Chapter 1 Overview

2 Product Overview

1-1 Product Overview

1-1-1 Overview

The MN101CO0 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 MN101CO1D 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 QFS.

1-1-2 Product Summary

This manual desctibes the following models of the MN101CO1 series. These products have

identical functions.

Table 1-1-1 Product Summary

Model ROM Size RAM Size Classification
MN101CO1A* 32 KB 1,536 bytes Mask ROM version
MN101C01C 48 KB 2,048 bytes Mask ROM version
MN101C01D 64 KB 2,048 bytes Mask ROM version
MN101CPO1D 64 KB 2,048 bytes EPROM version

* Under development
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1-2 Hardware Functions

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

Internal ROM2  65,536x8-bit [r= 1-1-2 "Product Summary"]
Internal RAM?  2,048%8-bit
<Memory expansion mode>
Internal ROM=2  65,536x8-bit
Internal RAM2  2,048x8-bit
External ROM  128Kx8-bit
External RAM 4Kx8-bit
<Processor mode>

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

Machine Cycles:  High speed mode 0.10us/20MHz (4.5V~5.5V)
0.25us/8MHz(2.7V~5.5V)
1.00us/2MHz(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

TRQO External interrupt (can be connected to noise filter)

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

TRQ2 External interrupt (synchronous output event)

IRQ3 External interrupt

IRQ4 External interrupt (dual function for key interrupts)

<Timer interrupts>

TMOIRQ Timer 0 (8-bit timer)

TMI1IRQ Timer 1 (8-bit timer)

TM2IRQ Timer 2 (8-bit timer)

TM3IRQ Timer 3 (8-bit timer)

TMA4IRQ Timer 4 (16-bit timer)

TMSIRQ Timer 5 (8-bit 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

Hardware Functions 3
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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 petipheral 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: fs/16, fs/64, fx, 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 setial/UART baud rate timer
Clock source: fosc, fs/4, fs/16. TM3IO pin input
Can generate remote control cartier
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, fs/4, fs/16, TM4IO pin input
Input capture function
Time base timer
Clock source: fosc, fs/4, fx, fx/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/2Y, fosc/2®, or fosc/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 1/2, 1/3 can be output.
Output frequency can be selected from fs/2°, £s/2', fs/2", or fs/2"
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6 Hardware Functions

Serial interface: 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 LSB can be selected as the first bit for transfer. An
atbitrary transfer size of 1~8 bits can be selected.
CHI1 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 transfer. An
atbitrary 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 transfer. An

atbitrary transfer size of 1~8 bits can be selected.

Simple IIC communication is possible (with a single master)
A/D converter: 10 bits x 8 channels
LED driver function:8 pins

Ports: 1/0O ports 57 ports (57 have dual functions)
LED (large current) driver ports:
8 potts (push-pull configuration)
Number of pins with dual function for external expansion
mode: 30
Input potts 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 function for A/D input: 8
Analog reference voltage input pins: 2
Operation mode input pin: 1
Reset input pin: 1

Operation modes: NORMAL mode
SLOW mode
HALT mode
STOP mode

and switches operating clock

Package: 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
1

VS§S
VDD

Power supply pins

Apply 2.0V~5.5V to VDD and 0V to VSS.

13
12

0sC1
osC2

Input
Output

Clock input pin
Clock output pin

Connect these oscillation pins to 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. If these pins are not used, connect XIto VSS and leave XO open.

25

RST

1/0

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 k).

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
reset interrupt.

Also, if "0" is written to P27 and the reset is initiated by software, a low
level will be output. 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

)
2
N

POO~PX

o

SBOO(TXD),
SBIO(RXD),
SBT0,SBOI,
SBI1,SBTI,
DK
(BUZZER)

/O port 0

7-bit CMOS tri-state 1/O port.

Each 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 |I/O TMOIO /O port 1 5-bit CMOS tri-state I/O port.
(RMOUT), Each bit can be set individually as either an input or output by
TMI110~ theP1DIR register. A pull-up resistor for each bit can be selected
TM410 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 IRQO, Input port 2 5-bit input port. A pull-up resistor for each bit can be selected
IRQI(SENS), individually by the P2PLU 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 |I/O SBO2 /O port 3 8-bit CMOS tri-state /O port.
SBI2 Each bit can be set individually as either an input or output by 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 | I/O KEY0~7 /O port 4 8-bit CMOS tri-state I/O port.
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 P4PLU register. At reset, the input mode is
selected and pull-up resistors are disabled (high impedance output).
52~56 P50~P54 | /O WE,RE,CS, | VOport 5 5-bit CMOS tri-state [/O port.
A16,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
P5SPLU 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, A6, and A17 are selected.
57~64 P60~P67 | /O A0~A7 /O 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 selected individually by the
P6PLU 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~A7T.

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

/o

A8~AlS

1/0 port 7

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

Each individual bit can be switched to an input or output by the P7TDIR
register. A pull-up or pull-down resistor for each bit 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 are disabled (high impedance outpuf).
During processor mode, A8~A15 (address signals) are set to output mode.

73~80

P80~P87

1/0

LEDO~7
(DO~D7)

I/O port 8

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

Each individual bit can be switched to an input or output by the
P8DIR register. A pull-up resistor for each bit can be 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, DO~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

Output

[nput

SBOO(PO0)

SBIO(POT)

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 are also allocated as POO and P01 respectively. When

not used as serial/lUART pins, these can be used as normal I/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(P00) | Serial interface | Transmit data output pins for serial interfaces 0~2. The output

21 SBO1 P03 transmit data configuration, either CMOS push-pull or n-channel open-drain, and

36 SBO2 P30 output pins pull-up resistors can be selected by the software. Set these pins to the
output mode by the PODIR,P3DIR register.
SBOO0-~2 are allocated as P00, P03, and P30. These may be used as
normal I/O 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 PO4 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.
SBIO~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 /0 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. From the PODIR register, set SBTO to the output mode
and SBT1 to the input mode. The direction of SBT0~2 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. SBTO~2 are allocated as P02, POS, and P32. These can be used
as normal 1/O pins when the serial interface is not used.

26 RMOUT /o P10,TM0IO 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~ /o RMOUT Timer I/O pins | Event counter clock input pins, overflow pulse output pins timer 0~4
TM410 (P10~P14) and PWM signal output pins.

To use these pins as event clock inputs, configure them as inputs by the
PIDIR register. For overflow pulse and PWM output, configure these
pins as outputs by the P1DIR 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 I/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 by 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+ - +powersupplyfor ADeomerer | Reference power supply pins for the A/D converter.
1 VREF- - ~powerspplyfrADcomvetr | 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
IRQ4 P21(SENS), | input pins with the IRQnICR registers.
P22~P24 IRQ1 is an external interrupt pin that is able to determine AC zero
crossings. It can also be used as a normal external interrupt.
‘When IRQO~4 are not used for interrupts, these can be used as normal
/O pins.
2~9 ANO~ANT | Input PAO~PA7 Analog input pins Analog input pins [or an 8-channel, 10-bit A/D converter.
When not used for analog input, these pins can be used as normal /O
pins.
44~51 KEYO0~ 1’0 P40~P47 Key interrupt Input pins for interrupt based 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
flag of the FLOAT1 register sets which input is selected.
39 BR Input P33~P37 Busreleaserequestinputpin - | Control signals for direct memory access (DMA) of an external memory.
40 BG Output Busweathotizion ouputpin | BR is the bus release request signal from the external DMA. The BG
41 LDDMA | Input Load cycle input pin | signal authorizes use of the bus. LDDMA and STDMA are load and
42 STDOMA | Input Store cycle input pin | store request signals from the external DMA.
43 DKDMA | Output Memory access The DKDMA signal indicates that memory access for the external
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 select pin WE is a strobe signal that is output for writing to external memory. RE
24 DK Input POGBUZZER) | 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 memary is accessed.
P70~-P77 DK indicates that the external memory access is complete.
P53~P54 A0~A17 are address signals output to external memory.
73~80 DO~D7 /0 P80~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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1-4-1 Block Diagram

TXD,SBCO,PO0-—{ |

RXD,SBIO,PO1 <—»
SBTO,PO2—»
SBOT,PO34—»

SBI1,P04 <—»

__ SBT{,Po5<—»
DK,BUZZER,P06 <—»-
RMOUT,TMOIO,P10<—]
TMIIO,P1{ <—
TM2I0,P12<—»
TM3IO,P13-«—»
TM4IO, P14 <—=

SENS,IRQ1 P21 —»
IRQ2,P22—»~
IRQ3,P23—»~
IRQ4,P24 —»-
RST,P27—»

SBO2,P30 —»

SBI2,P31 —
SBT2,P32-«—»
BR,P33-a—»
BG,P34a—»
LDDMA,P35 -—m
STDMA P36 —»

DKDMA,P37 #—» |

Port O

Port 1

IRQO,P20—» |

Port 2

Port 3
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Figure 1-4-1 Block Diagram of Functions
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1-5 Electrical Characteristics

Model

This LSI manual describes
standard specifications.

Before using the LS|, please
obtain product specifications
from the sales office.

Contents MN101C01D
Classification CMOS integrated circuit
Use General purpose
Function CMOS, 8-bit, single-chip microcomputer

14 Electrical Characteristics

1-5-1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
1 Supply voltage Voo -0.3~+7.0 v
2 Input clamp current (SENS) | IC —400~400 HA
3 Input pin voltage \4 0.3~V +0.3 A%
4 Output pin voltage v, 0.3~V +0.3 A\
5 I/O pin voltage Voo 0.3~V +0.3 A%
6 P8 I oLt (peak) 30
7 szrl;‘l’[‘“p“[ ExceptP8 | T, (peak) 20
8 All pins 1, (peak) -10

mA

9 P8 I, (avg) 20
0 AT a1, o) E
11 All pins I, (avg) -5
12 | Tolerable loss PT 400 mW
13 | Ambicnt 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 Voo fosc <20.0MHz 45 5.5
2 v fosc < 8.39MHz 2.7 5.5
|| Supply voltage Dbb2 v
3 | during operation Voo fosc <2.00MHz 2.0 5.5
4 Voo fx =32.768kHz 2.0 5.5
5 | Voltage to maintain RAM data. |V During STOP mode 1.8 55
Operating speed *'
6 tcl Vi =4.5~5.5V 0.100
7 tc2 VDD=2.7~5.5V 0.238 us
|| Instruction execution time
8 tc3 V, ,=2.0~5.5V 1.00
9 tcd V, ,=2.0~-55V 125
Crystal oscillator 1 Fig. 1-5-1
10| Crystal frequency fxtal 1 Vi, =4.5~5.5V 1.0 200 |MHz
11 C n 20
- External capacitors pF
12 C 20
12
13| Internal feedback resistor | RF10 100 kQ
Crystal oscillator 2 Fig. 1-5-2
14| Crystal frequency fxtal 2 32.768 kHz
15 C2 L 20
|| External capacitors pF
16 C 20
22
17| Internal feedback resistor |RF20 1.5 MQ
Note: “ t ot t where OSCL is the CPU clock
t ;- where XI is the CPU clock
100k 1.5MQ,
Typ Typ
MNI101C MN101C
08C2
c12__ — e [aw ¥ R Y a3t

Pt

T

The instruction cycle is twice the clock cycle.

The feedback resistor is built-in.

Figure 1-5-1 Crystal Oscillator 1

T P

The instruction cycle is four times the clock cycle.
The feedback resistor is built-in.

Figure 1-5-2 Crystal Oscillator 2

Electrical 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 frecl 1.0 20.0 |MHz
19| High level pulse width* |twh 1 200 30.0
*  Hg. 153 ns
20| Low level pulse width* | twl 1 20.0 30.0
21|Rise time twr 1 5.0
Fig. 1-5-3 ns
22| Fall time twfl 5.0
External clock input 2 XI (XO is unconnected)
23| Clock frequency fosc2 32.768 100 | kHz
24| High level pulse width* |twh 2 35
*  Fig 1-54 us
25|Low level pulse width* | twl2 35
26| Rise time twr 2 20
Fig. 1-5-4 ns
27| Fall time twf2 20

* Set the clock duty ratio to 45~55%.
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Figure 1-5-3 OSC1 Timing Chart

Figure 1-5-4 Xl Timing Chart
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Electrical Characteristics

1-5-3 DC Characteristics

Ta=—40~+85°C V_ =2.0~5.5V V =0V

Parameter

" Rating .
Conditions Unit

Symbol
MIN ‘ TYP ‘MAX

Supply current (no load at output)*

1 IDD L fosc:ZO.OMHZ,VDD:SV 25 60 A
2 | Supply current I fosc=8 39MHz,V__=5V 10 25
|| during operation b2 bb o
; _ tb.
3 - fx =32.768kHz,V =3V LD.L | gy
4 | Supply current during HALT mode DDA fx =32.768kHZ,VDD=3V 4 8 uA
5 | Supply current during STOP mode DS V=5V 0 2
Notes: " Measured under conditions of Ta=25°C and no load.

(I ), is measured under the

The supply current during operation, I (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, I

the input pins are

opy 18 Measured under the following

conditions: After all I/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,

ss?

and a 32.768kH7. 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 I/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,

ss?

and an 32.768kHz square wave of amplitude V_,V is input to the OSCI1 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

ss? DD’

unconnected.




Ta=-40~+85°C V =2.0~55V V =0V

Parameter Symbol Conditions Raling Unit
MIN | TYP | MAX
Input pin 1 MMQOD
6 | Input high voltage 1 Vin 08V Vo v
7 |Input high voltage 2 Vi vV ,=4.5~5.5V 0.7V, Vo |V
8 |Input low voltage 1 Vi 0 02v |V
9 |Input low voltage 2 Vi, Vi, =4.5~5.5V 0 03V |V
10| Input leakage current I VIN=0~V__ +10 | pA
Input pin 2 P20, P22~P24 (Schmitt trigger input)
11| Input high voltage Vi 0.8V, Vi
12| Input low voltage Vi, l\,/;ﬁivre:::g; 0 02V
13| Input leakage current I VIN=0~V . +10 | pA
14| Input high current L -30 -100 -300 | uA
Input pin 3—1 P21 (Schmitt trigger input)
15| Input high voltage Vi 0.8V, Vi
16| Input low voltage Vi 0 0.2V
17| Input leakage current T VIN=0~V . +10 | pA
18| Input high current I, :u')ﬁ:ivr; o 30 | -100 | 300 | pA
Input pin 3—2 P21 (when used as SENS)
19 | Input high voltage 1 DHH 4.5 Vio v
20| Input low voltage 1 DLH Fig, 1-5-5 Vs 35
21 | Input high voltage 2 Von 1.5 Vi v
22 | Input low voltage 2 Vo Vs 0.5
23| Input leakage current L xio VIN=OV~V +10
24 | Input clamp current I VIN>V _ VIN< 0OV +400 ha

DD’

Chapter 1 Overview
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SENS pin
25 Rise time trs 30
Fig. 1-5-5
26 Fall time tfs b 30 us

Input voltage level 1—

Input voltage level 2—

(Output) i/}

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

Ta=-40~+85°C V =2.0~5.5V V_=0V

" Rating )
Parameter Symbol Conditions Unit
MIN | TYP | MAX
Input pin 4 PAO~PA7
27| Input high voltage 1 Vius 0.8V Vo |V
28 | Input high voltage 2 Vie V,,=4.5~5.5V 0.7V, Voo |V
29 | Input low voltage 1 Vis 0 02V |V
30| Input low voltage 2 Vie V,p=4-5~5.5V 0 03V |V
31| Input leakage current Txs VIN=0~-V +2 | uA
- Voo=5V, Vin=1.5V
32| Input high current Lis Pullupresistor ON -30 -100 -300 | uA
Voo=5VY, Vin=3.5V
33 |Input low current I Pulldonn mcivtr ON 30 100 300 | uA

20 Electrical Characteristics



Ta=—40~+85°C V_ =2.0~5.5V V_=0V

. Rating )
Parameter Symbol Conditions Unit
MIN | TYP | MAX
/O pin5 P27 (RST)
34| Input high voltage . 0.9V, Vo
35| Input low voltage Vi 0 02V .
36| Input leakage current I VIN=0~V +10 | pA
. Voo=5V, Vn=1.5V
37| Input high current L Internal pull-up resistor -30 -100 -300 | uA
38| Output low voltage Vo V=5V, 1, =10mA 0.5 \'%
I/O pin 8 P0O0~P06, P10~P14, P30~P37, P40~P47 (Schmitt trigger input)
39| Input high voltage Vs 0.8V . Vi
40| Input low voltage Vie 0 02V .
41| Input leakage current I s VIN=0~V +10 | pA
. Vop=5V, V=15V
42| Input high current Lie Pull-up resistor ON -30 -100 -300 | uA
43| Output high voltage Vous Viop =5V, 1, =-05mA 4.5
44| Output low voltage Vois V=5V, 1, =10mA 0.5
I/O pin 7 P50~P54, P60~P67
45| Input high voltage 1 o 0.8V . Vo |V
46| Input high voltage 2 o Vp=4.5~5.5V 0.7V, Vo |V
47| Input low voltage 1 VU_9 0 02V IV
48| Input low voltage 2 Vi V,p=4-5~5.5V 0 03V, V
49| Input leakage current Ixo VIN=0~V . +10 | pA
. Vop=5V, Vin=1.5V
50| Input high current T Pullop resistor ON -30 -100 -300 | uA
51| Output high voltage Voo V=5V, 1, =-0.5mA 4.5
52| Output low voltage VOL9 Vop =5V, 1, =10mA 0.5
/O pin8 P70~P77
53| Input high voltage 1 Vi 0.8V . Vo |V
54/ Input high voltage 2 Vi Vp=4.5~5.5V 0.7V, Vo |V
55| Input low voltage 1 Vin 0 02V 1V
56| Input low voltage 2 Vin V,p=4-5~5.5V 0 03V IV
57| Input lezkage current I e VIN=0~V +10 | pA
Tn B Voo=5V, Vi=1.5V _ _ _
58| Input high current Lie Pullup sesisior ON 30 100 300 | uA
59| Input low current 1 Voo=5V, Vi=3.5V 30 100 300 | pA
L8 Pull-down resistor ON
60| Output high voltage Vs V=5V, 1, =-05mA 4.5
61| Output low voltage Vois Vop =5V, 1, =10mA 0.5

Chapter 1 Overview

Electrical Characteristics

21



Chapter 1 Overview

22

Electrical Characteristics

Ta=—40~+85°C V =2.0~55V V =0V

OL13

Parameter Symbol Conditions Raling Unit
MN | TYP |MAX
/O pin9 P8O~P87

62 [Input high voltage 1 Vi 08V Voo \4
63 [nput high voltage 2 A V ,=45~5.5V 0.7v_, Voo |V
64 [Input low voltage 1 Vi 0 02V 1V
65 [Input low voltage 2 Vi V,p=45~5.5V 0 03V |V
66 [nput leakage current L. VIN=0~V +10 | uA
67 [Input high current I, N 230 | —100 | 300 | pA
68 Output high voltage Vous Vip =5V, 1, =-05mA 4.5 4
69 Output low voltage A\ V=5V, 1, =15mA 1.0 4

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
. V. =50V,V_ =0V
DD > ss +
2 |Nonlinear error 1 Vo S5OV, Ve =0V +3 |LSB
3 Differential linear error 1 Tap = 800ns +3 |LSB
4 [Nonlinear error 2 Vpp =30V, Vi =0V +5 |LSB
Vg D0V, V. =0V
5 [Differential linear error 2 f oo =32.768kHz 15 |LSB
6 [Zero traction voltage 30 100 | mV
Vi =50V, V, =0V
VREF+=5'0V’ VREF—=0V
7 [Full-scale transition voltage Tap = 800ns 4900 4970 mV
8 "Tap = 800ns 9.6 us
—A/D conversion time 5
9 fosc = 32.768kHz 183 | us
10 fosc = 8MHz 1.0 36 us
l—Sampling time
11 fosc = 32.768kHz 30.5 us
12 REF+ VREF* DD v
| —Reference voltage
13 REF- VSS REF+
14 |Analog input voltage A REF:
15 |Analog input leakage current When V,  =0~5V is off +2 | uA
16 Reference voltage pin When V__is off 410 | A
input leakage current Veer < Vege, € Vip
17 |Value of ladder resistor R V=20V 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
h t ras 70min V‘tAHV 5min Address hold
Read address set up
[
tavo Chip select delay tavo Chip select delay
5max 5max
RE /
t rRew 70min
Read enable width
D7-0
t rRDs t ROH
15min Omin
Read data set up Read data hold
(Write) - - >
t cvc 100min
A17-00
- t was 25min i ‘tAHV 5min Address hold
Write address set up
[
- -
tavo Chip select delay tavo Chip select delay
5max 5max
WE \\ //
" twew 30min
Write enable width
D7-0
t wos t ROH
35min 2min
Write data set up Write data hold

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

Electrical Characteristics 23
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1-6 Mask Option Form

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.

