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Keep safety first in your circuit designs !

e Mitsubishi Electric Corporation puts the maximum effort into making semiconductor
products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury,
fire or property damage. Remember to give due consideration to safety when
making your circuit designs, with appropriate measures such as (i) placement
of substitutive, auxiliary circuits, (ii) use of non-flammable material or (iii) prevention
against any malfunction or mishap.

Notes regarding these materials

e These materials are intended as a reference to assist our customers in the
selection of the Mitsubishi semiconductor product best suited to the customer’s
application; they do not convey any license under any intellectual property rights,
or any other rights, belonging to Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or
infringement of any third-party’s rights, originating in the use of any product
data, diagrams, charts or circuit application examples contained in these materials.

e All information contained in these materials, including product data, diagrams
and charts, represent information on products at_thie tirme of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without
notice due to product improvements or other reasons. It is therefore recommended
that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured
for use in a device or system that is used under circumstances in which human
life is potentially at stake. Please contact Mitsubishi Electric Corporation or an
authorized Mitsubishi. Semiconductor product distributor when considering the
use of a product contained herein for any specific purposes, such as apparatus
or systems for transporiation, vehicular, medical, aerospace, nuclear, or undersea
repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to
reprint or reproduce in whole or in part these materials.

e If these products or technologies are subject to the Japanese export control
restrictions, they must be exported under a license from the Japanese government
and cannot be imported into a country other than the approved destination.
Any diversion or reexport contrary to the export control laws and regulations of
JAPAN and/or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for further details on these materials or the
products contained therein.




Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers 7702 Group and 7703
Group. After reading this manual, the user will be
able to understand the functions, so that they can
utilize their capabilities fully.

For details concerning the software, refer to the 7700
Family Software Manual.



BEFORE USING THIS MANUAL

1. Constitution
This user’s manual consists of the following chapters. Refer to the chapters relevant to used products
and the processor mode.

e Chapter 1. DESCRIPTION to Chapter 17. APPLICATION
Functions which are common to all products and all processor modes are explained, using the
M37702M2BXXXFP as an example.
When there are functional differences between the low voltage version, PROM version and the 7703
Group, the referential section is indicated. Refer to that section about differences and to “Chapter. 1
to Chapter. 17 " about the common functions.

e Chapter 18. LOW VOLTAGE VERSION
Refer to this chapter when using the products of which difference of electrical characteristics identification
code (see on page 1-2) is “L,” the M37702M2LXXXGP for example. This chapter mainly explains the
differences from the M37702M2BXXXFP, using the M37702M2LXXXGP as an example.

e Chapter 19. PROM VERSION
Refer to this chapter when using the products of which memaory identification code (see on page 1-
2) is “E,” the M37702E2BXXXFP for example. This chapter mainly explains the differences from the
M37702M2BXXXFP, using the M37702E2BXXXFP as an example.

e Chapter 20. 7703 GROUP
Refer to this chapter when using the 7703 Group. This chapter mainly explains the differences from
the 7702 Group, using the M37703M2BXXXSP as an example.

e Appendix
Useful information for 7702 and 7703 Groups usage is shown.

2. Remark

e 25 MHz version and 16 MHz version
The 25 MHz version preducts are distinguished from the 16 MHz version products in part of Chapters
as the case may be. Refér to it as follows:

*Products of which difference of electrical characteristics identification code is “B,” M37702M2BXXXFP

as an example......coooccciiiiiieeee Column of “25 MHz version”
*Products of which difference of electrical characteristics identification code is “A,” M37702M2AXXXFP
as an example ... Column of “16 MHz version”

e Product expansion
See the latest data book and data sheets. Additionally, ask the contact addresses on the last page.

e Electrical characteristics
See also the latest data book or data sheet.

e Development support tools
See the latest data book and data sheet.

e Software
See “7700 Family Software Manual.”



e Mask ROM Confirmation Form, PROM Confirmation Form, Mark Specification Form
Copy the form in the latest data book and use it. Or, ask the contact addresses on the last page.

3. Register structure
The view of the register structure is described below:

01
b7 b6 b5 b4 b3 b2 bl

| | | . I [|| ol ‘ | XXX register (Address XXze) 02

Bit Bit name Functions Qt re%l (RW)

t---d 0 |... select bit 0 | RW

el 1 | .. select bit Undefined| WO

he value mt reading:

eeeenand] 2 |...flag : 0 RO

ro|ldr ol ro

L e 3 | Fix this bit to “0.” 0 RW
0 RW

R — 7 to 5| Nothing is assigned. \ Undefined]  —

e 4 | This bit is ignored in ... mode.

1 04

Blank : Setto “0” or “1” to meet the purpose.

0 : Set to “0” at writing.

1 : Set to “1” at writing.

O : This bit is not used in the specific mode or state. It may be either “0” or “1.”
[ ] :Nothing is assigned.

02
0 :“0” immicdiately after a reset.
1 1" immediately after a reset.
Undefined :Undefined immediately after a reset.
03
RW  : Itis possible to read the bit state at reading. The written value becomes valid
data.
RO . It is possible to read the bit state at reading. The written value becomes
invalid. Accordingly, the written value may be either “0” or “1.”
WO : The written value becomes valid data. It is not possible to read the bit state.

The value is undefined at reading. However, the bit with the commentaries of *
The value is “0” at reading” in the functions column or the notes is always “0”

at reading.(See to [14 above.)

— .1t is no possible to read the bit state. The value is undefined at reading.
However, the bit with the commentaries of “The value is “0” at reading” in the
functions column or the notes is always “0” at reading.(See to [14 above.)

The written value becomes invalid. Accordingly, the written value may be “0”
or“1.”
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DESCRIPTION

The 16-bit single-chip microcomputers 7702 Group and 7703 Group are suitable for office, business, and
industrial equipment controllers that require high-speed processing of large amounts of data.

These microcomputers develop with the M37702M2BXXXFP as the base chip. This manual describes the
functions about the M37702M2BXXXFP unless there is a specific difference and refers to the M37702M2BXXXXFP
as “M37702."

Notes 1. About details concerning each microcomputer’'s development status of the 7702/7703 Group,
inquire of “CONTACT ADDRESSES FOR FURTHER INFORMATION” described last.

Notes 2: How the 7702/7703 Group’s type name see is described below.

3 77 02 M 2 B XXX FP

Mitsubishi integrated prefix
Represent an original single-chip microcomputer
Series designation using 2 digits
Circuit function identification code using 2 digits
Memory identification code using a digit
M: Mask ROM
E: EPROM
S: External ROM
Memory size identification code using a digit
Difference of electrical characteristics identification code
using a digit
Mask ROM.number
— Package style
FP: Plastic molded QFP
GP. Piastic molded QFP
HR: Plastic molded fine-pitch QFP
SP: Plastic molded SDIP
FS: Ceramic QFN
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DESCRIPTION

1.1 Performance overview

1.1 Performance overview
Table 1.1.1 shows the performance overview of the M37702.

7703 Group

Refer to “Chapter 20. 7703 GROUP.”

Table 1.1.1 M37702 performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time M37702M2BXXXFP 160 ns (the minimum instruction at f(X) = 25 MHz)
M37702M2AXXXFP 250 ns (the minimum instruction at f(Xw) = 16 MHz)
External clock input frequency |M37702M2BXXXFP 25 MHz (maximum)
f(Xin) M37702M2AXXXFP 16 MHz (maximum)
Memory size ROM 16384 bytes
RAM 512 bytes
Programmable Input/Output PO-P2, P4-P8 8 bits O 8
ports P3 4 bits O 1
Multifunction timers TAO-TA4 16 bits 0 5
TBO-TB2 16 bits [1 3

Serial 1/O

UARTO, UART1

(UART or clock synchronous serial I/0) O 2

A-D converter

8-hit successive approximation method [0 1 (8 channels)

Watchdog timer

12 bits 0 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 a quartz-crystal oscillator)

Supply voltage

SV 10 %

Power dissipation

60 mW (at f(Xin) = 16 MHz frequency, typ.)

Port Input/Output
characteristics

Input/Output withstand voltage

5V

Output current

5 mA

Memory expansion

Maximum 16 Mbytes

Operating temperature range

—20°C to 85°C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP

Notes 1: All of the 7702 Group microcomputers are the same except for the package type, memory type,
memory size, and electric characteristics.
2: For the low voltage version, refer to “Chapter 18. LOW VOLTAGE VERSION.”
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DESCRIPTION

1.2 Pin configuration

1.2 Pin configuration

Figure 1.2.1 shows the M37702M2BXXXFP pin configuration. Figure 1.2.2 shows the M37702M2BXXXHP

pin configuration.

Note: For the low voltage version of the 7702 Group, refer to “Chapter 18. LOW VOLTAGE VERSION.”

7703 Group
Refer to “Chapter 20. 7703 GROUP.”
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Fig. 1.2.1 M37702M2BXXXFP pin configuration (top view)
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DESCRIPTION

1.2 Pin configuration

from the M37702M2BXXXFP.
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O : The M37702M2BXXXHP have the pin configuration shifted to 2 pins assignment

P86/RxD1
P87/TxD1
P0o/Ao
PO1/A1
P02/A2
P03/A3
PO04/Aa
PO0s/As
PQOe/As
PO7/A7
P1o/As/Ds
P11/A9/D9
P12/A10/D1o
P13/A11/D11
P14/A12/D12
P1s/A13/D13
Ple/A14/D1a
P17/A15/D15
P20/A16/Do
P21/A17/D1

Fig. 1.2.2 M37702M2BXXXHP pin configuration (top view)
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DESCRIPTION

1.3 Pin description

1.3 Pin description
Tables 1.3.1 to 1.3.3 list the pin description. However, the pin description in the EPROM mode of the built-
in PROM version is described to section “19.2 EPROM mode.”

7703 Group
The 7703 Group does not have part of pins. Refer to “Chapter 20. 7703 GROUP.”

Table 1.3.1 Pin description (1)

Pin Name Input/Output Functions
Vcce, Vss Power supply Supply 5V £10 %° to Vcc pin and 0 V to Vss pin.
CNVss CNVss Input This pin controls the processor mode.

[Single-chip mode] [Memory expansion mode]
Connect to Vss pin.

[Microprocessor mode]

Connect to Vcc pin.

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

Xin Clock input Input These are 1/O pins of the internal clock generating
circuit. Conneect a ceramic resonator or quartz-crystal

Xout Clock output Output oscillator. between pins Xiv and Xour. When using an

external cloek, the clock source should be input to Xin
pin and Xour pin should be left open.

E Enable output Output Thispin outputs E signal.
Data/instruction code read or data write is performed
when output from this pin is “L” level.

BYTE Bus width selection |Input [Single-chip mode]

input Connect to Vss.

[Memory expansion mode] [Microprocessor mode]
Input level to this pin determines whether the external
data bus has a 16-bit width or 8-bit width. The width
is 16 bits when the level is “L”, and 8 bits when the
level is “H".

AVcc Analog supply The power supply pin for the A-D converter. Externally
connect AVcc to Vcc pin.

AVss The power supply pin for the A-D converter. Externally
connect AVss to Vss pin.

VReF Reference voltage input |Input This is a reference voltage input pin for the A-D converter.

O : In the low voltage version, supply 2.7-5.5V to Vcc.
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DESCRIPTION

1.3 Pin description

Table 1.3.2 Pin description (2)

Pin Name Input/Output Functions
P0o—PO~ I/0O port PO /0 [Single-chip mode]
Port PO is an 8-bit CMOS I/O port. This port has an
I/O direction register and each pin can be programmed
for input or output.
Ac—A7 Output | [Memory expansion mode] [Microprocessor mode]
Low-order 8 bits (Aoc—A7) of the address are output.
P1lo-P17 I/0 port P1 /O [Single-chip mode]
Port P1 is an 8-bit I/O port with the same function as
PO.
AdDe— | ' [Memory expansion mode] [Microprocessor mode]
Ais/D1s e External bus width = 8 bits (When the BYTE pin is
“H” level)
Middle-order 8 bits (As—Ais) of the address are output.
e External bus width = 16 bits (When the BYTE pin is
“L” level)
Data (Ds to D1s) input/output and output of the middle-
order 8 bits (As—Ais) of the address are performed
with the time sharing system.
P20-P27 I/O port P2 /0 [Single-chip mode]
Port P2 is an 8-bit 1/0 port with the same function as PO.
Aw/Do— | [Memory expansion mode] [Microprocessor mode]
A23/D7 Data (Do to D7) input/output and output of the high-
order 8 bits (A1s—A23) of the address are performed
with the time sharing system.
P30—P3s” I/O port P3 1/O [Single-chip mode]
Port P3 is a 4-bit 1/0 port with the same function as PO.
RIW, Output | [Memory expansion mode] [Microprocessor mode]
BHE, P30—P3s respectively output R/W, BHE, ALE, and HLDA
ALE, signals.
HLDA" e R/W

The Read/Write signal indicates the data bus state.
The state is read while this signal is “H” level, and
write while this signal is “L” level.

e BHE
“L” level is output when an odd-numbered address is
accessed.

e ALE
This is used to obtain only the address from address
and data multiplex signals.

e HLDA
This is the signal to externally indicate the state when
the microcomputer is in Hold state.
“L” level is output during Hold state.

O : The 7703 Group does not have the P3s/HLDA pin.
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DESCRIPTION

1.3 Pin description

Table 1.3.3 Pin description (3)
Pin Name Input/Output Functions
P40-P47:"  |I/O port P4 110 [Single-chip mode]
Port P4 is an 8-bit I/O port with the same function as
PO. P4z can be programmed as the clock @ output pin.

HOLD, Input [Memory expansion mode]
RDY, Input P4o functions as the HOLD input pin, P4: as the RDY
P4—-P47" I/0 input pin. The microcomputer is in Hold state while “L”

level is input to the HOLD pin.

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

P4.—P47 function as I/O ports with the same functions

as PO.
____________ P42 can be programmed for the clock ¢ output pin.
HOLD, Input [Microprocessor mode]
RDY, Input P40 functions as the HOLD input pin, P4: as the RDY
@, Output input pin. P42 always functions as the clock ¢ output
P4s—P4" 110 pin.
P4s:—P47 function as 1/O ports with the same functions
as PO.
P50-P57 I/O port P5 I/0 Port P5 is.an 8-bit 1/0 port with the same function as
PO. These pins can be programmed as I/O pins for
Timers AO-A3.
P6o—P67" I/O port P6 I/0 Port P6 is an 8-bit I/O port with the same function as

PO. These pins can be programmed as 1/O pins for
Timer A4, input pins for external interrupt and input
pins for Timers BO-B2.

P70-P7-" I/O port P7 11O Port P7 is an 8-bit I/O port with the same function as
PO. These pins can be programmed as input pins for
A-D converter.

P8P8 I/O port P8 I1/0 Port P8 is an 8-bit I/O port with the same function as
P0O. These pins can be programmed as I/O pins for
Serial 1/0O.

O : The 7703 Group does not have the P4s—P4s, P6o, P61, P6s, P67, P7:—P7s, P84, and P8s pins.
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DESCRIPTION

1.3 Pin description

1.3.1 Example for processing unused pins
Examples for processing unused pins are described below. These descriptions are just examples. The user
shall modify them according to the user’s actual application and test them.

(1) In single-chip mode

Table 1.3.4 Example for processing unused pins in single-chip mode

Pin name

Example of processing

Ports PO to P8

Set for input mode and connect these pins to Vcc or
Vss via a resistor; or set for output mode and leave
these pins open. (Notes 1, 3)

E Leave it open.
Xour (Note 2)
AVcc Connect this pin to Vcc.

AVss, Vrer, BYTE

Connect these pins to Vss.

Notes 1: When setting these ports to the output mode and leave them open, they remain set to the input
mode until they are switched to the output mode by software after.reset. While ports remain set
to the input mode, consequently, voltage levels of pins are unstable, and a power source current

can increase.

The contents of the direction register can be changed: by noise or a program runaway generated
by noise. To improve its reliability, we recommend to periodically set the contents of the direction

register by software.

When processing unused pins, use the possible shortest wiring (within 20 mm from the microcomputer).

N

This applies when a clock externally generated.is input to the X pin.

3: In the 7703 Group, the following ports does not have the corresponding pins and have only the
direction registers. Fix the bit of these direction registers to “1” (output mode).

*Ports P33, P43:—P4s, P6o, P61, Pbe, P67, P73—P76, P84, P85

e \When setting ports forinput mode

PO-P8

AVcc

AVss
Vrer

BYTE

COLLEIN

Xout |

—A\AM—

Left open

Vee

T

777~ Vss

e When setting ports for output mode

PO—P8 —— Left open
El—
Xour Left open
% Vee
~
~
8 AVcc
AVss
Vrer
BYTE
717~ Vss

Fig. 1.3.1 Example for processing unused pins in single-chip mode
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DESCRIPTION

1.3 Pin

description

(2) In memory expansion mode

Table 1.3.5 Example for processing unused pins in memory expansion mode

Pin name Example of processing

Ports P4: to P47, P5 to P8

Set for input mode and connect these pins to Vcc or
Vss via a resistor; or set for output mode and leave
these pins open. (Notes 1, 6, 7)

BHE (Note 2)

Leave them open. (Note 4)

ALE (Note 3)

HLDA (Note 6)

Xout (Note 5)

Leave it open.

HOLD, RDY (Note 8)

Connect these pins to Vcc via a resistor (pull-up).

AVcc Connect this pin to Vcc.
AVss, Vrer Connect these pins to.Vss.
Notes 1: When setting these ports to the output mode and leave them open, they remain set to the input

W N

mode until they are switched to the output mode by software after reset. While ports remain set
to the input mode, consequently, voltage levels of pins are unstable, and a power source current can increase.
The contents of the direction register can be changed by noise 6 a program runaway generated
by noise. To improve its reliability, we recommend to periodically set the contents of the direction
register by software.

When processing unused pins, use the possible shortest wiring (within 20 mm from the microcomputer).

: This applies when “H” level is input to the BYTE pin.
: This applies when “H” level is input to the BYTE pin and the access space is 64 Kbytes.
: When supplying Vss level to the CNVss pin, these pins remain set to the input mode until they

are switched to the output mode by software after reset. While pins remain set to the input mode,
consequently, voltage levels of pins.are unstable, and a power source current can increase.

: This applies when a clock externally generated is input to the X pin.
. In the 7703 Group, the following ports does not have the corresponding pins and have only the

direction registers. Fix the bit of thiese direction registers to “1” (output mode).
*Ports P4:-P46s, P60, P61, P6s, P67, P73—P7e, P84, P85
There is not the HLDA pin.

. Set the P42/@ pin to the P4 function (clock @ output disabled), and perform the same processing

as ports P4s—P47,P5-P8.

: When processing unused pins, use the possible shortest wiring (within 20 mm from the microcomputer).

e When setting ports for input mode e When setting ports for output mode

P4:-P4;, P5-P8

BHE
ALE
HLDA

Xour

¢0LLEN

HOLD
RDY
AVce

AVss
Vrer

— A

—— Left open

— Left open

Vee

gic!

I Vss

P4,-P47, P5-P8

BHE
ALE
HLDA

Xour

C0LLEN

HOLD
RDY

AVce

AVss
Vrer

— Left open

— Left open

— Left open

Vee

el

7T~ Vss

Fig. 1.3.2 Example for processing

unused pins in memory expansion mode
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DESCRIPTION

1.3 Pin description

(3) In microprocessor mode

Table 1.3.6 Example for processing unused pins in microprocessor mode

Pin name Example of processing

Ports P4s to P4+, P5 to P8 Set for input mode and connect these pins to Vcc or

Vss via a resistor; or set for output mode and leave
these pins open. (Notes 1, 6)

BHE (Note 2) Leave it open. (Note 4)

ALE (Note 3)

HLDA, ¢ (Note 6)

Xout (Note 5) Leave it open.

HOLD, RDY (Note 7) Connect these pins to Vcc via a resistor (pull-up).
AVcc Connect this pin to Vcc.

AVss, VRrer Connect these pins to. Vss.

Notes 1: When setting these ports to the output mode and leave them open, they remain set to the input

w

mode until they are switched to the output mode by software after reset. While ports remain set
to the input mode, consequently, voltage levels of pins are unstable, and a power source current
can increase.

The contents of the direction register can be changed by noise or a program runaway generated
by noise. To improve its reliability, we recommend to:periodically set the contents of the direction
register by software.

When processing unused pins, use the possible shortest wiring (within 20 mm from the microcomputer).

. This applies when “H” level is input to the BYTE pin.
. This applies when “H” level is input to the BYTE pin and the access space is 64 Kbytes.
: When supplying Vss level to the CNVsS pin, these pins remain set to the input mode until they

are switched to the output mode by software after reset. While pins remain set to the input mode,
consequently, voltage levels of pins are unstable, and a power source current can increase.

: This applies when a clock externally. generated is input to the X pin.
: In the 7703 Group, the following ports does not have the corresponding pins and have only the

direction registers. Fix the bit of these direction registers to “1” (output mode).
ePorts P43—P4e, PGo, P61, Pos, P67, P73—P7s, P84, P8s
There is not the HLDA pin.

: When processing ufiused pins, use the possible shortest wiring (within 20 mm from the microcomputer).

e When setting ports for input mode e When setting ports for output mode
P4s—P47, P5-P8 ——AN\— P4s—P47, P5-P8 |—— Left open
BHE[— |
BHE
_ALE | eft open ALE —
HLDA|— —— Left open
= - HLDA [—
01 Z -
w 01
= w
3 Xour[—— Left open g Xour |— Left open
N Vee ) Vee
HOLD HOLD
RDY RDY
AVee AVee
AVss
=
7 Vss T Vss

Eig. 1.3.3 Example for processing unused pins in microprocessor mode
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DESCRIPTION

1.4 Block diagram

1.4 Block diagram

Figure 1.4.1 shows the M37702 block diagram.
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Note: The 7703 Group does not have the P33, P43—P4s, P60, P61, P66, P67, P73—-P76, P84, and P85 pins.

Fig. 1.4.1 M37702 block diagram
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1 Central processing unit
The CPU (Central Processing Unit) has the ten registers as shown in Figure 2.1.1.

-

Accumulator A (A)

Accumulator B (B)

Index register X (X)

Index register Y (Y)

Stack pointer (S)

Data bank register (DT)

Program counter (PC)

Direct page register (DPR)

Processor status register (PS)

b15 b8 b7 b0
AH AL
b15 b8 b7 b0
BH BL
b15 b8 b7 b0
XH XL
b15 b8 b7 b0
YH YL
b15 b8 b7 b0
SH SL
b7 b0
DT
b23 b16 bl5 b8 b7 b0
PG PCH PCL
b7 § bo
B bbb’ & g AR bbb bbbty Program bank register (PG)
b15 b8 b7 b0
DPRH DPRL
b15 b8 b7 b0
PSH PSL
b15 "~ b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bO|
0 0|]0|O IPL N[VIm|[x|[D|I]| Z|C

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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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1.1 Accumulator (Acc)
Accumulators A and B are available.

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. The transaction of data such as calculation,
data transfer, and input/output are performed mainly through accumulator A. It consists of 16 bits,
and the low-order 8 bits can also 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. Flag m is a part of the processor status
register which is described later. When an 8-bit register is selected, only the low-order 8 bits of
accumulator A are used and the contents of the high-order 8 bits is unchanged.

(2) Accumulator B (B)
Accumulator B is a 16-bit register with the same function as accumulator A. Accumulator B can be
used instead of accumulator A. The use of accumulator B, however except for some instructions,
requires more instruction bytes and execution cycles than that of accumulator A. Accumulator B is
also controlled by the data length flag (m) just as in accumulator A.

2.1.2 Index register X (X)

Index register X consists of 16 bits and the low-order 8 bits can also 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. Flag x
is a part of the processor status register which is described laters When an 8-bit register is selected, only
the low-order 8 bits of index register X are used and the contents of the high-order 8 bits is unchanged.
In an addressing mode in which index register X is used.as an index register, the address obtained by
adding the contents of this register to the operand’s contents is accessed.

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

Note: Refer to “7700 Family Software Manual® for addressing modes.

2.1.3 Index register Y (Y)

Index register Y is a 16-bit register with the same function as index register X. Just as in 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.

In the MVP or MVN instruction, a block transfer instruction, the contents of index register Y indicate the
low-order 16 bits of the destination address. The second byte of the instruction is the high-order 8 bits of
the destination address.
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2.1 Central processing unit

2.1.4 Stack pointer (S)

The stack pointer (S) is a 16-bit register. It is used for a subroutine call or an interrupt. It is also used when
addressing modes using the stack are executed. The contents of S indicate an address (stack area) for
storing registers during subroutine calls and interrupts. Bank 016 is specified for the stack area. (Refer to
“2.1.6 Program bank register (PG).” )

When an interrupt request is accepted, the microcomputer stores the contents of the program bank register
(PG) at the address indicated by the contents of S and decrements the contents of S by 1. Then the
contents of the program counter (PC) and the processor status register (PS) are stored. The contents of
S after accepting an interrupt request is equal to the contents of S decremented by 5 before the accepting
of the interrupt request. (Refer to Figure 2.1.2.)

When completing the process in the interrupt routine and returning to the original routine, the contents of
registers stored in the stack area are restored into the original registers in the reverse sequence (PS-PC - PG)
by executing the RTI instruction. The contents of S is returned to the state before accepting an interrupt
request.

The same operation is performed during a subroutine call, however, the contents of PS is not automatically
stored. (The contents of PG may not be stored. This depends on the addressing mode.)

The user should store registers other than those described above with software when the user needs them
during interrupts or subroutine calls.

Additionally, initialize S at the beginning of the program because its contenis are undefined at reset. The
stack area changes when subroutines are nested or when multiple interrupt requests are accepted. Therefore,
make sure of the subroutine’s nesting depth not to destroy the necessary data.

Note: Refer to “7700 Family Software Manual” for addressing modes.

Stack area

Address /_\_//

S-5

S—4 | Processoré&tatus register’s low-order byte (PSL)

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

S22 Program counter’s low-order byte (PCL)
S-1 Program counter’s high-order byte (PCH)
S Program bank register (PG)

M

e “S” is the initial address that the stack pointer (S)
indicates at accepting an interrupt request.
The S’s contents become “S-5" after storing the
above registers.

Fig. 2.1.2 Stored registers of the stack area
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2.1 Central processing unit

2.1.5 Program counter (PC)

The program counter is a 16-bit counter that indicates the low-order 16 bits of the address (24 bits) at
which an instruction to be executed next (in other words, an instruction to be read out from an instruction
queue buffer next) is stored. The contents of the high-order program counter (PCn) become “FFis,” and the
low-order program counter (PC.) becomes “FEi6” at reset. The contents of the program counter becomes
the contents of the reset’s vector address (addresses FFFEis, FFFF1s) immediately after reset.

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

(b23) (b16)
b7 b0 b15 b8 b7 bo

PG PCH PCL

Fig. 2.1.3 Program counter and program bank register

2.1.6 Program bank register (PG)

The program bank register is an 8-bit register. This register indicates the high-order 8 bits of the address
(24 bits) at which an instruction to be executed next (in other words, an instruction to be read out from an
instruction queue buffer next) is stored. These 8 bits are called bank.

When a carry occurs after adding the contents of the program counter or adding the offset value to the
contents of the program counter in the branch instruction and others, the contents of the program bank
register is automatically incremented by 1. When a bhorrow occurs after subtracting the contents of the
program counter, the contents of the program bank register is automatically decremented by 1. Accordingly,
there is no need to consider bank boundaries in programming, usually.

In the single-chip mode, make sure to prevent the program bank register from being set to the value other
than “0016” by executing the branch instructions and others. It is because the access space of the single-
chip mode is the internal area within theé bank Ois.

This register is cleared to “001” at reset.
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2.1 Central processing unit

2.1.7 Data bank register (DT)

The data bank register is an 8-bit register. In the following addressing modes using the data bank register,
the contents of this register is used as the high-order 8 bits (bank) of a 24-bit address to be accessed.
Use the LDT instruction to set a value to this register.

In the single-chip mode, make sure to fix this register to “0016". It is because the access space of the
single-chip mode is the internal area within the bank Ozs.
This register is cleared to “0016” at reset.

e Addressing modes using data bank register
*Direct indirect
*Direct indexed X indirect
*Direct indirect indexed Y
*Absolute
*Absolute bit
*Absolute indexed X
*Absolute indexed Y
*Absolute bit relative
*Stack pointer relative indirect indexed Y

2.1.8 Direct page register (DPR)

The direct page register is a 16-bit register. The contents of this register indicate the direct page area
which is allocated in bank 0is or in the space across banks 0Ois and 1is. The following addressing modes
use the direct page register.

The contents of the direct page register indicate the base address (the lowest address) of the direct page
area. The space which extends to 256 bytes above that address is specified as a direct page.

The direct page register can contain a value from “0000:” to “FFFFi6.” When it contains a value equal to
or more than “FF011s,” the direct page area spans the space across banks 0is and lis.

When the contents of low-order 8 bits of the direct page register is “001,” the number of cycles required
to generate an address is 1 cycle smallei than the number when its contents are not “001s.” Accordingly,
the access efficiency can be enhanced in this case.

This register is cleared to “0000i6" at reset.

Figure 2.1.4 shows a setting‘example of the direct page area.

e Addressing modes usifg direct page register
eDirect
*Direct bit
*Direct indexed X
*Direct indexed Y
*Direct indirect
eDirect indexed X indirect
*Direct indirect indexed Y
*Direct indirect long
*Direct indirect long indexed Y
*Direct bit relative
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2.1 Central processing unit

— O16 016
Direct page area when DPR = “000016"
______________________________________ FFis __|
""""""""""""""""""""""" 12316 |
Direct page area when DPR = “012316"
Bank 026 (| 22216 __| (Note 1)
""""""""""""""""""" FF1016
L FFFF16 Direct page area when DPR = “FF1016”
|_ 1000016 (Note 2)
______________________________________ 1000F16
Bank 116
I

Notes 1: The number of cycles required to generate an address is 1 cycle smaller when the
low-order 8 bits of the DPR are “0016."
2: The direct page area spans the space across banks 016 and 116 when the DPR is
“FFO116” or more.

Fig. 2.1.4 Setting example of direct page area
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2.1 Central processing unit

2.1.9 Processor status register (PS)
The processor status register is an 11-bit register.
Figure 2.1.5 shows the structure of the processor status register.

b15 bl4 bl3 bl12 bll b10 b9 b8 b7 b6 b5 bd b3 b2 bl b0
Processor staus

Note: “0” is always read from each of bits 15-11.

Fig. 2.1.5 Processor status register structure

)

(2

3

4)

)

Bit 0: Carry flag (C)

It retains a carry or a borrow generated in the arithmetic and logic unit (ALU) during an arithmetic
operation. This flag is also affected by shift and rotate instructions. When the BCC or BCS instruction
is executed, this flag’s contents determine whether the program causes a branch or not.

Use the SEC or SEP instruction to set this flag to “1,” and use the €LC or CLP instruction to clear
it to “0.”

Bit 1. Zero flag (2)

It is set to “1” when a result of an arithmetic operation or data transfer is “0,” and cleared to “0” when
otherwise. When the BNE or BEQ instruction is executed, this flag's contents determine whether the
program causes a branch or not.

Use the SEP instruction to set this flag to “1,” and use the CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode addition (the ADC instruction).

Bit 2: Interrupt disable flag (I)

It disables all maskable interrupts (interrupts other than watchdog timer, the BRK instruction, and
zero division). Interrupts are disabled when this flag is “1.” When an interrupt request is accepted,
this flag is automatically set to “1” to avoid multiple interrupts. Use the SEI or SEP instruction to set
this flag to “1,” and use the CLI or CLP instruction to clear it to “0.” This flag is set to “1” at reset.

Bit 3: Decimal mode flag (D)

It determines whether addition and subtraction are performed in binary or decimal. Binary arithmetic
is performed when this flag is “0.” When it is “1,” decimal arithmetic is performed with each word
treated as two or four digits decimal (determined by the data length flag). Decimal adjust is automatically
performed. Decimal operation is possible only with the ADC and SBC instructions. Use the SEP
instruction to set this flag to “1,” and use the CLP instruction to clear it to “0.” This flag is cleared
to “0” at reset.

Bit 4. Index register length flag (x)

It determines whether each of index register X and index register Y is used as a 16-bit register or
an 8-bit register. That register is used as a 16-bit register when this flag is “0,” and as an 8-bit
register when it is “1.” Use the SEP instruction to set this flag to “1,” and use the CLP instruction
to clear it to “0.” This flag is cleared to “0” at reset.

Note: When transferring data between registers which are different in bit length, the data is transferred
with the length of the destination register, but except for the TXA, TYA, TXB, TYB and TXS
instructions. Refer to “7700 Family Software Manual” for details.
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

Bit 5: Data length flag (m)

It determines whether to use a data as a 16-bit unit or as an 8-bit unit. A data is treated as a 16-
bit unit when this flag is “0,” and as an 8-bit unit when it is “1.”

Use the SEM or SEP instruction to set this flag to “1,” and use the CLM or CLP instruction to clear
it to “0.” This flag is cleared to “0" at reset.

Note: When transferring data between registers which are different in bit length, the data is transferred
with the length of the destination register, but except for the TXA, TYA, TXB, TYB and TXS
instructions. Refer to “7700 Family Software Manual” for details.

Bit 6: Overflow flag (V)

It is used when adding or subtracting with a word regarded as signed binary. When the data length
flag (m) is “0,” the overflow flag is set to “1” when the result of addition or subtraction exceeds the
range between -32768 and +32767, and cleared to “0” in all other cases. When the data length flag
(m) is “1,” the overflow flag is set to “1” when the result of addition or subtraction exceeds the range
between —128 and +127, and cleared to “0” in all other cases.

The overflow flag is also set to “1” when a result of division exceeds thie register length to be stored
in the DIV instruction, a division instruction.

When the BVC or BVS instruction is executed, this flag’s contenis determine whether the program
causes a branch or not.

Use the SEP instruction to set this flag to “1,” and use the . CLV.or CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode.

Bit 7: Negative flag (N)

It is set to “1” when a result of arithmetic operaticnior data transfer is negative. (Bit 15 of the result
is “1” when the data length flag (m) is “0,” or bit'7 of the result is “1” when the data length flag (m)
is “1.”) It is cleared to “0” in all other cases. Wnen the BPL or BMI instruction is executed, this flag
determines whether the program causes a branch or not. Use the SEP instruction to set this flag to
“1,” and use the CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode.

Bits 10 to 8: Processor interrupt priority level (IPL)

These three bits can determine the processor interrupt priority level to one of levels 0 to 7. The
interrupt is enabled when the interrupt priority level of a required interrupt, which is set in each
interrupt control register, is higher than IPL. When an interrupt request is accepted, IPL is stored in
the stack area, and IPL is replaced by the interrupt priority level of the accepted interrupt request.
There are no instruction to directly set or clear the bits of IPL. IPL can be changed by storing the
new IPL into the stack area and updating the processor status register with the PUL or PLP instruction.
The contents of IPL is cleared to “0002" at reset.
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2.2 Bus interface unit

2.2 Bus interface unit
A bus interface unit (BIU) is built-in between the central processing unit (CPU) and memoryl/O devices.

BIU’s function and operation are described below.
When externally connecting devices, refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”

2.2.1 Overview
Transfer operation between the CPU and memory+l/O devices is always performed via the BIU.
Figure 2.2.1 shows the bus and bus interface unit (BIU).

0 The BIU reads an instruction from the memory before the CPU executes it.

O When the CPU reads data from the memory - 1/O device, the CPU first specifies the address from which
data is read to the BIU. The BIU reads data from the specified address and passes it to the CPU.

O When the CPU writes data to the memory « I/O device, the CPU first specifies the address to which data
is written to the BIU and write data. The BIU writes the data to the specified address.

O To perform the above operations 0O to 0, the BIU inputs and outputs the control signals, and control the
bus.
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Fig. 2.2.1 Bus and bus interface unit (BIU)
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2.2 Bus interface unit

2.2.2 Functions of bus interface unit (BIU)

The bus interface unit (BIU) consists of four registers shown in Figure 2.2.2. Table 2.2.1 lists the functions
of each register.

b23 b0
PA | Program address register

|
I

Q1 ~ - -Instruction queue buffer
1
Q2 |---
b23 b0
| DA | Data address régister
b15 b0
[ pBy [ DBL | Data buffer

Fig. 2.2.2 Register structure of bus interface unit (BIU)

Table 2.2.1 Functions of each register
Name Functions
Program address register | Indicates the storage acddress for the instruction which is next taken into the
instruction queue buffer.
Instruction queue buffer Temporarily stores the instruction which has been taken in.
Data address register Indicates the address for the data which is next read from or written to.
Data buffer Temporarily stores the data which is read from the memoryl/O device by the
BIU or which is written to the memory+l/O device by the CPU.
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2.2 Bus interface unit

The CPU and the bus send or receive data via BIU because each operates based on different clocks
(Note). The BIU allows the CPU to operate at high speed without waiting for access to the memory.l/O
devices that require a long access time.

The BIU’s functions are described bellow.

Note: The CPU operates based on gcpu. The period of gcpuis normally the same as that of the internal

€]

(2)

3)

4)

clock ¢ The internal bus operates based on the E signal. The period of the E signal is twice that
of the internal clock @ at a minimum.

Reading out instruction (Instruction prefetch)

When the CPU does not require to read or write data, that is, when the bus is not in use, the BIU
reads instructions from the memory and stores them in the instruction queue buffer. This is called
instruction prefetch.

The CPU reads instructions from the instruction queue buffer and executes them, so that the CPU
can operate at high speed without waiting for access to the memory which requires a long access
time.

When the instruction queue buffer becomes empty or contains only 1 byte of an instruction, the BIU
performs instruction prefetch. The instruction queue buffer can store instructions up to 3 bytes.
The contents of the instruction queue buffer is initialized when a branch or jump instruction is
executed, and the BIU reads a new instruction from the destination address.

When instructions in the instruction queue buffer are insufilieient for the CPU’s needs, the BIU
extends the pulse duration of clock ¢cpu in order to keep the CPU waiting until the BIU fetches the
required number of instructions or more.

Reading data from memoryel/O device

The CPU specifies the storage address of data 10 be read to the BIU's data address register, and
requires data. The CPU waits until data is ready in the BIU.

The BIU outputs the address received from the CPU onto the address bus, reads contents at the
specified address, and takes it into the data buffer.

The CPU continues processing, using data in the data buffer.

However, if the BIU uses the bus for instruction prefetch when the CPU requires to read data, the
BIU keeps the CPU waiting.

Writing data to memorys1/O device

The CPU specifies the address of data to be written to the BIU’s data address register. Then, the
CPU writes data into.the data buffer. The BIU outputs the address received from the CPU onto the
address bus and writes data in the data buffer into the specified address.

The CPU advances to the next processing without waiting for completion of BIU's write operation.
However, if the BIU uses the bus for instruction prefetch when the CPU requires to write data, the
BIU keeps the CPU waiting.

Bus control

To perform the above operations (1) to (3), the BIU inputs and outputs the control signals, and
controls the address bus and the data bus. The cycle in which the BIU controls the bus and accesses
the memoryel/O device is called the bus cycle.

Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES " about the bus cycle at accessing
the external devices.
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2.2 Bus interface unit

2.2.3 Operation of bus interface unit (BIU)

Figure 2.2.3 shows the basic operating waveforms of the bus interface unit (BIU).

About signals which are input/output externally when accessing external devices, refer to “Chapter 12.
CONNECTION WITH EXTERNAL DEVICES.”

(1)

(2)

When fetching instructions into the instruction queue buffer

O When the instruction which is next fetched is located at an even address, the BIU fetches 2 bytes
at a time with the timing of waveform (a).
However, when accessing an external device which is connected with the 8-bit external data bus
width (BYTE = “H"), only 1 byte is fetched.

O When the instruction which is next fetched is located at an odd address, the BIU fetches only 1
byte with the timing of waveform (a). The contents at the even address are not taken.

When reading or writing data to and from the memoryel/O device
0 When accessing a 16-bit data which begins at an even address, waveform (a) is applied. The 16
bits of data are accessed at a time.

O When accessing a 16-bit data which begins at an odd address, waveform (b) is applied. The 16
bits of data are accessed separately in 2 operations, 8 bits at a time. Invalid data is not fetched
into the data buffer.

O When accessing an 8-bit data at an even address, waveforrii (a) is applied. The data at the odd
address is not fetched into the data buffer.

0 When accessing an 8-bit data at an odd address, waveform (a) is applied. The data at the even
address is not fetched into the data buffer.

For instructions that are affected by the data length flag (m) and the index register length flag (x),
operation O or O is applied when flag ni or. x = “0”; operation O or O is applied when flag m or x
= “1.”

2-14
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2.2 Bus interface unit

(@)
E \ /
Internal address bus (Ao tO A23) >< Address ><
Internal data bus (Do t0 D7) >< Data (Even address)
Internal data bus (Ds tO Das) >< Data (Odd address)
(b)

E w
Internal address bus (Ao t0 A23) >< Address (Odd address) K Address (Even address) X

Internal data bus (Do t0 D7) >< Invalid data >< Data (Even address)

Internal data bus (Ds tO Dis) >< Data (Odd address) >< Invalid data

Fig. 2.2.3 Basic operating waveforms of bus interface unit (BIU)
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2.3 Access space

2.3 Access space

Figure 2.3.1 shows the M37702’s access space.

By combination of the program counter (PC), which is 16 bits of structure, and the program bank register
(PG), a 16-Mbyte space from addresses 0000001 to FFFFFFis can be accessed. For details about access
of an external area, refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”

The memory and I/O devices are allocated in the same access space. Accordingly, it is possible to perform
transfer and arithmetic operations using the same instructions without discrimination of the memory from
I/O devices.

00000016
SFR area
00007Fu1s
00008016
Internal RAM area
00027F1s
: ; Bank O1s
00C00016 | '
Internal ROM area
00FFFF1s
01000016 ! :
H , Bank 11s
02000016 7T ST : g
0E00001 {7 77TTTTTTTTTTT : Ny
Bank FE16
___________________ E. —L . Indicates the memory allocaton of
FF000016 ! ! |:| /

the internal areas.
Bank FFi6 P R

FEEEFE1s b i : Indicates that nothing is allocated.

Note : ‘Memiory assignment of internal area varies according to the type of microcomputer. This
figure shows the case of the M37702M2BXXXFP.
Referto “Appendix 1. Memory assignment”  for other products.

SFR : Special Function Register

Fig. 2.3.1 M37702’s access space
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2.3 Access space

2.3.1 Banks

The access space is divided in units of 64 Kbytes. This unit is called “bank.” The high-order 8 bits of
address (24 bits) indicate a bank, which is specified by the program bank register (PG) or data bank
register (DT). Each bank can be accessed efficiently by using an addressing mode that uses the data bank
register (DT).

If the program counter (PC) overflows at a bank boundary, the contents of the program bank register (PG)
is incremented by 1. If a borrow occurs in the program counter (PC) as a result of subtraction, the contents
of the program bank register (PG) is decremented by 1. Normally, accordingly, the user can program
without concern for bank boundaries.

SFR (Special Function Register), internal RAM, and internal ROM are assigned in bank O16. For details,
refer to section “2.4 Memory assignment.”

2.3.2 Direct page

A 256-byte space specified by the direct page register (DPR) is called “direct page.” A direct page is
specified by setting the base address (the lowest address) of the area to be specified as a direct page into
the direct page register (DPR).

By using a direct page addressing mode, a direct page can be accessed with.less instruction cycles than
otherwise.

Note: Refer also to section “2.1 Central processing unit.”
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2.4 Memory assignment

2.4 Memory assignment

This section describes the internal area’s memory assignment. For more information about the external
area, refer also to section “2.5 Processor modes.”

2.4.1 Memory assignment in internal area
SFR (Special Function Register), internal RAM, and internal ROM are assigned in the internal area. Figure
2.4.1 shows the internal area’s memory assignment.

)

(2

3

SFR area

The registers for setting internal peripheral devices are assigned at addresses 0is to 7F16. This area
is called SFR (Special Function Register). Figure 2.4.2 shows the SFR area’s memory assignment.
For each register in the SFR area, refer to each functional description in this manual.

For the state of the SFR area immediately after a reset, refer to section “13.1.2 State of CPU, SFR
area, and internal RAM area.”

Internal RAM area

The M37702M2BXXXFP (See Note) assigns the 512-byte static RAM at addresses 8016 to 27F1. The
internal RAM area is used as a stack area, as well as an area to store data. Accordingly, note that
set the nesting depth of a subroutine and multiple interrupts’ level not to destroy the necessary data.

Internal ROM area

The M37702M2BXXXFP (See Note) assigns the 16-Kbyte mask RAM at addresses C0001s to FFFFis.
Its addresses FFD61s to FFFFi6 are the vector addresses, which are called the interrupt vector table,
for reset and interrupts. In the microprocessor mode and the external ROM version where use of the
internal ROM area is inhibited, assign a ROM at addresses FFD61s to FFFFie.

Note : Refer to “Appendix 1. Memory assignment " for other products.
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2.4 Memory assignment

M37702M2BXXXFP
00000016
SFR area —>Refer to Figure 2.4.2.
00007F16
00008016
Internal RAM area
00027F16
Interrupt vector table
,'l FFD616 | A-D conversion =
00C00016 S H
K FFD816 | yaRT1 transmit |'j|—
; FFDAw | yaRT1 tecieve II:I_
," FFDCi6 | yARTO fransmit II:|_
i FFDE1s ' UARTO recieve II:T
FFEOw1 | — L]
E TimerB2 {
/ FEE216) | — i L |
; 9 TimerBl §
! FFE416 | . L |
; TimerBO {
1 . L
Internal ROM area / FFEG® L Timer A4
/ FFE81 | - L
! Timer A3 §{
; FFEAs | - L]
4 Timer A2 §
; FFEC1s [ o L |
v Timer A1 7
/ FFEE1s | . L
! Timer AO g
/ FFFO1s | L |
; INT2 m
FFF21s | INT4 L]
FFF41 | NTo h_
_____________________ / FFF616 | L]
OOFFD616 Watchdog timer =
FFF81s L DBC (Note1) Fr
FFFA16 | _ BRK instruction ::'—
FFFCi6 [ zero divide ::'—
FFFE16 | __ BECET L |
OOFFFFws | T RESET R

Notes 1: DBC is an interrupt only for debugging; do not use this interrupt.
2: Access to the internal ROM area is disabled in the microprocessor mode.
(Refer to section “2.5 Processor modes.” )
3: Memory assignment of internal area varies according to the type of microcomputer.
Refer to “Appendix 1. Memory assignment”  for other products.

Fig. 2.4.1 Internal area’s memory assignment
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2.4 Memory assignment

Address Address
016 4016 | Count start register
116 4116
216 | Port PO register 4216 | One-shot start register
316 | Port P1 register 4316
416 | Port PO direction register 4416 | Up-down register
516 | Port P1 direction register 4516
616 | Port P2 reg!ster 4616 Timer AO register
716 | Port P3 register 4716
816 | Port P2 dfrect!on reg!ster 4816 Timer A1 register
916 | Port P3 direction register 4916
A16 | Port P4 regfster 4A16 Timer A2 register
B16 | Port P5 register 4B16
C16 | Port P4 d!rectfon regfster 4C16 Timer A3 register
D16 | Port P5 direction register 4D16
E16 | Port P6 reg!ster 4E16 Timer A4 register
F16 | Port P7 register 4F16
1016 | Port P6 d!rect!on reg!ster 5016 Timer BO register
1116 | Port P7 direction register 5116
1216 | Port P8 register 5216 | Timer B1 register
1316 5316
1416 | Port P8 direction register 5416 Timer B2 register
1516 5516
1616 5616 | Timer A0 mode register
1716 5716 | Timer A1 mode register
1816 5816 | Timer A2 mode register
1916 5916 | Timer A3 mode register
1A16 5A16 | Timer A4 mode register
1B16 5B16 | Timer BO mode register
1C16 5C16 | Timer B1 mode register
1D16 5D16 | Timer B2 mode register
1E16 | A-D control register 5E16 | Processor mode register
1F16 | A-D sweep pin select register 5F16
2016 | A-D register 0 6016 | Watchdog timer register
2116 6116 | Watchdog timer frequency select register
2216 | A-D register 1 6216
2316 6316
2416 | A-D register 2 6416
2516 6516
2616 | A-D register 3 6616
2716 6716
2816 | A-D register 4 6816
2916 6916
2A16 | A-D register 5 BA16
2B16 6B16
2C16 | A-D register 6 6C16
2D16 6D16
2E16 | A-D register 7 6E16
2F16 6F16
3016 | UARTO transmit/receive mode register 7016 | A-D conversion interrupt control register
3116 | UARTO baud rate register (BRGO) 7116 | UARTO transmit interrupt control register
3216 . : 7216 | UARTO receive interrupt control register
UARTO ti t buff — -
3316 ransmit buffer register 7316 | UARTL1 transmit interrupt control register
3416 | UARTO transmit/receive control register O 7416 | UART1 receive interrupt control register
3516 | UARTO transmit/receive control register 1 7516 | Timer A0 interrupt control register
3616 UARTO receive buffer register 7616 T!mer Al fnterrupt control reg!ster
3716 7716 | Timer A2 interrupt control register
3816 | UART1 transmit/receive mode register 7816 | Timer A3 interrupt control register
3916 | UART1 baud rate register (BRG1) 7916 | Timer A4 interrupt control register
3A16 UART1 transmit buffer register 7A16 T!mer BO fnterrupt control reg!ster
3B16 7B16 | Timer Bl interrupt control register
3C16 | UART1 transmit/receive control register 0 7C16 | Timer B2 interrupt control register
3D16 | UARTL1 transmit/receive control register 1 7D16 | INTo interrupt control register
E16 . . INT1 interrupt control register
3 UARTL1 receive buffer register 7E16 — P g.
3F16 7F16 | INT2 interrupt control register
Fig. 2.4.2 SFR area’'s memory map
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2.5 Processor modes

2.5 Processor modes

The M37702 can operate in 3 processor modes: single-chip mode, memory expansion mode, and microprocessor
mode. Some pins’ functions, memory assignment, and access space vary according to the processor modes.
This section describes the differences between the processor modes. Figure 2.5.1 shows a memory assignment
in each processor mode.

Single-chip mode Memory expansion mode Microprocessor mode Memory expansion mode
Microprocessor mode

00000016

SFR area SFR area SFR area 00000216
(Note 1)

00008016 v 00000916
Internal Internal Internal .
RAM area RAM area RAM area \

00027F16 \

00028018

P

K9
0%
S8
SRR
5%
%
5
%
b

2%

TR

IR
SR
S
3RS
35S

Not used

::
:: R
:‘00
::
Q2

::::
::
Q

00BFFF16

00C00016

Internal Internal
ROM area ROM area

OOFFFF16

01000016

FFFFFF16

@ : External area; Accessing this area make it possible to access external connected devices.

Notes 1: Addresses 216 to 916 become a external area in the memory expansion mode and microprocessor mode.
2: Refer to “Appendix 1. Memory assignment " for products other than M37702M2BXXXFP.

Fig. 2.5.1 Memory assignment in each processor mode for M37702M2BXXXFP
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2.5 Processor modes

2.5.1 Single-chip mode

Use this mode when not using external devices. In this mode, ports PO to P8 function as programmable
I/0 ports (when using an internal peripheral device, they function as its I/O pins).

In the single-chip mode, only the internal area (SFR, internal RAM, and internal ROM) can be accessed.

2.5.2 Memory expansion and microprocessor modes

Use these modes when connecting devices externally. In these modes, an external device can be connected
to any required location in the 16-Mbyte access space. For access to external devices, refer to “Chapter
12. CONNECTION WITH EXTERNAL DEVICES.”

The memory expansion and microprocessor modes have the same functions except for the following:

In the microprocessor mode, access to the internal ROM area is disabled by force, and the internal ROM
area is handled as an external area.
*In the microprocessor mode, port P42 always functions as the clock @i output pin.

In the memory expansion and microprocessor modes, PO to P3, P40, and P41 when the external data bus
width is 16 bits function as the I/O pins for the signals required for accessing external devices. Consequently,
these pins cannot be used as programmable I/O ports.

If an external device is connected with an area with which the internal area overlaps, when this overlapping
area is read, data in the internal area is taken in the CPU, but daia in.the external area is not taken in.
If data is written to an overlapping area, the data is written to the internal area, and a signal is output
externally at the same timing as writing to the internal area,

Figure 2.5.2 shows a pin configuration in each processor.mode. Table 2.5.1 lists the functions of PO to P4
in each processor mode.

For the function of each pin, refer to section “1.3 Pin description,” “Chapter 3. INPUT/OUTPUT PINS,”
each descriptions of internal peripheral devices and “Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”
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2.5 Processor modes

e Single-chip mode

1l

REEEEEER!

1%

0 5 e e e P 2 P Y

[11 Connect these pins to Vss pin in the single-chip
mode.
: These pins have different functions between the

single-chip and the memory expansion/micropro-
cessor modes.

A
v

LLEET e

b

-«
«

.@
x
p=88
QO
R R IS W e S R e i e R i VPN
[ Wa W a WO WY WY VY WA o WY WY WY WY WY WY Y Y T o T I I Y Y n B n H Y
A A A A A A
PITITII33000 00000008088
0 1 e 2 R e R
e N\
P83/TxD o+ » [65] (Q )
P82/RxD o+ > [65]
P81/C LKoo+ [67]
P80/C TSo/RTSo+* [68]
Vcc E
AVcc L70 |
VREF"E
Nee [ M37702M2BXXXFP
P77/AN7/ADTRG* > [74]
P76/ANs+> [75]
P75/ANs+ > [76]
P74/ANa<>[77]
P73/ANs + >
P72/AN
esE (o O]
N\ J
I 0 2 0
A A A A A A A A A A A
R R R R R AR,
ZoaskEEigesssiasdiidddst
CEEESSSESEZEcELEL <
C588PRReShEB58585 «
ooa g0 0wl waw
o a o o o
e Memory expansion/Microprocessor mode
‘0)‘
[
[14
ALEE
EEE NPT EYPPT
FBEBEEL cwsonss 33383885379
LRaa eI IIIIIIIIILILIILIIILL
I3 47 AERRREEEEERREERE
R AP E A FERE E R AR
‘ R
p&num<»§z”k:> )
P82/RxDo +* 65|
P81/C LKo+*[67]
P8I/CTSI/RTSo + > [68]
Vcc E
AVcc (0]
VREF"E
AV [z2]
vee [ M37702M2BXXXFP
P77/AN7/ADTRG* > 74 |
P76/ANs <+ |75 |
P75/ANs < »[76 |
P74/ANs > |77
P73/ANs < [78]
P72/AN
SOl Te O
N\ Y
] P 0 P 2 2
A A A A A A A
TITT1 1001008118108 00111
o N | O ~N © oo Mmoo
f3adkEEisdgdgigdsaididizfa
SEEE S gEIE L TbaEg e
O - - = N
o o o o o

N w
(ol [l s sl e s s e e sl e e s

02 This pin functions as ¢ 1 in the microprocessor
mode.
: These pins have different functions between the

single-chip and the memory expansion/micropro-
cessor modes.

RESET

P24
P2s
P26
P27
P3o
P31
P32
P33
Vss
E
XouT
XIN

CNVss[1
BYTE
P4o

A20/D4
A21/Ds
A22/De
A23/D7
RW
BHE
ALE
HLDA
Vss

E

XouTt
XIN
RESET
CNVss
BYTE
HOLD

Fig. 2.5.2 Pin configuration in each processor mode (top view)
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2.5 Processor modes

Table 2.5.1 Functions of ports PO to P4 in each processor mode

Processor
modes Single-chip mode Memory expansion/Microprocessor mode

Pins

PO X P X X mea X

P: Functions as a programmable

1/0 port.
P1 X = X_ * When external data bus width is 16 bits (BYTE = “L")
P: Functions as a programmable X As—Ais X D(odd) X:
Vo port. D (odd): Data at odd address
* When external data bus width is 8 bits (BYTE = “H")
x As — Ais X:
P2 :X P X: * When external data bus width is 16 bits (BYTE = “L”")
P: Functions as a programmable :X Ao A X_Dfeven) X:
/O port. D (even): Data at even address

» When external data bus width is 8 bits (BYTE = “H")

:X Aie — A2z X D X:

D : Data

P3 X P X P33 X HLDA (Note 4)
P: Functions as a programmable P3; ALE
1/O port.
P3: BHE

Alialale

X
P30 _ X RIW
P4 _X P X_ Paa—Par _ X

P:Functions as a programmable P: Functions as a programmable 1/O port.

/O port. (Note 1) pee _Joil | LI  (Note2
Pa __ X RDY X
pao X HOLD X_

Notes 1: P4 also functions as the clock ¢ 1 output pin. (Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES. ")

2: P42 functions as a programmable 1/O port in the memory expansion mode, and that functions as the clock ¢ 1 output pin by software
selection. (Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES. ")

3: This table lists a switch of pins’ functions by switching the processor mode. Refer to the following section about the input/output
timing of each signal:
*“Chapter 12. CONNECTION WITH EXTERNAL DEVICES. ”
*“Chapter 15. ELECTRICAL CHARACTERISTICS. ”

4: The 7703 group does not have P3s/HLDA pin.

P
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2.5 Processor modes

2.5.3 Setting processor modes

The voltage supplied to the CNVss pin and the processor mode bits (bits 1 and 0 at address 5Euis) set the
processor mode.

e When Vss level is supplied to CNVss pin
After a reset, the microcomputer starts operating in the single-chip mode. The processor mode is switched
by the processor mode bits after the microcomputer starts operating. When the processor mode bits are
set to “012,” the microcomputer enters the memory expansion mode; when these bits are set to “102,”
the microcomputer enters the microprocessor mode.
The processor mode is switched at the rising edge of signal E after writing to the processor mode bits.
Figure 2.5.3 shows the timing when pin functions are switched by switching the processor mode from the
single-chip mode to the memory expansion or microprocessor mode with the processor mode bits.
When the processor mode is switched during the program execution, the contents of the instruction
gueue buffer is not initialized. (Refer to “Appendix 6. Q & A.” )

e When Vcc level is supplied to CNVss pin
After a reset, the microcomputer starts operating in the microprocessor mode. Iii this case, the microcomputer
cannot operate in the other modes. (Fix the processor mode bits to “102.")

Table 2.5.2 lists the methods for setting processor modes. Figure 2.5.4 shows the structure of processor
mode register (address 5E16).

Written to processor imode bits

< »

mi

POo Programmable 1/0O port P0Oo ><Externa| address bus Ao

Note: Functions of piris P01 to P07, P1 to P3, P40 to P42 are switched at the same timing shown above.
Function of pin P42 is, however, switched only when the processor mode is switched to the
microprocessor mode.

Fig. 2.5.3 Timing when pin functions are switched
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2.5 Processor modes

Table 2.5.2 Methods for setting processor modes

Processor mode

CNVss pin level

Processor mode bits

bl b0
Single-chip mode Vss (0 V) (Note 1) 0 0
Memory expansion mode Vss (0 V) (Note 1) 0 1
Microprocessor mode Vss (0 V) (Note 1) 1 0

Vce (5 V) (Note 2)

Notes 1: The microcomputer starts operating in the single-chip mode after a reset. The microcomputer can

be switched to the other processor modes by setting the processor mode bits.

2: The microcomputer starts operating in the microprocessor mode after a reset. The microcomputer
cannot operate in the other modes, so that fix the processor mode bits as follows:
*bl = “1” and b0 = “0.”

b7 b6 b5 b4 b3 b2 bl b0

o] 111 1]

fmmmmm————-

| Processor mode register (Address 5E16)

Bit Bit name Functions Atreset [ RW
. b1 b0
0 Processor mode bits 0 0 Single-chip mode 0 RW
01 : Memory expansion mode
1 1 0 > Microprocessor mode 0 RW
11 : Not selected (Notel)
2 Wait bit 0 : Software Wait is inserted when 0 RW
accessing external area.
1 : No software wait is inserted
when accessing external area.
3 Software reset bit The microcomputer is reset by 0 WO
writing “1” to this bit. The value is
“0” at reading.
4 Interrupt priority detection time [ RW
b ek Eitg y 00: 7 cycles of & e
01:4cycles of ¢
5 10: 2 cycles of ¢ 0 RW
11 : Not selected
6 Fix this bit to “0.” 0 RW
7 Clock ¢ 1 output select bit 0: Clock ¢ 1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0 port.)
1: Clock ¢ 1 output enabled
(P42 functions as a clock ¢ 1 out-
put pin.)

Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1”

after a reset. (Fixed to “1.”)

2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)

: Bits 7 to 2 are not used for setting of the processor mode.

Fig. 2.5.4 Structure of processor mode register
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[Precautions when selecting the processor mode]

[Precautions when selecting processor mode]

1. For the products operating only in the single-chip mode, be sure to set the following:
*Connect the CNVss pin with Vss.
*Fix the processor mode bits (bits 1 and 0 at address 5Eis) to “002."

2. The external ROM version is only for the microprocessor mode. Accordingly, be sure to set the following:
*Connect the CNVss pin with Vcc.
*Fix the processor mode bits (bits 1 and 0 at address 5Eis) to “102."

3. When using the memory expansion mode or microprocessor mode, be sure to set bits 0 and 1 of the
port P4 direction register to “0.”
Set the above setting whether using P4o/HOLD pin as HOLD pin and P41/RDY pin as RDY pin. For also
the external ROM version, set the above setting. Additionally, it is not need to set the port PO to P3
direction registers.
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[Precautions when selecting the processor mode]

MEMORANDUM
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INPUT/OUTPUT PINS

3.1 Programmable 1/O ports

This chapter describes the programmable I/O ports in the single-chip mode. For PO to P4, which change
their functions according to the processor mode, refer also to the section “2.5 Processor modes " and
“Chapter 12. CONNECTION WITH EXTERNAL DEVICES. "

P4, and P5 to P8 also function as the 1/O pins of the internal peripheral devices. For the functions, refer
to the section “3.2 1/O pins of internal peripheral devices " and relevant sections of each internal peripheral
devices.

7703 Group
The 7703 Group varies with the 7702 Group in the number of pins, pins’ assignment and others. Refer to
the section “Chapter 20. 7703 GROUP .”

3.1 Programmable 1/O ports

The 7702 Group has 68 programmable I/O ports, PO to P8.

The programmable 1/O ports have direction registers and port registers in the SFR area. Figure 3.1.1 shows
the memory map of direction registers and port registers.

Addresses
216 | Port PO register

316 | Port P1 register

416 | Port PO direction register

516 | Port P1 direction register

616 | Port P2 repister

716 | Port P3 register

816 | Port P2 direction register

916 | Port P3 direction register

A1s | Port P4 register

B1s | Port P5 register

Cie | Port P4 direction register

Die | Port P5 direction register

E16 | Port P6 register

Fi16 | Port P7 register

1016 | Port P6 direction register

1116 | Port P7 direction register

1216 | Port P8 register

1316
1416 | Port P8 direction register

Fig. 3.1.1 Memory map of direction registers and port registers
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3.1 Programmable 1/O ports

3.1.1 Direction register

This register determines the input/output direction of the programmable I/O port. Each bit of this register
corresponds one for one to each pin of the microcomputer.
Figure 3.1.2 shows the structure of port Pi (i = 0 to 8) direction register.

b7 b6 b5 b4 b3 b2 bl bo

Port Pi direction register (i = 0 to 8)
(Addresses 41s, 516, 816, 916, C16, D16, 1016, 1116, 1416)

Bit Bit name Functions Atreset| RW
0 Port Pio direction bit 0 : Input mode 0 RW
- (Functions as an input port)
1 Port Pi1 direction bit 1: Output mode 0 RW
2 Port Piz direction bit (Functions as an output port) RW
3 Port Pis direction bit 0 RW
4 Port Pis direction bit 0 RW
5 Port Pis direction bit 0 RW
6 Port Pis direction bit 0 RW
7 Port Pi7 direction bit 0 RW

fixed to “0” at reading.

Notes 1: Bits 7 to 4 of the port P3 direction register cannot be written (they may be either “0” or “1”) and are

2: In the memory expansion mode or the microprocessor mode, fix bits 0 and 1 of the port P4 direction

register to “0”.

(7703 Group)

Fix the following bits which do not have the corresponding pin to “1”.

« Bit 3 of port P3 direction register
« Bits 3t 6 of port P4 direction register
* Bits 0, 1, 6, and 7 of port P6 direction register
+Bits 3 to 6 of port P7 direction register

* Bits 4 and 5 of port P8 direction register

Bit b7 b6 b5 b4 b3 b2 bl b0
Corresg:i»gndlng Piz Pis Pis Pia Pis Piz Pix Pio

Fig. 3.1.2 Structure of port Pi (i = 0 to 8) direction register
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3.1 Programmable 1/O ports

3.1.2 Port register

Data is input/output to/from externals by writing/reading data to/from the port register. The port register
consists of a port latch which holds the output data and a circuit which reads the pin state. Each bit of the
port register corresponds one for one to each pin of the microcomputer. Figure 3.1.3 shows the structure
of the port Pi (i = O to 8) register.

e When outputting data from programmable I/O ports set to output mode
O By writing data to the corresponding bit of the port register, the data is written into the port latch.
O The data is output from the pin according to the contents of the port latch.

By reading the port register of a port set to output mode, the contents of the port latch is read out,
instead of the pin state. Accordingly, the output data is correctly read without being affected by an
external load. (Refer to Figures 3.1.4 and 3.1.5.)

e When inputting data from programmable 1/O ports set to input mode
O The pin which is set to input mode enters the floating state.
O By reading the corresponding bit of the port register, the data which is input from the pin can be
read out.

By writing data to the port register of a programmable I/O part set to input mode, the data is only
written into the port latch and is not output to externals. The pin retains floating.
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3.1 Programmable /O Eorts

b7 b6 b5 b4 b3 b2 bl bo

| | Port Pi register (i=0to 8)
(Addresses 216, 316, 616, 716, A16, B16, E16, F16, 1216)

o Bit Bit name Functions Atreset [ RW
T R t----1 0 [ PortPio Data is input/output to/from a pin by | Undefined [ RW
R - reading/writing from/to the corres- _
e 1 Port Pi1 ponding bit. Undefined| RW
SRRk 2 | PortPi2 0:“L” level Undefined | RW
R 1:“H" level

b ' | mmmmemmmmmmm-mn 3 Port Pi3 Undefined| RW
R RRRLLEEE L 4 Port Pi4 Undefined| RW
L e mmmmmmeaaa 5 Port Pis Undefined| RW
L 6 | PortPis Undefined| RW
R CEETEEEE P EEEPEEEERPP 7 Port Pi7 Undefined [ RW

Note: Bits 7 to 4 of the port P3 register cannot be written (they may be either “0” or “1”) and are fixed to “0” at
reading.

Fig. 3.1.3 Port Pi (i = 0 to 8) register structure
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3.1 Programmable 1/O ports

Figures 3.1.4 and 3.1.5 show the port peripheral circuits.

[Inside dotted-line not included]

Ports P0o/Ao to P0O7/A7, P1o/As/Ds to P17/A1s/D1s,

P20/A16/Do to P27/A23/D7, P3o/R/W to P33/HLDA,
P4s to P4s

[Inside dotted-line included] Data bus

Ports P4o/HOLD, P41/RDY, P47, P5:/TAOmN, P53/TAln,
P5s/TA2 N, P57/TA3m, -
P61/TA4iN, P62/INTo to P64/INT?,
P6s/TBO to P67/TB2un,
P82/RxDo, P8s/RxD1

[Inside dotted-line not included. ]
Ports P42/ ¢1, P83/TxDo, P87/TxD1

[Inside dotted-line included. ]

Data bus
Ports P50/TAOout, P52/TAlour, P54/ TA20ur,
P56/TA3out, P60/TA40ut
[Inside dotted-line not included. ]
Ports P70/ANo to P7s/ANs
[Inside dotted-line included. ]
Data bus

Port P77/AN7/AD1re

7703 Group

~| Direction register |~
<]

~N

‘I Port latch I

(There is no hysteresis for P82/RxDo and P8s/RxD1.)

ka A—‘

‘l Direction register |-‘
.

4 W
WOutput—o\o_
-I Port latch [

P

F
~N

~| Direction register |~
d

~

‘I Port latch

457 |

Analog input |

There are not pins P33, P43 — P46, P60, P61, P66, P67, P73 — P76.

Fig. 3.1.4 Port peripheral circuits (1)
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INPUT/OUTPUT PINS

3.1 Programmable 1/O ports

Ports P8o/CTSo/RTSo, P81/CLKo,

oy
P8/CTSYRTS:, P8/CLK: e L
1

~N ° j
Output—q
Data bus — Port latch | o j —O
4 )
~N
1
d 4

i

7703 Group

There are not pins P84 and P8s.

Fig. 3.1.5 Port peripheral circuits (2)
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3.2 1/0 pins of internal peripheral devices

3.2 I/O pins of internal peripheral devices

P4: and P5 to P8 also function as the I/O pins of the internal peripheral devices. Table 3.2.1 lists I/O pins
for the internal peripheral devices.

For their functions, refer to relevant sections of each internal peripheral devices. For the clock ¢ output pin,
refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES. "

Table 3.2.1 1/O pins for internal peripheral devices

Port I/0 pins for internal peripheral devices
P4. Clock @ output pin
P5 I/O pins of Timer A
P6o, P61
P62 to P64 Input pins of external interrupts
P6s to P67 Input pins of Timer B
P7 Input pins of A-D converter
P8 I/O pins of Serial 1/0
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INTERRUPTS

<

4.1 ew

rrupt sources
.3 Interrupt control
o .4 Interrupt priority level

4.5 Interrupt priority level detection circuit
4.6 Interrupt priority level detection time
4.7 Sequence from acceptance of interrupt
request to execution of interrupt routine

4.8 Return from interrupt routine

4.9 Multiple interrupts

4.10 External interrupts (INTi interrupt)
4.11 Precautions when using interrupts



INTERRUPTS

4.1 Overview

The suspension of the current operation in order to perform another operation owing to a certain factor is
referred to as “Interrupt.” This chapter describes the interrupts.

4.1 Overview

The M37702 has 19 interrupt sources to generate interrupt requests.

Figure 4.1.1 shows the interrupt processing sequence.

When an interrupt request is accepted, a branch is made to the start address of the interrupt routine set
in the interrupt vector table (addresses FFD61s to FFFFi6). Set the start address of each interrupt routine
at each interrupt vector address in the interrupt vector table.

Executing routine

Interrupt routine

Process interrupt

Accept interrupt request —m=

Resume processing

RTI instruction

Fig. 4.1.1 Interrupt processing sequence
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4.1 Overview

When an interrupt request is accepted, the contents of the registers listed below immediately preceding the
acceptance of the interrupt request are automatically saved to the stack area in order of registers 0 - 0 - [.

O Program bank register (PG)
O Program counter (PC., PCnr)
O Processor status register (PS., PSk)

Figure 4.1.2 shows the state of the stack area just before entering the interrupt routine.

Execute the RTI instruction at the end of this interrupt routine to return to the routine that the microcomputer
was executing before the interrupt request was accepted. As the RTI instruction is executed, the register
contents saved in the stack area are restored in order of registers 00 -0, and a return is made to the
routine executed before the acceptance of interrupt request and processing is resumed from it.

When an interrupt request is accepted and the RTI instruction is executed, the only above registers O to
O are automatically saved and restored. When there are any other registers of which contents are necessary
to be kept, use software to save and restore them.

Stack area
Address

[S]-5

[S] -4 Processor status register’'s low-order byte (PSL)

[S]-3 Processor status register’s high-order byte (PSH)

[S]-2 Program counter’s low-order byte (PCL)
[S]-1 Program counter’s high-order byte (PCH)
[S]D Program bank register (PG)

0O [S]is an initial value that the stack pointer (S) indicates at
accepting an interrupt request. The S’s contents become
[S] - 5 after saving the above registers.

Fig. 4.1.2 State of stack area just before entering interrupt routine
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4.2 Interrupt sources

4.2 Interrupt sources

Table 4.2.1 lists the interrupt sources and the interrupt vector addresses. When programming, set the start
address of each interrupt routine at the vector addresses listed in this table.

Table 4.2.1 Interrupt sources and interrupt vector addresses

Interrupt source Interrupt vector address Remarks
High-order Low-order
address address
Reset FFFFis FFFE1s Non-maskable
Zero division FFFD1s FFFCus Non-maskable software interrupt
BRK instruction FFFB1s FFFAus Non-maskable software interrupt
DBC (Note) FFF91s FFF81s Not used usually
Watchdog timer FFF71s FFF61s Non-maskable interrupt
INTo FFF516 FFEF41s External interrupt due to INTo pin input signal
INT: FFF31s FFF21s External interrupt due to INTs pin input signal
INT2 FFFlis FFFO1s External interrupt due to INTz pin input signal
Timer AO FFEFis FFEE1s Internal interrupt from Timer AO
Timer Al FFEDzs FFECus Internal interrupt from Timer Al
Timer A2 FFEB1s6 FFEA:s Internal interrupt from Timer A2
Timer A3 FFE91s FFE81s Internal.interrupt from Timer A3
Timer A4 FFE716 FFEGu1se Internal interrupt from Timer A4
Timer BO FFES51s FFE416 Internal interrupt from Timer BO
Timer B1 FFE31s FFE21s Internal interrupt from Timer B1
Timer B2 FFE1l1s FFEOQ:s Internal interrupt from Timer B2
UARTO receive FFDF16 FFDE16 Internal interrupt from UARTO
UARTO transmit FFDD1s FFDCis
UART1 receive FFDBus FFDAus Internal interrupt from UART1
UART1 transmit FFD94s FFD81s6
A-D conversion FFD 716 FFD61s Internal interrupt from A-D converter

Note: The DBC interrupt source is used exclusively for debugger control.
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4.2 Interrupt sources

Table 4.2.2 lists occurrence factors of internal interrupt request, which occur due to internal operation.

Table 4.2.2 Occurrence factors of internal interrupt request

Interrupt Interrupt request occurrence factors
Zero division Occurs when “0” is specified as the divisor for the DIV instruction (Division instruction).
interrupt (Refer to “7700 Family Software Manual.” )
BRK instruction Occurs when the BRK instruction is executed.
interrupt (Refer to “7700 Family Software Manual.” )
Watchdog timer Occurs when the most significant bit of the watchdog timer becomes “0.”
interrupt (Refer to “Chapter 9. WATCHDOG TIMER.” )
Timer Ai interrupt |Differs according to the timer Ai's operating modes.
(i=0to 4) (Refer to “Chapter 5. TIMER A.” )
Timer Bi interrupt |Differs according to the timer Bi's operating modes.
(i=0to 2) (Refer to “Chapter 6. TIMER B.” )

UARTI receive
interrupt (i = 0, 1)

Occurs at serial data reception. (Refer to “Chapter 7. SERIAL 1/0.” )

UARTI transmit
interrupt (i = 0, 1)

Occurs at serial data transmission. (Refer to “Chapter 7. SERIAL 1/0.” )

A-D conversion
interrupt

Occurs when A-D conversion is completed. (Refer to “Chapter 8. A-D CONVERTER.” )
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4.3 Interrupt control

4.3 Interrupt control
The enabling and disabling of maskable interrupts are controlled by the following :

eInterrupt request bit

eInterrupt priority level select bits
*Processor interrupt priority level (IPL)
Interrupt disable flag ()

The interrupt disable flag (I) and the processor interrupt priority level (IPL) are assigned to the processor
status register (PS). The interrupt request bit and the interrupt priority level select bits are assigned to the
interrupt control register of each interrupt.

Figure 4.3.1 shows the memory assignment of the interrupt control registers, and Figure 4.3.2 shows their
structure.

e Maskable interrupt: An interrupt of which request’s acceptance can be disabled by software.

e Non-maskable interrupt (including Zero division, BRK instruction, Watchdog timer interrupts):
An interrupt which is certain to be accepted when its request occurs. These interrupts do not have their
interrupt control registers and are independent of the interrupt disable fiag (1).

Address

7016 A-D conversion interrupt control register
7116 UARTO transmit interrupt control register
7216 UARTO receive interrupt control register
7316 UARTL1 transiit interrupt control register
7416 UART1 receive interrupt control register
7516 Timer AQO interrupt control register

7616 Timer AL interrupt control register

7716 Timer A2 interrupt control register

7816 Timer A3 interrupt control register

7916 Timer A4 interrupt control register

TA16 Timer BO interrupt control register

7B1s6 Timer B1 interrupt control register

7Cas Timer B2 interrupt control register

7D16 INTo interrupt control register

7E1s INTz interrupt control register

7F16 INT2 interrupt control register

Fig. 4.3.1 Memory assignment of interrupt control registers

4-6 7702/7703 Group User’'s Manual



INTERRUPTS

4.3 Interrupt control

b7 b6 b5 b4 b3

b2 bl bo

A-D conversion, UARTO and 1 transmit, UARTO and 1 receive, timers A0 to A4, timers B0 to B2
interrupt control registers (Addresses 7016 to 7Cas)

Bit Bit name Functions Atreset | RW
Interrupt priority level select bits | b2b100 .
0 ptp y 000: Level O (Interrupt disabled) 0 RW
001:Levell Low level
010:Level 2
1 011:Level3 0 RW
100:Level4
101:Level5
110:Level 6
2 111:Level?7 High level 0 RW
3 Interrupt request bit 0 : No interrupt request 0 RW
1: Interrupt request
7 to 4 | Nothing is allocated. Undefined| —
Note: Use the SEB or CLB instruction to set each interrupt control register.
| INTo to INT2 interrupt control registers (Addresses 7Dis to 7F16)
Bit Bit name Functions Atreset | RW
Interr rioritylevel sel i b2b1b0 .
0 terrupt prioripgvoRy!ect bits 00 0: Level O (Interrupt disabled) 0 RW
001:Levell Low level
010:Level2
1 011:Level3 0 RW
100: Level 4
101:Level5
110:Level6
2 111:Level 7 High level 0 RW
3| Interrupt request bit (Note 1) 0: No interrupt request 0 RW
1 : Interrupt request
4 Polarity select bit 0 : Set the interrupt request bit at 0 RW
“H” level for level sense and at
falling edge for edge sense.
1: Set the interrupt request bit at
“L” level for level sense and at
rising edge for edge sense.
5 Level sense/Edge sense select | 0:Edge sense 0 RW
bit 1: Level sense
7,6 | Nothing is allocated. Undefined| —

Notes 1: The INTo to INTz interrupt request bits are invalid when selecting the level sense.

2: Use the SEB or the CLB instruction to set the INTo to INT2 interrupt control registers.

Fig. 4.3.2 Structure of interrupt control register
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4.3 Interrupt control

4.3.1 Interrupt disable flag (I)

All maskable interrupts can be disabled by this flag. When this flag is set to “1,” all maskable interrupts
are disabled; when the flag is cleared to “0,” those interrupts are enabled. Because this flag is set to “1”
at reset, clear the flag to “0” when enabling interrupts.

4.3.2 Interrupt request bit

When an interrupt request occurs, this bit is set to “1.” The bit remains set to “1” until the interrupt request
is accepted, and it is cleared to “0” when the interrupt request is accepted.

This bit also can be set to “0” or “1” by software. Use the SEB or CLB instruction to set this bit.

For the INTi interrupt request bit (i = 0 to 2), when using the INT: interrupt with level sense, the bit is
ignored.

4.3.3 Interrupt priority level select bits and processor interrupt priority level (IPL)

The interrupt priority level select bits are used to determine the priority level of each interrupt. Use the SEB
or CLB instruction to set these bits.

When an interrupt request occurs, its interrupt priority level is compared with‘the processor interrupt priority
level (IPL). The requested interrupt is enabled only when the comparison result imeets the following condition.
Accordingly, an interrupt can be disabled by setting its interrupt priority.level.io 0.

Each interrupt priority level > Processor interrupt.priority level (IPL)

Table 4.3.1 lists the setting of interrupt priority level, and Table 4.3.2 lists the interrupt enabled level
corresponding to IPL contents.

All the interrupt disable flag (I), interrupt request bit, interrupt priority level select bits, and processor
interrupt priority level (IPL) are independent of one another; they do not affect one another. Interrupt
requests are accepted only when the following conditions are satisfied.

Interrupt disable flag (I) = “0”
eInterrupt request bit = “1”
eInterrupt priority level > Proeessor interrupt priority level (IPL)
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4.3 Interrupt control

Table 4.3.1 Setting of interrupt priority level

Interrupt priority level select bits Interrupt priority level Priority

b2 bl b0

0 0 0 Level O (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 4.3.2 Interrupt enabled level corresponding to IPL contents

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 level 7 interrupts.

1 1 0 Enable only level 7 interrupt.

1 1 1 Disable all maskable interrupts.

IPLo: Bit 8 in processor status register (PS)
IPL:: Bit 9 in processor status register (PS)
IPL2: Bit 10 in processor status register (PS)
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4.4 Interrupt priority level

4.4 Interrupt priority level

When two or more interrupt requests are detected at the same sampling timing, at which whether an
interrupt request exists or not is checked, in the case of the interrupt disable flag (I) = “0” (interrupts
enabled); they are accepted in order of priority levels, with the highest priority interrupt request accepted

first.

