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NOTICE

1.

The information contained herein can change without notice owing to product and/or
technical improvements. Before using the product, please make sure that the information
being referred to is up-to-date.

The outline of action and examples for application circuits described herein have been
chosen as an explanation for the standard action and performance of the product. When
planning to use the product, please ensure that the external conditions are reflected in the
actual circuit, assembly, and program designs.

When designing your product, please use our product below the specified maximum
ratings and within the specified operating ranges including, but not limited to, operating
voltage, power dissipation, and operating temperature.

Oki assumes no responsibility or liability whatsoever for any failure or unusual or
unexpected operation resulting from misuse, neglect, improper installation, repair, alteration
or accident, improper handling, or unusual physical or electrical stress including, but not
limited to, exposure to parameters beyond the specified maximum ratings or operation
outside the specified operating range.

Neither indemnity against nor license of a third party’s industrial and intellectual property
right, etc. is granted by us in connection with the use of the product and / or the information
and drawings contained herein. No responsibility is assumed by us for any infringement
of a third party’s right which may result from the use thereof.

The products listed in this document are intended for use in general electronics equipment
for commercial applications (e.g., office automation, communication equipment,
measurement equipment, consumer electronics, etc.). These products are not authorized
forusein any system or application that requires special or enhanced quality and reliability
characteristics nor in any system or application where the failure of such system or
application may result in the loss or damage of property, or death or injury to humans.
Such applications include, but are not limited to, traffic and automotive equipment, safety
devices, aerospace equipment, nuclear power control, medical equipment, and life-support
systems.

Certain products in this document may need government approval before they can be
exported to particular countries. The purchaser assumes the responsibility of determining
thelegality of export of these products and will take appropriate and necessary steps at their
own expense for these.

No part of the contents contained herein may be reprinted or reproduced without our prior
permission.
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Printed in Japan



Preface

This user's manual describes the hardware of Oki-original CMOS 16-bit microcontrollers
MSM66577 family. In addition to this manual, Oki also provides the following manuals which
should be read with regard to the MSM66577 family.

nX-8/500S Core Instruction Manual
» nX-8/500S core instruction set
e Addressing modes

CC665S User's Manual
» Optimized compiler CC665S operation
» C-language specifications in CC665S

CL665S User's Manual
» Compiler loader CL665S operation

RTL665S Run Time Library Reference
* C run time library explanation

MACG66K Assembler Package User's Manual
» Package overview
» RASG66K (relocatable assembler) operation
* RAS66K assembly language explanation
* RL66K (linker) operation
» LIB66K (librarian) operation
» OH66K (object converter) operation

Macroprocessor MP User’'s Manual
» MP operation

» Macro language

Ultra-66K/E502 User's Manual
« Ultra-66K (Emulator) explanation

« PathFinder-66K (Debugger) explanation

PW66K Flash Writer System User’s Manual
« PW66K Flash Writer System operation

This document is subject to change without notice.




Classification

Notation

Notation

Description

B Numeric value

xxH, xxhex

Represents a hexadecimal number

xxb Represents a binary number
B Unit Word, W 1 word = 16 bits
byte, B 1 byte = 2 nibbles = 8 bits
nibble, N 1 nibble = 4 bits
mega-, M 106
kilo-, K 210 = 1024
kilo-, k 103 = 1000
milli-, m 103
micro-, i 10-6
nano-, n 109
second, s second
KB 1KB = 1 kilobyte = 1024 bytes
MB 1MB = 1 megabyte = 220 bytes
= 1,048,576 bytes
B Terminology “H” level The signal level of the high side of the

voltage;

indicates the voltage level of Vyy and Vo
described in the electrical characteristics.
The signal level of the low side of the
voltage; indicates voltage level of Vi, and
VoL described in the electrical characteristics.

“L” level

Opcode trap Operation code trap. Occurs when an empty
area that has not been assigned an
instruction is fetched, or when an instruction
code combination that does not contain an
instruction is addressed.

M Register description
Register name Invalid bit Fixed bit Bit name Bit number
: 7 6 5 4 3! 2 1! 0
: : ; Address: 009C [H]
ADCONOL | — | sonco | snexo |apruno| "' faoswmozjaosnimotpossmod gy access: RAW

At reset 1 0 0 0 0 0 0 0

Initial value when reset  Read/Write attribute

Invalid bit
Fixed bit

Indicates that the bit does not exist. Writing into this bit is invalid.
When writing, always write the specified value. If read, the specified
value will be read. Values of fixed bits are specified as “0” or “1.”

R indicates that reading is possible and W indicates that writing is
possible.

Read /write attribute :
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1. Overview

11

1.2

Overview

The MSM66577 family of highly functional CMOS 16-bit single chip microcontrollers utilizes
the nX-8/500S, Oki’'s proprietary CPU core.

Four channels of serial ports, consisting of two channels of synchronous serial ports with
32-byte FIFO registers and two channels of UART/synchronous serial ports, enable easy
interfacing with external peripheral LS| devices such as an encoder/decoder or
servocontroller.

A switching function permits selection of separate address and data lines or multiplexed
lines for the bus interface to correspond to various peripheral LSI devices.

With features such as a dual clock function, programmable pull-up ports in which individual
bits can be programmed, and a small, thin package, the MSM66577 family of microcontrollers
is optimally suited for the system control of small-sized devices.

Reprogrammable Flash ROM versions (MSM66Q577LY/MSM66Q577) that operate on a
single power supply (Vpp = 3.0 to 3.6 V/4.5 t0 5.5 V) are available.

Features
The MSM66577 family has the following features.

Instruction set with a wide variety of instructions

« Dual instruction set
¢ 8- and 16-bit arithmetic instructions
« Multiply and divide instructions
(High speed multiplier is not provided)
 Bit manipulate instructions
« Bit logical instructions
« ROM table reference instructions

Variety of addressing modes

* Register addressing

e Page addressing

» Pointing register indirect addressing
Stack addressing

Immediate addressing

Minimum instruction cycles

*67nsat30 MHz (4.5t05.5V)
* 143 ns at 14 MHz (2.4 to 3.6 V)
* 61 us at 32.768 kHz (2.4 to0 3.6 V/4.5t0 5.5 V)

Clock oscillation circuits

» Main clock : 30 MHz (max.) crystal oscillator or ceramic resonator oscillator circuit
» Subclock :32.768 kHz crystal oscillator circuit
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Program memory (ROM)

e Internal 128KB o
e External 1MB  (in the case of EA pin activated)

Data memory (RAM)

* Internal 4KB
 External 1020KB

I/O ports

* Input ports 8 ports (secondary function is an analog input port)
 1/O ports 74 ports max. (with programmable pull-up resistors)
Timers

e Free-running counter 16 hits x 1
¢ General-purpose auto reload timer 16 bits x 1, 8 bits x 1
« 8-bit auto reload timer x 2
Also functions as a 16-bit auto reload timer x 1
« Baud rate generator and 8-bit auto reload timer x 3
Watchdog timer x 1
Also functions as an 8-bit auto reload timer

8-bit PWM x 4
(can also be used as two 16-bit PWMs)

8-bit serial ports

¢ UART/Synchronous X 2
¢ Synchronous, with 32-byte FIFO X 2

A/D converter
¢ 10-bit resolution, 8 channels

D/A converter
« 8-bit resolution, 2 channels

Interrupts

« Non-maskable: 1
* Maskable: 8 external, 30 internal (29 vectors)
e Three levels of priority

ROM window function

Standby modes

« HALT mode
« HOLD mode
« STOP mode
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® Package

¢ 100-pin plastic TQFP (TQFP100-P-1414-0.50-K)
(For external dimensions, refer to Chapter 22)

Table 1-1 MSM66577 Family of Products

Parameter MSM66577L MSM66577
Operating temperature range -30°C to +70°C
Power supply voltage/ Vpp=2.4t03.6 V/ Vpp=4.5t05.5V/
maximum operating frequency f=14 MHz f=30 MHz
Minimum instruction 143 ns at 14 MHz 67 ns at 30 MHz
execution time (2.4t03.6V) (4.5t05.5V)

61 us at 32.768 kHz (2.4 to0 3.6/4.5t0 5.5 V)
Internal ROM size 128KB
(max. external) (1MB)
Internal RAM size 4KB
(max. external) (1MB)
74 1/0 pins

I/0O ports (with programmable pull-up resistors)

8 input-only pins

16-bit free running timer x 1 ch
Compare out/capture input x 2 ch

16-bit timer (auto reload/timer out) x 1 ch
8-bit auto reload timer x 2 ch

(can also be used as 16-bit timer x 1 ch)
8-bit auto reload timer x 1 ch

Timers . :
8-bit auto reload timer x 3 ch
(also functions as serial communication baud rate generator)
Watchdog timer (also functions as 8-bit auto reload timer)
Watch timer (Real-time counter) x 1 ch
8-bit PWM x 4 ch
(can also be used as 16-bit PWM x 2 ch)
) UART/Synchronous x 2 ch

Serial port )

Synchronous, with 32-byte FIFO x 2 ch
A/D converter 10-bit A/D converter x 8
D/A converter 8-bit D/A converter x 2

. Non-maskable x 1 ch
External interrupt

Maskable x 8 ch
Interrupt priority 3 levels
External bus interface
Others (separate address/data bus type/multiplexed bus type)

Bus release function
Dual clock function

Clock gear function
FLASH ROM version MSM66Q577LY (3.0 to 3.6 V) ‘ MSM66Q577
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1.3 Block Diagram

£

£

TMOOUT L
TMOEVT 16bit Timer0
TM10UT «—
TM1EVT > 8bit Timer1
TM20UT «—— [
TM2EVT 8bit Timer2
CLKOUT "
XTOUT Peripheral
RXD1 —»
TXD1 «— SIO1
RXC1 <+—» (UART/SYNC)
TXC1 +—»|
?
TM40UT 4—{ 8bit Timer4/BRG
RXD6 —»
TXD6 +— SIO6
AXCE s (UART/SYNC)
TXC6 +——»|
?
‘ 8bit Timer3/BRG
SIOI4 —»
SI04
SI004 « (32byte FIFO SYNC)
SIOCK4 «—»
?
‘ 8bit Timer5/BRG
v
SIOI5 —»
SI05
SI005 « (32byte FIFO SYNC)
SIOCK5 +—»
‘ 8bit Timer6/WDT
PWMOUTO «— )
PWMOUT2 8bit PWMO
PWMOUTT +— 8bit PWM1
PWMOUT3 +—
?
‘ 8bit Timer9
CPCMO :j
CPCMA1 CAP/CMP
?
‘ 16bit FRC
VRer —
AGND —»| 10bit A/D
Converter

AlO-7 —»

AO1

8bit D/A Converter

NMI —»

EXINTO-7 —»;

Interrupt

R G

4

CPU Core

ALU

Control
Registers

System
Control

SSP

PSW

ALU Control
ACC

LRB

PC

DSR

TSR | CSR

i

Memory Control
Pointing Registers
Local Registers

Instruction
Decoder

e

RAM
4K

ROM
128K

Bus Port Control

i

TBC

i

RTC

le——EA

«—— SELMBUS
— PSEN
—» RD

— WR

e—— WAIT

DO-7
[« (AD0-7)
Note)

— A0-19

Port Control

Figure 1-1 MSM66577 Family Block Diagram
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1.4 Pin Configuration (Top View)

A16/P2_0 ——
A17/P2_1 ——
A18/P2_2 ——
A19/P2_3 ——
VDD ]

VRer ——
AI0/P12_0 =——
Al1/P12_1 =——
Al2/P12_2 ——
Al3/P12_3 ——
Al4/P12_4 ——
Al5/P12_5 ——
Al6/P12_6 ——
Al7/P12_7 ——
AGND ——
AO1/P14_7 ——
AO0/P14_6 ——
GND ——
SIOI5/P14_2 ——
SIO05/P14_1 ——
SIOCK5/P14_0 ——
RXD6-P15_0 ——
TXD6/P15_1 ——
RXC6/P15_2 ——
TXC6/P15_3 ——
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45
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DI 0O T O N O O B0 O 0O @ N )
faoapiggaaaaaa o%&&&&&&&&&&
$8$555555555 ZERCEECafEs
SQo0XXXX00Q00 IZ2Z2ZZZZZZWo
QogarkFxkFzsaacs OX XXX XXXXZSC
o} SSSSs mENENENENENENENENI=S
Z Fx==x2 T FE
Aaan

—— P3_3/WR
—— P3_2/RD

——— P3_1/PSEN
—— P3_0/ALE
——— SELMBUS
—— P11_3/XTOUT
—— P11_2/CLKOUT
—— P11_1/HOLD
—— P11_0/WAIT

—— P5_7/TMOEVT
—— P5_6/TMOOUT
—— P5_5/CPCM1
—— P5_4/CPCMO
—— P6_7/TM20UT
—— P6_6/TM2EVT

[Note] When selecting a multiplexed bus

Figure 1-2 MSM66577 Family Pin Configuration (100-pin TQFP package)

*

For the connections of unused pins, refer to Section 1.5.3.
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1.5 Pin Descriptions

1.5.1 Description of Each Pin

Table 1-2 lists the function of each pin in the MSM66577 family.
In the I/O column, "I" indicates an input pin, "O" indicates an output pin, and "I/O" indicates

an I/O pin.
Table 1-2 Pin Descriptions (1/3)
Function
Classification| Pinname [ I
I/0 Primary function I/0 Secondary function
Port P0_0/DO0 (ADQ) | I/O | 8-bit I/O port I/0 | External memory access

to
P0_7/D7 (AD7)

10 mA sink capability
Pull-up resistors can be
specified for each individual bit

Data I/0O port
(Address output/data I/O port
when a multiplexed bus is selected )

P1_0/A8 I/0 | 8-bit I/0 port O | External memory access
to Pull-up resistors can be Address output port
P1_7/A15 specified for each individual bit
P2_0/A16 I/O| 4-bit 1/0 port O | External memory access
to Pull-up resistors can be Address output port
P2_3/A19 specified for each individual bit
P3_0/ALE I/0 | 4-bit I/0O port O | External memory access
10 mA sink capability Address latch enable signal output pin
P3_1/PSEN Pull-up resistors can be O | External program memory access
specified for each individual bit Read strobe output pin
P3_2/RD O | External memory access
Read strobe output pin
P3_3/WR O | External memory access
Write strobe output pin
P4_0/A0 I/0 | 8-bit I/0O port O | External memory access
to Pull-up resistors can be Address output port
P4_7/A7 specified for each individual bit (when a separate bus is selected)
P5_4/CPCMO |I/O | 4-bit I/0 port I/0| Capture 0 input/ Compare
Pull-up resistors can be 0 output pin
P5_5/CPCM1 specified for each individual bit |1/0 | Capture 1 input/ Compare
1 output pin
P5_6/TMOOUT O | Timer 0 timer output pin
P5_7/TMOEVT | | Timer O external event input pin
P6_0/EXINTO |(I/O| 8-bit I/0 port | | External interrupt O input pin
P6_1/EXINT1 Pull-up resistors can be | | External interrupt 1 input pin
P6_2/EXINT2 specified for each individual bit | | | External interrupt 2 input pin
P6_3/EXINT3 | | External interrupt 3 input pin
P6_4/TM1EVT | | Timer 1 external event input pin
P6_5/TM10UT O | Timer 1 timer output pin
P6_6/TM2EVT | | Timer 2 external event input pin
P6_7/TM20UT O | Timer 2 timer output pin
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Table 1-2 Pin Descriptions (2/3)

Function
Classification| Pinname [ I
I/0 Primary function I/0 Secondary function
Port P7_6/PWMOOUT |I/O | 2-bit I/0 port O | PWMO output pin

P7_7/PWM10UT Pull-up resistors can be O | PWM1 output pin

specified for each individual bit
P8_0/RXD1 I/0| 7-bit I/0 port I | SIO1 receive data input pin
P8_1/TXD1 Pull-up resistors can be O | SIO1 transmit data output pin
P8_2/RXCA1 specified for each individual bit |I/O| SIO1 receive clock I/O pin
P8_3/TXC1 I/0| SIO1 transmit clock 1/0 pin
P8_4/TM40UT O | Timer 4 timer output pin
P8_6/PWM20UT O | PWM2 output pin
P8_7/PWM30OUT O | PWMS output pin
P9_0/EXINT4 |I/O| 5-bit I/0 port | | External interrupt 4 input pin
P9_1/EXINT5 Pull-up resistors can be | | External interrupt 5 input pin
P9_2/EXINT6 specified for each individual bit | | | External interrupt 6 input pin
P9_3/EXINT7 | | External interrupt 7 input pin
P9_7/HLDACK O | HOLD mode output pin
P10_3/SIOCK4 |1/0O | 3-bit I/O port I/0 | SIO4 transmit-receive clock 1/0 pin
P10_4/SI004 Pull-up resistors can be I | SIO4 receive data input pin
P10_5/SIOI4 specified for each individual bit | O | SIO4 transmit data output pin
P11_0/WAIT |1/O| 4-bit I/O port | | External data memory access

10 mA sink capability wait input pin
P11_1/HOLD Pull-up resistors can be I | HOLD mode request input pin
P11_2/CLKOUT specified for each individual bit | O | Main clock pulse output pin
P11_3/XTOUT O | Subclock pulse output pin
P12_0/AI0 | | 8-bit input port | | A/D converter analog input port
to
P12_7/AI7
P14_0/SIOCK5|1/0 | 5-bit I/O port I/0 | SIO5 transmit-receive clock 1/0 pin
P14_1/SI005 Pull-up resistors can be O | SIO5 transmit data output pin
P14_2/SIOI5 specified for each individual bit | | | SIO5 receive data input pin
P14_6/A00 O | D/A converter analog output port
P14_7/A01 O | D/A converter analog output port
P15_0/RXD6 |1/O| 4-bit I/O port I | SIO6 receive data input pin
P15_1/TXD6 Pull-up resistors can be O | SIO6 transmit data output pin
P15_2/RXC6 specified for each individual bit |I/O| SIO6 receive clock I/O pin
P15_3/TXC6 I/0 | SIO6 transmit clock 1/0O pin
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Table 1-2 Pin Descriptions (3/3)

Classification| Pin name |1/O Function
Power |Vpp | | Power supply pin
supply Connect all Vpp pins to the power supply. *
GND I | GND pin
Connect all GND pins to GND. *
VREF I | Analog reference voltage pin
AGND I | Analog GND pin
Oscillation | XTO | | Subclock oscillation input pin
Connect to a crystal oscillator of f = 32.768 kHz.
XT1 O | Subclock oscillation output pin
Connect to a crystal oscillator of f = 32.768 kHz.
The clock output is opposite in phase to XTO.
0OSCO0 I | Main clock oscillation input pin
Connect to a crystal or ceramic oscillator.
When an external clock is used, this pin is configured to be clock input
0OSCT O | Main clock oscillation output pin
Connect to a crystal or ceramic oscillator.
The clock output is opposite in phase to OSCO.
Leave this pin unconnected when an external clock is used.
Reset | RES | | Reset input pin
Others | NMI I | Non-maskable interrupt input pin
EA | | External program memory access input pin
If the EA pin is enabled (low level), the internal program memory is
masked and the CPU executes the program code in external program
memory through all address space.
SELMBUS | | External bus interface setting input pin

SELMBUS = H: Address/data separate bus type
SELMBUS = L: Multiplexed bus type

* Each of the family devices has unique pattern routes for the internal power and ground.
Connect the power supply voltage to all Vpp pins and the ground potential to all GND pins. If
a device may have one or more Vpp or GND pins to which the power supply voltage or the
ground potential is not connected, it cannot be guaranteed for normal operation.
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1.5.2 Pin Configuration

A simplified pin configuration for each pin of the MSM66577 family is shown in Table 1-3

and Figure 1-3.

Table 1-3 Configuration of Each Pin

Pin name Type Pin name Type
PO_0to PO_7 6 P9_0to P9 _3,P9_ 7 5
P1_0toP1_7 5 P10_3 to P10_5 5
P2 _0toP2_3 5 P11_0to P11_3 5

P3_0, P3_1 4 P12_0to P12_7 3
P3_2,P3_3 5 P14_0to P14_2 5
P4_0toP4_7 5 P14_6,P14_7 7
P5_4to P5_7 5 P15_0to P15_3 5
P6_0 to P6_7 5 RES 2
P7_6, P7_7 5 SELMBUS, NMI, EA 1

P8 0to P8 _4,P8 6,P8 7 5
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Type 1 Type 4,5, 6
Vbb Vbp
IN E T
Schmitt i . PULL UP !
chmitt inverter input DATA N/
Type 2 ouT
Vbp
Hiz. CONT.
IN
Schmitt myerter input with Output: Push-pull output that can output
pull-up resistor S
high impedance
Type 3 Type 4 input: Schmitt inverter input (CMOS level)
A/DON If both the EA and RES pins are at
IN J_ a low level, the input is pulled-up
i ) Type 5 input: Schmitt inverter input (CMOS level)
Type 6 input: Schmitt inverter input (TTL level)
T With programmable pull-up resistor
A/DON
Type 7
Vbb Vbp
PULL UP T f
DATA IN/
ouT
Hiz. CONT.
DAON
<4
DAOUT Ek
=
DAON

Figure 1-3 Types of Pin Configurations
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1.5.3 Connections for Unused Pins
Table 1-4 lists the pin connections for unused pins.

Table 1-4 Connections for Unused Pins

Pin Pin connection
PO_0to 0_7
P1_ 0to1_7
P2 0to2_3
P3_ 0to3_3
P4 0to4_7
P5 4t05 7 When a programmable pull-up resistor is set: Open
P6_ 0to 6.7 When input is set: High or Low level
P7_6,P7_7
P8_0to P8_4, P8_6, P8_7 When output is set: Open
P9 _0t09_3,P9_7
P10_31t0 10_5
P11_0to11_3
P14 _0to 14_2,P14_6,P14_7
P15_0to15_3
P12_0to12_7 VREF or AGND
VREF VDD
AGND GND
NMI High or Low level
EA High level
XTO GND*
OSCT, XT1 Open
SELMBUS GND or Vpp (Note)

* |fthe subclock (XTO, XT1) is not used, in addition to connecting the XTO pin to GND and leaving
XT1 unconnected, the peripheral control register (PRPHCON) must be set. For details refer
to Chapter 6, "Clock Oscillation Circuit."

[Note] For SELMBUS,
0: Multiplexed bus
1: Separate bus
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1.6 Basic Operational Timing

The MSM66577 family is configured such that one pulse of the main clock (CLK) is one
state. In other words, one state is 33.3 ns (at 30 MHz). One instruction cycle consists of
more than one state (S1, S2, ..., Sn).

The number of states required for program execution differs depending upon the instruction.
The minimum is 2 states and the maximum is 48 states. (For details, refer to the nX-8/500S
Core Instruction Manual.)

To achieve high-speed execution of instructions, one byte of the instruction is pre-fetched.
While one instruction is being executed, the next instruction will be fetched.

Figure 1-4 through Figure 1-7 show basic timing examples.

If program memory is accessed externally, a number of wait cycles (0 to 3 cycles) specified
by the ROM ready control register (ROMRDY) are inserted. If data memory is accessed
externally, 2 or 3 cycles (1 cycle = 1 state) are automatically inserted for a 1 byte read or
write. In addition, the number of wait cycles (0 to 7 cycles) specified by the RAM ready
control register (RAMRDY) will also be inserted.

For external memory access timings, refer to Chapter 18, "Bus Port Functions."
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CPUCLK J

State S3—>f«— S4—>f«— S1—>f«— S2—>f«— S3—>f«— S4—>l«— S1 —>}«— S2—>}«— S3—>{«— S4—>l«— S5—>}«— S6—>}«— S7—>}«— S8—>l«— S1—>

P=Mm1st 5 | = M1S1 Lo E P =M1s1
PC (internal) >< n >< n+1 >< n+2 >< n+3 >< n+4 >< n+5
P1 (port) \ ><

; P1DATA | E i P 5 i

; SAMPLING ; 5 ' ' 5
P4 (port) x ><

' ' P4 DATA | f '

SAMPLING' : Execute
next
Execute LB A, P1 instruction Execute MOVB off N8,[DP] instruction (DP = 0024H, LRB: internal RAM) instruction

<>
Fetch LB A, P1
instruction

AL«+P1
<> <>
Fetch 2nd Fetch
byte of LB A, P1  MOVB off N8,[DP]
instruction instruction

off N8« [DP] (RAM«P4)

<> <> <>
Fetch 2nd byte of Fetch 3rd byte of Fetch next
MOVB off N8,[DP] MOVB off N8,[DP] instruction
instruction instruction

Figure 1-4 Basic Operation Timing Example (Reading Port Data)
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CPUCLK J

L

State S3—>fe— S4—>i<— S1—>f«— S2—>{«— S3—>f«— S4—>i<— S1—>f«— S2—>l«— SZ—>{«— S4—>f«— S5—>{«— 86—>i<— S1—>fe«—

= M1S1 | =M1S1

= M1S1

PC (internal) ><

g [ ooner e s nes )

n

)

P1 (port)

OLD DATA >< NEW DATA (value of AL)

P4 (port)

OLD DATA >< NEW DATA (value of #N8)

Execute STB A, P1 instruction Execute MOVB P4, #N8 instruction

Y

Execute next
__instruction

Y

<>
Fetch STB A, P1
instruction

A
Y
A

P1<AL P4<#N8
<> <> <> <> <>
Fetch 2nd Fetch Fetch 2nd byte of  Fetch 3rd byte of Fetch next
byte of STB A, P1 MOVB P4, #N8 MOVB P4, #N8 MOVB P4, #N8 instruction
instruction instruction instruction instruction

Figure 1-5 Basic Operation Timing Example (Writing Port Data)

<>
Fetch 2nd

byte of next
instruction
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CPUCLK

State

TMOC

count clock

TMORUN

TMOC

ACC

S [ s s G
->|<—S4—>i<—S1 <523« S3->|«-S4>f<-51>«-52>|<- 53> 54 >|«-S5>|<-S6>| <5 —>|<—sz—>|<—ss—>|<—s4—>|<—s1 >ls2

= M1S1 = M1S1 = M1S1 = M1S1

[ S s S Y s SN B ) D H
T

m | >< m+ 1 >< m + 2 >< m4l-3 >< m+4 >< m+l-5 ><m+6

i : : \ Read TMOC

OLD DATA X m + 4 DATA
‘|‘ STB A, TMOCON ‘|‘ STB AN16[X1] ‘|‘ L A,TMOC ‘|4
TMOCON«ACCL N16[X1]<~ACCL A<TMOC

ACCL = 08H

[Note]

* The timing when the TMORUN bit becomes "1" differs depending upon the instruction used.
« The timing for reading TMOC differs depending upon the instruction used.
» The TMOC count timing differs depending upon the selected TMOC clock.

Figure 1-6 Timer 0 Operation Timing Example
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CPUCLK

State

TMOC
count clock

T™MOC

IRQ

TMOC

IRQ

—>|<—s4—>|<—s1 —>|<—32—>|<—ss—>|<—s4—>|<—s1 —»|<—sz—>|<—ss—>|<—s4—>|<—ss—>|<—se—>|<—s1 >f<52->{«S3>|<-S4>ls1 >« 52

i: M1S1 = M1S1 = M1S1 = M1S1
I D B S O [ R e
FFFC >< FFFD >< FFFE >< FFFF >< 0000 >< 0001 >< 0002 >< 0003 X 0004
| \ Interrupt
‘i: Instruction A ‘i: Instruction B i Instruction C ‘;[‘ transfer cycle
FFFD >< FFFE >< FFFF >< 0000 >< 0001 >< 0002 >< 0003 >< 0004 >< 0005

Instruction A Instruction B

>le

Interrupt transfer cycle

A
Y
A

>

[Note]

« There are 14 interrupt transfer cycles. However, if the program memory space has been
extended 1MB, then there will be 17 cycles.
* IRQ is reset to "0" at the 3rd interrupt transfer cycle.

Figure 1-7 Interrupt Transfer Timing Example
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2. CPU Architecture

2.1 Overview

The MSM66577 microcontroller family utilize the nX-8/500S, Oki’s proprietary 16-bit CPU
core.

The nX-8/500S performs various operations mainly by using an accumulator and register
set. Almost all instructions and addressing modes are applicable both to byte-format and
word-format data. And it also has bit processing functions.

Program memory space and data memory space are separated and provided respectively.
Each can be expanded up to 1MB. In addition, special dedicated addressing modes are
provided for some specific portion of data space such as Special Function Registers area,
fixed page area, and current page area and so on, for the purpose of efficient programming.

For further details, refer to the "nX-8/500S CPU Core Instruction Manual".

2.2 Memory Space

Program memory space and data memory space are setindependently. Atreset, up to 64
KB (max.) can be accessed for each. By changing settings of the memory size control
register MEMSCON), located in the SFR area, the program memory space and the data
memory space can each be expanded up to 1MB.

2.2.1Memory Space Expansion

The memory size control register (MEMSCON) is located in the SFR register and specifies
the size of the memory space. The program memory space can be expanded to 1MB by
setting the LROM bit (bit 1) to "1". The data memory space can be expanded to 1MB by
setting the LRAM bit (bit 0) to "1".

Address: 0011 [H]

_ — — — — — |LROM|LRAM
MEMSCON R/W access: R/W

At reset 1 1 1 1 1 1 0 0

Data memory space
64KB

Data memory space
1MB

Program memory
space 64KB

Program memory
space 1MB

—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 2-1 MEMSCON Configuration
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MEMSACP

Note:

To write to the LROM bit of MEMSCON, write "5H" and then "0AH" to the upper 4 bits of
the memory size acceptor (MEMSACP) register located in the SFR area. Likewise, to write
to the LRAM bit of MEMSCON, first write "5H" and then "0AH" to the lower 4 bits of the

memory size acceptor (MEMSACP).

7 6 5 4 3 2 1 0

Address: 0010 [H]
R/W access: W

Writing to LRAM is
enabled by writing "5H"
and "OAH" consecutively.

Writing to LROM is
enabled by writing "5H"
and "0AH" consecutively.

Figure 2-2 MEMSACP Configuration

If the FJ, FCAL, or FRT instruction is executed while the LROM bit is being reset to "0",
the op code trap is generated and system reset will be executed.

If the LROM or LRAM bits are setto "1", the memory space expansion is actually enabled
after execution of the instruction that follows the LROM or LRAM bit write instruction.
Programming examples to expand the program memory space are listed below.

* SMALL memory space (64KB program memory space, 64KB data memory space)
MOVB MEMSACP, #05H
MOVB MEMSACP, #0AH
MOVB MEMSCON, #00H (initial value)

« COMPACT memory space (64KB program memory space, 1MB data memory space)
MOVB MEMSACP, #05H
MOVB MEMSACP, #0AH
MOVB MEMSCON, #01H

« MEDIUM memory space (1MB program memory space, 64KB data memory space)
MOVB MEMSACP, #50H
MOVB MEMSACP, #0A0H
MOVB MEMSCON, #02H

* LARGE memory space (1MB program memory space, 1MB data memory space)
MOVB MEMSACP, #55H
MOVB MEMSACP, #0AAH
MOVB MEMSCON, #03H

MEMSCON can be written only once after reset (due to a RES input, BRK instruction
execution, watchdog timer overflow, or opcode trap). Therefore, to change the memory
space model once set to the other, reset and write again to the MEMSCON.
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2.2.2 Program Memory Space
The program memory space is also called "ROM space”.

The MSM66577 family can access a maximum of 1MB (1,048,576 bytes) of program
memory in 64KB (65,536 bytes) unit segments from segment 0to 15. However, if more than
64KB (segments 1to 15) are to be accessed, the LROM bit of the MEMSCON (memory size
control register) SFR must be set to "1".

The code segment register (CSR) specifies the segment to be used, and the program
counter (PC) specifies the address in the segment. However, the segment to be used in
the execution of ROM table reference instructions (such as LC A, obj) and the ROM window
function is specified by the table segment register (TSR).

The 128KB (131,072 bytes) areain segments 0 and 1constitutes the internal ROM area and
the 64KB areas in segments 2 to 15 form the external ROM area.

The following areas are assigned to segment O:

» Vector table area (84 bytes)
« VCAL table area (32 bytes)

In addition, the following area is assigned to each segment.

* ACAL area (2,048 bytes)

Figure 2-3 shows a memory map of the program memory space.
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Segment 0 Segment 1
0000H 0000H
Vector table area
(74 bytes)
0049H
004AH Vector table area Internal
32 bytes Internal
0069H (82 bytes) ROM area ROM area
006AH Vector table area
0073H (10 bytes)
0074H
OFFFH OFFFH
1000H
ACAL area 10008 ACAL area
2 KB) (2 KB)
17FFH 17FFH
1800H 1800H
= = = R
FFFFH FFFFH

Segment 2 to 15

0000H

OFFFH

1000H

17FFH

ACAL area
(2 KB)

1800H |

~

€

FFFFH

P
U

External
ROM area

Figure 2-3 Memory Map of Program Memory Space
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Accessing program memory space

Program memory space is accessed by the program counter (PC) and the code segment
register (CSR). However, when a ROM table reference instruction (such as LC A, obj) or
a ROM window function (refer to Section 4.3) is executed, program memory space is
accessed according to the contents of the table segment register (TSR) and the register
specified by the instruction.

Access of the internal ROM area and the external memory area of the program memory
space is automatically switched by internal device operation depending on the status of the
EA pin and program addresses.

When a high level is input to the EA pin, the internal ROM area is accessed if the program
address is between 0000H and 1FFFFH, and the external ROM area is accessed if the
address is between 20000H to FFFFFH. When the external ROM area is to be accessed.
the secondary functions of the external memory control pins (port 0, 1, 2, 3 and 4) must be
set.

The area from 0000H to 1FFFDH can be fetched by the internal program. Be careful that
the final address of instruction code does not exceed 1FFFDH. The final address of the
table data is 1IFFFFH.

When a low level is input to the EA pin, the external program memory area is accessed for
all program addresses.

If the external memory area of the program memory space is accessed in a separate bus
type, Port O (data input), Port 4 (addresses AO to A7 outputs), Port 1 (addresses A8to A15
outputs) and Port 2 (addresses A16 to A19 outputs) operate as bus ports, and the P3_1/
PSEN pin becomes active.

If the external memory area of the program memory space is accessed in a multiplexed bus
type, Port O (address output and data input),Port 1 (addresses A8 to A15 outputs) and Port
2 (addresses A16to A19 outputs) operate as bus ports, and P3_0/ALE pinand P3_1/PSEN
pin become active.

Vector table area

The 74-byte area of addresses from 0000H to 0049H and the 10-byte area of addresses
from 006AH to 0073H in segment 0 of program memory space are used as the vector table
area that stores branch addresses for all types of resets and interrupts (29 types) as shown
in Table 2-1.

If areset or interrupt occurs, the corresponding 2-byte branch address, stored in the vector
table, is loaded into the PC. (The even address contains the lower order data and the odd
address contains the upper order data.) At the same time, "0" is loaded into the Code
Segment Register (CSR) and program execution starts from the loaded segment 0
address. Therefore, if a reset or interrupt occurs during execution of an instruction in
segment 1 (or segment other than 0), program control will branch to an address in segment
0.

With reasons described above, reset routine and interrupt routines must be located in
segment 0. This fact is important for medium and large memory model programming.
Proper alignment attribute must be applied to your relocatable interrupt routines.
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Inmedium and large memory model you specified by MEMSCON setting, CPU automatically
provides extra stack area for the CSR contents. When RTI instruction is executed, CSR
contents in stack are re-stored into CSR and program execution is continued in the same
program segment.

If this area is not used as a vector table area, it can be used as a normal program area.

Table 2-1 lists the vector table addresses for each type of reset or interrupt.

[Example] Program starting address of 0200H due to RES pin input

Program address Data code
0000H OOH (lower order data for program start address)
0001H 02H (upperorder data for program startaddress)
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Table 2-1 Vector Table List

Vector table
starting address

Interrupt or reset factor

[H]
0000 Reset by RES pin input
0002 Reset by execution of BRK instruction
0004 Reset by overflow of watchdog timer
0006 Reset by opcode trap
0008 Interrupt by NMI pin input (non-maskable interrupt)
000A Interrupt by EXINTO pin input (external interrupt 0)
000C Interrupt by overflow of free running counter
0016 Interrupt by CPCMO event input, compare match
0018 Interrupt by CPCM1 event input, compare match
001A Interrupt by overflow of timer O
001C Interrupt by EXINT1 pin input (external interrupt 1)
001E Interrupt by EXINT2 pin input (external interrupt 2)
0020 Interrupt by EXINT3 pin input (external interrupt 3)
0022 Interrupt by overflow of timer 1
0024 Interrupt by overflow of timer 2
0026 Interrupt by overflow of timer 3
0028 Interrupt by SIOO0 transmit buffer empty, transmit completion, receive completion
002A Interrupt by EXINT4 pin input (external interrupt 4)
002C Interrupt by EXINT5 pin input (external interrupt 5)
002E Interrupt by EXINT®6 pin input (external interrupt 6)
0030 Interrupt by EXINT7 pin input (external interrupt 7)
0036 Interrupt by overflow of timer 4
0038 Interrupt by SIO1 transmit buffer empty, transmit completion, receive completion
003A Interrupt by overflow of timer 5
003C Interrupt by SIO5 transfer completion
003E Interrupt by SIO6 transmit buffer empty, transmit completion, receive completion
0040 Interrupt by SIO4 transfer completion
0042 Interrupt by overflow of timer 6
0044 Interrupt by A/D conversion scan channel cycle completion/select mode completion
0048 Interrupt by real-time counter output (interval: 0.125 to 1 s)
006A Interrupt by PWCO overflow, PWC0 and PWRO0 match
006C Interrupt by PWC1 overflow, PWC1 and PWR1 match
006E Interrupt by PWCO and PWR2 match
0070 Interrupt by PWC1 and PWR3 match
0072 Interrupt by overflow of timer 9
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VCAL table area
The VCAL table area is assigned to the 32-byte area of program memory space in segment
0 from address 004AH to 0069H and stores branch addresses for 1-byte call instructions
(VCAL: 16 types).

If a VCAL instruction is executed, the next address after the VCAL instruction is saved onto
the system stack, the system stack pointer (SSP) is decremented by 2, and the corresponding
2-byte address stored in the vector table is loaded into the PC. (The even address contains
the lower data and the odd address contains the upper data). The program begins
execution from the loaded address.

However, if the program memory space has been expanded to 1MB, the SSP is
decremented by 4 because the CSR value is also saved at the same time that the PC is
saved. Also, the CSR is loaded with "0" at the same time as the branch address is loaded
into the PC. Therefore, ifa VCAL instruction is executed in segment 1, program control will
branch to a branch address in segment 0.

If the program memory space is up to 64KB (the LROM bit of MEMSCON is "0"), execution
of a RT instruction will return program control from the subroutine branched to by the VCAL
instruction. If the program memory space is 1MB (the LROM bitis "1"), execution of a FRT
instruction returns program control from the subroutine branched to by the VCAL instruction.

If this area is not used as the VCAL table area, it can be used as a normal program area.
Table 2-2 lists the VCAL vector addresses.
[Example] Program starting address of 0400H due to VCAL 4AH instruction

Program address Data code
004AH OOH (lower order data for subroutine start address)
004BH 04H (upper order data for subroutine start address)
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Table 2-2 VCAL Vector Address List

VCAL table starting address [H] VCAL instruction
004A VCAL 4AH
004C VCAL 4CH
004E VCAL 4EH
0050 VCAL 50H
0052 VCAL 52H
0054 VCAL 54H
0056 VCAL 56H
0058 VCAL 58H
005A VCAL 5AH
005C VCAL 5CH
005E VCAL 5EH
0060 VCAL 60H
0062 VCAL 62H
0064 VCAL 64H
0066 VCAL 66H
0068 VCAL 68H

ACAL area

The 2KB area from 1000H to 17FFH of each program segment is called ACAL area. The
subroutines located in this area can be called by 2-byte call instruction (ACAL).
ACAL is an in-segment call instruction which does not rewrite the CSR contents.

If an ACAL instruction is executed, the address following the next address after the ACAL
instruction is saved onto the system stack, the system stack pointer (SSP) is decremented
by 2, and 11-bit data included in the ACAL instruction code is loaded into the PC. Program
execution begins at the loaded address (1000H to 17FFH).
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2.2.3 Data Memory Space
A maximum of 1MB (1,048,576 bytes) of data memory can be accessed.

The following areas are assigned to the data memory space: a special function register area
(SFR: 256 bytes), a reserved area (256 bytes), a fixed page area (FIX: 256 bytes), an
internal RAM area (4,096 bytes), a local register setting area (2,048 bytes) and an external
memory area (1,043,968 bytes).

A pointing register area (PR: 64 bytes) and a special bit addressing area (sbafix: 64 bytes)
are assigned to the fixed page area. The ROM window setting area (1200H to OFFFFH of
segment 0 and 1000H to OFFFFH of segments 1 to 15) is assigned to the external data
memory area.

Sothatdata can be exchanged between two or more data segments without changing DSR,
there is a common area that starts at data memory address OH. The SFR area, reserved
area and fixed page area always belong to the common area.

Figure 2-4 shows a memory map of the data memory space.
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Segment 0 Segments 1to 15

0000H oo
0000F
SFR area Range of

00FFH BCB

,,,,,,,,,,,,,,,,,,,,,,,,,,, common area
g} EEE 0 to 03FFH
OTFFH L - 0 to 1FFFH

0
1
2 | 0to 3FFFH
FIX area
O - . 3 |0to 7FFFH

Common area

,,,,,,,,,,,,,,,,,,,,,,,,,,, 03FFH

Internal Local register
RAM area  setting area

External data

09FFH memory area
OAOCH OFFFH

1000H 3

11FFH |
1200H A

Ry S 7FFFH

ROM window ROM window
setting area External data setting area

memory area

OFFFFH \ y OFFFFH v

Figure 2-4 Memory Map of Data Memory Space

2-11



MSM66577 Family User's Manual
Chapter 2 CPU Architecture

)

)

®3)

(4)

Special function register (SFR) area

The group of registers with special functions such as mode registers for internal peripheral
hardware, control registers and counters are assigned to the 256-byte area in data memory
space from 0000H to 00FFH. Refer to Chapter 21, "Special Function Registers (SFRs)" for
a more detailed description.

Reserved area
The 256-byte data memory space from 0100H to 01FFH is reserved for future use as an
expanded SFR area. This area cannot be used.

Internal RAM area
Internal RAM is assigned to the 4,096-byte area in data memory space from 0200H to
11FFH.

Fixed page (FIX) area
A pointing register (PR) area and a special bit addressing (sbafix) area are assigned to the
256-byte area in data memory from 0200H to 02FFH.

The pointing register area is assigned to addresses 0200H to 023FH and contains 8 sets
of the following 4 registers.

* Index register (X1, X2)
« Data pointer (DP)
» User stack pointer (USP)

All of the above are 16-bit registers. Even addresses contain lower order data and odd
addresses contain higher order data.

The special bit address area is assigned to addresses 02C0H to 02FFH. SB, RB, JBR and
JBS instructions to this area can be implemented in a small number of bytes.

Figure 2-5 shows the map of the fixed page area.
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Reserved area

01FFH
0200H X1 A
X2
DP SCB=0
USP
0208H X1
X2 Point
DP ointing
USP SCB=1 register set
0210H X1 :
Fixed
page area USP
0238H X1
X2 _
DP SCB=7
USP Y
0240H
02GOH SBA / This area can be used by
o4 batr:: SB, RB, JBS, and JBR
Y instructions with sba. bit
y as the object.
0300H

Figure 2-5 Map of Fixed Page Area
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Local register setting area
The local register setting area is the 2KB area of data memory from 0200H to 09FFH. Local
registers are set in 8-byte units, as specified by the lower 8 bits of LRB (LRBL).

Figure 2-6 shows the map of the local register setting area.

0000H SFR area
0100H Reserved area
A 0200H FIX area ] A N 0200H | ERo RO~
Internal ocal register setting area:
RAM area 0300H Specified by 8 bits of LRBL, ER1--B2----- LRBL =
in 8-byte units ER2--B4______ 00H
Y 8
OAOOH ER3--B5------
0208H| ERQ -- 3111 ......
4 R
A 1200H LRBL -
External
data memory
area
= LRBL =
y OFFFFFH ER3 ---B8----- FFH
0AOOH

(6)

Figure 2-6 Map of Local Register Setting Area

External data memory area

The external data memory area is the 1,043,968-byte area of data memory from 1200H to
OFFFFFH (Note 1). Ifthis external data memory is to be accessed, the secondary functions
of memory related pins (ports 0, 1, 2, 3 and 4) must be set. In a separate bus type, the
external data memory is accessed by Port 0 (data I/0: DO to D7), Port 4 (address output:
A0 to A7), Port 1 (address output: A8 to A15), Port 2 (address output: A16 to A19), P3_3/
WR (write strobe output function) and P3_2/RD (read strobe output function) signals.

In a multiplexed bus type, the external data memory is accessed by Port 0 (combined I/O
of data input and address output: ADO to AD7), Port 1 (address output: A8 to A15), Port
2 (address output: Al6 to A19), P3_0/ALE (address latch enable output function), P3_2/
RD (read strobe output function) and P3_3/WR (write strobe output function) signals.

The 1,043,968-byte area from 1200H to OFFFFFH of data memory is the external data
memory area. However, the ROM window function can be set by the ROM window setting
register. If the ROM window function is used in the specified area (address 1200H and
above), instead of accessing data in the data memory space, instructions (read operations)
will access data in the program memory space at the same address.

The ROM window function is valid if the register (ROMWIN) that enables the ROM window
function is set and the accessed (read) address is in external data memory.
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Common area

There isacommon area in the data memory space to enable the exchange of data between
two or more data segments. The common area is located at the bottom of data memory,
beginning at offset address OH in each segment. The range of the common area is
determined by the value of BCB in the PSW.

BCB BCB range of
1 0 common area
0 0 OH to 03FFH
0 1 OH to 1FFFH
1 0 OH to 3FFFH
1 1 OH to 7FFFH

2.2.4 Data Memory Access

1)

Examples of memory access are presented below for the cases when an instruction
performs a byte operation and a word operation in the data memory space.

Byte operations
In the case of a byte operation, the address obtained from the instruction points to the
targeted 8-bit data.

[Example] LB A, [DP]: where the contents of DP are 0335H

15 ACC 0

0332H
0333H A
0334H
0335H
0336H
0337H
0338H
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(2) Word operations
Inthe case of aword operation, corresponding to the address obtained from the instruction,
the address with least significant bit (LSB) setto "0" (even address) points to the lower order
8-bit data and the address with LSB set to "1" (odd address) points to the upper order 8-
bit data to form the targeted 16-bit data.

Therefore, atargeted 16-bit data formed with upper oder 8-bit data for the odd address and
lower oder 8-bit for the even address can not be accessed. (The boundary exists between
two bytes in word operation.)

Yet such a boundary limit does not exist for the program memory space.

[Example] L A, [DP]: where the contents of DP are 0334H (or 0335H)

15 ACC 0
0331H | |

0332H A A
0333H
0334H
0335H
0336H
0337H
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2.3 Registers

Registers are classified by function as the arithmetic register, control registers, pointing
registers, special function registers, local registers and segment registers.

Figure 2-7 shows the configuration of each register.

Arithmetic register Control registers
15 0 15 0
ACC | PSW |
| PC |
| LRB |
Pointing registers
15 0 | Ssp |
X1
Segment registers
X2 7 0
bpP CSR
usP TSR
DSR
Local registers Special function registers (SFRs)
7 07 0 7 07 0
R1 RO (ERO) 1
R3 R2 (ER1) 3
R5 R4 (ER2)
R7 R6 (ER3) 253 5o
255 254

Figure 2-7 Register Configurations

2.3.1 Arithmetic Register (ACC)
The arithmetic register is a 16-bit accumulator (ACC), central to all type of arithmetic
operations.
If a transfer or arithmetic operation is:

« a word operation, all 16 bits (bits 15 to 0) are accessed,
« a byte operation, the lower 8 bits (bits 7 to 0) are accessed, or
 a nibble operation, the lower 4 bits (bits 3 to 0) are accessed.

If the targeted bitin a bitinstruction is specified by ACC (such as SBR, RBR, etc.), the upper
5 bits (bits 7 to 3) within the lower 8 bits specify the address offset, and the lower 3 bits (bits
2 to 0) specify the bit position.

ACC is assigned to the SFR area. Atreset (due to a RES input, BRK instruction execution,
watchdog timer overflow, or opcode trap), the contents of ACC become 0000H.
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2.3.2 Control Registers

Control registers are a group of four 16-bit registers with dedicated functions for program

status, program sequence, local registers and stack control.

(1) Program status word (PSW)

PSW is a 16-bit register consisting of the following.
A flag (DD) that is referenced when executing instructions

execution results
Flags (SCBO0 to SCB2) that specify the pointing register setting

Flags (BCBO, BCB1) that specify the segment 0 common area
Flags (FO to F2) that the user can freely utilize

utilized by the user.

In addition to 16-bit PSW operations, 8-bit operations can also be performed with the PSW

A flag (MIE) that enables ("1") or disables ("0") all maskable interrupts

divided into the 8-bit units of PSWH (bits 15 to 8) and PSWL (bits 7 to 0).

Figure 2-8 shows the PSW configuration.

Address: 0005 [H]
R/W access: R/'W

Address: 0004 [H]
R/W access: R/'W

Flags (CY, ZF, HC, S, OV) that are set to "1" or reset to "0" depending upon instruction

A flag for use with future expanded CPU core functions. This flag (MAB) can be freely

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSW |cY|zF|HCc|DD| s | F2 | oV |MIEMAB| F1 1'3('350 Fo |, IS?BI 0
Atreset o0 o0 0 0 o O O O O O O O O O O O
- e g
) PSWH ! PSWL -
h PSW ~

Figure 2-8 PSW Configuration
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The upper 8 bits of the PSW (PSWH) contain:

« aflag (DD) that is referenced when executing instructions and

« flags (CY, ZF, HC, S, OV) that are set to "1" or reset to "0" depending upon instruction
execution results.

Therefore, if the following instructions are performed on PSW or PSWH. flag operation may
change from its original function.

() Instructions that load the contents of PSW or PSWH into ACC
(contents of ZF become undefined)

(ii) Bit operation instructions on ZF
(ZF changes depending on its value immediately before execution of the bit operation
instruction.)

(iii) Increment, decrement, arithmetic, logic and compare instructions on PSW or PSWH
(The contents of PSW or PSWH immediately after instruction execution are undefined.)

If an interrupt occurs, PSW is automatically saved during interrupt processing and
automatically restored by execution of a RTI instruction.

PSW is assigned to the SFR area. Atreset (due to a RES input, BRK instruction execution,
watchdog timer overflow, or opcode trap), the contents of PSW become 0000H.

Each bit in the PSW is described below.

Bit 15: Carry flag (CY)
The carry flag is set to "1" if:

« carry from bit 7 occurs in a byte operation,

« borrow to bit 7 occurs in a byte operation,

« carry from bit 15 occurs in a word operation, or
* borrow to bit 15 occurs in a word operation

as the result of executing an arithmetic or comparison instruction. Otherwise it is reset to
"0". The carry flag can be set or reset directly by instructions and can be used to transmit
or receive data for bits specified by registers. In addition, the carry flag can be tested by
conditional branch instructions.

Bit 14: Zero flag (ZF)
The zero flag is set to "1" when:
« the result of an arithmetic instruction is zero,
« an instruction to load the ACC is executed and the load contents are zero, or
« a hit operation instruction is executed and the target bit is zero.
Otherwise, itisresetto"0". The zeroflag can be tested by conditional branch instructions.
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Bit 13: Half carry flag (HC)
The half carry flag is setto "1" if a carry or borrow from bit 3 occurs as a result of executing
an arithmetic or comparison instruction (either a byte and word instruction). Otherwise,
it is reset to "0".

Bit 12: Data descriptor (DD)
This flag indicates the attributes of data stored in ACC.
 When DD is "1", the 16 bits of data in ACC are determined to be valid.
» When DD is "0", the lower 8 bits of data in ACC are determined to be valid.

Instructions that reference DD when performing arithmetic or data transfer instructions with
ACC are executed as follows.

« When DD is "1", the arithmetic or transfer operation is performed in word units.

« When DD is "0", the arithmetic or transfer operation is performed in byte units.

DDissetto"1" orresetto "0" when a data transfer instruction to ACC is executed and when
dedicated set and reset instructions are executed.
« DDissetto"1"when executing aword-type load instruction to ACC and when executing
a SDD instruction.
e DD is reset to "0" when executing a byte-type load instruction to ACC and when
executing a RDD instruction.

If DD is modified (set or reset) while executing a load instruction to ACC or a dedicated set
or reset instruction, and if the next instruction references DD, the modified DD will be
referenced.

Since DD is assigned to PSW, DD can be overwritten by instructions other than those
mentioned above. In this case. if the next instruction references DD. it will reference the
state of DD prior to modification. If DD is to be used in this manner, insert a NOP instruction
after the instruction that directly modifies the state of DD.

Bit 11: Sign flag (S)
The sign flag is set to "1" if the MSB of the result of executing an arithmetic or logic
instruction is "1". If the MSB of the result is "0", the sign flag is reset to "0".

Bit 10: User flag 2 (F2)
Bit 6: User flag 1 (F1)
Bit 3: User flag 0 (FO)
These flags can be set to "1" or reset to "0" by instructions.

Bit 9: Overflow flag (OV)
The overflow flag is set to "1" if the result of executing an arithmetic instruction exceeds
a range expressed in 2's compliment format (—128 to +127 for byte operations and
—32,768 to +32,767 for word operations). Otherwise the overflow flag is reset to "0".

2-20



MSM66577 Family User's Manual
Chapter 2 CPU Architecture

Bit 8: Master interrupt enable flag (MIE)
The master interrupt enable flag enables ("1") or disables ("0") all maskable interrupts.

During a maskable interrupt transfer cycle, after this flag is saved onto the system stack
as part of PSW, it is reset to "0", and then restored by execution of a RTI instruction. If
MIE is set to "1", the generation of all maskable interrupts is enabled from the next
instruction. If reset to "0", the generation of all maskable interrupts is disabled from the
next instruction.

Bit 7: Product-sum function bank flag (MAB)
The MSM66577 family does not have the product-sum function, so this can be utilized as
a user flag.

Bit 5: Bank common base 1 (BCB1)

Bit 4: Bank common base 0 (BCBO)
These flags specify the last address of the common area between segments in data
memory space. The table below shows the relation between BCB value and selected
common area.

BCB BCB range of
1 0 common area
0 0 OH to 03FFH
0 1 OH to 1FFFH
1 0 OH to 3FFFH
1 1 OH to 7FFFH

Bit 2: System control base 2 (SCB2)
Bit 1: System control base 1 (SCB1)
Bit 0: System control base 0 (SCBO0)
These flags specify the pointing register (PR) set assigned to the fixed page area.

os]

SCB pointing register set

PRO(0200H to 0207H
PR1(0208H to 020FH
PR2(0210H to 0217H
PR3(0218H to 021FH
PR4(0220H to 0227H

(

(

(

PR5(0228H to 022FH
PR6(0230H to 0237H
PR7(0238H to 023FH

||| 2O|O|O|O|N
ala|lo|lol=m|m|lOolo|= O

—“O|=-|O|=|O|=|O|O

Rl Bl Bl Rl R 2 =2 =2 =
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Program counter (PC)

The PC is a 16-bit counter that stores the next address to be executed in the program
segment. The PC is normally incremented according to the number of bytes in the
instruction to be executed. If a branch instruction or an instruction that requires a branch
is executed, the PC is loaded with immediate data, register contents, etc. The CSR value
does not change even if the PC is incremented so that it overflows.

Atreset (duetoa RESinput, BRK instruction execution, watchdog timer overflow, or opcode
trap), or when an interrupt is generated, a value from the vector table is loaded into the PC.

Local register base (LRB)

LRB is a 16-bit register. The lower 8 bits (LRBL) specify the 2KB data memory space from
0200H to 09FFH in 8-byte units (local register addressing). The upper 8 bits (LRBH) specify
the 64KB data memory space in 256-byte units of the segment (segments 0 to 15) arbitrarily
specified by the data segment register (DSR) (current page addressing). SB, RB, JBR and
JBS instructions whose object is sba.bit can be used in the 64-byte area of the current page
from xxCOH to xxFFH.

Both LRBL (02H) and LRBH (03H) are assigned to the SFR area. Atreset (due to a RES
input, BRK instruction execution, watchdog timer overflow, or opcode trap), their value is
undefined.

Address: 0003 [H] Address: 0002 [H]
R/W access: R/'W R/W access: R/'W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LRB
At reset <« Undefined >
< LRBH ah LRBL >
< LRB >

Figure 2-9 LRB Configuration

¢ The 8 bits of LRBL specify the 2KB data memory space from 0200H to 09FFH in 8-byte
units.

A

»
>

LRBL

The 8 bits of LRBL specify the 2KB data "
memory space from 0200H to 09FFH in 8-byte
units. (Value x is included in the instruction code.)
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« The 8 bits of LRBH specify 64KB of data memory space in 256-byte units.

7 6 5 4 3 2 1 0

>
>

A

LRBH

A

The 8 bits of LRBH specify the 64KB data memory space ‘
from 0000H to OFFFFH in 256-byte units.
(Value x is included in the instruction code.)

System stack pointer (SSP)

SSP is a 16-bit register that indicates the stack address at which to save or restore the PC,
registers, etc. while processing interrupts or executing call, push, return, or pop instructions.
SSP is automatically incremented or decremented depending upon the process to be
executed.

Since save and restore operations at the address indicated by the SSP are performed in
word units, the least significant bit (LSB) of the SSP is addressed as "0". The SFR area and
the Expanded SFR area can not be used as a stack area.

SSP (O0H) is assigned to the SFR area. At reset (due to a RES input, BRK instruction
execution, watchdog timer overflow, or opcode trap), the contents of SSP become OFFFFH.
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2.3.3 Pointing Register (PR)
The PR has 8 sets of registers. One set consists of the following four 16-bit registers.

* Index register 1 (X1)

* Index register 2 (X2)

« Data pointer (DP)

User stack pointer (USP)

PR is assigned to the internal RAM space from 0200H to 023FH. One of the eight register
sets is selected by SCBO0 to SCB2 of PSWL.

If the PR function is not used, this area can be used as normal internal RAM.

For all X1, X2, DP and USP, even addresses are the lower 8 bits and the following odd
addresses are the upper 8 bits.

01FFH Reserved area
0200H X1 A

DP SCB=0

0208H X1

DP SCB = 1 Pointing register sets

0210H Xi

0238H X1

SCB=7

0240H
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2.3.4Local Registers (RO to R7, ERO to ER?3)

The local register Rn (n =0 to 7) is an 8-bit register and the expanded local register ERm
(m=0to 3) is a 16-bitregister. The 2KB area in data memory space from 0200H to 09FFH
is specified in 8-byte units by the lower 8 bits of local register base (LRBL). Rn accesses
1 byte of the specified 8 bytes according to the 3 bits of data included in the local register
instruction. (ERm accesses 2 hytes according to the 2 bits of data included in the local

register instruction.)

A 0200H RO
ERO R1
R2
ER1------ Ry T LRBL =
00H
ER2------B4....
R5
______ R6_ ...
ER3 R7
0208H | FrO------ RO_________.
ERO R1
LRBL =
| 01H
Specified in 8-byte units : :
by the 8 bits of LRBL. :
RO to R7 are specified by :
3 bits included in the :
instruction code. ERO to :
ERS3 are specified by 2 :
bits included in the :
instruction code.
ER3------ R6 .. LRBL =
Y R7 OFFH

OAOOH
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2.3.5 Segment Registers

1)

)

There are three 8-bit segment registers: the code segment register (CSR), the table
segment register (TSR) and the data segment register (DSR). These registers select
segments in the program memory space.

However, since the program memory space has only segments 0 to 15, only bits 0 to 3 are
valid. Bits 4 to 7 are fixed to "0".

Code segment register (CSR)
7 6 5 4 3 2 1 0
csn (oo oo [ | | |
At reset 0 0 0 0 0 0 0 0

CSR specifies the segment in program memory space to which the program code currently
being executed belongs. CSR exists as an independent 8-bit register and is not assigned
to the SFR area. The CSR contents can be overwritten by FJ, FCAL, VCAL, FRT and RTI
instructions and interrupts. No other methods can be used to overwrite the contents of CSR.

For FJ and FCAL instructions, use branch destination addresses that are within segments
0to 15.

Each segmentis assigned an internal segment offset address of 0 to OFFFFH. The address
calculation to determine the addressed target is performed with a 16-bit offset address and
any resulting overflow or underflow is ignored so that CSR does not change. Similarly,
overflow of the PC never updates the CSR. Therefore, withoutthe use ofthe CSR overwrite
method described above, program execution does not advance beyond the code segment
boundary. The CSR value at reset is 00H.

When an interrupt occurs after program memory space has been expanded to 1MB, both
the current CSR value and the PC are automatically saved on the stack. Executing a RTI
instruction restores the saved value to CSR. (Refer to Section 2.2.1, "Memory Space
Expansion".)

Table segment register (TSR)

7 6 5 4 3 2 1 0
o [oLoTolo] | | |

| Address: 0008 [H]
R/W access: R/'W

At reset 0 0 0 0 0 0 0 0

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

TSR specifies the segment in program memory to which the table data belongs. TSR is an
8-bit register and is assigned to the SFR area. The contents of TSR can be overwritten by
instructions that use SFR addressing. Datain the table segment can be accessed by using
ROM reference instructions (LC, LCB, CMPC and CMPCB). If the ROM window function
is used, RAM addressing can be utilized for this table segment. Only bits 0to 3 of TSR are
valid. If read, a value of "0" will be obtained for bits 4 to 7. If writing to TSR, "0" must be
written to bits 4 to 7.
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2.4

Each segmentis assigned an internal segment offset address of 0 to OFFFFH. The address
calculation to determine the addressed target is performed with a 16-bit offset address and
any resulting overflow or underflow is ignored, so TSR does not change. The TSR value
at reset is OOH.

Data segment register (DSR)

7 6 5 4 3 2 1 0

o oo ool | T ], et

At reset 0 0 0 0 0 0 0 0

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

DSR specifies the segment in data memory space to which the data currently in use
belongs. DSR is an 8-bit register and is assigned to the SFR area. The contents of DSR
can be overwritten by instructions that use SFR addressing. Only bits 0 to 3 of DSR are
valid. If read, a value of "0" will be obtained for bits 4 to 7. If writing to DSR, "0" must be
written to bits 4 to 7.

Addressing Modes

The MSM66577 family has two independent memory spaces, the data memory space and
the program memory space. Addressing can be roughly classified into two modes,
corresponding to each memory space.

The data memory space is referred to as "RAM space”, since it hormally consists of random
access memory (RAM). The addressing for this space is referred to as "RAM addressing".

The program memory space is referred to as "ROM space", since it normally consists of
read-only memory (ROM). The addressing for this space is referred to as "ROM
addressing".

ROM addressing is classified as immediate addressing contained in instruction codes,
table data addressing for data (normally read-only data) ina ROM space table, and program
code addressing for programs in the ROM space.

ROM window addressing is a unique method of addressing. It involves accessing table
datainthe ROM space using the above RAM addressing methods. Datain atable segment
is read through a data segment window specified and opened by the program.

2.4.1 RAM Addressing

This addressing mode specifies addresses for program variables in the RAM space.

Available addressing formats include: register addressing, page addressing, direct
addressing, pointing register indirect addressing and special bit area addressing.
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(1) Register addressing

A. Accumulator addressing A

B. Control register addressing PSW, LRB, SSP
C. Pointing register addressing X1, X2, DP, USP
D. Local register addressing ERn, Rn

A. Accumulator addressing

In the case of a word-format instruction, the contents of the accumulator (A) will be
accessed. Inthe case of byte and bit-format instructions, the lower byte of the accumulator
(AL) will be accessed.

[Word format]
L A, #1234H
ST A, VAR

[Byte format]

LB A, #12H
STB A, VAR
[Bit format]
MB C,A3
JBS A.3, LABEL

B. Control register addressing

The contents of the registers will be accessed.

SSP: System Stack Pointer
LRB: Local Register Base
PSW: Program Status Word

PSWH: Program Status Word High Byte
PSWL: Program Status Word Low Byte

C: Carry Flag
[Word format]
FILL SSP
MOV LRB, #401H
CLR PSW
[Byte format]
CLRB PSWH
INCB PSWL
[Bit format]
MB C, BITVAR
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C. Pointing register addressing

The contents of the pointing register are accessed.

There are 8 sets of pointing registers (PR0O to PR7: every 8 bytes from 200H to 23FH in data
memory). The set addressed by this mode is specified by the value of the system control
base (SCB) field in PSW.

X1: Index Register 1
X2: Index Register 2
DP: Data Pointer

The low byte of the data pointer is used only for a "JRNZ DP radr" instruction
(to maintain compatibility among nX-8/100 to nX-8/400 CPU cores).
USP: User Stack Pointer

X1L: Index Register 1 Low Byte
X2L: Index Register 2 Low Byte
DPL: Data Pointer Low Byte

USPL: User Stack Pointer Low Byte

[Word format]

L A X1
ST A, X2
MOV DP, #2000H
CLR usp

[Byte format]
DJINZ X1L, LOOP
DJINZ X2L, LOOP

DJINZ DPL, LOOP
DJINZ USPL, LOOP
JRNZ DP, LOOP

D. Local register addressing
The contents of the local register are accessed.

There are 256 sets of local registers (every 8 bytes from 200H to 9FFH in data memory).
The set addressed by this mode is specified by the value of the low byte of the local register
base (LRB).

ERO to ER3: Expanded Local Registers
RO to R7: Local Registers
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[Word format]

L
MOV
CLR

[Byte format]

LB
ADDB
CMPB
INCB
ROR
MOVB

[Bit format]
SB
RB
JBRS

ERO

2, ER1

R

0

m
[6M)

R

>
-Hm
?E)O
)
T

o1 [ N
EREBR

B
(0]

RO.0
R1.7
R7.3, LABEL

Page addressing

A. SFR page addressing

B. FIXED page addressing
C. Current page addressing

A. SFR page addressing

sfr Dadr
fix Dadr
off Dadr

One byte of the instruction code specifies an offset within a SFR page (data memory
addresses 0to OFFH). Word-format, byte-format or bit-format data at the specified address

is accessed.

The operand is described using a format that has a sfr addressing descriptor. The sfr
descriptor can be omitted, however in that case, the assembler will use SFR page
addressing only when it recognizes an address within the SFR page area.

The SFR has address symbols for each type of device. These symbols are normally used
for addressing the SFR.
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[Word format]

L A, sfrPO RAM
0000H [ 111111
L A PO
L >»00xxH
X SFR page
O00FFH |} )11

If an odd address is specified, word-format data is accessed starting at the following even
address. (—word boundary) However, depending upon the SFR, there are some
exceptions.

[Byte format]
LB A sfrP0O RAM
O000H | 111111
LB A, PO
L > 00xxH SFR page
LIl ll
O0FFH |11
[Bit format]
SB  sfrP0_3 RAM
SB 5'3_— 0000H | 1111111
00xxH ol 1 |
[ SFRpage
OOFFH | ;111

B. FIXED page addressing

One byte of the instruction code specifies an offset within a FIXED page (data memory
addresses 200H to 2FFH). Word-format, byte-format or bit-format data at the specified
address is accessed.

The operand is described using a format that has a fix addressing descriptor. The fix
descriptor can be omitted, however in that case, the assembler will use FIXED page
addressing only when it recognizes an address within the FIXED page area.
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[Word format]

L A fix FIX_VAR

RAM

0200H [ 111111

L A FIX_VAR

> 02xxH

02FFH LIl

FIXED page

If an odd address is specified, word-format data is accessed starting at the following even

address.

[Byte format]

FIXED page

FIXED page

RAM
LB A, fix FIX_ VAR
LB A, FIX VAR I
L » 02xxH
L1t
02FFH [
[Bit format]
SB fix FIX_VAR.3 RAM
SB  FIX_VAR.3 0200H [1 111111
02xxH [ "
L rtl
02FFH LIl

C. Current page addressing

One byte of the instruction code specifies an offset within the current page (one of the 256
pages in data memory specified by the LRBH value). Word-format, byte-format or bit-

format data at the specified address is accessed.

The operandis described using aformatthat has an off addressing descriptor. \can be used
instead of the off descriptor, however if bit-format data is accessed in the SBA area,

operation will be slightly different. (sbaoff Badr)
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[Word format]

RAM
XXO00H [y i1

L A off VAR
L A \WAR

L3 xxxxH

Current page

xxFFH

If an odd address is specified, word-format data is accessed starting at the following even

address.
[Byte format]
LB A off VAR RAM
XX00H [0
LB A, \VAR
L 3 xxxxH
i1l Current page
XXFFH
L1l Lrdl
[Bit format]
SB off VAR.3 RAM
XXO00H [ i1
SB \VAR.3
XXXXH 11 | |
Current page
[N
XXFFH
[N

(3) Direct data addressing
Two bytes of the instruction code specify an address in the current physical segment of data
memory (address 0 to OFFFFH: 64KB). Word-format, byte-format or bit-format data at the
specified address is accessed.

The operand is described using a format that has a dir addressing descriptor. The dir
descriptor can be omitted, however in this case, if an address in a SFR page or FIXED page
is specified, the assembler may interpret direct data addressing as SFR page addressing
or FIXED page addressing.
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[Word format]

L A dir VAR
L A VAR

—_—>

RAM

0000H

XXXXH

FFFFH

64KB

If an odd address is specified, word-format data is accessed starting at the following even

address.

[Byte format]

LB A, dir VAR
LB A, VAR

[Bit format]

SB dir VAR.3
SB VAR.3

>

0000H

XXXXH

FFFFH

0000H

XxxxH

RAM

RAM

(4) Pointing register indirect addressing

DP/X1 indirect addressing

mmoow>

2-34
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A. DP/X1 indirect addressing

The contents of the pointing register specify an address in the current physical segment of
data memory (address 0 to OFFFFH: 64KB). Word-format, byte-format or bit-format data
at the specified address is accessed.

[DP]: DP indirect addressing
[X1]: X1 indirect addressing

[Word format]

L A [DP] RAM
0000H [ 11111
L A [X1]
DP or X1
| DPorX1 | XXXXH 64KB
FFFFH L1l Lrdl

If an odd address is specified, word-format data is accessed starting at the following even

address.
[Byte format]
RAM
LB A, [DP]
0000H [ 111111
LB A, [X1]
[ DPorxi }—>
DP or X1 XXXXH — 64KB
FFFFH L1l Lrdl
[Bit format]
SB [DP].3 RAM
RB [X1].3 0000H [ 1111111
)
DP or X1 XXXXH e W
64KB
[N
FFFFH 010
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B. DP indirect addressing with post increment

The contents of the pointing register specify an address in the current physical segment of
data memory (address 0 to OFFFFH: 64KB). Word-format, byte-format or bit-format data
at the specified address is accessed.

After accessing the target, the contents of the pointing register are incremented. For word-
format instructions, DP is incremented by two. For byte and bit instructions, DP is
incremented by one.

This addressing mode is used primarily to consecutively access an array of elements.
[DP+]: DP indirect addressing with post increment

[Word format]

RAM
0000H [ 11111
L A [DP+]
xoxH
Incremented by 2 64KB
after access
FFFFH L1l Lrdl

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

RAM
0000H [ 111111
LB A, [DP+]
| DP > xxxxH 64KB
Incremented by 1 NN
after access
FFFFH L1l Lrdl
[Bit format]
RAM
SB [DP+].3 0000H |yy11111
- )
XXXXH VLl Ll
Incremented by 1 L1l [64KB
after access
FFFFH 11111
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C. DP indirect addressing with post decrement

The contents of the pointing register specify an address in the current physical segment of
datamemory (addresses 0to OFFFFH: 64KB). Word-format, byte-format or bit-format data
at the specified address is accessed.

