I . . . . .
bit (TE) "0" Dummy data is set in UARTI transmit buffer register
|
nqn 1
Transmit buffer . i cl)\
empty flag (T1) 0" - - . ) N
o i | Transferred from UARTI transmit buffer register to UARTI transmit register
RTSi o
| —>|—‘<— 1/ fext
CLKi R
Receive data is taken in
RxDi
Transferred from UARTI receive register Read out from UARTI receive buffer register
Receive complete "1 to UARTI receive buffer register™y, |
flag (RI) 0"
Receive interrupt 1" | |
request bit (IR "0"
q (R) -

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

Shown in () are bit symbols.

The above timing applies to the following settings: Meet the following conditions are met when the CLK
« External clock is selected. input before data reception = "H"
 RTS function is selected. * Transmit enable bit — "1"
* CLK polarity select bit = "0". * Receive enable bit — "1"

» Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.16.10. Typical transmit/receive timings in clock synchronous serial /0O mode
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(a) Polarity select function

As shown in Figure 1.16.11, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16, 01FC16)
allows selection of the polarity of the transfer clock.

* When CLK polarity select bit = "0"

i Ly

| o
TXDi X po ¥ D1 X Dz/ X p3 X pa X ps X ps X D7 Note 1: Irgiscfém'n‘z;%ﬁ;ﬁls",‘,ﬂ?‘" not

RXDi X po X b1 X D2 X D3 X Da X Ds X D6 X D7

* When CLK polarity select bit = "1"

CLKi l

l Note 2: The CLKi pin level when not
TXDi >< Do )8( D1 >< D2 )>< D3 X D4 >< D5 >< D6 >< D7 transferring data is "L".

/
RXDi X po X p1 X D2 X D3 X Da X D5 X D6 X D7

Figure 1.16.11. Polarity of transfer clock

(b) LSB first/MSB first select function

As shown in Figure 1.16.12, when the transfer format select bit (bit 7 at addresses 03A416, 03AC1s6,
01FC16) ="0", the transfer format is "LSB first"; when the bit = "1", the transfer format is "MSB first".

* When transfer format select bit = "0"
e LI LITLI LI
TXDi ><D0><D1><D2><D3><D4><D5><D6><D7

= | SB first
RXDi ><Do><D1><D2><D3><D4><D5 D6><D7
* When transfer format select bit = "1"
e L] LT LT LT LT Ll
TXDi ><D7><D6><D5><D4><D3><D2 D1><DO
= VSB first

RXDi X b7 X ps X Ds X pa X D3 X D2 X D1 X Do

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

Figure 1.16.12. Transfer format
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(c) Transfer clock output from multiple pins function (UART1)
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 03B016). (See Figure 1.16.13.)
The multiple pins function is valid only when the internal clock is selected for UART1. Note that when
this function is selected, UART1 CTS/RTS function cannot be used.

Microcomputer

TxD1 (P67)
CLKS1 (P64)
CLK1 (P65) IN IN
CLK CLK

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

Figure 1.16.13. The transfer clock output from the multiple pins function usage

(d) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 03B016, bit 5 at address 01FD16)
is set to "1", the unit is placed in continuous receive mode. In this mode, when the receive buffer
register is read out, the unit simultaneously goes to a receive enable state without having to set
dummy data to the transmit buffer register back again.

(e) Separate CTS/RTS pins function (UARTO)
This function works the same way as in the clock asynchronous serial /0 (UART) mode. The
method of setting and the input/output pin functions are both the same, so refer to select function in
the next section, "(2) Clock asynchronous serial 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 select bit (bit6 at address 01FDz16) = "1", and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 1.16.14 shows the example of serial
data logic switch timing.

* When LSB first

Transfer clock H | | | | | | | | | | | | | | | |

TxD2 "H"
(no reverse) o«

\ Do) D1 Y D2 D3 ) D4 X D5 X D6 \ D7 f

LM ) 670 (573 i 6678 550 61 (1)

Figure 1.16.14. 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 1.16.5 and 1.16.6 list the specifications of the UART mode. Figure 1.16.15 shows
the UARTI transmit/receive mode register.

Table 1.16.5. Specifications of UART mode (1)

Item Specification

Transfer data format « Start bit: 1 bit

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

+ Stop bit: 1 bit or 2 bits as selected

* Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected

Transfer clock  When internal clock is selected (bit 3 at addresses 03A016, 03A816, 01F816="0") :
fislo2/16(n+1) (Note 1) j = 2, 8, 32

» When external clock is selected (bit 3 at addresses 03A016, 03A816, 01F816 ="1") :
fexT/16(n+1)(Note 1) (Note 2)

Transmission/reception » CTS function/RTS function/CTS, RTS function chosen to be invalid

control
Transmission start * To start transmission, the following requirements must be met:
condition - Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 01FD16) = "1"

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 01FD16) = "0"
- When CTS function 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, 01FD16) = "1"

- Start bit detection
Interrupt request » When transmitting
generation timing - Transmit interrupt cause select bits (bits 0, 1 at address 03B01s, bit4 at

address 01FD16) = "0": Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits 0, 1 at address 03B01s, bit4 at
address 01FD16) = "1": Interrupts requested when data transmission
fromUARTI transfer register is completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

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

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

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

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

Note 1: "n" denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.

Note 2: fEXT is input from the CLKi pin.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that
the UARTI receive interrupt request bit is not set to "1".
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Table 1.16.6. Specifications of UART mode (2)

Item Specification

Select function * Separate CTS/RTS pins (UARTO)
UARTO CTS and RTS pins each can be assigned to separate pins
* Sleep mode selection (UARTO, UART1)

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

* Serial data logic switch (UART2)

This function is reversing logic value of transferring data. Start bit, parity 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 is reversed.
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UARTI transmit / receive mode registers

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 03A016, 03A816 0016
B .
: | - i i || Bitsymbol Bit name Function RiwW
1 ! 1 | | | 1 | T
i : bbbt SMDO Serial I/O mode select bit | *2*%° _ 0!0
| : o : [ SMDL 10 0: Transfer data 7 bits long 1
P ! LT 10 1: Transfer data 8 bits long O:O
! | ! Doy lemem oo SMD2 11 0: Transfer data 9 bits long o:o
] I
i | o b CKDIR Internal / external clock 0 : Internal clock O:O
b : select bit 1 : External clock (Note) :
Lo ] STPS | Stop bit length select bit | 0 : One stop bit o: o
Pl 1 : Two stop bits |
i | | PRY Odd / even parity Valid when bit 6 = "1" |
: ! e select bit 0 : Odd parity 0,0
. 1: Even parity !
I
o PRYE Parity enable bit 0 : Parity disabled O:O
! 1 : Parity enabled :
:_ _________________ SLEP Sleep select bit 0 : Sleep mode deselected O:O
1: Sleep mode selected l
Note: Set the corresponding port direction register to "0".
UART?2 transmit / receive mode register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | U2MR 01F816 0016
RENEREEE
1
A i 1 1 1| Bitsymbol Bit name Function RIW
1 | 1 | | | 1 | T
bbbt SMDO Serial I/O mode select bit | *2*® _ 00
| : o : 1 SMD1 100 : Transfer data 7 bits long 1
oo | ! T 101 : Transfer data 8 bits long O:O
: : : : P PO SMD2 11 0: Transfer data 9 bits long o:o
I I
Pl i o CKDIR | Internal / external clock Must always be fixed to "0" O: o
R select bit !
| : | L STPS Stop bit length select bit 0 : One stop bit O:O
Pl 1 : Two stop bits |
| | i PRY Odd / even parity Valid when bit 6 = "1" |
I ittty select bit 0 : Odd parity 0|0
Lo 1: Even parity !
I
o PRYE Parity enable bit 0 : Parity disabled O:O
: 1 : Parity enabled :
:_ _________________ IOPOL TxD, RxD /O polarity 0 : No reverse OEO
reverse bit (Note) 1: Reverse "

Note: Usually set to "0".

Figure 1.16.15. UARTI transmit/receive mode register in UART mode
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Table 1.16.7 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 1.16.7. Input/output pin functions in UART mode
(when separate CTS/RTS pins function is not selected)

Pin name Function Method of selection
TxDi Serial data output
(P63, P67, P70)
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
(P62, P66, P71) bit 1 at address 03EF16)= "0"
(Can be used as an input port when performing transmission only)
CLKi Programmable I/O port | Internal/external clock select bit (bit 3 at address 03A016, 03A816, 01F816) = "0"

(P61, P65, P72) [ ransfer clock input | Internal/external clock select bit (bit 3 at address 03A01s, 03A816, 01F816) = 1"

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

CTSIi/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 01FC16) = "0"

(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 01FC16) = "0"
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EE1s,

bit 3 at address 03EF16) = "0"

RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 01FC16) = "0"
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 01FC16) = "1"

Programmable I/O port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 01FC16) = "1"
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» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is "H" when the stop bit is checked.
Te The transfer clock starts as the transfer starts immediately CTS changes to "L".

— e
Transfer clock ||| || ||| || || ||| ||| || ||| || |||

0 - @@@@@@@@G XXX N OXEYor

Transmit register 1" —— ;
empty flag (TXEPT)

Transmit enable S J : : | li
bit(TE) o Data is set in UARTI transmit buffer regiéter.
Transmit buffer " _u_cb/ : X
empty flag(TI) g : \
Transferred from UARTI transmit buffer register to UARTI transmit register

- ;
CTSi |

vall H :

Start Parity : Stop Stopped pulsing because transmit enable bit = "0"
bit bit bit

Transmit interrupt

request bit (IR) o —l —l

N i

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16 (n+1)/fjsio2 or 16 (n + 1) / fexT
« Parity is enabled. fisioz : frequency of BRGi count source (j = 2, 8, 32)
* One stop bit. fEXT : frequency of BRGi count source (external clock)
« CTS function is selected. n : value set to BRGi

« Transmit interrupt cause select bit = "1".

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

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

Transmit enable " _I ;
bit(TE) o

" Data is set in UARTI transmit buffer regis:ter ) | |_

/ N

Transmit buffer " : q)
empty flag(Tl) g ;
Transferred from UARTi_ transmit buffer register to UARTI transmit registe

=

M ERREEEEEREF N\ EEEEEERE

Transmit register ~ "1" —
empty flag (TXEPT) wgr

et merp Y [ -
N\ Ve

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)/fjsio2 or 16 (n + 1) / fext
« Parity is disabled. fisioz : frequency of BRGi count source (j = 2, 8, 32)
« Two stop bits. fEXT : frequency of BRGi count source (external clock)
« CTS function is disabled. n : value set to BRGi

« Transmit interrupt cause select bit = "0".

Figure 1.16.16. Typical transmit timings in UART mode (UARTO, UART1)
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» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc
Transfer clock | | | | | | | | | | | | | | | | | | | | |
Transmit enable "1
bit (TE) 0 J Data is set in UART2 transmit buffer register
Note
Transmit buffer "1 -

empty flag (T1)

\\

Transferred from UART2 transmit buffer register to UARTI transmit register

T\ EREEEREEDF \TEEEEEEEEE=

Transmit register 1"
empty flag (TXEPT) g~

Transmit interrupt ~ "1"
request bit (IR) uge

N A

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) / fjSI02
« Parity is enabled. fjsio2 : frequency of BRG2 count source (j = 2, 8, 32)
« One stop bit. n : value set to BRG2
« Transmit interrupt cause select bit = "1".

Note: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing.

Figure 1.16.17. Typical transmit timings in UART mode (UART2)
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

source [T,
source . .

Receive enable bit (1) _I
! - Stop bit
Dz _D7f |-

Receive data taken in

f

Sampled "L"

RxDi

[ e

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

Receive "1 s generated by falling edge of start bit UARTI receive buffer register — ﬁ
complete flag 0" T |

TS i e
Receive interrupt  »1» :

request bit 0 |—|

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

The above timing applies to the following settings :
« Parity is disabled.
* One stop bit.
* RTS function is selected.

Figure 1.16.18. Typical receive timing in UART mode

(a) Separate CTS/RTS pins function (UARTO)
With the separate CTS/RTS bit (bit 6 at address 03B016) is set to "1", the unit outputs/inputs the CTS
and RTS signals on different pins. (See Figure 1.16.19.) This function is valid only for UARTO. Note
that if this function is selected, the CTS/RTS function for UART1 cannot be used, but set to "0", both
the CTS/RTS function select bit (bit 2 at address 03AC16) and the CTS/RTS disable bit (bit 4 at
address 03AC1s).

Microcomputer IC

TxDo(P63)f 5| N
RxDo (P62) |- ouT

RTSO(P60)}———— >= | CTS

CTSO (P64) |[=< RTS

Note: CTS/RTS cannot be used simultaneously.

Figure 1.16.19. 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
connected using UARTIi. The sleep mode is selected when the sleep select bit (bit 7 at addresses
03A016 and 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 select bit (bit 6 at address 01FD16) is assigned 1, data is inverted in writing to the
transmission buffer register or reading the reception buffer register. Figure 1.16.20 shows the ex-
ample of timing for switching serial data logic.

» When LSB first, parity enabled, one stop bit

Transfer clock ™ | | | | | | | | | | | | | |
o

(nore\L’r‘S% ': \ s7 (o YD1 Y D2 D3 ) D4 D5 D6 D7) P ) sp
vz ™"\ st {0 (1 J(D2 )0z N D4 N 5 D6 (o7 ) P J s
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.16.20. Timing for switching serial data logic

(d) TxD, RxD /O polarity reverse function (UART?2)
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output

(including the start bit, stop bit (s), and parity bit) is reversed. Set this function to "0" (not to reverse) for
usual use.

(e) Bus collision detection function (UART2)
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 1.16.21
shows the example of detection timing of a buss collision (in UART mode).

z

Transfer clock

. A A A A AT A TA T

TxD2 ST
o2 \s7/ \ [\ [ &
RxD2 " ST
Pz \_ST / \_/ \__/ SP
Bus collision detection npn
interrupt request signal g * /

Bus collision detection ~ «»
interrupt request bit

|

ST : Start bit
SP : Stop bit

Figure 1.16.21. Detection timing of a bus collision (in UART mode)
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(3) Clock-asynchronous serial /O mode (compliant with the SIM interface)
The SIM interface is used for connecting the microcomputer with a memory card I/C or the like; adding
some extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this function.
Table 1.16.8 shows the specifications of clock-asynchronous serial I/O mode (used for the SIM interface).

Table 1.16.8. Specifications of clock-asynchronous serial /O mode (compliant with the SIM interface)
Item Specification
Transfer data format * Transfer data 8-bit UART mode (bit 2 through bit 0 at address 01F816 = "1012")
* One stop bit (bit 4 at address 01F816 = "0")
* With the direct format chosen
Set parity to "even" (bit 5 and bit 6 at address 01F816 = "1" and "1" respectively)
Set data logic to "direct” (bit 6 at address 01FD16 = "0").
Set transfer format to LSB (bit 7 at address 01FC16 = "0").
» With the inverse format chosen
Set parity to "odd" (bit 5 and bit 6 at address 01F816 = "0" and "1" respectively)
Set data logic to "inverse" (bit 6 at address 01FD16 = "1")
Set transfer format to MSB (bit 7 at address 01FC16 = "1")

Transfer clock « With the internal clock chosen (bit 3 at address 01F816 ="0") : fjsio2/16 (n+1) (Note 1) : j=2, 8, 32
(Do not set external clock)

Transmission / reception | | micapie the CTS and RTS function (bit 4 at address 01FC16 = "1")

control
Other settings « The sleep mode select function is not available for UART2
« Set transmission interrupt factor to "transmission completed” (bit 4 at address
01FD16 ="1")
Transmission start * To start transmission, the following requirements must be met:
condition - Transmit enable bit (bit 0 at address 01FD16 = "1")

- Transmit buffer empty flag (bit 1 at address 01FD16 ="1")
Reception start condition | « To start reception, the following requirements must be met:

- Reception enable bit (bit 2 at address 01FD16 ="1")
- Detection of a start bit

Interrupt request * When transmitting

generation timing When data transmission from the UART2 transfer register is completed
(bit 4 at address 01FD16 ="1")

* When receiving

When data transfer from the UART2 receive register to the UART2 receive
buffer register is completed

Error detection * Qverrun error (see the specifications of clock-asynchronous serial 1/0) (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 TxDz2 pin by use of the parity error
signal output function (bit 7 at address 01FD16 = "1") when a parity error is detected
- On the transmission side, a parity error is detected by the level of input to
the RxD2 pin when a transmission interrupt occurs
* The error sum flag (see the specifications of clock-asynchronous serial 1/0O)

Note 1: "n" denotes the value 00, to FF16 that is set to the UART2 bit rate generator.

Note 2: If an overrun error occurs, the UART2 receive buffer will have the next data written in. Note also that
the UART?2 receive interrupt request bit is not set to "1".
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Tc

—»'—'4—

Transfer clock | | | | | | | | | | | | | | | | | | | | |
Transmit enable " J
bit(TE) "0" Data is set in UART2 transmit buffer register Note 1
Transmit buffer S Y
empty flag(Tl) .. ‘t
(0} \
Transferred from UARTZ2 transmit buffer register to UART2 transmit register
Sllfiltn Parity Stop
bit bit

TxD2 I g —

STAOKLKLKOKOKOHKOKO K P STALKCXOXOKOKOHKOKOK Y 5P
RxD2

An "L" level returns from TxD2 due to /
the occurrence of a parity error.

S0 0 0000 C.0.0 |

ST, SP STADoX D1 Ds XD7 X P \ SP The level is
(Note 2) XXX XREXXEKP) foiatied by the

The level is detected by the interrupt routine.

Transmit register "1 interrupt routine.
empty flag (TXEPT) g
Transmit interrupt "
request bit (IR) g —|

et

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) / fjsio2
« Parity is enabled. fisioz : frequency of BRG2 count source (j = 2, 8, 32)
« One stop bit. n : value set to BRG2
« Transmit interrupt cause select bit = "1".

Note 1: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing.

Tc

e
JUiuiiuriyy viuru oyt

Transfer clock

Receive enable "
bit (RE) o .
Start Parity = Stop
bit bit bit
RxD2 STA DoX D1X D2X D3X D4X Ds X DsXD7X P )i SpP STADoXD1 X D2X D3 X D2 XDs XDeXD7X P SP

TxD2 / /
An "L" level returns from TxD2 due to

the occurrence of a parity error.

STA DoX D1X D2X D3X DaX DsX DeX D7X P sp /

Signal conductor level

STA DoX D1X D24 D3X DaX DsX DeXD7X P ) SP
(Note 2)

Receive complete  "1"
flag (RI)

Read to receive buffer Read to receive buffer

N el

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

Receive interrupt
request bit (IR) g

Shown in () are bit symbols.

The above timing applies to the following settings :  Tc = 16 (n + 1) / fjSi02

« Parity is enabled. fisio2 : frequency of BRG2 count source (j = 2, 8, 32)
« One stop bit. n : value set to BRG2
 Transmit interrupt cause select bit = "0".

Note 2: Equal in waveform because TxD2 and RxD2 are connected.

Figure 1.16.22. Typical transmit/receive timing in UART mode (compliant with the SIM interface)
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(a) Function for outputting a parity error signal
During reception, with the error signal output enable bit (bit 7 at address 01FD16) assigned "1", you
can output an "L" level from the TxD2 pin when a parity error is detected. And during transmission,
comparing with the case in which the error signal output enable bit (bit 7 at address 01FDz1se) is as-
signed "0", the transmission completion interrupt occurs in the half cycle later of the transfer clock.
Therefore parity error signals can be detected by a transmission completion interrupt program. Figure
1.16.23 shows the output timing of the parity error signal.

* LSB first
o dininininininipinininininliy
clock v
RxD2 ': \ st (Do) Dp1 )\ D2)D3)DaYD5) D6 D7) PSP

Receive
complete flag o

TxD2 Hi-Z \ [
—

ST : Start bit
P : Even Parity
SP : Stop bit

Figure 1.16.23. Output timing of the parity error signal

(b) Direct format/inverse format
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose
the direct format, Do data is output from TxD2. If you choose the inverse format, D7 data is inverted
and output from TxD2.
Figure 1.16.24 shows the SIM interface format.

Transfer |||||||||||||||||| |

cleck
(dlé?é \_ ADpoYp1fp2fD3fDafos)pe)fn7)f P/
(inv;-;(s?a; \__ (o7 o6 Y 5 { D4 J 3 X D2 D1 X DO [ P /

P : Even parity

Figure 1.16.24. SIM interface format
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Figure 1.16.25 shows the example of connecting the SIM interface. When setting the data output select
bit (bit 5 at address 01FCz16) to "1", connect TxD2 and RxD2 and apply pull-up.

Microcomputer

SIM card

TxD2 ®

RxD2

Figure 1.16.25. Connecting the SIM interface (When setting NCH bit to "1")
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UART2 Special Mode Register

The UART2 special mode register (address 01F716) is used to control UART2 in various ways.

Figure 1.16.26 shows the special UART2 mode register.

In the first place, the control bits related to the 12C bus(simplified I2C bus) interface are explained.

Bit 0 of the UART2 special mode register (address 01F716) is used as the 12C mode selection bit.
Setting "1" in the I2C mode selection bit (bit 0 at address 01F716) goes the circuit to achieve the 12C bus
(simplified 12C bus) interface effective.

Since this function uses clock-synchronous serial I/O mode, be sure to set this bit to "0" in UART mode.
Table 1.16.9 shows the relation between the 12C mode selection bit and respective control workings.

In order to configure P70 as N-channel set the data output select bit (bit 5 at address 01FC16) to "1".

UART?2 special mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| 0 | | U2SMR 01F716 0016
=T T 7 ;1 T T
R T
! [ . Function .
N T Bit . . Function |
oy 1o Bit name (During clock synchronous . RIW
o : : : Lo symbol serial /O mode) (During UART mode) [
I —
| : : : : : : :_ IICM 12C mode selection bit 0 : Normal mode Must always be "0" O:O
B 1:12C mode !
| T T

: 1 0 L__ABC Avrbitration loss detecting | 0 : Update per bit Must always be "0" O:O
| : : : : : flag control bit 1: Update per byte |

— T
: : : I 1 I |BBS Bus busy flag 0 : STOP condition detected | Must always be "0" 0|0
Ly : : 1: START condition detected I
[ +
T LSYN [ SCLL sync output 0 : Disabled Must always be "0" O:O
: : : ! enable bit 1: Enabled |

T

: : : : ABSCS | Bus collision detect Must always be "0" 0 : Rising edge of transfer 1
| T Ittt sampling clock select bit clock 010
: : : 1 : Underflow signal of timer AO :
: b ACSE | Auto clear function Must always be "0" 0 : No auto clear function :
d : ] select bit of transmit 1: Auto clear at occurrence of |00
[ enable bit bus collision 1
[ - t
[ Transmit start condition | Must always be "0" 0 : Ordinary !
| momomomoooe SSS | colect bit 1: Falling edge of RxD2 o0
I T
! Reserved bit Must always be "0" O:O

Note: Nothing but "0" may be written.

Figure 1.16.26. UART2 special mode register
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Table 1.16.9. Features in 12C mode

Function Normal mode 12C mode (Note 1)
. . . Start condition detection or stop
1 | Factor of interrupt number 10 (Note 2) Bus collision detection condition detection
2 | Factor of interrupt number 15 (Note 2) UART2 transmission No acknowledgment detection (NACK)
3 | Factor of interrupt number 16 (Note 2) UART?2 reception Acknowledgment detection (ACK)
4 [ UART2 transmission output delay Not delayed Delayed
5 | P70 at the time when UART2 is in use TxD2 (output) SDA (input/output) (Note 3)
6 | P71 at the time when UART2 is in use RxD2 (input) SCL (input/output)
7 | P72 at the time when UART2 is in use CLK2 P72
DMAL1 factor at the time when 1 1 0 1 is assigned . .
8 to the DMA request cause select bits UART?2 reception Acknowledgment detection (ACK)
9 | Noise filter width 15ns 50ns
. Reading the terminal when 0 is Reading the terminal regardless of the
10| Reading P71 assigned to the direction register value of the direction register
11| Initial value of UART2 output H level (when "0" is assigned to The value set in latch P70 when the port is
the CLK polarity select bit) selected

Note 1: Make the settings given below when I2C mode is in use.
Set "0 1 0" in bits 2, 1, 0 of the UART2 transmission/reception mode register.
Disable the CTS/RTS function. Select TXxD2 as Nch. Choose the MSB First function.
Note 2: Follow the steps given below to switch from a factor to another.
1. Disable the interrupt of the corresponding number.
2. Switch from a factor to another.
3. Reset the interrupt request flag of the corresponding number.
4. Set an interrupt level of the corresponding number.
Note 3: Set an initial value of SDA transmission output when serial I/O is invalid.

P70 through P72 conforming to the simplified 12C bus

Nch open drain/cmos port select signal
P70/TxD2/SDA '3

) To DMAO, DMA1
+—Timer UART?2 transmission/
O<} Selector «—— 0 IcM="1" — licm="0" NACK interrupt
. Transmission request
UART2 register AN e
iicM="o" liCm=r1"
_ UART2 To DMAO
Noize _ pr | Arbitration UART2 reception/ACK
Filter Timer licm="1" licM="gr | interrupt request
- - B DMAL request
—| Reception register |——>&
lICM="0" UART2 —*°
lIcM="1"
Start condition detection
J——_ start conditon detection | D
Q
Stop condition detection - Bus busy
NACK
m d L-synchronous
Falling edge output enabling bit
detection
P71/RxD2/SCL
O Data bus ACK
0 <l‘ (Port P71 output data latch) 9th pulse Bus collision/start, stop
Selector lICM="1" condition detection
UART2__Internal clock L interrupt request
lICM="1" CLK Bus collision —o
Noize ICM="1" detection licm="0"
Filter External clock
Noize o
Filter lICM="0" UART2
Port reading
UART2 ICM="0" With IICM set to "1", the port terminal is to be readable
P72/CLK6 ] ] Selector /o even if "1" is assigned to P71 of the direction register.

— Timer

Figure 1.16.27. Functional block diagram for 12C mode
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Figure 1.16.27 shows the functional block diagram for I2C mode. Setting "1" in the 12C mode selection bit
(IICM) causes ports P70, P71, and P72 to work as data transmission-reception terminal SDA, clock
input-output terminal SCL, and port P72 respectively. A delay circuit is added to the SDA transmission
output, so the SDA output changes after SCL fully goes to "L". An attempt to read Port P71 (SCL) results
in getting the terminal's level regardless of the content of the port direction register. The initial value of
SDA transmission output in this mode goes to the value set in port P70. The interrupt factors of the bus
collision detection interrupt, UART2 transmission interrupt, and of UART2 reception interrupt turn to the
start/stop condition detection interrupt, acknowledgment non-detection interrupt, and acknowledgment
detection interrupt respectively.

The start condition detection interrupt refers to the interrupt that occurs when the falling edge of the SDA
terminal (P70) is detected with the SCL terminal (P71) staying "H". The stop condition detection interrupt
refers to the interrupt that occurs when the rising edge of the SDA terminal (P70) is detected with the
SCL terminal (P71) staying "H". The bus busy flag (bit 2 of the special UART2 mode register) is set to "1"
by the start condition detection, and set to "0" by the stop condition detection. The acknowledgment non-
detection interrupt refers to the interrupt that occurs when the SDA terminal level is detected still staying
"H" at the rising edge of the 9th transmission clock. The acknowledgment detection interrupt refers to
the interrupt that occurs when SDA terminal's level is detected already went to "L" at the 9th transmis-
sion clock. Also, assigning "1 1 0 1" (UART2 reception) to the DMA1 request cause select bits provides
the means to start up the DMA transfer by the effect of acknowledgment detection.

Bit 1 of the special UART2 mode register (address 01F716) is used as the arbitration lost detecting flag
control bit. Arbitration means the act of detecting the nonconformity between transmission data and
SDA terminal data at the timing of the SCL rising edge. This detecting flag is located at bit 3 of the
UART?2 reception buffer register (address 01FF16), and "1" is set in this flag when nonconformity is
detected. Use the arbitration lost detecting flag control bit to choose which way to use to update the flag,
bit by bit or byte by byte. When setting this bit to "1" and updated the flag byte by byte if nonconformity
is detected, the arbitration lost detecting flag is set to "1" at the falling edge of the 9th transmission clock.
If updated the flag byte by byte, must judge and clear ("0") the arbitration lost detecting flag after com-
pleting the first byte acknowledge detect and before starting the next one byte transmission.

Bit 3 of the UART2 special mode register is used as SCL- and L-synchronous output enabling bit.
Setting this bit to "1" resets the P71 data register to "0" in synchronization with the SCL terminal level
going to "L".

RENESAS 147

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UART2 Special Mode Register

Some other functions added are explained here. Figure 1.16.28 shows their workings.

Bit 4 of the UART2 special mode register is used as the bus collision detect sampling clock select bit.
The bus collision detect interrupt occurs when the RxD2 level and TxD2 level do not match, but the
nonconformity 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 select 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 transmission start condition select bit. Setting
this bit to "1" starts the TxD transmission in synchronization with the falling edge of the RxD terminal.

1. Bus collision detect sampling clock select bit (Bit 4 of the UART2 special mode register)
O:_Risin‘g edggs of the transfer clock

e s e e s e Y e T s e e O
TxD/RxD | |

f,.----1: Timer AO overflow

Timer AO

2. Auto clear function select bit of transmt enable bit (Bit 5 of the UART2 special mode register)

cLK R i
TXD/RXD —| | |

Bus collision
detect interrupt I

request bit >

Transmit |
enable bit

3. Transmit start condition select bit (Bit 6 of the UART2 special mode register)
0: In normal state

oLk S N I N U s s
TXDI | |

Enabling transmission

With "1: falling edge of RxD2" selected

e L L Ll L L L
T | |
RxD / | |

Figure 1.16.28. Some other functions added
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UART2 Special Mode Register 2

The UART2 special mode register 2 (address 01F616) is used to further control UART2 in 12C mode.
Figure 1.16.29 shows the UART?2 special mode register 2.

UART2 special mode register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | | | | U2SMR2 01F616 0016
T
! e T
T T R Bit ) ) |
: : : : : : : : symbol Bit name Function R : w
I I I I +
: : : : : : : : 1ICM2 12C mode selection bit 2 | Refer to Table 1.16.10. o : o
I I I T
RN l
1 : 1 : | : L __cCsC Clock-synchronous bit 0 : Disabled o 1 o
b b 1: Enabled !
I I I
: I : I : L ___]swc SCL wait output bit 0 : Disabled O : ©)
| : | : | 1: Enabled (Note)
| | |
| +
: : : [ ASL SDA output stop bit 0 : Disabled o : o
| : | : 1: Enabled |
| | T
! by L] STAC | UARTZ initialization bit | 0 : Disabled o'o
I . I
o 1: Enabled :
I
: [ SWC2 [ SCL wait output bit 2 0: UART?2 clock o : o
I .
[ 1: 0 output |
I
G SDHI | SDA output disable bit | 0: Enabled o : o
: 1: Disabled (high impedance) 1
1
e SHTC [ Start/stop condition Set this bit to "1" in 1°C mode o : o
control bit (refer to Table 1.16.11) |

Figure 1.16.29. UART2 special mode register 2
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Bit 0 of the UART2 special mode register 2 (address 01F616) is used as the 12C mode selection bit 2.
Table 1.16.10 shows the types of control to be changed by 12C mode selection bit 2 when the 12C mode
selection bit is set to "1". Table 1.16.11 shows the timing characteristics of detecting the start condition
and the stop condition. Set the start/stop condition control bit (bit 7 of UART2 special mode register 2) to
"1" in 12C mode.

Table 1.16.10. Functions changed by I12C mode selection bit 2

Function IICM2 =0 IICM2 =1
1 [Factor of interrupt number 15 No acknowledgment detection (NACK) [ UART2 transmission (the rising edge
of the final bit of the clock)
2 | Factor of interrupt number 16 Acknowledgment detection (ACK) UART2 reception (the falling edge
of the final bit of the clock)
3 | DMAL factor at the time when "1 1 0 1" Acknowledgment detection (ACK) UART?2 reception (the falling edge of
is assigned to the DMA request the final bit of the clock)

cause select bits

4 | Timing for transferring data from the | The rising edge of the final bit of the The falling edge of the final bit of the
UART2 reception shift register to the | reception clock reception clock
reception buffer.

5 | Timing for generating a UART2 The rising edge of the final bit of the The falling edge of the final bit of the
reception/ACK interrupt request reception clock reception clock

Table 1.16.11. Timing characteristics of detecting the start condition and the stop condition (Note 1)

3 to 6 cycles < duration for setting-up (Note 2)

3 to 6 cycles < duration for holding (Note 2)

Note 1: When the start/stop condition count bit is "1".
Note 2: "cycles" is in terms of the input oscillation frequency f(XIN) of the main clock.

