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Preface

Preface

This manual describes the hardware of the Mitsubishi
CNOS 16-bit microcomputer M37702 group. After
reading this manual, the user should be able to fully
utilize the functions of the microcomputers of M37702
group and M37703 group.

For details concerning the softwares for the M37702
group and M37703 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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— For using this manual
This manual defines following items.

f(XIN)

f(XIN) means oscillating clock frequency.
eInternal clock ¢

Internal clock ¢ means operating clock of this microcomputer. It is obtained by dividing the input
clock to XIN pin by 2 ( = f(XIN)/2).
«Clock ¢1

Clock ¢1 means the internal clock ¢ output from P42 pin.
*Bit attribute

Bit attributes are described in the figure of register structure.

The following abbreviations are used to indicate the attributes.

b4 b3 b2 bt bo

R W W | RI'W | R/W

L

R/W : Possible to read and write

W  : Possible only to write

R : Possible only to read

Nothing allocated, undefined at reading

«Qverflow and Underflow of timers
Overflow of the timer means that the counter content reaches FFFFi6 — reload value “n”.
Underflow of the timer means that the counter content reaches 000016 — reload value “n”.

“n” : Value set in reload register
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DESCRIPTION

The M37702M2-XXXFP is a 16-bit single-chip microcomputer designed with high-performance CMOS silicon
gate technology. It is housed in an 80-pin plastic molded flat package.

This single-chip microcomputer has a large 16M bytes 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.

Photo of M37702M2-XXXFP Chip




DESCRIPTION

1.1 M37702 group

1.1 M37702 group

The M37702 group consists of chips shown in Table 1.1.1 with the M37702M2-XXXFP as the base chip. These
chips are all pin compatible and provide a variety of memory characteristics, memory size, and operating clock
frequencies to enable the user to select the chip best suited for his system. Hereafter, the M37702 group
microcomputers will be referred to simply as the M37702 unless there is a specific difference by version.

Table 1.1.1 M37702 group

ROM RAM Clock
Type name size size | frequency Remarks
(bytes) (bytes) | (MHz)
M37702M2-XXXFP 8
M37702M2AXXXFP 16K (Mask ROM) 16 High-speed version of M37702M2-XXXFP
M37702M2BXXXFP 25 Super high-speed version of M37702M2-XXXFP
M37702S1FP 8 External ROM version of M37702M2-XXXFP
M37702S1AFP — 16 External ROM version of M37702M2AXXXFP
M37702S1BFP 25 External ROM version of M37702M2BXXXFP
M37702E2-XXXFP 512 8 One time PROM version of M37702M2-XXXFP
M37702E2AXXXFP 16K (One time PROM) 16 One time PROM version of M37702M2AXXXFP
M37702E2BXXXFP 25 One time PROM version of M37702M2BXXXFP
M37702E2FS 8 EPROM version of M37702M2-XXXFP
M37702E2AFS 16K (EPROM) 16 EPROM version of M37702M2AXXXFP
M37702E2BFS 25 EPROM version of M37702M2BXXXFP
M37702M4-XXXFP 8 Memory expansion version of M37702M2-XXXFP
M37702M4AXXXFP 32K (Mask ROM) 16 Memory expansion version of M37702M2AXXXFP
M37702M4BXXXFP 25 Memory expansion version of M37702M2BXXXFP
M37702S4FP 8 External ROM version of M37702M4-XXXFP
M37702S4AFP — 16 External ROM version of M37702M4AXXXFP
M37702S4BFP 2048 25 External ROM version of M37702M4BXXXFP
M37702E4-XXXFP 8 One time PROM version of M37702M4-XXXFP
M37702E4AXXXFP 32K (One time PROM) 16 One time PROM version of M37702M4AXXXFP
M37702E4BXXXFP 25 One time PROM version of M37702M4BXXXFP
M37702E4FS 8 EPROM version of M37702M4-XXXFP
M37702E4AFS 32K (EPROM) 16 EPROM version of M37702M4AXXXFP
M37702E4BFS ' 25

EPROM version of M37702M4BXXXFP
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1.2 Performance overview

1.2 Performance overview

Table 1.2.1 shows the performance overview of the M37702M2-XXXFP/ M37702M2AXXXFP/ M37702M2BXXXFP.

Table 1.2.1 M37702M2-XXXFP / M37702M2AXXXFP / M37702M2BXXXFP performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

M37702M2-XXXFP

500ns (the fastest instruction at 8MHz frequency)

M37702M2AXXXFP 250ns (the fastest instruction at 16MHz frequency)
M37702M2BXXXFP 160ns (the fastest instruction at 25MHz frequency)
Clock frequency M37702M2-XXXFP 8MHz (maximum)
M37702M2AXXXFP 16MHz (maximum)
M37702M2BXXXFP 25MHz (maximum)
Memory size ROM 16384 bytes
RAM 512 bytes
Input/Output ports Ports P0-P2, P4-P8 8 bits X 8
Port P3 4 bits X 1
Multi-function timers TAO, TA1, TA2, TA3, TA4 |16 bits 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
resonator or quartz crystal oscillator)

Supply voltage

5V+10%

Power dissipation

30mW (at external 8MHz frequency)

Input/Output characteristics

Input/Output voltage

5V

Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20 to 85°C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP
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1.3 Pin configuration

1.3 Pin configuration

Figure 1.3.1 shows the M37702M2-XXXFP pin configuration.

P70/ANo <> [1_|
P67/TB2IN <> [2_|
P66/TB1IN <> [3_]
P6s/TBOIN <> [2_]

P64/INT2 <> [5_|

P63/INT1 <> [6_|

P62/INTo <> [7_|
P61/TA4IN <> [8_|

P60/TA40oUT <> [g_|
P57/TA3IN <> [1g]
P56/TA30UT <> [i1 |
P5s/TA2IN <> [12]
P54/TA20uUT <> [i3 ]
P53/TATIN <> [i4]
P52/TA1ouT <> [i5 |
P51/TAOIN <> [i6
P5o/TAOouT <> [i7
P47 <> [18

P46 <> [i8

P4s <> [20]

P44 <> [21]

P43 <> [22]
P42/ ¢ 1<> [23]
P41/RDY <> [22]

823223 R
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O gl 2 5w SR UES S5 3

Outline 80P6N

P84/CTS1/RTST
P8s/CLKi1
P86/RxD1
P87/TxD1
POo/Ao
PO1/A1
PO2/A2
P03a/As
PO4/A4
P0s/As
POe/As
PO7/A7
P10/Ae/Ds
P11/Ay/Dg
P12/A10/D10
P13/A11/D11
P14/A12/D12
P1s/A13/D13
P1e/A14/D14
P17/A15/D1s
P20/A16/Do
P21/A17/D1
P22/A18/D2

P23/A19/D3

Fig. 1.3.1 M37702M2-XXXFP pin configuration
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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/Qutput

Functions

Vce, Vss

Power supply

Supply 5V£10% to Vcc and OV to Vss.

CNVss

CNVss input

Input

This pin controls the processor mode. Connectto Vss for
single-chip mode. It must be connected to Vec for exter-
nal ROM types.

RESET

Reset input

Input

The microcomputer is reset when this pin is set to “L”
level.

XN

Clock input

Input

Xout

Clock output

Output

These are the 1/0 pins of the internal clock generating
circuit. Connect a ceramic or quartz crystal resonator
between Xin and Xour. When an external clock is used,
the clock source should be connected to the X pin and
the Xour pin should be left open.

mi

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

When in memory expansion mode or microprocessor
mode, this pin determines whether the external data bus
is 8-bit width or 16-bit width. The width is 16 bits whenthe
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 Veec and AVss to Vss.

VRer

Reference voltage input

Input

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

P0o—P07

110 port PO

I/0

This port is a CMOS I/0O port. An I/O direction register is
available so that each pin can be programmed for input
or output. Address (Ao—Av) is output in memory expan-
sion mode or microprocessor mode.

P1o—-P17

11O port P1

/0

This port is an 8-bit /O port with the same fungtion as P0.
When the BYTE pin is set to “H” level in memory expan-
sion mode or microprocessor mode, address (As—Ass) is
output. In casethe BYTE pinis setto “L” level, an address
(As—Aus) is output when E pin level is “H”, and high-order
data (De-D1s) is input or output when E pin level is “L".

P20-P27

I/O port P2

10

This port is an 8-bit I/0 port with the same function as PO.
In memory expansion mode or microprocessor mode, an
address (Ate—A23) is output when E pin level is “H”, and
low-order data (Do—-D>) is input or output when E pin level
is “L”".

P30—-P33

10 port P3

le}

This port is a 4-bit I/0 port with the same function as PO.
In memory expansion mode or microprocessor mode,
P30—P3s output R/W, BHE, ALE, and HLDA signals re-
spectively.

P40-P47

IO port P4

e}

This portis an 8-bit I/O port with the same function as PO.
In memory expansion mode or microprocessor mode,
P40 and P41 become HOLD and RDY input pin respec-
tively. P42 can be programmed for a ¢, output pin.

In microprocessor mode, P42 always outputs the clock ¢,.
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1.4 Pin description

Table 1.4.1 Pin description (2)

Pin Name Input/Output Functions
P50—-P57 1/0 port P5 i70 This port is an 8-bit I/O port with the same function as
P0. These pins can be programmed as I/O pins for
timers AQ0—AS.
P60—-P67 | 1/0 port P6 110 This port is an 8-bit I/O port with the same function as

P0. These pins can be programmed as 1/O pins for
timer A4, external interrupt input pins for INTo-INT2, and
input pins for timers B0-B2.

P70—-P77 | 1/O port P7 110 This port is an 8-bit I/O port with the same function as
P0. These pins can be programmed as analog input
pins ANo—AN>. P77 also functions as the ADtre pin for
an A-D conversion trigger.

P80—P87 |1/O port P8 1/0 This port is an 8-bit I/O port with the same function as
PO. These pins can be programmed as CTS/RTS, CLK,
RxD, TxD pins for UART0 and UART1.




DESCRIPTION

1.5 Block diagram

1.5 Block diagram
Figure 1.5.1 shows the M37702M2-XXXFP 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, data
transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits and the
low-order 8 bits can be used separately. The data length flag (m) determines whether the register is
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” and
as an 8-bit register when flag m is “1”. Flag m is a part of the processor status register (PS) which
is described later. When an 8-bit register is selected, the low-order 8 bits of the accumulator A are
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 use
accumulator B instead of accumulator A, but the use of accumulator B requires more instruction bytes
and execution cycles than accumulator A. Accumulator B is also controlled by the data length flag m.

2.1.2 Index register X (X)

Index register X consists of 16 bits and the lower 8 bits can be used separately. The index register length
flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. It is used 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 the
processor status register (PS) which is described later. When an 8-bit register is selected, the low-order
8 bits of the index register X are used and the contents of the high-order 8 bits are unchanged.

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

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

2.1.3 Index register Y

Index register Y is a 16-bit register with the same function as index register X. As with index register X,
the index register length flag (x) determines whether this register is used as a 16-bit register or as an 8-
bit register. Also, when executing a block transfer instruction MVP or MVN, the content of index register
Y indicates the low-order 16 bits of the destination data address. The second byte of the MVP or MVN 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
l BH | BL | Accumulator B
b15 b8 b7 b0
l XH I XL 1 Index register X
b15 b8 b7 b0
l YH l Yi l Index register Y
b15 b8 b7 b0
| SH I St | Stack pointer S
b7 b0
DT l Data bank register DT
b23 b16 b15 b8 b7 b0
r PG l PCH I PCL I Program counter PC
b7 : b0
2 0000 0000000000000000000000000000000000000000000000s000000000r00000000000000000000s Program bank register PG
b15 b8 b7 b0
l DPRH | DPRL I Direct page register DPR
b15 b8 b7 b0
l PSyH | PSL Processor status register PS
b15~ b10 b9 b8 b7 b6 b5 b4 b3 b2 bi b0 |
[ofJofofofo] wPL [N]V[m][x|D][I]Z]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

Fig. 2.1.1 CPU registers structure
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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 indicates the address (stack area)
for storing registers during subroutine calls and interrupts. The bank 0 must be designated for the stack
area (reffer to section “ 2.3 Addressable memory space”). Normally, the stack area is reserved in internal
RAM. :

When an interrupt is accepted, the contents of the program bank register PG is stored at the address
indicated by the content of the stack pointer S, and the content of the stack pointer S is decremented by
1. Then the contents of the program counter PC and the processor status register PS are stored with the
high-order bytes followed by the low-order bytes (PCwx, PCt, PSH, PSt). The contents of the stack pointer
S after accepting an interrupt is equal to the content before the interrupt decremented by 5. Figure 2.1.2
shows the stored registers when an interrupt is accepted.

When returning to the original routine after processing the interrupt, the registers stored in the stack area
are restored to the original registers in the reverse sequence and the content of the stack pointer is
returned to the status before the interrupt. The same operation is performed during a subroutine call, but
the content of the processor status register PS is not stored (the content 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 during interrupts or subroutine
calls. In addition, the stack pointer S must be initialized at the beginning of the program because its content
is undefined at reset. Normally, the stack pointer is initialized with the highest address of the internal RAM.
The contents of the stack area changes when subroutines are nested or when multiple interrupts 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)

3% S is the first address that the stack pointer indicates at
accepting an interrupt.

Fig. 2.1.2 Stored registers when an interrupt is accepted

12



FUNCTIONAL DESCRIPTION

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 to be executed. The content of the high-order program counter(PCn) becomes “FFi6”, and the low-
order program counter(PCL) becomes “FE1¢s” at reset. The content of the program counter PC becomes the
content of the reset vector address(address FFFEis, FFFF16) after removing reset state.

Figure 2.1.3 shows the program counter PC and the program bank register.

b23 b16b15 b8 b7 bo
PG PCH PCL
b7 b0

Fig. 2.1.3 Program counter and program bank register

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 next program
memory address to be executed. When a carry occurs after incrementing the content of the program
counter PC, the content of the program bank register PG is incremented by 1. Also, when a carry or borrow
occurs after adding or subtracting the content of the program counter PC, the content of the program bank
register PG is incremented or decremented by 1 so that programs can be written without considering bank
boundaries, usually.

In single-chip mode, set the value “001¢” because only address between 00001 and FFFFis can be
accessed.

This register is cleared to “0016” 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 registerDT,
the content of this register is used as the high-order 8 bits of a 24-bit address. In single-chip mode, set
the value “001¢” because only address between 000016 and FFFFis can be accessed.

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

skRefer to “"MEPS 7700 SOFTWARE MANUAL" for the addressing modes.

2.1.8 Direct page register (DPR)

Direct page register DPR is a 16-bit register. The content of this register indicates whether the direct page
area is allocated in bank 0 or spans across bank 0 and 1. This area can be accessed with two bytes by
using the direct page addressing mode.

The content of the DPR is the base address (lowermost address) of the direct page area which extends
256 bytes above this address. The DPR can contain a value from 000016 to FFFF1e. If it contains a value
equal to or greater than “FF0116”, the direct page area spans across banks 0 and 1. 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 “0016”.

This register is cleared to “000016” at reset. Figure 2.1.4 shows the setting example of the direct page with
the direct page register(DPR).

Ote
DPR area when DPR=00001e

3 FF1s
B ar At IIUISSCECILIELSSS PRy

DPR area when DPR=012316

Bank 0 20215 (Note 1)
FF1016
L— FFFF1s _
— 1000010 | DPR area when DPR(;][::;O;;
1000F 16
Bank 1

\
\

Note 1 : The number of execution cycles is incremented by 1 when the low-order 8 bits of the

DPR are not “00+6”.
Note 2 : The direct page spans across banks 0 and 1 when the DPR is “FF011¢” or greater.

Fig. 2.1.4 Setting example of direct page with direct page register (DPR)
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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
CPU interrupt levels. 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 bl bo
0|j0Jjo0jo0|0]| IPL N|{Vim(x|D|Il]|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 (2)
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 directly.
Note : The content of this flag has no meaning during decimal mode addition (ADC instruction).

(3) Interrupt disable flag (l)
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable
interrupts (interrupts other than watchdog timer, BRK instruction, and zero divide). Interrupts are
disabled when this flag is “1”. When an interrupt 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.

(6) Data length flag (m)

The data length flag is assigned to bit 5 of the program 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.

15
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(7) 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 also be set and cleared directly with the SEP, CLV,
and CLP instructions.

Note : This flag has no meaning in decimal mode.

(8) 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 also be set with
the SEP instruction and cleared with the CLP instruction.

Note : This flag has no meaning in decimal mode.

(9) 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 the processor interrupt priority. When an interrupt is accepted, the IPL
is stored in the stack and the processor interrupt priority is replaced by the interrupt priority of the
accepted interrupt. 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 content of the IPL is cleared to “000” at reset.

16
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2.2 Internal bus interface

2.2 Internal bus interface

2.2.1 Internal bus interface overview

A bus interface unit (BIU) is provided between the CPU and the internal bus. Transfer of data between the
CPU and memory or 1/0O device is always performed through the BiU. When the CPU reads data from
memory or /O device, it sends the address to be read to the BIU. The BIU reads the data from the
specified address and the CPU 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.

CPU Bus
internal | interface ™~
bus unit Memory
CPU
Peripheral
devices
External
memory
“Even address data bus (8 bits)

"~ 0dd address data bus (8 bits)

~ Address bus (24 bits)

Fig. 2.2.1 Internal bus interface block

2.2.2 Bus interface unit functions

The M37702 group uses the clock ¢ (=f(XIN)/2) as the clock. The CPU also uses clock ¢ as the 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 M37702 group internal bus (address bus and data bus) operates at timing E which is slower than clock
¢. The operating clock of the CPU is different from the bus cycle because timing E is normally f(Xin)/4. Therefore,
the BIU is provided between the CPU and bus to synchronize the transfer of data to and from memory and
/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 and buffer.

Table 2.2.1 Functions of BIU registers and buffers

Name Function
Program address register |Indicates the address of the program.
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/O.
Data buffer A two-byte buffer for temporarily holding data read from memory or I/O device
by the BIU or data written to memory or 1/0O device by the CPU.

17
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b23 b0

r_
-
>

Program address register

b7 b0

Q1 Instruction queue buffer
2
b23 b0
DA | Data address register
b15 b0
| DBH | DBL I Data buffer

Fig. 2.2.2 Bus interface unit 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/0 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/0 device is performed by the BIU.

4.Controls read of word data from odd number address and outputs the control sighals 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 memory or 1/0O device. The wait bit and
BYTE pin (external bus width selection input pin) determine the data width 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 in memory expansion mode or
microprocessor mode. The M37702 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) . B
Signal used to latch only address signals from Table 2.2.2 Bus status according to E and R/W

OE

multiplexed signals containing data and address. E R/W Bus Status
H H Not used
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 bus status according to E and R/W signals.

(1) Basic operation

(2

~

Waveform (a)'is the bus interface operating waveform under the following conditions:

@® When a one byte internal/external memory is accessed.

@ When two bytes in internal memory are accessed together (starting 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). ) i

® 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/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 memory. However, signals other than E cannot be observed in
single-chip mode because the port P3 is used as a programmable /O port.

Effect of the wait bit

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

With the M37702 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 005E16). This enables external expansion of slow memories and peripheral LSIs.
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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r

Port P2

E
@ 4

ALE

el docks ] 1T MLMLMLMLLMLL
I
1
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Port P2 CA XD XA+X D)
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ALE J'1 I

Port P2

mq

ALE 1

Port P2 :)@( D D )C

@ | E 1 |
ALE M 1
le ~)
\ = -
Port P2 (A D XXAaX D)
@) [ T T
ALE 11 11
[P ~|
I< 1

Port P2 (AOXDXAX D)

%

(U}
ALE 1 [

N
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® A: Address
® D: Data
® The waveform is for memory expansion mode or microprocessor mode.

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

(2

~

The CPU reads instructions 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 (external bus width 8-bit) in memory
expansion or microprocessor mode, 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 content of the instruction queue
buffer is cleared and a new instruction code is read from the new address.

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.
O Data read
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 on the address bus, reads the content
of memory when E signal is “L” level, and stores it in the data buffer.
O Data write
The CPU sends address (address at 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 M37702 group allocates all ROM, RAM, /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 I/O area.

The M37702 group 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 FFFFFFis.

2.3.1 Banks

The M37702 group address space is divided into 64K-byte blocks called banks. The M37702 group can
access 256 banks from bank 0 to bank 255 (FFis) in memory expansion or microprocessor mode.

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

If the program counter overflows at a bank boundary, the content of the program bank register is incremented
by 1. If a borrow occurs in the program counter register, the content of the program bank register is
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.
Bank 0 (address 01s to FFFF1s) contains the internal ROM, internal RAM, and internal I/O control registers.
Note : In single-chip mode, only bank 0 can be accessed.

2.3.2 Direct page

By using the direct page register (DPR), bank 0 or a 256-byte space spanning across bank 0 and bank
1 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 (see
section “2.1.8 Direct page register”).

016 Special function registers
8016
Internal RAM
27F1s
Not used Bank 0 (Note)
C00016
Internal ROM
FFFF1s
1000016 ¢ : T
é ? Bank 1
VFFFFI6 L : {
FEQ0QQrs § """ 777777 : ¥
: ! Bank 254
; ; (Bank FE16)
FF00001s { ™" 3
: : Bank 255
Z ! (Bank FF16 )
FEFFFFI6 ; v
Note : The memory allocation of bank 0 depends on the microprocessor type. This diagram shows
the allocation for M37702M2-XXXFP. Refer to the M37702 group memory map in Appendix 1
for other types. Also note that only bank 0 can be accessed in single-chip mode.
Fig. 2.3.1 Addressable memory space
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FUNCTIONAL DESCRIPTION

2.4 Memory allocation
Figure 2.4.1 shows the memory map in single-chip mode. The allocated memory and I/O are described

below.
2.4.1 Internal memory and peripheral device memory allocation
Address 00001s to 007F1s of bank 0 are the SFR (Special Function Register) area. This area contains
|

(1) SFR (Special Function Register) area
the control registers of internal peripheral devices, 1/0 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.

Interrupt vector table
s Low
A-D conversion High]
UART 1 transmission 0%
High |
UART 1 receive hﬁ.’i
ligh |
UART 0 transmission h‘l’—“i’;
UART 0 receive o
Low

Timer B2 High
Low

Timer B1 o
High
Timer BO Low |

00000016 . . )
Special function registers

5
Internal RAM {FFD61s [

{ FFD81w |

FFDA1s

FFDCis |

.

00027F1s
00028016

Not used
FFDEs
-

FFEOw |
FFE216 |

High
Timer A4 Iﬁ%ﬂlﬁ
FFE8w [ Timer A3 hc%vﬁ
; FFEAw [ Timer A2 h%”w
Timer A1 :1%
:5 FFEEw [ Timer AO ll:T%VIT
: FFFOw. | m'—r; h?glvﬁ
;: FFF216 }___ W llri%gv_h
;. FFFais [ INTo h?glh
:: Watchdog timer h%

FFE41 |

FFEGiws [

FFECts [ __

FFF61s
FFF8is B8R Low
— DBC (Note) o
BRK instruction 0%
High
s Low
Zero Divide  \joH
Low

: FFFAw [

FFFCis [
RESET HigR]

00FFD516

00FFD61s |

Interrupt vector table

00FFFFis |
M37702M2-XXXFP
Note : DBC is an interrupt for the exclusive use of the debugger and is not used, usually.
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2.4 Memory allocation

Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 000040 Count start flag
000001 000041
000002 | Port PO register 000042 | One-shot start flag
000003 Port P1 register 000043
000004 | Port PO direction register 000044 | Up-down flag
000005 Port P1 direction register 000045
000006 | Port P2 register 000046 ) :
000007 | Port P3 register 000047 | l'mer AQ register
000008 Port P2 direction register 000048 ! .
000009 | Port P3 direction register 000049 | I'mer Al register
00000A | Port P4 register 00004A : .
000008 [ Port P5 register 00004 | Imer A2register
00000C | Port P4 direction register 00004C .
00000D | Port P5 direction register 00004D | I'mer A3 register
00000E Port P& register 00004E .
00000F | Port P7 register 00004F | 1Imer Ad register
000010 Port P6 direction register 000050 . .
000011 Port P7 direction register 000051 Timer BO register
000012 Port P8 register 000052 , .
000013 000053 Timer B1 register
000014 Port P8 direction register 000054 . .
000015 000055 Timer B2 register
000016 000056 | Timer AO mode register
000017 000057 | Timer A1 mode register
000018 000018 | Timer A2 mode register
000019 000059 [ Timer A3 mode register
00001A 00005A | Timer A4 mode register
00001B 00005B | Timer BO mode register
00001C 00005C | Timer B1 mode register
00001D 00005D | Timer B2 mode register
00001E | A-D control register 00005E | Processor mode register
00001F | A-D sweep pin selection register 00005F
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 | A-D register 1 000062
000023 000063
000024 | A-Dregister 2 000064
000025 000065
000026 A-D register 3 000066
000027 000067
000028 A-D register 4 000068
000029 000069
00002A | A-Dregister 5 00006A
00002B 00006B
00002C | A-D register 6 00006C
00002D 00006D
00002E | A-Dregister 7 00006E
00002F 00006F
000030 UART 0 transmit/receive mode register 000070 | A-D conversion interrupt control register
000031 UART 0 baud rate generator 000071 UART 0 transmission interrupt control register
000032 el . 000072 UART 0 receive interrupt control register
000033 UART 0 transmission buffer register 000073 UART 1 transmission interrupt control register
000034 UART 0 transmit/receive control register O 000074 | UART 1 receive interrupt control register
000035 | UART O transmit/receive control register 1 000075 | Timer AO interrupt control register
000036 . . 000076 | Timer A1 interrupt control register
000037 UART 0 receive buffer register 000077 | Timer A2 interrupt control register
000038 UART 1 transmit/receive mode register 000078 | Timer A3 interrupt control register
000039 UART 1 baud rate generator 000079 | Timer A4 interrupt control register
00003A ‘oot . 00007A | Timer BO interrupt control register
¢
00003B UART 1 transmission buffer register 00007B [ Timer B1 interrupt control register
00003C | UART 1 transmit/receive control register 0 00007C | Timer B2 interrupt control register
00003D | UART 1 transmit/receive control register 1 00007D | INTo_interrupt control register
00003E . . 00007E | INT1 interrupt control register
ooooaF | UART 1 receive buffer register 00007F [ INT2 interrupt control register

Fig. 2.4.2 SFR area memory map
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2.4 Memotry allocation

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, and to section “3.1.2 Internal status at reset” for
the status of the SFR at reset.

(2) RAM
The M37702M2-XXXFP, M37702M2AXXXFP and M37702M2BXXXFP have a 512-byte static RAM at
address 008016 to 027F16 in bank 0 (Note). 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.
Note 1 : Refer to “Appendix 1. M37702 group memory map” for other types.

(3) ROM ~
The M37702M2-XXXFP, M37702M2AXXXFP and M37702M2BXXXFP have a 16K-byte mask ROM at
address C0001s to FFFFies in bank 0 (Note). Address FFD61s to FFFF16 are allocated to the interrupt
vector table containing branch destinations (address of interrupt handling routines) when reset or
interrupt occurs. This area must be allocated to ROM in microprocessor mode and external ROM
version which prohibit internal ROM.
Note 2 : Refer to “Appendix 1. M37702 group memory map” for other types.

2.4.2 Processor modes

The M37702 group can operate in single-chip mode, memory expansion mode, and microprocessor mode.
The functions of some pins, memory allocation, and address space depend on the processor mode. The
processor mode can be selected internally or externally as described below.

® Externally changing the processor mode
The processor mode after reset start can be selected with the input level to the CNVss pin during reset
start. Table 2.4.1 shows the relationship between the processor mode and the input level to the CNVss

pin.
Table 2.4.1 Relationship between the processor mode and CNVss pin input level
CNVss Pin Processor mode
Vss level (0V) Starts in single-chip mode after reset.
One of the three modes can be selected by changing the processor mode bits.
Vcee level (5V) Starts in microprocessor mode after reset.
The other mode must not be selected by changing the processor mode bits.

® Internally changing the processor mode
After reset start with the CNVss pin set to Vss level, the processor mode can be changed internally
from program by changing the processor mode bits in the processor mode register (bits 1 and 0 at
address 5E1e). Figure 2.4.4 shows the structure of the processor mode register. In case of changing
the processor mode internally, the actual function of each pin changes when the bus cycle E used to
write to the processor mode register returns to “H” level.

Bus cycle E Port function changes
at the rising edge of E

signal

S
Cycle of writing data

in processor mode
register

Fig. 2.4.3 Port function change timing due to change in processor mode
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2.4 Memory allocation

(1) Single-chip mode

This mode is selected when starting after reset with the CNVss pin set to Vss level. In this mode, the
address bus and data bus are not output externally and all ports function as programmable /O pins
(internal peripheral device 1/0 pins when internal peripheral devices are used). Also note that in single-
chip mode, a zero value must be stored in the data bank register and program bank register because
only bank 0 can be accessed. Furthermore, in this mode, the wait bit, which is described later, is
ignored and internal memory and I/O are always accessed at no wait.

b7 b6 b5 b4 b3 b2 b1 b0

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

Processor mode bits

00 : Single-chip mode

01 : Memory expansion mode
10 : Microprocessor mode

11 : This can not available.

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 can not available.

Fix this bit to “0".

Clock ¢1 output selection bit
0 : ¢1 output disabled
(Port P42 functions as normal I/O port.)
1 : ¢1 output enabled
(Port P42 functions as only ¢1 output pin.)

Note : Bit 3 is a write-only bit.
This register is cleared to “0016” at reset.

Fig. 2.4.4 Processor mode register structure
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2.4 Memory allocation

(2) Memory expansion mode

(3

~

This mode is selected when the processor mode bits are set to “01” after reset start with the CNVss
pin set to Vss level.

This mode is used when just using internal memory and I/O is not sufficient. In this mode, the memory
and peripherals can be expanded to any area within a 16M-byte addressable memory space.
When the memory expansion mode is selected, ports PO to P2 become the address bus and data bus
and port P3 and part of P4 become the control signal 1/0 pins. In this case, the port register area
associated with ports PO to P3 and part of P4 become unusable and lose their normal I/O pin
functions, but other memory and peripherals can be used. Refer to section “2.5 Input/Output pins” for
more details concerning the functions of ports PO to P4 when the memory expansion mode is selected.
If an area overlapping the internal memory area is read when the external memory is extended, only
the data in the internal memory is read into the CPU and the data in the external memory is not read
into the CPU. However, if data is written in this area, it is written both in the internal memory and
external memory.

Furthermore, the accessing of external memory in this mode is affected by the level of the BYTE pin
and wait bit described in the next section.

Microprocessor mode

This mode is selected when the processor mode bits are set to “10” after reset start with the CNVss
pin set to Vss level. Also, this mode is selected when starting from reset with the CNVss pin set to Vee
level.

The function of this mode is the same as the memory expansion mode except that access to internal
ROM is disabled and port P42 always outputs the clock ¢1 regardless of the content of the clock ¢
output selection bit. This mode is suitable for small volume production or prototype models before full
scale production because external ROM can be installed easily.

Figure 2.4.5 shows the memory map in each processor mode. Refer to section “2.5 Input/Output pins”
for the change in port functions.

27



FUNCTIONAL DESCRIPTION

2.4 Memory allocation

00000016 SFR area S(FNllg)ea SFNF:);r)ea
WL D Y D
Internal Internal Internal
RAM RAM RAM
00027F1s .
Not used
00C0001e
Internal Internal
ROM ROM
00FFFF1s o —
Single-chip 0100001 IE
mode

FFFFFFis

Microprocessor

Memory expansion
¥ SXph mode

mode

: External memory area

Note : Address 216 to 916 can also be used as external memory area in memory expansion mode
and microprocessor mode.

Fig. 2.4.5 Memory map in each processor mode (for M37702M2-XXXFP)
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2.4 Memory allocation

2.4.3 External memory area bus control

The BYTE pin and the wait bit are provided to simplify access to external memory area in memory
expansion mode and microprocessor mode. The BYTE pin and the wait bit are valid only when accessing
external memory area and have no effect when accessing internal memory or internal peripherals. Therefore,
the BYTE pin and the wait bit are ignored in single-chip mode.

(1) BYTE pin (external bus width selection pin)
When accessing the external memory in memory expansion mode or microprocessor mode, the input
level to the BYTE pin is used to select whether 8-bit data bus or 16-bit data bus (refer to section
“2.5.4.(2) Data bus”).
The external bus width becomes 8-bit 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 port P2 pins become the data
(Do to D7) I/O pins. The use of 8-bit peripheral ICs is simplified by setting the bus width for external
area to 8-bit.
The external bus width becomes 16-bit 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 port P2 pins become the data
1/0 pins for the low-order byte (even address data: Doto D7) of a 16-bit data and the port P1 pins
become the data I/O pins for the high-order byte (odd address data: Dsto Dis) of a 16-bit data.
The data width is always 16-bit when accessing the internal memory area regardless of the BYTE pin
level.

