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Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers M37732 group and
M37730 group. After reading this manual, the user
should be able to fully utilize the functions of the
microcomputers of M37732 group and M37730 group.

For details concerning the software for the M37732
group and M37730 group, refer to the MELPS 7700
SOFTWARE MANUAL. For details concerning the
development support tools (assembler, option boards),
refer to the respective operation manuals.
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r— For using this manual
This manual defines following items.

of(Xin)

f(Xiny) means external clock input frequency.
Internal clock ¢

Internal clock ¢ means operating clock of this microcomputer. It is obtained by dividing the input
clock to Xin pini by 2 { = {(X)/2).
*Clock ¢1

Clock ¢1 means the internal clock ¢ output from ¢1 pin.
*Bit attribute

Bit attributes are described in the figure of register structure.

The following abbreviations are used to indicate the attributes.

b7 b6 b5 b4 b3 b2 bl bo

R W | W |RIW|R/W

L

~———————— W . : Possible only to write

R/W : Possible to read and write

R : Possible only to read

Nothing allocated, undefined at reading

«Overflow and Underflow of timers
Overflow of the timer means that the counter content reaches FFFFis — reload value “n”.
Underflow of the timer means that the counter content reaches 00001s — reload value “n”.

“n” : Value set in reload register
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DESCRIPTION

The M37732 group is an external ROM version 16-bit microcomputer designed with high-performance silicon
gate CMOS technology. It is housed in an 80-pin plastic molded QFP.

This microcomputer has a large 16M-byte address space, three instruction queue buffers, and two data
buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can be also switched
to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and industrial
equipment controllers that require high-speed processing of large amounts of data.

M37732 group is also equipped with low supply voltage version that is suitable for application of portable
equipment controller.

M37730 group is a microcomputer housed in a 64-pin package. M37730 group has the same functions as
M37732 group except for a few parts. Therefore, the differences between M37730 group and M37732 group
are mainly described in “CHAPTER 8. M37730 GROUP”.

Photo of M37732S4LHP Chip




DESCRIPTION
1.1 M37732 group

1.1 M37732 group

The M37732 group consists of chips shown in Table 1.1.1 with the M37732S4FP as the base chip. The
M37732S4LGP and the M37732S4LHP are the low supply voltage version microcomputers that have character-
istics of low supply voltage and a small package. Except for low supply voltage version, the difference between
the other chips is only the operating clock frequencies. Hereafter, the M37732 group microcomputers will be
referred to simply as the M37732S4FP unless there is a specific difference by version.

Low supply voltage version is described in “CHAPTER 7. LOW SUPPLY VOLTAGE VERSION".

Table 1.1.1 M37732 group

ROM | RAM | Clock Package
Type name size size | frequency ou tlin% Remarks

(bytes) | (bytes) (MHz)
M37732S4FP 8 —_—
M37732S4AFP 16 80P6N-A | High-speed version of M37732S4FP
M37732S4BFP External| 2048 25 Super high-speed version of M37732S4FP
M37732S4LGP 8 80P6S-A | Low supply voltage version and small
M37732S4LHP 8 80P6D-A | package of M37732S4FP




DESCRIPTION

1.2 Performance overview

1.2 Performance overvi

ew

Table 1.2.1 shows the performance overview of the M37732S4FP.

Table 1.2.1 M37732S4FP performance overview

Paramete

rs

Functions

Number of basic instructions

103

Instruction execution time |M37732S4FP 500ns (the fastest instruction at 8MHz frequency)
M37732S4AFP 250ns (the fastest instruction at 16MHz frequency)
M37732S4BFP 160ns (the fastest instruction at 25MHz frequency)
Operating clock frequency |M37732S4FP 8MHz (maximum)
M37732S4AFP 16MHz (maximum)
M37732S4BFP 25MHz (maximum)
Memory size ROM External
RAM 2048 bytes
Input/Output ports Ports P5-P8 8 bits X 4
Port P4 5 bits X 1
Muiti-function timers TAO, TA1, TA2, TA3, TA4 |16 Dbits X 5
TBO, TB1, TB2 16 bits X 3
Serial 1/0 (UART or clock synchronous serial 1/0) X 2
A-D converter 8 bits X 1 (8 channels)
Watchdog timer 12 bits X 1
Interrupts 3 external, 16.internal (priority levels 0 to 7 can
be set for each interrupt with software)
Clock generating circuit Built-in (externally connected to a ceramic or
crystal resonator)
Supply voltage 5V£10%
Power dissipation 30mW (operating clock frequency = 8MHz )
Input/Qutput characteristics | Input/Output voltage 5V
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —-20 to 85°C

Device structure

High-periormarnce silicon gate CMOS process

Package

80-pin plastic molded QFP




DESCRIPTION

1.3 Pin configuration

1.3 Pin configuration

Figure 1.3.1 shows the M37732S4FP pin configuration.

P70/ANo < [1_]

P67/TB2IN «» [2_]

P66/TB1IN <« [3_]

P65/TBOIN «» [2_|

P64/INT2 «» 5|

P6a/INT1 < [6_]

P62/INTo «» [T

P61/TA4IN <> [&]

P60/TA40uT € [o_]

P57/TA3INRTP13 < [0 ]

P56/TA30UT/RTP 12 < [i1 |

P55/TA2INRTP11 < [12]
P54/TA20uT/RTP10 < [13
P53/TA1IN/RTPO3 < [14

P52/TA10uT/RTPO2 < [i5 |

P51/TAOINRTPO1 <« [i6 ]

P50/TAOOUT/RTPOo < [i7 |

P47 <» [iE]

P4c <> [i9]

P45 <> [20]

P44 <> [21]

P43 < [22]

_ o1 e[z

RDY —[24]

F 2

Q <

s83£25 2234
TSS9 ,858,3%5%5
NNNNNNNOS IS 00000
pcoooOoaQOA>LC>SLC>0 000
R e e R B I E

(r )

d4vScELLEN

P84/CTS1/RTS1
P8s/CLK1
P86/RxD+1
P87/TxD1
Ao

A1

A2

A3

A4

As

Ae

A7

As/Ds
Ag/Dg
A10/D10
A11/D11
A12/D12
A13/D13
A14/D14
A15/D1s
A1s/Do
A17/D1
A1s/D2
A19/D3

k\O -,
I 0
LT T

Outline 80P6N-A

Fig. 1.3.1 M37732S4FP pin configuration (top view)
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1.4 Pin description

1.4 Pin description

Table 1.4.1 shows the pin description.

Table 1.4.1 Pin description (1)

Pin Name Input/Output Functions

Vce, Vss Power supply Supply 5V£10% to Vec and OV to Vss.

CNVss CNVss input Input Connect to Vec.

RESET Reset input Input The microcomputer is reset when this pin is set to “L”
level.

Xin Clock input Input These are the I/0O pins of the internal clock generating
circuit. Connect a ceramic or crystal resonator between

Xout Clock output Output Xin and Xoutr. When an external clock is used, the clock
source should be connected to the Xiv pin and the Xour
pin should be left open.

E Enable output Output Data or instruction read and data write are performed
when output from this pin is “L” level.

BYTE Bus width selection input Input This pin determines whether the external data bus is 8-
bit width or 16-bit width. The width is 16 bits when the
signal level is “L” and 8 bits when the signal level is “H".

AVcc, AVss  |Analog supply input Power supply for the A-D converter. Externally connect
AVcc to Vec and AVss to Vss.

VRer Reference voltage input Input This is a reference voltage input pin for the A-D con-
verter.

[ Clock output Output This pin outputs the clock¢: which is divided the clock to
Xin pin by 2. ’

RDY Ready input Input The microcomputer is in Ready state while “L” level is
input to this pin.

HOLD Hold input input The microcomputer is in Hold state while “L” level is input
to this pin.

HLDA Hold acknowledge output| Output | This pin outputs “L" level when microcomputer is in Hold
state.

RW Read/Write output Output The read/write signal indicates the data bus state. The
data bus state is read when this signal is “H" level and
write when “L” level.

BHE Byte high enable output Output | “L" level is output when an odd-numbered address is
accessed.

ALE Address latch enable output Output This is used to obtain only the address from address and
data multiplex signals.

Ao—A7 Address bus low-order output Output Low-order 8 bits (Ac—A7) of the address bus are output.

As/Ds—A1s/D1s|Address bus middle-order output/ 110 ®When the external bus width is 16 bits. (The BYTE pin

Data bus high-order 1/0 is at “L” level.) High-order 8 bits (Ds—D1s) of the data
bus are input or output when the E output is “L” level.
Middle-order 8 bits (As—A1s) of the address bus are
output when E output is “H” level.

@When the external bus width is 8 bits. (The BYTE pin is
at “H" level.) Middle-order 8 bits (Ae—A1s) of the address
bus are output.

A1e/Do—A2s/D7|Address bus high-order output/ 110 Low-order 8 bits (Do—-D7) of the data bus are input or

Data bus low-order 1/0

output when the E output is “L” level. High-order 8 bits
(A1e—A23) of the address bus are output when the E output
is “H" level.
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1.4 Pin description

Table 1.4.1 Pin description (2)

Pin Name Input/Output Functions
P43-P47 1/0 port P4 110 Port P4 is a 5-hit CMOS 1/O port. This port has a data
direction register and each pin can be programmed for
input or output.
P50—P57 1/0 port P5 110 Port P5 is an 8-bit CMOS I/O port. This port has a data
direction register and each pin can be programmed for
input or output. These pins also function as 1/0 pins for
timers AQO—AS.
P60-P67 | I/0 port P6 110 This port is an 8-bit I/O port with the same function as
P5. These pins can be programmed as I/O pins for timer
A4, external interrupt input pins for INTo-INT2, and input
pins for timers B0O-B2.
P70-P72 | 1/O port P7 110 This port is an 8-bit I/0 port with the same function as
P5. These pins can be programmed as analog input
pins ANo—AN7. P77 also functions as the ADrra input pin
for 2an A-D conversion trigger.
P80—P8; | 1/0 port P8 110 This port is an 8-bit I/O port with the same function as
P5. These pins can be programmed as CTS/RTS, CLK,
RxD, TxD pins for UARTO and UART1.
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1.5 Block diagram

1.5 Block diagram
Figure 1.5.1 shows the M37732S4FP block diagram.
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Fig. 1.56.1 M37732S4FP block diagram
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FUNCTIONAL DESCRIPTION

2.1 Central processing unit

2.1 Central processing unit (CPU)
The MELPS 7700 CPU has ten registers as shown in Figure 2.1.1. Each of these registers is described

below.

2.1.1 Accumulator (Acc)
Accumulators A and B are available and each can be used as 8-bit or 16-bit register as necessary.

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. Data operations such as calculations, dat:

transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits and th
low-order 8 bits can be used separately. The data length flag (m) determines whether the register i
used as a 16-bit register or as an 8-bit register. It is used as a 16-bit register when flag m is “0” an
as an 8-bit register when flag m is “1”. Flag m is a part of the processor status register (PS) whic
is described later. When an 8-bit register is selected, the low-order 8 bits of the accumulator A ar
used and the contents of the high-order 8 bits are unchanged.

(2) Accumulator B (B)
Accumulator B has the same functions as accumulator A. The MELPS 7700 instructions can us

accumulator B instead of accumulator A, but the use of accumulator B requires more instruction byte
and execution cycles than accumulator A. Accumulator B is also controlled by the data length flag r

2.1.2 Index register X (X)
Index register X consists of 16 bits and the low-order 8 bits can be used separately. The index regist

length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. It is ust
as a 16-bit register when flag x is “0” and as an 8-bit register when flag x is “1”. Flag x is a part of t|
processor status register (PS) which is described later. When an 8-bit register is selected, the low-ord
8 bits of the index register X are used and the contents of the high-order 8 bits are unchanged.

In addressing mode in which the index register X is used as the index register, the contents of this regist
is added to obtain the real address.

Also, when executing the block transfer instruction MVP or MVN, the contents of the index register
indicate the low-order 16 bits of the source data address. The third byte of the MVP or MVN instructi
is the high-order 8 bits of the source data address.

2.1.3 Index register Y (Y)
Index register Y is a 16-bit register with the same function as index register X. As with index register,

the index register length flag (x) determines whether this register is used as a 16-bit register or as an
bit register. Also, when executing the block transfer instruction MVP or MVN, the contents of index regle
Y indicate the low-order 16 bits of the destination data address. The second byte of the MVP or M‘
instruction is the high-order 8 bits of the destination data address.

10
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2.1 Central processing unit

b15 b8 b7 b0
AH AL Accumulator A
b15 b8 b7 b0
i BH I BL I Accumulator B
b15 b8 b7 b0
I XH I XL J Index register X
b15 b8 b7 b0
| YH I YL | Index register Y
b15 b8 b7 b0
| SH I SL l Stack pointer S
b7 bC
DT Data bank register DT
b23 b16 b15 b8 b7 b0
PG l PCH | PCL l Program counter PC
b7 b0
ettt sttt i bttt bt e as s st stssss s st sssssaesss Program bank register PG
b15 b8 b7 b0
l DPRH I DPRL | Direct page register DPR
b15 b8 b7 b0
| PSH —l PSL Processor status register PS
b15~ b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
0 P N |V 4
[ofofofofo] . [NJv[m|x[D]r]2]C
l—— Carry flag
Zero flag
Interrupt disable flag
Decimal mode flag
Index register length flag
Data length flag
Overflow flag
Negative flag
Processor interrupt priority level

ig. 2.1.1 CPU registers structure

11
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2.1 Central processing unit

2.1.4 Stack pointer (S)

Stack pointer S is a 16-bit register. It is used during a subroutine call or interrupt. It is also used during
addressing modes using the stack. The contents of the stack pointer S indicate the address (stack area)
for storing registers during subroutine calls and interrupts. The bank 01s must be designated for the stack
area (refer to section “2.3 Addressable memory space”). Normally, the stack area is reserved in internal
RAM.

When an interrupt request is accepted, the contents of the program bank register PG is stored at the
address indicated by the contents of the stack pointer S, and the contents of the stack pointer S are
decremented by 1. Then the contents of the program counter PC and the processor status register PS are
stored with the high-order bytes and the low-order bytes (PCw, PCc, PSH, PSL) in that order. The contents
of the stack pointer S after accepting an interrupt request are equal to the contents of the stack pointer
S before the accepting of interrupt request decremented by 5.

Figure 2.1.2 shows the stored registers when an interrupt request is accepted.

When returning to the original routine after processing the interrupt service routine, the registers stored in
the stack area are restored to the original registers in the reverse sequence and the contents of the stack
pointer are returned to the state before the accepting of interrupt request.

The same operation is performed during a subroutine call, but the contents of the processor status register
PS are not stored (the contents of the program bank register PG may not be stored either depending on
the addressing mode).

The user is responsible for storing registers other than those described above by program during interrupts
or subroutine calls.

In addition, the stack pointer S must be initialized at the beginning of the program because its contents
are undefined at reset. Normally, the stack pointer is initialized with the highest address of the internal
RAM.. The contents of the stack area change when subroutines are nested or when multiple interrupt
requests are accepted. Therefore, make sure necessary data in the internal RAM are not destroyed when
nesting subroutines. ‘

Memory
Address

S—4 | Processor status register low-order byte (PSL)

S-3 | Processor status register high-order byte (PSH)

S-2 Program counter low-order byte (PCL)
S—1 Program counter high-order byte (PCH)
S Program bank register (PG)
|

# S is the first address that the stack pointer indicates at
accepting an interrupt request.

Fig. 2.1.2 Stored registers when an interrupt request is accepted

12
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2.1 Central processing unit

2.1.5 Program counter (PC)

Program counter PC is a 16-bit counter that indicates the low-order 16 bits of the next program memory
address (24 bits) to be executed. The contents of the high-order program counter (PCx) become “FF16”, and
the low-order program counter (PC.) become “FEis" at reset. The contents of the program counter PC
become the contents of the reset vector address (addresses FFFE1s, FFFFis) after removing reset state.
Figure 2.1.3 shows the program counter PC and the program bank register PG.

b23 b16b15 b8 b7 b0
PG PCH PCL
b7 b0

Fig. 2.1.3 Program counter PC and program bank register PG

2.1.6 Program bank register (PG)

Program bank register PG is an 8-bit register that indicates the high-order 8 bits (bank) of the niext program
memory address (24 bits) to be executed. When a carry occurs after adding the contents of the program
counter PC, the contents of the program bank register PG are incremented by 1. Also, when a borrow
occurs after subtracting the contents of the program counter PC, the contents of the program bank register
PG are decremented by 1. Therefore, programs can be written without considering bank boundaries,
usually.

This register is cleared to “001¢” at reset.

13
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2.1 Central processing unit

2.1.7 Data bank register (DT)

Data bank register DT is an 8-bit register. With some addressing modes using the data bank register DT,
the contents of this register are used as the high-order 8 bits (bank) of a 24-bit address.

Use the LDT instruction to set the value in this register. This register is cleared to “001¢" at reset.

# Refer to “MELPS 7700 SOFTWARE MANUAL” for the addressing modes.

2.1.8 Direct page register (DPR)

Direct page register DPR is a 16-bit register. The contents of this register indicate whether the direct page
area is allocated in bank 016 or spans across banks 016 and 116. This area can be accessed with two bytes
by using the direct page addressing mode.

The contents of the DPR are the base address (lowermost address) of the direct page area which extends
256 bytes above this address. The DPR can contain a value from 0000+ to FFFF1s. If it contains a value
equal to or greater than “FF011¢”", the direct page area spans across banks 0is and 11s. If the low-order 8
bits of the DPR is “001¢", the number of cycles required to generate an address is minimized. Therefore,
the low-order 8 bits of the DPR should normally be set to “001”.

This register is cleared to “00001¢” at reset. Figure 2.1.4 shows the setting example of the direct page with
the direct page register (DPR).

— 016 016
DPR area when DPR=00001s
FFis
12316
DPR area when DPR=012316
Bank 01 22216 (Note 1)
FF101s
— FFFFis _
—— 100001 DPR area when DPR=FF101e

1000F 16 (Note 2)

Bank 116 | ‘
; ;
} ]

Note 1: The number of execution cycles is incremented by 1 when the low-order 8 bits of the
DPR are not “001¢”".
Note 2: The direct page spans across banks 01 and 116 when the DPR is “FF011¢" or greater.

Fig. 2.1.4 Setting example of direct page with the direct page register (DPR)

14



FUNCTIONAL DESCRIPTION

2.1 Central processing unit

2.1.9 Processor status register (PS)

Processor status register is an 11-bit register. It consists of flags to indicate the result of operation and
processor interrupt priority level. The flags C, Z, V, and N are tested by branch instructions.

Figure 2.1.5 shows the register structure of the processor status register.

The details of the processor status register bits are described below.

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
0|0(0|0Of(0O]| IPL NIVIm|x|D|I]|Z]|C

Note: Bits 11 to 15 always are “0” when the contents of the processor status register are read.

Fig. 2.1.5 Processor status register structure

(1) Carry flag (C)
The carry flag is assigned to bit 0 of the processor status register. It contains the carry or borrow bit
from the arithmetic and logic unit (ALU) after an arithmetic operation. This flag is also affected by shift
and rotate instructions. This flag can be set with the SEC or SEP instruction and cleared with the CLC
or CLP instruction.

(2) Zero flag (Z)
The zero flag is assigned to bit 1 of the processor status register. It is set to “1” if the result of an
arithmetic operation or data transfer is zero, and cleared to “0” if otherwise. This flag can be set with
the SEP instruction and cleared with the CLP instruction.
Note: This flag has no meaning in decimal mode addition (the ADC instruction).

(3) Interrupt disable flag (1)
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable
interrupts (interrupts other than watchdog timer, the BRK instruction, and zero division). Interrupts are
disabled when this flag is “1”. When an interrupt request is accepted, it is set to “1” automatically to
prevent multiple interrupts. This flag can be set with the SEI or SEP instruction and cleared with the
CLI or CLP instruction. This flag is set to “1” at reset.

(4) Decimal mode flag (D)
The decimal mode flag is assigned to bit 3 of the processor status register. It determines whether
addition and subtraction are performed in binary or decimal. Binary arithmetic is performed when this
flag is “0". If it is “1”, decimal arithmetic is performed with each word treated as two or four digit
decimal (determined by the data length flag m). Decimal adjust is performed automatically. Decimal
operation is possible only with the ADC and SBC instructions. This flag can be set with the SEP
instruction and cleared with the CLP instruction. This flag is cleared to “0” at reset.

(5

~

Index register length flag (x)

The index register length flag is assigned to bit 4 of the processor status register. It determines
whether the index register X or index register Y is used as a 16-bit register or an 8-bit register. The
register is used as a 16-bit register when flag x is “0” and as an 8-bit register when it is “1”. This flag
can be set with the SEP instruction and cleared with the CLP instruction. This flag is cleared to “0”
at reset.

3 When transferring between different bit lengths, the data is transterred with the length of the destination
register, but except for the TXA, TYA, TXB, and TYB instructions. Refer to “MELPS 7700 SOFTWARE
MANUAL".

15



FUNCTIONAL DESCRIPTION

2.1 Central processing unit

(6)

Data length flag (m)

The data length flag is assigned to bit 5 of the processor status register. It determines whether to treat
data as 16-bit or as 8-bit. A data is treated as 16-bit when flag m is “0” and as 8-bit when it is “1".
This flag can be set with the SEM or SEP instruction and cleared with the CLM or CLP instruction.
This flag is cleared to “0” at reset.

# When transferring between different bit lengths, the data is transferred with the length of the destination
register, but except for the TXA, TYA, TXB, and TYB instructions. Refer to “MELPS 7700 SOFTWARE
MANUAL",

)

(8)

9)

Overflow flag (V)

The overflow flag is assigned to bit 6 of the processor status register. It is used when adding or
subtracting a word as signed binary. In case the data length flag m is “0”, the overflow flag is set to
“1” when the result of addition or subtraction is outside the range between -32768 and +32767, and
cleared to “0” in all other cases. In case the data length flag m is “1”, the overflow flag is set to “1"
when the result of addition or subtraction is outside the range between -128 and +127, and cleared
to “0” in all other cases. The overflow flag can be set with the SEP instruction and cleared with the
CLV or CLP instructions.

Note: This flag has no meaning in decimal mode.

Negative flag (N)

The negative flag is assigned to bit 7 of the processor status register. It is set when the result of
arithmetic operation or data transfer is negative (data bit 15 is 1 when data length flag m is “0”, or
data bit 7 is 1 when data length flag m is “1”). It is cleared in all other cases. It can be set with the
SEP instruction and cleared with the CLP instruction.

Note: This flag has no meaning in decimal mode.

Processor interrupt priority level (IPL)

The processor interrupt priority level (IPL) is assigned to bits 8, 9, and 10 of the processor status
register. These three bits determine the priority level of processor interrupts from level 0 to level 7.
Interrupt is enabled when the interrupt priority level of the requested interrupt (set with the interrupt
control register) is higher than IPL. When an interrupt request is accepted, the IPL is stored in the
stack and IPL is replaced by the interrupt priority level of the accepted interrupt request. This simplifies
control of multiple interrupts.

There are no instructions to directly set or clear the IPL. It can be changed by placing the new IPL
on the stack and updating the processor status register with the PUL or PLP instruction.

The contents of the IPL are cleared to “000” at reset.
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2.2 Internal bus interface
A bus interface unit (BIU) is provided between the CPU and the internal bus.

2.2.1 Internal bus interface overview

Transfer of data between the CPU and memory or I/0 device is always performed through the BIU provided
between the CPU and the internal bus. When the CPU reads data from memory or I/O device, it sends the
address to be read to the BILJ. The BIU reads the data from the specified address and the CPL! receives
the data from the BIU. Similarly, the CPU sends the address to be written to the BIU when writing data.
Thus the BIU controls the transfer of data between the CPU and bus.

Figure 2.2.1 shows the block diagram of the bus interface unit.

BIU
Internal RAM
CPU - T
Peripheral
Bus interface unit devices
External
memory

Even address data bus (8 bits)

~ Odd address data bus (8 bits)

"~ Address bus (24 bits)

Fig. 2.2.1 Bus interface unit block diagram

2.2.2 Bus interface unit functions

The M37732 group uses the internal clock ¢ (=f(Xin)/2) as the standard clock. The CPU also uses internal
clock ¢ as the standard clock. However, since the CPU clock may be extended due to CPU wait under
certain conditions, it is referred to as ¢cru to distinguish it from clock ¢.

The M37732 group internal bus (address bus and data bus) operates at timing E which is slower than internal
clock ¢. The operating clock of the CPU is different from the bus cycle because timing E is normally f(Xi)/
4. Therefore, the BIU is provided between the CPU and bus to synchronize the transfer of data to and from
memory and I/O device. The BIU enables the CPU to transfer data to and from memory through the bus
without decreasing the instruction execution speed.

The BIU consists of four registers as shown in Figure 2.2.2. Table 2.2.1 shows the functions of each
register of BIU and buffer.

Table 2.2.1 Functions of BIU registers and buffers

Name Function
Program address register | Indicates the address that stores the next instruction to prefetch in the instruction queue buffer.
Instruction queue buffer A three-byte buffer for temporarily holding instruction prefetched from memory.
Data address register Indicates the address to be read from or to be written to memory or 1/0.
Data buffer A two-byte buffer for temporarily holding data read from memory or 1/O device
by the BIU or data written to memory or /O device by the CPU.
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b23 b0
PA | Program address register

Instruction queue buffer

b23 b0
DA | Data address register

b15 b0
| DBn

Data buffer

|
o
s

Fig. 2.2.2 BIU registers

The BIU performs the following operations.

1. Prefetches an instruction code from the program memory (area where the program is stored)

and stores it in the instruction queue buffer.

Normally, a program is executed sequentially in ascending order of address. Therefore, if the next
instruction code is prefetched in the instruction queue buffer, the CPU can execute instructions
simply by obtaining the instruction code from the instruction queue buffer. This will eliminate the time
needed by the CPU to access the memory.

When the CPU is not using the bus (for example when performing register to register operation), the
BIU reads an instruction code from the program memory (area where the program is stored) and
stores it in the instruction queue buffer. Data up to three bytes can be prefetched because the
instruction queue buffer is three bytes long. Refer to section “2.2.4 Data read/write operations” for
more information concerning instruction code prefetch.

2. Reads data at the specified address into the BIU when the CPU requests data in memory and

transfers it to the CPU.

When executing instructions that processes data in memory or I/O device, the CPU must access the
address assigned to the memory or I/O device and read the data. Because the operating clock of the
CPU and bus are different, the CPU reads the data through the data buffer of the BIU.

3. Writes the data obtained from the CPU to the specified address in memory.

When writing data to a specific address, the CPU sends the address and data to the BIU. And after
that, the CPU continues to execute the next instruction extracting from the instruction queue buffer,
because actual writing to memory or I/O device is performed by the BIU.

4. Controls read of word data from odd humber address and outputs the control signals required

to access external memory in byte unit.

The transfer of data between the CPU and BIU is always performed through a 24-bit address bus
and 16-bit data bus. This is also true between the BIU and internal area or 1/0 device. The BYTE
pin (external bus width selection input pin) determine these data widths, in addition, the wait bit
determine the access timing only when an external memory is accessed.
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2.2.3 Bus Interface unit operations

Figure 2.2.3 shows the operating waveforms of the bus interface unit. The M37732 group BIU always
operates at one of the waveforms shown in Figure 2.2.3.

The meaning of signals ALE and E in Figure 2.2.3 are as follows:

@ALE (Address Latch Enable)
Signal used to latch only address signals from TabI9222 Data bus state according to E and R'W

multiplex signals containing data and address. E RIW Data bus state
_ H H Not used
OE H L Not used
Signal set to “L" level when the bus interface unit L H Read
reads instruction code or data from memory or L L Write

when it writes data to memory. Table 2.2.2 shows
the data bus state according to E and R/W signals.

(1) Basic operation
Waveform (a) is the bus interface operating waveform under the following conditions:

®When a one byte internal area and external memory is accessed.

®When twe bytes in inlernal area are accessed together (siariing on an even address).

®When two bytes in external memory are accessed together (starting on an even address when the
BYTE pin is at “L” level).

@®When the instruction code is obtained from memory into the instruction queue buffer.

Waveform (b) is the bus interface operating waveform when accessing in byte unit under the following
conditions:

®When two bytes in internal area and external memory are accessed together (starting on an odd
address).

@®When two bytes in external memory are accessed together with the BYTE pin at “H” level.

Waveforms (a) and (b) are the basic operating waveforms of the BIU. Waveform (a) or (b) is always
used when accessing the internal area.

When accessing the external memory area, the BIU operating waveform changes according to the wait
bit.

(2) Effect of the walt bit

With the M37732 group, the external memory access time can be 1.5 times as long (the “L” level width
of E signal becomes twice) by clearing the wait bit (bit 2) to “0" in the processor mode register
(address 005E1s). This enables external expansion of slow memories and peripheral LSlIs.

Note: Internal memory access is not affected by the wait bit.

Figure 2.2.3 (c) to (f) show the effect of the wait bit on waveforms (a) and (b). Waveform (c) is the
waveform when an external memory area is accessed under the conditions for waveform (a) with the
wait bit cleared to “0”.

Waveforms (d) to (f) are the waveforms when an external memory area is accessed under the conditions
for waveform (b) with the wait bit cleared to “0”. The entire waveform is affected by the wait bit for
waveform (d) and the first half or the last half is affected respectively for waveforms (e) and (f).
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@

()

©

(d)

(e)

U]

®A: Address
OD: Data

Internal clock ¢

¢

A/Dy

ALE

A/Dy

ALE

A/D|

ALE

Ai/Dj

ALE

A/Dj

m|

ALE

Ai/Dj

mi

ALE

®A/D;: Multiplex I/O pins containing data and address.

Fig. 2.2.3 Bus interface unit operating waveform
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2.2.4 Data read/write operations
(1) Instruction code read

The CPU reads instruction codes from the instruction queue buffer of the BIU and executes them. The
CPU notifies the BIU that an instruction code is needed during the instruction code fetch cycle. At this
point, the operation depends on whether the instruction queue buffer contains an instruction code or
not. If there is an instruction code in the instruction queue buffer, it is passed to the CPU. If there is
no instruction code in the instruction queue buffer, or if the amount of data in the instruction queue
buffer is less than the necessary instruction code, the BIU halts the CPU until a sufficient amount of
instruction codes is stored in the instruction queue buffer.
Even when there is no request for instruction code from the CPU, if the instruction queue buffer is
empty or if there is only one instruction code and the bus is available at the next cycle (the CPU does
not use the bus at the next cycle), the BIU reads instruction codes from memory and stores them in
the instruction queue buffer (instruction prefetch). During instruction prefetch, if the first address
accessed when reading an instruction code from memory is even, then the data at the next odd
number address is also read and stored in the instruction queue buffer. If the first accessed address
is odd, only one byte is read and stored in the instruction queue buffer. However, if the instruction
code is read from external memory with the BYTE pin at “H” level (8-bit external bus width), only one
byte is read regardless of the accessed address.
Instruction code read is performed with operation (a) or (c) shown in Figure 2.2.3. When a branch or
a jump or subroutine call instruction or an interrupt is executed, the contents of the instruction queue
buffer are cleared and a new instruction code is read from the new address.

(2) Data read/write
The CPU reads and writes data from/to the BIU data buffer. The CPU issues a request to BIU when
it attempts to read or write data. At this point, if the BIU is using the bus or if there is a higher priority
request, the CPU is made to wait until the BIU becomes ready. When the bus is available for data
read or write, the BIU operates at one of the waveforms (a) to (f) shown in Figure 2.2.3.

®Data read v
When the CPU requests data from the BIU, it waits until the data becomes complete data in the data
buffer. The BIU sends the address received from the CPU to the address bus, reads the contents of
memory when E signal is “L” level, and stores it in the data buffer.

®Data write
The CPU sends address (address in which the data is written) and data to BIU.
The address is written in the BIU data address register and the data is written in the data buffer. The
actual writing in memory is performed by BIU and the CPU can proceed to the next step without waiting
for the BIU to complete writing data in memory. The BIU sends the address received from the CPU
to the address bus, sends the contents of the data buffer to the data bus, and writes it in memory when
E signal is “L” level.
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2.3 Addressable memory space

The M37732 group allocates internal RAM, external memory, /O, and various control registers in the same
memory space. Therefore, data transfer and operation can be performed with the same instruction without
distinguishing memory and I/O area.

Program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank register (PG) to
directly access a 16M-byte address space from 016 to FFFFFFie.

Figure 2.3.1 shows the addressable memory space.

2.3.1 Banks

Address space is divided into 64K-byte blocks called banks. The M37732 group can access 256 banks from
bank 01 to bank FF1s (255). .

The high-order 8 bits of the 24-bit address indicate the bank and the contents of the program bank register
(PG) or the data bank register (DT) indicate the bank to be used.

If the program counter overflows at a bank boundary, the contents of the program bank register are
incremented by 1. If a borrow occurs in the program counter, the contents of the program bank register
are decremented by 1. Therefore, programs can be written without considering the bank boundaries,
usually. The banks can be accessed efficiently by using an addressing mode that uses the data bank
register.

SFR area in bank 016 (addresses 01s to FFFF1e) contains timers, interrupts, and internal I/O control registers.
Addresses FFD61s to FFFFie are allocated to an interrupt vector table containing the start address of
interrupt service routines. Interrupt vector table area must be allocated in ROM.

2.3.2 Direct page

By using the direct page register (DPR), bank 016 or a 256-byte space spanning across bank 0ie and bank
116 can be accessed with fewer instruction cycles by using direct page addressing mode. This area is
referred to as the direct page and is normally used for frequently accessed information.

The direct page area can be specified by setting the lowermost address of the required area in the direct
page register (refer to section “2.1.8 Direct page register”).
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O1e

7F1s
8018

87F1s

FFD61e

FFFF1e
1000016

2000016

FE00001s

FF00001e

FFFFFF1e

recrsxe,

/
4.

s rrrad

Special function registers

Internal RAM

Interrupt vector table

Bank O1s

Bank FE1e
(Bank 254)

Y

'}

Bank FF1e
(Bank 255)

Y

:]: Internal area

‘: External area

Fig. 2.3.1 Addressable memory space
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2.4 Memory allocation
SFR (Special Function Registers) and internal RAM are allocated in internal area of bank 01e. ROM must be

connected to the external memory area because the M37732 group is an external ROM version.
Figure 2.4.1 shows the memory map.

2.4.1 SFR (Special Function Registers), internal RAM and external memory area
The allocated SFR, internal RAM and external memory area are described below.

(1) SFR area
Addresses 000016 to 007F1e of bank 016 are the SFR (Special Function Registers) area. This area
contains the control registers of internal peripheral devices, I/O ports, timers, and so on. Internal
peripheral devices can be accessed through these registers. Figure 2.4.2 shows the memory map of
the SFR area.
Each bit in the register can be either read-only, write-only, or read/write bit.
Refer to each block description for the register function in the SFR area.
Refer to section “3.1.2 Internal registers state at reset” for the state of the SFR at reset.

(2) Internal RAM area
A 2048-byte static RAM is allocated at addresses 008016 to 087F16 of bank 0. In addition to storing
data, the internal RAM area is used as stack area during subroutine calls and interrupts. Therefore,
be careful of subroutine nesting levels and multiple interrupt levels so that important data is not
destroyed.

(3) External memory area
External memory can be set to a 16M-byte space of banks 016 to FF1s excluding SFR area (addresses
000016 to 007F1e) and internal RAM area (addresses 008016 to 087F1s).
The interrupt vector table allocated to addresses FFD61s to FFFF1e of bank 01 must be set in ROM.
This area contains the start address of the interrupt service routine for each interrupt source and reset.
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I» Refer to Figure 2.4.2 for SFR area memory map.

00000016
SFR area
00007F1s Interrupt vector table
I
00008016 ;-FFDG"’ L A-D conversion h%swE
/
jFFDS“* | UART 1 transmission h_%g—‘”l
/
Internal RAM 7 FFDA% L__""UART 1 reception 2]
2048 bytes ! EFDCue — E_Ign
7 —  UART 0 transmission Hii"”—h
7 FFDEss - Tor]
H — UART 0 reception
H High
00087F1e i FFEO1e Ti B2 Tow
7 _— imer HigH]
4 .
7 FFE21 [ Timer B1 h%i
’
; FFEdw [ Timer BO h%wf
I “
;  FFESW L Timer A4 e
7 FFE816 Ton |
7 -
! Ceen - Timer A3 High]
1 16 . Low
’; o e Timer A2 High
i g Timer A1 ';i?—gwh—
4 FFEE1s - Tow
i — Timer AO High]
H FFFO1s s -—-T—- Low
7 INT2 High]
; FFF21e | WT Lg_w_
’/ FFFa41s —= fé%?
7 INTo High]
; FFF616 - Tow
2 —  Watchdog timer el
7 High|
4 FFF81s — Low
7 — DBC (Note) o]
/ FFFATs , , Tou]
,/; L BRK instruction H?g_h
00FFD516 7 .
00FFD616 o7 FFFCre [ Zero Division h"’—;-b_
FFFE1s — Low
OOFFFFw f — RESET High]
D ‘Internal area
e j ‘External area
Note: DBC is an interrupt for the exclusive use of the debug control interrupt and is not used,
usually.

Fig. 2.4.1 Memory map
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Address (Hexadecimal notation)

000000

000001

000002

000003

000004

000005

000006

000007

000008

000009

00000A |{ Port P4 register

00000B Port PS5 register

00000C | _Port P4 direction register

00000D | Port PS direction register

00000E | Port P6 register

00000F | Port P7 register

000010 Port P6 direction register

000011 Port P7 direction register

000012 [ Port P8 register

000013

000014 | Port P8 direction register

000016

000016

000017

000018

000019

00001A

00001B

00001C

00001D

00001E | A-D control register

000020 | A-D register 0

00001F | A-D sweep pin selection register

000021
000022 | A-D register 1
000023
000024 | A-D register 2
000025
000026 | A-D register 3
000027
000028 | A-D register 4
000029
00002A | A-Dregister 5
00002B
00002C | A-D register 6
00002D
00002E | A-D register 7
00002F

000030 | UART O transmit/receive mode register

000031 UART 0 baud rate register

000032
000033

UART 0 transmission buffer register

000034 | UART O transmit/receive control register 0
000035 UART 0 transmit/receive control register 1
000036 . .

000037 UART 0 receive buffer register

000038 | UART 1 transmit/receive mode register
000039 | UART 1 baud rate register

00003A "

000038 UART 1 transmission buffer register

00003C | UART 1 transmit/receive control register 0
00003D | UART 1 transmit/receive control register 1
00003E .

00003F UART 1 receive buffer register

000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
00004A
000048
00004C
00004D
00004E
00004F
000050
000051
000052
000053
000054
000055
000056
000057
000058
000059
00005A
000058
00005C
00005D
00005E
0000SF
000060
000061
000062
000063
000064
000065
000066
000087
000068
000069
00006A
00006B
00006C
00006D
00006E
00006F
000070
000071
000072
000073
000074
000075
000076
000077
000078
000079
00007A
000078
00007C
00007D
00007E
00007F

Address (Hexadecimal notation)

Count start flag

One-shot start flag

Up-down flag

Timer AQ register

Timer A1 register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer B1 register

Timer B2 register

Timer AQ mode register

Timer A1 mode register

Timer A2 mode register

Timer A3 mode register

Timer A4 mode register

=
Timer BO mode register
[imer B1 mode register

—

limer B2 mode register

Processor mode register

|_Watchdog timer

Watchdog timer frequency selection flag
Waveform output mode register

Pulse output data register1
Pulse output data register0

A-D conversion interrupt control register

UART 0 transmission interrupt control register

UART 0 receive interrupt control register

UART 1 transmission interrupt control register

JART 1 receive interrupt control register

Timer AO interrupt control register

Timer A1 interrupt control register

limer A2 interrupt control register

mer A4 interrupt control register

T
Timer A3 interrupt control register
3
=

mer BO interrupt control register

T
limer B1 interrupt control register
Timer B2 interrupt control register

| NTo nterruptcontro??gl__ster
INT:_interrupt control register

2 _interrupt control register

- —
Fig. 2.4.2 SFR area memory map
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2.4.2 Processor mode
M37732 group can operate in microprocessor mode. ROM, RAM and peripherals can be expanded to any
area (except for SFR and internal RAM area) within a 16M-byte addressable memory space.
Figure 2.4.3 shows the structure of the processor mode register. Refer to section “3.3 Software reset” for
software reset bit and section “2.6.6 Interrupt priority level detection time” for interrupt priority detection
time selection bits. Wait bit is described next section “2.4.3 External memory area bus control”.

b7 b6 b5

b4

b3

b2

bi b0

R/W | R/W

R/W

R/W

R/W | R/W | Processor mode register (address 5E16)

——Fix this bit to “0".|

——Fix this bit to “1”. |

Wait bit
0 : Wait during external access
1 : No wait

Software reset bit

1 : Software reset activated by writing “1”

01

11

Interrupt priority detection time selection bits
00 :
: 4 cycles at internal clock ¢
10 :
: This is not available.

7 cycles at internal clock ¢

2 cycles at internal clock ¢

[Fix this bit to 0.

Note: Bit 7 is undefined at reading.
Bits 0 and 2 to 6 are cleared to “0” at reset.
Bit 1 is set to “1” at reset.

Fig. 2.4.3 Processor mode register structure
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2.4.3 External memory area bus control

The BYTE pin and the wait bit provided to simplify access to external memory area are described below.
The BYTE pin and the wait bit are valid only when accessing external memory area and have no effect
when accessing internal RAM or SFR.

If external memories are connected to the area overlapping with internal area, the data in internal area is
read into the CPU when reading. In this case the data in external memory is not read into the CPU. When
writing data, the data is written to both internal and external area.

(1) BYTE pin (external bus width selection pin)

When accessing the external memory, the input level to the BYTE pin is used to select whether 8-bit
data bus or 16-bit data bus (refer to section “2.5.3 (2) Data bus”).

The external bus width becomes 16 bits when the BYTE pin is at “L" level. In this case, data read/
write to the external area is always performed in 16-bit (1-word) unit. And the pins Aie/Do—A23/D7
become the data I/O pins for the low-order byte (even address data: Do-Dv) of a 16-bit data and the
pins As/Ds—A1s/D1s become the data I/O pins for the high-order byte (odd address data: Ds~D1s) of a
16-bit data.

The external bus width becomes 8 bits when the BYTE pin is at “H” level. In this case, data read/write
to the external area is always performed in 8-bit (1-byte) unit. And the pins Aie/Do—~A23/D7 become the
data (Do to D7) 1/0 pins. The use of 8-bit peripheral ICs is simplified by setting the bus width for
external area to 8-bit.

The data width is always 16 bits when accessing the internal memory area regardless of the BYTE
pin level.

(2) Wait bit

The wait bit (bit 2 at address 5E1e) is used to simplify access to external memory or I/O. When the
wait bit is “0”, a_wait for external area access is enabled (one-wait mode) and bus operation is
performed at the speed of 2/3 of the bus cycle (bus cycle=f(X)/4) during no wait. When the wait bit
is “1”, bus operation becomes no wait mode and bus cycle is f(Xn)/4.

The wait bit is cleared to “0” at reset and the system starts in one-wait mode. Internal area access
is always performed at no wait because this bit is ignored.

Figure 2.4.4 shows the effect of the wait bit for external area access.

28



FUNCTIONAL DESCRIPTION

2.4 Memory allocation

Internalclock¢||l|||'||||I|

Ac—-A7 X Addrsss X Address X

As/De—A1s/Dis ‘
Ars/Do—Asy/Dr )@d?ress.x Data xddressx Data X
E i [ L

ALE

|

[1

# This waveform is always used when accessing the internal area.

Internalclock¢|||||||||||||||||

Ach7 X____Address X Address X
As/De—A1s/D1s A
Ave/Do-Acs/Ds XAddfGSSX Dan X Dan X )

1 ~
ALE m [

E

(a) Waveform when the external memory area is accessed with the wait bit is “1”.

(b) Waveform when the external memory area is accessed with the wait bit is “0”.

3¥* Waveform (a) is used for internal area access even when the wait bit is “0”.

Flg. 2.4.4 Effect of wait bit for external area access (when BYTE pin="“L"level)
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2.5 Input/Output pins

The M37732 group has 37 programmable I/O pins (ports P4—-P8). Ports P5-P8 also functaon as 1/0 pins for
internal peripheral devices.

Programmable /0O ports and the pin functions are described below.

2.5.1 Programmable 1/O ports

Each of the programmable I/O ports (ports P4-P8) has a direction register and a port register. The direction
registers and the port registers are allocated in the SFR area of bank 0. The direction register is used
to select the input/output mode by one bit. Input level of port is read from the pin selecting input mode by
reading the port register. The data written to the port register is output from the pin selecting output mode.
Figure 2.5.1 shows the memory allocation of the direction registers and the port registers.

Address
A Port P4 register
Bis Port P5 register

Cis| Port P4 direction register

Dis| Port P5 direction register

Es Port P6 register

Fie Port P7 register
1016|  Port P6 direction register
114¢| Port P7 direction register
1216 Port P8 register
1316
1446 Port P8 direction register

Fig. 2.5.1 Memory allocation of direction registers and port registers
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(1) Direction register
Direction of each port can be selected by setting the direction registers. Each bit of the direction
register corresponds to a pin. Figure 2.5.2 shows the structure of the port Pi (i=4 to 8) direction
registers.
The port is set to input mode (input pin) when the corresponding bit is “0”, and to output mode (output
pin) when the corresponding bit is “1”.
The direction registers are cleared to “00+¢” at reset. Therefore, /O ports are set to input mode.

If I/O ports are not used as output pins, set the corresponding direction register bit to “0" for input

mode.
b7 b6 b5 b4 b3 b2 bl bo
R/W|R/W |RW|RW | R/W | R/W | R/W|R/W | Port Pi direction registers (I=4 to 8)
Port direction selection bits
0 : Input mode (the corresponding pin is an input pin)
1 : Output mode (the correspending pin is an output pin)
Bit b7 | b6 | bS5 | b4 | b3 | b2 | b1 | b0
Corresponding pin | Pi7 | Pis | Pis | Pia | Pia | Pi2 | Pi1 | Pio

These registers are cleared to “001¢” at reset.

Note: There are no pins corresponding to the low-order 3 bits of port P4 direction register.

Flg. 2.5.2 Port Pl (I=4 to 8) direction registers structure
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(2) Port register

The port register is used to transfer data with external devices through the 1/0 ports. Figure 2.5.3
shows the relationship between the port registers and the pins.

To output data from a port set to output mode, the data must be written to the corresponding bits of
the port register. This data is written in the port latch and is output from the port set to output mode.
If a bit of the port register corresponding to a pin programmed for output is read, the state of the output
pin is not read but the contents of the port latch are read. Therefore, the previously output value can
be read correctly even if the output “H” voltage drops or “L” voltage rises due to external load (refer
to “Figure 2.5.4 Port peripheral circuits”).

A port programmed for input is floated and the value input to the pin can be read by reading the
corresponding bit of the port register. If a value is written to a bit of the port register corresponding
to a port programmed for input, it is written in the port latch and the pin remains floating.

b7 b6 b5 b4 b3 b2 bt b0

R/W | R/W | R/W | R/W | R/W [ R/\W | R/W | R/W | Port PI registers (i=4 to 8)

—— Port Pio
Port Pis
Port Piz
Port Pis
Port Pis
Port Pis
Port Pis
Port Pi7

Note: Data input/output is performed by reading or writing the corresponding bit to the pin.
There are no pins corresponding to the low-order 3 bits of port P4 register.
These registers are undefined at reset.

?Ig. 2.5.3 Relationship between port registers and pins
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2.5 Input/Output pins

2.5.2 Ports P4-P8 functions
Ports P5-P8 (32 pins) have the special functions such as I/0 pins for external interrupt, timer, A-D
converter and serial I/0 as well as programmable I/0O port function. Port P4 functions as only a programmable
1/0 port. Refer to the section on each function for ports P5—P8 function as I/O pins for peripheral devices.
Ports P4-P8 function as programmable I/O ports after removing reset.
Figure 2.5.4 shows the port peripheral circuits. Table 2.5.1 shows the function of ports P4-P8. Refer to
section “2.5.1 Programmable 1/O ports” for information concerning functions of the programmable 1/O ports.

Ports P5-P8 are forced to output mode when used as output pin for internal peripheral devices, but when

used as input pin for internal peripheral devices, the direction register must be set to input mode because
the contents of the port direction register has higher priority.

