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Preface

This user's manual describes the hardware of Oki-original CMOS 16-bit microcontrollers
MSM66587 family. In addition to this manual, Oki also provides the following manuals which
should be read with regard to the MSM66587 family.

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

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

CL665S User's Manual
e Compiler loader CL665S operation

RTL665S Run Time Library Reference
e C run time library explanation

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

Macroprocessor MP User’s Manual
e MP operation

e Macro language

Ultra-66K User’'s Manual
» Ultra-66K (Emulator) explanation

» PathFinder-66K (Debugger) explanation

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

This document is subject to change without notice.




Notation

Classification Notation Description
B Numeric value xxH Represents a hexadecimal number
xxb Represents a binary number
M 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
mil-, m 103
micro-, U 10-6
nano-, n 109
second, s second
KB 1KB =1 kilobyte = 1024 bytes
MB 1IMB = 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 Vg and Voy
described in the electrical characteristics.

“L” level The signal level of the low side of the
voltage; indicates voltage level of Vi, and
Vor, described in the electrical characteristics.

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: 00E H
ADCONH [ [aomn [aomuo s1s | o | "o Jmosrin[mosmo] gy’ Scbees AW

At reset 1 0 0 0 0 0 0 0

Initial value when reset  Read/Write attribute

Invalid bit : Indicates that the bit does not exist. Writing into this bit is invalid.

Fixed bit : 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.”

Read /write attribute : R indicates that reading is possible and W indicates that writing is

possible.
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1.1

Overview

The MSM66587 family of devices are high-performance CMOS 16-bit microcontrollers that
integrate a 16-bit CPU (nX-8/500S), ROM, RAM, 8-bit A/D converter, serial port, timers, and PWM.
They also allow ROM and RAM to be expanded externally.
The MSM66P587 is of OTP (One-Time PROM) version, the MSM66Q587 is of Flash EEPROM
version, and the MSM66X587A is of version with no ROM.

Features

Powerful instruction set
Instruction set superior in orthogonal matrics
8/16-bit arithmetic instructions
Multiply/divide instructions
Bit manipulation instructions
Bit logical operation instructions
ROM table reference instructions
Abundant addressing modes
Register addressing
Page addressing
Pointer register indirect addressing
Stack addressing
Immediate addressing
Minimum instruction cycle
100 ns at 20 MHz 4.5V to 5.5V)
200 nsat10 MHz 2.7V to 5.5V)
Program memory (ROM)
Internal:  64KB (The MSM66X587A includes no internal ROM)
External: 1MB, EA pin active

Data memory (RAM)
Internal:  2KB
External: 1022KB
I/0 ports
Analog input-only port: 4 lines
Input/output port: 80 lines Maximum (40 lines with programmable pull-up)
Timers
Free-run counter: One 16-bit
Realtime output: Two 16-bit
General autoreload timer: One 8-bit
16-bit PWM
Input clock divider: 1 divider

8-bit serial port
Synchronous with BRG: 1 port
A/D converter

8-bit resolution: 4 channels
Interrupts
Non-maskable 1 interrupt
Maskable 9 internal, 4 external (12 vectors)

3-level priority
ROM window function
Standby modes

HALT 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)

MSM66587 Family Products List

Type MSM66587A \ MSM66X587A
Operating Temperature —-30°C to +70°C
Minimum Instruction 100 nsec @20 MHz (4.5 to 5.5V)
Execution Time 200 nsec @10 MHz (2.7 to 5.5V)
Internal ROM Size 64KB ‘ Not included
(Maximum External ROM Size) (1MB)
Internal RAM Size 2KB
(Maximum External RAM Size) (1MB)

80 input/output lines (max)

I/0 Port
(includes 40 lines with programmable pull-up)

16-bit free-run counter x 1ch
16-Dbit real-time-out x 2ch
(RTO/toggle output RTO mode selectable)
(Configure 2-ch RTO as 1-ch PWM)

Timer 16-bit PWM x 1ch

8-bit geneal auto-reload x 1ch
(Capable of counting external events)

Used as 8-hit auto-reload x 1ch
serial communication and baud-rate generator

Serial Port Synchronous x 1ch
A/D Converter 8-bit x 4ch
Nonmaskable 1ch

External Interrupt
Maskable 4ch

OTP ROM version  : MSM66P587 (2.7 to 5.5 V)
FLASH ROM version : MSM66Q587 (4.5t0 5.5 V)

Other
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1.3 Pin Configuration (Top View)

22 = e LIRS ,0o00828835838
T I < I S R A - - g =
e Fer o s frrarcr b SRS EE RS
P9_7[76 P5_5/ALE
P2_0[77] Q Q P5_4/PSEN
P2_1[78] [48°1P7_0O/WR
P2_2[79] [47 1P7_1/RD
P2 380 P7_2/WAIT
RT08/P2_4 81| P7_3/CLKOUT
RTO9/P2_5 [82] [441P7_4/PWMO
P2_6[83] P75
P2_7[84] P7_6
P10_0[85 P7_7
P10_1[86 | [40 ]GND
P10_2[87 | [39 ]0SCT
P10_3[88 ] 0Sco
P10_4 89 37 1Voo
P10_5[90 | 136 |EA
P10_6 91| NMI
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Vpp (93] P8_7
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RXD1/P6_2 [97] [29 1P8_3
TXD1/P6_3 [ 98] (28 1P8_2
RXC1/P6_4 [ 99| @ (27 ]1P8_1
TXC1/P6_5 [100] [26 1P8_0

H
=)

a

=

INT3/P12_3

INT2/P12_2
ETMCK/P4_0

Figure 1-2 MSM66587 Family Pin Configuration (100-pin TQFP)

*

For the external dimensions of the package, refer to Chapter 22, "Package Dimensions". For
the connections of unused pins, refer to Section 2.22.
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1.4

Basic Operation Timing

The MSM66587 family of devices integrate an OKI-original 16-bit CPU Core (nX-8/500S).

In the nX-8/500S, each instruction code consists of one byte to six bytes on the basis of 8 bits.
There are two types of instruction groups: one is NATIVE instructions and the otheris COMPOSIT
instruction.

The NATIVE instructions are used frequently and the COMPOSIT instructions are used to
implement a wide range of addressing.

The NATIVE instructions consist of one to three bytes to achieve a high code utilization and high
instruction execution efficiency.

The COMPOSIT instructions are composed of an address

specification field (PREFIX: 1 to 3 bytes) and operation

specification field (SUFFIX: 1 to 3 bytes).

The combination of PREFIX and SUFFIX can achieve a wide range of addressing.

The basic clock executes one state in a single pulse (CLK).
One state is 50 ns (at 20 kHz).
Execution of a single instruction takes multiple states (S2, S3,---Sn).

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

In addition, when program memory is accessed externally, one cycle is inserted automatically for
each one-byte read (fetch), and furthermore wait cycles (0 to 3) that are set by the ROM Ready
Control Register (ROMRDY), are added. When data memory is accessed externally, three or four
cycles (1 cycle=1 state) are inserted automatically for each one byte read or write, and moreover,
wait cycles (0 to 7) that are set by the RAM Ready Control Register (RAMRDY) are added.
Figures 1-3 and 1-6 show basic timing examples.

[Note]
S_ome COMPOSIT instruction used to write data to external data memory outputs a meaningless
RD signal (dummy RD signal) before actual access (PREFIX specifies external data memory).

One dummy RD signal is output for byte/bit access and two dummy RD signals are output for word
access.

Table 1-1 and 1-2 list instructions with PREFIX and SUFFIX to output dummy RD signals when
external data memory is accessed.

In the tables, * of SUFFIX describes an addressing of PREFIX.
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Table 1-1 Instructions (Byte/Bit Manipulations) In Which a Dummy RD Occurs Once
(PREFIX and SUFFIX Combinations)

SUFFIX PREFIX
Instruction desciption |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 [DP+] B3
MB *.bit, C 18+hit + 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 * C7 n7[USP] 9B
FILLB * D7 [X1+A] BA
[X1+R0] BB

Table 1-2 Instructions (Word Manipulations) In Which a Dummy RD Occurs Twice
(PREFIX and SUFFIX Combinations)

SUFFIX PREFIX

Instruction desciption|Instruction code * Instruction code

MOVB *,A AA ERn 64+n

MOVB *#N16 AB + [X1] AO

CLR * C7 [DP] A2

FILL * D7 [DP-] Al
[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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2.1

2.2

2.3

Pin Descriptions

This chapter describes each pin.
PO_0-PO_7: Input/Output Pins
Port 0 is 8 input/output pins. Input or output can be specified for each bit with the Port 0 Mode

Register (P0OIO). Pull-up resistors can be specified for each bit with the Port 0 Pull-Up Register
(POPUP).

These pins also function as time-multiplexed address outputs and data input/output pins (ADO-
AD7) when accessing memory that has been expanded externally (program or data memory).

After reset (by RES signal input, BRK instruction execution, or op code trap), PO will be high-
impedance inputs.

P1_0-P1_7: Input/Output Pins

Port 1 is 8 input/output pins. Input or output can be specified for each bit with the Port 1 Mode
Register (P110). Pull-up resistors can be specified for each bit with the Port 1 Pull-Up Register
(P1PUP).

P1_0-P1_7 also have a secondary function as input/output pins for internal operation. Their
secondary function can be set for each bit with the Port 1 Secondary Function Control Register

(P1SF). The input/output settings by P110 will be ignored for pins that have been set to the
secondary function by P1SF.

< Secondary function of each pin >

A8-A15 (P1_0-P1_7)
These pins function as output pins for address A8-A15 when accessing program memory or data
memory that has been expanded externally. When the EA pin is low, A8-A15 will be output
regardless of P1SF settings.

After reset (by RES signal input, BRK instruction execution, or op code trap), P1 will be high-
impedance inputs.

P2_0-P2_7: Input/Output Pins

Port 2 is 8 input/output pins. Input or output can be specified for each bit with the Port 2 Mode
Register (P210).
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2.4

2.5

P2_4 and P2_5 also have a secondary function as input/output pins for internal operation. Their
secondary function can be set for each bit with the Port 2 Secondary Function Control Register
(P2SF). The input/output settings of P210O will be ignored for pins that have been set to the
secondary function by P2SF.

< Secondary function of each pin >
RTO8 (P2_4), RTO9 (P2_5)

These pins output a previously set level when the value of Timer Registers 8 and 9 matches a
selected counter value.

After reset (by RES signal input, BRK instruction execution, or op code trap), P2 will be high-
impedance inputs.

P4_0-P4_7: Input/Output Pins

Port 4 is 8 input/output pins. Input or output can be specified for each bit with the Port 4 Mode
Register (P410). Pull-up resistors can be specified for each bit with the Port 4 Pull-Up Register
(P4PUP).

P4_0 also has a secondary function as an input pin for internal operation. Its secondary function
can be set for the bit with the Port 4 Secondary Function Control Register (P4SF). The input/output
settings by P410 will be ignored for pins that have been set to the secondary function by P4SF.
< Secondary function of each pin >

ETMCK (P4_0)

This is the external clock input pin for the counter of a general 8-bit timer.

After reset (by RES signal input, BRK instruction execution, or op code trap), P4 will be high-
impedance inputs.

P5_4, P5_5: Input/Output Pins

Port 5 is 2 input/output pins. Input or output can be specified for each bit with the Port 5 Mode
Register (P5I10).

P5_4 and P5_5 also have a secondary function as output pins for internal operation. Their
secondary function can be set for each bit with the Port 5 Secondary Function Control Register
(P5SF). The input/output settings of P5IO will be ignored for pins that have been set to the
secondary function by P5SF.
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2.6

< Secondary function of each pin >

PSEN (P5_4)

This pin outputs the strobe signal for read operations when external program memory is accessed.
Operation will automatically switch to the secondary function when the EA pin is low. This pin will
be pulled up when both the EA pin and RES pin are low.

ALE (P5_5)

This pin outputs the strobe for externally latching the lower 8 address bits output from PO when
external memory is accessed. Operation will automatically switch to the secondary function when

the EA pin is low. This pin will be pulled up when both the EA pin and RES pin are low.

After reset (by RES signal input, BRK instruction execution, or op code trap), P5 will be high-
impedance inputs.

P6_0-P6_5

Port 6 is 6 input/output pins. Input or output can be specified for each bit with the Port 6 Mode
Register (P610).

P6_0-P6_5 also have a secondary function as input/output pins for internal operation. Their
secondary function can be set for each bit with the Port 6 Secondary Function Control Register
(P6SF). The input/output settings of P6IO will be ignored for pins that have been set to the
secondary function by P6SF.

< Secondary function of each pin >

INTO (P6_0), INT1 (P6_1)

These pins input external interrupts 0 and 1.

RXD1 (P6_2)

This pin inputs receive data to the Serial Port 1 receive circuit.

TXD1 (P6_3)

This pin outputs transmit data to the Serial Port 1 transmit circuit.

RXC1 (P6_4)

This pin outputs the shift clock when the Serial Port 1 receive circuit is in master mode. It inputs
the shift clock when the receive circuit is in slave mode.

TXC1 (P6_5)

This pin outputs the shift clock when the Serial Port 1 transmit circuit is in master mode. It inputs
the shift clock when the transmit circuit is in slave mode.

After reset (by RES signal input, BRK instruction execution, or op code trap), P6 will be high-
impedance inputs.
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2.7

2.8

P7_0-P7_7: Input/Output Pins

Port 7 is 8 input/output pins. Input or output can be specified for each bit with the Port 7 Mode
Register (P710).

P7_0-P7_4 also have a secondary function as input/output pins for internal operation. Their
secondary function can be set for each bit with the Port 7 Secondary Function Control Register
(P7SF). The input/output settings of P710 will be ignored for pins that have been set to the
secondary function by P7SF.

< Secondary function of each pin >

WR (P7_0)

This pin outputs the strobe signal for write operations when external data memory is accessed.

RD (P7_1)
This pin outputs the strobe signal for read operations when external data memory is accessed.
WAIT (P7_2)

This pin inputs a wait to the internal CPU when external data memory with a slow access time is
accessed. CPU is driven to "WAIT" state during WAIT pin high.

CLKOUT (P7_3)

This pin outputs the clock pulses set by the Peripheral Control Register (PRPHF).
PWMO (P7_4)

This pin outputs PWMO.

After reset (by RES signal input, BRK instruction execution, or op code trap), P7 will be high-
impedance inputs.

When P7_0and P7_1 are used as their secondary functions (WR, RD), they need to be connected
externally to pull-up resistors.

P8_0-P8_7: Input/Output Pins

Port 8 is 8 input/output pins. Input or output can be specified for each bit with the Port 8 Mode
Register (P8IO).

After reset (by RES signal input, BRK instruction execution, or op code trap), P8 will be high-
impedance inputs.
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2.9 P9_0-P9_7: Input/Output Pins

Port 9 is 8 input/output pins. Input or output can be specified for each bit with the Port 9 Mode
Register (P9I0). Pull-up resistors can be specified for each bit with the Port 9 Pull-Up Register
(POPUP).

P9_0-P9_3 also have a secondary function as output pins for internal operation. Their secondary
function can be set for each bit with the Port 9 Secondary Function Control Register (P9SF). The
input/output settings of P9IO will be ignored for pins that have been set to the secondary function
by POSF.

< Secondary function of each pin >
A16-A19 (P9_0-P9_3)

These pins function as output pins for address A16-A19 when accessing program memory or data
memory that has been expanded externally. Note that program memory address A16-A19 will be
output even when accessing data memory that has been expanded externally. When the EA pin
is low and program memory that has been expanded externally is accessed, A16-A19 will be
output regardless of POSF settings.

After reset (by RES signal input, BRK instruction execution, or op code trap), P9 will be high-
impedance inputs.

2.10 P10_0-P10_7: Input/Output Pins

2.11

Port 10 is 8 input/output pins. Input or output can be specified for each bit with the Port 10 Mode
Register (P1010). Pull-up resistors can be specified for each bit with the Port 10 Pull-Up Register
(P10PUP).

After reset (by RES signal input, BRK instruction execution, or op code trap), P10 will be high-
impedance inputs.

P12_0-P12_7: Input/Output Pins

Port 12 is 8 input/output pins. Input or output can be specified for each bit with the Port 12 Mode
Register (P1210).

P12_2 and P12_3 also have a secondary function as input pins for internal operation. Their
secondary function can be set for each bit with the Port 12 Secondary Function Control Register
(P12SF). The input/output settings of P1210 will be ignored for pins that have been set to the
secondary function by P12SF.

< Secondary function of each pin >

INT2 (P12_2), INT3 (P12_3)

These pins input external interrupts 2 and 3.

After reset (by RES signal input, BRK instruction execution, or op code trap), P12 will be high-
impedance inputs.
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2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

AIO-AI3: Input Pins

These are analog input pins for the A/D converter.

Vger: Input Pin

This is the reference voltage pin for the A/D converter.

AGND: Input Pin

This is the ground input pin for the A/D converter.

0OSCO0, OSC1: Input Pin, Output Pin

These pins connect to a crystal oscillator, ceramic oscillator, or capacitors for base clock

oscillation. When the base clock is to be supplied externally, it should be input on the OSCO pin
with the OSC1 pin left open.

NMI: Input Pin

This input pin requests a non-maskable interrupt.

RES: Input Pin

This is an active-low reset input pin.

EA: Input Pin

When this pin is high, program addresses OH-FFFFH will access internal program memory and

program addresses 10000H-FFFFFH will access external program memory. To access external
program memory, P1, P5, and P9 must be set with their secondary function control registers.

When this pin is low, all program addresses will access external program memory.
Vpp: Input Pins
These are voltage pins. All Vpp pins (9, 17, 37, 67, 93) should be connected to the supply voltage.

GND: Input Pins

These are ground pins. All GND pins (16, 40, 68, 94) should be connected to ground.
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2.21  Pin Configurations

Table 2-1 and Figure 2-1 show a simplified configuration for each pin.

Table 2-1 Pin Configurations

Pin Name Type Number Pin Name Type Number
P0_0-P0_7 7 P9_0-P9_7 6
P1_0-P1_7 6 P10_0-P10_7 6
P2_0-P2_7 5 P12_0-P12_7 5
P4_0-P4_7 6 AlO-AI3 3

P5_4, P5_5 4 NMI 1
P6_0-P6_5 5 RES 2
P7_0-P7_7 5 EA 1
P8_0-P8_7 5
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Type 1 Type 4 Vpp
IN
D—@O—» H level CONT. |
DATA ouT
Schmitt inverter input ]
Hiz. CONT. <
Type 2
Voo
As output: Push-pull output with high-impedance output
possible. o
As input: Schmitt inverter (CMOS). EA and RES pins
N are both pulled up when low.
Type 5 Voo
Sc“mitt in\(etrter input with
pull-up resistor
DATA N/
ouT
Type 3 0
TN ON Hiz. CONT.
D ON
A/ J_O
IN E}
A/S_ON As output: Push-pull output with high-impedance output
possible.

As input: Schmitt inverter (CMOS).

Type 6, 7

Vb
Vop
PULL UP * |
DATA N/
out
Hiz. CONT.

As output: Push-pull output with high-impedance output possible.
As input (type 6): Schmitt inverter (CMOS).
As input (type 7): Schmitt inverter (TTL).
Pull-up can be programmed.

Figure 2-1 Pin Configuration Types

2-8
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2.22 Unused Pins

Table 2-2 shows how to connect unused pins.

Table 2-2 Unused Pins

Pin Connection when unused
P0_0-P0_7
P1_0-P1_7 When set as programmable pull-up: open
P4_0-P4_7 When set as input: high or low level
P9_0-P9_7
P10_0-P10_7 When set as output: open
P2_0-P2_7
P5_4, P5_5
P6_0-P6_5 When set as input: high or low level
P7_0-P7_7 When set as output: open
P8_0-P8_7
P12_0-P12_7
AI0-AI3 VRer or AGND
VRer Vop
AGND GND
NMI High or Low level
EA High level
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3. CPU Architecture
3.1 Memory Space

Two independent memory spaces, a program memory space and data memory space are
provided. After reset both program memory space and data memory space can be accessed up
to 64KB. By changing the Memory Size Control Register (allocated as an SFR), program memory
space and data memory space can be expanded to a maximum of 1MB.

3.1.1  Memory Space Expansion

The Memory Size Control Register MEMSCON) is allocated in the expanded SFR area to specify
the size of the memory spaces. By setting bit 1 (LROM) to "1", program memory space will be
expanded to 1TMB. By setting bit 0 (LRAM) to "1", data memory space will be expanded to 1MB.

Address : 0101H
R/W access : R/W

MEMSCON — — — — — — |[LROM | LRAM
Reset state 1 1 1 1 1 1 0 0

0 Data memory space is
64KB.

1 Data memory space is
1MB.

0 Program memory space
is 64KB.

1 Program memory space
is TMB.

"—"indecates bits that do not exist.
When read, "1" is read.

Just before writing the LROM and LRAM bits of MEMSCON, you must write in sequence 5H
followed by 0AH to the upper (for LROM) and lower (for LRAM) four bits of the Memory Size
Acceptor Register (MEMSACP).

7 6 5 4 3 2 1 0

Address : 0100H

MEMSACP R/W access : R/W

| | | | After writing in sequence

"5H" followed by "0AH",
writing the LRAM bit is
permitted.

After writing in sequence
"5H" followed by "0AH",
writing the LROM bit is
permitted.
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When the LROM and LRAM bits are written (set), the actual change in memory space will be after
execution of the instruction after the instruction that wrote the LROM and LRAM bits. Hereis a
program example showing memory space expansion to each individual model.

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

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

¢ | ARGE model (program memory space 1MB, data memory space 1MB)
MOVB MEMSACP, #55H
MOVB MEMSACP, #0AAH
MOVB MEMSCON, #03H
After reset (RES signal input, BRK instruction execution, or OPTRP trap).
MEMSCON can be written one time only. Therefore, once the memory space model has been set,

it can be changed to other models only after a reset (RES signal input, BRK instruction, or OPTRP
trap).

Program Memory Space

Up to 1MB (1,048,576 bytes) of program memory can be accessed as segments 0-15, with one
segment equal to 64KB (65,536 bytes). However, to access above 64KB (segments 1-15), the
LROM bit of MEMSCON (Memory Size Control Register) allocated as an SFR must be set to 1.
The segment is specified by the Code Segment Register (CSR). The address within a segment
is specified by the Program Counter (PC). However, the segment when executing ROM table
reference instructions (LCA obj, etc.) and ROM window functions is specified by the Table
Segment Register (TSR).

The 64KB in segment 0 are the internal ROM area, and the 64KB in segments 1-15 are the external
ROM area.

The following are allocated in segment 0.

Vector table area (82 bytes)
VCAL table area (32 bytes)

The following are allocated in each segment.
ACAL area (2048 bytes)

Figure 3-1 shows a memory map of program memory space.
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Segment 0 Segment 1to 15

0000H 0000H
Vector table area

74 bytes
0049H
004AH VCAL table area

32 bytes Internal ROM area External ROM area
0069H
006AH Vector table area
0071H 8 bytes
0072H
OFFFH
1000H b

ACAL area ACAL area
2KB 2KB

17FFH 17FFH
1800Hq | 1800Hq R
FFFFH FFFFH

Figure 3-1 Program Memory Space Memory Map
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(1) Accessing Program Memory Space

—

Program memory space is accessed using the Program Counter (PC) and Code Segment
Register (CSR). However, when ROM table reference instructions (LC A, obj, etc.) and ROM
window functions (refer to Section 5.1) are executed, program memory space will be accessed
using the Table Segment Register (TSR) and a register specified by the instruction.

For program memory space, access of the internal ROM area and external memory area is
switched automatically by the state of the EA pin (input: pin 36). When the EA pin is input high,
program memory addresses 0000H-FFFFH will access the internal memory area, and
10000H-FFFFFH will access the external memory area. To access the external memory area,
Port 1, 5, and 9 must be set by their secondary function control registers.

When the EA pin is input low, program addresses across the entire memory space will be
accessed in the external memory area.

When program memory space is accessed in the external memory area, Port 0 (I/O pins 51-
58: ADO-AD7 outputs and data inputs), Port 1 (output pins 59-66: A8-A15 outputs), and Port
9 (output pins 69-72: A16-A19 outputs) operate as a bus port synchronized to the P5_5/ALE
pin (output pin 50). The P5_4/PSEN pin (output pin 49) will also be active.

The internal program area that can be fetched is 0000H-FFFDH. Be sure that the last address
of instruction codes does not exceed FFFDH. The last address of table data is FFFFH.

Vector Table Area

In program memory space segment 0, the 74 bytes at 0000H-0049H and the 8 bytes at 006 AH-
0071H form a vector table area (16 types) that stores branch addresses for each type of
interrupt request and for reset by RES pin input (input pin 34), by break instruction, or by op
code trap (OPTRP).

When areset or interrupt occurs, the corresponding 2-byte branch address stored in the vector
table is loaded into the PC (even address is low data, odd address is high data), and
simultaneously 0 is loaded into the CSR. Program execution then starts from the loaded
address in segment 0. If, for example, a reset or interrupt occurs during execution of an
instruction in segment 1, then execution will branch to an address in segment 0.

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

Table 3-1 shows the vector table for reset and interrupt requests.
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[Example] Program start address after RES pin input from 0200H

Program Address Data Code
0000H O00H Program start address low data
0001H 02H Program start address high data

Table 3-1 Vector Table

Program Address
Address [H] Vector Source

0000 RES pin input reset
0002 BRK instruction execution reset
0006 OPTRP (op code trap) reset
0008 NMI pin input interrupt
000A External interrupt pin INTO interrupt
000E TM1 overflow interrupt
0020 RT08 event generation interrupt
0022 RT09 event generation interrupt
0028 Serial port 1 transmit/receive interrupt
002A S1TM overflow interrupt
002C GTMG overflow interrupt
0030 A/D conversion completion interrupt
0032 PWCO underflow/matching interrupt
0038 External interrupt pin INT1 interrupt
006E External interrupt pin INT2 interrupt
0070 External interrupt pin INT3 interrupt

(8) VCAL Table Area

In program memory space segment 0, the 32 bytes at 004AH-0069H form the VCAL table area
that stores branch addresses (VCAL: 16 types) for one-byte call instructions.