(2) Wait bit ,
The wait bit (bit 2 ataddress 5Eie) is used to attach slower memory when expanding external memory
or /0 in memory expansion mode or microprocessor mode. 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(Xin)/4) during no wait. When the wait bit is “1”, bus operation becomes no wait
mode and bus cycle is f(Xin)/4.
The wait bit is cleared to “0” at reset and the system starts in one-wait mode. Internal memory access
is always performed at no wait because this bit is ignored.
Figure 2.4.6 shows the effect of the wait bit for external access.
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2.4 Memory allocation

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

Internal clock ¢ l—l—l_l—l_‘—l—l—rl—,_‘—
Port P2 %ddress)( Data )@ddre;sx Data X

I

ALE W W

¥ This waveform is always used when accessing the internal memory.

E

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

Internalclock¢||||||||||l|||||
Port P2 X\d.dress.X Data I)Q\ddrﬁsx Data X:

E ] 1 [

ALE I—I |_I

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

Fig. 2.4.6 Effect of wait bit for external access
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2.5 Input/Output pins

2.5 Input/Output pins
The M37702 group has 68 programmable 1/O pins (ports PO to P8). These ports also function as 1/O ports
for internal peripheral devices. There are pins that function depend on the processor mode or not.

2.5.1 Programmable 1/0O ports

Each of the programmable 1/O ports (ports PO to P8) has a direction register and a port register. The
direction register is used to select the input/output mode by one bit. The direction registers and the data
registers are allocated in the SFR area of bank 0. Input level 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
216 Port PO
3186 Port P1

416 Port PO direction register
516 Port P1 direction register
616 Port P2
716 Port P3
816 Port P2 direction register
916 Port P3 direction register
A1s Port P4
B1s Port P5
Cis Port P4 direction register
D1s Port P5 direction register
Ete Port P6
F1s Port P7
1016 Port P6 direction register
1116 Port P7 direction register
1216 Port P8
1318
1416 Port P8 direction register

Fig. 2.5.1 Memory allocation of direction registers and port registers
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2.5 Input/Output pins

(1) Direction register
Each bit of the direction register corresponds to a pin. Figure 2.5.2 shows the structure of the direction
register. 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 “001” at reset. Therefore, /0 ports are set to input mode.
If I/O port are not used as output pins, set the corresponding direction register bit to “0” for input
mode.

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 Pi direction register (i=0 to 8)

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 | b3 [ b2 | b1 | b0
Corresponding pin | Pi7 | Pie | Pis | Pia | Pia | Pi2 | Pi1 | Pio

Note : Nothing is allocated in the high-order 4 bits of port P3 direction register. The high-order 4
bits of port P3 direction register is fixed to “0” at reading.
These registers are cleared to “0016” at reset.

Fig. 2.5.2 Relationship between the port direction register and pins
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2.5 Input/Output pins

(2) Port register
The port register is used to transfer data with external devices through the 1/O ports. Figure 2.5.3
shows the relationship between the port register 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.
It a port programmed for output is read, the status of the output pin is not read but the content of the
port latch is 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.
A pin 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 pin programmed for input, it is written

in the port latch and the pin remains floating.

b7

b6

b5

b4

b3

b2

b1

b0

R/W

R/W

R/W

R/W

R/IW

R/W

R/W

R/W

Port Pi register (i=0 to 8)

— Port Pio

Port Pi1
Port Pi2

Port Pi3

Port Pi4

Port Pis

Port Pis

Port Pi7

Data I/0 is performed by reading the corresponding bit to the pin or writing to the bit.

Note : Nothing is allocated in the high-order 4 bits of port P3 direction register. The high-order 4

bits of port P3 direction register is fixed to “0” at reading.

Fig. 2.5.3 Relationship between the port register and pins
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2.5.2 Pin functions

Figure 2.5.4 shows the port peripheral circuits. The functions of some pins depend on the processor mode
while others are not affected. This section describes those pins that are not affected by the processor
mode. The next section describes the pin functions according to the processor mode.

(1) Effect of processor mode on pin functions
The function of some pins depends on the processor mode. Table 2.5.1 shows the pin functions
according to processor mode. Table 2.5.2 shows the pin functions of ports PO to P4 according to
processor mode. The function of port P1 also depends on the input level of the BYTE pin (external
bus width selection pin). The details of the following pins are described in the next section.

Table 2.5.1 Pin functions according to processor mode

Mode . . Memory expansion mode and microprocessor mode
Pin Single-chip mode PR busp(BYTE=“L”) [External 857 bus (BYTE="H")
Port PO Programmable 1/0 port Address bus (Ao to A7)
Port P1 Programmable I/O port |Address bus (As to Ars) Address bus (As to Ais)
/Data bus (Ds to Dis)
Port P2 Programmable 1/0O port Address bus (A1s to Azs)/Data bus (Do to D7)

Port P3 Programmable I/O port |P3o....R/W output pin
P3s....BHE output pin
P32....ALE output pin
P3s....HLDA output pin
Port P4 Programmable 1/O port |P4o....HOLD input pin
Note : P42 pin can be|P4:....RDY input pin
programmed forjP4s to P47....Same as single-chip mode
¢1 output pin. [P4a....Programmable /O port/clock ¢1 output pin (in memory
expansion mode)
Clock ¢1 output pin (in microprocessor mode)
BYTE Ignored External bus width selection pin

Ports P07 to P0o, P17 to P10, P27 to P2o,

P33 to P30, P4s to P42
(dotted area not included) < I—D"'j
Ports P4o, P41, P47, P51, P53, P5s, Data bus —{Portiach _} Ly ©)
P57, P67 to P61, P82, P8s 'l
(dotted area included, however no AN
hysteresis for P82 and P8e) E'
—<q—
Ports P7s to P70 (dotted area not included)
e
Port P77 (dotted area included) N rD‘Ij
i !
Y
b
\r Fesm——=== bl
Analog input -:r—@'—' E

Fig. 2.5.4 Port peripheral circuits (1)
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Ports P8s, P87
(dotted area not included)

Ports P50, P52, P54, P56, P6o
(dotted area included)

Ports P8o, P81, P84, P8s

E output pin

Direction register
“ar—on

1
N H
Output 3 ; ()
Data bus -—l Port latch { _\—3

A—| Ak‘l

ugn
Q" —o

Output 3 O
—‘ Port latch o j'

Data bus

<
-

7
b

Fig. 2.5.4 Port peripheral circuit (2)
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2.5 Input/Output pins

Table 2.5.2 Functions of ports PO to P4 according to processor mode

Processor mode register
Processor [~ btbo | b1 b0 | bi bo |
qode SLoT1] ST o]
Po . . . .
" Single-chip mode Memory expansion mode| Microprocessor mode
Port PO e LT N
o
P07 to POo 3 1/0 port )C P07 to POo :X A7 to Ao X:
E | |
BYTE="L"
_ P17to P1 Ats to As Y(DATA(odd) X_
. - ___—L_——J_ 7 o:X 1510 As X'
§_ Pl7toPlo _ X 170 port X_
E | |
BYTE="H"
P17to P1o:x Ars to As x
E | [
o BYTE=“L" _ —__‘___]_ P27 to on___x Az3 to A1s)@ATA(even))<
§ P2rto P20 _ X /0 port X_
E 0 LT
BYTE="H" -
YTE="H P2rto P2 X Aasto AquDATA(odd,evan)x
E l [
e LT X ¢ HLDA X
P33 to P3o x 110 port X
Port P3 P32 ALE
T ¢ BHE X
P _ X RAW X
z E | |
Processor _—-l—-r_
mode register| p4; 1o pao __X O poR X~ P4rtoPda__X 170 port X_
bit 7 = “0” Pa X RDY X_
“ Po XD X
=S O P
g
mggch: 52{ or Note : Same as above except for P42. Note : Same as above except for P42.
bit 7 = “1" But port P42 always outputs the clock
@1 in microprocessor mode regardless
of the processor mode register bit 7.
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2.5 Input/Output pins

(2) Functions of pins unaffected by processor mode
Table 2.5.3 shows the functions of pins unaffected by processor mode. The functions of these pins
are the same in all modes.

Table 2.5.3 Functions of pins unaffected by processor mode

Pin Function

Port P5 8-bit programmable 1/O pin. (Also used as timer /O pin.)

Port P6 8-bit programmable I/O pin. (Also used as timer 1/0O and external interrupt input pin.)

Port P7 8-bit programmable 1/O pin. (Also used as analog input pin.)

Port P8 8-bit programmable 1/O pin. (Also used as serial I/0 pin.)

Vcce, Vss Supply voltage pins. 5V+10% is applied to Vcc and Vss is connected to GND.

CNVss This pin controls the processor mode. The processor mode is selected by changing the
input voltage level to this pin (except change after reset start). Refer to section “2.4.2
Processor modes” for detail information concerning the processor mode. In single-chip mode,
this pin must be set to the same level as Vss.

AVce, AVss A-D conversion circuit supply voltage pins. Connect AVcc to Vec and AVss to Vss.

VRer Reference voltage input pin for the A-D converter. Analog input voitage from Vss level to
the level of this pin can be converted. Apply any voltage up to Vcc level to this pin.

XN, Xout Clock 1/0 pin for the internal oscillator circuit. The M37702 group is equipped with an
internal clock generator and the oscillating frequency is set by connecting a ceramic resonator
or quartz crystal oscillator between Xiv and Xour. When an external clock is used, the clock
source should be connected to the Xiv pin and the Xout pin should be left open.

The maximum clock input frequency is 8MHz for M37702M2-XXXFP, 16MHz for
M37702M2AXXXFP, and 25MHz for M37702M2BXXXFP.

RESET Reset input pin. Set this pin to “L” level to enter the reset state. Then when this pin is
returned to “H” level, the reset state is removed and program loading starts from the address
set in the reset vector. Refer to “Chapter 3. Reset” for the contents of registers immediately
after returning from reset state.

E Internal bus cycle E is output.

Ports P5 to P8 have the programmable I/O port function as well as special functions such as I/O pins
for external interrupt, timer, A-D converter, and serial I/0. When these multiple function ports are used
as special function output pins, they are automatically set to output mode, but when they are used as
special function input pins, the port direction register must be set to input mode. The methods for
selecting special functions are described under each function.

All ports function as programmable /O port immediately after returning from reset state.
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2.5.3 Single-chip mode pin functions

In single-chip mode, 68 ports can be used as programmable 1/O pins (using multiple function pins as 1/0
ports).

Figure 2.5.5 shows the pin connection diagram in single-chip mode.

Table 2.5.4 shows the pin functions depending on processor mode (ports PO to P4, BYTE pin) in single-
chip mode. Refer to section “2.5.1 Programmable I/O ports” for the programmable 1/O port functions.
Refer to table 2.5.3 for the functions of other pins.

Table 2.5.4 Functions of ports PO to P4 and BYTE pin in single-chip mode

Pin Functions Pin Functions
Port PO 8-bit programmable 1/0 port Port P3 4-bit programmable I/O port
Port P1 8-bit programmable 1/0 port Port P4 8-bit programmable 1/0 port (Note)
Port P2 8-bit programmable 1/0 port BYTE Ignored in single-chip mode

Note : Port P42 also functions as the clock ¢ output pin by program.
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Fig. 2.5.5 Single-chip mode pin connection diagram
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Port P42 can be programmed for the clock ¢+ output pin by setting the processor mode register. The clock
¢1 output starts at the rising edge of bus cycle E that was changed to “L” level to write “1” to the clock ¢
output selection bit in the processor mode register (bit 7 of address 5Eis).

Writing to the processor
mode registerl

Bus cycle E

¢1 output from P42

!\

First waveform of ¢1 may be slightly short.

Fig. 2.5.6 Clock ¢: output start timing
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2.5.4 Memory expansion and microprocessor mode pin functions

The only difference between the memory expansion mode and microprocessor mode is the port P42
function.

® In memory expansion mode......... P42 function is selected by the clock ¢1 output selection bit.
@ In microprocessor mode............... P42 always functions as the clock ¢1 output pin (the clock ¢1 output
pin selection bit is ignored).

The function of each pin except for port P42 is identical in memory expansion mode and microprocessor
mode.

In memory expansion mode, there are 38 I/O ports (ports P42 to P47 and P5 to P8). In microprocessor
mode, there are 37 1/O ports (ports P43 to P47, and P5 to P8). The internal address bus and data bus can
be used externally in microprocessor mode.

Figure 2.5.7 shows the pin connection diagram in memory expansion and microprocessor mode.

Table 2.5.5 shows the pin functions depending on processor mode (ports PO to P4 and BYTE pin) in
memory expansion mode and microprocessor mode.

Refer to Table 2.5.3 for the functions of other pins.

Table 2.5.5 Pin functions in memory expansion and microprocessor mode

Pin Functions Pin Functions
Port PO Address bus P40 HOLD signal input pin (Note 2)
Port P1 Address bus/data bus (Note1) P44 RDY signal input pin (Note 2)
Port P2 Address bus/data bus P42 Clock ¢1 output pin (Note 3)
Port P3 External memory control signal output BYTE External bus width selection signal input

Note 1 : This may be address bus only depending on the input level of the BYTE pin.

Note 2 : In memory expansion mode and microprocessor mode, the direction register bits of ports P4o and
P41 must be set to input mode.

Note 3 : In memory expansion mode, port P42 functions as the clock ¢1 output pin by program.
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Fig. 2.5.7 Memory expansion and microprocessor mode pin connection diagram

41



FUNCTIONAL DESCRIPTION
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The functions of each pin in memory expansion mode and microprocessor mode are described below.

(1) Address bus (ports PO, P1, and P2)
Ports PO, P1, and P2 become address signal output pins and lose their programmable /O port

functions.

The M37702 group allows direct access to 16M-byte memory space from address 00000016 to FFFFFFe.
Therefore, 24 address signals are output externally in memory expansion mode and microprocessor
mode which allow memory and 1/0 to be expanded externally.

Port P1 and P2 also function as data 1/0 pins as the same time.

A23 | Azzl A21 |A20 l A1g I A18| A17|A1s

A15|A14|A13L¢\12 A11|A1qA9 As

A7|A6|A5|A4IA3’A2|A1|A0

High-order address

g

Y

Middle address

lpmlpzslpaslpz4lpealpalpz1 ]on

Port P2

Low-order address

P17| P1e l P15|P14]P13IP12'P11 'P1o

Port P1

P07|P06|P05|Po4|Pqu02|Pol|P00|

Port PO

Address

Output
port

Fig. 2.5.8 Address bus

(2) Data bus
In addition to address signal (high-order and middle address bus) output function, ports P1 and P2
also function as data 1/0 pins. The level of the BYTE pin can be used to select between 8-bit or 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. Ports P1 and P2 are used as address bus and data bus,
and multiplexed (address signal and data signal) signals are output from these ports.
Port P1 performs time division multiplexing of address (Ais to As) output and data input/output in
odd address (high-order byte of 16-bit data). Middle 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, port P2 performs time division multiplexing of address (Azs to Ase) 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.

Dis |Di14 |D13 [D12 {D11 [D1o|{ D9 | Ds | D7 |Ds | Ds D4 | D3 | D2 | D1 | Do
< rs
Data in odd address — =
Data in even address
P17 |P1e|P15|P14|P13|P12| P11 |P1
o ® P27 |P2s|P2s | P2s P23 | P22 [ P21 [ P20
Port P1
Port P2

Data

Fig. 2.5.9 Data bus (when BYTE pin="“L” level)
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E |
Port PO X Low-order address X
Port P1 x Middle address X Data in odd address X
Port P2 X High-order address X Data in even address X

Fig. 2.5.10 Bus timing when external bus width is 16 bits

® 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 becomes 8 bits, and port P2 performs

time division multiplexing of address (A2s to Ais) output and data 1/0.

Address is output while E signal is at “H” level, and 8-bit data is input/output when E signal is at

“L" level.

D7 |Ds |Ds | D4 | D3 | D2 | D1 | Do Data
P27 P26 | P25 [ P24 | P23 | P22 | P21 [ P20
Port P2
Fig. 2.5.11 Data bus (when BYTE pin= “H” level)
E I I
Port PO X Low-order address X
Port P1 X Middle address X
Port P2 X High-order address )( Data X

Fig. 2.5.12 Bus timing when external bus width is 8 bits
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(3) Port P42
Port P42 has a different function between memory expansion and microprocessor mode.
In memory expantion mode, port P42 functions as the clock ¢1 output pin by setting the clock ¢1 output
selection bit in the processor mode register to “1”, and as programmable 1/O port by setting the clock
¢1 output selection bit to “0”. In microprocessor mode, port P42 always functions as the clock ¢ output
pin regardless of the clock ¢1 output selection bit.

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

(5) BHE output pin
A byte high enable signal is output. This pin is at “L” level when an odd number address is accessed.
This signal is used to expand the 8-bit memory and I/0O when the external bus is used at 16-bit width.
Refer to section “Chapter 7. Application” for memory and I/O expantion method.

(6) ALE signal output pin
This signal is used to obtain only address signal from the multiplexed signals of ports P1 and P2. A
latch is opened externally when the ALE signal is at “H” level to obtain the address data and the
latched content is held while the ALE signal is at “L” level.

(7) HOLD input pin
This pin is used to input the hold request signal. The microcomputer becomes Hold state while this
pin is at “L” level.
Refer to section “2.12 Hold function” for details.

(8) HLDA signal output pin
This pin is used to externally output the hold acknowledge signal. The hold acknowledge signal
indicates that “L” level is input to the HOLD pin and the microcomputer is in Hold state. An “L” level
is output from this pin while the microcomputer is in Hold state.

(9) RDY signal 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 status at inputing “L” level to the RDY pin is maintained while
in Ready state. The RDY signal is used when slow memory is externally connected.
Refer to section “2.13 Ready function” for details.

(10) 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 information and data.

(11) BYTE pin
This pin is used to input the byte enable signal. 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, and ports P1 and P2 become the data 1/O pins (data bus). When the BYTE pin
input level is at “H”, the data width is 8 bits and port P2 becomes the data I/O pin (data bus).
However, the data width is always, 16 bits regardless of the BYTE pin level when accessing an
internal memory.

(12) CNVss pin
This pin controls the microprocessor operating mode. Memory expansion or microprocessor mode is
selected by changing the processor mode bit in the processor mode register after reset start with
setting this pin to the same level as the Vss pin.
The microprocessor mode can also be selected by reset start with setting this pin to the same level
as the Vcc pin. This pin must be set to Vcc level for external ROM version models such as the
M37702S1FP (refer to section “2.4.2 Processor modes”).
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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 M37702 group has 19 different sources of interrupts. When an interrupt is generated, 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 address FFD61s to FFFF1s in bank 0. 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 handling
routines (interrupt service routine). Figure 2.6.1 shows the interrupt mechanism.

| Executing routine |

I Interrupt service routine I

Interrupt—»
Suspend operation

Resume processing ‘M End interrupt processing
Qingy 'OUline IRTI instruction |

Fig. 2.6.1 Interrupt mechanism

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

® Program bank register (PG)
® Program counter (PCv, PCH)
® Processor status register (PSL, PSH)

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

Memory

Address

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

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

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

S—1 High-order byte of program counter (PCH)

S Program bank register (PG)

|

Note : S indicates the initial value at accepting the interrupt.

Fig. 2.6.2 Content of the stack area when an interrupt is accepted
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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.

Table 2.6.1 Interrupt sources and vector address

Vector address

Interrupt source High-order Low-order Remarks
. address address

Reset (Note 1) 00FFFF1s 00FFFE1s | Non-maskable
Zero divide 00FFFD1s 00FFFC1s | Non-maskable software interrupt
BRK instruction 00FFFB1s 00FFFAss | Non-maskable software interrupt
DBC (Note 2) 00FFF91s 00FFF81s | Not used normally
Watchdog timer 00FFF71s 00FFF61s | Non-maskable interrupt
INTo 00FFF51s 00FFF41s | External interrupt due to INTo pin input signal
INT1 00FFF316 00FFF21s | External interrupt due to INT: pin input signal
INT2 00FFF11e 00FFFQ1s | External interrupt due to INT2 pin input signal
Timer AQ 00FFEF1s 00FFEE1s | Timer AO internal interrupt
Timer A1 00FFED:1s 00FFEC+s | Timer A1 internal interrupt
Timer A2 00FFEB1s 00FFEA1s | Timer A2 internal interrupt
Timer A3 00FFE91s 00FFE81s | Timer A3 internal interrupt
Timer A4 00FFE71s 00FFEG1s | Timer A4 internal interrupt
Timer BO 00FFE516 00FFE416 | Timer BO internal interrupt
Timer B1 00FFE31s 00FFE21s | Timer B1 internal interrupt
Timer B2 00FFE11s 00FFEQ1 | Timer B2 internal interrupt
UARTO receive 00FFDF1s 00FFDE1s | Valid only when the UARTO function is selected.
UARTO transmission O00FFDD1s 00FFDC1s
UART1 receive 00FFDB1s 00FFDA1s | Valid only when the UART1 function is selected.
UART1 transmission 00FFD91s O00FFD81s
A-D conversion 00FFD71s 00FFD61s | Internal interrupt that occurs when A-D conversion completes.

Note 1 : Reset is included in this table.
Note 2 : The DBC interrupt is a debug control interrupt and is not normally used.
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Each interrupt source is described below.

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

Table 2.6.2 Internal interrupt sources

Interrupt

Interrupt source

Zero divide

Occurs when 0 is specified as the divisor for a DIV instruction.
(See “MELPS 7700 Software Manual”)

BRK instruction

Occurs when a BRK instruction is executed. (See “MELPS 7700 Software Manual”)

Watchdog timer

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

Timer Ai

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

Timer Bi

QOccurs when timer Bi (i=0 to 2) underflows or overflows. (See section “2.8 Timer B")

UARTI receive

Occurs during UARTI (i=0,1) receive. (See section “2.9 Serial 1/0”)

UARTI transmission

Occurs during UARTI (i=0,1) transmit. (See section “2.9 Serial 1/0”)

A-D conversion

QOccurs when A-D conversion completes. (See section “2.11 A-D Converter”)

(2) External interrupt (INTo to INTz interrupts)
There are three external interrupts (INTo to INT2). These interrupts are generated by input level or input
edge to pins INTo to INT2. The interrupt sources can be selected by using bits 4 and 5 of the INT: (i=0
to 2) interrupt control register shown in Figure 2.6.4. Table 2.6.3 shows the sources of INTi interrupts.

Pins INTo to INTz2 are shared with ports P62 to 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 INTi interrupts are not used, the INTi interrupt priority (see next section) should be set to 0 because
the INT: interrupts always monitor the status of ports P62 to P6s to raise interrupt requests.

The input signal to the INTi pins must have pulse width greater than 250ns at “H” level or “L” level
regardless of the source oscillating frequency f(Xin).

Table 2.6.3 INTi Interrupt sources

b5 b4 Interrupt source
0 0 | Falling edge of the signal input to the INTi pin
0 1 | Rising edge of the signal input to the INTi pin
1 0 |When the INTi pin level becomes “H”
1 1 | When the INTi pin level becomes “L”
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2.6.3 Interrupt control

The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level,
processor interrupt priority (IPL), and interrupt disable flag (I) (excluding some software 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 are assigned to the interrupt control 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 divide interrupt, BRK instruction interrupt, and watchdog timer interrupt.

© Non-maskable interrupt: An interrupt that causes branch to the interrupt service routine regardiess of
the interrupt control 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
7516 Timer A0 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
7C16 Timer B2 interrupt control register
7D1s INTo interrupt control register
7E6 "INT1 interrupt control register
7F16 INT2 interrupt control register

Fig. 2.6.3 Interrupt control register memory map
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@®A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers A0 to A4, timers B0 to B2
interrupt control registers

b6 b5 b4 b3 b2 b1 bo

R/W|R/W|R/W|R/W]/| (address 7016 to 7C16)

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.

®INTo to INT2 interrupt control registers

b7 b6 b5 b4 b3 b2 bl bo

R/W | R/W|R/W|R/W|R/W|R/W]| (address 7D16 to 7F16)

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.

Fig. 2.6.4 Interrupt control register structure
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The interrupt control bits are described below.

(1) Interrupt disable flag (I flag)
The interrupt disable flag (! 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 is accepted, and
is cleared to “0” when the interrupt is accepted. This flag is used to indicate that an interrupt request
has occurred. This bit can also be set or cleared by program.
The INT interrupt request bit has a function different from the above description when used in level
sense mode.

@INT: interrupt request bit
When the INT: interrupt is used in level sense mode (level sense/edge sense selection bit set to “17),
the INTi interrupt request bit becomes a status bit indicating the status of the INTi input pin (ports P62
to P6s).
Therefore, the INT: interrupt request bit is set to “1” when the INT, input pin level is “H”, and to “0” when
it is “L” regardless of whether an interrupt request occurs or is accepted.
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(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. When
an interrupt request occurs, this priority level is compared with the processor interrupt priority level
in the processor status register.

Interrupt priotrity level > Processor interrupt priority level (IPL)

An interrupt is enabled when the above condition is satisfied. Therefore, an interrupt can be disabled
by setting its priority level to 0.

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 generated 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.

Table 2.6.4 Setting of interrupt priority level

Interrupt control register L -
b2 b1 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.

1 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
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2.6.4 Interrupt priority level

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

The priority level of all of the 19 sources except for software interrupts (zero divide and 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) and watchdog timer interrupt priorities are set by
the hardware. Figure 2.6.5 shows the hardware controlled interrupt priorities.

______________ T
, | Watchdog
| < timer < Reset

| Priority determined by hardware

Interrupt priorities inside the dotted line are user settable

Fig. 2.6.5 Hardware controlled interrupt priorities

2.6.5 Interrupt priority level detection circuit

The M37702 group is equipped with an interrupt priority level detection circuit to select the highest priority
when more than one interrupt request occurs during the same sampling interval. Figure 2.6.6 shows the
interrupt priority level detection circuit.
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Level zero

Interrupt priority level (initial value)

I A-D conversion

[UART1 transmission

l UART1 receive

I UARTO transmission

l UARTO receive

Timer B2

Timer B1

Timer BO

e et

Interrupt
disable flai

The highest priority interrupt

[ - B

—20

g

Interrupt priority level

Timer A4 I :

" |

I

Timer A3 I :

I

I
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Timer A2 I [
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Timer AO ] [

|
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I

I

] |

|

|

— I

INTo | |

|

_______ |
IPL |

Processor interrupt priority

Watchdog timer
Reset —l—_:L/

The occurrence of interrupt

Fig. 2.6.6 Interrupt priority level detection circuit
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rlnterrupt source Y >

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

z

@ if X=Y then Z=X

@ If X<Y then Z=Y

[ Relation when the software set priority levels are same ]

INTo < INT1 < INTz < Timer A0 < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer B0 < Timer B1
< Timer B2 < UARTO receive < UARTQO transmission < UART1 receive < UART1 transmission < A-D conversion

Fig. 2.6.7 Interrupt priority level detection model

The priority level of the requested interrupt (Y in Figure 2.6.7) (initial priority level is 0) is compared with
the priority of the upstream interrupt (X in Figure 2.6.7) 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. If the priority
levels are equal, the upstream interrupt is selected. Therefore, the following relation exists if the software
set priority levels are the same.

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

When there are multiple interrupts during the same sampling interval, the interrupt with the highest priority
is selected as the result of this comparison. Then, that interrupt is enabled 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 generated during the
operation code fetch cycle. While the interrupt 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 is being checked, no sampling pulse is generated even when it is the operation code fetch
cycle. (See Figure 2.6.8.)
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2.6.6 Interrupt priority level detection time

With the M37702 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 content of the interrupt priority
level detection time selection bits (bits 4, and 5 at address 5E1e) in the processor mode register. The

interrupt priority level detection time selection bits are cleared to “00” at reset.

b7

b6

b5

b4

b3

b2

b1

(1) Interrupt priority detection time selection bits

b0

R/W

R/W

R/W

R/W

W

R/W

R/W

R/W

Processor mode register (address 5E16)

Processor mode bits

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 ¢ ( (c) in (2) )
11 : This can not available.

Note : 1 cycle= ¢ = f(XIN)/2

Fix this bit to “0".

Priority
level
detection
time

Internal clock ¢

Operation code fetch cycle

Sampling pulse

(a) 7 cycles

(b) 4 cycles

(c) 2 cycles

(2) Priority level detection time

Clock ¢1 output selection bit

(Note 1)

L _J

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 by the main routine to the start of the interrupt
routine is referred to as the interrupt processing sequence.

When an interrupt is accepted, interrupt processing starts from the next cycle of the interrupted instruction.
Figure 2.6.9 shows the interrupt processing sequence.

After execution of an interrupted instruction completes, an INTACK (Interrupt Acknowledge) sequence is
executed and control is passed to the beginning of the interrupt service routine. The INTACK sequence
operates as follows.

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

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

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

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

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

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

@ The content of the program bank register (PG) is set to “00+1” 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. {}
@

] I“‘@’i ‘@"‘1 e,

4
S Instruction | Instruction INTACK sequence Instructions in interrupt service routineB
/

/
Interrupt processing sequence

<

@ : Interrupt priority level detection

Fig. 2.6.9 Interrupt processing sequence
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Iplipinipipinipipipipinininininl
e L LU e T

High-order 8 bits of

the CPU intemal PG X 00 x 00 X 00 X 00 X 00 X 00 X 00 X olo X 00 X 00 X
|

address Ar

L°“{h‘;'3;:é£.§.%f:§ re Y Y s s s Xss Y se Xss X ;ls VT O

CPU internal data

|
bus DATA Notused X;Z“,fs'sx PG X ot ch.., PcLX et x [ Xu':‘?d X Not used X AD,ADL Operation
|

Interrupt disable I
flag |

Fig. 2.6.10 INTACK sequence timing

(1) Change in IPL when an interrupt is generated
When an interrupt is accepted, the IPL in the processor status register is replaced by the 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 when an interrupt is generated

Interrupt source Change in processor interrupt level
Reset 0 (0002
Watchdog timer 7 (1112)
Zero divide No change
BRK instruction No change
Other interrupts Priority level of the accepted interrupt
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(2) Storing registers
The register storing operation performed during INTACK sequence depends on whether the content
of the stack pointer S at the time of accepting interrupt is even or odd.
When the content of the stack pointer S is even, the 16-bit contents of the program counter PC and
processor status register PS are stored simultaneously at each other. When the content of the stack
pointer S is odd, they are stored in 8-bit unit. Figure 2.6.11 shows the register storing operations.
In the INTACK sequence, only the contents of the program bank register PG, program counter PC,
and the stack pointer S are stored to stack area. Other registers must be stored at the beginning of
the interrupt service routine as necessary.
The M37702 group provides a PSH instruction which stores all registers except for the stack pointer
with a single instruction.

(1) Stack pointer S is even

Address //\-/ Store order

S—4 (even Processor status register PSL (low-order) )
( ) @Store simultaneously

S-3 (odd) Processor status register PSH (high-order)
S-2 (even) Program counter PCL (low-order) _
@Store simultaneously
S—1 (odd) Program counter PCH (high-order)
S (even) Program bank register PG a— @
/_—\-//
- Storing completes for 3 cycles.

(2) Stack pointer S is odd

Address /\_/ Store order

-

S—4 (odd) Processor status register PSL (low-order) - ® )

S-3 (even) Processor status register PSH (high-order) -a— ®
<« L Store by each 8 bits

S-2 (odd) Program counter PCL (low-order)

S—1 (even) | Program counter PCH (high-order) --—0Q

S (odd) Program bank register PG - O )

/’\_//

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

An 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. The status 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 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 interrupts, the interrupt
request bit of the interrupt that was rejected by the
priority detection circuit remains set to “1”.

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

Figure 2.6.12 shows the multiple interrupt mechanism.

(' Mainroutine )

Interrupt 1

o IPL=3
o

Multiple interrupt

/

WMMMA’)’

RTlinstruction

(Z] : Set automatically
|—__] : Set by program

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

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

When an interrupt request occurs, the priority 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 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 time of the interrupt request until the instruction being executed completes.

® The interval from the start of the next instruction (start of interrupt priority detection) until the end of
the instruction being executed at the end of priority 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 (see 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. 4}

@

LV e e —>Time,

» Instructions in interrupt
Instruction 1{Instruction2 | INTACK sequence Context service routine

switching time
7 @ @ ® /

’

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. When the INTi interrupt is used in level sense mode, the INTi interrupt request bit functions as a status
bit which indicates whether the INT: pin level is valid or invalid. It is set to “1” while valid and to “0” while
invalid. After an interrupt is accepted, the interrupt request bit remains set to “1” while valid level is
supplied to the INT: pin.

The interrupt request is not retained when changing from valid level to invalid level if no interrupt is
generated 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, another interrupt is generated as shown in Figure 2.6.15.