Among a total of 19 interrupt sources, the user can set the desired priority levels for 16 interrupt sources
except software interrupts (zero division and BRK instruction interrupts) and the watchdog timer interrupt.
Use the interrupt priority level select bits to set their priority levels. Additionally, the reset, which is handled
as one that has the highest priority of all interrupts, and the watchdog timer interrupt have their priority levels

set by hardware. Figure 4.4.1 shows the interrupt priority levels set by hardware.

Note that software interrupts are not affected by interrupt priority levels. Whenever the instruction is executed,

a branch is certain to be made to the interrupt routine.

Reset

>

Watchdog
timer

Priority levels determined by hardware |

I
I
16 interrupt sources except software interrupts |
and watchdog timer interrupt |

L - 8
The user can set the desired priority levels inside of the dotted line.
<€ >
Low Priority level High

Fig. 4.4.1 Interrupt priority levels set by hardware
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4.5 Interrupt priority level detection circuit

4.5 Interrupt priority level detection circuit

The interrupt priority level detection circuit selects the interrupt having the highest priority level when more
than one interrupt request occurs at the same sampling timing. Figure 4.5.1 shows the interrupt priority level
detection circuit.

Level 0O (initial value)

_nenuptprionty level Interrupt priorty level __
r . : !
| I A-D conversion Timer A4 I |
! |
! |
! |
I
I | uART1L wransmit TimerA3 | :
! |
! |
! |
|
I I UARTL1 receive Timer A2 I :
! |
' |
! |
I 5 -

I I UARTO transmit Timer Al I :
' |
' |
' |
: [ uARTO receive TimerA0 | |

|
' |
' |
' |
| Timerg2 INT> | |
' |
' |
' |
' — |
| I Timer B1 INT1 I |
' |
' |
' |
' !
I | TimerBo INTo | |
' !
! _

. o . IPL |
The highest priority level interrupt b — ity lovel
rocessor interrupt priority leve
Interrupt O ’7
disable flag (1)
Watchdog timer interrupt ) Accepting of interrupt request
Reset J

Fig. 4.5.1 Interrupt priority level detection circuit
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4.5 Interrupt priority level detection circuit

The following explains the operation of the interrupt priority detection circuit using Figure 4.5.2.

The interrupt priority level of a requested interrupt (Y in Figure 4.5.2) is compared with the resultant priority
level sent from the preceding comparator (X in Figure 4.5.2); whichever interrupt of the higher priority level
is sent to the next comparator (Z in Figure 4.5.2). (Initial comparison value is “0.”) For interrupts for which
no interrupt request occurs, the priority level sent from the preceding comparator is forwarded to the next
comparator. When the two priority levels are found the same by comparison, the priority level sent from the

preceding comparator is forwarded to the next comparator. Accordingly, when the same priority level is set
by software, the interrupt requests are subject to the following relation about priority:

A-D conversion > UART1 transmit > UART1 receive > UARTO transmit > UARTO receive > Timer B2
> Timer B1 > Timer BO > Timer A4 > Timer A3 > Timer A2 > Timer A1 > Timer AO > INT2 > INT1 > INTo

Among the multiple interrupt requests sampled at the same time, one that has the highest priority level is
detectedd by the above comparison.

Then this highest interrupt priority level is compared with the processor interrupt priority level (IPL). When
this interrupt priority level is higher than the processor interrupt priority level (IPL) and the interrupt disable
flag (1) is “0,” the interrupt request is accepted. A interrupt request which is not accepted here is retained
until it is accepted or its interrupt request bit is cleared to “0” by software.

The interrupt priority is detected when the CPU fetches an op code, which is called the CPU’s op-code fetch
cycle. However, when an op-code fetch cycle is generated during detection of an interrupt priority, new
detection of that does not start. (Refer to Figure 4.6.1.) Since the state of the interrupt request bit and
interrupt priority levels are latched during detection of interrupt priority, even if the bit state and priority
levels change, the detection is performed on the previous state before it has changed.

Interrupt source Y

Comparator | X : Resultant priority level sent from the preceding
(Priority level comparator (Highest priority at this point)
comparison) |Y : Priority level of interrupt source Y

Z : Highest priority at this point

eWhen X > YthenZ =X
eWhenX > YthenZ=Y

Fig. 4.5.2 Interrupt priority level detection model
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4.6 Interrupt priority level detection time

4.6 Interrupt priority level detection time

After sampling had started, an interrupt priority level detection time has elapses before an interrupt request
is accepted. The interrupt priority level detection time can be selected by software. Figure 4.6.1 shows the
interrupt priority level detection time.

As the interrupt priority level detection time, normally select “2 cycles of internal clock ¢."

(1) Interrupt priority detection time select bits

Processor mode register (Address 5E16)

I
! I L — 1. Processor mode bits
|
|

______ Wait bit
Lo - - - - - Software reset bit

——————————— Interrupt priority detection time select bits

00 | 7cycles of ¢ [(a) shewn below]
01 |4 cyclesof ¢ [(b)shown below]

10 |[2cyclesof ¢ (c) shown below]

11 [ Do not select
—————————————— Fix tc “0.”

e iy Clock d 1 output select bit

(2) Interrupt priority level detection time

o LML

Op ¢dde fétch cycle | [ ]
Sampling pulse [ r 7% (Note)
@) 7 cycles
Interrupt priority level b |
detection time | () 4cycles | |

(c) 2 cycles | |

Note: Pulse exists when “2 cycles of ¢ " is selected.

Fig. 4.6.1 Interrupt priority level detection time
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

The sequence from the acceptance of interrupt request to the execution of the interrupt routine is described
below.

When an interrupt request is accepted, the interrupt request bit which corresponds to the accepted interrupt
is cleared to “0,” and then the interrupt processing starts from the next cycle of completion of the instruction
which is being executed at accepting the interrupt request. Figure 4.7.1 shows the sequence from acceptance
of interrupt request to execution of interrupt routine.

After execution of an instruction at accepting the interrupt request is completed, an INTACK (Interrupt
Acknowledge) sequence is executed, and a branch is made to the start address of the interrupt routine
allocated in addresses 0is to FFFFs.

The INTACK sequence is automatically performed in the following order.

O The contents of the program bank register (PG) just before performing the INTACK sequence are stored

to stack.

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

O The contents of the processor status register (PS) just before performing the INTACK sequence is stored
to stack.

O The interrupt disable flag (I) is set to “1.”

O The interrupt priority level of the accepted interrupt is set into the protessor interrupt priority level (IPL).

O The contents of the program bank register (PG) are cleared.io “001s,” and the contents of the interrupt
vector address are set into the program counter (PC).

Performing the INTACK sequence requires at least 13 cyeles of internal clock @ Figure 4.7.2 shows the
INTACK sequence timing.

Execution is started beginning with an instruction at the start address of the interrupt routine after completing
the INTACK sequence.
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

Interrupt request is accepted.
Interrupt request occurs%}

. L

Instruction | Instruction INTACK sequence Instructions in interrupt routine
1 2

/ O U O > /

Interrupt response time

»| @ : Duration for detecting interrupt priority
level

O Time from the occurrence of an interrupt request until the completion of executing an instruction
which is being executed at the occurrence.

O Time from the instruction next to O (Note) until the completion of executing an instruction which is
being done at the end of priority detection
Note : At this time, interrupt priority detection starts.

O Time required to execute the INTACK sequence (13 cycles of ¢ at minimum)

Fig. 4.7.1 Sequence from acceptance of interrupt request t0 execution of interrupt routine

e \When stack pointer (S)'s contents is even and.no Wait

Internal

waco || UL L L LR L L L L L L P L
oo _PLIL RN R RN N W W
ST 7.3 €3 €3 €303 €3 €3 SN G 6
A poe X ta X isk Xisroisr2Xisemisrar s s ([31i—5)H>< Fre X A|DH X

AL PCL 00 >< [SIt XUSI-DXSI-2) XIS]-3) XS X([S]-5)L, ([S]—5)|.>< XX16 >< ADL X

Dn Op-code

Do Op-code

Interrupt
disable

flag (1)

INTACK sequence
~ l
¢ cPu : CPU standard clock : Not used
AP : High-order 8 bits of CPU internal address bus [S] : Contents of stack pointer (S)

AH : Middle-order 8 bits of CPU internal address bus  XX1s

AL : Low-order 8 bits of CPU internal address bus ADH : Contents of vector address (High-order address)

DH : CPU internal data bus for odd address ADL : Contents of vector address (Low-order address)
DL : CPU internal data bus for even address

: Low-order 8 bits of vector address

Fig. 4.7.2 INTACK sequence timing (at minimum)
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

4.7.1 Change in IPL at acceptance of interrupt request

When an interrupt request is accepted, the processor interrupt priority level (IPL) is replaced with the
interrupt priority level of the accepted interrupt. This results in easy control of multiple interrupts. (Refer
to section “4.9 Multiple interrupts.” )

When at reset or the watchdog timer or the software interrupt is accepted, the value shown in Table 4.7.1
is set in the IPL.

Table 4.7.1 Change in IPL at interrupt request acceptance

Interrupt source Change in IPL
Reset Level 0 (“0002") is set.
Watchdog timer Level 7 (“1112") is set.
Zero division No change
BRK instruction No change
Other interrupts Interrupt priority level of the accepted interrupt request is set.
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

4.7.2 Storing registers

The register storing operation performed during INTACK sequence depends on whether the contents of the
stack pointer (S) at accepting interrupt request are even or odd.

When the contents of the stack pointer (S) are even, the contents of the program counter (PC) and the
processor status register (PS) are stored as a 16-bit unit simultaneously at each other. When the contents
of the stack pointer (S) are odd, they are stored with twice by an 8-bit unit for each. Figure 4.7.3 shows
the register storing operation.

In the INTACK sequence, only the contents of the program bank register (PG), program counter (PC), and
processor status register (PS) are stored to the stack area. The other necessary registers must be stored
by software at the beginning of the interrupt routine.

Using the PSH instruction can store all CPU registers except the stack pointer (S).

(1) Content of stack pointer (S) is even

Address //\/

[S] - 5 (odd)

Storing order

[S] -4 (even) Low-order byte of processor status register (PSt) ) ]
L] Stores 16 bits at a time.
[S] — 3 (odd) | High-order byte of processor status register (PSk)

[S] — 2 (even) Low-order byte of program counter (PCL) _ _
(] Stores 16 bits at a time.
[S] — 1 (odd) High-order byte of program counter (PCx)
[S] (even) Program bank register.(PG) -« [

| —

(2) Content of stack pointer (S) is odd

Storing is completed with 3 times.

Address /\_/ i
[S]-5 (even) Storing order
[S] — 4 (odd) Low-order byte of processor status register (PSt) -+ D\
[S] — 3 (even) | High-order byte of processor status register (PS) - [
[S] — 2 (odd) Low-order byte of program counter (PC) - > Stores by each 8 bits.
[S] -1 (even) High-order byte of program counter (PC) -— [
[S] (odd) Program bank register (PG) - [])
/\/ }

Storing is completed with 5 times.

O [S]is an initial value that the stack pointer (S) indicates at accepting an interrupt
request. The S’s contents become [S] — 5 after storing the above registers.

Fig. 4.7.3 Register storing operation
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4.8 Return from interrupt routine 4.9 Multiple interrupts

4.8 Return from interrupt routine

When the RTI instruction is executed at the end of the interrupt routine, the contents of the program bank
register (PG), program counter (PC), and processor status register (PS) immediately before performing the
INTACK sequence, which were saved to the stack area, are automatically restored, and control returns to
the routine executed before the acceptance of interrupt request and processing is resumed from it left off.
For any register that is saved by software in the interrupt routine, restore it with the same data length and
same register length as it was saved by using the PUL instruction and others before executing the RTI
instruction.

4.9 Multiple interrupts

When a branch is made to the interrupt routine, the microcomputer becomes the following situation:

Interrupt disable flag (I) = “1” (interrupts disabled)
eInterrupt request bit of the accepted interrupt = “0”
*Processor interrupt priority level (IPL) = interrupt priority level of the accepted interrupt

Accordingly, as long as the IPL remains unchanged, the microcomputer can accept the interrupt request that
has higher priority than the interrupt request being executed now by clearing the interrupt disable flag (1)
to “0” in the interrupt routine. This is multiple interrupts.

Figure 4.9.1 shows the multiple interrupt mechanism.

The interrupt requests that have not been accepted owing to their low priority levels are retained. When the
RTI instruction is executed, the interrupt priority level of the routine that the microcomputer was executing
before accepting the interrupt request is restored to the IPL. Therefore, one of the interrupt requests being
retained is accepted when the following condition is satisfied at next detection of interrupt priority level:

Interrupt priority level of interrupt request being retained > Restored processor interrupt priority level (IPL)
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4.9 Multiple interrupts

Request Nesting ———

Main routine

Time Reset >

Interrupt 1 s

i

Interrupt priority level=3

Interrupt 2 s

Multiple interrupt

1

Interrupt priority level=5

Interrupt 3 L 5

1

Interrupt priority level=2

This request cannot be accepted
-.H. because its priority level is lower
than interrupt 1's.

: <—— The instruction of main routine is not
; executed then.

. Interrupt disable flag

: processor interrupt priority level
: They are set automatically.

: Set by software.

Fig. 4.9.1 Multiple interrupt mechanism
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4.10 External interrupts (INT i interrupt)

4.10 External interrupts (INT i interrupt)

An external interrupt request occurs by input signals to the INTi (i = 0 to 2) pin. The occurrence factor of
interrupt request can be selected by the level sense/edge sense select bit and the polarity select bit (bits
5 and 4 at addresses 7D1s to 7F1s) shown in Figure 4.10.1. Table 4.10.1 lists the occurrence factor of INT;
interrupt request.

When using P62/INTo to P64/INT2 pins as input pins of external interrupts, set the corresponding bits at
address 1016 (port P6 direction register) to “0.” (Refer to Figure 4.10.2.)

The signals input to the INTi pin require “H” or “L” level width of 250 ns or more independent of the f(X).
Additionally, even when using the pins P62/INTo to P64/INT2 as the input pins of external interrupt, the user
can obtain the pin’s state by reading bits 2 to 4 at address Eis (port P6 register).

Note: When selecting an input signal’s falling or “L” level as the occurrence factor of an interrupt request,
make sure that the input signal is held “L” for 250 ns or more. When selecting an input signal’s rising
or “H” level as that, make sure that the input signal is held “H” for 250 ns or more.

Table 4.10.1 Occurrence factor of INT i interrupt request
b5 b4 ﬁi interrupt request occurrence factor
0 0 Interrupt request occurs at falling of the signal input to the INT: pin (edge sense).
0 1 Interrupt request occurs at rising of the signal input to the INT: pin (edge sense).
1 0 Interrupt request occurs while the INT: pin level is “H” (level sense).
1 1 Interrupt request occurs while the INT; pin:level is “L” (level sense).

The INT interrupt request occurs by always detecting the INT: pin’s state. Accordingly, when the user does
not use the INT: interrupt, set the INT: interrupt’s priority level to level 0.
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4.10 External interrupts (INT i interrupt)

b7 b6 b5 b4 b3 b2 bl b0

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

fising edge for edge sense.

Lecomcomaaaancaancaas 5 | Level sense/Edge sense select bit 0 Edge sense 0 RW
1: Level sense

| | | | | | INTo to INT2 interrupt control registers (Addresses 7D16 to 7F16)
; o ; A Bit Bit name Functions Atreset| RW
R T ori i b2 b1 b0
A 0 | Interrupt priority level select bits | 55| o\e 0 (interrupt disabled) 0 | RW
R 001:Levell Low level
e 010:Level 2
e et 1 011:Level3 0 RW
I 100:Level 4
- 101:Level5
S 110:Level 6
- 2 111:Level7 High level 0 RW
E Rttt 3 | Interrupt request bit (Note 1) 0 : No interrupt request 0 RW
! . 1 : Interrupt request
E I I b 4 | Polarity select bit 0 : Set the interrupt reguest bit at 0 RW

---------------------------- 7,6 | Nothing is allocated. Undefined |  —

Notes 1: The INTo to INT2 interrupt request bits are invalid when selecting the level sense.
2: Use the SEB or CLB instruction to set the INTo to INT2 interrupt control registers.

Fig. 4.10.1 Structure of INT i (i=0 to 2) int€rrupt control register
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4.10 External interrupts (INT i interrupt)

b7

b6 b5 b4 b3 b2 bl bo

Port P6 direction register (Address 1016)

Bit Corresponding pin Functions Atreset| RW
""" 0 TA4our pin 0 : Input mode 0 RW
1: Output mode
e 1 TA4 pin 0 RW
] When using pins as external interrupt
e 2 INTo pin input pins,set the corresponding bits RW
_ to “0.”
---- 3 INT1 pin 0 RW
-=--| 4 | INTzpin 0 | RW
——-- ® TBO pin 0 RW
----- 6 TB1i pin 0 RW
----- 7 TB2 pin 0 RW

: Bits 0, 1 and bits 5 to 7 are not used for external interrupts.

Fig. 4.10.2 Relationship between port P6 direction register and input pins of external interrupt
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4.10 External interrupts (INT i interrupt)

4.10.1 Function of INT: interrupt request bit

(1) Selecting edge sense mode
The interrupt request bit has the same function as that of internal interrupts. That is, when an
interrupt request occurs, the interrupt request bit is set to “1.” The bit remains set to “1” until the
interrupt request is accepted; it is cleared to “0” when the interrupt request is accepted. By software,
this bit also can be set to “0” in order to clear the interrupt request or “1” in order to generate the
interrupt request.

(2) Selecting level sense mode
The INT: interrupt request bit becomes ignored.
In this case, the interrupt request occurs continuously while the level of the INT: pin is valid level™.
When the INTi pin level changes from the valid level to the invalid level® before the INT; interrupt
request is accepted, this interrupt request is not retained. (Refer to Figure 4.10.4.)

Valid level Pt: This means the level which is selected by the polarity select bit (bit 4 at addresses 7D
to 7Fus).
Invalid level P2: This means the reversed level of a valid level.

Data bus
Level sense/Edge sense
. ; “0" _select bit
INT: pin O (I:Ei?glﬁtdetectlon Interrupt request bit
o » Interrupt request
O
wpn

Fig. 4.10.3 Circuit of INT i Interrupt
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4.10 External interrupts (INT i interrupt)

When the INTi pin’s level changes to an
invalid level before an interrupt request is
accepted, the interrupt request is not

Interrupt request is accepted. [ 0

Return to main routine.

Valid O O \
INTi pin level |_|
Invalid O
- _>
Main routine Main routine
First interrupt routine Second interrupt Third interrupt
routine routine

Fig. 4.10.4 Occurrence of INT i interrupt request in level sense mode
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4.10 External interrupts (INT i interrupt)

4.10.2 Switch of occurrence factor of INT i interrupt request

To switch the occurrence factor of INT: interrupt request from the level sense to the edge sense, set the
INTi interrupt control register in the sequence shown in Figure 4.10.5 (1). To change the polarity, set the
INT interrupt control register in the sequence shown in Figure 4.10.5 (2).

(1) Switching from level sense to edge sense (2) Changing polarity

'

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

Clear level sense/edge sense select bit to “0” C
( Select edge sense )

Set polarity select bit )

( Clear interrupt request bit to “0” )

( Clear interrupt request bit to “0”

Enable acceptance of INTi interrupt request)

[ Set the interrupt priority level to level 1-7
(

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

i

Notes 1. Use the SEB or CLB instruction when setting the INTi interrupt control
register (i = 0 to 2).
2: Perform the above setting separately. Do not perform 2 or more setting at the
same time, with 1 instruction.

Fig. 4.10.5 Switching flow of occurrence factor of INT i interrupt request
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4.11 Precautions when using interrupts

4.11 Precautions when using interrupts

1. Use the SEB or CLB instruction when setting the interrupt control registers (addresses 7016 to
7F1s.)

2. To change the interrupt priority level select bits (bits O to 2 at addresses 701 t0o 7F1s), 2 to 7 cycles

of @ are required after executing an write-instruction until completion of the interrupt priority level's
change. Accordingly, it is necessary to reserve enough time by software when changing the
interrupt priority level of which interrupt source is the same within a very short execution time
consisting of a few instructions.
Figure 4.11.1 shows a program example to reserve time required for changing interrupt priority
level. The time for change depends on the interrupt priority detection timer select bits (bits 4 and
5 at address 5Eis). Table 4.11.1 lists the relation between the number of instructions to be inserted
with program example of Figure 4.11.1 and the interrupt priority detection time select bits.

SEB .B #0XH, 007XH ; Write to interrupt priority level select bits
NOP ; Insert NOP instruction (Note)

NOP X

NOP ;

CLB.B #0XH, 007XH ; Write to interrupt priority level select bits

Note: All instructions (other than instructions for writing to-address 7X16) which have the
same cycles as NOP instruction can also be inserted. Confirm the number of
instructions to be inserted by Table 4.11.1.

Fig. 4.11.1 Program example to reserve time required for changing interrupt priority level

Table 4.11.1 Relation between number of instructions to be inserted with program example of Figure
4.11.1 and interrupt priority detection time select bits

Interrupt priority detection time sélect bits (Note) Interrupt priority level Number of inserted
b5 b4 detection time instructions
0 0 7 cycles of ¢ NOP instruction 4 or more
0 1 4 cycles of ¢ NOP instruction 2 or more
1 0 2 cycles of ¢ NOP instruction 1 or more
1 1 Do not select.

Note: We recommend [b5 = “1", b4 = “0"].
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TIMER A

5.1 Overview

Timer A is used primarily for output to externals. It consists of five counters, timers A0 to A4, each equipped
with a 16-bit reload function. Timers A0 to A4 operate independently of one another.

7703 Group
Timer A4’s function of the 7703 Group varies from the 7702 Group’s. Refer to “Chapter 20. 7703 GROUP .”

5.1 Overview
Timer Ai (i = 0 to 4) has four operating modes listed below. Except for the event counter mode, Timers AO
to A4 all have the same functions.

e Timer mode
The timer counts an internally generated count source. Following functions can be used in this mode:
*Gate function
*Pulse output function

e Event counter mode
The timer counts an external signal. Following functions can be used in this mode:
*Pulse output function
*Two-phase pulse signal processing function (Timers A2, A3, and A4)

e One-shot pulse mode
The timer outputs a pulse which has an arbitrary width once.

e Pulse width modulation (PWM) mode
Timer outputs pulses which have an arbitrary width. in succession. The timer functions as which pulse
width modulator as follows:
*16-bit pulse width modulator
«8-bit pulse width modulator
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5.2 Block description

5.2 Block description

Figure 5.2.1 shows the block diagram of Timer A. Explanation of relevant registers to Timer A is described
below.

However, for the following registers, refer to the relevant section:

*Up-down register (address 4416) ....cccocevveeeeeennn. “5.4.2 Operation in event counter mode "~
*One-shot start register (address 42s) ............. “5.5.3 Trigger”
Count source

Data bus (odd)

fo select bits
—F 0

fie— o \Oi ||ﬁ

Data bus (even)

fea— o AN
fsio o ( Low-order 8 bits ) (High-order 8 bits)
Timer mode Timer Ai reload register (16) |<7
One- shot pulse mode
PWM mode
N\ \Z Timer Ai

Timer mode
(Gate function)
. Polarit
TAI N ! y Event counter mode
switching

—— Trigger

Timer Al counter(16) l—«—D interrupt

request bit

Up-count/down-count
switching

(Always down-count except
for event counter mode)

Count start bit

Down-count

[P |

y T

Pulse output

function select bit |
TAioutO x ngg ¢

Fig. 5.2.1 Block diagram of Timer A
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5.2 Block description

5.2.1 Counter and reload register (timer Ai register)

Each of timer Ai counter and reload register consists of 16 bits.

The counter down-counts each time the count source is input. In the event counter mode, it can also
function as an up-counter.

The reload register is used to store the initial value of the counter. When the counter underflows or
overflows, the reload register’s contents are reloaded into the counter.

Values are set to the counter and reload register by writing a value to the timer Ai register. Table 5.2.1
lists the memory assignment of the timer Ai register.

The value written into the timer Ai register when counting is not in progress is set to the counter and reload
register. The value written into the timer Ai register when counting is in progress is set to only the reload
register. In this case, the reload register’'s updated contents are transferred to the counter at the next
reload time. The value got when reading out the timer Ai register varies according to the operating mode.
Table 5.2.2 lists reading and writing from and to the timer Ai register.

Table 5.2.1 Memory assignment of timer Ai register

Timer Ai register High-order byte Low-order byte
Timer AO register | Address 47:e Address 4616
Timer Al register | Address 491 Address 4816
Timer A2 register | Address 4Bie Address 4Ase
Timer A3 register | Address 4Dis Address 4Cis
Timer A4 register | Address 4Fis Address 4Eis

Note: When reset, the contents of the timer Ai
register are undefined.

Table 5.2.2 Reading and writing from and to timer Ai register

Operating mode Read Write
Timer mode Counter value is read out. <During counting> _
Event counter mode (Note 1) Written to only re_load register.
. - <When not counting>
One-shot pulse mode Undefined value is read out. Written to both counter and
Pulse width modulation (PWM) mode reload register.
Notes 1: Also refer to “[Precautions when operating in timer mode]” and “[Precautions when oper-

ating in event counter.mode].”
2: When reading and writing to/from the timer Ai register, perform them in an unit of 16 bits.
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5.2 Block description

5.2.2 Count start register
This register is used to start and stop counting. Each bit of this register corresponds to each timer. Figure
5.2.2 shows the structure of the count start register.

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Count start register (Address 401s)

Bit Bit name Functions Atreset| RW
i E E E E E E - 0 Timer AO count start bit 0 : Stop counting 0 RW
Vo 1: Start counting

Pooron o r e 1 Timer Al count start bit 0 RW
i i i i i SO 2 Timer A2 count start bit 0 RW
i : : : R 3 Timer A3 count start bit 0 RW
E . . LTI 4 Timer A4 count start bit 0 RW
E . R EEEEEEEEE TP 5 | Timer BO count start bit 0 RW
RERETTIERREEEERRIES 6 | Timer B1 count start bit 0 RW
S RRRGEETTETTLEFCTRREPRE 7 | Timer B2 count start bit o | rRw

E] : Bits 7 to 5 are not used for Timer A.

Fig. 5.2.2 Structure of count start register
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5.2 Block description

5.2.3 Timer Ai mode register

Figure 5.2.3 shows the structure of the timer Ai mode register. Operating mode select bits are used to
select the operating mode of timer Ai. Bits 2 to 7 have different functions according to the operating mode.
These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo

| | I | | | | | | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5Az16)
Bit Bit name Functions Atreset[ RW

. 0 0 : Timer mode

. 0 1 : Event counter mode
R 1 10 : One-shot pulse mode 0 RW
1 1 : Pulse width modulation (PWM) mode

E R 0 Operating mode select bits b1 b0 0 RW

R ettt 2 These bits have different functions according to the operating mode. 0 RW

s 3 0 RW
L ——— 4 0 RW

B REEEEEEEEEEEED 5 0 RW

b ] 6 o | RrRW
o 7 0 RW

Fig. 5.2.3 Structure of timer Ai mode register
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TIMER A

5.2 Block description

5.2.4 Timer Ai interrupt control register
Figure 5.2.4 shows the structure of the timer Ai interrupt control register. For details about interrupts, refer
to “Chapter 4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai interrupt control registers (i = 0 to 4) (Addresses 7516 to 7916)

Bit Bit name Functions Atreset| RW
A R S R iori i b2 bl b0

- 0 | Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
R 001:Levell Low level

L e 010: Level 2

N it 1 011:Level3 0 RW
- 100:Level 4

A T R 101:Level5

- 110:Level 6

oLy TTTTEETT 2 111:Level7 High level 0 RW
E bl Mo 3 Interrupt request bit 0 : No interrupt request 0 RW
' o 1: Interrupt-request

L P PP P EEEEPPEEEEE 7 to 4 | Nothing is assigned. Undefined [ —

Note: Use the SEB or CLB instruction te set €ach interrupt control register.

Fig. 5.2.4 Structure of timer Ai interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a timer Ai interrupt’s.priority level. When using timer Ai interrupts, select priority
levels 1 to 7. When a timer Ai interrupt request occurs, its priority level is compared with the
processor interrupt priority level (IPL), so that the requested interrupt is enabled only when its priority
level is higher than the IPL. (However, this applies when the interrupt disable flag (I) = “0.”) To
disable timer Ai interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit«(bit 3)
This bit is set to “1” when the timer Ai interrupt request occurs. This bit is automatically cleared to
“0” when the timer Ai interrupt request is accepted. This bit can be set to “1” or “0” by software.
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5.2 Block description

5.2.5 Port P5 and port P6 direction registers

The 1/O pins of Timers AO to A3 are shared with port P5, and the I/O pins of Timer A4 are shared with
port P6. When using these pins as Timer Ai’'s input pins, set the corresponding bits of the port P5 and port
P6 direction registers to “0” to set these ports for the input mode. When used as Timer Ai's output pins,
these pins are forcibly set to output pins of Timer Ai regardless of the direction registers’s contents. Figure
5.2.5 shows the relationship between the port P5 and port P6 direction registers and the Timer Ai's I/O

pins.

b7 b6 b5 b4

b3 b2 bl bo

b7 b6 bS5 b4

_____________

b3 b2 bl bO

.............

| | | | | | | | | Port P5 direction register (Address Dis)

[ TTT T T T T ] Portpsdrecton regster (Address 10:)

A 4

Bit | Corresponding pin name Functions Atreset| RW
0 TAOour pin 0: Input mode 0 RW
1: Output mode

TAONPpIN 0 RW

. When using these pins as
TAlour pin Timer Ai's input_pins, set the 0 RW

. corresponding bits to “0.”
3 TALN pin 0 RW
4 TA2ouTpin 0 RW
TA2iNnpin 0 RW
6 TA3ourt pin 0 RW
7 TA3INpIn 0 RW
Bit Corresponding pin name Functions Atresetl RW
0 | TA4dourpin 0: Input mode 0 RW

i 1: Output mode

TA4Npin 0 RW

— When using these pins as
iN To pin Timer Ai's input pins, setthe 0 RW
3 m pin corresponding bits to “0.” 0 RW
4 | INT2pin 0 RW
TBONpin 0 RW
6 | TB1n pin 0 RW
7 | TB2npin 0 RW

E] : Bits 7 to 2 are not used for Timer A.

Fig. 5.2.5 Relationship between port P5 and port P6 direction registers and Timer Ai’'s I/O pins
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TIMER A

5.3 Timer mode

5.3 Timer mode

In this mode, the timer counts an internally generated count source. (Refer to Table 5.3.1.) Figure 5.3.1
shows the structures of the timer Ai mode register and timer Ai register in the timer mode.

Table 5.3.1 Specifications of timer mode

Item

Specifications

Count source

f2, fi16, f64, or f512

Count operation

* Down-count
« When the counter underflows, reload register’'s contents are reloaded
and counting continues.

Divide ratio

1

—— .. n: Timer Ai register setting value
(n + 1) g g

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter underflows.

TAIIN pin function

Programmable 1/O port or gate input

TAiouT pin function

Programmable 1/O port or pulse output

Read from timer Ai register

Counter value can be read out.

Write to timer Ai register

e While counting is stopped
When a value is written to timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to timer Ai register, it is written to only
reload register. (Transferred to counter at next reload timing.)
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5.3 Timer mode

Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

b7 b6 b5 b4 b3 b2 bl b0
| | | 0| | | | 0 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
E : i i i i i i Bit Bit name Functions Atreset | RW
SR IR A A - P P
bbb 0 Operating mode select bits 50 Timer mode 0 RW
B E D
E ' i i i Fomemmmeg 2 Pulse output function select bit | 0 : No pulse output 0 RW
oo (TAiour pin functions as a programmable
[ /0 port.)
oo 1: Pulse output
[ (TAiour pin functions as a pulse output
A pin.)
SRR : . e
o ] 3 | Gate function select bits _ 0 RW
oo 00 :] No gate function
oo 01 :] (TAin pin funciions as a prog-
A rammable /O port)
oo 1 0 : Gate function
T 4 (C_unr_lter counts o_nl‘)‘/ Yyhlle TAiN 0 RW
Voo pin’s input signal is “L” level.)
oL 11 : Gate function
oL (Counter counts only while TAin
oL pin’s input signal is “H” level.)
E E Bommmememmeeeeees 5 Fix this bit to “0” in the timer mode. 0 RW
A SRR R R R L R 6 Count source select bits b7'bs
! 00:f2 0 RW
: 01:fie
""""""""""""" 7 10:fes 0 RwW
11:fs12
(b15) (b8) Timer AO register (Addresses 4716, 4616)
b7 bo b7 b0 Timer A1l register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4D1s, 4Cis)
E Timer A4 register (Addresses 4F1e, 4E16)
h Bit Functions Atreset | RW
L ol 15 to 0| These bits can be set to “000016” to “FFFF16.” |Undefined | RW

Fig. 5.3.1 Structures of timer Ai mode register and timer Ai register in timer mode
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TIMER A

5.3 Timer mode

5.3.1 Setting for timer mode
Figures 5.3.2 and 5.3.3 show an initial setting example for registers relevant to the timer mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “Chapter 4.
INTERRUPTS.”

/ Selecting timer mode and each function \
b7 b0
| | o] | | [o]o] TimerAimode register (i =0 to 4) (Addresses 5616 to 5Aus)

Selection of timer mode

——— Pulse output function select bit
0: No pulse output.
1: Pulses output.

—— Gate function select bits
b4 b3
8 g.’ } No gate function
1 0: Gate function (Counter counts only while TAin pin’s input signal is “L” level.)
1 1: Gate function (Counter counts only while TAin pin’s input signal is “H” level.)

Count source select bits
b7 b6

00: f2

01:fis

1 0: fea

11:fs12

Setting divide rajp Timer AO register (Addresses 4716, 4616)
(b15) (b8)

= ho b7 b0 Timer Al reg@ster (Addresses 4916, 4816)
Timer A2 register (Addresses 4B16, 4A16)

| | Timer A3 register (Addresses 4Dz1e, 4Cis)
Timer A4 register (Addresses 4Fis, 4E16)

\— Can be set to “000016” to “FFFF16” (n).

= /

Note : Counter divides the count source frequency by n + 1.

Continue to Figure 5.3.3 on next page.

Fig. 5.3.2 Initial setting example for registers relevant to timer mode (1)
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5.3 Timer mode

From preceding Figure 5.3.2.

b7

\

Setting interrupt priority level

bo Timer Ai interrupt control register (i =0 to 4)
_:]EI (Addresses 7516 to 7916)

Interrupt priority level select bits
When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0./

Setting port P5 and port P6 direction registers

~

b7 b0
| | | | | | | | | Port P5 direction register (Address Dis)
TAOIN pin
TALIN pin
TA2IN pin
TA3IN pin
b7 b0

| | | | | | | | |PortP6 direction register (Address 1016)

When gate function is selected, set the bit corresponding to the TAi pin to “0.”

\—TA4|N pin

-

b7

Setting count start bit to “1.” \

b0

| | | l | | | | |Countstart register (Address 4016)

LTimer AO count start bit
Timer Al count start bit
Timer A2 count start bit
Timer A3 count start bit
Timer A4 count start bit

Count starts

Fig. 5.3.3 Initial setting example for registers relevant to timer mode (2)
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5.3 Timer mode

5.3.2 Count source

In the timer mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select the count
source. Table 5.3.2 lists the count source frequency.

Table 5.3.2 Count source frequency

Count source Count source Count source frequency

select bits
b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 fa 4 MHz 8 MHz 12.5 MHz
0 1 fie 500 kHz 1 MHz 1.5625 MHz
1 0 foa 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz

7702/7703 Group User’s Manual
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5.3 Timer mode

5.3.3 Operation in timer mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O When the counter underflows, the reload register’'s contents are reloaded and counting continues.

O The timer Ai interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request
bit remains set to “1” until the interrupt request is accepted or the interrupt request bit is cleared to “0”
by software.

Figure 5.3.4 shows an example of operation in the timer mode.

n = Reload register's contents

FFFF16 Starts counting. Stops counting

Restarts counting. |
’ ==

1/fi O(n+1)

1
'«
Pl

Counter contents (Hex.)

000016

d
4
[
i
I
1
1
T
I
'
1
'
1
i
1
I
I
1
I
I
1
I
I
1
I

E Time

Honk by

=

Set to “1” by software.

N

Cleéféd to“0” " Set to “1” by software.

Yy

software

Lo
Count start bit
ount start bi “0r

Timer Ai interrupt  “1” I_—I ’—| ,—
request bit «g»

fi = frequency of count source ? ?

(f2, fae, fos, fs12) Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 5.3.4 Example of operation in timer mode (without pulse output and gate functions)
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TIMER A

5.3 Timer mode

5.3.4 Select function
The following describes the selective gate and pulse output functions.

(1) Gate function
The gate function is selected by setting the gate function select bits (bits 4 and 3 at addresses 5616
to 5A16) to “102" or “112." The gate function makes it possible to start or stop counting depending on
the TAin pin’s input signal. Table 5.3.3 lists the count valid levels.
Figure 5.3.5 shows an example of operation selecting the gate function.
When selecting the gate function, set the port P5 and port P6 direction registers’ bits which correspond
to the TAin pin for the input mode. Additionally, make sure that the TAin pin’s input signal has a pulse
width equal to or more than two cycles of the count source.

Table 5.3.3 Count valid levels

Gate function select bits Count valid level (Duration when_counter counts)
b4 b3
1 0 While TAIiIN pin’s input signal is “L” level
1 1 While TAIiIN pin’s input signal is “H” level

Note: The counter does not count while the TAin pin’s input signal is not at the count valid level.
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5.3 Timer mode

FFFF16

Counter contents (Hex.)

000016

Count valid
TAin pin’s level
input signal  |y4iid level

Timer Ai interrupt “1”
request bit “Q”

level.

counter value is retained.

n = Reload register’s contents
0 Starts counting.

e
Count start bit et

Set to “1” by software.

e

Time

L
[

0 The counter counts when the count start bit = “1” and the TAin pin's inputsignal is at the count valid

O The counter stops counting while the TAin pin’s input signal is.not at the count valid level, and the

A

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

Fig. 5.3.5 Example of operation selecting gate function
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5.3 Timer mode

(2) Pulse output function
The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 to 5A16) to “1.” When this function is selected, the TAiour pin is forcibly set for the pulse output
pin regardless of the corresponding bits of the port P5 and port P6 direction registers. The TAiour pin
outputs pulses of which polarity is inverted each time the counter underflows.
When the count start bit (address 4016) is “0” (count stopped), the TAiour pin outputs “L” level. Figure
5.3.6 shows an example of operation selecting the pulse output function.

n = Reload register’s contents

FFFF16
Starts counting. Starts counting.

¥ >

" ‘_Ll """"""""" AI_l """"""""" ALl """""""""" © L, Restats —I_l_‘
! - R ; , counting.
: B A E A E A A

000016 : \_l—l_‘ . _l—l_' jj_' ; o

i Time

counter contents (Hex.)

| Setto “1” by software. . Cleared 10 “0” by software. | Setto “1” by software.
Count start bit “1” 14 ' : : i s :

Pulse output from “H” | |
TAiout pin « »

Timer Ai interrupt «q» |—|
request bit “g l—

\ ? /

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

Fig. 5.3.6 Example of operation selecting pulse output function
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5.3 Timer mode

[Precautions when operating in timer mode]

By reading the timer Ai register, the counter value can be read out at any timing while counting is in
progress. However, if the timer Ai register is read at the reload timing shown in Figure 5.3.7, the value
“FFFF16"is read out. When reading the timer Ai register after setting a value to the register while counting
is not in progress and before the counter starts counting, the set value is read out correctly.

Reload
Counter value
(Hex.) 2 1 0 n (n-1
Read val
o e 2 | 1| 0 |FFFF|n-1
n = Reload register’s contents Time

Fig. 5.3.7 Reading timer Ai register
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5.4 Event counter mode

5.4 Event counter mode

In this mode, the timer counts an external signal. (Refer to Tables 5.4.1 and 5.4.2.) Figure 5.4.1 shows the
structures of the timer Ai mode register and timer Ai register in the event counter mode.

Table 5.4.1 Specifications of event counter mode (when not using two-phase pulse signal processing

function)

Item

Specifications

Count source

e External signal input to the TAIIN pin
e The count source’s valid edge can be selected between the falling
and the rising edges by software.

Count operation

e Up-count or down-count can be switched by external signal or software.
e When the counter overflows or underflows, reload register’'s contents
are reloaded and counting continues.

Divide ratio

e For down-count 1

(n +1)
e For up-count n: Timer Ai register setting value

1
(FFFFis — n + 1)

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter overflows or underflows.

TAin pin function

Count source input

TAiour pin function

Programmable 1/© port, pulse output, or up-count/down-count switch
signal input

Read from timer Ai register

Counter value can be read out.

Write to timer Ai register

e While couriting is stopped
When & value is written to timer Ai register, it is written to both
reload register and counter.

e \While counting is in progress
When a value is written to timer Ai register, it is written to only reload
register. (Transferred to counter at next reload time.)
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5.4 Event counter mode

Table 5.4.2 Specifications of event counter mode (when using two-phase pulse signal processing
function with timers A2, A3, and A4)

Item

Specifications

Count source

External signal (two-phase pulse) input to the TAjIN or TAjouT pin (j =
2 to 4)

Count operation

e Up-count or down-count can be switched by external signal (two-
phase pulse).

e When the counter overflows or underflows, reload register’'s contents
are reloaded and counting is continued.

Divide ratio

e For down-count 1

(n+1)
e For up-count n: Timer Aj register setting value

1
(FFFFis — n + 1)

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter overflows or underflows.

TAj, TAjour (j = 2 to 4) pin function

Two-phase pulse input

Read from timer Aj register

Counter value can be read out.

Write to timer Aj register

e While counting is stopped
When a value is written to timer A2, A3, or A4 register, it is written
to both reload register and counter.

e While counting is In progress
When a value is written to timer A2, A3, or A4 register, it is written
to only reload register. (Transferred to counter at next reload time.)
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5.4 Event counter mode

b7 b6 b5 b4 b3 b2 bl bo

|D ||] | 0 | | | | ol 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5Az16)
A Bit Bit name Functions Atreset| RW
: i A . Operating mode select bits b1 b0
- 0 P 9 0 1 : Event counter mode ° RW
- R EEEEEE 1 0 RW
i i E i E R 2 Pulse output function select bit | 0 : No pulse output (TAiour pin 0 RW
oo functions as a programmable 1/0O
A port.)
oo 1 : Pulse output (TAiout pin functions
Vo as a pulse output pin.)
: . : : :h ............. 3 Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
b 1 : Counts at rising edge of external signal
: i HE  ECEELLEEEEE R 4 Up-down switching factor select | 0 : Contents of up-down register 0 RW
o bit 1 : Input signal to TAiout pin
E E O ECLEETEETPEEEP 5 Fix this bit to “0” in event counter mode. 0 RW
E B LR 6 These bits are ignored in event counter mode. 0 RW
P e R LTE 7 0 RW

O : It may be either “0” or “1.”
(?,175) “g?} b7 po  TimerAO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4D1s, 4Cis)
Timer A4 register (Addresses 4Fis, 4E16)

Bit Functions Atreset | RW

----------------------- 15 to 0| These bits can be set to “000016” to “FFFF16.”| undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1
when down-counting, or by FFFFis —n + 1
when up-counting.

When reading, the register indicates the
counter value.

Fig. 5.4.1 Structures of timer Ai mode register and timer Ai register in event counter mode
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5.4 Event counter mode

5.4.1 Setting for event counter mode
Figures 5.4.2 and 5.4.3 show an initial setting example for registers relevant to the event counter mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

J

/Selecting event counter mode and each function \
b7 b0
|D|D|O| | | |0|1| Timer Ai mode register (i =0 to 4)

(Addresses 5616 to 5A16)

u Selection of event counter mode
Pulse output function select bit
0: No pulse output
1: Pulse output

Count polarity select bit
0: Counts at falling edge of external signal.
1: Counts at rising edge of external signal.

Up-down switching factor select bit
0: Contents of up-down register
1: Input signal to TAiout pin
0 : It may be either “0" or “1.”

(S

/ Setting up—down register \
b7 b0
| | | I | | I | | Up—down register (Address 44:15)
Timer AO up—down bit Set the corresponding up—down bit when the contents of
— Timer Al up—down bit the up-down register are selected as the up-down
Timer A2 up—down bit switching factor.
Timer A3 up—down bit 0: Down—count

Timer A4 up—down bit 1: Up—count

Timer A2 two-phase pulse signal processing select bit

Timer A3 two—phase pulse signal processing select bit

Timer A4 two—phase pulse signal processing select bit

Set the corresponding bit to “1” when the two—phase pulse
signal processing function is selected for timers A2 to A4.

0: Two—phase pulse signal processing
function disabled

1: Two—phase pulse signal processing
function enabled

S e (EE Timer AO register (Addresses 4716, 4616)
(bbl75) (08)

b0 b7 po Timer Al register (Addresses 491, 4816)
| | Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4D1s, 4Cis6)

Timer A4 register (Addresses 4F 16, 4E16)
Can be setto “000016” to “FFFFs” (n).

O The counter divides the count source frequency by n + 1
when down-counting, or by FFFFis — n + 1 when up-
counting.

Continue to Figure 5.4.3 on next page.

Fig. 5.4.2 Initial setting example for registers relevant to event counter mode (1)
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TIMER A

counter mode

From preceding Figure 5.4.2.

(s

b7

\

etting interrupt priority level \

Timer Ai interrupt control register (i = 0 to 4)
_:IE (Addresses 7516 to 7916)

b0

Interrupt priority level select bits
When using interrupts, set these bits
to level 1-7.

When disabling interrupts, set these
bits to level 0.

b7

Setting port P5 and port P6 direction registers

b0

| | | | | | | | |Port P5 direction register (Address Dais)

——TA2out pin
—————————— TA2npin

———————— TALnpin

L TAOoUT pin

— TAOIN pin
TAlout pin

TA3ourt pin

b7

TA3IN pin

b0

| | | | | | | | |PortP6direction register (Address 101s)

Clear the bit corresponding to the TAi pin to “0.”

When selecting the TAiout pin’s input signal as up-down switching factor, set the
bit corresponding te the TAiout pin to “0.”

When selecting the two—phase pulse signal processing function, set the bit
corresponding to the TAjour (j = 2 to 4) pin to “0.”

L TA40uT pin
L TA4IN pin

/

Setting the count start bit to “1”

b7

b0

| | | | | | | | Count start register

(Address 4016)

Timer AO count start bit

— Timer Al count start bit

—— Timer A2 count start bit

———— Timer A3 count start bit

L——————— Timer A4 count start bit /

Count starts

Fig. 5.4.3 Initial setting example for registers relevant to event counter mode (2)
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5.4 Event counter mode

5.4.2 Operation

in event counter mode

O When the count start bit is set to “1,” the counter starts counting of the count source.
O The counter counts the count source’s valid edges.

O When the counter underflows or overflows, the reload register’'s contents are reloaded and counting

continues.

O The timer Ai interrupt request bit is set to “1” when the counter underflows or overflows in O.

The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request

bit is cleared

to “0” by software.

Figure 5.4.4 shows an example of operation in the event counter mode.

FFFF16

Counter contents (Hex.)

000016

Count start bit “1”
w0

Up-down bit «1”
“

Timer Ai interrupt “1”
request bit «q»

n = Reload register’s contents

Starts counting.

BT T

]

Set to “1” by software.

i

Time

i

Set to “1” by software.

[

\ f

/4

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

Note: The above applies when the up-down bit's contents are selected as the up-down switching factor (i.e., up-down
switching factor select bit = “0").

Fig. 5.4.4 Example of operation in event counter mode (without pulse output function and two-phase
pulse signal processing function)
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5.4 Event counter mode

(1) Switching between up-count and down-count
The up-down register (address 4416) or the input signal from the TAiour pin is used to switch the up-
count from and to the down-count. This switching is performed by the up-down bit when the up-down
switching factor select bit (bit 4 at addresses 5616 to 5As6) is “0,” and by the input signal from the
TAiour pin when the up-down switching factor select bit is “1.”
When switching the up-count/down-count, this switching is actually performed when the count source’s
next valid edge is input.

e Switching by up-down bit
The counter down-counts when the up-down bit is “0,” and up-counts when the up-down bit is “1.”
Figure 5.4.5 shows the structure of the up-down register.

e Switching by TAi our pin’s input signal
The counter down-counts when the TAiour pin’s input signal is at “L” level, and up-counts when the
TAiour pin’s input signal is at “H” level.
When using the TAiour pin input signal to switch the up-count/down<eount, set the port P5 and P6
direction registers’ bits which correspond to the TAiour pin for the input mode.

| | | | Up-down register (Address 4416)

Bit Bit name Functions Atreset| RW
. 0 | Timer AO up-down bit 0 : Down-count 0 RW
I 1 : Up-count

R 1 | Timer A1 up-down bit 0 RW
o This function is valid when the

(R T T S U 2 Timer A2 up-dowh bit contents of the up-down register are 0 RW
N selected as the up-down switching

HE e LT 3 Timer A3 up-down bit factor. 0 RW
E E E I 4 | Timer A4 up-down bit 0 RW
1 eeeeeeeeeeeieeeeee. 5 | Timer A2 two-phase pulse signal [ 0 : Disabled Two-phase pulse signal [ ¢ (o)
[ processing select bit (Note) processing function ]

P 1 : Enabled Two-phase pulse signal
Y B 6 | Timer A3 two-phase pulse signal| ~ Processing function 0 WO
: processing select bit (Note)

When not using the two-phase pulse
signal processing function, make
sure to set the bit to “0.”

The value is “0” at reading.

7 Timer A4 two-phase pulse signal
processing select bit (Note)

Note: Use the LDM or STA instruction when writing to bits 5 to 7.

Fig. 5.4.5 Structure of up-down register
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5.4 Event counter mode

5.4.3 Select functions
The following describes the selective pulse output, and two-phase pulse signal processing functions.

(1) Pulse output function

The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 t0 5A16) to “1.” When this function is selected, the TAiour pin is forcibly set for the pulse output
pin regardless of the corresponding bits of the port P5 and port P6 direction registers. The TAiour pin
outputs pulses of which polarity is inverted each time the counter underflows or overflows. (Refer to
Figure 5.3.6.)

When the count start bit (address 4016) is “0” (count stopped), the TAiour pin outputs “L” level.

5-26
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5.4 Event counter mode

(2) Two-phase pulse signal processing function (Timers A2 to A4)
For timers A2 to A4, the two-phase pulse signal processing function is selected by setting the two-
phase pulse signal processing select bits (bits 5 to 7 at address 44i6) to “1.” (Refer to Figure 5.4.5.)
Figure 5.4.6 shows the timer A2, A3, and A4 mode registers when the two-phase pulse signal
processing function is selected.
With timers selecting the two-phase pulse signal processing function, the timer counts two kinds of
pulses of which phases differ by 90 degrees. There are two types of the two-phase pulse signal
processing: normal processing and quadruple processing. In timers A2 and A3, normal processing
is performed; in timer A4, quadruple processing is performed.
For some bits of the port P5 and P6 direction registers correspond to pins used for two-phase pulse
input, set these bits for the input mode.

7 b6 b5 b4 b3 b2 bl

EECRDRE

b0
| 1 | Timer A2 mode register (Address 5816)
Timer A3 mode register (Address 5916)
Timer A4 mode register (Address 5Ai16)

(I : It may be either “0” or “1.”

Fig. 5.4.6 Timer A2, A3, and A4 mode registers when two-phase pulse signal processing function is
selected

e Normal processing
The timer up-counts the rising edges to the TAkinv pin when the phase has the relationship that the
TAkn pin’s input signal level goes from “L” to “H” while the TAkour (k = 2 and 3) pin’s input signal
is “H” level.
The timer down-counts the falling edges to the TAkw~ pin when the phase has the relationship that
the TAkwn pin’s input signal level goes from *H” to “L” while the TAkour pin’s input signal is “H” level.
(Refer to Figure 5.4.7.)

oy
TAKout J L

HLH
“H"
TAKIN AT L
(k=2,3) ‘L |
Up- Up- Up- Down- Down- Down-
count count count count count count
+1 +1 +1 -1 -1 -1

Fig. 5.4.7 Normal processing
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5.4 Event counter mode

e Quadruple processing
The timer up-counts all rising and falling edges to the TA4our and TA4w pins when the phase has
the relationship that the TA4in pin’s input signal level goes from “L” to “H” while the TA4our pin’s
input signal is “H” level.
The timer down-counts all rising and falling edges to the TA4our and TA4in pins when the phase
has the relationship that the TA4w pin’s input signal level goes from “H” to “L” while the TA4our
pin’s input signal is “H” level. (Refer to Figure 5.4.8.)
Table 5.4.3 lists the input signals to the TAdour and TA4w pins when the quadruple processing is
selected.

“
TA4out j
L]

N—

L

_

—

y

J:
Down'—courft all édges
1Nl 1 21

1

|
~ T |

Up-cbunt all edges
1 +1 41 +1

1

—

11

TA4IN

HLH

Down-count all edges
1041 41 4

Up-éount all edges

$1 41 41 41 41

-1

Fig. 5.4.8 Quadruple processing

Table 5.4.3 TAdour and TA4w pins’ input signals when
quadruple operation is selected

Input signal to TA4our pin |Input signal to TA4IN pin

Up-count “H” level Rising

“L” level Falling

Rising “L” level

Falling “H” level
Down-count “H” level Falling

“L” level Rising

Rising “H” level

Falling “L” level
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5.4 Event counter mode

[Precautions when operating in event counter mode]

1. By reading the timer Ai register, the counter value can be read out at any timing while counting is in
progress. However, when the timer Ai register is read at the reload timing shown in Figure 5.4.9, a value
“FFFF1s” (at the underflow) or “000016” (at the overflow) is read out. When reading the timer Ai register
after setting a value to the register while counting is not in progress and before the counter starts
counting, the set value is read out correctly.

(1) For down-count (2) For up-count
Reload Reload
Counter value Counter value
(Hex.) 2 (1 )]0 | n (n-1 (Hex) |FFFD|FFFE|FFFF| n |n+1
Read value I I I I I I Read value I : T I T T
(Hex)) 2 | 1| 0 |FFFF[n-1 (Hex) |FFFDIFFEE|FFFF[0000(n + 1
_> _>
Time Time
n = Reload register’s contents n = Reload register’s contents

Fig. 5.4.9 Reading timer Ai register

2. The TAiour pin is used for all functions listed below. Accordingly, only one of these functions can be
selected for each timer.
*Switching between up-count and down-count by TAicur pin’s input signal
*Pulse output function
*Two-phase pulse signal processing function Tor.timers A2 to A4
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5.5 One-shot pulse mode

In this mode, the timer outputs a pulse which has an arbitrary width once. (Refer to Table 5.5.1.) When a
trigger occurs, the timer outputs “H” level from the TAiour pin for an arbitrary time. Figure 5.5.1 shows the
structures of the timer Ai mode register and timer Ai register in the one-shot pulse mode.

Table 5.5.1 Specifications of one-shot pulse mode

Iltem Specifications
Count source f2, fie, f64, or f512
Count operation e Down-count
e When the counter value becomes “000016,” reload register’s con-
tents are reloaded and counting stops.
e If a trigger occurs during counting, reload register's contents are
reloaded then and counting continues.

Output pulse width (“H")

[s] n: Timer Ai register setting value

Count start condition e When a trigger occurs. (Note)
e Internal or external trigger can be selected by software.
Count stop condition e When the counter value becomes “000016"
e When count start bit is cleared to “0”
Interrupt request occurrence timing When counting stops.
TAIIN pin function Programmable 1/O port or trigger input
TAiouT pin function One-shot pulse ouiput
Read from timer Ai register An undefined value is read out.
Write to timer Ai register e While counting is stopped

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

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

Note: The trigger is generated with the count start bit = “1.”

5-30 7702/7703 Group User’s Manual



TIMER A

5.5 One-shot pulse mode

b7 b6 b5 b4 b3 b2 bl bO

| I | 0 | | | 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5Az16)

T Bit Bit name Functions Atreset| RW
o E_ . N . b1 b0
b P 0 Operating mode select bits 10 : One-shot pulse mode 0 RW
A L o | RW
E E i E S LCEEEEE 2 Fix this bit to “1” in one-shot pulse mode. 0 RW
[ A : . b4 b3
(AT R T 3 | Trigger select bits 0 0 :| Writing “1” to one-shot start bit 0 RW
o 0 1 :/(TAin pin functions as a progra-
o mmable 1/O port.)
vy b 4 10: Falling edge of TAin pin’s input signal 0 RW
Yo 11 : Rising edge of TAin pin’s input signal
E e e R E R 5 Fix this bit to “0” in one-shot pulse mode. 0 RW
. :_ _____________________ ; b7 b6
: 6 Count source select bits 00:f2 0 RW
! 01:fie
L e 7 10:fea 0

11:fs12 RW

(b15) (b8) Timer AQ register (Addresses 4716, 4616)

b7 b0 b7 b0

Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bu1s, 4A1s)
Timer A3 register (Addresses 4Dzs6, 4C1s)
Timer A4 register (Addresses 4Fis6, 4E16)

Bit Functions Atreset| RW

---------------------- 15 to O[ These bits can be set to “000116” to “FFFF1s.” | Undefined] WO
Assuming that the set value = n, the “H” level
width of the one-shot pulse output from the
TAiour pin is expressed as follows : n / fi.

fi: Frequency of count source (f2, fis, fes, Or fs12)

Fig. 5.5.1 Structures of timer Ai mode register and timer Ai register in one-shot pulse mode
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5.5 One-shot pulse mode

5.5.1 Setting for one-shot pulse mode

Figures 5.5.2 and 5.5.3 show an initial setting example for registers relevant to the one-shot pulse mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

J

Selecting one-shot pulse mode and each function \
b7 b0
| | | 0 | | | 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

[ [

Selection of one-shot pulse mode

Trigger select bits

b4 b3

8 (l) j} Writing “1” to one-shot start bit: Internal trigger
1 0: Falling of TAin pin’s input signal: External trigger
11 : Rising of TAin pin’s input signal: External trigger

Count source select bits
b7 b6

00:f2

01:fie

10:fea

11:fs12

%

Setting “H” level width of one-shot pulse . .
(b15) ®8) Timer AO register (Addresses 4716, 4616)
b7 b0 b7 bo Timer Al register (Addresses 4916, 4816)
| Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4Dz1s, 4Czs)
Timer A4 register (Addresses 4Fi6, 4E16)

\— Can be set to “000116" to “FFFF16” (n).

Note. “H” level width = rf\
i

Setting Interrupt priority level
b7 b0

Timer Ai interrupt control register (i = 0 to 4)
_:@ (Addresses 751 to 79:0)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

Continue to Figure 5.5.3.

Fig. 5.5.2 Initial setting example for registers relevant to one-shot pulse mode (1)
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5.5 One-shot pulse mode

From preceding Figure 5.5.2.

TA4IN pin

b0
| | | Port P6 direction register
(Address 1016) \

——— Timer A4 count start bit

~

: L . .
When external trigger  : : When internal trigger
is selected H H is selected
/Setting port P5 and port P6 direction registers \ Setting count start bit to “1”
b7 b0 b7 b0
Port P5 direction register f
| | | | | | | | | (Address Dis) | | | | | | | | L| Count start register (Address 4016)
TAOI pin Timer AO count start bit
L TALnpin — Timer A1 count start bit
TA2IN pin — Timer A2 count start bit
b7 TA3IN pin ————— Timer A3 count start bit

Set the corresponding bit to “0.” /

-

Setting count start bit to “1”

b0

| | | |Count start register (Address 4016)

Timer AO count start bit
Timer Al count start bit
Timer A2 count start bit

Timer A3 count start bit
Timer A4 count start bit

N (O

b7

Setting one-shot start bit to “1”

b0

4216)

B

Timer AO one-shot start bit
Timer Al one-shot start bit

—Timer A2 one-shot start bit
——Timer A3 one-shot start bit
—______Timer A4 one-shot start bit

~

One-shot start register (Address

Trigger input to TAiN pinw

Trigger generated

Count starts

rEEEEEEEEEEEEEEEEEENY

Fig. 5.5.3 Initial setting example for registers relevant to one-shot pulse mode (2)
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5.5 One-shot pulse mode

5.5.2 Count source

In the one-shot pulse mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select
the count source. Table 5.5.2 lists the count source frequency.

Table 5.5.2 Count source frequency

Count source Count source Count source frequency

select bits
b7 b6 f(Xw) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 f 4 MHz 8 MHz 12.5 MHz
0 1 fie 500 kHz 1 MHz 1.5625 MHz
1 0 foa 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz
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5.5 One-shot pulse mode

5.5.3 Trigger

The counter is enabled for counting when the count start bit (address 4016) is set to “1.” The counter starts
counting when a trigger is generated after it has been enabled. An internal or an external trigger can be

selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5A16) are “002"
or “012"; an external trigger is selected when the bits are “102" or “112.”
If a trigger is generated during counting, the reload register’s contents are reloaded and the counter
continues counting. If generating a trigger during counting, make sure that a certain time which is equivalent
to one cycle of the timer’'s count source or more has passed between the previous generated trigger and

a new generated trigger.

(1) When selecting internal trigger
A trigger is generated when writing “1” to the one-shot start bit (address 4216). Figure 5.5.4 shows
the structure of the one-shot start register.

(2) When selecting external trigger

A trigger is generated at the falling of the TAin pin’s input signal when bit 3 at addresses 5615 to 5A16
is “0,” or at its rising when bit 3 is “1.”
When using an external trigger, set the port P5 and P6 direction registers’ bits which correspond to
the TAin pins for the input mode.

b7 b6 b5 b4 b3 b2 bl bo

One-shot start register (Address 4216)

i : : : : : : : Bit Bit name Functions Atreset| RW
E E E E E E E e Timer AO one-shot start bit 1 : Start outputting one-shot pulse 0 WO
T (valid when selecting internal

L b 1 Timer Al one-shot start bit trigger.) 0 \Y/e)
i : : : : R 2. | Timer A2 one-shot start bit The value is “0” at reading. 0 | wo
E I I I R 3 | Timer A3 one-shot start bit 0 WO
o R W 4 | Timer A4 one-shot start bit 0 wo
!-- - :“ - -:* --------------------- 7 to 5 | Nothing is assigned. Undefined | —

Fig. 5.5.4 Structure of one-shot start register
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5.5.4 Operation in one-shot pulse mode

O When the one-shot pulse mode is selected with the operating mode select bits, the TAiour pin outputs
“L” level.

0 When the count start bit is set to “1,” the counter is enabled for counting. After that, counting starts when
a trigger is generated.

O When the counter starts counting, the TAiour pin outputs “H” level.

O When the counter value becomes “0000:s,” the output from the TAiour pin becomes “L” level. Additionally,
the reload register’'s contents are reloaded and the counter stops counting there.

O Simultaneously at O, the timer Ai interrupt request bit is set to “1.”
This interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

Figure 5.5.5 shows an example of operation in the one-shot pulse mode.

When a trigger is generated after 0 above, the counter and TAiour pin perform the same operations
beginning from O again. Furthermore, if a trigger is generated during counting, the counter down-counts
once after this generated new trigger, and it continues counting with the reload register’s contents reloaded.
If generating a trigger during counting, make sure that a certain time which is equivalent to one cycle of
the timer’'s count source or more has passed between the previous generated trigger and a new generated
trigger.

The one-shot pulse output from the TAiout pin can be disabled by ciearing the timer Ai mode register’s bit
2 to “0.” Accordingly, timer Ai can be also used as an internal one-shot timer that does not perform the
pulse output. In this case, the TAiour pin functions as a programmable 1/0 port.
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n = Reload register’s contents

FFFFi6 Stops
’g Starts counting. , Counting. . giaris counting, _ Stops counting.
z “—r—> —
« n R B e Rl e e R — -
E |
g |
§ ' .., Reloaded 4 .., Reloaded A
o) : :
= -- --
> ' [
o
o

000116

Time
Set to “1” by software.

0 Count start bit
“Q

O Trigger during counting

TAinN pin “H”
input signal « » 4

1/fi0(n)

1/fi0 (n+1) ‘

One-shot pulse “H”
output from « »
TAiour pin

Timer Ai interrupt “1”
request bit «q»

—

fi = Frequency of count source
(f2, fis, fos, OF f512) Cleared to “0” when interrupt request is accepted
of cleared by software.

0 When the count start bit = “0” (counting stopped), the TAiout pin outputs “L” level.
0 When a trigger is generated during counting, the counter counts the count source n + 1 times after a new trigger is generated.

Note: The above applies when an external trigger (rising of TAin pin’s input signal) is selected.

Fig. 5.5.5 Example of operation in one-shot pulse mode (selecting external trigger)
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[Precautions when operating in one-shot pulse mode]

1. If the count start bit is cleared to “0” during counting, the counter stops counting and the reload register’s
contents are reloaded into the counter, and the TAiour pin’s output level becomes “L.” At the same time,
the timer Ai interrupt request bit is set to “1.”

2. A one-shot pulse is output synchronously with an internally generated count source. Accordingly, when
selecting an external trigger, there will be a delay equivalent to one cycle of count source at maximum
from when a trigger is input to the TAin pin till when a one-shot pulse is output.

Trigger input
TAin pin’s “H”
input signal « » *

1

1

Count i
source .

One-shot pulse
output from
TAiour pin

i Starts outputting of one-shot pulse
"
' Output delay .

Note: The above applies when an external trigger (falling of TAin pin’s input signal) is selected.

Fig. 5.5.6 Output delay in one-shot pulse output

3. When setting the timer’'s operating mode in one of the followings, the timer Ai interrupt request bit is set
to “1.”
e When the one-shot pulse mode is selected after a reset
e When the operating mode is switched from the timer mode to the one-shot pulse mode
e When the operating mode<is switched from the event counter mode to the one-shot pulse mode

Therefore, when using_the timer Ai interrupt (interrupt request bit), be sure to clear the timer Ai interrupt
request bit to “0” after above setting.

4. Do not set “000016” to the timer Ai register.
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5.6 Pulse width modulation (PWM) mode

In this mode, the timer continuously outputs pulses which have an arbitrary width. (Refer to Table 5.6.1.)
Figure 5.6.1 shows the structures of the timer Ai mode register and timer Ai register in the PWM mode.

Table 5.6.1 Specifications of PWM mode

Item

Specifications

Count source

f2, fie, f64, or f512

Count operation

e Down-count (operating as an 8-bit or 16-bit pulse width modulator)

e Reload register’'s contents are reloaded at rising of PWM pulse and
counting continues.

e A trigger generated during counting does not affect the counting.

PMW period/“H” level width

<16-bit pulse width modulator>

Period = @ [s]

“H” level width = fn_ [s] n: Timer Ai register setting value
|

<8-bit pulse width modulator>

(m + 1)(28 - 1)
fi [s}

“H” level width = DM % 1) ]
f

Period =

m: Timer Ai register low-order 8 bits setting value
n: Timer Ai register high-order 8 bits setting value

Count start condition

e When a trigger is generated. (Note)
e Internal or external trigger can be selected by software.

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

At falling of PWM pulse

TAIIN pin function

Programmable 1/O port or trigger input

TAiouT pin function

PWM pulse output

Read from timer Ai register

An undefined value is read out.

Write to timer Ai register

e While counting is stopped
When a value is written to timer Ai register, it is written to both
reload register and counter.

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

Note: The trigger is generated with the count start bit = “1.”
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b7 b6 b5 b4 b3 b2 bl b0
| | | | | | 1 | 1 | 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

grammable 1/O port.)
| Tmmmmmmmmmmmmmee 4 1 0 : Falling edge of TAi pin’s input signal 0

A Bit Bit name Functions At reset
: : : : : - H B bl b0

oo 0 Operating mode select bits 11 PWM mode 0
A 1 0

E E E S 2 | Fix this bit to “1” in PWM mode. 0
o i ) b4 b3

Vo Tt 3 | Trigger select bits 00 :] Writing “1” to count start bit 0
P 0 1: | (TAim pin functions as a pro-

' 11 : Rising edge of TAin pin’s input signal

R 5 16/8-bit PWM mode select bit | O : As a 16-bit pulse width modulator 0
1: As an 8-bit pulse width modulator

T b7 b6
A REELEEELEEELEE 6 Count source select bits 00 0
E 01:f
b - 7 10:fea 0
11:fs12

<When operating as a 16-bit pulse width modulator>

(b15) (08) Timer AO register (Addresses 4716, 4616)
b7 bo b7 b0 Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A1s)
Timer A3 register (Addresses 4D1s, 4C16)
Timer A4 register (Addresses 4F16, 4E16)

Bit Functions At reset

________________________ 15 to 0| These bits can be set to “000016” to “FFFE16.” | undefined
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the

. . n
TAiour pin is expressed as follows: ——

I
PWM pulse’s period is expressed as follows:
nws —1
fi

fi; Frequency of count source (fz, fis, fes, Or fs12)

<When operating as &n 8-hit-pulse width modulator>

(b15) (b8)

b7 b0, b7 bo Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4Dzs, 4C16)
Timer A4 register (Addresses 4F16, 4E16)

Bit Functions At reset

Assuming that the set value = m, PWM
pulse’s period output from the TAiour pin is

expressed as follows: _(M+1)(28-1)

g 7 to 0 | These bits can be set to “0016” to “FF16.” Undefined
E fi

15 to 8| These bits can be set to “0016” to “FEzs.” Undefined
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAiour pin is expressed as follows:
n(m + 1)
fi

fi: Frequency of count source (f2, fs, fes, Or fs12)

Fig. 5.6.1 Structures of timer Ai mode registers and timer Ai registers in PWM mode
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5.6.1 Setting for PWM mode

Figures 5.6.2 and 5.6.3 show an initial setting example for registers relevant to the PWM mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

Y

/Selecting PWM mode and each function
b7 b0

[T T T T Tafaa] Timeraimode

—————— Trigger select bits
b4 b3

Selection of PWM mode

register (i = 0 to 4) (Addresses 5616 to 5A16)

8 (1J } Writing “1” to count start bit: Internal trigger

1 0 : Falling of TAin pin’s input signal : External trigger
1 1: Rising of TAiw pin’s input signal : External trigger

———— 16/8-bit PWM mode
0 : Operates as 16-
1: Operates as 8-b

Count source select
b7 b6

00:f2

01:fie

10:fes

11:fs12

S

select bit
bit pulse width modulator
it pulse width modulator

bits

%

/ Setting PWM pulse’s period and “H” leve! width

® When operating as 16-bit pulse width modulator

(b15) (b8)
b7 b0 b7

\

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4Dzis, 4C1s6)

—

Timer A4 register (Addresses 4Fi6, 4E16)

® \When operating as 8-bit pulse width modulator
(b15) (b%)
b7 b0 b7

‘— Can be set to “000016” to “FFFE16" (n)

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A16)

)
| Timer A3 register (Addresses 4D1s, 4C1s)

Timer A4 register (Addresses 4F16, 4E16)

\— Can be set to “0016” to “FF16” (m)

S

Can be set to “0016” to “FE16” (n)

/

Note: When operating as 8-bit pulse width modulator
(m+1) (28 - 1)

fi

Period =

n(m+1)
“H” level width = -

fi : Frequency of count source
However, if n = “0016”, the pulse width modulator
does not operate and the TAiout pin outputs “L”
level. At this time, no timer Ai request occurs.

Continue to

Note: When operating as 16-bit pulse width modulator
(216 -1)

fi

Period =

“H" level width = ——
fi
fi : Frequency of count source
However, if n = “000016”, the pulse width modulator does
not operate and the TAiour pin outputs “L” level. At this time,
no timer Ai request occurs.

Figure 5.6.3.

Fig. 5.6.2 Initial setting example for registers relevant to PWM mode (1)
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When external
trigger is selected

From preceding Figure5.6.2.

b7

=

Setting interrupt priority level

i

~

b0
Timer Ai interrupt control register (i = 0 to 4)

(Addresses 7516 to 7916)

Interrupt priority level select bits

When using interrupts, set these bits to
level 1 -7.

When disabling interrupts, set these bits to
level 0.

/

-

b7

b0
HEEEEEE

Setting port P5 and port P6 direction registers

Port P5 direction register
(Address Dzs)

TAOIN pin
TALN pin

TA2IN pin

b0
| |

(S

TA3IN pin

Port P6 direction
register (Address 1016)

TA4IN pin

Clear the corresponding bit to “0.”

~

%

b7

Setting count start bit to “1”

b0

L Timer AO count start bit
Timer Al count start bit
Timer AZ count start bit

Timer A3 count start bit

Timer A4 count start bit

| | | | | | | | |Countstart register (Address 4016)

N

[

Trigger input
to TAiN pin

J

= When internal trigger is selected

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register (Address 4016)

LT|mer AO count start bit
———Timer Al count start bit

Timer A2 count start bit

Timer A3 count start bit

Timer A4 count start bit

~

Trigger generated
Count starts

Fig. 5.6.3 Initial setting example for registers relevant to PWM mode (2)
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5.6 Pulse width modulation (PWM) mode

5.6.2 Count source

In the PWM mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select the count
source. Table 5.6.2 lists the count source frequency.

Table 5.6.2 Count source frequency

Count source Count source Count source frequency
select bits

b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz

0 0 f2 4 MHz 8 MHz 12.5 MHz

0 1 fie 500 kHz 1 MHz 1.5625 MHz

1 0 foa 125 kHz 250 kHz 390.625 kHz

1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz
5.6.3 Trigger

When a trigger is generated, the TAiour_pin starts outputting PWM pulses. An internal or an external trigger
can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5A16) are “002"
or “012"; an external trigger is selected when the bits are “10.” or “112."
A trigger generated during outputting of PWM pulses is ignored and it does not affect the pulse output

operation.

(1) When selecting internal trigger

A trigger is generated when writing “1” to the count start bit (at address 40:s).

(2) When selecting external trigger
A trigger is generated at the falling of the TAin pin’s input signal when bit 3 at addresses 5616 to 5A1s
is “0,” or at its rising when bit 3 is “1.” However, the trigger input is accepted only when the count

start bit is “1.”

When using an external trigger, set the port P5 and P6 direction registers’ bits which correspond to
the TAin pins for the input. mode:
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5.6.4 Operation in PWM mode

O When the PWM mode is selected with the operating mode select bits, the TAiour pin outputs “L” level.

O When a trigger is generated, the counter (pulse width modulator) starts counting and the TAiour pin
outputs a PWM pulse (Notes 1 and 2 ).

O The timer Ai interrupt request bit is set to “1” each time the PWM pulse level goes from “H” to “L.”
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O Each time a PWM pulse has been output for one period, the reload register’s contents are reloaded and
the counter continues counting.

The following explains operation of the pulse width modulator.

[16-bit pulse width modulator]
When the 16/8-bit PWM mode select bit is set to “0,” the counter operates as a 16-bit pulse width
modulator. Figures 5.6.4 and 5.6.5 show operation examples of the 16-bit pulse width modulator.

[8-bit pulse width modulator]

When the 16/8-bit PWM mode select bit is set to “1,” the counter is divided.into 8-bit halves. Then, the
high-order 8 bits operate as an 8-bit pulse width modulator, and the low-crder 8 bits operate as an 8-bit
prescaler. Figures 5.6.6 and 5.6.7 show operation examples of the 8-bit pulse width modulator.

Notes 1: If a value “00001¢" is set into the timer Ai register when the counter operates as a 16-bit pulse
width modulator, the pulse width modulator does not operate and the output from the TAiour
pin remains “L” level. The timer Ai interrupt.request does not occur. Similarly, if a value “001s"
is set into the high-order 8 bits of the timer Ai register when the counter operates as an 8-
bit pulse width modulator, the same is performed.

2: When the counter operates as an 8-bit puise width modulator, the TAiour pin outputs “L” level
of the PWM pulse which has the same width as set “H” level of the PWM pulse after a trigger
generated. After that, the PWM jpulse output starts from the TAiour pin.
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1/f0(216 - 1)

- -
- .

=
L} 1
Count source -
- 1
;

i

—————
Fe=--

TAin pin’s input signal A4 A
“Lr E \

Trigger is not generated by this signal.

-

-« 1/fi0(n)

PWM pulse output H
from TAiour pin L

Timer Ai interrupt 1
request bit
“0” L . ___ —_ |
fi: Frequency of count source \ /

(f2, 16, fo4, OF f512) Cleared to “0” when interrupt request is accepted
or cleared by software.

Note: The above applies when reload register (n) = “000316” and an external trigger (rising of TAin
pin’s input signal) is selected.

Fig. 5.6.4 Operation example of 16-bit pulse width modulator

n = Reload register’s contents

' (L/f) 0 (216-1) > (/1) O (216 -1) - gL/ PR O (-1 >
2 FFFE16f -4------=-=---=-=-=---------o- ! : !
x ' ' ' '
% : j—l ' ' '
Y : A - : ! =8 |
S 200016} - 1: ________________________________________________________ (I : 1 !
g : -- ' H :
§ (26-1)—nl-1--mmmms : : .
g " | 7 :
5 : b -n . ' ,
3 | H H i .- A i
O | Y L I : ' I
000116 L 1 | 1 — . ] -

i : : Do Stops ! Restarts counting. | Tl,me
, : ' \ 1 counting. ! ' :
TAin pin’'s “H” : : ' oo i : :
input signal « » 4: i . L r I .
PWM pulse : : : l : mE I :

output from H i t
TAiout pin “L” . \ ' L"

“FFFE6” is set to timer Ai “000016" is set to timer Ai “200016" is set to timer Ai

fi: Frequency of count source register. register. register.

(f2, fis, fos, OF f512)

[0 When an arbitrary value is set to the timer Ai register after setting “000016” to it, the timing at which the PWM pulse goes “H”
depends on the timing at which the new value is set.

Note: The above applies when an external trigger (rising of TAin pin’s input signal) is selected.

Fig. 5.6.5 Operation example of 16-bit pulse width modulator (when counter value is updated during
pulse output)
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1/f O(m+1) O(28-1)

g

|
|
1
o =1
0 Count source S i
LJd LJ

|
|
e
|
|

—>————a— 1/fi0(m+1)

TAin pin's “H” !
input signal L .

O 8-hit prescaler's “H" T i i i T = ——— — — — — = i . - )
underflow signal « I_| |_| |_| |_| |_| H | |_| |_| [

|
1
i

—»———-—

/60 (m+1) 0 (n)

PWM pulse output H
from TAiour pin « »

Timer Ai interrupt S r
request bit 0000 _ L _ - __

fi: Frequency of count source

(fa, fus, fos, OF fo12) Cleared to “0” when interrupt request is accepted or cleared by software.

[0 The 8-bit prescaler counts the count source.
0 The 8-bit pulse width modulator counts the 8-bit prescaler’'s underflow signal.

Note: The above applies when the reload register’s high-order 8 bits (n) = “0216”
and low-order 8 bits (im) = “0216” and an external trigger (falling of TAiw pin input
signal) is selected.

Fig. 5.6.6 Operation example of 8-bit pulse width modulator
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Fig. 5.6.7 Operation example of 8-bit pulse width modulator (when counter value is updated during

pulse output)
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[Precautions when operating in PWM mode]

1. If the count start bit is cleared to “0” while outputting PWM pulses, the counter stops counting. When the
TAiour pin was outputting “H” level at that time, the output level becomes “L” and the timer Ai interrupt
request bit is set to “1.” When the TAiour pin was outputting “L” level, the output level does not change
and the timer Ai interrupt request does not occur.

2. When setting the timer’'s operating mode in one of the followings, the timer Ai interrupt request bit is set
to “1.”
e When the PWM mode is selected after a reset
e When the operating mode is switched from the timer mode to PWM mode
e When the operating mode is switched from the event counter mode to the PWM mode

Therefore, when using the timer Ai interrupt (interrupt request bit), be sure to clear the timer Ai interrupt
request bit to “0” after the above setting.
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TIMER B

6.1 Overview 6.2 Block description

Timer B consists of three counters (Timers B0 to B2) each equipped with a 16-bit reload function. Timers
BO to B2 have identical functions and operate independently of each other.

7703 Group
Timers B1 and B2s’ function of the 7703 Group varies from the 7702 Group’s. Refer to “Chapter 20. 7703
GROUP.”

6.1 Overview
Timer Bi (i = 0 to 2) has three operating modes listed below.

e Timer mode
The timer counts an internally generated count source.

e Event counter mode
The timer counts an external signal.

e Pulse period/pulse width measurement mode
The timer measures an external signal’s pulse period or pulse width.

6.2 Block description

Figure 6.2.1 shows the block diagram of Timer B. Explanation of registers relevant to timer B is described
below.