Table 2.5.1 Function of ports P4-P8

Pin Function 1 Function 2
Port P4 Programmable 1/0 port
(P43—P47)
Port P5 Programmable 1/O port TAOout/RTPQo (P5o):Timer AQ I/O pin / RTPOo output pin
(P50—P57) TAONRTPO1 (P51) :Timer AO input pin / RTP01 output pin
TA10ut/RTP02 (P52):Timer A1 I/O pin / RTP0z output pin
TA1NRTPOs (P53) :Timer A1 input pin / RTP0s output pin
¥ RTPO. (n=0 to 3} output pin is availabie when RTP9Q function
is selected.
TA20ut/RTP10 (P54):Timer A2 1/0 pin / RTP1o0 output pin
TA2nRTP11 (P5s) :Timer A2 input pin / RTP11 output pin
TA3out/RTP12 (P56):Timer A3 I/O pin / RTP12z output pin
TA3WRTP13 (P57) :Timer A3 input pin / RTP1s output pin
% RTP1a (n=0 to 3) output pin is available when RTP1 function
is selected.
Port P6 Programmable 1/O port TA4our (P6o) :Timer A4 I/O pin
(P60—P67) TA4IN (P61) :Timer A4 input pin
INTo (P62) :INTo interrupt signal input pin
INT1 (P63) :INT1 interrupt signal input pin
INT2 (P64) :INTz interrupt signal input pin
TBOw (P6s) :Timer BO input pin
TB1in (P6s) :Timer B1 input pin
TB2in (P67) :Timer B2 input pin
Port P7 Programmable 1/O port ANo-ANs (P70~P76) :Analog input pin
(P70—P77) AN7/ADTra (P77)  :Analog input pin when AN function is selected
External trigger input pin when ADrre function is
selected
Port P8 Programmable 1/O port CTSo/RTSo (P80) :UARTO transmit enable signal input pin when
{P80—P87) CTSo function is selected

RTSo function is selected

CLKo (P81) :UARTO transmit/receive clock I/0O pin
RxDo (P82) :UARTO receive data input pin
TxDo (P83) :UARTO transmit data output pin

CTS1 function is selected

RTS1 function is selected

CLK: (P8s) :UART1 transmit/receive clock I/O pin
RxD1 (P8s) :UART1 receive data input pin
TxD1 (P87) :UART1 transmit data output pin

UARTO receive enable signhal output pin when

CTS1/RTS1 (P84)  :UART1 transmit enable signal input pin when

UART1 receive enable signal output pin when
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2.5 Input/Output pins

Ports P4:—P4e . Direction register
(dotted area not included) <4 D Z
Data bus v—l Port latch : E O
Ports P47, P61-P67, P82, P8e 'm j
(dotted area included, however no ~
hysteresis for P82 and P8s) E_
]
Ports P70—-P7e (dotted area not included)
<} l_l_)—-l
Port P77 (dotted area included) Data bus " Portlatch | O
Pl !
~N
&
Analog input -——4{ ---- 1'— ---- .i
Ports P8s, P87 j
. e
(dotted area not included) < —\——FD-.
Output o " O
Ports P50-P57, P6o Data bus —| Port latch : ° -DoED""j
(dotted area included) 'm
~N
\ Jm
V Fommem- bl
¢
T
Ports Pg, PBr, P8, Ps A\L’_
< 3

ZX] A—l

~N H :
Data bus —| Port latch I ke —t\—— g
_4_.1

E output pin

Fig. 2.5.4 Port peripheral circuits
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2.5 Input/Output pins

2.5.3 Pin functions
The functions of each pin are described below.

(1

Address bus (pins Ac—A7, pins As/Ds—A1s/D1s, pins Ais/Do—A23/D7)

Pins Ao—Ar output the low-order 8 bits of the address signal.

Pins As/De—~A1s/D1s output the middle-order 8 bits of the address signal. Pins Aie/Do—A23/D7 output the
high-order 8 bits of the address signal.

Pins As/De—A1s/D1s and pins Aie/Do—A2a/D7 function as data 1/O pins as the same time. Therefore, pins
As/De—Ai1s/D1s and pins Ais/Do-A23/D7 perform time division multiplexing of address output and data
input/output.

The M37732 group allows direct access to 16M-byte space from addresses 0000001 to FFFFFFs.
Therefore, 24 address signals are output externally.

Figure 2.5.5 shows the relationship between the address bus and the output pins.

A23 [A22 |A21 |A20 |A19 |A18 A17 [A1e |Ats [A14 |A13 [A12 |A11 [A10 |Ag [A8 |A7 |Ae |As |A4 [A3 |A2 [A1 |Ao ]|Address
B High-order address i < >
& Middle-order address >
Low-order address
A2y [A2e/ [A21/ |Acd/ [A1d JA1e [A17 [A1d
Dr {De {Ds [Ds |Ds | D2 |D1 | Do [Kgod TAid Pod o Bord TAY TAT
A2y Dr-ArgDo Dis [D14 |Di3 |Dr2 [D11 [Dio |Ds |Ds Output
AvsDrs—AgDe A7 |As |As |As |A3 |A2 A1 |Ao pins
A-Ao

Fig. 2.5.5 Relationship between address bus and output pins

(2) Data bus (pins Ae/Ds—A1s/D1s, pins A1s/Do—A23/D7)

In addition to address signal (high-order and middle-order address bus) output pin function, pins As/
Ds—A1s/D1s and pins A1e/Do—A23/D7 also function as data I/O pins. The level of the BYTE pin can be
used to select between 8-bit and 16-bit data bus width.

®When the BYTE pin Is at “L” level (16-bit external bus width)
When the BYTE pin is at “L” level, the external bus width is 16 bits and even address data and odd
address data are output simultaneously. Pins As/De-A1s/D1s and pins Aie/Do—A2a/D7 are used as
address bus and data bus, and multiplex signals (address signal and data signal) are output from
these pins.
Pins As/Ds-A1s/D1s perform time division multiplexing of address (As—Ais) output and data input/
output in odd address (high-order byte of 16-bit data). Middie-order address is output while E signal
is at “H” level, and data input/output in odd address is performed while E signal is at “L” level.
Similarly, pins A1s/Do—A22/D7 perform time division multiplexing of address (Ate—A23) output and data
input/output in even address (low-order byte of 16-bit data). High-order address is output while E
signal is at “H" level, and data input/output in even address is performed while E signal is at “L” level.
Figure 2.5.6 shows the relationship between the data bus and the 1/0 pins (when BYTE pin="“L"
level). Figure 2.5.7 shows the bus timing when external bus width is 16 bits.
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2.5 Input/Output pins

Dis |D14 | D13 |D12 { D11 |D1o {Do |Ds |D7 [De |Ds |D4 |D3 |D2 |{D1 |Do Data

" - -
Data in odd address Data in even address

A1g JA14 JA19 |A12 A1 Ao |Ad/ [ As/
Dis |D1s D13 D12 |D11 [D1o | Do | Ds [A2Y |A22 [A2/ [A2d/ (At Ad [A17 |Avd/
D7 |De {Ds | D4 |D3s | D2 | D1 | Do

Ars/D1s-A/De A2a/Dr—A16Do

Fig. 2.5.6 Relationship between data bus and I/O pins (when BYTE pin=“L” level)

/O pins

E | [
Aoc—-A7 X Low-order address X
As/De-A15/D1s X Middle-order address X Data in odd address X
A16/Do—Az2a/D7 X High-order address X Data in even address X

Fig. 2.5.7 Bus timing when external bus width is 16 bits (when BYTE pin=“L” level)
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®When the BYTE pin Is at “H” level (8-bit external bus width)
When the BYTE pin is at “H" level, the external bus width is 8 bits and pins Aie/Do—A23/D7 perform
time division multiplexing of address (Aie—A23) output and data input/output.
Address is output while E signal is at “H” level, and 8-bit data is input/output when E signal is at “L"
level.
Figure 2.5.8 shows the relationship between the data bus and the 1/O pins (when BYTE pin="H"
level). Figure 2.5.9 shows the bus timing when external bus width is 8 bits.

Data
9 |A2o/ |A21/ |A2d |Are [A1e [A17 A1e/ .
07 D |Ds | De |Ds | D2 | D VO pins

A2a/Dr~A1g/Do
Fig. 2.5.8 Relationship between data bus and I/O pins (when BYTE pin="H" lsvel)

Ao-A7 X Low-order address

AdDe-A15Ds X Middle-order address

Ase/Do—Azs/D7 X High-order address X Data

mi
><><><‘l

Fig. 2.5.9 Bus timing when external bus width Is 8 bits (when BYTE pin="H" level)
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2.5 Input/Output pins

(3) Vec, Vss pins
These are microcomputer power voltage supply pins. Supply 5V+10% to Vcc pin and GND (0V) to Vss
pin.

(4) CNVss pin
Connect to Vec pin.

(5) AVcc, AVss pins
These are A-D converter power voltage input pins. Connect AVcc pin to Vee pin and AVss pin to Vss
pin.

(6) Vrer Input pin
This pin is used to input the reference voltage during A-D conversion. A-D conversion can be performed
for analog input voltage from Vss level up to the level of this pin. It is available to supply the optional
voltage up to the Vcc level.

(7) Xin, Xour pins
These are clock input and output pins for the internal oscillator circuit. Connect a ceramic resonator
or a crystal resonator between X and Xout pins. When using an external clock, connect the clock
source to Xin pin and leave Xout pin open. The maximum clock input frequency of the M37732S4FP,
M37732S4AFP, and M37732S4BFP is 8MHz, 16MHz, and 25MHz respectively.

(8) RESET input pin
This pin is used to input the reset signal. The microcomputer is reset state when “L” level is input to
this pin. Reset state is removed and a program starts from the address set in the reset vector when
this pin is returned to “H” level. Refer to “CHAPTER 3. RESET” for details.

(9) R/W output pin
This pin is used to output the read/write signal indicating the data bus state. This pin is at “H” level
when the data bus is read, and it is at “L” level when data is written to the data bus. This signal is
used for external memory input/output requests.

(10) BHE output pin
This pin is used to output the byte high enable signal. This pin is at “L” level when an odd address
is accessed. This signal is used to connect the 8-bit memory and I/O when the external bus is used
at 16-bit width.

Refer to section “CHAPTER 9. APPLICATION" for memory and I/O connection method.

(11) ALE output pin
This pin outputs the ALE signal to obtain only address signal from the multiplex signals of pins As/
De-A1s/D1s and pins Ate/Do—A23/D7. A latch is opened externally when the ALE signal is at “H" level
to obtain the address data, and the latched contents are held while the ALE signal is at “L" level.

(12) HOLD Iinput pin
This pin is used to input the Hold request signal. The microcomputer becomes Hold state while this
pin is at “L" level. When this pin is returned to “H" level, the Hold state is removed.
Refer to section “2.13 Hold function” for details.

(13) HLDA output pin
This pin is used to output the Hold acknowledge signal. The Hold acknowledge signal externally
indicates that “L” level is input to the HOLD pin and the microcomputer is in Hold state. “L” level is
output from this pin while the microcomputer is in Hold state.
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(14) RDY input pin _
This pin is used to input the Ready signal. The bus cycle E can be stopped (Ready state) when “L"

level is input to this pin. The port and bus state at inputting “L” level to the RDY pin is maintained
in Ready state.

Refer to section “2.14 Ready function” for details.

(15) E output pin
This pin is used to output the enable signal. Data input/output is performed when the output of this
pin is at “L” level. This signal controls the time division multiplexing of address and data.

(16) BYTE pin
This pin is used to select the external bus width. The input level to this pin determines whether the
external memory is used with 16-bit data width or 8-bit. When the BYTE pin input level is at “L”, the
data width is 16 bits. When the BYTE pin input level is at “H", the data width is 8 bits. Refer to section

“2.5.3 (2) Data bus” for details. However, the data width is always 16 bits regardiess of the BYTE
pin level when accessing an internal area.

(17) Clock¢: output pin
This pin outputs the clock ¢1 which is divided the clock to Xin pin by 2.
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2.6 Interrupts

The suspension of the current operation in order to perform another operation due to a certain event is
referred to as an “interrupt”. Interrupt is used when there is a request to execute a higher priority routine
or when an operation must be performed at a certain timing.

2.6.1 Interrupt functions

The M37732 group has 19 different sources of interrupts. When an interrupt is occurred, a branch is made
to the address (branch address) corresponding to the source. The branch address must be stored in the
interrupt vector table. The interrupt vector table is allocated at addresses FFD61s to FFFF1s in bank 016. When
writing programs, branch must be made to the address in the interrupt vector table corresponding to each
interrupt (interrupt vector address). The branch address is the start address of the interrupt processing

routines (interrupt service routine). Figure 2.6.1 shows the interrupt mechanism.

Executing routine

| interrupt service routine |

Accepting interrupt request —-
Suspend operation

Resume processing ‘M e o processing it
Qing) "Outing | RTI instruction I

Fig. 2.6.1 Interrupt mechanism

l Processing interrupt
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When an interrupt request is accepted, the contents of the following registers before the interrupt are
stored automatically to the stack area in the order ®—@—0.

@ Program bank register (PG)
® Program counter (PC., PCH)
® Processor status register (PS., PSk)

The procedure of storing these registers depends on whether the contents of the stack pointer S are even
or odd. When the contents of the stack pointer S are even, the contents of the program counter PC and
processor status register PS are stored in 16-bit unit. When the contents of the stack pointer S are odd,
they are stored in 8-bit unit. Figure 2.6.2 shows the state of the stack area when an interrupt request is
accepted.

When interrupt processing completes, the control must be returned to the original routine to resume
processing. Therefore, the RTI instruction is used to return to the original routine and the above registers
stored to the stack area are restored in the order of ®—@—® to resume operation.

Only the above registers ® to @ are stored automatically when an interrupt request is accepted. The user
is responsible for storing other necessary registers by program.

Memory
Address

S—4 Low-order byte of processor status register (PSv)

S-3 High-order byte of processor status register (PSH)

S-2 Low-order byte of program counter (PCv)

5-1 High-order byte of program counter (PCH)

S Program bank register (PG)

% S is the first address that the stack pointer indicates at accepting
an interrupt request.

Fig. 2.6.2 State of the stack area when an interrupt request is accepted
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2.6 Interrupts

2.6.2 Sources of interrupts
Table 2.6.1 shows the sources of interrupts and the corresponding vector address. Store the start address
of the interrupt service routine at the vector address shown in this table by program.

Table 2.6.1 Interrupt sources and vector address

Vector address

Interrupt source High-order Low-order Remarks
address address

Reset (Note 1) O0FFFFis 00FFFE+ | Non-maskable
Zero division 00FFFD1s 00FFFC1s | Non-maskable software interrupt
BRK instruction 00FFFB1s 00FFFA+s | Non-maskable software interrupt
DBC (Note 2) 00FFF91s 00FFF81¢ | Not used normally
Watchdog timer 00FFF716 00FFF616 | Non-maskable interrupt
INTo 00FFF516 00FFF41s | External interrupt due to INTo pin input signal
INT1 00FFF316 O00FFF2:s | External interrupt due to INT: pin input signal
INT2 00FFF116s 00FFF0:s | External interrupt due to INT2 pin input signal
Timer AO 00FFEF1e 00FFEE1s | Timer AO internal interrupt
Timer A1 00FFED1e 00FFECis | Timer A1 internal interrupt
Timer A2 00FFEB:1s 00FFEAs | Timer A2 internal interrupt
Timer A3 00FFE91s 00FFE81s | Timer A3 internal interrupt
Timer A4 00FFE71s 00FFE61s | Timer A4 internal interrupt
Timer BO OOFFES:1s 00FFE4+ | Timer BO internal interrupt
Timer B1. O0FFE31s 00FFE21s | Timer B1 internal interrupt
Timer B2 O0FFE11s 00FFEO+s | Timer B2 internal interrupt
UARTOQ reception 00FFDF1s 00FFDEs | Valid only when the UARTO function is selected.
UARTO transmission | 00FFDD1e 00FFDC1s
UART1 reception 00FFDB1s 00FFDA+s | Valid only when the UART1 function is selected.
UART1 transmission O0FFD91s 00FFD81s
A-D conversion O0FFD71e 00FFD616 | Internal interrupt due to completion of A-D conversion

Note 1: Reset is included in this table.

Note 2: The DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, usually.
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2.6 Interrupts

Each interrupt source is described below.

(1) Internal interrupt
Table 2.6.2 shows the sources of internal interrupt request.

Table 2.6.2 Internal interrupt request sources

Interrupt

Interrupt request source

Zero division

Occurs when 0 is specified as the divisor for the DIV instruction.
(Refer to “MELPS 7700 SOFTWARE MANUAL")

BRK instruction

Occurs when the BRK instruction is executed.
(Refer to “MELPS 7700 SOFTWARE MANUAL")

Watchdog timer

Occurs when the topmost bit of the 12-bit watchdog timer becomes “0".
(Refer to section “2.12 Watchdog timer”)

Timer Ai Occurs when timer Ai (i=0 to 4) underflows or overflows.
(Refer to section “2.7 Timer A”)
Timer Bi Occurs when timer Bi (i=0 to 2) underflows or overflows.

(Refer to section “2.8 Timer B")

UARTI reception

Occurs during UARTI (i=0,1) receive. (Refer to section “2.10 Serial 1/0”)

UARTI transmission

Occurs during UARTI (i=0,1) transmit. (Refer to section “2.10 Serial 1/0”)

A-D conversion

Occurs when A-D conversion completes. (Refer to section “2.11 A-D Converter”)

(2) External interrupt (INTo to INT2 interrupts)
M37732 group has three external interrupts (INTo to INT2). These interrupt requests are occurred by
input level or input edge to pins INT—INT2. The interrupt request sources can be selected by using bits
4 and 5 of the INTi (i=0 to 2) interrupt control register shown in Figure 2.6.4. Table 2.6.3 shows the
sources of INTi interrupt requests.
Pins INTo—INT2 are shared with ports P62—P6s. Therefore, the corresponding bit in the port P6 direction
register must be cleared to “0” in order to use these pins as external interrupt input pins. If the INT:
interrupts are not used, the INT: interrupt priority level (refer to next section) should be set to 0 because
the INT; interrupts always monitor the state of ports P62—P64 to raise interrupt requests.
The input signal to the INT pins must have pulse width greater than 250ns at “H” level or “L” level
regardless of the external clock input frequency f(Xm).

Table 2.6.3 INTi Interrupt request sources

b5 | b4 Interrupt request source

0 0 |Interrupt request occurs when falling edge of the signal input to the INTi pin.
0 1 |Interrupt request occurs when rising edge of the signal input to the INT: pin.
1 0 |Interrupt request occurs when the INTi pin level becomes “H".

1 1 | Interrupt request occurs when the INTi pin level becomes “L”.




FUNCTIONAL DESCRIPTION

2.6.3 Interrupt control

The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level,
processor interrupt priority level (IPL), and interrupt disable flag (I) (excluding non-maskable interrupts).
The interrupt disable flag and the processor interrupt priority level are assigned to the processor status
register (PS). The interrupt request bit and the interrupt priority level selection bits are assigned to the
interrupt contro| register of the respective interrupt. Figure 2.6.3 shows the memory map of the interrupt
control register and Figure 2.6.4 shows the structure. However, there is no interrupt control register for non-
maskable interrupts such as zero division interrupt, the BRK instruction interrupt, and watchdog timer

interrupt.

®Non-maskable interrupt: An interrupt that branches to the interrupt service routine regardless of

the interrupt disable flags.

@®Maskable interrupt: An interrupt that can be disabled with the interrupt control flags.
Address

7016 A-D conversion interrupt control register
7116 UARTO transmission interrupt control register
7216 UARTO receive interrupt control register
7316 UART1 transmission interrupt control register
7416 UART1 receive interrupt control register
751 Timer AO interrupt control register
7616 Timer A1 interrupt control register
7716 Timer A2 interrupt control register
7816 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
7A16 Timer BO interrupt control register
7B1s Timer B1 interrupt control register
7C1s Timer B2 interrupt control register
7D1s INTo interrupt control register
7E1s INT1 interrupt control register
7F6 INT2 interrupt control register

2.6 Interrupts

Fig. 2.6.3 Interrupt control register memory map
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2.6 Interrupts

®A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers A0 to A4, timers B0 to B2
interrupt control registers

b7 b6 b5 b4 b3 b2 bt bO

_ R/W | R/W | RI'W | R/\W | (addresses 701s 10 7Cis)

Interrupt priority level selection bits

Interrupt request bit
0 : No interrupt request
1 : Interrupt request

Note: Bits 4 to 7 are undefined at reading.

Bits 0 to 3 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting each interrupt control register.

@®INTo to INT2 interrupt control registers

b7 b6 b5 b4 b3 b2 bl bo
- I RW|RW|RW|RW|RW|RW/| (addresses 7D1s to 7F1s)

Interrupt priority level selection bits

Interrupt request bit
0 : No interrupt request
1 : Interrupt request

Level/Edge selection bit

0 : Set interrupt request bit at “H" level for level
sense and the falling edge for edge sense.

1 : Set interrupt request bit at “L” level for level
sense and the rising edge for edge sense.

Level sense/Edge sense selection bit
0 : Edge sense

1 : Level sense

Note: Bits 6 and 7 are undefined at reading.

Bits 0 to 5 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting each interrupt control register.

Fig. 2.6.4 Interrupt control register structure
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2.6 Interrupts

The interrupt control bits are described below.

(1) Interrupt disable flag (I flag)

The interrupt disable flag (I flag) is assigned to the processor status register bit 2. This flag can be
used to disable all maskable interrupts. All maskable interrupts are disabled when the | flag is set to
“1” and enabled when it is cleared to “0”. This flag is set to “1” at reset and must be cleared to “0”
if interrupts are to be enabled.

(2) Interrupt request bit

When an interrupt request occurs, the interrupt request bit which is bit 3 of the corresponding interrupt
control register is set to “1”. The interrupt request bit remains set until the interrupt request is accepted,
and is cleared to “0” when the interrupt request is accepted.

This bit is used to indicate that an interrupt request has occurred. This bit can also be set or cleared
by program. Use the SEB and CLB instructions when setting interrupt request bit.

The INT: interrupt request bit’s function is not available when used in level sense mode.

(3) Interrupt priority level and processor interrupt priority level (IPL)

An interrupt priority level between 0 and 7 can be assigned to each interrupt by using the interrupt
priority level selection bits which are assigned to bits 0 to 2 of each interrupt control register. Use the
SEB and CLB instructions when setting interrupt priority level selection bits. When an interrupt request
occurs, this priority level is compared with the processor interrupt priority level in the processor status
register.

Interrupt priority level > Processor interrupt priority level (IPL)

An interrupt is enabled when the above condition is satisfied. Therefore, an interrupt can be disabled

The interrupt disable flag, interrupt request bit, interrupt priority level, and IPL are independent of each
other and do not affect each other. An interrupt is occurred only when all of these bits are properly
set. These bits can be used to control interrupt priorities in a variety of ways by program.

Table 2.6.4 shows the setting of interrupt priority levels and Table 2.6.5 shows the interrupt enable
levels corresponding to IPL setting.
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2.6 Interrupts

Table 2.6.4 Setting of interrupt priority levels

Interrupt control register - .
b2 b b0 Interrupt priority level Priority
0 0 0 Level 0 (Interrupt disabled) —

0 0 1 Level 1 Low

0 1 0 Level 2 [

0 1 1 Level 3

1 0 0 Level 4

1 0 1 Level 5

1 1 0 Level 6

1 1 1 Level 7 High

Table 2.6.5 Interrupt enable levels corresponding to IPL setting
IPL2 IPL1 IPLo Enabled interrupt priority level

0 0 0 Enable level 1 and above interrupts.
0 0 1 Enable level 2 and above interrupts.
0 1 0 Enable level 3 and above interrupts.
0 1 1 Enable level 4 and above interrupts.
1 0 0 Enable level 5 and above interrupts.
1 0 1 Enable level 6 and above interrupts.
T 1 0 Enable level 7 interrupts.
1 1 1 Disable all maskable interrupts.

IPLo: Processor status register bit 8
IPL1: Processor status register bit 9
IPL2: Processor status register bit 10

2.6.4 Interrupt priority level

All interrupts have an assigned priority level. When more than one interrupt request occurs during the same
sampling timing (timing in which interrupt requests are checked) while accepting all interrupt requests are
enabled, the one with the highest priority level is accepted.

The 16 interrupt sources of all 19 sources except for software interrupts (zero division and the BRK
instruction interrupt) and watchdog timer interrupt can be set by program using the interrupt priority level
selection bits in the interrupt control register. Reset (highest priority level) and watchdog timer interrupt
priority levels are set by the hardware. Figure 2.6.5 shows the hardware controlled interrupt priority levels.

C<0000<<E==1<=
I

A-D conversion, UART interrupt, and so on | Priority levels determined by hardware

Interrupt priority levels inside of the dotted line are user settable

Fig. 2.6.5 Hardware controlied interrupt priority levels

2.6.5 Interrupt priority level detection circuit

The M37732 group is equipped with an interrupt priority level detection circuit to select the highest priority
level when more than one interrupt request occurs during the same sampling timing. Figure 2.6.6 shows
the interrupt priority level detection circuit.
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Level zero
= _Interrupt priority level (initial value) r _Interrupt priority level 1
| | A-Dconversion TimerAd | |
I |
I I
| |
| |UART1 transmission Timer A3 | |
| I
| |
I |
: I UART1 reception Timer A2 | :
| |
| |
: [UARTO transmission Timer A1 | :
I I
| |
: | UARTO reception Timer AO I :
I I
| |
I — I
| |__TimerB2 INT2 | |
I |
I |
| — |
| | TimerB1 INT: ] |
I I
| |
| —_ I
| |  TimerBO INTo | 1
| |
e\ / | \N/ L ___ J
The highest priority level interrupt‘ IPL |
Processor interrupt priority level

Interrupt 'e —)——

disable flag

Watchdog timer The accepting of interrupt request
S

Fig. 2.6.6 Interrupt priority level detection circuit
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i Interrupt source Y

Comparator | X:The highest priority level at this point
(Priority level |y priority level of interrupt source Y
detection) Z: The highest priority level at this point

@ If X>Y then Z=X

@ If X<Y then Z=Y

[ Relation when the software set priority levels are same ]

INTo < INT1 < INT2 < Timer A0 < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1
< Timer B2 < UARTO reception < UARTO transmission < UART1 reception < UART1 transmission < A-D
conversion

Fig. 2.6.7 Interrupt priority level detection model

The operation of the interrupt priority level detection circuit shown in Figure 2.6.6 is described with interrupt
priority level detection model shown in Figure 2.6.7.

The priority level of the requested interrupt (Y in Figure 2.6.7) is compared with the priority level of the
upstream interrupt (X in Figure 2.6.7) (initial priority level is 0) in the order shown in Figure 2.6.6 and the
higher level interrupt is sent downstream for comparison with next interrupt (Z in Figure 2.6.7). Unrequested
interrupts are not compared and upstream interrupt is passed unchanged to downstream. |f the priority levels
are equal, the upstream interrupt is selected. Therefore, the following relation exists if the software set

priority levels are the same.

NTo < INT1 < INT2 < Timer A0 < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer B0 < Timer B1 <
Timer B2 < UARTO reception < UARTO transmission < UART1 reception < UART1 transmission < A-D
conversion

When there are multiple interrupts during the same sampling timing, the interrupt with the highest priority
level is selected as the result of this comparison. Then, that interrupt request is accepted and its interrupt
service routine is executed if its interrupt priority level is higher than the processor interrupt priority level
(IPL) and the interrupt disable flag is “0”.

The detection of interrupt priority level is synchronized with the sampling pulse occurred during the operation
code fetch cycle of CPU. While the interrupt priority level is being checked, the interrupt request bit and
the interrupt priority level are latched so that they do not change. They are sampled at the first half of the
operation code fetch cycle and latched from the second half to the end of the level detection. Note that
while the priority level is being checked, no sampling puise is occurred even when it is the operation code
fetch cycle. (Refer to Figure 2.6.8.)
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2.6.6 Interrupt priority level detection time

With the M37732 group, the time which it takes for the interrupt priority level detection circuit to determine
the level of an interrupt can be set by program. Figure 2.6.8 shows the interrupt priority level detection
time. The detection time can be set to 7, 4, or 2 cycles according to the contents of the interrupt priority
detection time selection bits (bits 4, and 5 at address 5E1e) in the processor mode register. The interrupt
priority detection time selection bits are cleared to “00” at reset and the 7 cycles at internal clock ¢ are
selected for interrupt priority level detection time. Normally, use these bits set to “10”.

(1) Interrupt priority detection time selection bits
b7 b6 b5 b4 b3 b2 b1 bO

R/W|R/W|R/W| W |R/W|R/W|R/W|Processor mode register (address 5Eus)
l——— Fix this bit to “0".

Fix this bit to “1".

———— Wait bit

Software reset bit

Interrupt priority detection time selection bits
00 : 7 cycles at internal clock ¢ ( (a) in (2) )
01 : 4 cycles at internal clock ¢ ( (b) in (2) )
10 : 2 cycles at internal clock ¢ ( () in (2) )

11 : This is not available.
Note: 1 cycle= ¢ : f(Xin)/2

Fix this bit to “0”.

This bit is undefined at reading.

(2) Priority level detection time

Internal clock ¢

Operation code fetch cycle

Sampling pulse (Note 1)

il
L - d

(a) 7 cycles

Priority

level (b) 4 cycles

detection
time

(c) 2 cycles

Note 1: Pulse exists if 2 cycles is selected for priority level detection time.

Fig. 2.6.8 Interrupt priority level detection time
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2.6.7 Interrupt processing sequence

The sequence of events from the receiving of interrupt request in the main routine to the start of the
interrupt service routine is referred to as the interrupt processing sequence.

When an interrupt request is accepted, interrupt processing starts from the next cycle of the instruction at
the time of the accepting interrupt request. Figure 2.6.9 shows the interrupt processing sequence.

After execution of an instruction at the time of the accepting interrupt request completes, an INTACK
{interrupt Acknowledge) sequence is executed and control is passed to the beginning of the interrupt
service routine allocated in bank 0+6. The INTACK sequence operates as follows.

® The contents of the program bank register (PG) just before the INTACK sequence are stored to stack.

® The contents of the program counter (PC) just before the INTACK sequence are stored to stack.

® The contents of the processor status register (PS) just before the INTACK sequence are stored to
stack.

@ The interrupt disable flag is set to “1".

® The interrupt request bit of the accepted interrupt is cleared to “0".

® The interrupt priority level of the accepted interrupt is set in IPL.

@ The contents of the program bank register (PG) are set to “001¢” and the interrupt vector address is
loaded in the program counter (PC).

The INTACK sequence requires a minimum 13 cycles (1 cycle=¢=f(Xn)/2). Figure 2.6.10 shows the
INTACK sequence timing.

The interrupt service routine is started after completing the INTACK sequence.

Interrupt request is accepted.

Interrupt request occurs.
| @ @ @

—P-Time
y4 “"| l“’| ““| /
S Instruction | Instruction INTACK sequence Instructions in interrupt service routlne\
/ 7

Interrupt processing sequence

@ : Interrupt priority level detection

Fig. 2.6.9 Interrupt processing sequence
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MM MU e e
S GRS ©3 €3 €3 €3 €3 €3 €3 ST S
D G €D C 3 6 £ C C3 LT G0N 6
own 2t B X ED R B B e X e
| |

¢ceu : CPU standard clock
Ar: High-order 8 bits of the CPU internal address bus
AnAL: Low-order 16 bits of the CPU internal address bus

DATA: CPU intemal data bus
I: Interrupt disable flag

Fig. 2.6.10 INTACK sequence timing

(1) Change in IPL
When an interrupt request is accepted, the IPL in the processor status register is replaced by the
interrupt priority level of the accepted interrupt.
If the interrupt is a reset, watchdog timer, or software interrupt, the value shown in Table 2.6.6 is set
in the IPL. This operation is meaningful when multiple interrupts are used (refer to section “2.6.9
Multiple interrupts”).

Table 2.6.6 Change in IPL

Interrupt source Change in processor interrupt priority level
Reset 0 (0002)
Watchdog timer 7 (1112)
Zero division No change
BRK instruction No change
Other interrupts Interrupt priority level of the accepted interrupt request
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(2) Storing registers
The register storing operation performed during INTACK sequence depends on whether the contents
of the stack pointer S at the time of the accepting interrupt request are even or odd.
When the contents of the stack pointer S are even, the contents of the program counter PC and
processor status register PS are stored as 16-bit simultaneously at each other. When the contents of
the stack pointer S are odd, they are stored in 8-bit unit. Figure 2.6.11 shows the register storing
operation.
In the INTACK sequence, only the contents of the program bank register PG, program counter PC,
and processor status register PS are stored to stack area. Other registers must be stored by program
at the beginning of the interrupt service routine as necessary.
The M37732 group provides the PSH instruction which stores all CPU registers except for the stack
pointer with a single instruction.

(1) Stack pointer S is even

Address //——\—/

S—4 (even)| Processor status register PS. (low-order byte)

Store order
4——|
| dStore simultaneously

S-3 (odd) | Processor status register PS (high-order byte)

S—-2 (even)| Program counter PC. (low-order byte) .
@Store simultaneously
S—1 (odd) | Program counter PC (high-order byte)
- (D

S (even) Program bank register PG

Storing completes for 3 cycles.

(2) Stack pointer S is odd

g

Address //\-/ Store order

\

S—4 (odd) | Processor status register PSt (low-order byte) --— @

S-3 (even)| Processor status register PSu (high-orderbyte) | ~a— ®
S-2 (odd) | Program counter PC. (low-order byte) - O Store by each 8 bits

S-1 (even)| Program counter PCx (high-order byte) -— Q

S (odd) Program bank register PG -+ @)

//—\-—/

% S is the first address that the stack pointer indicates at accepting an interrupt request.

Storing completes for 5 cycles.

Fig. 2.6.11 Register storing operation
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2.6.8 Returning from an interrupt service routine

The RTI instruction is used at the end of the interrupt service routine to return to the interrupted routine
and continue processing. The RTI instruction restores the contents of the program bank register PG, the
program counter PC, and the processor status register PS stored before entering the interrupt service

routine to their original registers.

The registers stored within the interrupt service routine must be restored with the PUL instruction before
executing the RTI instruction. When they are restored with the PUL instruction, use the same data/register
length as they were stored. The state of other interrupt request bits are retained after branching to the
interrupt service routine. Therefore, if these interrupts are to be disabled after returning, these interrupt
request bits must be cleared to “0” before executing the RTI instruction.

2.6.9 Multiple interrupts

The interrupt disable flag | is set to “1” in order to
disable further interrupts and the interrupt request
bit of the accepted interrupt is cleared to “0” when
a branch is made to an interrupt service routine.
However, if there are multiple interrupt requests,
the interrupt request bit of the interrupt that was
rejected by the interrupt priority level detection circuit
remains set to “1”. '

The IPL (processor interrupt priority level) in the
processor status register changes to the priority level
of the accepted interrupt. Therefore, if the interrupt
disable flag | is cleared to “0” in the interrupt service
routine for the accepted interrupt, interrupt request
with priority level higher than the current interrupt
can be accepted as long as IPL is unchanged. This
is referred to as muitiple interrupts.

Figure 2.6.12 shows the multiple interrupt mechanism.

Main routine

Multiple interrupt

/

Interrupt 3 request
cannot be accepted
because the priority
level of interrupt 3 is
lower than interrupt 1's.

| : They are set automatically.
[ ] :setbyprogram.

RTl instruction

Fig. 2.6.12 Multiple interrupt mechanism
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2.6.10 Interrupt response time and interrupt delay time

When an interrupt request occurs, the priority level must be checked and the INTACK sequence must be
executed before interrupt service routine can start. The interval between the interrupt request and the start
of the interrupt service routine is referred to as the interrupt response time. This is shown in Figure 2.6.13.
Interrupt priority level detection is performed at the beginning of each instruction and during the INTACK
sequence. This is performed in parallel with the instruction execution. Therefore, the interrupt response
time is the sum of @ through @ as follows (in Figure 2.6.13):

® The interval from the occurrence of the interrupt request until the instruction being executed completes.

@ The interval from the start of the next instruction (start of interrupt priority level detection) until the end
of the instruction being executed at the end of priority level detection.

® Time required to execute the INTACK sequence (13 cycles minimum, 15 cycles maximum).

If registers are stored at the beginning of the interrupt service routine, the time required for this operation
(context switching time) must also be added. The sum of the interrupt response time and the context
switching time is the interrupt delay time (refer to Figure 2.6.13). This is the time required for the interrupt
processing program to start after an interrupt request occurs. The interrupt delay time is expressed by the
following equation.

Interrupt delay time = (time required to execute instruction 1) + (time required to execute instruction
2) — 0.5¢ + (INTACK sequence interval) + (context switching time)

Interrupt request is accepted.
Interrupt request occurs.

R S ——Timg

Instructions in interrupt service
routine

Instruction 1| Instruction2| INTACK sequence

/
O @ le ® > -/

Interrupt response time

Interrupt delay time

@ : Interrupt priority level detection

Fig. 2.6.13 Interrupt response time and interrupt delay time
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[Precautions when using interrupts]
1. Use the SEB and CLB instructions for setting each interrupt control register (addresses 7016 to 7F1e).
2. When the INT: interrupt is used in level sense mode, the INT interrupt request bit’s function is not
available.
The interrupt request is not retained when changing from valid level to invalid level if interrupt request
is not accepted during valid level. Figure 2.6.14 shows the INT: interrupt during level sense mode.
If the level of the INT: pin is valid (did not change from valid level to invalid level) when returning to the
original routine after processing an interrupt, INTi interrupt is occurred as shown in Figure 2.6.15.

“1" (disable)
Interrupt disable fiag |
“0" (enable)

o Valid
INTi pin level

e

Interrupt enable interval

Invalid

This interrupt request is not retained because INT:
pin returns to invalid level before accepting the
interrupt request.

Fig. 2.6.14 iNTi Interrupt during level sense mode

Interrupt request is accepted.

Return to main routine

Valid
INTipin level
Invalid

Main routine ---p

o . Main routine
First interrupt service ~ Second interrupt Third interrupt

routine service routine service routine

Fig. 2.6.15 Repeating INT: interrupt (level sense)
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3. To change the INT: interrupt from level sense to edge sense, set the INTi interrupt control register in the
sequence shown in Figure 2.6.16 (1).

To change the TNTi interrupt polarity, set the INT: interrupt control register in the sequence shown in Figure
2.6.16 (2).

{1) Switching flow (irom ievel sense io edge sensej (2) Poiarity changing flow

Set the interrupt priority level to level 0 Set the interrupt priority level to level 0
( Disable INTi interrupt ) ( Disable INTi interrupt )
Set the Level sense/Edge sense selection bit to 0" CSet the Level/Edge selection bit )
( Select edge sense ) '

: ( Clear the interrupt request bit to “0” )
C Clear the interrupt request bit to “0” ) '

: Set the interrupt priority level to level 1 to 7)

. — Enable the accepting of INTi interrupt request
Set the interrupt priority level to level 110 7 ( Ping ptrequest)
( Enable the accepting of INTi interrupt request ) :

; Y
Y

# Use the SEB and CLB instructions for setting INTi interrupt control registers.

Fig. 2.6.16 INTI interrupt control register setting flow
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2.7 Timer A
Timer A consists of five 16-bit timers (timers AO to A4). External output is the main function of these timers.
Timers A0 to A4 operate independently and each can operate in one of four different modes.

2.7.1 Timer A description

Timer Ai (i=0 to 4) has four operating modes as described below. These timers have identical functions
except the two-phase pulse signal processing function in event counter mode.

The timer 1/0 pins are shared with ports P50~P57, P6o, and P6:.

OTimer mode

This mode counts the selected internal clock. The counter is decremented by 1 each time a count
source (selected clock) is input and a timer Ai interrupt request occurs when the contents of the counter
reach 00001¢ — reloaded value “n” (hereafter referred to as underflow).

Gate function (control count operation with the input signal to the TAiwn pin) and pulse output function
(output from the TAiout pin, a signal that changes polarity each time the counter underflows) are avail-
able and can be selected by program.

O®Event counter mode

This mode counts the external clock input to the TAin pin. The counter can be incremented (add 1 to
the contents of the counter with each clock input) or decremented (subtract 1 from the contents of the
counter with each clock input) by program or with an external signal. In case used as an increment
counter®', a timer Ai interrupt request occurs when the counter reaches FFFFi¢ — reloaded value “n”
(hereafter referred to as overflow). In case used as a decrement counter*?, a timer Ai interrupt request
occurs when the counter underflows.

In addition, the pulse output function (output from the TAiour pin, a signal that changes polarity each

time the counter underflows or overflows) can be selected by program. Timers A2, A3, and A4 also have

two-phase pulse signal processing function which controls the counter increment/decrement by inputting
two-phase pulse with phase shifted by 90 degrees.

Increment counter® ... The counter can be incremented (add 1 to the contents of the counter with
each clock input)

Decrement counter*e......... The counter can be decremented (subtract 1 from the contents of the counter
with each clock input)

®0ne-shot pulse mode

In this mode, the timer is driven by an internal or external trigger and “H” level is output from the TAiour
pin for an arbitrary interval.

@®Pulse width modulation (PWM) mode

In this mode, an arbitrary pulse width signal is output repeatedly from the TAiour pin. PWM output is
started by an internal or external trigger.
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2.7.2 Block description

Figure 2.7.1 shows the block diagram of timer Ai. It is followed by the description of timer Ai related

registers.

Count source
f2 __selection bits
f16 —— o \\

fes — o
f512 0

(Low-order 8 bits

Timer mode
One-shot pulse mode
PWM mode
1 l-o
Timer (gate function) i
:D——o 0 Interrupt
r Counter (16) request bit
TAIm Polarity Event counter mode Increment/Decrement
switching selection (always
dacrement except for
L External trigger event counter mode)
Decrement count —;
Up-down flagl—o
E Pulse output
TAi our O < T?:ggle

Fig. 2.7.1 Timer Al block diagram
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(1) Counter and reload register (timer Al register)

Timer Ai counter and reload register consist of 16 bits. The counter counts the selected count source
and its contents are decremented by 1 each time a count source is input. In event counter mode, it
can also function as an increment counter and its contents are incremented by 1 each time a count
source is input. The reload register is used to store the initial value of the counter. The contents of
the reload register are reloaded into the counter when the counter underflows (or when it overflows
in case used as an increment counter in event

counter mode). Table 2.7.1 Timer Al register memory allocation

The contents of. tl'!e counter change each time  Timer Ai register |High-order byte |Low-order byte
a count source is input, but the contents of the  Timar Ao register | Address 4716 | Address 461

reload register remain unchanged. Timer A1 register | Address 491s | Address 4816
Values are stored in the counter and reload  Tjmgr A2 register | Address 4B | Address 4Aws
register by writing to the timer Ai register. Timer A3 register | Address 4De | Address 4Cie

Table 2.7.1 shows the memory allocation of Tjmer A4 register | Address 4Fis | Address 4Ew
timer Ai register.

The value written in timer Ai register when the

timer is not operating is stored in the counter and reload register. The value written in timer Ai register
when the timer is operating is stored only in the reload register. In this case, the updated value is
transferred to the counter during next reload. If the timer Ai register is read, the result depends on the
operating mode. Table 2.7.2 shows the results of the timer Ai register read and write.

The value of the timer Ai register is undefined at reset. Therefore, at first the counter and the reload
register must be initialized when using timer Ai.

Table 2.7.2 Timer Al register read and write

Mode Read Write

Timer mode <Timer operating>

Event counter mode

Read timer counting value Write to reload register

One-shot pulse mode <Timer halted>

Pulse width modulation mode

Read undefined value

Write to reload register and counter
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(2) Count start flag
The count start flag (address 4016) separately controls starting/stopping of each timer. Each bit cor-
responds to one of the timers.
When this flag is set to “1”, a count source is input to the counter. When this flag is set to “0”, a count
source input to the counter is disabled.
Figure 2.7.2 shows the structure of the count start flag.

b7 b6 b5 b4 b3 b2 bl bo

R/W |R/W |[R/W|R/W|R/W|RW|RW]|R/W| Count start flag (address 40s)

|—Timer AQ count start flag
Timer A1 count start flag
Timer A2 count start flag
Timer A3 count start flag
Timer A4 count start flag
Timer BO count start flag
Timer B1 count start flag
Timer B2 count start flag

Note: This register is cleared to “001¢” at reset.

Fig. 2.7.2 Count start flag register structure

(3) One-shot start flag
The one-shot start flag (address 421e) controls the occurrence of an internal trigger used in one-shot
pulse mode. When a corresponding one-shot start flag to each timer is set to “1” in case internal
trigger is selected, an internal trigger starting one-shot pulse output is occurred. Refer to section “2.7.5
One-shot pulse mode” for more information. One-shot start flag is a write-only flag.
Figure 2.7.3 shows the structure of the one-shot start flag.

b7 b6 b5 b4 b3 b2 bl bo

W | W | W [ W | One-shot start flag (address 421s)

[—Timer A0 one-shot start flag
Timer A1 one-shot start flag
Timer A2 one-shot start flag
Timer A3 one-shot start flag
Timer A4 one-shot start flag

Note: Bits 5 to 7 are undefined at reading.
Bits 0 to 4 are cleared to “0” at reset.

Fig. 2.7.3 One-shot start flag register structure
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(4) Up-down flag

The up-down flag (address 4416) is a register consisting of up-down flags and two-phase signal
processing selection bits used in event counter mode.
Figure 2.7.4 shows the structure of the up-down flag register followed by a description of each bit.

b7 b6 bS5 b4 b3 b2 bl bl

W | w/|w|RW|/ RW|RW|RW|RW| up-down flag (address 44:s)

l——Timer A0 up-down flag
Timer A1 up-down flag
Timer A2 up-down flag
Timer A3 up-down flag
Timer A4 up-down flag
Timer A2 two-phase signal processing selection bit
Timer A3 two-phase signal processing selection bit
Timer A4 two-phase signal processing selection bit

Note: This register is cleared to “001¢” at reset.
Use the LDM and STA instructions when writing to bits 5 to 7.

Fig. 2.7.4 Up-down flag register structure

@®Timer Al up-down flags (bits 0 to 4)

These flags are valid in event counter mode when the count up-down flag is selected for up-down
switching factor of counter. When this flag is “0”, the counter of the corresponding timer is decremented.
When this flag is “1”, the counter of the corresponding timer is incremented.

Qde-phase signal processing selection bits (bits 5 to 7)

In event counter mode, these bits select the two-phase pulse signal processing function which controls
the counter using two-phase pulse with their phases shifted by 90 degrees. This is a write-only bit. The
corresponding timer operates with the two-phase pulse signal processing when this bit is set to “1”.
This bit must be set to “0” when the two-phase pulse signal processing function is not used and in
modes other than event counter mode. It is cleared to “0” at reset.

Use the LDM and STA instructions to write to this bit. Do not use the SEB and CLB instructions.

(5) Timer Al mode register

The timer Ai mode register (addresses 5616 to 5A1e) consists of operating mode selection bits, count
source selection bits, and timer function selection bits.

Figure 2.7.5 shows the structure of the timer Ai mode register. The operating mode selection bits and
count source selection bits are described below. The functions of bits 2 to 5 depend on the operating
mode and are described under the description of each operating mode.
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b7 b6 b5 b4 b3 b2 bt bo Timer A0 mode register (address 561s)
Timer A1 mode register (address 571s)
R/W |R/W |R/W|R/W|R/W/|R/W|R/W|RW| Timer A2 mode register (address 581s)
Timer A3 mode register (address 591e)
Timer A4 mode register (address 5Aie)

Operating mode selection bits

00 : Timer mode

01 : Event counter mode

10 : One-shot pulse mode

11 : Pulse width modulation (PWM) mode

{These bits’ functions depend on operating mode.

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f1e)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001¢” at reset.

Fig. 2.7.5 Timer Al mode register structure

@®Operating mode selection bits (bits 0 and 1)
The operating mode selection bits are used to select the timer operating mode. Table 2.7.3 shows the
relationship between the operating mode selection bits and the timer operating modes.

Table 2.7.3 Relationship between operating mode selec-
tion bits and operating modes

b0 Operating mode

0 | Timer mode

1 | Event counter mode

0 | One-shot pulse mode

1 | Pulse width modulation (PWM) mode

.A_AOOZ

@®Count source selection bits (bits 6 and 7)
The count source selection bits are used to select the count source. Table 2.7.4 shows the relationship
between the count source selection bits and the timer count sources.
These bits are ignored in event counter mode.

Table 2.7.4 Relationship between count source selection bits and count sources

b7 | b6 Timer count source Input clock to the counter
f(Xin)=8MHz | f(Xin)=16MHz | f(Xin)=25MHz
0 0 | External clock input frequency divided by 2 (f2) 4MHz 8MHz 12.5MHz
0 1 | External clock input frequency divided by 16 (f1s) 500kHz 1MHz 1.5625MHz
1 0 | External clock input frequency divided by 64 (fe) 125kHz 250kHz 390.625kHz
1 1 | External clock input frequency divided by 512 (fsi2) 15625Hz 31250Hz 48.8281kHz

f(Xiv) : External clock input frequency
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(6) Timer Al Interrupt control register
The timer Ai interrupt control register (addresses 751s to 7916) consists of interrupt priority level se-
lection bits and interrupt request bit. Figure 2.7.6 shows the structure of the timer Ai interrupt control
register. The function of each bit is described below. Use the SEB and CLB instructions when setting
the timer Ai interrupt control register. Refer to section “2.6 Interrupts” for more information.

b7 b6 b5 b4 b3 b2 bt bo Timer AO interrupt control register (address 751s)

G Timer A1 interrupt control register (address 761e)
R/W| R/W | R/W | Timer A2 interrupt control register (address 771e)
Timer A3 interrupt control register (address 781e)
Timer A4 Interrupt control register (address 791e)

Interrupt priority level selection bits
000 : Level 0 (interrupt disabled)
001 : Level 1 Low

010 : Level 2

011 : Level 3

100 : Level 4 Priority

101 : Level 5

110 : Level 6

111 : Level 7 High

Interrupt request bit
0 : No interrupt request
1 : Interrupt request

Note: Bits 4 to 7 are undefined at reading.
Bits 0 to 3 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting the timer Ai interrupt control register.

Fig. 2.7.6 Timer Al interrupt control register structure

@interrupt priority level selection bits (bits 0 to 2)
These bits are used to select the interrupt priority level. They should be set to a level between 1 and
7 when using a timer Ai interrupt. When an interrupt request occurs, this level is compared with the
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed
only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits to “000”
(level 0) to disable only timer Ai interrupt.

@interrupt request bit (bit 3)
This bit is set to “1” when -a timer Ai interrupt request occurs. The interrupt request bit set to “1” is |
cleared to “0” when the interrupt request is accepted. !
This bit can be set or cleared by program.
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(7) Ports P5 and P6 direction registers
The 1/0 pins of timers A0 to A3 are shared with port P5 and the 1/0 pins of timer A4 are shared with
port P6. When using these ports as timer input pins, the corresponding bit in the direction register
must be set to “0” (input mode). When using these ports as timer output pins, these ports function as
timer output pins regardless of the contents of the direction register.
Figure 2.7.7 shows the relationship between port P5 direction register (address 0D1e) and port P6
direction register (address 101s) and timer pins.

b7 b6 b5 b4 b3 b2 bl bo
R/W|R/W |R/W|RW|RW|RW]|RW/|RW,| Port P5 direction register (address 0D1s)

L TAOour pin

TAON pin
TA1our pin
TA1N pin
TA20ur pin
TA2N pin
TA3our pin
TA3 pin

b7 b6 b5 b4 b3 b2 bt bo
R/W | R/W|R/W|RW|R/W|R/W|RW|R/W| Port P6 direction register (address 101s)

l— TAdour pin

TA4N pin
INT pins, Timer B pins

Note: These registers are cleared to “0016” at reset.

