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< Product Overview

1-1 Product Overview

1-1-1 Overview

The MN101CO0O series of 8-bit single-chip microcomputers incorporate several types of
peripheral functions. This chip series is well suited for VCR, MD, TV, CD, LD, printet,
telephone, home automation, pager, air conditioner, PPC, remote control, fax machine,

musical instrument, and other applications.

The MN101CO01D has an internal 64 KB of ROM and 2,048 bytes of RAM. Peripheral
functions include six sets of timers, three sets of serial interfaces, an A/D converter, and
remote control output. The configuration of this microcomputer is well suited for
applications as a system controller in a VCR selection timer, CD player, MD, or portable

terminal.
With two oscillation systems (max. 20 MHz/32 kHz) contained on the chip, the system clock
can be switched between high and low speed. An automatic data transfer function (ATC) that

is activated by interrupts, allows highly efficient interrupt processing.

When the oscillation source (fosc) is 8 MHz, a machine cycle lasts for 250 ns. When fosc is

20 MHz, a machine cycle is 100 ns. The package is a 80-pin QES.

1-1-2 Product Summary

This manual describes the following models of the MN101CO01 seties. These products have

identical functions.
Table 1-1-1 Product Summary
Model ROM Size RAM Size Classification
MNI0ICO1A* 32 KB 1,536 bytes Mask ROM version
MN101C01C 48 KB 2,048 bytes Mask ROM version
MN101C01D 64 KB 2,048 byles Mask ROM version
MNI101CPO1D 64 KB 2,048 bytes EPROM version

* Under development
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1-2 Hardware Functions

. . ) #2 Differs depending upon th
ROM/RAM Size:  <Single chip mode> model

Internal ROM*  65,536x8-bit [r= 1-1-2 "Product Summary"|
Internal RAM?  2,048x8-bit
<Memory expansion mode>
Internal ROM*  65,536x8-bit
Internal RAM*  2,048x8-bit
External ROM  128Kx8-bit
External RAM  4Kx8-bit
<Processor mode>

Internal ROM Unused
Internal RAM?  2,048x8-bit
External ROM  240Kx8-bit
External RAM 4Kx8-bit

Machine Cycles:  High speed mode 0.10ps/20MHz (4.5V~5.5V)
0.25ps/8MHz(2.7V~5.5V)
1.00ps2MHz(2.0V~5.5V)

Low speed mode 125us/32KHz(2.0V~5.5V)

Interrupts: 17 interrupts

<External interrupts>

The active edge can be selected for all external interrupts

IRQO External interrupt (can be connected to noise filter)

IRQ1 External interrupt (can determine zero crossings, can be
connected to noise filter)

TRQ2 External interrupt (synchronous output event)

IRQ3 External interrupt

TRQ4 External interrupt (dual function for key interrupts)

<Timer interrupts>

TMOIRQ Timer 0 (8-bit timer)

TMIIRQ Timer 1 (8-bit timer)

TM2IRQ Timer 2 (8-bit timer)

TM3IRQ Timer 3 (8-bit timer)

TMA4IRQ Timer 4 (16-bit timer)

TMS5TRQ Timer 5 (8-hit timer)

TBIRQ Clock timer interrupts

<Serial communication interrupt>

SCOIRQ Serial 0 (synchronous + simple UART)

SC1IRQ Serial 1 (synchronous)

SC2IRQ Serial 2 {synchronous + simple IIC)

<Automatic transfer complete interrupt>

ATCIRQ-Automatic transfer complete

ITardware Tunctions 3
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4

Hardware Functions

Automatic transfer:

<A/D conversion complete interrupt>
ADIRQ A/D conversion complete
<Runaway interrupt>

NMI Overflow of watchdog timer

Activated by each type of interrupt
Dedicated 1 word transfers between memory and peripheral function block
Variable data length up to 256 bytes



Timer/Counters:

Synchronous

output function:

Remote control
carrier output:

Buzzer output:
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seven timers, all can generate interrupts

Timer 0 8-bit timer
Square wave output and 8-bit PWM output are possible.
Clock source: fosc, fs, fs/4, TMOIO pin input
Can generate remote control carrier
Timer 1 8-bit timer
Square wave output and synchronous output event
Clock source: [s/16, [s/64, [x, TM1IO pin input
Timers 0 and 1 may be cascaded.
Timer 2 8-bit timer
Square wave output, 8-bit PWM output are possible, and
synchronous output event.
Clock source: fs, fs/4, fx, TM2IO pin input
Timer 3 8-bit timer
Square wave output, synchronous serial/lUART baud rate timer
Clock source: fosc, fs/4, f3/16. TM3IO pin input
Can generate remote control carrier
Timers 2 and 3 can be cascaded.
Timer 4 16-bit timer
Square wave output, 16-bit PWM output are possible, and
synchronous output event.
Clock source: fosc, ts/4, s/16, TM41O pin input
Input capture function
Time base timer
Clock source: fosc, fs/4, Tx, £x/2" or fosc/2"
XIO at 32kHz, can be set to measure one minute intervals
Can operate independently as timer 5 (8-bit timer).
Watchdog timer
Selected by the mask option as fosc/2", fosc/2", or fose/2%
The set value in output from port 7 in synchronization with the
overflow of timer 1, timer 2, or timer 4, or at the edge of transition
of IRQ2.
Based on the timer output, a remote control catrier with duty ratio
of 172, 1/3 can be output.
Output frequency can be selected from £s/2°, fs/2'°, £s/2", or fs/2"2

ITardware Tunctions 5
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Serial interface:

A/D converter:

3 channels
CHO Synchronous/ Simple UART (half-duplex)
Transfer clock: fs/2, fs/4, fs/16, 1/2 of timer 3 output
When using timer 3, the transfer rates for a 12MHz
oscillation are 19200/9600/4800/2400/1200/300 bps.
MSB or I.SB can be selected as the first bit for ransfer. An
arbitrary transfer size of 1~8 bits can be selected.
CHI Synchronous
Transfer clock: fs/2, fs/8, fs/64, 1/2 of timer 3 output
MSB or LSB can be selected as the first bit for wansfer. An
arbitrary transfer size of 1~8 bits can be selected.
CH2 Synchronous
Transfer clock: fs, fs/2, fs/4, 1/2 of timer 0 output
MSB or LSB can be selected as the first bit for wransfer. An
arbitrary transfer size of 1~8 bits can be selected.

Simple TIC communication is possible (with a single master)

10 bits x 8 channels

LED driver function:8 pins

Ports:

Operation modes:

Package:

6 Hardware Functions

/O ports 57 ports (57 have dual functions)
LED (large current) driver ports:
8 ports (push-pull configuration)
Number of pins with dual function for external expansion
mode: 30
Input ports 13 ports (all have dual functions)
Number of pins with dual function for external interrupts: 5
(One of which can also be used for zero-cross input.)
Number of pins with dual [unction [or A/D input: 8
Analog reference voltage input pins: 2
Operation mode input pin: 1
Reset input pin: L
NORMAL mode
SLOW mode
HALT mode
STOP mode

and swilches operating clock

80-pin QFS
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1-3 Pins

1-3-1 Pin Diagram
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Figure 1-3-1 Pin Diagram (80QFS: top view)
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1-3-2 Pin Function Summary

Table 1-3-1 Pin Function Summary (1/5)

Pin No.

Name

Type

Dual Function

Function

Description

14
11

AAN
VDD

Power supply pins

Apply 2.0V~5.5V to VDD and OV to VSS.

13
12

0sC1
0sC2

Inpul
Output

Clock inpul pin
Clock output pin

Connect these oscillation pins Lo ceramic or crystal oscillators for high-
speed clock operation.

If the clock is an external input, connect it to OSC1 and leave OSC2
open. The chip will not operate with an external clock when using either|
the STOP or SLOW modes.

15
16

XI
X0

Input
Output

Clock input pin
Clock output pin

Connect these oscillation pins to ceramic or crystal oscillators for low-
speed clock operation.

If the clock is an external input, connect it to XI and leave XO open.
The chip will not operate with an external clock when using the STOP|

mode. I these pins are not used, connect X1 to VSS and leave XO open.

RST

e

P27

Reset pin

This pin resets the chip when power is turned on, is allocated as P27 and
contains an internal pull-up resistor (Typ. 50 kQ).

Setting this pin low initializes, the internal state of the device.
Thereafter, setting the input to an "H" level, releases the reset. The
hardware waits for the system clock to stabilize, and then processes the
resct interrupt.

Also, if "0" is written to P27 and the reset is initiated by software, a low
level will be outpul. The output has an n-channel open-drain configuration.
If a capacitor is to be inserted between RST and VDD, it is
recommended that a discharge diode be placed between RST and VDD.

18~24

P00~P06

o

SBOO(TXD),
SBIO(RXD),
SBTO,SBOI,
SBI1,SBT1,
DK
(BUZZER)

/O port 0

7-bit CMOS tri-statc I/O port.

Bach bit can be set individually as either an input or output by the
PODIR register. A pull-up resistor for each bit can be selected
individually by the POPLU register.

At reset, the input mode is selected and pull-up resistors are disabled

(high impedance output).

Pins
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Table 1-3-1 Pin Function Summary (2/5)

Pin No. Name Type |Dual Function Function Description

26~30 P10~P14 170 TMOIO /O port 1 5-bit CMOS tri-state 1/O port.

(RMOUT), Each bit can be set individually as either an input or output by

TMI1IO~ thePIDIR register. A pull-up resistor for each bit can be selected

TM4IO individually by the PIPLU register. At reset, the input mode is
selected and pull-up resistors are disabled (high impedance output).

31-35 P20~P24 Input 1RQO, Input port 2 5-bil input port. A pull-up resistor [or each bit can be selecled

IRQI(SENS}), individually hy the P2PLLU register. At reset, the input mode is
TIRQ2~4 selected and pull-up resistors are disabled (high impedance output).

25 P27 Input RST Input port 2 Port P27 has an n-channel open-drain configuration. When "0" is
written and the reset is initiated by software, a low level will be
output.

36~43 P30~P37 | T/O SRO2 170 port 3 8-bit CMOS tri-state 'O port.

SBI2 Fach hit can be set individually as either an input or output hy the
SBT2 P3DIR register. A pull-up resistor for each bit can be selected
BR individually by the P3PLU register. At reset, the input mode is
BG selected and pull-up resistors are disabled (high impedance output).
LDDMA

STDMA

DKDMA

44-~51 P40~P47 | 1/O KEY0~7 /O port 4 8-bit CMOS tri-state I/O port.

Bach bit can be set individually as either an input or output by the
P4DIR register. A pull-up resistor for each bit can be selected
individually by the PAPLU register. At reset, the input mode is
selected and pull-up resistors are disabled (high impedance output).
52~56 P50~P54 | O WERE,CS, | I/Oport5 5-bit CMOS tri-state /O port.

Al6,A17 Each bit can be set individually as either an input or output by the PSDIR
register. A pull-up resistor for each bit can be selected individually by the
PSPLU register. At reset, when single chip mode is selected, the input mode
is selected and pull-up resistors for PS0~P54 are disabled (high impedance
output). During processor mode, WE, RE, CS, A16, and A17 are selected.

57-64 P60~P67 | I/O AO~A7 1/0 port 6 8-bit CMOS tri-state /O port.

Each bit can be set individually as either an input or output by the P6DIR
register. A pull-up resistor for each bit can be sclected individually by the
POPLU register. At reset, when single chip mode is selected, the input
mode is selected and pull-up resistors for P60~P67 are disabled (high
impedance output). During processor mode, output mode is selected for
AO~AT.

Pins 9
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Table 1-3-1 Pin Function Summary (3/5)

Pin No.

Name

Type

Dual Function

Function

Description

65~72

P70~P77

A8~A15

1/0 port 7

8-bit CMOS tri-state I/O port.

Each individual bil can be swilched (o an input or oulpul by the P7DIR
register. A pull-up or pull-down resisior for each hit can be selected
individually by the P7PLUD register.

However, pull-up and pull-down resistors cannot be mixed. This port
contains a synchronous output function.

Atreset, when single chip mode is selected, the input mode is selected and
pull-up resistors for P70~P77 arc disabled (high impedance output).
During processor mode, A8~A15 (address signals) are set to output mode.

73~80

P80~P87

1/0

LEDO~7
(DO~D7)

IO port 8

8-bit CMOS tri-state I/O port.

Each individual bit can be swilched (o an input or oulput by the
P8DIR register. A pull-up resistor for each bit can bhe selected
individually by the P8PLU register. When configured as outputs,
these pins can drive segments.

At reset, when single-chip mode is selected, the input mode is
selected and pull-up resistors for P80~P87 are disabled (high
impedance output). During processor mode, D0~D7 (data signals) are
set to input mode (high-impedance output).

PAO~PA7

Input

ANO~AN7

Input port A

8-bit input port.

A pull-up or pull-down resistor for each bit can be selected
individually by the PAPLUD register. However, pull-up and pull-
down resistors cannot be mixed.

At reset, the PAO~PA7 input mode is selected and pull-up resistors
are disabled.

18

19

RXD

Output

lInput

SBOO(POO)

SBIO(PO1)

UART transmit
data output pin
UART receive
data input pin

In the serial interface in UART mode, these pins are configured as
the receive data input pin and transmit data output pin.

A push-pull or n-channel open-drain configuration can be selected for
TXD by the SCOMD1 register.

Pull-up resistors can be selected by the POPLU register. The TXD
and RXD pins arc also allocated as P00 and P01 respectively. When

not used as seria/UART pins, these can be used as normal /O pins.

10
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Table 1-3-1 Pin Function Summary(4/5)

Pin No. Name Type |Dual Function Function Description

18 SBOO Output | TXD(POO) | Serial interface | Transmit data output pins for serial interfaces 0~2. The output

21 S$BO1 P03 transmit data configuration, either CMOS push-pull or n-channel open-drain, and

36 SBO2 P30 output pins pull-up resistors can be sclected by the software. Sct these pins to the
output mode by the PODIR,P3DIR register.
SBO0~2 are allocated as P00, P03, and P30. These may be used as
normal I/0 pins when the serial interface is not used.

19 SBIO Input RXD(PO1) | Serial interface  |Receive data input pins for serial interfaces 0~2. Pull-up resistors can be

22 SBI1 pod4 receive data input [ selected by the POPLU and P3PLU register.

37 SBI2 P31 pins Set these pins to the input mode by the PODIR and P3DIR register.
SBI0~2 are allocated as PO1, PO4, and P31. These can be used as normal
/O pins when the serial interface is not used.

20 SBTO e P02 Serial interface | Clock input pins for serial interfaces 0~2. The output configuration,

23 SBT1 P05 clock I/O pins either CMOS push-pull or n-channel open-drain output, can be selected

38 SBT2 P32 by the software. ['rom the PODIR register, set SBTO to the output mode
and SBT1 to the input mode. The direction of SBTO0~2 is selected by the
PODIR and P3DIR register in accordance with the communication
mode. Pull-up resistors can be selected by the POPLU and P3PLU
register. SBT0~2 are allocated as P02, PO5, and P32. These can be used
as normal I/O pins when the serial interface is not used.

26 RMOUT /o P10,TM0I0 Remote control transmit | Output pin for remote control transmit signal with a carrier signal. Can

signal output pin be used as a normal I/O pin when remote control is not used.
26~30 TMOIO~ 1o RMOUT Timer I/O pins | Event counter clock input pins, overflow pulse output pins timer 0~4
TM4I0 (P10~P14) and PWM signal output pins.

To use these pins as event clock inputs, configure them as inputs by the
P1DIR register. For overflow pulse and PWM output, configure these
pins as outputs by the PIDIR register. When the pins are used as inputs,
pull-up resistors can be specified by the P1PLU register. When not used
for timer 1/0, these can be used as normal /O pins.

24 BUZZER | Output | DK(P06) Buzzer output | Piezoelectric buzzer driver pin. The driving frequency can be selected

in the range of fs/2°~ fs/2* by the DLYCTR register. Select output
mode hy the PODIR register and select buzzer output by the DLYCTR
register. When not used for buzzer output, this pin can be used as a

normal I/O pin.

Pins
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Table 1-3-1 Pin Function Summary (5/5)

Pin No. Name Type |Dual Function Function Description
10 VREF+ - +powerspplyforADoomerer | Reference power supply pins for the A/D converter.
1 VREF —poversypply fxADoomverlr | Normally, the values of VDD=VREF+ and VSS=VREF are used.
17 MMOD Input Memory mode This pin sets the memory expansion mode. If used with the
switch input pin | processor mode, set the input high. If used with the single chip
mode or memory expansion mode, set the input low.
31~35 IRQO~ Input P20, External interrupt The valid edge for these external interrupt input pins can be selected
TIRQ4 P21(SENS), | input pins with the IRQnICR registers.
P22~P24 IRQI is an external interrupt pin that is able to determine AC zero
crossings. It can also be used as a normal cxternal interrupt.
When IRQO~4 are not used for interrupts, these can be used as normal
/0 pins.
2~9 ANO~ANT7 | Input PAO~PA7 Analog inpat pins | Analog input pins [or an 8-channel, 10-bil A/D converter.
When not used for analog input, these pins can be used as normal V'O
pins.
44~51 KEYO~ /0 P40~P47 Key interrupt Input pins for interrupt hased on ORed result of KEY0~7 pin inputs.
KEY7 input pins When not used for KEY input, these pins can be used as normal /O
pins.
32 SENS Input IRQ1(P21) | AC zero-cross SENS is an input pin for an AC zero-cross detection circuit. ‘The AC zero-
detection input pin | cross circuit outputs a high level when the input is at an intermediate level. It
outputs a low level at all other times. SENS is connected to the P21 input
circuit and the IRQ1 interrupt circuit. When the AC zero-cross detection
circuit is not used, this pin can be used as a normal P21 input. The P21IM
(lag of the FLOAT1 register sets which input is selected.
39 BR Input P33~P37 Busrelease requestinputpin | Control signals for direct memory access (DMA) of an external memory.
40 BG Output Busueathorizmionasputpin | BR is the bus release request signal from the external DMA. The BG
41 LDDMA | Input Load cyele input pin | signal authorizes use of the bus. LDDMA and STDMA are load and
42 STDMA Input Store cycle input pin | store request signals from the external DMA.
43 DKDMA | Output Memory access The DKDMA signal indicales thal memory access for the exlernal
complete output pin | DMA transfer is complete.
52 ‘WE Output | P50 Write enable pin | Memory control signals for an expanded memory space external to the
53 RE Output | P51 Read enable pin | MN101CXX.
54 [ Output | P52 Chip sclect pin WE is a strobe signal that is output for writing to cxtcrnal memory. RE
A DK Input POSBUZZER) | Data acknowledge pin | is a strobe signal that is output for reading from external memory.
55~72 A0~A17 Output | P60~P67 Address pins CS is an chip select signal that is output when external memory is accessed.
P70~P77 DK indicates that the external memory access is complete.
P53~P54 A0~AT7 are address signals output to external memory.
73~80 D0~D7 /o PRO~P87 Data pins DO0~D7 are data signals that input data to and output data from external
(LEDO~LED7) memory.
12 Pins
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1-4 Overview of Functions

1-4-1 Block Diagram
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IRQO,P20——»=— ‘ 8-bit timer 1 H Serial interface 0 ‘ . —>P72A10
SENS,IRQ1,P21 ——» — —»P73 A11
IRQ2,P22——= & \ 8-bit timer 2 \ \ Serial interface 1 \ S P74 A2
IRQ3,P23— © ~—»-P75 A13
n_ . . . . K
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Figure 1-4-1 Block Diagram of Functions

Overview of Tunctions 13



Chapter | Overview

1-5 Electrical Characteristics

This LSI manual describes
standard specifications.

Before using the LS!, piease
obtain product specifications
from the sales office.

Contenis-Model  MN101C01D
Classification CMOS integrated circuit
Use General purpose
Function CMOS, 8-bit, singlc-chip microcomputer

14 Electrical Characteristics

1-5-1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
1 Supply voltage Voo -0.3~4+7.0 v
2 Input clamp current (SENS) | IC -400~400 nA
3 Input pin voltage \4 0.3~V +0.3 v
4 Outpul pin voltage v, 0.3~V +0.3 v
5 T/O pin voltage Voo 0.3~V +0.3
6 P8 1., (peak) 30
Peak output
Except P8 20
! current xeep 1 oLz (peak)
8 Allpins | I, (peak) -10
mA
9 P8 1, avg) 20
Average output
10 current Otherthan P8 | T (avg) 15
11 All pins 1,/ (avg) -5
12 | Tolerable loss PT 400 mW
13 | Ambient operating temperature | T_ —40~85 °C
14 | Storage temperature e —55~+125 °C

Note: * Applicable even for an interval of 100ms.




1-5-2 Operating Conditions
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Ta=—40~+85°C V =2.0~5.5V V_=0V

N Rating .
Parameter Symbol Conditions Unit
MIN TYP MAX
Supply voltage
L A fosc <20.0MHz 4.5 3.5
2 v fosc < 8.39MHz 21 3.5
|| Supply voltage pp2 A%
3 |during operation Voo fose <2.00MHz 2.0 5.5
4 Voo, fx = 32.768kHz 2.0 3.5
5 | Voltage tomaintainRAM data |V During STOP mode 1.8 5.5
Operating speed *'
6 tel Vp=4.5~5.5V 0.100
7 tc2 Vp=2.7-5.5V 0.238 us
|| Instruction execution time
8 tc3 Vp=2-0~5.5V 1.00
9 tc4 Vp=2.0~5.5V 125
Crystal oscillator 1 Fig- 1-5-1
10| Crystal frequency fxtal L Vi p=4-5~5.5V Lo 200 |MHz
I I 20
I External capacitors pF
12 (O 20
13| Internal feedback resistor | RF10 100 kQ
Crystal oscillator 2 Fig. 1-5-2
14| Crystal frequency fxtal 2 32.768 kHz
15 ” 20 '
|| External capacitors pK
16 C 20
22
17| Internal feedback resistor |RF20 1.5 MQ
Note: “ t .t t,: where OSCl is the CPU clock
t ,: where XT is the CPU clock
X1
IOOkﬂJ i 1 SMSZJ L
Typ T Typ i ez [
N
MN101C MN101C
c12 —_cn e
; 7 ,CL/ s

The instruction cycle is twice the clock cycle.

The feedback resistor is built-in.
Figure 1-5-1 Crystal Oscillator 1

The instruction cycle is four times the clock cycle.

The leedback resistor is built-in.
Figure 1-5-2 Crystal Oscillator 2

Flectrical Characteristics
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Electrical Characteristics

» Rating .
Parameter Symbol Conditions Unit
MIN | TYP | MAX
External clock input 1 OSC1 (OSC2 is unconnected)
18| Clock frequency focl LO 20.0 |\MHz
19 |High level pulse width® |twh L 20.0 30.0
“  Fig. 153 ns
20| Low level pulse width® | twl 1 20.0 30.0
21|Rise time twr 1 5.0
Tig. 1-5-3 ns
22| Fall time w1l 5.0
External clock input 2 XI (XO is unconnected)
23| Clock trequency tooc2 32.768 100 |kllz
24| High level pulse width* |twh 2 35
*+  Fig 1-54 us
25|Low level pulse width® | twl2 35
26| Rise time twr2 20
Fig. 1-54 ns
27| Fall time twf2 20

* Set the clock duty ratio to 45~55%.
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................................................................................... VIH1
------------------------------------------------------------------------------------ VIL1
€ twi1 y:
twi1

I 4

Figure 1-5-3 OSCA1 Timing Chart

Figure 1-5-4 Xl Timing Chart
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Clectrical Characteristics

1-5-3 DC Characteristics

Ta=-40~+85°C V =2.0~5.5V V_=0V

Parameter

- Rating }
Conditions Unit
MIN ‘ TYP ‘MAX

Symbol

Supply current (no load at output)*

1 o fosc=20.0MHz,V, =5V 25 60 R
Z fl:gl;;y;;g:glo " - fosc=8 39MHz,V_ =5V 10 5 |
3 - {x =32.768KHz V=3V Lb.f (‘1'23; Af)

4 | Supply curent during HALT mode | T, fx =32.768kHz,V, =3V 4 8 |uA
5 | Supply current duting STOP mode s V=3V 0 2

Notes: ™

Measured under conditions of Ta=25°C and no load.

(I ), is measured under the

The supply current during operation, [ (I

following conditions: After all /O pins are set to input mode and the oscillation
is set to <NORMAL mode>, the MMOD pin is fixed at V,
fixed at V, and a 20MHz (8.39MHz) square wave of amplitude V_,V_ is input
to the OSC1 pin.

The supply current during operation, 1

« the input pins are

ooy 18 measured under the following

conditions: After all /O pins are set to input mode and the oscillation is set to
<SLOW mode>, the MMOD pin is fixed at V, the input pins are fixed at V_,

and a 32.768kHz. square wave of amplitude V|V is input to the XT pin.

The supply current during HALT mode, I, is measured under the following

DD4?
conditions: After all /O pins are set to input mode and the oscillation is set to
<HALT mode>, the MMOD pin is fixed at V, the input pins are fixed at V_,

and an 32.768kHz square wave of amplitude V.V is input to the OSC1 pin.

The supply current during STOP mode is measured under the following
conditions: After the oscillation mode is set to <STOP mode>, the MMOD pin is

fixed at V, the input pins are fixed at V_, and the OSC1 and XI pins are

DD?

unconnected.




Ta=-40~+85°C V_=2.0~5.5V V =0V

" Rating .
Parameter Symbol Conditions Unit
MIN TYP MAX
Input pin 1 MMOD
6 | Input high voltage 1 Vi 08V, Vo | ¥V
7 |Input high voltage 2 Vi Vi p=4.5~5.5V 07V, Vo | 'V
8 |Input low voltage 1 Vi 0 02v |V
9 | Input low voltage 2 Vi, Vp=4.5~5.5V 0 03V | V
10| Input leakage current L VIN =0~V +10 | pA
Input pin 2 P20, P22~P24 (Schmitt trigger input)
11| Tnput high voltage Vi 08V Vi
B Vop=5V, Vin=1.5V e
12| Input low voltage Vis Pull-up resistor ON 0 02v
13| Input leakage current L VIN=0~V +10 | pA
14| Input high current L -30 -100 =300 | A
Input pin 3—1 P21 (Schmitt trigger input)
15| Input high voltage Vi 0.8V Vi
16| Input low voltage Vi 0 02V,
17| Input leakage current L. VIN=0~-V +10 | pA
. Voo=5V, Vin=1.5V
18| Input high current L Pullup resistar ON -30 -100 =300 | uA
Input pin 3—2 P21 (when used as SENS)
19| Input high voltage 1 Vi 4.5 Vin v
20| Input low voltage 1 A% \Y 35
EL Hig. 1-5-5 =
21 | Input high voltage 2 Vi L5 Vo v
22 | Input low voltage 2 Vo Ve 0.5
23 | Input leakage current Lo VIN=0V~V__ +10
UA
24 | Input clamp current I VIN>V_ VIN< OV +400

DD”

Chapter 1 Overview
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SENS pin
25 Rise Lime trs 30
Fig. 1-5-5
26 Fall time ifs e 30 ns

Input voltage level 1— --

Input veltage level 2—  --=-------- S

(Output)

Figure 1-5-5 Operation of AC Zero-Cross Detection Circuit

Ta=40~+85°C V =2.0~5.5V V =0V

Parameter Symbol Conditions Rating Unit
MIN [ TYP [MAX
Input pin 4 PAO~PA7
27| Input high vollage 1 Vs 0.8V o | ¥
28 | Input high voliage 2 Vi V 5=45~5.5V 0.7V oD \'
29| Input low voltage 1 Vis 0 02V 1V
30| Input low voltage 2 Vis Vp=45~5.5V 0 03V |V
31| Input leakage current I VIN=0-V_ 2 | uA
32| Input high current L N 30 | 100 | 300 | pA
33| Input low current 1. Mesdinni 30 100 | 300 | pA

20 Electrical Characteristics



Ta=—40~+85°C V, =2.0~55V V=0V

Parameter Symbol Conditions Rating Unit
MIN | TYP | MAX
I/Opin5 P27 (RST)
34| Input high voltage s 0.9V, Vi \%
35| Input low voltage s 0 0zv v
36| Input leakage current K7 VIN=0~V +10 | pA
37| Input high current - o onistor 30 | 100 | 300 | pA
38| Output low voltage Vo Vo, =5V, I, =10mA 0.5 \'
I/O pin 6 POO~P06, P10~P14, P30~P37, P40~P47 (Schmitt trigger input)
39| Input high voltage Vi 0.8V Voo
40| Input low voltage Vis 0 02V,
41| Input leakage current I e VIN=0-V__ +10 | pA
42| Input high current 1. o 30 | 100 | -300 | pA
43| Output high voltage Vous Vip=5V, I, = 05mA 4.5
44| Output low voltage Vois V=5V, I, =10mA 0.5
/O pin7 P50~P54, P60O~P67
45| Input high voltage 1 Vi 0.8v Vi \
46| Input high voltage 2 Vo Vi p=4-5~5.5V 07V, Voo \
47| Input low voltage | VIL9 0 02V 1V
48| Input low voltage 2 Vi V,,=4.5~5.5V 0 03V | V
49| Input leakage current ILKQ VIN=0~V__ +10 | pA
50| Input high current Lo ﬁj&ﬁ?g 30 | 100 | -300 | wA
51| Output high voltage V0H9 V=5V, I, =-0.5mA 4.5
52| Output low voltage V0L9 Vop =5V, I, =1.0mA 0.5
/O pin8 P70~P77
53| Input high voltage 1 Vin 0.8V Voo |V
54| Input high voltage 2 Vi Vi ,=4.5~5.5V 07V, Vo |V
55| Input low voltage 1 Vin 0 02V, V
56| Input low voltage 2 Vin Vi p=4-5~5.5V 0 03V |V
57| Input leakage current I VIN=0~V +10 | uA
58| Input high current L X;T;"r; :::1;‘; 30 | —100 | -300 | pA
59| Input low current. . ;’jrj;;n"i:i:rVON 30 100 300 | pA
60| Output high voltage Vous V=5V, 1, =-05mA 4.5 \
61| Output low voltage Vois Vop =9V, I, =1.0mA 0.5 A\

Chapter 1 Overview
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Electrical Characteristics

Ta=—40~+85°C V,_=20~55V V_=0V

Parameter Symbol Conditions Rating Unit
MIN | TYP | MAX
/O ping P80~P87

62, [Input high voltage | Vins 08V, Vip v
63 [Input high voltage 2 A\ V,,=45~5.5V 0.7V, Vo |V
64 [nput low voltage 1 Vs 0 02V 1V
65 [npul low vollage 2 Vi Vpp=4.5~5.5V 0 03Vl Vv
66 [Input leakage current Ls VIN=0~V *10 | pA
67 finput high current L. o 30 | -100 | 300 | uA
68 |Output high voltage Voun V,p =5V, I, =-05mA 45 v
69 Output low voltage VoL V=5V, I, =15mA 1.0 v

1-5-4 A/D Converter Characteristics

Ta=—40~+85°C V_ =2.0~5.5V V =0V

" Rating .
Parameter Symbol Conditions Unit
MIN TYP |MAX
1 [Resolution 10 |Bits
= ;=
2 [Nonlincar crror 1 Voo 5_'0V,’ Vo=V +3 |LSB
Vi =00V, V=0V
3 |[Differential linear error 1 Tan = 800ns +3 |LSB
4 [Nonlinear error 2 Vip =30V, Vi =0V +5 |LSB
Ve =20V, V=0V
5 [Differential linear error 2 fosc = 32.768kHz. +5  |LSB
6 [Zero traction voltage 30 100 | mV
Viop =50V, V=0V
VREF+:5'0V’ VREE:OV
7 |Full-scale transition voltage "I'ap = 800ns 4900 4970 mV
8 Tap=800ns 9.6 us
—A/D conversion time 5
9 foc = 32.768kHz 183 | us
10 fosc = SMHz 1.0 36 us
—Sampling time
11 o =32.768kHz 30.5 us
12 Viesr Vise Vo |V
| —Reference voltage .
L Vs Vs REE+
14 |Analog input voltage Ve, REE:
15 |Analog input leakage current When V =0~5Vis off +2 | nA
. henV i
16 Refcrcncc voltage pin ‘When e 1S off +10 | uA
input leakage current Verr < Vies: < Vi
17 [Value of ladder resistor R V=50V 20 50 80 kQ
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1-5-5 Bus Timing (0 wait states) during Memory Expansion

(Read) - : -
t cvc 100min
A17-00
N t ras 70min V‘tAHV 5min Address hold
Read address set up
cs
tavo Chip select delay tavo Chip select delay
Smax 5max

t Rew 70min
Read enable width
D7-0
t RDs t ROH
15min Omin
Read data set up Read data hold
(Write) - - -
t cvc 100min
A17-00
h t was 25min o ‘tAH’ 5min Address hold
Write address set up
[
- -
tavo Chip select delay tavo Chip select delay
Smax 5max
t wew 30min
Write enable width
D7-0
t wos t RDH
35min 2min
Write data set up Write data hold

Figure 1-5-6 Bus Timing for Memory Expansion Mode with 0 Wait States
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1-6 Mask Option Form

Date:
SE No.

Model

Name MN101C Customer IApproval

1. Oscillation mode

Type A Type B

Note: Type A: Operation begins from the reset cycle in the NORMAL mode.
Type B: Operation begins from the reset cycle in the SLOW mode.

2. Watchdog timer period setting

Detection Period| Selection

fs/218

fs/2'®

fs/220

Contents of mask option are subject to change.
When placing an order for masks, please request the most recent option
m  |ist from the sales office.

24 Mask Oplion Check List
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1-7 External Dimensions

> |
SRERERARARAARAARRRRR
40 Og
AOF’IN%: O %21?‘!4 E
LELELSEIE LR kL

|
SEATING PLANE
SEE DETAL F
b
Omension n_Milimeters
Symbal Kn__ 1 Nom Max
E 13.8 140 14,2
0 13.8 19 14,2
A 18 2.4 2.4
Al 0 Q2 0.2
Az 1.8 2.0 2.2
@ v 0,65 ——
025 0.3 Q.4
< 0.1 0.15 C.25
X p— p—" pisicy
Y — — 0.15
g 0 e 10
C Q.48 0.55 0.65
La 1.0 11 12
He 18,0 6.2 16.4 .
Ho 5.0 6.2 6.4 DETALL F.
Z — 0825 e ———————

BODY MATERIAL : Epoxy Resin
LEAD MATERIAL : Fe-Ni

LEAD FINISH METHOD :Solder Plate
Figure 1-7-1 80-Pin QFS

using this product, please obtain product specifications from the sales

The external dimensions of the package are subject to change. Before
C office.

Txternal Dimensions 25
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Chapter 2 Basic CPU Functions

2-1 Overview

Basic CPU functions are in conformance with the MN101CO00 series manual
(architecture manual). This chapter describes specifications unique to the

MN101C01D.