2. Watchdog timer period setting

Detection Period

Selection

fs/216

fs/218

fs/2%°

24 Mask Option Check List

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

¢

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




1-7 External Dimensions

Chapter 1 Overview

HD )
: |
Z 4
£ £
re} ~r
51PN d h zx:J 4OPIN
oxr] )
e ey
oo s e - e v
ey e
e v om - o]
jan s am o= o)
T T
e mwonl w
w ] O O [ F
Tlw exr] ]
T Tt o
[=a e i 4
o e e oo e =
Il e <
P o 7
= O ==
]
80PIN £XI: P 29PN
Z ~
A
. SEATING PLANE
]y ] [e]
SEE DETAL F
b
Symbal Mﬁ)rnensnon ;‘ Mllmete&sax
[ 13.8 120 142
0 3.8 1.9 142
A 18 2.4 2.4
Ay 0 Q.1 0.2
Az 1.8 2.0 2.2
] = 0,65 —
b 0.25 0.3 0.4
< 0.1 0.1 .25
X pa—, P, i
v e - 0.15
§ ) j— 10
C Q.45 0.55 0.65
La 1.0 11 12
He 16,0 16.2 16,4 .
Ho 16.0 16,2 16,4 DETALL F.
Z P 0825 e e

Figure 1-7-1 80-Pin QFS

BODY MATERIAL : Epoxy Resin
LEAD MATERIAL : Fe-Ni
LEAD FINISH METHOD :Solder Plate

using this product, please obtain product specifications from the sales

< The external dimensions of the package are subject to change. Before
u

office.
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Overview/Address Space

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

X'00000'
Abs 8 addressing
256 bytes access area
2048 bytes Internal *
y X'00100" RAM space
Data
X'00800'
X'03F00’ , , ,
256 bytes Special function registers
4 X'04000' 4
Interrupt
128 bytesI vector table
X'04080' .
Subroutine
64 bytesI vector table "
64 KB Internal
X'040C0" ROM space
Instruction code/
table data
\ X'13FFF \J
Figure 2-2-1 Memory Map
* Differs depending upon the model.
MNI0OICOLA  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'OFHEE' 48 KB
MNI0ICPO1D 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

o 1 2 3 4 5 6 7 8 9 A B C D E F
cPUM{VEVCTR| wocTR | DLveR o CPU made, memoy cortol
poouT|P10UT| P20UT| P3ouT|PeouT|PsouT|PeouT|prouT|PeoUT svsvp| Port output
POIN|P1IN|P2IN|P3IN|P4IN|P5IN|PEIN|P7IN|PSIN|  [PAIN Portinput | £
PoDR|P1IDIR |P3DIRP4DIRIPSDIRPEDIRIP7DIR|PEDIRPOMD|PAMD|  [PamD 1O mode cortrol gg
PoPLUIP1PLUIP2PLU| P3PLU [P4PLUPSPLU[PSPLUPTPLUD| PePLU|  |PAPLUD|FLoATI| FLoAT2 Resistor cortrol
SCONDo] SCoM | SCoMD2|SCouDSCoeTR{SCoTRE|SCoRXB|SoMBe]SC D! SC-TRalsCavDofscani|scacTRlscarRa Serial nterface control
TNOBC| 18] Tvi2BC| TvisBe| ThéscL{Twasch| TwacL | Twack [TwsBG
TMO0C| T 0G| TV20C| TNSOG{THAOGL{TwoGH TMBOC Timer control
TNON| TV D{T2VD{TVD{TaND TWSMD| RUCTR| NFCTR
ANGTR0|ANGTR: | ANBURS|ANBUF: A/D control
ATMD [ATCNTIATTAPLIATTAPH ATIAP ATC control

Reserved
NMICR |IRaaicARQ1ICR TMOICR|TMIICRITM2ICR] TBICR |ScaicAlATC CRIADICH| R2cR{IRSICR] RG4GR[TSICRTWAICH
Interrupt control
TWSICR[SC CRISC2CH

Address Space

29
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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 1/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"3FFFH
RAM area ... X'02F00'~X'03EFF

128 KB
4 KB

X'00000" Abs 8 addressing [} N
256 bytes access area Internal RAM
x'00100' Data (2KB)
16 KB x'00600' - -
External X02F00
expanded RAM X'03EFF'
x'03F00’
256 bytes Special function registers
x'04000" Interrupt
128 bytes vector table
b X'04080’ Subroutine
vies vector table
64 KB X'040C0' Internal ROM*
Instruction code
table data
x'13FFF A
x'20000
External expanded
memory
# Differs depending upon the XSFFFF
model. MMOD pin =L
[= 2-2-1 "Memory Configuration"] EXMEM flag = 1

30 Bus Interface

Figure 2-3-1 Memory Expansion Mode

4 KB

128 KB
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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

[ & xo00000' Abs 8 addressing
256 bytes access area Internal RAM ¥
2KB)
x'00100* Data
X'00600'
16 KB x'02F00"
External 4KB
expanded RAM X'03EFF"
x'03F00"
256 bytes Special function registers
¥
Interrupt X'04000' 3
vector table : 128 bytes
Subroutine X'04080'
vector table 64 bytes
x'040C0"
Instruction code 48KB
table data
x'10000*
Instruction code
x3FFFF
MMOD pin =H External expanded memory

EXMEM flag = Don't care

Figure 2-3-2 Processor Mode

*Differs depending upon the model.

MNI101CO1A Internal RAM X'00000'~X'005FF' 1536 bytes
MN101CO01C Internal RAM X'00000'~X'007FF 2048 bytes
MNI0ICPOID  Internal RAM X'00000'~X'007FF 2048 bytes

Bus Interface

31
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2-3-4 External Memory Connection Example

H ROM Connection Example (processor mode)
This example shows connection to 512 KB of ROM.

ROM
MN101CO1D (512 KB)
X'00000"
A17~A0 A17~A0
D7~Do0 D7~Do
X'04000'
cs cs
Extemal ROM area
RE RE
X'3FFFF'
MMOD
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
MN101CO1D (64 KB)
A17~A0 A17~A0
X'02F00'
D7~D0 D7~D0 External RAM area
X'03EFF
cs cs
RE > RE
WE WE

32 Bus Interface

Figure 2-3-4 SRAM Connection Example
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W Access Timing with No Wait Cycles

The RE or WE timing is determined by OSC2. However, since the delay from
0OSC2 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)

A17-0

D7-0

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

W 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)

o —— }—{ ]

Write Read

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

Bus Interface 33
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7 6

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

IEMCTR ‘ IOW1 ‘ IOWO‘ IVBA ‘EXMEM‘ FEXW‘ IRWE‘ EXWH ‘ EXWO‘ (at reset: 11001011)

Bus Interface

EXw1~0 >t r:l:lja:ri]tb:;c(r;:xed 20|l\3/IL;-SIngsC<|:Ei!II2iion
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 (xxxIR) will not change.
1 Software write enable
e | ST e
0 Handshake mode
1 Fixed wait mode
EXMEM expansion mods on or 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'
IOW1~0 Number_ofwait <_:yc|es_set when | Bus cycl(-? at.
accessing special register area [20MHz osciliation
00 No wait cycles 100ns
01 1 wait cycle 150ns
10 2 wait cycles 200ns
1M 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 memory 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 Al 7_, A16 address Outpl:lt enable
during 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)

Bus Interface 35
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2-4 Interrupts

2-4-1 Accepting and Returning from Interrupts

In the MN101COO0 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.

Bl Operation when Interrupt is Accepted

I.
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 = return address) contents are pushed on to the stack.
PC (bit 18~bit 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 xxxLVn of the accepted interrupt is copied to IM of the PSW.
Interrupt level — IM

Execution branches to vector table.

N

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

Old SP ———»
(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

< Since the contents of data and address registers are not saved, use PUSH
| ]

stack.

36 Interrupts
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Bl Operation when Returning from Interrupt
After the program POPs the register and other values saved by the interrupt service
routine, an RTI 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, RTI, 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 Con(térl(()jldl:i:SgSi)s ter Vector Address
0 Reset — X'04000"
1 Non-maskable interrupt (NMI) NMICR  (X'03FET') X'04004'
2 External interrupt 0 (IRQO) IRQOICR (X'03FE2) X'04008'
3 External interrupt 1 (IRQ1) IRQ1ICR (X'03FE3) X'0400C"
4 Timer 0 compare-match (TMOIRQ) | TMOICR (X'O3FE4) X'04010'
5 Timer 1 compare-match (TM1IRQ) | TM1ICR (X'03FE5') X'04014'
6 Timer 2 compare-match (TM2IRQ) | TM2ICR  (X'03FE6') 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') X'0402C'
12 External interrupt 3 (IRQ3) IRQSICR (X'03FEC) 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 SC1 transfer complete (SC1IRQ) SC1ICR (X'03FF1Y) 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).

H 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 6 5 4 3 2 1 0

NMICR ‘ — ‘ — |— ‘ — ‘ — | — ‘WD|R‘ —_— ‘ (at reset: ------ 0-)

WDIR Waltchdog 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)

W 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

u
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 o]
IRQNICR xxxLV1xxxLVO|REDGﬂ — ‘ — | — | xxxIE xxxIR‘ (at reset: 000---00)

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

xxx|E External interrupt enable flag
0 Disable interrupt
1 Enable interrupt

REDGn* External interrupt valid edge flag

0 Falling edge

1 Rising edge

xxxLV1 [xxxLVO (Interrupt 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'03FES3', X'03FEB'~X'03FED’, R/'W)

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.
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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.

M 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 o]
TMnICR, TBICR, SCnICR .
) ] ) _ — — - at reset: 00----00
ATCICA. ADICR xxxLV1 lxxxLVO‘ ‘ | ‘ xxxIE | xxxIR ‘ ( )
xxxIR Interrupt request flag
0 No interrupt request
1 Generate interrupt request
xxx|E Interrupt enable flag
0 Disable interrupt

40 Interrupts

Enable interrupt

xxxLV1 [xxxLV0

Interrupt level flag

This 2-bit flag sets the interrupt level by
assigning an interrupt level of 0~3 to
interrupt requests.

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)

Figure 2-5-1 Minimum Reset Pulse Width

(2) Set bit 7 (P20OUT7 flags) of the P20OUT register to "0." After reset is released,
the P2OUT 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.

RST pin

Peripheral
register

CPU
internal reset

i
— OQOscillation —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, 27/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 to
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 ports of PO~P8, and PA.

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

For each 1/O port, the PnOUT register (port n output
register) that sets the output value is assighed to memory
address X'3F1n’, and the PnIN register (port n input
register) from which the input value is monitored is
assighed to memory address X'3F2n'.

* This I/O 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 P80O~P87.

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

Port 1/0 Mode Pull-up/Pull-down Resistor 1/ Port or Special Function
Port 0 Input mode No pull-up resistor 1/0 port
Port 1 Input mode No pull-up resistor 1/0 port
Port 2 Input mode No pull-up resistor 1/0 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 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/O Mode Pull-up/Pull-down Resistor 1/ Port or Special Function
Port0* Input mode No pull-up resistor 1/O port
Port 1 Input mode No pull-up resistor 1/O port
Port 2 Input mode No pull-up resistor 1/O port
Port 3 Input mode No pull-up resistor 1/0 port
Port 4 Input mode No pull-up resistor 1/Q port
Port 5 Qutput mode Pins WE, RE, CS, A16, A17 are enabled.
Port 6 Output mode Pins AO~A7 are enabled.

Port 7 Output 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 —
+P06 enables the DK pin (input mode).
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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

POO~PO6 | /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,SBO1, bit can be selected individually by the POPLU register.
SBI1,SBT1, At reset, the input mode is selected and pull-up resistors
lﬁ(BUZZER) are disabled (high impedance output).

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

Table 3-1-4 Port 1 Functions

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

TMIIO~TM4IO | bil can be selecled individually by the PIPLU register.
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,
IRQ1(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 /O pott.

Table 3-1-6 Port 3 Functions

Pin Name| Type

Dual Function

Description

P30~P37 (IO

SB02,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

KEYO0~7

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 P4APLU 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 /O port.

Table 3-1-8 Port 5 Functions

Pin Name| Type Dual Function Description
P50~P54 |I/O ‘WE,RE,CS, Each bit can be set individually as either an input or
A16,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 P50~P54 are disabled (high
impedance output). During processor mode, WE, RE, CS,
A16, and A17 are selected.

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

Table 3-1-9 Port 6 Functions

Pin Name| Type Dual Function Description

P60~P67 | 1/O AO~AT 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 selected for AO~A7.

W Port 7 (P7)
8-bit CMOS tri-state T/O port.

Table 3-1-10 Port 7 Functions

Pin Name| Type Dual Function Description

P70~P77 1 1/0 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~AL1S5 (address signals) are set to output mode.

Overview 47



Chapter 3 Port Functions

48

Overview

M Port 8

(P8)

8-bit CMOS tri-state /O pott.

Table 3-1

-11 Port 8 Functions

Pin Name| Type

Dual Function

Description

P80~P87

/o

LEDO~7
(DO~D7)

Each individual bit can be switched to an input or output
by the P8DIR register. A pull-up resistor for each bit can
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 P80~P87 are disabled (high

impedance output). During processor mode, DO~D7 (data

signals) are set to high impedance outputs.

H 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 ANO~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 be 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 I/O perts. See table 3-2-1.

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

Name Address R/W Function
POOUT X'03F10’ R/W Port O output register
P1OUT X'03F11' R/W Port 1 output register
P20OUT X'03F12' R/W Port 2 output register
P30OUT X'03F13' R/W Port 3 output register
P40QUT X'03F14' R/W Port 4 output register
P50QUT X'03F15' R/W Port 5 output register
P6OUT X'03F16’ R/W Port 6 output register
P70OUT X'03F17' R/W 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'03F23' 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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Port Control Registers

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

Name Address R/W Function
P4DIR X'03F34' RwW Port 4 direction control register
P5DIR X'03F35' R/W Port 5 direction control register
P6DIR X'03F36' RwW Port 6 direction control register
P7DIR X'03F37' R/W Port 7 direction control register
P8DIR X'03F38' RwW Port 8 direction control register
P1OMD X'03F39' R/W Port 1 output mode register
PAIMD X'03F3A RwW Port A input mode register
P4IMD X'03F3C' R/W Key interrupt control register
POPLU X'03F40' R/W Port O pull-up control register
P1PLU X'03F41’ R/W Port 1 pull-up control register
P2PLU X'03F42' R/W Port 2 pull-up control register
P3PLU X'03F43' R/W Port 3 pull-up control register
P4PLU X'03F44' R/W Port 4 pull-up control register
P5PLU X'03F45' R/W Port 5 pull-up control register
P6PLU X'03F46' R/W Port 6 pull-up control register
P7PLUD X'03F47 R/W Port 7 pull-up/pull-down control register
P8PLU X'03F48' R/W Port 8 pull-up control register
PAPLUD X'03F4A’ R/W Port A pull-up/pull-down control register
FLOATA X'03F4B' R/W Pin control register 1
FLOAT2 X'03F4C' R/W Pin control register 2
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7 6 5 4 3 2 1 0

POOUT — | POOUT6 | POOUTS5 |POOUT4 |POOUT3 | POOUT2 [POOUTT [POOUTO [ (at reset: -0000000)
P1OUT — — — |P10UT4|P10UT3|P10UT2 [P1OUT1 [P1OUTO [ (at reset: ---00000)
pP2oUT |POUT7| — | — | — | — | — | — — | (atreset: 1------ )

P30OUT P30UT7 | P30UT6 | P3OUT5 [P30UT4 P30UT3 | P30OUT2 (P30OUT1 [P3OUTO (at reset: 00000000)

POIN — | POING | POIN5 | POIN4 | POIN3 | POIN2 | POIN1 [ POINO | (at reset: XXXXXXXX)
P1IN — | — | — |P1IN4 [P1IN3 | P1IN2 | P1IN1 [P1INO | (at reset: ---XXXXX)
P2IN — | — | — |P2iIN4 [P2IN3 | P2IN2 | P2IN1 [P2INO | (at reset: ---XXXXX)
P3IN P3IN7 | P3IN6 | P3IN5 | P3IN4 | P3IN3 [ P3IN2 [ P3INT |P3INO | (at reset: XXXXXXXX)
PODIR — |PoDIR6 | PODIR5 | PODIR4 | PODIR3|PODIR2 [PODIRT [PODIRO | (at reset: -0000000)
PIDIR — | — | — |P1DIR4|P1DIR3|P1DIR2|P1DIR1 |P1DIRO| (at reset: ---00000)

P3DIR P3DIR7|P3DIR6 | P3DIR5 | P3DIR4 | P3DIR3 |P3DIR2 | P3DIR1|P3DIR0| (at reset: 00000000)

P1OMD - - — |P14TCO[P13TCO|P12TCO [P11TCO [P10TCO | (at reset: 00000000)
POPLU — |POPLUG|POPLU5|POPLU4|POPLU3|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|P3PLU6(P3PLUS(P3PLU4(P3PLU3|P3PLU2(P3PLU1T[P3PLUO| (at reset: 00000000)

Figure 3-2-1 Port Control Registers (1/3)
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P4OUT

PSOUT

PeOUT

P4IN

P5IN

P6IN

P4DIR

P5DIR

P6DIR

P4IMD

P4PLU

PSPLU

PePLU

Port Control Registers

7

6

5

4

3

2

1

0

P40UT7

P40UT6

P40UT5

P4OUT4

P40UT3

P40UT2

P40OUT1

P40UTO

P50UT4

P50UT3

P50UT2

P50UT1

P50UTO

PeOUT?

P60OUT6

P60UT5

P6OUT4

P60OUT3

P60OUT2

P60OUT1

P60OUTO

P4IN7

P4IN6

P4IN5

P4IN4

P4IN3

P4IN2

P4IN1

P4INO

P5IN4

P5IN3

P5IN2

P5IN1

P5INO

P6IN7

P6IN6

P6IN5

P6IN4

P6IN3

P6IN2

P6IN1

P6INO

P4DIR7

P4DIR6

P4DIR5

P4DIR4

P4DIR3

P4DIR2

P4DIR1

P4DIRO

P5DIR4

P5DIR3

P5DIR2

P5DIR1

P5DIRO

P6DIR7

P6DIR6

P6DIR5

P6DIR4

P6DIR3

P6DIR2

P6DIR1

P6DIRO

IRQ4SEL

PAKYEN4

PAKYEN3

PAKYEN2

PAKYEN1

P4PLU7|

P4PLU6

P4PLU5

P4PLU4

P4PLU3

P4PLU2

P4PLUA

P4PLUO

P5PLU4|

PSPLU3

P5PLU2

P5PLU1

P5PLUO

P6PLU7|

P6PLUG

P6PLUS

P6PLU4

P6PLU3

P6PLU2

P6PLU1

P6PLUO

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:
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---00000)
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00000000)
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00000000)

0---0000)

00000000)

---00000)

00000000)



P7OUT

P8OUT

P7IN

P8IN

PAIN

P7DIR

P8DIR

PAIMD

SYSMD

P7PLUD

P8PLU

PAPLUD

7

6

5

4

3

2

1

0

P70UT7

P70UT6

P70UTS5

P70UT4

P70UT3

P70UT2

P70UT1

P70UTO

P8OUT7

P8OUT6

P8OUT5

P8OUT4

P8OUT3

P8OUT2

P8OUTH

P8OUTO0

P7IN7

P7IN6

P7IN5

P7IN4

P7IN3

P7IN2

P7IN1

P7INO

P8IN7

P8IN6

P8IN5

P8IN4

P8IN3

P8IN2

P8IN1

P8INO

PAIN7

PAIN6

PAIN5

PAIN4

PAIN3

PAIN2

PAIN1

PAINO

P7DIR7

P7DIR6

P7DIRS

P7DIR4

P7DIR3

P7DIR2

P7DIR1

P7DIRO

P8DIR7

P8DIR6

P8DIR5

P8DIR4

P8DIR3

P8DIR2

P8DIR1

P8DIR0O

PAAIN7

PAAING

PAAINS

PAAIN4

PAAIN3

PAAIN2

PAAIN1

PAAINO

SYSMD?

SYSMD6

SYSMD5

ISYSMD4

SYSMD3

SYSMD2

SYSMDA1

SYSMDO

P7PLUD7

P7PLUDG

P7PLUDS

P7PLUD4

P7PLUDS

P7PLUD2

P7PLUD1

P7PLUDO

P8PLU7

P8PLU6

P8PLUS

P8PLU4

P8PLU3

P8PLU2

P8PLU1

P8PLUO

PAPLUD?7

PAPLUDG

PAPLUDS

PAPLUD4

PAPLUD3

PAPLUD2

PAPLUD1

PAPLUDO
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(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:

(at reset:
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00000000)

00000000)

XXXXXXXX)

XXXXXXXX)

XXXXXXXX)

00000000)

00000000)

00000000)

00000000)

00000000)

00000000)
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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 registers to output to the pots.

Data written to these registers is output from the ports.

0 Low (Vss level) is output.

1 High (Vdd level) is output.

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

B Direction Control Registers
» PnDIR registers

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

0] Input mode

1 Output mode

Bl Pull-up/Pull-down Resistor Control Registers
* PnPLU registers

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

0 No pull-up resistor
1 Pull-up resistor
« PnPLUD registers
These register settings determine whether internal pull-up or pull-down resistors are
added to the potts.
0] No pull-up resistor
1 Pull-up resistor
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W Synchronous Output 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, FLOATI, and other registers

must be set.

0] I/O port

1 Synchronous output pin

Bl Port Output/Input Mode Registers

* PnOMD/PnIMD registers
These register settings determine whether the port pins are used as I/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 I/O port

1 Special function pin

W 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 |IRQ48EL| - | - | - |P4KYEN4}:’4KYEN3|P4KYEN21P4KYEN1| (at reset: 0---0000)

P4KYEN1 P41, P40 key intermupt selection
0 disable
1 enable

P4KYEN2 P42, P43 key interupt selection
0 disable
1 enable

P4KYEN3 P44, P45 key intenupt selection
0 disable
1 enable

P4KYEN4 P46, P47 key intemupt selection
0 disable
1 enable

IRQ4SEL IRQinterrupt 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
intermediate 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

P46

P47

P24

Port Control Registers

P4IMD

PAKYEN1

P4KYEN2

P4KYENS

P4KYEN4

IRQ4SEL

Figure 3-2-3 Key Interrupt Control Block Diagram

IRQ4
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B Pin Control Registers

* FLOATI registets
This register specifies whether the resistors attached to pins P7 and PA are pull-up
resistors or pull-down resistors.
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 | - | - | — | — | — | P2IM | PARDWN| P7RDWN| (at reset: -----000)
P7RDWN P7 pq\l—up/pull—dlown
resistor selection
0 pull-up resistor
1 pull-down resistor
PARDWN PA pgll—up/pull—(:!own
resistor selection
0 pull-up resistor
1 pull-down resistor
P21IM P21 input mode selection
0 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 intetrupts, timer 2 interrupts or timer 4 interrupts can

be selected as the output event.