. Duration for Duration for
! setting up

holding |

SCL

SDA
(Start condition)

SDA
(Stop condition)
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P70 through P72 conforming to the simplified 12C bus

Nch open drain/cmos port select signal

P70/TxD2/SDA

On

le——— Timer ———————— To DMAO, DMA1

Selector| IICM="0"
UART2 Vo or licCM2="1" UART2 transmission/
licM="1" NACK interrupt
: o request
v UART2 licM="1" 2
1ICM="0'
and IICM2="0"
SDHI ALS
Arbitration ToDMAO
> IcM="1" lICM="0 —uqn UART?2 reception/ACK interrupt request
orlicm2="1 DMAL1 request
. o !
="0" 0
I lICM="0' UART2 lICM="1"
. . and [ICM2="0"
) | Start condition detection I—
Bus
I R busy
| Stop condition detection |‘
L—
L h NACK
. -synchronous
Falling edge[+— oyput enabling bit
detection
P71/RXD2/SCL |
l[e} R ACK

Data register

Selector

licm="1 Bus collision/start, stop condition detection
interrupt request

o

Internal clock
1

UART2 L
lIcM="1" ] ] o-SWC2 Bus collision —so
CLK detecti cM="0"
control etection IICM="
External clock UART2
l Falling of 9th pulse
s o<} SWC
Port reading
UART2 With [ICM set to "1", the port terminal is to be readable
lICM="0"

P72/CLK2 even if "1" is assigned to P71 of the direction register.

Selector /o

«—— Timer

Figure 1.16.30. Functional block diagram for 12C mode

Functions available in 12C mode are shown in Figure 1.16.30 — a functional block diagram.

Bit 3 of the UART2 special mode register 2 (address 01F616) is used as the SDA output stop bit. Setting
this bit to "1" causes an arbitration loss to occur, and the SDA pin turns to high-impedance state the
instant when the arbitration lost detecting flag is set to "1".

Bit 1 of the UART2 special mode register 2 (address 01F616) is used as the clock synchronization bit.
With this bit set to "1" at the time when the internal SCL is set to "H", the internal SCL turns to "L" if the
falling edge is found in the SCL pin; and the baud rate generator reloads the set value, and start counting
within the "L" interval. When the internal SCL changes from "L" to "H" with the SCL pin set to "L", stops
counting the baud rate generator, and starts counting it again when the SCL pin turns to "H". Due to this
function, the UART2 transmission-reception clock becomes the logical product of the signal flowing
through the internal SCL and that flowing through the SCL pin. This function operates over the period
from the moment earlier by a half cycle than falling edge of the UART?2 first clock to the rising edge of the
ninth bit. To use this function, choose the internal clock for the transfer clock.

Bit 2 of the UART2 special mode register 2 (address 01F616) is used as the SCL wait output bit. Setting
this bit to "1" causes the SCL pin to be fixed to "L" at the falling edge of the ninth bit of the clock. Setting
this bit to "0" frees the output fixed to "L".
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UART2 Special Mode Register 2

Bit 4 of the UART2 special mode register 2 (address 01F616) is used as the UART2 initialization bit.
Setting this bit to "1", and when the start condition is detected, the microcomputer operates as follows:
(1) The transmission shift register is initialized, and the content of the transmission register is transferred
to the transmission shift register. This starts transmission by dealing with the clock entered next as
the first bit. The UART2 output value, however, does not change until the first bit data is output after
the entrance of the clock, and remains unchanged from the value at the moment when the microcom-
puter detected the start condition.
(2) The reception shift register is initialized, and the microcomputer starts reception by dealing with the
clock entered next as the first bit.
(3) The SCL wait output bit turns to "1". This turns the SCL pin to "L" at the falling edge of the ninth bit of
the clock.

Starting to transmit/receive signals to/from UART2 using this function does not change the value of the
transmission buffer empty flag. To use this function, choose the external clock for the tansfer clock.
Bit 5 of the UART2 special mode register 2 (address 01F616) is used as the SCL pin wait output bit 2.
Setting this bit to "1" with the serial I/O specified allows the user to forcibly output an "L" from the SCL pin
even if UART2 is in operation. Setting this bit to "0" frees the "L" output from the SCL pin, and the UART2
clock is input/output.

Bit 6 of the UART special mode register 2 (address 01F616) is used as the SDA output enable bit.
Setting this bit to "1" forces the SDA pin to turn to the high-impedance state. Refrain from changing the
value of this bit at the rising edge of the UART?2 transfer clock. There can be instances in which arbitra-
tion lost detecting flag is turned on.
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S1/03

S 1/03 is exclusive clock-synchronous serial 1/0.

Figure 1.16.31 shows the S I/O3 block diagram, and Figure 1.16.32 shows the S I/O3 control register.
Table 1.16.12 shows the specifications of S 1/03.

Data bus
f25102 —0 SM31 ]

SM30
f8SI02 —0 O

f323|02—0\0J
} Synchronous .
o— +
Sm3s \‘ circuit 1(n+1)

SM36 SM36 Transfer rate register (8)
S 1/03
P90/CLK3 ()— <«—¢——»| 5103 counter 3) | -
I e | interrupt request
SM32
SM33
-
Po2/souts () A SM35 LB MSB

N Y
P91/SIN3 O—>I S 1/03 transmission/reception register (8)

8

n: A value set in the S /O3 transfer rate register (01E316)

Figure 1.16.31. S 1/03 block diagram
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S 1/03 control register (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| Symbol Address When reset

T S3C 01E216 4016
EEEEEEE .

I I I I B|t . .. I
I Description
: ! i i i i i i symbol Bit name escriptio R EW

I
[T T T T T T B b1 b0 !

M

A A SM30 | Internal synchronous 00 : Selecting f2sio2 0;0
[ T N clock select bit ! |
[ T T R 0 1: Selecting fgsio2 T
: Lol b Lo_] sm31 10 : Selecting f32s102 O:O
! Lo Lo 11: Not to be used !
i Lol i :_ _____ SM32 | Sourts output disable bit 0 : Souts output O: 0
I 1 : Souts output disable (high impedance) | ~ |
[ T T
R SM33 |S 1103 port select bit 0 : Input-output port o0
i ror (Note 2) 1 : Souts output, CLK function !
oo Nothing is assigned. !
oy mm———m————] This bit can neither be set nor read. ——
b When read, the value of this hit is "0". !
I
! Vo] SM35 [ Transfer direction 0 : LSB first O: 0O
Lo select bit 1 : MSB first |

I t
o SM36 | Synchronous clock 0 : External clock o0
i select bit (Note 2) 1: Internal clock '
I
: SM37 | Soursinitial value Effective when SM33 = 0 i
—————————————————— set bit 0: L output 0,0

1: H output '

Note 1: Set "1" in bit 2 of the protection register (000A16) in advance to write to the
S 1/03 control register.

Note 2: When set "0" to SM33 bit and select input - output port, set "1" to SM36 bit
and select internal clock.

Figure 1.16.32. S 1/03 control register

S 1/03 bit rate generator (Note 1, 2)

b7 bo Symbol Address When reset

| S3BRG 01E31s6 Indeterminate

Indeterminate Values that can be set | R IW
_________ Assuming that set value = n, BRG3 divides the count 0016 to FF16 :O
source by n+1 !
Note 1: Write a value to this register while transmit/receive halts.
Note 2: Use MOV instruction to write to this register.
S I/03 transmit/receive register (Note)
b7 b0 Symbol Address When reset
S3TRR 01EO016 Indeterminate
|
' Indeterminate RIW
I Transmission/reception starts by writing data to this register. O: o
After transmission/reception finishes, reception data is input. '

Note: Write a value to this register while transmit/receive halts.

Figure 1.16.33. S 1/O3 related register
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Table 1.16.12. Specifications of S 1/03

Item

Specifications

Transfer data format

* Transfer data length: 8 bits

Transfer clock

» With the internal clock selected (bit 6 at address 01E21s = "1"): fjsio2/2(n+1)
(=2,8,32) (Notel)

* With the external clock selected (bit 6 at address 01E2:s = "0"): Input from the CLK3
terminal (Note 2)

Conditions for
transmission/
reception start

* To start transmit/reception, the following requirements must be met:
- Select the synchronous clock (use bit 6 at address 01E21s).
Select a frequency dividing ratio if the internal clock has been selected (use bits
0 and 1 at address 01E2:s).
- SouT3 initial value set bit (use bit 7 at address 01E215) = "1".
- S 1/03 port select bit (bit 3 at address 01E216) = "1".
- Select the transfer direction (use bit 5 at address 01E21s)

- Write transfer data to the S I/O3 transmit/receive register (address 01EOQ1s)
* To use S /O3 interrupts, the following requirements must be met:
- Clear the S 1/03 interrupt request bit (bit 3 at address 00491s) before writing
transfer data to the S I/O3 transmit/receive register.

Interrupt request
generation timing

* Rising edge of the last transfer clock. (Note 3)

Select function

+ LSB first or MSB first selection
Whether transmission/reception begins with bit 0 (LSB) or bit 7 (MSB) can be
selected.

Precaution

* Unlike UARTO to 2, S I/03 is not divided for transfer register and buffer.
Therefore, do not write the next transfer data to the S /03 transmit/receive
register (address 01E016) during a transfer.

* When the internal clock is selected for the transfer clock, SouTs holds the last
data for a 1/2 transfer clock period after it finished transferring and then goes to a
high-impedance state. However, if the transfer data is written to the S 1/03
transmit/receive register (address 01E016) during this time, SouTs is placed in the
high-impedance state immediately upon writing and the data hold time is thereby
reduced.

Note 1: "n" is a value from 0016 to FF16 set in the S I/O3 transfer rate generator.

Note 2: With the external clock selected:

- Before data can be written to the S I/O3 transmit/receive register (address 01E016), the CLK3 pin input
must be in the high state. Also, before rewriting bit 7 of the S 1/03 control register (address 01E216), make
sure the CLK3 pin input is held high.

» The S I/03 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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S 1/03

BMFunctions for setting an SouTs initial value
When using an external clock for the transfer clock, the SouT3s pin output level during a non-transfer
time can be set to high or low state. Figure 1.16.34 shows the timing chart for setting an SouTs3 initial
value and how to set it.

(Example) With "H" selected for SOuUT3

Signal written to the S I/03
transmission/reception
register

S 1/03 port select bit SM33 ="0"

v

SouT3 initial value select bit
SM37 ="1"
(SouT3: Internal -> "H" level)

v

1
1
1
. | S 1/03 port select bit
S 1/03 port select bit | SM33=0->1
1
1
1
I
|

SouTs's initial value
setting bit (SM37)

(SM33) / (Port select: Normal port -> SouT3)

v

|
|
1
: Do S 3t inal = "H" output
SouTs (internal) | OUTS terminal = outpu
1 | ¢
| 1
| | Signal written to the S 1/03 register
Port output | | DO = uLu > uHu > uLu
SouTs terminal output T / < > (Falling edge)
1 1 Initial value = "H" (Note) ¢
v ¥
Setting the SouT3  Port selection SouT3 terminal = Outputting
initial value to "H"  (normal port -> SouT3) stored data in the S I/03
transmission/reception register

Note: The set value is output only when the external clock has been selected. When initializing
SouTs, make sure the CLK3 pin input is held "H" level.
If the internal clock has been selected or if SouT3 output disable has been set, this
output goes to the high-impedance state.

Figure 1.16.34. Timing chart for setting SouT3's initial value and how to set it

WS I/03 operation timing
Figure 1.16.35 shows the S 1/03 operation timing

1.5 cycle (max)
—————>

S 1/03 internal clock

Transfer clock

(Note 1)

Signal written to the S /03
transmit/receive register

L S 4

S I1/03 output  SOUT3

X D3 X Da_X D5 XDGXP?)—
X X X X X

~rI I
X

S /03 input  SIN3

S 1/03 interrupt request bit ;

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 S 1/O3 control
register. (No frequency division, 8-division frequency, 32-division frequency.)

Note 2: With the internal clock selected for the transfer clock, the SOUT3 pin becomes to the high-impedance state after the transfer finishes.

Note 3: Shown above is the case where the SOUT3 port select bit ="1".

Figure 1.16.35. S 1/03 operation timing chart

156 1ENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D Converter
.}

A-D Converter
The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins P0Oo to P07, P20 to P27, P100 to P107, P95, and P96 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 con-
verter, start A-D conversion only after setting the VREF connect bit (bit 5 at address 03D716) to connect
VREF.
The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision,
the low 8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit
precision, the low 8 bits are stored in the even addresses.
Table 1.17.1 shows the performance of the A-D converter. Figure 1.17.1 shows the block diagram of the A-
D converter, and Figures 1.17.2 and 1.17.3 show the A-D converter-related registers.

Table 1.17.1. Performance of A-D converter
ltem Performance
Method of A-D conversion| Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1)| OV to AVcc (Vcc)
Operating condition gaAD | Vcc =5V, f2aD divided by 1, 2, or 4. f2aD=f(XIN)/2 (PCLKO ="0")

(Note 2) f2aD=f(XIN) (PCLKO ="1")
Resolution 8-bit or 10-bit (selectable)
Absolute precision Vcc =5 * Without sample and hold function
+3LSB
» With sample and hold function (8-bit resolution)
+2L.SB

» With sample and hold function (10-bit resolution)
ANo to AN7, ANoo to ANo7, and AN20 to AN27 input : +3LSB
ANEXO0 and ANEX1 input (including mode in which external

operation amp is connected) : £7LSB

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, and
repeat sweep mode 1
Analog input pins 24 pins (ANo to AN7, ANoo to ANo7 and AN20to AN27) + 2 pins (ANEXO and ANEX1)

A-D conversion start condition | « Software trigger
A-D conversion starts when the A-D conversion start flag changes to "1"
* External trigger (can be retriggered)
A-D conversion starts when the A-D conversion start flag is "1" and the
ADTRG/P97 input changes from "H" to "L"

Conversion speed per pin | « Without sample and hold function

8-bit resolution: 49 gAD cycles, 10-bit resolution: 59 gAD cycles
» With sample and hold function

8-bit resolution: 28 gAD cycles, 10-bit resolution: 33 gAD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: Without sample and hold function, set the gaD frequency to 250kHz min.
With the sample and hold function, set the gaD frequency to 1MHz min.
In either case, the gAD frequency may not exceed 10 MHz.
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5

PCLKO="1"
o L] e

f2AD

>

PCLKO="0"

A-Dconversion rate selection

l RSomT CKSI=1T" ~o— > gap
2400 [ 12 ] | [12] CKSO;"O" o CKS1="0"
VREFO VCUT="0" I Resister ladder |
AVSS O— = —-n©

veur=1 MMMMM

[(TITTTTIT [~ m
Successive conversion reglster -
A-D control register 1
(Address 03D716)

RERRRRAY

A-D control register 0

(Address 03D616)

YYY

(Address 03C116,03C016)

A-D register 0 (16)

(Address 03C316,03C216)

A-D register 1 (16)

(Address 03C516,03C416)

A-D register 2 (16)

(Address 03C716,03C616)

A-D register 3 (16)

Decoder for

(Address 03C916,03C816)

A-D register 4 (16) register

(Address 03CB16,03CA16)

A-D register 5 (16)

(Address 03CD16,03CCz1s6)

A-D register 6 (16)

(Address 03CF16,03CE16)

AAAAAAAA

A-D register 7 (16)

2 [

S

Data bus high-order S

2

A-D control register 2

S

Data bus low-order (Address 03D416)

PMoi—_)

21990

VREF
Decoder for selectiong
channel
Comparator
Vv
YYVVVYVYVY ‘ N
Port P10 group CH2,CH1,CHO !
P100/ANo O—+°°(1)o ADGSELL,ADGSEL0=00
P101/AN1 O—%o OPAL,0PA0=00
P102/AN2 O—— =010 5
Port PO group PMOl,PMO_%(():(I)—(l)%,CHl,CHO P103/AN3 O '2(1)(1) oo o ;
P00/ANoo O — o P104/AN4aQ—————o |
PO1/AN01 O =00001 o P10s/ANsO— | =101 PMO1,PM00=00
P02/ANo2 O :gggig o P106/AN6 O————12 o ‘ﬂ(l) ADGSELL,ADGSELO=10
P03/ANo3 O :00100 ) P107/AN7Q————=—o OPA1,0PA0=00
P04/ANo4 O — 0
POs/AN0s O =00101 o~ ot‘
POs/ANos O 00110 1
P07/AN07 O =00111 ; PMO1,PM00=00

YYVYVY

¥

!

ADGSEL1,ADGSELO=11

OPA1,0PA0=00

Port P2 group PMOLPMOO,CH2,CHL CHO

P20/AN20 O 00000 o~ 5

P21/AN21 O fggg% 2 ADGSEL1,ADGSEL0=00 |6 1

PoziiNz O Z00011 2 OPAL OPAO=11 [ __________ '

P23/AN23 O :00100 ) ' = !

P24/AN24 O — o !

P25/AN25 O =00101 ; PMO1,PM00=00 |

P26/AN26 O 000 ADGSEL1,ADGSELO=10 | /& -~~~ | -~~~ -

P27/AN27 O = o OPA1,0PAO=11 |

PMOL,PM00=00 !

ADGSEL1,ADGSELO=11 | /& - -~~~} - oo f }

OPA1,0PAO=11 OPALOPAO

ANEXo O OPAO=1 O\C =01 ﬂ
ANEX1 O OPAL=1 - OPA1=1 y_\‘t\

Figure 1.17.1. Block diagram of A-D converter
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A-D Converter

A-D control register 0 (Note 1)

100 :AN4is selected
101:ANsis selected
______ CH2 110:ANsis selected oo
111:AN7is selected

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

| | | | | | | | | ADCONO 03D616 00000XXX2
I 1 I
[
i 1 || Bit symbol Bit name Function RIW
: : : b2 b1 bo
T CHO Analog input pin select bit | 0 0 0 : ANo is selected olo
[ (Note 2, 3) 001:AN1is selected
b 010:AN2is selected
[ — CH1 011:AN3is selected (e]fe}
I
I
I
I

b4 b3

P ————————————— e e ]

A-D operation mode .
________ MDO f 0 0 : One-shot mode olo
select bit 0 0 1: Repeat mode
1 0: Single sweep mode
o] MD1 11 : Repeat sweep mode 0 olo
! Repeat sweep mode 1
R TRG Trigger select bit : Software trigger olo

: ADTRG trigger

] ADST A-D conversion start flag : A-D conversion disabled fo)le)

: A-D conversion started

__________________ CKSO Frequency select bit 0 : f2AD/4 is selected olo

: f2AD/2 is selected |
1

RPO| PO |FR,O

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

Note 2: ANoo to ANo7 and AN2o to AN27 can be used in the same way as ANo to AN7.

Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

b7 6 bS b4 b3 b2 bl bO Symbol Address When reset
[TTTTT]]] ~abcom 03D716 0016
i
i | Bit symbol Bit name Function RIW
| A-D sweep pin select bit | When single sweep and repeat sweep
E_ SCANO (Note 2) nl?g)e 0 are selected olo

01 : ANo to AN3 (4 pins)
1 0: ANo to ANs (6 pins)

I

I

1

1

1

1

1

|

1 00 : ANo, AN1 (2 pins)
i

1

: 11: ANo to AN7 (8 pins)
I

I

I

I

When repeat sweep mode 1 is selected
bl b0

o

T T
| 1
[
[
[
[
[N
[
[
[
[
[
[
[
[
[
[
: 1
]
Pl SCAN1 '
[ === 00 : ANo (1 pin) olo
. 01 : ANo, AN1 (2 pins)
i 1 0: ANo to AN2 (3 pins)
: ! 11: ANo to AN3 (4 pins)
i i A-D operation mode 0 : Any mode other than repeat sweep
[T T A Mttt MD2 select bit 1 mode 1 o0
b 1: Repeat sweep mode 1
I
[ . . .
[ T BITS 8/10-bit mode select bit 0 : 8-bit mode
i ' 1:10-bit mode S
[
| T Frequency select bit 1 0 : f2AD/2 or f2AD/4 is selected
i i | cKst (Note 3) 1: 24D is selected 0o
I
i | ! VREF connect bit 0 : VREF not connected olo
R veut 1 : VREF connected
| 1
! External op-am b7b6
! ] OPAO connectior?modpe bit 00 : ANEXO0 and ANEX1 are not used 0|0
1 01 : ANEXO input is A-D converted
| OPAL 10: ANEX1 input is A-D converted
__________________ 1 1: External op-amp connection mode oo

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

Note 2: ANoo to ANo7 and AN20 to AN27 can be used in the same way as ANo to AN7.

Note 3: Divide the frequency if f(XiN) exceeds 10MHz, and make @AD frequency equal to or
less than 10MHz.

Figure 1.17.2. A-D converter-related registers (1)
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A-D Converter

A-D control register 2 (Note)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
ADCON2 03D416 XXXX00002
Lo[ofo]ofo] | [ |
] ] ] ] ] H [] I
[ - - - T
A ! I 1| Bitsymbol Bit name Function RiW
I I I I I I I
I S T N E N A A-D conversion method 0 : Without sample and hold |
I I
i i i i i ! b SMP select bit 1 : With sample and hold O: o
I
[ N T T T :
I B b2 bl I
A ! L_-] ADGSELO | A-Dgroup select bit 00 : Port P10 group select !
- T S 01 : inhibited 0'0
I . I
e ADGSEL1 10: Port PO group select |
[ T T 11: Port P2 group select '
I I I I I
ol L Reserved bits Always set to "0" Oi O
Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.
A-D register i Symbol Address When reset
ADi (i=0to 7)  03CO016 to 03CF16 Indeterminate
(b15) (b8)
b7 b0 b7 b0
A | ,
A ! | Function RIW
I I I I I t
| o i L _| Eight low-order bits of A-D conversion result O} X
I }
T N A | |
o ! » During 10-bit mode oix
! oo ! Two high-order bits of A-D conversion result '
T T T ettt ===
i Lo « During 8-bit mode 1%
ol When read, the content is indeterminate i
[ T
| i i i i Nothing is assigned. |
e These bits can neither be set nor reset. When read, their -
content is "0". |

Figure 1.17.3. A-D converter-related registers (2)
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(1) One-shot mode
In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver-
sion. Table 1.17.2 shows the specifications of one-shot mode. Figure 1.17.4 shows the A-D control regis-
ter in one-shot mode.
Table 1.17.2. One-shot mode specifications
Item

Function
Start condition

Specification
The pin selected by the analog input pin select bit is used for one A-D conversion
Writing "1" to A-D conversion start flag

* 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

Stop condition

Interrupt request

h == End of A-D conversion
generation timing

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 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
| | | | 0 | 0 | | | ADCONO 03D616 00000XXX2
T T T T
N - - T
| : i : : | 1 1| Bitsymbol Bit name Function RW
| 1 [ - " T
] I 1 b2 b1 b0
R CHO ;t’-]\_nalog input pin select |56’ . ANo is selected olo
| | 11 it (Note 2, 3) : ; 1
! [ L 001 : ANz is selected —
! : [ 1 010: ANz is selected |
! i N CH1 011:AN3is selected OIO
| : I : : | 100:AN4is selected
A 101:ANsis selected |
[ R e CH2 110:ANsis selected olo
: ol 111:AN7is selected |
[ MDO . 0453 1
| ., m==——- A-D operation mode 0,0
I I - - - —
: | : ________ MD1 select bit 0 (Note 3) 00 One-shot mode olo
| - - - -
| L e — Trigger select bit 0 : Software trigger |
| : TRG 1: ADTRG trigger C)Io
: ] ADST A-D conversion start flag | 0 : A-D convers_ion disabled O: o
1 1: A-D conversion started |
Ve CKS0 Frequency select bit 0 [0 : f2AD/4 is selected olo
1:f2AD/2 is selected !

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

Note 2: ANoo to ANo7 and AN20 to AN27 can be used in the same way as ANO to AN7.

Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

b7 D6 bS b4 b3 b2 bl b0 Symbol Address When reset
[ [ [a] [ [o] [ | ADcont 03D716 0016
T R —
)l : : : P - - - T
Pl ! I'| Bit symbol Bit name Function R
I - —
: | : : : oo SCANO A-D sweep pin Invalid in one-shot mode o: [e)
| : Py 1! select bit ——
Py L_] scant lelle}
o L
: L : 1 'L o MD2 A-D operation mode 0 : Set to "0" when this mode is selected OIO
P : | : select bit 1 !
|
: I I N BITS 8/10-bit mode select bit |0 : 8-bit mode OIO
P : : 1 : 10-bit mode !
I - t
! [ Frequency select bitl : i 1
[ CKS1 q Yy 0 : f2AD/2 or f2AD/4 is selected o)
: | : (Note 2) 1: f2AD is selected :O
I
: [ttt VCUT VREF connect bit 1: VREF connected O:O
! : External op-amp orbs olo
I — ] OPAOQ L . 0 0 : ANEXO and ANEX1 are not used !
: connection mode bit 0 1 : ANEXO input is A-D converted ——]
10 : ANEX1 input is A-D converted 1
b OPAL 1 1: External op-amp connection mode C)Io

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.
Note 2: Divide the frequency if f(XIN) exceeds 10MHz, and make @AD frequency

equal to or less than 10MHz.

Figure 1.17.4. A-D conversion register in one-shot mode
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(2) Repeat mode
In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
Table 1.17.3 shows the specifications of repeat mode. Figure 1.17.5 shows the A-D control register in
repeat mode.

Table 1.17.3. Repeat mode specifications

Item Specification
Function The pin selected by the analog input pin select bit is used for repeated A-D conversion.
Start condition Writing "1" to A-D conversion start flag
Stop condition Writing "0" to A-D conversion start flag

Interrupt request
generation timing

Input pin One of ANo to AN7, as selected

Reading of result of A-D
converter

None generated

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

A-D control register O (Note 1)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | 0 | 1| | | | ADCONO 03D616 00000XXX2
| T
Pl by ]
| : : : : | 1 1| Bitsymbol Bit name Function RiW
| 1 Pl - - T
| 11 b2 b1 b0
N T T B CHO Analog input pin select 000 : ANo is selected olo
| | [ bit (Note 2, 3) ; |
! [ Lo 00 1:AN1is selected —
I B 010:AN2is selected |
A 011:ANsis selected 0
| | | 100: AN4is selected
| : | : : | 101:ANsis selected |
N R T CH2 110:ANsis selected olo
: R 111:AN7is selected 1
| t
1 [ MDO ; b4 b3
| 1, ——=—= A-D operation mode 0,0
| .
: : : ———————— MD1 select bit0  (Note 3) 01: Repeat mode olo
1 - - - -
1 e _ TRG Trigger select bit 0 : Software trigger |
! : 1 : ADTRG trigger OIO
: o ___ ADST A-D conversion start flag |0 : A-D conversion disabled O: o
1 1: A-D conversion started |
!_ ____________ CKso Frequency select bit 0 0 : f2AD/4 is selected olo
1 : f2AD/2 is selected !

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

Note 2: ANoo to ANo7 and AN20 to AN27 can be used in the same way as ANO to AN7.

Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
[ T [e] [ [o] [|] Abcom 03D716 0016
T T 7
B P — , - 7
| : ! : : Bit symbol Bit name Function RW
I
: | : : : [ SCANO A-D sweep pin Invalid in repeat mode O: le)
| : P : select bit —
bl Lo : -4 scanm1 [e]le)
! 1 1
I
: P! : ] MD2  |A-D operation mode 0 : Set to "0" when this mode is selected oo
P : | : select bit 1 !
|
: [T L BITS 8/10-bit mode select bit [0 : 8-bit mode oo
Pl : : 1 : 10-bit mode |
| t
| . K ;
Pl : (I CKS1 Frequency select bitl 0 : f2AD/2 or f2AD/4 is selected O:O
| : " (Note 2) 1: f2AD is selected h
: |t VCUT | VREF connect bit 1: VREF connected O:O
! : External op-amp oo o'o
I OPAO e " 0 0 : ANEXO and ANEX1 are not used 1
: connegtion mode bit 0 1: ANEXO input is A-D converted ——
1 0: ANEX1 input is A-D converted |
T T T OPA1 1 1: External op-amp connection mode C)Io

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

Note 2: Divide the frequency if f(XIN) exceeds 10MHz, and make @AD frequency
equal to or less than 10MHz.

Figure 1.17.5. A-D conversion register in repeat mode
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(3) Single sweep mode
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D
conversion. Table 1.17.4 shows the specifications of single sweep mode. Figure 1.17.6 shows the A-D
control register in single sweep mode.
Table 1.17.4. Single sweep mode specifications

Item Specification
Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D conversion.
Start condition Writing "1" to A-D converter start flag
Stop condition » End of A-D conversion (A-D conversion start flag changes to "0", except when external

trigger is selected)
» Writing "0" to A-D conversion start flag

Interrupt request
generation timing
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

End of A-D conversion

Read A-D register corresponding to selected pin

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function R:W
- - T
CHO ﬁi?alog input pin select Invalid in single sweep mode O:O
——
I
CH1 O|O
|
]
CH2 o:o
MDO _ : bab3 010
A-D operation mode L ai
VDL select bit 0 10 : Single sweep mode 6!6
Trigger select bit 0 : Software trigger 1
TRG 1 : ADTRG trigger ©,0
ADST A-D conversion start flag |0 : A-D conversion disabled O:O
1 1: A-D conversion started 1
l. ____________ CKSO0 Frequency select bit 0 0: f2AD/4 is selected O:O
1:f2AD/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 bS b4 b3 b2 bl b0 Symbol Address When reset
[TI: [ Jo[ [] Abcon  ‘osoras o
1 T 1 T
! ! | : Bit symbol Bit name Function RjW
: A-D sweep pin When single sweep and repeat sweep mode i

I

! I

: 1 scano select bit (Note 2) 0 are selected: O10
I

I

b1 b0
00 : ANo, AN1 (2 pins) T
0 1: ANo to AN3 (4 pins) |

]
I
Ly
I
\ |
| I
I
I
I
I
Pl -4 scani 10 ANo to AN (6 pins) 0,0
: | 11 : ANo to AN7 (8 pins) 1
! ___ MD2 A-D operation mode 0 : Set to "0" when this mode is selected o:o
| : select bit 1 1
: 1 L BITS 8/10-bit mode select bit |0 : 8-bit mode O:O
| : | 1: 10-bit mode H
: [ !_ _______ CKS1 Frequency select bitl 0 : fAD2/2 or fAD2/4 is selected O:O
| : : (Note 3) 1:fAD2 is selected H
I
iy VCUT | VREF connect bit 1 : VREF connected olo
: ! External op-amp bros olo
___________ OPAO e | 00 : ANEXO0 and ANEX1 are not used |
: 0’3"?82“0" mode bit 01 : ANEXO input is A-D converted -
U OPAL (Note 4) 10: ANEX1 input is A-D converted O:O

11 : External op-amp connection mode |

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

Note 2: ANoo to AN07 and AN20 to AN27 can be used in the same way as ANO to AN7.

Note 3: Divide the frequency if f(XIN) exceeds 10MHz, and make @AD frequency
equal to or less than 10MHz.

Note 4: Neither "01" nor "10" can be selected with the external op-amp connection
mode bit.

Figure 1.17.6. A-D conversion register in single sweep mode
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(4) Repeat sweep mode O
In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep
A-D conversion. Table 1.17.5 shows the specifications of repeat sweep mode 0. Figure 1.17.7 shows the
A-D control register in repeat sweep mode 0.
Table 1.17.5. Repeat sweep mode 0 specifications
Item

Specification
The pins selected by the A-D sweep pin select bit are used for repeat sweep A-D conversion.
Writing "1" to A-D conversion start flag
Writing "0" to A-D conversion start flag

Function
Start condition
Stop condition

Interrupt request
generation timing

None generated

Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)
Reading of result of A-D | paag A-D register corresponding to selected pin (at any time)
converter

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
ADCONO 03D616 00000XXX2
LI [afaf T 1]
o L .
I : \ : : | 1 1| Bitsymbol Bit name Function RW
[ [ - - T
: : : : : : : 1 CHO @ilzalog input pin select Invalid in repeat sweep mode 0 O:O
I
EEREREE —
I I
[ ' b =-q cm 0,0
R ' ——
[
byt g t-——4  cH2 olo
[
1 | t
I [
I |, ==—=—=—e MDO A-D 0 i b4b3 010
1 1 peration mode .
: H : ________ MDL select bit 0 11: Repeat sweep mode 0 O!O
I - - -
| | — Trigger select bit 0 : Software trigger I
1 =
: 1 TRG 1 : ADTRG trigger OIO
v ] ADST A-D conversion start flag |0 : A-D conversion disabled O:O
1 1 : A-D conversion started 1
!. ____________ CKSO0 Frequency select bit 0 0 : f2AD/4 is selected O:O
1:f2AD/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)

result is indeterminate.

b7 b6 BbS b4 b3 b2 bl b0 Symbol Address When reset
[T [ o[ [] abcom  ‘swome oo
1 T T
: : : 1 : : : : Bit symbol Bit name Function RW
1! T
| : 1! : [ : A-D sweep pin When single sweep and repeat sweep mode I
: 11 : I : : 1 scano select bit (Note 2) 0 are selected: 10
b1 b0
P 00 ANo, ANL (2 pins) ——
I Pyl 01 : ANo to AN3 (4 pins) |
Iy 1 1 =T SCANL 10 : ANo to ANs (6 pins) 0,0
: por byt 11 : ANo to AN7 (8 pins) 1
! [ : [ Il_ —— MD2 A-D operation mode 0 : Set to "0" when this mode is selected o:o
I : : ] : select bit 1 L
: 11 : e ___ BITS 8/10-bit mode select bit |0 : 8-bit mode OIO
| : : | 1 : 10-bit mode |
: [ '_ _______ CKS1 Frequency select bitl 0 : f2AD/2 or f2AD/4 is selected o:o
| : : (Note 3) 1:f2AD is selected |
I
| : b VCUT  |VREF connect bit 1 : VREF connected O: [¢]
: e e oppo  |Exteral op-amp E)“())G ANEX0 and ANEX1 are not used O: o
: csnne‘cltlon mode bit 01 : ANEXO input is A-D converted |——
L ] OPAL (Note 4) 1 0: ANEX1 input is A-D converted OIO
11 : External op-amp connection mode !
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion

Note 2: ANoo to AN07 and AN20 to AN27 can be used in the same way as ANO to AN7.