After accessing the target, the contents of the pointing register are decremented. For word-
format instructions, DP is decremented by two. For byte and bit instructions, DP is
decremented by one.

[DP-]: DP indirect addressing with post decrement

[Word format]

RAM
0000H [ 11111
L A, [DP-]
| DP > xxxxH 64KE
Decremented by 2
after access
FFFFH L1l Lrdl

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

RAM
0000H | 1111111
LB A, [DP-]
| DP > xxxxH 64KB
Decremented by 1 [AENEEN
after access
FFFFH [N
[Bit format]
RAM
SB [DP-]1.3 0000H | 4111111
- 1
XXXXH LLLLL Ll
Decremented by 1 L1l 64KB
after access
FFFFH L1011

2-37




MSM66577 Family User's Manual
Chapter 2 CPU Architecture

D. DP/USP indirect addressing with 7-bit displacement

7 bits in the instruction code (bit 6 to bit 0) are used as a signed displacement (bit 6 is the
sign bit) from the pointing register contents (the base value) to specify an address in the
current physical data segment (address 0 to OFFFFH: 64KB). The accessible range is
—641to +63 from the contents of the pointing register. Word-format, byte-format or bit-format
data at the specified address is accessed.

Numerical expression[DP]: DP indirect addressing with 7-bit displacement
Numerical expression[USP]: USP indirect addressing with 7-bit displacement
The numerical expression has a value in the range of —64 to +63.

DP and USP can be used as pointing registers.

[Word format]

L A12[DP] RAM
L A12[USP] 0000H [y 111111
69_> xxxxH 64KB
DPorUSP | —
FFEFH [y

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

LB A12[DP] RAM
LB A12[USP] 0000H Liviiiny
DP or USP —é e L g 048
FFFFH LIl Idl
[Bit format]
SB 12[DP].3 RAM
RB 12[USP].3 0000H | 1111111
T T 1 *
P oot [ | oace
DPor USP | —
FFFFH LIl
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E. X1/X2 indirect addressing with 16-bit base

The contents of an index register (X1 or X2) are added to a base of two bytes in the
instruction code (D16). The value that is generated specifies an address in the current
physical data segment (address 0 to OFFFFH: 64KB). The addition operation to generate
the address is performed in word-format (16-bit) and since overflow is ignored, the
generated value is in the range from 0 to OFFFFH. Word-format, byte-format or bit-format
data at the specified address is accessed.

Address expression[X1]: X1 indirect addressing with 16-bit base

Address expression[X2]: X2 indirect addressing with 16-bit base

The address expression has a value in the range of 0 to OFFFFH. However, the assembler
allows values in the range of —8000H to +OFFFFH. This means that D16 can also be
regarded as a displacement, instead of a base address.

[Word format]

L A1234H[X1] _RAM
ST A,1234H[X2] 0000H Luiiiiii]
69—> XxXxxH 64KB

X1 or X2

FFFFH [ 00000 ]

If an odd address is specified, word-format data is accessed starting at the following even
address.

[Byte format]

LB A,1234H[X1] RAM
STB  A,1234H[X2] 0000H Litiiiiy
E XXXXH LIl L1l 64KB
X1 or X2 ——
FFFFH [N
[Bit format]
SB  1234H[X1].3 RAM
RB  1234H[X2].3 0000H | 4111111
B i — N
Pt fews
X1 or X2
FFFFH [N
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F. X1 indirect addressing with 8-bit register displacement

The contents of the low byte of the accumulator (AL) or local register 0 (R0) are added to
the pointing register contents (the base value) to generate a value that specifies an address
in the current physical data segment (address 0 to OFFFFH: 64KB). The addition operation
to generate the address is performed in word-format (16-bit). At this time, the 8-bit
displacement obtained from the register is expanded unsigned. Since overflow resulting
from the addition is ignored, the generated value is in the range from 0 to OFFFFH. Word-
format, byte-format or bit-format data at the specified address is accessed.

[X1+A]: X1 indirect addressing with 8-bit register displacement (AL)
[X1+RO]: X1 indirect addressing with 8-bit register displacement (RO)

[Word format]

L A [X1+4A]
L A, [X1+R0] RAM
0000H |
AL or RO
69—> XXxxH 64KB
FFFFH [ 00000

If an odd address is specified, word-format data is accessed starting at the following even

address.
LB A, [X1+A]
LB A, [X1+R0] RAM
0000H | 1111711
AL or RO
E}-» xxxxH 64KB
FFFFH [N
[Byte format]
SB [X1+A]l.3 RAM
RB  [X1+R0].3 0000H [ 1111111

T — i
€>_>xxxxH LIlrill 64KB

LIl
x

FFFFH LIl

[Bit format]
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(5) Special bit area addressing
A. FIXED page SBA area addressing sbafix Badr
B. Current page SBA area addressing sbaoff Badr

A. FIXED page SBA area addressing

This addressing mode specifies a bit address in the 512-bit SBA area (2COH.0 to 2FFH.7)
located in a FIXED page. Bit format data at the specified address is accessed.

This addressing mode can be written by the following 4 instructions: SB, RB, JBS and JBR.

[Bit format]

SB  sbafix 2C0H.0

RB  sbafix 1600H

JBS sbafix VAR,LABEL
JBR sbafix 2EFH.7

SB 2COH.0
RB 1600H
JBS VAR,LABEL RAM
JBR 2EFH.3,LABEL 02COH | 111111
02xxH - Iy
: :T: 111 FIXED page SBA area
02FFH |11
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B. Current page SBA area addressing

This addressing mode specifies a bitaddress in the 512-bit SBA area (xxCOH.0 to xxFFH.7)
located in the current page. Bit format data at the specified address is accessed.

This addressing mode can be written by the following 4 instructions: SB, RB, JBS and JBR.

[Bit format]

SB  sbaoff 4COH.0

RB  sbaoff 2E80H

JBS sbaoff VAR,LABEL

JBR sbaoff OFFFFH.3,LABEL

SB 2C0H.0
RB  2E80H
JBS VAR,LABEL RAM
JBR OFFFFH.3,L ABEL COH L
XXXXH ]
2] ||
LLrrrdd
XXFFH | 111000
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2.4.2 ROM Addressing

1)

)

This addressing mode specifies addressing for program variables in the ROM space.

Available addressing formats include: immediate addressing, table data addressing and
program code addressing.

Immediate addressing

This addressing mode specifies access forimmediate data included in the instruction code.
For word-format instructions, 2 bytes (N16) of the instruction code are accessed. For byte-
format instructions, 1 byte (N8) of the instruction code is accessed.

In the word-format, expressions have values in the range of 0 to OFFFFH. In the byte-
format, expressions have values in the range of 0 to OFFH. The assembler allows a range
of signed and unsigned expressions for immediate addressing. The word-format range is
from -8000H to +OFFFFH and the byte-format range is from -80H to +OFFH.

[Word format]
L A, #1234H
MOV X1, #WORD_ARRAY_BASE

[Byte format]
LB A, #12H
X

MOV 1, #BYTE_ARRAY_BASE

Table data addressing

This addressing mode specifies access for 64KB in the table segment specified by TSR in
ROM memory space. This mode is used with the operands of LC, LCB, CMPC and CMPCB
instructions.

A. Direct table addressing Tadr
B. RAM addressing indirect table addressing [**]
C. RAM addressing indirect addressing with 16-bit base T16[**]

A. Direct table addressing

Two bytes of the instruction code specify an address (address 0 to OFFFFH: 64KB) in the
table segment specified by TSR. Word-format or byte-format data at the specified address
is accessed.

This addressing mode can be written by the following 4 instructions: LC, LCB, CMP and
CMPCB.
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[Word format]

<
0

A

Al
Al

<
0

[Byte format]
LCB A,
CMPCB A,

<
>
Py

<
>
0

B. RAM addressing indirect table addressing

This indirect addressing mode uses the word-format data specified by RAM addressing as
apointerto the table segment specified by TSR. Table memory can be accessed by placing
a pointer to table memory in a register or in data memory.

This addressing mode can be written by the following 4 instructions: LC, LCB, CMPC and
CMPCB.

[Word format]
LC A, [A]
CMPC A, [1234[X1]]

[Byte format]

LCB A, [ERO]
CMPCB A, [VAR]

C. RAM addressing indirect addressing with 16-bit base

The contents of word-format data specified by RAM addressing are added to a base of two
bytes of the instruction code (D16). The value thatis generated specifies an address in the
table segment specified by TSR (address 0 to OFFFFH: 64KB). The addition operation to
generate the address is performed in word-format (16-bit) and since overflow is ignored,
the generated value is in the range from 0 to OFFFFH. Word-format or byte-format data at
the specified address is accessed.

This addressing mode can be written by the following 4 instructions: LC, LCB, CMPC and
CMPCB.

[Word format]

LC A, 2000H[A
CMPC A, 2000H[1234[X1]]

[Byte format]

LCB A, 2000H[ERO]
CMPCB A, 2000H[VAR
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®3)

Program code addressing
This mode specifies access for the current program code in ROM space.

Program code addressing is used with operands for branch instructions.

A. NEAR code addressing Cadr
B. FAR code addressing Fadr
C. Relative code addressing radr

D. ACAL code addressing Cadrll
E. VCAL code addressing Vadr
F. RAM addressing indirect code addressing [**]

A. NEAR code addressing

Two bytes of the instruction code specify an address (address 0 to OFFFFH: 64KB) in the
current code segment.

This addressing mode can be written by two instructions, J and CAL.

[Usage example]
J 3000H
CAL LABEL

B. FAR code addressing

Three bytes of the instruction code specify an address (0:0 to F:OFFFFH: 1MB) in the
program memory space.

This addressing mode can be written by two instructions, FJ and FCAL.

[Usage example]
FJ 1:3000H
FCAL FARLABEL

C. Relative code addressing

The sign extended value of 8 bits or 7 bits of the instruction code is added to the base value
of the current program counter (PC). The generated value specifies an address in the
current code segment (0 to OFFFFH: 64KB). The addition operation to generate the
address is performed in word-format (16-bit) and since overflow is ignored, the generated
value is in the range from 0 to OFFFFH. This addressing mode can be written by an SJ
instruction, conditional branch instructions, etc.

[Usage example]

SJ LABEL
DJINZ RO, LABEL
JC LT, LABEL
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(4)

D. ACAL code addressing

11 bits of the instruction code specify the ACAL area (1000H to 17FFH: 2KB) in the current
code segment.

This addressing mode can be written only by an ACAL instruction.

[Usage example]
ACAL 1000H
ACAL ACALLABEL

E. VCAL code addressing

4 bits of the instruction code specify the vector table address for a VCAL instruction (word-
formatdata). The vectortableislocated ateven addresses in the range of 004AH to 0069H.

This addressing mode can be written only by a VCAL instruction.

[Usage example]
VCAL 4AH
VCAL 0:4AH
VCAL VECTOR

F. RAM addressing indirect code addressing

This indirect addressing mode uses the word-format data specified by RAM addressing as
a pointer to the code segment. Indirect jumps and calls can be performed by placing a
pointer to code memory in a register or in data memory.

This addressing mode can be written by two instructions, J and CAL.

[Usage example]
J [A]
CAL [1234[X1]

ROM window addressing

This addressing mode uses RAM addressing to access table data in the ROM space. In
this mode, data in the table segment specified by TSR is read through a data segment
window specified and opened by the program.

The ROM window area allows addressing of the data memory, however, results cannot be
guaranteed if an instruction that writes to the ROM window area is executed.
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3.1

3.2

CPU Control Functions

Overview

The MSM66577 family has two CPU control functions, a standby function and a reset
function.

The standby function consists of the three functions of HALT mode, HOLD mode, and
STOP mode. These functions can be used to reduce the amount of power consumed during
operation. The HOLD mode has a bus release function, and the STOP mode has a quick
activating STOP mode in which the main clock continues oscillation.

The reset function is activated by the RES signal input, BRK (break) instruction execution,
or execution of an invalid instruction (opcode trap). In addition, reset is also activated by
overflow of the watchdog timer. Reset can minimize the effect of program errors on the
system.

Standby Functions
The standby functions have three types:

« HALT mode: activated by software, clock supply to CPU is terminated

* HOLD mode: activated by hardware, clock supply to CPU is terminated

« STOP mode: activated by software, clock supplyto CPU and internal peripheral modules
is terminated

Corresponding to each of dual clocks, each of these functions has a high-speed and low-
speed mode.

Figure 3-1 shows a transition diagram of the CPU operating states. Table 3-1 lists a
summary of the standby modes.

High-speed HOLD input =
put =1
HOLD mode V\When HOLD is enabled)
HOLD m
High-speed main STP =1 High-speed STOP mode
HLT =1 clock (OSC) operation » (Terminate main clock oscillation: OSCS = 1)

High-speed | > Initial state when RESET llnterrupt (Operate main clock oscillation: 0SCS = 0)
HALT mode Interrupt generated

generated Subclock Main clock

(XT) selection (OSC) selection
- HLT =1

;X\CITSE”I?)Z% <+ Low-speed subclock (XT) operation STP=1 Low-speed STOP mode

Interrupt. (Terminate main clock oscillation: OSCS = 1) ” » (Terminate main clock oscillation: OSCS = 1)

generated (Operate main clock oscillation: OSCS = 0) Interrupt (Operate main clock oscillation: OSCS = 0)
HOLD input = 1 generated
(When HOLD is enabled) (Notes)

e Oscillation operation or termination is for the main clock (OSC) only.
Low-speed The subclock (XT) is not terminated.
HOLD mode . e The initial value of OSCS (bit 3 of SBYCON) is "1."
HOLD input=0

Figure 3-1 Transition Diagram of CPU Operating States
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Table 3-1 Standby Mode Summary

Standby mode HALT mode HOLD mode STOP mode *1
Bit 1 (HLT) of Bit 5 (HOLD) of Bit 2 (FLT) of Bit 2 (FLT) of
SBYCON is set to PRPHCON is setto |SBYCON is setto |SBYCON is reset to
Set conditions " "1"and the HOLD |"1" and bit 0 (STP) |"0" and bit O (STP)
input pin has a high- | of SBYCON is set to | of SBYCON is set to
level input " "
Interrupt HOLD pin low-level | Interrupt Interrupt
Release conditions RES pin input input RES pin input RES pin input
WDT RES pin input
PO to P2, P4 No change No change High impedance No change

(primary function)
PO to P2, P4 Pull-up Pull-up *2 Pull-up Pull-up

(secondary function)

P3_0 (primary function) | No change No change High impedance No change
8 | P30 Low level Low level High impedance Low level
T .
+ | (secondary function)
'cE>_ P3_1 (primary function) | No change No change High impedance No change
E" P3_1 High level Pull-up *2 High impedance High level
]
o

(secondary function)

P3_2,P3_3 No change No change High impedance No change
(primary function)
P3_2,P3_3 Pull-up Pull-up *2 High impedance Pull-up

(secondary function)

P5 to P11 No change No change High impedance No change
P14, P15 No change No change High impedance No change

g Time base counter (TBC) | Operate Operate Terminate

*g Capture/compare timer | Operate Operate Terminate

% 8/16-bit timers Operate Operate Terminate

% (including WDT) (terminate WDT)

':g SIO1, SI06 Operate Operate Terminate

'E Real-time counter Operate Operate Operate

g A/D converter Operate Operate Terminate

8 PWM Operate Operate Terminate

*1 The condition for setting the STOP mode is that the stop code acceptor (STPACP)
has already been set to "1".

*2 During the HOLD mode, if PO to P4 are to be used as bus ports (output setting of
secondary function), the bus will be released.
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3.2.1 Standby Function Registers
Table 3-2 lists a summary of the SFRs for standby function control.

Table 3-2 Summary of SFRs for Standby Function Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
000E Stop code acceptor STPACP — w 8 "0" 3-3
000F Standby control register SBYCON — R/W 8 08 3-4
0015+ | Peripheral control register | PRPHCON — R/W 8 8C 15-2
[Notes]

1. Addresses are not consecutive in some places.
2. A star (¥¥) in the address column indicates a missing bit.

3. For details, refer to Chapter 21, "Special Function Registers (SFRs)".

3.2.2 Description of Standby Function Registers

(1) Stop code acceptor (STPACP)
The stop code acceptor (STPACP) is configured from 8 bits and is an acceptor used to set
the STOP mode.

STPACP issetto "1"when the program writes n5H and nAH (n =0 to F) consecutively. After
STPACP is set to "1", setting bit 0 (STP) of the standby control register (SBYCON) to "1"
will change the mode to the STOP mode. Atthe same time the mode changestothe STOP
mode, STPACP is reset to "0".

STPACP is write-only.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), STPACP is reset to "0".
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)

Standby control register (SBYCON)
The standby control register (SBYCON) is an 8-bit register that sets the standby mode and
the CPU operating clock (CPUCLK).

The program can read from and write to SBYCON.

Atreset (duetoaRESinput, BRK instruction execution, watchdog timer overflow, or opcode
trap), SBYCON is 0O8H.

Figure 3-2 shows the configuration of SBYCON.

[Description of each bit]

e STP (bit 0)
Setting the stop code acceptor (STPACP) to "1", and then setting STP to "1" will change
the mode to the STOP mode. When an interrupt is generated or the RES input causes
areset, STP is reset to "0" and the STOP mode is released.

e HLT (bit 1)
Setting HLT to "1" changes the mode to the HALT mode. When an interruptis generated,
the RES input causes a reset, or overflow of the watchdog timer causes a reset, HLT is
reset to "0" and the HALT mode is released.

e FLT (bit 2)
Setting FLT to "1" will cause the output ports (all pins set to output mode) to go to a high
impedance state when the STOP mode is entered.

Atthe input ports, a circuit operates to prevent current flow between the power supply and
GND, evenifthe inputs are leftunconnected. Therefore, itis not necessary to fix the input
pin levels during the STOP mode. However, if the following pins are used as inputs
(regardless of whether they are primary or secondary functions), the circuit to prevent
current flow will not operate. Thus, to prevent undefined input states, use either pull-up
or pull-down resistors (to fix the input levels) during the STOP mode.

* P6_0to P6_3, P9_0to P9_3: External interrupt pins (EXINTO to EXINT7)

Using the above pins as secondary function inputs, even ifthe STOP mode is entered with
FLT set ("1"), the STOP mode can be released by an external interrupt input. For details,
refer to Section 3.2.4, "Operation of Each Standby Mode," (3) STOP Mode.

* OSCS (bit 3)
During the STOP mode and when the subclock (XTCLK) has been selected as the CPU
operating clock (CPUCLK), OSCS specifies whether to terminate or continue oscillation
of the main clock (OSCCLK).
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¢ OSTO, OST1 (bits 4 and 5)
Inthe cases when aninterrupt causes the STOP mode to be released, and when the clock
has been changed from the subclock (XTCLK) to the main clock (OSCCLK), OSTO0 and
OST1 specify the oscillation stabilization time from the oscillation start of the main clock
(OSCCLK) until clock supply to the CPU. During the STOP mode, even if oscillation of
the main clock (OSCCLK) is not terminated, the settings of these bits are valid.

[Note]

Do not set OSTO or OST1 to "1", in the case of changing to the operation mode in which
oscillation of the main clock (OSCCLK) is terminated.

For the Flash ROM version, set the oscillation stabilization time of 50 ps or more when
the STOP mode (only when oscillation of the main clock is terminated) is released.

* CLKO, CLK1 (bits 6 and 7)
CLKO and CLK1 specify the clock to be used as the CPU operating clock (CPUCLK). With
consideration of the operating speed requirements of product applications, an appropriate
speed for the internal CPU clock that runs the microcontroller is selected to reduce power
consumption.

7 6 5 4 3 2 1 0

SBYCON |CLK1|CLK0|OST1|0ST0|0SCS| FLT | HLT | STP | Address: 000F [H]

at reset 0 0 0 0 1 0 0 0 R/W access: R/'W

| 0 | CPU operating state
STOP mode

—

CPU operating state
HALT mode

- O

During STOP mode, output does not change

- O

During STOP mode, high impedance output

0 | Main clock (OSC) oscillation

1 | Terminate main clock (OSC) oscillation
OST Main clock oscillation

1| 0 | stabilization time (No. of clocks)
0|0 32768

0|1 16384

110 8192

111 0

CLK CPU operating clock
110 (CPUCLK)

0|0 OSCCLK

0|1 1/2 OSCCLK

110 1/4 OSCCLK

11 XTCLK

Figure 3-2 SBYCON Configuration
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3.2.3 Examples of Standby Function Register Settings
e HALT mode setting

@)

Standby control register (SBYCON)
Setting bit 1 (HLT) to "1" changes the mode to the HALT mode.

e HOLD mode setting

@)

)

®)

Port 9 mode register (P910)
If HLDACK (HOLD mode transfer output pin) is to be used, set bit 7 (P9107) to "1" to
configure that port as an output.

Port 9 secondary function control register (P9SF)
If HLDACK (HOLD mode transfer output pin) is to be used, set bit 7 (P9SF7) to "1" to
configure that port as a secondary function output.

Peripheral control register (PRPHCON)

Setbit5 (HOLD) to "1"to enable the HOLD pininput. The mode changes tothe HOLD mode
when an external device inputs a high level to the HOLD pin. After the transfer to the HOLD
mode is complete, the HLDACK output is set to "1" as an acknowledge signal.

e STOP mode setting

@)

)

Stop code acceptor (STPACP)
Write n5H, nAH (n = 0 to F) consecutively.

Standby control register (SBYCON)

If output ports are to be high impedance during the STOP mode, set bit 2 (FLT) to "1". If
oscillation of the main clock (OSCCLK) is not to be terminated during the STOP mode, reset
bit 3 (OSCS) to "0". To terminate oscillation of the main clock (OSCCLK), set bit 3 (OSCS)
to "1" and specify with bits 4 and 5 (OSTO0 and OST1) the oscillation stabilization time after
the main clock resumes. Setting bit 0 (STP) to "1" changes the mode to the STOP mode.

3.2.4 Operation of Each Standby Mode

1)

HALT mode
Setting bit 1 (HLT) of the standby control register (SBYCON) to "1" changes the mode to
the HALT mode.

In the HALT mode, the clock (CPUCLK) supply to the CPU is terminated, but the clock
(CPUCLK) is supplied to internal peripheral modules (TBC, WDT, general-purpose 8/16-
bit timers, serial ports, etc.) so their operation continues. Because the CPU is halted,
instructions are not executed. Instruction execution stops at the beginning of the next
instruction (following the instruction that set bit 1 (HLT) of SBYCON to "1").

HALT mode is released when any of the following occur: an interrupt request, reset by the
RES pin input, or reset by overflow of the watchdog timer.
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)

When HALT mode is released due to an interrupt request, if the interrupt is non-maskable,
the HALT mode is released unconditionally, and the CPU processes the non-maskable
interrupt. In the case of a maskable interrupt, the interrupt is released when both the
interruptrequestflag (IRQ bit) and the interrupt enable flag (IE bit) have been setto "1". After
the HALT mode is released, if the master interrupt enable flag (MIE in PSW) has been set
to "1", processing of the requested maskable interrupt is performed. If the master interrupt
enable flag (MIE in PSW) has beenresetto "0", the nextinstruction (following the instruction
that set the HALT mode (that set bit 1 (HLT) of SBYCON to "1") is executed.

Ifthe HALT mode is released by reset due to the RES pin input or overflow of the watchdog
timer, the CPU will perform the reset processing.

HOLD mode

When a high level is input to the HOLD pin after bit 5 (HOLD) of the peripheral control
register (PRPHCON) is set to "1", the mode will change to the HOLD mode after the
completion of the current instruction execution. Figure 3-3 shows the HOLD mode timing
diagram.

In the HOLD mode, the clock (CPUCLK) supply to the CPU is terminated, but the clock
(CPUCLK) is supplied to internal peripheral modules (TBC, general-purpose 8/16-bit
timers, serial ports, etc.) so their operation continues. However, operation of the watchdog
timer (WDT) is terminated. Because the CPU is halted, instructions are not executed.
Instruction execution stops at the beginning of the next instruction (following the instruction
that changed the mode to the HOLD mode).

If bus port functions (PO to P4 set as secondary function outputs) are being used, the bus
will be released during the HOLD mode.

If an interrupt occurs during the HOLD mode, because instructions are not being executed,
interrupt processing will be suspended until the HOLD mode is released.

The HOLD mode is released when either a low level is input to the HOLD pin or the RES
pin input causes a reset.

If a low level is input to the HOLD pin, instruction execution will resume starting from the
nextinstruction (following the instruction that changed the mode to the HOLD mode). When
an interrupt request occurs during the HOLD mode, if the interrupt is non-maskable, the
non-maskable interrupt will be processed immediately after the HOLD mode is released.
In the case of a maskable interrupt, if the corresponding interrupt enable flag (IE bit) and
the master interrupt enable flag (MIE in PSW) have been set to "1", the maskable interrupt
will be processed immediately after the HOLD mode is released. If multiple interrupt
requests are generated, they are processed in order of priority.

If the HOLD mode is released by reset due to the RES pin input, the CPU will perform the
reset processing.
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erccse SUUUUUUUUUUUUUL , SJUUUUUUUUUUUTUL
erocu JUIUUULUUIL JUPUUVIULL

(CPU internal clock)

(Signal that indicates
beginning of instruction)

@)

| 0

HLDACK
Execution of . ~—— HOLD mode —> Execution of
prior instruction ! . * next instruction
Figure 3-3 HOLD Mode Timing Diagram
STOP mode

Setting the stop code acceptor (STPACP) to "1" by consecutively writing n5H, nAH (where
n =0 to F) and then setting bit 0 (STP) of the standby control register (SBYCON) to "1" will
change the mode to the STOP mode.

Inthe STOP mode, the CPU and internal peripheral modules (TBC, WDT, general-purpose
8/16-bit timers, serial ports, etc.) are halted. However, when dual clocks are being used,
the real-time counter (RTC) will operate as usual.

Because the clock supply to the CPU is halted, instructions are not executed. Instruction
execution stops at the beginning of the next instruction (following the instruction that set bit
0 (STP) of SBYCON to "1").

The STOP mode is released when either an interrupt occurs or inputto the RES pin causes
a reset.

When the STOP mode is released due to an interrupt request, if the interrupt is non-
maskable, the STOP mode is released unconditionally, and the CPU processes the non-
maskable interrupt.

Inthe case of amaskable interrupt, the interruptis released if the interrupt request flag (IRQ
bit) and the interrupt enable flag (IE bit) have been set to "1".

During the STOP mode, the following factors generate maskable interrupt requests.
« Interrupt caused by input of the valid edge to an external interrupt pin (EXINTO to EXINT5)

« Interrupt caused by real-time counter output (when dual clocks are used)
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Afterthe STOP mode isreleased, if the master interrupt enable flag (MIE in PSW) has been
set to "1", processing of the requested maskable interrupt is performed.

If the master interrupt enable flag (MIE in PSW) has been reset to "0", the next instruction
(following the instruction that set the STOP mode (that set bit 0 (STP) of SBYCON to "1")
is executed. However, if the STOP mode has been set during the processing of a non-
maskable interrupt routine, the STOP mode can be released by an interrupt request. After
being released, the next instruction in the non-maskable interrupt routine (following the
instruction that changed the mode to the STOP mode) will be executed. If interrupt priority
is set (bit 7 (MIPF) of EXI2CON set to "1") and the STOP mode is set during a high priority
interrupt routine, a low priority interrupt request can release the STOP mode. However,
after release the low priority interrupt is suspended and the next instruction in the high
priority interrupt routine will be executed.

If an interrupt request from the high-speed STOP mode (main clock oscillation terminated)
causes the STOP mode to be released, operation will continue after waiting for the
oscillation stabilization time of the main clock (OSCCLK) as set by SBYCON. The STOP
mode can also be entered while the main clock continues to oscillate (quick activating
STOP mode). In this case, when returning from the STOP mode, activation is possible
without waiting for the oscillation stabilization time of the main clock.

Figure 3-4 shows the STOP mode timing diagram.

If the STOP mode is released by reset due to the RES pin input, the CPU will perform the
reset processing. If the RES pin input is to be used to release the STOP mode with main
clock oscillation halted. apply a low level to the RES pin until the main clock oscillation
stabilizes.

For the Flash ROM version products, apply a low level to the RES pin for at least 50 us.

< STOP mode >
Main clock
oscolk) — 1 LT L ] 5 %\ N S N S I S B R
M1S1 K 1
(Signal that indicates — ;
beginning of instruction)
%
SBYCON.STP <
Interrupt request . |
(NMI, IRQ and IE)
Instruction Dummy cycle Oscillation i *Oscillation Dummy cycle Instruction
execution halted stabilization time execution
Operating state Timer operation Timer halted Timer operation
Port floating
Port output mode (when FLT = ™" Port output mode

* Oscillation stabilization time is the time until the main clock starts oscillating, plus the time of
the number of clocks set by OSTO and OST1.

Figure 3-4 STOP Mode Timing Diagram
(When released by an interrupt)
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3.3 Reset Function
The MSM66577 family is reset by the following four factors.

« Low-level input to the RES input pin

e Execution of a break (BRK) instruction

« Overflow of the watchdog timer (WDT)

¢ Opcode trap (OPTRP) due to execution of invalid instruction

Resets caused to the above four factors are processed in the same way except that the
address of the vector address to be loaded in the program counter is different.

Table 3-3 lists the vector addresses for each reset factor.

Table 3-3 Vector Address for Each Reset Factor

Reset factor Vector address [H]
Reset caused by low level input to the RES input pin 0000
Reset caused by execution of BRK instruction 0002
Reset caused by overflow of watchdog timer 0004
Reset caused by opcode trap 0006

During the reset processing, arithmetic registers, control registers, mode registers, etc. are
initialized, and the contents of the address pointed to by the vector address is loaded into
the program counter.

For the initial values of different registers, refer to Chapter 21, "Special Function Registers
(SFRs)".

Reset has priority over all other processing (interrupt processing and instruction execution).
Since all processing is aborted, register and RAM contents at that time cannot be
guaranteed.

[Notes]

1. If the RES pin input is to be used to for reset, apply a low level at the RES pin until the
main clock oscillation stabilizes.

2. Because the internal state and output state at power-on reset are undefined, be sure to
reset the CPU after power is turned on.

3. When applying power to, or disconnecting power from, the Vpp and Vrgeg pins, apply or
disconnect the power at the same time for these pins.

The Flash ROM version is reset by the supply voltage sense reset function when the power
supply voltage is dropped, in the same way that the MSM66577 family is reset by low level
input to the RES input pin. The supply voltage sense reset function is implemented when
the supply voltage for the version operating in the range of 4.5t0 5.5V is 3.0 V or less and
the supply voltage for the version operating in the range of 3.0to 3.6 Vis 1.5 V or less.
The reset function is not implemented during the STOP mode (only when oscillation clock
is terminated).

Figure 3-5 shows an example of reset pin connection. Table 3-4 lists that status of I/O ports
during reset.
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Vbp Vbb

Rpull = 50 kQ (Vpp =5 V)

Di
'RES
SW R D b@—> Reset processing circuit
T¢
Example of external circuit ' Internal

for manual reset

Figure 3-5 Reset Pin Connection Example

Table 3-4 1/0 Port Status During Reset

Low level EA pin High level EA pin
Name Other ports
P3_0, P3_1 P3_0, P3_1
Status Pulled-up High impedance High impedance

[Note]

If the EA pin is at a low level, after reset PO, P1, P2, P3_0, P3_1 and P4 automatically change
to secondary function output states (bus port function).
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4. Memory Control Functions

4.1 Overview
There are two independent memory spaces, the program memory space and the data
memory space. The following three functions make the memory functions easier to use.

< ROM Window Function : This function enables various instructions that have been
stored in the data memory space to also be used by the
program in the program memory space.

* READY Function : If both memory spaces are to be used as external memory,
this function allows the program to insert wait cycles into the
external memory timing, according to the access times of the
external memory.

« WAIT Function : This function enables an external device to control the
insertion of wait cycles.

4.2 Memory Control Function Registers
Table 4-1 lists a summary of the SFRs for memory control functions.

Table 4-1 Summary of SFRs for Memory Control Functions

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
0ooB ROM Window Register ROMWIN — R/W 8 Undefined 4-2
000C+¥ | ROM Ready Control Register | ROMRDY — R/W 8 8B 4-4
000D>r | RAM Ready Control Register | RAMRDY — R/W 8 FF 4-5
00155 | Peripheral Control Register PRPHCON — R/W 8 8C 15-2
[Notes]

1. Addresses are not consecutive in some places.
2. A star (v) in the address column indicates a missing bit.

3. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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4.3 ROM Window Function

The ROM window function reads the contents of the program memory space specified by
the ROM window register (ROMWIN), located in the SFR area, by using the same address
in the data memory space as a window.

In other words, when the ROM window function is enabled and an instruction that accesses
(reads) the data memory space is executed, instead of accessing (reading) data in the data

memory space, data will be accessed (read) at the same addresses in the segment that is
specified by TSR in the program memory space.

Compared to the number of instruction cycles to be required to access normal data
memory, accessing the ROM window once requires additional 3 cycles for a byte instruction
and additional 6 cycles for a word instruction.

[Note]
If the ROM window function is enabled and a write instruction is executed, that result will
not be guaranteed. However, in this case additional cycles will not be added.

« ROM Window Register (ROMWIN)
The ROM window register (ROMWIN) is an 8-bit register. The lower 4 bits indicate the
start address of the ROM window and the upper 4 bits indicate the end address of the
ROM window. (Bits 4 and 5 of the upper 4 bits must be written as "1"s.) When 64KB of
the program memory space is represented in hexadecimal number (HEX), each of above
4-bit registers specifies the upper 1 digit of 4 digits. If the value of the lower 4 bits is all
zeros, the ROM window function will not operate.

Figure 4-1 shows the configuration of ROMWIN.

7 6 5 4 3 2 1 0
nqn nqn Address: 000B [H]
ROMWIN | | | ! | ! | | | | | R/W access: R/W
At reset (W is only performed once after reset)
(undefined)

These 4 bits specify the start

address of the ROM window.

(The upper 1 digit of 4 digits when

the 64KB memory space is represented
in hexadecimal format (HEX).)

These 4 bits specify the end

address of the ROM window.

(The upper 1 digit of 4 digits when

the 64KB memory space is represented
in hexadecimal format (HEX).)

Bits 4 and 5 must be set to "1".

Figure 4-1 ROMWIN Configuration
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If internal RAM is located in the data memory area specified as the ROM window, the data
memory'’s internal RAM will have priority.

The data memory space specified as the ROM window area cannot be used as normal
external data memory.

The ROM window start address is 1200H or above for segment 0, and 1000H or above for
segments 1to 15. The end address can be selected among the four end addresses listed
in Table 4-2.

Table 4-2 End Address List

ROMWIN End address [H]
Bit 7| Bit 6

0 0 3FFF

0 1 7FFF

1 0 BFFF

1 1 FFFF

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ROMWIN is undefined and the ROM window function does not operate.

ROMWIN can be written to once after reset. Additional writing attempts will be ignored.
Therefore, after the ROM window function has been set it can only be modified after areset.
ROMWIN can be read as many times as desired.

[Note]
The relative sizes of the start address "X" and the end address "Y" written to ROMWIN
are not evaluated by the hardware. Therefore, be sure that X <Y within the program.
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4.4 READY Function

So that memory and general-purpose ICs with slow access speeds can be connected
externally, wait cycles can be specified to be inserted during external memory accesses.
There are two registers that specify the number of wait cycles, the ROM ready control
register (ROMRDY) and the RAM ready control register (RAMRDY).

ROMRDY specifies wait cycles when the external ROM mode is used for the program
memory space. By setting the IRORDY flag to "1", the same wait cycles specified for the
external ROM are also applied to the internal ROM.

RAMRDY specifies wait cycles when the data memory space is extended externally.
Memory can be divided into the two areas of address 0000H to 7FFFH and 8000H to
FFFFH, and wait cycles can be specified for each area.

Table 4-3 lists the number of wait cycles that can be specified for RAMRDY and ROMRDY.

Table 4-3 Wait Cycles

Control register | Number of wait cycles to be inserted
ROMRDY Oto3
RAMRDY Oto7

4.4.1 ROM Ready Control Register (ROMRDY)

The ROM ready control register (ROMRDY) consists of two bits. ROMRDY specifies the
number of wait cycles with bits 0 and 1 (ORDY0 and ORDY1) and insertion or no insertion
of READY to the internal ROM with bit 2 (IRORDY).

ROMRDY can be read from and written to by the program. However, write operations are
invalid for bits 3and 7. Also, if writing to bits 4 to 6, they must be written as "0". When read,
bits 3 and 7 are always "1" and bits 4 to 6 are "0".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ROMRDY becomes 8BH and the largest number of wait cycles are set.
Therefore, three wait cycles will be added and inserted when external program memory is
accessed.

Figure 4-2 shows the configuration of ROMRDY.



MSM66577 Family User's Manual
Chapter 4 Memory Control Functions

7 6 5 4 3 2 1 0
— [ e YT _ Address: 000C [H]
RomrDY [ — [ 'o* [ "o | *o' | — [RoroYorDvfoRYg  Address:oo0:
At reset 1 0 0 0 1 0 1 1
Number of wait cycles to be
ORDY added and inserted during an
1 [ 0 |external program memory access
00 0 cycles
01 1 cycle
1]0 2 cycles
111 3 cycles
IRORDY| Internal ROM READY
0 Not inserted
1 Inserted

—" indicates a nonexistent bit.
When read, its value will be "1".

"0" indicates that the value "0" must always
be written to this bit. When read, its value
will be "0".

1 cycle is 1 CPUCLK.

Figure 4-2 ROMRDY Configuration

4.4.2 RAM Ready Control Register (RAMRDY)

The RAM ready control register (RAMRDY) consists of 6 bits. Bits 0 to 2 (ARDYO0O to
ARDY02) of RAMRDY specify the number of wait cycles for the external RAM area from
0000H to 7FFFH. Bits 4 to 6 (ARDY10 to ARDY12) specify the number of wait cycles for
the external RAM area from 8000H to FFFFH. The number of wait cycles is uniform for all
segments and settings are divided into the two areas of 0000H to 7FFFH (segment 0O is
1200H to 7FFFH) and 8000H to FFFFH.

RAMRDY can be read from and written to by the program. However, write operations are
invalid for bits 3 and 7. When read, bits 3 and 7 are always "1".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), RAMRDY becomes FFH and the largest number of wait cycles are set.
Therefore, seven wait cycles will be added and inserted when external data memory is
accessed.

Figure 4-3 shows the configuration of RAMRDY.

[Note]
In contrast to an internal data memory access, when external data memory is accessed,
2 or 3 cycles are automatically inserted for each 1 byte access. RAMRDY specifies the
number of cycles to be inserted in addition to the 2 or 3 cycles that are inserted
automatically inserted.
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7 6 5 4 3 2 1 0
RAMRDY| — |ARDY12|ARDY11|ARDY10| — IARDY02|ARDYO1|ARDYOO|

At reset 1 1 1 1 1 1 1 1

Address: 000D [H]
R/W access: R/'W

Number of wait cycles to be added
and inserted when accessing external
data memory 0000H to 7FFFH

0 cycles

1 cycle

2 cycles

4 cycles

5 cycles

6 cycles

bl b el Bl [ (@) [@ ] [@] [ )]

0
0
1
0
1 3 cycles
0
1
0
1

7 cycles

Number of wait cycles to be added
and inserted when accessing external
data memory 8000H to FFFFH

0 cycles

1 cycle

3 cycles

4 cycles

5 cycles

0
0
1
0 2 cycles
1
0
1
0

6 cycles

e e el el [=] (@] [a] (] o] B
alalolo=|—|olo|—=

1 7 cycles

—" indicates a nonexistent bit.
When read, its value will be "1".

1 cycle is 1 CPUCLK.
Figure 4-3 RAMRDY Configuration
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4.5 WAIT Function

When accessing the external data memory area, in addition to the READY function that
inserts wait cycles from the CPU, there is a WAIT function that can insert wait cycles via
control from the external device. (This is applicable only to the data memory space.)

At the falling edge of CPUCLK shown in Figure 4-4 and 4-5, the high level of pin P11_0/
WAIT is sampled and wait cycles are inserted into WR and RD strobe signals.

As shown in the sample timing of Figure 4-4, the WAIT function is released 1 t¢w after pin
P11 _O/WAIT is sample twice consecutively at a low level.

If the WAIT function is used with the READY function, the wait time that is largest will be
valid.

In order to use the WAIT function, set bit 6 (WAIT) of the peripheral control register
(PRPHCON) to "1". (Refer to Chapter 15, "Peripheral Functions".)

~—tow—=

CPUCLK T ‘ ‘ L
P11_0/WAIT : ﬁ Lo

‘ No WAIT
P3_2/RD ; N ‘

AO to A19 ‘

(P1_0to P1_7, ; RAP 0 to 19
P2_0to P2_3,

P4_0to P4_7)

DO to D7
(P0_0 to PO_7)

Din0Oto7

Figure 4-4 Sample Timing When Using the WAIT Function
(Separate Bus Type)
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~—tow—

CPUCLK T

b
—

P11_0/WAIT

P3_O/ALE ~ ——— \

! No WAIT !
P3_2/RD : '/ ———————————————————————————————————

ADO to AD7
(P0_0 to PO_7) ( RAPOto7 Dinoto7 )

A8 to A15

(P1.0to P17, RAP 810 19

P2_0 to P2_3)

Figure 4-5 Sample Timing When Using the WAIT Function
(Multiplexed Bus Type)
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5.1

Port Functions

Overview

The MSM66577 family has 14 sets of I/O port from PO to P11, P14 and P15 (74 ports) and
1 set of input-only port at P12 (8 ports).

Each individual bit of all the 1/O ports can be specified as input or output. All I/O ports have
internal pull-up resistors that can be programmed for each individual bit.

The 3 sets of PO, P3 and P11 (16 ports) are capable of providing the sink current of 10 mA
for driving LEDs.

If configured as inputs, the pins are high impedance inputs. If configured as outputs, they
are push-pull outputs. In addition to the port function, some ports are assigned an internal
function (secondary function).

Table 5-1 shows Port Function Summary.
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Table 5-1 Port Function Summary

Port name Pin Type [Number| 1/O Secondary function
Port 0* PO_Oto PO_7 A 8 I/O | External memory access address data bus ADO to AD7 (//O)
Port 1 P1_OtoP1_7 B 8 I/0 | External memory access A8 to A15 (output)
Port 2 P2 0to P2_3 B 4 I/0 | External memory access A16 to A19 (output)
Port 3* P3_0 B 1 I/0 | External memory access ALE (output)
P3_1 B 1 I/O | External program memory access PSEN (output)
P3_2 C 1 I/O | External data memory access RD (output)
P3_3 C 1 I/O | External data memory access WR (output)
Port 4 P4 0toP4_7 B 8 I/0 | External memory access AO to A7 (output)
Port 5 P5_4,P5_5 D 2 I/0 | Capture/compare CPCMO0, CPCM1 (I/0)
P5_6 D 1 I/0 | Timer 0 timer output TMOOUT (output)
P5_7 D 1 I/0 | Timer 0 external event input TMOEVT (input)
Port 6 P6_0to P6_3 D 4 I/0 | External interrupt EXINTO to EXINTS (input)
P6_4 D 1 I/0 | Timer 1 external event input TM1EVT (input)
P6_5 D 1 I/0 | Timer 1 timer output TM1OUT (output)
P6_6 D 1 I/0 | Timer 2 external event input TM2EVT (input)
P6_7 D 1 I/0 | Timer 2 timer output TM20OUT (output)
Port 7 P7_6, P7_7 D 2 I/0 | PWM output PWMOOUT, PWM10UT (output)
Port 8 P8_0 D 1 I/0 | SIO1 receive data input RXD1 (input)
P8_1 D 1 I/0 | SIO1 transmit data output TXD1 (output)
P8_2 D 1 I/0 | SIO1 receive clock RXC1 (I/0O)
P8_3 D 1 I/0 | SIO1 transmit clock TXC1 (1/0)
P8 _4 D 1 I/0 | Timer 4 timer output TM40OUT (output)
P8_6, P8_7 D 2 I/O | PWM output PWM20OUT, PWM3OUT (output)
Port 9 P9 0to P9_3 D 4 I/0 | External interrupt EXINT4 to EXINT7 (input)
P9_7 D 1 I/0 | HOLD mode transfer output HLDACK (output)
Port 10 P10_3 D 1 I/0 | SIO4 transmit-receive clock SIOCK4 (I/0)
P10_4 D 1 I/0 | SlO4 receive data output SIOO4 (output)
P10_5 D 1 I/0 | SIO4 transmit data input SIOI4 (input)
Port 11* P11_0 D 1 I/0 | External data memory access WAIT (input)
P11_1 D 1 I/0 | HOLD mode request input HOLD (input)
P11_2 D 1 I/0 | Main clock pulse output CLKOUT (output)
P11_3 D 1 I/0 | Subclock pulse output XTOUT (output)
Port12 |P12_0toP12_7| F 8 | A/D converter analog input AlO to Al7 (input)
Port 14 P14_0 D 1 I/0 | SIO5 transmit-receive clock SIOCKS5 (I/0)
P14_1 D 1 I/0 | SIO5 transmit data output SIOO5 (output)
P14_2 D 1 I/0 | SIOS5 receive data input SIOI5 (input)
P14_6, P14_7 E 2 I/0 D/A converter analog output AOO, AO1 (output)
Port 15 P15_0 D 1 I/0 | SIO6 transmit-receive data input RXD6 (input)
P15_1 D 1 I/0 | SIO6 transmit data output TXD6 (output)
P15_2 D 1 I/0 | SIOB6 receive clock RXC6 (I/0O)
P15_3 D 1 I/0 | SIO6 transmit clock TXC6 (I/O)

*Ports marked with an asterisk are capable of providing the sink current of 10 mA.
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5.2 Hardware Configuration of Each Port

Ports (PO to P12, P14, and P15) are divided into six categories, corresponding to each
function.

5.2.1Type A (P0)

The type A port has a secondary function and functions as an I/0O pin. Depending on the
state of the port mode registers (P0IOn) and the port secondary function control registers
(POSFn), the port configuration is switched between input, pulled-up input, output, and
secondary function 1/0 (external memory data I/O in a separate bus type, and external
memory data 1/0 and address output in a multiplexed bus type).

Because type A ports access external program memory as a secondary function, the port
status is determined by the status of the EA pin (that specifies external memory access).

When reset (due to RES input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the pin status will be as follows:

EA pin status Port initial status
H High impedance input port
L Secondary function 1/O port

Figure 5-1 shows the type A configuration.

control

POSFn /\IJ Pull-up 4|

s PO_n )
P0_n

Internal bus

POION

EA Secondary Read Secondary Secondary
function control control function output function input

Figure 5-1 Type A Configuration
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5.2.2 Type B (P1, P2, P3_0, P3_1, P4)

The type B port has a secondary function and functions as an I/O pin. Depending on the
state of the port mode registers (PmlIOn) and the port secondary function control registers
(PmSFn), the port configuration is switched between input, pulled-up input, output, and
secondary function output (external memory access).

Because type B ports access external program memory as a secondary function, the port
status is determined by the status of the EA pin (that specifies external memory access).

When reset (due to RES input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the pin status will be as follows:

EA pin status Port initial status
H High impedance input port
L Secondary function I/0 port

Figure 5-2 shows the type B configuration.

W /\IJ Pull-up I

control
S| Pm_n )
» Pm_n
3 ! L]
o) N
5 m=1,n=0to7
<
= m=2,n=0to3
<]
| m=3,n=0, 1
m=4,n=0to7
- EA Read Secondary
control function output

Figure 5-2 Type B Configuration
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5.2.3Type C (P3_2, P3_3)

The type C porthas asecondary function. Depending onthe state of the port mode registers
(P3I0n) and the port secondary function control registers (P3SFn), the port configuration
is switched between input, pulled-up input, output, and secondary function output (external
memory access).

When reset (due to RES input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of P310n and P3SFn is "0" and the port will be configured as
a high impedance input port.

Figure 5-3 shows the type C configuration.

P3SFn : Pull-up
:] control
P3_n
P3_n
4 1 L -
a ~
35 n=2,3
S
o P3I0On
£
e
N
- Read Secondary
control function output

Figure 5-3 Type C Configuration
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524

Internal bus

Type D (P5, P6, P7, P8, P9, P10, P11, P14 Oto P14 2, P15)

The type D porthas asecondary function. Depending onthe state of the port mode registers
(PmIOnN) and the port secondary function control registers (PmSFn), the port configuration
is switched between input (primary/secondary function), pulled-up input (primary/secondary
function), output, and secondary function output.

When reset (due to RES input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of PmIOn and PmSFn is "0" and the port will be configured
as a high impedance input port.

Figure 5-4 shows the type D configuration.

)

Pm_n
[ Pm_n
1 L
|
m=5n=4to7
m=6,n=0t03,4to7
]
F m=7,n=6,7
i m=8,n=0t04,6,7
m=9,n=0,1,7
Read Secondary Secondary
control function output function input m=10,n=31t05

m=11,n=0t0 3
m=14,n=0to0 2

m=15,n=0t0 3

Figure 5-4 Type D Configuration
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5.2.5Type E (P14_6, P14_7)
The type E porthas a secondary function. Depending on the state of the port mode registers
(PmIOnN) and the port secondary function control registers (PmSFn), the port configuration
is switched between input (primary/secondary function), pulled-up input (primary/secondary
function), output, and secondary function output.

When reset (due to RES input, BRK instruction execution, watchdog timer overflow or an
opcode trap), the initial value of P1410n and PI4SFn is "0" and the port will be configured
as a high impedance input port.

Figure 5-5 shows the type E configuration.

P14SFn /\I_I D |
™S~
[P1an] 9 ) +¢-1P14.n
8 <] n=6,7
a N
g
[0]
£ —>| P14I0n DAON
L
<
g il
T
DAON
- Read Secondary function output

control

Figure 5-5 Type E Configuration

5.2.6 Type F (P12)

The type F port has a secondary function input, but is an input-only port that is not assigned
a port mode register (PnlO) and a port secondary function control register (PnSF).

P12 also functions as the analog input of the A/D converter.

Figure 5-6 shows the type F configuration.

DON

1
Analog input % i % {OP12_n
1

ADON n=0to7

>

Data bus ﬁ

Read
control

Figure 5-6 Type F Configuration
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5.3 Port Registers

There are three types of port control registers:

e Port data registers (Pn: n=0to 12, 14, 15)

« Port mode registers (PnlO: n=0to 11, 14, 15)
» Port secondary function control registers (PnSF: n = 0 to 11, 14, 15)
These registers are allocated as SFRs.

Table 5-2 lists a summary of the port control SFRs.

Table 5-2 Port Control SFR Summary (1/2)

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W .

[H] (byte) (word) operation | value [H] page
0018 Port 0 data register PO — R/W 8 00 5-12
0019 Port 1 data register P1 — R/W 8 00 5-14
001Av% | Port 2 data register P2 — R/W 8 00 5-16
001Bvr | Port 3 data register P3 — R/W 8 00 5-18
001C Port 4 data register P4 — R/W 8 00 5-20
001Dvr | Port 5 data register P5 — R/W 8 00 5-22
001E Port 6 data register P6 — R/W 8 00 5-24
001F<¥ | Port 7 data register P7 — R/W 8 00 5-26
00B8+ | Port 8 data register P8 — R/W 8 00 5-28
00B9vr | Port 9 data register P9 — R/W 8 00 5-30
00BASY | Port 10 data register P10 — R/W 8 00 5-32
00BB+ | Port 11 data register P11 — R/W 8 00 5-34
00BC Port 12 data register P12 — R 8 Undefined 5-36
00BE>y | Port 14 data register P14 — R/W 8 00 5-37
00BF>% | Port 15 data register P15 — R/W 8 00 5-39
0020 Port 0 mode register POIO — R/W 8 00/FF 5-12
0021 Port 1 mode register P110 — R/W 8 00/FF 5-14
00225 | Port 2 mode register P210 — R/W 8 00/0F 5-16
00235 | Port 3 mode register P3IO — R/W 8 00/02 5-18
0024 Port 4 mode register P410 — R/W 8 00/FF 5-20
00255 | Port 5 mode register P510O — R/W 8 00 5-22
0026 Port 6 mode register P6IO — R/W 8 00 5-24
0027 v¢ | Port 7 mode register P710 — R/W 8 00 5-26
00COvx | Port 8 mode register P8IO — R/W 8 00 5-28
00C1+¢ | Port 9 mode register P9IO — R/W 8 00 5-30
00C2+¢ | Port 10 mode register P1010 — R/W 8 00 5-32
00C3%¢ | Port 11 mode register P1110 — R/W 8 00 5-34
00C45y | Port 14 mode register P1410 — R/W 8 00 5-37
00C5+%¢ | Port 15 mode register P1510 — R/W 8 00 5-39
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Table 5-2 Port Control SFR Summary (2/2)

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) operation | value [H] page

Port 0 secondary function
0028 ) POSF — R/W 8 00/FF 5-12
control register

Port 1 secondary function
0029 i P1SF — R/W 8 00/FF 5-14
control register

Port 2 secondary function
002A % i P2SF — R/W 8 00/0F 5-16
control register

Port 3 secondary function
002B ¥ i P3SF — R/W 8 00/03 5-18
control register

Port 4 secondary function
002C i P4SF — R/W 8 00/FF 5-20
control register

Port 5 secondary function
002D~x i P5SF — R/W 8 00 5-22
control register

Port 6 secondary function
002E i PE6SF — R/W 8 00 5-24
control register

Port 7 secondary function
002F % ) P7SF — R/W 8 00 5-26
control register

Port 14 secondary function
00C6+x ) P14SF — R/W 8 00 5-37
control register

Port 15 secondary function
00C7+¥ ) P15SF — R/W 8 00 5-39
control register

Port 8 secondary function
00C8+% i P8SF — R/W 8 00 5-28
control register

Port 9 secondary function
00C9+% i PISF — R/W 8 00 5-30
control register

Port 10 secondary function
00CA¥% i P10SF — R/W 8 00 5-32
control register

Port 11 secondary function
00CBw» i P11SF — R/W 8 00 5-34
control register

[Notes]
1. Addresses are not consecutive in some places.
2. A star (%) in the address column indicates a missing bit.

3. Initial values may change depending upon the status of the EA pin (mode registers
and secondary control registers for port O to port 4). Listings are in the order of EA
= high-level/low-level.

4. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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5.3.1 Port Data Registers (Pn: n=0to 12, 14, 15)
Port data registers (Pn : n = 0 to 12, 14, 15) store the port output data.

Pn registers are allocated as SFRs and when reset (due to a RES input, BRK instruction
execution, watchdog timer overflow, or opcode trap), their value becomes 00H.

If an instruction to read Pn is executed, for ports specified as inputs, the pin status ("0" or
"1") will be read. For ports specified as outputs, the Pn status ("0" or "1") will be read. If
an instruction to write to Pnis executed, regardless whether the port is input or output, data
will be written to Pn. Because P12 is an input-only port, only read instructions can be
executed. If a read instruction is executed, the pin status ("0" or "1") will be read.

[Note]
If a bit specified as input by the port mode register (PnlO) is read, the pin status will be
read. When writing data to a port data register (Pn), if read-modify-write instructions such
as arithmetic, logical and bit manipulation instructions are used, the port data register (Pn)
of the bit specified as an input will be overwritten.

5.3.2 Port Mode Registers (PnlO: n=0to 11, 14, 15)

Port mode registers (PnlO : n = 0to 11, 14, 15) specify whether 1/O ports are inputs or
outputs.

PnlO registers are allocated as SFRs and when reset (due to a RES input, BRK instruction
execution, watchdog timer overflow, opcode trap), their value becomes 00H and all ports
will be set to the input mode. However, if the EA pin is at a low level, ports used to access
external memory will automatically be set to the output mode.

Setting each individual bit of PnlO to "0" configures the input mode and "1" configures the
output mode.
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5.3.3 Port Secondary Function Control Registers (PnSF: n=0to 11, 14, 15)

Port secondary function control registers (PnSF: n=0to 11, 14, 15) specify the secondary
function output for ports.

PnSF registers are allocated as SFRs and when reset (due to RES input, BRK instruction
execution, watchdogtimer overflow, or opcode trap) their values become 00H and the
primary function will be selected for all ports. However, if the EA pin is at a low level, ports
used to access external memory will automatically be configured as secondary function
outputs.

When the port is in input mode, if PnSF is set to "1", the input will be pulled-up. When the
portis in output mode, if PnSF is set to "1", the secondary function output will be selected.

The secondary function input does not depend upon PnSF, and can be read in the same

manner as the primary function input with PnlO = 0.

Table 5-3 lists the port status due to the settings of the port mode register and the port
secondary function control register.

Table 5-3 Port Settings

PnlO PnSF Function
0 0 Input (primary/secondary function)
0 1 Pulled-up input (primary/secondary function)
1 0 Output (primary function)
1 1 Qutput (secondary function)

If a port that is not assigned a secondary function is set to secondary function output (PnlO
=1, PnSF = 1), "0" will be output to that port.

Table 5-4 lists the values read when reading the port data register (Pn: n=0t0 11, 14, 15)
according to the settings of port mode register (PnlO) and port secondary control register

(PnSF).
Table 5-4 Port Data Register Read Data
PnIO PnSF Read data
0 * Pin status
1 0 Pn (value of port data register)
1 1 Output secondary function data

*"0"or"1," n:0to 11, 14,15
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5.4 Port 0 (PO)

PO

Port 0 is an 8-bit I/0 port. Each individual bit can be specified as input or output by the port
0 mode register (POIO). When output is specified (corresponding bits of POIO ="1"), the
value of the corresponding bits in the port 0 data register (P0) will be output from their
appropriate pins.

In addition to its port function, PO is assigned a secondary function (external memory data
I/0 when selecting a separate bus type, and external memory data I/0O and address output
when selecting a multiplexed bus type). If the secondary function is to be used, set the
corresponding bits of the port 0 mode register (POIO) and the port 0 secondary function
control register (POSF) to "1".

Ifthe portis specified as an input (corresponding bits of POIO ="0") and the port 0 secondary
function control register (POSF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.

Figure 5-7 shows the configuration of the port O data register (P0), port 0 mode register
(POIO) and the port 0 secondary function control register (POSF).

7 6 5 4 3 2 1 0
‘ PO_7 ‘ P0_6 ‘ P0_5 ‘ P0_4 ‘ P0_3 ‘ P0_2 ‘ PO_1 ‘ PO_0 ‘

Address: 0018 [H]
R/W access: R/'W

At reset 0 0 0 0 0 0 0 0

P0OIO ‘ P0IO7 ‘ P0IO6 ‘ P0IOS ‘ P0IO4 ‘ P0IO3 ‘ P0IO2 ‘ POIO1 ‘ P0IOO ‘

7 6 5 4 3 2 1 0

Address: 0020 [H]
R/W access: R/'W

At t
@Aowy 1 01 o1 o1 o4 o1 04 o/t
7 6 5 4 3 2 1 0
POSF XAD7 | XAD6 | XAD5 | XAD4 | XAD3 | XAD2 XAD1 | XADO Address: 0028 [H]
At resset POSF7 | POSF6 | POSF5 | POSF4 | POSF3 | POSF2 | POSF1 | POSFO R/W access: R/'W
EA=HL) 0N 0/1 0/1 0/1 0/1 0/1 0/1 0/1
0 (Input setting) 1 (Output setting)

0| Not pulled-up . Primary function | P0_0 output
PO_0 input -

1 Pulled-up Secondary function| Data 0 I/O *

0| Not pulled-up i Primary function | PO_1 output
PO_1 input N

1 Pulled-up Secondary function| Data 1 1/0 *

0| Not pulled-up . Primary function | P0_2 output
PO_2 input N

1 Pulled-up Secondary function| Data 2 1/0 *

0| Not pulled-up . Primary function | P0_3 output
PO_3 input -

1 Pulled-up Secondary function| Data 3 1/0 *

0| Not pulled-up . Primary function | P0_4 output
PO_4 input -

1 Pulled-up Secondary function| Data 4 /O *

0| Not pulled-up . Primary function | P0_5 output
PO_5 input -

1 Pulled-up Secondary function| Data 5 /O *

0| Not pulled-up X Primary function | P0_6 output
P0O_6 input "

1 Pulled-up Secondary function| Data 6 /O *

0| Not pulled-up X Primary function | PO_7 output
PO_7 input -

1 Pulled-up Secondary function| Data 7 I/O *

indicates data I/O in a separate bus type. In a multiplexed bus type,
it will be data I/0 and address output.

Figure 5-7 PO, POIO, POSF Configuration
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Table 5-5 lists the data that is read, depending on the settings of POIO and POSF, when
executing an instruction to read PO.

At reset (due to RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EA pin is at a high level, PO will become a high impedance input port (POIO =
00H, POSF = 00H) and the contents of PO will be 00H. If the EA pin is at a low level, PO will
be set as a secondary function I/O port (POIO = FFH, POSF = FFH) and the contents of PO
will be O0H.

Table 5-5 PO Read Data

POIO POSF Read data
PO 0 0 * PO_0 pin state
- 1 * Value of bit 0 of PO (port data register)
PO 1 0 * PO_1 pin state
- 1 * Value of bit 1 of PO (port data register)
PO 2 0 * PO_2 pin state
- 1 * Value of bit 2 of PO (port data register)
PO 3 0 * PO_3 pin state
- 1 * Value of bit 3 of PO (port data register)
0 * PO_4 pin state
PO_4 X :
1 * Value of bit 4 of PO (port data register)
0 * PO_5 pin state
P0_5 X :
1 * Value of bit 5 of PO (port data register)
PO 6 0 * PO_6 pin state
- 1 * Value of bit 6 of PO (port data register)
0 * PO_7 pin state
PO_7 X :
1 * Value of bit 7 of PO (port data register)
nxn indicates IIOII or II1 n
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for PO,
depending on the settings of POIO and POSF, values will be read as listed in Table 5-5.
The modified values will be written to PO (port O data register).
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5.5

P1

Port 1 (P1)

Port 1 is an 8-bit I/0 port. Each individual bit can be specified as input or output by the port
1 mode register (P110). When output is specified (corresponding bits of P110 ="1"), the
value of the corresponding bits in the port 1 data register (P1) will be output from their
appropriate pins.

In addition to its port function, P1 is assigned a secondary function (external memory
address output). If the secondary function is to be used, set the corresponding bits of the
port 1 mode register (P110) and the port 1 secondary function control register (P1SF) to "1".

Ifthe portis specified as an input (corresponding bits of P110 ="0") and the port 1 secondary
function control register (P1SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.

Figure 5-8 shows the configuration of the port 1 data register (P1), port 1 mode register
(P1IO) and the port 1 secondary function control register (P1SF).

5 4 8 2 L 0 Add 10019 [H
‘ P17 ‘ P16 ‘ P15 ‘ P14 ‘ P13 ‘ P12 ‘ P11 ‘ P1_0 ‘ R/WaC(ZZZ:ZR/W H

Atreset 0 0 0 0 0 0 0 0

P110

At reset

7 6 5 4 3 2 1 0 .
‘ P1107 ‘ P1106 ‘ P1105 ‘ P1104 ‘ P1103 ‘ P1102 ‘ P1101 ‘ P1100 ‘ R/WA:gé::;m H

EA-tmy O 01 01 01 01 01 0/1 O/

7 6 5 4 3 2 1 0
P1SF XDM15 | XDM14 | XDM13 | XDM12 | XDM11 | XDM10 | XDM9 | XDM8 Address: 0029 [H]
Atreset LP1SF7 | P1SF6 | P1SF5 | P1SF4 | P1SF3 | P1SF2 | P1SF1 | P1SFO R/W access: R/W
(EA = H/L) 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
0 (Input setting) 1 (Output setting)

0| Not pulled-up X Primary function | P1_0 output
P1_0input -

1 Pulled-up Secondary function| Address 8 output

0| Not pulled-up . Primary function | P1_1 output
P1_1 input -

1 Pulled-up Secondary function| Address 9 output

0| Not pulled-up . Primary function | P1_2 output
P1_2 input -

1 Pulled-up Secondary function|Address 10 output

0| Not pulled-up . Primary function | P1_3 output
P1_3 input -

1 Pulled-up Secondary function|Address 11 output

0| Not pulled-up . Primary function | P1_4 output
P1_4 input -

1 Pulled-up Secondary function| Address 12 output

0| Not pulled-up X Primary function | P1_5 output
P1_5input -

1 Pulled-up Secondary function| Address 13 output

0| Not pulled-up X Primary function | P1_6 output
P1_6 input -

1 Pulled-up Secondary function| Address 14 output

0| Not pulled-up . Primary function | P1_7 output
P1_7 input -

1 Pulled-up Secondary function| Address 15 output

Figure 5-8 P1, P110, P1SF Configuration
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Table 5-6 lists the data that is read, depending on the settings of P110 and P1SF, when
executing an instruction to read P1.

At reset (due to RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EA pin is at a high level, P1 will become a high impedance input port (P110 =
00H, P1SF = 00H) and the contents of P1 will be 00H. If the EA pinis at a low level, P1 will
be set as a secondary function output port (P110 = FFH, P1SF = FFH) and the contents of

P1 will be O0H.

Table 5-6 P1 Read Data

o

Read data

0 * P1_0 pin state
P1.0 1 * Value of bit 0 of P1 (port data register)
0 * P1_1 pin state
P1_1 1 * Value of bit 1 of P1 (port data register)
0 * P1_2 pin state
P12 1 * Value of bit 2 of P1 (port data register)
0 * P1_3 pin state
P1.3 1 * Value of bit 3 of P1 (port data register)
0 * P1_4 pin state
P14 1 * Value of bit 4 of P1 (port data register)
o1 5 0 * P1_5 pin state
= 1 * Value of bit 5 of P1 (port data register)
o1 6 0 * P1_6 pin state
- 1 * Value of bit 6 of P1 (port data register)
oy 7 0 * P1_7 pin state
- 1 * Value of bit 7 of P1 (port data register)
"*"indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P1,
depending on the settings of P110 and P1SF, values will be read as listed in Table 5-6.
The modified values will be written to P1 (port 1 data register).
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5.6 Port 2 (P2)
Port 2 is a 4-bit I/0 port. Each individual bit can be specified as input or output by the port
2 mode register (P210). When output is specified (corresponding bits of P2I0 ="1"), the
value of the corresponding bits in the port 2 data register (P2) will be output from their
appropriate pins.
In addition to its port function, P2 is assigned a secondary function (external memory
address output). If the secondary function is to be used, set the corresponding bits of the
port 2 mode register (P210) and the port 2 secondary function control register (P2SF) to "1".
Ifthe portis specified as an input (corresponding bits of P210 ="0") and the port 2 secondary
function control register (P2SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.
Figure 5-9 shows the configuration of the port 2 data register (P2), port 2 mode register
(P2I0) and the port 2 secondary function control register (P2SF).
’ 6 5 4 8 Address: 001A [H]
P2 ‘ - ‘ - ‘ - ‘ — ‘ P23 ‘ P22 ‘ P21 ‘ P20 ‘ R/W access: R/W
Atreset 0 0 0 0 0 0 0 0
7 6 5 4 3
Address: 0022 [H]
P20 [ [ = [ — | — [eaos] pace[pac [rao]  puw sceees
E=HL) O 0 0 0 01 01 0/ oA
7 6 5 4 3 2 1 0
P2SF XDM19 | XDM18 | XDM17 | XDM16 Address: 002A [H]
At reset - B - | p2sF3 | PasF2 | P2sF1 | P2SFO R/W access: R/W
(EA=HAL) 0 0 0 0 0/1 0/1 0/1 0/1
0 (Input setting) 1 (Output setting)
0| Not pulled-up P2 0 input Primary function | P2_0 output
1 Pulled-up =0 npu Secondary function|Address 16 output
0| Not pulled-up P2 1 inout Primary function | P2_1 output
1 Pulled-up =1 ey Secondary function|Address 17 output
0| Not pulled-up P2 2 inout Primary function | P2_2 output
1 Pulled-up - NPy Secondary function|Address 18 output
0| Not pulled-up P2 3 input Primary function | P2_3 output
1 Pulled-up - NPy Secondary function|Address 19 output

"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-9 P2, P210, P2SF Configuration
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Table 5-7 lists the data that is read, depending on the settings of P210 and P2SF, when
executing an instruction to read P2.

Atreset (due to aRES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EA pin is at a high level, P2 will become a high impedance input port (P210 =
00H, P2SF = 00H) and the contents of P2 will be 00H. If the EA pin s at a low level, P2 will
be set as a secondary function output port (P210 = 0OFH, P2SF = OFH) and the contents of
P2 will be O0H.

Table 5-7 P2 Read Data

P210 P2SF Read data
P2 0 0 * P2_0 pin s.tate .
1 * Value of bit 0 of P2 (port data register)
Po 1 0 * P2_1 pin state
- 1 * Value of bit 1 of P2 (port data register)
o 2 0 * P2_2 pin state
- 1 * Value of bit 2 of P2 (port data register)
0 * P2_3 pin state
P23 1 * Value of bit 3 of P2 (port data register)
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P2,
depending on the settings of P2I0 and P2SF, values will be read as listed in Table 5-7.
The modified values will be written to P2 (port 2 data register).
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5.7 Port 3 (P3)

Port 3 is a 4-bit I/O port. Each individual bit can be specified as input or output by the port
3 mode register (P310). When output is specified (corresponding bits of P310 = "1"), the
value of the corresponding bits in the port 3 data register (P3) will be output from their
appropriate pins.

In addition to its port function, P3 is assigned secondary functions (ALE, PSEN, RD, and
WR outputs). If a secondary function is to be used, set the corresponding bits of the port
3 mode register (P310) and the port 3 secondary function control register (P3SF) to "1".
Ifthe portis specified as an input (corresponding bits of P310 ="0") and the port 3 secondary
function control register (P3SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.

Figure 5-10 shows the configuration of the port 3 data register (P3), port 3 mode register
(P3I0) and the port 3 secondary function control register (P3SF).

7 4 2 1
6 5 8 Address: 001B [H]
AtPs " — ‘ — ‘ - ‘ — ‘ P33 ‘ P32 ‘ P31 ‘ P30 ‘ R/W access: R/'W
rese 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Address: 0023 [H]
P3IO — | = ] — ] — [raos]paoz]Paior | P3I00 | kv aceese RW
At reset :
(EA=H/L) 0 0 0 0 0 0 0/1 0
7 6 5 4 3 2 1 0
P3SF . . . . WR RD | PSEN | ALE Address: 002B [H]
At P3SF3 | P3SF2 | P3SF1 | P3SFO R/W access: R/W
reset
(EA = H/L) 0 0 0 0 0 0 0/1 on
0 (Input setting) 1 (Output setting)
0| Not pulled-up . Primary function | P3_0 output
P3_0 input N
1 Pulled-up Secondary function| ALE output
0| Not pulled-up . Primary function | P3_1 output
P3_1 input -
1 Pulled-up Secondary function| PSEN output
0| Not pulled-up . Primary function | P3_2 output
P3_2 input - —
1 Pulled-up Secondary function| RD output
0| Not pulled-up . Primary function | P3_3 output
P3_8 input - —
1 Pulled-up Secondary function| WR output

"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-10 P3, P30, P3SF Configuration
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Table 5-8 lists the data that is read, depending on the settings of P3I0 and P3SF, when
executing an instruction to read P3.