2-2 Address Space

2-2-1 Memory Configuration

Overview/Address Space

X'00000’ h
Abs 8 addressing
256 bytes access area
Internal *
2048 bytes X00100" RAM space
Data
_ Y
X'00800'
4  X'D3FO00' ] ] ]
256 bytes Special function registers
A
4 X'04000' b
Interrupt
128 bytesI vector table
X'04080' .
Subroutine
64 bytes I vector table %
64 KB Internal
X'040C0" ROM space
Instruction cod
table data
A X'13FFF' 4
Figure 2-2-1 Memory Map
* Differs depending upon the model.
MNI101CO1A  Internal RAM  X'00000'~X'005IT" 1536 bytes
Internal ROM  X'04000'~X'0BFFF' 32 KB
MNI101CO1C  Internal RAM  X'00000'~X'007FF 2048 bytes
Internal ROM  X'04000'~X'OFFHE' 48 KB
MNI0ICPOID Internal RAM  X'00000'~X'007FF 2048 bytes
Internal ROM  X'04000'~X'13FFF' 64 KB



2-2-2 Special Function Registers

03FOX

03F1X

03F2X

03F3X

03F4X

03F5X

03F6X

03F7X

03F8X

03F9X

03FAX

03FBX

03FCX

03FDX

03FEX

03FFX

Table 2-2-1 Register Map

Chapter 2 Basic CPU Functions

0 1 2 3 4 5 6 7 8 9 A B Cc D E F
CPUM|MEMCTR| WOCTR DLYCTR| AE[;(V CPU made, memory comrol
POOUTIP1CUT|P20UT| P3CUT| P4CUT|P5CUT| PeOUT| P7OUT| P8OUT| SYSVD| Port output
POIN|P1IN|P2IN|P3IN|P4IN|P5IN|P6IN|P7IN|P8IN PAIN Port input ‘%
PODIR|P1DIR] P3DIR|PADIR|P5DIR P6DIR|P7 DIR{PSDIR{P1OMD| PAIMD| PAIMD| 110 mode control| Ci)-
POPLU|P1PLUJP2PLU| P3PLU {P4PLU|P5PLU|P6PLU|P7PLUD| P8PLU PAPLUC| FLOAT! | FLOAT2 Resistor control
[SCOMO0{ SCOMD1|SCOMDZ SCOMD3 SCICT R| SCOTRB{SCORXBJ SC1MDO|SCMD1| SC-TRB|SC2MD0|SC2MD1|SC2CTRISC2TRB Serial interface control
TMOEC] TM1BC| TM2BC| TM3BC| TW4BCL{ TV4BCH| TMAICL | TM4ICH [TM5BG]
TMOOC]M10C| TM20C] ~M30C| TMAOCL{ M4OCH TM5OC Timer control
TMOND{ TN MD{TM2MD| TM3MD| TMAMD| TMBMD| RCTR| NFCTR
ANCTRO|ANCTR! | ANBUFC| ANBUF1 A/D control
ATMD [ATCNT|ATTAPLIATTAPH ATIAP ATC control
Reserved
NMICR [IRQOICRIIRQIICRITMOICRITMT CRITM2ICR| TBICR [SCOICRIATCICRADICR) RQ2ICR| IRC3ICR|IRQ4ICR| TM3ICRITMAICH)

Interrupt control

[TM5ICRISC1ICR[SC2ICR|

Address Space
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2-3 Bus Interface

2-3-1 Overview

The MN101C01D has a maximum memory space of 256 KB that may be
connected to ROM, RAM or external /O devices. There are two external
expansion modes, memory expansion mode and processor mode.

2-3-2 Memory Expansion Mode

This mode uses both internal ROM/RAM and external expanded
ROM/RAM.

The memory expansion mode is set by assigning bit 4 (EXMEM) of the memory
control register (MEMCTR) to a value of 'l’, and by setting bits 7~5 of the
expansion address control register (EXADV) to enable pins A8~A17.

Memory areas can be externally expanded as follows:

ROM area ... X'20000'~X"3FFFF' 128 KB

RAM area ... X'02F00'~X'03EFF' 4 KB

X'00000 Abs 8 addressing "
256 bytes access area Internal RAM
X'00100 Data 2K
16 KB X'00600" - -
External x02F00 4 KB
expanded RAM X03EFF
X'03F00’
256 bytes Special function registers
X'04000' Interrupt
128 bytes vector table
sab X'04080' Subroutine
vies veclor table
64 KB XO040CO Internal ROM™
Instruction code
table data
x'13FFF
x'20000'
External expanded 128 KB
memory
* Differs depending upon the i
model. MMQOD pin=L
[ 2-2-1 "Memory Configuration”] EXMEM flag = 1

Figure 2-3-1 Memory Expansion Mode

3 0 Bus Interface
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2-3-3 Processor Mode

This mode uses internal RAM and external expanded ROM/RAM.

The processor mode is set by pulling the MMOD pin to high.
Memory areas can be externally expanded as follows:

ROM area ... X'04000'~X'3FFFF' 240 KB

RAM area ... X'02F00'~X'03EFF' 4 KB

X'00000* Abs 8 addressing [
256 bytes i access area Internal RAM  *
(2KB)
x'00100" Data
x'00600"
16 KB x'02F00'
External 4KB
expanded RAM X'D3EFF'
X'03F00"
256 bytes Special function registers
Interrupt X'04000*
vector table 128 bytes
Subroutine x'04080'
vector table 64 bytes
x'040C0"
Instruction code 48KB
table cata
Xx'10000'
Instruction code
XSFFFF'
MMOD pin = H External expanded memory

EXMEM flag = Don't care

Figure 2-3-2 Processor Mode

*Differs depending upon the model.

MNI0LCOLA Internal RAM X'00000'~X'005FF' 1536 bytes
MN101C01C Internal RAM X'00000'~X'007FF 2048 bytes
MN101CPOLD Internal RAM X'00000'~X'007FF' 2048 bytes

Bus Interface 31
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2-3-4 External Memory Connection Example

B ROM Connection Example (processor mode)
T'his example shows connection to 512 KB of ROM.

RCM
MN101C01D (512 KB)
X'00000'
A17~A0 A17~A0
D7~DO D7~DO
X'04000°
CS CS
External ROM area
RE RE
X'3FFFF'
MMOD ——I_

Figure 2-3-3 ROM Connection Example

B SRAM Connection Example
This example shows connection to 64 KB of SRAM.

The external expansion RAM area is X'002F00'~X'03EFF'.

SRAM
MN101CO01D (64 KB)
A17~A0 A17~A0
X'02F00*
D7~Do0 D7~Do External RAM area

X'03EFF'

cs cs

RE RE

WE WE

Figure 2-3-4 SRAM Connection Example

Bus Interface



W Access Timing with No Wait Cycles

The RE or WE timing is determined by OSC2. However, since the delay from
0SC2 to RE or WE varies depending upon the product, use RE or WE as the
reference when synchronizing with other devices. For detailed timing information,

refer to the product bus timing specification.

0sc2
DK
(input) ; H B H
A17-0
D7-0 I L \
cs
RE
we
Write | i Read !

Figure 2-3-5 ROM and RAM Access Timing with No Wait Cycles

H Access Timing with 1 Wait Cycle
Access timing with 2 and 3 wait cycles follows the same pattern. The latter part of

the cycle is extended and the timing is the same.

osc2

DK
(input)

Write : Read

Figure 2-3-6 ROM and RAM Access Timing with 1 Wait Cycle

Chapter 2 Basic CPU Functions
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2-3-5 Control Registers

Two byte-length registers control the bus interface: the memory control
register (MEMCTR) and the expansion address control register (EXADV).

(1) Memory control register (MEMCTR)

5 4 3 2 1 0
EMCTR ‘ IOW1 ‘ IOWO‘ IVBA ‘EXMEM‘ FEXW‘ IRWE‘ EXW1 ‘ Exwo‘ (at reset: 11001011)

Exwi~0 s r:;ljerlri]tb:):ccl’;sﬁxw ZOEAﬁzcgglc(i?II:'tzion
00 no wait cycles 100ns
01 1 wait cycle 150ns
10 2 wait cycles 200ns
11 3 wait cycles 250ns
IRWE Set software write for interrupt request flag
Software write disable
0 Even if data is written to each interrupt control
register (xxxICR), the state of the interrupt
request flag (xxx|R) will not change.
1 Software write enable
x| S e e
0 Handshake mode
1 Fixed wait mecde
EXMEM xpansion mode on o of
0 Do not expand external memory
1 Expand external memory
IVBA Base address setting for interrupt vector table
0 Interrupt vector base = X'04000'
1 Interrupt vector base = X'00100°
JOW1~0 Number_ of wait ?ycles_set when | Bus cyc\g all
accessing special register area [20MHz oscillation
00 No wait cycles 100ns
01 1 wait cycle 150ns
10 2 wait cycles 200ns
11 3 wait cycles 250ns

Figure 2-3-7 Memory Control Register (MEMCTR: X'03F01', R/W)
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(2) Expansion address control register (EXADV)

7 6 5 4 3 2 1 0
EXADV |EXADV3|EXADV2| EXADV1 | — | — | - | — | - | (at reset: 000---)
EXADV1 Al 1 ~A8 address outpu_t enable
during memery expansion mode
0 A11~A8 address output disable
1 A11~A8 address output enable
A15~A12 address output enable
EXADV2 during memory expansion mode
0 A15~A12 address output disable
1 A15~A12 address output enable
EXADV3 ;21 7_, A16 address output enable
uring memory expansion mode
0 A17, A16 address output disable
1 A17, A16 address output enable

Figure 2-3-8 Expansion Address Control Register (EXADV: X'03FOE', R/W)
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2-4 Interrupts

2-4-1 Accepting and Returning from Interrupts

In the MN101CO0O0 series, when an interrupt is accepted, the hardware
pushes the program's return address and the PSW, on to the stack, and
branches to the beginning address of the interrupt program specified by the
interrupt vector table.

MW Operation when Interrupt is Accepted

L.

2

The stack pointer (SP) contents are update. (SP—6 — SP)

The handy address register (HA) is pushed on to the stack.

HA upper byte — (SP+5)

HA lower byte — (SP+4)

‘The program counter (PC = retum address) contents are pushed on to the stack.
PC (bit 18~hit 17, bit 0) — (SP+3)

PC (bit 16~bit 9) — (SP+2)

PC (bit 8~bit 1) — (SP+1)

The PSW is pushed on to the stack.

PSW — (SP)

Copy xxxL.Vn of the accepted interrupt is copied to IM of the PSW.
Interrupt level — IM

Execution branches to vector table.

N

New SP——» PSW Low
(after interrupt is accepted) — T
PC16~9
PCO i/// Al PC18,17 Address
HA7~0
HA15-8 l

Old SP ———= High

(before interrupt is accepted)

/\/

Figure 2-4-1 Stack Status during an Interrupt

‘ instructions in the program to save these values as necessary on the

C Since the contents of data and address registers are not saved, use PUSH
n

stack.
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W Operation when Returning from Interrupt
After the program POPs the register and other values saved by the interrupt service
routine, an R'I'l instruction is implemented to return to the program that was being

executed when the interrupt was received.

The processing sequence for the return from interrupt instruction, RTL, is listed

below.

1. The processor status word (PSW) is pulled from the stack. (SP)

2. The program counter (PC = return address) is pulled from the stack. (SP+1~3)
3. The handy address register (HA) is pulled from the stack. (SP+4, 5)

4. The SP is pulled. (SP+6 — SP)

5. Execution branches to the address indicated by the PC.

Interrupts 37
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2-4-2 Interrupt Sources and Vector Addresses

In addition to reset, there are 20 interrupt vectors that indicate the starting
addresses of interrupt programs. These vectors are located in the 80-byte
ROM address area X'04004'~X'04053".

Table 2-4-1 Interrupt Control Registers

Vector Number Interrupt Source C°"(t;‘(’,'d$§§)s ter Vector Address
0 Reset e X'04000'
1 Non-maskable interrupt (NMI) NMICR  (X'O3FET) X'04004'
2 External interrupt 0 (IRQO) IRQOICR (X'03FE2) X'04008'
3 External interrupt 1 (IRQ1) IRQ1ICR (X'03FE3) X'0400C'
4 Timer O compare-match (TMOIRQ) | TMOICR  (X'C3FE4') X'04010'
5 Timer 1 compare-match (TM1IRQ) | TM1ICR (X'03FE5') X'04014'
6 Timer 2 compare-match (TM2IRQ) | TM2ICR  (X'03FE®") X'04018'
7 Time base period (TBIRQ) TBICR  (X'O3FET) X0401C'
8 SCO transfer complete (SCOIRQ)| SCOICR  (X'03FE8') X'04020'
9 ATC transfer complete (ATCIRQ)| ATCICR (X'03FE9) X'04024'
10 A/D conversion complete (ADIRQ) | ADICR  (X'03FEA’) X'04028'
11 External interrupt 2 (IRQ2) IRQ2ICR (X'03FEB') X0402C'
12 External interrupt 3 (IRQ3) IRQIICR (X'03FECY) X'04030'
13 External interrupt 4 (IRQ4) IRQ4ICR (X'03FED) X'04034'
14 Timer 3 compare-match (TM3IRQ) | TM3ICR  (X'03FEE) X'04038'
15 Timer 4 compare-match (TM4IRQ) | TM4ICR  (X'03FEF’) X'0403C'
16 Timer 5 compare-match (TM5IRQ) [ TMSICR  (X'03FF0') X'04040'
17 SCH1 transfer complete (SC1IRQ) SC1ICR (X'03FF1") X'04044"
18 SC2 transfer complete (SC2IRQ) | SC2iCR (X'03FF2) X'04048'
19 Reserved (X'03FF3) X0404C'
20 Reserved (X'03FF4) X'04050'

Set the vector addresses for reserved and unused interrupts to
an address containing an RTI instruction.

38 Interrupts



2-4-3 Interrupt Control Registers

Interrupt control registers consist of the following: a non-maskable interrupt control
register (NMICR), external interrupt control registers (IRQnICR), and internal
interrupt control registers (TMnICR, TBICR, SCnICR, ATCICR, ADICR).

M Non-maskable Interrupt Control Register (NMICR)
Non-maskable interrupt factors are stored in the non-maskable interrupt control

register (NMICR), and are used when a non-maskable interrupt is generated.

7 € 5 4 3 2 1 0

NMICR ‘ — ‘ — |— ‘ — ‘ — | — ‘WDIR‘ — ‘ (at reset: - 0-)

WDIR Watchdog interrupt request flag

0 No interrupt request
1 Generate interrupt request

Figure 2-4-2 Non-maskable Interrupt Control Register (NMICR: X'03FE1", R/'W)

M External Interrupt Control Registers (IRQnICR)
The external interrupt control registers (IRQnICR) control the interrupt level, valid

edge, and request/enable.

Chapter 2 Basic CPU Functions

n
Be sure to use the MIE flag of

the PSW register to write to all
interrupt control registers.

7 6 5 4 3 2 1 0
IRQNICR  pxxxLV1 xxxLVO|HEDGﬂ — ‘ — ‘ — | xxxIE xxx\R‘ {at reset: 000---00)

xxxIR External interrupt request flag
0 No interrupt request
1 Generate interrupt request

xxxIE External interrupt enable flag
0 Disable interrupt
1 Enable interrupt

REDGn* External inferrupt valid edge flag

0 Falling edge

1 Rising edge

xxxLV1 [xxxLVO |Interruat level flag for external interrupt

The CPU has interrupt levels from 0~3.

This flag sets the interrupt level for interrupt requests.

*n=0,1,2,3,4

Figure 2-4-3 External Interrupt Control Register (IRQnICR:
X'03FE2'~X'03FE3', X'03FEB'~X'03FED’, R/W)

By setting xxxLVn to '11' (level
3), the corresponding interrupt
vector will be disabled,
regardless of the slale of the
interrupt enable and interrupt
request flags.
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By setting xxxLVn to '11' (level
3), the corresponding interrupt
vector will be disabled,
regardless of the state of the
interrupt enable and interrupt
request flags.

H Internal Interrupt Control Registers (TMnICR, TBICR, SCnICR, ATCICR, ADICR)
The internal interrupt control registers (TMnICR, TBICR, SCnICR, ATCICR,

ADICR) control the interrupt levels of internal interrupts, timer interrupts, serial

interrupts, A/D conversion complete interrupts, and interrupt request/enable.

7 6 5 4 3 2 1 0
“MnICR, TBICR, SCnICR .
] ] s _ _ _ — at reset: 00----00,
ATCICRADICA xxxLV1 IxxxLVO‘ ‘ | ‘ xxx|E | xxxIR ‘ ( )
xxxIR Interrupt request flag
0 No interrupt request
1 Generate interrupt request
xxxIE Interrupt enable flag
0 Disable interrupt
1 Enable interrupt
*xxLV1 [xxxLVO Interrupt level flag
This 2-bit flag sets the interrupt level by
assigning an interrupt level of 0~3 to
interrupt requests.

40 Interrupts

Figure 2-4-4 Internal Interrupt Control Registers (TMnICR, TBICR,
SCnICR, ATCICR, ADICR: X'03FE4'~X'03FEA', X'03FEE'~X'03FF4', R/W)



2-5 Reset

The CPU

contents are reset and registers are initialized when the RST pin

is pulled to low.

M Initiating a Reset

There are two methods to initiate a reset.

(1) Drive the RST pin low for at least four clock cycles.

RST pin

— 4 clock cycles

| (200ns for a 20MHz oscillation)

L

Figure 2-5-1 Minimum Reset Pulse Width

(2) Set bit 7 (P2OUT7 flags) of the P2OUT register to "0." After reset is released,
the P20OUT flag will be "1."

Ml Releasing the Reset

‘When the

RST pin changes from low to high, an internal 15-bit counter begins

counting at the oscillation clock frequency. The interval from when this counter

begins counting until it overflows is known as the stabilization wait time. After

waiting for this amount of time, the internal reset is released and the CPU begins

operation.

ﬁ'pin

Peripheral
register

CPU

internal reset

i
l— QOscillation —>i
i stabilization wait time!
2"%osc

Figure 2-5-2 Reset Release Sequence

When returning from the STOP mode is terminating, the
software can use the DLYCTR register to select an
oscillation stabilization wait time of 0, 2’/fosc, 2'/fosc, or
25/fosc.

Chapter 2 Basic CPU Functions

For the reset to be stable, the
low pulse must be maintained
for at least four clock cycles.
However, it is important fo
minimize noise, since a reset
may occur in a smaller number
of clock cycles.
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Chapter 3 Port Functions

3-1 Overview

A total of 71 pins on the MN101C01D, including those shared with special
function pins, are allocated for the 10 poris of PO~P8, and PA.

Each I/O port is assigned according to the special function register area in
memory. I/O ports are operated in byte or bit units in the same way as RAM.

For each I/O port, the PnOUT register (port n output
register) that sets the output value is assigned to memory
address X'3F1n’, and the PnIN register (port n input
register) from which the input value is monitored is
assigned to memory address X'3F2n'.

* This 1/0 control is valid even when special functions are selected for the dual function pins.

» However, when set to the processor mode, registers cannot be used to control the /O of
P06, P50~P54, P60~P67, P70~P77, and P80~P87.

Table 3-1-1 Status When Port Is Reset (single-chip mode)

Port 1/0 Mode Pull-up/Pull-down Resistor 170 Port or Special Function
Port 0 Input mode No pull-up resistor 170 port
Port 1 Input mode No pull-up resistor 170 port
Port 2 Input mode No pull-up resistor 170 port
Port 3 Input mode No pull-up resistor 1/Q port
Port 4 Input mode No pull-up resistor 1/0 port
Port 5 Input mode No pull-up resistor 1/0 port
Port 6 Input mode No pull-up resistor 1/0 port
Port 7 Input mode No pull-up/pull-down resistors 1/0 port
Port 8 Input mode No pull-up/pull-down resistors 1/0 port
Port A Input mode No pull-up/pull-down resistors 1/0 port

Table 3-1-2 Status When Port Is Reset (processor mode)

Port 1/0 Mode Pull-up/Pull-down Resistor 1/0 Port or Special Function
Porto™ Input mode No pull-up resistor 17Q port
Port 1 Input mode No pull-up resistor 17Q port
Port 2 Input mode No pull-up resistor 1/Q port
Port 3 Input mode No pull-up resistor 1/Q port
Port 4 Input mode No pull-up resistor 1/Q port
Port 5 Qutput mode Pins WE, RE, CS, A16, A17 are enabled.
Port6 QOutput mode Pins AO~A7 are enabled.

Port 7 Qutput mode Pins A8~A15 are enabled.
Port 8 Input mode Pins DO~D7 are enabled
Port A Input mode No pull-up/pull-down resistors 1/O port

44 Overview —
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W Port 0 (PO)
7-bit CMOS tri-state /O port.

Table 3-1-3 Port 0 Functions

Pin Name| Type Dual Function Description

P00O~PO6 | I/O SBOO(TXD), Each bit can be set individually as either an input or
SBIO(RXD), output by the PODIR register. A pull-up resistor for each
SBT0,SBOL, bit can be selected individually by the POPLU register.
SBI1,SBT1, At reset, the input mode is selected and pull-up resistors
DK(BUZZER) | arc disabled (high impedance output).

W Port 1 (P1)
5-bit CMOS tri-state IO port.

Table 3-1-4 Port 1 Functions

Pin Name| Type Dual Function Description
P10~P14 | LO TMOIO Fach bit can be set individually as either an input or
(RMOUT), output by the P1DIR register. A pull-up resistor for each

TMIIO~TM41O | bit can be selecled individually by the PIPLU regisler.
At reset, the input mode is selected and pull-up resistors

are disabled (high impedance output).
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Overview

W Port 2 (P2)

5-bit CMOS tri-state input port.

Table 3-1

-5 Port 2 Functions

Pin Name| Type

Dual Function

Description

P20-P24 | Input

IRQO,
IRQI(SENS),
IRQ2~4

A pull-up resistor for each bit can be selected individually
by the P2PLU register. At reset, the input mode pull-up
resisters are disabled (high impedance output).

W Port 3 (P3)

8-bit CMOS tri-state I/O port.

Table 3-1-6 Port 3 Functions

Pin Name| Type

Dual Function

Description

P30~P37 |I/O

SBO2,SBI2,
SBT2.BR,
BG,LDDMA,
STDMA,
DKDMA

Each bit can be set individually as either an input or
output by the P3DIR register. A pull-up resistor for each
bit can be selected individually by the P3PLU register. At
reset, the input mode pull-up resisters are disabled (high
impedance output).

W Port 4 (P4)

8-bit CMOS tri-state I/O port.

Table 3-1-7 Port 4 Functions

Pin Name| Type

Dual Function

Description

P40~P47 |I/O

KEY0-~7

Each bit can be set individually as either an input or
output by the P4DIR register. A pull-up resistor for each
bit can be selected individually by the PAPLU register. At
reset, the input mode pull-up resisters are disabled (high

impedance output).
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W Port 5 (P5)
5-bit CMOS tri-state 1O port.

Table 3-1-8 Port 5 Functions

Pin Name| Type Dual Function Description
P50~-P54 |1/O WE,@,C_S, Each bit can be set individually as either an input or
Al6,A17 output by the PSDIR register. A pull-up resistor for each

bit can be selected individually by the PSPLU register. At
reset, when single-chip mode is selected, the input mode
pull-up resisters for PSO~P54 arc disabled (high
impedance output). During processor mode, WE, RE, @,
A6, and A17 are selected.

W Port 6 (P6)
8-bit CMOS ti-state /O port.

Table 3-1-9 Port 6 Functions

Pin Name| Type Dual Function Description

P60~P67 [1/O AO~A7 Each bit can be set individually as either an input or
output by the P6DIR register. A pull-up resistor for each
bit can be selected individually by the P6PLU register. At
reset, when single chip mode is selected, the input mode
pull-up resisters for P60~P67 are disabled (high
impedance output). During processor mode, output mode
is sclected for AO~AT.

W Port 7 (P7)
8-bit CMOS tri-state T/0 por.

Table 3-1-10 Port 7 Functions

Pin Name| Type Dual Function Description

P70~P77 | 1/O A8~AlS Each individual bit can be switched to an input or output
by the P7DIR register. A pull-up or pull-down resistor for
each bit can be selected individually by the P7PLU

register.

However, pull-up and pull-down resistors cannot be
mixed. At reset, when single chip mode is selected, the
input mode pull-up resisters for P70~P77 are disabled

(high impedance output). During processor mode,

A8~A1S (address signals) are set to output mode.
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Overview

W Port 8 (P8)
$-bit CMOS tri-state VO port.

Table 3-1-11 Port 8 Functions
Pin Name| Type Dual Function Description
Each individual bit can be switched to an input or output
PRO~P87 | 1O LEDO~7 , , ,
by the PSDIR register. A pull-up resistor for each bit can
(DO~DT)

be selected individually by the P8PLU register. When
configured as outputs, it is possible to drive segments.

At reset, when single chip mode is selected, the input
mode pull-up resisters for P8O~P87 are disabled (high
impedance output). During processor mode, DO~D7 (data

signals) are set to high impedance outputs.

M Port A (PA)
8-bit CMOS tri-state input port.

Table 3-1-12 Port A Functions

Pin Name

Type

Dual Function

Description

PAO~PA7

Input

ANQ~ANT

A pull-up or pull-down resistor for each bit can be
selected individually by the PAPLUD register. However,
pull-up and pull-down resistors cannot he mixed.

At reset, the input mode pull-up resisters for PAO~PA7
are disabled.




3-2 Port Control Registers

3-2-1 Overview

Forty-three registers control the /O ports. See table 3-2-1.

Table 3-2-1 1/0 Port Control Registers (1/2)

Name Address R/wW Function
POOUT X'03F10’ R/W Port 0 output register
P1OUT X'03F11’ R/W Port 1 output register
P20UT X'03F12' R/W Port 2 output register
P30OUT X'03F13' R/W Port 3 output register
P40OUT X'03F14' R/W Port 4 output register
P5QUT X'03F15' RW Port 5 output register
P8OUT X'03F16' R/W Port 6 output register
P70UT X'03F17' RW Port 7 output register
P8OUT X'03F18' R/W Port 8 output register
SYSMD X'03F1F' R/W Synchronous output control register
POIN X'03F20' R Port 0 input register
P1IN X'03F21' R Port 1 input register
P2IN X'03F22' R Port 2 input register
P3IN X'03F28' R Port 3 input register
P4IN X'03F24' R Key interrupt control register
P5IN X'03F25' R Port 5 input register
P6IN X'03F26' R Port 6 input register
P7IN X'03F27' R Port 7 input register
P8IN X'03F28' R Port 8 input register
PAIN X'03F2A' R Port A input register
PODIR X'03F30' R/W Port O direction control register
P1DIR X'03F31’ R/W Port 1 direction control register
P3DIR X'03F33' R/W Port 3 direction control register

Chapter 3 Port Functions

Port Control Registers
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Table 3-2-1 1/0O Port CGontrol Registers (2/2)

Name Address R/W Function
P4DIR X'03F34' RW Port 4 direction control register
P5DIR X'03F35' R/W Port 5 direction control register
P6DIR X'03F36' RW Port 6 direction control register
P7DIR X'03F37' RW Port 7 direction control register
P8DIR X'03F38' RW Port 8 direction control register
P1OMD X'03F3¢' R/W Port 1 output mode register
PAIMD X'03F3A RW Port A input mode register
P4IMD X'03F3C’ RW Key interrupt control register
POPLU X'03F40' RW Port O pull-up control register
P1PLU X'03F41' R/W Port 1 pull-up control register
P2PLU X'03F42' RW Port 2 pull-up control register
P3PLU X'03F43' RW Port 3 pull-up control register
P4PLU X'03F44' RW Port 4 pull-up control register
P5PLU X'03F45' RW Port 5 pull-up control register
P6PLU X'03F46' RW Port 6 pull-up control register
P7PLUD X'03F47 R/W Port 7 pull-up/pull-down control register
P8PLU X'03F48' RW Port 8 pull-up control register
PAPLUD X'03F4A’ RW Port A pull-up/pull-down control register
FLOAT1 X'03F4B' RW Pin control register 1
FLOAT2 X'03F4C’ RW Pin control register 2
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7 6 5 4 3 2 1 0

POOUT — | POOUT6 | POOUT5 | POOUT4 POOUT3 [POOUTZ2 |POOUT1 [POOUTO | (at reset: -0000000)
P1OUT — — — |P10UT4 [P1OUT3|P10UT2 |P10UT1 [P1OUT0| (at reset: ---00000)
P2OUT |P2OUTT| — [ — | — — | — | — — | (atreset: 1------- )

P30OUT  [P30UT7 |P30UTE|P3OUTS5 |P30UT4 P30UT3 [P30OUT2 [P30UT1 |P3OUTO | (at reset: 00000000)

POIN — | POING | POIN5 | POIN4 | POIN3 | POIN2 | POIN1 [ POINC | (at reset: XXXXXXXX)
P1IN — — — | P1IN4 [ P1IN3 [ PT1IN2 [ P1INT [ PTINO | (at reset: ---XXXXX)
P2IN — — — | P2IN4 | P2IN3 | P2IN2 | P2IN1 | P2INO [ (at reset: ---XXXXX)
P3IN P3IN7 | P3IN6 | P3IN5 | P3IN4 | P3IN3 | P3IN2 | P3IN1 | P3INO [ (at reset: XXXXXXXX)
PODIR — |PODIR6 | PODIR5 PODIR4 | PODIR3 |PODIR2 |PODIR1 |PODIRO| (at reset: -0000000)
P1DIR — — — |P1DIR4|P1DIR3|P1DIR2 |P1DIR1 [P1DIRO| (at reset: ---00000)

P3DIR P3DIR7|P3DIR6 [ P3DIR5 | P3DIR4 P3DIR3 |P3DIRZ | P3DIRT [P3DIRO| (at reset: 00000000)

P1OMD - - — |P14TCO(P13TCO|P12TCO |P11TCO [P10TCO| (at reset: 00000000)
POPLU — |POPLUG|POPLUS|POPLU4[POPLUS|POPLU2|POPLU1 [POPLUO| (at reset: -0000000)
P1PLU — — — [P1PLU4|P1PLU3|P1PLU2|P1PLU1 [P1PLUO| (at reset: ---00000)
P2PLU — — — |P2PLU4|P2PLU3|P2PLU2|P2PLU1 [P2PLUO| (at reset: ---00000)

P3PLU P3PLU7|P3PLUG[P3PLUS(P3PLU4|P3PLU3|P3PLU2|P3PLU1(P3PLUO| (at reset: 00000000)

Figure 3-2-1 Port Control Registers (1/3)
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P40OUT

P5OUT

PeOUT

P4IN

P5IN

P6IN

P4DIR

PSDIR

P6DIR

P4IMD

P4PLU

P5PLU

PePLU

Port Control Registers

7

6

5

4

3

2

1

0

P40UT7

P40UT6

P40UT5

P40UT4

P40UT3

P40UT2

P40UT1

P40UTO

P50UT4

P50UT3

P50UT2

P50UT1

P50UTO

PeOUT7

P60UT6

P60UTS

P60UT4

P60UT3

P60OUT2

P6OUT1

P60OUTO

P4IN7

P4IN6

P4IN5

P4IN4

P4IN3

P4IN2

P4IN1

P4INO

P5IN4

P5IN3

P5IN2

P5IN1

P5INO

P6IN7

P6IN6

PBINS

P6IN4

P6IN3

P6IN2

P6IN1

P6INO

P4DIR7

P4DIR6

P4DIR5

P4DIR4

P4DIR3

P4DIR2

P4DIR1

P4DIRO

P5DIR4

P5DIR3

P5DIR2

P5DIR1

P5DIRO

P6DIR7

P6DIR6

P6DIR5

P6DIR4

P6DIR3

P&DIR2

P6DIR1

P6DIRO

IRQ4SEL]

PAKYEN4

P4KYEN3

PAKYEN2

P4KYEN1

P4PLU7

P4PLU6

P4PLUS

P4PLU4

P4PLU3

P4PLU2

P4PLUT

P4PLUO

P5PLU4

P5PLU3

P5PLU2

PSPLU1

P5PLUO

PEPLU7Y

P6PLUG

P6PLUS

P6PLU4

P6PLU3

P6PLU2

P6PLU1

P6PLUO
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(at reset:
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(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:
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7 6 5 4 3 2 1 0

P7OUT  [P70UT7|P70UT6|P70UTS|P70UT4{P7OUT3|P7OUT2(P70UT1 |PTOUTO| (at reset: 00000000)

P8OUT  [P8OUT7|P8OUT6E|P8OUTS|PBOUT4{P8OUT3|PBOUT2(PBOUTI |PBOUTO| (at reset: 00000000)

P7IN P7IN7 | P7IN6 | P7IN5 | P7IN4 [ P7IN3 | P7IN2 [ P7IN1 | P7INO | (at reset: XXXXXXXX)
P8IN P8IN7 | P8ING [ P8IN5 [ P8IN4 [ P8IN3 | P8IN2 [ P8INT [ P8INO | (at reset: XXXXXXXX)
PAIN PAIN7 | PAING | PAIN5 [ PAIN4 | PAINS | PAIN2 | PAINT [ PAINO| (at reset: XXXXXXXX)

P7DIR  |P7DIR7 | P7DIR6 | P7DIRS | P7DIR4 | P7DIR3 | P7DIR2 [P7DIRT | P7DIRO| (at reset: 000ODDO0D)

P8DIR P8DIR7 | P8DIR6 | PBDIRS | P8DIR4 | P8DIR3 | P8DIR2 | PBDIR1 [PBDIR0 | (at reset: 00000000)

PAIMD  |PAAIN7 | PAAING | PAAINS [ PAAINA | PAAIN [ PAAINZ [PAAINT [PAAINO | (at reset: 00000000)

SYSMD  [SYSMD7|SYSMD6[SYSMDS[SY SMD4|SYSMD3|SYSMD2[SYSMD1|SYSMDO[ (at reset: 00000000)

P7PLUD [P7PLUD7|P7PLUDG| P7PLUDS|P7PLUD4(P7PLUD3|P7PLUD2 [P7PLUD1 |P7PLUDO| (at reset: 00D0D00D)

P8PLU P8PLU7|P8PLU6|PSPLUS|PSPLU4|PSPLU3|PSPLU2|PSPLU1(P8PLUO| (at reset: 00000000)

PAPLUD [PAPLUD7 |PAPLUDG|PAPLUDS|PAPLUD4(PAPLUD3|PAPLUD2 (PAPLUD1|PAPLUDO| (at reset: 00000000)

Figure 3-2-1 Port Control Registers (3/3)
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3-2-2 1/0 Port Control Registers

This section describes the special function registers that control the
MN101C01D's I/O ports.

W Data Registers
* PnOUT registers
Data registets to output to the ports.

Data written to these registers is output from the potts.

0] Low (Vss level) is output.

1 High (Vdd level) is output.

« PnIN registers (Read-only registers)
Data registers to input data from the ports.

The value of data at the pins can be input by reading these registers.

0 Pin is low.

1 Pin is high.

Input and output registers are mapped to separate addresses.
To use these ports for /O, configure them as I/O ports in the PnOMD/PnIMD registers,
described in this section.

M Direction Control Registers
* PnDIR registers

These registers set the pott for use as an input or output.

0 Input mode

1 Output mode

B Pull-up/Pull-down Resistor Gontrol Registers
« PnPLU registers

These register settings determine whether internal pull-up resistors are added to the ports.

0 No pull-up resistor
1 Pull-up resistor
« PnPLUD registers
Thesc register scttings determine whethet internal pull-up or pull-down resistors arc
added to the potts.
0 No pull-up resistor
1 Pull-up resistor
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B Synchronous Qutput Control Register

* SYSMD register
This register determines whether the port pins (P77~P70) are used as I/O ports or as
synchronous output pins.
If used as synchronous output pins, the P7DIR, P7PLUD, FLOAT1, and other registets

must be set.

0 1/O port

1 Synchronous output pin

H Port Output/Input Mode Registers

* PnOMD/PnIMD registers
These register settings detetmine whether the port pins are used as [/O ports or as special
function pins (dual function).
If the special (dual) functions used, the PnDIR, PnPLU, PnPLUD, and other registers

must be set.

0 /O port

1 Special function pin

H Key Interrupt Control Register

* PAIMD register
P4 pins can be selected in 2-bit units as key input pins. If even one of the selected ports
falls to a low level, a key input interrupt will be generated at that falling edge.

