Rev.1.0 Mitsubishi microcomputers

M16C / 30L Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

The M16C/30L 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, low voltage (2.2V to 3.6V), they are capable of executing
instructions at high speed. They also feature a built-in multiplier and DMAC, making them ideal for control-
ling office, communications, industrial equipment, and other high-speed processing applications.

The M16C/30L group includes a wide range of products with different internal memory sizes and various
package types.

Features

* Memory capacity ........ccceeeeeriiieeeennnnne ROM (See Figure 1.1.4. ROM Expansion)

RAM 2K to 3K bytes
« Shortest instruction execution time....... 62.5ns (f(XIN)=16MHz, Vcc=3.0V to 3.6V)

142.9ns (f(XIN)=7MHz, Vcc=2.4V to 3.6V without software wait)
o Supply voltage .......coovvvieieiiniieneee 3.0V to 3.6V (f(XIN)=16MHz, without software wait)

2.4V to 3.6V (f(XIN)=7MHz, without software wait)

2.2V to 3.6V (f(XIN)=7MHz, with software one-wait)

* Low power consumption ...................... 34.0mW (Vcc = 3V, f(XIN)=10MHz, without software wait)
66.0mW (Vcc = 3.3V, f(XIN)=16MHz, without software wait)

¢ INLEITUPES .. 16 internal and 5 external interrupt sources, 4 software
interrupt sources; 7 levels (including key input interrupt)

» Multifunction 16-bit timer..................... 3 output timers + 2 input timers

e Serial O ....uvviiiiiiii 3 channels (3 for UART or clock synchronous)

e DMAC .. 1 channels (trigger: 14 sources)

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

* Watchdog timer.........cccoooviiiiiiiieenennenn. 1line

* Programmable /O port .........c.cccovennee. 87 lines

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

o Memory expansion ..........ccccoecvveeeeennne Available (to a maximum of 1M bytes)

» Chip select output ..........oooeiiviiiiieeennnn. 4 lines

* Clock generating Circuit ............c.......... 2 built-in clock generation circuits

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

Central Processing Unit (CPU) ..........c.co...... 11 TIMET e 75
RESEL..cuiiii i 14 Serial O ..o 93
Processor Mode ...........ccovvvvvvvviiiiiiiiiicceeen, 21 A-D CONVEITEr v 130
Clock Generating CirCuit ........ccccoccvverrrerenenen. 34 Programmable I/O Ports .........cccccceevieeennnn. 136
ProteCtion ........cccoeeeeiiiiiiiiiieeieeieeeeeeee e 43 Electrical characteristiCs .......cooevvevvvvveeeeennn. 146
INLEITUPT ... 44
Watchdog Timer........cocovviveeieiiiiiiee e 64
DMAC ...ttt 66
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Mitsubishi microcomputers

M16C / 30L Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Configuration
Figures 1.1.1 and 1.1.2 show the pin configurations (top view).

PIN CONFIGURATION (top view)
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P107/AN7/KI3 ~a—8=[gg [42] < P54/HLDA
P106/AN6/KI2 ~a—[og| % ~—» P55/HOLD
P105/ANs/KI1 <a—=[91] ~a— P56/ALE
P104/AN4/KI0 ~&—»=[02] M16C/30L G roup [30] <& P57/RDY/CLKouT
P10s/ANs ~—#[o3| [35] < P60/CTSO/RTS0
P102/AN2 = [o4] [37] < pP61/CLKO
P101/AN1 <5 [og| [36] &= P62/RxDo
Avss —[96 [35] <& P63/TxDo
P100/ANo ~e—[o7| [34] <= P64/CTS1/RTSI/CLKS1
VRer — [ og] [33] < P6s/CLK1
Avce —[ag| O O [32] <& P66/RxD1
P97/ADTRG {100 [31] <& P67/TxD1

E]

P94 ~<a—[o |

P93 <[~ ]

P92/TB2IN <[ |

P91/TB1IN <& [o |

P90 <[]

BYTE — [ |

CNVss —[o |

P87/XCIN <a—=[E |

E]

RESET —» [5 |

XouT -— ]

Vss —= [} |

XIN—= & |
Vec—a

P85/NMI —= [

P81 -1 |

P80 e[} |

P77 -3 |

P76 <[} |

P75/TA2IN <[ |

P74/TA20UT <[5 |

P73/CTS2/RTS2/TALIN <a—3= [T |

P84/INT2 <[ |

P83/INT1 <[5 |

P82/INTo <a— 3|

P96/ANEX1 <[ |
P95/ANEX0 ~a—- [~ |

P86/XCouT ~a—3

P72/CLK2/TAlouT <= [J |

P71/RxD2/SCL/TAOIN (Note) e[ |
P70/TxD2/SDA/TAO0UT (Note) - [Z]

Note: P70 and P71 are N channel open-drain output pin.

Package: 100P6S-A

Figure 1.1.1. Pin configuration (top view)
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Description

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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PIN CONFIGURATION (top view)
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P42/A18

P43/A19

P44/CSO

P4s/CS1

P46/CS2

P47/CS3
P50WRLWR
P51/WRH/BHE

P52/RD

P53/BCLK

P54/HLDA

P5s/HOLD

P56/ALE
P57/RDY/CLKout
P60/CTSo/RTSo
P61/CLKo

P62/RxDo

P63/TxDo
P64/CTS1/RTS1/CLKS1
P6s5/CLK1

P66/RxD1

P67/TxD1
P70/TxD2/SDA/TAOouT (Note)
P71/RxD2/SCL/TAOIN (Note)
P72/CLK2/TAlout

Note: P70 and P71 are N channel open-drain output pin.

Package: 100P6Q-A

Figure 1.1.2. Pin configuration (top view)
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Description

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram

Figure 1.1.3 is a block diagram of the M16C/30L group.

A8 A8

AS

A8 A8

A8

Y

I/O ports

Y
[ PortPO | [ PortP1 | [ PortP2 | | PortP3 | [ PortP4 | | PortP5 | | PortP6 |

o
. . o
Internal peripheral functions S-S
perp A-D converter _System clock generator | o -
_____ Timer (10 bits x 8 channels XIN-XOUT Y
Timer TAO (16 bits) Expandable up to 10 channels) XCIN-XCOoUT —
Timer TA1 (16 bits) o
Timer TA2 (16 bits) UART/clock s o
. . ynchronous SI/O = >
Timer TB1 (16 bits) (8 bits x 3 channels) 3 -
Timer TB2 (16 bits) o |
o
=}
M16C/60 series16-bit CPU core Memory T
(o)
. [62]
Registers Program counter ROM — |
H [=YaYW I B =Yal 1 (NOte l)
Watchdog timer ROH T ROL PC o
15 bits . RAM S
( ) RIH | RIL Stack pointer (Note 2) =] N
R T ®
DMAC 5 ©
(1 channel) AD —
Al Vector table |
FB [ INTB | T
inli o
Flag register Multiplier - <Lv>
[ SB | [ FLG | E ™
o
Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU tvpe.
Figure 1.1.3. Block diagram of M16C/30L group
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Mitsubishi microcomputers

M16C / 30L Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline
Table 1.1.1 is a performance outline of M16C/30L group.

Table 1.1.1. Performance outline of M16C/30L group

ltem Performance

Number of basic instructions 91 instructions

Shortest instruction execution time 62.5ns(f(XIN)=16MHz, Vcc=3.0V to 3.6V)
142 .9ns(f(XIN)=7MHz, Vcc=2.4V to 3.6V, without software wait)

Memory ROM (See the figure 1.1.4. ROM Expansion)

capacity RAM 2K to 3K bytes

I/O port PO to P10 (except P8s) 8 bits x 10, 7 bits x 1

Input port P85 1bitx 1

Multifunction | TAO, TAL, TA2 16 bits x 3

timer TB1, TB2 16 bits x 2

Serial I/0 UARTO, UART1, UART2 (UART or clock synchronous) x 3

A-D converter 10 bits x (8+2) channels

DMAC 1 channels (trigger: 14 sources)

Watchdog timer 15 bits x 1 (with prescaler)

Interrupt 16 internal and 5 external sources, 4 software sources, 7 levels

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

Supply voltage 3.0V to 3.6V (f(XIN)=16MHz, without software wait)
2.4V to 3.6V (f(XIN)=7MHz, without software wait)
2.2V to 3.6V (f(XIN)=7MHz, with software one-wait)

Power consumption 34.0mW (Vce=3V, f(XIN)=10MHz, without software wait)
66.0mW (Vcc=3.3V, f(XIN)=16MHz, without software wait)

I/O I/0 withstand voltage 3.3V

characteristics | Output current 1mA

Memory expansion Available (to a maximum of 1M bytes)

Device configuration CMOS high performance silicon gate

Package 100-pin plastic mold QFP
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Mitsubishi microcomputers

M16C / 30L Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mitsubishi plans to release the following products in the M16C/30L group:
(1) Support for mask ROM version
(2) ROM capacity
(3) Package
100P6S-A : Plastic molded QFP
100P6Q-A : Plastic molded QFP

ROM Size
(Byte)

128K M30302MCL-XXXFP/GP

96K M30302MAL-XXXFP/GP

64K | M30302MBL-XXXFP/GP

Mask ROM version

Figure 1.1.4. ROM expansion
The M16C/30L group products currently supported are listed in Table 1.1.2.

Table 1.1.2. M16C/30L group

June, 2002
Type No. ROM capacity | RAM capacity Package type Remarks
- ** -

M30302M8L-XXXFP 64K byte 2K byte 100P6S-A

M30302MBL-XXXGP ** 100P6Q-A

M30302MAL-XXXFP ** 96K byte 100P6S-A Mask ROM version
M30302MAL-XXXGP y 100P6Q-A

3K byte

M30302MCL-XXXFP * 128K byte 100P6S-A

M30302MCL-XXXGP « 100P6Q-A
**: Under development
* . New product

6 ‘ MITSUBISHI
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Mitsubishi microcomputers

M16C / 30L Group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
TypeNo. M30302 M8 L-XXXGP
—L Package type:
FP :Package 100P6S-A
GP : 100P6Q-A
ROM No.

ROM capacity:
8: 64K bytes
A: 96K bytes
C : 128K bytes

Memory type:
M : Mask ROM version

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

M16C/30 Group

M16C Family

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

M16C / 30L Group

Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name Signal name 1/O type Function
vee, Vss iFr:(;))ther supply Supply 2.2V to 3.6 V to the Vcc pin. Supply 0 V to the Vss pin.
CNVss CNVss Input This pin switches between processor modes. Connect this pin to the
V/ss pin when after a reset you want to start operation in single-chip
mode (memory expansion mode) or the Vcc pin when starting
operation 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

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

ouT OCk outpu utpu use an externally derived clock, input it to the XIN pin and leave the
XouT pin open.

BYTE External data | Input This pin selects the width of an external data bus. A 16-bit width is
bus width selected when this input is “L”; an 8-bit width is selected when this
select input input is “H". This input must be fixed to either “H” or “L”. Connect this

pin to the Vss pin when not using external data bus.

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

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

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

POo to PO7 1/0O port PO Input/output | This is an 8-bit CMOS 1/O port. It has an input/output port direction

register that allows the user to set each pin for input or output
individually. When used for input in single-chip mode, the port can be
set to have or not have a pull-up resistor in units of four bits by
software. In memory expansion and microprocessor modes, selection
of the internal pull-resistor is not available.

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

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

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

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

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

Ao/Do to Input/output | If the external bus is set as an 8-bit wide multiplexed bus, these pins

A7/D7 input and output data (Do—D7) and output 8 low-order address bits
(A0—A7) separated in time by multiplexing.

Ao Output If the external bus is set as a 16-bit wide multiplexed bus, these pins

A1/Do Input/output | input and output data (Do—Dse) and output address (A1-A7) separated

to A7/Ds in time by multiplexing. They also output address (A0).

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

A8 to A15 Output These pins output 8 middle-order address bits (As8—A15).

As/D7, Input/output | If the external bus is set as a 16-bit wide multiplexed bus, these pins

A9 to A15 Output input and output data (D7) and output address (A8) separated in time
by multiplexing. They also output address (A9—A15).

P4o to P47 1/O port P4 Input/output | This is an 8-bit I/O port equivalent to PO.

A16 to A19, Output These pins output A16—A19 and CSo—CS3 signals. A16—A19 are 4 high-

CSoto CS3 Output order address bits. CSo—CS3 are chip select signals used to specify an
access space.
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Mitsubishi microcomputers

M16C / 30L Group

Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name Signal name 1/O type Function

P50 to P57 I/O port P5 Input/output 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 XCIN as selected by software.

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

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

RD, Output software control.

BCLK, Output B WRL, WRH, and RD selected

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

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

ALE, Output B WR, BHE, and RD selected o

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

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 I/O port P7 Input/output | This is an 8-bit I/O port equivalent to P6 (P70 and P71 are N channel
open-drain output). Pins in this port also function as timer AO-A2, or
UART2 1/O pins as selected by software.

P80 to P84, 1/O port P8 Input/output | P8o to P84, P86, and P87 are 1/0O ports with the same functions as P6.

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

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

PS8s /O port P85 Input circuit. In this case, connect a quartz oscillator between P86 (XcouT
pin) and P87 (XCIN pin). P85 is an input-only port that also functions
for NMI. The NMl interrupt is generated when the input at this pin
changes from “H” to “L”. The NMI function cannot be cancelled using
software. The pull-up cannot be set for this pin.

P9o to P97 I/O port P9 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as, timer B1, B2 input pins, A-D converter extended input pins, or A-D
trigger input pins as selected by software.

P10o0 to P107 | I/O port P10 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also function
as A-D converter input pins as selected by software. Furthermore, P104
—P107 also function as input pins for the key input interrupt function.
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Mitsubishi microcomputers

M16C / 30L Group
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Operation of Functional Blocks
The M16C/30L group accommodates certain units in a single chip. These units include ROM and RAM to
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations.
Also included are peripheral units such as timers, serial /O, DMAC, A-D converter, and 1/O ports.
The following explains each unit.

Memory

Figure 1.3.1 is a memory map of the M16C/30L group. The address space extends the 1M bytes from
address 0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30302MCL-XXXGP,
there is 128K bytes of internal ROM from E000016 to FFFFF16. The vector table for fixed interrupts such as
the reset and NMI are mapped to FFFDC16 to FFFFF16. The starting address of the interrupt routine is
stored here. The address of the vector table for timer interrupts, etc., can be set as desired using the
internal register (INTB). See the section on interrupts for details.
From 0040016 up is RAM. For example, in the M30302MCL-XXXGP, 3K bytes of internal RAM is mapped
to the space from 0040016 to 00FFF16. 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 I/O, and timers, etc. Figures 1.6.1 to 1.6.3 are location
of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be
used for other purposes.
The special page vector table is mapped to 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 used as 2-byte instructions, reducing the number of program steps.
In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be
used. For example, in the M30302MCL-XXXGP, the following spaces cannot be used.

*» The space between 0180016 and 03FFF16 (Memory expansion and microprocessor modes)

» The space between D000016 and DFFFF16 (Memory expansion mode)

0000016
SFR area

For details, see Figures
1.6.1t01.6.3

. FFE0016

0040016 /

Internal RAM area ,

/ .
XXXXX16 / Special page
4 vector table

Internal reserved ’
area (Note 1)

0400016 /

RAM size | Address XXXXX16 ! FFFDC16 E™ 775 iifossyiom=os o g
K byies 00BFF External area /) £ Undefined instruction 3
N E Overflow
3K bytes 00FFFro / E  BRK instruction
! E
D000016 Internal reserved K F__Address match
ROMsize | Address YYYYY area (Note 2) ' £ Single step
Sz ese © YYYYY16 I' E  Watchdog timer
64K bytes F000016 , £ oBC
96K bytes E£800016 Internal ROM area |, : S
128Kbyles |  EQ0001s FFFFF16 _FFFFF1s E Reset

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

Figure 1.3.1. Memory map
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Mitsubishi microcomputers

M16C / 30L Group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 have two register banks.

b15 b8 b7 b0
RO(Note) | H | L |-|
II I | I |
b15 b8 b7 b0 b19 b0
R1Note) | H | L PC | | Program counter
II I | I | I N o v |
Data
registers
b15 b0 b19 b0
R2(Note) | |-| INTB| H | L | Interrupt table
II T Y I A 1 11 I Y I v | register
b15 b0 b15 b0
R3(Note) | |-| USP| | User stack pointer
N O O O A B | I I A I B N A |
b15 b0 b15 b0
AO(Note) | ISP | | Interrupt stack
ALl L1111l pointer
Address
bi5 b0 registers b15 b0 _
A1 (Note) | SB | | Static base
|||||||||||||||n L1111l 111l register
b15 bo b15 b0
FBNote) Frame base FLG Flag register
|I||||||||||||||||-| registers /’|IIIIIII|IIIIIII!
,—” 1
/,’ 1
- 1
| IPL ] |[u] 1]o]B]s]z]Dp]c]
[ L1 1
Note: These registers consist of two register banks.

Figure 1.4.1. Central processing unit register

(1) Data registers (RO, R1, R1H, 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.
Register RO can be used as separate 8-bit data registers, ROH and ROL. Register R1 can be used as
separate 8-bit data registers, R1H and R1L. In some instructions, registers R2 and RO, as well as R3 and
R1 can use as 32-bit data registers (R2R0 or R3R1).

(2) Address registers (A0 and Al)

Address registers (A0 and Al) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.

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

M16C / 30L Group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

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

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

(6) Stack pointer (USP or ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag).
This flag is located at the position of bit 7 in the flag register (FLG).

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

(8) Flag register (FLG)

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.4.2 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 resulted in 0; otherwise, cleared to “0”.
« Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “0".
* Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1”.
« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0".
« Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to
“0” when the interrupt is acknowledged.

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

* Bits 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 priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.

* Bit 15: Reserved area

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

details.
b15 b0

IIPLI | C|Yf']9o]B]|s|zZ[Dp|cC Flag register (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)
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Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H”
level while main clock is stable, the reset status is cancelled and program execution resumes from the
address in the reset vector table.
The RAM is undefined at power on. The initial value must therefore be set. When a reset signal is applied
while the CPU is writing a value to the RAM, the value may be set as unknown due to the termination of the
CPU access.
Figure 1.5.1 shows the example reset circuit. Figure 1.5.2 shows the reset sequence.

3v .
Li2av
vee D

RESET Vee
&

Example when Vcc = 3V.

Figure 1.5.1. Example reset circuit

o I

- > More than 20 cycles are needed

Microprocessor

mode BYTE = “H”
RESET | BCLK 28cycles

-
BCLK oo ss
Content of reset vector
A 4

Address ( FFFFCis | FFFFD1s | FFFFE16 )
RD [ [ I
WR
CS0 )
Microprocessor

mode SYTE R Content of reset vector

Y
Address { FFrFCis | FFFFE16 ) )
RD
WR
CSo | /
Single chip FFFFCi16 Content of reset vector
mode

Address { { FFrrE’s | )

Figure 1.5.2. Reset sequence
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Reset

Table 1.5.1 shows the statuses of the other pins while the RESET pin level is “L”. Figures 1.5.3 and 1.5.4

Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

show the internal status of the microcomputer immediately after the reset is cancelled.

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, P4o to P43

Input port (floating)

Address output (undefined)

Address output (undefined)

P44 Input port (floating) CS0 output (“H” level is output) CSso output (“H” level is output)
P45 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 ot Pt T it ke | L gyt (T ot vae
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)

P6, P7, P80 to P84,
P8s, P87, P9, P10

Input port (floating)

Input port (floating)

Input port (floating)

z MITSUBISHI
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(1) Processor mode register 0 (Note) (000415)'“ (20) UART1 transmit interrupt control register ~ (005316)---
(2) Processor mode register 1 (000516)--[0[ 0] 0] 0] 0[0 [} 0] ' (21) UART1 receive interrupt control register  (005416)-- <X
(3) System clock control register 0 (000616)--[0] 1[0] 0] 1]0] 0] 0] (22) Timer AQ interrupt control register (005516)-+- )X
(4) System clock control register 1 (000716)--[0]0] 1[0] 0[0]0]0] (23) Timer AL interrupt control register (005616)---

(5) Chip select control register (000816)---

(24) Timer A2 interrupt control register (005716)--

[ D2[0]o]9]

(6) Address match interrupt enable register  (000916)-- X (25) Timer B1 interrupt control register (005816)---
(7) Protect register (000A16)- [ (26) Timer B2 interrupt control register (005C16)--- XX ? [0]
(8) Watchdog timer control register (O00F16)--- (27) INTO interrupt control register (005D16)-+
(9) Address match interrupt register 0 (001016)--- (28) INT1 interrupt control register (005E16)---
(001116)-- (29) INT2 interrupt control register (005F16)--- Eﬁﬂﬂﬂﬂﬂ
(001216)-- (30) Interrupt cause select register (035F1e)---
(10) Address match interrupt register 1 (001416)-- (31) UART2 special mode register 3 (037516)"'
(001516)--- (32) UART2 special mode register 2 (037616)--'
(001616)- X (33) UART2 special mode register (037716)--~
(11) DMAO control register (002C16)-- (34) UART2 transmit/receive mode register (037816)---
12) Bustcolllisiqntdetection interrupt (004A16)-+-| X[ X] > (35) UART?2 transmit/receive control register 0 (037Ci6)--- Emmﬂmmﬂ
control register
(13) DMAO intgrrupt control register (004B16)-- XXNEEE (36) UART2 transmit/receive control register 1  (037Dz16)- Emmnmﬂm

(14) Key input interrupt control register (004D16)--» (37) Count start flag (038016)-+ 0016
RO

(38) Clock prescaler reset flag (038116)-+ E

% N S

(15) A-D conversion interrupt control register ~ (004E16)---

[o[To[oo[0]

(16) UART?2 transmit interrupt control register  (004F16)-- XD ?[0]0]0] (39) One-shot start flag (038216)-[0] 0[] 0] o[ 0] 0] 0]
(17) UART?2 receive interrupt control register ~ (005016)--- XXNEEE (40) Trigger select flag (038316)---
(18) UARTO transmit interrupt control register  (005115)-- XXX ?[0]0]0] (41) Up-down flag (038416)-[ 0016 |

(19) UARTO receive interrupt control register ~ (005216)-+|

x : Nothing is mapped to this bit
? : Undefined

The content of other registers are undefined when the microcomputer is reset. The initial values must therefore be set.
The RAM is undefined at power on. The initial values must therefore be set. When a reset signal is applied while the
CPU is writing a value to the RAM, the value may be set as unknown due to the termination of the CPU access.

Note: When the Vcc level is applied to the CNVSS pin, it is 0316 at a reset.

Figure 1.5.3. Device's internal status after areset is cleared
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Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
(42) Timer A0 mode register (039616)--~ (62) Port P4 direction register (03EA16)---
(43) Timer A1 mode register (039716)--[ 0016 |  (63) Port P5 direction register (03EBig)-[ 0016 |
(44) Timer A2 mode register (039816)--- (64) Port P6 direction register (03EE16)---
(45) Timer B1 mode register (039C16)--- (65) Port P7 direction register (O3EF16)---
(46) Timer B2 mode register (039D16)--- (66) Port P8 direction register (03F216)---
(47) UARTO transmit/receive mode register (03A01e)--- (67) Port P9 direction register (03F316)---
(48) UARTO transmit/receive control register 0 (03A416)--- (68) Port P10 direction register (03F616)---
(49) UARTO transmit/receive control register 1 (03A516)--[ 0] 0[0]0]0] 0] 1[0]  (69) Pull-up control register 0 (03FCi)-[ 001 |
(50) UART1 transmit/receive mode register (03A816)--- (70) Pull-up control register 1(Note) (03FD16)---
(51) UART1 transmit/receive control register 0 (03AC16)--- (71) Pull-up control register 2 (03FE16)---
(52) UARTL transmit/receive control register 1 (03ADze)--[ 0] 0[0]0]0]0[1]0]  (72) Port control register (O3FFie)--[ 0016 |
(53) UART transmit/receive control register 2 (033016)“- (73) Data registers (RO/R1/R2/R3)
(54) DMAO cause select register (038816)--- (74) Address registers (AO/A1)
(55) A-D control register 2 (03D416)--- (75) Frame base register (FB)
(56) A-D control register 0 (03D616)--[ 0] 0] 2 (76) Interrupt table register (INTB)
(57) A-D control register 1 (03D71e)--- (77) User stack pointer (USP)
(58) Port PO direction register (03E21e)--- (78) Interrupt stack pointer (ISP)
(59) Port P1 direction register (03E316)--- (79) static base register (SB)
(60) Port P2 direction register (03E616)--- (80) Flag register (FLG)
(61) Port P3 direction register (03E71e)---

X : Nothing is mapped to this bit
? : Undefined

The content of other registers are undefined when the microcomputer is reset. The initial values must therefore be set.
The RAM is undefined at power on. The initial values must therefore be set. When a reset signal is applied while the
CPU is writing a value to the RAM, the value may be set as unknown due to the termination of the CPU access.

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

Figure 1.5.4. Device's internal status after areset is cleared
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000016 004016
000116 004116
000216 004216
000316 004316
000416 | Processor mode register 0 (PMO) 004416
000516 | Processor mode register 1(PM1) 004516
oooe1s | System clock control register 0 (CMO0) 004616
000716 | System clock control register 1 (CM1) 004716
oooss | Chip select control register (CSR) 004816
000916 | Address match interrupt enable register (AIER)
000A1s | Protect register (PRCR) 004916
000B16
000C16 004A16 | Bus collision detection interrupt control register (BCNIC)
000D16 004816 | DMAO interrupt control register (DMOIC)
oooess | Watchdog timer start register (WDTS) 004C16
oooris | Watchdog timer control register (WDC) oo4p16 | Key input interrupt control register (KUPIC)
001016 oo4es | A-D conversion interrupt control register (ADIC)
001116 | Address match interrupt register 0 (RMADO) 004F1s | UART2 transmit interrupt control register (S2TIC)
001216 005016 | UART2 receive interrupt control register (S2RIC)
001316 oos116 | UARTO transmit interrupt control register (SOTIC)
001416 005216 | UARTO receive interrupt control register (SORIC)
001516 | Address match interrupt register 1 (RMAD1) 005316 | UART1 transmit interrupt control register (S1TIC)
001616 005416 | UART1 receive interrupt control register (S1IRIC)
001716 005515 | Timer A0 interrupt control register (TAOIC)
001816 oose1s | Timer Al interrupt control register (TALIC)
001916 005716 | Timer A2 interrupt control register (TA2IC)
001A16 005816
001B16 005916
001C16 005A16
001D16 oosBis | Timer Bl interrupt control register (TB1IC)
001E16 ooscis | Timer B2 interrupt control register (TB2IC)
001F16 0osD1s | INTO interrupt control register (INTOIC)
002016 oosess | INTZ1 interrupt control register (INT1IC)
002116 | DMAO source pointer (SARO) oosFis | INT2 interrupt control register (INT2IC)
002216 006016
002316 006116
002416 006216
002516 | DMAO destination pointer (DARO) 006316
002616 006416
002716 006516
002816 | MAO transfer counter (TCRO)
002916 A A
002A16 ~ ~
002B16
002c16 | DMAO control register (DMOCON) 032A16
002D16 032B16
002E16 032C16
002F16 032D16
003016 032E16
003116 032F16
003216 033016
003316 033116
003416 033216
003516 033316
003616 033416
003716 033516
003816 033616
003916 033716
003A16 033816
003B16 033916
003C16 033A16
003D16 033B16
003E16 033C16
003F16 033D16
033E16
033F16

Note : 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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034016 038016 | Count start flag (TABSR)

034116 038116 | Clock prescaler reset flag (CPSRF)

034216 038216 | One-shot start flag (ONSF)

034316 038316 | Trigger select register (TRGSR)

034416 038416 Up-down f|ag (UDF)

034516 038516

034616 038616 . .

034716 0371 | TiMer AQ register (TAO)

034816 038816 . .

034916 03gers | TiMer Al register (TA1)

034A16 038A16 . .

034B1s 038B1s Timer A2 register (TA2)

034C16 038C16

034D16 038D16

034E16 038E16

034F16 038F16

035016 039016

035116 039116

035210 039210 Timer B1 register (TB1)

035316 039316

035416 039416 . .