7 6

5 4 3 2 1 0
— | — | — P7SYEV51| (at reset: --—-00)

FLOAT2 I = | — | ‘ — |P7SYEV32
1

P7 synchronous output

P7SYEVS2 | PTSYEVSI .
event selection

External interrupt IRQ2
Timer 4 interrupt

Timer 2 interrupt
Timer 1 interrupt

bl L= el 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

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

’\ Reset
R
D Q ,I>° I
Write —L # Read
Reset
R
5 D]
% Write —L Read
g — ]
©
[a) Reset
R
Dq
Write —L %— Read —
Sc/h]mitt trigger input
§ ~
’\, Read
P00 P02 P03 P05 P10 P11 P12 P13 P14 P30 P32
Pull-up [Control bit| POPLUO | POPLU2 | POPLU3 | POPLUS | PIPLUO | PIPLUI | PIPLU2 | PIPLU3 | PIPLU4 | P3PLUO | P3PLU2
resistor | Register POPLU PIPLU P3PLU
control |(address) (XO3F40) (XO3F419) (X03F43)
10 |Control bit] PODIRO | PODIR2 | PODR3 | PODIRS | PIDIR0 | PIDIRI | PIDIR2 [ PIDIRS | PIDIR4 | P3DIRO | PIDIR?
direction Register PODIR PIDIR P3DIR
control |(address) (XO3F30) (XO3F31) (X03F33)
Control bit] POOUTO [ POOUT? | P0oUT3 | PoOUTS | P10UTO | P10UTI | PIOUT? | PIOUT3 [ P10UT4 | P30UTO | P30UT2
Port Register POOUT PIOUT P30UT
output | (address) (X03F10Y) (X'03F11) (X'03F13)
port  |Control bit| POINO | pom2 | pomvs [ ponvs | pimo [ pint [ pume [ pina | pung | P3N0 | P32
input Register POIN PIIN P3IN
(address) (XO3F20) (XO3F21) (X03F23)
Output  |Control bit|SCOSBOM[SCOSBTM[SCISBOM]SCISBTM | | | | SC2SBOM[SC2SBTM
format | Register SCOMD3 SCIMD1 SCOMD1
control _|(address) (X03F53) (XI03F58) (X03F5BY)
Spec TN specl ] TMOIO | T™MIIO | T™M2I0 | T™310 | TM410
. Special Special function/|Special funcriondSpesial functiondSpecial functiondSpecal function
Special | function SBOOTXD)|  SBTO | SBOL | SBT1 g e e bRy | BORT SBO2 | SBT2
fzzf“zt” Control bit| $C0sBOS | scosBTS | sC18BOS [sc1sBT™| P10TCO [ P11TCO | P12TCO | P13TCO | PI4TCO |SC25BOS| SC28BTS
contr‘;l (1) | Redister SCOMD3 SCIMD1 PIOMD SCOMDI
(address) (X03F53) (X03F58) (X03F39) (X03F5B)
Specgcln‘ [hnd\on Special function RMOUT
. Special Special function _ -
fSpec_|a| e on | SBOOTXD pcil i
L;Efgﬁ? Control bif] SCCMD | —— | —— | —— | RMOEN — | —
control (2) | Register | SCOCTR RMCTR
(address) | (X/03F54) (X'3F89)

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

Figure 3-3-1 Configuration and Functions of P00, P02, P03, P05, P10~P14, P30, P32
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W P01,P04,P06,P31

Chapter 3 Port Functions

f\ Reset
L
R
Pull-up resistor control D q > I
Write —L_ E 7— Read
Reset
] —
1/O direction control D Q) I
Write —L Read
:;, Reset _|:|
o .
o R
Port output data D Q|
Write —L_ Read
Schmitt trigger input
Port input data < -1
j\l ~N
,.\/ Read
Special function input data
PO1 P04 P06 P31
Pull-up Control bit POPLU1 POPLU4 POPLU6 P3PLU1
resistor Register POPLU P3PLU
control (address) (X'03F40") (X'03F43")
| cControlbit | PODIRI | PODIR4 | PODIR6 P3DIR1
1/O direction -
control Register PODIR P3DIR
(address) (X'03F30") (X'03F33"
Control bit POOUTI1 | POOUT4 POOUT6 P30UT1
Port output [ Register POOUT P30OUT
(address) (X'03F10") (X'03F13")
Control bit POIN1 | POIN4 POING6 P3IN1
Portinput | Register POIN P3IN
(address) (X'03F20") (X'03F23")
Special function inputf Special function  SBIO/RXD SBI1 DK SBI2
Special Special function BUZZER
function Control bit BUZOE
OU:‘i?!l»"'- Register DLYCTR
conirol (1) (address) (X'03F03")

[Special function input

Special function

Special Special function
fu-’l?tlotn Control bit
outpu Register

control (2) (adgress)

Figure 3-3-2 Configuration and Functions of PO1, P04, P06, P31

T/O Port Configuration and Functions
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W PAO~PA7

’\, Reset

R

Pull-up/pull-down resistor control b Q
Write L Read

Reset

R
Pull-up/pull-down resistor selection D Q DC
Write«‘L ﬁ— Read

3 Y
8 2}
a
Read %
a 1
Port input data AN \ I_
Relset
Input mode control 'D_RQ| T
Write«lL_‘ V—Read
N
Analog input
PAO | PA1 | PA2 | PA3 | PA4 | PA5 | PAe | PA7
Pull-up | Control bit | PAPLUDO| PAPLUD! | PAPLUD2| PAPLUD3| PAPLUD4| PAPLUDS | PAPLUDG| PAPLUDT
resistor | Ragister PAPLUD
control | (address) (X'03E4A")
Elflcli-gv% Control bit PARDWN
presistor Register FLOATI
control | (address) (X'03F4B"
Inbut mode LContro! bit PAAINO| PAAIN1 | PAAIN2 [ PAAIN | PAAIN4 | PAAINS [ PAAING | PAAINT
P Register PAIMD
control
(address) (X'03F3A")
Control bit | PAINO [ PAINI | PAIN2 | PAIN3 | PAIN4 [ PAIN5 | PAING | PAINT
Portinput [ Register PAIN
(address) (X'03F2A")
Speciel bnofon [gpecial function] ANO [ AN1 [ AN2 | AN3 | AN4 [ AN5 [ ANe | AN7

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

M Reset
R
Pull-up resistor control DQ > I
Write L Read
@
3
0
ot
o
[a]
Schmitt trigger input
Port input data <} < y
i N N
Read
N

Special function input data

P20 P22 P23 P24

Pull-up | Control bit | P2PLUO | P2PLU2 | P2PLU3 | P2PLU4
resistor Register P2PLU
control (address) (x'03F42")
Control bit | P2IN0 | P2iN2 [ P2iN3 | PoiNd4
Port input | Register P2IN
. . (address) (x'03F22")
Special binion Tinterrupt input] TRQO | IRQ2 | TRQ3 | R4

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

T/O Port Configuration and Functions 61
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Pull-up resistor control

Special function input data

Port input data

Special function input data

Data bus

H P21

Read

Y

D Q
Read —L S L Read

S

AC detection cireut

!

~J
Schmitt trigger input

P21

Pull-up Control bit P2PLU1

resistor | Register P2PLU
control | (address) (x'03F42)

Control bit P2IN1

Port input | Register P2IN
(address) (x'03F22")

Special Special function SENS

function | Control bit P21IM
"I‘pUF Register FLOATI
selection | (4 4dress) (x'03F4B")

Figure 3-3-56 Configuration and Functions of P21
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P27
M\
Schmitt trigger input 7;;
" Reset signal input < .
3
% Reset
° S Mo |
Port output data D Q > |
Write L
NJ
P27
Special input RST
. Special function| Soft reset output
Special -
function | Control bit P20UT7
output Register P20UT
(address) (x'03F12")

Figure 3-3-6 Configuration and Functions of P27

I/O Port Configuration and Functions 63
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Expansion address sighal

External expansion control

Pull-up/pull-down resistor control

W P70~P77

Read

Pull-up/pull-down resistor selection

I/Q direction control

Port output data

Synchronous output control

Port input data

64

Y

Read

Data bus

Reset

Read

:
;

D Q
Write M S /- Read

[ =k

R
D Qf

Write «lL_‘
Read

<
f\J Read Synchronous output event
P7SYEVS1
P70 | P71 | P72 | P73 | P74 | P75 | P76 | P77
Pulup/ | Control bit | PFPLUDO| PTPLUDI | PTPLUDZ | P7PLUD3| PTPLUD4| PTPLUDS | PTPLUDG | PTPLUDT
pull-down | Register P7PLUD
resistor contro (address) (X'03F47")
Pull-up/ Gontrol bit P7RDWN
pull-down | Register FLOAT1
resistor contro (address) (X'03F4B")
/O directioncontrol bi P7DIRO | P7DIR1 | P7DIR2 | P7DIR3 [ P7DIR4 | P7DIRS [P7DIR6 [P7DIRT
control Register P7DIR
(address) (X'03F37")
Control bit | P7IN0 | P7IN1 | p7iN2 | p7IN3 | P7IN4 | P7INS | P7ING | P7INT
Port input Register P7IN
(address) (X'03F27")
Control bit_| P7OUTO0] P70UT1] P7OUT2 | PTOUT3 [ PTOUT4 [ PTOUTS | PTOLT6 [ PTOUT?
Port output(  Register P70UT
(address) (X'03F17")
Special Special function PORT/Synchronous output
function | Conirol bt SYSMDO[ SYSMD1|SYSMD2[SYSMD3[SYSMD4[sYSMD3[SYSMD6[SYSMD7
Cgrﬁr%ﬁj (1) | Register SYSMD
(address) (X'03F1F")
Special [gpecialfunction] A8 | A9 [ ato | an | a2 [ a13 [ a4 | Al5
function
output i .
control (2} Gontrol bit MMOD pin

T/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
S =
Pull-up resistor control D Q ,I>" I
Write —L_ # Read
Reset
N —
/O direction control D Q I
" Write —L %— Read
E — — ]
a R
Port output data D Q
Write —L_ ﬁ— Read
Schmitt trigger input
. e -
Port input data \[\‘ AN
,-\/ Read
Special function input data
P33 P35 P36 P40 P41 P42 P43 P44 P45 P46 P47
Pul_l-up Control bit | P3PLU3 | P3PLUS | P3PLUG6 | PAPLUO | PAPLU1 | PAPLU2 | PAPLU3 | P4PLU4 | P4PLUS5 | P4PLUG6 | P4PLU7
resistor Register P3PLU P4PLU
control | (address) (x'03F43) (X'03F44")
e Control bit | P3DIR3 | P3DIRS | P3DIRG | P4DIRO| PADIRI [ PADIR2 | PADIR3 | PADIR4 | PADIRS | PADIR6 | PADIR?
direction Register P3DIR P4DIR
control (address) (x'03F33") (X'03F34")
Control bit | P3OUT3| P30UT5 | P30UT6| P4AOUTO| P4OUT1 | PAOUT2| PAOUT3 | PAOUT4 | PAOUTS | PAOUT6 | P4OUTT
Port output | Register P30UT P4OUT
(address) (x'03F13") (X'03F14")
Control bit | P3IN3 | P3IN5 | P3IN6 | parNo | P4IN1 | P4IN2 | P4N3 | PaIN4 | P4IN5 | PaIN6 | P4IN7
Portinput | Register P3IN P4IN
(address) (x'03F23") (X'03F24"
Specia function | Special function| BR | LDDMA | STDMA | KEYO | KEY1 | KEY2 | KEY3 | KEY4 | KEYS | KEY6 | KEY7
Special Special function Key interrupt/IRQ4
function Control bit TRQ4SEL
OUtlen 1y | Register P4IMD
control (1) | (address) (x'03E3C)
SpeCiaI Special function _ Spemsl({ll%%cnon/ Spe01slc)fl%nTctlon/ Spemsl({ll%%cnon/ Spec1sgl§%ctlon/
function Control bit — P4KYEN1 P4KYEN2 P4KYEN3 P4KYEN4
output Register P4IMD
control (2) | (address) — (x'03F3C")

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

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

f\’ Reset
1
Pull-up resistor control D Q| > I
Write —L_ E L Read
Reset
"] —
1/O direction control D Q] I
@ Write —{L Read
3 ] ?
§ Reset _D
Port output data D Q| 3)
Write—L_ Read -
Schmitt trigger input (P34, P37)
Port input data \/][\] <Il
\, Read
Special function input data
Special function output control
Special function output data
P34 P37 | P50 P51 P52 P53 P54
Pull-up Control bit | P3PLU4 | P3PLU7 | PSPLUO | PSPLU1 | PSPLU2 | PSPLU3 | PSPLU4
resistor Register P3PLU P5PLU
control (address) (X'03F43) (x'03F45)
o Control bit_| P3DIR4 | P3DIR7 | PSDIRO [ PSDIR1 | PSDIR2 | PSDIR3 | PSDIR4
direction Register P3DIR P5DIR
control (address) (x'03F33) (x'03F35"
Control bit | P30UT4 [P30UT7 | PSOUTO| P5OUTI [ PSOUT2 [ PSOUT3 [P5OUT4
Port output [ Rogister P30UT P50UT
(address) (X'03F13) (x'03F15)
Control bit | P3IN4 | P3IN7 | PsmNo | P5INT | PSIN2 | PSIN3 | PsIN4
Port input Register P3IN P5IN
(address) (x'03F23") (x'03F25)
fﬁﬁiﬁiﬂ Specialfuncion]| BG [DKkDMA] WE | RE | TS [ Ale [ A17
output Control bit MMOD pin
control

Figure 3-3-9 Configuration and Functions of P34, P37, P50~P54
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P60 | Pe1 | P62 | Pe3 | Pe4 | Pes | Pes | P67
Pullup | Controlbit | P6PLUO | P6PLU1 | P6PLU2 | P6PLU3 | P6PLU4 | P6PLUS | P6PLUG | P6PLU7
resistor Register P6PLU
control (address) (x'03F46")

10 Control bit_| P6DIRO | P6DIR1 | P6DIR2 | P6DIR3 | P6DIR4 | PEDIRS |P6DIR6 |P6DIRT
direction Register P6DIR
control | (address) (x'03F36")
Control bit |P60UT([P6OUT1]P60UT2[P6OUT3| P6OUT4P60UT5|P6OUTE[P6OUTT
Port output | Register P60OUT
(address) (x'03F16")
Control bit | P6INO | PsIN1 | P6IN2 | P6IN3 | P6IN4 | P6IN5 | PSING | P6INT
Portinput | Register P6IN
(address) (x'03F26")
Special  [special function| A0 | Al A2 | A3 | a4 | A5 | A6 | AT
function
output Control bit MMOD pin
control
Figure 3-3-10 Configuration and Functions of P60~67
Pgo | Ps1 | Ps2 | Pe3 | Ps4 [ Pss | Pss | Ps7
Pull-up | Controlbit | PSPLUO | PSPLU1 | PSPLU2 | PSPLU3 | PSPLU4| PSPLUS [ PSPLUG | PSPLU7
resistor Register PSPLU
control | (address) (x'03F48")
/o Gontrol bit | PSDIR0 | PSDIR1 | PSDIR2 | PSDIR3 | PSDIR4 | PSDIRS [PSDIRG [PSDIRT
direction Register P8DIR
control (address) (x'03F38")
Gontrol bit [P8OUTY PSOUT1[P8OUT2]PBOUT3|PROUT4|[P8OUTS[PSOUTE[PSOUTT
Port output | Register P8OUT
(address) (x'03F18")
Control bit | P8INO | P8INT | P8IN2 | PSIN3 | P8IN4 | P8IN5 | P8ING | P8IN7
Port input | Register PSIN
(address) (x'03F28")
Special gpecialfuncion] D0 | DI [ D2 | D3 | D4 [ D5 | D6 | D7
function
output Control bit MMOD pin
control

Figure 3-3-11 Configuration and Functions of P80~P87

I/O Port Configuration and 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 | Timer1 | Timer2 | Timer3 | Timer4 | Timer5

(8-bit) | (8-bit) | (8-bit) | (8-bit) | (16-bit) | (8-bit) Time Base

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

Timer operation 4 4 4 4 4 v v
Event counter v v v 4 v - -
Timer pulse output v v v 4 4 — -
Serial v _ _ v _ _ _
transmission clock| (SIF2) (SIF0,1)
Synch
ynchronous output _ v v _ v _ _

timing generation

PWM output v - v - v - -
comaation v v - | - | -
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 fx fs/16 fs/16 fx
3 |TMOIO input | TM10 input | TM2IO input | TM3IO input | TM4IO input | fosc, fx/2"

Remote Remote Pulse Not
Other control control added |possible to
carrier pulse carrierpulse|  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 4 v

Event counter 4 v

Timer pulse output| ¢ v
Serial v

transmission clock| (SIF2)

Synchronous output
timing generation

PWM output v —

Cascade
connection

Remote control
carrier pulse v —
generation

8-bit Timer Operation (timers 0, 1) 77
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4-2-2 Operation

B Timer Operation (timers 0, 1)

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

the timer 0 inferrupt request flag

before starting timer 0. (D Set the TMOEN flag of the timer 0 mode register (TMOMD) 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 registet to select fosc, fs, or fs/4 as the clock

is smaller than the value of binary source

counter 0, since the count-up , , ,
3 Set the TMOPWM [lag of the TMOMD register to "0" so that normal timer operation

operation will continue until
overflow occurs. is selected.

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

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

6) When timer O 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
interrupt request flag is set, and the binary counter is reset to X'00" and begins to count

upward again.

Clock
\ A A \ Y Y

TMOEN

W:rite to TMO@OC register

Binary 04 Iy 05 ! ‘06 d o7 Y o8 ¥ o0 : Yoo
counter 0 . . ; . :

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)



M Event Count Function (timers 0, 1)

Settings for the event count function are listed below. Timer O 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.

@ 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, binaty counter 0 will count upward from X'00.

D When the value of binary counter 0 matches that of the TMOOC register, 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 O clock source is synchronized with the system
clock after a transition of the TMOIO input signal. Binary counter O counts upward based on a
signal synchronized to the system clock. Therefore, correct values can be read from binary

counter 0.

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

CPU system clock
(fs)

TMOIO input

Synchronous
circuit output

Bi

=
=2

o

ary counter >< n >< n+1

input is selected)
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If TMOIO input is selected as the
clock source and the value of
binary counter 0 is to be read
during  operation,  select
synchronous TMOIO 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
STOP/HALT modes.
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The period of a signal output fo
the port is 1/2 of the period set in
the TMOOC register.

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

Binary counter

TMOIO output
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M 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 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 (P1OMD) to "1" to set the special
function pin. Bit 0 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.

(€5} Set the TMOPWM flag of the TMOMD register to "0" so that normal timer operation
is selected.

&) 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 O matches that of the TMOOC register, the timer O

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

count upward again.

Matches TMOQC register

Figure 4-2-3 Timer Pulse Output Timing
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B Synchronous Output Timing Generation Function (timer 1)
Settings for the synchronous output timing generation function are listed below.

(D Set the TM1EN flag of the timer 1 mode register (TM1MD) to "0" so that the count
operation of timer 1 is stopped.

(2)  Set the P7TSYEVS2 and P7SYEVSI flags of pin control register 2 (FLOAT2) to
select timer 1 interrupts.

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

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

3 Set the TMIPWM flag of the TMIMD register to "0" so that normal timer operation
is selected.

©) Set a value in compare register 1 (TM10C).

@) Set the TM1EN flag of the TMIMD register to "1" to statt the timer.

(8)  When timer 1 begins operation, binary counter 1 will count upward from X'00".

©) When the value 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.

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

register, the values at port 7 synchronous output pins will change.
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if the TMIPWM flag of the
TM1MD register is set to "1" and
fimer 0 PWM oufput is selected,
the PWM output of timer 0 will
also be output from the TM110

pin.

If port 1 is to be used as a PWM
oufput pin, the P1DIR and P1PLU
registers must be set.
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B PWM Output Function (Timer 0)

Settings for the PWM output function are listed below.

(D Set 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 of the output waveform is determined based on the clock
source.

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

5 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) 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) 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.

€ When the value of binary counter 0 matches that of the TMOOC register, a low-level
signal is output from the port.

(10)  Binary counter O 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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Clock _‘

PWM output

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

Matches TMOOC register
Overflow
/

Binary
counter O

PWM output L L L

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

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

Disable the timer 0 interrupt.

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

B Secrial Transfer Clock Function (timer 0)

Settings for the serial transfer clock function are listed below.

)
@
3
*
®
(6)

M
®

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

Set the SC2CK1 and SC2CKO flags of the serial interface 2 mode register 1
(SC2MD1) to select 172 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, binary 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.

)
@
3
*
®
(6)
Q)
®)
®

(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 (TM1MD) 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 TMIMD 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 (TMOOC) and compare register 1 (TM10C).

Set the TMOEN flag of the TMOMD register to "1" to start 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+TM10C), the timer 1 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 (TM10C+TMOOC)
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
transmission clock (SIFO0,1)

Synchronous output

timing generation v -

PWM output v -

Cascade
connection

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

During a count operation, be careful
if the value set in TM20C is smaller
than the value of binary counter 2,
since the count-up operation will
continue until overflow occurs.

If fx is fo 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 count-up
transitions. However, with
synchronized fx, it is not possible fo
return from STOP/HALT modes.

Clock

TM2EN

Binary

counter 2

4-3-2 Operation

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

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

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

?3) 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).

3 Set the 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 TMZ:OC register

04 05 ;06 07 08
Figure 4-3-1 Binary Counter 2 (TM2BC) Count Timing
—— . Ifthe 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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M Event Count Function (timers 2, 3)
Settings for the event count function are listed below. Timer 2 is used as an example.

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

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

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

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

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

(6) 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.

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

CPU system clock
(fs)

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 to be read
during  operation, select
synchronized TM2I0 input to
avoid reading data that may be
incomplete during count-up
transitions. However, with
synchronized TM21O 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 set in
the TM20C register.

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

(D 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 (P1IOMD) to "1" to set the special
function pin. Bit 2 of port 1 will be specified as the pulse output pin.

3) Set the TM2CK2~0 flags of the TM2MD register to select 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 operation
is selected.

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

(6) Set 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'.

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

Binary counte

TM20UT

88 8-bit Timer Operation (timers 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.

)
@
)
*
®
©)
Q)

®
®

(10)

Port 7 output latch data

Binary counter

Port 7 synchronous output

Set 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 (FLOAT?2) 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 TM2EN flag of the TM2MD register to "1" to statt 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, binary counter 2 is reset to X'00" and begins to count
upward again.

At the timing when the value of binary 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 to be used as
pulse 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 set fo "1" and
timer 2 PWM oulput is selected,
the PWM output of timer 2 will
also be output from the TM310

pin.

If port 1 is fo be used as a PWM
oufput pin, the P1DIR and P1PLU
registers must be set.
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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 0.

2 Set bit 2 of the port 1 output/input mode register (P1OMD) to the special function
pin setting. Bit 2 of port 1 will be specified as the PWM output pin.

3) Set the TM2CK2~0 flags of the TM2MD register to select fs, fs/4, fx, or
synchronous fx as the clock soutce. The period 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 interval of the output waveform
is determined based on the value of the TM20C compare register.

6) Set 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'".

(8) 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 register.

©) When the value of binary counter 2 matches that of the TM2OC 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.