Note 3:
equal to or less than 10MHz.
Note 4:
mode bit.

Divide the frequency if f(XIN) exceeds 10MHz, and make @AD frequency

Neither "01" nor "10" can be selected with the external op-amp connection

Figure 1.17.7. A-D conversion register in repeat sweep mode 0
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(5) Repeat sweep mode 1
In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected
using the A-D sweep pin select bit. Table 1.17.6 shows the specifications of repeat sweep mode 1. Figure

1.17.8 shows

the A-D control register in repeat sweep mode 1.

Table 1.17.6. Repeat sweep mode 1 specifications

Item

Specification

Function

All pins perform repeat sweep A-D conversion, with emphasis on the pin or pins selected
by the A-D sweep pin select bit
Example; ANo selected ANo— AN1— ANo — AN2 - ANo — AN3, etc

Start condition

Writing "1" to A-D conversion start flag

Stop condition

Writing "0" to A-D conversion start flag

Interrupt request
generation timing

None generated

Input pin With emphasis on these pins; ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins)
Reading of result of A-D | Reag A-D register corresponding to selected pin (at any time)
converter

A-D control register O (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| 1 | 1 | | | | ADCONO 03D616 00000XXX2

T T T T
oo | e - - T
b : 1 | || Bitsymbol Bit name Function RiW

[ | | X X
: [ I T : 1_] CHO Analog input pin select Invalid in repeat sweep mode 1 o:o
P I I bits I
prbr b == cl 010
I : | ]
o Pl tmmm o olo
1 1

| I T N

P! MDO AD i d baba 010

P operation mode .
: |1 om—m—————— VDL select bit 0 11 : Repeat sweep mode 1 6:6

[ - - - n ]
: | bmm e TRG Trigger select bit g) : igftware_tngger 010
Pl : ADTRG trigger '
| e ADST A-D conversion start flag |0 : A-D conversion disabled olo
| 1: A-D conversion started |
L ___ CKS0 Frequency select bit0 | O : f2AD/4 is selected 010

1:f2AD/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 bS b4 b3 b2 bl bO Symbol Address When reset
[T T2 T [1] ADCON1 03D716 0016

T T T 1

[ 1 . . N T
: 1 : | : : : Bit symbol Bit name Function RiW

1 | X K
[ T T | : A-D sweep pin When repeat sweep mode 1 is selected: :
oy b b geano | select bits (Note 2) b1b0 0,0
: T B B 00 : ANo (1 pin) 1
A 01: ANo, AN1 (2 pins) 1
I : : | : | ——- scant 10: ANo to AN2 (3 pins) o:o
1 oot 11 : ANo to AN3 (4 pins) |
|
! : | :_ o MD2 A-D operation mode 1: Set to "1" when this mode is selected olo
| : : | : select bit 1 !
| | ) N i N
| : : [ BITS 8/10-bit mode select bit |0 : 8-bit mode O:O
by 1 : 10-bit mode o
: : : (N CKS1 Frequency select bitl 0: f2AD/2 or f2AD/4 is selected olo
ro (Note 3) 1: f2AD is selected !
i +
| : bmmm VCUT | VREF connect bit 1 : VREF connected 10
b External op-am| oroe |
ittty OPAD | e o wits |0 0 ANEXO and ANEX1 are not used 0,0
! Noto 4 01 : ANEXO input is A-D converted I+
v OPAL (Note 4) 10 : ANEX1 input is A-D converted olo

11 : External op-amp connection mode 1

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

result is indeterminate.

Note 2: AN0o to AN07 and AN20 to AN27 can be used in the same way as ANO to AN7.

Note 3: Divide the frequency if f(XIN) exceeds 10MHz, and make @AD frequency

equal to or less than 10MHz.

Note 4: Neither "01" nor "10" can be selected with the external op-amp connection

mode bit.

Figure 1.17.8. A-D conversion register in repeat sweep mode 1
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(a) Sample and hold
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 03D416) to "1". When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 gAD cycle is
achieved with 8-bit resolution and 33 gAD 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.

(c) External operation amp connection mode

In this mode, multiple external analog inputs via the extended analog input pins, ANEX0 and ANEX1, can
be amplified together by just one operation amp and used as the input for A-D conversion.

When bit 6 of the A-D control register 1 (address 03D716) is "1" and bit 7 is "1", input via ANo to AN7 is
output from ANEXO. The input from ANEX1 is converted from analog to digital and the result stored in the
corresponding A-D register. The speed of A-D conversion depends on the response of the external op-
eration amp. Do not connect the ANEXO and ANEX1 pins directly. Figure 1.17.9 is an example of how to
connect the pins in external operation amp mode.

ADGSEL1, ADGSELO
="0,0"

ANo O S—o oo -
AN O——— o Resistor ladder
AN2 O——— 60—
Port P10 group AN3 O———— 10—
analog input AN4 O——F 60—
ANs O————1—6—~0— Successive conversion register
ANe O——— 60—
AN7 O——F1—60o—
ADGSEL1, ADGSELO
="1,0"
ANoo & oo o

Port PO group ] ANog O——————9 0o}
analog input ANog O———— 0 —~0—

ADGSEL1, ADGSELO
="1,1"

AN20 O 5o o
AN21 O——— 00—

Port P2 group AN23 O——— G0
analog input AN2g O——F—06—0—
AN2s O————F—S o
ANze O—————<¢ o
AN27 O—————F—6 o

ANEXo
O

e

Comparator

External op-amp

Figure 1.17.9. Example of external op-amp connection mode
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D-A Converter

This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of
this type.
D-A conversion is performed when a value is written to the corresponding D-A register. The D-A output
enable bits (bits 0 and 1 at address 03DC16) decide if the result of conversion is to be output. Do not set the
target port to output mode if D-A conversion is to be performed.
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage

Table 1.18.1 lists the performance of the D-A converter. Figure 1.18.1 shows the block diagram of the D-A
converter. Figure 1.18.2 shows the D-A control register.

Table 1.18.1. Performance of D-A converter

Item Performance
Conversion method R-2R method
Resolution 8 bits
Analog output pin 2 channels

Data bus low-order bits

D-A register0 (8) (Address 03D816)

l D-A0 output enable bit

R-2R resistor ladder 40/0—0 P93/DA0

D-A registerl (8) (Address 03DA16)
l D-Al output enable bit
R-2R resistor ladder ———0~ 0—) P94/DA1

Figure 1.18.1. Block diagram of D-A converter
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D-A control register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
Mwﬂ_u DACON 03DC16 0016
|

: : : : : : I : Bit symbol Bit name Function R:W
N A I |0 Output disabled |
I Ll | = DAOE D-AO output enable bit 1 Output enabled OIO
Ly ! !
' v 1111 '-4 DAIE D-Al output enable bit 0 : Output disabled olo
| T 1 : Output enabled I
I 1 0_1_1 1 _ _ _|Nothing is assigned. e

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

D-A register
Symbol Address When reset
b7 *’°| DAi (i=0,1)  03D816 03DA16 Indeterminate
T
: Function R!W
R —— Output value of D-A conversion O: O

Figure 1.18.2. D-A control register

D-AO0 output enable bit

g

I} R R R R R R R 3R
A0 O—\N\—0—0

nqn

2R
Mse L] Lss
D-AQ register0

Avss () T
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" so that no current flows in the resistors Rs and 2Rs.

Figure 1.18.3. D-A converter equivalent circuit
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CRC Calculation Circuit
The Cyclic Redundancy Check (CRC) calculation circuit detects an error in data blocks. The microcomputer
uses a generator polynomial of CRC_CCITT (X! + X2 + X5+ 1) to generate CRC code.
The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The CRC
code is set in a CRC data register each time one byte of data is transferred to a CRC input register after
writing an initial value into the CRC data register. Generation of CRC code for one byte of data is completed
in two machine cycles.
Figure 1.19.1 shows the block diagram of the CRC circuit. Figure 1.19.2 shows the CRC-related registers.
Figure 1.19.3 shows the calculation example using the CRC calculation circuit.

q Data bus high-order bits S

HEf

¢ Data bus low-order bits S

I

Eight low-order bits J l Eight high-order bits

CRC data register (16)

ﬂ ﬂ (Addresses 03BD16, 03BC16)

CRC code generating circuit
x16 4 x12 4 x5 4 1

I

CRC input register (8) | (Address 03BE16)

f

Figure 1.19.1. Block diagram of CRC circuit

CRC data register
©19 we bo Symbol Address When reset
CRCD 03BD16, 03BC16 Indeterminate
i
T
! Function Values that !
i can be set |
I I
I__ CRC calculation result output register 000016 to FFFF16 O:O
CRC input register
b7 50 Symbol Address When reset
CRCIN 03BE1s Indeterminate
|
I ) Values that i
! Function can be set R :W
I I
b= m Data input register 0016 to FF16  |O}O

Figure 1.19.2. CRC-related registers
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b15 b0
- " CRC data register CRCD
(1) Setting "000015 | [Addresses 03BD16, 03BC16]
b7 b0
(2) Setting "0116" —» I:I CRC input register ~ CRCIN
[Address 03BE16]
2 cycles
After CRC calculation is complete
b15 b0

118916

(3) Setting "2316" —»

b15

Y

b

Stores CRC code

The code resulting from sending "0116" in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,

(X16 + X12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000) X16 by (1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

LSB

9

MSB

R 1000 1000

10001 0000 0010 0001 | 1900 0000 0000 0000 0000 0000

1000 1000 0001 0000 1
1000 0001 0000 1000 O
1000 1000 0001 0000 1
1001 0001 1000 100
- ™ s

LSB B

8 1 1
L

Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to "118916" in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC
operation. Also switch between the MSB and LSB of the result as stored in CRC data.

b7 b0

[ ]

After CRC calculation is complete

b0

0A4116

Y

b

Stores CRC code

CRC data register

CRC input register

CRC data register

CRCD
[Addresses 03BD16, 03BC16]

Modulo-2 operation is
operation that complies
with the law given below.

0+0=0
0+1=1
1+40=1
1+41=0

-1=1

CRCIN
[Address 03BEz16]

CRCD
[Addresses 03BD16, 03BC16]

Figure 1.19.3. Calculation example using the CRC calculation circuit
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CAN Module

CAN Module
The CAN (Controller Area Network) module for the M16C/6N group of microcomputers is a communication
controller implementing the CAN 2.0B protocol as defined in the BOSCH specification. The M16C/6NO
group contains two Full CAN modules and the M16C/6N1 group contains one Full CAN module which can
transmit and receive messages in both standard (11 bit) ID and extended (29 bit) ID formats.
Figure 1.20.1 shows a block diagram of the CAN module.
External CAN bus driver and receiver are required.

Data Bus
CANi Configuration CANi Control CANi Global Mask CANi Extended ID
Register Register Register Register
CANi Local Mask A
CANi Message Register
Control CANi Local Mask B
Register 0 to 15 Register
CTx & ]
Q = !
t- Message Box
slots 0 to 15
Protocol A 3 R
Controller Acceptance Filter <:>
slots 0 to 15 > Message ID
o 16 Bit Timer DLC
Ed R Y
CAN Time Stamp Message Data
CRX Register -
Wake Up Time Stamp
Function
Interrupt
e Generation
i Receive Error ;
Count Register \ 4 W I Function
CANi Transmit Error CANi Status CANi Slot Status CANi Interrupt I CANi RecSuc Int
Count Register Register Register Control Register CANi TrmSuc Int
—_—
@ ﬂ B @ CANi Error Int
[ CANi Wake Up Int
Data Bus P
Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1group.

Figure 1.20.1. Block diagram of the CAN module

CTx/CRx: CAN 1/O pins.

Protocol controller: This controller handles the bus arbitration and the CAN protocol services, i.e. bit
timing, stuffing, error status etc.

Message box: This memory block consists of 16 slots that can be configured either as transmitter

or receiver. Each slot contains an individual ID, data length code, a data field (8
bytes) and a time stamp.

Acceptance filter: This block performs filtering operation for received messages. For the filtering
operation, the CANi global mask register, the CANi local mask A register, or the
CANIi local mask B register is used.

16 bit timer: Used for the time stamp function. When the received message is stored in the
message memory, the timer value is stored as a time stamp.
Wake up function: CANi wake up interrupt is generated by a message from the CAN bus.

Interrupt generation function: The interrupt events are provided by the CAN module. CANi successful reception
interrupt, CANi successful transmission interrupt, CANO/1 error interrupt, and
CANO/1 wake up interrupt.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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Registers Related to the CAN Modules
The CANi modules have the following registers, respectively.

(1) CAN message box
A CAN module is equipped with 16 slots (16 bytes or 8 words each). Slots 14 and 15 can be used as Basic CAN.
» Priority of the slots: The smaller the number of the slot, the higher the priority, in both transmission and
reception.
* A program can define whether a slot is defined as transmitter or receiver.

(2) Acceptance mask registers
A CAN module is equipped with 3 masks for the acceptance filter.
» CANi global mask register (6 bytes)
Configuration of the masking condition for acceptance filtering processing to slots 0 to 13
» CANi local mask A register (6 bytes)
Configuration of the masking condition for acceptance filtering processing to slot 14
» CANi local mask B register (6 bytes)
Configuration of the masking condition for acceptance filtering processing to slot 15

(3) CAN SFR Registers
» CANi message control register (8 bits X 16)
Control of transmission and reception of a corresponding slot
» CANi control register (16 bits)
Control of the CAN protocol
» CANi status register (16 bits)
Indication of the protocol status
» CANi slot status register (16 bits)
Indication of the status of contents of each slot
» CANi interrupt control register (16 bits)
Selection of "interrupt enabled or disabled" for each slot
» CANi extended ID register (16 bits)
Selection of ID format (standard or extended) for each slot
» CANI configuration register (16 bits)
Configuration of the bus timing
» CANi receive error count register (8 bits)
Indication of the error status of the CAN module in reception: the counter value is incremented or
decremented according to the error occurence.
» CANi transmit error count register (8 bits)
Indication of the error status of the CAN module in transmission: the counter value is incremented or
decremented according to the error occurence.
» CANIi time stamp register (16 bits)
Indication of the value of the time stamp counter
» CANi acceptance filter support register
Decoding the received ID for use by the acceptance filter support unit

Explanation of each register is given below.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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CAN Module

CANi Message Box

Table 1.20.1 shows the memory mapping of the CANi message box.
It is possible to access to the message box in byte or word.

Mapping of the message contents differs from byte access to word access. Byte access or word access can
be selected by the MsgOrder bit of the CANi control register.

Table 1.20.1. Memory mapping of the CANi message box (n = 0 to 15: the number of the slot)

Address Message content (Memory mapping)

CANO CAN1 Byte access (8 bits) Word access (16 bits)
006016 + n .16 + 0 026016 + n .16 + 0 SID1o to SIDs SIDs to SIDo
006016 +n .16 + 1 026016 +n .16 + 1 SIDs to SIDo SID1o to SIDe
006016 + n .16 + 2 026016 + n .16 + 2 EID17 to EID14 ElD13 to EIDs
006016 + n .16 + 3 026016 + n .16 + 3 EID13 to EIDse EID17 to EID14
006016 + n .16 + 4 026016 +n .16 + 4 EIDs to ElDo Data Length Code (DLC)
006016 +n.16 +5 026016 + n .16 +5 Data Length Code (DLC) EIDs to EIDo
006016 +n .16 + 6 026016 + n .16 + 6 Data byte 0 Data byte 1
006016 + n .16 + 7 026016 +n .16 +7 Data pyte 1 Data pyte 0
006016 +I n.16 + 13 026016 +I n.16 + 13 Data Ibyte 7 Data Ibyte 6
006016 + n .16 + 14 026016 + n .16 + 14 Time stamp high order byte Time stamp low order byte
006016 + n .16 + 15 026016 + n .16 + 15 Time stamp low order byte Time stamp high order byte

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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Figures 1.20.2 and 1.20.3 show the bit mapping in each slot in byte access and word access. The content
of each slot remains unchanged unless transmission or reception of a new message is performed.

Bit 7 Bit 0
I><I><|>< SID10 I SID9 I SIDs I SID7 I SIDe |
|><|>< SIDs I SID4 I SID3 I SID2 I SID1 I SIDo |
=== o [ eox [ o [ o]
| EID13 I EID12 I EID11 I EID10 I EID9 I EIDs I EID7 I EIDsé |
|><|>< EIDs I EID4 I EID3 I EID2 I EID1 I ElDo |
|><|><|><|>< DLC3 | DLC2 | DLC1 | DLCo |
| Data Byte 0 |
| Data Byte 1 |
| Data Byte 7 |
| Time Stamp high order byte |
| Time Stamp low order byte |

CAN Data Frame:

| SID10106 | SIDs 0 | EID17 10 14 | EID13106 | EID5t0 | DLC3100 | Data ByteO | Data Bytel | -------------- |Data Byte7 |

Note: When |X| is read, the value is the one written upon the transmission slot configuration.

The value is "0" when read on the reception slot configuration.
Figure 1.20.2. Bit mapping in byte access
Bit 15 Bit 8 Bit7 Bit 0

|><|><|><|SID10I SIDQISIDSI SID7| SID6D<|><| SID5| SID4| SID3| SID2| SID1| SIDol

|><D<D<D<|EID17|EID16|EID15|EID14|EID13|EID12|EID11|EID10| EID9| EIDeI EID7| EID6|
|><|><| EID5| EID4| EID3| EID2| EID1| EIDoD<|><|><|><|DLC3|DLC2|DLC1IDLC0|

| Data Byte 0 I Data Byte 1 |
| Data Byte 2 I Data Byte 3 |
| Data Byte 4 I Data Byte 5 |
| Data Byte 6 I Data Byte 7 |
| | |

Time Stamp high order byte Time Stamp low order byte

CAN Data Frame:

| SID10to 6 | SIDstw0 | EID171014| EID13tw6 | EIDsto0 | DLC3t0 |DataByteO|DataBytell -------------- |DataByte7|

Note: When |X| is read, the value is the one written upon the transmission slot configuration.

The value is "0" when read on the reception slot configuration.

Figure 1.20.3. Bit mapping in word access
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Acceptance Mask Registers

Figures 1.20.4 and 1.20.5 show the CANi global mask register, the CANi local mask A register, and the

CANIi local mask B register, in which bit mapping in byte access and word access are shown.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

Addresses
Bit 7 Bit0 CANO CAN1 (Note)
[><7T><]"><"] sibw | sibe | sips | sibz [ sips | 01601 03601
[><71>><"] sibs | sibs | sibs [ sip2 | sibx | sibo | 016116 036116

| |
oo | |
[ ><]"><|"><["><] EDw7 | EDs | ED1s | EID1a | 016216 036216 CANi global
mask register
| |
| |

| EDis | ED12 | EID1 | EIDwo | EDe | EDe | ED7 | EDs | 016316 036316
[><T>><"] eos | Eos | EDs | ED2 | ED1 [ EDo | 016416 03641
[><7T"><]><] sibw | sibs | sios | sio7 | sips 016616 036616
[><7"><{ sibs | sibs | sibs | sip2 | sibx | sibo 016716 036716

| | | |
[5o: [ sor [ sio | |
[ ><|><|><|"><| EDwr [ ED1s | ED1s | EID1a | 016815 036816 EQSN;IAO(;:L’ister
| | | |
| | | |

| EDs | ED12 | EIDu | EDw0 | EDe | EDs | ED7 | EIDs 016916 036916
[><T><] Eps | EDs [ EDs | ED2 | ED1 | EIDo 016A16 036A1s
[><7T><7T"><7] sibw | sibs | sios [ sioz | sips 016C16  036C16

CANi local
mask B register

| | |
[~><]"><] sips | sibs | sibs [ sp2 | sibx | sio | 016D 036D1s
><T><[><] ><] eow [ e | ED1s | | o16E16  036E1s

| ED1s | EDi2 | EDu [ EDw0 | EDe | EDs | ED7 | EDs | 016F16  036F1s

[>><]"><] emps | Eps | EDs [ ED2 | ED: | ED0 | 017016 037016

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

EID14

Figure 1.20.4. Bit mapping of the mask registers in byte access

Addresses
Bit 15 Bit 8 Bit7 Bit0 CANO / CAN1 (Note)

[>T ><]><Jsipw| sips [ sips [ sip7 [ sibs | <] <] sips | sip4| sips [ sip2] sip1 | sibo| 0160161036016

[ <] <] ><7] ><7|[eiD17[EID16|EID15|EID14|EID13|EID12|EID11|EID10] EIDo | EIDs | EID7 | EIDS | 016216/036216 igsti ?elc;?:ltler
[ ><7] ><TEps|ED4|E1Ds [ EID2 | E1D1 [ E1D0 [ T[T T <7< <] <] <] 016416/036416

[ > ><[><7]sipwo| sips | siDs | siD7 | siDs | <] <] siDs | siD4| siDs [ siD2] siD1 | Do | 0166161036616

[ <] < ><7] ><[eiD17[EID16[EID15[EID14|EID13|EID12|EID11|EID10] EIDo | EIDe | EID7 | EIDS | 016816/036816 SQL\LI f?ilgister
[ ><|"><|Ems |EiD4 [ E1Ds [E1D2 [ E1D1 | E1D0 | < | > | <[ ><[><T| ><T| ><| ><{| 016A16/036A15

[ > ><["><7|siD10| siDs | siDs | s1D7 | siD6 | <] <] siDs | sID4| SID3 | SID2| sID1 | SIDo | 016C16/036C16

CAN:i local

[ <] <1 ><] <Jens7[eiD16|eiD15[EID14|EID13|EID12|EID1|EIDI0] EIDo | EIDs | ED7 | EIDS | 016E16/036E1  ~ mask B register

[ <] ><{EDs | E1D4 | E1Ds | E1D2 | E1D1 | E1D0 [ < | <] T T <] <] <] 0170161037016

Note: i =0, 1. Channel CANL1 is not available for M16C/6N1 group.

Figure 1.20.5. Bit mapping of the mask registers in word access
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CAN SFR Registers
CANi Message Control Register j (j =0to 15)
Figure 1.20.6 shows the CANi message control register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANi message control registerj (i=0, 1, j=0to 15)

©)

1: The message is invalid.
(The message is being updated.).

TrmActive "Under When set to transmission slot
transmission” flag | 0:  waiting for bus idle or completion of
arbitration. O -

1: Transmitting

MsgLost Overwrite flag When set to reception slot
O 0: No message has been overwritten in this slot.
1: This slot already contained a message,

but it has been overwritten by a new one.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
COMCTLj (j = 0to 15) 020016 to 020F16 0016

r r r C1MCTLj (j = 0 to 15) (Note 1) 022016 to 022F16 0016
i i i Bit symbol Bit name Function R : w
: : : NewData Successful When set to reception slot :
: : : reception flag 0: Tr_1e content of thg slot is read or 1
| | | still under processing by the CPU. O: %
: : : 1: The CAN module has stored new data in the : =2
I l 1 slot. 1
1 1 B it T Ty -—q--
: : SentData Successful When set to transmission slot : =~
! ! transmission flag | o Transmission is not started or completed yet. |} &
1 1 1: Transmission is successfully completed. : £
i i InvalData "Under reception” When set to reception slot :
| | flag 0: The message is valid. :
Lo |
1 1
i
1
1
1
1
1
1
1
1
1

©)

(Note 2)

RemActive | Remote frame 0: Data frame transmission/reception status
———————————— transmission/ Remote frame automatic transfer status O —
reception status
flag (Note 3)
RspLock Transmission/ When set to reception remote frame slot
reception auto 0: After a remote frame is received, it will be
________________ response lock answered automatically. 0'0
mode select bit 1. After a remote frame is received, no transmis-

sion will be started as long as this bit is set to "1".
(Not responding)

Remote Remote frame 0: Slot not corresponding to remote frame !
. corresponding - OHO)
slot select bit 1. Slot corresponding to remote frame |
T
RecReq Reception slot 0: Not reception slot [
————————————————————— bit A 0!0
(Note 4) request b Reception slot !
|
T
TrmReq Transmission 0: Not transmission slot I
_______________________ I
(Note 4) slot 1: Transmission slot O I O
i

request bit

Note 1: Channel CANL1 is not available for M16C/6N1 group.

Note 2: As for write, only writing "0" is possible. The value of each bit is written when the
CAN module enters the respective state.

Note 3: In Basic CAN mode, they serve as data format identification flag.
Refer to the section of Basic CAN mode for more details.

Note 4: One slot cannot be defined as reception slot and transmission slot at the same
time.

Figure 1.20.6. CANi message control register |
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CANi Control Register

Figure 1.20.7 shows the CANi control register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANIi control register (i = 0, 1)

S Nothing is assigned. Write "0" in case of write. The value is indeterminate when read.

| RXOnly

Listen-only mode
select bit

0:
1:

Normal operation mode
Listen-only mode

Nothing is assigned. Write "0" in case of write. The value is indeterminate when read.

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
COCTLR 021016 X00000012
CICTLR (Note 1) 023016 X00000012
I
} } } } } I } } Bit symbol Bit name Function R : w
I
I T R . '
| | | | | | | o] Reset Full C/—\_N module 0: Operation mode 1
b P Lo reset bit 1: Reset/initialization mode O:O
} } } } } } } LoopBack Loop back mode 0: Normal operation mode O:O
} } } } | T select bit 1: Loop back mode :
I I
} } } } } ‘L MsgOrder Message order 0: Word access |
[ ! } ! T T T T T T select bit 1: Byte access O:O
! I
} } } } | BasicCAN Basic CAN mode 0: Normal operation mode O:O
Lo ! ! - select bit 1: Basic CAN mode i
I
} } } } _______________ BUsErEn Bus error interrupt 0: Bus error interrupt disabled O:O
\ ! ! enable bit 1: Bus error interrupt enabled !
I
} } } Sleep Sleep mode 0: Sleep mode disabled :
| G T T T select bit 1: Sleep mode enabled; clock supply stopped O:O
I I
. PortEn CAN port enable bit | 0: 1/O port function i
} “““““““““““ 1: CTx/CRx function (Note 2) O:O
I
e Nothing is assigned. Write "0" in case of write. The value is indeterminate when read. —: —
Note 1: The C1CTLR register (addresses 023116, 023016) has to be set to "00201¢" for
M16C/6N1 group.
Note 2: CTx/CRx function regardless of configuration of PD7 and PD9 registers.
(b15) (b8)
D7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
COCTLR 021116 XX0X00002
; ‘ T T ‘ T T T C1CTLR (Note 1) 023116 XX0X00002
I I
} } } } } } } } Bit symbol Bit name Function R : w
[ i blb H
| A | I | | TSPreScale | Time stamp 100 _ !
T e Bitl, Bit0 prescaler 0 0: Period of 1 bit time '
A 0 1: Period of 1/2 bit time 00
oo ! ! 1 0: Period of 1/4 bit time :
} } [ I } 1 1: Period of 1/8 bit time !
I I ! ! I :
\ ro ! ! L TSReset Time stamp counter| 0: Normal operation mode O:O
} } I I C T reset bit  (Note 2) | 1: Compulsory reset of the time stamp counter 1
| | | +
} } } } I RetBusOff Return from bus off | 0: Normal operation mode :
R b command bit 1: Compulsory return from bus off o0
| | | | (Note 3) |
| | I I t
I I !
I I !
I I !
I I
I I
I I
I

oio

group.

Note 2: When the TSReset bit is set to "1", the CiTSR register gets cleared to "000016".
After this, the bit is automatically cleared to "0".

Note 3: When the RetBusOff bit is set to "1", the CIRECR register and the CiTECR register gets
cleared to "0016". After this, the bit is automatically cleared to "0".

Note 1: The C1CTLR register (addresses 023116, 023016) has to be set to "002016" for M16C/6N1

Figure 1.20.7. CANi control register
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CANi Status Register

Figure 1.20.8 shows the CANi status register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANIi status register (i =0, 1)
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b COSTR 021216 0016
C1STR (Note) 023216 0016
N o
| : : : : : : : Bit symbol Bit name Function R!
| I
Coaor oo MBox Active slot bits b3 b2 b1 bo :
b Lo 000 0:8Slot0 '
A A 000 1:8Slotl |
! ! ! | | | | 0010:Slot2 H
: : : : [ R AR O:
! 1 1 | 1110:Slot14 :
P ! 111 1:Slot15 :
! | | o |
: | | : TrmSucc Successful 0: No [successful] transmission H
e e transmission flag 1: The CAN module has transmitted a message |O!
: | I successfully. !
| |
: : : RecSucc Successful No [successful] reception !
[ e reception flag CAN module received a message O
: : successfully. !
I | .
| | TrmState Transmission flag 0: CAN module is idle or receiver. O:
: b (Transmitter) 1: CAN module is transmitter. H
| 0
I RecState Reception flag 0: CAN module is idle or transmitter. O:
bmmm o (Receiver) 1: CAN module is receiver. '
Note: Channel CANL1 is not available for M16C/6N1 group.
b15, b8
iﬂ ) b6 b5 b4 b3 b2 bl Lo) Symbol Address When reset
COSTR 021316 X00000012
C1STR (Note) 023316 X00000012
i I I : T I I
| | | [ |
: | : | : | : | Bit symbol Bit name Function R
| | | | L
: o b ! State_Reset | Reset state flag 0: Operation mode o
: : : : : : : T 1: Reset mode :
: : : : : : 'L State_ Loop back state flag | 0: Normal operation mode E
N por T LoopBack 1: Loop back mode O:
| | | | M
: : : : : : State_ Message order 0: Word access E
: | | | T T T MsgOrder state flag 1: Byte access O:
| | | | 1
: : : : :_ State_ Basic CAN mode 0: Normal operation mode E
: | | [ BasicCAN state flag 1: BasicCAN mode O:
| | | 1
| oL State_ Bus error 0: No error has occurred. ;
- LTI BusError state flag 1: A CAN bus error has occurred. O:
| 1
: : :_ State_ Error passive 0: The CAN module is not in error passive state. OE
: : _________________ ErrPass state flag 1: The CAN module is in error passive state. i
: :_ ____________________ State_ Error bus off 0: The CAN module is not in error bus off state. E
: BusOff state flag 1: The CAN module is in error bus off state. O:
| :
e Nothing is assigned. o
Write "0" in case of write. The value is indeterminate when read. E
Note: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.20.8. CANi status register
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CANi Slot Status Register
Figure 1.20.9 shows the CANi slot status register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANi slot status register (i=0, 1)

same number.

(b15) (b8)
b7 bo b7 bo Symbol Address When reset
COSSTR 021516, 021416 000016
C1SSTR (Note) 023516, 023416 000016
|
|
| T
: Function Values R'W
! Slot status bits 0: Reception slot
: Each bit corresponds to the slot with the The message has been read.
|
|

Transmission slot
Transmission is not completed.

1: Reception slot
The message has not been read.

Transmission slot
Transmission is completed.

Note: Channel CAN1 is not available for M16C/6N1 group.

Figure 1.20.9. CANi slot status register
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CANi Interrupt Control Register
Figure 1.20.10 shows the CANi interrupt control register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANi interrupt control register (i = 0, 1)

(b15) (b8)
b7 b0 b7 b0
Symbol Address When reset
COICR 021716, 021616 000016
' C1ICR (Note 1) 023716, 023616 000016
; Function Values (Note 2) RIW
E Interrupt enable bits: 0: Interrupt disabled E
i ___________________ Each bit corresponds with a slot with the same 1: Interrupt enabled H
number. 0.0
Enabled/disabled of successful transmission inter- !
rupt or successful reception interrupt can be selected. !

Note 1: Channel CANL1 is not available for M16C/6N1 group.
Note 2: These bits can not be set in CAN reset/initialization and CAN sleep modes of the CAN module.