035516 039516 Timer B2 register (TB2)

035616 039616 | Timer AO mode register (TAOMR)

035716 039716 | Timer A1 mode register (TAIMR)

035816 039816 | Timer A2 mode register (TA2MR)

035916 039916

035A16 039A16

035B16 039B16

035C16 039Cis | Timer B1 mode register (TB1IMR)

035D16 039D1s | Timer B2 mode register (TB2MR)

035E16 039E16

03sF16 | Interrupt cause select register (IFSR) 039F16

036016 03A016 | UARTO transmit/receive mode register (UOMR)
036116 03A116 | UARTO hit rate generator (UOBRG)

036216 03A216 . .

036310 03A315 UARTO transmit buffer register (UOTB)
036416 03A416 | UARTO transmit/receive control register 0 (UOCO0)
036516 03A516 | UARTO transmit/receive control register 1 (UOC1)
036616 03A616 . .

036715 03715 UARTO receive buffer register (UORB)

036816 03A816 | UART1 transmit/receive mode register (ULMR)
036916 03A916 | UART1 bit rate generator (U1BRG)

036A16 03AA16 X .

036B15 03AB1s UART1 transmit buffer register (U1TB)
036C16 03AC16| UARTL1 transmit/receive control register 0 (U1CO0)
036D16 03AD16 | UART1 transmit/receive control register 1 (U1C1)
036E16 03AE16 . )

036F16 o0sars | YARTL receive buffer register (U1RB)

037016 038016 | UART transmit/receive control register 2 (UCON)
037116 03B116

037216 03B216

037316 03B316

037416 03B416

037516 | UART2 special mode register 3(U2SMR3) 03B516

037616 | UARTZ2 special mode register 2(U2SMR2) 038616

037716 | UART2 special mode register (U2SMR) 03B716

037816 | UART2 transmit/receive mode register (U2MR) 03B81s | DMAO request cause select register (DMOSL)
037916 | UART2 bit rate generator (U2BRG) 03B916

037A16 . . 03BA16

037B16 UART2 transmit buffer register (U2TB) 03BB1s

037cis | UART2 transmit/receive control register 0 (U2C0) 03BC16

037D1s | UART2 transmit/receive control register 1 (U2C1) 03BD16

037E16 . A 03BE16

037F16 UART2 receive buffer register (U2RB) 03BF16

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

Figure 1.6.2. Location of peripheral unit control registers (2)
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03CO016
03C116
03C216
03C316
03C416
03C516
03C616
03C716
03C816
03C916
03CA16
03CBu1s
03CCi16
03CD16
03CEz1s
03CFi16
03DO016
03D116
03D216
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03E016
03El1s
03E216
03E316
03E416
03E516
03E616
03E716
03E816
03E916
03EA16
03EB16
03EC16
03ED16
03EE16
03EF16
03F016
03F116
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FCie
03FD16
03FE16
03FF16

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D register 6 (AD6)

A-D register 7 (AD7)

A-D control register 2 (ADCONZ2)

A-D control register 0 (ADCONO)

A-D control register 1 (ADCON1)

Port PO register (P0)

Port P1 reqister (P1)

Port PO direction register (PDO)

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 (PUROQ)

Pull-up control register 1 (PUR1)

Pull-up control register 2 (PUR2)

Port control register (PCR)

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

Figure 1.6.3. Location of peripheral unit control registers (3)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Processor Mode

(1) Types of Processor Mode
One of three processor modes can be selected: single-chip mode, memory expansion mode, and micro-
processor mode. The functions of some pins, the memory map, and the access space differ according to
the selected processor mode.
 Single-chip mode
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be
accessed. However, after the reset has been released and the operation of shifting from the micropro-
cessor mode has started (“H” applied to the CNVss pin), the internal ROM area cannot be accessed
even if the CPU shifts to the single-chip mode.
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). However, after the reset has been released and the
operation of shifting from the microprocessor mode has started (“H” applied to the CNVss pin), the
internal ROM area cannot be accessed even if the CPU shifts to the memory expansion mode.
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)
* Microprocessor mode
In microprocessor mode, the SFR, internal RAM, and external memory space can be accessed. The
internal ROM area cannot be accessed.
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus 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 CNVSss pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing “012” to the processor mode bits.
* Applying Vcc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.

z MITSUBISHI
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Mitsubishi microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Figure 1.7.1 shows the processor mode register 0 and 1.
Figure 1.7.2 shows the memory maps in each processor modes.

Processor mode register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
PMO 000416 0016 (Note 2)
Bit symbol Bit name Function R W|
. b1b0
PM00 Processor mode bit 00: Single-chip mode 00
0 1: Memory expansion mode
PMOL 1 0: Must not be set
1 1: Microprocessor mode 0.0
PM02 RIW mode select bit 0:RD,BHEWR 0.0
1:RD,WRH,WRL
PM03 Software reset bit The device is reset when this bit is set
to*1”. The value of this bit is “0” when [O|O
read.
. b5 b4
PMo4 Multlplelxed bus space 00 : Multiplexed bus is not used 0.0
select bit 01: Allocated to CS2 space
PMO5 10 Allocated to CS1 space
11: Allocated to entire space (Note4) 0.0
PMO6 Port P4o to P43 function |0 : Address output
select bit (Note 3) 1: Port function 0.0
(Address is not output)
PM07 BCLK output disable bit |0 : BCLK is output
1:BCLK is not output 00
(Pin is left floating)

Note 1: Set bit 1 of the protect register (address 000Az6) to “1” when writing new

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, so the entire

values to this register.
Note 2: If the Vcc voltage is applied to the CNVss, the value of this register when

reset is 0316. (PMOO and PMO1 both are set to “1".)
Note 3: Valid in microprocessor and memory expansion modes.

space multiplexed bus cannot be chosen in microprocessor mode.

P31 to P37 become 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 b0

| [ofofofo] PX]o]

femm————

Symbol Address When reset
PM1 000516 000000X02
Bit symbol Bit name Function RW
Reserved bit Must always be set to “0” 00
Nothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out to be ——
indeterminate.
PM12 Watchdog timer function | O : Interrupt 0.0
select bit 1: Reset (Note 2) Now2)
Reserved bit Must always be set to “0” 0.0
Reserved bit Must always be set to “0” 00
Reserved bit Must always be set to “0” 00
Reserved bit Must always be set to “0” 0.0
PM17 Wait bit 0 : No wait state 00
1: Wait state inserted

Note 1: Set bit 1 of the protect register (address 000Az16) to “1” when writing new values to this register.

Note 2: This bit can only be set to “1".

Figure 1.7.1. Processor mode register 0 and 1
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Single-chip mode

Memory expansion mode

000001
SFR area SFR area SFR area
004001 | TTTTTT—————— T tttttT
Internal Internal Internal
RAM area RAM area RAM area
XXXXXwe)
Internally Internally
reserved area reserved area
0400014  [TTTCTCTCTCT™Y"YTT——— |7ttt
Inhibited External External
area area
D00001s|  [TTTTTTTTTLT T |TTTTtttttttttT
Internally
reserved area
YYYvyvwsl | TTUCYr—— [ttt
Internal Internal
ROM area ROM area
FFFFFasef{
RAM size | Address XXXXX16 ROM size | Address YYYYY16 I:l External area :
2K bytes 00BFF16 64K bytes F000016
3K bytes 00FFF16 96K bytes E800016
128K bytes E000016

Microprocessor mode

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

Figure 1.7.2. Memory maps in each processor modes

~
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Bus Settings
The BYTE pin and bits 4 to 6 of the processor mode register 0 (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 Bit 6 of processor mode register 0
Switching external data bus width BYTE pin
Switching between separate and multiplex bus Bits 4 and 5 of processor mode register 0

(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 the BYTE pin = “H”, the 8 bits from Do to
D7 are multiplexed with Ao to A7.
With the BYTE pin = “L”, the 8 bits from Do to D7 are multiplexed with A1 to A8. D8 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 devices, access the
even addresses as bytes.
The ALE signal latches the address. It is output from P5e.
Before using the multiplex bus for access, be sure to insert a software wait.
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, so the entire space multiplexed
bus cannot be chosen in microprocessor mode.
P31 to P37 become a port if the entire space multiplexed bus is chosen, so only 256 bytes can be used
in each chip select.
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Table 1.8.2. Pin functions for each processor mode

Processor mode | Single-chip Memory expansion mode/microprocessor modes Memory
mode expansion mode
“01”, “10” “00” “11" (Note 1)
Multiplexed bus Either CS1 or CS2 is for multiplexed
space select bit multiplexed bus and others (separate bus) bus f?r the
are for separate bus entire
space _J
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bit
BYTE pln |eve| an uLn an “L" an
POo to P07 1/0O port Data bus Data bus Data bus Data bus 1/0 port
Ploto P17 1/0 port I/O port Data bus 1/0 port Data bus 1/0 port
P20 1/0 port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 2) /data bus
P21to P27 1/0 port Address bus Address bus Address bus | Address bus Address bus
/data bus(Note 2) | /data bus(Note 2) /data bus
P30 1/0 port Address bus Address bus Address bus | Address bus As/D7
/data bus(Note 2)
P31to P37 I/0O port Address bus Address bus | Address bus | Address bus 1/0 port
P40 to P43 I/O port 1/0O port 1/0 port 1/0 port 1/0 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 1/0 port
Port P40 to P43
function select bit = 0
P44 to P47 1/0 port cs (chip select) or programmable 1/0O port
(For details, refer to “Bus control”)
P50 to P53 /O port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “Bus control”)
P54 1/0 port HLDA HLDA HLDA HLDA HLDA
P55 1/0 port HOLD HOLD HOLD HOLD HOLD
P56 1/0 port ALE ALE ALE ALE ALE
P57 1/0 port RDY RDY RDY RDY RDY

Note 1: 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, so the entire space multiplexed bus cannot be

chosen in microprocessor mode.

P31 to P37 become a port if the entire space multiplexed bus is chosen, so only 256 bytes can be used
in each chip select.
Note 2: 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 I/O. 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.
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 CSO0 outputs the chip select signal after the reset state has been can-
celled. 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. Tables 1.9.1
shows the external memory areas specified using the chip select signal.

Table 1.9.1. External areas specified by the chip select signals

Processor mode — 7Ch|p select Slgﬂ —
CSs0 Cs1 CSs2 CS3
3000016 to
Memory expansion mode CFFFF16
(640K bytes) 2800016 to 0800016 to 0400016 to
2FFFF16 27FFF16 07FFF16
3000015 to (32K bytes) (128K bytes) (16K bytes)
Microprocessor mode FFFFF16
(832K bytes)
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Chip select control register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | CSR 000816 Olie

b4 v | Bitsymbol Bit name Function RIW
S CS0 output enable bit 0 : Chip select output disabled o0
N cs1 CS1 output enable bit (Normal port pin) 0.0
E . . . . ] cs2 CS2 output enable bit 1 : Chip select output enabled 030
L RECEEEt Ccs3 CS3 output enable bit 0.0
R w P a—— :
T S0 EO wait bit 0 : Wait state inserted 0.0
bbby CS1W CS1 wait bit 1 : No wait state o0
I SEERECECEEEEED csaw CS2 wait bit oo
R EEEE Cs3w 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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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

the two cycles.

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

BCLK
Read/Write R
signal H 1
Data bus {Data)

Address bus
Chip select
(Csi)
Chip se]ect
Cs)

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

BCLK
Read/Write
signal
Data bus {Data)

Address bus

XAddressX
Chip select
(Csi)

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.

Internal ROM/RAM
Access

Access to the
External Area

BCLK
Read/Write
signal
Data bus { Data)
i

Address bus

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

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.

Wait)

Figure 1.9.2. Output Examples about Address Bus and Chip Select Signal (Separated Bus without
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(3) Read/write signals

With a 16-bit data bus (BYTE pin =“L"), bit 2 of the processor mode register O (address 000416) select the
combinations of RD, BHE, and WR signals or RD, WRL, and WRH signals. With 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 1.9.3 and 1.9.4 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 1.9.3. Operation of RD, WRL, and WRH signals

Data bus width RD RL 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 1.9.4. Operation of RD, WR, and BHE signals

Data bus width RD WR BHE AO Status of external data bus
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
(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”"
AE ] | AE [ |
Do/Ao to D7/A7 >< Address >< Data (Note 1) >< AD >< Address ><
Do/A1 to D7/A8 >< Address X Data (Note 1) ><
A8 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 signal and address/data bus
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(5) The RDY signal

RDY is a signal that facilitates access to an external device that requires long access time. As shown in
Figure 1.9.4, if an “L" is being input to the RDY at the BCLK falling edge, the bus turns to the wait state. If
an “H” is being input to the RDY pin at the BCLK falling edge, the bus cancels the wait state. Table 1.9.5
shows the state of the microcomputer with the bus in the wait state, and Figure 1.9.4 shows an example
in which the RD signal is prolonged by the RDY signal.

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 hon-using.

Table 1.9.5. Microcomputer status in wait state (Note)

Item Status
Oscillation On
R/W signal, address bus, data bus, CS Maintain status when RDY signal received
ALE signal, HLDA, programmable 1/O ports
Internal peripheral circuits On

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

In an instance of separate bus

BCLK / \ / l

o — [
s 7 W

(=0t03)
RDY 4 \

*

Accept timing of RDY signal

tsu(RDY - BCLK)

In an instance of multiplexed bus

Bok [ \ / \

RO T\
s T\

(i=0t0 3)

RDY A

tsu(RDY - BCLK)

*

@» : Wait using RDY signal Accept timing of RDY signal
- Wait 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 1.9.6
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 1.9.6. Microcomputer status in hold state

Iltem Status
Oscillation ON
R/W signal, address bus, data bus, CS, BHE Floating
Programmable I/O ports PO, P1, P2, P3, P4, P5 Floating

P6, P7, P8, P9, P10 Maintains 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 1.9.7 shows the external bus status when the internal area is accessed.

Table 1.9.7. 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 BHE output Maintain status before accessed
status of external area

cs Output “H” Output “H”

ALE Output “L” Output “L”
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(8) BCLK output
The user can choose the BCLK output by use of bit 7 of processor mode register 0 (000416) (Note).
When set to “1”, the output floating.

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

(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”, a wait is applied to all memory areas (two or three BCLK
cycles), regardless of the contents of bits 4 to 7 of the chip select control register. Set this bit after referring
to the recommended operating conditions (main clock input oscillation frequency) of the electric character-
istics. However, when the user is using the RDY signal, the relevant bit in the chip select control register’s
bits 4 to 7 must be set to “0”.
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,
insert a software wait if using the multiplex bus to access the external memory area.
Table 1.9.8 shows the software wait and bus cycles. Figure 1.9.6 shows example of 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 1.9.8. 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
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 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 @ /\Eput>
Address bus (Note 2) X XAddressX XAddressX ><

Chip select (Note 2)

< Separate bus (with wait) >

Chip select (Note 2)

< Multiplexed bus >

Bus cycle (Note 1) Bus cycle (Note 1)
—————
BCLK
Write signal
Read signal
Data bus \ Output } @»
Address bus (Note 2) X Address >< >< Address )<
|

BCLK |

Write signal

Read signal

Address bus/
Data bus

Chip select (Note 2) |

ALE

Address bus (Note 2) <

Bus cycle (Note 1) Bus cycle (Note 1)
}4 - -
Address X >< Address )_
Address Data output X XAddress> {Input)

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 two 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 operating clock source
* Internal peripheral units’
operating clock source

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

Usable oscillator

Ceramic or crystal oscillator

Crystal oscillator

Pins to connect oscillator XIN, XouT XCIN, XcouT
Oscillation stop/restart function Available Available
Oscillator status immediately after reset | Oscillating Stopped

Other Externally derived clock can be input

Example of oscillator circuit
Figure 1.10.1 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)

XIN Xout XIN Xout
Open
(Note)
Rd
|:| Externally derived clock
ICIN T Cour Vce |—| |—| |_| |_
— — 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
(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

XcIN

Xcout

XCIN

Xcout

Open
(Note)
Rcd

?

Externally derived clock

JLrurer

-l

—_— Ccin

L

Ccout Vee

Vss

o

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

Figure 1.10.2. Examples of sub-clock
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Figure 1.10.3 shows the block diagram of the clock generating circuit.

CM10 “1”
Write signal

RESET
Software reset
NMI

Interrupt request

level judgment
output

WAIT instruction

XCIN

Sub clock

XcouTt

CMQ}%}«

Main clock
CMO05

1/32 fca2 .

f
"DE "_{>_AD—f8{> f8sioz

1—{>— fisi02
cr—{>—

4{>_ f32s102
D 32

b|c
Divider

BCLK

[ole o 4

CMO06=0

CMO06=0

CM17,CM16=01

CM06=0
CM17,CM16=11

c i
1/2}J

CMo6=1
L—0

) ~~o——d

.

CMO06=0
CM17,CM16=10

CM17,CM16=00

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

Details of divider

Figure 1.10.3. Clock generating circuit
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The following paragraphs describes the clocks generated by the clock generating circuit.
(1) Main clock

The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to
the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the
clock, after switching the operating clock source of CPU to the sub-clock, reduces the power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock
oscillation circuit can be reduced using the XIN-XouT drive capacity select bit (bit 5 at address 000716).
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting from high-speed/medium-speed mode to stop mode, shifting to low power
dissipation mode and at a reset. When shifting from high-speed/medium-speed mode to low-speed
mode, the value before high-speed/medium-speed mode is retained.

(2) Sub-clock

The sub-clock is generated by the sub-clock oscillation circuit. No sub-clock is generated after a reset.
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub-clock can be
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure
that the sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when the port Xc select bit (bit 4 at address 000616) is set to “0”, 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 is fc or the clock is derived by dividing the main clock by
1,2, 4,8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset. The BCLK signal can
be output from BCLK pin by the BCLK output disable bit (bit 7 at address 000416) in the memory expan-
sion and the microprocessor modes.
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, shifting to low power dissipation mode and at reset. When shifting
from high-speed/medium-speed mode to low-speed mode, the value before high-speed/medium-speed
mode is retained.

(4) Peripheral function clock(fi, fs, f32, f1s102, f8s102,f32s102,fAD)
The clock for the peripheral devices is derived from the main clock or by dividing it by 1, 8, or 32. The
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function
clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.

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

This clock has the same frequency as the sub-clock. It is used for the BCLK and for the watchdog timer.
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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 b0

Symbol Address ~ When reset
| . | . | I N A I CMO 000616 4816
b1 [ Bitsymbol Bit name Function RW
1 1 ] 1 ' ' ' ' R b1 b0 H
Pl CM00 Cl?th %L.‘ttpm function 00 : /O port P57 O}O
A S\‘j‘i‘% 'I in single-chip | 0 1 ¢ fc output s
T s YO ala,onlyin single-chip | 1 0 : s output oo
A mode) 11 : f32 output 1
A CM02 | WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode | !
[ clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) O}O
E ' ' ' ' XcCIN-XcouT drive capacity | 0 : LOW
Voo T CMO3 | select bit (Note 2) 1:HIGH 0.0
oo Port Xc select hit 0: /O port !
E ' ' Tttt cmo4 (Note 10) 1: XcIN-XcouT generation (Note 9) 0,0
E ' ' ________________ CMO5 Main clock (XIN-XouT) 0:0n OEO
N stop bit (Note 3, 4, 5) 1: Off '
P CMO06 Main clock division select | 0 : CM16 and CM17 valid OEO
v ST bit 0 (Note 7) 1 : Division by 8 mode !
E CcMO7 System clock select bit 0 : XN, XouT OEO
"""""""""""" (Note 6) 1 : XCIN, XcouT '

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

Note 2: Changes to “1” when the port Xc select bit (CMO04) is set to “0”, shiffing to stop mode and at a reset.

Note 3: When entering low power dissipation 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” before setting this bit to “1”. The main clock division select bit 0
(CMO06) and the XIN-XouT drive capacity select bit (CM15) change to “1” when this bit is set to “1”".

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

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

Note 6: 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 (CMO05) to “0” and stabilize the main clock oscillating before
setting this bit from “1” to “0”.

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

Note 8: fcaz2 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.

Note10: The XcIN-XcouT drive capacity select bit changes to “1” when this bit is set to “0”".

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
||||°|°|°|°|| cM1 000716 2016

b1t [ Bitsymbol Bit name Function R:W

e cm10 | Al clock stop control bit | 0 : Clock on OEO

L (Note4) 1 : All clocks off (stop mode) |

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

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

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

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

E l I XIN-XOouT drive capacity 0:LOW

E . fommmmmmmmmmmm o CM15 select bit (Note 2) 1:HIGH O;O

. . . b7 b6 j

[ S CcM16 Main clock division 0 0 : No division mode 3

' select bit 1 (Note 3) 01 : Division by 2 mode 00

] CM17 1 0 : 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, shifting to low power dissipation
mode and at a reset. When shifting from high-speed/medium-speed mode to low-speed mode, the value before high-speed/
medium-speed 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. XciNn and XcouT turn high-impedance state.

Figure 1.10.4. Clock control registers 0 and 1
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Clock Output
In single-chip mode, the clock output function select bits (bits 0 and 1 at address 000616) enable fs, f32, or
fc to be output from the P57/CLKouT pin. When the WAIT peripheral function clock stop bit (bit 2 at address
000618) is set to “1”, the output of fs and f32 stops when a WAIT instruction is executed.

Stop Mode
Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that VVcc re-
mains above 2V.
Because the oscillation , BCLK, f1 to 32, f1s102 to f32s102, fc, fc32, and fAD stops in stop mode, peripheral
functions such as the A-D converter and watchdog timer do not function. However, timer A and timer B
operate provided that the event counter mode is set to an external pulse, and UARTiI(i = 0 to 2) 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.
The main clock division select bit O (bit 6 at address 000616) changes to “1” when shifting from high-speed/
medium-speed mode to stop mode, shifting to low power dissipation mode and at reset. When shifting from
high-speed/medium-speed mode to low-speed mode, the value before high-speed/medium-speed 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 watchdog timer stop. Writing “1” to the WAIT peripheral
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal
peripheral functions, allowing power dissipation to be reduced. However, peripheral function clock fc32
does not stop so that the peripherals using fc32 do not contribute to the power saving. When the MCU
running in low-speed or low power dissipation mode, do not enter WAIT mode with this bit set to “1”. Table
1.10.3 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) and the XIN-XouT drive capacity select bit (bit 5 at address 000716) change to “1” when shifting
from high-speed/medium-speed mode to stop mode, shifting to low power dissipation mode and at a reset.
When shifting from high-speed/medium-speed mode to low-speed mode, the value before high-speed/
medium-speed mode is retained. The following shows the operational modes of BCLK.
(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4
mode, the main clock must be oscillating stably. When going to low-speed or lower power consumption
mode, make sure the sub-clock is oscillating stably.
(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is divided by 1 to obtain the BCLK.
(6) Low-speed mode

fc is used as the BCLK. Note that oscillation of both the main and sub-clocks must have stabilized before
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub-
clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately
after powering up and after stop mode is cancelled.
(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.
Note : Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stably. Allow a wait time in software for
the oscillation to stabilize before switching over the clock.

Table 1.10.4. Operating modes dictated by settings of system clock control registers 0 and 1

Cm17 CM16 CMO07 CMO06 CMO05 CM04 Operating mode of BCLK
0 1 0 0 0 Invalid Division by 2 mode
1 0 0 0 0 Invalid Division by 4 mode
Invalid Invalid 0 1 0 Invalid Division by 8 mode
1 1 0 0 0 Invalid Division by 16 mode
0 0 0 0 0 Invalid No-division mode
Invalid Invalid 1 Invalid 0 1 Low-speed mode
Invalid Invalid 1 Invalid 1 1 Low power dissipation mode

CM1i : Bit i of the address 000716
CMOi : Bit i of the address 000616
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Power control
The following is a description of the three available power control modes:

Modes
Power control is available in three modes.

(a) Normal operation mode

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

* Low-speed mode
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the
subclock. 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 subclock. The only peripheral functions that operate are those
with the subclock selected as the count source.

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

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

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

Figure 1.10.5 is the state transition diagram of the above modes.
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Transition of stop mode, wait mode

( Reset )
|
All oscillato opped 4 v N WAIT CPU operation d
CM10 ="1" M __Linstruction .
Stop mode |&——15 ( M d‘?d.'é‘”:jzpegd mgde ) < * Wait mode
Interrupt (divided-by-8 mode) Interrupt
P4
Interrupt
All oscillato opped v WAIT CPU operation stopped
o i M. __L instruction X
Stop mode | CMi0="1 ( High s'oezd/mzd'”m ) > Waitmod
Speed mode Interrupt
Low power P Low-speed
dissipation | mode
‘ mode
All oscillators stopped \4 WAIT CPU operation stopped
CM10="1" Low-speed/low power __| instruction .
Stop mode B ( e P E— Wait mode
Interrupt dissipation mode Interrupt

~— Normal mode —

(Refer to the following for the transitio

Transition of normal mode

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

n of normal mode.)

CMO6 =“1" BCLK : f(Xin)/8
" \ CMO07 =“0" CMO06 =“1"
Y CMO7 = “0” (Note 1)
Main clock is oscillating cmo4 = “07| CNM?“ :1“%; gmgi z (1)
Sub clock is oscillating (Notes 1, 3)
é Medium-speed mode A
High-speed mode (divided-by-2 mode) Main clock is oscillating
BCLK : f(Xin) BCLK : f(Xin)/2 ) Sub clock is oscillating
CMO07 =“0” CM06="0" | | CMO7 =“0" CMO6="0" | Medium-speed mode Low-speed mode
CM17 =*0" CM16=*0" ) | CM17=*0" cM16="1" ) (divided-by-8 mode) CMO7 =“0"
. Note 1, 3)
] ] BCLK : f(Xin)/8 <Noeel3) )
Medium-speed mode  Medium-speed mode CMO7 = “0" BCLK - f(Xen)
(divided-by-4 mode) (divided-by-16 mode) CMO06 = “1” > CMO7 ="1"
CMO7 =*1"
BCLK : f(Xin)/4 BCLK : f(XiN)/16 (Note 2)
CMO07 =*0" CM06 =*0” | | CMO7 =“0" CMO06 = “0"
CM17="1" CM16 ="0" ) | CM17 =“1" CM16 = 1"
\_ CMO5 = “0" CMO5 = “1"
A
CM04 ="0"|  Main clock is oscillating | CM04 ="1" ) )
Sub clock is stopped Main CIOCI.( 15 stqppgd
Ve - ~ Sub clock is oscillating
_ Medium-speed mode Low power dissipation mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2 CMO7 ="1" (Note 2) BCLK - f(Xcn)
CMO7 =“0" CM0B =“0" | | CMO7 = 0" CMO06 = 0" CMO5 =1 CMO7 = 1" OMOB < “1"
\ CM17="0" CM16="0" ] { CM17="0" CM16="1" ) M5 g
cM06=*0" | Medium-speed mode  Medium-speed mode gmgé z 8 Emg{g é;
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = “17
(" Bolk:fxxmya ) ( BCLK:fxmyie )
CMO7 =“0" CM06 ="0" | | CMO7 =“0" CMO06 = “0"
\ CM17="1" CM16="0" ) | CM17="1" CM16="1" )
\_ CMO03 = *1” J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.
Note 4: Transit in accordance with arrow.

Figure 1.10.5. State transition diagram of Power control mode
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Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.10.6 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), port P9 direction register (ad-
dress 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 P9.

If, after “1” (write-enabled) has been written to the port P9 direction register write-enable bit (bit 2 at address
000A1s), a value is written to any address, the bit automatically reverts to “0” (write-inhibited). However, the
system clock control registers 0 and 1 write-enable bit (bit O at 000A16) and processor mode register 0 and
1 write-enable bit (bit 1 at 000A16) do not automatically return to “0” after a value has been written to an
address. The program must therefore be written to return these bits to “0”".

Protect register

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
DODDIXL | [ | prer 000A1S  XXXXX0002

porobr b [ Bit symbol Bit name Function R:'W

oo Enables writing to system clock
o PRCO control registers 0 and 1 (addresses

: Write-inhibited 0'0
000616 and 000716) ;

: Write-enabled

[ =]

E , , ' , , , _____ Enables writing to processor mode NMrita i
I PRC1 registers 0 and 1 (addresses 000416 0 : Write-inhibited o0
T 1 : Write-enabled !
A and 000516)

R PRC2 Enables writing to port P9 direction | 0 : Write-inhibited OEO
Coa register (address 03F316) (Note) 1 : Write-enabled !

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

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

Figure 1.10.6. 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)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Reset

NMI

DBC

Watchdog timer
Single step
Address matched

Interrupt

[]Special
[
[

[l
[]Peripheral I/O (Note)

N o o

Hardware

Ny o

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.
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Software Interrupts

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

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

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

* BRK interrupt
A BRK interrupt occurs when executing the BRK instruction.