7 6 5 4 3 2 1 0

P4IMD ||RmSEL| - | - | - |P4KYEN4+Z’4KYEN3|P4KYEN2{P4KYEN1| (at reset: 0--0000)

P4KYEN1 P41, P40 key interupt selection

0 disable
1 enable

P4KYEN2 P42, P43 key intenupt selection

0 disable
1 enable

P4KYEN3 P44, P45 key interupt selection

0 disable
1 enable

P4KYEN4 P46, P47 key intenupt selection

0 disable
1 enable

IRQ4SEL IRQ intermupt source selection

0 external interrupt IRQ4
1 P4 key interrupt

Figure 3-2-2 Key Interrupt Control Register (P4IMD)

Chapter 3 Port Functions

Setting the PAIMD register
prevents unnecessary current
from flowing in a pin when an
infermediate voltage (analog
voltage) is applied to the pin.

Set the REDG4 flag (bit 5 of
the IRQ4ICR) to "0" (falling
edge) when P4 key interrupts
are to be used.
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P40

P41

P42

P43

P44

P45

P45

P47

X C

pos ||
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P4IMD

P4KYEN1

P4KYEN2

P4KYEN3

P4KYEN4

IRQ4SEL

Figure 3-2-3 Key Interrupt Control Block Diagram
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H Pin Control Registers

* FLOAT!1 registets
This register specifies whether the resistors attached to pins P7 and PA are pull-up
resistors or pull-down resistozs.

In addition, this register selects either zero cross input or Schmitt trigger input for pin

P21.
7 6 5 4 3 2 1 0
FLOAT1 | - | - | — | — | — | P21IM | PAHDWN| P7RDWN| (at reset: —--000)
P7RDWN P7 pq\l—up/pull—dlown
resistor selection
0 pull-up resistor
1 pull-down resistor
PARDWN PA pqll—up/pu\l—(:!own
resistor selection
0 pull-up resistor
1 pull-down resistor
P21IM P21 input mode selection
Q Schmitt trigger input
1 SENS input
Figure 3-2-4 Pin Control Register 1 (FLOAT1: X'03F4B', R/W)
* FLOAT? registets

This register selects the output event when P7 is used as a synchronous output.
External interrupts (IRQ2), timer 1 interrupts, timer 2 interrupts or timer 4 intetrupts can

be selected as the output event.

7 6 5 4 3 2 1 0

P7SVEV32

FLOAT2 ‘ - | - | - | — ‘ — ‘ - P7SYEVS1‘ (at reset: ------| 00)

P7 synchronous output
event selection

External interrupt IRQ2
Timer 4 interrupt

PTSYEVS2 | PFSYEVS!

Timer 2 interrupt
Timer 1 interrupt

el L=2 e K=

Figure 3-2-5 Pin Control Register 2 (FLOAT2: X'03F4C’, R/W)
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Pull-up resistor control

1/O direction control

Port output data

Port input data

Special function input data

Special function output control

Special function output data

58

3-3 1/0 Port Configuration and Functions

B P00,P02,P03,P05,P10~P14,P30,P32

"\J Reset
R
D Q 'l>c I
Write —L S L Read
Reset
i
R
o 1
2 Write —|L Read
E Q_ — ]
o
a Reset
R
D Q
W‘_—‘T(L AR
Schmitt trigger input
-1 e
\[\] ~J
’\, Read
P00 PO2 P03 P05 P10 P11 P12 P13 P14 P30 P32
Pull-up |Control bit| POPLUD | PCPLU2 | POPLUS | PUPLUS | PIPLUO | PIPLUI | PIPLU2 | PIPLL3 | PIPLU4 | P3PLUO | P3PLU2
resistor | Register POPLU PIPLU P3PLU
control |(address) (XU340) (X03H41) (XU3E43)
110 |Gonirol bit] PODIRO | PCDIR?2 | FODR3 | PODIRS | PIDIRO | PIDIRI | PIDIR2 | PIDIR3 | PIDIR4 | P3DIRO | P3DIR2
direction | Regjster TODR PIDR D3DIR
control |(address) (X'03F30") (X'03F31) (X'03F33")
Control bit] P00UT | PooUT2 | PooUT3 | PooUTS | P1oUTO | PLOUTI | PIOUT? [ PLOUTS [ P1OUT4 | P3OUTO | P3OUT2
Port Register POOUT P10UT P30UT
output  |(address) (X03F10Y) (X'03FL1) (X'03F13"
port | Control bir| POINO [ pom2 | o3 [ PoiNs | PimNo [ PINI [ PIN2 | PING | PuN4 | P3INO | P32
input Register POIN PIIN P3IN
(address) (XD3T209) (C03F21) (X03F23)
Output  |Control bit|SCOSBOM|SCOSBTM]SC1SBOM]SCISBTM [ | [ [ SC2SBOM]SC2SBTM
format | Regjster SCOMM3 SCIMDT SCOMTT
control | (address) (X03F53) (X03F58) (XD3F5B)
Sm‘f‘rp“m"a " |special function TMOTO | T™MITO | TM2I0 | T™M3I0 | TM4I0
Speciel | $hecal \poorrxy| se1o | sBol | sBT1 (oo sl esid ol fcioniSpeidoxion) 5oy | 5BT2
fzzft'zt“ Control bit] SC0sBOS | sCosBTS | sc1sBos [scispTm| Protco | piitco | prztco | p1atco | piatco | scaspos| scasars
Contr‘;l (1) | Register SCOMD3 SCIMDI PIOMD SCOMDI
(address) (XO3FS3) (X03E58) (X03R39) (X03FSB)
Spec‘?r‘ gumﬂﬁ‘“” Soecial function) RMOUT
Spedl Specal | spoomyn | —— | — | —— peiifode — | —
ﬁ;mzp Control bil] SOCMD | —— | —— | —— | RMOEN — | —
Register | SCOCTR RMCTR .
control 2) | (address) | (X03ESH) CX3E89)

#* The TMORM flag of the RMCTR register is used to switch between remote control cutput and timer output.

Figure 3-3-1 Configuration and Functions of P00, P02, P03, P05, P10~P14, P30, P32

1/O Port Configuration and Functions




W PO1,P04,P06,P31

Chapter 3 Port Functions

’\_, Reset
Pull-up resistor control Qf % I
Write —Li Read
Reset
] —
1/0 direction control Q I
Write —{L S /— Read
:;, Reset _|:|
o .
o R
Port output data Ql
Write —L_ S 7— Read
Schmitt trigger input
Port input data ﬁ <J
F\_, Read
Special function input data
PO1 P04 P06 P31
Pull-up Control bit POPLU1 POPLU4 POPLUG6 P3PLU1
resistor Register POPLU P3PLU
control (address) (X'03F40") (X'03F43")
. . Control bit PODIRIL | PODIR4 PODIR6 P3DIR1
I/O direction -
control Register PODIR P3DIR
(address) (X'03F30" (X'03F33")
Control bit POOUT1 | POOUT4 POOUT6 P30UT1
Port output | Register POOUT P3OUT
(address) (X'03F10") (X'03F13)
Cantrol bit POIN1 | POIN4 POING P3IN1
Portinput | Register POIN P3IN
(address) (X'03E20") (X'03H23")
Special function input| Special functionf  SBIO/RXD SBIL DK SBI2
Special Special functiony BUZZER
function Control bit BUZOE
output Register DLYCTR
control (1) (address) (X'03F03")

[Special function input|

Special functiony

Special  [Special function
f””?“°1“ Control bit
outpu Register

control (2) (adgress)

Figure 3-3-2 Configuration and Functions of P01, P04, P06, P31

I/O Port Configuration and Functions
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B PAO~PA7
,\_, Reset
.
R
Pull-up/pull-down resistor control ba DD—{
Write—Li Read
Reset
R
Pull-up/pull-down resistor selection a D q {>°
; Write—L_ Read X?
3 "
3
Read %
[a] 1
Port input data N \ I_
Helset
R
Input mode control D Q T
Write«lL_‘ Read
~J W] e
Analog input
PAO PA1 PA2 PA3 PA4 PA5 PA6 PA7
Pull-up | Control bit |PAPLUDO| PAPLUD! | PAPLUD2| PAPLUD3| PAPLUD4| PAPLUDS | PAPLUDS| PAPLLD7
resistor Register PAPL.UD
control | (address) (X'03F4A)
LFJ’lllilcli-gv% Control bit PARDWN
presistor Register FLOATI
control | (address) (X'03F4B)
input mode |control bi PAAIND| PAAIN1 | PAATN2 [ PAAIN3 | PAAIN4 [ PAAINS | PAAING | PAAINY
control Register PAIMD
(address) (X'03F3A)
Control bit | PAINO | PAINT | PAIN2 | PAINS | PAIN4 | PAINS [ PAING | PAINT
Portinput | Register PAIN
(address) (X'03F2A")
Spedd Bnefon Topecial function] ANO | AN1 [ AN2 | AN3 | AN4 | AN5 [ AN6 | AN7

Figure 3-3-3 Configuration and Functions of PAO~PA7
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B Pin Configuration for P20, P22~P24

Chapter 3 Port Functions

’\n
L |

Schmitt trigger input

< [

™, Reset
Pull-up resistor control DRQ
Write<‘\__‘ Read
E]
o
£
©
a
Port input data ﬂ
Read
N
Special function input data
P20 P22 P23 P24
Pull-up Control bit | P2PLUO | P2PLU2 | P2PLU3 | P2PLU4
resistor Register P2PL.U
control | (address) (x'03F42)
Control bit | P2IN0 | P2IN2 [ P2IN3 [ P2IN4
Port input | Register P2IN
] (address) (x'03F22)
Spec‘ﬁ‘]p.f“?cuon Interruptinput| TRQO | TRQ2 [ TRQ3 | TRQ4

Figure 3-3-4 Configuration and Functions of P20, P22~P24

I/O Port Configuration and Functions
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B P21
"\_’ Rfit
Pull-up resistor control DRQ Mo |
P | |
RHead —L_ Read
ﬁ Reset
L
% R
Special function input data =] DQ
Read —L_ E L Read
Port input data <
ort input da
s A
Special function input data Gg AC detection circuit
— !
~
Schmitt trigger input
P21
Pull-up Control bit P2PLU1
resistor Register P2PLU
control | (address) (x'03F42")
Control bit P2IN1
Portinput | Register P2IN
(address) (x'03F22"
Special | Special function SENS
function | Cantrol bit P2IT™M
"I‘F’UF Register FLOATI
selection | (address) (x03F4B")

1/O Port Configuration and Functions

62

Figure 3-3-5 Configuration and Functions of P21
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P27
M\
Schmitt trigger input 7;;
w Reset signal input < .
2
% Reset
° S Mo |
Port output data D Q 1.7 |
Write L
~NJ
P27
Special input RST
Bpecial function Soft reset output
Special -
function | Control bit P20UT7
output Register r2our
(address) (x'03F12")

Figure 3-3-6 Configuration and Functions of P27

T/O Port Configuration and Functions 63
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Expansion address signal

External expansion control

Pull-up/pull-down resistor control

Pull-up/pull-down resistor selection

I/O direction control

Port output data

Synchronous output control

Partingut data

64

B P70~P77
Reset
R
R
D Qf | ):
Write —{L Read
Reset
A
No
D Q 1
Wrne—L_ Read
st_et
%)
2 : munlDes
Q
d Write —{L Read
ol ]

R
D O

Write —[L i —

Read
1
f\-' Read Synchronous autpul event
P70 | P71 | P72 | P78 | P74 | P75 | P76 | P77
Pul-up/ | Gonlrol bit_| P7PLUDO| P7PLUDI | P7PLUD2 | PTPLUD3| PTPLUD4| PTPLUDS | PTPLUDS | PTPLUDT
pull-down | Register P7PLUD
resistor contro {address) (X'03F47")
Pulup/ | Control bit PTRDWN
p.“:"do""“ | Register FLOATI1
resistor contro {address) (X'03F4B")
/O direction—control bit P7DIR0 | PTDIR1 | PTDIR2 [ PTDIR3 | PTDIR4 | PTDIRS [PTDIRG [PTDIRT
control Register P7DIR
(address) (X'03F37)
Control bit | P7IN0 | P7INIL | PNz | p7iN3 | p7ivg [ p7Ns | P76 | P7INT
Port input Register P7IN
(address) (X'03F27")
Control bit_| P7oUt0[ P7OUT1] PTOUTZ | PIOUT3] PTOU LA PTOUTS [ PTOLTS | PTOULT
Port output [ Register P70UT
(address) (X'03F17"
Special Special function PORT/Synchronous output
funclion | Conirol bi SYSMDO] SYSMDI1[SYSMD2[SYSMD3[SYSMD4|SYSMD5[SYSMD6[SYSMD7
Com% (1) | Register SYSMD
(address) (X'03F1F")
Special Igpecialfunction] a8 | a9 | at0o | a1t [ a2 [ a13 | a4 | Al5
function
output i .
conirol (2) Control bit MMOD pin

1/O Port Configuration and Functions

Figure 3-3-7 Configuration and Functions of P70~P77



W P33,P35,P36,P40~P47

Chapter 3 Port Functions

’\_, Reset
‘ Mo |
Pull-up resistor control D q P |
Write—L_ Read
Reset
] —
/O direction control DQ I
” Write —{L Read
2 — —_]
o Reset
o
[a]
Port output data D a
Write—L_ Read
Schmitt trigger input
. e 1
Port input data \[\] ~
,\/ Read
Special function input data
P33 P35 | P36 P40 P41 P42 P43 | P44 | P45 P46 | P47
Pull-up | Control bit | P3PLU3 | P3PLUS | P3PLUS6 | PAPLUO | PAPLUL | PAPLUZ2 | PAPLU3 | PAPLU4 | PAPLUS | PAPLUG | PAPLU7
resistor Register P3PLU P4PLU
control | (address) (x'03F43") (X'03F44")
10 Gontrol bit | P3DIR3 | P3DIRS | P3DIRG | P4DIRO [ PADIRT | PADIR2 [ PADIR3 [ PADIR4 | PADIRS | PADIRG | PADIRY
direction Register P3DIR PADIR
control | (address) (x'03F33) (X'03F34)
Control bit | P3oUT3| P30UTS | P30UTS| P4OUTO] P4OUTL | P4OUT2] PAOUT3 | PAOUT4 | PAOUTS [ P4OUT6 | P4OUTT
Port output | Register P30UT P40UT
(address) (x'03F13) (X'03T14))
Control bit | P3IN3 | P3IN5 | P3IN6 [ paiNo | P4iNL | p4iN2 | paiNg | paiNa | paiNs | paiNe | painy
Portinput | Register P3N P4IN
(address) (x'03F23" (X'03F24")
Specigl funclion | gpgialfunction| BR | LDDMA | STDMA | KEYO | KEYL | KEY2 | KEY3 | KEY4 | KEY5 | KEY6 | KEY7
Special Special function Key interrupt/IRQ4
function Control bit IRQ4SEL
outtpllﬂ 1 Register P4IMD
control (1) | (address) (x'03E3C)
Specia| Spedial function _ Spcclsbfll%%cuon/ Speclslofl%r_i_cuon/ Spcc]lggll%%cuon/ Speclsglg%cnon/
function Control bit — P4KYEN1 PAKYEN2 P4KYEN3 PAKYEN4
output Regi
gister _ PAIMD
control (2) | (address) (x'03F3C)

Figure 3-3-8 Configuration and Functions of P33, P35, P36, P40~P47

T/O Port Configuration and Functions
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W P34,P37,P50~P54,P60~P67,P80~P87

’-\’ Reset
]
Pull-up resistor control D Q > I
Write L_ S ; Read
Reset
] —
1/0 direction control D Q I
@ Write —L Read
E | JY
% Reset ﬂ
o i
Port output data DRG %
Write—L_ Read Mt
Schmitt trigger input (P34, P37)
Port input data \/][\‘ <Il
’-\., Read
Special function input data
Special function outpu: control
Special function output data
P34 P37 P50 P51 P52 P53 P54
Pull-up Control bit | P3PLU4 [ P3PLU7 | PSPLUO | PSPLU1 | P5PLU2 | PSPLU3 | PSPLU4
resistor Register P3PLU P5PLU
control (address) (x'03F43) (x'03F45")
1o Control bit | P3DIR4 | P3DIR7 | P5DIR0 | PSDIR1 | PSDIR2 | PSDIR3 | PSDIR4
direction Register P3DIR P5DIR
control (address) (x'03F33) (x'03F35")
Control bit_|P3OUT4 [P30UT7 | PSOUTO[ PSOUT1 | PSOUT2 [ PSOUT3 [ PSOUT4
Port output ™ Register P30UT P50UT
(address) (x'03F13") (x'03F15"
Controlbit | P3IN4 | P3IN7 | PSINo | PSINI | PSIN2 | PSIN3 | PSINd
Port input Register P3IN P5IN
(address) (x'03F23") (x'031725")
aﬁ‘éﬁi;'] Specialfuncion]| BG [DRKDMA] WL | RE | TS | Al6 [ Al7
output Control bit MMOD pin
control

66
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Figure 3-3-9 Configuration and Functions of P34, P37, P50~P54




P60 P61 P62 P63 P64 P65 P66 P67

Pulup | Controlbit | PGPLLO | P6PLUL | PGPLU2 | PGPLU3 | PAPLU4 | P6PLUS | P6PLUS | PGPLUT
resistor Register P6PLU
control (address) (x'03F46")
110 Control bit | P6DIR0| P6DIRI | P6DIR2 | P6DIR3 | P6DIR4 | P6DIRS [P6DIR6 [P6DIRT
direction Register P6DIR
control | (address) (X'03F36")
Controlbit_|P60OUT({P6OUT1[P6OUT2[ P6OUT3] P6OUT4[P6OUT5[P6OUTE[P6OUTT
Port output | Register P60OUT
(address) (x'03F16")
Control bit | P6INO | P6INT | P6IN2 | P6IN3 | P6IN4 | P6IN5 | P6ING | P6IN7
Portinput | Register P6IN
(address) (x'03F26")
Special Ispecialfuncion] A0 | Al [ A2 [ A3 | a4 | A5 | A6 | A7
function
output Control bit MMOD pin
control
Figure 3-3-10 Configuration and Functions of P60~67
Pgo | P81 | Pe2 | Pe3 | Pa4 | Pss | Pse | Ps7
Pullup | Controlbit | PSPLUG | PSPLU1 | PSPLU2 | PSPLU3 | PSPLU4| PSPLUS | PSPLUG | PSPLU7
resistor Register PSPLU
control | (address) (x'03F48")
10 Gontrol bit | psDIR0 | P3DIRI | PSDIR2 | P8DIR3 | PSDIR4 | PSDIRS [PSDIR6 |PSDIRT
direction Register P8DIR
control (address) (x'03F38")
Gontrol bit [P8OUTO[PSOUT1[PSOUT2]PROUT3|PSOUT4|PSOUT5[PROUTS[PROUTT
Port output | Register PROUT
(address) (x'03F18")
Control bit | P8INO | P8INT | P8IN2 | PSIN3 | P8IN4 | P8IN5 | P8IN6 | P8IN7
Portinput | Register PSIN
(address) (x'03K28")
Special Igpecialfuncion]| D0 | D1 [ D2 | D3 | D4 | D5 [ D6 | D7
function
output Control bit MMOD pin
control
Figure 3-3-11 Configuration and Functions of P80~P87

Chapter 3 Port Functions
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Chapter 4 Timer Functions

4-1 Overview

The MN101C01D contains five 8-bit timers, one 16-bit timer, a watchdog
timer, a time base timer, and circuits for remote control output and buzzer
output.

Table 4-1-1 Summary of Timer Functions

Timer 0 | Timer 1 | Timer2 | Timer3 | Timer 4 | Timer 5

@bty | (8bity | (8-bit) | (8bit) | (16-bit) | (8-bity | MO

Interrupt TMOIRQ | TM1IRQ | TM2IRQ | TM3IRQ | TM4IRQ | TM5IRQ | TBIRQ

Timer operation v v v v v v v
Event counter v v v v 4 - -
Timer pulse output v v v v v — -
Serial v _ _ v _ — -
transmission clock| (SIF2) (SIFO0,1)
Synchronous output o o o o
timing generation v v v
PWM output v — v - v - -
Cascade
connection 4 v T T T
Capture function — — — — v — —
0 fosc fs/16 fs fosc fosc fosc fosc
Clock 1 fs fs/64 fs/4 fs/4 fs/4 fs/4 fx
Source | 2 | fs/4 fx x fs/16 fs/16 fx
3 |TMOIQ input | TMIO input | TM2IO input | TM3IO input | TM4IO input | fosc,ix/2'

Remote Remote Pulse Not
Other control control added |possible to
lcarrier pulse camer pulse|  type  [temporarily
generation generation | PWM halt BC

70 Overview
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4-2 8-bit Timer Operation (timers 0, 1)

4-2-1 Overview

Functions for timers 0 and 1 are listed below.

Table 4-2-1 Summary of 8-bit Timer Functions

Timer 0 | Timer 1
(8-bit) (8-bit)

Interrupt TMOIRQ | TM1IRQ

Timer operation v v

Event counter v v

Timer pulse output| v v
Serlal v

transmission clock| (SIF2)

Synchronous output
timing generation

PWM output v —

Cascade
connection

Remote control
carrier pulse v —
generation

8-bit Timer Operation (timers O, 1) 77
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4-2-2 Operation

B Timer Operation (timers 0, 1)

When servicing an interiupt, reset Settings for timer operation are listed below. Timer 0 is used as an example.

the timer 0 interrupt request flag

before starting timer 0. (1) Set the TMOEN flag of the timer 0 mode register ('MOMD) to "0" to stop the count
During a count operation, be operation of timer 0.

careful if the value set in TMOOC (2)  Set the TMOCK2~0 flags of the TMOMD register to select fosc, fs, or fs/4 as the clock

is smaller than the value of binary
counter 0, since the count-up
operation will continve until
overflow occurs. is selected.

4) Set a value in compare register 0 (TMOOC).

(5)  Setthe TMOEN flag of the TMOMD register to "1" to start the timer.

(6) When timer 0 begins operation, binary counter 0 (TMOBC) will count upward from

X'00'.
(7)  When the value of binary counter 0 matches that of the TMOOC register, the timer 0

source.
3 Set the TMOPWM [lag of the TMOMD register Lo "0" so that normal timer operation

interrupt request flag is set, and the binary counter is reset to X'00" and begins to count

upward again.

Clock

TMOEN

W:rite to TMO@OC register

Binary o4 !} 05 ! ‘06 A o7 Y o8 i o0s © Yoo
counter O | y : . .

Figure 4-2-1 Binary Counter 0 (TMOBC) Count Timing

If the TMOEN flag of TMOMD register is changed simultaneously with

other bits, the switching operation may cause binary counter 0 to be
incremented.

If the value of TMOOC register is overwritten while timer 0 has
stopped counting, binary counter 0 will be reset to X'00".

=

78 8-bit Timer Operation (timers 0, 1)



H Lvent Count I'unction (timers 0, 1)
Settings for the event count function are listed below. Timer 0 is used as an example.

)] Set the TMOEN flag of the timer 0 mode register (TMOMD) to "0" to stop the count
operation of timer 0.

2) Use the TMOCK2~0 flags of the TMOMD register to select TMOIO input or synchronous
TMOIO input as the clock source.

3) Set the TMOPWM flag of the TMOMD register to "0" so that normal timer operation is
selected.

4) Set a value in compare register 0 (TMOOC).

®) Set the TMOEN flag of the TMOMD register to "1" to start the timer.

(6)  When timer 0 begins operation, binary counter 0 will count upward from X'00'.

) When the value of binary counter O matches that of the TMOOC registet, the timer 0
interrupt request flag is set, and the binary counter 0 is reset to X'00" and begins to count

upward again.

When synchronous TMOIO is selected, the timer 0 clock source is synchronized with the system
clock after a transition of the TMOIO input signal. Binary counter 0 counts upward based on a
signal synchronized to the system clock. Therefore, correct values can be read from binary

counter (.

Figure 4-2-2 Timer 0 Event Counter Timing (when synchronous TMOIO

CPU system clock
(fs)

TMOIO input

Synchronous
circuit output

Binary counter >< n >< n+1

input is selected)

Chapter 4 Timer Functions

If TMOIO input is selected as the
clock source and the value of
binary counter 0 is to be read
during  operation,  select
synchronotis TM0IO input to avoid
reading data that may be
incomplete during count-up
transitions. However, with
synchronous TMOIO input, it is not
possible to return  from
STOF/HALT modes.

8-bit Timer Operation (timers O, 1) 79
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The period of a signal output fo
the port is 1/2 of the period sef in
the TMOOC register.

If port 1 is fo be used as a pulse
output pin, it is necessary fo set
the port 1 output direction controf
register (P1DIR) and the port 1
pull-up/pull-down resistor control
register (P1PLU).

Binary counter

TMOIO output

80 8-bit Timer Operation (timers 0, 1)

B Timer Pulse Output Function (timers 0, 1)

Settings for the timer pulse output function are listed below. Timer O is used as an

example.

€8 Set the TMOEN tlag of the timer 0 mode register ('MOMD) to "0" to stop the count
operation of timer 0.

@ Set bit 0 of the port 1 output/input mode register (PLOMD) to "1" to set the special
function pin. Bit O of port 1 will be the pulse output pin.

3) Set the TMOCK2~0 flags of the TMOMD register to select fosc, fs, or fs/4 as the
clock source.

(@) Set the TMOPWM flag of the TMOMD register to "0" so that normal timer operation
is sclected.

[8)] Set a value in compare register 0 (TMOOC).

(6)  Set the TMOEN flag of the TMOMD register to "1" to start the timer.

(7)  When timer 0 begins operation, binary counter 0 will count upward from X'00'.

8) When the value of binary counter 0 matches that of the TMOOC register, the timer 0

interrupt request [lag is set, and the binary counter 0 is reset to X'00" and begins to

count upward again.

Matches TMOOC register

Figure 4-2-3 Timer Pulse Output Timing



B Synchronous Output Timing Generation [function (timer 1)

Settings for the synchronous output timing generation function are listed below.
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Sct the TMI1EN flag of the timer 1 mode register (TM1MD) to "0" so that the count
operation of timer 1 is stopped.

Set the P7TSYEVS2 and P7SYEVSI1 flags of pin control register 2 (FLOAT?2) to
select timer 1 interrupts.

Set the synchronous output control register (SYSMD) to configure pott 7 bits for use
as synchronous output pins.

Set the TM1CK2~0 flags of the TMIMD register to select fs/16, fs/64, fx or
synchronous fx as the clock source.

Set the TM1PWM flag of the TM1MD register to "0" so that normal timer operation
is selected.

Set a value in compare register 1 (TM10C).

Set the TM1LEN flag of the TM1MD register to "1" to start the timer.

When timer 1 begins operation, binary counter 1 will count upward from X'00".
When the valuc of binary counter 1 matches that of the TM10C register, the timer 1
interrupt request flag is set, binary counter 1 is reset to X'00' and begins to count
upward again.

At the timing when the value of binary counter 1 matches that of the TM10C

register, the values at pott 7 synchronous output pins will change.

Chapter 4 Timer Functions

8-bit Timer Operation (timers O, 1)
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If the TMIPWM flag of the
TM1MD register is sef to "1" and
fimer 0 PWM ouiput is selected,
the PWM output of timer 0 will
also be oufput from the TM110

pin.

If port 1 is fo be used as a PWM
output pin, the P1DIR and P1PLU
registers must be set.

82 8-bit Timer Operation (timers 0, 1)

B PWM Output I'unction (Timer 0)

Settings for the PWM output function are listed below.

() Sct the TMOEN flag of the timer 0 mode register (TMOMD) to "0" to stop the count
operation of timer 0.

2 Set bit 0 of the port 1 output/input mode register (PLOMD) to the special function
pin setting. Bit 0 of port 1 will be the PWM output pin.

(3) Set the TMOCK2~0 flags of the TMOMD register to select fosc, fs, or fs/4 as the
clock source. The period ol the output wavelorm is determined based on the clock
source.

(€Y) Set the TMOPWM flag of the TMOMD register to "1" so that PWM operation is
selected.

®) Set a value in compare register 0 (TMOOC). The high interval of the output
waveform is determined based on the value of the TMOOC compare register.

(6)  Setthe TMOLN flag of the TMOMD register to "1" to start the timer.

(7)  When timer 0 begins operation, binary counter 0 will count upward from X'00'.

(8) A high-level signal is output from the port beginning when binary counter 0 starts
counting at X'00" and ending when the value of binary counter 0 matches the value
set in the TMOOC register.

(C)) ‘When the value of binary counter ) matches that of the TMOOC register, a low-level
signal is output from the pott.

(10)  Binary counter 0 continues to count upward until X'FF' is reached. At the next count-
up cycle, the value of binary counter 0 is reset to X'00', a high-level signal is output
from the port, and counting begins again.

/Overflow
Matches TMOOC
register
Binary
counter 0

PWM output

|-

Time specified by TMOOC register
|-

Time until binary counter O reaches X'FF'

Figure 4-2-4 PWM Output Timing
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PWM output

Figure 4-2-5 PWM Output Timing (when TMOOC register is X'00')

Matches TMOOC register
Overflow
/

Binary
counter 0

PWM output L L L

Figure 4-2-6 PWM Output Timing (when TMOOC register is X'FF')
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The serial interface clock source
has a frequency that is 1/2 of the
overflow oufput of timer 0.

See chapter 5 for serial interface
settings, refer fo the chapter on
serial functions.

Disable the timer 0 inferrupt.

84 8-bit Timer Operation (timers 0, 1)

W Serial Transfer Clock Function (timer 0)

Settings for the serial transfer clock function are listed below.
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Set the TMOEN flag of the timer 0 mode register (TMOMD) to "0" to stop the count
operation of timer (.

Set the SC2CK1 and SC2CKO tlags of the serial interface 2 mode register 1
(SC2MD1) to select 1/2 of the timer 0 overflow frequency as the clock source.

Set the TMOCK2~0 flags of the TMOMD register to select fosc, fs, or fs/4 as the
clock source.

Set the TMOPWM flag of the TMOMD register to "0" to select normal timer
operation.

Set a value in compare register 0 (TMOOC).

Set the TMOEN flag of the TMOMD register to "1" to start the timer.

When timer () begins operation, binaty counter () counts upward from X'00".

When the value of binary counter 0 matches that of the TMOOC register, the timer 0
interrupt request flag is set, the value of binary counter 0 is reset to X'00", and

counting begins again.

B Cascade Connection Function (timer O + timer 1)

Settings for the cascade connection function are listed below. Timer 0 and timer 1

are connected to operate as a 16-bit timer. Output from the timer is also possible.
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(10)

Set the TMOEN flag of the timer 0 mode register (TMOMD) to "0" to stop the count
operation of timer 0.

Set the TMI1EN flag of the timer 1 mode register (TM1IMD) to "0" to stop the count
operation of timer 1.

Set the TMOCK2~0 flags of the TMOMD register to select fosc, fs, or fs/4 as the
clock source.

Use the TM1CK2~0 flags of the TM1MD register to set the clock source as a
cascaded connection with timer 0.

Set the TMOPWM flag of the TMOMD register to "0" to select normal timer
operation.

Set values in compare register 0 (TM0OOC) and compare register 1 (TM10C).

Set the TMOEN [lag of the TMOMD register to "1" to star the timer 0.

Set the TM1EN flag of the TM1MD register to "1" to start the timer 1.

When timers 0 and 1 begin operation, the binary counters begin counting upward
from X'0000' as a 16-bit counter.

When the value of the 16-bit binary counter matches that of the 16-bit compare
register (TMOOC+TMI1OC), the timer | intetrupt request flag is set, the value of the

16-bit binary counter is reset to X'0000", and counting begins again.

Use a 16-bit access instruction to set the (TM10C+TM0OC)
register.
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4-3 8-bit Timer Operation (timers 2, 3)

4-3-1 Overview

Functions for timers 2 and 3 are listed below.

Table 4-3-1 Summary of 8-bit Timer Functions

Timer 2 | Timer 3
(8-bit) (8-bit)

Interrupt TM2IRQ | TM3IRQ

Timer operation v v
Event counter v v
Timer pulse output| ¢ v
Serial _ v
fransmission clock (SIF0,1)

Synchronous output
timing generation

PWM output v -

Cascade
connection

Remote control
carrier pulse — v
generation
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When servicing an interrupf, reset
the timer 2 interrupt request flag
before starting fimer 2.

During a count operation, be careful
if the value set in TM2OC is smaller
than the value of binary counter 2,
since the count-up operation will
continue until overflow occurs.

If fx is to be selected as the clock
source and the value of binary
counter 2 is to be read during
operation, select synchronized fx in
order to avoid reading data that
may be incomplete during couni-up
fransitions.  However, with
synchronized fx, it is not possible to
refurn from STOP/HALT modes.

Clock

TM2EN

Binary

counter 2

4-3-2 Operation

B Timer Operation (timers 2, 3)
Settings for timer operation are listed below. Timer 2 is used as an example.

() Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count
operation of timer 2.

2) Sct the TM2CK2~0 flags of the TM2MD register to sclect fs, fs/4, fx, or
synchronized fx as the clock source.

3 Set the TM2PWM flag of the TM2MD tegister to "0" so that normal timer operation
is selected.

(@] Set a value in compare register 2 (1M20C).

(5)  Setthe TM2EN flag of the TM2MD register to "1" to start the timer.

6) When timer 2 begins operation, binary counter 2 (TM2BC) will count upward from
X'00'.

(7)  When the value of binary counter 2 matches that of the TM20C register, the timer 2
interrupt request flag is set, and the binary counter 2 is reset to X'00" and begins to

count upward again.

W:rite to TM2:OC register

04 05 ;06 07 08
Figure 4-3-1 Binary Counter 2 (TM2BC) Count Timing
——— li the TM2EN flag of TM2MD register is changed simultaneously with
©

other bits, the switching operation may cause binary counter 2 to be
incremented.

If the value of TM20OC register is overwritten while timer 2 has
stopped counting, binary counter 2 will be reset to X'00',
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B Event Count Function (timers 2, 3)

Settings for the event count function are listed below. Timer 2 is used as an example.

Y
@
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6
0

Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count
operation of timer 2.

Use the TM2CK2~0 flags of the TM2MD register to select TM2IO input or synchronous
TM2IO input as the clock source.

Set the TM2PWM flag of the TM2MD register to "0" so that normal timer opcration is
selected.

Set a value in compare register 2 (TM20C).

Set the TM2EN flag of the TM2MD tegister to "1" to start the timer.

When timer 2 begins operation, binary counter 2 will count upward from X'00".

When the value of binary counter 2 matches that of the TM20C register, the timer 2
interrupt request flag is set, and the binary counter 2 is reset to X'00" and begins to count

upward again.

When synchronized TM2IO is selected, the timer 2 clock source is synchronized with the system

clock after a transition of the TM2IO input signal. Binary counter 2 counts upward based on a

signal synchronized to the system clock. Therefore, correct values can be read from binary

counter 2.

CPU system clock

Figure 4-2-2 Timer 2 Event Counter Timing (when synchronous TM210

(fs) J

TM2IO input

Synchronous
circuit output

Chapter 4 Timer Functions

If TM2IO input is selected as the
clock source and the value of
binary counter 2 is fo be read
during  operation,  select
synchronized TM210 input to
avoid reading data that may be
incomplete during count-up
transitions. However, with
synchronized TM2IO input, it is
not possible to return from
STOP/HALT modes.

Binary counter >< n >< n+1

input is selected)
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The period of a signal output fo
the port is 1/2 of the period sef in
the TM20C register.