Figure 1.20.10. CANi interrupt control register

CANi Extended ID Register
Figure 1.20.11 shows the CANi extended ID register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANi extended ID register (i=0, 1)

(b15) (b8)
b7 b0 b7 b0
Symbol Address When reset
COIDR 021916, 021816 000016
' C1IDR (Note 1) 023916, 023816 000016
; Function Values (Note 2) RIW
E Extended ID bits: 0: Standard ID E
___________________ Each bit corresponds with a slot with the same 1: Extended ID o) , o
number. :
Selection of the ID format that each slot handles. !

Note 1: Channel CANL1 is not available for M16C/6N1 group.
Note 2: These bits can not be setin CAN reset/initialization and CAN sleep modes of the CAN module.

Figure 1.20.11. CANi extended ID register

180 1RENESAS

RenesasTechnology Corp.



CAN Module

CANi Configuration Register
Figure 1.20.12 shows the CANi configuration register.

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANI configuration register (i = 0, 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
COCONR 021A16 Indeterminate
C1CONR (Note 1) 023A16 Indeterminate
N N Bit symbol Bit name Function RIW
E E E E E E E E BRP Prescaler division b3 b2 bl b0 E
e ratio select bits 000 0:fcan/l '
1 1 ' ' : : H H 0 0 0 1:fcan/2 :
E E E ; S 00 10:fcan/3 OIO
oo 11°10:fcan/15 :
' ' ' H 111 1:fcan/16  (Note 2) H
E E E : SAM Sampling control 0 : One time sampling H
oo ooy bit 1 : Three times sampling OE O
PTS Propagation time | b7 b6 b5 :
. H H segment control bits [ 0 0 0:1Tq !
, , . 00 1:2Tq '
L T T 0 lOZTq o:o
110:7Tq ;
11 1:8Tq :
Note 1: Channel CANL1 is not available for M16C/6N1 group.
Note 2: fcaN serves for the CAN clock. The period is decided by configuration of the CCLKi bits
(i=0,1,2,3,4,5,6).
(b15) (b8)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
COCONR 021B16 Indeterminate
C1CONR (Note) 023B16 Indeterminate
T T T T T T T T
I I I I I I
: : : : : 1 1 1 Bit symbol Bit name Function R W
I I I I 1 .
: : : : : : : : PBS1 Phase buffer b2 b1b0 :
| | | | | | | | segment 1 000 : Inhibited !
| | I 1 1 1 I 1 f 001:2Tq H
| | | control bits : '
R R B Bttty 010:3Tq 0.0
I ] ] ] ] : '
I I I : :
R R T T 110:7Tq ;
1 1 : : : 111:8Tq !
I I i
: : | | | PBS2 Phase buffer b5bab3 !
I | I I I segment 2 000 : Inhibited '
! ! : : : control bits 001:2Tq :
: : I T 019:3Tq OO
I I : '
I 110:7Tq !
| | 111:8Tq '
I I L
. SIw Resynchronization | b7 b6 ;
| I jump width 0 0:1Tq :
e ] control bits 0 1:2Tq OO
10:3Tq ,
1 1:4Tq ;
Note: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.20.12. CANi configuration register
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CANi Receive Error Count Register
Figure 1.20.13 shows the CANi receive error count register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANi receive error count register (i=0, 1)
b7 b0
Symbol Address When reset
CORECR 021C16 0016
T C1RECR (Note 1) 023C16 0016
E Function Range of the value R : W
E Reception error counting function :
L The value is incremented or decremented 0016 to FF16  (Note 2) OE -
according to the CAN module’s error status. !
Note 1: Channel CANL1 is not available for M16C/6N1 group.
Note 2: The value is indeterminate in bus off state.
Figure 1.20.13. CANi receive error count register
CANi Transmit Error Count Register
Figure 1.20.14 shows the CANi transmit error count register.
Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
CANi transmit error count register (i = 0, 1)
b7 b0
Symbol Address When reset
COTECR 021D16 0016
T CITECR (Note)  023D16 0016
E Function Range of the value R : W
E Transmission error counting function :
"""""""""" The value is incremented or decremented 0016 to FF16 O -
according to the CAN module’s error status. E
Note: Channel CAN1 is not available for M16C/6N1 group.

Figure 1.20.14. CANi transmit error count register
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CANi Time Stamp Register
Figure 1.20.15 shows the CANi time stamp register.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

CANIi time stamp register (i =0, 1)
(b15) (b8)
b7 b0 b7 b0
Symbol Address When reset
COTSR 021F16, 021E16 000016
C1TSR (Note) 023F16, 023E16 000016
Function Range of the value R ' W
................... Time stamp function 000016 to FFFF16 O i o
Note: Channel CANL1 is not available for M16C/6N1 group.
Figure 1.20.15. CANi time stamp register
CANi Acceptance Filter Support Register
Figure 1.20.16 shows the CANi acceptance filter support register.
Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
CANi acceptance filter support register (i = 0, 1)
(b15) (b8)
b7 bO_b7 po Symbol Address When reset
COAFS 024316, 024216 Indeterminate
C1AFS (Note) 024516, 024416 Indeterminate
Function Values R ' w
Write the content equivalent to the standard frame | Standard frame ID '
"""" ID of the received message. O ! O
The value is "converted standard ID" when read. !
Note: Channel CANL1 is not available for M16C/6N1 group.
Figure 1.20.16. CANi acceptance filter support register
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Operational Modes
The CAN module has the following three operational modes.

* CAN Reset/Initialization Mode

» CAN Sleep Mode

* CAN Operation Mode
Figure 1.20.17 shows transition between operational modes.

MCU Reset

Operation mode

Reset/initialization
(State-Reset = "0")

mode
State-Reset = "1"
o 2 1o
il )8 3
§ " S
) = Q
Reset = "1" Bus off state
Sleep mode (Bus off = "1")

Figure 1.20.17. Transition between operational modes

CAN Reset/Initialization Mode
The CAN reset/initialization mode is activated upon MCU reset or by setting the Reset bit of the CANi

control register. It can be observed by reading the State-Reset bit of the CANi status register. Entering the

CAN reset/initialization mode initiates the following functions by the module:
* Suspend all communication functions. When the CAN reset/initialization mode is activated during an

ongoing transmission in operation mode, the module suspends the mode transition until completion
of the transmission (successful, arbitration loss, or error detection) and then sets the State-Reset bit.
« Initialization of CANi extended ID, CANi message control, CANi interrupt control, CANi status, CANi
time stamp, CANi receive error count and CANi transmit error count registers to their reset values. All

these registers are locked to prevent CPU modification.
» The CANi configuration and CANi control registers and the message box retain their contents and

are available for CPU access.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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CAN Operation Mode
The CAN operation mode is activated by clearing the Reset bit of the CANi control register. Entering the
operation mode initiates the following functions by the module:
» The module’'s communication functions are released and it becomes an active node on the network
and may transmit and receive CAN messages.
* Release the internal fault confinement logic including receive and transmit error counters. The mod-
ule may leave the CAN operation mode depending on the error counts.
Within the CAN operation mode the module may be in three different sub modes, depending on which
type of communication functions are performed:
» Module idle: The modules receive and transmit sections are inactive.
* Module receives: The module receives a CAN message sent by another node.
* Module transmits: The module transmits a CAN message. The module may receive its own message
simultaneously when the loopback function is enabled.
Figure 1.20.18 shows sub modes of the CAN operation mode.

Module idle

TrmState = "0"

Start RecState = "0"

transmission

Detect
an SOF

Finish
reception

Module transmits

TrmState = "1"
RecState = "0"

Module receives

TrmState = "0"
RecState = "1"

Lost in arbitration

Figure 1.20.18. Sub modes of the CAN operation mode

CAN Sleep Mode

The CAN sleep mode is activated by setting the Sleep bit of the CANi control register. It should never be
activated from the CAN operation mode but only via the CAN reset/initialization mode. Entering the CAN
sleep mode instantly stops the modules clock supply and thereby reduces power dissipation.

Bus off State

The bus off state is entered according to the fault confinement rules of the CAN specification. It can be
quit instantly to error active state by setting the RetBusOff bit of the CANi control register. This does not
alter any CAN registers, except CANi receive error count and CANi transmit error count registers.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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Configuration of the CAN Module System Clock
The M16C/6N group has a CAN module system clock select circuit dedicated to each channel.
Configuration of the CAN module system clock can be done through manipulating the CANO/1 clock select register
(address 025F16) and the BRP bits of the CANi configuration registers (addresses 021A1s and 023Aus).
For the CANO/1 clock select register, refer to the section of the clock generating circuit.
Figure 1.20.19 shows a block diagram of the clock generating circuit of the CAN module system.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

fcan: CAN module system clock
P: The value written in the BRP bit of the CANi configuration register
fcancLk:  CAN communication clock fcancLk = fcan/2(P + 1)
Xin/L 5 I
rescaler
XN Divider vz C fean -
Value: 1,2,4,8,16 [XNB & 1/2 Prescaler fcANcLK = fcan/2(P + 1)
XIN/16 & for baud rate
. Division by (P + 1
CAN 0/1 clock select register P= 0¥0(15) )

(Address 025F16) CAN module

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

Figure 1.20.19. Block diagram of the CAN module system clock generating circuit

CAN Bus Timing Control
Bit Timing Configuration
The bit time consists of the following four segments:

* Synchronization segment (SS)
This serves for monitoring a falling edge for synchronization.

* Propagation time segment (PTS)
This segment absorbs physical delay on the CAN network which amounts to double the total sum of
delay on the CAN bus, the input comparator delay, and the output driver delay.

 Phase buffer segment 1 (PBS1)
This serves for compensating the phase error. When the falling edge of the bit falls later than expected,
the segment can become longer by the maximum of the value defined in SJW.

* Phase buffer segment 2 (PBS2)
This segment has the same function as the phase buffer segment 1. When the falling edge of the bit

falls earlier than expected, the segment can become shorter by the maximum of the value defined in
SJIW.

Figure 1.20.20 shows the bit timing.

Bit time
ss | PTS [ PBS1 PBS2
<>, [E—
SIW SIwW
Sampling point
The range of each segment: Bit time = 8 to 25Tq Configuration of PBS1 and PBS2: PBS1 = PBS2
SS=1Tq PBS1 = SIW

PTS = 1Tq to 8Tq
PBS1 = 2Tq to 8Tq
PBS2 = 2Tq to 8Tq
SJW = 1Tq to 4Tq

PBS2 =22 when SJW =1
PBS2 =2 SJW when 2 < SJW <4

Figure 1.20.20. Bit timing
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Baud Rate
Baud rate depends on XiN, the division value of the CAN module system clock, the division value of the
prescaler for baud rate, and the number of Tq of one bit.
Table 1.20.2 shows the examples of baud rate.

Table 1.20.2. Examples of baud rate

Baud rate 16MHz 10MHz 8MHz

1Mbps 8Tq (1)

500kbps 8Tq (2) 10Tq (1) 8Tq (1)
16Tq (1) . _

125kbps 8Tq (8) 10Tq (4) 8Tq (4)
16Tq (4) 20Tq (2) 16Tq (2)

83.3kbps 8Tq (12) 10Tq (6) 8Tq (6)
18Tq (6) 20Tq (3) 16Tq (3)

33.3kbps 8Tq (30) 10Tq (15) 8Tq (15)
16Tq (15) — —_—

Note: The number in () indicates a value of "fCAN division value" multiplied by "division value of the
prescaler for baud rate".

ECalculation of baud rate

XIN

2 X "fcan division value (Note 1)" X "division value of prescaler for baud rate (Note 2)" X "number of Tq of one bit"

Note 1: fcan division value =1, 2, 4, 8, 16

fcaN division value: a value selected in the CANO/1 clock select register
Note 2: Division value of prescaler for baud rate = P + 1 (P: 0 to 15)

P: a value selected in the BRP bit of the CANi configuration register
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Acceptance Filtering Function and Masking Function

These functions serve the users to select and receive a facultative message. The CANi global mask regis-
ter, the CANi local mask A register, and the CANi local mask B register can perform masking to the stan-
dard ID and the extended ID of 29 bits. The CANi global mask register corresponds to slots 0 to 13, the
CANi local mask A register corresponds to slot 14, and the CANi local mask B register corresponds to slot
15. The masking function becomes valid to 11 bits or 29 bits of a received ID according to the value in the
corresponding slot of the extended ID register upon acceptance filtering operation. When the masking
function is employed, it is possible to receive a certain range of IDs.

Figure 1.20.21 shows correspondence of the mask registers and slots, Figure 1.20.22 shows the accep-
tance function.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

Slot #0
Slot #1
Slot #2
Slot #3
Slot #4
Slot #5
Slot #6
CANi global mask register Slot #7
Slot #8
Slot #9
Slot #10
Slot #11
Slot #12
Slot #13

Slot #14
Slot #15

CANi local mask A register
CANi local mask B register

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

Figure 1.20.21. Correspondence of the mask registers to slots

ID of the ID stored in The value of the Mask Bit Ve Va_lues _
received message  the slot mask register 0: 1D (to which the received message
corresponds) match is handled as
“Don't care”.

1: ID (to which the received message

corresponds) match is checked.

Acceptance

Signal

Acceptance judge signal
0: The CAN module ignores the

current incoming message.
(Not stored in any slot)
1: The CAN module stores the
current incoming message in
a slot of which ID matches.

il

Figure 1.20.22. Acceptance function

When using the acceptance function, note the following points.
(1) When one ID is defined in two slots, the one with a smaller number alone is valid.
(2) When it is configured that slots 14 and 15 receive all IDs with Basic CAN mode, slots 14 and 15
receive all IDs which are not stored into slots O to 13.
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Acceptance Filter Support Unit (ASU)
The acceptance filter support unit has a function to judge valid/invalid of a received ID through table search.
The IDs to receive are registered in the data table; a received ID is stored in the CANi acceptance filter

support register, and table search is performed with a decoded received ID. The acceptance filter support
unit can be used for the IDs of the standard frame only.

The acceptance filter support unit is valid in the following cases.
* When the ID to receive cannot be masked by the acceptance filter.
(Example) IDs to receive: 07816, 08716, 11116
* When there are too many IDs to receive; it would take too much time to filter them by software.

Figure 1.20.23 shows the write and read of CANi acceptance filter support register in word access.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.

Addresses
CANO/CAN1
Bit 15 Bit8 Bit7 Bit 0 (Note)
Whenwrite [ | | [siDw[siDs[siDs|siD7[siDs] | |sips[siDa|siDs[siDz|siDi|siDo| 24216124416
I 3/8 Decoder !
Bit|15 Bit|8 Bit 7 Bit 0
whenread [ [ | [ [ [ [ | [siowsioe]sips]sipr]sips[sips[sipa[sips| 24216124416
Note: Channel CANL1 is not available for M16C/6N1 group.

Figure 1.20.23. Write/read of acceptance filter support register in word access
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Basic CAN Mode

When the BasicCAN bit of the CANi control register is set to "1", slots 14 and 15 correspond to Basic CAN
mode. When slots 14 and 15 are defined as reception slots in Basic CAN mode, received messages are
stored in slots 14 and 15 alternately.

Figure 1.20.24 shows the operation of slots 14 and 15 in Basic CAN mode.

Slot 14 | Empty | | P Msg n | | Locked (Msg n) | |Msg n+2 (Msgn Iost)l
Z &
Slot 15 | Locked (empty) /r[ Locked (empty) | | Msgn + 1 Locked (Msg n+1) |
£
Msg n Msg n+1 Msg n+2

Figure 1.20.24. Operation of slots 14 and 15 in Basic CAN mode

When configuring Basic CAN mode, note the following points.

(1) Selection of Basic CAN mode has to be done in reset/initialization mode.

(2) Select the same ID for slots 14 and 15. Also, configuration of the CANi local mask A register and that
of the local mask B register has to be the same.

(3) Define slots 14 and 15 as reception slot only.

(4) There is no protection available against message overwrite. A message can be overwritten by a new
message.

(5) Slots 0 to 13 can be used in the same way as in normal CAN operation mode.

Concerning the CANi message control registers and communication environment configuration, Basic CAN
mode is different from normal CAN operation mode in the following points:

(1) In normal CAN operation mode each slot can handle either data frame or remote frame, while in Basic
CAN mode each slot can handle both frames. Namely, in Basic CAN mode slots 14 and 15 can
receive both data frame and remote frame.

(2) For the above (1), the data format of a received message should be identified. In Basic CAN mode, the
data is judged by the RemActive bit of the CANi message control register. The bit is cleared to "0"
when the corresponding slot has received a data frame; set to "1" when the slot has received a remote
frame.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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Return from Bus off Function
When the protocol controller enters bus off state, it is possible to make it compulsorily return from bus off
state by the return from bus off function of the CANi control register. At this time, the error state changes
from bus off state to error active state. Implementation of this function initializes the protocol controller.
However, registers of the CAN module such as CANi configuration register and the content of each slot are
not initialized.

Time Stamp Counter and Time Stamp Function
When the time stamp register is read, the value of the time stamp counter at the moment is read. The period
of the time stamp counter reference clock is the same as that of 1 bit time that is configured by the CANi
configuration register. The time stamp counter functions as a free run counter.
1/1, 1/2, 1/4, and 1/8 can be selected for the time stamp counter reference clock by configuration of the
TSPreScale bits 1 and 0 of the CANi control register.
The time stamp counter is equipped with a register that captures the counter value when the protocol
controller regards it as a successful reception. The captured value is stored when a time stamp value is
stored in a reception slot.

Listen-Only Mode

When the RXOnly bit of the CANi control register is set to "1", the module enters listen-only mode.
In listen-only mode, no transmission -- data frames, error frames, and ACK response -- is performed to bus.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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Reception and Transmission
Configuration of CAN Reception and Transmission Mode
Table 1.20.3 shows configuration of CAN reception and transmission mode.

Table 1.20.3. Configuration of CAN reception and transmission mode

TrmReq | RecReq [ Remote | RspLock Communication mode of the slot
0 0 — —— | Communication environment configuration mode: configure the commu-
nication mode of the slot.
0 1 0 0 Configured as a reception slot for a data frame.
0 1 0 Configured as a transmission slot for a remote frame. (At this time the

RemActive bit is "1".)

After completion of transmission, this functions as a reception slot for a
data frame. (At this time the RemActive bit is "0".)

However, when an ID that matches on the CAN bus is detected before

remote frame transmission, this immediately functions as a reception
slot for a data frame.

0 0 0 Configured as a transmission slot for a data frame.

1/0 Configured as a reception slot for a remote frame. (At this time the
RemActive bit is "1".)

After completion of reception, this functions as a transmission slot for a
data frame. (At this time the RemActive bit is "0".)

However, transmission does not start as long as RspLock bit remains "1";
thus no automatic remote frame response.
Response (transmission) starts when RspLock bit is cleared to "0".

When configuring a slot as a reception slot, note the following points.

(1) Before configuring a slot as a reception slot, be sure to clear the CANi message control register.

(2) A received message is stored in a slot that matches the condition first according to the result of
reception mode configuration and acceptance filtering operation. Upon deciding in which slot to
store, the smaller the number of the slot is, the higher priority it has.

(3) In normal CAN operation mode, when a CAN module transmits a message of which ID matches, the
CAN module never receives the transmitted data. In loop back mode, however, the CAN module
receives back the transmitted data. In this case, the module does not return ACK.

When configuring a slot as a transmission slot, note the following points.
(1) Before configuring a slot as a transmission slot, be sure to clear the CANi message control register.
(2) Clear the TrmReq bit without fail before rewriting a transmission slot.
(3) A transmission slot cannot be rewritten when the TrmActive bit is "1".

Note: i = 0, 1. Channel CAN1 is not available for M16C/6N1 group.
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Reception
Figure 1.20.25 shows the behavior of the module when receiving two consecutive CAN messages, that fit
into the slot of the shown CANi message a control register and leads to losing/overwriting of the first
message.

SOF ACK, EOF . IF . SOF ACK, EOF . IF .
CANbus u U—TTTTTTTTTTFWTTTTTTTTTE
RecReq
v, 1
InvalData Z)H ﬂ

NewData ‘

Succ.Rec Int. 3>H\ |
‘ Y e
RecSucc y / 4

Mbox v Receive slot No.

CANi message control register

-

CANi status register

Figure 1.20.25. Timing of receive data frame sequence

1) On monitoring a SOF on the CAN bus the RecState bit becomes active immediately, given the module
has no transmission pending (see section "Transmission" below).

2) After successful reception of the message the NewData bit of the receiving slot becomes active. The
InvalData bit becomes active at the same time and becomes inactive again after the complete mes-
sage was transferred to the slot.

3) When the bit in the CANi interrupt control register of the receiving slot is active the receive successful
interrupt is requested and the CANi status register changes. It shows the slot number where the
message was stored and the RecSucc bit is active.

4) After reading out the message out of the slot the CPU should clear the NewData bit to signal this to the
module.

5) If the NewData bit is not cleared by the CPU and the Receive request for the slot is not disabled
before the next successful reception of a CAN message that is fitting in this slot the MsgLost bit
becomes acitive. The new received message is transferred to the slot. The interrupt request and
change of the status register is same as in 3).

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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Transmission

SOF ACK EOF . IF . SOF

] NS

TrmReq
AA B
TrmActive

CANi message control register

SentData

Succ. Xmit Int. ﬂ
TrmState :’ .
,,,,,,,,,,,,,,,,,,,,,,,,,,,, Q
@
g
TrmSucc k/ "
—————————— =]
I
1]
Mbox Transmission slot No. <Z;
O

Figure 1.20.26. Timing of transmit sequence

1) If one or more of the slots of a module has a request for transmission, the module attempts to start the
transmission at the next possible time (depending on the bus condition).

2) The TrmActive bit of the lowest slot with transmit request is set. Also the TrmState bit is set. If the
arbitration is lost against another CAN node both bits are cleared again (A).

3a) When the arbitration was won, but the transmission was not successful, the module will attempt to re-
transmit.

3b) When the arbitration was won and the transmission has been successful the SentData bit is set
together with TrmSucc bit and the transmit successfull interrupt is activated, if the according bit in the
CANi interrupt control register is active. The number of the slot that was transmitted can be found in
Mbox bit.

4) After a successful transmission the module will not attempt to send the slot again until it is reactivated.
To reactivate a slot for transmission, first the TrmReq bit has to be cleared. Then the SentData bit can
be cleared and the TrmReq bit set again (B). Note that the SentData bit is locked and cannot be
cleared as long as TrmReq bit is active.

Note: i = 0, 1. Channel CANL1 is not available for M16C/6N1 group.
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CAN Interrupts
The CAN module provides the following CAN interrupts. (Note 1)

* CANO Successful Reception Interrupt
» CANO Successful Transmission Interrupt
* CAN1 Successful Reception Interrupt
» CAN1 Successful Transmission Interrupt
* CANO/1 Error Interrupt
Error Passive State
Error BusOff State
Bus Error (this feature can be disabled separately)
* CANO/1 Wake Up Interrupt
When the CPU detects a successful reception/transmission interrupt, the CANi status register must
be read to determine which slot has issued the interrupt. (Note 2)

Note 1: M16C/6N1 group provides 4 interrupts. Interrupts relating to channel CAN1 are invalid for
M16C/6N1 group.

Note 2:i =0, 1. Channel CAN1 is not available for M16C/6N1 group.
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Programmable I/O Port
There are 87 programmable 1/O ports: PO to P10 (excluding P8s). 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. P71 and
P91 are Nch open drain ports and have no built-in pull-up resistance. P8s is an input-only port and has no
built-in pull-up resistance.
Figures 1.21.1 to 1.21.4 show the programmable 1/O ports. Figure 1.21.5 shows the input pins.
Each pin functions as a programmable 1/0 port and as the 1/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 the pins are to
be 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
Figure 1.21.6 shows the direction registers.
These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis-
ters corresponds one for one to each 1/O pin. (Note)
In memory expansion and microprocessor mode, the contents of corresponding direction register of pins
Ao to A19, Do to D15, CSO0 to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA and BCLK cannot
be modified.
Note: There is no direction register bit for P8s.

(2) Port registers
Figure 1.21.7 shows the port registers.
These registers are used to write and read data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in port registers corresponds one for one to each 1/O pin.
In memory expansion and microprocessor mode, the contents of corresponding direction register of pins
Ao to A19, Do to D15, CSO to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA and BCLK cannot
be modified.

(3) Pull-up control registers
Figure 1.21.8 shows the pull-up control registers.
The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is
set for input.
However, in memory expansion mode and microprocessor mode, the pull-up control register of PO to P3,
P40 to P43, and P5 is invalid.
The contents of register can be changed, but the pull-up resistance is not connected.
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Programmable I/O Port

(4) Port control register
Figure 1.21.9 shows the port control register.
The bit O of port control register 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 though port P1 is input/output port.
This register is valid in the following:

 External bus width is 8 bits in microprocessor mode or memory expansion mode
* Port P1 can be used as a port in multiplexed bus for the entire space.
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P0o to P07, P20 to P27,

P30 to P37, P4o to P47,
P50 to P54, P56

Ploto P14

P1s5to P17

P57, P6o, P61, P64, P65,

P72to P7s, P8o, P81,
P90, P92

Data bus —— Port latch

Pull-up selection

Direction register

AN

/

/

Analog input

Pull-up selection

Direction register

Data bus —— Port latch

d
~N

T

Data bus —

Port P1 control register

I

Pull-up selection
% j
—( Port latch EL P j

1]

Data bus ——

1
N
»—{ Port latch

Tl
<+ gl

~N

S

Pull-up selection
%

Input to respective peripheral functions %7

~N

Pull-up selection

P Allhg
° k]
OU(PU( H
Databus —¢{  Portlatch | +—0
- > LDﬁ%L x
4
~ (Note)
.
N

Input to resp

Note: -t

ective peripheral functions

--Symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

S E—

Figure 1.21.1. Programmable I/O ports (1)
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Pull-up selection

/I

P82 to P84

~N
'] Port latch

Data bus

A
i

1
~N

~N
Input to respective peripheral functions

Pull-up selection
P55, P62, P6s, P77, P j’
P97
~N

Databus —¢—  Portlatch |

"

T
+O

T

r
(Note 1)

T

T e
1

TDQ
D

1
N
N

Pull-up selection

P63, P67 "

<1 :
N T output |

Data bus —— Port latch Lo

Input to respective peripheral functions %7

o)
T

m
(Note 1)

|

TxDO/TxD1 pin.

Pull-up selection

P70 e
/I
N T output

Data bus ——s Port latch

| q
pa

Note 1: P63 and P67 can be N-channel open drain only when used as

N
Input to respective peripheral functions ﬂi

Note 2: P70 can be N-channel open drain only when used as TxD2 pin. If used as
input port it is only usable as CMOS port.

e

N

Note 1: --ie---- Symbolizes a parasitic diode.

Note 2: -——ie---— Symbolizes a parasitic diode.

Input to respective peripheral functions %7

©
P8s x
! ;
Data bus <l O
NMI interrupt input x
ptinp i
(Note 1)
P71, P91
<] e
Y ﬂ
Output—=;
—9 Port latch UIPIESS ’ O
D= B TN 7
4 1 ar

Do not apply a voltage higher than Vcc to each port.

Figure 1.21.2. Programmable I/O ports (2)
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Programmable I/O Port

P100 to P103 Pull-up selection
(inside dotted-line not included)

P104 to P107
(inside dotted-line included)

!

~N

Data bus —-[Portfaich |
N
N

(Note 1)

Analog input ——————° 5.

Pull-up selection
D-A output enabled

] Direction register L
P93, P94 ‘j' j’
1 ©
- L
Databus —-{Pparlach | ] 0
| by
gl | 2
(Note 1)
A
N

Input to respective peripheral functions %7

Analog outpuyt —————o0——
D-A output enabled

Pull-up selection

Direction register

Qutput

Data bus H»—{ Port latch J

P9 .
Data bus —e¢- Port latch Qutput—. i—O
?J > *
J 4
(Note 1)
~N
Analog input ———————o——
Pull-up selection
P95 nqn j_
! 2 ©

4 4 lj b4
(Note 1)
S
N

Input to respective peripheral functions %—

Analog input ———o&—
(Note 2)

Note 1: -4« Symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.
Note 2: When selecting external op-amp connection mode, P9s/ANXEo pin
functions as analog-output pin.

Figure 1.21.3. Programmable 1/O ports (3)

200 1RENESAS

RenesasTechnology Corp.



Programmable I/O Port

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
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Pull-up selection
o Adhgn
e T TP
Data bus — Port latch J +—0O
< il ol
(Note) % f
P
~N
Y e
Pull-up selection <
Rd
pos il
1
R D F
Output :
Data bus — Port latch : ! O
| o] s
4 al T)r
(Note)
P
N
Note: ---4a---- Symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.
Figure 1.21.4. Programmable I/O ports (4)
<
BYTE x
BYTE signal input \@I § O
T (Note)
m
<
CNVss x
CNVss signal input \@I j O
T (Note)
m
— ©
RESET T
RESET signal input @,‘ O
% (Note)
wr
Note: - Symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.
Figure 1.21.5. Input pins
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Programmable I/O Port

Port Pi direction register (Notel, 2)

b7 b6 bs ba b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | PDi(i=0to 10, 03E216, 03E316, 03E616, 03E716, 03EA16 0016
except 8) 03EB16, 03EE16, 03EF16, 03F316, 03F616

I
|
|
I [ Bit symbol Bit name Function R!W
|

T T T T T T T

| | | | | | |

| | | | | | |

| | | | | | |

| | | | | | |

vy 10y 11 'HAPDiLo Port Pio direction register Q!0
I T N N R IS : 0 : Input mode |
Lo PDi_1 Port Pi1 direction register (Functions as an input port) O:O
i PDi_2 Port Pi2 direction register | 1 : Output mode 010
N PDi_3 Port Pi3 direction register (Functions as an output port) Q10
i i i b ] PDi_4 Port Pi4 direction register (i=0to 10 except 8) 0,0
P anEEEEEEEE PDi_5 Port Pis direction register 010
S PDi_6 Port Pie direction register (OHe)
I

----------------- PDi_7 Port Pi7 direction register 010

Note 1: Set bit 2 of protect register (address 000A16) to "1" before rewriting
to the port P7 and P9 direction register.

Note 2: In memory expansion and microprocessor mode, the contents of
corresponding port Pi register of pins Ao to A19, Do to D15, CSO to
CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and
BCLK cannot be modified.

Port P8 direction register

b7 b6 b5 b4 b3 b2 bl bO

] Nothing is assigned.
This bit can either be set nor reset. When read, its content is indeterminate.

Symbol Address When reset
| | |><| | | | | | PD8 03F216 00X000002
ERRRREE
oo rr ) Bit symbol Bit name Function RIW
oy by 11 ' PD8Lo Port P8o direction register oJle;
[ P— ; 0 : Input mode I
AR PD8_1 Port P81 d.|rect.|on reg.lster (Functions as an input port) o:o
i PD8_2 Port P82 direction register | 1 : Qutput mode o010
. 1
R S PD8 3 Port P83 direction register (Functions as an output port) 510
i i i b mmmmme e ] PD8_4 Port P84 direction register 0|0
Lo
| |
o
b PD8_6 Port P86 direction register | 0 : Input mode _ o)
I (Functions as an input port)
| o _ 1 : Output mode
—————————————————— PD8_7 Port P87 direction register (Functions as an output port)  |©1©

Figure 1.21.6. Direction register
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M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Programmable I/O Port
. __________________________________________________________________________________________________________________________|

Port Pi register (Notel, 2)

b7 b6 b5 ba b3 b2 bl bo SYmbol Address When reset
| | | | | | | | | Pi (i=0to 10, 03EO16, 03El16, 03E416, 03E516, 03E816 Indeterminate
except 8) 03E916, 03EC16, 03ED16, 03F116, 03F416 Indeterminate

T

|

|

| | Bit symbol Bit name Function RiW
|

T T T T

[

[

[

L o
‘- Pi_O Port Pio register I

I I I I — - g. Data is input and output to and from :

I L Port Pi1 register each pin by reading and writing to 0,0

N Pi_2 Port Pi2 register and from each corresponding bit 0oi0

Il

0:"L" level data

| oo P?_3 Port P?s reg?ster 1 "0 level data OiO
[HPE Pi_4 Port Pia register 0,0
————————————— Pi_5 Port Pis register (i=010 10 except 8) Oio

| e ] Pi_6 Port Pis register 0|0
I Pi_7 Port Pi7 register OiO

Note 1: Since P70 and P91 are N-channel open drain ports, the data is high-
impedance.

Note 2: In memory expansion and microprocessor mode, the contents of
corresponding port Pi register of pins Ao to A19, Do to D15, CSO0 to CS3,
RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and BCLK cannot

be modified.