Interrupt (disale)

disable flag |

“0"(enable)

R Valid
INTi pin level

Invalid

Interrupt T
request bit

L~

7

P R s DT

Interrupt enable interval

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

Detect interrupt

/ Return to original routine

Valid O O x
INTipin level
Invalid o
Interrupt service routine »I

RTI RTI RTI
instruction instruction instruction

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

3. To change the INT: interrupt phase, set the INT:
interrupt control register in the sequence shown
in Fig. 2.6.17.

Y

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

Set the level sense/edge sense selection bit to “0”
( Select edge sense )

C Clear the interrupt request bit to “0”

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

v

Fig. 2.6.16 Level/Edge sense switching flow

!

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

CSet the level/edge selection bit)

C Clear the interrupt request bit to “0”

Set the interrupt priority level to level 1t0 7
( Enable INTi interrupt )

Y

Fig. 2.6.17 Phase switching flow
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2.7 Timer A '
Timer A consists of five 16-bit timers (timers A0 to A4). External output is the main function of these timers.
Timers AO 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 I/O pins are shared with ports P50 to P57, P6o, and P6:.

®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 Ai interrupt request occurs when the content of the counter
reaches 00001 — reload value “n” (hereafter referred to as underflow). Gate function (control count
operation with the input level to the TAim pin) and pulse output function (output from the TAiour pin, a
signal that changes phase each time the counter underflows) are available and can be selected by
program.

®Event counter mode

This mode counts the external clock input to the TAiw pin. The counter can be incremented (add 1 to
the content of the counter with each clock input) or decremented (subtract 1 from the content 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 FFFFis — reload 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 phase each time the counter underflows or overflows) can be selected by pro-
gram. Timers A2, A3, and A4 also have two-phase pulse signal processing function which controls the
counter increment/decrement by a two-phase signal with the phases shifted by 90 degrees.

@®0One-shot pulse mode

In this mode, the timer is driven by an internal or external trigger and “H” level is output from the TAiout
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.

fi6— o
fea — o
fs12 — o

Count source
o selection bit
—0

Timer mode

Data bus(odd)

HEe

Data bus(even)

(Low-order 8 bits)

One-shot pulse mode

PWM mode

Timer(gate function)

Event counter mode r

. Polarity
TAINO Iswitching l

— External trigger

ar

[ Reload register(16)  je—]

|1 !

Counter(16) f——=0

Up-down ﬂag

Count start flag

Down count

14_ Pulse output

Up/down selection(always
decrement except for
event counter mode)

TAiout O

N

Toggle
F.F.

(High-order 8bits)

Interrupt
request bit

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

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

The content of the counter changes each time  Table 2.7.1 Timer Ai register memory allocation

a count source is input, but the content of the  ~imer"Aj register |High-order byte |Low-order byte
reload register remains unchanged. Timer AO register | Address 471 | Address 461e
Values are stored in.the counter and reload  Timer A1 register | Address 4916 | Address 481
registers by writing to the timer Ai register. Timer A2 register | Address 4B | Address 4Ars
Table 2.7.1 shows the memory allocation of  imer A3 register | Address 4Die | Address 4Cie
timer Ai register. Timer A4 register | Address 4Fie | Address 4Ers

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.
It the timer Ai register is read, the result depends on the operating mode. Table 2.7.2 shows results
of timer Ai register read and write.

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

Table 2.7.2 Timer Ai 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 | head undefined value Write to reload register and counter

66



FUNCTIONAL DESCRIPTION
2.7 Timer A

(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.
A count source is input to the counter when this flag is set to “1” and disabled when it is set to “0".
Figure 2.7.2 shows the structure of the count start flag.

b7 b6 b5 b4 b3 b2 b1 bo

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

L———Timer AOQ 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. 2.7.2 Count start flag register structure

(3) One-shot start flag
The one-shot start flag (address 42i6) generates a software trigger used in one-shot pulse mode.
When a corresponding one-shot start flag to each timer is set to “1” in case software trigger is
selected, a software trigger starting one-shot pulse output is generated. Refer to section “2.7.5 One-
shot pulse mode” for more information.
Figure 2.7.3 shows the structure of the one-shot start flag.

b7 b6 b5 b4 b3 b2 bt bo

W W W W | Cne-shot start flag (address 4216)

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

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 441s) is a register consisting of up-down flags and two-phase pulse 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 b5 b4 b3 b2 b1 bO

w W | W |R/W|RW|R/W|R/W|RW]| Up-down flag (address 4416)

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 “0016” at reset.

Fig. 2.7.4 Up-down flag register structure

@®Timer Ai up-down flags (bits 0 to 4)
These flags are valid in event counter mode when the count up-down flag is selected as the increment/

decrement trigger. The counter of the corresponding timer is decremented when this flag is “0” and
incremented when it is “1".

@®Two-phase signhal 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 bit can be an only
written to. 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 LDM and STA instructions to write to this bit. Do not use SEB and CLB instructions.

(5) Timer Ai mode register
The timer Ai mode register (address 561 to 5Ars) 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 bl bo Timer AD mode register (address 5616)
Timer A1 mode register (address 5716)
R/W | R/W | R/W | R/W | R/W | R/W | R/W|R/W| Timer A2 mode register (address 5816)
Timer A3 mode register (address 5916)
Timer A4 mode register (address 5A16)

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 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f1s)
10 : Clock oscillating frequency divided by 64 (fe4)
11 : Clock oscillating frequency divided by 512 (f512)

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

Fig. 2.7.5 Timer Ai 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 mode

b0 Operating mode

0 |[Timer mode

1 | Event counter mode

0 | One-shot pulse mode

1 | Pulse width modulation (PWM) mode

pry

ala|lololS

@®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

. Input clock to the counter
b7 | b6 Timer count source f(XiN)=8MHz | 1(Xin)=16MHz | f(Xn)=25MHz
0 0 | Clock oscillating frequency divided by 2 (f2) 4MHz 8MHz 12.5MHz
0 1 | Clock oscillating frequency divided by 16 (f16) 500kHz 1MHz 1.5625MHz
1 0 | Clock oscillating frequency divided by 64 (f64) 125kHz 250kHz 390.625kHz
1 1 | Clock oscillating frequency divided by 512 (fs12)| 15625Hz 31250Hz 48.8281kHz

69



FUNCTIONAL DESCRIPTION
2.7 Timer A

(6) Timer Ai interrupt control register
The timer Ai interrupt control register (address 7516 to 7916) consists of interrupt priority level selection
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. Refer to section “2.6 Interrupts” for more information.

b2 bi bo Timer AO interrupt control register (address 7516)
Timer A1 interrupt control register (address 7616)
R/W | R/W | R/W | Timer A2 interrupt control register (address 7716)
Timer A3 interrupt control register (address 7816)
Timer A4 interrupt control register (address 7916)

Interrupt priority selection bits
000 : Level 0 (disable interrupt)
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.

Fig. 2.7.6 Timer Ai interrupt control register structure

@Iinterrupt 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 there is an interrupt request, 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 greater than IPL(interrupt disable flag | must be “0”). Set these bits to “000” 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 input/output pins of timers A0 to A3 are shared with port P5 and the input/output 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 content of the direction register. |
Figure 2.7.7 shows the relationship between port P5 direction register (address 0D16) and port P6 |
direction register (address 1016) with timer pins.

b7 b6 b5 b4 b3 b2 bt bO ’

R/W|R/W |R/W|RW|R/W]|RW|RW]|R/W| Port P5 direction register (address 0D16) f

L TAOOUT pin

TAOIN pin
TA10UT pin
TA1IN pin
TA20UT pin
TAZ2IN pin
TA30UT pin
TA3IN pin

b7 b6 b5 b4 b3 b2 bt b0

R/W | R/W | R/W | R/W|R/W|RW|RW]|R/W| Port P6 direction register (address 1016)

L—— TA40UT pin

TAA4IN pin
INT pins, Timer B pins

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

Fig. 2.7.7 Relationship between port P5 and P6 direction registers with timer pins
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2.7.3 Timer mode [timer Ai 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 set 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 content of the counter reaches 000016 — reload 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 phase each time the counter underflows.

(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 a value
“‘n” (“n” = 00001 to FFFF1s) 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.

Set timer Ai mode register '
@ Set the operating mode selection bits(bit1,0) to “00”
@® Select pulse output function
@ Select gate function

® Set bit 5to “0”

@ Select count source

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. Gvecifytimerdividir}g ratio )
Figure 2.7.9 shows the setting example of the ® Set value to the fimer Al register
timer mode related registers. :

r- Selecting gate function:t == === =vcconmmecnnnax

H
Set the port direction registers E
@ Set the corresponding bit to TAin pinto 0" ) 1
]

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

Count operation continues in this manner. The Csa the count start flag to “1” )
interrupt request occurs and the interrupt re-
quest bit is set to “1” each time the counter

Fememmceaan

underflows. Therefore, an interrupt request Count starts.
occurs at every “n+1" count of the count source. 3% If the gate function is selected, count starts when the effective
Interrupts must be enabled before they can be level is input to the TAiw 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 is accepted or it is lated registers

cleared by program.

The content of the counter can be read at any time by reading the content of the timer Ai register,
but the content of the reload register can not 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 loaded into the counter next time the counter under-
flows after writing to timer Ai register.

Figure 2.7.10 shows the timer mode operation diagram (without pulse output or gate function).
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b7 b6 b5 b4 b3 b2 bt b0

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

L

Operating mode selection bits
00 : Timer mode

Pulse output function selection bit

0 : No pulse output (TAiouT pin functions as
normal |/O port.)

1 : Pulse output

Gate function selection bits
0X : No gate function (TAIIN pin functions as
normal I/O port.)
10 : Count while TAIIN input level is “L”
11 : Count while TAIIN input level is “H”
(X="0" or “17)

Fix this bit to “0".

Count source selection bits

00 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f16)
10 : Clock oscillating frequency divided by 64. (fe4)
11 : Clock oscillating frequency divided by 512 (f512)

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

Fig. 2.7.8 Timer Ai mode register structure in timer mode
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FFFF16

Counter content

000016

Count start flag

TAi interrupt
request bit *

n = reload value

Count start Count stop

/ >
Count restart ’_l_
Underflow Underflow —>

o !

o]

Time

Set the count
start flag to “1”

Set the count
start flag to “1”

Clear the count
start flag to “0”

EE T T OGPPSR PR - A

B

[ 1

-

!

Cleared by the interrupt accepted or program

Fig. 2.7.10 Timer mode operation diagram (without pulse output or 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 signal input 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 to the TAin pin must be set to
“0” for input mode.

Table 2.7.5 Relationship between gate function selection bit 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 TAin pin is at effective level and the count start flag is “1”. No count source is input and the
count stops while the input’level is not effective. The content of the counter is 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 TAiwn 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 = reload value

FFFF1s] /Count start

Counter content

000018

Time
Set the count
start flag to “1”

Count start flag ; l

Input level to Effective Ievel—’________l_————_“r
TAiN pin Non-effective level

TAi interrupt 1"
request bit “o

Cleared by the interrupt
accepted or 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 phase each time the counter underflows 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 content of the port direction register. It can be used as a programmable I/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 output pulse is always “L".
Figure 2.7.12 shows the timer operation example when the pulse output function is selected.

n = reload value

FFFF16] Count start
£ n _—:_L[ """"""""""""""""""""""""""""""""
] H
§ ! - Underflow - - Underflow -
€ E H \ ' 1
e '
O ]
0000 -
e . ' ! : : -
H H | H H Time
1 [} 1 3 1
E Set the count E i H H
1 startflagto“1” ¢ ' ' :
] 1 ] 1 1)
\ 1 H H H
g H H H H H
Count start flag o I g E g g
1 1] 1} 1}
1 ) 1 1
1 ] 1 1}
H 1 1 H

Output pulse from "H"
TAiour pin “L"

TAiinterrupt “1” I l l I
request bit ‘0

\ b/

Cleared by the interrupt accepted or program

Fig. 2.7.12 Timer operation example when the pulse output function is selected
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[Precautions when using the 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, “FFFF1s" is returned instead of the
reload value. The reload value is returned if it is read after the timer Ai register is set and before the

count source is input and count started.

Reload

Counter content

(hexadecimal notation) 2 1 0 n |n-1
Read value i ' ' ' ]
(hexadecimal notation) 2 1 0 |FFFF|n-1
—
n = reload value Time

Fig. 2.7.13 Reading the timer Ai 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 set 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 TAiwn 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 content of the counter
reaches FFFF1s — reload value “n”). In decrement counter, an interrupt request occurs when the counter
underflows (the content of the counter reaches 00001 — reload value “n”). The timer dividing ratio is ex-
pressed as follows:

®Increment counter  Timer dividing ratio=1/(n+1)

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

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 output processing function is available only with timers A2,
A3, and A4.

@Pulse output function
A pulse that changes phase is output from the TAiout pin each time the counter underflows (decrement
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 using two signals with phase shifted 90
degrees.
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b7

b6

b5

b4

b3

b2

b1

b0

Timer Ai mode register (in event counter mode)

l—LOpera\'ﬁng mode selection bits

01 : Event counter mode

Pulse output function selection bit
0 : No pulse output
1 : Pulse output

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 : Content of the up-down flag
1 : Input signal to the TAiouT pin

Fix this bit to “0”.

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

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

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

b7 b6 b5 b4 b3 b2 bl bo
W (W | W |RW|RW)|RW|RW]|R/W]| Up-down flag (address 441s)
L

Timer AO 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

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

Timer A4 two-phase signal processing selection bit
0 : Two-phase pulse signal processing disable
1 : Two-phase pulse signal processing enable

Fig. 2.7.15 Up-down flag register structure

79



FUNCTIONAL DESCRIPTION

2.7 Timer A

(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 a value “n” (“n” = 000016 to FFFF1s) 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 TAin pin to “0” (input mode).
When the count start flag is set to “1” (count enabled), the external clock input to the TAin 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 content of the up-down flag is 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 using the content of the up-down flag
The counter is decremented when the corre-
sponding bit to the up-down flag is set to “0”,
and incremented when it is set to “1”.

®When using the input signal to TAiour pin

The counter is decremented when the input level
to the TAiout pin is “L”, and incremented when
it is “H”. The TAiour pin is 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 level to the TAiour
pin is used to control increment/decrement.

¢

(Set timer Ai mode register

@ Set the operating mode selection bits(bit1,0) to “01"
@ Select pulse output function

@ Select count polarity

@ Select up-down switching factor

\. Set bit 5 to “0”

Set the up-down flag

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

\. Select two-phase pulse signal processing function

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

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 content of the up-down flag changes 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 is accepted or it is cleared by program.

The content of the counter can be read at any time by reading the content of timer Ai register, but
the content 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 loaded into the counter next time the counter underflows
after writing to timer Ai register.

Figure 2.7.17 shows the event counter mode operation diagram (without pulse output or two-phase
pulse signal processing function).

n = reload value
| 35 ST] ettt ettt ettt ieteieieeieiuinielieielieietele sy (A tubuetiiet

T
|
:
\
'
|
:
1
000016 : |
i
'
H
'
)
1
!
\
[

Counter content

Time
Set the count
start flag to “1”

i

Count start flag “V" l
g uo»

Up-down flag 1"
p-down flag o

e DT T

|
;
i
:
\
h
n
H
H
]
'
i
)
1
13
I
)
'
i
E
TAi interrupt “1” I’—"I I'_I
request bit “0*

\ } /

Cleared by the interrupt accepted or program

3 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 TAiout pin. Therefore,
only one of these functions can be used 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 phase each time the content of the counter underflows
(decrement count) or overflows (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 TAiout pin regardless of the content
of the port direction register. It can be used as a programmable 1/O port once the pulse output function
selection bit is set to “0".
“L” level is output from the TAiout pin while the count start flag is “0” and count disabled. Therefore,
the initial level of the output pulse is always “L”.

@Two-phase pulse signal processing function

Two-phase pulse signal processing function is selected for timers A2 to A4 when the two-phase signal
processing function 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 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)

[

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 a 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 TAki (k=2, 3) pin and decremented
when the falling edge is input to the TAki pin after the level of the TAkour pin changes from “L” to
“H". (See Figure 2.7.19)

<Timer A4>
The counter is incremented at every rising and falling edge of the TA4outr and the TA4in pins when
a phase related pulse with the rising edge input to the TA4v 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 TA4i pins when
a phase related pulse with the falling edge input to the TA4our pin is input after the level of the TA4i
pin changes from “H” to “L". (See Fig. 2.7.20)

mer | | [ ] ] L LT L
(] [

Up- Up- Up- Down-  Down-  Down-
count count count count count count
+1 + +1 A A .

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

oy )
TA4out

L:Jp-co:unt at each edgé Down-count at each e&ge
R R Ho0H H Y
TA4IN“H“ I
o . . :
L:Jp-co:unt at: each: edgt:a Djown«jcountl at ea;ch eclige
PR R R R 404 4 404

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, “FFFF1¢” is returned at underflow and
“000016" is returned at overflow instead of the reload value. The reload value is returned if it is read after

the timer Ai register is set and before the count source is input and count started.

(1) Decrement
Reload

(hexadecimal notation)

Counter content
oo | 2 1 o [n-1]
; i H 1 1l

Read value
(hexadecimal notation) 2 1 0 |FFFF|n-1

n = reload value

(2) Increment

Reload

#

Counter content
(hexadecimal notation)

FFFD|FFFE

n+1

Read value
(hexadecimal notation)

FFFD|FFFE

n+1

n = reload value

Time

Fig. 2.7.21 Reading the timer Ai register

2. All of the following functions uses the TAioutr pin. Only one of these functions can be selected for each

timer at any one time.

@Count control using input signal to TAiour 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 TAiout and TAin pins) must be the characteristics shown in Figure 2.7.22.

T1

TAIIN

TAiouTt

T2 | T3

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

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 set to “0” and bit 2 must be set 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 generated by writing “1” into the one-shot start flag shown in
Figure 2.7.24 or an external trigger generated by the effective edge of the input signal to the TAin pin.
Counting starts with a trigger and at the same time, “H” level is output from the TAiour pin. The content
of the counter is decremented by 1 each time a count source is input. When the content of the counter
reaches “000116” — reload value “n”, the output level from the TAiour pin changes to “L” and counting stops.
At this point, an interrupt request is occurs.

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

Output pulse width = n/fi [s]
fi. Selected count source frequency
n: Value set in counter
(000016 to FFFF1s during count halted)
(000116 to FFFF1s during count operating)
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b7 b6 b5 b4 b3 b2 bl bO

0 : 1 1 0 | Timer Ai mode register (in one-shot pulse mode)

|——‘—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
(TAIIN pin functions as normal 1/0O port.)

10 : Falling edge of the input signal to TAIIN pin

11 : Rising edge of the input signal to TAIIN pin
(X=“0" or “1”)

Fix this bit to “0”.

Count source selection bits

00 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f1e)
10 : Clock oscillating frequency divided by 64 (fe4)
11 : Clock oscillating frequency divided by 512 (f512)

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

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

b3 b2 b1 b0

w w W W | One-shot start flag (address 4216)

L Timer AO 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 generated when “1” is written
to this flag.

Note:Bits 5 to 7 are undefined at read.
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 TAiout pin starts to output “L” level when one-shot pulse mode is selected with the
operating mode selection bits. Next, write a value “n” (“n"= 000016 to FFFF1e) in the timer Ai register
to set the output pulse 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 count starts when a trigger occurs.
If bit 4 of the timer Ai mode register is “0”, an internal trigger is generated by setting the corresponding
bit to each timer in the one-shot start flag to “1”. If bit 4 is “1” and bit 3 is “0”, a trigger is generated
at the falling edge of the TAin pin input signal and if bit 4 is “1” and bit 3 is “1”, a trigger is generated
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.

Jz

Set timer Ai mode register

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

© Select trigger occurrence factor

0 Set bit 5 to “0”

O Select count source

-
.
’

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

Selecting external trigger

6&( the port direction register J C Set the count start flag to “1” )
Q" .

0 Set the corresponding bit to TAim pin to H

Selecting internal trigger

H ( Writing “1” to the one-shot start flag )

( Set the count start flag to “1” ) I
5 Trigger is generated.
I Effective edge input to TAi pin | ‘L
r Count starts.

Trigger is generated.

|

Count starts.

Fig. 2.7.25 Setting example of the one-shot pulse mode related registers
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When triggered, counting starts and “H” level is output from the TAiout 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 content of the counter reaches
000116 — “n”, the TAiour pin level changes to “L” and counting stops. The “H” level 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 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
TAiour pin), this value is only set in the reload register. It is loaded 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 external trigger is selected).

FFFFig] N = reload value

Count start

Count sto
p. Count restart , Count stop

—

Reload A

il

Time

Counter content

000116

Set the count
start flag to “1"

qn
Count start flag o l

Another trigger
while counting

Input level to “H”
TAiN pin .~ l—l

ll 1/fiX(n+1) [s] )

Output pulse from “H"
TAiourt pin L

request bit “0*

—
TAi interrupt “1” . 4i—'__l

Cleared by the interrupt accepted or program

3% This operation diagram selects the external trigger(rising edge) for trigger occurrence factor.

Fig. 2.7.26 One-shot pulse 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 occurs. When the count start flag is “0” (count disabled), “L” level is output from the TAiout pin.
Therefore, an arbitrary pulse width can be generated by setting a value in the timer Ai register before
setting the count start flag to “1”.

If another trigger is generated while counting, the content of the reload register is 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 content of the reload register is transferred to the counter only when a
trigger occurs 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 FFFFis can be written in the timer Ai register while the counter is operating
(“H” level is output from the TAiout pin).

3. When external trigger is selected, there may be a time lag between the time the effective edge is input
to TAun pin and the time the trigger is generated. This is because the input signal to the TAin pin is not
synchronized with the internal operating clock.

4. When the operating mode is switched from timer mode or event counter mode to one-shot pulse mode,
the interrupt request bit in timer Ai interrupt control register is set to “1”. Clear the interrupt request bit
to “0” after switching modes when using timer Ai interrupt or the interrupt request bit in one-shot pulse
mode.
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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 and timer Ai functions as a pulse
width modulator when timer Ai mode register bits 1, 0 are set to “11”. When this mode is selected, bit 2
of the timer Ai mode register must be set to “1”. Figure 2.7.27 shows the structure of the timer Ai mode
register in PWM mode.

In PWM mode, 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 modulator.

@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.

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

An interrupt request occurs and the interrupt request bit is set to “1” each time the level of the output pulse
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 b5 b4 b3 b2 bt bo

R/W [R/W | R/W | R/W | RIW | R/W | R/W | R/W | Count start flag (address 401e6)

L] 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

In case of selecting an internal trigger, the internal
trigger is generated when this flag is set to “1”.

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. 2.7.28 Count start flag register structure
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b7 b6 b5 b4 b3 b2 bt bo

1 1 1 Timer Ai mode register (in PWM mode)

l—L—Operating mode selection bits

11 : PWM mode

Fix this bit to “1”.

Trigger selection bits

0X : Writing operation to the one-shot start flag
(TAIIN pin functions as normal 1/O port)

10 : Falling edge of the input signal to TAIIN pin

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

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

Count source selection bits

00 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f16)
10 : Clock oscillating frequency divided by 64 (fe4)
11 : Clock oscillating frequency divided by 512 (fs12)

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

Fig. 2.7.27 Timer Ai mode register structure in PWM mode

(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 TAioutr 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 output
pulse width. At this point, “n” is set in the counter and the reload register. Then when a trigger is
generated, the pulse width modulator starts and pulses are output from the TAiour pin. When the timer
Ai mode register bit 4 is “0”, an internal trigger occurs each time the corresponding bit to each timer
in the count start flag is set to “1”. If bit 4 is “1” and bit 3 is “0”, the trigger occurs at the falling edge
of the input signal to the TAiw pin. If bit 4 is “1” and bit 3 is “1”, the trigger occurs at the rising edge
of the input signal. When using an external trigger, set the corresponding port direction register 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 output signal changes from
“H” to “L”. Interrupts must be enabled before they can be use. See “2.6 Interrupts” for more informa-
tion. 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 loaded in the counter next time the level of the output pulse changes from “L” to
“H”.
If the value of the timer Ai register is read, the result is undefined.
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
cycle and width of the output pulse from the TAiout pin can be expressed as follows:

Output pulse cycle = (1/fi) X (2°-1) [s]
Output pulse “H” width = (1/fi) X n [s]
fii Frequency of selected count source [Hz]
n: Value set in counter
(value between 00001¢ and FFFEs)

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 output pulse signal changes from “H"
to “L".

The “H" width of the output pulse 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
loaded into the counter next time the level of the output pulse changes from “L” to “H”. Therefore, the
pulse width changes from the pulse following the pulse being output when the value was written.

171X (216-1) [s]

'y
y

Selected count
source fi

%
g

Input level to “H”

TAin pin , . A

This signal does not generate a trigger.

N
B -

1/1iX(n) [s] '
Output pulse from "’ II |
TAiout pin . » ‘ I -

3 This is an output example in case the content of the reload register is 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 pulse 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 generated when its content reaches 001 — “m” (“m” = value set in low-order
8 bits of the reload register). The content of the reload register is loaded into the prescalar and counting
continues. The pulse width modulator (high-order 8 bits of the counter) counts the underflow signal
generated by the prescalar. The cycle and width of the pulse output from the TAiout pin can be expressed
as follows:

Output pulse cycle = (1/fi) X (m+1) X (28-1) [s]
Output pulse “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 FFis)
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Figure 2.7.30 shows an output waveform example in 8-bit PWM mode. In 8-bit PWM mode, pulse output
starts at the set pulse cycle after “L" level with the width equal to the “H” level of the set pulse is output.
The “H” width of the output pulse 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
loaded into the counter next time the level of the output pulse changes from “L” to “H". Therefore, the
pulse width changes from the pulse following the pulse being output when the value was written.

1/fiX (n+1) X (28-1) [s] :

»'

'
1
L
b
1
)

rya
Selected count source fi ”“”I”””””I“l“””l””””””””Ifi,i
(AT

Input level to TAin pin
P pin, . {

"Fff

1 /f:X(m+1) [s]

U e T [ '

Underflow signal “H"
from prescaler « »

_.
<
=
X
=
3
T
X
=
X
-
=)
2
o
2

OQutput pulse from “H” r————'l _____I———l_
TAiouT pin «_» ! -

# 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. When the operating mode is switched from timer mode or event counter mode to PWM mode, the interrupt
request bit in timer Ai interrupt control register is set to “1”. Clear the interrupt request bit to “0” after
switching modes when using timer Ai interrupt or the interrupt request bit in PWM mode.
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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 (TBin) of these timers are shared with ports P6s to 67.

®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 content of the counter
reaches 000016 — reload value “n” (hereafter referred to as underflow).

O®Event counter mode
This mode counts the external clock input to the TBiw 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 Data bus (odd)
f2 — I [ ﬁ
hs \)——— Data bus (even)
ffs(: N (Low-order 8 bits) ! (High-order 8 bits)

Timer mode I Reload register (16)
Pulse period/pulse width

measurement mode
Polarity switching Interrupt

TBiw O— and edge pulse o Counter (16) request bit

generating circuit Event counter mode
Count start flag
{"ounter reset circuitl——-

Overflow
flag

Fig. 2.8.1 Timer Bi block diagram
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(1) Counter and reload register (timer Bi 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 content of the counter is decremented by 1 each time a
count source is input. The reload register is used to store the initial value of the counter. The, content
of the counter changes each time a count source is input to the counter, but the content of the reload
register remains unchanged. The content of the reload register is reloaded into the counter when the
counter underflows. A value is set in the counter and the reload register by writing a value in the timer
Bi register.

In pulse period/pulse width measurement mode, the content of the counter is 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. 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 5216
Timer B2 register | Address 551 Address 5416

In timer mode and event counter mode, the value written in the timer Bi register while the timer is not
operating is stored in the counter and the reload register. The value written in the timer Bi register
while the timer is operating is stored only in the reload register. In this case, the updated value is
transferred to the counter during the next reload. When the timer Bi register is read, the counting value
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, the counter and the reload register
must first be initialized when using timer Bi in timer 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.
A count source is input to the counter when this flag is “1”, and disabled when it is set to “0".
Figure 2.8.2 shows the structure of the count start flag.

b7 b6 b5 b4 b3 b2 bl bO

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

L

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 “0016” at reset.

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

b7

b6

b5

b3

b2

b1

b0

R/W

R/W

R/W

R/wW

R/IW

R/W

Timer BO mode register (address 5B16)
Timer B1 mode register (address 5C16)
Timer B2 mode register (address 5D16)

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.

Timer Bi overflow flag
0 : No overflow or underflow
1 : Overflow or underflow

Note:Bit 4 is undefined at reading.

Bit 5 is set to “1” at reset and cleared to “0” by writing to this register.
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset.

Count source selection bits

00 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f16)
10 : Clock oscillating frequency divided by 64 (fe4)
11 : Clock oscillating frequency divided by 512 (f512)

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

b0 Operating mode

0 | Timer mode

1 | Event counter mode

0 | Pulse period/pulse width measurement mode

—=|o|o|T

®Timer Bi overflow flag (bit 5)

The timer Bi overflow flag is set to “1” when the counter underflows in timer mode or event counter
mode. In pulse period/pulse width measurement mode, it is set to “1” when the content of the counter

reaches FFFFis — 00001s.

This bit is set to “1” at reset and cleared to “0” when a value is written in the timer Bi mode register.

@®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 source.

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|bé Timer count source f(Xm)=8MHz | f(Xn)=16MHz | f(Xn)=25MHz
0 | 0 |Clock oscillating frequency divided by 2 (f2) 4MHz 8MHz 12.5MHz
0 | 1 |Clock oscillating frequency divided by 16 (f1s) 500kHz 1MHz 1.5625MHz
1] 0 |Clock oscillating frequency divided by 64 (fes) 125kHz 250kHz 390.625kHz
1] 1 |Clock oscillating frequency divided by 512 (fs12)| 15625Hz 31250Hz 48.8281kHz
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(4) Timer Bi interrupt control register
The timer Bi interrupt control register (address 7A1s to 7C1s) consists of interrupt priority level selection
bits and interrupt request bit. Figure 2.8.4 shows the structure of the timer Bi interrupt control register.
The function of each bit is described below. Refer to section “2.6 Interrupts” for more information.

b7 b6 b5 b4 b3 b2 bl bO

Timer BO interrupt control register (address 7A16)
R/W | R/W | R/W| R/W | Timer B1 interrupt control register (address 7B16)
Timer B2 interrupt control register (address 7C16)

Interrupt priority selection bits
000 : Level 0 (disable interrupt)
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.

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 timer Bi interrupt. When there is an interrupt request, 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 greater than IPL (interrupt disable flag | must be “0”). Set these bits to “000”
(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 BO 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 P6é direction register (address 1016) and the timer
pins.

b7 b6 b5 b4 b3 b2 bl bo

R/W|R/W |RW|R/W|R/W]|RW]|RW|R/W| Port P6 direction register (address 101s)

L TA40uUT pin

TA4IN pin
INTo pin
INT1 pin
INT2 pin
TBOIN pin
TB1IN pin
TB2IN pin

Note: This register is cleared to “0016” 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”. 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 content of the counter reaches 000016 — reload value “n"). The timer dividing ratio
is expressed as follows:

Timer dividing ratio = 1/(n+1)
n: Value set in counter
(value between 00001 and FFFFis)

b7 b6 b2 b1 b0

X 0. | O |Timer Bi mode register (in timer mode)

Operating mode selection bits
00 : Timer mode

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

Timer Bi overflow flag
0 : No underflow
1 . Underflow

Count source selection bits

00 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f16)
10 : Clock oscillating frequency divided by 64 (f64)
11 : Clock oscillating frequency divided by 512 (f512)

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

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 value
“n” (“n"=00001s to FFFF1¢) 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 content of the counter is decremented by
1 each time the count source is input. When
the counter underflows, the content of the reload
register is loaded in the counter and the interrupt
request bit is set to “1”. At the same time, the
timer Bi overflow flag is set to “1”. Count op-
eration continues in this manner. The interrupt
request occurs and the interrupt request 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 is accepted or it is cleared by
program.

The content of the counter can be read at any
time by reading the content of the timer Bi reg-
ister, but the content of the reload register can
not be read. In order to change the timer divid-
ing ratio while the timer is operating, a 16-bit

i

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

update value must be written simultaneously in the timer Bi register. This value is stored in the reload
register and loaded in the counter next time the counter underflows after writing to timer Bi register.
Figure 2.8.8 shows the timer mode operation diagram.
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FFFF1e

Counter content

Count start flag

TBi overflow
flag

TBi interrupt
request bit

n = reload value

/ Count start
l Underflow
=1
1

=

000016

‘Ll

Count stop
: i

Count restart

Underflow
3
=

_I_l

»
gl

uyn
Q"

Set the count start
flag to “1”

Ve

Clear the count start

flag to *0” flag to “1"

NRURPRPED PR P — R

Set the count start

Time

wqn
"0,

? f

Cleared by the interrupt accepted or program

Fig. 2.8.8 Timer mode operation diagram

102



FUNCTIONAL DESCRIPTION
2.8 Timer B

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, the timer Bi mode register bits 6 and 7 are ignored. Figure 2.8.9 shows the structure
of the timer Bi mode register in event counter mode.