Atreset (due to aRES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EA pin is at a high level, P3 will become a high impedance input port (P310 =
00H, P3SF = 00H) and the contents of P3 will be 00H. If the EA pin is at a low level, only
P3_0and P3_1 will be set as a secondary function I/O port (P30 = 03H, P3SF = 03H) and
the contents of P3 will be O0H.

Table 5-8 Read Data

P3I1O P3SF Read data
P3 0 0 * P3_0 pin state
- 1 * Value of bit 0 of P3 (port data register)
0 * P3_1 pin state
P31 1 * Value of bit 1 of P3 (port data register)
0 * P3_2 pin state
P32 1 * Value of bit 2 of P3 (port data register)
0 * P3_3 pin state
P3_3 - -
1 * Value of bit 3 of P3 (port data register)
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P3,
depending on the settings of P3I0 and P3SF, values will be read as listed in Table 5-8.
The modified values will be written to P3 (port 3 data register).
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5.8 Port 4 (P4)
Port 4 is an 8-bit I/0 port. Each individual bit can be specified as input or output by the port
4 mode register (P410). When output is specified (corresponding bits of P410 = "1"), the
value of the corresponding bits in the port 4 data register (P4) will be output from their
appropriate pins.
In addition to its port function, P4 is assigned a secondary function (external memory
address output when selecting a separate bustype). Ifthe secondary functionis to be used,
set the corresponding bits of the port 4 mode register (P410) and the port 4 secondary
function control register (P4SF) to "1".
Ifthe portis specified as an input (corresponding bits of P410 ="0") and the port 4 secondary
function control register (P4SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.
Figure 5-11 shows the configuration of the port 4 data register (P4), port 4 mode register
(P410) and the port 4 secondary function control register (P4SF).
7 6 5 4 3 2 L 0 Address: 001C [H]
P4 ‘ P4_7 ‘ P4_6 ‘ P4_5 ‘ P4_4 ‘ P4_3 ‘ P4_2 ‘ P4_1 ‘ P4_0 ‘ R/Waccess; R/W
Atreset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 .
P410 ‘ P4107 ‘ P4106 ‘ P4105 ‘ P4104 ‘ P4103 ‘ P4102 ‘ P4101 ‘ P4100 ‘ R/WASSCI’::: g(/)\i;‘ ]
At reset :

§A=wy o1 04 01 01 01 04 01 0N

7 6 5 4 3 2 1 0
PASF XDM7 | XDM6 | XDM5 | XDM4 | XDM3 | XDM2 | XDM1 | XDMO Address: 002C [H]
Atroset LPASF7 | PASF6 | PASF5 | P4SF4 | PASF3 | PASF2 | PASF1 | P4SFO R/W access: R/W
(EA = H/L) 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
0 (Input setting) 1 (Output setting)

0| Not pulled-up . Primary function | P4_0 output
P4_0 input -

1 Pulled-up Secondary function| Address 0 output

0| Not pulled-up . Primary function | P4_1 output
P4_1 input -

1 Pulled-up Secondary function| Address 1 output

0| Not pulled-up . Primary function | P4_2 output
P4_2 input -

1 Pulled-up Secondary function| Address 2 output

0| Not pulled-up . Primary function | P4_3 output
P4_3 input -

1 Pulled-up Secondary function| Address 3 output

0| Not pulled-up . Primary function | P4_4 output
P4_4 input -

1 Pulled-up Secondary function| Address 4 output

0| Not pulled-up . Primary function | P4_5 output
P4_5 input -

1 Pulled-up Secondary function| Address 5 output

0| Not pulled-up . Primary function | P4_6 output
P4_6 input -

1 Pulled-up Secondary function| Address 6 output

0| Not pulled-up . Primary function | P4_7 output
P4_7 input -

1 Pulled-up Secondary function| Address 7 output

Figure 5-11 P4, P410, P4SF Configuration
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Table 5-9 lists the data that is read, depending on the settings of P410 and P4SF, when
executing an instruction to read P4.

Atreset (due to aRES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), if the EA pin is at a high level, P4 will become a high impedance input port (P410 =
00H, P4SF = 00H) and the contents of P4 will be O0H. If the EA pin s at a low level, P4 will
be set as a secondary function output port (P410 = FFH, PASF = FFH) and the contents of
P4 will be O0H.

Table 5-9 P4 Read Data

P410 P4SF Read data
P4 0 0 * P4_0 pin state
- 1 * Value of bit 0 of P4 (port data register)
P4 1 0 * P4_1 pin state
- 1 * Value of bit 1 of P4 (port data register)
0 * P4_2 pin state
P4_2 . :
1 * Value of bit 2 of P4 (port data register)
0 * P4_3 pin state
P4_3 - -
1 * Value of bit 3 of P4 (port data register)
0 * P4_4 pin state
P4_4 - -
1 * Value of bit 4 of P4 (port data register)
0 * P4_5 pin state
P4_5 - -
1 * Value of bit 5 of P4 (port data register)
P4 6 0 * P4_6 pin state
- 1 * Value of bit 6 of P4 (port data register)
P4 7 0 * P4_7 pin state
- 1 * Value of bit 7 of P4 (port data register)
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P4,
depending on the settings of P410 and P4SF, values will be read as listed in Table 5-9.
The modified values will be written to P4 (port 4 data register).
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Not pulled-up | P5_7 input, timer 0 | Primary function | P5_7 output

5.9 Port 5 (P5)
Port 5 is a 4-bit I/0 port. Each individual bit can be specified as input or output by the port
5 mode register (P510). When output is specified (corresponding bits of P510 ="1"), the
value of the corresponding bits in the port 5 data register (P5) will be output from their
appropriate pins.
In addition to its port function, P5 is assigned secondary functions (such as capture/
compare I/O). If a secondary function output is to be used, set the corresponding bits of
the port 5 mode register (P510) and the port 5 secondary function control register (P5SF)
to "1". If a secondary function input is to be used, reset the corresponding bits of the port
5 mode register (P510) to "0" to configure the input mode (same input as the primary
function input).
Ifthe portis specified as an input (corresponding bits of P510 ="0") and the port 5 secondary
function control register (P5SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.
If bit 7 of port 5 is set to secondary function output (P5107 = 1, P5SF7 = 1), the output will
be fixed at "0", regardless of the value of the port 5 data register.
Figure 5-12 shows the configuration of the port 5 data register (P5), port 5 mode register
(P5I0) and the port 5 secondary function control register (P5SF).
! 6 5 4 8 2 ! 0 Add 001D [H]
ress:
Atl:esset ‘ PZJ ‘ PZ’G ‘ PZ’S ‘ PZ’A ‘ _0 ‘ _0 ‘ _0 ‘ _0 ‘ R/W access: R/W
! 6 5 4 8 2 ! 0 Add 0025 [H]
ress:
Atpfelsoet ‘ P5IO7‘ P5106 ‘ P5105 ‘ P5104 ‘ _ ‘ — ‘ _ ‘ _ ‘ e Saress: 002¢
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
pssr [ pases [Todcramferoul T T[] e
At reset
0 0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
‘ 0| Not pulled-up P5_4 input | Primary function | P5_4 output
1 Pulled-up Capture 0 input |Secondary function| Compare 0 output
0| Not pulled-up P5_5 input | Primary function | P5_5 output
1 Pulled-up Capture 1 input |Secondary function| Compare 1 output
0| Not pulled-up P5 6i Primary function | P5_6 output
1 Pulled-up 56 input Secondary function| Timer 0 output
0
1

Pulled-up External event input | Secondary function| 0 output®

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-12 P5, P510, P5SF Configuration
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Table 5-10 lists the data that is read, depending on the settings of P510 and P5SF, when
executing an instruction to read P5.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P5 will become a high impedance input port (P510 = 00H, P5SF = 00H) and the
contents of P5 will be O0H.

Table 5-10 P5 Read Data

P510 P5SF Read data
0 * P5_4/CPCMO pin state
P5_4 1 0 Value of bit 4 of P5 (port data register)
1 1 CPCMO output data
0 * P5_5/CPCM1 pin state
P5_5 1 0 Value of bit 5 of P5 (port data register)
1 1 CPCM1 output data
0 * P5_6 pin state
P5_6 1 0 Value of bit 6 of P5 (port data register)
1 1 TMOOUT output data
0 * P5_7/TMOEVT pin state
P5_7 1 0 Value of bit 7 of P5 (port data register)
1 1 "0"
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P5,
depending on the settings of P5I0 and P5SF, values will be read as listed in Table 5-10.
The modified values will be written to P5 (port 5 data register).
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5.10 Port 6 (P6)

Port 6 is an 8-bit I/0 port. Each individual bit can be specified as input or output by the port
6 mode register (P610). When output is specified (corresponding bits of P610 = "1"), the
value of the corresponding bits in the port 6 data register (P6) will be output from their
appropriate pins.

In addition to its port function, P6 is assigned a secondary function (such as external
interrupt input). If the secondary function output is to be used, set the corresponding bits
of the port 6 mode register (P610) and the port 6 secondary function control register (P6SF)
to"1". If the secondary function input is to be used, reset the corresponding bits of the port
6 mode register (P610O) to "0" to configure the input mode (same input as the primary
function input).

If the port is set as an input (corresponding bits of P610O = "0") and the port 6 secondary
function control register (P6SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.

If bits 0 to 4 and bit 6 of port 6 are set as a secondary function output (P610n = 1, P6SFn
= 1), the output will be fixed at "0", regardless of the value of the port 6 data register.

Figure 5-13 shows the configuration of the port 6 data register (P6), port 6 mode register
(P6I0) and the port 6 secondary function control register (P6SF).

7
Address: 001E [H]
P6 ‘ P6_7 ‘ P6_6 ‘ P6_5 ‘ P6_4 ‘ P6_3 ‘ P6_2 ‘ P6_1 ‘ P6_0 ‘ R/W access: RAW
At reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
P6IO ‘ P6107 ‘ P6106 ‘ P6105 ‘ P6104 ‘ P6103 ‘ P6102 ‘ P6101 ‘ P6100 ‘ R/WAggézzz g(/)\?\f [H]
Atreset 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
PTM20UT PTM10U :
P6SF PESF7 PGSF5W P6SF4 ‘ P6SF3 ‘ P6SF2 ‘ P6SF1 ‘ P6SFO ‘ R/WA:g(l;:z: g(/)\?VE [H]
At reset '

0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
Not pulled-up P6_0input | Primary function | P6_0 output

External interrupt -
Pulled-up 0 input Secondary function| 0 output*

Not pulled-up P6_1input | Primary function | P6_1 output

External interrupt -
Pulled-up 1 input Secondary function| 0 output*

Not pulled-up P6_2input | Primary function | P6_2 output

External interrupt -
Pulled-up 2 input Secondary function| 0 output*

Not pulled-up P6_3input | Primary function | P6_3 output

External interrupt

Not pulled-up P6_4input | Primary function | P6_4 output

Timer 1 external -
Pulled-up event input Secondary function| 0 output*

Not pulled-up Primary function | P6_5 output

P6_5 input " "
Pulled-up Secondary function| Timer 1 output

Not pulled-up P6_6input | Primary function | P6_6 output

Timer 2 external -
Pulled-up eventinput _|Secondary function| 0 output*

Not pulled-up Primary function | P6_7 output

P6_7 input " -
Pulled-up Secondary function| Timer 2 output

0
1
0
1
0
1
0
1 Pulled-up 3 input Secondary function| 0 output*
0
1
0
1
0
1
0
1

0 output™ "0" is output, regardless of the value of the port data register

Figure 5-13 P6, P610, P6SF Configuration
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Table 5-11 lists the data that is read, depending on the settings of P610O and P6SF, when
executing an instruction to read P6.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P6 will become a high impedance input port (P610 = 00H, P6SF = 00H) and the
contents of P6 will be O0H.

Table 5-11 P6 Read Data

P6IO P6SF Read data

0 * P6_0/EXINTO pin state

P6_0 1 0 Value of bit 0 of P6 (port data register)
1 1 "o"
0 * P6_1/EXINT1 pin state

P6_1 1 0 Value of bit 1 of P6 (port data register)
1 1 "o"
0 * P6_2/EXINT2 pin state

P6_2 1 0 Value of bit 2 of P6 (port data register)
1 1 "0"
0 * P6_3/EXINT3 pin state

P6_3 1 0 Value of bit 3 of P6 (port data register)
1 1 "0"
0 * P6_4/TM1EVT pin state

P6_4 1 0 Value of bit 4 of P6 (port data register)
1 1 "o"
0 * P6_5 pin state

P6_5 1 0 Value of bit 5 of P6 (port data register)
1 1 TM10UT output data
0 * P6_6 pin state

P6_6 1 0 Value of bit 6 of P6 (port data register)
1 1 "o"
0 * P6_7 pin state

P6_7 1 0 Value of bit 7 of P6 (port data register)
1 1 TM20OUT output data

"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P6,
depending on the settings of P610 and P6SF, values will be read as listed in Table 5-11.
The modified values will be written to P6 (port 6 data register).
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5.11 Port 7 (P7)

Port 7 is a 7-bit I/O port. Each individual bit can be specified as input or output by the port
7 mode register (P710). When output is specified (corresponding bits of P710 ="1"), the
value of the corresponding bits in the port 7 data register (P7) will be output from their
appropriate pins.

In addition to its port function, P7 is assigned secondary functions (such as PWMO output).
If a secondary function output is to be used, set the corresponding bits of the port 7 mode
register (P710) and the port 7 secondary function control register (P7SF) to "1".

If the port is set as an input (corresponding bits of P710 = "0") and the port 7 secondary
function control register (P7SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.

Figure 5-14 shows the configuration of the port 7 data register (P7), port 7 mode register
(P710) and the port 7 secondary function control register (P7SF).

7 6 5 4 3 2 1 0
Address: 001F [H]
P7 ‘P7—7 ‘ P7—6‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ R/W access: R/W
Atreset ¢ 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Add 0027 H
: 7
prio [Pror[pmos | — | — [ — | — | — | — | pyddressi002riH]
Atresst 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
prsE  PMMioUTPWMOOUT _ _ _ _ _ Address: 002F [H]
P7SF7 | P7SF6 R/W access: R/W
At reset
0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0| Not pulled-up X Primary function | P7_6 output
P7_6 input -
1 Pulled-up Secondary function| PWMO output
0| Not pulled-up . Primary function | P7_7 output
P7_7 input -
1 Pulled-up Secondary function| PWM1 output

"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-14 P7, P710, P7SF Configuration
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Table 5-12 lists the data that is read, depending on the settings of P710 and P7SF, when
executing an instruction to read P7.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P7 will become a high impedance input port (P710 = 00H, P7SF = 00H) and the
contents of P7 will be O0H.

Table 5-12 P7 Read Data

P70 P7SF Read data

0 * P7_6 pin state
P7_6 1 0 Value of bit 6 of P7 (port data register)

1 1 PWMOOUT output data

0 * P7_7 pin state
P7_7 1 0 Value of bit 7 of P7 (port data register)

1 1 PWM10UT output data

"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P7,
depending on the settings of P710 and P7SF, values will be read as listed in Table 5-12.
The modified values will be written to P7 (port 7 data register).
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5.12 Port 8 (P8)
Port 8 is a 7-hit I/0 port. Each individual bit can be specified as input or output by the port
8 mode register (P810). When output is specified (corresponding bits of P8IO = "1"), the
value of the corresponding bits in the port 8 data register (P8) will be output from their
appropriate pins.
In addition to its port function, P8 is assigned secondary functions (such as SIO1 receive
data input). If a secondary function output is to be used, set the corresponding bits of the
port 8 mode register (P810) and the port 8 secondary function control register (P8SF) to "1".
If a secondary function input is to be used, reset corresponding bits of the port 8 mode
register (P810) to "0" to configure the input mode (same input as the primary function input).
If the port is set as an input (corresponding bits of P8IO = "0") and the port 8 secondary
function control register (P8SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.
If bit O of port 8 is set as a secondary function output (P8100 = 1, P8SFO0 = 1), the output
will be fixed at "0", regardless of the value of the port 8 data register.
Figure 5-15 shows the configuration of the port 8 data register (P8), port 8 mode register
(P8IO) and the port 8 secondary function control register (P8SF).
7 6 5 4 3 2 1
Address: 00B8 [H]
P8 ‘ P8_7 ‘ P8_6 ‘ - ‘ P8_4 ‘ P8_3 ‘ P8_2 ‘ P8_1 ‘ P8_0 ‘ R/W access: R/W
Atreset 0 0 0 0 0 0 0
7 6 5 4 3 2 1 )
P8IO ‘ P8I07 ‘ P8I06 ‘ —_ ‘ P8l04 ‘ P8I03 ‘ P8I02 ‘ P8IO1 ‘ P8IO0 ‘ R/WAg(?g:::: g%?vo H
Atreset 4 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
PWM30UT|PWM20UT| PTM4OUT| TXC1 | RXC1 | TXD1 Address: 00C8 [H
P8SF ‘ PBSF7T‘ P8SF6 ‘ - ‘ P8SF4 ‘ P8SF3 ‘ PBSFZ‘ PSSF1 ‘ P8SFO ‘ R/W acé:g:; R/W r
At reset
0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0| Not pulled-up P8_0input | Primary function | P8_0 output
SIO1 receive -
1 Pulled-up data input __|Secondary function| 0 output*
0| Not pulled-up ) Primary function | P8_1 output
P8_1 input Ny
1 Pulled-up Secondary function|siot transmit data output|
0| Not pulled-up P8 _2input | Primary function | P8_2 output
SIO1 receive -
1 Pulled-up clock input  |Secondary function|siof receive clock output
0| Not pulled-up P8_3input | Primary function | P8_3 output
SIO1 transmit
1 Pulled-up clock input Secondary function siot transmit clock outpu
0| Not pulled-up . Primary function | P8_4 output
P8_4 input - "
1 Pulled-up Secondary function| Timer 4 output
0| Not pulled-up . Primary function | P8_6 output
P8_6 input -
1 Pulled-up Secondary function| PWM2 output
0| Not pulled-up . Primary function | P8_7 output
P8_7 input -
1 Pulled-up Secondary function| PWMS3 output

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-15 P8, P8I0, P8SF Configuration
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Table 5-13 lists the data that is read, depending on the settings of P8I0 and P8SF, when
executing an instruction to read P8.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P8 will become a high impedance input port (P8I0 = 00H, P8SF = 00H) and the
contents of P8 will be O0H.

Table 5-13 P8 Read Data

P8IO P8SF Read data

0 * P8_0/RXD1 pin state

P8_0 1 0 Value of bit 0 of P8 (port data register)
1 1 "0"
0 * P8_1 pin state

P8_1 1 0 Value of bit 1 of P8 (port data register)
1 1 TXD1 output data
0 * P8_2/RXC1 pin state

P8_2 1 0 Value of bit 2 of P8 (port data register)
1 1 RXC1 output data
0 * P8_3/TXC1 pin state

P8_3 1 0 Value of bit 3 of P8 (port data register)
1 1 TXC1 output data
0 * P8_4 pin state

P8_4 1 0 Value of bit 4 of P8 (port data register)
1 1 TM40UT output data
0 * P8_6 pin state

P8_6 1 0 Value of bit 6 of P8 (port data register)
1 1 PWM2OUT output data
0 * P8_7 pin state

P8_7 1 0 Value of bit 7 of P8 (port data register)
1 1 PWMB3OUT output data

"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P8,
depending on the settings of P8IO and P8SF, values will be read as listed in Table 5-13.
The modified values will be written to P8 (port 8 data register).
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5.13 Port 9 (P9)

Port 9 is a 5-hit I/O port. Each individual bit can be specified as input or output by the port
9 mode register (P910). When output is specified (corresponding bits of P9IO = "1"), the
value of the corresponding bits in the port 9 data register (P9) will be output from their
appropriate pins.

In addition to its port function, P9 is assigned secondary functions (such as external
interrupt input). If a secondary function output is to be used, set the corresponding bits of
the port 9 mode register (P910) and the port 9 secondary function control register (P9SF)
to"1". Ifasecondary functioninputisto be used, reset corresponding bits of the port 9 mode
register (P910) to "0" to configure the input mode (same input as the primary function input).

If the port is set as an input (corresponding bits of P9IO = "0") and the port 9 secondary
function control register (P9SF) is set to "1", the pin inputs corresponding to those bits will
be pulled-up.

If bits 0 to 3 of port 9 are set as secondary function outputs (P9IOn = 1, P9SFn = 1), the
output will be fixed at "0", regardless of the value of the port 9 data register.

Figure 5-16 shows the configuration of the port 9 data register (P9), port 9 mode register
(P9IO) and the port 9 secondary function control register (P9SF).

7 6 5 3
Address: 00B9 [H]
P9 ‘ o7 ‘ - ‘ - ‘ - ‘ P9.3 ‘ P92 ‘ Po_t ‘ P90 ‘ R/W access: R/W
At reset 0 0 0 0 0 0 0 0
7 6 5 4 3 0
P9IO ‘ PQIO?‘ — ‘ — ‘ — ‘ P9IO3 ‘ P9I02 ‘ POIOT ‘ P9IO0 ‘ R /WA::«;::: g%y H
Atreset 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
POSF Hllggsfﬁ’( — ‘ — | PosF3 | PosF2 | PasF1 | PesFo R /WA:gcr::f g%:vg H
At reset '
0 0 0 0 0 0 0

‘ 0 (Input setting) 1 (Output setting)

Not pulled-up P9_7input | Primary function | P9_7 output

0| Not pulled-up P9_Oinput | Primary function | P9_0 output
External interrupt -
1 Pulled-up 4 input Secondary function| 0 output*
0| Not pulled-up P9_1input | Primary function | P9_1 output
External interrupt -
1 Pulled-up 5 input Secondary function| 0 output*
- P9_2 input : i
0| Not pulled-up External interrupt Primary functlén P9_2 output
1 Pulled-up 6 input Secondary function| 0 output*
0| Not pulled-up X Primary function | P9_3 output
P9_3input "
1 Pulled-up Secondary function| 0 output*
0
1

External interrupt -
Pulled-up 7 input Secondary function| HLDACK output

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-16 P9, P910, P9SF Configuration
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Table 5-14 lists the data that is read, depending on the settings of P9IO and P9SF, when
executing an instruction to read P9.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P9 will become a high impedance input port (P910 = 00H, P9SF = 00H) and the
contents of P9 will be O0H.

Table 5-14 P9 Read Data

P9IO PIOSF Read data
0 * P9_0/EXINT4 pin state
P9O_0 1 0 Value of bit 0 of P9 (port data register)
1 1 "o"
0 * P9_1/EXINTS5 pin state
P9_1 1 0 Value of bit 1 of P9 (port data register)
1 1 "o"
0 * P9_2/EXINT6 pin state
P9 _2 1 0 Value of bit 2 of P9 (port data register)
1 1 "0"
0 * P9_3/EXINT7 pin state
P9_3 1 0 Value of bit 3 of P9 (port data register)
1 1 "0"
0 * P9_7 pin state
P9_7 1 0 Value of bit 7 of P9 (port data register)
1 1 HLDACK output
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P9,
depending on the settings of P9IO and P9SF, values will be read as listed in Table 5-14.
The modified values will be written to P9 (port 9 data register).
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5.14 Port 10 (P10)

Port 10is a 3-bit I/0 port. Each individual bit can be specified as input or output by the port
10 mode register (P1010). When output is specified (corresponding bits of P1010 = "1"),
the value of the corresponding bits in the port 10 data register (P10) will be output from their
appropriate pins.

In addition toits port function, P10 is assigned secondary functions (such as SIO4 transmit-
receive clock I/O). If a secondary function output is to be used, set the corresponding bits
of the port 10 mode register (P1010) and the port 10 secondary function control register
(P10SF) to "1". If a secondary function input is to be used, reset corresponding bits of the
port 10 mode register (P1010) to "0" to configure the input mode (same input as the primary
function input).

If the port is set as an input (corresponding bits of P1010 = "0") and the port 10 secondary
function control register (P10SF) is setto "1", the pin inputs corresponding to those bits will
be pulled-up.

If bit 5 of port 10 is set as secondary function outputs (P1010n =1, P10SFn = 1), the output
will be fixed at "0", regardless of the value of the port 10 data register.

Figure 5-17 shows the configuration of the port 10 dataregister (P10), port 10 mode register
(P10I0) and the port 10 secondary function control register (P10SF).

7 6 5 4 3 1 0
Address: 00BA [H]
P10 ‘ — ‘ — ‘ij ‘ow“ ‘ P1073‘ — ‘ — ‘ — ‘ R/W access: R/'W
Atreset g 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 c
P1010 ‘ — ‘ — ‘ PWOIOS‘ P10IO4‘P10IO3‘ — ‘ — ‘ — ‘ R/WA:ggzzz g(/JWZ H
At reset 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
SI004 | SIOK4 Address: 00CA [H]
P10SF ‘ - ‘ - ‘P1OSF3‘P1OSF3 P10SF3| — ‘ - ‘ - ‘ R/W access: R/W
At reset
0 0 0 0
0 (Input setting) 1 (Output setting)
0| Not pulled-up P10_3input | primary function | P10_3 output
SI04 transmit- : SIO4 transmit-
1 Pulled-up receive clock input|Secondary function| e eive clock output
0| Not pulled-up . Primary function | P10_4 output
P10_4 input : SI04 transmit
1 Pulled-up Secondary function| “gata output
0| Not pulled-up P10_5input | Primary function | P10_5 output
Sl04 receive -
1 Pulled-up catainput  |Secondary function| 0 output*

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-17 P10, P1010, P10SF Configuration
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Table 5-15 lists the data that is read, depending on the settings of P1010 and P10SF, when
executing an instruction to read P10.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P10 will become a high impedance input port (P1010 = 00H, P10SF = 00H) and the
contents of P10 will be 00H.

Table 5-15 P10 Read Data

P1010 P10SF | Read data
0 * P10_8/SIOCK4 pin state
P10_3 1 0 Value of bit 3 of P10 (port data register)
1 1 SIOCK4 output data
0 * P10_4 pin state
P10_4 1 0 Value of bit 4 of P10 (port data register)
1 1 SI004 output data
0 * P10_5/SI014 pin state
P10_5 1 0 Value of bit 5 of P10 (port data register)
1 1 "o"
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P10,
depending on the settings of P10IO and P10SF, values will be read as listed in Table 5-
15. The modified values will be written to P10 (port 10 data register).
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5.15 Port 11 (P11)

Port 11 is a 4-bit I/0 port. Each individual bit can be specified as input or output by the port
11 mode register (P1110). When output is specified (corresponding bits of P1110 = "1"),
the value of the corresponding bits in the port 11 data register (P11) will be output from their
appropriate pins.

In addition to its port function, P11 is assigned secondary functions (such as WAIT input).
If a secondary function output is to be used, set the corresponding bits of the port 11 mode
register (P1110) and the port 11 secondary function control register (P11SF) to "1". Ifa
secondary function inputis to be used, reset corresponding bits of the port 11 mode register
(P1110) to "0" to configure the input mode (same input as the primary function input).

If the port is set as an input (corresponding bits of P1110 = "0") and the port 11 secondary
function control register (P11SF) is setto "1", the pin inputs corresponding to those bits will
be pulled-up.

If bits 0 and 1 of port 11 are set as secondary function outputs (P1110n =1, P11SFn = 1),
the output will be fixed at "0", regardless of the value of the port 11 data register.

Figure 5-18 shows the configuration of the port 11 dataregister (P11), port 11 mode register
(P1110) and the port 11 secondary function control register (P11SF).

7 6 5 4 3 2 1 0
Address: 00BB [H]
P11 ‘ — ‘ — ‘ — ‘ — ‘ P1173‘ P11.2 ‘ P11 ‘ P11,0‘ R/W access: R/'W
Atreset g 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
pio [ — [ — [ — [ — [pttios]ptti02]pi1io1] pr1ico] R/WAggcr:zzj gg\(,:va H
At t ’
eset 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
_ _ _ __ | XTOUT |cLKOUT] Address: 00CB [H]
P11SF ‘ ‘ ‘ ‘ P11SF3| P11SF2 P11SF1‘P11SFO‘ R/W access: R/'W
At reset
0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0| Not pulled-up P11_0 input | Primary function | P11_0 output
1 Pulled-up WAIT input  |Secondary function| 0 output*
0| Not pulled-up P11_1input | Primary function | P11_1 output
HOLD mode -
1 Pulled-up request input__|Secondary function| 0 output*
0| Not pulled-up X Primary function | P11_2 output
P11_2 input - -
1 Pulled-up Secondary function| Main clock output
0| Not pulled-up i Primary function | P11_3 output
P11_8 input -
1 Pulled-up Secondary function|Sub clock output

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-18 P11, P1110, P11SF Configuration
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Table 5-16 lists the data that is read, depending on the settings of P1110 and P11SF, when
executing an instruction to read P11.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P11 will become a high impedance input port (P1110 = 00H, P11SF = 00H) and the
contents of P11 will be 00H.

Table 5-16 P11 Read Data

P1110 P11SF | Read data
0 * P11_0/WAIT pin state
P11_0 1 0 Value of bit 0 of P11 (port data register)
1 1 "o"
0 * P11_1/HOLD pin state
P11_1 1 0 Value of bit 1 of P11 (port data register)
1 1 "o"
0 * P11_2 pin state
P11_2 1 0 Value of bit 2 of P11 (port data register)
1 1 CLKOUT output data
0 * P11_3 pin state
P11_3 1 0 Value of bit 3 of P11 (port data register)
1 1 XTOUT output data
"*" indicates "0" or "1"
[Note]

If arithmetic, SB, RB, XORB or other read-modify-write instructions are executed for P11,
depending on the settings of P1110 and P11SF, values will be read as listed in Table 5-
16. The modified values will be written to P11 (port 11 data register).
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5.16 Port 12 (P12)

Port 12 is an 8-hit input-only port. Therefore, there is no mode register or secondary
function control register.

The pin status can be read by the port 12 data register (P12).

In addition to its port function, a secondary function (analog input for A/D converter) is
assigned to P12 (same input as the primary function input).

There are no pulled-up inputs at port 12.

Figure 5-19 shows the configuration of the port 12 data register (P12). Table 5-17 lists the
P12 read data.

7 6 5 4 3 2 1 0
P12 | P12.7 | P16 | P12s |P12.4 | P123| P22 | P12.1 | P12.0]

Address: 00BC [H]
R/W access: R

Figure 5-19 P12 Configuration

Table 5-17 P12 Read Data

Read data

P12_0 P12_0/AI0 pin state
P12_1 P12_1/AI1 pin state
P12 _2 P12_2/AI2 pin state
P12_3 P12_3/AI3 pin state
P12_4 P12_4/Al4 pin state
P12_5 P12_5/Al5 pin state
P12_6 P12_6/Al6 pin state
P12_7 P12_7/Al7 pin state
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5.17 Port 14 (P14)

Port 14 is a 5-bit I/0 port. Each individual bit can be specified as input or output by the port
14 mode register (P1410). When output is specified (corresponding bits of P1410 = "1"),
the value of the corresponding bits in the port 14 data register (P14) will be output from their
appropriate pins.

In addition to its port function, P14 is assigned secondary functions (such as SIO5 receive
data input). If a secondary function output is to be used, set the corresponding bits of the
port 14 mode register (P1410) and the port 14 secondary function control register (P14SF)
to "1". If a secondary function input is to be used, reset corresponding bits of the port 14
mode register (P1410) to "0" to configure the input mode (same input as the primary function
input).

If the port is configured as an input (corresponding bits of P1410 = "0") and the port 14
secondary function control register (P14SF) is setto "1", inputs will be pulled-up at the pins
corresponding to those bits.

If bit 2 of port 14 is configured as a secondary function output (P14100 = 1, P14SF0 = 1),
the output will be fixed at "0", regardless of the value of the port 14 data register.

Figure 5-20 shows the configuration of the port 14 dataregister (P14), port 14 mode register
(P1410) and the port 14 secondary function control register (P14SF).

7 6 5 4 3 2 1 0 '
pia [Puazfrus] — [ — [ — [ria2]ria1]riac] R/\NA::;ZZ g(/)\i': H]
Atreset g 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

Address: 00C4 [H]

P1410 ‘ P14IO7‘ P14106 ‘ R/W access: R'W

At reset

‘ P14102 ‘ P14101 ‘ P14IOO‘

0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
AO1 AOO0 SIO05 |SIOCK5 Address: 00C6 [H]
P14SF | p14sF7 |P14srs ‘ - ‘ —  |P14SF2 5145kt |prasro|  R/W access: RAW
At reset
0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0| Not pulled-up P14_0input | Primary function | P14_0 output
1 Pulled-up SIOStransmit- | gecondary function|  SIOS transmit-
receive clock input receive clock output
Not pulled-up P14_1input | Primary function | P14_1 output
1 Pulled-up Secondary function| SIO5 transmit
data output
0| Not pulled-up P14_2input | Primary function | P14_2 output
SIO5 receive -
1 Pulled-up datainput  |Secondary function| 0 output
0| Not pulled-up P14_6input | Primary function | P14_6 output
1 Pulled-up Secondary function| DAO data output
0| Not pulled-up P14_7input | Primary function | P14_7 output
1 Pulled-up Secondary function|DA1 data output

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-20 P14, P1410, P14SF Configuration
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Table 5-18 lists the data that is read, depending on the settings of P1410 and P14SF, when
executing an instruction to read P14.

Atreset (due to a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P14 will become a high impedance input port (P1410 = 00H, P14SF = 00H) and the

contents of P14 will be O0H.

Table 5-18 P14 Read Data

P1410 P14SF | Read data
0 * P14_0/SIOCKS5 pin state
P14_0 1 0 Value of bit 0 of P14 (port data register)
1 1 SIOCKS5 output data
0 * P14_1 pin state
P14_1 1 0 Value of bit 1 of P14 (port data register)
1 1 SIO05 output data
0 * P14_2/SIOI5 pin state
P14_2 1 0 Value of bit 2 of P14 (port data register)
1 1 "o"
0 * P14_6 pin state
P14_6 1 0 Value of bit 6 of P14 (port data register)
1 1 AQQ output data
0 * P14_7 pin state
P14_7 1 0 Value of bit 7 of P14 (port data register)
1 1 AO1 output data
"*" indicates "0" or "1"
[Note]

If arthmetic, SB, RB, XORB or other read-modify-write instructions are executed for P14,
depending on the settings of P1410 and P14SF, values will be read as listed in Table 5-
18. The modified values will be written to P14 (port 14 data register).
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5.18 Port 15 (P15)

P15
At reset

P1510
At reset

P15SF
At reset

Port 15 is a 4-bit I/0O port. Each individual bit can be specified as input or output by the port
15 mode register (P1510). When output is specified (corresponding bits of P1510 = "1"),
the value of the corresponding bits in the port 15 data register (P15) will be output from their
appropriate pins.

In addition to its port function, P15 is assigned secondary functions (such as SI06 receive
data input). If a secondary function output is to be used, set the corresponding bits of the
port 15 mode register (P1510) and the port 15 secondary function control register (P15SF)
to "1". If a secondary function input is to be used, reset corresponding bits of the port 15
mode register (P1510) to "0" to configure the input mode (same input as the primary function
input).

If the port is configured as an input (corresponding bits of P1510 = "0") and the port 15
secondary function control register (P15SF) is setto "1", inputs will be pulled-up at the pins
corresponding to those bits.

If bit 0 of port 15 is configured as a secondary function output (P15100 = 1, P15SF0 = 1),
the output will be fixed at "0", regardless of the value of the port 15 data register.

Figure 5-21 shows the configuration of the port 15 dataregister (P15), port 15 mode register
(P15I0) and the port 15 secondary function control register (P15SF).

! 6 S 4 & 2 ! 0 Address: 00BF [H]
[ =T = [ -1 Tessfeisefesr[Piso] auyaccees Rw

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

Address: 00C5 [H]

[ — [ = [ = [ — [rtsios]pisioz[pisior]pisico] RAW acoeee: RAW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TXC6 | RXC6 | TXD6 P15SE0 Address: 00C7 [H]
- - - P15SF3 |P15SF2 |P15SF1 R/W access: R/'W
0 0 0 0 0 0 0
0 (Input setting) 1 (Output setting)
0| Not pulled-up P15_0input | Primary function | P15_0 output
SIO6 receive - S
1 Pulled-up datainput __|Secondary function| 0 output
0| Not pulled-up P15_1input | Primary function | P15_1 output
1 Pulled-up Secondary function| SIO6 transmit
data output
0| Not pulled-up P15_2input | Primary function | P15_2 output
SIO6 receive - -
1 Pulled-up clock input  |Secondary function| SIO6 receive
clock output
0| Not pulled-up P15 3input | Primary function | P15_3 output
SIO6 transmit - -
1 Pulled-up clock input  |Secondary function| SIO6 transmit
clock output

0 output*: "0" is output, regardless of the value of the port data register
"—" indicates a bit that does not exist. If read, the value will be "0."

Figure 5-21 P15, P1510, P15SF Configuration
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Table 5-19 lists the data that is read, depending on the settings of P1510 and P15SF, when
executing an instruction to read P15.

Atreset (due to a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), P15 will become a high impedance input port (P1510 = 00H, P15SF = 00H) and the

contents of P15 will be O0H.

Table 5-19 P15 Read Data

P1510 P15SF | Read data
0 * P15_0/RXD6 pin state
P15_0 1 0 Value of bit 0 of P15 (port data register)
1 1 "0"
0 * P15_1 pin state
P15_1 1 0 Value of bit 1 of P15 (port data register)
1 1 TXD6 output data
0 * P15_2/RXC6 pin state
P15_2 1 0 Value of bit 2 of P15 (port data register)
1 1 RXC6 output data
0 * P15_3/TXC6 pin state
P15_3 1 0 Value of bit 3 of P15 (port data register)
1 1 TXC6 output data
"*" indicates "0" or "1"
[Note]

If arthmetic, SB, RB, XORB or other read-modify-write instructions are executed for P15,
depending on the settings of P15I0 and P15SF, values will be read as listed in Table 5-
19. The modified values will be written to P15 (port 15 data register).
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6.1

6.2

Clock Oscillation Circuit

Overview

The MSM66577 family has two systems of internal clock oscillation circuits, OSC and XT.
Four types of clocks can be selected as the CPU operating clock (CPUCLK): OSCCLK
(main clock), frequency divided clocks (1/20SCCLK, 1/40SCCLK), and XTCLK (sub
clock). The current consumed during operation can be reduced by changing the clock in
response to the operating conditions. XT is used mainly for the real-time counter.
Externally generated clocks can be input directly to both OSC and XT.

Clock Oscillation Circuit Configuration
Figure 6-1 shows the configuration of the clock oscillation circuit.

SBYCON_|

— Clock control circuit \ . 0OSCCLK
r J
1/2_frequency H &
8
g — CPUCLK
1/4_ frequency
XTCLK
To real-time
counter

OSC oscillation circuit XT oscillation circuit PRPHCON
’J_‘ ’J_‘ Internal

Lo _
OSCO;UéOSG XTO}H:I XT1 External

r o

Crystal or ceramic Crystal oscillator
oscillator (32.768 kHz)

OSCCLK: Main clock

XTCLK: Subclock (32.768 kHz)
CPUCLK: CPU operating clock
SBYCON: Standby control register
PRPHCON: Peripheral control register

Figure 6-1 Clock Oscillation Circuit Configuration
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6.3 Clock Oscillation Circuit Registers
Table 6-1 lists a summary of the SFRs for clock oscillation circuit control.

Table 6-1 Summary of SFRs for Clock Oscillation Circuit Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
000F Standby control register SBYCON — R/W 8 08 3-4
0015+¢ | Peripheral control register | PRPHCON — R/W 8 8C 15-2
[Notes]

1. A star (¥¥) in the address column indicates a missing bit.

2. For details, refer to Chapter 21, "Special Function Registers (SFRs)".

6.4 OSC Oscillation Circuit

The OSC oscillation circuit generates the main clock pulse (OSCCLK). A crystal oscillator
and other required elements are connected to OSC0 and OSC1.

Figure 6-2 shows the configuration of the OSC oscillation circuit. Figure 6-3 shows an
example connection of an OSC crystal oscillation circuit.

Internal

Oscillation

control circuit

0SCO[] X b d>—— osccLk
os_o1[|] .

Figure 6-2 OSC Oscillation Circuit Configuration
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Microcontroller

Figure 6-3 OSC Crystal Oscillation Circuit Connection Example

[Notes]
1. The values of CO and C1 must be set based on the specifications of the external
crystal (XTAL).

2. Instead of XTAL, a ceramic resonator may be used.

3. Depending upon the frequency band used, additional components (not shown) may
be required.

Table 6-2 shows examples of circuit constants in the case of using a ceralock of Murata

MFG. make.
Table 6-2 Examples of Circuit Constants
Recommended constants ~ Operating conditions
Frequency Product number co c1 Rd |Power supply| Temperature
[Hz] voltage range range
[PF] | [pF] [€©] V] [°C]
CSTLS2M00G56-B0/CSTCC2MO00G56-R0
2 MHz o i — — 680
(built-in load capacitor type)
4 MHz CSTLS4M00G56-B0/CSTCK4M00G55-R0 . . 220 2410 3.6/
(built-in load capacitor type) 45t05.5
CSTLS10M0G56-B0O/CSTCC10M0G056-R0O
10 MHz - . — — 0
(built-in load capacitor type)
14 MHz |CSACV14MO0X55J-R0 10 10 0 -30to +70
CSA20.00MXZ040, CST20.00MXW040
20 MHz 15 15 0

(built-in load capacitor type)

CSA24.00MXZ040, CST24.00MXWOH1
24 MHz o . 5 5 0 45t05.5
(built-in load capacitor type)

CSA30.00MXZ040, CST30.00MXW040
30 MHz ' 5 5 0

(built-in load capacitor type)
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If the main clock pulse (OSCCLK) is to be supplied externally, connect it directly to the
OSCO pin input. Leave the OSC1 pin open (unconnected).

Figure 6-4 shows an example connection when the OSC clock is input externally.

Microcontroller

0sco
External clock ——— ]

Open ———{ ]
OSCH

Figure 6-4 Connection Example for External OSC Clock Input

[Note]
If an external clock is to be used for operation, keep the clock pulse width as specified by
the AC characteristics.

The standby control register (SBYCON) can be set to haltthe OSC oscillation circuit. When
resuming oscillation of the OSC oscillation circuit from a halted state, the main clock pulse
(OSCCLK) will be transmit after waiting for the oscillation stabilization time, the number of
clock cycles specified by OSTO and OST1 (bits 4 and 5) of SBYCON. Because the
oscillation stabilization time differs depending upon the oscillator used, externally mounted
components, and the frequency band, first verify the actual oscillation stabilization time of
the circuit board in the product application, and then set SBYCON with the wait time until
suitable oscillation stabilization is achieved.
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6.5 XT Oscillation Circuit

The XT oscillation circuit generates the subclock pulse (XTCLK). A crystal oscillator of
32.768 kHz and other required elements are connected to XTO and XT1.

To reduce power consumption, the XT oscillation circuit operates at a voltage level that is
regulated internally. Before an external clock is to be input, set EXTXT (bit 4) of the
peripheral control register (PRPHCON) to "1" (refer to Section 15.3). This switches the
internally regulated voltage to Vpp and turns OFF the oscillation feedback resistors.

Figure 6-5 shows the configuration of the XT oscillation circuit. Figure 6-6 shows an
example connection of the XT crystal oscillation circuit.

Internal

p Regulator circuit

e d>——= XTCLK

XT[

ﬁ[; .

*If the EXTXT flag of PRPHCON is set to "1", feedback resistors are OFF.

L
)

Figure 6-5 XT Oscillation Circuit Configuration

Microcontroller

c2 XTO

1
L

Figure 6-6 XT Crystal Oscillation Circuit Connection Example

[Notes]
1. ThevaluesofC2and C3 mustbe setbased onthe specification of the external XTAL
(32.768 kHz).

2. Becausethe XT oscillation circuit was designed to be connected to an extremely low
power crystal, there may not be any oscillation if another type of crystal is connected.
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If the subclock pulse (XTCLK) is to be supplied externally, connect it to the XTO pin input
and leave the XT1 pin open (unconnected).

Figure 6-7 shows an example connection when the XT clock is input externally.

Microcontroller

XTO
External clock ——— |

Open —— ]
XT1

Figure 6-7 Connection Example for External XT Clock Input

[Note]
Before an external clock is to be used in the XT oscillation circuit, set EXTXT (bit 4) of
PRPHCON to "1".

The XT oscillation circuit cannot be halted by the program. Because there is no circuit to
control the oscillation stabilization time, from the time when power is turned on until overflow
ofthe real-time counter causes bit 12 (RTC12) to be set, do not select the sub clock (XTCLK)
as the CPU operation clock (CPUCLK).

If the sub clock (XTCLK) is not used, fix the XTO pin at GND level and set EXTXT (bit 4) of
PRPHCON to "1".

6-6
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7. Time Base Counter (TBC)

7.1 Overview
The MSM66577 family has an 8-bit internal time base counter (TBC) to generate a
reference clock for internal peripheral modules.

The front stage of the TBC has an auto-reload type 4-bit 1/n counter. Base clocks can be
generated for internal peripheral from the wide-ranging CPUCLK frequency.

7.2 Time Base Counter (TBC) Configuration
Figure 7-1 shows the TBC configuration.

TBCCLK TBCOVF

i Frequency
TBC ( ) — | divider

o8}
0
o
=

CPUCLK 1/n (4bit)

1/2 TBCCLK

1/4 TBCCLK

1/8 TBCCLK

1/16 TBCCLK [—
1/32 TBCCLK [—
1/64 TBCCLK
1/128 TBCCLK[—
1/256 TBCCLK[—
1/1024 TBCCLK
1/4096 TBCCLK

-
]

PWM Vv
SIO4, 5

16-bit FRC

16-bit timer 0
8-bit timer 1, 2
8-bit timer 3/BRG
8-bit timer 4/BRG
8-bit timer 5/BRG
8-bit timer 6/WDT
8-bit timer 9

LS

NSNS AN IS A RN N
LS

RIS LN R RN LS
LIKIKKIKIK LKL

N S N N IS RS
S AN LN S R LN R S
NSRS ENENEN

<

Figure 7-1 TBC Configuration
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7.3 Time Base Counter Registers

Table 7-1 lists a summary of SFRs for time base counter control.

Table 7-1 Summary of SFRs for Time Base Counter Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
0060+r | TBC clock divider register | TBCKDVR TBCKDV R/W 8/16 FO 7-3
0061+¢ | TBC clock divider counter — R 16 FO 7-2
[Notes]

1. A star (5¥) in the address column indicates a missing bit.

2. For details, refer to Chapter 21, "Special Function Registers (SFRs)".

7.4 1/n Counter

To generate base clocks for internal peripheral modules from the wide ranging CPUCLK
frequency, the MSM66577 family is equipped with a 4-bit auto-reload timer into which
CPUCLK is input.

This 1/n counter consists of a 4-bit counter (TBC clock dividing counter) and a 4-bit register
that stores the reload value (TBC clock divider register).

7.4.1 Description of 1/n Counter Registers

1)

TBC clock dividing counter (TBCKDV upper 8 hits)

The TBC clock dividing counter (upper 8 bits of TBCKDV) is a 4-bit counter and its input is
CPUCLK. Whenthe counter overflows itis loaded with the contents of the TBC clock divider
register (TBCKDVR).

The TBC clock dividing counter (upper 8 bits of TBCKDV) can be accessed only in word
sized units. The value of the TBC clock dividing counter is read from the four bits of bit 8
through bit 11. If the upper 4 bits are read, a value of "1" will always be obtained. The TBC
clock divider register (TBCKDVR) is read from the lower 8 bits of TBCKDV.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the upper 8 bits of TBCKDV become FOH.

Figure 7-2 shows the configuration of the upper 8 bits of TBCKDV.
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5 14 13 12 11 10 9 8
mekov | — | = | =[] [ | |
Atreset 4 1 1 1 o 0 0 o

| Address: 0061 [H]
R/W access: R (word access only)

Count value of the 1/n
counter can be read

—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 7-2 Configuration of Upper 8 Bits of TBCKDV

(2) TBC clock divider register (TBCKDVR)
The TBC clock divider register (TBCKDVR) consists of 4 bits. This register stores the value
to be reloaded into the TBC clock dividing counter.

TBCKDVR can be read from or written to by the program. However, write operations are
not valid for bits 4 through 7. If read, bits 4 through 7 are always "1".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TBCKDVR becomes FOH.

[Note]
When reset, the 1/n counter divides CPUCLK by 16 and 1/16CPUCLK is supplied to TBC
as TBCCLK. Therefore, after writing a reload value to TBCKDVR, there may be at most
adelay of 16 CPUCLK pulses before the start of the division operation (as per the written
value).

Figure 7-3 shows the configuration of TBCKDVR. Table 7-2 lists the correspondence
between TBCKDVR settings and TBCCLK.

7 6 5 4 3 2 1 0

TBCKDVR | — — — — Address: 0060 [H]
Atreset| 1 | 1 | 1 | 1 | 0 | 0 | 0 | | R/W access: R/'W

Write/read reload value

—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 7-3 TBCKDVR (Lower 8 Bits of TBCKDV) Configuration
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Table 7-2 Correspondence between TBCKDVR Settings and TBCCLK

Value of TBCKDVR settings [H] TBCCLK
FO 1/16 CPUCLK
F1 1/15 CPUCLK
F2 1/14 CPUCLK
F3 1/13 CPUCLK
F4 1/12 CPUCLK
F5 1/11 CPUCLK
F6 1/10 CPUCLK
F7 1/9 CPUCLK
F8 1/8 CPUCLK
F9 1/7 CPUCLK
FA 1/6 CPUCLK
FB 1/5 CPUCLK
FC 1/4 CPUCLK
FD 1/3 CPUCLK
FE 1/2 CPUCLK
FF 1/1 CPUCLK

7.4.2 Example of 1/n Counter-related Register Settings

7.5

» TBC clock divider register (TBCKDVR)
This register stores the reload value to the TBC clock dividing counter. When reset (RES
signalinput, execution of a BRK instruction, overflow of the watchdog timer, opcode trap),
the reload value becomes FOH, and TBCCLK becomes CPUCLK divided by 16 (1/
16CPUCLK). If TBCCLK is setto 1/1CPUCLK, the reload value becomes FFH.

Time Base Counter (TBC) Operation

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the time base counter (TBC) is reset to "0". Thereafter, as long as the
original oscillation (CPCLK) supply is not halted, operation will continue by TBCCLK that
has been divided by the front stage 1/n counter.

Overflow of TBCis divided further by a frequency divider circuit, and supplied to the general-
purpose 8-bit timer 6 (that also functions as the watchdog timer).
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8. General-Purpose 8/16 Bit Timers

8.1 Overview

The MSM66577 family has the following internal general-purpose timers: a 16-bit auto-
reload timer (timer 0), six 8-bit auto-reload timers (timers 1, 2, 3, 4, 5, and 9), and an 8-bit
auto-reload timer that also functions as a watchdog timer (timer 6). Timers 1 and 2 can be
combined and used as a 16-bit timer.

8.2 General-purpose 8-bit/16-bit Timer Configurations

Table 8-1 lists a summary of the function of each general-purpose timer. Marks (/) within
the table indicate that a function can be selected. Dashes (—) indicate that the function
cannot be selected.

Table 8-1 Timer Configurations and Functions

Timer . External Timer PWM clock | Baudrate | Watchdog
8/16 bits | Auto-reload . ]

name event input output output generator timer
Timer 0 16 J i J — — —
Timer 1 8/16 v Vi v — — —
Timer 2 8/16 v Vi v — — —
Timer 3 8 v — — —  (S106) —
Timer 4 8 J — J — < (SIO1) —
Timer 5 8 J — — — V (SI04, 5) —
Timer 6 8 V — — — — i
Timer 9 8 V — — V — —

[Note]

TMOUT oftimers 3, 5 and 9 are not output on ports, but can be used by software as aflag.
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8.3 General-purpose 8-bit/16-bit Timer Registers
Table 8-2 lists a summary of SFRs for the control of general-purpose 8-bitand 16-bit timers.

Table 8-2 Summary of SFRs for General-Purpose 8-bit/16-bit Timer Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W .

[H] (byte) (word) Operation | value [H] page
0062 General-purpose 16-bit

0063 timer O counter

— TMOC | R/'W 16 Undefined 8-4

0064 General-purpose 16-bit
0065 timer O register

— TMOR | R/'W 16 Undefined 8-4

General-purpose 16-bit

0066 v | . ) TMOCON — R/W 16 70 8-4
timer O control register
0068 General-purpose 8-bit T™1C .
] TM12C | R/'W 8/16  |Undefined 8-10
0069 timer 12 counter T™M2C
006A General-purpose 8-bit TM1R .
. ) TM12R | R'W 8/16  |Undefined 8-10
006B timer control register TM2R
General-purpose 8-bit
006C TM1CON — R/W 8 70 8-10

timer 1 control register

General-purpose 8-bit
006D« | ; TM2CON — R/W 8 40 8-11
timer 2 control register

General-purpose 8-bit .
0070 ] TM3C — R/W 8 Undefined 8-22
timer 3 counter

General-purpose 8-bit )
0071 . ) TM3R — R/W 8 Undefined 8-22
timer 3 register

General-purpose 8-bit
0072%¢ | . . TM3CON — R/W 8 70 8-22
timer 3 control register

General-purpose 8-bit )
0074 ] TM4C — R/W 8 Undefined 8-28
timer 4 counter

General-purpose 8-bit )
0075 . ) TM4R — R/W 8 Undefined 8-28
timer 4 register

General-purpose 8-bit
0076+ | . . TM4CON — R/W 8 70 8-28
timer 4 control register

General-purpose 8-bit .
0078 ] TM5C — R/W 8 Undefined 8-34
timer 5 counter

General-purpose 8-bit .
0079 . ) TM5R — R/W 8 Undefined 8-34
timer 5 register

General-purpose 8-bit )
007A% | . TM5CON — R/W 8 Undefined 8-34
timer 5 control register

General-purpose 8-bit )
007C ] TM6C — R/W 8 Undefined 8-40
timer 6 counter

General-purpose 8-bit .
007D i . TM6R — R/W 8 Undefined 8-40
timer 6 register

General-purpose 8-bit
007Evx | . ) TM6CON — R/W 8 10 8-41
timer 6 control register

General-purpose 8-bit .
00CC . TM9C — R/W 8 Undefined 8-49
timer 9 counter

General-purpose 8-bit )
00CD ] ) TM9R — R/W 8 Undefined 8-49
timer 9 register

General-purpose 8-bit
00CE>r | . TM9CON — R/W 8 70 8-49
timer 9 control register

[Notes]
1. Addresses are not consecutive in some places.
2. A star (%) in the address column indicates a missing bit.
3. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
4. Bits 5 and 6 of the TM6COM register allow read only access (W is invalid). Bits 0
to 3 and 7 allow R/W access.
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8.4 Timer O
Timer 0 is a 16-bit auto-reload timer that has functions for external event input and timer
output.

8.4.1 Timer 0 Configuration
Figure 8-1 shows the timer O configuration.

TBCCLK —f

1/2 TBCCLK —>

1/4 TBCCLK —> 5 TMOC (16bit) OVF : Interrupt request

1/8 TBCCLK — §©
1/16 TBCCLK —> =

1/32 TBCCLK —> @

1/64 TBCCLK —> D Q TMOOUT (P5_6)

;I'PI\QOE)VT falling edge—> TMOR (16bit) CK gl

TMOCON

TMOC: General-purpose 16-bit timer O counter

TMOR: General-purpose 16-bit timer O register

TMOCON: General-purpose 16-bit timer O control register
TMOEVT: Timer 0 external event input pin (P5_7)
TMOOUT: Timer 0 output pin (P5_6)

Figure 8-1 Timer 0 Configuration
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8.4.2 Description of Timer 0 Registers

1)

)

@)

General-purpose 16-bit timer 0 counter (TMOC)

The general-purpose 16-bit timer 0 counter (TMOC) is a 16-bit up-counter. When this
counter overflows, an interrupt request is generated and it is loaded with the contents of
general-purpose 16-bit timer O register (TMOR).

TMOC can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TMOC are undefined.

[Note]
Writing a timer value to TMOC causes the same value to also be written to the general-
purpose 16-bit timer O register (TMOR).

General-purpose 16-bit timer O register (TMOR)
The general-purpose 16-bit timer 0 register (TMOR) consists of 16 bits. This register stores
the value to be reloaded into the general-purpose 16-bit timer O counter (TMOC).

TMOR can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TMOR are undefined.

General-purpose 16-bit timer 0 control register (TMOCON)

The general-purpose 16-bit timer O control register (TMOCON) consists of 5 bits. Bits 0 to
2 (TMOCO to TMOC2) of TMOCON select the timer 0 count clock, bit 3 (TMORUN) starts or
halts the counting, and bit 7 (TMOOUT) specifies the initial timer output level (High or Low)
at start-up.And each time TMOC overflows, the content of bit 7 (TMOOUT) is reversed.

TMOCON can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, a value of "1" will always be obtained for bits 4 to 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TMOCON becomes 70H.
Figure 8-2 shows the TMOCON configuration.

[Note]
Just before TMOC overflows, if an SB, RB, XORB or other read-modify-write instruction
is performed on TMOCON, then TMOOUT may not operate correctly.
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7 6 5 4 3 2 A 0 _
TMocON [iMoouT] — | — | — [TMORUN[TMOG2]TMOC1[TMOGO]  pprrress: D006 TH

At reset 0 1 1 1 0 0 0 0

TMOC

Timer 0 count clock

TBCCLK
1/2 TBCCLK
1/4 TBCCLK
1/8 TBCCLK
1/16 TBCCLK
1/32 TBCCLK
1/64 TBCCLK
TMOEVT (falling edge)

“ |OoO|lOo|lo|Oo|N

-

2 |a|lo|lo|la|lm|lolo]| -

- |lo|lm|lo|l=|lOo|l_|lOo|l0O

0 | Timer 0 halt counting

1| Timer O start counting

0 Low level output

1| High level output

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 8-2 TMOCON Configuration
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8.4.3 Example of Timer O-related Register Settings

1)

)

®3)

(4)

(5)

Port 5 mode register (P5I0)

If TMOOUT (timer output) is to be used, set bit 6 (P5106) to "1" to configure the port as an
output. If TMOEVT (eventinput) is to be used, reset bit 7 (P5107) to "0" to configure the port
as an input.

Port 5 secondary function control register (P5SF)

If TMOOUT (timer output) is to be used, set bit 6 (P5SF6) to "1" to configure the port as a
secondary function output. If TMOEVT (eventinput) is to be used, disable or enable the pull-
up resistor with bit 7 (P5SF7).

General-purpose 16-bit timer 0 counter (TMOC)

Setthe timervalue that will be valid at the start of counting. Whenwriting to TMOC, the same
value will also be simultaneously and automatically written to the general-purpose 16-bit
timer O register (TMOR).

General-purpose 16-bit timer 0 register (TMOR)

This register sets the value to be loaded after general-purpose 16-bit timer O counter
(TMOC) overflows. Ifthe timer value (TMOC) and the reload value (TMOR) are identical, this
register will automatically be set just by setting TMOC. If the values are different or are to
be modified, this register must be set explicitly.

General-purpose 16-bit timer 0 control register (TMOCON)

Bits 0 to 2 (TMOCO to TMOC?) of this register set the count clock for timer 0. If TMOOUT
(timer output) is to be used, specify the initial value with bit 7 (TMOOUT). If bit 3 (TMORUN)
is set to "1", timer O will begin counting. If reset to "0", timer O will halt counting.
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8.4.4 Timer 0 Operation

When the TMORUN bitis setto "1", timer 0 will begin counting upward, running on the count
clock selected by TMOCON. If external event input is selected as the count clock, timer 0
can also be used as an event counter. When TMOC overflows, an interrupt request is
generated, the contents of TMOR are loaded into TMOC and the TMOOUT outputisinverted.
The initial value of the TMOOUT pin is specified by bit 7 (TMOOUT) of TMOCON. This
operation is repeated until the TMORUN bit is reset to "0". Figure 8-3 shows an operation
example (for settings of 1/n counter frequency division ratio 1/1and 1/4 TBCCLK).

CPUCLK

TM count CLK
(1/4 TBGCLK)
TMOR 0055H
TMOC  FFFEH  {  FFFFH  {  00s5H X  00s6H X
Overflow signal
TMOOUT <
A

Interrupt request generated

Figure 8-3 Timer 0 Operation

[Note]
Set the minimum pulse width of the external event input to at least 1 CPU clock
(CPUCLK). The external event input signal is sampled at the falling edge of the CPUCLK
to create the count clock for the timer.
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8.4.5 Timer O Interrupt

When a timer 0 interrupt factor occurs, the interrupt request flag (QTMOQOV) is set to "1".
The interrupt request flag (QTMOQV) is located in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETMOOV). The interrupt

enable flag (ETMOQV) is located in interrupt enable register 1 (IE1).

Three levels of priority can be set with the interrupt priority setting flags (POTMOOV and
P1TMOOV). The interrupt priority setting flags are located in interrupt priority control

register 2 (IP2).

Table 8-3 lists the vector address of the timer O interrupt factor and the interrupt processing

flags.

Table 8-3 Timer 0 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0

Overflow of timer 0 001A QTMOOV ETMOOV P1TMOOV POTMOOV

Symbols (byte) of registers that

y o (byte) 9 . IRQ1 IE1 IP2
contain interrupt processing flags
‘ Reference page 17-13 17-18 17-24

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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8.5 Timers1land?2

Timers 1 and 2 are 8-hit auto-reload timers. Timers 1 and 2 can be combined and used
in a 16-bit auto-reload mode. Timers 1 and 2 have functions for external event input, timer
output, and PWM mode.

8.5.1 Timers 1 and 2 Configurations
Figure 8-4 shows the configuration of timers 1 and 2.

= Interrupt request

gﬂ% TM10UT
(P6_5)

TBC —> OVF, . a4 ar

1/2 TBC —>

1/4 TBC —>

1/8 TBC —>

1/32 TBC —>

1/256 TBC —>

TM1EVT rising edge —>
TM1EVT falling edge —>
(P6_4)

|

TM1C (8bit) |

Selector

@ TM20UT
(P6_7)

TM1CO -
TBC : TM2CG (8bit) [t 1 ¢ R Qf
1/2 TBC —>
1/4 TBC —> ‘)
1/8 TBC —>
1/32 TBC —> TM2R Interrupt
1/256 TBC —>| request
TM2EVT rising edge —>
TM2EVT falling edge —>
(P6_6)

Selector

TM2CON .
MOD16 Reset signal MODPWN

TM1C: General-purpose 8-bit timer 1 counter

TM2C: General-purpose 8-bit timer 2 counter

TM1R: General-purpose 8-bit timer 1 register

TM2R: General-purpose 8-bit timer 2 register
TM1CON: General-purpose 8-bit timer 1 control register
TM2CON: General-purpose 8-bit timer 2 control register
TM1EVT: Timer 1 external event input pin (P6_4)
TM2EVT: Timer 2 external event input pin (P6_6)
TM1OUT: Timer 1 output pin (P6_5)

TM20OUT: Timer 2 output pin (P6_7)

Figure 8-4 Timer 1 and 2 Configurations
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8.5.2 Description of Timer 1 and 2 Registers

1)

)

@)

General-purpose 8-bit timer 1 and 2 counters (TM1C, TM2C)

The general-purpose 8-bit timer 1 and 2 counters (TM1C, TM2C) are 8-bit up-counters.
When each counter overflows, an interrupt request is generated and that counter is loaded
with the contents of the general-purpose 8-bit timer 1 or 2 register (TM1R, TM2R).

TM1C and TM2C can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM1C and TM2C are undefined.

[Note]
Writing a timer value to TM1C or TM2C causes the same value to also be written to the
general-purpose 8-bit timer 1 and 2 registers (TM1R, TM2R).

General-purpose 8-bit timer 1 and 2 registers (TM1R, TM2R)

The general-purpose 8-bit timer 1 and 2 registers (TM1R, TM2R) consist of 8 bits. These
registers store the value to be reloaded into the general-purpose 8-bit timer 1 or 2 counter
(TM1C, TM2C).

TM1R and TM2R can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM1R and TM2R are undefined.

General-purpose 8-bit timer 1 control register (TM1CON)

The general-purpose 8-bit timer 1 control register (TM1CON) consists of 5 bits. Bits O to
2 (TM1CO0 to TM1C2) of TM1CON select the timer 1 count clock, bit 3 (TM1RUN) starts or
stops the counting, and bit 7 (TM1OUT) specifies the initial timer output level (High or Low)
at start-up. The value of bit 7 (TM10OUT) is inverted when TM1C overflows.

TM1CON can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, a value of "1" will always be obtained for bits 4 to 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM1CON becomes 70H.

Figure 8-5 shows the TM1CON configuration.
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7 6 5 4 3 2 1 0 .
TMICON frmiour] — | — [ — [mmiruNTMIG2][TM1CT[TMICO] R/WA:g;:::; 39@0[”]

At reset 0 1 1 1 0 0 0 0

T™1C

Timer 1 count clock

TBCCLK
1/2 TBCCLK
1/4 TBCCLK
1/8 TBCCLK
1/32 TBCCLK
1/256 TBCCLK
TM1EVT (rising edge)
TM1EVT ( falling edge)

= ||| |O|JlO|OCO|O|DN
a|la|lo|lo|lm|m|lo|lo]|~
- || |O|2|O|=|OC|O

o

Timer 1 halt counting

e

Timer 1 start counting

0| Low level output

1| High level output

—" indicates a nonexistent bit.
When read, its value will be "1".

Figure 8-5 TM1CON Configuration

(4) General-purpose 8-bit timer 2 control register (TM2CON)
The general-purpose 8-bit timer 2 control register (TM2CON) consists of 7 bits. TM2CON
can be read from and written to by the program. However, write operation are invalid for
bit 6. If read, a value of "1" will always be obtained for bit 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM2CON becomes 40H.

Figure 8-6 shows the TM2CON configuration.

[Description of each bit]

e TM2CO0 to TM2C2 (bits 0 to 2)
These bits specify the timer 2 count clock.

« TM2RUN (bit 3)
This bit starts or stops the counting.

* MOD16 (bit 4)
Setting this bit combines timer 1 and 2 into the 16-bit auto-reload mode. While this bit is
set, the settings of TM2CO to TM2C2 and TM2RUN are invalid.

« MODPWM (bit 5)
Setting this bit combinestimer 1 and 2 into the PWM mode. While this bitis set, the setting
of TM2RUN is invalid, and if TM1RUN is set, timer 1 and 2 will count simultaneously.

e TM20UT (bit 7)
This bit specifies the initial timer output level (High or Low) at start-up. The value of bit
7 (TM20UT) is inverted whenever TM2C overflows.
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7 6 5 4 3 2 1 0
TM2CON fim2out] — _ [MooPwi] MOD16 iMeRUN TM2C2 | TM2G1 [TM2C0] gy earess: 000D IH]
At reset 0 1 0 0 0 0 0 0
TM2C

>T11 0 Timer 2 count clock
o(o0|o0 TBCCLK
0|01 1/2 TBCCLK
0(1]0 1/4 TBCCLK
o011 1/8 TBCCLK
1100 1/32 TBCCLK
1]10(1 1/256 TBCCLK
111]0 TM2EVT (rising edge)
1111 TM2EVT (falling edge)
0 | Timer 2 halt counting

Timer 2 start counting

0 | 8-bit auto-reload timer mode
1 16-bit auto-reload timer mode
0 | Auto-reload timer mode

1 PWM mode

0 Low level output

Figure 8-6 TM2CON Configuration
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High level output

—" indicates a nonexistent bit.

When read, its value will be "1".
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8.5.3 Example of Timer 1- and 2-related Register Settings
e 8-bit auto-reload timer mode (Timer 1)

)

)

@)

(4)

(5)

Port 6 mode register (P6I0)

If TM1OUT (timer output) is to be used, set bit 5 (P6105) to "1" to configure the port as an
output. If TM1EVT (eventinput) is to be used, reset bit 4 (P6104) to "0" to configure the port
as an input.

Port 6 secondary function control register (P6SF)

If TML1OUT (timer output) is to be used, set bit 5 (P6SF5) to "1" to configure the port as a
secondary function output. If TM1EVT (eventinput) is to be used, disable or enable the pull-
up resistor with bit 4 (P6SF4).

General-purpose 8-bit timer 1 counter (TM1C)

Setthetimervalue thatwill be valid at the start of counting. When writingto TM1C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 1 register (TM1R).

General-purpose 8-bit timer 1 register (TM1R)

This register sets the value to be loaded after general-purpose 8-bittimer 1 counter (TM1C)
overflows. Ifthe timervalue (TM1C) and the reload value (TM1R) are identical, this register
will automatically be set just by setting TM1C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 1 control register (TM1CON)

Bits 9to 0 (TM1CO0to TM1C2) of this register specify the count clock for timer 1. If TM1OUT
(timer output) is to be used, specify the initial value with bit 7 (TM1OUT). If bit 3 (TM1RUN)
is set to "1", timer 1 will begin counting. If reset to "0", timer 1 will halt counting.

» 8-bit auto-reload timer mode (Timer 2)

1)

)

@)

Port 6 mode register (P6I0)

If TM2OUT (timer output) is to be used, set bit 7 (P6107) to "1" to configure the port as an
output. If TM2EVT (eventinput) is to be used, reset bit 6 (P6106) to "0" to configure the port
as an input.

Port 6 secondary function control register (P6SF)

If TM20OUT (timer output) is to be used, set bit 7 (P6SF7) to "1" to configure the port as a
secondary function output. If TM2EVT (eventinput) isto be used, disable or enable the pull-
up resistor with bit 6 (P6SF6).

General-purpose 8-bit timer 2 counter (TM2C)

Setthetimervalue thatwill be valid at the start of counting. When writing to TM2C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 2 register (TM2R).
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(4)

(5)

General-purpose 8-bit timer 2 register (TM2R)

This register sets the value to be loaded after general-purpose 8-bit timer 2 counter (TM2C)
overflows. Ifthe timervalue (TM2C) and the reload value (TM2R) are identical, this register
will automatically be set just by setting TM2C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 2 control register (TM2CON)

Bits 0 to 2 (TM2CO0 to TM2C2) of this register specify the count clock for timer 2. If TM20UT
(timer output) is to be used, specify the initial value with bit 7 (TM20OUT). If bit 3 (TM2RUN)
is set to "1", timer 2 will begin counting. If reset to "0", timer 2 will halt counting.

» 16-bit auto-reload timer mode

1)

)

@)

(4)

(5)

(6)

Port 6 mode register (P6I0)

If TM1OUT (timer 1 output) and TM20OUT (timer 2 output) are to be used, set bits 5 and 7
(P6IO5, P6IO7) to "1" to configure the ports as outputs. If TM1EVT (event input) is to be
used, reset bit 4 (P6104) to "0" to configure the port as an input.

Port 6 secondary function control register (P6SF)

If TM1OUT (timer 1 output) and TM20OUT (timer 2 output) are to be used, set bits 5 and 7
(P6SF5, P6SF7) to "1" to configure the ports as secondary function outputs. If TM1EVT
(event input) is to be used, disable or enable the pull-up resistor with bit 4 (P6SF4).

General-purpose 16-bit timer 12 counter (TM12C)

Set the timer value that will be valid at the start of counting. When writing to TM12C, the
same value will also be simultaneously and automatically written to the general-purpose 8-
bit timer 12 register (TM12R).