< INT interrupt
An INT interrupt occurs when specifying one of software interrupt numbers 0 through 63 and execut-
ing the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O inter-
rupts, so executing the INT instruction allows executing the same interrupt routine that a peripheral I/
O interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re-
guest. 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.

« NMI interrupt
An NMI interrupt occurs if an “L” is input to the NMI pin.

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

» Watchdog timer interrupt
Generated by the watchdog timer. Write to the watchdog timer start register after the watchdog timer
interrupt occurs (initialize watchdog timer).

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

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

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
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.
* DMAO interrupt
This is an 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 transmission interrupt
These are interrupts that the serial I/0O transmission generates.
* UARTO, UART1, UART2/ACK reception interrupt
These are interrupts that the serial /0O reception generates.
* Timer AO interrupt through timer A2 interrupt
These are interrupts that timer A generates
* Timer B1, timer B2 interrupt
These are interrupts that timer B generates.
« INTO interrupt through INT2 interrupt
An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 1.11.2 shows the format for
specifying the address.
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and
variable vector table in which addresses can be varied by the setting.

MSB LSB
Vector address + 0 Low address
Vector address + 1 Mid address
Vector address + 2 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 addresses Remarks
Address (L) to address (H)
Undefined instruction | FFFDC1i6 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 FFFES816 to FFFEB16 | There is an address-matching interrupt enable bit
Single step (Note) FFFEC16 to FFFEF16 | Do not use
Watchdog timer FFFFO16 to FFFF316
DBC (Note) FFFF416 to FFFF716 | Do not use
NMI FFFF816 to FFFFB16 External interrupt by input to NMI pin
Reset FFFFC16 to FFFFF16

Note: Interrupts used for debugging purposes only.
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The addresses in the variable vector table can be modified, according to the user’s settings. Indicate
the first address using the interrupt table register (INTB). The 256-byte area subsequent to the ad-
dress the INTB indicates becomes the area for the variable vector tables. One vector table comprises
four bytes. Set the first address of the interrupt routine in each vector table. Table 1.11.2 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Table 1.11.2. Interrupts assigned to the variable vector tables and addresses of vector tables

Software interrupt number

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

Interrupt source

Remarks

Software interrupt number O

+0 to +3 (Note 1)

BRK instruction

Cannot be masked | flag

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 13

+52 to +55 (Note 1)

Key input interrupt

Software interrupt number 14

+56 to +59 (Note 1)

A-D

Software interrupt number 15

+60 to +63 (Note 1)

UART?2 transmit/NACK (Note 2)

Software interrupt number 16

+64 to +67 (Note 1)

UART2 receive/ACK (Note 2)

Software interrupt number 17

+68 to +71 (Note 1)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note 1)

UARTO receive

Software interrupt number 19

+76 to +79 (Note 1)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note 1)

UART1 receive

Software interrupt number 21 +84 to +87 (Note 1) Timer AO
Software interrupt number 22 +88 to +91 (Note 1) Timer A1l
Software interrupt number 23 +92 to +95 (Note 1) Timer A2
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 +116to +119 (Note 1) | |INTO
Software interrupt number 30 +120 to +123 (Note 1) INT1
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: When IIC mode is selected, NACK and ACK interrupts are selected.
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Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level selec-
tion 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.

g MITSUBISHI
ELECTRIC 49



Interrupt

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Interrupt control register (Note 2)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
BCNIC 004A16 XXXXX0002
DMoIC 004B16 XXXXX0002
KUPIC 004D16 XXXXX0002
ADIC 004E1s XXXXX0002
SIiTIC(i=0 to 2) 005116, 005316, 004F16 XXXXX0002
SIRIC(i=0 to 2) 005216, 005416, 005016 XXXXX0002
TAIIC(i=0 to 2) 005516 to 005716 XXXXX0002
TBIIC(i=1, 2) 005B16, 005C16  XXXXX0002
Bit symbol Bit name Function RI W
ILVLO Interrupt priority level |
select bit b2 b1 b0 o 0O
000: Level O (interrupt disabled) A
001: Levell 1
ILVL1 010: Level 2 }
011: Level3 o' 0O
100: Level4 1
101: Level5 ‘
ILVL2 110: Level 6 }
111: Level7 o O
IR Interrupt request bit 0: Interrupt not requested (o) @)
1: Interrupt requested !(Note 1)
Nothing is assigned. |
In an attempt to write to these bits, write “0”. The value, if read, turns | — 1 —
out to be indeterminate. 1

b7 b6 b5 b4 b3 b2 bl bo

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 does not generate the

interrupt request for that register. For details, see the precautions for interrupts.

Symbol Address When reset
INTIIC(i=0 to 2) 005D16 to 005F16  XX00X0002
Bit symbol Bit name Function R W
ILVLO Interrupt priority level |
select bit b2b1.b0 ) ) o' O
000 : Level O (interrupt disabled) !
001:Levell 1
ILVL1 010:Level 2
011:Level3 O O
100:Level4 !
101:Level5 .
ILVL2 110:Level6 |
111:Level7 (ONENe)
IR Interrupt request bit 0: Interrupt not requested o ©
1: Interrupt requested (Note 1)
POL Polarity select bit 0 : Selects falling edge
1 : Selects rising edge o ! o
Reserved bit Must always be set to “0” o) o)
Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns | = —
out to be indeterminate. 3

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 does not generate the
interrupt request for that register. For details, see the precautions for interrupts.

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 it to “0” disables all maskable interrupts. This flag is set
to “0” after reset.

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

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.
Table 1.11.3 shows the settings of interrupt priority levels and Table 1.11.4 shows the interrupt levels
enabled, according to the contents of the IPL.

The following are conditions under which an interrupt is accepted:
- interrupt enable flag (I flag) = “1”

- interrupt request bit = “1”

- interrupt priority level > IPL

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

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

I?ésgrlus;lg(r:ito lr3||tty Interrll,lgeﬁriority Por:(é:;try IPL Enabled interrupt priority levels
b2 bl bO IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) _ 0 0 O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 01 Interrupt levels 2 and above are enabled
010 Level 2 01 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 0 O Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 0 1 Interrupt levels 6 and above are enabled
110 Level 6 | 1 1 0 Interrupt levels 7 and above are enabled
111 Level 7 High 1 11 All maskable interrupts are disabled
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Rewrite the interrupt control register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

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

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

When changing an interrupt control register in a sate of interrupts being disabled, please read the
following precautions on instructions used before changing the register.

Changing a non-interrupt request bit
If an interrupt request for an interrupt control register is generated during an instruction to rewrite the
register is being executed, there is a case that the interrupt request bit is not set and consequently the
interrupt is ignored. This will depend on the instruction. If this creates problems, use the below instruc-
tions to change the register.
Instructions : AND, OR, BCLR, BSET

Changing the interrupt request bit
When attempting to clear the interrupt request bit of an interrupt control register, the interrupt request bit
is not cleared sometimes. This will depend on the instruction. If this creates problems, use the below
instructions to change the register.
Instructions : MOV
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Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.
In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad-
dress 0000016. After this, the corresponding interrupt request bit becomes “0”.

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

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

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

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

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

After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.
Note: This register cannot be utilized by the user.

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

Interrupt request generated Interrupt request acknowledged

P o

Instruction in S

interrupt routine

\ Instruction Interrupt sequence

= (o)

e —
- o

A

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 match
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BCLK
Address bus XA%%IBeOssX Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus _Interrupt >< - >< SP-2 >< SP-4 >< vec X vec+2 ><
>< information Indeterminate contents /\ contents /\ contents }\ contents

R U—\< Indeterminate Y u u
w I

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. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer, NMI 7
Reset 0
Other Not changed
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Saving Registers

In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter

(PC) are saved in the stack area.

First, the processor saves the four higher-order bits of the program counter, and 4 upper-order bits and 8
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the
program counter. Figure 1.11.6 shows the state of the stack as it was before the acceptance of the

interrupt request, and the state the stack after the acceptance of the interrupt request.

Save other necessary registers at the beginning of the interrupt routine using software. Using the

PUSHM instruction alone can save all the registers except the stack pointer (SP).

Address
MSB

Stack area
LSB

[SP]

Content of previous stack |«a—— s;if: nglgﬁgr

interrupt occurs
Content of previous stack

Stack status before interrupt request
is acknowledged

m-3
> m-—2

Address
MSB

Stack area

LSB

Program counter (PC.)

Program counter (PCw)

Flag register (FLGL)

Flag register

(FLGw)

Program
counter (PCw)

[SP]
<« New stack
pointer value

Content of previous stack

Content of previous stack

Stack status after interrupt request

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 request, is even or odd. If
the content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at

atime. Figure 1.11.7 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

[SP] - 5 (Odd)
[SP] — 4 (Even)
[SP] - 3(Odd)
[SP] - 2 (Even)
[SP] - 1(Odd)

[SP] (Even)

Stack area

Sequence in which order
registers are saved

Program counter (PC.)

Program counter (PCw)

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCw)

(2) Stack pointer (SP) contains odd number

Address

[SP] - 5 (Even)
[SP] - 4(Odd)
[SP] - 3 (Even)
[SP] - 2(Odd)
[SP] -1 (Even)

[SP]  (Odd)

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.

Stack area

Sequence in which order
registers are saved

Program counter (PCv)

~—(3)

Program counter (PCw)

4

Flag register (FLGL)

~— (1)

Flag register
(FLGH)

Program
counter (PCw)

~-— (2)

(2) Saved simultaneously,
all 16 bits

(1) Saved simultaneously,

all 16 bits

Finished saving registers
in two operations.

Saved simultaneously,
all 8 bits

Finished saving registers

in four operations.

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 suspended process resumes.
Return the other registers saved by software within the interrupt routine using the POPM or similar instruc-
tion before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority level
select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher hardware
priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 1.11.8 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 > Watchdog timer > Peripheral 1/0 > Single step > Address match

Figure 1.11.8. Hardware interrupts priorities

Interrupt resolution circuit
When two or more interrupts 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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Priority level of each interrupt

e v Level O (initial value) .
| INTL A High

' | Timer B2

| Timer A1

INT2

i INTO

| Timer B1

Timer A2

H UART1 reception

| UARTO reception

Priority of peripheral 1/O interrupts
(if priority levels are same)

UART2 reception/ACK

1 | A-D conversion

| Bus collision detection

Timer AO

! | UART1 transmission

H | UARTO transmission

UART2 transmission/NACK

: | Key input interrupt

| DMAO

""""""""""""""""""""""" Y Low —> Interrupt request level judgment output
| Processor interrupt priority level (IPL) to clock generating circuit (Fig.1.10.3)

Interrupt enable flag (I flag) Interrupt
request
Address match accepted

DBC

NMI

|
|
| Watchdog timer
|
|
| Reset

Figure 1.11.9. Maskable interrupts priorities (peripheral I/O interrupts)
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INT Interrupt

INTO to INT2 are triggered by the edges of external inputs. The edge polarity is selected using the polarity

select bit.

As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge
by setting “1” in the INTI interrupt polarity switching bit of the interrupt request cause select register
(035F16). To select both edges, set the polarity switching bit of the corresponding interrupt control register

to ‘falling edge’ (“0").

Figure 1.11.10 shows the Interrupt request cause select register.

Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bo

Lo[ofofofo] [ | ]

Interrupt request cause select register

PSR ——

Symbol Address When reset
IFSR 035F16 0016

Bit symbol Bit name Function RIW

IFSRO INTO interrupt polarity 0: One edge
switching bit 1: Two edges 0:0

IFSR1 INT1 interrupt polarity 0 : One edge
switching bit 1: Two edges O! O
IFSR2 INT2 interrupt polarity 0 : One edge O O

switching bit 1: Two edges
Reserved bit Must always be set to “0” O O
Reserved bit Must always be set to “0” O O
Reserved bit Must always be set to “0” O O
Reserved bit Must always be set to “0” 00
Reserved bit Must always be set to “0” 00

Figure 1.11.10. Interrupt request cause select register
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NMI Interrupt
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt
is a non-maskable external interrupt. The pin level can be checked in the port P85 register (bit 5 at address
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 1.11.11 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
Pull—gp Key input interrupt control register | (address 004D16)
transistor Port P107 direction

register

Port P107 direction register

P107/KI3 O
Pull-up Port P106 direction
transistor register

Key input interrupt

Interrupt control circuit
request

P106/Kl2 O T

( tF;;::_sliJgtor Port P10s direction
register
P10s/KlL O T
Pull-up Port P104 direction
transistor ) register

P104/Klo O T

Figure 1.11.11. Block diagram of key input interrupt
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Address Match Interrupt

An address match interrupt is generated when the address match interrupt address register contents match
the program counter value. Two address match interrupts can be set, each of which can be enabled and
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter-
rupt enable flag (I flag) and processor interrupt priority level (IPL). For an address match interrupt, the value
of the program counter (PC) that is saved to the stack area varies depending on the instruction being
executed. Note that when using the external data bus in width of 8 bits, the address match interrupt cannot
be used for external area.

Figure 1.11.12 shows the address match interrupt-related registers.

Address match interrupt enable register

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

H AIER1 |Address match interrupt 1

__________ . Interrupt disabled !
enable bit o 0.0

. Interrupt enabled

=)

R SR A S I Nothing is assigned. !
In an attempt to write to these bits, write “0”. The value, if read, turns outto  |——
be indeterminated. :

Address match interrupt registeri (i = 0, 1)

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

; Function Values that can be set |R 'W

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

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

Figure 1.11.12. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 0000016

* When maskable interrupt is occurred, 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 in
the stack pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack
pointer at the beginning of a program. Concerning the first instruction immediately after reset, generat-
ing any interrupts including the NMI interrupt is prohibited.

(3) The NMI interrupt

«The NMI interrupt can not be disabled. Be sure to connect NMI pin to Vcc via a pull-up resistor if
unused. Be sure to work on it.

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

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

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

» Signals input to the NMI pin require “L” level and “H” level of 2 clock +300ns 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 INT2 regardless of the CPU operation clock.

» When the polarity of the INTo to INT2 pins is changed, the interrupt request bit is sometimes set to “1”.
After changing the polarity, set the interrupt request bit to “0”. Figure 1.11.13 shows the procedure for
changing the INT interrupt generate factor.

Clear the interrupt enable flag to "0”
(D\sable interrupt)

Setthe pclanty select bit

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

( NOP X 2

( Cloar the interrupt request b 0 0" )

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

Set the interrupt enable flag to “1"
(Enable interrupt)
Note: Execute the setting above individually. Don't execute two or
more settings at once(by one instruction).

Figure 1.11.13. Switching condition of INT interrupt request
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(5) Watchdog timer interrupt
* Write to the watchdog timer start register after the watchdog timer interrupt occurs (initialize watchdog
timer).

(6) Rewrite the interrupt control register

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

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

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

When changing an interrupt control register in a sate of interrupts being disabled, please read the
following precautions on instructions used before changing the register.

Changing a non-interrupt request bit
If an interrupt request for an interrupt control register is generated during an instruction to rewrite the
register is being executed, there is a case that the interrupt request bit is not set and consequently the
interrupt is ignored. This will depend on the instruction. If this creates problems, use the below instruc-
tions to change the register.
Instructions : AND, OR, BCLR, BSET

Changing the interrupt request bit
When attempting to clear the interrupt request bit of an interrupt control register, the interrupt request bit
is not cleared sometimes. This will depend on the instruction. If this creates problems, use the below
instructions to change the register.
Instructions : MOV
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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. Whether a watchdog timer
interrupt is generated or reset is selected when an underflow occurs in the watchdog timer. When the
watchdog timer interrupt is selected, write to the watchdog timer start register after the watchdog timer
interrupt occurs (initialize watchdog timer). Watchdog timer interrupt is selected when bit 2 (PM12) of the
processor mode register 1 (address 000516) is "0" and reset is selected when PM12 is "1". No value other
than "1" can be written in PM12. Once when reset is selected (PM12="1"), watchdog timer interrupt cannot
be selected by software.

When XN is selected for the BCLK, bit 7 of the watchdog timer control register (address 000F16) selects the
prescaler division ratio (by 16 or by 128). When XcCIN is selected as the BCLK, the prescaler is set for
division by 2 regardless of bit 7 of the watchdog timer control register (address 000F16). 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.

Also PM12 is initialized only when reset. The watchdog timer interrupt is selected after reset is cancelled.
Figure 1.12.1 shows the block diagram of the watchdog timer. Figure 1.12.2 shows the watchdog timer-
related registers.
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Prescaler
[rTTTTITITTTTTIACMO7 = 07
i “WDC7 = 0" “PM12 = 0"
116 i Watchdog timer
: interrupt request
: 1“CM07 =0"
BCLK : 1“WDC7 = 1" ]
c \ L1128 1 T Watchdog timer o~
HOLD / : : O—® Reset
E E “PM12 = 1"
1 “CMO7 = 17
12 B———o
Write to the watchdog timer  &---c-zceuo- 5
start register EEE—
(address 000E16) “87(3;;216,,
RESET o0 >— >
Figure 1.12.1. Block diagram of watchdog timer
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address When reset
| | 0| 0 | WDC 000F16 000XXXXX2
E ' ' ' ' ' ' ' Bit symbol Bit name Function R W
E ' ' b High-order bit of watchdog timer 0%
P ] Reserved bit Must always be set to “0” 00
I ERREEEEEEEEEEEEEE Reserved bit Must always be set to “0” 0.0
L WDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 |
Watchdog timer start register
b7 b0 Symbol Address When reset
WDTS 000E16 Indeterminate
: Function R:W,
, The watchdog timer is initialized and starts counting after a write instruction to
femmmmmmmm ey this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. |

Figure 1.12.2. Watchdog timer control and start registers
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DMAC

This microcomputer has one DMAC (direct memory access controller) channel that allow data to be sent to
memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a
higher right of using the bus than the CPU, which leads to working the cycle stealing method. On this
account, the operation from the occurrence of DMA transfer request signal to the completion of 1-word (16-
bit) or 1-byte (8-bit) data transfer can be performed at high speed. 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 y
— A/\k
—If‘>{ DMAO source pointer SAR0(20)
| | (addresses 002216 to 002016)
:>| DMAO destination pointer DARO (20) |:>
- U U (addresses 002616 to 002416)
:>| DMAO transfer counter reload register TCRO (16) '::> |DMAO . 4 add inter (20) (Note)
orward address pointer ote >
U (addresses 002916, 002816) P
|DMA0 transfer counter TCRO (16) ':> | DMA latch high-order bits | DMA latch low-order bits |

S_ Data bus low-order bits S
{ Data bus high-order bits \

Note: Pointer is incremented by a DMA 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.

66 ‘ MITSUBISHI
AV N ELECTRIC



Mitsubishi microcomputers

M16C / 30L Group
DMAC SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 both edge

Timer AO to timer A2 interrupt requests

Timer B1 and timer B2 interrupt requests
UARTO transfer and reception interrupt requests
UARTL1 transfer and reception interrupt requests
UART2 transfer and reception interrupt requests
A-D conversion interrupt requests

Software triggers

Transfer unit 8 bits or 16 bits

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

Transfer mode « Single transfer mode

After the transfer counter underflows, the DMA enable bit turns to
“0”, and the DMAC turns inactive

* Repeat transfer mode

After the transfer counter underflows, the value of the transfer counter

reload register is reloaded to the transfer counter.

The DMAC remains active unless a “0” is written to the DMA enable bit.
DMA interrupt request generation timing | When an underflow occurs in the transfer counter
Active When the DMA enable bit is set to “1".
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”.
Reload timing for forward At the time of starting data transfer immediately after turning the DMAC active, the
address pointer and transfer 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.

counter

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 bO Symbol Address When reset
| | | | | | | | | DMOSL 03B816 0016
v | Bitsymbol Bit name Function R W
oo vl psewo DMA request cause (sf;:)s b4 3 b2 b1 bo o o
T T select bit - _— |
R T T R B 0000000O0: Falling edge of INTO pin !
R T 000000 1: Software trigger !
Vo4 4 1 4 4 - DSEL1 0000010: Timer A0 00
I 0000011:Timer Al !
A 0000100: Timer A2 !
i DSEL2 0000101:Mustnot be set 0.0
R 0000110 : Mustnot be set !
A 0000111:Mustnotbe set !
[ R DSEL3 0001000: Timer B1 0'0
A 0001001:Timer B2 !
Lo 0001010:UARTO transmit !
s DSEL4 0001011:UARTO receive 0'0
o 0001100 :UART2 transmit !
o 0001101:UART2 receive ;
P DSEL5 0001110 :A-Dconversion 0'0
- 0001111:UART1transmit !
E E 10001 10: Two edges of INTO pin ;
[ SRR DMS Must not be set except the above. O 3 O
E Software DMA If software trigger is selected, a ‘
] DSR request bit DMA request is generated by o ! o
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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DMAO control register

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

|><|><| | | | | | | DMOCON 002C16 00000X002
E ' ' ' ' ' ' ' Bit symbol Bit name Function R w
Con o0 0w 0wl puBeIT Transfer unit bit select bit | 0 : 16 bits o | o
S 1:8bits |
. . . . . . _ DMASL Repeat transfer mode_ 0 : Single transfer o 0O
. select bit 1: Repeat transfer |
T T DMAS DMA request bit (Note 1) | 0 : DMA not requested o' O
- 1: DMA requested ‘l(Note 2)
b DMA enable bit 0 : Disabled !
Vo DMAE 1: Enabled © | ©
R Source address direction | : Fixed |
E E E bommmmmmmmee o DSD select bit (Note 3) 1 : Forward O 3 o
P Destination address 0 Fixed
ooy TTTTTTTET T DAD direction select bit (Note 3) | 1 - Forward o ! o
E E Nothing is assigned. 3
"""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. - ! -

Note 1: DMA request can be cleared by resetting the bit.
Note 2: This bit can only be set to “0”.

cannot be set to “1” simultaneously.

Note 3: Source address direction select bit and destination address direction select bit

Figure 1.13.3. DMAC register (2)
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DMAO source pointer

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

(b8)

b0 b7 bo  Symbol Address When reset

DDA |

: SARO 002216 to 002016 Indeterminat:

: : H Function Transfer address | o1y
: : H specification !
« Source pointer
: T Stores the source address 0000016 to FFFFF16 OEO
R T Nothing is assigned. _3_
In an attempt to write to these bits, write “0". The value, if read, turns out to be “0". !
DMAO destination pointer
(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 B0 b7 0 Symbol Address When reset
DXIXIXIX] : : DARO 002616 0 002416 Indeterminat
E : ‘ . l ; Transfer address
E ' ' ' : Function specification R 1W
. R * Destination pointer 0000016 to FFFFF1s |010
R Stores the destination address |
R T R Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0". 3
DMAO transfer counter
(b15) (b8)
b7 b0 b7 bo
T Symbol Address When reset
. TCRO 002916, 002816 Indeterminate
: Functi Transfer count
: unction specification RIW
: « Transfer counter
[ O.0
Set a value one less than the transfer count 000015 to FFFF15 !

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 destina-
tion 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 respec-
tive 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

RD signal

><Destinati0n>< Dummy
cycle

X

CPU use

WR signal

Data

bus CPU use

CPU use

- Dummy
><Source ><Dest|nat|on><cycle ><

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

BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

CPU use

>< Source ><Source + 1><Destination>< Dummy
cycle

X

CPU use

CPU use

>< Source ><Source + 1><Destinati0n><5;0rr;my

CPU use

X

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

CPU use

Source

cycle CPU use

>

Destination><Durnmy

X

CPU use

Source

><Destinatio>< Dummy ><
cycle

CPU use

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

CPU use >< Source >< Source +1 ><Destinatior>< (I:D;crlru]amy >< CPU use
CPU use >< Source >< Source + 1 ><Destinatior>< E;J;my >< 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:

Mitsubishi microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Single-chip mode Memory expansion mode
Transfer unit Bus width | Access address Microprocessor mode
No. of read | No. of write| No. of read | No. of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (BYTE="L") Odd 1 1 1 1
(DMBIT=“1") 8-bit Even — — 1 1
(BYTE =“H") Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers (BYTE =“L") Odd 2 2 2 2
(DMBIT=“0") 8-bit Even — — 2 2
(BYTE =“H") Odd — — 2 2
Coefficient j, k
Internal memory External memory
Internal ROM/RAM | Internal ROM/RAM | SFR area | Separate bus | Separate bus | Multiplex
No wait With wait No wait With wait bus
1 2 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 one of the source pointer and the destination pointer - the one specified for the
forward direction - to the forward direction address pointer.
(2) Reloads the value of the transfer counter reload register to the transfer counter.
Thus overwriting “1” to the DMA enable bit with the DMAC being active carries out the operations given
above, so the DMAC operates again from the initial state at the instant “1” is overwritten to the DMA
enable bit.
DMA request bit
The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of
DMA request factors.
DMA request factors include the following.
* Factors effected by using the interrupt request signals from the built-in peripheral functions and software
DMA factors (internal factors) effected by a program.
* External factors effected by utilizing the input from external interrupt signals.
For the selection of DMA request factors, see the descriptions of the DMAQO factor selection register.
The DMA request bit turns to “1” if the DMA transfer request signal occurs regardless of the DMAC's state
(regardless of whether the DMA enable bit is set to “1” or “0”). It turns to “0” immediately before data
transfer starts.
In addition, it can be set to “0” by use of a program, but cannot be set to “1”.
There can be instances in which a change in DMA request factor selection bit causes the DMA request bit
to turn to “1”. So be sure to set the DMA request bit to “0” after the DMA request factor selection bit is
changed.
The DMA request bit turns to “1” if a DMA transfer request signal occurs, and turns to “0” immediately
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 a factor caused to occur by the leading edge of input from the INTO pin.

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

The timing for the DMA request bit to turn to “1” when an external factor is selected synchronizes with the
signal's edge applicable to the function specified by the DMA request factor selection bit (synchronizes
with the trailing edge of the input signal to INTO 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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Timer
There are five 16-bit timers. These timers can be classified by function into timers A (three) and timers B
(two). All these timers function independently. Figures 1.14.1 and 1.14.2 show the block diagram of timers.

Clock prescaler

xin () T 1

. Reset
1/8 fo Clock prescaler reset flag (bit 7
1/4 f3p ataddress 038116) set to “1”
f1 fg f32 fca2
O  Timer mode

* One-shot timer mode

O
o * PWM mode
) 9 x I Timer AO interrupt
_ — 0 o) | Timer AO I—o—»
TA0N O —0
filter « Event counter mode

O * Timer mode
» One-shot timer mode

o)
O « PWM mode
GD—O) o \ I Timer Al interrupt
- —oO o) | Timer Al I—o—»
man O— {8 H—
ilter
« Event counter mode

’o) * Timer mode
» One-shot timer mode

O
o * PWM mode
) o KC \ I Timer A2 interrupt
i O o) Timer A2 I—"—>
Noise |
e OB
filter « Event counter mode

Timer B2 overflow

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

Figure 1.14.1. Timer A block diagram
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Clock prescaler

Y

xiNn (O »

1/8 f Clock prescaler reset flag (bit 7 Reset
1/4 f32 ataddress 038116) setto “1”
f1 f8 f32 fc32
o)
o * Timer mode
o)

e, « Pulse width measuring mode Timer B1 interrupt
TB1 1 Noise % . - P
N O filter © O Timer B1 >

» Event counter mode

O
O « Timer mode
o O » Pulse width measuring mode Timer B2 interrupt
¢ Noise OE .
82N () filter 0 0 Timer B2
 Event counter mode

Timer A

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 A0 through A2 all have the same function. Use the timer Ai mode
register (i = 0 to 2) 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 overflow.
» One-shot timer mode: The timer stops counting when the count reaches “000016".
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

q Data bus high-order bits g
Clock source 1 1%
selection « Timer ¢ Data bus low-order bits (
fi —o0 : SWMShOt Clock selection Low-order High-order
f8 —o o ) o 1l 8 bits 8 bits
n AV4
fa32 —O *Timer Reload register (16) |
fcao——O (gate function) VAN J t 7N
« Event counter L4
Polarity Counter (16) }
AN selection Clock selection Up count/down count
(i=0t02) Count start flag [.A'Ways down count exceptj
in event counter mode
(Address 038016)
TAI Addresses TAj TAk
— 0 Timer AO 038716 038616 Must not be set Timer Al
TB2 overflow To external Timer AL 038916 038816  Timer AQ Timer A2
TAj overflow ') trigger circuit Down count Timer A2 038B1s 038A16 Timer A1 Must not be set
(j =i-1. Note, however, must not be set when i = 0)
Up/down fla O
TAk overflow — O P g
(k =i+ 1. Note, however, must not be set when i = 2) (Address 038416) ?
TAiouT Pulse output
(i=0to2)
O | I Toggle flip-flop I
Figure 1.14.3. Block diagram of timer A
Timer Ai mode register
Symbol Address When reset
| b7 | b6 | bS b4 b3 b2 bl bo TAIMR(i=0to 2) 039616 to 039816 0016
¢ 4 1 11 | Bitsymbol Bit name Function R'W,
| TMODO Operation mode select bit 13160: Timer mode OEO
E E E E E E E 0 1: Event counter mode |
I TMOD1 10 : One-shot timer mode i
. 11 : Pulse width modulation 00
T T R (PWM) mode |
T MRO ] ] ] ] 00
o Function varies with each operation mode :
Rt MR1 o0
R R MR2 00
LR LR EEEEEE MR3 0.0
P TTmmmmmmmmmemmmeey TCKo Count source select bit o0
e TCK1 (Function varies with each operation mode) 0.0

Figure 1.14.4. Timer A-related registers (1)
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Timer Ai register (Note 1)

(b15) (b8)
b7 b0 b7 bo Symbol Address When reset
| | TAO 038716,038616 Indeterminate
} TAL 038916,038816 Indeterminate
: TA2 038B16,038A16 Indeterminate
E Function Values that can be set REW
-1 « Timer mode 000016 to FFFF16 OEO
Counts an internal count source !
« Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow 0.0
« One-shot timer mode 000016 to FFFF16 X
Counts a one shot width (Note 2,4) ;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 : : 0016 to FF16 '
prescaler and high-order address functions as an 8-bit |  ow-order address) | |
pulse width modulator (Note 3,4) |

Count start flag

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 TAiouT pin remains “L”
level, therefore the timer Ai interrupt request is not generated. This also
occurs in the 8-bit pulse width modulator mode when the significant 8
high-order bits in the timer Ai register are set to “0016”.