Count source select bits Data bus (odd)
fo——0 | | ﬁ f
fie—™o° \ Data bus (even)
fea —o PN
fs1o— o (Low-order 8 bits) (High-order 8 bits)
Timer mode
R . 7. AN
Pulse period/Pulse width imeasurement mode | Timer Bi reload register (16)
N N
Event counter <5 < > Timer Bi
Polarity switching mode - - interrunt
TBiinO—{ and edge pulse Timer Bi counter (16) l—q._D o uesg bit
generating circuit a
overflow
flag
(Valid in pulse period/pulse width
measurement mode)

I Counter reset circuit li

Fig. 6.2.1 Block diagram of Timer B
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6.2 Block description

6.2.1 Counter and reload register (timer Bi register)
Each of timer Bi counter and reload register consists of 16 bits and has the following functions.

(1) Functions in timer mode and event counter mode

The counter down-counts each time count source is input. The reload register is used to store the
initial value of the counter. When the counter underflows, the reload register's contents are reloaded
into the counter.

Values are set to the counter and reload register by writing a value to the timer Bi register. Table
6.2.1 lists the memory assignment of the timer Bi register.

The value written into the timer Bi register when the counting is not in progress is set to the counter
and reload register. The value written into the timer Bi register when the counting is in progress is
set to only the reload register. In this case, the reload register's updated contents are transferred to
the counter when the counter underflows next time. The counter value is read out by reading out the
timer Bi register.

Note: When reading and writing from/to the timer Bi register, perform<hem in an unit of 16 bits. For
more information about the value got by reading the timer Bi register, refer to “[Precautions
when operating in timer mode]” and “[Precautions when operating in event counter
mode].”

(2) Functions in pulse period/pulse width measurement mode
The counter up-counts each time count source is input. The reload register is used to hold the pulse
period or pulse width measurement result. When a valid edge is input to the TBiw pin, the counter
value is transferred to the reload register. In this made, the value got by reading the timer Bi register
is the reload register’s contents, so that the measurement result is obtained.

Note: When reading from the timer Bi register, perform it in an unit of 16 bits.

Table 6.2.1 Memory assignment of timer Bi registers

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 5516 Address 5416

Note: When reset, the contents of the timer Bi reg-
ister are undefined.
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6.2 Block description

6.2.2 Count start register
This register is used to start and stop counting. Each bit of this register corresponds each timer.

Figure 6.2.2 shows the structure of the count start register.

b7 b6 b5 b4 b3

b2 bl bO

| | | Count start register (Address 4016)

Bit Bit name Functions Atreset| RW
0 Timer AO count start bit 0 : Stop counting 0 RW
1: Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW

E] : Bits 0 to 4 are not used for Timer B.

Fig. 6.2.2 Structure of count start register
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6.2 Block description

6.2.3 Timer Bi mode register
Figure 6.2.3 shows the structure of the timer Bi mode register. The operating mode select bits are used
to select the operating mode of timer Bi. Bits 2 and 3 and bits 5 to 7 have different functions according
to the operating mode. These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)

Bit Bit name Functions Atreset [ RW
- B b1 b0
0 Operating mode select bits 00 - Timer mode 0 RW
0 1 : Event counter mode
1 0 : Pulse period/Pulse width
1 measurement mode 0 RW
11: Not selected
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 Nothing is assigned. Undefined| —
5 | These bits have different functions according to the operating mode. Undefined | RO
(Note)
6 0 RW
7 0 RW

Note: Bit 5 is ignored in the timer mode and event counter mode; its value is undefined at reading.

Fig. 6.2.3 Structure of timer Bi mode register
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6.2 Block description

6.2.4 Timer Bi interrupt control register
Figure 6.2.4 shows the structure of the timer Bi interrupt control register. For details about interrupts, refer
to “Chapter 4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

Timer Bi interrupt control registers (i = 0 to 2) (Addresses 7A1e to 7Cas)

Bit Bit name Functions Atreset| RW
------ Interrupt priority level select bits | b2b1b0 _
0 nierrupt priorfty fevet select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell Low level
010:Level2
--------- 1 011:Level3 0 RW
100: Level 4
101:Level5
110:Level6
"""""" 2 111:Level7 High level 0 RW
--------------- 3 | Interrupt request bit 0 : No interfupt request 0 RW
1 : Interrupt request
--------------------------- 7 to 4 | Nothing is assigned. Undefined| —

Note: Use the SEB or CLB instruction to set each interrupt control register.

Fig. 6.2.4 Structure of timer Bi interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a timer Bi interrupt’s priority level. When using timer Bi interrupts, select priority
levels 1 to 7. When the timer Bi interrupt request occurs, its priority level is compared with the
processor interrupt priority level (IPL), so that the requested interrupt is enabled only when its priority
level is higher than the IPL. (However, this applies when the interrupt disable bit (I) = “0.”) To disable
timer Bi interrupts, set these bits to “0002” (level 0).

(2) Interrupt request bit (bit'3)
This bit is set to “1”when the timer Bi interrupt request occurs. This bit is automatically cleared to
“0” when the timer Bi‘interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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6.2 Block description

6.2.5 Port P6 direction register

Timer Bi's input pins are shared with port P6. When using these pins as Timer Bi’s input pins, set the
corresponding bits of the port P6 direction register to “0” to set these pins for the input mode. Figure 6.2.5
shows the relationship between port P6 direction register and Timer Bi’'s input pins.

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | |PortP6direction register (Address 101s)

i : : : : : : : Bit Corresponding pin name Functions Atreset| RW
t--| o | TAdour pin 0: Input mode 0 RW
R 1 | TA4wpin 1 Output mode o || =
BEEE R 2 | i pi . o | aw
E : I : e 3 | INTpin corresponding bits to " 0." 3 RW
A b 4 | INT2 pin 0 RW
i i S TLLTTERIT 5 TBONpIin 0 RW
i S RICCITETTEERRRS 6 TB1inpin 0 RW
T ERUIGhURLELELEED 7 | TB2inpin 0 RW

|:] : Bits 0 to 4 are not used for Timer B.

Fig. 6.2.5 Relationship between port P6 direction register'and Timer Bi's input pins
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6.3 Timer mode

6.3 Timer mode

In this mode, the timer counts an internally generated count source. (Refer to Table 6.3.1.) Figure 6.3.1
shows the structures of the timer Bi mode register and timer Bi register in the timer mode.

Table 6.3.1 Specifications of timer mode

Item

Specifications

Count source

f2, fie, f64, or fs12

Count operation

*Down-count
*When the counter underflows, reload register’s contents are reloaded
and counting continues.

Divide ratio

1

—_— n: Timer Bi register setting value
(n+ 1) g 9

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter underflows.

TBIiIN pin function

Programmable 1/0O port

Read from timer Bi register

Counter value can be read out.

Write to timer Bi register

e While counting is stopped
When a value is written to the timer Bi register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written to only
reload register. (Transferred to counter at next reload time.)

6—-8
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6.3 Timer mode

b7 b6 b5 b4 b3 b2 bl bO
| | | 0 g ||] | 0 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bu16 to 5Dzs)

A Bit Bit name Functions Atreset| RW

1 1 1 1 1 1 1 . . b1l bo

b - : . . : v---[ 0 Operating mode select bits 00 : Timer mode 0 RW

T 1 0 RW

b R 2 These bits are ignored in timer mode. 0 RW

Do e 3 0 |Rrw

E E E G 4 Nothing is assigned. Undefined| —

E i P, 5 | This bit is ignored in timer mode. Undefined| —

| e 6 Count source select bits b7b6 0 RW

' 00:f

' 01:f

e 7 10:fes 0 RW
11:fs2

(b15) (b8)
b7 b0 b7 b0

Timer BO register (Addresses 5116, 5016)
Timer Bl register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

_______________________ 15 to 0| These bits can be set to “00001s" to “FFFF1s.”| Undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

Fig. 6.3.1 Structures of timer. Bi mode register and timer Bi register in timer mode
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6.3 Timer mode

6.3.1 Setting for timer mode
Figure 6.3.2 shows an initial setting example for registers relevant to the timer mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

/ Selecting timer mode and count source \

b7 bo i i mod i i=0to 2
[ T [ec][o] o] o] (Addresses SBa 10500
-

Selection of timer mode

Count source select bits
b7 b6
00:f2
01:fie

10: fes O: It may be either “0" or “1.”

\ 11:fs12 /

Setting divide ratio

(b15) (b8) ¢ .
b7 b0 b7 bo Timer BO register (Addresses 5116, 5016)

| Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

\— Can be set 10 “000016” to “FFFF16” (n).

Note: The counter divides the count source by n + 1.

Setting interrupt priority level

b7 b0 - ) )
Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7Az16 to 7Cis)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

~

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register (Address 4016)

\— Timer BO count start bit

Timer B1 count start bit

Timer B2 count start bit

= /

Count starts

Fig. 6.3.2 Initial setting example for registers relevant to timer mode
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6.3 Timer mode

6.3.2 Count source

In the timer mode, the count source select bits (bits 6 and 7 at addresses 5B16 to 5D16) select the count
source. Table 6.3.2 lists the count source frequency.

Table 6.3.2 Count source frequency

Count source Count source Count source frequency

select bits
b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 f2 4 MHz 8 MHz 12.5 MHz
0 1 fie 500 kHz 1 MHz 1.5625 MHz
1 0 foa 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz
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6.3 Timer mode

6.3.3 Operation in timer mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O When the counter underflows, the reload register’s contents are reloaded and counting continues.

O The timer Bi interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request
bit remains set to “1” until the interrupt request is accepted or the interrupt request bit is cleared to “0”
by software.

Figure 6.3.3 shows an example of operation in the timer mode.

n = Reload register's contents

FFFF16 Starts counting. Stops counting

Restarts counting. |
’ ==

1/fi0 (n+1) ,
»

1
)
Dl L}

Counter contents (Hex.)

000016

i Time

Set to “1” by software.

Cleared to “0” by softwére. Set to “1” by software.

NG
L

1
4
1
|
1
1
|
T
1
1
|
1
1
1
|
1
|
1
|
|
1
|
1
|
1
|
1
|
1
|
1
|

)
Count start bit 0"

Timer Bi interrupt  “1” |—|—,—| ,—
request bit «q»

fi = frequency of count source ¢ ?

(f2, fio, fos, for2 ) Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 6.3.3 Example of operatiocn in timer mode
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6.3 Timer mode

[Precautions when operating in timer mode]
By reading the timer Bi register, the counter value can be read out at any timing while counting is in
progress. However, if the timer Bi register is read at the reload timing shown in Figure 6.3.4, the value
“FFFF16” is read out. When reading the timer Bi register after setting a value to the register while counting
is not in progress and before the counter starts counting, the set value can be read out correctly.

Reload

Counter(ﬁzlig 2 1 0 n ln-1
R |
S o 2 | 1| o [FFFR{n-1
n = Reload register's contents Time

Fig. 6.3.4 Reading timer Bi register
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6.4 Event counter mode

6.4 Event counter mode

In this mode, the timer counts an external signal. (Refer to Table 6.4.1.) Figure 6.4.1 shows the structures
of the timer Bi mode register and the timer Bi register in the event counter mode.

Table 6.4.1 Specifications of event counter mode

Item

Specifications

Count source

*External signal input to the TBiIN pin
*The count source’s effective edge can be selected from the falling edge, the rising
edge, or both of the falling and rising edges by software.

Count operation

*Down-count
*When the counter underflows, reload register’s contents are reloaded
and counting continues.

Divide ratio

1

m n: Timer Bi register setting value

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter underflows.

TBIiIN pin function

Count source input

Read from timer Bi register

Counter value can be read out.

Write to timer Bi register

e While counting is stopped
When a value is written to the timer Bi register, it is written to both
reload register and counter.

e While counting is ifn progress
When a value is written to the timer Bi register, it is written to only
reload register. (Transferred to counter at next reload time.)

6-14
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6.4 Event counter mode

b7 b6 b5 b4 b3 b2 bl bo
||] ||] |D . | | Ol 1 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bz16 to 5D1s)
e Bit Bit name Functions Atreset| RW
. Operati de select bit b1 b0
e 0 perafing mode select bits 0 1: Event counter mode 0 RW
N 1 0 RW
i I I I I R 2 Count polarity select bit b3 b2 0 RW
R 00: Count at falling edge of external signal
oor e 01: Count at rising edge of external signal
R 10: Counts at both falling and rising edges
Voo mEEEE e 3 of external signal 0 RwW
oo 11: Not selected
S EEEEEEEEEEEE 4 | Nothing is assigned. Undefined] —
E ' ] 5 This bit is ignored in event counter mode. Undefined] —
i b e 6 These bits are ignored in event counter mode. 0 RW
b e 7 o | Rw
(b15) (b8)
b7 b0 b7 . .
Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
' Timer B2 register (Addresses 5516, 5416)
i Bit Functions Atreset| RW
R AL LR LR 15 to O These bits can be set to “000016” to “FFFF16.”| undefined] RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.
Fig. 6.4.1 Structures of timer Bi mode register and timer Bi register in event counter mode
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6.4 Event counter mode

6.4.1 Setting for event counter mode

Figure 6.4.2 shows an initial setting example for registers relevant to the event counter mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “Chapter 4.
INTERRUPTS.”

/ Selecting event counter mode and count polarity \
b7 b0
| 0 | 0 | O . | | 0 | 1 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)

Selection of event counter mode

Count polarity select bits

b3 b2

0 0: Counts at falling of external signal.

0 1: Counts at rising of external signal.

1 0: Counts at both of falling and rising of external signal.
1 1: Not selected.

\ O: It may be either “0” or “1.” /

Setting divide ratio
(b15) (b8)
b7 b0 b7 b0 Timer BO register (Addresses 5116, 5016)
| Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

\— Can be set to “00001¢" to “FFFF16” (n).

Note: The counter divides the count source by n + 1.

Setting interrupt priority level

b7 b0

Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7Az16 to 7Cas)

Interrupt priority level select bits
When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

Setting port P6 direction register
b7 b0
| | | | | | | | | Port P6 direction register (Address 1016)

\—TBOIN pin

TB1n pin Clear the corresponding bit to “0.”

TB2n pin

\

Setting count start bit to “1”

b7 bo
[ [ [ [ | [ [ | ]countstartregister (Address 401s)

: : Count_starts
Timer BO count start bit

Timer B1 count start bit

Timer B2 count start bit

. /

Fig. 6.4.2 Initial setting example for registers relevant to event counter mode
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6.4 Event counter mode

6.4.2 Operation in event counter mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter counts the count source’s valid edges.

O When the counter underflows, the reload register’s contents are reloaded and counting continues.

O The timer Bi interrupt request bit is set to “1” when the counter underflows in 0.
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

Figure 6.4.3 shows an example of operation in the event counter mode.

n = Reload register’s contents

FFFF16 Starts counting. Stops counting

Restarts counting .
’ ==

I
[ R e
1 1
1 1
! 1
i

Counter contents (Hex.)
]

Time

'
T
I
i
I
|
I
1
'
|
I
1
'
I
1
'
|
I

'

1

Set to “1” by software.

/
L

Cleared to ‘0" by

Set to “1” by software. software.

M

000016 : . !

wqn

A
Count start bit w0

wqn

. . 1
Timer Bi interrupt
request bit “0”

! f

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

Fig. 6.4.3 Example of operation in event counter mode
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6.4 Event counter mode

[Precautions when operating in event counter mode]
By reading the timer Bi register, the counter value can be read out at any timing while counting is in
progress. However, if the timer Bi register is read at the reload timing shown in Figure 6.4.4, the value
“FFFF16” is read out. When reading the timer Bi register after setting a value to the register while counting
is not in progress and before the counter starts counting, the set value can be read out correctly.

Reload
Counter(\gael)t({(; 2 1 0 n n-1
Read val
2 o) 2| 1| o |FFFF[n-1
n = Reload register’s contents Time

Fig. 6.4.4 Reading timer Bi register
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6.5 Pulse period/pulse width measurement mode

6.5 Pulse period/pulse width measurement mode

In these mode, the timer measures an external signal’s pulse period or pulse width. (Refer to Table 6.5.1.)
Figure 6.5.1 shows the structures of the timer Bi mode register and timer Bi register in the pulse period/
pulse width measurement mode.

e Pulse period measurement
The timer measures the pulse period of the external signal that is input to the TBin pin.

e Pulse width measurement

The timer measures the pulse width (“L” level and “H” level widths) of the external signal that is input
to the TBiw pin.

Table 6.5.1 Specifications of pulse period/pulse width measurement mode
Item Specifications

Count source f2, f1e, f64, or fs12

Count operation e Up-count

e Counter value is transferred to reload register at valid edge of mea-
surement pulse, and counting continues after clearing the counter
value to “000016.”

Count start condition When count start bit is set t¢ “1”

Count stop condition When count start bit is cleared to “0”

Interrupt request occurrence timing | ¢ When valid edge of measurement pulse is input (Note 1).

e When counter overfiows (overflow flag® is set to “1” simultaneously).

TBiIN pin function Measurement pulse input

Read from timer Bi register The value got by reading timer Bi register is the reload register’s
contents,‘measurement result (Note 2).

Write to timer Bi register Impossible.

Overflow flag®™: The bit used to identify the source of an interrupt request occurrence.
Notes 1: This interrupt request does not occur when the first valid edge is input after the timer starts
counting.
2: The value read out from the timer Bi register is undefined until the second valid edge is input after
the timer starts counting.
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6.5 Pulse period/pulse width measurement mode

b7 b6 b5 b4 b3 b2 bl bo

| | 1 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)

Bit Bit name Functions Atreset | RW

1 1 : . . bl b0

v+ 1+ -7 0 | Operating mode select bits 10 : Pulse period/Pulse width 0 RwW
o 1 measurement mode

vy TTETes 0 RW
e 2 Measurement mode select bits | 352 0 RW

0 0 : Pulse period measurement
(Interval between falling edges
of measurement pulse)

0 1 : Pulse period measurement
(Interval between rising edges

of measurement pulse)

Frommemtt 3 10 : Pulse width measurement 0 RW
(Interval from falling edge to rising
edge, and from rising edge to falling
edge of measurement pulse)

11: Not selected

---------------- 4 Nothing is assigned. Undefined| —
b e meon 5 Timer Bi overflow flag 0 : No overflow Undefined| RO
(Note) 1: Overflow
P H b7 b6
: 6 Count source select bits 00 0 RW
! 0, 1% fas
SRRy 7 10: fe4 0 RW
11:fs12

Note: The timer Bi overflow flag is ¢cleared to “0” by writing to the timer Bi mode register with the
count start bit = “1.”

(b15) (b8)
b7 b0 b7 )

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset | RW

---------------------- 15 to 0| The measurement result of pulse period or  |Undefined| RO
pulse width is read out.

Fig. 6.5.1 Structures of timer Bi mode register and timer Bi register in pulse period/pulse width
measurement mode
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6.5 Pulse period/pulse width measurement mode

6.5.1 Setting for pulse period/pulse width measurement mode

Figure 6.5.2 shows an initial setting example for registers relevant to the pulse period/pulse width measurement
mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”
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6.5 Pulse period/pulse width measurement mode

\

- N

Selecting pulse period/pulse width measurement mode and each function

b7 bo
| I | .I I I 1 O| Timer Bi mode register (i = 0 to 2) (Addresses 5B1s to 5D16)

] L[

Selection of pulse period/pulse width measurement mode

Measurement mode select bits

b3 b2

0 0: Pulse period measurement (Interval between falling edges

of measured pulse)

0 1: Pulse period measurement (Interval between rising edges
of measured pulse)

0 : Pulse width measurement

1: Not selected.

1
1

Timer Bi overflow flag (Note)
0: No overflow
1: Overflow

Count source select bits

b7 b6
00:f2

0 1:fie
1 0:fea
1 1:fs12

Setting interrupt priority level
b7 bo
Timer Bi interrupt controi register (i = 0 to 2)
_:IE (Addresses 7A16 to 7Cus)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

- N

Setting port P6 direction register

b7 bo
| I | | | | | l |PortP6direction register (Address 1016)

\— TBOIN pin

TBLN pin  Clear the corresponding bit to “0.”

TB2iN pin
/

\

Setting count start bit to “1”
b7 b0

| I | | | | | | |Countstart register (Address 4016)

\— Timer BO count start bit Count starts

Timer B1 count start bit

Timer B2 count start bit

. %

Note: The timer Bi overflow flag is a read-only bit. This bit is undefined after reset. This bit is cleared to "0" by writing to the timer Bi mode

register with the count start bit = “1.”

Fig. 6.5.2 Initial setting example for registers relevant to pulse period/pulse width measurement mode
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6.5 Pulse period/pulse width measurement mode

6.5.2 Count source

In the pulse period/pulse width measurement mode, the count source select bits (bits 6 and 7 at addresses

5B1s to 5D1s) select the count source.

Table 6.5.2 lists the count source frequency.

Table 6.5.2 Count source frequency

Count source Count source Count source frequency
select bits

b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz

0 0 f2 4 MHz 8 MHz 12.5 MHz

0 1 f16 500 kHz 1 MHz 1.5625 MHz

1 0 fea 125 kHz 250 kHz 390.625 kHz

1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz
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6.5 Pulse period/pulse width measurement mode

6.5.3 Operation in pulse period/pulse width measurement mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter value is transferred to the reload register when an valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/pulse width measurement.” )

O The counter value is cleared to “000016" after the transfer in O, and the counter continues counting.

O The timer Bi interrupt request bit is set to “1” when the counter value is cleared to “0000:¢” in [0 (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O The timer repeats operations O to O above.

Note: The timer Bi interrupt request does not occur when the first valid edge is input after the timer starts
counting.

(1) Pulse period/pulse width measurement
The measurement mode select bits (bits 2 and 3 at addresses 5Bis to 5D16s) specify whether the pulse
period of an external signal is measured or its pulse width is done. Tahle 6.5.3 lists the relationship
between the measurement mode select bits and the pulse period/pulse width measurements.
Make sure that the measurement pulse interval from the falling to the rising, and from the rising to
the falling are two cycles of the count source or more. Additionally, use software to identify whether
the measurement result indicates the “H” level or the “L” level width.

Table 6.5.3 Relationship between measurement mode select bits and pulse peried/pulse width measurements

b3 | b2 | Pulse period/pulse width measurement | Measurement interval (Valid edges)

[ . 3 . -
0 0 | Pulse period measurement From falling to falling (Falling)
0 1 From rising to rising (Rising)

(Falling and rising)

|

1 i 0 | Pulse width measurement From falling to rising, and from rising to falling
|
|

1 Not selected
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6.5 Pulse period/pulse width measurement mode

(2) Timer Bi overflow flag

The timer Bi interrupt request occurs when the measurement pulse’s valid edge is input or the
counter overflows. The timer Bi overflow flag is used to identify the cause of the interrupt request,
that is, whether it is an overflow occurrence or an effective edge input.

The timer Bi overflow flag is set to “1” by an overflow. Accordingly, the cause of the interrupt request
occurrence is identified by checking the timer Bi overflow flag in the interrupt routine. When a value
is written to the timer Bi mode register with the count start bit = “1,” the timer Bi overflow flag is
cleared to “0” at the next count timing of the count source

The timer Bi overflow flag is a read-only bit.

Use the timer Bi interrupt request bit to detect the overflow timing. Do not use the timer Bi overflow
flag to do that.

Figure 6.5.3 shows the operation during pulse period measurement. Figure 6.5.4 shows the operation
during pulse width measurement.

Count source -- |

-
Measurement pulse oL

Transferred

Transferred !
ﬂmeasured value)'

Reload register «— counter ﬂundeflned value)

Transfer timing | |_|

I o
ot o
ot o
Pt o
(- [
P "
Pt "
[ [
T T

Pt o
ot o
| I

| I

0 o o
I . s

Count start bit
“o”

Timer Bi interrupt «1”
request bit ,

Timing at which counter is
cleared to “000016”

=
!

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

Timer Bi overflow flag

uqn --

O Counter is initialized by completion of measurement.
00 Counter overflow.

Note: The above applies when measurement is performed for an interval from one falling to the next falling
of the measurement pulse.

Fig. 6.5.3 Operation during pulse period measurement
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6.5 Pulse period/pulse width measurement mode

Count source --
“Hr - - . B
Measurement pulse o 5 1 30
L m | Transferred L Transferred Y.

(undefined Transferred (measured ' ! Transferred

_ value A (measured ~  Avalye) | ¥ (measured !
Reload register <— counter ) / :

Transfer timing

H I—l value) I—I I—l value)

A0 AT a0
I [ I Jr

Timing at which counter is
cleared to “000016”

Count start bit ‘ ‘
o | -

Timer Bi interrupt “1”
request bit .,
A4
Cleared to “0” when interrupt request is accepted or

Timer Bi overflow flag "1’ cleared by software. |_
w0 .-

O Counter is initialized by completion of measurement.
O Counter overflow.

Fig. 6.5.4 Operation during pulse width measurement

6-26 7702/7703 Group User’s Manual


Renesas
EOL announced


TIMER B

6.5 Pulse period/pulse width measurement mode

[Precautions when operating in pulse period/pulse width measurement mode]

1. The timer Bi interrupt request occurs by the following two causes:
e Input of measured pulse’s valid edge
e Counter overflow

When the overflow is the cause of the interrupt request occurrence, the timer Bi overflow flag is set to
“p »

2. After reset, the timer Bi overflow flag is undefined. When writing to the timer Bi mode register with the
count start bit = “1,” this flag can be cleared to “0” at the next count timing of the count source.

3. An undefined value is transferred to the reload register when the first valid edge is input after the counter
starts counting. In this case, the timer Bi interrupt request does not occur.

4. The counter value at start of counting is undefined. Accordingly, the timer Bi interrupt request may occur
by the overflow immediately after the counter starts counting.

5. If the contents of the measurement mode select bits are changed after the counter starts counting, the
timer Bi interrupt request bit is set to “1.” When writing the same value which has been set yet to the
measurement mode select bits, the timer Bi interrupt request bit Is fiot changed, that is, the bit retains
the state.

6. If the input signal to the TBin pin is affected by noise, eic., the counter may not perform the exact
measurement. We recommend to verify, by software, that the measurement values are within a constant
range.
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SERIAL 1/0

7.1 Overview

This chapter describes the Serial 1/0.

The Serial I/O consists of 2 channels: UARTO and UARTL1. They each have a transfer clock generating timer
for the exclusive use of them and can operate independently. UARTO and UART1 have the same functions.
7703 Group

UART1'’s function of the 7703 Group varies from the 7702 Group’s. Refer to “Chapter 20. 7703 GROUP.”

7.1 Overview
UARTI (i = 0 and 1) has the following 2 operating modes:

e Clock synchronous serial I/0 mode
Transmitter and receiver use the same clock as the transfer clock. Transfer data has the length of 8 bits.

e Clock asynchronous serial /0 (UART) mode
Transfer rate and transfer data format can arbitrarily be set. The user can select a 7-bit, 8-bit, or 9-bit

length as the transfer data length.

Figure 7.1.1 shows the transfer data formats in each operating mode.

e Clock synchronous serial I/O mode _______Transfer data length of 8 bits

¢ UART mode Transfer data length of 7 bits
Transfer data length of 8 bits
.. Transfer data length of 9 bits

Fig. 7.1.1 Transfer data formats in each operating mode
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7.2 Block description

7.2 Block description

Figure 7.2.1 shows the block diagram of Serial 1/0. Registers relevant to Serial 1/0 are described below.

Data bus (odd)

ﬂ

Data bus (even)

I

UARTI receive

|0 ‘ 0 | 0 | 0 | 0 | 0 ‘ 0 ‘Da D7| De| Ds| D4 D3|D2 D1 D0| buffer register
RxDi O H UARTI receive register |
BFfG tcg_l:m source Receive Transfer clock
select bits ! control circuit
SN BRGi | |
I
:15 —>0 : i
64 —O '
s . -1 [ (n+1) : Transmit control TranSfénclock
circuit
synchronous
Clock synchronous " . N .
(internal clock seleted) | UARTI transmit register ( ) TxDi
o)
Clock synchronous Clock synchronous
(internal clock selected) (external clock selected) UARTI it
i transmi
CLKi O )’I Do|Ds| DajDs D2 D1 Do ) e register
~N ] Z
CTSi/ RTSi O Data bus (odd)
n: Values set in UARTI baud rate register (BRGi) Paialbusi(even)

Fig. 7.2.1 Block diagram of Serial 1/0
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SERIAL 1/0

7.2 Block description

7.2.1 UARTI transmit/receive mode register

Figure 7.2.2 shows the structure of UARTI transmit/receive mode register. The serial /O mode select bits
is used to select UARTI’'s operating mode. Bits 4 to 6 are described in the section “7.4.2 Transfer data
format ,” and bit 7 is done in the section “7.4.8 Sleep mode.”

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

: Bit Bit name Functions Atreset | RW
Pt 0 | serial 110 mode select bits 8 00: Serial /O disabled 0 RW
: (P8 functions as a programmable

. /0 port.)

! 0 0 1: Clock synchronous serial 1/0

: mode

--------- 1 0 1 0: Not selected 0 RW

01 1: Not selected
10 0: UART mode

(Transfer data length =7 bits)
101 UART mode
............ 2 (Transfer data length = 8 bits) 0 RW
11 0: UART mode

(Transfer data length = 9 bits)
1.1 1: Not selected

R S ECLEEEEE TR 3 | Internal/External clock select bit | O : Internal clock 0 RW
1: External clock
. 4 Stop bit length select bit 0 : One stop bit 0 RW
. (Valid in UART mode) (Note) 1: Two stop bits
: g 5 | Odd/Even patity select bit 0 : Odd parity 0 RW
' (Valid in UART mode when 1: Even parity
' parity enable bit is “1”) (Note)
' L EETET TR 6 Parity enable bit 0 : Parity disabled 0 RW
' (Valid in UART mode) (Note) 1: Parity enabled
GREEEEEEREEELEEEEEEEEEEEES 7 | Sleep select bit 0 : Sleep mode cleared (ignored) 0 RW
(Valid in UART mode) (Note) 1: Sleep mode selected

Note: Bits 4 to 6 are ignored in the clock synchronous serial I/O mode. (They may be either “0”
or “1.”) Additionally, fix bit 7 to “0.”

Fig. 7.2.2 Structure of UARTI transmit/receive mode register
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SERIAL 1/0

7.2 Block description

Internal/External clock select bit (bit 3)

[Clock synchronous serial 1/0 mode]
By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C1s) becomes the count source of
BRGi (described later). The BRGi output of which frequency is divided by 2 becomes the transfer
clock. Additionally, the transfer clock is output from the CLKi pin.
By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the transfer clock.

[UART mode]
By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C16) becomes the count source of
the BRGi (described later). Then, the CLKi pin functions as a programmable 1/O port.
By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the count source of BRGi.
Always in the UART mode, the BRGi output of which frequency is divided by 16 is the transfer
clock.

BRGi: UARTI baud rate register (Refer to section “7.2.6 UARTI baud rate register (BRGi) .")
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7.2 Block description

7.2.2 UARTI transmit/receive control register 0
Figure 7.2.3 shows the structure of UARTI transmit/receive control register 0. For bits 0 and 1, refer to
“7.2.1 (1) Internal/External clock select bit.”

b7

Bit Bit name Functions Atreset| RW
E E E E E E s . BRG count source select bits b1 b0 0 RW
: : : 1 : : 00:f2
Do 01:f1
T T - A 1 10:fea 0 RW
oo e 11:fs12
E E E E e RLEt 2 CTS/RTS select bit 0 : CTS function selected. 0 RW
oo 1: RTS function selected.
P e 3 | Transmit register empty flag 0: Data present in fransiit register. 1 | rO
Coo (During transmitting)
o 1 : No data present in transmit register.
P (Transmitting completed)

L o] 7 to 4 | Nothing is assigned. Undefined| —

b6 b5 b4 b3 b2 bl bO
UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register O (Address 3Cis)

Fig. 7.2.3 Structure of UARTI transmit/receive control register O

(1) CTSIRTS select bit (bit 2) ¥ -
By clearing this bit to “0” in order to select the CTS function, pins P80 and P84 function as CTS input
pins, and the input signal of “L” leve! to-these pins becomes one of the transmission conditions.
By setting this bit to “1” in order to select the RTS function, pins P80 and P84 become RTS output
pins. When the receive enable bit(bit 2 at addresses 3516, 3D1s6) is “0” (reception disabled), the RTS
output pin outputs “H” devel.
The output level of this pin becomes “L” when the receive enable bit is set to “1.” It becomes “H”
when reception startstand it becomes “L” when reception is completed.

(2) Transmit register empty flag (bit 3)
This flag is cleared to “0” when the UARTI transmit buffer register’'s contents are transferred to the
UARTI transmit register. When transmission is completed and the UARTI transmit register becomes
empty, this flag is set to “1.”
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SERIAL 1/0

7.2 Block description

7.2.3 UARTI transmit/receive control register 1
Figure 7.2.4 shows the structure of UARTI transmit/receive control register 1. For bits 4 to 7, refer to each
operation mode’s description.

b7 b6 b5 b4 b3 b2 bl

b0
| UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

Bit Bit name Functions Atreset | RW
[ 0 Transmit enable bit 0 : Transmission disabled 0 RW
1: Transmission enabled
--------- 1 Transmit buffer empty flag 0 : Data present in transmit buffer 1 RO
register.

1: No data present in transmit
buffer register.

A 2 Receive enable bit 0 : Reception disabled 0 RW
1: Reception enabled

--------------- 3 Receive complete flag 0: No data present in receive 0 RO
buffer register.

1 : Data present in receive buffer
register.

R L L) 4 Overrun error flag (Note 1) [ O:: No overrun error 0 RO
1 Overrun error detected

: No framing error 0 RO
: Framing error detected

R R LLEETETLEILLE L 5 | Framing error flag (Nofes 1, 2)
: (Valid in UART mode)

[ ]

------------------------ 6 | Parity error flag (Notes 1, 2)

. : No parity error 0 RO
' (Valid in UART made)

: Parity error detected

: No error 0 RO

0
1
0
1: Error detected

T 7 | Error sum flag (Notes 1, 2)
(Valid in UART mode)

Notes 1: Bits 7 to 4 are cleared to “0” when clearing the receive enable bit to “0” or when reading
the low-order byte of the UARTI receive buffer register (addresses 3616, 3E16) out.
2: Bits 5 to 7 are ignored in the clock synchronous serial /0O mode.

Fig. 7.2.4 Structure of UARTI transmit/receive control register 1
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SERIAL 1/0
7.2 Block descrigtion

(1) Transmit enable bit (bit 0)
By setting this bit to “1,” UARTI enters the transmission enable state. By clearing this bit to “0” during
transmission, UARTI enters the transmission disable state after the transmission which is performed
at that time is completed.

(2) Transmit buffer empty flag (bit 1)
This flag is set to “1” when data set in the UARTI transmit buffer register is transferred from the
UARTI transmit buffer register to the UARTI transmit register. This flag is cleared to “0” when data
is set in the UARTI transmit buffer register.

(3) Receive enable bit (bit 2)
By setting this bit to “1,” UARTI enters the reception enable state. By clearing this bit to “0” during
reception, UARTI quits the reception then and enters the reception disable state.

(4) Receive complete flag (bit 3)
This flag is set to “1” when data is ready in the UARTI receive register and that is transferred to the
UARTI receive buffer register (i.e., when reception is completed). This fiag.is cleared to “0” when the
low-order byte of the UARTI receive buffer register is read out or when the receive enable bit (bit 2)
is cleared to “0.”
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7.2 Block description

7.2.4 UARTI transmit register and UARTI transmit buffer register

Figure 7.2.5 shows the block diagram of transmit section; Figure 7.2.6 shows the structure of UARTI

transmit buffer register.

Data bus (odd)

Data bus (even)

| Il

UARTI transmit

| D8| | D7 i Dei Dsi Da i D3i D2i D1i Do buffer register
SP : Stop bit
PAR : Parity bit
8-bit UART
9-bit UART

Parity 9-bit UART

enabled UART

2SP

<
Parity

1SP danbled | Clock sync.

“qr

Clock sync.

TxDi

7-bit UART
8-bit UART
Clock sync.

7-bit UART UARTI transmit register

Fig. 7.2.5 Block diagram of transmit section

(b15) (b8)
b7 b0 b7 b0
— | UARTO transmit buffer register (Addresses 3316, 3216)
: . UART1 transmit buffer register (Addresses 3Bis, 3A16)
Bit Functions Atreset | RW
E . N S 8 to 0 | Transmit data is set. Undefined| WO
R A, . AU 15 to 9| Nothing is assigned. Undefined| —

Fig. 7.2.6 Structure of UARTI transmit buffer register
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7.2 Block description

The UARTI transmit buffer register is used to set transmit data. Set the transmit data into the low-order
byte of this register when operating in the clock synchronous serial I/O mode or when a 7-bit or 8-bit length
of transfer data is selected in the UART mode. When a 9-bit length of transfer data is selected in the UART
mode, set the transmit data into the UARTI transmit buffer register as follows:

«Bit 8 of the transmit data into bit 0 of high-order byte of this register.

*Bits 7 to 0 of the transmit data into the low-order byte of this register.

The transmit data which is set in the UARTI transmit buffer register is transferred to the UARTI transmit
register when the transmission conditions are satisfied, and then it is output from the TxDi pin synchronously
with the transfer clock. The UARTI transmit buffer register becomes empty when the data which is set in
the UARTI transmit buffer register is transferred to the UARTI transmit register. Accordingly, the user can
set next transmit data.

When quitting the transmission which is in progress and setting the UARTI transmit buffer register again,
follow the procedure described bellow:

O Clear the serial 1/0 mode select bits (bits 2 to 0 at addresses 3016, 3816) 10 “0002" (Serial /0 disabled).

O Set the serial /0 mode select bits again.

O Set the transmit enable bit (bit 0 at addresses 3516, 3D16) to “1” (transmission enabled) and set transmit
data in the UARTI transmit buffer register.
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7.2 Block description

7.2.5 UARTI receive register and UARTI receive buffer register
Figure 7.2.7 shows the block diagram of receive section; Figure 7.2.8 shows the structure of UARTI receive
buffer register.

Data bus (odd)

ﬁ

Data bus (even)

[ofofofofoJoJo os] [or[pefos]|De]Ds]Dz]0s]D0] piferregsier

SP : Stop bit
PAR : Parity bit

RxDi O—

8-bit UART
9-bit UART
Clock sync.

7-bit UART 7-bit UART ’ X :
8-bit UART UARTI receive register
Clock sync.

Parity

9-bit UART
2P enabled UAR

——oO
Clock sync.

Fig. 7.2.7 Block diagram of receive section

(b15) (b8)
b7 b0 b7 bo
— | UARTO receive buffer register (Addresses 3716, 3616)
. . UART1 receive buffer register (Addresses 3Fis, 3Ezs)
E . . Bit Functions Atreset| RW
i I, ¥ D S 8 to 0 | Receive data is read out from here. Undefined| RO
E_ _______________________________________ 15 to 9| Nothing is assigned. 0 —
The value is “0” at reading.

Fig. 7.2.8 Structure of UARTI receive buffer register
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SERIAL 1/0

7.2 Block description

The UARTI receive register is used to convert serial data which is input to the RxDi pin into parallel data.
This register takes in the input signal to the RxDi pin synchronously with the transfer clock, one bit at a
time.

The UARTI receive buffer register is used to read out receive data. When reception is completed, receive
data which is taken in the UARTI receive register is automatically transferred to the UARTI receive buffer
register. The contents of UARTI receive buffer register is updated when the next data is ready before
reading out the data which has been transferred to the UARTI receive buffer register (i.e., an overrun error
occurs).

The UARTI receive buffer register is initialized by setting the receive enable bit (bit 2 at addresses 35ss,
3D1s6) to “1" after clearing it to “0.”

Figure 7.2.9 shows the contents of UARTI receive buffer register when reception is completed.

High-order byte Low-order byte
(addresses 3716, 3F1s) , (addresses 3616, 3E16)
b7 bO 1 b7 bo

In UART mode

(Transfer data length : 9 bits) | 0 | 0 | 0 | 0 | 0 | 0 | 0 | |

Receive data (9 bits)
In clock synchronous '

serial /0 mode

In UART mode |0|0|°|0|0|0|0| |
(Transfer data length : 8 bits) Same value as bit ] ]

7 in low-order byte . Receive data (8 bits)
In UART mode '

(Transfer data length : 7 bits) | 0 | 0 | 0 | 0 l 0{0 | 0 | | |

Same value as bit ] ]
6'in low-order byte Receive data (7 bits)

Fig. 7.2.9 Contents of UARTI receive buffer register when reception is completed
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7.2 Block description

7.2.6 UARTI baud rate register (BRGI)

The UARTI baud rate register (BRGi) is an 8-bit timer exclusively used for UARTI to generate a transfer
clock. It has a reload register. Assuming that a value set in the BRGi is “n” (n = “0016¢” to “FF1s”), the BRGi
divides the count source frequency by n + 1.

In the clock synchronous serial 1/0 mode, the BRGi is valid when an internal clock is selected, and a clock
of which frequency is the BRGi output’s frequency divided by 2 becomes the transfer clock. In the UART
mode, the BRGi is always valid, and a clock of which frequency is the BRGi output’s frequency divided by
16 becomes the transfer clock.

The data which is written to the addresses 3116 and 3916 is written to both the timer register and the reload
register whether transmission/reception is stopped or in progress. Accordingly, writing to their addresses,
perform it while that is stopped.

Figure 7.2.10 shows the structure of the UARTI baud rate register (BRGi); Figure 7.2.11 shows the block
diagram of transfer clock generating section.

b7 b0

UARTO baud rate register (Address 311s)
UART1 baud rate register (Address 391s)

Bit Functions Atreset| RW

"""""""" 710 0 | Can be set to “001s" 10 “FF16.” Undefined| WO
Assuming that the set value = n, BRGi
divides the count source frequency by n + 1.

Fig. 7.2.10 Structure of UARTI baud rate register (BRGi)

<Clock synchronous serial I/O mode>

fi BRGi -—01/2 Q . .
- \ Transfer clock for transmit operation
fexT (O | [ Receive contol arcut_|————== Transfer clock for receive operation

<UART mode>

Transmit control circuit

1/16|—| Receive control circuit |—> Transfer clock for receive operation

Transfer clock for transmit operation

fi : Clock selected by BRG count source select bits (f2, fie, fe4, or f512)
fext : Clock input to CLKi pin (external clock)

Fig. 7.2.11 Block diagram of transfer clock generating section
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7.2 Block description

7.2.7 UARTI transmit interrupt control and UARTI receive interrupt control registers

When using UARTI, 2 types of interrupts, which are UARTI transmit and UARTI receive interrupts, can be
used. Each interrupt has its corresponding interrupt control register. Figure 7.2.12 shows the structure of
UARTI transmit interrupt control and UARTI receive interrupt control registers.

For details about interrupts, refer to “Chapter 4. INTERRUPTS.”

b7 b6 bS_ b4 b3 b2 bl b0 UARTO transmit interrupt control register (Address 7116)
UARTO receive interrupt control register (Address 721e)
UARTL1 transmit interrupt control register (Address 7316)
UART1 receive interrupt control register (Address 741s)

Bit Bit name Functions Atreset [ RW
T R E A B S Interrupt priority level select bits | 52510 .

T R R 0 ptprionty 000 : Level 0 (Interrupt disabled) 0 RW
T 001:Levell Low level

R 010:Level 2

Y e aaet 1 011:Level3 0 RW
A T R 100: Level 4

A T 101:Level5

A T R R 110:Level 6

[ 2 111:Level? High level 0 RW
E o e 3 | Interrupt request bit 0 : No interrupt request 0 RW
R 1 :Interrupt request

T T e ECLLCEEEE 7 to 4 | Nothing is allocated. Undefined| —

Note: Use the SEB or CLB instruction to set each interrupt control registers.

Fig. 7.2.12 Structure of UARTI transmit interrupt control and UARTI receive interrupt control registers
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SERIAL 1/0

7.2 Block description

Interrupt priority level select bits (bits 0 to 2)

These bits select the priority level of the UARTI transmit interrupt or UARTI receive interrupt. When
using UARTI transmit/receive interrupt, select priority levels 1 to 7. When the UARTI transmit/receive
interrupt request occurs, its priority level is compared with the processor interrupt priority level (IPL),
so that the requested interrupt is enabled only when its priority level is higher than the IPL. (However,
this applies when the interrupt disable flag (I) = “0.”) To disable the UARTI transmit/receive interrupt,
set these bits to “0002” (level 0).

Interrupt request bit (bit 3)

The UARTI transmit interrupt request bit is set to “1” when data is transferred from the UARTI
transmit buffer register to the UARTI transmit register. The UARTI receive interrupt request bit is set
to “1” when data is transferred from the UARTI receive register to the UARTI receive buffer register.
However, when an overrun error occurs, it does not change.

Each interrupt request bit is automatically cleared to “0” when its corresponding interrupt request is
accepted. This bit can be set to “1” or “0” by software.
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7.2 Block description

7.2.8 Port P8 direction register

1/0 pins of UARTI are shared with port P8. When using pins P82 and P8s as serial data input pins (RxDi),
set the corresponding bits of the port P8 direction register to “0” to set these pins for the input mode. When
using pins P8, P81, P8s to P8s and P87 as I/O pins (CTSJF&, CLKi, TxDi) of UARTI, these pins are forcibly
set as I/0 pins of UARTI regardless of port P8 direction register’'s contents. Figure 7.2.13 shows the

relationship between the port P8 direction register and UARTI's I/O pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P8 direction register (Address 1416)

Bit Corresponding pin Functions Atreset] RW
0 CTSo/RTSo pin 0 : Input mode 0 RW
1 : Output mode
1 CLKo pin 0 RW
5 ] When using pins P82 and P8s as
RxDo pin serial data input pins (RxDo, RxDx), RW
set the corresponding bits to “0.”
3 TxDo pin P g 0 RW
4 CTS1/RTS1 pin 0 RW
5 CLKa1 pin 0 RW
6 RxD:1 pin 0 RW
7 TxDz pin 0 RW

Fig. 7.2.13 Relationship between port P8 direction register and UARTI's I/O pins
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SERIAL 1/0

7.3 Clock synchronous serial /0O mode

7.3 Clock synchronous serial 1/0O mode

Table 7.3.1 lists the performance overview in the clock synchronous serial /0 mode, and Table 7.3.2 lists
the functions of 1/O pins in this mode.

Table 7.3.1 Performance overview in clock synchronous serial 1/O mode

Item

Functions

Transfer data format

Transfer data has a length of 8 bits.
LSB first

Transfer rate | When selecting internal clock | Clock which is BRGi output’'s divided by 2.

When selecting external clock | Maximum 5 Mbps (f(Xin) = 25 MHz)

Maximum 4 Mbps (f(Xw) = 16 MHz)
Maximum 2 Mbps (f(Xw) = 8 MHz)

Transmit/Receive control

CTS function or RTS function can be selected by software.

Table 7.3.2 Functions of 1/O pins in clock synchronous serial /O mode

Pin name

Functions

Method of selection

TxDi (P8s, P87)

Serial data output

Fixed
(Dummy data is output wiien performing only reception.)

RxDi (P82, P8s)

Serial data input

Port P8 direction register®™’s corresponding bit = “0”

CLK: (P81, P8s)

Transfer clock output

Transfer clock input

Internal/External clock select bit"? = “0”

Internal/External clock select bit = “1”

CTS/RTS:
(P80, P84)

CTS input

CTS/RTS select bit™ = “0”

RTS output

CTS/RTS select bit = “1”

Port P8 direction register™:; Address 14is
Internal/External clock select bit®2: bit 3 at addresses 3016, 3816
CTS/RTS select bit™: bit 2 at addresses 3414, 3Cus

Notes 1: The TxDi pin outputs<‘H” level until transmission starts after UARTIi’'s operating mode is selected.
2: The RxDi pin can be used as a programmable I/O port when performing only transmission.
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SERIAL 1/0

7.3 Clock synchronous serial I/0O mode

7.3.1 Transfer clock (synchronizing clock)

Data transfer is performed synchronously with the transfer clock. For the transfer clock, the user can select
whether to generate the transfer clock internally or to input it from an external.

The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, set the transmit enable bit to “1,” and set dummy data in the UARTI transmit buffer register
in order to make the transmit control circuit active.

(1) Generating transfer clock internally
The count source selected with the BRG count source select bits is divided by the BRGi, and its
BRGi output is further divided by 2. This is the transfer clock. The transfer clock is output from the
CLKi pin.

[Setting relevant registers]

*Select an internal clock (bit 3 at addresses 3016, 3816 = “0").

*Select the BRGi’s count source (bits 0 and 1 at addresses 3415, 3Cus)
*Set “divide value — 1” to the BRGi (addresses 31is, 3916).

fi
2 (n+1) n: Setting value to BRGi
fii Frequency of BRGi's count source (fz, fis, fes, fs12)

Transfer clock frequency =

*Enable transmission (bit 0 at addresses 351, 3D1s = “1"):
*Set data to the UARTI transmit buffer register (addresses 3216, 3Azs)

[Pin’s state]
*A transfer clock is output from the CLKi pin.
*Serial data is output from the TxDi pin. (Dummy data is output when performing only reception.)

(2) Inputting transfer clock from an external
A clock input from the CLKi pin is the transfer clock.

[Setting relevant registers]

*Select an external clock (bit 3 at'addresses 301, 3816 = “1”).
*Enable transmission (bit 0 at addresses 3516, 3D1s = “1").

*Set data to the UARTI transmit buffer register (addresses 3216, 3Aus).

[Pin’s state]
*A transfer clock is input from the CLKi pin.
*Serial data is output from the TxDi pin. (Dummy data is output when performing only reception.)
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7.3 Clock synchronous serial /0O mode

7.3.2 Method of transmission

Figures 7.3.1 shows an initial setting example for relevant registers when transmitting. Transmission is
started when all of the following conditions (O to [O0) are satisfied. When an external clock is selected,
satisfy conditions O to O with the following precondition satisfied.

<Precondition>
The CLKi pin’s input is “H” level (external clock selected).
Note: When an internal clock is selected, above precondition is ignored.

<Transmission conditions>

O Transmission is enabled (transmit enable bit = “1").

O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0")
O CTSi pin’s input is “L” level (when CTS function selected).

Note: When the CTS function is not selected, this condition is ignored.

When using interrupts, it is necessary to set the relevant register to enableinterrupts. For details, refer to
“Chapter 4. INTERRUPTS.”

Figure 7.3.2 shows writing data after start of transmission, and Figure 7.3.3 shows detection of transmission’s
completion.
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7.3 Clock synchronous serial I/O mode

/ UARTO transmit/receive mode register (Address 3016) \
UART1 transmit/receive mode register (Address 3816)

UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3A16)

b7 b0

|
r

Clock synchronous serial I/0 mode

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

\ 0: It may be “0” or “1.”

S

Set transmit data here.

%

pEEEEn
NN NN NN NN NN NN NN NN NN NN AN AN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN,

/ UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register O (Address 3Cz6)
b7 b0

E BRG count source select bits

b1 b0
00:f2
01:f1ie
10:fe4
11:fs12

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

b7 b0

HEEEENER

L Transmit enable bit
1: Transmission enabled

CTS / RTS select bit
0: CTS function selected.

\ 1: RTS function selected /

Transmission starts.

(In the case of selecting the CTS function, transmission starts
when the CTSi pin’s input level is “L.")

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b7 b0

|
r

[0 Necessary only when internal clock is
selected.

Set to “0016” to “FF16".

UARTO transmit interrupt control register (Address 7116)

UART1 transmit interrupt control register (Address 7316)
b7 b0

Intertupt priority level select bits

When using interrupts, set these bits to
level 1-7. When disabling interrupts, set
ihese bits to level 0.

Fig. 7.3.1 Initial setting example for relevant registers when transmitting
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7.3 Clock synchronous serial /0O mode

[When not using interrupts] [When using interrupts]
The UARTI transmit interrupt request
occurs when the UARTI transmit buffer
register becomes empty.

/ Checking state of UARTI transmit buffer register \

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16) UARTI transmit interrupt
b7 b0

LI LTI ] [
-

Transmit buffer empty flag
0: Data present in transmit buffer register
1: No data present in transmit buffer register

\ (Writing of next transmit data is possible.) /
/ : * \ Note : This figure shows the bits and registers required
Writing of next transmit data for processing.
) ) Refer to Figure 7.3.5 about the change of flag state
UARTO transmit buffer register (Address 3216) and the occurrence timing of an interrupt request.
UARTZ1 transmit buffer register (Address 3A16)
b7 b0

\ T—Set transmit data here/

Fig. 7.3.2 Writing data after start of transmission
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7.3 Clock synchronous serial I/0O mode

[When not using interrupts]

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

b7 b0

S T

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

k

(Transmission has started.)/

[When using interrupts]

The UARTI transmit interrupt request
occurs when the transmission starts.

UARTI transmit interrupt

/

Checking completion of transmission.

UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register O (Address 3C16)

b7 b0

L ===

Transmit register empty flag
0: During transmitting
1: Transmitting completed

&

\

bd

< Processing at completion of transmission >

Note : This figure shows the bits and registers required
for processing.
Refer to Figure 7.3.5 about the change of flag state
and the occurrence timing of an interrupt request.

Fig. 7.3.3 Detection of transmission’s completion
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7.3 Clock synchronous serial /0O mode

7.3.3 Transmit operation
When the transmit conditions described in page 7-19 are satisfied, the following operations are automatically
performed simultaneously.

*The UARTI transmit buffer register’s contents are transferred to the UARTI transmit register.
<8 transfer clocks are generated (when an internal clock is selected).

*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

*The UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below.

O Data in the UARTI transmit register is transmitted from the TxDi pin synchronously with the falling of the
transfer clock.

O This data is transmitted bit by bit sequentially beginning with the least significant bit.

O When 1-byte data has been transmitted, the transmit register empty flag is set to “1,” indicating completion
of the transmission.

Figure 7.3.4 shows the transmit operation.

In the case of an internal clock is selected, when the transmit conditions for the next data are satisfied at
completion of the transmission, the transfer clock is generated cantinuously. Accordingly, when performing
transmission continuously, set the next transmit data to the UARTI transmit buffer register during transmission
(when the transmit register empty flag = “0”). When the.transmit conditions for the next data are not
satisfied, the transfer clock stops at “H” level.

Figures 7.3.5 shows an example of transmit timing (when selecting an internal clock).
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Transfer clock

UARTI transmit buffer register |

£

AR ARARaRARaR e

UARTI transmit register| D7| DGI D5|

b7 b0
Transmit data |
<
MSB LSB
D4| D3| D2| D1| D0|
| | p7|Ds| Ds| D4] D3| D2| D1| >
| | |D7|D6|D5|D4|D3|D2|—>
| | | |D7 D6|D5|D4|D3|—>

Do

D1

D2

D7

Fig. 7.3.4 Transmit operation

Transfer clock

Transmit enable bit

Transmit buffer
empty flag

CTSi

CLKi

TENDI

TxDi

Transmit register
empty flag

UARTI transmit
interrupt request bit

2
¥

L

ﬁﬁ;iﬁ_!
S

Tc

L
S UUUUUrTUUUUUU Uy Uiy

Data is set in UARTIi transmit buffer register.l

nl

P~

UARTI transmit register «— UARTI transmit buffer register.

Stopped because CTSi = “H.”

L

Stopped because transmit enable bit = “0.”

1 I

eeceeee

1

coceeccammeooeeeod

[ 1 [

]

i_l

TN

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

The above timing diagram applies to

the following conditions:

o Internal clock selected
e CTS function selected.

v

Tenpi: Next transmit conditions are examined when this signal level is “H.”
(Tenoi is an internal signal. Accordingly, it cannot be read from an external.)

Te = Tewk = 2(n+1) fi

fi: BRGi count source frequency (f2, f1s, fe4, f512)
n: Value set to BRGi

Fig. 7.3.5 Example of transmit timing (when selecting intern

al clock)
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7.3 Clock synchronous serial /0O mode

7.3.4 Method of reception

Figures 7.3.6 and 7.3.7 show initial setting examples for relevant registers when receiving. Reception is
started when all of the following conditions (O to [O0) are satisfied. When an external clock is selected,
satisfy conditions O to O with the following precondition satisfied.

<Precondition>
The CLKi pin’s input is “H” level.
Note: When an internal clock is selected, above precondition is ignored.

<Reception conditions>

O Reception is enabled (receive enable bit = “1").

O Transmission is enabled (transmit enable bit = “1").

O Dummy data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”)

When using interrupts, it is necessary to set the relevant register to enable interrupts. For details, refer to
“Chapter 4. INTERRUPTS.”
Figure 7.3.8 shows processing after reception’s completion.
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7.3 Clock synchronous serial I/0O mode

/ UARTO transmit/receive mode register (Address 3016) \

UART1 transmit/receive mode register (Address 38,¢)
b7 b0

Lo]o[ofo] [ofo]a]

Clock synchronous serial I/O mode

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

\ 0: It may be “0” or “1.” /

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

_%

BRG count source select bits
b1 b0

00:f2
01l:fie
10:fes4
11:fs12

CTS / RTS select bit
0: CTS function selected

\ 1: RTS function selected /

UARTO baud rate register (BRGO) (Address 3116)

UART1 baud rate register (BRG1) (Address 3916)
b7 b0

T— Set to 0016 to FF16 .

O Necessary only when an internal clock is selected.

Continued to Figure 7.3.7 on next page.

Fig. 7.3.6 Initial setting example for relevant registers when receiving (1)
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7.3 Clock synchronous serial I/0 mode

From preceding Figure 7.3.6

Port P8 direction register (Address 1416)
b7 b0

[ fol [ ] fof ]

RxDo pin
RxD1 pin

a N

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

b7 b0

S A

Interrupt priority level select bits
When using interrupts, set these bits to level 1-7.

\\ When disabling interrupts, set these bits to level 0. /
/ UARTO transmit buffer register (Address 3216) \
UART1 transmit buffer register (Address 3A16)
b7 b0

| |
-

Set dummy data here.

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

b7 b0

L[] Jaf [

Transmit enable bit
1 : Transmission enabled

Receive enable bit
1 : Reception enabled

(S %

Note: When selecting the internal clock, set this register with
either of the following setting.

*Set the receive enable bit and the transmit enable
bit to “1” simultaneously.

*Set the receive enable bit to “1” and next the
transmit enable bit to “1.”

Reception starts.

Fig. 7.3.7 Initial setting example for relevant registers wh en receiving (2)
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7.3 Clock synchronous serial I/0O mode

[When not using interrupts] [When using interrupts]

The UARTI receive interrupt request
occurs when reception is completed.

~

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3Dz6) UARTi receive interrupt

b7 b0

LT Jaf fa
—

Receive complete flag
0: Reception not completed
1: Reception completed /

(¢ *

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

-

~

hecking error

b7 b0

LI LTI Jaf fa
I

Overrun error flag
0: No overrun error
\ 1: Overrun error detected/

~

Reading of receive data

UARTO receive buffer register (Address 3616)
UARTL1 receive buffer register (Address 3Ez1s)

Note : This figure shows the bits and registers required
for processing.
Refer to Figure 7.3.11 about the change of flag
state and the occurrence timing of an interrupt
) request.

Read out receive data/

< Processing after reading out receive data

Fig. 7.3.8 Processing after reception’s completion
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7.3 Clock synchronous serial /0 mode

7.3.5 Receive operation
When the receive conditions listed on page 7-25 are satisfied, the UARTI enters the receive enable state.

The receive operations are described below.

O The input signal of the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the rising of the clock.

O The contents of the UARTI receive register are shifted by 1 bit to the right.

O Steps O and O are repeated at each rising of the transfer clock.

O When 1-byte data is prepared in the UARTI receive register, the contents of this register are transferred
to the UARTI receive buffer register.

O Simultaneously with step 0, the receive complete flag is set to “1,” and the UARTI receive interrupt
request occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. Figure 7.3.10 shows the receive operation, and Figure 7.3.11 shows an example of receive
timing (when selecting an external clock).
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7.3 Clock synchronous serial I/0 mode

Transmitter side

Receiver side

TxDi T
RXDi |-t |

CLKi -

TxDi

RxDi

CLKi

Fig. 7.3.9 Connection example

Transfer clock

UARTI receive buffer register |

—

MSB _ LSB
o

o]

—>|D2 D1

o T T T 1
o T 111}

Ds| Da| D3| D2

D1

Do

f‘ f‘ f‘ f‘ f‘ f‘ f‘ f‘ —>|D7 Do

b7

\V

b0

Receive data

Fig. 7.3.10 Receive operation
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7.3 Clock synchronous serial /0O mode

Receive enable bit 1

wpr
Transmit enable bit

0'—— Dummy data is set to UARTI transmit buffer register.

Transmit buffer “1’ b
empty flag ., 1

' UARTI transmit register’ — UARTI transmit buffer register
oy

RTSi | |
ar

CLKi

Received data taken in

R0 EXXEXEXEXeXe XX oXeXoXoXo)

UARTi receive register — UARTI receive buffer register  UARTI receive buffer register is read out.

e
Receive complete flag . N El)i
UARTi receive ‘1" I
interrupt request bit «q»

Cleared to “0” when interrupt request is accepted or
cleared hy software.
: When the CLKi pin’s input level is “H,” safisfy the

following cinditions:

s Transmit enable bit - “1”

@ Receive enable bit - “1”
fexT: Frequency of external clock o Writing of dummy data to UARTI transmit

buffer register

The above timing diagram applies to the following
setting conditions:

e External clock selected.

e RTS function selected.

Fig. 7.3.11 Example of receive timing (when selecting external clock)
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7.3.6 Process on detecting overrun error

In the clock synchronous serial I/0 mode, an overrun error can be detected. (However it is impossible to
detect an overrun error as the case may be. Refer to 6 in “[ Precautions when operating in clock
synchronous serial I/0 mode].”

An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
complete flag = “1” (data is present in the UARTI receive buffer register) and that is transferred to the
receive buffer register, in other words, when the next data is prepared before reading out the contents of
the UARTI receive buffer register. When an overrun error occurs, the next receive data is written into the
UARTI receive buffer register, and the UARTI receive interrupt request bit is not changed.

An overrun error is detected when data is transferred from the UARTI receive register to the UARTI receive
buffer register and the overrun error flag is set to “1.” The overrun error flag is cleared to “0” by reading
out the low-order byte of the UARTI receive buffer register or clearing the receive enable bit to “0.”

When an overrun error occurs during reception, initialize the overrun error flag and the UARTI receive
buffer register before performing reception again. When it is necessary to perform retransmission owing to
an overrun error which occurs in the receiver side, set the UARTI transmit buffer register again before
starting transmission again.

The method of initializing the UARTI receive buffer register and that of setling the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
OO Clear the receive enable bit to “0” (reception disabled).
O Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
OO Clear the serial I/0 mode select bits to “000." (Serial 1/0 ignored).
O Set the serial /0O mode select bits to “001.” again.
O Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTI
transmit buffer register.
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7.3 Clock synchronous serial /0O mode

[Precautions when operating in clock synchronous serial I/0 mode]

1. The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when
performing only reception, transmit operation (setting for transmission) must be performed. In this case,
dummy data is output from the TxDi pin.

2. When an internal clock is selected during reception, the transfer clock is generated by setting the transmit
enable bit to “1” (transmission enabled) and setting dummy data to the UARTI transmission buffer register.
When an external clock is selected , the transfer clock is generated by setting the transmit enable bit to
“1” and inputting a clock to the CLKi pin after setting dummy data to the UARTI transmission buffer
register.

3. When selecting an external clock, satisfy the following 3 conditions with the input to CLKi pin = “H” level.

<When transmitting>
0 Set the transmit enable bit to “1.”
O Write transmit data to the UARTI transmit buffer register.
O Input “L” level to the CTSipin (when selecting the CTS function).

<When receiving>
[0 Set the receive enable bit to “1.”
0 Set the transmit enable bit to “1.”
O Write dummy data to the UARTI transmit buffer register.

4. When receiving data, write dummy data to the low-oredér byte of the UARTI transmission buffer register
for each reception of 1-byte data.

5. The output level of the RTSi pin becomes “L” simultaneously at setting the receive enable bit to “1.” The
output level of this pin becomes “H” when receive starts, and it becomes “L” when receive is completed.
The output level of this pin changes regardiess of the contents of the transmit enable bit, the transmission
buffer empty flag, and the receive compiete flag.
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6. When receiving data continuously, an overrun error cannot be detected in the following situation: when
the next data reception is completed between reading the error flag by software and reading the UARTiI
receive buffer register.

Transfer clock _|_|_|_|_— - - -_I_l—|_|_|_|_|__ - _J_I_‘
SR 3 CRES (9 G (3 o I

D7

!
|
|
|

UARTI receive — - {

buffer register Undefined _ X Data A

_______>_<_____
e
D
o

—
o

1
|
Receive complete flag |
|
|
1
|

O
Overrun error flag O

- Y
-/ |
UARTI receive interruput ]—| 7‘ :
request bit - - = T
- ] [
Software management l Error flag reading | Data reading |

Data A error flag Data B reading
(No error)

O When checking this error flag by software, the microcomputer judges errors nothing because
errors do not have occurred at data A receiving.

O When receiving the data B, the data B is written to the UARTI receive buffer register and the data
A is cleard and the overrun error flag becomes “1” simultanecusly. The UARTI receive interrupt
request bit does not change.

O When reading the UARTI receive buffer register by software, the data B is read and the overrun
error flag becomes “0” simultaneously. Accordingly, the overrun error cannot may be detected
and it is possible that the data B is managed as the data A.

Fig. 7.3.12 Case of overrun error cannot:be detect (using clock synchronous seriai 1/0 mode)
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7.4 Clock asynchronous serial /O (UART) mode

Table 7.4.1 lists the performance overview in the UART mode, and Table 7.4.2 lists the functions of

I/O pins in this mode.

Table 7.4.1 Performance overview in UART mode

Item Functions
Transfer data Start bit 1 bit
format Character bit (Transfer data) |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

Transfer rate

When selecting internal clock

Clock of BRGi output divided by 16

When selecting external clock

Maximum 312.5 kbps (f(Xin) = 25 MHz)
Maximum 250 kbps (f(Xin) = 16 MHz)
Maximum 125 kbps (f(Xn) =.8 MHz)

Error detection

4 types (Overrun, Framing, Parity, and Summing)
Presence of error can be detected only by checking error sum flag.

Table 7.4.2 Functions of 1/O pins in UART mode

Pin name

Functions

Methiod of selection

TxDi (P8s, P87)

Serial data output

Fixed

RxDi (P82, P8s)

Serial data input

Port P8 direction register™'s corresponding bit = “0”

CLKi (P81, P8s)

BRGi’'s count source

Internal/External clock select bit™ = “1”

input
CTS/RTSi (P80, P8s) [CTSinput |C CTS/RTS select bit*=*0"
RTS output CTS/RTS select bit = “1”

Port P8 direction register™: Address 1416
Internal/External clock select bit?2: bit 3 at addresses 3016, 3816
CTS/RTS select bit™: bit 2 at addresses 3416, 3Cus

Notes 1:

The TxDi pin outputs “H” level while not transmitting after selecting UARTIi’s operating mode.

2: The RxDi pin can be used as a programmable 1/0 port when performing only transmission.

3: The CLKi pin can'be used as a programmable I/O port when selecting internal clock.

4: The CTS/RTS pin can be used as a input port when performing only reception and not using RTS
function (when selecting CTS function).
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7.4 Clock asynchronous serial 1/0 (UART) mode

7.4.1 Transfer rate (frequency of transfer clock)

The transfer rate is determined by the BRGi (addresses 31is, 391s).

When setting “n” into BRGi (n = “0016" to “FF16"), BRGi divides the count source frequency by n + 1. The
divided clock by BRGi is further divided by 16 and the resultant clock becomes the transfer clock. Accordingly,
the value “n” is expressed by the following formula.

F n: Value set into BRGi
16 O B F: BRGi’'s count source frequency
B: Transfer rate

An internal clock or an external clock can be selected as the BRGi's count source with the internal/external
clock select bit (bit 3 at addresses 3016, 3816). When an internal clock is selected, the clock selected with
the BRG count source select bits (bits 0 and 1 at addresses 3416, 3C16) becomes the BRGi’'s count source.
When an external clock is selected, the clock input to the CLKi pin becomes the BRGi’'s count source.
Tables 7.4.3 and 7.4.4 are list the setting examples of transfer rate. Set the same transfer rate between
the transmitter and the receiver.

Table 7.4.3 Setting examples of transfer rate (1)

Transfer f(Xin) = 8 MHz f(Xin) = 16 MHz
rate (bps) | BRGi count | BRGi setting Actual time BRGI count| BRGI setting Actual time
source value : n (bps) source value : n (bps)
75 fs12 12 (0Cus) 75.12 fs12 25 (1916) 75.12
110 fea 70 (4616) 110.04 foa 141 (8Dus) 110.04
134.5 fos 57 (391s) 134.70 foa 115 (731s) 134.70
150 fes 51 (3316) 150.24 foa 103 (671s) 150.24
300 fea 25 (1916) 300.48 foa 51 (33u1s) 300.48
600 fea 12 (0Cus) 600.96 foa 25 (1916) 600.96
1200 fie 25 (1916) 1201.92 fie 51 (33u1s) 1201.92
2400 f1e 12 (OCuis) 2403.85 fie 25 (1916) 2403.85
4800 f2 51 (831¢) 4807.69 f 103 (6716) 4807.69
9600 f2 25 (1916) 9615.39 f 51 (331s) 9615.39
19200 f2 12 (0Cus) 19230.77 f2 25 (1916) 19230.77
31250 f2 7 (0710) 31250.00 f 15 (OFus) 31250.00
62500 f2 3 (0316) 62500.00 f2 7 (0716) 62500.00
125000 f2 1 (01:6) 125000.00 f 3 (0316) 125000.00
250000 f2 0 (00:6) 250000.00 f 1 (0116) 250000.00
500000 f2 _— e f 0 (001e) 500000.00
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Table 7.4.4 Setting examples of transfer rate (2)

Transfer f(Xin) = 24.576 MHz f(Xin) = 25 MHz
rate (bps) | BRGi count | BRGi setting Actual time BRGi count| BRGi setting Actual time
source value : n (bps) source value : n (bps)
150 fes 159 (9Fue) 150.00 fea 162 (A21e) 149.78
300 fos 79 (4F1s) 300.00 fea 80 (50:6) 301.41
600 f16 159 (9F1e) 600.00 f1e 162 (A216) 599.12
1200 fie 79 (4F1s) 1200.00 f1e 80 (50:6) 1205.63
2400 fi6 39 (2716) 2400.00 fie 40 (281s) 2381.86
4800 f2 159 (9Fue) 4800.00 f2 162 (A216) 4792.94
9600 f2 79 (4Fuis) 9600.00 f2 80 (5016) 9645.06
19200 f 39 (2716) 19200.00 f2 40 (2816) 19054.88
31250 T _ f2 24 (1816) 31250.00
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7.4.2 Transfer data format

The transfer data format can be selected from formats shown in Figure 7.4.1. Bits 4 to 6 at addresses 301s
and 3816 select the transfer data format. (Refer to Figure 7.2.2.) Set the same transfer data format for both
transmitter and receiver sides.

Figure 7.4.2 shows an example of transfer data format. Table 7.4.5 lists each bit in transmit data.

Transfer data length of 7 bits —71— 1ST—7DATA — 1SP
— 1ST—7DATA ——2SP
—— 1ST—7DATA—1PAR—1SP
— 1ST—7DATA—1PAR—2SP

Transfer data length of 8 bits —5— 1ST—8DATA — 1SP
— 1ST—8DATA —2SP
—— 1ST—8DATA—1PAR—1SP
— 1ST—8DATA—1PAR—2SP

Transfer data length of 9 bits 1ST—9DATA — 1SP _
1ST—9DATA — 2SP ST . Start bit
1ST—9DATA—1PAR—1SP DATA : Character bit (transfer data)
1ST—9DATA—1PAR—2SP PAR : Parity bit

SP  : Stop bit

Fig. 7.4.1 Transfer data format
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nHu

*Example of 1IST-8DATA-1PAR-1SP

— Time

<——— Transmit/Receive data —————/=> Next transmit/receive data
~<<——— DATA (8 bits) ——> (When continuously

transferring)

st [tse] [ | [wsB[PAR] sP | sT

Fig. 7.4.2 Example of transfer data format

Table 7.4.5 Each bit in transmit data

Name Functions
ST “L" signal equivalent to 1 character bit which is atdded immediately before the
Start bit character bits. It indicates start of data transmissiofi.
DATA

Character bit

Transmit data which is set in the UARTI transmit buffer register.

PAR

A signal that is added immediately after the character bits in order to improve data

Parity bit reliability. The level of this signal changes according to selection of odd/even parity
in such a way that the sum of “1"s in this bit and character bits is always an odd
or even number.

ST “H” level signal equivalent to 1 or 2 character bits which is added immediately after

Stop bit the character bits (or parity bit when parity is enabled). It indicates finish of data

transmission.
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7.4.3 Method of transmission

Figure 7.4.3 shows an initial setting example for relevant registers when transmitting.

The difference due to selection of transfer data length (7 bits, 8 bits, or 9 bits) is only that data length.
When selecting a 7- or 8-bit data length, set the transmit data into the low-order byte of the UARTI transmit
buffer register. When selecting a 9-bit data length, set the transmit data into that low-order byte and bit
0 of that high-order byte.

Transmission is started when all of the following conditions (O to ) are satisfied:

O Transmit is enabled (transmit enable bit = “1").

0 Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”).
O CTSi pin’s input is “L” level (when CTS function selected).

Note: When the CTS function is not selected, this condition is ignored.

When using interrupts, it is necessary to set the corresponding register to enable interrupts. For details,
refer to “Chapter 4. INTERRUPTS.”

Figure 7.4.4 shows writing data after start of transmission, and Figure 7.4.5 shows detection of transmission’s
completion.
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/UARTO transmit/receive mode register (Address 3016) \
UART1 transmit/receive mode register (Address 3816)

b7 b0

LI L[ [ [af []
b2 b1
UART mode (7 bits)

100:
1 0 1: UART mode (8 bits)
1 1 0: UART mode (9 bits)

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

b7 b0

\— Set to 0016 to FF16.

=3

0

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

Stop bit length select bit UARTO transmit interrupt control register (Address 7116)

0: 1 stop bit . .
1: 2 stop bits UART1 transmit interrupt control register (Address 7316)
b7 b0
Odd/Even parity select bit
0: Odd parity
CL ey Interrupt priority level select bits

When using interrupts, set these bits
to level 1-7. When disabling interrupts,
set these bits to level 0.

Parity enable bit
0: Parity disabled
1: Parity enabled

Sleep select bit
0: Sleep mode cleared (ignored)

K 1: Sleep mode selected J

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

b8 b7 b0

b5

/UARTO transmit/receive control register 0 (Address 3416) \

UART1 transmit/receive control register 0 (Address 3Cz16)
b7 b0 Set transmit data here.
-
BRG count source select bits -
lE)lbgz f2 UARTO transmit/receive control register 1 (Address 3516)
0 d:fi6 UART1 transmit/receive control register 1 (Address 3D16)
1 0O: fea b7 b0
1 Tifs12
LI LT[ (e
'CTS/RTS select bit
0: CTS function selected Transmit enable bit
1: RTS function selected (CTS 1: Transmission enabled
function disabled)

- /

Note : The CTS/RTS select bit is valid when the CTS/RTS enable

bit is “0” and the D-Ai output enable bit (bits 6 and 7 at 1 1
address 1F16) is uopl Transmission starts.

(In the case of selecting the CTS function, transmission
starts when the CTSi pin’s input level is “L.”)

Fig. 7.4.3 Initial setting example for relevant registers when transmitting
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[When not using interrupts]

[When using interrupts]

The UARTI transmit interrupt request
occurs when the UARTI transmit buffer
register becomes empty.

/ Checking state of UARTI transmit buffer register

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

b7 b0

LI T T T T T Jaf
—

Transmit buffer empty flag

0: Data present in transmit buffer register

1: No data present in transmit buffer register
(Writing of next transmit data is possible.)

\

UARTI transmit interrupt

~

/ Writing of next transmit data

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

b15 b8 b7 b0

|
I

Set transmit data here. j

&

Note :

This figure shows the bits and registers
required for processing.

Refer to Figures 7.4.6 and 7.4.7 about the
change of flag state and the occurrence
timing of an interrupt request.

Fig. 7.4.4 Writing data after start of transmission
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[When not using interrupts] [When using interrupts]

The UARTI transmit interrupt request
occurs when the transmission starts.

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316) UARTI transmit interrupt

b7 bo

S 111

Interrupt request bit
0: No interrupt request
1: Interrupt request
\ (Transmission has started.)/

/

Checking completion of transmission. \ Note : This figure shows the bits and registers required

for processing.

UARTO transmit/receive control register 0 (Address 3416) Refer to Figures 7.4.6 to 7.4.7 about the
UART1 transmit/receive control register O (Address 3C16) change of flag state and the occurrence timing
b7 ) of an interrupt request.

____EEE

Transmit register empty flag
0: During transmitting
\\ 1: Transmitting completed /

< Processing at completion of transmission >

Fig. 7.4.5 Detection of trahSmission’s completion
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7.4.4 Transmit operation
Simultaneously when the transmit conditions listed on page 7-40 are satisfied, the following operations are
automatically performed.

*The UARTI transmit buffer register’s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

*The UARTI transmit interrupt request occurs and the interrupt request bit is set to “1.”

The transmit operations are described below.

0 Data in the UARTI transmit register is transmitted from the TxDi pin.

O This data is transmitted bit by bit sequentially in order of ST - DATA (LSB) - ¢e« - DATA (MSB) - PAR
- SP according to the set transfer data format.

0 When the stop bit has been transmitted, the transmission register empty flag is set to “1,” indicating
completion of transmission.

When the transmit conditions for the next data are satisfied at completion of transmission, the start bit is
generated following the stop bit, and the next data is transmitted. When performing transmission continuously,
set the next transmit data in the UARTI transmit buffer register during transmission (when the transmit
register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the TxDi pin
outputs “H” level.

Figures 7.4.6 shows example of transmit timing when the transfer data length is 8 bits, and Figure 7.4.7
shows an example of transmit timing when the transfer data length is 9 bits.
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Tc

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

Transmit enable bit J |
0 Data is set in UARTIi transmit buffer register.
Transmit buffer a)/ ] | \
empty flag «g» \ T
e UARTI transmit register «— UARTIi transmit buffer register
CTSi
ar
TENDi |_|

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

o AKX o XX oo Y s\ Koo X o X o X oo oX FY s
Tanst g | | I
R [

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

The above timing diagram applies to
the following conditions:
e Parity enabled
e 1stopbit Tc: 16(n + 1)/fi or 16(n + 1)/fexT
e CTS function selected ¢ )fi: BRGi(count)source frequency (f2, f16, fo4, f512)
fexT: BRGi count source freguency (external clock)
n: Value set to BRGI

TeNpi: Next transmit conditions are examined when this signal level is “H.”
(TeNDpi is an internal signal. Accordingly, it canriot be read from an external.)

Fig. 7.4.6 Example of transmit timing when transfer data length is 8 bits (when parity enabled,
selecting 1 stop bit)

Tc

Transfer clock | | | || | | I | | | | | || | | | | |||||||| | | ||||

HO,J Data is setin UARTI transmit buffer register. | |
_ 12 A
Transmit buffer (|D $
empty flag «g» A

UARTI transmit register «— UARTI transmit buffer reg‘;ister

TENDI I_l
Stopped because transmit enable bit = 0"

ro T \SOEEEEREEN AsOEEREERRRFT

Transmit register 1 | :
empty flag . |
UARTI transmit —l ﬁ
interrupt request bit  «g~ |

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

Transmit enable bit

The above timing diagram applies to Tenbpi: Next transmit conditions are examined when this signal level is “H.”
the following conditions: (TenDi is an internal signal. Accordingly, it cannot be read from an external.)
e Parity disabled

e 2 stop bits Tc: 16(n + 1)/fi or 16(n + 1)/fexT

e CTS function disabled fi: BRGi count source frequency (f2, f1s, f64, f512)

fexT: BRGi count source frequency (external clock)
n: Value set to BRGi

Fig. 7.4.7 Example of transmit timing when transfer data length is 9 bits (when parity disabled,
selecting 2 stop bits)
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7.4.5 Method of reception
Figure 7.4.8 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (00 and [0) are satisfied:

O Reception is enabled (receive enable bit = “1").
O The start bit is detected.

When using interrupts, it is necessary to set the corresponding register to enable interrupts. For details,
refer to “Chapter 4. INTERRUPTS.”
Figure 7.4.9 shows processing after reception’s completion.
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b7

/UARTO transmit/receive mode register (Address 3016) \
UART1 transmit/receive mode register (Address 38 15)
b0

LL LT Jaf |

=

b2b1b0
10 0: UART mode (7 bits)
10 1: UART mode (8 bits)
11 0: UART mode (9 bits)

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

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

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

Parity enable bit
0: Parity disabled
1: Parity enabled

Sleep select bit
0: Sleep mode cleared (ignored)
1: Sleep mode selected j

Note: Set the transfer data format in

the same way as set on the
transmitter side.

b7

b0

CTS/RTS select bit
0 : c1s function selected
1: RTS function selected /

BRG count source select bits

b1b0
00:f2

0 1 4fi6
10 :fea
11 ; fs12

/UARTO transmit/receive control register 0 (Address 3416) \
UART1 transmit/receive control register 0 (Address 3Ci6)

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

b7 b0

; Set to 0016 to FFie.