If port 1 is to be used as a pulse
output pin, it is necessary to set
the port 1 oufput direction control
register (P1DIR) and the port 1
pull-up/puil-down resistor control
register (P1PLU).

B Timer Pulse Output Function (timers 2, 3)

Settings for the timer pulse output function are listed below. Timer 2 is used as an

example.

n Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count
operation of timer 2.

(2) Set bit 2 of the port 1 output/input mode register (PIOMD) to "1" to set the special
function pin. Bit 2 of port 1 will be specified as the pulse output pin.

(3) Sct the TM2CK2~0 flags of the TM2MD register to sclect fs, fs/4, fx, or
synchronized fx as the clock source.

(4) Set the TM2PWM flag of the TM2MD register to "0" so that normal timer opcration
is selected.

5 Set a value in compare register 2 (TM20C).

6) Set the TM2EN flag of the TM2MD register to "1" to start the timer.

@) When timer 2 begins opetation, binary counter 2 will count upward from X'00'.

(8) When the value of binary counter 2 matches that ol the TM20C register, the timer 2

Binary counte

TM20OUT

88 8-bit Timer Opcration (timcrs 2, 3)

interrupt request flag is set, and the binary counter 2 is reset to X'00" and begins to

count upward again.

Matches compare register

Figure 4-3-3 Timer Pulse Output Timing



B Synchronous Output Timing Generation [function (timer 2)

Settings for the synchronous output timing generation function are listed below.
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(10)

Port 7 output latch data

Binary counter

Port 7 synchronous output

Sct the TM2EN flag of the timer 2 mode register (TM2MD) to "0" so that the count
operation of timer 2 is stopped.

Set the P7TSYEVS2 and P7SYEVSI flags of pin control register 2 (FLOAT2) to select
timer 2 interrupts.

Set the synchronous output control register (SYSMD) to configure port 7 bits for use
as synchronous output pins.

Set the TM2CK2~0 flags of the TM2MD register to select fs, fs/4, fx or synchronous
fx as the clock source.

Set the TM2PWM flag of the TM2MD register to "0" so that normal timer operation
is selected.

Set a value in compare register 2 (TM20C).

Set the TM2LEN flag of the TM2MD register to "1" to start the timer.

When timer 2 begins operation, binary counter 2 will count upward from X'00'".

When the valuc of binary counter 2 matches that of the TM20C rcgister, the timer 2
interrupt request flag is set, binary counter 2 is reset to X'00' and begins to count
upward again.

At the timing when the value of hinary counter 2 matches that of the TM20C register,

the values at port 7 synchronous output pins will change.

/Matches compare register

Chapter 4 Timer Functions

If port 7 pins are fo be used as
puise output pins, it is necessary
fo set the P7DIR register and the
P7PLUD register.

Figure 4-3-4 Port 7 Synchronous Output Timing
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If the TM3PWM flag of the
TM3MD register is sef to "1" and
timer 2 PWM oulput is selected,
the PWM output of timer 2 will
also be oulput from the TM310

pin.

It port 1 is to be used as a PWM
output pin, the P1DIR and P1PLU
registers must be set.

90 8-bit Timer Operation (timers 2, 3)

B PWM Output Function (Timer 2)

Settings for the PWM output function are listed below.

D Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count
operation of timer (.

(3] Set bit 2 of the port 1 output/input mode register (PLOMD) to the special function
pin setting. Bit 2 of port 1 will be specilied as the PWM output pin.

3 Set the TM2CK2~0 flags of the TM2MD register to select fs, fs/4, fx, ot
synchronous fx as the clock source. The petiod of the output waveform is determined
based on the clock source.

4 Set the TM2PWM flag of the TM2MD register to "1" so that PWM operation is
selected.

5) Set a value in compare register 2 (TM20C). The high intetval of the output waveform
is determined based on the value of the TM20OC compare register.

6) Sct the TM2EN flag of the TM2MD register to "1" to start the timer.

(7)  When timer 2 begins operation, binary counter 2 will count upward from X'00'.

©) A high-level signal is output from the port beginning when binary counter 2 starts
counting at X'00" and ending when the value of binary counter 2 matches the value set
in the TM20C registet.

©)] When the value of binary counter 2 matches that of the TM20C register, a low-level
signal is output from the port.

(10)  Binary counter 2 continues to count upward until X'FF' is reached. At the next count-
up cycle, the value of binary counter 2 is reset to X'00', a high-level signal is output
from the port, and counting begins again.

Matches TM20OC
register

Binary

counter 2

PWM output

|-

Time specified by TM20C register
I

Time until binary counter 2 reaches X'FF'

Figure 4-3-5 PWM Output Timing
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Clock _‘

PWM output

Figure 4-3-6 PWM Output Timing (when TM2OC register is X'00")

Matches TM2OC register
Overflow
r/ ~

Binary
counter 2

PWM output L L L

Figure 4-3-7 PWM Output Timing (when TM20C register is X'FF')
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The clock source for the serial
interface has a frequency that is
1/2 of the overflow oufput of timer
3.

For serial interface settings, refer
fo the chapter on serial functions.

Disable the timer 2 inferrupt.

B Scrial Transfer Clock Function (timer 3)

Settings for the serial transfer clock function are listed below.

@) Set the TM3EN flag of the timer 3 mode register (TM3MD) to "0" to stop the count
operation of timer 3.

2) Set the SCOCK1 and SCOCKO flags of the serial interface 0 mode register 1
(SCOMD1) o select 1/2 of the timer 3 overllow [requency as the clock source.

3) Set the TM3CK2~0 flags of the TM3MD register to select fosc, fs, fs/4, or £s/16 as the
clock source.

(€3] Set the TM3PWM flag of the TM3MD register to "0" to select timer 3 output.

5 Set a value in compare register 3 (TM30C).

©) Set the TM3EN flag of the TM3MD register to "1" to start the timer.

(7)  When timer 3 begins operation, binary countet 3 counts upward from X'00'.

®) When the value of binary counter 3 matches that of the TM30C register, the timer 3
intcrrupt request flag is sct, the valuc of binary counter 3 is resct to X'00', and counting

begins again.

B Cascade Connection Function (timer 2 + timer 3)

Settings for the cascade connection function are listed below. Timer 2 and timer 3 are

connected to operate as a 16-bit timer.

€8] Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count
operation ol timer 2.

) Set the ITM3EN flag of the timer 3 mode register ('M3MD) to "0" to stop the count
operation of timer 3.

3) Set the TM2CK2~0 flags of the TM2MD register to select fs, fs/4, fx, or synchronized fx
as the clock source.

(€3] Use the TM3CK2~0 flags of the TM3MD register to set the clock source as a cascade
connection with timer 2.

® Set the TM2PWM flag of the TM2MD register to "0" to select normal timet operation.

©) Set values in compare register 2 (TM20C) and compare registet 3 (TM30C).

) Set the TM2EN flag of the TM2MD register to "1" to start the timer.

®) Sct the TM3EN flag of the TM3MD register to "1" to start the timer.

© When timers 2 and 3 begin operation, the binary counters begin counting upward
from X'0000" as a 16-bit countet.

(10)  When the value of the 16-bit binary counter matches that of the 16-bit register
(TM30C+TM20C), the timer 3 interrupt request flag is set, the value of the 16-bit

binary counter is reset to X'0000', and counting begins again.

Use a 16-bit access instruction to set the (TM30C+TM20C) register.
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4-4 16-bit Timer Operation (timer 4)

4-4-1 QOverview

Timer 4 is a 16-bit programmable counter that can be used as an event counter.
A signal with a frequency of 1/2 of the timer 4 overflow signal can be output from the
TM4IO pin. An input capture function and pulse added type PWM output function

can also be used.

4-4-2 Operation

B Timer Operation

Settings for timer operation are listed below.

M
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Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count
operation of timer 4.

Set the TM4CK2~0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the
clock source.

Set the TM4APWM flag of the TM4MD register to "0" to select 16-bit timer opetation.
Set a value in compare register 4 (TM40OCH, TM4OCL).

Sct the TM4EN flag of the TM4MD register to "1" to start the timer.

‘When timer 4 begins operation, binary counter 4 counts upward from X'0000".

When the value of binary counter 4 matches that of the TM4OCH and TM40OCL
registers, the timer 4 interrupt request flag is set, the value of binary counter 4 is reset

to X'0000', and counting begins again.

Chapter 4 Timer Functions

When servicing an inferrupt, reset
the timer 4 interrupt request flag
before operating timer 4.

During a count operation, be
careful if the value sef in TMAOCH
and TM4OCL is smaller than the
value of binary counter 4, since
the count-up operation will
continue until overflow occurs.

16-bit Timer Operation (timer 4) 03
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Clock

TM4EN

Writé to registe?rs
TM4OCH, TMAOCL

\f ) ! ) ) ) ! !
Binary 04 05 106 ; 07 0 09 00
counter 4 . \ ; . . .

Figure 4-4-1 Binary Counter 4 (TM4BC) Count Timing

If the TM4EN flag of the TM4MD register is changed simultaneously

©
“ with other bits, the switching operation may cause binary counter 4
\—— to be incremented.

If the value of the TM40CH, TM4OCL register is overwritten while

©
“ timer 4 has stopped counting, binary counter 4 will be reset to
—— X'0000".
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B Event Count Function

Settings for the event count function are listed below.
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Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count
operation of timer 4.

Use the TM4CK2~0 flags of the TM4MD register to select TM41O input or
synchronized TM4IO input as the clock source.

Sct the TM4PWM flag of the TM4AMD register to "0" so that 16-bit timer operation
is selected.

Set a value in compare register 4 (TM40OCH, TM4OCL).

Set the TM4EN flag of the TM4MD register to "1" to start the timer.

When timer 4 begins operation, binary countet 4 will count upward from X'0000".
When the value of binary counter 4 matches that of the TM4OCH and TM40CI.
registers, the timer 4 interrupt request flag is set, and the binary counter is reset to

X'0000" and begins to count upward again.

When synchronized TMA4IO is selected, the timer 4 clock source is synchronized with the system

clock after a transition of the TMA4IO input signal. Binary counter 4 counts upward based on a

signal synchronized to the system clock. Therefore, correct values can be read from binary

counter 4.

CPU system clock

TM410 input

Synchronous
circuit output

Binary counter

(fs) J

| CE

Figure 4-4-2 Timer 4 Event Counter Timing (when synchronous TM410

input is selected)

Chapter 4 Timer Functions

If TM4IO input is selected as the
clock source and the value of
binary counter 4 is to be read
during  operation, select
synchronized TM410 input to avoid
reading data that may be
incomplete during count-up
transitions. However, with
synchronized TM4I0 input, it is not
possible fo return from
STOP/HALT modes.

16-bit Timer Operation (timer 4) 05
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The period of the output signal
from the port is 1/2 of the period
set in the TM4OCH, TM40CL
register.

B Timer Pulse Output Function

Scttings for the timer pulse output function are listed below.
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Binary

counter 4

TM40UT

96 16-bit Timer Opcration (timer 4)

Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" so that the count
operation of timer 4 is stopped.

Set bit 4 of the port 1 output/input mode register (PLOMD) to the special
function pin setting. Bit 4 of port 1 will be specified as the pulse output pin.

Use the TM4CK2~0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the
clock source.

Set the TM4PWM flag of the TM4MD register to "0" so that 16-bit timer operation
is selected.

Set a value in compare register 4 (TM4OCIL, TM4OCL).

Set the TM4EN flag of the TM4MD register to "1" to statt the timer.

When timer 4 begins opetation, binary counter 4 will count upward from X'0000'.
When the value of binary counter 4 matches that of the TM4OCH and TM40OCL
registets, the timer 4 intetrupt request flag is set, and the binary counter is reset to
X'0000" and begins to count upward again.

Matches TM4OCH, TM4OCL register

Figure 4-4-3 Timer Pulse Output Timing
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B Synchronous Output Timing Generation Function

Settings for the synchronous output timing generation function are listed below.

of timer 4 is stopped.

if port 7 pins are fo be used as

(1) Sct the TM4EN flag of the timer 4 mode register (TM4MD) to "0" so that the count operation ~ pulse output pins,
necessary to set the P7DIR

register.

2 Set the P7TSYEVS2 and P7SYEVS1 flags of pin control register 2 (FLOAT?) to select timer 4

interrupts.

3) Set the synchronous output control register (SYSMD) to configure pott 7 bits for use as

synchronous output pins.

Gy Set the TMACK2~0 flags of the TM4MD registet to select fosc, fs/4, or fs/16 as the clock

source.

%) Set the TM4PWM flag of the TMAMD register to "0" so that 16-bit timer operation is selected.

6) Set a value in compare register 4 (TM4OCH, TM40OCL).

@) Set the TM4EN flag of the TMAMD register to "1" to start the timer.

(8)  When timer 4 begins operation, binary counter 4 will count upward from X'0000".

&) When the value of binary counter 4 matches that of the TM4OCH and TM4OCL registers, the
timer 4 interrupt request flag is set, binary counter 4 is reset to X'0000" and begins to count

upward again.

(10) At the timing when the value of binary counter 4 matches that of the TM4OCH and TM40OCL

registers, the values at port 7 synchronous output pins will change.

Port 7 output latch data

Binary counter 4

Port 7 synchronous output

/Matches TM4OCH and TM4OCL registers

Figure 4-4-4 Port 7 Synchronous Output Timing

16-bit Timer Operation (timer 4)
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If bit 4 of port 1 is to be used as a M Pulse Added Type PWM Output Function
PWM output pin, sef the P1DIR
and P1PLU registers. In the pulse added method, a 1-bit output is appended to the basic component of the 8-bit

PWM output. Precise control is possible based on the number of PWM repetitions (256
times) to which this bit is appended. Settings for the pulse added type PWM output function

arc listed below.

(D Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count
operation of timer 4.

(2)  Set bit 4 of the port 1 output/input mode register (PLOMD) to the special function
pin setting. Bit 4 of port 1 will be specified as the PWM output pin.

(3)  Use the TM4ACK2~0 flags of the TMAMD register to select fosc, fs/4, or fs/16 as the
clock source. The petiod of the output waveform is determined based on the clock source.

(CY) Set the TMAPWM flag of the TMAMD register to "1" so that PWM operation is
selected.

(5 Set a value in the lower 8 bits of compare register 4 (TM4OCL). The high interval of
the output waveform is determined based on the value of the lower 8 bits of compare
register 4 (TM4OCL).

(6)  Set the position ol the added pulse in the upper 8 bits o compare register 4
(TM40CH).

) Set the TM4EN flag of the TM4MD register to "1" to start the timer.

(8)  When timer 4 begins operation, binary counter 4 will count upward from X'00'.

(9 A high-level signal is output from the pott beginning when binary counter 4 starts
counting from X'00" and ending when the value of binary counter 4 matches the
value set in the TM4OCL register.

(10)  When the value of binary counter 4 matches that of the TM4OCL register, a low-
level signal is output from the port.

(11)  Binary counter 4 continues to count upward until X'FF' is reached. At the next count-
up cycle, the valuc of binary counter 4 is resct to X'00', and counting begins again.
A high-level signal is output from the port.

Use a 16-bit access instruction to set the TM4OCH, TM40CL
register.

| Basic PWM components

—»l |~— Added pulse

7 % " -
Tn=xX'00 A Tn-xot’ Tn=X02' ’ Tn=X03' Tn=X"04 Tn=XFF
? % L{)ﬁ L

Figure 4-4-5 Pulse Added Type PWM Output

. Added pulse
7

Repeated 256 times
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M Setting the Added Pulse Position

Chapter 4 Timer Functions

[r= 5-2-3 "Serial Interface

Transfer Timing']

The upper 8 bits of compare register 4 (TM4OCH) set the position of the added pulse. If the
TM4OCH register is sct to X'00', an additional bit is not appended to the basic PWM
component. If the TM4OCH register is set to X'FF', an additional bit is repeatedly appended

to the 255 basic PWM components during the petiod. The relation between the value sct in
the TM4OCH register and the added pulse is shown in the table below. If X'03' is set in the
TMA40CH register, bits ate appended to pulse positions for X'01" and X'02', shown in table
4-4-1. The telation between the value set in the TM4OCH register and the position of the
added bit is shown in tigure 4-4-6.

Table 4-4-1 Pulse-Added PWM Output

Value Set in TM4OCH Register

Added Pulse Position (value of Tn)

000000O0O
00000001
00000010

00000100
00001000

X80’

x40 X'CO

X'20',X'60",X'A0", X'EQ"
X'10',X'30",X'50",X'70',X'90", X'B0",X'D0", X'FO’

X 'FF’ = Position of added pulse

00010000 X'08',X'18',X'28',X'38',X'48',X'58" . . . .. ,X'E8" X'F8'
00100000 X04' X'0C' X14' X'1C' X24'X2C" . .. .. XF4' XFC'
01000000 X'02',X'06" X'0A" X'0E' X112 X'16". . . .. XFA XFE
10000000 X'01',X'03',X'05",X'07',X'09',X'0B' . . . .. XFD' XFF
(MSB) (LSB)
Repeated 256 times
TM40CH — — —
Register setting 0 X'40 X80 X'Co
value
X'oo'
X'or |
X'02' I I
X ‘04 I I I I
X ‘08’ I I I ol I I M
X 10 () \\
\

1 T 1
1 >
/ \
/ PWM basic component \
Pasition of added pulse X'87' Position of added pulse X'88'

Figure 4-4-6 Pulse Added Type PWM Output

16-bit Timer Operation (timer 4)
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Setting a value in compare register
4, clears binary counter 4.

if the event occurs before a read,
that data will be overwritten.

100

16-bit Timer Operation (timer 4)

B Capture ['unction

Settings for the capture function are listed below.

M

@

)]

)]

(6)
M
®

)

(10)

Sct the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count
operation of timer 4.

Use the TM4CK2~0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the
clock source. The period of the output waveform is determined based on the clock
source.

Use the T4ICTST and T4ICTSO Mags of the TM4MD register Lo select TRQ2,
IRQL, or IRQO as the input capture trigger.

Set the REDGn flag of the external interrupt control register to specify the valid edge
for the interrupt selected as the TM4 input capture trigger.

Set the TM4PWM flag of the TM4MD register to "1" to select 16-bit timer
operation.

Set a value in compare register 4 (TM4OCIL, TM4OCL).

Set the TM4EN flag of the TM4MD register to "1" to statt the timer.

When timer 4 begins operation, binary counter 4 will count upward from X'0000'
until it reaches the value set in compate register 4.

If the binary counter is to be used as a free-running counter that counts from
X'0000'~XFFFF, set the compare register 4 to X'FFFF.

When the value of binary counter 4 matches that of the TM4OCH, TM40CL
register, the timer 4 interrupt tequest [lag is sel, binary counter 4 is reset to X'0000",
and counting begins again.

If the extemnal interrupt selected as the TM4 input capture trigger is received during
timer 4 operation, the value of binary counter 4 will be written into the input capture
register (TM4ICII, TM4ICL).



4-5 8-bit Timer Operation (timer 5)

4-5-1 Overview

Timer 5 is an 8-bit timer that can have fosc, fs/4, fx, or time base output as
its clock source.

4-5-2 Operation

W Timer Operation

Settings for timer operation are listed below.

(0

@

3

4
o

Set the TMSCLRS flag of the timer 5 mode register (TM5MD) to "()."

Use the TMS5CK3~1 flags of the I'MSMD register to select fosc, ts/4, fx,
synchronized [x, time base timer output, or time base Limer synchronized output as
the clock source.

Set a value in compare register 5 (TM50C). At this time, if the TM5CLRS flag is
"0," binary counter 5 will be initialized to X'00".

Binary counter 5 (TM50C) counts upward from X'00'.

When the value of binary counter 5 matches that of the TMSOC register, the timet 5
interrupt request flag is set, the binary counter is reset to X'00', and counting begins

again.

If the TM5CLRS flagof the TM5MD register is set to "0,” binary
counter 5 will be initialized every time data in the TM50C register is
overwritten. Timer 5 interrupts are disabled in this mode. If timer 5
interrupts are to be used, the TM5CLRS flag must be reset to "{"
after writing to the TM50C register.

[z] Timer 5 operation cannot be halted.

Chapter 4 Timer Functions

When servicing an inferrupt, reset
the timer 5 interrupt request flag
before starting timer 5.

When choosing either fime base
timer output or time base fimer
synchronized output for the timer
5 clock source, the time base
must be sef up.

During a count operation, be
careful if the value set in TM50C
is smaller than the value of binary
counter 5, since the count-up
operation will continue until
overflow occurs.

If fx input is selected as the clock
source and the value of binary
counter 5 is to be read during
operation, select synchronized ix
input fo avoid reading data that
may be incomplete during count-
up Iransiltions. However, with
synchronized fx input, it is not
possible to return  from
STOP/HALT modes.

8-bit Tiner Operalion (limer 5) 101
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102 Time Base Operation

4-6 Time Base Operation

4-6-1 Overview

The clock source for the time base timer can be set to fosc or fx. Also, the interrupt
period for time base timer (TBIRQ) can be set to 1/27, 1/2%, 1/2°, 1/2™, or 1/2** of the

clock source.

4-6-2 Operation

M Time Base Function

Settings for the time basc function are listed below.

() Usc the TM5CKO flag of the timer 5 mode register (TM5MD) to sclect fosc or fx as
the clock source.
2) Use the TMSIR2~0 flags of the TM5MD register to select the time base timer

interrupt source.

3 When the selected time interval passes, the interrupt request tlag of the time base

interrupt control register (TBICR) is set.

@ Time base operation cannot be halted.

Table 4-6-1 Base Time Settings

TM5IR2~0 000 001 010 011 I1XX
1L 1 1 1 1
Clock Source 27 28 29 510 213
20MHz 6.4us 12.8ps 25.6us 51.2ps 409.6us
fosc
8.38Ml1z 15.2us 30.5us 61.0us 122.0us 976.4us
x 32.768kHz 3.9ms 7.8ms 15.6ms 31.2ms 250ms
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4-7 Watchdog Timer Operation

4-7-1 Overview

The watchdog timer is controlled by the watchdog control register (WDCTR) and can
be used for runaway program detection.

4-7-2 Setup and Operation

(D Set the WDEN flag of the watchdog timer control register (WDCTR) to "1" to start
the watchdog timer.

. . L . The uppsr 2 bits of the walchdog
) Operate the watchdog timer by clearing the WDEN flag to "0" within the fixed

timer are cleared when the WDEN
amount of time (T ), and then resetting the WDEN flag to "1." flag is set to "0." Therefore,

If the WDEN flag is not cleared, a WDT interrupt will be generated after the fixed depending on the liming of this
clear the wafchdog timer may be
reset at 3/4T, . If the WDEN bit is
fo be repeatedly cleared and set
WDT interrupt routine is executed. at reguiar intervals, those

amount of time passes.

(3)  When a runaway of program is detected, the program encoded at the location of the

operations should be performed

T, is set by the mask option as fs/2, f5/2%, or f5/2. within 3/4 of the T, perioc.

Walchdog Timer Operation 103
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Y
Set bit 0 of the P1OMD register to 2
1" at the same time the remote
control output is switched on, and 3)
fo "0" af the same time the remote
control oufput is swifched off. )
®
Base period
set by TM3

4-8 Remote Control Output Operation

4-8-1 Overview

A remote control carrier pulse can be generated using the overflow of timer 3. Two

duty ratios of 1/2 or 1/3 can be selected.

4-8-2 Setup and Operation

Output off ------ —

RMOUT
(1/3 duty)

104 Remote Control Output Operation

Set the RMOEN flag of the remote control output control register (RMCTR) to "0"
so that the remote control carrier output is switched off. Set the RMBTMS flag to
select the base period timet for the remote control carrier.

Set timer 0 or timer 3 to select the base petiod of the remote control catrier (the
width that the remote control catrier output pulse is held at a high level).

Set the RMDTYO flag of the RMCTR register to select the carrier duty.

Set the P10 output data to "0" and set P10 to the output mode. Also, set TMORM flag
of the RMCTR register to "0" and select remote control carrier output.

The RMOEN [lag of the RMCTR register controls whether the remote control carrier
output is on or off.

Even il the carrier output is at a high level, and the RMOEN [lag is set to "0"

(off), the cartier waveform will be maintained by the synchronous circuit.

JutuuuiuuyuuL

RMOEN Output on ------

Figure 4-8-1 Remote Control Carrier Output Waveform
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4-9 Buzzer Output

4-9-1 Buzzer Qutput Setup and Operation

The square wave having a frequency 1/2°~1/2% of the system clock can be
output from the PO6/BUZZER pin.

@8] Set the BUZOE flag of the oscillation stabilization wait control registet (DLYCTR) to
"0" so that the buzzer output is turned off.
(2)  Set the buzzer output frequency with the BUZCK1 and BUZCKO flags of the

DLYCTR.

3 Set the BUZOE flag of the DLYCTR register to "1" and set P06 to the buzzer output
modec.

(€] The BUZOE flag of the DLYCTR register controls whether the buzzer output is on or
oft.

Buzzer Output 105
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4-10 Timer Function Control Registers

4-10-1 Overview

Twenty-five registers control the timers. See table 4-10-1.

Table 4-10-1 Timer Control Registers

Name Address R/W Function

TMOOC X'03F70 R/W | Compare register O

TMOBC X'03F60’ R Binary counter 0

TMOMD X'03F80 R/W | Timer 0 mode register

TM10C X'03F71’ R/W | Compare register 1

TM1BC X'03F61’ R Binary counter 1

TM1MD X'03F81’ R/W | Timer 1 mode register

TM20C X03F72 R/W | Compare register 2

TM2BC X'03F62 R Binary counter 2

TM2MD X'03F82 R/W | Timer 2 mode register

TM30C X'03F73 R/W | Compare register 3

TM3BC X'03F63 R Binary counter 3

TM3MD X'03F83 R/W | Timer 3 mode register

TM40OCL X'03F74’ R/W | Compare register 4 (lower 8 bits)
TM40OCH X'03F75 R/W | Compare register 4 (upper 8 bits)
TM4BCL X'03F64’ R Binary counter 4 (lower 8 bits)
TM4BCH X'03F65’ R Binary counter 4 (upper 8 bits)
TMA4ICL X'03F66' R Input capture register (lower 8 bits)
TM4ICH X'03F67’ R Input capture register (upper 8 bits)
TM4MD X'03F84 R/W | Timer 4 mode register

TM50C X'03F78 R/W | Compare register 5

TM5BC X'03F68 R Binary counter 5

TM5MD X'03F88 R/W | Timer 5 mode register

WDCTR X'03F02 R/W | Watchdog timer control register
DLYCTR X'03F03’ R/W | Oscillation stabilization wait control register
RMCTR X'03F89 R/W | Remote control carrier output control register

106 Timer Function Control Registers

R/W: Readable and writable

R:  Readonly




4-10-2 Programmable Timer/Counters

Timers 0~5 all contain a programmable 8-bit timer/counter (16-bit in timer 4).
Programmable timer/counters consist of a compare register and a binary
counter.

(1) Compare register 0 (TMOOC)

7 6 5 4 3 2 1 0

TMOOC7 | TMOOCE | TMOOCS5 | TMOOC4 | TMOOC3 | TMOOC2 [TMOOCT | TMOOCO [ (at reset: undefined)

Figure 4-10-1 Compare Register 0 (TMOOC: X'03F70’, R/W)

(2) Binary counter 0 (TMOBC)

7 6 5 4 3 2 1 0

TMOBC?7 | TMOBC6 | TMOBC5 [ TMOBC4 | TMOBC3 | TMOBC2 | TMOBC1 | TMOBCO |  (at reset: 00000000)

Figure 4-10-2 Binary Counter 0 (TMOBC: X'03F60', R)

(3) Compare register 1 (TM10C)

7 6 5 4 3 2 1 0

TM10C7 [TM10C6 [ TM10C5 [TM10C4 | TM1OC3 [ TM1OC2 [TM1OC1 [TM10OCO|  (at reset: undefined)

Figure 4-10-3 Compare Register 1 (TM10C: X'03F71', R/W)

(4) Binary counter 1 (TM1BC)

7 6 5 4 3 2 1 0

TM1BC7 | TM1BC6 | TM1BC5 | TM1BC4 | TM1BC3 | TM1BC2 |TM1BC1 | TMIBCO |  (at reset: 00O000000)

Figure 4-10-4 Binary Counter 1 (TM1BC: X'03F61', R)

Chapter 4 Timer Functions

Timer I'unction Control Registers
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(5) Compare register 2 (TM20C)

7 6 5 4 3 2 1 0

TM20C7 | TM20C6 [ TM20C5 | TM20C4 | TM20C3 | TM20C2 [TM20C1 | TM20C0 | (at reset: undefined)

Figure 4-10-5 Compare Register 2 (TM20C: X'03F72', R/W)

(6) Binary counter 2 (TM2BC)

7 6 5 4 3 2 1 0

TM2BC7 [TM2BC6 | TM2BC5 [TM2BC4 | TM2BC3 [TM2BC2 | TM2BC1 [ TM2BCO |  (at reset: 00000000)

Figure 4-10-6 Binary Counter 2 (TM2BC: X'03F62', R)

(7) Compare register 3 (TM30C)

7 6 5 4 3 2 1 0

TM30C7 | TM30C6 |TM30C5 | TM30C4 | TM30C3 | TM30C2 [TM3OC1 | TM3OCO [ (at reset: undefined)

Figure 4-10-7 Compare Register 3 (TM30C: X'03F73', R/W)

(8) Binary counter 3 (TM3BC)

7 6 5 4 3 2 1 0

TM3BC7 [TM3BC6 | TM3BC5 [ TM3BC4 | TM3BC3 [TM3BC2 [TM3BC1 | TM3BCO |  (at reset: 0O000000)

Figure 4-10-8 Binary Counter 3 (TM3BC: X'03F63', R)
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(9) Compare register 4 (TM4OCL) (lower 8 bits)

7 6 5 4 3 2 1 0

[TM40OCL7 [TM4OCL6 [TM40CL5 [TM4OCL4[TM4OCL3[TM4OCL2 TM4OCL1 [TMAOCLO|  (at reset: undefined)

Figure 4-10-9 Compare Register 4 (TM40OCL: X'03F74', R/W)

(10) Compare register 4 (TM4OCH) (upper 8 bits)

7 6 5 4 3 2 1 0

[TM4OCH7TM4OCHB[TM4OCH5 TM4OCH4|TM4OCH3 TM4OCH2[M4OCH1 TM4OCHO|  (at reset: undefined)

Figure 4-10-10 Compare Register 4 (TM4OCH: X'03F75', R/W)

(11) Binary counter 4 (TM4BCL) (lower 8 bits)

7 6 5 4 3 2 1 0

[TM4BCL7 [TMABCL6 [TM4BCL5 [TM4BCL4 [TM4BCL3 [TM4BCL2 TM4BCL1 [TM4BCLO|  (at reset: 00000000)

Figure 4-10-11 Binary Gounter 4 (TM4BCL: X'03F64', R)

(12) Binary counter 4 (TM4BCH) (upper 8 bits)

7 6 5 4 3 2 1 0

[TM4BCH?7 [TMABCHg6 [TM4BCH5[TM4BCH4 [TMABCH3[TMABCH2[(M4BCH1 TMABCHO|  (at reset: 00000000)

Figure 4-10-12 Binary Counter 4 (TM4BCH: X'03F65', R)
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{13) Input capture register (TM4ICL) (lower 8 bits)

7 6 5 4 3 2 1 0

TMAICL7 | TMAICLE | TMAICLS |[TM4ICL4 | TM4ICL3 [ TM4ICL2 [TM4ICL1 | TMAICLO [ (at reset: undefined)

Figure 4-10-13 Input Capture Register (TM4ICL: X'03F66', R)

(14) Input capture register (TM4ICH) (upper 8 bits)

7 6 5 4 3 2 1 0

TM4ICH7 [TM4ICH6 [TM4ICHS [TM4ICH4 [TMAICH3 [TM4ICH2 [TMAICHT |TM4ICHO [ (at reset: undefined)

Figure 4-10-14 Input Capture Register (TM4ICH: X'03F67', R)

(15) Compare register 5 (TM5QC)

7 6 5 4 3 2 1 0

TM50C7 [TM50C6 [TM50G5 | TMSOC4 | TM50C3 [ TM50G2 [TM5OCT |TM50CO [ (at reset: undefined)

Figure 4-10-15 Compare Register 5 (TM50C: X'03F78', R/W)

(16) Binary counter 5 (TM5BC)

7 6 5 4 3 2 1 0

TM5BC7 | TM5BC6 | TM5BC5 | TM5BC4 | TMSBC3 | TM5BC2 [ TMSBCH [ TM5BCO | (at reset: 00000000)

Figure 4-10-16 Binary Counter 5 (TM5BC: X'03F68', R)
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4-10-3 Timer Mode Registers

Four readable and writable timer mode registers. Control timers 0, 1, 2, 3, 4, 5, and
the time base.

(1) Timer 0 mode register (TMOMD)

7 6 5 4 3 2 1 0

TMOMD ‘ - | - | - |TMOEN|TMOPWN|TMOCK2|TMOCK1|TMOCKO| (at reset: ---00XXX)

TIMOCK2 | TMOCK1 | TMOCKO | Clock source selection
0 fosc
0
X 1 fs
1 0 fs/4
0 1 TMDIO input
1 1 1 Synchronous TMOIO input

TMOPWM TMD operation mode selection

0 Normal timer operation

1 PWM operation
TMOEN TMO count control

0 Halt the count

1 Operate the count

Figure 4-10-17 Timer 0 Mode Register (TMOMD: X'03F80', R/W)
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(2) Timer 1 mode register (TM1MD)

7 6 5 4 3 2 1 0
TM1MD | - | - | - | THEN |TM13WM‘ TMICK | ThCKI | TMWCKD| (at reset: --00XXX)
TWC42 | TMICK1 | TMiCKo | Clock source selection
0 fs/16
0
1 fs/64
0
; 0 fx
1 TM1IO irput
0 X Cascade conneciion with fimer 0
1 ; 0 Synchronous fx
1 Synchronous TM1IO input
P11 outpul selection
TMIPWM during TM0 PWM operation
0 Timer 1 output
1 Timer 0 PWM output
TM1EN TM1 count control
0 Halt the count
1 Operate the count

Figure 4-10-18 Timer 1 Mode Register (TM1MD: X'03F81', R/W)
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(3) Timer 2 mode register (TM2MD)

7 6 5 4 3 2 1 0

TM2MD | - | - | - ‘T\AZEN |TM2PWM|TM2CK2|TMZCK1|TMZCKO| (at reset: ---00XXX)

TM2CK2 | TM2CK1 | TM2CKO | Clock source selection
" o 0 fs
1 fsl/4
0 1 0 fx
1 TM2IO input
1 1 0 Synchronous fx
1 Synchronous TM2I0 input

TM2PWM TM2 operalion mode selection

0 Normal timer operation

1 PWM operation
TM2EN TM2 count control

0 Halt the count

1 Operate the count

Figure 4-10-19 Timer 2 Mode Register (TM2MD: X'03F82', R/W)
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(4) Timer 3 mode register (TM3MD)

7 6 5 4 3 2 1 0

TH3CK" ‘ TMICKD | (at reset: ---00XXX)

TM3MD | - | - | - |T\A3EN|TM3PWM|TMEC(2

TM3CK2 | TWaCK! | TuaCKo | Clock source selection

fosc

fsld

fs/16

TMB3IO input

Cascade connecton with fimer 2
Synchronous TM3IO input

—“|lo|=|OC

o
— | *

P13 output seleclion
during TM2 PWM operation

0 Timer 3 output
1 Timer 2 PWM output

TM3PWM

TM3EN TM3 count control

0 Halt the count
1 Operate the count

Figure 4-10-20 Timer 3 Mode Register (TM3MD: X'03F83', R/W)
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(5) Timer 4 mode register (TM4MD)

7 6 5 4 3 2 1 0

TM4MD ‘ - | TI4EN |TM4PWM| T4CTS! | T4ICTS | TM4CK2 | TN4CK1 | TM4CKo

Chapter 4 Timer Functions

(at reset: -0000XXX)

TMACK2 | TMACKY | TM4CKD  [Clock source selection
o 0 fosc
1 fe/4
0
1 0 fs/16
1 TM410 input
1 1 1 Synchronous TM41Q Tnput

TACTSt | T4ICTSC

Thi4 input capture trigger selection

Disable input capture operation

IRQO

1RQ1

bl B=2 el K=

IRQ2

TM4PWM

[TM4 operation mode selection

16-bit timer operation

PWM operation

TM4EN

TM4 count control

Halt the count

Operate the count

Figure 4-10-21 Timer 4 Mode Register (TM4MD: X'03F84', R/W)

Timer I'unction Control Registers
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7 6

5

(6) Timer 5 mode register (TM5MD)

4 3 2 1 0

TM5MD

T\ASCLRS| TMEIR2 ‘ TMBIR1 | TM5IRO | TVBCKS | TMSCK2| TMBCK1 | TNSCKO|

(at reset: OXXXXXX0)

Time base timer

TM5CKo clock source selection
0 fosc
1 fx

116 Timer Function Control Registers

TU5CKS | TMACK2 | TMSCK* | Timer 5 clock source selection
X 0 0 fosc
1 fs/4
0 0 fx
1 1 Output of time base timer
0 Synchronous fx
! 1 Synehronous fime base fimer output
TMsIR2 | TMSIR1 | TMBIRO ime;ﬂ;f’mtgz;“ on
o 0 1/27 of the dock source
o 1 1/28 of the dlock source
0 1/2° of the dock source
1 1 1/2% of the clock source
1 X X 1/2% of the clock source
TM5CLRS Binary counter 5

clear selection flag

0

Enable initialization of
TM5BC during a write to TM50C

1

Disable initialization of
TM5BC during a write to TM50C

xIf TM5CLRS=0, TM5IRQ is disabled.