In event counter mode, the input external clock to the TBiw pin is counted. The counter is decremented
each time a effective edge is input and an interrupt request occurs when the counter underflows (the
content of the counter reaches 00001 — reload value “n”).

The timer dividing ratio is expressed as follows:

Timer dividing ratio = 1/(n+1)
n: Value set in counter
(value between 00001 and FFFFie)

b7 b6 b5 b4 b3 b2 b1 bl

0 1 | Timer Bi 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

Timer Bi overflow flag
0 : No underflow
1 : Underflow

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

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

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 a value “n” (“n"=00001s to FFFF1s) in the timer Bi register specity 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 TBim pin to “0” (input mode). When the count start flag
is set to “1” (count enabled), the effective edge of the input signal to TBiw 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
0 | Both edges of input signal

—|o|o|F

The content of the counter is decremented by 1 each time an effective edge is detected. When the
counter underflows, the content of the reload register is loaded in the counter and the interrupt request
bit is set to “1”. At the same time, the timer Bi overflow flag 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 inter-

rupt request occurs at every “n+1” count of the

count source. Interrupts must be enabled be- ¢

fore they can be used. Refer to section “2.6

Interrupts” for more information. The interrupt Set timer Bi mode register

request bit remains “1” set until the interrupt is @Set the oerating mode selection bits (bit 1, 0) to “01”
accepted or it is cleared by program. @Select count source

The content of the counter can be read at any . H

time by reading the content of timer Bi regis- .

ter, but the content of the reload register can (Specifytimer dividing ratio J
not be read. ®Set value to the timer Bi register

In order to change the timer dividing ratio while H

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

must be written simultaneously in the timer Bi Set the port direction registers
register. This value is stored in the reload reg- (’S"‘t the corresponding bit to TBiw pin to (J
ister and loaded in the counter next time the :

counter underflows after writing to timer Bi :

register. ( Set the count start flag to “1" )
The operation in event counter mode is iden-

tical to that of the timer mode except that an ¢

external clock input to the TBi pin is counted. Count starts

Refer to “Fig. 2.8.8 Timer mode operation ’

diagram” about an operation diagram. 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

wqn

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 TBiw 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 TBin 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 content of the counter is transferred to the reload register when an effective edge is input to the
TBi pin. Then the counter is cleared to 00001. The count operation continues and the content of the
counter is transferred to the reload register again when the next effective edge is input to the TBimn
pin. Then the counter is cleared to 00001. 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 content of the reload register is read. An interrupt request does not occur 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 count source. When measuring
the puise width of a signal other than 50% duty, whether the result 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
0 0 Pul iod Between the falling edge and the falling edge of the input signal
0 | 1 ulse perio Between the rising edge and the rising edge of the input signal

1

Between the falling edge and the rising edge, and between the

0 | Pulse width rising edge and the falling edge
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In this mode, an interrupt request also occurs when the content of the counter reaches FFFFis —
000016 in addition to the effective edge. When an overflow occurs, the timer Bi overflow flag is set to
“1". Therefore, the cause of interrupt must be determined in the interrupt service routine by checking
the timer Bi overflow flag.

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 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 b5 b4 b3 b2 bt bo

Timer Bi mode register
(in pulse period/pulse width measurement mode)

Note:Bit 4 is undefined at reading.

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

Measurement mode selection bits

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

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

10 : Pulse width measurement (between the falling
edge and the rising edge, and between the
rising edge and the falling edge

Timer Bi overflow flag
0 : No overflow
1 : Overflow

Count source selection bits

00 : Clock oscillating frequency divided by 2 (f2)

01 : Clock oscillating frequency divided by 16 (f16)
10 : Clock oscillating frequency divided by 64 (f64)
11 : Clock oscillating frequency divided by 512 (f512)

Bit 5 is set to “1” at reset and cleared to “0” by writing to this register.
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset.

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

Transferred timing of
Reload register + Counter

Cleared timing of
Counter +“000016"

Input signal to
TBin pin

Count start flag

TBi interrupt
request bit

:é
/

|
'
1l
i
i
'
1

Transfer:

v
|
(]
'
]
'
'

Clear

This operation diagram measures between the falling edge and the falling edge.

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

Selected count

Count start flag

TBi interrupt *
request bit «o"

source fi ! H ! H H
Input signal to “H" . — : ; ; : : ;
TBin pln “pr N i L H W
ETransfer \ Transfer! | Transfer |Transfer 5
Transferred timimg of i A N \ﬂ i-l'
Reload register +— Counter E . ‘ ‘ ‘
\ Clear ! Clear ! Clear | Clear \:
Cleared timing of : T [ N ;
Counter «"000016” ; ﬂ ﬂ ﬂ
“qn H :

i

f

Cleared by the interrupt
accepted or program

Fig. 2.8.13 Pulse period/pulse width measurement mode operation diagram in pulse width measurement mode
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[Precaution when using the timer B]
1. The value of the counter while operating in timer mode or event counter mode can be read at any time

by reading the timer Bi register. However, if it is read at the reload timing shown in Figure 2.8.14,
“FFFF16" is returned instead of the reload value. The reload value is returned if it is read after the timer
Bi register is set and before the count source is input and count started.

Reload

Counter content

(hexadecimal 2 1 0 n |n-1
notation) 4 : . H H H

Read value -
(hexadecimal 2 1 0 |FFFF|n-1

notation)

n=reload value Time

Fig. 2.8.14 Reading the timer Bi register

2. Interrupt request occurs by two factors 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
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2.9 Serial 1/0
Serial 1/0 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 1/0 (UART) port.

2.9.1 Serial 1/0 description

UARTO and UART1 can operate either as clock synchronous serial 1/0 port or asynchronous serial 1/0
(UART) port. These two serial /0 ports are independent, but have identical functions. Each serial I/O port
has a transfer clock generation timer (baud rate generator referred to BRG) and can be set a variety of
data transfer rate.

Figure 2.9.1 shows the serial 1/0 operating modes.

Each serial 1/0 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 I/O I
| Serialv0
Clock asynchronous serial I/0 (UART) 7-bit UART I
8-bit UART

9-bit UART

Fig. -2.9.1 Serial I/0 operating modes
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2.9.2 Block description

Figure 2.9.2 shows the block diagram of serial /0. The function of each related registers are described

below.
1} Data bus (odd) . - e
- - Data bus (even) I |
N
UARTI receive
I OI 0| 0] Ol OI OI 0IDBIW'DGIDSIDAIDSIDZ]DIDo buffer register
RxDi O {UARTI receive register|
UART
BRG count source selaction bits Recaive control | Recsive clock
b —o ! gircuit |
fis \—‘° UAR’r E il
foa —o Q! .
1/(n+1 - Transmit Transmission clock
fs12 ° o (n+1) o ° l control circuit Ir 1
[UARTi transmission registed———O TxDi
CW
Clock synchronous (Intemal clock) (Extenal clock) 1
UARTi transmission
CLKi O <l ID8|D7‘D6|D;{D4|B :;[Dle1lDo] buffer register
CTSIRTSI O Data bus (0dd) & & -~ - =]
. . Databus(even) : .: . - -}

Fig. 2.9.2 Serial I/O block diagram
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(1) UARTI transmit/receive mode register(i=0, 1)

The UARTO transmit/receive mode register(address 301) and the UART1 transmit/receive mode

register(address 3816) consist of bits to set serial I/O modes, transfer format.
Figure 2.9.3 shows the structure of the UARTi transmit/receive mode register.

b7 b6 b5 b4 b3 b2 b1 bo

UARTO transmit/receive mode register(address 301s)
R/W | R/W | R/W | R/W | R/W | R/W | R/W| R/W | yART1 transmit/receive mode register(address 38:s)

Serial I/0 mode selection bits

000 : Programmable I/O pin (Serial 1/O prohibited)
001 : Clock synchronous serial /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 set to “0” when using clock synchronous mode.
This register is cleared to “001¢” at reset.

Fig. 2.9.3 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 /0O modes.
Table 2.9.1 shows the relationship between the serial I/O mode selection bits and serial 1/O modes.
When bits 2 to 0 are set to “000”, serial /O is disabled and ports P80 to P83, and P84 to P87 function
as programmable 1/O ports. When one of the serial 1/O modes is selected, port P8 has the function
shown in Table 2.9.2 and loses its programmable 1/O port function (except for some pins in UART

mode).

Table 2.9.1 Relationship between serial /0 mode selection bits and serial I/0 modes

b2 | b1 | b0 Serial 1/0 mode selection bits
0 0 0 | Programmable 1/O pin (Serial 1/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 2.9.2 Function of port P8 when serial I/O is selected

Using UARTO Using UART1 Function
P80 P84 CTS/RTS (transmission control signal /O pin)
P81 P8s CLK (transfer clock I/O pin) (Note 1)
P82 P8s RxD (serial data input pin)
P83 P8z TxD (serial data output pin) (Note 2)

Note 1 :This depends on the internal/external clock selection bit as follows:
When external clock is selected : Clock input pin
When internal clock is selected :+Clock output pin in clock synchronous mode

*Normal I/O port in UART mode

Note 2 :TxD pin starts to output “H” level when one of serial I/O 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 to the BRG which
is described later.

When this bit is set to “0” to select an internal clock, the clock selected with the BRG count source
selection bit in the UARTi transmit/receive control register 0 becomes the BRG input clock. In this
case, the CLKi pin( ports P8:, P8s) can be used as a programmable 1/0O pin.

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.

OStop 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 is set to “1” (enabled).

OParity 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 to perform parity
check of received data. Whether to use odd parity or even parity is specified with bit 5.

When this bit is “1”, a parity is added at transmitting, or parity check is performed at receiving.

@®Sleep function selection bit (bit 7)
[Clock synchronous mode]
This bit must be set 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 I/O port. Refer
to section “2.9.5 Sleep mode”.
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(2) UARTI transmit/receive control register 0
The UARTO transmit/receive control register O(address 341s) and the UART1 transmit/receive control
register 0(address 3Ci6) consist of bits to select the BRG count source and CTS/RTS function, and a
flag that indicates the UARTI transmission register status. Figure 2.9.4 shows the structure of the
UARTI transmit/receive control register 0.

@®BRG count source selection bits (bits 0 and 1)
This bit is used to select the count source of the baud rate generator (BRG) when an internal clock
is selected. Table 2.9.3 shows the relationship between the BRG count source selection bits and the
count source.

Table 2.9.3 Relationship between BRG count source selection bits and count source

b1 b0 BRG count source

0 0 f2 selected which is the oscillating clock f(Xm) divided by 2

0 1 fie selected which is the oscillating clock f(Xiv) divided by 16

1 0 fes selected which is the oscillating clock f(Xin) divided by 64

1 1 fsi2 selected which is the oscillating clock f(Xw) divided by 512

OCTS/RTS function selection bit (bit 2) -
This bit is used to select CTS and RTS function. Port P8o functions as CTS/RTS pin for UARTO, P8s
as CTS/RTS pin for UART1.
When this bit is “0”, CTS function is selected. Port P80 or P84 becomes the CTS input pin. This pin
must be at “L” level in order for transmission to start. o
When this bit is “1”, RTS function is selected. port P80 or P84 becomes the RTS output pin. “H” level
is output when receive is disabled (the receive enable bit in UARTI transmit/receive control register
1 is “07). “L” level is output when receive is enabled (the receive enable bit is “1”). It returns to “H”
level when receive starts.

@Ttransmission register empty flag (bit 3)
This flag is set to “0” when the content of UARTI transmission buffer register is transferred to the
UARTI transmission register. It is set to “1” when transmission completes and the UARTi transmission
register becomes empty.

b7 b6 b5 b4 b3 b2 b1 bO

UARTO transmit/receive control register 0 (address 341s)
RIW | RIW | R/W UART1 transmit/receive control register 0 (address 3Ci)

’———'— 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 :Bit 3 is a read-only bit and set to “1” at reset.
Bits 0 to 2 are cleared to “0” at reset.
Bits 4 to 7 are undefined at reading.

Fig. 2.9.4 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 3D1s) consist of serial /0O enable bits, serial 1/0 status flags, and serial I1/O error
flags. Figure 2.9.5 shows the structure of the UARTI transmit/receive control register 1.

b7

b6 b5 b4 b3 b2 bt b

R

R R R R |RIW| R |R/W

[

UARTO transmit/receive control register 1 (address 351)
UART1 transmit/receive control register 1 (address 3D1)

Transmit enable bit
0 : Transmission disable
1 : Transmission enable

Transmission buffer empty flag
0 : Data in transmission buffer register
1 : No data in transmission buffer register

Receive enable bit
0 : Receive disable
1 : Receive enable

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 occurred

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.

The receive enable bit and each error flag are cleared to “0” when the receive buffer

register is read.

Fig. 2.9.5 UARTi transmit/receive control register 1 structure
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@Ttransmit enable bit (bit 0)
Serial 1/0O transmission is enabled when this bit is set to “1”. If this bit is set to “0” during transmitting,
serial 1/0O transmission is disabled after the current transmission completes.

®Transmission buffer empty flag (bit 1)
This flag indicates the status of the transmission buffer register. This bit is set to “1” when the content
of the transmission buffer register is transferred to the transmission register. This flag is automatically
cleared to “0” when data is written in the transmission buffer register.

®Receive enable bit (bit 2) o
Serial I/O 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 reglster
(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 content of the receive buffer
register is updated while there is data remaining in the receive buffer register (before the content of
the receive buffer register is 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 specified with 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 enable 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 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).
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(4) UARTI transmission register and UARTi transmission buffer register
The UARTO transmission buffer register(address 321, 331) and the UART1 transmission buffer
register(address 3A1s, 3B16) 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 content of UARTI transmission buffer register can not be read because it is a write-only register.
Figure 2.9.6 shows the block diagram of serial I/0 transmission.

Boooi. wii o Databus (even)! i i

UARTI transmission buffer register

[Ds] [D7[Ds[Ds[Da[Ds[D2]Di[Do]

8-bit UART
9-bit UART
Clock sync.

bits Party UART 9bit UART

TxDi

0
No pa 7-bit UART
8-bit UART

rity {Clock
synchronou:
l0cK sync
“Q”

Fig. 2.9.6 Serial 1/0 transmission block diagram

7-bit UART

UARTI transmission register

(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
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(address 3616, 3716) and the UART1 receive buffer register(address
3E16, 3F16) are registers to read the received data. The content of UARTi receive register is automati-
cally transferred to the UARTI receive buffer register when data receive completes.
The contents of the high-order 7 bits of the UARTI receive buffer register are always “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 content 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 2.9.7 shows the block diagram of serial /O receive.
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i+ Data bus (odd) |

- Data bus (even)

UARTi receive buffer register

[0T0 070 00 0]Ds |D7|D6|D5[D4EIED3]D2|D1[D(ﬂ

8-bit UART

2 stop bits i 9-bit UART
P Prlly UART,

RxDi O——1 5 > {in

1 stop bit No parity {Clock °
synchronous

UARTI receive register

Fig. 2.9.7 Serial 1/0 receive block diagram

(6) UARTI baud rate generator (BRG)

The UARTO baud rate generator (address 3116) and the UART1 baud rate generator (address 3916) are
timers used exclusively for serial I/O. It is equipped with a reload register and has a 8-bit structure.
The BRG divides the input clock by (n+1), where “n” is the value set in the BRG register. This register

can contain a value between 0016 and FFis.

In clock synchronous serial /0 mode, the BRG becomes effective when an mternal clock is selected

and the BRG output divided by 2 becomes the transmit/receive clock.

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 content of the BRG register can not be read because it is a write-only register.

Figure 2.9.8 shows the block diagram of shift clock generation.

@ Clock synchronous mode

l—T——> Transmission clock

I—-> Receive clock

F— Transmission clock

fi — BRG 1/2 0O
\Q—l Transmission control circuit
fext ) ‘ l——{ Receive control circuit

©® UART mode
£ 1/16 |  Transmission control circuit
_QO— BRG
| C 1/16 i Receive control circuit
fext

——» Receive clock

fi: Internal clock selected with the BRG count source selection bit
fEXT: External clock input to the CLKi pin

Fig. 2.9.8 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 1/0 function is selected. Each
interrupt has an interrupt control register. Interrupt control register consists of interrupt priority level
selection bits and interrupt request bit. Figure 2.9.9 shows the structure of UARTI transmission inter-
rupt control register and UARTI receive interrupt control 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 there is an interrupt request, 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 greater than IPL (interrupt disable flag | must be “0"). Set the
corresponding 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.

b3 b2 b1 bo UARTO transmission interrupt control register (address 7116)
R/W | R/W | R/W | R/w | UARTO receive interrupt control register (address 7216)
UART1 transmission interrupt control register (address 7316)
UART1 receive interrupt control register (address 7416)

Interrupt priority level selection bits
000 : Level 0 (disable interrupt)
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.

Fig. 2.9.9 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 I/0 mode
selection bits of the UARTI transmit/receive mode register. When using port P8 as serial 1/0 input pins,
the corresponding bit in the direction register must be set to “0”(input mode). When using port P8 as
serial 1/0 output pins, it functions as serial I/O output pins regardless of the direction register.
Figure 2.9.10 shows the relationship between the port P8 direction register(address 1416) and the serial
1/0O pins.

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 P8 direction register (address 141s)

LE?SB input/RTSo output pin
CLKo I/0 pin

RxDo input pin

TxDo output pin

CTS1 input/RTS1 output pin
CLK1 I/O pin

RxD1 input pin

TxD1 output pin

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

Fig. 2.9.10 Relationship between port P8 direction register and serial I/0 pins
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2.9.3 Clock synchronous serial 1/0
Table 2.9.4 shows the performance of clock synchronous serial I/O mode.

Table 2.9.4 Clock synchronous serial I/O description
Parameter Function
Data format 8 bit fixed, LSB first
Transmission speed |Internal clock BRG output divided by 2
External clock 2Mbps maximum (at f(Xin)=8MHz)
4Mbps maximum (at f(Xin)=16MHz)
5Mbps maximum (at f(Xin)=25MHz)
Transmit/receive control CTS input or RTS output can be selected by program.

(1) Synchronous clock (shift clock)
The serial I/O data transfer rate is determined by the synchronous clock (shift clock). The M37702
group can select whether to generate this clock internally or to use an external 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
the transmitter. Therefore, the transmitter must be activated even when performing receive only.

@Using 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 1/O timer which has a 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 BRG register. It can be set a value
between 0016 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 trans-
mitter.

@®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 /0 mode is described below.

[Setting the control registers]
Set each serial I/O control register for transmission.

OUARTI transmit/receive mode register
*Serial I/0O mode selection bits
Set the bits 2 to 0 to “001”.

Internal/external clock selection bit
Select either an internal clock (“0”) or an external clock (“1”).

+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 “0” when using CTS function, and to “1” when not use.

QUARTI baud rate generator(BRG)
«Dividing ratio
Set the BRG value between 001 and FF1s when an internal clock is selected for synchronous clock.

@®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.

@®UARTI transmission interrupt control register
«Interrupt 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.

®UARTI transmission buffer register
«Transfer data
Set a transfer data to the low-order byte of UARTI transmiission 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 2.9.11 shows the setting example of clock synchronous serial 1/0 related registers at transmit-
ting.
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(UARTO transmit/receive mode register (address 3016) \
UART1 transmit/receive mode register (address 3816)

b7 b0
ol [ [ 1 fofoft]

Internal/External clock selection bit
0: Internal clock
1 : External clock

\_ Fix to “0". Y,

IHHHJ

-

UARTO transmit/receive control register O (address 3416)
UART1 transmit/receive control register 0 (address 3Cis)
b7 b0

|—L BRG count source selection bits
00 : f2 selected
01 : fi6 selected
10 : fo4 selected
11 : fs12 selected

CTSRTS function selection bit
0 : CTS function selected

1 :RTS function selected (CTS
\§ function disabled) J

UARTO BRG register (address 3116)
UART1 BRG register (address 3916)

CTTTITTTIT]
N\

J
h'd
Set a value between 0016 and FF1e.

Necessary only to select internal clock.
[

(Pon P8 direction register (address 1416)

b7 b0
L] lofo] | fofo]

Corresponding to CTSo pin
Corresponding to CLKo pin

Corresponding to CTS1 pin
Corresponding to CLK1 pin

-
L EEEEEEENE N ENENEEEEEECECEEECNENCONEENEECONGEEREOEOEEEENCNCNCNCONGEOCOESOECOEEEEGE@E@E

hoossoonomsococo@mmon

PR R

n

UARTO transmission interrupt control register (address 7116)

UART1 transmission interrupt control register (address 7316)
b7

CITTITTI1]

Interrupt priority leve! selection bits
Set to level 1 to 7 when using
interrupts.

UARTO transmission buffer register (address 3216)
UARTH1 transmission buffer register (address 3A16)

b7 b0

HEEEREEN

— _/
'

Set a transmit data.

e =@
\

UARTO transmit/receive control register 1 (address 3516)
UART1 transmit/receive control register 1 (address 3D16)

b7

CTTTTTTT

Transmit enable bit
0 : Transmission disable
1 : Transmission enable

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 flag is “0").

@CTSipin input level is “L” (in case of selecting CTS function).

Fig. 2.9.11 Setting example of clock synchronous serial I/O related registers at transmitting
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[Transmit operation] '
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 selected),
the following operations are performed automatically at the same time :

®Transfer the content 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”.

O®UARTI 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. When the 1-byte data transmission is completed by the 8 shift clocks, the
transmission register empty flag is set to “1”. Figure 2.9.12 shows the clock synchronous serial 1/0
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 2.9.13 shows the timing diagram of clock synchronous serial /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

D7 |De | Ds | Ds | D3 | D2

UARTI transmission register

D+

Do

Shift clock

"|D7|Ds |Ds | D4 | Ds

D-

Di

D7 |Des | Ds | Da

11}

Ds

D-

D7 | Ds | Ds

<

Mp

Da

Ds

JRarapapararaagan

Fig. 2.9.12 Clock synchronous serial /O transmit operation

—  —1/fix(ne1) x2
Transmit
clock

Transmit “1” ] I |
enable bit “0” Write in UART! transmission -

Tt')ra'?smission wqr buffer register.
uffer empty ., 4’\ . .
flag 0 I——" 1 \UARTI register

H ! « UARTI transmission buffer register
“H” _L__]
L |

Transmission “1” _|
register

]

CTS: L L
| -—>{ ‘<—- 1/1fix (n+1) x2 Stop because transmit enable bit is “0".

CLKi .

Tenoi I H i I_I :: ﬂ

TXDi ;

XXX oXEr_ Yoo aXXoXoXEXD_ Yoo XXX oo

—

empty flag “0”

fi: Selected internal clock frequency

Tenoi : Check next transmit condition when this signal becomes “H” level.
(Tenoi is an internal signal and can not be observed externally.)

n : Value set in the BRG

Fig. 2.9.13 Clock synchronous serial I/O timing diagram at transmitting (selecting internal clock)
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(3) Serial data receive
The data receive method in clock synchronous serial I/O mode is described below.

[Setting the control registers]
Set each serial I/O control register for receive.

@UARTI transmit/receive mode register
«Serial 1/0 mode selection bits
Set the bits 2 to 0 to “001".

Internal/external clock selection bit
Select either an internal clock (“0”) or an external clock (“17).

+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 “1” when using RTS function, and to “0” when not use.

@UARTI baud rate generator (BRG)
+Dividing ratio
Set the BRG value between 001 and FFis 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.

QUARTI receive interrupt control register
sInterrupt 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.

QUARTI 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 2.9.14 shows the setting example of clock synchronous serial 1/O related registers at receiving.
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fUARTO transmit/receive mode register (address 3016)
UART1 transmit/receive mode register (address 3816)

o] T[T Jolel]
I :

Internal/External clock selection bit
0 : Internal clock
1 : External clock

UARTO receive interrupt control register (address 7216)
UART1 receive interrupt control register (address 7416)

N . b7 bo
- e S LTI T TTT]
L]
]
i Interrupt priority level selection bits
! Set to level 1 to 7 when using
e ~ interrupts.
UARTO transmit/receive control register 0 (address 3416)
UART1 transmit/receive control register 0 (address 3Cis) a
b7 b0 g
]
LI TP ] .

UARTO transmission buffer register (address 321s)
UART1 transmission buffer register (address 3A16)

L.l: BRG count source selection bits
00: f2 selected

01 : fie selected b7 bo
10 : fo4 selected
11 : f512 selected l I | | | J J I |
R - J
CTS/RTS function selection bit VT
0 : CTSfunction selected (RTS Set a dummy data
function disabled) ummy data.
\_ 1 : RTS function selected Y, :
o u
g [
] -
! (UARTO transmit/receive control register 1 (address 3516) )
UARTO BRG register (address 3116) UART1 transmit/receive control register 1 (address 3D16)
UART1 BRG register (address 3916) b7 b0
T T T T T HEEERREN
) Transmit enable bit
N 0 : Transmission disable
1 : Transmission enable
Set a value between 0016 and FFis
Receive enable bit
Necessary only to select internal clock. 0 : Receive disable
[ 1 : Receive enable
]
] _ J
4 Port P8 direction register (address 1416) N

b7 b0
[ fofo] [ Jofo] ]

Receiving operations start.

Corresponding to CLKo pin
Corresponding to RxDo pin

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").

Corresponding to CLK1 pin
Corresponding to RxD1 pln/

Fig. 2.9.14 Setting example of clock synchronous serial I/0 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 “17).

@ 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 pin on the transmit

side. Figure 2.9.15 shows the connecting example of clock synchronous serial 1/O.

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
content of the UARTI receive register is 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 content of UARTI receive register is 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”,
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 information. The receive
completion flag is cleared to “0” when the UARTi receive buffer register is read.

Figure 2.9.16 shows the clock synchronous serial I/O receive operation and Figure 2.9.17 shows the
timing diagram at receiving (external clock is selected, RTS function is selected).

Transmit side ’ Receive side
TxDi TxDi
RxDi é><%- RxDi
CLKi CLKi
CTSi RTSi

Fig

. 2.9.15 Connecting example of clock synchronous serial 1/O

’
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MSB UARTI receive register LSB

I D 2
il D 2
mlilila s 2

MSB LSB

1M FIFLFIFIE D7 |De|Ds|Ds |Ds D2 | D1 | Do
b7 b0

UARTI receive buffer register Receive data

Fig. 2.9.16 Clock synchronous serial I/O receive operation

Receive “1"
enable bit ug?

1

Transmit “1”
enable bit wg» |
|

Write dummy data in UARTI

Transmission “1” : transmission buffer register.
buffer emFty e !
flag "0 T 1 UARTi transmission register

! « UARTi transmission buffer register

- llH"
RTSI .

CLKi

RxDi

1" Read UARTI receive

Receive buffer register.

completion flag no?

Fi : External clock frequency

Fig. 2.9.17 Clock synchronous serial I/0O timing diagram at receiving (selecting external clock)
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[Precaution during clock synchronous serial 1/0 receive]

1. With clock synchronous serial 1/O, shift clocks are generated by operating a transmitter. Therefore, trans-
mission operations must be performed even if only receive is necessary. Also note that dummy data is
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 content 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 transmission
buffer register as each receive.
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2.9.4 Clock asynchronous serial I/0 (UART)
Table 2.9.5 shows the serial 1/O performance in UART mode.

Table 2.9.5 UART description

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 data format must be set beforehand. The setting of the baud rate

and the transfer format are described below.

Baud rate*' : Frequency of the clock used for transmission and receive.

(1) Transmission rate
The serial data transfer rate is determined by the baud rate. The baud rate is set by the BRG. The
BRG is a frequency divider that has 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(Xn) 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 2.9.6 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

BRG.

“n” = Fi/(16XB) - 1, where “B"=the required baud rate, “Fi"=the clock frequency input to the BRG
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Table 2.9.6 Baud rate selection table (1)

Baud rate (bps) f(Xin)=8MHz f(Xin)=16MHz
Rated Actual fi BRG value fi BRG value
75 75.12 fs12 12 (0Ch1e) fs12 25 (1916)
110 110.04 fes 70 (4616) foa 141 (8D1e)
134.5 134.70 fes 57 (3916) fea 115 (7316)
150 150.24 foa 51 (3316) fea 103 (6716)
300 300.48 foa 25 (1916) fea 51 (3310)
600 600.96 fos 12 (0C1e). foa 25 (1916)
1200 1201.92 fie 25 (191s) f1e 51 (3316)
2400 2403.85 f1e 12 (0C1s) f1e 25 (1916)
4800 4807.69 f2 51 (3316) f2 103 (6716)
9600 9615.39 fa 25 (1916) fa 51 (3316)
19200 19230.77 f2 12 (0C1s) fa 25 (1916)
31250 31250.00 f 7 (0718) f2 15 (OF16)
62500 62500.00 f2 3 (0316) f2 7 (0716)
125000 125000.00 f2 1 (0116) f2 3 (0316)
250000 250000.00 f2 0 (001s) f2 1 (011e)
500000 500000.00 f2 — f2 0 (0016)

Table 2.9.6 Baud rate selection table (2)

Baud rate f(Xin)=20MHz f(Xin)=25MHz
(bps) fi BRG value Actual (bps) fi BRG value Actual (bps)
150 fea 129 (811) 150.24 fos 162 (A216) 149.78
300 foa 64 (4016) 300.48 fos 80 (5516) 301.41
600 f1e 129 (811¢) 600.96 f1e 162 (A216) 599.12
1200 f1e 64 (401¢) 1201.92 f1e 80 (5516) 1205.63
2400 f1s 32 (2019) 2367.42 f1s 40. (2816) 2381.86
4800 f 129 (8115) 4807.69 fo 162 (A21s) 4792.94
9600 fa 64 (4016) 9615.38 - f2 80 (5516) 9645.06
19200 f2 32 (2016) 18939.39 f2 40 (2816) 19054.88
31250 f2 19 (1316) 31250.00 f2 24 (1816) 31250.00
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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 modes shown by Figure 2.9.18.

UART mode sty [— (T’(?:'EZE’:?::;D paty i) [ —] st0p b
| 7-bit UART mode 1ST |—  7DATA [ 1sP
1ST | 7DATA 2SP

1T |—| 7pATA  |—{1PAR | 15P |

1T |—| 7pATA  |—{1PAR [—] 2sP |
| 8bit UART mode | { 1sT | 8DATA 1SP
—{ 1ST |—{ 8DATA 2SP

—{ 1sT | BDATA —1PAR | 1sP |

L1 1sT || 8DATA | —{1PAR | 2sP |

9-bit UART mode 15T |—{  oDATA
1ST |— 9DATA 2SP

1ST |—{ 9DATA  |—{1PAR | 15P |

1T |~ 9pATA  |—{1PAR [ 2sP |

Fig. 2.9.18 Data format for transfer
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Figure 2.9.19 shows the data format for example and Table 2.9.7 shows the transfer data in UART

mode

uHu

Example of | 8-bit UARTmode |—— 1ST }— 8DATA |—{1PAR | 1sP |

—> Time The next transfer data
(during continuous output)

ST

Transfer data L

eg——————— 8-bitdata — g

LSB | [ " | [vss | PART sP ST | |

Fig. 2.9.19 Data format example

Table 2.9.7 Transfer data in UART mode

ltem 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) 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 1/0 control register for transmission.

QUARTI transmit/receive mode register
«Serial 1/0 mode selection bits
Select the data length with the bits 0 to 2.

Table 2.9.8 Setting of UART mode

b2 | b1 | b0 UART operation mode
11 0| 0 |7-bit UART mode
1| 0| 1 |8-bit UART mode
1| 1] 0 |9-bit UART mode

*Transfer format
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled.

«Internal/external clock selection bit
Select either an internal clock (“0”) or an external clock (“1”) 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.
(See “2.9.5 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.

®UARTI baud rate generator(BRG)
Dividing ratio
Set the BRG value between 0016 and FFie.

@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

Interrupt 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.

O®UARTI transmission buffer register
«Transfer data
Set a transfer 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.

@®UARTI transmit/receive control register 1
*Transmit enable bit
Set the bit 0 to “1” to enable transmitting.
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Figure 2.9.20 shows the setting example of UART related registers at transmitting.