Fig. 2.7.7 Relationship between port PS5 and P6 direction registers and timer pins
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2.7.3 Timer mode [timer Al mode register bits 1, 0=“00"]

The timer mode is selected by setting the timer Ai mode register bits 1 and 0 to “00”. When this mode is
selected, bit 5 of the timer Ai mode register must be fixed to “0”. Figure 2.7.8 shows the structure of the
timer Ai mode register in timer mode.

In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the
counter underflows (the contents of the counter reach 00001¢ — reloaded value “n”). The timer dividing ratio
is expressed as follows:

Timer dividing ratio = 1/(n+1)
n: Value set in counter
(value between 000016 and FFFFie)
The following functions can be selected with the timer Ai mode register.

®Gate function
Controls count with the input signal to the TAin pin.

®Pulse output function
Outputs from the TAiour pin, a signal that changes polarity each time the counter underflows.

Timer mode of timers A0 and A2 is also used in pulse output port mode. Refer to section “2.9 Pulse output
function” for more information.

(1) Timer mode operation
First, select the operating mode, pulse output

function, gate function, and count source with ‘

the timer Ai mode register. Next, write an ar-

bitrary value “n” (“n"=00001s to FFFF1e) in the Settimer Ai mode register |
timer Ai register to specify the timer dividing o e A o cion bt (K1, 0 1000
ratio. At the same time, the value “n” is stored ®Select gate function

in the counter and the reload register. When et urce

the count start flag is set to “1” (count enabled), H

the selected count source is input to the counter :

and starts the count operation. Specify timer dividing ratio j
Figure 2.7.9 shows the setting example of the Set value to the timer Al registor

timer mode related registers. :
The contents of the counter are decremented H
by 1 each time the count source is input. When Set the port direction registers j
the counter underflows, the contents of the re- @Set the corresponding bit to TAiw pinto “0” | 1
load register are reloaded into the counter and . :
the interrupt request bit is set to “1”. '

Count operation continues in this manner. The
interrupt request occurs and the interrupt re-
quest bit is set to “1” each time the counter
underflows. Therefore, an interrupt request Count stars.

oceurs at every “n+1" count of the count source. # If the gate function is selected, count starts when the effective
Interrupts must be enabled before they can be level is input to the TAin pin after the above setting.

used. Refer to section “2.6 Interrupts” for more
information. The interrupt request bit remains Fig. 2.7.9 Setting example of the timer mode re-
“1” set until the interrupt request is accepted lated registers

or it is cleared by program.

The contents of the counter can be read at any timing by reading the contents of the timer Ai register
but the contents of the reload register can not be read. In order to change the timer dividing ratio wher
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register
This value is stored in the reload register, and reloaded into the counter at the next reload timing afte:
writing to timer Ai register.

Figure 2.7.10 shows the timer mode operation diagram (neither pulse output nor gate function).

pemecccccen,

( Set the count start flag to “1” )
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b7 b6 b5 b4 b3 b2 bl bo

0 0 0 | Timer Al mode register (in timer mode)

‘—I—Operating mode selection bits

00 : Timer mode

Pulse output function selection bit

0 : No pulse output (TAiour pin functions as nor-
mal 1/0 port.)

1 : Pulse output from TAiour pin.

Gate function selection bits

0X : No gate function (TAiw pin functions as
normal 1/O port.)

10 : Count while TAiw input level is “L”

11 : Count while TAiw input level is “H”
(X="0" or “1)

Fix this bit to “0".

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (fie)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001” at reset.

Fig. 2.7.8 Timer Ai mode register structure in timer mode
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n=reloaded value
FFFF1s Count start Count stop

T LT LT T iCountrestant [ ]
i Underflow g Underflow } — ‘L ¢
' LL] .-

000016

>

Counter contents

Time

Set the count
start flag to “1”

Set the count
start flag to “1”

Clear the count
start flag to “0”

Count start flag )

Timer Ai interrupt
request bit

?

Cleared by accepting the interrupt request or by program

Fig. 2.7.10 Timer mode operation diagram (neither pulse output nor gate function)

[Selection function]

Program selectable gate function and pulse output function are described below. These functions can be
used together.

®Gate function )
The gate function is selected by setting the gate function selection bits of the timer Ai mode register
to “10” or “11”. The gate function controls the starting and stopping of the timer count by the level of
the input signal to the TAin pin. Table 2.7.5 shows the relationship between the gate function selection
bits and the count effective level.
When using the gate function, the corresponding port direction register bit to the TAin pin must be set
to “0” for input mode.

Table 2.7.5 Relationship between gate function selection bits and effective level

Gate function

selection bits Effective level
b4 b3 _
1 0 Count while the input level to the TAin pin is “L”
1 1 Count while the input level to the TAiw pin is “H”
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When the gate function is selected, counting is performed when count source is input to the counter
while the input level to the TAin pin is effective and the count start flag is “1”. No count source is input
and the count stops while the input level is not effective. The contents of the counter are preserved
when the TAin pin input level changes from effective to non-effective. Therefore, counting can resume

when the input level returns to an effective level.

The pulse width of the TAin pin input signal during count interval and count halt interval must be at

least 2 cycles of the selected count source.
Figure 2.7.11 shows the timer operation example when the gate function is selected.

n=reloaded value
FFFF1e /Count start
—Ll """""""""""""""""""""""" 'Ll
1
! - .

Underflow ) -

Counter contents

000016

Time
Set the count
start flag to “1"

Count start flag ;

Input level to Effective level
TAiIN pin  Non-sffective lavel

Timer Ai interrupt “1"
request bit “0

}

Cloared by accepting the interrupt
request or by program

Fig. 2.7.11 Timer operation example when the gate function is selected
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®Pulse output function

The pulse output function is selected by setting the pulse output function selection bit to “1”. When the
pulse output function is selected, a signal that changes polarity each time the counter underflows is
output from the TAiout pin. The TAiour pin is shared with ports P5 and P6. When the pulse output
function is selected, the corresponding port is forced to output mode and functions as the TAiour pin
regardless of the contents of the port direction register. It can be used as a programmable /0 port
once the pulse output function selection bit is set to “0".

When selecting the pulse output function, “L” level is output from the TAiour pin while the count start
flag is “0” and count halted. Therefore, the initial level of the pulse output is always “L".

Figure 2.7.12 shows the timer operation example when the pulse output function is selected.

n=reloaded value
FFFF1e Count start
g N
2 : I_| _Ll "I_l
§ i -, Underflow . ., Underflow .
5 . . po :
5 ; ] ] - -
S = “I_L] _LLl _LLl —L|_|
000016 E + : -
H H 1 Time
' H .
: : :
Count start flag -

Timer Ai interrupt
request bit

L

Cleared by accepting the interrupt request or by program

Fig. 2.7.12 Timer operation exampie when the pulse output function is selected
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[Precautions when using timer mode]

1. The value of the counter while operating can be read at any timing by reading the timer Ai register.
However, if it is read at the reload timing shown in Figure 2.7.13, “FFFF1¢”" is read instead of the reloaded
value. The reloaded value is read if it is read after the timer Ai register is set during timer halted and
before the count source is input and count started.

Reload

Counter contents
(hexadecimal notation) 2|1 1}10|n|n-1
Read value 1 > 1 ]
(hexadecimal notation)

.
n=reloaded value

Fig. 2.7.13 Reading the timer Al register
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2.7.4 Event counter mode [timer Al mode register bits 1, 0=“01"]

The event counter mode is selected by setting the timer Ai mode register bit 1 to “0” and bit 0 to “1”. When
this mode is selected, bit 5 of the timer Ai mode register must be fixed to “0". Figure 2.7.14 shows the
structure of the timer Ai mode register in event counter mode.

In event counter mode, the external clock input to the TAin pin is counted. The counter can be either an
increment counter or a decrement counter according to the up-down flag or the input level to the TAiour
pin. Figure 2.7.15 shows the structure of the up-down flag register.

In increment counter, an interrupt request occurs when the counter overflows (the contents of the counter
reach FFFFis — reloaded value “n”). In decrement counter, an interrupt request occurs when the counter
underflows (the contents of the counter reach 00001 — reloaded value “n”). The timer dividing ratio is
expressed as follows:

®increment counter Timer dividing ratio = 1/(FFFFie—-n+1)

®Decrement counter Timer dividing ratio = 1/(n+1)
n: Value set in counter
(value between 000016 and FFFFis)

In addition, in this mode, the pulse output function and two-phase pulse signal processing function can be
selected by program. Two-phase pulse signal processing function is available only with timers A2, A3, and
A4.

®Puise output function
A signal that changes polarity is output from the TAiour pin each time the counter underflows (dec-
rement counter) or overflows (increment counter).

®Two-phase pulse signal processing function (timers A2 to A4)
Whether to increment or decrement the counter is selected by inputting two-phase pulse with phase
shifted 90 degrees.
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b7 b6 b5 b4 b3 b2 bl bo

X X 0 0 1 Timer Al mode register (in event counter mode)

I——L——Operating mode selection bits

01 : Event counter mode

Pulse output function selection bit
0 : No pulse output
1 : Pulse output from TAiour pin

Count polarity selection bit
0 : Count at the falling edge of the input signal
1 : Count at the rising edge of the input signal

Up-down switching factor selection bit
0 : Contents of the up-down flag
1 : Input signal to the TAiour pin

-{ Fix this bit to *0". |

JlThese bits are ignored (may be “0” or “17).

Note: This register is cleared to “0016” at reset.

Fig. 2.7.14 Timer Al mode register structure in event counter mode

b7 b6 b5 b4 b3 b2 b1 bo

W | W | W [RW|RW|RW]|RW]|RW]| Up-down flag (address 441s)

[

Timer A0 up-down flag
Timer A1 up-down flag
Timer A2 up-down flag
Timer A3 up-down flag
Timer A4 up-down flag

0 : Decrement count
1 : Increment count

Timer A2 two-phase signal processing selection bit

Timer A3 two-phase signal processing selection bit

Timer A4 two-phase signal processing selection bit

0 : Two-phase pulse signal processing function disabled
(TAiour pin functions as normal /O port.)

1 : Two-phase pulse signal processing function enabled

Note: This register is cleared to “001s” at reset.

Fig. 2.7.15 Up-down flag register structure
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(1) Event counter mode operation
First, select the operating mode, count polarity, pulse output function, and up-down switching factor
with the timer Ai mode register. Next, write an arbitrary value “n” (“n"=000016¢ to FFFF1e) in the timer
Ai register to specify the timer dividing ratio. At the same time, the value “n” is stored in the counter
and the reload register. Also set the port direction register bit corresponding to the TAiw pin to “0”

(input mode).

When the count start flag is set to “1” (count enabled), the external clock input to the TAim pin is input
to the counter. The counter operates at the falling edge (when the count polarity selection bit is “0”)
or rising edge (when the count polarity selection bit is “1”) of the input clock.

Whether to increment or decrement the counter can be selected with the up-down flag or the level of
the input signal to the TAiout pin. The contents of the up-down flag are used if the up-down switching
factor selection bit is “0”, and the level of the input signal to the TAiour pin is used if it is “1”.
Figure 2.7.16 shows the setting example of the event counter mode related registers.

®When switching with the contents of the up-
down flag
When the corresponding bit to the up-down flag
is set to “0”, the counter is decremented. When
the corresponding bit to the up-down flag is set
to “1”, the counter is incremented.

@®When switching with the input signal to TAiour
pin
When the input level to the TAiour pin is “L”, the
counter is decremented. When the input level
to the TAiour pin is “H”, the counter is
incremented.
The TAiour pins are shared with port pins.
Therefore, the direction register of the corre-
sponding port pin must be set to “0” (input mode)
when the input level of the TAiour pin is used to
control increment/decrement.
The pulse output function described later can-
not be used when the input signal to the TAiour
pin is used to control increment/decrement.

!

t timer Ai mode register

@Set the operating mode selection bits (bit 1, 0) to “01”
@Select pulse output function

@Select count polarity

@®Select up-down switching factor

CSet bit 5 to “0”

(‘se

v
.
[

Get the up-down flag

@Select up/down count (when the up-down switching
factor selection bit is “0")

\QSeIect two-phase pulse signal processing function

1
.

Specify timer dividing ratio

@Set value to the timer Ai register
H

Set the port direction registers

@Set the corresponding bit to TAiw pin to “0"

®Set the corresponding bit to TAiour pin to “0” (when
the up-down switching factor selection bit or the
two-phase signal processing selection bit is “17)

C Set the count start flag to “1” )

Count starts.

Fig. 2.7.16 Setting example of the event counter
mode related registers
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The count direction can be changed while counting. The count direction changes when the next
effective edge of the count source is input after the contents of the up-down flag change if the up-
down flag is used for up-down switching factor, and after the input level to the TAiour pin changes if
the input signal to the TAiour pin is used for up-down switching factor.

Count operation continues and the counter underflows (decrement count) or overflows (increment
count) at which time an interrupt request occurs and an interrupt request bit is set to “1". Interrupts
must be enabled before they can be used. Refer to section “2.6 Interrupts” for more information. The
interrupt request bit remains “1” set until the interrupt request is accepted or it is cleared by program.
The contents of the counter can be read at any timing by reading the contents of timer Ai register,
but the contents of the reload register cannot be read. In order to change the timer dividing ratio while
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register.
This value is stored in the reload register, and reloaded into the counter at the next reload timing after
writing to timer Ai register.

Figure 2.7.17 shows the event counter mode operation diagram (neither pulse output nor two-phase
pulse signal processing function).

n=reloaded value
FFFF1gf====-==-==smo--ccmcccceecmc oo oo me o me o oo s ms e mm e o

Counter contents
3
c
3
&
=
g

'
'
'
'
'
'
'
'
H 1
'
)
'
'
'
1

000016 ’
'
'
'
'
'
'
'
'
'
'

Time
Set the count
start flag to “1”

Il
»
h
1
1
1
.
Il
'
]
]
]
]
'
'
1
'
1
il
'
]
i
]
]
]
'
1
I
il
1

Count start flag *

Up-down flag “

Timer Ai interrupt “
request bit “0"=

\ f /

Cleared by accepting the interrupt request or by program

# This opreation diagram selects the up-down flag for up-down switching factor.

Fig. 2.7.17 Event counter mode operation diagram (when up-down switching factor selection bit is “0”)
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[Selection function]

Pulse output function and two-phase pulse signal processing function can be selected by program. How-
ever, only timers A2, A3, and A4 can use the two-phase pulse signal processing function. The pulse
output function and the two-phase pulse signal processing function both use the TAiour pin. Therefore,
only one of these functions can be used for each timer at any one time.

®Pulse output function

Pulse output function is selected when the pulse output function selection bit is set to “1”. When this
function is selected, a signal that changes polarity each time the contents of the counter underflow
(decrement count) or overflow (increment count) is output from the TAiour pin.

The TAiour pin is shared with ports P5 and P6. When the pulse output function is selected, the
corresponding port is forced to output mode and functions as the TAiour pin regardless of the contents
of the port direction register. It can be used as a programmable |/O port once the pulse output function
selection bit is set to “0”.

“L” level is output from the TAiour pin while the count start flag is “0” and count disabled. Therefore,
the initial level of the pulse output is always “L".

@Two-phase pulse signal processing function (Timers A2 to A4)

Two-phase pulse signal processing function is selected for timers A2 to A4 when the two-phase signal
processing selection bit is set to “1”. When this function is selected, set the pulse output function
selection bit to “0”, the count polarity selection bit to “0”, and the up-down switching factor selection
bit to “1”. Figure 2.7.18 shows the timer Aj mode register (j=2 to 4) when two-phase pulse signal
processing function is selected.

The TAjour pin is used in input mode and the corresponding port direction register bit must be set to
“0”.

b7 b6 b5 b4 b3 b2 b1 bo

X X 0 1 0 0 0 1 Timer Aj mode register (j=2 to 4)

| l May be “0” or “1”

Fig. 2.7.18 Timer Aj mode register (j=2 to 4) when two-phase pulse signal processing function Is selected
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A timer with two-phase pulse signal processing function selected controls the counter by two-phase
pulse with phase shifted by 90 degrees. There are two types of two-phase pulse signal processing
operation; one for timers A2 and A3 and another for timer A4 (quadruple processing).

<Timers A2 and A3>
The counter is incremented when the rising edge is input to the TAkin (k=2, 3) pin and decremented
when the falling edge is input to the TAkw pin after the level of the TAkour pin changes from “L” to
“H". (Refer to Figure 2.7.19)

<Timer A4>
The counter is incremented at every rising and falling edge of the TA4out and the TA4w pins when
a phase related pulse with the rising edge input to the TA4 pin is input after the level of the TA4our
pin changes from “L” to “H".
The counter is decremented at every rising and falling edge of the TA4our and the TA4in pins when
a phase related pulse with the falling edge input to the TAdour pin is input after the level of the TA4i
pin changes from “H” to “L". (Refer to Figure 2.7.20)

uH"

Thkour, _J L

o
TAKIN
(k=2, 3) “L"
Increment  Increment  Increment Decrement Decrement Decrement

count count count count count count

i ' 1 | ] ]
i ' 1 ' ' '

+1 +1 +1 -1 -1 -1

Fig. 2.7.19 Timers A2 and A3 two-phase pulse signal
processing operation

H \ i
TA4out L
o I \ L | b

Increment count at each edge  Decrement count at each edge
IO Lo
+1 0+ 4+ 1 4 -1 =1 =1 -1 -1

e )
TA4IN
L= — d

Increment count at each édge Decrement count at'each'ed‘ge

A4 44 A4 A g

Fig. 2.7.20 Timer A4 two-phase pulse signal processing'
operation (quadruple processing)
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[Precautions when using event counter mode]

1. The value of the counter while operating can be read at any timing by reading the timer Ai register.
However, if it is read at the reload timing shown in Figure 2.7.21, “FFFF1e” is read at underflow and “000016”
is read at overflow instead of the reloaded value. The reloaded value. is read if it is read after the timer
Ai register is set during timer halted and before the count source is input and count started.

(1) Decrement count (2) Increment count
Reload Reload
(hg‘;gg;;:a;“;,:g;;;‘; 2|l 1|o] n|n-1 (hg’;;::;mg;g;ﬁ FFFD|FFFE|FFFF| n |n+1
Read value Read value
(hexadecimal notation) 2 1 0 n-1 (hexadecimal notation)  |FFFD|FFFE
e
Time
n=reloaded value n=reloaded value

Fig. 2.7.21 Reading the timer Al register

2. All of the following functions uses the TAiour pin. Only one of these functions can be selected for each
timer at any one time.

@®Count control using input signal to TAiout pin
@®Pulse output function
@Two-phase pulse signal processing function (timers A2 to A4)

3. The phase difference of the two-phase pulse used for two-phase pulse processing function (input clocks
to TAjour and TAjin pins) must be the characteristics shown in Figure 2.7.22.

T
TAjN Clock LL T2,13
1 frequency (Min.) (Min.)
8MHz 2us 500ns
16MHz 1us 250ns
TAjout 25MHz | 800ns | 200ns
T2 | T3

Fig. 2.7.22 The characteristics of the two-phase pulse signal
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2.7.5 One-shot pulse mode [timer Ai mode register bits 1, 0="10"]

The one-shot pulse mode is selected by setting the timer Ai mode register bit 1 to “1” and bit 0 to “0”. When
this mode is selected, the timer Ai mode register bit 5 must be fixed to “0” and bit 2 must be fixed to “1”.
Figure 2.7.23 shows the structure of the timer Ai mode register in one-shot pulse mode.

In one-shot pulse mode, “H” level is output for an arbitrary interval from the TAiour pin after a trigger.
The trigger can be either an internal trigger or an external trigger. The internal trigger is occurred by writing
“1" into the one-shot start flag shown in Figure 2.7.24. The external trigger is occurred by the effective edge
of the input signal to the TAin pin with count start flag set to “1”.

Counting starts with a trigger and at the same time, “H” level is output from the TAiour pin. The contents
of the counter are decremented by 1 each time a count source is input. When the contents of the counter
reach “0001:¢” — reloaded value “n”, the output level from the TAiour pin changes to “L” and counting stops.
At this point, an interrupt request occurs.

The width of the output pulse (“H” level width) can be expressed as follows:

“H” level width of pulse output = n/fi [s]
fi: Selected count source frequency
n: Value set in counter
(000016 to FFFF1s during count haited)
(000116 to FFFF16 during count operating)
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b7 b6 b5 b4 b3 b2 b1 b0
0 1 1 0 | Timer Al mode register (in one-shot pulse mode)

|—I—Operating mode selection bits

10 : One-shot pulse mode

Fix this bit to “1”.

Trigger selection bits

0X: Writing operation to the one-shot start flag
(TAiwn pin functions as normal I/O port.)

10 : Falling edge of the input signal to TAiw pin

11 : Rising edge of the input signal to TAiwn pin
(X="0" or “17)

Fix this bit to “0”.

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f1s)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001¢" at reset.

Fig. 2.7.23 Timer Al mode register structure in one-shot pulse mode

b7 b6 b5 b4 b3 b2 b1 bO

W | W /| W[ W | W | One-shot start flag (address 421s)

L]

Timer A0 one-shot start flag

Timer A1 one-shot start flag

Timer A2 one-shot start flag

Timer A3 one-shot start flag

Timer A4 one-shot start flag

Internal trigger is occurred when “1” is written to
this flag.

Note: Bits 5 to 7 are undefined at reading.
Bits 0 to 4 are cleared to “0” at reset.

Fig. 2.7.24 One-shot start flag register structure
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(1) One-shot pulse mode operation
First select the operating mode, trigger occurrence factor, and count source with the timer Ai mode
register. The TAiour pin starts to output “L” level when one-shot pulse mode is selected with the
operating mode selection bits. Next, write an arbitrary value “n” ("n"=000016 to FFFF1e) in the timer Ai
register to set the pulse output width. At this point, “n” is stored in the counter and the reload register.
Count is enabled when the count start flag is set to “1”, and then
If bit 4 of the timer Ai mode register is “0", an internal trigger is occurred by setting the corresponding
bit to each timer in the one-shot start flag to “1”. If bit 4 of the timer Ai mode register is “1”, an external
trigger is selected. When selecting an external trigger, if bit 3 is “0”, a trigger is occurred at the falling
edge of the TAiw pin input signal and if bit 3 is “1”, a trigger is occurred at the rising edge of the TAin
pin input signal. When using an external trigger, the corresponding port direction register bit to the
TAiN pin must be set to “0” (input mode).
Figure 2.7.25 shows the setting example of the one-shot pulse mode related registers.

Set timer Ai mode register

@Set the operating mode selection bits (bit 1, 0) to “10”
®Setbit2to “1"

@Select trigger occurrence factor

®Set bit 5 to 0"

@®Select count source

Set pulse output width
@Set value to the timer Ai register

Selecting external trigger Selecting internal trigger

Set the port direction register ( Set the count start flag to “1” )
@®Set the corresponding bit to TAin pin to “0" H

: ( Writing “1" to the one-shot start flag )
( Set the count start flag to “1” ) |

E Trigger is occurred.

I Effective edge input to TAin pin I

l Count starts.
Trigger is occurred.

Count starts.

Fig. 2.7.25 Setting example of the one-shot puise mode related registers
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When triggered, counting starts and “H” level is output from the TAiour pin. (However, if the timer Ai
register contains “000016”, the TAiour pin level remains at “L” and counting does not start.) The counter
is decremented by 1 each time a count source is input. When the contents of the counter reach 000116
— “n”, the TAiour pin level changes to “L” and counting stops. The “H” width of the output pulse from
the TAiour pin is (count source cycle) x n.

An interrupt request occurs and the interrupt request bit is set to “1” when the TAiour pin level changes
from “H” to “L". Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts”
for more information. The interrupt request bit remains “1” set until the interrupt request is accepted
or it is cleared by program.

If a value is written in the timer Ai register while the counter is operating (“H” level is output from the
TAiout pin), this value is only set in the reload register. It is reloaded into the counter at the next reload
timing. Values other than 000016 can be written while the counter is operating.

If the value of timer Ai register is read, the result is undefined.

Figure 2.7.26 shows the one-shot pulse mode operation diagram (when an external trigger is selected).

Pulse output from “H"

Timer Ai interrupt “1”

n=reloaded value
FFFF1s Count start Count stop
. , Count restart , Count stop
§ n 1] L L R N R —
5 L i
° : : ., Reload 4 : Reload A
£ P = i .
g R | | =
: : ' :
P : ;
[ ' ' !
000116 : E : : E : - -
Setthe count ! ; : : 5 H ime
uqn 1] I ] [ )
start flag to “1 E : : E E E
1 H H ] H '

Count start flag a
“r

Input level to “H"
TAiN pin 4~

11X (n) [s] 176X (n+1) [s]

TAiout pin “«» S

request bit “0”

?

Cleared by accepting the interrupt request or by program

% This operation diagram selects the external trigger (rising edge) for trigger occurrence factor.

Fig. 2.7.26 One-shot puise mode operation (when external trigger is selected)
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The counter stops after completing one cycle of output, and repeats the same operation when the next
trigger is occurred. When the count start flag is “0” (count disabled), “L" level is output from the TAiour
pin.

If another trigger is occurred while counting, the contents of the reload register are transferred to the
counter and decrement continues from that value. In this case, the TAiour pin level becomes “L" at n+1
count after the trigger. The contents of the reload register are transferred to the counter only when
a trigger is occurred while counting. At least one cycle of the timer count source should elapse before
retriggering.

[Precautions when using one-shot pulse mode]
1. If the count start flag is set to “0” while counting, counting stops and the output level of the TAiour pin
becomes “L". At the same time an interrupt request occurs and the interrupt request bit is set to “1”.

2. Values between 000116 and FFFF1e can be written in the timer Ai register while the counter is operating
(While “H” level is output from the TAiour pin).

3. When an external trigger is selected, there may be a time lag between the time the effective edge is input
to TAin pin and the time one-shot pulse is output. This is because the output of one-shot puise is
synchronized with the internal operating clock.

4. When the operating mode is switched described below, the interrupt request bit in timer Ai interrupt
control register is set to “1”.

®When one-shot pulse mode is selected after removing reset.
®When the operating mode is switched from timer mode to one-shot pulse mode.
®When the operating mode is switched from event counter mode to one-shot pulse mode.

Therefore, the interrupt request bit must be cleared to “0” after above switching modes when using timer
Ai interrupt or the interrupt request bit.
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2.7.6 Pulse width modulation (PWM) mode [timer Ai mode register bits 1, 0=11"]

Pulse width modulation mode (hereafter referred to as PWM) is selected by setting the timer Ai mode
register bits 1 and 0 to “11” and timer Ai functions as a pulse width modulator. When this mode is selected,
bit 2 of the timer Ai mode register must be fixed to “1”.

Figure 2.7.27 shows the structure of the timer Ai mode register in PWM mode.

In PWM mode, when a trigger occurs, an arbitrary pulse width signal is output continuously from the TAiour
pin. A 16-bit PWM mode or an 8-bit PWM mode can be selected by program.

@16-bit PWM mode
The counter functions as a 16-bit pulse width moduiator.

@8-bit PWM mode )
The reload register and the counter are both divided into 8-bit halves. The high-order 8 bits of the
counter function as a pulse width modulator and the low-order 8 bits function as a prescaler.

PWM mode of timers A1 and A3 is also used when modulating the pulse width in pulse output port mode.
Refer to “2.9 Pulse output function” for more information.

The trigger is either an internal trigger occurred when the count start flag shown in Figure 2.7.28 is set to
“1” or an external trigger occurred when the effective edge signal is input to the TAi pin with the count
start flag set to “1”. When a trigger occurs, the pulse width modulator starts and pulses are output from
the TAiout pin.

An interrupt request occurs and the interrupt request bit is set to “1” each time the level of the pulse output
changes from “H” to “L",.

When the pulse width modulator starts operation with a trigger, the next trigger is not accepted (pulses are
output continuously).

b7 b6 bS b4 b3 b2 bl bo
R/W|R/W|R/W|[R/W|R/W|R/W|R/W|R/W| Count start flag (address 401s)

L] Timer AO count start flag

Timer A1 count start flag

Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag

In case this flag is set to “1”, an internal trigger is
occurred.

Timer BO count start flag
Timer B1 count start flag
Timer B2 count start flag

Note: This register is cleared to “001¢” at reset.

Fig. 2.7.28 Count start flag register structure
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b7 b6 b5 b4 b3 b2 bl bO
1 1 1 Timer

11

Al mode register (in PWM mode)

|——|——-Qperating mode selection bhits

PWM mode

Fix this bit to “1”.

Trigg
0X:

10 :
1

16/8-

00
01
10 :
11

Note: This register is cleared to “001¢” at reset.

er selection bits

Count start flag

(TAin pin functions as normal I/O port)
Falling edge of the input signal to TAin pin

: Rising edge of the input signal to TAin pin

(X="0" or “1")

bit PWM mode selection bit

0 : 16-bit PWM mode

1 : 8-bit PWM mode

Count source selection bits

: External clock input frequency divided by 2 (f2)

: External clock input frequency divided by 16 (fis)

External clock input frequency divided by 64 (fes)

: External clock input frequency divided by 512 (fs12)

Fig. 2.7.27 Timer Al mode register structure in PWM mode
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(1) PWM mode operation

First, select the operating mode, trigger occurrence factor, 16/8-bit PWM mode, and count source with
the timer Ai mode register. The TAiour pin outputs “L" level when PWM mode is selected with the
operating mode selection bits. Next, write an arbitrary value “n” in the timer Ai register to set the pulse
output width. At this point, “n” is set in the counter and the reload register. Then when a trigger is
occurred, the pulse width modulator starts and pulses are output from the TAiout pin.

When bit 4 of the timer Ai mode register is “0”, an internal trigger is occurred each time the corre-
sponding bit to each timer in the count start flag is set to “1”. If bit 4 of the timer Ai mode register
is “17, an external trigger is selected. When selecting an external trigger, if bit 3 is “0”, the trigger is
occurred at the falling edge of the input signal to the TAin pin with count start flag set to “1” and if
bit 3 is “1”, the trigger is occurred at the rising edge of the input signal to the TAin pin with count start
flag set to “1”. When using an external trigger, set the corresponding port direction register bit to the
TAin pin to “0” (input mode).

A pulse width modulator continuously outputs pulses when it starts operation. An interrupt request
occurs and the interrupt request bit is set to “1” each time the level of the pulse output changes from
“H” to “L". Interrupts must be enabled before they can be used. Refer to “2.6 Interrupts” for more
information. The interrupt request bit remains “1” set until an interrupt request is accepted or it is
cleared by program.

If a value is written in the timer Ai register while the counter is operating, the value is set only in the
reload register. It is reloaded into the counter next time the level of the pulse output changes from “L”
to “H".

If the value of the timer Ai register is read, the result is undefined.

In order to stop the pulse width modulator, count start flag must be cleared to “0”. At the same time,
the output level of TAiout pin becomes “L”.

The 16-bit PWM mode and 8-bit PWM mode operations are described below.
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[16-bit PWM mode]
16-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to “0”. In this mode, the
period and width of the pulse output from the TAiour pin can be expressed as follows:

Puise output period = (1/fi) X (2'*-1) [s]
Pulse output “H” width = (1/fi) X n [s]
fi. Frequency of selected count source [Hz]
n: Value set in counter
(value between 000016 and FFFEe)

Figure 2.7.29 shows an example of an output waveform in 16-bit PWM mode. An interrupt request occurs
and the interrupt request bit is set to “1” each time the level of the pulse output signal changes from “H”
to “L”.

The “H” level width of the pulse output can be changed while the pulse width modulator is operating
(outputting the pulse signal) by writing a value in the timer Ai register. This value is written in the reload
register and reloaded into the counter next time the level of the pulse output changes from “L” to “H".
Therefore, the pulse width changes from the pulse period following the pulse period being output when
the value was written.

1/ X (2%-1) [s]

Selected count i i
source fi a0 HE

Input level to
TAin pin ,,

il
ll
'
il
'
]

——————— 1/fiX(n) [s]

Pulse output from
TAiout pin ,,

sk This is an output example in case the contents of the reload register are 000316 and the external
trigger (rising edge) is selected for trigger occurrence factor.

Fig. 2.7.29 16-bit PWM mode output waveform example

[8-bit PWM mode]

8-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to “1”. In this mode, the
reload register and the counter are divided into 8-bit halves. The high-order 8 bits of the counter function
as an 8-bit puise width modulator and the low-order 8 bits function as a prescaler.

The prescalar counts the clock selected with the count source selection bit. The prescalar is decremented
and an underflow signal is occurred when its contents reach 0016 — “m” (“m” = value set in low-order 8
bits of the reload register). The contents of the reload register are reloaded into the prescalar and
counting continues. The pulse width modulator (high-order 8 bits of the counter) counts the underflow
signal occurred by the prescalar. The period and width of the pulse output from the TAiout pin can be
expressed as follows:

Pulse output period = (1/fi) X (m+1) X (28-1) [s]
Pulse output “H” width = (1/fi) X (m+1) X n [s]
fi : Frequency of selected count source [Hz]
n :Value in the high-order 8 bits of the counter
(Value between 0016 and FEis)
m: Value in the low-order 8 bits of the counter
(Value between 0016 and FFie)
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Figure 2.7.30 shows an output waveform example in 8-bit PWM mode. In 8-bit PWM mode, when a trigger
occurs, pulse output starts at the set pulse period after “L” level with the width equal to the “H” level of
the set pulse is output.

An interrupt request occurs and the interrupt request bit is set to “1” each time the level of the pulse output
changes from “H” to “L". '

The “H" level width of the pulse output can be changed while the pulse width modulator is operating
(outputting the pulse signal) by writing a value in the timer Ai register. This value is written in the reload
register and reloaded into the counter next time the level of the pulse output changes from “L" to “H".
Therefore, the pulse width changes from the pulse period following the pulse period being output when
the value was written.

1/ X (ma+1) X (28-1) [s]

'
]
-
b
]

i

i
W

o)

Input level to TAi pin .

Underflow signal *H"
from prescaler ., .

Pulse output from *H
TAiout pin o i nig s e sninliiaiis s s i s ks i alis

s The setting conditions of this output example are as follows:
®High-order 8 bits of counter=0216
®Low-order 8 bits of counter=0216
®Trigger occurrence factor : External trigger (falling edge)

Fig. 2.7.30 8-bit PWM mode output waveform example

[Precautions when using PWM mode]

1. If the count start flag is set to “0” while counting (pulse width modulator is operating), counting stops and
the output level of the TAiour pin becomes “L”. At the same time an interrupt request occurs and the
interrupt request bit is set to “1”.

2. When the operating mode is switched described below, the interrupt request bit in timer Ai interrupt
control register is set to “1”.

®When PWM mode is selected after removing reset.
®When the operating mode is switched from timer mode to PWM mode.
@®When the operating mode is switched from event counter mode to PWM mode.

Therefore, the interrupt request bit must be cleared to “0” after above switching modes when using timer
Ai interrupt or the interrupt request bit.
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2.8 Timer B
Timer B consists of three 16-bit timers (timers B0 to B2). Timers B0 to B2 operate independently and each
can operate in one of three different modes.

2.8.1 Timer B description
Timer Bi (i=0 to 2) has three operating modes as described below. These timers have identical functions.
The input pins (TBiwn) of these timers are shared with ports P6s—P67.

@Timer mode
This mode counts the selected internal clock. The counter is decremented by 1 each time a count
source (selected clock) is input and a timer Bi interrupt request occurs when the contents of the counter
reach 00001¢ — reloaded value “n” (hereafter referred to as underflow).

@®Event counter mode ;
This mode counts the external clock input to the TBi pin. The counter is decremented by 1 each time
a clock is input and a timer Bi interrupt request occurs when the counter underflows.

@®Pulse period/pulse width measurement mode
In this mode, the period or the pulse width of the input signal to the TBin pin is measured.

2.8.2 Block description
Figure 2.8.1 shows the block diagram of timer Bi. It is followed by the description of the timer Bi related
registers.

Count source selection bits

f16 —o0 '\

fesa ——o
fsiz2——o

Data bus {even)

(Low-order 8 bits) (High-order 8 bits)

SZ b

eload register

Timer mode I R (16)
Pulse period/pulse width T T )
measurement mode & H ‘1:
t— L | 2
Polarity switching 2L S Interrupt
TBin O—] and edge pulse Counter (16) request bit
generating circuit Event counter mode
Overflow

Counter reset circuit

Fig. 2.8.1 Timer Bi block diagram
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(1) Counter and reload register (timer Bl register)

Timer Bi counter and reload register consist of 16 bits. The counter counts the selected count source.
In timer mode and event counter mode, the contents of the counter are decremented by 1 each time
a count source is input. The reload register is used to store the initial value of the counter. The
contents of the counter change each time a count source is input, but the contents of the reload
register remain unchanged. The contents of the reload register are reloaded into the counter when the
counter underflows. In pulse period/pulse width measurement mode, the contents of the counter are
incremented by 1 each time a count source is input to the counter. The result of measuring the pulse
signal is transferred to the reload register. Values are stored in the counter and the reload register
by writing to the timer Bi register.

Table 2.8.1 shows the memory allocation of the timer Bi register.

Table 2.8.1 Timer Bi register memory allocation

Timer Bi register |High-order byte | Low-order byte

Timer BO register | Address 5116 | Address 5016

Timer B1 register | Address 5316 | Address 521

Timer B2 register | Address 5516 Address 5416

In timer mode and event counter mode, the value written in the timer Bi register when the timer is not
operating is stored in the counter and reload register. The value written in the timer Bi register when
the timer is operating is stored only in the reload register. In this case, the updated value is transferred
to the counter during next reload. When the timer Bi register is read, the counting value (value in the
counter) is read. When the timer Bi register is read in pulse period/pulse width measurement mode,
the pulse width or the pulse period measurement result is read.

The value of the timer Bi register is undefined at reset. Therefore, at first the counter and the reload
register must be initialized when using timer Bi in timer mode or event counter mode.

(2) Count start flag

The count start flag (address 401s) separately controls starting/stopping of each timer. Each bit cor-
responds to one of the timers.

When this flag is set to “1", a count source is input to the counter. When this flag is set to “0”, a count
source input to the counter is disabled.

Figure 2.8.2 shows the structure of the count start flag.

b7 b6 bS5 b4 b3 b2 bl bO

R/W|R/W|R/W|R/W|RW]|RW]|RW]|RW/| Count start flag (address 401s)

‘—Timer A0 count start flag
Timer A1 count start flag
Timer A2 count start flag
Timer A3 count start flag
Timer A4 count start flag
Timer BO count start flag
Timer B1 count start flag
Timer B2 count start flag
Note: This register is cleared to “001¢" at reset.

Fig. 2.8.2 Count start flag register structure
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(3) Timer Bl mode register
The timer Bi mode register (addresses 5B1s to 5D16) consists of operating mode selection bits, count
source selection bits and bits that have different function by operating modes.
Figure 2.8.3 shows the structure of the timer Bi mode register. The operating mode selection bits and
count source selection bits are described below. The function of bits 2, 3 and 5 depend on the
operating mode and are described under the description of each operating mode.

b7 b6 b5 b4 b3 b2 b1 bo
RW|RW| R

Timer BO mode register (address 5Bis)
R/W| R/W| R/W| R/'W | Timer B1 mode register (address 5Cis)
Timer B2 mode register (address 5D1e)

Operating mode selection bits

00 : Timer mode

01 : Event counter mode

10 : Pulse period/pulse width measurement mode

These bits’ functions depend on operating mode.

This bit is used in the pulse period/pulse width
measurement mode (refer to Figure 2.8.11).

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f16)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: Bit 4 is undefined at reading.
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset.
Bit 5 is set to “1” at reset.

Fig. 2.8.3 Timer Bi mode register structure
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@®Operating mode selection bits (bits 0 and 1)
The operating mode selection bits are used to select the timer operating mode. Table 2.8.2 shows the
relationship between the operating mode selection bits and the timer operating modes.

Table 2.8.2 Relationship between operating mode selection
bits and operating modes

Operating mode

Timer mode
Event counter mode
Pulse period/pulse width measurement mode

alojo|E
ol=lolg

®Count source selection bits (bits 6 and 7)
The count source selection bits are used to select the count source. Table 2.8.3 shows the relationship
between the count source selection bits and the timer count sources.
These bits are ignored in event counter mode.

Table 2.8.3 Relationship between count source selection bits and count sources

. Input clock to the counter
b7 |b6 Timer count source T(X)=8MHZ [f(X)=16MHz | {(Xn)=25MHz
0 | 0 |External clock input frequency divided by 2 (f2) 4MHz 8MHz 12.5MHz
0 | 1 |External clock input frequency divided by 16 (f1e) 500kHz 1MHz 1.5625MHz
1 [ 0 |External clock input frequency divided by 64 (fes) 125kHz 250kHz | 390.625kHz
1 | 1 |External clock input frequency divided by 512 (fs12) 15625Hz 31250Hz | 48.8281kHz

f(Xiv) : External clock input frequency
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(4) Timer BI interrupt control register

The timer Bi interrupt control register (addresses 7As to 7C1e) consists of interrupt priority level se-
lection bits and interrupt request bit. Figure 2.8.4 shows the structure of the timer Bi interrupt contro!
register. The function of each bit is described below. Use the SEB and CLB instructions when setting
the timer Bi interrupt control register.

Refer to section “2.6 Interrupts” for more information.

b7 b6 b5 b4 b3 b2 bt b
o Timer BO Interrupt control register (address 7A1s)

{1 R'W |\ R/W | R/'W | R/W | Timer B1 interrupt control register (address 7Bi1s)
; Timer B2 interrupt control register (address 7Cis)

Interrupt priority level selection bits
000 : Level 0 (interrupt disabled)
001 : Level 1 Low

010 : Level 2

011 : Level 3

1C0 : Level 4 Priority

101 : Level 5

110 : Level 6

111 : Level 7 High

Interrupt request bit
0 : No interrupt request
1 : Interrupt request

Note: Bits 4 to 7 are undefined at reading.
Bits 0 to 3 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting timer Bi interrupt control register.

Fig. 2.8.4 Timer BI interrupt control register structure

®Interrupt priority level selection bits (bits 0 to 2)

These bits are used to select the interrupt priority level. They should be set to a level between 1 and
7 when using a timer Bi interrupt. When an interrupt request occurs, this level is compared with the
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed
only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits to “0C0”
(level 0) to disable only timer Bi interrupt.

®interrupt request bit (bit 3)

This bit is set to “1” when a timer Bi interrupt request occurs. The interrupt request bit set to “1” is
cleared to “0” when the interrupt request is accepted.

This bit can be set or cleared by program.
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(5) Port P6 direction register

Timers B0 to B2 input pins are shared with port P6. When using these ports as timer input pins, the

corresponding bit in the direction register must be set to “0” (input mode).

Figure 2.8.5 shows the relationship between the port Pé direction register (address 101¢) and timer

pins.

b7

bé

bS

b4

b3

b2

b1

b0

R/W

R/W

R/W

R/W

R/IW

R/W

R/W

R/IW

Port P6 direction register (address 101e)

L TA4our pin

TA4n pin
INTo pin

INT: pin

INT2 pin

TBOw pin

TB1v pin

TB2w pin

Note: This register is cleared to “001¢” at reset.

Fig. 2.8.5 Relationship between port P6 direction register and timer pins
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2.8.3 Timer mode [timer Bi mode register bits 1, 0=“00"]

Timer mode is selected by setting the timer Bi mode register bits 1 and 0 to “00". When this mode is
selected, bits 2 and 3 may be “0” or “1” because they are ignored. Bit 5 is also ignored. It cannot be written
and is undefined at reading. Figure 2.8.6 shows the structure of the timer Bi mode register in timer mode.
In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the
counter underflows (the contents of the counter reach 00001¢ — reloaded value “n”). The timer dividing ratio
is expressed as foiiows:

Timer dividing ratio = 1/(n+1)
n: Value set in counter
(value between 000016 and FFFFis)

b7 b6 b5 b4 b3 b2 bl b
X - X | X | 0 | 0 |Timer Bi mode register (in timer mode)

Operating mode selection bits
GO : Timer mode

These bits are ignored (may be “0” or “1”).

This bit is ignored (this bit cannot be written and
is undefined at reading).

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f1e)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs:2)

Note: Bit 4 is undefined at reading.
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset.

Bit 5 is set to “1” at reset, however, it is undefined at reading when operating in the timer
mode.

Fig. 2.8.6 Timer Bi mode register structure in timer mode
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(1) Timer mode operation
First, select the operating mode and count source with the timer Bi mode register. Next, write an
arbitrary value “n” (“n"=00001e to FFFFw) in the timer Bi register to specify the timer dividing ratio. At
the same time, the value “n” is stored in the counter and the reload register.

When the count start flag is set to “1” (count enabled), the selected count source is input to the

counter and starts the count operation.

Figure 2.8.7 shows the setting example of the
timer mode related registers.

The contents of the counter are decremented
by 1 each time the count source is input. When
the counter underflows, the contents of the re-
load register are reloaded into the counter and
the interrupt request bit is set to “1”.

Count operation continues in this manner. The
interrupt request occurs and the interrupt re-
quest bit is set to “1” each time the counter
underflows. Therefore, an interrupt request
occurs at every “n+1” count of the count source.
Interrupts must be enabled before they can be
used. Refer to section “2.6 Interrupts” for more
information. The interrupt request bit remains
“1" set until the interrupt request is accepted
or it is cleared by program.

The contents of the counter can be read at
any timing by reading the contents of the timer
Bi register, but the contents of the reload reg-
ister can not be read. In order to change the
timer dividing ratio when the timer is operating,
a 16-bit update value must be written simulta-

Set timer Bi mode register
@Set the operating mode selection bits (bit 1, 0) to “00”
@Select count source

Specify timer dividing ratio
@Set value to the timer Bi register

C Set the count start flag to *1” )

Count starts.

Fig. 2.8.7 Setting example of the timer mode re-
lated registers

neously in the timer Bi register. This value is stored in the reload register, and reloaded into the
counter at the next reload timing after writing to timer Bi register.
Figure 2.8.8 shows the timer mode operation diagram.
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FFEFye N=reloaded value

Count start Count stop
N p——v——peccccccccccec e e ccccaccnncae e r—— bomema B L L T LT
@ H : i Count restart | |
€ i Underfiow Underflow —> -
< : - 4 - 4 :
8 : - - : :
[} ' ' ] H '
€ : ! 1
3 ! H H
3 : I—l I—| P
000016 + : } -
: i oo i Time
! Setth oo '
! f?:; t:.f? unt start Clear the count start ; ! fsl‘et the"c?unt start
: flag to 0" ! : flag to
' H E

Count start flag "
0

Timer Bi interrupt “1”
request bit 0"

| T

Cleared by accepting the interrupt request or by program

Fig. 2.8.8 Timer mode operation diagram
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2.8.4 Event counter mode [timer Bi mode register bits 1, 0=“01"]

The event counter mode is selected by setting the timer Bi mode register bit 1 to “0” and bit 0 to “1”. When
this mode is selected, bits 6 and 7 may be “0” or “1” because they are ignored. Bit 5 is also ignored. It
cannot be written and is undefined at reading. Figure 2.8.9 shows the structure of the timer Bi mode
register in event counter mode. -

In event counter mode, the external clock input to the TBiw pin is counted. The counter is decremented
each time an effective edge is input and an interrupt request occurs when the counter underflows (the
contents of the counter reach 000016 — reloaded value “n”).

The timer dividing ratio is expressed as follows:

Timer dividing ratio = 1/(n+1)
n: Value set in counter
(value between 000016 and FFFF1s)

b7 b6 b5 b4 b3 b2 bt b0
X | X | X . 0 1 | Timer Bl mode register (in event counter mode)

Operating mode selection bits
01 : Event counter mode

Count polarity selection bits

00 : Count at the falling edge of the input signal
01 : Count at the rising edge of the input signal
10 : Count at both edges of the input signal

This bit is ignored (this bit cannot be written and
is undefined at reading).

IlThese bits are ignored (may be “0” or “1”).

Note: Bit 4 is undefined at reading.
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset.
Bit 5 is set to “1” at reset, however, it is undefined at reading when operating in the event
counter mode.

Fig. 2.8.9 Timer Bi mode register structure in event counter mode
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(1) Event counter mode operation

First, select the operating mode and the effective edge of the count source with the timer Bi mode
register. Next, write an arbitrary value “n” (“n"=00001s to FFFF1e) in the timer Bi register to specify the
timer dividing ratio. At the same time, the value “n” is stored in the counter and the reload register.
Also, set the corresponding port P6 direction register bit to TBi pin to “0" (input mode). When the
count start flag is set to “1” (count enabled), the effective edge of the input signal to TBin pin is detected
and count operation starts.

Table 2.8.4 shows the relationship between the count polarity selection bits and the effective edge of
the count. Figure 2.8.10 shows the setting example of the event counter mode related registers.