Figure 4-10-22 Timer 5 Mode Register (TM5MD: X'03F88', R/W)




4-10-4 Timer Control Registers

(1) Watchdog timer control register (WDCTR)

Chapter 4 Timer Functions

(at reset; ------- 0)
WDEN Watchdog timer enable
0 Clear watchdog timer/disable operation

Enable WDT timer

Figure 4-10-23 Watchdog Timer Control Register (WDCTR: X'03F02', R/W)
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(2) Oscillation stabilization control register (DLYCTR)

7 6

5 4 3 2 1 0

DLYCTR |BUZOE‘BUZCK1‘BUZCKO| - | - | - |DLYS1|DLYSO| (at reset: 0XX---00)

Oscillation stabilization

DLYST|DLYSO wait period setting
0 0 1/2' of the system clock (fs)
1 1/21%of the system clock (fs)
1 0 | 1/2%0f the system clock (fs)
1 1 Disable use

*After reset is rel
stabilization wai

eased, the oscillation
t period is fixed at 1/2'5.

BUZCK1|BUZCKO

Buzzer output
frequency selection

1/2'2 of the system clock (fs)

1/2" of the system clock (fs)

1/2"°of the system clock (fs)

= o |=]|O

1/2° of the system clock (fs)

BUZOE

118 Timer Function Control Registers

P06 output selection

P06 port output

P06 buzzer output

Figure 4-10-24 Oscillation Stabilization Wait Counter Control Register
(DLYCTR: X'03F03', R/W)



(3) Remote control carrier output control register (RMCTR)

7 6 5 4 3 2 1 0 (at reset: ---00XX0)

RMCTR | - | - | - |TMORM|RMOEN| - ‘RMDTYD‘RMBTMS|

Chapter 4 Timer Functions

[ ]

Base timer selection

RMBTMS .
for remote control carrier
0 Select timer 3 as base timer
1 Select timer 0 as base timer
RMDTY0 Remote control carrier
output duty selection
0 1/2 duty
1 1/3 duty

Must be set to "0."

Enable remote control

RMOEN j
carrier output
0 Output low level
1 Output remote control carrier
TMORM P10 output selection
0 RMOUT
1 TMOIO

Figure 4-10-25 Remote Control Carrier Control Register

(RMCTR: X'03F89", R/W)

Timer Function Control Registers
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(2) Oscillation stabilization control register (DLYCTR)

7 6

5 4 3 2 1 0

DLYCTR |BUZOE‘BUZCK1‘BUZCKO| - | - | - |DLYS1|DLYSO| (at reset: 0XX---00)

Oscillation stabilization

DLYST|DLYSO wait period setting
0 0 1/2' of the system clock (fs)
1 1/21%of the system clock (fs)
1 0 | 1/2%0f the system clock (fs)
1 1 Disable use

*After reset is rel
stabilization wai

eased, the oscillation
t period is fixed at 1/2'5.

BUZCK1|BUZCKO

Buzzer output
frequency selection

1/2'2 of the system clock (fs)

1/2" of the system clock (fs)

1/2"°of the system clock (fs)

= o |=]|O

1/2° of the system clock (fs)

BUZOE

118 Timer Function Control Registers

P06 output selection

P06 port output

P06 buzzer output

Figure 4-10-24 Oscillation Stabilization Wait Counter Control Register
(DLYCTR: X'03F03', R/W)
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Chapter 5 Serial Functions

5-1 Overview

The MN101C01D contains a serial interface that can operate in
synchronous and simple UART modes.
An overview of serial functions is shown below.

Table 5-1-1 Overview of Serial Functions

Serial 0 Serial 1 Serial 2
Interrupt SCOICR SC1ICR SC2ICR
Synchronous (4 4 v
Simple UART v — —
Simple lIC — — v
fs/2 fs/2 fs
fs/4 fs/8 fs/2
. fs/16 fs/64 fs/4
Clock selection
fs/8
BC3x1/2 BC3x1/2 BCOx1/2
External External External
1/8 clock frequency v — —

122 Overview
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[r= Section 5-2-3, "Serial Interface
Transfer Timing"]

126 Synchronous Serial Interface

5-2 Synchronous Serial Interface

5-2-1 Qverview

A serial interface begins operation when data is written to the shift buffer. A bit

counter is incremented at each 1-bit transfer. The transfer is complete when the

counter overflows.

Bil translers of an arbitrary 1~8 bits can be performed. The transler bit count must

be set before performing the transfer.

5-2-2 Setup and Operation

W Transmission

)

@)

3

@

(©)

Select the synchronous serial interface by setting the SCOCMD flag of the
serial interface 0 control register (SCOCTR) to "0."

Select the transfer bit count with the SCOLNG2~0 tlags of the serial
interface 0 mode register 0 (SCOMDO). The transfer bit count can be
set as | to 8 bits.

Specify whether the start condition is enabled or disabled with the SCOSTE
flag of the SCOMDO register.

Specify the first bit to be transferred (MSB first or LSB first) with the
SCODIR flag of the SCOMDO register.

Select the valid edge of the clock signal with the SCOCEL~0 flags of the
SCOMDO register.

When the clock source is an internal clock:

* Select the clock source with the SCOCK1~0 flags of serial interface O
mode register 1 (SCOMD1).

Set the SCOCKM flag of the SCOMD1 register specify whether or not the

clock source trequency will be divided by 8.

Select serial clock operation by setting the SCOSBTS flag of the serial
interface 0 mode register 3 (SCOMD3) to "L."

Set the SCOSBTM (lag of the SCOMD3 register.

Set bit 0 of the port 0 direction control register (PODIR) to the output

mode.

Set bit 0 of the port 0 pull-up resistor control register (POPLU).



‘When the clock source is an external clock (SBTO pin input):
» Set the SCOSBTM flag of the SCOMD?3 register.

* Set bit U of the PODIR register to input mode.

» Set bit 0 of the POPLU register.

(7)  Select the SCOSBOM flag of the SCOMD3 register.

(8)  Sclect the SCOIOM flag of the SCOMD3 register.

(9)  Select serial communication by setting the SCOSBOS flag of the
SCOMD3 register to "1."

(10) Set transmit data to serial interface O transmit/receive shift register
(SCOTRB). This will start the serial transmission.

(11) When serial transmission begins, the SCOBSY flag of the SCOCTR register
is set to "1," indicating that a serial transfer is in progress.

(12)  When the serial transmission has completed, the SCOBSY [lag of the
SCOCTR register is cleared to "0" and the SCO transfer complete interrupt
request flag is set to "1." The SCOTRI flag of SCOMDI register 1 is cleared
to "0."

After the transfer is complete, the transfer bit count in the
SCOLNG2-~0 flags of the SCOMDO register will be changed.
Except in an 8-bit transfer, reset the transfer bit count at the
time of the next transmission.

=

When switching from transmission to reception, set the
SCO0SBOS flag of the SCOMD3 register to "0" and then set
the SCOSBIS flag to "1.” Do not change both of these flags at
the same time.

=

The SCOSBTS flag of the SCOMD3 register must be set to 1"
before the SCOSBOS flag of the SCOMD3 register is set to
L

=

Chapter 5 Serial Functions

When the serial port is enabled
and the SCOCE1~0 flags of the
SCOMDO register are changed,
the transfer bit count in the
SCOLNG2~0 flags of the
SCOMDO register may be
incremented.

Enabling the start condition
drives the SBOO pin high for a
fixed time interval (1/2 the
clock source cycle) after the
transmission is completed. If
the start condition is disabled,
the SBOO pin will remain at the
value of the of the last data bit.

If the SCOIOM flag of the
SCOMD3 register is set for a
pin connection, the SBIO pin
can be used as a port. The
SBOO0 pin receives data during
the input mode and transmils
data during the oufput mode.

The SCOLNG2~0 flags change
at the opposite edge of the
transmit data output edge.

Serial interface 0 begins
operation when the SCOSBOS
flag or the SCOSBIS flag is set
to "1." Set the SCOSBOS flag
or the SCOSBIS flag after all
conditions have been sef.
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128 Synchronous Serial Interface

SBT

Glock §

T/ Cooo00T
HEEEEEE

Start condition 5
disabled .

Interrupt

-
T 0 0000000

Figure 5-2-1 Synchronous Serial Interface Transmission Timing (falling edge)

Glock
SBT

¥ 0000

—
o000 00

Figure 5-2-2 Synchronous Serial Interface Transmission Timing (rising edge)




B Reception

69)

)
®)

)

(10)

Select the synchronous serial interface by setting the SCOCMD [lag of the

serial interface 0 control register (SCOCTR) to "0."

Select the transfer bit count with the SCOLNG2~0 flags of the serial

interface 0 mode register 0 (SCOMDO). The transfer bit count can be set as

1 to 8 bits.

Specify whether the start condition is enabled or disabled with the SCOSTE

flag of the SCOMDO register.

Specify the first bit to be transferred (MSB first or LSB first) with the

SCODIR flag of the SCOMDO register.

Select the valid edge of the clock signal with the SCOCE1~0 flags of the

SCOMDO register.

‘When the clock source is an internal clock:

»  Select the clock source with the SCOCK1~0 flags of serial interface 0
mode register 1 (SCOMD1).

» Set the SCOCKM flag of the SCOMD1 register to specify whether or not
the clock source frequency will be divided by 8.

» Select serial clock pin operation by setting the SCOSBTS flag of the
serial interface 0 mode register 3 (SCOMD3) to "1."

* Set the SCOSBTM flag of the SCOMD3 register.

» Set bit 2 of the port O direction control register (PODIR) to the output
mode (PO2/SBTO output mode).

» If necessary, set bit 2 of the port 0 pull-up resistor control register
(POPLU) to add the pull-up resistor.

‘When the clock source is an external clock (SBTO pin input):

* Set bit 2 of the PODIR register to the input mode.

» If nccessary, sct bit 2 of the POPLU register.

Select the SCOIOM flag of the SCOMD?3 register.

Select serial communication by setting the SCOSBIS flag of the SCOMD3

register to "1." (Reception data wait.)

When the serial reception begins, the SCOBSY flag of the serial interface 0

control register (SCOCTR) is set to "1," indicating that a serial transfer is in

progress.

When the serial reception is complete, the SCOBSY flag of the SCOCTR

register is cleared to "0" and the SCO transfer complete interrupt request flag

is setto "1." The SCOTRI flag of the SCOMDI register is set to "1."

=

After the transfer is complete, the transfer bit count in the
SCOLNG2-~0 flags of the SCOMDO register will be changed.
Except in an 8-bit transfer count, reset the transfer bit
count at the time of the next reception.

=)

When switching from reception to transmission, set the
SCOSEIS flag of the SCOMD3 register to "0" and then set
the SCOSBOS flag to "1." Do not change both of these

flags at the same time.

Chapter 5 Serial Functions

When the serial port is enabled
and the SCOCE1~0 flags of the
SCOMDQO register are changed,
the transfer bit count in the
SCOLNG2~0 flags of the
SCOMDO register may by
incremented.

[ Section 5-2-3, "Serial
Interface Transfer Timing"]

If the start condition is enabled,
the SCOLNG2~0 flags of the
SCOMDO register will be
cleared when the start
condition is received. In this
case, the receive bif count is
fixed at 8 bits.

The SCOSBTS flag of the
SCOMD3 register must be set
to "1" before setting the
SCOSBIS flag of the SCOMD3
register to "1."

If the infernal clock is selected
as the clock source, after
setting the SCOSBIS flag of the
SCOMD3 register fo "1," write
dummy data to the SCOTRB
register. If there is to be
another reception, write
dummy data again fo the
SCOTRB register.

The SCOLNG2~0 flags change
al the opposite edge of the
transmit data output edge.

Serial interface 0 begins
operation when the SCOSBOS
flag or the SCOSBIS fiag is set
fo "1." Set the SCOSBOS fiag
or the SCOSBIS flag after all
condifions have been set.
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HHHH

Start condition !
disabled :

Interrupt

SCOBSY start |
condition

enabled

SCOBSY start : : : 5 5 5 !
condition : : : ! . ! . .

e nnoonoat

Figure 5-2-3 Synchronous Serial Interface Reception Timing
(reception at rising edge)

Clock
Start condition /

J—

enabled

disabled

Interrupt

SCOBSY start |
condition

enabled

SCOBSY start '
cpndition .

disabled

w0 o e o e o

Figure 5-2-4 Synchronous Serial Interface Reception Timing
(reception at falling edge)

T
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5-2-3 Serial Interface Transfer Timing

Serial interface 0 uses the SCOCEQO and SCOCEI flags of serial interface O mode
register 0 (SCOMDO), and scrial interfacce 1 uscs the SCICEO and SC1CEI flags of
serial interface 1 mode register 0, to control the edge at which transmission data is
output and the edge at which reception data is input.

During transmission, when the SCnCEl flag is "0," data output is synchronized to
the falling edge of the clock.

During reception, when the SCnCEQ flag is "0," data reception is synchronized to
the opposite polarity edge ol the transmit data edge. When the SCnCEO [lag is "1,"

data reception is synchronized to the same polarity edge as the transinit data edge.

Table 5-2-1 Serial Data Input Edge and Output Edge (serial interface 0, 1)

SCOCE0 | SCocE1| Receive Data Input Edge Transmit Data Output Edge
0 0 4
0 1 r \
1 0 ,
1 1 1 4

Serial interface 2 uses the SC2CEQ flag of the serial interface 2 mode register 0 to
control the edge at which reception data is input.
During transmission, data is output in synchronization with the falling edge of the
clock.
During reception, when the SC2CEO flag is "0", data is input in synchronization
with the rising edge of the clock. When the SC2CEO flag is "1", data is input in
synchronization with the falling edge of the clock.

Table 5-2-2 Serial Data Input Edge and Output Edge (serial interface 2)

SC2CE0 Receive Data Input Edge Transmit Data Output Edge

0

Synchronous Serial Interface ]3]
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132 Synchronous Serial Interface

When serial interface 0 and/or serial interface 1 are used for simultaneous
transmission and reception, set the SCnCEQ and SCnCEl flags of the SCnMDO
register o "00" or "01", so that the reception data input edge is opposite in polarity
to the transmit data output edge. Also, the polarity of the reception data input edge
is opposite polarity of the transmit data output edge of the other device.

When serial interface 2 is to be used for simultaneous synchronous serial
transmission and reception, set the SC2CEO flag of the SC2MDO register to "0", so
that the receive data input edge is opposite in polarity to the transmit data output
edge. Also, set the transmit data output edge of the other device to the falling edge
of the clock.

SBTO

Data is input in synchronization with the rising edge of the clock.

SBIO

\ Data is output in synchronization with the falling edge of the clock.

SBOO

Figure 5-2-5 Synchronous Serial Transmit/Receive Timing
(data is received at the rising edge and transmitted at the falling edge)

SBTO

Data is input in synchronization with the falling edge of the clock.

SBIo

\\ Data is output in synchronization with the rising edge of the clock.

SBOO

Figure 5-2-6 Synchronous Serial Transmit/Receive Timing
(data is received at the falling edge and transmitted at the rising edge)



5-3

Simple UART Serial Interface

5-3-1 Overview

Setup
below.

and operation of UART transmission and reception are described

5-3-2 Setup and Operation

M Transmission

€8]

2

3

“

5

(6)

(7

Select UART by setting the SCOCMD flag of the serial interface 0 control
register (SCOCTR) to "L."

Specify the first bit to be transferred (MSB first or LSB first) with the
SCODIR flag of the serial interface 0 mode register 0 (SCOMDO).

Select the valid edge of the clock signal with the SCOCEL~0 flags of the
SCOMDO register.

Select the clock source with the SCOCK1~0 flags of serial interface 0 mode
register | (SCOMD1).

Set the SCOCKM flag of the SCOMDI register to "1" to divide the clock
source frequency by 8.

Set the SCONPE flag of the serial interface 0 mode register 2 (SCOMD?2) to
enable or disable parity.

If parity is enabled by the SCONPE flag of the SCOMD?2 register, set the
SCOPM1~0 flags of the SCOMD?2 register to specify the added parity bit.

mode automatically sets the SCOLNG2-~0 flags of the
SCOMDO register.

Setting the SCOFM flag of the SCOMD2 register to frame

After the transfer is complete, the SCOLNG2-~0 flags of the

SCOMDO register are automatically set with the transfer bit
count.

Chapter 5 Serial Functions

When the serial port is
enabled and the SCOCE1~0
flags of the SCOMDO register
are toggled, the transfer bit
count may change.

The TXD pin goes to a high
level after transmission is
complete.
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Serial interface 0 begins
operation when the SCOSBOS
flag or the SCOSBIS flag is set
to "1." Set the SCOSBOS flag
or the SCOSBIS flag after all
conditions have been sef.

134 Simple UART Serial Interface

®
&)

(10)
(I
(12
(13)
(14)

(15)

(16)

TXD
Parity enabled

TXD
Parity disabled

Interrupt

Parity enabled :

Sct the SCOFM1~0 flags of the SCOMD?2 register to specify the frame mode.
Set the SCOBRKE flag of the SCOMD?2 register to control break status
transmission.

Select the SCOSBOM flag of the SCOMD?3 register.

Select the SCOLIOM tlag of the SCOMD3 register.

Set bit 0 of the port 0 direction control register (PODIR) to the output mode.
Select serial communication by setting the SCOSBOS flag of the SCOMD3
register to "1."

Set transmit data to serial interface O transmit/receive shift register
(SCOTRB). This will start the serial transmission.

When the serial transmission begins, the SCOBSY flag of the SCOCTR
register is sct to "1," indicating that a scrial transfer is in progress.

When the serial transmission is complete, the SCOBSY flag of the SCOCTR
register is cleared to "0" and the SCO transfer complete interrupt request flag
is set to "1." The SCOTRI flag of the SCOMD1 register is cleared to "0."

Interrupt

L

SCoBSY

Parity enabled

SCOBSY
Parity disabled

p 3 3 3 3 3 3 3 3 3 3 3
Parity disabled : . . . . . . . . . . H

Figure 5-3-1 UART Transmission Timing



Bl Reception

(1)  Select UART by setting the SCOCMD flag of the serial interface 0 control
register (SCOCTR) to "1."

(2) Specify the first bit to be transferred (MSB first or LSB first) with the
SCODIR flag of the scrial interface O mode register 0 (SCOMDO).

(3)  Select the valid edge of the clock signal with the SCOCE1~0 flags of the
SCOMDO register.

) Select the clock source with the SCOCK1~0 flags of serial interface 0 mode
register 1| (SCOMD1).

(5)  Set the SCOCKM (flag of the SCOMDI register to "1" to divide the clock
source [requency by 8.

(6)  Set the SCONPE flag of the serial interface 0 mode register 2 (SCOMD?2) to
enable or disable parity.

(7)  If parity is enabled by the SCONPL flag of the SCOMD?2 register, set the
SCOPM1~0 flags of the SCOMD?2 register to specify the added parity bit.

(8)  Setthe SCOFM1~0 flags of the SCOMD?2 register to specify the frame mode.

(9)  Select the SCOIOM flag of the SCOMD?3 register.

(10)  When the SCOIOM flag of the SCOMD?3 register is specified that the pin is
independent, set bit 1 of the port 0 direction control register (PODIR) to the
input mode.

(11)  Setbit 0 of the port 0 pull-up resistor control register (POPILU).

(12)  Select serial communication by setting the SCOSBIS tlag of the SCOMD3
register to "1."

(13)  When the serial transmission begins, the SCOBSY flag of the SCOCTR
register is set to "1," indicating that a serial transfer is in progress.

(14) When the serial transmission is complete, the SCOBSY flag of the SCOCTR

register is cleared to "0" and the SCO transfer complete interrupt request flag
is set to "1." The SCOTRI flag of the SCOMD]1 register is cleared to "1."

Setting the SCOFM flag of the SCOMD2 register to frame

. mode automatically sets the SCOLNG2-~0 flags of the

SCOMDO register.

=]

After the transfer is complete, the SCOLNG2-~0 flags of the
SCOMDO register are automatically set with the transfer bit
count.

Chapter 5 Serial Functions

When the serial port is
enabled and the SCOCE1~0
flags of the SCOMDO register
are toggled, the transfer bit
count may change.

The TXD pin goes to a high
level after reception is
complete.

Serial interface 0 begins
operation when the
SC0SBOS or SCOSBIS flag
is set to "1." Setl the
SCOSBOS or SCOSBIS flag
after all conditions have been
set.

One machine cycle after the
stop bit has been received,
the start condition will no
fonger be  accepted.
Therefore, consecutive
reception must be performed
carefully.
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RXD

Parity enabled

RXD

Parity disabled

Interrupt :
Parity enabled :

Interrupt f f f f f f : : : :
Parity disabled : . . . . . . . . .

SCOBSY
Parity enabled

SCOBSY
Parity disabled

Figure 5-3-2 UART Reception Timing
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5-3-3 How to Use the Baud Rate Timer

Refer to the following when using the baud rate timer to set the UART transfer

speed.

(1) Specifying the timer clock source
The clock source is specified by the TM3CKS3~1 flags of the timer 3 mode
register (TM3MD).

(2) Setting the compare register

The compare register value is set in the timer 3 compare register (TM30C).

This set value is computed according to the following formula:

overflow period = (compare register set value + 1) x timer clock period

baud rate = 1/(overtlow period X2 X 8) _
T SCOMD1(SCOCKM)
compare register set value = timer clock frequency/(baud rate x 2 x 8) — 1
Table 5-3-1 UART Transfer Rate

{ransfer Speed| 544 1200 2400 4800 9600 19200
fosc (bps)
(MHZ) Set :Ca\cu\ated Set :Ca\:u\a'ed Set :Ca\CJ\aTed Set :Ca\cu\ated Set :Ca\ou\at Set :Ca\suate
fosc | — : — | 208 :1202| 104 :2403| 52 :4807| 26 !9615| 13 19230
4.0 fs/4 |104i300] — ! — | — ¢ — | —+ — [ — v | — " —
/16 | — @ — | — ¢ — | — = —
fosc | — + — | 218 11201| 109 i2402| 55 i4761| 27 i9699| — i —
419 fs/d f109i300| — ! — | — 1 — | — 1 — | — 1 — | — 1 —
s/t | — 1 — | — 1 — | — i — | === ===
fosc | — 1 — | — 1 — | 208 12404| 104 14807| 52 19615| 26 '19230)
8.0 fs/4 |208i300] 52 1201 — + — | — ¢ — | — ¢ — | — 1 —
516 | — @ — | — ¢+ | — ==
fosc | — — | — ! — | 218 :2403| 109 :4805| 55 :9523| 27 19394
8.38 fs/4 |218:300| 55 1190 — + — | —+ — | — 1 — | — | —
fsite | — 1 — | —t — | — i — | — = === —
fosc | —: — | — 1 — | — 1 — [ 156 14808] 78 !9e15| 39 Ma2ad
12.0 fsid | — 1 — | 78 11202| 39 tpd03| — 1 — | — 1 — | — 1 —
fs/16 | 78 1300 — + — | — ¢+ — | — 1+ — | — — | — 1 —
fosc | —: — | —: — | — i — | 208 :4808| 104 ;9615| 52 1923
16.0 fs/a | — ¢ — [104i1202] 52 tea0a| — 1 — | — 1 — | — 1 —
fs/16 |104:3800| —: — | — 1 — | — 1 — [ — 1 — [ = —
fosc | —: — | —: — | —  — | 218 14805 109 '9610| 55 19045
16.76 fs/4 | — @ — [109:i1201] 55 to3s1] — 1 — | — 1 — | — | —
fs/16 [109i300| — 1 — | —m 1 — | —m 1 — | — 1 — | — 1 —
fosc | — ! — | — ! — | — ' — | — " — 130 '9615| 65 19231
20.0 fs/4 | — | — [130:i1202] 65 i2404] 83 14735] — 1 — | — 1 —
fe/16 |130'300| — ' — | — ' — | — ' — | — " — | — ' —
Example:

The timer 3 clock source is fs/4 (fosc = 8MHz) and a baud rate of 300 bps is

desired.

Since fs=fosc/2,

compare register sct value = (8 x 102/4)/(300 x 2 x 8) — 1

=207
=X'CF

Chapter 5 Serial Functions

Set the values from this tfable
(minus 1) in the compare
register.
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Set the CLKPOLZ flag of the
SC2MDO register to "1" before
setting the SC2LNG3~0 flags
of the SC2MDO register.

The SC25PKF, SC25TKF,
SC2SPEN, and SC2STEN
flags of the SC2CTR register
are normally sef to "0".

138 Simple IIC Serial Interface

5-4 Simple lIC Serial Interface

5-4-1 Overview

The simple IIC serial interface is a single master bus. Several devices may be

connected as slaves.

5-4-2 Setup and Operating Procedure

B Transmission (1-byte transmission, then transmission of n-bytes)

(D

(6)

Set bit 2 of port 3.

« Set bit 2 of the port 3 output register (P30UT) to "1" ("H" level).

« Set bit 2 of the port 3 direction control register (P3DIR) to "1" (output mode).

Set bit O of port 3.

« Set bit O of the P3OUT register to "1" ("H" level).

* Set bit 0 of the P3DIR register to "1" (output mode).

Set bit 0 of the port 3 output register (P30UT) to "0" ("L" level) to output the

start condition.

Set the SC2ZMDO register.

* Set the SC2CMD flag of the SC2MDO register to "1" (LIC mode).

* Sct the SC2LNG3~0 flags of the SC2MDO register to specify the transfer bit
count as 9 bits.

« Set the SC2STE flag of the SC2MDO register to disable the start condition.

* Set the SC2DIR flag of the SC2MDO register to MSB first.

« Set the SC2CEO flag of the SC2ZMDO register so that reeeption data is input on
the falling edge.

Set the SC2MD1 register.

* Sct the SC2CK2~0 flags of the SC2ZMD1 register to specify the clock source as
1/2 of the overflow of timer O.

* Set the SC2SBTS flag of the SC2MD1 register to "1" (serial clock pin).

¢ Set the SC2SBTM flag of the SC2MD1 register.

* Set the SC2SBOM flag of the SC2MD1 register.

Set the SC2CTR register.

« Set the SC2ACKO flag of the SC2CTR register to "1" ("H" level). (During
transmission, the output level is the same as the 9th bit of data (the ACK bit)).

 Set the SC2ACKS flag of the SC2CTR register to "1" to enable the ACK bit.

« Set the SC2SBOM flag of the SC2CTR register to "1" (connected).



Chapter 5 Serial Functions

(7)  Sct the SIFOEO2 and SIFOEI2 flags of the SC2MD1 register to "1" to cnable the
serial port.

(8) Write data to the serial interface 2 transmit/receive shift register (SC2TRB) to
start the serial transmission.

(9) When the transmission of 9-bit data (8 data bits + ACK bit) is complete, the SC2
transfer complete interrupt will be received.

(10) Read the SIFACK flag of the SC2CTR register and determine the value of the
ACK bit.
If the transmission is complete, go to (13).
If the transmission is continuing, go to (L1).

(11) Set the SC2ZMDO register.
* Set the SC2LNG3~0 flags of the SC2MDO register to specify the transfer bit

count as 9 bits.

(12) Set the SC2CTR register.

* Set the SC2ACKO flag of the SC2CTR register to "1" ("H" level). (During
transmission, the output level is the same as the 9th bit of data (the ACK bit)).

Repeat processing from step (8).

(13) Setbit 2 and bit 0 of the P3OUT register to "0".

(14) Set the SC2SBOS, SC2SBIS, SC2SBTS flags of the SC2MD1 register to "0".
(Switch the SBT2 and SBO2 pins to function as ports.)

(15) Set bit 2 of the P30OUT register to "1".

(16) Setbit 0 of the P30OUT registerto "1".

Start serial transmission

SDA \

SCL
1st byte Trar?sfrmg;ion 2nd byte 18th bit Stop condition
Start transmission complete Start Transmission complete
Interrupt [[]__ transmission [

Software . Hardware | Software | Hardware Software

Figure 5-4-1 Master Transmission

Simple TIC Serial Interface 139



Chapter 5 Serial Functions

Set the SC2CMD flag of the
SC2MDO register to "1"

before

safting the

SC2LNG3~0 flags of the
SC2MDO register.

The SC2SPKF, S8C2S8TKF,
SC2SPEN, and SC28TEN
flags of the SC2CTR register
are normally set to "0".
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B Reception (1-byte transmission, then reception of n-bytes)
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Set bit 2 of port 3.

» Sct bit 2 of the port 3 output register (P30UT) to "1" ("H" level).

*» Set bit 2 of the port 3 direction control register (P3DIR) to "1" (output
modc).

Set bit 0 of port 3.

« Set bit 0 of the P30UT register to "1" ("H" level).

* Set bit 0 of the P3DIR register to "1" (output mode).

Set bit O of the port 3 output register (P30OUT) to "0" ("L" level) to output the

start condition.

Set the SC2ZMDO register.

*» Set the SC2CMD flag of the SC2MDO register to "1" (IIC mode).

» Set the SC2LNG3~0 flags of the SC2MDO register to specify the transfer bit
count as 9 bits.

* Set the SC2STE flag of the SC2MDO register to disable the start condition.

» Set the SC2DIR flag of the SC2MDO register to MSB first.

» Set the SC2CEO flag of the SC2MDO register so that reception data is input
on the falling edge.

Set the SC2MD1 register.

* Set the SC2CK2~0 flags of the SC2ZMD1 register to specity the clock source
as 1/2 of the overllow of timer 0.

» Set the SC2SB'L'S tlag of the SC2MDI register to "1" (serial clock pin).

* Set the SC2SBTM [lag of the SCZMDI register.

* Set the SC2SBOM flag of the SC2MD1 register.

Set the SC2CTR register.

*» Set the SC2ACKO flag of the SC2CTR register to "1" ("H" level). (During
transmission, the output level is the same as the 9th bit of data (the ACK bit)).
» Set the SC2ACKS flag of the SC2CTR register to "1" to enable the ACK bit.

*» Sct the SC2SBOM flag of the SC2CTR register to "1" (connected).

Set the SC2SBOS and SC2SBIS flags of the SC2MD1 register to "1" to
enable the serial port.

Write data to the serial interface 2 transmit/receive shift register (SC2TRB) to
start the serial transmission.

When the transmission of 9-bit data (8 data bits + ACK bit) is complete, an
SC2 transfer complete interrupt will be received.

Read the SIFACK [lag of the SC2CTR register and determine the value of the
ACK bit.
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The reception process is described in the following steps.

(L1) Set the SC2MDO register.
« Set the SC2LNG3~0 flags of the SC2MDO register to specify the transfer bit

count as 8 bits.

(12) Set bit 0 of the P3DIR register to "0" (input mode).

(13) Write dummy data to the serial interface 2 transmit/receive shift register
(SC2TRB) to start the serial reception.

(14) When the reception of 8-bit data is complete, the SC2 transfer complete
interrupt will be received. The 8-bit received data is input to the serial

interface 2 transmit/receive shift register (SC2TRB).

1st byte oth bit  2nd byte 18th bit

Start transmission Tr%r&iqngllséstg) n regé?)rttion Reception complete

Interrupt m M

Software | Hardware ISoftwareI Hardware Software

Figure 5-4-2 Master Reception
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The SC2SBTS flags of the
SC2MD1 register must be sef to
"1" before sefting the SC25BOS
and SC2SBIS flags of the
SC2MD1 register fo "1".

142 Simple IIC Serial Interface

Control and processing of the ACK bit are described in steps (15)~(19) below.

(15)
(16)

(7

(18)
(19)

20)

an

22

23)

24

25)
26)

Set bit 2 of the P30OUT register to "0".

Set the SC2SBOS, SC2SBIS, SC2SBTS flags of the SC2MD1 register to "0".

(Switch the SBT2 and SBO2 pins to function as ports.)

Set bit 2 of the P30OUT register to "1".

Set bit 0 of the P3OUT register to "0". (I the case of NACK, set to "1").

Set bit 0 of the P3DIR register to "1" (output mode).

If the reception is complete, go to (23).

If the reception is continuing, go to (20).

Set the SC2MDO register.

» Set the SC2BC03~0 flags of the SC2MDO register to specify the transfer bit
count as 8 bits.

Set the SC2SBTS flag of the SC2MD1 register to "1". (Switch the SBT2 pin

to a serial clock pin).

Set the SC2SBOS and SC2SBIS flags of the SC2MD1 register to "0". (Switch

the SBO2 pin to serial).

Repeat processing from step (13).

Set bit 2 and bit 0 of the P3OUT register to "0".

Set the SC2SBOS, SC2SBIS and SC2SBTS (lags of the SC2ZMDI register to

"0". (Switch the SBT2 and SBO2 pins to function as ports.)

Set bit 2 of the P30OUT registerto "1".

Set bit 0 of the P30OUT registerto "1".
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SDA ><

1
ACK output
scL | | 8
S
ACK clock output ACK clock
Interrupt l_\
Pin Serial pin | Portpin
(16)
Data line control
P30 Input | Output
L | L
(18)(19)
Clock line control
Input
P32
H | | H
(15) (17}
T

Corresponds to step humber description

Figure 5-4-3 ACK Processing during Reception
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5-5 Serial Interface Control Registers

5-5-1 Overview

Fourteen registers control the serial interface. See table 5-5-1.