General-purpose 16-bit timer 12 register (TM12R)
This register sets the value to be loaded after general-purpose 16-bit timer 12 counter
(TM12C) overflows. Ifthe timer value (TM12C) and the reload value (TM12R) are identical,
this register will automatically be set just by setting TM12C. If the values are different or
are to be modified, this register must be set explicitly.

General-purpose 8-bit timer 1 control register (TM1CON)

Bits 0to 2 (TM1CO0 to TM1C2) of this register specify the count clock for timer 1. If TM1OUT
(timer 1 output) is to be used, specify the initial value with bit 7 (TM1OUT). If bit 3 (TM1RUN)
is set to "1", timer 1 will begin counting. If reset to "0", timer 1 will halt counting.

General-purpose 8-bit timer 2 control register (TM2CON)

Setting bit 4 (MOD16) to "1" sets the 16-bit timer mode. While this bit is set, bits 0 to 2
(TM2CO0 to TM2C2) and bit 3 (TM2RUN) settings are invalid and setting bit 3 (TM1RUN)
of the timer 1 control register (TM1CON) to "1" starts simultaneous counting of timers 1 and
2. If TM20UT (timer 2 output) is to be used, specify the initial value with bit 7 (TM20OUT).
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« PWM mode

)

)

®3)

(4)

(%)

(6)

Port 6 mode register (P6I0)

If TM1OUT (timer 1 output) and TM2OUT (timer 2 output) are to be used, set bits 5 and 7
(P610O5, P6I0O7) to "1" to configure the ports as outputs. If TM1EVT and TM2EVT (event
inputs) are to be used, reset bit 4 and 6 (P6104, P6106) to "0" to configure the ports inputs.

Port 6 secondary function control register (P6SF)

If TM1OUT (timer 1 output) and TM2OUT (timer 2 output) are to be used, set bits 5 and 7
(P6SF5, P6SF7)to "1"to configure the ports as secondary function outputs. If TM1EVT and
TM2EVT (event input) are to be used, disable or enable the pull-up resistor with bits 4 and
6 (P6SF4, P6SF6).

General-purpose 16-bit timer 12 counter (TM12C)

Set the timer value that will be valid at the start of counting. When writing to TM12C, the
same value will also be simultaneously and automatically written to the general-purpose 8-
bit timer 12 register (TM12R).

General-purpose 16-bit timer 12 register (TM12R)
This register sets the value to be loaded after general-purpose 16-bit timer 12 counter
(TM12C) overflows. Ifthe timer value (TM12C) and the reload value (TM12R) are identical,
this register will automatically be set just by setting TM12C. If the values are different or
are to be modified, this register must be set explicitly.

General-purpose 8-bit timer 1 control register (TM1CON)

Bits 0to 2 (TM1CO0 to TM1C2) of this register specify the count clock for timer 1. If TM1OUT
(timer 1 output) is to be used, specify the initial value with bit 7 (TM1OUT). If bit 3 (TM1RUN)
is set to "1", timer 1 will begin counting. If reset to "0", timer 1 will halt counting.

General-purpose 8-bit timer 2 control register (TM2CON)

Setting bit 5 (MODPWM) to "1" sets the PWM mode. While this bit is set, bit 3 (TM2RUN)
settings are invalid; setting bit 3 (TM1RUN) of the timer 1 control register (TM1CON) to "1",
starts simultaneous counting of timers 1 and 2. If TM2OUT (timer 2 output) is to be used,
specify the initial value with bit 7 (TM20OUT).
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8.5.4 Timer 1 and 2 Operation

» 8-bit auto-reload timer mode
When the RUN bits corresponding to TM1 and TM2 are setto "1", timers 1 and 2 will begin
counting upward, running on the count clocks selected by TM1CON and TM2CON. When
TM1Cand TM2C overflow, individual interrupt requests are generated, and the corresponding
contents of TM1R and TM2R are loaded into TM1C and TM2C. In addition, the output of
TM1OUT and TM20OUT is inverted. This operation is repeated until the RUN bits are reset
to "0". Figure 8-7 shows an example of 8-bit auto-reload timer mode operation.

CPUCLK

TM count CLK
(1/4 CLK)
TM1R, TM2R 55H
TM1C, TM2C FEH X FFH  {  55H X s6H X
Overflow signal >
TMOUT <
A

Interrupt request generated

Figure 8-7 8-Bit Auto-Reload Timer Mode Operation Example
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» 16-bit auto-reload timer mode
Setting the MOD16 bit of TM2CON to "1" combines TM1 and TM2 to set the 16-bit auto-
reload timer mode. TM2C counts upward, using overflow of TM1C as the count clock.
When TM2C overflows, a timer 2 interrupt request is generated, and the contents of TM1R
and TM2R are loaded into TM1C and TM2C respectively. In addition, the output of
TM20UT is inverted.

During this mode, overflow of TM1C does not cause the contents of TM1R to be loaded.
However, a timer 1 interrupt request will be generated and the output of TM1OUT wiill

change.
CLK
TM count CLK 1 1 1 1
(1/4 CLK)
TM1R 55H
TM2R 99H
mic Fed Y F X ood ) X FrH X esH
TM1 overflow signal [ Y
/ {S ll
T™M2C AOH N oA ) FFH 20\ 99H
TM2 overflow signal h)} %
((
A\
TM10UT {
TM20UT 3)
N ( N
Interrupt request generated TM1, TM2 interrupt

requests generated

Figure 8-8 16-Bit Auto-Reload Timer Mode Operation Example
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« PWM mode
Setting the MODPWM bit of TM2CON to "1" sets the PWM mode that uses TM1 and TM2.
During the PWM mode, since the following operation is performed, use TM2C as the PWM
cycle counter and TM1C as the duty control counter.

When TM1C overflows, an interrupt request is generated, and the PWM F/F is set. When
TM2C overflows, an interrupt request is generated, the contents of TM1R and TM2R are
loaded into TM1C and TM2C respectively, and the PWM F/F is reset. If "set" and "reset"
of the PWM F/F are simultaneously generated, priority is given to the "reset".

The Q output (positive phase) of the PWM F/F is output from TM1OUT and the Q output
of the PWM F/F (inverted phase) is output from TM20OUT.

Note that if the count clock selected for TM1C is faster than the TM2C count clock, interrupt
requests due to TM1C overflow may occur two or more times in a single cycle.

Also note that if the count clock selected for TM1C is slower than the TM2C count clock,
at the start of counting (when TM1RUN is set), and when TM2C overflows, a synchronous
shift will occur, and the TM1C overflow cycle may shift. (The same count clocks are
recommended.)

FFH = OVF

Reload value ———¢~-----{-~~~~-({"~-"---""---f """ qTToo-

T™™1C

00H
FFH = OVF

T™M2C

Reload value
OOH

TM10UT
TM20UT

TMIRUN  TMIOVF  TM2OVF  TMIOVF TM2OVF  TMHOVF
set  Interrupt Interrupt Interrupt Interrupt  Interrupt
request request request request request

Figure 8-9 PWM Timer Mode Operation Example
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8.5.5Timer 1 and 2 Interrupts

e Timer 1interrupt
When atimer 1interrupt factor occurs, theinterruptrequestflag (QTM10V)issetto"1". The
interrupt request flag (QTM10OV) is located in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM10OV). The interrupt
enable flag (ETM10V) is located in interrupt enable register 1 (IE1).

Three levels of priority can be set with the interrupt priority setting flags (POTM10V and
P1TM10V). The interrupt priority setting flags are located in interrupt priority control
register 3 (IP3).

Table 8-4 lists the vector address and interrupt processing flags for the timer 1 interrupt
factor.

Table 8-4 Timer 1 Vector Address and Interrupt Processing Flags

Vector address |  Interrupt Interrupt Priority level
Interrupt factor
[H] request enable 1 0
Overflow of timer 1
0022 QTM10V ETM10V P1TM10V POTM10OV
Symbols (byte) of registers that contain
) . IRQ1 IE1 IP3
interrupt processing flags
Reference page|  17-13 17-18 17-25

Forfarther details regarding interrupt processing, referto Chapter 17, "Interrupt Processing
Functions".
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e Timer 2 interrupt
When atimer 2 interrupt factor occurs, the interrupt request flag (QTM20V) issetto"1". The
interrupt request flag (QTM20V) is located in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM20V). The interrupt
enable flag (ETM20V) is located in interrupt enable register 1 (IE1).

Three levels of priority can be set with the interrupt priority setting flags (POTM20V and
The interrupt priority setting flags are located in interrupt priority control
register 3 (IP3).

P1TM20V).

Table 8-5 lists the vector address and interrupt processing flags for the timer 2 interrupt

factor.

Table 8-5 Timer 2 Vector Address and Interrupt Processing Flags

Vector address | Interrupt Interrupt Priority level
Interrupt factor
[H] request enable 1 0
Overflow of timer 2
0024 QTM20V ETM20V P1TM20V POTM20V
Symbols (byte) of registers that contain
) ] IRQ1 IE1 IP3
interrupt processing flags
‘Reference page 17-13 17-18 17-25

Forfarther details regarding interrupt processing, referto Chapter 17, "Interrupt Processing

Functions".
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8.6 Timer 3
Timer 3 is an 8-bit auto-reload timer that has a baud rate generator function for SIO6.
TM3OUT is not output on ports, but can be used by software as a flag.

8.6.1 Timer 3 Configuration
Figure 8-10 shows the timer 3 configuration.

1/2 $Sgg::i — TM3C (8bit) OV, Interrupt request
% .
1/4 TBCCLK —>{ & h
1/8 TBCCLK —> 3 D Q TM30UT
1/32 TBCCLK —> @ ‘ K B
1/256 TBCCLK —> TM3R 810 1
Baud rate for

SIO6
TM3CON

TMS3C: General-purpose 8-bit timer 3 counter
TMB3R: General-purpose 8-bit timer 3 register
TM3CON: General-purpose 8-bit timer 3 control register

Figure 8-10 Timer 3 Configuration
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8.6.2 Description of Timer 3 Registers

1)

)

@)

General-purpose 8-bit timer 3 counter (TM3C)

The general-purpose 8-bittimer 3 counter (TM3C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of general-
purpose 8-bit timer 3 register (TM3R). TM3C can also be used as a baud rate generator
for SIOG.

TM3C can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM3C are undefined.

[Note]
Writing a timer value to TM3C causes the same value to also be written to the general-
purpose 8-bit timer 3 register (TM3R).

General-purpose 8-bit timer 3 register (TM3R)
The general-purpose 8-bit timer 3 register (TM3R) consists of 8 bits. This register stores
the value to be reloaded into the general-purpose 8-bit timer 3 counter (TM3C).

TM3R can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM3R are undefined.

General-purpose 8-bit timer 3 control register (TM3CON)

The general-purpose 8-bit timer 3 control register (TM3CON) consists of 5 bits. Bits O to
2 (TM3CO0 to TM3C2) of TM3CON select the timer 3 count clock, bit 3 (TM3RUN) starts or
halts the counting, and bit 7 (TM30OUT) specifies the initial timer output level (High or Low)
at start-up. And each time TM3C overflows, the content of bit 7 (TM3OUT) is reversed.

TM3CON can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, a value of "1" will always be obtained for bits 4 to 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM3CON becomes 70H.

Figure 8-11 shows the TM3CON configuration.
[Note]

Just before TM3C overflows, if an SB, RB, XORB or other read-modify-write instruction
is performed on TM3CON, then TM30OUT may not operate correctly.
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7 6 5 4 3 2

1

0

tMacoN [tmsour] — | — [ — [rmsruN[TM3c2]TM3C1[TM3Co]

Address: 0072 [H]
R/W access: R/'W

At reset 0 1 1 1 0 0

0

0

TM3C

Timer 3 count clock

TBCCLK
1/2 TBCCLK
1/4 TBCCLK
1/8 TBCCLK

1
0
0
1

o|=+|O|O

-
-

1/32 TBCCLK
1/256 TBCCLK
Prohibited setting
Prohibited setting

o |o

-

2|2 2|2 |lOlOjOC|O|MN

0
1
0
1

0 | Timer 3 halt counting

1| Timer 3 start counting

0 | Low level output

1| High level output

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 8-11 TM3CON Configuration

[Note]

Do not select a timer 3 count clock setting that is prohibited. If a "prohibited setting" is

selected, timer 3 will not operate properly.
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8.6.3 Example of Timer 3-related Register Settings

1)

)

®3)

General-purpose 8-bit timer 3 counter (TM3C)

Setthe timer value that will be valid at the start of counting. When writing to TM3C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 3 register (TM3R).

General-purpose 8-bit timer 3 register (TM3R)

This register sets the value to be loaded after general-purpose 8-bittimer 3 counter (TM3C)
overflows. Ifthe timervalue (TM3C) and the reload value (TM3R) are identical, this register
will automatically be set just by setting TM3C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 3 control register (TM3CON)

Bits 0to 2 (TM3CO0 to TM3C2) of this register specify the count clock for timer 3. If TM30OUT
(timer output) is to be used, specify the initial value with bit 7 (TM30OUT). If bit 3 (TM3RUN)
is set to "1", timer 3 will begin counting. If reset to "0", timer 3 will halt counting.
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8.6.4 Timer 3 Operation

When the TM3RUN bitis setto "1", timer 3 will begin counting upward, running on the count
clock selected by TM3CON. When TM3C overflows, an interrupt request is generated, the
contents of TM3R are loaded into TM3C and the TM3OUT output is inverted. The initial
value of the TM3OUT pin is specified by bit 7 (TM30UT) of TM3CON. This operation is
repeated until the TM3RUN bit is reset to "0". Overflow of TM3C can be used as a baud
rate generator for SIO6. Figure 8-12 shows an operation example (for settings of 1/n
counter frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK
(1/4 TBCCLK)
TM3R 55H
TM3C FEH X FFH  {  55H X seH X
Overflow signal !
(SI06 baud rate) <
TM30UT ‘
A

Interrupt request generated

Figure 8-12 Timer 3 Operation Example
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8.6.5 Timer 3 Interrupt
When a timer 3 interrupt factor occurs, the interrupt request flag (QTM30V) is set to "1".
The interrupt request flag (QTM30V) is located in interrupt request register 1 (IRQ1).

Interrupts can be enabled or disabled by the interrupt enable flag (ETMOOV). The interrupt
enable flag (ETM3QV) is located in interrupt enable register 1 (IE1).

Three levels of priority can be set with the interrupt priority setting flags (POTM30V and
P1TM30V). The interrupt priority setting flags are located in interrupt priority control
register 3 (IP3).

Table 8-6 lists the vector address of the timer 3 interrupt factor and the interrupt processing
flags.

Table 8-6 Timer 3 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0

Overflow of timer 3 0026 QTM30V ETM30V P1TM30V POTM30V

Symbols (byte) of registers that

y . (byte) 9 ) IRQ1 IE1 IP3
contain interrupt processing flags
‘ Reference page 17-13 17-18 17-25

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing
Functions".
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8.7 Timer4

Timer 4 is an 8-bit auto-reload timer that has functions for timer output and a baud rate

generator for SIO1.

8.7.1 Timer 4 Configuration
Figure 8-13 shows the timer 4 configuration.

TBCCLK —>
1/2 TBCCLK —> TMA4C (8bit)
1/4 TBCCLK —>

OVF,

Interrupt request

1/8 TBCCLK —>
1/32 TBCCLK —> +—>CK

Selector

I: D Q TM40UT (P8_4)

6_

1/256 TBCCLK —> TMA4R (8bit)

TMA4C: General-purpose 8-bit timer 4 counter

TMA4R: General-purpose 8-bit timer 4 register

TM4CON: General-purpose 8-bit timer 4 control register
TM4OUT: Timer 4 output pin (P8_4)

Figure 8-13 Timer 4 Configuration
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8.7.2 Description of Timer 4 Registers

1)

)

@)

General-purpose 8-bit timer 4 counter (TM4C)

The general-purpose 8-bittimer 4 counter (TM4C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of general-
purpose 8-bit timer 4 register (TM4R). TM4C can also be used as a baud rate generator
for SIO1.

TMA4C can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM4C are undefined.

[Note]
Writing a timer value to TM4C causes the same value to also be written to the general-
purpose 8-bit timer 4 register (TM4R).

General-purpose 8-bit timer 4 register (TM4R)
The general-purpose 8-bit timer 4 register (TM4R) consists of 8 bits. This register stores
the value to be reloaded into the general-purpose 8-bit timer 4 counter (TM4C).

TMA4R can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM4R are undefined.

General-purpose 8-bit timer 4 control register (TM4CON)

The general-purpose 8-bit timer 4 control register (TM4CON) consists of 5 bits. Bits O to
2 (TM4CO to TM4C2) of TM4ACON select the timer 4 count clock, bit 3 (TM4RUN) starts or
halts the counting, and bit 7 (TM4OUT) specifies the initial timer output level (High or Low)
at start-up. And each time TM4C overflows, the content of bit 7 (TM4OUT) is reversed.

TMA4CON can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, a value of "1" will always be obtained for bits 4 to 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM4CON becomes 70H.

Figure 8-14 shows the TM4CON configuration.
[Note]

Just before TM4C overflows, if an SB, RB, XORB or other read-modify-write instruction
is performed on TM4CON, then TM4OUT may not operate correctly.
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7 6 5 4 3 2 1 0
TM4CON [TM4ouT| — | — | — [tM4RUN[TM4C2|TM4C1 | TMA4CO| R,WA§§;§§§§ g%? [H]
At reset 0 1 1 1 0 0 0 0
TM4C
2T110 Timer 4 count clock
0(0|0 TBCCLK
0o(0|1 1/2 TBCCLK
0o(1|0 1/4 TBCCLK
o111 1/8 TBCCLK
1100 1/32 TBCCLK
1101 1/256 TBCCLK
1111]0 Prohibited setting
11111 Prohibited setting
0 | Timer 4 halt counting
1| Timer 4 start counting
0 Low level output
1 High level output

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 8-14 TM4CON Configuration
[Note]

Do not select a timer 4 count clock setting that is prohibited. If a "prohibited setting" is
selected, timer 4 will not operate properly.
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8.7.3 Example of Timer 4-related Register Settings

1)

)

®3)

(4)

(5)

Port 8 mode register (P8IO)
If TM4OUT (timer output) is to be used, set bit 4 (P8104) to "1" to configure the port as an
output.

Port 8 secondary function control register (P8SF)
If TM4OUT (timer output) is to be used, set bit 4 (P8SF4) to "1" to configure the port as a
secondary function output.

General-purpose 8-bit timer 4 counter (TM4C)

Setthe timervalue that will be valid at the start of counting. Whenwriting to TM4C, the same
value will also be written simultaneously and automatically to the general-purpose 8-bit
timer 4 register (TM4R).

General-purpose 8-bit timer 4 register (TM4R)

This register sets the value to be loaded after general-purpose 8-bittimer 4 counter (TM4C)
overflows. Ifthe timervalue (TM4C) and the reload value (TM4R) are identical, this register
will automatically be set just by setting TM4C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 4 control register (TM4CON)

Bits 0 to 2 (TM4CO0 to TM4C2) of this register specify the count clock for timer 4. If TM4OUT
(timer output) is to be used, specify the initial value with bit 7 (TM4OUT). If bit 3 (TM4RUN)
is set to "1", timer 4 will begin counting. If reset to "0", timer 4 will halt counting.

8-30



MSM66577 Family User's Manual
Chapter 8 General-Purpose 8/16 Bit Timers

8.7.4 Timer 4 Operation

When the TM4RUN bitis setto "1", timer 4 will begin counting upward, running on the count
clock selected by TM4CON. When TM4C overflows, an interrupt request is generated, the
contents of TM4R are loaded into TM4C and the TM4OUT output is inverted. The initial
value of the TM4OUT pin is specified by bit 7 (TM4OUT) of TM4CON. This operation is
repeated until the TM4RUN bit is reset to "0". Overflow of TM4C can be used as a baud
rate generator for SIO1. Figure 8-15 shows an operation example (for settings of 1/n
counter frequency division ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK
(1/4 TBCCLK)
TM4R 55H
TM4C FEH >< FFH >< 55H >< 56H X
Overflow signal L
(SIO1 baud rate) <
TM4OUT \
A

Interrupt request generated

Figure 8-15 Timer 4 Operation Example
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8.7.5 Timer 4 Interrupt

When a timer 4 interrupt factor occurs, the interrupt request flag (QTM40V) is set to "1".
The interrupt request flag (QTM40V) is located in interrupt request register 2 (IRQ2).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM40V). The interrupt

enable flag (ETM4QV) is located in interrupt enable register 2 (IE2).

Three levels of priority can be set with the interrupt priority setting flags (POTM40V and
P1TM40V). The interrupt priority setting flags are located in interrupt priority control

register 5 (IP5).

Table 8-7 lists the vector address of the timer 4 interrupt factor and the interrupt processing

flags.

Table 8-7 Timer 4 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0

Overflow of timer 4 0036 QTM40V ETM40V P1TM40V POTM40V

Symbols (byte) of registers that

Y L byte) 9 . IRQ2 IE2 IP5
contain interrupt processing flags
‘ Reference page 17-14 17-19 17-27

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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8.8 Timer5

Timer 5 is an 8-bit auto-reload timer that has a baud rate generator function for SI04 and
5. TM50UT is not output on ports, but can be used by software as a flag.

8.8.1 Timer 5 Configuration
Figure 8-16 shows the timer 5 configuration.

TBCCLK —>
1/2 TBOCLK —> « TM5C (8bit) OVE Interrupt request
1/4 TBCOLK —> £
1/8 TBCCLK —>{ &
1/32 TBCOLK —>| @ J D Q TM50UT
1/256 TBCOLK —> b bk o
TMS5R (8bit)
Baud rate for SI04, 5

TM5C: General-purpose 8-bit timer 5 counter
TM5R: General-purpose 8-bit timer 5 register
TM5CON: General-purpose 8-bit timer 5 control register

Figure 8-16 Timer 5 Configuration
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8.8.2 Description of Timer 5 Registers

1)

)

@)

General-purpose 8-bit timer 5 counter (TM5C)

The general-purpose 8-bittimer 5 counter (TM5C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of general-
purpose 8-bit timer 5 register (TM5R). TM5C can also be used as a baud rate generator
for SIO4 and 5.

TM5C can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), contents of TM5C are undefined.

[Note]
Writing a timer value to TM5C causes the same value to also be written to the general-
purpose 8-bit timer 5 register (TM5R).

General-purpose 8-bit timer 5 register (TM5R)
The general-purpose 8-bit timer 5 register (TM5R) consists of 8 bits. This register stores
the value to be reloaded into the general-purpose 8-bit timer 5 counter (TM5C).

TMB5R can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM5R are undefined.

General-purpose 8-bit timer 5 control register (TM5CON)

The general-purpose 8-bit timer 5 control register (TM5CON) consists of 5 bits. Bits O to
2 (TM5CO0 to TM5C2) of TM5CON select the timer 5 count clock and bit 3 (TM5RUN) starts
or halts the counting. Specify the initial timer output level (High or Low) at start-up with bit
7 (TM50UT). The contents of bit 7 (TM50UT) are reversed each time TM5C overflows.

TM5CON can be read from and written to by the program. However, write operations are
invalid for the upper 4 bits. If read, a value of "1" will always be obtained for bits 4to 6. The
value read from bit 7 is undefined.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM5CON are undefined.

Figure 8-17 shows the TM5CON configuration.
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7 6 5 4 3 2 1 0
TmscoN [Msour] — | — [ — [msruN[TMsC2[TMsC1[TMsC0] g ANA§3£Z§§§ g%A H
At reset 0 1 1 1 0 0 0 0
TM5C

>T100 Timer 5 count clock
0(0|O0 TBCCLK
0[0f1 1/2 TBCCLK
o(1|0 1/4 TBCCLK
011 1/8 TBCCLK
1/0]0 1/32 TBCCLK
1101 1/256 TBCCLK
111]0 Prohibited setting
11111 Prohibited setting
0 | Timer 5 halt counting
1 Timer 5 start counting
0| Low level
1 High Level

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 8-17 TM5CON Configuration

[Note]
Do not select a timer 5 count clock setting that is prohibited. If a "prohibited setting" is

selected, timer 5 will not operate properly.
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8.8.3 Example of Timer 5-related Register Settings

1)

)

®3)

General-purpose 8-bit timer 5 counter (TM5C)

Setthe timer value that will be valid at the start of counting. When writing to TM5C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 5 register (TM5R).

General-purpose 8-bit timer 5 register (TM5R)

This register sets the value to be loaded after general-purpose 8-bittimer 5 counter (TM5C)
overflows. Ifthe timervalue (TM5C) and the reload value (TM5R) are identical, this register
will automatically be set just by setting TM5C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 5 control register (TM5CON)

Bits 0to 2 (TM5CO0 to TM5C2) of this register specify the count clock for timer 5. If TM50UT
(timer output) is used, specify the initial value with bit 7 (TM50UT). If bit 3 (TM5RUN) is
set to "1", timer 5 will begin counting. If reset to "0", timer 5 will halt counting.
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8.8.4 Timer 5 Operation

When the TM5RUN bitis setto "1", timer 5 will begin counting upward, running on the count
clock selected by TM5CON. When TM5C overflows, an interrupt request is generated and
the contents of TM5R are loaded into TM5C. This operation is repeated until the TM5RUN
bit is reset to "0". Overflow of TM5C can be used as a baud rate generator for SIO4 and
5. Figure 8-18 shows an operation example (for settings of 1/n counter frequency division
ratio 1/1 and 1/4 TBCCLK).

CPUCLK

TM count CLK
(1/4 TBCCLK)
TM5R 55H
TM5C FEH X FrH X ssH X seH X
Overflow signal L
(Baud rate for SIO4) /
TM50UT y
A

Interrupt request generated

Figure 8-18 Timer 5 Operation Example
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8.8.5 Timer 5 Interrupt

When a timer 5 interrupt factor occurs, the interrupt request flag (QTM50V) is set to "1".
The interrupt request flag (QTM50V) is located in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM50V). The interrupt

enable flag (ETM50V) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POTM50V and
P1TM50V). The interrupt priority setting flags are located in interrupt priority control

register 6 (IP6).

Table 8-8 lists the vector address of the timer 5 interrupt factor and the interrupt processing

flags.

Table 8-8 Timer 5 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0

Overflow of timer 5 003A QTM50V ETM50V P1TM50V POTM50V

Symbols (byte) of registers that

Y L (yte) 9 . IRQ3 IE3 IP6
contain interrupt processing flags
‘ Reference page 17-15 17-20 17-28

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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8.9 Timer6

Timer 6 is an 8-bit auto-reload timer that has two operating modes, auto-reload timer mode
and watchdog timer (WDT) mode. If the counter overflows during the WDT mode, the
system will be reset.

8.9.1 Timer 6 Configuration
Figure 8-19 shows the timer 5 configuration.

Selector

1/8 TBCCLK —> . OVF )
1/16 TBCCLK —> TM6C (8bit) & Interrupt request
1/256 TBCCLK —>|
TM6C: General-purpose 8-bit timer 6 counter

1/32 TBCCLK —>;
$ Reset request
1/1024 TBCCLK —>
TM6R: General-purpose 8-bit timer 6 register

1/64 TBCCLK —>
TMB6R (8bit)
174096 TBCCLK— MODWDT ' Software alternates
TM6CON: General-purpose 8-bit timer 6 control register

1/128 TBCCLK —|
writing n3H and nCH
TM6CON
MODWDT: WDT mode setting signal

Figure 8-19 Timer 6 Configuration
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8.9.2 Description of Timer 6 Registers

1)

)

General-purpose 8-bit timer 6 counter (TM6C)
The general-purpose 8-bit timer 6 counter (TM6C) is an 8-bit up-counter.

« During auto-reload timer mode
When an interrupt request is generated due to overflow of the counter, the contents of
general-purpose 8-bit timer 6 register (TM6R) are loaded into TM6C.

e During WDT mode
Counter overflow causes the system to be reset. When starting or initializing WDT, a
special write operation to TM6C is necessary (so that WDT will not be easily initialized
by an out-of-control program). The count value can be read during WDT operation, but
once WDT is started, it is not possible to write to TM6C.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), the contents of TM6C are undefined.

[Note]
Writing a timer value to TM6C causes the same value to be also written to general-
purpose 8-bit timer 6 register (TM6R).

General-purpose 8-bit timer 6 register (TM6R)
The general-purpose 8-bit timer 6 register (TM6R) consists of 8 bits. This register stores
the value to be reloaded into the general-purpose 8-bit timer 6 counter (TM6C).

During the auto-reload timer mode, the program can read from and write to TM6R. During
the WDT mode, TM6R is read-only.

Atreset (dueto a RES input, BRK instruction execution, watchdog timer overflow, or opcode
trap), the contents of TM6R are undefined.
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(3) General-purpose 8-bit timer 6 control register (TM6CON)
The general-purpose 8-bit timer 6 control register (TM6CON) consists of 7 bits.

During the auto-reload timer mode, the program can read from and write to TM6CON.
However, write operations are invalid for bits 4 to 6. If read, a value of "1" will always be
obtained for bit 4.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TM6CON becomes 10H.
Figure 8-20 shows the TM6CON configuration.

[Description of each bit]
* WDTCO to WDTC2 (bits 0 to 2)
WDTCO to WDTC2 specify the count clock for timer 6.

* ATMRUN (bit 3)
During the auto-reload timer mode, ATMRUN specifies whether the count is running or
halted.

During the WDT mode, the value that has been written will be read.

* WDTRUN (bit 5)
This read-only flag is read as "1" during counting in the WDT mode. With this flag, it is
possible to determine whether the count operation in the WDT mode has started.

« WDTLDE (bit 6)
During the WDT mode, WDT is initialized within a fixed period by loading the value of
TM6R into TM6C. This load operation (WDT initialization) is performed by alternately
writing "n3H" and "nCH" (where n is an arbitrary value from 0 to F) to TM6C.

WDTLDE is aread-only flag used during initialization to determine whether the next value
to be written to TM6C will be "n3H" or "nCH".

« MODWDT (bit 7)
This bit specifies the timer 6 operating mode (auto-reload timer mode or WDT mode).

[Note]
Before setting MODWDT to "1" to enter the WDT mode, setthe WDT overflow period with
TM6C, TM6R and TM6CON (WDTCO0 to WDTC?2). Itis not possible to modify the period
once MODWDT is set to "1" and the WDT mode is entered. (Writes become invalid).

Since MODWNDT is located within TM6CON, byte instructions can be used to simultaneously
write to MODWDT and WDTCO through WDTC2.
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7 6 5 4 3 2 1 0

TM6CON [MODWDT[WOTLDEIWDTRUN] — _|ATMRUN[WDTG2[WDTCHWDTCO] s ress: 007 I

At reset 0 0 0 1 0 0 0 0

WDTC

2T110 Timer 6 count clock
0|00 1/8 TBCCLK
o|o0|1 1/16 TBCCLK
oj1|0 1/32 TBCCLK
011 1/64 TBCCLK
1]0]|0 1/128 TBCCLK
1(0(1 1/256 TBCCLK
1(1]0 1/1024 TBCCLK
1011 1/4096 TBCCLK
0 | Timer 6 halt counting
1| Timer 6 start counting
0 | WDT count halted (read-only)

1| WDT count in progress (read-only)

0 | Initialize by writing n3H (read-only)

1| Initialize by writing nCH (read-only)

0 | Auto-reload timer mode

1| WDT mode

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 8-20 TM6CON Configuration
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8.9.3 Example of Timer 6-related Register Settings

e Auto-reload timer mode settings

)

)

@)

General-purpose 8-bit timer 6 counter (TM6C)

Setthe timervalue that will be valid at the start of counting. Whenwriting to TM6C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 6 register (TM6R).

General-purpose 8-bit timer 6 register (TM6R)

This register sets the value to be loaded after general-purpose 8-bittimer 6 counter (TM6C)
overflows. Ifthe timervalue (TM6C) and the reload value (TM6R) are identical, this register
will automatically be set just by setting TM6C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 6 control register (TM6CON)
Bits 0 to 2 (WDTCO to WDTC?2) of this register specify the count clock for timer 6. If bit 3
(ATMRUN) is setto "1", timer 6 will begin counting. If resetto "0", timer 6 will halt counting.

 Watchdog timer (WDT) mode settings

)

)

®3)

General-purpose 8-bit timer 6 register (TM6R)
This register sets the value to be loaded into general-purpose 8-bit timer 6 counter (TM6C).

General-purpose 8-bit timer 6 control register (TM6CON)
(i) Specify the count clock for timer 6 with bits 0 to 2 (WDTCO to WDTC?2) of this register.

(i) Set bit 7 (MODWDT) to "1" to enter the WDT mode.

(Settings (i) and (ii) can be performed simultaneously by using a byte instruction such as
MOVB.)

General-purpose 8-bit timer 6 counter (TM6C)
Write the WDT activation code, "n3H", to start WDT counting.

(At this time, the contents of TM6C are not modified. "n3H" is only used to activate WDT.)

Thereafter, WDT is initialized by alternately writing "nCH" and "n3H" before overflow.
WDTLDE (bit 6) of TM6CON can be read to determine whether the value to be written for
the nextinitialization is "nCH" or "n3H". "WDT initialization" is defined as loading the value
of TM6R into TM6C. (n is an arbitrary value from 0 to F.)
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8.9.4 Timer 6 Operation

¢ Auto-reload timer mode

When the MODWNDT bit in TM6CON is reset to "0", the mode changes to the auto-reload
timer mode. If the ATMRUN bitis setto "1", timer 6 will begin counting upward, running on
the count clock selected by TM6CON. When TM6C overflows, an interrupt request is
generated and the contents of TM6R are loaded into TM6C. This operation is repeated until
the ATMRUN bit is reset to "0". Figure 8-21 shows an operation example (for settings of
1/n counter frequency division ratio 1/1 and 1/8 TBCCLK).

CPUCLK

TM count CLK
(1/8 TBCCLK) [ N 1 N
TM6R 55H
TMBC FEH X FH X ssH X seH X
Overflow signal []
A

Interrupt request generated

Figure 8-21 Timer 6 Operation (During Auto-Reload Timer Mode)
¢ Watchdog timer (WDT) mode

When the MODWDT bit in TM6CON is set to "1", the mode changes to the WDT mode.
Once the WDT mode is set, it is not possible to return to the auto-reload timer mode until
the system is reset. Inthe WDT mode, writing "n3H" to TM6C will cause the WDT count
operation to begin. Thereafter, alternately writing "nCH" and "n3H" by the program will
cause the contents of TM6R to be loaded into TM6C and initialize WDT.

IfWDT initialization is notimplemented within the fixed amount of time set by the count clock
and the reload value, then TM6C will overflow and the system will be reset. To process a
system reset, the branch address (2 bytes) stored in addresses 0004 to 0005 (vector
address for reset by WDT) is loaded into the program counter.

The time (tWDT) until TM6C overflows can be expressed by the below equation, where f
[MHZz] is the fundamental clock (CPUCLK), T is the TM6C count clock (divided value of
TBCCLK), n is the divisor for the 1/n counter at the TBC front stage, and R is the value of
TM6R.

tWDT = (l/f) XTxnx (256 - R) [LLS] (R: Oto 255)

Figure 8-22 shows timing diagrams of an out-of-control program and detection by WDT.
Figure 8-23 shows an example of an out-of-control program.

8-44



MSM66577 Family User's Manual
Chapter 8 General-Purpose 8/16 Bit Timers

Direction of program execution

TM6C Write n3H Write nCH Write n3H Write nCH
contents WDT starts TM6R—-TM6C TM6R—TM6C TM6R—TM6C
OVF frvmeeienenns D ESREEEREEE SERREEERTRES TERERPERPRRPRPRPREPY RS
TM6R : t
<«— Within —>|<Within >»|<«——Within——>
tWDT tWDT tWDT
(a) Correct program execution
Direction of program execution
TM6C Write n3H Write nCH
contents WDT starts TM6R—TM6C
OVF [rrmmmmmremeeeeee SRR E EEEEEEREEE R SRR
5 TM6C overflows
; (System reset by WDT)
TM6R ? t
<«~—— tWDT —>

(b) Program runs out-of-control

Figure 8-22 Timing Diagram of Out-of-Control Program Detection
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WODT initialization by
writing nCH to TM6C

—

WDT initialization by
writing n3H to TM6C

WODT initialization by
writing nCH to TM6C

»
>

WDT initialization by
writing n3H to TM6C

WDT initialization by
writing nCH to TM6C

—>:
|

WDT initialization by
writing n3H to TM6C

(b) Execution of writing n3H only

—— Abnormal program running

.......... Normal program running

(c) No writing to TM6C

Figure 8-23 Example of Out-of-Control Program Detection
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8.9.5 Timer 6 Interrupt (During Auto-Reload Timer Mode)

When a timer 6 interrupt factor occurs (during the auto-reload timer mode), the interrupt
request flag (QTM6QV) is set to "1". The interrupt request flag (QTM60V) is located in
interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM60V). The interrupt
enable flag (ETM60V) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POTM60V and
P1TM60V). The interrupt priority setting flags are located in interrupt priority control
register 7 (IP7).

Table 8-9 lists the vector address of the timer 6 interrupt factor and the interrupt processing
flags.

Table 8-9 Timer 6 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
Overflow of timer 6 0042 QTMB0OV ETM60V P1TM60V POTMB0OV

Symbols (byte) of registers that
. . IRQ3 IE3 IP7
contain interrupt processing flags

‘ Reference page 17-15 17-20 17-29

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing
Functions".
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8.10 Timer 9
Timer 9 is an 8-bit auto-reload timer that has the function for clock output for PWM.
TM9OUT is not output on ports, but can be used by software as a flag.

8.10.1 Timer 9 Configuration
Figure 8-24 shows the timer 9 configuration.

TBCCLK —>|
1/2 TBCCLK —> 5 TM9C (8bit) OVF Interrupt request
1/4TBCCLK — &
1/8 TBCCLK —>{ &
1/32 TBCOLK —>| @ D Q TMI0UT
1/256 TBCCLK —> +—>CK Q—
TMOR (8bit)
1\ Clock output

for PWM

TMOC: General-purpose 8-bit timer 9 counter
TMO9R: General-purpose 8-bit timer 9 register
TM9OCON: General-purpose 8-bit timer 9 control register

Figure 8-24 Timer 9 Configuration
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8.10.2 Description of Timer 9 Registers

1)

)

@)

General-purpose 8-bit timer 9 counter (TM9C)

The general-purpose 8-bittimer 9 counter (TM9C) is an 8-bit up-counter. When this counter
overflows, an interrupt request is generated and it is loaded with the contents of general-
purpose 8-bit timer 9 register (TM9OR). This counter can also be used as a clock for PWM.

TM9C can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM9C are undefined.

[Note]
Writing a timer value to TMOC causes the same value to also be written to the general-
purpose 8-bit timer 9 register (TM9R).

General-purpose 8-bit timer 9 register (TM9R)
The general-purpose 8-bit timer 9 register (TM9R) consists of 8 bits. This register stores
the value to be reloaded into the general-purpose 8-bit timer 9 counter (TM9C).

TM9R can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of TM9R are undefined.

General-purpose 8-bit timer 9 control register (TM9CON)

The general-purpose 8-bit timer 9 control register (TM9CON) consists of 5 bits. Bits 0 to
2 (TM9CO0 to TM9C2) of TMOCON select the timer 9 count clock, bit 3 (TM9RUN) specifies
starting or halting the counting, and bit 7 (TM9OUT) specifies the initial timer output level
(High or Low) at start-up. And each time TMOC overflows, the content of bit 7 (TM9OUT)
is reversed.

TM9CON can be read from and written to by the program. However, write operations are
invalid for bits 4 to 6. If read, a value of "1" will always be obtained for bits 4 to 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), TMOCON becomes 70H.

Figure 8-25 shows the TM9CON configuration.
[Note]

Just before TMOC overflows, if an SB, RB, XORB or other read-modify-write instruction
is performed on TM9CON, then TMOOUT may not operate correctly.
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7 6 5 4 3 2 1 0
TMoCON [MeoUT] — | — | — [TMSRUN|TM9C2]TMOC1[TMICO] s coress: O0CE ]
At reset 0 1 1 1 0 0 0 0
TMOC
>T110 Timer 9 count clock
0(0|0 TBCCLK
001 1/2 TBCCLK
0(1]0 1/4 TBCCLK
o(1]|1 1/8 TBCCLK
1]10]0 1/32 TBCCLK
1101 1/256 TBCCLK
1110 Prohibited setting
11111 Prohibited setting
0| Timer 9 halt counting
1| Timer 9 start counting
0 Low level output
1| High level output

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 8-25 TM9CON Configuration

[Note]
Do not select a timer 9 count clock setting that is prohibited. If a "prohibited setting" is

selected, timer 9 will not operate properly.
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8.10.3 Example of Timer 9-related Register Settings

1)

)

®3)

General-purpose 8-bit timer 9 counter (TM9C)

Setthe timer value that will be valid at the start of counting. When writing to TM9C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 9 register (TM9R).

General-purpose 8-bit timer 9 register (TM9R)

This register sets the value to be loaded after general-purpose 8-bittimer 9 counter (TM9C)
overflows. Ifthe timervalue (TM9C) and the reload value (TM9R) are identical, this register
will automatically be set just by setting TM9C. If the values are different or are to be
modified, this register must be set explicitly.

General-purpose 8-bit timer 9 control register (TM9CON)

Bits 0to 2 (TM9CO0 to TM9C?2) of this register specify the count clock for timer 9. If TMOOUT
(timer output) is to be used, specify the initial value with bit 7 (TMOOUT). If bit 3 (TM9RUN)
is set to "1", timer 9 will begin counting. If reset to "0", timer 9 will halt counting.
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8.10.4 Timer 9 Operation

When the TM9RUN bitis setto"1", timer 9 will begin counting upward, running on the count
clock selected by TMOCON. When TM9C overflows, an interrupt request is generated, the
contents of TM9R are loaded into TM9C and the TMOOUT output is inverted. The initial
value of the TM9OUT pin is specified by bit 7 (TMOOUT) of TM9CON. This operation is
repeated until the TMORUN bit is reset to "0". Overflow of TM9C can be used as the clock
output for PWM. Figure 8-26 shows an operation example (for settings of 1/n counter
frequency division ratio 1/1and 1/4 TBCCLK).

CPUCLK
TM count CLK

(1/4 TBCCLK)
TMOR 55H
T™9C FEH X FFH X 55H X seH X
Overflow signal
(Clock output for PWM) <
TMOOUT
A

Interrupt request generated

Figure 8-26 Timer 9 Operation Example
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8.10.5 Timer 9 Interrupt

When a timer 9 interrupt factor occurs, the interrupt request flag (QTM90V) is set to "1".
The interrupt request flag (QTM9QV) is located in interrupt request register 4 (IRQ4).

Interrupts can be enabled or disabled by the interrupt enable flag (ETM90V). The interrupt
enable flag (ETM9QV) is located in interrupt enable register 4 (IE4).

Three levels of priority can be set with the interrupt priority setting flags (POTM90V and
P1TM90V). The interrupt priority setting flags are located in interrupt priority control

register 9 (IP9).

Table 8-10 lists the vector address of the timer 9 interrupt factor and the interrupt processing

flags.

Table 8-10 Timer 9 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
Overflow of timer 9 0072 QTM9O0V ETMO0OV P1TMO0V POTMO0V
Symbols (byte) of registers that

Y o byte) 9 . IRQ4 IE4 IP9

contain interrupt processing flags
‘ Reference page 17-16 17-21 17-31

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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9.1

9.2

Capture/Compare Timer

Overview
The MSM66577 family has a built-in 2-channel capture/compare timer.
Timer functions consist of a capture mode used for pulse width and cycle measurements

and a compare out mode used for pulse output with real-time control. Functions can be
selected for use with each of the two channels.

Capture/Compare Timer Configuration

Figure 9-1 shows the capture/compare timer configuration. The counter unit consists of a
16-bit free running counter (FRC) and two capture/compare out modules.

FRC } Overflow Interrupt request

Capture/compare out module

’ Comparator }—<>—*D—> Interrupt request

CPCMRn
¢

CAPCON | [Edge detection|] [ CPCMBFn

CPCMn
(P5_4, P5_5)

Selector

(n=0,1)

FRC: free running counter (16 bits)

CPCMRn: Capture/compare register (16 bits)

CAPCON: Capture control register

CPCMBFRn: Capture/compare buffer register (16 bits)
CPCMOUTN: Capture/compare out bit

CPCMn: Capture input/compare output pin (P5_4, P5_5)
CPCMBFn: Compare out buffer bit

CPCMSBFn: Compare out sub-buffer bit

Figure 9-1 Capture/Compare Timer Configuration
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9.3 Capture/Compare Timer Registers

Table 9-1 lists a summary of SFRs for control of the capture/compare timer.

Table 9-1 Summary of SFRs for Control of the Capture/Compare Timer

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
0040 )
Free running counter — FRC | R/'W 16 0000 9-3
0041
004A Capture/compare
i — CPCMRO| R/W 16 0000 9-6
004B register 0
004C Capture/compare
) — CPCMR1| R/'W 16 0000 9-6
004D register 1
Free running counter
0050 v« . FRCON — R/W 8 Co 9-4
control register
0051 ¢ | Capture control register CAPCON — R/W 8 Co 9-7
0055+¢ | Compare control register 0 |CPCMCONO| — R/W 8 F8 9-6
0056 ¥x | Compare control register 1 | CPCMCON1 — R/W 8 F8 9-6
00EA Capture/compare
. — CPCMBFR0| R/W 16 0000 9-8
O0OEB buffer register 0
00EC Capture/compare
. — CPCMBFR1| R/W 16 0000 9-8
00ED buffer register 1
[Notes]

1. Addresses are not consecutive in some places.

2. A star (¥¥) in the address column indicates a missing bit.

3. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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9.4 16-Bit Free Running Counter (FRC)

A 16-bit free running counter (FRC) is used as the counter unit of the compare/capture
timer.

9.4.1 16-Bit Free Running Counter Configuration
Figure 9-2 shows the 16-bit free running counter configuration.

TBCCLK ————=

1/2 TBCCLK ———>
1/4 TBCCLK ——>
1/8 TBCCLK ——=
1/16 TBCCLK ————=
1/32 TBCCLK ——> 16 bits
1/64 TBCCLK ———=>
1/128 TBCCLK ———>

Capture/compare out module
FRCON

FRC: free running counter (16 bits)
FRCON: free running counter control register

OVF

FRC Interrupt request

Selector

Figure 9-2 16-Bit Free Running Counter Configuration

9.4.2 Description of 16-bit Free Running Counter Register

(1) 16-bit free running counter (FRC)
The 16-bit free running counter (FRC) is a 16-bit up-counter. Counter overflow causes an
interrupt request to be generated and the counter to be cleared to "0".

FRC can be read from and written to by the program.

Use the interrupt processing routine active when the interrupt request is generated to write
the next values to the free running counter (FRC).

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), FRC becomes 0000H.
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(2) Freerunning counter control register (FRCON)
The free running counter control register (FRCON) consists of 6 bits. FRCON selects the
count clock for the free running counter (FRC), starts/stops the counter, and specifies the
operating mode of the capture/compare out module. Bits 0 to 2 (FRCKO to FRCK2) select
the FRC count clock and bit 3 (FRRUN) specifies whether to run or stop the counter. Bit
4 (CPOMD) specifies the CPCMO operating mode and bit 5 (CP1MD) specifies the CPCM1
operating mode.
FRCON can be read from and written to by the program. However, write operations are
invalid for the upper 2 bits. If read, a value of "1" will always be obtained for the upper 2 bits.
When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), FRCON becomes COH, TBCCLK is selected for the FRC count clock,
and counting is halted. Also, the capture/compare out module will specify the compare out
mode.
Figure 9-3 shows the FRCON configuration.
7 6 5 4 3 2 1 0
FRCON | — | — |cP1Mp[cPoMD|FRRUN|FRCK2|FRCK1|[FRCKO| /WA:géZ:f g(}\%) H
At reset 1 1 0 0 0 0 0 0 '
FRCK
>T110 FRC count clock
olo|o TBCCLK
0|0]1 1/2 TBCCLK
ol1|0 1/4 TBCCLK
o011 1/8 TBCCLK
1]0|0 1/16 TBCCLK
1]/0]1 1/32 TBCCLK
111]0 1/64 TBCCLK
111 1/128 TBCCLK
0 | Halt FRC counting
1 | Operate FRC counting
CPOMD CPCMO0 operating mode
0 Compare out mode
1 Capture mode

CP1MD CPCM1 operating mode

0 Compare out mode

1 Capture mode

"—" indicates a nonexistent bit.
If read, its value will be "1."

Figure 9-3 FRCON Configuration
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9.5 Capture/Compare Out Modules

The MSM66577 family has two sets of capture/compare out modules. The configuration
of the two sets is identical with the only difference being the address of registers in the SFR
area.

[Note]

To switch the mode between the capture mode and the compare mode, first stop the free
running counter (set FRRUN of the FRCON register to "0"), then switch the mode. If the
mode is switched without stopping the free running counter, the capture/compare register
(CPCMRO0 or CPCMR1) value may become different from the expected value.

9.5.1 Capture/Compare Out Module Configuration
Figure 9-4 shows the capture/compare out module configuration.

1

FRC {}

’ Comparator }—"—‘D—> Interrupt request

CPCMRn
%
’Hxlux‘uxlux‘
CPCMBFRn
CAPCON |—={ Edge detection| [ CPCMBFn s CPCMn
5 (P5_4, P5_5)
(0]
CPCMSBFn ©
?l (=0,

FRC: free running counter (16 bits)

CPCMRn: Capture/compare register (16 bits)

CAPCON: Capture control register

CPCMBFRn: Capture/compare buffer register (16 bits)
CPCMOUTN: Capture/compare out bit

CPCMn: Capture input/compare output pin (P5_4, P5_5)
CPCMBFn: Compare out buffer bit

CPCMSBFn: Compare out sub-buffer bit

Figure 9-4 Capture/Compare Out Module Configuration
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9.5.2 Description of Capture/Compare Out Module Registers

1)

)

Capture/compare registers (CPCMR0, CPCMR1)

The capture/compare registers (CPCMR0 and CPCMR1) consist of 16 bits. Inthe compare
out mode, CPCMRO0 and CPCMRL1 are always compared to the value of the free running
counter (FRC). Inthe capture mode, when the edge specified as valid is input to a CPCMn
pin, a capture event interrupt is generated, and at the same time, the contents of the free
running counter (FRC) are loaded into CPCMRO and CPCMR1.

CPCMRO0 and CPCMRL1 can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CPCMRO and CPCMR1 become 0000H.

Capture/compare control registers (CPCMCONO, CPCMCON1)

The capture/compare control registers (CPCMCONO and CPCMCONL1) consist of 3 bits.
In the compare out mode, if CPCMRO and CPCMR1 match the value of the free running
counter (FRC), the contents of CPCMBFn (bit 1) are loaded into CPCMOUTN (bit 0). Atthe
same time, the contents of CPCMSBFn (bit 2) are loaded into CPCMBFn (bit1). CPCMBFn
is set to the level (High or Low level) that is desired at the time of the next match.

CPCMCONO and CPCMCONT1 can be read from and written to by the program. However,
write operations are invalid for the upper 5 bits. Ifread, the value of the upper 5 bits is always
npn

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CPCMCONO and CPCMCON1 become F8H.

Figure 9-5 shows the configuration of CPCMCONO and CPCMCONL1.

7 6 5 4 3 2 1 0

Address: 0055 [H] (CPCMCONO)

cpoMcOoNn | — | — [ — [ — [ — [ceomssrcromBrncomout]  feereSS RS Hl (GPGMGONT)
At reset 1 1 1 1 1 0 0 0 R/W access: R/W

The contents of this flag are output
to the CPCMn pin.

When the counter value matches
the CPCMRn value, the contents of
this flag are loaded into CPCMOUTN.

When the counter value matches
the CPCMRn value, the contents of
this flag are loaded into CPCMBFn.

"—" indicates a nonexistent bit.
If read, its value will be "1."
(h=0,1)

Figure 9-5 CPCMCONO and CPCMCON1 Configuration
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®3)

[Note]
Just before the occurrence of an event caused by compare out, if an SB, RB, XORB or
other read-modify-write instruction is performed on CPCMCONO or CPCMCON1, then
CPCMBFn and CPCMOUTN may not operate correctly.

Capture control register (CAPCON)

The capture control register (CAPCON) consists of 4 bits. When the capture/compare out
module is in the capture mode, CAPCON specifies the valid edge for the signal input to
CPCMO0 and CPCML1 pins. Bits 2 and 3 (CPOEO and CPOE1) specify the valid edge of the
signal input to the CPCMO pin, and bits 4 and 5 (CP1EO and CP1E1) specify the valid edge
of the signal input to the CPCML1 pin.

CAPCON can be read from and written to by the program. However, write operations are
invalid for the upper 2 bits and lower 2 bits. If read, the upper 2 bits are always "1" and the
lower 2 bits are always "0".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CAPCON becomes COH, and "capture input invalid" is specified for
CPCMO and CPCML1.

Figure 9-6 shows the configuration of CAPCON.

7 6 5 4 3 2 1 0

capcoN | — | — [cpiet]cpieo|cpoEt[cProeo] — [ — ] Address: 0051 [H]

At reset 1 1 0 0 0 0 0 0 R/W access: R/'W
CPGE Valid edge during
110 CPCMO capture mode
0|0 Input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
CP1E Valid edge during
110 CPCM1 capture mode
0|0 Input invalid
0|1 Falling edge
110 Rising edge
111 Both edges

"—" indicates a nonexistent bit.
If bits 6 and 7 are read, their value will be "1."
Bits 0 and 1 are read as "0."

Figure 9-6 CAPCON Configuration

[Note]
Set the minimum pulse width of the capture input longer than 1 CPU clock (CPUCLK).
The capture input signal is sampled at the falling edge of the CPUCLK and used as the
internal capture signal.
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(4)

Capture/compare buffer registers (CPCMBFR0, CPCMBFR1)

The capture/compare buffer registers (CPCMBFR0O, CPCMBFR1) consist of 16 hits.
During the compare out mode, if the value specified in CPCMR0 and CPCMR1 matches
the value of the free running counter (FRC), the value setin CPCMBFRO0 and CPCMBFR1
is loaded into CPCMRO0 and CPCMR1.

The program can read from and write to CPCMBFRO0 and CPCMBFR1.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), CPCMBFR0 and CPCMBFR1 become 0000H.

9.6 Example of Capture/Compare Timer-related Register Settings

9.6.1 Capture Mode Settings

1)

)

®3)

(4)

(5)

Port 5 mode register (P510)

If CPCMO is to be set to the capture mode, reset bit 4 (P5104) to "0" to configure the port
asaninput. If CPCM1 is to be setto the capture mode, reset bit 5 (P5105) to "0" to configure
the port as an input.

Port 5 secondary function control register (P5SF)
Bit 4 (P5SF4) specifies whether the CPCMO capture input is pulled up. Bit 5 (P5SF5)
specifies whether the CPCM1 capture input is pulled up.

Capture control register (CAPCON)
Specify the valid edge for CPCMO with bits 2 and 3 (CPOEO and CPOE1). Specify the valid
edge for CPCM1 with bits 4 and 5 (CP1EO and CP1E1).

Free running counter (FRC)
The initial value at the start of counting can be set by writing an arbitrary 16-bit value. FRC
can be read from and written to during counting.

Free running counter control register (FRCON)

Bits 0, 1, and 2 (FRCKO, FRCK1, and FRCK2) specify the count clock for the free running
counter. To set CPCMO to the capture mode, set bit 4 (CPOMD) to "1". To set CPCML to
the capture mode, set bit 5 (CP1MD) to "1". If bit 3 (FRRUN) is setto "1", the free running
counter will begin counting. If reset to "0", the free running counter will halt counting.
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9.6.2 Compare Out Mode Settings

)

)

@)

(4)

(%)

(6)

()

Port 5 mode register (P5I0)

If CPCMO is to be set to the compare out mode, set bit 4 (P5104) to "1" to configure the port
as an output. If CPCML is to be set to the compare out mode, set bit 5 (P5105) to "1" to
configure the port as an output.

Port 5 secondary function control register (P5SF)

If CPCMO s to be setto the compare out mode, set bit 4 (P5SF4) to "1" to configure the port
as a secondary function output. If CPCML1 is to be set to the compare out mode, set bit 5
(P5SF5) to "1" to configure the port as a secondary function output.

Capture/compare control registers (CPCMCONO, CPCMCON1)

If CPCMO is to be set to the compare out mode, specify with bit 0 (CPCMOUTO) the initial
value to be output to the CPCMO pin, and specify with bit 1 (CPCMBFO0) the value desired
to be output from the CPCMO pin when the value of the free running counter matches the
contents of the CPCMRO. Specify with bit 2 (CPCMSBFO0) the value desired to be output
from the CPCMO pin when the next value of the free running counter matches the contents
of the CPCMRO0. If CPCML1 is to be set to the compare out mode, specify with bit 0
(CPCMOUT1) the initial value to be output to the CPCM1 pin, and specify with bit 1
(CPCMBF1) the value desired to be output from the CPCM1 pin when the value of the free
running counter matches the contents of the CPCMR1. Specify with bit2 (CPCMSBF1) the
value desired to be output from the CPCML1 pin when the next value of the free running
counter matches the contents of the CPCMRL1.

Free running counter (FRC)
The initial value at the start of counting can be set by writing an arbitrary 16-bit value. FRC
can be read from and written to during counting.

Capture/compare registers (CPCMRO0O, CPCMR1)

If CPCMO has been set to the compare out mode, set a count value in CPCMRO at which
to change the CPCMO pin output. If CPCM1 has been set to the compare out mode, set
a count value in CPCMR1 at which to change the CPCM1 pin output.

Capture/compare buffer registers (CPCMBFR0, CPCMBFR1)

If CPCMO has been set to the compare out mode, CPCMBFOspecifies the next count value
of CPCMRO at which output of the CPCMO pin will change. If CPCM1 has been set to the
compare out mode, CPCMBF1 specifies the next count value of CPCMR1 at which output
of the CPCML1 pin will change.

Free running counter control register (FRCON)

Bits 0, 1, and 2 (FRCKO, FRCK1, and FRCK2) specify the count clock for the free running
counter. Toset CPCMOtothe compare outmode, resetbit4 (CPOMD)to "0". Toset CPCM1
to the compare out mode, reset bit 5 (CP1MD) to "0". If bit 3 (FRRUN) is setto "1", the free
running counter will begin counting. Ifresetto"0", the free running counter will halt counting.
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9.7 Capture/Compare Timer Operation

9.7.1 Capture Mode Operation

When the free running counter (FRC) is in the RUN state, if the valid edge specified by
CAPCON: isinputtothe CPCMO0 or CPCML1 pins, the capture event will generate aninterrupt
request, and the contents of the free running counter (FRC) will be simultaneously loaded
into CPCMRnN (where n =0, 1).

Figure 9-7 shows an operation example of the capture mode.

CAP input
(falling edge) _+—|

ovf ---i

Counter contents
(FRC)

Interrupt Interrupt Interrupt Interrupt Interrupt
request request request request request
generated generated generated generated generated

Figure 9-7 Capture Module Operation Example

[Note]
Set the minimum pulse width of the capture input to atleast 1 CPU clock (CPUCLK). The

capture input signalis sampled atthe falling edge of the CPUCLK and used as the internal
capture signal.
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9.7.2 Compare Out Mode Operation

When the free running counter (FRC) is in the RUN state, CPCMRO and CPCMRL1 are
always compared to the value of the free running counter (FRC). If they match, an interrupt
request is generated by compare out and the contents of the CPCMBFn (bit 1) of
CPCMCONO and CPCMCONT1 are loaded into CPCMOUTN (bit 0) (where n =0, 1).Also,
the contents of the CPCMSBFn (bit s) are loaded into CPCMBFn (bit 1) and the contents
of the CPCMBRn are loaded into CPCMRnN. Therefore, set CPCMRn with the level desired
at the timing for the next match and set CPCMBFn with the level desired at the timing for
the match following the next match (where n =0, 1). Use the interrupt processing routine
active when the interrupt request is generated to write the next values to CPCMRn and
CPCMBFn (where n =0, 1).

Figure 9-8 shows an example of compare out mode operation.

CPCMRn = FRC

Free running counter CPCMRn = FRC

contents (FRC)

0000H ------=-smsmsmmnmmnans foonoen o e foneee
CPCMRn contents X a AP X c X d X
CPCMBFRn contents X b X c X d X e X

CPCMOUTn —— E —
(CPCMn) contents :

CPCMBFn contents / I
|

CPCMSBFn contents "\

A A A
Write to each Interrupt requeét Interrupt request
register generated | generated
Write to CPCMRn, Write to CPCMRn,
CPCMBFn ! CPCMBFn
A A
Interrupt request Interrupt request
generated generated
Write to CPCMRn, Write to CPCMRn,
CPCMBFn CPCMBFn

Figure 9-8 Compare Out Mode Operation Example
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9.8 Example Timings for Changing the Output Level of Compare Out

Example timings in the compare out mode for changing the output level of the CMP output
are shown below.

Figure 9-9 shows an example when 1/4 CPUCLK is selected as the clock source for the free
running counter (FRC). When the contents of CPCMRn are 100H, the FRC and CPCMRn
matching signal will be HIGH 1 CLK after the interval where FRC is 100H. The CPCMn
output pin (CPCMOUTN) changes at the falling edge of the logical AND of this matching
signal with the FRC clock pulse. Further, the corresponding interrupt request flag is set at
the next M1S1 (signal that indicates the beginning of an instruction).

This example shows the timing of an output level change when 1/2 CPUCLK or larger
frequency division ratio is selected as the FRC clock source.

FRC clock of 1/4 CPUCLK | [ ] [ ] 1
1 ‘L ;
A
\

{

FRC contents X 100H

101H ) 102H )(

CPCMRn contents | 100H

FRC and CPCMRn match 1 | \
FRC and CPCMRn matching signal ' / |

CPCMOUTN
M1S1 [ ] ] T |_|
\7 ’
IRQ '
Interrupt transfer cycle ,7

(when MIE, IE = "1")

Figure 9-9 Example Timing for Changing the Output Level of Compare Out
(FRC Clock = 1/4 CPUCLK)
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Figure 9-10 shows an example when 1/1 CPUCLK is selected as the clock source for the
free running counter (FRC). When the contents of CPCMRn are 100H, the FRC and
CPCMRnN matching signal will be HIGH 1 CLK after the interval where FRC is 100H. The
CPCMn output pin (CPCMOUTN) changes at the falling edge of the logical AND of this
matching signal with the FRC clock pulse. Therefore, when the FRC clock is set as 1/1
CPUCLK, the timing at which the CPCM output pin will change is FRC = CPCMRn + 01H
(when FRC is 101H in the figure below). The corresponding interrupt request flag is set at
the next M1S1 (signal that indicates the beginning of an instruction).

CPUCLK

FRC clock of 1/1 CPUCLK
vy
(oFeH{ 100

FRC contents

CPCMRn contents 100H

=T

FRC and CPCMRn match |_|

FRC and CPCMRn matching signal

CPCMOUTNn |
M1S1 [ ] ] T |_|
A :
IRQ
Interrupt transfer cycle ,7

(when MIE, IE ="1")

Figure 9-10 Example Timing for Changing the Output Level of Compare Out
(FRC Clock = 1/1 CPUCLK)

[Note]
In the above, the free running counter (FRC) clock is described as the CPUCLK base.
However, the actual FRC clock source is the time base counter (TBC) output. Therefore,
the example of Figure 9-10 is limited to the case where TBCCLK is selected as the FRC
clock with TBCCLK = CPUCLK (when the 1/n counter at the TBC front stage is set with
the value 1/1).
For further details regarding TBC, refer to Chapter 7, "Time Base Counter (TBC)".
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9.9 Capture/Compare Timer Interrupt

When each capture/compare timer interrupt factor occurs, the corresponding interrupt
request flag is setto "1". Interrupt request flags are located in interrupt request register 0

(IRQO).

Interrupts can be enabled or disabled by interrupt enable flags that correspond to each
interrupt factor. The interrupt enable flags are located in interrupt enable register 0 (IEO).

Corresponding to each interrupt factor, interrupt priority setting flags can set three levels
of priority for each interrupt factor. The interrupt priority setting flags are located in interrupt

priority control registers 0 and 1 (IPO and IP1).

Table 9-2 lists the vector address of each interrupt factor of the capture/compare timer and

the interrupt processing flags.

Table 9-2 Capture/Compare Timer Vector Addresses and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
Overflow of free
) 000C QFRCOV EFRCOV P1FRCOV POFRCOV
running counter
CPCMO capture input
0016 QCPCMO ECPCMO P1CPCMO POCPCMO
CPCMO compare match
CPCM1 capture input
0018 QCPCM1 ECPCM1 P1CPCM1 POCPCM1
CPCM1 compare match
Symbols (BYTE) of registers that
. . IRQO IEO IPO/IP1
contain interrupt processing flags
‘ Reference page 17-12 17-17 17-22/17-23

For further details regarding interrupt processing, referto Chapter 17, "Interrupt Processing

Functions".
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10. Real-Time Counter (RTC)

10.1 Overview
The MSM66577 family contains one internal 15-bit real-time clock counter (RTC).
The real-time counter runs on the clock obtained from the oscillation circuit (32.768 kHz)

connected to the XT pins. Interrupt requests at 1, 0.5, 0.25, and 0.125 seconds can be
obtained from the output of the real-time counter.

Counting continues even when in a standby state (STOP, HALT and HOLD modes). The
STOP and HALT modes can be released by the real-time counter interrupt.

10.2 Real-Time Counter Configuration
Figure 10-1 shows the real-time counter configuration.

Bit 11 (0.125 s)
Bit 12 (0.25 s)
S
(o]
Bit 13 (0.5 s) © | =GQRIC
(%]
Bit 14 (1 s)
0 14
XTCLK
Oscillation RTCC
circuit R
il — RTCCON
XT1
o — To CPUCLK selector
32.768 kHz XTCLK: Real-time counter clock (32.768 kHz)
crystal RTCC: Real-time counter (15 bits)
oscillator RTCCON: Real-time counter control register
QRTC: Real-time counter interrupt
XTO, XT1: 32.768 kHz oscillator connection pins for real-time counter

Figure 10-1 Real-Time Counter Configuration
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10.3 Real-Time Counter Control Register (RTCCON)

The real-time clock control register (RTCCON) consists of 4 bits. All real-time counter

settings are performed with RTCCON.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), RTCCON becomes FOH.
Figure 10-2 shows the RTCCON configuration.

[Description of each bit]
* RTCCL (bit 0)

This bitis used to reset the real-time counter. IfRTCCL is setto "1", the real-time counter
will be reset to "0". When the real-time counter is reset, RTCCL is also simultaneously

reset to "0".

« RTCIE (bit 1)
This bit enables or disables the real-time counter interrupt.

« SELRTIO, SELRTI1 (bits 2 and 3)

These bits select the interrupt cycle for the real-time counter interrupt.

7 6 5 4 3 2 1 0
Rrccon | — | — | — | — |[sELRTH[SELRTIO| RTCIE |RTCCL | Address: 0013 [H]
At reset 1 1 1 1 0 0 0 0 R/W access: R/W

| 0

Real-time counter operation in progress

Reset real-time counter

Disable real-time counter interrupt

Enable real-time counter interrupt

SELRTI Real-time counter
110 interrupt cycle
0|0 1s
0|1 0.5s
110 0.25s
1)1 0.125s

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 10-2 RTCCON Configuration
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10.4

)

)

10.5

Example of Real-Time Counter Register Settings

Peripheral Control Register (PRPHCON)

If the real-time counter related is to run on an external clock input to the XTO pin (instead
of the clock from the XT oscillation circuit), set bit 4 (EXTXT) to "1". Thereafter, an external
clock can be input to the XTO pin.

Real-Time Counter Control Register (RTCCON)

To reset the real-time counter, set bit 0 (RTCCL) to "1". If the real-time interrupt is to be
used, specify the real-time counter interrupt request cycle with bits 2 and 3 (SELRTIO and
SELRTI1) and set bit 1 (RTCIE) to "1" to enable the interrupt.

Real-Time Counter Operation

The real-time counter counts upward at the falling edge of XTCLK (XT clock). The output
of real-time counter bits 11 through 14, as selected by bits 2 and 3 (SELRTIO and SELRTI1)
of the real-time counter control register (RTCCON), generate real-time counter interrupt
requests.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the real-time counter is reset to "0". The real-time counter can also be
reset to "0" by setting the RTCCL bit of RTCCON to "1".
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10.6 Real-Time Counter Interrupt

When the real-time counter interrupt factor occurs, the interrupt request flag (QRTC) is set
to "1". The interrupt request flag (QRTC) is located in interrupt request register 3 (IRQ3).

Interrupt can be enabled or disabled by the interrupt enable flag (ERTC). The interrupt
enable flag (ERTC) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (PORTC and
P1RTC). The interrupt priority setting flags are located in interrupt priority control register
7 (IP7).

Table 10-1 lists the vector address of the real-time counter interrupt factor and the interrupt
processing flags.

Table 10-1 Real-Time Counter Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 0
Real-time counter output
0048 QRTC ERTC P1RTC PORTC
(Cycle: 0.125t0 1 s)
Symbols (BYTE) of registers that
L . IRQ3 IE3 IP7
contain interrupt processing flags
‘ Reference page 17-15 17-20 17-29

For further details regarding interrupt processing, referto Chapter 17, "Interrupt Processing
Functions".
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11.

111

11.2

PWM Function

Overview

The MSM66577 family contains 4 channels of PWM (Pulse Width Modulation) function that
can vary the duty with a fixed cycle. The resolution of each channel of PWM output is 8 bits.
Use ofthis function as 2 channels of PWM with 16-bitresolutionis also possible. Whenused
as a 16-hit PWM, a high-speed mode is available that does not degrade the resolution of
PWM output.

PWM Configuration

The MSM66577 family has two sets of 2-channel 8-bit PWMs (8-bit PWMO and 8-bit PWM1)
that share a common counter. These can be cascaded and used as 16-bit PWM (16-bit
mode).

Figure 11-1 shows the PWM configuration.

—={ ] PWMOOUT (P7_6)

1/1 CPUCLK s
1/2 TBCCLK — £ Eél— “d->[] PWM20UT (P8_6)
1/4 TBCCLK 2 T
Timer 9 OVF 0
PWINT2
oo PWINTO
High-speed mode circuit ——>{ ] PWM10UT (P7_7)

1/1 CPUCLK
1/2 TBCCLK
1/4 TBCCLK

E ] PWM3O0UT (P8_7)

Selector

PWINT3

L 5° PWINTA

PWCYO0, PWCY1: PWM cycle register (8 bits)
PWCO0, PWC1: PWM counter (8 bits)

PWRO0 to PWR3: PWM register (8 bits)
PWMOOUT to PWM3OUT: PWM output pin
PWMINTO to PWMINTS3: Interrupt request

Figure 11-1 PWM Configuration
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11.3 PWM Register
Table 11-1 lists a summary of SFRs for PWM control.

Table 11-1 Summary of SFRs for PWM Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
0090 PWM register 0 PWRO 00
- PWRO01 | R/W 8/16 11-4
0091 PWM register 1 PWR1 00
0092 PWM register 2 PWR2 00
- PWR23 | R/'W 8/16 11-4
0093 PWM register 3 PWR3 00
0094 PWM cycle register 0 PWCYO 00
- PWCY | R/'W 8/16 11-3
0095 PWM cycle register 1 PWCY1 00
0096 PWM counter 0 PWCO 00
PWC | R/'W 8/16 11-3
0097 PWM counter 1 PWCH 00
0098 PWM control register 0 PWCONO — R/W 8 00 11-4
0099+ | PWM control register 1 PWCON1 — R/W 8 FE 11-6

[Notes]
1. A star (¥¥) in the address column indicates a missing bit.

2. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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11.3.1 Description of PWM Registers

)

)

PWM counters (PWCO, PWC1)
The PWM counters (PWCO0, PWC1) are 8-bitup-counters. When overflow occurs, the value
in PWM cycle registers (PWCY0, PWCYC1) is loaded into PWCO0 and PWC1.

PWCO0 and PWCL1 can be read from and written to by the program. PWCO0 and PWC1 can
also be accessed as 16-bit PWC. During a 16-bit access, PWCL1 is the upper 8 bits and
PWCO is the lower 8 bits of PWC.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWC0 and PWC1 become 00H.

[Note]
Writing a count value to PWCO causes the same value to also be written to PWM cycle
register 0 (PWCYO0). Similarly, writing a count value to PWC1 causes the same value to
also be written to PWM cycle register 1 (PWCY1).

PWM cycle registers (PWCY0, PWCY1)
The PWM cycle registers (PWCYO0, PWCY1) are 8-bit registers that set the PWM cycle.

PWCYO0and PWCY1 can be read from and written to by the program. PWCY0 and PWCY1
can also be accessed as 16-bit PWCY. During a 16-bit access, PWCY1 is the upper 8 bits
and PWCYO is the lower 8 bits of PWCY.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCY0 and PWCY1 become O0OH.

[Note]
The cycle set in PWCYO0 must be longer than the duty value set by PWRO0 and PWR2.
Also, the cycle setin PWCY 1 must be longer than the duty value set by PWR1 and PWR3.
During the 16-bit mode, the cycle setin PWCY must be longer than the duty value set in
PWRO01 and PWR23.
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®3)

(4)

PWM registers (PWRO0 to PWR3)

The PWM registers (PWRO0 to PWR3) are 8 bit registers that set the duty value. The duty
value setting for PWRO0 and PWR2 is limited to within the cycle range set by PWCYO0. Also,
the duty value setting for PWR1 and PWR3 is limited to within the cycle range set by
PWCY1.

PWRO to PWR3 can be read from and written to by the program. PWRO and PWR1 can
also be accessed as the 16-bit PWR01. PWR2 and PWR3 can also be accessed as the
16-bit PWR23. During a 16-bit access, PWR1 is the upper 8 bits and PWRO is the lower
8 bits of PWRO01, and PWR3 is the upper 8 bits and PWR?2 is the lower 8 bits of PWR23.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWRO0 to PWR3 become O0H.

[Note]
During the 16-bit mode, the duty valu set by PWRO01 and PWR23 is limited to within the
cycle range set by PWCY.

PWM control register 0 (PWCONO)

The PWM control register 0 (PWCONO) consists of 8 bits. PWCONO starts and stops the
PWM counters (PWCO0, PWC1), selects the counter clock, and specifies the interrupt factor
of PWINTO and PWINTL.

PWCONO can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCONO becomes O0H.

Figure 11-2 shows the PWCONO configuration.
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7 6 5 4 3 2 1 0
PWCONO |PWC10V|PWCK11| PWCK10[PW1RUN|PWCOOV|PWCKO1|PWCK00|PWORUN|  Address: 0098 [H]
Atreset 0 0 0 0 0 0 0 0 R/W access: R/'W

| 0 Stop PWCO
1 Operate PWCO

PWCKO PWCO input clock
1 0

0 | 0 |1/1 CPUCLK

0 1 | 1/2 TBCCLK

1 0 | 1/4 TBCCLK

1 1 | TM9 overflow

0 | PWINTO = PWCO and PWRO match
1 | PWINTO = PWCO overflow

0 | Stop PWCH

1 | Operate PWC1

PWCKI PWC1 input clock

1 0

0 | 0 |1/1 CPUCLK

0 | 1 |1/2TBCCLK

1 0 | 1/4 TBCCLK

1 1 | PWCO overflow (16-bit mode)

0 | PWINT1 = PWC1 and PWR1 match

1 | PWINT1 = PWC1 overflow

Figure 11-2 PWCONO Configuration
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(5) PWM control register 1 (PWCON1)
The PWM control register 1 (PWCON1) consists of 1 bit. PWCON1 registeris used to select
normal mode or high-speed mode of PWM. Ifbit0 (PWHSM)issetto"1", the mode changes
to high-speed mode. High-speed mode can only be used during the 16-bit mode.

PWCON can be read from or written to by the program. However, write operations are
invalid for bits 1 through 7. If read, a value of "1" will always be obtained for bits 1 through
7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), PWCON1 becomes FEH.

Figure 11-3 shows the PWCONL1 configuration.

7 6 5 4 3 2 1 0

pwcont | — | — [ = | — | — | — | — |pwHsM _ Address:0099 H]
Atreset 1 1 1 1 1 1 1 0 R/W access: R/'W

‘ 0 Normal mode

High-speed mode

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 11-3 PWCON1 Configuration

[Note]
High-speed mode is only valid when 16-bit PWM is used.
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11.3.2 Example of PWM-related Register Settings

¢ 8-bit PWM settings

)

)

@)

(4)

(%)

(6)

()

Port 7 mode register (P710)
If PWMOOUT is to be used, set bit 6 (P7106) to "1" to configure the port as an output. If
PWM1OUT is to be used, set bit 7 (P7107) to "1" to configure the port as an output.

Port 8 mode register (P8IO)
If PWM2OUT is to be used, set bit 6 (P8106) to "1" to configure the port as an output. If
PWM3OUT is to be used, set bit 7 (P8107) to "1" to configure the port as an output.

Port 7 secondary function control register (P7SF)

If PWMOOUT is to be used, set bit 6 (P7SF6) to "1" to configure the port as a secondary
function output. If PWM1OUT is to be used, set bit 7 (P7SF7) to "1" to configure the port
as a secondary function output. In the PWM initial state or when PWM function is halted,
the PWM output portis fixed at"1". Tofix the portat"0", return the portto a primary function.

Port 8 secondary function control register (P8SF)

If PWM2OUT is to be used, set bit 6 (P8SF6) to "1" to configure the port as a secondary
function output. If PWM3OUT is to be used, set bit 7 (P8SF7) to "1" to configure the port
as a secondary function output. In the PWM initial state or when PWM function is halted,
the PWM output portis fixed at"1". Tofix the portat"0", return the portto a primary function.

PWM counters (PWCO, PWC1)

Set these counters with the value at which to start counting. Writing to PWCO0 and PWC1
causes the same value to be simultaneously and automatically written to PWCYO0 and
PWCY1.

PWM cycle registers (PWCY0, PWCY1)
If PWMOOUT and PWM2OUT are to be used, setthe PWM cycle in PWCYO0. If PWM10OUT
and PWM3OUT are to be used, set the PWM cycle in PWCY1.

PWM registers (PWRO0 to PWR3)

If PWMnOUT are to be used, set the desired output duty value in PWRn (where n=0to 3).
Set a value for PWRO0 and PWR2 that is larger than the value of PWCYO0. Set a value for
PWR1 and PWR3 that is larger than the value of PWCY1.
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(8)

PWM control register 0 (PWCONO)

If PWMOOUT and PWM20OUT are to be used, set the count clock for PWM counter 0
(PWCO0) with bits 1 and 2 (PWCKO00, PWCKO01), and specify the interrupt factor that will
initiate a PWINTO interrupt request with bit 3 (PWCO0QV). If bit 0 (PWORUN) is set to "1",
the PWM counter 0 (PWCO0) begins counting. If reset to "0" the counting is halted.

If PWM1OUT and PWM3OUT are to be used, set the count clock for PWM counter 1
(PWC1) with bits 5 and 6 (PWCK10, PWCKZ11), and specify the interrupt factor that will
initiate a PWINTL1 interrupt request with bit 7 (PWC10V). If bit 4 (PW1RUN) is setto "1",
the PWM counter 1 (PWC1) begins counting. If reset to "0" the counting is halted.

[Equation to Calculate 8-Bit PWM Cycle]
f(pWMg) =PWCLK/ (256 - PWCYH) f(pWMg) . PWM cycle [HZ]

PWCLK : PWM input clock frequency [Hz]
PWCYn : Value of PWCYO0 or PWCY1 (8 bits)

e 16-bit PWM settings

)

)

®3)

(4)

(5)

(6)

()

Port 7 mode register (P710)
If PWM1OUT is to be used, set bit 7 (P7107) to "1" to configure the port as an output.

Port 8 mode register (P8IO)
If PWM3OUT is to be used, set bit 7 (P8107) to "1" to configure the port as an output. When
the PWM function does not operate, this port is fixed at "1".

Port 7 secondary function control register (P7SF)

If PWM1OUT is to be used, set bit 7 (P7SF7) to "1" to configure the port as a secondary
function output. In the PWM initial state or when PWM function is halted, the PWM output
port is fixed at "1". To fix the port at "0", return the port to a primary function.

Port 8 secondary function control register (P8SF)

If PWM3OUT is to be used, set bit 7 (P8SF7) to "1" to configure the port as a secondary
function output. In the PWM initial state or when PWM function is halted, the PWM output
port is fixed at "1". To fix the port at "0", return the port to a primary function.

PWM counters (PWCO, PWC1)
Set these counters with the value at which to start counting. Writing to PWC causes the
same value to be simultaneously and automatically written to PWCY.

PWM cycle register (PWCY)
Set the PWM cycle in PWCY.

PWM registers (PWRO01, PWR23)

If PWM1OUT is to be used, set the desired output duty value in PWRO1. If PWM3OUT is
tobe used, setthe desired output duty value in PWR23. Setavalue for PWR01 and PWR23
that is larger than the value of PWCY.
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(8)

9)

PWM control register 0 (PWCONO)

Setting both bits 5 and 6 (PWCK10 and PWCK11) to "1" cascades the two counters (16-
bit mode) so that overflow of PWM counter 0 (PWCDO) is the clock input to PWM counter 1
(PWC1), thereby forming 16-bit PWM counter (PWC). Bits 1 and 2 (PWCKO00 and
PWCKO1) specify the count clock. Bits 3 and 7 (PWCO0QOV and PWC10V) specify the
interrupt factor for PWINTO and PWINT1 interrupt requests. Leaving bit 4 (PW1RUN) set
to "1" allows starting and stopping during the 16-bit mode to be controlled with only bit 0
(PWORUN).

PWM control register 1 (PWCONL1)
Bit 0 (PWHSM) specifies normal 16-bit mode or high-speed mode. During the high-speed
mode, starting and stopping can be controlled with only bit 4 (PW1RUN) of PWCONO.

[Equation to Calculate 16-Bit PWM Cycle]
f(PWIVIlG) = PWCLK/ (65536 - PWCY) f(PWMlG) . PWM Cycle [HZ]

PWCLK : PWM input clock frequency [Hz]
PWCY : Value of PWCY (16 bits)

11.4 PWM Operation

11.4.1 PWM Operation During 8-bit Mode

During the 8-bit mode, PWM output can use the four output pins of PWMOOUT through
PWM3OUT.

PWM is started by setting the corresponding RUN bit (PWORUN, PW1RUN) to "1". When
the corresponding RUN bit becomes 1, PWCO0 and/or PWC1 begin counting, at the same
time the output flip-flop is set to "1", and a High level is output from the PWMnOUT pin
(wheren=0to0 3). PWCO0 and PWC1 continue to count upward. When their value matches
the contents of the corresponding PWRn, an interrupt request is generated, the output flip-
flop is resetto "0", and a Low level is output from the PWMnOUT pin. If PWC0 and PWC1
overflow, the output flip-flop is setto "1", and the PWMnOUT pin outputs a High level. Also,
the value of PWCYO0 and PWCY1 is loaded into PWCO0 and PWCL1. Thereafter, until the
RUN bit is reset to "0", this operation will repeat and the duty controlled waveform will be
output from the PWMnOUT pin. Whenthe RUN bitis resetto "0", the PWMnOut pin is fixed
at "1".

[Note]

Depending upon the count clock selected for PWCO0 and PWC1, immediately after PWM
is started, the PWM output duty may be shortened (for one cycle only).

If the value of PWCO0 and PWC1 is 00H, and the value of the corresponding PWRn is 00H,
the duty output is 1/256. Increasing the value of PWRn increases the output duty (High
level). If the value of PWRn is FFH, the output is 256/256 or 100% duty. To realize 0/
256 or 0% duty, use the port 1 primary function since 0% duty cannot be realized with the
PWM function.

Figure 11-4 shows an example of PWM output operation.
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11.4.2 PWM Operation During 16-bit Mode

During the 16-bit mode, PWM output can use the two output pins of PWM1OUT and
PWM3OUT.

PWM is started by first setting PW1RUNto "1", and then by setting PWMORUN to "1". When
the RUN bit becomes 1, PWC begins counting, the output flip-flop is simultaneously set to
"1", and a High level is output from the PWM1OUT pin (PWM3OUT pin). PWC continues
to count upward. When its value matches the contents of PWR01 (PWR23), a PWINT1
(PWINTS3) interrupt request is generated, the output flip-flop is reset to "0", and a Low level
is output from the PWM1OUT pin (PWM3OUT pin). If PWC overflows, the output flip-flop
is setto "1", and the PWM1OUT pin (PWM3OUT pin) outputs a High level. Also, the value
of PWCY is loaded into PWC. Thereatfter, until the RUN bit is reset to "0", this operation
will repeat and the duty controlled waveform will be output from the PWM1OUT pin
(PWM3OUT pin). When the RUN bit is reset to "0", the PWMnOut pin is fixed at "1".

However, even in the 16-bit mode, an interrupt request (PWINT2) is generated when the
value of PWCO (lower 8 bits of PWC) matches that of PWR2 (lower 8 bits of PWR23). Also,
a PWINTO interrupt is generated when the value of PWCO (lower 8 bits of PWC) matches
that of PWRO (lower 8 bits of PWRO01), and an interrupt request (PWINTO) is generated
when PWCO overflows.

[Note]

Depending upon the count clock selected for PWC, immediately after PWM is started, the
PWM output duty may be shortened (for one cycle only).

Ifthe value of PWC is 0000H, and the value of PWRO01 (PWR23) is 0000H, the duty output
is 1/65536. Increasing the value of PWRO01 (PWR23) increases the output duty (High
level). If the value of PWRO1 (PWR23) is FFFFH, the output is 65536/65536 or 100%
duty. Torealize 0/65536 or 0% duty, use the port 1 primary function since 0% duty cannot
be realized with the PWM function.

Figure 11-4 shows an example of PWM output operation. Figure 11-5 shows an example
of the timing at which PWM output changes.
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PWC contents

PWCY contents — - :
Value of (PWR-PWCY) _%
RUN bit J i
PWM output | : l—l—
waveform : : : : :
A A A
RUN bit is set : PWC overflows : PWC overflows :
A A
PWC = PWR PWC = PWR PWC = PWR

Figure 11-4 Example of PWM Output Operation

ceuck [T UL L
PWM clock 1/4 CPUCLK _|_| ,_l ,_l ,—\_
¥
8

v y v

PWG contents )( 100H )( 101H X 102H

PWRn contents 100H

PWC and PWRn matching signal ' |

Change in PWM output pin \

Figure 11-5 Example of PWM Output Change Timing
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11.4.3 PWM Operation During High-Speed Mode

During the 16-bit mode, setting bit 0 (PWHSM) of PWCONL1 to "1" changes the mode to the
high-speed mode. In the high-speed mode, as shown in Figure 11-6, overflow of the upper
8 bits of PWC cause the lower 8 bits of PWC to be incremented. The contents of PWC and
PWR are compared, and a High level is output while PWC < PWR.

Y.

< 1 cycle

Contents of PWC (upper 8 bits) |
O0H |

Contents of PWC (lower 8 bits) { 00H ¥ 01H X 02H Xjﬂ FOH X FEH X_FFH

Contents of PWR | |

N T

PWC value when PWM output  '0000H, 0001H, 0002H, 0003H O0OFDH OOFEH OOFFH
changes to a High level  0100H  0101H  0102H

Duty 2/65536 2/65536 2/65536 1/65536 1/65536 1/65536 1/65536

Figure 11-6 PWM Output Waveform During High-Speed Mode

The PWM output in the normal 16-bit mode is 1 pulse per cycle as specified by PWCY.
Therefore, when PWCY is 0000H (longest cycle), the PWM output is approximately 458 Hz
(foramain clock of 30 MHz). In the high-speed mode, a maximum of 256 pulses are output
in the cycle specified by PWCY. The PWM output can achieve the high-speed of 117.2
kHz (for a main clock of 30 MHz). With 256 pulses, because the sum of High and Low
intervals is the same as for the 16-bit mode, there is no change in PWM resolution.

Figure 11-7 shows an example of PWM output during the high-speed mode when PWCY
is 0000H (longest cycle).

11-12



MSM66577 Family User's Manual
Chapter 11 PWM Function

151413121110 9

00000O00O0

PWM Register value
8 76543210 1/65536

000000000 j
1/65536 _1/65536
000000001 j H
1/65536 1/65536 _1/65536 1/65536 _1/65536 1/65536
011111111 4} H —256 pulses total- H
2/65536 1/65536 1/65536 1/65536 _1/65536 1/65536
100000000 L L JL H
3/65536 3/65536 2/65536 2/65536 2/65536 2/65536
oooo000001 | L1 L 1L~ _
65279/65536 255/ L
111111101 _| U65536
111111110 65535/65536 L
11111414111 65536/65536

Figure 11-7 Example of PWM Output During High-Speed Mode
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11.5 PWM Interrupts
When each PWM interrupt factor occurs, the corresponding interrupt request flag is set to

"1". Interrupt request flags are located in interrupt request register 4 (IRQ4).

Interrupts can be enabled or disabled by the interrupt enable flag corresponding to each
interrupt factor. The interrupt enable flags are located in interrupt enable register 4 (IE4).

Three levels of priority can be set with the interrupt priority setting flag corresponding to
each interrupt factor. The interrupt priority setting flags are located in interrupt priority

control register 8 (IP8).

Table 11-2 lists the vector address of each PWM interrupt factor and the interrupt
processing flags.

Table 11-2 PWM Vector Addresses and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
Overflow of PWCO
006A QPWMO EPWMO P1PWMO POPWMO
Match of PWCO and PWRO
Overflow of PWC1
006C QPWM1 EPWM1 P1PWMA1 POPWM1
Match of PWC1 and PWR1
Match of PWCO and PWR2 006E QPWM2 EPWM2 P1PWM2 POPWM2
Match of PWC1 and PWR3 0070 QPWM3 EPWM3 P1PWM3 POPWM3
Symbols (BYTE) of registers that
. . IRQ4 IE4 IP8
contain interrupt processing flags
‘ Reference page 17-16 17-21 17-30

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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12. Serial Port Functions

12.1 Overview

The MSM66577 family contains four built-in serial port channels: two UART/Synchronous
receiver transmitter serial port channels (SIO1 and SIO6), and two channels (S104 and
SI05) of synchronous receiver transmitter serial ports with 32-byte FIFO.

12.2 Serial Port Configuration
Figure 12-1 shows the configuration of the serial ports.

BRG - ——={ ] TXD1 (P8_1)
. . - |
(Timer 4) SI01 (UART/SYNC) 5 3(%11 ((';88—%))
<~ |RXC1 (P8_2)
1/1 OSCOLK —— !
e — ———~CIsioo4pio g
1/8 OSCCLK—'_> SI04 (SYNC with 32—byte FlFO) 4—‘:‘ SIOl4 (P‘| 0_5)
12 $S§8ti_l_’r> ~————{ |SIOCK4 (P10_3)
1/8 TBCCLK
1/2 TM50VF
1/1 OSCOLK ——
1/2 0SCOLK— ——»{]SI005 (P14_1)
1/4 OSCCLK— > .
1/8 OSCCLK—'_> SIO5 (SYNC with 32—byte F":O) 4—‘:‘ SIOI5 (P'] 4_2)
1/2 TBCCLK | K5 (P14
1/4 TBCCLK—’T‘> ~—{ |SIOCKS5 (P14_0)
1/8 TBCCLK
1/2 TM50VF
o - ey
(Timer 3) SI06 (UART/SYNC) s ((P1 5—0))
~—{ |RXC6 (P15_2)

Figure 12-1 Serial Port Configuration
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12.3 Serial Port Registers
Table 12-1 lists a summary of SFRs for control of the serial port functions.

Table 12-1 Summary of SFRs for Serial Port Function Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page

00845 | SIO1 transmit control register | ST1CON — R/W 8 04 12-4

0085 SIO1 receive control register | SR1CON — R/W 8 00 12-6
SIO1 transmit-receive ]

0086 . S1BUF — R/W 8 Undefined 12-10
buffer register

0087+ | SIO1 status register S1STAT — R/W 8 00 12-8

008CH¥ | SIO4 control register SIO4CON — R/W 8 80 12-41

008D FIFO control register FIFOCON — R/W 8 11 12-43
SI04 serial input FIFO )

008E ) SIN4 — R 8 Undefined| 12-45
data register
S104 serial output FIFO )

008F ) SOUT4 — w 8 Undefined| 12-45
data register

00CF+r | FIFO mode control register| FIFOMOD — R/W 8 FC 12-54

00D5+ | SIO5 control register SIO5CON — R/W 8 80 12-52
SIOS serial input FIFO i

00D6 ) SINS — R 8 Undefined| 12-54
data register
SIO5 serial output FIFO i

00D7 ) SOUT5 — w 8 Undefined| 12-54
data register

00F4+y | SIO6 transmit control register | ST6CON — R/W 8 04 12-16

00F5 SIO6 receive control register | SR6CON — R/W 8 00 12-18
SIO6 transmit-receive i

00F6 ) S6BUF — R/W 8 Undefined| 12-22
buffer register

00F7 ¢ | SIO6 status register S6STAT — R/W 8 00 12-20

[Notes]

12-2

1. Addresses are not consecutive in some places.

2. A star (%) in the address column indicates a missing bit.

3. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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12.4 SIO1

The SIO1 has a UART mode and a synchronous mode. Timer 4 is used as a baud rate
generator exclusively for SIO1.

Table 12-2 lists specifications of SIO1.

Table 12-2 SIO1 Specifications

UART mode Synchronous mode
Data length Selectable as 7 or 8 bits Selectable as 7 or 8 bits
Parity Odd, even, none

Error service

Parity, overrun, framing

Overrun

Stop bit

Selectable as 1 or 2 bits

Factors that generate
interrupt requests

Transmit buffer empty, transmit
complete, receive complete

Transmit buffer empty, transmit
complete, receive complete

Full-duplex
communication

Possible

Possible

Transmit-receive buffer

Both transmission and reception
data are double buffered

Both transmission and reception
data are double buffered

Max. communication
speed (f = 30MHz)

1.875 Mbps

7.5 Mbps

Other

LSB first
An external clock can be used for
the UART baud rate

LSB first
Master mode/ slave mode

12.4.1 SIO1 Configuration
Figure 12-2 shows the SIO1 configuration.

2

Internal bus

BRG

(Timer 4)

| S1BUF ||ST1CON||S1STAT|

-]

1/n Transmission control circuit ||

| S1BUF ||SR1CON|| S1STAT|

—

!

1/n [ -] Reception control circuit

!

Transmit shift register i

|_J> Receive shift register |

1TXD1

P8_1

OTXC1

P8

BRG: Baud rate generator (timer 4)
S1BUF: Transmit-receive buffer register

ST1CON: SIOf

transmit control register

( )
(P8_3)
CJRXD1 (P8_0)
(P8_2)

P8_0
IRXC1 (P8_2

1/n: 1/n frequency dividing counter
TXD1: SIO1 transmit data output pin (P
TXC1: SIO1 transmit clock I/0O pin (P8_3)

8_1)

SR1CON: SIO1 receive control register
S1STAT: SIO1 status register

RXD1: SIO1 receive data input pin (P8_0)
RXC1: SIO1 receive clock I/O pin (P8_2)

Figure 12-2 SIO1 Configuration
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12.4.2 Description of SIO1 Registers

)

SIO1 transmit control register (STLCON)
The SIO1 transmit control register (STLCON) is a 7-bit register that controls operation of
SIO1 transmission.

ST1CON can be read from and written to by the program. However, write operations are
invalid for bit 2. If read, a value of "1" will always be obtained for bit 2.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), STLCON becomes 04H, the data length for SIO1 transmission is 8-bits,
2 stop bits are selected and the mode changes to UART mode with no parity.

The baud rate source is the same for transmission and reception. It is set by the receive
control register (SR1CON) to be described later.

[Note]
If STICON is to be modified, make those changes after transmission is complete. |If
ST1CON is modified before transmission is completed, the current transmission and
future transmissions will not be executed correctly.

Figure 12-3 shows the ST1CON configuration.

[Description of each bit]

* STIMOD (bit 0)
ST1MOD specifies the transmission mode (UART or synchronous).

+ STILN (bit 1)
STI1LN specifies the SIO1 transmit data length.

« ST1STB/ST1SLV (bit 3)
During the UART mode, ST1STB specifies the SIO1 stop bit length.
During the synchronous mode, ST1SLV specifies master or slave operation.

« ST1PEN (bit 4)
ST1PEN specifies whether there is parity during SIO1 transmission. (Only valid during
the UART mode)

* ST10DD (bit 5)
ST10DD specifies the parity bit logic during SIO1 transmission. (Only valid during the
UART mode)

« TRIMIE (bit 6)
TR1MIE specifies whether to use the SIO1 transmit buffer empty signal as an interrupt
request signal.

* TR1NIE (bit 7)
TR1NIE specifies whether to use the SIO1 transmit complete signal as an interrupt
request signal.

12-4
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7 6 5 4 3 2 1 0
ST1STB Address: 0084 [H]
TR1NIE'TR1MIE ‘ST1ODD‘ST1 PEN‘ ‘ — ‘ ST1LN ‘ST1 MOD‘
%1002\1 ’ ST1SLV R/W access: R/'W
rese 0 0 0 0 0 1 0 0
‘ 0 | UART mode
1 | Synchronous mode
0 | 8-bit transmit data length
1 | 7-bit transmit data length
UART mode 0 | 2 stop bits
(ST1STB) 1 | 1 stop bit
Synchronous mode 0 | Master mode transmission
(ST1SLV) 1 | Slave mode transmission
UART mode 0 | No parity
1 | Parity
UART mode 0 | Even parity
1 | Odd parity

0 | Transmit buffer empty interrupt request disabled

1 | Transmit buffer empty interrupt request enabled

0 | Transmit complete interrupt request disabled

1 | Transmit complete interrupt request enabled

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 12-3 ST1CON Configuration
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)

SIO1 receive control register (SR1CON)
The SIO1 receive control register (SR1CON) is an 8-bit register that controls operation of
SIO1 reception.

SR1CON can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SR1CON becomes 00H and SIO1 reception is disabled.

[Note]
If SR1ICON is to be modified, first reset SR1IREN (bit 7) to "0" and then implement the
change. If SR1CON is modified before SR1IREN (bit 7) is reset to "0", the current
reception and future receptions will not be executed correctly.

Figure 12-4 shows the SR1CON configuration.

[Description of each bit]

* SR1IMOD (bit 0)
SR1MOD specifies the SIO1 reception mode (UART or synchronous).

+ SRILN (bit 1)
SRI1LN specifies the SIO1 receive data length.

e S1EXC (bit 2)
S1EXC specifies the baud rate clock to be used by SIO1 during the UART mode. (This
clock is the same for both transmission and reception. The shift clock has a frequency
1/16th of the clock specified here.)

e SR1SLV (bit 3)
During the synchronous mode, ST1SLV specifies master or slave operation of SIO1.
(Only valid during the synchronous mode)

* SR1PEN (bit 4)
SR1PEN specifies whether there is parity during SIO1 reception. (Only valid during the
UART mode)

¢ SR10DD (bit 5)
SR10DD specifies the parity bitlogic during SIO1 reception. (Only valid during the UART
mode)

+ RCL1IE (bit 6)
RCL1IE specifies whether to use the SIO1 receive complete signal as an interrupt request
signal.

* SR1REN (bit 7)
SR1REN enables or disables SIO1 reception.
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Address: 0085 [H]

R/W access: R/W

UART mode

Synchronous mode

8-bit receive data length

7-bit receive data length

Timer 4 overflow

7 6 5 4 3 2 1 0
SR1CON [SR1REN] RC1IE [SR10DD|SR1PEN|SR1SLV] STEXC | SR1LN [SR1MOD]
At reset 0 0 0 0 0 0 0 0
UART mode
Synchronous mode

External input

Master mode reception

Slave mode reception

UART mode No parity
Parity

UART mode Even parity
Odd parity

Receive complete interrupt request disabled

Receive complete interrupt request enabled

SIO1 reception disabled

SIO1 reception enabled

Figure 12-4 SR1CON Configuration
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®3)

SIO1 status register (S1STAT)

The SIO1 status register (S1STAT) consists of 6 bits. Bits 0 through 2 save the SIO1 status
(normal or error) after reception is completed. Bits 3 through 5 save the status of SIO1 at
the start and completion of transmission and reception. However bits 0 through 2 are
updated after the reception is completed.

S1STAT can be read from and written to by the program. However, write operations are
invalid for bits 6 and 7. If read, a value of "0" will always be obtained for bits 6 and 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SISTAT becomes 00H.

Figure 12-5 shows the S1STAT configuration.

[Description of each bit]

« FERR1 (bit 0)
If the stop bitin the data received by SIO1is "0", FERR1 is setto "1" (framing error). This
bit is only valid during the UART mode.

« OERR1 (bit 1)
When the SI01 reception is complete, if the previously received data has not been read
by the program, OERRL is set to "1" (overrun error).

* PERR1 (hit 2)
If the parity bit in the data received by SIO1 does not match the parity of the data, PERR1
is set to "1" (parity error). This bit is only valid during the UART mode.

* TR1EMP (bit 3)
If the SIO1 transmit buffer empty signal is generated, TR1IEMP is set to "1".

« TR1END (bit 4)
If the SIO1 transmit complete signal is generated, TR1IEMP is set to "1".

« RC1END (bit 5)
If the SIO1 receive complete signal is generated, RC1END is set to "1".

[Note]

Once each bit of S1ISTAT is set to "1", the hardware does not reset the bits to "0".
Therefore, reset the bits to "0" with the program.
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7 6 5 4 3 2 1

0

s1STAT [ — | — [RCIEND|TR1END|TR1EMP| PERR1 [ OERR1] FERR1 |

At reset 0 0 0 0 0 0 0

0

Address: 0087 [H]

R/W access: R/'W

No framing error

UART mode

Framing error

No overrun error

Overrun error

UART mode

No parity error

Parity error

Transmit buffer empty signal not generated

Transmit buffer empty signal generated

Transmit complete signal not generated

Transmit complete signal generated

0

Receive complete signal not generated

1

Receive complete signal generated

"—" indicates a nonexistent bit.
When read, its value will be "0."

Figure 12-5 S1STAT Configuration
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(4) SIO1 transmit-receive buffer register (S1BUF)
The SIO1 transmit-receive buffer register (S1BUF) is an 8-bit register that stores the
transmit and receive data for serial port transmission and reception. Because S1BUF has
a duplex configuration for transmission and reception, it operates as a transmission buffer
when written to, and as a reception buffer when read from.
After the transmit data has been written to S1BUF, the transmit data is transferred to the
transmit shift register and the transmit buffer empty signal is generated. Atthattime, SIO1
will begin transmission.
After reception is complete, the contents of the receive shift register are transferred to
S1BUF and at that time, the receive complete signal is generated. The contents of SIBUF
are saved until the next reception is completed.
During a 7-bit data reception, bit 7 of S1IBUF is "1", and the 7 bits from bit 0 through bit 6
are the reception data.
When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of S1BUF is undefined.
(5) SIO1 transmit shift register, receive shift register
The transmit shift register and receive shift register are 8-bit shift registers that perform the
actual shifting operation during transmission and reception.
The transmit shift register and receive shift register cannot be read from or written to by the
program.
Table 12-3 lists SIO1 transmit-receive frame lengths.
Table 12-3 SIO1 Transmit-Receive Frame Lengths
< PEEI-” CON/ SSFT‘JLC’\‘oS’\_‘H 55 Transmit/Receive Frame Length
SR1PEN| STISTB| SR1LN [SR1MOD .1, 2, 3, 4, 5, 6, 7, 8, 9 10, 11,12 [bit]
0 0 0 0 [START| 8-bit data [sToP[sTOP
0 0 1 0 [START| 7-bit data [sTor|sToP
0 | 1 0 0 [sTaR] 8-bit data [sTOP
0 1 1 0 [START| 7-bit data sTOP
1 0 0 0 [START| 8-bit data PARTY]sTOPSTOP
1 0 1 0 [START| 7-bit data PARTY[STOP[STOP
1 1 0o | o [sTaRT] 8-bit data PARTY|sTOP
1 1 1 0 [START| 7-bit data PARITY|STOP
— | — 0 1 \ 8-bit data |
— | = 1 1 \ 7-bitdata |
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12.4.3 Example of SIO1-related Register Settings

12.4.3.1 UART Mode Settings

e Transmit settings

1)

)

®3)

(4)

(5)

Port 8 mode register (P8IO)

If TXD8 (transmit data output) is to be used, set bit 1 (P8101) to "1" to configure that port
as an output. If the baud rate clock is to be input externally, reset bit 2 (P8102) to "0" to
configure that port as an input.

Port 8 secondary function control register (P8SF)

If TXD1 (transmit data output) is to be used, set bit 1 (P8SF1) to "1" to configure that port
as a secondary function output. If the baud rate clock is to be input externally, specify with
bit 2 (P8SF2) whether the input will be pulled-up.

SIO1 transmit control register (STLCON)

Reset bit 0 (ST1IMOD) to "0" to change the mode to UART mode. Specify the transmit data
length with bit 1 (ST1LN). Specify the stop bit length with bit 3 (ST1STB). Specify whether
there is parity with bit 4 (STLPEN). If parity is selected, specify the parity bit logic with bit
5 (ST10DD). With bit 6 (TR1MIE), specify whether interrupt requests are enabled or
disabled when a transmit buffer empty signal occurs. With bit 7 (TR1NIE), specify whether
interrupt requests are enabled or disabled when a transmit complete signal occurs.

SIO1 receive control register (SR1CON)
Specify with bit 2 (S1EXC) whether the baud rate clock is internal (overflow output of timer
4) or external (RXC1).

SIO1 transmit-receive buffer register (S1BUF)
Transmission is started by writing the transmit data to S1BUF.

¢ Receive settings

1)

)

Port 8 mode register (P8IO)

If RXD1 (receive data input) is to be used, reset bit 0 (P8100) to "0" to configure that port
as an input. If the baud rate clock is to be input externally, reset bit 2 (P8102) to "0" to
configure that port as an input.

Port 8 secondary function control register (P8SF)

Specify with bit 1 (P8SFO0) whether the RXD1 pin will be pulled-up. If the baud rate clock
is to be input externally, specify with bit 2 (P8SF2) whether the input will be pulled-up.
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®3)

SIO1 receive control register (SR1CON)

Reset bit 0 (SR1MOD) to "0" to change the mode to UART mode. Specify the receive data
length with bit 1 (SR1LN). Specify with bit 2 (S1EXC) whether the baud rate clock is internal
(overflow output of timer 4) or external (RXC1). Specify whether there is parity with bit 4
(SR1PEN). If parity is selected, specify the parity bit logic with bit 5 (SR10DD). With bit
7 (RCL1IE), specify whether interrupt requests are enabled or disabled when a receive
complete signal occurs. If bit 7 (SR1REN) is set to "1", reception is enabled and the
reception operation is performed when data arrives.

12.4.3.2 Synchronous Mode Settings

¢ Transmit settings

)

)

@)

(4)

Port 8 mode register (P8IO)

If TXD1 (transmit data output) is to be used, set bit 1 (P8101) to "1" to configure that port
as anoutput. Ifthe transmit clock is to be output externally (master mode), set bit 3 (P8103)
to"1"to configure that port as an output. Ifthe baud rate clockis to be input externally (slave
mode), reset bit 3 (P8103) to "0" to configure that port as an input.

Port 8 secondary function control register (P8SF)

If TXD1 (transmit data output) is to be used, set bit 1 (P8SF1) to "1" to configure that port
as a secondary function output. If the transmit clock is to be output externally (master
mode), set bit 3 (P8SF3) to "1" to configure that port as a secondary function output. If the
baud rate clock is to be input externally (slave mode), specify with bit 3 (P8SF3) whether
the input will be pulled-up.

SI01 transmit control register (ST1CON)

Set bit 0 (STIMOD) to "1" to specify the mode to synchronous mode. Specify the transmit
data length with bit 1 (ST1LN). Specify master or slave mode transmission with bit 3
(ST1STB). With bit 6 (TR1MIE), specify whether interrupt requests are enabled or disabled
when a transmit buffer empty signal occurs. With bit 7 (TR1NIE), specify whether interrupt
requests are enabled or disabled when a transmit complete signal occurs.

SIO1 transmit-receive buffer register (S1BUF)
Transmission is started by writing the transmit data to S1BUF.
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¢ Receive settings

1)

)

®3)

Port 8 mode register (P8IO)

If RXD1 (receive data input) is to be used, reset bit 0 (P8100) to "0" to configure that port
as aninput. If the transmit clock is to be output externally (master mode), set bit 2 (P8102)
to "1" to configure that port as an output. If the transmit clock is to be input externally (slave
mode), reset bit 2 (P8102) to "0" to configure that port as an input.

Port 8 secondary function control register (P8SF)

Specify with bit 0 (P8SF0) whether the RXD1 pin will be pulled-up. If the transmit clock is
to be output externally (master mode), set bit 2 (P8SF2) to "1" to configure that port as a
secondary function output. If the transmit clock is to be input externally (slave mode),
specify with bit 2 (P8SF2) whether the input will be pulled-up.

SIO1 receive control register (SR1CON)

Set bit 0 (SR1IMOD) to "1" to specify the mode to synchronous mode. Specify the receive
data length with bit 1 (SR1LN). Specify the master or slave mode with bit 3 (SR1SLV). With
bit 6 (RC1IE), specify whether interrupt requests are enabled or disabled when a receive
complete signal occurs. If bit 7 (SR1REN) is set to "1", reception is enabled and the
reception operation is performed when data arrives.

12.4.3.3 Baud Rate Generator (Timer 4) Settings

)

()

If overflow of timer 4 is selected for use as the baud rate clock, implement the following
settings.

General-purpose 8-bit timer 4 counter (TM4C)

Setthe timervalue that will be valid at the start of counting. Whenwriting to TM4C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 4 register (TM4R).

General-purpose 8-bit timer 4 control register (TM4CON)
Bits 0 to 2 (TM4CO0 to TM4C2) of this register specify the count clock for timer 4. If bit 3
(TM4RUN) is setto "1", timer 4 will begin counting. If resetto "0", timer 4 will halt counting.

[Equation to Calculate Baud Rate]

B = f(rma) X 1/(256 — D) x 1/n B : baud rate [bps]
fcrma) © timer 4 input clock frequency [Hz]
D : reload value (0 to 255)
n: 16 for the UART mode
4 for the synchronous mode
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12.4.4 SIO1 Interrupt

When any SIOL1 interrupt factor occurs, the interrupt request flag (QSIO1) issetto "1". The
interrupt request flag (QSIO1) is located in interrupt request register 2 (IRQ2).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO1). The interrupt
enable flag (ESIO1) is located in interrupt enable register 2 (IE2).

Three levels of priority can be set with the interrupt priority setting flags (POSIO1 and
P1SIO1). The interrupt priority setting flags (P0SIO1 and P1SIO1) are located in interrupt
priority control register 5 (IP5).

Table 12-4lists the vector address of the SIO1 interrupt factors and the interrupt processing

flags.

Table 12-4 SIO1 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
SIO1 transmit buffer empty
signal is generated
SIO1 transmit complete
, ) 0038 QSIO1 ESIOA1 P1SIO1 POSIO1

signal is generated
SIO1 receive complete
signal is generated

Symbols (byte) of registers that

y . (byte) 9 . IRQ2 IE2 IP5
contain interrupt processing flags
‘ Reference page 17-14 17-19 17-27

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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12,5 SIO6

The SI06 has a UART mode and a synchronous mode. Timer 3 is used as a baud rate
generator exclusively for SIO6.

Table 12-5 lists specifications of SIO6.

Table 12-5 SI06 Specifications

UART mode Synchronous mode
Data length Selectable as 7 or 8 bits Selectable as 7 or 8 bits
Parity Odd, even, none

Error service

Parity, overrun, framing

Overrun

Stop bit

Selectable as 1 or 2 bits

Factors that generate
interrupt requests

Transmit buffer empty, transmit
complete, receive complete

Transmit buffer empty, transmit
complete, receive complete

Full-duplex
communication

Possible

Possible

Transmit-receive buffer

Both transmission and reception
data are double buffered

Both transmission and reception
data are double buffered

Max. communication
speed (f = 30 MHz)

1.875 Mbps

7.5 Mbps

Other

LSB first
An external clock can be used for
the UART baud rate

LSB first
Master mode/ slave mode

12.5.1 SIO6 Configuration
Figure 12-6 shows the SIO6 configuration.

2

Internal bus

BRG

i

|

| S6BUF |[ST6CON|[ S6STAT]|

(Timer 3)

| S6BUF |[SR6CON] [ S6STAT]|

-1

1/n Transmission control circuit ||

T !

Transmit shift register

i

1/n | -] Reception control circuit

" Receive shift register ‘

OTXD6 (P15_1)

(

CTXC6 (P15_3)

CJRXD6 (P15_0)
(

BRG: Baud rate generator (timer 3)
S6BUF: Transmit-receive buffer register
ST6CON: SIO6 transmit control register
SR6BCON: SIO6 receive control register
SBSTAT: SIO6 status register

LIRXC6 (P15_2)

1/n: 1/n frequency dividing counter

TXD6: SIO6 transmit data output pin (P15_1)
TXC6: SIO6 transmit clock 1/0 pin (P15_3)
RXD6: SIO6 receive data input pin (P15_0)
RXCB6: SIO6 receive clock I/0 pin (P15_2)

Figure 12-6 SIO06 Configuration
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12.5.2 Description of SIO6 Registers

)

SI06 transmit control register (ST6CON)
The SIO6 transmit control register (ST6CON) is a 7-bit register that controls operation of
SI06 transmission.

ST6CON can be read from and written to by the program. However, write operations are
invalid for bit 2. If read, a value of "1" will always be obtained for bit 2.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), STECON becomes 04H, the data length for SIO6 transmission is 8-bits,
2 stop bits are selected and the mode changes to UART mode with no parity.

The baud rate source is the same for transmission and reception. It is set by the receive
control register (SR6CON) to be described later.

[Note]
If ST6CON is to be modified, make those changes after transmission is complete. |If
ST6CON is modified before transmission is completed, the current transmission and
future transmissions will not be executed correctly.

Figure 12-7 shows the ST6CON configuration.

[Description of each bit]

* ST6MOD (bit 0)
ST6MOD specifies the transmission mode (UART or synchronous).

e STELN (bit 1)
ST6LN specifies the SIO6 transmit data length.

* ST6STB/ST6SLYV (bit 3)
During the UART mode, ST6STB specifies the SIO6 stop bit length.
During the synchronous mode, ST6SLV specifies master or slave operation.

« ST6PEN (bit 4)
ST6PEN specifies whether there is parity during SIO6 transmission. (Only valid during
the UART mode)

* ST60DD (bit 5)
ST60DD specifies the parity bit logic during SIO6 transmission. (Only valid during the
UART mode)

* TREMIE (bit 6)
TR6MIE specifies whether to use the SIO6 transmit buffer empty signal as an interrupt
request signal.

* TRENIE (bit 7)
TR6NIE specifies whether to use the SIO6 transmit complete signal as an interrupt
request signal.
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7 6 5 4 3 2 1 0
ST6STB Address: 00F4 [H]
TR6NIE'TR6MIE ‘STGODD‘ST6PEN‘ ‘ — ‘ STELN ‘STGMOD‘
?;600';‘ ’ STESLV R/W access: R/'W
rese 0 0 0 0 0 1 0 0
‘ 0 | UART mode
Synchronous mode

0 | 8-bit transmit data length
1 | 7-bit transmit data length

UART mode 0 | 2 stop bits

(ST6STB) 1 | 1 stop bit
Synchronous mode 0 | Master mode transmission
(ST6SLV) 1 | Slave mode transmission

UART mode 0 | No parity
1 | Parity

UART mode 0 | Even parity
1 | Odd parity
0 | Transmit buffer empty interrupt request disabled
1 | Transmit buffer empty interrupt request enabled
0 | Transmit complete interrupt request disabled

-

Transmit complete interrupt request enabled

—" indicates a nonexistent bit.

When read, its value will be "1."

Figure 12-7 ST6CON Configuration
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)

SIO6 receive control register (SR6CON)
The SIO6 receive control register (SR6CON) is an 8-bit register that controls operation of
SI106 reception.

SR6CON can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SR6CON becomes 00H and SIO6 reception is disabled.

[Note]
If SR6CON is to be modified, first reset SR6REN (bit 7) to "0" and then implement the
change. If SR6CON is modified before SR6REN (bit 7) is reset to "0", the current
reception and future receptions will not be executed correctly.

Figure 12-8 shows the SR6CON configuration.

[Description of each bit]

* SR6MOD (bit 0)
SR6MOD specifies the S106 reception mode (UART or synchronous).

* SR6LN (bit 1)
SR6LN specifies the SIO6 receive data length.

* S6EXC (bit 2)
S6EXC specifies the baud rate clock to be used by SIO6 during the UART mode. (This
clock is the same for both transmission and reception. The shift clock has a frequency
1/16th of the clock specified here.)

* SR6SLYV (bit 3)
During the synchronous mode, ST6SLV specifies master or slave operation of SIO6.
(Only valid during the synchronous mode)

* SR6PEN (bit 4)
SR6PEN specifies whether there is parity during SIO6 reception. (Only valid during the
UART mode)

* SR60DD (bit 5)
SR60DD specifies the parity bitlogic during SIO6 reception. (Only valid during the UART
mode)

* RCB6IE (bit 6)
RCB6IE specifies whether to use the SIO6 receive complete signal as an interrupt request
signal.

+ SR6REN (bit 7)
SR6REN enables or disables SI06 reception.
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7

6

5

SR6CON  [SR6 REN| RC6IE [SR60DD|SREPEN|SR6SLV] S6EXC [ SRELN [sReMOD)

At reset 0

0

0

Address: 00F5 [H]

R/W access: R/'W

UART mode

Synchronous mode

8-bit receive data length

7-bit receive data length

Timer 3 overflow

4 3 2 1 0
0 0 0 0 0
UART mode
Synchronous mode

External input

Master mode reception

Slave mode reception

UART mode No parity
Parity

UART mode Even parity
Odd parity

Receive complete interrupt request disabled

Receive complete interrupt request enabled

SIO6 reception disabled

SIO6 reception enabled

Figure 12-8 SR6CON Configuration
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SIO6 status register (S6STAT)

The SIOB6 status register (S6STAT) consists of 6 bits. Bits 0 through 2 save the SIO6 status
(normal or error) after reception is completed. Bits 3 through 5 save the status of SIO6 at
the start and completion of transmission and reception. However bits O through 2 are
updated after the reception is completed.

S6STAT can be read from and written to by the program. However, write operations are
invalid for bits 6 and 7. If read, a value of "0" will always be obtained for bits 6 and 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), S6STAT becomes 00H.

Figure 12-9 shows the S6STAT configuration.

[Description of each bit]

* FERRG (bit 0)
If the stop bit in the data received by SIO6 is "0", FERRG6 is set to "1" (framing error). This
bit is only valid during the UART mode.

* OERRG6 (bit 1)
When the SI06 reception is complete, if the previously received data has not been read
by the program, OERRSG is set to "1" (overrun error).

* PERRS6 (bit 2)
If the parity bit in the data received by SIO6 does not match the parity of the data, PERR6
is set to "1" (parity error). This bit is only valid during the UART mode.

« TRGEMP (bit 3)
If the SIO6 transmit buffer empty signal is generated, TR6EMP is set to "1".

« TRGEND (bit 4)
If the SIO6 transmit complete signal is generated, TR6EMD is set to "1".

* RCBEND (bit 5)
If the SIO6 receive complete signal is generated, RC6END is set to "1".

[Note]

Once each bit of S6STAT is set to "1", the hardware does not reset the bits to "0".
Therefore, reset the bits to "0" with the program.
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Address: 00F7 [H]
R/W access: R/W

No framing error

Framing error

No overrun error

Overrun error

7 6 5 4 3 2 1 0
s6STAT | — | — |RC6END|TR6END|TR6EMP| PERR6 | OERRS | FERRS |
Atreset 0 0 0 0 0 0 0

UART mode
UART mode

No parity error

Parity error

Transmit buffer empty signal not generated

Transmit buffer empty signal generated

Transmit complete signal not generated

Transmit complete signal generated

0

Receive complete signal not generated

1

Receive complete signal generated

"—" indicates a nonexistent bit.
When read, its value will be "0."

Figure 12-9 S6STAT Configuration
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(4) SIO6 transmit-receive buffer register (S6BUF)
The SIO6 transmit-receive buffer register (S6BUF) is an 8-bit register that stores the
transmit and receive data for serial port transmission and reception. Because S6BUF has
a duplex configuration for transmission and reception, it operates as a transmission buffer
when written to, and as a reception buffer when read from.
After the transmit data has been written to S6BUF, the transmit data is transferred to the
transmit shift register and the transmit buffer empty signal is generated. Atthattime, SIO6
will begin transmission.
After reception is complete, the contents of the receive shift register are transferred to
S6BUF and at that time, the receive complete signal is generated. The contents of S6BUF
are saved until the next reception is completed.
During a 7-bit data reception, bit 7 of S6BUF is "1", and the 7 bits from bit 0 through bit 6
are the reception data.
When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of S6BUF is undefined.
(5) SIO6 transmit shift register, receive shift register
The transmit shift register and receive shift register are 8-bit shift registers that perform the
actual shifting operation during transmission and reception.
The transmit shift register and receive shift register cannot be read from or written to by the
program.
Table 12-6 lists SIO6 transmit-receive frame lengths.
Table 12-6 SIO6 Transmit-Receive Frame Lengths
TSPE2T6CON/ SFT‘S&O'\%M 5 Transmit/Receive Frame Length
RPN | STESTB| SRarN [SRaMaD .1, 2, 3, 4, 5, 6, 7, 8, 9,10, 11, 12 [oi]
0 0 0 0 [START| 8-bit data [sTop[sToP
0 0 1 0 [sTART] 7-bit data [sTop[sToP
0 | 1 o | o [sTART] 8-bit data [sToP
0 1 1 0 [START| 7-bit data [sTOP
1 0 0 0 [START| 8-bit data PARITY|STOP|STOP
1 0 1 0 [START] 7-bit data PARTY]STOP[STOP
1 1 0 0 [START| 8-bit data PARTY]STOP
1 1 1 0 [sTART] 7-bit data PARITY|STOP
— | = 0 1 \ 8-bit data |
— — 1 1 \ 7-bit data |
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12.5.3 Example of SIO6-related Register Settings

12.5.3.1 UART Mode Settings

e Transmit settings

1)

@)

®)

(4)

(®)

Port 15 mode register (P15I0)

If TXD6 (transmit data output) is to be used, set bit 1 (P15101) to "1" to configure that port
as an output. If the baud rate clock is to be input externally, reset bit 2 (P15102) to "0" to
configure that port as an input.

Port 15 secondary function control register (P15SF)

If TXD6 (transmit data output) is to be used, set bit 1 (P15SF1) to "1" to configure that port
as a secondary function output. If the baud rate clock is to be input externally, specify with
bit 2 (P15SF2) whether the input will be pulled-up.

SIO6 transmit control register (ST6CON)

Reset bit 0 (ST6MOD) to "0" to change the mode to UART mode. Specify the transmit data
length with bit 1 (ST6LN). Specify the stop bit length with bit 3 (ST6STB). Specify whether
there is parity with bit 4 (ST6PEN). If parity is selected, specify the parity bit logic with bit
5 (ST60ODD). With bit 6 (TR6MIE), specify whether interrupt requests are enabled or
disabled when a transmit buffer empty signal occurs. With bit 7 (TR6NIE), specify whether
interrupt requests are enabled or disabled when a transmit complete signal occurs.

SIO6 receive control register (SR6CON)
Specify with bit 2 (S6EXC) whether the baud rate clock is internal (overflow output of timer
3) or external (RXCB6).

SIO6 transmit-receive buffer register (S6BUF)
Transmission is started by writing the transmit data to S6BUF.

* Receive settings

1)

@)

Port 15 mode register (P1510)

If RXD6 (receive data input) is to be used, reset bit 0 (P15100) to "0" to configure that port
as an input. If the baud rate clock is to be input externally, reset bit 2 (P15102) to "0" to
configure that port as an input.

Port 15 secondary function control register (P15SF)

Specify with bit 1 (P15SF0) whether the RXD6 pin will be pulled-up. If the baud rate clock
is to be input externally, specify with bit 2 (P15SF2) whether the input will be pulled-up.

12-23



MSM66577 Family User's Manual
Chapter 12 Serial Port Functions

@)

SIO6 receive control register (SR6CON)

Reset bit 0 (SR6MOD) to "0" to change the mode to UART mode. Specify the receive data
length with bit 1 (SR6LN). Specify with bit 2 (S6EXC) whether the baud rate clock is internal
(overflow output of timer 3) or external (RXC6). Specify whether there is parity with bit 4
(SR6PEN). If parity is selected, specify the parity bit logic with bit 5 (SR60ODD). With bit
6 (RC6IE), specify whether interrupt requests are enabled or disabled when a receive
complete signal occurs. If bit 7 (SR6REN) is set to "1", reception is enabled and the
reception operation is performed when data arrives.

12.5.3.2 Synchronous Mode Settings

¢ Transmit settings

)

)

®3)

(4)

Port 15 mode register (P1510)

If TXD6 (transmit data output) is to be used, set bit 1 (P15101) to "1" to configure that port
asanoutput. Ifthe transmit clockis to be output externally (master mode), set bit 3 (P15103)
to "1"to configure that port as an output. If the baud rate clockisto be input externally (slave
mode), reset bit 3 (P15103) to "0" to configure that port as an input.

Port 15 secondary function control register (P15SF)

If TXD6 (transmit data output) is to be used, set bit 1 (P15SF1) to "1" to configure that port
as a secondary function output. If the transmit clock is to be output externally (master
mode), set bit 3 (P15SF3) to "1" to configure that port as a secondary function output. Ifthe
baud rate clock is to be input externally (slave mode), specify with bit 3 (P15SF3) whether
the input will be pulled-up.

SIO6 transmit control register (ST6CON)

Set bit 0 (ST6MOD) to "1" to specify the mode to synchronous mode. Specify the transmit
data length with bit 1 (ST6LN). Specify master or slave mode transmission with bit 3
(ST6STB). With bit 6 (TR6MIE), specify whether interrupt requests are enabled or disabled
when a transmit buffer empty signal occurs. With bit 7 (TR6NIE), specify whether interrupt
requests are enabled or disabled when a transmit complete signal occurs.

SIO6 transmit-receive buffer register (S6BUF)
Transmission is started by writing the transmit data to S6BUF.
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* Receive settings

1)

)

®3)

Port 15 mode register (P1510)

If RXD6 (receive data input) is to be used, reset bit 0 (P15100) to "0" to configure that port
as aninput. Ifthe transmit clock is to be output externally (master mode), set bit 2 (P15102)
to "1" to configure that port as an output. If the transmit clock is to be input externally (slave
mode), reset bit 2 (P15102) to "0" to configure that port as an input.

Port 15 secondary function control register (P15SF)

Specify with bit 0 (P15SF0) whether the RXD6 pin will be pulled-up. If the transmit clock
is to be output externally (master mode), set bit 2 (P15SF2) to "1" to configure that port as
a secondary function output. If the transmit clock is to be input externally (slave mode),
specify with bit 2 (P15SF2) whether the input will be pulled-up.

SIO6 receive control register (SR6CON)

Set bit 0 (SR6MOD) to "1" to specify the mode to synchronous mode. Specify the receive
data length with bit 1 (SR6LN). Specify the master or slave mode with bit 3 (SR6SLV). With
bit 6 (RC6IE), specify whether interrupt requests are enabled or disabled when a receive
complete signal occurs. If bit 7 (SR6REN) is set to "1", reception is enabled and the
reception operation is performed when data arrives.

12.5.3.3 Baud Rate Generator (Timer 3) Settings

1)

()

If overflow of timer 3 is selected for use as the baud rate clock, implement the following
settings.

General-purpose 8-bit timer 3 counter (TM3C)

Setthe timer value that will be valid at the start of counting. When writing to TM3C, the same
value will also be simultaneously and automatically written to the general-purpose 8-bit
timer 3 register (TM3R).

General-purpose 8-bit timer 3 control register (TM3CON)
Bits 0 to 2 (TM3CO0 to TM3C2) of this register specify the count clock for timer 3. If bit 3
(TM3RUN) is setto "1", timer 3 will begin counting. If resetto "0", timer 3 will halt counting.

[Equation to Calculate Baud Rate]

B = f(rm3) x /(256 — D) x 1/n B : baud rate [bps]
ferma) @ timer 3 input clock frequency [Hz]
D : reload value (0 to 255)
n: 16 for the UART mode
4 for the synchronous mode
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12.5.4 SIOG6 Interrupt

When any SIO6 interrupt factor occurs, the interrupt request flag (QSIO6) is setto "1". The
interrupt request flag (QSIOB6) is located in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO6). The interrupt
enable flag (ESIO®6) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POSIO6 and
P1SI06). The interrupt priority setting flags (POSIO6 and P1SIO6) are located in interrupt
priority control register 6 (IP6).

Table 12-7 lists the vector address of the SIO6 interrupt factors and the interrupt processing

flags.

Table 12-7 SI06 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
SIO6 transmit buffer empty
signal is generated
SIO6 transmit complete
i ) 003E QSIO6 ESIO6 P1SIO6 POSIO6

signal is generated
SIO6 receive complete
signal is generated

Symbols (byte) of registers that

y . (byte) 9 ) IRQ3 IE3 IP6
contain interrupt processing flags
‘ Reference page 17-15 17-20 17-28

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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12.6 SIO1, SIO6 Operation

12.6.1 Transmit Operation

UART mode

Figure 12-10 shows the timing diagram of operation during UART transmission.

The clock pulse from the baud rate generator (timer 3 or timer 4) or from an external input
is divided by 16 to generate the transmit shift clock.

If an external clock is to be used with the UART mode, input the clock to the receive clock
I/0O pin (RXCn) for SIOn. The externally input clock is processed as shown in figure 12-11,
and is input to the 1/n dividing counter as the baud rate clock.

In synchronization with the transmit shift clock that has been generated, the transmission
circuit controls transmission of the transmit data.

The SnBUF write signal (a signal that is output when an instruction to write to SnBUF is
executed, for example "STB A, SnBUF") acts as a trigger to start transmission.

One CPU clock after the write signal is generated, transmit data in SnBUF is set in the
transmit shift register. At this time, synchronized to the signal indicating the beginning of
an instruction (M1S1), a transmit buffer empty signal is generated.

After the transmit data is set (after the fall of the data transfer signal to the transmit shift
register), synchronized to the falling edge of the next transmit shift clock, the start bit is
output from the transmit data output pin (TXDn). Thereafter, as specified by STnCON, the
transmit data (LSB first), parity bit, and finally the stop bit are output to complete the
transmission of one frame.

At this time, if the next transmit data has not been written to SnBUF, a transmit complete
signal is generated in synchronization with M1S1, and the transmission is completed.

Because generation of the transmit shift clock is always unrelated to writes to SnBUF, from
the time when transmit data is written to SnBUF until the start bit is output, there is a delay
of a maximum of 16 baud rate clocks.

Because each of SIO1 and SIO6 has SnBUF and the transmit shift register which are
designed in a duplex construction, during a transmission it is possible to write the next
transmit data to SnBUF. If SnBUF is written to during a transmission, after the current one
frame transmission is completed, the next transmit data will be automatically set in the
transmit shift register, and the data transmission will continue. After one frame of data is
transmit, if the next data to be transmit has been written to SnBUF, the transmit complete
signal will not be generated.

Figure 12-14 shows the timing diagram of operation during continuous transmission.
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¢ Synchronous mode (SIO1, SIO6)

[Master mode]
Figure 12-12 shows the timing diagram of operation during master mode transmission.

The clock pulse from the baud rate generator (timer 4 for SIO1 timer 3 for SIO6) is divided
by 4 to generate the transmit shift clock.

In synchronization with the transmit shift clock that has been generated, the transmission
circuit controls transmission of the transmit data.

The SnBUF write signal (the signal that is output when an instruction to write to SnBUF is
executed, for example "STB A, SnBUF") acts as a trigger to start transmission.

One CPU clock after the write signal is generated, transmit data in SnBUF is set in the
transmit shift register. At this time, synchronized to the signal indicating the beginning of
an instruction (M1S1), a transmit buffer empty signal is generated.

After the transmit data is set (after the fall of the data transfer signal to the transmit shift
register), synchronized to the falling edge of the next transmit shift clock, the external output
clock begins to be output from the transmit clock 1/0 pin (TXCn). Atthe same time, transmit
data is output LSB first from the transmit data output pin (TXDn). Thereafter, as specified
by STnCON and synchronized to the transmit shift clock, transmit data is outputto complete
the transmission of one frame.

At this time, if the next transmit data has not been written to SnBUF, a transmit complete
signal is generated in synchronization with M1S1, and the transmission is completed.

TXDn changes at the falling edge of TXCn. Therefore, at the receive side, TXDn is fetched
at the rising edge of TXCn.

Because generation of the transmit shift clock is always unrelated to writes to SnBUF, from
the time when transmit data is written to SnBUF until the first data is output, there is a delay
of a maximum of 4 baud rate clocks.

Because each of SIO1 and SIO6 has SnBUF and the transmit shift register which are
designed in a duplex construction, during a transmission it is possible to write the next
transmit data to SnBUF. If SnBUF is written to during a transmission, after the current one
frame transmission is completed, the next transmit data will be automatically set in the
transmit shift register, and the data transmission will continue. After one frame of data is
transmit, if the next data to be transmit has been written to SnBUF, the transmit complete
signal will not be generated.

Figure 12-14 shows the timing diagram of operation during continuous transmission.
[Note]
During continuous transmission, there is a time lag of 1 bit between the current data

transmission and the next data transmission, in which to set the next data. During this
interval, TXDn is forced to a High level.
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[Slave mode]
Figure 12-13 shows the timing diagram of operation during slave mode transmission.

In the slave mode, the transmit clock is input from the transmit clock 1/O pin (TXCn). This
external input clock is detected with the edge of CPU clock to generate the transmit shift
clock.

In synchronization with the transmit shift clock that has been generated, the transmission
circuit controls transmission of the transmit data.

The SnBUF write signal (the signal that is output when an instruction to write to SnBUF is
executed, for example "STB A, SnBUF") acts as a trigger to start transmission.

One CPU clock after the write signal is generated, transmit data in SnBUF is set in the
transmit shift register. At this time, synchronized to the signal indicating the beginning of
an instruction (M1S1), a transmit buffer empty signal is generated.

After the transmit data is set (after the fall of the data transfer signal to the transmit shift
register), synchronized to the falling edge of the next transmit shift clock, the transmit data
is output LSB first from the transmit data output pin (TXDn). Thereafter, as specified by
STnCON and synchronized to the transmit shift clock, transmit data is output to complete
the transmission of one frame.

At this time, if the next transmit data has not been written to SnBUF, a transmit complete
signal is generated in synchronization with M1S1, and the transmission is completed.

TXDn changes at the falling edge of the transmit shift clock that has been generated from
the detected edge of the externally input TXCn. Therefore, at the receive side, TXDn is
fetched at the rising edge of TXCn.

Because each of SIO1 and SIO6 has SnBUF and the transmit shift register which are
designed in a duplex construction, during a transmission it is possible to write the next
transmit data to SnBUF. If SnBUF is written to during a transmission, after the current one
frame transmission is completed, the next transmit data will be automatically set in the
transmit shift register, and the data transmission will continue. After one frame of data is
transmit, if the next data to be transmit has been written to SnBUF, the transmit complete
signal will not be generated.

Figure 12-14 shows the timing diagram of operation during continuous transmission.

[Note]
During continuous transmission, there is a time lag of 2 CPU clocks between the current
data transmission and the data next transmission, in which to set the next data. During
thisinterval, TXDnis forced to a High level. If an external clock is supplied, inserta margin
of 2 or more CPU clocks between the current data transmission and the next data
transmission.
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12.6.2 Receive Operation

« UART mode

Figure 12-15 shows the timing diagram of operation during UART reception.

The clock pulse from the baud rate generator (timer 3 or timer 4) or from an external input
is divided by 16 to generate the shift clock.

If an external clock is to be used with the UART mode, input the clock to the receive clock
I/0O pin (RXCn) for SIOn. The externally input clock is processed as shown in figure 12-11,
and is input to the 1/n dividing counter as the baud rate clock.

The 1/n dividing circuit remains halted in its reset state until reception begins. The 7th, 8th
and 9th pulses of the 1/16 divider (values 6, 7 and 8 of the baud rate (1/16) counter in figure
12-15) become the sampling clock for the receive data input pin (RXDn). The 10th pulse
(value 9 of the baud rate (1/n) counter in figure 12-15) becomes the receive shift clock.

In synchronization with the receive shift clock, the reception circuit controls reception of the
receive data.

Achangeinthereceive datainput pin (RXDn) from a High to Low level triggers the reception
operation to start (at this time, SRnREN (bit 7) of SRNCON should be "1").

If the input signal to the receive data input pin (RXDn) is detected to have changed from a
Highto Lowlevel, the 1/16 dividing counter that had been halted in its reset state now begins
to operate. The start bit (L level) is sampled at the three sampling clocks of the 7th, 8th,
and 9th pulses from the 1/16 dividing counter. Ifthe start bitis ata Low level for two or more
samples, it is judged to be valid. If not, the start bit is judged invalid, reception operation
is initialized and then halted.

In a similar manner, receive data is sampled at the 7th, 8th, and 9th pulses from the 1/16
dividing counter. Datathat is judged valid is shifted by the 10th clock, or in other words, by
the receive shift clock, into the receive shift register as receive data. Thereafter, data
reception continues as specified by SRNnCON. The first stop bit (the 1st bit in the case of
2 stop bits) is received and the reception of one frame is completed.

At this time, if the received stop bitis "0", a framing error is issued. If the parity is incorrect,
a parity error is issued. And, if the previously received data has not been read, an overrun
error is issued (the previously received data will be overwritten).

However, at this time, the status register (SnSTAT) is not be updated of the detected error.
Later, the contents of the receive shift register are transferred to SnBUF, areceive complete
signal is generated in synchronization with M1S1 that indicates the beginning of the next
instruction, and at the same timing, the status register (SnSTAT) is updated by the receive
complete signal and each error signal. The series of receptions is completed.
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¢ Synchronous mode

[Master mode]
Figure 12-16 shows the timing diagram of operation during master mode reception.

The clock pulse from the baud rate generator (timer 4 for SIO1 and timer 3 for SIO6) is
divided by 4 to generate the external output clock. The 3rd pulse of the 1/4 divider (value
2 of the baud rate (1/4) counter in figure 12-16) becomes the sampling clock for the receive
data input pin (RXDn). The 4th pulse (value 3 of the baud rate (1/4) counter in figure 12-
16) becomes the receive shift clock.

In synchronization with the receive shift clock, the reception circuit controls reception of the
receive data.

The falling edge of the receive shift clock immediately after SRNREN (bit 7) of SRNCON is
setto"1"triggers the reception operation to start and the external output clock is output from
the receive clock I/0 pin (RXCn). At the next receive shift clock, receive data that was
sampled at the prior sampling clock is shifted into the receive shift register.

At the falling edge of the external output clock, the transmit side transmits data. That data
is shifted into the receive side at the falling edge of the transmit shift clock. Receive data
is sampled only once. Thereafter, data reception continues as specified by SRNnCON. After
the last receive shift clock is output, the contents of the receive shift register are transferred
to SnBUF, and a receive complete signal is generated in synchronization with M1S1, the
signal that indicates the beginning of an instruction. At this time, an overrun error will be
generated if the previously received data has not been read (the previously received data
will be overwritten).

Finally, SRNnREN of SRNnCON is automatically cleared to "0" to complete the reception
series.

[Slave mode]
Figure 12-17 shows the timing diagram of operation during slave mode reception.

In the slave mode, the receive clock is input externally (from the receive clock I/O pin
(RXCn)). This external input clock is detected with the edge of CPU clock to generate the
receive shift clock.

In synchronization with the receive shift clock that has been generated, the reception circuit
controls receiving the receive data.

Reception operation is triggered to begin when SRnREN (bit 7) of SRNCONis setto "1" and
the external input clock is input to the receive clock I/O pin (RXCn).

While the externalinput clockis ata Low level, the value of the receive data input pin (RXDn)
is sampled. The sampled receive data is shifted into the receive shift register at the next
receive shift clock. Thereafter, data reception continues as specified by SRNnCON. After
the last receive data is shifted in, the contents of the receive shift register are transferred
to SnBUF, and a receive complete signal is generated in synchronization with M1S1, the
signal that indicates the beginning of an instruction. At this time, an overrun error will be
generated if the previously received data has not been read (the previously received data
will be overwritten). This completes a one frame reception.

In the slave mode, SRNREN is not automatically cleared to "0" after completing the
reception. If the receive shift clock continues to be input, the receive operation will restart.
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12.7 S104

SlO4 is an 8-bit auto transfer serial port used for clocked synchronous communication.
Synchronized to the clock specified by the SIO4 control register (SIO4CON), SI04
continuously transmits and receives 8 bits of data LSB first. When transmission and
reception are complete, a transmit-receive interrupt is requested.

The maximum communication speed at f = 30 MHz is 5 Mbps.

12.7.1 SI04 Configuration
Figure 12-18 shows the SIO4 configuration.

SIOI4 input - Reception R 5
Databus-»| SOUT 5
M
> Write pointer >
R
I
RES
Y
ls2]31]30] - [11]10]9 |8 |7]6[5]ala|2]1]
[32 Byte FIFO]
~> Read pointer >
i
R—ES A\
Databus<{  SIN o
SI004 output < Transmission R §
&
Slave/Master __,
SIOCK4 (Slave) —
SIOCK4
(Master)
1/1 OSCCLK — ]
1/2 OSCCLK —
1/4 OSCCLK — '6
1/8 OSCCLK — W
1/2 TBCCLK— @
1/4 TBCCLK — @
1/8 TBCCLK —
1/2 Timer 5 OVF —__|
Control circtuit  K———|
TEN FLAG

Transfer end
M1 e S1 QSIO4 set

SIO4CON: SIO4 control register

FIFOCON: FIFO control register

SIN4: SIO4 serial input FIFO data register

SOUT4: SIO4 serial output FIFO data register
SIOCK4: SIO4 transmit-receive clock input pin (P10_3)
SIO04: SIO4 transmit data output pin (P10_4)

SIOI4: SIO4 receive data input pin (P10_5)

Figure 12-18 SI04 Configuration
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12.7.2 Description of SIO4 Registers

)

S104 control register (SIO4CON)
The SI104 control register (SIO4CON) is an 8-bit register that controls SIO4 operation.