Note 4: Use MOV instruction to write to this register.

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

R TABSR 038016 0016

Bit symbol Bit name Function R W
' ' ' ' ' ' ' <{ TAO0s Timer AO count start flag 0 : Stops counting 0.0
N TA1S Timer Al count start flag 1: Starts counting o0
[ R TR R TA2S Timer A2 count start flag 00
T AREREEREREEE Reserved bit Must always be set to “0” 0.0
R R, TB1S Timer B1 count start flag 0 : Stops counting 00
' - 1: Starts counting ——
------------------------ TB2S Timer B2 count start flag o0
Up/down flag (Note 1)

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

| 0 | 0 | | ol 0 | | | UDF 038416 0016

Bit symbol Bit name Function RW
L4 4 4 1 4 1 "1 TAOUD [Timer AO up/down flag 0: Down count [e){e]
T S A 1: Up count -
T R ) This specification becomes valid |
TAIUD | Timer Al up/down flag when the up/down flag content is OEO
[ selected for up/down switching —
[ et TA2UD Timer A2 up/down flag cause 0.0
TR R Reserved bit Must always be set to “0” OEO
0 : two-phase pulse signal |
o Timer A2 two-phase pulse | &gcgs;;”egﬁzf;bﬁgnal 1
T signal processing select bit [ + - MV9~ i

[ S TA2P gnatp 9 processing enabled (Note 2)  |X'O
When not using the two-phase
Vo pulse signal processing function, |
HE set the select bit to “0” i
AR S Reserved bit Must always be set to “0” X O

Note 1: Use MOV instruction to write to this register.
Note 2: Set the TAiIN and TAIoUT pins correspondent port direction reaisters to “0”.

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

Symbol Address When reset
b7 b6 bS b4 b3 b2 bl b0 ONSF 038216 00X000002
AL bdefel 11
T symbol Bit name Function RiW
: R TA0OS | Timer AO one-shot start flag | 1 : Timer start 0'0
i E E — TA10S | Timer Al one-shot start flag When read, the value is “0” O}O
] TA20S | Timer A2 one-shot start flag 0.0
:  RRRRREEEEEED Reserved bit Must always be set to “0” 00
E _________________ Nothing is assigned. i
' In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. |~ |~
R TAOTGL | Timer AO event/trigger b7 06 00
H select bit 0 0 : Input on TAO is selected (Note) !
0 1:TB2 overflow is selected ;
LSRR TAOTGH 10 : Must not be set [eXe)
11:TA1 overflow is selected |
Note: Set the corresponding port direction register to “0”.
Trigger select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
0 | ) | ) | 0 | | | | | TRGSR 038316 0016
i+ 4+ % 4+ a1 | Bitsymbol Bit name Function R W,
Vv v v v v v vl TAatTeL | Timer Al event/trigger b1 b0 ‘
. select bit 00 : Input on TAL is selected (Note)  [O1O
T 01 : TB2 overflow is selected .
: o TALTGH 10: TAO overflow is selected O: o
[ 11:TA2 overflow is selected !
A Timer A2 event/trigger b3 b2 !
R TAZTGL select bit 9 00 : Inputon TA2i is selected (Note)  |O:O
oor o 0 1:TB2 overflow is selected
oo ] TA2TGH 10: TA1 overflow is selected 00
A 11 : Must not be set !
LA Y S Reserved bit Must always be set to “0” ofo
Note: Set the corresponding port direction register to “0”.
Clock prescaler reset flag
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
T Bit symbol Bit name Function R'W
E E E E E E E Nothing is assigned. |
P te-deodeooeouo-nooaf Inan attempt to write to these bits, write “0”. The value, if read, turns out to be ——
' indeterminate.
CPSR |Clock prescaler reset flag 0: No effect 1
C e ] 1: Prescaler is reset 00
(When read, the value is “0") |

Figure 1.14.6. Timer A-related registers (3)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.14.1.) Figure 1.14.7
shows the timer Ai mode register in timer mode.

Table 1.14.1. Specifications of timer mode

Item
Count source

Specification

f1, f8, 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)

When the timer underflows
Programmable I/O port or gate input
Programmable I/O port or pulse output
Count value can be read out by reading timer Ai register
* When counting stopped
When a value is written to timer Ai register, it is written to both reload register and counter
* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)
» Gate function
Counting can be started and stopped by the TAIIN pin’s input signal
« Pulse output function
Each time the timer underflows, the TAiouT pin’s polarity is reversed

Interrupt request generation timing
TAIIN pin function
TAiouT pin function
Read from timer

Write to timer

Select function

Timer Ai mode register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | 0 | | | | 0 | 0 | TAIMR(i=0t0 2) 039616t0 039816 0016
E : : : : : : : Bit symbol Bit name Function R'W
‘.4 41 4 4 1 1 TMODO |Operation mode g g 0.0
H i : Timer mode T
T TMOD1 select bit 00
A MRO Pulse output function 0 : Pulse is not output
o ] select bit (TAiouT pin is a normal port pin) 0.0
R 1: Pulse is output (Note 1) ‘
Voo (TAiouT pin is a pulse output pin) !
. Gate function select bit b4 b3 ) ) !
oo MR1 0 X (Note 2): Gate function not available 00
L (TAIIN pin is a normal port pin) i
o 10 : Timer counts only when TAIIN pinis [__
Lo MR2 held “L” (Note 3) !
: : : ............... 11 : Timer counts only when TAiIN pin is |O:O
' held “H” (Note 3) !
L SRGRRREEEEEEEEE MR3 0 (Must always be “0” in timer mode) 0.0
b TCKO i oo 3
R Count source select bit 00:f1 0.0
' 01:fs ;
] TCK1 10:fa !
11:fc32 O:O
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. Timer A2 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 1.14.3 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)

Item 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 I/O port, pulse output, or up/down count select input
Read from timer Count value can be read out by reading timer Ai register
Write to timer » When counting stopped

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

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

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

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

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

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

b7 b6 bS b4 b3 b2 bl bo

Symbol Address When reset
..n...n TAIMR(i = 0to 2) 039616 to 039816 0016
Bit symbol Bit name Function RIW|
TMODO | Operation mode select bit | % 0.0
TMOD1 0 1: Event counter mode (Note 1) 0.0
MRO Pulse output function 0: Pulse is not output .
________ select bit (TAiout pin is a normal port pin) OEO

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

! MR1 Count polarity 0: Counts external signal's falling edge |~'
select bit (Note 3) 1: Counts external signal's rising edge ©.0
S MR2 Up/down switching 0 : Up/down flag's content oo
cause select bit 1 : TAiouT pin's input signal (Note 4) !
emmmmmeeeeeees MR3 0 (Must always be “0” in event counter mode) 0.0
[ TCKO Count operation type 0 : Reload type O °
select bit 1: Free-run type !
I TCK1 Invalid when not using two-phase pulse signal processing OEO
Can be “0" or “1” 1

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

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

Note 3: Valid only when counting an external signal.

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

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 timer A2)

Item Specification
Count source » Two-phase pulse signals input to TA2IN or TA20UT pin
Count operation < Up count or down count can be selected by two-phase pulse signal

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

Divide ratio 1/ (FFFF16 - n + 1) for up count
1/ (n + 1) for down count n: Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | Timer overflows or underflows
TA2IN pin function Two-phase pulse input (Set the TA2IN pin correspondent port direction register to “0".)
TA20uT pin function Two-phase pulse input (Set the TA20uT pin correspondent port direction register to “0".)
Read from timer Count value can be read out by reading timer A2 register
Write to timer * When counting stopped

When a value is written to timer A2 register, it is written to both reload
register and counter
« When counting in progress
When a value is written to timer A2 register, it is written to only reload
register. (Transferred to counter at next reload time.)
Select function « Normal processing operation
The timer counts up rising edges or counts down falling edges on the TA2IN
pin when input signal on the TA20uT pin is “H".

TAZour | N
TA2IN _+ A Ay Y L

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

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

b6 b5 b4 b3 b2 bl bo Symbol Address When reset
|0||O|1|O|O|O|1| TA2MR 039816 0016
Bit name Function RW
Por v o4 = TMODO | Operation mode select bit |*** 0.0
O TVOD1 0 1 : Event counter mode 00
________ MRO 0 (Must always be “0” when using two-phase pulse signal O:O
- processing)
R MR1 0 (Must always be “0” when using two-phase pulse signal OEO
oo processing) !
oo ] MR2 1 (Must always be “1” when using two-phase pulse signal oio
oo processing)
_________________ MR3 0 (Must always be “0” when using two-phase pulse signal OEO
- processing) !
R TCKO Count operation type 0 : Reload type OEO
: select bit 1: Free-run type
: TCK1 0 (Must always be “0” when using two-phase pulse signal
bemmmmmem e processing) 00

Note : 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

g MITSUBISHI
ELECTRIC 83



Mitsubishi microcomputers

M16C / 30L Group
Timer A SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(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

ltem Specification
Count source f1, fs, f32, fc32
Count operation * The timer counts down

» When the count reaches 000016, the timer stops counting after reloading a new count

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

Count start condition » An external trigger is input

 The timer overflows

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

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

» The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TAIIN pin function Programmable 1/O port or trigger input

TAiourT pin function Programmable I/O port or pulse output

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

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

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

Timer Ai mode register

D7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
[ ] [o] | | [2]0o] TAMRG=0t02) 0396150039816 o016

bbb or [ Bitsymbol Bit name Function RIW

borob o v TMODO | operation mode select bit “lhs - One-shot i d o0

TMOD1 10 : One-shot timer mode 00

MRO Pulse output function 0 : Pulse is not output i

[ U select bit (TAiouT pin is a normal port pin) OEO

oo 1: Pulse is output (Note 1) !

(TAiouT pin is a pulse output pin) |

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

e bit (Note 2) 1: Rising edge of TAIIN pin's input signal (Note 3) O;O

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

o e 1: Selected by event/trigger select o0

A bits !

S SEERRREEEELED MR3 0 (Must always be “0" in one-shot timer mode) 0:0

Db TCKO Count source select bt~ [**

! 00:f1 O:O

1 01:fs

ToTTTTTTTmTomTememes TCK1 10:fs2 0.0
11:fc3z !

Note 1: The settings of the corresponding port register and port direction register are invalid.
Note 2: Valid only when the TAiIIN 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

[tem

Specification

Count source

f1, f8, f32, fc32

Count operation

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

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

Count start condition

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

Count stop condition

« The count start flag is reset (= 0)

Interrupt request generation timing

PWM pulse goes “L”

TAIIN pin function

Programmable I/O port or trigger input

TAiouT pin function

Pulse output

Read from timer

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

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

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

(Transferred to counter at next reload time)

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | 1 | 1 | 1| TAIMR(i=0to 2) 039616 to 039816 0016
: Bit symbol Bit name Function RIW|
: TMODO _ |Operation mode bt 00
[ TMODL1 select bit 11:PWM mode e)e)
i MRO 1 (Must always be “1” in PWM mode) 0.0
: MR1 External trigger select 0: Falling edge of TAiN pin's input signal (Note 2) OEO
P Ty bit (Note 1) 1: Rising edge of TAIIN pin's input signal (Note 2) [~
[ S MR2 Trigger select bit 0: Count start flag is valid OEO
H 1: Selected by event/trigger select bits '
:L MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO
""""""""" select bit 1: Functions as an 8-bit pulse width modulator .
b7 b6 }
--------------------- TCKO Count source selectbit |00 :f1 00
01:fs :
10:f32 |
"""""""""""" TCKL 11:fc32 Oio

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

1/fix (2% -1)

Count source
TAIN pin H } 1 *\ _____________
input signal “r | ™

PWM pulse output “H" ‘ ‘
from TAiouT pin an | |

Timer Aiinterrupt ~ “1”
request bit w1 _____
fi: Frequency of count source \ /

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

Note: n = 000016 to FFFE16.

Figure 1.14.12. 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/fiX(m+1) X (2% -1)
Count source (Notel) r

TAIN pin input signal ~ “H” —+

wr

, . L/fi X (m+1)

[ T

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

:
:

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

PWM pulse output H ‘
from TAiouT pin " | o

Timer Ai interrupt
request bit “gr

W

|
|

fi : Frequency of count source

(1, T8, f32, fcaz) Cleared to “0” when interrupt request is accepted, or cleaerd by software

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Note 3: m = 0016 to FF16; n = 0016 to FE16.

Figure 1.14.13. Example of how an 8-bit pulse width modulator operates
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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 = 1, 2) 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.

q Data bus high-order bits

Clock source selection ) DETEOES (SRS e
] [Low—order 8 bits U High-order 8 bits

1 —o * Timer A V4 _
fg o % « Pulse period/pulse width measurement | Reload register (16) |
fa2 o O Clock selection 1 [ J t 1 [
fcsa o « Event counter Counter (16) |

A

TBiN Polarity switching Count start flag
(i=1,2) and edge pulse (address 038016)

Counter reset circuit |_

Can be selected in only
event counter mode
TBi Address TBj

TBjoverflow ——0Q Timer B1 039316 039216 Must not be set

(j =1—1. Note, however, Timer B2 039516 039416 Timer B1
must not be set when i = 1)
Figure 1.14.14. Block diagram of timer B
Timer Bi mode register
s ot L Symbol Address When reset
| | | | TBIMR(i=1,2) 039C1e, 039D16 00XX00002
v Bt symbol Bit name Function R'W
' +{ TMODO Operation mode select bit Sl(b)o: Timer mode (@) (@)
N ' 0 1: Event counter mode
R TMOD1 1 0 : Pulse period/pulse width !
e measurement mode O:0
o 11 : Must not be set.
P ey MRO Function varies with each operation mode 0.0
Y REhEEl MR1 O.:0
Nothing is assigned. |
[ R EL In an attempt to write to these bits, write “0”. - =
oo The value, if read, turns out to be indeterminate. !
 GRREEEEEEELEED MR3 Function varies with each operation mode O X
oSty TCKO Count source select bit 0.0
e TCK1 (Function varies with each operation mode) 0'0

Figure 1.14.15. Timer B-related registers (1)
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Timer Bi register (Note)

b:
®19) o o Symbol Address When reset
TB1 039316, 039216  Indeterminate
| TB2 039516, 039416  Indeterminate
E Function Values that can be set | R EW
'===1 « Timer mode 000016 to FFFF16 OEO

Counts the timer's period ‘

« Event counter mode 000016 to FFFF16
Counts external pulses input or a timer overflow o0

« Pulse period / pulse width measurement mode
Measures a pulse period or width O X

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

Count start flag

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | 0| O| 0| | | | TABSR 038016 0016

Bit symbol Bit name Function RW
Poro o Ll TAOS | Timer AO count start flag 0 : Stops counting OiO
' ' ' ' ' ' _— TA1S Timer Al count start flag 1: Starts counting Oio
i : : : o TA2S Timer A2 count start flag OfO
Pl Reverved bit Must always be set to “0” 00
e eeenan] TB1S | Timer B1 count start flag 0 : Stops counting O§O
R TB2S Timer B2 count start flag 1: Starts counting OEO

Clock prescaler reset flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2

BitSymb0|| Bit name Function RIW,
i+ | Nothing is assigned.

------ ---=4 In an attempt to write to these bits, write “0”. The value, if read, turns |~
out to be indeterminate.

,..----.--_
[ ——
R

CPSR | Clock prescaler reset flag | O - No effect
........................ P g 1: Prescaler is reset o0

(When read, the value is “0")

Figure 1.14.16. Timer B-related registers (2)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 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

Item

Specification

Count source

f1, fs, f32, fc32

Count operation

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

Divide ratio

1/(n+1) n: Setvalue

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

The timer underflows

TBIIN pin function

Programmable 1/O port

Read from timer
Write to timer

Count value is read out by reading timer Bi register
» When counting stopped
When a value is written to timer Bi register, it is written to both reload register and counter
» When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | |><| | | 0 | 0 | TBIMR(i=1, 2) 039Ci16, 039D16 00XX00002
Vv 4 v v 1+ 1 | Bitsymbol Bit name Function R W
R R R R A R TMODO : .. | bibo O 0
A Operation mode select bit 00 : Timer mode |
A TMOD1 00
oo MRO Invalid in timer mode 6.0
A MRL Can be “0” or “1” 00
E . . . Nothing is assiigned. 1
Vo e In an attempt to write to this bit, write “0”. The value, if read, — ‘ —
P turns out to be indeterminate. !
MR3 Invalid in timer mode. |
H ChELEC TR, In an attempt to write to this bit, write “0”. The value, if read in O X
P timer mode, turns out to be indeterminate. !
P Count source select bit o706 1
T RRRRRERELEEAR, TCKO 00:f1 ©) : @)
! 01:fs ;
] TCK1 10:f32 |
11:fc32 © o

Figure 1.14.17. Timer Bi mode register in timer mode
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 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

ltem Specification
Count source « External signals input to TBIIN pin
« Effective edge of count source can be arising 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

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | |><| | | 0 | 1 | TBIMR(i=1, 2) 039C16, 039D16 00XX00002
4+ 0 4 1 1 1 1| Bitsymbol Bit name Function R' W
oo ov oo 51 TMODO Operation mode select bit | b2 o0
[ 01: Event counter mode i
Voo e TMOD1 010
A Count polarity select b3 b2 |
T T MRO bit (Notg 1) y 00 : Counts external signal's o' o
[ falling edges |
N 0 1: Counts external signal's |
R rising edges !
T T S MR1 1 0: Counts external signal's o ! o
oo falling and rising edges !
[ 11 : Must not be set. |
P Nothing is assigned.
Por o n Tmmmmmmmmmeeeey In an attempt to write to this bit, write “0”. The value, if read, — =
[ turns out to be indeterminate. |
o MR3 Invalid in event counter mode.
v T In an attempt to write to this bit, write “0”. The value, if read in O X
Vo event counter mode, turns out to be indeterminate.
: 'L ____________________ TCKO Invalid in event counter mode. o 1 o
! Can be “0” or “1”".
' TCK1 Event clock select 0 : Input from TBIIN pin (Note 2) ‘
bmmmmmmmmmmmmm e 1: TBj overflow o' 0
(j =i -1, however, must not be set, |
wheni=1) !

Note 1: Valid only when input from the TBiIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1”.
Note 2: Set the corresponding port direction register to “0”.

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

Iltem Specification
Count source f1, 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". Assume that the count start flag condition is “1” and then the
timer Bi overflow flag becomes “1”. If the timer Bi mode register has a write-
access after next count cycle of the timer from the above condition, the timer
Bi overflow flag becomes “0".)

TBiIN pin function Measurement pulse input

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

Write to timer Cannot be written to

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

Timer Bi mode register

eeeee select bit 0 0 : Pulse period measurement (Interval between
measurement pulse's falling edge to falling edge) o0

0 1 : Pulse period measurement (Interval between
measurement pulse's rising edge to rising edge)

MR1 1 0: Pulse width measurement (Interval between

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | |><| | | 1 | 0 | TBIMR(i=1, 2) 039C16,039D16  00XX00002
i+ i [ Bitsymbol Bit name Function R W
' ' ! v TMODO R b1 b0 O 3 (@)
P Seﬁggftgi’t” mode 10: Pulse period / pulse width ;
¢+ =---{ TMOD1 measurement mode 00
: MRO Measurement mode | %

Yo measurement pulse's falling edge to rising edge,

and between rising edge to falling edge) 0.0
11 : Must not be set.
Nothing is assigned.
---------- In an attempt to write to this bit, write “0”. The value, if read, turns out to be — =
indeterminate.
[ MR3 Timer Bi overflow 0 : Timer did not overflow o' %
flag (Note) 1: Timer has overflowed !
b7 b6 |
____________________ TCKO Count source 00:f1 o0
select bit 01:fs i
10:f32 i
""""""""""""""" TeK1 11:fcs2 © ©

Note: It is indeterminate when reset. Assume that the count start flag condition is “1” and then the timer Bi
overflow flag becomes “1”. If the timer Bi mode register has a write access after next count cycle of
the timer from the above condition, the timer  Bi overflow flag becomes “0”. This flag cannot be set
to “1” by software.

Figure 1.14.19. Timer Bi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source | --

Measurement pulse

Transfer Transfer

/ (indeterminate value) /' (measured value)

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

I . 1
Count start flag (l)

Timing at which counter
reaches “000016"

Reload register « counter | |_| |_|

Timer Bi interrupt ‘1" |—| Ii
request bit “qr A
Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag 1

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

Figure 1.14.20. Operation timing when measuring a pulse period

Count source --

Measurement pulse

I
I

I

I

I

I

3 :

1 Transfer Transfer | Transfer 1 Transfer |

Vg . I | I I

. A (indeterminate | (measured value) |« (measured ;o (measured value)

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

|

transfer timing

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

Timing at which counter
reaches “000016"

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

A v !

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

Timer Bi overflow flag !
"o

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

Figure 1.14.21. Operation timing when measuring a pulse width
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e

Serial I/O is configured as three channels: UARTO, UART1, UART2.

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 /O mode and a clock asynchronous
serial I/0 mode (UART mode). The contents of the serial /O mode select bits (bits O to 2 at addresses
03A016, 03A816 and 037816) determine whether UARTI is used as a clock synchronous serial I1/0 or as a
UART. Although a few functions are different, UARTO, UART1 and UART2 have almost the same functions.
UART2, in particular, is used for the SIM interface with some extra settings added in clock-asynchronous
serial I/O mode (Note). It also has the bus collision detection function that generates an interrupt request if
the TxD pin and the RxD pin are different in level.

Table 1.16.1 shows the comparison of functions of UARTO through UART2, and Figures 1.16.4 to 1.16.9
show the registers related to UARTI.

Note: SIM : Subscriber Identity Module

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)
T_ransfer ClPCk output from multiple Impossible Possible (Note 1) Impossible
pins selection
Serial data logic switch Impossible Impossible Possible  (Note 4)
Sleep mode selection Possible (Note 3) | Possible (Note 3) Impossible
TxD, RxD 1/O polarity switch Impossible Impossible Possible
TxD, RxD port output format CMOS output CMOS output gt‘t:glinnel open-drain
Parity error signal output Impossible Impossible Possible  (Note 4)
Bus collision detection Impossible Impossible Possible

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.
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(UARTO)
RxD0 O

Clock source selection
f1— o Bit rate generator
fs o ~_ Internal (address 03A116)

_ Receive
— Tretene.
Clock synchronous type TO i control circuit rece!;/e
1 uni

——O TxDo

UART reception

UART transmission Transmit
2 —0 >/ (n0+1) U Transmis_siqn clock
External Clock synchronous type control circuit |
Clock synchronous type
. (when internal clock is selected)
1/2 Q
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
CLK
> selected)
( ) polarity )/I
CLKo reversing N
circuit
CTS/RTS disabled
O CTS/R(;I'S selected RTSO
CTS0/RTS0 Y
o
Vee
& CTSIRTS disabled ——
CTSo
(UARTY)
RxD1O —O TxD1
- Receive - it
Clock source selection clock ransmi
f1 Bit rate generator | Clock synchronous type ”0 unit
fg —o Internal (address 03A916)
[ ] UART transmission Transmit
faa ——o 1/(n1+1) 116 Transmission clock
External Clock synchronous type control circuit_|
Clock synchronous type
(when internal clock is slected)
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
CLK lected
O polarity o selected)
CLK1 reversing -
circuit I CTS/RTS disabled
CTS/RTS selected
CTS1/RTSV/ () - o5 % RTS1
CLKS1 Clock output pin vee
select switch ATa/BTe A
CTS/RTS disabled CTs1
O_-O
(UART2)
RxD2 RxD polarity [ p;;?ity _O TxD2
reversing circuit reversing X
UART reception o Receive circuit
Clock source selection | Reception [ clock Transmit/
f o Bit rate generator | Clock synchronous type o | control circuit receive
s o ~__ 'ntemal(address 037916) Eﬂi unit
UART transmission Transmit
fs2 ° s 1/ (n2+1) Transmission clock
External Clock synchronous type control circuit
Clock synchronous type
(when internal clock is selected)
0
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
CILK )/] selected)
polarity
CLk20 reversing - N
cireuit | CTS/RTS  CTS/RTS disabled
selected RTS?
cTs2/R7520 o <
Vee
{C CTSIRTS disabled 1o

nO : Values set to UARTO bit rate generator (UOBRG)
nl: Values set to UART1 bit rate generator (U1BRG)
n2 : Values set to UART2 bit rate generator (U2BRG)

Figure 1.16.1. Block diagram of UARTi (i = 0 to 2)
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Py Py
Clock
synchronous type
UART (7 bits)
Clock UART (8 bits)
synchronous UART (7 bits) UARTi receive register
type
RxDI(O—
Zﬁ:ﬁ.ed UART UART (9 bits)
Clock
synchronous type
UART (8 bits)
UART (9 bits)
0000000D8| |D7§D6§D5§D4§D3§D2§D1§D0|
| MSBI/LSB conversion circuit |
Data bus high-order bits
Data bus low-order bits
| MSB/LSB conversion circuit |
|De | | DriDeiDsiDeiDsiDziDiiDol|
UART (8 bits)
UART (9 bits)
UART (9 bits) E/I;;)gk synchronous
PAR
2SpP enabled UART
’
1sp
;/;:b\ed scylzf:tronous UART (7 bits) UARTI transmit register
type UART (7 bits)
UART (8 bits) 3
“0” Clock synchronous EZRStlggrlbt)llt bit

UARTiI receive
buffer register

Address 03A616
Address 03A716
Address 03AE16
Address 03AF16

UARTI transmit
buffer register

Address 03A216
Address 03A316
Address 03AA16
Address 03AB16

TxDi

Figure 1.16.2. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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Serial I/O

No reverse
RxD data
R020— s

Reverse

Clock
synchronous type
UART

(7 bits)

UART

(8 bits)

Clock
synchronous
type

UART(7 bits) UART?2 receive register

2sP PAR UART Clock
enabled synchronous type

(9 bits)

; H ; ; ; ; ; ] UART2 receive
0:0:0:0:0:0:0 :Ds | | D7: De i DsiDs:Ds;iDz2iDi: Do | buffer rogiater
Address 037E16
| Logic reverse circuit + MSB/LSB conversion circuitl Address 037F16
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuit|
) <>
|D3 | | D7: Dei Ds ;i Da;D3s;D2:D1i:iDo | UART?2 transmit
buffer register

Address 037A16
Address 037B16

UART

(8 bits)

UART

(9 bits)

UART Clock
PAR (9 bits) synchronous type
enabled UART

Clock
synchronous
type

UART2 transmit register

synchronous type

Error signal output
disable

|

Error signal output
enable

No reverse

1

Reverse

TxD data

Error signal ta
reverse circuit

output circuit

}}—O TxD2
SP: Stop bit

PAR: Parity bit

)

)

Figure 1.16.3. Block diagram of UART2 transmit/receive unit
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UARTI transmit buffer register (Note)

(b15) (08) Symbol Address When reset
b7 b0 b7 b0 uoTB 03A316, 03A216 Indeterminate
|><|><|><|><|><|><|><| | uilTB 03AB16, 03AA16 Indeterminate
u2TB 037B16, 037A16 Indeterminate
Function RIW|
H H H T
: e Leeeeas Transmit data X0
Nothing is assigned. !
""""""""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate. _3 -
Note: Use MOV instruction to write to this register.
UARTI receive buffer register
(b15) (b8) Symbol Address When reset
b7 bo b7 b0 UORB  03AT71,03A61s  Indeterminate
U1RB 03AF16, 03AE16 Indeterminate
H U2RB 037F16, 037E16 Indeterminate
Bit Bit name (During c‘i)ljcrlcgol?chrono s Function RIW
H uri Yy u; i !
symbol serial 1/0 mode) (During UART mode) |
tooees - — Receive data Receive data O X
Nothing is assigned.
In an attempt to write to these bits, write “0". The value, if read, turns out to be “0". -
................................ ABT [ Arbitration lost detecting 0 : Not detected Invalid O:O
flag (Note 2) 1 : Detected
____________________________________ OER [ Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error OEX
1 : Overrun error found 1 : Overrun error found !
........................................ FER | Framing error flag (Note 1) | Invalid 0 : No framing error le
1: Framing error found
........................................... PER | Parity error flag (Note 1) | Invalid 0 : No parity error Oi><
1 : Parity error found |
............................................... SUM | Error sum flag (Note 1) Invalid 0 : No error 0%
1 : Error found

UARTI bit rate generator (Note 1, 2)

b7 bo

Note 1: Bits 15 through 12 are set to “0” when the serial /O mode select bit (bits 2 to 0 at addresses 03A0z1s,

03A816 and 037816) are set to “0002" or the receive enable bit is set to “0".
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when the
lower byte of the UARTI receive buffer register (addresses 03A616, 03AE16 and 037Es) 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. When write, set “0”. The value, if read, turns out to be “0".