When a VCAL instruction is executed, the next address after the VCAL instruction is saved on
the system stack, the System Stack Pointer (SSP) is decremented by two, the corresponding
2-byte branch address stored inthe VCAL table is loaded into the PC (even address is low data,
odd address is high data), and program execution then starts from the loaded address.

However, when program memory space has been expanded to 1MB, the value of CSRis saved
at the same time the value of PC is saved, so SSP will be decremented by four. Also, at the
same time the branch address is loaded into the PC, a 0 will be loaded into CSR. If, for example,
a VCAL instruction in segment 1 is executed, then execution will branch to an address in
segment 0.

When program memory space is 64KB with the LROM bit in MEMSCON set to 0, return from
subroutines called by a VCAL instruction with an RT instruction. When program memory space
is 1 MB with the LROM bit in MEMSCON set to 1, return from subroutines called by a VCAL
instruction with an FRT instruction.




MSM66587 Family User's Manual
Chapter 3 CPU Architecture

If not used as a VCAL table area, this area can be used as a normal program area.
Table 3-2 shows VCAL vector addresses.

[Example] Program start address after VCAL 4AH from 0400H

Program Address Data Code
004AH 00H Program start address low data
004BH 04H Program start address high data

Table 3-2 VCAL Vector Table Addresses

VCAL Table 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

(4) ACAL Area

In each segment of program memory space, the 2KB at 1000H-17FFH is the area for direct

subroutine calls with the 2-byte call instruction (ACAL).

When an ACAL instruction is executed, the next address after the ACAL instruction is saved on
the system stack, the System Stack Pointer (SSP) is decremented by two, the 11-bit data including
in the ACAL instruction code is loaded into the PC, and program execution then starts from the

loaded address. The CSR value is not modified.



MSM66587 Family User's Manuall
Chapter 3 CPU Architecture

Data Memory Space
Up to 1MB (1,048,576 bytes) of data memory can be accessed.

The following areas are allocated to data memory space: special function register area (SFR: 256
bytes), expanded SFR area (256 bytes), fixed page area (FIX: 256 bytes), internal RAM area (2,048
bytes), local register setting area (2,048 bytes), and external memory area (1,046,016 bytes).

In addition, the pointing register area (PR: 64 bytes) and special bit addressing area (sbafix: 64
bytes) are allocated to the fixed page area. The ROM window setting area (1000H-FFFFH in every
segment) is allocated to the external memory area.

To enable exchange of data between multiple data segments, there is a common area that starts
in data memory from address OH. The SFR area, expanded SFR area, and fixed page area always
reside in the common area.

Figure 3-2 shows the memory map of data memory space.
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0000H
O0FFH
0100H

01FFH
0200H

02FFH
0300H

09FFH
0AQOH

OFFFH
1000H

7FFFH
8000H

FFFFH

Segment 0

Internal Local register
RAM area setting area

L

Segment 1-15

ROM window
setting area

SFR area 0000H —_—
,,,,,,,,,,,,,,,,,,,,,,,,,,, BCB
0
ExpandedSFRarea ,,,,,, Common area 4
2
FIX
,,,,,,,,,,,,, area 3
——————————————————————————— A 03FFH
A
OFFFH
1000H A
I Y 1FFFH
A
[ 4
A 3FFFH
. —— Y 7FFFH
ROM window
External setting area
memory area External
memory area (Note)
\4 FFFFH \ 4

Common range

0-03FFH
0-1FFFH
0-3FFFH

0-7FFFH

Note: Therange ofthe externalmemory areain segments 1to 15 depends onthat of the common

area to be set.

Figure 3-2 Data Memory Space Memory Map



MSM66587 Family User's Manuall
Chapter 3 CPU Architecture

(1) Special Function Register (SFR) Area

@

@3

~

~

=

In data memory space, the 256 bytes at 0000H-00FFH are allocated to a register group with
special functions, like counters, control registers, and mode registers for internal peripheral
hardware.

Expanded Special Function Register (Expanded SFR) Area

In data memory space, the 256 bytes at 0100H-01FFH are allocated to a register group with
special functions, just like the SFR area. However, note that the expanded SFR area is
restricted in that it cannot use SFR addressing.

Internal RAM Area

In data memory space, the 2KB (2,048 bytes) at 0200H-09FFH are allocated to internal RAM.
Fixed Page (FIX) Area

In data memory space, the 256 bytes at 0200H-02FFH are allocated as a pointing register (PR)
area and special bit address (sbafix) area.

The pointing register area is allocated to 0200H-023FH. It provides eight sets of the following
four registers.

e Index Registers (X1, X2)
e Data Pointer (DP)
e User Stack Pointer (USP)

All of the pointing registers are 16-bit registers, with the even address as low data and the
subsequent odd address as high data.

The special bit address area is allocated to 02C0H-02FF. This area enables efficient byte
counts with SB, RB, JBR, and JBS instructions.

Figure 3-3 shows a map of the fixed page area.
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01FFH| Expanded SFR area
A 0200H X1 A
X2
DP SCB=0
USP
0208H X1
X2
DP _ 1 | Pointing register
USP SCB =1 sots
0210H X1 :
Fixed page
area usp
0238H X1
X2 _
DP SCB=7
UsP Y
0240H
02COH
SBA area The SBA area that can be accessed
64 bytes using SB, RB, JBS,
7 v and JBR instruction.
0300H

Figure 3-3 Fixed Page Area Map
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(5) Area for Setting Local Registers

In data memory space, the 2KB at 0200H-09FFH can be set for local registers. Local registers
are set in 8-byte blocks with the lower 8 bits of LRB (LRBL). Figure 3-4 shows the map of the
area for setting local registers.

0000 | sFRarea
0100H | Expanded SFR area ]
4 0200H FIX area AT for setting local redist 0200H | ERO 111 ------
rea 10r setting local registers: B
Internal RAM! " 0300H Specify 8-byte block with 8-bits of | ER1 B2 - LRBL=
LRBL ER? - R4 | 00H
| RS
4 Y RG.
A 0AQOH ER3 R7 T
0208H | ERo EL(1). ______
f LRBL=
01H
External RAM
area
FFFFFH 5 LRBL-
v ER3 ---B-.--- FFH
0AOOH

Figure 3-4 Map of Area for Setting Local Registers
(6) External Memory Area

In data memory space, the 1022KB (1,046,016 bytes) at OAOOH-FFFFFH are an external
memory area. This areais accessed by the following signals; port 0 (address output ADO-AD7,
data input /output), port 1 (address output A8-A15), port 9 (address output A16-A19), P5_5/
ALE (port 5 P5_5 secondary function), P7_0/WR (write strobe output function), and P7_1/RD
(read strobe output function). The ROM window function can also be set in this area with the
ROM Window Setting Register. For a specified area in data memory space (1000H and above)
the ROM window function makes instruction accesses (read operations) not on data in data
memory space, but instead on the data in program memory space at the same address.

In the ROM window function, set the register for enabling it (ROMWIN) and access (read
operations) addresses in external data memory.
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(7) Common Area

Data memory space has a common area for exchanging data between segments. The area
common to all segments is in the low end of data memory starting at offset address OH of each
segment. The range of the common area is determined by the values of the BCB bits in the
PSW.

] BCB 0 Common Area Range
0 0 OH-03FFH
0 1 OH-1FFFH
1 0 OH-3FFFH
1 1 OH-7FFFH

3.1.4 Accessing Data Memory

This section shows memory accesses in data memory space with byte and word operations
performed by instructions.

(1) Byte Operation
For byte operations, 8-bit data at the address obtained by the instruction is accessed.

[Example] For LB A, [DP] assume that the value of DP is 0335H.

15 ACC 0

0332H
0333H A
0334H
0335H
0336H
0337H
0338H
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(2) Word Operation

For word operations, 8 bit-data at the address obtained by the instruction but with its least
significant bit set to "0"(even address) is accessed as the low 8-bit data and 8bit-data at the
obtained address but with its LSB set to "1" (odd address) is accessed as the high 8-bit data.

[Example] For L A, [DP] assume that the value of DP is 0334H (or 0335H).

15 ACC 0
0331H | |

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

Registers are classified by their function: accumulator registers, control registers, pointing
registers, special function registers, local registers, and segment registers. Figure 3-5 shows the
configuration of the registers.

Arithmetic Register Control Registers
15 0 15 0
ACC | PSW |
| PC |
| LRB |
Pointing Registers
15 0 | SsP |
X1
Segment Registers
X2 7 0
DP CSR
usp
TSR
DSR
Local Registers Special Function Registers (SFR)
7 07 0 7 07 0
R1 RO (ER0) 1
R3 R2 (ER1) 3
R5 R4 (ER2) :
R7 R6 (ER3) 253 252
255 254

Figure 3-5 Register Configuration
3.2.1  Arithmetic Register (ACC)

The accumulator (ACC) is a 16-bit register for all types of calculations. The arithmetic operation,
shifting, and so on are performed with as follows.

e Word type: all 16 bits (bits 15-0) are performed
e Byte type: lower 8 bits (bits 7-0) are performed
e Nibble type: lower 4 bits (bits 3-0) are performed

When the accumulator specifies the object bit of a bit operation instruction (SBR, RBR, etc.) the
upper 5 bits of the lower byte (bits 7-3) specify the address offset and the lower 3 bits (bits 2-0)
specify the bit position.

ACC is allocated as an SFR. lts value after reset (by RES signal input, BRK instruction execution,
op code trap) will be 0000H.
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3.2.2 Control Registers

This is a group of registers with specific functions to control program status, program sequence,
local registers, stacks, etc. There are four 16-bit control registers.

(1) Program Status Word (PSW)
The PSW is a 16-bit register configured as follows.

e Flag for instruction execution (DD)

e Flags set (1) or reset (0) by instruction execution results (CY, ZF, HC, S, OV)

e Flag to specify the pointing register set (SCB0-2)

e Flag to enable (1) or disable (0) all maskable interrupts (MIE)

¢ Flag to enable (1) or disable (0) priority of all maskable interrupts (MIP)

e Flag to set the segment 0 common area (BCBO, 1)

e Flags available for user use (FO, 1)

e Flag provided for future expansion of CPU core functions, but which is available for user
use with the MSM66587 family (MAB)

PSW is divided into 8-bit registers, PSWH (bits 15-8) and PSWL (bits 7-0), so it can be operated
on with 8-bit instruction operations in addition to 16-bit operations.

Address : 0005 [H] Address : 0004 [H]
R/W Access : R/W R/W Access : R/W

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BCB SCB
CY| ZF |[HC |DD | S |MIP|QV |MIE|MAB| F1 110 FO | » 1’1 (0

Resetstate 0 0 0 O O O O O O O O O O o0 O

A

<
<

Y

>
>

PSWH PSWL

A
Y

PSW

Figure 3-6 PSW Configuration
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The high byte of PSW (PSWH) contains the following.

e Flag for instruction execution (DD)
e Flags set (1) or reset (0) by instruction execution results (CY, ZF, HC, S, OV)

Please note that when the following instructions are executed, the actual operation of the PSW
or PSWH flags may differ from expected.

@ Instructions that load contents of PSW or PSWH into ACC.
(Value corresponding to ZF in ACC will be undefined.)

(2) Bit operation instructions on ZF.
(ZF will change based on its value immediately prior to execution of the bit operation
instruction.)

(3 Instructions that perform increment, decrement, arithmetic calculation, logical calculation, or
comparison on PSW or PSWH
(Value of PSW or PSWH after instruction execution will be undefined.)

When an interrupt occurs, the PSW will be saved automatically during the interrupt process. It will
be restored automatically by execution of an RTI instruction.

PSW is allocated as an SFR. lts value after reset (by RES signal input, BRK instruction execution,
op code trap) will be 0000H.

Below is an explanation of each bit in PSW.
Bit 15: Carry Flag (CY)

The Carry Flag will be set (1) if the result of an arithmetic calculation or comparison instruction
generates any of the following. Otherwise it will be reset (0).

e Carry is generated from bit 7 for byte calculations.

e Borrow is generated to bit 7 for byte calculations.

e (Carry is generated from bit 15 for word calculations.

e Borrow is generated to bit 15 for word calculations.

The Carry Flag can be directly set and reset by instructions and data can also be sent and received
to the bits specified by the register. The state of the Carry Flag can also be tested by conditional
branch instructions.
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Bit 14: Zero Flag (ZF)
The Zero Flag will be set (1) when the following occurs. Otherwise it will be reset (0).

e Result value of an arithmetic calculation instruction is 0.
e Execution of a load instruction to ACC loads a value of 0.
e Object bit of a bit operation instruction is 0.

The state of the Zero Flag can also be tested by conditional branch instructions.
Bit 13: Half-Carry Flag (HC)

The Half-Carry Flag will be set ("1") when the result of executing an arithmetic calculation or
comparison instruction (byte and word calculations are the same) carrys or borrows from bit 3.
Otherwise it will be reset (0).

Bit 12: Data Descriptor (DD)
The Data Descriptor flag indicates the attribute of data stored in ACC.

e When DD is 1, all 16 bits of ACC data are considered valid.
e When DD is 0, the lower 8 bits of ACC data are considered valid.

When calculation and data transfer instructions with ACC are executed, DD is referred and
execution proceeds as follows.

e When DD is 1, calculation and transfer will be executed with words.
e When DD is 0, calculation and transfer will be executed with bytes.

DD can be set ("1") or reset ("0") when a data transfer instruction to ACC is executed and when
flag-specific set or reset instructions are executed.

e DD will be set ("1") when a word load instruction to ACC is executed or the SDD instruction
is executed.

e DD will be reset ("0") when a byte load instruction to ACC is executed or the RDD instruction
is executed.

When DD is modified by execution of a load instruction to ACC or a flag-specific set or reset
instruction, the following instruction will refer and execute the modified DD if that instruction is
reference DD.

DD is a part of PSW, so it can be overwritten by instructions other than the ones described above.
In this case, the following instruction will refer the value of DD before it is modified if that instruction
is reference DD. For this use, insert a NOP instruction after the instruction that directly modifies
DD.

Bit 11: Sign Flag (S)

The Sign Flag will be set if the MSB of the execution result of an arithmetic or logical operation
instruction is "1", and will be reset if MSB = "0".
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Bit 10: Master Interrupt Priority Flag (MIP)

The Master Interrupt Priority Flag controls the priority function for maskable interrupts. If "1, the
priority function is enabled. If "0", the priority function is disabled.

Bit 9: Overflow Flag (OV)

The Overflow Flag will be set ("1") if the execution result of an arithmetic operation instruction
exceeds the range that can be expressed as 2’s complement (-128 to +127 for byte arithmetic,
-32768 to +32767 for word arithmetic). Otherwise it will be reset ("0").

Bit 8: Master Interrupt Enable Flag (MIE)

The Master Interrupt Enable Flag controls whether all maskable interrupts are enabled ("1") or
disabled ("0").

This flag will be reset ("0") after the PSW is saved on the system stack during a maskable interrupt
transfer cycle. It will be restored when an RTl instruction is executed. When MIE is set ("1"), all
maskable interrupts are enabled to occur from the instruction following the one that set MIE. When
MIE is reset ("0"), all maskable interrupts are disabled to occur from the instruction following the
one that reset MIE.

Bit 7: Multiply-Accumulate Bank Flag (MAB)

This flag can be used as a user flag.

Bit 6: User Flag 1 (F1)
Bit 3: User Flag 0 (FO)

The User Flags can be set ("1") and reset ("0") by instructions.

Bit 5: Bank Common Base 1 (BCB1)
Bit 4: Bank Common Base 0 (BCBO)

The Bank Common Base specifies the last address of the common area between segmentsin data
memory space. The relationship of BCB value and the common area is as follows.

BCB

Common Area Range

1 0

0 0 0H-03FFH
0 1 OH-1FFFH
1 0 OH-3FFFH
1 1 OH-7FFFH
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(2) Program Counter (PC)

The Program Counter is a 16-bit counter that stores the program address within a segment to
execute next. Itis generally incremented by the number of bytes in each instruction executed.
When branch and conditional jump instructions are executed, the PC will be loaded with
immediate data or the contents of a register. Even if the PC overflows when incremented, the
value of CSR will not change.

After reset (by RES signal input, BRK instruction execution, or op code trap) or when an
interrupt occurs, the PC will be loaded with a value from the vector table area.

(3) Local Register Base (LRB)

The Local Register Base is a 16-bit register. Its low-order 8 bits (LRBL) specify 2KB (0200H-
09FFH) of data memory space (for local register addressing) in units of 8 bytes. Its high-order
8 bits (LRBH) specify 64KB of data memory space (for current page addressing) in units of 256
bytes. The 64 bytes at XXCOH-XXFFH in the current page are an area that can be accessed
using the sba.bit of SB, RB, JBR, and JBS instructions.

LRBL (02H) and LRBH (03) are both allocated in the SFR area. After reset (by RES signal input,
BRK instruction execution, or op code trap), their contents are 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

Reset State o o 0 o0 o 0 O 0 o0 o0 o0 o0 o0 O0 o0 o0

A

» |
>

LRBH LRBL

Y

A

Y

LRB

Figure 3-7 LRB Configuration

e | RBL’s 8 bits specify 2KB (0200H-09FFH) of data memory space (the X values are included
in the instruction code) in units of 8 bytes.

»
>

A

LRBL

LRBL's 8 bits specify 2KB (0200H-09FFH) of data
memory space (the x values are included in the
instruction code) in units of 8 bytes.




MSM66587 Family User's Manual
Chapter 3 CPU Architecture

e | RBH'’s 8 bits specify 64KB of data memory space in units of 256 bytes.

7 6 5 4 3 2 1 0

»
>

A

LRBH

A

LRBH's 8 bits specify a 256-byte block
in 64KB of data memory space from 0000H to FFFFH
(the x values are included in the instruction).

Bit 2: System Control Base 2 (SCB2)
Bit 1: System Control Base 1 (SCB1)
Bit 0: System Control Base 0 (SCBO)

The System Control Base specifies the Pointing Register (PR) set allocated in the fixed page area.

»
(@)
@

Pointing Register Set

PRO (0200H-0207H)
PR1 (0208H-020FH)
PR2 (0210H-0217H)
PR3 (0218H-021FH)
( )
( )
( )
( )

PR4 (0220H-0227H
PR5 (0228H-022FH
PR6 (0230H-0237H
PR7 (0238H-023FH

el el el i k=2 K= K=K =21 ]

ala|lo|lola|lm|loo| -
SO0 |02 O|0O

(4) System Stack Pointer (SSP)

The System Stack Pointer is a 16-bit register that points to the address of the stack for saving
and restoring PC and register values when interrupts are processed and call, push, return, and
pop instructions are executed. SSP is automatically incremented or decremented by
instruction execution.

Saving and restoring to the stack address pointed to by SSP is performed with words, so the
least significant bit (LSB) of SSP is "0".

The SFR area and expanded SFR area cannot be used as the stack.

The SSP (00H) is allocated in the SFR. After reset (by RES signal input, BRK instruction
execution, or op code trap), its value will be FFFFH.
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3.2.3 Pointing Register (PR)
There are eight PR sets. Each set consists of four 16-bit registers.

e Index Register 1 (X1)

e Index Register 2 (X2)

e Data Pointer (DP)

e User Stack Pointer (USP)

PR sets are allocated to 0200H-023FH in the internal RAM area. One of the eight sets will be
selected by the SCBO0-2 bits in PSWL.

If the PR functions are not used, then area for PR sets can be used as normal internal RAM.

X1, X2, DP, and USP have their even address in the low-order 8 bits and odd address in the low-
order 8 bits.

01FFH| Expanded SFR area
0200H X1 A

DP SCB=0

0208H X1

DP SCB = 1 | Pointing Register
, Sets

0210H X1

0238H X
X2 SCB=7

0240H
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3.2.4

Local Registers (R, ER)

R is an 8-bit register, and ER is a 16-bit register. Local Registers R and ER specify 2KB of Data
Memory Space from 0200H to 09FFH in 8-byte units by low 8-bit LRBL. The one of the 8 bytes
can be accessed by specifying 3-bit data embedded in a local register operation instruction (for
ER, two of the 8 bytes can be accessed by specifying 2-bit data embedded in a local register
operation).

A 0200H RO
ERO R1
R2
ER1 ------ R3 T LRBL =
00H
ER2 ------Bh e
R5
______ R6. ...
ER3 R7
0208H | FpA ... RO._________.
ERO R1
8-byte block is specified by LRBL =
LRBL 8 bits. RO-R7 are 01H
specified by including 3 : :
bits in the instruction
code. ERO-ER3 are
specified by including 2
bits in the instruction
code.
ER3...... R6 . LRBL =
Y R7 FFH
0AOOH
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3.2.5 Segment Registers

The segments registers are three 8-bit registers: Code Segment Register (CSR), Table Segment
Register (TSR), and Data Segment Register (DSR). They select segments in program memory
space.

However, only segments 0-15 exist in program memory space, so only bits 3-0 are valid. Bits
7-4 are always 0.

(1) Code Segment Register (CSR)

7 6 5 4 3 2 1 0
o o [ololw] [ [ ] |
Reset state 0 0 0 0 0 0 0 0

CSR specifies the segment in program memory space which contains the program code currently
being executed. CSR is an independent 8-bit register; it is not allocated as an SFR. CSR may be
written by FJ, FCAL, VCAL, FRT, and RTl instructions, as well as interrupts. There is no other way
towrite to CSR. Be sure that the destination address of an FJ or FCAL instruction is within segment
0-15.

Offset addresses 0-OFFFFH are assigned within each segment. Address calculations that
determine an addressing object are performed on 16-bit offset addresses, with any overflows and
underflows ignored. Similarly, if the PC overflows, CSR will not change. Therefore, unless CSR
is written using one of the above methods, program execution will not proceed beyond code
segment boundaries. After reset the value of CSR is 00H.

When program memory space has been expanded to 1MB and an interrupt occurs, the current
CSR and PC values will both be saved automatically on the stack. The saved values will be
restored by execution of an RTl instruction. (Refer to Section 3.1.1, “Memory Space Expansion.”)

(2) Table Segment Register (TSR)

7 6 5 4 3 2 1 0 )
TSR | 0" | 0" | 0" | 0 | | | | address : 0008[H]

R/W access : R/W
Reset state 0 0 0 0 0 0 0 0

Be sure to write "0"in "0".
When read, "0" is output.

TSR specifies the segment in program memory space which contains table data. TSR is an 8-bit
register allocated in SFR space. However, TSR is rewritable, only when MEMSCON bit 1 (LROM)
is set to ("1"). TSR can be written by instructions that have SFR addressing. Data in the table
segment can be accessed using ROM reference instructions (LC, LCB, CMPC, CMPCB). By using
the ROM window function, RAM addressing can be used for the table segment.
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3.3

3.3.1

Bits 3-0 of TSR are valid. When read, bits 7-4 will be "0". Always write 0 to bits 7-4.

Offset addresses 0-OFFFFH are assigned within each segment. Address calculations that
determine an addressing object are performed on 16-bit offset addresses, with any overflows and
underflows ignored. Therefore, TSR will not be changed by these operations. After reset the value
of TSR is O0H.

(3) Data Segment Register (DSR)

7 6 5 4 3 2 1 0
oot [o [o o w] | | | |
Reset state 0 0 0 0 0 0 0 0

DSR specifies the segment in data memory space which contains data currently being used. DSR
is an 8-bit register allocated in SFR space. DSR can be written by instructions that have SFR
addressing. However, DSR is rewritable, only when MEMSCON bit 0 (LRAM) is set to ("1").

Bits 3-0 of DSR are valid. When read, bits 7-4 will be "0". Always write "0" to bits 7-4.

Addressing Modes

There are two independent memory spaces: data memory space and program memory space.
Addressing modes are classified into two categories corresponding to each memory space.

Data memory space consists of memory that can be read and written (RAM), so it is also called
RAM space. Addressing for this space is called RAM addressing.

Program memory space consists of read-only memory (ROM), so it is also called ROM space.
Addressing for this space is called ROM addressing.

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

There is also a special addressing called ROM window addressing. It allows table data to be
accessed in ROM space using RAM addressing. This is a mode for reading data in the table
segment through a data segment window opened by program specification.

RAM Addressing

RAM addressing modes specify addressing of program variables in RAM space. Addressing
modes provided are register addressing, page addressing, direct data addressing, pointing
register indirect addressing, and special bit area addressing.



MSM66587 Family User's Manuall
Chapter 3 CPU Architecture

(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

Word instructions access the accumulator contents (A). Byte instructions access the low
byte of the accumulator (AL).

[Word]

L A, #1234H

ST A, VAR
[Byte]

LB A, #12H

STB A, VAR
[Bit]

MB C,A3

JBS A.3, LABEL

B. Control Register Addressing

Register contents are 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]
FILL SSP
MOV LRB, #401H
CLR PSW
[Byte]
CLRB PSWH
INCB PSWL
[Bit]
MB C, BITVAR
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C. Pointing Register Addressing

Pointing register contents are accessed. Pointing registers are provided with eight sets of
registers (PRO-PRY7: every 8-byte in memory 200H-23FH), but the set addressed in this mode

is specified by the System Control Base (SCB) field in PSW.

X1:Index Register 1
X2:Index Register 2

DP: Data Pointer

USP: User Stack Pointer

X1L: Index Register 1 Low byte
X2L: Index Register 2 Low byte
DPL: Data Pointer Low byte
DP*: Data Pointer Low byte

USPL: User Stack Pointer Low byte

*  Used only for “JRNZ DP, radr” instruction provided for nX-8/100-400 compatibility.

[Word]

L A X1

ST A X2

MOV DP, #2000H
CLR uUspP

[Byte]

DJNZ X1iL, LOOP
DJNZ X2L, LOOP
DJNZ DPL, LOOP
DJNZ USPL, LOOP
JRNZ DP, LOOP

D. Local Register Addressing

Local register contents are accessed. Local registers are 256 8-byte sets of registers (in
memory 200H-9FFH), but the set addressed in this mode is specified by the Local Register

Base (LCB) low byte.