Port P8 register

D7 b6 b5 b4 b3 b2 B M0 Symbol Address When reset

LT L] | s 03FO16 Indeterminate
EEEREEE
bbb b 1| Bitsymbol Bit name Function RiW
bbb Hdeso Port P8o register OiO
R S T S A N Y P Port P81 register Data is input and output to and from  [~T~
I TR R T B - - each pin by reading and writing to :
T R P8_2 Port P82 register and from each corresponding bit 010
T e — P8_3 Port P83 register (except for P8s) oG
ol - 0:"L" level data o0
: : : b P8_4 Port P84 register 1: "H" level data :
[ S — P8_5 Port P8s register OiX
S P8_6 Port P86 register O I O
I
et e P8_7 Port P87 register (@) : (@)

Figure 1.21.7. Port register
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Pull-up control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | Symbol Address When reset

L R Y A S PURO 03FCz1s6 0016
I I I I I I I I
| | | | | | | | . . .
bbb Bit symbol Bit name Function R; W
Loy brr 1 PuU0o POo to P03 pull-up select bit The corresponding port is 010
Voo L-—4Puo1 P04 to P07 pull-up select bit | pulled high with a pull-up resistor [O} O
e _ : 0 : Not pulled high T
boror o PUO02 Plo to P13 pull-up select bit 1 Pulled high O: O
A SR PUO3 P14 to P17 pull-up select bit 010
N T R SRR PUO4 P20 to P23 pull-up select bit 0!0
i i S PUO5 P24 to P27 pull-up select bit 0i0
A S — PUO0G P30 to P33 pull-up select bit 010
o _____ PUO7 P34 to P37 pull-up select bit 0,0

Note: In memory expansion and microprocessor mode, the content of this register can
be changed, but the pull-up resistance is not connected.

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

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

I S A N PUR1 03FD16 0016 (Note 2)
I I I I I I I I
| | | | | | | |
Lo b n g Bit symbol Bit name Function RIW
[ T T T T R | _ i |
Lo PU10 Pl\zllotto3P43 pull-up select bit The corresponding port is O: o
I T T R R T (Note 3) pulled high with a pull-up resistor ||
bbby b= PULL P44 to P47 pull-up select bit | 0 : Not pulled high 010
R T A T R PU12 P50 to P53 pull-up select bit | 1 * Pulled high o0
I T (Note 3) !
o0 e PU13 P54 to P57 pull-up select bit 0,0
I I I I
e nEEth PU14 P60 to P63 pull-up select bit 010
R EEEEEEEEELEE PU15 P64 to P67 pull-up select bit Oi O
i :_ _______________ PU16 P70 to P73 pull-up select bit O: o
' (Note 1) !
B e TR PU17 P74 to P77 pull-up select bit 0|0

Note 1: Since P71 is an N-channel open drain port, pull-up control is not available for it.

Note 2: When the Vcc level is being impressed to the CNVss terminal, this register
becomes to 0216 when reset (PU11 becomes to "1").

Note 3: In memory expansion and microprocessor mode, the content of this register
can be changed, but the pull-up resistance is not connected.

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
MOITTTTT] S0

I I I I I I I I
| | | | | | | | - - - -
bV 1 1 v 11| Bitsymbol Bit name Function R'W
I I I I I I I I f i
A PU20 P8o to P83 pull-up select bit | the corresponding port is O o
poor o o pu21 P84 to P87 pull-up select bit | Pulled high with a pull-up resistor | 1
T R (Except P8s) 2 : llgloltI péﬂ'lsdhhlgh !
[ T T T A | : -
oo PU22 P90, P92, P93 pull-up select -rulledhig [
[T T T TR TR MU ) (oN®)
Lo bit (Note) |
R PU23 P94 to P97 pull-up select bit (OX®)
LR PU24 P100to P103 pull-up select bit 00
[ 1 -
e PU25 P104 to P107 pull-up select bit o0
b e Nothing is assigned. i

These bits can neither be set nor reset. When read, their contents are "0". |

Note: Since P91 is an N-channel open drain port, pull-up control is not available for it.
Figure 1.21.8. Pull-up control register
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Programmable I/O Port

Port control register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | PCR 03FF16 0016

[p————

Bit symbol Bit name Function R

T

I

I

I

I PCRO Port P1 control register 0 : When input port, read port

I input level. When output port,
I read the contents of port P1
|

I

I

I

|

I

I

|

]

I

I

I

I

I
register. ol
1 : Read the contents of port P1 I
register though input/output I
port. }
I

I

I

I

Nothing is assigned.
Theses bits can neither be set nor reset. When read, their contents are "0".

Figure 1.21.9. Port control register

1RENESAS 205

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Programmable 1/0 Port
. __________________________________________________________________________________________________________________________|

Table 1.21.1. 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 via a resistor
(pull-down); or after setting for output mode, leave these pins open.

XouTt (Note)

Open

NMI

Connect via a resistor to Vcc (pull-up)

AVcc

Connect to Vcc

AVss, VREF, BYTE

Connect to Vss

Note: With external clock input to XIN pin.

Table 1.21.2. Example connection of unused pins in memory expansion mode and microprocessor mode

Pin name

Connection

Ports P6 to P10
(excluding P8s)

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

P45/CS1 to P47/CS3

Sets ports to input mode, set output enable bits of CS1 through CS3 to
"0", and connect to Vcc via resistors (pull-up).

BHE, ALE, HLDA,
XouT(Note 1), BCLK(Note 2)

Open

HOLD, RDY, NMI

Connect via a resistor to VVcc (pull-up)

AvVcc

Connect to Vcc

AVSS, VREF

Connect to Vss

Note 1: With external clock input to XIN pin.
Note 2: When the BCLK output disable bit (bit 7 at address 000416) is set to "1", connect to Vcc via a resis-

tor (pull-up).

Microcomputer

Port PO to P10 (except for P8s)

Microcomputer

Port P6 to P10 (except for P8s)

(Input mode) (Input'mode)
(Input mode) (Input mode)
(Output mode) Open (Output mode) Open
m Port P4s/CS1 NMI
(Note 1) NMI to P47/CS3 BHE ——
XouTt Open HLDA ———
vce ALE ——— > Open
? XouT ——— Vce
Avcc (Note 2) BCLK |———
BYTE HOLD
AVss RDY
VREF Avee
AVss

In single-chip mode

Vss

VREF

In memory expansion mode or
in microprocessor mode

Note 1: When the wiring between NMI pin and VcCc is long, connect to VCC via a resistor (pull-up).
Note 2: When the BCLK output disable bit (bit 7 at address 000416) is set to "1", connect to VCC via a re-

sistor (pull-up).

Figure 1.21.10. Example connection of unused pins
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M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Table 1.22.1. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
vVce Supply voltage Vcc=AVcc -0.3t0 6.5 \%
AVce Analog supply voltage Vce=AVce -0.310 6.5 \Y

Input RESET, CNVss, BYTE,
voltage POoto P07, Ploto P17, P2oto P27,
P3oto P37, P4oto P47, P5oto P57,
Vi P60 to P67, P70, P72to P77, P8oto P87, 0310 Vee+0:3 v
P90, P92to P97, P10oto P107,
VREF, XIN
P71, P91 -0.3t06.5 \%
Output POoto P07, Ploto P17, P20to P27,
voltage P3oto P37, Pdoto P47, P50to P57,
Vo P6oto P67, P70, P72to P77, P8oto P8a, -0.3 1o Vee+0.3 v
P86, P87, P9o, P92 to P97, P10oto P107,
XouT,
P71, P91, -0.3t06.5 \%
Pd Power dissipation Topr=25 °C 700 mw
Topr Operating ambient temperature -40 to 125 (Note) ‘C
Tstg Storage temperature -65 to 150 ‘c

Note: In case of 85 "C guaranted version, -40 to 85 °C.
In case of 125 “C guaranted version, -40 to 125 °C.
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M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Table 1.22.2. Recommended operating conditions (referenced to Vcc =4.2Vto 5.5V at
Topr =-40to 125 °C unless otherwise specified)

Standard _
Symbol Parameter Min Typ. Max. Unit
Vce Supply voltage 4.2 5.0 55 \%
AVce Analog supply voltage Vee \%
Vss Supply voltage 0 v
AVss Analog supply voltage 0 \Y
P31 to P37, P4o to P47, P50 to P57, P6o to P67, P70,
P72 to P77, P8o to P87, P9o, P92 to P97, P100 to P107, 0.8Vvcc Vcec \%
HIGH input XN, RESET, CNVss, BYTE
ViH voltage P71, P91 0.8Vce 6.5 \Y
PO0o to P07, P1o to P17, P20 to P27, P30 (during single-chip mode) 0.8Vce Vcc \%
POo tc_) P07, Plp to Plj, P20 to P27, P3p . 0.5Vce Ve v
(data input function during memory expansion and microprocessor modes)
P31 to P37, P40 to P47, P50 to P57, P6o to P67,
P70to P77, P8o to P87, P9o to P97, P10o to P107, 0 0.2Vcc \Y%
ViL LOW input |XIN, RESET, CNVss, BYTE
voltage POo to P07, Plo to P17, P20 to P27, P30 (during single-chip mode) 0 0.2Vce \Y/
P0Oo t_o P07, Plp to Rl7, P20 to P27, P3o ) 0 0.16Vee v
(data input function during memory expansion and microprocessor modes)
P0o to P07, Plo to P17, P20 to P27,P30 to P37,
loH peaky | HIGH peakoutput o) 40 b47' P to P57, P6o to P67,P70,P72 to P77, -10.0 mA

current
P8o to P84,P86,P87,P9 ,P92 to P97,P100 to P107

P0o to P07, Plo to P17, P20 to P27, P30 to P37,
o (avg) | ot QVErage QUL b0 16 paz po to P57, Péo to P67, P70, P2 to P7, 5.0 mA
P8o to P84, P8o, P87, P9o, P92 to P37, P10o to P107

P0o to P07, Plo to P17, P20 to P27,P30 to P37,

LOW peak output

l oL (peak) current P40 to P47, P50 to P57, P6o to P67,P70 to P77, 10.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107
POo to P07, Plo to P17, P20 to P27,P30 to P37
LOW average ' ' ' '
loL (avg) output curregnt P40 to P47, P50 to P57, P6o to P67,P70 to P77, 5.0 mA
P8o to P84,P86,P87,P90 to P97,P100 to P107
) ) o No wait 0 16 MHz
£ (XIN) Main clock input oscillation frequency
With wait 0 16 MHz
f(Xe) | Subclock oscillation frequency 32.768 50 kHz

Note 1: The mean output current is the mean value within 100ms.

Note 2: The total loL (peak) for ports PO, P1, P2, P8s, P87, P9, and P10 must be 80mA max. The total loH (peak) for ports PO, P1,
P2, P86, P87, P9, and P10 must be 80mA max. The total loL (peak) for ports P3, P4, P5, P6, P7, and P80 to P84 must be
80mA max. The total loH (peak) for ports P3, P4, P5, P6, P70, P72 to P77, and P80 to P84 must be 80mA max.

Note 3: Relationship between main clock oscillation frequency and supply voltage.

Main clock input oscillation frequency Main clock input oscillation frequency
(Mask ROM, No wait) (Mask ROM, With wait)

0.0 0.0
4.2 55 4.2 55

Supply voltage[V] Supply voltage[V]

(BCLK: no division) (BCLK: no division)

Operating maximum frequency [MHz]
Operating maximum frequency [MHz]

Note 4: Execute case without wait, program/erase of flash memory by Vcc = 4.2V to 5.5V and f(BCLK) < 6.25 MHz. Execute case
with wait, program/erase of flash memory by Vcc = 4.2V to 5.5V and f(BCLK) < 12.5 MHz.
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M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Table 1.22.3. Electrical characteristics (referenced to Vcc =5V, Vss = AVss =0 V at Topr =-40to
125 °C, f(XIN) = 16MHz unless otherwise specified)

Symbol Parameter i iti Standard Unit
Yy Measuring condition Min | Typ. | Max.
P0Oo to P07, Ploto P17, P20 to P27,
P30 to P37, P4o to P47, P50 to P57,
Von UISH OUPUL p&5 to P67, P70, P72 to P77, o 5mA 0.6V v
oltage P8o to P84, P86, P87, P90, OH=-5m -ovee
P92 to P97, P10o to P107
POo to P07, Plo to P17, P20 to P27,
HIGH output P30 10 P37, P4o to P47, PSo to P57,
VOH P6o to P67, P70, P72 to P77, loH=-200UA 0.9Vce \%
voltage P8 to P84, P8s, P87, P90, on=-2UbH
P92 to P97, P10o to P107
HIGH output HIGHPOWER loH=-1mA 3.0
It Xout \%
Vor voltage LOWPOWER IoH=-0.5mA 3.0
HIGH output XCouT Hichpower | With no load applied 3.0 Vv
voltage Lowrower | With no load applied 1.6
LOW output POo to P07, P1oto P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57
! ! ! loL=5mA .
Vet P60 to P67, P70 to P77, P8oto P84, | - O4vee |V
P8e, P87, P90 to P97, P10o to P107
LOW output POo to P07, P1o to P17, P20 to P27,
VoL voltage P30 to P37, P4o to P47, P50 to P57, | 1o —o00A o1vee | v
P6o to P67, P70 to P77, P8o to P84,
P86, P87, P90 to P97, P10o to P107
loL=1mA
VoL LOW output XouT HIGHPOWER 2.0 v
voltage LOWPOWER loL=0.5mA 2.0
With no load applied 0
LOW output XCouT HIGHPOWER . pp . v
voltage Lowpower | With no load applied 0
Hysteresis HOLD, RDY, TAOIN to TA4iN, TBOIN
to TB5IN, INTo to INTs, ADTRG,
VT -VT- CTSo, CTS1, CLKo to CLK3, 02 08 v
TA20uT to TA4ouT, NMI, Klo to K3, ' '
RXDo to RXDz2, SIN3
VT+-VT- Hysteresis RESET, CNVss, BYTE 0.2 1.8 V
HIGH input POo to P07, P1oto P17, P20 to P27,
current P30 to P37, P4o to P47, P50 to P57,
IiH P6o to P67, P70 to P77, P8o to P87, | v=5v 5.0 HA
P90 to P97, P10o to P107,
XN, RESET, CNVss, BYTE
LOW input  POo to P07, P1o to P17, P20 to P27,
current P30 to P37, P4o to P47, P50 to P57,
m P6o to P67, P70 to P77, P8o to P87, | vi=0v -5.0 pA
P9o to P97, P10o to P107,
XIN, RESET, CNVss, BYTE
R pull P0o to P07, Plo to P17, P20 to P27,
PULLUP re“si;t’gnce P30 to P37, P40 to P47, P50 to P57,
P6o to P67, P70, P72 to P77, _ KQ
P80 to P84, P8s. P87, VI=0V 30.0 50.0 |167.0
P90, P92 to P97, P100 to P107
RixiNn Feedback resistance Xin 1.0 MQ
Ricxin Feedback resistance Xcin 6.0 MQ
V RAM RAM retention voltage When clock is stopped 2.0 \
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics
.}

Table 1.22.4. Electrical characteristics (referenced to Vcc = AVcc = VREF =5V, Vss = AVss =0V
at Topr = —40to 125 °C, f(XIN) = 16MHz unless otherwise specified)

q Standard
Symbol Parameter Measuring condition - Unit
y 9 Min. | Typ.| Max.
6NBMC 50 65 mA
In single-chip | f(XIN)=16MHz | 6NBFC 55 70 mA
Square wave,
mode, the output o division 6NAMG 60 75 mA
pins are open
and other pins 6NAMC 60 75 mA
Icc Power supply current are Vss. 6NAFG 65 80 mA
f(XcIN)=32kHz,square wave 200 WA
(Note)

f(XcIN)=32kHz, square wave,

wait. Timer A operates with fc32. 4.0 pA
Topr=25°C
Clock is stopped. 1.0 HA
Topr=85°C
Clock is stopped. 200 | WA
Topr=125°C 0.0 oA

Clock is stopped.

Note: For devices with flash memory the program resides in the internal RAM and FMR13 is set to "1".
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Vcc =5V
Table 1.22.5. A-D conversion characteristics (referenced to Vcc = AVcc = VREF =5V,
Vss = AVss =0V at Topr = —40 to 125 °C, f(XIN) = 16MHz unless otherwise specified)

Symbol Parameter Measuring condition (Notel, 2, 3) - Standard Unit
Min. | Typ.| Max.
- Resolution VRer = Vcc = 5V 10 Bits
- Absolute accuracy (8bit) VREeF = AVcc = Vec = 5V, @ap < 10MHz 2| LSB
_ Absolute | Sample & hold function disabled | VRer = AVcc = Vcc =5V, gap < 10MHz +3 LSB
?fggigcy VREE = AVcce | ANo to AN7 inp_ut,
= Vee ANoo to ANo7 input, +3 LSB
Sample & hold function enabled AN20 to AN27 input,
=5V, |ANEXo, ANEX1 input
BAD < 10MHZ | external op-amp connection mode +7 LSB
RLADDER Ladder resistance VREF = Vcc = 5V 10 40| kQ
tconv Conversion time (10bit) f(Xin) = 16MHz, @ap = f2ap/2 = 8MHz (Note 4) | 4.125 us
f(Xin) = 10MHz, @ap = f2a0 = 10MHZz (Note 4) 3.3
tconv Conversion time (8bit) f(XiN) = 16MHz, @ab = f2ap/2 = 8MHZ (Note 4) 3.5 us
f(Xin) = 10MHz, @ap = f2a0 = 10MHz (Note 4) 2.8
tsamp Sampling time f(Xin) = 16MHz, @ap = f2ap/2 = 8MHz (Note 4) | 0.375 us
f(Xin) = 10MHz, @ap = f2a0 = 10MHz (Note 4) 0.3
VREF Reference voltage 2 Vee \%
Via Analog input voltage 0 VREF \Y,

Note 1: Do f(XIN) in range of main clock input oscillation frequency prescribed with recommended operating
conditions of table 1.22.2. Divide the f2AD if f(XIN) exceeds 10MHz, and make AD operation clock
frequency (gAD) equal to or lower than 10MHz.

Note 2: A case without sample & hold function turn AD operation clock frequency (@AD) into 250kMHz or
more in addition to a limit of Note 2.
A case with sample & hold function turn AD operation clock frequency (gAD) into 1IMHz or more in
addition to a limit of Note 2.

Note 3: Connect AVcc pin to Vcc pin and apply the same potential.

Note 4: This applies when f2AD is selected no division mode and PCLKO is "1".

Table 1.22.6. D-A conversion characteristics (referenced to Vcc =5V, VREF =5V,
Vss = AVss =0V at Topr =—-40to 125 °C, f(XIN) = 16MHz unless otherwise specified)

. . Standard .

Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
— Resolution 8 Bits

- Absolute accuracy 1.0 %

tsu Setup time 3 us
Ro Output resistance 4 10 20 | kQ
IVREF Reference power supply input current (Note) 15 mA

Note: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to
"0016". The A-D converter's ladder resistance is not included. Also, when the VREF is unconnected
at the A-D control register, IVREF is passed.

Table 1.22.7. Flash memory version electrical characteristics (referenced to Vcc = 4.2 to 5.5V,
Vss = AVss =0V at Topr = 0to 60 °C, f(XIN) = 16MHz unless otherwise specified)

Parameter in St?ydpérd Moo Unit
Page program time 6 120 ms
Block erase time 50 600 ms
Erase all unlocked blocks time 50 X n (Note) 600 X n (Note) ms
Lock bit program time 6 120 ms

Note: "n" denotes the number of block erase.
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics
.}

Vcc =5V
Timing requirements (Vcc =5V, Vss =0V at Topr =-40to 125 °C unless otherwise specified)

Table 1.22.8. External clock input

Standard .
Symbol Parameter - Unit
y Min. Max.
te External clock input cycle time 62.5 ns
tw(H) External clock input HIGH pulse width 25 ns
tw(L) External clock input LOW pulse width 25 ns
tr External clock rise time 15 ns
tf External clock fall time 15 ns
Table 1.22.9. Memory expansion- and microprocessor modes
Standard .
I Parameter - Ni
Symbo aramete i T Max Unit
tac1(RD-DB) Data input access time (no wait) (Note) ns
tac2(RD-DB) Data input access time (with wait) (Note) ns
tac3(RD-DB) Data input access time (when accessing multiplex bus area) (Note) ns
tsu(DB-RD) Data input setup time 40 ns
tsuRDY-BCLK) | RDY input setup time 30 ns
tsu(HOLD-BCLK)| HOLD input setup time 40 ns
th(RD-DB) Data input hold time 0 ns
th(BCLK-RDY) | RDY input hold time 0 ns
th(BCLK-HOLD ) | HOLD input hold time 0 ns
tdecL-HLDA) | HLDA output delay time 40 ns
Note: Calculated according to the BCLK frequency as follows:
tac1(RD - DB) = 10° — 45
f(BCLK) X 2 [ns]
9
tac2(RD - DB) = —2 X104
( ) f(BCLK) X 2 S [ns]
9
tac3(RD — DB) = —oX 10 _
( ) tEBoox2 4® sl
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Vcc =5V
Timing requirements (referenced to Vcc =5V, Vss =0V at Topr = -40 to 125 °C unless otherwise
specified)

Table 1.22.10. Timer A input (counter input in event counter mode)

Standard )
Symbol Parameter in. Mo, Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 1.22.11. Timer A input (gating input in timer mode)
Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIIN input LOW pulse width 200 ns
Table 1.22.12. Timer A input (external trigger input in one-shot timer mode)
Svmbol P ‘ Standard Unit
ymbo arameter vy oo ni
te(TA) TAiN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 1.22.13. Timer A input (external trigger input in pulse width modulation mode)

Standard )

Symbol Parameter Vi e Unit
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 1.22.14. Timer A input (up/down input in event counter mode)
Symbol Parameter .Standard Unit
Min. Max.

te(UP) TAiouT input cycle time 2000 ns
tw(UPH) TAiout input HIGH pulse width 1000 ns
tw(UPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TiN) TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Vcc =5V
Timing requirements (referenced to Vcc =5V, Vss =0V at Topr = —40 to 125 °C unless otherwise
specified)
Table 1.22.15. Timer B input (counter input in event counter mode)
Standard )
Symbol Parameter i Mo Unit
te(TB) TBiIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiiNn input LOW pulse width (counted on one edge) 40 ns
tc(TB) TBIIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 1.22.16. Timer B input (pulse period measurement mode)
Symbol Parameter 'Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.22.17. Timer B input (pulse width measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.22.18. A-D trigger input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 1.22.19. Serial I/O
Symbol Parameter - Standard Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(C-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 n
tsu(D-C) RxDi input setup time 30 ns
th(c-D) RxDi input hold time 90 ns
Table 1.22.20. External interrupt INTi inputs
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Vcc =5V
Switching characteristics (referenced to Vcc =5V, Vss =0V at Topr =-40 to 125 °C, CM15 ="1"
unless otherwise specified)

Table 1.22.21. Memory expansion mode and microprocessor mode (no wait)

Symbol Parameter Measuring condition | Standard Unit
Min. Max.
td(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) 0 ns
td(BCLK-CS) Chip select output delay time 25 ns
th(BCLK-CS) Chip select output hold time (BCLK standard) 4 ns
tdecLk-ALE) | ALE signal output delay time 25 ns
tnecLk-ALe) | ALE signal output hold time Figure 1.22.1 —4 ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
tdecik-wr) | WR signal output delay time 25 ns
th(BCLK-WR) WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (BCLK standard) 40 ns
th(BCLK-DB) Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Notel) ns
th(WR-DB) Data output hold time (WR standard)(Note2) 0 ns
Note 1: Calculated according to the BCLK frequency as follows:
td(DB — WR) = __1° 40
f(BCLK) X 2 [ns]
Note 2: This is standard value shows the timing when the output is off,
and doesn’'t show hold time of data bus.
Hold time of data bus is different by capacitor volume and pull-up
(pull-down) resistance value. R
Hold time of data bus is expressed in DBi |
=-CRXIn(1-VoL/Vcc) C
by a circuit of the right figure. l:
For example, when VoL = 0.2Vcc, C = 30pF, R = 1kQ, hold time -

of output "L" level is
t =-30pF X 1kQ X In (1 -0.2Vcc/ Vce)
=6.7ns.
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

Vecc =5V

Switching characteristics (referenced to Vcc =5V, Vss =0V at Topr = -40 to 125 °C, CM15 ="1"
unless otherwise specified)

Table 1.22.22. Memory expansion mode and microprocessor mode
(with wait, accessing external memory)

Symbol Parameter Measuring condition Misnténd?\;'(lxl Unit
{d(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) 0 ns
th(WR-AD) Address output hold time (WR standard) 0 ns
td(BCLK-CS) Chip select output delay time 25 ns
th(BCLK-CS) Chip select output hold time (BCLK standard) 4 ns
td@cLk-ALE) | ALE signal output delay time 25 ns
th@cLk-aLe) | ALE signal output hold time ) -4 ns

- - Figure 1.22.1
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
taecLk-wr) | WR signal output delay time 25 ns
thecLk-wr) | WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (BCLK standard) 40 ns
th(BCLK-DB) Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Notel) ns
th(WR-DB) Data output hold time (WR standard)(Note2) 0 ns
Note 1: Calculated according to the BCLK frequency as follows:
10°
td(DB — WR) = ol 40 [ns]

Note 2: This is standard value shows the timing when the output is off,
and doesn’'t show hold time of data bus.
Hold time of data bus is different by capacitor volume and pull-up
(pull-down) resistance value.
Hold time of data bus is expressed in DBi|
=—-CR XIn (1 -VoL/Vcc)
by a circuit of the right figure.
For example, when VoL = 0.2Vcc, C = 30pF, R = 1kQ, hold time
of output "L" level is
t=-30pF X 1kQ X In (1 - 0.2Vcc/ Vcee)
=6.7ns.

Lo
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Electrical Characteristics

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V
Switching characteristics (referenced to Vcc =5V, Vss =0V at Topr =-40to 125 °C, CM15 ="1"
unless otherwise specified)

Table 1.22.23. Memory expansion mode and microprocessor mode (with wait, accessing external

memory, multiplex bus area selected)

Symbol Parameter Measuring condition M;t.andal\;lgx. Unit
taecik-ap) | Address output delay time 25 ns
thiecLk-ap) | Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) (Note) ns
th(WR-AD) Address output hold time (WR standard) (Note) ns
tdecik-cs) | Chip select output delay time 25 ns
thiecik-cs) | Chip select output hold time (BCLK standard) 4 ns
th(RD-CS) Chip select output hold time (RD standard) (Note) ns
th(WR-CS) Chip select output hold time (WR standard) (Note) ns
tdecik-rD) | RD signal output delay time 25 ns
th@ecLk-rD) | RD signal output hold time 0 ns
tdecik-wr) | WR signal output delay time 25 ns
thectk-wr) | WR signal output hold time . 0 ns
taeLk-pe) | Data output delay time (BCLK standard) Figure 1.22.1 40 ns
thscLk-oB) | Data output hold time (BCLK standard) 4 ns
td(DB-WR) Data output delay time (WR standard) (Note) ns
th(WR-DB) Data output hold time (WR standard) (Note) ns
taecLk-aLe) | ALE signal output delay time (BCLK standard) 25 ns
thecLk-aLE) | ALE signal output hold time (BCLK standard) -4 ns
td(AD-ALE) ALE signal output delay time (Address standard) (Note) ns
th(ALE-AD) ALE signal output hold time (Adderss standard) 30 ns
td(AD-RD) Post-address RD signal output delay time 0 ns
{d(AD-WR) Post-address WR signal output delay time 0 ns
tdz(RD-AD) Address output floating start time 8 ns

Note: Calculated according to the BCLK frequency as follows:
th(RD — AD) = __ w0 td(DB — WR) = __10°X3 40
f(BCLK) X 2 [ns] f(BCLK) X 2 [ns]
th(WR — AD) = __1° th(WR — DB) = __1°
f(BCLK) X 2 [ns] f(BCLK) X 2 [ns]
th(RD - CS) = L td(AD — ALE) = L _25
f(BCLK) X 2 [ns] f(BCLK) X 2 [ns]
th(WR - CS) = L
f(BCLK) X 2 [ns]
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics

PO o o
P1
P2 30pF
P3
P4
P5
P6
P7
P8
P9
P10

-

Figure 1.22.1. Port PO to P10 measurement circuit
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing
Vcc =5V
tc(TA)
tw(TAH)
TAIIN input \
tw(TAL)
|
tc(uP)
tw(UPH)
TAIOUT input \
tw(uPL)
[
TAIOUT input
(Up/down input) ><
During event counter mode
TAIIN input —
(When count on falling th(Tin UP) tsu(UP-TiN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
tc(TB)
tw(TBH)
TBIIN input
tw(TBL)
[ |
tc(AD)
tw(ADL)
ADTRG input ﬂ
te(CK)
tw(CKH)
CLKi
tw(CKL) thic-Q
TxDi >< ><
td(cQ) |, tsu(b-C) th(C_D)
RxDi * *
tw(INL)
INTi input $ /
tw(INH)
|

Figure 1.22.2. Vcc =5V timing diagram (1)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing

Vcc =5V

Memory expansion mode and microprocessor mode
(valid only with wait)

BCLK VAR A A W
RD

(Separate bus) \ ................. /_______

WR, WRL, WRH

(Separate bus) \ | T /—

RD

(Multiplexed bus) \ /
WR, WRL, WRH
(Multiplexed bus) \ /

RDY input

tsu(RDY-BCLK) th(BCLK-RDY)

(Valid with or without wait)

BCLK

BCLK—HOLD)

tsu(HOLD-BCLK) th
P ‘ | — <
i / <

‘(—%‘

HOLD input A\

HLDA output | N ‘ v
td(BCLK—HITD?) X< > < {d(BCLK-HLDA)

PO, P1, P2, — oz

rapy  —— T

P50 to P52 ! ! ! ! ! !

Note: The above pins are set to high-impedance regardless of the input level of the
BYTE pin and bit (PM06) of processor mode register 0 selects the function of
ports P40 to P43.

Measuring conditions :

* Vcc=5V

* Input timing voltage : Determined with VIL=1.0V, VIH=4.0V

+ Output timing voltage : Determined with VoL=2.5V, VOH=2.5V

Figure 1.22.3. Vcc =5V timing diagram (2)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing

Memory expansion mode and microprocessor mode Vcc =5V
(with no wait)

Read timing

BCLK : .
i th(BCLK-CS)
- 4ns.min |

== _E\EZSns.maix | / : \ /7

;td(BCLK—CS)i

’ toye ™ = th(RD-CS)
o ‘ g Ons.min
td(BCLK-AD) ith(BCLK—AD)
< 25ns.max > 4ns.min |

il X NG X X
td(BCLK-ALE) th(BCLK-ALE) > i* th(RD-AD) i E ;
- aalin L Ons.min

\ —4ns.min :
i

ALE 25ns.ma

1d(BCLK-RD)

! {th(BCLK-RD)
25ns.max < i :

> < Ons.min !