/Overflow
Matches TM20OC
register
Binary
counter 2

PWM output

|-

Time specified by TM20C register
-

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

Binary
counter 2

PWM output L L L

Figure 4-3-7 PWM Output Timing (when TM2OC 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 output of timer
3.

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

Disable the timer 2 interrupt.

M Secrial Transfer Clock Function (timer 3)

Settings for the serial transfer clock function are listed below.

)

@

)

Q)
)
©)
Q)
®

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

Set the SCOCK1 and SCOCKO flags of the serial interface 0 mode register 1
(SCOMD1) to select 1/2 of the timer 3 overflow frequency as the clock source.

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

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

Set a value in compare register 3 (TM30C).

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

When timer 3 begins operation, binary counter 3 counts upward from X'00'.

When the value of binary counter 3 matches that of the TM3OC register, the timer 3
interrupt request flag is set, the value of binary counter 3 is reset 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.

)
@
)
Q)
)
©
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@
®

(10)

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

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

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

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 timer operation.
Set values in compare register 2 (TM20C) and compare register 3 (TM30C).

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

Set 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 counter.

When the value of the 16-bit binary counter matches that of the 16-bit register
(TM30OC+TM20C), the timer 3 intetrupt request flag is set, the value of the 16-bit

binary counter is teset 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 Overview

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
TM41O 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.

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

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

3 Set the TM4PWM flag of the TM4MD register to "0" to select 16-bit timer operation.

@ Set a value in compare register 4 (TM4OCH, TM4OCL).

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

(6)  When timer 4 begins operation, binary countet 4 counts upward from X'0000".

7 When the value of binary counter 4 matches that of the TM4OCH and TM4OCL
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 interrupt, reset
the timer 4 interrupt request flag
before operating fimer 4.

During a count operation, be
careful if the value set 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 registeirs
TM4OCH, TM4OCL

Binary 04 05 306 07 08 09 00
counter 4 : y : y . ; : :

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
== 1o be incremented.

©

o 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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M Event Count Function

Settings for the event count function are listed below.

)
@
)
Q)
®)

©)
Q)

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 TM410 input or
synchronized TM41O input 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 (TM40OCH, TM40OCL).

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

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 TM40OCL
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 TM41O is selected, the timer 4 clock source is synchronized with the system

clock after a transition of the TM4IO 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

TMA410 input

Synchronous
circuit output

Binary counter

(fs) J

R €

Figure 4-4-2 Timer 4 Event Counter Timing (when synchronous TM4IO

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

Settings for the timer pulse output function are listed below.

)
@
)
*
®
(6)

M
®)

Binary

counter 4

TM40UT
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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 (TM4OCH, TM40OCL).

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

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 TM40OCL
registers, the timer 4 interrupt 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

€} Set 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.

@ Set the P7SYEVS2 and P7SYEVSI flags of pin control register 2 (FLOAT?) to select timer 4

interrupts.

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

synchronous output pins.

(@) Set 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 TMAMD register to "0" so that 16-bit timer operation is selected.
6) Set a value in compare register 4 (TM4OCH, TM4OCL).

7 Set the TMAEN 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'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 TM4OCL

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

are 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 TM4CK2~0 flags of the TM4AMD 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.

4 Set the TM4PWM flag of the TM4AMD 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 of the added pulse in the upper 8 bits of 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 port 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 value of binary counter 4 is reset 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 TM40OCH, TM40CL
register.

| Basic PWM components

—>| |<— Added pulse

Tn=X00' ? Tn=X01' Tn=X'02' z Tn=X'08" Tn=X'04' Tn=XFF
% % ) %

Figure 4-4-5 Pulse Added Type PWM Output

7
/ : Added pulse
7

Repeated 256 times

08 16-bit Timer Operation (timer 4)



B Setting the Added Pulse Position

The upper 8 bits of compare register 4 (TM4OCH) set the position of the added pulse. If the
TM40CH register is set 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 period. The relation between the value set in
the TM4OCH register and the added pulse is shown in the table below. If X'03' is set in the
TM4OCH register, bits are appended to pulse positions for X'01" and X'02', shown in table
4-4-1. The relation between the value set in the TM4OCH register and the position of the
added bit is shown in figure 4-4-6.

Table 4-4-1 Pulse-Added PWM Output

Chapter 4 Timer Functions

[r== 5-2-3 "Serial Interface
Transfer Timing"]

Value Set in TM4OCH Register

Added Pulse Position (value of Tn)

00000000
00000001
00000010
00000100
00001000

X'80’

X'40', 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'

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", X'12',X"16" .. . .. X'FA'XFE
10000000 X'01',X'03',X'05',X'07',X'09',X'0B" . . . .. XFD' XFF
(MSB) (LSB)
Repeated 256 times
TM4OCH |~ s w
Register setting | © X'40' X80’ X'co X 'FF' - Position of added pulse
value
X'00’
X o1 ]
X'02' I I
X '04' | | | |
X ‘08" | | | | I | | M
X0
1
I h—l—
PWM basic component
Position 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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Setling 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 Function

Settings for the capture function are listed below.

)

@

)
*
®
(6)
Q)
®

)

(10)

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 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 TAICTS1 and T4ICTSO flags of the TM4MD register to select IRQ2,
TRQ1, or IRQO as the input capture trigget.

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

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

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

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

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

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

When the value of binary counter 4 matches that of the TM4OCH, TM4OCL
register, the timer 4 interrupt request flag is set, binary counter 4 is reset to X'0000",
and counting begins again.

If the external 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 (TM4ICH, 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.

M

@

)

*
®

Set the TMSCLRS flag of the timer 5 mode tegister (TM5MD) to "0."

Use the TMSCK3~1 flags of the TM5SMD register to select fosc, fs/4, fx,
synchronized fx, time base timer output, or time base timer synchronized output as
the clock source.

Set a value in compare register 5 (TMS50C). At this time, if the TMSCLRS flag is
"0," binary counter 5 will be initialized to X'00".

Binary counter 5 (TMS50C) counts upward from X'00".

When the value of binary counter 5 matches that of the TMSOC register, the timer 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

‘i overwritten. Timer 5 interrupts are disabled in this mode. If timer 5

L)) interrupts are to be used, the TM5CLRS flag must be reset to "1"
after writing to the TM50C register.

©

[z] Timer 5 operation cannot be halted.

Chapter 4 Timer Functions

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

When choosing either time base
timer output or time base fimer
synchronized oufput for the timer
5 clock source, the time base
must be set 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 ix input is selected as the clock
source and the value of binary
counter 5 is to be read during
operation, select synchronized fx
input fo avoid reading data that
may be incomplete during count-
up transitions. However, with
synchronized fx input, it is not
possible to return from
STOP/HALT modes.

8-bit Timer Operation (timer 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.

(D Use the TMSCKO flag of the timer 5 mode register (TM5SMD) to select fosc or fx as
the clock source.

(2)  Use the TM5IR2~0 flags of the TM5SMD register to select the time base timer
interrupt source.

(3)  When the selected time interval passes, the interrupt request flag 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 1XX
1 1 1 1 1
Clock Source 27 28 2° 210 213
20MHz 6.4ps 12.8us 25.6us 51.2ps 409.6ps
fosc
8.38MHz 15.2us 30.5ps 61.0us 122.0us 976.4us
fx 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

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

(2)  Operate the watchdog timer by cleating 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 timing of this
clear the watchdog timer may be

reset at 3/4T,, . If the WDEN bit is

The upper 2 bits of the walchdog

amount of time passes.

3) When a runaway of program is detected, the program encoded at the location of the to be repeatedly cleared and set

WDT intetrupt routine is executed. at regular intervals, those
operations should be performed

T, is set by the mask option as fs/2°, fs/2%, or f5/27, within 344 of the T, period.

Watchdog Timer Operation  1()3
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(M
Set bit 0 of the P1OMD register to 2
"1" at the same fime the remote
control oufput is switched on, and 3)
fo "0" at the same time the remote
control output is switched off. S
&)
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 cartier output is switched off. Set the RMBTMS flag to
select the base period timer for the remote control carrier.

Set timer 0 or timer 3 to select the base period of the remote control carrier (the
width that the remote control carrier 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 ol the RMCTR register controls whether the remote control carrier
output is on or off.

Even if the carrier output is at a high level, and the RMOEN flag is set to "0"

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

JUnuutuuUyueL

RMOEN OQutputon -------

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

4-9-1 Buzzer Output 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 register (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
mode.

@ The BUZOE flag of the DLYCTR register controls whether the buzzer output is on or
off.

Buzzer Qutput  1()5
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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 0
TMOBC X'03F60’ R Binary counter O
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 X'03F72' 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)

TM4OCH 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)
TM4ICL 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

R/W: Readable and writable
R:  Read only
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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 | TMOOC6 | TMOOCS | TMOOC4 [ TMOOC3 [ TMOOC?2 [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

TMOBC7 | 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 [TM10C3 [TM1OC2 [TM1OC1 |TM1OCO |  (at reset: undefined)

Figure 4-10-3 Compare Register 1 (TM1OC: X'03F71', R/W)

(4) Binary counter 1 (TM1BC)

7 6 5 4 3 2 1 0

TM1BC7 |TM1BC6 [ TM1BC5 [TM1BC4 | TM1BC3 | TM1BCG2 |TM1BC1 | TM1BCO |  (at reset: 00000000)

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

Timer Function Control Registers ~ 1()77
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(5) Compare register 2 (TM20C)

7 6 5 4 3 2 1 0

TM20C7 | TM20C6 | TM20C5 | TM20C4 | TM20C3 [TM20C2 |[TM20C1 [TM20CO [  (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 (TM30OC)

7 6 5 4 3 2 1 0

TM30C7 | TM30C6 | TM3OC5 | TM30C4 | TM3OC3 [ TM30C2 [TM3OC1 | TM3OCO |  (at reset: undefined)

Figure 4-10-7 Compare Register 3 (TM30C: X03F73', 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: 00000000)

Figure 4-10-8 Binary Gounter 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

ITM4OCL7TM40CL6 [TM4OCL5|[TM4OCL4[TM4OCL3 [TM4OCL2 [TM4OCL1 [TMAOCLO|  (at reset: undefined)

Figure 4-10-9 Compare Register 4 (TM4OCL: X'03F74', R/W)

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

7 6 5 4 3 2 1 0

[TM40OCH7|[TM4OCHB[TM4OCH5[IM40CH4 TM4OCH3‘TM4OCH2 IM4OCH1 TMAOCHO|  (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 [TM4BCL6 [TM4BCL5 [TM4BCL4 [TMABCL3 [TM4BCL2 TM4BCL1 [TM4BCLO|  (at reset: 00000000)

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

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

7 6 5 4 3 2 1 0

[TM4BCH7 TMABCH6 [TMABCH5|TM4BCH4 [TM4BCH3[TMABCH2[TM4BCH1 [TM4BCHO|  (at reset: 00000000)

Figure 4-10-12 Binary Counter 4 (TM4BCH: X'03F65', R)

Timer Function Control Registers 1 ()9
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(13) Input capture register (TM4ICL) (lower 8 bits)

7 6 5 4 3 2 1 0

TM4ICL7 | TMAICLG | TMAICLS [TM4ICL4 | TM4ICL3 | TM4ICL2 |TMAICL1 |TM4ICLO [  (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 |TM4ICH5 |TM4ICH4 [TM4ICH3 [TM4ICH2 |TMAICH1 | TM4ICHO | (at reset: undefined)

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

(15) Compare register 5 (TM50C)

7 6 5 4 3 2 1 0

TM50C7 | TM50C6 | TM50C5 | TM50C4 | TM50C3 [ TM50C2 [TM50CT | TM50C0 | (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 | TM5BCS [ TM5BC4 | TM5BC3 | TM5BC2 | TMSBC1 | 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 | TMOPWI

TMoCK2

TMOCK1

TMOCKO

Chapter 4 Timer Functions

(at reset: ---00XXX)

TMOCK2 | TMOCK1 | TMOCKo | Clock source selection
0 fosc
0
X 1 fs
’ 0 fs/4
0 1 TMOIO input
1 1 1 Synchronous TMOIO input
TMOPWM TMO operation mode selection
0 Normal timer operation
1 PWM operation
TMOEN TMO count control
0 Halt the count

Operate the count

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

Timer Function Control Registers
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(2) Timer 1 mode register (TM1MD)

7 6 5 4 3 2 1 0
TM1MD - - — | TMHEN | TMAPWM | TWCK2 [ TMiCK! | TMiCKD (at reset: ---00XXX)
TM1CK2 | TMICK1 | TMiCKD | Clock source selection
0 fs/16
0
1 fs/64
0
] 0 fx
1 TM1IO input
0 X Cascade conneciion with fimer 0
1 ] 0 Synchronous fx
1 Synchronous TM110 input
P11 output selection
TMIPWM during TMO 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)

112  Timer Function Control Registers



(8) Timer 2 mode register (TM2MD)

7 6 5 4

3

2

1

0

TM2MD - - - TM2EN

TM2PWM

TM2CK2

TM2CK1

TM2CK0

Chapter 4 Timer Functions

(at reset: ---00XXX)

TM2CK2 | TM2CK1 | TM2CKO | Clock source selection
X o 0 fs
1 fs/4
0 1 0 fx
1 TM2I0 input
1 1 0 Synchronous fx
1 Synchronous TM210 input
TM2PWM TM2 operation mode selection
0 Normal timer operation
1 PWM operation
TM2EN TM2 count control
0 Halt the count

Operate the count

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

Timer Function Control Registers
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(4) Timer 3 mode register (TM3MD)

7 6 5 4 3 2 1 0

TM3MD - - - TM3EN | TMPWM | TMSCK2 | TMBCKI | TM3CKD (at reset: ---00XXX)

TM3CK2 | TM3CK1 | TMaCKo | Clock source selection

fosc

fs/4

fs/16

TMS3IO input

Cascade connection withtimer 2
Synchronous TM3IO input

- | |=|S

o
— | x

P13 output selection
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

(at reset: -0000XXX)

TM4MD - TMAEN | TMAPWM | TAICTS! | T4ICTS0 | TM4CK2 | TM4CK1 | TMACKD

TM4CK2 | TM4CK1 | TM4CKo |Clock source selection
0 0 fosc
1 fs/d
0
1 0 fs/16
1 TM4IO input
1 1 1 Synchronous TM4IO Tnput

TACTSY | T4ICTSO | TM4 input capture trigger selection

0 Disable input capture operation
0 1 IRQO

0 IRQA1
! 1 IRQ2

TM4PWM  [TM4 operation mode selection

0 16-bit timer operation
1 PWM operation

TM4EN TM4 count control

0 Halt the count
1 Operate the count

Figure 4-10-21 Timer 4 Mode Register (TM4MD: X'03F84', R/W)
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7

6

(6) Timer 5 mode register (TM5MD)

4

3

0

TM5MD TM5CLRS

TMsIR2

TMSIR!

TMSIRO

TM5CK3

TM5CK2

TMSCK!

TMSCKO

(at reset: OXXXXXX0)

Time base timer

116 Timer Function Control Registers

TM5CKD clock source selection
0 fosc
1 fx
TM5CK3 | TMSCK2 | TM5CK1 | Timer 5 clock source selection
X 0 0 fosc
1 fs/d
0 0 fx
1 1 Output of time base timer
0 Synchronous fx
! 1 Synehronous fime base fimer outout
TMSIR2 | TMSIRY | TMSIRO ime;[:;rgtepmtggction
0 0 1/27 of the clock source
0 1 1/28 of the clock source
0 1/2° of the clock source
1 1 1/2' of the clock source
1 X X 1/2' of the clock source
moins | Bran e
0 Enable initialization of

TM5BC during a write to TM50C

1

Disable initialization of
TM5BC during a write to TM50C

=If 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)

woctR | - | - | - | - | - | -

WDEN

Figure 4-10-23 Watchdog Timer Control Register (WDCTR: X'03F02', R/W)

Chapter 4 Timer Functions

(at reset: ------- 0)
WDEN Watchdog timer enable
0 Clear waichdog timer/disable operation

Enable WDT timer

Timer Function Control Registers
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7 6

(2) Oscillation stabilization control register (DLYCTR)

5

DLYCTR [BUZOE[BUZCK1(BUZCKO

DLYS1| DLYS0

(at reset: 0XX---00)

DLYS1|DLYS0

Oscillation stabilization
wait period setting

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

0

1/2'9 of the system clock (fs)

1

1/2%0f the system clock (fs)

1

= |Oo|=|O

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"9 of the system clock (fs)

= |lo|=|o

1/2%of the system clock (fs)

BUZOE
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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)

RMCTR

7 6 5 4 3 2 1 0 (at reset: ---00XXO0)

- - — | TMORM|RMOEN| —  [RMDTY0|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
RMDTYO Remote control carrier
output duty selection
0 1/2 duty
1 1/3 duty

Must be set to "0."

Enable remote control

RMOEN ;
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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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 v v v
Simple UART v — —
Simple IIC — — 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



Chapter 5 Serial Functions

OHI00S =

ood/+axLoogs [_]

ICEIREIE a——— = =
QND00S 130008 =
= 030008 WY000S
= Hi300S_|— 150008 v
394008 [« 31S008 | 0M0008
MA00S |- g ZDN100S I5HE00S,
3HO00S TDNT00S »{ 353008 z
o = # 0DNT00S o 18008
410008 9 oamoos LAN0DS MO|JJaA0
\ € Jawi jo g/1
|_ 2/ 1Xedd
w D ol/s)
W - 18}
e B/ ers)
_ J81unod g _r 20d/01ds
» A
—
s
u.cmm_%@ m>_momm
W #
[QJLU0J BAIBIDI
ﬁ yealg
Y
a X | | rodiaxyioigs
[EESEVET 1015101 YIUS |« . ] n
DIPOVES Wl T Joodi00as
mEoow@
Jayng aAIvoaY uonoslap
- 8 11q doig -
= o] axd00s - “
IHHF00S WOI00S
L NJ00S T WNOHS00S
0W400S " N.18S008
[ TWd00S | dVMS SO9S00S
[ ONd0OS | S185008 |—
3dN0OS “ @ SLES00S
¢AN0OS €AN0DS

Figure 5-1-1 Serial 0 Block Diagram

123

Overview



Chapter 5 Serial Functions

snq [euos
Jo snielg

¥~

1104410
tdiald

13018
2004108 ﬂ

(mojiano € Jowg Jo /1)
- 2/1Xe04

10049108
0008108 H

0anios

!

~ OIL0S

J91UNoo
uq Jajsuel|

1008S -« $9/s)
ToLes XOW
1030415 - 88
ECE -—
1130418
TONOLOS | | z, 4
00NOL0S | |
Tanios _Iv
10d 1014dS
- L]
10d I8s 60d/11ds

¥
UOIIPUOD
sod/togs| |« il

1ng4dIs

m_m_.CowMW
12

y

dVMS SNd

%

ybnoy AR A|D‘|D +0d/119S

Figure 5-1-2 Serial 1 Block Diagram

124 Overview



Chapter 5 Serial Functions

DHIZ0S =

0£d/vVdS/C09S

030203 nosszos
AWd20S NLES20S
H1a20S 5085208
315208 S195208
/ EONTZ0S S1aS20S
»[ Asg20s ZONTZ0S (230208
NOES20S FDNT20S 0208
INdSeDs 0DN 1203 030205
DILS2DS 0aNZ0S 0 Tamnzos
3d1S203
J1HSZOS {moyeno g s jo z/1L)
3185208 -+——g/1X009d
- -
XNN |a——ys5y
i +—2/s)
l«——s)
_ |ONAS
" |1N0d
19]UN0d Jq- A|D 2ednosrelds
' « ' X red/21gs
UOIIPUOO| 4 laynq Yys = - Yoy LA/ore | n
[ W 0£dVAS/208S
mmhwomeW XN
o
L » | dVYMS-SNG y
WQOdSeos

¥

Figure 5-1-3 Serial 2 Block Diagram
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[s= Section 5-2-3, "Serial Interface
Transfer Timing"]

126 Synchronous Serial Interface

5-2 Synchronous Serial Interface

5-2-1 Overview

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.

Bit transfers of an arbitrary 1~8 bits can be performed. The transfer bit count must

be set before performing the transfer.

5-2-2 Setup and Operation

M Transmission

M

@)

3)

)

©)

Select the synchronous serial interface by setting the SCOCMD flag of the

serial interface O 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 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 (SCOMDI1).

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

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

* Set the SCOSBTM flag 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 0 of the PODIR register to input mode.

» Set bit 0 of the POPLU register.

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

(8)  Select 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 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 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
SCOSBOS 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
ll1 =II

=)

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
SBOO pin receives data during
the input mode and transmits
data during the output 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

Clock
SBO . - . . . . . . /

Start condition
enable

/ X X X
srsgt,r;“d'“‘m? >< X >< ><

Interrupt

SCOBSY —

s N

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

qissessass

Start condition
enabled

SBO

Start condition X

disabled

Interrupt

scoBsy ——

N noonooan

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




M Reception

)

)

3)

)

o)

(6)

Q)
®)

)

(10)

Select the synchronous serial interface by setting the SCOCMD flag of the

serial interface O 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 (SCOMDI1).

» Set the SCOCKM flag of the SCOMDI 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 (SCOMD?3) to "1."

»  Set the SCOSBTM flag of the SCOMD?3 register.

» Set bit 2 of the port O direction control register (PODIR) to the output
mode (P0O2/SBTO output mode).

» If necessary, set bit 2 of the port O 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 necessary, set 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 set to "1." The SCOTRI tlag of the SCOMD] register is set to "1."

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
SCOSBIS 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
SCOMDO 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 bit 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 internal clock is selected
as the clock source, after
setting the SCOSBIS flag of the
SCOMDS3 register to "1," write
dummy data to the SCOTRB
register. If there is to be
another reception, write
dummy data again to the
SCOTRB register.

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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A A

Start condition
disabled

Interrupt

SCOBSY start |
condition

enabled

SCOBSY start : E : : : : !
condition : : : . . . : :
6 >< 7 X 0

disabled

ez oY\ VY

Figure 5-2-3 Synchronous Serial Interface Reception Timing

(reception at rising edge)

/

Start condition
enabled

disabled

Startconditioné >< >< ><

Interrupt

SCOBSY start |
condition

enabled

SCOBSY start |
condition .
disabled

loanonnnt

Figure 5-2-4 Synchronous Serial Interface Reception Timing

T

(reception at falling edge)
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5-2-3 Serial Interface Transfer Timing

Serial interface 0 uses the SCOCEQ and SCOCEL flags of serial interface 0 mode
register 0 (SCOMDO), and serial interface 1 uses the SCICEQ and SC1CEIl 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 SCnCEl1 flag is "0," data output is synchronized to
the falling edge of the clock.