ERO-ER3:Expanded Local Registers
RO-R7: Local Registers
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[Word]

L A, ERO
MOV ER2, ER1
CLR ER3
[Byte]

LB A, RO
ADDB R1, A
CMPB  R2, #12H
INCB R3

ROR R4
MOVB  R5, R6
[Bit]

SB R0.0

RB R1.7

JBRS R7.3, LABEL

(2) Page Addressing

A. SFR Page Addressing sfr Dadr
B. FIXED Page Addressing fix Dadr
C. Current Page Addressing off Dadr

A. SFR Page Addressing

SFR page addressing specifies an offset in the SFR page (data memory 0-0FFH) with one byte
of instruction code. Word, byte, or bit data can be accessed at the specified address.

The operand is coded with the “sfr” addressing specifier. The “sfr” can be omitted, but then
SFR page addressing will only be used when the assembler recognizes that an address is in
the SFR page.

An address symbol is provided for every SFR. Normally these symbols are used for SFR
accesses.
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[Word]

L A sfrP0
L A PO

0000H

L 00xxH

00FFH

RAM

SFR page

If an odd address is specified, then the word data starting at the next lower even address will be
accessed (see “word boundary”). However, there are exceptions depending on the SFR.

[Byte]
LB A sfrP0 RAM
0000H |1 i1u111
LB A, PO
L > 00xxH
EEREEN
OOFFH I |
[Bit]
SB  sfrP0_3 RAM
SB FE?‘,_— 0000H [ 1111111
00xxH 1
] ] |
EEREEN
00FFH |}, 1,11,

B. FIXED Page Addressing

SFR page

SFR page

FIXED page addressing specifies an offset in the FIXED page (data memory 200H-2FFH) with
one byte of instruction code. Word, byte, or bit data can be accessed at the specified address.

The operand is coded with the “fix” addressing specifier. The “fix” can be omitted, but then
fixed page addressing will only be used when the assembler recognizes that an address is in

the FIXED page.
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[Word]

L A fix FIX_VAR
L A FIX_VAR

0200H

L——> 02xxH

02FFH

RAM

FIXED page

If an odd address is specified, then the word data starting at the next lower even address will be

accessed.
[Byte]
LB A, fix FIX_VAR RAM
— 0200H [y 111111
LB A, FIX_VAR
> 02xxH
Ll L1l
OZFFH [N
[Bit]
SB fix FIX_VAR.3 RAM
0200H |i111111
SB FIX_VAR.3
02xxH
[N
OZFFH L1l Lrdl

C. Current Page Addressing

FIXED page

FIXED page

Current page addressing specifies an offset in the current page (one of 256 pages in data
memory specified by LRBH) with one byte of instruction code. Word, byte, or bit data can be

accessed at the specified address.

The operand is coded with the “off” addressing specifier. The “off” can be replaced by "¥",
but this will have a slightly different meaning when bit data in the SBA area is accessed (see

“sbaoff Badr”).
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[Word]
L A, off VAR
L AYVAR xx00H

L > xxxxH

xxFFH

RAM

Current page

If an odd address is specified, then the word data starting at the next lower even address will be

accessed.
[Byte]
LB A, off VAR RAM
XX00H [iiiii1
LB A, ¥YVAR
L > xxxxH
[N
xxFFH
L1l Lrdl
[Bit]
SB  off VAR.3 RAM
XX00H [ i1
SB  ¥YVAR.3
XXXXH ] ||
[
xxFFH

(3) Direct Data Addressing

Current page

Current page

Direct page addressing specifies an address in the current physical segment of data
memory(address 0-OFFFFH: 64KB) with two bytes of instruction code. Word, byte, or bit data

can be accessed at the specified address.

The operand is coded with the “dir” addressing specifier. The “dir” can be omitted, but then
if an address in the SFR page or FIXED page is specified then the assembler may interpret it
as SFR page addressing or FIXED page addressing.
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[Word]

L A dir VAR
L A VAR

0000H

L xxxxH

FFFFH

RAM

64KB

If an odd address is specified, then the word data starting at the next lower even address will be

accessed.

[Byte]

LB A, dir VAR
LB A VAR

[Bit]

SB  dir VAR.3
SB  VAR.3

RAM
0000H [y 11141
> xxxxH 64KB
EEEREN
FRFFH |y y00 00
RAM
0000H |1 i1u111
XXXXH 1 | | 64KB
EERREN
FRFFH (]

(4) Pointing Register Indirect Addressing

DP/X1 Indirect Addressing
. DP Indirect Addressing With Post-Increment

. DP/USP Indirect Addressing With 7-Bit Displacement

. X1/X2 Indirect Addressing With 16-Bit Base

A
B
C. DP Indirect Addressing With Post-Decrement
D
E
F

. X1 Indirect Addressing With 8-Bit Register Displacement

[DP], [X1]

[DP+]

[DP-]

n7[DP], n7[USP]
D16[X1], D16[X2]
[X1+R0], [X1+A]
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A. DP/X1 Indirect Addressing

DP/X1 indirect addressing specifies an address in the current physical segment (address 0-
OFFFFH: 64KB) by the contents of a pointing register. Word, byte, or bit data can be accessed
at the specified address.

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

[Word]

L A [DP]
L A [X1]

0000H
DP or X1 XxxxH
FFFFH

RAM

64KB

If an odd address is specified, then the word data starting at the next lower even address will be

accessed.
[Byte]
LB A [DP] RAM
0000H |irii111
LB A [X1]
DP or X1 XxxxH
[
FFFFH [N
[Bit]
SB [DP].3 RAM
RB [X1L§_1 0000H 4111111
L
DP or X1 xooxH 77
[
FFFFH L1111

64KB

64KB
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B. DP Indirect Addressing With Post-Increment

DP indirect addressing with post-increment specifies an address in the current physical
segment (address 0-OFFFFH: 64KB) by the contents of a pointing register. Word, byte, or bit
data can be accessed at the specified address.

After access, the pointing register contents will be incremented. The increment will be 2 for
word instructions and 1 for byte and bit instructions.

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

[Word]

RAM
0000H [y i1101

L A [DP+]

oo 6KB

T Increment by 2
after access.

FFFFH LIl

If an odd address is specified, then the word data starting at the next lower even address will be
accessed.

[Byte]
RAM
0000H |1 11u111
LB A, [DP+]
| DP L » xxxxH 64KB
T Increment by 1 [EEEEEN
after access. ,
FFFFH [ 1]
[Bit]
RAM
SB [DP+].3 0000H |1 111111

000 T80 s
T Increment by 1 LLLLLL]
after access.

FFFFH Liii101
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C. DP Indirect Addressing With Post-Decrement

DP indirect addressing with post-decrement specifies an address in the current physical
segment of data memory(address 0-OFFFFH: 64KB) by the contents of a pointing register.
Word, byte, or bit data can be accessed at the specified address.

After access, the pointing register contents will be decremented. The decrement will be 2 for
word instructions and 1 for byte and bit instructions.

This mode is primarily used to access consecutive array elements.

[DP-]:  DP indirect addressing with post-decrement

64KB

64KB

64KB

[Word]
RAM
L A [DP-] 0000H |itii111
| DP > xxxxH
T Decrement by 2
after access.
FFFFH [N
If an odd address is specified, then the word data starting at the next lower even address will be
accessed.
[Byte]
RAM
1B A [DP] 0000H [ii1110y
| DP > xxxxH
T Decrement by 1 RN
after access.
FFFFH [N
[Bit]
RAM
SB [DP-]1.3 0000H |11 11111
oot [T
T Decrement by 1 il
after access.
FFFFH [0
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D. DP/USP Indirect Addressing With 7-Bit Displacement

DP/USP indirect addressing with 7-bit displacement specifies an address in the current
physical segment (address 0-OFFFFH: 64KB) using the contents of a pointing register as a
base and adding a 7-bit displacement with sign embedded in instruction code (bits 6-0). The
range -64 to +63 bytes around the pointing register value can be accessed. Word, byte, or
bit data can be accessed at the specified address.

numeric_expression[DP] : DP indirect addressing with 7-bit displacement
numeric_expressionflUSP] :  USP indirect addressing with 7-bit displacement

The numeric_expression is a value in the range —64 to +63. DP and USP can be used as the
pointing register.

[Word]
L A12[DP] RAM
L A12[USP] 0000H [y 111111
E}—) XXxXxH 64KB
DPorUSP |——
FRFFH [ 10010,

If an odd address is specified, then the word data starting at the next lower even address will be
accessed.

[Byte]
LB A,12[DP] RAM
LB A12[USP] 0000H | 1111111
DP or USP —E o ] 048
FFFFH LLri11l
[Bit]
SB  12[DP].3 RAM
RB 12[USP].3 0000H |yyir111
T . -
P> omdt pi | oas
DP or USP |——
FFFFH LLr111l
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E. X1/X2 Indirect Addressing With 16-Bit Base

X1/X2 indirect addressing with 16-bit base specifies a 2-byte (D16) base embedded in
instruction code and adds it to the contents of an index register (X1 or X2) to obtain an address
in the current physical segment (address 0-OFFFFH: 64KB). Word (16-bit) calculations are
used to generate the address, with overflows ignored. Therefore the generated address will
be 0-OFFFFH. Word, byte, or bit data can be accessed at the specified address.

address_expression[X1] : X1 indirect addressing with 16-bit base
address_expression[X2] : X2 indirect addressing with 16-bit base

The address_expression is a value in the range 0-OFFFFH. However, the assembler allows a
value in the range of -8000H to +OFFFFH. That is, D16 can also be thought of as a
displacement instead of a base address.

[Word]
L A1234H[X1] RAM
ST A1234H[X2] 0000H [orii1
D—> xouH 64KB
X1 or X2
FFFFH [N
If an odd address is specified, then the word data starting at the next lower even address will be
accessed.
[Byte]
LB A 1234H[X1] RAM
STB  A,1234H[X2] 0000H Lo
€ XXXXH [ 64KB
XlorX2 |[———
FFFFH [N
[Bit]
SB  1234H[X1].3 RAM
RB 1234H[X2].3 0000H [ 111111
_l_ T 1 ¢
B> oot i sae
X1ro X2
FFFFH [N
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F. X1 Indirect Addressing With 8-Bit Register Displacement

X1 indirect addressing with 8-bit register displacement specifies an address in the current
physical segment (address 0-OFFFFH: 64KB) using the contents of a pointing register as a
base and the contents of the Accumulator low byte (AL) or Local Register 0 (R0). Word (16-
bit) calculations are used to generate the address. The 8-bit displacement obtained from the
register will be extended without sign, and overflow will be ignored so the generated address
will be 0-OFFFFH. Word, byte, or bit data can be accessed at the specified address.

[X1+A] : X1 indirect addressing with 8-bit register displacement (AL)
[X1+R0] : X1 indirect addressing with 8-bit register displacement (R0)

[Word]

L A [X1+A]
L A [X1+R0] RAM

0000H [y y11111
| ALorRO |
> oo 64KB

FFFFH LIl

If an odd address is specified, then the word data starting at the next lower even address will be
accessed.

[Byte]
LB A, [X1+A]
LB A, [X1+R0] RAM
0000H |ytii111
AL or RO
E}-» XXxxH 64KB
FFFFH LLrrrdl
[Bit]
SB  [X1+A].3 RAM
RB  [X1+R0].3 0000H |1 1u1iiy
Al or RO Y
— o P e
FFFFH Lt
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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

FIXED page SBA area addressing specifies a bit address in the FIXED page’s 512-bit SBA area
(2COH.0-2FFH.7). Only bit data can be accessed at the specified address.

The instructions that can use this addressing are SB, RB, JBS, and JBR.

[Bit]

SB  shafix 2C0H.0
RB  shafix 1600H
JBS shafix VAR,LABEL
JBR shafix 2EFH.7

SB  2CO0H.0
RB  1600H
JBS VAR LABEL RAM
JBR 2EFH.3,LABEL 02COH {11100
02xxH 7
S FIXED page SBA area
[
OZFFH [N
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B. Current page SBA area addressing

Current page SBA area addressing specifies a bit address in the current page’s 512-bit SBA
area (xxCOH.0-xxFFH.7). Only bit data can be accessed at the specified address.

The instructions that can use this addressing are SB, RB, JBS, and JBR.

[Bit]

SB  sbaoff 4COH.0

RB  shaoff 2E80H

JBS shaoff VAR,LABEL

JBR  sbaoff OFFFFH.3,LABEL

SB  2C0H.0
RB  2E80H
JBS VAR,LABEL RAM
JBR OFFFFH.3,LABEL XXCOH [ 111101
XxxxH —
; I‘I'I : : : Current page SBA area
XXFFH [ 0000
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3.3.2 ROM Addressing

ROM addressing specifies addressing of program variables in ROM space. The modes provided
are immediate addressing, table data addressing, and program code addressing.

(1) Immediate Addressing

Immediate addressing specifies access of immediate data embedded in instruction code. For
words, two bytes (N16) in instruction code will be accessed. For bytes, one byte (N8) in
instruction code will be accessed.

Word values are expressions in the range 0-OFFFFH. Byte values are expressions in the range
0-OFFH. However, the assembler permits values in the range covered by both signed and
unsigned expressions. For words that range is from —-8000H to +0FFFFH, and for bytes it is
from —80H to +0OFFH.

[Word]

L A, #1234H

MOV X1, #WORD_ARRAY BASE
[Byte]

LB A #12H

MOV X1, #BYTE _ARRAY BASE

(2) Table Data Addressing

Table data addressing specifies access for the 64KB in the table segment of ROM space as
specified by TSR. This mode can be used with operands of LC, LCB, CMPC, and CMPCB

instructions.
A. Direct Table Addressing Tadr
B. RAM Indirect Table Addressing [
C. RAM Indirect Addressing With 16-Bit Base T16[*]
A. Direct Table Addressing

Direct table addressing specifies an address (0-OFFFFH: 64KB) in the table segment
specified by TSR with two bytes of instruction code. Word or byte data can be accessed at
the specified address.

This addressing can be used with the four instructions LC, LCB, CMPC, and CMPCB.
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[Word]

LC A, VAR
CMPC A, VAR
[Byte]

<
0

LCB A, VA
CMPCB A, VAR

B. RAM Indirect Table Addressing

RAM indirect table addressing uses the word data specified by RAM addressing as a pointer
to the table segment specified by TSR. Table memory can be accessed by using a register
or data memory as a pointer into the table memory.

This addressing can be used with the four instructions LC, LCB, CMPC, and CMPCB.

[Word]

LC A [Al
CMPC A, [1234[X1
[Byte]

LCB A, [EROQ]
CMPCB A, [VAR]

C. RAM Indirect Addressing With 16-Bit Base

RAM indirect addressing with 16-bit base specifies two bytes (D16) in instruction code as a
base and adds it to the contents of word data specified by RAM addressing to obtain an
address (0-OFFFFH: 64KB) in the table segment specified by TSR. Word (16-bit) calculations
are used to generate the address, with overflows ignored. Therefore the generated address
will be 0-OFFFFH. Word or byte data can be accessed at the specified address.

This mode can be used with operands of LC, LCB, CMPC, and CMPCB instructions.

[Word]

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

LCB A, 2000H [ERO
CMPCB A, 2000H [VAR]



MSM66587 Family User's Manual
Chapter 3 CPU Architecture

(8) Program Code Addressing

Program code addressing specifies access of the current program code in ROM space. These
modes are used as operands of branch instructions.

A. Near Code Addressing Cadr
B. Far Code Addressing Fadr
C. Relative Code Addressing radr
D. ACAL Code Addressing Cadr|]
E. VCAL Code Addressing Vadr
F. RAM Indirect Code Addressing [

A. Near Code Addressing

Near code addressing specifies an address (0-OFFFFH: 64KB) in the current code segment
with two bytes of instruction code. This addressing can be used with J and CAL instructions.

[Usage Example]
J 3000H

CAL BE

—

B. Far Code Addressing

Far code addressing specifies an address (0:0-F:0FFFFH: 1MB) in program memory space
with three bytes of instruction code. This addressing can be used with FJ and FCAL
instructions.

[Usage Example]
FJ 1:3000H
FCAL FARLABEL

C. Relative Code Addressing

Relative code addressing takes the current program counter (PC) value as a base and adds
it to an 8-bit or sign-extended 7-bit value in instruction code to obtain an address (0-OFFFFH:
64KB) in the current code segment. Word (16-bit) calculations are used to generate the
address, with overflows ignored. Therefore the generated address will be 0-OFFFFH. This
addressing can be used with SJ and conditional branch instructions.

[Usage Example]

SJ LABEL
DJNZ RO, LABEL
JC LT, LABEL
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D. ACAL Code Addressing

ACAL code addressing specifies an address in the ACAL area (1000H-17FFH: 2KB) in the
current code segment with 11 bits of instruction code. This addressing can be used only with

ACAL instructions.

[Usage Example]
ACAL 1000H
ACAL ACALLABEL

E. VCAL Code Addressing
VCAL code addressing specifies an entry (word data) in the vector table for VCAL instructions

with 4 bits of instruction code. The vector table is located at even addresses in the range
004AH-0069H. This addressing can be used only with VCAL instructions.

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

F. RAM Indirect Code Addressing

RAM indirect code addressing uses word data specified by RAM addressing as a pointer to
the code segment. It allows indirect jumps and calls using a register or data memory as a
pointer to code memory. This addressing can be used with J and CAL instructions.

[Usage Example]
J [A]
CAL 1234[X1
(4) ROM Window Addressing

ROM window addressing accesses table data in ROM space using RAM addressing. This
mode reads data in the table segment specified by TSR using data segment window opened

by the program.

Data memory addressing is permitted in the ROM window area, but results are not guaranteed
if an instruction that writes to the ROM window is executed.
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4.1

CPU Control Functions
There are two CPU control functions.

e Standby function
e Reset function

Standby Function

There are two operating modes of the standby function.

e HALT mode: clock supplied to the CPU is stopped by software
e STOP mode: oscillation clock supply is stopped by software

The modes are set by the following hardware.

e Stop Code Acceptor (STPACP: for STOP mode)
e Standby Control Register (SBYCON: for HALT and STOP modes)

Table 4-1 shows the standby modes and the states of the output pins in each.
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Table 4-1 Standby Modes

Standby Mode HALT Mode STOP Mode (note 1)
* SBYCON bit 1 * SBYCON bit 0 (STP) * SBYCON bit 0 (STP) set
Set condit (HLT) set. set when bit 2 (FLT) when bit 2 (FLT) is in
et conartion is in set state ("1"). reset state ('0).
. e Interrupt * Interrupt (note 6)
Release condition * RES pin input * RES pin input
PO Unchanged (note 4) (note 2)
High impedance

P1, P4, P9, P10 Unchanged or Unchanged
» Pull-up
% P2, P6, P7_2-P7_7, P8, P12 Unchanged High impedance Unchanged
& P5_4, P5_5 (primary function) Unchanged High impedance Unchanged
§ P5_4 (secondary function) High level High impedance High level
< | p5_5 (secondary function) Low level High impedance Low level

P7_0, P7_1 (primary function) Unchanged High impedance Unchanged

P7_0, P7_1 (secondary function)| High level (pull-up) High level (pull-up) (note 5) | High level (pull-up)
5 TBC Operating Stopped
S | 16-bit RTO/PWM timer Operating Stopped
o
< | GTMC Operating Operating if external clock selected (note 3)
o .
'g, S1TM Operating Stopped
Z | SCI1 Operating Stopped
g ADC Operating Stopped
E | pwM Operating Stopped

Notes: 1. The set condition for STOP mode is that the Stop Code Acceptor (STPACP) already be

set ("1").

PO will be high impedance in external ROM mode, or unchanged in internal ROM mode.
Edge specification is disabled, so the falling edge will be assumed.

Pins specified to pull-up will be kept in pull-up state regardless of the mode.

ICE output is high impedance, so it differs from the device operation(MASK version,
OTP version, etc.).

The edge specification for external interrupts (INTO-INT3) is disabled and the "L" level
is enabled.

aokrowbd

o
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4.1.1 Standby Control Register (SBYCON)

SBYCON is a 5-bit register that controls standby functions. Also, the Stop Code Acceptor
(STPACP) is an acceptor used to set STOP mode.

Figure 4-1 shows the configuration of SBYCON.

7 6 5 4 3 2 1 0 address : 000F[H]
SBYCON | — | — [ostt [ost0 | — | AT [ HT | sTP |R/\N access : R/W
Reset state 1 1 0 0 1 0 0 0 |

— indicates a non-existent bit. These will read as "1".

Figure 4-1 SBYCON Configuration
e STP (bit 0)

Writing n5H and nAH (n = 0-F) consecutively to STPACP will set ("1") the stop code acceptor.
Setting ("1") the STP bit of SBYCON at that point will set the device in STOP mode. STP will
be reset (0) when an interrupt or reset from RES pin input occurs, releasing STOP mode. For
details refer to Section 4.1.2 (2), “STOP Mode.” STPACP will be reset ("0") at the same time
STOP mode is entered.

o HLT (bit 1)

Setting ("1") the HLT (bit 1) of SBYCON will set the device in HALT mode. HLT will be reset
("0") when an interrupt or reset from RES pin input occurs, releasing halt mode. For details
refer to Section 4.1.2 (1), “HALT Mode.”

e FLT (bit2)

If STOP mode is entered when the FLT bit of SBYCON is set ("1"), then ports, control signals,
and all other output pins will enter a high impedance state.

(However, some output pins may change their states by programmable pull-up settings/
secondary function setting. Refer to Table 4-1 Standby Modes.)

Atthistime, the internal circuits of the high-impedance pins will activate a circuit that prevents
internal stray current even if the pins are left open. However, for the purpose of STOP mode
release condition, the stray current prevention circuit will not operate for pins like external
interrupts (INTO-INT3) and the event timer clock input pin (ETMCK). These pins need to be
fixed to a high or low level when the FLT bit of SBYCON is set ("1") to enter STOP mode.

When the above pins are used as their primary function (/O ports), the stray current
prevention circuit will operate, so they have no need to be fixed at a logic level.
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If STOP mode is entered when the FLT bit of SBYCON is reset ("0"), then ports, control
signals, and other output pins will maintain their state at that time.

Pins in input mode should be fixed to a high or low level regardless of the FLT bit content.
e OSTO (bit 4), OST1 (bit 5)

The OST0and OST1 bits of SBYCON set the time after STOP mode is released by an interrupt
and the oscillation clock starts oscillating until the clock is supplied to the CPU.

OST1 OSTO Selected Clock Cycles
0 0 32768
0 1 16384
1 0 8192
1 1 Setting prohibited

Note: Do not set OST1, 0 to "1" simultaneously.

4.1.2 Operation in Standby Modes

(1) HALT Mode

When HLT (bit 1) of SBYCON is set ("1"), the device will enter HALT mode. In HALT mode the
oscillation clock operates, so TBC, timers, the serial ports, etc. will operate as well. However,
the clock supplied to the CPU will stop, so instructions will not be executed. Execution will
stop at the start of the instruction following the one that set ("1") HLT.

HALT mode will be released when either an interrupt or reset by RES input occurs.

When a non-maskable interrupt occurs in HALT mode, HALT mode will be released uncondi-
tionally and the CPU will execute the non-maskable interrupt process.

When a maskable interrupt occurs in HALT mode, HALT mode will be released when both its
Interrupt Request Flag (IRQ bit) and Interrupt Enable Flag (IE) are set ("1").

If the Master Interrupt Enable Flag (MIE of the PSW) has been set ("1"), then after HALT mode
is released the CPU will execute the maskable interrupt process for the interrupt. If it has been
reset ("0"), then the CPU will start execution at the instruction after the instruction that set HALT
mode (set the HLT bit of SBYCON).

If interrupt priority has been set (MIP = 1) and HALT mode is entered from within a high-priority
interrupt routine, then HALT mode can be released by interrupt requests of lower priority but
the lower priority interrupt process will not be executed even though MIE is 1. Instead the CPU
will start execution at the instruction after the instruction that set HALT mode.

When HALT mode is released by RES pin input, the CPU will perform reset processing.
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(2) STOP Mode

The device will enter STOP mode when n5H followed by nAH (n = 0-FH) are written to STPACP
to set (1) the Stop Code Acceptor, and then STP (bit 0) of SBYCON is set (1). The Stop Code
Acceptor will be reset (0) at the same time stop mode is entered.

STOP mode stops the oscillation clock, so TBC, timers, the serial port, etc. will also stop.
However, the general 8-bit timer (GTMC) will operate if an external clock has been selected.
The valid edge specification for the external clock will be disabled, so it will operate on the
falling edge.

The clock supply to the CPU will also stop, so instructions will not be executed. Execution will
stop at the instruction after the instruction that set ("1") STP (bit 0) in SBYCON.

STOP mode will be released when either an interrupt or reset by RES input occurs. The edge
specification for external interrupts (INTO-INT3) is disabled and the "L" level is enabled.

When a non-maskable interrupt occurs in STOP mode, STOP mode will be released
unconditionally and the CPU will execute the non-maskable interrupt process.

When a maskable interrupt occurs in STOP mode, STOP mode will be released when both its
Interrupt Request Flag (IRQ bit) and Interrupt Enable Flag (IE) are set ("1").

If the Master Interrupt Enable Flag (MIE of the PSW) has been set ("1"), then after STOP mode
is released the CPU will execute the maskable interrupt process for the interrupt. If it has been
reset ("0"), then the CPU will start execution at the instruction after the instruction that set
STOP mode (set the STP bit of SBYCON).

If STOP mode is set during an NMI routine and then released by an interrupt, execution after
release will start at the instruction after the instruction that set STOP mode. Also, if interrupt
priority has been set (MIP = 1) and STOP mode is entered from within a high-priority interrupt
routine, then STOP mode can be released by interrupt requests of lower priority but the lower
priority interrupt process will not be executed even though MIE is 1. Instead the CPU will start
execution at the instruction after the instruction that set STOP mode.