Port P8 direction register (Address 1416)
b7 b0

Llof [ [ Jof [

RxDo pin

RxD1 pin

UARTO receive interrupt control register (Address 7216)
UART1 receive interrupt control register (Address 7416)
b7 b0

E Interrupt priority level select bits

When using interrupts, set these bits to
level 1-7. = i
When disabling interrupts, set these bits
to level 0.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dz16)
b7 b0

LI L[ [[af []

L

Reception starts when the start
bit is detected.

Receive enable bit
1: Reception enabled

Fig. 7.4.8 Initial setting example for relevant registers when receiving
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[When not using interrupts]

~

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D1e6)

Receive complete flag

0 : Reception not completed

[When using interrupts]

The UARTI receive interrupt request
occurs when reception is completed.

UARTI receive interrupt

\\ 1 : Reception completed /

J

/Checking error

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

b7 b0

LI LT [ Jaf ]
.
Overrun error flag
Framing error flag

Parity error flag

Error sum flag
0 : No error
1 : Error detected

.

\

/R

UARTO receive buffer register (Addresses 3716, 3616)
UART1 receive buffer register (Addresses 3Fis6, 3E16)

eading of receive data

b15 b8 b7 bo
lofofoJofofo]o] | |

-

\\ Read out receive dataj

< Processing after reading out receive data >

Note : This figure shows the bits and registers required
for processing.
Refer to Figure 7.4.11 about the change of flag
state and the occurrence timing of an interrupt
request.

Fig. 7.4.9 Processing after reception’s completion
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7.4.6 Receive operation

When the receive enable bit is set to “1,” the UARTI enters the reception enabled state and reception starts
at detecting ST. The receive operation is described below.

O The input signal of the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the transfer clock’s rising.

O The contents of UARTI receive register are shifted by 1 bit to the right.

O Steps O and O are repeated at each rising of the transfer clock.

O When one set of data has been prepared, in other words, the shift according to the selected data format
has been completed; the UARTI receive register’'s contents are transferred to the UARTI receive buffer
register.

O Simultaneously with step 0, the receive complete flag is set to “1,” and the UARTI receive interrupt
request occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. Figure 7.4.11 shows an example of receive timing when the transfer data length is 8 bits.

Transmitter side Receiver side

TxDi

TxDi

Fig. 7.4.10 Connection example
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BRGi count | | | | |||| | | | ”” | | | |||| | | ”” | | | ”” | | | ”” | | | “ ”l | | | “”” ”“““””””””””““

source

nlu ''''''
Receive enable bit “0"J
Stop bit

Stanbt Do, D1 1) |

Sampled “L”

RxDi

Receive data taken in

Reception started at falling of start bit UARTI receive register - UARTI receiveibuffer register

Transfer clock

Receive “1"
complete flag .

: !
RTSi L—|_| |—I
1
ol

UARTI receive interrupt “1”
request bit “0”

The above timinig diagram applies to Cleared to “0” when interrupt request is accepted
the following conditions: or cleared by software.

e Parity disabled

* 1stop bit

e RTS function selected

Fig. 7.4.11 Example of receive timing when transfer data len  gth is 8 bits (when parity disabled,
selecting 1 stop bit)
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7.4.7 Process on detecting error
Errors listed below can be detected in the UART mode:

e Overrun error

An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
completion flag = “1” (that is, data present in the UARTI receive buffer register) and that data is transferred
to the UARTI receive buffer register. In other words, when the next data is prepared before the contents
of the UARTI receive buffer register is read out, an overrun error occurs. When an overrun error occurs,
the next receive data is written into the UARTI receive buffer register, and the UARTI receive interrupt
request bit is not changed. However it is impossible to detect an overrun error as the case may be. Refer
to 1 in “[Precautions when operating in clock asynchronous serial I/0 mode] "

e Framing error
A framing error occurs when the number of detected stop bits does not match the number of stop bits set.
(The UARTI interrupt request bit becomes “1.")

e Parity error
A parity error occurs when the sum of “1”s in the parity bit and character bits. does not match the number
of “1"s set. (The UARTI interrupt request bit becomes “1.”)

Each error is detected when data is transferred from the UARTI reeeive register to the UARTI receive buffer
register, and the corresponding error flag is set to “1.” Furthermore, when any of the above errors occurs,
the error sum flag is set to “1.” Accordingly, the error sum filag informs the user whether any error has
occurred or not.

Error flags such as the overrun error flag, the framing error flag, the parity error flag, the error sum flag
are cleared to “0” by reading the contents of the UARTI receive buffer register low-order byte or clearing
the receive enable bit to “0.”

When errors occur during reception, initialize the error flags and the UARTI receive buffer register, and
then perform reception again. When it is necessary to perform retransmission owing to an error which
occurs in the receiver side, set the UARTI transmit buffer register again, and then starts transmission
again.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
0 Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
O Clear the serial 1/0 mode select bits to “0002" (serial I/O ignored).
O Set the serial 1/O mode select bits again.
0 Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTiI
transmit buffer register.
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7.4.8 Sleep mode

This mode is used to transfer data between the specified microcomputers, which are connected by using
UARTI. The sleep mode is selected by setting the sleep select bit (bit 7 at addresses 3016, 3816) to “1” when
receiving.

In the sleep mode, receive operation is performed when the MSB (Ds when the transfer data length is 9
bits, D7 when it is 8 bits, Ds when it is 7 bits) of the receive data is “1.” Receive operation is not performed
when the MSB is “0.” (The UARTI receive register’'s contents are not transferred to the UARTI receive
buffer register. Additionally, the receive complete flag and error flags do not change and the UARTI receive
interrupt request does not occur.)

The following shows an usage example of sleep mode when the transfer data length is 8 bits.

O Set the same transfer data format for the master and slave microcomputers. Select the sleep mode for
the slave microcomputers.

O Transmit data, which has “1” in bit 7 and the address of the slave microcomputer with which communicates
in bits 0 to 6, from the master microcomputer to all slave microcomputers.

O All slave microcomputers receive data of step 0. (At this time, the UARTI receive interrupt request
occurs.)

O In all slave microcomputers, check in the interrupt routine whether bits 0 t0.6 in the receive data match
their addresses.

O In the slave microcomputer of which address matches bits 0 to 6 in.the receive data, clear the sleep
mode. (Do not clear the sleep mode for the other slave micracomputers.)
By performing steps O to [, “specification of the microcomputer performing transfer” is realized.

O Transmit data, which has “0” in bit 7, from the master microcomputer. (Only the microcomputer specified
in steps [0 to O can receive this data. The other microcomputers do not receive this data.)

O By repeating step 0O, transfer can be performed between the same microcomputers continuously. When
communicating with another microcomputer, perforrm steps 00 to O in order to specify the new slave
microcomputer.

Transfer data between the master
Master microcomputer and one slave microcomputer
selected from multiple slave microcomputers.

_______________________________________________________________

Slave A Slave B Slave C Slave D

Fig. 7.4.12 Sleep mode
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[Precautions when operating in clock asynchronous serial I/0 mode]

When receiving data continuously, an overrun error cannot be detected in the following situation: when the
next data reception is completed between reading the error flag by software and reading the UARTI receive
buffer register.

o 8-bit data length, parity disabled, 1 stop bit

Transfer clock | “"l | | |——— |
RXD \ st { oo Xor- s X D7 ¥'sp \ sT {oo Xou o X sp

UARTI receive - -
buffer register Undefined - - X Data A X Iﬁa@B

Receive complete flag |

Overrun error flag 0 O

|

UARTI receive interruput T !
request bit - - / / :

1

Software management | Error flag reading | Data reading |

Data A error flag Data B reading
(No error)

0 When checking this error flag by software, the microcomputer judges errors nothing because
errors do not have occurred at data A receiving.

0 When receiving the data B, the data B is written to the UARTI receive buffer register and the data
A is cleard and the overrun error flag becomes “1” simultaneously. The UARTI receive interrupt
request bit does not change.

O When reading the UARTI receive buffer register by software, the data B is read and the overrun
error flag becomes “0" simultaneously. Accordingly, the overrun error cannot may be detected
and it is possible that the data B is managed as the data A.

Fig. 7.4.13 Case of overrun error cannot be detect (using clock asynchronous seriai 1/0 mode)
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MEMORANDUM
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A-D CONVERTER

8.1 Overview

This chapter describes the A-D converter.
The 7702 Group has a built-in 8-bit A-D converter. The A-D converter performs successive approximation
conversion. The 7702 Group has the 8 analog input pins.

7703 Group
The number of the 7703 Group’s analog input pins is different from the 7702 Group’s. Refer to “Chapter
20. 7703 GROUP” for more information.

8.1 Overview
The A-D converter has the performance specifications listed in Table 8.1.1.

able 8.1.1 Performance specifications of A-D converter

Item Performance specifications
A-D conversion method Successive approximation conversion method
Resolution 8 bits
Absolute accuracy +3 LSB
Analog input pin 8 pins (ANo to ANv) (Note)
Conversion rate per analog input pin 57 @o” cycles

@o”: A-D converter’s operation clock
Note: In the 7703 Group, the analog input pins are 4 pins, ANo to. ANz, AN7. Refer to “Chapter 20. 7703
GROUP” for more information.

The A-D converter has the 4 operation modes listed below.

*One-shot mode
This mode is used to perform the operation once for a voltage input from one selected analog input pin.
*Repeat mode
This mode is used to perform the operation repeatedly for a voltage input from one selected analog input
pin.
*Single sweep mode
This mode is used to perform the operation for voltages input from multiple selected analog input pins, one
at a time.
*Repeat sweep mode
This mode is used to perform_the operation repeatedly for voltages input from multiple selected analog
input pins.
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8.2 Block description

8.2 Block description

Figure 8.2.1 shows the block diagram of the A-D converter. Registers relevant to the A-D converter are

described below.

O/O 0 AD
to—A 2 Pl% 2 |0
VReF (— Resistor Vref
AVss (O ladder network
|$$$$ i |«
Successive LI T [ (@]
approximation A-D sweep pin select register
register
L LIS [
A-D control register
YYyYvy
A-D register 0 @
A-D register 1 < ®
A-D register 2 *
A-D register 3 . Decoder
A-D register 4 < L
A-D register 5 °
A-D register 6 - ®
A-D register 7 *
-@(e@- YYVVYVVYYY Comparator
ANo () o o
ANz () o o
ANz () o
ANz O o o VIN
ANz () o o
ANs () o o
ANs () o o
AN7/ADTRG () ©
Selector

Fig. 8.2.1 Block diagram of A-D converter
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8.2 Block description

8.2.1 A-D control register
Figure 8.2.2 shows the structure of the A-D control register. The A-D operation mode select bit selects the
operation mode of the A-D converter. The other bits are described below.

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | A-D control register (Address 1Ezs)

Bit Bit name Functions Atreset| RW
i i b2 bl b0
------ 0 ,E\\?;!ggir:nopnuet-ZﬁloetC;r?gsrepeat 000 : ANo selected Undefined| RW
modes) (Note 1) 001 : ANz selected

01 0: ANz selected
......... 011:ANsselected )
E ! 100 : AN4 selected Undefined | RW
: 101 : ANs selected
' 110: ANs selected

R 2 111:ANrselected (Note 2) Undefined| RW

b4 b3 0 RW
0 0.: One-shot mode

E 0 1: Repeat mode
! 1 0: Single sweep mode
1 Tmmmmmemmmseeeee- 4 1 1 : Repeat sweep mode 0 RW

L 3 A-D operation mode select bits

e E LT TSR 5 | Trigger select bit 0 : Internal trigger 0 RW
' 1: External trigger
e 6 | A-D conversion start bit 0 : Stop A-D conversion 0 RW
1: Start A-D conversion
............................ 7 A-D conversion frequency 0 : f2 divided by 4 0 RW
1

(¢ AD) select bit : f2 divided by 2

Notes 1: These bits are ignored in the single sweep and repeat sweep mode. (They may be
either “0" or “1.")
2: When selecting an external trigger, the AN7 pin cannot be used as an analog input
pin.
3: Wiiting to each bit (except bit 6) of the A-D control register must be performed while
the A-D converter halts.

Fig. 8.2.2 Structure of A-D control register

(1) Analog input select bits (bits 2 to 0)
These bits are used to select an analog input pin in the one-shot mode and repeat mode. Pins which
are not selected as analog input pins function as programmable I/O ports.
These bits must be set again when the user switches the A-D operation mode to the one-shot mode
or repeat mode after performing the operation in the single sweep mode or repeat sweep mode.

8-4 7702/7703 Group User’'s Manual



A-D CONVERTER

8.2 Block description

(2) Trigger select bit (bit 5)
This bit is used to select the source of trigger occurrence. (Refer to “(3) A-D conversion start bit.” )

(3)

4)

A-D conversion start bit (bit 6)

When internal trigger is selected

Setting this bit to “1” generates a trigger, causing the A-D converter to start operating. Clearing
this bit to “0” causes the A-D converter to stop operating.

In the one-shot mode or single sweep mode, this bit is cleared to “0” after the operation is
completed. In the repeat mode or repeat sweep mode, the A-D converter continues operating until
this bit is cleared to “0” by software.

When external trigger is selected

When the ADTRrRG pin level goes from “H” to “L” with this bit = “1,” a trigger occurs, causing the
A-D converter to start operating. The A-D converter stops when this bit is cleared to “0.”

In the one-shot mode or single sweep mode, this bit remains set to “1” even after the operation
is completed. In the repeat mode or repeat sweep mode, the A-D €onverter continues operating
until this bit is cleared to “0” by software.

A-D conversion frequency ( ¢@o) select bit (bit 7)

As shown in Table 8.2.1, the operating time of the A-D converter.varies depending on the selected
operating clock (¢o) by this bit.

Since the A-D converter’'s comparator consists of capacity coupling amplifiers, keep that gwo = 250
kHz during A-D conversion.

Table 8.2.1 Time for performance to one analog input pin (unit: us)
A-D conversion frequency (o) select bit 0 1
@0 f2/4 f2/2
Conversion time f(Xin) = 8 MHz 57.0 28.5
f(Xm) = 16 MHz 28.5 14.25
f(Xin) = 25 MHz 18.24 9.12
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8.2 Block description

8.2.2 A-D sweep pin select register
Figure 8.2.3 shows the structure of the A-D sweep pin select register.

b7 b6 b5 b4 b3 b2 bl bO
A-D sweep pin select register (Address 1Fis)

: Bit Bit name Functions Atreset| RW
: . . . l . . ------ 0 A-D sweep pin select bits b1 b0 ) 1 RW
e (Valid in single sweep and repeat 00 : ANo, ANz (2 pins)

T sweep mode ) (Note 1) 0 1:ANoto ANs (4 pins)

: 1 1 1 1 1 [ 1 10 : ANoto ANs (6 pInS) 1 RW
' E E E . E 11 : ANo to AN (8 pins) (Note 2)

[ P e S R ——— 7 to 2 | Nothing is assigned. Undefined| ——

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or
“1.%)
2: When selecting an external trigger, the AN7 pin cannot be used as an analog input pin.
3: Writing to each bit of the A-D sweep pin select register must be performed while the
A-D converter halts.

Fig. 8.2.3 Structure of A-D control register 1

(1) A-D sweep pin select bits (bits 1 and 0)
These bits are used to select analog input pins in the single sweep mode or repeat sweep mode.
In the single sweep mode and repeat sweep maode, pins which are not selected as analog input pins
function as programmable /O ports.
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8.2 Block description

8.2.3 A-D registeri (i=0to 7)

Figure 8.2.4 shows the structure of the A-D register i. When the A-D conversion is completed, the conversion
result (contents of the successive approximation register) is stored into this register. Each A-D register i
corresponds to an analog input pin (ANi). Table 8.2.2 lists the correspondence of an analog input pin to

A-D register i.

A-D register 0 (Addresses 2016)

A-D register 1 (Addresses 2216)

A-D register 2 (Addresses 2416)

A-D register 3 (Addresses 2616)

A-D register 4 (Addresses 2816)

b7 b6 b5 b4 b3 b2 bl bo A-D register 5 (Addresses 2A16)
A-D register 6 (Addresses 2C16)

| | A-D register 7 (Addresses 2E16)

Functions

Alteset

RW

. Bit

[ —

--------------- “--be---- 7100

Reads an A-D conversion result.

Undefined

RO

Fig. 8.2.4 Structure of A-D register i

Table 8.2.2 Correspondence of analog input pin

and A-D register i

Analog input pin

A-D register i where

conversion result is stored

ANo pin A-D register 0
AN pin A-D register 1
ANz pin A-D register 2
ANs pin A-D register 3
ANa4 pin A-D register 4
ANs pin A-D register 5
ANse pin A-D register 6
AN~ pin A-D register 7
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8.2 Block description

8.2.4 A-D conversion interrupt control register
Figure 8.2.5 shows the structure of the A-D conversion interrupt control register. For details about interrupts,
refer to “Chapter 4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

A-D conversion interrupt control register (Address 7016)

E b ; b Bit Bit name Functions Atreset | RW
: : : : : : : ______ Int t jority | | lect bit: b2 b1 b0 X

A 0 | Interrupt priority level select blts | '5 5.0 ; Level 0 (Interrupt disabled) 0 | RW
A 001:Levell Low level
T 010:Level 2

L et 1 011:Level3 0 RW
I 100:Level 4

R R T 101:Level5

I 110:Level 6

R 2 111:Level7 High level 0 RwW
i O EEEEEEEE 3 | Interrupt request bit 0 : No interrupt reguest 0 RW
o 1: Interrupt request

O LT PEEPET R 7 to 4 [ Nothing is assigned. Undefined| —

Note : Use the SEB or CLB instruction to set the A-D conversion interrupt control register.

Fig. 8.2.5 Structure of A-D conversion interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select the A-D conversion interrupt's priority level. When using A-D conversion interrupts,
select priority levels 1 to 7. When an A-D conversion interrupt request occurs, its priority level is
compared with the processor interrupt priority level (IPL) and the requested interrupt is enabled only
when its priority level is higher than the IPL. (However, this applies when the interrupt disable flag
() = “0.”) To disable the A-D conversion interrupt, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when.an A-D conversion interrupt request occurs. This bit is automatically
cleared to “0” when the A-D conversion interrupt request is accepted. This bit can be set to “1” or
cleared to “0” by software.
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8.2 Block description

8.2.5 Port P7 direction register

The A-D converter and port P7 use the same pins in common. When using these pins as the A-D converter’s
input pins, set the corresponding bits of the port P7 direction register to “0” to set these ports for the input
mode. Figure 8.2.6 shows the relationship between the port P7 direction register and A-D converter’s input

pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P7 direction register (Address 1116)

; : b v Bit Corresponding pin Functions Atreset] RW
: : E : o . 0 ANo pin 0 : Input mode 0 RW
T . 1 : Output mode

P T 1 AN1 pin 0 RW
E : E E . 2 ; When using these pins as A-D

I ANz pin converter’s input pins, set the RW
E . . . . 3 ANs pin corresponding bits to “O. 0 RW
Dol e 4 | ANapin o | rRW
; i 5 ANs pin 0 RW
e 6 AN pin 0 RW
R 7 AN7/ADTRG pin 0 RW

Fig. 8.2.6 Relationship between port P7 direction register a  nd A-D converter’s input pins
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8.3 A-D conversion method

8.3 A-D conversion method

The A-D converter compares the comparison voltage (Vrr), which is internally generated according to the
contents of the successive approximation register, with the analog input voltage (Vi), which is input from
the analog input pin (ANi). By reflecting the comparison result on the successive approximation register, Vi
is converted into a digital value. When a trigger is generated, the A-D converter performs the following
processing:

O

Determining bit 7 of the successive approximation register

The A-D converter compares Veer With Vin. At this time, the contents of the successive approximation
register is “100000002" (initial value).

Bit 7 of the successive approximation register changes according to the comparison result as follows:
When Vet < Vi, bit 7 = “1”

When Vrer > Vi, bit 7 = “0”

Determining bit 6 of the successive approximation register

After setting bit 6 of the successive approximation register to “1,” the A-D converter compares Vret
with Vin. Bit 6 changes according to the comparison result as follows:

When Vrer < Vin, bit 6 = “1”

When Vrer > Vi, bit 6 = “0”

Determining bits 5 to 0 of the successive approximation. register

Operations in 0 are performed for bits 5 to 0.

When bit 0 is determined, the contents (conversion ¢esult) of the successive approximation register
is transferred to the A-D register i.

The comparison voltage (V) is generated according to the latest contents of the successive approximation
register. Table 8.3.1 lists the relationship between the successive approximation register’s contents and Vrer.
Table 8.3.2 lists changes of the successive approximation register and Ve during the A-D conversion. Figure
8.3.1 shows the ideal A-D conversion characteristics.

Table 8.3.1 Relationship between Successive approximation register’'s contents and V ref
Successive approximation register's contents: n Vet (V)
0 0
V O
1 90,265 —= 0O (n-05)
256

Vrer”: Reference voltage

8-10
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8.3 A-D conversion method

Table 8.3.2 Change in successive approximation register and V

et during A-D conversion

Successive approximation register Change of Vref
b7 b0
A-D converter halt ‘1‘0‘0‘0‘0‘0‘0‘0‘ V;EF (V]
. VREF VREF
1st comparison ‘1‘0‘0‘0‘0‘0‘0‘0‘ > ~ 512 V] .
on7=1 + YREF
. VREF ., VREF  VREF 4
2nd comparison ‘m‘l‘O‘O‘O‘O‘O‘O‘ o T4 ~ 512 [][-m:O _VZEF}
¢ 1st comparison result vV vV v o=l 4 VREF
3rd comparison In7lne| 10| 0]0]0]0] V;EF + ZEF + %EF S?LEZF V] [ VEEF}
¢ 2nd comparison result =0 8
¢ . VREF VREF VREF VREF VREF
sth conI,anson ‘m‘ns‘ns‘m‘na‘ nz‘nl‘ l‘ 2 + 4 * g @a..*t 256 512
Conversion complete ‘ n7‘ ns‘ ns‘ n4‘ ns‘ nz‘ nl‘ no‘
A-D conversion result
Ideal A-D conversion characteristics
FFie |
FEis |
FDis |
T
0316 |
0216 |
0l 1
e — } — < ; ; >
VREF VREF VREF VREF VREF VREF
Q | 256 01 256 02 256 03 256 0253 256 0254 256 0255 VREF
<>
\Y; .
2;'2: 00.5 Analog input voltage

Fig. 8.3.1 Ideal A-D conversion characteristics
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8.4 Absolute accuracy and differential non-linearity error

8.4 Absolute accuracy and differential non-linearity error
The A-D converter’'s accuracy is described below.

8.4.1 Absolute accuracy

The absolute accuracy is the difference expressed in the LSB between the actual A-D conversion result
and the output code of an A-D converter with ideal characteristics. The analog input voltage when measuring
the accuracy is assumed to be the mid point of the input voltage width that outputs the same output code
from an A-D converter with ideal characteristics. For example, when Vrer = 5.12 V, 1 LSB width is 20 mV,
and 0 mV, 20 mV, 40 mV, 60 mV, 80 mV, ... are selected as the analog input voltages.

The absolute accuracy = £3 LSB indicates that when the analog input voltage is 100 mV, the output code
expected from an ideal A-D conversion characteristics is “0051s,” however the actual A-D conversion result
is between “00216” to “0081s.”

The absolute accuracy includes the zero error and the full-scale error.

The absolute accuracy degrades when Vrer is lowered. The output code for analog input voltages Vrer to
AVcc is “FFus.”

Output code
(A-D conversion result)

OB1s | _]

OA16 |

0916 |

0816 4,+3 LSB \

) Ideal A-D conversion
0716 characteristics

0616 |

0516 & 0 o

0416 |

0316 |

0216 | Vi y

Olie |

06 Lt 4 — >
0 20 40 60 80 100 120 140 160 180 200 220
Analog input voltage (mV)

Fig. 8.4.1 Absolute accuracy of A-D converter
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A-D CONVERTER

8.4.2 Differential non-linearity error

The differential non-linearity error indicates the difference between the 1 LSB step width (the ideal analog
input voltage width while the same output code is expected to output) of an A-D converter with ideal
characteristics and the actual measured step width (the actual analog input voltage width while the same
output code is output). For example, when Vrer = 5.12 V, the 1 LSB width of an A-D converter with ideal
characteristics is 20 mV, however when the differential non-linearity error is +1 LSB, the actual measured

1 LSB width is 0 to 40 mV. (Refer to section “16.1.3 A-D converter standard characteristics

0916

0816

0716

0616

0516

0416

0316

0216

Olie

0016

Output code
(A-D conversion result)

A

1 LSB width with ideal
T A-D conversion characteristics
Differential non-linearity error
1 1 1 1 1 i i 1 1
0 20 40 60 80 100 120 140 160 180

Analog input voltage (mV)

>

Fig. 8.4.2 Differential non-linearity error
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8.5 One-shot mode

8.5 One-shot mode

In the one-shot mode, the operation for the input voltage from the one selected analog input pin is performed
once, and the A-D conversion interrupt request occurs when the operation is completed.

8.5.1 Settings for one-shot mode

Figure 8.5.1 shows an initial setting example of the one-shot mode.

When using an interrupt, it is necessary to set the relevant registers to enable the interrupt. Refer to
“Chapter 4. INTERRUPTS” for more descriptions.
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8.5 One-shot mode

. N

e A-D control register

b7 b0
| | 0 | | 0 | 0 | | | | A-D control register (address 1Eae)

Analog input select bits

b2 bl b0
0 0 : ANo selected

: AN1 selected
: AN2 selected
: ANs selected
: AN4 selected
: ANs selected
- AN6 selected
: AN7 selected

PPRPRPRPPOOOO
RPROORRO
POROROR

One-shot mode
Trigger select bit
0 : Internal trigger
1: External trigger

A-D conversion start bit
0: Stop A-D conversion

A-D conversion frequency (¢ AD)
select bit
0 : f2 divided by 4

\ 1: f2 divided by 2 /

e Interrupt priority level
b7 b0
_:lE‘ A-D conversion interrupt control register (address 7016)
Interrupt priority level select bits
Set to a level between 1 to 7 when using this interrupt.
Set to a level 0 when disabling this interrupt.

A

/o Port P7 direction register \ :

b7 b0
| | | | | | | | |PortP?directionregister(addresslhe)

EAND

AN1 . .
AN> - Set the bits corresponding

to analog input pins to “0.”

e Set A-D conversion start bit to “1”
b7 b0
[ Ja] [ [ [ [ [ |ADcontolregister (address 16s)

A-D conversion start bit

EEE NN NN NN NN NN NEEENNEEENEEENEEEEREEY

ﬁllil‘i Set bit 7 to “0” when =

ANs selecting external trigger. Selecting external trigger =

ANG ;IIIIIIIIIIIIIIIIIIIIIE

\_ AN7 ) \ 4 :
= E Selecting internal trigger

: Input falling edge to =

sesmsnnunnunnunnunnnnnnnnnnnnnnk ADTRGpin ?
;...................):
Note : Write each bit (except bit 6) of the A-D control register when the A-D conversion Trigger occur

stops (before trigger occurs).

Operation start

Fig. 8.5.1 Initial setting example of one-shot mode
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8.5 One-shot mode

8.5.2 One-shot mode operation description

)

(2)

When an internal trigger is selected
O The A-D converter starts operation when the A-D conversion start bit is set to “1.”

O The A-D conversion is completed after 57 cycles of @go. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

O At the same time as step O, the A-D conversion interrupt request bit is set to “1.”

O The A-D conversion start bit is cleared to “0” and the A-D converter stops operation.

When an external trigger is selected

0 The A-D converter starts operation when the input level to the ADtre pin changes from “H” to “L”

while the A-D conversion start bit is “1.”

O The A-D conversion is completed after 57 cycles of @o. Then, the coantents of the successive
approximation register (conversion result) are transferred to the A-D.register i.

O At the same time as step O, the A-D conversion interrupt request bit is set to “1.”
0 The A-D conversion stops operation.

The A-D conversion start bit remains set to “1” after the operation is completed. Accordingly, the
operation of the A-D converter can be performed again from step O when the level of the ADvrc pin
changes from “H” to “L.”

When the level of the ADre pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step:[1.

Figure 8.5.2 shows the conversion operdtion in the one-shot mode.

Trigger occur

Conversion result

Convert input voltage from ﬁ A-D register i
ANi pin

A-D conversion interrupt request occurs.

[ A-D converter stops.]

Fig. 8.5.2 Conversion operation in one-shot mode

8-16
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8.6 Repeat mode

8.6 Repeat mode
In the repeat mode, the operation for the input voltage from the one selected analog input pin is performed
repeatedly.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at

address 1Eis) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

8.6.1 Settings for repeat mode
Figure 8.6.1 shows an initial setting example of repeat mode.
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8.6 Repeat mode

e A-D control register

b7 b0

| | 0 | | 0 | 1 | | | | A-D control register (address 1Eze)
Analog input select bits
b2 bl b0
0 0 O: ANo selected
0 0 1:AN: selected
0 1 0:AN: selected
0 1 1:ANsselected
1 0 0:ANa selected
1 0 1:ANsselected
1 1 0:ANs selected
1 1 1:ANr7selected

Repeat mode
Trigger select bit

0 : Internal trigger
1: External triggeer

A-D conversion start bit

0: Stop A-D conversion

A-D conversion frequency (¢ AD)
select bit

0 : f2 divided by 4

1 : f2 divided by 2

e

e Port P7 direction register
b7 b0
| | | | | | | | | Port P7 direction register (address 1116)

EANO

AN

L AN Sct the bits corresponding
ANs to analog input pins to “0.”
AN Set bit 7 to “0" when
ANs selecting external trigger.

ANe

\ AN7 /

~

e Set A-D conversion start bit to “1”
b7 b0
| | 1 l | | | | | | A-D control register (address 1Ezs)

A-D conversion start bit

electing external trigger
ErEEEEEEEREEEEEERRREAE

Selecting internal trigger

Input falling edge to
ADTRG pin

A

Trigger occur
Operation start

Note : Write the each bit (except bit 6) of the A-D control regiter when the A-D conversion stops (before
trigger occurs).

Fig. 8.6.1 Initial setting example of repeat mode
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8.6 Repeat mode

8.6.2 Repeat mode operation description

(1) When an internal trigger is selected
O The A-D converter starts operation when the A-D conversion start bit is set to “1.”

0 The first A-D conversion is completed after 57 cycles of @o. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

0 The A-D converter repeats operation until the A-D conversion start bit is cleared to “0” by software.
The conversion result is transferred to the A-D register i each time the conversion is completed.

(2) When an external trigger is selected
0 The A-D converter starts operation when the input level to the ADtre pin changes from “H” to “L”

while the A-D conversion start bit is “1.”

O The first A-D conversion is completed after 57 cycles of @o. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

O The A-D converter repeats operation until the A-D conversion start bit is cleared to “0” by software.
The conversion result is transferred to the A-D register i eachdime the conversion is completed.

When the level of the ADrre pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step [O.

Figure 8.6.2 shows the conversion operation in the repeat mode.

Trigger occur

Conversion result

Convert input voltage from ﬁ A-D register i
ANi pin

Fig. 8.6.2 Conversion operation in repeat mode
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8.7 Single sweep mode

8.7 Single sweep mode

In the single sweep mode, the operation for the input voltage from multiple selected analog input pins is
performed, one at a time. The A-D converter is operated in ascending sequence from the ANo pin. The
A-D conversion interrupt request occurs when the operation for all selected input pins are completed.

8.7.1 Settings for single sweep mode

Figure 8.7.1 shows an initial setting example of single sweep mode.

When using an interrupt, it is necessary to set the relevant registers to enable the interrupt. Refer to
“Chapter 4. INTERRUPTS” for more information.
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8.7 Single sweep mode

\

o A-D control register and A-D sweep pin select register

b7 b0 b7 b0
| | 0 | | 1 | 0 | 0 | 0 | 0 | A-D control register (address 1Ezs) _E A-D sweep pin select register (address 1F1e)
\J— Single sweep mode AbiDbosweep pin select bits
. X 0 0: ANo, ANz (2 pins)
-~ Trigger selec_t bit 0 1: ANo—ANz (4 pins)
0 : Internal trigger 1 0: ANo—ANs (6 pins)
1 : External trigger 1 1: ANo—AN7 (8 pins)

L A-D conversion start bit
0: Stop A-D conversion

A-D conversion frequency (¢ AD)
select bit

0 : f2 divided by 4

1: f2 divided by 2

. %

e Interrupt priority level
b7 b0

_:lE‘ A-D conversion interrupt control register (address 701s)
Interrupt priority level select bits
Set to a level between 1 to 7 when using this interupt.
Set to a level 0 when disabling this interrupt.

P

e Port P7 direction register
b7 b0
[ T T T T T T T |Pportp7directontegister(address 11c)

E ANo

ANz

AN Set the bits corresponding

AN to analog input pins to “0.”
= N4 Set bit 7 to “0" when

ANs selecting external trigger.

ANs
ANz

\

. /

[ e Sel A-D conversion start bit to “1”
b

(T T 111
.

0
| A-D control register (address 1Ezs)

A-D conversion start bit

electing external trigger
LI LLLL L LIt

Selecting internal trigger

Input falling edge to
ADTRG pin

Trigger occur

Operation start

Note : Write each bit (except bit 6) of the A-D control register and each bit of the A-D sweep pin
select register when the A-D conversion stops (before trigger occurs).

Fig. 8.7.1 Initial setting example of single sweep mode

7702/7703 Group User’'s Manual 8-21



A-D CONVERTER

8.7 Single sweep mode

8.7.2 Single sweep mode operation description

(1)

()

When an internal trigger is selected
O The operation for the input voltage from the ANo pin starts when the A-D conversion start bit is
set to “1.”

0 The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @wo. Then,
the contents of the successive approximation register (conversion result) are transferred to the

A-D register 0.

O The operation to all selected analog input pins is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

O When the step O is completed, the A-D conversion interrupt request bit is set to “1.”
O The A-D conversion start bit is cleared to “0” and the A-D convertéer stops operation.
When an external trigger is selected

O The A-D converter starts operation for the input voltage from the ANo pin when the input level to
the AD7re pin changes from “H” to “L” while the A-D conversion start bit is “1.”

O The A-D conversion of the input voltage from the ANo. pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the
A-D register 0.

O The operation to all selected analog input pins is performed.
The conversion result is transferred to.the A-D register i each time each pin is converted.

O When the step O is completed, the A-D conversion interrupt request bit is set to “1.”
0 The A-D conversion stops operation.

The A-D conversion start bit refnains set to “1” after the operation is completed. Accordingly, the
operation of the A-D converter can be performed again from step O when the level of the AD7re pin
changes from “H” to.“L.”

When the level of the ADrrs pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step 0.

Figure 8.7.2 shows the conversion operation in the single sweep mode.
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8.7 Single sweep mode

Trigger occur

Convert input voltage from | Conversion result
ANo pin ﬁ A-D register 0

Convert input voltage from | Conversion result :
AN pin d A-D register 1

Convert input voltage from | Conversion result -
[ AN pin ]d AD register |

RN

CA-D converter halt)

A-D converter interrupt
request occur

Fig. 8.7.2 Conversion operation in single sweep mode
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8.8 Repeat sweep mode

8.8 Repeat sweep mode

In the repeat sweep mode, the operation for the input voltage from the multiple selected analog input pins
is performed repeatedly. The A-D converter is operated in ascending sequence from the ANo pin.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at
address 1Eis) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

8.8.1 Settings for repeat sweep mode
Figure 8.8.1 shows an initial setting example of repeat sweep mode.
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8.8 Repeat sweep mode

/

e A-D control register and A-D sweep pin select register

b7 b0

b7 bo
| | 0 | | 1 | 1 | O | 0 | 0 | A-D control register (address 1Eze) —E A-D sweep pin select register (address 1Fis)

Repeat sweep mode A—Iaosweep pin select bits

0 0: ANo, ANz (2 pins)

Trigger select bit 0 1: ANo—ANs (4 pins)
0 : Internal trlgger 1 0: ANo—ANs (6 pins)
1: External trigger 1 1: ANo—AN7 (8 pins)

A-D conversion start bit
0: Stop A-D conversion

A-D conversion frequency (¢ AD)
select bit

0 : f2 divided by 4

1: f2 divided by 2

. )

e N

e Port P7 direction register
b7 b0
| | | | | | | | | Port P7 direction register (address 1116)

E ANo

AN1

AN2 Set the bits corresponding
AN3 to analog input pins to “0.”
ANz Set bit 7 to “07 when

AN selecting external trigger.

ANe

\ AN7 /

e Set A-D conversion start bit to “1”
b7 b0
| | 1 | I | | l | | A-D control register (address 1Ezs)

‘ A-D conversion start bit

Selecting external trigger
LARARRRRRRRRRRRERERRNNY]

Selecting internal trigger

Input falling edge to
ADTRrG pin

A

Trigger occur

Operation start

Note : Write each bit (except bit 6) of the A-D control register and each bit of the A-D sweep pin
select register when the A-D conversion stops (before trigger occurs).

Fig. 8.8.1 Initial setting example of repeat sweep mode
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8.8 Repeat sweep mode

8.8.2 Repeat sweep mode operation description

)

(2)

When an internal trigger is selected
O The operation for the input voltage from the ANo pin starts when the A-D conversion start bit is
set to “1.”

O The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the
A-D register 0.

0 The operation to all selected analog input pins is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

O The operation to all selected analog input pins is performed again.

O The operation is performed repeatedly until the A-D conversion‘start bit is cleared to “0” by
software.

When an external trigger is selected
O The A-D converter starts operation for the input voltage from the ANo pin when the input level to
the ADvre pin changes from “H” to “L” while the A-D conversion start bit is “1.”

O The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the
A-D register 0.

0 The operation to all selected analog input pins is performed.
The conversion result is transferred 4o the A-D register i each time each pin is converted.

O The operation to all selected analog input pins is performed again.

O The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by
software.

When the level of the?/AD7re pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step 0.

Figure 8.8.2 shows the conversion operation in the repeat sweep mode.
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8.8 Repeat sweep mode

Trigger occur

Conversion result -

(Convert input voltage from ANo pin) ﬁ A-D register 0
- ¢ —\ Conversion result -

CConvert input voltage from AN1 pm) ﬁ A-D register 1

: — Conversion result g -
CConvert input voltage from ANi pm) ﬁ A-D register i

Fig. 8.8.2 Conversion operation in repeat sweep mode
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8.9 Precautions when using A-D converter

8.9 Precautions when using A-D converter

1. Write to each bit (except bit 6) of the A-D control regisrer and each bit of the A-D sweep pin select
register before a trigger occurs (while the A-D converter stops operation).

2. When selecting the AN~z pin as an analog input pin while an external trigger is selected, A-D conversion
is performed for a trigger input, which is the input voltage on the ADrre pin, and the conversion result
is stored into the A-D register 7. Consequently, the user cannot use the AN- pin as an analog input pin
while an external trigger is selected.

3. Refer to “Appendix.6 Countermeasures against noise” when using the A-D converter.
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WATCHDOG TIMER

9.1 Block description

This chapter describes Watchdog timer.
Watchdog timer has the following functions:
e Detection of a program runaway.

e Measurement of a certain time when oscillation starts owing to terminating Stop mode.

(Refer to “Chapter 10. STOP MODE.” )

9.1 Block description

Figure 9.1.1 shows the block diagram of the watchdog timer.

f32 o

f512 0/01

» Watchdog timer

Hold request—o ) Watchdog“nmer

“FFE16"

is sel.
Writing to watchdog timer

register (address 6016)

o>

2Vce
RESET O detection
circuit
AN
—O) |
—)
STP instruction S Q

L T

interrupt request

Fig. 9.1.1 Block diagram of watchdog timer
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WATCHDOG TIMER

9.1 Block description

9.1.1 Watchdog timer

Watchdog timer is a 12-bit counter that down-counts the count source which is selected with the watchdog
timer frequency select bit (bit O at address 6116). A value “FFF16” is automatically set in Watchdog timer
in the cases listed below. An arbitrary value cannot be set to Watchdog timer.

e When dummy data is written to the watchdog timer register (Refer to Figure 9.1.2.)
e When the most significant bit of Watchdog timer becomes “0”
e When the STP instruction is executed (Refer to “Chapter 10. STOP MODE.” )
e At reset
b7 b0

Bit

Functions

At reset

RW

----------------- 7100

| I I I I I | | | Watchdog timer register (Address 6016)

Initializes the watchdog timer.
When a dummy data is written to this register, the watchdog
timer's value is initialized to “FFFi6.” (Dummy. data: 0016 to FFie)

Undefined

Fig. 9.1.2 Structure of watchdog timer register
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WATCHDOG TIMER
9.1 Block descrietion

9.1.2 Watchdog timer frequency select register
This is used to select the watchdog timer’'s count source. Figure 9.1.3 shows the structure of the watchdog
timer frequency select register.

b7 b6 b5 b4 b3 b2 bl bo

Watchdog timer frequency select register (Address 6116)

A A Bit Bit name Functions Atreset| RW
E E E E E E e 0 Watchdog timer frequency select| O : fs12 0 RW
A bit 1:fa2

e 7 to 1 | Nothing is allocated. Undefined| —

Fig. 9.1.3 Structure of watchdog timer frequency select register
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WATCHDOG TIMER

9.2 Operation description

9.2 Operation description
The operation of Watchdog timer is described below.

9.2.1 Basic operation

O Watchdog timer starts down-counting from “FFFs.”

O When the Watchdog timer’'s most significant bit becomes “0” (counted 2048 times), the watchdog timer
interrupt request occurs. (Refer to Table 9.2.1.)

O When the interrupt request occurs at above O, a value “FFFis” is set to Watchdog timer.

The watchdog timer interrupt is a nonmaskable interrupt. When the watchdog timer interrupt request is
accepted, the processor interrupt priority level (IPL) is set to “111..”

Table 9.2.1 Occurrence interval of watchdog timer
interrupt request

Watchdog timer f(Xin) = 25 MHz
frequency select bit | Ceount source |Occurrence interval
0 f512 41.94 ms
1 fa2 2.62 ms
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WATCHDOG TIMER

9.2 Operation description

(1) Example of program runaway detection

Write to the address 6016 (watchdog timer register) before the most significant bit of Watchdog timer
becomes “0.” In the case that Watchdog timer is used to detect a program runaway, if writing to
address 6016 is not performed owing to a program runaway, the watchdog timer interrupt request
occurs when the most significant bit of Watchdog timer becomes “0.” It means that a program
runaway has occurred.

To reset the microcomputer after a program runaway, write “1” to the software reset bit (bit 3 at
address 5Ei6) in the watchdog timer interrupt routine.

( Main routine )

Watchdog timer register -«—  8-bit dummy data Watchdog timer initialized
(Address 6016) Value of watchdog timer :
“FFF16” (Note 1)

Watchdog timer
interrupt request occur
(program runaway detected)

@atchdog timer interrupt routine)

Software reset bit -s«— “1" (Note 2)

(Address 5E1s, b3) Reset microcomputer

RTI

Notes 1: Initialize (write 10 address 6016) Watchdog timer before the most significant bit of
Watchdog timer becomes “0” (the watchdog timer interrupt request occurs).
2: When the program runaway occurs, values of the data bank register (DT) and direct
page register (DPR) may be changed. When “1” is written to the software reset bit by
the addressing mode using DT and DPR, set values to DT and DPR again.

Fig. 9.2.1 Example of program runaway detection by Watchdog timer
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WATCHDOG TIMER

9.2 Operation description

9.2.2 Operation in Stop mode
In Stop mode, Watchdog timer stops operating. Immediately after Stop mode is terminated, Watchdog timer
operates as follows.

(1)

(2)

When Stop mode is terminated by a hardware reset

Supply of the @ and ¢ru starts immediately after Stop mode is terminated, and the microcomputer
performs the “operation after a reset.” (Refer to “Chapter 13. RESET.”) The watchdog timer frequency
select bit becomes “0,” and Watchdog timer starts counting of fsi> from “FFFus.”

When Stop mode is terminated by an interrupt request occurrence

Immediately after the stop mode is terminated, Watchdog timer starts counting of the count source
fs2 from “FFF16.” Supply of the ¢ and ¢ru starts when the Watchdog timer’'s most significant bit
becomes “0.” (At this time, the watchdog timer interrupt request does not occur.)

Supply of the ¢eru starts immediately after Stop mode is terminated, and the microcomputer executes
the routine of the interrupt which is used to terminate Stop mode. Watchdog timer restarts counting
of the count source (Note) from “FFFis.”

Note: Clock fs2 or fsiz which was counted just before executing the STPR instruction.

9.2.3 Operation in Hold state

Watchdog timer stops operating in Hold state. When Hold state®™ is terminated, Watchdog timer restarts
counting in the same state where it stopped operating.

Hold state™ Refer to section “12.4 Hold function.”
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9.3 Precautions when using watchdog timer

9.3 Precautions when using watchdog timer

1.

When a dummy data is written to address 6016 with the 16-bit data length, writing to address 611 is
simultaneously performed. Accordingly, when the user does not want to change a value of the watchdog
timer frequency select bit (bit O at address 6116), write the previous value to the bit simultaneously with
writing to address 60zs.

. When the STP instruction (refer to “Chapter 10. STOP MODE" ) is executed, Watchdog timer stops.

When Watchdog timer is used to detect the program runaway, select “STP instruction disable” with mask
option.

. To stop Watchdog timer in Hold state, the count source which is actually counted by Watchdog timer is

the logical AND product of two signals. One is the inverted signal input from the HOLD pin, and the other
is the count source (fs2 or fsiz)(Note). Accordingly, when the HOLD pin’s input signal level changes in a
duration which is shorter than 1 cycle of the count source (Note), counting by Watchdog timer can be
performed. (Refer to Figure 9.3.1.)

Note: It is selected with the watchdog timer frequency select bit.

Clock 32 or fs12 _l—l—l—l—l—l—l—l—l—
Count source actually | ’—| l_l | | ]
counted by Watchdog timer

- -

When HOLD pin’s input signal level
changes in duration which is shorter
than 1 cycle of fs2 or fs12

HOLD pin input signal

Fig. 9.3.1 Watchdog timer’s count_source
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STOP MODE

10.1 Clock generating circuit

This chapter describes Stop mode.

Stop mode is used to stop oscillation when there is no need to operate the central processing unit (CPU).
The microcomputer enters Stop mode when the STP instruction is executed.

Stop mode can be terminated by an interrupt request occurrence or the hardware reset.

10.1 Clock generating circuit
Figure 10.1.1 shows the clock generating circuit.

CPU : Central Processing Unit
BIU : Bus Interface Unit
Watchdog timer frequency select bit : Bit O at address 6116

> 2
XIN Xoutr 1 = fis Operation clock for
O fos | internal peripheral devices
Interrupt request S Q 1/2 1/8 N 2

f Watchdog timer frequency
512 | select bit

STP instruction >R
fa2 §D7 Watchdog
timer
t

Hold reques

}-o 0]

! Watchdog timer's 1]
underflow signal
Ready request (Note)
Request of CPU wait ¢ CPU

1s Q from BIU
(acceptance of Hold
request included)

WIT instruction — R

Note: This is the signal generated when thie watchdog timer’s most significant bit becomes “0.”

Fig. 10.1.1 Clock generating.circuit
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10.2 Operation description

10.2 Operation description

When the STP instruction is executed, the oscillator stops oscillating. This state is called “Stop mode.”
In Stop mode, the contents of the internal RAM can be retained intact when the Vcc, power source voltage,
is 2 V or more. Additionally, the microcomputer’s power consumption is reduced. It is because the CPU and
all internal peripheral devices using clocks f2 to fsi2 stop the operation.

Table 10.2.1 lists the microcomputer state and operation in and after Stop mode.

Table 10.2.1 Microcomputer state and operation in and after Stop mode

Item State and Operation

State in Oscillation Stopped
Stop mode | gru, @ clock ¢, f2 to f512

= Timer A Operating enabled only in event counter mode

E’ Timer B

% Serial 1/0 Operating enabled only when selecting external clock

§$ A-D converter Stopped

5 = | Watchdog timer

EZ Pins Retains the same state in which the STP instruction was executed
Operation By interrupt request|Supply of gcPu and ¢ starls aiter a certain time measured by
after termi-| occurrence watchdog timer has passed.
nating Stop| By hardware reset Operates in the same way as hardware reset
mode
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10.2 Operation description

10.2.1 Termination by interrupt request occurrence

When terminating Stop mode by interrupt request occurrence, instructions are executed after a certain time
measured by the watchdog timer has passed.

O When an interrupt request occurs, the oscillator starts oscillating. Simultaneously, supply of clock @, f2
to fsi2 starts.

O The watchdog timer starts counting owing to the oscillation start. The watchdog timer counts fs2.

O When the watchdog timer’'s MSB becomes “0,” supply of geru, @ starts. At the same time, the watchdog
timer’'s count source returns to fs2 or fsi2 that is selected by the watchdog timer frequency select bit (bit

0 at address 61:1s).
O The interrupt request which occurs in O is accepted.

Table 10.2.2 lists the interrupts used to terminate Stop mode.

Table 10.2.2 Interrupts used to terminate Stop mode

Interrupt Conditions for using each function to. generate interrupt request
INTi interrupt (i = 0 to 2)
Timer Ai interrupt (i = 0 to 4) Enabled in event counter mode
Timer Bi interrupt (i = 0 to 2)
UARTiI transmit interrupt (i = 0, 1) Enabled when selecting external clock
UARTI receive interrupt (i = 0, 1)

Notes 1. Since the oscillator has stopped oscillating, each function does not work unless they are operated
under the above condition. Also, the A-D converter does not work.
2: Since the oscillator has stopped oscillating, ro interrupts other than those above can be used.
3: Refer to “Chapter 4. INTERRUPT” and the description of each internal peripheral device for
details about each interrupt.

Before executing the STP instruction, enable interrupts used to terminate Stop mode.

In addition, the interrupt priority level of the interrupt used to terminate Stop mode must be higher than the
processor interrupt priority level (iPL) of the routine where the STP instruction is executed. When multiple
interrupts in Table 10.2.2 are<enabled; Stop mode is terminated by the first interrupt request.

There is possibility that all interrupt requests occur after the oscillation starts in O and until supply of gru
and s starts in 0. The interrupt requests which occur during this time are accepted in order of priority
(Note) after the watchdog timer's MSB becomes “0.”

For interrupts not to be accepted, set their interrupt priority levels to level 0 (interrupt disabled) before
executing the STP instruction.

Note : The interrupt request which has the highest priority is accepted first.
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10.2 Operation description

Stop mode

R AVAVAVAY AVAVAVASIAVAY
or L] L
o cpu, ¢BIU

Interrupt request

used to terminate «q» A
Stop mode \—

(Interrupt request bit) “0” fs2 0 2048 counts
“FFF16” === S -
Value of watchdog timer
4 - e
CPU  Operating Stopped Stopped Operating
Internal peripheral devices  Operating Stopped Operating Operating

/N

e STP instruction e Interrupt request used toc e Watchdog timer's MSB = “0”
is executed terminate Stop mode (However, watchdog timer interrupt
occurs. request does not occur.)
e Oscillation starts.(When e Supply of ¢ cpu, ¢ BIU Starts.
an external clock is input e Interrupt request which has been used
from the Xin pin, clock to terminate Stop mode is accepted.
input starts.)
e Watchdog timer starts
counting.

Fig. 10.2.1 Stop mode terminating sequence by interrupt request occurrence

10.2.2 Termination by hardware reset

Supply “L” level to the RESET pin by using the external circuit until the oscillation of the oscillator is
stabilized.

The CPU and the SFR area are initialized in the same way as a system reset. However, the internal RAM
area retains the same contents as that before executing the STP instruction. The termination sequence is
the same as the internal processing sequence which is performed after a reset.

To determine whether a hardware reset was performed to terminate Stop mode or a system reset was
performed, use software after a reset.

Refer to “Chapter 13. RESET” for details about a reset.
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10.3 Precautions for Stop mode

10.3 Precautions for Stop mode

1. When using the STP instruction with the mask ROM version, select “STP instruction enable” with the STP
instruction option on the MASK ROM ORDER CONFIRMATION FORM.
The STP instruction is always enabled in the built-in PROM version and the external ROM version.

2. When executing the STP instruction after writing to the internal area or an external area, the three NOP
instructions must be inserted to complete the write operation before the STP instruction is executed.

NOP
NOP
NOP
STP

STA A, 0OOO

Writing instruction
NOP instruction insertion

STP instruction

Fig. 10.3.1 NOP instruction insertion example
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WAIT MODE

11.1 Clock generating circuit

This chapter describes Wait mode.

Wait mode is used to stop gru and ¢ when there is no need to operate the central processing unit (CPU).
The oscillator continues its oscillation. The microcomputer enters Wait mode when the WIT instruction is
executed.

Wait mode can be terminated by an interrupt request occurrence or the hardware reset.

11.1 Clock generating circuit
Figure 11.1.1 shows the clock generating circuit.

CPU: Central Processing Unit
BIU: Bus Interface Unit
Watchdog timer frequency select bit: Bit O at address 6116

» 2
XIN Xout o1 = fie Operation clock for
fou internal peripheral devices
Interrupt request s Q 12 1/8 r > fs1

Watchdog timer
fs12  frequency select bit
L—="0

STP instruction R fa2 Watchdog
0 timer
Hold request
Q
)
o Watchdog timer's Y
underflow signal
Ready request (Note)
L] Request of CPU wait ecPu
S Q from BIU

(acceptance of Hold
request included)
WIT instruction — R

Note: This is the signal generated when the watchdog timer’'s most significant bit becomes “0.”

Fig. 11.1.1 Clock generating circuit
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11.2 Operation description

11.2 Operation description
When the WIT instruction is executed, gru and @ stop. The oscillator’s oscillation is not stopped. This state
is called “Wait mode.”

In Wait mode, the microcomputer’s power consumption is reduced though the Vcc is, power source voltage,
is maintained.

Table 11.2.1 lists the microcomputers state and operation in and after Wait mode.

Table 11.2.1 Microcomputer state and operation in and after Wait mode

Item State and Operation
State in Oscillation Operating
Wait mode |¢cPu, @ Stopped
Clock ¢, f2 to fs12 Operating
Timer A Operating
Timer B
Serial 1/0

A-D converter
Watchdog timer
Pins Retains the same state in which the WIT instruction was executed

Operation By interrupt request|Supply of gcpPu and ¢ starts just after the termination.
after termi- | occurrence

nating Wait | By hardware reset Operates in the same way as hardware reset
mode

Internal peripheral

devices
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11.2 Operation description

11.2.1 Termination by interrupt request occurrence

O When an interrupt request occurs, supply of clock gruand ¢ starts.

O The interrupt request which occurs in [0 is accepted.

The following interrupts are used to terminate Wait mode.

The occurrence of the watchdog timer interrupt request also terminates Wait mode.

«INTi interrupt (i = 0 to 2)
*Timer Ai interrupt (i = 0 to 4)
*Timer Bi interrupt (i = 0 to 2)
*UARTI transmit interrupt (i = 0, 1)
*UARTI receive interrupt (i = 0, 1)
*A-D converter interrupt
Note : Refer to “Chapter 4. INTERRUPTS " and each functional description about interrupts.

Before executing the WIT instruction, enable interrupts used to terminate Wait mode.
In addition, the interrupt priority level of the interrupt used to terminate Wait‘mode must be higher than the
processor interrupt priority level (IPL) of the routine where the WIT instruction is executed. When the above
multiple interrupts are enabled, Wait mode is terminated by the first interrupt.-request.

11.2.2 Termination by hardware reset

The CPU and the SFR area are initialized in the same way as a system reset. However, the internal RAM
area retains the same contents as that before executing the WIT instruction. The termination sequence is
the same as the internal processing sequence which is performed after a reset.

To determine whether a hardware reset was performed.toc terminate Wait mode or a system reset was
performed, use software after a reset.

Refer to “Chapter 13. RESET” for details about a reset.
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11.3 Precautions for Wait mode

11.3 Precautions for Wait mode

When executing the WIT instruction after writing to the internal area or an external area, the three NOP
instructions must be inserted to complete the write operation before the WIT instruction is executed.

STA A, 0O0O0O0O ; Writing instruction

NOP ; NOP instruction insertion
NOP ;

NOP ;

WIT ; WIT instruction

Fig. 11.3.1 NOP instruction insertion example
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11.3 Precautions for Wait mode

MEMORANDUM
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

This chapter describes functions to connect devices externally.

12.1 Signals required for accessing external devices

The functions and operation of the signals which are required for accessing external devices are described
below.

When connecting an external device that requires a long access time, refer to sections “12.2 Software
Wait,” “12.3 Ready function,” and “12.4 Hold function,” as well as this section.

12.1.1 Descriptions of signals

When an external device is connected, operate the microcomputer in the memory expansion or microprocessor
mode. (Refer to section “2.5 Processor modes.” ) In these modes, pins PO to P4 and the E pin function
as /O pins for the signals required for accessing external devices.

Figure 12.1.1 shows the pin configuration in the memory expansion and microprocessor modes. Table
12.1.1 lists the functions of pins PO to P4 and the E pin in the memory expansion and the microprocessor
modes.
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

e External data bus width = 16 bits (BYTE = “L”")

e External data bus width = 8 bits (BYTE = “H")

P77/AN7/ADTRG <>[74 |
P76/AN6 <>[75 |
P75/AN5 <>[76 |
P74/AN2 <>[77]
P73/AN3 <>[7g
P72/AN2 <>[79 |
P71/AN1 <>g0]|

~
N

O

-

@
&
gggg 8888
BB c o sner2e2 3333838585
A0 A0 CCACCLCLCCICCCCCICCCC
A O I R R
HHFAR PR AR AR AR FRR R EFEFR
(, 2\
P83/TxDo <65 | (C) h
P82/RxDo « (66
P81/CLKo <6/ |
P80/CTSo/RTSo <> ¢8|
Vce [69 |
AvVce [0}
VREF —>[11]
v Bl M37702M2BXXXFP

@
&
iEEE 1358585 8a4a8
5 ® = 2235353 T B 8 R 3 0
PEPP 2323225223 723233232
RN
Bl el o el ol e el o o o Tl e e e o e
s N
P83/TxDo <> 65 | KQ h [40]<> Az0/Da
P82/RxDo <> [es | [ 30]<> A21/Ds
P81/CLKo <> [e7] [as]<> Az/Ds
P80/CTSo/RTSo <> s8] Lar]<> Asa/D7
Vcc 69 36— R/W
AVcc [70] ['s5]— BHE
VRer —>[71] [3a]— ALE
N Hl M37702M2BXXXFP - [E i
P77/AN7/ADTRG <>[74 | | 81— E
P76/ANs <>[15 | [ 30— Xour
P75/ANs <>[76 | 29]<— Xin
P74/ANa <>[77] 28]<— RESET
P73/ANs <>[78] | 27] CNVss
P72/AN2 <>[19] Q 26]< BYTE
P71/AN1 <>[s0] \O PAES <« HOLD
N Y,
0 e R
R
R e g e e G P
LoooanaoaOIWwFOFIWZWOF
aoo Qgﬂ-g’-‘-g‘lg’lg = O : As ¢ 1in microprocessor mode

. External address bus, external data bus,
bus control signal

E‘_’ A20/D4
|.39|<> A21/Ds
1 381<>  A22/De
| 37/<> Az3/D7
| 36/ R/W
[s5]— BHE
[3a]— ALE
[l oA
| 32] Vss
LS E

1 30I—> Xout
29|<— XN

| 28]<— RESET
[27]  CNvss
26|<— BYTE
25|<— HOLD

O

Vs

-

P70/AN0 <>[~|

P67/TB2IN <>[~|
P66/TBLIN <>[ |
P65/TBOIN <>[=|

=]

P47 <>[&]
P4s <>[z |
P4s <>[x]
P4s <[]
P4s <[]
OP42/ ¢ 1 <>[8]

RDY —>

P64/INT2 <> [

P63/INT1 <>[= ]

P62/INTo <>[=|
P61/TA4IN <>[= |
P60/TAdout <>[= |

P57/TA3IN <>[5 |

P56/TA30uT <>[= |
P5s/TA2IN <>[5 |
P54/TA20uT <>[5 |
P53/TALIN <>[2 |
P52/TAlout <>[5 |
P51/TAON <>[5 |
P50/TAOouT <>[% |

O :As ¢ 1in microprocessor mode

. External address bus, external data bus,
bus control signal

Fig. 12.1.1 Pin configuration in memory expansion and microprocessor modes (top view)
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

Table 12.1.1 Functions of pins PO to P4 and E pin in memory expansion and microprocessor modes

D(odd): Data at odd address

External data bus . .
width 16 bits 8 bits
Pin (BYTE ="“L") (BYTE = “H")
A7 — Ao
(PO) Ar—Ao X Ar— Ao X
A15/D15 — As/Ds
(P1) A'&l;//gsﬁ_:x Ais—As X D(odd) X: A1is—As :X A1s— As X:

A23/D7 — A16/Do

— A2s/D7—
*2) A XX e X | AR D X
D(even): Data at even address D: Data
HLDA (P33) HLDA X HLDA X (Note 1)
ALE (P32) ALE ALE
BHE (P31) siE X BHE X
R/W (P30) rRw X R/IW %
P47 — P43 P4 —P4s_ X P X
P: Functions as a programmable I/O port.

0 1 (P42) o1 C_Jorl | LI ey
RDY (P41) RBY o X RDY X (Note 4)
HOLD (P4o) Ho ' _ X HOLD X (Note 4)
E _ _

E E

Notes 1:The 7703 Group does not have the HLDA pin.

2:In the memory expansion mode, this pin functions as a programmable I/O port and can be programmed as the clock ¢ 1

output pin by software.

3:This table shows the pins’ functions. Refer to the following about the input/output timing of each signal:

“12.1.2 Operation of bus interface unit (BIU)
“ Chapter 15. Electrical characteristics

", “12.2 Software Wait

4:Fix bits 0 and 1 of the Port P4 direction register to “0.” Perform the setup regardless of whether using the P4 o/HOLD and

", “12.3 Ready function

P41/RDY pins as the HOLD or RDY pins or not. For the external ROM version, perform the same setup.

12-4
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

(1) External bus (A o to A7, As/Ds to A1s/Dis, A1s/Do to A23/D7)

External areas are specified by the address (Ao to Azs) output. Figure 12.1.2 shows the external area.
Pins As to Azs of the external address bus and pins Do to Dis of the external data bus are assigned
to the same pins. When the BYTE pin level, described later, is “L” (i.e., external data bus width is
16 bits), the As/Ds to Ai1s/Dis and Ais/Do to A2s/D7 pins perform address output and data input/output
with time-sharing. When the BYTE pin level is “H” (i.e., external data bus width is 8 bits), the
A16/Do to Az2s/D7 pins perform address output and data input/output with time-sharing, and pins As to
Ais output addresses.

Memory expansion mode Microprocessor mode
O16 O16
SFR area SER area
(Note) (Note)
8016 8016
Internal RAM Internal RAM
area area
28016 28016
C00016
Internal ROM
area
1000016
FFFFFF16 FFFFFF16
I:] : External area
Note: Addresses 216 to 916 become an external area.

Fig. 12.1.2 External area
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

(2)

3)

4

®)

External data bus width switching signal (BYTE pin level)

This signal is used to select the external data bus width between 8 bits and 16 bits. When this signal
level is “L,” the external data bus width is 16 bits; when the level is “H,” the bus width is 8 bits (refer
to Table 12.1.1.)

Fix this signal to either “H” or “L” level.

This signal is valid only for the external areas. When accessing the internal areas, the data bus width
is always 16 bits.

Enable signal (E)
This signal becomes “L” level while reading or writing data to and from the data bus. (See Table
12.1.2)

Read/Write signal (R/W)
This signal indicates the state of the data bus. This signal becomes “L” level while writing to the data
bus. Table 12.1.2 lists the state of the data bus indicated with the E and R/W signals.

Table 12.1.2 State qf data bus indicated with E
and R/W signals

E R/W State of data bus
H H Not used

L
L H Read data

L Write data

Byte high enable signal (BHE)

This signal indicates the access to an odd address. This signal becomes “L” level when accessing
an only odd address or when simultaneously accessing odd and even addresses.

This signal is used to connect memories or 1/O devices of which data bus width is 8 bits when the
external data bus width is 16 bits.

Table 12.1.3 lists levels of the exterial address bus Ao and the BHE signal and access addresses.

Table 12.1.3 Levels of A 0 and BHE signal and access addresses

Access address Even and odd addresses Even address Odd address
(Simultaneous 2-byte access) (1-byte access) (1-byte access)
Ao L L
BHE L H L
(6) Address latch enable signal (ALE)

(7)

(8)

This signal is used to obtain the address from the multiplexed signal of address and data that is input
and output to and from the As/Ds to Ais/Dis and Ais/Do to A2s/D- pins. Make sure that when this signal
is “H,” latch the address and simultaneously output the addresses. When this signal is “L,” retain the
latched address.

Ready function-related signal ( RDY)
This is the signal to use the Ready function. (Refer to section “12.3 Ready function.” )

Hold function-related signals ( HOLD, HLDA)
These are the signals to use the Hold function. (Refer to section “12.4 Hold function.” )

12-6
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

(9) Clock @

This signal has the same period as ¢.
In the memory expansion mode, this signal is output externally by setting the clock ¢ output select

bit (bit 7 at address 5Ei6) to “1.” Figure 12.1.3 shows the output start timing of clock ¢

In the microprocessor mode, this signal is always output externally.

Note:

Even in the single-chip mode, the clock @ can be output externally. This signal is output

externally by setting the clock @ output select bit to “1” just as in the memory expansion

mode.

Clock ¢ 1(P42)

Writing “1” to clock ¢ 1 output select bit

————

L

I LI

Notes 1: The 1st cycle of clock ¢ 1 may be shortened; indicated by I
2: This applies when writing to clock ¢ 1 output selecthit while
P42 pin is outputting “L” level.

Fig. 12.1.3 Output start timing of clock @

b7 b6 b5 b4 b3 b2 bl b0
| | 0 | | | | | | | Processor mode register{Address 5E16)
Bit Bit hame Functions Atreset | RW
E E E E R E- b de bit b1 b0
o ' E ' 1 ° TocesEuRTgo" OIS 0 0 : Single-chip mode 0 RW
oo H vt 0 1: Memory expansion mode
oo : R 1 1 0 : Microprocessor mode 0 RW
oo . : 11 : Not selected (Note 1)
E , E E HER N | 2 Wait bit 0 : Software Wait is inserted when 0 RW
' : v H accessing external area.
oo : 1 : No software Wait is inserted
oo ' when accessing external area.
AR, 3 | Software reset bit The microcomputer is reset by 0 WO
- writing “1” to this bit. The value is
Vo “0” at reading.
R 4 | Interrupt priority detection time | **** 0 RW
o selle i 00: 7 cycles of ¢
o 01:4cyclesof ¢
b e 5 10:2cycles of ¢ 0 RW
o 11 : Not selected
R E e 6 Fix this bit to “0.” 0 RW
C e mmeemmmmmmmmaaaaan 7 Clock ¢ 1 output select bit 0: Clock ¢ 1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0 port.)
1: Clock ¢ 1 output enabled
(P42 functions as a clock ¢ 1 out-
put pin.)

after a reset. (Fixed to “1.”)

Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1”

2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)

I:I : Bits 0 to 6 are not used for setting of clock ¢ 1 output.

Fig. 12.1.4 Structure of processor mode register

7702/7703 Group User's Manual
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

12.1.2 Operation of bus interface unit (BIU)

Figures 12.1.5 and 12.1.6 show the examples of operating waveforms of the signals input and output to
/from externals when accessing external devices. The following explains these waveforms compared with
the basic operating waveform (refer to section “2.2.3 Operation of bus interface unit (BIU).” )

)

(2)

When fetching instructions into instruction queue buffer

O When the instruction which is next fetched is located at an even address in the 16-bit external data
bus width, the BIU fetches 2 bytes at a time with the waveform (a). When in the 8-bit external data
bus width, the BIU fetches only 1 byte with the first half of waveform (e).

O When the instruction which is next fetched is located at an odd address in the 16-bit external data
bus width, the BIU fetches only 1 byte with the waveform (d). When in the 8-bit external data bus
width, the BIU fetches only 1 byte with the first half of waveform (f).

When a branch to an odd address is caused by a branch instruction and others in the 16-bit external
data bus width, the BIU first fetches 1 byte in waveform (d), and after that, fetches each two bytes
at a time in waveform (a).

When reading or writing data to and from memory«l/O device

O When accessing 16-bit data which begins at an even address, waveform (a) or (e) is applied.
O When accessing 16-bit data which begins at an odd address, waveform (b) or (f) is applied.
O When accessing 8-bit data at an even address, waveform (g) or the first half of (e) is applied.
O When accessing 8-bit data at an odd address, waveform (d) or the first half of (f) is applied.

For instructions that are affected by the data length flag (m) and the index register length flag (x),
operation O or O is applied when flag m or x = “0"; operation O or O is applied when flag m or x
= “1.”

The setup of flags m and x and the selectiorn of tiie external data bus width do not affect each other.

12-8
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

<16-bit data access>

(a) Access from even address

ALE / 0\

e External data bus width = 16 bits (BYTE = “L")

E N/

Address

Ao — A7 :X

X

As /Ds — A1s /D15 X Address X Data(odd) X

A16 /Do — A23 /D7 X Address X Data(even){

Ao:>\

—

BHE __\

—

(b) Access from odd address

ALE /\

E N aN_

W

Address

Ao — A7 X

X Address X

As /D8 — A15 /D15 X Address )@ata(OtEXAddress X — X

A16 /Do — A23 /D7 XAddress X' — X Address XDataeven)y
Ao Y \ £
BhENd )\ / \

<8-bit data access>

(c) Access to even address
E N/
ALE /\
Ao— A7 :x X
As /D8 — A15 /D15 XAddressX — ><
A16 /Do — A23 /D7 X Address XData(even)X
AN Y
BHE Y X

Address

(d) Access to odd address
E —\_/_
ALE / \
Ao—A7 X X
As /D8 — A15 /D15 X Address X Data(odd) X
A16 /Do — A23 /D7 XAddressX — ><

po Y N
BHE __ N\ A

Address

Fig. 12.1.5 Example of operating waveforms of signals input and output to/from externals (1)
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

e External data bus width = 8 bits (BYTE = “H")

<8/16-bit data access>

(e) Access from even address

M\ e\ |

ALE .
A0 — A7 : Address X Address X
As — A1s \ Address X Address X

Address X Data X Address X Data )k
/ ‘& 3
BHE \ A

|
|
!
8-bit data access |
|

A1e /Do — A23 /D7

Ao

16-bit data access

A
\

(f) Access from odd address

R S e N e
ne LN\ /\ |

Ao — A7 }<‘ Address X Address X

As — Ais X Address X Address )k
A1e /Do — A23 /D7 x‘ Address X Data X Address X Data X
po ) \ -
BHE __) / X
3 8-bit data access 3

16-bit data access

A
\

Note: When accessing 16-bit data, 2 times of access are performed in
the sequence of the low-order 8 bits and high-order 8 bits.

Fig. 12.1.6 Example of operating waveforms of signals input and output to/from externals (2)
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CONNECTION WITH EXTERNAL DEVICES

12.2 Software Wait

12.2

Software Wait

Software Wait provides a function to facilitate access to external devices that require a long access time.
To select the software Wait, use the wait bit (bit 2 at address 5Ei6). Figure 12.2.1 shows the structure of
the processor mode register (address 5Eis). Figure 12.2.2 shows an example of bus timing when the
software Wait is used.
Software Wait is valid only for the external area. The internal areas is always accessed with no Wait.

b7 b6 b5 b4 b3 b2 bl bo
| I 0 I I I I I I | Processor mode register (Address 5E16)
Bit Bit name Functions Atreset | RW
e . b1 b0
E ' : : ' : - -—-- 0 Processor mode bits 00 : Single-chip mode 0 RW
A S o 0 1 : Memory expansion mode
por ' R R 1 1 0 : Microprocessor mode 0 RW
oo 11 : Not selected (Notel)
P R 2 | Wait bit 0 : Software Wait is inserted when 0 RW
' P ' : accessing external area.
b b 1 : No software Wait is inserted
' E i ' : when accéssing external area.
: N N 3 | Software reset bit The microcomputer is reset by 0 WO
P writing “1” to this bit. The value is
Co ‘0” at reading.
E i E . 4 Interrupt priority detection time | 2 2* 0 RW
N select Eitg ty 00: 7 cycles of ¢
: : : 01 : 4 cycles of ¢
R 5 10: 2 cycles of ¢ 0 RW
. 11: Not selected
R L e LT TR 6 Fix this bit to “0.” 0 RW
P 7 | Clock & 1 output select bit 0: Clock ¢ 1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0 port.)
1: Clock ¢ 1 output enabled
(P42 functions as a clock ¢ 1 out-
put pin.)
Notes 1: While supplying the Vcc level to the CNVss pin, bit 1 becomes “1”
after a reset. (Fixed to “1.")
2: Bit 7 is ignored in the microprocessor mode. (It may be either “0” or “1.”)
: Bits 3 to 6 are not used when accessing the external area.
Fig. 12.2.1 Structure of processor mode register
7702/7703 Group User's Manual 12-11



CONNECTION WITH EXTERNAL DEVICES
12.2 Software Wait

<No Wait>
_ 1 bus cycle _
Clock ¢ 1 | | ' | | [ 1 [ |
e I
ALE |‘ E | |
Ao—A7 X Address X Address X
(N ote) . : :
As/Ds—A15/D15, A16/Do—A23/D7 XAddress_Data XAddress_Data X
e Internal areas are always accessed in this waveform.
<Wait>
_ 1 bus cycle _
Clock 01 [ ] [ L1 | Ll L L]
e 01— 7 1t T
ALE [ ] f
Ao—A7 X Address X Address X
(Note) | | 1
Ag/Ds—A15/D15, A16/Do—A23/D7 X Address X Daia X Address X Data X

Note: When the external data bus is 8 bits width (BYTE = “H"), As/Ds to A15/D1s operate with the same bus timing as Ao to A7.

Fig. 12.2.2 Example of bus timing when software Wait is used (BYTE = “L")
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CONNECTION WITH EXTERNAL DEVICES

12.3 Ready function

12.3 Ready function

Ready function provides a function to facilitate access to external devices that require a long access time.
Fix bit 1 of the port P4 direction register to “0.”

By supplying “L” level to the RDY pin in the memory expansion or microprocessor mode, the microcomputer
enters Ready state and retains this state while the RDY pin is at “L” level. Table 12.3.1 lists the microcomputer’s
state in Ready state.

In Ready state, the oscillator’s oscillation does not stop, so that the internal peripheral devices can operate.
Ready function is valid for the internal and external areas.

Table 12.3.1 Microcomputer’s state in Ready state

Item State
Oscillation Operating
(xru, @ Stopped at “L”
Pins Ao to A7, As/Ds to Retains the state when Ready request was accepted.

Ais/D1s, A1s/Do to A23/D7, E,
R/W, BHE, HLDA (Note 1),
ALE

Pins P4s to P4,

P5 to P8 (Note 2)

P4/ g In the memory expansion mode:

*When clock @ output select bit? = “1,” this pin outputs clock ¢.
*When clock @ output seleet bit = “0,” this pin retains the state when
Ready request was accepted.

In the microprocessor made:
*This pin outputs clock ¢.
Watchdog timer Operating

Clock @ output select bit”: Bit 7 at address 5Es
Notes 1: The 7703 Group does not have the HLDA pin.
2: When this functions as a proegrammable 1/O port.
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CONNECTION WITH EXTERNAL DEVICES

12.3 Ready function

12.3.1 Operation description

The input level of the RDY pin is judged at the falling of the clock @. Then, when “L” level is detected,
the microcomputer enters Ready state. (This is called acceptance of Ready request.)

In Ready state, the input level of the RDY pin is judged at every falling of the clock @. Then, when “H”
level is detected, the microcomputer terminates Ready state next rising of the clock ¢.

Figures 12.3.1 shows timing of acceptance of Ready request and termination of Ready state. Refer also
to section “17.1 Memory expansion " about use of the Ready function.
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CONNECTION WITH EXTERNAL DEVICES

12.3 Ready function

<No Wait>

RDY pin input level [J 0 a g 0
sampling timing \L \L \L \L J/
XS R A I I W R -~
0 | ‘ | ‘ ‘ ‘ | [0 The “L” level which is input to the RDY pin is
| P\ | P\ P\ | accepted, so that E stops at “H” level for 1 cycle of
O cru : ; : : clock ¢ 1 (indicated by @l ), and ¢ cPU stops
H H at “L” level.
E The “L” level which is input to the RDY pin is not
accepted, however ¢ cpu stops at “L” level.

ALE The “L” level which is input to the RDY pin is
accepted, so that E stops at “L” level for 1 cycle of
clock ¢ 1 (indicated by @ ). and ¢ cpu stops

RDY at “L” level.

- - ) .
) Bus not in use Bus in use [0 The ready state is terminated.
[0 The “L" level which is input to the RDY pin is not
accepted because it is sampled immegiately before
. \Wait by software Wait (indicated ),
<Wait>

howéver ¢ cpu stops at “L” level.

RDY pin input level
sampling timing

o 0 ad
Lol
costs [ | 4 T h ]

oo [ [ 110
w UL
- T\

Fig. 12.3.1 Timings of acceptance of Ready request and termination of Ready state
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CONNECTION WITH EXTERNAL DEVICES

12.4 Hold function

12.4 Hold function

When composing the external circuit (DMA) which accesses the bus without using the central processing
unit (CPU), the Hold function is used to generate a timing for transferring the right to use the bus from the
CPU to the external circuit. Fix bit O of the port P4 direction register to “0.”

In the memory expansion or microprocessor mode, the microcomputer enters Hold state by input of “L” level
to the HOLD pin and retains this state while the level of the HOLD pin is at “L.” Table 12.4.1 lists the
microcomputer’s state in Hold state.

In Hold state, the oscillation of the oscillator does not stop. Accordingly, the internal peripheral devices can
operate. However, Watchdog timer stops operating.

Table 12.4.1 Microcomputer’s state in Hold state

Item State
Oscillation Operating
Q Operating
(ru Stopped at “L”
E Stopped at “H”

Pins Ao to A7, As/Ds to Ais/Dis, Floating

A1s/Do to Azs/D7, RIW, BHE

Pins HLDA (Note 1), ALE |Outputs “L” level.

Pin P42/q In the memory expansion mode:

*When clock @ output select bit? = “1,” this pin outputs clock ¢.

*When clock @ output seleet bit = “0,” this pin retains the state when Hold
request was accepted.

In the microprocessor maode:

*This pin outputs clock ¢.

Pins P4sto P47, P5 to P8 (Note 2) | Retains the state when Hold request was accepted.

Watchdog timer Stopped

Clock ¢ output select bit®: Bit 7 at address 5Eus
Notes 1: The 7703 Group does:not have the HLDA pin.
2: When this functions as a programmable 1/O port.

12-16 7702/7703 Group User’s Manual



CONNECTION WITH EXTERNAL DEVICES

12.4 Hold function

12.4.1 Operation description

Judgment timing of the input level of the HOLD pin depends on the state using the bus. While the bus is
not in use, the judgment is performed at every falling of ¢. While the bus is in use, judgment is performed
at the falling of the last ¢ in each bus cycle. Additionally, when accessing word data starting from an odd
address with 2-bus cycle, the judgment is performed only at the second bus cycle. (See Figure 12.4.1.)
When “L” level is detected at judgment of the input level, the microcomputer enters Hold state. (This is
called acceptance of Hold request.)

When the Hold request is accepted, gceu stops next rising of ¢. At the same time, the HLDA pin’s level
changes “H” to “L”. When 1 cycle of ¢ has passed after the level of HLDA pin becomes “L", pins R/W, BHE,
and the external bus become floating state.

In Hold state, the input level of the HOLD pin is judged at every falling of ¢ Then, when “H” level is
detected, the HLDA pin’s level changes “L” to “H” next rising of ¢. When 1 cycle of ¢ has passed after the
level of HLDA pin becomes “H”, the microcomputer terminates Hold state.

Figures 12.4.2 to 12.4.4 show timing of acceptance of Hold request and termination of Hold state.

Note: @ has a same polarity and a same frequency as the clock ¢. However, @stops by the Ready request,
or executing the STP or WIT instruction. Accordingly, judgment of the input level of the HOLD pin
is not performed during Ready state.