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

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

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

SCOCEO | SCOCE1| Receive Data Input Edge Transmit Data Output Edge
0 0 ) ]
0 1 v \
1 0 Y Y
1 1 1 4

Serial interface 2 uses the SC2CEQ flag of the serial interface 2 mode register O 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 |
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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 SCnCEO and SCnCEl flags of the SCnMDO
register to "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

ey

@

3

)

o)

(6)

M

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

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 SCOCE1~0 flags of the
SCOMDO register.

Select the clock source with the SCOCK1~0 flags of serial interface 0 mode
register 1 (SCOMDI1).

Set the SCOCKM flag of the SCOMDI1 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

Setting the SCOFM flag of the SCOMD2 register to frame

SCOMDO register.

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

I y 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 SC0SBIS flag after all
conditions have been sef.

@®
©

(10)
(1D
(12)
(13)
(14)

(15)

(16)

TXD
Parity enabled

TXD
Parity disabled

Interrupt

Parity enabled :

Set the SCOEM1~0 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 SCOMD3 register.

Select the SCOIOM flag of the SCOMD?3 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 set to "1," indicating that a serial 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."

fSth

Interrupt

Parity fisabled | ! ! f f f f f f f f H

SCoBSY

Parity enabled

SCOBSY
Parity disabled
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H Reception

)

)

3)

)

o)

(6)

Q)

®)

)
(10)

(an

(12)

(13)

(14)

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

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 SCOCE1~0 flags of the
SCOMDO register.

Select the clock source with the SCOCK1~0 flags of serial interface O mode
register 1 (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 O 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
SCOPM 1~0 flags of the SCOMD?2 register to specify the added parity bit.

Set the SCOFM1~0 flags of the SCOMD?2 register to specify the frame mode.
Select the SCOIOM flag of the SCOMD?3 register.

When the SCOIOM flag of the SCOMD?3 register is specified that the pin is
independent, set bit 1 of the port O direction control register (PODIR) to the
input mode.

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

Select serial communication by setting the SCOSBIS flag of the SCOMD3
register to "1."

When the serial transmission begins, the SCOBSY flag of the SCOCTR
register is set to "1," indicating that a serial 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 "1."

Seiting the SCOFM flag of the SCOMD2 register to frame

~-
0‘ 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 fo a high
level after reception is
complete.

Serial interface 0 begins
operation when the
SCOSBOS or SCOSBIS flag
is set to "1." Set 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
longer be  accepted.
Therefore, consecutive
reception must be performed
carefully.
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RXD

Parity enabled

. Parityf Stop! Stop |
X bn/ b$§ mf;

! ! ! ! | | Stop: Stop . !

: : : : : of bit bit :
Interrupt ! ! ! ! ! ! ! ! f f f f
Parity enabled : . . . . . . . . . . .

Interrupt ! ! ! ! ! ! ! f f f f
Parity disabled . . . . . . . . . .

RXD

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/(overflow period X 2 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| 3, 1200 2400 4800 9600 19200
fosc (bps)
(MHZ) Sef :Ca\cu\ated Sef :Ca\cu\ated Set :Ca\cu\aTed Sef :Ca\cu\ated Sef :Ca\cu\ated Sef :Ca\cu\ated
fosc | — ' — | 208 11202 104 :2403| 52 14807| 26 '9615| 13 19230
4.0 fs/4 1041300 — 1 — [ — 1 — | — v | — % | — i
fsfte | — ¢ — | — [ — | — v — =
fosc | — | — | 218 11201] 109 i2402| 55 i4761| 27 ‘9e99| — i —
419 fs/4 | 109 : 300 . — — . — =
fsfte | — 1 — | — i — [ — i — | =t — = ===
fosc | — ! — | — ' — | 208 '2404| 104 14807| 52 i9615| 26 9230
8.0 fs/4 |208:300| 52 1201 — ¢+ — [ — ¢ — | — ¢ — | — @ —
fs/le | —+ — | — v — | — v — | — v — | — v — | — & —
fosc | — ' — | — ' — | 218 i12403| 109 14805| 55 :19523| 27 11939§
8.38 fs/4 |[218:1300| 55 i1190] — ¢+ — | — 1 — [ — 1 — | — 1 —
fsftg | — ¢+ — | — ' — | — 1 —| =t — | ="' — | =1 —
fosc | — 1 — | — ' — | — ' — | 156 14808| 78 19615 39 1923q
12.0 fs/a | — 1 — | 78 11202] 39 i2q03) — 1 — | — 1 — | — 1 —
fs/is |78 1300 — ! — | — ¢ — | — — [ — v — | — 1 —
fosc | —+ — | —+ — | — + — | 208 :4808| 104 :9615] 52 19230
16.0 fs/4 | — @ — [104i1202] 52 tpa0a] — 1 — [ — 1 — | — 1 —
fs/te |104i300] — ¢ — | — 1 — | — 1 — | — 1 — [ —1 —
fosc | —: — | — + — | — © — | 218 14805] 109 19610| 55 119045
16.76 fs/4 | — 1 — [1o9i1201] 55 12381 — 1 — [ — 1 — [ — 1 —
fs/16 |109:300| — +\ — | — — | — 1 — | — 1 — | — 1 —
fosc | — | — | — @ — | — " — | = — 120 '9615| 65 '19231
20.0 fs/a | — 1 — | 13011202| 65 i2404| 33 14735 — | — | — 1 —
f/16 |130t300] — ¢ — | — ¢ — | — ¢ — ] — v — [ — 1 —
Example:

The timer 3 clock source is fs/4 (fosc = 8MHz) and a baud rate of 300 bps is

desired.

Since fs=fosc/2,

comparc register sct valuc = (8 X 102/4)/(300 x 2 x 8) — 1

=207
=X'CF
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Set the values from this table
(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 SC2S5PKF, SC2STKF,
SC28PEN, and SC2STEN
flags of the SC2CTR register
are normally set to "0".

1 38 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)

0

@

3

“

o)

(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 0 of port 3.

« Set bit 0 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 SC2MDO 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.

« Sct the SC2CEDO flag of the SC2MDO register so that reeeption data is input on
the falling edge.

Set the SC2MD1 register.

* Set the SC2CK2~0 flags of the SC2MD1 register to specify the clock source as
172 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 SC2MDI 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).
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(7) Set the SIFOEO2 and SIFOEI2 flags of the SC2MDI register to "1" to enable 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 (11).

(11) Set the SC2MDO register.
* Set the SC2LLNG3~0 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) Set bit 2 and bit 0 of the P30OUT register to "0".

(14) Set the SC2SBOS, SC2SBIS, SC2SBTS flags of the SC2ZMD1 register to "0".
(Switch the SBT2 and SBO2 pins to function as ports.)

(15) Setbit 2 of the P30UT register to "1".

(16) Set bit 0 of the P30OUT register to "1".

Start serial transmission

o L ST R

SCL
1st byte Trar%rl’:“ligléion 2nd byte 18th bit Stop condition
Start transmission complete Start Transmission complete
Interrupt [ 1 transmission [

Software . Hardware _ Software Hardware Software

Figure 5-4-1 Master Transmission
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Set the SC2CMD flag of the
SC2MDO register to "1"

before

setting the

SC2LNG3~0 flags of the
SC2MDO register.

The SC25PKF, SC2STKF,
SC2SPEN, and SC2STEN

flags of the SC2CTR register
are normally set to "0".

140
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M Reception (1-byte transmission, then reception of n-bytes)

1

@)

3)

“)

®)

©)

0

@®

©

(10)

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 0 of port 3.

* Set bit 0 of the P3OUT register to "1" ("H" level).

* Set bit O 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 SC2MDO 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 SC2CEQO flag of the SC2MDO register so that reception data is input
on the falling edge.

Set the SC2ZMDI1 register.

* Set the SC2CK2~0 flags of the SC2MD1 register to specify the clock source
as 1/2 of the overflow of timer 0.

* Set the SC2SBTS flag of the SC2MD1 register to "1" (serial clock pin).

* Set the SC2SBTM flag of the SC2MDI register.

* Set the SC2SBOM flag of the SC2MDI 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).

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 flag of the SC2CTR register and determine the value of the
ACK bit.



The reception process is described in the following steps.

(11) Set the SC2MDO register.
* Set the SC2I.NG3~0 flags of the SC2MDO register to specify the transfer bit

count as 8 bits.

(12) Setbit 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).

Chapter 5 Serial Functions

1st byte o9th bit  2nd byte 18th bit

el Transmission  Start :
Start transmission complete reception Reception complete
Interrupt m M
Software | Hardware lSoftwarel Hardware | Software
™ ™1 ™1

Figure 5-4-2 Master Reception
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The SC2SBTS flags of the
SC2MD1 register must be set o
"1" before setting the SC25SBOS
and SC2SBIS flags of the
SC2MD1 registerto "1".

142 Simple IIC Serial Interface

Control and processing of the ACK bit are described in steps (15)~(19) below.

(15) Set bit 2 of the P30OUT register to "0".

(16) Set the SC2SBOS, SC2SBIS, SC2SBTS flags of the SC2MD1 register to "0".
(Switch the SBT2 and SBO2 pins to function as ports.)

(17) Set bit 2 of the P30OUT register to "1".

(18) Set bit 0 of the P30UT register to "0". (In the case of NACK, set to "1").

(19) 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).

(20) Set the SC2MDO register.
* Set the SC2BC03~0 flags of the SC2MDO register to specify the transfer bit

count as 8 bits.

(21) Set the SC2SBTS flag of the SC2MD1 register to "1". (Switch the SBT2 pin
to a serial clock pin).

(22) Set the SC2SBOS and SC2SBIS flags of the SC2MD1 register to "0". (Switch
the SBO2 pin to serial).
Repeat processing from step (13).

(23) Set bit 2 and bit 0 of the P30OUT register to "0".

(24) Set the SC2SBOS, SC2SBIS and SC2SBTS flags of the SC2MD1 register to
"0". (Switch the SBT2 and SBO2 pins to function as ports.)

(25) Set bit 2 of the P30OUT register to "1".

(26) Set bit 0 of the P30OUT register to "1".
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SDA ><

>/ ACK

SCL 8

T
ACK output

Interrupt l_l

T
ACK clock output ACK clock

Pin Serial pin | Port pin
(16)
Data line control
P30 Input | Output
L | L
(18)(19)
Clock line control
Input
P32
H | | H
(15) (17)
T

Corresponds to step number description

Figure 5-4-3 ACK Processing during Reception

Simple IIC Serial Interface 1473



Chapter 5 Serial Functions

144

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

Serial Interface Control 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

SC2MDO 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 0 control register

SC2CTR X'03F5C' | R/W | Serial interface 2 control register

SCOTRB X'03F55 w Serial interface 0 transmit/receive shift register
SCORXB | X'03F56' R Serial interface 0 receive data buffer

SCITRB X'03F59' R/W | Serial interface 1 transmit/receive shift register
SC2TRB X'03F5D' | R/W | Serial interface 2 transmit/receive shift register




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 L.SB first or MSB first.

7 6 5 4 3 2 1 0

SCOTRB SCOTRB7|SCOTRB6(SCOTRB5{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 O received data buffer (SCORXB)

7 6 5 4 3 2 1 0

SCORXB SCORXB7|SCORXB6|SCORXB5{SCORXB4|SCORXB3 |SCORXB2|SCORXB1 [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|SC! TRB6|SC1TRB5|SC1TRB4|SCTRB3 [SC1TRB2|SC1 TRB1[SCITRBO| (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 SC2TRBY7|SC2TRBE| SC2TRB5|SC2TRB4|SC2TRB3|SC2TRB2|SC2TRB1[SC2TRBO|  (at reset: undefined)

Figure 5-5-4 Serial Interface 2 Transmit/Receive Shift Register
(SC2TRB: X'03F5D', R/'W)

Chapter 5 Serial Functions
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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 [SCOLNG2ASCOLNG1ISCOLNGO (at reset: -00XX000)
—L%OWGZ SCOLNG1[ SCOLNGO| Transfer bit count
0 8 bit
0 -
1 7 bit
0 -
0 6 bit
1 1 | 5bit
0 4 bit
0 -
1 1 3 bit
0 2 bit
1 1 1 bit
SCOSTE Select.lon of synchr.o.nous
serial start condition
0 Disable start condition
Enable start condition
SCODIR First bit to be transferred
0 MSB first
1 LSB first
SCoCElSCoCET 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

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)

7 6 5 4 3 2 1 0
SCOMD1 - — | SCOcKM [SCOCK1]|SCOCKO|SCOBRKF|SCOERE[SCOTRI (at reset: -X00000)
SCOTRI . Transmit/receive
interrupt request flag
0 Transmit interrupt request
Receive interrupt request
SCOERE Error 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 BC3x12(112 of timer 3 overflow)

SCOCKM Divide clock frequency by 8

0 Do not divide by 8
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)
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(8) Serial interface 0 mode register 2 (SCOMD2)

(at reset: --000XXX)

SCONPE Parity enable
0 Parity enabled
1 Parity disabled
Added bit specification
SCOPM1 | SCOPMO
Transmission Reception
0 0 Normally add 0 Check for 0
1 Normally add 1 Check for 1
’ 0 Add odd parity  [Check for odd parity
1 Add even parity  [Check for even parity|
SCOFM1 [SCOFMO Frame mode specification
0 0 7 data bits + 1 stop bit
1 7 data bits + 2 stop bits
| 0 8 data bits + 1 stop bits
1 8 data bits + 2 stop bits
SCOBRKE Break status transmit control
0 Data
1 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 (SCOMDS3)

7 6 5

4

3

2

i

0

SCOMD3 SCOIOM

SCOSBOM

SCOSBTM

SCOSBOS|

SCOSBIS|

SCOSBTS

Chapter 5 Serial Functions

(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
SCOIOM 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 | SC1CEO [ SCICE" | SCIDIR | SC1STE |SCTLNG2|SCILNG1{SCILNGO|  (at reset: 000XX000)
: SC1LNG2ISC1LNG1[SC1LNGO| Transfer bit count
0 8 bit
0
1 7 bit
0 -
1 0 6 bit
1 5 bit
0 4 bit
0
] 1 3 bit
] 0 2 bit
1 1 bit
SCISTE Synchro_n_ous serla! start
condition selection
0 Disable start condition
Enable start condition
SC1DIR First bit to be transterred
0 MSB first
LSB first
SCACEolSC1CET 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 —  [sC1SBOMSC1SBTMSC1SBOM| SC1SBIS [SC1SBTS | SC1CK1 | SC1CKO

Chapter 5 Serial Functions

(at reset: -0000000)

SC1CK1 | SC1CKo

Clock source

0 0 fs/2
1 1s/8
0 fs/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 _SBfipin

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 | SG2CE0 |SC2CMD | SC2DIR | SC2STE |SC2LNG3| SC2LNG2| SC2LNG1[ SC2LNGO (at reset: 00XX0000)
SC2LNG3|SC2LNG2|{SC2LNG1|SC2LNGo| Transfer
bit count
0 1 1 1 9bit
0 8bit
0 -
1 7bit
0 -
q 0 6bit
1 1 5bit
0 4bit
0 -
; 1 3bit
| 0 2bit
1 1bit
SC2STE Selection of synchronous serial start condition
0 Disable start condition
1 Enable start condttion
Specification of first bit
SC2DIR to be transferred
0 MSB first
1 LSB first

SC2CMD Selection (_)f synchronous
serial or IIC
0 Synchronous serial
1 1IC
SC2CE0 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 (SC2MDO: X'03F5A", R/W)
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(8) Serial interface 2 mode register 1 (SC2MD1)

7 6 5 4 3 2 1 0

SC2MDH SC2SBOMISC2SBTMISC2SBOS| SC2SBIS [SC2SBTS| SC2CK2 [ SC2CK! | SC2CK0

Chapter 5 Serial Functions

(at reset: 00000000)

L

SC2CK2 SC2CK1 SC2CKO0 | Clock source
0 fs
0
1 is/2
0
| 0 fs/4
1 fs/8
BCoOx1/2
1 0 0 {112 of fimer 0 cverflow)
SC2SBTS SBT2 pin function selection
0 Port
1 Serial clock pin
SC2SBIS SBI2 input control
0 '0'input
1 Serial input
SC2SBOS 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|ScocMD] — —  |SCOFEF|SCOPEK[SCOORH  — (at reset: 00XX000X)
SCOORE Overrun error detection
0 No Error
1 Error
SCOPEK Parity error detection
0 No Error
Error
SCOFEF Framing error detection
0 No Error
Error
Synchronous serial/
SCOCMD UART selection
0 Synchronous serial
1 UART
SCOBSY Serial bus status
0 Other use

Serial transmission 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

Chapter 5 Serial Functions

(at reset: 00XX00XX)

SC2CTR SC2BSY | SC2SBOM | SC2SPKF [ SC2STKF | SC2SPEN] SC2STEN| SC2ACKS| SC2ACKO
|

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

SC2SBOM SBI2/SBO2 pin connection
0 Independent

Connected
SC2BSY Serial bus status

0 Other use

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

1 5 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~AN?7).

When the A/D converter is stopped, power consumption can be reduced by

turning off the internal ladder resistors.

ANCTR1 0
. ANBUF1 0 ANBUFO
- ANBUF10 —
- ANBUF11 —
— ANBUF12 —
A;[\’lq%:;o 0 — ANBUF13 —
] - i ANBUF14 _
v H e oo e =
ANCHS2 ANBUF16 | [ ANBUF0s
AANNLéKDOE ANBUF17 ANBUFO7
I
ANCK1 A A
ANSHO |
ANSH1 |
i ° ]
VREF +
! [Py
ANO —»
AN1 —» 5
AN2 —] 2 \ Upper 8 bits of AD
AN3 00 onversion data
- 0-bit
AN4 MUX »|Sample & hold A/ID comparator
AN5 —»] A i Lower 2 bits of A/D conversion data
ANE6 —»
AN7 —»
VREF
3
fs/2
fs/4
ts/8 ~| Mux > 12
fx x 2 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 ANCHS2~ANCHSO flags of A/D control register 0 (ANCTRO) to specify one
of pins AN7~ANO (PA7~PAO) as the analog input.

(2) Set the ANCK1 and ANCKO flags of A/D control register 0 to select the A/D
conversion clock. Make this setting such that 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 0, 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 Stab"/"zes'- The time

(5) Set the ANST flag of A/D control register 1 (ANCTR1) to "1" to start the A/D Zgiarn:eﬁ:l:ie: (tr’r’]’;”;’;" kt:’;
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. Vref— should be used as the

N . . criteria for the wait time.
(7) When the A/D conversion is complete, the ANST bit is cleared to "0" and conversion

results are stored in A/D buffers (ANBUFQ, 1). At the same time, an A/D complete
interrupt request (ADIRQ) is generated.

Tap
-— 1 2 3 11
| | | | 5 |
ANST 1 +—

A/D conversion start A/D conversion complete

Ts '

| | s |

‘ Sampling Hold E

Bit9 Bit8 Bito, !

} comparison l comparison l ) l comparisonl
Determine  Determine Determine Detefrnine
bit 9 value  bit 8 value bit 1 value bit 0 value

1

A/D interrupt )

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 RwW 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 buffer 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| ANCHS! | ANCHSO

—Il ANCHS2 | ANCHS! | ANCHS0 [Analog input selection|
0 ANO
0
1 AN1
0
1 0 AN2
1 AN3
0 AN4
0
q 1 AN5
q 0 ANG6
1 AN7

ANLADE A/D ladder resistor control

0 A/D ladder resistors off

1 A/D ladder resistors on
ANGKT | ANGKo A/D conver§ion
clock selection*1
0 fs/2
0
1 fs/4
1 0 s/8
1 fxx 2
ANSH1 | ANSHO Sample and
hold time setting*2
0 0 Tapx 2
1 Tapx 6
1 0 Tapx 18
1 Use prohibited

*1:Specify 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. Tab 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)

ANCTR1 asTf — | — | — | — | — [ — | — (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 results.

7 6 5 4 3 2 1 0

ANBUF1  |ANBUF17[ANBUF16|ANBUF15|ANBUF14]ANBUF13|ANBUF12|ANBUF11|ANBUF10 (at reset: XXXXXXXX)

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

(1

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>C>1000pF
where R<500kQ

*1 These values are reference values.

Figure 6-3-5 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.

FLOAT1
P7RDWN
PARDWN
P21 1M
—7
AC zero-cross » P21input/IRQ1
ion circui ise fil
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 IRQ1.

(2) Set the NF1EN and NF1CK2~1 flags of the NFCTR register to set the noise filter
and its sampling clock.

(3) With the P21IM flag of the FLOAT1 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 ‘e

VDD eesmmmrrremne e N
Y ------------------------------------------------------------------------------------------------------------------------------------------
Ideal Fy L
IRQ1
Actual i :
IRQ I I

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 filtering 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.
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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.

IRQO: External interrupt 0

IRQ1: External interrupt 1

168  Noisc Filter

P21/IRQ1/SENS D—

S Data bus
NFCTR@ o
NFOEN _
# NFOGKSO
{ 2 FOCKS1
.
( 2
fe/2P—»]
7
fS/Zs—b MUX
fg/2"—m
fe/2—»
p2o/Rao [} Noise filter
MUX To IRQO
interrupt
fe/22—»]
7
fs/28—> MUX
fg/2"——
(A ——
AC Zero-cross Noise filter
circuit
MUX f—— To IRQ1

(Figure 7-1-1)

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 waveform input to the IRQO pin is sampled based on the
clock specified by the NFOCKSO and NFOCKS!1 flags of the noise filter 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.

Sampling iiliiiliii

Waveform after
noise filtering

Figure 7-3-2 Noise Filter Input and Output Waveform Example

¢

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
[r= 2-4-3 ‘Interrupt Control
Registers B External Interrupt IRQIICR | X'03FE3' R/W External interrupt control register 1
Control Registers'] FLOAT1 | X'03F4B' R/W | Pin control register 1
[s= 3-2-2 "I/O 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 - —  |NFICKST[NFICKSO] N-fEN |NFOCKS!|NFOCKSO[ NFOEN (at reset: --000000)

NFOEN | IRQO noise filter setup and operation

0 IRQO noise filter off

1 IRQO noise filter on
NFOCKs? [NFockse | IRQO noise filter
sampling period selection
o 0 |/
1 fs/2/
} 0 |/
1| /2

NFEN | IRQ1 noise filter setup and operation

0 IRQ1 noise filter off

1 IRQ1 noise filter on
NFickst |NFickso|  IRQ1 noise filter
sampling period selection
o 0 |/
1| e
; 0o |
1 |12

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 MN101C01D 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.
Each time the interrupt once occurs, an 8-bit or 16-bit address is transferred. The number of
transfers set in the transfer word count register has been reached, the automatic data transfer
control interrupt is occutted.