Figure 4-2 shows STOP mode timing.
When STOP mode is released by RES pin input, the CPU will perform its reset processing.

When releasing by RES pin input, apply a low level on the RES pin until the oscillation clock
is stable.
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STOP Mode
Oscillation Clock | | | | | | | | | |
(CLK) —
M1S1 5
SBYCON.STP ]
Interrupt Request (
(NMI, 1RQ : IE) ’
Operating state
SBSTPinstruction  Dummy cycle  :Oscillation Oscillation Dummy cycle Instruction
execution stopped  stabilization execution
Peripheral function time
(excluding GTMC when Operating Stop Operating
external clock is selected)
Output port —
Data output High impedance (FLT = 1) Data output

4.2

* The oscillation stabilization time is the time until the oscillation clock begins oscillating, and the time
set by OSTO and OST1 as a number of clock cycles.

Figure 4-2 STOP Mode Timing Diagram
(Release By Interrupt)

Reset Function

There are three ways to reset the device.
e |nput a low level on the RES pin
e Execute a BRK (break) instruction

e Generate an OPTRP (op code trap)

These three methods are identical in all ways except that the location of the vector address loaded
into the Program Counter during reset processing will be different.

Reset processing initializes calculation registers, control registers, and mode registers. It also
loads the contents of the location indicated by the vector address into the Program Counter.

See Chapter 21, “Special Function Registers (SFRs),” for the initial states of registers. See Table
3-1, “Vector Table,” for the vector address corresponding to each reset type.

When resetting by RES pin input, apply a low level on the RES pin until the oscillation clock is
stable.

Reset processing has priority over all other processing (interrupt processes and instruction
execution). It will abort all processes, and will not preserve register or RAM contents.

Figure 4-3 shows an example of the reset pin connection. Table 4-2 shows the reset state of output
pins.
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Vop 5 Vop

Di

'RES
SW R [ ] b@—» Reset processing circuit

C

T

SW and R are for manual reset.

Figure 4-3 Reset Pin Connection Example

Table 4-2 Reset State of Output Pins

P5_4, P5_5
Name PO P1 P2, P4, P6-P10, P12 EA pin at high level
State High impedance High impedance High impedance High impedance

Note: Ifthe EApinis low and external program memory is selected, then PO, P1, P5_4, P5_5, and
P9_0-P9_3 will automatically take their secondary functions and enter an operating state.
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5.1

Memory Control Functions

There are two independent memory spaces, program memory space and data memory space.
Several functions are provided to make using these spaces easier. One is the ROM window
function, which allows the many instructions provided for data memory space to be used for
program memory space.

Another is the ready function, which inserts wait cycles in external memory timing under software
control so access times match the external memory being used in either memory space.

One more is the wait function, which can insert wait cycles under the control of an external device.

ROM Window Function

The ROM window function reads the contents of program memory specified by the ROM Window
Control Register (ROMWIN) in the SFR area through a data memory space window at the same
address.

In other words, when the ROM window functionis enabled and aninstruction that accesses (reads)
data memory space is executed, the data in data memory space will not be accessed (read), but
instead the data at the same address in program memory space in the segment specified by the
TSR will be accessed (read).

For each access (read), the number of instruction execution cycles will increase by three cycles
for byte instructions and by six cycles for word instructions.

Results are not guaranteed if an instruction that performs a write operation is executed while the
ROM window function is enabled. The number of cycles will not increase, though.

ROMWIN is an 8-bit register, the lower 4 bits specifying the ROM window start address, and the
upper 4 bits specifying the ROM window end address. Both specify the most significant
hexadecimal digit of the four digits needed to fully address 64KB of program memory space.
However, if the lower 4 bits are all zeroes, then the ROM window function will not operate.

If internal RAM is located in the data memory area specified as the ROM window, then the data
memory internal RAM will take precedence. (This does not apply to the MSM66587 family.)

External data memory cannot be allocated to the data memory area specified as the ROM window.
Figure 5-1 shows the configuration of ROMWIN.
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7 6 5 4 3 2 1 0 Address : 000BH

ROMWIN | | | | | | | | | (Write only once after reset.)
Reset state 0 0 0 0 0 0 0 0

5.2

‘ ‘ ‘ ‘ These 4 bits specify the ROM
window start address by forming
the most significant hexadecimal
(HEX) digit of the four digits
needed to fully address 64KB

of memory space.

These 4 bits specify the ROM
window end address by forming
the most significant hexadecimal
(HEX) digit of the four digits
needed to fully address 64KB

of memory space.

Figure 5-1 ROMWIN Configuration

After reset (by RES signal input, BRK instruction execution, or op code trap), ROMWIN will be 00H,
disabling the ROM window function.

ROMWIN may be written only one time after reset. Second and later writes will be ignored.
Therefore after the ROM window function has been set once, it can be changed only after another
reset. ROMWIN can be read any number of times.

Note: The device hardware does not compare the start address X and end address Y written to
ROMWIN, so your program should ensure that X <Y.

READY Function

The READY function allows memory and general ICs with slow access speeds to be connected
externally by specifying that wait cycles are to be inserted in external memory accesses (RAM: 0-
7 cycles, ROM: 0-3 cycles). The number of wait cycles is specified by the RAM Ready Control
Register (RAMRDY) and ROM Ready Control Register (ROMRDY).

RAMRDY specifies the wait cycles when data memory space has been expanded externally. The
wait cycles can be set, equally for all segments, in two areas of the offset addresses OH-7FFFH
(OAOOH-7FFFH for segment 0) and 8000H-FFFFH.

ROMRDY specifies the wait cycles when program memory space is used with external ROM
mode.

RAMRDY and ROMRDY can be read and written by the program. However, RAMRDY bit 7 and
bit 3 will not be affected by write operations. These bits will always read as "1".

The lower 2 bits of ROMRDY are valid for write operations, but the upper 6 bits will not be affected.
The lower 2 bits will read correctly, but the upper 6 bits will always read as "1".

5-2
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Figure 5-2 shows the configuration of RAMRDY, and Figure 5-3 shows that of ROMRDY.

After reset (by RES signal input, BRK instruction execution, or op code trap), RAMRDY and
ROMRDY will both be FFH, inserting 7 wait cycles when external data memory is accessed and

3 cycles when external program memory is accessed.

Notes: 1. Compared to internal program memory accesses, external program memory accesses
have one cycle inserted automatically for each byte accessed. The ROMRDY register

specifies the number of cycles inserted in addition to one cycle inserted automatically.

2. Compared to internal data memory accesses, external data memory accesses have 3

or 4 cycles inserted automatically for each byte accessed.

The RAMRDY register

specifies the number of cycles inserted in addition to 3 or 4 cycles inserted automati-

cally.

7 6 5 4 3 2 1 0

RAMRDY | — |ARDY12|ARDY11[ARDY10| — [ARDY02|ARDY01[ARDY00| ~ Address : 000DH

Reset state 1 1 1 1 1 1 1 1

ARDYO0

Additional cycles inserted
when external data memory
space of each segment

(0000H-7FFFH) is accessed

0 cycles

1 cycle

2 cycles

3 cycles

4 cycles

5 cycles

6 cycles

el el bl S (e ]} en ) [en ) (@] () O]

— o= oo —
e (=] =) El en ) Pl (e ) (e )

7 cycles

ARDY1

Additional cycles inserted
when external data memory
space of each segment

(8000H-FFFFH) is accessed

0 cycles

1 cycle

2 cycles

3 cycles

4 cycles

5 cycles

6 cycles

Sl el e el (@n] @ J (@] (an ) |\ S ]

— oo oo|—
— o= o= o

7 cycles

—indicates bits that are not provided.

It will read as "1".
1 cycle consists of 1 GLK.

Figure 5-2 RAMRDY Configuration
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ROMRDY

7 6 5 4 3 2 1 0
| — | — | =] = | = | — |orovi|orovo| Address: 000cH

Reset state 1 1 1 1 1 1 1 1

5.3

Additional cycles inserted
ORDY when external program
memory space is accessed

0 cycles

1 cycle

2 cycles

—_ oo —
—o—=oo

3 cycles

—indicates bits that are not provided.
It will read as "1".
1 cycle consists of 1 CLK.

Figure 5-3 ROMRDY Configuration

WAIT Function

In addition to the READY function, which inserts wait cycles under CPU control, there is also a
WAIT function, which can insert wait cycles under control of an external device.

More specifically, pin P7_2 (must be set to secondary function) is sampled on the falling edges of
the iniernal @k, as shown in Figure 5-4. If its level is high, then wait cycles will be inserted into
the RD and WR strobes.

As shown in the sample timing of Figure 5-4, the wait cycles are released when pin P7_2 has been
sampled at a low level twice and 1 tow.

When the WAIT function is used together with the READY function, the longer wait time will be
effective (this only applies to data memory space accesses).
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-~ tow —!

ar L

s
—

P7_2/WAIT

P5_5/ALE — \\ 3
‘ No wait \ ;
o :

P7_1/RD oY —

A8-A15

RAP 8-1
(P1_0-P1_7) 815

ADO-AD7 : .
(PO, 0-P0.7) 3 RAP 0-7 ) Din 0-7 >—

Figure 5-4 Sample Timing When WAIT Function is Used
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Port Functions

The MSM66587 family provides nine 8-bit, one 2-bit, and one 6-bit input/output port. Each bit of
an input/output port can be specified individually.

Pins are high-impedance when inputs, and push-pull when outputs. Each port not only has port
functions, but also is assigned a function for internal operation (secondary function). The bits of
some ports can also be programmed individually for internal pull-up.

Table 6-1 lists the port functions.
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Table 6-1 Port Functions

Port Pin Type |No. | Pull-up Secondary Function
Port 0 P0_0-P0_7 A 8 | Available | External memory access: ADO-AD7 (1/0)
Port 1 P1_0-P1_7 B 8 | Available |External memory access: A8-A15 (0)
Port 2 P2_0-P2_3 E 4 None None
P2_4,P2_5 C 2 None Flexible RTO output: RTO8, RTO9 (0)
P2_6,P2_7 E 2 None None
Port 4 P4_0 B 1 Available | Event timer external clock: ETMCK (1)
P4_1-P4_7 D 7 | Available | None
Port5 P5_4 C 1 None External memory access: PSEN (0)
P5_5 C 1 None External memory access: ALE (0)
Port 6 P6_0, P6_1 C 2 None External interrupt signal inputs: INTO, INT1 (1)
P6_2 C 1 None Serial Port 1 data input: RXD1 (I)
P6_3 C 1 None Serial Port 1 data output: TXD1 (0)
P6_4 C 1 None Shift clock for serial receive: RXC1 (1/0)
P6_5 C 1 None Shift clock for serial transmit: TXC1 (1/0)
Port 7 P7_0 C 1 None External memory access: WR (0)
P7_1 C 1 None External memory access: RD (0)
P7_2 C 1 None Wait signal input pin: WAIT (1)
P7_3 C 1 None Clock output: CLKOUT (0)
P7_4 C 1 None PWM output: PWMO (0)
P7_5-P7_7 E 3 None None
Port 8 P8_0-P8_7 E 8 None None
Port9 P9_0-P9_3 B 4 | Available | External memory access: A16-A19 (0)
P9_4-P9_7 D 4 Available | None
Port10 | P10_0-P10_7 D 8 | Available | None
Port12 | P12_0, P12_1 E 2 None None
P12_2, P12_3 C 2 None External interrupt signal inputs: INT2, INT3 (1)
P12_4-P12_7 E 4 None None

Type A: The secondary function of these ports is to be an address/data bus. During external

Type B:

Type C:

Type D:

Type E:

memory accesses, the ports automatically switch to the secondary function. They have
programmable pull-ups.

These ports have a secondary function which is switched on by the state of each port’s
secondary function control register. They have programmable pull-ups.

These ports have a secondary function which is switched on by the state of each port’s
secondary function control register.

These ports do not have a secondary function. They have programmable pull-ups.

These ports do not have a secondary function.
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6.1

6.1.1

Port Hardware Configurations

The functions of the ports (PO, P1, P2, P4, P5, P6, P7, P8, P9, P10, P12) are classified into five
types.

Type A (P0_0-P0_7) Configuration

Type A ports automatically take their secondary function during external memory accesses. They
function as low address output pins and data i/o pins. They also have programmable pull-ups.

Figure 6-1 shows the Type A configuration.

N—
» POPUPn ;g
< > POION ®
PO_n
*9 PO_n
[%2) ‘_
§ n=0-7
&
£
A A
POnin DAC
Y External Memory Control
D: Data
A: Address

C: Secondary Function Control Signal

Figure 6-1 Type A Configuration




MSM66587 Family User's Manual
Chapter 6 Port Functions

6.1.2 TypeB (P1_0-P1_7, P4_0, P9_0-P9_3) Configuration
Type B ports take their secondary function as high address outputs during external data memory
accesses if specified by the secondary function select register (PmSFn). They also have

programmable pull-ups.

However, P1 and P9_0-P9_3 will switch to their secondary function as high address outputs
automatically when the EA pin goes low.

Figure 6-2 shows the Type B configuration.

N—
<—> PmPUPn |
< » PmiOn PY
> Pm_n

< PmSFn
8 — Pm_n
o
=
= m=1
= A n=0-7

< <4 ®

< /I m= 4

) T

Read Out
Control Control |—
A m=9
T T n=0-3
Pmn in C Aor0O
2 Secondary Function Control
C: Secondary Function Control Signal
A: Address

0: Secondary Function Output Data

Figure 6-2 Type B Configuration
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6.1.3 Type C (P2_4, P2_5, P5_4, P5_5, P6_0-P6-5, P7_0-P7_4, P12_2, P12_3) Configura-
tion

Type C ports take their secondary function as output or input pins if specified by the secondary
function select register (PmSFn).

However, P5_4 and P5_5 will switch to their secondary function automatically when the EA pin
goes low. P5_4 outputs a strobe signal for read operations (PSEN pin). P5_5 outputs a strobe
signal for externally latching the lower 8 address bits from PO (ALE pin). P5_5 also functions as
the ALE pin when external data memory is accessed.

Figure 6-3 shows the Type C configuration.

N—
< > PmIOn ®
» Pm_n
« PmSFn
_c Pm_n
=
o
= m=2,5
553 /I n=4,5
<@ /I m= 6
- E n=0-5
Read Qut
Control Control ——
A m=7
T T n=0-4
. m=12
Pmnin C lorO n=23
I Secondary Function Control

C: Secondary Function Control Signal
I: Secondary Function Input
0: Secondary Function Output Data

Figure 6-3 Type C Configuration
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6.1.4 TypeD (P4_1-P4_7, P9_4-P9_7, P10_0-P10_7) Configuration
Type D ports do not have a secondary function. They have programmable pull-ups.

Figure 6-4 shows the Type D configuration.

N—
<—>| PmPUPn |
<—> PmlOn [—¢
3 J
o > Pm_n L~ ] Pm_n
E n=1-7
< m= 9
= /II n=4-7
Read m=10
Control n=0-7
r— T
Pmnin

Figure 6-4 Type D Configuration

6.1.5 Type E (P2_0-P2_3, P2_6, P2_7, P7_5-P7_7, P8_0-P8_7, P12_0, P12_1, P12_4-
P12_7) Configuration

Type E ports do not have a secondary function. They function as I/0 pins.

Figure 6-5 shows the Type E configuration.

N—
<—>» PmiOn —®
Pm_n Pm_n
g -
u_: m=2
& n=0-3,6,7
E < /I m= 7
= I n=25-7
Read =
Control nm= 0§7
L— ? m=12
Pmnin n=0,1,4-7

Figure 6-5 Type E Configuration
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6.2

6.2.1

6.2.2

6.2.3

Port Control Registers

There are four types of port control registers.

Port Data Registers (Pn: n = 0-2, 4-10, 12)

Port Mode Registers (PnlO: n = 0-2, 4-10, 12)

- Port Secondary Control Registers (PnSF: n=1, 2, 4-7,9, 12)
Port Pull-Up Control Registers (PnPUP: n =0, 1, 4, 9, 10)

These registers are allocated as SFRs. Table 6-2 lists the port control registers.
Port Data Registers (Pn: n = 0-2, 4-10, 12)

Port Data Registers (Pn: n=0-2, 4-10, 12) are 8-bit registers that store port output data. However,
Port 5 has a 2-bit register, and Port 6 has a 6-bit register.

Pn are allocated as SFRs. After reset (by RES signal input, BRK instruction execution, op code
trap) the contents of PO-P2, P4, P7-P10, and P12 will be 00H, the contents of P5, and P6 will be
undefind.

When a read instruction is executed for a port, it will read the pin state ("0" or "1") if it has been
specified as an input port, or it will read the contents of Pn ("0" or "1") if it has been specified as
an output port. When a write instruction is executed for a port, data will be written to Pn regardless
of the input/output specification.

Port Mode Registers (PnlO: n = 0-2, 4-10, 12)

Port Mode Registers (PnlO: n = 0-2, 4-10, 12) are 8-bit registers that specify whether ports are
input or output. However, Port 5 has a 2-bit register, and Port 6 has a 6-bit register.

PnlO are allocated as SFRs. After reset (by RES signal input, BRK instruction execution, op code
trap) the contents of POIO-P210, P410, P710-P10I0, and P12I0 will be 00H, and the contents of
P510, and P610O will be undefind.

When a PnlO bit is 0, the port will enter input mode. When 1, the port will enter output mode.
However, if the Port Secondary Function Control Register (PnSF: n = 0-2 , 4-7, 9, 12) explained
next has been set to 1 to select secondary function, then the PnlO specification will be disabled.

Port Secondary Function Control Registers (PnSF: n=1, 2, 4-7, 9, 12)

Port Secondary Function Control Registers (PnSF: n = 1, 2, 4-7, 9, 12) are 8-bit registers that
specify whether ports operate as their primary or secondary function. However, Port 2 has a 2-
bit register, Port 5 has a 2-bit register, Port 6 has a 6-bit register, Port 7 has a 5-bit register, Port
9 has a 4-bit register, and Port 12 has a 2-bit register.

PnSF are allocated as SFRs. After reset (by RES signal input, BRK instruction execution, op code
trap) the contents of P1SF, PASF, P6SF, P7SF, P9SF, and P12SF will be 00H, the contents of P2SF
will be 80H, and the contents of P5SF will be CFH. This selects the primary function for all ports.

When aPnSF bitis "0", the port’s primary function will be selected. When"1", the port’s secondary
function will be selected. For Port 0 the primary/secondary function select is performed
automatically by hardware, so it has not Port Secondary Function Control Register.
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6.2.4 Port Pull-Up Control Registers (PnPUP: n =0, 1, 4, 9, 10)

Port Pull-Up Control Registers (PnPUP: n =0, 1, 4, 9, 10) are 8-bit registers that specify whether
port pull-up resistors are enabled or disabled.

PnPUP are allocated as SFRs. After reset (by RES signal input, BRK instruction execution, op code
trap) the contents of PnPUP registers will be 00H, disabling the pull-up resistors of all ports.

When a PnPUP bit is 0, the pull-up resistor is disabled. When 1, the pull-up resistor is enabled.
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Table 6-2 Port Contorol SFR List

Address Reset
Name Symbol (Byte) |[Symbol (Word)| R/W
[H] State
0010 Port 0 Data Register PO — 00
0011 Port 1 Data Register P1 — 00
0012 Port 2 Data Register P2 — 00
0014 Port 4 Data Register P4 — 00
00152¢ | Port 5 Data Register P5 — undefind
00162¢ | Port 6 Data Register P6 - undefind
0017 | Port 7 Data Register P7 — 00
0018 | Port 0 Mode Register POIO — 00
0019 | Port1 Mode Register P110 — 00
001A | Port2 Mode Register P210 — 00
001C | Port4 Mode Register P410 — 00
001D<¢ | Port 5 Mode Register P510 — undefind
001E% | Port 6 Mode Register P6I0 — undefind
001F | Port7 Mode Register P710 — 00
0020 | Port8 Data Register P8 — 00
0021 | Port9 Data Register P9 — R/W 00
0022 | Port10 Data Register P10 — 00
0028 Port 8 Mode Register P8I0 — 00
0029 Port 9 Mode Register P9IO — 00
002A | Port 10 Mode Register P1010 — 00
0031 Port 1 Secondary Function Control Register P1SF — 00
0032+ | Port2 Secondary Function Control Register P2SF — 80
0034%¢ | Port4 Secondary Function Control Register P4SF — 00
0035%¢ | Port5 Secondary Function Control Register P5SF — CF
0036%x | Port6 Secondary Function Control Register P6SF — 00
0037%¢ | Port7 Secondary Function Control Register P7SF — 00
0039%¢ | Port9 Secondary Function Control Register PISF — 00
0120 Port 12 Data Register P12 — 00
0122 | Port 12 Mode Register P1210 — 00
0124%¢ | Port12 Secondary Function Control Register P12SF — 00
0130 |Port0 Pull-Up Control Register POPUP — 00
0131 [Port1 Pull-Up Control Register P1PUP — 00
0134 [Port4 Pull-Up Control Register P4PUP — 00
0139 [Port9 Pull-Up Control Register P9PUP — 00
013A  [Port10 Pull-Up Control Register P10PUP — 00

Notes: 1. Addresses do not run consecutively.
2. Addresses in the address column marked by stars indicate that the register has bits
missing.
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6.3

Port 0 (PO)

PO (P0O_0-P0_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 0 Mode Register (P0IO). Pull-up resistors can be individually enabled and
disabled for each bit by the Port 0 Pull-Up Control Register (POPUP).

When external memory is accessed, PO automatically operates as its secondary function of
address/data bus (low address output pins and data i/o pins) instead of as a port.

Figure 6-6 shows the configuration of the Port 0 Data Register (P0), Port 0 Mode Register (P0IO),
and Port 0 Pull-Up Control Register (POPUP).

6 5 4 3 2 1 0
Po | P07 | P06 | P05 [ P04 | P03 | Po2 | P01 | POO | Address:0010H
Reset state 0 0 0 0 0 0 0 0 R/W access : R/W
7 6 5 4 3 2 1 0
POIO | PoI07 | PoIOs | POIO5 | P0IO4 | P0IO3 | P0IO2 | POIO1 | POI0D | Address : 0018H
Reset state 0 0 0 0 0 0 0 0  R/Waccess:R/W
P ] [ofronzin
1| PO_n = output
n=0-7
7 6 5 4 3 2 1 0
POPUP | POPUP7 [POPUP6 |POPUPS5 | POPUP4| POPUP3 |POPUP2 | POPUP1[POPUPO| Address : 0130H
0 0 0 0 0 0 0 0 R/W access : R/W

Reset state

| | | | | | | | 0 | POPUP_n = pull-up disabled
1 | POPUP_n = pull-up enabled
n=0-7

Figure 6-6 Configuration of PO, POIO, POPUP

When PO has been specified as an input by POIO (POIOn = 0) and a read instruction is executed
onit, the pin state will be read. When PQO has been specified as an output by POIO (P0IOn = 1) and
a read instruction is executed on it, the contents of the Port 0 Data Register will be read. When
calculation, increment, and other read-modify-write instructions are executed on PO, the read will
be of the pin state or Port 0 Data Register contents as specified by POIO, while the write will be
to the Port O Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), PO will be a high-
impedance input port (POIO = 00H), and the contents of PO will be O0H.
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6.4  Port1 (P1)

P1 (P1_0-P1_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 1 Mode Register (P110). Pull-up resistors can be individually enabled and
disabled for each bit by the Port 1 Pull-Up Control Register (P1PUP).

In addition to its port function, P1 has been assigned a secondary function (external memory high-
address output). The Port 1 Secondary Control Register (P1SF) selects whether the port function
or secondary function will be enabled. However, when the EA pin is low, P1 will operate as the
address bus (high address output pins) to external program memory and external data memory,
regardless of the P1SF settings.

Figure 6-7 shows the configuration of the Port 1 Data Register (P1), Port 1 Mode Register (P110),
Port 1 Secondary Function Control Register (P1SF), and Port 1 Pull-Up Control Register (P1PUP).

7 6 5 4 3 2 1 0
Pl [ P17 [Pi6 | P15 | P14 | P13 | Pra | P11 | pro | Address:00TTH
Reset state 0 0 0 0 0 0 0 R/W access : R/W
7 6 5 4 3 2 1 0
P10 [ P1107 | P1106 | P1105 | P1104 | P1103 | P1102 | P1i01 [ prigg | Address : 0019H
Reset state 0 0 0 0 0 0 0 o R/Waccess:R/W
| | | | | | | | 0 | P1_n=input
1 | P1_n=output
n=0-7
7 6 5 4 3 2 1 _
P1SF [ XDM15 | XDM14 [XDM13 [ XOM12 [XDM11 [ xDM10 | XDMg [ xpmg | Address : 003TH
Resetstate 0 0 0 0 0 0 0 o P/Waccess: RW
| | | | | | | | 0 | P1_n = port function
1 [ P1_n=XDM8-15
(data memory high
address) output
function
n=0-7
7 6 5 4 3 2 1 0
P1PUP [P1PUP7[P1PUP6 [P1PUP5 [P1PUP4]P1PUP[P1PUP2 [P1PUP1[P1PUPO| Address : 0131H
Reset state 0 0 0 0 0 0 0 0 R/W access : R/W

l | | | | | | | 0 | P1PUP_n = pull-up disabled

1 | P1PUP_n = pull-up enabled

n=0-7

Figure 6-7 Configuration of P1, P110, P1SF, P1PUP
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When P1 has been specified as an input by P10 (P110n = 0) and a read instruction is executed
onit, the pin state will be read. When P1 has been specified as an output by P110 (P110n = 1) and
a read instruction is executed on it, the contents of the Port 1 Data Register will be read. When
calculation, increment, and other read-modify-write instructions are executed on P1, the read will
be of the pin state or Port 1 Data Register contents as specified by P110, while the write will be
to the Port 1 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P1 will be a high-
impedance input port (P110,P1SF = 00H), and the contents of P1 will be 00H.