Table 2.8.4 Relationship between count polarity

selection bits and effective edge

b2 Count effective edge

0 | Falling edge of input signal

1 | Rising edge of input signal

—lolo|d

0 | Both edges of input signal

The contents of the counter are decremented by 1 each time an effective edge is input. When the
counter underflows, the contents of the reload register are reloaded into the counter and the interrupt
request bit is set to “1”. The count operation continues in this manner and an interrupt request occurs
and the interrupt request bit is set to “1” each time the counter underflows. Therefore, a timer Bi

AV
interrunt request cccurs at every “n+1" count

of the count source. Interrupts must be enabled
before they can be used. Refer to section “2.6 ‘

Interrupts” for more information. The interrupt

request bit remains “1” set until the interrupt Set timer Bi mode register

request is accepted or it is cleared by pro- @Set the operating mode selection bits (bit 1, 0) to “01”
gram. @Salect count polarity

The contents of the counter can be read at T

any timing by reading the contents of timer Bi i

register, but the contents of the reload register (Spedfy timer dividing ratio )

can not be read. @®Set value 1o the timer Bi register
In order to change the timer dividing ratio when Y

the timer is operating, a 16-bit update value 1

must be written simultaneously in the timer Bi Set the port P6 direction register

register. This value is stored in the reload reg- @Set the corresponding bit to TBim Pi"m‘o')
ister, and reloaded into the counter at the next H

reload timing after writing to timer Bi register.

The operation in event counter mode is iden- ( Set the count start flag to *1” )
tical to that of the timer mode except that an

external clock input to the TBiw pin is counted. 1

Refer to “Figure 2.8.8 Timer mode operation

diagram” about an operation diagram. Count starts.

Fig. 2.8.10 Setting example of the event counter
mode related registers
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2.8.5 Pulse period/pulse width measurement mode [timer Bi mode register bits 1, 0=“10"]

The pulse period/pulse width measurement mode is selected by setting the timer Bi mode register bit 1 to

“1” and bit 0 to “0". The difference between pulse period measurement and pulse width measurement is
- the effective edge of the input signal determining the count term.

@®Pulse period measurement
Pulse period is measured by counting during the period between the falling edge and the next falling
edge or between the rising edge and the next rising edge of the input signal to the TBin pin.

@Pulse width measurement
Pulse width is measured by counting during the period between the falling edge and the next rising edge
or between the rising edge and the next falling edge of the input signal to the TBin pin.

Figure 2.8.11 shows the structure of the timer Bi mode register in pulse period/pulse width measurement
mode.

(1) Pulse period /pulse width measurement mode description
First, select the operating mode, whether to measure the pulse period or width, and count source with
the timer Bi mode register. Set the corresponding port P6 direction register bit to TBiw pin to “0” (input
mode). When the count start flag is set to “1” (count enabled), the selected count source is input to
the counter and count operation starts. The counter is incremented by 1 each time a count source is
input.
The contents of the counter are transferred to the reload register when an effective edge is input to
the TBi pin. Then the counter is cleared to 00001e. The count operation continues and the contents
of the counter are transferred to the reload register again when the next effective edge is input to the
TBiv pin. Then the counter is cleared to 00001s. At the same time, an interrupt request occurs and the
interrupt request bit is set to “1”. The measured result can be obtained by reading the timer Bi register
because the contents of the reload register are read. An interrupt request does not occur and an
undefined value is transferred to the reload register at the first effective edge after setting the count
start flag to “1".
The interval between the falling edge and the rising edge or between the rising edge and the falling
edge of the input signal to the TBiw pin must be at least 2 cycles of the selected count source. When
measuring the pulse width of a signal other than 50% duty, whether the result (contents of the reload
register) is “H” level width or “L" level width must be determined with program.
Table 2.8.5 shows the relationship between measurement mode selection bits and measured intervals.

Table 2.8.5 Relationship between measurement mode selection bits and measured Intervals

b3 | b2 | Measurement mode Measured intervals
0jo0 Between the falling edge and the falling edge of the input signal

0 | 1 | Pulse period Between the rising edge and the rising edge of the input signal

Between the falling edge and the rising edge, and between the rising
edge and the falling edge of the input signal

1 0 | Pulse width
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In this mode, an interrupt request also occurs when the contents of the counter reach FFFFis — 000016
(hereafter referred to as overflow) in addition to the effective edge. The timer Bi overflow flag is used
to determine the cause of interrupt in pulse period/pulse width measurement mode whether an over-
flow of the counter or an effective edge. When an overflow occurs, the timer Bi overflow flag is set
to “1”. Therefore, the cause of interrupt request must be determined in the interrupt service routine
by checklng the timer Bi overﬂow flag

‘1 Th|s tlag is a read -only flag and set to “1” at reset.
The timer Bi overflow flag must be used to determine the cause of interrupt request and must not be
used to detect the overflow timing of the counter. Interrupt request bit must be used to detect the
overflow timing of the counter.
Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor-
mation. The interrupt request bit remains “1” set until the interrupt request is accepted or it is cleared
by program.
Figure 2.8.12 shows the pulse period/pulse width measurement mode operation diagram in pulse
period measurement mode. Figure 2.8.13 shows the pulse period/pulse width measurement mode
operation diagram in pulse width measurement mode.

b7 b6 bS b3 b2 b1 b0

-

b4
- 1 | o |Timer BI mode register
{in pulee period/nulse width measurement mode)

Operating mode selection bits
10 : Pulse period/pulse width measurement mode

Measurement mode selection bits

00 : Pulse period measurement mode (between the falling
edge and the falling edge of the input signal)

01 : Pulse period measurement mode (between the rising
edge and the rising edge of the input signal)

10 : Pulse width measurement mode (between the falling edge
and the rising edge, and between the rising edge and
the falling edge of the input signal)

Timer Bi overflow flag
0 : No overflow
1 : Overflow

Count source selection bits
00 : External clock input frequency divided by 2 (f2)
01 : External clock input frequency divided by 16 (fis)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)
Note: Bit 4 is undefined at reading.

Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset.

Bit 5 is set to “1” at reset. The bit 5 set to “1” is cleared to “0” when writing to this register
while corresponding count start flag is “1".

Fig. 2.8.11 Timer Bi mode register structure in pulse period/puise width measurement mode
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Selected count
source fi

Input signal to *
TBiN pin = =

Transferred timing of
Reload register - Counter

Cleared timing of
Counter + “000016”

Count start flag )

Timer Bi interrupt “1",
request bit

Timer Bi “
overflow flag
This operation diagram measures between the falling edge and the falling edge of the input signal.

Fig. 2.8.12 Pulse period/pulse width measurement mode operation diagram in pulse period measurement mode

S reumet LTI uuyunu
source fi

Input signal to “H"
TBimn pin o=

iTransfer ine (m.:um’::tef (- 1 Transfer !
undefined value) "\ i measured,
Transferred timimg of ( N vaie) "\ vauo] "\
Reload register +- Counter

Cleared timing of
Counter «“000016¢"

Count start flag Ty

Timer Bi interrupt “1
request bit o

} }

Cleared by accepting the interrupt request or by program

Timer Bi “
overflow flag “o

Fig. 2.8.13 Puise period/pulse width measurement mode operation diagram in pulse width measurement mode
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[Precautions when using timer B]

1. The value of the counter while operating in timer mode or event counter mode can be read at any timing
by reading the timer Bi register. However, if it is read at the reload timing shown in Figure 2.8.14, “FFFF1s"
is read instead of the reloaded value. The reloaded value is read if it is read after the timer Bi register
is set during timer halted and before the count source is input and count started.

Reload

Counter contents
(hexadecimal 2 1
notation)

Read value
(hexadecimal 2 1
notation)

n=reloaded value Time

Fig. 2.8.14 Reading the timer BI register

2. Interiupi request occurs by two causes in pulse period/pulse width measurement mode. These interrupts
use the same interrupt vector address of timer Bi.
Two factors are follows.

@Completing the measurement of the pulse period/pulse width
@®Overflow of the counter

3. The timer Bi overflow flag of the timer Bi mode register in pulse period/pulse width measurement mode
must be used to determine the cause of interrupt. Interrupt request bit of the timer Bi interrupt control
register must be used to detect the overflow timing of the counter.

The timer Bi overflow flag set to “1” is cleared to “0” when writing to the timer Bi mode register while
corresponding count start flag is “1”. This flag is set to “1” at reset.

4. In pulse period/pulse width measurement mode, an undefined value is transferred to the reload register
at the first effective edge after setting the count start flag to “1” and count starts. An interrupt request
does not occur at the first effective edge.
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2.9 Pulse output function

The M37732 group is equipped with a pulse output function using timer A. The mode using the puise output
function is called the pulse output port mode. Pulse output port mode controls two 4-bit pulse output ports
using timers A0 and A2.

The pulse output function of M37730 group is different from it of M37732 group described this section in
points of the pulse output pins structure and pulse output control. Refer to “CHAPTER 8. M37730 GROUP”
for more information.

2.9.1 Pulse output function overview

Pulse output port mode is divided into two waveform output modes: RTP0O which controls a 4-bit pulse
output port with timer A0 and RTP1 which controls it with timer A2.

When using a pulse output port mode, timers A0 and A2 must be operated in timer mode. The pulse output
pins (RTP0o~RTPO0s) for RTPO are shared with ports P50c—P53 and the pulse output pins (RTP10~RTP1s) for
RTP1 are shared with ports P5:—P57. Set the output data in pulse output data registers 0 and 1. When the
control timers A0 and A2 underflow (contents of counter change from 000016 — reloaded value n), the
contents of pulse output data registers 0 and 1 at that point are output from pulse output pins.

Pulse width modulation can be performed for RTPO using timer A1 and for RTP1 using timer A3. In
addition, for RTPO, the contents of pulse output data register 0 can be selected to output inverted (negative
polarity pulse) by program.

Table 2.9.1 shows the overview of pulse output function.

Table 2.9.1 Pulse output function overview

Pulse output port mode
Waveform output mode RTPO RTP1
Control timer Timer AQ Timer A2
Pulse output pin RTP0c—RTPO03 (ports P50c—P53) RTP10—RTP1s (ports P5:—P57)
Register for setting pulse data | Pulse output data register 0 Pulse output data register 1
Pulse width modulation Possible (timer A1 is used) Possible (timer A3 is used)
Negative polarity pulse output function | Possible Impossible
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2.9.2 Block description

Figure 2.9.1 shows the block diagram for the pulse output port mode. The pulse output port mode related

registers are described below.
Figure 2.9.2 shows the port P5 output control circuit.

Pulse width modulation selection bits
(address 621s bits. 4, 5)

Timer A3 pulse width D
modulation output

Timer A1 pulse "’“"‘_Do:D——
modulation output

Pulse output data register 1

4 (address 64‘9__

b3 DTa —D———D————o P57 (RTP13)
_____ b2—Ib a D O PS5 (RTP12)
b1 D Q “"D———————D——O P5s (RTP1)
] T ol—p @ —D D O P5¢(RTP19)
3] 18 —
2] [/}
3 3
§ § 3]—p_q ——D——D— D0 ps:(RTPOY)
b2 D Q T OD—9D— D0 P5:(RTPO)
ﬂﬂ D Q —D—1pD—>———0 P51 (RTPOY)
i DyQ ID—D———O P50(RTP0o)
Pulse output data register 0
RTPO polarity selection bit
(address 6216 bit 3)

Fig. 2.9.1 Pulse output port mode block diagram
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@ P54/TAOouT/RTP00, P52/TA10ut/RTPO2, P54/ TA20ut/RTP 10, PS6/TA30ut/RTP12

Timer Ai mode register (addresses 561s to 5916) bit 2 (Note 2)

(pulse output selection)
T T

Pulse output—
Timer A output—

Input-<-

Waveform output mode register (address 621e) bits 0, 1 (Note 1)
(RTP1, RTPO selection)

@ P5/TAONRTPO1, P53/ TA1IWRTPOs, P5s/TA2:RTP11, P5//TA3IWRTP 13

Waveform output mode register bits 0, 1 (Note 1)
(RTP1, RTPO selection)

Note 1: P50-P5s are bit 1, P5«~P57 are bit 0.
Note 2: Timer Ai mode register bit 2 corresponding to each port.

Fig. 2.9.2 Port P5 output control circuit
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(1) Counter and reload register (timer AO to A3 registers)
In pulse output port mode, timers A0 and A2 must be used in timer mode to control the pulse output.
When modulating these pulse outputs, timers A1 and A3 must be used in puise width modulation
mode.
Timer Ai (i=0 to 3) counter and reload register consist of 16 bits. The counter counts the selected
count source and its contents are decremented by 1 each time a count source is input. The reload
register is used to store the initial value of the
counter. The contents of the reload register are  Jable 2.9.2 Timer Ai register memory allocation
reloaded into the counter when the counter Timer Ai register |High-order byte |Low-order byte
underflows. Timer AO register | Address 47:1¢ | Address 461s
The contents of the counter change each time  Timer A1 register| Address 491¢ | Address 4816
a count source is input, but the contents of the _Timer A2 register | Address 4Bis | Address 4Aie
reload register remain unchanged. Timer A3 register | Address 4D+e | Address 4C1e
Values are stored in the counter and reload
register by writing to the timer Ai register. Table 2.9.2 shows the memory allocation of timer Ai
register. The value written in timer Ai register when the timer is not operating is stored in the counter
and reload register. The value written in timer Ai register when the timer is operating is stored only
in the reload register. In this case, the updated value is transferred to the counter during next reload.
If the timer Ai register is read, the result depends on the operating mode. Table 2.9.3 shows results
of timer Ai register read and write.
The value of the timer Ai register is undefined at reset. Therefore, at first the counter and the reload
register must be initialized when using timer Ai.

Table 2.9.3 Timer Al reglster read and write
Mode Read | Write

. . . Timer operatin
Timer mode (timers A0 and A2) | Read timer counting value < Write t: reloag>register

Pulse width modulation mode Read undefined val <Timer halted>
(timers A1 and A3) | ad undeiined value Write to reload register and counter

(2) Count start flag
The count start flag (address 4016) separately controls the starting/stopping of each timer. Each bit
corresponds to one of the timers.
When this flag is set to “1”, a count source is input to the counter. When this flag is set to “0”, a count
source input to the counter is disabled. '
Figure 2.9.3 shows the structure of the count start flag register.

b7 b6 b5 b4 b3 b2 bl bo

R/W|R/W|R/W|R/W|R/W|R/W|R/W|R/W| Count start flag (address 401s)

L Timer AO count start flag
Timer A1 count start flag
Timer A2 count start flag
Timer A3 count start flag
Timer A4 count start flag
Timer BO count start flag
Timer B1 count start flag
Timer B2 count start flag

Note: This register is cleared to “0016” at reset.

Fig. 2.9.3 Count start flag register structure
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(3) Timer Al mode register

Timer Ai mode register (addresses 5616 to 5916) consists of operating mode selection bits, count source
selection bits, and timer function selection bits. The function of the timer Ai mode reglster depends
on the operating mode of the timer.

In pulse output port mode, timers A0 and A2 must be used in timer mode. Figure 2.9.4 shows the
structure of the timer A0 and A2 mode registers (in pulse output port mode).

When modulating the pulse output, timers A1 and A3 must be used in pulse width modulation mode
(PWM mode). Figure 2.9.5 shows the structure of the timer A1 and A3 mode registers (when using
pulse width modulation in pulse output port mode).

Bit 2 of the timer A1 and A3 mode registers must be fixed to “1” even when the pulse output is not
modulated. Figure 2.9.6 shows the structure of the timer A1 and A3 mode registers (when not using
pulse width modulation in pulse output port mode). When pulse width modulation is not used in pulse
output port mode, timers A1 and A3 can be used in timer mode. However, the gate function cannot
be selected because the TA1w pin and TA3i pin function as pulse output pins. Therefore, bit 4 must
be set to “0".

When using RTPO, bit 2 of the timer A0 and A1 mode registers must be set to “1”. When using RTP1,
bit 2 of the timer A2 and A3 mode registers must be set to “1".

This is because pins RTP0o, RTP02, RTP10, and RTP12 are shared with timer A output pins and pulse
output is selected by setting timer Ai mode register bit 2 to “1” as shown in Figure 2.9.2.

b7 b6 b5 b4 b3 b2 b1 bo

Timer A0 mode register (address 561s)

0 0 X 1 0 0 Timer A2 mode register (address 581e)

Operating mode selection bits
00 : Timer mode

|Fix these bits to “00”. ]

Pulse output function selection bit
1 : Pulse output

[Fix this bit to “17. |

LThis bit is ignored (may be “0” or “1 )J

IFix these bits to “00".|

Count source selection bits
00 : External clock input frequency divided by 2 (f2)
01 : External clock input frequency divided by 16 (f1e)
10 : External clock input frequency divided by 64 (fes)
1 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001¢" at reset.

Fig. 2.9.4 Timer A0, A2 mode registers structure (in pulse output port mode)
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b7 b6 b5 b4 b3 b2 b1 bo

Timer A1 mode register (address 571¢)

0| X | 1 1 1| Timer A3 mode register (address 59:¢)

| [
S Operating mode selection bits
11 : PWM mode

ﬁ-‘ix these bits to “11”. ]

Pulse output function selection bit
1 : Pulse output

[Fix this bit to “1”. |

Frhis bit is ignored (may be “0" or “1 )l

[Fix this bit to 0. |

16/8-bit PWM mode selection bit
0 : 16-bit PWM mode
1 : 8-bit PWM mode

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f1s)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001¢" at reset.

Fig. 2.9.5 Timer A1, A3 mode registers structure (using pulse width modulation in pulse output port mode)
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b7 b6 b5 b4 b3 b2 bt bO

Timer A1 mode register (address 571e)
Timer A3 mode register (address 591s)

I——!—— Operating mode selection bits

00 : Timer mode

Pulse output function selection bit
1 : Pulse output

|Fix this bit to “1”. |

|This bit is ignored (may-be “0” or *17). |

|Fix this bit to “0. |

Ex this bit to “0” in timer mode.]

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f16)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001¢” at reset.

Fig. 2.9.6 Timer A1, A3 mode registers structure (not using pulse width modulation in pulse output port mode)
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(4) Waveform output mode register
The waveform output mode register (address 621s) consists of waveform output mode selection bits,
RTPO polarity selection bit, and pulse width modulation selection bit. Figure 2.9.7 shows the structure
of the waveform output mode register. Each bit is described below.

b7 b6 b5 b4 b3 b2 bt boO

R/W [R/W R/W | Waveform output mode register (address 621s)

Ll

Waveform output mode selection bits
00 : Programmable /O port

01 : RTP1 selected

10 : RTPO selected

11 : RTPO and RTP1 selected

RTPO polarity selection bit
0 : Positive polarity
1 : Negative polarity

RTPO pulse width modulation by timer A1 selection bit
0 : Not modulated
1 : Modulated

RTP1 pulse width modulation by timer A3 selection bit
0 : Not modulated
1 : Modulated

Note: Bits 2, 6, and 7 are undefined at reading.
Bits 0, 1, and 3 to 5 are cleared to “0” at reset.

Fig. 2.9.7 Waveform output mode register structure
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®Waveform output mode selection bits (bits 0, 1)
The waveform output mode selection bits are
used to select the waveform output mode in Table 2.9.4 Relationship between waveform output mode
pulse output port mode. Table 2.9.4 shows the selection bits and waveform output mode

relationship between the waveform output mode b1 b0 Waveform output mode
selection bits and the waveform output mode. 0 0 Programmable 1/O port
When these bits are set to “00”, port P5 func- 0 1 RTP1 selected

tions as a programmable 1/O port or timer I/O 1 0 RTPO selected

pin. When they are set to “11”, RTPO pulse and 1 1 RTPO and RTP1 selected

RTP1 pulse can be output.

ORTPO polarity selection bit (bit 3)
The RTPO polarity selection bit is used to select the RTPO pulse output polarity. When this bit is “0”,
data is output according to the contents of the pulse output data register 0 (refer to (5) Pulse output
data register 1, 0). When this bit is “1”, the inverse data (negative polarity pulse) of the contents of
the pulse output data register 0 is output.

ORTPO puilse width modulation by timer A1 selection bit (bit 4)
The RTPO pulse width modulation by timer A1 selection bit is used to select pulse width modulation
for RTPO pulse output. When this bit is “1”, pulse output from RTPO is modulated. When this bit is “0”,
pulse output from RTPO is not modulated.

ORTP1 pulse width modulation by timer A3 selection bit (bit 5)
The RTP1 pulse width modulation by timer A3 selection bit is used to select pulse width modulation
for RTP1 pulse output. When this bit is “1”, pulse output from RTP1 is modulated. When this bit is “0”,
pulse output from RTP1 is not modulated.
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(5) Pulse output data registers 1, 0
Pulse output data registers 1 and 0 (addresses 641s, 6516) are used to set output data for RTP1 and
RTPO respectively. The contents of the pulse output data register j (j=0, 1) are output from the pulse
output pins each time timer A0 and timer A2 underflow respectively.
However, when the RTPO polarity selection bit in the waveform output mode register is “1”, the inverse
data (negative polarity pulse) of the contents of the pulse output data register 0 is output from pins
RTP0o—RTPOs. In this case, “H” level is output from the pulse output pin corresponding to the pulse
output data bit set to “0” and “L” level is output from the pulse output pin corresponding to the pulse
output data bit set to “1".
Figure 2.9.8 shows the relationship between pulse output data register j and pulse output pins. This
is a write-only register. i i i i
Do not use read-modify-write instruction such as the CLB and SEB instructions.

b7 b6 b5 b4 b3 b2 bl b

W | w | w | Pulse output data register 1 (address 641s)

l— RTP10 pulse output data bit

RTP11 puise output data bit

RTP12 pulse output data bit

RTP1s pulse output data bit

b7 b6 b5 b4 b3 b2 bl b0
= W | W | w | Pulse output data register 0 (address 651e)

L RTPOo pulse output data bit

RTPO1 pulse output data bit

RTPO:2 pulse output data bit

RTPOs pulse output data bit

Note: Bits 4 to 7 are undefined at reading.
Bits 0 to 3 are write only bits and are undefined at reset.
Use the LDM and STA instructions when setting the pulse output data registers 1,0.

Fig. 2.9.8 Relationship between pulse output data register j and pulse output pins
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(6) Timer Al interrupt control register

"~ The timer Ai interrupt control register (addresses 7516 to 7816) consists of interrupt priority level se-
lection bits and interrupt request bit. Figure 2.9.9 shows the structure of the timer Ai interrupt control
register. The function of each bit is described below. Use the SEB and CLB instructions when setting
the timer Ai interrupt control register. Refer to section “2.6 Interrupts” for more information.

b7 b6 bS5 b4 b3 b2 bl b0 Timer AO interrupt control register (address 751s)
s : Timer A1 interrupt control register (address 761e)

R/W | R/W | R/W| R/W Timer A2 interrupt control register (address 771e)
Timer A3 interrupt control register (address 781s)

Interrupt priority level selection bits
000 : Level O (interrupt disabled)

001 : Level 1 Low

010 : Level 2

011 : Level 3

100 : Level 4 Priority
101 : Level 5

110 : Level 6

111 : Level 7 High

Interrupt request bit

0 : No interrupt request
1 : Interrupt request
Note: Bits 4 to 7 are undefined at reading.

Bits 0 to 3 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting the timer Ai interrupt control register.

Fig. 2.9.9 Timer Al interrupt control register structure

@interrupt priority level selection bits (bits 0 to 2)
These bits are used to select the interrupt priority level. They should be set to a level between 1 and
7 when using a timer Ai interrupt. When an interrupt request occurs, this level is compared with the
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed
only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits to “000”
(level 0) to disable only timer Ai interrupt.

@Interrupt request bit (bit 3)
This bit is set to “1” when a timer Ai interrupt request occurs. The interrupt request bit set to “1” is
cleared to “0” when the interrupt request is accepted.
This bit can also be set or cleared by program.
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2.9.3 Operation description

The waveform output modes RTPj (j=0, 1) have identical functions and operate in the same manner except

that RTPO allows selection of pulse output polarity.

Timer Ak (k=0, 2) for pulse output control must be operated in timer mode. With timer mode used in pulse
output port mode, the timer Ak mode register bit 2, which functions as pulse output function selection bit
in normal timer A timer mode, must be fixed to “1” to select “pulse output”. Similarly, bit 4 of the gate
function selection bits must be fixed to “0” to select “no gate function”.
Fix timer Ah (h=1, 3) mode register bit 2 to “1” regardiess of whether puise width moduiation is used or
not. By setting timer Ai mode register bit 2 to “1", the ports P50 (RTPO0o), P52 (RTP0z2), P54 (RTP10), and

P5e (RTP12) are shared with timer A output pins function as pulse output pins.

Table 2.9.5 shows the waveform output mode.

Figure 2.9.10 shows the structure of pulse output pins and pulse output data register j.

Table 2.9.5 Waveform output mode
\

Pulse output port mode
Waveform output mode RTPOQ RTP1
Control timer Timer A0 Timer A2
Pulse output pin RTPQo—RTPOs (ports P50—~P53) RTP10—RTP1s (ports P54~P57)
Register for setting pulse data | Pulse output data register 0 Pulse output data register 1
Pulse width modulation Possible (timer A1 is used) Possible (timer A3 is used)
Negative polarity pulse output function | Possible Impossible
RTP1¥P5:
ulse output data register RTP12/PS, RTP1 output
(address G41s) RTP11/P5s
RTP1o/P54
RTPO«/P5s
RTPO2/P52
RTPO output
RTP0\/P5:
RTPO«/PSo

Fig. 2.9.10 Pulse output pins and pulse output data register j structure
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. (1) RTPj operation description (not modulated, RTPO positive polarity)

The following is the description of RTPj operation.
First set the pulse output port mode related registers in the following sequence.

@ Timer Al mode register

®Timer AC, A2 mode registers

Select a count source and fix bits 2 to 0 to “100” and bits 5 and 4 to “00".
O®Timer A1, A3 mode registers

Fix bit 2 to “1”.

@ Waveform output mode register

Select waveform output mode, RTPO polarity, and pulse width modulation.

® Pulse output data register j

Write data to be output.

@ Timer Ak (k=0,2) register

Write a value n (n=00001 to FFFF1e) and set the timer dividing ratio.

® Count start flag

Timer corresponding to the bit set to “1” is started.

If the waveform output mode reglster is set (to waveform output mode) before setting the tlmer A|
mode register (to pulse output), the contents of port latch are output because ports P5o, P52, P54, and
P5e have the circuit structure shown in Figure 2.9.2.

When setting the above registers, the timer Ai mode register and waveform output mode register must
be set when the corresponding count start flag is “0” (during timer halted),

For timer Ak (k=0,2) operated in timer mode, when the corresponding count start flag is set to “1”, the
selected count source is input to the counter and starts the count operation. The contents of the
counter are decremented by 1 each time a count source is input. When the counter first underflows
(contents of the counter change 00001¢ — reloaded value n), the contents of the pulse output data
reglster 1 at that tnme are output trom RTP] pin. At the same time, a tlmer Ak mterrupt request occurs.

Timer Ak dividing ratio is e)tpressed as follows:

Timer Ak dividing ratio = 1/(h+1)
n: Value set in counter
(value between 000016 and FFFF1e)

The counter continues to operate and the pulse output continues at the state of the first underflow.
When the counter underflows for the second time, the contents of the pulse output data register j at
the time of the second underflow are output as pulse output. The counter continues to operate and
pulse output continues in the same manner.

Therefore, when the contents of the pulse output data register j are changed during pulse output, the
updated data is output next time the counter underflows after writing to the puise output data register
j. Figure 2.9.11 shows the pulse output example for RTPO (positive polarity, not modulated).

Refer to section “2.7.3 Timer mode” for the operation description of timer Ak in timer mode.

116



FUNCTIONAL DESCRIPTION

2.9 Pulse output function

T
% n: reloaded value
Q FFFFu Start pulse output
>
2 {
.E LU [ [~~~ """TTTTTTTT B B ]
§ 1st 2nd underflow 3rd underflow 4th underflow |—|
o under- AN AN AN
< flow =1 =1 -
2 . L., L.,
;‘:_’, V- ' '
E%}
[ =3
Q I
(&7 000016
I | 1 1 Time
1 1 1 !
g;’:‘::;?s‘t’;pg's" output 0(00002) X 701117 X 8 (10002) Y 810013
' ] 1
RTPOs output :
RTPO2 output :r
RTPO1 output ':
RTPOo output ':
Contents of RTPO
output

Timer AO interrupt ™"
request bit o

Cleared by accepting the interrupt Cleared by accepting the interrupt
request or by program request or by program

Fig. 2.9.11 RTPO pulse output example (positive polarity, not modulated)
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(2) RTPj operation description (modulated, RTPO positive polarity)

The following is the description of RTPj operation with pulse width modulation selected.

Timer Ah (h=1,3) used for pulse width modulation must be operated in pulse width modulation (PWM)
mode. With the PWM mode used for pulse output port mode, only the internal trigger occurred by
setting the count start flag can be used. Except for this, the function is the same as with normal timer
A in PWM mode.

Pulse width modulation set with timer Ah is performed while “H” level is output from the respective pins
RTPjo—RTPjs.

First set the pulse output port mode related registers in the following sequence.

® Timer Al mode register

®Timer A9, A2 mode registers
Select a count source and fix bits 2 to 0 to “100” and bits 5 and 4 to “00".
O®Timer A1, A3 mode registers
Select 16/8-bit PWM mode, select count source, fix bits 2 to 0 to “111” and bit 4 to “0".

® Waveform output mode register

Select waveform output mode, RTPO polarity, and pulse width modulation.

@ Pulse output data register j

Pulse from the pulse output pin corresponding to the bit set to “1" is modulated.

@ Timer Al register

O®Timer AO, A2 registers

Write a value n (n=0000+s to FFFF1s) and set the timer dividing ratio.
O®Timer A1, A3 registers

Write a value and set “H” level width of the PWM signal.

® Count start flag

Timer corresponding to the bit set to “1” is started.

If the waveform output mode reglster is set (to wavetorm output mode) before setting the timer A|

mode register (to pulse output), the contents of port latch are output because ports P5o, P52, P54, and

P5e have the circuit structure shown in Figure 2.9.2.

When setting the above registers, the timer Ai mode register and waveform output mode register must
rr ndi n “Qr

When Timer Ai operation starts, pulse width modulation is performed while “H” level is output from

pins RTPje—RTPja.

When 16-bit PWM mode is selected, the pulse period and pulse width of the PWM signal are ex-

pressed as follows:

[16-bit PWM mode]

Pulse output period = (1/fi) X (216-1) [s]
Pulse output “H” level width = (1/fi) X n [s]
fi: Selected count source frequency
n: Value set in timer A1, A3 counter
(value between 000016 and FFFEis)
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When 8-bit PWM mode is selected, the pulse period and pulse width of the PWM signal are expressed
as follows:

[8-bit PWM mode]

Pulse output period = (1/fi) X (m+1) X (28-1) [s]
Pulse output “H” level width = (1/fi) X (m+1) X n [s]
fi. Selected count source frequency
n: Value set in high-order 8 bits of timer A1, A3 counter
(value between 0016 and FEis)
m: Value set in low-order 8 bits of timer A1, A3 counter
(value between 0016 and FFie)

An interrupt request of timer Ak (k=0,2) occurs each time the counter underflows. An interrupt request
of timer Ah (h=1,3) occurs each time the PWM signal level changes from “H" level to “L" level.
Figure 2.9.12 shows the pulse output example for RTPO (positive polarity, modulated).

Refer to section “2.7.6 Pulse width modulation (PWM) mode” for the operation description of timer Ah
in PWM mode.

n: reloaded value
FFFFe | Start puise output

!

N obem e e e e ccccememem——r e mem e m e m
1st 2nd underflow 3rd underflow 4th underflow |
N N N\
flow =1 - -1

' ‘ 1 ] ‘

B 1 E Y A Y =

' 1 [ ! Time
1

1 1
Contents of pulse output 9 (1001
data register 0 ! (00012) X 5 (01102) X 20 0002) X ( 2)

Timer A1 Imerrupt request '

e A n/ nZ rV' iz

Contents of timer AO counter (hexadecimal)
S
g
4

RTPOs output __
RTPO2 output _.
RTPO1 output _

"H
L
“H
L
"H
L
"H
RTPOo output | w“

Timer AO interrupt "
request bit o

AN / A\

Cleared by accepting the interrupt Cleared by accepting the interrupt
request or by program request or by program

Fig. 2.9.12 RTPO pulse output example (positive polarity, modulated)
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(3) RTPO operation description (negative polarity selected)

When the RTPO polarity selection bit of the waveform output mode register is set to “1”, the inverse
data (negative polarity pulse) of the contents of the pulse output data register 0 is output from RTPO.
In this case, “H" level is output from the pulse output pin corresponding to the pulse output data bit
set to “0” and “L" level is output from the pulse output pin corresponding to the pulse output data bit
set to “1”.

When pulse width modulation is performed with negative polarity selected, the output pulse is inverse
of the case when pulse width modulation is performed with positive polarity.

Figure 2.9.13 shows the pulse output example for RTP0 (negative polarity, modulated).

E n: reloaded value
-§ FFFFs|  Start pulse output
x
2 {
= R PP PP
5 1st 2nd underflow 3rd underflow 4th underflow _Ll
g under-“ N ~N AN
< TIOW =1 - =
> 1 1 '
£ 4 : A : ¥
k-]
[ =4
8 0000
| i i i Time
Contents of pulse output 10001 X 601109 X 8 (10002) Y 9(100%)

data register 0

Timer A1 interrupt request

PWMsignaIdueto'—l/ i—l/ I—I/ I—'l/ i—l/ n/ I—I/ I:—I/ I—-I/ I—I/ h{_

timer A1

RTPO03 output :

RTPO2 output w

)

RTPO1 output

£ I

RTPOo output

-

Timer AO interrupt *t*
request bit "o

AN / AN

Cleared by accepting the interrupt Cleared by accepting the interrupt
request or by program request or by program

Note: This is an example where the RTPO polarity selection bit is set to “1” under the condition
for pulse output example in Figure 2.9.12.

Fig. 2.9.13 RTPO pulse output example (negative polarity, modulated)
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[Precautions when using pulse output function (pulse output port mode)]

1. Fix timer A0 to A3 mode registers bit 2 to “1” in order to use ports P50 (RTPQo), P52 (RTP02), P54(RTP10),
and P5e (RTP12) as pulse output pin.

@®When using RTPO: Fix timer A0, A1 mode registers bit 2 to “1”.
®When using RTP1: Fix timer A2, A3 mode registers bit 2 to “1”.

2. When pulse width modulation is not performed, timers A1 and A3 can be used in timer mode. In this case,

bit 4 must be fixed to “0” because the gate function cannot be used. Bit 5 must be also fixed to “0".
Therefore, timer A1, A3 mode registers can be only used to select the count source.

121



FUNCTIONAL DESCRIPTION
2.10 Serial 1/0

2.10 Serial 1/0

Serial /0 consists of UARTO and UART1 that have same functions. These serial /O can operate either as
clock synchronous serial I/O port or asynchronous serial 110 (UART) port.

2.10.1 Serial /0 description

UARTO and UART1 can operate either as clock synchronous serial /O port or asynchronous serial 1/0
(UART) port. These two serial /O ports are independent, but have identical functions. Each serial IO port
has a transfer clock generation timer (baud rate generator referred to BRG) and can be set a variety of
data transfer rate.

Figure 2.10.1 shows the serial /O operating modes.
Each serial /0 has four operating modes. The following modes are available:

@®Clock synchronous serial 1/0

In this mode, both the transmission side and receiving side use the same clock to transfer data. The
data (character) length is 8 bits.

@7-bit UART

In this mode, the data is transferred at an arbitrary rate and data format. The data (character) length
is 7 bits.

@8-bit UART
This mode is identical to 7-bit UART except that the data length is 8 bits.

©9-bit UART
This mode is identical to 7-bit UART except that the data length is 9 bits.

Clock synchronous serial /O |

I Serial 1/0

Clock asynchronous serial /0 (UART) 7-bit UART |

8-bit UART

9-bit UART

Fig. 2.10.1 Serial 1/0 operating modes
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2.10.2 Block description

Figure 2.10.2 shows the block diagram of serial /0. The function of each related registers are described

below.
UARTI ive
[o]o{o]o[o]o] o]oeior|De{DsIpelDele|Dr|Do] T eees
RxDi O {UARTI receive register|
UART
BRG count source selection bits 116 Receive control | Recelve clock
2 —o Clock syrmomus[os grcult
S
fe4 ——o \ ,
1/(n+1) 1] Transmit | Trer clock
forz _o Clock synchronous ;.*‘.“l_l
.o‘mﬁm s ' | UARTI transmission register ———QO TxDi
Clock synchronous
Clock synchronous (Intemal dock)  (External clock) T L T
UARTI missio
CLKi O N‘M {D°JD7|DS|D"F)‘ DsJDzFJﬂDol m:l’}i‘fe. "
CTS/RTSi O

Fig. 2.10.2 Serlial I/O block diagram
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(1) UARTI transmit/receive mode register (i=0, 1)
The UARTO transmit/receive mode register (address 301e) and the UART1 transmit/receive mode register
(address 381s) consist of bits to set serial /O modes, transferring data format.
Figure 2.10.3 shows the structure of the UARTi transmit/receive mode register.

b7 b6 b5 b4 b3 b2 bt bo

UARTO transmit/receive mode register (address 30:s)
RIW | RIW | RIW | R/W | R/W | R/W | RIW | RIW UART1 transmit/receive mode register (address 381s)

Serial /0 mode selection bits

000 : Programmable 1/O port (Serial /O prohibited)
001 : Clock synchronous serial I/O

100 : 7-bit UART

101 : 8-bit UART

110 : 9-bit UART

Internal/External clock selection bit
0 : Internal clock
1 : External clock

Stop bit length selection bit (in UART mode)
0 : One stop bit
1 : Two stop bits

Odd/Even parity selection bit (in UART mode)
0 : Odd parity
1 : Even parity

Parity enable bit (in UART mode)
0 : Parity disabled
1 : Parity enabled

Sleep function selection bit (in UART mode)
0 : Sleep function disabled
1 : Sleep function enabled

Note: Bits 4 to 6 are ignored in clock synchronous mode.
Bit 7 must be fixed to “0” when using clock synchronous mode.
This register is cleared to “0016” at reset.

Fig. 2.10.3 UARTI transmit/receive mode register structure
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@Serial I/0 mode selection bits (bits 0 to 2)
These bits are used to select serial /0 modes.

Table 2.10.1
When bits 2

shows the relationship between the serial I/O mode selection bits and serial /0 modes.
to 0 are set to “000", serial /O is disabled and ports P80—P8s, and P8+—P87 function as

programmable I/O ports. When one of the serial I/O modes is selected, port P8 has the function shown
in Table 2.10.2 and loses its programmable I/O port function (except for some pins in UART mode).

Tabie 2.10.1 Relationship between serial i/O mode seiection bits and seriai /O modes

b2 | b1 [ b0

Serial I/O mode selection bits

0 0 0 | Programmable 1/O port (Serial I/O prohibited)
0 0 1 | Clock synchronous serial 1/0

0 1 0 | Not available

0 1 1 | Not available

1 0 0 |7-bit UART

1 0 1 | 8-bit UART

1 1 0 | 9-bit UART

1 1 1 | Not available

Table 2.10.2 Fun

ction of port P8 when serial I/0 is selected

Using UARTO Using UART1 Function
P8o P84 CTS/RTS (transmission control signal 1/0 pin)
P81 P8s CLK (transfer clock 1/O pin) (Note 1)
P82 P8s RxD (serial data input pin)
P83 P87 TxD (seriai data output pin) (Note 2)

Note 1: This depends on the internal/external clock selection bit as follows:

When an
When an

external clock is selected : Clock input pin
internal clock is selected : *Clock output pin in clock synchronous mode
*Normal 1/0 port in UART mode

Note 2: TxD pin starts to output “H” level when one of serial /0 modes is selected.
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®internal/External clock selection bit (bit 3)
[Clock synchronous mode]
This bit is used to select either an internal clock or an external clock as the synchronous clock (shift
clock) for data transfer.
When this bit is set to “0” to select an internal clock, the divided clock by 2 which the later described
baud rate generator (BRG) generates is used as the shift clock. In addition, the CLKi pin becomes the
output pin and the shift clock is output from this pin.
When this bit is set to “1” to select an external clock, the CLKi pin becomes the input pin and data
transfer is synchronized with the clock input to this pin.

[UART mode]

This bit is used to select either an internal clock or an external clock as the input clock to the BRG
which is described later. ,

When this bit is set to “0” to select an internal clock, the clock selected with the later described BRG
count source selection bits in the UARTi transmit/receive control register 0 becomes the BRG input
clock. In this case, the CLKi pin (ports P81, P8s) can be used as a programmable 1/O port.

When this bit is set to “1” to select an external clock, the CLKi pin becomes the clock input pin and
the clock input to this pin becomes the BRG input clock.

@Stop bit length selection bit (bit 4)
[Clock synchronous mode]
This bit is ignored. It can be either “0” or “1”.

[UART mode]
This bit is used to select between 1 and 2 bits as the stop bit to indicate the end of data.
1 stop bit is selected when this bit is “0”. 2 stop bits are selected when this bit is “1”.

@0dd/Even parity selection bit (bit 5)
[Clock synchronous mode]
This bit is ignored. It can be either “0” or “1”.

[UART mode]
This bit is used to select between even parity and odd parity. Odd parity is selected when this bit is
“0”, and even parity is selected when this bit is “1”.
This bit is valid if the parity enable bit (bit 6) is set to “1” (enabled).

®Parity enable bit (bit 6)
[Clock synchronous mode]
This bit is ignored. It can be either “0” or “1”.

[UART mode]
This bit is used to specify whether to add a parity bit at the end of transmitted data or not (whether
to perform parity check of received data or not). Whether to use odd parity or even parity is specified
with bit 5.
When this bit is “1”, a parity is added at transmitting, and parity check is performed at receiving.

®Sleep function selection bit (bit 7)
[Clock synchronous mode]
This bit must be fixed to “0".

[UART mode]

This bit is used to enable or disable the sleep function. If this bit is set to “1” to enable the sleep
function, the data is ignored when the most significant bit (MSB) of the received data is “0".

This function is used when multiple microcomputers are connected through the serial /O port. Refer
to section “2.10.5 Sleep mode”.
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(2) UARTI transmit/receive control register 0
The UARTO transmit/receive control register 0 (address 341s) and the UART1 transmit/receive control
register 0 (address 3C1s) consist of bits to select the BRG count source and CTS/RTS function, and a
flag that indicates the UARTi transmission register state.
Figure 2.10.4 shows the structure of the UARTI transmit/receive control register 0.

@®BRG count source selection bits (bits ¢ and 1)

This bit is used to select the count source of the BRG when an internal clock is selected. Table 2.10.3
shows the relationship between the BRG count source selection bits and the count source.

Table 2.10.3 Relationship between BRG count source selection bits and count source

b1 b0 BRG count source
0 0 f2 selected which is f(Xin) divided by 2

0 1 fie selected which is f(Xin) divided by 16

1 0 fes selected which is f(Xiv) divided by 64

1 1 fs12 selected which is f(Xin) divided by 512

f(Xn): External clock input frequency

OCTS/RTS function selection bit (bit 2)
This bit is used to select CTS and RTS function. Port P80 functions as CTS/RTS pin for UARTO, port
P8+ as CTS/ATS pin for UARTI.
When this bit is “0”, CTS function is seiected. Port P8o or P84 functions as the CTS input pin. This pin
must be at “L” level in order for transmission to start.
When this bit is “1”, RTS function is selected. Port P8o or P8« functions as the RTS output pin. “H” level
is output when receive is disabled (the receive enable bit in UARTI transmit/receive control register
1is “0”). “L” level is output when receive is enabled (the receive enable bit is “1”). It returns to “H”
level when receive starts and “L” level is output when receive completes.

®Ttransmission register empty flag (bit 3)
This flag is set to “0” when the contents of UARTI transmission buffer register are transferred to the
UARTi transmission register. It is set to “1” when transmission completes and the UARTi transmission
register becomes empty. This flag is a read-only flag and set to “1” at reset.
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b7 b6 b5 b4 b3 b2 bt bl
UARTO transmit/receive control register 0 (address 341s)
RIW| RIW| RIW UART1 transmit/recelve control register 0 (address 3Ce)

L

BRG count source selection bits

00 : f2 selected

01 : fie selected

10 : fes selected

11 : fs12 selected

CTS/RTS function selection bit

0 : CTS function selected

1 : RTS function selected

Transmission register empty flag

0 : Data in transmission register (transmitting)
1 : No data in transmission register (transmit complete)

Note: Bits 4 to 7 are undefined at reading.
Bits 0 to 2 are cleared to “0" at reset.
Bit 3 is a read-only bit and set to “1” at reset.

Fig. 2.10.4 UARTi transmit/receive control register 0 structure
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(3) UARTI transmit/receive control register 1
The UARTO transmit/receive control register 1 (address 3516) and the UART1 transmit/receive control
register 1 (address 3D1e) consist of serial /0 enable bits, serial I/O state flags, and serial I/O error
flags. Figure 2.10.5 shows the structure of the UARTi transmit/receive control register 1.

b7 b6 b5 b4 b3 b2 b1 bo
R R R R R |RW| R |RW

UARTO transmit/receive control register 1 (address 351¢)
UART1 transmit/recelve control register 1 (address 3D1e)

l—— Transmit enable bit
0 : Transmission disabled
1 : Transmission enabled

Transmission buffer empty flag
0 : Data in transmission buffer register
1 : No data in transmission buffer register

Receive enable bit
0 : Receive disabied
1 : Receive enabied

Receive completion flag
0 : No data in receive buffer register
1 : Data in receive buffer register

Overrun error flag
0 : No overrun error
1 : Overrun error

Framing error flag (in UART mode)
0 : No framing error
1 : Framing error

Parity error flag (in UART mode)
0 : No parity error
1 : Parity error

Error sum flag (in UART mode)
0 : No error
1 : Error

Note: Bits 5 to 7 are ignored in clock synchronous mode.
Bit 0 and bits 2 to 7 are cleared to “0" at reset.
Bit 1 is set to “1” at reset.
Receive completion flag and each error flag are cleared to “0” when the low-order byte of
receive buffer register is read or the receive enable bit is cleared to “0”.

Fig. 2.10.5 UARTI transmit/receive control register 1 structure
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@®Ttransmit enable bit (bit 0)
Serial I/0 transmission is enabled when this bit is set to “1”. If this bit is set to “0” during transmitting,
serial 1/0 transmission is disabled after the current transmission completes.

@Transmission buffer empty flag (bit 1)
This flag indicates the state of the transmission buffer register. This bit is set to “1” when the contents
of the transmission buffer register are transferred to the transmission register. This flag is automati-
cally cleared to “0” when data is written in the transmission buffer register.

®Receive enable bit (bit 2)
Serial 1/0 reception is enabled when this bit is set to “1”. If the RTS function is selected, the RTS pin
becomes “L” level when this bit is set to “1”.

®Receive completion flag (bit 3)
This flag is set to “1” when the data in the receive register is transferred to the receive buffer register
(receive completion). This flag is cleared to “0” when the low-order byte of the receive buffer register
is read or when the receive enable bit is set to “0” (receive disabled).

@®Overrun error flag (bit 4)
This flag is set to “1” when receiving of the next data completes and the contents of the receive buffer
register are updated while there is data remaining in the receive buffer register (before the contents
of the receive buffer register are read).
This flag is cleared to “0” when the low-order byte of the receive buffer register is read or when the
receive enable bit is set to “0” (receive disabled).

®Framing error flag (bit 5)
[Clock synchronous mode]
This flag is ignored.

[UART mode]
This flag is set to “1” when the number of stop bits is not the number specmed with stop bit length
selection bit (bit 4) of the UARTI transmit/receive mode register. This flag is cleared to “0” when the
low-order byte of the receive buffer register is read or when the receive énable bit is set to “0” (receive
disabled).

®Parity error flag (bit 6)
[Clock synchronous mode]
This flag is ignored.

[UART mode]
This flag is set to “1” when the parity odd/even is not the one specified. This flag is cleared to “0” when
the low-order byte of the receive buffer register is read or when the receive enable bit is set to “0”
(receive disabled).

O®Error sum flag (bit 7)
[Clock synchronous mode]
This flag is ignored.

[UART mode]
This flag is set to “1” when either an overrun error, a framing error, or a parity error occurs. This flac
is cleared to “0” when the low-order byte of the receive buffer register is read or when the receive
enable bit is set to “0” (receive disabled).
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(4) UARTI transmission register and UARTi transmission buffer register
The UARTO transmission buffer register (addresses 3216, 331s) and the UART1 transmission buffer
register (addresses 3A1es, 3B1s) are registers to set data output from TxDi pin.
When transmit conditions are satisfied, the transmit data written in the UARTi transmission buffer
register is transferred to the UARTI transmission register, and is synchronously transmitted from the
TxDi pin with the specified clock.
In clock synchronous mode and 7 or 8-bit UART mode, only the low-order byte of the UARTi trans-
mission buffer register is used. In 9-bit UART mode, bit 8 of the transmit data is written in bit 0 of the
high-order byte, and the remaining 0 to 7 bits are written in the low-order byte.
The UARTI transmission buffer register becomes empty after the data is transferred to the UARTI
transmission register. Therefore, the next transmit data can be written during transmission.
The contents of UARTI transmission buffer register can not be read because it is a write-only register.
Figure 2.10.6 shows the block diagram of serial I/O transmission.

8-bit UART
9-bit UART

rithIocko .l -l .. — ,
Y| synchronous TLuART | TH"UMRT UARTI transmission register
Tock sync.

Fig. 2.10.6 Serial I/0 transmission block diagram

B () TxDi
No pa

ug

(5) UARTI receive register and UARTI receive buffer register
The UARTI receive register converts serial data input to the RxDi pin to parallel data. The RxDi pin
input level is moved bit by bit to the UARTI receive register synchronized with the rising edge of the
synchronous clock.
The UARTO receive buffer register (addresses 361, 3716) and the UART1 receive buffer register
(addresses 3Es, 3F16) are registers to read the received data. The contents of UARTI receive register
are automatically transferred to the UARTI receive buffer register when data receive completes.
The bits 1 to 7 of the high-order bytes (addresses 3716, 3F1c) of the UARTI receive buffer register are
always fixed to “0” at reading. The same data as the MSB (most significant bit) of effective receive
data can be read from the unused bits of the low-order 9 bits as follows:

@D and Ds in 7-bit UART mode.
®Ds in 8-bit UART mode and clock synchronous mode.