SIO4CON can be read from and written to by the program. However, write operations are
invalid for bit 7. If read, a value of "1" will always be obtained for bit 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SIO4CON becomes 80H.

Figure 12-19 shows the SIO4CON configuration.

[Description of each bit]
» SIO4CO0 to SI04C2 (bits 0 to 2)
During the master mode, SIO4CO0 to SI04C2 select SIO4 clock. Inthe slave mode, these
bits are invalid.
» SIO4SL (bit 3)
SIO4SL specifies master or slave operation of SIO4.
« TENA4 (bit 4)
When TEN4 is set to "1", transmission and reception begin. When transmission and
reception are completed, it is automatically reset to "0".
* ICK4 (bit 5)
ICK4 specifies whether there is a SIO4 interval clock. (Only valid during the master mode)
* BUSY4 (bit 6)
BUSY4 indicates a transfer operation status. This can be used to determine the waiting
time from setting TEN4 to "1" to transmission and reception start at multi-byte continuous
transfer in the B mode of FIFO mode selection using SIO4 and SIO5 alternatively.
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7 6 5 4 3 2 1 0
sioacon | — |BUSY4] ICK4 | TEN4 [sl04sL[sl04C2[sl04C1[sI04C0] /WA;’é’éiiii g(/)\z,avc 1
At reset 1 0 0 0 0 0 0 0
SI04C

21110 SI04 count clock
0(0|0 1/1 OSCCLK
0|01 1/2 OSCCLK
0(1]0 1/4 OSCCLK
o111 1/8 OSCCLK
1100 1/2 TBCCLK
1101 1/4 TBCCLK
1111]0 1/8 TBCCLK
1111 1/2 TM50VF
0 | Master mode
1 | Slave mode
0 | Transfer end

1 | Transfer start

0 | No interval

1 | 1 frame interval

No transfer operation

(B mode of FIFO mode selection)

Transfer operation in progress

(B mode of FIFO mode selection)

—" indicates a nonexistent bit.
When read, its value will be "1".

Figure 12-19 SIO4CON Configuration
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)

FIFO control register (FIFOCON)
The FIFO control register (FIFOCON) controls operation of the FIFO registers that are
internal to SIO4 and SIOS.

FIFOCON can be read from and written to by the program. However, write operations to
bits 0, 1, 4 and 5 are invalid.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of FIFOCON becomes 11H.

Figure 12-20 shows the FIFOCON configuration.

[Description of each bit]

* EMP4 (bit 0)
EMP4 indicates the empty status of the SIO4's FIFO register. Due to SRES operation and
at reset, the FIFO is cleared and enters the empty state. If all data in the FIFO register
is read, the empty state is entered.

« FULA4 (bit 1)
FUL4 indicates the full status of the SIO4's FIFO register. If 32 bytes of data are
completely stored in the FIFO register, the FIFO full state (FUL = 1) is entered.

* ORE4 (bit 2)
ORE4indicates the overflow status of the SIO4's FIFO register (only valid during the slave
mode). After completing reception of the number of bytes that were written to the FIFO
register before the transfer, if an external clock is input, ORE4 is set to "1". In this case,
because the FIFO register contents cannot be guaranteed, it is necessary to transfer the
data again. ORE4 can be reset to "0" by setting SRE4 (bit 3) to "1".

* SRE4 (bit 3)
SRE4 initializes SI104. If SRE4 is set to "1", SIO4 will be initialized. After initialization,
SRE4 is automatically reset to "0".

* EMPS5 (bit 4)
EMPS5 indicates the empty status of the SIO5's FIFO register. Due to SRES operation and
at reset, the FIFO is cleared and enters the empty state. If all data in the FIFO register
is read, the empty state is entered.

e FUL5 (bit 5)
FUL5 indicates the full status of the SIO5's FIFO register. If 32 bytes of data are
completely stored in the FIFO register, the FIFO full state (FUL = 1) is entered.

* ORES (bit 6)
ORES5indicates the overflow status of the SIO5's FIFO register (only valid during the slave
mode). After completing reception of the number of bytes that ware written to the FIFO
register before the transfer, if an external clock is input, ORE5 is set to "1". In this case,
because the FIFO register contents cannot be guaranteed, it is necessary to transfer the
data again. ORED5 can be reset to "0" by setting SRE5 (bit 7) to "1".

* SRES5 (bit 7)
SRES initializes SIO5. If SRES5 is set to "1", SIO5 will be initialized. After initialization,
SRES5 is automatically reset to "0".
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7 6 5 4 3 2 1 0

Address: 008D [H
FIFOCON |SRES5 | ORE5 | FUL5 | EMP5 |SRES4| ORE4 | FUL4 | EMP4 | pavacioor B H
Atreset g 0 0 1 0 0 0 1

0 | Normal

1 | SIO4 FIFO empty state

0 | Normal

1| SIO4 FIFO full state

0 | Normal

1 | SIO4 overflow error generated

0 | Normal

1| Initialize SIO4

0 | Normal

1 | SIO5 empty state

0 | Normal

1| SIO5 FIFO full state

0 | Normal

1 | SIO5 overflow error generated

0 | Normal

1| Initialize SIO5

—" indicates a nonexistent bit.
When read, its value will be "0."

Figure 12-20 FIFOCON Configuration
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®3)

(4)

Serial input FIFO data register (SIN4)
The serial input FIFO data register (SIN4) is used to read 8-bit data received from the SIO
pin. Since SIN4 is read-only, do not attempt to write to this register.

When 1 byte of received data has been gathered in the shift register, it is automatically
loaded into the FIFO register. When transfer of the specified number of bytes is complete,
aninterruptis generated. Aftertheinterruptis generated, by reading SIN4, data can be read
in order from the earliest received data. Because incorrect transmission or reception will
occur if SIN4 is read during serial transmission or reception, do not attempt to read SIN4
while a transmission or reception is in progress.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of SIN4 are undefined.

Serial output FIFO data register (SOUT4)
The serial output FIFO data register (SOUT4) is used to write the 8-bit serial data to be
output from the SIO04 pin. Since SOUT4 is write-only, do not attempt to read this register.

After data written to the SOUT4 register has been stored in the FIFO register, the start of
transmission or reception causes that data to be sequentially loaded into a shift register.

Because incorrect transmission or reception will occur if SOUT4 is written to during serial
transmission or reception, do not attempt to write to SOUT4 while a transmission or
reception is in progress.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of SOUT 4 are undefined.
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12.7.3 Example of SIO4-related Register Settings

« Master mode settings

)

)

@)

(4)

Port 10 mode register (P1010)

If SIOCK4 (clock output) is to be used, set bit 3 (P10103) to "1" to configure the port as an
output. Also if SIO04 (transmit data output) is to be used during transmission, set bit 4
(P10104) to "1" to configure the port as an output, and if SIOI4 (receive data input) is to be
used during reception, reset bit 5 (P10I05) to "0" to configure the port as an input.

Port 10 secondary function control register (P10SF)

If SIOCK4 (clock output) is to be used, set bit 3 (P10103) to "1" to configure the port as a
secondary function output. Also, if SIOO4 (transmit data output) is to be used during
transmission, set bit 4 (P10SF4) to "1" to configure the port as a secondary function output,
and if SIOI4 (receive data input) is to be used during reception, reset bit 5 (P10SF5) to "0"
to configure the port as a secondary function input.

Serial output FIFO data register (SOUT4)
Write transmit data to SOUT4 (serial output FIFO data register).

[Note]
Writing to SOUT4 register and reading SIN4 are disabled during transmission or
reception. Itis necessary to write dummy data of transmission bytes beforehand for only
reception, anditis necessary toread dummy data for transmission bytes after transmission
only for transmission.

S104 control register (SIO4CON)

Set SI04 clock with bits 0to 2 (SIO4C0to SIO4C2). Resethit3 (SI04SL)to "0"to setmaster
mode. Specify whether there is an interval clock with bit 5 (ICK4). Transmission and
reception are started by setting bit 4 (TEN4) to "1".
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¢ Slave mode settings

1)

)

®3)

(4)

Port 10 mode register (P10I0)

If SIOCKA4 (clock output) is to be used, reset bit 3 (P10I103) to "0" to configure the port as
an input. Also, if SIOO4 (transmit data output) is to be used during transmission, set bit 4
(P10104) to "1" to configure the port as an output, and if SIOI4 (receive data input) is to be
used during reception, reset bit 5 (P10105) to "0" to configure the port as an input.

Port 10 secondary function control register (P10SF)

If SIOCKA4 (clock output) is to be used, reset bit 3 (P10I103) to "0" to configure the port as
a secondary function input. Also, if SIOO4 (transmit data output) is to be used during
transmission, set bit 4 (P10SF4) to "1" to configure the port as a secondary function output,
and if SIOI4 (receive data input) is to be used during reception, reset bit 5 (P10SF5) to "0"
to configure the port as a secondary function input.

Serial output FIFO data register (SOUT4)
Write transmit data to SOUT4 (serial output FIFO data register).

[Note]
Writing to SOUT4 register is disabled during transmission or reception. It is necessary
to write dummy data of transmission bytes beforehand for only reception.

S104 control register (SIO4CON)

S104 clock settings and specification of whether there is an interval clock with bit 5 (ICK4)
are invalid. Set bit 3 (SI0O4SL) to "1" to set slave mode. Transmission and reception are
started by setting bit 4 (TEN4) to "1".
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12.7.4 SIO4 Interrupt

When the SIO4 interrupt factor occurs, the interrupt request flag (QSIO4) is setto "1". The
interrupt request flag (QSIOA4) is located in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO4). The interrupt
enable flag (ESI04) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (P0SIO4 and
P1SIO4). The interrupt priority setting flags (P0SIO4 and P1S104) are located in interrupt

priority control register 6 (IP6).

Table 12-8 lists the vector address of the SIO4 interrupt factor and the interrupt processing

flags.

Table 12-8 SI104 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
SlO4 transmit-receive
o 0040 QSIO4 ESIO4 P1SIO4 POSIO4
complete signal is generated
Symbols (byte) of registers that
Y L (byte) 9 . IRQ3 IE3 IP6
contain interrupt processing flags
|Reference page|  17-15 17-20 17-28

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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12.7.5 S104 Operation

Sl04 can select the master mode or slave mode, and can transfer a maximum of 32-byte
transmit data continuyously.

In the master mode, the clock selected by bits 2 to 0 of SIO4CON is SI04 clock. The SI04
clock is output from the SIOCK4 pin.

In the slave mode, the clock input from the SIOCK4 pin is the SIO4 clock.

In both the master and slave modes, synchronized with the falling edge of the SIO4 clock,
S104 outputs serial-out data from the SIOO4 pin. Synchronized with the rising edge of the
S104 clock, serial-in data is input from the SIOI14 pin.

Itis assumed that external devices change the serial-in data at the falling edge of the SIO4
clock and fetch the serial-out data at the rising edge of the SIO4 clock. Communication is
executed in an LSB first mode.

Transfer operation is started by setting bit 4 (TEN4) of SIO4CON to "1" after writing transmit
datato FIFO. When transfer is completed, bit TEN4 is reset to "0" and interrupt request flag
(QSI04) is set to "1" at the beginning of the next instruction (M1S1).

If bit TEN4 is reset to "0" during transfer, transmission and reception are immediately
interrupted and SIO4 is initialized. The contents previously transferred are not assured. In
the slave mode, set bit TEN4 to "1" when the SIOCKA4 pin is at a high level to start transfer.

Figure 12-21 shows the timing of SIO4 operation during continuous transmission.
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12.8 SIO5

SIO5 is an 8-bit auto transfer serial port used for clocked synchronous communication.
Synchronized to the clock specified by the SIO5 control register (SIO5CON), SIO5
continuously transmits and receives 8 bits of datain an LSB first mode. When transmission
and reception are complete, a transmit-receive interrupt is requested.

The maximum communication speed at f = 30 MHz is 5 Mbps.

12.8.1 SIO5 Configuration
Figure 12-22 shows the SIO5 configuration.

SIOI5 input - Reception R 5
Data bus+| SOUT 5
M
—> Write pointer >
R
I
RES
Y
|32|31|30| |11|10|9|8|7|6|5|4|3|2|1|
[32 Byte FIFO]
—> Read pointer >
R
I
R—ES Y
Databus<{ SIN ]
SIOO5 output < Transmission R é
n
Slave/Master __,
SIOCKS5 (Slave) —
SIOCK5
(Master)
1/1 OSCCLK— ]
1/2 OSCCLK —
1/4 OSCCLK — '5
1/8 OSCCLK — w
1/2 TBCCLK— @
1/4 TBCCLK — ¢
1/8 TBCCLK —
1/2 Timer 5 OVF —_|
Control circtuit K———|
TEN FLAG

Transfer end
M1 e S1 QSIO5 set

SIO5CON: SIO5 control register

FIFOCON: FIFO control register

SIN5: SIO5 serial input FIFO data register

SOUT5: SIOS5 serial output FIFO data register
SIOCKS5: SIO5 transmit-receive clock input pin (P14_0)
SIO05: SIO5 transmit data output pin (P14_1)

SIOI5: SIO5 receive data input pin (P14_2)

Figure 12-22 SIO5 Configuration
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12.8.2 Description of SIO5 Registers

)

SIO5 control register (SIO5CON)
The SIO5 control register (SIO5CON) is an 8-bit register that controls SIO5 operation.

SIO5CON can be read from and written to by the program. However, write operations are
invalid for bit 7. If read, a value of "1" will always be obtained for bit 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), SIO5CON becomes 80H.

Figure 12-23 shows the SIO5CON configuration.

[Description of each bit]
» SIO5CO0 to SIO5C2 (bitsO to 2)
During the master mode, SIO5CO0 to SIO5C2 select SIO5 clock. Inthe slave mode, these
bits are invalid.
» SIO5SL (bit 3)
SIO5SL specifies master or slave operation of SIO5.
+ TENS (bit 4)
When TENS is set to "1", transmission and reception begin. When transmission and
reception are completed, it is automatically reset to "0".
* ICK5 (bit 5)
ICK5 specifies whether there is a SIO5 interval clock. (Only valid during the master mode)
* BUSYS5 (bit 6)
BUSYS5 indicates a transfer operation status. This can be used to determine the waiting
time from setting TEN5 to "1" to transmission and reception start at multi-byte continuous
transfer using SIO4 and SIO5 alternatively.
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7 6 5 4 3 2 1 0
si05CON | — |BUSY5] ICK5 | TENS [S105SL[s105C2[s105C1[s105C0] /WA::(;:Z; g%:,s 1
At reset 1 0 0 0 0 0 0 0
SIO5C

P SIO5 count clock
0(0|0 1/1 OSCCLK
0|0 1/2 OSCCLK
0|1]|0 1/4 OSCCLK
0|11 1/8 OSCCLK
1100 1/2 TBCCLK
1101 1/4 TBCCLK
1111]0 1/8 TBCCLK
1111 1/2 TM50VF
0 | Master mode
1 | Slave mode
0 | Transfer end

1 | Transfer start

0 | No interval

1 | 1 frame interval

No transfer operation

(B mode of FIFO mode selection)

Transfer operation in progress

(B mode of FIFO mode selection)

"—" indicates a nonexistent bit.
When read, its value will be "1".

Figure 12-23 SIO5CON Configuration
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)

®3)

(4)

Serial input FIFO data register (SIN5)
The serial input FIFO data register (SIN5) is used to read 8-hit serial data received from the
SIO pin. Since SIN5 is read-only, do not attempt to write to this register.

When 1 byte of received data has been gathered in the shift register, it is automatically
loaded into the FIFO register. When transfer of the specified number of bytes is complete,
aninterruptis generated. Aftertheinterruptis generated, by reading SIN5, data can be read
in order from the earliest received data. Because incorrect transmission or reception will
occur if SIN5S is read during serial transmission or reception, do not attempt to read SIN5
while a transmission or reception is in progress.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of SIN5 are undefined.

Serial output FIFO data register (SOUT5)

The serial output FIFO data register (SOUT5) is used to write the 8-bit serial data to be
output from the SIOO5 pin. Since SOUTS5 is write-only, do not attempt to read this register.
After data written to the SOUTS5 register has been stored in the FIFO register, the start of
transmission or reception causes that data to be sequentially loaded into a shift register.
Because incorrect transmission or reception will occur if SOUT5 is written to during serial
transmission or reception, do not attempt to write to SOUT5 while a transmission or
reception is in progress.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the contents of SOUT5 are undefined.

FIFO mode control register (FIFOMOD)

The FIFO mode control register (FIFOMOD) is a 2-bit register that specifies the mode of
combined SIO4 and SIO5 usage. However, write operations to bits 2 through 7 are invalid.
If bits 2 through 7 are read, a value of "1" will always be obtained.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), FIFOMOD becomes FCH.

Bits 0 and 1 (FMODO, FMOD1) select the mode of combined SIO4 and SIO5 usage.
Change these flags when neither SI04 nor SIO5 is transferring data.

1) A mode
This mode operates SIO4 and SIO5 independently.

2) B mode

This mode alternates usage of SIO4 and SIO5 through the SIO4 port interface to
consecutively transfer multiple bytes of data without limitation due to the number of FIFO
stages. Inthis mode, operation of only master mode transmission and receptionis possible.
In this mode, while a transfer is in progress for one SIO, even if the TEN flag of the other
SIO is set, that SIO's transfer will wait until the first SIO transfer is completed. After the first
SIO transfer is completed, the other SIO transfer will automatically start. This provides for
uninterrupted transfer.
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In this mode, be sure to alternate usage of SIO4 and SIO5. For example, if
SI04—-S105—-SI104 was used, then use SIO5—-SI04—SIO5 next. If B mode usage is
intermixed with other modes, for example, if SIO5—SI04—SI05 (B mode) is used, after
setting and using another mode, upon returning to the B mode, use SI04—SI0O5—SI04 as
the next sequence.

Interval clock settings (ICK) are invalid in this mode.

3) C mode

Via the SIO5 port interface, this mode can monitor the SI04 transfer operation performed
through the SIO4 interface.

SIO5 itself cannot be used with this mode.

4) D mode

Via the SI04 port interface, this mode can monitor the SI04 transfer operation performed
through the SIO5 interface.

SIO5 itself cannot be used with this mode.

Using the C or D modes, two systems of port interfaces can be connected to SIO4. Using
the A or D modes, two systems of SIOs (S104/S105) can be connected to the single SIO4
port interface.

Figure 12-24 shows the FIFOMOD configuration and Figure 12-25 shows the B, C, and D
mode configurations.

! 6 5 4 8 2 ! 0 Add 00CF [H]
ress:

F|FOMOD| — ‘ - ‘ - ‘ — ‘ - ‘ - ‘FMOD1‘FMOD0‘ R/W access: R/W

At reset 1 1 1 1 1 1 0 0
FMOD

FIFO mode selection

110
0|0 A mode
01 B mode
110 C mode
111 D mode

"—" indicates a nonexistent bit.
When read, its value will be "0."

Figure 12-24 FIFOMOD Configuration
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SI04 (SYNC with 32-byte FIFO)

\I'\—DD SIO04 (P10_4)

—— {11014 (P10_5)

——"~—»{ | SIOCK4 (P10_3)

SI05 (SYNC with 32-byte FIFO)

Transmit request

»l

(1) B Mode Configuration

> Auto switching control

»{ |SI004 (P10_4)

SI04 (SYNC with 32-byte FIFO)

[ 1SI014 (P10_5)

(2) C Mode Configuration

»{ | SIOCK4 (P10_3)

——»{ [SIO05 (P14_1)
(open) [] SIOI5 (P14_2)

L »[]SIOCK5 (P14_0)

»{ | SI005 (P14_1)

SI04 (SYNC with 32-byte FIFO)

[IsI0I15 (P14_2)

»{ | SIOCK5 (P14_0)

(3) D Mode Configuration

——»{ [SI004 (P10_4)
(open) [_] SIOI4 (P10_5)

L »[]SIOCK4 (P10_3)

Figure 12-25 Mode Configuration
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12.8.3 Example of SIO5-related Register Settings

« Master mode settings

)

)

@)

(4)

Port 14 mode register (P1410)

If SIOCKS5 (clock output) is to be used, set bit 0 (P14100) to "1" to configure the port as an
output. Also, if SIOO5 (transmit data output) is to be used during transmission, set bit 1
(P14101) to "1" to configure the port as an output, and if SIOI5 (receive data input) is to be
used during reception, reset bit 2 (P14102) to "0" to configure the port as an input.

Port 14 secondary function control register (P14SF)

If SIOCKS5 (clock output) is to be used, set bit 0 (P14100) to "1" to configure the port as a
secondary function output. Also, if SIOO5 (transmit data output) is to be used during
transmission, set bit 1 (P14SF1) to "1" to configure the port as a secondary function output,
and if SIOI5 (receive data input) is to be used during reception, reset bit 2 (P14SF2) to "0"
to configure the port as a secondary function input.

Serial output FIFO data register (SOUT5)
Write transmit data to SOUTS5 (serial output FIFO data register).

[Note]
Writing to SOUTS register is disabled during transmission or reception. It is necessary
to write dummy data of transmission bytes beforehand for only reception.

SIO5 control register (SIO5CON)

Set SIO5 clock with bits 0to 2 (SIO5C0to SIO5C2). Resetbit3 (SIO5SL)to "0"to set master
mode. Specify whether there is an interval clock with bit 5 (ICK5). Transmission and
reception are started by setting bit 5 (TEN5) to "1".
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¢ Slave mode settings

1)

)

®3)

(4)

Port 14 mode register (P1410)

If SIOCKS5 (clock output) is to be used, reset bit 0 (P14100) to "0" to configure the port as
an input. Also, if SIOO5 (transmit data output) is to be used during transmission, set bit 1
(P14101) to "1" to configure the port as an output, and if SIOI5 (receive data input) is to be
used during reception, reset bit 2 (P14102) to "0" to configure the port as an input.

Port 14 secondary function control register (P14SF)

If SIOCKS5 (clock output) is to be used, reset bit 0 (P14100) to "0" to configure the port as
a secondary function input. Also, if SIOO5 (transmit data output) is to be used during
transmission, set bit 1 (P14SF1) to "1" to configure the port as a secondary function output,
and if SIOI5 (receive data input) is to be used during reception, reset bit 2 (P14SF2) to "0"
to configure the port as a secondary function input.

Serial output FIFO data register (SOUT5)
Write transmit data to SOUTS5 (serial output FIFO data register).

[Note]
Writing to SOUTS register is disabled during transmission or reception. Reading SIN5
is also disabled. Itis necessary to write dummy data of transmission bytes beforehand
for only reception, and it is necessary to read dummy data for transmission bytes after
transmission only for transmission.

SIO5 control register (SIO5CON)

SIO5 clock settings and specification of whether there is an interval clock with bit 5 (ICK5)
are invalid. Set bit 3 (SIO5SL) to "1" to set slave mode. Transmission and reception are
started by setting bit 4 (TEN5) to "1".
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12.8.4 SIOS5 Interrupt

When the SIO5 interrupt factor occurs, the interrupt request flag (QSIO5) is setto "1". The
interrupt request flag (QSIOb) is located in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (ESIO5). The interrupt
enable flag (ESIO5) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POSIO5 and
P1SIO5). The interrupt priority setting flags (P0OSIO5 and P1SIO5) are located in interrupt
priority control register 6 (IP6).

Table 12-9 lists the vector address of the SIO5 interrupt factor and the interrupt processing
flags.

Table 12-9 SIO5 Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
SIO5 transmit-receive
o 003C QSIO5 ESIO5 P1SIO5 POSIO5
complete signal is generated
Symbols (byte) of registers that
y . (byte) 9 . IRQ3 IE3 IP6
contain interrupt processing flags
|Reference page|  17-15 17-20 17-28

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing
Functions".
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12.8.5 SIO5 Operation

SIO5 can select the master mode or slave mode, and can transfer a maximum of 32-byte
transmit data continuously.

In the master mode, the clock selected by bits 2 to 0 of SIO5CON is SIO5 clock. The SIO5
clock is output from the SIOCKS5 pin.

In the slave mode, the clock input from the SIOCKS5 pin is the SIO5 clock.

In both the master and slave modes, synchronized with the falling edge of the SIO5 clock,
SIO5 outputs serial-out data from the SIOO5 pin. Synchronized with the rising edge of the
SIO5 clock, serial-in data is input from the SIOI5 pin.

Itis assumed that external devices change the serial-in data at the falling edge of the SIO5
clock and fetch the serial-out data at the rising edge of the SIO5 clock. Communication is
executed in an LSB first mode.

Transfer operation is started by setting bit 4 (TEN5) of SIOS5CON to "1" after writing transmit
datato FIFO. When transfer is completed, bit TEN5 is reset to "0" and interrupt request flag
(QSIO5) is set to "1" at the beginning of the next instruction (M1S1).

If bit TENS is reset to "0" during transfer, transmission and reception are immediately
interrupted and SIO5 is initialized. The contents previously transferred are not assured. In
the slave mode, set bit TEN5 to "1" when the SIOCKS5 pin is at a high level to start transfer.

Figure 12-26 shows the timing of SIO5 operation during continuous transmission.
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13. A/D Converter Functions

13.1 Overview
The MSM66577 family has an internal 8-channel A/D converter with 10-bit resolution.

The A/D converter can operate in a scan mode that sequentially converts several selected
channels, or in a select mode that converts one selected channel.

A successive comparison method with a sample and hold function is used to convert analog
guantities to digital quantities.

13.2 A/D Converter Configuration
Figure 13-1 shows the A/D converter configuration.

AGND VRer
AlO[ }—
Al F—
Al2 |—> ADRO0O
ADRO1
AI3[_—— Analog A/D converter ADRO02
Al4 [ J—— selector circuit ADRO3
ADRO4
A F—= ADRO5
AlB[ F— ADRO06
A7 , ADRO7
A/D control circuit — Interrupt
request
/
| ADINTO | [ADCONOH | | ADCONOL |
Internal bus (

AlO to Al7: analog input pins (P12_0 to P12_7)
ADROO to ADROQ7: A/D result register (10 bits)
ADINTO: A/D interrupt control register O
ADCONOH: A/D control register OH
ADCONOL: A/D control register OL

AGND: analog GND pin

VRer: analog reference voltage pin

Figure 13-1 A/D Converter Configuration
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13.3 A/D Converter Registers
Table 13-1 lists a summary of SFRs for control of the A/D converter.

Table 13-1 Summary of SFRs for A/D Converter Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
009Cs¥ | A/D control register OL ADCONOL — R/W 8 80 13-3
009D+r | A/D control register OH ADCONOH — R/W 8 00 13-5
A/D interrupt control
009E +¢ ) ADINTO — R/W 8 FO 13-7
register 0
00A0 —
00AT A/D result register 00 ——— ADROO | R 16 Undefined 13-8
00A2 ) — ,
A/D result register 01 —  ADRO1 R 16 Undefined 13-8
00A3 —
00A4 . — ,
A/D result register 02 —— ADR02 | R 16 Undefined 13-8
00A5 —
00A6 ) — ,
A/D result register 03 ——— ADR0O3 | R 16 Undefined 13-8
00A7 —
00A8 ) — ,
A/D result register 04 ——— ADR04 | R 16 Undefined 13-8
00A9 —
00AA . — ,
A/D result register 05 ——— ADRO5 | R 16 Undefined 13-8
00AB —
00AC ) — ,
A/D result register 06 —— ADR06 | R 16 Undefined 13-8
00AD —
00AE ) — ,
A/D result register 07 ——— ADRO7 | R 16 Undefined 13-8
00AF —
[Notes]

1. Addresses are not consecutive in some places.
2. A star (%) in the address column indicates a missing bit.

3. Do notwrite to ADROO through ADRO7. If written to, the contents of all the registers
from ADROO through ADRO7 may be overwritten.

4. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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13.3.1 Description of A/D Converter Registers

1)

A/D control register OL (ADCONOL)
A/D control register OL (ADCONOL) consists of 6 bits and specifies settings for the scan
mode.

ADCONOL can be read from and written to by the program. However, write operations are
invalid for bit 7. Also, if bit 3 is to be written to, a value of "0" must be written. If read, bit
3 is always "0" and bit 7 is always "1".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ADCONOL becomes 80H.

Figure 13-2 shows the ADCONOL configuration.

[Description of each bit]

+ ADSNMOO0 to ADSNMO2 (bits 0 to 2)
ADSNMO0O0 to ADSNMO02 specify the scan channels of the scan mode.
Change the scan channels while the A/D converter is halted.
Changes of the scan channels are valid only when ADRUNO (bit 4) is "0".

* ADRUNO (bit 4)
ADRUNQO starts and stops A/D conversion in the scan mode.
If set to "1", A/D conversion will begin. If reset to "0", conversion will be stopped. The
ADRUNO bit specifies to operate or to halt A/D conversion and is not a status flag
indicating whether conversion is in progress or is halted.

* SNEXO (bit 5)
SNEXO specifies the factor that activates A/D conversion in the scan mode.
When SNEXO0is"0", after A/D conversion of the previous channelis complete, conversion
of the next channel begins. When SNEXO is "1", after A/D conversion of the previous
channelis complete, 1 channel of A/D conversion is performed for each valid edge of the
signal at the external interrupt input pin (EXINT1).

* SCNCO (bit 6)
SCNCO specifies the operating mode after one cycle of scanning.
When SCNCO is "0", after one cycle of the specified scanning channels, A/D conversion
starts again at the first channel.
When SCNCO is "1", after one cycle of the specified scanning channels, A/D conversion
is stopped.
If used in the "SCNCO = 1" mode, A/D conversion is reactivated by resetting to "0" the
INTSNO flag that is located in ADINTO and indicates when one cycle of scanning is
complete. (Control with the ADRUNO bit is unnecessary. With ADRUNO set to "1", A/D
conversion can be activated by resetting INTSNO to "0".)
If the mode is to be switched to "SCNCO = 0" (the "after one cycle, start the next
conversion" mode), reactivate the A/D conversion by resetting SCNCO to "0". (Control
with the ADRUNO bit is unnecessary.)

[Note]

If used inthe "after one cycle of scanning, stop the conversion" mode, A/D conversion can
not be reactivated by resetting to "0" and then setting to "1" the ADRUNO bit.
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7 6 5 4 3 2 1 0
ADCONOL | _— |SCNCO|SNEX0[ADRUNO| "0" [ADSNMo2[ADSNMo1 [aDsNMoo] ANA:gcrszz gt/;\s,avc I

At reset 1 0 0 0 0 0 0 0
ADSNMO
21110 A/D scan channels
(OO 0] ch0 to ch7
0[{0]1 ch1 to ch7
o|11]0 ch2 to ch7
0|11 ch3 to ch7
1100 ch4 to ch7
1101 chb5 to ch7
1]11]0 ch6, ch7
1]11]1 ch7
0 | Stop scan mode A/D conversion
1 | Operate scan mode A/D conversion
O | After conversion is complete, start the next conversion

1 | Atthe EXINT1 valid edge, start the next conversion

0 | After one cycle, start the next conversion

1 | After one cycle, stop the conversion

"—" indicates a nonexistent bit.
When read, its value will be "1."

"0" indicates that this bit must be written as "0."
When read, its value will be "0."

Figure 13-2 ADCONOL Configuration
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)

A/D control register OH (ADCONOH)
ADCONOH is a 7-bit register that mainly controls the select mode of the A/D converter.

ADCONOH can be read from and written to by the program. However, if bit 3 is to be written
to, a value of "0" must be written. If read, bit 3 is always "0".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ADCONOH becomes O0H.

Figure 13-3 shows the ADCONOH configuration.

[Description of each bit]

« ADSTMOO0 to ADSTMO2 (bits 0 to 2)
ADSTMOO0 to ADSTMO2 specify the A/D conversion channel of the select mode.
Change the A/D conversion channel of the select mode while the A/D converter is halted.
Changes of the conversion channel of the select mode are valid only when STSO (bit 4)
is "0".

e STSO (bit 4)
STSO starts and stops A/D conversion in the select mode.
If setto "1", A/D conversion will begin. Ifresetto "0", the conversion will be halted. When
A/D conversionin the select mode is completed, STSO0 is automatically reset to "0" by the
hardware.

« ADTMO0O to ADTMO2 (bits 5 to 7)
ADTMO0O0 and ADTMO1 specify the number of clocks required for the A/D conversion of
1 channel.
Select an appropriate number of A/D conversion clocks based on the impedance of the
analog input signal source and the frequency of the source.
For further details, refer to Section 13.5, "Notes Regarding Usage of A/D Converter".
During A/D conversion, changes to the number of clocks will be ignored.
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7 6 5 4 3 2 1 0
Address: 009D [H]
ADCONOH [ADTM02[ADTMO1]ADTMO0] STSO | "0 [ADSTMO2JADSTMO1]ADSTMOO]  m/W access: R/W
At reset 0 0 0 0 0 0 0 0
ADSTMO
A/D select channel
2[1]o
olofo cho
olol1 chi
ol1]o ch2
of1]1 ch3
100 chd
1]0]1 ch5
1]1]0 ch6
111 ch7
0 | Stop select mode A/D conversion

Operate select mode A/D conversion

>

DTMO | Number of A/D conversion clocks
1 for 1 channel (when f = 30 MHz)

1536 CPUCLK (51.2 is)
1024 CPUCLK (34.1 ps)
768 CPUCLK (25.6 ps)
512 CPUCLK (17.1 ps)
384 CPUCLK (12.8 ps)
256 CPUCLK (8.5 pis)
192 CPUCLK (6.4 ps)
128 CPUCLK (4.3 ps)

|2 |22 |lOlOCO|OCO|O DN

- ||+ |O|="|O|=|O|O

a|la|lo|lo|m|a|lo|lo

"0" indicates that this bit must be written as "0."
When read, its value will be "0."

Figure 13-3 ADCONOH Configuration
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(3) A/Dinterrupt control register (ADINTO)
ADINTO is a 4-bit register that mainly controls the generation of interrupt requests by the
A/D converter.

ADINTO can be read from and written to by the program. However, write operations are
invalid for bits 4 through 7. If read, a value of "1" will always be obtained for bits 4 through
7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), ADINTO becomes FOH.

Figure 13-4 shows the ADINTO configuration.

[Description of each bit]

« INTSNO (bit 0)
INTSNO indicates whether one cycle of the scan channels has been completed.
When INTSNOis "0", then "one cycle is not complete”. 1f"1", then "one cycle is complete".
Here, "one cycle is complete" signifies that in the scan mode, A/D conversion of channel
7 is complete. INTSNO must be reset to "0” by the program.

« INTSTO (bit 1)
INTSTO indicates whether A/D conversion in the select mode is complete.
When INTSTO is "1", then A/D conversion is complete. INTSTO must be reset to "0" by
the program.

« ADSNIEO (bit 2)
ADSNIEO enables or disables interrupt requests when one cycle of scan channels is
complete. Here, "one cycle is complete" signifies that in the scan mode, A/D conversion
of channel 7 is complete.

« ADSTIEO (bit 3)
ADSTIEO enables or disables interrupt requests when A/D conversion is completed in the

select mode.
7 6 5 4 8 2 ! 0 Address: 009E [H 13
AoINTO [ — | — [ — | — [ADSTIEOJADSNIEO[INTSTO[INTSNO| v sococs RAW M 13
At reset 9 1 1 1 0 0 0 0

| 0 | One cycle of scan channels is not complete

One cycle of scan channels is complete

0 | A/D conversion in select mode is not complete

1 | A/D conversion in select mode is complete

0 |Disable interrupts from INTSNO
1 |Enable interrupts from INTSNO

0 |Disable interrupts from INTSTO
1 | Enable interrupts from INTSTO

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 13-4 ADINTO Configuration
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(4) A/D result registers (ADROO to ADROQ7)
A/D result registers (ADR0O to ADROQ7) consist of 10 bits and store the A/D conversion
results.

A/D result registers (ADROO to ADRO7) can only be read in word access operations by the
program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), the value of ADROO to ADRO7 is undefined.

Figure 13-5 shows the configuration of the A/D result registers (ADROO to ADRQ7).

R/W access: R (word access only)

Address[H] 7 6 5 4 3 2 1 0

00AF — — — — — — bit9 bit8 | bit9 : MSB
ADRO7 - - - - - - - - )

00AE bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 |bit0: LSB

00AD — — — — — — bit9 bit8
ADRO06 - ; X 3 ) ; : .

00AC bit7 bité bith5 bit4 bit3 bit2 bit1 bit0

00AB — — — — — — bit9 bit8
ADRO05 - - X 3 ) ; : .

00AA bit7 bité bith bit4 bit3 bit2 bit1 bit0

00A9 — — — — — — bit9 bit8
ADRO04

00A8 bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

00A7 — — — — — — bit9 bit8
ADRO3

00A6 bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

00A5 — — — — — — bit9 bit8
ADRO02 - - - - - - - -

00A4 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

00A3 — — — — — — bit9 bit8
ADRO1

00A2 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

00A1 — — — — — — bit9 bit8
ADROO

00AO bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

—" indicates a nonexistent bit. When read, its value will be "0."
Figure 13-5 A/D Result Registers (ADR0O to ADR07) Configuration
[Note]

Do not write to the A/D result registers (ADROO to ADRO7). If written to, all the registers
from ADROO to ADRO7 may be overwritten.
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13.3.2 Example of A/D Converter-related Register Settings

e Scan mode setting

)

)

@)

A/D control register OH (ADCONOH)
With bits 5 to 7 (ADTMO0O0 to ADTMO02), specify the number of clocks required for the A/D
conversion per channel.

A/D interrupt control register (ADINTO)

Specify that one cycle of the scan channels is not complete by resetting bit 0 (INTSNO) to
"0". With bit 2 (ADSNIEO), enable or disable the generation of interrupts when one cycle
of the scan channels is complete (INTSNO).

A/D control register OL (ADCONOL)

Specify the scan channels with bits 0 to 2 (ADSNMO0O0 to ADSNM02). With bit 5 (SNEXO0),
specify the factor that will start A/D conversion. With bit 6 (SCNCO), specify operation after
completion of one cycle of the scan channels. Set bit 4 (ADRUNQO) to "1" to start the A/D
conversion. If reset to "0", the A/D conversion can be stopped before completion.

* Select mode setting

1)

)

A/D interrupt control register (ADINTO)

Specify that the AD conversion in the select mode is not complete by resetting bit 1
(INTSTO) to "0". With bit 3 (ADSTIEOQ), enable or disable the generation of interrupts when
A/D conversion is completed in the select mode (INTSTO).

A/D control register OH (ADCONOH)

Specify the A/D conversion channel with bits 0 to 2 (ADSTMO00 to ADSTM02). With bits 5
to 7 (ADTMOO to ADTMO02), specify the number of clocks required for the A/D conversion
per channel. Set bit 4 (STSO0) to "1" to start the A/D conversion. If reset to "0", the A/D
conversion can be stopped before completion.
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13.4 A/D Converter Operation
The A/D converter has two operating modes, the scan mode and the select mode.

The scan mode sequentially performs A/D conversion of channels from an arbitrary
channel to ch7. In the scan mode, when the A/D conversion of ch7 is complete, A/D
conversion can be selected to either stop, or to automatically restart beginning at a specified
channel.

Figure 13-6 shows an example of scan mode operation.

During scan mode operation, it is also possible to operate the select mode. In this case,
whenthe select mode is activated, A/D conversion is halted for the channel being converted
in scan mode, and A/D conversion of the specified channelis performed in the select mode.
When the A/D conversion in the select mode is complete, scan mode A/D conversion is
restarted for the channel that was previously halted.

The timing diagram of Figure 13-7 shows the select mode being executed during the scan
mode.

While the A/D converter is stopped and also during the STOP mode, the circuitry is
controlled so that there is no current flow between Vggr and AGND. Therefore, it is not
necessary to turn off the Vrgg supply externally when it is not in use.

0O O 0—>»0—>0—>0—>»0—>0 (A/D stops) 0O O 0—>0—0 —»o—»o—><L (Repeats)
cho 1 2 3 4 5 6 7 cho 1 2 8 4 5 6 7
(@) Scan from ch2 to ch7 (b) Scan from ch2 to ch7
After one cycle, conversion stops (SCNCO = 1) After one cycle, next conversion starts (SCNCO = 0)

Figure 13-6 Example Operation During Scan Mode

A/Dconversion | ¢ch0 | ch1 | ch2 ch2 | o¢ch3 |
in scan mode | | [ | |

A/D conversion ch4
in select mode

(1) Terminate A/D conversion of ch2
Start A/D conversion of ch4 in select mode

(2) Complete A/D conversion of ch4

Restart A/D conversion in scan mode beginning with ch2

Figure 13-7 Timing Diagram of Select Mode Execution During Scan Mode
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13.5 Notes Regarding Usage of A/D Converter

13.5.1 Considerations When Setting the Conversion Time

Figure 13-8 shows an equivalent circuit of the analog input section of the A/D converter.

Because a successive comparison method with a sample and hold function is used in the
converter, the internal sampling capacitor must be charged or discharged within a fixed
sampling time to reach a voltage level that corresponds to the required precision.

The number of clocks required for the A/D conversion of 1 channel can be specified with
ADTMO0O0 and ADTMO1 of the A/D control register OH (ADCONOH).

Table 13-2 lists the clock allocation for the A/D conversion processes of 1 channel.
Because the actual sampling time is determined by the operating frequency of the
microcomputer, actual sampling times can be computed from the numeric values in this
table.

Input resistor

R-IN
Analog input pins (AlO to Al7) [ l » To A/D conversion circuit
C
l Sampling capacitor
R-IN = 2 kQ
C =64 pF

Figure 13-8 Equivalent Circuit of Analog Input Section

Table 13-2 Clock Allocation in A/D Conversion Processes

ADTMO Number of clocks for A/D Number of clocks required by each process

2 1 0 conversion of 1 channel Sampling A/D conversion Other
0 0 0 1536 935 314 287

0 0 1 1024 623 210 191

0 1 0 768 467 158 143

0 1 1 512 311 106 95

1 0 0 384 233 80 71

1 0 1 256 155 54 47

1 1 0 192 116 41 35

1 1 1 128 77 28 23

Units: CPUCLK
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The following factors affect the conversion precision of the A/D converter.

1) Signal source impedance of the analog input — depends upon external circuit
2) Sampling time —  depends upon ADTM00, ADTMO1 settings

3) Actual precision of the A/D converter (comparator, CR precision, etc.)

The overall precision of the A/D converter is determined by the precision during sampling
(tems 1 and 2 above) and the actual precision of the A/D converter.

In consideration of the precision during sampling (dependent upon the signal source
impedance), it is desirable to set a long sampling time. If the sampling time is short, it is
difficult to maintain precision. In practical applications, set the conversion clock (sampling
time) and design external circuitry that will satisfy the optimum requirements for "conversion
time" and "conversion precision".
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13.5.2 Noise-Suppression Measures

Based on the voltage difference between the analog reference voltage (Vgrgg) pin and the
analog ground (AGND), the A/D converter in the MSM66577 family converts an analog
voltage at the analog input pin into digital data. Because this type of A/D converter does
not have a reference voltage source inside the microcomputer, "stability" and "noise-
suppression measures" for Vgeg and AGND are important.

As noise-suppression measures, insert a bypass capacitor between the analog reference
voltage (Vrgep) pin and the analog ground (AGND) pin. Also, connect the analog ground
(AGND) to a stable GND on the circuit board.

If the digital and analog layouts can be separated on the circuit board, separate the circuit
into a digital system (Vpp/GND) and an analog system (Vree/AGND). Connect bypass
capacitors to each system to reduce the circulation of GND noise in the digital system.
Divide the circuit board into separate GND planes for the digital and analog systems, and
then connect each GND plane to a common location where there is a stable GND supply.

In addition to inserting a bypass capacitor of 10 uF to 47 uF or larger between Vrgr and
AGND, the stability of Vrgr can be maintained by connecting a 0.01 uF to 0.1 uF high-pass
capacitor in parallel. Because the Vrgg voltage supply is used to avoid the effect of digital
noise on the comparator used in A/D conversion, adding a high-pass capacitor is effective
in reducing VRgr fluctuations.

Figure 13-9 shows an example of noise-suppression measures.

GND :’3]

Main clock
i i oscillator side
ci= T80, Voo
Ot —|Vrer ' E2
C1 Co
Analog 01—?|_ ICO Oscillation —Wl_ —Wl_
input circuit | gND
Analog system GND plane = ——AGND ——
= Vbp Co
- ﬁl;': GND I
a)
o
Z
o R0
0
/ Digital system GND plane
1-PIN 7'}7 CO: 0.01 uF to 0.1 uF

C1: 10 uF to 47 uF or larger

Figure 13-9 Example of Noise-Suppression Measures
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13.6 A/D Converter Interrupt

When each of A/D converter interrupt factors occurs, the interrupt request flag (QAD) is set
to "1". The interrupt request flag (QAD) is located in interrupt request register 3 (IRQ3).

Interrupts can be enabled or disabled by the interrupt enable flag (EAD). The interrupt
enable flag (EAD) is located in interrupt enable register 3 (IE3).

Three levels of priority can be set with the interrupt priority setting flags (POAD and P1AD).
The interrupt priority setting flags (POAD and P1AD) are located in interrupt priority control
register 7 (IP7).

Table 13-3 lists the vector address of the A/D converter interrupt factors and the interrupt
processing flags.

Table 13-3 A/D Converter Vector Address and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
A/D conversion of one cycle of
the scan channels is complete
- 0044 QAD EAD P1AD POAD

A/D conversion of the

select mode is complete

Symbols (byte) of registers that
contain interrupt processing flags
‘ Reference page 17-15 17-20 17-29

IRQ3 IE3 IP7

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing
Functions".
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14. D/A Converter Functions

14.1 Overview

The MSM66577 family has an internal 2-channel 8-bit D/A converter. The D/A conversion
method utilizes ladder resistors. If values desired to be output are written to 8-bit DA
registers (DARO, DAR1), the converted analog levels will be output from the port secondary
function output pins.

14.2 D/A Converter Configuration
Figure 14-1 shows the D/A converter configuration.

D/A

DAOUTn converter circuit

DARnNn
(n=0,1)
) Internal bus (

DARQO: DA register 0

DAR1: DA register 1

DACON: DA control register

DAOUTO: D/A conversion output 0 (P14_6)
DAOUT1: D/A conversion output 1 (P14_7)

Figure 14-1 8-Bit D/A Converter Configuration
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14.3 D/A Converter Registers

Table 14-1 lists a summary of SFRs for control of the D/A converter.

Table 14-1 Summary of SFRs for D/A Converter Control

Address Symbol | Symbol 8/16 |Initial value| Reference
Name R/W .

[H] (byte) (word) operation [H] page
00DD | D/A control register DACON — R/W 8 FE 14-2
OODE | DA register 0 DARO — R/W 8 00 14-2
O0ODF | DA register 1 DAR1 — R/W 8 00 14-2

14.3.1 Description of D/A Converter Registers

1)

)

DA registers (DARO, DAR1)

DA registers (DARO, DAR1) consist of 8 bits. After configuring the corresponding port as
a secondary function output and selecting AOn, if the desired output value is written to a
DA register, the converted analog level will be output from the corresponding port.

If a value other than O0OH is written to a DA register, the DA section will consume power to
perform the conversion. Therefore, when not using D/A converters, write 00H to the DA
registers.

DA registers can be read from and written to by the program,.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), DARO and DAR1 become 00H.

DA control register (DACON)
The DA control register (DACON) consists of 1 bit. Bit 0 (DAON) of DACON specifies
whether D/A conversion operates or is halted during standby.

If the STOP mode is transferred to while DAON is "0", even if the port secondary function
has been set and AOn selected, D/A conversion output will be discontinued while stopped,
and currentthatis consumed atthe D/A section will be cut. Atthattime, DAregister contents
will be preserved.

If DAON is set to "1" and the STOP mode transferred to, AOn will continue to be output.

DACON can be read from and written to by the program. However, write operations are
invalid for bits 1 to 7. If read, bits 1 to 7 are always "1".

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), DACON becomes FEH.

Figure 14-2 shows the DACON configuration.
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7 6 5 4 3 2 1 0
Address: 00DD [H]
DACON | _ | - | - | - | _ | - | _ | DAON | R/W access: R/W
At reset 1 1 1 1 1 1 1 0

0 Halt during standby

—_

Operate during standby

—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 14-2 DACON Configuration

14.3.2 Example of D/A Converter-related Register Settings

1)

)

®3)

(4)

Port 14 mode register (P1410)
If D/A conversion output is to be used, set bits 6 and 7 (P14106, P14107) to "1" to configure
the ports as outputs.

Port 14 secondary function control register (P14SF)
If D/A conversion outputis to be used, set bits 6 and 7 (P14SF6, P14SF7) to "1" to configure
the ports as secondary function outputs.

DA registers (DARO, DAR1)
Write a digital value to DARO that is equivalent to the analog level desired to be output from
pin AOO.

Write a digital value to DAR1 that is equivalent to the analog level desired to be output from
pin AO1.

DA control register (DACON)
With bit 0 (DAON), specify whether D/A conversion will operate or be halted during standby.
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14.3.3 D/A Converter Operation

The 8-bit DA registers (DARO, DAR1) are initialized to 00H. While in this state, if ports 14_6
and 14_7 (DAOUTO, DAOUT1) are configured as secondary function outputs, the output
will be at GND level (there is no current path in this state). At this time, if the port data
registers are read, a value of "1" will be obtained regardless of the D/A output level. If the
desired output value is written to DA registers (DARO, DAR1), the converted analog level
will be output from the corresponding port. Since the analog output is not buffered inside
the chip, current cannot be drawn out. Therefore, connect a buffering amp if necessary.

Bit 0 (DAON) of the DA control register (DACON) is initialized to 0. Atthis time, if bit 2 (FLT)
of SBCON is set to "1" and the STOP mode entered, ports 14 6 and 14 _7 (DAOUTO,
DAOUT1) will float, the D/A converter will halt, and the current path will be cut. DA register
(DARO, DAR1) contents will be preserved.

With bit 0 (DAON) of the DA control register (DACON) set to "1", if the STOP mode is
entered, the D/A converter will not halt, and analog levels will continue to be output from
ports 14_6 and 14_7 (DAOUTO, DAOUTL).

If avalue nis written to DA registers (DARO, DAR1), the analog level obtained is expressed
as the following.

Vpp X n/256 [V]

When Vppis 5V, even if OFFH is written to DA registers (DARO, DAR1), the analog output
will be approximately 4.98 V. A5V full-scale result cannot be obtained. Therefore, if a 5
V full-scale analog level is necessary, reconfigure the port as a primary function output.
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15.

15.1

15.2

Peripheral Functions

Overview

The MSM66577 family has the following functions to service peripheral ICs: a clock out
function, an external XTCLK input control function, a HOLD input control function, and a
WAIT input control function. These functions can be specified with the peripheral control
register (PRPHCON).

Description of Each Peripheral Function

15.2.1 Clock Out Function

The clock out function has following two functions :

» To output a frequency divided clock of the main clock (OSCCLK) via the CLKOUT pin.
» To output the subclock (XTCLK) via the XTOUT pin.

The main clock frequency division ratio is specified with bit 0 and bit 1 (CLKOO and CLKO1)
of the peripheral control register (PRPHCON).

When the CLKOUT pin is to be used, P11_2 must be configured as a secondary function
output.

When the XTOUT pin is used to output the subclock (XTCLK), P11_3 must be configured
as a secondary function output.

15.2.2 External XTCLK Input Control Function

Because XT oscillation operates on aninternally regulated voltage, an external CLK cannot
normally be input to the oscillation pin. However, if bit 4 (EXTXT) of the peripheral control
register (PRPHCON) is set to "1", the internally regulated voltage is switched to Vpp and
the oscillation feedback resistor is turned off, enabling the input of an external XTCLK (Vpp
level) to the XT pin.

15.2.3 HOLD Input Control Function

If the HOLD mode, a standby function, is to be used, set bit 5 (HOLD) of the peripheral
control register (PRPHCON) to "1". Configuring P9_7 as a secondary function output
(HLDACK) enables the output of a signal that indicates availability of the bus (to transfer
to the HOLD mode).

15.2.4 WAIT Input Control Function

Setting bit 6 (WAIT) of the peripheral control register (PRPHCON) to "1" enables wait cycles
to be inserted by an external device when accessing an external data memory area.
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15.3 Peripheral Control Register (PRPHCON)

The peripheral control register (PRPHCON) consists of 5 bits.

Bits 0 and 1 (CLKOO and CLKO1) specify the frequency division ratio of OSCCLK that is
output from the CLKOUT pin. If bit 4 (EXTXT) is setto "1", an external clock can be input
to the XT oscillation circuit. Bit 5 (HOLD) enables or disables the HOLD pin input. Bit 6

(WAIT) enables or disables the WAIT pin input.

PRPHCON can be read from and written to by the program. However, write operations are
invalid for bits 2, 3 and 7. If read, a value of "1" will always be obtained for bits 2, 3 and 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), PRPHCON becomes 8CH.
Figure 15-1 shows the PRPHCON configuration.
7 6 5 4 3 2 1 0

PRPHCON | — [ WAIT [Howb [ExTXT| — | — [cLko1[cLkoo]
At reset 1 0 0 0 1 1 0 0

Address: 0015 [H]

R/W access: R/'W

CLKO

CLKOUT pin output

1

1/1 OSCCLK

1/4 OSCCLK

alalo|o

0
1 1/2 OSCCLK
0
1

1/8 OSCCLK

XT self-oscillation (low voltage operation)

External XT (Vpp level input)

Disable HOLD input

Enable HOLD input

0

Disable WAIT input

1

Enable WAIT input

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 15-1 PRPHCON Configuration
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16. External Interrupt Functions

16.1 Overview

The MSM66577 family is equipped with 9 external interrupt inputs that can be classified into
2 categories. One category is maskable interrupts, of which there are 8 (EXINTO to
EXINT7). The other category is non-maskable interrupts, and there is 1 (NMI).

EXINTO to EXINT7 are assigned as secondary functions of ports P6_0to P6_3 and P9 0
to P9_3. If EXINT are to be used, configure the corresponding ports as inputs.

NMI has its own dedicated pin.

16.2 External Interrupt Registers
Table 16-1 lists a summary of SFRs for the control of external interrupts.

Table 16-1 Summary of SFRs for External Interrupt Control

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W i
[H] (byte) (word) Operation | value [H] page
External Interrupt Control
0058 . P EXIOCON — R/W 8 00 16-2
Register 0
External Interrupt Control
0059 v« . P EXI1CON — R/W 8 00 16-3
Register 1
External Interrupt Control
005A % . P EXI2CON — R/W 8 0C/4C 16-4
Register 2
[Notes]

1. A star (¥) in the address column indicates a missing bit.

2. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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16.2.1 Description of External Interrupt Registers

(1) External interrupt control register 0 (EXIOCON)

The external interrupt control register 0 (EXIOCON) consists of 8 hits and sets external
interrupts EXINTO to EXINT3. For each external interrupt setting, EXIOCON specifies the

valid edge (falling edge, rising edge, or both edges) or the interrupt input invalid.

EXIOCON can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), EXIOCON becomes O0OH.
Figure 16-1 shows the configuration of EXIOCON.

7 6 5 4 3 2 1 0
Address: 0058 [H]
EXI0CON | ExaM1 | ExaMo] Exam1 | Examo | Ex1m1 [Ex1Mo [ ExoM1 [EXOMO | Ry sccoss RAW
Atreset 0 0 0 0 0 0 0 0

EXOM

EXINTO valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
EX1M

EXINT1 valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
EX2M

EXINT2 valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
EX3M

EXINT3 valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges

Figure 16-1 EXIOCON Configuration
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(2) External interrupt control register 1 (EXILCON)

The external interrupt control register 1 (EXILCON) consists of 8 hits and sets external
interrupts EXINT4 to EXINT7. For each external interrupt setting, EXILCON opecifies the

valid edge (falling edge, rising edge, or both edges) or the interrupt input invalid.

EXILCON can be read from and written to by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), EXILCON becomes O0H.
Figure 16-2 shows the configuration of EXILCON.

7 6 5 4 3 2 1 0
Address: 0059 [H]
EXI1CON ’EX7M1 ‘ EX7MO ‘ EX6M1 ‘EXGMO ‘EX5M1 ‘EXSMO ‘EX4M1 ‘EX4MO ‘ R/W access: R/W
At reset 0 0 0 0 0 0 0 0

EX4M

EXINT4 valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
EX5M

EXINTS valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
EX6M

EXINT6 valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges
EX7M

EXINT?7 valid edge
110
0|0 Interrupt input invalid
0|1 Falling edge
110 Rising edge
111 Both edges

"—" indicates a nonexistent bit.
When read, its value will be "1."

Figure 16-2 EXI1CON Configuration
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(3) External interrupt control register 2 (EXI2CON)
The external interrupt control register 2 (EXI2CON) consists of 4 bits. Bits 4 and 5 (NMIMO
and NMIM1) specify the valid edge for NMI. Bit 7 (MIPF) enables or disables priority control
for all maskable interrupts. Bit 6 (NMIRD) monitors the NMI pin.

EXI2CON can be read from and written to by the program. However, write operations to
the lower 4 bits and bit 6 are invalid. If read, bits 0 and 1 will always be "0", and bits 2 and
3 will be "1". The NMI pin level is read from bit 6 (NMIRD). This bit can be conveniently
used by the program to read the pin level during a NMI routine.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), EXI2CON becomes OCH if the NMI pin is at a low level, or 4CH if the
NMI pin is at a high level.

Figure 16-3 shows the configuration of EXI2CON.

7 6 5 4 3 2 1 0
Address: 005A [H]
exizcoN | MiPF [NMiRD[NMiMT[NmMiMo] — | — [ — | — | pay sccess RAW
At reset 0 01 0 0 1 1 0 0
NMIM
NMI valid edge
1]0
0 Falling edge
110 Rising edge
111 Both edges
0 | NMI pin at LOW level

1 | NMI pin at HIGH level

0 | Disable IP priority

1 | Enable IP priority

"—" indicates a nonexistent bit.
If bits 0 and 1 are read, their value will be "0."
If bits 2 and 3 are read, their value will be "1."

"*" indicates a "0" or "1"

Figure 16-3 EXI2CON Configuration
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16.2.2 Example of External Interrupt-related Register Settings

)

)

@)

(4)

(%)

(6)

()

Port 6 mode register (P610)
If EXINTO to EXINT3 are to be used, reset the corresponding bits 0 to 3 (P6100 to P6103)
to "0” to configure those ports as inputs.

Port 9 mode register (P9IO)
If EXINT4 and/or EXINTS are to be used, reset the corresponding bits 0 to 3 (P9IO0 to
P9IO3) to "0” to configure those ports as inputs.

Port 6 secondary function control register (P6SF)
If EXINTO to EXINT3 are to be used, enable or disable pull-up resistors with the
corresponding bits 0 to 3 (P6SFO to P6SF3).

Port 9 secondary function control register (P9SF)
If EXINT4 and/or EXINTS are to be used, enable or disable pull-up resistors with the
corresponding bits 0 to 3 (P9SFO to P9SF3).

External interrupt control register 0 (EXIOCON)

IFEXINTOisto be used, specify the valid edge with bits 0 and 1 (EXOMO, EXOM1). IFEXINTL,
EXINT2 and/or EXINT3 are to be used, specify a valid edge for each with bits 2 and 3
(EX1MO, EX1M1), bits 4 and 5 (EX2MO0, EX2M1), and bits 6 and 7 (EX3MO0, EX3M1).

External interrupt control register 1 (EXILCON)

IfEXINT4 isto be used, specify the valid edge with bits 0 and 1 (EX4MO, EX4M1). If EXINTS,
EXINT6 and EXINT7 are to be used, specify the valid edge with bits 2 and 3 (EX5MO,
EX5M1), bits 4 and 5 (EX6MO0, EX6M1), and bits 6 and 7 (EX7MO0, EX7M1).

External interrupt control register 2 (EXI2CON)

Specify the NMI valid edge with bits 4 and 5 (NMIMO, NMIM1). If interrupt priority is to be
used, set bit 7 (MIPF) to "1".
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16.3 EXINTO to EXINT7 Interrupts

When a valid edge is input to each external interrupt input pin, the corresponding interrupt
requestflagissetto"1". Theinterruptrequestflags are located ininterruptrequestregisters
0to 2 (IRQO to IRQ2).

Interrupts can be enabled or disabled by the interrupt enable flag that corresponds to each
pin input. The interrupt enable flags are located in interrupt enable registers 0 to 2 (IEO to
IE2).

Three levels of priority can be set with the interrupt priority setting flags that correspond to
each pin input. The interrupt priority setting flags are located in interrupt priority control
registers 0, 2 and 4 (IPO, IP2 and 1P4).

Table 16-2 lists the vector addresses for each pin input of EXINTO to EXINT7 and the

interrupt processing flags.

*n (n = 1 to 9) in the above table indicates the register in which each flag is allocated.

Table 16-2 EXINTO to EXINT7 Vector Addresses and Interrupt Processing Flags

Vector Interrupt Interrupt Priority level
Interrupt factor
address [H] request enable 1 0
EXINTO pin input 1 4 7
. 000A QINTO EINTO P1INTO POINTO
(external interrupt 0)
EXINT1 pin input 2 *5 *8
. 001C QINTA EINT1 P1INTA POINTA
(external interrupt 1)
EXINT2 pin input
. 001E QINT2 EINT2 P1INT2 POINT2
(external interrupt 2)
EXINT3 pin input
. 0020 QINT3 EINT3 P1INT3 POINT3
(external interrupt 3)
EXINT4 pin input *3 6 *9
. 002A QINT4 EINT4 P1INT4 POINT4
(external interrupt 4)
EXINT5 pin input
. 002C QINT5 EINT5 P1INT5 POINT5
(external interrupt 5)
EXINT6 pin input
. 002E QINT6 EINT6 P1INT6 POINT6
(external interrupt 6)
EXINT7 pin input
. 0030 QINT7 EINT7 P1INT7 POINT7
(external interrupt 7)
Symbols (byte) of registers that IRQ0 ™1 IE0 "4 IPO 7
L . IRQ1 ™2 IE1 5 P2 8
contain interrupt processing flags IRQ2 *3 IE2 "6 IP4 *9
17-12 M 17-17 4 17-22 7
Reference page 17-13 2 17-18 5 17-24 8
17-14 3 17-19 6 17-26 "

For further details regarding interrupt processing, refer to Chapter 17, "Interrupt Processing

Functions".
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17. Interrupt Processing Functions

17.1 Overview

The MSM66577 family has 39 types of interrupts (9 external and 30 internal). These are
assigned to 30 vectors. One of the external interrupts is a non-maskable interrupt. Three
levels of priority can be set for maskable interrupts.

Table 17-1 lists interrupts and their corresponding vector addresses.

Table 17-1 Interrupts and Their Corresponding Vector Addresses

Interrupt Vector address [H]
NMI pin input (non-maskable interrupt) 0008
EXINTO pin input (external interrupt 0) 000A
Free running counter overflow 000C
CPCMO event input, compare match 0016
CPCM1 event input, compare match 0018
Timer 0 overflow 001A
EXINT1 pin input (external interrupt 1) 001C
EXINT2 pin input (external interrupt 2) 001E
EXINT3 pin input (external interrupt 3) 0020
Timer 1 overflow 0022
Timer 2 overflow 0024
Timer 3 overflow 0026
EXINT4 pin input (external interrupt 4) 002A
EXINTS5 pin input (external interrupt 5) 002C
EXINT6 pin input (external interrupt 6) 002E
EXINT7 pin input (external interrupt 7) 0030

Timer 4 overflow 0036
SIO1 transmit buffer empty, transmit complete,

receive complete 0038
Timer 5 overflow 003A
Interrupt by SIO5 transfer completion 003C
Interrupt by SIO6 transmit buffer empty, 003E
transmit completion, receive completion

Interrupt by SIO4 transfer completion 0040
Timer 6 overflow 0042
One cycle of A/D conversion scan channels complete, 0044
A/D conversion select mode complete

Real-time counter output (interval: 0.125to 1 s) 0048
PWCO overflow, match of PWCO0 and PWRO0 006A
PWC1 overflow, match of PWC1 and PWR1 006C
Match of PWCO and PWR2 006E
Match of PWC1 and PWR3 0070
Timer 9 overflow 0072
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17.2 Interrupt Function Registers
Table 17-2 lists a summary of SFRs for interrupt processing

Table 17-2 Summary of SFRs for Interrupt Processing

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W )
[H] (byte) (word) Operation | value [H] page
0004 PSWL 00
Program status word PSW | R/'W 8/16 2-18
0005 PSWH 00
External interrupt control
005A ) EXI2CON — R/W 8 0C/4C 16-4
register 2
00305¥ | Interrupt request register 0 IRQO — R/W 8 00 17-12
00315 | Interrupt request register 1 IRQ1 — R/W 8 00 17-13
00325 | Interrupt request register 2 IRQ2 — R/W 8 00 17-14
00335% | Interrupt request register 3 IRQ3 — R/W 8 00 17-15
005Cs¥ | Interrupt request register 4 IRQ4 — R/W 8 EO 17-16
00345% | Interrupt enable register 0 IEO — R/W 8 00 17-17
00355¥ | Interrupt enable register 1 IE1 — R/W 8 00 17-18
00365 | Interrupt enable register 2 IE2 — R/W 8 00 17-19
0037 ¥¢ | Interrupt enable register 3 IE3 — R/W 8 00 17-20
005D | Interrupt enable register 4 IE4 — R/W 8 EO 17-21
Interrupt priority control
0038 % i IPO — R/W 8 00 17-22
register 0
Interrupt priority control
0039 ¢ ) IP1 — R/W 8 00 17-23
register 1
Interrupt priority control
003A i IP2 — R/W 8 00 17-24
register 2
Interrupt priority control
003B+¢ i IP3 — R/W 8 00 17-25
register 3
Interrupt priority control
003Cx i IP4 — R/W 8 00 17-26
register 4
Interrupt priority control
003D>Y¥ i IP5 — R/W 8 00 17-27
register 5
Interrupt priority control
003E w i IP6 — R/W 8 00 17-28
register 6
Interrupt priority control
003F 5 i IP7 — R/W 8 00 17-29
register 7
Interrupt priority control
005E # i IP8 — R/W 8 00 17-30
register 8
Interrupt priority control
005F % i IP9 — R/W 8 FC 17-31
register 9
[Notes]

1. Addresses may not be consecutive in some places.

2. A star (%) in the address column indicates a missing bit.

3. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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17.3 Description of Interrupt Processing

17.3.1 Non-Maskable Interrupt (NMI)
The non-maskable interrupt (NMI) is an external interrupt that cannot be masked.

When the valid edge specified by bits 4 and 5 (NMIMO, NMIM1) of EXI2CON is detected,
the CPU immediately transfers processing to the non-maskable interrupt.

However, the one exception occurs after reset (RES signal input. execution of a BRK
instruction, overflow of the watchdog timer, opcode trap), where the non-maskable interrupt
is masked until execution of the first instruction is complete. This function is intended to
prevent loss of program control after reset in the case where the non-maskable interrupt
occurs before the system stack pointer (SSP) is set with a value (when the SSP is
undefined). Therefore, operated as part of the above NMI function, setan appropriate value
in SSP with the "first instruction after reset".

[Related information reference guide]
NMI settings ... page 16-4

When the non-maskable interrupt (NMI) occurs, a sequence such as listed below is
automatically processed by the hardware and the first instruction of the NMI routine is
executed. 14 cycles are used to transfer to the NMI routine.

¢ Save the program counter (PC)

» Save the accumulator (ACC)

» Save the local register base (LRB)

» Save the program status word (PSW)

* Reset the non-maskable interrupt request flag

« Disable maskable interrupts

» Disable multiple interrupts by the non-maskable interrupt

< Load the program counter with the value that has been written to the NMI routine vector
table (O0O08H, 0009H)

Use a RTI instruction at the end of the NMI routine.

When a RTI instruction is executed, the hardware automatically processes a sequence
such as listed below to complete the NMI routine. 12 cycles are used to return from the NMI
routine.

* Restore the program status word (PSW)

» Restore the local register base (LRB)

« Restore the accumulator (ACC)

» Restore the program counter (PC)
¢ Enable maskable interrupts

« Enable multiple interrupts by the non-maskable interrupt

Figure 17-1 shows examples of saving and restoring the PC, ACC, LRB and PSW.
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[Note]
If the program memory space has been expanded to 1MB, in addition to the above
processing, the code segment register (CSR) will be saved and restored. In this case,

17 cycles will be used to transfer to the NMI routine, and 14 cycles to return from the NMI

routine.

* Interrupt processing example (for a 64KB program memory space)

07F7H &SP— 07F7H 07F7H
07F8H 07F8H PSWL 07F8H PSWL
07F9H 07F9H | PSWH 07F9H | PSWH
07FAH 07FAH LRBL 07FAH LRBL
07FBH 07FBH LRBH 07FBH LRBH
07FCH 07FCH ACCL 07FCH ACCL
07FDH 07FDH | ACCH 07FDH | ACCH
07FEH 07FEH PCL 07FEH PCL
&SP — 07FFH 07FFH PCH &SP — 07FFH PCH
(before saving) (after saving)

(before execution of
RTI instruction)

(after execution of
RTI instruction)

* Interrupt processing example (for a greater than 64KB program memory space)

07F4H 07F4H 07F4H
07F5H GSP— 07F5H 07F5H
07F6H 07F6H PSWL 07F6H PSWL
07F7H 07F7H | PSWH 07F7H | PSWH
07F8H 07F8H LRBL 07F8H LRBL
07F9H 07F9H LRBH 07F9H LRBH
07FAH 07FAH ACCL 07FAH ACCL
07FBH 07FBH | ACCH 07FBH | ACCH
07FCH 07FCH CSR 07FCH CSR
07FDH 07FDH | Undefined 07FDH | Undefined
07FEH 07FEH PCL 07FEH PCL
&SP — 07FFH 07FFH PCH &SP — 07FFH PCH

(before saving)

(before execution of

(after saving)

RTI instruction)

SSP: System Stack Pointer

(after execution of

RTI instruction)

Figure 17-1 Examples of Saving and Restoring the PC, ACC, LRB and PSW
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17.3.2 Maskable Interrupts

1)

)

®3)

(4)

Maskable interrupts are generated by various interrupt factors such as built-in internal
peripheral hardware, external interrupt inputs, etc.

The control of maskable interrupts is performed by the following.
« Interrupt request registers (IRQO to IRQ4)

* Interrupt enable registers (IEO to IE4)

* Master interrupt enable flag (MIE)

* Master interrupt priority flag (MIPF)

« Interrupt priority control registers (IPO to IP9)

Interrupt request registers (IRQO to IRQ4)

Interrupt request registers (IRQs) are set to "1" when each interrupt source generates an
interrupt signal. If an interruptis received, the registers are automatically reset to "0" while
transferring to the interrupt processing routine. IRQ bits can also be setto "1" or "0" by the
program.

Interrupt enable registers (IEQ to IE4)

Interrupt enable registers (IEs) individually enable or disable the generation of interrupts.
When an |E bitis "0", generation of the corresponding interrupt is disabled. When an IE bit
is "1", generation of the corresponding interrupt is enabled.

Master interrupt enable flag (MIE)

The master interrupt enable flag (MIE) is a 1-bit flag located in the program status word
(PSW). MIE enables or disables generation of all the maskable interrupts.