6.5 Port 2 (P2)

P2 (P2_0-P2_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 2 Mode Register (P210).
In addition to its port function, P2 has been assigned a secondary function (realtime output pins).
The Port 2 Secondary Control Register (P2SF) selects whether the port function or secondary
function will be enabled.
Figure 6-8 shows the configuration of the Port 2 Data Register (P2), Port 2 Mode Register (P210),
and Port 2 Secondary Function Control Register (P2SF).

P2 | P27 | P266 | P255 | P244 | P233 | P222 | P211 | ono |Address:0mz'—I

= = = = = = = = R/W access : R/W
Reset state 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
P210 | P2107 | P2106 | P2105 | P2104 | P2103 | P2102 | P2101 | P2I00 |

Address : 001AH
R/W access : R/W

Reset state 0 0 0 0 0 0 0 0
| | | | | | | | |0]P2n=input
1 | P2_n = output
7 6 5 4 3 2 1 0 n=07
P2SF | — | 0" | RT09 | RTO8 | 0" | 0" | 0" | 0" | Address : 0032H
R/W access : R/'W
Reset state 1 0 0 0 0 0 0 0

‘ 0 |P2.4

1 | Realtime output 8

0|P2.5

1 | Realtime output 9

— indicates a bit that is not provided. It will be read as "1".
Always write "0" to the bits shown as 0. They will always read as "0".

Figure 6-8 Configuration of P2, P210, P2SF
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When aread instruction is executed on P2, the value read will depend on the contents of P210 and
P2SF, as shown in Table 6-3. When calculation, increment, and other read-modify-write instruc-
tions are executed on P2, the read will be of the pin state or Port 2 Data Register contents as
specified by P210, while the write will be to the Port 2 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P2 will be a high-
impedance input port (P210 = 00H, P2SF = 80H), and the contents of P2 will be 00H.

Table 6-3 Port 2 Reads

P2I0 P2SF Read Data
P2_0-P2_3, 0 — Pin
P2_6,P2_7 1 — Output latch
0 0 Pin
P2_4,P2_5 1 0 Output latch
* 1 Output data

— indicates bits that are not provided.
* indicates 1 or 0.
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6.6  Port 4 (P4)

P4 (P4_0-P4_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 4 Mode Register (P410). Pull-up resistors can be individually enabled and
disabled for each bit by the Port 4 Pull-Up Control Register (P4PUP).

In addition to its port function, P4 has been assigned a secondary function (external clock input
for general 8-bit timer). The Port 4 Secondary Control Register (P4SF) selects whether the port
function or secondary function will be enabled.

Figure 6-9 shows the configuration of the Port 4 Data Register (P4), Port 4 Mode Register (P410),
Port 4 Secondary Function Control Register (P4SF), and Port 4 Pull-Up Control Register (P4PUP).

7 6 5 4 0 ddress : 0014H
P4 | Pay [Pa6 [Pas [Paa | Pas [ Pa2 [ pat[pac [ 0 o
Reset state 0 0 0 '
l 6 5 43 2 ! 0 Address : 001CH
P4I0 | P4i07 | P4106 | P4105 | P4i04 [ P4103 | P4i02 | P40t | Patoo | S
Reset state 0 0 0 0 0 0 0 —
A N N N S SR 0 | P4_n = nput
1 | P4_n = output
n=_0-7
7 6 5 4 3 2 1 0
Address : 0034H
EKEEEEEEEEEEEEEET ‘R/Waccess:R/\N
Reset state 0 0 0 0 0 0 0
‘ 0] P40
1 | P4_n = external clock input for
general 8-bit timer
! 6 5 4 3 2 ! 0 Address : 0134H
P4PUP |P4PUPT [P4PUP6 [P4PUP5 | PAPUP4|P4PUP3 | P4PUP2] P4PUP1 |P4PUPO |
R/W access : R/W
Reset state 0 0 0 0 0 0 0 0

l | | | | | | | 0 | P4PUP_n = pull-up disabled
1 | P4APUP_n = pull-up enabled
n=0-7

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 6-9 Configuration of P4, P410, P4SF, P4PUP
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When aread instruction is executed on P4, the value read will depend on the contents of P410 and
P4SF, as shown in Table 6-4. When calculation, increment, and other read-modify-write
instructions are executed on P4, the read will be of the pin state or Port 4 Data Register contents
as specified by P410, while the write will be to the Port 4 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P4 will be a high-
impedance input port (P410, P4SF = 00H), and the contents of P4 will be O0H.

Table 6-4 Port 4 Reads

P41O0 P4SF Read Data
0 0 Pin
P4_0 1 0 Output latch
* 1 Pin
0 — Pin
P4_1-P4_7
1 — Output latch

— indicates bits that are not provided.
* indicates 1 or 0.
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6.7

P5
Reset state

P510
Reset state

P5SF
Reset state

Port 5 (P5)

P5 (P5_4, P5_5) is a 2-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 5 Mode Register (P5I10).

In addition to its port function, P5 has been assigned a secondary function (ALE and PSEN output
pins). The Port 5 Secondary Control Register (P5SF) selects whether the port function or
secondary function will be enabled. However, when the EA pin is low, P5_5 and P5_4 will be
configured as ALE and PSEN pins regardless of P5SF settings.

Figure 6-10 shows the configuration of the Port 5 Data Register (P5), Port 5 Mode Register (P510),
and Port 5 Secondary Function Control Register (P5SF).

! 6 > 4 3 2 ! Add : 0015H
[ — [ — [ P55 [ P54 [undefind]undefind|undefindfundefing| "CCreSS:
R/W access : R/W
1 1 0 0  undefind undefind undefind undefind
] - \ - \ P5?05 \ PSTO4 \undzﬁnd\undsﬁnd\undlﬁnd\undgﬁnd\ Address : 00TDH
- - - — R/W access : R/W
1 1 0 0 undefind undefind undefind undefind
| | 0 | P5_n=input
1| P5_n = output
n=4,5
‘Undefined" indicates bits that are not provided.
Programming should be done assuming these bits
are always defined.
Operation of the bits may differ between ICE evaluation
and actual device as MASK/OTP version etc.
7 6 5 4 3 2 1 )
B S T 1 R et
1 1 0 0 1 1 1 1 .

| 0 |P5_4

1 | PSEN output pin

0|P5.5
1 | ALE output pin

— indicates bits that are not provided.
They will be read as "1".

Always write "0" to the bits shown as "0".
They will always read as "0" .

Figure 6-10 Configuration of P5, P510, P5SF

When P5 has been specified as an input by P510 (P510n = "0") and a read instruction is executed
on it, the pin state will be read. When P5 has been specified as an output by P510 (P5I0n = "1")
and aread instruction is executed on it, the contents of the Port 5 Data Register will be read. When
calculation, increment, and other read-modify-write instructions are executed on P5, the read will
be of the pin state or Port 5 Data Register contents as specified by P5I0O, while the write will be
to the Port 5 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P5 will be a high-
impedance input port (P50 = undefined, P5SF = CFH), and the contents of P5 will be undefined.



MSM66587 Family User's Manual
Chapter 6 Port Functions

6.8  Port 6 (P6)

P6 (P6_0-P6_5) is a 6-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 6 Mode Register (P6I0).

In addition to its port function, P6 has been assigned a secondary function (external interrupt pins,
etc.). The Port 6 Secondary Control Register (P6SF) selects whether the port function or
secondary function will be enabled.

Figure 6-11 shows the configuration of the Port 6 Data Register (P6), Port 6 Mode Register (P610),
and Port 6 Secondary Function Control Register (P6SF).

7 6 5 4 3 2 L 0 Address : 0016H
P [undefind|undefind| P65 | P64 [ P63 [ Pe2 [ Pot [ P60 [p, . o
0 0

Reset state  undefind undefind 0 0 0 0

7 6 5 4 3 2 1.0 _
P10  [undefindlundefind| P6I05 | P6I04 | P6I03 | P6I02 | PeI01 | Peioo | Address : O0TEH

Resetstate undefind undefind 0 0 0 0 0 o R/Waccess: RW
| | | | | | 0 | P6_n =input

1 | P6_n = output
n=0-5

"Undefined" indicates bits that are not provided.

Programming should be done assuming these bits

are always defined.

Operation of the bits may differ between ICE evaluation

and actual device as MASK/OTP version etc.

7 6 5 4 3 2 1 0
pesF [ o | o [ xc1 [ Rxct | ot [ Rxo1 [ INT1 [ NTO |

Reset state 0 0 0 0 0 0 0 0
| 0|P6_0

1 | External interrupt 0 input

0 |P6_1

1 | External interrupt 1 input

P6_2

Serial Port 1 receive data input
P6_3

Serial Port 1 transmit data output
0 |P6_4
1 | Serial Port 1 receive shift clock I/0

Address : 0036H
R/W access : R/W

—- o

—- O

0 |P6.5
1 | Serial Port 1 transmit shift clock 1/0

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 6-11 Configuration of P6, P610, P6SF
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When aread instruction is executed on P6, the value read will depend on the contents of P610 and
P6SF, as shown in Table 6-5. When calculation, increment, and other read-modify-write
instructions are executed on P6, the read will be of the pin state or Port 6 Data Register contents
as specified by P610O, while the write will be to the Port 6 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P6 will be a high-
impedance input port (P610 = undefined, P6SF = 00H), and the contents of P6 will be undefined.

Table 6-5 Port 6 Reads

P610 P6SF Read Data
0 0 Pin
P6_0-P6_2 1 0 Output latch
* 1 Pin
0 0 Pin
P6_3 1 0 Output latch
* 1 Output data
0 0 Pin
P6_4. P65 1 0 Output latch
* 1 Clock when shift clock is an output;
pin when shift clock is an input.

* indicates 1 or 0.
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6.9 Port7 (P7)

P7 (P7_0-P7_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 7 Mode Register (P710).

In addition to its port function, P7 has been assigned a secondary function (external memory
strobe signal output pin, etc.). The Port 7 Secondary Control Register (P7SF) selects whether the
port function or secondary function will be enabled.

Figure 6-12 shows the configuration of the Port 7 Data Register (P7), Port 7 Mode Register (P710),
and Port 7 Secondary Function Control Register (P7SF).

! 6 5 4 3 2 ! 0 Address : 0017H
P7 [ iz [Pre [ Prs | pra | pPrs [ P72 [ pra[prof o o
Reset state 0 0 0 0 0 0 0 0
! 6 5 4 3 2 1 0 address : 001FH
P7i0 | P7107 | P7106 | P7105 | P7104 | P7I03 | P7I02 | P7I01 [ P7IO0 | o o
Resetstate 0 0 0 0 0 0 0 0 '
I I N N N O B 0 [[P7_n = input
1 | P7_n = output
n=0-7
/ 6 5 4 8 2 1 0 Address : 0037H
prse [ 00 [ o [ o [ pwwocikout] WAT | RD | WR | o o
Reset state 0 0 0 0 0 0 0 0
’ 0|P7.0
1 | WR output for external memory
0| P71
1 | RD output for external memory
0|p7.2
1 | Wait input for external data memory
0|P7.3
1 | Divided clock output from source clock
0|p7.4
1 | PWMO output

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 6-12 Configuration of P7, P710, P7SF
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When aread instruction is executed on P7, the value read will depend on the contents of P710 and
P7SF, as shown in Table 6-6. When calculation, increment, and other read-modify-write
instructions are executed on P7, the read will be of the pin state or Port 7 Data Register contents
as specified by P710, while the write will be to the Port 7 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P7 will be a high-
impedance input port (P710, P7SF = 00H), and the contents of P7 will be 00H.

Table 6-6 Port 7 Reads

P710 P7SF Read Data

P7_0, P7_1 0 0 Pin

1 0 Output latch

0 0 Pin
P7_2 1 0 Output latch

* 1 Pin

0 0 Pin
P7_4 1 0 Output latch

* 1 Output data

* indicates 1 or 0.
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6.10

P8 | Ps7 | P86 | P85 | Pa4 | Pe3 | Ps2 | Ps1| P |
0

Port 8 (P8)

P8 (P8_0-P8_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 8 Mode Register (P8IO).

Figure 6-13 shows the configuration of the Port 8 Data Register (P8) and Port 8 Mode Register
(P8IO).

7 6 5 4 3 2 1

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

Reset state 0 0 0 0 0 0 0

l 6 5 43 2 ! O Address : 0028H
P8I0 [ Pgi07 | Psios | Psios | P8I | P8IO3 | P8IO2 | P8IOT | PBIOD |pyy oo o
Reset state 0 0 0 0 0 0 0 0
| | | | | | | | 0 | P8_n = input
1 | P8_n = output
n=0-7

Figure 6-13 Configuration of P8, P8IO

When P8 has been specified as an input by P8IO (P8IOn = 0) and a read instruction is executed
on it, the pin state will be read. When P8 has been specified as an output by P8IO (P8IOn = 1) and
a read instruction is executed on it, the contents of the Port 8 Data Register will be read. When
calculation, increment, and other read-modify-write instructions are executed on P8, the read will
be of the pin state or Port 8 Data Register contents as specified by P8IO, while the write will be
to the Port 8 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P8 will be a high-
impedance input port (P8I0 = 00H), and the contents of P8 will be O0H.
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6.11 Port 9 (P9)

P9 (P9_0-P9_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 9 Mode Register (P9I0O). Pull-up resistors can be individually enabled and
disabled for each bit by the Port 9 Pull-Up Control Register (POPUP).

In addition to its port function, P9 has been assigned a secondary function (external program
memory address output). The Port 9 Secondary Control Register (P9SF) selects whether the port
function or secondary function will be enabled. However, when the EA pin is low, P9 will operate
as the program memory address bus (address output pins), regardless of the POSF settings.

Figure 6-14 shows the configuration of the Port 9 Data Register (P9), Port 9 Mode Register (P910),
Port 9 Secondary Function Control Register (P9SF), and Port 9 Pull-Up Control Register (POPUP).

! 6 5 4 3 2 1 0 Address : 0021H
PO | P97 | P96 | P95 | P94 | P93 | P92 [ POT [ PO [pn o o
Resetstate 0 0 0 0 0 0 0 0 '
7 6 5 4 3 2 1 0 Address : 0029H
POI0 | P9I07 | P9IO6 | P9I05 | P9IO4 | PAIO3 | P9I02 [ P9IOT | PRIOO |pay access - RAW
Reset state 0 0 0 0 0 0 0 0
| | | | | | | | 0 | P9_n = input
1 | P9_n = output
n=0-7
7 6 5 4 8 2 1 0 Address : 0039H
posF | ‘0" [ o | o | 0" | XOM19| XDM18 | XDM17 | XDM16 | pay access - RAW
Reset state 0 0 0 0 0 0 0 0

| | | | 0 | P9_n = port function

P9_n = XDM16-19
1 (data memory address)
output function

n=0-3

6 5 4 3 2
POPUP  |P9PUP7 |P9PUP6 |POPUPS5 | POPUP4|PIPUP3 |POPUP2 | POPUP1 [POPUPO | Address : 0139H

Reset state 0 0 0 0 0 0 0 0

| | | | | | | | 0 | POPUP_n = pull-up disabled
1 | POPUP_n = pull-up enabled
n=0-7

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 6-14 Configuration of P9, P9IO, PO9SF, POPUP
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When P9 has been specified as an input by P9IO (P9IOn = 0) and a read instruction is executed
on it, the pin state will be read. When P9 has been specified as an output by P9IO (P9IOn = 1) and
a read instruction is executed on it, the contents of the Port 9 Data Register will be read. When
calculation, increment, and other read-modify-write instructions are executed on P9, the read will
be of the pin state or Port 9 Data Register contents as specified by P9IO, while the write will be
to the Port 9 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P9 will be a high-
impedance input port (P910, POSF = 00H), and the contents of P9 will be 00H.
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6.12

P10
Reset state

P1010
Reset state

P10PUP
Reset state

Port 10 (P10)

P10 (P10_0-P10_7)is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 10 Mode Register (P1010). Pull-up resistors can be individually enabled and
disabled for each bit by the Port 10 Pull-Up Control Register (P10PUP).

Figure 6-15 shows the configuration of the Port 10 Data Register (P10), Port 10 Mode Register
(P10I10), and Port 10 Pull-Up Control Register (P10PUP).

7] 6 | 5 | 4 | 3 | 2 | | 0 |Address:0022H
0.7 [ P10.6 [ P10.5 [ P10.4 [ P10.3 [ P10.2 [ P10_1 [ P10.0 | ppy o o
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address : 002AH
| P10107 | P10106 | P10105 | P10104 | P10103 | P10102 | P10101 | P10100 | o access - RAW
0 0 0 0 0 0 0 0
| | | | | | | | 0 | P10_n = input
1 | P10_n = output
n=0-7
7 6 5 4 3 2 1 0 Address : 013AH
[P10PUP7|P10PUPS|P10PUPS|P10PUP4|P10PUP3|P10PUP2[PTOPUPT[P10PUPD] g 1 o o o vy
0 0 0 0 0 0 0 0

| | | | | | | | 0 | P10PUP_n = pull-up disabled

1 | P1OPUP_n = pull-up enabled

Figure 6-15 Configuration of P10, P1010, P10PUP

When P10 has been specified as an input by P1010 (P1010n = 0) and a read instruction is executed
on it, the pin state will be read. When P10 has been specified as an output by P10I0 (P10I0n =
1) and a read instruction is executed on it, the contents of the Port 10 Data Register will be read.
When calculation, increment, and other read-modify-write instructions are executed on P10, the
read will be of the pin state or Port 10 Data Register contents as specified by P1010, while the write
will be to the Port 10 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P10 will be a high-
impedance input port (P1010 = 00H), and the contents of P10 will be O0H.
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6.13 Port 12 (P12)

P12 (P12_0-P12_7) is an 8-bit input/output port. Its bits can be individually specified as inputs or
outputs by the Port 12 Mode Register (P1210).

In addition to its port function, P12 has been assigned a secondary function (external interrupt
pins, etc.). The Port 12 Secondary Control Register (P12SF) selects whether the port function or
secondary function will be enabled.

Figure 6-16 shows the configuration of the Port 12 Data Register (P12), Port 12 Mode Register
(P1210), and Port 12 Secondary Function Control Register (P12SF).

7 6 5 4 3 2 1 0
P12 [P12.7 [ P12.6 | P12.5 | P12.4 | P12.3 | P12.2 | P12.1 | Pz g | Address: 0120H
Resetstate O 0 0 0 0 0 0 0 MWaccess:RIW
7 6 5 4 3 2 1 0
P1210 | P12107 | P12106 | P12105 | P12104 | P12103 | P12102 | P12101 | P12100 | :/wfcsjes?flcv
Reset state 0 0 0 0 0 0 0 0 -
| | | | | | | | 0 | P12_n =input
1 | P12_n = output
n=0-7
7 6 5 4 3 2 1 0
v [ T T T T T [ ] oo
Reset state 0 0 0 0 0 0 0 :

| 0 [P12.2
1 | External interrupt 2 input

0|P12_3
1 | External interrupt 3 input

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 6-16 Configuration of P12, P1210, P12SF

When aread instruction is executed on P12, the value read will depend on the contents of P1210
and P12SF, as shown in Table 6-7. When calculation, increment, and other read-modify-write
instructions are executed on P12, the read will be of the pin state or Port 12 Data Register contents
as specified by P1210, while the write will be to the Port 12 Data Register.

After reset (by RES signal input, BRK instruction execution, or op code trap), P12 will be a high-
impedance input port (P1210, P12SF = 00H), and the contents of P12 will be 00H.
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Table 6-7 Port 12 Reads

P12I0 P12SF Read Data
P12_0, P12_1 0 0 Pin
P12_4-P12_7 1 0 Output latch
0 0 Pin
P12_2,P12_3 1 0 Output latch
* 1 Pin

* indicates 1 or 0.
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7. Clock Generator Circuit

The clock generator circuit is used for generating the master clock pulse (CLK). The crystal
oscillator and necessary elements are connected between OSCO pin and OSC1 pin.

Figure 7-1 shows an example to connect the crystal generator circuit.

External E Internal

CO 0SCO

' Clock pulse controller circuit Master clock pulse
, ; . u ircui
Xtal ] ! | Oscillator P (CLK)

o—{ 1

B P

STOP signal 0ST1,0

Notes: 1. The values of CO and C1 have to be decided in accordance with the specifications of
an external crystal oscillator.

2. The ceramic resonator can be used instead of the crystal.
3. Parts that are not illustrated may be required by the frequency band that is used.

Figure 7-1 Example for Connecting Crystal Oscillator Circuit

In addition, when the master clock pulse is supplied from external, input it at OSCO pin and then
open OSC1 pin.

Figure 7-2 shows an example for external clock input.

Eexternal ' Internal
0SCO
Eexternal clock —— [ }—

. Master clock pulse
Clock pulse controller circuit LK)

Oscillator

i o

STOP signal ~ 0ST1,0

Figure 7-2 Example for External Clock Input
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The clock generator circuit can be stopped by using stop mode, which can further reduce power
consumption.

When stop mode is released by an interrupt, the basic clock will be passed on when the number
of clock cycles specified by OST0 and OST1 of SBYCON (bit 4 and bit 5) elapse after the oscillator
stabilizes. However, when STOP mode is released by the RES pin, the settings of OST0 and OST1
of SBYCON will be invalid, so apply a low level to the RES pin for longer than the oscillation
stabilization time.
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8. Time-Base Counter (TBC)

The Time-Base Counter (TBC) is an 8-bit counter that uses as its input clock the overflow of a 4-
bit auto-reload timer that uses the master clock for its input.

TBC’s frequency divided output is used as a basic clock for a 16-bit RTO/PWM timer or serial port
timer.

After reset (RES signal input, BRK instruction execution, op code trap) TBC will be cleared to 0,
and will operate unless the master clock supply stops.

Figure 8-1 shows the configuration of TBC.

CLK (Master clock) TBCCLK .
Oscillator 1/n(4bits) TBC (8bits)
x x x i X e X <
— - - p— — - - -
(&) (&) O O (&) (@] O (@]
[&b] [&b] [&b] [&b] [&b) (&) [&b) (@]
o o [aa] o o o o o
[ = = I =] B = I = B =
N N (=) [{e] [9V] < o] [de)
= 5 | oz 9 g 8 g
e—| Frequency Divider Circuit = = = T €
X o X X o x
— — - — — -
(&) O (&) [&b) o O
N < [se] [{e] [aV] <t
= = S| —T| © «
™1 Oj]O0|]O0|O|]O|O0O|0O|O
General 8-bit timers Ol 0|0 O O O
PWM O|0O|O|O]O |00
SCI 8-bit timer O1]0O OlO0|0]| 0O O O

Notes: 1. When the 1/n (4-bit) counter is set with n =1 and TBCCLK is selected for TM1, the 16-
bit RTO/PWM timer does not operate normally. (The free-running counter TM1 will
count normally.)

2. Refer to Chapter 11, “PWM Function,” for the divider.

Figure 8-1 TBC Configuration
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8.1

1/n Counter

A 4-bit auto-reload timer that uses CLK as its input clock is provided to allow the same clock pulse
(TBCCLK) to be supplied to TBC even when oscillation is changed. The 1/n counter is configured
from a 4-bit counter (TBCKDVC) and a 4-bit register (TBCKDVR) that stores the reload value.

7 6 5 4 3 2 1
moow [— [ — [ —[ =] [ [ |
Reset state 1 1 1 1 0 0 0 0

— indicates bits that are not provided.
They will be read as 1.

| Address : 011EH
R/W access : R

TBCKDVC is a 4-bit counter (bit 0-bit 3) with CLK as its input clock. Writes to TBCKDVC are
ignored. TBCKDVC can be read, but the upper 4 bits will read as 1.

After reset (RES signal input, BRK instruction execution, op code trap) TBCKDVC will be FOH.

7 6 5 4 3 2 1 0
TBCKDVR | — | _ | _ | _ | | | | Address : 011FH

Reset state 1 1 1 1 0 0 0 0 R/W access : R/W

— indicates bits that are not provided.
They will be read as 1.

TBCKDVR is a 4-bit register (bit 0-bit 3) that stores the reload value to TBCKDVC.

TBCKDVR can be written, but the upper 4 bits will be ignored. TBCKDVR can be read, but the
upper 4 bits will read as 1.

After reset (RES signal input, BRK instruction execution, op code trap) TBCKDVR will be FOH. The
1/n counter will divide CLK by 16, so a 1/16 CLK will be supplied to TBC as TBCCLK.

After areload value is written to TBCKDVR, it may take up to 16 CLK pulses before the frequency
division by the written value affects operation.
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16-Bit RTO/PWM Timer

The 16-bit RTO/PWM Timer is configured from a 16-bit counter, two 16-bit registers, and a control
register. It provides two modes PWM/realtime output mode.

Figure 9-1 shows the 16-bit RTO/PWM timer configuration. Table 9-1 lists the 16-bit RTO/PWM
timer control SFRs.

Counter
> TM1 (16-bit)
E TMCON (4-bit)
=
c
= Register Module
— TMAMODE P2_4/RT08, P2_5/RT09
L~ RTOCON4, RTOCONS
Figure 9-1 16-Bit RTO/PWM Timer Configuration
Table 9-1 16-Bit RTO/PWM Timer Control SFRs
Address Reset
Name Symbol Symbol R/W ese
[H] (Byte) (Word) State
0090 Timer Regi TMR8 0000
0091 imer Register 8 —
0092 Timer Register 9 — TMR9 0000
0093
00B42 | RTO Control Register 4 RTOCON4 — rw | fC
00B52¢ | RTO Control Register 5 RTOCON5 — FC
oocz Timer Counter 1 ™1 0000
00C3
00E2% | Timer Control Register TMCON — 00
004 TM Select Register TMSEL 0300
00E5%¢ g
00E62¢ | TMR Mode Register TMRMODE — 00

Notes: 1. Addresses do not run consecutively.
2. Addresses in the address column marked by stars indicate that the register has bits
missing.
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9.1

Counter Configuration

The counter circuit is configured from a 16-bit free-running counter (TM1), an input clock selector,
and a control register (TMCON) that controls TM1 operation. TM1 generates an interrupt request
whenever an overflow occurs.