Note that the contents of UARTI receive buffer register will be updated if the next receive data
becomes available before the UARTI receive buffer register is read (overrun error occurs).
Figure 2.10.7 shows the block diagram of serial I/0 receive.
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UARTi receive buffer register |

[D7] D6 | Ds| D4 | D3] D2] D1]Do]

Fig.

2.10.7 Serial I/O receive block diagram

(6) UARTI baud rate register

The baud rate generator (referred to BRG) is the 8-bit timer exclusively for serial I/O equipped with
a reload register.

The BRG divides the input clock by (n+1), where “n” is the value set in the UARTO baud rate register
(address 3116) and the UART1 baud rate register (address 3916). This register can contain a value
between 0016 and FFie.

In clock synchronous serial /O mode, the BRG becomes effective when an internal clock is selected
and the BRG output divided by 2 becomes the synchronous clock for transmit/receive.

In UART mode, the BRG is effective regardless of the clock type and the BRG output divided by 16
becomes the transmit/receive clock.

The contents of the UARTi baud rate register can not be read because it is a write-only register. This
register is undefined at reset.

Figure 2.10.8 shows the block diagram of shift clock generation.

@®Clock synchronous mode

fi — BRG 1/2
- Transmission control circuit —T—> Transmission clock
fext |—| Receive control circuit [———= Receive clock
OUART mode
fi 1/16 Transmission control circuit  f—— Transmission clock
BRG
fexr | O 1/16 H{ Receive control circuit  |—— Receive clock

fi: Internal clock selected with the BRG count source selection bits
fEXT: External clock input to the CLKi pin

Fig.

2.10.8 Shift clock generation block diagram
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(7) UARTI transmission interrupt control register and UARTI receive interrupt control register
Transmit interrupt and receive interrupt can be used when the serial I/O mode is selected. Each
interrupt has an interrupt control register. Interrupt control register consists of interrupt priority level
selection bits and interrupt request bit. Figure 2.10.9 shows the structure of UARTi transmission
interrupt control register and UARTi receive interrupt control register and each bit is described below.
Use the SEB and CLB instructions when setting each interrupt contro! register.

Refer to section “2.6 Interrupts” for more information.

®Interrupt priority level selection bits (bits 0 to 2)
These bits are used to select the interrupt priority level. They should be set to a level between 1 and
7 when using serial 1/0 interrupts. When an interrupt request occurs, this level is compared with the
processor interrupt priority level (IPL) in the processor status register (PS). The interrupt is allowed
only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits to “000”
(level 0) to disable an interrupt.

@Interrupt request bit (bit 3)
The transmit interrupt request bit is set to “1” when data is transferred from the UARTi transmission
buffer register to the UARTi transmission register for data transmission.
The receive interrupt request bit is set to “1” when data receive completes and data is transferred from
the UARTi receive register to the UARTI receive buffer register.
The interrupt request bit set to “1" is cleared to “0” when the interrupt request is accepted. This bit
can be set or cleared by program.

b7 b4 b3 b2 b1 50 yaRto transmission Interrupt control register (address 711s)
S RW | R/'W | R/w | R/w | UARTO receive interrupt control register (address 721e)

UART1 transmission Interrupt control register (address 73:)

UART1 receive interrupt control register (address 741s)

Interrupt priority level selection bits
000 : Level O (interrupt disabled)
001 : Level 1 Low

010 : Level 2

011 : Level 3

100 : Level 4 Priority

101 : Level §

110 : Level 6

111 : Level 7 High

Interrupt request bit
0 : No interrupt request
1 : Interrupt request

Note: Bits 4 to 7 are undefined at reading.
Bits 0 to 3 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting each interrupt control register.

Fig. 2.10.9 UARTI transmission interrupt control register and UARTI receive interrupt control register structure
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(8) Port P8 direction register

Serial I/0 input/output pins are shared with port P8. Port P8 function is selected by the serial /0 mode
selection bits of the UARTIi transmit/receive mode register. When using port P8 as serial I/O input pins,
the corresponding bit in the direction register must be set to “0” (input mode). When using port P8 as
serial I/O output pins, it functions as serial /0 output pins regardless of the direction register.
Figure 2.10.10 shows the relationship between the port P8 direction register (address 1416) and the
serial 1/0 pins.

b7 b6 b5 b4 b3 b2 bl bl

R/W |R/W [R/W | R/W|R/W | R/W|R/W|R/W| Port P8 direction register (address 141s)

L CTSo input/RTSo output pin
CLKo I/O pin

RxDo input pin

TxDo output pin

CTS1 input/RTS+ output pin
CLK1 I/O pin

RxD1 input pin

TxD1 output pin

Note: This register is cleared to “001¢" at reset.

Fig.

2.10.10 Relationship between port P8 direction register and serial I/O pins

134



FUNCTIONAL DESCRIPTION

2.10 Serial 1/0

2.10.3 Clock synchronous serial 1/0

Table 2.10.4 shows the performance overview of the clock synchronous serial /0 mode.

Table 2.10.4 Clock synchronous serial /0 performance overview

Parameter

Function

Data format

8 bit fixed, LSB* first

Transfer rate

Internal clock

BRG output divided by 2

External clock 2Mbps maximum (at f(Xin)=8MHz)
4Mbps maximum (at f(Xi)=16MHz)
5Mbps maximum (at f(Xin)=25MHz)

Transmit/receive control CTS input or RTS output can be selected by program.

% LSB=Least Significant Bit

(1) Synchronous clock (shift clock)

The serial /0 data transfer rate is determined by the synchronous clock (shift clock). The M37732
group can select whether to generate this clock internally or to use an external input clock as the
synchronous clock. The synchronous clock is generated internally when the UARTI transmit/receive
mode register bit 3 is set to “0”, and externally when it is set to “1”.

In clock synchronous mode, the synchronous clock used for data transfer is generated by activating

Ther d avan whpn_perfﬁrm‘ng ronziva Aﬂl:'

r imiust be ¢

the transimilier. Thereiore,

@Usjng internal generation clock as synchronous clock

When the internal/external clock selection bit is set to “0”, the BRG output divided by 2 is used as the
synchronous clock. In this case, the CLKi pin becomes output mode and the transmit/receive syn-
chronous clock is output from the CLKi pin.

The BRG is a serial I/0O timer which has an 8-bit structure and is used as a frequency divider to
generate the desired frequency. The BRG divides the clock selected with bits 0 and 1 in the UARTi
transmit/receive control register 0 by (n+1). The synchronous clock is the divided clock by 2 which has
been divided by (n+1) with the BRG. “n” is the value set in the UARTi baud rate register. It can be
set a value between 001 and FFie.

Synchronous clock frequency ............. fi / (2(n+1))
fi: BRG input frequency (i=2, 16, 64, 512)
8 synchronous clocks are generated by activating the transmitter.

@®Using external input clock as synchronous clock

When the internal/external clock selection bit is set to “1”, the external clock is used as the synchro-
nous clock.

When an external clock is selected, the clock input to the CLKi pin becomes the synchronous clock.
Set the port P8 direction register bit 1 (CLKo) and bit 5§ (CLK1) to “0” to select input mode.
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(2) Serial data transmission
The data transmission method in clock synchronous serial /O mode is described below.

[Setting the control registers]
Set each serial 1/0 control register for transmission.

QUARTI transmit/receive mode register
«Serial /0 mode selection bits
Set the bits 2 to 0 to “001".

«Internal/External clock selection bit
Set the bit 3 to “0” when an internal clock is selected, or “1” when an external clock is selected.

*Setting the bit 7 to “0” (disable sleep mode)

QUARTI transmit/receive control register 0
*BRG count source selection bits
Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous
clock.

+CTS/RTS function selection bit
Set the bit 2 to “0” when using CTS function, and to “1” when not use.

OUARTI baud rate register
+Dividing ratio
Set the BRG dividing ratio between 0016 and FFis when an internal clock is selected for synchronous
clock.

®Port P8 direction register
+Port direction selection bits o
Set the corresponding bit to “0” when the CTS function is selected and an external clock is selected.

QUARTI transmission interrupt control register
eInterrupt priority level selection bits
When using UARTI transmission interrupt, set the priority level to the level 1 to 7. When not use, set
to the level 0.

QUARTI transmission buftfer register
«Transfer data
Set a transfer data to the low-order byte of UARTi transmission buffer register. The transmission buffer
empty flag of UARTI transmit/receive control register 1 is cleared to “0” at the same time.

QUARTI transmit/receive control register 1
*Transmit enable bit
Set the bit 0 to “1” to enable transmitting.

Figure 2.10.11 shows the setting example of clock synchronous serial 1/0 related registers at trans-
mitting.
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DERERBDED
I

( UARTO transmit/receive mode register (address 3016)
UART1 transmitreceive mode register (address 3816)

Internal/External clock selection bit
0 : Internal clock
1: External clock

Fix to “0". Y,

4 UARTO transmit/receive control register 0 (address 3416)
UART1 transmit/receive control register 0 (address 3C1s)

r""||1|||l|°|'*1

BRG count saurce selection bit
00 : f2 selected

01 : f16 selected

10 : fe4 selected

11 : fs12 selected

CTS/RTS function selection bit

0 : CTSfunction selected
1 : RTS function selected (CTS
function disabled) Y.

UARTO baud rate register (address 3116)
UART1 baud rate register (address 3916)

CTTTTIIT]

-

J

Y
Set a value between 0016 and FFie.

Necessary only to select internal clock.

b7

4 Port P8 direction register (address 1416)

LI fojol |

b0
[ofo]

Corresponding to CTSo piny
Corresponding to CLKo pin|
Corresponding to CTS1 pin
Corresponding to CLK1 pi)n

L]
[ ]
| -

UARTO transmission interrupt control register (address 7116)
UART1 transmission interrupt control register (address 7316)
b7 b0

I——-I-——L Interrupt priority level selection bits

Set to level 1 to 7 when using

interrupts.

( UARTO transmission buffer register (address 3215“
UART1 transmission buffer reqister {address 3A16)

b7 b0
HEEEEEEN
- J
'
Set a transmit data.

:

[]

[]

UARTO transmit/receive control register 1 (address 3516)
UART1 transmit/receive control register 1 (address 3D16)

b0
[ [1]
Transmit enable bit

0 : Transmission disabled
1 : Transmission enabled

Transmitting operations start.

Transmitting operations start when the following conditions are satisfied :

@Transmission is enabled (the transmit enable bit is “1").

@Transmit data is available in the UARTI transmission buffer register

(the transmission buffer empty flag is “0").
®CTSipin input level is “L" (in case of selecting CTS function).

Fig. 2.10.11 Setting example of clock synchronous serial I/0 related registers at transmitting
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[Transmit operation]
The transmission of serial data starts when the foliowing conditions are satisfied :

® Transmission is enabled (the transmit enable bit is “1").

@ Transmit data is available in the UARTI transmission buffer register (the transmission buffer empty
flag is “07).

® CTSi pin input level is “L". L
(Note: This condition is ignored if the CTS function is not selected.)

When the above three (® to ® ) conditions are satisfied (two (® and @ ) if CTS function is not selected),
the following operations are performed automatically at the same time :

®Transfer the contents of UARTI transmission buffer register to the UARTI transmission register.
®Generate 8 shift clocks.

®Set the transmission buffer empty flag to “1”.

@Clear the transmission register empty flag to “0".

OUARTI transmission interrupt request occurs and set the interrupt request bit to “1” .

Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor-
mation.

The shift clock is input to the transmit control circuit through the CLKi pin. The data in the UARTI
transmission register is transmitted bit by bit from the TxDi pin (starting at the low-order bit) at each
falling edge of shift clock (LSB first). When the 1-byte data transmission is completed by the 8 shift
clocks, the transmission register empty flag is set to “1”. Figure 2.10.12 shows the clock synchronous
serial /0 transmit operation.

The .synchronous clock is generated continuously if the conditions for the next data are satisfied when
the transmission completes. Therefore, to transmit data continuously, the next data must be written in
the UARTI transmission buffer register while data is being transmitted (when the transmission register
empty flag is “0”). If the conditions to transmit the next data are not satisfied, the synchronous clock
halts at “H” level.

Figure 2.10.13 shows the timing diagram of clock synchronous serial I/O at transmitting (internal clock
is selected as synchronous clock, CTS function is selected).
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b7 b0

UARTI transmission buffer register Transmit data

MSB LSB

Do

UARTI transmission register D7

Shift clock

p—

Fig. 2.10.12 Clock synchronous serial I/O transmit operation

——}—'——Hhx(nﬂ)xz

Transmit
clock

Caqr

Transmit I I
able bit ugyw o

en 0 _[ Write in UARTI transmission

Transmission“1" buffer register.
buffer empty ¢\
flag0” N UARTI transmission register

e ' ! <« UARTI tansmission buffer register

__H
CTSi“Ln_‘___l |___r
—ef—fe— 170X (net) X 2,

L

Stop because transmit enable bit is “0".

CLKi

Teno :: ﬂ é I_I I-l_
0 @@@@@@@@@@@@@@@@@@@@@ >
| ] 1 I~

. . fi: Selected internal clock frequency
Conditions : Internal clock is selected as sychronous clock.  TEND : Next transmit condition is checked when this signal becomes “H” level.
CTS function is selected. (TEND is an internal signal and can not be observed externally.)
N : Value setin UARTI baud rate register

Fig. 2.10.13 Clock synchronous serial I/0 timing diagram at transmitting (selecting internal clock)
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(3) Serlal data recelve

The data receive method in clock synchronous serial 1/0 mode is described below.

[Setting the control registers]
Set each serial 1/0 control register for receive.

OUARTI transmit/recelve mode register
«Serial 1/0 mode selection bits
Set the bits 2 to 0 to “001".

*Internal/External clock selection bit
Set the bit 3 to “0” when an internal clock is selected, or “1” when an external clock is selected.

*Setting the bit 7 to “0” (disable sleep mode)

OUARTI transmit/receive control register 0
*BRG count source selection bits
Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous
clock.

+CTS/RTS function selection bit
Set the bit 2 to “1” when using RTS function, and to “0” when not use.

OUARTI baud rate register
*Dividing ratio
Set the BRG dividing ratio between 0016 and FFie when an internal clock is selected for synchronous
clock.

®Port P8 direction register
*Port direction selection bits
Set the corresponding bit to “0” to the CLKi pin in case that an external clock is selected and RxDi
pin is selected.

OUARTI recelve interrupt control register
eInterrupt priority level selection bits
When using UARTI receive interrupt, set the priority level to the level 1 to 7. When not use, set to the
level 0.

OUARTI transmission buffer register
*Dummy data
Set a dummy data to the low-order byte of UARTI transmission buffer register in order to activate a
transmitter. The transmission buffer empty flag of UARTI transmit/receive control register 1 is cleared
to “0” at the same time.

OUARTI transmit/receive control register 1
*Transmit enable bit
Set the bit 0 to “1” in order to enable transmitting.

*Receive enable bit
Set the bit 2 to “1” in order to enable receiving.

Figure 2.10.14 shows the setting example of clock synchronous serial I/O related registers at receiving.
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UARTO transmit/receive mode register (address 3016)
UART1 transmit/receive mode register (address 3816)
b0

b7
flof [ [T fofof1]

Internal/External clock selection bit
0 : Internal clock
1 : External clock

q A

\_ Fix to “0". )
]
]
]
]
UARTO transmit/receive control register 0 (address 3416) A
UART1 transmit/receive control register O (address 3C16)
b7 b0
BRG count source selection bits
00 : f2 selected
01 : fi6 selected
10 : fe4 selected
11 : fs12 selected
CTS/RTS function selection bit
0 : CTSfunction selected (RTS
function disabled)
\_ 1 : RTSfunction selected Y,
[]
]
[]
]
UARTO baud rate register (address 3116)
UART1 baud rate register (address 391e)
b7 b0
- J
Y
Set a value between 0016 and FF1s.
Necessary only to select internal clock.
[]
]
]
(" Port P8 direction register (address 1416) )

b7 bo
[ [ofo] [ Jofof |

Corresponding to CLKo pin
Corresponding to RxDo pin

Corresponding to CLK1 pin

Corresponding to RxD1 pin)

UARTO receive interrupt control register (address 7216)
UART1 receive interrupt control register (address 7416)
b7 b0

LITTPT 11
LI L

Interrupt priority level selection bits
Set1o level 1 1o 7 when using
interrupts.

UARTO transmission buffer register (address 32\%
UART iransmission buffer register (address 3A1s)

CITTTIITT]
N\

J

Set a dummy data.

~

UARTO transmit/receive control register 1 (address 3516)
UART1 transmit/receive control register 1 (address 3D16)

Transmit enable bit
0 : Transmission disabled
1 : Transmission enabled

Receive enable bit
0 : Receive disabled
1 : Receive enabled

- J

Receiving operations start.

Receiving operations start when the following conditions are satisfied :

@Reception is enabled (the receive enable bit is “1”).

@Transmission is enabled (the transmit enable bit is “1”).

@®Dummy data is available in the UARTI transmission buffer register
(the transmission buffer empty flag is “0").

Fig. 2.10.14 Setting example of clock synchronous serial I/O related registers at receiving
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[Receive operation]
The reception of serial data starts when the following conditions are satisfied :

® Reception is enabled .(the receive enable bit is “1”).

@ Transmission is enabled (the transmit enable bit is “1").

® Dummy data is available in the UARTi transmission buffer register (the transmission buffer empty
flag is “0"). .

Serial data receive is enabled by enabling transmission and setting the receive enable bit to “1”. When
the receive enable bit is set to “1”, the RTSi pin becomes “L” level to indicate externally that the mi-
crocomputer is ready to receive serial data (in case that RTS function is selected). The transmit and
receive timing can be synchronized by connecting the RTSi output pin to the CTSi input pin on the
transmit side. Figure 2.10.15 shows the connecting example of clock synchronous serial I/0. When RTS
function is selected, if receiving operations start, RTSi pin level becomes “H".

When receiving operations start, the RxDi pin level is used to establish the most significant bit of the
UARTI receive register at the rising edge of the shift clock (the clock input to the CLKi pin when an
external clock is selected), and the contents of the UARTi receive register are shifted by 1 bit to the
right. This operation is repeated each time a rising edge is input. When 1-byte data is accumulated in
the UARTI receive register after 8 shift clocks, the contents of UARTI receive register are transferred
to the UARTI receive buffer register. At the same time, the receive completion flag is set to “1”. In case
RTS function is selected, RTSi pin level becomes “L" at the same time. When the receive completion
flag is set to “1”, UARTI receive interrupt request occurs and the interrupt request bit is set to “1”.
Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor-
mation.

The receive completion flag is cleared to “0” when the UARTi receive buffer register is read.

Figure 2.10.16 shows the clock synchronous serial I/O receive operation and Figure 2.10.17 shows the
timing diagram at receiving (external clock is selected, RTS function is selected).

Transmit side Recelve side

Fig. 2.10.15 Connecting example of clock synchronous serial /O
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UARTi receive register

MSB

Shift clock

T Di D)
s D O
U Ds ©

MSB

e

UARTI receive buffer register Receive data

Fig. 2.10.16 Clock synchronous serial 1/O receive operation

yn

Receive
enable bit uy» ‘
1
Transmit
enable bit .., . . "
0" Write dummy data in UARTi
- ) transmission buffer register.
Transmission“1” |
buffer empty I | (
flag o~ ‘ UARTi transmission register
o o « UARTI transmission buffer register
RTSi
llL"
——»I—-—'-—— 1/Fi
CLKi
RxDi
Read UARTi receive
Receive ‘1" )‘/ buffer register.
completion flag ), q
Conditions : External clock is selected as sychronous clock. Fi : External clock frequency

RTS function is selected.

Fig. 2.10.17 Clock synchronous serial 1/0 timing diagram at receiving (selecting external clock)
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[Precautions during clock synchronous serial I/0 receive]

1. With clock synchronous serial 1/0, shift clocks are generated by operating a transmitter. Therefore, trans-
mission operations (setting for transmission) must be performed even if only receive is necessary. Also
note that dummy data is externally output from the TxDi pin (transmit pin) during receive.

2. In case that an internal clock is selected, a shift clock is generated when the transmit enable bit is set
to “1” (transmit enabled) and a dummy data is set in the UARTI transmission buffer register.
In case that an external clock is selected, a shift clock is generated when the transmit enable bit is set
to “1”, a dummy data is set in the UARTI transmission buffer register, and external clock is input to the
CLKi pin.

3. When receiving data continuously, an overrun error occurs and bit 4 (overrun error flag) in the UARTI
transmit/receive control register 1 is set to “1” if the next receive data becomes available in the UARTi
receive register while the receive completion flag is “1” (before reading the contents of the UARTI receive
buffer register). In this case, the UARTi receive buffer register contains the next data. Therefore, the
transmit and receive programs must make arrangements to re-transmit the previous data when an overrun
error occurs.

The interrupt request bit is not set to “1” when an overrun error occurs.

4. When continuously receiving data, a dummy data must be set in the low-order byte of the UARTi trans-
mission buffer register as each receive.

144



FUNCTIONAL DESCRIPTION
2.10 Serial 1/0

2.10.4 Clock asynchronous serial /O (UART)
Table 2.10.5 shows the serial I/O performance overview in UART mode.

Table 2.10.5 UART performance overview

Parameter Function
Data format Start bit 1 bit
Data bit (character length) |7 bits, 8 bits, or 9 bits
Parity bit ' 0 bit or 1 bit (Odd or even can be selected.)
Stop bit 1 bit or 2 bits
Baud rate Internal clock BRG output divided by 16
External clock 125Kbps maximum (f(Xin)=8MHz)
250Kbps maximum (f(Xin)=16MHz)
312.5Kbps maximum (f(Xin)=25MHz)

Error detection 4 types (overrun, parity, framing, error sum)
(Error sum can be used to check existence of error.)

In UART mode, the baud rate®' and the transfer data format must be set beforehand. The setting of the
baud rate and the transfer format are described below.
Baud rate™ : Frequency of the ciock used for transmission and receive.
(1) Baud rate
The serial data transfer rate is determined by the baud rate. The baud rate is set by the UARTi baud
rate register. The BRG is a frequency divider that has an 8-bit structure. The BRG input clock can be
either an internal clock or an external clock input to the CLKi pin with the internal/external clock selection
bit.
When an internal clock is selected, 1/2, 1/16, 1/64, or 1/512 of the f(Xw) is selected with the BRG
count source selection bits. When an external clock is selected, the clock input to the CLKi pin is input
to the BRG.
The clock input to BRG is divided by (n+1) and then by 16 to obtain the baud rate.
Table 2.10.6 shows the baud rate selection table.
If the required baud rate is B (bps), use the following equation to determine the value “n” set in the
UARTi baud rate register.

“n” = Fi/(16XB) — 1 “B"=the required baud rate,
“F"=the clock frequency input to the BRG
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Table 2.10.6 Baud rate selection table (1)

Baud rate (bps) f(Xin)=8MHz f(XiN)=16MHz
Rated Actual fi n* fi n*

75 75.12 fs12 12 (0C1s) fs12 25 (1916)
110 110.04 fos 70 (4616) fea 141 (8D1e)
134.5 134.70 fea 57 (3916) fos 115 (7316)
150 150.24 fos 51 (3310) fos 103 (6716)
300 300.48 fos 25 (191¢) fea 51 (3316)
600 600.96 fe4 12 (0C1e) fos 25 (1916)
1200 1201.92 fie 25 (1916) f16 51 (3316)
2400 2403.85 fie 12 (0C1e) f1e 25 (1916)
4800 4807.69 f2 51 (3316) fa 103 (6716)
9600 9615.39 f2 25 (1916) fa 51 (3316)
19200 19230.77 2 12 (0Cte) 2 25 (191)
31250 31250.00 f2 7 (0716) fa 15 (OF16)
62500 62500.00 fa 3 (0316) fa 7 (0716)
125000 125000.00 f2 1 (0116) fa 3 (0316)
250000 250000.00 f2 0 (001e) f 1 (0116)
500000 500000.00 fa —_ fa 0 (0016)

n* : UARTI baud rate register value

Table 2.10.6 Baud rate selection table (2)

f(Xim)=25MHz

Baud rate f(Xin)=20MHz
(bps) fi n* Actual (bps) fi n* Actual (bps)
150 fes 129 (8116) 150.24 fea 162 (A216) 149.78
300 fea 64 (4016) 300.48 fea 80 (5516) 301.41
600 f1e 129 (811¢) 600.96 fie 162 (A216) 599.12
1200 fie 64 (4016) 1201.92 fie 80 (5516) 1205.63
2400 fie 32 (2016) 2367.42 f1e 40 (2816) 2381.86
4800 fa 129 (811¢) 4807.69 fa 162 (A216) 4792.94
9600 fa 64 (4016) 9615.38 f 80 (5516) 9645.06
19200 f2 32 (2016) 18939.39 f 40 (2816) 19054.88
31250 fa 19 (1316) 31250.00 fa 24 (1816) 31250.00

n* : UARTi baud rate register value
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(2) Transfer format

The format of the transfer data is set with the UARTI transmit/receive mode register.

Data can be transferred in the following format shown by Figure 2.10.18.

UART mode

| 7-bit UART mode

8-bit UART mode I

| 9-bit UART mode

ST — (ransng:sTk}J\n data PAR || SP
(Start bit) ( (character) )}— (Parity bit) (Stop bit)
1ST |~  7DATA |-———— 1SP
1ST 7DATA  |——+— 2sP
18T |+ 70ATA | 1PAR | 15P |
1ST |—{  7DATA 1PAR 2sp |
1ST 8DATA 1SP
15T }—4  epATA | {2sp |
1ST 8DATA 1PAR 1SP
1ST |—{ 8DATA ]-—-| 1PAR |—{ 2sp |
15T }—{  9DATA
1ST |— 9DATA 2SP
1ST |— 9DATA. |-——| 1PAR 1sP |
1ST 9DATA 1PAR |[—| 2sP

Fig. 2.10.18 Data format for transfer
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Figure 2.10.19 shows the data format for example and Table 2.10.7 shows the transmission data in

UART mode.

“H”

Example of | g.bit UART mode |— 1ST |- 8DATA |— 1PAR}—{1SP|

A

-» Time
The next transmission data

Transmission data ———————»i >

8-bit data ; (during continuous output)

ST

tse] | ] IvwsBlPAR| sPp | sT | |

Fig. 2.10.19 Data format example

Table 2.10.7 Transmission data in UART mode

Item Function
ST This bit indicates the start of data transmission. A 1-bit “L" signal is appended in front
(Start bit) of the transmission data.
DATA This is the transmission data written in the UARTI transmission buffer register.
(Character)
SP This bit appends after the data (or after the parity bit if it is included) to indicate the end
(Stop bit) of transmission. A 1 or 2-bit “H” signal is output as a stop bit.
PAR This bit appends to the end of data to improve the reliability of data. This bit is appended
(Parity bit) by the contents of the odd/even parity selection bit so that the number of 1s in the data

including the parity bit is always even or odd.
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(3) Serial data transmission
The data transmission method in UART mode is described below.

[Setting the control registers]
Set each serial I/O control register for transmission.

®UARTI transmit/receive mode register
Serial /O mode selection bits
Select the data length with the bits 0 to 2.

Table 2.10.8 Setting of UART mode

b2 | b1 | b0 Serial I/0 mode selection bits
0| 0 |7-bit UART mode

0 | 1 |8-bit UART mode

1 [ 0 {9-bit UART mode

- | —d |

*Transfer format
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled.

«Internal/External clock selection bit
Set the bit 3 to “0” when an internal clock is selected. or “1” when an external clock is selected as
the BRG count source.

«Sleep function selection bit
Set the bit 7 to “1” when enable the sleep function, and to “0” when disable it.
(Refer to “2.10.5 Sleep mode” for details of sleep mode.)

®UARTI transmit/receive control register 0
*BRG count source selection bits
Select the BRG count source with bits 0 and 1 when an internal clock is selected for BRG input clock.

«CTS/RTS function selection bit
Set the bit 2 to “0” when using CTS function, and to “1” when not use.

OUARTI baud rate register
+Dividing ratio
Set the baud rate register value between 001 and FFis to determine the baud rate.

®Port P8 direction register
«Port direction selection bits .
Set the corresponding bit to “0” when the CTS function is selected and an external clock is selected.

OUARTI transmission interrupt control register
eInterrupt priority level selection bits
When using UARTI transmission interrupt, set the priority level to the level 1 to 7. When not use, set
to the level 0.

QUARTI transmission buffer register
«Transmission data
Set a transmission data to the UARTI transmission buffer register. The transmission buffer empty flag
of UARTi transmit/receive control register 1 is cleared to “0” at the same time.

OUARTI transmit/receive control register 1
*Transmit enable bit
Set the bit 0 to “1” to enable transmitting.
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Figure 2.10.20 shows the setting example of UART related registers at transmitting.

-

UARTO transmit/receive mode register (address 301e)

UART1 transmit/receive mode register (address 3816)
b0

EEEEEEEN

Serlal VO mode selection bits
100 : 7-bit UART
101 : 8-bit UART
110 : 9-bit UART

Internal/External clock selection bit
0 : Internal clock
1 : External clock

Stop bit length selection bit
0 : One stop bit
1 : Two stop bits

Odd/Even parity selection bit
0:0dd parlly -

1 : Even parity

Parity enable bit

0 : Parlty disabled
1: Parlty enabled

Sleep function selection bit
0 : Sleep function disabled

1 : Sleep function enabled

(" UARTO transmit/recelve control register 0 (address 3416)
UART1 transmit/recelve control register O (address 3C16)

- [TT1]
T

HEN

BRG count source selection bits
00 : f2 selected

01 : fi6 selected

10 : fe4 selected

11 : f512 selected

‘CTS/RTS function selection bit
0:CTS function selected
1 : RTS function selected (CTS
\_ function disabled) Y,

UARTO baud rate register (address 3116)
UART1 baud rate register (address 3916)

Set a value between 0016 and FF16.

fEELEENEESsEsEnNg
| ]

(" Port P8 direction register (address 1416) 7

b7 b0
LI [oJof [ Jo]o]

Corresponding to CTSo pin|
Corresponding to CLKo pin

Corresponding to CTS1 pin|
Corresponding to CLK1 plD

UARTO transmission interrupt control register (address 7116)

UART1 transmission interrupt control register (address 7316)
b7

EEEEEEEE
.

Interrupt priorty level selection bits
Setto level 110 7 when using
Interrupts,

UARTO transmission buffer register (address 3216, 3316)
UART?1 transmission buffer register (address 3A16, 3B16)

A lEEEEEEEN

- _J
e
Set a transmit data.
.
[]
B

UARTO transmit/receive control register 1 (address 3516)
UART1 transmit/receive control register 1 (address 3D16)

b0
[ [1]
Transmit enable bit

0 : Transmission disabled
1 : Transmission enabled

Transmitting operations_start.

Transmitting operations start when the following conditions are satisfied :

@Transmission is enabled (the transmit enable bit is *17).

@Transmit data is available in the UARTI transmission buffer register
(the transmission buffer empty fiag is “0%).

@CTSipin input level is “L” (in case of selecting TTS function).

I_=I_g. 2.10.20 Settlngr example of UART related registers at transmitting
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[Transmit operation]
The only difference between 7-bit UART, 8-bit UART, and 9-bit UART is the length of the transferred
data. The low-order byte of the UARTI transmission buffer register is used for 7-bit and 8-bit UART. The
low-order byte and bit 0 of the high-order byte is used for 9-bit UART.
The transmission of serial data starts when the following conditions are satisfied :

® Transmission is enabled (the transmit enable bit is “1”).

@ Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty
flag is “0”).

® CTSi pin input level is “L".
(Note: This condition is ignored if the CTS function is not selected.)

When the above three ( @ to ® ) conditions are satisfied (two ( ® and @ ) if CTS function is not se-
lected), the following operations are performed automatically at the same time :

®Transfer the contents of UARTi transmission buffer register to the UARTI transmission register.
®Set the transmission buffer empty flag to “1”.

@®Clear the transmission register empty flag to “0”.

OUARTI transmission interrupt request occurs and set the interrupt request bit to “1”.

Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor-

mation.

Data transmission starts from the TxDi pin when the data is transferred to the UARTI transmission

register. When transmission starts, data is output from the TxDi pin in the format specified by the UARTi

transmit/receive mode register. The data is output bit by bit in the order;
ST—-DATA(LSB)—...-»DATA(MSB)-»PAR—-SP.

After the stop bit has been output, the transmission register empty flag is set to “1” to indicate that the
transmission has completed. If the next data is available when transmission completes, a start bit is
generated following the stop bit and the next data is transferred. In order to continuously transfer data,
the next transmission data must be set in the UARTi transmission buffer register during transmitting
operations (when the transmission register empty flag is “0”). If the transmit conditions for the next data
is not satisfied, “H” level is output from the TxDi pin.

Figure 2.10.21 shows the timing diagram of 8-bit UART at transmitting (with parity bit, 1 stop bit and
CTS function). Figure 2.10.22 shows the timing diagram of 9-bit UART at transmitting (with 2 stop bits,
no parity bit and no CTS function).
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—s}—f=—(1/fior 1/fexT) x (n+1) x 16

Transmit

e UUUUUUUUUUUUUUUuUuuuuyy vyuyt

Transmit 1"
enable bit "0"-—J

Transmission “q°, buffer register.
buffer empty
flag “0"

Write in UARTI transmission

:UARTI transmission register

l [
r————

« UARTI transmission buffer register

I

Start bit

Transmission 4+,
register |

Pnnty §!°p

I

{ Stop becauao the transmit

TxDi @@@@@@@@9 SPASTADKORKOHCHORON NN Y 5P

I R

empty flag 0
Conditions : with parity bit

fi : Selected internal clock frequency

with 1 stop

bit

{ExT : Selected external clock frequency

CcTS !undlon is selected  TENDi : Next transmit condition is checked when this signal becomes “H" level.
(TENDi is an internal signal and cannot be observed externally.)
n: Value set in UARTI baud rate register

Fig. 2.10.21 8-bit UART timing diagram at transmitting (with parity and 1 stop bit)

—sf—=—(1/f or 1/fext) x (n+1) x 16
Transmit |||IH|||”I||”||””I”|”H”|||I|I”||”|||””””””II
clock

\ —

Transmit “1"_1 |
enable bit -p: Write in UARTi transmission
Transmission “{ % buffer register.

buffer em| Yy, & |
flag 0 UARTi transmission register
Tenni rl « UARTi transmission buffer register I"I
Start bit S S f:org::f b s 0"
TDi @@@@@@@@@ BV E 000000008 DS

Tran's.rrneigissitt:ver:r "1".._‘ n I__I

empty flag ‘0"
Conditions : without parity bit
with 2 stop bits

CTS function is disabled.

fi : Selected internal clock frequency
fexT : Selected external clock frequency
TeNDi : Next transmit condition is checked when this signal becomes “H" level.

(TeNDi is an internal signal and cannot be observed externally.)
n : Value set in UARTI baud rate register

L __
Fig. 2.10.22 9-bit UART timing diagram at transmitting (no parity and 2 stop bits)
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(4) Serial data receive
The data receive method in UART mode is described below.

[Setting the control registers]
Set each serial I/0 control register for receive.

SUART! transmit/recelve mode register

*Serial IO mode selection bits
Select the data length with the bits 0 to 2.

Table 2.10.9 Setting of UART mode
b2 | b1 | b0 Serial 1/0 selection bits
0 | 0 |7-bit UART mode

0 | 1 |[8-bit UART mode

1 | 0 |9-bit UART mode

I N BN

«Transfer format
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled.

PN DY

-internai/Externai clock selection bit
Set the bit 3 to “0” when an internal clock is selected, or “1” when an external clock is selected as
the BRG count source.
Sleep function selection bit
Set the bit 7 to “1” when enable the sleep function, and to “0” when disable it.
(Refer to “2.10.5 Sleep mode” for details of sleep mode.)

@UARTI transmit/receive control register 0
*BRG count source selection bits
Select the BRG count source with bits 0 and 1 when an internal clock is selected for BRG input clock.

-CTS/RTS function selection bit
Set the bit 2 to “1” when using RTS function, and to “0” when not use.

OUARTI baud rate register
+Dividing ratio
Set the baud rate register value between 001 and FFis to determine the baud rate.

®Port P8 direction register
*Port direction selection bits
Set the corresponding bit to “0” to the CLKi pin when an external clock and the RxDi pin is selected.

@®UARTI receive interrupt control register
eInterrupt priority level selection bits
When using UARTI receive interrupt, set the priority level to the level 1 to 7. When not use, set to the
level 0.

OUARTI transmit/receive control register 1

*Receive enable bit
Set the bit 2 to “1” to enable receiving.

Figure 2.10.23 shows the setting example of UART related registers at receiving.

153




FUNCTIONAL DESCRIPTION
| 2.10 Serial /O

@ UARTO transmit/recelve mode register (address 3016) W
:;J7ART1 transmit'receive mode re&ster (address 3816) e ——
[TT111] : '
[ ] : /" Port P8 direction register (address 1416) N
Serlal VO mode selection bits ] b7 5
100 : 7-bit UART ' I [0|0| ] |0|0| I
101 : 8-bit UART 1
110 : 9-bit UART L} .
1 Corresponding to CLKo pin
Internal/External clock selection bit 1 Corresponding to RxDo pin
oot :
: : Corresponding to CLK1 pin
g‘:"g:‘e‘ 5;‘3‘:"“'“““ bit ' Corresponding to RXD1 pin )
1 : Two stop bits : [
[]
Odd/Even parity selection bit 1 2
0 : Odd parity )
1 : Even parity UARTO receive interrupt control register (address 7216)
UART1 receive interrupt control register (address 7416)
Parity enable bit b7 b0
0 : Parity disabled
1 : Parity enabled [ r I L [ l J l l
Sl functi lection bit
0 Sieep funcion disabled iorrup prarly lovel selecon bit
: 0 level 1 to 7 when us
L 1 : Sleep function enabled ) interrupts. "

Match the format with transmitting side. '
]

-
UARTO transmit/receive control register 1 (address 3516) \
UART1 transmivreceive control register 1 (address 3D16)

[TIT I

L Receive enable bit
L 0 : Receive disabled

é UARTO transmit/receive control register O (address 3416)
UART1 transmit/receive control register 0 ( 3Ci16)

[ITIIIIL]
T

BRG count source selection bits
00 : f2 selected

01 : fi6 selected

10 : fe4 selected

11 : 512 selected

1 : Receive enabled

CTS/RTS function selection bit

0 : CTS function selected (RTS
function disabled)

\_ 1 : RTSfunction selected )

UARTO baud rate register (address 3116)
UART1 baud rate register (address 3916)
b7 b0

HEEEEERE

- J
Y

Set a value between 0016 and FF1e.

Receiving operations start.

Recelving operations start when the following conditions are satisfied :
@Reception is enabled (the receive enable bit is “17).
@Detect the start bit.

]
1
]
hEsssssssssnsnnasn

Flg. 2.10.23 Setting example of UART related registers at receiving

154



FUNCTIONAL DESCRIPTION
2.10 Serial I/0

[Receive operation]
The reception of serial data starts when the following conditions are satisfied :

® Reception is enabled (the receive enable bit is “1").
@ Detect the start bit.

Serial data receive is enabled by setting the receive enable bit to “1”. When the receive enable bit
is set to “1”, the RTSi pin becomes “L" level to indicate externally that the microcomputer is ready
to receive serial data (in case that RTS function is selected). The transmit and receive timing can
be synchronized by connecting the RTSi output pin to the CTSi input pin on the transmit side. Figure
2.10.24 shows the connecting example of UART.

When the RxDi pin detects a start bit, a receive clock is generated and data receive starts. At the
same time, the RTSi pin returns to “H” level if RTS function is selected. The RxDi pin level is used
to establish the most significant bit of the UARTi receive register at the rising edge of the receive
clock and the contents of UARTI receive register are shifted by 1 bit to the right. This operation is
repeated to receive the entire data from ST to SP. Then the contents of UARTi receive register are
transferred to the UARTI receive buffer register. At the same time, the receive completion flag is set
to “1”. When the receive completion flag is set to “1" by detecting SP, the UARTi receive interrupt
request occurs and the interrupt request bit is set to “1”. In case RTS function is selected, RTSi pin
level becomes “L" at the same time. Interrupts must be enabled before they can be used. Refer to
section “2.6 Interrupts” for more information. The receive completion flag is cleared to “0” when the
LUARTI receive buifer register is read.

Figure 2.10.25 shows the timing diagram of 8-bit UART at receive (no parity bit, with 1 stop bit and
RTS function).

When receiving data continuously, an overrun error occurs and the bit 4 (overrun error flag) in the
UARTI transmit/receive control register 1 is set to “1” if the next receive data becomes available in
the UARTI receive register while the receive completion flag is “1” (before reading the contents of
the UARTI receive buffer register). In this case, the next data is written in the UARTi receive buffer
register. Therefore, if an overrun error occurs, the transmit and receive programs must make ar-
rangements to re-transmit the previous data. The interrupt request bit is not set to “1” when an
overrun error occurs.

Transmit side Recelve side

Fig. 2.10.24 Connecting example of UART
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Selected
internal clock
o (AU, - A
extemal clock . .
Receive “1”

enable bit "0"-]

] Stop bit
RXDi Start bit [ Do ) TR \
Check for “L" level. Establish the data.
Receive clock o | l l
Recoive ..., :Stan at the falling edge of start bit. :
completion H e
flag “L” ﬁ: ......
e : '
RS, L I

Conditions : without parity bit
with 1 stop bit
ATS function is selected.

Fig. 2.10.25 8-bit UART timing diagram at receiving (no parity and 1 stop bit)

[Error flag]
During UART mode operation, transfer data errors can be detected using four error flags. These errors
are detected when transferring data from the UARTi receive register to the UARTI receive buffer
register. The error‘flags set to “1” are cleared to “0” when the low-order byte of the UARTi receive buffer
register is read or when the receive enable bit is set to “0”.

@®Overrun error
An overrun error occurs and the overrun error flag is set to “1” when the next receive data becomes
available in the UARTI receive register and transferred to the UARTI receive buffer register while the
receive completion flag is “1” (data exists in UARTi receive buffer register), that is to say, the next
receive data becomes available before the contents of the UARTI receive buffer register are read.

O®Framing error
A framing error occurs and the framing error flag is set to “1” when there is insufficient number of stop
bits.

@Parity error
A parity error occurs and the parity error flag is set to “1” when parity checking is enabled and the
number of 1s in the data including the parity bit conflicts with the parity specified by the odd/even
parity selection bit.

oSum error
The error sum flag is set to “1” when either an overrun error, a framing error, or a parity error occurs.
The existence of errors can be determined by checking only the error sum flag.
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2.10.5 Sleep mode

Sleep mode is used for communication between certain microcomputers when multiple microcomputers are
connected through serial I/0.

Sleep mode is entered by setting the UARTI transmit/receive mode register bit 7 to “i”. In sleep mode, the
contents of UARTI receive register are not transferred to the UARTI receive buffer register when the most
significant bit (MSB: bit 8 if 9-bit UART mode, bit 7 if 8-bit UART mode, and bit 6 if 7-bit UART mode) of
the received data is “0". In this case, the receive completion flag and the error flags remain unchanged and
no receive interrupt request occurs. Normal receive operation is performed only when the most significant
bit of the received data is “1”.

The following is a description of sleep mode usage in 8-bit UART mode. The main microcomputer first
transmits a data with bit 7 set to “1” and the remaining bits 0 to 6 forming the address of the destination
microcomputer. Then all subordinate microcomputers receive the same data. Each subordinate microcom-
puter checks the received data and sets the sleep function selection bit to “0” if the address matches its
own address and to “1” if otherwise. Next the main microcomputer starts transmitting data with bit 7 set
to “0”. Then only the microcomputer with the sleep function selection bit set to “0” will receive this data.
This enables communication between the main microcomputer and a specific subordinate microcomputer.
Figure 2.10.26 shows the sleep mode.

The main microcomputer can
communicate only a specific
microcomputer of multiple
suboridinate microcomputers
connected through serial /O
by specifying the destination
microcomputer.

-7 | 1
| | |
| | |
Sub Sub Sub
microcomputer microcomputer microcomputer
A B D

L
Fig. 2.10.26 Sleep mode
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2.11 A-D converter .

The M37732 group has a built-in 8-bit A-D converter that performs successive approximation to convert
analog values input from pins ANo—-AN- to digital values.

The A-D converter provides four selectable conversion modes.

2.11.1 A-D converter overview
Table 2.11.1 shows the performance overview of the A-D converter.

Table 2.11.1 A-D converter performance overview

Parameter Description
Analog Input pin 8 pins (ANo—AN?)
One-shot mode
Repeat mode
Single sweep mode
Repeat sweep mode
A-D conversion method | Successive approximation
Resolution 8 bits
Absolute accuracy +3LSB

57¢a0 cycles ¢no : A-D converter operating clock
(for 1 analog input pin)

A-D conversion mode

Conversion speed

The A-D converter provides the following four conversion modes.

@®0ne-shot mode.............. The input voltage to one selected analog input pin is converted. After conver-
sion, the result is stored in the corresponding A-D register and an A-D con-
version interrupt request occurs.

®Repeat mode................. The input voltage to one selected analog input pin is repeatedly converted.
The result is stored in the corresponding A-D register each time the conver-
sion completes, but no A-D conversion interrupt request occurs.

@Single sweep mode....... The analog input pins to be converted can be selected with the A-D sweep pin
selection register. The selected pins are converted in the order ANo, AN;,... and
an A-D conversion interrupt request occurs when the last pin is converted.
The result is stored in the corresponding A-D register when each pin is con-
verted.

®Repeat sweep mode....... This is similar to single sweep mode except that conversion is repeated in
order from the ANo pin without an A-D conversion interrupt request after con-
verting the last pin.
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2.11.2 Block description

Figure 2.11.1 shows the block diagram of the A-D converter. The A-D converter related registers are
described below.

VRerF O—
Ladder Vret
resistance
AVss O~
7 ] ]
HEEEEEEN :
Successive approximation LT T T T
register A-D control register
A-D register 0 (address 2016) (address 1E1e)

A-D register 1 (address 2216)
A-D register 2 (address 241e)
A-D register 3 (address 2616)
A-D register 4 {address 2818 Decoder
A-D register § (address 2A1e)
A-D register 6 (address 2C16)
A-D register 7 (address 2E16) Comparator

. ANo O O~~O

AN1 O O~~O0—+¢
AN2 O O~~0

AN3 O- o~0——¢

ANs O- o~o0——¢

ANe O o~o0——+¢
AN7/ADTRG O— -0~

Selector

Fig. 2.11.1 A-D converter block diagram
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(1) A-D control register
The A-D control register (address 1E1e) consists of bits that control the A-D converter. Figure 2.11.2
shows the structure of the A-D control register followed by description of each bit.

b7 b6 bS5 b4 b3 b2 bl bl

R/W | R/W | R/W | RW h/W R/W | R/W | R/W | A-D control register (address 1E1s)

001

011

101

111

01

11

Note: AN~ pin (port P77) functions as ADtre input pin when an external trigger is selected.

Bits 0 to 2 are undefined at reset.
Bits 3 to 7 are cleared to “0” at reset.

L—-L—-l——-Analog input selection bits

000 :
: AN1 pin selected
010 :
: ANs pin selected
100 :
: ANs pin selected
110 :
: AN7 pin selected (Note)

A-D conversion mode selection bits
00 :
: Repeat mode
10 :
: Repeat sweep mode

Trigger selection bit
0 : Software trigger (internal trigger)
1 : ADrtRre input trigger (external trigger)

A-D conversion start flag
0 : Stop A-D conversion
1 : Start A-D conversion

A-D conversion frequency (¢ao) selection flag
0 : External clock input frequency divided by 8 (fs)
1 : External clock input frequency divided by 4 (fs)

ANo pin selected
ANz pin selected
ANs pin selected

ANs pin selected

One-shot mode

Single sweep mode

Fig.

2.11.2 A-D control register structure
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@®Analog input selection bits (bits 0 to 2) Table 2.11.2 Relationship between analog input selection
The analog input selection bits are used to select bits and analog input pins
one analog input pin in one-shot mode and re- b2 | bi b0 Analog input pin
peat mode. Table 2.11.2 shows the relationship 0 0 0 ANo pin selected
between the analog input selection bits and 0 0 1 AN1 pin selected
analog input pins. The selected analog input 0 1 0 ANz pin selected
pin remains unchanged when the mode is 0 1 1 ANs pin selected -
switched between one-shot mode and repeat 1T 1 0 0 | AN« pin selected
mode. These bits are ignored in single sweep 1 0 1 ANs pin selected
mode and repeat sweep mode. If an external 1 1 0 ANs pin selected
trigger is selected with the trigger selection bit 1 1 1 AN7 pin selected

(described later), port P77 functions as ADrtra
pin and cannot be used as AN- pin.

Pins not selected as analog input pin can be
used as normal I/O ports.

@®A-D conversion mode selection bits (bits 3, 4)
The A-D conversion mode selection bits are used to select one of the four available conversion modes.
Table 2.11.3 shows the relationship between the A-D conversion mode selection bits and the conver-
sion modes.

Table 2.11.3 Relationghib between A-D conversion mode
selection bits and conversion modes
b4 b3 A-D conversion mode
0 0 One-shot mode
0 1 Repeat mode
1 0
1 1

Single sweep mode
Repeat sweep mode

@Trigger selection bit (bit 5)
The trigger selection bit is used to select the trigger occurrence factor which start an A-D conversion
operation. An internal trigger or an external trigger is available for the trigger. An internal trigger
(software trigger) is selected when this bit is “0” and an external trigger (input signal to ADrra pin) is
selected when this bit is “1”.

<Internal trigger>
A trigger is occurred and A-D conversion starts when the A-D conversion start flag (described later)
is set to “1”.