Symbol Address When reset
UOBRG 03Al1s Indeterminate
U1BRG 03A916 Indeterminate
U2BRG 037916 Indeterminate
Function Values that can be set R'W,|
T
Assuming that set value = n, BRGi divides the count source by 0015 to FFi6 X 10
n+1 i

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)

MITSUBISHI
ELECTRIC

97



Serial I/O

98

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
e

b7 b6 b5 b4 b3 b2 bl bO

UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl b0

UART?2 transmit/receive mode register

Symbol Address When reset
| UiMR(i=0,1) 03A016, 03A816 0016
: Function : !
Bit . . Function !
symbol Bit name (buring clock synchonous | (puring UART modey (R W
SMDO ; | Must always be “001” b2 b1 b0
Serial /O mode selectbit| " 100 : Transfer data 7 bits long OO
00 0 : Serial I/O invalid 10 1: Transfer data 8 bits long .
SMD1 010 : Must not be set. 110 : Transfer data 9 bits long | !
01 1: Must not be set. 000 : Serial I/O invalid 0.0
111 : Must not be set. 010 : Must not be set. ‘
SMD2 01 1: Must not be set. !
11 1: Mustnot be set. O:O
CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock OEO
select bit 1: External clock (Note) 1: External clock (Note)
STPS | stop bit length select bit | Invalid 0 : One stop bit 00
1: Two stop bits |
PRY [Odd/even parity select bit| Invalid Valid when bit 6 = 1"
0 : Odd parity 00
1 : Even parity )
PRYE | Parity enable bit Invalid 0 : Parity disabled 00
1 : Parity enabled !
SLEP | Sleep select bit Must always be “0” 0 : Sleep mode deselected oo
1: Sleep mode selected |
Note : Set the corresponding port direction register to “0”.
Symbol Address When reset
| U2MR 037816 0016
. Function : |
Bit . . Function |
symbol Bit name (Durlr;%rti:lanl)clyosyr:locg:))nous (During UART mode) REW
SMDO X i . N b2 b1 b0 :
Serial /O mode select bit l\:lztilszoalways be "001 100 : Transfer data 7 bits long 0.0
. ; ; : 10 1: Transfer data 8 bits long ;
SMD1 000: Serial IO invalid 110 : Transfer data 9 bits long | _!
010:(Notel) : - ) f 0.0
011:Mustnot be set 00 0 : Serial /0O invalid !
111: Must not be set. 010 : Must not be set. :
SMD2 : : 011 : Must not be set. O: o
111 : Must not be set.
CKDIR |Internal/external clock 0 : Internal clock Must always be “0” Oi o
select bit 1: External clock (Note 2) !
STPS | stop bit length select bit | Invalid 0: One stop bit oo
1: Two stop bits !
PRY |Odd/even parity select bit| Invalid Valid when bit 6 = 1"
0 : Odd parity O; O
1: Even parity !
PRYE | Parity enable bit Invalid 0: Parity disabled o0
1 : Parity enabled |
jopoL | TXD, RxD I/O polarity 0 : No reverse 0 : No reverse
reverse bit 1: Reverse 1: Reverse 0:0
Usually set to “0” Usually set to “0” !
Note 1: Bit 2 to bit O 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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.}

UARTI transmit/receive control register O

b7 b6 b5 b4 b3 b2 bl bo

register (during transmission)
: No data present in transmit 1

register (transmission

completed)

(during transmission) o'%
: No data present in transmit
register (transmission completed)

flag

[

| | | | | Symbol Address When reset
UiC0(i=0,1) 03A416, 03AC16 0816
: : Function .
H Bit . . Function
H . R/W
: symbol Bit name (Durlggegé?ﬁrosﬁlgggnous (During UART mode)
E b1 bo b1 b0
. CLKO | BRG count source 00:f1is selected 00:fLis selected 0.0
: select bit 01:fsis selected 01:fsis selected
CLK1 10:f32is selected 10:f32is selected 00
' 11 : Must not be set. 11 : Must not be set.
E Pe—— . Valid when bit 4 = “0” Valid when bit 4 = “0”
! CRS CTS/RT.S function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (OO
' select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2)
E TXEPT | Transmit register empty 0: Data present in transmit 0 : Data present in transmit register

: . 0 : CTS/RTS function enabled | 0 : CTS/RTS function enabled
CRD | CTS/RTS disable bit |} - 5rdieTe function disabled | 1 : CTS/RTS function disabled

. (P60 and P64 function as (P60 and P64 function as 0.0

E programmable I/O port) programmable I/O port)

E NCH Data output select bit 0 : TxDi pin is CMOS output 0: TxDi pin is CMOS output

""""""""" 1 : TxDi pin is N-channel 1: TxDi pin is N-channel 0.0
open-drain output open-drain output

o

: Transmit data is output at Must always be “0”
falling edge of transfer clock
and receive data is input at
rising edge

: Transmit data is output at 0.0
rising edge of transfer clock
and receive data is input at
falling edge

CKPOL | CLK polarity select bit

[iN

e RERGCEEEEEEEETTEREE UFORM |Transfer format select bit |0 : LSB first “Q”
1 MSB first Must always be “0 00

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 bo

| | | Symbol Address When reset
L u2co 037C16 0816
P - Function .
N Bit . . Function
H ) RIW
symbol Bit name (Durlr;%r(i:;?tl:/kosmg::))nous (During UART mode)
E E b1 bo b1 b0
i *{ CLKO | BRG countsource 00:fiis selected 00:f1is selected 0.0
' select bit 01:fsis selected 01:fsis selected
t...] CLK1 10:f32is selected 10:f32is selected 00
11 : Must not be set. 11 : Must not be set.
P — ) Valid when bit 4 = “0” Valid when bit 4 = “0”
———————— CRS CTS/RT_S function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (OO
select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2)

5 . 0 : Data present in transmit . . . .
TXEPT | Transmit register empty register (during transmission) 0 : Data present in transmit register

fla . A h (during transmis;ion) )
9 - No data present in transmit | 1 . Ng gata present in transmit O1X
register (transmission

register (transmission completed
completed) gister ( pleted)

=

CRD CTS/RTS disable bit 0 : CTS/RTS function enabled 0 : CTS/RTS function enabled
............... 1: CTS/RTS function disabled | 1: CTS/RTS function disabled
(P73 functions (P73 functions programmable 0.0
programmable 1/O port) 1/0 port)

Nothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0".

0 : Transmit data is output at
falling edge of transfer clock
and receive data is input at

--------------------- rising edge

1: Transmit data is output at 0.0
rising edge of transfer clock
and receive data is input at

CKPOL | CLK polarity select bit Must always be “0”

falling edge
_______________________ UFORM [Transfer format select bit | 0 : LSB first 0: LSB first o0
(Note 3) 1: MSB first 1: MSB first

Note 1: Set the corresponding port direction register to “0”".
Note 2: The settings of the corresponding port register and port direction register are invalid.
Note 3: Only clock synchronous serial I/O mode and 8-bit UART mode are valid.

Figure 1.16.6. Serial I/O-related registers (3)
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UARTI transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216
oo . Function ! i
Voo Bit . ! Function |
N Bit name (During clock synchronous ! R'W|
symbol serial 1/0 mode) (During UART mode) |
i E i E_ TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled OEO
1: Transmission enabled | 1 : Transmission enabled '
o Tl Transmit buffer 0 : Data present in 0 : Data present in
[ empty flag transmit buffer register transmit buffer register ofx
v 1: No data present in 1: No data present in !
. transmit buffer register transmit buffer register !
o RE Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
! 1 : Reception enabled 1 : Reception enabled
E RI Receive complete flag 0 : No data present in 0 : No data present in
LSRR —— receive buffer register receive buffer register O'X
1: Data present in 1: Data present in '
receive buffer register receive buffer register |
________________________ Nothing is assigned. _3_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. |
UART2 transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | uz2c1 037D16 0216
I . Function ’ :
T Bit . : Function '
Vo Bit name (During clock synchronous : R'W,|
E - . - symbol serial 1/0 mode) (During UART mode) !
TE | Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
1: Transmission enabled | 1: Transmission enabled
TI | Transmit buffer 0 : Data present in 0 : Data present in
v T empty flag transmit buffer register transmit buffer register O'X
. 1: No data present in 1: No data present in |
. transmit buffer register transmit buffer register '
o RE | Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
! 1 : Reception enabled 1: Reception enabled '
RI Receive complete flag 0 : No data present in 0 : No data present in
[ receive buffer register receive buffer register O'X
1: Data present in 1: Data present in |
receive buffer register receive buffer register
U2IRS | UART2 transmit interrupt | O : Transmit buffer empty [ O : Transmit buffer empty
............... cause select bit (TI=1) (TI=1) 00
1: Transmit is completed | 1: Transmit is completed '
(TXEPT = 1) (TXEPT = 1) ;
U2RRM [ UART2 continuous 0 : Continuous receive Must always be "0"
__________________ receive mode enable bit mode disabled 00
1: Continuous receive |
mode enabled
_____________________ U2LCH | Data logic select bit 0 : No reverse 0 : No reverse OEO
1: Reverse 1: Reverse '
________________________ U2ERE | Error signal output Must always be "0" 0 : Output disabled OEO
enable bit 1: Output enabled '

Figure 1.16.7. Serial I/O-related registers (4)
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UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
|><| 0 | | | | | UCON 03B016 X00000002

R - Function - i
N Bit . . Function '
T T T A R B Bit name (During clock synchronous ) RIW,
symbol serial /O mode) (During UART mode) :
Vv 4+ v 1+ 1 v 1| UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (Tl = 1) ‘
Vo Y interrupt cause select bit | 1: Transmission completed 1 : Transmission completed 0.0
A (TXEPT = 1) (TXEPT =1) !
E E E E E E E U1IRS | UARTL1 transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (Tl = 1) ‘
ooror e e T interrupt cause select bit | 1: Transmission completed 1: Transmission completed ®) ;O
[ T B (TXEPT = 1) (TXEPT = 1) ;
UORRM [ UARTO continuous 0 : Continuous receive Must always be “0”
[ T S receive mode enable bit mode disabled OO0
ooror 1 : Continuous receive !
N mode enable !
I U1RRM [ UART1 continuous 0 : Continuous receive Must always be “0”
[ iRty receive mode enable bit mode disabled [e)(e}
oo 1 : Continuous receive '
HE mode enabled |
N CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1” Invalid !
Voo e 0 : Clock output to CLK1 0.0
1: Clock output to CLKS1 1
CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0”
[ bit 1 (Note) (CLK output is CLK1 only) '
et 1 : Transfer clock output 00
- from multiple pins ]
function selected
[ S Reserved bit Must always be set to “0” o0
:l _______________________ Nothing is assigned. _3_

In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. '

Note: When using multiple pins to output the transfer clock, the following requirements must be met:
* UARTL1 internal/external clock select bit (bit 3 at address 03A816) = “0".

UART2 special mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | | | U2SMR 037716 8016
s ) Function ) 1
I Bit . ! Function |
Vv Bit name (During clock synchronous } R W
Pl 41 b symbol serial /O mode) (During UART mode) ;
oo bt oM | i2c mode select bit 0: Normal mode Must always be “0" o o
1:12C mode !
¢+ 4 4 41| ABC [Arbitration lost detecting | 0 : Update per bit Must always be “0” o O
[ flag control bit 1: Update per byte |
BBS Bus busy flag 0 : STOP condition detected Must always be “0” (@) O
Vooror oy oy T 1: START condition detected (Note1,
] LSYN | SCLL sync output 0 : Disabled Must always be “0” o O
[ enable bit 1: Enabled i
ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
 GRRREEEEEE sampling clock 00
[ clock select bit 1: Underflow signal of timer AQ| |
E ' ' ACSE | Auto clear function Must always be “0” 0 : No auto clear function
Pop T select bit of transmit 1 : Auto clear at occurrence of | O 1 O
[ enable bit bus collision
R sSss Transmit start condition | Must always be “0” 0: Ordinary
1 select bit 1: Falling edge of RxD2 o ! 9
SDDS | SDA digital delay select |0 : Must always‘ be “0” Must always be “0”
""""""""""" bit (Note 2) when not using 12C mode o0
1 : Digital delay output !
is selected |

Note 1: Nothing but “0” may be written.

Note 2: When not in 12C mode, do not set this bit by writing a “1”. During normal mode, fix it to “0". When this
bit = “0”, UART2 special mode register 3 (U2SMR3 at address 037516) bits 7 to 5 (DL2 to DLO = SDA
digital delay setup bits) are initialized to “000”. Also, when SDDS = “0”, the U2SMR3 register cannot be
read or written to.

Figure 1.16.8. Serial I/O-related registers (5)
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UART?2 special mode register 2 (I2C bus exclusive use register)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

| | | U2SMR2 037616 0016
A , Function 1
1 1 1 1 1 1 l 1 Bt R : W
A symbol ftname (12C bus exclusive use) !
P4 r ot rliueM2 [ 12C mode select bit 2 Refer to Table 1.16.11 o o
oo Ccsc Clock-synchronous bit 0 : Disabled !
Cor o e T 1: Enabled o | o
A SWC SCL wait output bit 0 : Disabled
A 1: Enabled 0.0
A ALS SDA output stop bit 0 : Disabled o o
Voo 1: Enabled ;
T STAC | UARTZ initialization bit | 0 : Disabled oo
v 1: Enabled |
R ECCLEEEEEEEPEE SWC2 | SCL wait output bit 2 0: UART2 clock |
I : o 0
P 1: 0 output !
E . ___________________ SDHI SDA output disable bit 0: Enabled o | o
' 1: Disabled (high impedance) !
5 SHTC | Start/stop condition 1: Set this bit to *1 in 12C mode 06
"""""""""""" control bit (refer to Table 1.16.12) !
UART2 special mode register 3 (I1°C bus exclusive use register)
b7 b6 b5 b4 b3 b2 bl b0

| | Symbol Address When reset
1 1 VNNNAN U2SMR3 037516 0016
IR I . Funcion i
P b b | symbol Bit name (12C bus exclusive use register) R | w
v+ 11 1| Nothing is assigned. !
Voo b vo 41 Inan attempt to write to these bits, write “0”. The value, if read, turns out to be —_
Vo indeterminate. However, when SDDS = “1”", the value “0” is read out (Note 1) ‘
E ' ' DLO SDA digital delay setup | b7 b6 b5 |
Loy T bit : o0
. 0 0 0: Must not be set when using 12C mode !
b (Note 1, Note 2, Note 3) | 5 o 1102 cycle(s) of 1/f(XIN) ;
ot DL1 0 1 0:2to 3 cycles of 1/f(XIN) !
vooTTTTTTTrm 0 1 1:3to4cycles of 1/f(XIN) Digital delay 0.0
' 1 0 0:4to5 cycles of 1/f(XIN) is selected |
; bL2 1 0 1:5to 6 cycles of 1/f(XIN) !
ey 1 1 0:6to 7 cycles of 1/f(XIN) o0

1 1 1:7to8cycles of 1/(XIN) |

Note 1: This bit can be read or written to when UART2 special mode register (U2SMR at address 037716) bit
7 (SDDS: SDA digital delay select bit) = “1". When the initial value of UART2 special mode register 3
(U2SMRQ) is read after setting SDDS = “1", the value is “0016". When writing to UART2 special mode
register 3 (U2SMR3) after setting SDDS = “1", be sure to write 0's to bits 0—-4. When SDDS = “0”,
this register cannot be written to; when read, the value is indeterminate.

Note 2: These bits are initialized to “000” when SDDS = “0". After a reset, these bits are set to “000”. However,
because these bits can be read only when SDDS = “1", the value read from these bits when SDDS = “0”
is indeterminate.

Note 3: The amount of delay varies with the load on SCL and SDA pins. Also, when using an external clock, the
amount of delay increases by about 200 ns, so be sure to take this into account when using the device.

Figure 1.16.9. Serial I/O-related registers (6)
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(1) Clock synchronous serial I/O mode

The clock synchronous serial /O mode uses a transfer clock to transmit and receive data. Tables 1.16.2
and 1.16.3 list the specifications of the clock synchronous serial I/O mode. Figure 1.16.10 shows the

UARTI transmit/receive mode register.
Table 1.16.2. Specifications of clock synchronous serial I/O mode (1)

Item

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

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

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

Transmission/reception control

« CTS function, RTS function, CTS and RTS function invalid: selectable

Transmission start condition

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

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

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

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

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

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

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

Reception start condition

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

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

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

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

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

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

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

Interrupt request
generation timing

* When transmitting

— Transmit interrupt cause select bit (bits 0, 1 at address 03BO01s, bit 4 at
address 037D16) = “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 037D16) = “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 does not change.
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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 O or bit 7 can be selected
« Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
« Transfer clock output from multiple pins selection (UART1)
UARTL1 transfer clock can be chosen by software to be output from one of
the two pins set
 Switching serial data logic (UART?2)
Whether to reverse data in writing to the transmission buffer register or
reading the reception buffer register can be selected.
* TxD, RxD 1/O polarity reverse (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 D6 DS b4 b3 b2 b1 WO Symbol Address When reset
| 0| | 0| 0| 1| UIMR(i=0,1) 03A016, 03A816 0016
¢t o+ | Bt symbol Bit name Function RW
A SMDO Serial I/O mode select bit | """ _ 00
. SMD1 00 1: Clock synchronous serial  [0'O
R 1/0 mode
oo T SMD2 00
I CKDIR Internal/external clock 0 : Internal clock OEO
N select bit 1: External clock (Note) !
Dol e STPS 00
Do mmmmmmmmmmmmeeeed PRY Invalid in clock synchronous serial I/O mode 00
b ] PRYE 00
L CLETEETERPEREE SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) o0
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
| 0| | | | | 0| 0| 1| U2MR 037816 0016
Bit symbol Bit name Function R'W
A SMDO Serial /0 mode select bit | " . ) O}o
. SMD1 00 1 : Clock synchronous serial 00
S R 1/0 mode -
oo T SMD2 00
] CKDIR Internal/external clock 0 : Internal clock O: o
T select bit 1 : External clock (Note 2) 1
R RRREREEEEE STPS lle}
Pop o FTmmmeeeeoy PRY Invalid in clock synchronous serial I/O mode 0:0
IR LRI ELELEEERIS PRYE 0.0
] IOPOL TxD, RxD I/O polarity 0 : No reverse OEO
reverse bit (Note 1) 1: Reverse |
Note 1: Usually set to “0”".
Note 2: Set the corresponding port direction register to “0”".

Figure 1.16.10. UARTI transmit/receive mode register in clock synchronous serial /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 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 an “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 is not selected)

Pin name Function Method of selection
TxDi Serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70)
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 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, 037816) = “0”

PBL, PB5, P72) ool

( ) Transfer clock input Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “1”
Port P61, P65 and P72 direction register (bits 1 and 5 at address 03EE1s,

bit 2 at address 03EF16) = “0”

CTSI/RTSi CTS input CTSIRTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) =*0”

(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “0”
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EE1s,

bit 3 at address 03EF16) = “0”

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

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

Tc

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

Transmit enable
bit (TE)

Transmit buffer
empty flag (TI)

J ‘Data is set in UARTI transmit buffer register

iy

Transferred from UARTI transmit buffer register to UARTI transmit register

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

T 3+ g+

CLKi

O @@@@@@@ﬂ@@@@@@@@@@@@@@ el

Transmit o
Ry o ] : -
T — |

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

(=}

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(n+1)/fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, 8, f32)
« CTS function is selected. n: value set to BRGi

« CLK polarity select bit = “0”".
« Transmit interrupt cause select bit = “0”.

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

g
Receive enable
bit (RE) ‘0" J

1
Transmit enable . ) i ) )
bit (TE) ‘0" ! Dummy data is set in UARTi transmit buffer register
Transmit buffer  © —l i (b\
empty flag (TI) “Q" —

| Transferred from UARTI transmit buffer register to UARTI transmit register

RS v L L |

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

e

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 1.16.11. Typical transmit/receive timings in clock synchronous serial /0O mode
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(a) Polarity select function

As shown in Figure 1.16.12, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16)
allows selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”

e LWL

|
Note 1: The CLKi pin level when not
Do D2/)>< DS >< D4 >< D5 >< D6 >< D7 transferring data is “H".

X_Do X b1 X
RXDi X po X b1 X D2 X D3 X D4 X D5 X Ds X D7

TXDi D1

» When CLK polarity select bit = “1”

CLKi l

l \ Note 2: The CLKi pin level when not
TXDi X po ¥ b1 X D2)X D3 X D4 X D5 X Ds X D7 transferrin% data is “L".
RXDi ><D0><D1><D2><D3><D4><D5><D6><D7

Figure 1.16.12. Polarity of transfer clock

(b) LSB first/MSB first select function

As shown in Figure 1.16.13, when the transfer format select bit (bit 7 at addresses 03A416, 03AC1s6,
037C1e) = “0", the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

* When transfer format select bit = “0”

e L UL Y
TXDi X Do X p1 X p2 X D3 X pa X D5 X ps X D7

mp- | SB first
RXDi X po X b1 X D2 X D3 X D4 X Ds X Ds X D7
* When transfer format select bit = “1”
e L LT LT
TXDi ><D7><D6><D5><D4><D3><D2><D1><D0
=P \ISB first

RXDi X b7 X ps X Ds X Da X D3 X D2 X D1 X Do

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

Figure 1.16.13. 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 1.16.14.)
The multiple pins function is valid only when the internal clock is selected for UART1.

Microcomputer

TxD1 (P67)
CLKS1 (P64)
CLK1 (P6s5) 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 1.16.14. 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 03B01s, bit 5 at address 037D16) 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) Serial data logic switch function (UART2)
When the data logic select bit (bit6 at address 037D16) = “1”, and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 1.16.15 shows the example of serial data
logic switch timing.

*When LSB first

Transfer clock “H" | | | | | | | | | |
n

TxD2 “H
(no reve)r(se§ T ‘( Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 )’

o ™ 00 )T | D2 ) D3 J(2 {05 \ o6 ) 7

Figure 1.16.15. Serial data logic switch timing
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(2) Clock asynchronous serial I/0 (UART) mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 1.16.5 and 1.16.6 list the specifications of the UART mode. Figure 1.16.16 shows
the UARTI transmit/receive mode register.

Table 1.16.5. Specifications of UART Mode (1)

ltem Specification

Transfer data format  Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected

« Start bit: 1 bit

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

« Stop bit: 1 bit or 2 bits as selected

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

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

fEXT/16(n+1) (Note 1) (Note 2) (Do not set external clock for UART2)

Transmission/reception control | ¢ CTS function, RTS function, CTS and RTS function invalid: selectable

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

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

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

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

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

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

- Start bit detection

Interrupt request * When transmitting

generation timing - Transmit interrupt cause select bits (bits 0,1 at address 03B01s, bit4 at
address 037D16) = “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 037D16) = “1": Interrupts requested when data transmission from
UARTI transfer register is completed

« When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

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

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

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

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

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 does not change.
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock asynchronous serial 1/0 (UART) mode

Table 1.16.6. Specifications of UART Mode (2)

ltem Specification
Select function * 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 /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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}‘ ELECTRIC 111



Clock asynchronous serial I/0 (UART) mode

Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit / receive mode registers
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UIMR(i=0,1) 03A016, 03A816 0016
Por o+ 1| Bit symbol Bit name Function RiW
poror oo v smpo Serial IO mode select bit | *2™® , 00
. SMDL 100 : Transfer data 7 bits long ;
. 101 : Transfer data 8 bits long c0o
TR R EEEEEEL SMD2 11 0: Transfer data 9 bits long 00
___________ CKDIR Internal / external clock 0 : Internal clock OEO
T T select bit 1: External clock (Note) |
. STPS Stop bit length select bit 0 : One stop bit |
Voo T 1: Two stop bits OEO
PRY Odd / even parity Valid when bit 6 = “1”
Pl ey select bit 0 : Odd parity (o)e}
P 1: Even parity |
PRYE Parity enable bit 0 : Parity disabled O:O
VoI 1 : Parity enabled
E_ _______________________ SLEP Sleep select bit 0 : Sleep mode deselected 0'0
1: Sleep mode selected
Note : Set the corresponding port direction register to “0”".
UART2 transmit / receive mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | U2MR 037816 0016
P | Bit symbol Bit name Function RiW
po1oi i i 11 " SMDO | Serial /O mode select bit e anster data 7 bis | 00
e : Transfer data 7 bits long ;
e SMD1 10 1: Transfer data 8 bits long o0
il SMD2 11 0: Transfer data 9 bits long 00
e CKDIR Internal / external clock Must always be “0” O o
A - select bit !
o STPS Stop bit length select bit 0 : One stop bit O:O
Voo T 1 : Two stop bits
b PRY Odd / even parity Valid when bit 6 = “1” !
P Ty select bit 0 : Odd parity (o)e}
P 1: Even parity 1
PRYE Parity enable bit 0 : Parity disabled O:O
Voo TTTTTT T 1 : Parity enabled
E_ _______________________ IOPOL TxD, RxD /O polarity 0 : No reverse O:O
reverse bit (Note) 1: Reverse
Note: Usually set to “0".

Figure 1.16.16. UARTI transmit/receive mode register in UART mode
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Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock asynchronous serial 1/0 (UART) mode

Table 1.16.7 lists the functions of the input/output pins during UART mode. Note that for a period from
when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs an “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

Pin name

Function

Method of selection

TxDi
(P63, P67, P70)

Serial data output

RxDi
(P62, P66, P71)

Serial data input

Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
bit 1 at address 03EF16)=“0"
(Can be used as an input port when performing transmission only)

CLKi
(P61, P65, P72)

Programmable 1/0 port

Transfer clock input

Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “0"

Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1”
Port P61, P65 direction register (bits 1 and 5 at address 03EE16) = “0”
(Do not set external clock for UART2)

CTSIi/RTSi
(P60, P64, P73)

CTS input

Programmable 1/O port

CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) =“0"
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “0"
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EE1s,

bit 3 at address 03EF16) = “0”

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

CTS/IRTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “1”

z MITSUBISHI
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M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock asynchronous serial I/0 (UART) mode

» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is “H” when the stop bit is checked.
Tc The transfer clock starts as the transfer starts immediately CTS changes to “L".