]
(UARTO transmivreceive mode register (address 3016) W L}
UART1 transmit/receive mode register (address 3816) Port P8 direction register (address 1416)

b7

CTTTITIT]
[TT

b7 b0
LI folo]l [ [ofo]

Serial I/0 mode selection bits
100 : 7-bit UART
101 : 8-bit UART
110 : 9-bit UART

Corresponding to CTSo pin
Corresponding to CLKo pin

Corresponding to CTSt pin
Corresponding to CLK1 pin

Internal/External clock selection bit
0 : Internal clock
1: External clock

UARTO transmission interrupt control register (address 7116)
UART1 transmission interrupt control register (address 7316)

[TTTTIT1]

Stop bit length selection bit
0 : One stop bit
1 : Two stop bits

Odd/Even parity selection bit
0 : Odd parity
1: Even parity

Interrupt priortty level selection bits
Setto level 1 to 7 when using

Parity enable bit
0 : Parity disabled

1+ Parity enabled interrupts.
Sleep function selection bit T
0 : Sleep function disabled 1
! 1 : Sleep function enabled ]
- [ UARTO transmission buffer register (address 3216, 3316)
X UART1 transmission buffer register (address 3A16, 3B16)
L) bo b7 bo
UARTO transmit/receive control register 0 (address 3416) D I | I T | I I l I
UART1 transmit/receive control register 0 (address 3C16) _ J
b7 b0 YT
I | J I | L I I I Set a transmit data.
]
BRG count source selection bits :

00 : f2 selected

01 : f16 selected J
10 : fea selected

11 : fs12 selected

UARTO transmit/receive control register 1 (address 3516)
UART1 transmit/receive control register 1 (address 3D16)

CTT T T

 S—,

CTS/RTS function selection bit
0:CTSfunction selected
1 : RTS function selected (CTS

\_ function disabled) ) Transmit enable bit
5 0 : Transmission disable
[ ] 1 : Transmission enable
]

UARTO BRG register (address 3116)
UART1 BRG register (address 3916)

b0

EEEEEEEE
g

/)

~

Set a value between 0016 and FF1s.

Transmitting operations start.

J
P am v ew ew RN B M Gw B W N BN RE WM Br BN BN ST BN SN BN BN B KX RN BY BN A ON BN N R G RN SN O SN Gw G O M N W R W BN BN OW MW N O O3 R DN DN BN TN BN B N R AN Dy M N WM M

u

]

!_ 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 flagis “0").

@CTSipin input level is “L” (in case of selecting CTS function).

’

Fig. 2.9.20 Setting 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 transmitted
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
selected), the following operations are performed automatically at the same time :

@Transfer the content 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".

QUARTI 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 transmitted. 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 2.9.21 shows the timing diagram of 8-bit UART at transmitting (with parity, 1 stop bit and CTS
function). Figure 2.9.22 shows the timing diagram of 9-bit UART (with 2 stop bits, no parity and no CTS
function).

137



FUNCTIONAL DESCRIPTION
2.9 Serial I/0

_.| }4_(1/f|0I’1/fEXT)X(n+1)X15
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"
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Start bit bit bt \ enable bit is *0'
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.| 1 |

empty flag “0"

fi : Selected internal clock frequency

fext : Selected external clock frequency

Tenpi : Check next transmit condition when this signal becomes “H” level.
(Tenpi is an internal signal and cannot be observed externally.)

n : Value set in the BRG

Fig. 2.9.21 8-bit UART timing diagram at transmitting (with parity and 1 stop bit)

—] e (1/fi0r /fex) X (n+1) X 16
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Tenpi : Check next transmit condition when this signal becomes “H” level.
(Tenoi is an internal signal and cannot be observed externally.)

n : Value set in the BRG

Fig. 2.9.22 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/O control register for receive.

@UARTI transmit/receive mode register
Match the format with the transmitting side.
«Serial /0 mode selection bits
Select the data length with the bits 0 to 2.

Table 2.9.9 Setting of UART mode

b2 | b1 | b0 UART operation mode
0| 0 |7-bit UART mode
0| 1 |8-bit UART mode
1| 0 |9-bit UART mode

U N 'Y

*Transfer format
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled.

Internal/external clock selection bit
Select either an internal clock (“0”) or an external clock (“1”) 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.
(See “2.9.5 Sleep mode” for details of 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 BRG input clock.

+CTS/RTS function selection bit
Set the bit 2 to “1” when using RTS function, and to “0” when not use.

®@UARTI baud rate generator(BRG)
+Dividing ratio
Set the BRG value between 0016 and FFe.

@Port P8 direction register
«Port direction selection bits
Set the corresponding bit to “0” to the TxDi pin and the CLKi pin when an external clock 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.

®UARTI transmit/receive control register 1
*Receive enable bit
Set the bit 2 to “1” to enable receiving.

Figure 2.9.23 shows the setting example of UART related registers at receiving.
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[UARTO transmit/receive mode register (address 3015)
UART1 transmit/receive mode register (address 3816)

CTITITTL]

Serial I’O 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 : Odd parity
1 : Even parity

Parity enable bit
0 : Parity disabled
1 : Parity enabled

Sleep function selection bit
0 : Sleep function disabled
1 : Sleep function enabled

Match the format wit11 transmitting side.

(UARTO transmit/receive control register 0 (address 3416)
UART1 transmit/receive control register 0 (address 3C16)

CTITTITIL]

BRG count source selection bits
00 : f2 selected

01 : f16 selected

10 : fe4 selected

11 : f512 selected

CTS/RTS function selection bit

0 : CTS function selected (RTS
function disabled)

\_ 1 : RTS function selected Y,

T

[

]

UARTO0 BRG register (address 3116)
UART1 BRG register (address 3916)

b7 b0
HEEEEEEE
- J
Y

Set a value between 0016 and FF16.

 §
n
[ |
I sssssssssseemw

[Port P8 direction register (address 1416) )

[l T Tolel ]

Corresponding to CLKo pin
Corresponding to RxDo pin

Corresponding to CLK1 pin
Corresponding to RxD1 pin

o J
[]
[ ]
[]

UARTO receive interrupt control register (address 7216) N

UART1 receive interrupt control register (address 7416)

CTTTTIITL]

Interrupt priority level selection bits
Set to level 1 to 7 when using
interrupts.

-~

J
]
[]
[ ]
UARTO transmit/receive control register 1 (address 3516) )
UART1 transmit/receive control register 1 (address 3D16)
b7 b0
HEEEEIEE
Recelve enable bit
0 : Receive disable
1: Receive enable -
_J/

Receiving operations start.

Receiving operations start when the following conditions are satisfied :
@Reception is enabled (the receive enable bit is “1”).

@Detect the start bit.

Fig. 2.9.23 Setting example of UART related registers at receiving
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[Receive operation] (when using an external clock)
The reception of serial data starts when the following conditions are satisfied :

@ Reception is enabled (the receive enable bit is “17).
® 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 “17, 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 pin on the transmit side. Figure 2.9.24
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 content of UARTI receive register is shifted by 1 bit to the right. This operation is
repeated to receive the entire data from ST to SP. Then the content of UARTI receive register is
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”. 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 UARTI receive buffer register is read. o
Figure 2.9.25 shows the timing diagram of 8-bit UART at receive (no parity, 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 content of the
UARTI receive buffer register). In this case, the next data is written in the UARTi receive buffer
register. Therefore, if an overrun occurs, the transmit and receive programs must make arrangements
to re-transmit the data. The interrupt request bit is not set to “1” when an overrun error occurs.

Transmit side Receive side
TxDi TxDi
RxDi e><ﬁ RxDi
CTSi RTSi

Fig. 2.9.24 Connecting example of UART
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. Selected
internal clock

. ALV, AU TAA
external clock .

Receive *1” —mm——— — ...
enable bit “0”

Stop bit

RxDi

Receive clock . | I |

Start at the rising edge of start bit.

Receive
completion oL I

ffag ~ —7—70 ] — /===

T 1 | T

Fig. 2.9.25 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 are cleared to “0” when the low-order byte of the UARTI receive bufifer 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), or the next receive data
becomes available before the content of the UARTI receive buffer register is read.

®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.

®Sum 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 the error sum flag.
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2.9.5 Sleep mode

Sleep mode is used for communication between certain microcomputers when multiple microcomputers are
connected through serial 1/0.

Sleep mode is entered by setting the UARTI transmit/receive mode register bit 7 to “1”. In sleep mode, the
content of UARTI receive register is 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 2.9.26 shows the sleep mode.

Main
microcomputer

Sub Sub Sub Sub
microcomputer microcomputer microcomputer microcomputer
A B C D

Fig. 2.9.26 Sleep mode
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2.10 A-D convetrter

The M37702 has a built-in 8-bit A-D converter that performs successive approximation to convert analog
values input from pins ANo — ANz to digital values.
The A-D converter provides four selectable conversion modes.

2.10.1 A-D converter overview
Table 2.10.1 shows a performance overview of the A-D converter.

Table 2.10.1 A-D converter performance overview

Parameter

Description

Analog input pin

8 pins (ANo to ANv)

A-D conversion mode

One-shot mode

Repeat mode

Single sweep mode

Repeat sweep mode

A-D conversion method

Successive approximation

Resolution

8

bits

Absolute accuracy

+3LSB

Conversion speed

57¢ap cycles ¢ao : A-D converter operating clock
(for 1 analog input pin)

The A-D converter provides the following four converéion modes.

®0ne-shot mode .........

®Repeat mode .............

@Single sweep mode..

@®Repeat sweep mode

The input voltage to the 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.

The input voltage to the selected analog input pin is repeatedly converted. The
results are stored in the corresponding A-D register, but no A-D conversion
interrupt request occurs.

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, ANs,... 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 converted.

This is similar to single sweep mode except that conversion is repeated in
order from the ANo pin without an interrupt request after converting the last
pin.
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2.10.2 Block description
Figure 2.10.1 shows the block diagram of the A-D converter. The A-D converter related registers are

described below.

VREF O— -
Resistance Vref
ladder
AVss O—
A
HEEEEEEN
I
Successive approximation T T
register A-D control register Y yy
A-D register 0 (address 2016) (address 1E16)
A-D register 1 (address 2216)
A-D register 2 (address 2416)
A-D register 3 (address 2616)
A-D register 4 (address 2816) Decoder
A-D register 5 (address 2A16)
A-D register 6 (address 2C16)
A-D register 7 (address 2E16)
§ -Data bus (even) 1 i
ANo O 0~—~0——4
AN1 O- 0 O
AN2 O 0~—~O-
ANz O 00—
AN4 O —0 O
ANs O 00
ANs O O~—~0——¢
AN7/ADTRG O -0~ 00—
Selector

Comparator

Fig. 2.10.1 A-D converter block diagram
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(1) A-D control register
The A-D control register (1E1s) consists of bits that control the A-D converter. Figure 2.10.2 shows the
structure of the A-D control register followed by description of each bit.

b7

b6

b5

b4

b3

b2

b1

b0

R/W

R/IW

R/W

R/W

R/W

R/W

R/wW

R/W

A-D control register (address 1E16)

L——[—I—Analog input pin selection bits

000
001
010
011
100
101

110 :

111

A-D

00 :

01
10
11

Note: ANo pin(port P77) functions as ADrrc 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.

: ANo pin
: AN1 pin
: AN2 pin
: AN3 pin
. AN4 pin
: AN5 pin
ANs pin
: AN7 pin

mode selection bits

One-shot

: Repeat mode
. Single sweep mode
. Repeat sweep mode

Trigger selection bit
0 : Software trigger (internal trigger)
1 : AD7ra input trigger (external trigger)

A-D conversion start flag
0 : Stop A-D conversion
1 : Start A-D conversion

A-D conversion frequency (¢AD) selection flag
0 : Clock oscillating frequency divided by 8 (f8)
1 : Clock oscillating frequency divided by 4 (f4)

selected
selected
selected
selected
selected
selected
selected
selected (Note)

mode

Fig. 2.10.2 A-D control register structure
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®Analog input selection bits (bits 0 to 2) Table 2.10.2 Relationship between analog input pin se-
The analog input selection bits are used to select lection bits and analog input pins
the analog input pin in one-shot mode and repeat b2 | bl b0 Analog input pin
mode. The selected analog input pin remains 0 0 0 ANo pin selected
unchanged when the mode is switched between 0 0 1 AN+ pin selected
one-shot mode and repeat mode. These bits 0 1 0 ANz pin selected
are ignored in single sweep mode and repeat 0 1 1 ANs pin selected
sweep mode. If an external trigger is selected ] 0 0 AN pin selected
with the trigger selection bit (described later), 1 0 1 ANs pin selected
port P77 functions as ADrra pin and cannot be 1 1 0 ANs pin selected
used as AN pin. 1 1 1 | ANz pin selected

Table 2.10.2 shows the relationship between
the analog input selection bits and analog input
pins.

®A-D mode selection bits (bits 3, 4)
The A-D mode selection bits are used to select one of the four available conversion modes. Table
2.10.3 shows the relationship between the A-D mode selection bits and the conversion modes.

Table 2.10.3 Relationship between A-D mode selec-
tion bits and conversion modes

b3 A-D conversion mode

0 One-shot mode

1 Repeat mode

0 Single sweep mode

1 Repeat sweep mode

_L_a.oog

OTrigger 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 AD7ra pin) is
selected when this bit is “1”.

<Internal trigger>
A trigger is generated and A-D conversion starts when the A-D conversion start flag (described later)
is set to “1”.

<External trigger>

A trigger is generated when the level of the signal input to the AD7ra 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 case, the conversion is repeated from the beginning. The
ADrre pin is shared with the ANz (port P77) pin. Therefore, the ANz pin cannot be used as 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 triggers
An internal trigger is generated 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 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 ADrre pin. If
external trigger is selected, this flag is not cleared to “0” after conversion.

®A-D conversion frequency selection flag (bit 7)
This flag is used to select the A-D converter operating frequency (¢ao). When this flag is “0”, the clock
frequency f(Xiv) divided by 8 is selected. When this flag is “1”, the clock 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 beginning
of A-D conversion. In single sweep and repeat sweep mode, A-D conversion completes after 57 x
number of selected pins x ¢ao 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 2.10.4 shows the relationship between the A-D conversion frequency selection flag and the A-
D converter operating clock and conversion time.

Table 2.10.4 Relationship between A-D conversion frequency
selection flag and the A-D converter operating
clock and conversion time

A-D frequency selection flag “0” “1"
A-D ; _ f(Xin) _ (XN
-D converter operating clock @ap= -5 ¢aD= -7
Conversion time f(Xin)=8MHz 57.0 us 28.5 us
(Note) | f(Xn)=16MHz 28.5 us 14.25 us
f(Xin)=25MHz 18.24 us 9.12 us

Note. Conversion time per one analog input pin
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(2) A-D register i (i=0 to 7)

The A-D registers (address 2016 to 2E16) are 8-bit read only registers. The conversion results (content
of successive approximation register) are stored in these registers. Each A-D register corresponds to
an analog input pin. The content of the A-D register can be read during A-D conversion. However, if
the A-D register corresponding to the analog input being converted is read, the previous conversion
result is obtained.

Table 2.10.5 shows the relationship between the analog input pin and A-D register and Figure 2.10.3
shows the structure of A-D register.

Table 2.10.5 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
ANz pin A-D register 4 2816
ANs pin A-D register 5 2A16
ANs pin A-D register 6 2C1s6
ANz pin A-D register 7 2E1s

b7 b6 b5 b4 b3 b2 bt Dbo

R|R|{R|R|R|R| R| R |ADregisteri(i=0to7)

{Conversion resultl ‘

Note: This register is undefined at reset.

Fig. 2.10.3 A-D register i structure

(3) 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) is transferred to A-D register after comparing bit 0. The content of
the successive approximation register changes according to the comparison result of each bit. Therefore,
the compare reference voltage Vet also changes according to the content of the successive ap-
proximation register. The analog input voltage Vi is selected by the decoder (refer to section “2.10.3
Successive approximation conversion”).
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(4) A-D conversion interrupt control register
The A-D conversion interrupt control register (address 7016) consists of interrupt priority selection bits
and interrupt request bit. Figure 2.10.4 shows the structure of the A-D conversion interrupt control
register. Refer to section “2.6 Interrupts” for more information concerning interrupts.

b3 b2 b1 b0
R/W | R/W | R/W | R/W | A-D conversion interrupt control register (address 7016)

Interrupt priority selection bits
000 : Level 0 (disable interrupt)
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.

Fig. 2.10.4 A-D conversion interrupt control register structure
®Interrupt priority 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 there is an interrupt request, 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 greater than IPL (interrupt disable flag | must be “0”). Set these bits

to “000” 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.
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(5) Port P7 direction register
The analog input pin is shared with port P7. When using these ports as analog input pins or using port
P77 as external trigger input pin, the corresponding bit in the port P7 direction register must be set
to “0” (input mode).
Figure 2.10.5 shows the relationship between the port P7 direction register (1116) and analog input
pins.

b7 b6 b5 b4 b3 b2 b1 bo

R/W|R/W |R/W|R/W|R/W|R/W|RW]|R/W| Port P7 direction register (address 1116)
'————ANo pin

AN1 pin

AN2 pin

AN3 pin

AN4 pin

AN5 pin

ANs6 pin

AN7 pin / ADTRG pin

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

Fig. 2.10.5 Relationship between port P7 direction register and analog input pin
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2.10.3 Successive approximation conversion

A-D conversion starts when an internal or external trigger is generated.

A-D conversion is performed by successive approximation. When A-D conversion starts, the following
operations are performed to convert analog values to digital values.

@lnitialization 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 reference voltage Vet is compared
with the input voltage Vin and bit 7 changes as follows:

Unchanged if Viet < Vin
Cleared to “0” if Vit > Vin

The reference voltage input to Vaer pin must be set between AVss and AVcc.
The compare reference voltage Vwet depends on the value in the successive approximation register. Table
2.10.6 shows the relationship between Vwi and the value in the successive approximation register.

Table 2.10.6 Relationship between successive approximation register and Vet

Content of successive approximation register | 0 1 to 255
. Vrer/256 X (n-0.5)
Comparison reference voltage Vet (V) 0 | n: The content 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 stored in the A-D register when comparison of
bit 0 completes.

Table 2.10.7 shows the change in the successive approximation register and compare voltage during A-D
conversion.
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Table 2.10.7 Change in successive approximation register and compare voltage during A-D con-

version

Successive approximation register

Compare voltage Vref

Conversion start

First comparison

Second comparison

Third comparison

Eighth comparison

Conversion completed

b7 b0
[ofofofofofo]ofo]
[1]ofofofofofo]o]

L] rJofofofofofo]

1st comparison result

[nfns{1]ofofo]ofo]
2nd comparison result
[}
=
1}
=

|n7|ne|ns|n4|ns|nz|n1| 1]

[ e e [oe [ [ e[ [ ]

0[V]

Veer Ve
2 52

Vrer | VRer  Vrer

2 ~ 4 T 512 v

vl
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2.10.4 A-D conversion mode

Four different A-D conversion modes can be selected with the A-D 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).

Error is magnified if the input voltage to the analog input pin changes during A-D conversion. Make sure
the input voltage to the analog input pin does not change during the A-D conversion interval which is ¢ap
x 57 cycles (¢ao is f(XiN)/8 or f(Xin)/4) per pin.

Each conversion mode is described below for case 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 interrupt request occurs when conversion completes. The
analog input pin must be selected before generating 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 generated and A-D conversion
starts. After 57 cycles of ¢ao, A-D conversion completes, the content of the successive approximation
register (converted result) is transferred to the A-D register. At the same time, the A-D interrupt request
occurs and the A-D 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 ADtre pin changes from “H” to “L” (falling edge) while
the A-D conversion start flag is set to “1” . When A-D conversion completes after 57 cycles of ¢ao, the
content of the successive approximation register (converted result) is transferred to the A-D register.
At the same time, the A-D interrupt request occurs and the A-D interrupt request bit is set to “1”. At
this point, the A-D conversion start flag remains “1”. Therefore A-D conversion can be repeated by
generating another trigger. A trigger can also be generated during A-D conversion.
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2.10 A-D converter

(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 occur and the A-D conversion start flag is not
cleared to “0" automatically. The conversion of the selected pin is repeated while the A-D conversion
start flag is “1”.
The analog input pin must be selected before generating 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 generated and A-D conversion
starts. Each time an A-D conversion completes, the content of the successive approximation register
(converted result) is transferred to the A-D register. 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 ADtre 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 content of the
successive approximation register (conversion result) is transferred to the A-D register. The A-D con-
verter does not stop at this point and conversion is repeated.
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2.10 A-D converter

(3) Single sweep mode [A-D control register bits 4, 3=“10"]

In single sweep mode, multiple analog input pins can be converted. The analog input pins are selected
by bits 0 and 1 of the A-D sweep pin selection register (address 1Fis) shown in Figure 2.10.6. The
number of analog input pins can be selected among either 2, 4, 6, or 8 pins. The analog input pins
must be selected before generating the trigger.

A-D conversion is performed only for the input voltage of the selected input pins. An A-D interrupt
request occurs and the A-D 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.

b6 b5 b4 b3 b2 bl bo

R/W | A-D sweep pin selection register (address 1F16)

l——l———A-D sweep pin selection bits

00 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins)
10 : ANo to AN5 (6 pins)
11 : ANo to AN7 (8 pins)

Note:Bits 0 and 1 are set to “1” at reset and ANo to AN7 pins are selected for analog input pins.
Bits 2 to 7 are undefined at reading.

‘

Fig. 2.10.6 A-D sweep pin selection register structure

®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 generated 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 each time a pin is converted. When all of the selected pins are converted, an
A-D interrupt request is generated and the interrupt request bit is set to “1”. At this point, the A-D
conversion start flag is cleared 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 ADTra 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 each time a pin is converted. When all of the selected pins are

converted, an A-D interrupt request occurs and the interrupt request bit is set to “1”. At this point, the -
A-D conversion start flag maintains “1”. Therefore, A-D conversion can be repeated from the ANo pin

by generating another trigger. A trigger -can also be generated during A-D conversion.
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2.10 A-D converter

(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 A-D 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.

®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 generated 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 each time a pin is converted.

When all of the 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 pins are converted in order starting from the ANo pin similar to selecting an internal trigger
when the input level of the ADrre 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 each time a pin is converted. Conversion is repeated until the A-D
conversion start flag is cleared to “0”.

[Precautions when using an 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 internal or external trigger is generated.

. 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).

. 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, the external trigger input signal is converted and the converted result is transferred
to A-D register 7.
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2.11 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
2.11.1 shows the block diagram of the watchdog timer.

Frequency selection (forced to 2 during STP instruction execution)
fao —0

fsio —O

Watchdog timer f—

Hold l (Address 6016) A

Set FFF1e

Write to watchdog timer

>

2Vcee
RESET O detection
circuit

L1

)
| J =37

STP
instruction S

—

Fig. 2.11.1 Watchdog timer block diagram
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2.11.1 Operation description

The watchdog timer (address 6016) consists of 12 bits and its content is decremented by 1 each time the
clock selected with the watchdog timer frequency selection flag (bit 0 at address 6116) is input to the watchdog
timer.

The watchdog timer frequency selection flag is set to 0 at reset, and fsi2 (source oscillating frequency f(Xin)
divided by 512) is selected as the watchdog timer count source after reset. Thereafter, it can also be set
to fa2 (source oscillating frequency f(xX) divided by 32) by changing the watchdog timer frequency selection
flag by program. Figure 2.11.2 shows the structure of the watchdog timer frequency selection flag.
When there is a reset, “FFF16” is set in the watchdog timer. Then the count source fs12 is counted after
reset. The content of the watchdog timer is 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.

An arbitrary value cannot be set in the watchdog timer. A value “FFF16” 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 content is 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 program run-away, the program must write to the watchdog timer
before its most significant bit becomes “0”. Then if this code is not executed due to program run-away, the
most significant bit of the watchdog timer becomes “0” and an interrupt is generated. Thereafter, the control
should be passed to the interrupt service routine.

To restart from reset after detecting a program 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 program
can be automatically reset and returned to normal routine.

In addition to detecting program 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 “FFF1” is set in the watchdog timer. Then when the
watchdog timer is started with an external interrupt and a watchdog timer interrupt request occurs, a supply
of internal clock ¢ starts. This is because some time is required for the oscillator to stabilize. See section
“4,2 Clock generator” 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 “FFF16” set.

b7 b6 b5 b4 b3 b2 bl b

R/W | watchdog ti;ner frequency selection flag (address 6116)

Watchdog timer frequency selection flag
0 : fs12 selected
1 : fa2 selected

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

Fig. 2.11.2 Watchdog timer frequency selection flag structure
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2.12 Hold function

The microcomputer is in Hold state while “L” level is input to the HOLD pin (P40) in memory expansion mode
and microprocessor mode. Table 2.12.1 shows the status of the microcomputer during Hold. Input mode
must be selected by setting the port P4 direction register bit 0 to “0”.

The HOLD input (“L” level input) to the HOLD pin is accepted at the falling edge of the internal clock ¢ from
“H” to “L” while the bus is unused.

When the HOLD input is accepted, ¢ cru (CPU operating clock: f(Xin)/2) stops at “L” level, and E output stops
at “H” level at the completion of the executing bus cycle. In addition, “L” level is output from the HLDA pin
(P3s) to indicate that the microcomputer is in Hold state. Ports PO to P2, P30, and P31 are floated during
Hold. These ports are floated after one cycle of the internal clock ¢ later than the HLDA pin changes from
“H” level to “L” level.

Only ¢ cru is stopped during Hold. The oscillator is operating and other internal peripherals can be operating.
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” 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” level to “H” level.

Figure 2.12.1 shows the timing example when the Hold.

Table 2.12.1 Microcomputer status during Hold (in memory expansion and microprocessor mode)

Parameter Status during Hold
Oscillation Operating
Internal clock ¢ Operating
Clock ¢1 In memory expansion mode----Output when the processor mode register bit 7 is “1”
In microprocessor mode-:----Always output
¢ cru Stopped at “L” level
E output Stopped at “H” level
Ports P0O-P2, Floating
P30, P31
—ﬁcL)(r)lAPSizr; (P33) Stopped at “L” level
ggnigﬂgpgs Retain the status at inputting “L” level to the HOLD pin
Watchdog timer Stopped
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2.12 Hold function

(a) HOLD input is performed when the bus is unused

CIOCK¢1WWW
¢CPU_J—|_J——I ] o | I——L
e

(Note 1) ! ! Aclcept "H'levlel of HOLD input.
HOLD Accept “L” level of HOLD input. |
f t - |
| I |
HLDA | o I 1
[< >!

The bus is opened. :

(b) HOLD input is performed when the bus is used

clock g1 W---
(&CPUJ_L_I_I | 1 . [ L
|

l |
L
T
|

te 1)

- —

E |

T
| I
! i |

Il --- .
< >

The bus is opened.

C
1 1 —_—
— Accept “L" level of HOLD input (Note 2 }
HOLD | i s L
I

|l
I
HLDA [

Note 1 : ¢cpPu 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.

—
Accept “H" level of HOLD input.
1

Fig. 2.12.1 Timing example when the Hold
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2.13 Ready function

In memory expansion mode and microprocessor mode, the microcomputer is in Ready state while “L” level
is input to the RDY pin (P41). Table 2.13.1 shows the status of the microcomputer during Ready. Input mode
must be selected by setting the port P4 direction register bit 1 to “0”.

The Ready function is used for example when externally connecting slow memory.

When the RDY pin becomes “L” level, the internal clock ¢ and ¢ cru (CPU operating clock: f(Xin)/2) stop at
“L” level. The bus and port retain the status when “L” level is input to the RDY pin.

During Ready state, the internal clock ¢ and ¢ cru are stopped, but the oscillator is operating so that other
internal peripherals can be operating. . '

Ready state can be removed by returning the RDY pin to “H” level.

Figure 2.13.1 shows the timing example when the Ready.

Table 2.13.1 Microcomputer status during Ready state (in memory expansion and microprocessor mode)

Parameter Status during Ready
Oscillation Operating
Internal clock ¢ Stopped at “L" level
Clock ¢ In memory expansion mode:--::- Output when the processor mode register bit 7 is “1”
In_microprocessor mode - Always output
¢ cpu Stopped at “L” level
E output Stopped at either “H” level or “L” level
Ports P0-P2,
iigzgij Retain the status at inputting “L” level to the RDY pin
P5-P8
Watchdog timer Operating

(a) When wait bit =“1”

Clock¢1 | 1 | L
EL 1 S—
RDY I [

(b) When wait bit = “0”

Clock¢1 | ' L
— reeeeeees

RDY [

mil

<

Fig. 2.13.1 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 content of
address FFFF1s at bank 0 as high-order and address FFFE1s as low-order. Figure 3.1.1 shows the internal
processing sequence after removing reset state.

(1) Single-chip mode and memory expansion mode

2SR [ I I S B S I
Ar }( 0016 X
Arc X 000016 X _FrrErs X _ADADL X

DATA X X Mot A o X Notused X ADH,ADL )QC

1PL, Vector address Next operation

| —

_

(2 ) Microprocessor mode

o UL UL L
Do [ [1 'L
Ar X , 0016 X
AHAL X 000016 X FrrEw X mDmaD. X
oATA CECHS TN € i

IPL, Vector address

E L | [ [

R

¢ CPU: GPU 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

-

state

Fig. 3.1.1 Internal processing sequence after removing rese
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3.1 Reset

3.1.2 Internal status at reset
Figure 3.1.2 shows the contents of internal registers immediately at reset.

Register contents

Address
4ie | 00 16 I Port PO direction register
516 I 00 15 | Port P1 direction register
816 r 00 16 | Port P2 direction register

916 I : l ‘ i I i 0 | 0 | 0 l 0 | Port P3 direction register

Cie | 00 16 I Port P4 direction register
Dis [ 00 16 I Port P5 direction register
1016 I 00 16 I Port P6 direction register
1116 | 00 16 l Port P7 direction register
1416 | 00 16 J Port P8 direction register

1E1e| 0 l 0 | 0 | 0 | 0 | ? | ? l ? |A-Dcontrolregister

LRI R D BN EETE S O B 1 | A-D sweep pin selection register
Lol 1] 1]

3016 l 00 16 l UARTO transmit/receive mode re

3516 ﬁ) | 0 | 0 | 0 l 0 I 0 | 1 l 0 |UARTO transmit/receive control r

3816 | 00 16 | UART1 transmit/receive mode re

4016 | 00 16 | Count start flag

4215 I I l l 0 | 0 | 0 | 0 | 0 |One-shot start flag

4416 [ 00 16 —l Up-down flag

3416 l’ ll 1 1 l 0 | 0 I 0 IUARTO transmit/receive control register 0

3C1e l l B ;']“Iz ] ] 1 | 0 I 0 I 0 ]UART1 transmit/receive control register 0

3D1e| 0 | 0 | 0 | 0 I 0 l 0 | 1 l 0 IUART1 transmit/receive control register 1

gister

egister 1

gister

Fig. 3.1.2 Internal status at reset (1)
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Address

Register contents

5616 | 00 16 | Timer A0 mode register
5716 I 00 16 J Timer A1 mode register
5816 l 00 16 | Timer A2 mode register
5916 l 00 16 4] Timer A3 mode register
5A16 l 00 16 | Timer A4 mode register

56 [ 0[O [1 ]

: J 0 | 0 I 0 l 0 ITimer BO mode register

5C1slolol1l.

I 0 l 0 , 0 ] 0 ITimer B1 mode register

6o 0[O [1]

: I 0 l 0 | 0 l 0 lTimer B2 mode register

5Ews | 0016 | Processor mode register

6016 | FFF 16 | Watchdog timer (Note 1)
61l -1 Foo] o |1 1] 0 | watchdog timer frequency selection flag
206l -4 . ] J0]0T]0T]0 |AaD conversion interrupt control register
716t 1 ko] 10 ]0]0 [0 |yarTo transmit interrupt control register
7260 4 o). | 0] 0|0 [0 |yaRTO receive interrupt control register
73t .1 L] ] 0] 0] 0|0 |UART! transmit interrupt control register
7awi -4 271 ] 1[0 10 [0 ]0 |uaRTt receive interrupt control register
756 1 | ].+] 0] 0|0 [0 |TimerAo interrupt control register
76| :Jo ol ] 7] 0] 0 [ 0] 0 |TimerAt interrupt control register
776t -4 |- 0] 0] 0 | 0 |Timer A2 interrupt control register
78w} . 4-:.] . |--.| 0 [0 [ 0] 0 |TimerA3 interrupt control register
79| 4 Jii7] .10 ] 0] 0] 0 |Timer A4 interrupt control register
7t § 5] ]0 [0 [0 [0 ]TimerBo interrupt control register
7B p 21 pii] 2] 0 10 [ 0] 0 | TimerB1 interrupt control register
7Cw | 4 i ] [0 ] 0 [0 ] 0 |TimerB2 interrupt control register

Fig. 3.1.2 Internal status at reset (2)

166



RESET

3.1 Reset
Register contents
Address
7D1s l I r0 | 0 | 0 l 0 | 0 | 0 Jmﬁinterrupt control register
7E1e l B l 5 l 0 | 0 | 0 | 0 | 0 l 0 IW interrupt control register
7F 16 I l :J 0 I 0 | 0 I 0 [0 | OJW“T?E interrupt control register
Register contents
0016 |Program bank register PG

Contents of address FFFF16 JProgram counter (high-order) PCn

|

I

[ Contents of address FFFE16 |Program counter (low-order) PC.

I 0016 |Data bank register DT

L . 0016 |Direct page register (high-order) DPRH
| 0016 |Direct page register (low-order) DPRL

b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bO
Processor status register PS

|0|0|0|9|9|0|0|0|1l"]o|nghorder4bltsareOatreading)
L—-iPL— N V m x D | Z C

n Undefined at reset

- Not allocated and undefined at reset
(Note:Port P3 direction register bits 4 to 7 are “0”
at reading.)