Figure 9-2 shows the counter configuration.

TBOCLK———
12 TBCCLK— | 15 > OVFinterrupt
1/4 TBOCLK —

1/8 TBOCLK —

1/16 TBCCLK —
1/32 TBCCLK —
1/64 TBCCLK —
1/128 TBCCLK - 16 bits

™1

Selector
|

Internal Bus
Figure 9-2 Counter Configuration

TM1 is a 16-bit counter that can be read or written by the program.

After reset (RES signal input, BRK instruction execution, op code trap) TM1 will be 0000H,
stopping operation.

The TM1 count clock is selected by the Timer Control Register (TMCON) from TBC’s frequency
divided output 0-6 of the TBC count clock (TBCCLK).

TMCON is an 8-bit register that selects the TM1 count clock, and also selects whether the clock

operates or stops. After reset (RES signal input, BRK instruction execution, op code trap) TMCON
will be 00H, selecting TBCCLK for the TM1 count clock and stopping operation.

Figure 9-3 shows the configuration of TMCON.
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7 6 5 4 3 2 A
TMCON | TMIRUN[TM1CK2[ TM1CKTMicKD| o [ o' | "o | "o |
Resetstate 0 0 0 0 0 0 0 0

Address : 00E2H
R/W access : R/W

TM1CK TM1 Count Clock
211(0
0]0]0][TBCCLK
010[1]1/2TBCCLK
0[1[0]1/4TBCCLK
0/1[1]1/8 TBCCLK
110[0[1/16 TBCCLK
110[1[1/32 TBCCLK
1[1[0][1/64 TBCCLK
111[1[1/128 TBCCLK
0| TM1 count stopped
1] TM1 count operating

Always write "0" to the bits shown as "0".
They will always read as "0".
Figure 9-3 TMCON Configuration

9.2 TM Select Register

The TM Select Register (TMSEL) is a 16-bit register.

After reset (RES signal input, BRK instruction execution, op code trap) TMSEL will be 0300H.
However, it will be 0000H with an ICE.

When the timer is to be used, always write 0300H after reset (RES signal input, BRK instruction
execution, op code trap).

Figure 9-4 shows the configuration of TMSEL.

TMSEL (bits 7-0)

7 6 5 4 3 2 1
5_| " | "0 | "0 | " | "0 | 0" | 0 | | Address : 00E4H
Reset state 0 0 0 0 0 0 0 R/W access : R/W
TMSEL (bits 15-8)
7 6 5 2 1 '
| " | " | 0" | 0 | 0" | 0 | o | o | —¢ Address: 0(.1E5H
Resetstate 0 0 0 0 0 ] ] R/W access : R/W

Always write "0" to the bits shown as "0",

and "1" to the bits shown as "1".

Those shown as "0" will always read as "0,
and those shown as "1" will always read as "1".

Figure 9-4 TMSEL Configuration

9-3
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9.3

9.3.1

T8SEL ——>

Register Modules (TMR8, TMR9)

Two sets of register modules, TMR8 and TMR9, are provided. The two sets have the same
configuration except that the SFR addresses assigned to the registers are different.

Register Module (TMR8, TMR9) Configuration

A register module has three types of realtime output: toggle RTO, RTO, and PWM mode. It is
configured from a 16-bit timer register (TMR8, TMR9), output pins for the realtime output signal
(RTO8, RTO9), timing controller, comparator to compare the timer counter value and timer register
value, control register to specify realtime output operation (TMRMODE), and control register to
control realtime output operation (RTOCON4, RTOCONS).

To use RTO8 and RTO9 as realtime output pins, be sure to set the corresponding bits in the Port
2 Secondary Control Register to "1".

TMR8

U

Comparator > Interrupt Request
K ing 0+C[>T T8BFO }»3—9—»{ T80UT }—&

Controller 8
TMDS —> PWM F/F O—>|:| RTO8
Free-Running >S Q
Counter s a
TMA1 g i
CLK —> “~0—>{1] RT09

T9SEL ——>

Timing

TMDS Controller 9 >0 T T9BFO }><—F—>{ T90UT }j
Comparator >® > Interrupt Request

fI

TMR9

Figure 9-5 Register Module Configuration
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(1) Timer Registers (TMR8, TMR9)

~

The timer registers (TMR8, TMR9) are 16-bit registers. TMR8 and TMR are always compared
to the counter value of TM1. They can be read and written by the program.

After reset (RES signal input, BRK instruction execution, op code trap) TMR8 and TMR9 will
be 0000H.

Realtime Output Control Registers (RTOCON4, RTOCONS)

Therealtime output control registers (RTOCON4, RTOCONS) are configured as two bits. When
TMR8 or TMR9 match the counter value specified by TMSEL, the contents of TnBFO (bit 1) will
be loaded into TnOUT (bit 0). Set TnBFO to the level desired after the next event change.

RTOCON4 and RTOCONS5 can be read and written by the program. When written, the upper
6 bits will be ignored. When read, the upper 6 bits willread as "1". Note that TnBF0 and TnOUT
might not operate correctly just before an RTO event when an SB, RB, XORB or other read-
modify-write instruction is executed on RTOCON4 or RTOCONS.

After reset (RES signal input, BRK instruction execution, op code trap) RTOCON4 and
RTOCONS will be FCH.

Figure 9-6 shows the configuration of RTOCON4 and RTOCONS.

7 6 5 4 3 2 1 0

Rroconm | — [ — [ — [ — | — | — [nBro[mnout| Address: 00B4H (RTOCON4)

Reset state

m=4,5

] ] ] ] ] ] 0 o 00B5H (RTOCONS5)

R/W access : R/W

RTO toggle output from TMR8 or TMRO.
When in RTO mode, the contents of this

flag will be output externally.

When in RTO mode and TMR8 or TMR9
match the selected counter value, this
flag's contents will be loaded to TnOUT.
When in toggle RTO mode and TMR8 or
TMR9 match the selected counter value,
this flag's contents will be loaded to
TnOUT and then immediately and
automatically inverted.

— indicates bits that are not provided.
They will be read as "1".

n=§,9
Figure 9-6 RTOCON4, RTOCONS5 Configuration
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(3) TMR Mode Register (TMRMODE)

The TMR Mode Register  TMRMODE) is configured as 4 bits. TMRMODE selects the operation
of TMR8 and TMR9. It can be read and written by the program.

After reset (RES signal input, BRK instruction execution, op code trap) TMRMODE will be 00H,
specifying toggle RTO mode for TMR8 and TMRO.

Figure 9-7 shows the configuration of TMRMODE.

7 6 5 4 3 2 1 0
RMODE [ o [ o [ ot | 0 [TomD1[rompo[TemD1]Tempo| Address : O0EGH
Resetstate 0 0 0 0 0 0 0 0 R/W access : R/W

T8MD .
TMRS8 Function

Toggle RTO mode
RTO mode
PWM (paired with TMR9) mode

*| = O

el k=R =}

T9MD

0
0 | Toggle RTO mode
1

TMR9 Function

RTO mode

PWM (paired with TMR8) mode
Always write "0" to the bits shown as "0",
and "1" to the bits shown as "1".

Those shown as "0" will always read as "0",
and those shown as "1" will always read as "1".

—alo|lo|—

Figure 9-7 TMRMODE Configuration
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9.3.2 R

egister Module (TMR8, TMR9) Operation

TMRMODE can select one of three functions for a register module.

(1

e Realtime output mode (RTO)
e Toggle realtime output mode (toggle RTO)
e PWM mode

) Realtime Output Mode (RTO) Operation

When the TM1 counter is running, its value will continuously be compared to TMR8 and TMRO.
When the values match, a realtime output interrupt request will be generated and the contents
of TnBFO of RTOCON4 or RTOCONS5 (bit 1) will be loaded in TnOUT (bit 0), where n = 8 or 9.
Therefore, set TMR8 and TMR9 to the desired time interval until the next event change, and
set TnFBO to the desired level after the next event change.

Figure 9-8 shows an operation example of a register module in RTO mode.

To use RTO8 and RTO9 as realtime output pins, be sure to set the corresponding bits in the
Port 2 Secondary Control Register to 1.

~

Toggle Output Realtime Output Mode (Toggle RTO) Operation

When the TM1 counter is running, its value will continuously be compared to TMR8 and TMRO.
When the values match, a realtime output interrupt request will be generated and the contents
of TnBFO of RTOCON4 or RTOCONS5 (bit 1) will be loaded in TnOUT (bit 0), where n = 8 or 9.
The contents of TNFBO of RTOCON4 or RTOCONS5 will then be immediately and automatically
inverted.

Figure 9-9 shows an operation example of a register module in toggle RTO mode.

To use RTO8 and RTO9 as realtime output pins, be sure to set the corresponding bits in the
Port 2 Secondary Control Register to 1.

~

PWM Mode Operation

TMR8 and TMR9 can operated in PWM mode as a pair. When PWM mode is specified and
the TM1 counter is running, its value will continuously be compared to TMR8. When the values
match, an interrupt request will be generated, and the PWM flip-flop will be set (1). When the
TM1 counter is running, its value will also continuously be compared to TMR9. When the
values match, an interrupt request will be generated, and the PWM flip-flop will be reset (0).
If a set and reset for the PWM flip-flop occur simultaneously, then the reset will take
precedence.

The Q (true) output of the PWM flip-flop will be output from RTO8, and the Q (inverted) output
will be output from RTO9.

In PWM mode, TnBFO (bit 1) and TnOUT (bit 0) of RTOCON4 and RTOCONS5 will be invalid (n
=8,9).

Figure 9-10 shows an operation example of a register module in PWM mode.

To use RTO8 and RTO9 as PWM output pins, be sure to set the corresponding bits in the Port
2 Secondary Control Register to 1.




MSM66587 Family User's Manual
Chapter 9 16-Bit RTO/PWM Timer

TMRn =
Counter value (TM1) TMRn = TM1
/
TMRn value a b c d
TnOUT (RTOn) value
TnBFO value ,
A A A
Write to Interrupt request Interrupt request
registers generated generated

Write to TMRn, TnBFO A

Interrupt request
generated
Write to TMRn

Write to TMRn, TnBFOA

Interrupt request
generated
Write to TMRn

Figure 9-8 Operation Example of Register Module in RTO Mode (n = 8, 9)

Counter value (TM1)

TMRn value a b c d
TnOUT (RTOn) value
TnBFO value
A A A
Write to Interrupt request Interrupt request
registers generated generated
Write to TMRn Write to TMRn
TnBFO0 automatically TnBFO automatically
inverted A inverted
Interrupt request Interrupt request
generated generated
Write to TMRn Write to TMRn
TnBF automatically TnBFO automatically
inverted inverted

Figure 9-9 Operation Example of Register Module in Toggle RTO Mode (n =8, 9)

9-8
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Counter value (TM1)
TMRS value

PWM F/FQ (RTO8)
PWM F/FQ (RTO9)
A A A
TMR8 interrupt request TMR8 interrupt request TMR8 interrupt request
generated generated generated
PWM F/F set PWM F/F set PWM F/F set
A A A
TMR9 interrupt request TMR interrupt request TMR9 interrupt request
generated generated generated
PWM F/F reset PWM F/F reset PWM F/F reset

Figure 9-10 Operation Example of Register Module in PWM Mode

Counter value (TMT1)

TMRn value a b

TMRnBF value b

TnOUT (RTON) value

TnBFO value

TnBF1value

A A A
Write to registers  Interrupt request Interrupt request
generated generated

Figure 9-11 Operation Example of Register Module
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10. General 8-Bit Timer

The MSM66587 family has one internal general 8-bit timer (GTM). Table 10-1 lists the SFRs for
controlling GTM.

Table 10-1 SFRs for Controlling GTM

Address Symbol | Symbol Reset
Name R/W
[H] (Byte) (Word) State
00F8v¢ | General 8-Bit Timer Control Register GTMCON — 30
00FA General 8-Bit Timer Counter GTMC — R/W 00
00FB General 8-Bit Timer Register GTMR — 00

Note: Addressinthe address column marked by a star indicates that the register has bits missing.

10.1  General 8-Bit Timer

The General 8-Bit Timer is configured from an 8-bit timer/counter (GTMC), an 8-bit timer register
that stores the reload value of GTMC (GTMR), and an 8-bit timer control register for controlling

operation (GTMCON).

1/2 TBCCLK —>
1/4 TBCCLK —> OVF
1/8 TBCCLK —> GTMC Interrupt
1/16 TBCCLK —>|
1/64 TBCCLK —>
1/256 TBCCLK —>
External rise —>
External fall —>

Y

Selector

GTMR

GTMCON

Figure 10-1 GTM Configuration
Note: If the General 8-Bit Timer is used in external clock mode, when stop mode is entered when

released by an interrupt the General 8-Bit Timer Counter (GTMC) might increment by 1
depending on the input level of the external clock at the time of release.
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(1) General 8-Bit Counter (GTMC)

GTMC is an 8-bit counter that generates an interrupt request and loads the General 8-Bit Timer
Register (GTMR) when GTMC overflows. GTMC’s count clock is selected by the lower 3 bits
of the General 8-Bit Timer Control Register (GTMCON).

After reset (RES signal input, BRK instruction execution, op code trap) GTMC will be 00H, with
counting stopped. When an external count clock has been specified by GTMC, during stop
mode, it will count on the clock’s falling edges.

(2) General 8-Bit Register (GTMR)
GTMR is an 8-bit register that loads its contents to GTMC when GTMC overflows. After reset
(RES signal input, BRK instruction execution, op code trap) GTMR will be 00H.
(8) General 8-Bit Timer Control Register (GTMCON)
GTMCON is an 8-bit register, with its lower 4 bits selecting the GTMC count clock and
controlling count start and stop. It upper 2 bits select the GEVC count clock.
After reset (RES signal input, BRK instruction execution, op code trap) GTMCON will be 30H,
selecting 1/2 TBCCLK as GTMC'’s count clock and stopping count operation.
7 5 4 3 2 1 0
aTMcon | "0 | 0 | — | — [eTWRUN]aTwoKe[aTmKi[aTiokg] Address : 00F8H
Reset state 0 1 R/W access : R/'W
GTMCK
GTM Count Clock
21110
0[0f0 1/2 TBCCLK
0[0][1 1/4 TBCCLK
0/1]0 1/8 TBCCLK
01111 1/16 TBCCLK
1]10[0 1/64 TBCCLK
0]1 1/256 TBCCLK
110 External rising edge
101]1 External falling edge
0| GTMC count stopped
1[ GTMC count operating

— indicates bits that are not provided.
They will be read as "1".

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 10-2 GTMCON Configuration
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11. PWM Function

The MSM66587 family has one internal PWM channel, configured as a divider circuit for the PWM
count clock, a 16-bit counter, three 16-bit registers, and a control register.

If the master clock is 20 MHz, then a period of 100 ns to 209.7152 ms can be selected by the
selected valued for PWM counter and input clock.

Figure 11-1 shows the configuration of PWM. Table 11-1 lists the SFRs for controlling PWM.

PWCOBF
CLK (Master clock) ———————

.

@ <——o——> Interrupt

2| ok I

g rTnandl PWCO UDF Output F/F

Ig 1/8CLK % ¢ ° o Active > toport
i 116 CLK{ =2 Comparator Controller

§ 1/32 CLK : R =

2| 1/64CLK: _

——> Interrupt

Figure 11-1 PWM Configuration
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Table 11-1 PWM Control SFRs

Address| Symbol Symbol Reset

HI Name (Byte) Word) | BW | state
882? PWM Counter 0 — PWCO R FFFF
ggg? PWCO Buffer Register _ PWCOBF FFFF
88;? PWRO Buffer Register — PWOBF 0000
00EB2 | PWMRUN Register PWRUN — 00
00EC 2 | PWM Control Register 0 PWCONO = RW [ 00
00F0% | PWM Interrupt Register 0 PWINTQO 00
00F12 | PWM Interrupt Register 1 PWINTQ1 PWINTQ 00
00F2<%¢ | PWM Interrupt Enable Register 0 PWINTEOQ 00
00F32 | PWM Interrupt Enable Register 1 PWINTE1 PWINTE 00

Notes: 1. Addresses do not run consecutively.
2. Addresses in the adress column marked by stars indicates that the register has bits
missing.

Clock Divider Circuit

The clock divider circuit creates the PWM count clock by dividing the master clock. It generates
count clocks of 1/2 CLK, 1/4 CLK, 1/8 CLK, 1/16 CLK, 1/32 CLK, and 1/64 CLK.

PWM Configuration

One PWM set, PWMO, is provided.

PWM is configured from a 16-bit counter (PWCO0), 16-bit counter buffer register (PWCOBF), 16-
bit register (PWRO0), 16-bit buffer register (PWOBF), PWC0/PWRO0 comparator, output flip/flop, and
registers for controlling operation (PWINTQ, PWINTE, PWCONO, PWRUN).

To use the PWMO pin for the PWM function, set (1) the corresponding bits in the Port 7 Secondary
Control Register.

(1) PWM Counter (PWCO0)

PWCO is a 16-bit down counter. Its input clock can be selected from the master clock CLK,
1/2 CLK, 1/4 CLK, 1/8 CLK, 1/16 CLK, 1/32 CLK, and 1/64 CLK. While the PWORUN bitis "1",
PWCO will count down. When it underflows, the contents of the 16-bit PWM Buffer Register
will be loaded into the PWM Register, and the output flip/flop will be set.

PWCO can be read by the program, but it cannot be written. However, if the PWORUN bit is
0 (stopped state) and a write to PWCOBF is performed, then those 16 bits will also be written
to PWCO.

After reset (RES signal input, BRK instruction execution, op code trap) PWCO will be FFFFH.
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(2) PWM Counter Buffer Register (PWCOBF)

PWCOBF is a 16-bit register for setting the period (stores the PWCO reload value). PWCOBF
contents will be loaded into the 16-bit PWM Counter when PWCO underflows.

PWCOBF can be read and written by the program. If the PWORUN bit is "0" (stopped state)
and a write to PWCOBF is performed, then those 16 bits will also be written to PWCO.

Afterreset (RES signal input, BRK instruction execution, op code trap) PWCOBF will be FFFFH.

(8) PWM Register (PWRO0)

PWRO is a 16-bit register that stores the duty value to be output. When PWCO0 underflows, the
contents of the 16-bit PWM Buffer Register will be loaded into PWRO.

PWRO cannot be read or written by the program. However, if the PWORUN bit is O (stopped
state) and a write to PWOBF is performed, then those 16 bits will also be written to PWRO.

After reset (RES signal input, BRK instruction execution, op code trap) PWRO0 will be 0000H.

PWM Buffer Register (PWOBF)

E

PWOBF is a 16-bit register. When PWCO underflows, the contents of the 16-bit PWM Register
will be loaded into PWMOBF.

PWOBF can be read and written by the program. If the PWORUN bit is "0" (stopped state) and
a write to PWOBF is performed, then those 16 bits will also be written to PWRO.

After reset (RES signal input, BRK instruction execution, op code trap) PWOBF will be 0000H.

(5) Comparator Circuit

The comparator circuit continually compares the values of PWCO and PWRO while the
PWORUN bit is 1. When the values match, it generates an interrupt request and resets the
output flip/flop.

(6) Output Flip/Flop

The output flip/flop is set ("1") when the PWORUN bit becomes "1" and when PWCO overflows.
It is reset ("0") when the values of PWCO0 and PWRO match.

(7) PWM Control Register (PWCONO)

PWCONO is an 4-bit register that specifies the PWCO count clock and PWMO output logic.
Figure 11-2 shows the configuration of PWCONO.

After reset (RES signal input, BRK instruction execution, op code trap) PWCONO will be 00H,
setting the master clock as PWCQ’s count clock and making PWMO active high.
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7 6 4 3 2 1 0
pwcono | ‘0" | 'or | '0" | o' |pwoacT|pwocke |Pwock1|pwockol Address : 00ECH
Reset state 0 0 0 0 0 0 0 0 R/W access : R/W
PWOCK PWCO Count Clock

21110
0 | 0| 0 | Masterclock
0|01 ]| 12CLK
011]0|14CLK
01| 1] 18CLK
1100 | 116CLK
1101 ]1/32CLK
111 * | 1/64CLK
0 | PWMO is active high
1 | PWMO is active low

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 11-2 PWCONO Configuration

(8) PWM Run Register (PWRUN)

PWRUN is an 1-bit register that controls PWCO counting operation to enable or to disable.
Figure 11-3 shows the configuration of PWRUN.

After reset (RES signal input, BRK instruction execution, op code trap) PWRUN will be 00H,
stopping PWCO counting.

7 6 5 4 3 2 1 0
PWRUIN | o' [ 00 | o0 | o0 | 0 | 0 | 0" [pwoRun Address : 00EBH
Resetstate 0 0 0 0 0 0 0 0 R/W access : R/W

| 0| PWCO stop
1 [ PWCO counting

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 11-3 PWRUN Configuration
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(9) PWM Interrupt Registers (PWINTQO, PWINTQ1)

PWMO issues two interrupt requests: when PWCO underflows, and when the values of PWCO
and PWRO match.

PWINTQO and PWINTQ1 are 1-bitregisters. PWINTQO is a flag set (1) when PWCO underflows.
PWINTQ1 is a flag set (1) when the values of PWC0 and PWRO0 match. Neither is automatically
reset to 0, after their respective interrupts occur, so the program needs to reset them to 0.

If a PWCO underflow and PWCO0 and PWRO0 match occur simultaneously (when PWR=0000H),
then the PWCO underflow interrupt request will take precedence. Only the PWINTQO bit will
be set (1); the PWINTQ1 bit willnotbe set (1). Figure 11-4 shows the configuration of PWINTQO,
and Figure 11-5 shows the configuration of PWINTQ1.

After reset (RES signal input, BRK instruction execution, and op code trap), PWINTQO and
PWINTQ1 will be 00H.

7 6 5 4 3 2 1 0
pwint@o | 0" | o0 [ o [ o | o [ o | o [apwol Address : 00FOH
Reset state 0 0 0 0 0 0 0 0 R/W access : R/W
| 0 | PWGO has not underflowed
1 [ PWCO has underflowed
Always write "0" to the bits shown as "0".
They will always read as "0".
Figure 11-4 PWINTQO Configuration
7 6 5 4 3 2 1 0
pwintat | o' | o [ o [ o [ o | o [ o Jopwo] Address : 00F1H
Reset state 0 0 0 0 0 0 0 0 R/W access: R/W

| 0| PWCO0 and PWRO do not match.
1 [ PWCO and PWRO0 match.

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 11-5 PWINTQ1 Configuration
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(10) PWM Interrupt Enable Registers (PWINTEO, PWINTE1)

PWINTEO and PWINTE1 are 1-bitregisters. PWINTEO enables and disables interrupt requests
generated by PWCO underflow. PWINTE1 enables and disables interrupt requests generated
when PWCO0 and PWRO values match. Figure 11-6 shows the configuration of PWINTEOQ, and
Figure 11-7 shows the configuration of PWINTET.

Afterreset (RES signal input, BRK instruction execution, op code trap) PWINTEO and PWINTE1
will be 00H, disabling PWMO interrupt requests.

7 6 5 4 3 2 1 0
pwintEo [ o [0 [ o [ o [ o | o | 'or [EPWO]  Address: 00F2H
Resetstate 0 0 0 0 0 0 0 0 R/W access : R/W

| 0| Disable PWCO underflow interrupt requests.
Enable PWCO underflow interrupt requests.

Always write "0" to the bits shown as "0".
They will always read as "0"

—_

Figure 11-6 PWINTEO Configuration

7 3 2 0

0 0 R/W access : R/W

6 5 4 1
pwintEr | ‘o' | ot [ ot [ ot | o | o0 | ‘o' |EPWRO|  Address: 00F3H
o o0 o 0

Reset state

0

| 0 | Disable PWCO/PWR0 match interrupt requests.
Enable PWCO/PWRO match interrupt requests.

Always write "0" to the bits shown as "0".
They will always read as "0".

—_

Figure 11-7 PWINTE1 Configuration
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PWM Operation

PWMO control the duty of an output within a particular period (determined by the PWCO0 count
clock and the contents of PWC0 and PWCOBF).

PWM is started by setting ("1") the RUN bit. Atthe same time the RUN bit becomes "1", the output
flip/flop will be set ("1") and the PWM output pin will output a high level (for active high operation).
When the values of PWWC0 and PWRO0 match, the output flip/flop will be reset ("0"), the PWM output
pin will output a low level, and an interrupt request flag will be set ("1"). When PWCO underflows,
the output flip/flop will be set ("1"), the PWM output pin will output a high level, and the interrupt
request flag will be set ("1"). At the same time, the contents of PWCOBF will be loaded in PWCO
and the contents of PWOBF will be loaded into PWRO. This operation will repeat until the RUN bit
is reset ("0"), with the duty-controlled waveform being output from the PWM output pin.

If a PWCO underflow and PWC0 and PWRO0 match occur simultaneously (when PWR = 0000H),
then the PWCO underflow interrupt request will take precedence. Only the PWINTQO bit will be
set ("1"); the PWINTQ1 bit will not be set ("1").

Depending on the count clock selected for PWCO, the duty immediately after PWM is started (for
just one period) might be shortened. The maximum deviations are listed below.

Count Clock Maximum Deviation
Master clock 0

1/2 CLK -1/2 CLK

1/4 CLK -3/4 CLK

1/16 CLK -15/16 CLK

1/64 CLK —-63/64 CLK

If PWCO0 and PWCOBF are FFFFH, PWM is active high, and PWR is FFFFH, then the duty output
will be 1/65536. If the value of PWR is decreased, then the output duty (time interval at high level)
will increase. If PWR is 0000H, then the duty will become 65536/65536, or 100%. A duty of 0/
65536, or 0%, cannot be realized by the PWM block.