@ Judgment timing of input level to HOLD pin

Clock §n M
o LI
e s
Reading @@
Writing @@@@

Accessing word data with 2-bus cycle.
(Example of no Wait)

Fig. 12.4.1 Judgment when accessing word data beginning from odd address with 2-bus cycle
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CONNECTION WITH EXTERNAL DEVICES

12.4 Hold function

<When inputting “L” level to HOLD pin during term unusing bus>

e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width
8 8, 16
Unused
16 8, 16
e elo o | !
coekos” [ [ f L L ||
we | VA -

E

7

N

! o & ) ‘ _
External address bus / \ Floating S
External data bus >>><<< Adqress A / ( Address B
External address bus X / / \ Floating Va———
BHE , —h / S
HOLD : ik | |
! O 0101
HLDA !
; Hold state o
- > | -
Term unusing bus 1 Term using bus

O This is the term in which the bus is not used, so that not a new
address but an address output just before is output again.

O Clock ¢ 1 has the same polarity and the same frequency as ¢ .
Signals timing to be input or output externally is ordained by clock ¢ 1 as a basis.

Fig. 12.4.2 Timing of acceptance of Hold request and termination of Hold state (1)
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CONNECTION WITH EXTERNAL DEVICES

12.4 Hold function

<When inputting “L” level to HOLD pin during term using bus; when data access is
completed with 1-bus cycle>

e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width
8 8,16
Using
16 16 (Access from even address)
Judgment timing of input
level to HOLD pin J, \L \L

Clock 01 | | | ]

ae [ ]

\ Floating

RIW \ | 4 \ —
Address A | | / 7Address A [ 1 1
NS
External address bus / / \ oating /
Dat
External data bus X<< X é 4 />»<<< / ! m
External address bus >< / / \ Floating | | —
BHE ]/ / \‘ / _
HOLD ! \« / | | | 3
Lo101 L 9.01 !
.~ 1
HLDA E | |
‘4 Hold state -
- -
' Termusing bus | 1 i Term using bus

0 When accepting a Hold request, not a new address but an address
output just before is output again.

Notes 1: This figure shows the case of no Wait.
2: Clock ¢ 1 has the same polarity and the same frequency as ¢ .
Signals timing to be input or output externally is ordained by clock ¢ 1 as a basis.

Fig. 12.4.3 Timing of acceptance of Hold request and termination of Hold state (2)
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CONNECTION WITH EXTERNAL DEVICES
12.4 Hold function

<When inputting “L” level to HOLD pin during term using bus; when data access is
completed with continuous 2-bus cycle>

e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width

8

Using 16

16 (Access from odd address)

Judgment timing of input
level to HOLD pin

Clock ¢ 1 |

“\ Floating |
) :

RIW \

. U
' Address A E / |
: . Y ¥ / 0! )
External address bus / \ ¢ - 2 1 % \ Floating | / | |
External data bus ><<< I?ata >>><<< X ?ata ? << / / :< Address B X
External address b : : ‘ \ Float |
xternal a ressm_'_u; x L )( oating

T

\
|
Address A+1 / |

| N—
Hob . ] \‘X
; E 0101 3
Not accepted ] v 1
HLDA :
| Hold state |
Term using bus ! 1 Term using bus

O When accepting a Hold request, not a new address but an
address output just before is output again.

O Hold request cannot be accepted before input/output of 16-bit
data is completed.

Notes 1: This figure shows the case of no Wait.
2: Clock ¢ 1 has the same polarity and the same frequency as ¢ .
Signals timing to be input or output externally is ordained by clock ¢ 1 as a basis.

Fig. 12.4.4 Timing of acceptance of Hold request and termination of Hold state (3)

12-20 7702/7703 Group User's Manual



CRHAPRPTER 13

RESET
D

13. are reset
3 ftware reset

O




RESET

13.1 Hardware reset

This chapter describes the method to reset the microcomputer. There are two methods to do that: Hardware
reset and Software reset.

13.1 Hardware reset

When the power source voltage satisfies the microcomputer’s recommended operating conditions, the
microcomputer is reset by supplying “L” level to the RESET pin. This is called a hardware reset. Figure
13.1.1 shows an example of hardware reset timing.

o
RESET “» l

1 2 [Lsormore

4 to 5 cycles of ¢

et o] »: Internal processing

! ' ' sequence after a

: 1 reset Program is executed.
e > > -y

* U U [

U

Note: When the clock is stably supplied. (Refer to “13.1.4 Time supplying “L” level to RESET pin.” )

Fig. 13.1.1 Example of hardware reset timing
The following explains how the microcomputer operates for terms O to O above.

O After supplying “L” level to the RESET pin; the microcomputer initializes pins within a term of several ten
ns. (Refer to Table 13.1.1.)

0 While the RESET pin is “L” level and within the term of 4 to 5 cycles of the internal clock ¢ after the
RESET pin goes from “L” to “H,” the microcomputer initializes the central processing unit (CPU) and SFR
area. At this time, the conténts of the internal RAM area become undefined (except when Stop or Wait
mode is terminated). (Refer to Figures 13.1.2 to 13.1.6.)

0 After O, the microcomputer performs “Internal processing sequence after reset.” (Refer to Figure 13.1.7.)

O The microcomputer executes a program beginning with the address set into the reset vector addresses
which are FFFEis and FFFFus.
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RESET

13.1 Hardware reset

13.1.1 Pin state

Table 13.1.1 lists the microcomputer’s pin state while the RESET pin is “L" level.

Table 13.1.1 Pin state while RESET pin is “L” level

Identification] CNVss pin level Pin (Port) name Pin state
Mask ROM version | M6 Vss or Vcc PO to P8 Floating.
M8 E Outputs “H” level.
M3 Vss PO to P8 Floating.
MD E Outputs “H” level.
M2 Vss PO to P8 Floating.
M4 E Outputs “H” level.
Vcc PO, P1, P2, P31 Outputs “H” or “L” level.
P30, P33, E Outputs “H” level.
P32 Outputs “L” level.
P42 Outpuis ¢u1.
P4o, P41, P43-P47, Floating.
P5 to P8
External ROM version | S1 Vce Ao—A7, As/Ds—A1s/ Outputs “H” or “L” level.
S4 D15, A16/Do-A23/D7,
BHE
R/W, HLDA, E Outputs “H” level.
ALE Outputs “L" level.
(01 Outputs ¢1.
HOLD, RDY, P43- Floating.
P47, P5 to P8
PROM version Vss PO to P8 Floating.
(Including One time PROM E Outputs “H” level.
and EPROM versions) vee (Note) PO, P1, P3 to P8 Floating.

P2

Floating while supplying “H” level
to two pins of P51 and P52, or one
of them.
Outputs “H” or “L” level while sup-
plying “L” level to two pins of P51
and P52.

E

Outputs “H” level.

Identification® : This expresses the internal memory type and its size identification. Refer to “Chapter 1.

DESCRIPTION.”

Note: Each pin becomes the above state. It is because the microcomputer enters the EPROM mode. Refer
to “Chapter 19. PROM VERSION ."

7702/7703 Group User’'s Manual
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RESET

13.1 Hardware reset

13.1.2 State of CPU, SFR area, and internal RAM area
Figure 13.1.2 shows the state of the CPU registers immediately after reset. Figures 13.1.3 to 13.1.6 show
the state of the SFR area and internal RAM area immediately after reset.

0 : “0” immediately after a reset.
1:"1” immediately after a reset.
? . Undefined immediately after a reset.
. : Always “0” at reading.
Register name State immediately after a reset
b15 b8 b7 b0
Accumulator A (A) | 2 | ? |
b15 b8 b7 b0
Accumulator B (B) | ? | ? |
b15 b8 b7 b0
Index register X (X) | 2 | ? |
b15 b8 b7 b0
Index register Y (Y) | 2 | 2 |
b15 b8 b7 b0
Stack pointer (S) | ? | ? |
b7 b0
Data bank register (DT) | 0016 |
b7 b0
Program bank register (PG) | 0016 |
b15 b8 b7 b0
Program counter (°PC) | Contents at address FFFF1s | Contents at address FFFE16 |
b15 b8 b7 b0
Direct page register (DPR) | 0016 | 0016 |
b15 b8 b7 b0
Processor status register (PS) 0 | 0 | 0?2 | ? | 0 | 0 | 0 | 1 | ? | ? |
IPL NV m x D I zZ C

Fig. 13.1.2 State of CPU registers immediately after reset
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RESET

13.1 Hardware reset

e SFR area (016 to 7F16)

RW:: It is possible to read the bit state at reading. The written value becomes valid data.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid data. It is not possible to read the bit state.

[ 1: Nothing is assigned. It is not possible to read the bit state. The written value becomes invalid.

0: “0” immediately after areset. [Q] : Always “0” at reading.

1:“1” immediately after a reset. ! ,
? : Undefined immediately after - Always undefined at reading.

areset. : “0” immediately after a reset. Fix to “0.”
Address Register name Access characteristics State immediately after a reset
b7 b0 b7 b0
016 ?
116 ?
216 Port PO register RW ?
316 Port P1 register RW ?
416 Port PO direction register RW 0016
516 Port P1 direction register RW 0016
616 Port P2 register RW ?
716 Port P3 register | | | | RW 0{njofo] ?
816 Port P2 direction register RW 0016
916 Port P3 direction register | | | | RW 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 [ (Note)
Ail6 Port P4 register RW ?
Bie Port P5 register RW ?
Ci16 Port P4 direction register RW 0016 (Note)
Die Port P5 direction register RW. 0016
Ei6 Port P6 register RW ?
Fie Port P7 register RW ?
1016 Port P6 direction register RW 0016 (Note)
1116 Port P7 direction register RW 0016 (Note)
1216 Port P8 register RW ?
1316 ?
1416 Port P8 direction register RW 0016 (Note)
1516 ?
1616 ?
1716 ?
1816 ?
1916 ?
1A16 ?
1B16 7
1C16 ?
1D16 7
1E16  A-D control register RW oj|O0OfofO0]|O ?
1F16  A-D sweep pin select register [ T T T | | rRw 2l2[2[?[?2][?]1]1

Note : In the 7703 Group, after a reset, set “1” to the bits which do not have corresponding pins. (Refer to section “20.4.1 I/O
pin.")

Fig. 13.1.3 State of SFR and internal RAM areas immediately after reset (1)
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RESET

13.1 Hardware reset

Address

2016
2116
2216
2316
2416
2516
2616
2716
2816
2916
2A16
2B16
2C16
2D16
2E16
2F16
3016
3116
3216
3316

Register name

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

UARTO transmit/receive mode register
UARTO baud rate register

UARTO transmit buffer register

3416 UARTO transmit/receive control register O
3516 UARTO transmit/receive control register 1

3616
3716
3816
3916
3A16
3B16
3C16
3Di16
3E16
3F16

UARTO receive buffer register

UART1 transmit/receive mode register
UART1 baud rate register
UART1 transmit buffer register
UARTL1 transmit/receive control register 0
UARTL1 transmit/receive control register 1

UART1 receive buffer register

Access characteristics

State immediately after a reset
b7 b0

RO

RO

RO

RO

RO

RO

RO

RO

RW

[@XESEENEEVEENE EVEENE ESEEVEEONEVE ESE ENE EVEEVE BN BN

o
=
o

WO

WO

wo

NN N

RO

RW

?21?2[?2]1?2]|1]0

RO

RVI|

RO[RW,

0j0jofojojoO

RO

?

ALF|

RO

oloflofolo]o]

RW

0016

wo

wo

e

RO

RW

RO

RW|

RORW

RO

olofofofofoO]

Fig. 13.1.4 State of SFR and internal RAM areas immediately after reset (2)
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RESET

13.1 Hardware reset

The access characteristics at addresses 4616 to 4F16 vary according to Timer A’s operating

Access characteristics

State immediately after a reset

b7 b0 b7 b0
RW 0016
?
[ [ | WO 2 Jofofolo]o
?
wo | RW oloJoJofo]olo]o
2
(Note 1) 2
(Note 1) ?
(Note 1) ?
(Note 1) 2
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) 2
(Note 2) 2
(Note 2) 2
(Note 2) ?
(Note 2) 2
(Note 2) ?
(Note 2) ?
RW 0016
RW 0016
RW 0016
RW 0016
RW 0016
RW_ v RW olol?[?2]lolololo
RW. |3 RW olo|?[?]olo0]O]oO
RW e ) RW olol2?2[2?2lolololo
RW WOlRWMweea[Rw| [ 0 RoN 0 [0 [ 0] 0 fwes 0
2

mode. (Refer o “Chapter 5. TIMER A.” )

The access characteristics at addresses 5016 to 5516 vary according to Timer B’s operating

mode. (Refer to “Chapter 6. TIMER B.” )

The access characteristics for bit 5 at addresses 5B16 to 5D16 vary according to Timer B’s

operating mode. (Refer to “Chapter 6. TIMER B.” )

Address Register name
4016 Count start register
4116
4216  One-shot start register
4316
4416 Up-down register
4516
4616 Timer AO register
4716
4816 Timer Al register
4916
4A16 Timer A2 register
4B16
4C16 Timer A3 register
4D16
4E1s Timer A4 register
4F16
5016

Timer BO register
5116
5216 Timer B1 register
5316
5416 Timer B2 register
5516
5616 Timer A0 mode register
5716  Timer A1 mode register
5816 Timer A2 mode register
5916 Timer A3 mode register
5A16 Timer A4 mode register
5B16  Timer BO mode register
5C16 Timer B1 mode register
5D16 Timer B2 mode register
5E16 Processor mode register
5F16
Notes 1:
2:
3:
4.

The access characteristics for bit 1 at address 5E16 and its state immediately after a reset vary
according to the voltage level supplied to the CNVss pin. (Refer to section “2.5 Processor

modes.” )

Fig. 13.1.5 State of SFR and internal RAM areas immediately after reset (3)
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13.1 Hardware reset

Address Register name Access characteristics State immediately after a reset
b7 b0 b7 b0

6016 Watchdog timer register (Note 1) ?(Note 2)

6116 Watchdog timer frequency select register | | | | | | |RW ? | 0
6216 2

6316 ?

6416 ?

6516 ?

6616 ?

6716 ?

6816 ?

6916 z

6A16 ?

6B16 ?

6C16 ?

6D16 ?

6E16 ?

6F16 ?

7016  A-D conversion interrupt control register RW - 0j0f0]O
7116 UARTO transmit interrupt control register RW ? o000
7216 UARTO receive interrupt control register RW ? 0|0|0fO
7316 UARTL transmit interrupt control register RW ? of0f0]oO
7416 UART1 receive interrupt control register RW ? 0|0j]0fO
7516 Timer A0 interrupt control register RW ? 0l]0j]0fO0O
7616 Timer Al interrupt control register RW ? of0f0]oO
7716 Timer A2 interrupt control register RW ? 0|0|0fO
7816 Timer A3 interrupt control register RW ? of0f[0]oO
7916 Timer A4 interrupt control register RW ? ofof0]oO
7A16 Timer BO interrupt control register RW ? of0f0]O0
7B16 Timer B1 interrupt control register RW ? ofo0f0]oO
7C16 Timer B2 interrupt control register RW ? 0|0|0fO
7D16 INTo interrupt control register RW ? 0/{0]0|]0|0|O
7E16 INT1 interrupt control register RW ? ofofofo0|0O]oO
7F16 INT2 interrupt control register RW ? ofofof0j0O0]oO

Notes 1: By writing dummy data to address 6016, the value “FFF16” is set to the watchdog timer.
The dummy . data is not retained anywhere.
2: The value “FFF16” is set to the watchdog timer. (Refer to “Chapter 9. WATCHDOG TIMER.”)

e Internal RAM area; addresses 8016 to 27F16 in M37702M2BXXXFP)
At hardware reset

(Except the case that Stop or Wait mode is terminated)...........ccccovvvivieieeiiiiiiireee e Undefined.
oAt SOFtWAIE FESEL......eiiiiiieii e Retaining the state immediately before a reset
At terminating Stop or Wait mode

(Hardware reset is used to terminate it)............... Retaining the state immediately before the STP or

WIT instruction is executed

Fig. 13.1.6 State of SFR and internal RAM areas immediately after reset (4)
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13.1 Hardware reset

13.1.3 Internal processing sequence after reset
Figure 13.1.7 shows the internal processing sequence after reset.

(1) Single-chip and Memory expansion modes

0 B I I B
RV I S B S B O B [ ] 1

Ar 0016
AHAL 000016 FFFE16 ADH, ADL
DATA - Not used) Not used Not used AD+, ADL B'S-Xéode><:

IPL, reset vector address

L I B .

m

e

RIW

(2) Microprocessor mode

o 1! G A
oo | [ L] L[N ] -

Ap 0016
AnAL 000016 FFFEs ADw, ADL
DATA - Not used X Not used Not used ADH, ADL ’S‘g.@ode

N IPL, reset vector address

E T LY [ ] [

® cpu : CPU standard clock AHAL : Low-order 16 bits address bus of CPU

; ; DATA : CPU data bus
: - f CPU :
AP High-order 8 bits address bus o ADH, ADL : Contents of reset vector address (FFFE16, FFFF16)

Fig. 13.1.7 Internal processing sequence after reset
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RESET

13.1 Hardware reset

13.1.4 Time supplying “L” level to RESET pin
Time supplying “L” level to the RESET pin varies according to the state of the clock oscillation circuit.

e When the oscillator is stably oscillating or a stable clock is input from the Xin pin, supply “L” level for
2 us or more.

e If the oscillator is not stably oscillating (including a power-on reset and In Stop mode), supply “L” level
until the oscillation is stabilized.
The time to stabilize oscillation varies according to the oscillator. For details, contact the oscillator
manufacturer.
Figure 13.1.8 shows the power-on reset condition. Figure 13.1.9 shows an example of a power-on reset
circuit.

O For details about Stop mode, refer to “Chapter 10. STOP MODE.” For details about clocks, refer to
“Chapter 14. CLOCK GENERATING CIRCUIT.”

s

/ 4.5V

Powered on here

|

Vcc

ov

RESET

—D.9v
o — "1

Note : Refer to “Figure.18.3.1 Power-on reset conditions " for the low
supply voltage version.

Fig. 13.1.8 Power-on reset eondition
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13.1 Hardware reset

- 5V
M37702
1/ M51957AL Vee
Vcce
27 kQ
2N ouTl> RESET

Delay 470

4
capacity

GND Vss
3 T Cd f SW

10 kQ

AAYAY

GND
O The delay time is about 11 ms when Cd:= 0.033 pF.
ta= 0.34 0 Cd [ us], Cd: [pF]

Note : Refer to “Figure 18.3.2 Example of power-on reset circuit " for the
low supply voltage version.

Fig. 13.1.9 Example of power-on reset circuit
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RESET

13.2 Software reset

13.2 Software reset

When the power source voltage satisfies the microcomputer’'s recommended operating conditions, the
microcomputer is reset by writing “1” to the software reset bit (bit 3 at address 5Eis). This is called a
software reset. In this case, the microcomputer initializes pins, CPU, and SFR area just as in the case of
a hardware reset. However, the microcomputer retains the contents of the internal RAM area. (Refer to
Table 13.1.1 and Figures 13.1.2 to 13.1.6.) Figure 13.2.1 shows the structure of processor mode register.
After completing initialization, the microcomputer performs the internal processing sequence after a reset.
(Refer to Figure 13.1.7.) After that, it executes a program beginning from the address set into the reset
vector addresses which are FFFEs and FFFFs.

b7 b6 b5 b4 b3 b2 bl bo

| I 0 I I I I I I | Processor mode register (Address 5E16)
E , ' : ' ' . ' Bit Bit name Functions Atreset | RW
- ) b1 b0
E E E E ' E E ----1 0 Processor mode bits 00 : Single-chip mode 0 RW
P 0 1 : Memory expansion mode
A P 1 1 0 : Microprocessor mode 0 RW
S 11 : Not selected (Note 1)
E E E E S 2 Wait bit 0 : Software Wait is inserted when 0 RW
P . accessing external area.
' . o . 1 : No scitware Wait is inserted
' . b . when accessing external area.
' R 3 Software reset bit The microcomputer is reset by 0 YY)
- writing “1” to this bit. The value is
o “0” at reading.
T S N 4 | Interrupt priority detection time [ 0 RW
oo select Eits v 00: 7 cycles of ¢
b E 01 : 4 cycles of ¢
A R R R R EE R 5 10: 2 cycles of ¢ 0 RW
. 11 : Not selected
L L LR TP 6 Fix this bit to “0.” 0 RW
e e ] 7 Clock ¢ 1 output select bit 0 : Clock ¢ 1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0O port.)
1: Clock ¢ 1 output enabled
(P42 functions as a clock ¢ 1 out-
put pin.)

Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1”
after a reset. (Fixed to “1.")
2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)

: Bits 0 to 2 and 4 to 7 are not used at software reset.

Fig. 13.2.1 Structure of processor mode register
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CLOCK GENERATING CIRCUIT

14.1 Oscillation circuit example

This chapter describes a clock generating circuit which supplies the operating clock of the central processing
unit (CPU), bus interface unit (BIU), or internal peripheral devices.
The clock generating circuit contains the oscillation circuit.

14.1 Oscillation circuit example
To the oscillation circuit, a ceramic resonator or a quartz-crystal oscillator can be connected, or the clock
which is externally generated can be input. The example of the oscillation circuit is described below.

14.1.1 Connection example using resonator/oscillator
Figure 14.1.1 shows an example when connecting

a ceramic resonator/quartz-crystal oscillator between
pins Xin and Xour. M37702
The circuit constants such as Rf, Rd, Cin, and Cour XIN XouT
(shown in Figure 14.1.1) depend on the resonator/
oscillator. These values shall be set to the resonator/ —— \V\WN——9
oscillator manufacturer’s recommended values. Rf
§ Rd
FHl—

l CiN Court

Fig. 14.1.1 Connection example using resonator/oscillator

14.1.2 Input example of externally generated clock

Figure 14.1.2 shows an input example of the cloek
which is externally generated. The external clock
must be input from the X pin, and the Xour pin M37702
must be left open.

XIN XouTt

T Open

Externally generated clock

Ve ML L
Vss

Fig. 14.1.2 Externally generated clock input example
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CLOCK GENERATING CIRCUIT

14.2 Clock
14.2 Clock
Figure 14.2.1 shows the clock generating circuit block diagram.
CPU: Central Processing Unit
BIU: Bus Interface Unit
Watchdog timer frequency select bit: Bit 0 at address 6116
> f2
XiN Xout  ¢1 > fi6 Operation clock for
O fea internal peripheral devices
Interrupt request S Q 172 1/8 P fs12

aqy Watchdog timer
fs12 frequency select bit
)

STP instruction—eR fa2 Watchdo
5 tchdog
/1—‘0—/(]':)7 timer

Hold request

) o
J—d_/ (Note) ¥
Ready request
Request of CPU wait ¢ cPU

s Q from BIU
(acceptance of Hold
request included)

WIT instruction — R

Note: This is the signal generated when the watchdog timer’'s most significant bit becomes “0.”

Fig. 14.2.1 Clock generating circuit block diagram
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CLOCK GENERATING CIRCUIT

14.2 Clock

14.2.1 Clock generated in clock generating circuit

1) ¢
It is the operation clock of BIU. It is also the clock source of ¢ceu.

The @ stops by Ready request or execution of the STP or WIT instruction. It is not stopped by
acceptance of Hold request.

(2) geru
It is the operation clock of CPU. The ¢cru stops by the following:

*Execution of the STP or WIT instruction,
*Ready request; “L” level input to RDY pin
*Wait request from BIU; Hold request acceptance included

(3) Clock ¢:
It has the same period as @ and is output to the external from the ¢ pin. The clock @ stops by

execution of the STP instruction.
It is not stopped by Ready request or acceptance of Hold request, or execution of the WIT instruction.

(4) f2 to fsi2
Each of them is the internal peripheral devices’ operating clock.

Note: Refer to each functional description for details:

<Execution of STP instruction ............. “Chapter 10. STOP MODE"”
*Execution of WIT instruction .............. “Chapter 11. WAIT MODE "~
sReady ... “Paragraph. 12.3 Ready function ”
CHOI . “Paragraph. 12.4 Hold function ”
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ELECTRICAL CHARACTERISTICS

15.1 Absolute maximum ratings

This chapter describes electrical characteristics of the M37702M2BXXXFP and M37702M2AXXXFP.

For the low voltage version, refer to section “18.4 Electrical characteristics. ”

The 7703 Group’s available pins varies from that of the 7702 Group. Refer to “Chapter 20. 7703 GROUP.”
For the latest data, inquire of addresses described last (O “CONTACT ADDRESSES FOR FURTHER
INFORMATION").

In a part of the standard indicated in this chapter, there are the limits depending on each microcomputer
product or used external clock input frequency. Distinguish it described below.

eLimits depending on each microcomputer

(Example) M37702M2BXXXFP
——— When this sign is ‘A,’ refer to the column of "16 MHz.”
— When this sign is ‘B,’ refer to the column of "25 MHz.”

-Limits depending on used external clock input frequency
The calculation formula is described in the table. When the microcomputer is 16 MHz version, the limits
is the value in the case of f(Xi) = 16 MHz. When the microcomputer is 25 MHz version, the limits is the
value in the case of f(Xiw) = 25 MHz.

15.1 Absolute maxim um ratings

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vee Power source voltage -0.3to 7 vV
AVcc Analog power source voltage -0.3to 7 \
Vi Input voltage RESET, CNVss, BYTE -0.3 to 12 v
Vi Input voltage P00—P07, P1o—P17, P20—P27,

P30—P3s, P40—P47, P5,—P57,

P60-P67, P70—P77, P80—P87, Vrer, —0.3 to Veet0.3 | v

XN
Vo Output voltage P00—P07, Plo—P17, P20—P27,
P30—P3s3, P40—P47, P50—P57, —0.3 to Vcc+0.3 \V/
P60—-P67, P70—P77, P80—P87, Xour,
E
Pa Power dissipation Ta = 25 °C 300 (Note) mwW
Topr Operating temperature —20 to 85 °C
Tst Storage temperature —40 to 150 °C

Note: In the 7703 Group, this value is 1000 mW.
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ELECTRICAL CHARACTERISTICS

15.2 Recommended operating conditions

15.2 Recommended operating conditions

Recommended operating conditions

(Vcc = 5 V£10%, Ta = —20 to 85 °C, unless otherwise noted)

Symbol Parameter Min. L_:_r;:s Max. Unit
Vce Power source voltage 4.5 5.0 5.5 \%
AVce Analog power source voltage Vce \%
Vss Power source voltage 0 \%
AVss Analog power source voltage 0 \%

High-level input voltage P0o—P07, P30—P33, P40o—P47,
P50—P57, P60—P67, P70—P77,
Vi P8o—P87, Xin, RESET, CNVss, 0.8Vee Vee |V
BYTE
Vi High-level input voltage P_10—_P17, P2_o—P27 0.8Vce Vee Vv
(in single-chip mode)
. . Plo—P17, P20—P27
ViH High-level input voltage (in memory expansion mode and| 0.5Vcc Vee \%
microprocessor mode)
Low-level input voltage P0o—P07, P30—P33, P40o—P47,
P50—P57, P60—P67, P70—P77,
Vi P8o—P87, Xin, RESET, CNVss, 0 0.2Vee |V
BYTE
Vi Low-level input voltage P_10—_P17, P2_o—P27 0 02Vee |V
(in single-chip mode)
Low-level input voltage Plo—P1l7, P20-P27
Vio (in memory expansion mode and 0 0.16Vcc Vv
microprocessor mode)
High-level peak output current  PQo—P07, P1o—P17, P20—P27,
loH (peak) P30—P33;P4¢-P47, P50—P57, -10 | mA
P60—P67, P70—P77, P80—P87
High-level average output current PQs—P07, P10—P17, P20—P27,
loH (avg) P30-P3s, P40—P47, P50—P57, -5 mA
P60—P67, P70—P77, P80—P87
Low-level peak output current P0o—PO07, P1o—P17, P20—P27,
oL (peak) P30—P3s, P40—P43, P50—P57, 10 | mA
P60—P67, P70—P77, P80—P87
Low-level average output current PQo—P07, P1o—P17, P20—P27,
oL (avg) P30—P3s, P40—P4s, P5:—P57, 5 mA
P60—P67, P70—P77, P80—P87
f(Xin) External clock input frequency M37702M2BXXXFP 25 MHz
M37702M2AXXXFP 15

Notes 1: Average output current is the average value of a 100 ms interval.

2: The sum of lo(peak) for ports PO, P1, P2, P3, and P8 must be 80 mA or less,
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80 mA or less,
the sum of lo(peak) for ports P4, P5, P6, and P7 must be 80 mA or less, and
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80 mA or less.

7702/7703 Group User’s Manual

15-3



ELECTRICAL CHARACTERISTICS

15.3 Electrical characteristics

15.3 Electrical characteristics

Electrical characteristics

(Vec =5V, Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)

Limits

Symbol Parameter Test conditions Min. | Typ. | Max. Unit
High-level output voltage ~ P0o~P07, P1o—P17, P20-P27,
P30, P31, P33, P4o—P47, _
Vor P5o-P5;, PGo-PGr, PTo-P7y,| /"= ~10 MA 3 v
P8P8z
Vo High-level output voltage ~ P0o~P07, P1o—P17, P20-P27, low = —400 LA 4.7 v
P30, P31, P33
High-level output voltage P32 lon=-10 mA 3.1
Vor low= —400 LA 48 v
High-level output voltage E lon=-10 mA 3.4
Von lon= —400 LA 4.8 v
Low-level output voltage ~ P0o-P07, P1o—P17, P20-P27,
P30, P31, P33, P4o—P47, _
VoL P5o-P5;, P6o-PGr, PTo-P7y,| 1~ 10 MA 2| v
P8P8z
VoL Low-level output voltage  P0o-P07, P10—P17, P20-P27, loL= 2 MA 045 Vv
P30, P31, P33
Vo Low-level output voltage P32 lo.=10 mA 1.9 Vv
_ lo.=2 mA 0.43
VoL Low-level output voltage  E lo.=10 mA 1.6 Vv
_ loL= 2 mA 0.4
. HOLD, RDY, TAON—TA4w, TBON-TB2n,
VeV HySteresis i, INTa, Arws, CTS5, CTS1, CLKs, CLK: 0.4 v
V1+—V1-| Hysteresis RESET 0.2 05| V
Vr+—V1| Hysteresis Xin 0.1 03| V
High-level input current P0—P07, P10—P17, P20-P27,
P30-P3s, P40—P47, P50-P57, _
I PGo-P6r, PTo-P71 PEoPSr, |~ 2V 5| MA
Xin, RESET, CNVss, BYTE
Low-level input current P0Oo—P07, P10—P17, P20-P27,
P35-P3s, P4do-P47, P50-P57, _
I P6o-PG7, PTo-PT:, P8-P:, |V~ OV -S| WA
Xy, RESET, CNVss, BYTE
Vram | RAM hold voltage When clock is stopped. 2 \%
lcc Power source current In single-chip mode, f(Xin) = 25 MHz 19 38 mA
output pins are [f(Xw) = 16 MHz 12 24
open, and the other [Ta = 25 °C when
, - 1| pA
pmns are connected clock is stopped
t0 Vss. Ta = 85 °C,when
clock is stopped 20| WA
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ELECTRICAL CHARACTERISTICS

15.4 A-D converter characteristics

15.4 A-D converter characteristics

A-D CONVERTER CHARACTERISTICS (Vcc = AVec = 5 V£ 10%, Vss = AVss = 0 V, Ta = -20 to 85 °C, unless otherwise noted)

. Limits .
Symbol Parameter Test conditions Min | Typ. IMax. Unit
— |Resolution Vrer = Vce 8| Bits
— |Absolute accuracy Vrer = Vec *3| LSB
Ruaboer | Ladder resistance Vrer = Vee 2 10| kQ
tcoww | Conversion time ;&::g = ig mgi 1&311253 us
\/Rer Reference voltage 2 Vee| V
Via Analog input voltage 0 Vrer| V
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

15.5 Internal peripheral devices

Timing requirements

Timer A input (count input in event counter mode)

(Vecc = 5 V£10%, Vss = 0 V, Ta = —20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
te(ra) TAin input cycle time 125 80 ns
tw(rar) TAin input high-level pulse width 62 40 ns
tw(TAL) TAin input low-level pulse width 62 40 ns
Timer A input (gating input in timer mode)
Limits
Symbol Parameter Data formula 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
te(ra) TAin input cycle time 80107 500 320 ns
f(Xin)
L . . 41110°
tw(raH) TAin input high-level pulse width THX) 250 160 ns
. . 41 10°
tw(raL) TAin input low-level pulse width TiXn) 250 160 ns
Note: TAin input cycle time must be 4 cycles or more of count source,
TAin input high-level pulse width must be 2 cycles or mere of count source,
TAin input low-level pulse width must be 2 cycles.or more of count source.
Timer A input (external trigger input in one-shot pulse mode)
Limits
Symbol Parameter Data formula 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
9
te(ra) TAin input cycle time % 250 160 ns
tw(TAH) TAin input high-level pulse width 150 80 ns
tw(rAL) TAin input low-level pulse width 150 80 ns
Timer A input (external drigger input in pulse width modulation mode)
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
tw(ran) TAin input high-level pulse width 125 80 ns
tw(TaL) TAin input low-level pulse width 125 80 ns
Timer A input (up-down input in event counter mode)
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
teup) TAiourt input cycle time 2500 2000 ns
tw(urH) TAiour input high-level pulse width 1250 1000 ns
tw(upL) TAiour input low-level pulse width 1250 1000 ns
tsuwup-tw) | TAiout input setup time 500 400 ns
th(Tn-UP) TAiour input hold time 500 400 ns
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Timer A input (Two-phase pulse input in event counter mode)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
te(ra) TAjin input cycle time 1000 800 ns
tsurain-TAlo) | TAjiN iNput setup time 250 200 ns
fsu(TAjowr—TAJ) TAjout input setup time 250 200 ns
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Internal peripheral devices

Count input in event counter mode

Gating input in timer mode

External trigger input in one-shot pulse mode
External trigger input in pulse width modulation mode

te(tA)
tw(TAH) >
. A \
TAIN input / 4
< tw(TAL) >
e Up-down input, count input in event counter mode
tcuP)
tw(uPH)
TAiourt input / 3
(Up-down input) / \( 72 \
< tw(upPL) >
TAiout input AXL
(Up-down input) cAS
TAiN input | 3
(When count by falling) /. Thrw-up) tsu(uUP-Tin)

|
TAiN input /
(When count by rising) * 7

e Two-phase pulse input in event €ounter mode ‘
c(TA)

TAjin input v 7 }
JIN INP \r |

tsu(TAjin-TAjour) tsu(TAjin-TAjour)
|

TAjour input f 3# tsu(TAjour-TAji) /—

tsu(TAjour=TAjN)

Test conditions
*Vcc=5V+10%
sInput timing voltage : ViL=1.0V,VH=4.0V
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Timer B input (count input in event counter mode)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
te(B) TBim input cycle time (one edge count) 125 80 ns
tw(tBH) TBim input high-level pulse width (one edge count) 62 40 ns
tw(TBL) TBim input low-level pulse width (one edge count) 62 40 ns
te(B) TBim input cycle time (both edges count) 250 160 ns
tw(tBH) TBim input high-level pulse width (both edges count) 125 80 ns
tw(BL) TBin input low-level pulse width (both edges count) 125 80 ns
Timer B input (pulse period measurement mode)
Limits
Symbol Parameter Data formula 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
- . 80 10°
te(re) TBim input cycle time FXn) 500 320 ns
- . . 4010°
tw(tBH) TBim input high-level pulse width W 250 160 ns
- . 4010°
tw(teL) TBi input low-level pulse width W 250 160 ns
Note: TBiw input cycle time must be 4 cycles or more of count source,
TBiw input high-level pulse width must be 2 cycles or more of count source,
TBiw input low-level pulse width must be 2 cycles or more of count source.
Timer B input (pulse width measurement mode)
Limits
Symbol Parameter Dala formula 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
- . 80 10°
te(re) TBi input cycle time OO 500 320 ns
- : . 40 10°
tw(tBH) TBi input high-level pulse width ) 250 160 ns
- ) 40 10°
tw(taL) TBi input low-level pulse width CON 250 160 ns
Note: TBiw input cycle time must be 4 cycles or more of count source,
TBimn input high-level pulse width must be 2 cycles or more of count source,
TBiw input low-level pulse width must be 2 cycles or more of count source.
A-D trigger input
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
te(ap) ADrrc input cycle time (minimum allowable trigger) 1000 1000 ns
tw(ADL) ‘ADTrc input low-level pulse width 125 125 ns
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Serial 1/0
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
te(ck) CLKi input cycle time 250 200 ns
tw(ckH) CLKi input high-level pulse width 125 100 ns
tw(ckL) CLKi input low-level pulse width 125 100 ns
tac-q) TxDi output delay time 90 80 ns
thc-Q) TxDi hold time 0 0 ns
tsu(p-c) RxDi input setup time 30 30 ns
th(c-) RxDi input hold time 90 90 ns
External interrupt INTi input
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
twinm) INTi input high-level pulse width 250 250 ns
tw(nL) INTi input low-level pulse width 250 250 ns
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Internal peripheral devices

TBiN input

ADTRG input

CLKi input

TxDi output

RxDi input

INTi input

Test conditions
\Vcc =5V +10%

s

<—>£<h(:6—Q)

te(TB)
tw(TBH)
A \
/ \Y 7
tw(TBL)
tc(AD)
tw(ADL)
\ / \ /
te(ck)
tw(CkH)
' p' A \
_/ \ /
tw(cKL)
A
X
tdc-9)
}‘ ~ Tsub-0) th(c-D)

tw(INL)

tw(INH)

elnput timing voltage : ViL=1.0V,VH=4.0V
*Output timing voltage : VoL=0.8V, Von=2.0V

1
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ELECTRICAL CHARACTERISTICS
15.6 Ready and Hold

15.6 Ready and Hold

Timing requirements (Vcc= 5 V+10%, Vss= 0 V, Ta = —20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
tsurovy-@) | RDY input setup time 60 55 ns
tsuHoLb-@) | HOLD input setup time 60 55 ns
th(a-roY) | RDY input hold time 0 0 ns
th(p-HoLp) | HOLD input hold time 0 0 ns

Switching characteristics  (Vecc= 5 V£10%, Vss= 0 V, Ta = -20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
lae-HL0A | 'HIDA output delay time 50 50 ns

Note: For test conditions, refer to Figure 15.10.1.
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ELECTRICAL CHARACTERISTICS
15.6 Ready and Hold

e Ready function

With no Wait

" VAR NV VA N N
E output _/—\ l;'r --------------- /—

RDY input
tsu(RDY- ¢1)
<> th( ¢ 1-RDY)
ol e

With Wait

01

E output / \ /

]
RDY input | |

tsu(RBY- 01)

P . W4 th( ¢ 1-RDY)
—

Test conditions

*Vce =5 V+10%

eInput timing voltage  :ViL=1.0V,ViH=4.0V
«Qutput timing voltage : VoL=0.8V, VoH=2.0V
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ELECTRICAL CHARACTERISTICS

15.6 Ready and Hold

e Hold function
01

tsu(HoLD-¢1)

HOLD input

th(¢ 1-HOLD)

/N

td( 6 1-HLDA)

HLDA output

Test conditions
*Vcc=5V+10%

1d( ¢ 1-HLDA)

eInput timing voltage $Vie=10V,VH=4.0V
*Output timing voltage : VoL=0.8V, Von=2.0V

15-14
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ELECTRICAL CHARACTERISTICS

15.7 Single-chip mode

15.7 Single-chip mode

Timing requirements (Vcc =5 V+10%, Vss = 0 V, Ta = —20 to 85 °C, unless otherwise noted)
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.

tc External clock input cycle time 62 40 ns
tw(H) External clock input high-level pulse width 25 15 ns
tw() External clock input low-level pulse width 25 15 ns
tr External clock rise time 10 8| ns
tr External clock fall time 10 8| ns
tsupop-g)  |Port PO input setup time 100 60 ns
tsupio-g)  |Port P1 input setup time 100 60 ns
tsupzp-5)  |Port P2 input setup time 100 60 ns
tsupsp-g)  |Port P3 input setup time 100 60 ns
tsupap-g)  |Port P4 input setup time 100 60 ns
tsupsp-g)  |Port P5 input setup time 100 60 ns
tsupsp-g)  |Port P6 input setup time 100 60 ns
tsup7o-g)  |Port P7 input setup time 100 60 ns
tsupsp-g)  |Port P8 input setup time 100 60 ns
th(E-PoD) Port PO input hold time 0 0 ns
th(E-P1D) Port P1 input hold time 0 0 ns
th(E-P2D) Port P2 input hold time 0 0 ns
th(E-P3D) Port P3 input hold time 0 0 ns
th(E-P4D) Port P4 input hold time 0 0 ns
th(E-P5D) Port P5 input hold time 0 0 ns
th(e-P6D) Port P6 input hold time 0 0 ns
th(e-P7D) Port P7 input hold time 0 0 ns
th(E-P8D) Port P8 input hold time 0 0 ns
Switching characteristics  (Vcc = 5 V£10%, Vss = 0 V, Ta = —20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.

tae-ro) | Port PO data output delay time 100 80 ns

tae-r10) | Port P1 data output delay time 100 80 ns

taE-r20) Port P2 data output«delay time 100 80 ns

tae-r3Q) | Port P3 data outplit delay time 100 80 ns

tae-rsQ) | Port P4 data output delay time 100 80 ns

tdE-PsQ) Port P5 data output delay time 100 80 ns

tae-reQ) | Port P6 data output delay time 100 80 ns

tae-,7Q) | Port P7 data output delay time 100 80 ns

tae-rs0) | Port P8 data output delay time 100 80 ns
Note: For test conditions, refer to Figure 15.10.1.
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ELECTRICAL CHARACTERISTICS

15.7 Single-chip mode

Single-chip mode

f(Xin)

mi

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

Test conditions
*Vcc =5V £10%

Input timing voltage
«Output timing voltage

tr

tr

tw()

tsu(POD—E)ﬂ;

tsu(P10E>)£

td(E-P2Q)

tSU(PZDE>)£—> < > lhE-P2D)

th(E-P3D)

{su(p3p-£)

N
>

td(E-P4

)

>0

h(E-P4D)

tsu(F>AD-E>)ii

T

td(E-P5Q),

5

| th(e-PsD)

tsu(PsD-E%i

S

td(E-P6Q)

h(E-P6D)

tsu(PeD-E%i

S
2\'_’

td(E-P7

e

5

h(E-P7D)

tsu(F>7D-E>)ii

b

td(E—PSQ)l

h(E-P8D)

tsu(PsD-E%i

o

ViL=10V,VH=4.0V
:Voo=08V,Von=2.0V
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode : with no Wait

15.8 Memory expansion mode and microprocessor mode : with no Wait

Timing requirements

(Vcc = 5 V£10%, Vss = 0 V, Ta = -20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
tc External clock input cycle time 62 40 ns
tw() External clock input high-level pulse width 25 15 ns
twe) External clock input low-level pulse width 25 15 ns
tr External clock rise time 10 8 ns
tr External clock fall time 10 8 ns
tsupi-8)  |Port P1 input setup time 45 30 ns
tsup2p-) | Port P2 input setup time 45 30 ns
tsupap-E) | Port P4 input setup time 100 60 ns
tsupsp-E) | Port P5 input setup time 100 60 ns
tsupep-£) | Port P6 input setup time 100 60 ns
tsup7o-8) | Port P7 input setup time 100 60 ns
tsupso-8) | Port P8 input setup time 100 60 ns
the-p1) | Port P1 input hold time 0 0 ns
th(e-P2D) Port P2 input hold time 0 0 ns
the-paD) | Port P4 input hold time 0 0 ns
the-psp) | Port P5 input hold time 0 0 ns
th(e-P6D) Port P6 input hold time 0 0 ns
th(e-P7D) Port P7 input hold time 0 0 ns
th(E-P8D) Port P8 input hold time 0 0 ns
Switching characteristics  (Vcc = 5 V+£10%, Vss = 0V, Ta = —20 to 85 °C, unless otherwise noted)
Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
td(E-P4Q) Port P4 data output delay time 100 80 ns
td(E-P50Q) Port P5 data output delay time 100 80 ns
td(E-P6Q) Port P6 data output delay time 100 80 ns
tdE-P7Q) Port P7 data output delay time 100 80 ns
td(E-P8Q) Port P8 data output delay time 100 80 ns
td(E-q) @ output delay time 0 20 0 18 ns
tw(EL) E low-level puise width 95 O 50 ns
ta(Poa-£) Port PO address output delay time 30 © 12 ns
td(E-P1Q) Port P1 data output delay time (BYTE = “L") 70 45 ns
toeE-r12) | Port P1 floating start delay time (BYTE = “L") 5 5 ns
taP1a-£) Port P1 address output delay time 30 ¢ 12 ns
tap1a-aLE) | Port P1 address output delay time 24 © S ns
th(e-P2Q) Port P2 data output delay time 70 45 ns
toxzE-P22) | Port P2 floating start delay time 5 5 ns
tapaa—E) Port P2 address output delay time 30 ° 12 ns
thip2a-ALE) | Port P2 address output delay time 24 © S ns
taae-e) | ALE output delay time 4 4 ns
tw(ALE) ALE pulse width 350 22 ns
taere-e) | BHE output delay time 30 © 20 ns
tarRw-£) R/W output delay time 30 ¢ 20 ns
Note: For test conditions, refer to Figure 15.10.1.
O This is the value depending on f(Xin). For data formula, refer to Table 15.8.1.
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode : with no Wait

Switching characteristics

(Vcc = 5 V+10%, Vss = 0 V, Ta = —20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
thE-Poa) Port PO address hold time 25" 18° ns
thiae-p1a) | Port P1 address hold time (BYTE = “L") 9 9 ns
the-P1) | Port P1 data hold time (BYTE = “L") 25" 18° ns
trzxe-P1z) | Port P1 floating release delay time (BYTE = “L") 36 Roe 180 ns
the-r1a) | Port P1 address hold time (BYTE = “H”) 25" 180 ns
thiae-r24) | Port P2 address hold time 9 9 ns
the-p29) | Port P2 data hold time 25" 180 ns
tpzxe-P22) | Port P2 floating release delay time 36 hoe y 18° ns
the-sne) | BHE hold time 18 18 ns
th(E-RW) R/W hold time 18 18 ns
Notes 1. For the M37702E2AXXXFP, M37702E2AFS, M37702E4AXXXFP, and M37702E4AFS, refer to
section “19.5.4 Bus timing and EPROM mode.”  For the M37703E2AXXXSP and M37703E4AXXXSP,
refer to section “20.6.2 Bus timing and EPROM mode.”
2: For test conditions, refer to Figure 15.10.1.

0: This is the value depending on f(Xw). For data formula, refer to Table 15.8.1.

Table 15.8.1 Bus timing data formula

Sion f(Xin) f(Xin) < 8 MHz 8 MHz < f(Xn) < 16 MHz | 16 MHz < f(Xn) < 25 MHz
5
twEL) ng(”];f)) ~ 30
tdPoa-£)
1010° 1.2010° 1010°
tdP1A ==Y _ 30+ S ——— - 75 == _
e 100 Tigany -~ 120 foan) 2T Toay ~ 0
td(P1A-ALE) 1010° 1010° 1010°
td(p2a-ALE) f(XIN) B f(XIN) 385 < 35
t 9 9
i, o E
td(BHE-E) 1010° 1.2010° s 1010° 10° _
th(Ee-ron)
th(EfF’lA) 471 102 1010° 1010°
4 ——— v + — 6.25 —_—
th(e-P1Q) 21 f(X|N) 12.5 20 f(X|N) 20 f(X|N) 2
th(Ee-P2q)
tpzx(E-P12) 1010° 1010° 1010°
tomep2z)  (NOte) foany 20 foan) 20 foan) | 22

Note: For the M37702E2AXXXFP, M37702E2AFS, M37702E4AXXXFP, and M37702E4AFS, refer to section

“19.5.4 Bus timing and EPROM mode.”
to section “20.6.2 Bus timing and EPROM mode.”

For the M37703E2AXXXSP and M37703E4AXXXSP, refer
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode : with no Wait

Memory expansion mode and microprocessor mode ; With no Wait

<Write>

f(Xin)

01

E

Address output
Ao—A7

Address output

As—A1s
(BYTE="H")

Address/Data output
As/Ds—A1s/D1s
(BYTE="L")

Data input
Ds—D1is
(BYTE="L")

Address/Data output
Ai6/Do—A23/D7

Data input
Do—-D7

ALE output
BHE output

R/W output

Port Pi output
(i=4-8)

tw) twHy  tr tr

tc

tdE - 91)
tw(EL)

y—

td(POA-E) th(E —PoA)
Address £<

td(P1A-E) th(E-P1A)
>£ Address &

td(P1A-E) i {d(E-P1Q) th(E-P1Q)
>{ Addressv% Data
<> |€
td(P1A- ALE)| | | th(ALE- P1A)
td(P2A-E th(E- P2Q)

1 td(E- P2Q)
>{ Addressg; Datal

<> [€
td(P2A- ALE)

]

th(ALE - P2A)

td(ALE- E)

th(E - BHE)

td(BHE - >3<—>

tdrRwW-E

Th(E- R/W)

Td(E - PiQ)

LN

Test conditions (¢ 1, E, PO—P3)

Vcc=5V+ 10%

*Output timing voltage : VoL=0.38V,VoH=2.0V
ViL=0.8V,ViH=25V

eData input

Test conditions (P4—P8)

*Vcc=5V +10%

ViL=1.0V,VH=40V
:VoL=0.8V, VoH= 2.0V

Input timing voltage

*Output timing voltage
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode : with no Wait

Memory epxansion mode and microprocessor mode ; With no Wait

<Read>

twtwH) tr tc

01
tdE- 9 1)
— y—
E /|
td(POA-E), th(E- PoA)

Address output

e X Address
Address output td(P1A - E)«—>| th(E-P1A)

As—A1s
(BYTE=“H") X Address

Address/Data output td(P1A-E) <> tpxz(E- P12) tpzx(E- P12)
As/Ds—A15/D1s Address Pk = = = = = = = = R I
—a >§<
(BYTE=1") td(P1IA— ALE)¢>| <« >| Ih(ALE= P1A)
tsu(P1D-E)
bai

Data input
Ds-Dis ~  mmmmmmmmm-s F=ef-----¢ Datal|>------

(BYTE="") tdP2A-E tpxz(E— P22) tpzx(E- P22)
Address/Data output >§ Address D=4 == == - - (1 k
Ai16/Do—A23/D7

td(P2A— ALE)l«—| [/ th(ALE - P2A)
tsl(P2D-E)
>« th(E- P2D)
Data input j{_
""""""" """QE Datal il
Do-Dr7 tw(ALE)
f td(ALE- E)
ALE output % 5\
N
td(BHE-E h(E-BHE)
BHE output >§ |
- tdRW-E th(E- R/W)
R/W output 7
'[su(F’\D— E) -
— bl thE-PID)
Port Pi input >£ ;E<
(i=4-8)
Test conditions ( ¢ 1, E, PO-P3) Test conditions (P4—-P8)
Vecc=5V £10% *Vcc=5V+10%
«Output timing voltage : VoL = 0.8V, VoH=2.0V eInput timing voltage : ViL.=1.0V,VH=4.0V
eData input: ViL=0.8V,VH=25V *Qutput timing voltage : VoL=0.8 V, VoH=2.0V
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15.9 Memory expansion mode and microprocessor mode : with Wait

15.9 Memory expansion mode and microprocessor mode : with Wait

Timing requirements

(Vcc = 5 V£10%, Vss = 0 V, Ta = -20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
tc External clock input cycle time 62 40 ns
tw(H) External clock input high-level pulse width 25 15 ns
tw(n) External clock input low-level pulse width 25 15 ns
tr External clock rise time 10 8 ns
te External clock fall time 10 8 ns
tsu(P1D-E) Port P1 input setup time 45 30 ns
tsu(P2D-E) Port P2 input setup time 45 30 ns
tsu(P4D-E) Port P4 input setup time 100 60 ns
tsu(PsD-E) Port P5 input setup time 100 60 ns
tsu(P6D-E) Port P6 input setup time 100 60 ns
tsu(P7D-E) Port P7 input setup time 100 60 ns
tsu(P8D-E) Port P8 input setup time 100 60 ns
th(E-P1D) Port P1 input hold time 0 0 ns
th(E-P2D) Port P2 input hold time 0 0 ns
th(e-PaD) Port P4 input hold time 0 0 ns
th(E-P5D) Port P5 input hold time 0 0 ns
th(E-P6D) Port P6 input hold time 0 0 ns
th(e-P7D) Port P7 input hold time 0 0 ns
th(E-P8D) Port P8 input hold time 0 0 ns

Switching characteristics

(Vec = 5 V£10%, Vss = 0V, Ta = -20 to 8

5 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
td(e-Paq) Port P4 data output delay time 100 80| ns
td(e-P5Q) Port P5 data output delay time 100 80| ns
td(e-P6q) Port P6 data output delay time 100 80| ns
td(e-P7q) Port P7 data output delay time 100 80| ns
td(e-Psq) Port P8 data output delay time 100 80| ns
taE-g @ output delay time 0 20 0 18| ns
tw(EL) E low-pulse width 220" 130" ns
taPoa-£) Port PO address oufput delay time 30" 12° ns
tae-P1Q) Port P1 data output delay time (BYTE = “L") 70 45| ns
tpe(E-r12) Port P1 floating start delay time (BYTE = “L") 5 5| ns
tap1a-E) Port P1 address output delay time 30" 12° ns
td(P1A-ALE) Port P1 address output delay time 24 ° 50 ns
tdE-P2Q) Port P2 data output delay time 70 45| ns
tpe(E-P22) Port P2 floating start delay time 5 5| ns
tap2a-£) Port P2 address output delay time 30" 12° ns
td(P2a-ALE) Port P2 address output delay time 24 ° 50 ns
taaLe-E) ALE output delay time 4 4 ns
tw(aLE) ALE pulse width 35° 22" ns
ta(sHE-E) BHE output delay time 30" 20" ns
tarw-£) R/W output delay time 30° 20" ns

Note: For test conditions, refer to Figure 15.10.1.
0: This is the value depending on f(Xi). For data formula, refer to Table 15.9.1.
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15.9 Memory expansion mode and microprocessor mode : with Wait

Switching characteristics

(Vcc = 5 V+10%, Vss = 0 V, Ta = —20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter 16 MHz 25 MHz Unit
Min. | Max. | Min. | Max.
tnE_ron) Port PO address hold time 25° 180 ns
thALE-P1A) Port P1 address hold time (BYTE = “L") 9 9 ns
thE-P1Q) Port P1 data hold time (BYTE = “L") 257 18° ns
tpzx(E-P12) Port P1 floating release delay time (BYTE = “L") 36 Tote 1) 18° ns
thE=P1a) Port P1 address hold time (BYTE = “H”) 257 18¢ ns
thALE-P2A) Port P2 address hold time 9 9 ns
thE-P20) Port P2 data hold time 25" 18° ns
tpzx(E-P22) Port P2 floating release delay time 36 Buote 1 18° ns
th(E-BHE) BHE hold time 18 18 ns
th(E-RW) R/W hold time 18 18 ns
Notes 1: For the M37702E2AXXXFP, M37702E2AFS, M37702E4AXXXFP, and M37702E4AFS, refer to

section “19.5.4 Bus timing and EPROM mode.”

refer to section “20.6.2 Bus timing and EPROM mode.”
2: For test conditions, refer to Figure 15.10.1.
O: This is the value depending on f(Xi). For data formula, refer to Table 15.9:1.

Table 15.9.1 Bus timing data formula

For the M37703E2AXXXSP and M37703E4AXXXSP,

Sign ) f(Xm) < 8 MHz 8 MHz < f(Xm) = 16 MHz | 16 MHz < f(Xn) < 25 MHz

twEL 4 ] 10°
Y &
tdPoa-£)
1010° 1.2010° 1010°

tdPLA + === _ 30N — - _
tz;:i—z 100 FXIN) 125 fXIN) 12 + HXIN) 40
td(P1A-ALE) 1010° 1010° 1010°
taponaLe) o)~ 4 oy oo foxn) o0
twi 9 9 9

- 1f(?(|}\|()) -3 lf(?(il()) - 275 lf(?(lt()) - 18
ta@HE-E) 10 10° 1.2010° 4 1010°
taRw-E) 100+ foan) 128 30+ f(XIN) fCXin)
th(Ee-ron)
th(E-P1A) 0 10 10° 10 10°

. BOIC &5 e _ 10100,

th(e-P10) 2 TA(XINY 2 O f(XIN) 2 [ f(XIN)
th(Ee-P2q)

Zx(E—| 9 9
tpzx(E-P12) Not 10710 _ 30 lDlO_ l|:|109_22
toxe-p2zy  (NOtE) fOXIN) f(XIN) f(XIN)

Note: For the M37702E2AXXXFP, M37702E2AFS, M37702E4AXXXFP, and M37702E4AFS, refer to section

“19.5.4 Bus timing and EPROM mode.”

to section “20.6.2 Bus timing and EPROM mode.”

For the M37703E2AXXXSP and M37703E4AXXXSP, refer
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15.9 Memory expansion mode and microprocessor mode : with Wait

Memory expansion mode and microprocessor mode ; With Wait

<Write>

f(Xin)

01
E
Address output

Ao—-Ar

Address output
As—Ais

(BYTE =“H")

Address/Data output
As/Ds—A15/D1s

(BYTE =“L")

Data input
Ds—D1s

(BYTE ="L")

Address/Data output
Ai16/Do—A23/D7

Data input
Do—-D7

ALE output
BHE output
R/W output

Port Pi output
(i=4-8)

tw)twH) tr tf

tc

td(PoA - ;1(—»

Address

—_—
4—%- POA)

Address

<—:l§t<h(f P1A)

td(P1A- ;j:—»
E

ML?(E_ -

td(P1A-E)
@;
<

td(P1A- ALE),

td(E-P1Q)

th(ALE - P1A)

td(P2A-E))
X_ Addre
<€t

td(P2A- ALE)

—

h(ALE — P2A)

td(ALE- E)

Ih(E- BHE)

td(RIW - E)

th(E- RIW)

tdE- PiQ)

-
—X

Test conditions (¢ 1, E, PO-P3)

*Vcc=5V+10%
*Output timing voltage

eData input

VoL=08YV, VoH=2.0V
ViL=0.8V,ViH=25V

Test conditions (P4—-P8)
*Vcc =5V £ 10%

eInput timing voltage

*Output timing voltage

ViL=1.0V,ViH=4.0V
:VoL=0.8V,VoH=2.0V
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15.9 Memory expansion mode and microprocessor mode : with Wait

Memory expansion mode and microprocessor mode ; With Wait

<Read>

f(Xin)

01
E
Address output

Ao—-A7
Address output
As—A1s
(BYTE =“H")
Address/Data output
As/Ds—A15/D15

(BYTE =“L")
Data input

Ds—D1s

(BYTE =“L")

Address/Data output
Ai16/Do—A23/D7

Data input
Do—D~

ALE output
BHE output
R/W output

Port Pi input
(i=4-8)

td(P1A- ALE)<«—> ¢

td(P2A-E) pxz(E- P22)

>{l Addresi%» ...................
td(P2A— ALE) [« [¢—> Th(ALE- P2A) tsu(P2D- E)

X Address} ...................
| S—

th(ALE —P1A)

td(ALE- E)

Data

td(BHE—;I<—>

td(RIW-E)

tsu(PiD- E)

tw) twH)  tr tr tc
td(E - 1) td(E - 01)
\* tw(EL) /(_
7

td(PoA- E)< th(E- PoA)
X Address

td(P1A-E th(E- P1A)
X Address

tdP1A—E) Tpxz(E-P12)

<—12;§(E - P12)

tsu(P1D-E) t
<——>Dh(E-P1D)
Data| | }-------
<—szx(5— P2z)

H‘th(E - P2D)

<—>I§th(CE_ BHE)
<—:}qu— R/W)

o

w&th(E— PiD)

Test conditions (¢ 1, E, PO-P3)

*Vcc=5V+10%

 Output timing voltage

« Data input

VoL=0.8V,VoH=2.0V
ViL=0.8V,ViH=25V

Test conditions (P4—P8)

*Vcc=5V +£10%
eInput timing voltage

*Output timing voltage

ViL=1.0V,ViH=4.0V
:VoL=0.8V,VoH=2.0V
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15.10 Testing circuit for ports PO to P8, ¢, and E

15.10 Testing circuit for ports PO to P8, ¢ 1, and E

PO T< )
P1 100pF
2| L

Fig. 15.10.1 Testing circuit for ports PO to P8, @1, and E
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15.10 Testing circuit for ports PO to P8, @1, and E

MEMORANDUM
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STANDARD CHARACTERISTICS

16.1 Standard characteristics

16.1 Standard characteristics

The data described below are characteristic examples for M37702M2BXXXFP. The data is not guaranteed
value. Refer to “Chapter 15. ELECTRICAL CHARACTERISTICS " for rated value.

16.1.1 Port standard characteristics
(1) Programmable 1/O port (CMOS output) P channel I on—Von characteristics

Power source voltage Vec =5V

P channel
50.0
40.0
I Ta=25°C
£ 300 \\\
5 Ta=85°C ~~_ \_
O ~N0 N

20.0 \

N\
10 AN

1.0 2.0 3.0 4.0 5.0
VOH [V]

(2) Programmable 1/O port (CMOS output) N channel | o.—VoL characteristics

Power source voltage Vcc=5V

N channel
50.0
Ta=25°C___|
40.0
N —
T 200 / - Ta=85°C
3 e
20.0 / //
///
10.0 ////
0 1.0 2.0 3.0 2.0 5.0

VoL [V]
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16.1 Standard characteristics

16.1.2 lcc—f(XN) standard characteristics

(1)

lcc—f(Xin) characteristics on operating and at reset

Measurement condition (Vcc =5V, Ta =25 °C, f(XiN) : square waveform
input, single-chip mode)
20

On operating/
10 /
/,/

/

/./

Icc [mA]

%/

5 10 15 20
f(XIN) [MHZz]

25 30

(2) lcc—f(Xin) characteristics during wait
Measurement condition (Vcc =5V, Ta = 25 °C, f(XIN) : square waveform
input, single-chip mode)
4.0

P
3.0 @ . /

//
20 -

Icc [mA]

1.0 /

5 10 15 20 25

30
f(XiN) [MHZz]

7702/7703 Group User’s Manual 16-3



STANDARD CHARACTERISTICS

16.1 Standard characteristics

16.1.3 A-D converter standard characteristics

The lower lines 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 001 to
0116 should occur at 10 mV, but the measured value is 5 mV. Therefore, the measured point of change

is 10 + 5 =15 mV.

The upper lines of the graph indicate the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is OFwis is 22 mV. Therefore, the

differential non-linear error is 22 — 20 = 2 mV (0.1LSB).

Measurement condition (Vec = 5.12 V, Xin = 25 MHz, Temp. = 25°C)

30 (T T T T T T T T T T T T Y T T T T TN T T Y YT e T T T Oy T YT Y -”..-A T T e rrerrrm 30
R - N TN T RN A o rse
20—~ V<7 7 Vv ~T 4 AAVA AVAY I ~an g ~—7 v AV \ VAU LN “20V A\ v © AW 4 *
10 10 @
E =\ /\/_AJ
ERTEEY SO o= ot U PPRTINY.. P __ Gy IPUTROr.. A EPUTOUTY FPYPCITE FRTTHE Al FETTTETE FURWE, £ SO TEe TEWEE PUTTUOR T TUTD: £
§ 0 PR HACHAT MR ..“,,\.7. P 44 bt - e e O c?:
&
-10 <
-20|-—-—-4-——4 —-——--————~——————————————-+———-1———4-———«—————————-——-__....____1 —1LSE
BT FUUUSEUN PUVPUTIL FEVTUTES FOTTSTEL IVCUTPE SUTETETE CUTTRITI FFUUETTS FEVITUUL IVTTTTEE PRTELUN FE L JTUTE FETUTTTL FESTTUN CUTTUTIE IUPTTT
0 8 16 24 32 40 48 56 o4 72 80 ] 3 104 12 120 128
STEP NO.
30 T TN T T Y T Y T T T N T T T Y T T Y TN T R T T YT T T T T T T T YT T T Y Y Ty [ ST YT T YT T YT YT VT YT T T T T YT YT YT TrrTT 30
A AN A O ALAB A AL A b AN s A A AN AAAA LA o ho——In LSADAA,
20 VAN "4 o oy s v = ~7 vv—\ v\ \vg ‘A 20 +1LS8
TaZ=N A~ /\—A ___/M
. IP=anaN I | P s A0 N i T
g PN WaN A y4 \—/-/ H /]
@ 0 HHHHH Y R e e e e 0 5
1
2 E
&
-10 E
E
-20|——— _——— —_———tm— g —m— == ]| =—-- —_—-—— ———i———-———-———_._—-——________1 —1L5¢
Y| CUUSTUTY IUTTVITN FEUTUTIN FITUTET FUVSUTVE SRVTTTEU DATURITE TFRINTTE PETVETEN IHPITT SUTTINTE FINTTNNG SNUTTETT FETETTTE FICOITT Suwie
128 136 144 152 160 168 178 184 182 200 208 216 224 232 240 248 256

STEP NO.
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APPLICATION

17.1 Memory expansion

This chapter describes application. Application shown here is just an example. The user shall modify them
according to the actual application and test them.

17.1 Memory expansion

This section shows examples for memory and I/O expansion. Refer to “Chapter 12. CONNECTION WITH
EXTERNAL DEVICES” for details about the functions and operation of used pins when expanding a memory
or 1/0. Refer to “Chapter 15. ELECTRICAL CHARACTERISTICS” for timing requirements of the microcomputer.
Refer to “Chapter 18. LOW VOLTAGE VERSION” for timing requirements and application of the low
voltage version.

17.1.1 Memory expansion model

Memory expansion to the external is possible in the memory expansion mode or the microprocessor mode.
The level of the external data bus width select signal makes it possible to select the four memory expansion
models shown in Table 17.1.1.

(1) Minimum model
This is an expansion model of which external data bus width is 8 bits and accessible area is
expanded up to 64 Kbytes. It is unnecessary to connect the address latch externally. This is an
expansion model having the cost priority which is suited for connecting the memory of which external
data bus width is 8 bits.

(2) Medium model A
This is an expansion model of which external data bus width is 8 bits and accessible area is
expanded up to 16 Mbytes. In this expansion model; the high-order 8 bits of the external address bus
(Azs to Ais) are multiplexed with the external data bus. Accordingly, an n-bit (n < 8) address latch is
required for latching addresses (n bits of Az t0 Aue).

(3) Medium model B
This is an expansion model of which external data bus width is 16 bits and accessible area is
expanded up to 64 Kbytes. This expansion model is used when having the speed performance
priority. In this expansion model, the middle-order 8 bits of the external address bus (Ais to As) are
multiplexed with the external data bus. Accordingly, an 8-bit address latch is required for latching
address (Ais to As).

(4) Maximum model
This is an expansicidnodel of which external data bus width is 16 bits and accessible area is
expanded up to 16 Mbytes. In this expansion model, the high- and middle-order 16 bits of the
external address bus (A2 to As) are multiplexed with the external data bus. Accordingly, an 8-bit
address latch for latching Ais to As and an n-bit (n < 8) address latch for latching n bits of Az to Ass
are required.
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APPLICATION

17.1 Memory expansion

Table 17.1.1 Memory expansion model

Access area
External data

Maximum 64 Kbytes

Maximum 16 Mbytes

bus width
i M37702 M37702
i 16+n
BYTE 16 BYTE PO Ao—A15+n
. . PO » Ao—Ais
8-bit width; _J' P1
P1 P2
BYTE = “H”
P 8 > Do-D ALE
P2 |« » Do—Dr Do—D7
‘ Memory expansion model ‘ Minimum model ‘ Memory expansion model ‘ Medium model A
M37702 M37702 164n
BYTE 16 BYTE PO Ao—Ai1s+n
PO —
7J;7_ Latch » Ao—Ais 7J/; g
16-bit width; Pl
o p2
BYTE = “L” ALE Lach 16
Do—D1s o iy D15
BRE BHE >

Memory expansion model ‘ Medium model B

Memory expansion model | Maximum model

Notes 1: Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES”
pins when expanding a memory. Refer to “Chapter.15. ELECTRICAL CHARACTERISTICS”

requirements.
2: Because the address bus width is used as maximum 24 bits when expanding a memory, strengthen the M37702’s

Vss line. (Refer to “Appendix 5. Countermeasures against noise.”

about the functions and operation of used
for timing

)
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APPLICATION

17.1 Memory expansion

17.1.2 How to calculate timing

When expanding a memory, use a memory of which standard specifications satisfy the address access
time and the data setup time for write. The following describes how to calculate each timing.

O External memory’s address access time; t  awp)

taap) = tdPoariar2a-E) + twel) — tsupeprin-g) — (address decode time™ + address latch delay time®?)
tapoar1aP2a-E). tdoa-g), ltd(P1a-E), OF td(P2a-E)

tsu(p2p/P1D-E). tsu(P2p-E) Or tsu(P1D-E)

Address decode time™: Time required for the chip select signal to be enabled after decoding address
Address latch delay time™: Delay time required when latching address (Unnecessary in minimum model)

O External memory’s data setup time for write; t  sup)
tsup) = twEr) — tdE-P20/P1Q)

td(E-P2q/P1Q). ld(E-P2q) OF td(E-P1Q)

Table 17.1.2 lists the calculation formulas for each parameter; Table 17.1.3 lists the data of each parameter;
Figure 17.1.1 shows the bus timing diagrams.

Figures 17.1.2 and 17.1.4 show the relationship between tax-0) and f(Xin); Figures 17.1.3 and 17.1.5 show
the relationship between tsup) and f(X).

Table 17.1.2 Calculation formulas for each parameter (unit: ns)

f(X) f(Xin) < 8 MHz 8 MHz < f(Xin).< 16 MHz 16 MHz < f(Xiw) £ 25 MHz
Parameter No Wait | Wait No Wait T Wait No Wait | Wait
tdPoa—E) 9
1010 1.2 0 10° 10 10°
- 100 + —_—— — 125 30+ ——— - = _
ta(p1a—E) f(Xin) F(Xin) 12 + F0Xm) 40
td(P2a—E)
tw(EL)
9 9 9
2510_30 4|]109_30 2D109_30 4D10_30 2D109_30 4|]10_30
f(Xin) f(Xin) f(Xin) f(Xin) f(Xin) f(Xin)

Table 17.1.3 Data of each parameter (unit: ns)

Parameter Type 16 MHz version |25 MHz version

tsu(p1D—E)

tsup2p—E) 45 30

tde—P1q) 70 45

td(e-P2q)
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17.1 Memory expansion

External data bus width = 8 bits (BYTE = “H")

3 [—
E | T L ]
- ;
ALE / \ / \
I
A0-A7 ! Address low-order Address low-order
I
As-A15 X Address middle-order X Address middle-order x
A16/Do— Address Address [
A23/D7 high—order/\ """ i\ Data w """" < high-order ) Data X:
o= e & [dEP2
Tzt | Tuems >
" ta(ADp) tsu(D)
R/W When reading data \ When writing data

External data bus width = 16 bits (BYTE = “L")

E \ \
N 1 L T
- S FS - -
fiEL)
ALE [ \ [ \
A0-A7 K Address low-order X Address low-order l
[ —
td(POA-E)
As/Ds— [ Address Address [ .
A15/D15 )t middle-order 77777 Data XN\ middle-order Data hlgh'order
[tdPiae] tsupioE) - P10}
A16/Do— [ Address Address |
A23/D7 )t high-order |~ DEICRNNNNES high-order Data low-order
B E— X
et i ST _eey)
ta(AD) tsu(D)
RIW When reading data \ When writing data |

D : M37702’s standard characteristics
(The others are the external memory’s.)

Fig. 17.1.1 Bus timing diagrams
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17.1 Memory expansion

[ns]
650

6&4
600 —

550

500

f—:— No wait )

450
400

XT3 TH Walt

350 328

300
250
200

Memory access time ta(ap)!

150

100

3

50

10 11

12

13 14

External clock input frequency f(XIN)

15

16
[MHz]

(0 Address decode time and address latch
delay time are not considered.

Fig. 17.1.2 Relationship between t anp) and f(Xm) (16 MHz version)

External clock input frequency f(Xin)

[ns]
500 471 g
e..
450 —— S
.400
400
..... 244 (—e— No wait \
5 350 9. k-o-- Wait )
AR - A Y\ 300
> SN | N ] 263
= 250 V_o S & AL 233
=) O, 207
2 185 - Q... 185
e 200 @ 166
s T F 50
8 150 122 )
@
a 100
100 81
66
i\q 53 42
50 ‘T\%\?
0 \ \
7 8 9 10 11 12 13 14 15 16
[MHz]

Fig. 17.1.3 Relationship between t sup) and f(Xin) (16 MHz version)
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17.1 Memory expansion

[ns]
700 |
629
0‘.
o 600 545
< A .
& 500 540472 —6— No wait
O] X O i
g . 415 Walit
@ 400 :
[%]
(O]
(8]
& 300
Py
o
€ 200
()
=
100
0
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[MHZz]

External clock input frequency f(XIN)

0 Address decode time and address latch
delay time are not considered.

Fig. 17.1.4 Relationship between t

anp) and f(X ) (25 MHz version)

[ns]
500 —© | ’ £
450 “x,425
R ‘
400 *,369
o (= vowar )
350 R 325 — No wait
~ . s T H
g | o Tudes k Wait j
F 300 I e
s -...258
£ 250 ®.. 232
S 210 8. 210
£l 200—‘&1(75 191 175 160
@ 147 T ell 147
o 150 ~Y 125 29 135 155
o NI T el 115
z 106 S-.. 106 og
) o1 . | | | | TTee - 91 g5
o} 100 78 Ol
;\e;\é 58 gq ‘ T
50 — 4236 30 o5 !
20 15 11 g g
0 N B
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[MHZz]

External clock input frequency f(XIN)

Fig. 17.1.5 Relationship between t

suo) and f(Xn) (25 MHz version)
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17.1 Memory expansion

17.1.3 Points in memory expansion

(1) Reading data
Figure 17.1.6 shows the timing at which data is read from an external memory.
When reading data, the external data bus is placed in a floating state, and data is read from the
external memory. This floating state is maintained from tpeE-rizir2) after the falling edge of the E
signal till tpzxe-rizir2z) after the rising edge of the E signal. Table 17.1.4 lists the values of tox(E-rizir2z)
and the formulas to calculate tpxE-pizir22).
Consider timing during data read to avoid collision between the data being read—in and the preceding
or following address output because the external data bus is multiplexed with the external address
bus. (Refer to “(3) Precautions on memory expansion.” )

—§|1 >

External memory S—
output enable signal OE N\
(Read signal)

External memory — = \
: . CE, S -
chip select signal
l¢ tpxz(E-P1z/P22)
tpzx(E-P12/P22)

taog)

Address output and data input SN < N
( As/Ds—A1s/D1s ) 01 Address pr--1---zmn- & bk IRl R ’« Address
A16/Do—A23/D7
ta(ce), tas)
< > > 02
ten(or)
A ” tor, tdis(oE) 03

_lence), tens) | | >
External memory < >
dataoutput il Data — Pp----mmomseemmooees
D —
[ ]: specifications of the M37702

(The others are specifications of

01 This applies when the external data bus has a width of 16 bits (BYTE = “L”"). external memory.)

02 If one of the external memory’s specifications is smaller than , there is a possibility of the tail of
address colliding with the head of data. — Refer to “(3) Precautions on memory expansion.”

03 If one of the external memory’s specifications is greater than , there is a possibility of the tail of
data colliding with the head of address. — Refer to “(3) Precautions on memory expansion.”

Fig. 17.1.6 Timing at which data is read from an external memory
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Table 17.1.4 Values of t pxzE-rizir2zy and formulas to calculate t pxE-rizir2zy (Unit : ns)

f(Xn) f(Xin) < 8 MHz 8 MHz < f(Xin) < 16 MHz | 16 MHz < f(Xi) < 25 MHz
Parameter
tpxz(E—P12) 5 5 5
tpxz(E—P22)
tpzx(E—P12)
tpzx(E-P22) 10109 30 1010°_ 26 10100,
(Note) f(Xin) f(Xin) f(Xin)

Note: In the M37702E2AXXXFP, the M37702E2AFS, the M37702E4AXXXFP, the M37702E4AFS, the
M37703E2AXXXSP, and the M37703E4AXXXSP, refer to section “19.5.4 Bus timing and EPROM
mode.”

7702/7703 Group User’s Manual 17-9



APPLICATION

17.1 Memory expansion

(2) Writing data
Figure 17.1.7 shows the timing at which data is written to an external memory.
When writing data, the output data starts after tae-rior2q) passes from falling of the E signal. Its
validated data is output continuously until tneriar2q) passes from rising of the E signal.
Table 17.1.5 lists the calculation formulas of the-rir2q). Table 17.1.6 lists the constants of tae-rior2q).

Data output at writing data must satisfy the data set up time, tsup), and the data hold time, tnp), for
write to an external memory.

- X

E N

A

| A

External memory —

write signals W, WE _\ f

External memory -

chip select signals ~ CE, S \ /

tdE-P10/P20)
>—1e | th(E-P1Q/P2
Address and data output < > (E-P1QIPZQ)

4 N
As/Ds—A15/D1s |\ U Address >§ Data 7§< Address
A16/Do—A23/D7

< thp)
tsup)

l:l : Specifications of the M37702
(The others are specifications of external memory.)

O This applies when the external data bus has a width of 16 bits (BYTE = “L").

Fig. 17.1.7 Timing at which data is written to an external memory

Table 17.1.5 Calculation formulas of t neE-prior29) (UNit: NS)

fXw) (X)) <8 MHz 8 MHz < f(Xn) < 16 MHz | 16 MHz < f(X) < 25 MHz
Parameter
thE—P1Q) 10 10° _ 12 10 109 _ 6.95 10 10° B
thEe—r20) 2 0 f(XIN) ' 2 0 f(XiN) 2 O f(XIN)

Table 17.1.6 Constants of t aepiar20) (Unit: NS)
Microcomputer

type 16 MHz version |25 MHz version

Parameter

td(E—P10Q) 70 45

td(E—P2Q)
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(3) Precautions on memory expansion
As described in O to O below, if specifications of the external memory do not match those of the
M37702, some considerations must be incorporated into circuit design as in the following cases:

O When using an external memory that requires a long access time, tawxo)

0 When using an external memory that outputs data within texe-P1zir2z) after the falling edge of the
E signal

O When using an external memory that outputs data for more than tpxe-r1zr22) after the rising edge
of the E signal

0 When using external memory that requires long access time, t a(AD)
If the M37702’s tsupipip2p-e) cannot be satisfied because the external memory requires a long access
time, taan), examine the method described below.

o Lower f(Xn).
e Select software Wait. (Refer to section “12.2 Software Wait.” )
e Use Ready function. (Refer to section “12.3 Ready function.” )

Figure 17.1.8 shows an example of a Ready signal generating circuit (no Wait). Figure 17.1.9
shows an example of a Ready signal generating circuit (with Wait).

Ready function is valid for the internal areas, so that the eircuits in Figures 17.1.8 and 17.1.9 use
the chip select signal (CSz) to specify the area wheré Ready function is valid.
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M37702M2AXXXFP
As-A23| 4 » Data bus
(Do-D15) *
Address| Css
Address latch - jacode 1
circuit circuit > C_Sz
Ao-A7 * » Address bus
RDY[* ?
ACT74 | 1C32 [E32
E D Q—ODO o
o1 o1
ACO4 Insert Wait by Ready function
only for areas accessed
by CSa.

Circuit condition: f(XIN) < 14.5 MHz, no Wait

tc
td(E- ¢ 1)
01
o1
E
CS2
Q
O :The condition satisfying tsu(RDY- ¢1) = 60 ns
v is tc = 68.5 ns.
RDY / Accordingly, when f(XIN) < 14.5 MHz, this
circuit example satisfies tsuRDY-0 1) 2 60 ns.

j\‘ tsu(RDY-¢ 1) o
. - - : Wait by Ready function.
AC32 propagation delay time

(max. : 8.5 ns)

O This applies when using the 16 MHz version.

Fig. 17.1.8 Example of Ready signal generating circuit (no Wait)
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M37702M2BXXXFP
01-03
Use the elements of which sum of
As—A23 | 4 $» Data bus propagation delay time is within
9
(Do-D15) v Add 2010
Address ressp, CS:1 o —tsu(RDY- ¢1)
latch circuit| | 96¢0de y Ao (f(Xin) = 25 MHz, 25 ns)
* circuit > CS2 ' :
Ao-A7 » Address bus
RDY [« %
E
FO4
1D RD -
: . Insert Wait by Ready function
; 1Q 2D only for areas accessed
' 2Q ! by CS2.
P 1T 2T '

m|

1Q

CS2

RDY

<

tsu(RDY- ¢1) th(o +-RDY) 4« Software Wait

@ : Wait by Ready function.
O This applies when using the 25 MHz version.

Fig. 17.1.9 Example of Ready signal generating circuit (Wait)
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O When using external memory that outputs data within t we(E-P1zip2z) after falling edge of E signal
Because the external memory outputs data within tex(-r1zir2z) after the falling edge of the E signal,
there will be a possibility of the tail of address colliding with the head of data. In this case,
generate the memory read signal (O_E) by delaying only the leading edge of the fall of the E. (Refer

to Figure 17.1.10.)