Note 1.Watchdog timer is set to FFFis at reset.
Note 2.The contents of registers and RAM other than those described in Figure 3.1.2 are undefined
at reset.

Fig. 3.1.2 Internal status at reset (3)
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3.1 Reset

3.1.3 Bus state during reset in microprocessor mode
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) for Mask ROM version and PROM version models in microprocessor mode, and for external ROM version models.

Table 3.1.1 Bus state during reset for Mask ROM version and PROM version in microprocessor mode and for external ROM version

Model

Address bus, data bus, control bus state

Mask ROM version
External ROM version

Ports PO, P1, P2

Address output (“H” or “L” level)

E, Port P30 (R/W)

“H” level output

Port P3:1(BHE)

“H” or “L” level output (depends on address output)

Port P32 (ALE)

“L” level output

Port Pdz(¢1)

Clock ¢ output

PROM version

Ports PO, P1, P2

When “H” level is applied to either or both pins P51

and P5z;

@®Ports PO, P1, P2........... floating

When “L” level is applied to pins P51 and P5z;
®Ports PO, P1...cccoeenneee floating

OPOrt P2 ..ioiiiiiiiiieine data output

E, Port P30 (R/W)

“H" level output

Port P31 (BHE)

“H” level or “L” level output

Port P32 (ALE)

“L" level output

Port P42 (¢1)

Clock ¢1 output
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3.2 Reset circuit

3.2 Reset circuit

The reset circuit must be designed so that the reset input voltage drops below 0.9V when the source 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
£ 45V
Vce
oV —]
RESET
T 0.9V
oV —
Fig. 3.2.1 Power-on reset condition
- E}_ 5V
M37702

1| M51957AL Veo

Vea

27kQ
2N outP RESET
' 4 470
10kQ Delay capacity
GND Vss
' 3 T Ca r SW

3 In case of C¢=0.033pF, the dalay time td is about 11ms. 77/
t¢=0.34XC4d [ ps], Cd: [pF] GND

Fig. 3.2.2 Power-on reset circuit example
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3.3 Software reset

The M37702 group can be reset internally by program. Software reset is generated by writing “1” to the
processor mode register bit 3. 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 after software reset is initialized to values shown in Figure 3.1.2.

b7 b6 b5 b4 b3 b2 b1 bo

RW| 0 |RW|[RW| W |R/W|RW ]| R/W | Processor mode register (address 5E16)

Processor mode bits

00 : Single-chip mode

01 : Memory expansion mode
10 : Microprocessor mode

11 : This can not available.

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 can not available.

Fix this bit to “0".

Clock ¢1 output selection bit
0 : ¢1 output disabled
(Port P42 functions as normal 1/O port.)
1 : ¢1 output enabled
(Port P42 functions as only ¢1 output pin.)

Note: Bit 3 is a write-only bit.
This register is cleared to “0016” at reset.

Fig. 3.3.1 Processor mode register structure
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OSCILLATING CIRCUIT

4.1 Oscillating circuit

4.1 Oscillating circuit

The M37702 group is equipped with an oscillating circuit to generate the necessary clock. The freq

i
uency

input to the clock input pin X 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 Xour pin as shown in the figures.
ircui R n
h nuf rer’ -
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 Xour pin
must be left open.

M37702M2-XXXFP

Xin Xout

Wy
bl B
7 7

Rd

Fig. 4.1.1 Oscillating circuit using a ceramic resonator

M37702M2-XXXFP

XiN Xour
R

A%

L]

‘CiN Cout

77 77

Fig. 4.1.2 Oscillating circuit using a crystal resonator

M37702M2-XXXFP

XN Xout
A Open

External oscillating circuit

Vee
Vss

Fig. 4.1.3 External clock input circuit
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4.2 Clock generator

4.2 Clock generator

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 generation circuit shown in Figure 4.2.1 is built in the M37702 group.

When the STP instruction is executed, the internal clock ¢ stops oscillation at the “L” state. At the same time,
FFF1s is set in the watchdog timer and the input to the watchdog timer is connected to fs2. This connection
is cancelled and connected to the input determined by the content of the watchdog timer frequency 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" state, but the oscillator does not
stop. Therefore, the timer, serial /0, 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 4. Stop, wait, one-wait, Ready, and Hold state” and “MELPS 7700 SOFTWARE MANUAL”
for information concerning the STP and WIT instructions.

Interrupt ‘_ Reset
request s @ s o @ ® —‘G_
STP WIT | STP
instruction R instruction R instruction

Internal o

clock ¢ o[ Waichdog

timer

f16 fa2 fea
1/8  1/2 12 H 1/8 fs12

fo

1/2

O

XiN Xout
Fig. 4.2.1 Clock generation circuit block diagram
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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 -0.3t07 \Y
AVcc Analog supply voltage 03107 \"
Vi Input voltage  RESET, CNVss, BYTE —0.3t0 12 \"
Vi Input voltage  P00—P07, P10—P17, P20—P27, P30—P3s, —0.3 to Vce+0.3 \")

P40—P47, P50—P57, P6o—P67, P70—P77,
P80—P87, Vrer, Xin

Vo Output voltage P0o—P07, P10—P17, P20—P27, P30—P3s, —-0.3 to Vce+0.3 Vv
P40—P47, P50—P57, P60—P67, P70—P77,
P80—P87, Xour, E '
Pd Power dissipation Ta=25°C 300 mw
Topr Operating temperature —20t0 85 °C
Tstg Storage temperature —40 to 150 °C
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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}Tgs Max. Unit
Vee Supply voltage 4.5 5.0 5.5 Vv
AVcc Analog supply voltage Vce Vv
Vss Supply voltage 0 Vv
AVss Analog supply voltage 0 Vv
ViH High-level input voltage P0o—PQ7, P30—P3s, P40—P47, 0.8Vce Vce Vv
P50-P57, P60—P67, P70-P77,
P80—P87, Xin, RESET, CNVss,
BYTE

ViH High-level input voltage P10—P17, P20—-P27 0.8Vce Vce Y
(in single-chip mode)

ViH High-level input voltage P10-P17, P20-P27 0.5Vce Vee Vv
(in memory expansion mode
and microprocessor mode)

Vi Low-level input voltage P0o—P07, P30—P3s, P40—P47, 0 0.2Vcc | V
P50~P57, P60—P67, P70—P77,
P80—P87, Xin, RESET, CNVss,
BYTE

Vi Low-level input voltage P10—-P17, P20-P27 0 0.2Vec | V
(in single-chip mode)

Vi Low-level input voltage P1o—P17, P20—P27 0 0.16Vec| V
(in memory expansion mode
and microprocessor mode)

loH (peay | High-level peak output current P0o—P07, P10—P17, P20—P27, -10 mA
P30—P33, P40—P47, P50—P57,
P60o—P67, P70—P77, P8o—P87

lon @y | High-level average output current POo—P07, P10—P17, P20—P27, -5 mA
P30—P3s, P40—P47, P50—P57,
P60—P67, P70—P77, P80—P87

loL peaky | Low-level peak output current P0o0—P07, P1o—P17, P20-P27, 10 mA
P30~P33, P40—-P47, P50-P57,
P60—~P67, P70—P77, P80—P87

loL (avg) Low-level average output current P0oc—P07, P10—P17, P2o—P27, 5 mA
P30~P3s, P40—P47, P5¢—P57,
P60—P67, P70—P77, P80—P87

f(XiN) External clock frequency input | M37702M2-XXXFP, M37702S1FP 8 MHz

M37702M2AXXXFP, M37702S1AFP 16
M37702M2BXXXFP, M37702S1BFP 25

Note 1. Average output current is the average value of a 100ms interval.
2. The sum of loi(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,

the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,

the sum of lo(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and

the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less.
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5.1 Electrical characteristics

5.1.3 Electrical characteristics and A-D converter characteristics

M37702M2-XXXFP
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xi)=8MHz, unless otherwise noted)

Symbol Parameter Test conditions win. ngs Max. Unit
\VoH High-level output voltage ~ P0o—-P07, P10-P17, P20-P27, |loH=—10mA 3 \"
P3o, P31, P33, P4o—P47,
P50~P57, P6o—P67, P70-P77,
P8o0-P87
VoH High-level output voltage ~ P0o—P07, P10-P17, P20~P27, |lon=—400uA 4.7 \'
P30, P31, P3a
VoH High-level output voltage ~ P32 lon=—10mA 3.1 \"
lon=—400pA 4.8
VoH High-level output voltage E lon=—10mA 3.4 v
lon=—400uA 4.8
VoL Low-level output voltage ~ P0oe~P07, P1e-P17, P20-P27, |lo.=10mA 2 \'
P30, P31, P33, P4o-P47,
P50-P57, P60-P67, P70-P77,
P80—P87
VoL Low-level output voltage ~ P0o—P07, P10-P17, P20-P27, |lot=2mA 045| V
P30, P31, P33
VoL Low-level output voltage P32 lo,=10mA 1.9 Vv
lo.=2mA 0.43
VoL Low-level output voltage  E lo,=10mA 1.6 | V
) lo.=2mA 0.4
V1.—V71-|Hysteresis HOLD, RDY, TAOW-TA4m, TBON-TB2w, 0.4 1 Vv
INTo-INT2, ADtag, CTSo, CTS1, CLKo, CLKi

V1.~V 1-|Hysteresis "~ RESET 0.2 0.5 Vv

V1.—V1-|Hysleresis Xy 0.1 0.3 Vv

I High-level input current ~ P0o-P07, P10~P17, P20-P27, |Vi=5V 5 pA

P30-P3s, P4o-P47, P50-P57,
P60-P67, P70~P77, P80—-P87,
Xin, RESET, CNVss, BYTE
I Low-level input current P0o-P07, P10-P17, P20-P27, | Vi=0V -5 | pA
P30-P3s, Pdo—P47, P50~P57,
P60-P67, P70~P77, P80—-P87,
X, RESET, CNVss, BYTE
Veam  |RAM hold voltage When clock is stopped. 2 Vv
Icc Power supply current In single-chip | f(Xm)}=8MHz, 6 12 | mA
mode output | square waveform
only pin is|Ta=25°C when 1 UHA
openandother | clock is stopped.
pins are Vss [Ta=85°C when 20
during reset. | cjock is stopped.

A-D converter characteristics (Vce=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted)

Symbol Parameter Test conditions Min L;_r;;gs Max. Unit
— |Resolution Veer=Vce 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 Vec | V

Via Analog input voltage 0 Veer |V
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5.1 Electrical characteristics

M37702M2AXXXFP

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xn)=16MHz, unless otherwise noted)

o Limits .

Symbol Parameter Test conditions Min. | Typ. [ Max. Unit

VoH High-level output voltage  P0o—P07, P10-P17, P20-P27, {lon=—10mA 3 \"

P30, P31, P33, P4o-P4s,
P50-P57, P60-P67, P70-P77,
P8o—P87
Vor High-level output voltage  P0o—-P07, P10-P17, P20-P27, |lon=—400pA 4.7 \'
P30, P31, P33
\VoH High-level output voltage P32 lon=—10mA 3.1 Vv
loH=—400pA 4.8
Von High-level output voltage E lon=—10mA 3.4 Vv
lon=—400pA 4.8
VoL Low-level output voltage ~ P0o-P07, P10-P17, P20-P27, |lo,=10mA 2 \
P3q, P31, P33, P4o-P47,
P5¢-P57, P6o-P67, P70-P77,
P80—P87
VoL Low-level output voltage  P0o—PO07, P1e-P17, P20-P27, |loL=2mA 045 | V
P30, P31, P33
VoL Low-level output voltage P32 lo.=10mA 1.9 \"
lo,=2mA 0.43
VoL Low-level output voltage  E lo,=10mA 16 | V
lo.=2mA 0.4
V1.—V1-|Hysteresis HOLD, RDY, TAOw—TAdin, TBON-TB2, 0.4 1 Vv
INTo-INT2, ADtre, CTSe, CTS1, CLKo, CLKi

V1:—V1-|Hysteresis RESET 0.2 051 V

V1.—V1-|Hysteresis Xin 0.1 0.3 Vv

M High-level input current  P0o—P07, P10-P17, P20-P27, {Vi=5V 5 HA

P30-P3s, P4o-P47, P50—P57,
P6o-P67, P70-P77, P80—P87,
Xy, RESET, CNVss, BYTE
i Low-level input current P0o-P07, P10-P17, P20-P27, |Vi=0V -5 | vA
P30-P33, P40-P47, P50—P57,
P60-P67, P70-P77, P8:—P87,
Xin, RESET, CNVss, BYTE

Verav  |RAM hold voltage When clock is stopped. 2 Vv

lcc Power supply current In single-chip | f(X)=16MHz, 12 | 24 | mA

mode output | Square waveform

only pin is|Ta=25°C when 1 HA
openandother | clock is stopped.

pins are Vss [T3=85°C  when 20

during reset. | ook is stopped.

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(X)=16MHz, unless otherwise noted)

Symbol Parameter Test conditions Min. L%rl\:s Max. Unit
— |Resolution Vrer=Vcc 8 Bits
— | Absolute accuracy Vrer=Vce +3 | LSB

Ruaooer |Ladder resistance Vrer=Vce 2 10 | kQ

tconv  |Conversion time 14.25 us

Vrer | Reference voltage 2 Vec | V

Via Analog input voltage ) 0 Veer |V
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5.1 Electrical characteristics

M37702M2BXXXFP

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, {(Xin)=25MHz, unless otherwise noted)

. Limits .

Symbol Parameter Test conditions Min. | Typ. | Max. Unit

VoH High-level output voltage  P0o—P07, P10-P17, P20-P27, |lon=—10mA 3 \"

P30, P31, P33, P4o—P47,
P50-P57, P60-P67, P70-P77, |.
P8o-P87
Von High-level output voltage  P0c—P07, P1e-P17, P20-P27, |lon=—400pA 4.7 \Y
P3o, P31, P3s
L High-level output voltage P32 lon=—10mA 3.1 Vv
lon=—400uA 4.8
Vor High-level output voltage E lon=—10mA 34 Vv
lon=—400uA 4.8
VoL Low-level output voltage ~ P0o-P07, P10-P17, P20-P27, |loL=10mA 2 \Y
P30, P31, P33, P4o—P47,
P50-P57, P60—P67, P70-P7,
P8o—P87
VoL Low-level output voltage ~ P0e-P07, P1e-P17, P20-P27, |loL.=2mA 045 | V
P30, P31, P33
VoL Low-level output voltage P32 lo.=10mA 1.9 \"
lo.=2mA 0.43
VoL Low-level output voltage  E loL=10mA 16 | V
lo.=2mA 0.4
V1.—V1-(Hysteresis HOLD, RDY, TAOW-TA4w, TBOW-TB2w, 0.4 1 Y
INTo-INT2, ADTRe, CTS0, CTSt, CLKo, CLKi .

V7.—V1-|Hysteresis RESET 0.2 0.5 \"

V1.—V1-|Hysteresis Xin 0.1 03 | V

I High-level input current P0o~P07, P10-P17, P20-P27, [Vi=5V 5 HA

P30-P3s, P40~P47, P50—P57,
P60-P67, P70-P77, P80—P87,
Xin, RESET, CNVss, BYTE
I Low-level input current P0o-P07, P10-P17, P20-P27, | V=0V -5 | pA
P30—P33, P40~P47, P5~P57,
P6o~P67, P70-P77, P80—P87,
X, RESET, CNVss, BYTE

Vram  [RAM hold voltage When clock is stopped. 2 \Y

lec Power supply current In single-chip | f(Xw)=25MHz, : 19 38 | mA

mode output | Square waveform

only pin is|Ta=25°C when 1 pHA
openandother | clock is stopped. )

pins are Vss[T3=85°C when 20
during reset. | gock is stopped.

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted)

Symbol Parameter Test conditions i L_:_r;}n)ts Max. Unit
— |Resolution Vrer=Vce 8 Bits
— | Absolute accuracy Veer=Vee +3 | LSB

Ruaooer|Ladder resistance Vrer=Vcc 2 10 | kQ

tconv | Conversion time 9.12 us

Vrer  |Reference voltage 2 Vee | V

Via Analog input voltage 0 Veer |V
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5.1 Electrical characteristics

5.1.4 Timing requirements

Timing requiements (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted)

External clock input

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max
tc External clock input cycle time 125 62 40 ns
twiry External clock input high-level pulse width 50 25 15 ns
tw External clock input low-level pulse width 50 25 15 ns
tr External clock rise time 20 10 8 ns
i External clock fall time 20 10 8 ns
Single-chip mode
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tsupon-g ' | Port PO input setup time 200 100 60 ns
tsupio-g) |Port P1 input setup time 200 100 60 ns
tsupao-5) | Port P2 input setup time 200 100 60 ns
tsupan-g) | Port P3 input setup time 200 100 60 ns
tsupan-g) | Port P4 input setup time 200 100 60 ns
tsupsp-g | Port P5 input setup time 200 100 60 ns
tsuren-g) | Port P6 input setup time 200 100 60 ns
tsup7o-g | Port P7 input setup time 200 100 60 ns
tsupsn-5) | Port P8 input setup time 200 100 60 ns
the-pod) | Port PO input hold time 0 0 0 ns
the-pip) | Port P1 input hold time 0 0 0 ns
the-p20) | Port P2 input hold time 0 0 0 ns
the-papy | Port P3 input hold time 0 0 0 ns
the-papy | Port P4 input hold time 0 0 0 ns
the-psp) | Port P5 input hold time 0 0 0 ns
the-rep) | Port P86 input hold time "0 0 0 ns
the-pp) | Port P7 input hold time 0 0 0 ns
the-pep) | Port P8 input hold time 0 0 0 ns
Memory expansion mode and microprocessor mode
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tsupio-g | Port P1 input setup time 60 45 30 ns
tsupan-5) | Port P2 input setup time 60 45 30 ns
tsurov-¢n | RDY input setup time 70 60 55 ns
tsuHoLo-¢y | HOLD input setup time 70 60 55 ns
the-pi;y | Port P1 input hold time 0 0 0 ns
the-rep) | Port P2 input hold time 0 0 0 ns
the-roy) | RDY input hold time 0 0 0 ns
thig-HoLpy | HOLD input hold time 0 0 0 ns
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Timer A input (count input in event counter mode)

Limits .
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tcm TAin input cycle time 250 125 80 ns
tw(taH) TAin input high-level pulse width 125 62 40 ns
tw(raL) 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.
tcra TAin input cycle time 1000 500 320 ns
tw(TaH) TAin input high-level pulse width ~ | 500 250 160 ns
twray TAiw 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.
tcra) TAin input cycle time 500 250 160 ns
tw(TAH) TAin input high-level pulse width 250 125 80 ns
| twerany 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.
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 (up-down input in event counter mode)
) Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
teur) TAiout input cycle time 5000 2500 2000 ns
twiupH) TAiout input high-level pulse width 2500 1250 1000 ns
twiupLy TAiour input low-level pulse width 2500 1250 1000 ns
tsuwp-T | TAiout input setup time 1000 500 400 ns
thrw-ur) | TAiouT input hold time 1000 500 ' 400 ns
Timer B input (count input in eve‘nt counter mode)
Limits .
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tce) TBiw input cycle time (one edge count) 250 125 80 ns
twireH) TBin input high-level pulse width (one edge count) | 125 62 40 ns
tw(raL) TBin input low-level pulse width (one edge count) | 125 62 40 ns
tes) TBiw input cycle time (both edges count) 500 250 160 ns
tw(raH) TBiw input high-level pulse width (both edges count) | 250 125 80 ns
tw(rsL) TBi input low-level pulse width (both edges count)| 250 125 80 ns
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Timer B input (pulse period measurement mode)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tcqre) TBin input cycle time 1000 500 320 ns
tw(TaH) TBin input high-level pulse width 500 250 160 ns
tw(ray) 1Bin input low-level pulse width 500 250 160 ns
Timer B input (pulse width measurement mode)
Limits
Symbol Parameter 8MHz 16MHz 25MH:z Unit
Min. | Max. | Min. | Max. | Min. | Max.
[RE) TBim input cycle time 1000 500 320 ns
tw(teH) TBin input high-level pulse width 500 250 160 ns
tw(taL) TBiw input low-level pulse width 500 250 160 ns
A-D trigger input
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. { Min. | Max.
tcian) ADrra input cycle time (minimum allowable trigger)| 2000 1000 1000 ns
twaou) ADrtra input low-level pulse width 250 125 125 ns
Serial 1/0
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
teiek) CLKi input cycle time 500 250 200 ns
twickH) CLKi input high-level pulse width 250 125 100 ns
twicky) CLKi input low-level pulse width 250 125 100 ns
tac-0) TxDi output delay time 150 90 80 ns
thic-q) TxDi hold time 30 30 30 ns
tsuip-c) RxDi hold time 60 30 20 ns
thic-D) RxDi input hold time 90 90 90 ns
External interrupt INTi input
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
__ Min. | Max. | Min. | Max. | Min. | Max.
twine) INTi input high-level pulse width 250 250 250 ns
twony INTi input low-level pulse width 250 250 250 ns
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5.1.5 Switching characteristics

Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted)

Single-chip mode
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tae-roq) | Port PO data output delay time 200 100 80 ns
td(E-P10) Port P1 data output delay time 200 100 80 ns
tae-r2q) Port P2 data output delay time 200 100 80 ns
td(E-P3q) Port P3 data output delay time 200 100 80 ns
tae-raq) | Port P4 data output delay time 200 100 80 ns
td(e-PsQ) Port P5 data output delay time 200 100 80 ns
tae-peq) | Port P6 data output delay time 200 100 80 ns
tae-p7q) | Port P7 data output delay time 200 100 80 ns
tae-rsq) | Port P8 data output delay time 200 100 80 ns
Note : Test conditions are shown in Figure 5.1.1.
Memory expansion mode and microprocessor mode (when wait bit is “1”)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.

ta(PoA-£) Port PO address output delay time 100 30 12 ns
taEe-r10) Port P1 data output delay time (BYTE=“L") 110 70 45 ns
texze-P12) | Port P1 floating start delay time (BYTE="L") 5 5 5 ns
tap1a-£) Port P1 address output delay time 100 30 12 ns
tap1a-aLE) | Port P1 address output delay time 80 24 5 ns
ta(E-r2q) Port P2 data output delay time 110 70 45 ns
texze-r2z) | Port P2 floating start delay time 5 5 5 ns
tap2a-£) Port P2 address output delay time 100 30 12 ns
tap2a-aLE) | Port P2 address output delay time . 80 24 5 ns
tae-HDA) | HLDA output delay time ‘ 100 50 50 ns
taiaLe—£) ALE output delay time 4 4 4 ns
twiaLe) ALE pulse width 90 35 22 ns
tasHe-5) | BHE output delay time 100 30 20 ns
tepw-E) | R/W output delay time 100 30 20 ns
ta(E-¢1) ¢ output delay time 0 30 0 20 0 18 ns
th(E-PoA) Port PO address hold time 50 25 18 ns
thaLe-p14) | Port P1 address hold time (BYTE="L") 9 9 9 ns
thE-P1Q) Port P1 data hold time (BYTE="L") 50 25 18 ns
trzxe-r1z) | Port P1 floating release delay time (BYTE="L") 50 25 18 ns
thEe-P14) Port P1 address hold time (BYTE="H") 50 25 18 ns
thiaLe-p2A) | Port P2 address hold time 9 9 9 ns
the-P2q) Port P2 data hold time 50 25 18 ns
trzxe-r2z) | Port P2 floating release delay time 50 25 18 ns
the-sHe) | BHE hold time 18 18 18 ns
tre-rw) | R/W hold time 18 18 18 ns
twiew E pulse width 220 95 50 ns

Note : Test conditions are shown in Figure 5.1.1.
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
tdipoa-£) Port PO address output delay time 100 30 12 ns
td(e-Piq) Port P1 data output delay time (BYTE="L") 110 70 45 ns
texzie-,12y | Port P1 floating start delay time (BYTE="L") 5 5 5 ns
tap1a-£) Port P1 address output delay time 100 30 12 ns
tap1a-ae) | Port P1 address output delay time 80 24 5 ns
tde-p2q) Port P2 data output delay time 110 70 45 ns
texze-p2zy | Port P2 floating start delay time 5 5 5 ns
tdipaa-g) Port P2 address output delay time 100 30 12 ns
tapaa-aLe) | Port P2 address output delay time 80 24 5 ns
taw-HDA) | HLDA output delay time 100 50 50 ns
td(ALE-E) ALE output delay time 4 4 4 ns
twiaLE) ALE pulse width 90 35 22 ns
tasie-e) | BHE output delay time 100 30 20 ns
terw-5) | R/W output delay time 100 30 20 ns
taE—m ¢ output delay time 0 30 0 20 0 18 ns
th(e-Poa) Port PO address hold time 50 25 18 ns
thiaLe-P1a) | Port P1 address hold time (BYTE="“L") 9 9 9 ns
thE-P10) Port P1 data hold time (BYTE="L") 50 25 18 ns
trzxe-p1zy | Port P1 floating release delay time (BYTE="L") 50 25 18 ns
thE-P14) Port P1 address hold time (BYTE="H") 50 25 18 ns
traLe-p2a) | Port P2 address hold time 9 9 9 ns
th(e-P2q) Port P2 data hold time 50 25 18 ns
trzxe-r2z) | Port P2 floating release delay time 50 25 18 ns
the-sHe) | BHE hold time 18 18 18 ns
the-rw) | R/W hold time 18 18 18 ns
twien) E pulse width 470 220 130 ns

Note : Test conditions are shown in Figure 5.1.1.

PO .

P1 O
P2

P4

P5

P6
P7
P8
¢

100pF

Fig.5.1.1 Testing circuit for ports PO to P8, ¢
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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 :

IW(ALE) .o ALE pulse width td(R/W=E) ....cvvrrrrrrnn R/W output delay time
AW(EL) .o E pulse width tpzX(E—PiZ) ..covvrrrene Port Pi floating release delay time
td(PIA=E) .ooverrrercerranne P_ort Pi address output delay time  th(E-PiQ) .......cccccouuuuu. Port Pi data hold time
td(BHE=E)...ccouovrrnrnnne. %EEE tc?utzp)ut delay time td(PiA-ALE) .........c..... Port Pi address output delay time

Table 5.1.1 Equations for calculating parameters

Parameterrequency 8MHz version 16MHz version 25MHz version
tW(ALE) 1X10° 1.X 10 1X 10°
A XTI _ - 27. o
oan) S0 o) 27 foxn) — 18
Iw(EL) 2 X 10°
Wait bit = “1” o) - 30 < <
T T P
Wait bit = “0” )~ 30 < <
td(PiA-E)
2 X 10°
12 + f(XlN;) - 80
100 + 2X10° g0 22X 100 o
1d(BHE—E) fXxNy ~ @ *+THXIN) > X 10°
td(RIW-E) 20 +Tqxn) — 80
tpzx(E-Piz) 1 X 10° 1 X 10° 1 X 10°
th(E-PiQ) Z XNy~ 123 5 x fxn) ~ 820 3 X f(XiN) ~ 2
td(PIA-ALE) 9
1X10° 1% 10° 1X10° _ o0
oan) foxny 385 f(XIN)

(Dimension in ns)
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ELECTRICAL CHARACTERISTICS

5.1 Electrical characteristics

5.1.7 Timing diagram

Single-chip mode

f(Xin)

E

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

Port P3 output

Port P3 input

Port P4 output

Port P4 input

Port P5 output

Port P5 input

Port P6 output

Port P6 input

Port P7 output

Port P7 input

Port P8 output

Port P8 input

é

H twiH) U twin)

s

td(E-POQ)

A

tsu(POD-E)
:J\th(s-mo)

4—%1_@_&}31 Q)

tsu(P1D-E)
Q\th(E-FH D)

le—>] td(E-P20)

tsu (PZD-E)F

Atme—mo)

T@-mo)

tsu(PSD—E)F

th(e-P3D)

1d(E-P40Q)

1su(PAD-EF

th(E-P4D)

NS

‘—it_dg-»:sol

tsu(Pso-El)F

3\1.1(5-%0)

le—>| td(E-P6Q)

tsu(PGD—E)F

Jﬁh(e-mo)

l«—>| td(E-P7Q)

A

tsu(wo-s)F

th(E-P7D)

td(E-P8Q)

tsu(P8D-E) <—>]

/ A(h(E-P&D)
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5.1 Electrical characteristics

te(TA)

tw(TAH)

TAiN input / \

tw(TAL)

)

tewr)
tw(UPH)
TAiour input / \ \
tw(uPL)
N |
TAiour input ></
(Up-down input) N
In event counter
mode TAin input
(When count by falling) *’th(rm-up) tsu(up-'Tm)\
TAiN input \ 4
(When count by rising) \______/
te(1B)
tw(TBH)
TBi input / }\ \
tw(TBL)
|
te(AD) N
{
tw(ADL)
—_— \ ~
ADTra input

te(cK)
tw(CKH)
CLKi / N / \
tw(CKL)
thic-q)
TxDi ‘ >< ><
tdic-q) o tsu(D-C) 1 th(c-D)
RxDi
. AN
i tw(NL)
INT! input (
tw(INH)
|
AN
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5.1 Electrical characteristics

Memory expansion mode and mic

(When wait bit="1")

VA NVANVA

m|

roprocessor mode

RDY input

(When wait bit="0")

Y VANV

mj

su(RDY-¢1)| th(s1-RDY)

RDY input

(When wait bit="1" or “0” in common)

tsu(RDY-¢1)| th(s1-RDY)

# TN
tsu(HOLD-41) th(¢1-HOLD)
HOLD input (
9
1d(¢1-HLDA) td(¢1-HLDA)
—>
HLDA output \\ «

Test conditions
*Vee=5V+10%

«Input timing voltage
+Qutput timing voltage

2

:Vi=1.0V, Vu=4.0V
: Vou=0.8V, Vou=2.0V
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5.1 Electrical characteristics

Memory expansion mode and microprocessor mode (When wait bit=*1")

” _/ \_/ \ 4 td(E-w\ > . td(E-o‘)\ / \
E tweL) —
th(E-POA) || tdPoa-E) }—J
Z\oﬁ;()) outeet X Address Address X
Port P1 output th(ALE-P1A) <> | th(E-P10Q) toxz(E-P12) tpzx(E-P12)
(Ae—A1s/De—Dis) X Address X Data Address‘—;‘- ————— -—1-{ Address
(BYTE="L") TaPIAALEL TJ;'.mo,
Port P1 output th(E-P1A loPiact)
Eg:/_?ézw) X Address Address X
tsu(P1D-E) th(e-P1D)

Port P1 input F L

th(ALE-P24) | > th(E-P2Q) toeE-rz) <> toxE-pen
z\"‘f_ii/"gg;i) )} Address k Data | Address w ————— —+ Address

ld(P2A-ALE)L (.E:'z-r’zo) loP2a-E) tsu(P2D-E) | th(E-P2D)
Port P2 input ,P_ —\

tw(ALE)
1<— d(ALE-E)

Port P32 output
(ALE)

1d(BHE-E)

Port P31 output

4}2(5—5»45)

(BHE)
td(RW-E)
th(E-RW)
Port P30 output
(R/W)

Test conditions

*Vee=5V+10%

*Output timing voltage : Vor=0.8V, Von=2.0V
«Ports P1, P2 input : Vi=0.8V, V=2.5V
*Port P4+ input :Vi=1.0V, Viv=4.0V
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Memory expansion mode and microprocessor mode (When wait bit="0", and external memory area is accessed)

tc
N A A AT aVAVaVa e UAVaVaVataVaVaVataVal
g \WAVAVAWVAY F\_ﬂ_[\/_\_/"k/'\_/—\_/’L
ta(E-p1) e . -1 td(E-|o1)
— W(EL) {
E \ | \ /
th(E-POA) ‘-i(e 1d(POA-E)
Port PO output 4
(Ao—A7) X Address \ Address X
Port P1 output thALE-P1A) 4 thiE-P1Q) tpxz(E-P12) tpzx(E-P12)
Y 4
(As—A1/Ds-Dis) XAddress ( Data Address W = = = = = = - K Address
(BYTE="L") —
[<>d(E-P1Q)
td(P1A-ALE)
Port P1 th(E-P1A) <> td(P1A-E)
ort P1 output
(As—A1s) )( Address : Address X
(BYTE="H") '
tsu(P1D-E) » th(E-P1D)
Port P1 input P —\
th(ALE-P24) |4 thEe-r2) toxz(E-P22)  [€>|tpax(E-P22)
x’:_:f;gzg:) )(Address Data Address ff = = = = = = - -< Address
< tsu(P2D-E)
tdP2A-ALE) ta(e-P2q) td(P2A-E) | >{th(E-P2D)
Port P2 input
tw(ALE)
> le— td(ALE-E)
Port P32 output
(ALE)
td(BHE-E)
th(E- BHE)
Port P31 output
(BHE) X
td(R/IW-E)
the- RW)
Port P30 output
(R/W)
Test conditions

*Vee=5V+10%

+*Output timing voltage : Vor=0.8V, Von=2.0V
*Ports P1, P2 input : Vi=0.8V, Vk=2.5V
*Port P41 input :Vii=1.0V, Viu=4.0V
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MEMO
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STANDARD CHARACTERISTICS

6.1 Standard characteristics

6.1 Standard characteristics
The data described in this chapter are characteristic examples for M37702M2BXXXFP. The data is not
guaranteed value. Refer to “Chapter 5. Electrical characteristics” for rated values.