MIE ="0" All maskable interrupts are disabled (regardless of IE)

MIE ="1" Maskable interrupts are enabled (only those interrupt factors enabled by IE)

[Related information reference guide]
Program status word (PSW) ... Page 2-18

Master interrupt priority flag (MIPF)

The master interrupt priority flag (MIPF) is a 1-bit flag located in the external interrupt control
register 2 (EXI2CON). MIPF enables or disables priority for all the maskable interrupts.
MIPF ="0" Priority control disabled (regardless of IP, interrupts controlled by MIE and IE

only)
MIPF ="1" Priority control enabled (3 levels of priority control according to IP setting)

[Related information reference guide]
External interrupt control register 2 (EXI2CON) ... Page 16-4
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(5)

Interrupt priority control registers (IP0O to IP9)

Interrupt priority control registers (IPs) specify the priority of maskable interrupts. The 2-
bit specification (P1xxx, POxxx) for each interrupt indicates 3 levels of priority (where xxx
is an abbreviation for each interrupt factor). For further details regarding priority control,
refer to Section 17.3.3, "Priority Control of Maskable Interrupts"”.

Priority is specified as shown below.

P1xxx POxxx Priority
0 0 Level O (low)
0 1 Level 1 0
1 * Level 2 (high)

(* Indlcates elthel’ IIOII or ||1 ||)
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Figure 17-2 shows a block diagram of the control for maskable interrupts. IRQ bits are
indicated as Qxxx, IE bits as Exxx, and IP bits as POxxx, P1xxx for each interrupt factor.
In some cases, several maskable interrupts correspond to the same interrupt vector. For
those interrupts, within each function block there is a flag to enable or disable multiple
interrupts and an interrupt request flag to verify (by polling) which interrupt was generated.

[1 interrupt vector for each interrupt]

Interrupt
[ Exxx |[ MIE_|[ MIPF ][ P1xxx |[ Poxxx | | controller

—
; =Y

o—o\v\)_I_N;: LV1

LVO

Interrupt \vs

source

NP
[1 interrupt vector for 2 interrupts]
Interrupt

Y Interrupt
source [Exxx ][ MIE_ ][ MIPF_|[ P1xxx ][ POxxx ] | controller

; =R

o L

LVO
NP

Y interrupt request —o \V\o_o ‘

Z interrupt
source Enable Z

Z interrupt request —o

The control in the above enclosed area exists in each function block.

Figure 17-2 Maskable Interrupt Control Block Diagram
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Table 17-3 lists the vector address and bit symbol for each maskable interrupt.

If multiple maskable interrupts are generated simultaneously, the lower vector address (in
the order of Table 17-3) is given priority and processed. Similarly, for interrupts that have
been enabled, if the priority level is set and priority control enabled (MIPF = "1"), when
multiple maskable interrupts with the same priority are generated simultaneously, the lower
vector address is given priority and processed.

Table 17-3 Vector Addresses and Bit Symbols for Maskable Interrupts

Vector Interrupt | Interrupt Priority level
No. Interrupt factor
address [H] | request enable 1 0
1 | EXINTO pin input (external interrupt 0) 000A QINTO EINTO P1INTO POINTO
2 | Free running counter overflow 000C QFRCOV | EFRCOV | P1FRCOV | POFRCOV
3 | CPCMO event input, compare match 0016 QCPCMO | ECPCMO |P1CPCMO|POCPCMO
4 | CPCM1 event input, compare match 0018 QCPCM1 | ECPCM1 |P1CPCM1|POCPCM1
5 | Timer O overflow 001A QTMOQV | ETMOOV | P1TMOOV | POTMOOV
6 | EXINT1 pin input (external interrupt 1) 001C QINTA EINT1 P1INT1 POINT1
7 | EXINT2 pin input (external interrupt 2) 001E QINT2 EINT2 P1INT2 POINT2
8 | EXINT3 pin input (external interrupt 3) 0020 QINT3 EINT3 P1INT3 POINT3
9 | Timer 1 overflow 0022 QTM10V | ETM10V |P1TM10V | POTM10V
10| Timer 2 overflow 0024 QTM20V | ETM20V | P1TM20V | POTM20OV
11| Timer 3 overflow 0026 QTM30V | ETM30V | P1TM30V | POTM30V
12| EXINT4 pin input (external interrupt 4) 002A QINT4 EINT4 P1INT4 POINT4
13| EXINT5 pin input (external interrupt 5) 002C QINT5 EINT5 P1INT5 POINTS
14| EXINT6 pin input (external interrupt 6) 002E QINT6 EINT6 P1INT6 POINT6
15| EXINT7 pin input (external interrupt 7) 0030 QINT7 EINT7 P1INT7 POINT7
16| Timer 4 overflow 0036 QTM40V | ETM40V | P1TM40V | POTM40V
SIO1 transmit buffer empty, transmit
17 ) 0038 QSIO1 ESIO1 P1SIO1 POSIO1
complete, receive complete
18| Timer 5 overflow 003A QTM50QV | ETM50V | P1TM50V | POTM50V
19| Interrupt by SIO5 transfer completion 003C QSIO5 ESIO5 P1SIO5 POSIO5
Interrupt by SIO6 transmit buffer empty,
20 ) ) ) ) 003E QSIO6 ESIO6 P1SIO6 POSIO6
transmit completion, receive completion
21| Interrupt by SIO4 transfer completion 0040 QSIO4 ESIO4 P1SIO4 POSIO4
22| Timer 6 overflow 0042 QTMB0V | ETMBOV | P1TMBOV | POTMBOV
One cycle of A/D conversion scan channels
23 0044 QAD EAD P1AD POAD
complete, A/D conversion select mode complete
24| Real-time counter output (interval: 0.125 to 1 s) 0048 QRTC ERTC P1RTC PORTC
25| PWCO overflow, match of PWC0 and PWRO 006A QPWMO | EPWMO | PIPWMO | POPWMO
26| PWC1 overflow, match of PWC1 and PWR1 006C QPWM1 | EPWM1 | PIPWM1 | POPWM1
27| Match of PWCO0 and PWR2 006E QPWM2 | EPWM2 | PIPWM2 | POPWM2
28| Match of PWC1 and PWR3 0070 QPWM3 | EPWM3 | PIPWMS3 | POPWMS3
29| Timer 9 overflow 0072 QTMOOQV | ETM90V | P1TM9OQV | POTM90OV
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When a maskable interrupt occurs, a sequence such as listed below is automatically
processed by the hardware and the first instruction of the maskable interrupt routine is
executed. 14 cycles are used to transfer to the maskable interrupt routine.

« Save the program counter (PC)

¢ Save the accumulator (ACC)

» Save the local register base (LRB)

» Save the program status word (PSW)

* Reset the IRQ that initiated the maskable interrupt process

« Reset MIE in PSW (resetting MIE to "0" disables reception of all maskable interrupts)
« Disable reception of interrupts with the same or lower interrupt priority level (if MIPF = 1)
» Load the program counter with the value that has been written to the vector table

Use a RTl instruction at the end of the maskable interrupt routine.

When a RTI instruction is executed, the hardware automatically processes a sequence
such as listed below to complete the maskable interrupt routine. 12 cycles are used to
return from the maskable interrupt routine.

« Enable reception of interrupts with the same or lower interrupt priority level (if MIPF = 1)
Restore the program status word (PSW) (set MIE to "1")

Restore the local register base (LRB)

Restore the accumulator (ACC)

Restore the program counter (PC)

L]

L]

L]

Figure 17-1 shows examples of saving and storing the PC, ACC, LRB and PSW.

[Note]
If the program memory space has been expanded to 1MB, in addition to the above
processing, the code segment register (CSR) will be saved and restored. In this case,
17 cycles will be used to transfer to the maskable interrupt routine, and 14 cycles to return
from the maskable interrupt routine.
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17.3.3 Priority Control of Maskable Interrupts

1)

)

The MSM66577 family can set 3 levels of priority for each maskable interrupt factor,
resulting in easy to realize control of multiple interrupts. Priority control in actual programs
is described below.

Basic interrupt control

When a maskable interrupt occurs, since the reception of other maskable interrupts is
automatically disabled (MIE ="0"), other interrupts (except for nonmaskable interrupts and
reset processing) will not occur within the interrupt processing routine. If another maskable
interrupt is generated during execution of the interrupt routine, that interrupt will wait for
processing. In such a case, immediately after processing of the first interrupt is completed,
processing of the interrupt that has been waiting will begin. (See Figure 17-3.) If several
interrupts are awaiting processing, the interrupt vector with the lowest address will be
processed first. (See Table 17-3.)

Multiple interrupt control

During execution of an interrupt routine, other maskable interrupts may be enabled. This
is known as "multiple interrupt control". If multiple interrupt control is required, make a
setting so that multiple interrupts will be enabled (MIE = "1") within the maskable interrupt
routine when a maskable interrupt occurs.

The following two methods exist for multiple interrupt control.
(i) Control by IE flags
(i) Control by MIPF (Master Interrupt Priority Flag)

(i) Control by IE flags

In the interrupt processing routine, only those IE flags that correspond to the multiple
interrupt factors to be enabled are set to "1". Multiple interrupts from other factors are
disabled by setting their IE flags to "0".

Next, by setting the MIE flag to "1" within the interrupt processing routine, the reception of
multiple interrupts for the enabled interrupt factors enabled by setting the IE flags to "1" will
begin. (See Figure 17-4.)

If an interrupt occurs for which the corresponding IE flag is "0" while another interrupt is
being processed, the interrupt will wait until the interrupt process being executed is
completed and the program changes its IE flag to "1".

(ii) Control by MIPF (Master Interrupt Priority Flag)

In addition to the control of (i) above, by setting MIPF to "1", the priority of maskable
interrupts can be controlled by the hardware. Of the enabled interrupt factors specified with
IE ="1", multiple interrupts are enabled only for those interrupt factors whose priority is
higher than that of the interrupt currently being processed. (If MIPF ="0", then all interrupt
factors with |IE specified as "1" will be enabled for multiple interrupts.)

Ifinterrupts are generated having the same or lower priority than that of the interrupt process
currently being executed, those interrupts will wait until completion of the interrupt process
currently being executed. After completion of the interrupt process, if several interrupts are
waiting, they will be executed in order of highest priority. However, if there are several
interrupts with the same priority level, the interrupt with the lowest vector address will be
processed first. (See Table 17-3.)
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Main program flow

-

MIE—"0"

MIE—"1"

MIE—"0"

Interrupt processing routine A

’I Interrupt request A occurs (IRQ =1, IE=1)

Interrupt request B occurs (IRQ =1, IE = 1)

Interrupt wait

Interrupt processing routine B

MIE—"1"

Figure 17-3 Fundamental Interrupt Control

Main program flow

MIE—"0"

MIE—"1"

MIE—"1"

Interrupt processing routine A

YJ/Y/’ Interrupt processing routine B

Interrupt request A occurs (IRQ =1, IE=1)

Interrupt request B occurs IRQ =1, IE=1)

MIE—"0"

MIE—"1"

Figure 17-4 Multiple Interrupt Control
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17.4 IRQ, IE and IP Register Configurations for Each Interrupt

Each interrupt factor has its own interrupt request register (IRQO to IRQ4), interrupt enable
register (IEO to IE4) and interrupt priority control register (IPO to IP9).

These registers are allocated as a group of interrupt processing registers, independent
from the group of operation and control registers for each internal peripheral module.

The configurations of each interrupt processing register are presented below, showing
which bits of which registers are allocated as the IRQ, IE and IP flags for each interrupt
factor. Atthe end of chapters describing internal peripheral modules, a reference page is
listed for the interrupt processing registers of that module.

17.4.1 Interrupt Request Registers (IRQO to IRQ4)

(1) Interrupt request register 0 (IRQO)
Interrupt request register 0 (IRQO) consists of 4 bits. Bits are set to "1" corresponding to
external interrupt O (bit 0), overflow of free running counter (bit 1), CPCMO event input /
compare match (bit 6), and CPCM1 event input/compare match (bit 7).
IRQO can be read or written by the program. However, if writing to bits 2 through 5, always
write those bits as "0". If read, a value of "0" will always be obtained for bits 2 through 5.
When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IRQO becomes O0OH.
Figure 17-5 shows the configuration of IRQO.

7 6 5 4 3 2 1 0 .
Rao [acecmilacremo] 0" | "0* | 0" | 0" |QFRCOVIQINTO]  pp ress: 0030 [H]
Atreset ¢ 0 0 0 0 0 0 0

‘ 0 | No interrupt request from external interrupt 0

-

Interrupt request from external interrupt 0

o

No free running counter overflow interrupt request

Y

Free running counter overflow interrupt request

No CPCMO capture input/compare

0 match interrupt request

1 Interrupt request from CPCMO capture
input/compare match

0 No CPCM1 capture input/compare

match interrupt request

Interrupt request from CPCM1 capture
input/compare match

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

Figure 17-5 IRQO Configuration
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)

IRQ1
At reset

Interrupt request register 1 (IRQ1)

Interrupt request register 1 (IRQ1) consists of 7 bits. Bits are set to "1" corresponding to
overflow of timer O (bit 0), external interrupts 1 to 3 (bits 1 to 3) and overflow of timers 1 to

3 (bits 4 to 6).

IRQ1 can be read or written by the program. However, if writing to bit 7, always write the

bit as "0". If read, a value of "0" will always be obtained for bit 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IRQ1 becomes O0OH.
Figure 17-6 shows the configuration of IRQ1.
7 6 5 4 3 2 1 0

[ o' Jatmsov]atmeov[atmiov] ainTa [ QiNT2 | QINT1 [aTMoov]
0 0 0 0 0 0 0 0

Address: 0031 [H]

R/W access: R/W

K

No request from timer 0 overflow interrupt

Request from timer 0 overflow interrupt

No interrupt request from external interrupt 1

Interrupt request from external interrupt 1

No interrupt request from external interrupt 2

Interrupt request from external interrupt 2

No interrupt request from external interrupt 3

Interrupt request from external interrupt 3

No request from timer 1 overflow interrupt

Request from timer 1 overflow interrupt

No request from timer 2 overflow interrupt

Request from timer 2 overflow interrupt

0

No request from timer 3 overflow interrupt

1

Request from timer 3 overflow interrupt

"0" indicates that a value of "0" must be written.

If read, a value of "0" will be obtained.

Figure 17-6 IRQ1 Configuration
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(3) Interrupt request register 2 (IRQ2)
Interrupt request register 2 (IRQ2) consists of 6 bits. Bits are set to "1" corresponding to
external interrupts 4 to 7 (bits 0 to 3), overflow of timer 4 (bit 6), and SIO1 transmit buffer
empty/transmit complete/receive complete (bit 7).
IRQ2 can be read or written by the program. However, if writing to bits 4 and 5, always write
those bits as "0". If read, a value of "0" will always be obtained for bits 4 and 5.
When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IRQ2 becomes O0H.
Figure 17-7 shows the configuration of IRQ2.
7 6 5 4 3 2 1 0 Address: 0032
Raz [asiof [arvaov] "0* | "0" | QINT7 | QINT6 | QINTS | QINTA] e cress: 0002 [H]
Atreset g 0 0 0 0 0 0 0
‘ 0 | No interrupt request from external interrupt 4
Interrupt request from external interrupt 4
0 | Nointerrupt request from external interrupt 5
1 | Interrupt request from external interrupt 5
0 | No interrupt request from external interrupt 6
Interrupt request from external interrupt 6
0 | No interrupt request from external interrupt 7
1 | Interrupt request from external interrupt 7
0 | Norequest from timer 4 overflow interrupt

Request from timer 4 overflow interrupt

No request from SIO1 transmit buffer empty/
transmit complete, receive complete interrupt

Y

Request from SIO1 transmit buffer empty/
transmit complete, receive complete interrupt

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

Figure 17-7 IRQ2 Configuration
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(4)

IRQ3
At reset

Interrupt request register 3 (IRQ3)

Interrupt request register 3 (IRQ3) consists of 7 bits. Bits are set to "1" corresponding to
overflow of timer 5 (bit 0), SIO5 and SI04 transmit-receive completion (bits 1 and 3),
overflow of timer 6 (bit 4), A/D conversion scan channel cycle complete/select mode

complete (bit 5), and real-time counter output (bit 7).

IRQ3 can be read or written by the program. However, if writing to bit 6, always write the

bit as "0". If read, a value of "0" will always be obtained for bit 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IRQ3 becomes O0H.
Figure 17-8 shows the configuration of IRQ3.

7 6 5 4 3 2 1 0
[arTc | "0' | @AD |atmeov] @sio4 | asios | asios [atmsoy]
0 0 0 0 0 0 0 0

Address: 0033 [H]

R/W access: R/W

K

No request from timer 5 overflow interrupt

—_

Request from timer 5 overflow interrupt

Disable interrupt by SIO5 transfer completion

Enable interrupt by SIO5 transfer completion

No request from interrupt by SIO6 transmit buffer empty,
transmit completion, receive completion

Request from interrupt by SIO6 transmit buffer empty,
transmit completion, receive completion

No request from interrupt by SIO4 transfer completion

Request from interrupt by SIO4 transfer completion

No request from timer 6 overflow interrupt

Request from timer 6 overflow interrupt

No request from A/D conversion scan channel
cycle complete/select mode complete interrupt

Request from A/D conversion scan channel
cycle complete/select mode complete interrupt

0

No request from real-time counter output interrupt

1

Request from real-time counter output interrupt

"0" indicates that a value of "0" must be written.

If read, a value of "0" will be obtained.

Figure 17-8 IRQ3 Configuration
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(5) Interrupt request register 4 (IRQ4)

Interrupt request register 4 (IRQ4) consists of 5 bits. Bits are set to "1" corresponding to

overflow of PWCO0/matching of PWCO and PWRO (bit 0),

overflow of PWC1/matching of

PWC1 and PWR1 (bit 1), matching of PWCO0 and PWR2 (bit 2), matching of PWC1 and

PWR3 (bit 3), and overflow of timer 9 (bit 4).

IRQ4 can be read or written by the program. However, writes to bits 5 through 7 are invalid.
If read, a value of "1" will always be obtained for bits 5 through 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IRQ4 becomes EOH.
Figure 17-9 shows the configuration of IRQA4.

7 6 5 4 3 2 1 0
ras | — | — | — [atmeovjapwmslapwmzlapwmijaPwmol
At reset 9 1 1 0 0 0 0 0

Address: 005C [H]

R/W access: R/W

No request from PWCO overflow/PWCO
and PWRO0 matching interrupt

Request from PWCO overflow/PWCO
and PWRO matching interrupt

No request from PWC1 overflow/PWCH1
and PWR1 matching interrupt

Request from PWC1 overflow/PWCH1
and PWR1 matching interrupt

No request from PWCO and PWR2 matching interrupt

Request from PWC0 and PWR2 matching interrupt

No request from PWC1 and PWR3 matching interrupt

Request from PWC1 and PWR3 matching interrupt

0

No request from timer 9 overflow interrupt

1

Request from timer 9 overflow interrupt

"—" indicates a non-existent bit.
When read, its value will be "1".

Figure 17-9 IRQ4 Configuration
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17.4.2 Interrupt Enable Registers (IEO to IE4)

(1) Interrupt enable register 0 (IEO)
Interrupt enable register O (IEO) consists of 4 bits. The generation of interrupts is enabled
by setting bits to "1" corresponding to external interrupt O (bit 0), overflow of free running
counter (bit 1), CPCMO event input /compare match (bit 6), and CPCM1 event input/
compare match (bit 7).

IEO can be read or written by the program. However, if writing to bits 2 through 5, always
write those bits as "0". If read, a value of "0" will always be obtained for bits 2 through 5.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IEO becomes O0H.

Figure 17-10 shows the configuration of IEQ.

7 6 5 4 3 2 1 0 Address: 0034
ko [EcPomiEcPemo "o" | 0" | "0" | 0" [EFRCOV|EINTO] o coress: 00BHIH]
At reset 0 0 0 0 0 0 0 0
‘ 0 Disable external interrupt 0
1 Enable external interrupt 0

0 | Disable free running counter overflow interrupt

1 | Enable free running counter overflow interrupt

Disable CPCMO capture input/compare
match interrupt

Enable CPCMO capture input/compare
match interrupt

Disable CPCM1 capture input/compare
match interrupt

Enable CPCM1 capture input/compare
match interrupt

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

Figure 17-10 IEO Configuration
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(2) Interrupt enable register 1 (IE1)
Interrupt enable register 1 (IE1) consists of 7 bits. The generation of interrupts is enabled
by setting bits to "1" corresponding to overflow of timer O (bit 0), external interrupts 1 to 3
(bits 1 to 3), and overflow of timers 1 to 3 (bits 4 to 6).

IE1 can be read or written by the program. However, if writing to bit 7, always write the bit
as "0". If read, a value of "0" will always be obtained for bit 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IE1 becomes O0H.

Figure 17-11 shows the configuration of IE1.

7 6 5 4 3 2 1 0
Add 10035 [H
1 [ 0" [ETMBOVETM2OV[ETMIOV] EINTS | EINT2 | EINT1 [ETMOOV] e cress: 0085 [H]
At reset 0 0 0 0 0 0 0 0
‘ 0 Disable timer 0 overflow interrupt
1 Enable timer 0 overflow interrupt
0 Disable external interrupt 1
1 Enable external interrupt 1
0 Disable external interrupt 2
1 Enable external interrupt 2
0 Disable external interrupt 3
1 Enable external interrupt 3
0 Disable timer 1 overflow interrupt
1 Enable timer 1 overflow interrupt
0 Disable timer 2 overflow interrupt
1 Enable timer 2 overflow interrupt
0 Disable timer 3 overflow interrupt
1 Enable timer 3 overflow interrupt

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

Figure 17-11 IE1 Configuration

17-18



MSM66577 Family User's Manual
Chapter 17 Interrupt Processing Functions

®3)

IE2
At reset

Interrupt enable register 2 (IE2)

Interrupt enable register 2 (IE2) consists of 6 bits. The generation of interrupts is enabled
by setting bits to "1" corresponding to external interrupts 4 to 7 (bits 0 to 3), overflow of timer
4 (bit 6), and SIO1 transmit buffer empty/transmit complete/receive complete (bit 7).

IE2 can be read or written by the program. However, if writing to bits 4 and 5, always write
those bits as "0". If read, a value of "0" will always be obtained for bits 4 and 5.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IE2 becomes 0O0H.

Figure 17-12 shows the configuration of IE2.

7 6 5 4 3 2 1 0 Add 0036 [H
[Esior [Emaov] "0* | "0" | EINT7 | EINT6 | EINTS | EINTA | g ccress: 0096 1H]
0 0 0 0 0 0 0 0
‘ 0 Disable external interrupt 4
1 Enable external interrupt 4
0 Disable external interrupt 5
1 Enable external interrupt 5
0 Disable external interrupt 6
1 Enable external interrupt 6
0 Disable external interrupt 7
1 Enable external interrupt 7
0 Disable timer 4 overflow interrupt
1 Enable timer 4 overflow interrupt
0 Disable SIO1 transmit buffer empty/transmit
complete, receive complete interrupt
Enable SIO1 transmit buffer empty/transmit
1 complete, receive complete interrupt

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

Figure 17-12 IE2 Configuration
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(4) Interrupt enable register 3 (IE3)
Interrupt enable register 3 (IE3) consists of 7 bits. The generation of interrupts is enabled
by setting bits to "1" corresponding to overflow of timer 5 (bit 0), SIO5 and S104 transmit-
receive completion (bits 1 and 3), SIO6 transmit buffer empty/transmit complete/receive
complete (bit 2) overflow of timer 6 (bit 4), A/D conversion scan channel cycle complete/
select mode complete (bit 5), and real-time counter output (bit 7).

IE3 can be read or written by the program. However, if writing to bit 6, always write the bit
as "0". If read, a value of "0" will always be obtained for bit 6.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IE3 becomes 0O0H.

Figure 17-13 shows the configuration of IE3.

7 6 5 4 3 2 1 0
E3 [ERTC | '0' | EAD |ETM6OV| ESIO4 | ESIOB | ESIOS [ETMSOV  pciross: 0007 I
Atreset 0 0 0 0 0 0 0 0

‘ 0 Disable timer 5 overflow interrupt

e

Enable timer 5 overflow interrupt

0 [Disable interrupt by SIO5 transfer completion

-

Enable interrupt by SIO5 transfer completion

No request from interrupt by SIO6 transmit buffer empty,
transmit completion, receive completion

Request from interrupt by SIOB transmit buffer empty,
transmit completion, receive completion

0 [No request from interrupt by SI04 transfer completion

-

Request from interrupt by SIO4 transfer completion

0 Disable timer 6 overflow interrupt

—_

Enable timer 6 overflow interrupt

Disable A/D conversion scan channel cycle
complete/select mode complete interrupt

o

Enable A/D conversion scan channel cycle
complete/select mode complete interrupt

o

Disable real-time counter output interrupt

-

Enable real-time counter output interrupt

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

Figure 17-13 IE3 Configuration
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(5) Interrupt enable register 4 (IE4)

Interrupt enable register 4 (IE4) consists of 5 bits. The generation of interrupts is enabled
by setting bits to "1" corresponding to overflow of PWCO0/matching of PWCO0 and PWRO (bit
0), overflow of PWC1/matching of PWC1 and PWR1 (bit 1), matching of PWC0 and PWR2

(bit 2), matching of PWC1 and PWR3 (bit 3), and overflow of timer 9 (bit 4).

IE4 can be read or written by the program. However, writes to bits 5 through 7 are invalid.

If read, a value of "1" will always be obtained for bits 5 through 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IE4 becomes EOH.

Figure 17-14 shows the configuration of IE4.

7 6 5 4 3 2 1 0

Address: 005D [H]

Ea [ — [ — [ — [ETmoov[EPwM[EPWM2IEPWMI[EPWMO| 1 1v sccons: RIW

Atreset 1 1 1 0 0 0 0 0

Disable PWCO overflow/PWCO
and PWRO matching interrupt

Enable PWCO overflow/PWCO
and PWRO matching interrupt

Disable PWC1 overflow/PWC1
and PWR1 matching interrupt

Enable PWC1 overflow/PWC1
and PWR1 matching interrupt

Disable PWCO and PWR2 matching interrupt

Enable PWCO0 and PWR2 matching interrupt

Disable PWC1 and PWR3 matching interrupt

Enable PWC1 and PWR3 matching interrupt

0

Disable timer 9 overflow interrupt

1

Enable timer 9 overflow interrupt

"—" indicates a non-existent bit.
When read, its value will be "1".

Figure 17-14 IE4 Configuration
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17.4.3 Interrupt Priority Control Registers (IPO to IP9)

(1) Interrupt priority control register 0 (IP0)
Interrupt priority control register 0 (IP0) consists of 4 bits and specifies the interrupt priority
for external interrupt O (bits 0 and 1) and overflow of the free running counter (bits 2 and 3).

IPO can be read or written by the program. However, if writing to bits 4 through 7, always
write those bits as "0". If read, a value of "0" will always be obtained for bits 4 through 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IPO becomes 00H.

Figure 17-15 shows the configuration of IPQ.

7 6 5 4 3 2 1 0

Po [ ro [ o* [ ror [ o [ptFRcovlporroov] P1INTO[ POINTO] . Address: 0038 [H]

Atreset 0 0 0 0 0 0 0
INTO
P11Po External interrupt O priority
00 Level O

1 Level 1

107 Level 2
FRCOV Free running counter
P1|PO interrupt priority
00 Level O
0|1 Level 1
11" Level 2

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

"*"indicates a "0" or "1".

Figure 17-15 IPO Configuration
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(2) Interrupt priority control register 1 (IP1)
Interrupt priority control register 1 (IP1) consists of 4 bits and specifies interrupt priority for
CPCMO eventinput/compare match (bits 4 and 5) and CPCML1 event input/compare match
(bits 6 and 7).

IP1 can be read or written by the program. However, if writing to bits 0 through 3, always
write those bits as "0". If read, a value of "0" will always be obtained for bits 0 through 3.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP1 becomes O0H.

Figure 17-16 shows the configuration of IP1.

; - . . ° : 1 Address: 0039 [H]
CPC CPC CPC CPC ngn ngn I I ress:
At|r|=e1set & Z Mipo Z Mip1 Z Molpo Z MO 2 \ g | o [ ror ] o Saress: 08¢

CPCMO| cpcMo capture input /compare

P1|PO match interrupt priority
0 Level O

o1 Level 1

117 Level 2

CPCM1| cpeMm1 capture input /compare
P1|PO match interrupt priority

0|0 Level 0
0|1 Level 1
10" Level 2

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

"*"indicates a "0" or "1".

Figure 17-16 IP1 Configuration
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®3)

1P2
At reset

Interrupt priority control register 2 (IP2)

Interrupt priority control register 2 (IP2) consists of 8 bits and specifies interrupt priority for
overflow of timer O (bits 0 and 1), external interrupts 1 (bits 2 and 3), external interrupt 2 (bits
4 and 5) and external interrupt 3 (bits 6 and 7).

IP2 can be read or written by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP2 becomes 0O0H.

Figure 17-17 shows the configuration of IP2.

7 6 5 4 3 2 1 0
| P1INT3| POINT3| P1INT2[ POINT2| P1INT1 | POINT1 [PTMOOVPOTMOOY] /WA;’SCFZ:; g(/’\‘j’vA [H]
0 0 0 0 0 0 0 0

TMOOV

P Po Timer 0 overflow interrupt priority

0|0 Level 0

0|1 Level 1

11 Level 2

INT1 ) o

r11P0 External interrupt 1 priority
0 Level 0
1 Level 1

117 Level 2

INT2 . o

511P0 External interrupt 2 priority
0 Level 0
1 Level 1

1] Level 2

INT3 . L

511Po External interrupt 3 priority
0 Level 0
1 Level 1

11" Level 2

win

indicates a "0" or "1".

Figure 17-17 IP2 Configuration
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(4)

IP3
At reset

Interrupt priority control register 3 (IP3)
Interrupt priority control register 3 (IP3) consists of 6 bits and specifies interrupt priority for
overflow of timers 1 to 3 (bits 0 to 5).

IP3 can be read or written by the program. However, if writing to bits 6 and 7, always write
those bits as "0". If read, a value of "0" will always be obtained for bits 6 and 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP3 becomes 00H.

Figure 17-18 shows the configuration of IP3.

7 6 5 4 3 2 1 0
upy w(n Address: 003B [H]
[ "o* | 0" P1M30v|PoTM3ov[p1TM20V[POTM20V [P1TMIOV]POTMIOV] e
0 0 0 0 0 0 0
™10V
Timer 1 overflow interrupt priority
P1{PO
0|0 Level 0
0|1 Level 1
11 Level 2
TM20V
Timer 2 overflow interrupt priority
P1|{PO
0|0 Level 0
0|1 Level 1
11 Level 2
TM30V
Timer 3 overflow interrupt priority
P1|PO
0|0 Level 0
0|1 Level 1
11 Level 2

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

"*"indicates a "0" or "1".

Figure 17-18 IP3 Configuration
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(5)

IP4
At reset

Interrupt priority control register 4 (IP4)

Interrupt priority control register 4 (IP4) consists of 8 bits and specifies interrupt priority for
external interrupt 4 (bits 0 and 1), external interrupt 5 (bits 2 and 3), external interrupt 6 (bits
4 and 5) and external interrupt 7 (bits 6 and 7).

IP4 can be read or written by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IP4 becomes O0H.

Figure 17-19 shows the configuration of IP4.

7

6

5

4

3 2 1

P1INT7 | POINT7 | P1INT6 | POINT6| P1INTS| POINTS | P1INT4] POINT4]

0

0

0

0

0 0 0

Address: 003C [H]
R/W access: R/'W

|

INT4
P1]Po External interrupt 4 priority
00 Level 0
1 Level 1
11 Level 2
INTS External interrupt 5 priority
P1|{PO
00 Level 0
0|1 Level 1
117 Level 2
INT6
P11Po External interrupt 6 priority
0 Level 0
1 Level 1
11" Level 2
INT? External interrupt 7 priority
P1|{PO
00 Level 0
01 Level 1
11 Level 2

"*"indicates a "0" or "1".

Figure 17-19 IP4 Configuration
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(6) Interrupt priority control register 5 (IP5)
Interrupt priority control register 5 (IP5) consists of 4 bits and specifies interrupt priority for
overflow of timer 4 (bits 4 and 5) and SIO1 transmit buffer empty/transmit complete/receive

complete (bits 6 and 7).

IP5 can be read or written by the program. However, if writing to bits 0 through 3, always
write those bits as "0". If read, a value of "0" will always be obtained for bits 0 through 3.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP5 becomes O0H.

Figure 17-20 shows the configuration of IP5.

7 6 5 4 3 2 1
ey upyn upy Address: 003D [H]
IP5s  [P1sio1[Posiot[primeovlpormaoy] *o* | "o* [ 0" | \
R/W access: R/'W
At reset 0 0 0 0 0 0
TM40V
Timer 4 overflow interrupt priority
P1|PO
0|0 Level 0
0|1 Level 1
1] Level 2
SIO1 SIO1 transmit buffer
empty/transmit complete, receive
P1{PO complete interrupt priority
0|0 Level 0
0|1 Level 1
11 Level 2

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

"*" indicates a "0" or "1."

Figure 17-20 IP5 Configuration
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()

IP6
At reset

Interrupt priority control register 6 (IP6)

Interrupt priority control register 6 (IP6) consists of 8 bits and specifies interrupt priority for
overflow of timer 5 (bits 0 and 1), SIO6 transmit buffer empty/transmit coplete/receive
complete (bits 4 and 5) and SIO5 and SIO4 transmit-receive completion (bits 2, 3, 6 and 7).

IP6 can be read or written by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP6 becomes O0H.

Figure 17-21 shows the configuration of IP6.

7 6 5 4 3 2 1 0
[P1s104] Posio4] P15106] PoSIOe] P15105] PosiOs PrTMsov[paTMs0V] Address: 003E [H]
R/W access: R/'W
0 0 0 0 0 0 0
TM50V
Timer 5 overflow interrupt priority
P1(PO
0|0 Level 0
0|1 Level 1
11 Level 2
SIO5 SIO5 transmit-receive
P1lPO complete interrupt priority
0 Level 0
0|1 Level 1
11 Level 2
SIo6 SIO6 transmit-receive
P1|PO complete interrupt priority
00 Level 0
0|1 Level 1
11 Level 2
SI04 SI04 transmit-receive
P1|PO complete interrupt priority
0 Level 0
1 Level 1
11 Level 2

"*"indicates a "0" or "1."

Figure 17-21 IP6 Configuration
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(8)

IP7
At reset

Interrupt priority control register 7 (IP7)

Interrupt priority control register 7 (IP7) consists of 6 bits and specifies interrupt priority for
overflow of timer 6 (bits 0 and 1), A/D conversion scan channel cycle complete/select mode

complete (bits 2 and 3), and real-time counter output (bits 6 and 7).

IP7 can be read or written by the program. However, if writing to bits 4 and 5, always write

those bits as "0". If read, a value of "0" will always be obtained for bits 4 and 5.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog

timer, opcode trap), IP7 becomes O0H.

Figure 17-22 shows the configuration of IP7.

7 6 5 4 3 2 1 0
ua wa Address: 003F [H]
[P1RTC[PORTC| 0" | *0* [ P1AD | POAD [P1TMEOV]POTMEOV] B e
0 0 0 0 0 0 0 0
TMBOV|_. . o
Timer 6 overflow interrupt priority
P1|PO
0|0 Level 0
0|1 Level 1
11 Level 2
AD A/D conversion scan channel
cycle complete /select mode
P1{PO complete interrupt priority
0|0 Level 0
0|1 Level 1
11" Level 2
RTC Real-time counter
P1|PO output interrupt priority
0|0 Level 0
0|1 Level 1
1] * Level 2

"0" indicates that a value of "0" must be written.

If read, a value of "0" will be obtained.

"*" indicates a "0" or "1."

Figure 17-22 IP7 Configuration
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(9) Interrupt priority control register 8 (IP8)
Interrupt priority control register 8 (IP8) consists of 8 bits and specifies interrupt priority for
overflow of PWCO0/matching of PWCO and PWRO (bits 0 and 1), overflow of PWC1/
matching of PWC1 and PWR1 (bits 2 and 3), matching of PWCO0 and PWR2 (bits 4 and 5)
and matching of PWC1 and PWR3 (bits 6 and 7).

IP8 can be read or written by the program.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP8 becomes O0H.

Figure 17-23 shows the configuration of IP8.

7 6 5 4 3 2 1 0
1P8 [P1PWM3[POPWM3[P1PWM2]POPWM2]P1PWIM1 [POPWIMI [P1PWMO|POPWMO) Address: 005E [H]
At reset R/W access: R/'W

0 0 0 0 0 0 0 0
PWMO| pwCo overflow/PWCO and PWRO
P1|PO matching interrupt priority
0|0 Level 0

1 Level 1

11 Level 2

PWM1| pWC1 overflow/PWC1 and PWR1
P1|PO matching interrupt priority

0 Level 0
1 Level 1
1] Level 2

PWM2|  pwC0 and PWR2 matching

P1lPO interrupt priority
0|0 Level O

1 Level 1
11 Level 2

PWM3|  pwWC1 and PWR3 matching

P1|PO interrupt priority
0 Level 0
1 Level 1
11" Level 2

"0" indicates that a value of "0" must be written.
If read, a value of "0" will be obtained.

"*" indicates a "0" or "1".

Figure 17-23 IP8 Configuration
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(10) Interrupt priority control register 9 (IP9)
Interrupt priority control register 9 (IP9) consists of 2 bits and specifies interrupt priority for
the overflow of timer 9 (bits 0 and 1).

IP9 can be read or written by the program. However, writes to bits 2 through 7 are invalid.
If read, a value of "1" will always be obtained for bits 2 through 7.

When reset (RES signal input, execution of a BRK instruction, overflow of the watchdog
timer, opcode trap), IP9 becomes FCH.

Figure 17-24 shows the configuration of IP9.

7 6 5 4 3 2 1 0
— — - — _ _ Address: 005F [H]
Atlfegs 3} ] \ \ \ \ \ [piTmaovjposoy| - Adcess: 008
1 1 1 1 1 1 0 0
TMI0OV
Timer 9 overflow interrupt priority
P1|PO
0|0 Level 0
0|1 Level 1
1]~ Level 2

"—" indicates a nonexistent bit.
When read, its value will be "1".

"*" indicates a "0" or "1".

Figure 17-24 IP9 Configuration
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18 Bus Port Functions

18.1 Overview

The MSM66577 family can externally expand program memory (usually ROM) up to a
maximum of 1MB and data memory (usually RAM) up to a maximum of 1MB. With the
SELMBUS pin setting, a multiplexed bus type (address/data time division) or a separate
bus type (independent address/data buses) can be selected for the bus port interface of the
MSM66577 family.

Bus ports (A0 to A19, DO to D7) and control signals (SELMBUS, ALE, PSEN, RD, WR) are
used to access the external program memory and external data memory.

Whenthe SELMBUS pinis ata high level, bus ports are configured as the separate bus with
20 address (A0 to A19) lines and 8 data (DO and D7) lines and assigned as the secondary
functions of port 0 (P0), port 1 (P1), port 2 (P2) and port 4 (P4). Unnecessary upper
addresses can be reset as normal I/O ports.

PSEN (P3_1) is used as a strobe signal to read the external program memory. RD (P3_2)
and WR (P3_3) are used as read and write strobes for external data memory.

When the SELMBUS pin is at a low level, bus ports are configured as the multiplexed bus
with 12 address (A8 to A19) lines and 8 address/data combined lines (DO to D7) and
assigned as the secondary functions of port 0 (P0O), port 1 (P1), and port 2 (P2).
Unnecessary upper addresses can be reset as normal 1/O ports.

18.2 Port Operation

18.2.1 Port Operation When Accessing Program Memory

* Separate bus type (the SELMBUS pin at a high level)

When accessing internal program memory (addresses OH to 1FFFFH with the EA pin at a
high level), PO, P1, P2, P3_1 and P4 operate as I/O ports.

When accessing external program memory (the EA pin at a low level or addresses 20000H
to FFFFFH with the EA pin at a high level), PO operates as the program data input port, P1,
P2, and P4 operate as address output ports, and P3_1 operates as the PSEN output port.

If the EA pin is at a low level, PO, P1, P2, P3_1 and P4 are automatically switched
(secondary function control registers and mode registers are set) to bus port and control
signal functions (hereafter referred to as bus port functions) when reset (RES signal input,
execution of a BRK instruction, overflow of the watchdog timer, opcode trap). If the EA pin
is ata high level, bus port functions are not automatically switched. Itis necessary to switch
to bus port functions before external program memory is accessed by setting secondary
function control registers and mode registers on software.

Ofthe ports that are automatically set as bus port functions when the EA piniis ata low level,
if upper address or other output is unnecessary, then after reset, those ports can be
operated as I/O ports by resetting their secondary function control register.

Table 18-1 lists the operation of PO, P1, P2, P3_1 and P4 in the separate bus type during
a program memory access.
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Table 18-1 PO, P1, P2, P3_1 and P4 Operation During Program Memory Access

(Separate Bus Type)

External program

20000H to FFFFFH

function output,
program data input

function output,
address output

Memory to be , P1, P2, P4 .
Address PO operation ) P3_1 operation
accessed operation
When EA = H,
Internal program I/0 port

OH to 1FFFFH

After set as After set as After set as

When EA = H, secondary secondary secondary

function output,
PSEN output

When EA = L,
OH to FFFFFH

Program data input

Address output

PSEN output

e Multiplexed bus type (the SELMBUS pin at a low level)

When accessing internal program memory (addresses OH to 1FFFFH with the EA pin at a
high level), PO, P1, P2, P3_1 and P4 operate as I/O ports.

When accessing external program memory (the EA pin at a low level or addresses 20000H
to FFFFFH with the EA pin at a high level), PO operates as the address output and program
data input port, P1 and P2 operate as addresses output ports, P3_0 operates as the ALE
output port, and P3_1 operates as the PSEN output port.

If the EA pin is at a low level, PO, P1, P2, P3_0 and P3_1 are automatically switched
(secondary function control registers and mode registers are set) to bus port and control
signal functions (hereafter referred to as bus port functions) when reset (RES signal input,
execution of a BRK instruction, overflow of the watchdog timer, opcode trap). If the EA pin
is at a high level, bus port functions are not automatically switched. Itis necessary to switch
to bus port functions before external program memory is accessed by setting secondary
function control registers and mode registers on software.

Ofthe ports that are automatically set as bus port functions when the EA pinis ata low level,
if upper address or other output is unnecessary, then after reset, those ports can be
operated as normal 1/O ports by resetting their secondary function control register.

Table 18-2 lists the operation of PO, P1, P2, P3_0 and P3_1 in the multiplexed bus type
during a program memory access.
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Table 18-2 PO, P1, P2, P3_0 and P3_1 Operation During Program Memory Access
(Multiplexed Bus Type)

Memory to be : P1, P2, P4 P3_1 P3_0
Address PO operation . . .
accessed operation operation operation
When EA = H,
Internal program 1/0 port
OH to 1FFFFH
After setas | Aftersetas | Aftersetas | Aftersetas
secondary secondary secondary secondary
function function, function function
When EA = H, output, address output, PSEN | output, ALE
20000H to FFFFFH address output output output
External program
output/pro-
gram data
input
Address Address PSEN output | ALE output
When EA = L, output/pro- output
OH to FFFFFH gram data
input
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18.2.2 Port Operation When Accessing Data Memory
e Separate bus type (the SELMBUS pin at a high level)

When accessing internal data memory (addresses OH to 11FFH), PO, P1, P2, P3_2,P3_3
and P4 operate as 1/O ports.

When accessing external data memory (addresses 1200H to FFFFFH), set ports PO, P1,
P2, P3_2, P3 3 and P4 to their secondary functions so that PO operates as a data I/O pin,
P1, P2, and P4 operate as address output pins, and P3_2 and P3_3 operate as RD and WR
output pins.

Ifthe EApinisatalowlevel, PO, P1, P2 and P4 are automatically setas bus ports (secondary
function control registers and mode registers are set) when reset (RES signal input,
execution of a BRK instruction, overflow of the watchdog timer, opcode trap). Because
P3_2 and P3_3 are automatically set as input ports instead of RD and WR output pins,
before external data memory is accessed, they must be set as secondary function outputs.

Ofthe ports that are automatically set as bus port functions when the EA pinis ata low level,
if upper address or other output is unnecessary, then after reset, those ports can be
operated as I/O ports by resetting their secondary function control register.

Table 18-3 lists the operation of PO, P1, P2, P3_2, P3_3 and P4 in the separate bus type
during a data memory access.

Table 18-3 PO, P1, P2, P3_2, P3_3 and P4 Operation During Data Memory Access
(Separate Bus Type)

Data to be ) P1, P2, P4 P3_2,P3_3
Address PO operation . .
accessed operation operation
Internal data OH to 11FFH I/0 port
After set as After set as After set as
secondary secondary secondary
External data 1200H to FFFFFH . . . . .
function output 1, | function output 1, | function output,
data I/0 address output | RD and WR output

*1 If the EA pin is at a low level, PO, P1, P2 and P4 are automatically set as secondary
function outputs when reset.
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e Multipexed bus type (the SELMBUS pin at a low level)

When accessing internal data memory (addresses OH to 11FFH), PO, P1, P2, P3 0,P3_2
and P3_3 operate as /O ports.

When accessing external data memory (addresses 1200H to FFFFFH), set ports PO, P1,
P2, P3 0, P3_2and P3_3to their secondary functions so that PO operates as an address
output and data I/O pin, P1 and P2 operate as address output pins, P3_0, P3_2 and P3_3
operate as ALE, RD and WR output pins.

If the EA pin is at a low level, PO, P1 and P2 are automatically set as bus ports (secondary
function control registers and mode registers are set) when reset (RES signal input,
execution of a BRK instruction, overflow of the watchdog timer, opcode trap). Because
P3_2 and P3_3 are automatically set as input ports instead of RD and WR output pins,
before external data memory is accessed, they must be set as secondary function outputs.

Ofthe ports that are automatically set as bus port functions when the EA piniis ata low level,
if upper address or other output is unnecessary, then after reset, those ports can be
operated as I/O ports by resetting their secondary function control register.

Table 18-4 lists the operation of PO, P1, P2, P3_0, P3_2 and P3_3 in the multiplexed bus
type during a data memory access.

Table 18-4 PO, P1, P2, P3_0, P3_2 and P3_3 Operation During Data Memory Access

(Multiplexed Bus Type)

Data to be ) P1, P2 P3_0, P3_2,P3_3
Address PO operation . .
accessed operation operation
Internal data OH to 11FFH I/0 port
After set as After set as After set as
secondary secondary secondary

External data 1200H to FFFFFH . . . . .
function output 1, | function output 1, | function output,

data I/0 address output | ALE, RD and WR

output

*1 Ifthe EA pinis at a low level, PO, P1 and P2 are automatically set as secondary function
outputs when reset.
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18.3 External Memory Access

18.3.1 External Program Memory Access

e Separate bus type (the SELMBUS pin at a high level)

A program memory space of 1IMB maximum (00000H to FFFFFH) can be accessed with
the 16-bit program counter (PC) and 4-bit code segment register (CSR). When the EA pin
is setto a high level, program addresses from 10000H to FFFFFH access external program
memory. When the EA pinis setto alow level, program addresses from 00000H to FFFFFH
access external program memory.

If the EA pin is set to a high level and external program memory is to be used from 10000H
to FFFFFH, then PO, P1, P2 and P4 must be set as secondary function outputs. In addition,
P3_1 (PSEN output) must also be set as a secondary function output.

Figure 18-1 shows an example connection of external program memory (ROM) in the
separate bus type.

External ROM
Microcontroller (1MB max.)

DO to D7 (P0_0 to P0_7) K 00 to 07

AQ to A19 (P4_0to P4_7,

P1_0to P1_7, P ADto A19
P20 to P2_3)
(P3_1) PSEN ~J OE

,J:CCE

Figure 18-1 External ROM Connection Example (Separate Bus Type)
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e Multiplexed bus type (the SELMBUS pin at a low level)

A program memory space of 1IMB maximum (00000H to FFFFFH) can be accessed with
the 16-bit program counter (PC) and 4-bit code segment register (CSR). When the EA pin
is setto a high level, program addresses from 10000H to FFFFFH access external program
memory. When the EA pinis setto alow level, program addresses from 00000H to FFFFFH
access external program memory.

If the EA pin is set to a high level and external program memory is to be used from 10000H
to FFFFFH, then PO, P1 and P2 must be set as secondary function outputs. In addition,
P3_0 and P3_1 (PSEN output) must also be set as a secondary function output.

Figure 18-2 shows an example connection of external program memory (ROM) in the
multiplexed bus type.

External ROM

Microcontroller (1MB max.)
00 to O7
Latch
ADO to AD7 (P0_0 to P0_7) cirouit > AOto A7
(P3_0) ALE !
A8 to A19 (P1_0to P1_7, A8 to A19
P2_0to P2_3) % ©
(P3_1) PSEN =J OE
& L

Figure 18-2 External ROM Connection Example (Multiplexed Bus Type)
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18.3.2 External Data Memory Access

e Separate bus type (the SELMBUS pin at a high level)

A data memory space of 1MB maximum (0000H to FFFFFH) can be accessed with the 16-
bit RAM address pointer (RAP) and 4-bit data segment register (DSR). Data addresses
from 0000H to 11FFH access internal data memory. Data addresses from 1200H to
FFFFFH access external data memory. External data memory is accessed in 8-bit (byte)
units.

If external data memory is to be used, PO must be set as a secondary function output
(memory data I/O). Also, corresponding to the memory address, P1, P2 and P4 must be
set as secondary function outputs (address outputs). In addition, P3_2 and P3_3 must be
set as secondary function outputs (WR and RD outputs).

If the EA pinis at a low level, PO, P1, P2 and P4 automatically become secondary function
outputs.

If necessary. insert external pull-up resistors at the WR and RD pins.

Figure 18-3 shows an example connection of external data memory (RAM) in the separate
bus type.

External RAM

Microcontroller (1MB max.)
DO to D7 (P0_0 to P0_7)K > 100 to 107
A0 to A19 (P4_0to P4_7,
P1_0toP1_7, 2| ADto A19
P2_0to P2_3)
(P3_2) RD g OE
(P3_3) WR|_o d WE
% E L —J >»>—d CE
Vbp

Figure 18-3 External RAM Connection Example (Separate Bus Type)
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e Multiplexed bus type (the SELMBUS pin at a low level)

A data memory space of 1MB maximum (0000H to FFFFFH) can be accessed with the 16-
bit RAM address pointer (RAP) and 4-bit data segment register (DSR). Data addresses
from 0O000H to 11FFH access internal data memory. Data addresses from 1200H to
FFFFFH access external data memory. External data memory is accessed in 8-bit (byte)
units.

If external data memory is to be used, PO must be set as a secondary function output
(memory data I/O). Also, corresponding to the memory address, P1 and P2 must be set
as secondary function outputs (address outputs). In addition, P3_0, P3_2 and P3_3 must
be set as secondary function outputs (WR and RD outputs).

If the EA pin is at a low level, PO, P1, P2 and P4 automatically become secondary function
outputs.

If necessary. insert external pull-up resistors at the WR and RD pins.

Figure 18-4 shows an example connection of external data memory (RAM) in the
multiplexed bus type.

External RAM

Microcontroller (1MB max.)
100 to 107
ADO to AD7 Latch —
(PO_0 to PO_7) circuit ADto A7
(P3_0) ALE }
A8to A19 (P1_0to P1_7 A8 to A1
P2_0to P2_3 D| ABto A1S
(P3_2)RD g OE
(P3_3WR | o d WE
%f L —3 > —d CcE
Vbp

Figure 18-4 External RAM Connection Example (Multiplexed Bus Type)
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18.4 External Memory Access Timing

18.4.1 External Program Memory Access Timing
Figures 18-5 and 18-6 show the timing for accessing external program memory in the

separate bus type.

Figure 18-7 and 18-8 show the timing for accessing external program memory in the

multiplexed bus type.

For external memory with slow accesstimes, afunctionis available to insert wait cycles (see
Section 4.4, "READY Function"). Use this function to match the access time of the external
memory to be used. The ROMRDY register specifies the number of wait cycles to insert.

For actual AC characteristics, refer to Chapter 20, "Electrical Characteristics".

ovox | [ ] |

P3_1/PSEN t —\—’—\—
AO to A19
(P4_0 to P4_7, >< ><
P1 0toP1_7, PCOto 19 PCOto 19 PCOto 19 PCO to 19
P2_0 to P2_3)
DO to D7
(PO_0 to PO_7) INSTO to 7 INSTO to 7 INSTOto 7

Figure 18-5 External Program Memory Access Timing (No Wait Cycles)
(Separate Bus Type)

oo ][] |

N s N e

P3_1/PSEN

I

A0 to A19

(P4_0 to P4_7,
P1_0to P1_7,

PCO

to 19 PCO to 19

P2_0to P2_3)

DO to D7

INSTO to 7

(PO_0 to PO_7)

\ INSTOto7

Wait cycles inserted as
specified by ROMRDY
Two wait cycles are inserted
in this example.

Figure 18-6 External Program Memory Access Timing (2 Wait Cycles)
(Separate Bus Type)
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CPUCLK

[ | | B

P3_0/ALE ’—‘ —’

P3_1/PSEN 4‘ 4‘
X

A8 to A19
(P1_0to P1_7,
P2_0 to P2_3)

(POA'S%OPS‘DJ) j—< PCOto 7 >—< INSTO to 7 >— PCOto 7 INSTO to 7 >7

Figure 18-7 External Program Memory Access Timing (No Wait Cycles)
(Multiplexed Bus Type)

PC8 to 19 PC8 to 19 ><

oo || [ | L L]
P3_0/ALE 4’—‘ ’—L

P3_1/PSEN

A8 to A19

P1_0toP1 7
ot P23 >< PC8 to 19 PC8 to 19

DO to D7 [
(P00t PO.7) b { PCOto7 } { INSTOto7 >—< PCOto 7

Wait cycles inserted as
specified by ROMRDY
Two wait cycles are inserted
in this example.

Figure 18-8 External Program Memory Access Timing (2 Wait Cycles)
(Multiplexed Bus Type)
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18.4.2 External Data Memory Access Timing
Figures 18-9 and 18-10 show the timing for accessing data program memory in the
separate bus type.

For external memory with slow accesstimes, afunctionis available to insert wait cycles (see
section 4.4, "Ready Function"). Use this function to match the access time of the external

memory to be used. Compared to internal data memory accesses, when accessing

external data memory, 2 or 3 wait cycles are automatically inserted for each 1 byte access.
The RAMRDY register specifies the number of wait cycles to insert in addition to the 3 to

4 cycles that are automatically inserted.

For actual AC characteristics, refer to Chapter 20, "Electrical Characteristics".

v | [ LT L L L
P3_2/RD —\—[

A0 to A19
(P4_0to P4_7,

P1 0toP1 7 RAPO to 19 >< RAPO to 19 >7

P2_0to P2_3)

P3_3/WR

A0 to A19
(P4_0to P4_7,

P1 0to P17, RAPO to 19 >< RAPO to 19 >7

P2_0 to P2_3)

- Ol?c()) It:’OOD77) < Dout 0to 7 >—< Dout0to 7 —

Figure 18-9 External Data Memory Access Timing (Word Access: No Wait Cycles)
(Separate Bus Type)
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oo | ||| | L L

P3_2/RD

A0 to A19
Eaotopa T AAFO 10 19 ———

P2_0 to P2_3)

DO to D7

[ A A\
(P0_0 to P0_7) { Dinoto7)

P3_3/WR

A0 to A19
Eaotopa T AAFO 10 19 ———

P2_0 to P2_3)

DO to D7
(PO_0to P0O_7)

Dout 0to 7 e

—

Wait cycles inserted as
specified by RAMRDY
Two wait cycles are inserted
in this example.

Figure 18-10 External Data Memory Access Timing (Byte Access: 2 Wait Cycles)
(Separate Bus Type)

18-13



MSM66577 Family User's Manual
Chapter 18 Bus Port Functions

CPUCLK T

P3_0/ALE

P3_2/RD

A8 to A19
(P1_0to P1_7,
P2_0 to P2_3)

ADO to AD7
(PO_0 to PO_7)

P3_3/WR

A8 to A19
(P1_0to P1_7,
P2_0to P2_3)

ADO to AD7
(PO_0 to PO_7)

[

RAP8 to 19 >< RAP8 to 19 >*

RAPO to 7 DinOto7 >—< RAPO to 7 >—< Din0Oto7 >7
RAP8 to 19 >< RAP8 to 19 %

RAPO to 7 DoutOto7 >< RAPO to 7 >< DoutOto 7 %

Figure 18-11 External Data Memory Access Timing (Word Access: No Wait Cycles)
(Multiplexed Bus Type)
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CPUCLK T

P3_0/ALE

P3_2/RD

A8 to A19
(P1_0to P1_7,
P270 to P2_3)

ADO to AD7
(P0_0 to P0_7)

P3_3/WR

A8 to A19
(P1_0to P1_7,
P2_0 to P2_3)

DO to D7
(PO_0 to PO_7)

Figure 18-12 External Data Memory Access Timing (Byte Access: 2 Wait Cycles)

-

RAPS8 to 19

RAPO to 7

\ DinOto 7}

RAPS to 1

RAPO to 7

Dout0to 7

Wait cycles inserted as
specified by RAMRDY
Two wait cycles are inserted

in this example.

(Multiplexed Bus Type)
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18.5 Notes Regarding Usage of Bus Port Function

18.5.1 Dummy Read Strobe Output

The MSM66577 family of microcontrollers utilize the nX-8/500S, Oki’s proprietary 16-bit
CPU core.

The instruction code of the nX-8/500S uses 8 bits as its basic unit and consists of 1 to 6
bytes. Instructions are classified as NATIVE instructions for commonly performed
operations or as COMPOSIT instructions to realize a wide range of addressing. NATIVE
instructions consist of 1 to 4 bytes and are used to achieve high coding and processing
efficiency.

COMPOSIT instructions consist of a 1 to 3 byte address field (PREFIX) and a 1 to 3 byte
operation field (SUFFIX). The PREFIX and SUFFIX are combined to realize a wide range
of addressing.

If instructions accompanying a write to external data memory are to be executed. an
unnecessary RD signal (dummy RD) will be output before the actual access (WR signal) if
some of those instructions are COMPOSIT instructions. (This is limited to cases where the
PREFIX specifies an external data memory area.) For byte and bit accesses, adummy RD

signal is output once. For word accesses, a dummy RD signal is output twice.

Some considerations must be exercised in cases where the above mentioned read strobe
affects the internal operation of peripheral devices.

Using the bus port function, the specific example of connecting and accessing the 8251
serial interface LSI chip as a peripheral device will be described.

[Example]

When the microcomputer writes to the transmit buffer of the 8251, if COMPOSIT instructions
are used with the above conditions, output of the dummy read strobe will cause data in the
receive buffer to be read. If receive data exists in the receive buffer, the 8251 will determine
that the CPU has finished reading data, and the receive ready output signal will be reset.

Some considerations must be exercised in cases where peripheral devices operate
differently when read and write operations are performed at the same address.
These types of problems can be avoided by using NATIVE instructions.

For example, a dummy strobe is not output if load and store instructions (L, LB, ST, STB)
are used to read from and write to the accumulator (ACC). (If programming in C language,
these sections can be written as assembler functions.)

If general-purpose memory (RAM or ROM) is connected to a bus port, the problems
described above should not occur. Problems only occur if a connected peripheral device
(functional device) is accessed using COMPOSIT instructions as described above and the
read strobe affects the internal operation of the peripheral device.

Connect peripheral devices to bus ports based on an understanding of the operation
described herein and the function and operation of peripheral devices.

Tables 18-5 and 18-6 list PREFIX and SUFFIX combinations (instructions) that output a
dummy RD when an external data memory area is accessed.

In the tables, PREFIX addressing is inserted at the "*" in the SUFFIX column.
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Table 18-5 Instructions (Byte/Bit Manipulations) in Which a Dummy RD Occurs Once
(PREFIX and SUFFIX Combinations)

SUFFIX PREFIX
Instruction symbol |Instruction code * Instruction code
SB * 08+bit Rn 68+n
RB * 00+bit [X1] BO
SBR * B8 [DP] B2
RBR * B9 [DP-] B1
TBR * CA _I_ [DP+] B3
MB *.bit, C 18+bit off B5
MBR *.bit, C BB dir B7
MBR C, *.bit BA N16[X1] B8
MOVB *A AA N16[X2] B9
MOVB *#N8 AB n7[DP] 9B
CLRB * Cc7 n7[USP] 9B
FILLB * D7 [X1+A] BA
[X1+R0] BB

Table 18-6 Instructions (Word Manipulations) in Which a Dummy RD Occurs Twice
(PREFIX and SUFFIX Combinations)

SUFFIX PREFIX
Instruction symbol |Instruction code * Instruction code
MOV  *A AA ERnN 64+n
MOV *#N16 AB _I_ [X1] AO
CLR ~ Cc7 [DP] A2
FILL * D7 [DP-] A1
[DP+] A3
off A5
dir A7
N16[X1] A8
N16[X2] A9
n7[DP] 8B
n7[USP] 8B
[X1+A] AA
[X1+R0] AB
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18.5.2 External Bus Access Timing

The MSM66577 family employs a high-speed separate address and data bus type for
external bussing.

Ifthe MSM66577 family runs at high speed, the read and write strobe signals may be in their
logically active states before the address outputs are changed and then set up. Care must
be taken for AC characteristics when peripheral devices, such as general-purpose SRAMSs,
whose address outputs have to be set up on the rising edge of the WR signal are connected
using the bus port function.

Refer to the AC characteristics (Chapter 20, "Electrical Characteristics") for operating
frequencies to be used.

The AC characteristic values are given under the conditions listed below:

 Load capacitor C| =50 pF
* Measurement point for AC timing
VOL/VOH =0.8V/2.0V for Vpp=45t055V
VOL/VOH = 0.16VDD/0.44VDD for VDD =24t03.6V
» Ambient temperature Ta =-30to +70°C
» Power supply voltage Vpp =2.41t0 3.6 V/4.5t05.5V

In order to set up the address value before the WR signal is made to its logically active state
under the above conditions, either of the following operating frequencies should be
provided:

«f=11 MHz or less for Vpp =2.41t0 3.6 V
«f=20 MHz or less for Vpp =4.5t0 5.5V

The upper limits of operating frequencies will actually be varied according to conditions
(load capacitance and supply voltages on the printed circuit boards) of products to which
the MSM66577 family is to be applied.

The contents described above should be considered to connect the peripheral devices,
such as general-purpose SRAMs.
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19. Flash Memory

19.1

19.2

Overview

The MSM66577 family provides a flash ROM version, which is equipped with an electrically
programmable non-volatile memory (flash memory) as the internal program memory. With
three types of flash memory programming modes, the flash ROM version can be
programmed even after being installed in a system.

There are two types of flash ROM version: the MSM66Q577 operates in the range of 4.5
to 5.5 V and the MSM66Q577LY operates in the range of 3.0 to 3.6 V. Select the device
that matches the voltage range to be used.

Features

Power supply voltage
MSM66Q577 (4.5 to 5.5 V operation) ... Can be programmed with a single 4.5 to
5.5 V power supply

MSM66Q577LY (3.0to 3.6 V operation) ...  Can be programmed with a single 3.0 to
3.6 V power supply

Programming modes
Flash memory has the following three programming modes.

- Parallel mode Can be programmed with a PROM writer of MINATO
ELECTRONICS make

- Serial mode Can be programmed with a flash memory writer

- User mode Can be programmed by program execution.

Programming blocks
Flash memory is programmed in blocks of 128-byte units.

Auto-erase function
Since an auto-erase function is provided to automatically erase the block to be written to
prior to programming, it is unnecessary to erase flash memory before programming.

Programming Time

Programming time for the flash memory is listed below.

- Programming (128 byte unit) ... Approx. 40 ms (at4.5t05.5V)
Approx. 50 ms (at 3.0 to 3.6 V)

Write protect function
Flash memory has a built-in power-on write protect function that automatically disables
programming for approximately 20 ms after power is turned on.

In addition, there is an acceptor function to preventincorrect programming in the user mode
due to a running of out-of-control program.
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19.3

1)

)

Security function

Flash memory has a built-in security function that disables reading of contents of memory
externally and / or programming externally. The security function is set in the serial mode,
but once the security function is set, contents of memory cannot be externally read from or
programming cannot be performed externally, in any programming mode.

The security function cannot be set in the parallel mode or in the user mode.

Programming Modes

Flash memory has the following three programming modes. Since an auto-erase function
is provided for all the programming modes, it is not necessary to erase the flash memory
prior to programming.

Figure 19-1 shows a block diagram of the flash memory programming modes.

Parallel mode
Programming in this mode is performed with a PROM writer of MINATO ELECTRONICS
make. A special program to write to flash memory is unnecessary.

In the parallel mode, connect Oki Electrics’ flash memory program conversion adapter
(model no. MTP66573) to a ROM writer with model no. 1893 (version 1.20d or later) or 1931
(version 1.20d or later) manufactured by MINATO ELECTRONICS, Inc. and then perform
the programming.

Serial mode

Programming in this mode is performed with a flash memory writer. A special program to
write to flash memory is unnecessary. Flash memory can be programmed by a single
microcontroller or after it is mounted on a printed circuit board.

In the serial mode, connect a flash memory writer (model no. PW66K) or a flash
microcontroller programmer (model no. AF200) manufactured by YDC Corporation to the
two microcontroller pins (P9_2, P9_3), the EA pin, and Vpp and GND pins, and then perform
the programming. Programming is performed while the microcontroller is in the reset or
STOP modes.
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(3) User mode
In this mode, instead of using a programming writer, programming is performed by
executing a program that writes to flash memory. Programming can be performed after the
device is mounted on the circuit board.

In the user mode, programming is performed by executing a write program already stored
(using either the serial mode or parallel mode) in flash memory of the microcontroller.

. Flash memory
(1) Parallel ;RA%MAV.\%? program conversion Parallel <:>
mode make adapter interface
MTP66573
PW66K or flash
. i troller ; Memory Flash
(2) Serial microcon Serial
mode | Programmer inteﬁace<:> control <:> memory
AF200*2 of circuit
YDC*3 make
""" Writeris |
@)U i unnecessary. :
3)User : (Memoryis ‘| , CPU
mode | programmed ([ [Peripherals( N CPU K inia o)
i by execution of :
! write program.) |
""""""""""" Flash ROM version

*1: MINATO is MINATO ELECTRONICS, Inc.
*2: AF200 is a trademark of YDC Corporation
*3: YDC is YDC Corporation

Figure 19-1 Block Diagram of Programming Modes
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19.4 Parallel Mode

19.4.1 Overview of the Parallel Mode

Programming in the parallel mode is performed with a PROM writer with model no. 1893
(version 1.20d or later) or 1931 (version 1.20d or later) manufactured by MINATO
ELECTRONICS, Inc. The writing and reading of programs is performed by connecting OKki
Electric’s flash memory program conversion adapter (MTP66573) to a PROM writer.
Figure 19-2 shows a connection diagram. Since an auto-erase function is provided, flash
memory does not have to be erased prior to programming.

[Note] The security function cannot be set in the parallel mode.

19.4.2 PROM Writer Setting
For the details of PROM writer settings, refer to the manual of the PROM writer used.
When writing data, be sure to use the device code "MSM66Q577," which has been
registered exclusively for the MSM66Q577, or "MSM66Q577L," which has been registered
exclusively forthe MSM66Q577L. Inaddition, never use the Silicon Signature mode, which

automatically sets a device code when an LSlisinserted. Referto the PROM writer manual
for details.

19.4.3 Flash Memory Programming Conversion Adapter
Use Oki Electric’s flash memory program conversion adapter (MTP66573).

Flash ROM version

PROM writer of MINATO ELECTRONICS make

Figure 19-2 Parallel Mode Connection Diagram
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19.5 Serial Mode

19.5.1 Overview of the Serial Mode

Programming in the serial mode is performed with a flash memory writer. Programs can
be written or read by a single microcontroller or after itis mounted on a printed circuit board.

In the serial mode, the writing and reading of programs is performed by connecting the flash
memory writer PW66K or YDC Corporation's flash microcontroller programmer AF200 to
the two microcontroller pins (P9_2,P9_3), the EApin, and Vppand GND pins. Programming
and reading are performed while the microcontroller is in the reset or STOP mode. Since
an auto-erase function is provided, flash memory does not have to be erased prior to
programming.

19.5.2 Serial Mode Settings

The serial mode is set automatically by connecting the flash microcontroller programmer
to the specific pins and then executing a programming or read operation. When writing or
reading is complete, the serial mode setting is released.

(1) Pins used in serial mode
Table 19-1 lists the pins used in the serial mode.

The serial mode can only be set while the microcontroller is in reset or STOP mode. Be
careful of the high voltage (approx. 9 V) that the flash microcontroller programmer applies
to the EA pin to set the serial mode. Vpp is connected to monitor Vpp of the user system.

Table 19-1 List of Pins Used in Serial Mode

Pin name Flash memory function
P9_2 FLACK (serial clock input)
P9_3 FLADAT (serial data I/0)
EA FLAMOD (high voltage input to set serial mode)
Vbb User system Vpp monitor
GND Ground

[Note]
During the serial mode, the voltage higher than the power supply (approx. 9 V) is
applied to the EA pin by the flash microcontroller programmer.
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(2) Serial mode connection circuit
Inthe serial mode, the flash memory writer (PW66K) or the flash microcontroller programmer
(AF200) must be connected to the P9_2, P9_3, EA, Vpp and GND pins of the flash ROM
version in the user system. In addition, install a switch in the user system to cut off the user
system during programming and reading in the serial mode.

Figure 19-3 shows serial mode connection circuit example 1.

Flash ROM version /'SWi'[Ch
o

(FLACLK) P9 2(———————o
(FLADAT) P9_3 | ————————0

(FLAMOD) EA |-———————0
RES|——0

To user system

Vbp

GND
I

N/

To flash microcontroller programmer

* Connect in the case of resetting
and programming/reading on the
flash microcontroller programmer.

Figure 19-3 Serial Mode Connection Circuit Example 1
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If not possible to install a switch in the user system, do not use pins P9_2 and P9_3 with
the user system and connect them only to the flash microcontroller programmer. Also,
connect each of the P9_2, P9 3 and EA pins through a resistor of approximately 100 kQ
to Vpp.

Figure 19-4 shows serial mode connection circuit example 2.

[Note]
The programming and reading in the serial mode are performed while the microcontroller
is in the reset or STOP mode. To execute the programming/reading during reset, apply
"L" level to the RES pin. In the case where the flash microcontroller programmer does not
apply "L" level to the RES pin, the "L" level should be applied by the user application
system.

Flash ROM version

Approx. 100 kQ
(FLACLK) P9_2 VVV
(FLADAT) P9_3 MAN—
(FLAMOD) EA AN
RES
Vbp To user application
system
GND I

To flash microcontroller programmer

Figure 19-4 Serial Mode Connection Circuit Example 2

19-7



MSM66577 Family User's Manual
Chapter 19 Flash Memory

®3)

(4)

(5)

Serial mode programming method
Programming in the serial mode is performed with the use of a flash memory writer (PW66K)
or a flash microcontroller programmer (AF200).

The procedure for programming with the flash microcontroller programmer is listed below.
Refer to the PW66K and AF200 User's Manuals for details of the flash microcontroller
programmer.

1) Connect the flash microcontroller programmertothe P9_2, P9 3, EA, Vpp and GND pins
of the flash ROM version.

2) Set the microcontroller to the reset or STOP mode.

- The flash microcontroller will generate a protocol error if other than reset or STOP mode
is set.

3) Perform the programming or read operation with the flash microcontroller programmer.

- The serial mode is set automatically.

4) Verify that operation of the flash microcontroller programmer has been completed
correctly.