External memory
output enable signal
(Read signal)

Address output

External memory
data output

Note: Satisfy < ten@En)+d.
If ten(oE) <[tpxz(e-P1z/P22) (= 5.NS), ensure a certain time (i.e., ‘d in this diagram)

by delaying the falling edge of OE after the falling edge of E.

\ /—

mi

OE K /
Address >‘ ---------------------- « Address

""""""""""""" - Data >>>"""""""'

< {30

Y

<« ten(oE)

l:] » Specifications of the M37702
(The others are specifications of external memory.)

Fig. 17.1.10 Example of causing to delay data output timing

17-14
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0 When using external memory that outputs data for more than t nzx(E-P1ziP2z) after rising edge of
E signal
Because the external memory outputs data for more than texe-rizir2z) after the rising edge of the
E signal, there will be a possibility of the tail of data colliding with the head of address. In this case,
examine the method described below.

e Cut the tail of data output from the external memory by using a bus buffer and others.
e Use the Mitsubishi’s memories that can be connected without a bus buffer.

Figures 17.1.11 to 17.1.14 show examples for how to use a bus buffer and the timing diagrams.
Table 17.1.7 lists the memories that can be connected without a bus buffer. These memories do
not require a bus buffer because timing parameters tor and tascor) listed below are guaranteed.
(However, the read signal must go high within 10 ns after the rising edge of E signal.)

Table 17.1.7 Memories that can be connected without bus buffer

Memory Type description tor/taisor) (Maximum) Conditions
EPROM M5M27C256AK-85, -10, -12, -15 15 ns f(Xin) < 20 MHz
M5M27C512AK-10, -12, -15 (Guaranteed by kit) (Note)

M5M27C100K-12. -15
M5M27C101K-12, -15
M5M27C102K-12, -15

M5M27C201K, JK-10, -12, -15
M5M27C202K, JK-10, -12, -15
One-time PROM |[M5M27C256AP, FP, VP, RV-12, -15
M5M27C512AP, FP-15
M5M27C100P-15

M5M27C101P, FP, J, VP, RV:-15
M5M27C102P, FP, J, VP, RV-15
M5M27C201P, EP, J, VP, RV-12, -15
M5M27C202P EP, J, VP, RV-12, -15
Frash memory M5M28F101P, FP, J, VP, RV-10, -12, -15
M5M28F102FR, J, VP, RV-10, -12, -15

SRAM M5M5256CP; FP, KP, VP, RV-55LL, -55XL,
-70LL, -70XL, -85LL, -85XL, -10LL, -10XL |8 ns
M5M5278CP, FP, J-20, -20L 10 ns f(Xin) < 25 MHz
M5M5278CP, FP, J-25, -25L 6 ns
M5M5278DP, J-12 7 ns
M5M5278DP, FP, J-15, -15L 8 ns

M5M5278DP, FP, J-20, -20L

Note: When the user needs a specification of the memories listed above, add the comment “tor/taiscor) 15 ns
product, microcomputer and kit.”
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M37702
A1-A7
Vs 7 » Address bus
AC573
BYTE
LE OiE?/7
AC573
ALE & | LEOE
.
F245 L2
As/Ds— | L » A Bl » Data bus (odd)
A15/D15
— bR oc
F245 12
A16/Do— < / > A Bl ==p Data bus (even)
A23/D7
e DIR oc[——®

XIN Xour

|_||:”J Circuit condition: Wait
25 MHz

01: Use the elements of which propagation delay time is within 20 ns.
2, 03 : Use the elements of which sum of output disable time in 02 and
propagation delay time in 03 is within 18 ns and the sum of output
enable time in 002 and propagation delay time in (03 is 5 ns or more.
04: Use the elements of which propagation delay time is within 12 ns.

Fig. 17.1.11 Example for using bus buffer (1)
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<When reading>

P 130 (min.) ~
E 3\ '
As/Ds—A15/D15 J
A16/Do—-A23/D7 X A e L A
<— BC32 (trHL) BC32 (trLH)
OC (F245), RD \ i
F245 F245
External memory ] (tpzH/tPz1) > (tPHz/tPLZ)
data output A (F245) ~ TTtTrremoemoe D Yoo
<When writing>
130 (min.)
45 (max.)
As/D8—A15/D15
A16/D0—A23/D7 A__A A D A
<—| BC32 (trHL) < BC32 (trLh)
— S /
OC (F245), WO, WE /
F245 F245
(tPHL/tPLRH) —> (tPHz/tPLZ)
External memory ... ( X S T
data output B (F245)
(Unit : ns)
Fig. 17.1.12 Timing chart for sample circuit using bus buffe rs (1)
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T/
]

M37702
CNVss AL=AT7 » Address bus
AC573
BYTE b o
LE FE:L?
AC573
/~P»1D Q
ALE o |LE EE_TLT
ALS245A2
As/Ds—
A15/D15 < < P| A B G Data bus (odd)
— DIR OC
ALS245A2
A16/Do— /
A23/D7 « >(A B Data bus (even)
e |DIR OC
E o °

. This is the circuit that extends the write hold
‘//”" time by making t_he rising of the write signal
! 1/2¢ 1 clock earlier.

BHE

Ao

XIN Xout

I—HZI)—' Circuit condition : Wait
16 MHz

1: Use the elements of which propagation delay time is within 30 ns.

[02: Use the elements of which output enable time is 5 ns or more and output disable time is
within 36 ns.

Fig. 17.1.13 Example for using bus buffer (connecting with memory requiring a long hold time for

write)

17-18
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<When reading>

A8/D8—A15/D15
A16/Do-A23/D7

External memory
data output A (ALS245A)

<When writing>

01

01

E, OC (ALS245A)

1Q (AC74)

2Q(AC74)

WO, WE

A8/Ds—-A15/D15
A16/Do-A23/D7

External memory
data output B
(ALS245A)

> 220 (min.) -
E, OC (ALS245A) / N /
< 5 (max.)
X A J( ---------------------------------
—> AC32 (tpHL) <— AC32 (tpLH)
/
ALS245A ALS245A
<— (tpzH/trzL) —> (trHz/tPLZ)
-------------- { X D

I A W & W A WA

| 220 (min.)

A

Ly

—

ACO04 (trLH)+ACT74 (tPLH)

AC32 [0 2 (trLH)

AN

ALS245A

< (tPHz/tPLZ)

> <— 70 (max.)
A_A X D A
ALS245A
> < (tPHL/tPLH) d
--------- - > o

Write hold time

(Unit : ns)

Fig. 17.1.14 Timing chart for sample circuit using bus buffers (2)
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17.1.4 Example of memory expansion

(1) Example of SRAM expansion (minimum model)
Figure 17.1.15 shows a memory expansion example (minimum model) using a 32-Kbyte SRAM in the
memory expansion mode. Figure 17.1.16 shows the timing chart for this example.

‘i M37702M4B
BYTE AC32 1 M5£A5256CP'70L'— 01, 02: Use the elements of which propagation
onwvee T d s delay time is within 18 ns.
Ao—A14 P Ao—A14
Do-Dr7 |« »( Do—D7 Memory map
OE WE 000016|  SFR area
== 008016
BHE [— Open Internal RAM area
_ 088016 Eyternal RAM
E area
AC32 2 800016 (MBEM5256CP)
RIW
internal ROM area
XN Xout

VI:IV ; 25 MHz FEFF1e

Circuit condition ;: Wait

Fig. 17.1.15 Example of SRAM expansion (minimuim model)
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<When reading>
130 (min.)

o \ < >
E, OE / \ f/

12 (min.)

Ao—A14 >< A ><

. 18 (min.)
Do-D7 >< (A) | prrss ey SR (A)
s \
AC32 (tpHL) > ta(s) AC32 (tpLH)

External RAM ta(ap) 1lilt(maX.) e
dataoutput " @ S _(mlug_l_{aran eed)

Y
3
g

<
> >

ta(oE) tsup2p-E) = 30

<When writing>

130 (min.)

E, OF / 3 Jg
N
Ao—A14 >< A >< A

> 45 (max.) < 18 (min.)
Do—D~ >< (A) >< D (A)
AC32 (tpHL) tsup) 2 30 <—> AC32 (teLH)

—

AC32 (tpHL)

A
A
A
A

AC32 (tpLH)
g

wnl
)

(Unit : ns)

Fig. 17.1.16 Timing chart for SRAM expansion example (minimum model)
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(2) Example of ROM expansion (maximum model)
Figure 17.1.17 shows a memory expansion example (maximum model) using a 2-Mbits ROM in the
microprocessor mode. Figure 17.1.18 shows the timing chart for this example.

01: Use the elements of which propagation
delay time is within 12 ns.
M37702S1B MB5M27C202K-10 [2: Use the elements of which propagation
delay time is within 20 ns.
CNVss Address bus  A1—A17
A1—A7 | Ao-Ais
BYTE AC573 011 f
Auis/Dis As-A1s
— LE
Memory map
ACST3 Azis, A17 000016 SFR area
Ai6/Do, A17/D1 D Q 008016
internal RAM
ALE LE area
Di—Dr ¢ Data bus Do-D1s Do_Dis 028016
OE CE
E [ External ROM
AC04 02 area
RIW
{>° (M5M27C202K)
Xin+ Xout
3FFFF1e
m 25 MHz
o
Circuit condition.: Wait

Fig. 17.1.17 Example of ROM expansion (maximum model)
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<When reading>

130 (min.)
E, OF / \ /T
’ < /
12 (min.) <5 (max.) <> 18 (min.)
As/Ds—A15/D1s >§‘
Aze/Do \ A —A
20 (min.)
< <> 18 (max.)
- s
R/W \
- S
ta(ap)+AC573 (trHL/tPLH) R
> ACO04 (tpHi) ACO4 (tPLH) —
CE \
< ta08) ﬁ‘ 15 (max.)
External ROM | 7 D > __(_If_l!_g_qgi_r_g_nteed)
data output
t > > tsu(p1D/P2D-E) = 30
a(CE)

(Unit : ns)

Fig. 17.1.18 Timing chart for ROM expansion example (maximum model)
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(3) Example of ROM and SRAM expansion (maximum model)
Figure 17.1.19 shows a memory expansion example (maximum model) using two 32-Kbyte ROM and
two 32-Kbyte SRAM in the microprocessor mode. Figure 17.1.20 shows the timing diagram for this

example.
% M37702S1B M5M27C256AK-15 M5M5256CP-70LL
CNVss - Address bus \ \ \
BYTE . . .
A8—-A15
7? ACs573 [2 l}é \— o1 —F L
A8IDs-~ | [ Q_J CE CE AC04 S s
A15/D15 LE
I A0-A14 A0-A14 A0-A14 A0-A14
ALE A1-A15 Al-A15 Al-A15 Al1-A15
02
AC573
b Al6
Axs/Do Q D8-D15 DO-D7 D8-D15 DO-D7
LE Do-D7 Do-D7 DQ1-DQs DQ1-DQs
LT o o . N o
OE OE OE " W OE W
Data bus (odd) ‘
|
P Data bus (even) ) |
p1=b7 /< ACO4 l
_ Aca23
"7 > D *
E e e —— —a/ —
E A
A0 .
O -
BHE
XIN__XouT Memory map

P\/qu 20 MHz 000016 SFR area
T A 008016 Internal
Circuit condition : Wait RAM area
028016 External
ROM area
(M5M27C256AK [J 2)
. . . o 1000016
001, 02 : Use the elements of which sum of propagation delay time is within 92 ns. External
02: Use the elements of which propagation delay time is within 12 ns. RAM area
03: Use the elements of which propagation delay time is within 13 ns. (M5M5256CP L 2)
1FFFF16

Fig. 17.1.19 Example of ROM and SRAM expansion (maximum model)
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<When reading>

170 (min.) R
_ \ "1y
E / \ /
22 (min.)
A1—A7 >< A >< A
> < 5 (max.
As/Ds—A1s/D1s >< A } ______________________________________________________ N
Aa1e6/Do "
28 (min.)
AC573 (trHL)
< ACO04 (trHL)
. - <
CE, S CE ]\( \v S
ta(s)
AC32 (trLH)
OE
AC32 (trHL)
| ta(0E) 15 (max.)
External memory <<I > (Kit guaranteed)
data output D
'}‘ > tsuPip/P2D-E) = 30
ta(AD), ta(CE)
<When writing>
| 170 (min.) |
- z /
E
/ \ /
22 (in.)
A1—A7 X A >< A

S

As/Ds—A1s/D1s ><

Ai6/Do, D1-D7 A D

>
>

tsuo) = 30 23 (min.)

45 (max.)

A

<

\L AC573 (tpHL)+ACO4 (tpHL)

0|

<—>| AC32 (trHL) > AC32 (trLH)

WE, WO \ /

(Unit: ns)

Fig. 17.1.20 Timing diagram for ROM and SRAM expansion example (maximum model)
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17.1.5 Example of 1/0O expansion

)

Example of port expansion circuit using M66010FP

Figure 17.1.21 shows an example of a port expansion circuit using the M60010FP. Use 1.923 MHz
or less frequency for Serial I/O transfer clock.

Serial 1/0 control in this expansion example is described below.

In this example, 8-bit data transmission/reception is performed 3 times by using UARTO and 24-bit
port expansion is realized. Setting of UARTO is described below.

e Clock synchronous serial /O mode; Transmission/Reception enable state
e Selected internal clock. Transfer clock frequency of 1.5625 MHz.
e LSB first

The control procedure is described below.

O Output “L” level from port P4s. (Expansion I/O ports of M66010FP become floating state by this
signal.)

O Output “H” level from port P4s.

O Output “L” level from port P4a.

O Transmit/Receive 24-bit data by using UARTO.

O Output “H” level from port P4a.

Figure 17.1.22 shows serial transfer timing between M37702 and M66010FP.

17-26
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M37702
M66010FP ©
< Famiddin >
TxDo . » DI g; DR o SR
T D3 < r/\ﬂ/v—q -
i CNVss RxDo [ DO D4 |« IWN—e -
CLK D5 |« v g—
# BYTE CLKo D6 |« N >
ANN—g
~= D7 |« — >
P44 Ccs D8 | W -
AN —4
= D9 |« < >
P4s 1 ™S D10 FXH >
Fumdbim »
RTSo [— Open D11 P
D12 >
AoAT D13 - Expanded I/O port
—, _> VCC l ] »
Dldle—— & x >
As/Ds— D15 [« - —»
< » DI6le—— Tty
A15/D15 e
7; GND D17 [« fw N~ 2
A16/D0- | > DI — —»
A23/D7 D19 [« r—M;I—'
D20 {¢— < —F—»
ALE ———» D21lld4 — ‘—M >
D22 fa+— %‘—»
B D23 [« ﬁ—»
D24
Qrf——»
RW[——»
BHE|——>
Circuit condition: s®UARTO used in clock synchronous serial I/O mode
Internal clock selected
f2
*Frequency of transfer clock = —————— = 1.5625 MHz
XiN Xout q y 2(3+1)

LoH

25 MHz

Fig. 17.1.21 Example of port expansion circuit using M60010FP

7702/7703 Group User’s Manual 17-27



APPLICATION

17.1 Memory expansion

(‘uonresado pue sweu uid S, d40TO99IN dJe SIaylo ayl)

aweu uid S,ZOLLEN : _H_

‘adA1 Indino ureip-uado |suueyd-N ate suod Q] papuedx3 O

¢0da

vela ---

veia X €z1d X czid X Teia X ozid 8ia el 9ld sia X via €1a z1a TIa
T 19181651 wys jo elep Bumndino feuas

¥20a X €20d X2z0d X 120a X 0z0d 804d X 104 X 90d X SO quo €0oa X zoa X 1od
Z J91s16a1 Yiys oxeiep [euas Bumndu)

T J91s16a1 yiys 01 suod /) papuedxa jo €iep Humndu)

]

suod Q/| papuedxa

01 z Jaisibal yiys Jo erep bumndino suod Q| papuedxa jo bunpeoy buneuiwia ]

¥2d Mod Qy| papuedx3
2a od /| papuedx3
TA uod Oy| papuedxy
a  [ea]
312 [0 ]

sO [rrd]

Fig. 17.1.22 Serial transfer timing between M37702 and M66010FP
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17.2 Sample program execution rate comparison
Sample program execution rates are compared in this paragraph.
The execution time ratio depends on the program or the usage conditions.

17.2.1 Difference depending on data bus width and software W ait

Internal areas are always accessed at 16-bit data bus width and without software Wait. In the external
areas, the external data bus width and software Wait are selectable. Table 17.2.1 lists the sample program
(refer to Figure 17.2.1) execution time ratio depending on these selection and used memory areas.

Table 17.2.1 Sample program execution time ratio (external d  ata bus width and software Wait)
Memory area External data bus Sample program execution time ratio

Software Wait

RAM ROM width (bit) Sample A Sample B

Internal | Internal (16) (Nothing) 1.00 1.00
Nothing 1.00 1.00

16 Inserted 1.17 1.10

Internal | External Nothing 119 108
8 Inserted 1.67 1.46

Nothing 1.00 1.00

16 Inserted 1.25 117

External | External Nothing 119 113
8 Inserted 1.78 1.65

Calculation value® 0.92 0.90

Calculation value® : The value is calculated from the shortest execution cycle number of each instruction
described in the software manual.

7702/7703 Group User’'s Manual 17-29


Renesas
EOL announced
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17.2 Sample program execution rate comparison

| TALI C.

Sample A Sample B
SEP M X SEP X
LDA.B A #0 CLM
STA A, DEST+64 . DATA 16
STA A, DEST+65 . I NDEX 8
STA A, DEST+66 LDY #69
LDX. B #63 LOOPO: LDX #69
LDA A, SOUR, X LOOP1: ASL SOUR, X
TAY SEM
AND. B A #00000011B . DATA 8
STA A, DEST, X ROL SOUR+2, X
TYA ROL B
AND. B A, #00001100B CLM
ORA A, DEST+1, X . DATA 16
STA A, DEST+1, X ROR A
TYA DEX
AND.B A #00110000B DEX
ORA A DEST+2, X DEX
STA A DEST+2, X BNE LOOP1
TYA STA A, DEST, Y
AND. B A, #11000000B SEM
ORA A, DEST+3, X . DATA 8
STA A, DEST+3, X STA B, DEST+2, Y
DEX CLM
BPL | TALI C . DATA 16
DEY
DEY
DEY
BNE LOOPO

0 SOUR, DEST : Work@iea

(Direct page area : Access this area at the following mode.)
eDirect addressing mode
*Direct Indexed X addressing mode
»Absolute Indexed Y addressing mode

Fig. 17.2.1 Sample program list
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17.2 Sample program execution rate comparison

17.2.2 Comparison software Wait (f(X

n) = 20 MHz) with software Wait + Ready (f(X mw) = 25 MHZz)

The following condiitons [0 and O are compared. Refer to Figure 17.2.1 about executed sample program.

The execution time ratio depends on the program or the usage conditions.

Condition O : When selecting software Wait and f(Xin) = 20 MHz

Condition O : When selecting software Wait and f(Xiw) = 25 MHz and inserting a Wait which is 1 cycle of
@ (inserting total Wait of 2 cycles of ¢).

Table 17.2.2 Comparison condition

Item

Condition O

Condition O

Processor mode

Microprocessor mode

Microprocessor mode

f(Xin) 20 MHz 25 MHz

External data bus width 16 bits 16 bits

Software Wait Inserted Inserted

Ready Invalid Valid only to external EPROM areas
Program area External EPROM External EPROM

Work area Internal or External SRAM Internal or External SRAM

Software Wait
valid area

M37702 memory map

SFR area

Internal SRAM

External SRAM s

Program area
External EPROM

Specify either area as the work area

Condition 0 Ready valid area
Insert Wait of ¢ 0 2 cycles at access
(including software Wait)

Fig. 17.2.2 Memory allocation at execution rate comparison
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17.2 Sample program execution rate comparison

Figure 17.2.3 shows that there is almost no difference between conditions O and O about the execution
time.

The bus buffers become unnecessary by using the specific memory. (See Table 17.1.7.) Consequently, the
case selecting f(Xn) = 20 MHz and inserting software Wait is superior in the cost performance.

Execution time ratio in sample A Execution time ratio in sample B

1.10 B 1.04 1.10 B 1.05 103
1.00 1.00 1.01 1.00 1.00

1.00

0.90 0.90]

0.807

0.70

0.607 0.607

0.50]

0.407

0.303 0.307

0.20

0.107

0.00:
Work area = Internal RAM  Work area = External RAM \Work area = Internal RAM  Work area = External RAM

[ : Condition O
[_]: Condition O

Fig. 17.2.3 Execution time ratio
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LOW VOLTAGE VERSION

The low voltage version has the following characteristics:

e Low power source voltage (2.7 to 5.5 V)

* Wide operating temperature range (—40 to 85 °C)

The low voltage version is suitable to control equipment which is required to process a large amount of data
with a low power dissipation, for example portable equipment which is driven by a battery and OA equipment.

Differences between the M37702M2LXXXGP and the M37702M2BXXXFP are mainly described below.
For the EPROM mode of the PROM version, refer to “Chapter 19. PROM VERSION.”
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LOW VOLTAGE VERSION

18.1 Performance overview

18.1 Performance overview
Table 18.1.1 shows the performance overview of the M37702M2LXXXGP.

Table 18.1.1 M37702M2LXXXGP performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

500 ns (the minimum instruction at f(Xw) = 8 MHz)

External clock input frequency f(X)

8 MHz (maximum)

Memory size ROM 16384 bytes
RAM 512 bytes
Programmable Input/Output PO-P2, P4-P8 8 bits O 8
ports P3 4 bits O 1
Multifunction timers TAO-TA4 16 bits 0 5
TBO-TB2 16 bits O 3

Serial 1/O

UARTO, UART1

(UART or clock syrnichronous serial I/0) O 2

A-D converter

8-bit successive approximation method [0 1 (8 channels)

Watchdog timer

12 bits 0 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 a quartz-crystal oscillator)

Supply voltage

2.7-55YV

Power dissipation

12 mW (at supply voltage = 3 V, f(Xw) = 8 MHz frequency)

30 mW (at supply voltage = 5 V, f(Xn) = 8 MHz frequency)

Port Input/Output
characteristics

Input/Output withstand voltage

5V

Output current

5 mA

Memory expansion

Maximum 16 Mbytes

Operating temperature range

—40°C to 85°C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP

Note: Low voltage versions except the M37702M2LXXXGP are the same except for the package type,
memory type, and meniory size.
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18.2 Pin configuration

18.2 Pin configuration

Figure 18.2.1 shows the M37702M2LXXXGP and

shows the M37702M4LXXXFP pin configuration.

the M37702M2LXXXHP pin configuration. Figure 18.2.2

Outline M37702M2LXXXGP « «

O
[0) o —
0 - P 2
ST B
£F2%%%%%55 ,,g4 006260
R el Rl e i 825330883
oo A>T ><<>a0o00ogn
1 e ) e e e
g O\
P6s/TBLN <> ] [ w 5] <>
P65/TBOIN <» [2 | O O [ 59] <>
P64/INT2 <> [3_] (58] <>
P63/INT1 «» [4| [57] <>
P62/INTo <«» 5| = = [ 56] <>
P61/TA4IN <> [6 | w » [ 55] <>
P60/TAdouT <»[7_| ~ ~ [ 54] <>
P57/TA3IN <> [8] ~ ~ [ 53] «»
P56/TA30UT *» [0 8 8 [52] <>
P55/TA2iN < [10 | = = [ 51] «»
P54/TA20uT < [11]] o o ) [ 50] <>
P53/TALN <> [IZ] = . (59 <>
P52/TAlouT <« [13] PYe P4 48] <>
P51/TAOIN < [14]] P-4 X [ 47] <*»>
P50/TAOoUT <« [15 | > X [ 46] <>
P47 <> [I5] T ) 5] +»
P4s <> [17] o o [ 44] <>
P45 <»[18] | 3] +>
P4s <> [19] Q [42] <>
P43 < [20]] [ 41] <>
O ),
S I>AOW Q) Z2 =W 9|<C W W N~ © 10 ¥ O
A PR EE
3y I TP0|E IS gL
3 3 ool g8I8S
Lo o [ M2 o W a Wl a W2
. 0

e+« 80P6S-A

Outline M37702M2LXXXHP ¢ ¢+« + 80P6D-A

0 : The M37702M2LXXXGP and the M37702M2LXXXHP have the pin configuration shifted to

2 pins assignment from the M37702M2BXXXFP.

P86/RxD1
P87/TxD1
P0o/Ao
P0O1/A1
P02/A2
P03/A3
P04/A4
PO0Os/As
PO0s/As
PO7/A7
P1o/As/Ds
P11/A9/D9
P12/A10/D10o
P13/A11/D11
P14/A12/D12
P15/A13/D13
P16/A14/D14
P17/A15/D1s
P20/A16/Do
P21/A17/D1

Fig. 18.2.1 M37702M2LXXXGP and M37702M2LXXXHP pin configuration (top view)
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18.2 Pin configuration

Outline: 80OP6N-A

F U
[a)] 2

5523223 3283

<< < x

IR T

L0 ppoo><<><C>0o0an

EREERENNE AR

A A AR A

( O
P70/ANo <> [ (. O N\ ko
P67/TB2iN <> [2 | O [63]
P66/TBLIN <> [3 | [ 62]
P65/TBOIN < [4 | Z [61]
P64/INT2 <> [5_| | 60]
P63/INT1 <> [6_| W 59
P62/INTo <> [7_| ~ 1 58]
P61/TAAIN <> [8_| | 57
P60/TA4ouT <+ [9_| @) 56
P57/TA3IN <> [10 | | 55]
P56/TA30UT < [11 | N [ 54]
P5s/TA2IN <+ [12 | Z 53
P54/TA20UT <> [13 ] [ 52]
P53/TALIN <> [14 | S 51
P52/TALouT <> [B5 | . 50]
P51/TAOIN <> [16 | >< [49]
P50/TAOOUT <+ [17 | >< [ 48]
P47 <> [18] [ 47]
P4s <> [19 ] K [ 46]
P45 <> [20] T [ 45]
P44 <> [2L] mv) [44]
P43 <> [22] [ 43]
P42/ 0 1 <> [23 ] 2]
P41/RDY <> [24 O [41]
& )

[ 1

PEoth e e

Qu gy g s %g'ﬂ‘%lib‘ﬁﬁé

orzle™g% “23TZgygsas

L0l Iiaesssg

< milaod A

o o fa M a M2 M2

P84/CTS1/RTS1
P8s5/CLK1
P86/RxD1
P87/TxD1
P0o/Ao
PO1/A1
P02/A2
P03/A3
P04/A4
PO0Os/As
P0s/As
PO7/A7
P10/As/Ds
P11/A9/D9
P12/A10/D10
P13/A11/D11
P14/A12/D12
P15/A13/D13
P16/A14/D14
P17/A15/D15
P20/A16/Do
P21/A17/D1
P22/A18/D2
P23/A19/D3

Fig. 18.2.2 M37702M4LXXXFP pin configuration (top view)
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LOW VOLTAGE VERSION
18.3 Functional descrietion

18.3 Functional description
The M37702M2LXXXGP has the same functions as the M37702M2BXXXFP except for the power-on reset

conditions. Power-on reset conditions are described below.
For the other functions, refer to chapters “2. CENTRAL PROCESSING UNIT” to “14. CLOCK GENERATING

CIRCUIT.”
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LOW VOLTAGE VERSION

18.3 Functional description

18.3.1 Power-on reset conditions
Figure 18.3.1 shows the power-on reset conditions and Figure 18.3.2 shows an example of power-on reset

circuit. For details of reset, refer to “Chapter 13. RESET.”

/ Power-on

/ 27V

Vcec

ov

RESET

oy T 055V

Fig. 18.3.1 Power-on reset conditions

@ >V M37702M2LXXXGP
Vcc
M62005L
Vcc
INT INTI (i = 0-2)
(Interrupt signal)
—{ Cd  RESET : RESET
(Reset signal)
o GND

o

O In the case of Ca= 0.07 uF, delay time td is about 10 ms.
ta= 0.152 0 Cad [ us], Ca: [ UF ]

Fig. 18.3.2 Example of power-on reset circuit
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LOW VOLTAGE VERSION

18.4 Electrical characteristics

18.4 Electrical characteristics

The electrical characteristics of M37702M2LXXXGP and M37702M2LXXXHP is described below. For the
latest data, inquire of addresses described last (“CONTACT ADDRESSES FOR FURTHER INFORMATION") .

18.4.1 Absolute maximum ratings

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vce Power source voltage —-0.3to 7 V
AVcc Analog power source voltage -0.3to 7 \Y
Vi Input voltage RESET, CNVss, BYTE —-0.3 to 12 V
Vi Input voltage PO0o—PO07, P10—P17, P20—P27,
P30—P3s3, P40—P47, P50c—P57,
P60—P67, P70—P77, P8o—P81, Vrer, —0.3 to Veet0.3 1 v
XiN
Vo Output voltage P0o—P07, Plo—P17, P20—P27,
P30—-P3s3, P40—P47, P50,—P57, —-0.3 to Vcc+0.3 V
P60—P67, P70—P77, P80—P87, Xour,
E
Pad Power dissipation M37702M2LXXXGP Ta = 25 °C 300 W
M37702M2LXXXHP Ta = 25 °C 200
Topr Operating temperature —40 to 85 °C
Tstg Storage temperature —65 to 150 °C

18-8
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LOW VOLTAGE VERSION

18.4 Electrical characteristics

18.4.2 Recommended operating conditions

Recommended operating conditions

(Vecc = 2.7 — 5.5V, Ta = —40 to 85 °C, unless otherwise noted)

Limits

Symbol Parameter Min. Typ. Max. Unit
Vee Power source voltage 2.7 55 \%
AVcc Analog power source voltage \ V
Vss Power source voltage 0 V
AVss Analog power source voltage 0 V

High-level input voltage P0o—P07, P30—P33, P4o—P47,
P50—P57, P60—P67, P70—P77,
Vi P80—P87, Xin, RESET, CNVss, 0.8Vee Vee v
BYTE
Vi High-level input voltage F_’lo—.P17, P2.0—P27 0.8Vee Vee Y
(in single-chip mode)
High-level input voltage Plo—P17, P20—P27
ViH (in memory expansion mode and| 0.5Vcc Vee \%
microprocessor mode)
Low-level input voltage P0o—P07, P30—P33, P4o—P47,
P50—P57, P60—-P67, P70—P77,
Vi P80—P87, Xin, RESET, CNVss, 0 0.2Vee v
BYTE
Vi Low-level input voltage F_’lo—.P17, P2.0—P27 0 02Vee | v
(in single-chip mode)
Low-level input voltage Plo—P17, P20—P27
Vi (in memory expansion mode and 0 0.16Vce| V
microprocessor mode)
High-level peak output current  PQo—P07, P10—P17, P20—P27,
loH (peak) P30—P3s, P40—P47, P50—P57, -10 mA
P60—P67, P70—P77, P8—P87
High-level average output current PQo—P07, P1o—P17, P20—P27,
lo (avg) P30—P3s, P40—P47, P50—P57, -5 mA
P60—P67, P70—P77, P8—P87
Low-level peak output current P0o—P07, P10—P17, P20—P27,
loL (peak) P30—P3s, P40—P43, P50—P57, 10 mA
P60—P67, P70—P77, P8—P87
Low-level average output current PQo—P07, P1o—P17, P20—P27,
o (avg) P30—P3s, P40—-P43, P5:—P57, 5 mA
P60—P67, P70—P77, P8—P87
f(Xin) External clock input frequency 8 | MHz
Notes 1: Average output current is the average value of a 100 ms interval.
2: The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80 mA or less,
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80 mA or less,
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80 mA or less, and
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80 mA or less.
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18.4 Electrical characteristics

18.4.3 Electrical characteristics

Electrical characteristics

(Vec =5V, Vss =0V, Ta = =40 to 85 °C, unless otherwise noted)

. Limits :
Symbol Parameter Test conditions Min. | Typ. | Max. Unit
High-level output voltage ~ P0o—P07, P1o—-P17, P20-P27, _ _
Vo A 8 v
o ooy POmPOn PToPT Ve = 3, low= 1 ma 2.5 v
00—~ 07
Vor High-level output voltage Ego—ﬁgy gé:—Plv, P20-P27, Vee = 5V, low = —400 pA 4.7 v
0, P31,
High-level output voltage Vec =5V, lon=-10 mA 3.1
Von P3: Veec =5V, lon=-400 LA 4.8 V
Vec =3V, lon=—-1mA 2.6
High-level output voltage Vec =5V, lon=-10 mA 3.4
VoH E Veec =5V, lon=-400 LA 4.8 V
Vec =3V, lon=-1mA 2.6
Low-level output voltage ~ P00—P07, P1o-P17, P20-P27, _ _
y P35, P3:, P3s, Pdo-Pds, | Vo =5V, lou=10mA 2 y
oL
P5—P57, P60-P67, P70-P77,
capg Ve =3V, lou=1mA 05
- P0o—P07, P10—P17, P20-P27,
Vo, [Mowleveloutputvoliage P PO PO Iyee =5V, louz 2 A 045 Vv
Low-level output voltage Vee =5V, loc= 10 mA 1.9
VoL P32 Vece =5V, loo.=2 mA 0.43| V
Vee =3V, do=1 mA 0.4
Low-level output voltage  _ Vee =5V, loo=10 mA 1.6
VoL E Vec =5V, lo.= 2 mA 04| V
_ Vee=3V, lo.= 1 mA 0.4
ViV Hysteresis ~ HOLD, RDY, TAOn—TA4w, TBOw-TBZi, Vece=5V 0.4 1 Vv
TV INTo—INT2, ADtrRG, CTSo, CTS1, CLKo, CLK1 [Vcc =3 V 0.1 0.7
Hysteresis RESET Vee=5V 0.2 0.5
VeV Vec =3V 0.1 04| v
Hysteresis Xin Vecce =5V 0.1 0.3
VeV Vec =3V 0.06 02| v
High-level input current ~ P0e—PUz, P1o-P17, P2e-P2s, B _
" P30-P3:, PAo—Pdr, P5o-P5y, |Vee =5V, Vi=5V 5
P6o-P6r, PT0-PTr, P8P8, | _ WA
X\, RESET, CNVss, BYTE  [Vee =3V, Vi=3V 4
Low-level input current ~ P0o—P07, P1o-P17, P2e-P2s, _ _
" P30-P3s, Pdo—P47, P5-P5;, |Vee =5V, Vi=0V -5
P6o-P6r, PT0-PT7, P8P8, | _ WA
Xin, RESET, CNVss, BYTE  [Vee =3V, Vi=0V —4
Vram  |RAM hold voltage When clock is stopped. 2 vV
lcc Power source current In single-chip mode, f_(x.N) Vee=5V 6| 12 A
output pins are |© 8 MHZ°V°°=3V 4 8
open, and the other |T2= ?5 ¢, when 1| pA
pins are connected |clock is stopped
to Vss. Ta = 85 °c, when
clock is stopped 201 pA
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18.4 Electrical characteristics

18.4.4 A-D converter characteristics

A-D CONVERTER CHARACTERISTICS (Vcc = AVec = 2.7 - 5.5V, Vss = AVss = 0 V, Ta = 40 to 85 °C, f(Xin) = 8 MHz, unless
otherwise noted)

. Limits .

Symbol Parameter Test conditions Min | Typ. [Max. Unit

— | Resolution Vrer = Vce 8| Bits

— | Absolute accuracy VRrer = Vcc +3| LSB
Ruapoer | Ladder resistance Vrer = Vcc 2 10| kQ
tconv Conversion time 28.5 ns
VRer Reference voltage 2.7 Vee| V
Via Analog input voltage 0 Vred V
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18.4 Electrical characteristics

18.4.5 Internal peripheral devices

Timing requirements (Vcc = 2.7 = 5.5V, Vss = 0V, Ta = —40 to 85 °C, unless otherwise noted)

Timer A input (count input in event counter mode)

Limits .
I Parameter .

Symbo ara Min. | Max. Unit
teera) TAin input cycle time 250 ns
tw(taH) TAin input high-level pulse width 125 ns
tw(taL) TAin input low-level pulse width 125 ns

Timer A input (gating input in timer mode)
Data formula (minimum Limits i

Symbol Parameter ( ) Vi T Max | Unit

o . 8 0 10°
te(ra) TAin input cycle time W 1000 ns
9
tw(taH) TAin input high-level pulse width % 500 ns
9
tw(tay) TAin input low-level pulse width % 500 ns
Note: TAin input cycle time must be 4 cycles or more of count source,
TAin input high-level pulse width must be 2 cycles or more of count source,
TAin input low-level pulse width must be 2 cycles or moare of count source.
Timer A input (external trigger input in one-shot pulse mode)
Data formula (minimum Limits i

Symbol Parameter ( ) i T Max] Unit
te TAin i le ti A D107 500 ns
tw(taH) TAin input high-level pulse width 250 ns
tw(tay) TAin input low-level pulse width 250 ns

Timer A input (external triggel input in pulse width modulation mode)
Limits ,

Symbol Parameter Min. | Max. | Unit
tw(TAH) TAin input high-level pulse width 250 ns
tw(TAL) TAin input low-level pulse width 250 ns

Timer A input (up-down input in event counter mode)
Limits .

Symbol :

y Parameter Min. T Max. Unit
teup) TAiout input cycle time 5000 ns
tw(uPH) TAiout input high-level pulse width 2500 ns
tw(upL) TAiour input low-level pulse width 2500 ns
tsuup-tw) | TAiout input setup time 1000 ns
th(Tn-UP) TAiour input hold time 1000 ns
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18.4 Electrical characteristics

Timer A input (Two-phase pulse input in event counter mode)

Limits .
. Unit
Symbol Parameter Min. | Max.
teray TAjin input cycle time 2000 ns
tsuTan-TAr) | TAjiN iNpuUt setup time 500 ns
tsualr 1oy | TAjouT input setup time 500 ns
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18.4 Electrical characteristics

Internal peripheral devices

Count input in event counter mode

Gating input in timer mode

External trigger input in one-shot pulse mode
External trigger input in pulse width modulation mode

te(A)

tw(TAaH) |

A \

TAiN input / \( 12 |

tw(TAL)

e Up-down input, count input in event counter mode

te(up) N
tw(UPH)
TAiourt input s 3
(Up-down input) / \( 72 \
e tw(upL) y
TAiout input *XL
(Up-down input) /X
TAIN input \
(Selecting falling count) th(Tin-UP) tsu(UP-Ti) |\
TAIN input T\ /S
(Selecting rising count) " y
e Two-phase pulse input in event counter mode
tc(mA)
TAjiN input f 7 i
/ N /
tsu (TAjiN—TAjour) tsu (TAjin—TAjout)
TAjour input j‘ 3\ tsu(TAjour-TAji)
7 |

[
tSU(TAjOuT—TAj\N)

Test conditions
eVcc=2.7-55V
« Input timing voltage : viL=0.2V,Vn=0.8V
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18.4 Electrical characteristics

Timer B input (count input in event counter mode)

Symbol Parameter : Limits Unit
Min. | Max.
tc(TB) TBim input cycle time (one edge count) 250 ns
tw(tBH) TBim input high-level pulse width (one edge count) 125 ns
tw(taL) TBim input low-level pulse width (one edge count) 125 ns
tc(TB) TBim input cycle time (both edges count) 500 ns
tw(tBH) TBim input high-level pulse width (both edges count) 250 ns
tw(TBL) TBimn input low-level pulse width (both edges count) 250 ns
Timer B input (pulse period measurement mode)
Symbol Limits .
y Parameter Data formula Vi T Max. Unit
- . 80 10°
te(re) TBi input cycle time W 1000 ns
- . . 4010°
tw(TH) TBim input high-level pulse width W 500 ns
- . 4010°
tw(teL) TBim input low-level pulse width W 500 ns
Note: TBin input cycle time must be 4 cycles or more of count source,
TBiw input high-level pulse width must be 2 cycles or more of courit source,
TBiw input low-level pulse width must be 2 cycles or more.of eount source.
Timer B input_(pulse width measurement mode)
Limits :
Symbol
\ Parameter Data formula Min. | Max. Unit
9
tere) TBim input cycle time % 1000 ns
9
tw(reH) TBiw input high-level pulse width % 500 ns
9
tw(reL) TBi input low-level pulse width % 500 ns
Note: TBiw input cycle time must be 4 cycles or more of count source,
TBim input high-level pulse width smust be 2 cycles or more of count source,
TBiwn input low-level pulse width must be 2 cycles or more of count source.
A-D trigger input
Symbol Limits Unit
Yy Parameter Min T Max.
te(ap) ADrre input cycle time (minimum allowable trigger) 2000 ns
tw(apL) ADrtre input low-level pulse width 250 ns
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18.4 Electrical characteristics

Serial 1/0
Limits -
Symbol Parameter Min. | Max. Unit
te(ck) CLKi input cycle time 500 ns
tw(ckH) CLKi input high-level pulse width 250 ns
tw(ckL) CLKiinput low-level pulse width 250 ns
tdc-Q) TxDi output delay time 170 ns
thic-q) TxDi hold time 0 ns
tsu-c) RxDi input setup time 80 ns
thc-p) RxDiinput hold time 100 ns
External interrupt INTi input
Limits .
Symbol Parameter Min. | Max. Unit
twinm) INTi input high-level pulse width 250 ns
tw(nL) INTi input low-level pulse width 250 ns
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18.4 Electrical characteristics

Internal peripheral devices

thc-Q)

tc(TB)
tw(TBH)
r \
TBiN input / \( \
tw(TBL)
\
tc(aD)
tw(ADL)
ADTRG input \ 7/ \ /
te(ck) |
tw(CKH) 1
‘ ; \
CLKi input / \( 7[ \
tw(CKL) &
A \
TxDi input >§( 7X
tdc-Q)
<~ 7
tsu(pb-c) th(c-D)
y N
RxDi input >§( 7§<
tw(INL)
INTi input \
tw(INH)

Test conditions
*Vcc=2.7-55V
eInput timing voltage : ViL=0.2V,ViH=0.8V

+Output timing voltage : VoL =0.8 V, Von = 2.0 V
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18.4 Electrical characteristics

18.4.6 Ready and Hold

Timing requirements (Vcc= 2.7 — 5.5V, Vss= 0 V, Ta = —40 to 85 °C, unless otherwise noted)

Limits -
Symbol Parameter Min. | Max. Unit
tsurov-@) | RDY input setup time 90 ns
tsuoLp-@) | HOLD input setup time 20 ns
the-roy) | RDY input hold time 0 ns
th(p-HoLp) | HOLD input hold time 0 ns

Switching characteristics (Vcc= 2.7 — 5.5V, Vss=0 V, Ta = —40 to 85 °C, unless otherwise noted)

Symbol Parameter MinLImI:\j Unit
. ax.
lie-HoA  'HLDA output delay time 120 | ns

Note: For test conditions, refer to Figure 18.4.1.
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18.4 Electrical characteristics

e Ready

With no Wait

o _ /N N S
E output J—\ I,/r ________________ /

RDY input
tsu(RDY-¢ 1)
<5 th(o 1-RDY)
—>
With Wait
01
E output / \ A Nl
\
RDY input \JF
{su(RDY- 01)
e L " | th( ¢ 1-RDY)
—>

Test conditions

*Vcc=2.7-55V

eInput timing voltage: ViL,=0.2 V, Vii= 0.8 V
*Output timing voltage: VoL= 0.8V, Von=2.0 V
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18.4 Electrical characteristics

e Hold

HOLD input

tsu(HOLD-¢ 1)

th(¢ 1-HOLD)

/N

td(¢ 1-HLDA)
>

HLDA output

Test conditions
*\Vcc=2.7-55V
eInput timing voltage
*Output timing voltage

td(¢ 1-HLDA)

>

ViL=0.2V,VH=0.8V
:VoL=0.8V,Vou=2.0V

18-20
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18.4 Electrical characteristics

18.4.7 Single-chip mode

Timing requirements

(MWecc = 2.7 -55V, Vss =0V, Ta = —40 to 85 °C, unless otherwise noted)

Limits -
Symbol Parameter Vi, | Max. Unit
te External clock input cycle time 125 ns
tw(H) External clock input high-level pulse width 50 ns
tw() External clock input low-level pulse width 50 ns
tr External clock rise time 20 | ns
te External clock fall time 20 | ns
tsupon-g) | Port PO input setup time 300 ns
tsupio-5)  |Port P1 input setup time 300 ns
tsup2o-5) | Port P2 input setup time 300 ns
tsupan-g) | Port P3 input setup time 300 ns
tsupap-g)  |Port P4 input setup time 300 ns
tsupso-g)  |Port P5 input setup time 300 ns
tsupen-£)  |Port P6 input setup time 300 ns
tsupro-)  |Port P7 input setup time 300 ns
tsupsp-g) | Port P8 input setup time 300 ns
th(E-POD) Port PO input hold time 0 ns
th(E-P1D) Port P1 input hold time 0 ns
th(E-P2D) Port P2 input hold time 0 ns
th(E-P3D) Port P3 input hold time 0 ns
th(E-P4D) Port P4 input hold time 0 ns
th(E-P5D) Port P5 input hold time 0 ns
th(E-P6D) Port P6 input hold time 0 ns
th(E-P7D) Port P7 input hold time 0 ns
th(e-rsD) Port P8 input hold time 0 ns
Switching characteristics  (Vecc = 2.7 — 5.5V, Vss. = 0 V, Ta = —40 to 85 °C, unless otherwise noted)
Symbol Parameter Minljlmlt'\s/IaX. Unit
taE-roQ) Port PO data output delay time 300 ns
tae-P1Q) | Port P1 data output delay time 300 ns
tae-r2Q) | Port P2 data output delay time 300 ns
tae-r3Q) | Port P3 data output delay time 300 ns
tdE-P4Q) Port P4 data outputdelay time 300 ns
tae-rsQ) | Port P5 data outplit delay time 300 ns
taE-reQ) Port P6 data output delay time 300 ns
tae-,7Q) | Port P7 data output delay time 300 ns
taE-rsQ) Port P8 data output delay time 300 ns
Note: For test conditions, refer to Figure 18.4.1.
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18.4 Electrical characteristics

Single-chip mode

t tr tc tw(H) tw(v)

FXi) /_3 N ;o\ 7/_\_

_ [
E \ /
td(E—POQ)‘
Port PO output
tsu(PoD-E) | | th(E-POD)
Port PO input i
td(E—PlQ)‘
Port P1 output
tsu(P1D-E) | | th(e-P1D)
Port P1 input >}; i<
td(E-P2Q)
Ir
Port P2 output
tsu(P2D-E) |¢,,,* }« th(E-P2D)
Port P2 input X
td(E—P3Q)‘
Port P3 output X
{su(P3D-E)| | th(E-P3D)
Port P3 input i i<
td(E—P4Q)‘
Port P4 output X
tsu(P4p-E) | | th(E-P4D)
Port P4 input >§; i(
td(E—PSQ)‘
Port P5 output X
tsu(PSD—E)I ‘ th(E-P5D)
Port P5 input Xﬁ i<
td(E—PGQ)‘
Port P6 output X
tsu(PeD-E) | | th(e-P6D)
Port P6 input k i<
td(E—P?Q)‘
Port P7 output X
tsu(P7D-E) | | thE-p7D)
Port P7 input i i<
td(E—PSQ)‘
Port P8 output X
|

tsu(P8D-E) | th(E-P8D)
Port P8 input >§; i<

Test conditions

*Vec=27-55V

* Inputtiming voltage :ViL=0.2V,VH=0.8V
* Outputtiming voltage : VoL =0.8 V, Vo =2.0 V
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18.4 Electrical characteristics

18.4.8 Memory expansion mode and microprocessor mode : with no Wait

Timing requirements (Vec = 2.7 =55V, Vss = 0V, Ta = -40 to 85 °C, f(Xin) = 8 MHz, unless otherwise noted)

Symbol Parameter MinLImltl\S/lax. Unit
tc External clock input cycle time 125 ns
tw(H) External clock input high-level pulse width 50 ns
twi) External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns
tr External clock fall time 20 ns
tsupip-e)  |Port P1 input setup time 80 ns
tsup20-E)  |Port P2 input setup time 80 ns
tsupap-E)  |Port P4 input setup time 300 ns
tsupso-E)  |Port P5 input setup time 300 ns
tsupep-E)  |Port P6 input setup time 300 ns
tsup7p-)  |Port P7 input setup time 300 ns
tsupsp-)  |Port P8 input setup time 300 ns
the-pip)  |Port P1 input hold time 0 ns
th(e-pP2D) Port P2 input hold time 0 ns
the-pap)  |Port P4 input hold time 0 ns
the-psp)  |Port P5 input hold time 0 ns
the-rep)  |Port P6 input hold time 0 ns
thE-P7D) Port P7 input hold time 0 ns
the-rep)  |Port P8 input hold time 0 ns

Switching characteristics

(Vec = 2.7-5.5 'V, Vss = 0 V, Ta = =40 t0 85 °C, f(Xw) = 8 MHz, unless otherwise noted)

Limits .

Symbol Parameter Min. | Max. Unit
td(e-P4q) Port P4 data output delay time 300 ns
td(e-P5Q) Port P5 data output delay time 300 ns
td(e-P6Q) Port P6 data output delay time 300 ns
tdae-P7Q) Port P7 data output delay time 300 ns
td(e-Psq) Port P8 data output delay time 300 ns
t(E—q) @ output delay time 0 40 ns
twEw) E low-level pulse width 210 © ns
td(Poa-g) Port PO address output delay time 50 °© ns
td(E-P1Q) Port P1 data output delay time (BYTE = “L") 130 ns
tpxze-P12) | Port P1 floating startdelay time (BYTE =“L") 10 ns
tap1a-£) Port P1 address output delay time 50 °© ns
taria-ae) | Port P1 address output delay time 40 © ns
th(e-P20) Port P2 data output delay time 130 ns
toxz(e-P22) | Port P2 floating start delay time 10 ns
tarea-5) | Port P2 address output delay time 50 © ns
thea-ae) | Port P2 address output delay time 40 © ns
taae-e) | ALE output delay time 4 ns
tw(ALE) ALE pulse width 60 © ns
taere-e) | BHE output delay time 50 © ns
tirw-5) | R/W output delay time 50 o ns

Note: For test conditions, refer to Figure 18.4.1.

O This is the value depending on f(Xin). For data formula, refer to Table 18.4.1.
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18.4 Electrical characteristics

Switching characteristics  (Vec = 2.7-5.5V, Vss = 0 V, Ta = -40 to 85 °C, f(Xw) = 8 MHz, unless otherwise noted)

Limits .
Symbol Parameter Min. | Max. Unit
the-ron | Port PO address hold time 50" ns
thace-p1a) | Port P1 address hold time (BYTE = “L") 9 ns
the-r19) | Port P1 data hold time (BYTE = “L") 50" ns
tpxE-P12) | Port P1 floating release delay time (BYTE = “L") 950 ns
the-pia | Port P1 address hold time (BYTE = “H") 507 ns
thate-p2) | Port P2 address hold time 9 ns
the-p29) | Port P2 data hold time 50" ns
tozxE-P22) | Port P2 floating release delay time 950 ns
the-sue) | BHE hold time 18 ns
the-RW) R/W hold time 18 s
Notes 1. For test conditions, refer to Figure 18.4.1.
O: This is depending on f(Xin). For data formula, refer to Table 18.4.1.
Table 18.4.1 Bus timing data formula
Symbol Parameter f(Xw) £ 8 MHz
tweEw) E pulse width 20100 4
f(XIN)
taroae)  (NoOte) |Port PO address output delay time 10 10°
tapiae)  (NOte) |Port P1 address output delay time 50 + Toan) 125
tar2ae)  (NOte) |Port P2 address output delay time
taP1a-ALE) Port P1 address output delay time 1010° 85
tapa-ALE) Port P2 address output delay time f(XiN)
tw(ALE) ALE pulse width 1010°
=== _ 65
f(XIN)
taeue-s)  (Note) |BHE output delay time 1010°
1t : 50+ = —=9 _ 125
tarw-e)  (Note) |R/W output delay time f(XIN)
th(e-PoA) Port PO address hold time 10100 125
th(e-P14) Port P1 address hold time 2 O f(XIN) '
thEe-P10) Port P1 datahold time 1010° 4, 5
th(E-P2Q) Port P2 data hold time 2 [ (XIN) '
tpzx(E-P12) (Note) |Port P1 floating start delay time 10100 30
tpzx(E-P22) (Note) |Port P2 floating start delay time f(XIN)
Unit : ns

Note: For the M37702E2LXXXGP and the M37702E4LXXXFP, refer to section “19.5.4 Bus timing and
EPROM mode.”
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Memory expansion mode and microprocessor mode ; With no Wait

<Write>

f(Xin)

01
E

Address output
Aoc—A7

Address output
As—Ais
(BYTE =H")

Address/Data output
As/Ds—A15/D1s
(BYTE =1")

Data input
Ds—D1s
(BYTE =17)

Address/Data output
Ai6/Do—A23/D7

Data input
Do-D7

ALE output
BHE output

R/W output

Port Pi output
(i=4-8)

twi)twH) tr tr

LOW VOLTAGE VERSION

18.4 Electrical characteristics

tc

td(E - 91)
tw(EL)

Address

td(P1A- E)>£—>

Address

td(P1A-E) td(E- P1Q)
Address ; Data
<t

td(P1A- ALE)

th(ALE - P1A)

td(P2A-E) ¢ 1 td(E- P2Q)
%}dreiﬁ Data
<t

td(P2A - ALE)

th(ALE - P2A)

td(ALE- F)

th(E = BHE)

I\
td(BHE—;j£—>

td(RAV - E)

th(E- POA)

th(E- P1A)

th(E- P1Q)

a

th(E - RIW)

-
td(E— PIQ)(%

Test conditions (¢ 1, E, PO—P3)

*Vcc=2.7-55V

*Qutput timing voliage :VoL=0.8V,VoH=2.0V

eDatainput :ViL=0.16V,VIH=05V

Test conditons (P4—P8)

\VVcc=2

*Output timing voltage: VoL=0.8 V, VoH= 2.0V

755V

eInput timing voltage: ViL=0.2V,VIH=0.8 V
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18.4 Electrical characteristics

Memory epxansion mode and microprocessor mode ; With no Wait

<Read>
twtwH) tr tf tc
f(Xin)
01
td(E-01)
_ —
E
td(PoA-E) th(E-P0A)
Address output
Ao—A7 >§( Address ‘}(
Address output td(P1A-E) th(E-P1A)
?B"Q.ArlES =) X Address
Address/Data output taP1A-E) tpxz(E-P12) thzx(E-P12)
As/Ds—A15/D1s x‘ J T I I
(BYTE ="L") td(PIAALE) e il th(ALE-P1A)
. tsu(P1D-E) i
Data input >« [h(E-P1D)
De-Dis -mmmmmmeme- t--l-l----¢ Datal 1; ------
(BYTE =“L") td(P2A-E) tpxz(E-P22) | e tpzx(E-P22)
Address/Data Input ¢ add N ‘
Ai16/Do—A23/D7 ><‘ e K:
td(P2A-ALE) l«—»| > th(ALE-P2A)
tsti(P2D-E)
. > lh(E-P2D)
Datainput . ____. R Data [------
Do-Dr tw(ALE
f <> td(ALE-E)
ALE output j\
{d(BHE-E) { th(E-BHE)
BHE output >£ —T
tdRW-E) [« —> th(E-RIW)
R/W output %
tsu(PiD-E) thE-PD)
Port Pi input >q[ &
(i=4-8)

Test conditiohs (41, £, PO-P3)
\Vcc=2.7-55V

*Output timing voitage : VoL=0.8V, VoH=2.0V

eData input :ViL=0.16V,ViH=0.5V

Test conditions (P4—-P8)
Vcc=2.7-5,5V

eInput timing voltage : ViL=0.2V,VIH=0.8V

*Output timing voltage : VoL=0.8V,VoH=2.0V
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18.4 Electrical characteristics

18.4.9 Memory expansion mode and microprocessor mode : with Wait

Timing requirements

(Vec = 2.7-5.5 'V, Vss = 0 V, Ta = -40 to 85 °C, f(Xw) = 8 MHz, unless otherwise noted)

Symbol Parameter _Limits Unit
Min. | Max.

tc External clock input cycle time 1 ns
tw(H) External clock input high-level pulse width ns
twn) External clock input low-level pulse width ns
tr External clock rise time 20 ns
t External clock fall time 20 ns
tsu(P1D-E) Port P1 input setup time 80 ns
tsu(P2D-E) Port P2 input setup time 80 ns
tsupan-gy | Port P4 input setup time 300 ns
tsupsp-g) | Port P5 input setup time 300 ns
tsupsp-g) | Port P6 input setup time 300 ns
tsupro-gy | Port P7 input setup time 300 ns
tsupsp-g) | Port P8 input setup time 300 ns
thE-P1D) Port P1 input hold time 0 ns
thEe-P20) Port P2 input hold time 0 ns
th(E-P4D) Port P4 input hold time 0 ns
th(E-PsD) Port P5 input hold time 0 ns
th(E-P6D) Port P6 input hold time 0 ns
thE-P7D) Port P7 input hold time 0 ns
th(E-P8D) Port P8 input hold time 0 ns
Switching characteristics  (Vec = 2.7-5.5V, Vss = 0 V, Ta = -40 to 85 °C, f(Xw) = 8 MHz, unless otherwise noted)

Symbol Parameter - Limits Unit

Min. | Max.
td(E-P4Q) Port P4 data output delay time 300 | ns
td(E-P50Q) Port P5 data output delay time 300 | ns
td(E-P60Q) Port P6 data output delay time 300 | ns
td(e-P70Q) Port P7 data output delay time 300 | ns
td(e-PsQ) Port P8 data output delay time 300 | ns
taE-@) @ output delay time 0 40 | ns
twee) E low-pulse width 460" ns
td(poa-g) Port PO address output delay time 50" ns
taE-r1Q) Port P1 data output delay time (BYTE = “L") 130 | ns
tpxz(E-P12) Port P1 floating start delay time (BYTE = “L") 10 | ns
tap1a-g) Port P1 address output delay time 50" ns
tapia-aLe) | Port P1 address output delay time 40" ns
taE-r2Q) Port P2 data output delay time 130 | ns
tpxz(E-P22) Port P2 floating start delay time 10 | ns
tdp2a-g) Port P2 address output delay time 50" ns
tar2a-ale) | Port P2 address output delay time 40" ns
tdaLE-E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 60" ns
td(BHE-E) BHE output delay time 50" ns
taRW-E) R/W output delay time 50" ns
Note: For test conditions, refer to Figure 18.4.1.
0: This is depending on f(Xi). For data formula, refer to Table 18.4.2.
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18.4 Electrical characteristics

Switching characteristics  (Vec = 2.7-5.5V, Vss = 0 V, Ta = -40 to 85 °C, f(Xw) = 8 MHz, unless otherwise noted)

Symbol Parameter Limits Unit
Min. | Max.
th(Ee-poa) Port PO address hold time 50° ns
thaLE-P1A) Port P1 address hold time (BYTE = “L") 9 ns
thEe-P10) Port P1 data hold time (BYTE = “L") 508 ns
tpzx(E-P12) Port P1 floating release delay time (BYTE = “L") 950 ns
thEe-P1A) Port P1 address hold time (BYTE = “H") 508 ns
th(ALE-P2A) Port P2 address hold time 9 ns
th(Ee-P20) Port P2 data hold time 500 ns
tpzx(E-P22) Port P2 floating release delay time 95° ns
th(E-BHE) BHE hold time 18 ns
th(E-RIW) R/W hold time 18 ns
Note: For test conditions, refer to Figure 18.4.1.
O0: This is depending on f(Xi). For data formula, refer to Table 18.4.2.
Table 18.4.2 Bus timing data formula
Symbol Parameter f(Xin) < 8 MHz
tw(eL) E pulse width 4010° 40
f(XIN)
taroag)  (NOte) |Port PO address output delay time
- 1010°
taria-e)  (Note) [port P1 address output delay time 50 + Toany 125
tar2ae)  (Note) |Port P2 address output delay time
td(P1A-ALE) Port P1 address output delay time 1010° o
taP2a-ALE) Port P2 address output delay time f(XIN)
tw(ALE) ALE pulse width 10 10°
—w . — 65
f(XIN)
taeree)  (Note) |BHE output delay time 1010°
— - 50+ ———— - 125
tarw-e)  (Note) |R/W output delay time f(XIN)
th(e-ro) Port PO address hold time 10100 125
th(e-P1a) Port P1 address hold time 2 [0 f(XIN) '
th(e-P10) Port P1 data_held time 10100 125
th(E-P2Q) Port P2 data hold time 2 O f(XIN) '
tpzx(E-P12) (Note) [Port P1 floating start delay time 1010° _ 30
tpzx(E-P22) (Note) |Port P2 floating start delay time f(XIN)
Unit : ns

Note: For the M37702E2LXXXGP and the M37702E4LXXXFP, refer to section “19.5.4 Bus timing and
EPROM mode.”
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18.4 Electrical characteristics

Memory expansion mode and microprocessor mode ; With Wait

<Write>

f(Xin)

01

E

Address output
Ao—A7

Address output
As—A1s

(BYTE ="H)
Address/Data output

As/Ds—A15/D15

(BYTE =“L")

Data input
Ds—D1s
(BYTE =“L")

Address/Data output
Ai16/Do—A23/D7

Data input
Do—D~

ALE output
BHE output

R/W output

Port Pi output
(i=4-8)

Test conditions (¢ 1, E, PO—P3)

Vcc=2.7-55V

«Output timing voltage

eData input :ViL=0.16 V, VIH=0.5V

tw) twH) et tc

td(E-01) td(E-0 1)

tw(EL)

td(PoA-E)
A Address

—_—
<—>£ﬁ<h(EPOA)

td(P1A-E)
>4 Address

<—>I;héE—PlA)

<—>I§t<h(E_P1Q)

td(P1A-E) td(E-P1Q)
X Address Data

td(P1A-ALE) | | [th(ALE-P1A)

td(P2A-E) td(E-P2Q)

Address Data

td(P2A-ALE) th(ALE-P2A)

td(ALE-E)

N

%E
>
[
m

1

td(BHEE;$—> th(E-BHE)

td(R/W-E)

;

th(E-R/W)

td(E-PiQ)

-
—X

Test conditions (P4—-P8)

*Vcc=2.7-55V

:VoL=0.8V,VoH=2.0V Input timing voltage :ViL=0.2V,ViH=0.8V

*Output timing voltage : VoL=0.8V, VoH=2.0V
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18.4 Electrical characteristics

Memory expansion mode and microprocessor mode ; With Wait

<Read>

f(Xin)

01
E
Address output

Aoc—A7
Address output

As—Ais

(BYTE ="H")
Address/Data output

As/Ds—A15/D1s

(BYTE =L")
Data input

Ds—D1s

(BYTE =L
Address/Data output

Ai16/Do—Az3/D7

Data input
Do—D~

ALE output

BHE output

RIW output

Port Pi input
(i=4-8)

tw) twH) tr tr tc
td(E—01) td(E— 01)
\ tw(EL) /—
7

td(PoA—E) th(E—PoA)
X Address

td(P1A—E) th(E—P1A)
X Address

td(P1A—E)

td(P1A—ALE)l«—> i«

td(p2A—E)

tpxz(E—P12) tpzx(E—P12)
— :
X Addres%i -------------------- ----
| S

tsu(P1D—E) | thE=p10)

 tpxz(E—P22)

td(P2A—ALE) {«—>| |4

tw(ALE)

‘ lpax(E—P22)
xlAddrest-------------------.I----J(

thaLE—P2a)  LSUP20—E)

td(ALE—E)

—\

td(BHE—E>)§I<—>

4—:15%E_BHE)

td(RIW—E) Fv

TR/W)
tsu(PiD—E)

’<—>>;E<th(E—PiD)

Test conditions (¢ 1, E, PO-P3)

*Vcc=2.7-5.5V

*QOutput timing voliage :VoL=0.8V, VoH=2.0V

*Datainput :ViL=0.16 V,VIH=0.5V

Test conditons (P4-P8)

Vcc=2.7-55V

eInput timing voltage : ViL=0.2V,VIH=0.8V
«Output timing voltage : VoL=0.8V, VoH=2.0V
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18.4 Electrical characteristics

18.4.10 Testing circuit for ports PO to P8, @1, and E

PO T@
P1 100 pF
2|

P3
P4
P5
P6
P7
P8

¢

m

Fig. 18.4.1 Testing circuit for ports PO to P8, @1, and E
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18.5 Standard characteristics

18.5 Standard characteristics
The data described below are characteristic examples for M37702M2LXXXGP. The data is not guaranteed
value. Refer to section “18.4 Electrical characteristics” for rated value.

18.5.1 Port standard characteristics
(1) Programmable 1/O port (CMOS output) P channel I on—Von characteristics

Power source voltage Vcc =3V

P channel
25.0
20.0
Ta=-40°C
| |
a \ \ —
E 150 Ta=25°C B
T T— \
o —_ ‘\
10.0| Ta=85°C R — ~ 9
\§\\
5.0 \\
N
\&
0 05 1.0 15 2.0 25 3.0
VOH [V]

(2) Programmable 1/O port (CMOS output) N channel | o.—VoL characteristics

Power source voltage Vcc =3V

N channel
25.0
Ta=-40°C
//
200 /// Ta=25°C |
| l
—_ d L — \: R 1
T 150 // 1 Ta=85°C
s / | —
3 /| //
10.0 /. //
//
5.0 { /
/4
0 05 1.0 15 2.0 25 3.0
VoL [V]
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18.5.2 lec—f(Xiv) standard characteristics

(1) lec—f(X) characteristics on operating and at reset
Measurement condition (Vcc =3V, Ta =25 °C, f(XiN) : square waveform
input, microprocessor mode)
6.0 On operating— |
T /
E 40 //
S
- /'/ At reset
2.0 » <
/ ,//.
«— | |
0 5 10 15
fOXIN) [MHZ]
(2)

lec—f(Xin) characteristics during Wait

Measurement condition (Vca =3V, Ta = 25 °C, f(XiN) : square waveform

input, microprocessor mode)
g 2.0 f—
E —
«—*
0 5 10

15
f(XIN) [MHZz]
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18.5.3 A-D converter standard characteristics

The lower lines of the graph indicate the absolute precision errors. These are expressed as the deviation
from the ideal value when the output code changes. For example, the change in output code from 0416 to
0516 should occur at 52.7 mV, but the measured value is 2.9 mV. Therefore, the measured point of change
is 52.7 + 2.9 = 55.6 mV.

The upper lines of the graph indicate the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is OFis is 12.4 mV. Therefore, the
differential non-linear error is 12.4 — 11.7 = 0.7 mV (0.06LSB).

Measurement condition (Vcc = 3 V, f(Xiw) = 8 MHz, Temp. = 25°C)

1.7 AL F LY. | A, b }.\/A F o . A A'_.n. v A V* 17 +.Ea
- ' :
£ P
o} i A a4 B Wil I A Y T e W A ST w2 P é
§ i T HrHHHH L= oy g
; s =
STy of RIS WS SRS SRR S G I e e e R | & S R e e A [
: |
|||||||||||||| FE Ladih 1l l 11
1 B 1£ Rl 4 10 4E -1 B4 e By =1 3 104 T2 120 126
STEP HO.
|||||||||||||||||||||||||| d.|! II r |'
1.7 — .Y ™, <+ .n\w.r\. - A \v.h PO “VA“"!V; L. M :AV.!II"‘\_FAA Nvf\v 1.7 +1L26
-
fa
< L]
E —r —_—
P rvweu evser/l PR =T e o s 0 IV rro's Y PR AN T z
% ||||||| H H W i ‘-.\’J, f
g z
—11-7'2—————— s R s K G Roms o ceosea ikt Ras - — = —| — — =117 =138
| { i ]
128 13E 144 162 180 106 wa 154 182 200 HIB 216 224 frtie] 240 248 268

STEFP NQL
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18.6 Application

Some application examples of connecting external memorys for the low voltage version are described
bellow.

Applications shown here are just examples. Modify the desired application to suit the user’s need and make
sufficient evaluation before actually using it.

18.6.1 Memory expansion

The following items of the low voltage version are the same as those of section “17.1 Memory expansion.”
However, a part of the formulas and constants for parameters is different.

*Memory expansion model

eFormulas for address access time of external memory

*Bus timing

*Memory expansion method

0 Address access time of external memory t  a(AD)

ta(AD) = td(POA/P1A/P2A-E) + tw(EL) — tsu(P2D/P1D-E) — (address decode time™ + address latch delay
time"?)

td(POA/P1A/P2A-E) : td(POA-E), td(P1A-E), Or td(P2A-E)

tsu(P2D/P1D-E) : tsu(P2D-E), Or tsu(P1D-E)

address decode time™ : time necessary for validating a ¢hip select signal after an address is decoded
address latch delay time™ : delay time necessary for laiching an address
(This is not necessary on the minimum model.)

O Data setup time of external memory for writing data t su(D)
tsu(D) = tw(EL) — td(E-P2Q/P1Q)
td(E-P2Q/P1Q) : td(E-P2Q), Or td(E-P1Q)

Table 18.6.1 lists the calculation formulas and constants for each parameter of the low voltage version.
Figure 18.6.1 shows the relationship between ta(AD) and f(Xiv). Figure 18.6.2 shows the relationship between
tsud) and f(X).

Table 18.6.1 Calculation formulas and constants
for each parameter (Unit : ns)

f(Xin) f(Xw) £ 8 MHz
Paramet No wait | Wait
td(Poa-E)
taP1A-E) 50 + 10100 125
tap2ae) (NOtE) f(XIN)
tw(eL) 2010° 4010° _

i)~ 0 | Ty 40

Esu(PlD»E) 80
su(P2D-E)
:Ed(E-PlQ) 130
d(E-P20Q)
:pxz(E-Plz) 10
pxz(E-P2Z)
tpzx(E-P12) 1010° _ 44
toxe-p2zy (NoOte) f(XIN)

Note: For M37702E2LXXXGP and M37702E4LXXXFP,
refer to section “19.5.4 Bus timing and EPROM

mode.”
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[ns]
25002'305
SR
O 200
< Q% —e—  No wait
©
"q‘)‘ ans@uns Wa|t
£
U) ‘
O | ‘
Q 71
Q 638
& Trrriiigea.... 574
P 3T50 ! ."’w""""sfl?#"‘“‘:‘l‘ﬁ“o
g 305 266 233 205 j}o
q) B
= 0 T T T T
2 25 3 35 4 4.5 5 55 6 6.5 7 7.5 8
External clock input frequency f(XIN) [MHz]
U Address decode time and address latch
delay time are not considered.
Fig. 18.6.1 Relationship between t aap) and f(X)
[ns]
20007835
1800'.30 - - -
5 1600—*”7.;430 —— No _vvait }
E, 140 1lv.‘ na@uns Wait
SR P A 1363
g 100 7; ':. -972
o 830 "'-.,. 830
2 s = T “Preny 718
O 630 *tegu.,, 630
7 > 557
60 496 496——
-I(E \ 401 ‘ T'-.--..?......445 401
© 0 330, ‘ O e SO0 330
Q \0\‘74 230 103 1‘63 \ T f-*
20 >\T>—<><T\lf7 115 96 80
0 T T T 1
2 25 3 35 4 45 5 55 6 6.5 7 75 8
[MHZz]

External clock input frequency f(XIN)

Fig. 18.6.2 Relationship between t sup) and f(X )
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18.6.2 Memory expansion example on minimum model
Figure 18.6.3 shows a memory expansion example on the minimum model (with external RAM) and Figure

18.6.4 shows the corresponding timing diagram. In this example, an Atmel company’s EPROM (AT27LV256R)
is used as the external ROM.

In Figure 18.6.3, the circuit condition is “No Wait.”

M37702S1L o1
AC32
i Als
BYTE -
ACO04 AT27LV256R-15DI | M5M5256CFP-10VLL
CE S
Ao—-A14 | A0-Al4 Ao—A14
Do-D7 |« ] Do-D7 DQ1-DQs
- 4 Memory map
OE OE W 0000 16 SFR area
‘ 008016 | Internal RAM
BHE|— Open area
m 028016 External
| oAcoaT | RAM area
RIW o :D RD | (M5M5256CFP)
[ L
E 4LD WR 800015 External
XN Xout LACéZ o ROM area
(AT27LV256R)
8 MHz FFFFis
@Dq
A A

Circuit condition : no Wait
Vcec =3.0-3.3V

01, 02: Use the elements of which propagation delay
time is within 30 ns.

03:.Use the elements of which propagation delay
time is within 50 ns.

Eig. 18.6.3 Memory expansion example on minimum model
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mi

A1—A14

Do-D~7

'S, OE

m|

A1—A14

Do-D~

<When reading>

External memory
data output

<When writing>

ROM : 25 (max.)
RAM : 30 (max.)

210 (min.)
;\ > 7,
\ /
50 (min.)
-
X A A
.
<>110 (max.) 95 (min.)
-
) e — e A
ta(aD) R
ACO4 (teHL) > ta(ce) >
a—
\
AC32 (tPHL) |«—> N <—> AC32 (trH)
ta(s), ta(or)
>
tsu(p2p-E) = 80
210 (min.) \
\ gls
50 (min.)
N
>< A >< A
N
> 130 (max.) < 50 (min.)
- A
>§ A >< D X A
| |
AC32 (tpHL) tsu) = 40 <>

AC32 (trLH)
—

(Unit : ns)

Fig. 18.6.4 Timing diagram on minimum model
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18.6.3 Memory expansion example on medium model A
Figure 18.6.5 shows a memory expansion example on the medium model A of mask ROM version and

PROM version. Figure 18.6.6 shows the corresponding timing diagram.

00000016

00008016
00027F16

00C00016

O0FFFF1s

02000016

03FFFF1s

Memory map

SFR area

Internal RAM
area

Not used

Internal ROM
area

Not used

External RAM
area
(M5M51008AFP)

M37702M2L /E2LXXXGP
M5M51008AFP-10VLL
BYTE
Ao—A1s P | Ao—Aie
CNV! —
il DoDr || pQunC:
Ais o
AC573 —1S1
Aa16/Do P R
—A23/D7 [ » D Q AL S2
LE
ALE|l—— | o
OE W
BHE — Open
E
R/W
XiNn Xout
‘D 8 MHz
A Circuit condition . no Wait
Vee =2.7-3.3V
0: Use the elements of which propagation delay time is within 50 ns.

Fig. 18.6.5 Memory expansion example on medium model A
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<When reading>

210 (min.) -
I \ !
E, OE, S1 \( /
_ 50 (min.) R
Ao—A1s >< A >< A
.
<10 (max.)
Ai16/Do—A23/D7 >< A >L ------------------------------------------------------- S
ta)+AC573 o5 (min)
AC573 (tpHL) N
Azie, A17, S2 \(
AC573 (trLH)
ta(s2) ‘
«—> 35 (max.)
External memory
dataoutput T D | D
N ta(OE)ta1) < > tsuP1D/P2D-E) = 80
<When writing>
[ 210 (min.) ‘
= AC o1 4 1A
E, OE, S1 K y
50 (min.)
Ao—A1s >( A >< A
|
A16/Do—A23/D7 Xi A D 7>< A
tsu) = 40 50 (min.)
130 (max.) < <

AC573 (tPHL) l«— 5|

Aie, A17, S2 /
R/W, WE \ /

(Unit : ns)

Fig. 18.6.6 Memory expansion example on medium model A
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18.6.4 Memory expansion example on maximum model
Figure 18.6.7 shows a memory expansion example on the maximum model. Figure 18.6.8 shows the
corresponding timing diagram. In this example, Atmel company’s EPROMs (AT27LV256R) are used as the

external ROMs.

In Figure 18.6.7, the circuit condition is “No Wait.”

M37702S1L AT27LV256R-15DI M5M51008AFP-10VLL
Address bus AC04 AC32
AL-A7 3 \
7;: BYTE 1 "/ \{ l {>o T % \‘ ‘
AaiDs | o CE CE s1 s1
-A15/D15 As-A16 S2 S2
| A0-Al4 P | p0-A14 A0-A15 AGA
ALE AL-A15 Al-A15 A1-A16 A1-A16 oA
ALe/Do A7 A16 ;7 A16 ;7
-A17/Dy D8-D15 D0-D7 Ds8-D15 D0-D7
Do-D7 DO-D7 DQ1'DQs DQ1-DQs
I OFE | OE OE W OE W
Data bus (odd)
D2.07|¢ Data bus (even) )
B ACO4 T3 o, (2
RIW
E  — —d_/
| o ':D ‘
Ao : 0 3 o
| , WO
— ! bjD ! Memory map
BHE ‘ !
XN+ Xout Aicisiziézi 7777777777 00000016 SFR area
00008016 Internal
O 8 MHz RAM area
00028016 External
o wr ROM area
Vee =3.0-3.3V 0OFFFEF 16| (AT27LV256R02)
Circuit condition : no Wait Not used
_ _ S 02000016 External
01, 021 Use the elements of which propagation delay time is within 30 ns. RAM area
03 Use the elements of which propagation delay time is within 50 ns. 03FFEF (M5M51008AFPT12)
16

Fig. 18.6.7 Memory expansion example on maximum model
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<When reading>

E

A1—-A7

As/Ds—A15/D1s
A16/Do

External memory
data output

<When writing>

E

A1—-Ar

As/Ds—A15/D15
Aie/Do, D1—D~7

g|

210 (min.)
s 7
\ /
50 (min.)
i A KA
> 10 (max )
SR e
95 (min.)
_ACS573 (trH) AC 04 (trr1)
CfE/Y\( \‘S s1
taisy >—<— AC32(trLH)
I /
AC32 (trHL) ALy
ta(oE)

ROM : 25 (max.)
RAM : 35 (max.)

ta(ab), ta(ce)

tsuP1p/P2D-E) > 80

\ 210 (min.) |

/

\ y
X A >< A
>< A D >< A

50 (min.)
130 (max.) = < tsup) = 40 i

<—>| AC32 (trHL) —>r—7< AC32 (trLH)

AC573 (tpHL)+ACO04 (tpHL)
|

e

<€

\

(Unit : ns)

Fig. 18.6.8 Timing diagram on maximum model
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18.6.5 Ready generating circuit example
When validating “Wait” only for a certain area (for example, ROM area) in Figures 18.6.3 to 18.6.8, use

Ready function.
Figure 18.6.9 shows a Ready generating circuit example.

M37702
As-A23| ¢ $» Data bus
(Do-D15) Indd —
ressl._ , cg
decode RDY signal falling timin
circuit > CE g 9 ’
Ao-A7 » Address bus

RDY |«
AC32
Ac74 | AC32
D Q

o1f—>o T . . o 3
coa Wait by ready is inserted in RDY ! Twr l T/

only area accessed by CE.
Term expanded by RDY input

mi

Fig. 18.6.9 Ready generating circuit example
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MEMORANDUM
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PROM VERSION

19.1 Overview

This chapter describes the PROM version including the PROM.
The PROM version can be used with the program written into the built-in PROM.

7703 Group
Refer to “Chapter 20. 7703 GROUP " about the pin connections and others.

19.1 Overview

In the PROM version, programming to the built-in PROM can be performed by using a general-purpose
PROM programmer and a programming adapter, which is suitable for the used microcomputer.

The PROM version has the following two types :

e One time PROM version
Programming to the PROM can be performed once.
This version is suitable for a small quantity of and various productions.
e EPROM version
Programming to the PROM can be performed repeatedly because a program. can be erased by exposing
the erase window on the top of the package to an ultraviolet light source.
This version can be used only for program development, evaluation only.

The built-in PROM version has the same functions as the mask ROM version except that the former has
a built-in PROM.
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Table 19.1.1 Write address of PROM version

Type name PROM size | RAM size Write address
(Byte) (Byte) 1M mode 256K mode
M37702E2BXXXFP 16K 512 1C000:6 to 1FFFF1s 400016 to 7FFFis
M37702E2BXXXHP
M37702E2AXXXFP (Note 1)
< |M37702E2LXXXGP (Note 1)
® [M37702E2LXXXHP 1C000:6 to 1FFFF1s
2 [M37702E4BXXXFP 32K 2048 1800016 to 1FFFF1s 000016 to 7FFFis
S | M37702E4AXXXFP (Note 1)
@ |M37702E4LXXXFP (Note 1)
@ |M37702E4LXXXGP 180001 to 1FFFFis
= |M37702E6BXXXFP 48K 2048 1400015 to 1FFFFis
2 [M37702E6LXXXFP
© M37702E8BXXXFP 60K 2048 1100015 to 1FFFFis
M37702E8BXXXHP
M37702E8LXXXFP
M37702E8LXXXHP
< |[M37702E2BFS 16K 512 1C0004 to 1FFFF1s 400016 to 7FFFis
‘3 [M37702E2AFS (Note 1)
€ IM37702E4BFS 32K 2048 1180004 to 1FFFFis 000016 to 7FFFis
3 |M37702E4AFS (Note 1) -
X |M37702E6BFS 48K 2048 11400016 to 1FFFF1s
W M37702E8BFS 60K 2048 1100016 to 1FFFF1s

Notes 1: Refer also to section “19.5.4 Bus timing and EPROM mode

2: A blank product of the one time PROM version does not have the ROM number, which is printed
on the XXX position. For example, M37702E2BFP.
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19.2 EPROM mode

The built-in PROM version has the following two modes :

e Normal operating mode
This mode has the same function as the mask ROM version.