For multiple (16-bit) transfers, disable interrupts from the interrupt control register of the

selected ATC activation source (xxxIE=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 —Special Function Registes Special Function Register—M

Directions emory—Special 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-match 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 or 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.
(At reset: 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
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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: Byte (8-bit) transfer

1: Word (16-bit) transfer

(6) Select transfer direction
Select the transfer direction with bit 4 (ATDIR) of the ATMD register.
0: The transfer target address pointer (for memory) is specified 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) Enable 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 to "0" and an ATCIRQ intetrupt

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
« External ROM/RAM: 2 cycles (when no wait cycles are set)

Halt Halt

CPU operating status

BUS release request Q
BUS release granted g

ATC activation event |_| :

Load Store

Load S
ATC operating cycle  -------=------ . R EEEEEEE e L 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'03FAL' 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 transfer 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.
7 6 5 4 3 2 1 0
ATMD ATEXT | ATEN | ATWID | ATDIR | ATING | ATIR2 | ATIR1 | ATIRO (at reset: 000XXXXX)
ATIR?2 ATIR1 ATIRO Transfer activation
source selection
0 0 AD conversion complete interrupt
0 1 Serfal 0 transfer complete inferrupt
; 0 Serfal 1 transfer complete interrupt
1 Serfal 2 transfer complete inferrupt
0 0 Compare-mach interrupt timer 2
1 1 Compare-mach interrupt fimer 4
] 0 External interrupt IRQO
1 External interrupt IRQ1
ATING ATTAP mode selection
0 Fixed
1 Increment

ATDIR ATC transter direction selection

0 Memory—Special register
1 Special register—-Memory
ATWID ATC transfer unit selection

0 Byte (8-bit) transfer
1 Word (16-bit) transfer

ATEN ATC transfer enable

0 Disable ATC transter
1 Enable ATC transfer

ATEXT ATC external connection selection

0 Select internal ATC
1 Select external ATC

Figure 8-3-1 Automatic Data Transfer Control Register (ATMD: X'03FAQ", R/W)
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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 | ATONT5 | ATCNT4 | ATCNT3| ATCNT2 | ATCNT1 | ATCNTO | Read/Write  (at reset: undefined)

The number of words for transfer 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| ATTAPY | ATTAPS (at reset: undefined)

7 6 5 4 3 2 1 0

ATTAPL ATTAP7|ATTAP6|ATTAPS [ATTAP4 |[ATTAPS3 [ATTAP2|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 | ATIAP3 | 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 CodeCycle| Re- Machine Code Notes|Pag
VEINF|CF|zF|Size peat/Expand 1 2 3 4 5 6 7 8 9 10

Data move instructions

MOV MOV Dn,Dm Dn—Dm —|=|=-]1-12|1 1010 DnDm 25
MOV imm8,Dm imm8—Dm —|=|=]-] 412 1010DmDm <#8. ..> 25
MOV Dn,PSW Dn—>PSW o e e e 3 3 0010 1001 01Dn 26
MOV PSW,Dm PSW—-Dm —|=-|=-1-18]2 0010 0001 01Dm 26
MOV (An),Dm mem8(An)—>Dm —-|-]-]-12|2 0100 1ADm 27
MOV (d8,An),Dm mem8(d8+An)—Dm - -|-]-1412 0110 1ADm <d8. ..> x| 27
MOV (d16,An),Dm mem8(d16+An)—>Dm —|=|=-1-|7|4 0010 0110 1ADmM <d16 ... ... .> 28
MOV (d4,SP),Dm mem8(d4-+SP)—>Dm -[-]-]-]3]2 0110 01Dm <dd> % |28
MOV (d8,SP),Dm mem8(ds+SP)—sDm —=1=T=Ts 3 0010 0110 01Dm <d8. .> +3 |29
MOV (d16,SP),Dm mem8(d16+SP)—sDm “[=]-]-]714 0010 0110 00DM <d16 .. .. o> 29
MOV (io8),Dm mem8(IOTOP+io8)—>Dm —|-]=-]-14|2 0110 00Dm <io8 ..> 30
MOV (abs8),Dm mem8(abs8)—Dm - -]=-]-14|2 0100 01Dm <abs 8.> 30
MOV (abs12),Dm mem8(abs12)—>Dm -|-|-1-|5|2 0100 00Dm <abs 12. ..> 31
MOV (abs16),Dm mem8(abs16)—>Dm | =]=]-17|4 0010 1100 00Dm <abs 16. ... .> 31
MOV Dn,(Am) Dn—smem8{Am) —|-]=-]-12|2 0101 1aDn 32
MOV Dn,{d8,Am) Dn—smem8(d8+Am) —|-]=-]-]14|2 0111 1aDn <d8. .> x1 |32
MOV Dn,(d16,Am) Dn—mem8(d16+Am) —|=|=-17]|4 0010 0111 1aDn «d16 ... .. ..> 33
MOV Dn,{d4,SP) Dn—smem8(d4+SP) —-|-]=-]-183|2 0111 01Dn <dd> x2 | 33
MOV Dn,(d8,SP) Dn—>mem8(d8+SP) _[=]=]-]s]3 0010 0111 01Dn <d8. .> 3|34
MOV Dn,(d16,SP) Dn-smem8(d16+SP) [ I 2 0010 0111 00Dn <d16 ... .. .> 34
MOV Dn,(io8) Dn—>mem8{IOTOP+io8) —|=-1-14|2 0111 00Dn <io8 .> 35
MOV Dn,(abs8) Dn—smem8(abs8) —|-]=-]-14|2 0101 01Dn <abs 8.> 35
MOV Dn,(abs12) Dn—smem8{abs12) -|-]-]-15|2 0101 00Dn <abs 12. .> 36
MOV Dn,(abs16) Dn—>mem8(abs16) - =]=]=-]7|4 0010 1101 00Dn <abs 16. ... .> 36
MOV imm8 (io8) imm8—smem8(IOTOP+io8) —|=-|=-|-16]38 0000 0010 <io8 .> <#B. .> 37
MOV imm8 (abs8) imm8->mem8(abs8) -|-|-1-| 6|3 0001 0100 <abs 8.> <#8. .> 37
MOV imm8,{abs12) imm8—>mem8(abs12) B e I I A 0001 0101 <abs 12. .> <#8. .> 38
MOV imm8 (abs16) imm8—>mem8(abs16) -|=-|-1-19|5 0011 1101 1001 <abs 16. .. .> <#8 .> 38
MOV Dn,(HA) Dn—smem8(HA) —-|-|-]1-12]|2 1101 00Dn 39

MOVW  |MOVW (An),DWm mem16(An)—DWm —|-]=-|-|2]|38 1110 OOAd 40
MOVW (An),Am mem16(An)—>Am —|=|=-]-]38 14 0010 1110 10Aa +4 |40
MOVW (d4,SP),DWm | mem16(d4+SP)—>DWm [ P R 1110 O11d <d4> w2 | 41
MOVW (d4SPLAm  |mem16(d4+SP)—>Am _[=]=]-]s s 1110 0108 <d4> 2 | 41
MOVW (d8,SP),DWm | mem16(d8+SP)—>DWm [ I I O - 0010 1110 O11d <d8. .> +3 |42
MOVW (d8SPLAm  |mem16(d8+SP)—>Am [N I I O - 0010 1110 010a <d8. .> 3 |42
MOVW (d16,SP)DWm  |mem16(d16+SP)—>DWm -[=-1-1-T71s 0010 1110 001d <d16 ... .. .> 43
MOVW (d16,SP)Am | mem16(d16+SP)—>Am _[=]=1=]71s 0010 1110 000a <d16 .. .. .> 43
MOVW (abs8),DWm mem16(abs8)—>DWm —|=|-1-| 4|3 1100 011d <abs 8.> 44
MOVW (abs8),Am mem16(abs8)—>Am B N I I 1100 010a <abs 8.> 44
MOVW (abs16),DWm  |mem16(absi6)—->DWm —|=-|=]=-17|5 0010 1100 O11d <abs 16. ... .> 45
MOVW (abs16),Am mem16(abs16)—>Am —-|=-|-1-17|5 0010 1100 O10a <abs 16. .. .> 45
MOVW DWn (Am) DWn—smem16(Am) —-l-|=-l-]2]3 1111 00aD 46
MOVW An,(Am) An-smem16(Am) —-|-]=-]-]13|4 0010 1111 10aA +4 | 46
MOVW DWn,(d4SP)  |DWn—smem16(d4+SP) [ I I D - 1111 011D <dd> w2 |47
MOVW An,{d4,SP) An—mem16(d4+SP) —|-|-|-|8]38 1111 010A <d4> x2 | 47
MOVW DWn (d8,SP)  |DWn—smem16(d8+SP) —|-]-1-]5]4 0010 1111 011D <d8. ..> 3 |48
MOV An,(d8,SP) An—smem16(d8+SP) [ I I O - 0010 1111 O10A <d8. .> +3 |48
MOVW DWn,(d16,SP) |DWnsmem16(d16+SP) _[=]=1=]71s 0010 1111 001D <d16 ... .. .> 49
MOVW An(d16SP)  |An—smem16(d16+SP) -[=-1-1-T71s 0010 1111 000A <d16 ... .. .> 49
MOVW DWn (abs8) DWn—mem16(abs8) —|=|-1-| 4|3 1101 011D <abs 8.> 50
MOVW An,{abs8) An—smem16(abs8) —|-]-|-|4]|3 1101 010A <abs 8.> 50
MOVW DWn (abs16) DWn-—mem16(abs16) —-|=-|-1-17|5 0010 1101 011D <abs 16. ... .> 51
MOVW An,{abs16) An—>mem16(abs16) —-|-]=-]-17|5 0010 1101 O10A <abs 16. ... .> 51
MOVW DWn (HA) DWn—smem16(HA) _1=]=1=]21s 1001 010D 52
MOVW An,(HA) An—smem16(HA) _[=]=]-T213 1001 O11A 52
MOVW imm8,DWm sign(imm8)—>DWm —-=|=-1-]14]2 0000 110d <#8. ..> +5 | 53
MOVW imm8,Am zero(imm8)—Am —|-]=-]-]14|2 0000 111a <#8. .> x6 | 53
MOVW imm16,DWm imm16—>DWm —|-|-|-] 613 1100 111d <#16 ... > 54

Note: "Page" refers fo the corresponding page in the Instruction Manual. #1  d8 sign extended #4  A=An, a=Am

*2 d4zeroextended x5 #8 sign extended
*3 d8zeroextended %6 #8zero extended
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| Group ‘ Mnemonic Operation Affected Flag Coderclﬂ Re- Machine Code NotesPag<1
VF|NF|CF[ZF|Size peat|Expand 1 2 3 4 5 6 7 8 9 10
MOVW imm16,Am imm16—Am —|-|-|-| 86138 1101 111a <#16 > 54
MOVW SP,Am SP—Am —|-]-|-]38]3 0010 0000 100a 55
MOVW An,SP An—>S8P B I e I I I < 0010 0000 101A 55
MOVW DWn,DWm DWn—>DWm —|-|-]-]3 |3 0010 1000 00Dd + |56
MOVW DWn,Am DWn—>Am -|=-]-|-131]3 0010 0100 11Da 56
MOVW An,DWm An—>DWm —-|=-|-]-13 |3 0010 1100 11Ad 57
MOVW An,Am An—>Am -|=-]-|-131]3 0010 0000 00Aa x2 |57
PUSH PUSH Dn 8SP-1-8P,Dn—>mem8(SP) —|=-|-]-12]38 1111 10Dn 58
PUSH An SP-2SP,Ansmem16(SP) |- |-|-|-| 2 | 5 0001 O11A 58
POP POP Dn mem8(SP)—Dn,SP+1-8P —|=-|-]-12]38 1110 10Dn 59
POP An mem16(SP)—>An,SP+258P |- |- |- |-| 2 | 4 0000 O11A 59
EXT EXT Dn,DWm sign{Dn)—>DWm B I e I I I < 0010 1001 000d *3 | 60
Arithmetic instructions
ADD ADD Dn,Dm Dm+Dn—>Dm ® ® e e® 3| 2 O|00i1 0011 DnDm 61
ADD imm4,Dm Dm-+sign(imm4)—Dm ® 00 e 3 2 1000 00Dm <#4> *6 |61
ADD imm8,Dm Dm+imm8—sDm ® 00 e 4 2 0000 10Dm <#8. ..> 62
ADDC  |ADDC Dn,Dm Dm+Dn+CF—Dm ® ®®® 3|2 O|0011 1011 DnDm 63
ADDW |ADDW DWn,DWm DWm+DWn—DWm ® ©&® ® 3 3 |O|00i0 0101 00Dd * |64
ADDW DWn,Am Am+DWn—Am ® ® e e 3| 3 |0O|00i0 0101 10Da 64
ADDW imm4,Am Am-sign(imm4)—Am o0 @ 3 2 1110 110a <#d> +6 |65
ADDW imm8,Am Am-+sign(imma8)—Am ® e o6 e 5 0010 1110 110a <#8. ..> +7 |65
ADDW imm16,Am Am+imm16->Am e o0 e 7 4 0010 0101 O11a <#16 > 66
ADDW imm4,SP SP4sign(imm4)—SP -|=-]-|-181]2 1111 1101 <#d> *6 |66
ADDW immg,SP SP4sign(imm8)—>SP —|-|-]-14]2 1111 1100 <#8.  .> *7 |67
ADDW imm16,SP SP+imm16—>8P —|=|=|-17 |4 0010 1111 1100 <#16 > 87
ADDW imm16,DWm DWm+imm16—>DWm o000 7 4 0010 0101 010d <#16 > 68
ADDUW |ADDUW Dn,Am Am+zero(Dn)—>Am ® ®® e 3 3|0 | 0010 1000 1aDn *8 |69
ADDSW |ADDSW Dn,Am Am-sign(Dn)—Am ® ©&® ® 3 3| (O |0010 1001 1abn 70
suB SUB Dn,Dm{when Dn#Dm) | Dm-Dn—sDm ® ® e e 3|2 O|00i0 1010 DnDm 71
SUB Dn,Dn Dn-Dn—Dn ojofof1]2 |1 1000 01Dn 7
SUB imm8,Dm Dm-imm8—Dm ® ©®® ® 5|3 |0 |0010 1010DmMDm <#8. ..> 72
SUBC SUBC Dn,Dm Dm-Dn-CF—Dm ® 00 e 3 2 0010 1011 DnDm 73
SUBW |SUBW DWn,DWm DWm-DWn—>DWm ® e ® 3 3 0010 0100 00Dd |74
SUBW DWn,Am Am-DWn—Am ® e e e 3 3 0010 0100 10Da 74
SUBW imm16,DWm DWm-imm16—DWm ® 00 e 7 4 0010 0100 010d <#16 > 75
SUBW imm16,Am Am-imm16—>Am o000 7 4 0010 0100 O1ila <#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-I...DWm-h ® e 0 e 3 3 0010 1110 111d *5 |77
CMP CMP Dn,Dm Dm-Dn...PSW o e e e 3|2 0011 0010 DnDm 78
CMP imm8,Dm Dm-imm8.. PSW e 0 e 4 2 1100 00DM <#8. ..> 78
CMP imm8,(abs8) mem8(abs8)-imm8...PSW ® 00 e c 3 0000 0100 <abs 8.> <#8 .> 79
CMP imm8,(abs12) mem8(abs12)-imm8...PSW ® 00 e 7 3 0000 0101 <abs 12. .> <#8. ..> 79
CMP imm8 {abs16) mem8(abs16)-imm8...PSW ® 00 e ° 5 0011 1101 1000 <abs 16.. > <HB > 80
CMPW  |CMPW D'\]In,DWm DWm-DWn...PSW ® e 0 e 3 3 0010 1000 01Dd x1 |81
CMPW DWn,Am Am-DWn...PSW ® e e e 3 3 0010 0101 11Da 81
CMPW An,Am Am-An...PSW o e e e 3|3 0010 0000 O1Aa *2 | 82
CMPW imm16,DWm DWm-imm16...PSW ® ® 0 e® 6 |3 1100 110d <#16 > 82
CMPW imm16,Am Am-imm16...PSW ® e e e 6 3 1101 110a <#16 > 83
Logical instructions
AND AND Dn,Dm Dm&Dn—Dm 0|@® 0| ® 3|2 0011 0111 DnDm 84
AND imm8,Dm Dm&imm8—Dm 0@ 0@ 4|2 0001 11Dm <#8. ..> 84
AND imm8,PSW PSW&Imm8—PSW ® e e 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 o e e e 5|3 0010 1001 0011 <#8. ..> 87
XOR XOR Dn,Dm DmADn—>Dm 0@ 0 ® 3|2 0011 1010 DnDm *9 |88
XOR imm8,Dm DmAmm8—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  m=n
¥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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| Group ‘ Mnemonic Operation Flag Codebclﬁ Re-
VF|NF|CF|zF|Size| ~ |peat

Machine Code
Ext. 1 2 3 4 5 6 7 8 9 10

Notes|

Pag<1

NOT NOT Dn —Dn—Dn Oj/@|lo|® 3|2 0010 0010 10Dn 89
ASR ASR Dn Dn.msb—temp,Dn.Isb—CF 0|—|@|®| 3|2 |v|0010 0011 10Dn 90
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.msb
ROR ROR Dn Dn.Isb—stemp,Dn>>1-Dn O|l®@|® ® 3| 2| v |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(I0TOP+io8)bp
BSET (abs8)bp mem8(abs8)&bpdata...PSW 0O|@|0 @ 4|4 1011 Obp. <abs 8.> 93
1-mem8(abs8)bp
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 mem8(IOTOP+io8)&bpdata..PSW| 0 (@ |0 |@| 5 | 5 0011 1000 1bp. <io8 .> 95
0—-mem8(IOTOP+io8)bp
BCLR (abs8)bp mem8(abs8)&bpdata...PSW 0O|@|0 @ 4|4 1011 1bp. <abs 8.> 95
0—mem8(abs8)bp
BCLR (abs16)bp mem8(abs16)&bpdata...PSW |0 |@|0 |@®| 7 | 6 0011 1100 1bp. <abs 16. .. .> 96
0—mem8(abs16)bp
BTST BTST imm8,Dm Dm&imm8...PSW o|le|o|® 5|3 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{labelj+H-PC | — —|—|—| 3 |2/8 1001 000H <d4> *1 |98
if(ZF=0), PC+3PC
BEQ label it(ZF=1), PC+4+d7(labelj+H>PC | — —|—|—| 4 |23 1000 1010 <«d7. ..H *2 |98
if(ZF=0), PC+4—>PC
BEQ label it(ZF=1), PC+5+d11{label}+H>PC| — —|—|—| 5 |2/3 1001 1010 <di1 .. .H *3 |99
if(ZF=0), PC+55PC
BNE label if(ZF=0), PC+3+d4(label}+H>PC| — —|—|—| 3 |2/3 1001 001H <dd> *1 [100
if(ZF=1), PC+3—->PC
BNE label if(ZF=0), PC+4+d7(label}+H>PC| — —|—|—| 4 |2/3 1000 1011 «d7. ..H *2 100
if(ZF=1), PC+4—>PC
BNE label if(ZF=0), PC+5+d11(abel}+H>PC| — —|—|—| 5 |2/3 1001 1011 <di1 .. .H *3 (101
if(ZF=1), PC+5>PC
BGE label if((VFANF)=0),PC+4-+d7(label}+H>PC| — —|—|—| 4 |2/3 1000 1000 <d7. ..H 2 1024
if((VFANF)=1),PC+4>PC
BGE label it{(VFANF)=0),PC+5+d11(labeljtH—PC| — — | —|—| 5 |2/3 1001 1000 <di1 .. .H *3 1024
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 it{(CF=0), PC+5+d11(label)+H—>PC — | __|_| 5 |2/3 1001 1100 <dit .. .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 if(CF=1), PC+5+d11(label}+H>PQ _ | _|_| 5 |2/3 1001 1101 <dit .. .H *3 104
if(CF=0), PC+5—PC
BLT label f{(VFANF)=1),PC+4+d7(labelj+H>PC| _ __|_|_| 4 |2/3 1000 1110 «d7. ..H *2 105
if((VFANF)=0),PC+4—>PC
BLT label it{(VFANF)=1),PC+5+d11 abel}+H—>PC| — —|—|—| 5 |2/3 1001 1110 «dit .. .H *3 |105
if((VFANF)=0),PC+5—PC
BLE label if{(VFANF)[ZF=1),PC+4+d7(label4H>PG — — | —|—| 4 |2/3 1000 1111 «d7. ..H *2 106
if((VFANF)|ZF=0),PC+4—>PC
BLE label if{{(VFANF)|ZF=1),PC+5+d11 (abelpH>PC— — | —|—| 5 |2/3 1001 1111 «di1 .. .H *3 106
if((VFANF)|ZF=0),PC+5—>PC
BGT label if{(VFANF)[ZF=0),PC+5+d7(label4H>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 C_oderclﬁ Re- Machine Code NotesPag<1
VEINF|CF|zF|Size peat| Expand 1 2 3 4 5 6 7 8 9 10
Bee BGT label Ti{{VFANF)|ZF=0),PC+6+d11(label}+H-PC| — | — -| 6 |34 0010 0011 0001 <d11 .H *3 |107]
if((VFANF)|ZF=1),PC+6—PC
BHI 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+d11(label}+H-PC| — | — -| 8 |34 0010 0011 0010 <d11 .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 x2 |109)
if(CFIZF=0), PC+5-PC
BLS label if{CFIZF=1),PC+6+d11(label}+H-PC| — | — -| 6 |34 0010 0011 0011 <d11 .H x3 |109)
if(CFIZF=0), PC+6-PC
BNC label if(NF=0),PC+5+d7(label}+H-PC | — | — -| 5 |34 0010 0010 0100 <d7. ..H x2 110
if(NF=1),PC+5-PC
BNC label if(NF=0),PC~6+d11(label)+H-PC| — | — - 6 |34 0010 0011 0100 <d11 .H x3 |110
if(NF=1),PC+6-PC
BNS label if(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 {f(NF=1),PC-6+d11(label)+H-PC| — | — _| 6 |34 0010 0011 0101 <d11 H «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 *2 |11
if(VF=1),PC+5-PC
BVC label if{VF=0),PC+6+d11(label)+H-PC| — | — —-| 6 |8/4 0010 0011 0110 <di1 .H *3 113
if(VF=1),PC+6-PC
BVS label if(VF=1),PC+5+d7(label}+H-PC | — | — -| 5 |34 0010 0010 0111 «d7. .H *2 113
if(VF=0),PC+5-PC
BVS label if(VF=1),PC+6+d11(label)+H-PC| — | — —| 6 |3/4 0010 0011 0111 <di1 H *3 |13
if(VF=0),PC+6-PC
BRA label PC+3+d4(label)+H—-PC - - -1 3|3 1110 111H <dd> *1 |14
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 <di1 ..H x3 |19
CBEQ  |CBEQimm8,Dm,label if{Dm=imm8),PC+6+d7(label)+H-PC| @ | @ @® 6 (34 1100 10Dm <#8. .> <d7. .H x2 111§
if(Dm#£imm8),PC+6-PC
CBEQ imm8,Dm,label if(Dm=imm8) ,PC+8+d11{label)+H-PC | @ | @ @ 8 (4/5 0010 1100 10Dm <#8. ..> <di1 .H *3 |116
if(Dm+imm8),PC+8-PC
CBEQ imm8 (abs8),label |ifimem8{abs8)=inm8),PC+8+d7(label+H-P0 @ | @ ® 9 |67 0010 1101 1100 <abs 8.> <#8 .> <d7. ..H *2 |117]
if{imem8(abs8)#imm8),PC+9—-PC|
CBEQ imm8,(abs8),label |if{memB{ahs8)=imm8),PC+104d11(label}+H-PC| @ | @ @ 10 |6/7 0010 1101 1101 <abs 8.> <#8. .> <dif .H x3 117
if{mem8(abs8)imm8),PC+10—PC|
CBEQ imm8,(abs16),label |if{mem8{abs!8)=immg)PC+11+d7(labelj+H-PC| @ | @ @ 11|78 0011 1101 1100 <abs 16.. > <#8 .> <d7. .H *2 |18
ifimem8(abs 16)#mm8),PC+11-5PC
CBEQimmS8, (abs16) |abel |if{mems{abs1é}=imm8},PC+12+d!1{labell+H-PC | @ | @ ®| 12|78 0011 1101 1101 <abs 16.. > <#8 > «dl1 .. LH [#3 |11§
ifimem8(abs 16)#imm8),PC+12—PC
CBNE  |CBNE imm8,Dim,label if{Dm4imm8),PC+6+d7(label)+H-PC| @ | @ ® 6 (3/4 1101 10Dm <#8. .> <d7. .H> x2 |119
if(Dm=imm8),PC+6—PC
CBNE imm8,Dmlabel if(Dm#imm8) PC+8+d11(label)+H-PC| @ | @ @® 8 (45 0010 1101 10Dm <#8. ..> <di1 .H x3 119
if(Dm=imm8),PC+8—PC
CBNE imm8,{abs8),label |if{mem8{abs8)£mm8),PC+3+07(label}+H-PC| @ | @ ® 9 (67 0010 1101 1110 <abs 8.> <#8. .> <d7. ..H *2 120
if(mem8(abs8)=imm8),PC+9—PC
CBNE imm8,{abs8),label |if{memB{zhs8)£imm8),PC+104d11(label}+H-+PC| @ | @ @ 10 |6/7 0010 1101 1111 <abs 8.> <#8 ..> <dii .H x3 120
if(mem8(abs8)=imm8),PC+10—PC
CBNE imm8,(abs16) label |if(mems{ahs16)4mms),PC+114d7(label}+H-+PC| @ | @ @ 11|78 0011 1101 1110 <abs 16. > <#8. > <d7. .H =2 121
ifimem8(abs 16)=imm8),PC+11-5PC
CBNE imm8,{abs16),label |iffmems{abs16}#mms)PC+12:d11(abell+H-PC | @ | @ ®| 12|78 0011 1101 1111 <abs 16.. > <H#8 > <«dl1 . LH #3121
iffmem8(abs16)=imm8),PC+12-PC
TBZ TBZ (abs8)bp,label iH{mem{abs8bp=0),PC+7+d7llabell+H-PC| 0 | @| 0 |@| 7 |6/7 0011 0000 Okp. <abs 8.» <d7. .H +2 123
iffmem8(abs8)bp=1),PC+7—-PC|
TBZ (abs8)bp,label if{mem8{abs8)bop=0),PC+8+d11(label+H-PC| O | @ @ 8 |67 0011 0000 1bp. <abs 8.> «dit .H *3 |12
iffmem8(abs8)bp=1),PC+8—PC|
Note: "Page" refers to the corresponding page in the Instruction Manual. #1 dé sign extended