6.1.1 Standard port characteristics

(1) Programmable I/O port (CMOS output) P channel lon-Vou characteristics

loH [mA]

Supply voltage Vce=5V

P channel
50.0
40.0
Ta=25°C
T —
30.0 °C‘\\\
Ta=85 \\\\\
20.0 AN
\\\\
10.0 \i‘
\I\
0 7.0 2.0 3.0 2.0
VoH [V]

(2) Programmable I/O port (CMOS output) N channel lo.~VoL characteristics

loL [mA]

Supply voltage Vee=5V

N channel
50.0
Ta=25°C
40.0 —
g L—T | Ta=85°C
30.0 / i >
// ,/
20.0 / //
//
10.0 //1,//
0 1.0 2.0 3.0 2.0
VoL[V]

5.0

194



STANDARD CHARACTERISTICS

6.1 Standard characteristics

6.1.2 lcc-f(Xiv) standard characteristics
(1) lcc—f(Xin) characteristics on operating and at reset

Measurement condition (Vce=5V, Ta=25°C, f(XIN): square wave, single-chip mode)

20

|
On operating/.
s

-
10 /

e
/

lcc [mA]

At reset

/

5 10 15 20 25 30
f(XiN) [MHz]

N

(2) lcc—f(Xiv) characteristics during wait

Measurement condition (Vcc=5V, Ta=25°C, f(XIN): square wave, single-chip mode)

4.0
-
3.0 /

, /,/
20 /

1.0 P ‘

lcc [mA]

5 10 15 20 25 30
f(Xin) [MHz]
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6.1 Standard characteristics

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 5.0mV. Therefore, the measured point
of change is 10+5.0=15.0mV.

The lines at the top of th\e 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 OFs is 22.0mV. Therefore, the
differential non-linear error is 22.0-20=2.0mV (0.1LSB).

[Measurement condition]
® Vcec = 5.12V
® Veer = 5,12V
@® Xin = 25MHz
® Temp. = 25°C

30 e D 0 0 DA nn daiad 30
N o N AN Lo N A ILSB
2 v~ VWV v = % v 20 +1LS
’:
(%]
S 0 = 0 @
£ \/_N/ \/\/_\_ <
0 .......mmm.,.r-\m. AN Al s ...uu.[ R ..N HHAHAHHHHHHHHH A o S
« S PR RPN A AR e A FHHHHHHHHHH E
o
o
S -0 7
S
—20l———f———t——— L — L ——— b b === === -1sB
PO PO TN P PP EUURTTN P A PP TN FUUTIN PUUTI PUTTUIIN FPUTTTRT FITTTTT PUUTTIT FPTTON L
0 8 16 2% 32 ) 48 56 64 12 80 88 96 104 12 120 128
STEP NO.
30 [T T T T T T T T T T T T e T T e T T T e e T e e T 30
20 N VAVVAV /\/\V v % /\v/\\_/\ vl\v_\ \A/\/\v A\_/\ l‘/\\\f/q /\V 20 +1LSB
' 1T N A ] 2
S o1 /\/\/ ¥ 10 @
: ™ V- ) i
0 HHHHH :::m:m::: RN A INSSEENE INERRETE ENRFENES EFENEES IS MNEEEEE TREFEEES M H#HI‘HHH: HHHH 0 3
o«
o x
3
w =10 3
S
[P PP IS I b - ————— -iLsB
S R NPT FUUUTI FPTUTUIN FOVDTITE NI FAUTETT IPTUTUTE FAURTITY PRI RO I PO PN PR ROV I
128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP NO
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APPLICATION

7.1 Memory expansion

7.1 Memory expansion
This section describes the external memory expansion of the M37702 group.

7.1.1 Memory expansion model

The

memory can be expanded in memory expansion mode and microprocessor mode by using the external

bus width selection pin (BYTE pin). Four memory expansion models shown in Table 7.1.1 are available.

(1)

(2)

(3

4)

Minimum model

External memory area within the 64K bytes memory space is accessed using an 8-bit data bus. No
external address latch is necessary. This is the most cost effective expansion model for externally
adding an 8-bit element.

Medium model A
Memory space beyond 64K bytes is accessed using an 8-bit data bus as same as the minimum model.
An n bit (n<8) address latch is required to latch the address data from the high-order 8 bits (A2s to
Aie) of the address bus multiplexed with the data bus, but the accessible memory space is expanded
up to 16M bytes.

Medium model B
This expansion model limits memory space to within 64K bytes, but provides optimum speed. The
external data bus width is 16 bits and expanded memory area can be accessed as fast as internal
area if no wait (software wait nor hardware wait due to the RDY input) is used. This expansion model
requires an 8 bit address latch because the middle 8 bits (A1s to As) of the address bus are multiplexed
with the data bus.

Maximum model .
This expansion model uses 16-bit width external data bus to access up to 16M bytes. An 8-bit latch
to latch the middle 8 bits (A1s to As) of the address bus and an n bit (n<8) latch to latch n bits of the
high-order 8 bits (A2s to As) are required.
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7.1 Memory expansion

Table 7.1.1 Memory expansion model

Access space
External bus widih Less than 64K-byte 64K-byte or more
i M37702 o i M37702 -
BYTE PO j——b Ao-Ass BYTE PO > Ao—Atsen
8-bit P1 P1
e P2
BYTE ="H ALE
Do-D7

|Memory expansion modell

Minimum model

| Memory expansion modell

Medium model A

16-bit

BYTE =“L"

M37702 16

BYTE PO
71’7— P1 |-

P Ac—Ats

P2
ALE
BHE

I 8-hit latch
16

Do-D1s

M37702

71”—1 BYTE

PO
P1

8-bitlatch Ao—-Aisin

Do-D1s

IMemory expansion modell

Medium model B

’ Memory expansion modell

Maximum model

1
I The M37702 group must operate in memory expansion mode or microprocessor mode in order to perform |
' memory expansion. When either of these modes is selected, ports PO, P1, P2, P3, and part of P4 function :

I expansion is described in section “7.2 I/O expansion”.

Laddress bus is used at 24 bits.

| as address/data bus pins or memory expansion related control pins and lose their I/O port functions. |
I Therefore, port expansion must be performed together with memory expansion for applications that use !
| many ports because the number of 1/0 ports is reduced by 30 compared with single chip mode. Port
|

: The Vss line of the M37702 group should be reenforced during memory expansion and I/O expansion because the :
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7.1 Memory expansion

7.1.2 Memory access time calculation

This section describes how to calculate the memory access time necessary to satisfy the memory expansion
timing requirements. The memory access time calculation methods are described for minimum model which
does not use the ALE signal and other three models which use the ALE signal.

(1) Minimum model memory access time

Figure 7.1.1 shows the bus timing diagram for the minimum model. The memory access time tawo) for
the minimum model is obtained by the following equation.

taap)=ta(Poar1a-E)+twieL)—tsup2p-)—{address decode time}:-+ @
Note: tdroaria-g) in equation @ represents either tyroa-g) Or tarPia-g).

taroaria-5) and twien in equation © are parameters that depend on the operating clock frequency and
are calculated by the equations shown in Table 7.1.2. tsup20-g) is a constant that depends on the operating
clock frequency (8, 16, or 25MHz). Address decode time is the time required to decode the address
and make the chip select signal valid. :

The data setup time tsup) for write is obtained from the following equation.

tsuo)=twEL)~tdE-r2q) ***++ @

If the setup time requested by the device do not satisfy these values, waits must be inserted in the
bus cycle with the wait bit or RDY input.

Figure 7.1.2 shows the relationship between the memory access time taan) and operating clock fre-
quency f(Xi) for a minimum model. The graph in Figure 7.1.2 shows the memory access time ignoring
the address decode time in equation ®. Therefore, the actual memory access time is the value of the
graph minus the address decode time.
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Figure 7.1.3 shows the relationship between the data setup time tsup) for write and the operating clock

frequency.

Table 7.1.2 Operating clock frequency dependent parameter calculation equations and constants

Type 8MHz version 16MHz version 25MHz version
Parameter M37702M2 M37702M2A M3702M2B
tapoa-g) 2x10° 30 4 2X10° _ 1os 2x10° _ ¢
tpiace 100 +3) 4 Xn) 12+~ 80
2X10°
tw(EL) f(Xi) - “— «—
L 2y I L= e ettty Kt
Under software one-wait 4X10
' 30 «
! (the wait bit = “0”) f(Xi) <
tsu(P2D-E) 60 45 30
td(e-P20) 110 70 45
(Dimension in ns)
E L -
~ tw(EL) o  twE o

[\

Port PO
(Ao-A7)

Low-order address

Low-order address

" td(POAE)

|

Port P1
(As-A1s)

Middle address

Middle address

T WdPIAE)

Port P2
(A16—A23/Do-D7)

tsu(P2D-E)

* ta(AD)

VNN
High-order address }‘-" \\Data\\ -( High-order address )
td(P2A-E) . _’i-

Data

r—td(E-P2Q)
* tsu(D)

At data reading \

At data writing

Fig. 7.1.1 Minimum model bus timing
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.

8MHz version 16MHz version o 25MHz version .
[ns] - >t -
65061’7 '
600580
1~ T ~—8— No wait
550 —r B S one-wait
~ 500~ 530 .96
&) ..
< i P
T 450 430
bt i .
D 400 ~.—375
£ - ».
@ 350331330 =330
b 9 °.
D | -, 291
o 300 274 9.
5] . 260 .. 258
© 250 30 - 23 2é7 224
= ] \'i\ 9. 20579 20
o 193 . - 187—
g 200 y Te.. 172
- '\.163 1 T T . 157
2 150 P 137 g 144 g | |
= i \"\115 R ‘325107 I l TT?? 112
100 e & S ——, P N I’
. 53
50 — o383
0 1
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
. k4
External input clock frequency f(XiN) [MHz]
*Exoept for address decode time

Fig. 7.1.2 Relationship between memory access time and operating clock frequency for minimum model

[ns]BMszersiOJ 16MHz version o 25MHz version o
450431~
. 400
400—— ¢
1 "860-. —®— No wait
50 5 ?44 @ one-wait
S 300 ] g
>
L i - 263
(o)) LR
g 250 233
= 1 . 207
Q. 200 > 185
= ; T-.186 190 160
(o) 150145 150 ‘$-... 150 g 147 135—
i 22 B
g ) J10 100 )
100
(@] i
50
0

10

External input clock frequency f(Xi)

Fig. 7.1.3 Relationship between data setup time for write and operating clock frequency
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(2) Medium/maximum model memory access time
Figure 7.1.4 shows the bus timing diagram for medium and maximum models.
ALE signal must be considered in addition to address output delay time when calculating the memory
access time for this model. :
The memory access time for the medium and maximum model depends on the following two conditions:

@®When address is determined before ALE is enabled.
(when twaLe)+ta(aLe-g) < tdap1ar2a-g)
taap)y=tw(ALE)+1d(ALE-E)+tw(EL)—Tsu(P2D/P 1D-E)

—{address latch delay+address decode time} - ®

®When address is determined after ALE is enabled.
(when twaLe)+aaLe-g) > tapiaraa-g)
taap)=taP1aP2a-E)+iw(EL—~tsu(P2D/P 1D-E)
—{address latch delay+address decode time} - @

Note: tapinvr2a-g) in equations ® and @ represents either tdria-g) or tapaa-g) and tsup2orin-g) represents
either tsuPip-g) Or tsupan-g).

tarrar2a-g), twiae), and twey in equations @ and @ are parameters that depend on the operating clock
frequency and are calculated by the equations shown in Table 7.1.3. tsyreorin-g) is @ constant that
depends on the operating clock frequency (8, 16, or 25MHz). The address latch delay is the delay
caused when latching the address data. Note that its value is different under the conditions for
equation @ and equation @. The address decode time is the time required to decode the address and
make the chip select signal valid.

The data setup time for write can be obtained by equation ® similar to the minirmum model.

tsup)=twEeL)~td(Ee-P2arp1q) **** ®
Note: tde-r2aria) in equation ® represents either toe-ria) or taE-rea).

If the setup time requested by the device does not satisfy these values, waits must be inserted in the
bus cycle using wait bits or the RDY input.

Figure 7.1.5 shows the relationship between memory access time tap) and operating clock frequency
f(Xin) for medium and maximum models. The graph in Figure 7.1.5 does not take into consideration
the address decode time in equations @ and @ and shows the memory access time when M74F573
is used for address latch. The address decode time must be subtracted and the actual address latch
delay must be considered in order to obtain the actual memory access time.

The relationship between the data setup time tsuo) for write and the operating clock frequency is
similar to the minimum model as shown in Figure 7.1.3.
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BYTE= “H” (When external bus width is 8-bit)

E )
tw(ALE) , [ - >
- tw(EL) tw(EL)
ALE \ / \
P {q(ALE-E)
Port PO Low-order address j Low-order address
(A0-A7) X
td(POA-E) T ‘ |
Port P1 Middle address J Middle address l
(A8-A15)
td(P1A-E)
tP AN
(Aw_P,?z'a,Df_m) High-order address }- \Data ( High-order address )ﬁ Data x
T e {4(E-P2
<« [d(P2AE) »|  Isu(P2D-E) ( il
* ta(AD) tsu(D)
RW At data reading \ At data writing ’ '

BYTE=“L"” (when external bus width is 16-bit)

E J
ALY tw(EL) o wEL) o
ALE [ ’ \
— P % {d(ALE-E)
|
Port PO :) Low-order address X Low-order address
(A0-A7) x
y td(POA-E) ! l |
Port P1 . NN \\\\\__ . ,
(AB-A15/D8-D15) Middle address \\Rﬁ?\\\ Middle address High-order data
~ WPIAE) tuPIDE) | ~—tdE-PIQ) l
=
(A1 ::;;/302_07) High-order address )'--- \\Data N--(High-order address) Low-order data x
<—>i t— |
- {d(P2A-E) tsu(P2D-E) .——»‘; - 1d(E-P20Q)
* ta(AD) * tsu(D)
R/W At data reading \ At data writing '

Fig. 7.1.4 Bus timing diagram for medium/maximum model
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Table 7.1.3 Parameter equations and constant depending on the operating clock frequency

Products 8MHz version 16MHz versionn 25MHz version
Parameters M37702M2 M37702M2A M37702M2B
tap1a-g) 2X10° 2X10° 2X10°
tap2a-E) 100 +W - 250 30+W - 125 12 + W— - 80
1X10° 1X10° 5
twae) — o - 35 2 . 275 AX10°
f(Xn) 1(Xn) foxmy~ 18
2X10°
twEe W - 30 — —
[ Under software one-wait| ax10° I
| (waitbit="0") Xm0 -
tsup2p-E)
tsuP1D-E) 60 45 30
td(e-P20)
taEe-riq) 110 70 45
td(ALE-E) 4 ’ — —
(Unit : ns)
8MHz version 16MHz version 25MHz version
[ns] o Bt >
600 580
) ‘ |
550 —
4 518 —&— Nowait
500 —— 4212 @ one-wait
g 450 434
S ] -
% * 4007 ?.88 (1) (2)- M- (2)—
g 350 343 |
) - .305
@ 300 ® —273
Q h 263 °. 50
Q 1 >oar _20 |
© 250 v <221 ¢ 221 226 o8
> T . .
< 188 196 191
S 200 N - T~— T 1=179
J 161 -9 .. 163
‘qE> 150 \'\ & E | T T e 19 2136 - 04
= 100 | . I~ 10I7\8‘|8 19 90 ‘ I T?1;3103
T e 980774 -9
71 [
] 7 T & g 45_3|7_ | B
50 30 723
0 i N T m—
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
External input clock frequency f(XIN) [MHz]
*Except for address decode time
The data in the graph represents values when M74F573 is
used for address latch, and the delay is as follows.
(1) tW(ALE)+td(ALE-E) < td(P1A/P2A-E) at 13NS (max)
(2) tw(ALE)+td(ALE-E) > td(P1A/P2A-E) at 8.5Nns (max)

Fig. 7.1.5 Relationship between memory access time and operating clock frequency for midium/maximum model
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7.1.3 Memory expansion precautions

When setting E signal to “L” level and reading the data on the bus, the M37702 group has an address hold
_time (tpx(e-P1zr22) Of up to 5ns. When the E signal becomes “H” level and data on the bus is read, at
minimum the floating time (tpzxe-r1zr2z) shown in Table 7.1.4 is reserved before the next address data is
output. Therefore, when using devices that output data on the data bus within 5ns from the fall of the E
signal (tenoe)<5NS) or output data on the data bus for more than texe-rizrzz at the rise of the E signal,
considerations must be made to prevent bus contention between the address data output by the M37702
group and the data output by the device.

When using devices with tencg) that does not satisfy tee-r1zp22, generate the device read signal OE with
only the leading edge of the fall of the E signal delayed for few nanoseconds.

When using devices with tor and taisoe) that do not satisfy teexe-rizr2z), delete the data output by the device
using a bus buffer for example. Figures 7.1.7 and 7.1.8 show examples of using a bus buffer. Table 7.1.5
shows Mitsubishi memories that can be connected to the M37702 group without bus buffer. When requesting
memory with specifications shown in Table 7.1.5, specify “tor 15ns microcomputer and kit.”

Table 7.1.4 Address hold time and data floating time

Type 8MHz version 16MHz versionn 25MHz version
Parameter M37702M2 M37702M2A M37702M2B
tpxz(E-P12)
tpxz(E-P22) 5 5 5
toxz(E-P12) 1x10° . _1x10° 1x10°
toxz(E-P22) OXHXm) 12.5 2XH(XN) 6.25 2XE(XiN) 2.0
(Dimension in ns)
T\ /‘—
\ /
Peripheral device OE \ L
(Read signal) \ /
. 3 tpxz(E-P12) Jtpzx(E-FHZ)
tpxz(E-P2Z) " | tpzx(E-P22)
Adress output ----<g§ Address » ---------------------------- Address
ten(OE)le— ‘ tdis(OE),tDF
Peripheral device
da?a oul;laut """""""""""""""" << Data >>> ------------

Fig. 7.1.6 Memory data read timing
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Table 7.1.5 Memory usable without bus buffer

Memory type

Type name

tor/tdis (OE)

Conditions

EPROM

M5M27C256AK-85/-10/-12/-15

or equivalent OTP component
M5M27C512AK-10/-12/-15

or equivalent OTP component
M5M27C100K-12/-15
M5M27C101K-12/-15
M5M27C102K-12/-15

15ns

(Xm)<20MHz (Note)

M5L27512K-17/-2

30ns

f(Xin)<8BMHz

SRAM

M5M5256BP-70/-85/-10/-12/-15
or equivalent L,LL types
M5M5178P-35/-45/-55

15ns

f(Xm)<20MHz (Note)

Note: M74F32 or equivalent component is required for read

signal generation when using at 16MHz fre-

quency or greater.
M37702
A1-A7 $ Address bus
ALS573AP
JBYTE D Q
e,
ALS573AP
V4 D Q
ALE E OC
i
ALS245A%
/S::/D\:s; >lB A » Data bus (odd)
——DIR OC
ALS245K
Ats-A2
/:Jeo_Dj - L >B Al % Data bus (even)
I P % Available gate examples
E Gal®™| sMHz | 16MHz
. ALs3¥ OR ALS32 | ALS32
o+ E 3-STATE | ALS245A | F245
1~—D_ BUFFER |ALS1245A
ALS04 ¢ : —
RW ;rﬁ )O—’ RD
__ ER R : wo
BHE ; i 5
Ao :_._.__..S = '
Xin - Xour ALS32 o o ) )
LI *_l Circuit conditions : 8MHz with No wait
- : 16MHz with software one-wait
8/16MHz

Fig. 7.1.7 Bus buffer usage example (1)
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M37702
A1-A7 - % Address bus
ALS573AP
7; BYTE D Q
g S
ALS573AP
auil
ALE E OC 2,
J ALS245A
As-Ats | o > . _
/D:-D:Z N 1A B » Data bus (odd)
FJ DIR OC
ALS245A
Ate-A23
/330-07 < L P A Bl » Data bus (even)
¢—{ DIR OC|—¢

[l 1

1 n
t I
@\ Circuit to extend the write

F ' ' hold time by quickening the
04 —'-D;__’— write signal rise timing b
_ 1 RD 9 g by
RIW > : : 1/2 ¢n clock
C— N 1 s
| St
BHE " ! !
Ao i i 1 :

ALS32
XN Xour
Ln:".] Circuit condition : 16MHz with software one-wait
16MHz

Fig. 7.1.8 Bus buffer usage example (2) (connection to device that requests long hold time during write)

7.1.4 Connection to devices that request long access time

Waits can be inserted in the bus to extend the access time when connecting to devices that request long
access time. Wait can be inserted by software one-wait method which sets the wait bit of the processor
mode register bit 2 to “0” and inserts waits for 1 cycle of the clock ¢1 during the “L” level cycle of the E
signal, or by hardware using RDY to insert any number of wait cycles. Figure 7.1.9 shows an RDY gen-
eration circuit example for one-wait insertion by hardware. Hardware wait by RDY input can generate wait
for internal area access as well. Therefore, this circuit example uses a chip select signal to specify the area
for inserting a wait. If the clock frequency is 14.9MHz or greater, this circuit cannot be used because the
setup time of the RDY input at the fall of the clock ¢ is insufficient. Refer to section “7.1.5 (5) Memory

expansion example at 25MHz using software one-wait+RDY” for the use of RDY when RDY input setup time
is insufficient.
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¥ Data bus

> CS2

P Address bus

Insert wait due to RDY
only in area accessed

RDY signal input timing

N
)\ )
. L#—

Interval extended by RDY input

M37702
As-A23 | g
(Do-D1s) |~ v
Address [ ] gddrzss ———— CS
latch circuit ecode
circut
Ao-A7 {
RDY |« -
Fra | F32 [ %2
E D Q
]l T
Fo4
by CS2
Circuit condition : f(Xin) < 14.9MHz, Software no wait

Fig. 7.1.9 RDY generation circuit example

7.1.5 Memory expansion example

Memory expansion examples are described below.

(1) Minimum model memory expansion example
Figure 7.1.10 shows a minimum model memory expansion example. In a minimum model, the R/W
signal and E signal are used to generate the memory read signal RD and write signal WR. The BHE
signal is unused and must be kept open.

BT amhz
S

M37702S1FP
E-BYTE A1s '
HCO04 M5M27C256AK-15 U/ISMSZSGBPJS
CE S
Ao-A14 ] P Ao—-A14 Ao—A14
Do-D7}e p|Do-D7 DQ1-DQs
o o Memory map
OE E W 000016/ SFR area
0080
s Internal RAM area
BHE [ Open 028016 [ £ternal RAM area
RW T (M5M5256BP)
E HCO4 [ e—ﬁ 800016
—‘J—/ External ROM area
XN Xout HC32 (M5M27C256AK)

FFFFie

Fig. 7.1.10 Minimum model memory expansion example
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(2) Maximum model memory expansion example
Figure 7.1.11 shows a maximum model memory expansion example. In maximum mode, the memory
write signal must be separated into even address write signal WE and odd address write signal WO
because the external data bus is used as a 16-bit bus. The even address write signal and odd address
write signal are separated by using Ao of the address and the BHE signal. The read signal need not
be separated because the microcomputer selectively inputs the data.

M37702M2AXXXFP
Memory expansion mode
ArcA Address bus
-A7
BvtE Ao R A
7],;.— AsArs ALsS29843 ABA1S % L
/De-Dis | »/b a} T s
l"T‘lE LS04 Ac-At4 |
ALE A1-A15 A1-A1s Ao-hus
M5M52568P M5M5256BP
A1e/Do
1 Memory map
\ Databus (odd) _De-D1s |y, o 0o07 | o0i-oas 000016~ SFR area
_ _ 008016
OE W E W Internal RAM area
D1-D7 | Data bus {even) 027F16
=l -
Not used area
B LS04 gy C00016
RW D
£ — Internal ROM area
WE
o FFFF1e
WO 1000016
BRE Extended RAM area
(M5M5256BPX2)
XIN  XouT 1FFFF1e
ar T Circuit condition * Software one-wait

Fig. 7.1.11 Maximum model memotry expansion example

(3) Memory expansion example at 20MHz using software one-wait
Figure 7.1.12 shows a memory expansion example at 20MHz using software one-wait (maximum
model). No bus buffer is required in this example because M5M27C102K-15 is used as an external
ROM (see Table 7.1.5).

(4) Memory expansion example at 25MHz using software one-wait
Figure 7.1.13 shows a memory expansion example at 25MHz using software one-wait (medium model
B). This example requires a bus buffer to prevent bus contention.
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TJ: BYTE

M37702S1BFP

A1-A7

Address bus

M5M27C102K-15

A1-A16
Ao-Ats

Ae-Ats
/D&-D15

At6/Do

ALS29843

Data bus

N4

Do-D15
$-| Do-D1s

XN XouT

& A

o
]
o
<
A

OE

CE—T,T

Bus buffer is unnecessary.

000016
008016

027F1s
028016

1FFFF1e

Circuit condition : Software one-wait

Memory map

SFR area

Internal RAM area

Extended ROM area
(M5M27C102K)

Fig. 7.1.12 Memory expansion example at 20MHz using software one-wait

7J7__ BYTE

M37702S1BFP )
Address bus (A1-At14) M5M27?256AK.85 WszssBP-ss
A1-A7 AN \
As-A15 ’_\ l l
/D8-D15 CeE s ¥ s 4
P> (A0-A13 P! A0-A13 Ao-A13
ALE e Atlaf— A4 A
S ) rbDo-m 7~>10Q1-DQs DQ1-DQ8
—{DIR OC— OE o oE W oE W
F245 /
. Databus (even) o P y.
Do-D7 [<¢ A B [«
+—{DIR OC [—
L I |
tUoap |, a0
I -
Fos 1[I0 : | Memory map
i =-
P _| >0 74 .
. Fo4 —:—g::):' RD 000016 [ SFR area
RW Dc ; L 008016
o »@_EDJL__—_ Internal RAM area
BHE _: : ! : WE 027F1s
Ao ———-: | ' g_E_ 7! Extended RAM area
-==- Fa2
ALS32 M5M5256BP X2
7FFF1e ( )
800016
XN XouT Extended ROM area
L . . (M5M27C256AKX2)
O 25MHz Circuit condition : Software one-wait FFFF1s
T

Fig. 7.1.13 Memory expansion example at 25\MHz using software one-wait
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(5) Memory expansion example at 25MHz using software one-wait+RDY

Figure 7.1.14 shows a memory expansion example at 25MHz using software one-wait and RDY (medium
model A). In this example, a software wait and a hardware wait by RDY are inserted during ROM access.

M37702S1BFP
Ao-Are Address bus
BvTE 120 ] M5M27C512AK-15
Ars F573 CE
A16
A1e/ Do D a Ao-A1S
£ Ao-Ats
ALE
b F245
D1-D7 [« Databos p B | P! Do-D7
OC DIR OF
— L4 F32
RW RD
E
ALS74 ALS74
o1
RDY
XIN _ Xout
mgwm Circuit condition : Software one-wait
T

* RDY signal input timing

R

EREE
Software wait/ Hardware wait

= L
ey

3

s
]
<

Fig. 7.1.14 Memory expansion example at 25 MHz using software one-wait+RDY
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(6) Memory expansion example using M66800SP/FP
Figures 7.1.15 to 7.1.17 show memory expansion examples using the M66800SP/FP (hereafter referred
to as M66800). The M66800 is a memory control IC that can be connected to either word bus or byte
bus of the M37702 group. It is equipped with an internal address decoder, read/write signal generator,
and an RDY signal generator.

{Precautions when expanding memory using the M66800}
Reenforce the GND lines of the M37702 group and M66800 in order to prevent errors due to noise.
Also add an 80pF capacitor between the ALE line and GND line for safety.

Figure 7.1.15 shows an example of adding a 64KB EPROM (M5M27C512AK-10) and a 32KB SRAM
(M5M5256BP-10) with no wait to the M37702 group that has an 8-bit external bus and operates at
12.288MHz. The RDY output pin of the M66800 is open because it operates at no wait.

Figure 7.1.16 shows an example of adding a 64KB EPROM (M5M27C512AK-15) and a 8KB high-
speed SRAM (M5M5178P-45) to the M37702 group that has an 8-bit external bus and operates at
15MHz. The 8KB high-speed SRAM is no wait and one-wait is inserted with RDY for the EPROM. CS5
(EPROM chip select signal) is input as the wait request input (WRQ) to the M66800 in order to limit
the area in which the RDY is valid.

Figure 7.1.17 shows an example of adding a 128KB EPROM (M5M27C102K-15) and two 32KB SRAMs
(M5M5256BP-10) to the M37702 group that has a 16-bit external bus and operates at 12.288MHz. The
SRAM is no wait and one-wait is inserted with RDY for the EPROM. Similar to Figure 7.1.16, an EPROM
chip select signal is used to limit the area in which the RDY is valid.

M37702S1AFP LS = -
CNVss MG66800SP/FP
BYTE[—* BYTE A8-A15 Ly T o
Ao-A7 A pipo  A16-A23 g
Ps Ag—A15 | ADB-AD15 __| 55000 oFrrr Y
cso | MSM27C5T2AK-10| | M5MS5256BP-10
A16-A23 —,
~—p{ s /60-B7 T’ ADTEA 02363_5—-——8°°°"7FFIF =
ALE I TIAE A0-A15 :;Q)‘:l Ao-At14
i p7 ;;- (64K)
__ =1 Do-D
BHE »-| BHE 0557
~agemli—| pg € € = A
E E b
R/W - RW WAl
~<t—p{ P4 o >0 o
(—mov ~ WRa
WAIT _TJT 4
XIN  XOUT v y

Fal

12 288MHz

Fig. 7.1.15 Memory expansion example using M66800 (1)
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M37702S1AFP <
CNVss j M66800SP/FP
BYTE|—* BYTE A8-A15 o~ <
. Ao~A7 A —wp0  Ate-AzZa
Ps Ag-A15 | AD8-AD15 ___|,000-a5PF
A16-A23 _ MEM27C512AK-15
~p=p— pg /Do-D7 <T-'>AD‘6 AD23_|soog-17FFE =
. Ao-Ais
ALE ITALE Ao-A15 | epROM Ao-A12
=P p7 o
<< BHE - BFE 7=
B > !
P8 E wlE _ OLE
- _ RD
R/W 1 R/W WA
-1 P4 o1 0
— IJw:?_ J— WRQ—
RDY[ ¢ RDY  warr|—
' ks
XIN__ XOouT Y \
15MHz
Fig. 7.1.16 Memory expansion example using M66800 (2)
!
M37702S1AFPj
CNVss M66800SP/FP
BYTE—¢ BYTE A8-A15 S
7 Ao |
<> A0-A7 >|A0  At6-A23
PS  As-As <T——> AD8-AD15
/D8-D15 ) 28000-37FFF e
A16-A23 ___|s000- —
~-p-| g oo E AD16-AD23 | 8000-27FFF =2
Ao-At6
ALE ALE Ay
e 2 i
BHE L %
2 OF
| g E = - =
R/W - RW WRE
~—p~| P4 o1 I R
— J_“W;?- - ‘WRa|—
RDY [ 4 ROY WAIT
XIN_ XouT ' r v
12.288MHz

Fig. 7.1.17 Memory expansion example using M66800 (3)
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7.2 1/0 expansion
1/0 expansion is described below.

7.2.1 1/0 expansion model

Similar to memory expansion, /O expansion for the M37702 group in memory expansion mode and
microprocessor mode can be performed for the four models shown in Table 7.1.1. Memory mapped /O
is used for I/0 expansion. The expansion methods and precautions are the same as for memory expansion.