N o O o S N s s S

tSU(DB-RD) <> th(RD-DB)
40ns.min ' Ons.min

Write timing

BCLK

L 5 | th(BCLK—CS)
e td(BCLK-CS) 1> 4ns.min

cs —~—\ 25ns.me?x i/ \ /—_

> < th(WR—CS)

3 teyc

< y: o Ons.rqin
: [d(BCLK-AD) ! ‘th(BCLK—AD)
ie—»1 25nS.max €y 4ns.min i

ADi X § X i X X

BHE papdu : —
td(BCLK-ALE) th(BCLK-ALE) @ ' th(WR-AD) Ons.min
g > —4ns.min | ; :

ALE 25ns.r‘r:1ax:

| td(BCLK-WR) { | th(BCLK-WR)
' 25ns.max >+ Ons.min

WR, WRL, ! .
WRH ! td(BCLK-DB) 5 ; :

- : =% 4ns.min | :
e s o S i S R S
' ; th(WR-DB) : : : 5

" td(DB-WR) Ons.min
(tcyc/2—-40)ns.min

Figure 1.22.4. Vcc =5V timing diagram (3)
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing

Memory expansion mode and microprocessor mode Vcec =5V
(when accessing external memory area with wait)

Read timing

BCLK

| td(BCLK—CS) i | th(BCLK-CS)
4> 25ns.max ; i« 4ns.min |

csi N | | -

toye § P+ th(RD-CS)
: i i Ons.min
i td(BCLK-AD) 5 ; i 1th(BCLK-AD)

1+ 25ns.max .o
> ons a. -« 4ns.min

ADI 1 G X

BHE

' ' ' ! [T j T

i {d(BCLK—ALE) 25ns.max i th(RD-AD); i th(BCLK-ALE)

g : ¢ Ons.min ! ! > % _4ns.min
ae LS z BV/NN | S

! ; ' | ! ! th(BCLK-RD) :

'<—>~ td(BCLK-RD)

— "\ 25ns.max
RD : A =

> i+ Ons.min :
L :

pp e AR =

tSU(DB-RD) ¥ % th(RD-DB)
40ns.min Ons.min

Write timing

BCLK ! , ) : ,
Ld(BCLK—CS) i i | th(BCLK~CS)
> 25ns.max (> 4ns.min |
csi Y i - |
3 teye R > *th(WR-CS)
o ' g : Ons.min
td(BCLK-AD) § | | th(BCLK-AD)
i« 25ns.max I > 4ns.min
ADi ! i ! ! T
BHE : A : : j pr )i ; .
| ld(BCLK-ALE) : ! th(WR-AD): i ' ) Ih(BCLK-ALE)

E‘*EZSns.max i Ons.min i} ' —4ns.min
AE I\ | : VA 5

! | th(BCLK-WR)
> <

i._.'td(BCLK—WR)

I ' o 2B, ™ ons.min |
WR, WRL, ! ; T ¥ |
WRH i | td(BCLK-DB) | | th(BCLK-DB)
<> 40ns.max > 4ns.min | : '
DBi R { ) """"" P T
: : L ™ *~ th(WR-DB) : :
td(DB-WR) ) Ons.min
(tcyc—40)ns.min

Measuring conditions :

* Vcc=5V

* Input timing voltage : Determined with: ViL=0.8V, VIH=2.5V

» Output timing voltage : Determined with: VoL=0.8V, VOH=2.0V

Figure 1.22.5. Vcc =5V timing diagram (4)
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Timing

Memory expansion mode and microprocessor mode Vce =5V
(when accessing external memory area with wait, and select multiplexed bus)

Read timing

BCLK

'[d(BCLK—CS_) 3 teyc ; th(RD CS) a—nth(BCLK—CS)

25ns.maxl (tcyc/2)ns mm d—‘—v 4ns. mln

Csi

td(AD ALE) I ' :
(tcyc/2—25)ns min ©, th(ALE-AD)

>+ 50ns.min : '
ADi l X Address : ) """"" fommmmmonnes i-----4 Data input }==="""" +---{__Address

i | ! ! 14—.—»4»
/DBi : . tdz(RD-, AD)" - tac3(RD-DE) | 'th(RD-DB)
: : 8ns. max ;; ™ ! tSU(DB- -RD) Ons.min
Vo i 1+ td(AD-RD) 5 40ns.min ;
td(BCLK-AD) {1 Onsmin 5 5 ; E'[h(BCLK—AD)
i« 25ns.max, s 4ns.min .
ADi X - Co : : b CX
BHE = H————— z e

td(BC:L-ﬁ:—A'-E) * ' th(BCLK-ALE) th(RD-AD)

ALE 25ns.rr;1ax(: \: —4ns. mlln (tcyc/2)ns min / \

| td(BCLK-RD  th(BCLK_RD)
il (25ns.méx) ' > = Ons.min

=5 \

Write timing

BCLK | /
: : l - h(BCLK—CS)
. _ Iy teyc: R tUn(E ]
; ,t%%?](;%afg - ; o th(WR-CS) > 4ns.min
s T\ ; (tcyc/2)ns m|n < '/
E ! | td(BCLK_DB) ! 3 N th(BCLK DB)
. - > 40ns.max : b : : 4ns.min ;|
ADi -eeef Address X | Data output 5 E X Address
/DB L i 5 ' —
' td(AD-ALE) P i ld(B-wR) i th(WR-DB)
(tcyc/2-25)ns.min . (teyc*3/2-40)ns.min P (tcyc/2)ns. m|n
td(BCLK—AD) P ; ; ; : th(BCLK—AD)
] [+ 25ns.max I<—» 4ns.min |
ADi : X ™ T ! I o : :X
BHE ' th(BCLK-ALE) - 't : L =
_ : d(AD-WR
td(BCLK_ALE) TGS i -+ i éns i ) th(WR-AD)

ALE 25ns.rlnax(: E;l\ : ; : :(tcyc/Z)ns.n:qin/—?—\_
' : Etd(BCLK—.WR) _» EE(BCLKjV\{R) 5
WR, WRL, \ 25ns.max ' i Ons.min’

Measuring conditions :

» Vce=5V

* Input timing voltage : Determined with ViL=0.8V, VIH=2.5V
 Output timing voltage : Determined with VoL=0.8V, VoH=2.0V

Figure 1.22.6. Vcc =5V timing diagram (5)
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Description (Flash Memory Version)

Outline Performance
Table 1.23.1 shows the outline performance of the M16C/6N group (flash memory version).

Table 1.23.1. Outline performance of the M16C/6N group (flash memory version)

ltem Performance
Flash memory operation mode Four modes (parallel 1/0, standard serial I/O, CPU rewrite and CAN 1/0O)
Erase block | User ROM area | See Figure 1.23.1
division

Boot ROM area One division (8 Kbytes) (Note)

Program method In units of pages (in units of 256 bytes)
Erase method Collective erase/block erase
Program/erase control method Program/erase control by software command
Protect method Protected for each block by lock bit
Number of commands 8 commands
Program/erase count 100 times
Data retention 10 years
ROM code protect Parallel I/O, standard serial I/O and CAN I/O modes are supported.

Note: The boot ROM area contains a standard serial I/O and CAN I/O modes control program which is stored
in it when shipped from the factory. This area can be erased and programmed in only parallel /O mode.
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Description (Flash Memory Version)

Flash Memory

The M16C/6N group (flash memory version) contains the flash memory that can be rewritten with a single
voltage. For this flash memory, four flash memory modes are available in which to read, program, and
erase: parallel I/0, standard serial I/O and CAN 1/O modes in which the flash memory can be manipulated
using a programmer and a CPU rewrite mode in which the flash memory can be manipulated by the Central
Processing Unit (CPU). Each mode is detailed in the pages to follow.

The flash memory is divided into several blocks as shown in Figure 1.23.1, so that memory can be erased
one block at a time. Each block has a lock bit to enable or disable execution of an erase or program
operation, allowing for data in each block to be protected.

In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite, standard
serial 1/0 and CAN 1/O modes. This boot ROM area has had a standard serial I/O and CAN I/O modes
control program stored in it when shipped from the factory. However, the user can write a rewrite control
program in this area that suits the user’s application system. This boot ROM area can be rewritten in only
parallel I/O mode.

0C000016
Block 6 : 64K byte

0D000016
Block 5 : 64K byte

0E000016
Block 4 : 64K byte Note 1: The boot ROM area can be rewritten in
only parallel input/output mode. (Access
to any other areas is inhibited.)
Note 2: To specify a block, use the maximum
0F000016 address in the block that is an even
Block 3 : 32K byte address.
Flash memory| Flash memory
size tart add 0F800016
256K Ss(l;oi)o()ress Block 2 : 8K byte
56Kbytes 16
OFA00016 Block 1 : 8K byte
128Kbytes 0EO000016 O0FCO00016 Block 0 - 16K byte OFE00016 5K byte
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 1.23.1. Block diagram of flash memory version
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CPU Rewrite Mode (Flash Memory Version)

CPU Rewrite Mode
In CPU rewrite mode, the internal flash memory can be operated on (read, program, or erase) under control
of the central processing unit (CPU).
In CPU rewrite mode, only the user ROM area shown in Figure 1.23.1 can be rewritten, the boot ROM area
cannot be rewritten. Make sure the program and block erase commands are issued for only the user ROM
area and each block area.
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must
be transferred to any area other than the internal flash memory before it can be executed.

Microcomputer Mode and Boot Mode

The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard
serial /0 and CAN 1/0O modes become unusable.)

See Figure 1.23.1 for details about the boot ROM area.

Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss pin low. In
this case, the CPU starts operating using the control program in the user ROM area.

When the microcomputer is reset by pulling the P55 pin low, the CNVss pin high, and the P50 pin high, the
CPU starts operating using the control program in the boot ROM area. This mode is called the "boot"
mode. The control program in the boot ROM area can also be used to rewrite the user ROM area.

Block Address

Block addresses refer to the maximum even address of each block. These addresses are used in the
block erase command, lock bit program command, and read lock status command.
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CPU Rewrite Mode (Flash Memory Version)

Outline Performance (CPU Rewrite Mode)
In the CPU rewrite mode, the CPU erases, programs and reads the internal flash memory as instructed by
software commands. Operations must be executed from a memory other than the internal flash memory,
such as the internal RAM.
When the CPU rewrite mode select bit (bit 1 at address 03B716) is set to "1", transition to CPU rewrite mode
occurs and software commands can be accepted.
In the CPU rewrite mode, write to and read from software commands and data into even numbered address
("0" for byte address Ao) in 16 bit units. Always write 8 bit software commands into even numbered address.
Commands are ignored with odd numbered addresses.
Use software commands to control program and erase operations. Whether a program or erase operation
has terminated normally or in error can be verified by reading the status register.
Figure 1.24.1 shows the flash memory control register 0 and the flash memory control register 1.
Bit 0 of the flash memory control register 0 is the RY/BY status flag used exclusively to read the operating
status of the flash memory. During programming and erase operations, it is "0". Otherwise, it is "1".
Bit 1 of the flash memory control register 0 is the CPU rewrite mode select bit. The CPU rewrite mode is
entered by setting this bit to "1", so that software commands become acceptable. In CPU rewrite mode, the
CPU becomes unable to access the internal flash memory directly. Therefore, write bit 1 in an area other
than the internal flash memory. Also only when NMI pin is "H" level. To set this bit to "1", it is necessary to
write "0" and then write "1" in succession. The bit can be set to "0" by only writing a "0".
Bit 2 of the flash memory control register O is a lock bit disable select bit. By setting this bit to "1", it is
possible to disable erase and write protect (block lock) effectuated by the lock bit data. The lock bit disable
select bit only disables the lock bit function; it does not change the lock data bit value. However, if an erase
operation is performed when this bit is "1", the lock bit data that is "0" (locked) is set to "1" (unlocked) after
erasure. To set this bit to "1", it is necessary to write "0" and then write "1" in succession. This bit can be
manipulated only when the CPU rewrite mode select bit is "1".
Bit 3 of the flash memory control register 0 is the flash memory reset bit used to reset the control circuit of
the internal flash memory. This bit is used when exiting CPU rewrite mode and when flash memory access
has failed. When the CPU rewrite mode select bit is "1", writing "1" for this bit resets the control circuit. To
release the reset, it is necessary to set this bit to "0".
Bit 5 of the flash memory control register 0 is a user ROM area select bit which is effective in only boot
mode. If this bit is set to "1" in boot mode, the area to be accessed is switched from the boot ROM area to
the user ROM area. When the CPU rewrite mode needs to be used in boot mode, set this bit to "1". Note
that if the microcomputer is booted from the user ROM area, it is always the user ROM area that can be
accessed and this bit has no effect. When in boot mode, the function of this bit is effective regardless of
whether the CPU rewrite mode is on or off. Write to this bit only when executing out of an area other than
the internal flash memory.

Bit 3 of the flash memory control register 1 turns power supply to the internal flash memory on/off. When
this bit is set to "1", power is not supplied to the internal flash memory, thus power dissipation can be
reduced. However, in this state, the internal flash memory cannot be accessed. To set this bit to "1", it is
necessary to write "0" and then write "1" in succession. Use this bit mainly in the low speed mode (when
XCIN is the count source of BCLK).

When the CPU is shifted to the stop or wait modes, power to the internal flash memory is automatically shut
off. It is reconnected automatically when CPU operation is restored. Therefore, it is not particularly neces-
sary to set flash memory control register 1.
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CPU Rewrite Mode (Flash Memory Version)

Figure 1.24.2 shows a flowchart for setting/releasing the CPU rewrite mode. Figure 1.24.3 shows a flow-
chart for shifting to the low speed mode. Always perform operation as indicated in these flowcharts.

Flash memory control register O

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| o| | | | | FMRO 03B716 XX0000012
ror oo | Bit symbol Bit name Function RiW
po 1 bt I FMROO  |RY/BY status flag 0: Busy (being written or erased) | i,
A 1: Ready |
FMRO1 |CPU rewrite mode 0: Normal mode !
R e, select bit (Note 1) (Software commands invalid)
Dol 1: CPU rewrite mode 00
A (Software commands acceptable)| |
EMRO2 |Lock bit disable 0: Block lock by lock bit data is |
e select bit (Note 2) enabled O o
1: Block lock by lock bit data is !
- disabled
A FMRO3 | Flash memory reset bit | 0: Normal operation oo
(Note 3) 1: Reset !
T Reserved bit Must always be set to "0" 00
FMR0O5 |User ROM area selectbit | 0: Boot ROM area is accessed 1
P ST (Note 4) (Effective inonly | 1: User ROM area is accessed 00
o boot mode)
e Nothing is assigned.
When write, set "0". When read, values are indeterminate. T

Note 1: For this bit to be set to "1", the user needs to write a "0" and then a "1" to it in
succession. When it is not this procedure, it is not enacted in "1". This is necessary to
ensure that no interrupt or DMA transfer will be executed during the interval. Write to
this bit only_ when executing out of an area other than the internal flash memory. Also
only when NMI pin is "H" level. Clear this bit to "0" after read array command.

Note 2: For this bit to be set to "1", the user needs to write a "0" and then a "1" to it in succession
when the CPU rewrite mode select bit = "1". When it is not this procedure, it is not
enacted in "1". This is necessary to ensure that no interrupt or DMA transfer will be
executed during the interval.

Note 3: Effective only when the CPU rewrite mode select bit = "1". Set this bit to "0" subsequently
after setting it to "1" (reset).

Note 4: Write to this bit only when executing out of an area other than the internal flash memory.

Flash memory control register 1
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

| O| 0| 0 | 0 | | 0| O| 0 | FMR1 03B616 XXXXOXXX2
't 1 1 1+ Bitsymbol Bit name Function RiW
v 1 =--t--*- Reserved bit Must always be set to "0" -0

FMR13 [ Flash memory power 0: Flash memory power supply is
: supply off bit (Note) connected 0.0
: 1: Flash memory power supply off !

e REREEEEEEEEEEEEED Reserved bits Must always be set to "0" -0

Note : For this bit to be set to "1", the user needs to write a "0" and then a "1" to it in
succession. When it is not this procedure, it is not enacted in "1". This is necessary to
ensure that no interrupt or DMA transfer will be executed during the interval. During
parallel I/O mode, programming, erase or read of flash memory is not controlled by this
bit,only by external pins. Write to this bit only when executing out of an area other than
the internal flash memory.

Figure 1.24.1. Flash memory control registers
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Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Program in ROM

Program in RAM

Single chip mode, memory expansion
mode, or boot mode

(Boot mode only)
Set user ROM area select bit to "1"

I

l

Set processor mode register (Note 1)

l

Set CPU rewrite mode select bit to "1" (by
writing "0" and then "1" in succession)(Note 2)

Transfer CPU rewrite mode control
program to internal RAM

l

l

Using software command execute erase,
program, or other operation
(Set lock bit disable bit as required)

Jump to transferred control program in RAM
(Subsequent operations are executed by control
program in this RAM)

!

Execute read array command or reset flash
memory by setting flash memory reset bit (by
writing "1" and then "0" in succession) (Note 3)

l

Write "0" to CPU rewrite mode select bit

(Boot mode only)
Write "0" to user ROM area select bit (Note 4)

End

Note 1: During CPU rewrite mode, set the BCLK as shown below using the main clock divide ratio select bits (bit 6
at address 000616 and bits 6 and 7 at address 000716):

6.25 MHz or less when wait bit (bit 7 at address 000516) = "0" (without internal access wait state)
12.5 MHz or less when wait bit (bit 7 at address 000516) = "1" (with internal access wait state)

Note 2: For CPU rewrite mode select bit to be set to "1", the user needs to write a "0" and then a "1" to it in
succession. When it is not this procedure, it is not enacted in "1". This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval. Write to this bit only when executing out of
an area other than the internal flash memory. Also only when NMI pin is "H" level.

Note 3: Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to
execute a read array command or reset the flash memory.

Note 4: "1" can be set. However, when this bit is "1", user ROM area is accessed.

Figure 1.24.2.

CPU rewrite mode set/reset flowchart

Program in ROM

Program in RAM

Transfer the program to be executed in the
low speed mode, to the internal RAM.

Set flash memory power supply off bit to "1"
(by writing "0" and then "1" in succession)(Note 1)

l

l

Jump to transferred control program in RAM
(Subsequent operations are executed by control
program in this RAM)

Switch the count source of BCLK.

XIN stop. (Note 2)

Process of low speed mode

!

XIN oscillating -+ Wait until the XIN has stabilized

= Switch the count source of BCLK (Note 2)

l

Set flash memory power supply-OFF bit to "0"

l

Wait time until the internal circuit stabilizes
(Set NOP instruction about twice)

End

Note 1: For flash memory power supply off bit to be set to "1", the user needs to write a "0" and then a "1" to it in
succession. When it is not this procedure, it is not enacted in "1". This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval.

Note 2: Before the count source for BCLK can be changed from XIiN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stably.

Figure 1.24.3.

Shifting to the low speed mode flowchart
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CPU Rewrite Mode (Flash Memory Version)

Precautions on CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite
mode.

(1) Operation speed
During CPU rewrite mode, set the BCLK as shown below using the main clock divide ratio select bit
(bit 6 at address 000616 and bits 6 and 7 at address 000716):
6.25 MHz or less when wait bit (bit 7 at address 000516) = "0" (without internal access wait state)
12.5 MHz or less when wait bit (bit 7 at address 000516) = "1" (with internal access wait state)

(2) Instructions inhibited against use
The instructions listed below cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

(3) Interrupts inhibited against use
The address match interrupt cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory. If interrupts have their vector in the variable vector table, they can be
used by transferring the vector into the RAM area. The NMI and watchdog timer interrupts can be
used because the flash memory conterol register 0 and 1 is forcibly initialized and return to normal
mode when each interrupt occurs. But it is needed that the jump addresses for each interrupt are set
in the fixed vector table and there is an interrupt program. Since the rewrite operation is halted when
the NMI and watchdog timer interrupts occur, it is needed that CPU rewriting mode select bit is set to
"1" and the erase/program operation is performed over again.

(4) Internal reserved area expansion bit (bit 3 at address 000516)
The reserved area of the internal memory can be changed by using the internal reserved area expan-
sion bit (bit 3 at address 000516). However, if the CPU rewrite mode select bit (bit 1 at address 03B716)
is set to "1", the internal reserved area expansion bit (bit 3 at address 000516) also is set to "1"
automatically. Similarly, if the CPU rewrite mode select bit (bit 1 at address 03B716) is set to "0", the
internal reserved area expansion bit (bit 3 at address 000516) also is set to "0" automatically.
The precautions above apply to the products which flash memory size is over 192 Kbytes.

(5) Reset
Reset input is always accepted. After a reset, the addresses 0C000016 through OCFFFF16 are made
a reserved area and cannot be accessed. Therefore, if your product has this area in the user ROM
area, do not write any address of this area to the reset vector. This area is made accessible by
changing the internal reserved area expansion bit (bit 3 at address 000516) in a program.

(6) Access disable
Write CPU rewrite mode select bit, flash memory power supply off bit and user ROM area select bit
only when executing out of an area other than the internal flash memory.

(7) How to access
For CPU rewrite mode select bit, lock bit disable select bit, and flash memory power supply off bit to be
set to "1", the user needs to write a "0" and then a "1" to it in succession. When it is not this procedure,
it is not enacted in "1". This is necessary to ensure that no interrupt or DMA transfer will be executed
during the interval.
Write CPU rewrite mode select bit only when executing out of an area other than the internal flash
memory. Also only when NMI pin is "H" level.

930 1RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CPU Rewrite Mode (Flash Memory Version)

(8) Writing in the user ROM area
If power is lost while rewriting blocks that contain the flash rewrite program with the CPU rewrite mode,
those blocks may not be correctly rewritten and it is possible that the flash memory can no longer be

rewritten after that. Therefore, it is recommended to use the standard serial I/O mode, CAN I/O mode
or parallel /0O mode to rewrite these blocks.

(9) Using the lock bit
To use the CPU rewrite mode, use a boot program that can set and cancel the lock command.
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CPU Rewrite Mode (Flash Memory Version)

Software Commands
Table 1.24.1 lists the software commands available with the M16C/6N group (flash memaory version).
After setting the CPU rewrite mode select bit to "1", write a software command to specify an erase or
program operation. Note that when entering a software command, the upper byte (Ds to D15) is ignored.
The content of each software command is explained below.

Table 1.24.1. List of software commands (CPU rewrite mode)

1st bus cycle 2nd bus cycle 3rd bus cycle
Command Mode | Address (DODtagam) Mode | Address (DODt%t%7) Mode |Address (D(I)D taot%ﬂ
Read array Write X (Note 6) FFie
Read status register Write X 7016 Read X SRD (Note 2)
Clear status register Write X 5016
Page program (Note 3) Write X 4116 Write | WAOQ(Note 3)) WDO (Note 3) | Write WAL WD1
Block erase Write X 2016 Write | BA (Note4) | DO16
Erase all unlocked blocks Write X AT16 Write X D016
Lock bit program Write X 7716 Write | BA (Note4)| DQ16
Read lock bit status Write X 7116 Read | BA (Note4)| Dg (Note5)

Note 1: When a software command is input, the high order byte of data (Ds to D15) is ignored.

Note 2: SRD = Status Register Data

Note 3: WA = Write Address, WD = Write Data
WA and WD must be set sequentially from 0016 to FE16 (byte address; however, an even address). The page size is
256 bytes.

Note 4: BA = Block Address (Enter the maximum address of each block that is an even address.)

Note 5: De corresponds to the block lock status. Block not locked when De = "1", block locked when Ds = "0".

Note 6: X denotes a given address in the user ROM area (that is an even address).

Read Array Command (FF16)
The read array mode is entered by writing the command code "FF16" in the 1st bus cycle. When an
even address to be read is input in one of the bus cycles that follow, the content of the specified
address is read out at the data bus (Do to D15), 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 written in the 1st bus cycle, the content of the status register is read
out at the data bus (Do to D7) by a read in the 2nd bus cycle.
The status register is explained in the next section.

Clear Status Register Command (5016)
This command is used to clear the bits SR3 to 5 of the status register after they have been set. These
bits indicate that operation has ended in an error. To use this command, write the command code
"5016" in the 1st bus cycle.
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Page Program Command (4116)
Page program allows for high speed programming in units of 256 bytes. Page program operation
starts when the command code "4116" is written in the 1st bus cycle. In the 2nd bus cycle through the
129th bus cycle, the write data is sequentially written 16 bits at a time. At this time, the addresses Ao
to A7 need to be incremented by 2 from "0016" to "FE16." When the system finishes loading the data,
it starts an auto write operation (data program and verify operation).
Whether the auto write operation is completed can be confirmed by reading the status register or the
flash memory control register 0. At the same time the auto write operation starts, the read status
register mode is automatically entered, so the content of the status register can be read out. The
status register bit 7 (SR7) is set to "0" at the same time the auto write operation starts and is returned
to "1" upon completion of the auto write operation. In this case, the read status register mode remains
active until the Read Array command (FF16) or Read Lock Bit Status command (7116) is written or the
flash memory is reset using its reset bit.
The RY/BY status flag of the flash memory control register 0 is "0" during auto write operation and "1"
when the auto write operation is completed as is the status register bit 7.
After the auto write operation is completed, the status register can be read out to know the result of the
auto write operation. For details, refer to the section where the status register is detailed.
Figure 1.24.4 shows an example of a page program flowchart.
Each block of the flash memory can be write protected by using a lock bit. For details, refer to the
section where the data protect function is detailed.
Additional writes to the already programmed pages are prohibited.

[ Start J

¥

Write 4116

!

n=0

I:
A4 |
Write address n and
datan

n=n+2

n = FE16

YES

RY/BY status flag
=17

Check full status

i

Page program
completed

Figure 1.24.4. Page program flowchart
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Block Erase Command (2016/D016)
By writing the command code "2016" in the 1st bus cycle and the confirmation command code "D016"
in the 2nd bus cycle that follows to the block address of a flash memory block, the system initiates an
auto erase (erase and erase verify) operation.
Whether the auto erase operation is completed can be confirmed by reading the status register or the
flash memory control register 0. At the same time the auto erase operation starts, the read status
register mode is automatically entered, so the content of the status register can be read out. The
status register bit 7 (SR7) is set to "0" at the same time the auto erase operation starts and is returned
to "1" upon completion of the auto erase operation. In this case, the read status register mode remains
active until the read array command (FF16) or the read lock bit status command (7116) is written or the
flash memory is reset using its reset bit.
The RY/BY status flag of the flash memory control register 0 is "0" during auto erase operation and "1"
when the auto erase operation is completed as is the status register bit 7.
After the auto erase operation is completed, the status register can be read out to know the result of
the auto erase operation. For details, refer to the section where the status register is detailed.
Figure 1.24.5 shows an example of a block erase flowchart.
Each block of the flash memory can be protected against erasure by using a lock bit. For details, refer
to the section where the data protect function is detailed.

[ Start ]
|

Write 2016

'

Write D016
Block address

RY/BY status flag
=17

Check full status Error
check(Note) 4{ Erase error J
Block erase
completed

Note: Refer to Figure 1.24.8.

Figure 1.24.5. Block erase flowchart
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Erase All Unlocked Blocks Command (A716/D016)
By writing the command code "A716" in the 1st bus cycle and the confirmation command code "D016"
in the 2nd bus cycle that follows, the system starts erasing blocks successively.
Whether the erase all unlock blocks command is terminated can be confirmed by reading the status
register or the flash memory control register O, in the same way as for block erase. Also, the status
register can be read out to know the result of the auto erase operation.
When the lock bit disable select bit of the flash memory control register 0 is "1", all blocks are erased
no matter how the lock bit is set. On the other hand, when the lock bit disable select bit is "0", the
function of the lock bit is effective and only nonlocked blocks (where lock bit data is "1") are erased.

Lock Bit Program Command (7716/D016)
By writing the command code "7716" in the 1st bus cycle and the confirmation command code "D016"
in the 2nd bus cycle that follows to the block address of a flash memory block, the system sets the lock
bit for the specified block to "0" (locked).
Figure 1.24.6 shows an example of a lock bit program flowchart. The status of the lock bit (lock bit
data) can be read out by a read lock bit status command.
Whether the lock bit program command is terminated can be confirmed by reading the status register
or the flash memory control register 0, in the same way as for page program.
For details about the function of the lock bit and how to reset the lock bit, refer to the section where the
data protect function is detailed.

[ Start j
!

Write 7716

Write DO16
block address

l
<

RY/BY status flag
=1?

Lock bit program in ]
error

Lock bit program
completed

Figure 1.24.6. Lock bit program flowchart
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Read Lock Bit Status Command (7116)

By writing the command code "7116" in the 1st bus cycle and then reading the block address of a flash

memory block in the 2nd bus cycle that follows, the system reads out the status of the lock bit of the
specified block on to the data bus (Ds).

Figure 1.24.7 shows an example of a read lock bit program flowchart.

[ Start j
!

Write 7116

|

Enter block address

A 4
[ Blocks locked ] [ Blocks not Iocked]

Note: Data bus bit 6.

Figure 1.24.7. Read lock bit status flowchart
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Data Protect Function (Block Lock)
Each block in Figure 1.23.1 has a nonvolatile lock bit to specify that the block be protected (locked)
against erase/write. The lock bit program command is used to set the lock bit to "0" (locked). The lock bit
of each block can be read out using the read lock bit status command.
Whether block lock is enabled or disabled is determined by the status of the lock bit and how the flash
memory control register O's lock bit disable select bit is set.

(1) When the lock bit disable select bit is "0", a specified block can be locked or unlocked by the lock bit
status (lock bit data). Blocks whose lock bit data is "0" are locked, so they are disabled against
erase/write. On the other hand, the blocks whose lock bit data is "1" are not locked, so they are
enabled for erase/write.

(2) When the lock bit disable select bit is "1", all blocks are nonlocked regardless of the lock bit data, so
they are enabled for erase/write. In this case, the lock bit data that is "0" (locked) is set to "1"
(nonlocked) after erasure, so that the lock bit actuated lock is removed.

Status Register

The status register indicates the operating status of the flash memory and whether an erase or program
operation has terminated normally or in an error. The content of this register can be read out by only
writing the read status register command (7016). Table 1.24.2 details the status register.

The status register is cleared by writing the clear status register command (5016).

After a reset, the status register is set to "8016."

Each bit in this register is explained below.

Write State Machine (WSM) Status (SR7)
After power on, the write state machine (WSM) status is set to "1".
The write state machine (WSM) status indicates the operating status of the device, as for output on the
RY/BY pin. This status bit is set to "0" during auto write or auto erase operation and is set to "1" upon
completion of these operations.

Erase Status (SR5)
The erase status informs the operating status of auto erase operation to the CPU. When an erase
error occurs, it is set to "1".
The erase status is reset to "0" when cleared.
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Program Status (SR4)
The program status informs the operating status of auto write operation to the CPU. When a write
error occurs, it is set to "1".
The program status is reset to "0" when cleared.
When an erase command is in error (which occurs if the command entered after the block erase
command (2016) is not the confirmation command (DO016), both the program status and erase status
(SR5) are set to "1".
When the program status or erase status is "1", only the following flash commands will be accepted:
Read Array, Read Status Register, and Clear Status Register.

Also, in one of the following cases, both SR4 and SR5 are set to "1" (command sequence error):
(1) When the valid command is not entered correctly
(2) When the data entered in the 2nd bus cycle of lock bit program (7716/D016), block erase (2016/
DO016), or erase all unlock blocks (A716/D016) is not the D016 or FF16. However, if FF16 is entered,
read array is assumed and the command that has been set up in the 1st bus cycle is canceled.

Block Status After Program (SR3)
If excessive data is written (phenomenon whereby the memory cell becomes depressed which results
in data not being read correctly), "1" is set for the program status after program at the end of the page
write operation. In other words, when writing ends successfully, "8016" is output; when writing fails,
"9016" is output; and when excessive data is written, "8816" is output.

Table 1.24.2. Definition of each bit in status register

Each bit of Definition

SRD Status name " 0"
SR7 (bit7) | Write state machine (WSM) 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) Block status after program Terminated in error | Terminated normally
SR2 (bit2) Reserved - -
SR1 (bitl) Reserved - -
SRO (bit0) Reserved - -
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Full Status Check

By performing full status check, it is possible to know the execution results of erase and program opera-
tions. Figure 1.24.8 shows a full status check flowchart and the action to be taken when each error
occurs.

(Read status registerj

Command Execute the clear status register command (5016)
sequence error  |” " to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

-
Block erase error ] . - Should a block erase error occur, the block in error

L cannot be used.

‘(Program error (page |, _ | Execute the read lock bit status command (7116)
or lock bit) to see if the block is locked. After removing lock,
execute write operation in the same way. If the
error still occurs, the page in error cannot be
used.
Program error | _After erasing the block in error, execute write
(block) operation one more time. If the same error still

occurs, the block in error cannot be used.

[End (block erase, program)]

Note: When one of SR5 to SR3 is set to "1", none of the page program, block erase,
erase all unlock blocks and lock bit program commands is accepted. Execute the
clear status register command (5016) before executing these commands.

Figure 1.24.8. Full status check flowchart and remedial procedure for errors
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Functions to Inhibit Rewriting Flash Memory Version
To prevent the contents of the flash memory version from being read out or rewritten easily, the device
incorporates a ROM code protect function for use in parallel /O mode and an ID code check function for
use in standard serial /0 mode.

ROM Code Protect Function

The ROM code protect function is used to prohibit reading out or modifying the contents of the flash
memory during parallel I/O mode and is set by using the ROM code protect control address register
(OFFFFF16). Figure 1.25.1 shows the ROM code protect control address (OFFFFF16). (This address ex-
ists in the user ROM area.)

If one of the pair of ROM code protect bits is set to 0, ROM code protect is turned on, so that the contents
of the flash memory version are protected against readout and modification. ROM code protect is imple-
mented in two levels. If level 2 is selected, the flash memory is protected even against readout by a
shipment inspection LS| tester, etc. When an attempt is made to select both level 1 and level 2, level 2 is
selected by default.

If both of the two ROM code protect reset bits are set to "00", ROM code protect is turned off, so that the
contents of the flash memory version can be read out or modified. Once ROM code protect is turned on,
the contents of the ROM code protect reset bits cannot be modified in parallel I/O mode. Use the serial I/
O or some other mode to rewrite the contents of the ROM code protect reset bits.

ROM code protect control address

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
ROMCP OFFFFF16 FF16
HERRRREA
v 11 1| Bitsymbol Bit name Function
1 L..t] Reserved bits Always set this bit to "1".

ROM code protect level b3 b2
------------ ROMCP2 |5 <ot pit (N(Ete 1,2) 00: Protect enabled

01: Protect enabled
10: Protect enabled
11: Protect disabled

b5 b4

00: Protect removed

01: Protect set bit effective
10: Protect set bit effective
11: Protect set bit effective

e ROMCR |ROM code protect reset
bit (Note 3)

ROM code protect level b7b6
"""""""""""" ROMCPL 1" et bit (NcE)te 1) 00: Protect enabled

01: Protect enabled
10: Protect enabled
11: Protect disabled

Note 1: When ROM code protect is turned on, the internal memory is protected against readout
or modification in parallel input/output mode.

Note 2: When ROM code protect level 2 is turned on, ROM code readout by a shipment
inspection LS| tester, etc. also is inhibited.

Note 3: The ROM code protect reset bits can be used to turn off ROM code protect level 1 and
ROM code protect level 2. However, since these bits cannot be changed in parallel input/
output mode, they need to be rewritten in serial input/output or some other mode.