The PWM period can be calculated with the following expression.

fipwm) - frosc) x PWCLK x fipwwm) : PWM frequency (Hz)
f(osc) - master clock frequency (Hz)
PWCLK : PWM input clock

N : value of PWCO and PWCOBF

N+1

Example: Assume the master clock frequency is 20 MHz, the PWM input clock is 1/2 CLK, and
the value of PWCOBF is O0FFH.

1
fipwm) = 20,000,000 x P =39,062.5 Hz (25.6 us)

1
(255 +1)
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Figure 11-8 shows an example of PWM output operation. Figure 11-9 shows an example of the
timing of PWM output changes.

PWC value

OH (undefined) ---------
PWR value —<—>

RUN bit |
PWM output waveform A
A ' A ' A
Set RUN bit PWC underflow PWC underflow
(interrupt request) (interrupt request)
A A A
PWC = PWR PWC = PWR PWC = PWR
(interrupt request) (interrupt request) (interrupt request)

Figure 11-8 PWM Output Operation Example (Active High)

CLK

PWG clock (1/4 CLK) [ | ] ] T
y | | |

PWC value | 100H \ OFFH \ OFEH X
PWC/PWR match signal |
PWM output pin change \

Figure 11-9 PWM Output Change Timing
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12. Baud Rate Generator Functions
The MSM66587 family has a synchronous serial port for serial communication. It provides an 8-
bit timer (S1TM) that can be used as a baud rate generator for that serial port. When this timer is
not used as a baud rate generator, it can be used as an 8-bit auto-reload timer.

Figure 12-1 shows the configuration of STTM. Table 12-1 lists the S1TM control SFRs.

CLK —=
1/2 TBCCLK —== SCI1 Timer Counter Interrupt
1/4 TBCCLK = 2o
1/8 TBCCLK - 3 1
1/16 TBCCLK =~ & SCI1 baud rate
1/64 TBCCLK —
1/256 TBCCLK —=
SCI1 Timer Register
S1CON
Figure 12-1 S1TM Configuration
Table 12-1 S1TM Control SFRs
Address Symbol Symbol Reset
[H] Name (Byte) (Word) RW | state
0118 SCi T!mer Cou.nter — S1TM 0000
0119 SCI1 Timer Register — R/W
011A%¢ | SCI1 Timer Control Register S1CON — 02

Note: Addressinthe address column marked by a star indicates that the register has bits missing.
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121

SCI1 Timer (S1TM) Configuration

The SCI1 Timer is configured from the 8-bit SCI1 Timer Counter, the 8-bit SCI1 Timer Register
(which stores the reload value of the SCI1 Timer Counter), and the SCI1 Control Register (which
specifies S1TM operation).

(1) SCI1 Timer Counter (lower 8 bits of 16-bit register S1TM)
The SCI1 Timer Counter is an 8-bit counter. When it overflows, an interrupt request will be
generated and it will be loaded with the contents of the 8-bit SCI1 Timer Register. The S1TM
count clock is selected by the upper 3 bits (bits 5-7) of the 8-bit SCI1 Timer Control Register
(S1CON).

(2) SCI1 Timer Register (higher 8 bits of 16-bit register S1TM)

The SCI1 Timer Register is an 8-bit register. Its contents will be loaded into the SCI1 Timer
Counter when the SCI1 Timer Counter overflows.

The SCI1 Timer Counter forms the lower 8 bits, and the SCI1 Timer Register forms the upper
8 bits, of the 16-bit S1TM, which can only be accessed as a word.

After reset (RES signal input, BRK instruction execution, op code trap) S1TM will be 0000H,
stopping the count operation.

(8) SCI1 Timer Control Register (S1CON)

S1CON is an 7-bit register. Its upper 4 bits (bits 4-7) select the S1TM count clock and control
starting and stopping of count operations. Its nextlower 2 bits (bits 2-3) control interrupts. The
least significant bit (bit 0) specifies the S1TTM mode.

After reset (RES signal input, BRK instruction execution, op code trap) STCON will be 02H,
selecting CLK as the S1TM count clock, selecting auto-reload timer mode, and stopping the
count operation.
Figure 12-2 shows the configuration for S1CON.
[Bit descriptions]
e S1MOD (bit 0)
This bit specifies the S1TM operating mode.

When this bit is "0", S1TM will operate in auto-reload timer mode. When "1", S1TM will
operate as the SCI1 baud rate generator.
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QSTM1 (bit 2)

This bit will become "1" when the SCI1 Timer Counter overflows. Interrupt processing will
automatically reset this bit to "0", so the program must do so.

ESTM1 (bit 3)

This bit enables and disables interrupt requests from being generated when the SCI1 Timer
Counter overflows. When this bitis "1", interrupt requests are enabled. When "0", they are
disabled.

S1RUN (bit 4)

This bit specifies whether the SCI1 Timer Counter runs or stops. When this bitis "0", the SCI1
Timer Counter is disabled. When "1", it is enabled.

S1CK0-S1CK2 (bits 5-7)

These bits specify the SCI1 Timer Counter count clock.

7 6 5 4 3 2 1 0

S1CON [ S1CK2 [ S1CK1|S1CK0 [ STRUN|ESTM1[QSTM1| — [S1MOD] Address : 011AH

Reset state

0 0 0 0 0 0 1 0 R/W access : R/W

0 | S1TM auto-reload timer mode

—_

S1TM baud rate generator mode for SCI1

0 | S1TM did not overflow.
1 | S1TM overflowed.

S1TM overflow interrupt requests disabled
S1TM overflow interrupt requests enabled

- o

S1TM count stopped
S1TM count running

el K=

S1CK
S1TM Count Clock

CLK

1/2 CLK

1/2 TBCCLK

1/4 TBCCLK

1/8 TBCCLK

1/16 TBCCLK

1/64 TBCCLK

el el el Bl K= K= =2 K=2 )"
aAla|lo|lo|mlmlolo| =
—“o|=|O||O|—|O|OC

1/256 TBCCLK

— indicates bits that are not provided.
They will be read as "1".

Figure 12-2 S1CON Configuration
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12.2

SCI1 Timer Operation

The SCI1 Timer basically operates as an auto-reload timer. When the 8-bit SCI1 Timer Counter
overflows, it will be loaded with the value of the 8-bit SCI1 Timer Register. At the same time the
overflow generates an interrupt request. The baud rate when SCI1 is used as a baud rate generator
can be calculated from the expression below.

1
Synchronous mode : B = f(grg) % e B : Baud rate
figra) - STTM input clock frequency (Hz)

D : Reload value (0-255)

1
256D

Writing a reload value to the SCI1 Timer Register will not change the contents of the SCI1 Timer
Counter. When used as a fixed auto-reload counter (baud rate generator) from the start of
counting, it is needed by program to write the same value to the SCI1 Timer Counter and SCI1
Timer Register.
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13.

13.1

Serial Port Functions

The MSM66587 family provides a 1-channel serial port (SCI1). SCI1 also provides a dedicated
baud rate generator.

SCI1 has a transmit side and receive side. lts communications are synchronous, with serial data
transfer synchronized to a controlled shift clock.

Synchronous mode includes a master mode, which generates the shift clock internally, and slave
mode, which accepts an externally supplied shift clock. Table 13-1 lists the serial port modes.

Table 13-1 Serial Port Modes

_ E 2 | Synchronous Mode Master Mode
S| g | (seh) Slave Mode
=
A % g | Synchronous Mode Master Mode
=
& @ | (5CI) Slave Mode

Serial Port Configuration
The serial port is configured from the following registers and other elements.

e Baud rate generator, for generating the transfer speed (refer to Chapter 12: S1TM)

SCI1 Control Registers (SR1CON, ST1CON), for controlling transmit and receive operations
SCI1 Buffer Register (S1BUF), for setting transmit and receive data

SCI1 Status Register (S1STAT)

SCI1 Transmit/Receive Register

Figure 13-1 shows the configuration of SCI1. Table 13-2 lists the SFRs for controlling the serial
port.

~{7 TXD1(P6_3)
, : 1 RXC1(P6_4)
e Ll = oo
8-bit Timer
[sTicoN | | SR1CON | | S1BUF | | S1STAT | | S1BUF | S1TM
| ! ! ! !
Internal Bus (

Figure 13-1 SCI1 Configuration
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Table 13-2 Serial Port Control SFRs

A Symbel | Smbel | gy | e
00F6 SCI1 Transmit/Receive Buffer Register S1BUF — undefind
00F7% | SCI1 Status Register S1STAT — RW 00
011B% | SCI1 Transmit Control Register ST1CON — 8E
011C<% | SCI1 Transmit/Receive Control Register| ~ SR1CON — OE

Notes: 1. Addresses do not run consecutively.

2. Addresses in the address column marked by stars indicate that the register has bits
missing.
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13.1.1 SCI1 Transmit/Receive Control Register (SR1CON)

SR1CON is a 2-bit register that controls transmit and receive operation.

After reset (RES signal input, BRK instruction execution, op code trap) SR1CON will be OEH,
disabling SCI1 transmit/receive and placing both operations in slave mode.

Do not change SR1MST (bit 4) while data is being transmitted. Change it after the data transmit
operation has finished. Also, do not change SR1MST while datais being received. Change it after
the data receive operation has finished, or after SR1REN (bit 7) has been reset (0). If SR1CON is
changed before SR1REN has been reset, the current or later transmit/receive operations will not
execute correctly.
Figure 13-2 shows the configuration of SR1CON.
[Bit descriptions]
e SR1MST (bit 4)
Setting this bit to "0" sets slave mode. Setting it to "1" sets master mode.
e SR1REN (bit 7)
This bit enables and disables transmit/receive operation.

Setting this bit to "0" disables SCI1 transmit/receive operation. Settingitto "1" enables SCI1
transmit/receive operation.

7 6 5 4 3 2 1 0
Address : 011CH
SRIREN | Q" "0" RIMST| — " "y "0"
SRICON 0 0 SRIMS ! 1 0 R/W access : R/'W
Reset state 0 0 0 0 1 1 1 0

Synchronous mode | O | Transmit/recive in slave mode
1 | Transmit/recive in master mode

0 | SCI1 transmit/receive disabled
1 | SCI1 transmit/receive enabled

— indicates bits that are not provided.
They will be read as "1".

Always write "0" to the bits shown as "0".
They will always read as "0".

And also write "1" to the bits shown as "1".
They will read as "1".

Figure 13-2 SR1CON Configuration

Note

When using the serial port, be sure to set STIMST (bit 4) of STICON and SR1MST (bit 4)
of SR1CON to the same value.
(SR1MST = STIMST ="0" or SRIMST = STIMST ="1")
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18.1.2 SCI1 Transmit Control Register (ST1CON)

ST1CON is a 1-bit register that controls SCI1 transmit operation.
After reset (RES signal input, BRK instruction execution, op code trap) ST1ICON will be 8EH,
placing SCI1 transmit operation in slave mode.

Do not change ST1CON while data is being transmitted. Change it after the data transmit
operation has finished. If ST1CON is changed before the data transmit operation has finished, the
current or later transmit operations will not execute correctly.

Note

When using the serial port, be sure to set STIMST (bit 4) of STICON and SR1MST (bit 4)
of SR1CON to the same value.
(SRIMST = STIMST ="0" or SRIMST = STIMST ="1")

Figure 13-3 shows the configuration of ST1CON.
[Bit descriptions]
e STIMST (bit 4)

Setting this bit to 0 sets slave mode. Setting it to 1 sets master mode.

7 6 5 4 3 2 1 0
ST1CON — 0" ‘0" |STIMST| — " 1" ‘0" Address : 011BH
R/W access : R/'W
Reset state 1 0 0 0 1 1 1 0

0 | Transmit in slave mode
1 | Transmit in master mode

— indicates bits that are not provided.
They will be read as "1".

Always write "0" to the bits shown as "0".
They will always read as "0".

And also write "1" to the bits shown as "1".
They will read as "1".

Figure 13-3 ST1CON Configuration
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13.1.3

13.1.4

13.1.5

SCI1 Transmit/Receive Buffer Register (S1BUF)

S1BUF is an 8-bit register that saves transmit and receive data for serial port transfer operations.
S1BUF has dual functions different for reading and writing. In other words, it serves as a receive
buffer when read, and as a transmit buffer when written.

At the time a receive operation finishes, the contents of the SCI1 Receive Register will be
transferred to S1BUF’s receive buffer, and simultaneously a receive interrupt request will be
generated. The contents of the S1BUF receive buffer will be saved until the next receive operation
finishes.

After reset (RES signal input, BRK instruction execution, op code trap) S1BUF will be undefined.
SCI1 Transmit/Receive Register

The SCI1 Transmit/Receive Register is an 8-bit shift register that performs the actual shift
operations for data transmit and receive.

The SCI1 Transmit/Receive Register and the SCI1 Transmit/Receive Buffer Register (S1BUF) are
arranged as two levels. When areceive operation finishes, the data latched in the SCI1 Transmit/
Receive Register will be transferred to S1BUF, and a receive interrupt request will be generated.

The SCI1 Transmit/Receive Register cannot be read or written by the program.

SCI1 Status Register (S1STAT)

The upper 4 bits of S1STAT are the interrupt request control register for serial port transmit ready
and receive ready. Bit 1 of SISTAT saves the status (normal or error) when a serial port receive
operation finishes.

S1STAT bit 1 is updated at the time a receive operation finishes. When it has been set once (1 =
error), then it will not be reset (0) even if the next receive operation finishes without error. After a
receive operation finishes, the program should reset (0) bit 1 of S1STAT.

Afterreset (RES signal input, BRK instruction execution, op code trap) S1STAT will be 00H. Figure
13-4 shows the configuration of S1STAT.
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[Bit Descriptions]

OERR1 (bit 1)

This bit will be set ("1") when an SCI1 receive operation finishes and the CPU cannot read
the last receive data. However, even in this case S1BUF will be loaded with new receive data
(overrun error).

RV1IE (bit 4)

This bit enables and disables interrupts generated by an SCI1 receive ready state. Setting
this bit to "1" enables interrupts, while resetting to "0" disables interrupts.

RV1IRQ (bit 5)

This bit becomes "1" when an SCI1 receive ready state occurs. It will not automatically be
reset to "0" by execution of the interrupt process, so the program should reset it.

TRIIE (bit 6)

This bit enables and disables interrupts generated by an SCI1 transmit ready state. Setting
this bit to "1" enables interrupts, while resetting to "0" disables interrupts.

TR1IRQ (bit 7)

This bit becomes "1" when an SCI1 transmit ready state occurs. It will not automatically be
reset to "0" by execution of the interrupt process, so the program should reset it.

7 6 5 4 3 2 1 0

SISTAT [TR1IRQ| TR1IE |RVIIRQ[ RVIIEE | '0" [ 0" [oERR1[ '0" |

Address : 00F7H
R/W access : R/W

Reset state

0 0 0 0 0 0 0

| 0 | SCI1 overrun error does not occur
SCI1 overrun error occurs.

SCI1 receive ready interrupt request
generation disabled

SCI1 receive ready interrupt request
generation enabled

0 | SCI1 recive ready is not generated
SCI1 receive ready is generated

SCI1 transmit ready interrupt request
generation disabled

SCI1 transmit ready interrupt request
generation enabled

0 | SCI1 transmit ready is not generated
1 | SCI1 transmit ready is generated

Always write "0" to the bits shown as "0".
When read, 0" is read.

Figure 13-4 Configuration of S1STAT
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13.2

13.2.1

Serial Port Operation
Transmit Operation

<Synchronous Master Mode>

In synchronous master mode, the clock pulse obtained by the Baud Rate Generator (S1TM) is
frequency divided by four, generating the transmit shift clock (ST1CLK). The transmit circuit
synchronizes transmit data transfer to ST1CLK.

The start of a transmit operation is triggered by the signal that writes transmit data to S1BUF
(WS1BUF: signal output when an instruction is executed that writes to S1BUF, like “STB A,
S1BUF”). When WS1BUF is generated, after one clock (master clock) the signal to start the
transmit operation (LST1SF) will be generated.

The falling edge of LST1SF transfers the contents of S1BUF to the SC1 Transmit Register.

The transmit operation will then start, setting the signal that indicates transmit operation in
progress (ST1FREE) to alow level. When ST1FREE goes low, the transmit shift clock will be output
from the TXC1 pin synchronized to the second falling edge of ST1CLK. After a half clock, bit O
of the transmit data (LSB first) will be output from the TXD1 pin.

After the falling of LST1SF, synchronized to the signal that indicates the start of instruction
execution (M1S1), a transmit interrupt request (TX1READY) will be generated, and the interrupt
request flag (QSCI1) will be set ("1").

Then in accordance to the specification of SR1CON, transmit data and a parity bit will be output
synchronized to TXC1 (that is, ST1CLK), completing transmission of one frame.

TXD1 will change a half clock after the falling edge of ST1CLK just before the falling edge of TXC1.
Therefore, the receive side should latch TXD1 on the rising edge of TXC1.
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<Synchronous Slave Mode>

In synchronous slave mode, the transmit clock is input externally, so ST1ICLK is obtained by
detecting edges synchronized to CLK. The transmit circuit synchronizes transmit data transfer to
ST1CLK.

The start of a transmit operation is triggered by the signal that writes transmit data to S1BUF
(WS1BUF: signal output when an instruction is executed that writes to S1BUF, like “STB A,
S1BUF”). When WS1BUF is generated, after one clock (master clock) the signal to start the
transmit operation (LST1SF) will be generated.

The falling edge of LST1SF transfers the contents of S1BUF to the SC1 Transmit Register.

The transmit operation will then start, setting the signal that indicates transmit operation in
progress (ST1FREE) to alow level. When ST1FREE goes low, after a half clock bit 0 of the transmit
data (LSB first) will be output from the TXD1 pin. Bit 1 of the transmit data is then output from the
TXD1 pin after another half clock.

After the falling of LST1SF, synchronized to the signal that indicates the start of instruction
execution (M1S1), a transmit interrupt request (TX1READY) will be generated, and the interrupt
request flag (QSCI1) will be set ("1").

Then in accordance to the specification of SR1CON, transmit data and a parity bit will be output
synchronized to TXC1 (that is, ST1CLK), completing transmission of one frame.

TXD1 will change a half clock after the falling edge of ST1CLK generated, after detecting the rising

edge of TXC1 externally applied. Therefore, the receiving device should latch TXD1 on the rising
edge of TXC1.
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[ Timing for ST1CLK generation by 1/4 BRG|
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Transmit timing
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;
TX1READY [ o
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Explanation of symbols BRG  Clock pulse obtained from baud rate generator (S1TM)
1/4 BRG  BRG divided by 4
STICLK  Transmit shift clock
TXC1(pin)  Transmit shift clock output from this pin (P6_5)
CLK  Master clock
WS1BUF  Write signal to STBUF
LST1SF  Transmit start signal
ST1FREE  Signal indicating transmit in progress ("0")
TXD1 (pin)  Transmit data output from this pin (P6_3)
M1S1  Signal indicating start of instruction
TX1READY  Transmit interrupt request signal
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] Timing for ST1CLK generation by TXC1 edge detection‘
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Edge detection

STICLK ‘ﬂ"'v ﬂv (|1 I
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TX1READY ﬁ (|
Explanation of symbols CLK  Master clock

TXC1(pin)  Write signal to S1BUF
Edge detection ~ Transmit shift clock
ST1CLK  Transmit start signal
WS1BUF  Signal indicating transmit in progress (0)
LST1SF  Signal indicating start of instruction
ST1FREE  Transmit interrupt request signal
TXD1 (pin)  Transmit shift clock input from this pin (P6_5)
M1S1  Transmit shift clock detected from edges of CLK input from TXC1 pin
TX1READY  Transmit data output from this pin (P6_3)
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13.2.2 Receive Operation
<Synchronous Master Mode>

In synchronous master mode, the clock pulse obtained by the Baud Rate Generator (S1TM) is
frequency divided by four, generating the receive shift clock (SR1CLK) and receive data sampling
clock.

The second pulse of the 4 divided clock will become the RXD1 pin’s input sampling clock, and the
third pulse will become SR1CLK. The receive circuit latches receive data synchronized to
SR1CLK.

The start of a receive operation begins when the SR1REN bit of SR1CON is set to "1". This will
set the signal that indicates receive operation in progress (SR1FREE) to a low level. When
SR1FREE goes low, the receive shift clock will be output from the RXC1 pin synchronized to the
next SR1CLK.

The next SR1CLK shifts the receive data that has been sampled just before into the SCI1 Receive
Register. Receive data is sampled just once.

SR1CLK is generated after the rising edge of RXCT, and receive data is shifted into the SCI1
Receive Register. Therefore, the transmit side can send transmit data synchronized to the falling
edge of RXC1. Then in accordance to the specification of SR1CON, receive data will be shifted
in sequence into the SCI1 Receive Register synchronized to the receive clock output from RXC1.

When the last receive shift clock has been output, the receive end signal (LSR1BUF) will be
generated synchronized to the next SR1CLK. When LSR1BUF is generated the contents of the
SCI1 Receive Register (receive data) will be transferred to S1BUF. If there is an overrun error, the
overrun error flag (OERR1) will be set "1", the receive interrupt request signal (RX1READY) will be
generated synchronized to the signal that indicates the start of instruction execution (M1S1), and
the interrupt request flag (QSCI1) will be set "1". Also, SR1FREE will go to a high level, and the
SR1REN bit of SR1CON will be "0" to terminate the receive operation.

13- 11



MSM66587 Family User's Manual
Chapter 13 Serial Port Functions

<Synchronous Slave Mode>

In synchronous slave mode, the start of a receive operation begins when the SR1REN bit of
SR1CON s set high. This will set the signal thatindicates receive operation in progress (SR1FREE)
to a low level, which will accept the receive shift clock input from the RXC1 pin.

The receive shift clock SR1CLK is obtained by detecting the input signal’s edges synchronized
to CLK. Receive data control is synchronized to SR1CLK.

When the RXC1 pin goes from low to high, the receive shift clock SR1CLK will be generated by
the edge detection circuit. When SR1CLK is generated, the receive data just sampled on the RXD1
pin will be shifted in to the SCI1 Receive Register.

RXD1 pin sampling is performed while the RXC1 pinis low. The shiftinto the SCI1 Receive Register
occurs after the RXC1 pin rises, so the transmit side should send data synchronized to the falling
edges of the transmit shift clock on the RXC1 pin.

Then in accordance to the specification of SR1CON, receive data will be shifted in sequence into
the SCI1 Receive Register synchronized to the input receive clock. Finally SR1CLK is obtained
from edge detection of the receive shift clock, and the last receive data is input. After a half clock,
the receive end signal (LSR1BUF) will be generated.

When LSR1BUF is generated the contents of the SCI1 Receive Register (receive data) will be
transferred to S1BUF. If there is an overrun error, the overrun error flag (OERR1) will be set ("1"),
the receive interrupt request signal (RX1READY) will be generated synchronized to the signal that
indicates the start of instruction execution (M1S1), and the interrupt request flag (QSCI1) will be
set ("1"). Also, SR1FREE will go to a high level. The SR1REN bit of SR1CON will not become low
at this time, so if the next receive shift clock is input then the receive operation will start again.
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’ Timing for generation of Sampling CLK, SR1CLK, and RXC1 (pin) by 1/4 BRG‘
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BRG ‘

A ‘
1/4 BRG : :

L

Sampling CLK [1% [ [ [ [ [

. |

SR1CLK [ [ [ [ [ [

RXC1 (pin) ‘

Sampling CLK [ [1 (| [ [ [ [ [ [
SRICLK ] N IR [1 I [ [ 1 [
ek U | 1 A
WSR1CON (|
v H H H (C H H H
SR1REN NN T A
Y : Py
SR1FREE P s (o i -
3 o RXCT Start LRI I, RXCT Stop :
RXC1 (pin) | i L | \ [ L |
Y Y Y Y :
RXD1 (pin) \ . bowse) : [ bt ff i X D6 Y D7 (MSB) i /
L] L] L] Y :
INRXD \ DO (LSB) S D5 { D6 [ p7(vsB) [
v
LSR1BUF (¢ H -
M1S1 s : s
RX1READY ( [
Explanation of symbols BRG Clock pulse obtained from baud rate generator (S1TM) 1/4 BRG BRG divided by 4
Sampling CLK Receive data sampling clock SR1CLK Receive shift clock
RXC1 (pin) Receive shift clock output from this pin (P6_4) CLK Master clock
WSR1CON  Write signal to SR1CON SR1REN Receive enable signal (bit 7 of SR1CON)
SR1FREE Signal indicating receive in progress ("0") RXD1 (pin) Receive data input to this pin (P6_2)
INRXD Receive data sampled from RXD1 by the RXD sampling clock LSR1BUF Receive end signal
M1S1 Signal indicating start of instruction RX1READY Receive interrupt request signal
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’ Timing for generation of Sampling CLK and SR1CLK by RXC1 (pin) edge detection ‘
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RXC1 (pin) \_t

T ?

Edge detection<

SR1CLK

1 X i

[

Y

Sampling CLK RXC1 "L" period

Sampling CLK / \
SR1CLK [ | M. M I I
3 : ]
CLK : : }
A i S
WSR1CON v% ( y
SR1REN § : PO
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SR1FREE
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INRXD \powse) ¥ §f b5 ¥ D6 J D7 (MSB): { DO(LSB) D1
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Explanation of symbols CLK  Master clock RXC1 (pin)  Receive shift clock input to this pin (P6_4)
Edge detection  Receive shift clock detected by edges on SR1CLK  Receive shift clock
CLK input to RXC1 pin Sampling CLK  Receive data sampling clock
WSR1CON  Write signal to SR1CON SR1REN  Receive enable signal (bit 7 of SR1CON)
SR1FREE  Signal indicating receive in progress (0) RXD1 (pin)  Receive data input to this pin (P6_2)
INRXD  Receive data sampled from RXD1 by the RXD sampling clock LSR1BUF  Receive end signal
M1S1  Signal indicating start of instruction RX1READY  Receive interrupt request signal
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14. A/D Converter Functions

The MSM66587 family provides an 8-bit resolution A/D converter with a four channel-analog input
multiplexer.