N e

|

Transfer clock

Transmit enable

BA(TE) Data is set in UARTI transmit buffef regiéter.
Transmit buffer 1 | X
empty flag(Tl) . : |
Transferred from UARTI transmit buffer register to UARTI transmit register

“H ; ;
CTSi | | |

v : H '

Start Parity  Stop Stopped pulsing because transmit enable bit = “0”
bit bit bit *

i STAONOKOKONOXOKOKONPY . 5° \STADNDXOKONNOKOKON P P
Transmit register 1" — :
empty flag (TXEPT)
Transmit interrupt 1" : ‘
request bit (IR) “r | —I

N 7

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

Shown in () are bit symbols.

The above timing applies to the following settings :
« Parity is enabled.
* One stop bit.
« CTS function is selected.
» Transmit interrupt cause select bit = “1".

Tc=16(n+1)/fiorl6 (n+1)/fexr
fi : frequency of BRGi count source (f1, 8, 32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

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

Tc

e

I

Transfer clock

Transmit enable
bit(TE)

Data is set in UARTI transmit buffer regisiter : |

g -
empty flag(TI . |
0 Transferred from L:JARTivt:’;smit buffer register to UARTI transmit register
Start Stép Stop
. bit  bit
TXDi \STADX DX 02X DX X o3X oKX oY s P\ STA X DX 02X 03X DX =X o)X DX DeYsPsp
[T

Transmit register
empty flag (TXEPT) oo

Transmit interrupt
request bit (IR)

[ 1 [
X v

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

Shown in () are bit symbols.

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

Tc=16(n+1)/fior16 (n+1)/fexr
fi : frequency of BRGi count source (f1, 8, 32)
fEXT : frequency of BRGi count source (external clock)
n : value set to BRGi

Figure 1.16.17. Typical transmit timings in UART mode(UARTO,UART1)
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Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock asynchronous serial 1/0 (UART) mode

» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)
Tc

-

Transfer clock ||| |||| |||| || |||| |||| |||
Transmit enable "
bit(TE) o J Data is set in UART2 transmit buffer register
Note
Transmit buffer “1" <
empty flag(TlI
pty flag(Tl) g \\
Transferred from UART2 transmit buffer register to UARTI transmit register

Start Parity  Stop
TxD2 bit oL, bt

SALKOXOXOKLKLXON NP 5P SADKOXOKOKXOXON DK P 5P
Transmit register 1" I
empty flag (TXEPT) «o~
Transmit interrupt ~ “1”
request bit (IR)

AN 7

Cleared to “0” when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

The above timing applies to the following settings: Tc =16 (n+1)/fi
« Parity is enabled. fi : frequency of BRG2 count source (f1, f8, f32)
« One stop bit. n : value set to BRG2
« Transmit interrupt cause select bit = “1”.

Note: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing.

Figure 1.16.18. 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)

sourcs (U,
source - .

Receive enable bit 1 _’
o= Stop bit
G - THT)| -

Receive data taken in

Start bit

£

Sampled “L”

RxDi

[ S R

ﬁ{ecéption triggered when transfer clock ~ Transferred from UARTIi receive register to
is generated by falling edge of start bit UARTI receive buffer register \‘ﬁ

]
ol

Transfer clock

Receive
complete flag

RTSi

Receive interrupt
request bit

S SR

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 1.16.19. Typical receive timing in UART mode

(a) 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, 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".

(b) Function for switching serial data logic (UART2)
When the data logic select bit (bit 6 of address 037D16) is assigned “1”, data is inverted in writing to the
transmission buffer register or reading the reception buffer register. 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 | | | | | | | | | | | | | | | |
n

TxD2
(no reverse)

\sTf{po)XD1)D2)D3XD4XD5)D6)D7) P ) SP

(overen) \_sT (Do (o1 D2 \ D3 D4 | D5 06 D7 { P J sp
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.16.20. Timing for switching serial data logic
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M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock asynchronous serial 1/0 (UART) mode

(c) TxD, RxD /O polarity reverse function (UART2)
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not to reverse) for
usual use.

(d) 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 bus collision (in UART mode).

rersrdosk | LA LA LA LA LA LA LA LE
Bor T\ Y W
wor T\ st B

Bus collision detection ~ «»

interrupt request signal ., L/

Bus collision detection “q
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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Clock asynchronous serial I/0 (UART) mode

(3) Clock-asynchronous serial /0 mode (used for the SIM interface)
The SIM interface is used for connecting the microcomputer with a memory card 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 I/O mode (used for the SIM interface)

ltem Specification
Transfer data format * Transfer data 8-bit UART mode (bit 2 through bit O of address 037816 = “1012")
* One stop bit (bit 4 of address 037816 = “0")
* With the direct format chosen
Set parity to “even” (bit 5 and bit 6 of address 037816 = “1” and “1” respectively)
Set data logic to “direct” (bit 6 of address 037D16 = “0").
Set transfer format to LSB (bit 7 of address 037C16 = “0").
* With the inverse format chosen
Set parity to “odd” (bit 5 and bit 6 of address 037816 = “0" and “1” respectively)
Set data logic to “inverse” (bit 6 of address 037D16 = “1")
Set transfer format to MSB (bit 7 of address 037C16 = “1")
Transfer clock « With the internal clock chosen (bit 3 of address 037816 =“0") : fi/ 16 (n + 1) (Note 1) : fi=f1, fs, f32
(Do not set external clock)
Transmission / reception control | « Disable the CTS and RTS function (bit 4 of address 037C16 = “17)
Other settings » The sleep mode select function is not available for UART2
* Set transmission interrupt factor to “transmission completed” (bit 4 of address 037D16 = “1")
Transmission start condition| » To start transmission, the following requirements must be met:
- Transmit enable bit (bit O of address 037D16) = “1”
- Transmit buffer empty flag (bit 1 of address 037D16) = “0”
Reception start condition | « To start reception, the following requirements must be met:
- Reception enable bit (bit 2 of address 037D16) = “1”
- Detection of a start bit
Interrupt request « When transmitting
generation timing When data transmission from the UART2 transmit register is completed
(bit 4 of address 037D16 = “1")
* When receiving
When data transfer from the UART2 receive register to the UART2 receive
buffer register is completed
Error detection « Overrun error (see the specifications of clock-asynchronous serial I/O) (Note 2)
» Framing error (see the specifications of clock-asynchronous serial 1/0)
« Parity error (see the specifications of clock-asynchronous serial 1/0)
- On the reception side, an “L" level is output from the TxD2 pin by use of the parity error
signal output function (bit 7 of address 037D16 = *1") when a parity error is detected
- On the transmission side, a parity error is detected by the level of input to
the RxDz2 pin when a transmission interrupt occurs
« The error sum flag (see the specifications of clock-asynchronous serial 1/0)

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UART?2 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 UART2 receive interrupt request bit does not change.
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Mitsubishi microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Transfer clock

Tc

e

uiuiuiuuy Uiyt

Data is set in UART2 transmit buffer register

Note 1

Transmit enable v
bit(TE) “«Qr J
Transmit buffer v
empty flag(Tl) “Qr
TxD2

RxD2

i

Transferred from UART?2

Start ] :
bit Parity ~ Stop

bit bit

 \TREEEXXeHeXeX

A

transmit buffer register to UART2 transmit register

o000 CHEE

Signal conductor level
(Note 2)

Transmit register ‘1"
empty flag (TXEPT)

oo
Transmit interrupt 1"
request bit (IR) “Qr

Y CEe oot

\

An “L” level returns from TxD2 due to 7
the occurrence of a parity error.

STADoXD1XD2 X DsX DaXDs X Ds XD7

The level is detected by the

interrupt routine.

P\ SP

The level is
detected by the
interrupt routine.

Transfer clock

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

N

Shown in () are bit symbols.

Tc=16(n+1)/

Tc

el

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

fi

fi : frequency of BRG2 count source (f1, f8, f32)
n : value set to BRG2

IR e R R R A A AR R AR AR RN

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.

Receive enable v
bit (RE) “gr J
RxD2

TxD2

Start Parity  Stop
bit bit bit

STA DoX DiX D2X D3sX DsX Ds X DsAD7A P ) SP

STARCXOROXOKLXCHKONP)

SP

Signal conductor level
(Note 2)

Receive complete  “1”

flag (RI) “Qr
Receive interrupt v
request bit (IR) “Qr

An “L” level returns from TxD2 due to /
the occurrence of a parity error.

STA DoX DiX D2X D3X DsX DsX DsAD7X P ) SP

S

STA DoX D1X D2X D3X DaX DsX DeX D7 P

S/

Read to receive buffer

Read to receive buffer

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

\

Shown in () are bit symbols.

Tc=16(n+1)/

n : value sel

Note 2: Equal in waveform because TxD2 and RxD2 are connected.

7

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

fi

fi : frequency of BRG2 count source (f1, f8, f32)

t to BRG2

Figure 1.16.22. Typical transmit/receive timing in UART mode (used for the SIM interface)
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Clock asynchronous serial I/0 (UART) mode

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(a) Function for outputting a parity error signal

During reception, with the error signal output enable bit (bit 7 of address 037D16) 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 of address 037D1s6) 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

Transfer
clock

RxD2

TxD2

Receive
complete flag

\sT{Do)YD1)YD2)D3)YD4YXD5)D6)D7) P JsP

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

TxD2
(direct)

TxD2
(inverse)

Lrrrrr L L

\

fDofD1)fpD2fD3 D4a)fD5)fD6 D7) P/

A D7 f D6 { D5 D4 {3 { D2 [D1fD0f 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. Connect TxD2 and RxD2 and apply
pull-up.

Microcomputer

SIM card

TxD2 o

RxD2

Figure 1.16.25. Connecting the SIM interface
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UART2 Special Mode Register

UART2 Special Mode Register

The UART2 special mode register (address 037716) is used to control UART2 in various ways.
Figure 1.16.26 shows the UART2 special mode register.
Bit 0 of the UART2 special mode register (037716) is used as the 12C mode select bit.

Setting “1” in the 12C mode select bit (bit 0) goes the circuit to achieve the 12C bus (simplified 12C bus)
interface effective.
Table 1.16.9 shows the relation between the 12C mode select bit and respective control workings.
Since this function uses clock-synchronous serial I/O mode, set this bit to “0” in UART mode.

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
e

UART?2 special mode register

b7 b6 bS5 b4 b3 b2 bl b0

Symbol Address When reset
U2SMR 037716 8016

" Function . |

Bit . . Function |
Bit (During clock synchronous . RW

symbol name serial /0 mode) (During UART mode) '
IICM | 12C mode select bit 0 : Normal mode Must always be “0” o O

1:12C mode '
ABC Arbitration lost detecting | 0 : Update per bit Must always be “0” o O

flag control bit 1: Update per byte :
BBS |[Bus busy flag 0: STOP condition detected | Must always be “0” oo
1: START condition detected (Note)
LSYN | SCL L sync output 0 : Disabled Must always be “0” o O

enable bit 1: Enabled |

ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
sampling clock select bit clock 00

1: Underflow signal of timer AQ| !

ACSE [ Auto clear function Must always be “0” 0 : No auto clear function
select bit of transmit 1: Auto clear at occurrence of |O ;O

enable bit bus collision '
SSS | Transmit start condition | Must always be “0” 0 : Ordinary o O

select bit 1: Falling edge of RxD2 :

SDA digital delay select |0 : Must always be *0" Must always be “0" 1

SDDS bit (Notz 2) Y when not using 12C mode] 4 |
1 : Digital delay output 0.0

is selected i

Note 1: Nothing but “0” may be written.

Note 2: When not in 12C mode, do not set this bit by writing a “1”. During normal mode, fix it to “0”. When this
bit = “0", UART2 special mode register 3 (U2SMR3 at address 037516) bits 7 to 5 (DL2 to DLO = SDA
digital delay setup bits) are initialized to “000". Also, when SDDS = “0", the U2SMRS3 register cannot be

read or written to.

UART? special mode register 3 (I°C bus exclusive use register)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
U2SMR3 037516 0016
Bit ) Function
symbol Bit name (12C bus exclusive use register) R w
Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be —_
indeterminate. However, when SDDS = “1”, the value “0” is read out (Note 1)
DLO | SDA digital delay setup | b7 b6 bs 3
b’:‘t te 1. Note 2. Note 3 0 0 0: Must not be set when using 12C mode o O
(Note 1, Note 2, Note 3) | 5 1 : 119 2 cycle(s) of 1/f(XIN) ;
DL1 0 1 0:2to 3cycles of 1/f(XIN) !
0 1 1:3to4cycles of 1/f(XIN) Digital delay 0.0
1 0 0:4to5 cycles of 1/f(XIN) is selected i
DL2 1 0 1:5to6 cycles of 1/f(XIN) !
1 1 0:6to 7 cycles of 1/f(XiN) o0
11 1:7to8cycles of 1/f(XIN) 1

Note 1: This bit can be read or written to when UART2 special mode register (U2SMR at address 037716) bit
7 (SDDS: SDA digital delay select bit) = “1". When the initial value of UART2 special mode register 3
(U2SMR3) is read after setting SDDS = “1", the value is “0016". When writing to UART2 special mode
register 3 (U2SMR3) after setting SDDS = “1", be sure to write 0's to bits 0-4. When SDDS = “0”,
this register cannot be written to; when read, the value is indeterminate.

Note 2: These bits are initialized to “000” when SDDS = “0". After a reset, these bits are set to “000”. However,
because these bits can be read only when SDDS = “1", the value read from these bits when SDDS = “0"
is indeterminate.

Note 3: The amount of delay varies with the load on SCL and SDA pins. Also, when using an external clock, the
amount of delay increases by about 200 ns, so be sure to take this into account when using the device.

Figure 1.16.26. UART2 special mode register
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UART?2 Special Mode Register SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

P70 through P72 conforming to the simplified 1%C bus

P70/TxD2/SDA
— Timer
O
— 10 » To DMAO
Selector, SDDS=0 UART2 1ICM=0 UART2 transmission/
UART2 o b =000 or licM2=1 NACK interrupt request
register lIeM=1
6 and ICM2=0
-
(Divider) | ~spps=1 and
DL 000 ALS
Avrbitration
> —
Timer » To DMAO
lICm=1 licm=0 UART? reception/ACK interrupt
- - or liCM2=1
——[ Recepton registe] request
lICM=0 UART2
— licM=1
Start condition and IICM2=0
1 detection ,
S
— Bus busy
Stop condition
detection
NACK
L-synchronous-
output enabling
bit

P71/RxD2/SCL

ACK

1IICM=0

Falling edge of 9 bit
—
swc

Port reading

UART2
P72/CLK2 1ICM=0 *With IICM set to 1, the port terminal is to be readable
O"—Oq—o<}— Selector] even if 1 is assigned to P71 of the direction register.
l—— 10

[ ——Timer

O Data bus
b :} Selector (Port P71 output dlata Iatﬁh)| K licM=1  Bus collision/start, stop condition
UART2 nternal clod detection interrupt request
licM=1 swcz | gk | Bus collision—so
lICM=1 control| detection 1ICM=0
External clock UART2

Figure 1.16.27. Functional block diagram for 12C mode

Table 1.16.9. Features in 12C mode

Function Normal mode 12C mode (Note 1)

1 | Factor of interrupt number 10 (Note 2) Bus collision detection ?g?]gigggdég?gcﬂce);ection or stop
2 | Factor of interrupt number 15 (Note 2) UART?2 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 (digital delay)
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
8 | Noise filter width 15ns 200ns

. Reading the terminal when 0 is Reading the terminal regardless of the
9 | Reading P71 assigned to the direction register value of the direction register
10| 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 I1°C mode is in use.
Set 01 0in bits 2, 1, 0 of the UART2 transmission/reception mode register.
Disable the RTS/CTS function. Choose the MSB First function.
Note 2: Follow the steps given below to switch from a factor to another.
1. Disable the interrupt of the corresponding number.
2. Switch from a factor to another.
3. Reset the interrupt request flag of the corresponding number.
4. Set an interrupt level of the corresponding number.
Note 3: Set an initial value of SDA transmission output when serial I/O is invalid.

~
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Figure 1.16.27 shows the functional block diagram for 12C mode. Setting “1” in the 12C mode select 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". The amount of delay can be selected in the range
of 2 cycles to 8 cycles of f1 using UART2 special mode register 3 (at address 037516). Delay circuit select
conditions are shown in Table 1.16.10.

Table 1.16.10. Delay circuit select conditions

Register value

Contents
IICM [ SDDS| DL
o ) 001
Digital delay is 1 1 to | Digital delay is added
selected
111
When IICM = “0", no delay circuit is selected. When IICM = “0",
No delay 0 0 (000) however, always make sure SDDS = “0".

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 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 in-
terrupt, 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 UART2 special 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 transmission clock.

Bit 1 of the UART2 special mode register (037716) 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 11 of the UART2 reception
buffer register (037F16, 037E16), 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 update the flag byte by byte, must judge and clear (“0”) the arbitration lost detecting flag after complet-
ing 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 enable bit. Setting
this bit to “1” goes the P71 data register to “0” in synchronization with the SCL terminal level going to “L".
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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 nonconfor-
mity is detected in synchronization with the rising edge of the transfer clock signal if the bit is set to “0”. If
this bit is set to “1”, the nonconformity is detected at the timing of the overflow of timer AO rather than at
the rising edge of the transfer clock.

Bit 5 of the UART2 special mode register is used as the auto clear function 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 transmit 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)
0: Rising edggs of the transfer clock

w LTI
TxD/RxD | |

T. 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 [ I O I T A A A I I O O O O
TXD/RXD —| | |

Bus collision
detect interrupt |

request bit >

Transmit |
enable bit

3. Transmit start condition select bit (Bit 6 of the UART2 special mode register)

0: In normal state
cLk S S A S O O B S AR A B A

! | |

Enabling transmission

With "1: falling edge of RxD2" selected

w | |

Figure 1.16.28. Some other functions added
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UART2 Special Mode Register 2
UART2 special mode register 2 (address 037616) is used to further control UART2 in 12C mode. Figure
1.16.29 shows the UART2 special mode register 2.

UART2 special mode register 2 (IZC bus exclusive use register)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| U2SMR2 037616 0016
Bit Bit name Function R w
Vv v 4 4 4 4 | symbol 1
Coob b orlieM2 | 12C mode select bit 2 Refer to Table 1.16.11 o o
csc Clock-synchronous bit 0 : Disabled ;
e 1: Enabled 0.0
A SWC | SCL wait output bit 0 : Disabled
R 1: Enabled ©) ; O
A ALS SDA output stop bit 0 : Disabled o o
oo 1: Enabled |
Dol ] STAC | UART2 initialization bit | 0 : Disabled o0
. 1: Enabled i
E  SCGLLECEEEEEEEE SWC2 | SCL wait output bit 2 0: UART2 clock o0 0
1: 0 output !
. ___________________ SDHI SDA output disable bit 0: Enabled o | o
H 1: Disabled (high impedance) i
: SHTC | Start/stop condition 1: Set this bit to “1" in 12C mode o ! o
"""""""""""" control bit (refer to Table 1.16.12) |

Figure 1.16.29. UART2 special mode register 2
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Bit 0 of the UART2 special mode register 2 (address 037616) is used as the I2C mode select bit 2. Table
1.16.11 shows the types of control to be changed by 12C mode select bit 2 when the 12C mode select bit
is set to “1”. Table 1.16.12 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 1.16.11. Functions changed by I12C mode select bit 2
Function IICM2 =0 lICM2 =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) UART?2 reception (the falling edge
of the final bit of the clock)

3 | Timing for transferring data from the | The rising edge of the final bit of the The falling edge of the final bit of the
UART?2 reception shift register to the | reception clock reception clock
reception buffer.

4 | 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 1.16.12. 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 control bit SHTC 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 1%C bus

P70/TxD2/SDA

P71/RxD2/SCL

P72/CLK2

[4— Timer
O
o le—— 1/0 » To DMAO
elector DDS= UART2 licm=0 UART2 transmission/
UART2 SDDS=0 o licM2=1 i
or DL=000 Transmission or = NACK interrupt request
register lICM=1
6 and IICM2=0
Digital delay| | °
(Divider)
ALS
Avrbitration
T
> il ’_’
Timer » To DMAO
lIcCM=1 2:3":"532_1 UART?2 reception/ACK interrupt
—{Recepton egiter}+— request
1ICM=0 UART2
— lIcM=1
Start condition and ICM2=0
1 detection ,
S
— Bus busy
Stop condition
detection
NACK
L-synchronous-
output enabling
bit
ACK
O Data bus
o< Selector|  (Port P71 output dﬁﬂz:ﬁgh&ock licmM=1  Bus collision/start, stop condition
UART2 detection interrupt request
lICM=1 swez | ok | BuS collision —»o
Nod lICM=1 control| detection 1ICM=0

Filter External clock UART2

Falling edge of 9 bit
—
SwC

Port reading

lICM=0

UART2
lICM=0

—0< |—0< I— Selector
O —— 110

[——Timer

*With IICM set to 1, the port terminal is to be readable
even if 1 is assigned to P71 of the direction register.

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 037616) 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 at the
instant when the arbitration lost detecting flag is set to “1".

Bit 1 of the UART2 special mode register 2 (address 037616) 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 UART2 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 (037616) 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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Bit 4 of the UART?2 special mode register 2 (address 037616) is used as the UART?2 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, doesn’t 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 microcomputer
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 doesn’t change the value of the
transmission buffer empty flag. To use this function, choose the external clock for the transfer clock.

Bit 5 of the UART2 special mode register 2 (037616) is used as the SCL wait output bit 2. Setting this bit
to “1” with the serial I/0O specified allows the user to forcibly output an “1” 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 UART2 special mode register 2 (037616) is used as the SDA output disable 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 UART2 transfer clock. There can be instances in which arbitration lost detecting
flag is turned on.
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A-D Converter

The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive coupling
amplifier. Pins P100 to P107, P95, and P96 also function as the analog signal input pins. The direction registers of
these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit 5 at address 03D716) can be
used to isolate the resistance ladder of the A-D converter from the reference voltage input pin (VRer) when the A-D
converter is not used. Doing so stops any current flowing into the resistance ladder from VREF, reducing the power
dissipation. When using the A-D converter, start A-D conversion only after setting bit 5 of 03D716 to connect VREF.
The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision, the low
8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit precision, the low
8 bits are stored in the even addresses.

Table 1.17.1 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
Item Performance

Method of A-D conversion | Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1)| OV to AVcc (Vcc)
Operating clock @ap (Note 2) | Vcc = 3.3V fabp/divide-by-2 of fab/divide-by-4 of faD, fAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vce = 3.3V« Without sample and hold function
+5LSB
 With sample and hold function (8-bit resolution)
+2L.SB

» With sample and hold function (10-bit resolution)
ANo to AN7 input : £5LSB
ANEXO0 and ANEX1 input (including mode in which external
operation amp is connected) : +7LSB

Operating modes One-shot mode
Analog input pins 8pins (ANo to AN7) + 2pins (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 @AD cycles, 10-bit resolution: 59 @AD cycles
» With sample and hold function
8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @aD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: Divide the faD if f(XIN) exceeds 10MHz, and make @aD frequency equal to or less than 10MHz. And
divide the fap if Vcc is less than 3.0V, and make @aD frequency equal to or lower than fap/2.
Without sample and hold function, set the @aD frequency to 250kHz min.

With the sample and hold function, set the @aD frequency to 1MHZz min.
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fAD

VREF

VCUT=0

)
AVss O—oO

CKS1=1

CKS0=1

{12 }—l—{ 1/2

O

——70

CKS0=0

Resistor ladder

CKS1=0

0
\o—>(pAD

A-D conversion rate

selection

1 1:External op-amp mode

LI fe
Successive conversion register
A-D control register 1 (address 03D716)
A-D control register 0 (address 03D616)
Addresses \ v Yy
(03C116, 03C016) A-D register 0(16) -
(03C316, 03C216) A-D register 1(16) -
(03C516, 03C416) A-D register 2(16) - Vref
(03C716, 03C616) A-D register 3(16) - Decoder
(03C916, 03C816) A-D register 4(16) -
(03CB1s, 03CA16) A-D register 5(16) -
(03CD1s, 03CCis) A-D register 6(16) - VIN
(03CF16, 03CEu6) A-D register 7(16) Bl
S Data bus high-order S
S Data bus low-order S
YYyvvyvyvyvy
ANo () CH2,CH1,CHO=000 S~ -
ANL () CH2,CH1,CHO=001 S~
ANz () CH2,CH1,CH0=010 S~
ANz (O CH2,CH1,CHO=011 S~ OPA1,0PA0=0,0
0\0—4
ANs (O CH2,CH1,CH0=100 5~
ANs () CH2,CH1,CHO=101 S~
ANs () CH2,CH1,CHO=110 S~
AN7 (O CH2,CH1,CHO=111 S~
OPAL, OPAO
0 0: Normal operation
0 1:ANEXO
OPA1,0PA0=1,1 :
OPAO=1 T\& 1 0:ANEX1
ANEX0O oo O 00—
OPA1,0PA0=0,1
ANEX1 () oo
OPA1=1

Comparator

Figure 1.17.1. Block diagram of A-D converter

~

MITSUBISHI
ELECTRIC

131



A-D Converter

Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | ADCONO 03D616 00000XXX2

oo r ! Bit symbol Bit name Function RIW

A A ;

R, CHO Analog input pin select bit | 00 0 : ANo is selected 00

e 001:AN1is selected '

R 010: ANz is selected |

A CH1 011:ANs3is selected 0.0

o 100: AN4 is selected |

H 101:ANsis selected T

R CH2 110:ANsis selected 00

R R 11 1:AN7is selected |

' ' ' ' ' j b4 b3 '

. MDO Qéi;p;:aotlon mode 0 0 : One-shot mode 0.0

. MD1 Must not be set except “00 00

E : : TRG Trigger select bit 0 : Software trigger |

Vo TTTTTTTmmTmm 1 : ADTRG trigger OEO

[ A-D conversion start flag | 0 : A-D conversion disabled

! ADST 1: A-D conversion started 010

e Frequency select bit 0 0: fan/4 is selected
CKS0 1:faD/2 is selected O:O

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

b7 b6 b5 b4 b3 b2 bl bo

1 111 Jofo]of

indeterminate.

A-D control register 1 (Note)

Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function R'W
Reserved bit Must always be set to “0” O§O
8/10-bit mode select bit 0 : 8-bit mode
BITS ‘
1: 10-bit mode O;O
Frequency select bit 1 0 : fap/2 or faD/4 is selected
CKS1 1:faD is selected o0
Vref connect bit 0 : Vref not connected O o
veut 1: Vref connected |
External op-amp b7 be |
OPAO : . 0 0 : ANEXO0 and ANEX1 are not used o0
connection mode bit 0 1 : ANEXO input is A-D converted
OPA1L 1 0: ANEX1 input is A-D converted !
1 1: External op-amp connection mode O:O

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

indeterminate.

Figure 1.17.2. A-D converter-related registers (1)
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A-D control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
ADCON2 03D416 0000XXX02
0|00
4 4 1 1 1 1 | Bitsymbol Bit name Function RIW,
A Y A-D conversion method 0 : Without sample and hold
T A SMP select bit 1 : With sample and hold 0.0
E E i 5 t--i--i----| Reserved bit Must always be set to “0” OEO

b Nothing is assigned. i
"""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, tums outto | —:—
be “0". !