*2  d7 sign extended
*3 d11 sign extended
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Group Mnemonic Operation Affected Flag (CodeCycle Re- Machine Code
VF|NF|CF|zF|Size peat Expand 1 2 3 4 5 6 7 8 9 10

TBZ TBZ (i08)bp,label f{mem8{|OTOP+io8)bp=0) PC+7+d7{label) +H-PC
if{mem8(IOTOP+i08)bp=1),PC+7-PC
TBZ (i08)bp,label if{mem8{|0TOP+io8)bp=0),PC+8+d11label) +H-PC
if(mem8{IOTOP +i08}bp=1),PC+8—PC
TBZ (abs16)bp,label f{mem8{abs? 6bp=0),PC+3+d7{label}+H-PC
if(mem8(abs1 6)bp=1),PC+9—-PC
TBZ (abs16)bp,label if{mem8{abs16)op=0),PC+10+d11(label +H-PC
if(mem8(abs16)bp=1),PC+10-PC
if{mem8{abs8)bp=1),PC+7+07(abel}+H-PC
if(mem8(absB)bp=0),PC+7—-PC
'TBNZ (abs8)bp,label b p=1),PC+8+411(label)+H-PC
‘if(memS(absS)bp:O),PC+8~>PC
i{mem8(iojbp="),PC+7+d7{label)}+H-PC
if(mem8(io)bp=0),PC+7—PC
if{mem8{ic)bp=1),PC+8+d11(label)}+H—PC
iffmem8(io)bp=0),PC+8—>PC
TBNZ (abs16)bp,label  [f{mem8{abs16)op=t),PC+9+47(label}+H-PC
if(mem8(abs1 6)bp=0),PC+9—-PC
TBNZ (abs16)bp,label if{mem8{abs16)op=1),PC+10+d11(label +H-PC
if{mem8(abs16)bp=0),PC+10-PC
JMP JMP (An) 0-PC.17~16 An—>PC.16~00PCH | — | — | —| -| 8 | 4 0010 0001 OOAO 128]
JMP |abel abs18(label)l+H->PC -|=-|-1-171]5 0011 1001 OaaH <abs 18b pi5~ 0.> *5 |128)
JSR JSR (An) 8P-3-8P,(PC+3).bp7~0—smem8(SP} | — | — | — | = | 3 | 7 0010 0001 00AT1 129
{PC+3).bp15~8—mem8(SP+1)
(PC+3).H->mem8(SP+2).bp7,
0—->mem8(SP+2).bp6~2,
(PC+3).bp17~16—mem8{SP+2).bp1~0
0-PChpi7~16
An—PC.bp15~0,0-PCH

JSR label 8P-3-8P,(PC+5).bp7~0—smem8(SP} | — | — | — | | 5 | & 0001 000H <df2 .. .> x3 129
{PC+5).bp15-8—mem8(SP+1)
(PC+5).H->mem8(SP+2).bp7,
0—-mem8(SP+2).bp6~2,
(PC+5).bp17~16—mem8{SP+2).bp1~0
PC+5+d12(abel)+H—>PC
JSR label SP-3-8P,(PC+6).op7~0—smem8(SP} | — | — | — | - | 6 | 7 0001 001H <d16 ... .. .> x4 (130
{PC+6).bp15-8—mem8(SP+1)
(PC+6).H->mem8(SP+2).bp7,
0—-mem8(SP+2).bp6~2,
(PC+6).bp17~16—mem8{SP+2).bp1~0
PC+6+d16(abel)+H—>PC
JSR label 8P-3-8P,(PC+7).bp7~0—smem8(SP} | — | — | - | -| 7 | 8 0011 1001 faaH <abs 18b p15~ 0.> *5 |130
(PC+7).bp15~8—mem8(SP+1)
(PC+7).H->mem8(SP+2).bp7,
0—-mem8(SP+2).bp6~2,
(PC+7).bp17~16->mem8(SP+2).bp1~0
abs18(label)+H—-PC

JSRV (tbl4) 8P-3-8P,(PC+3).op7~0—-mem8(SP) | — | — | = | - | 3 | 9 1111 1110 <> 131
(PC+3).bp15~8—smem8(SP+1)
(PC+3).H->mem8(SP+2).bp7
0—»>mem8(SP+2).bp6~2,
(PC+3).bp17~16-mem8{SP+2).bp1~0
mem8(x'004080+tbl4<<2)—PC.bp7~0
mem8(x'004080+tbl4<<2+1)-PC.bp15~8
mem8(x'004080+tbl4<<2+2).bp7—-PC.H
mem8(x004080-+1bl4<<2+2) bp1~0—
PC.op17~16

NOP NOP PC+2-PC -|-/-1-12]11]0 0000 0000 132
Note: "Page" refers to the corresponding page in the Instruction Manual.

Notes|

Pag<1

®o|@ 7 |e7 0011 0100 Obp. <08 .> <d7. ..H 1 [123

o

o
[ J
o
®
®

6/7 0011 0100 1bp. <io8 .> <di1 .. ..H x2 |123

o
[
o
®
©

7/8 0011 1110 Obp. <abs 16. .. .> <d7. ..H *1 124

o
[ ]
o
®
a
o

7/8 0011 1110 1bp. <abs 16. .. .> <dii .. .H %2 |124

TBNZ  |TBNZ (abs8)bp/abel

o
[ ]
o
®
~

6/7 0011 0001 Obp. <abs 8.> <«d7. .H #1125

o
®
o

@ 8 |67 0011 0001 1bp. <abs 8.> «di1 .. .H *2 |125]

TENZ (i08)bp,label

o
[ ]
o
[J
N

6/7 0011 0101 Obp. <io8 .> <d7. .H *1 126

TBNZ (io8)bp label

o
[ J
o
®
®

8/7 0011 0101 1bp. <08 .> <dit .. .H *2 |126]

o
[ ]
o
[
©

7/8 0011 1111 Obp. <abs 16. .. .> <«d7. .H #1 |127)

o
[
o
[ ]
=

78 0011 1111 1bp. <abs 16. .. .> <dit .. .H %2 127

*1  d7 sign extended
*2 d11 sign extended
*3 d12sign extended
*4  d16 sign extended
*5 aa=abs18.17-16
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| Group ‘ Mnemonic Operation

Affected Flag |CodeCycl
VF|NF|CF]zF|Size

Re-
peat|

Machine Code
4 5 6 7 8 9

Expand 1 2 3

Notes|

Pag<1

RTS RTS mem8(SP)—(PC).bp7~0
mem8(SP+1)—(PC+3).bp15~8
mem8(SP+2).bp7—(PC+3).H
mem8(SP+2).bp1~0—{PC+3).bp17~16

SP+35SP

0000 0001

133

RTI RTI mem8(SP)—>PSW
mem8(SP+1)—(PC).bp7~0
mem8(SP+2)—(PC+3).bp15~8
mem8(SP+3).bp7—(PC+3).H
mem8(SP+3).bp1—0-(PC+3).bp17~16
mem8(SP+4)—>HA-|
mem8(SP+5)—HA-h

SP+6-SP

0000 0011

134

Control instruction

|REP ‘REP imm3 ‘immSeRPC

=17

[ 0010 0001 1rep

|1 ]135]

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 1 2 3 4 5 6 7 8 9 A B o] D E F
NOP |RTS  |MoV#s{io8)| RTI CMP #8,(abs8)(ebs12) [POP An ADD #8,Dm MOVW #8,DWm[MOVW #8,Am
JSR d12(label) [JSR d16(label) [ MOV 48 (abs8)/(abs12) | PUSH An OR #8,Dm AND #8,Dm
When the extension code is b'0010'

When the extension code is b'0011"

MOV (abs12),Dm MOV (abs8),Dm MOV (An),Dm

MOV Dn,(abs12) MOV Dn,(abs8) MOV Dn,(Am)

MOV (i08),Dm MOV (d4,SP),Dm MOV (d8,An),Dm

MOV Dn,(io8) MOV Dn,(d4,SP) MOV Dn,(d8,Am)

ADD #4,Dm SUB Dn,Dn BGE d7|BRA d7|BEQ d7|BNE d7 [BCC d7|BCS d7 |BLT d7 |BLE d7
BEQ d4 BNE d4 MOVW DWn,(HA)| MOVW An,(HA) |BGE d11{BRA d11|BEQ d11|BNE d11|BCC d11|BCS d11{BLT d11 |BLE d11

MOV Dn,Dm/ MOV #8,Dm

BSET (abs8)bp

BCLR (abs8)bp

Extension code: b'0010'
18t nibble\2nd nibble

190

CMP #8,Dm MOVW (abs8), Am| MOVW (zbs8),DWm|CBEQ #8,Dm,d7 CMPW #16,DWm|MOVW #16,.DWm
MOV Dn,(HA) MOVW An(abs8) |MOVW DWn,(abs8) [ CBNE #8,Dm,d7 CMPW #16,Am[MOVW #16,Am
MOVW (An),DWm MOVW (d4,SP), Am| MOVW {d4,SP),DWm [ POP Dn ADDW #4,Am |BRA d4
MOVW DWn (Am) MOVW An,(d4,SP) | MOVW DWn,(d4 SP) | PUSH Dn ADDW 5 SP| ADDW #4.8P| JSRV (ci4)
0 1 2 3 4 5 6 7 8 9 A B c D E F

MOVW An,Am CMPW An,Am MOVW SP,Am |MOVW An,SP [BTST #8,Dm
JMP (A0)|JSR (AD)|JMP (A1)[JSR (A1)| MOV PSW,Dm REP #3

BGT d7|BHI d7 |BLS d7 [BNC d7|BNS d7|BVC d7 |BVS d7 [NOT Dn ROR Dn

BGT d11|BHI d11 | BLS d11 [BNC d11|BNS d11|BVC d11|BVS d11|ASR Dn LSR Dn
SUBW DWn,DWm SUBW #16,DWm| SUBW #16,Am |SUBW DWn,Am MOVW DWn,Am
ADDW DWn,DWm ADDW #16,DWm| ADDW #16,Am | ADDW DWn,Am CMPW DWn,Am

MOV (d16,SP),Dm

MOV (d8,SP),Dm

MOV (d16,An),Dm

MOV Dn,(d16,SP)

MOV Dn,(d8,SP)

MOV Dn,(d16,Am)

MOVW DWn,DWm (NOPL @n=m)

CMPW DWn,DWm

ADDUW Dn,Am

EXT Dn,DWm |AND #8‘PSW| OR#8.PSW|

MOV Dn,PSW

ADDSW Dn,Am

SUB Dn,Dm / SUB #8,Dm

SUBC Dn,Dm

MOV (abs16),Dm

MOVW (abs16),Am

MOVW (abs16),DWm

CBEQ #8,Dm,d12

MOVW An,DWm

MOV Dn,(abs16)

MOVW An (abs16)

MOVW DWn (abs16)

CBNE #8,Dm,d12

[CBEQ #8,(abs8),d7/d11 [CBNE #8,(abs8),d7/d11

MOVW (d16,SP),Am| MOVW (¢16,3P) DWm| MOVW (d8,SP),Am| MOVW (d8,SP),DWm( MOVW (An),Am ADDW #8,Am [DIVU
MOVW An,(d16,SP) | MOVW DWn,(d16,SP)| MOVW An,(d8,SP) | MOVW DWn,(d8,SP) MOVW An,(Am) ADDWHES MULU
Instruction Map
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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 (io8)bp,d7 TBZ (i08)bp,d11
5 |TBNZ (io8)bp,d7 TBNZ (io8)bp,d11
6 |OR Dn,Dm
7 |AND Dn,Dm
8 |BSET (io8)bp BCLR (i08)bp
9 |JMP abs18(label) JSR abs18(label)
A |XOR Dn,Dm / XOR #8,Dm
B |ADDC Dn,Dm
G |BSET (abs16)bp BCLR (abs16)bp
D |BTST (abs16)bp cmp#&(absiﬁ)movﬁ&(absiﬁ)| [CBEQ #8,(abs?6) 4711 kBNE#B,(absWB),dWﬂ
E |TBZ (abs16)bp,d7 TBZ (abs16)bp,di1
F |TBNZ (abs16)bp,d7 TBNZ (abs16)bp,d11

InstructionMap 191
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Summary of Special Function Registers (1/6)