Table 5-5-1 Serial Interface Registers

Name | Address R/W Function

SCOMDO | X'03F50' R/W | Serial interface 0 mode register 0

SCOMD1 | X'03F51' R/W | Serial interface 0 mode register 1

SCOMD2 | X'03F52 R/W | Serial interface 0 mode register 2

SCOMD3 | X'03F53' R/W | Serial interface 0 mode register 3

SCIMDO | X'03F57 R/W | Serial interface 1 mode register 0

SCIMD1 X'03F58' R/W | Serial interface 1 mode register 1

SC2ZMDO X'03F5A"| R/W | Serial interface 2 mode register 0

SC2MD1 X'03F5B'| R/W | Serial interface 2 mode register 1

SCOCTR X'03F54' R/W | Serial interface O control register

SC2CTR X'03F5C" | R/W | Serial interface 2 conirol register

SCOTRB X'03F55 w Serial interface O ransmil/receive shifl register
SCORXB | X'03F56' R Serial interface 0 receive data buffer

SCITRB X'03I'59 R/W | Serial interface 1 transmit/receive shift register
SC2TRB X'03F5D' | R/W | Scrial interface 2 transmit/reccive shift register

Serial Interface Control Registers
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5-5-2 Transmit/Receive Shift Registers, Receive Data Buffer

(1) Serial interface 0 transmit/receive shift register (SCOTRB)

This 8-bit, writable register shifts the transmission data and the reception data. The

direction of transfer can be specified as LSB first or MSB first.

7 6 5 4 3 2 1 0

SCOTRB SCOTRB7|SCOTRBG(SCOTRBS|SCOTRB4 [SCOTRB3 [SCOTRB2[SCOTRB1 |SCOTRBO| (at reset: undefined)

Figure 5-5-1 Serial Interface 0 Transmit/Receive Shift Register
(SCOTRB: X'03F55', W)

(2) Serial interface 0 received data buffer (SCORXB)

7 6 5 4 3 2 1 0

SCORXB SCORXB7|SCORXBG| SCORXBS5|SCORXB4|SCORXBS [SCORXB2|SCORXB" |SCORXBO| (at reset: undefined)

Figure 5-5-2 Serial Interface 0 Receive Data Buffer
(SCORXB: X'03F56', R)

(3) Serial interface 1 transmit/receive shift register (SC1TRB)
7 6 5 4 3 2 1 0

SC1TRB SC1TRB7|SC1 TRB6|SC1TRB5|SC1TRB4|SC1TRB3[SC1TRB2|SC1 TRB1|SC1TRBO| (at reset: undefined)

Figure 5-5-3 Serial Interface 1 Transmit/Receive Shift Register
(SC1TRB: X'03F59', R/W)

(3) Serial interface 2 transmit/receive shift register (SC2TRB)

7 6 5 4 3 2 1 0

SC2TRB SC2TRB7|SC2TRB6| SC2TRB5|SC2TRBA|SC2TRB3| SC2TRB2{SC2TRB1 [SC2TRBY| (&t reset: undefined)

Figure 5-5-4 Serial Interface 2 Transmit/Receive Shift Register
(SC2TRB: X'03F5D', R/W)
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5-5-3 Serial Interface Mode Registers

(1) Serial interface 0 mode register (SCOMDO)

7 6 5

4

3

2 1 0

SCOMDO —  |SCOCEO|SCOCE1

SCODIR

SCOSTE

[SCOLNGZSCOLNG1|SCOLNGO

(at reset: -00XX000)

I

SCOLNG2 | SCOLNG1| SCOLNGO| Transfer bit count
0 8 bit
0 -
1 7 bit
0 -
0 6 bit
1 1 5 bit
0 4 bit
0 -
; 1 3 bit
0 2 bit
1 1 1 bit
SCOSTE Select.lon of synchr.o.nous
serial start condition
0 Disable start condition
1 Enable start condition
SCODIR First bit to be transferred
0 MSB tirst
1 LSB first
scoceolscocE1 Rgcelve data |Transmit data
input edge | output edge
0 0 Rising Falling
0 1 Falling Rising
1 0 Falling Falling
1 1 Rising Rising

Figure 5-5-5 Serial Interface 0 Mode Register 0 (SCOMDO: X'03F50', R/W)
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(2) Serial interface 0 mode register 1 (SCOMD1)

SCOMD1

5

4

3

2

1

0

SCOCKN

SCOCK1

SCOCK0

SCOBRKF|

SCOERE

SCOTRI

Chapter 5 Serial Functions

(at reset: --X00000)

Transmit/receive

SCOTRI interrupt request flag
0 Transmit interrupt request
1 Receive interrupt request
SCOERE Errar monitor
0 No error
1 Error
Break status
SCOBRKF receive monitor
0 Data
1 Break
SCOCK1 SCOCKo Clock source
0 0 fs/2
0 1 fs/4
1 0 fs/16
1 1 BC3x1/2(112 of dmer 8 overflow)
SCOCKM Divide clock frequency by 8
0 Do not divide by 8

1

Divide by 8

An external clock can be selected as the clock
source by setting the SBTO pin to the input mode.

Figure 5-5-6 Serial Interface 0 Mode Register 1 (SCOMD1: X'03F51', R/W)

Serial Interface Control Registers
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(3) Serial interface O mode register 2 (SCOMD2)

(at reset: --000XXX)

SCONPE

Parity enable

Parity enabled

Parity disabled

SCOPM1 [ SCOPMO

Added bit specification

Transmission

Reception

Normally add O

Check for 0

Normally add 1

Check for 1

Add odd parity

ICheck for odd parity

—lo|=|e

Add even parity

ICheck for even parity|

SCOFM1 [SCOFMO|

Frame mode specification

7 data bits + 1 stop bit

7 data bits + 2 stop bits

8 data bits + 1 stop bits

0
1
0
1

8 data bits + 2 stop bits

SCOBRKE

Break status transmit control

Data

Break

Figure 5-5-7 Serial Interface 0 Mode Register 2 (SCOMD2: X'03F52', R/W)

7 6 5 4 3 2 1 0
SCOMD2 - —  |SCOBRKE|SCOFM1|SCOFMO|SCOPM1 | SCOPMOSCONPE]
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(4) Serial interface 0 mode register 3 (SCOMD3)

Chapter 5 Serial Functions

7 6 5 4 3 2 1 0
SCOMD3 — | - |scoiov|scosaon|scosaTiscosBOS SCOSBISISCOSBTY (at reset: --000000)
\— SCOSBTS SBTO pin function selection

0 Port
1 Serial clock pin

SCOSBIS SBIO input control
0 "0" input
1 Serial input

SCOSBOS SBOO pin function selection
0 Port
1 Serial communication

SCOSBTM SBTO pin configuration selection
0 Push-pull output
1 N-channel open-drain output

SCOSBOM SBOO pin configuration selection
0 Push-pull output
1 N-channel open-drain output

SGOIOM SBI0/SBOO pin connection
0 Unconnected
1 Connected

Figure 5-5-8 Serial Interface 0 Mode Register 3 (SCOMD3: X'03F53', R/W)
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(5) Serial interface 1 mode register 0 (SC1MDO)

7 6 5 4 3 2 1 0

SCIMDO | sC1BSY [ 8¢ CEO | SC1CE* | SC*DIR | SCISTE |SC1LNG2{SCILNG1[SCILNGO| ~ (at reset: 000XX000)

: SC1LNG2JSC1LNG1|SC1LNGO| Transfer bit count
o 0 8 bit
1 7 bit
0 -
’ 0 6 bit
1 5 bit
0 4 bit
0
| 1 3 bit
] 0 2 bit
1 1 bit
SCASTE Synchro_n_ous sena! start
condition selection
0 Disable start condition
Enable start condition

SC1DIR First bit to be transferred

0 MSB first
1 LSB first
sciceolscice R_ecelve data [Transmit data
input edge | output edge
0 0 Rising Falling
0 1 Falling Rising
1 0 Falling Falling
1 1 Rising Rising
SC1BSY Serial bus status
0 Other use
1 Serial transmission in progress

Figure 5-5-9 Serial Interface 1 Mode Register 0 (SC1MDO: X'03F57', R/W)
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(6) Serial interface 1 mode register 1 (SC1MD1)

7 6 5 4 3 2 1 0

SC1MD1 - [SC1SBOMSC1SBTM[SCISBOM| SC1SBIS |SCISBTS| SC1CK1 | SCICKO

(at reset: -0000000)

t SC1CK1 [ SC1CKo Clock source

0 0 fs/2
1 1s/8
0 1s/64
1 1 BC3x1/2 (1/2 of timer 3 overflow)

SC1SBTS SBT1 pin function selection

0 Port
1 Serial clock pin

SC1SBIS SBI1 input control

0 "0" input
1 Serial input

SC1SBOM | SBO1 pin function selection

0 Port

1 Serial communication
SC1SBTM _SBTMpin

configuration selection
0 Push-pull output
1 N-channel open-drain output
SBO1 pin

SC1SBOM configuration selection

0 Push-pull output

1 N-channel open-drain output

An external clock can be selected as the clock
source by setting the SBT1 pin to the input mode.

Figure 5-5-10 Serial Interface 1 Mode Register 1 (SC1MD1: X'03F58', R/W)
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(7) Serial interface 2 mode register 0 (SC2MDO)

7 6 5 4 3 2 1 0
SC2MDO | SC2CE0 |SG20MD | SC2DIR| SC2STE [SC2LNG3|SC2LNG2| SC2LNGH| SC2LNGO (at reset: 00XX0000)
SG2LNG3|SC2LNG2|SC2LNG1|SC2LNGo| Transfer
bit count
0 1 1 1 9bit
0 8bit
0 -
1 7bit
0 -
q 0 6bit
| 1 Bbit
0 4bit
0 -
] 1 3bit
’ 0 2bit
1 1bit
SC2STE Selection of synchronous serial start condition
0 Disable start condition
1 Enable start condition
Specification of first bit
SC2DIR to be transferred
0 MSB first
1 LSB first
SC2CMD Selection (_)f synchronous
serial or lIC
0 Synchronous serial
1 1IC
SC2CEO0 Receive data input edge
0 Rising edge
1 Falling edge

(The transmit data output edge is fixed at the falling edge.)

Figure 5-5-11 Serial Interface 2 Mode Register 0 (SC2MDO0: X'03F5A", R/'W)
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(8) Serial interface 2 mode register 1 (SC2MD1)

7 6 5 4 3 2 1 0

SC2MD1 ISC2SBOMISC2SBTM|SC2SBOS| SC2SBIS |SC2SBTS| SC2CK2 | SC2CK1 | SC2CK0

Chapter 5 Serial Functions

(at reset: 00000000)

I

SC2CK2 SC2CK1 SC2CKO0 | Clock source
0 fs
0
1 fs/2
0
| 0 fs/4
1 fs/8
BCOx1/2
1 0 0 {112 of fimer 0 overflow)
SC2SBTS SBT2 pin function selection
0 Port
1 Serial clock pin
SC28BIS SBI2 input control
0 ‘0" input
1 Serial input
SC28BOS SBO2 pin function selection
0 Port
1 Serial communication
SC2SBTM SBT2 pin configuration selection
0 Push-pull output
1 N-channel open drain output
SC2SBOM SBO2 pin configuration selection
0 Push-pull output

1

N-channel open drain output

An external clock can be selected as the clock source
by setting the SBT2 pin to the input mode.

Figure 5-5-12 Serial Interface 2 Mode Register 1 (SC2MD1: X'03F5B', R/W)
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5-5-4 Serial Interface Control Register

(1) Serial interface 0 control register (SCOCTR)

7 6 5 4 3 2 1 0
SCOCTR  |scoBsy|scocmp| — —  |SCOFEF|SCOPEK|SCOORE  — (at reset: 00XX000X)

SCOORE Overrun error detection
0 No Error
1 Error

SCOPEK Parity error detection
0 No Error
1 Error

SCOFEF Framing error detection
0 No Error
1 Error

Synchronous serial/

SCOCMD

UART selection
0 Synchronous serial
1 UART
SCOBSY Serial bus status
0 Other use
1 Serial fransmission in progress|

Figure 5-5-13 Serial Interface 0 Control Register (SCOCTR: X'03F54', R/W)
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(2) Serial interface 2 control register (SC2CTR)

7 6 5 4 3 2 1 0

8C2CTR SC2BSY| 8C23B0M | SC28PK= | 3C28TKF | SC2SPEN| SC23™EN| SC2ACKS| SC2ACKC

Chapter 5 Serial Functions

(at reset: 00XX00XX)

— |

SC2ACKO ACK bit level
0 "L" level
1 "H" level

SC2ACKS ACK bit enable
0 Do not use data
1 Use data

SC2STEN Start condition flag enable
0 Disable
1 Enable

SC2SPEN Stop condition flag enable
0 Disable
1 Enable

SC2STKF Start condition flag detection
0 No detection
1 Detection

SC2SPKF Stop condition flag detection
0 No detection
1 Detection

SC25BOM SBI2/SBO2 pin connection
0 Independent
1 Connected

S8C2BSY Serial bus status

0 Other use

1

Serial transmission in progress

Figure 5-5-14 Serial Interface 2 Control Register (SC2CTR: X'03F5C', R/W)
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Chapter 6 A/D Conversion Functions

15 8 Overview

6-1 Overview

The MN101C01D has an internal A/D converter with 10-bit resolution. A
sample-and-hold circuit is contained on-chip and software can switch the

analog input between channels 0~7 (ANO~AN7).

When the A/D converter is stopped, power consumption can be reduced by

turning off the internal ladder resistors.

ANCTR1
_ ANBUF1 0 ANBUFQ
_ ANBUF10 —
— ANBUF11 —
— ANBUF12 —
A/!GJVCCDTH'Q)O 5 _ ANBUF13 -
—| - ; ANBUF14 —
ANCHS1 ] ANST s AD 2?)2\";13")” ANBUF15 -
ANCHS2 ANBUF16 | [ ANBUF0B
AA’\[‘\IL(/;EOE ANBUF17 ANBUFO7
m
ANCK1 A A
ANSHO [
ANSH1 |-
7 3 \
VREF + <
I >
ANO —»|
AN1 — >
AN2 2 ¥ Upper 8 bits of A'D
AN3 g onversion data
> -bit
AN MUX »|Sample & hold IA/D comparator
ANS i y Lower 2 bits of A/D conversion data
ANE —
AN7 —»
VREF
fs/2
fs/4 1
i ~| mux - 1/2
fx x 2 1/6 MUX
1/18

Figure 6-1-1 A/D Converter Block Diagram
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6-2 A/D Conversion

The procedures for operating the A/D conversion circuit are listed below.

(1) Set the ANCIIS2~ANCTISO flags of A/D control register 0 (ANCTRO) to specify one
of pins AN7~ANO (PA7~PAO) as the analog input.

(2) Sct the ANCK1 and ANCKO flags of A/D control register 0 to sclect the A/D
conversion clock. Make this setting such thar the period of the conversion clock

(Tap), which is based on the oscillator, is greater than 800ns.

(3) With the ANSH1 and ANSHO flags of A/D control register ), set the sample-and-hold
time. Select a value for the sample and hold time that is suitable for the analog input
impedance.

(4) Set the ANLADE flag of A/D control register 0 to "1" so that current flows through Start the A/D conversion after the
the ladder resistors and the A/D converter is on standby. current flowing through the ladder
Note: Steps 1~4 above may performed all at the same time. resistors Stabi’izef- The time

(5) Sct the ANST flag of A/D control register 1 (ANCTRI) to "1" to start the A/D f:gji”;’“‘:’;‘;’szd ("m";ex_”;’;" ktgj
CONVersion. and the external bypass capacitor

(6) After the sample-and-hold time set in step 3, the sampled A/D conversion data is connected between Vref+ and
sequentially compared to determine its value beginning with the MSB. Vief- should be used as the

L . nan . criferia for the wait fime.
(7) When the A/D convetsion is complete, the ANST bit is cleared to "0" and conversion

results are stored in A/D buffers (ANBUFO, 1). At the same time, an A/D complete
intetrupt request (ADIRQ) is generated.

Tap
-« 1 2 3 11
| | | | ] |
ANST 1 +—

A/D conversion start A/D conversion complete

Ts :

\ \ ( .

’ i

‘ Sampling Hold !

Bit9 Bit8 Bito

| comparison, comparison ( [comparison;
o o

Determine  Determine Determine Determine

bit9 value  bit 8 value bit 1 value bit 0 value

A/D interrupt g f_l—

Figure 6-2-1 A/D Conversion Timing
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6-3 A/D Converter Control Registers

6-3-1 Overview

Four registers control the A/D converter. See table 6-3-1.

Table 6-3-1 A/D Converter Control Registers

Name Address R/W Function
ANCTRO | X'03F90' R/W A/D control register 0
ANCTR1 | X'03F91' R/W A/D control register 1
ANBUFO | X'03F92' R A/D butfer 0
ANBUF1 | X'03F93' R A/D buffer 1
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6-3-2 A/D Control Register (ANCTR)

This readable and writable 8-bit register controls the operation of the A/D
converter.

(1) A/D control register 0 (ANCTRO)

7 6 5 4 3 2 1 0

(at reset: XXXX0XXX)

ANCTRO | ANSH1|ANSHO|ANCK1|ANCKO|ANLADE [ ANCHS2 [ ANCHS1 [ ANCHSO

I— ANGHS2 [ ANCHS! [ ANGHSO (Analog input selection|
0 ANO
0
1 AN1
0
] 0 AN2
1 AN3
0 AN4
0
] 1 AN5
i 0 AN6
1 AN7
ANLADE A/D ladder resistor control

0 A/D ladder resistors off

1 A/D ladder resistors on
A/D conversion
ANCKT | ANCKD clock selectionx1
0 0 fs/2
1 fs/4
’ 0 s/8
1 fxx 2
ANSHT | ANSHo Sample and
hold time setting*2
0 Tapx 2
0 1 Tabx 6
1 0 Tapx 18
1 Use prohibited

=1:8pecify that where the period of the A/D conversion clock
is greater than 800ns.

*2:Sample-and-hold time is determined by the analog input
impedance. Tao indicates the period of the A/D conversion
clock.

Figure 6-3-1 A/D Control Register 0 (ANCTRO: X'03F90', R/W)
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(2) A/D conversion control register 1 (ANCTR1)

ANGTR1 ANST| — | — | — | — | — | — | — (at reset: 0------ )

ANST A/D conversion status
0 A/D conversion completed or stopped
1 A/D conversion started or in progress

Figure 6-3-2 A/D Control Register 1 (ANCTR1: X'03F91', R/W)
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6-3-3 A/D Buffers (ANBUF)

These read-only registers store the A/D conversion results.

(1) A/D buffer 0 (ANBUFO)

This register stores the lower 2 bits of the A/D conversion results.

7 6 5 4 3 2 1 0

ANBUFO  [anBUFo7[aNBUFOS| — | — [ — | — | — | — (at reset: XX-----)

Figure 6-3-3 A/D Buffer 0 (ANBUFO: X'03F92', R)

(2) A/D buffer 1 (ANBUF1)

This register stores the upper 8 bits of the A/D conversion tesults.

7 6 5 4 3 2 1 0

ANBUF1  |[ANBUF17|ANBUF16|ANBUF15|ANBUF14{ANBUF13|ANBUF12JANBUF 11 |ANBUF 10 (at reset: XXOOXXXX)

Figure 6-3-4 A/D Buffer 1 (ANBUF1: X'03F93', R)
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164 A/D Converter Control Registers

6-3-4 Warning when Using the A/D Converter

The following items must be implemented to maintain the accuracy of the

A/D converter:

1. Use a maximum input pin impedance, R, of 500kQ" with an external
capacitor, C, that is minimum 1,000pF and maximum 1pF*.

2. Take the RC time into consideration when setting the A/D conversion
interval.

3. Changing the output level of the microcomputer or switching peripheral
circuitry on or off when the A/D converter is in use may cause the
analog input pin or current pin to fluctuate resulting in a loss of
precision. During setup and evaluation, verify the waveform of the
analog input pin.

Equivalent circuit of
analog signal output Microcomputer

1 uF>G>1000pF
where R<500kQ

*1 These values are reference values.

Figure 8-3-5 Recommended Circuit When Using A/D Conversion
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Chapter 7 AC Zero-Cross Circuit/Noise Filter

7-1 Overview

The P21/SENS pin is the input pin for the AC zero-cross detection circuit.
The AC zero-cross detection circuit outputs a high level when the input is at
an intermediate level, and a low level at all other times.

FLOATA1
P7RDWN
PARDWN
P21IM
—7
AC zero-cross » P21inputIRQ1
P21/IRQ1/SENS detection circuit MUX to noise filter

(See figure 7-3-1.)

Figure 7-1-1 P21 Input Circuit Block Diagram
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7-2 AC Zero-Cross Circuit Operation

7-2-1 Setup and Operation

Settings for zero-cross circuit operation are listed below.

(1) Set the REDGI flag of the IRQIICR register to select the valid edge for IRQL.

(2)  Set the NFIEN and NFICK2~1 flags of the NFCTR register to set the noise filter
and its sampling clock.

(3) With the P21IM flag of the FLOAT]1 register, set the P21 pin to zero-cross
detection.

(4) An IRQI interrupt is generated when the waveform of the AC line voltage

intersects 1/2Vpp.

10 ms at 50Hz

8.3 ms at 60Hz
AC line waveform

Ideal
IRQ1

IRQ1

Actual ” H

Figure 7-2-1 AC Line Waveform and IRQ Generation Timing

When the AC line waveform intersects 1/2Vpp, actual IRQ interrupt requests will be
generated multiple times. Therefore, the software must filter this signal before making any

evaluations.

When noise filteting is selected for use, the amount of evaluation processing by the software
will be reduced. However, if the OSC stops, a return from the backup mode will not be

possible.

AC Zero-Cross Circuit Operation ] §7
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7-3 Noise Filter

7-3-1 Overview

External interrupt pins IRQO and IRQ1 contain noise filtering circuit. This
circuitry can be used for remote control signal reception.

S Data bus
IRQO: External interrupt O %
IRQ1: External interrupt 1 s %
fe/2P——]
7 7
fa/2'——m MUX
fs/28——]
fa/2%—|
P20nRQo || Noiee filter
MUX To IRQO
interrupt
fo/2P—»|
7
fs/28—> MUX
fe/2 ——»]
fs/2%—»]
P211RQIISENS [} AC ero cross Noise filter
(Figure 7-1-1) MUX —— To IRQ1

interrupt

Figure 7-3-1 Noise Filtering Circuit Block Diagram
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7-3-2 Example Input and Output Waveforms for Noise Filter

When the noise filter is used, the wavetorm input to the IRQO pin is sampled based on the
clock specified by the NFOCKS0 and NFOCKS1 [lags of the noise [ilter control register
(NFCTR). The waveform input to the IRQ1 pin is also sampled based on the clock specified
by the NFOCKSO and NFOCKS1 flags. If the sampled level remains the same for 3
consecutive samples, it is sent the CPU; otherwise, the previous level is maintained.

smira Ly b

Waveform after
noise filtering

Figure 7-3-2 Noise Filter Input and Output Waveform Example

Q

Noise filtering cannot be
used in the STOP or HALT
modes.

Noise Filter 169
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7-4 AC Zero-Cross Control Register

7-4-1 Overview

Three registers control the AC zero-cross circuit.

Table 7-4-1 AC Zero-Cross Control Register

Name Address R/W Function
IRQOICR | X'03FE2’ R/W External interrupt control register 0
[ 2-4-3 "Interrupt Control
Registers B External Interrupt IRQIICR | X'03FE3’ R/W External interrupt control register 1
Control Registers'] FLOATL | X'03F4B' R'W | Pin contol register 1
fsw 3-2-2 "JO Port Control NFCTR X'03F8A R/W Noise filter control register

Registers B Pin Control
Registers"]

170 AC Zero-Cross Control Register
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7-4-2 Noise Filter Control Register (NFCTR)

This 6-bit readable and writable register controls the noise filter.

7 6 5 4 3 2 1 0

NFCTR - —  |NFICKS1|NFICKS0] N-1EN |NFOCKS'[NFOCKS0| NFOEN (at reset: --000000)

NFOEN | IRQO noise filter setup and operation

0 IRQO noise filter oft

1 IRQO noise filter on
NFOCKS1 | NFOCKSO IRQO noise filter
sampling period selection
o 0 |1/
1 fs/2/
} 0 |1
1| 12

NF1EN | IRQ1 noise fitter setup and operation

0 IRQ1 noise filter off

1 IRQ1 noise filter on
NFiCKS! [NFicksp | IRQ1 noisedilter
sampling period selection
o 0 |1
1| fsi2’
] o |t
1 |2

Figure 7-4-1 Noise Filter Control Register (NFCTR: X'03F8A', R/'W)
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Chapter 8 Automatic Data Transfer Control Function

174 Overview

8-1 Overview

The MN101G01D has the automatic data transfer control (ATC) function that can
transfer data by hardware between the memory space and the internal special
function register space.

Any of the interrupts listed in table 8-1-1 can be selected as the source to activate the ATC.
Bach time the intetrupt once occurs, an 8-bit or 16-bit address is transferred. The number of
transfets sct in the transfer word count register has been reached, the automatic data transfer
control interrupt is occurred.

For multiple (16-bit) transfers, disable interrupts from the interrupt control register of the

selected ATC activation source (xxxTE=(0).
The one-word transfer mode is used to transfer the 16-bit capture register, 10-bit A/D data,

etc. The one-word transfer begins at an even address and consecutively transfers data from

two consecutive addresses.

Table 8-1-1 Summary of the Automatic Data Transfer Control Function

M —sSpecial Function Registes Special Function Register—M

Directions cmory—sSpecial Function Register pecial Function Register—Memory
(Memory—Memory transfers are not allowed)

Formats 1 byte (8 bits) or 1 word (16 bits)

A/D conversion complete interrupt

Serial O transfer complete interrupt
Activation Serial 1 transfer complete interrupt
sources

Serial 2 transfer complete interrupt
Timer 2 compare-march interrupt
Timer 4 compare-match interrupt
External interrupt IRQO

External interrupt IRQ1
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8-2 Automatic Data Transfer Control Operation

8-2-1 Overview

Automatic data transfer control (ATC) is specified by the automatic data control
register (ATMD).

The ATC can transfer from 1 to 256 bytes, as specified in the ATCNT register. After the

specified transfer is complete, the automatic data transfer interrupt (ATCIRQ) is generated.

The target address pointer (ATTAP) for the ATC can be specified to increment ot hold

constant.
8-2-2 Automatic Data Transfer

The transfer procedures are listed below.

(1) Disable the automatic data transfer
Set bit 6 (ATEN) of the ATMD register to "0" to disable the transfer function.
(Atrcsct: 0)

(2) Select internal ATC
Set bit 7 (ATEXT) of the ATMD register to "0".
(At reset: 0)

(3) Select ATC activation source
Set bits 2~0 (ATBG2~0) of the ATMD register to select the interrupt that will activate the
transfer.

000: A/D conversion complete interrupt

001: Serial 0 transfer complete interrupt

010: Serial 1 transfer complete interrupt

011: Serial 2 transfer complete interrupt
100: Timer 2 compare-match interrupt
101: Timer 4 compare-match interrupt
110: External interrupt IRQO

111: External interrupt IRQ1

Automatic Data Transfer Control Operation 75
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(4) Select transfer address mode

Select the transfer address mode with bit 3 (ATINC) of the ATMD register.
0: Fixed ATTAP address
1: Incrementing ATTAP address

(5) Select transfer unit

Select the transfer unit with bit 5 (ATWID) of the ATMD register.
0: Bytc (8-bit) transfer

1: Word (16-bit) transter

(6) Select transfer direction
Select the transter direction with bit 4 (ATDIR) of the ATMD register.
0: The trans(er target address pointer (for memory) is specilied as the source pointer.

1: The transfer target address pointer (for memory) is specified as the destination pointer.

(7) Set transfer word count

Set the transfer word count in the ATCNT register.
The order of settings in steps (2)~(7) can be changed.
(8) Enablc data transfer

Set bit 6 (ATEN) of the ATMD register to "1" to enable the transfer function.

(9) Transfer complete
When all transfers are complete, ATEN will be cleared 1o "0" and an ATCIRQ interrupt

generated.
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8-2-3 Transfer Timing

The load cycle and store cycle execution times are determined by the memory space being
accessed and the number of wait cycles set in the MEMCTR register.

The number of execution cycles for access of each type of memory are listed below.

* Special function register space: 3 cycles (when no wait cycles are set)
* Internal ROM/RAM: 2 cycles
» Extcrnal ROM/RAM: 2 cycles (when no wait cycles arc sct)

Halt Halt

CPU operating status

ATC activation event ﬂ

BUS release request 4
BUS release granted %

Load Store

Load S
ATC operating cycle =~ ---------=-n-- i S o S oa tore

ATCIRQ l_l

ATEN J |—

Figure 8-2-1 ATC Operation Timing Chart
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8-3 Automatic Data Transfer Control Registers

8-3-1 Overview

Five registers to control the automatic data transfer control function (ATC). See table
8-3-1.

Table 8-3-1 Automatic Data Transfer Function Control Registers

Name Address | R/W Function
ATMD X'03FA0 R/W Automatic data transfer control register

ATCNT X'03FA1 R/W Transfer word counter
ATTAPL | X'03FA2' R/W Data transfer target address pointer (lower 8 bits)

ATTAPH | X'03FA3' | R/W Data transfer target address pointer (upper 8 bits)

ATIAP X'03FA4" | R/'W Data transfer internal address pointer

The automatic data transler control register (ATMD) controls the operation of the
ATC (activation source selection, transfer address mode selection, transfer
direction/unit selection, and transfer enable status).

The data transfer target address pointer (ATTAPL, ATTAPH) points to a memory
space.

The data transfer internal address pointer (ATIAP) points to an internal special

function register space.
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8-3-2 Automatic Data Transfer Control Register (ATMD)

This readable and writable 8-bit register controls the automatic data transfer control

function.

ATMD

ATEXT

ATEN

ATWID

ATDIR

ATINC

ATIR2

ATIR1

ATIRO

(at reset: 000XXXXX)

ATIR2 ATIR1 ATIRO Transfer activation
source selection
0 0 AD conversion corrplete interupt
o 1 Serla Otransfer complete Interrupt
| 0 Serla 1 transfer complete Inerrupt
1 Serla 2transfer complete Interrupt
0 0 Compare-mach interrupt firmer 2
1 1 Compare-match interrupt firmer 4
i 0 Extemal interrupt IRQO
1 Extemal interrupt IRQ1
ATINC ATTAP mode selection
0 Fixed
1 Increment
ATDIR ATG transter direction selection
0 Memory—Special register

Special register—Memory

ATWID ATC transfer unit selection
0 Byte (8-bit) transifer
1 Word (16-bit) transfer
ATEN ATC transfer enable
0 Disable ATC transfer
1 Enable ATC transfer
ATEXT ATC external connection selection
0 Select internal ATC

Select external ATC

Figure 8-3-1 Automatic Data Transfer Control Register (ATMD: X'03FAQ', R/W)

Automatic Data Transfer Control Registers
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8-3-3 Transfer Word Counter (ATCNT)

This 8-bit readable and writable register sets the total number of bytes for the data
transfer. The contents of ATCNT are decremented (—1) at each 1 byte transfer.
When X'00' is reached, an automatic data transfer interrupt (ATCIRQ) is generated,
the ATC transfer enabled flag (ATEN) is cleared to "0", and the transfer is complete.

7 6 5 4 3 2 1 0

ATCNT ATCNT7 | ATCNT6 | ATCNTS | ATCNT4 [ ATCNT3 | ATCNT2 | ATCNT1 | ATCNTO | Read/Write  (at reset: undefined)

The number of words for fransfer are set in byte units
(In word transfer mode,

the transfer count is the number of words x 2).

If 256 transfers are desired, set the register to "0".

ATCNT7~0

Figure 8-3-2 Transfer Word Counter (ATCNT: X'03FA1', R/W)
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8-3-4 Transfer Address Pointers

The transfer address pointers are a 16-bit and an 8-bit readable and writable
register.

(1) Data transfer target address pointer (ATTAPH, ATTAPL)

This pointer specifies the RAM address of the transfer target.