Figure 1.25.1. ROM code protect control address
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ID Code Check Function

Use this function in standard serial /0 and CAN 1/0O modes. When the contents of the flash memory are
not blank, the ID code sent from the peripheral unit is compared with the ID code written in the flash
memory to see if they match. If the ID codes do not match, the commands sent from the peripheral unit
are not accepted. The ID code consists of 8 bit data, the areas of which, beginning with the 1st byte, are
OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Write a program
which has had the ID code preset at these addresses to the flash memory.

Address ¢R —

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | 1D2! Overflow vector

OFFFE416 to OFFFE716 i BRK instruction vector

OFFFES816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 ID4§ Single step vector

OFFFFO16 to OFFFF316 | ID5 ! Osciation stop detectionMaichdog timer vector

OFFFF416 to OFFFF716 | D6 DBC vector

OFFFF816 to OFFFFB16 | ID7: NMI vector

OFFFFC16 to OFFFFF16 : Reset vector

— v
—~—
4 bytes

Figure 1.25.2. ID code store addresses
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Parallel /0O Mode
The parallel I/O mode inputs and outputs the software commands, addresses and data needed to operate
(read, program, erase, etc.) the internal flash memory. This I/O is parallel.
Use an exclusive programmer supporting M16C/6N group (flash memory version).
Refer to the instruction manual of each programer maker for the datails of use.

User ROM and Boot Rom Areas
In parallel /O mode, the user ROM and boot ROM areas shown in Figure 1.23.1 can be rewritten. Both
areas of flash memory can be operated on in the same way.
Program and block erase operations can be performed in the user ROM area. The user ROM area and its
blocks are shown in Figure 1.23.1.
The boot ROM area is 8 Kbytes in size. In parallel /O mode, it is located at addresses OFE00016 through
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, an erase block operation is applied to only one 8 Kbyte block. The boot ROM area
has had a standard serial I/O and CAN I/O modes. control program stored in it when shipped from the
Mitsubishi factory. Therefore, using the device in standard serial input/output and CAN 1/0O modes, you do
not need to write to the boot ROM area.
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Pin Functions (Flash memory standard serial 1/O mode)

Pin Name 1/0 Description

Vce,Vss Power input Apply program/erase protection voltage to Vcc pin and 0 V to Vss pin.

CNvVss CNVss I Connect to Vcc pin.

RESET Reset input | Reset input pin. While reset is "L" level, more than 20cycles of clock
must be input to XIN pin.

XIN Clock input I Connect a ceramic resonator or a quartz crystal oscillator between XiN
and XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output o | and open Xout pin.

BYTE BYTE I Connect to Vss or Vcc.

Avce, AVss Analog power supply input Connect AV ss to Vss and AV cc to Vcc, respectively.

VREF Reference voltage input | Reference voltage input pin for AD converter.

POo to PO7 Input port PO | Input "H" or "L" level or open.

Ploto P17 Input port P1 | Input "H" or "L" level or open.

P20 to P27 Input port P2 | Input "H" or "L" level or open.

P30 to P37 Input port P3 | Input "H" or "L" level or open.

P4o to P47 Input port P4 | Input "H" or "L" level or open.

P51 to P54, Input port P5 | Input "H" or "L" level or open.

P56, P57

Pso | CEiput | | | mput'Hlevel.

PSs | EPMinput | | Wmput"Ulevel.

P60 to P63 Input port P6 | Input "H" or "L" level or open.

Pes | BUSYoutput | o | Standard serial I/O mode 1: BUSY signal outputpin.
Standard serial /0 mode 2: Monitors the boot program operation.
check signal output pin.

Pes SCLKinput | | | Standard serial /O mode 1: Serial clock input pin.

oo | Standard serial VO mode 2: Input "L level.

P66 RxD input | | Serial data input pin.

P67 TxD output (0] Serial data output pin.

P70to P77 Input port P7 | Input "H" or "L" level or open.

Egg to P84, P86, |nput port P8 || Input "H" or "L" level or open.

P8s NMI input | | Connect to Vcc.

P9o to P94, P97 | Input port P9 | Input "H" or "L" level or open.

P9s CAN input I Connect to a CAN transceiver or input "H" or "L" level.

P96 CAN output O | Connectto a CAN transceiver, connect to VCc via a resister or open.

P100 to P107 Input port P10 | Input "H" or "L" level or open.
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Mode setup method

Signal Value
CNVss Vcee
EPM Vss
RESET Vss to Vcc 'UEEE-U-U-U-U-U-U-U-U
CE Vee 2 o] vovC2ESSESEERES
g sl PEESSSSES335333
> g OogzzzZZZZZZZZZ
O>»<S>2RRLEFTFITITZSTL238L288°%
4<x><>>>%§‘§%2iﬁﬁiigi
8gm§$zzizzzgiiiiiiig
EEEEEEREREEEEEEEREER
P96/ANEX1/CTX0 <3 [~ ] | S] < p1g/Ds
P9s/ANEXO/CRX0 <3 [ | Q O | 3] <& p11/Do
P94/DALTBAIN <3 [« ] | 3] <3 piypgo
P93/DAV/TB3IN < [= | | 3] <3 p13/D11
P92/TB2IN/SouT3 <@ [ [ 5] <& p14/D12
PO1/TBLIN/SING <@ [ | 5] <& p15/D13/INT3
P90/TBOIN/CLK3 < [ | 2] <& p16/D14/INTA
BYTE —» [=] | 3] <& p17/D15/INTS
CNVss —p» [o] [ 3]~ p2o/a(/Dol)
P87/XcIN <@ (5] | =] <& p21/a1(/D1/Do)
P8s/XcouT <@ [ | [ 3]« p2y/pz(/D2/D1)
RESET RESET —» K] | 3] <& p23/az(/DaiD2)
2elo (O————— Xour w—[&] | 8]« p2y/a4(/Da/Ds)
g3 —  Vss—P % %0 P25/As(/Ds/Da)
TR \O Xin — [ M306NAFGTFP 3 | <& pog/a6(/De/Ds)
vee —p [E] %0 P27/A7(/D7/Ds)
:— P8s/NMI —» 5] 100P68 2| — vss— @
P84/INT2 <& 5] ( ) [ 5] <& p3o/As(/-/D7)
P83/INT1 <3 [ | 2] *— veoem———@
P82/INTo <a— [J] [ 2] <3 p3y/a
P8I/TA4IN/U <t [ [ S ] p3yia10
P80/TAdouT/U <& [ [ ] <3 p33/A11
P77ITA3IN/CRX1 < [ [ & | <3 p3s/Ar
P76/TA30UT/CTX1 <t ] [ J] <3 p3s/a3
P75ITA2N/W < [13] (S| < p3e/A14
P74TA20UTIW ~a-3 [§] [ ] <3 p37/ALs
P73/CTS2/RTS2/TALINN < [ 3] [Z] <3 pao/Ass
P72/CLK2/TALouT/V <@ (3] [ ] < pay/Ar7
P71/RxD2/SCL/TAOIN/TB5IN <@ [ Q (3 |- P4az/A18
P70/TxD2/SDA/TAOoUT <@ [3] (2] -3 P43/A10
BEEEEESEEEEEEEEEEBEE
R R R R L R R R R R
355615885$335533‘5868|
58208524 9n5583953484¢
e Q o o Q -~ lw] )> Py =
B 3|9 @ 2‘
3 — < I‘ Pyl
%) 0|3 m
= ele
(@] —
9
w
=<3
Q
[
Py
®

axL

—@
axy
M10S
ASNg
Nd3

Figure 1.27.1. Pin connections for serial /0 mode
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Standard Serial /0O Mode

The standard serial /0O mode inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory. This I/O is serial. There are actually two
standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which is asynchronized. Both
modes require a purpose specific peripheral unit.

The standard serial I/O mode is different from the parallel /O mode in that the CPU controls flash memory
rewrite (uses the CPU's rewrite mode), rewrite data input and so forth. It is started when the reset is re-
leased, which is done when the P50 (CE) pin is "H" level, the P55 (EPM) pin "L" level and the CNVss pin "H"
level. (In the ordinary command mode, set CNVss pin to "L" level.)

This control program is written in the boot ROM area when the product is shipped from Mitsubishi. Accord-
ingly, make note of the fact that the standard serial I/O mode cannot be used if the boot ROM area is
rewritten in the parallel I/O mode. Figure 1.27.1 shows the pin connections for the standard serial I/O mode.
Serial data I/O uses UARTL1 and transfers the data serially in 8 bit units. Standard serial I/O switches
between mode 1 (clock synchronized) and mode 2 (clock asynchronized) according to the level of CLK1 pin
when the reset is released.

To use standard serial I/O mode 1 (clock synchronized), set the CLK1 pin to "H" level and release the reset.
The operation uses the four UART1 pins CLK1, RxD1, TxD1 and RTS1 (BUSY). The CLK1 pin is the transfer
clock input pin through which an external transfer clock is input. The TxDz1 pin is for CMOS output. The
RTS1 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts.

To use standard serial I/O mode 2 (clock asynchronized), set the CLK1 pin to "L" level and release the
reset. The operation uses the two UART1 pins RxD1 and TxD1.

In the standard serial I/O mode, only the user ROM area indicated in Figure 1.28.17 can be rewritten. The
boot ROM cannot.

In the standard serial I/O mode, a 7 byte ID code is used. When there is data in the flash memory, com-
mands sent from the peripheral unit are not accepted unless the ID code matches.
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Overview of Standard Serial /0 Mode 1 (Clock Synchronized)
In standard serial I/O mode 1, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 4 wire clock synchronized serial I/O (UARTL1).
Standard serial I/O mode 1 is engaged by releasing the reset with the P65 (CLK1) pin "H" level.
In reception, software commands, addresses and program data are synchronized with the rise of the
transfer clock that is input to the CLK1 pin, and are then input to the MCU via the RxD1 pin. In transmis-
sion, the read data and status are synchronized with the fall of the transfer clock, and output from the
TxD1 pin.
The TxD1 pin is for CMOS output. Transfer is in 8 bit units with LSB first.
When busy, such as during transmission, reception, erasing or program execution, the RTS1 (BUSY) pin
is "H" level. Accordingly, always start the next transfer after the RTS1 (BUSY) pin is "L" level.
Also, data and status registers in memory can be read after inputting software commands. Status, such
as the operating state of the flash memory or whether a program or erase operation ended successfully or
not, can be checked by reading the status register. Here following are explained software commands,
status registers, etc.
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Software Commands
Table 1.28.1 lists software commands. In the standard serial /O mode 1, erase operations, programs and
reading are controlled by transferring software commands via the RxD1 pin. Software commands are
explained here below.

Table 1.28.1. Software commands (Standard serial /O mode 1)

1st byte When ID is
Control command transfer 2nd byte | 3ne byte | 4th byte | 5th byte | 6th byte not verified
Data
Address | Address Data Data Data Not
1 |Page read FFio (middle) (high) output output output Z%gt%ulg)t/?e acceptable
Data
Address | Address Data Data Data . Not
2 | Page program 4116 (middle) (high) input input input Zéggﬁtbt)?te acceptable
Address | Address Not
3 |[Block erase 2016 (middle) (high) D016 acceptable
4 |Erase all unlocked blocks A716 D016 ac C(’e\lpottabl e
5 |Read status register 7016 O?JII:\;)[L)JI c?uRt[I)Dult Acceptable
. Not
6 |Clear status register 5016 acceptable
Lock bit
. Address | Address Not
7 |Read lock bit status 7116 : . data
(middle) (high) output acceptable
. Address | Address Not
8 |Lock bit program 7716 (middle) (high) D016 acceptable
. Not
9 |Lock bit enable 7A16 acceptable
o Not
10 | Lock bit disable 7516 acceptable
11 | ID check function F516 A((jlg:ﬁ)s s ,(O\rg%rglss Ag%iis ID size ID1 ToID7 Acceptable
Size Size Check- Data req-[lti)red Not
12 | Download function FA1e (Iow) (high) sum input number acceptable
of times
. . . . . Version
L . Version | Version | Version | Version | Version
13 Xﬁ;’%ﬁmfmmaﬂon output FB16 data data data data data ou?alg?to Acceptable
output output output output output 9 thpbyt o
14 Boot ROM area output FCi6 Address | Address Data Data Data ou?alfto Not
function (middle) (high) output output output 259,[% byte acceptable
Check Check Not
15 |Read check data FDi6 data data
(low) (high) acceptable

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command

This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the "FF16" command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do to D7) for the page (256 bytes) specified with addresses A8
to A23 will be output sequentially from the smallest address first in sync with the fall of the clock.

~ RxD1 ( FF16 XAB to { Ate to)
(M16C reception data) A15 A23

TxD1
(M16C transmission data)
RTS1 (BUSY) H H |_| I_I’ | |

Figure 1.28.1. Timing for page read

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the "4116" command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte onward, as write data (Do to D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.
When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the "H" to
the "L" level. The result of the page program can be known by reading the status register. For more

information, see the section on the status register.
Each block can be write-protected with the lock bit. For more information, see the section on the data
protection function. Additional writing is not allowed with already programmed pages.

CLK1
RxD1 As to Y Al6 to

(M16C reception data) ( 4116X Ais X A23 Xdataox_ data255
TxD1

(M16C transmission data)

e [T IV L

Figure 1.28.2. Timing for the page program
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Block Erase Command
This command erases the data in the specified block. Execute the block erase command as explained
here following.

(1) Transfer the "2016" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, the
erase operation will start for the specified block in the flash memory. Write the highest address of
the specified block for addresses As to A23.

When block erasing ends, the RTS1 (BUSY) signal changes from the "H" to the "L" level. After block
erase ends, the result of the block erase operation can be known by reading the status register. For
more information, see the section on the status register.

Each block can be erase protected with the lock bit. For more information, see the section on the data
protection function.

RxD1 As to \ A6 toX
(M16C reception data) ( 2016 X A5\ Az J D016

TxD1
(M16C transmission data)

RTS1 (BUSY) J |_| I_I |_| I_

Figure 1.28.3. Timing for block erasing

Erase All Unlocked Blocks Command

This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.

(1) Transfer the "A716" command code with the 1st byte.

(2) Transfer the verify command code "DO016" with the 2nd byte. With the verify command code, the

erase operation will start and continue for all blocks in the flash memory.

When block erasing ends, the RTS1 (BUSY) signal changes from the "H" to the "L" level. The result of the
erase operation can be known by reading the status register. Each block can be erase protected with the
lock bit. For more information, see the section on the data protection function.

RxD1
(M16C reception data) D016

TxD1
(M16C transmission data)

RTS1 (BUSY) J |_|

Figure 1.28.4. Timing for erasing all unlocked blocks
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Read Status Register Command

This command reads status information. When the "7016" command code is sent with the 1st byte, the

contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

RxD1 X 7016

(M16C reception data)

SRD SRD1
TxD1 X output X output
(M16C transmission data) : :

RTS1 (BUSY) J |_| |_| |_

Figure 1.28.5. Timing for reading the status register

Clear Status Register Command

This command clears the bits (SR3 to SR5) which are set when the status register operation ends in
error. When the "5016" command code is sent with the 1st byte, the aforementioned bits are cleared.

When the clear status register operation ends, the RTS1 (BUSY) signal changes from the "H" to the
"L" level.

RxD1
(M16C reception data) E

TxD1
(M16C transmission data)

RTS1 (BUSY)

Figure 1.28.6. Timing for clearing the status register
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the "7116" command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. The lock bit data is the 6th
bit(De) of the output data. Write the highest address of the specified block for addresses As to
A23.

CLK1

RxD1 ( 7116 X As to X A16 toX
(M16C reception data) A5 A23

TxD1 < Ds
(M16C transmission data) /

RTS1 (BUSY) J |_| |_| |_| |_

Figure 1.28.7. Timing for reading lock bit status

Lock Bit Program Command
This command writes "0" (lock) for the lock bit of the specified block. Execute the lock bit program
command as explained here following.
(1) Transfer the "7716" command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, "0" is
written for the lock bit of the specified block. Write the highest address of the specified block for
addresses As to A23.

When writing ends, the RTS1 (BUSY) signal changes from the "H" to the "L" level. Lock bit status can
be read with the read lock bit status command. For information on the lock bit function, reset proce-

dure and so on, see the section on the data protection function.

CLK1

RxD1 \ As to X A16 to X
(M16C reception data) /( ne X A15 A23 D016

TxD1
(M16C transmission data)

RTS1 (BUSY) J |_| |_| I_I I_

Figure 1.28.8. Timing for the lock bit program
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Lock Bit Enable Command

This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com-
mand. The command code "7A16" is sent with the 1st byte of the serial transmission. This command
only enables the lock bit function; it does not set the lock bit itself.

CLK1
RxD1 <
(M16C reception data) |\ 7A16

.. TxD1
(M16C transmission data)

RTS1 (BUSY)

Figure 1.28.9. Timing for enabling the lock bit

Lock Bit Disable Command

This command disables the lock bit. The command code "7516" is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself.
However, if an erase command is executed after executing the lock bit disable command, "0" (locked)

lock bit data is set to "1" (unlocked) after the erase operation ends. In any case, after the reset is
cancelled, the lock bit is enabled.

CLK1
RxD1
(M16C reception data) E

TxD1
(M16C transmission data)

RTS1 (BUSY)

Figure 1.28.10. Timing for disabling the lock bit
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ID Check Function Command
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the "F516" command code with the 1st byte.

(2) Transfer addresses Ao to A7, Ag to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.

(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

RxD1 X X X X
(M16C rece(pj)titor; F516 DF16 FF16 OF16 |} ID Slze ID1
ata,

(M16C transm?;él%ln
data)
bk | | R [ A L

Figure 1.28.11. Timing for the ID check

Download Function Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Transfer the "FA16" command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.
(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.
(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

RxD1 ( FA16 X X X Check X gIdIIIX Program
(M16C reception data) sum data data
Data size (low)
TxD1

. Data size (high
(M16C transmission data) ata size (high)

e [ UL U L

Figure 1.28.12. Timing for download
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Version Information Output Function Command

This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the "FB16" command code with the 1st byte.

(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

RxD1 < )
(M16C reception data) FB1s

(M16CtransmissionT()j(;?t;) ( Vv X E X R X:)
St B | [ R

Figure 1.28.13. Timing for version information output

Boot ROM Area Output Function Command

This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following
(1) Transfer the "FC16" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively

(3) From the 4th byte onward, data (Do to D7) for the page (256 bytes) specified with addresses As
to A23 will be output sequentially from the smallest address first, in sync with the fall of the clock

e WMWMHMMMHHWWWHWWHWHMWWHW

RxD1 Fcie Y As to\ A6 to
(M16C reception data) A15 A23
TxD1
(M16C transmission data) ( X:J Xdata255)

S | A O I O A

Figure 1.28.14. Timing for boot ROM area output

254 1RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Appendix Standard Serial I/O Mode 1 (Flash Memory Version)

Read Check Data Command

This command reads the check data that confirms that the write data, which was sent with the page
program command, was successfully received.

(1) Transfer the "FD16" command code with the 1st byte.

(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.
To use this read check data command, first execute the command and then initialize the check data.
Next, execute the page program command the required number of times. After that, when the read
check command is executed again, the check data for all of the read data that was sent with the page
program command during this time is read. The check data is the result of CRC operation of write data.

~ RxD1 x FD16
(M16C reception data)

TxD1 ( X
(M16C transmission data) A X

Check data (low) Check data (high)

RTS1 (BUSY) J |_| |_| |_

Figure 1.28.15. Timing for the read check data

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

Address = = —

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 ID25 Overflow vector

OFFFE416 to OFFFE716 1 BRK instruction vector

OFFFES816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 ID4§ Single step vector

OFFFFO016 to OFFFF316 | 1D5 ¢ Oscilation stop detectionWatchdog timer vector

OFFFF416 to OFFFF716 IDGE DBC vector

OFFFF816 to OFFFFB16 | ID7 NMI vector

OFFFFC16 to OFFFFF16 i Reset vector

—~—
4 bytes

Figure 1.28.16. ID code storage addresses
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Data Protection Function (Block Lock)

Each of the blocks in Figure 1.28.17 have a nonvolatile lock bit that specifies protection (block lock)
against erasing/writing. A block is locked (writing "0" for the lock bit) with the lock bit program command.
Also, the lock bit of any block can be read with the read lock bit status command.

Block lock disable/enable is determined by the status of the lock bit itself and execution status of the lock
bit disable and lock enable bit commands.

(1) After the reset has been cancelled and the lock bit enable command executed, the specified block
can be locked/unlocked using the lock bit (lock bit data). Blocks with a "0" lock bit data are locked
and cannot be erased or written in. On the other hand, blocks with a "1" lock bit data are unlocked
and can be erased or written in.

(2) After the lock bit disable command has been executed, all blocks are unlocked regardless of lock bit
data status and can be erased or written in. In this case, lock bit data that was "0" (locked) before the

block was erased is set to "1" (unlocked) after erasing, therefore the block is actually unlocked with
the lock bit.

0C000016
Block 6 : 64K byte
0D000016
Block 5 : 64K byte
OEO000016
Block 4 : 64K byte
0F000016
Block 3 : 32K byte
Flash memory| Flash memory
size tart add 0F800016
o Start address Block 2 : 8K byte
256Kbytes 0C000016
OFAQ0D16 Block 1 : 8K byte
128Kbytes 0EO000016 0FC00016 Block 0 : 16K byte
OFFFFF16
User ROM area

Figure 1.28.17. Blocks in the user area
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase
operation or a program ended successfully or in error. It can be read by writing the read status register
command (7016). Also, the status register is cleared by writing the clear status register command (5016).
Table 1.28.2 gives the definition of each status register bit. After clearing the reset, the status register
outputs "8016".

Table 1.28.2. Status register (SRD)

SRD bits Status name e Definition 0"

SR7 (bit7) Write state machine (WSM) 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) Block status after program Terminated in error |Terminated normally
SR2 (bit2) Reserved _ _

SR1 (bitl) Reserved _ _

SRO (bit0) Reserved - _

Write State Machine (WSM) Status (SR7)
The write state machine (WSM) status indicates the operating status of the flash memory. When
power is turned on, "1" (ready) is set for it. The bit is set to "0" (busy) during an auto write or auto erase
operation, but it is set back to "1" when the operation ends.

Erase Status (SR5)
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is
setto "1". When the erase status is cleared, it is set to "0".

Program Status (SR4)
The program status reports the operating status of the auto write operation. If a write error occurs, it is
set to "1". When the program status is cleared, it is set to "0".

Block Status After Program (SR3)

If excessive data is written (phenomenon whereby the memory cell becomes depressed which results
in data not being read correctly), "1" is set for the block status after program at the end of the page
write operation. In other words, when writing ends successfully, "8016" is output; when writing fails,
"9016" is output; and when excessive data is written, "8816" is output.

If "1" is written for any of the SR5, SR4 or SR3 bits, the page program, block erase, erase all unlocked
blocks and lock bit program commands are not accepted. Before executing these commands, execute
the clear status register command (5016) and clear the status register.
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Status Register 1 (SRD1)
Status register 1 indicates the status of serial communications, results from ID checks and results from
check sum comparisons. It can be read after the SRD by writing the read status register command (7016).
Also, status register 1 is cleared by writing the clear status register command (5016).
Table 1.28.3 gives the definition of each status register 1 bit. "0016" is output when power is turned ON
and the flag status is maintained even after the reset.

Table 1.28.3. Status register 1 (SRD1)

) Definition
SRD1 bits Status name e 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

. 01 Verification mismatch
SR10 (bit2) 10 Reserved

11 Verified

SR9 (bitl) Data receive time out Time out Normal operation
SR8 (bit0) Reserved - -

Boot Update Completed Bit (SR15)
This flag indicates whether the control program was downloaded to the RAM or not, using the down-
load function.

Check Sum Match Bit (SR12)
This flag indicates whether the check sum matches or not when a program, is downloaded for execu-
tion using the download function.

ID Check Completed Bits (SR11 and SR10)
These flags indicate the result of ID checks. Some commands cannot be accepted without an 1D
check.

Data Receive Time Out (SR9)
This flag indicates when a time out error is generated during data reception. If this flag is attached
during data reception, the received data is discarded and the microcomputer returns to the command
wait state.
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Full Status Check

Results from executed erase and program operations can be known by running a full status check. Figure

1.28.18 shows a flowchart of the full status check and explains how to remedy errors which occur.

(Read status register)

Command Execute the clear status register command (5016)
sequence error " " to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

-
Block erase error |- - - Should a block erase error occur, the block in error
q cannot be used.
p
[ Program error (page | | _ Execute the read lock bit status command (7116)
or lock bit) to see if the block is locked. After removing lock,

execute write operation in the same way. If the
error still occurs, the page in error cannot be

used.
Program error | After erasing the block in error, execute write
(block) operation one more time. If the same error still

occurs, the block in error cannot be used.

[End (block erase, program)]

Note: When one of SR5 to SR3 is set to "1", none of the page program, block erase,
erase all unlock blocks and lock bit program commands is accepted. Execute the
clear status register command (5016) before executing these commands.

Figure 1.28.18. Full status check flowchart and remedial procedure for errors
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Example Circuit Application for the Standard Serial /0O Mode 1

The below figure shows a circuit application for the standard serial /O mode 1. Control pins will vary
according to programmer, therefore see the peripheral unit manual for more information.

o
$

(" Clock input ) | CLK1
BUSY output RTS1(BUSY)

Data input | RXD1

Data output TxD1

CNVss
M16C/6N Group

(Flash memory version)

P85(NMI)
RESET

CAN transceiver

PO5(CRx) |t— CANH AN H
3 P50(CE) PIG(CTX) [—m CANL "caNL

% P55(EPM)

(1) Control pins and external circuitry will vary according to peripheral unit.
For more information, see the peripheral unit manual.
(2) In this example, the microprocessor mode and standard serial I/O mode are switched via a switch.

Figure 1.28.19. Example circuit application for the standard serial /O mode 1
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Overview of Standard Serial I/0 Mode 2 (Clock Asynchronized)
In standard serial I/O mode 2, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 2 wire clock asynchronized serial 1/O (UART1).
Standard serial I/O mode 2 is engaged by releasing the reset with the P65 (CLKz1) pin "L" level.
The TxDz1 pin is for CMOS output. Data transfer is in 8 bit units with LSB first, 1 stop bit and parity off.
After the reset is released, connections can be established at 9,600 bps when initial communications are
made with a peripheral unit. However, this requires a main clock with 10 MHz or 16 MHz input oscillation
frequency. Baud rate can also be changed from 9,600 bps, 19,200 bps or 38,400 bps by executing
software commands. However, communication errors may occur because of the oscillation frequency of
the main clock. If errors occur, change the main clock's oscillation frequency and the baud rate.
After executing commands from a peripheral unit that requires time to erase and write data, as with erase
and program commands, allow a sufficient time interval or execute the read status command and check
how processing ended, before executing the next command.
Data and status registers in memory can be read after transmitting software commands. Status, such as
the operating state of the flash memory or whether a program or erase operation ended successfully or
not, can be checked by reading the status register. Here following are explained the operation frequency
and the baud rate, how frequency is identified and software commands.
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Table 1.29.1. Operation frequency and the baud rate

Operation frequency Baud rate Baud rate Baud rate
(MHZz) 9,600bps 19,200bps 38,400bps
16MHz N N l
10MHz d v —
v : Communications possible
— : Communications not possible
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Software Commands
Table 1.29.2 lists software commands. In the standard serial /O mode 2, erase operations, programs and
reading are controlled by transferring software commands via the RxD1 pin. Standard serial /O mode 2
adds three transmission speed commands 9,600, 19,200 and 38,400 bps to the software commands of
standard serial I/O mode 1. Software commands are explained here below.

Table 1.29.2. Software commands (Standard serial /O mode 2)

1st byte When ID is
Control command transfer 2nd byte | 3ne byte | 4th byte | 5th byte | 6th byte not verified
Data
Address | Address Data Data Data Not
1 |Page read FFi6 (middle) (high) output output output 2%%tt$1utt))t/?e acceptable
Data
Address | Address Data Data Data . Not
2 | Page program 411s (middle) (high) input input input 2I5r$]3Ft)kl:tbtyc/)te acceptable
Address | Address Not
3 |Block erase 2016 (middle) (high) D016 acceptable
Not
4 |Erase all unlocked blocks A716 D016 acceptable
5 |Read status register 7016 Oil';\;)?lt gﬁ;?ult Acceptable
. Not
6 |Clear status register 5016 acceptable
Lock bit
. Address | Address Not
7 |Read lock bit status 7116 (middle) | (high) data acceptable
output
. Address | Address Not
8 |Lock bit program 7716 (middle) (high) D016 acceptable
. Not
9 |Lock bit enable 7A16 acceptable
o Not
10 | Lock bit disable 7516 acceptable
11 | ID check function F516 A((jlgt\ﬁ)ss ,(Arg%rgé? A(?%iis ID size ID1 ToID7 Acceptable
12 | Download function FA16 Size Size Check- Data req-{Jci)red acc[e\I Otfalble
(low) (high) sum input number P
of times
. . . . . Version
S . Version | Version | Version | Version | Version
13 inrgtli(()) r; information output FB16 data data data data data Ou(tjaltj? to Acceptable
output | output | output | output | output 9thpbyte
14 Boot ROM area output FCi6 Address | Address Data Data Data oul:t)alj?t % Not
function (middle) (high) output output output 259,5] byte acceptable
Check Check Not
15 |Read check data FD16 data data
(low) (high) acceptable
16 | Baud rate 9600 BO16 B016 Acceptable
17 |Baud rate 19200 Blie Blie Acceptable
18 |Baud rate 38400 B216 B216 Acceptable

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the "FF16" command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do to D7) for the page (256 bytes) specified with addresses A8
to A23 will be output sequentially from the smallest address first.

RxD1 ( FEig | A8 tO XA16 to) /
(M16C reception data) A15 A23

TxD1
(M16C transmission data) data255

Figure 1.29.1. Timing for page read

Page Program Command

This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.

(1) Transfer the "4116" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte onward, as write data (Do to D7) for the page (256 bytes) specified with addresses

A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

The result of the page program can be known by reading the status register. For more information, see
the section on the status register.
Each block can be write protected with the lock bit. For more information, see the section on the data
protection function. Additional writing is not allowed with already programmed pages.

RxD1 As to | A16 to |
(M16C reception data) ( 4116X A15 X A23 XdataOX_ x data255

TxD1
(M16C transmission data)

Figure 1.29.2. Timing for the page program
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Block Erase Command

This command erases the data in the specified block. Execute the block erase command as explained
here following.

(1) Transfer the "2016" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, the
erase operation will start for the specified block in the flash memory. Write the highest address of
the specified block for addresses As to A23.

After block erase ends, the result of the block erase operation can be known by reading the status
register. For more information, see the section on the status register.

Each block can be erase protected with the lock bit. For more information, see the section on the data
protection function.

RxD1 As to \ Aie tOX
(M16C reception data) ( 2016 X A1s Azz |\ D016

TxD1
(M16C transmission data)

Figure 1.29.3. Timing for block erasing

Erase All Unlocked Blocks Command

This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.

(1) Transfer the "A716" command code with the 1st byte.
(2) Transfer the verify command code "DO016" with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.

The result of the erase operation can be known by reading the status register. Each block can be erase-
protected with the lock bit. For more information, see the section on the data protection function.

RxD1
(M16C reception data) D016

TxD1
(M16C transmission data)

Figure 1.29.4. Timing for erasing all unlocked blocks
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Read Status Register Command
This command reads status information. When the "7016" command code is sent with the 1st byte, the
contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

RKD1 | 7016
(M16C reception data)

TxD1

X SRD X SRD1
(M16C transmission data)

output A output

Figure 1.29.5. Timing for reading the status register

Clear Status Register Command
This command clears the bits (SR3 to SR5) which are set when the status register operation ends in
error. When the "5016" command code is sent with the 1st byte, the aforementioned bits are cleared.

RxD1 X
(M16C reception data) 5016

TxD1
(M16C transmission data)

Figure 1.29.6. Timing for clearing the status register
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the "7116" command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. The lock bit data is the 6th

bit(De) of the output data. Write the highest address of the specified block for addresses As to
A23.

RxD1 >< 7116 X Asg to X Al6 toX
(M16C reception data) A15 A23

TXD1 >< De
(M16C transmission data)

Figure 1.29.7. Timing for reading lock bit status

Lock Bit Program Command
This command writes "0" (lock) for the lock bit of the specified block. Execute the lock bit program
command as explained here following.

(1) Transfer the "7716" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, "0" is
written for the lock bit of the specified block. Write the highest address of the specified block for
addresses As to A23.

Lock bit status can be read with the read lock bit status command. For information on the lock bit
function, reset procedure and so on, see the section on the data protection function.

RxD1 As to | Aleto
(M16C reception data) X 7716 X A15 X A23 X D016

TxD1
(M16C transmission data)

Figure 1.29.8. Timing for the lock bit program
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Lock Bit Enable Command

This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com-
mand. The command code "7A16" is sent with the 1st byte of the serial transmission. This command
only enables the lock bit function; it does not set the lock bit itself.