<External trigger>
A trigger is occurred when the level of the input signal to the ADrrae pin changes from “H” to “L” (falling
edge) while the A-D conversion start flag is “1”. When an external trigger is selected, a retrigger is
available during A-D conversion. In this cases, the conversion is restarted from the beginning.
The ADrre pin is shared with the ANz pin (port P77). Therefore, the ANz pin cannot be used as the
analog input pin when an external trigger is selected.
When an external trigger is selected in each A-D conversion mode, the port P7 direction register bit
7 must be set to “0” (input mode).
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@A-D conversion start flag (bit 6)
The A-D conversion start flag is used to start or stop A-D conversion.

<Internal trigger>
An internal trigger is occurred and A-D conversion starts when the A-D conversion start flag is set to
“1". A-D conversion stops when it is cleared to “0”. This bit is automatically cleared to “0” after A-D
conversion in one-shot mode and single sweep mode. It is not cleared in other modes and conversion
continues until it is cleared to “0".

<External trigger>
The A-D conversion start flag must be set to “1” before the falling edge is input to the ADvre pin. If
an external trigger is selected, this flag is retained “1” after conversion.

@®A-D conversion frequency selection flag (bit 7)
This flag is used to select the A-D converter operating clock (¢ao). When this flag is “0”, the external
clock input frequency f(Xin) divided by 8 is selected. When this flag is “1”, the external clock input
frequency f(Xiv) divided by 4 is selected.
In one-shot mode and repeat mode, A-D conversion completes after 57 X ¢ao cycles from the be-
ginning of A-D conversion. In single sweep and repeat sweep mode, one A-D conversion completes
after 57 X number of selected pins X ¢ap cycles from the beginning of A-D conversion.
The A-D converter operating clock ¢ao during A-D conversion must be no less than 250kHz because
the comparator in the A-D conversion circuit consists of capacity coupling amplifiers.
Table 2.11.4 shows the relationship between the A-D conversion frequency selection flag and the A-
D converter operating clock and conversion time.

Table 2.11.4 Relationship between A-D conversion frequency
selection flag and A-D converter operating clock
and conversion time

A-D conversion frequency selection flag “0” “1”
A-D converter operating clock an= —ﬁ-)-éﬁl o= ﬂé’“—)
Conversion time f(XiN)=8MHz 57.0 us 28.5 us
(Note) | f(Xin)=16MHz 28.5 s 14.25us
f(Xin)=25MHz 18.24 us 9.12 us

Note: Conversion time per one analog input pin.
F(Xw): External clock input frequency
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(2) A-D sweep pin selection register

The A-D sweep pin selection register (address 1F1s) is used to select the analog input pins in single
sweep mode and repeat sweep mode. Figure 2.11.3 shows the structure of the A-D sweep pin
selection register.

The number of analog input pins can be selected among either 2, 4, 6, or 8 pins with bits 0 and 1
(A-D sweep pin selection bits). Table 2.11.5 shows the relationship between the A-D sweep pin
selection bits and the number of the anaiog input pins. Pins ANo—AN?> (8 pins) are selected for analog
input pins because the A-D sweep pin selection bits are set to “11” at reset.

Table 2.11.5 Relationship between A-D sweep pin selec-
tion bits and number of analog input pins
A-D sweep pin selection bits
ANo, AN1 (2 pins)
ANo—ANs (4 pins)
ANo—ANs (6 pins)
ANo—AN7 (8 pins)

afalololS
alo|a|olZ

R/W | R/W| A-D sweep pin selection register (address 1Fis)

I——I—A-D sweep pin selection bits

00 : ANo, AN1 (2 pins)
01 : ANo—ANs (4 pins)
10 : ANc—ANs (6 pins)
11 : ANo—AN?> (8 pins)

Note: Bits 2 to 7 are undefined at reading.
Bits 0 and 1 are set to “1” at reset and pins ANo—AN?- (8 pins) are selected for analog input pins.

Fig. 2.11.3 A-D sweep pin selection register structure
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(3) A-D register | (i=0 to 7)

The A-D register i (addresses 201s to 2Eis) are 8-bit read-only registers. The conversion results
(contents of successive approximation register) are stored in these registers. A-D register i corre-
sponds to each analog input pin. The contents of the A-D register i can be read during A-D conversion.
However, if the A-D register i corresponding to the analog input being converted is read, the conversion
result completed before reading is obtained.

Table 2.11.6 shows the relationship between the analog input pin and A-D register i and Figure 2.11.4
shows the structure of A-D register i.

Table 2.11.6 Relationship between analog input pin and A-D register |

Analog input pin Register containing the result Address
ANo pin A-D register 0 2016
AN1 pin A-D register 1 2216
ANz pin A-D register 2 2416
ANs pin A-D register 3 2616
AN pin A-D register 4 281e
ANs pin A-D register 5 2A1s
ANe pin A-D register 6 2C1e
ANz pin A-D register 7 2E1s

b7 b6 b5 b4 b3 b2 bt bo

R R R R R R R R | A-D register I (=0 to 7)

IA-D conversion result]

Note: This register is undefined at reset.

Fig. 2.11.4 A-D register | structure

(4) Comparator and successive approximation register

The compare reference voltage Vet and analog input voltage Vin are compared for bits 7 to 0 of successive
approximation register and the result is set in each bit. Comparison starts from bit 7 and the contents
of this register (conversion result) are transferred to the A-D register i after comparing bit 0. The
contents of the successive approximation register change according to the comparison result of each
bit. Therefore, the compare reference voltage Vet also changes according to the contents of the suc-
cessive approximation register. The analog input voltage Vi is selected by the decoder (refer to section
“2.11.3 Successive approximation conversion”).
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(5) A-D conversion interrupt control register
The A-D conversion interrupt control register (address 701e) consists of interrupt priority level selection
bits and interrupt request bit. Figure 2.11.5 shows the structure of the A-D conversion interrupt control
register followed by description of each bit. Use the SEB and CLB instructions when setting the A-
D conversion interrupt control register. Refer to section “2.6 Interrupts” for more information concern-
ing interrupts.

b7 b6 b5 b4 b3 b2 bl bO

R/W | R/'W | R/W | R/'W | A-D conversion interrupt control register (address 701s)

[—J-——-l-——- Interrupt priority level selection bits

000 : Level O (interrupt disabled)
001 : Level 1 Low

010 : Level 2

011 : Level 3

100 : Level 4 Priority
101 : Level §

44a .t aual B \l/

11V . LEVEr © '

111 : Level 7 High

Interrupt request bit
0 : No interrupt request
1 : Interrupt request

Note: Bits 4 to 7 are undefined at reading.
Bits 0 to 3 are cleared to “0” at reset.
Use the SEB and CLB instructions when setting the A-D conversion interrupt control regis-
ter.

Fig. 2.11.5 A-D conversion interrupt control register structure

@Interrupt priority level selection bits (bits 0 to 2)
These bits are used to select the interrupt priority level. They should be set to a level between 1and
7 when using an A-D conversion interrupt. When an interrupt request occurs, this level is compared
with the processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt
is allowed only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits
to “000” (level 0) to disable only A-D conversion interrupt.

®interrupt request bit (bit 3)
This bit is set to “1” when an A-D conversion interrupt request occurs. The interrupt request bit set to
“1” is cleared to “0” when the interrupt request is accepted.
This bit can be set or cleared by program.

165



FUNCTIONAL DESCRIPTION

2.11 A-D converter

(6) Port P7 direction register
The analog input pin is shared with port P7. When using these ports as analog input pins or using port
P72 as external trigger input pin, the corresponding bit in the port P7 direction register must be set
to “0” (input mode).
Figure 2.11.6 shows the relationship between the port P7 direction register (address 111s) and analog
input pins.

b7 b6 bS5 b4 b3 b2 bl bo

RW|R/W |RW |R/W|RW|R/W|RW]|RW)/| Port P7 direction register (address 111s)

L ANo pin

AN1 pin
ANz pin
ANs pin
AN« pin
ANs pin
ANs pin
AN pin / ADTre pin

Note: This register is cleared to “001¢" at reset.

Fig. 2.11.6 Relationship between port P7 direction register and analog Input pins
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2.11.3 Successive approximation conversion

A-D conversion starts when an internal or an external trigger is occurred.

A-D conversion is performed by successive approximation. When A-D conversion starts, the following
operations are performed automatically to convert analog values to digital values.

®@Initialization of successive approximation register
The successive approximation register is cleared to “0016".

®@Setting the most significant bit (bit 7)
The successive approximation register bit 7 is set to “1”. Then the compare reference voltage Vet is
compared with the analog input voltage Vin and bit 7 changes as follows:

Unchanged if Viet < Vin
Cleared to “0” if Viet > ViN

The reference voltage input to Vrer pin must be set between AVss and AVcc.
The compare reference voltage Vet depends on the value in the successive approximation register. Table
2.11.7 shows the relationship between Vit and the value in the successive approximation register.

Table 2.11.7 Relationship between successive approximation register and Vrer

Contents of successive approximation register | 0 1 to 255
Vrer/256 X (n-0.5)
Compare reference voitage Vet (V) 0 | n:The contents of the successive approximation
register

Step @ above is repeated for all bits from bit 7 to bit 0 and the value in the successive approximation
register (digital equivalent of the analog input voltage) is transferred to the A-D register i when comparison
of bit 0 completes.

Table 2.11.8 shows the change in the successive approximation register and the compare reference
voltage during A-D conversion.
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A-D conversion successively convert the analog input voltage Vv in the process of comparison shown in
Table 2.11.8. Therefore, conversion results become meaningless values if the input voltage of the analog
input pin changes during the A-D conversion. In order to avoid the cases, the analog input voltage must
be controlled externally without changing during A-D conversion. A-D conversion interval is ¢ap X 57 cycles

(¢ao is f(XiN)/8 or f(XiN)/4) per pin.

Table 2.11.8 Change In successive approximation register and compare reference voltage during

A-D conversion

Successive approximation register

Compare voltage Vret

Conversion start

v

First comparison

v

Second comparison

Third comparison

"

Eighth comparison

Conversion completed

b7 b0
[ofofofofofofo]o]

Lt]ofofoJofojofo]

[m]t]ofofofofofo]

1st comparison result

[r[re[1]ofoo]o]o]

\2nd comparison result
=
=
=

=
[n7Jns|ns|m|n3|nz|ml1|

Imlnelnslnolnalnzlmlnol

Vrer
-3z M
+ VRer  Vrer

7 "z M

Vrer | Vrer _ Vrer

t Tt -5z M
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2.11.4 A-D conversion mode

Four different A-D conversion modes can be selected with the A-D conversion mode selection bits. In each
mode, the trigger selection bit is used to determine whether to use a software trigger (internal trigger) or
an external input signal (external trigger).

Conversion operating of each A-D conversion mode is described below for cases selecting an internal
trigger and an external trigger.

(1) One-shot mode [A-D control register bits 4, 3=“00"]
In one-shot mode, the input voltage to the one analog input pin selected with the analog input
selection bits is converted and an A-D conversion interrupt request occurs when conversion completes.
The analog input pin must be selected before occurring the trigger. Pins not selected as analog input
pin can be used as normal I/O ports.

®When an internal trigger is selected to start A-D conversion
When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion
starts. After 57 cycles of ¢ap, A-D conversion completes, the contents of the successive approximation
register (converted result) are transferred to the A-D register i. At the same time, the A-D conversion
interrupt request occurs and the interrupt request bit is set to “1”. Then the A-D conversion start flag
is cleared to “0” and A-D converter operation stops.

®When an external trigger is selected to start A-D conversion

A-D conversion starts when the input level of the AD7ra pin changes from “H” to “L” (falling edge) while
the A-D conversion start flag is set to “1”. When A-D conversion compietes after 57 cycles of ¢ap, the
contents of the successive approximation register (converted result) are transferred to the A-D register
i. At the same time, the A-D conversion interrupt request occurs and the interrupt request bit is set to
“1”. At this point, the A-D conversion start flag retains “1”. Therefore, A-D conversion can be repeated
by occurring another trigger.

A retrigger can be also occurred during A-D conversion. In this cases, comparison stops when occur-
ring retrigger, and then comparison restarts from bit 7 of the successive approximation register.

(2) Repeat mode [A-D control register bits 4, 3=01"}
In repeat mode, the input voltage to the one analog input pin selected with the analog input selection
bits is repeatedly converted. No interrupt request occurs and the A-D conversion start flag is not
cleared to “0” automatically. The A-D conversion of the selected analog input pin is repeated while the
A-D conversion start flag is “1”.
The analog input pin must be selected before occurring the trigger. Pins not selected as analog input
pin can be used as normal |/O ports.

®When an internal trigger is selected to start A-D conversion
When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion
starts. Each time an A-D conversion completes, the contents of the successive approximation register
(converted result) are transferred to the A-D register i. The A-D converter does not stop at this point
and conversion is repeated.

®When an external trigger is selected to start A-D conversion
A-D conversion starts when the input level of the ADtra pin changes from “H” to “L” (falling edge) while
the A-D conversion start flag is set to “1”. Each time an A-D conversion completes, the contents of the
successive approximation register (converted result) are transferred to the A-D register i. The A-D
converter does not stop at this point and conversion is repeated.
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(3) Single sweep mode [A-D control register bits 4, 3=“10"]

In single sweep mode, multiple analog input pins can be converted. The number of analog input pins
are selected with the A-D sweep pin selection register. The number of analog input pins can be
selected among either 2, 4, 6, or 8 pins with the A-D sweep pin selection bits of the A-D sweep pin
selection register. The analog input pins must be selected before occurring the trigger.

A-D conversion is performed only for the input voltage of the selected input pins. An A-D conversion
interrupt request occurs and the interrupt request bit is set to “1” when all selected pins are converted.
The analog input selection bits in the A-D control register are ignored in this mode.

Pins not selected as analog input pin can be used as normal 1/O ports.

®When an internal trigger is selected to start A-D conversion

When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion of
the ANo pin starts. After the ANo pin is converted, the selected analog input pins are converted in
sequence. The converted result is transferred from the successive approximation register to the cor-
responding A-D register i each time a pin is converted. When all selected pins are converted, an A-
D conversion interrupt request occurs and the interrupt request bit is set to “1”. At this point, the A-
D conversion start flag is cleared to “0” and the A-D converter stops.

®When an external trigger is selected to start A-D conversion

The selected pins are converted in order starting from the ANo pin similar to selecting an internal trigger
when the input level of the ADrtre pin changes from “H” to “L” (falling edge) while the A-D conversion
start flag is set to “1”. The converted result is transferred from the successive approximation register
to the corresponding A-D register i each time a pin is converted. When all selected pins are converted,
an A-D conversioh interrupt request occurs and the interrupt request bit is set to “1”. At this point, the
A-D conversion start flag retains “1”. Therefore, A-D conversion can be repeated from the ANo pin by
occurring another trigger.

A retrigger can be also occurred during A-D conversion. In this cases, executing pin conversion stops .
when occurring retrigger, and then conversion restarts from ANo pin.

(4) Repeat sweep mode [A-D control register bits 4, 3=“11"]

In repeat sweep mode, the A-D sweep pin selection register can be used to select muitiple analog
input pins to be converted as with single sweep mode. Conversion is performed in order from the ANo
pin. After converting all selected pins, A-D converter does not stop, but repeats conversion from the
ANo pin. No interrupt request occur when all selected pins are converted.

The analog input selection bits in the A-D control register are ignored in this mode.

Pins not selected as analog input pin can be used as normal I/O ports.

®When an internal trigger is selected to start A-D conversion

When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion
starts from the ANo pin. After the ANo pin is converted, the selected analog input pins are converted
in sequence. The converted result is transferred from the successive approximation register to the
corresponding A-D register i each time a pin is converted.

When all selected pins are converted, conversion is repeated from the ANo pin. Conversion is repeated
until the A-D conversion start flag is cleared to “0”.

®When an external trigger is selected to start A-D conversion

The selected analog input pins are converted in order starting from the ANo pin similar to selecting an
internal trigger when the input level of the ADtaa pin changes from “H” to “L” (falling edge) while the
A-D conversion start flag is set to “1”. The converted result is transferred from the successive approxi-
mation register to the corresponding A-D register i each time a pin is converted. Conversion is re-
peated until the A-D conversion start flag is cleared to “0”.
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[Precautions when using A-D converter]

1. Analog input pins must be selected (with analog input selection bits of A-D control register and A-D sweep
pin selection register) before an internal or an external trigger is occurred.

2. The port P7 direction register bit corresponding to the pin selected as analog input pin and external trigger
input pin (port P77) must be set to “0” (input mode).

3. When an external trigger is selected, port P77 functions as ADrra pin. If at the same time, AN- pin is selected
as the analog input pin, the external trigger input signal is converted and the converted result is trans-
ferred to A-D register 7.

4. Analog input selection bits of A-D control register must not be written during A-D conversion in single
sweep mode and repeat sweep mode.
The contents of analog input selection bits change to pins during A-D conversion.

Pins to convert are forced to change while converting if analog input selection bits are written during A-
D conversion.

5. When not using A-D converter, set the AVcc pin, AVss pin and Vrer pin as follows.

@AVce PiN ..., Connect to Vce pin.
@®AVss pin and Veer pin....... Connect to Vss pin.

# Refer to “Appendix 5. Setting example of unused pins”.
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2.12 Watchdog timer

The watchdog timer is a 12-bit timer that is used to detect unexpected execution sequence caused by
software run-away. It is also used to stabilize the oscillator when returning from the STP instruction. Figure
2.12.1 shows the block diagram of the watchdog timer.

Watchdog timer frequency selection flag (forced to 2 during the STP instruction execution)
fao —0

No—

fs12 —©0

_)—-———l Watchdog timer |—
Hold l (Address 6016) A

FFF1e is set.

Writing to watchdog timer

>

2Vee
RESET O detection
circuit

0\
—a__J/ |7

STP
instruction S Q

—

Fig. 2.12.1 Watchdog timer block diagram
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2.12.1 Operation description

The watchdog timer (address 601s) consists of 12 bits and its contents are decremented by 1 each time
the clock selected with the watchdog timer frequency selection flag (bit 0 at address 611¢) is input to the
watchdog timer.

The watchdog timer frequency selection flag is cleared to “0” at reset, and fsiz (external clock input
frequency f(Xi) divided by 512) is selected as the watchdog timer count source after reset. it can be also
set to fa2 (external clock input frequency f(Xi) divided by 32) by setting the watchdog timer frequency
selection flag by software. Figure 2.12.2 shows the structure of the watchdog timer frequency selection
flag.

When there is a reset, “FFF1e” is set in the watchdog timer. Then the count source fs12 is counted after
removing reset. The contents of the watchdog timer are decremented by 1 each time a clock is input. An
interrupt request occurs when the most significant bit of the watchdog timer becomes “0” after 2048 counts.
The watchdog timer interrupt is a non-maskable interrupt with the highest priority. Processor interrupt
priority level (IPL) is set to level 7 when accepting the interrupt request.

An arbitrary value cannot be set in the watchdog timer. A value “FFF¢" is automatically set in the watchdog
timer when there is a reset, when the STP instruction is executed, or when a writing operation is performed
in the watchdog timer. The watchdog timer is a write-only register and its contents are undefined at
reading.

The watchdog timer is in Hold state and the clock input of the watchdog timer is disabled while “L” level
is applied to the HOLD pin (in Hold state).

When using the watchdog timer to detect a software run-away, a dummy data must be written to the
watchdsog timer by software before the mest significant bit of the watchdog timer becomes “0". Then if this
code is not executed due to a software run-away, the most significant bit of the watchdog timer becomes
“0” and an interrupt occurs. Thereafter, the control should be passed to the interrupt service routine.
To restart from reset after detecting a software run-away, bit 3 of the processor mode register (software
reset bit) must be set to “1” in the watchdog timer interrupt service routine. In this way, a run-away software
can be automatically reset and returned to normal routine.

In addition to detecting a software run-away, the watchdog timer is also used as a return timer from a stop
mode (halting of oscillating circuit with the STP instruction). When the STP instruction is executed, the
watchdog timer count source is forced to fs2 and “FFF1e” is set in the watchdog timer. Then when the
watchdog timer is started with an external interrupt and when the most significant bit of the watchdog timer
becomes “0” after 2048 counts, a supply of internal clock ¢ starts. This is because some time is required
for the oscillator to stabilize. In case that watchdog timer is used as a return timer from a stop mode,
watchdog timer interrupt does not occur. Refer to section “4.2 Clock generating circuit” for more detail
concerning the stop mode.

In order to stop the watchdog timer (disable its function), twice of the Vcc voltage must be applied to the
RESET pin. During this time, the watchdog timer stops with “FFF1s" set.

b7 b6 bS

4 b3 b2

b0

Watchdog timer frequency selection flag (address 611s)

—— Watchdog timer frequency selection flag
0 : fs12 selected
1 : fs2 selected

Note: Bits 1 to 7 are undefined at reading.
Bit 0 is cleared to “0” at reset.

Fig. 2.12.2 Watchdog timer frequency selection flag structure
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2.13 Hold function

The microcomputer is in Hold state while “L” level is input to the HOLD pin. Table 2.13.1 shows the state
of the microcomputer during Hold.

The HOLD input (“L” level input) to the HOLD pin is accepted at the falling edge of the internal clock ¢ from
“H” to “L” level while the bus is unused.

When the HOLD input is accepted, ¢ cru (CPU operating clock: f(Xin)/2) stops at “L" level, and the output level
of E pin becomes “H” after completing the executing bus cycle. In addition, “L” level is output from the HLDA
pin to indicate externally that the microcomputer is in Hold state. Address/data bus (pins Ac—A7, As/De—A1s/
D1s, A1s/Do-A22/D7), R/W pin and BHE pin are floated during Hold. These pins are floated after one cycle of
the internal clock ¢ later than the HLDA pin changes from “H” to “L” level.

Only ¢ cru is stopped during Hold. The oscillator remains operating so that internal peripherals can be
operated. However, the watchdog timer is stopped.

Hold state can be removed by returning the HOLD pin to “H" level. In this case, HOLD input (“H" level input)
is also accepted at the falling edge of the internal clock ¢ from “H” to “L" level while the bus is unused. At
the removing of Hold state, these ports are removed from Hold state after one cycle of the internal clock
¢ later than the HLDA pin changes from “L” to “H” level.

Figure 2.13.1 shows the timing example when the Hold.

Table 2.13.1 Microcomputer state during Hold

_Parameter State during Hold
Oscillator Operating
Internal clock ¢ Operating
Clock ¢ Output
¢ cpu Stopped at “L” level
E pin Stopped at “H” level
Pins Aoc—Ay,
As/Ds—A15/D1s, .
A16/Do—A23/D7, Floating

R/W pin, BHE pin
ALE pin, HLDA pin | Stopped at “L” level
Ports P4:-P47, . . s w _—
P5. P6, P7, P8 Retain the state at inputting “L” level to the HOLD pin

Watchdog timer Stopped
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(a) HOLD input is performed when the bus is unused

°'°°k¢'fuw1___w
ecru | L LU A i [L

The bus is opened.

(b) HOLD input is performed when the bus is used

|

<

Note 1: ¢ cpu is an internal signal and cannot be observed externally.
Note 2: E output is “L" level at this point, however, HOLD input is accepted
because the bus is unused internally.

The bus is opened.

| ]
(Note 1) | I H level of RSE input is accepted.
HOLD | “L* level of HOLD input is accepted. |
t t --- |
| | I |
HLDA I ' o '_-1—-
< >

clock ¢i e ﬁ‘_i L_I | S n_nl r_l.___al L
’? ceu_[ L[ LU | e | [
(Note 1) I I I 1
_ 1 1 - 1 |
| Lo
e “H" level of HOLD input is accepted.
o 1 'L: level of HOELD input is ;aoie;lted. (Note2) ; i
| | [ '
HLDA l I _———

Fig. 2.13.1 Timing example when the Hold

175



FUNCTIONAL DESCRIPTION
2.14 Ready function

2.14 Ready function

The microcomputer is in Ready state while “L” level is input to the RDY pin. Table 2.14.1 shows the state
of the microcomputer during Ready.

The Ready function is used when externally connecting slow memory.

The RDY input (“L" level input) to the RDY pin is accepted at the falling edge of the internal clock ¢ from
“H” to “L” level. When the RDY input is accepted, internal clock ¢ and ¢ cru (CPU operating clock:f(Xin)/2)
stop at “L" level. Address/data bus (pins Ac—A7, Ae/Ds—Ai1s/D1s, A1e/Do—A22/Dv), R/W pin, BHE pin, ALE pin and
ports P4-P8 retain the state at inputting “L” level to the RDY pin.

During Ready state, the internal clock ¢ and ¢ cru are stopped, but the oscillator remains operating so that
internal peripherals can be operated. - o

Ready state can be removed by returning the RDY pin to “H” level. In this case, RDY input (“H” level input)
is also accepted at the falling edge of the internal clock ¢ from “H” to “L” level.

Figure 2.14.1 shows the timing example when the Ready.

Table 2.14.1 Microcomputer state during Ready

Parameter State during Ready

Oscillator Operating

Internal clock ¢ Stopped at “L" level

Clock ¢1 Output
_@cru Stopped at “L” level

E pin Stopped at either “H” level or “L” level

Pins Ao—A7,

As/Des—A15/D1s,

A16/Do—A23/D7, -
R/W pin, BHE pin, | Retain the state at inputting “L” level to the RDY pin
ALE pin,

ports P43-P4s,

P5-P8

Watchdog timer Operating

(a) When wait bit="1"

Clock¢1 _ | I— | J L | L
B 1 S—

RDY | [

(b) When wait bit="0"

Clockg1 _| | [ l I I | L
ET S—
RDY ] [

Fig. 2.14.1 Timing example when the Ready
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RESET
3.1 Reset

3.1 Reset

The CPU becomes reset state when “L” level is applied to the RESET pin. Reset state is removed and program
execution starts from address set in the reset vector table when “H” level is then applied to the RESET pin.

3.1.1 Reset operation

The CPU becomes reset state when “L” level is applied to the RESET pin in case the supply voltage is 5V+10%.
When oscillation is stable, the “L" level must be applied for at least 2us.

Apply “L” level to the RESET pin for sufficient interval (approximately 10ms) before returning to “H” level if
sufficient time is required for the oscillator to stabilize such as reset during stop mode entered with the STP
instruction. Reset state is removed if “H” level is applied to the RESET pin while in reset state.

When reset state is removed, program execution starts from the address formed by using the contents of
address FFFF1s at bank 016 as high-order and address FFFE1e at bank 016 as low-order. Figure 3.1.1 shows
the internal processing sequence after removing reset state.

o UL UYL L
b MMM

Ae X 0016

Ak X 000016 X FrrEs X ADHADL
DATA -Q usac Not used X ADH,ADL Next operation

IPL, Vector address

E L | L

R/W

e

Ef

:

¢ cpU: CPU standard clock AHAL : Low-order 16 bits of the CPU

) internal address
Ap : High-order 8 bits of the CPU

internal address DATA : CPU internal data bus

Fig. 3.1.1 Internal processing sequence after removing reset state
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3.1.2 Internal registers state at reset
Figure 3.1.2 shows the state of internal registers at reset.

Undefined at reset

Not allocated and undefined at reset

Address Register contents
Cis I 0 I 0 l 0 l 0 L 0 WW Port P4 direction register (Note 1)
Dre I 00 16 J Port P5 direction register
1016 I 00 16 | Port P6 direction register
1116 l 00 16 I Port P7 direction register
1416 | 00 16 | Port P8 direction register

-~

1E1e| 0 | 0 I 0 | 0 I 0 I | ? | ? IA-Dcontrol register

1F1e A-D sweep pin selection register

3016 | 00 16 | UARTO transmit/receive mode register
3416 _ 0 | 0 l 0 | UARTO transmit/receive control register 0
3516| 0 I 0 I 0 | 0 I 0 I 0 | 1 | OJ UARTO transmit/receive control register 1
3816 | 00 16 | UART1 transmit/receive mode register
3Cw | 0 I 0 I 0 I UART1 transmit/receive control register 0
3D1s| 0 l 0 | 0 | 0 l 0 | 0 l 1 I 0 | UART1 transmit/receive control register 1
401 | 00 16 | Count start flag

4216 | 0 | 0 l 0 | 0 l 0 ] One-shot start flag

adss | 00 16 | Up-down flag

5616 L 00 16 I Timer A0 mode register

5716 l ’ 00 16 | Timer A1 mode register

5816 | 4 00 16 | Timer A2 mode register

Note 1: There are no pins corresponding to the low-order 3 bits of port P4 direction register.

Fig. 3.1.2 Internal registers state at reset (1)
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RESET

3.1 Reset
Address Register contents
5916 I 00 16 l Timer A3 mode register
5A1s I 00 16 | Timer A4 mode register
5B1c 0 | 0 | Timer B0 mode register
5C1s 0 I 0 I Timer B1 mode register
5D1s 0 I 0 | Timer B2 mode register
5E1s 1 | 0 | Processor mode register
6016 l FFF 16 I Watchdog timer
6116 n Watchdog timer frequency selection flag
6216 0 I OJ Waveform output mode register
7018 0 | 0 I A-D conversion interrupt control register
7116 0 I 0 | UARTO transmission interrupt control register
7216 0 | 0 l UARTO receive interrupt control register
7316 0 I 0 | UART1 transmission interrupt control register
74416 0 | 0 | UART1 receive interrupt control register
7516 0 | 0 ‘ Timer AQ interrupt control register
7615 0 I 0 | Timer A1 interrupt control register
7716 0 | 0 | Timer A2 interrupt control register
7816 0 | 0 I Timer A3 interrupt control register
7916 ro l 0 I Timer A4 interrupt control register
7A6 ro ] 0 l Timer BO interrupt control register
7B1s | 0 I 0 | Timer B1 interrupt control register
7C1e I 0 | 0 | Timer B2 interrupt control register

Fig. 3.1.2 Iinternal registers state at reset (2)
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RESET

3.1 Reset
Address Register contents
7Dt | 0 | 0 | 0 I 0 | 0 | 0 I“N‘Tﬁinterrupt control register
7Es 0 I 0 | 0 I 0 I 0 I 0 |I—NT_1 interrupt control register
7F 16 0 | 0 | 0 | 0 | 0 I 0 |WT'§ interrupt control register
Register contents
I 0016 | Program bank register PG
l Contents of address FFFF1s ‘ Program counter (high-order) PCx
[ Contents of address FFFE16 I Program counter (low-order) PCL
! 0016 J Data bank register DT
I 0016 J Direct page register (high-order) DPRH
| 0016 | Direct page register (low-order) DPRL
b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo )
Processor status register PS
[oJofo|?2]2]0o]Jo [0 ]|1]?]?]@is11to15are “0 at reading)
L—-iPL— N V m x D | Z C
Note 2: The contents of registers other than those described in Figure 3.1.2 and RAM are
undefined at reset.

Fig. 3.1.2 Internal registers state at reset (3)

3.1.3 Bus state during reset

Table 3.1.1 shows the state of the address bus, data bus, and control bus during reset (“L" level is applied

to RESET pin).

Table 3.1.1 Bus state during reset

Pin Bus state during reset

Ao—A7, As/Ds—A15/Dis, Address output (“H” or “L" level)
Ai16/Do—A23/D7

E, RIW “H" level output
BHE “H” or “L” level output (depends on address output)
ALE “L” level output

Clock ¢ Operating (output)




RESET

3.2 Reset circuit

3.2 Reset circuit

The reset circuit must be designed so that the reset input voltage is 0.9V. or lower when the supply voltage
reaches 4.5V as shown in Figure 3.2.1.

Figure 3.2.2 shows the example of power-on reset circuit using a system reset IC M51957AL.

Power-on

s

{45V

Vee
oV —

RESET

oV ——

Fig. 3.2.1 Power-on reset condition

- 5V

M37732

1 [M51957AL
VCO

27kQ

IN  ouT

4 47Q
10kQ Delay capacity

fND l . 1, »
" 1

s In case of Cs=0.033uF, the dalay time tq is about 11ms. 777
16=0.34XCa [ ps], Ce: [pF] GND

Fig. 3.2.2 Power-on reset circuit example
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RESET

3.3 Software reset

3.3 Software reset

The M37732 group can be reset internally by program. Software reset occurs by writing “1” to the software
reset bit of the processor mode register (bit 3 of address 5E+s). Figure 3.3.1 shows the structure of the

processor mode register.

Software reset is the same as hardware reset (when the RESET pin level is returned to “H” after applying
“L" level) except that the contents of the internal RAM are preserved. Therefore, the contents of each
register just after software reset is initialized to values shown in Figure 3.1.2 except for internal RAM.

b6 b5 b4 b3 b2 bl bo

R/W|R/W| W | R/W|R/W | R/W | Processor mode register (address 5E16)

—Fix this bit to "0".|

————{Fix this bit to "1". |

Wait

00
01
10
11

bit

0 : Wait during external access
1 : No wait

Software reset bit
1 : Software reset activated by writing “1”

Interrupt priority detection time selection bits
: 7 cycles at internal clock ¢

: 4 cycles at internal clock ¢

1 2 cycles at internal clock ¢

: This is not available.

IFix this bit to “0”.

Note: Bit 7 is undefined at reading.
Bits 0 and 2 to 6 are cleared to “0” at reset.
Bit 1 is set to “1” at reset.

Fig. 3.3.1 Processor mode register structure
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3.3 Software reset

MEMORANDUM
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OSCILLATING CIRCUIT

4.1 Oscillating circuit

4.1 Oscillating circuit

The M37732 group is equipped with an oscillating circuit to generate the necessary clock. The frequency
input to the clock input pin Xiv is divided in half to obtain the internal clock ¢. This ¢ is further divided in
half to obtain the bus cycle. Either a ceramic resonator or a crystal resonator can be connected externally

to the internal oscillating circuit.

4.1.1 Circuit using a ceramic resonator or a crystal
resonator
Figure 4.1.1 shows the circuit example using a ce-
ramic resonator and Figure 4.1.2 shows the circuit
example using a crystal resonator. An oscillating
circuit is formed by connecting the resonator be-
tween X pin and Xout pin as shown in the figures.
The circuit constants such as Ri, R4, Cin, and Cour
must be set to the resonator manufacturer’s recom-
mended values.

4.1.2 External clock input circuit

An external clock signal can be supplied to the internal
oscillating circuit. Figure 4.1.3 shows the circuit
example of external clock input. Note that the ex-
ternal clock must be input from X pin, and Xout pin
must be left open.

M37732S4FP
Xin Xout
R
AW
R4
| L
L]
CiN Cout

7 7%

Fig. 4.1.1 Oscillating circuit using a ceramic resonator

M37732S4FP

XN Xout

Rt

L]

CN Cout

7T 77

Fig. 4.1.2 Oscillating circuit using a crystal resonator

M37732S4FP
Xin

‘ Open

Xout

External oscillating circuit

Vce
Vss

Fig. 4.1.3 External clock input circuit
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OSCILLATING CIRCUIT

4.2 Clock generating circuit

4.2 Clock generating circuit

The oscillating circuit consists of oscillating gate which functions as an amplifier to obtain the necessary gain
and oscillation control flip-flop to control this amplifier. Therefore, oscillation can be stopped and restarted
as necessary. The clock generating circuit shown in Figure 4.2.1 is built in the M37732 group.

When the STP instruction is executed, the internal clock ¢ stops oscillation at the “L” level. At the same time,
FFFie is set in the watchdog timer and the input to the watchdog timer is connected to fs2. This connection
is cancelled and connecied to the input determined by the contents of the waitchdog timer irequency selection
flag when the most significant bit of the watchdog timer becomes “0” or when there is a reset. Oscillation
is resumed when an interrupt is accepted, but the internal clock ¢ remains at “L”" level until the most sig-
nificant bit of the watchdog timer becomes “0". This is done to avoid the initial unstable interval when using
a ceramic resonator.

When the WIT instruction is executed, the internal clock ¢ stops at the “L” level, but the oscillator does not
stop. Therefore, the timer, serial I/O, and A-D converter can be used. The stopping of internal clock ¢ is
cancelled when an interrupt is accepted. An instruction can be executed immediately because the oscillator
does not stop.

Refer to “Appendix 3. Stop, wait, one-wait, Ready, Hold state” and “MELPS 7700 SOFTWARE MANUAL" for
information concerning the STP and WIT instructions.

Interrupt I - - ~ - Reset
request s —® ¢ @ s "‘“\/l_
STP A ) WIT | | _STP
instruction instruction instruction
Internal
o)
clock ¢ No- wat‘itr%he(:og
fo f16 fa2 fo4
172 178 {172 172 {178 f512
O
XN Xout

Fig. 4.2.1 Clock generating circuit block diagram
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OSCILLATING CIRCUIT

4.2 Clock generating circuit

MEMORANDUM
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

5.1 Electrical characteristics
5.1.1 Absolute maximum ratings

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage -0.3t0 7 Vv
AVce Analiog supply voltage -0.3t07 Vv
Vi Input voltage  RESET, CNVss, BYTE -0.31012 v
Vi Input voltage  As/Ds—A23/D7, P4s—P47, P50—P57, —0.3to Vcc+0.3 \'

P60—P67, P70-P77, P80—P87, VRer, XN,
' HOLD, RDY
Vo Output voltage Aoc—A7, As/De—A23/D7, P4s—P47, P50—P57, -=0.3 to Vcc+0.3 '
P60-P67, P70—P77, P80—P87, Xour, E,
¢1, HLDA, ALE, BHE, R/W
Pq Power dissipation Ta=25°C 300 mwW
Topr Operating temperature —20 to 85 °C
Teg Storage temperature -40 10 150 °C
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

5.1.2 Recommended operating conditions

Recommended operating conditions (Vcc=5V+10%, Ta=-20 to 85°C, unless otherwise noted)

Symbol Parameter Min. L_:_r:gs Max. | Unit
Vee Supply voltage 4.5 5.0 5.5 \Y/
AVce Anaiog supply voitage Vee Vv
Vss Supply voltage 0 \%
AVss Analog supply voltage 0 \')
ViH High-level input voltage P43-P47, P50—P57, P60—P67, 0.8Vee Vee \Y

P70-P77, P8c—P87, XN, RESET,
CNVss, BYTE, HOLD, RDY
Vi High-level input voltage As/Ds—Az23/D7 0.5Vce Vee \
Vio Low-level input voltage P4:-P47, P50-P57, P60—P67, 0 0.2Vec | V
P70-P77, P80—P87, Xin, RESET,
CNVss, BYTE, HOLD, RDY
Vie Low-level input voltage As/De—A23/D7 0 0.16Vcc| V
lonpeaty | High-level peak output current Ao—A7, As/Ds—A23/D7, P4s—P47, -10 mA
P50~P57, P60—P67, P70~P77,
P80—-P87, ¢, HLDA, ALE, BHE,
R/W ~ .
lonavg | Hign-ievei average output current Ao—A7, As/De—A29/D7, P4a~P4y, -5 mA
P50—-P57, P60—P67, P70—P77,
P80-P87, ¢1, HLDA, ALE, BHE,
R/W
loLpeaky | LOW-level peak output current Ao—A7, As/Ds—A23/D7, P43—P47, 10 mA
P50-P57, P60—P67, P70—P77,
P80—P87, ¢, HLDA, ALE, BHE,
RW
loL (avg) Low-level average output current Ao—A7, As/De—A23/D7, P4s—P47, 5 mA
P50-P57, P60—P67, P70-P77,
P80-P87, ¢, HLDA, ALE, BHE,
RW
f(XIN) External clock input frequency M37732S4FP 8 MHz
M37732S4AFP 16
M37732S4BFP 25

Note 1: Average output current is the average value of a 100ms interval.
2: The sum of loL (peak) for Ao—A7, As/Ds—A2s/D7, HLDA, ALE, BHE, RW, and port P8 must be 80mA or less,
the sum of lon (peak) for Ac—Az, As/Ds—A23/D7, HLDA, ALE, BHE, RW, and port P8 must be 80mA or less,
the sum of lo. (peak) for ports P4, P5, P6, P7, and ¢ must be 80mA or less, and the sum of lox (peak) for
ports P4, P5, P6, P7, and ¢+ must be 80mA or less.
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

5.1.3 Electrical characteristics and A-D converter characteristics

M37732S4FP

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted)

o Limits .

Symbol Parameter Test conditions Min. | Typ. | Max. Unit

Vou High-level output voltage ~ Aoc—A7, As/De—A23/D, lon=—10mA 3 Vv

P4+—P47, P50~P57, P6o-P67,
P70-P77, P80-P87, ¢,
HLDA, BHE, RW
VoH High-level output voltage ~ Ac—A7, As/Ds—A23/D7, ¢1, |lon=—400uA 4.7 \"
HLDA, BHE, RW
Vou High-level output voltage  ALE lon=—10mA 3.1 Vv
lon=—400uA 4.8
Vou  |High-level output voltage E lon=—10mA 3.4 Y
lon=—400pA 4.8
VoL Low-level output voltage ~ Ao—A7, As/De—A23/Dy, lo.=10mA 2 v
P4:-P43, P5o-P57, P6o—P6r,
P7e-P77, P80-P87, ¢n,
HLDA, BHE, RW
Vo |Low-level output voltage ~ Ac—A7, Ae/De—A23/D7, ¢1, |loL=2mA 045 V
HLDA, BHE, RW
VoL Low-level output voltage ~ ALE lo.=10mA 19 | V
lo.=2mA 0.43
Voo Low-level output voltage E lo.=10mA 16 | V
lo.=2mA 0.4
V1.—V1-|Hysteresis HOLD, RDY, TAO—TAd4i, TBON-TB2n, 0.4 1 \Y
INTo-INT2, ADtrG, CTS0, CTS1, CLKo, CLK:

V7.—V1-|Hysteresis RESET 0.2 0.5 Vv

VT.—V1-[Hysteresis X 0.1 03| V

IiH High-level input current ~ Ae/De—A2s/D7, P4-Pd,  [Vi=5V 5 | pA

P50-P57, P6e-P67, P70-P77,
P80-P87, Xin, RESET, CNVss,
BYTE, HOLD, RDY
I Low-level input current ~ Ae/Ds—A23/D7, P4~Pds,  [Vi=0V -5 | pA
P50-P57, P60-P67, P70-P77,
P80-P87, Xin, RESET, CNVss,
BYTE, HOLD, RDY
\Veam  [RAM hold voltage When clock is stopped. 2 \'
lcc Power supply current Outputonly  |f(Xn)=8MHz, 6 12 | mA
pinis openand | square waveform
other pins are [Ta=25°C  when 1 HA
Vss during re- | clock is stopped.
set. Ta=85°C when 20
clock is stopped.

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, {(Xn)=8MHz, unless otherwise noted)

Symbol Parameter Test conditions i, L}r;\ru)ts Max. Unit
— |Resolution Vrer=Vcc 8 | Bits
— |Absolute accuracy Vrer=Vce +3 | LSB

Ruaooer [Ladder resistance Vrer=Vce 2 10 | kQ

tconv  [Conversion time 28.5 us

Vrer  |Reference voltage 2 Vee | V

Via Analog input voltage 0 Veer | V
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

M37732S4AFP

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xiv)=16MHz, unless otherwise noted)

" Limits .

Symbol Parameter Test conditions Min. | Typ. | Max. Unit

VoH High-level output voltage ~ Ao—A7, As/De~Az23/Dy, lok=—10mA 3 Y

P43-P47, P50~P57, P60-P67,
P7c-P77, P80—P87, ¢1,
HLDA, BHE, RW
VoH High-level output voltage ~ Ao—A7, As/Ds—A23/D7, ¢1, |lon=—400pA 4.7 \
HLDA, BHE, RW
Vou High-level output voltage ~ ALE lon=—10mA 3.1 Vv
lon=—400uA 4.8
Von High-level output voltage  E loh=—10mA 3.4 vV
lon=—400uA 4.8
Voo Low-level output voltage ~ Ao—A7, As/De—~A2s/Dy, lot.=10mA 2 \
P43-P47, P50-P57, P60~P67,
P70~P72, P80~P87, ¢1,
HLDA, BHE, R/W
VoL Low-level output voltage ~ Ac—A7, As/De~A23/D7, ¢, |loL.=2mA 045| V
HLDA, BHE, R/W
VoL Low-level output voltage ~ ALE lo,=10mA 19| V
lo,=2mA 0.43
VoL Low-level output voltage  E lo.=10mA 16 | V
lo.=2mA 0.4
V7.V |[Hysteresis ~ HOLD, RDY, TAO-TAdw, TBOW-TB2w, 0.4 1 v
INTo-INT2, ADtre, CTSq, CTS1, CLKo, CLK;

V1.—V1-|Hysteresis RESET 0.2 05| V

V.-V |Hysteresis Xin 0.1 03| V

I High-level input current ~ As/Ds~A23/D7, P4+-P4s, |Vi=5V 5 uA

P50-P57, P60~P67, P70-P77,
P80-P87, X, RESET, CNVss,
BYTE, HOLD, RDY
I Low-level input current  As/De—A23/D7, P4s~P47, |Vi=0V -5 | pA
P50-P57, P60-P67, P70~P77,
P80-P87, X, RESET, CNVss,
BYTE, HOLD, RDY
Vram  |RAM hold voltage When clock is stopped. 2 Vv
lcc Power supply current Outputonly | f(Xw)=16MHz, 12 | 24 | mA
pinisopen and | square waveform
other pins are [ Ta=25°C  when 1 pHA
Vss during re- | clock is stopped.
set. Ta=85°C when 20
clock is stopped.

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted)

Symbol Parameter Test conditions Min: L_:_r:gs Max. Unit
— | Resolution Vrer=Vee 8 Bits
— | Absolute accuracy Vrer=Vce +3 | LSB

Reaooer | Ladder resistance Vrer=Vce 2 10 kQ

tconv  |Conversion time 14.25 us

Vrer  |Reference voltage 2 Vee | V

Via Analog input voltage 0 Veer | V
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

M37732S4BFP

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xn)=25MHz, unless otherwise noted)

Symbol Parameter Test conditions Min. L_:_r;mgs Max. Unit

VoH High-level output voltage ~ Ao—A7, As/Ds—A23/D7, lon=—10mA 3 \

P4s-P47, P50-P57, P60—P67,
P70-P77, P80-P87, ¢,
HLDA, BHE, RW
VoH High-level output voltage ~ Ao—A7, As/Ds~A23/D7, ¢1, |lon=—400pA 4.7 Vv
HLDA, BHE, RW
VoH High-level output voltage  ALE lon=—10mA 3.1 Vv
lon=—400uA 48
VoH High-level output voltage  E loh=—10mA 3.4 Vv
loH=—400pA 4.8
VoL Low-level output voltage ~ Ao—Az, As/De—A23/Dy, lo,=10mA 2 \)
P43-P47, P50-P57, P60~P67,
P70-P77, P8P8, ¢,
HLDA, BHE, R/W
VoL Low-level output voltage ~ Ao—A7, Ae/Ds—A23/D7, ¢, {loL=2mA 045 V
HLDA, BHE, RW
VoL Low-level output voltage ~ ALE lo.=10mA 19 | V
loL=2mA 0.43
VoL Low-level output voltage E lo,=10mA 16 | V
lo.=2mA 0.4
V1.—V1-|Hysteresis HOLD, RDY, TAO-TA4, TBON-TB2w, 0.4 1 \Y)
INTo—INT2, AD1RG, CTSo, CTS1, CLKo, CLKi

V1.—V1-|Hysteresis RESET 0.2 0.5 \"

V1.—V1-|Hysteresis Xin 0.1 0.3 \'

I High-levelinput current  As/De—A2s/D7, P4:-Pdr,  [Vi=5V 5 HA

P50-P57, P6e-P67, P70-P77,
P80-P87, Xin, RESET, CNVss,
BYTE, HOLD, RDY
I Low-level input current  As/De—A23/D7, P4s-Pds,  |Vi=0V -5 | pA
P50~P57, P60-P67, P70~P77,
P80-P87, Xin, RESET, CNVss,
BYTE, HOLD, RDY
Veam  |RAM hold voltage When clock is stopped. 2 \'
|lec Power supply current Output only | f(Xin)=25MHz, 19 | 38 | mA
pinisopen and | Square waveform
other pins are {Ta=25°C  when 1 uA
Vss during re- | clock is stopped.
set. Ta=85°C when 20
clock is stopped.