7 6 5 4 3 2 1 0

ATTAPH ATTAP15|ATTAP14|ATTAP13 |ATTAP12 |ATTAP11 |ATTAP10| ATTAPS | ATTAPS

(at reset: undefined)

7 6 5 4 3 2 1 0

ATTAPL ATTAP7 |ATTAPG|ATTAPS|ATTAP4 |ATTAP3 | ATTAPZ|ATTAP1 [ATTAPO (at reset: undefined)

Figure 8-3-3 Data Transfer Target Address Pointer
(ATTAPH: X'03FA3', R/W; ATTAPL: X'03FA2', R/W)

(2) Data transfer internal address pointer (ATIAP)

7 6 5 4 3 2 1 0

ATIAP ATIAP7 | ATIAP6 | ATIAPS | ATIAP4 | ATIAPS | ATIAP2 [ ATIAP1 | ATIAPO (at reset: undefined)

Figure 8-3-4 Data Transfer Internal Address Pointer (ATIAP: X'03FA4', R/W)
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Appendices

MN101C00 SERIES INSTRUCTION SET

Group Mnemonic Operation Affected Flag
VF NF|CF|2F

Code|
Size

Re-
peal]

Machine Code
Expand 1 2 3 4 5 6 7 8 9 10

Cyclel Nctes)

Fag1

Data move instructions

MoV MOV Dn,Dm Dn—Dm - —|=]-]2 |1 1010 DnDm 25
MOV imm8,Dm imm8—Dm - ||| 4|2 1010DmDm <#8. ..> 25
MOV Dn,PSW Dn—>PSW ®®ee 3 3 0010 1001 01Dn 26
MOV PSW,Dm PSW—-Dm - —|-|-|183]2 0010 0001 01Dm 26
MOV (An).Dm mem8(An)—>Dm - —|-|-12]2 0100 1ADm 27
MOV (d8,An),Dm mem8{(d8+An)—Dm - —|=|-4]2 0110 1ADmM <d8. ..> * |27
MOV {d16,An),Dm mem8(d16+An) >Dm - —|=]-]7]4 0010 0110 1ADmM <d16 ... ... —.> 28
MOV (d4,SP),Dm mem8(d4+SP)—>Dm - —-|=-|-|8 |2 0110 01Dm <dd> *2 | 28
MOV (d8,SP),Dm mem8(d8+SP)—->Dm - —|-|-|5 |3 0010 0110 01Dm «d8. ..> +3 |29
MOV (d16,SP),Dm mem8(d16+SP)—>Dm - - == 7|4 0010 0110 00Dm <d16 ... .. .> 29
MOV (io8),Dm mem8(IOTOP+io8)—Dm - —|=-|-]4]2 0110 00DM <io§ ..> 30
MOV (abs8),Dm mem8(abs8)—>Dm - —|=-|-14]2 0100 01Dm <abs 8.> 30
MOV {abs12),Dm mem8(abs12}—>Dm - —-|=-]|-]5]2 0100 00Dm <abs 12. ..> 31
MOV (abs16),Dm mem8(abs16)—>Dm - === 7|4 0010 1100 00Dm <abs 16.. ... .> 31
MOV Dn,{Am) Dn—smem8{Am) - —|=|-l2]2 0101 1abn 32
MOV Dn,(d8,Am) Dn-smem8|(dB+Am) - —|=|-4]|2 0111 1abDn <d8. ..> *1 |82
MOV Dn,(d16.Am) Dn—mem8(d16+Am) - =|=|-|T7 |4 0010 0111 1abn <d16 ... - w> 33
MOV Dn,(d4,SP) Dn-smem8|(d4+SP) - —|-|-13]2 0111 01Dn <d4> *2 |33
MOV Dn,(d8,SF) Dn—smem8|d8+SP) [ D Y A 0010 0111 01Dn <d8. ..> +3 |34
MOV Dn,(d16.SP) Dn—>mem8(d16+SP) - —|=|-| 7|4 0010 0111 00Dn <d16 ... .. .> 34
MOV Dn,(io8) Dn—mem8{IOTOP+io8) - == 4]2 0111 00Dn «<io8 ..> 35
MOV Dn,(abs8) Dn->mem8iabs8) - —|=-|-14]2 0101 01Dn <abs 8.> 35
MOV Dn,(abs12) Dn—smem8|abs12) - —-|-|-|5]2 0101 00Dn <abs 12.. .. 36
MOV Dn,{abs16) Dn >mem8{abs16) - === 7|4 0010 1101 00Dn <abs 16. ... .> 36
MOV imm8 {io8) imm8—mem8(I0TOP+io8) - —-|-|-| 86|38 0000 0010 <«io8 .> <#8. .> 37
MOV imm8,{abs8) immB8—ymem8(abs8) - —|-|-| 6|3 0001 0100 <abs 8.> «<#8. .> 37
MOV imm8,(abs12) imm8—mem8(abs12) - —|=-|-]17183 0001 0101 <abs 12. .> <#8. ..> 38
MOV imm8,(abs16) imm8-ymem8(abs16) - —-|=|-19 |5 0011 1101 1001 <abs 16. .. .> <#8 .> 38
MOV Dn,{HA) Dn—smem8{HA) - —|=-]-]2]2 1101 00Dn 39

MOVW  IMOVW (An),DWm mem16{(An)—~DWm - —|-|-12]|8 1110 00Ad 40
MOVW (An)Am mem16(An)—Am - —|-|-|3]|4 0010 1110 10Aa +4 | 40
MOVW (d4,SP),DWm mem16(d4+SP)—>DWm - —|-|-/83]3 1110 011d «dd> 22 |41
MOVW (d4,SP),Am mem16(d4+SP)—>Am - —|-|-|3]|8 1110 010a <d4»> +2 | 41
MOVW (d8,SP),DWm mem16(d8+SP)—>DWm - —|-|-| 5|4 0010 1110 011d <d8 ..> *3 |42
MOVW (d8,SP),Am mem16(d8+SP)—Am - —|=|-| 5|4 0010 1110 010a <d8 ..> *3 |42
MOVW (d16,SP)DWn  |mem16(d16+SP)»>DWm - —|-|-]7]5 0010 1110 001d <d16 ... .. .> 43
MOVW (d16,SP),Am mem16(d16+SP)—»>Am - —|=|-l71]5 0010 1110 000a <d16 ... .. .> 43
MOVW ({abs8},DWm mem16({abs8)—>DWm - —|=-]-]4]3 1100 011d <abs 8.> 44
MOVW (abs8),Am mem16(abs8)—>Am - —|=|-| 4|3 1100 010a <abs 8.> 44
MOVW {(abs16),0Wm  [mem16(abs16)—>DWm - ===l 7|5 0010 1100 011d <abs 16. ... .> 45
MOVW (abs16),Am mem16(abs16)—Am - —|=-|-]171]5 0010 1100 010a <abs 16. .. .> 45
MOVW DWn,(Am) DWn—smem16(Am) - —|-|-]2]83 1111 00aD 46
MOVW An,(Amj An—smem16(Am) - —|=|-|3 |4 0010 1111 10aA *4 | 46
MOVW DWn,d4SP)  |DWn—smem16(d4+SP) - —|-[-]s]s 1111 011D <d4> w2 |47
MOVW An,(d4,SP) An—mem16(d4+SP) - —-|-|-|38]3 1111 010A «dd> 32 |47
MOVW DWn,d8SP)  |DWn_smem15(d8+SP) [ I I - 0010 1111 011D «d8 .> 3 |48
MOVW An,(d8,SP) An—smem16(d8+SP) - —-[-]5]4 0010 1111 010A <d8. ..» 43 |48
MOVW DWn (d16,SF) |DWn—mem16(d16+SP) - =|=|-l7|5 0010 1111 001D <d16 ... . .> 49
MOVW An,(d16SP)  |An—smem16(d16+SP) - —[-[-17]>s 0010 1111 O00A <d16 ... .. .> 49
MOVW DWn,{abs8) DWn—smem16(abs8) - —|=-]-]4]8 1101 011D <abs 8.> 50
MOVW An,(abs8) An—>smem16(abs8) - —|=]-]|4]3 1101 O10A <abs 8.> 50
MOVW DWn abs16) DWn—mem16(abs 16} - —|=|-]7]5 0010 1101 011D <abs 16. .. .> 51
MOVW An,(abs16) An—mem16(abs16) - —|=|-17]|5 0010 1101 010A <abs 16. .. .> 51
MOVW DWn,(HA) DWn—mem16(HA) - —|-|-12 |3 1001 010D 52
MOVW An,(HA) An smem16(HA) [ D I - 1001 011A 52
MOVW imm8,DWm sign(imm8)—>DWm - —|-|-|4]|2 0000 110d <#8. ..> +5 | 53
MOVW imm8,Am zero(imm8)—>Am - —|=|-4|2 0000 111a <#8 .> *6 | 53
MOVW imm16 DWm imm16—DWm - —|-|-| 8|8 1100 111d <#16 ... .. .= 54

Note: "Page"” refers to the corresponding page in the Instruction Manual. *1  dB sign extended «4  A=An, a=Am

*2 d4zeroextended +5 #8sign extended
%3 dBzeroextended *6 #8zero extended
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| Group ‘ Mnemonic Operation Afiected Flag Codercﬁ Re- Machine Code VmesPagt1
VF|NF|CF[zF|Size peat| Expand 1 2 3 4 6 7 9 10
MOVW imm16,Am imm16—Am —|=-|=-]-|86138 1101 111a <#16 s 54
MOVW SP.Am SP—AmM - =]-|-13 |3 0010 0000 100a 55
MOVW AnSP An—SP B N I I I B 0010 0000 101A 55
MOVW DWn,DWm DWn—DWm -|-]-]-]18]8 0010 1000 00Dd + |56
MOVW DWn.Am DWn—Am - =-]-|-13 |3 0010 0100 11Da 56
MOVW An,DWm An—DWm - -|-]-13]3 0010 1100 11Ad 57
MOVW AnAm An—Am -|-]-|-/3 |8 0010 0000 00Aa x2 |57
PUSH PUSH Dn SP-1-S8P,Dn—>mem8(SP) -|=-|=-]-12]3 1111 10Dn 58
PUSH An 8P-258P,An—>mem16(SP) -l-]-]-1215% 0001 O11A 58
POP POP Dn mem8(SP)—Dn,S5P+1->SP - -|-]-12]38 1110 10Dn 59
PCP An mem16(SP)—>An,8P+2—8P —|=-|=|-12 14 0000 O11A 59
EXT EXT Dn,DWm sign(Dn) >DWm I I I - A - 0010 1001 000d +3 |60
Avrithmetic instructions
ADD IADD Dn,Dm Dm+Dn—Dm ® e e e® 3 2| 0O | 001 0011 DnDm 61
ADD imm4,Dm Dm-+sign (imm4)—Dm o e e e 3 |2 1000 00Dm <#4> *6 | 61
ADD imm8,Dm Dm+imm8->Dm LILJLILIERE: 0000 10DM <#8. .> 62
ADDC IADDC Dn,Dm Dm4+Dn+CF—Dm ® ®® ® 3| 2| O|0011 1011 DnDm 63
ADDW |ADDW DWn,DWm DWm+DWn—DWm ® & ® ® 3 | 3| O | 0010 0101 0oDd |64
/ADDW DWn,Am Am+DWn—Am @ ® @ e 3|3 | O|0010 0101 10Da 64
ADDW imm4,Am Amasign (imm4)—Am o o0 e 3 |2 1110 110a <#d> *6 |65
ADDW imm8,Am Am-+sign(imm8)—Am ® e 8 e 5 5 0010 1110 110a <#8. .> +7 |65
ADDW imm16,Am Am+imm16->Am o e e e 7 4 0010 0101 Ofla <#16 > 66
IADDW imm4,SP SPa+sign(immd)—>SP - =|-|-13|2 1111 1101 <#4> *6 |66
ADDW imm8,SP SP+sign(imm8)—>SP - -|-]-14]2 1111 1100 <#8. .> +7 |67
/ADDW imm16,SP SP+imm16—SP —| === 7 |4 0010 1111 1100 <#16 > 87
ADDW imm16,DWm DWm-+immi6 sDWm o o0 e 7 4 0010 0101 010d <#16 > 68
ADDUW |ADDUW Dn,Am Am+zero(Dn)—>Am ® ® ® ® 3 |3 |0O|00i0 1000 1abn 8 | 69
ADDSW |ADDSW Dn,Am Amasign(Dn)—Am ® @8 ® 3 3|0 | 0010 1001 1aln 70
sSuB SUB Dn,Dmiwhen Dn+Crmj  |Dm-Dn—Dm ® ® 8 ® 3 2|0 | 0010 1010 DnDm 71
SUB Dn,Dn Dn-Dn—Dn olojof1|2 |1 1000 01Dn 71
SUB imm8,Dm Dm-imm8—Dm ® ®® @ 5|3 |0 |000 1010DMDmM <#8. ..> 72
SUBC SUBC Dn,Dm Dm-Dn-CF—Dm ® e 03 2 0010 1011 DnDm 73
SUBW  |SUBW DWnDWm DWm-DWn—>DWm o 00 e 3 3 0010 0100 00Dd |74
SUBW DWn,Am Am-DWn—Am ®® 0 o 3 3 0010 0100 10Da 74
SUBW imm16,DWm DWm-imm16—DWm o o0 0 7 4 0010 0100 010d <#16 > 75
SUBW imm16,Am Am-imm16—>Am o e 007 4 0010 0100 Otla <#16 > 75
MULU MULU Dn,Dm Dm+Dn—DWk 0@ ® e 3 8 0010 1111 111D *4 |76
DIVU DIVU Dn,DWm DWm/Dn—>DWm-|...DWm-h ®® e 0 3 ° 0010 1110 111d *5 |77
CMP CMP Dn,Dm Dm-Dn...PSW e eee 3 2 0011 0010 DnDm 78
CMP imm8,Dm Dm-imm8.. PSW o e® e 4+ |2 1100 00Dm <#8. ..> 78
CMP imm8 (abs8) mem8|abs8)-imms...PSW ® ®® e - 3 0000 0100 <abs 8.> <#8 ..> 79
CMP imm8 (abs12) mem8(abs12)-imm8.. PSW e e e/ 3 0000 0101 <abs 12. .> <#B. .> 79
CMP imm8 (abs16) mem8{abs16)-imm8... PSW ® e e e ° 5 0011 1101 1000 <abs 16.. > <H8 > 80
CMPW  |CMPW DWn.DWm DWm-DWn...PSW ®® e e 3 3 0010 1000 01Dd *1 |81
CMPW DWn Am Am-DWn...PSW ®® 0 e 3 3 0010 0101 11Da 81
CMPW An,Am Am-An..PSW e e e e 3 3 0010 0000 O1Aa »2 | 82
CMPW imm16,DWr DWm-imm16...PSW o e®®e® 5 |3 1100 110d <#16 > 82
CMPW imm16 Am Am-imm16...PSW ® e e e 5 3 1101 110a <#16 > 83
Logical instructions
AND AND Dn,Dm Dm&Dn—Dm V@V | @ 3|2 0011 0111 DnDm &4
AND immg,Dm Dm&mm8-sDm 0@ 0 @ 4|2 0001 11Dm <#8. ..> 84
AND imm8,PSW PSW&mm8—PSW ® e 6 e 5 3 0010 1001 0010 <#8 ..> 85
OR OR Dn,Dm DmIDn—Dm 0(|®@ 0 @ 3|2 0011 0110 DnDm 86
OR imm8,Dm Dmlimm8—Dm 0| @0 |@® 4|2 0001 10Dm <#8. ..> 86
OR imm8,PSW PSWIimm8—PSW e ®e e 5 3 0010 1001 0011 <#8. .> 87
XOR XCR DnDm DmADn—Dm 0@ 0® 3|2 0011 1010 DnDm *9 |88
XCR imm8,Dm DmAimm8 >Dm 0|@® 0|/@ 5|3 0011 1010DmDm <#8. ..> 88
Note: "Page" refers to the corresponding page in the Instruction Manual. «1  D=DWn, d=DWm 5 D=DWm £9  mzn
2 A=An, a=Am 6  #4 sign extended
*3  d=DWm *7  #8 sign extended
=4 D=DWk #*8 Dn zero extended
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MN101C00 SERIES INSTRUCTION SET

Group Mnemonic Operation Flag CodeCycle Re- Machine Code
VFINFICF zFlSize| fpeat EX 1 2 3 4 5 6 7 8 9 10

Notes|

Pag<1

NOT NOT Dn ~Dn—Dn o/e|o @ 3|2 0010 0010 10Dn 89
ASR ASR Dn Dn.msb—stemp,Dn.Isb—>CF 0|—|® @ 3| 2| v 0010 CO11 10Dn €0
Dn>>1-Dn,temp—Dn.msb
LSR LSR Dn Dn.lsb—CF,Dn>>1-Dn 0(0|® ® 3| 2|+ 0010 0011 11Dn 91
0-Dn.msh
RCOR ROR Dn Dn.lsb—temp,Dn>>1—Dn 0O/ @/® ® 3| 2| 0010 0010 11Dn 92
CF—Dn.msb,temp—>CF
Bit Manipulation Instructions
BSET  |BSET (io8)bp mem8{IOTOP+io8)&bpdata..PSW| 0 (@ |0 ®| 5 | 5 0011 1000 Obp. <io8 ..> 93
1->mem8(IOTOP+io8)bp
BSET (abs8)bp mem8(abs8)&bpdata...PSW ol@l0 @ 4| 4 1011 Obp. <abs 8> 93
1->mem8(abs8)op
BSET (abs16)bp mem8(abs16)&bpdata..PSW |0 |@|0 @ 7 | 6 0011 1100 Obp. <abs 16. ... .> 94
1->mem8(abs16)bp
BCLR  |BCLR (io8)bp memg{IOTOP+io8)&bpdata..PSW| 0 (@ |0 ®| 5 | 5 0011 1000 1bp. <io8 ..> 95
0—-mem8(IOTOP+io8)bp
BGLR (abs8)bp mem8(abs8)&bpdata.PSW |0 |@|0 ®| 4 | 4 1011 1bp. <abs 8.> 95
0—mem8(abs8)op
BCLR (abs16)bp mems8(absi6)&bpdata...PSW |0 |@ |0 @®| 7 | 6 0011 1100 1bp. <abs 16. .. .> 96
0—smem8(abs16)bp
BTST BTST irmm8,Dm Dm&imm8...PSW o|ejo @ 5|38 0010 0000 11Dm <#8. ..> 97
BTST (abs16)bp mem8(abs16)&bpdata. PSW [0 |@|0 @] 7 | 5 0011 1101 Obp. <abs 16. .. .> 97
Branch Instructions
Bee BEQ label it(ZF=1), PC+3+d4(label)+H—>PC | — —|—|—| 3 |23 1001 O00H <> 98
if(ZF=0), PC+3—PC
BEQ label if(ZF=1), PC+4+d7(label)+H—PC | — —|—|—| 4 |2/3 1000 1010 <d7. ..H 2 98
if(ZF=0), PC+4—>PC
BEQ label if{ZF=1), PC+5+d11(label}+HPC| — —|—|—| 5 |2/3 1001 1010 <d11 .. .H 3 99
if(ZF=0), PC+55PC
BNE label i{ZF=0), PC+3-d4{label)}+H-PC| — —|—|—| 3 |2/3 1001 O0TH <d4> *1 100
if(ZF=1), PC+3—>PC
BNE label i(ZF=0), PC+4-d7(label)+H—-PC| — —|—|—| 4 |2/3 1000 1011 <d7. ..H *2 100
i(ZF=1), PC+4PC
BNE label if(ZF=0), PC+54+d11(label)+H »PC|— —|—|—| 5 [2/3 1001 1011 <d11 ... .H *3 101
if(ZF=1), PC+5—>PC
BGE label If{(VFANF)=0), PC+4+d7(label)}sH—-PC| — — | —| —| 4 | 2/3 1000 1000 «d7. ..H *2 102
if((VFANF)=1),PC+4—PC
BGE label if{(VFANF)=0) PC+5+d11(labell+H>PC) — — | —|—| 5 |2/3 1001 1000 <d11 .. .H *3 102
if((VFANF)=1),PC+5—PC
BCC label if(CF=0),PC+4+d7(label}+H—PC| — ||| 4 [2/3 1000 1100 <d7. ..H *2 103
if(CF=1), PC+4—>PC
BCC label if(CF=0), PC+5+d1 1(label)-H>PCG _— | _|_| 5 |2/3 1001 1100 «d11 .. .H *3 103
if(CF=1), PC+5—PC
BCS label if(CF=1),PC+4+d7(label+H—-PC| _— | _|_| 4 |2/3 1000 1101 <d7. ..H *2 104
if(CF=0), PC+4—>PC
BCS label i{CF=1), PC+5+d1 1(label)-H>PC _ | _|_| 5 |2/3 1001 1101 <d11 ... .H *3 104
if(CF=0), PC+5—PC
BLT label Tf{(VFANF)=1),PC+4+d7(label)+sH sPC| — | || 4 |2/3 1000 1110 <d7. ..H *2 108
if((VFANF)=0),PC+4—PC
BLT label if!(VFANFj=1),PC+5-d11(label}+H—>PC{ — —|—|—| B |2/3 1001 1110 <d11 ... .H *3 105
if((VFANF)=0),PC+5—PC
BLE label Ifi(VFANF)ZF=1)PC+4+d7(label+HPG — — | —|—| 4 |2/3 1000 1111 «d7. ..H *2 106
if((VFANF)|ZF=0),PC+4—PC
BLE label 1f{(VFNF)|ZF=1),PC+5+0" 1(abe WHPC— —|—|—| 5 |2/3 1001 1111 <d11 ... .H *3 108
if((VFANF)|ZF=0),PC+5—PC
BGT label fi(VFNF)[ZF=0),PC45+d7{label+H—-PG — —|—|—| 5 |3/4 0010 0010 0001 <d7. ..H 2 107
if{(VFANF)|ZF=1),PC+5—PC

Note: Page refers to the corresponding page in the Instruction Manual. *1 d4 sign extended

*2 d7 sign extended
*3 d11 sign extended
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| Group ‘ Mnemonic Operation Affected Flag Coderyclﬂ Re- Machine Code VmesPagt1
VF|NF[CF|zF|Size peat| Expand 1 2 3 5 6 7 8 9 10
Bec BGT label if{{VFANF)|ZF=0),PC+8+d11(labelitH-PC) — | — -| 6 |34 0010 0011 0001 <d11 .H *3 107
if((VFANF)|ZF=1),PC+6—PC
BH! label if(CFIZF=0),PC+5+d7{label}+H-PC| — | — -| 5 |34 0010 0010 0010 <d7. ..H *2 108
if(CFIZF=1), PC+5 »PC
BHI label if(CFIZF=0),PC+6+d 11 (label}+H-PC| — | — -| 6 |34 0010 0011 0010 <di1 .H +3 (108
if(CFIZF=1), PC+6-PC
BLS label if(CFIZF=1),PC+5+d7{label}+H-PC | — | — —| 5 |34 0010 0010 0011 <d7. ..H +2 109
if(CFIZF=0), PC+5-PC
BLS label if(CFIZF=1),PC+B+d 11 (label}+H-PC| — | — -| 6 |34 0010 0011 0011 <di1 .H *3 |109)
if(CFIZF=0), PC+6-PC
BNC label it(NF=0),PC+5+d7(label+H-PC | — | — -| 5 |34 0010 0010 0100 <d7. ..H x2 110
if(NF=1),PC+5PC
BNC label if(NF=0),PC-6+d11{label}+H-PC| — | — -| 6 |34 0010 0011 0100 <di1 .H =3 110
if(NF=1),PC+8PC
BNS label it(NF=1),PC+5+d7(label}+H-PC| — | — —| 5 |34 0010 0010 0101 <d7. .H x2 (111
if(NF=0), PC+5-PC
BNS label if(NF=1),PC-6+d11{label}+H-PC| — | — —| 6 |34 0010 0011 0101 <d11 WH *3 111
if(NF=0),PC+6 »PC
BVC label if(VF=0),PC+5+d7(label)+H-PC | — | — -| 5 |34 0010 0010 0110 <d7. ..H x2 (113
if(VF=1),PC+55PC
BVC label if(VF=0),PC+6+d11(label)+H »PC| — | — —| & |34 0010 0011 0110 <di1 WH +3 (119
if(VF=1),PC+65PC
BVS label it(VF=1),PC+5+d7(label)+H-PC | — | — -| 5 |34 0010 0010 0111 «d7. .H *2 (119
if(VF=0),PC+5-PC
BVS label if(VF=1),PC+6+d11(label)+H-PC| — | — -| 6 |34 0010 0011 0111 «di1 WH *3 (113
if(VF=0),PC+65PC
BRA label PC+3+d4{label)+H-PC - - -3 |3 1110 111H <d4> #1114
BRA label PC+4+d7(label)+H-PC - - -1 4|3 1000 1001 <d7. ..H #2114
BRA label PC+5+d11(label)+H >PC - - -1 5|3 1001 1001 <d11 .H +3 |15
CBEQ  |CBEQ imm8 Dm,label if{Dm=imm8),PC+5+d7 (label}+H-PC | @ | @ @ 6 |4 1100 10Dm <#8. .> <d7. *2 11§
if(Bm#mm8),PC+6-PC
CBEQ imm8,Dm,label if(Dm=imm8],PC+8+d11(abel)+H PC| @ | @ ® 8 |45 0010 1100 10DmM <#8. .> <di1 .H +3 (114
if(Bm+#mm8),PC+8-PC
CBEQ imm8 (abs8) lacel |f{mem8{abs8)=inm8) PC+3+17Ia0e +H-PC @ | @ ® 9 |67 0010 1101 1100 <abs 8.> <#8. «d7. .H *2 1117
if{mem8(absB)£imm8),PC+9—PC
CBEQ imm8,(abs8),label  |if{mem8(abss)=mn8), FC-10+d11(lebel)+H-PC| @ | @ @ 10 |&/7 0010 1101 1101 <abs B8.> <#8. <d11 .H *3 [117]
if{(mem8(abs8)timm8) PC+10—-PC|
CBEQ imm8,(abs16),label |if{mem8(abs’8)<inm8) PC+11+7(label)H-+PC| @ | @ @ 11|78 0011 1101 1100 <abs 16.. <#H8. > <d7. .H »2 119
if(mem8(abs 16)#imm8),PC+11-PC
CBEQ imm8, iabs16) Jaocel |if{mem8{atsi6)-inm8) PC+124d11{labell+4-PC | @ | @ @ 1278 0011 1101 1101 <abs 16.. <#8. .> <dl1 .. .H |x3|11§
if(mem8{abs 16)£imm8),PC+12-PC|
CBNE  |CBNE imm8,Dm,label if(Dm#imm8),PC+6+d7 (label}+H—PC| @ | @ ® 6 34 1101 10Dm <#8. .> <d7. x2 119
if(Dm=imm8),PC+6—PC
CBNE imm8,Dm,label if{Dm#mm8],PC+8+d11 {label)+H-PC| @ | @ @ 8 |45 0010 1101 10Dm <#8. .> <di1 .H *3 119
if(Bm=imm8),PC+8—PC
CBNE imm (abs8), label | f{mems{zbea)éinm8) PC:0137lane )sH-PC| @ | @ | @ [ @ 9 67 0010 1101 1110 <abs 8.> <#8. <«d7. .H 2 |12
iffmem8(abs8)=imm8),PC+9—-PC
CBNE imm8 (abs8),Jabel | f{me8{abss)mm8) PC-1tud1 (l2bellH-PC| @ | @ @ | @] 10 |67 0010 1101 1111 <abs B.> <#8. «d11 “H 3 120
if(mem8(abs8)=imm8) PC+10—PC|
CBNE imm8,(abs 16),label |ii{meT8{abs 6)4mm8)PC+1 14d7(label4H-PC | @ | @ @ 11|78 00l1 1101 1110 <abs 16. <#8, .> «d7. .H =2 121
if(mem8{abs 16)=imm8),PC+11-PC|
CBNE imm8,(abs16),label (i{imemg{abs16)4imms) PC+12+d11flabeli+4-PC | @ | @ ®| 12|78 0011 1101 1111 <abs 16.. <#8. .» <dli ... .H [#3 |121
if(mem8(abs16)=mm8),PC+12—PC
TBZ 'TBZ {abs8)bp,label it{mem?3{abs8)bp=0),PC+7+07(abeli+H-PC| 0 | @ ® 7 |67 0011 0000 Obp. <abs B.> «d7. +2 129
iffmem8(abs8)bp=1),PC+7—PC|
TBZ (abs8)bp label f{mem8{ebs8)op=01,PC+8+011{label}+H-PS| 0 | @ @ 8 &7 0011 0000 1bp. <abs 8.> <di1 ..H *3 |12
iffimem8(abs8)bp=1),PC+8—PC|
Note: "Page" refers to tha corresponding page in the Instruction Manual. +1 d4 sign extended

#2  d7 sign extended
%3 d11 sign extended
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| Group ‘ Mnemonic Operation Affected Flag quer)ycljﬂe- Machine Code thesPag1
VF NF|CF|zF|Size peat Expand 1 2 3 4 5 6 7 8 9 10
TBZ TBZ (ioB)bp,label H{mer8{lOTCP+iof)bp=0), PC+7-dTsbe}+4-+PC | O ‘O 0@ 7 |67 0011 0100 Obp. <08 .> <d7. ..H x |123
if(mem8jlOTOP+io8)op=1) PC+7-PC
TBZ (i08)op,label i{remg(OT0°+ o8ibp=0) PCHB+d 11 (abe+H-PC| O @ | O |@ | 8 |6/7 0011 0100 1bp. <08 .> <«di1 .. .H x2 |123
if(mem8(IOTOP +io8}bp=1).PC+8 »PC
TBZ {abs16)bp, label F{remé(aos! Blop=0},PC+Sc7(atelsH-PC| 0 @ | O (@] 9 |7/8 0011 1110 Obp. <abs 16. .. .> <d7. .H =1 |124
if(mem8(abs1 6)bp=1),PC+3—PC]|
TBZ (abs16)bp,label [f{memBlabs18)bp=0)PC+10+011flabeli+H=PC | O @ | O | |10 |7/8 0011 1110 1bp. <abs 16. ... .> «d11 .. .H *2 |124]
if(memg(abs16)bp=1),PC+10—-PC
TBNZ  |TBNZ (abs8)bp,label if(memé{aos8)bp=1),PC+7-d7(labal+H-<PC |O @ | O |@| 7 |6/7 0011 0001 Obp. <abs 8.> «d7. .H =1 |125]
if(mem8(absB)bp=0),PC+7—-PC
TBNZ (abs8)bp,label if{mem8(abs8)bp=1) PC+8+d11(akel+H-PC|O0 @ |0 |@| 8 |6/7 0011 0001 1bp <abs 8.> <di1 .. .H *2 128
iffmem8(abs8)bp=0),PC+8—>PC
TBNZ (io8)bp label ii{memB(iojop=") PC+7+d7(label)sH-PC| 0 @ |0 |@| 7 |67 0011 0101 Obp. <io§ .» «d7. .H *1 |126]
if(mem8(io)bp=0),PC+7—=PC
TBNZ (io8)hp label li{mem8{iojbp=1,PC+8+c1 1(label}-H-PC |0 @ |0 |@| 8 |67 0011 0101 1bp. <io8 .> <d11 .. .H ¥2 |126
if(mem8io)bp=0),PC+8 >PC
TBNZ (absi6)bp label [f(meme(absi6lop=1),PC+S+07(abellsH-PC| 0 @ [0 (@ | 9 |7/8 0011 1111 Obp. <abs 16. .. .> <d7. .H *1 |127
if{mem8(abs! 6)bp=0),PC+9—-PC
TBNZ (abs16)bp,label If{remBlabs18)bp=1)PC+0+d11llabell+H-PC| 0 @ | O |@ | 10 |7/8 0011 1111 1bp. <abs 16. .. .> <dif .. .H #2127
if(mems8(abs 16)bp=0),PC+10-PC
JMP JMP (An) 0PCA7~18An—PCA6M00PCH | - — | —| | 3 | 4 0010 0001 00AO 128
JMP label abs18(labeli+H—-PC - - |-1-1715 0011 1001 OaaH <abs 18b p15~ 0.> *5 |128
JSR JSR (An) 8P-3-8P (PC+3).bp7~0-mem8(SP) | — — | —|-| 3 | 7 0010 0001 00AT 129

(PC+3).bp15-8—-memB(SP+1)
(PC+3).H->mem8(SP+2).bp7,
0—-mem8(SP+2).bps~2,
{PC+31.bp17~18-meme(SP+2).bp1~0
0-PC.bo17~18
An—PC.bp15-0,0PCH

JSR label 8P-3-8P (PC+6).bp7~0—smem8(SP) | — - |—|-| 5 | 6 0001 000H <d12 .. .> *3 |129
{PC+5).bp15-8—memB(SP+1)
(PC+5).H->mem8(SP+2).bp7,
0—-mem8(SP+2).bps~2,
[PC+5).bp17~16—smeme{SP+2).bp1~0
PC+5+d12(label)+H—-PC

JSR label 8P-3-8P (PC+6).bp7~0-mem8(SP) | — - |- || 6 | 7 0001 001H <d16 ... ... .> *4 |130
{PC+6).bp15-8—memB(SP+1)
(PC+6).H->mem8(SP+2).bp7,
0—mem8(SP+2).bps~2,
[PC+6).bp17~16—meme{SP+2).bp1~0
PC+6+d16(label)+H—-PC
JSR label 8P-3—8P (PC+7) bp7~0—mem8(SP) | — — | —|-| 7 | 8 0011 1001 1aaH <abs 18b pi5~ 0.> #5130
(PC+7).bp15-8—memB(SP+1)
(PC+7).H->mem8(SP+2).bp7,
0—mem8(SP+2).bps~2,
[PC+7).bp17~16—meme(SP+2).bp1~0
abs18(label)+H—-PC

JSRV (1bi4) SP-3-58P (PC+3) bp7~0-memB(SP) | — —| — || 3 | 9 1111 1110 <td> 131
(PC+3).bp15~8—mem8(SP+1)
(PC+3).H—>mem8(SP+2).bp7
0—mem8(SP+2).bps~2,
(PC+3).bp 17~16—+mem8{SP4+2).bp1~d
mem8(x'004080+10l4<<2|-PC.bp7~0
TemB{x'004080+10l4<<2+1) »PC.lp16~8
mem8{x'004080+bl4<<2+2).bp7—PC.H
TemB xD04080-+ol4<<2+2) bopt ~0 >
3Ckpt7~16

NOP NOP PC+2-PC - —-|-|-l2|1]|O 0000 0000 132
Note: "Page"” refers to the corresponding page in the Instruction Manual.

+1 d7 sign extended
=2 d11 sign extended
*3 d12sign exiended
#4  d16 sign extended
=5 aa=abs18.17-16
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Group Mnemonic Operation Affected Flag Code) ycl
VF|NF|CF|ZF|Size

Re-

Machine Code

Nates

Pagx1

mem8(SP+1)—(PC).bp7~0
memB(SP+2)—(PC+3).bp15~8
memB8(SP+3).bp7—(PC+3).H
mem8{SP+3).bp1-3-5(PC+3)bp17~16
mem8(SP+4)—>HA-I
mem8(SP+5)—HA-h
SP+6—SP

peat Expand 1 2 4 5 6 7 8 9 10
RTS RTS mem8(SP)—(PC).bp7~0 -|- - -]2]7 0000 0001 183]
mem8(SP+1)—(PC+3).bp15~8
mem8(SP+2).op7—(PC+3).H
merr 8{SP+2).bp1~0—{PC-3).bp17~16
SP+3—8P
RTI RTI mem8{SP)—>PSW o008 e 2 1 0000 0011 134

Control instruction

IREP ‘REP\mmS ‘imms»RPC \\\\\ 3 \ 2 \

[0010 0001 rep

EE]

Note: "Page"” refers to the corresponding page in the Instruction Manual.