7.2.2 1/0 expansion examples
(1) Port expansion example using M5M82C55AP-2/FP-2
Figure 7.2.1 shows a port expansion example using M5M82C55AP-2/FP-2. This is an expansion
example for a medium model B,and M5M82C55AP-2/FP-2 is connected to the even number port side
and odd number port side of the M37702 group data bus to expand the I/O port to 48. The device
reset signal is supplied from port P4a.
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0ot

M37702S1AFP > CSo
—————» CS2
——————» CSs
Ao-A7 < P Address bus
CNVss
F1% M5M82C55AP-2/FP-2
A4 A - -
BYTE ALS573AP [ s |2 YOI —
B Y1 CS Port C [-s
r"P D Q ] - NA2 | A
ALE ETE T E V3 KA1 Ao Port B
ALS245A Port A
As-A15 »|a P _
/Ds-Dis |~ Data bus (odd) B |« | Do-D7 W__R
—DIR OC }— > RESET D
ALS245A
pvoonos | Databus teven)| ) M5M82C55AP-2/FP-2
/Do-D7 | >|A Bl Cs Port C
»—{DIR oC A
oci—e \AL| A Port B
P43 Port A
preeeeees : >0 wRi—
'r“D_._I » RESET D
@ i 2
@ Do
R/W : 1
Ty WO
BHE H@‘" ' E

XN Xout

LigH

16MHz

Circuit condition : Software one-wait

Fig. 7.2.1 Port expansion example using M5M82C55AP-2/FP-2
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(2) Port expansion example using M66500SP/FP
Figure 7.2.2 shows a port expansion example using M66500SP/FP. This is an expansion example for
a minimum model which adds 24 1/O ports, 16 high-breakdown-voltage output ports, and 4 bits 1/O

ports.
M37702S1AFP R 832
——————» CS3
Ao-A7 $ Address bus
CNVss
HC1839-1
BYTE :: A ol M66500SP/FP
B Y1 Cs s
As—Ais ol n2 | py Port A [
E V@ A1 A N
oy 20 | n Port B |«¢miiger
ALS245A Port C pafisudipe
Ate—A23 | Data bus N P R
/Do-D7 |~ A B | Do-D7 Port E |
-—{DIR &C _I Port F i«&xa;;aw
£ . F32 o~ Port G [
[~ 3
: m > RESET
o s § RD WA
. —
R/W ; ;
) S 1
P43
Xin Xout
Lll:"'J Circuit condition : Software one-wait
16MHz
Fig. 7.2.2 Port expansion example using M66500SP/FP

217



APPLICATION

7.2 1/0O expansion

(3) Port expansion example using M37451M4-XXXFP
Figure 7.2.3 shows an expansion example using an 8-bit single-chip microcomputer M37451M4-XXXFP.
This is an expansion example for a minimum model and the host bus interface function of the M37451M4-
XXXFP is used.

M37702S1AFP > 820
 » &3,
> CS3
Ao-A7 $ Address bus
CNVss
LS139
BYTE At4 =
A15 g _Y_O—
Y1
As-A1s V5 |— M37451M4-XXXFP
E V3 §
A L2 Loles % Port POt
Ao
o Boree S,
Ate-Azs| Data bus ho % Port P1 fufzi s
/Do-D7| T ${ DBo-DB7 N
Port P2 {ss58msise-
= Port P3 fiffd
INTof* ? PrOY ort P3 e
E F04°[> & _ Port P4 [
A Nl .
Bus interface Port P6 [zt
P43 ;é, » RESET
Xin Xout
XN Xout I_.”:] |_J
Lo 12.5MHz
10MHz

Fig. 7.2.3 Port expansion example using M37451M4-XXXFP
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7.3 Program examples
7.3.1 Hardware definition
7.3.2 Initialization examples

7.3.3 Timer modes setting examples

(1) Timer A e Timer mode

(2) Timer A..cceeveninennee Event counter mode

(3) Timer A .covveveirciseninns Two phase pulse processing function

(4) Timer A ..One-shot pulse mode

(5) Timer A ...PWM mode

(6) Timer B ...Pulse period measurement mode

(7) Timer B Pulse width measurement mode
7.3.4 Serial /0 modes setting examples

(1) 8-bit UART ....ccccvvuurnune 1 byte receive

(2) 8-bit UART ....cccvevvvrenen 1 byte transmit

(3) 8-bit UART ...cccvvrruennn n-byte transmit

(4) Clock synchronous....1 byte receive
(5) Clock synchronous....1 byte transmit
(6) Clock synchronous....n-byte transmit
(7) Error processing

7.3.5 A-D conversion modes setting examples
(1) One-shot mode
(2) Repeat mode
(3) Single sweep mode
(4) Repeat sweep mode

7.3.6 Interrupt processing examples
(1) Interrupt setting example

(2) Interrupt routine processing example............ When memory space is 64K bytes or less.
(3) Interrupt routine processing example............ When memory space exceeds 64K bytes.

7.3.7 Watchdog timer setting examples
7.3.8 Software timer setting examples

7.3.9 Interrupt vector table setting example
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7.3.1 Hardware definition

SEQ. LoC.

16

17 000002

18 (000002)
19 (000003)
20

21 000004

22 (000004)
23 (000005)
24

25 000008

26 (000006)
27 (000007)
28

29 000008

30 (000008)
31 (000009)
32

33 00000A

34 (00000A)
35 (00000B)
36

37 00000C

38 (00000C)
39 (00000D)
40

41 00000E

42 (00000E)
43 (00000F)
44

45 000010

46 000010)
47 (000011)
48

49 (000012)
50

51 (000014)
52

0BJ.

H
H

IH
IH

10
1H

1H
1H

1H
1H

I
1

1H
1H
2H

2H

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE
BYTE

BYTE

e e e et s et b b bt bt bt b bt ba b bt bt bt bt bt b bt bk bt bt ba b b b s e bt bbb b e b b a b b e e et b b b

ceeoXeo loo X 200, X, ..  SOURCE STATEMENT....5....%....B.. % . .7 0% . .8....%,...0.. . X

.PAGE

’M37702 HARDKARE DEFINE’

M37702 Hardware define

e we e s e

.SECTION

Port registers

Po:

P3:

’

.ORG  000002H
pol: ;
.BLKB 1 ;
PI:  .BLKB 1 ;
POID: ;
POD:  .BLKB 1
PID:  .BLKB 1 ;
p23: ;
P2:  .BLKB 1 ;
.BLKB 1 ;
P23D: ;
P2D:  .BLKB 1
P3D:  .BLKB 1 ;
P45: ;
P4 .BLKB 1 ;
P5:  .BLKB 1 ;
P4sD: ;
P4D:  .BLKB 1 ;
PsD:  .BLKB 1 ;
P6T: ;
Pe:  .BLKB 1 ;
P .BLKB 1 ;
PeD: ;
PED:  .BLKB 1
PMD:  .BLKB 1
P8:  .BLKB 2 ;
BLKB 2 ;

P8D:

Port PO, Pl registers
Port PO register
Port Pl register

Port PO, P1 direction registers
Port PO direction register
Port Pl direction register

Port P2, P3 registers
Port P2 register
Port P3 register

Port P2, P3 direction registers
Port P2 direction register
Port P38 direction register

Port P4, P5 registers
Port P4 register
Port PS5 register

Port P4, P5 direction registers
Port P4 direction register
Port PS5 direction register

Port P8, P7 registers

Port P6 register

Port P7 register

Port P8, P7 direction registers
Port P6 direction register

Port P7 direction register

Port P8 register

Port P8 direction register
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SEQ. LOC.

53

54

65

56

67

58

59

60 (00001E)
61 (00001F)
62

63 (000020
64

65 (000022)
66

67 (000024)
68

69 (000026)
70

71 (000028)
72

73 (00002A)
4

75 00002C)
.

77 (00002E)
8

9

80

81

82

83 000030

84 (000030)
85 (000031)
86

87 000032

88 (000032)
89 (000033)
90

91 000034

92 (000034)
93 (000035)
94

95 000036

96 (000036)
87 (000037)
98

99

100

101

102

103 000038

104 (000038)
105 (000033)
108

107  00003A

108 (00003A)
103 (00003B)
110

111 00003C

112 (00003C)
113 (00003D)
114

115 00003E

116 (00003E)
117 (00003F)
118

0BJ.

1H
1

2H
2H
2H
21
2H
21
2H

24

1H
1H

1H
1H

1
11

1H
1H

1
b

1H
1H

1H
1H

1H
1

BYTE
BYTE

BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

BYTE
BYTE

b b s b b h b b b b bt e e e b b b b b b b e bbb b e b b b b b bt b bk bk b b bt bt e e bt b b bt bt b b b bbb bbb e b b b b b bee b e b e e

PAGE

ceelecioXoo 02000 0%, .. SOURCE STATEMENT....5....%. c.uBooakeoo Touo X 8o X0 0 0000 X,

A-D conversion registers

e veve wsme

»

.

’

.ORG  O0001EH
ADCON: .BLKB 1 ’
@DSPSZ BLKB 1 H
ADO: .BLKB 2 H
ADL: .BLKB 2 H
eDZZ .BLKB 2 H
§D32 .BLKB 2 )
éD4: .BLKB 2 s
@DSI .BLKB 2 H
ADB: .BLKB 2 ;
AD7: .BLKB 2 H

’

A-D control register
A-D sweep pin selection register

A-D register 0
A-D register 1
A-D register 2
A-D register 3
A-D register 4
A-D register 5
A-D register 6

A-D register 7

e wews

Serial 1/0 0 registers

’

SOMxB: H
SOMR:  .BLKB 1 H
SOBRG: .BLKB 1 H
SOTB: H
SOTBL: .BLKB 1 H
SOTBH: .BLKB 1 H
S0C: H
SOCL:  .BLKB 1 H
SOCH:  .BLKB 1 H
SORB: H
SORBL: .BLKB 1 H
SORBH: .BLKB 1 H

UARTO transmit/receive mode register
UARTO baud rate generator (BRG)

UARTO transmission buffer registers
UARTO transmission buffer register (low-order)
UARTO transmission buffer register (high-order)

UARTO transmit/receive control registers
UARTO transmit/receive control register 0
UARTO transmit/receive control register 1

UARTO receive buffer registers
UARTO receive buffer register (low-order)
UARTO receive buffer register (high-order)

Serial 1/0 1 registers

’
’
’
’

’

.

’

’

SIMxB: H
SIMR:  .BLKB 1 H
SIBRG: .BLKB 1 ;
S1TB: H
SITBL: .BLKB 1 H
SITBH: .BLKB 1 H
S1C: H
SICL: .BLKB 1 H
SICH: .BLKB 1 H
SIRB: H
SIRBL: .BLKB 1 H

.BLKB 1 H

SIRBH:

UART1 transmit/receive mode register
UART1 baud rate generator (BRG)

UART1 transmission buffer registers
UART!1 transmission buffer register (low-order)
UART! transmission buffer register (high-order)

UART! transmit/receive control registers
UART1 transmit/receive control register 0
UART! transmit/receive control register 1

UART1 receive buffer registers
UART1 receive buffer register (low-order)
UART! receive buffer register (high-order)
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7.3 Program examples

SEQ. LOC. OBJ. weoeXoioo o X, 2000 0%, .. SOURCE STATEMENT....5....%. . .Bouo X 7o X 8000 X000 000 XL,
118 .PAGE

120 H

121 3

122 H Timer registers =

123 H

124 H

125 (000040) 2H BYTE TABSR: .BLKB 2 ; Count start flag

126 H

127 (000042) 2H BYTE ONSF:  .BLKB 2 ; One-shot start flag

128 H

123 (000044) 2H BYTE UDF: .BLKB 2 3 Up/down flag

130 H

131 000046 TAO: 5 Timer AO register

132 (000046) 1H BYTE TAOL: .BLKB 1 5 Timer AO register (low-order)
133 (000047 1H BYTE TAOH:  .BLKB 1 3 Timer A0 register (high-order)
134 H

135 000048 TAL: 3 Timer Al register

136 (000048) 1H BYTE TAIL: .BLKB 1 3 Timer Al register (low-order)
137 (000049) 1H BYTE TAIH:  .BLKB 1 5 Timer Al register (high-order)
138 H

133 000044 TA2: s Timer A2 register

140 (00004A) 1H BYTE TA2L: .BLKB 1 ; Timer A2 register (low-order)
141 (00004B) 1H BYTE TA2H: .BLKB 1 3 Timer A2 register (high-order)
142 H

143 00004C TA3: ; Timer A3 register

144 (00004C) 1H BYTE
145 (00004D) IH BYTE

TASL: .BLKB 1
TASH: .BLKB 1

Timer A3 register (low-order)
Timer A3 register (high-order)

146 H
147 00004E TA4: ;> Timer A4 register
148 (00004E) 1H BYTE TA4L:  .BLKB 1 ; Timer A4 register (low-order)

148 (00004F) 1H BYTE TA4H: .BLKB 1 Timer A4 register (high-order)

150 ’

1561 000050 ° TBO: ; Timer BO register

152 (000050) 1H BYTE TBOL: .BLKB 1 ; Timer BO register (low-order)

153 (000051) 1H BYIE TBOH:  .BLKB 1 ; Timer BO register (high-order)
154 H

155 000052 TBI: 3 Timer Bl register

156 (000052) 1H BYTE TBIL: .BLKB 1 ; Timer Bl register (low-order)

157 (000053) 1H BYTE TBIH: .BLKB 1 ; Timer Bl register (high-order)
158 H

159 000054 TB2: ; Timer B2 register

160 €000054) 1H BYTE TB2L: .BLKB 1 ; Timer B2 register (lov-order)

161 (000055) 1H BYTE TB2H: .BLKB 1 3 Timer B2 register (high-order)
162 H

163 000056 TAOIMR: ;> Timer AO, Al mode registers

164 (000056) 1H BYTE
185 (000057) 1H BYTE
166

167 000058

168 (000058) 1H BYTE
169 (000059) 1H BYTE
170

171 000054

172 (00005A) 1H BYTE
173 (00005B) 1H BYTE
174

175 00005C

176 (00005C) 1H BYTE
177 (00005D) 1H BYTE
178

178

180

181

182

183 (0000SE) 2H BYTE
184

TAOMR: .BLKB 1
TAIMR: .BLKB 1
TA23MR:

TA2YR: .BLKB 1
TASMR: .BLKB 1
H

TA4BOMR:

TA4MR: .BLKB 1
TBOMR: .BLKB 1
’

TBI2MR:

TBIMR: .BLKB 1
TB2MR: .BLKB 1

’

Timer A0 mode register
Timer Al mode register

Timer A2, A3 mode registers
Timer A2 mode register
Timer A3 mode register

Timer A4, BO mode registers
Timer A4 mode register
Timer BO mode register

Timer Bl, B2 mode registers
Timer Bl mode register
Timer B2 mode register

Processor mode register =

MR: .BLKB 2 Processor mode register

— s bt bt bt b bk bk b b b e b e bt b e e bt bt bt bt bt e et bt bt bbbt e bt ba bma bk b b b ba b b b b b b b e b b b b e b e e b e b e e bt b b e

e "D e s vwe we
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7.3 Program examples

SEQ. LoC.

185
186
187
188
189
190
181 (000080)
182 (000081)
193
194
195
196
197
198
193 000070
200 €000070)
201 €000071)
202
203 000072
204 (000072)
205 (000073)
206
207 000074
208 (000074)
203 (000075)
210
211 000076
212 (000076)
213 (000077)
214
215 000078
216 (000078)
217 (000079)
218
219 00007A
220 (00007A)
221 (00007B)
222
223 00007C
224 00007C)
225 (00007D)
226
227 00007E
228 (00007E)
229 (00007F)
230
231

0BJ.

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

1H BYTE
1H BYTE

coeeXein o X 002000 %, . SOURCE STATEMENT....5....%. .8,k T X 0 8o X, 0800 X, L

¥DC: .BLKB

¥atchdog timer
Katchdog timer frequency selection flag

.PAGE
’
H ¥atchdog timer registers =
»
b
¥DT: .BLKB 1 H
1 H

Interrupt control registers

’
’
.
’
’

ADxSOTIC:
ADIC:  .BLKB
SOTIC: .BLKB

.ORG

1
1

000070H

?

SORxSITIC:
SORIC: .BLKB
SITIC: .BLKB

SIRXTAQIC:
SIRIC: .BLKB
TAOIC: .BLKB

’

TAIXTA2IC:
TALIC: .BLKB
TA2IC: .BLKB

INTOIC: .BLKB

TASXTA4IC:

TASIC: .BLKB 1 H
TA4IC: .BLKB 1 ’
]

TBOXTB1IC:

TBOIC: .BLKB 1 H
TB1IC: .BLKB 1 H
H

TB2xXINTOIC:

TB2IC: .BLKB 1 H

INTIXINT2IC:
INT1IC: .BLKB
INT2IC: .BLKB

’

b b b bt b b e b b bt b b b bh b bt b bt b bt e et bt bt bbb b s s bt bt b b b bt bt bt bt b bt bt b b b bt e e

»

A-D conversion interrupt control register
UARTO transmission interrupt control register

UARTO receive interrupt control register
UART! transmission interrupt control register

UART! receive interrupt control register
Timer A0 interrupt control register

Timer Al interrupt control register
Timer A2 interrupt control register

Timer A3 interrupt control register
Timer A4 interrupt control register

Timer BO interrupt control register
Timer Bl interrupt control register

Timer B2 interrupt control register
INTO interrupt control register

INT1 interrupt control register
INT2 interrupt control register
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7.3 Program examples

7.3.2 Initialization examples

SEQ. LoC.  0BJ. ceeoXean doo X 02000 %, .. SOURCE STATEMENT....5....%....8.00% 00 Touo X o 8uu0 X, 8000 XL
242 .PAGE  'MAIN ROUTINE’

243 ’

244 H

245 H Main routine =

248 H

247 H

248 H

249 H Initialization routine =

250 H

251 H

252 H

253 H Assembler declarations =

254 H

255 H

256 ; These are assembler declarations.

257 » Flags and registers used

258 ; in the program must match

259 ; these declarations.

260 H

261 .SECTION PROGRAM ; Section name

262 .ORG  OCOOOH » Start address

263 .DATA 1B ; Data length

264 .INDEX 18 ; Index register length
265 .Dp 0000H ; Direct page

266 DT OOH ; Data bank

287 H

268 H

269 H Initialize registers and flags =

270 ’

211 ’

272 00C000 INITIAL:

273 00C000 78 SEI ; Disable interrupt
274 00C001 C238 CLP myX,D » Set data and index register length 16 bits
275 » Binary operation mode
276 00C003 A27F02 LDX #027FH H

277 00C00B8 9A TXS ; Stack pointer=Highest address of RAM
278 00C007 AS0000 LDA A, 40 H

273 00C00A 5B TAD s Direct page=OH to FFH
280 00CO0B 89C200 LDT #0 ; Data bank=Bank 0

281 00COOE x645E2000 L LDM $0020H, PMR ; Interrupt priority detection time=2¢ cycles
282 3 Single-chip mode

283 H

284 H

285 ; Clear RAM =

286 H

287 H

288 00C012 A27E02 LDX #027EH H

283 00C015 A90000 LDA A,#0 3 Set initial value (OH) in accumulator A
290 00C018 RAM_CLR: ;

231 00C018 %9500 STA A,0,X » Write content of accumulator A to specified
232 00CO1A CA DEX > RAM in 16-bit unit
293 00CO1B CA DEX ’

294 00COIC EO7E00 CPX $07EH H

295 O00COIF DOF7 L BNE RAM_CLR H

296 H

297 H

298 H Change register model =

299 H (if necessary) =

300 H

301 H

302 .DATA 8 ; Data length

303 00C021 F8 SEM ; Data length 8 bits
304 H

305 H

306 H

307 00C022 2000D0 L JSR SUB_T1_1

308 00C025 80FE L E_LOOP: BRA E_LOOP

309
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7.3 Program examples

7.3.3 Timer modes setting examples
(1) Timer A.....ceeeeeeee.. Timer mode

coeekeiiolooo X 0 200 %, .. . SOURCE STATEMENT....5....%....Bu.o koo Tooo koo BuuXou . 000X

SEQ.

3217
328
329
330
331
332
333
334
336
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
367
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
311
318
318
380
381
382
383
384
385
386
387
388
389
330

Loc.  08BJ.

00D000
00D000 E224

00D002 144001
00D005 *645600

00D008 D8
00D009 %6446CFO7

00D0OD F8
00DOOE x647507

00D011 *044001
00D014 58

00D015 60 °

00D016

00D016 F8
00D017 x144001
00DO1A x645604

00D01D D8
00DO1E xB446CF07
00D022 F8

00D023 xB47500
00D026 *044001

00D028 60

L

L

L

-
. b ha e e e e bbb bbb b b Bee bt bbb pme e bt bt b b bk bbb b b b b bt bt Bt b b bt bt bk bbb b bt bt bt bk b bt bt bt b b et bt bbb bt s e e b e e

.PAGE

Timer setting example 1
[Timer A: Timer mode]

.
’
’
’
’
’
.
’
’
’
’
’
’
’
’
’
’

U2 we e wewe we e we we we we

e we we

¥hen there is no pulse output =

Timer ‘Timer A0
Mode :Timer mode
Pulse output ‘Disabled
Gate function :Disabled
Count source f(XIN)Y/2

UB_T1_1:

.DATA 8

SEP m I

CLB $00000001B, TABSR
LDM $000000008, TAOMR

Data length 8 bits, disable interrupt

Stop TAO count

Timer mode, disable pulse output and gate function
Count source=f(XIN)/2

.DATA 18

CLM ; Data length 16 bits
LDM #2000-1,TAO ; Set counter value
.DATA 8

SEM Data length 8 bits

LDM $00000111B,TAOIC Clear TAO interrupt request bit
Enable TAO interrupt (level 7)
Start TAO count

Enable interrupt

SEB $00000001B, TABSR
CLI

% Hereafter, interrupt request occurs after each timer AO overflows.

RTS

Khen there is pulse output =

Timer :Timer AO
Mode :Timer mode
Pulse output  ‘Enabled
Gate function :Disabled
Count source :f(XIN)/2

UB_T1.2:

.DATA 8

SEM

CLB $00000001B, TABSR
LDM $00000100B, TAOMR

Data length 8 bits

Stop TAO count

Timer mode, enable pulse output, disable gate function
Count source=f(XIN)/2

.DATA 1B

CLM ; Data length 16 bits
LDM $2000-1,TAO ; Set counter value
.DATA 8

SEM Data length 8 bits

LDM 000000008, TAOIC
SEB #00000001B, TABSR

Disable TAO interrupt
Start TAO count

% Hereafter, the phase of output pulse inverts every time timer AO overflows.

RTS

225



APPLICATION

7.3 Program examples

(2) Timer A...........c.ee......... EVvent counter mode

SEQ. LOC.  OBJ. ceveXoin doio X 2., 0%, . . SOURCE STATEMENT....5....%....BoevoXees TouiiXoo o 8un i X 800 key,
391 1 .PAGE

392 13

393 13

394 13 Timer setting example 2 =

395 13 [Timer A: Event counter mode] =

396 13

397 13

398 13 Timer :Timer Al

399 13 Mode :Event counter mode

400 13 Pulse output  :Disabled

401 13 Count phase ‘Fall

402 13 Up/down switch :Content of up/down flag

403 13

404 00D02A 1 SUB_T2:

405 - 1 .DATA 8

406 00D02A E224 1 SEP m, I ; Data length 8 bits, disable interrupt
407 00DO2C *140D08 L1 CLB $00001000B,P5D 3 Set PS3/TALIN pin to input mode

408 O00DOZF %144002 L1 CLB $00000010B, TABSR 3 Stop TAl count

403 00D032 645701 L1 LDM $00000001B, TAIMR 3 Event counter mode, disable pulse output
410 1 5 Select falling edge count and up/down flag
411 00D035 x144402 L1 CLB #00000010B, UDF ; Set to decrement count

412 1 .DATA 18

413 00D038 D8 1 CLM ; Data length 16 bits

414 00D039 x64486300 L1 LDM $100-1,TAl 3 Set counter value

415 1 .DATA 8

416 00D03D F8 1 SEM ; Data length 8 bits

417 00DO3E x847603 L1 LDM $00000011B,TA1IC 3 Clear TAl interrupt request bit !
418 1 ; Enable TAl interrupt (level 3)

419 00D041 %044002 Ll SEB #00000010B, TABSR 3 Start TAl count

420 00D044 58 1 CLI 3 Enable interrupt

421 13

422 13 X Hereafter, an interrupt request occurs at every 100 count.

423 13

424 00D045 60 1 RTS

425 13

426 13
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7.3 Program examples

(3) Timer A.......cccccuueeeeeee.. TWO phase pulse processing function

SEQ. LOC.  OBJ. ceeoXelldo X 2000 % ., SOURCE STATEMENT....5....% . .Buee ¥ Too oo 8ok 8uu X
421 1 .PAGE

428 13

429 13

430 13 Timer setting example 3 =

431 13 [Timer A: Two phase pulse processing function] =

432 13

433 |

434 13 Timer ‘Timer A2

435 13 Mode ‘Event counter mode -
436 13 (two phase pulse signal processing function)

437 13

438 00D046 1 SUB_T3:

439 1 .DATA 8

440 00D046 F8 1 SEM ; Data length 8 bits

441 00D047 x140D30 L1 CLB $001100008B,P5D 3 Set P54/TA20UT, PS5/TA2IN pin to input mode
442 00D04A x144004 L1 CLB $00000100B, TABSR y Stop TA2 count

443 00D04D xB45811 L1 LDM $00010001B, TA2MR ; Event counter mode

444 00DOS0 xB44420 L1 LDM $001000008B, UDF ; Select two phase pulse signal processing function
445 1 .DATA 18

446 00D053 D8 1 CLM ; Data length 18 bits

447 00D054 x644A0080 L1 LDM $8000H, TA2 3 Set counter value

448 1 .DATA 8

449 00D058 F8 1 SEM ; Data length 8 bits

450 00D059 *847700 L1 LDM $00000000B, TA2IC ; Disable TA2 interrupt

451 00DOSC 044004 L1 SEB $00000100B, TABSR ; Start TA2 count

452 13

453 13 X Hereafter, count is performed with input signals to TA20UT and TA2IN pins.
454 13

455 O0O0DOSF 60 1 RTS

456 13
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7.3 Program examples

(4) Timer A..........cccvsureeeeee.. ONE-shot pulse mode

SEQ.

457
458
459
480
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
471
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
493
500
501
502
503
504
505
508
507
508
509
510
511
512
513
514
515
516
517
518
519
520
621

Loc.  OBJ.

00D060

00D0BO F8
00D0B1 x144008
00D064 x645906

00D087 D8
00D0B8 x644CDO07

00DOBC F8

00DOBD x647800
00D070 x044008
00D073 x644208

00D076 60

00D077

00D077 F8

00D078 x140D80
00DO7B %144008
00DO7E x645316

00D081 D8
00D082 %644CD0O07
00D086 F8

00D087 *647800
00DO8A x044008

00D08D 60

—

[ PPN PN

PAGE

X....2....%..,.SOURCE STATEMENT....5....%....B....%....7..

Timer

[Timer A: One-shot pulse mode]

setting example 4

nn

LN we woe weve wevewe wovwovewes we wo we o

e wowe

.o we

Khen internal trigger is selected =

Timer
Mode
Start

Count

UB.T4_1:
.DATA
SEM
CLB
LDM

DATA
CLM
LDM
.DATA
SEM
LDM
SEB
LDM

3 Generate one-shot pulse

RTS

:Timer A3

:One-shot pulse mode

trigger

:One-shot start flag

(Software trigger)

source f(XIN)/2

8

$00001000B, TABSR
$00000110B, TASMR

16

#2000, TA3
8

$00000000B,TA3IC
#00001000B, TABSR
$00001000B, ONSF

.o e we e we

Data length 8 bits

Stop TA3 count

One-shot pulse mode, software trigger
Count source=f(XIN)/2

Data length 16 bits
Set counter value

Data length 8 bits

Disable TA3 interrupt

Enable TA3 count

Generate TA3 one-shot trigger

When external trigger is selected =

Timer
Mode
Start

Count

UB_T4.2:
.DATA
SEM
CLB
CLB
LDM

.DATA
CLM
LDM
.DATA
SEM
LDM
SEB

‘Timer A3

:One-shot pulse mode

trigger

‘Falling edge of TASIN

(Hardvare trigger)

source f(XIN)/2

8
#10000000B,P5D
#00001000B, TABSR
#00010110B, TA3MR
16

#2000,TA3

8

#00000000B, TASIC
#000010008, TABSR

Data length 8 bits

Set PS7/TA3IN pin to input mode

Stop TA3 count

One-shot pulse mode, external trigger
Count source=f(XIN/2)

Data length 16 bits
Set counter value

Data length 8 bits
Disable TA3 interrupt
Enable TA3 count

% Generate one-shot pulse at falling edge input to TASIN pin

RTS
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7.3 Program examples

(5) Timer A.....cccevvrverenee... PWM mode

SEQ. LOC. 0BJ. ceeeXoii o0 2.0 0%, .. SOURCE STATEMENT....5....%....B...%. . . Too X 0 8u 0% 0.800 0 XL
522 1 .PAGE

523 13

524 13

525 13 Timer setting example 5 =

526 13 [Timer A: PWM mode] =

527 13

528 13

529 13 16-bit PEM =

530 13

631 13 Timer ‘Timer A4

532 13 Mode <P¥M mode

533 13 Start trigger :Count start flag

534 13 (Softvare trigger)

635 13 P¥M mode :16-bit PEM mode

536 13 Count source :f(XIN)/2

537 13

538 0ODOSE 1 SUB_T5_1:

639 1 .DATA 8

540 OODOBE F8 1 SEM ; Data length 8 bits
641 OODOSF x144010 L1 CLB $00010000B, TABSR 3 Stop TA4 count

542 00D092 x645A07 L1 LDM $00000111B, TA4MR 3 16-bit PWM mode, software trigger
543 1 3 Count source=f(XIN)/2
544 1 JDATA 18

545 00D0S5 D8 1 CLM ; Data length 1B bits
546 00D096 *B44EDOO7 L1 LDM $2000, TA4 3 Set counter value (output “H” pulse width)
547 1 .DATA 8

548 00DO9A F8 1 SEM ; Data length 8 bits
549 00DO9B x647900 L1 LDM $00000000B, TA4IC ; Disable TA4 interrupt
550 O0ODOSE x044010 L1 SEB $00010000B, TABSR ; Start PWM output

651 13

552 13 % Generate pulse

553 13 \

554 00DOAl 60 1 RTS

655 13

556 13

557 13

558 13 8-bit P¥M =

559 13

560 13 Timer ‘Timer A4

661 13 Mode *P¥M mode

562 13 Start trigger :Count start flag

563 1; (Software trigger)

564 13 PAM mode :8-bit PWM mode

565 13 Count source :f(XIN)/2

566 13

567 00DOA2 1 SUB_T5_2:

568 1 .DATA 8

569 00D0A2 F8 1 SEM ; Data length 8 bits
570 00DOA3 x144010 L1 CLB $00010000B, TABSR 3 Stop TA4 count

571 00DOAB xB45A27 L1 LDM $00100111B, TA4MR s 8-bit P¥M mode, software trigger
572 1 3 Count source=f(XIN)/2
573 00DOAS *B44EC7 L1 LDM #200-1,TA4L 3 Set prescaler value
574 O00DOAC *B44F0A L1 LDM #10,TA4H 3 Set counter value (output “H” pulse vidth)
575 O00DOAF x847300 L1 LDM $00000000B, TA4IC ; Disable TA4 interrupt
676 00DOB2 x044010 L1 SEB $00010000B, TABSR 3 Start PEM output

677 13

578 13 % Generate pulse

579 13

580 00DOBS B0 1 RIS

581 13

582 13
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7.3 Program examples

(6) Timer B.........ccceuneunnneo.. Pulse period measurement mode

SEQ. LOC. OBJ. ceeskoiidoo X, 2000 ... SOURCE STATEMENT....5... K.eeBueuikees Do enn 8unuuXen o 80 kel
583 1 PAGE

584 13

585 |

586 13 Timer setting example 6 =

587 13 [Timer B: Pulse period measurement mode] =

588 13

589 13 Timer ‘Timer Bl

690 13 Mode ‘Pulse period measurement mode

691 13 (betveen falling edge and falling edge)

592 13 Count source <f(XIN)/64

593 13

694 00DOBB 1 SUB_T6:

595 1 .DATA 8

536 O00DOBS F8 1 SEM 5 Data length 8 bits

597 00DOB7 x141040 L1 CLB $01000000B,PED 3 Set PB6/TBLIN pin to input mode
598 00DOBA *144040 11 CLB $01000000B, TABSR ;> Stop TBI count

599 00DOBD *645C82 L1 LDM #10000010B, TB IMR + Pulse period measurement mode
600 1 5 Count source=f(XIN)/64

601 00DOCO xB647B00 L1 LDM #00000000B,TB11C ; Clear TBl interrupt request bit
602 1 s Disable TBl interrupt

603 00DOC3 *044040 L1 SEB #01000000B, TABSR ; Start TB1 count

604 00DOC6 1 L1_T6%

805 00DOCB *347BOSFC L1 BBC #00001000B,TB1IC,L1_T6 ; TBI interrupt request bit= “1” ?
608 1 .DATA 186

607 00DOCA D8 1 CLM ; Data length 16 bits

608 00DOCB *A552 L1 LDA A,TB1 5 Read out measurement result in accumulator A
609 1 .DATA 8

610 00DOCD F8 1 SEM ;> Data length 8 bits

611 13

612 13 Note: TB1 overflow period is assumed to be sufficiently longer
613 13 than measured pulse period.

614 1;

615 OODOCE 60 1 RIS

616 13

230



APPLICATION

7.3 Program examples

(7) Timer B.....ccccevurnenene.. Pulse width measurement mode

SEQ.

617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

LOC.  OBJ.

00DOCF

O0DOCF F8

00DODO *141080
00DOD3 x144080
00DOD6 *645D8A

00DOD3 *647C00