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, {(Xin)=25MHz, unless otherwise noted)

Symbol Parameter Test conditions Vin, L{_r;\gs Max. Unit
— |Resolution Vrer=Vce 8 | Bits
— | Absolute accuracy Vrer=Vee +3 [ LSB

Ruaooer | Ladder resistance VRer=Vce 2 10 | kQ

tconv  {Conversion time 9.12 us

Vrer  |Reference voltage 2 Vec | V

Via Analog input voltage 0 Veer |V
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

5.1.4 Timing requirements
Timing requiements (Vcc=5V110%, Vss=0V, Ta=25°C, unless otherwise noted)

External clock input

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te External clock input cycle time 125 62 40 ns
twiH) External clock input high-level pulse width 50 25 15 ns
[ External clock input low-level pulse width 50 25 15 ns
tr External clock rise time 20 10 8 ns
t External clock fall time 20 10 8 ns
Microprocessor mode
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tsu(DH-E) Data high-order input setup time 60 45 30 ns
tsuDL-E) Data low-order input setup time 60 45 30 ns
tsupan-£) | Port P4 input setup time 200 100 60 ns
tsupsp-g) | Port P5 input setup time 200 100 60 ns
tsupsD-5) | Port P6 input setup time 200 100 60 ns
tsupro-5) | Port P7 input setup time 200 100 60 ns
tsupsp-e) | Port P8 input setup time 200 100 60 ns
tsurov-¢) | RDY input setup time 70 60 55 ns
tsuHoLp-¢y |HOLD input setup time 70 60 55 ns
th(E-DH) Data high-order input hold time 0 0 0 ns
th(e-DL) Data low-order input hold time 0 0 0 ns
the-pap)y | Port P4 input hold time 0 0 0 ns
the-pso) | Port P5 input hold time 0 0 0 ns
the-red) | Port P6 input hold time 0 0 0 ns
thE-pP7D) Port P7 input hold time 0 0 0 ns
the-psp) | Port P8 input hold time 0 0 0 ns
tre-rov) _ |RDY input hold time 0 0 0 ns
thig-Hopy  |HOLD input hold time 0 0 0 ns
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

Timer A input (count input in event counter mode)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te(ta) TAIN input cycle time 250 125 80 ns
twran) TAin input high-level pulse width 125 62 40 ns
tw(TAL) TAin input low-level pulse width 125 62 40 ns
Timer A Input (gating input in timer mode)
’ Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te(Ta) TAIN input cycle time 1000 500 320 ns
tw(TAH) TAin input high-level pulse width 500 250 160 ns
tw(TAL) TAin input low-level pulse width 500 250 160 ns
Timer A input (external trigger input in one-shot pulse mode)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te(ra) TAIN input cycle time ' 500 250 160 ns
tw(rar) TAin input high-level pulse width 250 125 80 ns
tw(rAL) TAin input low-level pulse width 250 125 80 ns
Timer A input (external trigger input in pulse width modulation mode)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
twrar) TAin input high-level pulse width 250 1.125 80 ns
tw(TaL) TAin input low-level pulse width 250 125 80 ns
Timer A input (up-down input in event counter mode)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. { Min. [ Max.
tewr) TAiour input cycle time 5000 2500 2000 ns
tw(UPH) TAiout input high-level pulse width 2500 1250 1000 ns
twiupL) TAiout input low-level pulse width 2500 1250 1000 ns
tsuup-wy | TAiout input setup time 1000 500 400 ns
th(Tn-UP) TAiout input hold time 1000 500 400 ns
Timer B input (count input in event counter mode)
Limits
Symbol Parameter 8MHz 16MH:z 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te(ra) TBiw input cycle time (one edge count) 250 125 80 ns
twiteH) TBiw input high-level pulse width (one edge count) | 125 62 40 ns
twiray) TBin input low-level pulse width (one edge count) | 125 62 40 ns
te(re) TBim input cycle time (both edges count) 500 250 160 ns
tw(TH) TBiw input high-level pulse width (both edges count) | 250 125 80 ns
fw(TaL) TBin input low-level pulse width (both edges count)| 250 125 80 ns
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

Timer B input (pulse period measurement mode)

Limits
Symbol Parameter 8MH:z 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te(re) TBin input cycle time 1000 500 320 ns
tw(taH) TBiw input high-level pulse width 500 250 160 ns
tw(TBL) TBimn input low-level pulse width 500 250 160 ns
Timer B Input (pulse width measurement mode)
Limits
Symbol Parameter 8MH:z 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
to(18) TBin input cycle time 1000 500 320 ns
tw(teH) TBin input high-level pulse width 500 250 160 ns
tw(raL) TBin input low-level pulse width 500 250 160 ns
A-D trigger input
Limits
Symbol Parameter 8MH:z 16MHz 25MHz Unit
ivin. | Max. | Min. | Max. | Min. | Max.
te(an) ADrtRa input cycle time (minimum allowable trigger)| 2000 1000 1000 ns
tw(aDL) ADrra input low-level pulse width 250 125 125 ns
Serial 110
Limits
Symbol Parameter 8MHz 16MHz 25MHz - Unit
Min. | Max. | Min. [ Max. | Min. | Max.
teck) CLKi input cycle time . 500 250 200 ns
w(CKH) CLKi input high-level pulse width 250 125 100 ns
twickL) CLKi input low-level pulse width 250 125 100 ns
tdc-0) TxDi output delay time 150 90 80 ns
thic-0) TxDi hold time 30 30 30 ns
tsui-c) RxDi input setup time 60 30 20 ns
thic-D) RxDi input hold time 90 90 90 ns
External interrupt INT: input
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
twiinH) INTi input high-level pulse width 250 250 250 ns
twiny INTi input low-level pulse width 250 250 250 ns
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5.1 Electrical characteristics

5.1.5 Switching characteristics
Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted)

Microprocessor mode (when wait bit is “1”)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
taaL—g) Address low-order output delay time 100 30 12 ns
tse-oHa) | Data high-order output delay time (BYTE="L") 110 70 45 ns
toxze-0Hz) | Floating start delay time (BYTE="L") 5 5 5 ns
taam-g) Address middle-order output delay time 100 30 12 ns
toam-aLe) | Address middle-order output delay time 80 24 5 ns
tae-oLq) | Data low-order output delay time , 110 70 45 ns
toze-01z7) | Floating start delay time 5 5 5 ns
taaH-£) Address high-order output delay time 100 30 12 ns
taan-ale) | Address high-order output delay time 80 24 5 ns
taw-Hoa) | HLDA output delay time 100 50 50 ns
ta(ALE-E) ALE output delay time 4 4 4 ns
twALE) ALE pulse width 90 35 22 ns
taere-) | BHE output delay time 100 30 20 ns
tarw-8) | R/W output delay time 100 30 20 ns
td(E-0) ¢1 output delay time 0 30 0 20 0 18 ns
the-ay Address low-order hold time 50 25 18 ns
thae-am) | Address middle-order hold time (BYTE="L") 9 9 9 ns
the-ona) | Data high-order hold time (BYTE="L") 50 25 18 ns
tozxe-0Hz) | Floating release delay time (BYTE="L") 95 36 18 ns
thE-am) Address middle-order hold time (BYTE="H") 50 25 18 ns
trae-an) | Address high-order hold time 9 9 9 ns
the-oLa) | Data low-order hold time 50 25 18 ns
toxg-01zy | Floating release delay time 95 36 18 ns
the-sHe) | BHE hold time 18 18 18 ns
tre-rw) | R/W hold time 18 18 18 ns
td(E-raq) Port P4 data output delay time 200 100 80 ns
taE-rsa) Port P5 data output delay time 200 100 80 ns
tde-rey | Port P6 data output delay time 200 100 80 ns
tae-p7a) | Port P7 data output delay time 200 100 80 ns
tae-req) | Port P8 data output delay time 200 100 80 ns
twey) E pulse width 220 95 50 ns

Note: Test conditions are shown in Figure 5.1.1.
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
ta(aL-£) Address low-order output delay time 100 30 12 ns
tae-onq) | Data high-order output delay time (BYTE="L") 110 70 45 ns
toxze-0Hz) | Floating start delay time (BYTE="L") 5 5 5 ns
td(am-£) Address middle-order output delay time 100 30 12 ns
taam-aLe) | Address middle-order output delay time 80 24 5 ns
tae-oLa) Data low-order output delay time 110 70 45 ns
texze-0L2) | Floating start delay time 5 5 5 ns
tdan-E) Address high-order output delay time 100 30 12 ns
taan-aLe) | Address high-order output delay time 80 24 5 ns
td(-HLDA) | HLDA output delay time 100 50 50 ns
taaLE-€) ALE output delay time 4 4 4 ns
tw(aLE) ALE pulse width 90 35 22 ns
taere-e) | BHE output delay time 100 30 20 ns
tarw-) | R/W output delay time 100 30 20 ns
ta(e-o) ¢1 output delay time 0 30 0 20 0 18 ns
thE-AL) Address low-order hold time 50 25 18 ns
thaLe-am) | Address middle-order hold time (BYTE="L") 9 9 9 ns
the-ona) | Data high-order hold time (BYTE="L") 50 25 18 ns
trzxe-0H2) | Floating release delay time (BYTE="L") 95 36 18 ns
the-am) Address middle-order hold time (BYTE="H") 50 25 18 ns
thae-an) | Address high-order hold time 9 9 9 ns
thE-oLQ) Data low-order hold time 50 25 18 ns
texe-oLz) | Floating release delay time 95 36 18 ns
the-re) | BHE hold time 18 18 18 ns
the-RW) R/W hold time 18 18 18 ns
ta(E-Paq) Port P4 data output delay time 200 100 80 ns
tae-psa) | Port P5 data output delay time 200 100 80 ns
tae-rsq) | Port P6 data output delay time 200 100 80 ns
tae-p7a) | Port P7 data output delay time 200 100 80 ns
ta(e-Pea) Port P8 data output delay time 200 100 80 ns
tweL) E pulse width 470 220 130 ns
Note: Test conditions are shown in Figure 5.1.1.
Ao—A7
Ae/Ds—A23/D7 ' O
P4
P5
P6 100pF
P7
P8
HLDA
ALE
BHE
RW
2]
E
Fig. 5.1.1 Testing circuit for ports
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5.1 Electrical characteristics

5.1.6 Equations for calculating the parameters
Table 5.1.1 shows the equations for calculating the following parameters. Use the equations corresponding
to the external clock input frequency f(XIN).

tW(ALE) ..o ALE pulse width tA(RIW=E) cooovvrvvrn. R/W output delay time
AW(EL) oo E pulse width tpzx(E-DLZ/DHZ).......Floating release delay time
td(ALUAM/AH-E) ........ Address output delay time th(E-AL/AM) ....ccconv..... Address hold time
td(AM/AH-ALE) .......... Address output delay time th(E-DLQ/DHQ) ......... Data hold time

td(BHE—E) ...oooovrrvee BHE output delay time

Table 5.1.1 Equations for calculating parameters

M37732S4FP M37732S4AFP M37732S4BFP
f(XIN) f(XIN) < 8MHz 8MHz < f(XIN) < 16MHz | 16MHz < f(XIN) < 25MHz
tw(ALE) 1X 10° 1 X 10° 1X10°

Xy S0 f(XIN) 215 f(XIN) — 18
tw(EL) 2 X 10°
Wait bit = “1” XN T 30
wen [ T axae .
Wait bit = “0" “oamy -~ 30
td(ALAM/AH-E) X °
_ 1% 10° 12 % 10° 12+ 1f(Xl;l)o - 40
td(BHE-E) 100 + f(XIN) 125 30 + f(xXin) & 2 X 10°
td(R/W-E) ‘ 20 + )~ 40
tpzx(E-DLZ/DHZ) 1.X 10° 1% 10° 1% 10°

oany 20 Xy~ 26 Ny 22
th(E-AL/AM) 1.X 10° 1.X 10° 1.X 10°
th(E-DLQ/DHQ) Zx Xy~ 188 Z X fxin) ~ &2 ZX 1N~ 2
td(AM/AH-ALE) 1 X 10° 1 X 10° 1 X 10°

oan) ~4° Xy~ 58S foany 30

Unit : ns
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5.1.7 Timing diagram

Timing diagram

twH) tw)
f(XiN)
E \____/
E
l<—>]| td(E-P4Q)
Port P4 output
tsu(P4D-E
Port P4 input Ath(E-PdD)
td(E-P5Q)
Port PS5 output
tsu(P5D-E
Port P5 input th(E-P5D)
to(E-P6Q)

Poit P6 output

tsu(P6D-

Port P6 input th(E-P6D)

td(E-P7Q)

Port P7 output

tsu{P7D-7_)'

Port P7 input thiE-P70)

td(E-P8Q)

Port P8 output

tsuPBD-E
Port P8 input 3\%—%0)

SRR SN
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te(TA)
tw(TAH)
TAin input / \ \
tw(TAL)
1
1c(UP)
tw(UPH)
TAiour input / \ / \
tw(uPL)
TAiout input ></
(Up-down input) N
In event counter
mode TAin input
(When count by falling) Vth(TIN—UP) tsu(up-m)\
TAiN input \ /
(When count by rising) \____/
te(m8)
tw(TBH)
o e /
TBin input / Y \
tw(TBL)
|
tc(AD) R
tw(ADL)
AD7Ra input J
te(cK)
tw(CKH)
CLKi / N D \
tw(CKL)
thic-Q) >
TxDi >< ><
< ta(c-) | tsu(D-C) | thic-0)
RxDi
tw(INL)
INTi input f
Tw(INH)
1
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Microprocessor mode

(When wait bit="1")

& M’ \__/ \_/_\_/_\_/ \
—_ ot il
E —\_—/—\
RDY input

1su(RDY-¢1) | th(y1-RDY)

(When wait bit="0")

. / \ / \ / \ / \ /— \ /~ \ /— \
4 —/ __/ _/ / __/ \__/ AN \
_ ottt e
E \ ‘/’

RDY input

tsu(RDY-01) |th(e1-RDY)

>

(When walt bit="1" or “0” in common)
o /_\_/"\
tsu(HOLD-¢ 1) th(e1-HOLD)
HOLD input
td(0 1-HLDA) td(¢ 1-HLDA)
—>1
HLDA output N\
Test conditions

*Vee=5V+10%
«Input timing voltage
+Output timing voltage

:Vi=1.0V, Vi=4.0V
1 Vou=0.8V, Von=2.0V
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5.1 Electrical characteristics

Microprocessor mode (When wait bit="1")

twiL) : : twiH) < : lfi “I ftr E te

f(XiN)
o [/ \ LN AR N 2 N 2
> 11 td(E-91) tdE-91)
= twieL) r..—
¢ _
th(E-AL) 1] tdaL-g)
1
Ao—A7 output X Address \ Address X
th(ALE-AM) |
A/De—Are/Drs , > th(E-DHQ) tpxz(E-DHZ) tp2x(E-DH2)
output )\ Address X Data \  Address| —————t Address
(BYTE="L") td(AM-ALE) T—:{D Q'
| |ld(E-DHQ)
th(E-AM) ld(AM-E)
As—Ais output 4
(BYTE="H") X Address LQ Address X
1su(DH-E) >t th(E-DH)
De~Di1s input / \
thiaLe-aH) | Eh‘E'DLQ) tpxz(E-DLZ) [« tpzx(E-DLZ)
/ /
2;12‘:'“’ or )1\ Address Data \ Address ————1—7{ Address
loanae) |4 o, To(ari-g) tsu(DL-E) th(e-oL)
Do~D7 input / \
tw(ALE)
1<— to(ALE-E)
ALE output / \
td(BHE-E)
> jth(E-BHE)
J— 4
BHE output \ X
ta(RW-E)
th(E-R/W)
RIW output \\ :
Test conditions

* Vee=5V+10%

* Output timing voltage : Vor=0.8V, Von=2.0V

¢ Do—D1s input 1 Vi=0.8V, Vik=2.5V
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Microprocessor mode (When wait bit="0", and external memory area Is accessed)

tc

2 \WAVAWAWAWRWAN
td(E-o1) —>fr— —>6— td(E-01)
_ _ twEy /
E
th(E-AL) [<>|td(AL-E)
4
Ao—-A7 output X Address Address X
th(ALE-AM th(E-DHQ) | tpzx(E-DH:
As/Do—ArsDrs (' ) !* . ( ) tpxz(E-DHZ) pzx(E-DHZ)
output )‘Address Data Address ft = = = = = = - Address
(BYTE="L") N
1d(E-DHQ)
1d(AM-ALE)
th(E-AM) 4—1(1—» td(AM-E)
Ae—A1s output 4
(BYTE="H") X Address Address X
1su(DH-E) th(e-DH)
De-Dis input l' —\
th(ALE-AH) [ th(E-DLQ) toxz(E-DLZ)  [€™tpzx(E-DLZ)
A16/Do—A23/D 4 s
Ol'"puz_ g )1 Address Data (Address Jt = = = = = = - < Address
< <>t tsu(DL-E)
td(AH-ALE) 1d(E-DLQ) d(AH-E) th(e-DL)
Do-D7 input / —\
tw(ALE)
>/ r&— td(ALE-E)
ALE output F
td(BHE-E)
—> th(E- BHE)
BHE output x
td(R/W-E)

th(E- R/W)
R/W output

Test conditions

* Vce=5V£10%

* Output timing voltage : VoL=0.8V, Von=2.0V
* Do—D1s input :Vi=0.8V, Vin=2.5V
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STANDARD CHARACTERISTICS

6.1 Standard characteristics

6.1 Standard characteristics

The data described in this chapter are characteristic examples for M37732S4BFP. The data is not guaran-
teed value. Refer to “Chapter 5. Electrical characteristics” for rated values.

6.1.1 Standard port characteristics

(1) Programmable 1/O port (CMOS output) P channel lov-Vox characteristics

Supply voltage Vcec=5V
PRY ¢ P channel
50.0
40.0
Ta=25°C
o
E 300 : T‘\\\
z Ta=85°C \\\\\
20.0 AN
\\‘\
10.0 \\‘
by
0 1.0 2.0 30 4.0 5.0
VoH [V]

(2) Programmable 1/O port (CMOS output) N channel lo.—Vou characteristics

Supply voltage Vcc=5V

N channel
50.0
Ta=25°C
40.0
P /'
—_ Ta=85°C
T 300 L 2
3 =
Y
20.0 15/
7//
100 l,/
/
o 10 20 3.0 20 5.0
VoL V]
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6.1.2 lcc—f(Xiv) standard characteristics

(1) lec-f(Xiv) characteristics on operating and at reset

Measurement condition (Vcc=5V, Ta=25°C, f(XIN): square wave input, microprocessor mode)

On operating /
20 //
- v
<
£
Q
= 10
At reset —
P [ /‘/
/
o~ /
0 5 10 15 20 25 30

f(XIN) [MHZ]

(2) lcc—f(Xv) characteristics during wait

Measurement condition (Vec=5V, Ta=25°C, f(XIN): square wave input, microprocessor mode)

6.0 /’
< /
E 40 [
Q //
o

>
2.0 -
0 5 10 15 20 25 30

f(XiN) [MHZ]
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6.1.3 A-D converter standard characteristics
The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the
deviation from the ideal value when the output code changes. For example, the change in output code from

0016 to 0116 should occur at ANi=10mV, but the measured value is 5mV. Therefore, the measured point of
change is 10+5=15mV.

The lines at the top of the graph indicate the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is 0F1s is 22mV. Therefore, the differential
non-linear error is 22-20=2mV (0.1LSB).

[Measurement condition]
@® Vcc = 5.12V

® Vser = 5,12V

@ Xin = 25MHz

® Temp. = 25°C

||||||||||||| A|vlylll T T T YT T T T T T T T T T T 30
AR I N 20 +1LSB
e \%s VIV VAN = \%
=
@«
S 10 —— ] o ®
T V\/-\\_ =
OHH:HW ..... C‘.:#"I‘T?(m‘ﬂ#""l%’r%m'“"”"Nﬁ"““#HJ#IHHHHN{ HHHHHHH A S
< ] 4 RNy INAT T
o
& -0 3
=
~Wt———t———f——— -——— -ttt === === =g ——4=-——- -us8
PN TR FFTTTTE FEUTTITE NTTTT EUTTTINE U FURTET FTTTET FTTTIN TN T P AU PR T A
0 8 16 % 32 40 48 56 64 12 80 88 96 104 112 120 128
STEP NO.
30 [T T T T T T T \RARRSS 30
NI V)N A AN A 20 +1LSB
20 VAV \ \V4 vv—\ 14 \ /\CA +
] e\l \ 2
T i \ | "
E LA 9 2
o ey - ::m'Lm:::: i o S
« I R L B N S S R aRE ottt 2
o
: =
w —~10 3
=
-200f———+———+ e i e S e el el S St sl E e e e e B e R I )
PYS FRUTVETE FEUTTIIN IVEVTUTN FETTTTIN T NI FFUTITN T T TTETI FTTTI T NETRTTN FRETETT PRI
128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP NO,

210



N~ W 2= 88
=29  sif
w B P 588
[~ O w 85§
o, > > 5500
< > 3685
T 885
O a SZia

| RN

D NNNN

=

o

—




LOW SUPPLY VOLTAGE VERSION
7.1 Description

7.1 Description

The M37732S4LGP and M37732S4LHP are low supply voltage versions of the M37732S4FP. In addition to
lowering the supply voltage to 2.7-5.5V, they feature a wide operating temperature range between —-40 and
85°C, and small packages with pin pitches of 0.65mm and 0.5mm.

These microprocessors are suitable for controlling battery driven portable equipment and small office equipment
that must process large amounts of data using low power .

7.1.1 Low supply voltage version

The low supply voltage version of the M37732 group is available in two types as shown in Figure 7.1.1.
These types feature low supply voltage, small package, and wide operating temperature range. Only the
containing package is different between the two types. Therefore, the description in this chapter is focused
on the M37732S4LGP unless noted otherwise.

Figure 7.1.1 shows the pin configuration of the M37732S4LGP.

Table 7.1.1 Low supply volitage version

Supply ROM RAM Clock
Type name voltage size size |frequency Package
(V) (bytes) | (bytes) (MHz)
M37732S4LGP 80-pin plastic molded QFP (80P6S-A)
M37732S4LHP 27t0 55 — 2048 8 80-pin plastic molded fine-pitch QFP
(80P6D-A)
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7.1 Description

g 3 5
z ioe

z < o = -

Ssssss3233 Eesgpns

I SIEEETE, 584995555

NSNS 3 2 5 8 F-5-4-34

iR R R R RIS

( )

P66/TB1IN < [1_] (" h [€0] <>
P6s/TBON <« [ O O BR.d
PE4/INT2 < [3_| (58] —»
P63/INT1 <> [ [57] —»
P62/INTo <> [5_| [56] —»
P61/TA4N <> [6_| = = [e5] —»
P60/TAdouT <+ [7_] ) w 5] —»
P57/TA3IN/RTP13 <> [E_| ~ ~ [s3] —»
P56/TA30uT/RTP12 <> [E_] ~ ~ 2] —>
P5s/TA2IN/RTP11 <« [0} [\0‘3 o cl\g 1] —>
P54/TAZ0UT/RTP 10 < [T1_| [ B [50] =»
PSJTA1IN/RTPOs <> iZ] P N 5] <>
P52/TA10uT/RTPO2 <« i3 | — [y (48] +>
P51/ TAON/RTPO1 < [I2] I o (27 -
P50/TAOoUT/RTPO0 € [i5 | o 0 (%] «>
P47 <> [ic] [35) <>
Pds <> [i7] [4d] <>
P4s <> [1E] [43] +>
P4s <[5 ] O [22] <>
P4; <> [20] L PR g

2 2

sZRLSILZ s oSULE S 88388

SaRefwx 3 L8z I'299994<

313 R O R

Outline M37732S4LGP «+« ++ + 80P6S-A
Outline M37732S4LHP ««+«+. 80P6D-A

% The pin allocation of M37732S4LGP and M37732S4LHP is shifted by two pins compared

with that of M37732S4FP.

P86/RxD1
P87/TxD1
Ao

A1

A2

Az

A4

As

As

A7

As/Ds
A9/De
A1o/D1o
A11/D11
A12/D12
A13/D1a
A14/D14
A1s/D1s
A16/Do
A17/D1

Fig. 7.1.1 M37732S4LGP pin configuration (top view)
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7.1 Description

7.1.2 Performance overview
Table 7.1.2 shows the performance overview of the M37732S4LGP.

Table 7.1.2 M37732S4LGP performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

500ns (the fastest instruction at 8MHz frequency)

Operating clock frequency

8MHz (maximum)

Memory size RAM 2048 bytes

Input/Output ports Ports P5-P8 8 bits X 4
Port P4 5 bits X 1

Multi-function timers TAO, TA1, TA2, TA3, TA4 16 bits X 5
TBO, TB1, TB2 16 bits X 3

Serial 110

(UART or clock synchronous serial 1/0) X 2

A-D converter

8 bits X 1 (8 channels)

Watchdog timer

12 bits X 1

Interrupts

3 external, 16 internal (priority levels 0 to 7 can
be set for each interrupt with software)

Clock generating circuit

Built-in (externally connected to a ceramic or
crystal resonator)

Supply voltage

2.710 5.5V

Power dissipation (Typ.)

12mW (at 3V supply voltage, 8MHz frequency)

30mW (at 5V supply voltage, 8MHz frequency)

Input/Output characteristics

Input/Output voltage

5V

Qutput current 5mA
Memory expansion 16M bytes (maximum)
Operating temperature range —40 to 85°C

Device structure

High-performance silicon gate CMOS process

Package

M37732S4LGP 80-pin plastic molded QFP
(80P6S—A: lead pitch 0.65mm)
M37732S4LHP 80-pin plastic molded fine-pitch QFP

(80PBD-A: lead pitch 0.5mm)
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7.1 Description

7.1.3 Pin description
Table 7.1.3 shows the pin description.

Table 7.1.3 Pin description (1)

Pin Name Input/Output Functions

Vee, Vss Power supply Supply 2.7-5.5V to Vcc and 0V to Vss.

CNVss CNVss input Ihput Connect io Vee.

RESET Reset input Input The microcomputer is reset when this pin is set to “L”
level.

XiN Clock input Input These are the 1/O pins of the internal clock generating
circuit. Connect a ceramic or crystal resonator between

Xout Clock output Qutput Xin and Xout. When an external clock is used, the clock
source should be connected to the Xin pin and the Xour
pin should be left open.

E Enable output Output Data or instruction read and data write are performed
when output from this pin is “L” level.

BYTE Bus width selection input Input This pin determines whether the external data bus is 8-
bit width or 16-bit width. The width is 16 bits when the
signal level is “L” and 8 bits when the signal level is “H".

AVce, AVss |Analog supply input Power supply for the A-D converter. Externally connect
AVcc to Vee and AVss to Vss.

VRer Reierence voitage input Input This is a reference voltage input pin for the A-D con-
verter.

o Clock output Output This pin outputs the clock ¢1 which is divided the clock to
Xin pin by 2.

RDY Ready input Input The microcomputer is in Ready state while “L" level is
input to this pin.

HOLD Hold input Input The microcomputer is in Hold state while “L” level is input
to this pin. o

HLDA Hold acknowledge output|  Output This pin outputs “L” level when microcomputer is in Hold
state.

R/W Read/Write output Output | The read/write signal indicates the data bus state. The
data bus state is read when this signal is “H” level and
write when “L” level.

BHE Byte high enable output Output “L" level is output when an odd-numbered address is
accessed. .

ALE Address latch enable output Output This is used to obtain only the address from address and
data multiplex signals.

Ac—A7 Address bus low-order output QOutput Low-order 8 bits (Ac—Av) of the address bus are output.

As/Ds—A1s/D15/Address bus middle-order output/ 110 ®When the external bus width is 16 bits. (The BYTE pin

Data bus high-order 1/0 is at “L” level.) High-order 8 bits (Ds—D1s) of the data
bus are input or output when the E output is “L” level.
Middle-order 8 bits (As—Ai1s) of the address bus are
output when E output is “H” level.

@®When the external bus width is 8 bits. (The BYTE pin is
at “H” level.) Middle-order 8 bits (As—Ans) of the address
bus are output.

Ass/Do—A23/D7|Address bus high-order output/ 170 Low-order 8 bits (Do—D~) of the data bus are input or

Data bus low-order I/0

output when the E output is “L” level. High-order 8 bits
(A1e—A23) of the address bus are output when the E output
is “H” level.
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7.1 Description

Table 7.1.3 Pin description (2)

Pin

Name

Input/Output

Functions

P4:-P47

1/0 port P4

110

Port P4 is a 5-bit CMOS I/0 port. This port has a data
direction register and each pin can be programmed for
input or output.

P50—-P57

1/0 port P5

110

Port P5 is an 8-bit CMOS 1/O port. This port has a data
direction register and each pin can be programmed for
input or output. These pins also function as I/Q pins for
timers AQ—-A3.

P60~-P67

1/0 port P6

110

This port is an 8-bit I/O port with the same function as
P5. These pins can be programmed as I/O pins for timer
A4, external interrupt input pins for INTo-INT2, and input
pins for timers B0-B2.

P70-P72

I/0 port P7

110

This port is an 8-bit I/O port with the same function as
P5. These pins can be programmed as analog input
pins ANo—AN>. P77 also functions as the ADtra input pin
for an A-D conversion trigger.

P80—P87

I/0 port P8

110

This port is an 8-bit I/O port with the same function as
P5. These pins can be programmed as CTS/RTS, CLK,
RxD, TxD pins for UARTO and UART1.
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7.1 Description

7.1.4 Block diagram

Figure 7.1.2 shows the M37732S4LGP block diagram.
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Fig. 7.1.2 M37732S4LGP block diagram
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7.2 Functional description

The function of the M37732S4LGP is identical to the M37732S4FP. However, the reset voltage condition is
different. Therefore, this section describes about reset. It also describes the oscillating circuit for low supply
voltage operation.

For information concerning other functions, refer to “CHAPTER 2. FUNCTIONAL DESCRIPTION.”

7.2.1 Reset

The CPU becomes reset state when “L” level is applied to the RESET pin while the supply voltage is
between 2.7 and 5.5V. Only the reset voltage condition and the reset circuit are different from M37732S4FP.
The reset operation, internal registers state at reset, and software reset of M37732S4LGP are identical to
M37732S4FP. Therefore refer to “CHAPTER 3. RESET” for details.

The reset circuit is described below.

(1) Reset circuit
The reset circuit must be designed so that the reset input voltage is 0.55V or lower when the supply
voltage reaches 2.7V as shown in Figure 7.2.1.
Figure 7.2.2 shows the example of a power-on reset circuit using the system reset IC M62003L/FP.

/ Power on
2.7V
Veo /*‘
o —

ov

Fig. 7.2.1 Power-on reset condition
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Cd RESET
l GND

(Reset signal)

td=0.152Cd [ us], Ca: [uF ]

E 5V
M37732S4LGP
Vée
M62003L }
Vee
INT INT
(Interrupt signal)

RESET

sk In case of Cd=0.07uF, the delay time td is about 10ms.

Fig. 7.2.2 Power-on reset circuit example
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7.2 Functional description

7.2.2 Oscillating circuit

The M37732S4LGP has the same internal oscillating circuit as M37732S4FP. The frequency input to the
clock input pin Xin is divided in half to obtain the internal clock ¢. This ¢ is further divided in half to obtain
the bus cycle.

Either a ceramic resonator or a crystal resonator can be connected externally to the internal oscillating
circuit. An externai clock signal can be supplied to the internal oscillating circuit. The circuit examples using
these resonators and external clock are identical to M37732S4FP.

Figure 7.2.3 shows the oscillating circuit example using a ceramic resonator.

The circuit constants such as Ry, Rd, Civ, and Coutr must be set to the resonator manufacturer’'s recom-
mended values.

M37732S4LGP

XiN Xout
Rt

MW
{ D Cour
77 T

Fig. 7.2.3 Osciliating circuit example using a ceramic resonator

Ra

—_—

Cin
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7.3 Electrical characteristics

7.3 Electrical characteristics

7.3.1 Absolute maximum ratings

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vec | Supply voltage -0.3t07 Vv
AVcc Analog supply voltage -0.3t0 7 Vv
Vi Input voltage  RESET, CNVss, BYTE -0.31t0 12 \
Vi Input voltage  As/Ds—A23/D7, P43—P47, P50—P57, -0.3 to Vcc+0.3 \'
P60—P67, P70-P77, P80—P87, Vrer, XN,
HOLD, RDY
Vo Output voltage Ao—A7, As/De—A23/D7, P43—P47, P50-P57, -0.3 t0 Vce+0.3 \
P60c—-P67, P70—-P77, P8c—P87, Xour, E,
¢1, HLDA, ALE, BHE, RW
P4 Power dissipation Ta=25°C 300 (Note) mwW
Topr Operating temperature —40 10 85 °C
Tstg Storage temperature —-65 to 150 °C

Note: In case of M37732S4LHP, the rating of power dissipation is 200mW.
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7.3 Electrical characteristics

7.3.2 Recommended operating conditions

Recommended operating conditions (Vcc=2.7 to 5.5V, Ta=—40 to 85°C, unless otherwise noted)

Symbol Parameter Min. L_|rr;1‘|)t.s Max. Unit
Vee Supply voltage 2.7 55 Vv
AVcc Analog supply voltage Vce \
Vss Supply voltage 0 \Y
AVss Analog supply voltage 0 \
ViH High-level input voltage P4:-P47, P50-P57, P60-P67, 0.8Vce Vee Y

P70-P77, P80~P87, X, RESET,
CNVss, BYTE, HOLD, RDY
ViH High-level input voltage As/Ds—Az2s/D7 0.5Vce Vee \
Vi Low-level input voltage P43:—P47, P50-P57, P60c-P67, 0 0.2Vec | V
P70—-P77, P80—P87, XN, RESET,
CNVss, BYTE, HOLD, RDY
Vi Low-level input voltage Ae/Ds—Az/D7 0 0.16Vec| V
lonpeaky | High-level peak output current Ao—A7, As/De—Az23/D7, P4:—P47, -10 mA
P50~P57, P60—-P67, P70~P77,
P80—P87, ¢1, HLDA, ALE, BHE,
R/W
lon@avgy | High-level average output current Ac—Az, As/De—A2s/D7, P4a—P47, -5 mA
P50-P57, P60—P67, P70—P77,
P80—P87, ¢1, HLDA, ALE, BHE,
R/W
lou peaky | Low-level peak output current Ac—A7, As/De—A23/D7, P43—P47, 10 mA
P50-P57, P60—P67, P70—P77,
P8o—-P87, ¢, HLDA, ALE, BHE,
R/W
loL (avg) Low-level average output current Ao—Az, As/Ds—A23/D7, P4s—P47, 5 mA
P50-P57, P60—-P67, P70-P77,
P80—P87, ¢1, HLDA, ALE, BHE,
R/W
f(Xin) External clock frequency input 8 MHz

Note 1: Average output current is the average value of a 100ms interval.
2: The sum of lo. (peak) for Ac—A7, As/Ds~A23/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA or less,
the sum of loL (peak) for ports P4, P5, P6, P7, and ¢ must be 80mA or less, and the sum of lox (peak) for
ports P4, P5, P6, P7, and ¢+ must be 80mA or less.
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7.3.3 Electrical characteristics and A-D converter characteristics

Electrical characteristics (Ta=25°C, f(X)=8MHz, unless otherwise noted)

Symbol Parameter Test conditions Min: L.'rr;'gs Max.| Unit
VoH High-level output voltage ~ Ao—A7, Ae/De—A2s/Dy, Vee=5V, lon=—10mA 3 \
Pds~Pd7, P5o-P57, P6o~P67,
P70-P77, P80~P87, ¢, Vce=3V, lon=—1mA 25
HLDA, BHE, RW
Vou High-level output voltage ~ Ao—A7, Ae/Ds—A23/D7, ¢, |Vee=5V, low=—400uA 4.7 \"
° HLDA, BHE, R'W
VoH High-level output voltage  ALE Vee=5V, lon=—10mA 3.1 \
Vee=5V, lon=—400uA 48
Vee=3V, lon=—1mA 2.6
Von High-level output voltage  E Vee=5V, lon=—10mA 3.4 v
Vee=5V, lon=—400pA 4.8
Vee=3V, low=—1mA 2.6
Vor Low-level output voltage ~ Ao—A7, Ae/De~A23/D7,  |Voe=5V, lo.=10mA 2 \Y
P4:—P47, P50-P57, P6e—P67,
P70-P77, P8o-P87, ¢1, Vee=3V, lot=1mA 05
HLDA, BHE, RW
Voo Low-leve! output voltage  Ao—Av7, As/Ds—A23/D7, ¢1, [Voc=5V, loi=2mA 0451 V
HLDA, BHE, RW
Voo Low-level output voltage  ALE Vee=5V, lo.=10mA 1.9 \"
Vee=5V, lo.=2mA 0.43
Vce=3V, loi=1mA 0.4
Vou Low-level output voltage  E Veo=5V, lo.=10mA 16 | V
Vee=5V, lo.=2mA 0.4
Vee=3V, loi=1mA 0.4
V1.~V1-{Hysteresis HOLD, RDY, TAOn-TA4n, TBON-TB2i, |Vec=5V 0.4 1 \Y
INTo-INT2, ADtr, CTSo, CTS1, CLKo, CLK1|Vec=3V 0.1 0.7
V1.—V1-|Hysteresis RESET Vee=5V 0.2 0.5 \
Vee=3V 0.1 04
V1.—V1-|Hysteresis Xin Vee=5V 0.1 0.3 \"
Vee=3V 0.06 0.2
IH High-level input current  As/Ds—A23/D7, P4s-P47, |Vce=5V, Vi=5V 5 pA
P50~P57, P60—P67, P70~P77,
P80-P87, Xin, RESET, CNVss, | Vee=3V, V=3V 4
BYTE, HOLD, RDY
I Low-level input current Ae/De—A23/D7, P4s-P47, |Vce=5V, V=0V -5 HA
P50-P57, P60-P67, P70~P77,
P8c~P87, X, RESET, CNVss, [Vce=3V, V=0V -4
BYTE, HOLD, RDY
Vraw _ |RAM hold voltage When clock is stopped. 2 \i
lec Power supply current Output only | f(Xn)=8MHz, Vce=5V 6 12 | mA
pin is open|square waveform|Vee=3V 4 8
andotherpins| Ta=25°C 1 UA
are Vssduring| when clock is stopped.
reset. Ta=85°C 20
when clock is stopped.
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A-D converter characteristics (Vce=5V, Vss=0V, Ta=25°C, {(Xin)=BMHz, unless otherwise noted)

Symbol Parameter Test conditions i L.:_r;‘l)ts Max. Unit
— | Resolution VRrer=Vce 8 Bits
— |Absolute accuracy Vrer=Vce +3 [ LSB

Ruapoer | Ladder resistance Vrer=Vee 2 10 | kQ

tconv  [Conversion time 285 us

Veer | Reference voltage 2.7 Vee | V

Via Analog input voltage 0 Veer | V

7.3.4 Timing requirements
Timing requiements (Vcc=2.7 to 5.5V, Vss=0V, Ta=25°C, f(Xn)=8MHz, unless otherwise noted)
External clock input
Limits .
Symbol Parameter Min. 1 Max_| Unit
te External clock input cycle time 125 ns
twiry External clock input high-level pulse width 50 ns
twiL) External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns

t External clock fall time 20 ns

Microprocessor mode

Limits .

Symbol Parameter Min. | Max. Unit
tsuor-g) | Data high-order input setup time 80 ns
tsuo-e | Data low-order input setup time 80 ns
tsupan-£)  |Port P4 input setup time 300 ns
tsupso-€)  |Port P5 input setup time 300 ns
tsupso-6) | Port P6 input setup time 300 ns
tsup7o-8)  |Port P7 input setup time 300 ns
1supeo-£)  [Port P8 input setup time 300 ns
tsurov—ey  |RDY input setup time 90 ns
tsuroLp-¢) |HOLD input setup time 90 ns
thE-oH) Data high-order input hold time 0 ns
the-oL) Data low-order input hold time 0 ns
the-paD)  |Port P4 input hold time 0 ns
the-psp) | Port P5 input hold time 0 ns
the-ped) | Port P6 input hold time 0 ns
the-p70) | Port P7 input hold time 0 ns
the-psDy | Port P8 input hold time 0 ns
the-rDY)  |RDY input hold time 0 ns
th-+oLD)  |HOLD input hold time 0 ns
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Timer A Input (count input in event counter mode)

Limits .

Symbol Parameter Min. | Max. Unit
tea) TAin input cycle time 250 ns
tw(TAH) TAin input high-level pulse width 125 ns
tw(TAL) TAin input low-level pulse width 125 ns

Timer A input (gating input in timer mode)
Limits .

Symbol Parameter Min | Max. Unit
to(ta) TAIN input cycle time 1000 ns
tw(TAH) TAIN input high-level pulse width 500 ns
tw(TAL) TAinN input low-level pulse width 500 ns

Timer A input (external trigger input in one-shot pulse mode)

Symbol Parameter Minljlmltlsl K. Unit
tora) TAin input cycle time 500 ns
tw(TAH) TAin input high-level pulse width 250 ns
twiTAL) TAin inout low-level bulse width 250 ns

Timer A input (external trigger input in pulse width modulation mode)
Limits .

Symbol Pa{ameter Min. | Max. Unit
tw(TAH) TAin input high-level pulse width 250 ns
tw(TAL) TAin input low-level pulse width 250 ns

Timer A input (up-down input in event counter mode)
Limits .

Symbol Parameter Min. | Max. Unit
teup) TAjout input cycle time 5000 ns
tw(uPH) TAiout input high-level pulse width 2500 ns
twupL) TAiour input low-level pulse width 2500 ns
tsuup-Tw) | TAiour input setup time 1000 ns
th(Ti-UP) TAiour input hold time 1000 ns

Timer B input (count input in event counter mode)
Limits .

Symbol Parameter Min. T Max. Unit
tere) TBin input cycle time (one edge count) 250 ns
tw(ter) TBin input high-level pulse width (one edge count) 125 ns
tw(taL) TBin input low-level pulse width (one edge count) 125 ns
te(re) TBin input cycle time (both edges count) 500 ns
tw(TBH) TBin input high-level pulse width (both edges count) 250 ns
tw(TsL) TBin input low-level pulse width (both edges count) 250 ns
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Timer B input (pulse period measurement mode)

Limits .

Symbol Parameter Min. | Max. Unit
to(Te) TBim input cycle time 1000 ns
tw(ran) TBi input high-level pulse width 500 ns
twray) TBiw input low-level pulse width 500 ns

Timer B input (pulse width measurement mode)

Limits .
Symbol Parameter Min_ 1 Max. Unit
te(re) TBim input cycle time 1000 ns
tw(taH) TBin input high-level pulse width 500 ns
tw(teL) TBin input low-level pulse width 500 ns

A-D trigger input

Limits .
Symbol ‘ Parameter Min. | Max. Unit
teraD) ADrtra input cycle time (minimum allowable trigger) 2000 ns
twiaDL) ADrtra input low-level pulse width 250 ns
Serial I/0
Limits .
Symbol Parameter Min : IMax Unit
fe(ck) CLKi input cycle time 500 ns
twickH) CLKi input high-level pulse width 250 ns
twicky) CLKi input low-leve! pulse width 250 ns
tac-a) TxDi output delay time 170 ns
thic-a) TxDi hold time 30 ns
tsuo-c) RxDi input setup time 80 ns
thc-D) RxDi input hold time 100 ns
External interrupt INT: input
Limits
Symbol Parameter Min I Max Unit
tw(INH) INTi input high-level pulse width 250 ns
w(NL) INTi input low-level pulse width 250 ns
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7.3.5 Switching characteristics
Switching characteristics (Vcc=2.7 to 5.5V, Vss=0V, Ta=25°C, f(Xn)=8MHz unless otherwise noted)

Microprocessor mode (when wait bit is “1")

Symbol Parameter Test conditions Minlilmltf\sll ax | Unit
taaL-E) Address low-order output delay time 50 ns
tae-ohay | Data high-order output delay time (BYTE="L") 130 ns
toxz(e-DHZ) | Floating start delay time (BYTE="L") 10 ns
taam-E) Address middle-order output delay time 50 ns
taam-ae) | Address middle-order output delay time 40 ns
tdE-oLQ) Data low-order output delay time 130 ns
toE-DL2) | Floating start delay time 10 ns
td(AH-E) Address high-order output delay time 50 ns
taaH-aLe) | Address high-order output delay time 40 ns
tae-HLDA) | HLDA output delay time 120 ns
td(ALEE) ALE output delay time 4 ns
twiALE) ALE pulse width 60 ns
taene-e) | BHE output delay time 50 ns
tarw-gy | R/W output delay time 50 ns
ta(E-) ¢ cutput delav time 0 40 ns
thE-AL Address low-order hold time Fig. 7.3.1 50 ns
thate-amy | Address middle-order hold time (BYTE="L") 9 ns
the-one) | Data high-order hold time (BYTE="L") 50 ns
tezxe-oHz) | Floating release delay time (BYTE="L") 95 ns
the-Am) Address middle-order hold time (BYTE="H") 50 ns
thace-a) | Address high-order hold time 9 ns
the-oLO) Data low-order hold time 50 ns
trxE-0Lz) | Floating release delay time 95 ns
the-sHe) | BHE hold time 18 ns
thE-RW) R/W hold time 18 ns
td(e-Paq) Port P4 data output delay time 300 ns
taE-P5Q) Port P5 data output delay time 300 ns
taE-PeQ) Port P6 data output delay time 300 ns
taEe-p70) Port P7 data output delay time 300 ns
ta(e-paq) Port P8 data output delay time 300 ns
twEL) E pulse width 210 ns
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed)

- Limits .
Symbol Parameter Test conditions Min. | Max. Unit
taaL-g) Address low-order output delay time 50 ns
tae-oHa) [ Data high-order output delay time (BYTE="L") 130 ns
tee€-0H2) | Floating start delay time (BYTE="L") 10 ns
ta(am-£) Address middle-order output delay time 50 ns
taam-ae) | Address middle-order output delay time 40 ns
tae-oLo) | Data low-order output delay time 130 ns
toz€-0.2 | Floating start delay time 10 | ns
taaH-£) Address high-order output delay time 50 ns
taan-ae) | Address high-order output delay time 40 ns
tue-HLDA)  |HLDA output delay time 120 ns
toae-e) | ALE output delay time 4 ns
twiaLe) ALE pulse width 60 ns
taere-e) | BHE output delay time 50 ns
tarw-5) | R/W output delay time 50 ns
ta(E-0) ¢ output delay time 0 40 ns
thE-AL Address low-order hold time Fig. 7.3.1 50 ns
thaLe-am) | Address middle-order hold time (BYTE="L") 9 ns
the-one) | Data high-order hold time (BYTE="L") 50 ns
toxe-0Hz) | Floating release delay time (BYTE="L") 95 ns
th(e-am) Address middle-order hold time (BYTE="H") 50 ns
thiaLe-aH) [ Address high-order hold time 9 ns
the-oLa) | Data low-order hold time 50 ns
tox€e-DL2) | Floating release delay time 95 ns
the-sHe)  [BHE hold time 18 ns
the-rw)  [R/W hold time 18 ns
tde-rsq) | Port P4 data output delay time 300 | ns
toe-pso) | Port P5 data output delay time 300 ns
tae-pea) | Port P6 data output delay time 300 | ns
tde-p70) | Port P7 data output delay time 300 ns
tae-rsq) | Port P8 data output delay time 300 ns
twiEL) E pulse width 460 ns
Ao-A7

As/Ds-A23/D7 * O
P4
P5

P6

P7 100pF

P8
HLDA
ALE
BHE
R/W
o1

E

Fig. 7.3.1 Testing circuit for ports
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7.3.6 Equations for calculating the parameters
Table 7.3.1 shows the equations for calculating the following parameters.

tW(ALE) ..o
tV(EL) o

td(AL/AM/AH-E)

td(AM/AH-ALE)

td(BHE-E).............

...... ALE pulse width

...... E pulse width

......... Address output delay time
...... Address output delay time

...... BHE output delay time

Table 7.3.1 Equations for calculating parameters

M37732S4LGP, M3773284LHP

f(XIN) f(XIN) < 8MHz
tw(ALE) 1.X 108

fXIN) 65
tw(EL) 2 X 10° 40
Wait bit = 4" THXIN)
tw(EL) 4 X 10°
Wait bit = 0" XN 40
td(ALAM/AH-E)

1 X 10°

td(BHE-E) 50 + 5wy~ 128
td(R/W-E)
tpzx(E~-DLZ/DHZ) 1% 10°

f(XIN) 80
th(E-AL/AM) 1% 10
th(E-DLQ/DHQ) m— 12.5
td(AM/AH-ALE) 1 X 10°

foxiny -~ 85

Unit : ns

td(RIW=E) ..cccvrrrrr. R/W output delay time
tpzx(E-DLZ/DH2Z)....... Floating release delay time
th(E-AL/AM) ............... Address hold time

th(E-DLQ/DHQ) ......... Data hold time
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7.3.7 Timing dlagram

Timing diagram

L u te tw(H) tw(y
f(Xin)
E \__/
ta(E-P4Q)
Port P4 output
tsu(P4D-E

Port P4 input Atme-mo)

1d(E-P5Q)
Port P5 output

tsu(PSD-
Port P5 input Ath{E-PSD)
{d(E-P6Q)
Port P6 output

tsu(PeD-E
Port P6 input Ath(E-PGD)

le—>{ td(E-P7Q)
Port P7 output X
tsu(P70-E)
Port P7 input * thE-P7D)
1d(E-P8Q)
Port P8 output

tsu(P8D-E)
Port P8 input * thE-PeD)
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te(TA)

tw(TAH)

TAiN input /

)

tw(TAL)

teup)

tw(UPH)

TAiour input / N

tw(upPL)

)

TAiour input ><f
(Up-down input) N_
In event counter
mode TAin input
(When count by falling) /th(rm—up) tsu(up-Tm)\
TAiN input \ /
(When count by rising) \______/
te(TB)
tw(TBH)
TBin input / X \
tw(TBL)
N |
tc(AD) N
tw(ADL)
ADrtra input \
to(CK)
tw(CKH)
CLKi [ \ N
tw(CKL)
thic-Q)

1 ><

taic-q) o tsuD-C)

»>1<—>{ th(C-D)

RxDi

tw(INL)

INTi input (
tw(INH)
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Microprocessor mode

(When wait bit="1")

o S\ S N
__/ \

m|

RDY input
tsu(RDY-¢1) | th(ep1-RDY)

| |

(When wait bit="0")

A NVAANVA WAV VA
N\

mi

RDY input \
1su(RDY-p1) | th(e1-RDY)

(When wait bit="1" or “0” in common)

g AW CN N\

tsu(HOLD-¢1)

l—
HOLD input
td(ot-HLDA) td(e1-HLDA)
— — >
HLDA output ; I’

Test conditions

*Vce=2.7 to 5.5V

*Input timing voltage : Vi=0.2Vce, Vii=0.8Vce
«Output timing voltage  : Vou=0.8V, Vou=2.0V

th(e1-HOLD)
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Microprocessor mode (When wait bit="1")

tw(L) : i tw(H) f E th i Etr [ tc ,

f(Xin)
o S YA A
> ta(E-o1) > d(E-91)
tw(EL) —
E /
th(E-AL) | | tdAaL-E)
— b/
Ao-A7 output X Address Address X
As/Ds—~Ars/D1s ThALE-AM) | th(E-OHQ) toxz(E-DHZ) tpzx(E-DHZ)
output ) Address Data Address| =——— - Address
(BYTE="L") \ |
{d(AM-ALE) | &>
td(e-DHQ) t
th(E-AM) HAM-E)
As—Ais output K y
(BYTE="H") Address Lq Address x
tsuDH-E) [—>te» th(E-DH)
Ds-Dss input J 4
thALE-AH) 1 o th(e-oLQ) toe(E-bL2) tozx(E-0LZ)
Ar16/Do—A23/D7
output Address Data Address | H=————m— r— Address
loan-ae) > taiar-g) tsu(DL-E) th(E-DL)
td(E-DLQ) 2‘—_:
Do—D7 input
tw(ALE)
r€— td(ALE-E)
ALE output N
td(BHE-E)
th(E-BHE)
BHE output X
. leRwW-E)
thE-RW)
RW output '/

Test conditions

* Vee=2.7 to 5.5V

+ Output timing voltage : Vo.=0.8V, Von=2.0V

* Do—Drs input :Vi=0.16Vcee, Vin=0.5Vee
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7.3 Electrical characteristics

Microprocessor mode (When wait bit="0", and external memory area is accessed)

te

AN NN UTAN UL

f (XiN)
o (WAWAWAWAS [\_/_\_ﬂ_/_\_/“\_/"\_
d(E-91) —) —>]He—td(E- o1)
_ tw(EL)
z .
th(E-AL) 0{ "—’td(AL—E)
Ac—A7 output X Address X Address X
As/Ds—A1s/Di1s th("\,LE'AM) !' th(E-DHQ) tpxz(E-DHZ) tpzx(E-DHZ)
output Address \ Data Address jp = = = = = = - Address
(BYTE="L")
<> t1d(E-DHQ)
td(AM-ALE)
th(E-AM) 1d(AM-E)
As—A1s output X Address
(BYTE="H") Address
tsu(DH-E) th(E-DH)
Ds-D1s input / _\
|
th(ALE-AH) M th(e-DLQ) 1-'| toxz(E-DLZ) 1> tpzx(E-DLZ)
)
2::;(;_1\23/07 )< Address Data Address }r = = = = - - - < Address
l< : tsu(DL-E)
—> _ d(AH-E le
{OAHALE) td(e-DLQ) (AH-E) th(E-DL)
Do-Dr input
tw(ALE)
! le— td(ALE-E)
ALE output )I-\
td(BHE-E)
R — th(E- BHE)
BHE output x
td(RW-E) .
[_> h(E- RIW)
R/W output ‘}

Test conditions
*Vce=2.7to 5.5V

« Output timing voltage : VoL=0.8V, Vor=2.0V

* Do—D1s input

:Vi=0.16Vcce, Vii=0.5Vce
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7.4 Standard characteristics
The data described in this section are characteristic examples for M37732S4LHP. The data is not guaran-
teed value. Refer to section “7.3 Electrical characteristics” for rated values.