#*1 Number of repeats is 0 when imm3=0.
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MN101C00 SERIES INSTRUCTION MAP

1st nibble\2nd nibble
0

3 4 5 6 7 8 9 A B C D E F
0 |[NOP |RTS [MOVisji3| RTI CMP #8.(as8Y(abs12) | POP An ADD #8,Dm MOVW #8,DWm|MOVW #8,Am
1 |JSR d12(label) [JSR d16(label) | MOV #8,(abs8){abs12) | PUSH An OR #8,Dm AND #8,Dm
2 |When the extension code is b'0010'
3 |When the extension code is b'0011'
4 |MOV (abs12),Dm MOV (abs8),Dm MOV (An),Dm
5 |MOV Dn,(abs12) MOV Dn,(abs8) MOV Dn,(Am)
6 |Mov (io8),Dm MOV (d4,SP),Dm MOV (d8,An),Dm
7 |MOV Dn (io8; MOV Dn (d4,SP) MOV Dn,(d8,Am)
8 |ADD #4,Dm SUB Dn,Dn BGE d7|BRA d7BEQ d7 |BNE d7 |BCC d7|BCS d7 [BLT d7 |BLE d7
9 |BEQd4 BNE d4 MOVW DWn,(HA)[ MOVW An,(HA) | BGE d11|BRA d11|BEQ d11|BNE d11|BCC d11{BCS d11|BLT d11 |BLE d11
A MOV Dn,Dm/ MOV #8,Dm
B |BSET (abs8)bp BCLR (abs8)bp
G |CMP #8,Dm MOVW (abs8),Am| MOVW {aos8),DWn|CBEQ #8,Dm,d7 CMPW #16, DWm|MOVW #16,DWm
D |MOV Dn,(HA) MOVW An,(abs8) [ MOVW DWn,(abs8) | CBNE #8,Dm,d7 CMPW #16,Am|MOVW #16,Am
E |MOVW (An),DWm MOVW (d4,SP),Am| MOVW (3<,SP),DWm [ POP Dn ADDW #4,Am |BRA d4
F |[MOVW DWn,(Am) MOVW An,(d4,SP) [ MOVW DWr (04,SP) | PUSH Dn ACOW §8.SP|ADDW #4.8°f JSRV {itl4)
Extension code: b'0010*
1st nibble\2nd nibble
0 1 2 3 4 5 6 7 8 9 A B C D E F
0 |MOVW An,Am CMPW An,Am MOVW SP,Am |MOVW An,SP BTST #8,Dm
1 [JMP (A0)| JSR (A0)|[JMP (A1) JSR (A1)| MOV PSW,Dm REP #3
2 BGT d7|BHId7 |BLS d7 [BNC d7|BNS d7|BVC d7 [BVS d7 [NOT Dn ROR Dn
3 BGT d11]|BHI d11 |BLS d11 [BNC d11| BNS d11] BVC d11BVS d11{ASR Dn LSR Dn
4 |SUBW DWn,DWm SUBW #16,DWm| SUBW #16,Am | SUBW DWn,Am MOVW DWn,Am
5 |ADDW DWn,DWm ADDW #16,DWm| ADDW #16,Am | ADDW DWn,Am CMPW DWn,Am
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6 |MOV (d16,SP),Dm

MOV (d8,SP),Dm

MOV (d16,An),Dm

7 |mov Dn,(d16,3P)

MOV Dn,(d8,SP)

MOV Dn,(d16,Am)

8 |MOVW DWn,CWm (NOPL @n=m)

CMPW DWn,DWm

ADDUW Dn,Am

9 |EXT Dn,DWm |AND#&PSW‘OR#&PSW

MOV Dn,PSW

ADDSW Dn,Am

SUB Dn,Dm / SUB #8,Dm

B |SUBC Dn,Dm

MOV (abs16),Dm

MOVW (2bs16),Am

MOVW {abs16),DWm

CBEQ #8,Dm,d12

MOVW An,DWm

MOV Dn,(abs16)

MOVW An,(zbs16)

MOVW DWi,(2bs16)

CBNE #8,Dm,d12

CBEQ e, abse) G701 | CBNE 4 fabse) 07t

E |MOVW (d16,5P),Am| MCVW (415,3)DWn

MOVW (d8,SP) Am

MOVW {d8,SP), DWm

MOVW (An),Am

ADDW #8,Am [DIVU

F |MOVW An,(d16,SPj | MOVW DWn,(d16,5P)

MOVW An,(d8,5P)

MOVW DWhn,(d8,SP)

MOVW An,(Am)

ADDW H6SP MULU
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Extension code: b'0011"
2nd nibble\3rd nibble

0 1 2 3 4 5 6 7 8 9 A B o] D E F
0 |TBZ (abs8)bp,d7 TBZ (abs8)bp,d11
1 |TBNZ (abs8)bp,d7 TBNZ (abs8)bp,d11
2 |CMP Dn,Dm
3 |ADD Dn,Dm
4 |TBZ (i08)bp,c7 TBZ (io8)bp,d11
5 |TBNZ (io8)bp,d7 TBNZ (io8)bp,d11
6 |OR Dn,Dm
7 |AND Dn,Dm
8 |BSET (i08)bp BCLR (i08)bp
9 |JMP abs18(label) JSR abs18(label)
A |XOR Dn,Dm / XOR #8,Dm
B |ADDGC Dn,Dm
G |BSET (abs16jbp BCLR (abs16)bp
D |BTST (abs16)bp oy #6 (abs‘ﬁ*mov#&(msm* CBQ #8,(abs15),d7/ 1 |CBNE #8/ebs13),07/ 1
E |TBZ (abs16)kp.d7 TBZ (abs16)bp,d11
F |TBNZ (abs16)bp,d7 TBNZ (abs16)bp,d11
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Summary of Special Function Registers (1/6)

R Bit Symool Reference
Address Register . . . . . . : .
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
STOP HALT 0SCH 0SCO0 | MN101C00
X'3FOC CPUM Must be set|  STOF (AT Osaillat | Series LS|
to "0" et iyt scillation contro Manual
IOWH1 | IOW0 IVBA | EXMEM | EXWH | IRWE EXW1 EXW0
X'3F01" MEMCTR Specifies number of | Spedfies base | Speciies oxemal | Gwitches fired | Softwerewie | Specifies nurmber of wait 34
) laddess ol interrLplmeniory expansion | walt mode;  setting for interrupt
1/O bus wait cycles veclor taole mod handshake mode|  requesilag | cycles for external memory
WDEN
X'3FQ2" WDCTR Enables 117
watchdog
timer
BUZOE | BUZCK1 | BUZGKO DLYS1 |DLYSO
X'8F03' DLYC™R Selects Selects buzzer Sets oscillation 118
P06 output| output frequency stabilization wait period
EXADV3 | EXADV2 | EXADVA
X'3FOE' EXADV o6 St | Bl | T 85
darngreroy | duringmemo’y | during mamory
expansion mode | expansion mede | expanision mode
POOUTS | POOUTS | POOUT4 POOUTS| POOUT2 | POOUTA | POOUTO
g ' POOUT
X'3F10 Port 0 output 49,54
P10UT4 | P1OUTS | P1OUTZ | P1OUT1 | P10UTO
X'3F11' P1oOUT 49,54
Port 1 output
P20UT7
: ! pP20UT
X'3F12 PotZautput 49,54
P3CUT7| P30UTE PSOUTS\ P30UT4 PSOUT8| P30UTZ2 | PSOUTA | P30UTO
X'3F13 P3OUT Port 3 output 49,54
P40OUT7| P40UTE P40UT5\ P4OUT4\ P4OUT8| P4OUT2| P40OUT1 | P40OUTO
X'3F14 P4OUT Port 4 output 49,54
P50UT4 | P5OUTA | PSOUT2 | PSOUT1 | P50UTO
X'8F15' P5OUT 49,54
Port 5 output
P6OUT7| P6OUTE | P6OUTS | PSOUT4 | PBOUTS [ PEOUTZ | PEOUTY | PEOUTD
X'3F16' P&OUT Port 6 output 49,54
P70UT? | P7OUTS \ P70UTS \ P7OUT4 \ P7OUT3 | P70UT2 | P7OUTA | P7OUTO
X3F17 P7OUT Port 7 output 49,54
P8CUT7| P8OUTs | PBOUTS | P8OUT4 | PBOUTS | P8OUT2 [ PBOUTY [P8COUTO
: : 49,54
X3F18 PeoUT Port 8 output ’
SYSMD7 | SYSMD6 | SYSMD5 | SYSMD4 | SYSMDs | §YSMDz | SYSMD1 [ SYSMDo
X3FIF SYSMD 1/0 port/Synchronous cutput control 49,85
POINB \ POIN5 \ POIN4 [ POIN3 | POIN2 | POINA | POINO
X'3F20" POIN Port O input 49.54
P1IN4 | P1IN3 [ P1IN2 | P1INT [ P1INO
X'3F21" P1IN 49,54
Port 1 input
P2IN4 ‘ P2IN3 | P2IN2 | P2IN1 | PZIND
X'3F22 P2IN Port 2 input 49,54
P3iN7 | P3iNs | P3aIN5 | P3IN4 | P3IN3 | P3IN2 | P3IN1 | P3INO
X'3F23' P3IN Port 3 input 49.54
P4N7 [ P4INs | P4iINs | P4iN4 | P4iNa | P4iN2 | P4INT [ P4INo
. : P4IN 49,54
K3F24 Port 4 input
PsiN4 | PsIN3 | PsiNz | PsIN1 | PsINg
X'3F28' P5IN Port 5 input 49,54
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Appendices

Bit Symbol Reference
Address Regis
egiser Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 Bit 4 Bit 0 Page
PEIN7 | P8ING | PBINS P6IN4A | PeIN3 | PBINZ | PBINT PBINO
X'3F26" PGIN so56
Port 6 input
p7inz | P7ring | Pzins | P7ing [ Paine | P7iNz | P7INt [ P7IND
X'3F27" P7IN 49,54
Port 7 input
PaiNz [ PeiNe | PsiNs | PsIN4 | PeiNs | PeINz | P8IN1 | P&INO
X'3F28" PSIN
Port 8 input 49.54
PAINZ | PAINs | paiNs | PaiN4 | PAING [ PAIN2 [ PAINT [ PAIND
X'3F2A! PAIN 49,54
Port A input
PODIR6 | PODIR5 | PODIR4 | PODIR3 | PODIR2 ‘ PODIR1 ‘ PODIRD
X'3F30" PODIR 49,54
Port 0 I/O direction control
P1DIR4 | P1DIRS | P1DIR2 | P1DIR1 | P1DIRO
X3F31" P1DIR 49,54
Port 1 I/O direction control
PapIR7 | Papirs | PapiRs | PaDIR4 | PspIRs | PsDIR2 | PSDIRT | PaDIRO
3F33' P3DIR 49,54
X'3F33 Port 3 1/O direction control
P4DIR7 | P4DIRS | P4DIRS | P4DIR4 | P4DIR3 | P4DIR2 |P4DIR1 | P4DIRO
X'3F34 P4DIR 50,54
Port 4 1/O direction control
P5DIR4 | P5DIR3 | PSDIR2 | P5DIR1 | PSDIRO
e 50,54
X'3F35 PeDIR Port 5 I/O direction control
P6DIR7 |P6D\R6 |P6DIR5 PEDIR4 |P6DIRS |P6DIR2 ‘PBDIR‘I ‘PBDIRD
X'3F36' PeDIR Port 86 1/O direction control 50,54
P7DIR7| P7DIRG | P7DIRS | P7DIR4 | P7DIR3 | P7DIR2 ‘ P7DIR1 ‘ P7DIRD
X'3F37" P7DIR 50,54
Port 7 1/O direction control
P8DIR7 | PeDIR6 | P8DIR5 | P8DIR4 | PsDIR3 | P8DIR2 | P8DIR1 | P8DIRD
X'3F3s P8DI 50,54
Port 8 1/0O direction control
P14TCO [P18TCO [P12TCO | P11TCO [ P10TCO
X'3F39" P10OMD 50,55
1/O port/Special function pin control
PAAIN7 | PAAING | PAAINS | PAAINZ | PAAINS | PAAIN2 | PAAINT | PAAIND
- - 50,55
XSFSA PAIMD /O port/Special function pin control ’
IRQ4SEL P4KYEN4| PAKYEN3 [PAKYENZ P4KYEN1
X'3F3C P4IMD Select IRQ Select Select Select Select 50,55
interrupt PAS8, PA7 PA4, PAS PA2, PA3 PAO, PA1
source key internupt | key interrupt |key interrupt | key interrupt
POPLUG | POPLUS | POPLU4 | POPLUS | POPLUZ |POPLU1 | POPLUO
3F40" POPLU 50,54
X8R40 Port O pull-up resistor ON/OFF control
P1PLU4 | P1PLU3 | P1PLUZ | P1PLUT | P1PLUC
X'3F41" P1PLU . 50,54
Port 1 pull-up resistor ON/OFF control
perLua | PepLug | PepLuz | PzPLUT | PePLUL
X'3F42" P2PLU X 50,54
Port 2 pull-up resistor ON/OFF control
P3PLU7 | P3PLUG | P3PLUS | P3PLU4 | PaPLU3 | P3PLUZ | PSPLU1 | P3PLUD
X'3F43' P3PLU 50,54
Port 3 pull-up/pull-down resistor ON/OFF control
P4PLU7 | P4PLUG | P4PLUS | P4PLU4 | P4PLUS | P4PLUZ | P4PLU1 | P4PLUO
X'3E44" P4PLU 50,54
Port 4 pull-up resistor ON/OFF control
P5PLU4 | P5PLUS | PSPLUZ | PSPLUT]| PSPLUD
X'3F45" PSPLU - 50,54
Port 5 pull-up resistor ON/OFF control
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Summary of Special Function Registers (3/6)

Bit Symbol Reference
Address Register
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
PBPLU7 | PBPLUG | PBPLUS | P6PLU4 | PEPLU3 | PBPLU2 | P6PLUT | PEPLUD
X'3F46' PePLU i 50,54
Port 6 pull-up resistor ON/OFF control
P7PLUD7‘ P7PLUD6 ‘ P7PLUDS ‘ P7PLUD4 | P7PLUD3 | P7PLUD2 |P7PLUD1 |P7PLUDO
X'3F47 P7PLUD 50,54
Port 7 pull-up/pull-down resistor ON/OFF control
P8PLU7 \ P8PLUB \ P8PLUS \ PSPLU4 | P8PLU3 | P8PLU2 | P8PLU1 | PSPLUO
X'3F48' P8PLU 50,54
Port 8 pull-up resistor ON/OFF control
PAPLUD7‘ PAPLUDB‘ PAPLUDS‘ PAPLUD4|PAPLUD3|PAPLUD2|PAPLUD1 | PAPLUDO
X'3F4A’ PAPLUD . 50,54
Port A pull-up/pull-down resistor ON/OFF control
P21M PARDWN | P7RDWN
X'8F4B' FLOAT1 elect P21 | Selects port A | Selects port 7 50,57
inpLt mode | PIFupRikdoun pullupipildown
P7SYEVS2 |[P7SYEVS1
X'3F4C" FLOAT2 Selects P7 synchronous 50,57
output event
SCOCEQ | SCOCE1| SCODIR | SCOSTE |SCOLNG2| SCOLNG1| SCOLNGO|
g : Set edges for Input of Y 146
X'3F50 ScoMDo recaived data and gutoput Ayl bl Number of transfer bits
of tranemission data transfer start condition
SCOCKM | SCOCK1 | SCOCKO | SCOBRKF | SCOERE SCOTRI
X'3F51° SCOMD1 Selects 1/8th Break status | Error Transmit/ 147
of requency | SEIECIS Clock source | reeplion | onito: | rahear
SCOBRKE | SCOFM1 | SCOFMO | SCOPM1 | SCOPMO | SCONPE
. . Conlrol Enabl 148
X'3F52 SCOMD2 break sialus (Specifies frame mode| Specifies added bit | o
transmission par\ty
SCOIOM |SCOSBOM| SCOSBTM| SCOSBOS| SCOSBIS | SCOSBTS
X'38F583' SCOMD3 SBIO'SBQO |gelects SBOD|Selects SBTO |Selects SBOO| Controls | Selects SBTO 149
conhmction | Pintormat | pin tormat | pin tunction | SBIOinput | pin tunction
SCOBSY | SCOCMD SCOFEF | SCOPEK | SCOORE
X'3F54" SCOCGTR Status of | Selects Detect Detect Delect 154
serial bus i@ﬁ;{ﬂ?ﬁéﬁ ling errors| parity errors [overrun errors
SCDOTRB7 |[SCOTRB6 SCOTRBS‘SCOTRB‘?— SCOTRB3|SCOTRB2 |[SCOTRB1 |SCOTRBO
X'3F55' SCOTRB L ) . . ) 145
Serial interface 0 transmit/receive shift register
SCORXB7 | SCORXB6 ‘SCOHXB5 ‘SCORXB4 SCORXB3 |SCORXB2 |SCORXB1 |SCORXBO
X'3F56' SCORXB i ) 145
Serial interface O receive data buffer
SC1BSY | SC1CEC ‘ SC1CE1| SC1DIR | SC1STE [SCH LNG2|SC‘I LNG1|SC‘ILNGO
X'3F57" SC1MDo Status of | o0 g it | narorer | hoss sora | Number of transfer bits 150
serial bus of transmission data transfer | start condition
SC18BOM |SC1SBTM | SC13BOS | SC1SBIS [SC1SBTS | SC1CK1 | SC1CKoO
X'3F58' SG1MDA Selects SBO1 | Selects SBT1|Selects SBO1| Selects SBI1 |Selects SBT1 151
pin format pin format | pin function | pin function | pin function | S€l€Cts clock source
SC1TRB7 | SC1TRB6 | SC1TRB5 |SC1TRB4 |SC1TRB3 [SC1TRB2 |SC1TRBI1 |SC1TRBO
X'3F59" SC1TRB Serial interiace 1 transmit/receive shift register 145
SC2CEQ| SC2CMD| SC2DIR | SC2STE |SC2LNG3 SCZLNG2| SCZLNG1| SC2LNGO
. . Select i .
X3F5A SczMDo SEtisn:ﬂ?i? s Synci?:"zus fg;?‘;;,';f, s o Number of transfer bits 152
received data senalllC transfer start condition
SC2SBOMSC2SBTM | SC2SBOS SC2SBIS|SC2SBTS SCZCK2| SC2CK1 | SC2CK0
X'3F5B' SC2MD1 Selects SBO2|Selecls SBT2 [Selects 5302|  Controls  [Selects 55T2 163
pin format | pinformat | pin function | SBI2input | pin funclion Selects clock source
SC2BSY | SC2SBOM SC2SPKF | SC2STKF | SC2SPEN |SC2STEN |SC2ACKS |SCZACKO
X'3F5C! SC2CTR Status of | Connects | Detects stop | Detects start | enables stop | enables start | ACK bit ACK bit 155
serial bus |SBI#SBO2pin| condition flag | condition flag | condition flag | condition flag | enable level
SC2TRB7 | SCETRB6 | SC2TRBS | SC2TRB4 [SC2TRB3 | SC2TRB2 | SC2TRB1 | SC2TRBO
. ‘ SC2TRB 145
X3F5D Serial interface 2 transmit/receive shift register
TMOBC7 | TMOBCE | TMOBCS | TMOEC4 | TMOBC3 | TMOBC2 | TMOBCH | TMOBCO
X'3F60' TMOBC ! 107
Binary counter 0
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Bit Symbol Ref
Address Register ererence
Bit 7 Bit6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 Page
TM1BC7 | TM1BC6 | TM1BCS | TM1BC4 | TM1BC3 | TM1BGC2 | TM1BC1 | TM1BCO
X'8FB1' TM1BC - 107
Binary counter 1
TM2BC7 |TMZBCB |TMZBCS | TMZBC4| TM2803| TM2BG2 ‘ TM2BGH ‘ TM2BCO
X'3F62' TM2BC i 108
Binary counter 2
TM3BG7 | TM3BC6 |TMSBC5 |TMSBC4 |TMSBCS |TM3802 \TMsBm \TMSBCO
X'BF63" TM3BC 108
Binary counter 3
TM4BCL7|TM4BCL6|TM4BCL5|TM4BCL4|TM4BCLS|TM4BCL2‘TM4BCL1 ‘TM4BCLD
X'3F64' TM4BCL . . 109
Binary counter 4 (lower 8 bits)
. TM4BCH7| TM4BCHE| TM4BGHS| TM4BCH4] TM4BCHS[TM4BCH2| TM4BCH1 | TM4BCHD
X'3F65 TM4BCH 109
Binary counter 4 (upper 8 bits)
. TM4ICL7 [ TM4ICLE | TM4IGLS [TM4IGL4 [ TM4ICLS [ TM4iCL2 [TMA4ICLY [TM4ICLO
X'8F66 TM4ICL 110
Input capture register (lower 8 bits)
TM4IGH7 | TM4IGHS [ TM4IGHS [TM41CH4 [TM4ICHS [TM4IGHZ [ TM4IGHT [TM4IGHD
X'38F67" TM4ICH - - 110
Input capture register (upper 8 bits)
TM5BC7 |TMSBCG |TMSBCS |TM5BC4 |TMSBCS |TMSBCZ ‘TMSBC1 ‘TMSBCO
X'3Fe8' TM5BC 110
Binary counter 5
TMooC7 [TMoocs [ TMoocs | TMooc4] TMoocs| TMoocz| TMooct| TMooco
X'3F70' TMOOC i 107
Compare register O
TM10G7 |TM1OC6 |TM1OCS |TM1OC4 | TM10C3 | TM10C2 ‘ TM10CH1 ‘ TM10C0
X'3F71" TM10C 107
Compare register 1
TM20G7 | TM20C6 [TM200s [TM2004 [TM2OCs [TM2OGC2 [TM20C1 [TM20C0
X'3F72' 108
TM20C Compare register 2
TM3OC7 |TM3006 |TMSOC5 |TMSOC4 |TM30C3 |TM30C2 ‘TMSOC‘I ‘ TM3OCOo
X'3F73' TM30C . 108
Compare register 3
TM4OCL7|TMA-OCL6| TM4OCL5|TM4OCL4| TM4OCLS|TM4OCL2‘ TM4OCL1‘ TM4OCLO|
X'3F74' TM40OGL 109
Compare register 4 (lower 8 bits)
TM4OCH7| TM4OCH6| TM4OCH4TM4OCH4| TM4OCH4 TM4OCH4 TM4OCH‘I‘ TM4OCHQ
X3F75' TM40OGH 109
Compare register 4 (upper 8 bits)
TM50G7 |TM5006 |TM5005 |TMSOC4 |TMSOCS |TM5002 ‘ TM50G1 ‘TMSOCO
X'3F78' TM50C . 110
Compare register &
TMOEN |TMOPWN [ TMOCK2 ‘TMOCK1 ‘TMOCKO
X'3F80" TMOMD Controls Selects 111
counting OP:fé':" Selects clock source
TM1EN |TM1PWM| TM1CK2 ‘ TM1CKA ‘ TM1CKO
. . Selects P11 112
X8Fs TMIMD Sg{,’;ﬂ% °"T:§‘|§€\513£"9 Selects clock source
TM2EN |TM2PWM | TM2CK2 ‘ TM2CKA1 ‘ TM2CKO
X'3F82' TM2MD Sclects 113
S&Trtwrt?r% DP;':éig" Selects clock source
TM3EN [TM3PWM | TM3CK2 ‘ TM3CK1 ‘ TM3CKO
X'3F83' TM3MD Controls | dupduing 114
counting To%grr;wg Selects clock source
TM4EN |TM4PWM/| T4ICTS1 | T4ICTSO | TM4CK2 ‘ TM4CKA1 ‘ TM4CKO
X'3F84' TM4MD Controls | Selects Selects input 115
counting | °Periion capiure trigger Selects clock source
TMECLRS| TM5IR2 | TMSIRA TMEIRO | TMBCKS3 | TM5CK2 ‘ TM5CKA ‘ TM5CKD
X'3F88' i - n
TMSMD Se;zﬁtgnsary SE|e.CtS time bas_e timer Timer 5 Selects clock source S;;::tﬁ.:‘.r;‘re 116
to be cleared interrupt period clock source
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Bit Symbol
Address Register Reference
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
TMORM | RMOEN RMDTYD |RMBTMS
g ' Selects duty of
X'8F8o RMCTR Selects | =habies, . [Must be set[Sonss S o Selecisbase | 119
P10 output | carricr output| 10 "0" | carrier output | control carrier
NF1CKS1|NF1CKS0| NF1EN | NFOCKS1[NFOCKSO| NFOEN
X'3F8A! NFCTR Selects IRQ1 noise | St IRAT | gejacts IRQO Noise | Seis IRQO 171
n b . noise filter y B . noise filter
filter sampling period | “operation | filter sampling period ion
ANSH1 ANSHO ANGKA1 ANCKO [ ANLADE | ANCHS2 | ANCHS1 | ANCHSO
X'3F90' ANCTRO Sets sample and Selects A/D Cu|I|lrdDdls A/D ] 161
hold time conversion clock resistors Selects analog input
ANST
X'3F91" ANCTR1 AD . 162
conversion
status
ANBUF07 | ANBUF06
X'3F92' ANBUFO 163
A/D butfer 0
ANBUF17|ANBUF16 |ANBUF15 |ANBUF14 |ANBUF13 |ANBUF12 |[ANBUF11 |ANBUF‘IO
X'3F93' ANBUF1 163
A/D buffer 1
ATEXT ATEN ATWID ATDIR ATINC ATIRZ2 | ATIR1 | ATIRO
! ! Sel ATC Sel ATC| Sel ATC| Sel 179
X3FAC ATMD ee:?tcetfnal Enables et?acrgg_fer et;eac%er A?’Fﬁ% Transfer activation interrupt selection
connection |ATC transfer] unit direction mode
ATCNT7 | ATCNT6 | ATCNTS5 | ATCNT4 | ATCNT3 | ATCNT2 | ATCNTH | ATCNTO
X'3FAT! ATCNT 180
Transfer word counter
ATTAP? | ATTAPG| ATTAPs | ATTAP4 | ATTAPS | ATTAP2] ATTAP1] ATTAPO
X'3FA2' ATTAPL
Data transfer target address pointer (lower 8 bits) 181
ATTAP15 ‘ ATTAP1 4‘ ATTAP1 3‘ ATTAP12 | ATTAP11 | ATTAP1 D| ATTAPS | ATTAPSB
X3FA3 ATTAPH Data transfer target address pointer (upper 8 bits) 181
ATIAP7 ‘ ATIAPG6 ‘ ATIAPS ‘ ATIAP4 | ATIAP3 | ATIAP2 | ATIAPA ATIAPO
X'3FA4' ATIAP - : 181
Data transfer internal address pointer
X'3FEO Disable to use _
WDIR
X'3FE1" NMIGR Wiaichdog 39
intermy
roquest flag
IRQOLVA ‘ IRQOLVO | REDGO IRQOIE | IRQCIR
X'3FE2' IRQOICR Interrupt level flag Img’:ﬁ't‘\;ﬁ;"d Interrupt | Interrupt 39
for external interrupt | edge flag enable flag|request flag
IRQ1LV1 ‘ IRQ1LVO REDG1 IRQ1IE IRQ1IR
X'3FES3' IRQTICR Interrupt level flag |, External Interrupt | Interrupt 39
for external interrupt edgs[lag enable flag|request flag
TMOLWV1 ‘ TMOLVD TMOIE TMOIR
X'3FE4' TMOICR Interrupt level flag Interrupt | Interrupt 40
for timer O interrupt enable flag|request flag
TMALVA ‘ TM1LVC TMAIE TMOIR
X'3FES' TM1ICR Interrupt level flag Interrupt Interrupt 40
for timer 1 interrupt enable flag|request flag
TM2LVA ‘ TM2LVO TM2IE TM2IR
X'3FE6' TM2ICR Interrupt level flag Interrupt | Interrupt 40
for timer 2 interrupt enable flag|request flag
TBLV1 | TBLVO TBE | TBR
X'3FE7' TBICR Interrupt level flag Interrupt | Interrupt 40
for time base interrupt enable flag|request flag
SCOLVA ‘ SCOLVO SCOIE SCOIR
X'3FE8' SCOICR Interrupt level flag Interrupt | Interrupt 40
for serial O interrupt enable flag|request flag
ATCLV1 | ATCLVO ATG ATC
X'3FEQ ATCICR Interrupt level flag Interrupt | Interrupt 40
for data transfer interrupt enable flag|request flag
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Bit Symbol
Address Register Reference
9 Bit 7 Bit 6 Bit5 ‘ Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page

ADLV1 ADLVO ADIE ADIR

X'3FEA ADICR Interrupt level Interrupt Interrupt 40
flag for A/D interrupt enable flag [request flag
IRQZLV1| IRQ2LVO| REDG2 IRQ2IE | IRQ2IR

g J External

X'3FEB! IRQ2ICR Interrupt level flag iy vaga Interrupt | Interrupt 39
for external interrupt | edge flag enable flag |request flag
IRQSLV1| IRQ3LVO| REDG3 IRQ3IE IRQ3IR

X'3FEC IRQ3ICR Interrupt level flag imfrf“‘?'”‘,a;'md Interrupt | Interrupt 39
for external interrupt | edge flag enable flag |request flag
IRQ4LV1| IRQ4LV0| REDG4 IRQ4IE IRQ4IR

X'BFED' IRQ4ICR Interrupt level flag intfr’;t‘;’tnva;"d Interrupt | Interrupt 39
for external interrupt | edge flag able flag |[request flag
TMELV1 | TM3LVO TMSIE | TM3IR

X'BFEE' TM3ICR Interrupt level flag Interrupt | Interrupt 40
for timer 3 interrupt enable flag |request flag
TMA4LVA | TM4LVO TM4IE TM4IR

X'3FEF' TM4ICR Interrupt level flag Interrupt | Interrupt 40
for timer 4 interrupt enable flag |request flag
TM5LV1 | TM5LVO TMSIE | TMSIR

X'3FFO' TMSICR Interrupt level flag Interrupt | Interrupt 40
for timer 5 interrupt enable flag [request flag
sci1Lvi | sc1Lve SCiE | SC1R

X'3FF1' SCTICR Interrupt level flag Interrupt | Interrupt 40
for serial 1 interrupt enable flag [request flag
SC2Lv1 | SC2LVo SC2IE SC2IR

X'3FF2' SC2IGR Interrupt level flag Interrupt Interrupt 40
for serial 2 interrupt enable flag [request flag

Summary of Special Function Registers
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Appendix: Overview of MN101CP01D Internal EPROM

The MN101CP0O1D microcomputer replaces the mask ROM of the
MN101CO01* with an electronically programmable 64-KB EPROM.

Because the MN101CPO1DAQ is sealed in plastic, once data is written to the internal
PROM it cannot be erased. Because the MN101CPO1DAQ is sealed in a ceramic
package that has a window, written data can be erased by illumination with ultraviolet
light.

Both the plastic and ceramic packages use a 80-pin flar package.

Setting the MN101CPO1D to EPROM mode, halls microcomputer [unctions, and the
internal EPROM can be programmed. Refer to the EPROM mode pin diagram in
figure 1.

The specifications for writing to the internal EPROM are the same as for a general-
purpose 1-megabit CPROM (Vpp=12.5V, tpw=0.2ms). Therefore, by replacing the
MN101CPO01D's 80-pin socket with a special 32-pin MN101CPO1D socket adapter
(supplied by Panasonic) having the same configuration as a normal EPROM, a

general-purpose EPROM writer can be used to perform read and write operations.

Specific instructions for writing to the internal EPROM with a Panasonic writer arc
provided in section (2). The internal EPROM can be used to set high-speed or low-
speed oscillation start control and the runaway detection period for the
MN101CPO1D. Details are shown in (3). Precautions are listed in (4). Instructions for
erasing data from a window packaged part are provided in (5). The difference between
the MN101CPO1D (internal EPROM version) and the MN101CO1D (mask ROM ver-

sion) is shown in (6).
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(1) Internal EPROM Considerations

*  Write #FF data to the #00000~#03FFF memory area.
Use the #04000~#13FFF (64K) memory area as a continuous area.

¢ If the EPROM is to be programmed with a PROM writer, be sure to verify that the
socket adapter and product are properly mounted. If not properly mounted, the

product may be damaged.

¢ The MN101CPO1D programming voltage is specified as 12.5V. Therefore, writing
a program with a 21V system specification will damage the product. If a PROM
writer will be used for programming, set the specifications for a general-purpose 1-
megabit EPROM (Vpp=12.5V, tpw=0.2ms).

This product does not contain an ID code such as "Silicon Signa-

C‘_ ture" or "Intelligent Identifier" for the writer's auto-device
selection command. Consequently, the auto-device selection
command should never be used with this product, as the device
might be damaged.
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Figure 1 MN101CP01D EPROM Write Adapter Pin Diagram
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(2) Writing to the Internal EPROM

* When using the PanaXIPW writer

OTP adapter setup method

Align the |i| and connect the OTP and general-purpose sections.

Align the |i| and the [PW ROM insertion direction and insert.

B

IPW settings (after normal IPW activation)

Priorily
Device selection (F1)
Type Select EPROM.
Manufacturer name selection Select HITACHL
Device name sclection Sclect HN27C101AG.
Write sequence Select 1-Byte Program.

After selecting, implement.
Loading file: Load (F9)

File name

Start address Hkoks

Write: Write (F3)

ROM start address 00004000 4

ROM end address 00013FFF
Mermory start address 00004000
Erase check selection Perform erase check.

After selecting, perform the write operation.

An additional method.

DLVICE selection (I'1)
Type Select O'TCPU.
Manufacturer name selection ssxsxsskkrxx
Device name selection Sclect MN101CPXXX.
Write sequence Select 1-Byte Program.

After selecting, implement.

Appendices

If a write operation is to be performed,

use the same settings as above.
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* When using the PanaXEPP wriler

OTP adapter setup method
Align rhe|j and connect the OTP and general-purpose sections.

Align the |i| and the EPP ROM insertion direction and insert.

D

EPP settings (after normal EPP activation)

Menu screen 1. Select DEVICE&MODE setup screen
\
Device selection screen 6. Select 1 MB
A
Mode selection screen 7. Select HITACHI quick
\
Return to main menu

1

Menu screen 2. Select wrile setup screen

File Name: user file name
ROM Start address: 4000 or 0
T'ile Start address: 4000 or O

(‘ Byte: 10000 or actual ROM size
[ ]

Do not set the byle value to "0."

After setting up, perform the write operation.
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(3) EPROM option bits

The MN101CPOLD can use bits 0~2 of address #1FF02 of the internal EPROM to set

high-speed or low-speed oscillation start control and the runaway detection (watch-

dog) period.

The address of this option is in an area that does not exist in the ROM version.

The option bit specifications are listed in table 1.

Table 1 Option Bit Specifications

Option Bit Address Setting ltem Program Contents|
OP10 x'1FFO2' (bit0) | Oscillation mode | 1:Type A
0: Type B
biel biez
OPT1 x'1FF02' (bitl) | Runaway detection | 1 *: fs/2*°
OPT2 x'1FFO2' (bit2) | period 0 1:fs/278
0 O:fs/2'®

Appendices

Type A: In the NORMAL mode, operation begins from the reset cycle.
Type B: In the SLOW mode, operation begins from the reset cycle.

Q

Cptions are set in the area of
#1FF00~#1FFFF. With the excep-
tion of the 3 option bits, set the data
to "1". Verify the sefltings to make
sure there are o errors.
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(4) Cautions

* The MN101CPO1D differs from the MN101CO1* in some of its electrical characteristics. The user should be aware of
these differences.

* To prevent data from being crased by ultraviolet light after a program is written, affix scals impermeable to UV rays to
the glass sections at the top and side sections of the CPUJ.

« From the time after a program is written until just before mounting, storage at a high temperature 18 recommended.

Program/Read

A

High temperature
storage
125°C-48H

{
Read
N

Mounting

* Due to device characteristics of the OTP version, a writing test cannot be performed on all bits. Therefore, storage of the
written data cannot be fully guaranteed in some cases.

« Verify that Vcc power supply (6V) is connected before applying the Vep power supply (12.5V). Disconnect the Vpp
supply before disconnecting the VCC supply.

* Vpp should never exceed 13.5V including overshoot.

» If adevice is removed while a VPP of +12.5V is applied, device reliability may be damaged.

* At CE=VIL, do not change Vpp from VIL to +12.5V or from +12.5V to VIL.
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(5) Erasing data in windowed packages

In an intermal EPROM with windowed packaging, data is erased ("0"— "1") when UV
light at 2537 A permeates the window to irradiate the chip.

The recommended exposure is [OWes/cn?. This coverage can be achieved by using a
commercial UV lamp positioned 2~3 c¢cm above the package for 15~20 minutes (when
the illumination intensity of the package surface is 12000uW/cnt). Remove any (illers
attached to the lamp. By installing a mirrored reflector plate in the lamp, illumination

intensity will increase by a factor of 1.4~1.8, decreasing the erasure time.

If the window becomes dirty with oil, adhesive, etc., UV light permeability will de-
crease, causing the erasure time to increase considerably. If this happens, clean with
alcohol or another solvent that will not harm the package. The recommended above
provides sufficient leeway, with several times the amount of time it takes to erase all
the bits. However, this valuc will reliably crase data over all temperature and voltage
ranges, and should not be altered. The level of illumination should be regularly

checked and the lamp operation verified.

Erasure begins when the EPROM is exposed to light with a wavelength shorter than
4000 A. Sinee fluorescent light and sunlight have wavelengths in this range, exposure
to these light sources for extended periods of time could cause inadvertant erasure. To

prevent this, cover the window with an opaque label.

Data is not erased at wavelengths. However, because of typical semiconductor charac-
teristics, the circuit may malfunction if the chip is exposed to an extremely high illu-
mination intensity. The chip will operate normally if this exposure is stopped. How-
ever, for areas where it is continuous, take necessary precautions.

Appendices
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(6) MN101CP01D characteristics

The MN101C01D (mask ROM version) and the MN101CPO1D (internal EPROM
version), both 80-pin, 8-bit microcomputers with internal LCD drivers, have the fol-

lowing differences.

MN101C01D (ROM version) [MN101CPO1D (EPROM version)
ROM size 65336 bytes 65336 bytes
RAM size 2048 bytes 2048 bytes
Ambient operating temp. —40~85°C —20~70°C
Operating voltage 4.5~5.5V 4.5~5.5V
(for 0.1uS/20MHz) (for 0.1uS/20MHz)
2.7~5.5V 2.7~5.5V
(for 0.2511S/8MHz) (for 0.25.1S/8MHz)
2.0~55V 2.7-5.5V

(for 1.00uS/2MH?z)

(for 1.00uS/2MHz)

Pin DC characteristics

Output current, input current,

, input determination level

Both ROM and EPROM versions were designed with the

samc product specifications.

Pull-up resistor connection

Pull-up via software

Pull-up via software

Options for high/low speed
oscillation start control, run-
away detection period sefting

Mask option

EPROM option*

*[EPROM data is used as the option data.

There are no other functional differences.
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