RxD1
(M16C reception data) X A16

. TxD1
(M16C transmission data)

Figure 1.29.9. Timing for enabling the lock bit

Lock Bit Disable Command

This command disables the lock bit. The command code "7516" is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself.
However, if an erase command is executed after executing the lock bit disable command, "0" (locked)

lock bit data is set to "1" (unlocked) after the erase operation ends. In any case, after the reset is
cancelled, the lock bit is enabled.

RxD1
(M16C reception data) X 7516

TxD1
(M16C transmission data)

Figure 1.29.10. Timing for disabling the lock bit
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ID Check Function Command
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the "F516" command code with the 1st byte.

(2) Transfer addresses Ao to A7, Ag to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.

(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

R (Lpss | _oFas ) Fras ) orss Jipsizel w1 {07
(M16C receé)titor; F516 DF16 } FF16 | OF16 size
ata

TxD1
(M16C transmission
data

Figure 1.29.11. Timing for the ID check

Download Function Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Transfer the "FA16" command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.
(4) The program to execute is sent with the 5th byte onward.
When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

]

RxD1 ( FA16 X X X Check XPlogramX Program
(M16C reception data) s sum data data
Data size (low) \
TxD1 . .
Dat high
(M16C transmission data) ata size (high)

Figure 1.29.12. Timing for download
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Version Information Output Function Command

This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the "FB16" command code with the 1st byte.

(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

RxD1 < ) /
(M16C reception data) FB16

TxD1 (XX
(M16C transmission data) v E R

Figure 1.29.13. Timing for version information output

Boot ROM Area Output Function Command

This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.

(1) Transfer the "FC16" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte onward, data (Do to D7) for the page (256 bytes) specified with addresses As
to A23 will be output sequentially from the smallest address first.

RxD1 ( FCis X As toX A16 to)
(M16C reception data) A15 A23

TxD1

(M16C transmission data) data255

Figure 1.29.14. Timing for boot ROM area output
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Read Check Data Command

This command reads the check data that confirms that the write data, which was sent with the page
program command, was successfully received.

(1) Transfer the "FD16" command code with the 1st byte.

(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.
To use this read check data command, first execute the command and then initialize the check data.
Next, execute the page program command the required number of times. After that, when the read
check command is executed again, the check data for all of the read data that was sent with the page

program command during this time is read. The check data is the result of CRC operation of write
data.

RxD1 >( FD16
(M16C reception data)

TxD1 ( X
(M16C transmission data) pul r

Check data (low) Check data (high)

Figure 1.29.15. Timing for the read check data

Baud Rate 9600 Command

This command changes baud rate to 9,600 bps. Execute it as follows.
(1) Transfer the "B016" command code with the 1st byte.

(2) After the "B016" check code is output with the 2nd byte, change the baud rate to 9,600 bps.

RxD1 < )
(M16C reception data) BO1s

TxD1 < >
(M16C transmission data) BO16

Figure 1.29.16. Timing of baud rate 9600
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Baud Rate 19200 Command

This command changes baud rate to 19,200 bps. Execute it as follows.
(1) Transfer the "B116" command code with the 1st byte.

(2) After the "B116" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

RxD1 < )
(M16C reception data) Blis

TxD1 < >
(M16C transmission data) Blis

Figure 1.29.17. Timing of baud rate 19200

Baud Rate 38400 Command

This command changes baud rate to 38,400 bps. Execute it as follows.
(1) Transfer the "B216" command code with the 1st byte.

(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps.

RxD1 < )
(M16C reception data) B21s

TxD1 < >
(M16C transmission data) B216

Figure 1.29.18. Timing of baud rate 38400
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ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

I s
Address = T =]

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 IDZE Overflow vector

OFFFE416 to OFFFE716 : BRK instruction vector

OFFFES816 to OFFFEB16 | ID3: Address match vector

OFFFECz16 to OFFFEF16 ID4§ Single step vector

OFFFFO016 to OFFFF316 | ID5 ! Osciation stop detectionWatchdog timer vector

OFFFF416 to OFFFF716 | 1D6} DBC vector

OFFFF816 to OFFFFB16 | ID7: NMI vector

OFFFFC16 to OFFFFF16 : Reset vector

——
4 bytes

Figure 1.29.19. ID code storage addresses
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Example Circuit Application for the Standard Serial /0O Mode 2
The below figure shows a circuit application for the standard serial I/O mode 2.

| CLK1

( Data input ) | RXD1

CNVss
M16C/6N Group

i

(Flash memory version)

P85(NMI)
RESET

CAN transceiver

PO5(CRX) |t—]| CANH AN H
Y P50(CE) PY6(CTX) [—m= CANL "caNL

% P55(EPM)

(2) In this example, the microprocessor mode and standard serial I/O mode are switched via a switch.

Figure 1.29.20. Example circuit application for the standard serial /O mode 2
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CAN 1/O Mode
In CAN 1/O mode, output and input of the software command, address, and data required for the opera-
tions (read, program, erase, etc.) are performed to the internal flash memory. An exclusive program-
mer is used for this purpose.
CAN 1/0O mode, unlike parallel I/O mode, the CPU controls operations such as rewrite (in CPU rewrite
mode) in the flash memory and CAN input for rewrite data. CAN I/O mode is started when the CNVss pin
and the P50 (CE) pin are pulled up to "H" level, the P55 (EPM) pin is pulled down to "L" level, and reset is
released. (In normal microprocessor mode, pull the CNVss pin down to "L" level.)
The control program is written in the boot ROM area when the device is shipped from Mitsubishi. Note, if the
boot ROM area is rewritten in the parallel I/O mode, the CAN 1/O mode cannot be used.
Figure 1.30.1 shows the pin connections for CAN 1/O mode.
Two CAN pins are used for input and output of the CAN data: P96 (CTx) pin and P95 (CRx) pin. The P96
(CTx) pin and the P95 (CRXx) pin have to be connected to the CAN transceiver IC.
In CAN I/O mode, only the user ROM area shown in Figure 1.28.17 can be rewritten; the boot ROM area
cannot.
CAN I/0 mode has a 7 byte ID code. When the flash memory is not blank and the ID code does not match,
the command sent from the external equipment (programmer) cannot be accepted.
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Pin Functions

Pin Name 110 Description

Vce,Vss Power input Apply program/erase guaranteed voltage to Vcc pin and 0 V to Vss pin.

CNVss CNVss | Connect this pin to Vcc pin.

RESET Reset input | Reset input pin: While reset is at "L" level, 20 cycles or more clock
must be input to Xin pin.

XIN Clock input | Connect a ceramic resonator or a quartz crystal oscillator between XiN
and XouT pins. To input an externally generated clock, input it to XIN

Xout Clock output O | pin and leave XouT pin open.

BYTE BYTE | Connect to Vcc or Vss.

AVcc, AVss Analog power supply input | Connect AVss to Vss and AVcc to Vcc, respectively

VREF Reference voltage input | Reference voltage input pin for AD converter.

POo to P07 Input port PO | Input "H" or "L" level or open.

Ploto P17 Input port P1 | Input "H" or "L" level or open.

P20 to P27 Input port P2 | Input "H" or "L" llevel or open.

P30 to P37 Input port P3 | Input "H" or “L" level or open.

P40 to P47 Input port P4 | Input "H" or "L" level or open.

P50 CE input I | Input "H" level.

P51 to P54, Input port P5 | Input "H" or "L" level or open.

P56, P57

P55 EPM input | Input"L" level.

P60 to P64, P66 | Input port P6 | Input "H" or "L" level or open.

P65 SCLK input | Connect to Vss.

P67 TxD output O | Connect to Vcc or open.

P70to P77 Input port P7 | Input "H" or "L" level or open.

P80 to P84 Input port P8 | Input "H" or "L" level or open.

P86, P87

P8s NMI input I | Connect to Vcc.

P9o to P94, P97 | Input port P9 | Input "H" or "L" level or open.

P95 CRx input | Connect to a CAN transceiver.

P9s CTx Output (6] Connect to a CAN transceiver.

P100 to P107 Input port P10 | Input "H" or "L" level or open.

276

1RENESAS

RenesasTechnology Corp.




Appendix CAN I/O Mode (Flash Memory Version)

Mitsubishi microcomputers

M16C / 6NO / 6N1 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode setup method

Signal Value

RESET Vss to Ve

QVSS \Vce

CE Vce TV UT
N 2l ESREES>SES3333332
> S _999zzzzz2zz2zzzz2zz
9532533555588 8888¢8%8
385Rz52222121212999999 99
g REEEEEEERERE

P96/ANEX1/CTX0 < [~ |
P9s/ANEXO/CRX0 <3 [~ |
P94/DA1/TBAIN <@ [ |
P93/DA0/TB3IN <@ [~ |
P92/TB2IN/SouT3 < [
P91/TB1IN/SIN3 < [ |
P90/TBOIN/CLK3 < [~
BYTE —» [

Cwvs>e

CNVss —» [o]
P87/XCIN < [ 5]
P86/XcouT - [ |
RESET —9» [

(_RESET)

107e)|1950

L & 4

[S] < p1oDs

[ 3] p1;/Do
(&)< p1ypio
[ p13/Du:
(o< p14/D1> -
[ o] <& p15/D13/INT3
[ 2] < p16/D14/INT4
E“» P17/D15/INT5
[S]< p2o/ac(/Dol-)
[ =] < p21/a1(/D1/Do)
[ S]<3 p2y/ax(/D2/D1)
[ 3] <& po3/as(Ds/D2)

O

9 XouT <a— [5] [S] <@ p2y/a4(/D4/D3)
| O-— Vss —- % %0 P25/As(/Ds/Da)
2 —————— Xn —P & M306NAFGTFP 3 |~ pog/As(/De/Ds)
Vec — % 100P6S %0 P27/A7(/D7/Ds)
P8s/INMI —» [ | — vss
P84/INT2 < 5| ( ) [ ] < p3o/As(/-ID7)
P83/INT1 <& [ | [Q]— vcc —@
P82/INTo < [X] [2] <3 p3y/ag
PBUTA4INU <@ [T [ ] <3 p3yar0
P80/TA40UT/U <3 [ [ |- p33/A1
P77/TA3IN/CRX1 <@ [3] [Z |- p3y/A12
P76/TA30uT/CTX1 <@ [ [ ] p3s/Aiz
P7SITA2NW < [ [ |- p3g/ALs
P74TA20UTIW <3 [3] |5 |- p37/ass
P73/CTS2/RTS2/ TALNN < [3] [ Z] <& pag/ate
P72/CLK2/TALoUT/V < [E] (& ] <& payarr
P71/RxD2/SCL/TAOIN/TB5IN <@ [ Q [J |- p42/Ais
P70/TxD2/SDA/TAQoUT <@ [Z] (7 |- P43/A10
BEEEEEREBEEEEEEEEEEE|
VU UUUUUUUUUUUTUTUUUTUTUTU
[N o) I o) M) Mo Mo IN¢) IS, BN, IS, BN IS, IS ) I S SR NS
degedreodageene S el
Z209 20932578 3533993
QoxagggmngErC'%EwNHo
I~ <5 ol >»x = 5
By 3|0 m‘ ‘
5 o I3
4 gig m
(@] =
2]
(%]
S8
O
—
Py
@
T ®
m
0
<

Figure 1.30.1. Pin connections for CAN I/O mode
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Upon entering CAN I/O mode, the microcomputer with the internal flash memory selects automatically the
CAN baud rate. Table 1.30.1 lists baud rate that can be automatically selected.

Table 1.30.1. List of selectable CAN baudrate

Clock frequency of M16C/6N group microcomputer with the internal flash memory
16MHz 10MHz 8MHz 5MHz 4AMHz 2.5MHz 2MHz

Baud rate

1000kbps
500kbps
250kbps
125kbps
100kbps
83.3kbps
80kbps
40kbps
20kbps
10kbps
\': Selectable

\/
\/

E P B ] B B P B Ea R
P P P P ] P P P P
e T

\/

When a configuration remote frame (see Table 1.30.2) transmitted from an external equipment (program-
mer) is received and CAN baud rate configuration is completed, the M16C/6N group microcomputer with
the internal flash memory transmits a configuration data frame.

Table 1.30.2. List of CAN frame at the time of baudrate selection

Frame Type Format ID |[DLC (Note 1) Data contents
Configuration remote frame | Remote| Standard | 7F016 0 Transmit at the time of baud rate selection
Configuration data frame Data Standard | 7F016 0 Transmit when M16C/6N group

completes automatic baud rate selection

Note 1: DLC indicates the number of the transfer data byte.

Note 2: The shadowed part is a transfer frame from the microcomputer with the internal flash memory to an external equipment.
Otherwise a transfer frame from the external equipment to the microcomputer with the internal flash memory.

Table 1.30.3 lists IDs for the CAN data transfer that the external equipment uses. Here, all are standard
data frames.

Table 1.30.3. ID for CAN data transfer that the external equipment uses

Frame ID DLC (Note 1) Data contents
Command 7FE16 1to5 Command that an external equipment issues
Write data 7FF16 Oto8 Data that an external equipment transmits
Busy 7F1l16 0 To transmit when M16C/6N group accepts a command
Ready 7F216 0 To transmit when M16C/6N group is waiting for a command
Read data 7F316 0to 8 Data that M16C/6N group transmits

Note 1: DLC indicates the number of the transfer data byte.

Note 2: The shadowed part is a transfer frame from the microcomputer with the internal flash memory to an external equipment.
Otherwise a transfer frame from the external equipment to the microcomputer with the internal flash memory.

In CAN 1/0O mode, input and output of software commands, address, and data are performed between the
microcomputer and the external equipment using a CAN interface.

Moreover, the data in a memory, status register, etc. can be read by read operation after a software com-
mand input. Status, such as operating status of the flash memory and whether program operation or erase
operation is completed successfully or ended up in error, can be checked by reading the status register. An
explanation of the software commands, status register, etc. are given below.
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Table 1.30.4 lists software commands and I/O CAN frames. In CAN I/O mode, erase operation, program,
and reading are controlled by transferring software commands through the CAN bus. Software commands

are explained here below.

Table 1.30.4. List of software commands and I/O frames

Control command Frame 1 | Frame 2 Frame 3 ~ The last | When ID is
(Note 1) frame not verified
1 | Page read Command | Busy | Write data 32 times Ready [ Not accepted
2 | Page program Command | Busy [ Write data 33 times Ready | Not accepted
3 | Block erase Command | Busy — Ready [ Not accepted
4 | Erase all unlocked blocks | Command | Busy — Ready | Not accepted
5 | Read status register Command | Busy | Read data (SRD, SRD1)note2)| Ready | Accepted
6 | Clear status register Command | Busy — Ready | Not accepted
7 | Read lock bit status Command | Busy | Read data Ready | Not accepted
8 | Lock bit program Command | Busy — Ready | Not accepted
9 | Lock bit enable Command | Busy — Ready [ Not accepted
10| Lock bit disable Command | Busy — Ready | Not accepted
11| ID check function Command | Busy [ Write data Ready | Accepted
12| Download function Command | Busy | Write data ntimes Ready | Not accepted
13| Version information output function | Command | Busy | Read data Ready | Accepted
14| Boot ROM area output function | Command | Busy | Read data 32 times Ready [ Not accepted

Note 1: See Table 1.30.5.

Note 2: SRD signifies Status Register Data, SRD1 signifies Status Register Data 1.

Note 3: The shadowed part is transfer frame from the microcomputer with the internal flash memory to the external
equipment. Otherwise transfer frame from the external equipment to the microcomputer with the internal
flash memory

Note 4: All the commands can be accepted on the blank devices.

Table 1.30.5. Contents of software command frame

RenesasTechnology Corp.

Contents of command frame
Software command

1st byte 2nd byte 3rd byte 4th byte 5th byte
1 | Page read FFie Address (middle) | Address (high) — —
2 | Page program 4116 Address (middle) [ Address (high) — —
3 | Block erase 2016 Address (middle) | Address (high) | D016 —
4 | Erase all unlocked blocks AT716 D016 — — —
5 | Read status register 7016 — — — —
6 | Clear status register 5016 — — — —
7 | Read lock bit status 7116 Address (middle) [ Address (high) — —
8 | Lock bit program 7716 Address (middle) | Address (high) | D016 —
9 | Lock bit enable 7A16 — — — —
10| Lock bit disable 7516 — — — —
11| ID check function F516 Address (low) | Address (middle)| Address (high) | ID size
12| Download function FA16 Size (low) Size (high) Check sum —
13| Version information output function FB16 — — — —
14| Boot ROM area output function FCi6 Address (middle) [ Address (high) — —
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Page Read Command

A specified page (256 bytes) of the flash memory is read in unit of 8 byte by turns. Execute the command in
the following procedure:

(1) Receive data of 3 bytes in the 1st frame: "FF16", address As to A15, and A16 to A23.
(2) Transmit a busy frame on the 2nd frame.

(3) Read sequentially from address 0XXX0016 on the 3rd to 34th frame, and transmit data at every 8 bytes.
(4) Transmit a ready frame on the 35th frame.

CRXx \< >/ H H \\ H H
Command
(M16C reception data)
CTx
(M16C transmission data) Busy Read data Read data Ready

Figure 1.30.2. Timing of page read command

Page Program Command
This command serves for writing data in unit of 256 bytes, to the page (256 bytes) specified in the flash
memory. The command should be executed in the following procedure:
(1) Receive data of 3 bytes in the 1st frame: "4116", address As to A15, and A16 to A23.
(2) Transmit a busy frame on the 2nd frame.

(3) Receive the write data sequentially from address 0XXX0016 on the 3rd to 34th frame.
(4) Receive DLC="0" on the 35th frame.

(5) Transmit a ready frame on the 36th frame after completion of flash write operation.
The result of the page program can be known by reading the status register. Refer to the section of the
status register for details.
In addition, write protect on each block can be realized by the lock bit. For further details, refer to the section
of the data protection function. Program cannot be done again to the page which is already programmed.

DLC ="0"

CRXx _ _

(M16C reception data) < Command > |_| \< Write data X l Write data y |_|
CTx | | \( }/

(M16C transmission data) Busy |_| )/ |_| \ Ready y

Figure 1.30.3. Timing of page program command
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Block Erase Command

This command serves for erasing the data in the specified block. Execute the command in the following
procedure:

(1) Receive data of 4 bytes in the 1st frame: "2016", address As to A15, A16 to A23, and "D016".
(2) Transmit a busy frame on the 2nd frame.
(3) Transmit a ready frame on the 3rd frame after completion of flash erase operation.
The result of block erase can be known by reading the status register after completion of block erase. Refer

to the section of the status register for details. In addition, erase protect on each block can be realized by
the lock bit. For details, refer to the section of data protection function.

CRx { Command Y H
(M16C reception data)

CTx | | * Busy 7 * Ready 7
(M16C transmission data)

Figure 1.30.4. Timing of block erase command

Erase All Unlocked Blocks Command

This command serves for erasing the contents of all blocks. Execute the command in the following
procedures.

(1) Receive data of 2 bytes in the 1st frame: "A716" and "D016".
(2) Transmit a busy frame on the 2nd frame.

(3) Transmit a ready frame on the 3rd frame after completion of erase all unlocked blocks operation.

The result of erase all unlocked blocks can be known by reading the status register after completion of
erase all unlocked blocks. Refer to the section of the status register for details.

In addition, erase protect on each block can be realized by the lock bit. For details, refer to the section of
data protection function.

CRx { Command Y H
(M16C reception data)

CTx | | * Busy 7 * Ready 7
(M16C transmission data)

Figure 1.30.5. Timing of erase all unlocked blocks command
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Read Status Register Command

This command serves for confirmation of the operating status of the flash memory. Execute the command
in the following procedure:

(1) Receive data of 1 byte in the 1st frame: "7016".

(2) Transmit a busy frame on the 2nd frame.

(3) Transmit 2 bytes on the 3rd frame: SRD and SRD1.
(4) Transmit a ready frame on the fourth frame.

CRXx Command
(M16C reception data)
CTx
o Busy Read data Ready
(M16C transmission data)

Figure 1.30.6. Timing of read status register command

Clear Status Register Command

This command serves for clearing the bits (SR4, SR5), that show the status register has been ended in
error. Execute the command in the following procedure:

(1) Receive 1 byte of "5016" in the 1st frame.
(2) Transmit a busy frame on the 2nd frame.

(3) Transmit a ready frame on the 3rd frame after completion of status register reset operation.

CRx \< Command >/
(M16C reception data)

CTx Busy Ready
(M16C transmission data)

Figure 1.30.7. Timing of clear status register command
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. ____________________________________________________________________________________________________________________________________________________________|
Read Lock Bit Status Command

This command serves for reading the state of the lock bit of a specified block. Execute the command in the
following procedure:

(1) Receive 3 bytes in the 1st frame: "7116", address A8 to A15, and A16 to A23.
(2) Transmit a busy frame on the 2nd frame.

(3) Transmit 1 byte of lock bit data on the 3rd frame. A state is displayed at the 6th bit of the data. "1" means
that the block is not locked, "0" means that the block is locked.
(4) Transmit a ready frame on the 4th frame.

CRx
Command
(M16C reception data)
CTx Busy Read data Ready
(M16C transmission data)

Figure 1.30.8. Timing of read lock bit status command

Lock Bit Program Command

This program serves for writing "0" (locked state) to the lock bit of a specified block. Execute the program in
the following procedure:

(1) Receive 4 bytes in the 1st frame: "7716", address As to A15, A16 to A23, and "D016".
(2) Transmit a busy frame on the 2nd frame.

(3) Transmit a ready frame on the 3rd frame after completion of lock operation (clearing the lock bit to "0")
to the specified block.

The state of a lock bit can be read by the read lock bit status command.

Refer to the section of data protection function about the function of a lock bit, reset method and others.

CRx Command
(M16C reception data)

CTx Busy Ready
(M16C transmission data)

Figure 1.30.9. Timing of lock bit program command
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Lock Bit Enable Command

This command enables again the lock bit in blocks whose bit has been disabled by the lock bit disable com-
mand. Execute the command in the following procedure:

(1) Receive 1 byte in the 1st frame: "7A16".
(2) Transmit a busy frame on the 2nd frame.
(3) Transmit a ready frame on the 3rd frame after setting to enable the lock bit.
This command only enables the lock bit function, however, it does not either set or clear the lock bit itself.

CRx \< Command >/
(M16C reception data)

CTx Busy Ready
(M16C transmission data)

Figure 1.30.10. Timing of lock bit enable command

Lock Bit Disable Command
This command disables the block lock. Execute the command in the following procedure:
(1) Receive 1 byte in the 1st frame: "7516".
(2) Transmit a busy frame on the 2nd frame.
(3) Transmit a ready frame on the 3rd frame after completion of lock bit disable selection.
This command only disables the lock bit function, however, it does not either set or clear the lock bit itself.
The lock bit data which has been "0" (locked state) is set to "1" (unlocked sate) after completion of erase

operation, when erase is performed after lock bit disable command execution. The lock bit enables after
reset release.

CRx \< >/
Command
(M16C reception data)
CTx
Busy Ready
(M16C transmission data)

Figure 1.30.11. Timing of lock bit disable command
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ID Check Function Command

This command serves for judging the ID code. Execute the command in the following procedure:

(1) Receive 5 bytes in the 1st frame: "F516", address Ao to A7, As to A1s5, A16 to A23, and the number of ID
data.

(2) Transmit a busy frame on the 2nd frame.

(3) Receive the ID data in the 3rd frame and on.

(4) Receive, by DLC ="0" after completion of ID data transmission.

(5) Transmit a ready frame on the last frame after completion of ID check.

It takes up to a maximum of 1 sec., from the transmission of the ID data on the 3rd frame to the reception of
the next ready frame.

[ o™
\

CRX Command \< Write data >< Write data >/
(M16C reception data)

CTx Busy H < Ready ?
(M16C transmission data)

Figure 1.30.12. Timing of ID check function command

Download Function Command

This command serves for download of an execution program to RAM. Execute the command in the follow-
ing procedure:

(1) Transmit 4 bytes in the 1st frame: "FA16", program size (low), program size (high), and check sum.
(2) Transmit a busy frame on the 2nd frame.
(3) Receive an execution program as a write data on the 3rd frame and after.
(4) Transmit a ready frame on the last frame after completion of check sum comparison.
A transfer program will be executed after completion of ready frame transmission, if a check sum matches.
The size of the transmission program varies according to the internal RAM.

CRx \ Command y H_Y Write data >< \ Write data >/ H
(M16C reception data) \

CTx Busy Ready
(M16C transmission data)

Figure 1.30.13. Timing of download function command
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Version Information Output Function Command

The version information on the control program stored in the boot ROM area is output. Please perform it in
the following procedures.

(1) Receive 1 byte in the 1st frame: "FB16".

(2) Transmit a busy frame on the 2nd frame.

(3) Transmit 8 bytes of version information on the 3rd frame.
(4) Transmit a ready frame on the 4th frame.

CRx \< Command >/
(M16C reception data)
CTx
o Busy Read data Ready
(M16C transmission data)

Figure 1.30.14. Timing of version information output function command

Boot ROM Area Output Function Command
This function serves for reading the control program stored in the boot ROM area in unit of page (256
bytes). Please perform it in the following procedure:
(1) Receive 3 bytes in the 1st frame: "FC16", address As to A15 and A16 to A23.
(2) Transmit a busy frame on the 2nd frame.

(3) Transmit the read data sequentially, starting from address 0XXX0016 from the 3rd frame to the 34th
frame.

(4) Receive a ready frame at the 35th frame.

CRXx \ Command Y H H KK H H
(M16C reception data)

CTX . < Bust Read data >< \) x Read data XReadyy
(M16C transmission data)

Figure 1.30.15. Timing of boot ROM area output function command
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ID Code
If the contents of a flash memory are not blank, the microcomputer judges whether the ID code currently
written in the flash memory matches the one that is sent from the external equipment. If they do not match,
the command sent from the external equipment cannot be accepted. Each of the ID codes consists of 8
bit data, and the area spans, from the first byte and on, address OFFFDF16, OFFFE316, OFFFEB1s6,
OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16 respectively. Write in the flash memory a program in
which the ID codes are defined beforehand.

//—J\_/\_/;
Address = o

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 |D25 Overflow vector

OFFFE416 to OFFFE716 1 BRK instruction vector
OFFFE816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 | ID4! Single step vector

1 Oscillation stop detection/
OFFFFO16 to OFFFF316 ID5: Watchdog timer vector

OFFFF416 to OFFFF716 | 1D6! DBC vector

OFFFF816 to OFFFFB16 | ID7: NMI vector

OFFFFC16 to OFFFFF16 : Reset vector

— _
—~—
4 bytes

Figure 1.30.16. Storing address of ID code
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Data Protection Function (block lock)
Each block shown in Figure 1.28.17 has a nonvolatile lock bit that selects the protection (block lock) against
erase/write. Writing "0" (locked state) into a lock bit is done by lock bit program command. The lock bit of
each block can be read by the read lock bit status command.

Disable or enable block lock is defined by the state of the lock bit and execution status of the lock bit disable
command and the lock bit enable command.

(1) After reset release and after execution of the lock bit enable command, lock or unlock to the specified
block can be selected, according to the lock bit state (lock bit data). A block of a lock bit data "0" is in
locked state, and erase/write is disabled. On the other hand, a block of a lock bit data "1" is in unlocked
state, and erase/write is enabled.

(2) After lock bit disable command execution, all the blocks are in unlocked state regardless of the lock bit
data, and erase/write is enabled. At this time, the lock bit data which has been "0" (locked state) is set to
"1" (unlocked state) after completion of erase, and the lock by the lock bit is released.
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase or
a program operation has been ended successfully or in error. It can be read by writing the read status
register command (7016). Also, the status register is cleared by writing the clear status register command
(5016). The status register outputs "8016" after reset release.
Table 1.30.6 shows the definition of each status register bit, definition of each bit is given below.

Table 1.30.6. Status register (SRD)

SRD bits Status name P Definition "o

SR7 (bit7) Write state machine (WSM) status Ready Busy

SR6 (bit6) Reserved - _

SRS (bit5) Erase status Terminated in error |Terminated normally
SR4 (bit4) Program status Terminated in error |Terminated normally
SR3 (bit3) Block status after program Terminated in error |Terminated normally
SR2 (bit2) Reserved R _

SR1 (bitl) Reserved R _

SRO (bit0) Reserved - _

Write State Machine (WSM) Status (SR7)

The write state machine (WSM) status indicates the operating status of the flash memory. When power is
turned on, "1" (ready) is set for it. The bit is set to "0" (busy) during an auto write or auto erase operation, but
it is set back to "1" when the operation ends.

Erase Status (SR5)

The erase status indicates the operating status of an auto erase operation. It is set to "1" when an erase
error occurs. When the erase status is cleared, the value becomes "0".

Program Status (SR4)
The program status indicates the operating status of an auto write operation. It is set to "1" when an
program error occurs. When the program status is cleared, the value becomes "0".

Block Status After Program (SR3)
This is set to "1" if excessive write (phenomenon whereby the memory cell enters depletion state which
results in data not being read correctly) occurs at completion of page write. Namely, when write is com-
pleted successfully, the status register is at "8016"; the status register is at "9016" when write fails; it is at
"8816" when excessive write occurs.
If any of SR5, SR4 and SR3 is set to "1", the page program, block erase, erase all unlocked blocks and lock
bit program commands are not accepted. Before executing these commands, execute clear status register
command (5016) to clear the status.
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Status Register 1 (SRD1)
Status register 1 indicates the status of serial communication, results of ID checks, and result of checksum
comparisons. It can be read after the SRD by writing the read status register command (7016). Also, status
register 1 is cleared by writing the clear status register command (5016).
The value of the register is "0016" when power is turned on and the flag status is maintained even after the
reset.
Table 1.30.7 shows the status register 1, definition of each bit is given below.

Table 1.30.7. Status register 1 (SRD1)

) Definition

SRD1 bits Status name r o
SR15 (bit7) Boot updating completed bit Updated Not updated
SR14 (bit6) Reserved I I
SR13 (bit5) Reserved — —
SR12 (bit4) Checksum match bit Matched Not matched
SR11 (bit3) ID check completed bits b3 b2 n
SR10 (bltZ) 00: Not_\_/erlfIEd )

0 1: Verified as mismatched

1 0: Reserved

1 1: Verified
SR9 (bitl) Data reception time out Time out Successful operation
SR8 (hit0) Reserved —_ —_

Boot Update Completed Bit (SR15)

This bit indicates whether the control program has been downloaded to the RAM by the download function
or not.

Checksum Match Bit (SR12)

This bit indicates whether the checksum matches or not when an execution program is downloaded by the
download function.

ID Check Completed Bits (SR11, SR10)
These bits indicate the result of ID checks. Some commands cannot be accepted without an ID check.

Data Reception Time Out (SR9)
This bit indicates a time out error during data reception. If this flag is set during data reception, the received
data is discarded and the microcomputer returns to the command wait state.
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Full Status Check

Execution results of erase and program operations can be known by full status check. Figure 1.30.17
shows a flowchart of the full status check and explains how to handle errors when they occur.

(Read status registerj

Command Execute the clear status register command (5016)
sequence error  |° ° " to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

-
Block erase error ] - - Should a block erase error occur, the block in error

L cannot be used.

-
[ Program error (page | _ Execute the read lock bit status command (7116)
or lock bit) to see if the block is locked. After removing lock,
execute write operation in the same way. If the
error still occurs, the page in error cannot be

used.
Program error . . _After erasing the block in error, execute write
(block) operation one more time. If the same error still

occurs, the block in error cannot be used.

[End (block erase, program)]

Note: When one of SR5 to SR3 is set to "1", none of the page program, block erase,
erase all unlock blocks and lock bit program commands is accepted. Execute the
clear status register command (5016) before executing these commands.

Figure 1.30.17. Full status check flowchart and remedial procedure for errors
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Example Circuit Application for the CAN I/O Mode

The figure blow shows a circuit application for the CAN 1/0 mode. Control pins may vary according to
programmer, therefore see the programmer manual for more information.

CAN transceiver

CANH
C cann ) »| P95 (CRx)
CAN L CANL l«—] Pos (CTY)

o

CNVss

M16C/6N Group
(Flash memory version)

P
'

° P50 (CE)

% P55(EPM)

Note 1: Control pins and external circuitry may vary according to the external equipment (writer).
Refer to the using manual of the exclusive programmer for more details.

Note 2: In this example, switching between microprocessor mode and CAN I/O mode is done by
a switch.

P85(NMI)

Figure 1.30.18. Example circuit application for the CAN I/O mode
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Package Outline

100P6S-A
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c 013 | 015 | 02
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L 0.4 0.6 0.8
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Detail F 12 13 - =

MD — 14.6 —

ME _ 20.6 _
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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 ir ion publi by Mi i 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.

© 2002 MITSUBISHI ELECTRIC CORP.
New publication, effective Nov. 2002.
Specifications subject to change without notice.
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