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

A-D register i Symbol Address When reset
ADi(i=0 to 7) 03C016 to 03CF16 Indeterminate
(b15) (b8)

b7 b0 b7 b0

Function RIW
E L Eight low-order bits of A-D conversion result oix
E » During 10-bit mode OEX

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

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

o
O
P

Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if -

read, turns out to be “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 Specification
Function The pin selected by the analog input pin select bit is used for one A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition * End of A-D conversion (A-D conversion start flag changes to “0”, except

when external trigger is selected)
» Writing “0” to A-D conversion start flag
Interrupt request generation timing | End of A-D conversion
Input pin One of ANo to AN7, as selected
Reading of result of A-D converter | Read A-D register corresponding to selected pin

A-D control register O (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | |0| 0| | | | ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RIW

b2 bl b0 :
000 : ANo is selected [e{@]
001:AN1is selected .
010:AN2is selected h
t---{  CHL 011:ANsis selected 00
100: AN4is selected !
101:ANsis selected \
[ CH2 110:ANsis selected 00
111:ANr7is selected |

CHO /k;\i?alog input pin select

___________ MDO _ : b4 b3 00
A-D operation mode 00 : One-shot mode :
[, MD1 select bit 0 00
________________ Trigger select bit 0 : Software trigger
- TRG 1: ADTRG trigger O:O
Lo ADST A-D conversion start flag | 0 : A-D conversion disabled 00

1: A-D conversion started

________________________ CKSO0 Frequency select bit 0 0: fan/4 is selected O o
1: fap/2 is selected !

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

A-D control register 1 (Note)

b7 6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
[ | [1] [ [o]o]o|] ADcon: 03D716 0016

Bit symbol | Bit name Function RW
meeieois Reserved bit Must always be set to “0” 0.0
A BITS | 8/10-bit mode select bit | 0 : 8-bit mode 00
oo 1 : 10-bit mode !
R PO CKS1 |Frequency selectbitt | O fAD/2 or faD/4 is selected o0
. 1:faDis selected '
bl e VCUT | Vref connect bit 1 : Vref connected 0.0
: : b7 b6 !
e OPA0 | Externalop-amp o0 ANEX0 and ANEXI are not used 0.0
: connection mode bit 01 : ANEXO input is A-D converted ‘

! 10: ANEX1 input is A-D converted |
"""""""""""" OPA1 11 : External op-amp connection mode OJO

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

Figure 1.17.4. A-D conversion register in one-shot mode

MITSUBISHI
134 A ELECTRIC




Mitsubishi microcomputers

M16C / 30L Group
A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(a) Sample and hold
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 03D416) to “1". When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 @AD cycle is
achieved with 8-bit resolution and 33 @aD with 10-bit resolution. Sample and hold can be selected in all
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and
hold is to be used.

(b) Extended analog input pins
In one-shot mode and repeat mode, the input via the extended analog input pins ANEX0 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, ANEXO and ANEX1, can
be amplified together by just one operation amp and used as the input for A-D conversion.

When bit 6 of the A-D control register 1 (address 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 1.17.5 is an example of how to
connect the pins in external operation amp mode.

Resistor ladder

| —
|¢ |f|$|?|f|$|?|fl$l?'=

Successive conversion register

ANo O————0—0—
AN1 O————0—0—
AN2 O———F—06—0—1
Analog AN3 O————06—0—
input AN4 O——1—0—0—
AN5 O———F—0—0—1
AN6 O——1—0—0—1
AN7 O———0—0—1

O

ANEXO0 AD\
: ANEX1

Comparator

External op-amp

Figure 1.17.5. Example of external op-amp connection mode
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Programmable I/O Ports
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. P85 is
an input-only port and has no built-in pull-up resistance.
Figures 1.20.1 to 1.20.4 show the programmable 1/O ports. Figure 1.20.5 shows the 1/O pins.
Each pin functions as a programmable 1/0O port and as the I/O for the built-in peripheral devices.
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con-
verter), they function as outputs regardless of the contents of the direction registers. When 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 1.20.6 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.
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 1.20.7 shows the port registers.

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

In memory expansion and microprocessor mode, the contents of corresponding port register 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 1.20.8 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.

(4) Port control register

Figure 1.20.9 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 always.
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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Pull-up selection

Direction register

POo to P07, P20 to P27, j j
P30 to P37, P4o to P47, <] <
P50 to P54, P56 N FD)J £
Databus —e—{  Portlatch | ?
x
a1 ~[>0—LD>1 , (Note)
N il 7
N

Pull-up selection
P1oto Pla —{_Direction register |
py I
~N

‘ Port P1 control register !-‘

Data bus ‘-v—{ Port latch
b t (Note)

N

1

~N

Pull-up selection
P1s to P17 —{_Direction register |
y J Ld
N

‘ Port P1 control register }-‘

Data bus —% Port latch
b t (Note)
< il

1
\1

Input to respective peripheral functions \/{}

Pull-up selection

P57, P60, P61, P64, P65,

P72, P73, P74 <II lf\\c

Output
Data bus —¢- Port latch o

Tl

Input to respective peripheral functions @I

Note: ----id---- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 1.20.1. Programmable I/O ports (1)
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Pull-up selection
P82 to P84
—| Direction register |
5 j e
i

Data bus - Portlatch ]
)’I—- t (Notel)
< 7
N

Input to respective peripheral functions @

Pull-up selection

P76, P77, P80, P81, —{_Direction register |-
P9o, P93, P94 j j
(inside dotted-line not included) <II _@_
_ S
Data bus \ :
P55, P62, P66, P75, L Portlach | i
P91, P92, P97 ' : (Notel)
(inside dotted-line included) ): 'j7 r
~
A R
Input to respective peripheral functions _ | @I
(Note 2)

Pull-up selection

—| Direction register |

P63, P67
< o
Output | i
Data bus ——s—| Port latch | = :
1 ‘[>°—LD—\ t (Notel)
~N j7 r
N
-
P8s P t
Data bus <} ; o
NMI interrupt input @ (Notel)
777

Note 1: ---4a----- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Note 2: In a part of port, the input to a respective peripheral functions
does not exist, but schmitt circuit exists.

Figure 1.20.2. Programmable I/O ports (2)
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P70, P71

P96, P100 to P103

P9s, P104 to P107
(inside dotted-line included)

Data bus  —e¢— Port latch

Direction register

d
~N

L
Outputﬁ

ka AW.

[: 5) { %(NoteZ)

Input to respective peripheral functions

(inside dotted-line not included)

Pull-up selection

4

Data bus ——

Input to respective peripheral functions

Note 1: ---id---- symbolizes a parasitic diode.

Note 2; -4 symbolizes a parasitic diode.

< J Lo o
< D
x
- Portlatch | } 5
x
, * (Note 1)
~N
~N
Analog input oo

Do not apply a voltage higher than Vcc to each port.

Figure 1.20.3. Programmable I/O ports (3)
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Pull-up selection

—| Direction register |-

P87 j j
< &
Databus —¢{  Portlatch | i
] e || 70
7
\I j7 ‘& fc
~N o
Y g
Pull-up selection
—| Direction register |- iRd
P86
p | J Ld o
ST | ’—DJ*‘ it i
utput — | :
Data bus —¢—] Port latch | PP e O
A etd [ ree
< il 7
A1
N
Note : - - symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.
Figure 1.20.4. Programmable I/O ports (4)
-
BYTE T
BYTE signal input @ + O
X (Note)
77
-
CNVss x
CNVss signal input \@I $ O
‘ (Note)
777
N
RESET x
RESET signal input @ + O
' (Note)
777
Note : ---iq--- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each pin.
Figure 1.20.5. 1/O pins
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Port Pi direction register (Note 1, 2)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | PDi (i=0to 10, except 8)  03E216, 03E316, 03E616, 03E716, 03EA16 0016

AL L 03EB16, 03EE16, 03EF16, 03F316, 03F616 0016

Bit symbol Bit name Function R'W|

S L) Port Pio direction register 0.0

R . PDI_1 Port Piz direction register | O Input mode . 0.0

voron - — - (Functions as an input port) :

N hhet PDi_2 Port Pi2 direction register | 1 : Qutput mode 0.0

R PDi_3 Port Pi3 direction register (Functions as an output port) |10:0

it PDi_4 Port Pis direction register (i=0to 10 except 8) 00

D S AELCELEELTEEE PDi_5 Port Pis direction register 0.0

S EEGECELLEEELLELEL PDi_6 Port Pis direction register 0.0

R EGLEEEEEET PR PDi_7 Port Pi7 direction register 00

Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to
the port P9 direction register.

Note 2: In memory expansion and microprocessor mode, the contents of
_corresponding port Pi direction register 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 b0

Symbol Address When reset

| | |><| | | | | | PD8 03F216 00X000002
S A A T symbol Bit name Function R'W|
oo v v v 21PD8 O Port P8o direction register OEO

[ pp—r : 0 : Input mode ‘
PD8_1 Port P81 d_lrect_lon reg_lster (Functions as an input port) 0.0
et PD8_2 Port P82 direction register | 1 : Output mode 00
P e PD8_3 Port P83 direction register (Functions as an output port) 0.0
I P - PD8_4 Port P84 direction register 00

Nothing is assigned. |
Voot In an attempt to write to this bit, write “0”. The value, if read, turns out to be — —
1 indeterminate. !

S ELRLEEEEEEPEEE PD8_6 Port P8 direction register | 0 : Input mode ) 0.0
(Functions as an input port) |

. ] 1 : Output mode ;

"""""""""""" PD8_7 Port P87 direction register (Functions as an output por'[) 0.0

Figure 1.20.6. Direction register
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Port Pi register (Note 2)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | Pi(i=0to 10, except8) 03EO16, 03E116, 03E416, 03E516, 03E816  Indeterminate
03E916, 03EC16, 03ED16, 03F116, 03F416 Indeterminate

S R N R T symbol Bit name Function R'W
S L) Port Pio register o0
v e !— I gf Data is input and output to and from ‘

oo ey Pi_1 Port Pi1 register each pin by reading and writing to 0.0
R Pi_2 Port Pi2 register and from each corresponding bit 0.0
Voo - - . 0:"“L" level data i

. Pi_3 Port Pia register 1:“H" level data (Note 1) ° °
S Pi_4 Port Pi4 register 0.0
R YRR Pi_5 Port Pis register (=010 10 except 8) (0N )
I R REEEERE Pi_6 Port Pi6 register o0
ERREEEEECEEEEEEEEEEEERES Pi_7 Port Pi7 register 0.0

Note 1: Since P70 and P71 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, CSo to CS3,

be modified.

Port P8 register

b7 b6 b5 bi b3 b2 b1 0 Symbol Address When reset

| P8 03F016 Indeterminate
Cor o | Bitsymbol Bit name Function RIW,
S K Port P8o register @] O
A R s 1 Port P81 register Data is input and output to and from ~ [575
oo e e = - each pin by reading and writing to ;
e P8_2 Port P82 register and from each corresponding bit 0.0
T PR P8_3 Port P83 register (except for P8s) 00
Vo - 0: “L" level data T
REECEEEEE P8_4 Port P84 register 1:“H" level data 0.0
A RCECEEECEEEEE P8_5 Port P8s register 0 X
L R L P LR EEEERLEEL P8_6 Port P86 register o0
EERREEEEETEETEERTEETEEES P8_7 Port P87 register 0.0

Figure 1.20.7. Port register
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Pull-up control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0

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

BN I A N S I PURO 03FC16 0016
T symbol Bit name Function R'W
A S e POo to P03 pull-up The corresponding port is pulled ©.0
e PUO1 P04 to P07 pull-up high with a pull-up resistor 0.0
R B 0 : Not pulled high !
A PUO02 P1o to P13 pull-up 1 Pulled high O: @)
 RRhhbhh PUO3 P14 to P17 pull-up 0.0
P e PUO04 P20 to P23 pull-up 00
Pl e PUO5 P24 to P27 pull-up 00
T AREEELEEEEEEEEEE PUO6 P30 to P33 pull-up 00
P CLLECETTTEREEERRR, PUO7 P34 to P37 pull-up 0.0

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

Note : In memory expansion and microprocessor mode, the content of this register
can be changed, but the pull-up resistance is not connected.

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

B N N N B B PUR1 03FD16 0016 (Note 2)
A T symbol Bit name Function R:W
AR i P4o to P43 pull-up (Note 3)| e corresponding port is pulled  [O:O
N PU11 P44 to P47 pull-up high with a pull-up resistor 00
A 0: Not pulled high :
A PU12 P50 to P53 pull-up (Note 3)| 1 pjjed high O: O
Voo e PU13 P54 to P57 pull-up (Note 3) 00
R R T PU14 P60 to P63 pull-up 00
R TEPRPRRERRRRS PU15 P64 to P67 pull-up 0.0
P Frmmmmmmmmmmmnmneneny PU16 P72 to P73 pull-up (Note 1) 00
EEECTELEETEEEEPEETEREEEE PU17 P74 to P77 pull-up 0:0

Note 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them.

Note 2: 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 these bits can be
changed, but the pull-up resistance is not connected.

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl b0

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

NN ] L] PUR2 03FE16 0016
p o004 011 Bitsymbol Bit name Function R'W
P 2 PU20 P8o to P83 pull-up The corresponding port is pulled o o
E . . . . . _____ PU21 P84 to P87 pull-up high with a pull-up resistor 0'0
A A A (Except P8s) 0: Noltl P;'Le_dhhlgh !
T R — PU22 P90 to P93 pull-up 1 Pulled hig 00
Rt PU23 P94 to P97 pull-up 0.0
RRRRREEELEE PU24 P100 to P103 pull-up 0.0
S UGERECCEEEEEEE PU25 P104 to P107 pull-up 0.0
E___E_ ____________________ Nothing is assigned. - 3 -

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

Figure 1.20.8. Pull-up control register
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Port control register

b7 D6 DS b4 b3 b2 bl b0 Symbpl Address When reset
MM_J PCR 03FF16 0016
1 | Bit symbol Bit name Function RiW
.. PCRO Port P1 control register 0 : When input port, read port

input level. When output port,
read the contents of port P1
register.

1: Read the contents of port P1
register though input/output
port.

L
S
Lemmmmcmcccccmcmece e

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

Figure 1.20.9. Port control register
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Table 1.20.1. 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.

XouT (Note)

Open

NMI

Connect via resistor to Vcc (pull-up)

Avcc

Connect to Vcc

AVss, VREF, BYTE

Connect to Vss

Note: With external clock input

Table 1.20.2. Example connection of unused pins in memory expansion mode and microprocessor mode

to XIN pin.

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/ CS1to P47/ CS3

Set 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, Open
Xout (Note 1), BCLK (Note 2)

HOLD, RDY, NMI Connect via resistor to Vcc (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 resistor (pull-up).

Microcomputer Microcomputer
Port PO to P10 (except for P8s) Port P6 to P10 (except for P8s)
(Input mode) —J\/\/\/— (Input mode)
(Input mode) —/\/\/\/—1 (Input mode)
(Output mode) Open (Output mode) ——— Open

—A\/\V\ ,j i/\/\/\/_ e

NMI Port P4s / CS1 _BHE ——

XouT Open to P47/ CS3 HLDA ——

?Vcc XALE —— p Open
ouT — Vvece

Avce BCLK (Note) ——
BYTE HOLD
AVss RDY
VREF Avcc
AVss
VREF

Vss Vss

In single-chip mode In memory expansion mode or

in microprocessor mode
Note : When the BCLK output disable bit (bit 7 at address 000416) is set to “1”, connect to VCC via a resistor (pull-up).

Figure 1.20.10. Example connection of unused pins
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Electrical characteristics

Table 1.26.1. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vce Supply voltage Vcc=AVcc -0.3t04.2 \
Avce Analog supply voltage Vce=AVee -0.3t04.2 Y
Input RESET, CNVss, BYTE,
voltage PO0o to P07, P1oto P17, P20 to P27,
Vi P30 to P37,P40 to P47, P50 to P57,
P60 to P67, P72 to P77, P8o to P87, -0.3toVee + 0.3 v
P9o to P97, P10o to P107,
VREF, XIN
P70, P71 -0.3t04.2 \
Output PO0o to P07, P1o to P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57,
Vo P60 to P67, P72 to P77, P8o to P8a, -0.3toVeec +0.3 \Y
P8e, P87, P90 to P97, P100 to P107,
Xout
P70, P71 -0.3t04.2 \
Pd Power dissipation Topr=25°C 300 mw
Topr Operating ambient temperature - 20to 85/ -40 to 85 (Note) [
Tstg Storage temperature - 65 to 150 c

Note: Specify a product of -40°C to 85°C to use it.
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Table 1.26.2. Recommended operating conditions (referenced to Vcc = 2.2V to 3.6V at Topr =-20°C
to 85°C / — 40°C to 85°C(Note 3) unless otherwise specified)

Standard .
Symbol Parameter . Unit
Min. Typ. Max.
Vee Supply voltage 22 33 3.6 \Y
AVce Analog supply voltage Vce Vv
Vss Supply voltage 0 v
AVss Analog supply voltage 0 \Y
HIGH input | P31 to P37, P4o to P47, PSo to P57, P6o to P67,
voltage P72to P77, P8o to P87, P9o to P97, P10o to P107, 0.8Vce Vvee \V
VIH XN, RESET, CNVss, BYTE
P70, P71 0.8Vce 4.2 \%
POo to P07, P1loto P17, P20 to P27, P30 (during single-chip mode) 0.8Vcc Vce \%
POo to PO7, Ploto P17, P20 to P27, P30 0.5Vce vee Vv
(data input function during memory expansion and microprocessor modes) ’
LOW input P31 to P37, P4o to P47, P50 to P57, P6o to P67,
voltage P70 to P77, P8o to P87, P9o to P97, P10o to P107, 0 0.2Vce \Vi
VIL XN, RESET, CNVss, BYTE
POo to P07, P1loto P17, P20 to P27, P30 (during single-chip mode) 0 0.2Vcc
POo to PO7, Ploto P17, P20 to P27, P30
: - : - . 0 0.16Vce
(data input function during memory expansion and microprocessor modes)

HIGH peak output POQo to P07, Plo to P17, P20 to P27, P30 to P37,
IoH (peak) | current P40 to P47, P50 to P57, P6o to P67, P72 to P77, -10.0 mA
P8o to P84, P86, P87, P90 to P97, P100 to P107

HIGH average output P0o to P07, P1oto P17, P20 to P27, P30 to P37,
loH (avg) | current P40 to P47, P50 to P57, P6o to P67, P72 to P77, -5.0 mA
P8o to P84, P86, P87, P90 to P97, P100 to P107

LOW peak output POo to P07, P1loto P17, P20 to P27, P30 to P37,

loL (peak) current P40 to P47, P50 to P57, P6o to P67, P70 to P77, 10.0 mA
P8o to P84, P8s, P87, P90 to P97, P100 to P107
LOW average PO0o to P07, P1loto P17, P20 to P27, P30 to P37,

loL (avg) output current 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

Vce=3.0V to 3.6V 0 16 MHz

No wait Vce=2.4V to 3.0V 0 15X Vee | MHz

Maln C|.OC|( input Vee=2.2V to 2.4V 0 17.5 %(SVCC MHz

f(XiN) oscillation frequency -
(Note 4) Vce=3.0V to 3.6V 0 16 MHz
With wait Vee=2.4V to 3.0V 0 11._2157x7 \5/cc MHz
- 11.25 X Vce
Vce=2.2V to 2.4V 0 s MHz
f(Xem) | Subclock oscillation frequency 32.768 50 kHz

Note 1: The mean output current is the mean value within 100ms.

Note 2: The total loL (peak) for ports PO, P1, P2, P86, P87, P9, and P10 must be 80mA max. The total IoH (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, P72 to P77, and P80 to P84 must be 80mA max.

Note 3: Specify a product of -40°C to 85°C to use it.

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

Main clock input oscillation frequency (No wait) Main clock input oscillation frequency (With wait)

16.0 15 X Vee -29MHz w
7.0t

35f--een

sl N\

11.25 X Vee ~17.75MHz

Operating maximum frequency [MHZz]
Operating maximum frequency [MHz]

22 24 3.0 3.6
Supply voltage[V] Supply voltage[V]
(BCLK: no division) (BCLK: no division)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.26.3. Electrical characteristics (referenced to Vcc = 3.0V to 3.6V, Vss = 0V at Topr =—20°C to
85°C / —40°C to 85°C (Note 1), f(XIN) = 16MHz unless otherwise specified)

Note 2: With one timer operated using fcs2.
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Symbol P t Measuring condition Standard Unit
ymbo arameter Min | Typ. | Max. ni
HIGH output POo to P07, P1o to P17, P20 to P27,
VoH voltage P30to P37, P4oto P47, PSoto PS7, | - v
P60 to P67, P72 to P77, P8oto P84, | ‘01— :
P86, P87, P90 to P97, P100 to P107 | Vcc =3.3V
Vi HIGH output voltage  Xout HIGHPOWER | loH =-0.1mA, Vce = 3.3V 2.8 y
OH LOWPOWER | loH = -50pA, Vce = 3.3V 2.8
HIGH output voltage XcouT HIGHPOWER | With no load applied, Vcc = 3.3V 2.8 Vv
LOWPOWER With no load applied, Vcc = 3.3V 1.6
LOW output POo to PO7,Ploto P17, P20 to P27,
voltage
VoL g P30 to P37, P40 to P47, P50 to P57, loL = 1mA 05 v
P60 to P67, P70 to P77, P8o to P84, Ve = 3.3V
P86, P87, P9o to P97, P10o to P107
HIGHPOWER | loL=0.1mA, Vcc = 3.3V 0.5
VoL LOW output voltage Xout \
LOWPOWER loL = 50pA, Vce = 3.3V 0.5
HIGHPOWER | With no load applied, Vcc = 3.3V 0
LOW output voltage Xcout - - \%
LOWPOWER | With no load applied, Vcc = 3.3V 0
Hysteresis HOLD, RDY, TAOIN to TA2IN,
VT4 VT- TB1iN, TB2IN, INTo to INT2, NMI,
ADTRG, CTSo to CTS2, SCL, SDA 0.2 0.8 Y,
CLKo to CLK2,TA20uT,
Klo to KI3, RxDo to RxD2 Vee = 3.3V
VT+VT- Hysteresis RESET Vee =3.3V 0.2 1.8 \
HIGH input POo to P07, P1oto P17, P20 to P27,
current P30 to P37, P4o to P47 ,P50 to P57,
IH P60 to P67, P70 to P77, P8o to P87, | VI=3V 4.0 HA
P9o to P97, P10o to P107, Vcc =3.3V
XiN, RESET, CNVss, BYTE
LOW input POo to P07, P1oto P17, P20 to P27,
current P30 to P37, P4o to P47, P50 to P57,
I P60 to P67, P70 to P77, P8o to P87, | Vi=0V -4.0 HA
P90 to P97, P100 to P107, Vee = 3.3V
XN, RESET, CNVss, BYTE
R puLLUP Pull-up POo to P07, P1oto P17, P20 to P27,
resistance P30 to P37, P4o to P47, P50 to P57, Vi=0V
P6o to P67, P72 to P77, P8o to P84, B 20.0 100.0 | 500.0 kQ
P8s, P87, P90 to P97 ,P100 to P107 | Vec =3.3V
R N Feedback resistance XN 3.0 MQ
R xciN Feedback resistance XciN 10.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \
In single-chip f(XiN) = 16MHz,
mode, the Square wave, no division 125 25.0 mA
output pins are _ _
open and other f(XcIN) = 32kHz, Vcc = 3.3V 400 A
: Square wave
pins are Vss
f(XciN) = 32kHz, Vcc = 3.3V
When a WAITinstruction 5.8 PA
is executed.
Icc Power supply current Oscillation capacity High (Note 2)
f(XcIN) = 32kHz, Vcc = 3.3V
When a WAIT instruction
is executed. 2.7 HA
Oscillation capacity Low (Note 2)
Topr = 25°C, Vcc = 3.3V
when clock is stopped 0.1 2.0
Topr = 85°C, Vcc = 3.3V WA
when clock i’s stopped 0.4 100
ote 1: Specify a product of -40°C to 85°C to use it.




Mitsubishi microcomputers

) o M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.26.4. A-D conversion characteristics (referenced to Vcc = AVcc = VREF = 2.4V to 3.6V, Vss = AVss =0V,
at Topr = -20°C to 85°C / - 40°C to 85°C (Note 4), f(XIN) =16MHz unless otherwise specified)

. -~ Standard .

Symbol Paramete Measuring condition Min. | Typ. | Max. Unit

- Resolution VRer = Vcc 10 | Bits

B Absolute |Sample & hold function not available VREF = Vcc = 3.3V +2 +5 | LSB

accuracy VRer=Vcc |ANo to AN7 input +2 +5 | LSB

Sample & hold function available(10bit) =33V ANEX0, ANEX1 input +7 | LSB

Sample & hold function available(8bit) VREF = Vcc = 3.3V +2 | LSB
RtappeEr Ladder resistance VREer = Vce 10 40 | kQ
tconv Conversion time(10bit) 3.3 us
tconv Conversion time(8bit) 2.8 us
tsavp Sampling time 0.3 us
VRer Reference voltage 2.4 Vee |V
Via Analog input voltage 0 Vrer |V

Note 1: Do f(XIN) in range of main clock input oscillation frequency prescribed with recommended operating
conditions of table 1.26.2. Divide the faD if f(XIN) exceeds 10MHz, and make AD operation clock frequency
(DAD) equal to or lower than 10MHz. And divide the faD if Vcc is less than 3.0V, and make AD operation
clock frequency (JAD) equal to or lower than fap/2.

Note 2: A case without sample & hold function turn AD operation clock frequency (JAD) into 250 kHz or more in
addition to a limit of Note 1.
A case with sample & hold function turn AD operation clock frequency (JAD) into 1MHz or more in addition
to a limit of Note 1.

Note 3: Connect AVcc pin to Vcc pin and apply the same electric potential.

Note 4: Specify a product of -40°C to 85°C to use it.
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M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing requirements
(referenced to Ve = 3.3V, Vss = 0V, at Topr = - 20°C to 85°C / — 40°C to 85°C (*) unless otherwise specified)
* . Specify a product of -40°C to 85°C to use it.

Table 1.26.8. External clock input

Standard .

Symbol Parameter Min. | Max. Unit
tc 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 1.26.9. Memory expansion and microprocessor modes

Standard .

Symbol Parameter Min. | 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 50 ns
fsu(RDY-BCLK) | RDY input setup time 50 ns
tsu(HOLD-BCLK)| HOLD input setup time 100 ns
th(RD-DB) Data input hold time 0 ns
th@cLK -RDY) | RDY input hold time 0 ns
th(BCLK-HOLD) | HOLD input hold time 0 ns
tdecLk-HLDA) | HLDA output delay time 40 ns

Note: Calculated according to the BCLK frequency as follows:

10°
taCl(RD_DB)_f(BCL—K)XZ -90 ns]
9
3X 10
2(RD-DB) = —3X10
tac2( V= tecoxz P g
9
tac3(RD - DB -__3X10 _
ac3( )= t@oxz X sl
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) o M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing requirements
(referenced to Vcc = 3.3V, Vss = 0V, at Topr = - 20°C to 85°C / — 40°C to 85°C (*) unless otherwise specified)
* . Specify a product of —40°C to 85°C to use it.

Table 1.26.10. Timer A input (counter input in event counter mode)

bol Standard )
Symbo| Parameter Min. Max. 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 1.26.11. 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 1.26.12. Timer A input (external trigger input in one-shot timer mode)

Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 1.26.13. Timer A input (external trigger input in pulse width modulation mode)

Standard .

Symbol Parameter Min. Max. Unit
tw(TAH) TAiIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 1.26.14. Timer A input (up/down input in event counter mode)

Standard .

Symbol Parameter Min. Max. Unit
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-TIv) | TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns

~
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Mitsubishi microcomputers

M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing requirements

(referenced to Ve = 3.3V, Vss = 0V, at Topr = - 20°C to 85°C / — 40°C to 85°C (*) unless otherwise specified)
* . Specify a product of —40°C to 85°C to use it.

Table 1.26.15. Timer B input (counter input in event counter mode)

Standard )
Symbol Parameter Min. M, 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) TBiiN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 1.26.16. Timer B input (pulse period measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(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 1.26.17. 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 1.26.18. A-D trigger input
Symbol Parameter - Standard Unit
Min. Max.
te(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ‘ADTRG input LOW pulse width 125 ns
Table 1.26.19. Serial I/O
Symbol Parameter - Standard Unit
Min. Max.
te(cK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(c-Q) TxDi output delay time 100 ns
th(c-Q) TxDi hold time 0 ns
tsu(p-C) RxDi input setup time 50 ns
th(c-D) RxDi input hold time 90 ns
Table 1.26.20. 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

) o M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Switching characteristics (referenced to Vcc = 3.3V, Vss = 0V at Topr = - 20°C to 85°C /- 40°C to
85°C (Note 3), CM15 = “1" unless otherwise specified)

Table 1.26.21. Memory expansion and microprocessor modes (with no wait)

Symbol Parameter Measuring condition ——Standard Unit
Min. Max.
td(BCLK-AD) Address output delay time 50 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 50 ns
th(BCLK-CS) Chip select output hold time (BCLK standard) 4 ns
taecLk-ALE) | ALE signal output delay time 40 ns
tnecik-aLe) | ALE signal output hold time Figure 1.26.1 —4 ns
td(BCLK-RD) RD signal output delay time 40 ns
th(BCLK-RD) RD signal output hold time 0 ns
tdeck-wr) | WR signal output delay time 40 ns
theck-wr) | WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (BCLK standard) 50 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)(Note?2) 0 ns
Note 1: Calculated according to the BCLK frequency as follows:
td(DB — WR) = __1o° —-50
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.
Hold time of data bus is expressed in DBi
t=-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/ Vce)
=6.7ns.