¢ EPROM mode
The built-in PROM can be programmed and read in this mode. The PROM version enters this mode when
“L" level is input to the RESET pin

19.2.1 Write method

There are 2 types of the EPROM mode: 1M mode and 256K mode.

256K mode is recommended to write data deeply for the one time PROM version of which internal PROM
size is 32 Kbytes or less. 1M mode is recommended for the EPROM version owing to its write velocity
faster than 256K mode. It is because to write and erase is repeated for the EPROM version. However, the
M37702E2AFS and M37702E4AFS cannot use 1M mode.

Additionally, use 1M mode to write and read in the built-in PROM version of which PROM size is 32 Kbytes
or more.
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19.2.2 Pin description
Table 19.2.1 lists the pin description in the EPROM mode.
In the normal operating mode, each pin has the same function as the mask ROM version.

Table 19.2.1 Pin description in EPROM mode

Pin Name Input/Output Functions

Vcce, Vss Power source input — Apply 5 V £ 10% to pin Vcc, and 0 V to pin Vss.

CNVss | VPP input Input Apply VPP level when programming or verifying.

BYTE

RESET Reset input Input Connect to pin Vss.

XIN Clock input Input Connect a ceramic resonator or a quartz-crystal
oscillator between pins XIN and XouT. When an

XouTt Clock output Output external generated clock is input, the clock
must be input to pin XIN, and pin XouT must be left open.

E Enable output Output Open.

AVcc, AVss| Analog power source input — Connect pin AVcc to Vcc and pin AVss to Vss.

VREF Reference voltage input Input Connect to pin Vss:

P00-PO7 Address input (Ao—A7) Input Input pins for Aoc—A7 of address.

Plo-P17 Address input (As—A15) Input Input pins for As—A1s of address. Connect P17 to
Vcc.in 256K mode.

P20-P27 Data input/output (Do—D7) /O I/© pins for data Do-D7.

P30-P33 Input port P3 Input Connect to Vss.

P40-P47 Input port P4 Input Connect to Vss.

P50 Control input Input P50 functions as PGM input pin in 1M mode.
Connect to Vcc in 256K mode.

P51, P52 P51 functions as OE input pin and P52 does as CE input pin.

P53-P55 Input port P5 Input Connect to Vcc.

P56 Connect to Vcc in 1M mode or to Vss in 256K mode.

P57 Connect to Vss.

P60-P67 Input port P6 Input Connect to Vss.

P70-P77 Input port P7 Input Connect to Vss.

P80-P87 Input port P8 Input Connect to Vss.
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19.3 1M mode
1M mode can perform reading/programming from and to the built-in PROM with the same manner as
M5M27C101K. However, there is no device identification code. Accordingly, programming conditions must

be set carefully.
Table 19.3.1 lists the pin correspondence with M5M27C101K. Figures 19.3.1 and 19.3.2 show the pin

connections in 1M mode.

Table 19.3.1 Pin correspondence with M5M27C101K

M37702E2BXXXFP M5M27C101K
(M37702E2BFP)
M37702E2BFS
Vcc Vcc Vcc
VPP input CNVss, BYTE VPP
Vss Vss Vss
Address input PO, P1 A0-A15
Data 1/0O P2 Do-D7
CE input P52 CE
OE input P51 OE
PGM input P50 PGM

19-6 7702/7703 Group User’s Manual



PROM VERSION

19.3 1M mode

e 1M mode (top view)

P7o/AN0 4 [T
————————————— pPor/TB2N O [2]

—————————————P6e/TBLIN O [3]

Vcc

l [

: B

a Pl
Dy o wes ‘%ggs
zzzzzzZz2zZ = d X X
333322l gugllovEs
N O FH O~ 0 w S 4 o 9
REEREERLZzE28282®
3333333 + $333
lsol [rol sl [77] [76] [7e] [ [ed (64 [66l [6

O

© P84/CTSI/RTSI—4
> p85/CLKI—————4
© pge/RxD1 ——4

|
&3]
[62]
—————————Pe6s/TBOIN ¢ [ [61] ¢» P87/TxD1
Pea/INT2 4> [5] [60] > Pab/A
P63/INT1 4 [5] = (53] ) PO1/AL
P62/INTo > [T (58] 4> Po2/A2
b P6U/TA4N O [E] Z &I‘J 571 € POs/A3
————— P6o/TA4ouT ¢ [2] w ~ 561 €% Poa/As
———————————— psyTA3N O [I] ~ o 55| b pos/As ———CA5D
Ps6TA30uT 4> [11] ~ N 54l > POs/A6
P5s/TA2IN 4 [12] 8 o M [zl ¢» po7/A7
P5aTA20uT ¢ [13] m = N [52 € P10/As/Ds
P53TALIN O N o [51 6> p11/A9/Ds
CE>——psaratout ¢ (I o > (50 €» P12/A10/D10
GE>—— psyTAON ® T X [43] € p13/A11/D11 —CALID
PSo/TAOOUT ¥ [ wn Dl 28] €» P14/A12/D12
pa7 > [18] T [47] ¢» P15/A13/D13
pag ¢ [ U [26] € P16/A14/D14
p4s 4> [0 [45] ¢» p17/A15/D15
P44 2] [44] € P20/A16/DO
P43 [2] [43] ¢» P21/A17/D1
P42/ 14 [23] [42] € p22/A18/D2 —CDD
P41/RDY > [24] l4a1] ¢» P23/A19/D3
(2o} el o] Tos] [of [al s Ts2] [aq s sl [ae] BT e Taol o]
$1,1T0r, 2833883
‘ v, v
R EF AL
ToZlw| X IdgsNyNd
S, Olx S OsnILgLl
< mnoAp A RTBH I
: l ML
==
B - B

ia

Outline 80P6N-A
Outline 80D0O

0 : Connect an oscillating circuit.

>: EPROM pins

Fig. 19.3.1 Pin connections in 1M mode (1)
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e 1M mode (top view)

Vcc
© ° o
‘ £ ’—< ‘ﬂ 2
a o @
z < S oo o3
N o o N o< 1wo N N ¥ OQAQwx
mzzZzzzzzZ2Z X X
ELLLIILIIL ] 0, g1IQOEHOO
SRESCERER 32 E>8338328
ooonpnonoOonQA>C><C>noa0o00aon
e R e e
( O
L P66/TBLIN < [1_| ( ) [60] «» P8s/RXD1I——*
s P65/TBOIN < [Z_| O Q [50] > P87/TxD1 »
! P64/INT2 <> 3] 58] <> PQo/Ao
. P63/INTL <> [2_] [57] «+» POy/AL
! P62/INTo 4> [5_] < < [56] <> PO2/A2
. P61/TA4IN 4> [6_| w w [55] «» POs/As
s P60/TA40UT <> [7_| :" :J‘ [54] <% PO4/As
. P57ITA3N <> [2] o o [53] <> POs/As
P56/TA30uT <» [o_| N N [52] <> PO6/As
P5SITA2IN <> [0 | m o M [51] > Po/A7
P54/TA20UT <> [IL| N =S [50] *» Plo/As/Ds ——As>
PSIITALN <> [1Z] ; >'_< [25] <> P1y/AdDs
CCE>—— P52/TAlout <> [13 | < 5 [ 48] «» P12/A10/D1o
P51/TAOIN <» [14 | &< > [47] <€» P13/A11/D11
Ga—— P50/TAOCUT < [ | T ) [%6] <> P14/A12/D12
P47 <> [i6 | 0 av) [45] <> P1s/A13/Dis
P4s <> [T [44] <> P1s/A1a/Dia
P45 <> [18 ] [43] «» P17/A1s/D1s
P44 <» [19] O [22] «» p2o/A16/Do —Do>
P4s <> II\\ ))EI <> P21/A17/D1
3 2 2
>0 w % — z =W % < W ; ~ © WY O
HEEEE PR R L
ggz%ﬁi IS5 a8<<<<Lg
F3 i ER R R
o a [a 0o Na Mo MY a M2 Y
(ISs
O
Vss

Outline 80P6S-A
Outline 80P6D-A

O : Connect an oscillating circuit.
> : EPROM pins

Fig. 19.3.2 Pin connections in 1M mode (2)
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19.3 1M mode

19.3.1 Read/Program/Erase
Table 19.3.2 lists the built-in PROM state in 1M mode and each mode is described bellow.

(1) Read -
When pins CE and OE are set to “L" level and an address is input to address input pins, the contents
of the built-in PROM can be output from data I/O pins and read.
When pins CE and OE are set to “H” level, data I/O pins enter the floating state.

(2) Program (Write)
When pin CE is set to “L” level and pin OE is set to “H” level and VPP level is applied to pin VPP,
programming to the built-in PROM becomes possible.
Input an address to address input pins and supply data to be programmed to data I/O pins in 8-bit

parallel. In this condition, when pin PGM is set to “L” level, the data is programmed at the specified
address, input address, into the built-in PROM.

(3) Erase (Possible only in EPROM version)

The contents of the built-in PROM is erased by exposing the glass window on top of the package
to an ultraviolet light which has a wave length of 2537 Angstrom. The light must be 15 J/cm? or more.

Table 19.3.2 Built-in PROM state in 1M mode

Pin name CE OE PGM VPP Vee Data 1/0
Mode

Read-out VIL VIL O 5V 5V Output
Output VIL VIH O SV 5V Floating
disable VIH d O 5V 5V Floating

Program ViL VIH ViL 125V 6V Input
Program verify ViL VIL ViH 125V 6 V Output
Program disable VIH VIH VIH 125V 6 V Floating

O : It may be VIL or VIH.
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19.3 1M mode

19.3.2 Programming algorithm of 1M mode
Figure 19.3.3 shows the programming algorithm flow chart of 1M mode.

O Set Vcc = 6 V, VpP = 12.5 V, and address to 1C0001s".

O After applying a programming pulse of 0.2 ms, check whether data can be read or not.

O If the data cannot be read, apply a programming pulse of 0.2 ms again.

O Repeat the procedure, which consists of applying a programming pulse of 0.2 ms and read check, until
the data can be read. Additionally, record the number of applied pulses (X) before the data has been
read.

O Apply x pulses (0.2 O x ms) (described in O0) as additional programming pulses.

O When this procedure (O to 00) is completed, increment the address and repeat the above procedure until
the last address is reached.

O After programming to the last address, read data when Vcc = VPP = 5V (or Vcc = VpP = 5.5 V).

O : This applies to the M37702E2BFS. Refer to Table 19.1.1 about each write address of other products.

START

((ADDR = FIRST LOCATION )

Vcc=6.0V
Vpp=125V

X =0

*)(PROGRAM ONE PULSE OF 0.2 ms)

@YES
ss

NO
FAIL VERIF FAIL J| DEVICE
BYTE FAILED
PA PASS
PROGRAM PULSE
OF 0.2 0 X ms DURATIO
LAST ADDR?
YES

Vce=Vpp=5.0 VY

INCREMENT ADDR

DEVICE
FAILED

PASS
| DEVICE PASSED |

VERIFY
ALL BYTE

0:45V<Vcc=VrP<55V

Fig. 19.3.3 Programming algorithm flow chart of 1M mode
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19.3 1M mode

19.3.3 Electrical characteristics of programming algorithm in 1M mode

AC electrical characteristics (Ta=25+5°C,Vcc =6V £0.25V, Vpp =125 + 0.3 V, unless otherwise noted)

Limits
Symbol Parameter . Unit
y Min. Typ. Max.
tAs Address setup time 2 us
tOES OE setup time 2 us
tDS Data setup time 2 us
tAH Address hold time 0 us
tDH Data hold time 2 us
tDFP Output floating delay time after OE 0 130 ns
tvcs Vcc setup time 2 us
tvPs VPP setup time 2 us
tPw PGM pulse width 0.19 0.2 0.21 ms
topw Additional PGM pulse width 0.19 5.25 ms
tCES 'CE setup time 2 Us
toE Data delay time after OE 150 ns
Programming timing diagram
Program )!(_7” Verify
VIH . '
Address ><
N
ViL E, "
VIH/VOH / 4
Data ViLVoL —<< Data set 47>—_<7 Data output valid
tos toH torp
<> <>
Vpp y
VpP
Vce —/<—>
Vee+ 1 }VPS
Vce /
Vce LVEE
o VIH v
CE \
ViL
tces
<>
VIH — Y
PGM X_ _/ toEs toE
ViL S <> <>
tPw
OE ViH toPw X Y/
ViL ~ 0

Switching characteristics measuring conditions

e Input voltage : ViL=0.45V,VH=24V

e Input signal rise/fall time (10%—90%) : < 20 ns

e Reference voltage in timing measurement : Input/output “L.” = 0.8 V, “H" =2 V
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19.4 256K mode

19.4 256K mode

256K mode can perform reading/programming from and to the built-in PROM with the same manner as
M5M27C256K. However, there is no device identification code. Accordingly, programming conditions must

be set carefully.
Table 19.4.1 lists the pin correspondence with M5M27C256K. Figures 19.4.1 and 19.4.2 show the pin

connections in 256K mode.

Table 19.4.1 Pin correspondence with M5M27C256K

M37702E2BXXXFP M5M27C256K
(M37702E2BFP)
M37702EHBFS
Vcc Vcc Vcc
VPP input CNVss, BYTE VPP
Vss Vss Vss
Address input PO, P1 Ao—A14
Data 1/0O P2 Do-D7
CE P52 CE
OE P51 OE
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19.4 256K mode

e 256K mode (top view)

9o

[E] P7UAN1 ———— @

[S] P72/AN2 —————®

B
H

- 'y

<> P77/AN7/ADTRG —— @

AVss ————————————®
+— VREf —— @

AVcc
Vcc
@]« P8/CTSo/RTSo —————o

*—* P73/AN3
> P74/ANa
Vss

[S3]<> P7s/ANs ———————————
3]+ P76/AN6 ———————————®
%]« P81/CLKO —————————@
E‘—’ P82/RxDo —————————@

4|

=]

FAFFRR

[ @]« P83/TXD0 ——————o

p—————————————— P70/ANo < [1|
b P67/TB2IN < [2 |
b P66/TBLIN < [3|
y—— P6s/TBON «— [4]
b P64/INT2 «— [5]
b P63/INT1 < [5 |
»— P62/INTo < [7 |
b P61/TA4IN < [8 |
b P60/TA4out <« [9 |
p—— P57/TA3IN +— [10]
b P56/TA30uT <« [11]
P5s/TA2IN <+ [12]

P54/TA20uT <+ [13]

P53/TALIN <+ [14]

Cp P52/TAlout < [i5]
©p P51/TAON <+—> [16]

P50/TAOouT +— [17]

P47 <« [18]
p4s +> [19]
p4s <> [20]
P44 > [21]
P4z < [22]
P42/ ¢ 14— [23]
¢ P4/RDY~> [24]

dAXXXdZAC0LLEN

@

O

el el llelel s lel lellefkelallalle] el el (el el el lelle]

[
BYTE — [5 |

—————— P40/HOLD +—*>

=]

RESET — [&|
[®]

E<—[2]
& P33HLDA <= [T]

Vss
P30/RW < [Z]
P27/A23/D7 +— [ |
P26/A22/D6 <« [ |
P25/A21/Ds < [Z]
P24/A20/Da <+ [& |

P31/BHE < [&]

P32/ALE < [E ]

CNVss

O—— Xin— [B]
Pl O——— Xoutr =— [&]

(Vep
D
(©o)
D
®@2

P84/CTS1/RTS1 —— ¢
P85/CLK1
P86/RxD1
P87/TxD1
POo/A0
PO1/AL
P02/A2
P03/A3
PO04/A4
POs/As
POe/As
PO7/A7
P10/As/Ds
P11/A9/D9
P12/A10/D10
P13/A11/D11
P14/A12/D12
P15/A13/D13
P1le/A14/D1a
P17/A15/D15
P20/A16/Do

P21/A17/D1

P22/A18/D2

P23/A19/D3

SRS RS N IR RN

Us9

Outline 80P6N-A

[0 : Connect an oscillating circuit.
> : EPROM pins

Fig. 19.4.1 Pin connections in 256K mode (1)
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19.4 256K mode

e 256K mode (top view)

Vce
a e @
Zz <\‘: S o oolas-
Szzzsz2s: F\&fee‘ﬁf
EFIIIIIIZLZ] oL olloDEEIOD
N3P T PhTI r~ Y ulLossSTIoST o
ONMNMNNNNNSNNN OS> > 00 0 00 0 ©
[ Y a W a W a W a W a R Y TR a MR- ("SI (= a W o WY a W WY a W 0
i o el e el G
L P66/TB1IN <> [1_| ( ) [60] < P8¢/RxD1—————*
e P65/TBOIN <> [2_| O O [59] #» pgy/TxD1————*
. P64/INT2 «» [_| [58] > P0o/Ao
. P63/INT1 > [2_] L1 <+¥ PO1/AL
! P62/INTo «» [5_] < < S6] 4> PO2A2
! P6L/TAAIN 4> [6_] w w | 55| <> P0g/As
! P60ITAd0UT € [7] iy :‘l 52l <> POs/As
. P57/TA3IN <> [2] o o (53] «» POs/As
' P56/TA30UT <> [3_| N N [52] «» PO6/As
PSS/TA2IN <> [i0 ] Mo M [51] <> po7/A7
-~ P54/TA20UT < [IL] 'Q = ﬁ [50] «+» plo/AsiDs —— A
P53/TALN < [12 ] [%9] <> P11/As/Ds
CGED>—— P52/TALout < [Z] § §<< (48] «» P12/A10/D10
P51/TAOIN <» [14 | X X [47] <> P13/A11/D11
L P50/TAOOUT <> [i5 | T ) [46] <> P14/A12/D12
P47 <> [16 | 0 ) [45] «» P1s/A13/D13
P4c <» [17 | [44] <> p1g/A14/D14
P45 <> [18] [23] 4> p17/A15/D15
P44 <> [19] O [42] «> P20/A16/Do —C D>
P43 <> [20] ))EI <> p21/A17/D1——C D>

,
- Pmlb e

ER
EB]

- {O— Xin— [&]

E]
(2]

——  P3IALE«> [T
B

E<— B
—————————— P30/R/W > [L ]

Vss

BYTE —[E]]
e P33/HLDA +>

+———— P4dRDY >8]

————— P4o/HOLD <> [B]

¥ P3i/BHE %>

CNVss

O———Xour «+— [ ]

CDr>—P27/A23/D7 <> [&_|
CDs>——P26/A22/Ds <> [3_|
CDs>—P2s/A21/Ds <> [E_|
CDa>—P24/A20/Da <> [E ]

$——— RESET—*

CD3>—P23/A10/D3 4> [E|
CD2>—P22/A18/D2 <> [E_]

Outline 80P6S-A
Outline 80P6D-A

[: Connect an oscillating circuit.
D : EPROM pins

Fig. 19.4.2 Pin connections in 256K mode (2)
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19.4 256K mode

19.4.1 Read/Program/Erase
Table 19.4.2 lists the built-in PROM state in 256K mode and each mode is described bellow.

(1) Read -
When pins CE and OE are set to “L" level and an address is input to address input pins, the contents
of the built-in PROM can be output from data I/O pins and read.
When pins CE and OE are set to “H” level, data I/O pins enter the floating state.

(2) Program (Write)
When pin OE is set to “H” level and VPP level is applied to pin VPP, programming to the built-in PROM
becomes possible.
Input an address to address input pins and supply data to be programmed to data I/O pins in 8-bit
parallel. In this condition, when pin CE is set to “L” level, the data is programmed at the specified
address, input address, into the built-in PROM.

(3) Erase (Possible only in EPROM version)
The contents of the built-in PROM is erased by exposing the glass window on top of the package
to an ultraviolet light which has a wave length of 2537 Angstrom. The light must be 15 J/cm? or more.

Table 19.4.2 Built-in PROM state in 256K mode

Pin name CE OE Vpp Vee Data /O
Mode

Read-out ViL ViL 5 5V Output
Output ViL VIH 5W 5V Floating
disable VIH O G/ 5V Floating

Program ViIL VIH 125V 6V Input
Program verify VIH VIL 125V 6V Output
Program disable VIH ViH 125V 6V Floating

O : It may be VIL or VIH.
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19.4 256K mode

19.4.2 Programming algorithm of 256K mode

Figure 19.4.3 shows the programming algorithm flow chart of 256K mode.

O Set Vcc = 6 V, Vpp = 12.5 V, and address to 400016".

O After applying a programming pulse of 1 ms, check whether data can be read or not.
O If the data cannot be read, apply a programming pulse of 1 ms again.

O Repeat the procedure, which consists of applying a programming pulse of 1 ms and read check, until
the data can be read. Additionally, record the number of pulses applied (%) before the data has been

read.

O Apply three times as many numbers as X pulses (described in O), that is, 3 O x ms as additional

programming pulses.

0 When this procedure (O to 00) is completed, increment the address and repeat the above procedure until

the last address is reached.

O After programming to the last address, read data when Vcc = VPP = 5 V (or Vcc = Vpp = 5.5 V).

O : This applies to the M37702E2BXXXFP. Refer to Table 19.1.1 about each write address of other

products.

START

(ADDR = FIRST LOCATION )

FAIL

(PROGRAM PULSE

OF 3 0 X ms DURATION

INCREMENT ADDR

YES

Vce=Vpp=5.0 VI

@ FAIL

DEVICE
FAILED

VERIFY
ALL BYTE

PASS
| DEVICE PASSED |

DEVICE
FAILED

PASS

0:45V<Vecc=VrP<55V

Fig. 19.4.3 Programming algorithm flow chart of 256K mode
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19.4 256K mode

19.4.3 Electrical characteristics of programming algorithm in 256K mode

AC electrical characteristics (Ta=25+5°C,Vcc =6V £0.25V, Vpp =125 + 0.3 V, unless otherwise noted)

Limits
Symbol Parameter . Unit
y Min. Typ. Max.
tas Address setup time 2 us
tOES OE setup time 2 us
tDs Data setup time 2 us
tAH Address hold time 0 us
tDH Data hold time 2 Us
tDFP Output floating delay time after OE 0 130 ns
tvcs Vcc setup time 2 us
tvPs VPP setup time 2 us
tFPW CE initial program pulse width 0.95 1 1.05 ms
topw Additional CE pulse width 2.85 78.75 ms
toE Data delay time after OE 150 ns
Programming timing diagram
Program o Verily
VIH Iy
Address ><
V N
- (tis) taH
VIH/VoH ¢ a ]
Data ViLVoL —< Data set 7>———< Data output valid
{os fDH {DFP
<> >
Vpp
VPP tvps
Vce J(—»
Vce+l
Vce VoS
Vcc ‘/<V—>
VIH " o\ |
CE \, 7/ toES | | toE
ViL N l<—>!
trPW
O_E ViH topw /
ViL *\—/
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19.5 Usage precaution

19.5 Usage precaution
The usage precaution of PROM version is described bellow.

19.5.1 Precautions on all PROM versions
When programming to the built-in PROM, high voltage is required. Accordingly, be careful not to apply
excessive voltage to the microcomputer. Furthermore, be especially careful during power-on.

19.5.2 Precautions on One time PROM version

One time PROM versions shipped in a blank, of which built-in PROMs are programmed by users, are also
provided.

For these microcomputers, a programming test and screening are not performed in the assembly process
and the following processes. To improve their reliability after programming, we recommend to program and
test as the flow shown in Figure 19.5.1 before use.

Programming with PROM programmer

g

Screening (Note)
(Leave at 150 °C for 40 hours)

Verify test with PROM programmer

Note: Never expose to 150 °C exceeding 100 hours.

Fig. 19.5.1 Programming and test flow for One Time PROM version

19.5.3 Precautions on EPROM version

(1) Cover transparent glass window
Cover the transparent glass window with a shield or others during the read mode because exposing
to sun light or fluorescent lamp can cause erasing the programmed data.
A shield to cover the transparent window is available from Mitsubishi Electric Corporation. Be careful
that the shield does not touch the EPROM lead pins.

(2) Erase
Clean the transparent glass before erasing. There is a possibility that fingers’ fat and paste disturb

the passage of ultraviolet rays and affect badly the erasure capability.

(3) Usage
The EPROM version is a tool only for program development, evaluation only, and do not use it for
the mass product run.
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19.5 Usage precaution

19.5.4 Bus timing and EPROM mode
The PROM versions shown in Tables 19.5.1 and 19.5.2 have the different bus timing from other PROM
versions, mask ROM, external ROM versions. Additionally, they can use 256K mode as EPROM mode
though its PROM size is 32 Kbytes or less.

Table 19.5.1 PROM versions having peculiar bus timing (16MHz version)

tpzx(E - P12), Tpzx(E - P22)

W
Type name

f(Xin) £ 8 MHz 8MHz < f(Xin) < 16 MHz
M37702E2AXXXFP |Limits: 50 ns Limits: 25 ns
M37702E2AFS Formulas: Formulas:
M37702E4AXXXFP 10 10° 10 10°
M37702E4AFS 2 0 f(Xiw) 12.5 2 0 f(Xin) 6.25

Table 19.5.2 PROM versions having peculiar bus timing (Low voltage version)

Bus timing tpzx(E - P12), tpzx(E - P22)  |ld(Poa - E), td(P1A - E), td(P2a - E),
Type name tasHE - E), td(R/W - E)
M37702E2LXXXGP [Limits: 50 ns Limits: 50 ns
M37702E4LXXXFP [Formulas: Formulas:
10 10° 10 10°
—_ 50 + ———— - 62.5
5T Xy 120 20 f(Xm)

(1) Bus timing
The limits and formulas of the PROM versions having the peculiar bus timing which is different from
other PROM versions are shown in Tables '19.5.1 and 19.5.2.
When the user is planning to use the product shown in Tables 19.5.1 and 19.5.2 for evaluation or
in early production and replace it later with the mask ROM version, we recommend to use the
substitute shown in Table 19.5.3 for evaluation or in early production.
However, the substitute for the low voitage version has the larger ROM and RAM size. Make sure
of its memory usage. The substitute for the 16 MHz version has the higher frequency of external
clock input. There are o precaution about its operation.

Table 19.5.3 Substitutes
Type name to be used Substitute Remark

M37702E2AXXXFP

M37702ZE2BXXXFP

M37702E2AFS

M37702E2BFS

M37702E4AXXXFP

M37702E4BXXXFP

M37702E4AFS

M37702E4BFS

The substitute has the higher frequency of external clock input.

M37702E2LXXXGP

M37702E4LXXXGP

M37702EALXXXFP

M37702EG6LXXXFP

The substitute has the larger ROM and RAM size.

(2) EPROM mode

The products shown in Table 19.5.1 can use only 256K mode as the EPROM mode. Do not use 1M

mode.
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19.5 Usage precaution

MEMORANDUM
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7703 GROUP

20.1 Description

This chapter describes the 7703 Group.

The 7703 Group has the same functions as the 7702 Group except for some functions. This chapter mainly
describes the differences between the 7703 and 7702 Groups. Refer to the relevant descriptions of the 7702
Group about the common functions.

20.1 Description

The 16-bit single-chip microcomputers 7703 Group is suitable for office, business, and industrial equipment
controllers that require high-speed processing.

These microcomputers develop with the M37703M2BXXXSP as the base chip. This manual describes the
functions about the M37703M2BXXXSP unless there is a specific difference and the M37703M2BXXXXSP
is referred to as “M37703.”
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20.2 Performance overview
Table 20.2.1 lists the performance overview of the M37703.

Table 20.2.1 M37703 performance overview

/703 GROUP

20.2 Performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time M37703M2BXXXSP 160 ns (the minimum instruction at f(Xw) = 25 MHz)
M37703M2AXXXSP 250 ns (the minimum instruction at f(Xw) = 16 MHz)
External clock input frequency |[M37703M2BXXXSP 25 MHz (maximum)
f(Xin) M37703M2AXXXSP 16 MHz (maximum)
Memory size ROM 16384 bytes
RAM 512 bytes
Programmable Input/Output PO, P1, P2, P5 8 bits [0 4
ports P8 6 bits O 1
P4, P6, P7 4 bits O 3
P3 3bitsO1
Multifunction timers TAO-TA4 16 bits O 5; With I/O functionO 4
TBO-TB2 16 bits O 3; With Input functionO 1

Serial 1/O

UARTO, UART1

UART O 2 (UARTO also as clock synchronous
serial 1/0)

A-D converter

8-bit successive approximation method [0 1 (4 channels)

Watchdog timer

12 bits O 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 a quartz-crystal oscillator)

Supply voltage

5V 10 %

Power dissipation

95 mW (at f(Xiw) = 25 MHz frequency, typ.)

Port Input/Output
characteristics

Input/Output withstand voltage

5V

Output current

5 mA

Memory expansion

Maximum 16 Mbytes

Operating temperature range

—20°C to 85°C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded SDIP
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20.3 Pin configuration

20.3 Pin configuration

Figure 20.3.1 shows the M37703M2BXXXSP pin configuration.

P40/HOLD <> [ 23|

BYTE 24
CNvVss  [25]
RESET — [26]

XIN —»[27]
XouT <+—[ 28|
E<—[29
vss  [30]

P32/ALE <> [31]
P31/BHE <> [32]

Avcc  [1] ~ [64] <> Vce
VREF —» [ 2| 163] <> P80/CTS0/RTS0
Avss  [3] 62] <> P81/CLKo
P77/AN7/ADTRG <+ 4 | 61] <> P82/RxDo
P72/AN2 <> [ 5 | [60] <> P83/TxDo
P71/AN1 <> [ 6 | 59] <> P86/RxD1
P70/AN0 +>[ 7 | 58] <> P87/TxD1
P65/TBOIN <> 8| 57] <> P0o/Ao
P64/INT2 <> [ 9 | 156] <> PO1/A1
P63/INT1 <+ [10] 55] <> P02/A2
P62/INTo <+ [11] < 54] <> P03/A3
P57/TA3IN <> [12] w (53] <> P04/A4
PS6/TA30UT > [13] :ll [52] «>uP0sIAs
P55/TA2IN < [14] o 51] <> P0s/As
P54/TA20uT <> [15] w [50] «> PO7/A7
P53TALIN <> [16] < 48] > P1o/As/Ds
P52/TAlouT <> [17] N 48] <> P11/A9/Do
P51/TAOIN <> [18] oy 47] <> P12/A10/D10
P50/TAOOUT <> 19| § [46] <> P13/A11/D11
P47 <> [20] < 45| <> P14/A12D12
P42/ ¢ 1 +>[21] wn 44] <> P15/A13/D13
P41/RDY +»[22 mv) 43] <+ P16/A14/D14

42| +* P17/A15/D15
41| «» P20/A16/Do
40| <> P21/A17/D1
139] <> P22/A18/D2
138] <> P23/A19/D3
137] <> P24/A20/D4
136] <> P25/A21/Ds
|35] <> P26/A22/D6
34] +> P27/A23/D7
133] <> P30/R/W

Outline 64P4B

Fig. 20.3.1 M37703M2BXXXSP pin configuration (top view)
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20.4 Functional description

20.4 Functional description
The M37703 has the same internal circuit as the M37702. The control registers in the SFR area and the
memory assignment are also the same. However, part of the M37703 functions varies from the M37702’s,

because the number of M37703’s pins is 64 pins.
Table 20.4.1 lists the differences between the M37703 and M37702.

This paragraph describes the differences from the M37702. Refer to the relevant functional descriptions of
the M37702 about others.

Table 20.4.1 Differences between the M37703 and M37702

Parameters M37703M2BXXXSP M37702M2BXXXFP

Programmable 1/O port |53 (In single-chip mode) 68 (In single-chip mode)

Port PO 8 bits 8 bits

Port P1 8 bits 8 bits

Port P2 8 bits 8 bits

Port P3 3 bits; Without P3:/HLDA pin 4 bits

Port P4 4 bits; Without P4s to P4s pins 8 bits

Port P5 8 bits 8 bits

Port P6 4 bits; Without P60, P61, P6s, and P67 pins |8 hits

Port P7 4 bits; Without P73 to P76 pins 8 bits

Port P8 6 bits; Without P84 and P8s pins 8 bits
Timer 16 bits O 8 16 bits O 8

TAO With timer 1/O pins: Input pin (TAin); @Qutput | With timer I/O pins: Input pin (TAjn); Output

TAl pin (TAiout) (i = 0 to 3) pin (TAjour) (j = 0 to 4)

TA2

TA3

TA4 Internal timer; Without I/O pins

TBO With timer input pin (TBOw) With timer input pins: Input pin (TBkn) (k

TB1 Internal tifmer; Without I/O pins =0 to 2)

TB2
Serial 1/0 2 2

UARTO Clock synchronous or Clock asynchronous|Clock synchronous or Clock asynchronous

UART1 Clock asynchronous Clock synchronous or Clock asynchronous
A-D converter Resolution 8 bits 0 1 Resolution 8 bits O 1

Analog input pin 4 channels: ANo, AN1, ANz, |Analog input pin 8 channels: ANo to AN~
AN~ pins; Without ANs to ANs pins) pins

Package 64-pin plastic molded SDIP; 64P4B 80-pin plastic molded QFP; 80P6N-A

7702/7703 Group User’s Manual
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20.4.1 1/O pin
The M37703 does not have the following pins of the M37702:

*Port P33

*Ports P4s to P4s

*Ports P6o, P61, P6s, P67
*Ports P73 to P7s

*Ports P84, P8s

(1) Port direction register

Fix the bits of port Pi (i = 3, 4, 6, 7, 8) direction register which do not have the corresponding pins
to “1.” All products of the M37703 need this procedure. Do it regardless of the product type and the
used mode.

All bits of port Pi direction register are cleared to “0” after reset. Accordingly, follow the procedure
shown by Figure 20.4.1 in the initial setting program after reset. Do not write “0” after that to the bits
to be fixed to “1.”

Paragraph “1.3.1 Example for processing unused pins” explains the examples when there are pins,
however, those pins are not used. The above explanation is independent of that example explanation.

(2) Memory expansion and Microprocessor modes

The M37703 does not have the HLDA pin, so that the HLDA signal cannot be used in those modes.

~

/o Be sure to set “1” to the bit indicated by using “1".

Though these bits do not have the corresponding pins, follow the above procedure.
The above procedure is necessary whether or not other programmable I/O ports are
used.

b7 b6 b5 b4 b3 b2 bl B0

‘. . Port P3 direction register (address 916)

| [ala|2ela] | | | Pportpadirection register (address Cio)
L] ] | [a]a] portpe direction register (address 10:)
| baia|a|1] | | | portp7 direction register (address 1)
[ ] Ta]a] T ] | | portPrsdiecton register (address 14:c)

- /

Notes 1: When executing the instruction to write to bits 4 to 7 of Port P3 direction register, the value cannot be
written into them.
When reading to those bits, “0” is read.
2: The bits which are not indicated by using “1” and bits 4 to 7 of Port P3 direction register function as a
programmable I/O port. Just as in ports PO—P2 and P5, set “0” when using as an input port, and set “1”
when using as an output port.

Fig. 20.4.1 Procedure of port Pi (i = 3, 4, 6, 7, 8) direction register

20-6
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20.4.2 Timer A

The M37703 does not have the I/O functions of Timer A4. It can be used only in the timer mode. Fix bits
5 to 0 of the timer A4 mode register to “0000002.”

Figure 20.4.2 shows the structure of the timer A4 mode register.

b7 b6 b5 b4 b3 b2 bl b0
| | | Ol 0 | 0 | 0 | 0 | 0 | Timer A4 mode register (Addresses 5Azs)

E Bit Bit name Functions Atreset | RW

femm—————

E E mete-io-acao-oo| 5490 | Fix these bits to “0”. 0 RW

v In timer mode, without pulse output and gate functions.

! ! H b7 b6

E ---------------------- 6 Count source select hits 00:f2 0 RW

' 01:fie

b e eeeeeeeeeeeaaaas 7 10:fes 0 RW
11:fs12

Fig. 20.4.2 Structure of timer A4 mode register

20.4.3 Timer B

The M37703 does not have the input functions of Timers B1 and B2. They can be used only in the timer
mode. Fix bits 1 and O of the timer B1 and B2 mode registers to “002.”

Figure 20.4.3 shows the structure of the timer B1 and B2 mode registers.

b7 b6 b5 b4 b3 b2 bl b0
| | I 0 0 |D | 0 | 0 | Timer B1 mode register (Addresses 5Cis )
: — | Timer B2 mode register (Addresses 5Dzs )

- Bit Bit name Functions Atreset| RW

i 4 4 a4 4 4 w--2| o [Fixthese bitsto“0". 0 RW

L In timer mode.

i : : : e 1 0 RW

ikt 2 | These bits are ignored in timer mode. 0 RW

Lol e 3 o | RW

E E E beememeea 4 | Nothing is assigned. Undefined] —

E . B R EEEEEEE 5 | This bit is ignored in timer mode. Undefined| —

L E R L R R 6 | Count source select bits b76 0 RW

' 00:f2

' 01:fs

L e e 7 10: fes 0 RW
11:fs12

Fig. 20.4.3 Structure of timer B1 and B2 mode registers
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20.4 Functional description

20.4.4 Serial 1/10

The M37703's UART1 can be used only in the clock asynchronous serial I/0 mode, UART mode. It cannot
be used in the clock synchronous serial /O mode. Do not set the serial I/O mode select bits (bits 2 to 0
at address 3816) to “0012” to select the clock synchronous serial 1/0 mode.

Figure 20.4.4 shows the structure of the UART1 transmit/receive mode register.

(1) CLK1 pin
The M37703 does not have the CLK: pin. Set the internal/external clock select bit (bit 3 at address
38:6) to “0” to select the internal clock.

b7 b6 b5 b4 b3 b2 bl bo

| UART1 transmit/receive mode register (Address 3816)

Bit Bit name Functions Atreset | RW
b2 bl b0
00 0: Serial /O disabled 0 | RW
(P8 functions as a programmable

1/O port.)
00.1: Not selected
0 1 0: Not selected
""""" 1 01 1: Not selected 0 RwW
1 0 0; UART mode

(Transfer data length = 7 hits)
10 1: UART mode

(Transfer data length = 8 bits)
............ 2 11 0: UART mode 0 RW

(Transfer data length = 9 bits)
11 1: Not selected

Y el 0 Serial /0O mode select bits

e 3 Fix these bits to “0". (To select internal clock.) 0 RW
S 4 Stop bit length select bit 0 : One stop bit 0 RW
. (Validiin UART mode) (Note) 1: Two stop bits
B REECIEEEEEEEEEEE 5 | Odd/Even parity select bit 0 : Odd parity 0 RW
! (Valid in UART mode when 1: Even parity
' parity enable bit is “1") (Note)
D e 6 Parity enable bit - Parity disabled 0 RW

0
(Valid in UART mode) (Note) 1: Parity enabled
0

---------------------------- 7 Sleep select bit : Sleep mode cleared (ignored) 0 RW
(Valid in UART mode) (Note) 1: Sleep mode selected

Note: Bits 4 to 6 are ignored in the clock synchronous serial I/O mode. (They may be either “0”
or “1.”) Additionally, fix bit 7 to “0.”

Fig. 20.4.4 Structure of UART1 transmit/receive mode register
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(2) CTSJ/RTS: pin
The M37703 does not have the CTS:/RTS: pin. Fix the CTS/RTS select bit (bit 2 at address 3Cuie)

tO “1”.

Figure 20.4.5 shows the structure of the UART1 transmit/receive control register 0 and Figure 20.4.6
shows the structure of the port P8 direction register when using UARTL.

b7 b6 b5 b4 b3 b2 bl bo

... UART1 transmit/receive control register 0 (Address 3Cis)

A Bit Bit name Functions Atreset| RW

E E E E E E E ~----1 0 BRG count source select bits b1 b0 0 RW

A 00:f2

Lo 01 i

oo s 1 10:fes 0 RW

oror e 11:fs12

T SRARREEE 2 | Fix this bit to “1.” 0 RW

E E E E I 3 Transmit register empty flag 0 : Data present in transmit register. 1 RO

T R T (During transmitting)

oo 1 : No data present in transmit register.

Vo (Transmitting completed)

Ll o] 7 to 4 | Nothing is assigned. Undefined| —
Fig. 20.4.5 Structure of UARTL1 transmit/receive control register 0

b7 b6 b5 b4 b3 b2 bl b0

111 Port P8 direction register (Address 1416)

R T T Bit Corresponding pin Functions Atreset| RW

. Y Y 0 CTSo/RTSo pin 0 : Input mode 0 RW

oo ) 1 : Output mode

A & 1 CLKo pin 0 R

e ; When using pin P82 as serial data

e 2 RxDo pin input pin (RxDo),set bit 2 to “0.” RW

T RRDEEEEEEE 3 | TxDopin 0 RW

E : : brmmmcmmcmcc e 4 Fix these bits to “1.” 0 RW

ey 5 0 RW

D] 6 RxD1 pin When using pin P8s as serial data 0 RW

E input pin (RxD1),set bit 6 to “0.”

Bemmmmsmmsmmsmmsesee—eeo 7 TxDx1 pin 0 RW

: Bits O to 3 are not used in UART1.

Fig. 20.4.6 Structure of port P8 direction register when using UART1
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20.4.5 A-D converter
The M37703's analog inputs are 4 channels: ANo to ANz and ANz.

(1) One-shot and Repeat modes

Set the analog input select bits (bits 2 to 0 at address 1Eis) to one of “0002", “0012", “0102" and “111.."
Set the bits of the port P7 direction register which do not have pins corresponding to analog inputs

ANz to ANs to “1” to make them output mode.

Figure 20.4.7 shows the structure of the A-D control register and Figure 20.4.8 shows the structure

of the port P7 direction register when using A-D converter.

(2) Single sweep and Repeat sweep modes

Set the bits of the port P7 direction register corresponding to ANo to ANz and AN~ pins to “0” to make

them input mode.

Set the bits of the port P7 direction register which do not have pins corresponding to analog inputs
ANs to ANesto “1” to make them output mode. The A-D register contents corresponding to analog

inputs ANz to ANs, which do not have their pins, become undefined.

b7 b6 b5 b4 b3 b2 bl bo

| | | | A-D control register (Address 1Eie)

R Bit Bit name Functions Atreset| RW

P - : b2 5160

AR A 0 '(o\\/nsgggir:nopnuet-zfmlc?tc;r?clitsrepeat 000 : ANo selected Undefined| RW

A modes) (Note 1) 00 1: ANz selected

A 010 : AN: selected

A 011: Not selected .

P i i L 100 : Not selected Undefined| RW

o 101 : Not selected

oo 11 0: Not selected

P mmmmmmmeees 2 111: AN selected (Note 2) Undefined| RW

R 3 | A-D operation mode select bits | %" 0 RW

oo 0 0 : One-shot mode

oo 0 1: Repeat mode

oo 1 0: Single sweep mode

IR & 3 4 1 1: Repeat sweep mode 0 RW

R L 5 | Trigger select bit 0 : Internal trigger 0 RW

! 1: External trigger

e 6 | A-D conversion start bit 0 : Stop A-D conversion 0 RW

1: Start A-D conversion
.......................... 7 A-D conversion frequency 0 : f2 divided by 4 0 RW
(¢ AD) select bit 1: f2 divided by 2

Notes 1: These bits are ignored in the single sweep and repeat sweep modes. (They may be

either “0” or “1.”)

2: When selecting an external trigger, the AN7 pin cannot be used as an analog input

pin.

3: Writing to each bit except bit 6 of the A-D control register must be performed while the

A-D converter halts.

Fig. 20.4.7 Structure of A-D control register

20-10
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b7 b6 b5 b4 b3 b2 bl bo

| | | Port P7 direction register (Address 11 16)

Bit Corresponding bit name Functions Atreset| RW
0 ANo pin 0: Input mode 0 RW
- 1: Output mode
! AN1 pin When using these pins as A-D 0 RW
2 | ANzpin comespondng bito"ae | O | RW
3 Fix these bits to “1.” 0 RW
4 0 RW
5 0 RW
6 0 RW
7 | AN7 pin/ADTRG pin 0: Input mode 0 RW

1: Output mode

When using this pinas A-D
converter’s input pir or external
trigger input pin, set this bit to
QL

Fig. 20.4.8 Structure of the port P7 direction register when

using A-D converter
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20.5 Electrical characteristics

The M37703 electrical characteristics is the same as the M37702's except for the absolute maximum ratings
shown in Table 20.5.1 and the parameters of not existing pins of the M37703.

Refer to “Chapter 15. ELECTRICAL CHARACTERISTICS .”

Additionally, the M37703 standard characteristics is the same as the M37702’s and refer to “Chapter 16.
STANDARD CHARACTERISTICS .”

Table 20.5.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Pad Power dissipation Ta = 25 °C 1000 mw
Note: The electrical characteristics except above is the same as the M37702’s.
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20.6 PROM version

In the PROM version, programming to the built-in PROM can be performed by using a general-purpose
PROM programmer and a programming adapter, which is suitable for the used microcomputer.

The PROM version of M37703 is the one time PROM version. Programming to the PROM can be performed
once in this version.

The one time PROM version has the same functions as the mask ROM version except that the former has
a built-in PROM. Table 20.6.1 lists the write address of PROM version.

The M37703 does not have the EPROM version. Use the EPROM version of M37702 with a pitch converter
for the M37703 evaluation.

Table 20.6.1 Write address of PROM version

Type name PROM size | RAM size Write address
(Byte) (Byte) 1M mode 256K mode
M37703E2BXXXSP 16K 512 1C00016 to 1FFFF1s 400016 to 7FFFise
M37703E2AXXXSP (Note 1)
M37703E4BXXXSP 32K 2048 1800016 to 1FFFF1s 000016 to 7FFF1s
M37703E4AXXXSP (Note 1)

”

Notes 1: Refer also to section “20.6.2 Bus timing and EPROM mode
2: A blank product of the one time PROM version does not have the ROM number, which is printed
on the XXX position. For example, M37703E2BSP.

20.6.1 EPROM mode
The EPROM mode of M37703 is the same as the M37702’s. Refer to section “19.2 EPROM mode.”
The pin connections vary from the M37702’s. Figure 20.6.1 shows the pin connections in EPROM mode.
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AVcc [1] [64] <> Vcc
VREF — [ 2 | [63] <> P80/CTS0/RTS0
Avss  [3] [62] <> P81/CLKo— @
® — P77/AN7/ADTRG +>[4 | |61] <> P82/RXD0—————————@
P72/AN2 <> [5 | |60] <> P83/TxDo —————— @
P71/AN1 <+>[6 | |[59] <> P8s/RXD1—————— ¢
P70/AN0 <> [ 7 | |58] <> P87/TxD1—————————®
® —— P65/TBOIN +>[8 | [57] <> P0o/Ao
Equivalent to P64/INT2 <> [0 | [56] <> PO1/A1
M5M27C256K P63/INT1 <> [10] [55] <> P02/A2
P62/INTo <> [11] Z [54] <> P03/A3
T & —  P5yTAIN +*>[12] w 53] <> P04/Aa
Equivalentto o—@ P56/TA30uT +» [13] ~ [52] <> P0s/As ——As>
M5M27C101K P5Ss/TA2IN <> [14] a‘ [51] <> POs/A6
P54/TA20uT <+ [15] w [50] <> PO7/A7 —— A
_ P5s/TALIN <> [16] m [49] <> P1o/As/Da D)
e i (CE>———— P52/TAlout <> [17 '&3 48] <> Pl1/Ae/De-——(AgD
P51/TAOIN <+>[18] < [47] <> Pl2/Ato/Dio —CAD
P50/TAOOUT <+ [19] < [46] <> Pl3/A1D11 ——AD
o P47 «>[20] X |45] =% P1alAgaD12 Equivalent to
P42l ¢ 14> [21] wn [44] <> Pis/A13/D13—(AD M5M27C256K
@J P41/RDY <[22 U 43| %> Ple/A14/D14——AD y
Equivalent to MSM27C101K @~ P40/HOLD «>[23 |42}~ Pl7/Aus/D1s As
BYTE —[24] 141 ] <> P20/A16/Do Equivalent to
CNvss  [25] [40] <> P21/A17/D1 M5M27C101K
RESET —> [26] 39] <> P22/A18/D2
O————XiNn—>[27) [38] <> P23/A19/D3
= {07 XouT <—[28| [37] <> P24/A20/Da
Ex (29 [36] <> P25/A21/Ds (D5
vss  [30] [35] <> P26/A22/Ds
P32/ALE <> [31] [34] <> P27/A23/D7
P31/BHE <+ [32] |33] <> P3BJRW —————————@
é O : Connect an oscillating circuit.

C_>: EPROM pins
Outline 64P4B P

Fig. 20.6.1 Pin connections in EPROM mode
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20.6.2 Bus timing and EPROM mode
The PROM versions shown in Table 20.6.2 have the different bus timing from other PROM versions, mask

ROM, external ROM versions. Additionally, they can use only 256K mode as the EPROM mode though its
PROM size is 32 Kbytes or less.

Table 20.6.2 PROM versions having peculiar bus timing

W tpzx(E - P12), tpzx(E - P22)
Type name f(Xin) £ 8 MHz 8MHz < f(Xin) < 16 MHz

M37703E2AXXXSP |Limits: 50 ns Limits: 25 ns
M37703E4AXXXSP |Formulas: Formulas:
10 10° 10 10°
2000w 20 | Zofxe &2

(1) Bus timing
The limits and formulas of the PROM versions having the peculiar bus timing which is different from
other PROM versions are shown in Table 20.6.2.
When the user is planning to use the product shown in Table 20.6.2 for evaluation or in early
production and replace it later with the mask ROM version, we recommend to use the substitute
shown in Table 20.6.3 for evaluation or in early production.
However, the substitute version has the higher frequency of external clock input. There are no
precaution about its operation.

Table 20.6.3 Substitutes
Type name to be used Substitute Remark

M37703E2AXXXSP |M37703E2BXXXSP | The substitute has the higher frequency of external clock input.
M37703E4AXXXSP |M37703E4BXXXSP

(2) EPROM mode

The products shown in Table 20.6.2 can use only 256K mode as the EPROM mode. Do not use 1M
mode.
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MEMORANDUM

20-16 7702/7703 Group User’s Manual



APRPENDIX

Appendix

emory assignment in SFR area
. Control registers
. Package outlines
. Countermeasures against noise
. Q&A
OAppendix 7. Hexadecimal instruction

code table
Appendix 8. Machine instructions

Appendixe‘éory assignment




APPENDIX

Appendix 1. Memory assignment

Appendix 1. Memory assignment

Figure 1 to Figure 5 show the memory assignment of the M37702 and the M37703 in each processor mode.
Refer to the memory assignment whose type name show suitable memory type and memory size.

M37702M2BXXXFP
L Memory type and memory size

e Single-chip mode
* Memory sizeltype......M2, E2 * Memory size/type......M3 (Note) * Memory size/type......MD (Note)
oooooO[ [ 1 71 "~
00007F16 SFRarea | SFRarea | SFR area
00008016
Internal RAM
00027F1s| D12 Pytes Internal RAM Internal RAM
1024 bytes 1024 bytes
00047F16| | 0
" Notused ~=
A~ Notused Ao 2 Notused H2
00800016
00A00016
Internal ROM
00C00016 Internal ROM 32 Kbytes
Internal ROM 24 Kbytes
16 Kbytes
OOFFFF6 L | ____________..L o ..
Note: These can be used only in the single-chip mode.

Fig. 1 Memory assignment during single-chip mode (1)
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e Single-chip mode
* Memory sizeltype.....M4, E4  « Memory sizeltype......M6, E6 * Memory size/type......M8, E8
oooooows[ [ 77T °'"T 1 Uttt
SFR area SFR area SFR area
oooo7Fe6| 1 0
00008016
Internal RAM Internal RAM Internal RAM
2048 bytes 2048 bytes 2048 bytes
ooo87F16 0
2~ Notused H~
A~ Notused H<
,JL 00100016
A~ Notused &~
00400016
Internal ROM
00800016 60 Kbytes
Internal ROM
48 Kbytes
Internal ROM
32 Kbytes
O0OFFFF16

Fig. 2 Memory assignment during single-chip mode (2)
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e Memory expansion mode

* Memory sizeltype....... M2, E2

External area

A 00000016 . [ [ T 00000016
00007E16 SFR area SFR area 00000216
00008016 Internal RAM 00000916

512 bytes
00027F16 N
00007F16
Internal RAM
2048 bytes
00087F16
Bank 016
~~ External area A~
AN ~
External area
008000 16
Internal ROM
00CO00016 32 Kbytes
Internal ROM
16 Kbytes
Y OOFFFF16] ~ o~ | .
01000016
Bank 116
___l__Q_l_F__F_F_E}fE ______________
A External area A A External area A

~ A FFoOOOL8| [

Bank FFie

___l__FF_F__F_FE}@ _____________

Fig. 3 Memory assignment during memory expansion mode (1)
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e Memory expansion mode

FF000016

Bank FFis

* Memory sizeltype......M6, E6 * Memory size/type......M8, E8
~ A 00000016 00000016
00007F16 SFR area SFR area 00000216
00008016 [T ™
", 00000916
00007F16
Internal RAM Internal RAM
2048 bytes 2048 bytes
00087F16| | ..
Bank 016 A~ External area A~
A~ External area A~
00100016
00400016
Internal ROM
60 Kbytes
Internal ROM
48 Kbytes
Y OOFFFF16 | .
01000016
Bank 116
__l__Q_l_F__F_F_F_% _______________
A External area A A External area A

External area

Fig. 4 Memory assignment during memory expansion mode (2)
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* Memory sizel/type

e Microprocessor mode

M2, E2, S1 (Note 1)

Y OOFFFF16
01000016

Bank 116

N
«

4 00000016
00007F1s| Sr R area
00008016
Internal RAM
00027F1s| L2 bytes
Bank 016

External area

(Note 2)

SFR area
Internal RAM
2048 bytes
00087F 16
External area
(Note 2)
A A ~

.,00000916

.M4, E4, M6, E6, M8, E8,
S4 (Note 1)

00000016
00000216

External area

00007F16

Notes 1: These can be used only in the
microprocessor mode .
2: Interrupt vector table is assigned to
addresses O0FFD616 to 00FFFF1e.
Set a ROM to this area.

Fig. 5 Memory assignment during microprocessor mode
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Appendix 2. Memory assignment in SFR area

Figures 6 to 9 show the memory assignment in SFR area.
The significations which are used in Figures 6 to 9 is described below.

Access characteristics

RW: It is possible to read the bit state at reading. The written value becomes valid data.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid data. It is impossible to read the bit state.

[1: Nothing is assigned. It is impossible to read the bit state. The written value is ignored.

State immediately after a reset

0:“0” immediately after areset. [[g] : Always “0” at reading

1:"1” immediately after a reset. i )
? : Undefined immediately after + Always undefined at reading

areset. : “0” immediately after a reset. Fix this bit to “0.”
Address Register name Access characteristics State immiediately after a reset
b7 b0 b7 b0
016 ?
116
216 Port PO register RW
316 Port P1 register RW ?
416 Port PO direction register RW 0016
516 Port P1 direction register RW 0016
616 Port P2 register RW ?
716 Port P3 register | | | | RW ololo]o] ?
816 Port P2 direction register RW 0016
016 Port P3 direction register | | i i RW 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0|O
A16 Port P4 register RW ?
Bis Port P5 register RW ?
C1e Port P4 direction register RW 0016 0
D1s Port P5 direction register RW 0016
E16 Port P6 register RW ?
Fi6 Port P7 register RW ?
1016 Port P6 direction register RW 0016 0
1116 Port P7 direction régister RW 0016 0
1216 Port P8 register RW 2
1316 z
1416 Port P8 direction register RW 0016 u
1516 ?
1616 ?
1716 =
1816 ?
1916 ?
1A16 ?
1B16 ?
1C16 ?
1D16 ?
1E16 A-D control register RW 0|]0|0O[O0O]|O|?2|?]|~"
1F16  A-D sweep pin select register | | | | | | RW ?21?2(?21?2|1?2 (2?11
O: In the 7703 Group, set “1” to the bit of which corresponding pin is nothing. (Refer to section “20.4.1 Input/Output pins.” )

Eig. 6 Memory assignment in SFR area (1)
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Address

2016
2116
2216
2316
2416
2516
2616
2716
2816
2916
2A16
2B16
2C16
2D16
2E16
2F16
3016
3116
3216
3316
3416
3516
3616
3716
3816
3916
3A16
3B16
3C16
3D16
3E16
3F16

Register name

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

UARTO transmit/receive mode register

UARTO baud rate register

UARTO transmit buffer register

UARTO transmit/receive control register 0
UARTO transmit/receive control register 1

UARTO receive buffer register

UART1 transmit/receive mode register

UART1 baud rate register

UART1 transmit buffer register

UART1 transmit/receive control register 0
UART1 transmit/receive controlregister 1

UART1 receive buffer register

Access characteristics

State immediately after a reset
b7 bO

RO

RO

RO

RO

RO

RO

RO

RO

RW

o

wo

woO

lwo

BV EVE RN 9 N[N NN N[NNI N N[N N[N N[

RO

RW

o

21?22 2[1]0|0

RO

RW|

RO[RW

0j]0|jO|O|O|O|1]0

RO

?

RO

oloJolo]ofo]Jo]~

RW

0016

wo

woO

WO

RO

RW

RO

RW|

RO[RW

[
[
E
[

oloJo]lo]ofo]o]~

Fig. 7 Memory assignment in SFR area (2)
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Appendix 2. Memory assignment in SFR area

Address

4016
4116
4216
4316
4416
4516
4616
4716
4816
4916
4A16
4B16
4C16
4D16
4E16
4F16
5016
5116
5216
5316
5416
5516
5616
5716
5816
5916
5A16
5B16
5Ci16
5D16
5E16
5F16

Register name

Count start register

One-shot start register

Up-down register

Timer AO register

Timer Al register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer B1 register

Timer B2 register

Timer AO mode register
Timer A1 mode register
Timer A2 mode register
Timer A3 mode register
Timer A4 mode register
Timer BO mode register
Timer B1 mode register
Timer B2 mode register
Processor mode register

Access characteristics

State immediately after a reset
b7 bo

RW 0016
?
|| WO > JoJofofo]o
?
WO RW olofJoJololo]o]o
?
(WK ?
1 ?
1 ?
01 ?
1 ?
(WK ?
1 ?
01 ?
01 ?
01 ?
2 ?
02 ?
02 ?
2 ?
02 ?
[2 ?
RW 0016
RW 0016
RW 0016
RW 0016
RW 0016
Rw |03 RW olo|l?]l?2|lo0lo]l0]oO
RW (O3 RW olo|?]l?2|0|l0]|]0]O
RW |03 RW o0lo]l?|?|l0]l0]0]0O
RW WO[RW 04[Rw| [0 oo (o]0 [0 [o4]0
?

01: The access characteristics at addresses 4616 to 4F16 varies according to Timer A’s operating
mode. (Refer to “Chapter 5. TIMER A.” )

02: The access characteristics at addresses 5016 to 5516 varies according to Timer B’s operating
mode. (Refer to “Chapter 6. TIMER B.” )

[03: The access characteristics of bit 5 at addresses 5B16 to 5D16 varies according to Timer B’s
operating mode. (Refer to “Chapter 6. TIMER B.” )

04: The access characteristics of bit 1 at address 5E16 and its state immediately after a reset vary
according to the voltage level supplied to the CNVss pin. (Refer to section “2.5 Processor
modes.” )

Fig. 8 Memory assignment in SFR area (3)
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Appendix 2. Memory assignment in SFR area

Address Register name Access characteristics b?ta‘re immediately after a reseé0
6016 Watchdog timer register 05 ? (Note)
6116 Watchdog timer frequency select register | | | | | | RW I | 0
6216 ?
6316 v
6416 7
6516 ?
6616 i
6716 z
6816 ?
6916 ?
6A16 ?
6B16 ki
6C16 B
6D16 ?
6E16 ?
6F16 ?
7016  A-D conversion interrupt control register RW ? 0j0jo0fo0
7116 UARTO transmit interrupt control register RW ? 0]0]0]O0
7216 UARTO receive interrupt control register RW ? o(0f0]O0
7316 UARTL transmit interrupt control register RW ? o|(0f0]oO
7416 UARTL1 receive interrupt control register RW ? o|(0f0]oO
7516 Timer AQ interrupt control register RW ? 0[0f[0]O0
7616 Timer A1 interrupt control register RW ? o(0f0]O0
7716 Timer A2 interrupt control register RW ? 0[0|0]O0
7816 Timer A3 interrupt control register RW ? o|(0f0]O
7916 Timer A4 interrupt control register RW ? 0|0j]0fO
7A16 Timer BO interrupt control register RW ? o(0f0]O0
7B16 Timer B1 interrupt control register RW ? 0[0|0]0O0
7C16 Timer B2 interrupt control register RW ? 0[0|0]0O0
7D16 INTo interrupt control register RW ? o|O0OfOo|J0O|OfO
7E16 INT1 interrupt control register RW ? o|O0fO0O|J0OjOfO
7F16 INT2 interrupt control register RW ? o(0|0]0]J0]O

005 : By writing dummy data to address 6016, a value “FFF16” is set to the watchdog timer.

The dummy data is not retained anywhere.
Note: A value “FFF16” is set to the watchdog timer. (Refer to “Chapter 9. WATCHDOG TIMER.")

Fig. 9 Memory assignment in SFR area (4)
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Appendix 3. Control registers

Appendix 3. Control registers

The register structure of each control register assignment in the SFR area are shown on the following pages.
The view of the register structure is described below.

01
b7 b6 b5 b4 b3 b2 bl

I 0 | Ol | XXX register (Address XXz6) 2

NN 4 [ This bitis ignored in ... mode.

-------------------------- 7 to 5[ Nothing is assigned. \ Undefined]  —

_____________ 3 | Fix this bit to “0.”

N
Bit Bit name Functions Qr re§t (RW)

t---4 0 |...select bit 0 RW

R 1 | ... select bit Undefined| WO

= OoO| PO

The value {5 “0” &t reading.

............ 2 |...flag 21

01 04
Blank : Set to “0” or “1” to meet the purpose.
0 : Set to “0” at writing.
1 : Set to “1” at writing.
O : This bit is not used in the specific mode or state. It may be either “0” or “1.”
: Nothing is assigned.
= [
0 : “0” immediately after a reset.
1 . “1” immediately after a reset.
Undefined : Undefined immediately after a reset.
03
RW : Itis possible to read the bit state at reading. The written value becomes valid data.
RO : It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written
value may be either “0” or “1.”
WO : The written value becomes valid data. It is impossible to read the bit state. The value is undefined at

reading. However, the bit with the commentaries of “The value is “0” at reading” in the functions column
or the notes is always “0” at reading.(See [4 above.)

.1t is impossible to read the bit state. The value is undefined at reading. However, the bit with the
commentaries of “The value is “0” at reading” in the functions column or the notes is always “0” at
reading.(See 04 above.)

The written value becomes invalid. Accordingly, the written value may be “0” or “1.”
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Appendix 3. Control registers

Port Pi register

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Port Pi register (i =0to 8)
(Addresses 21s, 316, 616, 716, A6, B1s, E16, F16, 1216)

R Bit Bit name Functions Atreset [ RW
R t----1 0 | PortPio Data is input/output to/from a pin by | Undefined [ RW
o - reading/writing from/to the corres- _
ey 1 Port Pi1 ponding bit. Undefined| RW
Rt 2 | PortPi2 0:“L” level Undefined [ RW
I 1:H" level

b ' e e 3 Port Pi3 Undefined| RW
e aEEEEEEEE R 4 Port Pis Undefined| RW
v e eeeeeeoaa 5 Port Pis Undefined| RW
E :. ........................ 6 Port Pis Undefined| RW
T ECLETTTTEEPEP 7 Port Pi7 Undefined [ RW

Note: Bits 7 to 4 of the port P3 register cannot be written (they may be either “0” or “1") and are fixed to “0” at
reading.

Port Pi direction register

b7 b6 b5 b4 b3 b2 bl bo

Port Pi direction register (i = 0 to 8)
(Addresses 416, 516, 816, 916, C16, D16, 1016, 1116, 1416)

- Bit Bit name Functions Atreset| RW
oo bo---d 0 Part Pio direction bit 0 : Input mode 0 RW
A - ) (Functions as an input port)

A 1 Port Pi1 direction bit 1 Output mode 0 RW
E E E . E . &' 2 Port Pi2 direction bit (FUnCthnS as an output port) 0 RW
E E E E P R 3 Port Pis direction bit 0 RW
E E E R EEEEEEEEEE R 4 Port Pis direction bit 0 RW
e 5 Port Pis direction bit 0 RW
R LR R LR R LY 6 Port Pis direction bit 0 RW
O GLEETTEEE P EEEEEEEERPP 7 Port Piz direction bit 0 RW

Notes 1: Bits 7 to 4 of the port P3 direction register cannot be written (they may be either “0” or “1”) and are
fixed to “0” at reading.
2: In the memory expansion mode or the microprocessor mode, fix bits 0 and 1 of the port P4 direction
register to “0.”

(7703 Group)

Fix the following bits which do not have the corresponding pin to “1.”

« Bit 3 of port P3 direction register

« Bits 3 to 6 of port P4 direction register

* Bits 0, 1, 6, and 7 of port P6 direction register
« Bits 3 to 6 of port P7 direction register

* Bits 4 and 5 of port P8 direction register

Bit b7 | b6 | b5 | b4 | b3 | b2 | bl | bo
C""esg)iﬁ”d'"g Pir | Pis | Pis | Pis | Pis | P | Pir | Pio
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Appendix 3. Control registers

A-D control register

b7 b6 b5 b4 b3 b2 bl bo

(Valid in one-shot and repeat
modes) (Note 1) 001 : ANz selected

010 : AN: selected
......... 011:ANsselected )
E 1 100 : AN selected Undefined| - RW
' 101:ANs selected
' 11 0: ANs selected

R SR 2 111: AN selected (Note 2) Undefined| RW

| | | | | | | | | A-D control register (Address 1E1e)
Bit Bit name Functions Atreset | RW
i i : H R b2 bl b0
bt 0 | Analog input select bits 000 : ANo selected Undefined| RW

LR R 3 | A-D operation mode select bits | **3 0 RW
0 0 : One-shot mode

E 0 1 : Repeat mode
! 1 0: Single sweep mode
""""""""" 4 11: Repeat sweep mode 0 RW

e 5 | Trigger select bit - Internal trigger 0 RW

. External trigger

TP PP 6 | A-D conversion start bit ©'Stop A-D conversion 0 RW

: Start A-D conversion

Rro|lrolro

............................ 7 A-D conversion frequency. : f2 divided by 4 0 RW
(¢ AD) select bit : f2 divided by 2

Notes 1: These bits are ignored in the single sweep and repeat sweep mode. (They may be
either “0” or “1.")
2: When selecting an external trigger, the AN7 pin cannot be used as an analog input pin.
3: Writing to each bit (except bit 6) of the A-D control register must be performed while
the A-D canverter halts.
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Appendix 3. Control registers

A-D sweep pin select register

b7 b6 b5 b4 b3 b2 bl b0
A-D sweep pin select register (Address 1Fis)

Lol Bit Bit name Functions Atreset| RW
; I I I I I I ----- 0 A-D sweep pin select bits b1b0- ) 1 RW
A (valid in single sweep and repeat 00 : ANo, ANz (2 pins)

e sweep mode ) (Note 1) 01 : ANo to ANs (4 pins)

R S S S R T S 1 10: ANo to ANs (6 pins) 1 RW
A 11 : ANo to AN~ (8 pins) (Note 2)

O 7 to 2 | Nothing is assigned. Undefined|  —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or
“1.")
2: When selecting an external trigger, the AN7 pin cannot be used as an analog input pin.
3: Writing to each bit of the A-D sweep pin select register must be performed while the
A-D converter halts.

A-D register i

A-D register 0 (Addresses 2016)
A-D register 1 (Addresses 2215)
A-D register 2 (Addresses 2416)
A-D register 3 (Addresses 2616)
A-D register 4 (Addresses 2816)

b7 b6 b5 b4 b3 b2 bl bo A-D register 5 (Addresses 2A16)
| | | | | | | | | A-D register 6 (Addresses 2C16)
B I S A-D register 7 (Addresses 2E16)
A Bit Functions Atreset| RW
R B R L N S 7to 0 | Reads an A-D conversion result. Undefined| RO
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Appendix 3. Control registers

UARTI transmit/receive mode register

b7 b6

b5 b4 b3 b2 bl bo

UARTO transmit/receive mode register (Address 3016)
UARTL1 transmit/receive mode register (Address 3816)

Bit Bit name Functions Atreset [ RW
. . b2 b1 b0
0 Serial I/0 mode select bits 000 : Serial I/O disabled 0 RW
(P8 functions as a programmable
1/0 port.)
00 1: Clock synchronous serial I/O
mode
1 010 : Not selected 0 RW
011: Not selected
100 : UART mode
(Transfer data length = 7 bits)
101:UART mode
2 (Transfer data length = 8 bits) 0 RW
110:UART made
(Transfer datalength = 9 bits)
111: Notselected
3 | Internal/External clock select bit | O : Intérnal ¢lock 0 RW
1 : External clock
4 Stop bit length select bit 0 : One stop bit 0 RW
(Valid in UART mode) (Note) 1 . Two stop bits
5 Odd/Even parity select bit 0 : Odd parity 0 RW
(Valid in UART mode when 1: Even parity
parity enable bit is “1”) (Note )
6 Parity enable bit 0 : Parity disabled 0 RW
(Valid in UART mode). (Note) 1 : Parity enabled
7 Sleep select bit 0 : Sleep mode cleared (ignored) 0 RW
(Valid in UART mode) (Note) 1 : Sleep mode selected

Note: Bits 4 to 6 are ignored in the clock synchronous serial I/O mode. (They may be either “0”

or “1.”) Additionally, fix bit 7 to “0.”

UARTI baud rate register (BRGi)

b7

b0

| UARTO baud rate register (Address 311s)

UART1 baud rate register (Address 391s)

Bit

Functions

At reset

RW

7t00

Can be set to “0016” to “FFis.”

Assuming that the set value = n, BRGi
divides the count source frequency by n + 1.

Undefined] WO
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UARTI transmit buffer register

(b15) (b8)
b7 b0 b7 bo
— UARTO transmit buffer register (Addresses 3316, 3216)
. . UART1 transmit buffer register (Addresses 3B1s, 3A16)
E : : Bit Functions At reset
E A O 8to 0 | Transmit data is set. Undefined
b o e e e e e e 15 to 9| Nothing is assigned. Undefined

UARTI transmit/receive control register 0

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive control register 0 (Address 3416)
UART1 transmit/receive control register O (Address 3Cis)

Bit Bit name Functions At reset
E E E E E E voommmes 0 BRG count source select bits b1 b0 0
A 0 - 12

b 01 fis

e 1 10:fes 0
A 11:fs12

E E E E E S 2 CTS/RTS select bit 0 : CTS function selected. 0
oo 1: RTS function selected.

Poro o e 3 | Transmit register empty flag 0: Data present in transmit register. 1
o (During transmitting)

I T T 1 : No data present in transmit register.

P (Transmitting completed)
SR 7 to 4 | Nothing is assigned. Undefined
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

Bit Bit name Functions Atreset | RW

[ e 0 Transmit enable bit 0 : Transmission disabled 0 RW
1: Transmission enabled

......... 1 Transmit buffer empty flag 0 : Data present in transmit buffer 1 RO

register.
1: No data present in transmit
buffer register.

. 2 Receive enable bit 0 : Reception disabled 0 RW
1: Reception enabled

--------------- 3 Receive complete flag 0: No data present in receive 0 RO
buffer register.
1: Data present in receive buffer

register.
AR R R R 4 | Overrun error flag (Note 1) | 0 : No overrun error 0 RO
! 1 : Overrun error detected
R EERLECCEEEEEE 5 | Framing error flag (Notes 1, 2) | 02 No framing error 0 RO
! (Valid in UART mode) 1 . Framing error detected
e b L 6 Parity error flag (Notes.1,2) 10 : No parity error 0 RO
E (Valid in UART mode) 1 : Parity error detected
e ey 7 Error sum ﬂag (NOtes i, 2) 0 : No error 0 RO
1: Error detected

(Valid in UART miode)

Notes 1: Bits 7 to 4 are cleared to “0” when clearing the receive enable bit to “0” or when reading
the low-order byte of the UARTI receive buffer register (addresses 3616, 3E1s) out.
2: Bits 5 to 7 are ignored in the clock synchronous serial /0O mode.

UARTI receive buffer register

(b15) (b8)
b7 b0 b7 b0
— UARTO receive buffer register (Addresses 3716, 3616)
. . UART1 receive buffer register (Addresses 3F1s, 3E1s)
E E E Bit Functions Atreset| RW
E el e 8to 0 | Receive data is read out from here. Undefined| RO
E_ _______________________________________ 15 to 9| Nothing is assigned. 0 -
The value is “0” at reading.
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Count start register

b7 b6

b5 b4 b3 b2 bl b0

| | | | | | Count start register (Address 4016)

One-shot start register

b7 b6 b5 b4 b3 b2 bl bo

-

Frmmememeeeee e e e —mmm———— -

Bit Bit name Functions Atreset| RW
0 Timer AO count start bit 0 : Stop counting 0 RW
1: Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW
One-shot start register (Address 42.1s)
Bit Bit name Functions Atreset| RW
0 Timer AO one-shot start bit 1: Start outputting one-shot pulse 0 WO
(valid when selecting internal
1 Timer Al one-shot start bit trigger.) 0 WO
2 Timer.A2 one-shot start bit The value is “0” at reading. 0 \WYe]
3 Timer A3 one-shot start bit 0 WO
4 Timer A4 one-shot start bit 0 \We}
7 to 5 [ Nothing is assigned. Undefined [ —
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Up-down register

b7 b6 b5

b4 b3 b2

| Up-down register (Address 4416)

Bit Bit name Functions Atreset| RW
0 | Timer AO up-down bit 0 : Down-count 0 RW
1: Up-count
1 Timer Al up-down bit 0 RwW

This function is valid when the
2 Timer A2 up-down bit contents of the up-down register is 0 RW
selected as the up-down switching
3 | Timer A3 up-down bit factor. 0 RW
4 Timer A4 up-down bit 0 RW
5 | Timer A2 two-phase pulse signal [ 0 : Two-phase pulse signal 0 WO
processing select bit (Note) processing fUnCthU disabled
1: Two-phase pulse signal
6 Timer A3 two-phase pulse signal processing fungiiogiehabled 0 WO
processing select bit (Note) 4
When not using the two-phase pulse
7 Timer A4 two-phase pulse signal Z:Jgr?tlopggf?ﬁglgg tfgngtlon make 0 WO
processing select bit  (Note) The Value is “0” at reading.

Note: Use the LDM or STA instruction when writing to bits 5 to 7.
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Timer Ai register

(b15) (b8)
b7 b0 b7

Timer AQ register (Addresses 4716, 4616)

b0 Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bz1s, 4A16)

Timer A3 register (Addresses 4D1s, 4Cis)

Timer A4 register (Addresses 4F1s, 4Ez16)

Bit Functions Atreset | RW
_________________________ 15 to 0] These bits have different functions according | undefined| RW
to the operating mode.
Timer Ai mode register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Timer Ai mode register (i = 0 to 4) (Addresses 5616 {0 5A1s)

Lo Bit Bit name Functions Atreset| RW
R 0 |Operating mode select bits blbo. 0 RW
. 0.0 : Timer mode
T 0 1": Event counter mode
. 1 1 0 : One-shot pulse mode 0 RW
- 1 1 : Pulse width modulation (PWM) mode
i bl 2 These bits have different functions according to the operating mode. 0 RW
JE A - 3 o | rw
Dol e 4 o | RW
' i S L L LT TR, 5 0 RW
R 6 0 | RW
S EETECECEEEEEEEERERR 7 o | rRw
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Timer Mode

b7 b6 b5 b4 b3 b2 bl b0

O| Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

Bit

Bit name

Functions

At reset

RW

Operating mode select bits

bl b0
00 : Timer mode

RW

RW

Pulse output function select bit

0 : No pulse output
(TAiout pin functions as a programmable
/0 port.)

1: Pulse output
(TAiour pin functions as a pulse output
pin.)

RW

Gate function select bits

b4 b3

0 0:] No gate function

01:] (TAin pin functions as a prog-
rammable /O port.)

Gate funetion

(Counter counts only while TAin

pin’s input signal is “L” level.)

Gate function

(Counter counts only while TAin

pin’s input signal is “H” level.)

10:

1

RW

RW

Fix this bit to “0” in the timer mod

RW

Count source selegt bits

b7 b6

00:f2
01:fie
10:fes
11:fs12

RW

RW

(b15)
b7

(b8)
b0 b7

Timer AO register (Addresses 4716, 4616)

b0

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bu1s, 4A16)

Timer A3 register (Addresses 4Dzs, 4C1s)

Timer A4 register (Addresses 4Fi1s, 4E16)

Bit

Functions

At reset

RwW

15t00

These bits can be set to “00001¢” to “FFFF16.”
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

Undefined

RW
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Event counter mode

b7 b6 b5 b4 b3 b2 bl bO

[o]c]o] | | [ofz] Timeraimode register i = 0 to 4) (Addresses 561 to 5A)
A Bit Bit name Functions Atreset| RW
1 [ 1 1 ] ] 1 1 . . b1 b0
o . ] . . : ---| O Operating mode select bits 01 : Event counter mode 0 RW
Coro o meeeees 1 0 RW
T 2 Pulse output function select bit | 0 : No pulse output (TAiout pin functions | 0 RW
P as a programmable 1/0 port.)
oo 1 : Pulse output (TAiout pin functions
oo as a pulse output pin.)
P 3 Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
o 1 : Counts at rising edge of external signal
N L EEEEEEEEEEENEE 4 | Up-down switching factor select | 0 : Contents of up-down register 0 RW
P bit 1 : Input signal to TAiour pin
E E D GLEECEEEEEEPEE 5 | Fix this bit to “0” in event counter mode. 0 RwW
E E EGEEEEEELEEE TP 6 These bits are ignored in event counter mode. 0 RW
D CLLCE T L EEPEEP R 7 0 | RW
O : It may be either “0” or “1.”
(%175) (gg) b7 bo - Timer/AO register (Addresses 4716, 4615)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B1s, 4A16)

: Timer A3 register (Addresses 4D1s, 4C1s)

: Timer A4 register (Addresses 4F16, 4Eu1s)

E Bit Functions Atreset| RW

e - - - ------ 15 to O] These bits can be set to “000016” to “FFFFis.”| undefined| RW

Assuming that the set value = n, the counter
divides the count source frequency by n + 1
when down-counting, or by FFFFis —n + 1
when up-counting.

When reading, the register indicates the
counter value.
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One-shot pulse mode

b7 b6 b5 b4 b3 b2 bl b0
| | | 0| | | 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
A Bit Bit name Functions Atreset| RW
: E E E v+ 1 t--1 0 | Operating mode select bits 10 One-shot pulse mode 0 RW
BERERES o [rw
e CREREE 2 | Fix this bit to “1” in one-shot pulse mode. 0 RW
T E ) . b4 b3
Vo T 3 | Trigger select bits 0 0 :| Writing “1” to one-shot start register 0 RW
P 01 | (TAin pin functions as a prog-
N rammable 1/O port.)
Voo e 4 1 0 : Falling edge of TAin pin's input signal 0 RW
N 1 1 : Rising edge of TAin pin’s input signal
T EGEEEEL R LY 5 Fix this bit to “0” in one-shot pulse mode. 0 RW
I . b7 b6
bbb 6 Count source select bits 00:f2 0 RW
' 01:fi
Sy 7 10 :fes 0
11:fs12 RW
(b15) (b8) Timer AO register (Addresses 4716, 4616)
b7 b0 b7 B0 " Timer Al register (Addresses 4916, 4816)
Tirmner A2 register (Addresses 4Bu1s6, 4A16)
. Timer A3 register (Addresses 4D1s, 4C1s)
' Timer A4 register (Addresses 4F1e, 4E16)
: Bit Functions Atreset| RW
RREL . O aubhhR 15 to 0| These bits can be set to “000116” to “FFFF1s.” | Undefined)] WO

Assuming that the set value = n, the “H” level
width of the one-shot pulse output from the
TAiour pin is expressed as follows : n / fi.

fi: Frequency of count source (f2, fis, fes, Or fs12)
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Pulse width modulation (PWM) mode

b7 b6 b5 b4 b3 b2

bl bo

1 | 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

Bit Bit name

Functions

At reset

RW

Operating mode select bits

bl b0
11:PWM mode

RW

RW

Fix this bit to “1” in PWM mode.

RW

Trigger select bits

b4 b3

0 0 : ] Writing “1” to count start register

01: i pin functions as a pro-
grammable 1/O port.)