- The serial mode is released automatically.

5) Release reset or the STOP mode.

- The microcontroller runs the program that has been written.

Setting of security function

The security function can be set or reset in the serial mode. For the setting method, refer
to the User's Manual for the flash microcontroller programmer.

When the security function is set, the flash memory outputs 0s, for external reading,
throughout its entire area and programming are disabled, in all programming modes.

Notes on use of serial mode

If programming is performed during the STOP mode, while programming is in progress, do
not generate an interrupt or a reset via the RES pin input. If generated, the CPU may run
out of control after the serial mode is released. During the STOP mode, execution of BRK
instructions, overflow of the watchdog timer, and opcode traps will not generate reset. If
an interrupt or reset is generated, reprogram the entire flash memory area.

In addition, when programming in the serial mode is performed during the STOP mode, do
not allow external interrupts 6 and 7 to be generated (set EXINT 6 and 7 valid edges of
EXILCON to interrupt input invalid).
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19.6 User Mode

19.6.1 Overview of the User Mode

Instead of using a programming writer, programming in the user mode is performed by
executing a program on the user's system to write to flash memory. Programming can be
performed even after the microcontroller is mounted on a circuit board in the user’s system.
Since an auto-erase function is provided, flash memory does not have to be erased prior
to programming.

The user mode executes a program to write to flash memory. The program is prepared to
contain commands to execute the write operation and the I/O method of data to be written.
The program must be written (using either the serial mode or parallel mode) to flash memory

in advance.

Figure 19-5 shows a block diagram of the user mode.

[Note]

The security function cannot be set in the user mode.

128KB
flash
memory

N~

CPU
interface
control
circuit

CPU
4KB RAM Peripheral
300H to 37FH

Flash ROM version

Figure 19-5 User Mode Block Diagram
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19.6.2 User Mode Programming Registers

The MSM66577 family has internal special function registers (SRFs) for programming with
the user mode. Programming in the user mode is performed by controlling the following
registers: the flash memory control register (FLACON), the flash memory address register
(FLAADRS) and the flash memory acceptor (FLAACP).

Table 19-2 lists a summary of the SFRs for the user mode.

Table 19-2 Summary of SFRs for User Mode

Address Symbol | Symbol 8/16 Initial | Reference
Name R/W .
[H] (byte) (word) Operation | value [H] page
00F0+r| Flash memory acceptor FLAACP — w 8 "0" 19-11
Flash memory control
00F1 5 ) FLACON — R/W 8 Cc6 19-12
register
00F2+r | Flash memory address — )
) ——FLAADRS| R/W 16 Undefined| 19-11
00F3 register —

Notes:
1. A star (5¥) in the address column indicates a missing bit.

2. For details, refer to Chapter 21, "Special Function Registers (SFRs)".
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19.6.3 Description of User Mode Registers

(1) Flash memory address register (FLAADRS)
Bits 3 to 12 (FA7 to FA16) of the FLAADRS register set the flash memory address to be
programmed.

Figure 19-6 shows the configuration of FLAADRS.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLaaDRs | — | — | — [Fate|Fats[Fat4 | Fat3]Fat2 [Fat1[Fato Fao [Fas [Fa7 | — [ — | — |
At reset 1 1 1 Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 1 1 1

Lo LT L] e

FA16to 7
Programming address
15({14|{13|12(11{10| 9 |8 | 7
ojojo|o|ofo|0O|0O|O 0000H to 007FH
o(ojojo|0j0|0|1 0080H to 00FFH
ojojo|o|ofo|O|1|O 0100H to 017FH

1)1 (1{1|11[1]0
T (1|11 ]1
T (1|11 1]1

-

1FE8OH to 1FEFFH
1FFOOH to 1FF7FH
1FF80H to 1FFFFH

o

—_

"—" indicates a nonexistent bit.
When read, its value will be "1".

Figure 19-6 FLAADRS Configuration

(2) Flash memory acceptor (FLAACP)
FLAACP is an acceptor used when data is to be set in the flash memaory control register.
FLAACP is set to "1" when the program writes n5H, nAH (n = 0 to F) consecutively.
Programming the flash memory resets FLAACP to "0".

Figure 19-7 shows the FLAACP configuration.

| Address: 00F0 [H]

FLAACP | | | | | | | | R/W access: W

Consecutive writing of n5H, nAH
enables writing to FLACON.

Figure 19-7 FLAACP Configuration

19-11



MSM66577 Family User's Manual
Chapter 19 Flash Memory

(3) Flash memory control register (FLACON)
FLACON is a 4-bit register that controls programming and operation of the flash memory.

Figure 19-8 shows the FLACON configuration.

7 6 5 4 3 2 1 0 .
FLacoN [ — [ — [awpord Fowki[Foiko]| — | — | PR | R,WA:cdéz:; 39\',:\,1 H]
At reset 1 1 0 0 0 1 1 0

| 0 | Programming completed

—_

Programming request

FCLK

1To Flash memory transfer clock
0|0 1/16 OSCCLK

0|1 1/8 OSCCLK

1 1/4 OSCCLK

"—" indicates a nonexistent bit.
When read, its value will be "1".

"*" indicates a "0" or "1".

Figure 19-8 FLACON Configuration

Writes to bits 0, 3, and 4 of FLACON are valid after consecutively writing n5H, nAH (n=0
to F) to FLAACP so that the flash memory acceptoris setto "1". FLAACP is resetto "0" after
the flash memory is programmed. To reprogram the flash memory, it is necessary to once
again set the flash memory acceptorto "1". Also, while the security is being set, itis not able
to write to bits 0, 3, and 4 of the FLACON.
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[Description of each bit]
- PRG (bit 0)
If PRG (bit 0) of FLACON is set to "1", after the execution of one instruction, the CPU will
enter the hold state and data at internal RAM addresses 300H through 37FH will be
transferred to flash memory. Then, a flash memory block will be cleared by the auto-erase
function and the write operation performed.

After programming is completed, the hold state is released and this bitis reset to "0". Prior

to programming. set the address to be written in FLAADRS and the data to be written in
internal RAM addresses 300H to 37FH.

Notes:
- Ifaninterrupt occurs during programming of the flash memory, processing of the interrupt
is suspended. The interrupt is processed after programming is completed.

- If reset is initiated by input to the RES pin during programming of the flash memory, the
reset is processed after programming is normally completed in the flash memory.

Figure 19-9 shows the relationship between internal RAM and flash memory.

Internal RAM Flash memory
200H
0000H
300H
128 bytes
37FH
128KB

flash memory
4KB RAM

Data from internal RAM
11FFH
128 bytes - gddresses 300H to 37FH
is programmed to the address
specified by FLAADRS.

OFFFFH

Figure 19-9 Relation between Internal RAM and Flash Memory
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. FCLKO, FCLK1 (bits 3,4)

FCLKO (bit 3) and FCLKZ1 (bit 4) of the FLACON register are bits that set the clock that
transfers data from internal RAM addresses 300H through 37FH to flash memory. At
reset, since both FCLKO and FCLK1 become "0", 1/16 CLK will be selected as the transfer
clock.

Set FCLKO and FCKL1 such that the transfer clock frequency is 10 MHz or less for the
MSM66Q577 (4.5 to 5.5 V programming voltage) and 6.6 MHz or less for the
MSM66Q577LY (3.0 to 3.6 V programming voltage).

- AMPOFF (bit 5)
AMPOFF (bit 5) of FLACON is a bit that is provided to control the sense amplifiers of the
flash memory. However, the sense amplifiers constantly have intermittent access to the
flash memory regardless of the state of this bit, in which case the flash memory enters
the low power mode.
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19.6.4 User Mode Programming Example

)

User mode programming flowchart example
Figure 19-10 shows a flowchart for user mode programming of flash memory.
Since an auto-erase function is prepared, flash memory does not have to be erased prior

to programming.

e

Set the programming address
in FLAADRS

Set programming data in internal
RAM addresses 300H to 37FH

Set the flash memory acceptor

Set the PRG flag

Execute one instruction

Automatically enter hold state

Programming execution

Automatically release hold state

Verify the programmed data

< Programming complete >

Set FLAADRS (FA7 to FA16) with the upper ten bits of the address
desired to write to in 128 byte units.

Using serial I/0 or external memory access, set the programming
data in internal RAM addresses 300H through 37FH.

Write the consecutive values of n5H, nAH (n = 0 to F) to FLAACP to
set the flash memory acceptor to "1." Programming the flash
memory causes the flash memory acceptor to be reset to "0."

Set the program (PRG) flag of FLACON. Programming causes the
PRG flag to be reset to "0."

After the PRG flag is set, the CPU executes one instruction.
(Example: NOP instruction)

After the execution of one instruction, the CPU automatically enters
the hold state.

When the CPU enters the hold state, data in internal RAM addresses
300H through 37FH is transferred to the flash memory, and
programming (with the auto-erase function) is performed.

After completion of flash memory programming, the hold state is
automatically released and the CPU executes the next instruction.
Verify that data has been written to the flash memory. ROM table

reference instructions may be used to verify the data.

Note: If programming has been performed by an external program,
the programmed data cannot be verified.

Figure 19-10 Programming Flowchart Example
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(2) User mode programming program example

Listed below is an example program that programs data to flash memory addresses 5500H

through 557FH (128 bytes) and then verifies the data of those 128 bytes.

It is assumed that the data to be programed has already been stored in internal RAM

addresses 300H through 37FH.

MOV FLAADRS,#0550H Set the start address (5500H) for programming.

MOVB FLAACP,#05H

MOVB FLAACP #0AH Set the flash memory acceptor.

MOVB FLACON,#11H Set the PRG flag.

NOP After execution of one instruction, the hold state
is entered and programming begins. When
programming is complete, the hold state is
released.

MOV DP,#300H Set the internal RAM address in DP.

MOV ERO,#5500H Set the flash memory address in ERO.

SDD Set the data descriptor.

LOOP:

LC A, [EROQ] Load flash memory data into the accumulator.

CMP A, [DP+] Compare accumulator and internal RAM data,
then increment the internal RAM address by +2.

JC NE,ERR If they are not equal, jump to the error routine.

ADDB RO,#02H Increment the flash memory address by +2.

JBR R0.7,LOOP If verification of the 128 bytes is not complete,
jump to LOOP.

ERR: Perform error processing.

Note: If programming has been performed by an external program, the programmed data
cannot be verified.

19.6.5 Notes on Use of User Mode

Note the following items when generating a program to be used with the user mode.

- Ifaninterrupt occurs during programming of the flash memory, processing of the interrupt
is put on hold. The interrupt is processed after programming is completed.

- If reset is initiated by input to the RES pin during programming of the flash memory, the
reset is processed. However, the flash memory area that was in the process of being
programmed will have been incorrectly programmed. If reset is initiated during
programming, reprogram the flash memory area that was in the process of being
programmed.

- Do not program to the flash memory area that contains the programming program being
executing. (After programming is completed, the CPU program control will run out of
control.)

- Development tools (emulator) cannot evaluate programming or erasing.
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19.7 Notes on Program

1)

)

@)

Programming of flash memory immediately after power-on

Programming to flash memory is automatically disabled for approximately 20 ms (for both
4.5t05.5V and 3.0 to 3.6 V devices) after power is turned on. Therefore, if flash memory
is to be programmed immediately after power is turned on, wait for the above time by
guaranteeing a power-on reset time.

Note on STOP mode release

Flash memory requires a standby time of at least 50 us when the STOP mode is released.
Therefore, set the standby control register (SBYCON) to guarantee the stabilization time
for main clock (OSCCLK) oscillation when the STOP is released.

Supply voltage sense reset function

If the internal ROM (high level input to the EA pin) of the MSM66Q577LY/MSM66Q577 is
operative, the reset function is implemented at a supply voltage of 3 V or less for the
MSM66Q577 (the version operating in the range of 4.5t0 5.5 V) and at a supply voltage of
1.5V or less for the MSM66Q577LY (the version operating in the range of 3.0 to 3.6 V).
Programming is automatically disabled for approximately 20 ms after the reset function is
implemented. Also, the reset function is not implemented during the STOP mode (only
when oscillation of the main clock is terminated).
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20. Electrical Characteristics

20.1 Absolute Maximum Ratings

Parameter Symbol Condition Rated value Unit
Digital power supply voltage Voo MSM66577/Q577 -0.3to +7.0 \Y
MSM66577L/Q577LY -0.3to +4.6 Vv
Input voltage v, | GND=AGND — -03toVpp+03 | V
Output voltage Vo Ta_ 25\{0 — -0.3toVpp+0.3 | V
Analog reference voltage VREE — -0.3to Vpp + 0.3 Vv
Analog input voltage Val — -0.3 to VRer Vv
Power dissipation Pp plf;azgaze 100-pin TQFP 650 mwW
Storage temperature Tstg — -50 to +150 °C
20.2 Recommended Operating Conditions
Parameter Symbol Condition Range Unit
MSM66577 fosc <30 MHz 45t05.5
Digital power supply Vo MSM66577L fosc <14 MHz 2.41t03.6 v
voltage MSM66Q577 fosc <30 MHz 45t05.5
MSM66Q577LY | fosc <14 MHz 3.0t0 3.6
Analog reference voltage VREF — Vpp - 0.3 to Vpp \Y
Analog input voltage Val — AGND to VRer V
Memory hold voltage Voou MSM66577/Q577 fosc = 0 Hz 2.0to 5.5 Vv
MSM66577L/Q577LY 2.0t0 3.6
MSM66577 Vpp=4.5t055V 21030
fosc MSM66577L Vpp=24t03.6V 2to 14
Operating frequency MSM66Q577 Vpp=45t055V 21030 MHz
MSM66Q577LY | Vpp =3.0t0 3.6 V 2to 14
fxr — 32.768 kHz
Ambient temperature Ta — -30to +70 ‘C
MOS load 20 —
PO, P3, P11 6 —
Fan out N
TTL load |P1, P2, P4, P5, P6, P7,

P8, P9, P10, P14, P15

1
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20.3 Allowable Output Current Values
MSM66577L/577 (Vpp = 2.4 t0 3.6 V/4.5t0 5.5V, Ta = =30 to +70°C)
0 6 5t05.5V, T

MSM66Q577LY/Q577 (Vpp = 3.0 to 3.6 V/4. , Ta=-30to +70°C)
Parameter Pin Symbol Min. Typ Max. Unit
"H" output pin (1 pin) All output pins loH — — -2
"H" output pins Sum total of all
uiput P! ! ) 2 loH — — -40
(sum total) output pins
"L" output pin (1 pin) PO, P3, P11 loL — — 10
Other ports 5
S
um total of 80
PO, P3, P11
Sum total of mA
, P1, P2, P4
"L" output pins
(sum total) Sum total of | | 50
u — —
P5, P6, P9 o
Sum total of
P7, P8, P10, P14, P15
Sum total of
, 140
all output pins
[Note]

Each of the family devices has unique pattern routes for the internal power and ground.
Connectthe power supply voltage to all Vpp pins and the ground potential to all GND pins.
If a device may have one or more Vpp or GND pins to which the power supply voltage
or the ground potential is not connected, it cannot be guaranteed for normal operation.

20.4 Internal Flash ROM Programming Conditions

Parameter Symbol Condition Rating Unit
MSM66Q577 451t05.5 \
Supply voltage Vbb
MSM66Q577LY 3.0t0 3.6 \Y
Ambient temperature Ta During Read ~30t0 +70 °C
During Programming 0 to +50 °C
Endurance CEP — 100 Cycles
Blocks size — — 128 bytes
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20.5 DC Characteristics

20.5.1 DC Characteristics (Vpp =4.5t0 5.5V)

MSM66577/Q577 (Vpp = 4.5 to 5.5V, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit

"H" input voltage 1 Vi . 0.44Vpp — Vpp + 0.3
"H" input voltage ~ *2,3,"4,5,"6 0.80Vpp — Vpp + 0.3
"L" input voltage *1 Vi . -0.3 — 0.16Vpp
"L"input voltage  *2,3,4,’5,'6 -0.3 — 0.20Vpp
"H" output voltage  *1, *4 :Z ; :3000:2 xzz - gg — —

VoH \Y
"H" output voltage *2 lo = -200 uA Vip - 04 — —

lo=-1.0mA Vpp - 0.6 — —

"L" output voltage  *1,*4 lo =32 mA — — 0.4

VoL lo=10.0 mA — — 0.8
"L" output voltage *2 lo=1.6mA — — 04

lo=5.0mA — — 0.8

Input leakage current  *3 — — 1/-1
Input current 51 n/lic V| =Vpp/OV — — 1/-250 LA
Input current *6 — — 15/-15
Output leakage current *1,2,"4 | lLo Vo =Vpp/OV — — +10 HA
Pull-up resistance Rpull Vi=0V 25 50 100 kQ
Input capacitance Ci fosc =1 MHz, — 5 — F
Output capacitance Co Ta=25C — 7 — P
Analog reference Iner During A/D operation — — 4 mA
supply current When A/D is stopped — — 10 pA

*1: Applicable to PO

*2: Applicable to P1, P2, P4, P5, P6, P7, P8, P9, P10, P14, P15

*3: Applicable to P12, SELMBUS, EA, NMI

*4: Applicable to P3, P11
*5: Applicable to RES
*6: Applicable to OSCO
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Supply current (Vpp =4.5t0 5.5V)

MSM66577/Q577 (Vpp = 4.5 to 5.5 V, Ta = =30 to +70°C)

Mode Symbol Condition Min. Typ. Max. Unit
) fosc = 30 MHz — 60 80 mA
CPU operation | | 708 iy | MSMESS77 — 80 180 | uA
mode ! XT=ee *| MsmeeQs77 | — 500 800 | uA
HALT mode *2 | IppH fosc = 30 MHz — 40 60 mA

) XT is used — 5 110

OSC is stopped -

XT is not used — 1 100

STOP mode *3 | Ipps LA

OSC is stopped, XT is not used
Vop=2V, Ta=25°C

— 0.2 10

[Note]

Ports used as inputs are at Vpp or 0 V. Other ports are unloaded.

*1: CPU and all the peripheral functions (timer, PWM, A/D, etc.) are activated.

*2: CPU is stopped, and all the peripheral functions (timer, PWM, A/D, etc.) are activated.

*3: CPU and all the peripheral functions are deactivated (The clock timer is being activated when
the XT is used).
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20.5.2 DC Characteristics (Vpp =2.41t0 3.6 V)

MSM66577L (Vpp = 2.4 to 3.6 V, Ta = -30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)
Parameter Symbol Condition Min. Typ. Max. Unit
"H" input voltage *1 v 0.55Vpp — Vpp + 0.3
IH —
"H" input voltage ~ *2,"3,"4,"5,'6 0.80Vpp — Vpp + 0.3
"L" input voltage *1 v -0.3 — 0.16Vpp
"L"input voltage  *2/374576| - -0.3 — 0.20Vpp
lo =-400 pA Vpp - 0.4 — —
"H" output voltage *1, *4
uiputvoltag lo=-2.0mA Vpp-0.8 — — \Y
Vor | 200 A V 0.4
0=- pp - 0. — —
"H" output voltage 2
output voltag lo=-1.0mA |Vpp-08| — —
wn *q |O =3.2mA — — 0.5
L" output voltage 1,4 lo = 5.0 mA — — 0.9
VoL
lo=1.6mA — — 0.5
"L" output voltage *2
lo=2.5mA — — 0.9
Input leakage current *3,*6 — — 1/-1
Input current *5 1w/l Vi =Vpp/OV — — 1/-250 LA
Input current *6 — — 15/-15
Output leakage current *1,2,4 | Lo Vo =Vpp/0V — — 10 HA
Pull-up resistance Rpull Vi=0V 40 100 200 kQ
Input capacitance Ci fosc = 1 MHz, — 5 — oF
Output capacitance Co Ta=25C — 7 —
Analog reference | During A/D operation — — 2 mA
supply current REF When A/D is stopped — — 5 A

*1: Applicable to PO

*2: Applicable to P1, P2, P4, P5, P6, P7, P8, P9, P10, P14, P15
*3: Applicable to P12, SELMBUS, EA, NMI

*4: Applicable to P3, P11
*5: Applicable to RES
*6: Applicable to OSCO
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Supply current (Vpp =2.41t0 3.6 V)
MSM66577L (Vpp = 2.4 to 3.6 V, Ta = =30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta =-30 to +70°C)

Mode Symbol Condition Min. Typ. Max. Unit

oo fosc = 14 MHz — 15 25 mA

CPU operation MSM66577L — 50 150 HA

mode . fxr = 82.768 KMzl svie60577LY]  — 300 600 A

HALT mode *2 | IppH fosc = 14 MHz — 10 17 mA
0SG is stopped XT fs used — 3 110

XT is not used — 1 100 UA

STOP mode 3 | |
mode PBS 1 0sC is stopped, XT is not used

Vpp=2V, Ta=25°C

— 0.2 10

[Note]

Ports used as inputs are at Vpp or 0 V. Other ports are unloaded.

*1: CPU and all the peripheral functions (timer, PWM, A/D, etc.) are activated.

*2: CPU is stopped, and all the peripheral functions (timer, PWM, A/D, etc.) are activated.

*3: CPU and all the peripheral functions are deactivated (The clock timer is being activated when

the XT is used).
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20.6 AC Characteristics

20.6.1 AC Characteristics (Vpp=4.5t0 5.5V)

(1) Separate Bus Type

1. External program memory control

(Vop = 4.5t0 5.5V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit

Cycle time teye fosc = 30 MHz 33.3 —

Clock pulse width (HIGH level) towH 13 —

Clock pulse width (LOW level) towL 13 —

PSEN pulse width tpw 2tp-15 —

PSEN pulse delay time tpD — 45 ns
Address setup time tas CL =50 pF to - 25 —
Address hold time taH 0 —
Instruction setup time tis 25 —
Instruction hold time tiH 0 —

Read data access time tacc — 3tp-65"1

Note: t¢ = tcyc/2
teye
CPUCLK\  / \ M
~€—>|
towH| |towL
PSEN /
\ £
tPON tPw
AOtoA19_< PCOto 19 )
tas ([ tAH
DO to D7 { nsTot07 [}
tacc tis Vs

Bus timing during no wait cycle time

*1 The read data access time (tacc) is (3 + 2n) td — 65 when n wait cycles are inserted.
For more details, refer to Section 18.4, "External Memory Access Timing".
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2. External data memory control
(Vpp = 4.5 t0 5.5 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 30 MHz 33.3 —
Clock pulse width (HIGH level) | towH 13 —
Clock pulse width (LOW level) towL 13 —
RD pulse width tRw 2tp-15 —
WR pulse width tww 2tp—-15 —
RD pulse delay time trD — 45
WR pulse delay time twp — 45 ns
Address setup time tas CL=50pF to—-25 —
Address hold time taH to-3 —
Read data setup time tRs 25 —
Read data hold time tRH 0 —
Read data access time tacce — 3tp—65"
Write data setup time tws 2to-30 —
Write data hold time twH to-3 —
teye Note: td = teyc/2
opuoLiy /] /S
towH| [towL
RD /
\ 4
tRD Ty trRw
AO to A19 { RAPO to 19 —
tAs tAH
DO to D7 DINOto7 |}
tacc tRs A tRH
WR /
\ /
two tww
AO to A19 RAPO to 19 |
tas tAH
DO to D7 { poutoto7| p——
tws TWH

Bus timing during no wait cycle time

*1 The read data access time (tacc) is (3 + 2n) to — 65 when n wait cycles are inserted.
For more detalils, refer to Section 18.4, "External Memory Access Timing".
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(2) Multiplexed Bus Type

1. External program memory control

(Vpp =4.5t0 5.5V, Ta=-30to +70°C)

Parameter Symbol Condition Min. Max. Unit

Cycle time teye fosc = 30 MHz 33.3 —

Clock pulse width (HIGH level) towH 13 —

Clock pulse width (LOW level) towL 13 —

ALE pulse width taw 2t0-10 —

PSEN pulse width tpw 2tp-15 —

PSEN pulse delay time tpAD to -3 —

Low address setup time taLs CL =50 pF 2tp-15 — ns
Low address hold time taLH to-3 —

High address setup time taHs 3tp—-25 —

High address hold time tAHH 0 —

Instruction setup time tis 25 —

Instruction hold time tiH 0 to—3

Note: td = tcyc/2

teye
CPUCLK \  / /_\_/_\_/
|~<€—>
towH| |towL
ALE taw -
>
PSEN \ ¥
/|
tPAD tpw
ADO to AD7———— PCOto 7 —{INSTO t0 7))
taLs tALH s | tH
A8toA19—< PC8 to 19 )
taHs | TAHH

Bus timing during no wait cycle time

20-9



MSM66577 Family User's Manual
Chapter 20 Electrical Characteristics

2. External data memory control
(Vpp = 4.5 t0 5.5 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit

Cycle time teye fosc = 30 MHz 33.3 —

Clock pulse width (HIGH level) towH 13 —

Clock pulse width (LOW level) towL 13 —

ALE pulse width taw 2tp-10 —

RD pulse width tRw 2t0-15 —

WR pulse width tww 2t0-15 —

RD pulse delay time trAD -3 —

WR pulse delay time twab to-3 —

Low address setup time taLs CL=50pF 2tp-15 — ns
Low address hold time tALH to-3 —

High address setup time taHs 3tp-25 —

High address hold time tAHH to-3 —

Read data setup time trs 25 —

Read data hold time trH 0 to-3

Write data setup time tws 216 -30 —

Write data hold time twH to-3 —

teye Note: t¢ = tcyc/2

CPUCLK  \ /

t¢WH| |t¢W|_
ALE taw K
RD ¥
\ /
trAD trRw
ADO to AD7—— RAPO to 7 —{ oiNoto7
taLs tatH trRs [ trRH
A8 to A19 — RAPS to 19 b
tAHS tAHH
WR ¥
\ J
twap tww
ADO to AD7 RAPOto7 | || DOUTOto7 — p—
taLs | tan tws twH
|
A8 to A19 ——{. RAPS to 19 —
taHs tAHH

Bus timing during no wait cycle time
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(3) Serial port control

* Serial ports 1 and 6 (SIO1 and 6)

Master mode (Clock synchronous serial port)

(Vbp=4.5t05.5V, Ta=-30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 30 MHz 33.3 —
Serial clock cycle time tscke 4 toye —
Output data setup time tsTmxs 2tp-5 —
i CL=50pF — ns

Output data hold time tSTMXH L P 5t0-10

Input data setup time tsrvxs 13 —
Input data hold time tSRMXH 0 —_

Note: t¢ = teye/2

teyc

CPUCLK

TXC/RXC/ —\—/Z—\—/g\;

tscke

SDOUT
(TXD) >< ><

tSTMXH tsTMXS

SDIN
(RXD)

——> >

tsrMxs tsRmXH

20-11
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Slave mode (Clock synchronous serial port)
(Vpp=4.5t05.5V, Ta=-301to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 30 MHz 33.3 —
Serial clock cycle time tscke 4 toye —
Output data setup time tsTMxs 2tp-15 —
Output data hold time tSTMXH CL =50 pF 4t9-10 — ns
Input data setup time tsrRMmxs 13 —
Input data hold time tSRMXH 3 —

Note: t¢ = teyc/2

teye

CPUCLK

TXC/RXC/—\—/Z—\—/_ \
tscke R
SDOUT ><
(TXD)
tSTMXH tsTMXs -
< | >
SDIN
(RXD)
|

tsrRMxs tSRMxH
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* Serial ports 4 and 5 (S104 and 5)

Master mode (Clock synchronous serial port)

(Vpp = 4.5 t0 5.5 V, Ta = 30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 30 MHz 33.3 —
Serial clock cycle time tscke 200 —
Output data setup time tsTMxs 6tp-5 —
- CL =50 pF — ns

Output data hold time tSTMXH L P 45t0-10

Input data setup time tsrMxs 13 —
Input data hold time tSRMXH 0 —

teye

CPUCLK

SIOCK/—\—/

Note: t¢ = tcyc/2

—

B tscke R
SDOUT
(SI00)
tSTMXH - tsTMXS
< =
SDIN
(SIOl)
> | <>

tsrRMmxs tSRMxH
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Slave mode (Clock synchronous serial port)

(Vpp = 4.5 t0 5.5 V, Ta = =30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 30 MHz 33.3 —
Serial clock cycle time tscke 200 —
Output data setup time tstmxs 3to-15 —
Output data hold time tSTMXH CL=50pF 6to— 10 — ns
Input data setup time tsrvxs 13 —
Input data hold time tSRMXH 3 —

Note: t¢ = teyc/2
teye

CPUCLK

S|OCK/—\—/‘—\— 1 \
B tscke
= X
(SI00)
tSTMXH N tsTMXS
> € >
SDIN
(SIOl)

—

tSRMXS tsRMXH

Measurement points for AC timing (except the serial port)

Vbp

20V 20V

08V 0.8V

oV

Measurement points for AC timing (the serial port)

Vbb

0.8Vpp 0.8Vpp

0.2Vpp 0.2Vpp

oV
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20.6.2 AC Characteristics (Vpp=2.41t0 3.6 V)

(1) Separate Bus Type

1. External program memory control

MSM66577L (Vpp = 2.4 to 3.6 V, Ta =-30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit

Cycle time teye fosc = 14 MHz 71.4 —

Clock pulse width (HIGH level) towH 28 —

Clock pulse width (LOW level) towL 28 —

PSEN pulse width tew 210 -40 —

PSEN pulse delay time tpp — 95

Address setup time tas CL=250pF t6 - 45 — ns
Address hold time taH 0 —

Instruction setup time tis 75 —

Instruction hold time ty 0 —

Read data access time tacc — 3t - 120"

Note: t¢ = teyc/2

teye
cPUCLK__/] N
[~<€—>
towH| | towL
PSEN /
'S /]
tPDTN tPw
A0 to A9 ————{ PCO t0 19
tas L tAH
DO to D7 { nsTot07 [}
tacc tis A tH

Bus timing during no wait cycle time

*1 The read data access time (tacc) is (3 + 2n) to — 120 when n wait cycles are inserted.
For more details, refer to Section 18.4, "External Memory Access Timing".
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2. External data memory control 5
MSM66577L (Vpp = 2.4 10 3.6 V, Ta =-30 to +70°C)

MSM66Q577LY (Vpp = 3.0t0 3.6 V, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 14 MHz 71.4 —
Clock pulse width (HIGH level) towH 28 —
Clock pulse width (LOW level) towL 28 —
RD pulse width trRw 2 thp - 40 —
WR pulse width tww 210 -40 —
RD pulse delay time trD — 95
WR pulse delay time twp — 95 ns
Address setup time tas CL=50pF td — 45 —
Address hold time taH t0-6 —
Read data setup time trs 75 —
Read data hold time tRH 0 —
Read data access time tacc — 3tp-120"
Write data setup time tws 2 tp — 55 —
Write data hold time twH to—6 —
teye Note: t¢ = tcyc/2
t¢WH| |t¢WL
RD /
\ /
tROT trw
A0 to A19 { RAPO to 19 —
tas tAH
DO to D7 { oNnoto7 )
tacc trs 4 tRH
WR /
\ ,z
twoN tww
AO to A19 RAPO to 19 P
tas tAH
DO to D7 { poutoto7 p—-——
tws TwH

Bus timing during no wait cycle time

*1 The read data access time (tacc) is (3 + 2n) to — 120 when n wait cycles are inserted.
For more detalils, refer to Section 18.4, "External Memory Access Timing".
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(2) Multiplexed Bus Type
1. External program memory control
MSM66577L (Vpp = 2.4 to 3.6 V, Ta = -30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)
Parameter Symbol Condition Min. Max. Unit
Cycle time toye fosc = 14 MHz 71.4 —
Clock pulse width (HIGH level) towH 28 —
Clock pulse width (LOW level) towL 28 —
ALE pulse width taw 2to-15 —
PSEN pulse width tpw 210 -40 —
PSEN pulse delay time tpAD td - 6 —
Low address setup time taLs CL =50 pF 2th-25 — ns
Low address hold time taLH 10-6 —
High address setup time taHs 3tp-45 —
High address hold time tAHH 0 —
Instruction setup time tis 75 —
Instruction hold time tiH 0 to—6
Note: t¢ = tcyc/2
tcyc

CPUCLK /

~€—>
towH| |towL
ALE tAw -
[ ——————>
PSEN ¥
\ J
tPAD tpw
ADO to AD7 { PCO to 7 —{INsTO t0 7))
tALs tALH tis | g tH
A8 to A19 — PC8 to 19 )
taHS ‘g’tAHH

Bus timing during no wait cycle time
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2. External data memory control MSM66577L (Vpp = 2.4 to 3.6 V, Ta = -30 to +70°C)

MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 14 MHz 71.4 —
Clock pulse width (HIGH level) towH 28 —
Clock pulse width (LOW level) towL 28 —
ALE pulse width taw 2tp-15 —
RD pulse width tRw 21t0-40 —
WR pulse width tww 216 -40 —
RD pulse delay time trAD t0-6 —
WR pulse delay time twap to-6 —
Low address setup time taLs CL=50pF 2t0-25 — ns
Low address hold time taLH t0-6 —
High address setup time taHs 3to—45 —
High address hold time tAHH t9)—6 —
Read data setup time trs 75 —
Read data hold time tRH 0 to-6
Write data setup time tws 2tp-55 —
Write data hold time twH o) -6 —
teye Note: td = teyc/2
B —
CPUCLK \ /] i_}r*
tq)WH| |t¢WL
ALE taw
RD /
N\ /
trAD trRw
ADO to AD7T——— RAPO to 7 —{ onoto7 p——
tas tALH trs A tRH
A8 to A9 — RAPS to 19 b
taHs tAHH
WR s
\ J
twaD | tww
ADO to AD7 RAPOto7 - | DOUTOt07
taLs | taH tws twH
I
A8 to A19 —{ RAPS to 19 b
tAaHS tAHH

Bus timing during no wait cycle time
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(3) Serial port control

« Serial ports 1 and 6 (SIO1 and 6)

Master mode (Clock synchronous serial port)

MSM66577L (Vpp = 2.4 to 3.6 V, Ta =-30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 14 MHz 71.4 —
Serial clock cycle time tscke 4 teyc —
Output data setup time tsTMxs 2tp-10 —
Output data hold time tSTMXH CL =50 pF 5 t¢ — 20 — ns
Input data setup time tsrmxs 21 —
Input data hold time tSRMXH 0 —

teye

CPUCLK

TXC/RXC/r______\\\x________J/7

B

tscke

Note: t¢ = tcyc/2

Y

—

SDOUT
(TXD) ><

SDIN
(RXD)

tSTMXH

tsTMXS

3>
| |‘

>

|~

tsrRMmxs tSRMxH

20-19
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Slave mode (Clock synchronous serial port)

MSM66577L (Vpp = 2.4 to 3.6 V, Ta =-30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 14 MHz 71.4 —
Serial clock cycle time tscke 4 toyc —
Output data setup time tsTmxs 2top-30 —
Output data hold time tSTMXH CL=150pF 4tp-20 — ns
Input data setup time tsrRmxs 21 —
Input data hold time tsrRMXH 7 —

Note: td = teyc/2

teye

CPUCLK

TXC/RXC/—\—/‘—\— i \
tscke N
57X X
(TXD)
tSTMXH N tsTMXS

x| |- >
SDIN
(RXD)

>

tsrRMXS tsrMxH
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* Serial ports 4 and 5 (SI04 and 5)

Master mode (Clock synchronous serial port)

MSM66577L (Vpp = 2.4 to 3.6 V, Ta =-30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 14 MHz 71.4 —
Serial clock cycle time tscke 400 —
Output data setup time tsTmxs 5.6tp-10 —
Output data hold time tSTMXH CL=50pF |42tp-20 — ns
Input data setup time tsrmxs 21 —
Input data hold time tSRMXH 0 —

Note: t¢ = teyc/2
teye

CPUCLK

SIOCK/—\—/Z—\—/' \
tscke _
SDOUT >< ><
(SI00)
tSTMXH tsTmxs
SDIN
(Slol)
—— | <>

tsrvmxs tSRMxH
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Slave mode (Clock synchronous serial port)

MSM66577L (Vpp = 2.4 to 3.6 V, Ta =-30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Cycle time teye fosc = 14 MHz 71.4 —
Serial clock cycle time tscke 400 —
Output data setup time tsTmxs 2.8tp—30 —
Output data hold time tsTMXH CL=50pF |56t9-20| — ns
Input data setup time tsrRmxs 21 —
Input data hold time tsrRMXH 7 —

teyc

CPUCLK

Note: td = teyc/2

SIOCK/—\—/'—\— i \
- tsckc N
5 X X
(SI00)
tSTMXH N B tsTMXS R
el >
SDIN
(Slol)
———>|

tSRMXS tsrMXH

Measurement points for AC timing (except the serial port)

Vbp

ov

0.44 Vpp 0.44 Vpp

0.16 Vpp 0.16 Vpp

Measurement points for AC timing (the serial port)

Vbp

oV

0.8 Vpp

0.2 Vpp

0.8 Vpp

0.2 Vpp
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20.7 A/D Converter Characteristics

20.7.1 A/D Converter Characteristics (Vpp =4.5t0 5.5V)
(Ta=-30to +70°C, Vpp = VRer = 4.5V t0 5.5V, AGND = GND =0 V)

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n Refer to measurement — 10 — Bit
Linearity error = Ac'rclu't of Fig. 20-1 — — +3

nalog input source
Differential linearity error Ep irrgwpeZance — — +2
Zero scale error Ezs R <5kQ — — +3 LSB
Full-scale error Ers teonv = 8.5 us — — -3
Refer to measurement
Cross talk Ect — — +1
circuit of Fig. 20-2

) ) Set according to /ch

Conversion time tconv ADTM set data 8.5 — 3906.3 us/c

20.7.2 A/D Converter Characteristics (Vpp =2.4to 3.6 V)

MSM66577L (Ta = -30 to +70°C, Vpp = VRer = 2.4 t0 3.6 V, AGND = GND =0 V)
MSM66Q577LY (Ta =-30 to +70°C, Vpp = VRer = 3.0 t0 3.6 V, AGND = GND = 0 V)

R (impedance of analog input source) <5 kQ
Ci=0.1uF

Figure 20-1 Measurement Circuit

20-23

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n Refer to measurement — 10 — Bit
Linearity error EL AC'rCIU't of Fig. 20-1 — — +4

input
Differential linearity error Ep na %;plr;z:nigurce — — +3
Zero scale error Ezs R <5 kQ — — +4 LsB
Full-scale error Ers toony = 27.4 us — — -4
Refer to measurement
Cross talk Ect o _ — — +2
circuit of Fig. 20-2

) ) Set according to h
Conversion time tconv ADTM set data 27.4 — 3906.3 | us/c
Reference

. V .
voltage l VREF DD O+5V/+3V

O.; 1 4|7: __+ 1+
s 0.1 | 47

Ri uF | uF

= AlO to Al7
Analog input o L AGND GND * ov
I —
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Cross talk is the difference
between the A/D conversion

5 kQ
AlO results when the same
analog input is applied to AlIO
. All through Al7 and the A/D
Analog input conversion results of the
J;OJ uF to circuit to the left.
Al7

Vger or AGND

Figure 20-2 Cross Talk Measurement Circuit
Definition of Terminology

1. Resolution
Resolution is the value of minimum discernible analog input.

With 10 bits, since 210 = 1024, resolution of (VREF — AGND) + 1024 is possible.

2. Linearity error

Linearity error is the difference between ideal conversion characteristics and actual

conversion characteristics of a 10-bit A/D converter (not including quantization error).

Ideal conversion characteristics can be obtained by dividing the voltage between Vgygg and

AGND into 1024 equal steps.

3. Differential linearity error

Differential linearity error indicates the smoothness of conversion characteristics. Ideally,
the range of analog input voltage that correspondsto 1 converted bit of digital outputis 1LSB
= (Vrer—AGND) + 1024. Differential error is the difference between this ideal bit size and

bit size of an arbitrary point in the conversion range.

4. Zero scale error

Zero scale error is the difference between ideal conversion characteristics and actual
conversion characteristics at the point where the digital output changes from 000H to 001H.

5. Full-scale error

Full-scale error is the difference between ideal conversion characteristics and actual
conversion characteristics at the point where the digital output changes from 3FEH to

3FFH.
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20.8 D/A Converter Characteristics

MSM66577/MSM66Q577 (Vpp = 2.4 to 3.6 V/4.5t0 5.5V, Ta = -30 to +70°C)
MSM66577L (Vpp = 2.4 to 3.6 V, Ta =-30 to +70°C)
MSM66Q577LY (Vpp = 3.0 to 3.6 V, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n — — 8 Bit
Linearity error EL — — — +1

- LSB
Absolute precision — — — +2
Conversion time tconv CL=50pF — 20 50 us
Analog output impedance — — — 10 40 kQ

Definition of Terminology

1. Resolution

Resolution is the value of minimum discernible analog output.

With 8 bits, since 28 = 256, resolution of (Vpp — GND) + 256 is possible.

2. Linearity error

Linearity error is the difference between ideal conversion characteristics and actual
conversion characteristics of a 8-bit D/A converter.

Ideal conversion characteristics can be obtained by dividing the voltage between Vpp and
GND into 256 equal steps.

3.  Absolute precision

Absolute precision is a gross error including a linearity error and the effect of noise.
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21. Special Function Registers (SFRs)

21.1 Overview
The 256-byte area of addresses 0000H to O0FFH in data memory is the special function

21.2

register (SFR) area.

The SFR area is a register group that includes special function registers such as the
following.

Peripheral hardware mode registers

Arithmetic register (ACC)

Control registers (PSW, LRBL, LRBH, SSP)

List of SFRs
Table 21-1 lists the SFRs. Terms in the table are defined as follows:

Address [H]:
Function:

Byte, Word:

Bit Symbol:

Addresses are expressed in hexadecimal format.

The register is named after the SFR function.

Symbol

Symbol

Blank

This symbol indicates an 1/O function register.
Each symbol indicates whether access is by byte or
word.

A dash indicates that the function cannot be accessed
by that unit.

This symbol indicates an 1/O function register.
Insome casesthere are two bit symbols, however there
is no difference in function.

The I/O register is also assigned to this bit.
However, since individual access of this bit is either
unnecessary or not possible, no bit symbol is needed.

If writing to this bit, always write a value of "0".

Even when writing a byte or word that includes this bit,
write this bit as "0".

This bit always reads as "0".
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8/16:

1)

©)

Undefined

R/W:

<2

8/16:
8:
16:

Initial value [H]:

« Reference page:

[Note]

If writing to this bit, always write a value of "1".
Even when writing a byte or word that includes this bit,
write this bit as "1".

This bit always reads as "1".

All writes to this bit are ignored.
This bit always reads as "1".

All writes to this bit are ignored.
This bit always reads as "0".

This indicates a bit that does not support the 1/0O
function.
Programming should be done on the assumption that

the value of this bit is always undefined.
Operation of this bit when an in-circuit emulator is used

may differ from operation when an actual chip (such as
MASK or OTP versions) is used.

This indicates whether the specified SFR can be read
(R) or written (W).

Both read and write are possible

Read-only

Write-only

This indicates the unit of bit access for the specified
SFR.

Both 8-bit and 16-bit access are possible

Only 8-bit access is possible

Only 16-bit access is possible

This indicates the contents of each SFR at reset (RES
signal input, execution of a BRK instruction, overflow of
the watchdog timer, or an opcode trap is generated).
Values are expressed in hexadecimal format.

This indicates the page on which the configuration of
each SFR is described.

Do not perform the following operation on SFRSs.

1.

2
3
4.
5
6

Write operations on read-only SFRs

Read operations on write-only SFRs

16-bit operations on 8-bhit SFRs

8-bit operations on 16-bit SFRs

Operation on addresses that are not allocated as registers

Operations in the area for emulator use
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Table 21-1 SFR List (1/7)

Ad[d,jfss Function Byte | Word | B‘;t Symbg' , 1 o [RW8ne '”'t'a[‘L}’]a'“e Re;grg’;ce
888? System stack pointer —— SSP 16 EE 2-23
gggg Local register base lI__FF:SE LRB 8/16 32::2:23 2-22
0004 PSWL MAB F1 BCB1 | BCBO| FO |SCB2| SCB1|SCBO 00
0005 Program status word PSWH PSW cy ZE He DD 3 Fo oV MIE 8/16 00 2-18
8883 Accumulator :ggll—_i ACC AW 8/16 88 2-17
0008 | Table segment reglster TSR DSTSR 0 0 0 0 8/16 00 2-26
0009 |Data segment register DSR 0 0 0 0 00 2-27
000B | ROM window register ROMWIN — 1 1 8 |Undefined| 4-2
000C | ROM ready control register ROMRDY, — (1) 0 0 0 (1) |IRORDY|ORDY1/ORDYO 8 8B 4-4
000D | RAM ready control register RAMRDY| — (1) |ARDY12|ARDY11|ARDY10| (1) |ARDY02|ARDYO01|ARDY00 8 FF 4-5
000E | Stop code acceptor STPACP| — W| 8 "0" 3-3
000F | Standby control register SBYCON| — CLK1 | CLKO | OST1 | OSTO | OSCS| FLT | HLT | STP |R/W| 8 08 3-4
0010 | Memory size acceptor MEMSACP| — W| 8 "0" 2-2
0011 |Memory size control register MEMSCON| — (1) (1) (1) (1) (1) (1) |LROM| LRAM 8 FC 2-1
0013 |Real-time counter control register RTCCON| — (1) (1) 1) (1) | SELRTI1|SELRTIO| RTCIE |RTCCL 8 FO 10-2
0015 | Peripheral control register PRPHCON| — (1) | WAIT | HOLD | EXTXT| (1) (1) |CLKO1|CLKOO 8 8C 15-2
0018 |Port 0 data register PO — PO_7 | PO6| P05 | P04 | PO3|PO2| PO_1]| P00 8 00 5-12
0019 |Port 1 data register P1 — P1. 7| P16 | P15  P1.4|P1.3|P1 2| P1_1|P10 8 00 5-14
001A |Port 2 data register P2 — 0) 0) 0) 0) P23 | P22 | P21]| P20 8 00 5-16
001B | Port 3 data register P3 — 0) 0) 0) 0) P3.3 | P32 | P3_1| P3_0 RW| 8 00 5-18
001C | Port 4 data register P4 — P47 | P46 | P45 | P44| P4 3| P42 | P41 | P40 8 00 5-20
001D | Port 5 data register P5 — P57 | P56 | P55 | P54 () () (0) 0) 8 00 5-22
001E |Port 6 data register P6 — P6_7 | P66 | P6.5 | P6.4| P6.3 | P6.2 | P6_1 | P6_0 8 00 5-24
001F |Port 7 data register P7 — P7_7 | P7_6 ) () () Q) (0) 0) 8 00 5-26
0020 |Port 0 mode register POIO — | POIO7 | POIO6 | POIOS | POIO4 | POIO3 | POIO2 | POIO1 | POIOO 8 | 00/FF 5-12
0021 |Port 1 mode register P110 — | P1107| P1106 | P1105 | P1104 | P1103 | P1102 | P1101 | P1100 8 | 00/FF 5-14

12/
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Table 21-1 SFR List (2/7)

Address . Bit Symbol Initial value| Reference

[H] Function Byte | Word 7 6 5 4 3 5 1 0 R/W|8/16 H] page

0022 | Port 2 mode register P210 — (0) 0) 0) (0) | P2103 | P2I02 | P2101 | P2100 8 | 00/0F 5-16

0023 | Port 3 mode register P3I10 — (0) 0) 0) (0) | P3IO3 | P3I02 | P3IO1 | P3IO0 8 | 00/02 5-18

0024 | Port 4 mode register P410 — | P4I07 | P4106 | P4105 | P4104 | P4103 | P4102 | P4101 | P4100 8 | O0/FF 5-20

0025 |Port 5 mode register P510 — | P5I07 | P5I06 | P5I05 | P5104 | (0) (0) (0) 0) 8 00 5-22

0026 | Port 6 mode register P6IO — | P6IO7 | P6IO6 | PBIOS | PEIO4 | P6IO3 | P6IO2 | P6IO1T | PEIOO 8 00 5-24

0027 | Port 7 mode register P710 — | P7107 | P7106| (0) 0) 0) 0) 0) 0) 8 00 5-26
. . XAD7 | XAD6 | XAD5 | XAD4 | XAD3 | XAD2 | XAD1 | XADO

0028 | Port 0 secondary function control register | POSF ~  PoSF7|POSFB| POSF5 | POSF4| POSF3| POSF2 | POSF1 | POSFO 8 | O0/FF 5-12
. . XDM15| XDM14|XDM13|XDM12|XDM11|XDM10| XDM9 | XDM8

0029 | Port 1 secondary function control register | P1SF ~ P1SF7|P1SF6|P1SF5 | P1SF4| P1SF3|P1SF2 | P1SF1 | P1SFO 8 | O0/FF 5-14
. . XDM19|XDM18 | XDM17|XDM16

002A | Port 2 secondary function control register | P2SF - 0) (9)] (0)] 0) P2SF3| P2SF2 | P2SF1| P2SFO 8 | 00/0F 5-16
. . WR RD | PSEN| ALE

002B | Port 3 secondary function control register | P3SF — 0) (0)] 0 0) P3SF3| P3SF2 | P3SF1 | P3SFO 8 | 00/03 5-18
. . XDM7 | XDM6 | XDM5 | XDM4 | XDM3 | XDM2 | XDM1 | XDMO

002C | Port 4 secondary function control register | P4SF ~ [ PasF7|PaSF6| PASF5 | PASF4| PASF3| PASF2 | PASF1 | PASFO R/W| 8 | 00/FF 5-20
. . PTMOOUT|CPCM1|CPCMO

002D | Port 5 secondary function control register | P5SF — | P5SF7 P5SF6 | P5SF5 | P5SF4 0) 0) 0) 0) 8 00 5-22
. . PTM20UT PTM10OUT

002E | Port 6 secondary function control register | P6SF ~ [ PBSF7 P6SF6 PGSF5 P6SF4 | P6SF3 | P6SF2 | P6SF1 | P6SFO 8 00 5-24
. \ PWM10UT| PWMOOUT

002F | Port 7 secondary function control register | P7SF — [p7SF7|P7SF6 (0)] 0) 0) 0) 0) 0) 8 00 5-26

0030 | Interrupt request register 0 IRQO — |QCPCM1|QCPCMO| O 0 0 0 |QFRCOV| QINTO 8 00 17-12

0031 | Interrupt request register 1 IRQ1 — 0 |QTM30V|QTM20V|QTM10V| QINT3 | QINT2 | QINT1 |QTMOOV 8 00 17-13

0032 | Interrupt request register 2 IRQ2 — |QSIO1 |QTM40V) O 0 QINT7 | QINT6 | QINT5 | QINT4 8 00 17-14

0033 | Interrupt request register 3 IRQ3 — | QRTC 0 QAD |QTM60V| QSIO4 | QSIO6 | QSIOS5 |QTM50V 8 00 17-15

0034 | Interrupt enable register 0 IEO — |ECPCM1|ECPCMO| O 0 0 0 |EFRCOV| EINTO 8 00 17-17

0035 | Interrupt enable register 1 IE1 — 0 |ETM3OV|ETM20V|ETM10V| EINT3 | EINT2 | EINT1 |ETMOOV 8 00 17-18

0036 | Interrupt enable register 2 IE2 — | ESIO1 |ETM40V| O 0 EINT7 | EINT6 | EINT5 | EINT4 8 00 17-19

0037 | Interrupt enable register 3 IE3 — ERTC 0 EAD |ETMBOV| ESIO4 | ESIO6 | ESIO5 |ETM50V 8 00 17-20
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Table 21-1 SFR List (3/7)

Ad[d;ﬁss Function Byte | Word | Bit Symbg' , 1 o [RW8ne '”'t'a[‘n’]a'“e Ri‘:;’;ce
0038 | Interrupt priority control register 0 IPO — 0 0 0 0  |P1FRCOV|POFRCOV|P1INTO|POINTO 8 00 17-22
0039 | Interrupt priority control register 1 1P1 —  |P1CPCM1/POCPCM1|P1CPCMO|POCPCMO| O 0 0 0 8 00 17-23
003A | Interrupt priority control register 2 IP2 — |P1INT3|POINT3|P1INT2|POINT2|POINT1|POINT1|P1TMOOV|POTMOOV 8 00 17-24
003B | Interrupt priority control register 3 IP3 — |P1SIO0| POSIO0|P1TM30V| POTM30V| P1TM20V| POTM20V| P1TM10V| POTM10V 8 00 17-25
003C | Interrupt priority control register 4 IP4 — |P1INT7|POINT7|P1INT6|POINT6|P1INT5|POINT5|P1INT4|POINT4 8 00 17-26
003D | Interrupt priority control register 5 IP5 — |P1SIO1|POSIO1|P1TM40V|POTM40V| O 0 0 0 8 00 17-27
003E | Interrupt priority control register 6 IP6 — |P1SIO4P0SIO4/P1SIO6 POSIO6|P1SIO5POSIOS P1TM50V| POTM50V 8 00 17-28
003F | Interrupt priority control register 7 IP7 — |P1RTC|PORTC| O 0 P1AD | POAD |P1TM60V|POTMBOV 8 00 17-29
0040 . — 00
0041 Free running counter — FRC 16 00 9-3
882’; Capture compare register 0 : CPCMRO 16 gg 9-6
ggjg Capture compare register 1 : CPCMRT1 R/W| 16 88 9-6
0050 |Free running counter control register |FRCON| — 1) (1) |CP1MD|CPOMD|FRRUN|FRCK2| FRCK1|FRCKO 8 Cco 9-4
0051 | Capture control register CAPCON| — (1) (1) |CP1E1|CP1EO|CPOE1|CPOEO| (0) 0) 8 Co 9-7
0055 | Compare control register 0 CPCMCONO|  — (1) 1) (1) (1) (1)  |CPCMSBF0| CPCMBFQ|CPCMOUTO 8 FC 9-6
0056 |Compare control register 1 CPCMCON1|  — (1) 1) (1) (1) (1)  |CPCMSBF1| CPCMBF1|CPCMOUT1 8 FC 9-6
0058 | External interrupt control register 0 |[EXIOCON] — |EX3M1|EX3MO|EX2M1|EX2MO|EX1M1|EX1MO|EXOM1|EXOMO 8 00 16-2
0059 | External interrupt control register 1 EXIHCON — |EX7M1|EX7MO|EX6M1|EX6MO|EX5M1|EX5MO0| EX4M1|EX4MO 8 00 16-3
005A | External interrupt control register 2 |[EXI2CON| — MIPF |[NMIRD|NMIM1|NMIMOQ| (1) (1) (0) 0) 8 | 0C/4C 16-4
005C | Interrupt request register 4 IRQ4 — (1) (1) (1) |QTM90V| QPWM3 | QPWM2 | QPWM1 | QPWMO 8 EO 17-16
005D | Interrupt enable register 4 IE4 — (1) (1) (1) |ETM9OV|EPWM3|EPWM2|EPWM1|EPWMO 8 EO 17-21
005E | Interrupt priority control register 8 IP8 —  |P1PWM3|POPWM3|P1PWM2|POPWM2|P1PWM1POPWM1|P1PWMOPOPWMO 8 00 17-30
005F | Interrupt priority control register 9 IP9 — (1) (1) (1) (1) (1) (1) |P1TM90V|POTMIOV 8 FC 17-31
0060 | TBC clock dividing register TBCKDVR TBCKDV 1) (1) (1) 1) 8/16| FO 7-3
0061 | TBC clock dividing counter — 1) (1) (1) 1) R |16 FO 7-2
882§ General-purpose 16-bit timer 0 counter : T™MO0C R/W| 16 8:3:2:23 8-4

12/
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Table 21-1 SFR List (4/7)

Address . Bit Symbol Initial value| Reference
[H] Function Byte | Word 7 6 5 4 3 5 1 0 R/W8/16 [H] page
0064 _— . — Undefined
0065 General-purpose 16-bit timer 0 register — TMOR 16 Undefined 8-4
0066 | General-purpose 16-bit timer 0 control register ;TMOCON| —  |[TMOOUT| (1) ™) (1) |TMORUN|TMOC2|TMOC1|TMOCO 8 70 8-4
0068 . T™M1C Undefined| 8-10
0069 General-purpose 8-bit timer 12 counter T™M2C TM12C 8/16 Undefined | 8-10
006A o . TM1R Undefined| 8-10
0068 General-purpose 8-bit timer 12 register TV2R TM12R 8/16 Undefined | 8-10
006C | General-purpose 8-bit timer 1 control register TMICON| — |TM1OUT| (1) 1) (1) |TMIRUNTM1C2|TM1C1|TM1CO 8 70 8-10
006D | General-purpose 8-bit timer 2 control register TM2CON| — |TM20UT| (1) |MODPWM|MOD16|TM2RUN/TM2C2|TM2C1|TM2CO0 8 40 8-11
0070 | General-purpose 8-bit timer 3 counter| TM3C — 8 |Undefined| 8-22
0071 | General-purpose 8-bit timer 3 register| TM3R — 8 |Undefined| 8-22
0072 | General-purpose 8-bit timer 3 control register |[TM3CON| — |TM30OUT| (1) 1) (1) |TM3RUNTM3C2|TM3C1|TM3CO0 8 70 8-22
0074 | General-purpose 8-bit timer 4 counter| TM4C — 8 |Undefined| 8-28
0075 | General-purpose 8-bit timer 4 register| TM4R — RW 8 |Undefined| 8-28
0076 | General-purpose 8-bit timer 4 control register |TM4ACON| — |TM4OUT| (1) 1) (1) |TM4RUN|TM4C2|TM4C1|TM4CO0 8 70 8-28
0078 | General-purpose 8-bit timer 5 counter| TM5C — 8 |Undefined| 8-34
0079 | General-purpose 8-bit timer 5 register| TM5R — 8 |Undefined| 8-34
007A | General-purpose 8-bit timer 5 control register [TM5CON| — |TM50UT| (1) (1) (1) |TM5RUN|TM5C2|TM5C1|TM5CO0 8 70 8-34
007C | General-purpose 8-bit timer 6 counter| TM6C — 8 |Undefined| 8-43
007D | General-purpose 8-bit timer 6 register| TM6R — 8 |Undefined| 8-43
007E | General-purpose 8-bit timer 6 control register |[TM6CON| — |MODWDT| WDTLDE |WDTRUN| (1) |ATMRUN/WDTC2 |WDTC1|WDTCO 8 10 8-41
0084 | SIO1 transmit control register STICON| — |TRINIE|TR1MIE|ST10DD | ST1PEN % (1) |ST1LN|ST1IMOD 8 04 12-4
0085 | SIO1 receive control register SR1CON| — |SR1REN| RC1IE |SR10DD|SR1PEN|SR1SLV |S1EXC |SR1LN|SR1MOD 8 00 12-6
0086 | SIO1 transmit-receive buffer register |S1BUF| — 8 |Undefined| 12-10
0087 |SIO1 status register S1STAT|, — (0) (0) |RC1END|TR1END|TR1EMP PERR1|OERR1|FERR1 8 00 12-8
008C | SIO4 control register SIOACON| — (1) |BUSY4| ICK4 | TEN4 |SIO4SL [SI04C2 |SI04C1|SIO4CH 8 80 12-41
008D | FIOF control register FIFOCON] — |SRES5| ORE5 | FUL5 | EMP5 |SRES4| ORE4 | FUL4 | EMP4 8 11 12-43
008E | SIO4 input FIFO data register SIN4 — R | 8 |Undefined| 12-45
008F | SI04 output FIFO data register SOuUT4| — W | 8 |Undefined| 12-45
0090 | PWM register O PWRO 00
0091 | PWM register 1 PWR1 PWRO1 RW 816 00 11-4
0092 | PWM register 2 PWR2 00
0093 | PWM register 3 PWR3 PWR23 8/16 00 11-4
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Table 21-1 SFR List (5/7)

Address . Bit Symbol Initial value| Reference
[H] Function Byte | Word 7 6 5 4 3 5 1 0 R/W|8/16 H] page
0094 | PWM cycle register 0 PWCY0 00
8/16 11-3
0095 | PWM cycle register 1 PWCY1 PWCY / 00
0096 | PWM counter 0 PWCO 00
0097 |PWM counter 1 PWCH PWC 8/16 00 1-3
0098 | PWM control register 0 PWCONO| — |PWC10V|PWCK11|PWCK10|PW1RUN|PWCOOV|PWCKO01| PWCK00 | PWORUN|R/W| 8 00 11-4
0099 | PWM control register 1 PWCON1| — 1) 1) (1) 1) (1) (1) (1) |PWHSM 8 FE 11-6
009C | A/D control register OL ADCONOL| — (1) | SCNCO| SNEXO |[ADRUNO| O  |ADSNMO02|ADSNMO1|ADSNMO0 8 80 13-3
009D | A/D control register OH ADCONOH — | ADTMO02|ADTMO01|ADTMO00| STSO 0  |ADSTM02| ADSTMO1|ADSTMO0 8 80 13-5
009E | A/D interrupt control register 0 ADINTO| — (1) (1) (1) (1) |ADSTIEO|ADSNIEQ| INTSTO|INTSNO 8 FO 13-7
00AO — Undefined
i 1 13-
00A1 A/D result register 00 —|ADROO 0 0 0 0 0) 0 6 Undefined 3-8
00A2 - Undefined
i 1 13-
00A3 A/D result register 01 —1ADRO1 ) 0) 0) ) 0) 0 6 Undefined 3-8
00A4 — Undefined
i 16 13-8
00A5 A/D result register 02 —|ADRO02 ) 0 0) 0) 0) 0 Undefined
00A6 — Undefined
D It regist ADR 16 13-8
ooa7 | VD result register 03 _ B~ T o o o 0 0 R | [Undefined
00A8 . — Undefined
00A9 A/D result register 04 — ADRO04 0 0 0 0 0 0 16 Undefined 13-8
00AA . — Undefined
00AB A/D result register 05 — ADRO05 0 0 0 0 0 0 16 Undefined 13-8
00AC — Undefined
i 1 13-
00AD A/D result register 06 —|ADRO6 0 0 0 0 0) 0 6 Undefined 3-8
00AE - Undefined
i 1 13-
00AF A/D result register 07 —1ADRO7 ) 0) 0) ) 0) 0 6 Undefined 3-8
00B8 | Port 8 data register P8 — P8 7 | P8_6 ) P8 4| P83 | P82 | P81 | P8O0 8 00 5-28
00B9 | Port 9 data register P9 — P9_7 ) ) ) P93 | P9 2| P91 | P90 R 8 00 5-30
00BA | Port 10 data register P10 — ) 0 |P10_5|P10_4|P10_3| (0) 0) 0) 8 00 5-32
00BB | Port 11 data register P11 — ) 0) 0) 0 |P11_3|P11_2|P11_1|P11_0 8 00 5-34

12/
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Table 21-1 SFR List (6/7)

Address . Bit Symbol Initial value| Reference
[H] Function Byte | Word 7 6 5 4 3 5 1 0 R/W8/16 [H] page
00BC | Port 12 data register P12 — |P12_7|P12.6|P12_5|P12_4|P12_3|P12_2 | P12_1|P12_0| R | 8 |Undefined| 5-36
00BE | Port 14 mode register P14 — |P14_7|P14.6| (0) 0) 0 |P14.2|P14.1|P14.0 8 00 5-37
00BF | Port 15 mode register P15 — 0) ) 0) (0) |P15_3|P15_2|P15_1|P15_0 8 00 5-39
00CO | Port 8 mode register P8IO — | P8IO7 | P8IO6| (0) | P8IO4 | P8IO3| P8IO2 | P8IO1 | P8IOO 8 00 5-28
00C1 | Port 9 mode register P9IO — | POIO7| (0) 0) (0) | POIO3 | POIO2 | P9IO1 | POIOO 8 00 5-30
00C2 | Port 10 mode register P10IO| — 0) (0) [P10I05|P10I04|P10103| (0) 0) 0) 8 00 5-32
00C83 | Port 11 mode register P11I0| — 0) ) 0) (0) |P11103|P11102/P11101|P11100 8 00 5-34
00C4 | Port 14 mode register P14I0| — |P14107|P14106| (0) 0) (0) |P14102|P14101|P14100 8 00 5-37
00C5 | Port 15 mode register P1510| — 0) ) (0) (0) [P15103/P15102|P15101|P15100 8 00 5-39
' . AO1 | AOO SIO05 |SIOCK5
00C6 | Port 14 secondary function control register | P14SF| — P14SF7|P14SF6 Q) (0) (0) |P14SF2 P14SF1| P14SFO 8 00 5-37
' . TXC6 | RXC6 | TXD6
00C7 | Port 15 secondary function control register | P15SF| — 0) 0 0) 0) P15SF3|P15SF2| P15SF1 P15SF0 - 8 00 5-39
. . PWM3OUT|PWM20UT PTM40UT| TXC1 | RXC1 | TXD1
00C8 | Port 8 secondary function control register | P8SF ~ |P8SF7|P8SF6 (0) P8SF4| P8SF3| PSSF2 | PBSFA P8SFO 8 00 5-28
00C9 | Port 9 secondary function control register | POSF - iléDgg; 0) 0) (0) | P9SF3|P9SF2 | P9SF1|PI9SFO 8 00 5-30
) . SI0O04 SIOCK4
00CA | Port 10 secondary function control register | P10SF| — 0) (0) |P10SF5 P10SFAP10SF3 (©)] (0)] (0)] 8 00 5-32
) . XTOUT|CLKOUT
00CB | Port 11 secondary function control register |P11SF| — (0) 0) ()] 0) P11SF3/P11SF2 P11SF1|P11SFO 8 00 5-34
00CC | General-purpose 8-bit timer 9 counter | TM9C — 8 |Undefined| 8-49
00CD | General-purpose 8-bit timer 9 register | TM9R — 8 |Undefined| 8-49
00CE | General-purpose 8-bit timer 9 control register |TMICON| —  |TMOOUT| (1) (1 (1)  |TMO9RUN TM9C2|TM9C1|TM9CO 8 70 8-49
00CF | FIFO mode register FIFOMOD| — (1) (1) (1) (1) (1) (1) |FMOD1|FMODO 8 FC 12-54
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Table 21-1 SFR List (7/7)

Address . Bit Symbol Initial value| Reference
[H] Function Byte | Word 2 6 5 4 3 o 1 0 R/W|8/16 H] page

00D5 | SIO5 control register SIO5CON| — (1) |BUSY5| ICK5 | TEN5 |SIO5SLSIO5C2|SIO5C1|SIO5COR/W| 8 80 12-52
00D6 | SIO5 input FIFO data register SINS _ R | 8 |Undefined| 12-54
00D7 | SIO5 output FIFO data register SOUT5 W | 8 |Undefined| 12-54
00DD | DA control register DACON| — (1) (1) (1) (1) (1) (1) (1) | DAON 8 FE 14-2
O0DE | DA register 0 DARO _ 8 00 14-2
O0DF | DA register 1 DAR1 8 00 14-2
gggg Capture compare buffer register 0 : CPCMBFRO AW 16 00 9-8
00EC . —

00ED Capture compare buffer register 1 ———| CPCMBFRI 16 00 9-8

Y00F0 | Flash memory acceptor FLAACP| — W| 8 "0" 19-11

Y00F1 | Flash memory control register FLACON| — (1) (1) |AMPOFF|FCLK1|FCLKO| (1) 1) PRG 8 C6 19-12

Y00F2 . — FA11 | FA10 | FA9 | FA8 | FA7 1) 1) (1) ,

X00F3 Flash memory address register — FLAADRS ™ A a FA16 | FA15 | FA14 | FA13 | FA12 16 |Undefined| 19-11
00F4 | SIO6 transmit control register ST6CON| | TR6NIE| TR6MIE|ST60DD| STGPEN 2-_:—_2:-[3 (1) | ST6LN|ST6MOD|R/W| 8 04 12-16
00F5 | SIO6 receive control register SR6CON SR6REN| RC6IE |SR60DD| SR6PEN|SR6SLV| S6EXC | SR6LN|SR6MOD, 8 00 12-18
00F6 | SIO6 transmit-receive buffer register |S6BUF| — 8 |Undefined| 12-22
00F7 | SIO6 status register S6STAT| — 0) (0) |RC6END| TR6END|TR6EMP|PERR6| OERR6| FERR6 8 00 12-20

12/

[Note]

A star (¥) in the address column indicates a SFR existing only in the Flash ROM version.

For details, refer to Chapter 19, "Flash Memory".
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22. Package Dimensions

OKi Electric Industry Co., Ltd.

(Unit : mm)
TQFP100-P-1414-0.50-K |
] ® &)
RRERRERRERRRERRREREEERERR
e O
N
o| o =
31 S =
©o| = =
olo =
©@= O
. [Te]
ULEEEEEELE L RELL HHHHHH@ %3
INDEX MARK © S|
Mirror finish 1.0 Tvp, 0.22:3% s N2
] 1 y0~10°
0.17+ 0.05 iy 5 K
" (xj g 0.5: 0.2
o 0.6TYP,
Package material Epoxy resin
Lead frame material 42 alloy

Pin treatment

Solder plating (=5 um)

Package weight (g)

0.55 TYP.

Rev. No./Last Revised

4/0ct. 28, 1996

Notes for Mounting the Surface Mounting Type Package

The TQFP is a surface mount type package and is very susceptible to heat in reflow
mounting and to humidity absorbed in storage. Therefore, before you do reflow mounting,
contact Oki's responsible sales person on the product name, package name, pin number,
package code and desired mounting conditions (reflow method, temperature and times).
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Note on Programming

When the compare output function is used, if a compare match takes place while CPFCMRO
or CPCMR1 is being read, the value of the CPCMRO0 or CPCMRL1 register being read will
be changed. However, in the case of ICE, such a change does not occur.

In cases where a compare match takes place while CPCMRO0 or CPCMR1 is read, make
the free running counter (FRC) stop (FRRUN = 0), then read CPCMRO0 or CPCMR1.
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Revision History

Page
Document i
No. Date Previous| Current Description
Edition | Edition
PEUL66577-01 Dec. 2000 — — Preliminary edition 1
FEUL66577-01 Jun. 2002 | Cover | Cover | Deleted "Preliminary"
1-4 1-4 | Partly changed the contents of Table 1-1.
1-8 1-8 | Partly changed the contents of Table 1-2.
3-9 3-9 Added an explanation of STOP mode to
Sec. 3.2.4 (3).
3-10 | 3-10 | Added two items to [Note].
6-3 6-3 | Added Table 6-2.
6-3 6-3 | Modified Figure 6-4.
6-4 6-4 | Modified Figure 6-6.
6-5 6-5 | Modified Figure 6-7.
9-5 9-5 | Addede [Note] to Sec. 9.5.
12-40 | 12-40 | Added an explanation of SIO4 to Sec. 12.7.
12-51 | 12-51 | Added an explanation of SIO5 to Sec. 12.8.
17-10 | 17-10 | Partly changed the contents of Sec. 17.3.3 (2).
191 19-1 | Deleted "Preliminary" from the chapter title.
19-1to|19-1 to | Partly changed the contents of Sections 19.1
19-9 | 19-9 | through 19.9.
20-1 20-1 | Deleted "Preliminary" from the chapter title.
20-4 | 20-4 Partly changed the contents of the table of
supply current.
20-6 | 20-6 Partly changed the contents of the table of
supply current.
20-13 | 20-13 | Changed the Min. value of tggkc in the table.
20-14 | 20-14 | Changed the Min. value of tgckc in the table.
20-21 | 20-21 | Changed the Min. value of tggkc in the table.
20-22 | 20-22 | Changed the Min. value of tggkc in the table.
— A-1 Added "Note on Programming".
— R-1 Added "Revision History".
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