) Bit Symbol Reference
Address Register ' . . . . . . .
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
sToP HALT 0SG1 0SGOo | MN101C00
X'3F00' CPUM Must be set|  STOP (HALT o Series LSI
to "o" e piciyindt Oscillation control Manual
IOW1 | IOWO IVBA | EXMEM | EXWH | IRWE EXWA1 EXWO
X'3F01" MEMCTR Specifies number of | Spectiesvase |Specties exiemal [ Switches fixed | Softwarewrie | Specifies number of wait 34
) laddress of interruptmemory expansion|  wait mode/  [setting for interrupt
1/O bus wait cycles vecior table mode handshake mode] requestfiag | cycles for external memory
WDEN
X'3F02' WDCTR Enables 117
watchdog
timer
BUZOE |BUZCK1 |BUZCKO DLYS1 |DLYSO
X'3F03' DLYCTR Selects Selects buzzer Sets oscillation 118
P06 output| output frequency stabilization wait period
EXADV3 | EXADV2 | EXADV1
X'3FOE" EXADV IO O R e 85
during memory | duringmemory | during memory
expansionmode | exparsionmode | expansion mode
PoouUTs | PoouTs | PoouT4| PoouTs | PoouTz | PoouTt | PoouTo
- - POOUT
X'3F10 Port 0 output 49,54
P10UT4 | P1OUTa | P1OUT2 | P10UT1 | P1OUTO
X'3F11" P1OUT 49,54
Port 1 output
P20UT7
- - P20UT
X'3F12 PotZouput 49,54
PaoUT7| PaouTs| PsauTs]| PaouT4]| Paouts | psoutz| PaouTt | PaouTo
X'3F13 P3OUT Port 3 output 49,54
P4oUT7| P4ouTs | P4ouTs| P4ouUT4 | PaouTa | PaouT2 | P4oUT1 | P4oUTO
- - 49,54
X'3F14 P40OUT Port 4 output ,
P50UT4 | P5OUTS | PSOUT2 | P5OUT1 | PSOUTO
X'3F15' P50OUT 49,54
Port 5 output
P6OUT7 | P6OUTE | P6QUTS | P6OUT4 | PEOUTS | PEOUT2 [ PEOUTI [ PEOUTO
X'3F16' P6OUT Port 6 output 49,54
P70UT7 | P70UT6 | P70UT5 | P70UT4 | P70OUT3 | P70UT2 | P70OUT1 | P70OUTO
- - P70OUT
X'3F17 Port 7 output 49,54
PSOUT7| P8OUTs | PBOUTS | P8OUT4 | P8OUTS | PSOUT2 | PBOUT1 | P8OUTO
. . pa 49,54
X3F18 pEQHT Port 8 output ’
SYSMD7| SYSMD6 | SYSMDSs | SYSMD4 ] SYSMD3 | SYSMD2 | SYSMDA | SYSMDO
X3F1F JYSMD 1/O port/Synchronous output control 49,88
POING | POIN5 | POIN4 | POIN3 | POINZ | POIN1 | POINO
X'3F20" POIN Port 0 input 49,54
P1N4 | P1N3 | P1IN2 | P1INT | P1IND
X'3F21 P1IN 49,54
2 Port 1 input
P2IN4 | P2IN3 | P2IN2 | P2INA1 | P2INO
X'3F22' .
3F22 P2IN Port 2 input 49,54
PaiN7 | PaiNs | PaiNs | PaiNa | PaiNa | PaiNz | PsINt | PaiNO
X'BF23' P3IN Port 3 input 49,54
P4IN7 [ P4iN6 | P4INs | P4iN4 [ P4iIN3 | P4IN2 [ P4IN1 | P4INO
: : P4IN 49,54
XsFa4 Port 4 input
PsINa | PsiN3 | PsiN2 | PsINT | PsIND
X'3F25' PSIN Port 5 input 49,54
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Bit Symbol Reference
Address Regist
egiser Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit 0 Page
P6IN7 | P6IN6 | PBINS PeiN4 | P6INS | P6IN2 | PBIN1 P6IND
X'3F26' P6IN so54
Port 6 input
P7iIN7 | P7iNe | P7INs | P7INa [ P7INa | P7IN2 | P7INT | P7INO
X'3F27" P7IN 49,54
Port 7 input
PeIN7 | PsiNe | PsiNs | PsiNa | PaiNa | PeiN2 | P8INT | P8INO
X'3F28' P8IN
Port 8 input 4054
PAIN7 | PAINe | PAINs | PAIN4 | PAINs | PAIN2 | PAINT | PAINO
X'3F2A' PAIN 49,54
Port A input
PODIR6 | PODIRS | PODIR4 | PODIR3 | PODIR2 | PODIR1 | PODIRO
X'3F30' PODIR 49,54
Port O 1/O direction control
P1DIR4 | P1DIRS | P1DIR2 | P1DIR1 | P1DIRO
X'3F31" P1DIR 49,54
Port 1 1/0O direction control
P3DIR7 | P3DIRe | P3DIRS | P3DIR4 | P3DIR3 | P3DIR2 | P3DIR1 | P3DIRO
'3F33" P3DIR 49,54
X'3F33 Port 3 I/O direction control
P4DIR7 | P4DIR6 | P4DIR5 | P4DIR4 | P4DIR3 | P4DIR2 | P4DIR1 | P4DIRO
X'3F34 P4DIR 50,54
Port 4 1/O direction control
P5DIR4 | PSDIR3 | P5DIR2 | PSDIR1 | PSDIRO
aEae: 50,54
X3F35 PSDIR Port 5 1/0O direction control
P6DIR7 |P6DIR6 |P6DIR5 P6DIR4 |P6DIR3 |P6DIR2 |P6DIR‘I |P6DIRO
X'3F36' PGDIR Port 6 1/O direction control 50,54
P7DIR7| P7DIR6 | P7DIR5 | P7DIR4 | P7DIR3 | P7DIR2 | P7DIR1 | P7DIRO
X'3F37' P7DIR 50,54
Port 7 1/0O direction control
P8DIR7 | PeDIR6 | P8DIRs | P8DIR4 | P8DIR3 | P8DIR2 | P8DIR1 | P8DIRO
X'3F38' P8DIR 50,54
Port 8 I/0O direction control
P14TCO | P13TCO [P12TCO | P11TCO [ P10TCO
X'3F3g' P1OMD 50,55
1/0 port/Special function pin control
PAAIN7 | PAAING | PAAINS | PAAIN4 | PAAINS | PAAINZ | PAAINT | PAAIND
: ' y ) .. 50,55
KSF3A RYUMD 1/O port/Special function pin control
IRQ4SEL P4KYEN4| PAKYEN3 [P4AKYENZ| PAKYEN1
X'3F3C! P4IMD Select IRQ Select Select Select Select 50,55
interrupt PASB, PA7 PA4, PAS PA2, PA3 PAO, PA1
source key interrupt | key interrupt [key interrupt [ key interrupt
POPLU6 | POPLUS | POPLU4 | POPLU3 | POPLU2 |POPLU1 | POPLUO
X'3F40' POPLU 50,54
Port 0 pull-up resistor ON/OFF control
P1PLU4 | P1PLUS | P1PLUZ | P1PLUT | P1PLUO
X'3F41" P1PLU . 50,54
Port 1 pull-up resistor ON/OFF control
P2pPLU4 | P2PLU3 | P2PLUZ | P2PLUT | P2PLUO
X'5F42' P2PLU . 5054
Port 2 pull-up resistor ON/OFF control
P3PLU7 | PaPLUs | P3PLU5 | PsPLU4 | PaPLU3 | P3PLU2 | P3PLU1 | PaPLUO
X'3F43' P3PLU 50,54
Port 3 pull-up/pull-down resistor ON/OFF control
P4PLU7 | P4PLUB | P4PLUS | P4PLU4 | P4PLUS | P4PLU2 | P4PLUT | P4PLUD
X'3F44" P4PLU 50,54
Port 4 pull-up resistor ON/OFF control
PsPLU4 | PsPLUB | PSPLUZ | PSPLU1[ PsPLUD
X'3F45' PSPLU ) 50,54
Port 5 pull-up resistor ON/OFF control
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Bit Symbol Reference
Address Register
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
P6PLU7 | PBPLUB | PBPLUS | P6PLU4 | PBPLU3 | PBPLU2 | PBPLU1 | PEPLUO
X'3F46' PBPLU 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 | P8PLU4 | P8PLU3 | P8PLU2 | P8PLU1 | P8PLUO
X'3F48' P8PLU 50,54
Port 8 pull-up resistor ON/OFF control
PAPLUD7| PAPLUD6| PAPLU D5| PAPLUD4| PAPLUD8| PAPLUD2| PAPLUD1 | PAPLUDO
X'3F4A! PAPLUD . 50,54
Port A pull-up/pull-down resistor ON/OFF control
P21M |PARDWN| P7RDWN
X'3F4B FLOAT1 Select P21 | Selectsport A | Selects port 7 50,57
input mode pull-up/pull-down| pull-up/pull-down
P7SYEVS2 |P7SYEVS1
X'3F4C' FLOAT2 Selects P7 synchronous 50,57
output event
SCOCEO | SCOCE1| SCODIR | SCOSTE |SCOLNG2| SCOLNG1| SCOLNGO
' ' Set edges for input of i . 146
X'3F50 SCOMDo rec:iveedg;:tao;mipgutoput ?rz?gift‘isf S"L%‘JZ ssé?i‘;lrm Number of transfer bits
of transmission data transfer start condition
SCOCKM | SCOCK1 | SCOCKO | SCOBRKF | SCOERE SCOTRI
X'3F51" SGOMD1 Selects 1/8th Break status | Error Transmit/ 147
of frequency | Selects clock source r?ﬁgﬁlt{gp monitor “’?;'YSQQE”‘
SCOBRKE | SCOFM1 | SCOFMO | SCOPM1 | SCOPMO | SCONPE
. . Gontrol Enabl 148
X'8F62 SGomD2 bre:l?sfaf_us Specifies frame mode| Specifies added bit nab.es
transmission parlty
SCOIOM |SCOSBOM| SCOSBTM| SCOSBOS| SCOSBIS| SCOSBTS
X'3F53' SCOMD3 SBIO/SBOO SBOO |Selects SBTO SBOO| Gontrols | Selects SBTO 149
pin N N " : : . "
conhection | Pinformat | pinformat | pin function | SBIOinput | pin function
SCOBSY | SCOCMD SCOFEF | SCOPEK | SCOORE
X'3E54" SCOCTR Status of |_ Selecls Detect Detect Detect 154
serial bus | Serial UART framing errors| parity errors [overrun errors
SCOTRBY |[SCOTRB6 SCOTRBS|SCOTRB4 SCOTRB3[SCOTRB2 |[SCOTRB1 [SCOTRBO
X'3F55' SCOTRB o . . . . 145
Serial interface 0 transmit/receive shift register
SCORXB7 | SCORXB6 | SCORXBS |SCORXB4 SCORXB3 |SCORXB2 |SCORXB1 |SCORXBO
: ' SCORXB 145
X'3F56 Serial interface O receive data buffer
SC1BSY | SC1CED | SC1CE1| SC1DIR| SC1STE|SC1 LNG2| SCA LNG‘I|SC‘I LNGO
X'3F57" By oo StaItUS of re?;ifviﬂgc?;;";.iq" é'f.gut ?E?ﬂ.ft'isf Selrﬁa‘ﬁz ssérr‘icarl‘m- Number of transfer bits 150
serial bus of transmission data transfer | start condition
SC1SBOM |SC1SBTM | SC1SBOS | SC1SBIS |SC1SBTS | SC1CK1 | SC1CKo
X'3F58' SC1MDA Selects SBO1| Selects SBT1|Selects SBO1| Selects SBI1 |Selects SBT1 151
pin format pin format pin function | pin function | pin function Selects clock source
SC1TRB7 |SC1TRB6 | SC1TRBS5 |SC1TRB4 |SC1TRB3 |SC1TRB2 |SC1TRB1 | SC1TRBO
. a9 145
X'3Fag SC1TRB Serial interface 1 transmit/receive shift register
SC2CE0| SC2CMD| SC2DIR | SC28TE |SC2LNG3 SCZLNG2| SCZLNG‘I| SC2LNGO
B EE A Select: ifi .
XsFsA|  SC2MDD  [Seledgesiol Sieck I Spedtes |Saere i Nurmber of transfer bits 102
received data| serial/llC transfer start condition
SC2SBOMSC25BTM | SC2SBOS| SC2SBIS [SC2SBTS| SC2CK2 | SC2CKA1 | SGC2CKO0
X'3F5B' SC2MD1 Selects SBO2|Selects SBT2 [Selects SBO2| Gontrols  [Selects SBT2 Sel lock 1563
pin format | pinformat | pin function | SBIZinput | pin function elects clock source
SC2BSY | SC2SBOM| SC2SPKF | SC2STKF | SC2SPEN |SC2STEN |SC2ACKS |SC2ACKO
X'3F5C' SC2CTR Status of | Connects | Detects stop | Detects start | enables stop | enables start | ACK bit ACK bit 185
serial bus |[SB!#/SBO2 pin| condition flag | condilion flag | condition flag | condition flag | "enable level
SC2TRB7 | SC2TRB6 | SC2TRBS | SC2TRB4 |SC2TRB3 | SC2TRB2 | SC2TRB1 | SC2TRBO
' ' SC2TRB 145
X'3F5D Serial interface 2 transmit/receive shift register
TMOBC7 | TMOBC6 | TMOBCS | TMOBC4 | TMOBC3 | TMOBC2 | TMOBC1 | TMOBCO
X'3F60' TMOBC ! 107
Binary counter 0
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Bit Symbol Ref
Address Register eterence
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
TM1BC7 | TM1BC6 | TM1BC5 | TM1BC4 | TM1BC3 | TM1BC2 | TM1BC1 | TM1BCO
X'3F61" TM1BC ) 107
Binary counter 1
TM2BC7 |TMEBCB |TMZBCS | TMZBC4| TM2E3C,3| TM2BC2 | TM2BCA1 | TM2BCO
X'3F62' TM2BC . 108
Binary counter 2
TM3BC7 |TMSBCB |TMSBCS |TMSBC4 |TMSBCS |TMSBCZ |TMSBC‘I |TMSBCO
X'3F63' TM3BC 108
Binary counter 3
TM4BCL7|TM4BCL6|TM4BCL5|TM4BCL4|TM4BCL8 |TM4BCL2|TM4BCL‘I |TM4BCLO
X'3F64' TM4BGL ; ) 109
Binary counter 4 (lower 8 bits)
TM4BCH7| TM4BCHe| TM4BCHS| TM4BCH4| TM4BCHS[TM4BCH2| TM4BCH1[TM4BGHO
X'3F65' TM4BCH 109
Binary counter 4 (upper 8 bits)
e TM4ICL7 [ TM4ICL6 | TM4ICLS [TM4ICL4 [TM4ICLS [ TM4ICL2 [TM4ICLY [TM4ICLO
X'3F66 TM4ICL 110
Input capture register (lower 8 bits)
TM4ICH7 | TM4ICHE [ TM4ICHS [TM4ICH4 [TM4ICHS [TM4ICH2 [TM4ICHT [TM4ICHO
X'38F67' TM4ICH - ) 110
Input capture register (upper 8 bits)
TM5BC7 |TMSBCB |TMSBCS |TMSBC4 | TMEBC3 |TMSBCZ |TMSBC‘I |TMSBCO
X'3F68' TM5BC 110
Binary counter 5
TMOOG7 [ TMoocs | TMoocs | TMooc4 | TMoocs | Tmoocz| TMooct| TMooco
X'3F70 TMOCC i 107
Compare register 0
TM10C7 |TM1ocs |TM‘IOCS |TM‘IOC4 |TM‘IOC8 | TM10G2 | TM10OCT | TM10G0
X'3F71" TM10C 107
Compare register 1
TM20C7 | TM20Cs [TM20Cs [TMzOC4 [TM2OCE [TM2OC2 [TM20CT [TM20C0
X'3F72' 108
TM20G Compare register 2
TM3OC7 |TMSOCB |TMSOCS |TMSOC4 |TMSOCS |TMSOCZ |TMSOC‘I | TM3OCO0
X'3F73' TM30C ] 108
Compare register 3
TM4OCL7|TM4OCL6|TM4OCL5|TM4OCL4|TM4OCL8|TM4OCL2| TM4OCL1| TM4OCLO|
X'3F74' TM40OCL 109
Compare register 4 (lower 8 bits)
TM4OCH7|TM4OCH6|TM4OCH4TM4OCH4|TM4OCH4TM4OCH4 TM4OCH‘I|TM4OCHO
X'3F75' TM4OGH 109
Compare register 4 (upper 8 bits)
TM50G7 |TM5006 |TMSOCS |TMSOC4 |TM50CS |TM5002 |TMSOC1 |TM5000
X'3F78" TM50C . 110
Compare register 5
TMOEN |TMOPWN [ TMOCK2 |TMOCK‘I |TMOCKO
X'3F80’ TMOMD Controls Selects 111
counting OP;rgélgn Selects clock source
TMAEN |TM1PWM| TM1CK2 |TM‘I CK1 |TM‘I CKO
X'3E89" Selects P11 112
TMIMD gg,_?gt?*z °“T;%L§r§5é‘59 Selects clock source
TM2EN [TM2PWM | TM2CK2 | TM2CKA | TM2CKO
X'3F32' TM2MD Selects 113
ggﬂ;ﬁ% OP;rgéi:n Selects clock source
TM3EN |TM3PWM | TM3CK2 | TM3CKA1 | TM3CKO
X'3F83' TM3MD Gontrols | ot dure 114
counting Tonglggw Selects clock source
TM4EN | TM4PWM| T4ICTS1 | T4ICTSO | TM4CK2 | TM4CK1 | TM4CKO
X'3F84’ TM4MD Controls | Selects Selects input 115
counting °F’;fjé':” capture trigger Selects clock source
TM5CLRS| TM5IR2 | TM5IR1 TM5IR0 | TMBCK3 | TMBCK2 |TMSCK‘I TM5CKO
X'3F88' ; - - i
TM5MD Seéif.tstgrnsary Sele.CtS time basge timer Timer 5 Selects clock source S;;‘:Z‘in‘%’:? 116
to be cleared interru Pt perlod clock source
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Bit Symbol
Address Register Reference
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
TMORM | RMOEN RMDTYO |RMBTMS
' ' [Selects duty of
X'3F89 RMCTR Selects remi?gtx’:lgztrol Must be set r:rr?c‘v:t: cgn}t,rg\ ti?neelf‘glsrgfns:te 119
P10 OUtPUt carrier output to "0" carrier output | control carrier
NF1CKS1|NF1CKS0| NF1EN | NFOCKS1|NFOCKSO| NFOEN
X'3F8A' NFCTR Selects IRQ1 noise | SeisIRQ1 | gglects IRQO noise | Sets IRQO 171
N N - noise filter > N - noise filter
filter sampling period | operation | filter sampling period| operation
ANSHA1 ANSHO ANCK1 | ANCKO | ANLADE | ANCHS2 | ANCHS1 | ANCHSO
X'3F90 ANCTRO Sets sample and Selects A/D Gonlrols A/D ) 161
hold time conversion clock e Selects analog input
ANST
X'3F91" ANCTR1 AD 162
conversion
status
ANBUFO07|ANBUF06
X'3F92' ANBUFO 163
A/D buffer 0
ANBUF17|ANBUF16 |ANBUF15 |ANBUF14 |ANBUF13 |ANBUF12 |ANBUF‘I 1 |ANBUF‘I 0
X'3F93' ANBUFA 163
A/D buffer 1
ATEXT ATEN ATWID ATDIR ATINC ATIR2 | ATIRA1 | ATIRO
! ! Sel ATC Sel ATC | Sel ATC| Sel 179
XBFAO ATMD %?tcérsna_l Enables %reacrﬁg_fer %[eacrﬁgi_er ASERE Transfer activation interrupt selection|
connection |ATC transfer| unit direction mode
ATCNT7 | ATCNT6 |ATCNT5 | ATCNT4 | ATCNT3 | ATCNT2 | ATCNTHA | ATCNTO
X'3FAT' ATCNT 180
Transfer word counter
ATTAP7 | ATTAP6 | ATTAPS | ATTAP4 | ATTAP3 | ATTAP2 | ATTAPA | ATTAPO
X'3FA2' ATTAPL
Data transfer target address pointer (lower 8 bits) 181
ATTAP15 | ATTAP1 4| ATTAPA 8| ATTAP1 2| ATTAP11 | ATTAP1 O| ATTAP9 | ATTAP8
X3FA3 ATTAPH Data transfer target address pointer (upper 8 bits) 181
ATIAP7 | ATIAP6 | ATIAPS | ATIAP4 | ATIAP3 | ATIAP2 | ATIAP1 ATIAPO
X'3FA4' ATIAP . . 181
Data transfer internal address pointer
X'3FEO' Disable to use _
WDIR
X'BFE1" NMICR Waltchdog 39
interrupt
request flag
IRQOLV1 | IRQOLVO | REDGO IRQOIE | IRQOIR
X'3FE2' IRQOICR Interrupt level flag imE:L‘fPft”Vaa'md Interrupt | Interrupt 39
for external interrupt | " edge flag enable flag|request flag
IRQ1LVA | IRQ1LVO REDGH IRQ1IE IRQ1IR
X'3FES3' IRQ1ICR Interrupt level flag |, External Interrupt | Interrupt 39
for external interrupt edgsflag enable flag|request flag
TMOLVA | TMOLVO TMOIE TMOIR
X'3FE4 TMOICR Interrupt level flag Interrupt | Interrupt 40
for timer O interrupt enable flag| request flag
TM1LVA | TM1LVO TM1IE 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 TBIE TBIR
X'3FE7" TBICR Interrupt level flag Interrupt Interrupt 40
for time base interrupf] enable flag|request flag
SCOoLVA | SCOLVO SCOIE SCOIR
X'3FES8' SCOICR Interrupt level flag Interrupt Interrupt 40
for serial 0 interrupt enable flag| request flag
ATCLV1 | ATCLVO ATC ATC
X'3FE9Q' ATCICR Interrupt level flag Interrupt | Interrupt 40
for data transfer interrupt enable flag|request flag
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Bit Symbol Reference
Add Regi
ress egister Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 Page
g

ADLVA ADLVO ADIE ADIR

X'3FEA’ ADICR Interrupt level Interrupt | Interrupt 40
flag for A/D interrupt enable flag |[request flag
|RQ2LV‘I| IRQ2LVO| REDG2 IRQ2IE IRQ2IR

X'8FEB' IRQ2ICR Interrupt level flag imgﬁ?t”\?a'"d Interrupt | Interrupt 39
for external interrupt | edge flag enable flag|request flag
IRQ3LV1| IRQ3LVO| REDGS3 IRQ3IE | IRQSIR

X'8FEC' IRQ3ICR Interrupt level flag imf:b‘;’t”j‘a'"d Interrupt | Interrupt 39
for external interrupt | edge flag enable flag|request flag
IRQ4LV1| IRQ4LVO| REDG4 IRQ4IE IRQ4IR

X'3FED' IRQ4ICR Interrupt level flag | External Interrupt | Interrupt 39

N interrupt valid

for external interrupt | edge flag enable flag|request flag
TM3LV1 | TM3LVO TMSBIE TM3IR

X'3FEE' TMS3ICR Interrupt level flag Interrupt | Interrupt 40
for timer 3 interrupt enable flag|request flag
TM4LVA | TM4LVO TM4IE TM4IR

X'3FEF' TM4ICR Interrupt level flag Interrupt | Interrupt 40
for timer 4 interrupt enable flag|request flag
TM5LV1 | TM5sLVO TMSIE | TMsIR

X'3FF0' TMSICR Interrupt level flag Interrupt | Interrupt 40
for timer 5 interrupt enable flag |request flag
sc1Lvt | sciLvo SCilE | SC1R

X'3FF1 SCTICR Interrupt level flag Interrupt | Interrupt 40
for serial 1 interrupt enable flag |request flag
SC2Lvi | SC2LVo SC2IE SC2IR

X'3FF2' SG2ICR Interrupt level flag Interrupt | Interrupt 40
for serial 2 interrupt enable flag|request flag
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Appendices

Appendix: Overview of MN101CP01D Internal EPROM

The MN101CPO1D microcomputer replaces the mask ROM of the
MN101CO01x* 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 flat package.

Setting the MN101CPO1D to EPROM mode, halts microcomputer functions, 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 CLPROM (Vpp=12.5V, tpw=0.2ms). Therefore, by replacing the
MN101CPO1D'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 are
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=0.2m:s).

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 |j and connect the OTP and general-purpose sections.

Align the |i| and the IPW ROM insertion direction and insert.

IPW settings (after normal IPW activation)

Priority
Device selection (F1)
Type Select EPROM.
Manufacturer name selection Select HITACHL
Device name selection Select HN27C101AG.
Write sequence Select 1-Byte Program.

After selecting, implement.
Loading file: Load (F9)

File name

Start address BRER

Write: Write (F3)

ROM start address 00004000 4

ROM end address 00013FFF
Memory start address 00004000
Erase check selection Perform erase check.

After selecting, perform the write operation.

An additional method.

DLEVICE selection (IF1)
Type Select OTCPU.
Manufacturer name selection sk
Device name selection Select 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 writer

OTP adapter setup method
Align the |i| and connect the OTP and general-purpose sections.

Align the |i| and the EPP ROM insertion direction and insert.

I

EPP settings (after normal EPP activation)

Menu screen 1. Select DEVICE&MODE setup screen
l
Device selection screen 6. Select 1 MB
\!
Mode selection screen 7. Select HITACHI quick
l
Return to main menu

\J

Menu screen 2. Select write setup screen

File Name: user file name

ROM Start address: 4000 or O

— File Start address: 4000 or O

(g Byte: 10000 or actual ROM size
(G

Do not set the byte value fo "0." . . .
After setting up, perform the write operation.
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(3) EPROM option bits

The MN101CPO1D 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|
OPTO x'1FF02' (bit0) | Oscillation mode | 1: Type A
0: Type B
bitl bit2
OPT1 x'1FF02' (bitl) | Runaway detection | 1 *: fs/2%
OPT2 x'1FF02' (bit2) | period 0 1:fs/218
0 0:fg/216

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

Options are set in the area of
#1FF00~#1FFFF. With the excep-
tion of the 3 option bits, set the data
to "1". Verify the settings to make
sure there are no 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 erased by ultraviolet light after a program is written, affix seals impermeable to UV rays to
the glass sections at the top and side sections of the CPU.

¢ From the time after a program is written until just before mounting, storage at a high temperature is recommended.

Program/Read

\J

High temperature
storage
125°C-48H

l
Read
l

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 Ve power supply (12.5V). Disconnect the Vpp
supply before disconnecting the Vcc supply.

¢ Vpp should never exceed 13.5V including overshoot.

« If a device 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 internal 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 10Wes/cnt’. This coverage can be achieved by using a
commercial UV lamp positioned 2~3 cm above the package for 15~20 minutes (when
the illumination intensity of the package surface is 12000uW/cnt). Remove any filters
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 value will reliably erase 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. Since 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) MN101CPO01D 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)|MN101CP01D (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/20MH7) (for 0.1uS/20MTH7)
2.7~5.5V 2.7~5.5V
(for 0.25uS/SMHz) (for 0.25118/8MTz)
2.0~5.5V 2.7~5.5V
(for 1.00uS/2MHz) (for 1.001S/2MHz)
Pin DC characteristics Output current, input current, input determination level

Both ROM and EPROM versions were designed with the

same product specifications.

Pull-up resistor connection Pull-up via software Pull-up via software
Options for high/low speed
oscillation start control, run- Mask option EPROM option*

away detection period setting

*EPROM data is used as the option data.

There are no other functional differences.
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