1 0 : Falling edge of TAin pin's input signal

11 : Rising edge of TAin pin’s input signal

RW

RW

16/8-bit PWM mode select bit

0 : As a 16-bit pulse width modulator
1: As an 8-bit pulse width modulator

RW

Count source select bits

b7 b6
00:f2

01:fie
10:fesa
11:fs12

RW

RW

<When operating as a 16-bit pulse width modulator>

(b15)

(b8)
b0 b7 b0

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4Dzs, 4C16)
Timer A4 register (Addresses 4F16, 4E16)

Bit

Functions

At reset

RW

15t0 0

These bits can be set to “000016” to “FFFE16.”
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the

TAiour pin is expressed as follows: fL
I

Undefined

WO

<When operating as an 8-bit pulse width modulator>

(b15)
b7

(b8)
b0 b7 b0

fi: Frequency of count source (fz, fis, fes, Or fs12)

Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A16)

Timer A3 register (Addresses 4Dz, 4Cus)

Timer A4 register (Addresses 4Fis, 4E1s)

Bit

Functions

At reset

RW

7t00

These bits can be set to “0016” to “FFus.”
Assuming that the set value = m, PWM
pulse’s period output from the TAiour pin is

expressed as follows: w
:

Undefined

woO

15to 8

These bits can be set to “0016” to “FEz1s.”
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAiour pin is expressed as follows:
n(m + 1)
fi

Undefined

WO

fi: Frequency of count source (f2, fis, fes, Or fs12)
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Timer Bi register

(b15) (b8)

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset | RW

_______________________ 15 to 0| These bits have different functions according | Undefined | RW
to the operating mode.

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)

A Bit Bit name Functions Atreset| RW
: : E E E E E :- - 1 B bl hO

E Pl 0 Operating mode select bits 0'OnTiMer mode 0 RW
A 0 1 : Event counter mode

oo ey 10 Pulse period/Pulse width

oo e T 1 measurement mode 0 RW
N 11 : Not selected

' E R 2 | These bits have different functions according to the operating mode. 0 RW
T R A —— 3 0 RW
i : : R P EEEET 4 Nothing is assigned. Undefined| —

: I ERRREEEEEEEEEEEEbbl 5 | These bits have different functions according to the operating mode. Undefined| RO
; H (Note)
T 6 0 RW
o, . 0 RW

Note: Bit 5 is ignored in the timer mode and event counter mode; its value is undefined at reading.
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Timer mode

b7 b6 b5 b4 b3 b2 bl bO

| I 0 u |D | 0 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bz16 to 5Dzs)

e Bit Bit name Functions Atreset| RW
1 ' 1 ' 1 1 ' ' . . b1 b0
o E : E E : ---| 0 | Operating mode select bits 00 : Timer mode 0 RW
T 1 0 RW
Vo e 2 These bits are ignored in timer mode. 0 RW
Vo Smmmmmmmemee 3 0 RW
E : ' R 4 | Nothing is assigned. Undefined| —
E i B L EEEEEEEE 5 | This bit is ignored in timer mode. Undefined| —
| heemesaisacsaccaeiaaas 6 | Count source select bits b7 b6 0 RW
: 00:f
! 01:fw
L 7 10: fea 0 RW
11:fs12
O : It may be either “0” or “1.”
(b15) (b8)
b7 b0 b7 b0 ] )
Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)

H Timer B2 register (Addresses 5516, 5416)

; Bit Functions Atreset [ RW

RS & 4 15 to 0| These bits can be set to “00001s” to “FFFF1s.”| Undefined| RW

Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.
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Event counter mode

b7 b6 b5 b4 b3 b2 bl bo

HEE EEOEH

Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D1s)

R Bit Bit name Functions Atreset| RW
e Operating mode select bits b1 b0
A - 0 P g 0 1: Event counter mode 0 RW
R 1 0 RW
E E i E i b 2 Count polarity select bits b3 b2 0 RW
oor e 00 : Count at falling edge of external signal
oo 01: Count at rising edge of external signal
oor e 10: Counts at both falling and rising edges
ooy TEmmm e 3 of external signal 0 RW
oo 11: Not selected
 EEEEEEEEEEEEEE 4 | Nothing is assigned. Undefined| —
E E e 5 This bit is ignored in event counter mode. Undefined| —
A 6 | These bits are ignored in event counter mode. 0 RW
b e 7 o | rw
O : It may be either “0” or “1.”
G W :
7 0 b7 0 . .
Timer.BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)

' Timer B2 register (Addresses 5516, 5416)

E Bit Functions Atreset| RW

LEEERNEE SAAERLLLLLEET 15 to O] These bits can be set to “000016” to “FFFFis.”| undefined| RW

Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.
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Pulse period/pulse width measurement mode

b7 b6 b5 b4 b3 b2 bl bo

| | | | | 1| 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)
o Bit Bit name Functions Atreset [ RW
i 1 1 *--| 0 | Operating mode select bits 10 Pulse period/Pulse width 0 RW
o measurement mode
ooy T 1 0 RW
Y ahab 2 Measurement mode select bits | 5302 0 RW

0 0 : Pulse period measurement
(Interval between falling edges
of measurement pulse)

0 1: Pulse period measurement
(Interval between rising edges

of measurement pulse)
fommmmmt 3 10 : Pulse width meastrement 0 RW
(Interval from a falling edge to a rising
edge, and from a rising edge to a
falling edge of measurement pulse)
11: Not selected

---------------- 4 Nothing is assigned. Undefined| —
O 5 Timer Bi overflow flag 0: No overflow Undefined| RO
(Note) 1.: Overflowed
______________________ I b7 b6
6 Count source select bits 00:f 0 RwW
01:fie
e e 7 10:fes 0 RW
11:fs12

Note: The timer Bi overflow flag is cleared to “0” by writing to the timer Bi mode register with the
count start bit.= “1",
(b15) (b8)
b7 b0 b7 b0

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

...................... 15 to O The measurement result of pulse period or | Undefined| RO
pulse width is read out.
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Processor mode register

b7 b6 b5 b4 b3 b2 bl b0
| I 0 I I I I I I | Processor mode register (Address 5E16)
I Bit Bit name Functions Atreset | RW
- . b1 b0
: - : P : - —--- 0 Processor mode bits 00 : Single-chip mode 0 RW
oo " ro 0 1: Memory expansion mode
P . it 1 1 0 : Microprocessor mode 0 RW
I : 11 : Not selected (Note 1)
i . ' : b e 2 Wait bit 0 : Software Wait is inserted when 0 RW
oo . accessing external area.
' E b , 1: No software Wait is inserted
oo . when accessing external area.
N 3 | Software reset hit The microcomputer is reset by 0 e}
R writing “1” to this bit. The value is
oo “0” at reading.
, i E LR 4 Interrupt priority detection time  |°° b4_ 0 RW
o select bits 00:7cyclesof ©
o 01:4cyclesof ¢
R R R R R 5 10:2¢yclesof ¢ 0 RW
v 1 1: Not selected
L ROy SOy epppe 6 Fix this bit to “0.” 0 RW
Cmmmmmmmmmmmmmmmmmm—aan ] 7 Clock ¢ 1 output select bit 0 Clock ¢ 1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0 port.)
1: Clock ¢ 1 output enabled
(P42 functions as a clock ¢ 1 out-
put pin.)
Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1”
after a reset. (Fixed to “1.")
2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)
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Watchdog timer register

b7 b0

Watchdog timer register (Address 6016)

Bit Functions At reset

----------------- 7 to 0 | Initializes the watchdog timer. Undefined
When a dummy data is written to this register, the watchdog
timer’s value is initialized to “FFF1s.” (Dummy data: 0016 to FFis)

Watchdog timer frequency select register

b7 b6 b5 b4 b3 b2 bl bo

Watchdog timer frequency select register (Address 6116)

U

Bit Bit name Functions At reset
TS 0 Watchdog timer frequency select| 0 : 1512 0
' bit 1:fs2
el e 7101 [ Nothing is assigned. Undefined
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Interrupt control register

b7 b6 b5 b4 b3

b2 bl bO

APPENDIX

Appendix 3. Control registers

A-D conversion, UARTO and 1 transmit, UARTO and 1 receive, timers AO to A4, timers BO to B2
interrupt control registers (Addresses 7016 to 7C16)

Bit Bit name Functions Atreset| RW
R o i b2 b1 b0
N 0 | Interrupt priority level select bits 00 0: Level 0 (Interrupt disabled) 0 RW
. 001:Levell Low level
I 010:Level 2
R R et 1 011:Level3 0 RW
R 100:Level 4
I 101:Level5
R 110:Level 6
e 2 111:Level 7 High level 0 | RW
E HH  ECEEE 3 | Interrupt request bit 0 : No interrupt request 0 RW
! FE 1: Interrupt request
R L CEECEEFPEEPPEEPPEEPRE 7 to 4 | Nothing is assigned. Undefined | —
Note: Use the SEB or CLB instruction to set each interrupt control register.
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | INTo to INT2 interrupt control regisiers (Addresses 7Dis to 7F16)
E . , , , , , , Bit Bit name Functions Atreset | RW
T R T S Interrupt priority level select bits | 92510 .
e 0 #a b 000 : Level O (Interrupt disabled) 0 RW
L 001:Levell Low level
R 010:Level 2
I et 1 011:Level3 0 RW
A 100: Level 4
L 101:Level5
A 110:Level 6
Y &S £ 111:Level 7 High level 0 RW
E i o 3 | Interrupt request bit (Note 1) 0 : No interrupt request 0 RW
o 1 : Interrupt request
: E E b 4 Polarity select bit 0 : Set the interrupt request bit at 0 RW
P “H” level for level sense and at
P falling edge for edge sense.
P 1: Set the interrupt request bit at
P “L" level for level sense and at
E I rising edge for edge sense.
; E b 5 | Level sense/Edge sense select bit 0 : Edge sense 0 RW
P 1: Level sense
S ETTEELEEEPPPEEEEEEPERPy 7,6 | Nothing is assigned. Undefined [ —
Notes 1: The INTo to INT2 interrupt request bits are invalid when selecting the level sense.
2: Use the SEB or CLB instruction to set the INTo to INTz interrupt interrupt control
registers.
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Appendix 4. Package outlines

80P6N—A Plastic 80pin 14X 20mm body QFP
EIAJ Package Code JEDEC Code Weight (g) Lead Material
QFP80-P-1420-0.80 — 1.58 Alloy 42 Mb
Scale : 2/1 @ [m_ .__[]
N HD }:E’ _--Il:--_ [ —] ]
D = =
@ ® R
ARAAAAAAAARARARA — o B
[ OFE® - AL o
= = = e || 0021500
ad o —
af o —
== = E Recommended Mount Pad
ad o =
= B wl ¥ = Symboll—_Rimension in Millimeters
= = = YMOOI™Min | Nom | Max
= =] = A - - 3.05
= = = Al 0 0.1 0.2
= =5 = A2 - 28 —
= O = = b 03 035 | 045
- 2o : .
FEEEEEEREELERLEL: E-—— £ 198 200 202
A ' ) } )
® @ LA (e — 08 -
L1 Ho | 165 16.8 17.1
— He | 225 228 231
L 0.4 0.6 0.8
[ [\ g Li - 14 -
TSI L H 21 e - - - 0
o F | . s 6 0° — 10°
- = etair T - ?22 i3 = =
etal . — —
Ly ] - ] Mp — 146 -
ME — 20.6 -
80DO Glass seal 80pin QFN
EIAJ Package Code \‘ JEDEC Code } Welght (g) I
Scale : 2/1
210802 3.32MAX 18.4+0.15
1.78TYP _ 0.8TYP . 06TYP
[ R A
“g
o
o = = 0
= = = o
=+ =} =] i
© = =}
i) o = o
2 = o
SB
S8
@5
vk o e
\__INDEX 5 ] Prorve @
=
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Plastic 80pin 14 14mm body QFFP

ElA) Package Cade | JEDEC Cade Weight(g) | Lead Material |
QFPS0-P-1414-0.65 1il | Aloyaz | M
Scale : [P
) Ho “4: ﬂﬂ_t_ﬂ )
= 1 | . |
- 0 = B
S
@ & NEREEE | I
ARRRRRARAARARRARARRR "#i:j ! L
== I i I |
= O OB 0 1
o -
== = Recammended Mount Pad
== ==
== o=} Dimension in Millimeters
= e w = Symbol }in Nom  Max
== = & - , 305
% % ij 0 gé ;2
o O =5 b 05 03 td |
== =i C 013 0.15 0.2
(] 138 14.0 14.2
E, 138 14.0 14.2
e 0.65
rn 16.5 16.4 17.1
He 16.5 16.8 17.1
. 04 X4 0.8
L: 14
¥ - 0.1
5} 0 = 10
' oz - 035 -
= L I2 1.3
Detal F Y] — 146 _
W — 146 =
80P6D—A Plastic 80pin 12X 12mm body LQFP

EIAJ Package Code JEDEC Code Weight (g) Lead Material |
LQFP80-P-1212-0.50 — 0.44 Alloy 42 Mp
Scale : 2.5/1 o) 001000 )
Hb =3 ' (=]
- —
D b b
i - 4 - o ul
® ) o 11 IBE:
RARAARAAAAAAKARARAAK "l:i i ! i
4 | ) =
05O OEe® A O L
E E w Recommended Mount Pad
E E Wz Symbol Dimension in Millimeters
b= == ymoo Min Nom Max
= = A - - 17
= = Al 0 0.1 0.2
sH0) @ o T
LCCCEEEEALLELE EELLL ] — b 0.13 0.18 0.28
@ @ c 0.105 | 0.125 | 0.175
A D 11.9 12.0 12.1
F E 11.9 12.0 12.1
(e] L1 (e] - 0.5 —
Hp 13.8 14.0 14.2
H — HE 13.8 14.0 14.2
J‘ﬁ:lIJIElI L 0.3 05 0.7
< 61'\ L1 — 1.0 -
b \_|_o — - 0.1
y . y
] o A T S S
< L b — 0.225 -
I2 1.0 — —
Detail F Mb — 12.4 —
Mg — 12.4 —
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64P4B Plastic 64pin 750mil SDIP
ElAJ Package Code | JEDEC Code |  Weight(g) Lead Material
SDIPB4-P-750-1.78 | - | 7.9 Alloy 42
Scale :
& @ ’
NATATATA T ATANANATARANATDHATANATATATARATATA TS YT N TaTaNaTATAN(
O o FEIE
L
JUUUUUUUUUUTUUT YUY UUUUIUTUUUUT —
q B </
Srnbl Dimension in Millimeters
o [ N “an
C A = - 5.08
A o3 - |
o A 18
= - B 0.4 03 fil3
7 b1 0.9 1.0 13
- = bz 0.65 0.75 105
c 0.2 0.25 0.32
2 D 56.2 56.4 6.6
E 1685 | 17.0 17.15 |
, 3 - L7785 -
SEATING PLANE o I
L 28
] 0 — 15
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Appendix 5. Countermeasures against noise
The following describes some examples of countermeasures against noise.

Although the effect depends on the system, refer to the following if the problem being relevant to noise
occurs.

1. Reduction in wiring length
Wiring on a circuit board can serve as an antenna that pulls in noise into the microcomputer. Shorter the
total length of wiring (in mm), the smaller the possibility of pulling in noise into the microcomputer.

(1) Wiring of RESET pin
Reduce the length of wiring connected to the RESET pin.

Especially, a capacitor that is inserted between the RESET and Vss pins must be connected to these
pins in the shortest possible distance (within 20 mm).

Reasons: If noise gets into the RESET pin,
the microcomputer will restart op- Noise M37702
erating before its internal state is
completely initialized, which can Z
cause a program runaway. Reset RESET
circuit ¢
\/ss Vss
N.G.
M37702
Reset
circuit L[ RESET
VSS"T Vss
O.K.

Fig. 10 Wiring of RESET pin
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(2

Wiring of clock input/output pins

@ Reduce the length of wiring connected to the clock input/output pins.

@ Connect the lead wire on the ground side of a capacitor connected to the oscillator and the
microcomputer’s Vss pin in the shortest possible distance (within 20 mm).

@ Separate the Vss pattern for oscillation purpose from the other Vss patterns. (Refer to Figure 19.)

Reasons: The microcomputer operates _
synchronously with the clock Noise
generated by the oscillation circuit. M37702 M37702
If noise gets into the clock input/
output pins, the clock waveform is
disturbed, which can cause the
microcomputer to malfunction or a — T XN XN
program runaway. 1= Xout FXout
Furthermore, if noise causes a \/ss Vss
potential difference between the 77
microcomputer’s Vss level and the
oscillator’s Vss level, the oscillator N.G. 0.
cannot generate an exact clock. Fig. 11 Wiring of clock input/output pins

(3) Wiring of CNVss pin

When connecting the CNVss and Vss pins, connect them in the shortest possible distance.

Reasons: The voltage level on the CNVss
pin affects the selection of

microcomputer’s processor modes. M37702 Noise M37702
If noise causes a potential

difference between the voltage é

levels of the CNVss and \/ss pins CNVss CNVss
when these pins are connected,

the microcomputer’s processor Vss Vss
mode will become wunstable,

causing the microcomputer to i
malfunction or a program runaway. N.@G. O.K.

Fig. 12 Wiring of CNVss pin
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(4) Wiring of CNVss (V ep) pin of built-in PROM version
< In single-chip or memory expansion mode>
e Connect the CNVss (Ver) pin to the microcomputer’s Vss pin in the shortest possible distance.
e If the wiring cannot be shortened, insert a resistor of about 5 kohms as close to the CNVss (Ver)
pin as possible. By way of this resistor, connect the CNVss (Vee) pin to the Vss pin.
< In microprocessor mode>
e Connect the CNVss (Ver) and Vcc pins in the shortest possible distance.

Reasons: The CNVss (Ver) pin serves as a power source input pin for the built-in PROM, and this
pin has a reduced impedance to allow a programming current to flow in when programming
to the built-in PROM. (This means that noise gets in easily.)

If noise gets into the CNVss (Ver) pin, abnormal instruction codes or data will be read out
from the built-in PROM, causing a program runaway.

In single-chip and

memory expansion modes In microprocessor mode

M37702 M37702
Shortest possible
distance vee
J Approx. 5 kohms
CNVss(VPP) AW+ CNVss(VrP)
i \
Vss i Shortest possible
i distance
777
Connect the CNVss pin to Connect the CNVss pin to
the Vss pin in the shortest the Vcc pin in the shortest
possible distance. possible distance.

O The above processing.is unnecessary for the BYTE (Vep) pin.

Fig. 13 Wiring of CNVss (\. e#) pin of built-in PROM version
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2. Inserting bypass capacitor between Vss and Vcc lines
Insert a bypass capacitor of about 0.1 uyF between the Vss and Vcc lines. When inserting this bypass
capacitor, make sure that the following conditions are satisfied.

e Wiring length between the Vss pin and the bypass capacitor equals that between the Vcc pin and the
bypass capacitor.

e Wiring between the Vss pin and the bypass capacitor and that between the Vcc pin and the bypass
capacitor have the shortest possible length.

e The Vss and Vcc lines both have broader wiring width than the other signal wires.

Bypass capacitor

Wiring pattern Wiring pattern

HV L

M37702

S cc

Fig. 14 Bypass capacitor between Vss and Vcc lines
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3. Wiring processing of analog input pin, analog power source pin and others
(1) Processing of analog input pin
e Connect a resistor in series to the analog signal wire connecting to an analog input pin at the
position closest possible to the microcomputer.
e Insert a capacitor between the analog input pin and AVss pin at a position closest possible to the
AVss pin.

Reasons: Normally, the signal which is input to the analog input pin is an output signal from a
sensor.
A sensor used to detect changes in event is in many cases located away from the board
on which the microcomputer is mounted. Accordingly, wiring from the sensor to the analog
input pin inevitably becomes long. This long wiring can serve as an antenna that pulls in
noise into the microcomputer, letting noise get into the analog input pin easily.
Additionally, if the capacitor between the analog input pin and AVss pin is grounded away
from the AVss pin, noise on that ground can get into the microcomputer via the capacitor.

Noise
(Note 2) M37702
O.K
RI

$ l - ANi

Thermistor ©. I
];, NG > .
e I AVss Reference val_ue
7J7 RI : Approximately 100 to 1000 Q

Cl : Approximately 100 to 1000 pF

Notes 1 : Make sure that the external circuit of the ANi pin is designed so that the ANi pin can
be charged/discharged within 1 cycle of ¢ ap.
2 : This resistonis used to divide resistance from the thermistor.

Fig. 15 Example for protecting analog input pin against noise by using thermistor
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(2) Processing of analog power source pins and others
e For each of the Vcc, AVcc, and Vrser pins, use separated power sources.
e Insert capacitors between the AVcc and AVss pin, and between the Vrer and AVss pin, respectively.

Reasons: Avoids affecting the A-D converter due to noise on Vcc.

M37702
Reference value

AVcc Cl>047 nF

? C2 > 047 uF
VREF

C1 Cc2 ) )
AVSS } } Note : Connect capacitors Wlth_ the
thickest possible wiring in the
AN A A A (sensor, and others) shortest possible distance.

Fig. 16 Processing of analog power source pin and others
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4. Consideration to oscillator
The oscillator that generates the fundamental clock of the microcomputer’s operation requires careful
consideration not to be affected by the other signals.

(1)

(2)

Isolation from signal wires where a large current flows
The signal wires where a large current exceeding the microcomputer’s current limits accepted flows
must be located as far away from the microcomputer (especially the oscillator) as possible.

Reasons: A system using a microcomputer
contains signal wires to control, for

example, motors, LEDs, and thermal M37702
heads. When a large current flows L,QDJ
vl

in these signal wires, noise due to Mutual inductance

mutual inductance is generated. ﬂﬂﬂ
XN
Large F Xour
current Vss

Fig. 17 Connegction of signal wires where a large
current flows

Isolation from signal wires whose levels change rapidly

e The signal wires whose levels change rapidly must be located as far away from the oscillator as
possible.

e Make sure that signal wires whose levels change rapidly do not cross any other clock-related or
noise-susceptible signal wires.

Reasons: The signal wires whose voltage
levels change rapidly tend to affect M37702
other signal wires as the signal level Must not cross
changes from high to low or from other signal wires. 0
low to high. Especially if these signal
wires cross a clock-related signal ‘ & XN
wire, they can disturb the clock ; Xout
wavefoims causing the I Vss
microcomputer to malfunction or a y
program runaway. 0 1/0 pin for a signal whose level

changes rapidly

Fig. 18 Wiring of rapidly level changing signal wire
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(3) Protection with Vss pattern
For double-sided boards in which the oscillator is mounted on one side (mount side), make sure that

there is a Vss pattern at the same position as the oscillator on the reverse side (solder side) of the
board. This Vss pattern must be connected to the microcomputer’s Vss pin in the shortest possible
distance and must be located away from the other Vss patterns.

Example of Vss pattern on reverse side of oscillator
M37702

Example of mount
pattern for
oscillator unit

Separate the Vss pattern for oscillator from the Vss supply line.

Fig. 19 Vss pattern on reverse side of oscillator
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5. Processing of ports
Take protective measures for ports in both hardware and software.

<Hardware protection>
e |nsert a resistor of 100 ohms or more in series.

<Software protection>

e For ports in the input mode, try reading in several times to detect whether their levels are matched or
not.

e For ports in the output mode, since the output data can reverse owing to noise, periodically set the port
Pi register.

e Set the port Pi direction register again at stated periods.

Data bus

Direction register
Port latch

Fig. 20 Processing of ports
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6. Reinforcement of the power supply line

e Use the broader wiring width than that of the other signal wire for the Vss and Vcc lines.

e When using the multilayer boards, make sure that one of the middle layer is Vss side, and the other one
of middle layer is Vcc side.

e When using the double-sided boards, one side must be located with looped or mesh form to the Vss
line centering the microcomputer. The vacant space must be filled with the Vss line. The other side must
be located with the Vcc line just as in the above-mentioned Vss line.

Connect the power supply line of external devices connected to the microcomputer with the bus and the
power supply line of the microcomputer in the shortest possible distance.

Reasons: The level of many wiring among 24 pieces of external address bus will change at the same time
when connecting external devices. That may causes noise of the power supply line.
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Appendix 6. Q & A

Information which may be helpful in fully utilizing the 7702 Group and the 7703 Group are provided in
Q & A format.

In Q & A, as a rule, one question and its answer are summarized within one page. The upper box on each
page is a question, and a box below the question is its answer. (If a question or an answer extends to two
or more pages, there is a page number at the lower right corner.)

At the upper right corner of each page, the main function related to the contents of description in that page
is listed.
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Interrupt

Q

If an interrupt request (b) occurs while executing an interrupt routine (a), is the main routine is not
executed before the INTACK sequence for the next interrupt (b) is executed after the interrupt routine

(a) under execution is completed?

Sequence of
execution

RTI instruction

Interrupt routine (a) —> | €«— Main routine —>» | €— INTACK sequence
for interrupt (b)

Condition
e | is cleared to “0” with theRTI instruction.
e The interrupt priority level of the interrupt (b) is higher than the main routine IPL.

e The interrupt priority detection time is 2 cycles of ¢.

A

Sampling for interrupt requests are performed by sampling pulses generated synchronously with the
CPU’s op-code fetch cycles.

(1) If the next interrupt request (b) occurs before the sampling pulse (O0) for the RTI instruction is
generated, the microcomputer executes the INTACK sequence for (b) without executing the main
routine (not even one instruection) because sampling is completed while executing the RTI

instruction.
v Interrupt request (b)

g
—

RTI instruction

Sampling pulse

Interrupt routine (a) —» | €<— INTACK sequence for interrupt (b)

(2) If the next interrupt request (b) occurs immediately after generating of the sampling pulse O , the
microcomputer executes one instruction of the main routine before executing the INTACK se-
quence for (b) because the interrupt request is sampled by the next sampling pulse O.

v Interrupt request (b)

[ 0
Sampling pulse 1 [

RTI instruction | One instruction executed

Interrupt routine (a) —»|<€— Main routine —»|<— INTACK sequence
for interrupt (b)
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Interrupt

Q

There is a routine where a certain interrupt request should not be accepted (with enabled acceptance
of all other interrupt requests). Accordingly, the program set the interrupt priority level select bits of
the interrupt to be not accepted to “0002” in order to disable it before executing the routine. However,
the interrupt request of that interrupt has been accepted immediately after the priority level had been
changed. Why did this occur and what can | do about it?

Interrupt request is  CLB #07H, XXXIC ; Writes “0002” to interrupt priority level select bits.

accepted in this— : Clears interrupt request bit to “0.”

interval LDA A,DATA ; Instruction at the beginning of the routine that
should not accept one certain interrupt.

A

When changing the interrupt priority level, the microcomputer can behave “as if the interrupt request
is accepted immediately after it is disabled "_if the next instruction (the LDA instruction in the above
case) is already stored in the BIU’s instruction queue buffer and conditions to accept the interrupt
request which should not be accepted are met immediaiely before executing the instruction which is
in that buffer.

When writing to a memory or an 1/O, the. CRU passes the address and data to the BIU. Then, the
CPU executes the next instruction in the instruction queue buffer while the BIU is writing data into
the actual address. Detection of interrupt priority level is performed at the beginning of each instruc-
tion.

In the above case, in the interrupt priority detection which is performed simultaneously with the
execution of the next instruction, the interrupt priority level before changing it is detected and the
interrupt request is acceptéd. It is because the CPU executes the next instruction before the BIU
finishes changing the interrupt priority levels.

Interrupt request generated

Interrupt request accepted

Sequence of execution >
Interrupt priority detection time <> <> <>
. Previous instruction CLB instruction LDA instruction
CPU operat|on executed executed executed
BIU operation (Instruction prefetch) Interrupt priority level select bits set

0

Change of interrupt priority levels
completed

(1/2)
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Interrupt

A

[Sample program]

writing is completed.

NOP
NOP
NOP
LDA A,DATA

CLB #07H, XXXIC ;

To prevent this problem, use software to execute the routine that should not accept a certain interrupt
request after change of interrupt priority level is completed. The following shows a sample program.

After an instruction which writes “0002” to the interrupt priority level select bits, fill the instruc-
tion queue buffer with the NOP instruction to make the next instruction not be executed before the

Sets the interrupt priority level select bits to “0002.”

Instruction at the beginning of the routine that should not accept a certain
interrupt request

(2/2)
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Interrupt

(1) Which timing of clock ¢ is the external interrupts (input signals to the INTi pin) detected?
(2) How can four or more external interrupt input pins (INTi) be used?

(1) In both the edge sense and level sense, external interrupt requests occur when the input
signal to the INTi pin changes its level regardless of clock @.
In the edge sense, the interrupt request bit is set to “1” at this time.

(2) There are two methods: one uses external interrupt’s level sense, and the other uses the
timer's event counter mode.

O Using external interrupt’s level sense
In hardware, input a logical sum of multiple interrupt signals (e.g., ‘a’, ‘b’, and ‘c’) to the INT:
pin, and input each signal to each corresponding port.
In software, check the ports’ input levels in the INTi interrupt routine to determine that which
of the signals ‘a’, ‘b’, and ‘c’ is input.

M37702
Port
Port
Port
b RN INT:
b INT;
c—— S |

O Using timer’'s event counter mode
In hardware, input interrupt signals to the TAIIN pins or TBiIN pins.
In software, set the timer’'s operating mode to the event counter mode and a value “00001s”
into the timer register to the effective edge.
The timer’s interrupt request occurs when an interrupt signal (selected effective edge) is input.
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Serial /0 (UART mode)

In the case selecting the CTS function in UART (clock asynchronous serial 1/0) mode, when the
transmitting side check the CTS input level ?

A

It is check near the middle of the stop bit (when two stop bits are selected, the second stop bit).

Input level to CTSi pin is checked riear here.

Transmitdata .............. >< De >< D7 >/ SBe Q...

Transmit data  .....cee...... >< Do >( D7 >/ SP SP

n: 1-bit length
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Hold function

Q

When “L” level is input to the HOLD pin, how long is the bus actually opened ?

A

The bus is opened after 50 ns at maximum has passed from the rising.edge of next clock ¢ when
the HLDA pin output becomes “L” level.

cock o0 | LI LI LI LI T D LE Ll L L L

HOLD | |

HLDA |

E T Term where bus is open

fpxz(HOLD-PZ) : Maximum 50 ns

Note: The 7703 Group does fiot have the HLDA pin.
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Processor mode

Q

e Single-chip mode - Microprocessor mode
e Memory expansion mode - Microprocessor mode

If the processor mode is switched as described below by using the processor mode bits (bits 1
and 0 at address 5Ei6) during program execution, is there any precaution in software?

A

If the processor mode is switched as described above by using the processor mode bits, the
mode is switched simultaneously when the cycle to write to the processor mode bits is completed.
Then, the program counter indicates the address next to the address (address XXXXis) that

contains the write instruction for the processor mode hits. Additionally, access to the internal
ROM area is disabled. However, since the instruction queue buffer can prefetch up to three
instructions, the address in the external ROM area and is accessed first after the mode is

switched is one of XXXXis + 1 to XXXXi1s + 4. The instructions at addresses XXXXis + 1 to

following by software.

below.)

InternaltlROM area

XXXX16| LDM. B #00000010B, PMR
NOP
NOP
NOP

}

XXXXi1s + 3 in the internal ROM area can be executed. To prevent this problem, process the

O Write the write instruction for the processor mode bits and next instructions (at least three
bytes) at the same addresses both in the internal ROM and external ROM areas. (See

“““ XXXX16

At least
three
bytes

O Transfer the write instruction for the processor mode bits to an internal RAM area and make
a branch to there in order to execute the write instruction. After that, make a branch to the
program address in the external ROM area. (Contents of the instruction queue buffer is
initialized by a branch instruction.)

External ROM area

LDM. B #00000010B, PMR
NOP
NOP
NOP
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SFR

Q

Is there any SFR for which instructions that can be used to set registers or bits are limited?

A

(1) Use the STA or LDM instruction to set the registers or the bits listed below. Do not use
read-modify-write instructions (i.e., CLB, SEB, INC, DEC, ASL, ASR, LSR, ROL, and
ROR).

UARTO baud rate register (address 311s)

UART1 baud rate register (address 391s)

UARTO transmit buffer register (addresses 3316, 3215)

UART1 transmit buffer register (addresses 3Bis, 3A1s)

Timer A4 two-phase pulse signal processing select bit (bit 7 at address 441s)
Timer A3 two-phase pulse signal processing select bit (bit 6 at address 441s)
Timer A2 two-phase pulse signal processing select bit (bit 5 at address 441s)

(2) Use the SEB and CLB instructions to set interrupt control registers (addresses 7Fis to 701s).
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Watchdog timer

When detecting the software runaway by the watchdog timer, if not software reset but setting the
same value as the contents of the reset bector address to the watchdog timer interrupt bector
address is processed , how does it result in?

When branching the reset branch address within the watchdog timer interrupt routine, how does
it result in?

The CPU registers and the SFR are not initialized in the above-mentioned way. Accordingly,
it is necessary that you must perform the initial setting for these all by software.

The processor interrupt priority level (IPL) retains “7” of the waichdog timer interrupt priority
level, and that is not initialized. Consequently, all interrupt.-requests are not accepted.
When rewriting the IPL by software, store once the 16-bit immediate value to the stack area
and next return that 16-bit immediate value to all bits of the processor status register (PS).

We recommend software reset in order to initialize the microcomputer for software runaway.
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Appendix 7. Hexadecimal instruction code table
INSTRUCTION CODE TABLE-1

D3~Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 { O111 | 1000 | 1001 | 1010 | 1011 | 1100 [ 1101 | 1110 | 11N
Hexadecimal
D;~D, notation | O 1 2 3 4 5 6 7 8 9 A B Cc D E F

ORA ORA | SEB | ORA | ASL | ORA ORA | ASL SEB | ORA | ASL | ORA

0000 0 BRK PHP PHD
A,(DIRX) ASR | DIRb | ADIR | DIR [AL(DIR) AIMM| A ABS,b | AABS| ABS {AABL
ORA | ORA | ORA | CLB | ORA | ASL | ORA ORA | DEC CLB | ORA | ASL | ORA

0001 1 BPL cLC TAS
A(DIR).Y|A,(DIR)|A(SR),Y| DIR,b |A,DIRX| DIRX |AL(DIR)Y AABSY[ A ABS,b [A,ABS,X| ABS, X [AABLX
JSR | AND | JSR | AND | BBS | AND | ROL | AND AND | ROL BBS | AND | ROL | AND

0010 2 PLP PLD
ABS [A(DRX)| ABL | ASR |DIR,b,R| ADIR| DIR [AL(DIR) AIMM|[ A ABS,b,R| ALABS | ABS | A,ABL
AND | AND | AND | BBC | AND | ROL | AND AND | INC BBC | AND | ROL | AND

o0on 3 BMI SEC TSA
A{DIR),Y|A,(DIR)|A,(SR),Y|DIR,b,R|A,DIR,X| DIRX [AL(DIR)Y AABSY| A ABS,b,R|A,ABS,X| ABS,X |A,ABL X
EOR EOR EOR | LSR | EOR EOR | LSR JMP | EOR | LSR | EOR

0100 4 RTI Note 1 MVP PHA PHG
A{DIRX) ASR ADIR | DIR |AL(DIR) AIMM| A ABS | AABS| ABS |AABL
EOR | EOR | EOR EOR | LSR | EOR EOR JMP | EOR | LSR | EOR

0101 5 BVC MVN cu PHY | TAD
A(DIR),Y|A,(DIR){A,(SR).Y| ADIRX| DIR,X [AL(DIR)Y AABS.Y ABL |AABSX| ABS.X [A,ABLX]
ADC ADC | LDM | ADC | ROR | ADC ADC | AOR JMP | ADC | ROR | ADC

0110 6 RTS PER PLA RTL
A(DIRX) ASR | DIR |ADIR| DIR |AL(DIR) AIMM| A (ABS) | AABS | ABS | AABL
ADC | ADC | ADC | LOM | ADC | ROR | ADC ADC JMP | ADC | ROR | ADC

o111 7 BVS L\ SEt PLY | TDA
A(DIR).Y|A,(DIR)[A,(SR),Y| DIRX |A,DIR.X| DIRX |AL(DIR).Y AABS.Y. (ABS,X) |A,ABS X| ABS,X |A,ABL X
BRA | STA | BRA | STA | STY | STA | STX | STA STY | STA | STX | STA

1000 8 DEY |Note2] TXA | PHT
REL |A(DIRX)| REL | ASR | DIR [ ADIR| DIR |AL(DIA) ABS | AABS| ABS | AABL
STA | STA | STA | STY | STA | STX | STA STA LDM | STA | LDM | STA

1001 9 BCC TYA XS | TXY
A(DIR),Y|A,(DIR)|A(SR).Y| DIRX |ADIR.X| DIR,Y AL(DIR)Y AABS,Y ABS [A,ABS,X| ABS,X |AABLX
LDY | LDA | LDX | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1010 A TAY TAX | PLT
MM |A(DIRX)] IMM | ASR | DIR | ADIR| DIR |AL(DR) AIMM ABS |AABS| ABS | AABL
LDA | LDA | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1011 B BCS CcLv TSX | TYx
A(DIR),Y|A,(DIR)|A{SR).Y! DIRX |A,DIRX| DIRY |AL(DIR)Y] AABS,Y| ABS,X |A,ABS X| ABS,Y |A,ABL X|
CPY | CMP | CLP | CMP | CPY | CMP | DEC | CMP CMP CPY | CMP | DEC | CMP

1100 c INY DEX | wIT
IMM |A{DIRX)| MM [ ASR | DIR | ADIR| DIR [AL(DIR) AIMM ABS |AABS| ABS | AABL
CMP | CMP | CMP CMP | DEC | CMP CMP JMP | CMP | DEC | CMP

Ho1 D BNE PEI J CLM PHX | STP
A{DIR),Y|A,( DI )[A,(SR).Y| A.DIRX| DIR,X AL(DIR), AABS.Y L(ABS)|A,ABS,X| ABS,X |A,ABL X
CPX | SBC | SEP | SBC | CPX | SBC | INC | SBC SBC CPX | SBC | INC | SBC

10 E INX NOP | PSH
IMM |A{DIRX){ IMM | ASR | DIR | ADIR| DIR [AL(DIR) AIMM ABS [ AABS| ABS | AABL
SBC | SBC | sBC SBC | INC | SBC SBC JSR | SBC | INC | sBC

1 F BEQ PEA SEM PLX | PUL
A(DIR),Y[A,(DIR)|A(SR),Y A.DIRX| DIR,X AL(DIR)Y] AABS,Y (ABS,X) [A,ABS,X| ABS,X |A,ABL X

Note 1 . 42,4 specifies the contents of the INSTRUCTION CODE TABLE-2.
About the second word's codes, refer to the INSTRUCTION CODE TABLE-2.
2 . 89,4 specifies the contents of the INSTRUCTION CODE TABLE-3.
About the third word's codes, refer to the INSTRUCTION CODE TABLE-2.
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INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42,¢)

D3;~Do | 0000 | 0001 0010 | 00t1 0100 | 0101 0110 | 01N 1000 (| 1001 1010 | 1011 1100 | 1101 mo | 1
D,~p,\erdecimal| 1 2 s | 4| s |6 | 78] st ale|lclol| el|c-F
ORA ORA ORA ORA ORA | ASL ORA ORA
0000 0
B.(DIRX) B,SR B.DIR B,L(DIR) BIMM| B B,ABS B.ABL
ORA | ORA | ORA ORA ORA ORA | DEC ORA ORA
0001 1 TBS
8,(DIR).Y|B,(DIR)|B,(SR).Y| B,DIR,X B.L(DIR).Y BABSY B B.ABS X B,ABL,X
AND AND AND AND AND { ROL AND AND
0010 2
B.(DIRX) B.SR B.DIR B,L(DIR) BIMM| B B,ABS B.ABL
AND | AND | AND AND AND AND | INC AND AND
0011 3 TSB
B.{DIR).Y|B,(DIR)[B.(SR).Y 8,DIR,X B.L(DIR),Y 8ABSY B B,ABS.X 8,ABLX
EOR EOR EOR EOR €OR | LSR EOR EOR
0100 4 PHB
B,(DIR.X} B.SR B,DIR B,L(DIR) BIMM| B B,ABS B,ABL
EOR | EOR | EOR EOR EOR EOR EOR EOR
010 5 TBD
B,(DIR),Y[B,(DIR)|B,(SR),Y B.DIR,X BL(DIR). Y] BABSY B,ABS,X B,ABL.X]
ADC ADC ADC ADC ADC | ROR ADC ADC
0110 6 PLB
B.(DIR.X) B,SR B,DIR B,L(DIR) B/MM| B B.ABS B,ABL
ADC | ADC | ADC ADC ADC ADC ADC ADC
om 7 TDB
B,(DIR),Y|B,(DIR)(B.(SR).Y B,DIR,X BL(DIR).Y B,ABS,Y B,ABS.X B,ABL.X]
STA STA STA STA STA STA
1000 8 XB
B{DIRX) B,SR B.DIR B,L{DIR) 8,ABS B,ABL
STA | STA | STA STA STA STA STA STA
1001 g J TYB
B8,(DIR).Y|B,(DIR}!B,(SR}Y| B8,DIR X BLDIR}, B,ABSY B,ABS X B8,ABLX
LDA LDA LDA LDA LDA LDA LDA
1010 A TBY T8X
B.(DIRX) B,SR 8.0IR B,L(DIR) B.JMM B,ABS B,ABL
LDA | LDA | LDA LDA LDA LDA LDA LDA
101 B
B,(DIR).Y|B,(DIR){B,(SR).Y B.DIR.X B.L(DIR).Y B,ABS.Y| B,ABS X B,ABLX]
CMP cue CMP CMP CMP CMP CMP
1100 [}
B.(DIRX) B,SR B.DIR B,L(DIR) B,IMM B.ABS B.,ABL
CMP | CMP | CMP CMP CMP CMP CMP CMP
101 D
B.(DIR).Y{E.(DIR)[B.(SR).Y B.DIR.X B.L(DIR) Y B.ABS,Y B,ABS X| B8,ABL.X
SBC SBC SBC SBC sBC SBC SBC
1110 E
B,(DIRX) B.SR B.DIR B,L(DIR) B.IMM B,ABS 8,ABL
SBC | SBC | SBC SBC SBC SBC SBC SBC
m F
B,(DIR),Y|B.(DIR)|B.(SR).Y B,DIR,X BL(DIR) Y B,ABS.Y B,ABS,X B,ABL,X
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,¢)

Ds~Do | 0000 [ 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 { 1100 | %101 | 1110 | 1111
p~pNemdecmall o\ v | 2 | 3| 4| s | 6| 78| e Al B|lc| o] E]| €
MPY MPY MPY MPY MPY MPY MPY
0000 0
(DIR,X) SR DIR L(DIR) IMM ABS ABL
MPY MPY MPY MPY MPY - MPY MPY MPY
0001 1
(DIR).Y| (DIR) |(SR),Y DIR.X L(DIR).Y] ABSY ABS X ABL.X
DIV DIV DIV DIV - DIV DIV DIV
0010 2 XAB
(DIR,X) SR DIR L(DIR) IMM ABS ABL
Div | DIv | DIV DIV DIV DIV DIV DIV
00N 3
(DIR)Y] {DIR) [{SR).Y DIR.X L(DIR),Y| ABS)Y ABS.X ABL.X
RLA
0100 4
IMM
0101 5
0110 6
o 7
1000 8
1001 9
1010 A
on B
LDT
1100 c
IMM
101 D
1110 E
1 F
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Appendix 8. Machine instructions
MACHINE INSTRUCTIONS

Addressing mods
Symbol Function Celails IMP 110 A GIA | DAL | DIRX | DIRY | (DA} | (DR [ (DAY Y
npn#m—[n#npn#wlnﬁmn#m[nﬁmn#mnﬁmnﬂwn#
ADC Ace, G~ Apec+M+C | Adds the carry, the accumulator and the mamory contenis. BBTZ 2 ‘4 ?SlS 2z fle|261|7|2{n|8|2
(Note 1,2} The resuit is entared intc the accumulator. When the O _____l_ | 1
ting Is "0“, binary additions is dong, and when tha D Neg is 42413 42(6[3 42(713 42[ 8 31;2 afafaiofs
“17, dacimai addition |s dona. 9 75, b 1 |
AND Ao — AocAM Obtaing the logical product of the contenta of the accumu- 2912 [ 2 |25 42 35|52 3216{2[21 7| 231[6¢2
{Nota 1,2) later and the contents of the mamory. The rasull is en- NN
tered intc the accumulator. 42(4 13 42(6 (3 42 7|2 4308342 9| 3 [42)10{3
29 175 135 32 121 3
ASL m={ Shifis the sccumulator of the memory contents ons bit 1o wf 2]t kﬁ 7|2 16) 72
(Note 1) MEM e the laft. “D" is entered intc bi 0 of the accurmulator o the
me=1 ] memory. The comdents of bit 15 {bil 7 whan the m flag is 421412
“1"} of the accumulator or memory before shill is entersed 04
nta the C flag.
Bac M= 7 Tests the specified bit of the memory. Branchaa when all
{Note 3.5) the contents of the specified bit is “0".
BES Mb=1"? Tasts the specified bit of the memaory. Branchea when all
{Note 35} thy contents of tha specified bit is 1~
BCG C=Q? Branches whan the of the C fag is "0".
{Note 3} )
BCS Cw=17 Branches whan the of the C llag ia “1°.
{Note 3}
BEQ Zml? 2 hes whan the of the Z flag s ~1°.
{Nowe 3)
BMI W=1% Bi when the ients of the N Tlag is =1".
{Nate 3)
BNE Z=a7? B hes whan the iz of the Z flag ia "0".
{Note 3)
BRL W=ii? Branchas whan the contants o the N flag is “0°
{Nota 3)
BRA PC~PCtoftsel Jumps to tha addroes indicaled by the program counter
[Note &) | PG~PGH! plus the offsal valua.
{carry occureq)
PG—PG—1
{ boFrow occured)
BRK PC—PC+?Z Exacutes soltwara inlarruption, joo(15] 2
M(53)=-PG
Z+5—1
M(S)+—PCy
8=5—1
M(8)—PCy
§+5—1
M(5)+PSy
5—5—1
M‘S)FPSL
§=—-5—1
=1
PGy —ADy
PCy=—ADy
PG—{)g
BVC v=D? Branches when the contenta of the V fag is “0".
{Name 3}
BYS V=17 Branchas when the contents of the V flag s “1~.
{Note 3}
CLB Mb=—0 Makes the contants of tha specifled bit in the memory =0". 14(8(3
{Nats 5}
cLC c~0 Makns the contunta of the C flag 0", 18(2 (1
cLl -0 Makes the contents of the | flag 0" zN
CLM m— Makas tha contents of the m fiag “0". lﬂ] 21
CLP PSb—0 Spaciles 1o bRt ROSIan I the processdr steh:s regieler by Ihe bit 2| 4| 2
patiemn of the second byle in tha instruction, and sets "0 in that bt
CLY V0 Makas the corients of the V flag 0" w211
CMP Arc—M Comp tha .| of the iaicr with the of ce|2;2 CSj 4|2 5|2 De(2jcy 72|08 |2
{Mcte 1.2) the memaory.
4214 (3 42(6 |3 142713 HETER - HEY HLE
€5 1] Dﬂl | Dll
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Addressing mode Procassor stalus ragister
LIDIRI{LIDIALY| ABS |ABSb |ABSX!1ABS.Y| ABL | A3t X [ABS)|L(ABS){{ABSX){ STK | REL [CIRGR |A8SbA| SR |{SRLY| aLK 10]9[8 Flela|dta(z|1io
npnGmns‘:npnxtnpn#apnﬁopnﬁopnﬁopn'#opnﬂapn#epnﬁcpn#opnﬁuun#np]nﬁopnﬁcpn#q:]n# IFL [N ¥ |m|x|[D]1 c
B7i10| 2 [72|11| 2 j60| 4| 3 o6 |3 |79|6 | 3|6F| 6|4 |F)7 |4 NS (2|73 6.2 et Ml ||| Z|C
421234213312554 428 (4 4208 (4 |42(8{542|9|5 42| 7 | 3 421013
67 7 n 79 6F i d 61 73
P10 2 (37110 2 2014 | 3 30|63 39| 6|3 |2F| 6 |4 3|7 (4 23|15 |2{33(8)2 AR RET I RN RN N RS RN 4 R
J2112) 3 142(15/ 3 216 |4 42|8 (4 2|84 42| B |5 429 (5 42|17 (3420 3
27 37 20 30 39 F ¥ 23 33
0Ef7(3 TE[& (3 el Nl |2]E
BT IANC|8 (5 el alafwla|eflafafage]n
24| 7 |4 j2cla |5
1
4]2 |
[OER T afala|afwfafafa|a|[a]s
A4z
[la12
Do 4|2
1042 alalafeloa]e]afefe]|n]e
lnol4|2 wlolelobaloalelale]atn
182|143
10| &2 e ww|a]o|afo|a|n]s
70l 4|2 oo afo|a|o|a]|epul~
|94 a|a|afa|ala|afua|ala]a
wle|w|ofala|s|fa|s]lalD
sle|nfefa]e|afn]|nfn]s
ala|ale|ad|afufs]|a]=
s (=] | Specified flag be-
comeas 0"
sle|a|e|Q|wfelspn|e|r
cro 2ot 2o 4|3 DOV G (3|09 6 (3CF64DF 7 (4 520382 e Nl |2|C
2012|3213 3 42| 6 |4 {28 (4 428 (44218 | 5]42/9]5 42| 73 4210(3
IcT DY COY pu o ICF LF C3 iDl
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Appendix 8. Machine instructions

Addressing moda

Symbal Function Details IMP | IMM [ DIA |OIRb | DIRX | CIRY | {DIAY | (DIAX) FIDIA)Y
oo n (oot n(#lop|n[#lep| n|# ool n|#lwln & nl#a|n]#loln|#]u|n|
CPX X—M Comparss the contana of the Indax registar X with the Ep2|2 K4
{Note 2) contants of the mamory.
CPY ¥—M Compares the contants of the index register Y with the coj2 (2 Cd| 4|2
{Note 2} contants of the memory.
DEC Anc—ace—1 or Decraments the contents of the accumiater o memory by TA[2(1]ce| 7|2 D617 |2
{Note 1} | M—M—1 1. HEN
421 8| 2
Ix
DEX X=x—1 Decrements the conteants of the index ragister X by 1. A 211
OEY Y+=¥—1 Decrements the contents of the indax ragister ¥ by 1. |88 2 |t
#1173 Alquotient]+B A/ | The rumus Tet faces T conkeit o acnumusor B & e tigher o and Ihe 273 fagf249( 3 9(30( 3 189131 3 [53{32 3 j89)33| 3
(Nols 2,10} | B{remainder} conients d Souida A ¥ he lowar atier i dhadad by e Gininis o the memary. [29 25, 5 32 21 Ell
The quatier] & arien] ik A and the remainder inig iay 8.
EOR Apcr—hooYi Logical exclusive sum is oblained of the contents of tha M9l 2|2 [461 4 | 2 55 512 26|21 712 m1|8 |2
[Note 1,2) fator and the of the memory. The result |s
placed into the accumulator. l2(413 42(6 | 3 21713 2|8)1342|9 )3 20l 3
49, 45, (5| 141
INC Acc—Acct! of Ingr ts the contents of the lator o memary by W 2{1(E6| 712 7|2
{Note 1] | M —M+! 1.
2 4|2
B
INX X=X+1 Increments the conlents of the index register X by 1. BB 2|1 |
INY Y+Y+1 Increments the conlents of the index register Y by 1. cAl 21
JMP ABS Places a new address into the program counter and jumps
PCL+~ ADL 1o that new address.
PGy — ADy
ABL
PCL ~— ADy,
PCh — ADy
PG—ADg
(ABS)

PG, = (ADy ADyL)
PCyy +~—{ADy, AD+!)

L{ABS)

PCy —(ADw, AD)
PCyy ~—(ADy, AD_+1}
PQ —[ADy, AD+2)

{ABS, X)

PGy~ (ADp, ADL X}

PCye = (ADyy, ADL+ X
+1}

JSA ABS Saves the contents of tha program counter {also the con-
M{S)= PCy tenis of tha program bank register for ABL) Ino the atack,
5-5—1 ard j[umps 10 the new address.

MS)— PC_
§—5—1
PGy~ ADy
PCy — AGy

ABL
M(5}— PG
§-5—1i
M{3]* PCy
§5—5—1
M(S]—PC,
g+ 5—1
PC, — AD,
PCy — ADy
PG — ADg

{ABS, X) |
M(S}H— PCy

$+5—1

M(S)—PC,

§-5—1

PG, +—(ADy, ADL+X)
PGy —{ADy, AD_+X

+1}
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Appendix 8. Machine instructions

Addrassing moda Processor slalus ragister
L(DiA}fLIDIRLY) ABS |ABSb|ABSX(ABSY | ABL | ABLX|(ABS) LiABSH(aBsX)| STK | REL |oimbR [4esen| sa lisAly| eux 10]9[3 TlE|5i4}3)2 ﬁ?
apn#mn#mnﬂwn#mn#mn#mn#cpn#q:n#:pn#opn#mn*mn#wn#wln#mn#wn#w[n# PL (M(¥ mix|D|1|2]e
F43 j i elof|a]|N]a]=]|a]=]|=lZ|C
43 ITT i sfela|ml=]]|rlzZlC
rii??» —‘iE‘ETsi ——-I* ] oﬂoN----oZ-
| ___,_lJ
[ Wl v | MN{s|o|sle[w)Z|~
b
17 | TN Tz
35| 3 [a9l38] 3 [nolzal 4 aotat| 4 leala1] 4 fwalail 6 lealaa| 5 [ Taglanl 3 Tagha! 3 Lo T 2 e
b7 37, 0 3n) 39 F 3| 23 KE]
J7|hol 2 (57| 2 [ip| 4 3 0] 6] 3|50l 6|3 s 6 [4Jsel7 4 ] 1 M35 | 25208 |2 N]Z
r12123|;213342571 AR EOBREAE 42?3';2103
M7 7 4D, 50/ <L [ 5 3| 3
leEi 7)3 FEL8)3 alelafNl=|of=le]e|z]s
_“_._|
J Hiaastansne
ol 213 tel44 6C| 413G A1 CI6|3
S5 1 I 41
2063 2—2134 g3
' | f ! ’
t ]
| ' | | 1 ) [ [
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Appendix 8. Machine instructions

Addresaing mode
Symbol Function Detaile e [ M | A [ or | oes {omx [oiry [ (on) omc | tomny
opn#opn#apnl#apn#apn#apn#q;hn#cpnﬁcpn#q:nﬂ
LDA Acc * M Entare the contents of thea memory inio the accumulator. MZl2 AS1 4|2 )52 B2 612Nl 7]2]B1)8]2
{Nots 1,2}
42]4 [ 3 42]6]3 42[7]3 l2lafalaz(e]3lezfio]3
AY A5 B w Al Bl
LDM M~ MM Entare the immediate value into the memory. 413 ! HE
[Hote 5]
-
LDT OT ~— it Entocs the Immedlate valys inio the data bank regisiar. laals |3
@ | |
LDX X+—M Enters the contanta of the mermary Into index register X. K2z Mild|2 e 5|2
{Mote 2} 1
LbY Y—M Enars the contenis of the mamory into Indes register ¥, M2z Mi4[2 r B(5]2
{Hoie 2}
L&R me=0 Shifts the corntents of the accumulator or the contents of An|2]1 146172 56 7|2
{Nate 1} [ o-Jol~ Tbg]~C the memary ona bit 1o the right. The bit 0 of the accumula-
el 1or or the memary la entered Into the C flag. "0 Is enerad 420 4 (2
into it 15 {bit 7 when the m feg is "1".} s !
o] [og €
MPY B, A—A ks iplian the of iaer A and the o the mam- (16| 3 T g9(13| 3 |eal20f 3 189l 21| 3 [sgize| 3
{Hote 2,11} ory. The higher order of the result of operation are enered e soe- ks 15 12 4] N1
mulalor B, and the lowsr crier inkg accumulator A,
MVN Mn+i=—dme+| Transmits the data block, The tranamission is done from
(Note 87 the iower orcder address of the block.
MVP Mn—[~pMm—! Transmis the daty biock. Trensmission is done toim the ]
(Note 9) higher arder addrass of the data tlock.
NOP PC—PC+I1 Advances the program counter, but pedorms nathing else. A 211
CRA _lAc,.;-nccw Logical sum por bit of the ¢ o the and o[22 ‘usq 2 15/5|2 2|6zl 7]z le |2
{Note 1.2} the contanta of the mamory is obtained. The result is &n- |
tered into the accumulator, a2 413 4216 | 3 4273 [42(8 | 3|42| 913 M42110( 3
i 09 o5 15 12 1 ]
PEA M{S]e—inMM;z The Jrd and the Znd bytes of the tsiruction are saved into )
§+-5-1 the s1ack, in this oeder.
M5 —IMM
5+~5—1
PEI M{8) - ML{DPA)+ MM | Specifies 2 sequential bytes In the direct page in the 2nd
+1) byts of the Insiruclion, apd saves the contents Into the
5~-5—1 stack.
MLS} N {DPR)+ MM} |
§~-5—1 { L !
PER EAR—PC+HIMMz, IMM; Répardatne 2nd and 3rd bytes of the instruction as 16-bit | ]
M{S)~EAR, numeriis, adds them to the program counter, and saves
§~-8-1 tha result intg the steek,
M{S)~—EAR,
S5-I
PHA m=0 Savas the contenta of accurmulator A into the atack.
MIS) Ay
§~5—1
MIS)—A,
S—5—1}
=1
M{G)—AL
5—8—1 H
PHE =) Saves the contants of accumulator 8 into the stack.
M{S)+By
8—5—1
M{g}—B,
5+—5—1
m=]
MiS)—B,
t §+~5—1 L
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Appendix 8. Machine instructions

Addrassing mode Procesaor status registar
L{DIR)|LIDR)Y| ABS [ABSE; ABSX|ABSY] ABL |ABLX [(ABS)|L(A8S)(ABSX)| STK | REL | DIRbR |ABSBA| SR |{3A)Y¥| BLK 10|9|a F|e|sl4|3)20 |0
mn#apn#cpn#cpn#q:n#m]nﬂwn#wn#opn#opn#upn#q:n#epn#npn#wn#cpn#wn#q:n# IPL |N(V|m{x|D{)|Z|C
AT(10] 2 |B2(11] 2 |AD{ 4 | 3 BO(G 31896 |3 |AF|6|4!6F] 7|4 A|5|2|m|8|2 -[-N-----z-
2112 3 M2(i3|3 M2/ 6 (4 2|8 |4 42| 84 142;D | 542/ 9|5 42, 7 | 3421013
LY a? ALK PD -] AF BF| Lx] B3
Isc|s |4 %6 |4
E| 43 BE|6 |3 alafa|nlelolelalalzts
43 6l3 SNENMARANEEMS
(7|3 SE(8{3 wlalefalel-]a]eletz]e
24( 3 [B9|25( 3 |89|18| 4 20 4 B9[20| 4 [B9(20| & [89[21| 5 19/ 3 69|22| 3 wlafu|{mis|e|e|a]alz|D
7| 17 00 1D 19 OF; IF 03 13
Gl Tl alalala|al sfalalalals
+
K7
49 (3= |o]|sle|als|[alu]|a]a
+
—x7
_[ L
?1021?112‘0043 1DL6 | 3[19| 6|3 10F| 6| 4(IF| 7|4 0315|2113/ B |2 EARAIIRAREER RN 4
M21213 142131 3 42| 6 | ¢ 42| B |4 42| 6|4 |42( B |5 |49 |5 W2 7| 3 [M2(10( 3
07| 17 0D 10 19 0F 1F 03 13]
H|5|3 slade|nje|ofefalafe]a
DB 2 slogelnje|alein e)a
62513 ala]wia|alafelatatala
4a]4|
laol g |2 wfala|w|a|a]w]|afo]e
jodl
J —l J | i
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Appendix 8. Machine instructions

Addressing mode

Symbal Function Details IMP | IMM A BIR | DAL | AX | DIRY | {DIAY | (DIRX) [ (DIR)LY

epn#mn#wnxmn#mn#w[nﬂmnamn#mn#mn#
-

FHD M{S}—DPRy Saves the contants of the diract page repister into the !
§+5—1 stack.

MESI—DPA
§—5—1

PHG MI5]—PG Saves the contonts of the program bank register inta the
S—&—1 stack.

PHP M{5}—FSy Saves the contents of the program slatue regisier into lhe
S+—5—1 stack.

M{5]—PS_
§+=5—1

PHT M{S)—DT Saves tha contenia of the daia bank ragister nlo tha
§~5—1 atack.

FHX =) Savea the contanis ol the indax register X Into tha stack.
M{SI+Xn
E—85—1
M(S)e-x,
§+5—1

xm=1

M{ST—X, i

[l g
PHY x=0 Saves the contents of the index register ¥ Into the stack. T
M({B]+~—Yy
5—&5—1
M{S]+-Y,
§+-5—1

x=}
MLSI—Y,
5=5-—1

PLA m=0 Restores the contants of the stack on the accurnulator X
5511
AL—M(5}
S—8+1
Ap—M{ %)

m=1
§—5+1
AL—MIS)

FLB m={ Aesiores the Covents of (ha slack on the accumulator 5.
S+—5+1
B M5}
$+=5+1
By—Mi{S)

m==]
S—5+1
B —M{5)

PLD S—5+1 Restores the conlents of the stack on the diract page reg-
DPA_—M(S} ister,

5—5+1
DFRy—M{ 5}

PLP S~5+1 Reastores the contants of the stack on the procasaor stalus
PS5 —M[5) ragister.

S—5+H1
PSy~-M{8)

PLT S—5+1 HAestores the contents of tha stack on the data bank reg-

DT+-M(5) intar.
PLX x=0 Restores the conents of the stack on the Index register X. ‘t»
§—5+1
Xy =Mi(S)
5+5+1
Xu-M(E]

x=1
§—5+1
Xe—MiS)
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Appendix 8. Machine instructions

Addresaing mode Processor status register
L(OR)}LDIRLY| ABS |ABSD |ABSX |aBSY| ABL |aBLX|(AeS) Liaesi|iaesx)| s | Aec |papa [assea| sk [tsmy] ek [10]ale]7Ts]se]3l2]1T0
op| n [ #[op)n|# oo n | ¥ || n| % top|n | #|op| n | # fop|n | % op| 8 {opin |%|op|n|#|op|n|# || n |t iep!n | # o n|#|op|n [t [epyn|#|oo|n| || n#| 1PL [NivV|mlx|D]1|2]C
a4 |1 e|lnlafage|a[nfufe]|afe
| 3| 1 cledelulalafe]|alalaln
loa| a1 afals - wlef=fa]s
8a| 3|1 “fe alwla|n|s]|nfe]|s
0,\14| alaflalaln]|a|la]aflafals
salaft y 1
I
R w|efw|Ml=]|e]e]|ele]|Z2]
42| 7 | 2 el Mp=|o]n|el=|z]>
68

|51 solwfafa|a]a|alafa]s]=

28] 6 (1 Valua saved In stack.
A8l 6 [ 1 ale oMo e|[s]= FAE)
Fal 5|1 alale|pN{o|afa|n|[a)Z|s
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Appendix 8. Machine instructions

Addreasing mode
Symbol Function Daetaila tMP JLENE) A DIR | DIRL | DIRX | DIRY | {DIR} jIDIRX; [10IR)Y
) opn (ol n|#(op|n |8 ogln|#|op(n|#lop|n | ¥ |cp n|#]op|n|#|op|n | #lopn |k
PLY =0 Restores the contents of the siack on the index register Y.
S—5+1
YoeMiS)
S+5+1
Yu—M(5)
=1
g+~5+1
Yi—mi{s)
PSH M{S)—a, B, X Savas tha raglst AMDNG  BCGL . Index reglisier,
{Note 6) direct page rogiater. data bank register, program bank
register, or processor status register, specilied by the bit
pattern of the second byte of the inaruction Into the stack.
PUL A, B, X-—M(S]) Restores the contents of tha stack o the reglstars among
(Note 7} sccumulater, incex regiater, diract page register, data
bank registar, or processor status reglster, specltied by
the bit pattarn of the sacond byte of tha Instruciion.
RLA m=0 Aotates the contents of the accumuiator A, n bits to the it L]
{Note 13) | n bit rotate feft latt, ol
m=]
n GBIt rotate lef
{br]-Jg ]
ROL m=0 Links the accumulator of the memory to G flag, and rotalea |21V 26| 7 (2 36 7|2
{Note 1} “—J result 10 the Jaft by 1 BH
gl (g 1G] 4242
2
m=|
(]~ Tbg |
AROR m=={ Links the accumulator o the memory 16 G Rag, and rotates 6a{2 | 156 7]2 76 72
{Note 1) result to the right by 1 bit, | |||
CT B 424]2
L
m=1
[ bz]-Jog }
AT} §—54+1 Aetums lrom the InMermuption routine. 401111
PS,+-MIS)
5541
PSy=-M(S)
§—5+1
PCL—MI{S)
5-5+1
PCn—M([8}
-5+
PG—M{5]
ATL -5+ Astums irom the subwoutine. The contents of the program (6B 6 | |
PCL—M{5) bank reglster arg pigg restored,
&5+
PCu~—M{S)
5—5+1
PG—M(S}
RTS Se54] Returns from tha subtouting. The contants of tha program [50| 5|1
PC —MIS) bank register pre not rasiorsg.
5—5+1
PCH—MIS)
$BC Acc. C—Ace—M—C | Subtracts thy contants of the y and the borrow from 2|2 =42 Fi|5 |2 R6lzlal7|2|0]s8|2
{Nota 1,2} the conlents of the ac lator.
4243 42(6| 3 M2 73 42/ 83 42[ 9| 3|42(10] 3
E =] ] F2 3] Fl
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Appendix 8. Machine instructions

Addressing mode Frocassor atalus ragister
LiolR}|UoRky| aBS | aBSE | ABSX | ABS,Y | ABL | ABLX |(ABSH|LiABSHABSX)| STK REL | DIRpA |ABSDR| SA |{SR)Y| BLK 10| 9 IB 7|6 t 51413241
op| A (# lop| n | % op| o | # o) n | #op n|E|op| n % op|n ||| nj#(eprn]ttjo|n ool n | #]o|n |8l n(#lm|n |8 a % win|#|en|#lnlalg4] WP (N|vim|xiD|i|z]|c
mls|1 Jele b1
ER 122 eia|spefujnef[af{e]a
+
2+
FE[14] 2 if reatored the contents of P35,
1 1' | it becomes its vaiue. And the
! | 2 other casy & no change.

(73 B3 af{mla|m|a]|e|a|elsl2]C

GE| 713 JE{8|3 efo|e|N]=|a]=|-|=]|2|C

Valva saved in stack.

EF10{ 2 [F7|10} 2 |[ED{4 |3 FD{ 6|3 [F3( 6|3 EF| 6 |4 |FF| 7 | 4 E3[5|2{F3|8|2 slege [NJV s]e|]|2(C
2112 34203 342|164 428442341285[4295 H2|7 | 34210 3
£ 2] D I &l EF FF| E3 2]
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Appendix 8. Machine instructions

Addressing mode
Symbol Function Detalla IMP IMM A DIR | DIRL | DHR.X | DIAY | {DIRY | (BIRX) | (OLR)Y
op|n (#|op[ n |#|op| o [#|op]n|#|op] n|#¥]oo|n|# || n|s|op| n]# |l n|#|min|#
SEB Mb~1 Makes the contsnts of the spacitiad bit in the mamory ™1 418 | 3
{Nota 5)
SEC C~1 Makes tha contants of the C flag ~1*. 2
SE) 11 Makes tha contants of the | Bag “17. 2|1
SEM m+1 Makas the contents of the m flag 1", FRl2(1
SEP PSb—1 Set tha spaciflad bit of the processor stalue register's low- 23|z
or byte {PS.) ta“1",
5TA M—Acr Storgy the tants of the nto the memory. @42 5| 5|2 {27287 2let 72
{Note 1)
42|16 |3 42(7 |3 42|93 42/ 9|3 42| 9|3
el 95 82 81 91
8TP Stopsa the oacillatlon of the oaclllator. 08 31
8TX M—X Stores the cont of the index regisiar X Info tha mamory. }86 4|2 96|52
STY MY Storas the ol the Index regisier ¥ Into tha mamaory. —h 4|2 94| 5 |2
TAD DPR~A Transmita the contents of the accumulator A to the direct 58,211
page regisier.
TAS 5—A T hs the of the lator A 10 the stack pokner. [1B{ 2 |1
TAX oA Tranamis tha of the lator A to the Incex JATZ |1
ragister X. [
TAY haat T Ity the of the Jlator A 10 tha indea |48) 2|1
register Y,
TBD DPA—B Tranamits the contents of the accumuiator B 10 the direet (42) 42
paga raglster. 58
TES 58 Tranamita the contents of the accumulstor B to the stack 42/ 412
pointar. 8
TBX X+—B Trangmits the ol the B 10 the index [42)4 12
ragister X, L
TBY ¥—B Transmits the contents ol the accumulator B 1o the Index [42( 4|2
register Y. ]
TRA A=—OPR Tranamits the contents of the dlrect page regletar to the 78|21
accumulator A
OB B~-DPR Transmits the contents ol the direcl page ragister to the (42(4 (2
accumulator B 1
T8A A—§ Transmits the Concenis of the sinck polnter to the accumulator &. (38} 2 1
T58 B—5 Tranamits the conteris of the stack pointar to the accumy- 424 (2
lator B ip
TSX X8 Teansmita the contenta of the stack pointer 10 the Index JBkl 2 (1
ragigiar X.
THA AKX Tranamiis e contants of tha index reglster X to the accu- |84 2 (1
mulator A
™@E B—X Transmits the contents of the Index reglater X 1o the accu- 42|42
muiator B. IB&
@S S—X Transmits the contents of the Index register X ic the stack [4] 2 |}
pointar,
TXY ¥—x Tranamits the contents of the Index register X to the index 58] 2 | 1
raglates Y.
TrA A~Y Transmits tha conients of the index registar Y to the accu- |93 2N
mulator A,
TYB B~—Y Tranamits the contents ol the [ndex ragietar ¥ to the accu- (42|42
mulater B. Igﬂ
TYX XY Transmits the contents of the Index regisisr Y to the index 21
register X,
wWIT Stops the Intamai clock. na]a 1
XAB AR Exchanges the tents of the A and the con- 62
tsnts of the accumulator B,
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Appendix 8. Machine instructions

Agddressing mode Procaasor status register
L(DIA)|LIDIALY| ABS |ABSh|ABSX|[ABSY| ABL |ABLX|(ABS) |L(ABS)|{ABSX]| STK | REL |OiRnR |A8SeR| SR |{SR)Y| BLK m!s‘a 7l6{s(4|32|1|C
op|n | #lonn|# o[ n|#fop|n(#|op| 0| n| ]| n|% opln| % op(n | op| n|#|op|n|#|op|n|#lon|n|#¥|om|n|#|epjn|Elopin|L|op|nidim|nld| 1PL N|v]mix|oj1|2iC
el g |4 alo|olela]afalalalajn
wle e aqufalefa]afa]1
| a]lafa]|m]|u|a T1ie|=
e alo|[1]5]|=]ete]e
s («f=| Specilied flag be-
comes 1"
B70] 2 97|11| 2 |8o[ 5 | 3 90|5|3199]5 | A|6F| &4 |%|7 |4 3352'9382 R R -
REAZEHZED 2| 714 42| 7 442/ 8|5 4219 |5 42?3E§103
57 la7 ] len 199 BF Eld B
e[| efn|a]a|a]a]- ofo]e
BC15 |3 wle|e]o|n|afa wlafe
afslalNaje]|e]afalz]-
LR IR SN N z L]
ofafefaluale]ofo]|afn]s
{
als|eiN|afa]a | Z|e
| e MN[*]*]| - z -
ale|a|N|a)=]|=]|e]s]|Z]|~
aln|aiN|=pu|w[eds Zl*
alefa]m|[e]=]= FAE
[F RN w|a|wfe o F|r
s ela|N|s[e]s]=[=|2]|"
alw|w|Npa|a|o|=|a]Z]n
vlefe|N|e|o|ala|a]Z|
alw| N[ |=|=]afedZ]|"
ool |e|[n]e Z|
alofu]pMy[o]|efuefa]Z
s alh[adn|adn]|e]z]"
al ool e|n]|a]|n]e]|Z]s
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Symbols in machine instructions table

Symbod Dascriptton Symbal Description
IMP tmplied addressing mode i Exclusive OR
MM Immediate agdressing mode - Kagation
A Accumulator addressing mode - Movement to the arrow direction
DiA Direct addrassing mode A,_{c Accumulator
DIR, b Direct bil-addressing mode AccH Accumulator's upper 8 bits
DIR, X Direct indexed X addressing mode Acry Accumulator's lower 8 bits
CIR, Y Direct indexed Y addrassing mode A Accumulalor A
{DIR) Direct indirect addressing mode Ay Accumulator A's upper B bits
{DmR, X} Direct indexed X Indirect addressing mode AL Accumulator A's lower B bits
{DIR), ¥ Direct indiract indexed ¥ addrassing meds B Accumulator B
L{DIR) Diract indlract long addressing mode By Accumulator B's upper 8 bits
L{DIAR}, ¥ Direct indiract long indexed Y addressing mode By Accumulator B's lower B bits
ABS Absolute agdressing mode b4 Index ragister X
ABS, b Absoiute bit addressing mode X Index register X's uppar 8 bilg
ABS, X Absoluta indexed X addressing moge XL Index reglster X's lower B bits
ABS, Y Absolute Indexed ¥ addressing mode Y index register Y
ABL Absolute long addressing mode Y Index ragister ¥'s upper 8 bils -
ABL, X Absolute long indexed X addressing mode Yo Indax register ¥'s lower 8 bits
{ABS) Absolute indirect addressing mode 5 Stack polnter
L (ABS) Absoiute Indirect long addressing mode PC Program counter
{ABS, X) Absolute Indexed X indirect addressing mode PCn Program couniter's upper & hits
5TK Stack addressing mode PC_ Program counter's |ower 8 hits
REL Relative addressing mode PG Program bank register
DIR, b, REL Direci bit relative addressing mode DT Data bank ragister
ABS, b, REL Abgolute bit ralative addressing mode DPR Direct page reglster
SR Stack pointer relative addressing mode DFRG Diract paga registers upper & bits
{SR). Y Stack pointer relative Indirect indexsd Y addrsssing ] DPR_ Diract page reglsters lower B bits
mode PS Processor status reqister
BLK Block transfer addressing mode PSy Processor status register's upper 8 bits
c Carry flag PS,_ Processor status register's lowar B bits
z Zeraflag PSh Processor status register's H-th hit
I Intarrupt disabie flag M{S) Contents of memory at addreas indicated by stack
D Decimal oparation mode flag pointer
x Index ragister iength saléction fiag Mpy b-th memory location
m Cata lengih selaction flag ADg Value of 24-bil address's upper 8-bit { Ay~ Aqs)
v Overflow flag ADy Value of 24-bit addresa’s middle 8-bit (As~A.}
N Negative fiag ADy Value of 24-bit addrass's lower 8-bit {A,~Ag)
LI Processor intermupt priority level op Operation code
+ Addition n Number of cycle
- Subtraction # Numzer of byle
* Multiplication i Number of transfer byte or rotation
re Divislon Iy, ia Number of reglsters pushed o pulled
TN Logical AND
A4 Loglcel OR
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The number of cyclas shown in the table is described in case of the fastest mode for each instruction. The number ¢f cycles shown in the table is
calculated for DPR_=0. The number of cycles in the addressing mode conceming the DPA when DPR, =0 must be incramented by 1.

The number of cyctas shown [n the table ditfers according 1o the bytes fetched Into the instruction queue butfer, or according to whether the memory
read/write address is odd or even. It also diifers when the external region memory Is accessed by BYTE="H".

Mote 1.

Nate

Mote

Nols

MNote

Mote

Note

Note

Note

Note

Note

Note

Mote

2.

3.

The oparalion code at the upper row i5 used Tor accumulaior A, ang the operation at the lower row is used for accumulator B.
Whan setting flag m=0 in handle the data as 16-bit data in the immediate addressing mcde, the number of bytes increments by 1.

The number of cycles increments by 2 when branching.

. The operation code on the upper row is used for branching in the range of —128~4127, and the operation code on the lower row is used for

branching in the range of —32768~+32767.

. When handling 16-bit data with flag m=0, the byte in the table is incremented by 1.

Typeclregister | A | B X ¥ (DPFR! BT [ PG | PS

Numberofcycles | 2 | 2 2 2 2 | 1 ) 2

The number of cycles corresponding to the register to be pushed are -added. The number of cycles when no pushing is done is 12. i, indicates
the number of regtsters among A, B, X, ¥, DPA, and PS5 to be saved, while i; indicates the number of registers among DT and PG to be saved.

7.

Typeolregister | A | B X Y 'DPR| DT | PS

Numberofcycles] 3 | 3 3 3 | 4 3 | 3

The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. iy indicates the
number of registers among A, B, X, ¥, DT, and PS5 to be restored, while i;=1 when DPR is 10 be rastored.

B.

The numher of cycles is the case when the number of bytes to he transfered is evan.
Whaen the number of bytes to be transfered is odd, the number is calculated as;

74+ (72) X744
Note that, (i/2} shows the integer part when i is divided by 2.

. The number of cycles is the case whan the number of byles 10 be ransfered is even.

When the number of bytes to be translered is odd, the number is calculated as;
9+ (i72) X745
Note that, (i#2) shows the Integer part when | is divided by 2.

. The number ol cyclea |s the case in tha 16-bit+§-bit operation. The number of cycles is incremented by 18 for 32-bit-~ 16-bit operation.
. The number of cycles |s the casea in the J-bitX(8-bit operation. The number of cycles is incremented by B for 16-bit X 16-bit operation.
. When setting flag x=0 to handla tha dala as 16-bit data in the immediate addrassing mode, the number of bytes increments by 1.

. When flag m is 0, the byte i the table is incremented by 1.
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GLOSSARY

This section briefly explains the terms used in this user's manual. The terms defined here apply to this

manual only.

Term

Meaning

Relevant term

Access

Means performing read, write, or read and write.

Access area An accessible memory space of up to 16 Mbytes. Access
Access characteristics Means whether accessible or not. Access
Baud rate Means a transfer rate of Serial 1/0
Branch Means moving the program’s execution point (= address) to another location.
Bus control signal A generic name for ALE, E, BHE, R/W, RDY, HOLD, HLDA and

BYTE signals.
Count source A signal that is counted by Timers A and B, the UARTI baud rate

register (BRGiI) and Watchdog timer. That is f2, f1e, fe4, f512 selected

by the count source select bits and others.
Counter contents (values) [Means a value read when reading the timer Ai and Bi registers.
Down-count Means decreasing by 1 and counting. Up-count

Event counter mode

Means the mode of Timers which can count the numiber of external
pulses exactly without a divider.

External area

An accessible area for external devices connected in the memory
expansion or microprocessor mode. It is up to 16-Mbyte external
area.

Internal area

External bus

A generic name for the external address bus and the data bus.

External device

Devices connected externally to the microcomputer. A generic
name for a memory, an /O device and a peripheral IC.

Gate function of Timer

Means the function that the user can control input of the timer
count source.

Internal area

An accessible internal area. A generic name for areas of the
internal RAM internal ROM and the SFR.

External area

Interrupt routine

A routine that is automatically executed when an interrupt request
IS aceepied. Set the start address of this routine into the interrupt
vector table.

LSB first Means a transfer data format of Serial I/O;LSB is transferred
first.
Overflow A state where the up-count resultant is greater than the counter|Under flow

resolution.

Up-count

Power saving

Means reducing a power dissipation by Stop mode, Wait mode or
others

Stop mode
Wait mode

Read-modify-write
instruction

An instruction that reads the memory contents, modifies them
and writes back to the same address. Relevant instructions are
the ASL, CLB, DEC, INC, LSR, ROL, ROR, SEB instructions.

Signal required for access
to external device

A generic name for bus control, address bus, and data bus signals.

Bus control
signal

Stop mode

A state where the oscillation circuit halts and the program execution
is stopped. By executing the STP instruction, the microcomputer
enters Stop mode.

Wait mode

Synchronizing clock

Means a transfer clock of the clock synchronous serial 1/0.
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Term Meaning Relevant term
UART Clock asynchronous serial 1/0. When used to designate the name |Clock
of a functional block, this term also means the serial I/O which|synchronous
can be switched to the cock synchronous serial 1/0. serial 1/0.
Under flow A state where the down-count resultant is greater than the counter|Overflow
resolution. Down-count
Up-count Means increasing by 1 and counting. Down-count
Wait mode A state where the oscillation circuit is operating, however, the|Stop mode

program execution is stopped. By executing the WIT instruction,
the microcomputer enters Wait mode.
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