Note 3: Specify a product of -40°C to 85°C to use it.

I

PO
P1 ﬂ—o
P2 30pF

P3

P4 ;

P5
P6
P7
P8

P9
P10

Figure 1.26.1. Port PO to P10 measurement circuit
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Mitsubishi microcomputers

M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Switching characteristics (referenced to Vcc = 3.3V, Vss = 0V at Topr = — 20°C to 85°C /- 40°C to
85°C (Note 3), CM15 =“1" unless otherwise specified)

Table 1.26.22. Memory expansion and microprocessor modes
(when accessing external memory area with wait)

Symbol Parameter Measuring condition Misr;[éndell\glix. Unit
td(BCLK-AD) Address output delay time 50 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 50 ns
th(BCLK-CS) Chip select output hold time (BCLK standard) 4 ns
td@cLk-aLe) | ALE signal output delay time 40 ns
th@eelk-aLe) | ALE signal output hold time . -4 ns
td(BCLK-RD) RD signal output delay time Figure 1.26.1 40 ns
th(BCLK-RD) RD signal output hold time 0 ns
taeck-wr) | WR signal output delay time 40 ns
th(BCLK-WR) WR signal output hold time 0 ns
td(BCLK-DB) Data output delay time (BCLK standard) 50 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°
(DB ~WR) = fBCLK) 20 [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

t=-CR XIn (1 -VoL/Vcc) C
by a circuit of the right figure. l:
For example, when VoL = 0.2Vcc, C = 30pF, R = 1kQ, hold time B

of output “L” level is
t =—30pF X 1kQ X In (1 — 0.2Vcc/ Vce)
=6.7ns.

Note 3: Specify a product of -40°C to 85°C to use it.
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Mitsubishi microcomputers

) o M16C / 30L Group
Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Switching characteristics (referenced to Vcc = 3.3V, Vss = 0V at Topr = - 20°C to 85°C /- 40°C to
85°C (Note 2), CM15 = “1" unless otherwise specified)

Table 1.26.23. Memory expansion and microprocessor modes
(when accessing external memory area with wait, and select multiplexed bus)

Symbol P Measuring condition Standard Uni
ymbo arameter 9 Min. Max. nit
tdcLk-ap) | Address output delay time 50 ns
thiecLk-ap) | Address output hold time (BCLK standard) 4 ns
th(RD-AD) Address output hold time (RD standard) (Notel) ns
th(WR-AD) Address output hold time (WR standard) (Notel) ns
td(BCLK-CS) Chip select output delay time 50 ns
thiecLk-cs) | Chip select output hold time (BCLK standard) 4 ns
th(RD-CS) Chip select output hold time (RD standard) (Notel) ns
thwr-cs) | Chip select output hold time (WR standard) (Note1) ns
tdecLk-rRD) | RD signal output delay time 40 ns
thecLk-rRD) | RD signal output hold time Figure 1.26.1 0 ns
taeeLk-wr) | WR signal output delay time 40 ns
thecLk-wr) | WR signal output hold time 0 ns
tdecLk-o) | Data output delay time (BCLK standard) 50 ns
th@cLk-oB) | Data output hold time (BCLK standard) 4 ns
td(B-WR) Data output delay time (WR standard) (Notel) ns
thWR-DB) Data output hold time (WR standard) (Notel) ns
tdecLk-aLe) | ALE signal output delay time (BCLK standard) 40 ns
thecLk-aLe) | ALE signal output hold time (BCLK standard) -4 ns
taap-ale) | ALE signal output delay time (Address standard) (Notel) 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
td(AD-WR) Post-address WR signal output delay time 0 ns
tdz(RD-AD) Address output floating start time 8 ns

Note 1: Calculated according to the BCLK frequency as follows:
9
h(RD—AD)= — 9 49
f(BCLK) X 2 [ns]
9
1
th(WR—AD)= —2 ___+0
f(BCLK) X 2 [ns]
9
th(RD-CS)= — 0,9
f(BCLK) X 2 [ns]
9
thWR-CS)= —2 49
f(BCLK) X 2 [ns]
10°X3
tdOB-WR)= ———— _ 50
f(BCLK) X 2 [ns]
9
th(WR-DB)= — 2 49
f(BCLK) X 2 [ns]
10°
td(AD - ALE) = —M—— _
( ) f(BCLK) X 2 40" ng]

Note 2: Specify a product of -40°C to 85°C to use it.
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Timing SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
tc(TA)
tw(TAH
TAIIN input \
tw(TAL)
te(upP)
tw(UPH
TAIOUT input \
tw(UPL)
TAIOUT input ><
(Up/down input)
During event counter mode
TAIIN input th(TIN-UP) tsu(UP-Tin)
(When count on falling
edge is selected)
TAIIN input N
(When count on rising
edge is selected) le(TB)
tw(TBH
TBilN input ———————
tw(TBL) |
fc(AD)
tw(ADL
ADTRG input k
te(CK)

Jtw(CKH),

CLKi —_—
tw(CKL)
th(C-Q

TxDi >< ><

td(c-Q) |, fsu(b-C) | th(C-D)
RxDi * *

tw(INL

INTi input # /
tw(INH)
|

Figure 1.26.2. Timing diagram (1)
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Mitsubishi microcomputers

M16C / 30L Group

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timing

Memory Expansion Mode and Microprocessor Mode
(Valid only with wait)

BCLK VAR YA A S A A
RD

(Separate bus) \ g /—

WR, WRL, WRH

(Separate bus) \ ST /—

RD e
(Multiplexed bus) \ /
WR, WRL, WRH PR
(Multiplexed bus) \ ; /

RDY input

tsu(RDY-BCLK) th(BCLK—RDY)

(Valid with or without wait)

BCLK

tsu(HOLD-BCLK)

HOLD input \

HLDA output | N ) D :
td(BCLK-HLDA) ~ > <~ —F =< td(BCLK—HLDA)

PPz 4.

ppe,  —— T

P50 to P52 : : 1 1 ! 1

Note: The above pins are set to high-impedance regardless of the input level of the
BYTE pin and bit (PMO06) of processor mode register 0 selects the function of
ports P40 to P43.

Measuring conditions :

*Vce=3.3V

* Input timing voltage : Determined with VIL=0.66V, VIH=2.64V
 Output timing voltage : Determined with VoL=1.65V, VOH=1.65V

Figure 1.26.3. Timing diagram (2)
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Mitsubishi microcomputers

M16C / 30L Group
Tlmlng SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Expansion Mode and Microprocessor Mode
(With no wait)

Read timing

BCLK / ) / \
td(BCLK-CS) ! th(BCLK-CS)
‘_" 50ns.ma§< > 4ns.min |

T G S s p VS W

} toye > i+ th(RD-CS)
a ' " Ons.min
tg(BCLK—AD) 'th(BCLK-AD)
-~ 50ns.max > 4ns.min |

- A S Y G D G B

BHE ' T
td(BCLK—ALE) th(BCLK—ALE) E"E :4' th(RD—AD)
g > - Ons.min

v
\ —4ns.min 1

ALE 40ns.||”na /

! {th(BCLK-RD)
> * Ons.min !

td(BCLK-RD)
40ns.max <™

pp e S G D SO S G D S

tSU(DB-RD) +—— > th(RD-DB)
50ns.min " Ons.min

Write timing

BCLK

o B ! th(BCLK—CS)
‘e td(BCLK-CS) > 4ns.min_;

- ! 50ns.max Lo :
Csi b ; / i ; \ : L/ g
» 1+ th(WR-CS) : : f 5

g . Ons.min :

I: tcyé

{ ld(BCLK-AD) ! ‘th(BCLK-AD)
> 50ns.max e 4Ns.min |

ADI N H G X X

e ' L
th(BCLK-ALE) 1 ' th(WR-AD) Ons.min
> % —4ns.min i : ,

td(BCLK-ALE)

ALE 40ns.maxj D
i 1d(BCLK-WR)
— | 40ns.max +™

|| th(BCLK-WR)
'”: < 0Ons.min !

WRH | td(BCLK-DB) :'[h(BCLK—DB:)
i 50ns.max ¢ . <> '

S N LY o 3 o ) S Y s SR
| L ‘_th(WR—;DB) | | | |

td(DB-WR) Ons.min
(tcyc/2-50)ns.min

Figure 1.26.4. Timing diagram (3)
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Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing
. __________________________________________________________________________________________________________________________|
Memory Expansion Mode and Microprocessor Mode
(When accessing external memory area with wait)
Read timing
BCLK , .
! td(BCLK—CS) '[h(BCLK cs)
<> 50ns.max <—> 4ns.min |
Csi ]
tcyc ; "' “*th(RD-CS)
“ : > " Ons. m|n
itd(BCLK—AD) : Eth(BCLK—AD)
1+ 50ns.max L .
e \ - 4ns.min .
ADi ¥ \ '
BHE ' ' ' : = ' '
td(BCLK—ALE) 40ns.max ' th(RD-AD) ! ' i th(BCLK-ALE)
has! ; : ' Ons.min } ! > % _4ns.min
ALE / \ :/ A\ '
: b ' i 1 th(BCLK-RD
: <> {d(BCLK-RD) -»> <—t (()ngmm )
N . 40ns.max Lo
RD \ 5 , ]
' 'tac2(RD-DB) . Ll
Hi-Z L ——
DB i B et GEEEEED SE e
tSU(DB-RD) % th(RD-DB)
50ns.min Ons.min
Write timing
BCLK J—\—/—\M
| td(BCLK-CS) ! th(BCLK~ Cs)
! 50ns.max > 4ns. min |
CSi | ; ] ,
3 teye U > = th(WR-CS)
o ' g : Ons.min
td(BCLK-AD) | | th(BCLK-AD)
e} 50ns.max > 4ns.min !
ADi ' i
BHE . A . pr X* '
: ld(BCLK-ALE) . th(WR-AD) ! " * ! th(BCLK- _ALE)
E<—>: 40ns.max Ons.min i —4ns. mln
ALE ' ‘ L/ P\ :
«stdBCLK-WR) | ”(‘)(nBsCr;:f]“.NR) :
P — ' 40ns. .min_,
WR,WRL, T !
WRH td(BCLK-DB) ! | th(BCLK-DB)
<> 50ns.max “*’ 4ns.min
1= I { ' Bl A
~ ™ % th(WR-DB)
td(DB-WR) ons.min
(tcyc—50)ns.min
Measuring conditions :
+Vce=3.3V
« Input timing voltage : Determined with: ViL=0.52V, VIH=1.65V
 Output timing voltage : Determined with: VoL=1.65V, VOH=1.65V

Figure 1.26.5. Timing diagram (4)

~
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Mitsubishi microcomputers

M16C / 30L Group
Tlmlng SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Expansion Mode and Microprocessor Mode
(When accessing external memory area with wait, and select multiplexed bus)

Read timing

BCLK , , . ) :
td(BCLK CS) e teye ! =5 th(RD—CS) A—hth(BCLK CS)
50ns max (tcyc/2)ns m|n «—'—v 4ns. m|n
Csi td(AD—ALE) ' : : Do b :
(tcyc/2 40)ns.min i _ th(ALE-AD) ! : . : Lo :
‘ i > 11 30ns.min : L v
ADI ? X Address i ) """"" prorrmoooaeees {-----4 Data input }~=~""" 1---{_Address
/DB i i tdz(RD—AD)_'<_ tac3(RD-DB) ! >/ th(RD-DB) !
' i 8ns.may T ; > tSU(DB RD) Ons.min
D I—»i:a-td(AD—RD) ; 50ns.min ,
td(BCLK-AD) v+ Onsmin i i ; E'[h(BCLK—AD)
i) SONS.Max, b e 4ns.min |
ADi : X o b ; : o : X
BHE . = - i 5 ; — -
BCLK-ALE) ! : : P N
( 5 ) . th_(£|13CLK_—ALI:E) : 5 {  th(RD-AD)
ALE : ns.mlin (tcyc/2)ns min
'td(BCLK—RD) ; : th(BCLK RD)

> —
40ns.max Ons. m|n

R e S i Wi S N

Write timing

BCLK ! 4
i i ; : 1 th(BCLK—CS)
, - < teyc! Y I -S)
.tg(an?}:](axcs) o ; g th(WR-CS) <> 4ns.min :
CSi : ; : : (tcyc/2)ns.min 1 7
td(BCLK-DB) : i | 'th(BCLK-DB)
' ' > 50ns.max ' i : i 4ns.min ;
ADi ---aeeod Address X Data output X Address
/DB P Do : ' e > .
' td(AD-ALE o }  ld(DB-WR) ! th(WR- DB)
( ) Do ! . .
(tcyc/2—4(?)ns.min b ‘: (tCyC*‘?’/Z—SO;)nS-mm : (tcyc/2)ns min
td(BCLK-AD) b g ; 5 | th(BCLK AD)

) > 50ns.max Lo ! ! L >l 4ns.min |
ADi i Y o — i i T i ;X '
BHE | '[h(B‘CLK ALE) T !t l ) | B —

- - : AD-WR : :
td(BCLK: <_A"LE) S e ans min | o +Ons min , © th(WR-AD)

ALE 40ns.r'nax:’—r*;; B : ;(tcyc/2)ns.Tin ,—r\
3 ;_J'[d(BCLK—_WR) L EE‘(BC'-KTV‘.’R) |
WRWRL. \ 4ons.max : } p—ons.min:

WRH

Measuring conditions :

» Vce=3.3V

* Input timing voltage : Determined with VIL=0.52V, VIH=1.65V

* Output timing voltage : Determined with VoL=1.65V, VOH=1.65V

Figure 1.26.6. Timing diagram (5)
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Package Outline

Mitsubishi microcomputers

M16C / 30L Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Package Outline

100P6S-A MMP Plastic 100pin 14020mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 — 1.58 Alloy 42
HD
D
RHARAARAARRAAAARARRRH
% % Recommended Mount Pad
% % Symbol Dimension in Millimeters
= === w Min Nom Max
=== o W T A — - 3.05
== == Al 0 0.1 0.2
= £ A2 - 2.8 -
5= =] b 0.25 0.3 0.4
o 555 [ 0.13 0.15 0.2
& Q £ D [ 138 | 140 | 142
DLz 6D E | 198 | 200 | 20.2
R R LR L ] - 0.65 -
@ Ho | 165 | 168 | 17.1
HE | 225 22.8 23.1
L 0.4 0.6 0.8
L1 1.4 -
X - 0.13
y - — 0.1
[’ 0° — 10°
b2 - 0.35 -
12 1.3 - -
MD - 14.6 -
ME — 20.6 -
100P6Q-A MMP Plastic 100pin 14014mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
LQFP100-P-1414-0.50 - 0.63 Cu Alloy Dﬂﬂ
= L
HD B
o P o L_\
I
ARARAAAGAAAGAAAAAAAAAARRR Recommended Mount Pad
O 1@) O =@ —
= B= Symbol Dlmen5|0n in Millimeters
= =5 Min Nom Max
= B= A - - 1.7
= = Al 0 0.1 0.2
= = w| ¥ A2 - 1.4 -
= = b 013 | 018 | 0.28
= = c 0.105| 0.125] 0.175
= = D 13.9 14.0 14.1
== Em E 13.9 14.0 14.1
®= Q I [e] - 0.5 -
PREEEER LR L ——) Ho | 1538 16.0 16.2
He | 158 | 160 | 162
L 0.3 0.5 0.7
L1 - 1.0 -
Lp 0.45 | 06 0.75
— 0.25 —
X — — 0.08
y - - 0.1
/) 0° — 10°
b2 - 0225 -—
I2 0.9 - -
MD — 14.4 —
ME - 14.4 -
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SFR difference between M16C/62N and M16C/30L

Mitsubishi microcomputers

M16C / 30L Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SER difference between M16C/62N and M16C/30L

Address |  Symbol M16C/62N M16C/30L
0005 |PM1 Processor mode register 1 Processor mode register 1
bit0:Reserved bit bit0:Reserved bit
bit1:Nothing is assigned bit1:Nothing is assigned
bit2:Nothing is assigned bit2:Nothing is assigned
PM13:Internal reserved area expansion bit bit3:Reserved bit
PM14:Memory area expantion bit bit4:Reserved bit
PM15: bit5:Reserved bit
bit6:Reserved bit bit6:Reserved bit
PM17:Wait bit PM17:Wait bit
000A PRCR
Protect register Protect register
PRCO:Enables writing to system clock control registers 0 PRCO:Enables writing to system clock control registers 0
PR%f:énables writing to processor mode registers 0 and 1 PRegf:énables writing to processor mode registers 0 and 1
PRC2:Enables writing to port P9 direction register PRC2:Enables writing to port P9 direction register
and SI/O control register
bit3-bit7:Nothing is assigned bit3-bit7:Nothing is assigned
000B |DBR Data bank register Reserved register
0030 [SAR1 DMA1 source pointer Reserved register
0031 [SAR1 DMA1 source pointer Reserved register
0032 [SAR1 DMA1 source pointer Reserved register
0034  |DAR1 DMA1 destination pointer Reserved register
0035 |DAR1 DMA1 destination pointer Reserved register
0036 |DAR1 DMA1 destination pointer Reserved register
0038 |TCR1 DMA1 transfer counter Reserved register
0039 |TCR1 DMAL transfer counter Reserved register
003C  |DM1CON DMAL1 control register Reserved register
0044  |INT3IC INT3 interrupt control register Reserved register
0045 |TBSIC Timer B5 interrupt control register Reserved register
0046 |TB4IC Timer B4 interrupt control register Reserved register
0047 |TB3IC Timer B3 interrupt control register Reserved register
0048  |S4IC/INTSIC [SI/O4,INT5 interrupt control register Reserved register
0049  |S3IC/INT4IC ([SI/O3.INT4 interrupt control register Reserved register
004C |DM1IC DMAL1 interrupt control register Reserved register
0058 |TA3IC Timer A3 interrupt control register Reserved register
0059 |TA4IC Timer A4 interrupt control register Reserved register
005A |TBOIC Timer BO interrupt control register Reserved register
0340 |TBSR Timer B3, 4, 5 count start flag Reserved register
0342 |TAll Timer Al-1 register Reserved register
0343  |TALl Timer Al-1 register Reserved register
0344  |TA21 Timer A2-1 register Reserved register
0345 |TA21 Timer A2-1 register Reserved register
0346  |TA4L Timer A4-1 register Reserved register
0347  |TA4L Timer A4-1 register Reserved register
0348  [INVCO Three-phase PWM control register 0 Reserved register
0349  [INVC1 Three-phase PWM control register 1 Reserved register
034A  |IDBO Three-phase output buffer register 0 Reserved register
034B |IDB1 Three-phase output buffer register 1 Reserved register
034C |DTT Dead time timer Reserved register
034D  |ICTB2 Timer B2 interrupt occurrence frequency set counter Reserved register
0350 |TB3 Timer B3 register Reserved register
0351 |TB3 Timer B3 register Reserved register
0352 |TB4 Timer B4 register Reserved register
0353 |TB4 Timer B4 register Reserved register
0354 |TB5 Timer B5 register Reserved register
0355 |TBS Timer B5 register Reserved register
035B |TB3MR Timer B3 mode register Reserved register
035C  |TB4MR Timer B4 mode register Reserved register
035D |TBSMR Timer B5 mode register Reserved register
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Mitsubishi microcomputers

M16C / 30L Group
SFR difference between M16C/62N and M16C/30L SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
____________________________________________________________________________________________________________|
SER difference between M16C/62N and M16C/30L
Address Symbol M16C/62N M16C/30L
035F IFSR Interrupt cause select register Interrupt cause select register
IFSRO:INTO interrupt polarity switching bit IFSRO:INTO interrupt polarity switching bit
IFSR1:INT1 interrupt polarity switching bit IFSR1:INT1 interrupt polarity switching bit
IFSR2:INT2 interrupt polarity switching bit IFSR2:INT2 interrupt polarity switching bit
FSR3:INT3 interrupt polarity switching bit bit3:Reserved bit
FSR4:INT4 interrupt polarity switching bit bit4:Reserved bit
FSR5:INT5 interrupt polarity switching bit bit5:Reserved bit
FSR6:Interrupt request cause select bit bit6:Reserved bit
FSR7:Interrupt request cause select bit bit7:Reserved bit
0360 S3TRR S1/0O3 transmit/receive register Reserved register
0362 S3C S1/0O3 control register Reserved register
0363 S3BRG S1/03 bit rate generator Reserved register
0364 SATRR S1/O4 transmit/receive register Reserved register
0366 S4C S1/04 control register Reserved register
0367 S4BRG S1/04 bit rate generator Reserved register
0380 TABSR Count start flag Count start flag
TAOS:Timer AO count start flag TAOS:Timer AO count start flag
TA1S:Timer Al count start flag TA1S:Timer Al count start flag
TA2S:Timer A2 count start flag TA2S:Timer A2 count start flag
TA3S:Timer A3 count start flag bit3:Reserved bit
TA4S:Timer A4 count start flag bit4:Reserved bit
TBOS:Timer BO count start flag bit5:Reserved bit
TB1S:Timer B1 count start flag TB1S:Timer B1 count start flag
TB2S:Timer B2 count start flag TB2S:Timer B2 count start flag
0382  [ONSF One-shot start flag One-shot start flag
TAOOS:Timer AO one-shot start flag TAOOS:Timer AO one-shot start flag
TA1OS:Timer Al one-shot start flag TA1OS:Timer Al one-shot start flag
TA20S:Timer A2 one-shot start flag TA20S:Timer A2 one-shot start flag
TA30S:Timer A3 one-shot start flag bit3:Reserved bit
TA40S:Timer A4 one-shot start flag bit3:Reserved bit
bit5:Nothing is assigned bit5:Nothing is assigned
TAOTGL:Timer AO event/trigger select bit TAOTGL:Timer AO event/trigger select bit
TAOTGH: "00","01"."10"and"11" can be chosen. TAOTGH: "00","01"and"11" can be chosen. "10" can't be
chosen.
0383 TRGSR Trigger select register Trigger select register
TALTGL:Timer Al event/trigger select bit TALTGL:Timer Al event/trigger select bit
TALTGH: "00","01","10"and"11" can be chosen. TAL1TGH: "00","01","10"and"11" can be chosen.
TA2TGL:Timer A2 event/trigger select bit TA2TGL:Timer A2 event/trigger select bit
TA2TGH: "00","01","10"and"11" can be chosen. TA2TGH: "00","01"and"10" can be chosen. "11" can't be
chosen.
TA3TGL:Timer A3 event/trigger select bit bit4:Reserved bit
TA3TGH: "00".,"01"."10"and"11" can be chosen. bit5:Reserved bit
TAATGL:Timer A4 event/trigger select bit bit6:Reserved bit
TA4TGH: "00","01","10"and"11" can be chosen. bit7:Reserved bit
0384 |UDF Up-down flag Up-down flag
TAOUD:Timer AO up/down flag TAOUD:Timer AO up/down flag
TA1UD:Timer Al up/down flag TA1UD:Timer Al up/down flag
TA2UD:Timer A2 up/down flag TA2UD:Timer A2 up/down flag
TA3UD:Timer A3 up/down flag bit3:Reserved bit
TA4UD:Timer A4 up/down flag bit4:Reserved bit
TA2P:Timer A2 two-phase pulse signal processing select bit | TA2P:Timer A2 two-phase pulse signal processing select bit
TA3P:Timer A3 two-phase pulse signal processing select | bit6:Reserved bit
bit
TA4P:Timer A4 two-phase pulse signal processing select | bit7:Reserved bit
bit
038C |TA3 Timer A3 Reserved register
038D |TA3 Timer A3 Reserved register
038E |TA4 Timer A4 Reserved register
038F |TA4 Timer A4 Reserved register
0390 |TBO Timer BO Reserved register
0391 |TBO Timer BO Reserved register
0399  [TA3MR Timer A3 mode register Reserved register
039A  [TAAMR Timer A4 mode register Reserved register
039B  [TBOMR Timer BO mode register Reserved register

Don't access a Reserved register.
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Mitsubishi microcomputers

M16C / 30L Group
SFR difference between M16C/62N and M16C/30L SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SFR difference between M16C/62N and M16C/30L

Address | Symbol M16C/62N M16C/30L
039C  (TBIMR Ti f Timer B1 mode register
imer B1 mode register Event counter mode
Event counter mode TMODO:Operation mode select bit
TMODO:Operation mode select bit TMODL: perati :
TMOD1: oy : .
MRO:Count polarity select bit MS%Count polarity select bit
MR1: : R .
MR2:Nothing is assigned msgmﬁg}:gg is assigned
MR3:Invalid 2. wey wqn B
TCK1:Event clock select "0" and "1" can be chosen. C—'I;]%lééhEvent clock select "0 " can be chosen. "1" can't be
03B4 [FIDR Flash identification register Reserved register
03B7 [FMRO Flash memory control register 0 Reserved register
03B8 |DMOSL
DMAO request cause select register DMAO request cause select register
DMAO request factors DMAO request factors
Falling edge of INTO pin Falling edge of INTO pin
Software trigger Software trigger
Timer AO Timer AO
Timer A1 Timer A1
Timer A2 Timer A2
Timer A3
Timer A4
two edges of INTO pin two edges of INTO pin
Timer BO
Timer B1 Timer B1
Timer B2 Timer B2
Timer B3
Timer B4
Timer B5
UARTO transmit UARTO transmit
UARTO receive UARTO receive
UART?2 transmit UART?2 transmit
UART2 receive UART2 receive
UART1 transmit UART1 transmit
A-D conversion A-D conversion
03BA |DM1SL DMA1 request cause select register Reserved register
03BC |CRCD CRC data register Reserved register
03BD [CRCIN CRC data register Reserved register
03BE [CRCIN CRC input register Reserved register
03D4 [ADCON2 A-D control register 2 A-D control register 2
SMP:A-D conversion method select bit SMP:A-D conversion method select bit
ADGSLO0:Analog input group select bit bitl:Reserved bit
ADGSL1: bit2:Reserved bit
bit3:Reserved bit bit3:Reserved bit
bit4-bit7:Nothing is assigned bit4-bit7:Nothing is assigned
03D6  |ADCONO A-D control register 0 A-D control register 0
CHO:Analog input pin select bit CHO:Analog input pin select bit
CH1: CH1:
CH2: CH2:
MDO:A-D operation mode select bit 0 MDO0:A-D operation mode select bit 0
MD1: "00".,"01","10"and"11" can be chosen MD1: "00" can be chosen. "01","10"and"11" can't be
chosen.
TRG:Trigger select bit TRG:Trigger select bit
ADST:A-D conversion start flag ADST:A-D conversion start flag
CKSO0:Frequency select bit 0 CKSO0:Frequency select bit 0
03D7 |ADCON1
A-D control register 1 A-D control register 1
SCANO:A-D sweep pin select bit bit0:Reserved bit
SCAN1: bitl:Reserved bit
MD2:A-D operation mode select bit 1 bit2:Reserved bit
BITS:8/10-bit mode select bit BITS:8/10-bit mode select bit
CKS1:Frequency select bit 1 CKS1:Frequency select bit 1
VCUT:Vref connect bit VCUT:Vref connect bit
OPAO:External op-amp connection mode bit OPAO:External op-amp connection mode bit
OPAL: OPAL:
03D8  [DAO D-A register 0 Reserved register
03DA  |DA1 D-A register 1 Reserved register
03DC  |DACON D-A control register Reserved register

Don't access a Reserved register.
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HEAD OFFICE: 2-2-3, MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN

— Keep safety first in your circuit designs!

+ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to
personal injury, fire or property damage. Remember to give due consideration to safety when making your circuit designs, with appropriate such as (i) 1t of substitutive, auxiliary circuits, (i) use of non-flammable
material or (jii) prevention against any malfunction or mishap.

— Notes regarding these materials

+ These materials are intended as a reference to assist our customers in the selection of the Mitsubishi semiconductor product best suited to the customer’s application; they do not convey any license under any intellectual property
rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application examples
contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these materials, and are subject to change by
Mitsubishi Electric Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.
Please also pay attention to information published by Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).

When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision
on the applicability of the information and products. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability or other loss resulting from the information contained herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially at stake. Please contact Mitsubishi Electric
Corporation or an authorized Mitsubishi Semiconductor product distributor when considering the use of a product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be imported into a country other than the approved
destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein.
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