7.4.1 Standard port characteristics

(1) Programmable /O port (CMOS output) P channel lon-Vou characteristics

Supply voltage Vec=3V

P channel
25.0
20.0
Ta=—40°C
T f ]
g 150 Ta=25°C e
T *I*-\ \
Ke] 1 S \
10.0—Ta=85°C e T~
\\\\
o - HEEER AN
N
0 05 70 15 2.0 25 3.0
VOH [V]

(2) Programmable 1/0 port (CMOS output) N channel lo.~Vo. characteristics

Supply voltage Vec=3V

N channel
25.0 |
Ta=-40°C
1 I
200 — Ta=25°C™]
/ I I !
z —T Ta=85°C
g 15.0 /// [ 2
2 /| //
10.0 A //
//
5.0 5 /
74
055 10 5 20 25 3.0
VoL [V]
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7.4.2 lcc—f(Xin) standard characteristics

(1) lcc-f(Xin) characteristics on operating and at reset

Measurement condition (Vec=3V,Ta=25°C, f(XIN): square wave input, microprocessor mode)

6.0 On operating—
z P
E 4.
< 4.0 =
- /'/ At reset
2.0 o1 |
| ;
./0‘ i
0 5 10 15

f(XiN) [MHZ]

(2) lcc-f(Xin) characteristics during wait

Measurement condition (Vec=3V,Ta=25°C, f(XiN): square wave input, microprocessor mode)

!
— 2.0
T
= ‘ /o
Q
(]
= 10 —

//
0 5 10 15

f(Xin) [MHz]
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7.4.3 A-D converter standard characteristics

The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the
deviation from the ideal value when the output code changes. For example, the change in output code from
0416 to 0516 should occur at ANi=52.7mV, but the measured value is 2.9mV. Therefore, the measured point
of change is 52.7+2.9=55.6mV.

The lines at the top of the graph indicate the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is OFis is 12.4mV. Therefore, the
differential non-linear error is 12.4-11.7=0.7mV (0.06LSB).

[Measurement condition]

® Vcc = 3V
@® Vacr = 3V
® Xin = 8MHz
® Temp. = 25°C
AASANASLEARARANARARAR RN AR A A A RN R AN R R A S R AR A RN AR RS R AN A AR AR R R R TTTrTT
A N AA A At AlA
17 by "V’v VY A AA AA < < - Y, </ "7 +1Lss
o
= A @
= ...V..Y n /A n YYD P h AN ST D ety =
x 0 HHHHHHHHHHAHHRHR AN aaanaiscoc RPN A o ]
g S
w 3
=
-Mp-—-—t——t-—)--—tr-—-—---—-—-t+-—-t - -— -7 — === — 4 -7 -SB
Lo teetvapeeeadonrpaadasra el oo ad oottty et traaadaga i it ga gl
0 8 16 2 32 40 48 56 64 72 80 88 % 04 M2 120 128
STEP NO.
T T T T T T T T T T T
11.7 N . O v A vl\_ A A vAvA‘.'AM g~ 117 +1LSB
=
eyl w
= @
£
= o G M R VY NN e o S
g [ HHHH Y HHHHHHT AN NP e S
& EX
=
- —f— — - ——- ——_-—— - - ) —_— - - = - =] = —|—= —| = —| = —|— — -17 ~—1SB
.........................................................................

STEP NO.
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M37730 GROUP

8.1 Description

8.1 Description

The M37730 group is an external ROM version 16-bit microcomputer designed with high-performance silicon
gate CMOS technology. It is housed in an 64-pin plastic molded QFP or 64-pin shrink plastic molded DIP.
This microcomputer has a large 16M-byte address space, three instruction queue buffers, and two data
buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also be switched
to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and industrial
equipment controllers that require high-speed processing of large amounts of data.

M37730 group has the same functions as M37732 group except for a few parts. Therefore, the differences
between M37730 group and M37732 group are mainly described in this chapter. M37730 group has the
same functions as M37732 group except for the functions described in this chapter. Therefore, refer to
“CHAPTER 2. FUNCTIONAL DESCRIPTION" for them.

8.1.1 M37730 group
The M37730 group consists of chips shown in Table 8.1.1 with the M37730S2FP as the base chip. The
differences between these chips are the operating clock frequencies and the package outlines. Hereafter,
the M37730 group microcomputers will be referred to simply as the M37730S2FP unless there is a specific
difference by version.

Table 8.1.1 M37730 group

ROM RAM Clock
Type name size size frequency | Package Remarks

(bytes) (bytes) (MHz)
M37730S2FP 8
M37730S2AFP 16 64P6N—A | High-speed version of M37730S2FP
mg;;ggggggP External 1024 22 Super high-speed version of M37730S2FP
M37730S2ASP 16 64P4B | High-speed version of M37730S2SP
M37730S2BSP 25 Super high-speed version of M37730S2SP

240



M37730 GROUP

8.1 Description

8.1.2 Performance overview
Table 8.1.2 shows the performance overview of M37730S2FP.

Table 8.1.2 M37730S2FP performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

M37730S2FP, M37730S2SP

500ns (the fastest instruction at 8MHz frequency)

M37730S2AFP, M37730S2ASP

250ns (the fastest instruction at 16MHz frequency)

M37730S2BFP, M37730S2BSP

160ns (the fastest instruction at 25MHz frequency)

Operating clock frequency

M37730S2FP, M37730S2SP

8MHz (maximum)

M37730S2AFP, M37730S2ASP

16MHz (maximum)

M37730S2BFP, M37730S2BSP

25MHz (maximum)

Memory size RAM 1024 bytes

Input/Output ports Ports P5, P6 8 bits X 2
Port P4 5 bits X 1
Port P8 4 bits X 1

Multi-function timers TAO, TA1, TA2, TA3, TA4 16 bits X 5
TBO 16 bits X 1

Serial 110 (UART or clock synchronous serial I/0) X 1
Watchdog timer 12 bits X 1
Interrupts 3 external, 11 internal (priority levels 0 to 7 can be

set for each interrupt with software)

Clock generating circuit

Built-in (externally connected to a ceramic or
crystal resonator)

Supply voltage

5V+10%

Power dissipation

30mW (operating clock frequency = 8MHz )

Input/Output characteristics

Input/Output voltage

5v

Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20 to 85°C

Device structure

High-performance silicon gate CMOS process

Package

M37730S2FP/AFP/BFP

64-pin plastic molded QFP

M37730S2SP/ASP/BSP

64-pin shrink plastic molded DIP
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8.1.3 Pin configuration

Figure 8.1.1 shows the M37730S2FP pin configuration and figure 8.1.2 shows the M37730S2SP pin configuration.

A
z z E
Zop-lo & S ¢ oo
ks Rigs
ST BI DB ONO0OS T AS
o e - A
fo] o el fo]f e e el e sl sl ol
Ve
P60/TA40UT/RTP13 < [T} (O
P57/TA3IN < [Z] O
P56/TA30UT/RTP12 <+ [3]
P5s/TA2IN/RTP11 < [4] =
P54/TA20UT/RTP10 <[5} w
P53/TA1IN/RTPO3 < [§] ~
P52/TA10uT/RTPO2 <> 7] ~
P51/TAOINRTPO1 <« [E] ()
PSo/TAOCUT/RTPO0 <+ 3] o
P47 <> [10 w
P4s <> [11] N
P45 <> [2] M
P44 = [13] o
P43 <> [34]
2= (e
RDY — [ig]

\\
AR E e
QEgpe g sEupzesss
o3 T £§8%%

Outline 64P6N-A

— A4
— As
—> As
— A7
<> Ag/Ds
<> Ag/Dg
<> Ai0/D1o
<> Ay1/D11
<> Ay2/D12

<> A15/D1s
<> A16/Do
<> A17/D1
> Aig/D2
> Ai9/D3

Fig. 8.1.1 M37730S2FP pin configuration (top view)
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vee [T} e [64] <> P80/CTSo/RTS0
P67 «»[2] 63] <+ P81/CLKo
P66 ++[3] [62] «» P82/RxDo
P65/TBOIN <[4 | [67] <> P83/TxDo
P64/INT2 «»[5 [60] —> Ao
P63/INT1 <> [59] — A
P62/INTo +>[7 (58] — A2
P61/TA4IN <[ 8] [57] — A3
P60/TA40UT/RTP13 +>[9 ] [56] —> A4
P57/TA3IN <« [10] [55] — As
P56/TA30UT/RTP12 <« [11 [54] — As
P55/TA2INRTP11 «[12 53] — A7
P54/TA20UT/RTP10 < [13] < [52] «> As/Ds
P53 TATINRTPO3 < [14] w [51] «> Ao/De
P52/TA1OUT/RTPO2 < [15] :ll [50] <> Ato/Dio
P5y/TAOIN/RTPO1 <+ [76] w [49] <> A11/D11
P50/TAOOUT/RTPO0 <+ [17] o (48] <> A12/D12
P47 «»[18] CIG 7] > A1a/D13
Pds < (19| N 46] <> A14/D14
P4s < [20] o [45] ++ A15/D1s
P44 <> [21] [44] +> Aie/Do
P43 +»[22] [43] > A17/D1
91 +—[23] [42] > A18/D2
RDY — [24] [41] <> A19/D3
HOLD —[25] [40] «> A20/D4
BYTE —>[26] 39] <> A21/Ds
CNvVss —[27] [38] > A22/Ds
RESET —»[28] [37] «> A2a/D7
Xin —>[28] [36] — RW
XouT +—[30] [35] — BHE
E «—[31] [34] — ALE
vss  [32] [33] — HLDA

Outline 64P4B

Fig. 8.1.2 M37730S2SP pin configuration (top view)
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8.1.4 Pin description
Table 8.1.3 shows the pin description.

Table 8.1.3 Pin description (1)

Pin Name Input/Output ~_ Functions

Vec, Vss Power supply Supply 5V+10% to Vce and OV to Vss.

CNVss CNVss input Input Connect to Vee.

RESET Reset input Input The microcomputer is reset when this_pin is set to “L"

: level.

XiN Clock input Input | These are the 1/0 pins of the internal clock generating
circuit. Connect a ceramic or crystal resonator between

Xourt Clock output Output Xin and Xout. When an external clock is used, the clock
source should be connected to the Xin pin and the Xour
pin should be left open.

E Enable output Output Data or instruction read and data write are performed
when output from this pin is “L” level.

BYTE Bus width selection input Input This pin determines whether the external data bus is 8-
bit width or 16-bit width. The width is 16 bits when the
signal level is “L" and 8 bits when the signal level is “H".

o Clock output Output This pin outputs the clock ¢1 which is divided the clock to
X pin by 2.

RDY Ready input Input The microcomputer is in Ready state while “L" level is
input to this pin. '

HOLD Hold input Input The microcomputer is in Hold state while “L” level is input
to this pin.

HLDA Hold acknowledge output Output This pin outputs “L” level when microcomputer is in Hold
state.

R/W Read/Write output Output The read/write signal indicates the data bus state. The
' data bus state is read when this signal is “H” level and
write when “L” level.

BHE Byte high enable output Output | “L" level is output when an odd-numbered address is
accessed.

ALE Address latch enable output Output This is used to obtain only the address from address and
data multiplex signals.

Aoc—A7 Address bus low-order output Output Low-order 8 bits (Ao—A7) of the address bus are output.

As/Ds—A15/D15| Address bus middle-order output/ 110 ®When the external bus width is 16 bits. (The BYTE pin

Data bus high-order 1/0 is at “L" level.) High-order 8 bits (Ds—D1s) of the data
bus are input or output when the E output is “L” level.
Middle-order 8 bits (As—A1s) of the address bus are
output when E output is “H” level.

@®When the external bus width is 8 bits. (The BYTE pin is
at “H” level.) Middle-order 8 bits (As—A1s) of the address
bus are output.

Ate/Do—A23/D7| Address bus high-order output/ 110 Low-order 8 bits (Do—-D7) of the data bus are input or

Data bus low-order I/0

output when the E output is “L” level. High-order 8 bits
(A1e—A23) of the address bus are output when the E output
is “H” level.
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Table 8.1.3 Pin description (2)

Pin Name

Input/Output

Functions

P4s-P47 | 1/O port P4

e

Port P4 is a 5-bit CMOS I/O port. This port has a data
direction register and each pin can be programmed for
input or output.

P50-P57 1/0 port P5

/10

Port P5 is an 8-bit CMOS 1/O port. This port has a data
direction register and each pin can be programmed for
input or output. These pins also function as I/O pins for
timers AQ—A3.

P60—-P67 | 1/O port P6

110

This port is an 8-bit /0 port with the same function as
P5. These pins can be programmed as I/O pins for
timer A4, external interrupt input pins for INTe—INT2, and
input pin for timer BO.

P80-P8s | I/0O port P8

110

This port is an 4-bit /0 port with the same function as
P5. These pins can be programmed as CTS/RTS, CLK,
RxD, TxD pins for UARTO.
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8.1.5 Block dlagram
Figure 8.1.3 shows the M37730S2FP block diagram.

LS

L

Clock Generating Circuit J

Instruction Register (8)

Data Butfer DBH (8)
Data Buffer DBL (8) 3

Instruction Queue Butfer QO (8)k:
Instruction Queue Buffer Q1 (8)
Instruction Queue Buffer Q2 (8):

1F 1T 1T IE [

TTICIrIr I I1Ir

[

1r

Program Address Register PA (24)
Data Address Registe DA (24)

Incrementer/Decrementer (24)

Program Counter PC (16)

Program Bank Register PG (8)
Data Bank Register DT (8)

Input Butfer Register 1B (16)

Processor Status Register PS (11)

Direct Page Register DPR (16)

v | —
e
e | —

Accumulator A (16)

q 1L

Arithmetic Logic
Unit (16)

o
2
4
&

Address Bus
N
o
N
AlE:
o2
i
2| [e][e] [}
EIlE 1B
L

RAM
1024 Bytes

[ IR [ IR 1] 3 I 1] IT 1]

Fig. 8.1.3 M37730S2FP block diagram

246



M37730 GROUP

8.2 Functional description

8.2 Functional description
The functions of the M37730S2FP are described below. The differences between the M37730S2FP and
M37732S4FP are mainly described in this section. M37730S2FP has the same functions as M37732S4FP
except for the functions described in this section. Therefore, refer to “CHAPTER 2. FUNCTIONAL DESCRIPTION”

for them.

Table 8.2.1 shows the differences between M37730 group and M37732 group.

Table 8.2.1 Differences between M37730 group and M37732 group

Functions M37730 group M37732 group

Memory size RAM ..... 1024 bytes RAM ...... 2048 bytes
Interrupts 14 sources 19 sources

External |3 sources 3 sources

Internal | 11 sources 16 sources
1/0 ports 25 37

Port P4 |5 bits 5 bits

Port P5 |8 bits 8 bits

Port P6 |8 bits 8 bits

Port P7 8 bits

Port P8 |4 bits 8 bits
Timer 16 bits X 6 16 bits X 8

Timer A |16 bits X 5 (Timer AQ to A4) 16 bits X 5 (Timer AQ to A4)

Timer B |16 bits X 1 {Timer BQ) 18 bits X 3 (Timer BO to B2)
Pulse output function |2 (It is possible to control puise output | 2

(enable/disable) by setting of register or
external input signal.)

Serial 1/0 1 2

UARTO | Clock asynchronous/synchronous Clock asynchronous/synchronous

UART1 Clock asynchronous/synchronous

A-D converter

One 8-bit resolution
8-channel analog input pin

Package

64-pin plastic molded QFP (64P6N)
64-pin shrink plastic molded DIP (64P4B)

80-pin plastic molded QFP (80P6N-A)
80-pin plastic molded QFP (80P6S-A)
80-pin plastic molded fine-pitch QFP (80P6D-A)
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8.2.1 Addressable memory space

The M37730S2FP allocates internal RAM, external memory, 1/0, and various control registers in the same
memory space. Therefore, data transfer and operation can be performed with the same instruction without
distinguishing memory and /O area.

Program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank register (PG) to
directly access a 16M-byte address space from 016 to FFFFFFre.

Figure 8.2.1 shows the addressable memory space. Internal RAM size, SFR memory allocation and interrupt
vector table memory allocation are different from M37732S4FP.

Ote ‘
Special function registers
7F 16
8016
Internal RAM
47F1e
Bank O1s
FFDC1e
Interrupt vector table
e i
1 16
Bank 116
2000016 £~ o - 5
FEQ0QQue ¢~~~ " rrrrrrrrssmams s saneees [ A
Bank FE1e
(Bank 254)
FF0000 § ~~ "rrrrmrmrmsssssnssaseneees : A
Bank FFi1e
(Bank 255)
FFFFFF1e rrirrnd v
Ej: Internal area
7% External area

Fig. 8.2.1 Addressable memory space
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8.2.2 Memory allocation

SFR (Special Function Registers) and internal RAM are allocated in internal area of bank 01s. ROM must
be connected to the external memory area because the M37730S2FP is an external ROM version.
Figure 8.2.2 shows the memory map.

(1) SFR (Special Function Registers), internal RAM and external memory area.
The allocated SFR, internal RAM and external memory area are described below.

® SFR area
Addresses 00001 to 007F1e of bank 016 are the SFR (Special Function Registers) area. This area
contains the control registers of internal peripheral devices, /O ports, timers, and so on. Internal
peripheral devices can be accessed through these registers. Figure 8.2.3 shows the memory map of
the SFR area.
Each bit in the register can be either read-only, write-only, or read/write bit.
Refer to each block description for the register function in the SFR area.
Refer to section “8.2.9 Reset” for the state of the SFR at reset.

® Internal RAM area
A 1024-byte static RAM is allocated at addresses 00801s to 047F1e of bank 01s. In addition to storing
data, the internal RAM area is used as stack area during subroutine calls and interrupts. Therefore,
be careful of subroutine nesting levels and multiple interrupt levels so that important data is not
destroyed.

@ External memory area
External memory can be set to a 16M-byte space of banks 016 to FFis excluding SFR area (addresses
000016 to 007F16) and internal RAM area (addresses 008016 to 047F1s).
The interrupt vector table allocated to addresses FFDC1s to FFFF1s of bank 016 must be set in ROM.
This area contains the start address of the interrupt service routine for each interrupt source and
reset.
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00000016
SFR area =P Refer to Figure 8.2.3 for SFR area memory map.
00007F1s
00008016
Internal RAM Interrupt vector table
1024 bytes JEEDC ¥
jFFDCe L—  UARTOtransmission 1
4
/ .
7 FFDEw L UART 0 reception %
00047F1e 7 FFEOw [ Tow
: 7 High
3 / FFE2ws | Low]
; High
/ FFE41s : Low
i — Timer BO Figh
j FFEBwL Timer A4 -II-%
’
7 FFE81e : Low
i; — Timer A3 Tighl
/ FFEAw | Timer A2 Low]
4 Elgh
/ FFECw | Timer A1 o
/
i FFEEw L Timer AQ =
P FFFO1s — Tow
: i’ — INT2 Tigh]
: — L
; i FFF216 | INT1 %
P ] FFFdwe [ — Tow]
; /// INTo High
i FFF6e | Watchdog timer =%
s’
‘7 FFF81s = Low
2; — DBC (Note) Tiigh)
7 FFFAw L BRKinstruction o
7
00FFDCrs £ FFFCe L — Zerodivision — on
FFFEs Low
OOFFFFis . RESET High
D ‘Internal area
{ """ j :External area
Note: DBC is an interrupt for the exclusive use of the debug control interrupt and is not used,
usually.

Fig. 8.2.2 Memory map
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000000
000001
000002

Address (Hexadecimal notation)

Port P4 register

Port P5 register

Port P4 direction register

Port P5 direction register

Port P6 register

Port P& direction register

Port P8 register

Port P8 direction register

UART 0 transmit/receive mode register

UART 0 baud rate register

UART 0 transmission buffer register

UART 0 transmit/receive control register 0

UART 0 transmit/receive control register 1

UART 0 receive buffer register

Address (Hexadecimal notation)

000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
00004A
00004B
00004C
00004D
00004E
00004F
000050
000051
000052
000053
000054
000055
000056
000057
000058
000059
00005A
000058
00005C
00005D
00005E
00005F
000060
000061
000062
000063
000064
000065
000066
000067
000068
000069
00006A
000068
00006C
00006D
00006E
00006F
000070
000071
000072
000073
000074
000075
000076
000077
000078
000079
00007A
000078
00007C
00007D
00007E
00007F

Count start flag

One-shot start flag

Up-down flag

Timer AO register

Timer A1 register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer A0 mode register

Timer A1 mode register

Timer A2 mode register

Timer A3 mode register

Timer A4 mode register

Timer BO mode register

Processor mode register

Watchdog timer

Watchdog timer frequency selection flag

Wavetform output mode register

Pulse output data register1

Pulse output data register0

UART 0 transmission interrupt control register

UART O receive interrupt control register

Timer AQ interrupt control register

Timer A1 interrupt control register

Timer A2 interrupt control register

Timer A3 interrupt control register

Timer A4 interrupt control register

Timer BO interrupt control register

o _interrupt control register
1

NTo
TNTT interrupt control register

INTz__interrupt control register

Fig. 8.2.3 SFR area memory map

251



M37730 GROUP

8.2 Functional description

(2) Processor mode
M37730S2FP can operate in microprocessor mode. ROM, RAM and peripherals can be expanded to
any area (except for SFR and internal RAM area) within a 16M-byte addressable memory space.
Figure 8.2.4 shows the structure of the processor mode register. Bits 2 to 5 of the processor mode
register have the same function as the M37732S4FP. Therefore, refer to section “2.4.3 External
memory area bus control” for wait bit, section “2.6.6 Interrupt priority level detection time” for interrupt
priority detection time selection bits and section “3.3 Software reset” for software reset bit.

b7 b6 bS5 b4 b3 b2 bl bO
R/W|R/W| W |R/W|R/W |R/W | Processor mode register (address 5E16)

——{Fix this bit to “0".|
——{Fix this bit to *1"_|
Wait bit

0 : Wait during external access
1 : No wait

Software reset bit _
1 : Software reset activated by writing “1”

Interrupt priority detection time selection bits
00 : 7 cycles at internal clock ¢

01 : 4 cycles at internal clock ¢

10 : 2 cycles at internal clock ¢

11 : This is not available.

{Fix this bit to *0".

Note: Bit 7 is undefined at reading.
Bits 0 and 2 to 6 are cleared to “0” at reset.
Bit 1 is set to “1” at reset.

Fig. 8.2.4 Processor mode register structure

252



M37730 GROUP

8.2 Functional description

8.2.3 Input/Output pins
The M37730S2FP has 25 programmable 1/0O pins: ports P4-P6, and P8. Ports P5, P6, and P8 also function
as 1/0 pins of the internal peripheral devices. The programmable I/0 port and pin function are described

below.

(1) Programmable 1/0 port

Each of the programmable /O poris P4-P6 and P8 has a direction register and a port register in the
SFR area of bank 01s. The direction register can be used to program the port for input mode or output
mode by one bit. Figure 8.2.5 shows the memory allocation of the direction registers and port registers.
The differences with M37732S4FP are that the M37730S2FP does not have ports P7 and P8+«-P8:.
Therefore, there are no port P7 direction register nor port P7 register and the structure of the port P8
direction register and port P8 register is different. Figure 8.2.6 shows the register structure of the port
P4-P6 and P8 direction registers and Figure 8.2.7 shows the relationship between port P4—P6 and P8
registers and pins.

Address
816
916
Ate Port P4 register
Bie Port P5 register

Cie Port P4 direction register
D16 Port P5 direction register
Ete Port P6 register

Fie
1016 Port P6 direction register
1116

1216 Port P8 register
1316

1416 Port P8 direction register
1516

1616

Fig. 8.2.5 Memory allocation of direction registers and port registers
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b7 b6 b5 b4 b3 b2 b1 bo
R/W |R/W |R/W | R/W | R/W |RW|RW | R/W | Port P4-P6, P8 direction registers

Port direction selection bits
0 : Input mode (the corresponding pin is an input pin)
1 : Output mode (the corresponding pin is an output pin)

Bit b7 | b6 | b5 | b4 | b8 | b2 | b1 | b0
Corresponding pin | Pi7z | Pie | Pis | Pia | Pia | Pi2 | Pi1 | Pio | (i=4 to 6, 8)

Note: These registers are cleared to “001s" at reset.
There are no pins corresponding to the low-order 3 bits of port P4 direction register.
There are no pins corresponding to the high-order 4 bits of port P8 direction register.

Fig. 8.2.6 Port P4-P6, P8 direction registers structure

b7 b6 b5 b4 b3 b2 b1 bo

R/W |R/W | R/W | R/WW | R/W | R/W | R/W | R/w | Port P4-P6, P8 registers

l——' Port Pio

Port Pii
Port Piz
Port Pis
Port Pis
Port Pis
Port Pie
Port Piz (i=4 to 6, 8)

Note: These registers are undefined at reset.
Data input/output is performed by reading or writing the corresponding bit to the pin.
There are no pins corresponding to the low-order 3 bits of port P4 register.
There are no pins corresponding to the high-order 4 bits of port P8 register.

Fig. 8.2.7 Relationship between port P4-P6, P8 registers and pins
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(2) Ports P4-P6, P8 function

3

~

In addition to the programmable 1/O port function, the 20 pins of ports P5, P6, and P8 also function
as the 1/O pins for external interrupt, timer, and serial I/O. Port P4 functions only as programmable
I/0 port. Refer to the respective section for the peripheral device 1/0 pin function of ports P5, P6, and
P8.

Ports P4-P6 and P8 all function as programmable I/O port after removing reset.

Figure 8.2.8 shows the port peripheral circuit and Table 8.2.2 shows the functions of ports P4—-P6, and
P8.

When ports P5, P6, and P8 are used as output pins for internal peripheral device, they are forced to
output mode. To use them as input pins for internal peripheral device, set the port direction register
to input mode because the contents of the port direction register has higher priority.

Function of each pin
The function of each pin is identical to M37732S4FP. Refer to “2.5.3 Pin functions” for details. However,
pins AVcc, AVss, Vaer, ANo—ANs, and AN7/ADrrc do not exist because the M37730S2FP is not equipped
with an A-D converter.
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Ports P43-P4e
(dotted area not included)

Ports P47, P57, P61-P67, P82
(dotted area included, however no
hysteresis for P82)

Port P83
(dotted area not included)

Ports P50-P56, P60
(dotted area included)

Ports P80, P81

E output pin

Data bus

Data bus

Data bus

Direction register|

1

~N

A—l &1

Direction register|

<1

1oy

~N

ovput—o | —0

—| Port latch =

Direction register|

1

~N

——l Port latch }

1

Fig. 8.2.8 Port peripheral circuit
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Table 8.2.2 Function of ports P4-P6, P8

Pin Function 1 Function 2
Port P4 Programmable 1/0O ports
(P43-P47)
Port P5 Programmable /0O ports TAOout/RTPOo (P50) :Timer A0 1/0 pin / RTPQo output pin
(P50—P57) TAON/RTPO1 (P51) :Timer AO input pin / RTPO1 output pin
TA1our/RTPO2 (P52) :Timer A1 /O pin / RTP0z output pin
TA1nRTPOs (P53) :Timer At input pin / RTPOs output pin
# RTPOa (n=0 to 3) output pin is available when RTPO function
is selected.
TA20ut/RTP10 (P54) :Timer A2 1/O pin / RTP10 output pin
TA2n/RTP11 (P5s) :Timer A2 input pin / RTP11 output pin
TA3out/RTP12 (P56) :Timer A3 I/O pin / RTP12 output pin
% RTP1m (m=0 to 2) output pin is available when RTP1 function
is selected.
TA3 (P57) :Timer A3 input pin
Port P6 Programmable 1/O ports TA40out/RTP13 (P60o). :Timer A4 1/0 pin / RTP1a output pin
(P60—P867) s# RTP1s output pin is available when RTP1 function is selected.
TA4N (P61) :Timer A4 input pin
INTo (P62) JINTo interrupt signal input pin
INT1 (P63) :INT: interrupt signal input pin
INT2 (P6s) ‘INTz interrupt signal input pin
TBOW (P6s) :Timer BO input pin
Port P8 Programmable 1/O ports CTSo/RTSo (P8o) :UARTO transmit enable signal input pin when
(P80—P83) CTSo function is selected

CLKo (P81)
RxDo (P82)
TxDo (P8s)

UARTO receive enable signal output pin when
RTSo function is selected

:UARTO transmit/receive clock /O pin
:UARTO receive data input pin

:UARTO transmit data output pin
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8.2.4 Interrupts

M37730S2FP has 14 sources of interrupts (3 external and 11 internal).

The function and operation of the interrupts are identical to M37732S4FP. The structure of each interrupt
control register is also identical to M37732S4FP. Use the SEB and CLB instructions when setting each
interrupt control register.

Figure 8.2.9 shows the memory map of the interrupt control registers. Table 8.2.3 shows the sources of
interrupts and the corresponding vector address.

Address
7016
7116 | UARTO transmission interrupt control register
7216 | UARTO receive interrupt control register
7316
7416
7518 Timer AQ interrupt control register
7616 Timer A1 interrupt control register
7716 Timer A2 interrupt control register
7816 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
7A16 Timer BO interrupt control register
7Bie
7C1e
7D16 INTo interrupt control register
7E16 INT1 interrupt control register

 7F16 INTz interrupt control register

Fig. 8.2.9 Interrupt control registers memory map
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Table 8.2.3 Interrupt sources and vector address

Vector address

Interrupt source High-order Low-order Remarks
address address

Reset (Note 1) O0FFFF1s 00FFFE1s | Non-maskable
Zero division 00FFFD1s 00FFFCis | Non-maskable software interrupt
BRK instruction 00FFFBis O00FFFA1s | Non-maskable software interrupt
DBC (Note 2) 00FFF91e 00FFF81s | Not used normally
Watchdog timer 00FFF71s 00FFF61s | Non-maskable interrupt
INTo 00FFF51s6 00FFF4:s | External interrupt due to INTo pin input signal
INTH 00FFF31¢ 00FFF2+ | External interrupt due to INT: pin input signal
INT2 00FFF116 00FFF01s | External interrupt due to INT2 pin input signal
Timer AQ 00FFEF16 00FFEEws | Timer AO internal interrupt
Timer A1 00FFED1s 00FFECis | Timer A1 internal interrupt
Timer A2 00FFEB:s 00FFEAs | Timer A2 internal interrupt
Timer A3 00FFE91s 00FFE81s | Timer A3 internal interrupt
Timer A4 00FFE71s 00FFE61s | Timer A4 internal interrupt
Timer BO 00FFES5s 00FFE41s | Timer B0 internal interrupt
UARTO reception 00FFDF1e 00FFDE+s | Valid only when the UARTO function is selected.
UARTO transmission 00FFDD1s 00FFDCis

Note 1: Reset is included in this table.

Note 2: The DBC is an

interrupt for the exciusive use of the debug contro! interrupt and is not used, usually.
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8.2.5 Timer A, timer B

Timer A of M37730S2FP consists of five 16-bit timers (timer A0 to A4). Timer B consists of one 16-bit timer

(timer BO).

The function and operation of each timer are identical to M37732S4FP. Refer to “2.7 Timer A" and “2.8
Timer B” for details. The difference with the M37732S4FP is described below.

@ The timer B1 and B2 related control registers available with M37732S4FP do not exist in M37730S2FP.
Figure 8.2.10 shows the memory map of timer related control registers.

Address

3916
4016
4116
4216
4316
4416
4516
4616
4716
4816
4916
4A16
4B1s
4C16
4D1e
4E16
4F16
5016
5116
5216
5316
5416
5516
5616
5716
5816
5916
5A16
5B16
5C1e

Count start flag

One-shot start flag

Up-down flag

Timer AO register:

Timer A1 register:

Timer A2 register:

Timer A3 register

Timer A4 register:

Timer BO register

Timer AO mode register

Timer A1 mode register

Timer A2 mode register

Timer A3 mode register

Timer A4 mode register

Timer BO mode register

Fig. 8.2.10 Memory map of timer related control registers

8.2 Functional description
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® The structure of port P6 direction register is different from M37732S4FP. Figure 8.2.11 shows the
relationship between port P6 direction register and timer pins.

b7 b6 b5 b4 b3 b2 bl bo

R/W | R/W | R/W|R/W | R/W|R/W|R/W|R/W| Port P6 direction register (address 10:s)

]——— TA4out pin

TA4nN pin
INTo pin
INT1 pin
INT2 pin
TBOw pin

The pins corresponding to these bits function as
programmable 1/O ports.

Note: This register is cleared to “001" at reset.

Fig. 8.2.11 Relationship between port P6 direction register and timer pins

® The structure of count start flag is different from M37732S4FP. Figure 8.2.12 shows the structure of
count start flag.

b7 b6 b5 b4 b3 b2 b1  bo

R/W | R/W | R/W | R/'W | R/W | R/W | Count start flag (address 401e)

|——Timer AOD count start flag
Timer A1 count start flag
Timer A2 count start flag
Timer A3 count start flag
Timer A4 count start flag
Timer BO count start flag

Note: Bits 6 and 7 are undefined at reading.
Bits 0 to 5 are cleared to “0” at reset.

Fig. 8.2.12 Count start flag register structure
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8.2.6 Puise output function

The pulse output function (pulse output port mode) of M37730S2FP allows pulse output control (enable/
disable) in addition to the functions of M37732S4FP. The pulse output operation is identical to M37732S4FP.
However, pulse output pins for RTP1 are slightly different.

Therefore, the register structure and settings of some control registers are different from M37732S4FP.
Figure 8.2.13 shows the block diagram of pulse output port mode. The differences are described below.

Waveform output control bit
(address 6216 bit 7)

, . .. 4 5 —D Q}—
Pulse width modulation selection bits

(address 6216 bits 4, 5) iNTo R
RESET O——L—j}——-l

Timer A3 pulse width D
modulation output

Timer A1 pulse width D :l )___
modulation output
Pulse output data register 1
(address 6416)
T P6o (RTP1
Lﬁ DlaQ o ( 3)
b2 D Q PS¢ (RTP12)
D Q P5s (RTP11)
D Q P54 (RTP10)
[ba]l—p @ — P53 (RTPOs)
\ o2]—I0 o  — D e P52 (RTPO2)
b1 D Q ) P51 (RTPO1)
o l—[0 7@ — D PSo (RTPOo)

Pulse oulpa-t'd—ma register 0 T
W’_—J RTPO polarity selection bit
(address 6216 bit 3)

Fig. 8.2.13 Pulse output port mode block diagram
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(1) Pulse output pin
The pulse output pin for the RTP1s of the M37730S2FP is shared with port P6o (TA4our). The structure
of other pulse output pins is identical to M37732S4FP.
Figure 8.2.14 shows the structure of the pulse output pins and pulse output data registers 0 and 1.

bit 3] RTP1a/PB0 )
put data register 1 bit2 RTP12/PSe L RTP1 output
(address:‘6_416) bit 1 RTP11/P55 P
bito RTP10/P5s
‘ N
bit 3 RTPO3/P53
Pulse output data register 0~ PIL2 RTPO2IPS2 > RTPO output
_ (address 6516) RTPO1/P51
bit 0 RTP0o/PSo
! /

Fig. 8.2.14 Pulse output pins and pulse output data register 0, 1 structure
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(2) Pulse output control

Figure 8.2.15 shows the relationship between port P6 direction register and pins. Figure 8.2.16 shows
the structure of the waveform output mode register.

Pulse output is controlled by the waveform output control bit (bit 7 at address 621e) of the waveform
output mode register. Pulse output is enabled when the waveform output control bit is set to “1”. When
it is “0", pulse output is disabled and the pulse output pin becomes floating state.

When “L” level signal is input to INTo pin (P62), the waveform output control bit is cleared to “0” and
pulse output is disabled. Refer to page 266 for the enabling procedure after it is disabled. When using
the pulse output port mode (pulse output function) disabling function with input signal to INTo pin, set
to input mode by setting bit 2 of the port P6 direction register (address 101e) to “0”. When the pulse
output port mode disabling function with input signal to INTo pin is not used, set to input mode by
setting bit 2 of the port P6 direction register to “0” and pull up externaily.

b7 b6 b5 b4 b3 b2 b1 bO

R/W | R/W [R/W | R/W | R/W|R/W|R/W|R/W| Port P6 direction register (address 101)

|——— TA4out pin

TA4 pin

INTo pin

iNT: pin

iNTz pin

TBOw pin

The pins corresponding to these bits function
as programmable 1/O ports.

Note: This register is cleared to “0016” at reset.

Fig.

8.2.15 Relationship between port P6 direction register and pins
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b7 b6 b5 b4 b3 b2 bl bO
R/W

R/W.R/W R/W | R'W

R/W | Waveform output mode register (address 621e)

I—J— Waveform output mode selection bits

00 : Programmable 1/O port
01 : RTP1 selected

10 : RTPO selected

11 : RTPO and RTP1 selected

RTPO polarity selection bit
0 : Positive polarity
1 : Negative polarity

RTPO pulse width modulation by timer A1 selection bit
0 : Not modulated
1 : Modulated

RTP1 pulse width modulation by timer A3 selection bit
0 : Not modulated
1 : Modulated

Waveform output control bit
0 : Waveform output disabled
1 : Waveform output enabled

Note: Bits 2 and 6 are undefined at reading.
Bits 0, 1, 3 to 5, and 7 are cleared to “0” at reset.

Fig. 8.2.16 Waveform output mode register structure
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When pulse output is disabled and pulse output pin becomes floating state with “L” level input to INTo
pin during pulse output, pulse output is resumed when the waveform output control bit is set to “1”
after returning the TNTo pin to “H" level. Pulse output is not resumed by simply returning the TNTo pin
to “H” level. Furthermore, pulse output is not resumed when the waveform output control bit is set to
“1" while the INTo pin is set to “L” level. Figure 8.2.17 shows how to resume pulse output after disabling
it with INTo input signal.

The waveform output control bit is cleared to “0” when “L” level is applied to the RESET pin or when
a software reset is executed.

Writing “1”
Writing “1” ¢

g
Waveform output control bit

INTo pin

Writing is ignored because |

Ci f pul O d gnee : Output dat
ta  Deeeeeeemeeeeseec . utput data
ontents of pulse output utput data Fioating p

Fig. 8.2.17 How to resume pulse output after disabling it with INTo input signal

(3) Timer A0O-A4 mode registers
When using RTPO of the M37730S2FP, the setting contents and setting method of the timer A0 and
A1 mode registers are identical to M37732S4FP.
When using RTP1, the setting contents of the timer A2 mode register are identical to M37732S4FP.
However, the RTP1s pin of M37730S2FP is shared with the TA4our pin and the TA3mw pin does not
function as pulse output pin. Therefore, the operation and setting contents of the timer A3 and A4
mode registers are different from those of M37732S4FP.
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@ Timer A3

When performing pulse width modulation for RTP1, the setting contents of the timer A3 mode register
are identical to M37732S4FP.

When pulse width modulation is not performed for RTP1, timer A3 can be used in timer mode or event
counter mode. Regardless of whether timer A3 is used or not, bit 2 of the timer A3 mode register must
be fixed to “1” in order to use port P5s as RTP12 pin.

When operating in timer mode, the gate function can be selected. Figure 8.2.18 shows the structure
of the timer A3 mode register in timer mode (not using pulse width modulation for RTP1).

b7 b6 bS5 b4 b3 b2 bt bO

0 1 0 o0 | Timer A3 mode register (address 591s)

L—l——Operating mode selection bits

00 : Timer mode

Pulse output function selection bit
1 : Pulse output

Fix this bit to “1”.|

Gate function selection bits

0X : No gate function (TA3w pin functions as
normal 1/0 port.)

10 : Count while TA3w input level is “L”

11 : Count while TA3w input level is “H”
(X="0" or “17)

[Fix this bit to "0"

Count source selection bits

00 : External clock input frequency divided by 2 (f2)

01 : External clock input frequency divided by 16 (f1e)
10 : External clock input frequency divided by 64 (fes)
11 : External clock input frequency divided by 512 (fs12)

Note: This register is cleared to “001¢" at reset.

Fig. 8.2.18 Timer A3 mode register structure in timer mode (not using pulse width modulation for RTP 1)
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When operating in event counter mode, only the contents of the up/down flag are used to switch the
up/down factor. Therefore, bit 4 of the timer A3 mode register must be fixed to “0". Figure 8.2.19
shows the structure of the timer A3 mode register in event counter mode (not using pulse width
modulation for RTP1).

b7 b6 bS5 b4 b3 b2 b1 bo

X X 0 0 1 0 1 | Timer A3 mode register (address 591s)

|——-[——Operating mode selection bits

01 : Event counter mode

Pulse output function selection bit
1 : Pulse output

Fix this bit to “1".

Count polarity selection bit
0 : Count at the falling edge of the input signal
1 : Count at the rising edge of the input signal

{Fix this bit to “0".|

{Fix this bit to *0"|

'lThese bits are ignored (may be “0" or “1").]

Note: This register is cleared to “001¢" at reset.

?lg. 8.2.19 Timer A3 mode register structure in event counter mode (not using pulse width modulation for RTP1)

® Timer A4

When RTP1 is selected, timer A4 can be used in timer mode or event counter mode. Regardless of
whether timer A4 is used or not, bit 2 of the timer A4 mode register must be fixed to “1” in order to
use port P6o as RTP1s pin.

The function and operation of timer A4 are identical to timer A3 when pulse width modulation is not
performed for RTP1. Therefore, the structure of the timer A4 mode register when operating in timer
mode is identical to Figure 8.2.18. The structure of the timer A4 mode register when operating in
event counter mode is identical to Figure 8.2.19.
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8.2.7 Serial 1/0

The serial I/0 of the M37730S2FP consists of one UART0. UARTO can operate as clock synchronous or
asynchronous (UART) type.

The function and operation of UARTO are identical to M37732S4FP. The following are different from
M37732S4FP.

® M37730S2FP does not have UART1 related contro! registers.
® The structure of port P8 direction register is different.

Figure 8.2.20 shows the memory map of the serial /O related control registers and Figure 8.2.21 shows
the relationship between port P8 direction register and serial I/0 pins.

Address
3016| UARTO transmit/receive mode register
3116 UARTO baud rate register
3216 L
3316 — UARTO transmission buffer register —

3416 | UARTO transmit/receive control register 0
3516 | UARTO transmit/receive control register 1
3616
3716

—— UARTO receive buffer register

Fig. 8.2.20 Memory map of serial I/O related control registers

b7 b6 b5 b4 b3 b2 b1 b0
R/W | R/W | R/'W | R/W | R/W | R/'W | R/W | R/W | Port P8 direction register (address 141c)

Lb‘ﬁ input / RTSo output pin

CLKo 1/O pin

RxDo input pin

TxDo output pin

There are no pins corresponding to these bits.

Note: This register is cleared to “001¢” at reset.

Fig. 8.2.21 Relationship between port P8 direction register and serial 1/0 pins
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8.2.8 Watchdog timer, Hold, Ready function
Refer to “CHAPTER 2. FUNCTIONAL DESCRIPTION” for watchdog timer, Hold function and Ready func-
tion because their functions are identical to M37732S4FP.

8.2.9 Reset
The function and operation of reset are identical to M37732S4FP. Figure 8.2.22 shows the internal reg-
isters state at reset of M37730S2FP.

Undefined at reset

Not allocated and undefined at reset

Address Register contents
C:sl 0 I 0 | 0 | 0 I 0 KW Port P4 direction register (Note 1)
D1s| 0016 [ Port P5 direction register
101e| 001s | Port P6 direction register
111s| 0016 | Port P7 direction register
1415W 0 | 0 l 0 l 0 |Port P8 direction register (Note 2)
301s| 0016 I UARTO transmit/receive mode register

3446 1 | 0 | 0 | 0 |UARTO transmit/receive control register 0

3516[ 0 I 0 I 0 I 0 | 0 I 0 | 1 I 0 |UARTO transmit/receive control register 1

4016 0|0|0|0|0|0|Countstartﬂag

4216 0 | 0 I 0 | 0 | 0 l One-shot start flag
4416[ 0016 J Up-down flag

561s| 0016 | Timer A0 mode register
571e| 0016 I Timer A1 mode register
5816 | 0016 | Timer A2 mode register
591s[ 0016 | Timer A3 mode register
5A1s| 0016 l Timer A4 mode register

SB1eI0|0|1

0 | 0 I 0 | 0 ITimer BO mode register

Note 1: There are no pins corresponding to the low-order 3 bits of port P4 direction register.
Note 2: There are no pins corresponding to the high-order 4 bits of port P8 direction register.

Fig. 8.2.22 Internal registers state at reset (1)
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Address Register contents
5E1e 0 | 0 I 0 I 0 I 0 | 1 | 0 |Processor mode register
6016 | FFF16 I Watchdog timer
6116 n Watchdog timer frequency selection fiag
6216 | 0 ] Waveform output mode register
7116 | I I 0 l UARTO transmission interrupt control register
7216 | I I 0 | UARTO receive interrupt control register
7516 | | | 0 I Timer AO interrupt control register
7616 | l | l 0 | Timer A1 interrupt control register
7716 | I l 0 I Timer A2 interrupt control register
7816 i i ]| 1] J Timer A3 interrupt control register
7916 I I | 0 | Timer A4 interrupt control register
7A16 [ | | 0 ] Timer BO interrupt control register
lofo]
o fo]
EREN

7D1s 0 0 oo I INTo interrupt control register

7E1e ojo|oOo|O | INT1 interrupt control register

7F 16 o0 OO | INT2 interrupt control register
0016 Program bank register PG

Contents of address FFFF16 Program counter (high-order) PCk

| |

I |

[ Contents of address FFFE16 | Program counter (low-order) PC.
L 0016 I Data bank register DT

| 0016 | Direct page register (high-order) DPRw
I 0016 | Direct page register (low-order) DPRL

b10 b b8 b7 b6 b5 b4 B9 62 b b0 s recister PS
|°L_|l:L|__¢J’ |2 [z Jofolols 12 12 (@is't110 15 e 0" at reaang)
m X

Note 3: The contents of registers other than those described in Figure 8.2.22 and RAM are
undefined at reset.

Fig. 8.2.22 Internal registers state at reset (2)
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8.3 Electrical characteristics
8.3.1 Absolute maximum ratings

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -0.3t0 7 \'
Vi Input voltage RESET, CNVss, BYTE -0.3t0 12 \'J
Vi Input voltage  As/Ds—A23/D7, P43—P47, P50—~P57, -0.3t0 Vce+0.3 \Y
P6c—P67, P8c—P8s, HOLD, RDY
Vo Output voltage Ac—A7, As/De—A23/D7, P4s—P47, P50~P57, —-0.3 to Vce+0.3 \"
P60—P67, P8c—P83, Xour, E, ¢1, HLDA,
ALE, BHE, RW
Pa Power dissipation Ta=25°C 300 (Note) mw
Topr Operating temperature -20t0 85 °C
Tsg Storage temperature —40 to 150 °C

Note: In case of shrink DIP package, the rating of power dissipation is 1000mW.
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8.3.2 Recommended operating conditions

Recommended operating conditions (Vcc=5V+10%, Ta=—20 to 85°C, unless otherwise noted)
Limits

Symbol Parameter Min. Typ. Max. | Unit
Vee Supply voitage 4.5 5.0 55 v
Vss Supply voltage 0 Vv
ViH High-level input voltage P4:-P47, P50-P57, P60—P67, 0.8Vce Vee v
P80—P8s, X, RESET, CNVss,
BYTE, HOLD, RDY
Vi High-level input voitage As/Ds—A2s/D7 0.5Vce Vce Vv
Vi Low-level input voltage P4:-P47, P50—-P57, P6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>