The A/D converter uses a sample-and-hold successive comparison method for converting analog

levels to digital data. The conversion result for the selected channel will be stored in the A/D Result
Reqister.

Figure 14-1 shows the configuration of the A/D converter. Table 14-1 lists the SFRs for A/D
converter control.

VRer
L Sample & Hold ADCRO
A/D Conversion ]
Circuit
AGND [} ‘
A0 [ |—
Analog
Selector
A3 [ }—
—| ADCONH |[—=
ADINTCON |[=—
y r
) Internal Bus (
Figure 14-1 A/D Converter Configuration
Table 14-1 A/D Converter Control SFRs
Address Name Symbol R/W | Reset Stat
eset State
[H] (Byte)
002C2%¢ | A/D Interrupt Control Register ADINTCON R/W COH
00D0 | A/D Result Register 0 ADCRO R undefind
00E1+x | A/D Control Register High ADCONH R/W 80H

Notes: 1. Addresses do not run consecutively.

2. Addresses in the address column marked by stars indicate that the register has bits
missing.
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14.1  A/D Converter Configuration
(1) A/D Control Register High (ADCONH)

ADCONH is a 5-bit register that controls the A/D converter. Figure 14-2 shows the

configuration of ADCONH. After reset (RES signal input, BRK instruction execution, op code
trap) ADCONH will be 80H.

[Bit Descriptions]

e ADSTMO, ADSTM1 (bit 0, bit1)
These bits specify the A/D conversion channel. The channel change should be performed
after STS (bit 4) has beenresetto "0". While STSis "1" (A/D conversion in progress), changes
to the selected channel will not be effective.

e STS (bit 4)
This bit starts and stops A/D conversion. When this bit is set to 1, A/D conversion will be
performed on the channel specified by ADSTMO-ADSTM1 (bit 0, bit 1). This bit will become
"0" when A/D conversion finishes.

e ADTMO, ADTM1 (bit 5, bit 6)

These bits specify the number of clocks needed to perform A/D conversion on one channel.
Changes to the clock count specification will not be effective during A/D conversion.
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7 6 5 4 3 2 1 0

ADCONH | — | apTmi[ADTMo| STS | '0* [ '0' |ADSTM1[ADSTMO| Address : OOE1H

Resetstate 1 0 0 0 0 0 0 0 R/W access : R/W
APST(“)" A/D Selected Channel

0(0 Channel 0

01 Channel 1

110 Channel 2

101 Channel 3

0 | A/D conversion stopped
1| A/D conversion operating

ADTM|  Clock Count For A/D Conversion
110 0Of One Channel (f = 20 MHz)
0(0 384 CLK (19.2 us)

011 256 CLK (12.8 pus)
110 192 CLK (9.6 us)
11 128 CLK (6.4 ps)

— indicates bits that are not provided.
They will be read as "1".

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 14-2 Configuration of ADCONH
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(2) A/D Interrupt Control Register (ADINTCON)

ADINTCON is a 2-bit register that mainly controls interrupt requests generated by the A/D

converter. Figure 14-3 shows the configuration of ADINTCON. After reset (RES signal input,
BRK instruction execution, op code trap) ADINTCON will be COH.

[Bit Descriptions]
e INTST (bit 1)

This bit indicates that A/D conversion has finished. When "1", A/D conversion has finished.
This bit must be reset ("0") by the program.

o ADSTIE (bit 3)

This bit enables and disables interrupt requests generated by A/D conversion finishing.
When "0", interrupt requests are disabled. When 1, interrupt requests are enabled.

7 6 5 4 3 2 1 0
ADINTCON | — | — | 0" | '0' [absmE| '0" [INTST| '0" | Address : 002CH
Reset state 1 1 0 0 0 0 0 0 R/W access : R/W

0 | A/D conversion not finished
A/D conversion finished

e

0 | INTST interrupt generation disabled
INTST interrupt generation enabled

—_

— indicates bits that are not provided.
They will be read as "1".

Always write "0" to the bits shown as "0".
They will always read as "0".

Figure 14-3 Configuration of ADINTCON

(3) A/D Result Register (ADCRO0)

The A/D Result Register stores the result of A/D conversion on the selected channel. Figure

14-4 shows the configuration of ADCRO. After reset (RES signal input, BRK instruction
execution, op code trap) ADCRO will be undefined.

ADCRO | | | | | | | | | Address : 00DOH
Reset state undefind R/W access : R

Figure 14-4 Configuration of ADCRO
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15. Peripheral Functions

The MSM66587 family provides a clock out function for supplying a clock to peripheral devices.
15.1  Clock Out Function

The clock out function outputs a clock pulse obtained by dividing the master clock from the
CLKOUT pin (secondary function of port P7_3). The frequency division of the master clock is
specified by the Peripheral Control Register (PRPHF) lower 2 bits (bit 0 and bit 1). There are four
master clock frequency division ratios: 1/4, 1/8, 1/16, and 1/32. The Port 7 Secondary Control
Register bit 3 must be set ("1") to use the CLKOUT pin.

Figure 15-1 shows the configuration of PRPHF.

7 6 5 4 3 2 1 0
PRPHF  |Undefinec|undefines] — | — | — | — [cKOUT1|cKOUTO) Address : 0107H
Resetstate undefiedundefred 1 1 1 1 0 0 R/ access : RIW

CKOUT,
110

CLKOUT Pin Qutput Clock

0 1/4 CLK
1 1/8 CLK
0
1

1/16 CLK
1/32 CLK

— indicates bits that are not provided.
They will be read as "1".

"undefined" indicates bits that are not
provided.

Assuming these bits are always undefined,
programming should be done.
Operation of the bits may differ between
ICE evaluation and actual device as MASK/
OTP version etc.

—alalo|lo

Figure 15-1 Configuration of PRPHF
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16.

External Interrupt Requests

The MSM66587 family provides five external interrupt requests of two types. There are four
maskable interrupts (INTO-INT3), and one non-maskable interrupt (NMI).

INTO-INT3 are allocated as the secondary functions of Port 6’s P6_0and P6_1 and Port 12’s P12_2
and P12_3. Therefore the appropriate bits in the Port 6 Secondary Control Register and Port 12
Secondary Control Register must be set ("1") to use INTO-INT3.

A dedicated pin (pin 35) is provided for NMI.

The effective edge of INTO-INT3 can be specified by the External Interrupt Control Register
(EXICON). The edge specification is disabled and the "L" level is enabled, during the stop mode.
The effective edge of NMI can be specified by the NMI Interrupt Control Register (NMICON).
After reset (RES signal input, BRK instruction execution, op code trap) EXICON will be 00H, setting
the effective edge of INTO-INT3 to a low level. NMICON will be FCH or 7CH, setting its effective
edge to the falling edge.

Figure 16-1 shows the configuration of EXICON, and Figure 16-2 shows the configuration of
NMICON. Bit 7 of NMICON is the bit that monitors the NMI pin.
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EXICON
Reset state

7

6

5

4 3 2 1 0

| EX3M1| EX3MO| EX2M1 | EX2MO0 | EX1M1 | EX1MO| EXOM1 | EXOMO|

0

Address : 0109H
R/W access : R/W

0 0 0 0 0 0 0
E1X0'\(;I INTO Effective Edge
0f0 Low level
01 Falling edge
110 Rising edge
111 Both edges
EX1M .
1To INT1 Effective Edge
0|0 Low level
01 Falling edge
110 Rising edge
111 Both edges
E1X2IL/I INT2 Effective Edge
0|0 Low level
01 Falling edge
110 Rising edge
111 Both edges
IiXSI;/I INT3 Effective Edge
00 Low level
0|1 Falling edge
110 Rising edge
111 Both edges

Figure 16-1 Configuration of EXICON
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7 6 5 4 3 2 1 0
NMICON [NMIRD| — | — | — | — | — [NMIM1][NMIMO| Address : 0108H
R/W access : R/W

Reset state (1) * 1 1 1 1 1 0 0
NMIM )
110 NMI Effective Edge
0~ Falling edge
110 Rising edge
111 Both edges
0 [ NMI pin is low
1 | NMI pin is high

— indicates bits that are not provided.

They will be read as "1".

Writes to bit 7 will be ignored.

* indicates "0" or "1".
The value after reset will be determined by the
NMI pin level.

Figure 16-2 Configuration of NMICON
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17.

Interrupt Request Processing

The M66587 family provides 13 interrupt source types, 5 external and 9 internal, each of which is
assigned a vector. One of the external interrupts is a non-maskable interrupt. Also, the 13
maskable interrupts can be set to three levels of interrupt priority.

Table 17-1 lists the interrupt control SFRs.

Table 17-1 Interrupt Control SFRs

Address [H] Name Symbol (Byte) [Symbol (Word) R/W | Reset State
0040+ . IRQOL 00
0 Interrupt Request Register 0 IRQOH IRQO 0
00422 Interrupt Request Register 1 IRQ1L — 00
00442 . [EOL 00
00452 Interrupt Enable Register 0 oK IEO 00
00467 Interrupt Enable Register 1 [E1L — 00
0048 Interrupt Priority Control Register 00 IPOOL P00 00
0049+ IPOOH 00
004A%¢ o ) IPO1L 00
004B 2 Interrupt Priority Control Register 01 IPOTH IPO1 R/W 00
004C+¢ Interrupt Priority Control Register 10 IP10L — 00
004E%¢ Interrupt Priority Control Register 11 IP11L — 00
010G+ Interrupt Request Register 2 IRQ2L — 00
010D%¢ Interrupt Enable Register 2 IE2L — 00
010E%¢ Interrupt Priority Control Register 20 IP20L — 00
010F Interrupt Priority Control Register 21 IP21L — 00
0108+ NMI Control Register NMICON — FCor7C
0109 External Interrupt Control Register EXICON — 00

Notes: 1. Addresses do not run consecutively.

2. Addresses in the address column marked by stars indicate that the register has bits

missing.
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171

Non-Maskable Interrupt (NMI)

The NMl interrupt cannot be masked. When the effective edge, specified by NMICON bit 0 and
bit 1, is detected, the CPU will immediately shift to the NMI interrupt process.

However, there is a single exception. The NMI interrupt will be masked after reset (RES signal
input, BRK instruction execution, op code trap) until the first instruction has completely executed.
This function is provided to remove the possibility that an NMl interrupt could be accepted before
the System Stack Pointer (SSP) has an appropriate value after reset. The program can eliminate
that possibility by using an instruction that sets SSP to an appropriate value as the first instruction
after reset.

The following process will be performed in hardware automatically when an NMl interrupt occurs.

e Save Program Counter (PC).

Save Accumulator (ACC).

Save Local Register Base (LRB).

Save Program Status Word (PSW).

Reset NMI Interrupt Request Flag.

Disable acceptance of maskable interrupts.

Disable a multiple occurrence of the NMI interrupt itself.

Load the value written in the vector table (0008H, 0009H) into the program counter.

Fourteen cycle are required to shift to each of these NMI process. However, if the program
memory space is 1MB, 17 cycle are required because cycles required to save the code segment
register (CSR) are added.

An RTl instruction is needed at the end of the NMI interrupt routine. The following process will be
performed in hardware automatically when the RTI instruction is executed.

Restore Program Status Word (PSW).
Restore Local Register Base (LRB).
Restore Accumulator (ACC).

Restore Program Counter (PC).

Enable acceptance of maskable interrupts.
Enable further NMI interrupts.

This completes the NMI interrupt routine.

Note: When program memory space has been expanded to 1MB, the Code Segment Register
(CSR) will be saved and restored in addition to the other registers listed above.
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Figure 17-1 shows examples of saving and restoring PC, ACC, LRB, and PSW.

e Interrupt process (when program memory space is 64KB)

07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
SSP = 07FFH

Before saving

SSP = 07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
07FFH

Before RTI instruction execution

PSWL

PSWH

LRBL

LRBH

ACCL

ACCH

PCL

PCH

After saving

07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
SSP » 07FFH

e Interrupt process (when program memory space is 1MB)

07F4H
07F5H
07F6H
07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
SSP = 07FFH

Before saving

07F4H
SSP = 07F5H
07F6H
07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
07FFH

Before RTI instruction execution

PSWL

PSWH

LRBL

LRBH

ACCL

ACCH

CSR

undefined

PCL

PCH

After saving

07F4H
07F5H
07F6H
07F7H
07F8H
07F9H
07FAH
07FBH
07FCH
07FDH
07FEH
SSP » 07FFH

PSWL

PSWH

LRBL

LRBH

ACCL

ACCH

PCL

PCH

After RTI instruction execution

PSWL

PSWH

LRBL

LRBH

ACCL

ACCH

CSR

undefined

PCL

PCH

After RTI instruction execution

Figure 17-1 Examples of Saving and Restoring PC, ACC, LRB and PSW
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17.2

Maskable Interrupts

Maskable interrupts are generated by internal peripheral hardware and external pin inputs.
Maskable interrupt control is performed with the following.

Registers set when an interrupt request is generated by each interrupt factor (IRQ)
Registers that enable interrupts provided by each factor (IE)
Flag that enables/disables interrupt generation from all maskable interrupts (MIE)
Flag that enables/disables all priorities (MIP)
Registers that set priority levels (IP)

Figure 17-2 shows a conceptual diagram of maskable interrupt control. Table 17-2 lists the
maskable interrupt vector addresses and bit symbols.

[One interrupt vector for one interrupt factor]

Interrupt
Generation
Factor

Priorit
[Exd |[ MIE ][ MIP | [PXixex|[PX00] | Controlter
—{ O folo—— \
LVA1
LVO
NP

[One interrupt vector for two interrupt factors]

Interrupt
Generation
Factor Y

LQyyy

LE

vy

Generation
Factor Z

Interrupt  |[ LEzzz |

Figure 17-2 Conceptual Diagram of Maskable Interrupts

17 -4

[ Eyz |[ MIE || MIP ][PX1yz || PX0yz|
Qyz o D_Q(o—l_d

o |

>

Priorit
Control

LV2

LV1
LVO
NP

fr




MSM66587 Family User's Manual
Chapter 17 Interrupt Request Processing

Table 17-2 Maskable Interrupt Vector Addresses and Bit Symbols

bit Interrupt Factor Vector Addres IRQ IE IPX0 IPX1

0 | External interrupt O (INTO) 000A QINTO EINTO POINTO P1INTO
2 | TM1 overflow 000E QTM1QV | ETM10V | POTM1QV | PITM10V
11 |RTO8 event generation 0020 QRTO8 ERTO8 PORTO8 | P1RTO8
12 |RTQ9 event generation 0022 QRTO9 ERTO9 PORT09 | P1RTO9
15 | Serial port transmit/receive ready 0028 QscH ESCI1 POSCIH P1SCH
16 | S1TM overflow 002A QSTMOV | ESTMOV | POSTMOQV | P1STMOV
17 | GTMC overflow 002C QGTMOV | EGTMOV | POGTMOV | P1GTMOV
19 | A/D conversion finished 0030 QAD EAD POAD P1AD
20 |PWCO underflow or match 0032 QPWO1 | EPWO1 POPWO1 | P1PWO1
23 |External interrupt 1 (INT1) 0038 QINT1 EINT1 POINT1 P1INT1
34 |External interrupt 2 (INT2) 006E QINT2 EINT2 POINT2 P1INT2
35 |External interrupt 3 (INT3) 0070 QINT3 EINT3 POINT3 P1INT3
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(1) Interrupt Request Registers IRQ (IRQOL, IRQOH, IRQ1L)

S

@

=

-~

IRQ are registers that save interrupt requests. Each IRQ becomes "1" when an interrupt signal
is generated from an interrupt source, and becomes 0 during the interrupt transition cycle
when the interrupt is accepted. IRQ bits can also be set to "0" or "1" by the program.

Interrupt Enable Registers IE (IEOL, IEOH, IE1L)

IE are registers that enable/disable generation of individual interrupts. When an IE bit is "0",
generation of the corresponding interrupt will be disabled. When an IE bit is "1", generation
of all the interrupts independently enabled by IE will be enabled.

Master Interrupt Enable Flag MIE

MIE is a 1-bit flag in PSW. MIE enables/disables generation of all maskable interrupts. When
MIE is "0", generation of all maskable interrupts will be disabled. When MIE is "1", generation
of all the interrupts independently enabled by IE will be enabled.

Master Interrupt Priority Flag MIP

MIP is a 1-bit flag in PSW. MIP enables/disables all maskable interrupt priorities. When MIP
is "0", priorities set by IPX0 and IPX1 will be disabled, so interrupt generation will be controlled
by IE and MIE only. When MIP is "1", all maskable interrupts are given priority levels 0-3 by
IPX0 and IPX1.

Interrupt Priority Control Registers
IPXO0 (IPOOL, IPOOH, IP10L)
IPX1 (IPO1L, IPO1H)

IPX0 and IPX1 specify maskable interrupt priorities. When a maskable interrupt’s correspond-
ing IPX0 and IPX1 bits are PXOxxx and PX1xxx, the priority given to that maskable interrupt
will be as follows.

PX1xxx | PX0xxx Priority
0 0 Level 0 (low)
0 1| Leveld !
1 * Level 2 (high)

* indicates "0" or "1"
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17.3 Maskable Interrupt Operation
Generation of an interrupt signal causes an interrupt request to be passed to interrupt priority
selection logic by the following operation.

¢ An interrupt request signal is output from the interrupt source.

e When the IRQ bit becomes "1", if either the corresponding IE bit or MIE in PSW is "1", then
the interrupt will be held off. When the IRQ bit becomes "1", if both the corresponding IE bit
and MIE in PSW is "1", then the interrupt priority selection logic will operate.

The interrupt priority selection logic operates as follows.

e [fMIPinPSWis"0", then theinterrupt priority selection logic will not operate, and the interrupt
will be generated immediately. If MIP in PSW is "1", then the interrupt will be given a priority
from one of three levels (level 0 to level 2) by the corresponding IPX0 and IPX1 bits.

¢ If no other interrupt is being executed at the time the interrupt request is sent to the interrupt
priority selection logic, then the interrupt will be generated immediately.

¢ |f one or more other interrupts are already being executed at the time the interrupt request
is sentto the interrupt priority selection logic, and if the new interrupt has a higher priority level
than any of the executing interrupts, then the interrupt will be generated immediately.

¢ |f one or more other interrupts are already being executed at the time the interrupt request
is sent to the interrupt priority selection logic, and if the new interrupt has a lower priority level
than any of the executing interrupts, then the interrupt will be held off.

Generated

Interrupt NMI Interrupt

Request

Level 2 Interrupt
Request

Level 1 Interrupt
Request

Level O Interrupt

Process Request

Being Executed

O : Interrupt generated

No interrupt process

O : Interrupt generated

O : Interrupt generated

O : Interrupt generated

Level 0 interrupt process

x : Interrupt held

O : Interrupt generated

O : Interrupt generated

O : Interrupt generated

Level 1 interrupt process

x : Interrupt held

x: Interrupt held

O:Interrupt generated

O : Interrupt generated

Level 2 interrupt process

x: Interrupt held

x : Interrupt held

x : Interrupt held

O : Interrupt generated

NMI interrupt process

x . Interrupt held

x & Interrupt held

x . Interrupt held

x @ Interrupt held

Note:

When interrupts are generated simultaneously, the one with higher priority will have

precedence. When interrupts of the same priority are generated simultaneously, the one
with the lower interrupt vector address will have precedence.
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The following process will be performed in hardware automatically when a maskable interrupt
occurs.

Save Program Counter (PC).

Save Accumulator (ACC).

Save Local Register Base (LRB).

Save Program Status Word (PSW).

Reset the IRQ that generated the maskable interrupt process.

Reset MIE in PSW (disable acceptance of maskable interrupts).

Record interrupt priority level (disable acceptance of interrupts with equal or lower priority).
Load the value written in the vector table into the program counter.

Fourteen cycle are required to shift to each maskable interrupt process. However, if the program
memory space is 1IMB, 17 cycles are required because cycles required to save the code segment
register (CSR) are added.

An RTl instruction is needed at the end of the maskable interrupt routine. The following process
will be performed in hardware automatically when the RTI instruction is executed.

The highest priority level in the stored interrupt levels is deleted.
Restore Program Status Word (PSW), also setting MIE to 1.
Restore Local Register Base (LRB).

Restore Accumulator (ACC).

Restore Program Counter (PC).

This completes the maskable interrupt routine.

Note: When program memory space has been expanded to 1MB, the Code Segment Register
(CSR) will be saved and restored in addition to the other registers listed above.

Figure 17-1 shows an example of saving and restoring PC, ACC, LRB, and PSW.
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18.

18.1

18.1.1

Bus Port Functions

External program memory (normally ROM) can be expanded up to 1MB. External data memory
(normally RAM) can be expanded up to 1MB.

Port 0 (P0), Port 1 (P1), and Port 9 (P9_0-P9_3) are used as bus ports to access both external
program memory and external data memory.

Bus Port (PO, P1, P9_0-P9_3) Functions

PO, P1, and P9_0-P9_3 serve as input/output ports for their primary function, and as bus ports for
their secondary function.

Switching of PO between its primary and secondary function is performed automatically depend-
ing on the object to be accessed (internal or external memory, program or data memory).

Switching of P1 and P9_0-P9_3 between their primary and secondary function is performed
automatically when the EA pin is low, but their secondary registers must be set when the EA pin
is high.

PO, P1, P9_0-P9_3 Operation During Program Memory Access

When internal program memory is accessed (when EA pin is high) PO, P1, and P9_0-P9_3 operate
as input/output ports.

When external program memory is accessed (when EA pin is low) PO operates as the port for low
address outputs and program data input, and P1 and P9_0-P9_3 operate as the ports for high
address outputs.

Table 18-1 lists the operations of PO, P1, and P9_0-P9_3 during program memory accesses.

Table 18-1 PO, P1, P9_0-P9_3 Operation During Program Memory Accesses

_ . Access Object . P1, P9_0-P9 3
EA pin Memory Address PO Operation Operation
High Internal program Note 1 Input/output port
00000H- Low address High address
Low External program FEFFDH outputs and program| outputs
data input

Note 1. The external program memory area is 10000H-FFFFDH. To access this area, the
secondary registers of P1 and P9 (P1SF, P9SF) must be set.
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18.1.2 PO, P1, P9_0-P9_3 Operation During Data Memory Access

When internal data memory is accessed (when access object is 0000H-9FFH) PO, P1 and P9_0-
P9_3 operate as input/output ports.

When external data memory is accessed (access object is AOOH-FFFFFH) PO operates as the port
for low address outputs and data input/output. P1 and P9_0-P9_3 operates as the port for high
address outputs only for pins that have been set ("1") in the Port 1 and Port 9 Secondary Control
Registers. P1 and P9_0-P9_3 operates as an input/output port for pins that have been reset ("0")
in the Port 1 and Port 9 Secondary Control Registers. However, if the EA pin is low, then P1 and
P9_0-P9_3 will operate as the port for high address outputs regardless of the Port 1 and Port 9
Secondary Control Registers.

Table 18-2 lists the operations of PO, P1 and P9_0-P9_3 during data memory accesses.

Table 18-2 PO, P1, P9_0-P9_3 Operation During Data Memory Accesses

Access Object PO P1,P9 0-P9 3
; Operation When
Memory Address Operation Secondary Function Set
Internal data 0000H-9FFH Input/output port
Low address High address
External data AOOH-FFFFFH | outputs and data outputs
input/output
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18.2

18.2.1

External Memory Access
External Program Memory Access

Program space up to 1MB (00000H-FFFFDH) can be accessed by the 16-bit Program Counter
(PC) and 4-bit Code Segment Register (CSR). When the EA pin has been set to a high level,
external program memory is accessed at program addresses 10000H-FFFFDH. When the EA pin
has been setto alow level, external program memory is accessed at program addresses 00000H-
FFFFDH.

When EA is set high and 10000H-FFFFDH (for MSM66586, C000-FFFFDH) is used for external
program memory, the Port 1 Secondary Control Register and Port 9 Secondary Control Register
(high address outputs) need to be set. The Port 5 Secondary Control Register (ALE and PSEN
outputs) also needs to be set.

Figure 18-1 shows a external program memory (ROM) interface example

External ROM

MSM66587 family (1MB max.)
00-07
ADO-AD7 (P0_0-P0_7) Gateh ——J no-a7
(P5_5) ALE }
A8-A19 (P1_0-P1_7, S A8-A19
P9_0-P9_3) _
(P5_4) PSEN ~q %

Figure 18-1 External ROM Interface Example

18.2.2 External Program Memory Access Timing

Figure 18-2 and Figure 18-3 show external program memory access timing diagrams.

A function for inserting wait cycles (see Section 5.2, “Ready Function”) is provided for external
memory with slow access time. It should be implemented to match the access time of the external
memory used. However, relative to internal program memory accesses, one cycle is inserted

automatically for each byte accessed during external program memory accesses. ROMRDY is
a register that specifies further cycles to be inserted in addition to the one cycle inserted
automatically.

Refer to Chapter 20, “Electrical Characteristics,” for actual AC characteristics.
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CLK

P5_5/ALE

P5_4/PSEN

(POA(?_%D?; % PCO-7 INST0-7 >—< PCO-7 >—< INST0-7 >—<

(P1_(§\_%'1A_17? >< PC8-19 >< PC8-19 ><
P9_0-P9_3)

Figure 18-2 External Program Memory Access Timing Diagram (No Waits)

CLK

P5_5/ALE

P5_4/PSE

ADO-AD7 \ [
(PO_0-P0.7) >—< PCO-7 ) {  InsTo-7 >—< PCO-7

P1LOPLT, X Pee-19 A peans

P9_0-P9_3) - -
Wait cycles inserted by
ROMRDY setting

Figure 18-3 External Program Memory Access Timing Diagram (2 Wait Cycles)
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18.2.3 External Data Memory Access

Data space up to 1MB (00000H-FFFFFH) can be accessed by the 16-bit Program Counter (PC)
and 4-bit Data Segment Register (DSR). When data addresses 0000H-9FFH are accessed,
internal data memory will be accessed. When data addresses AOOH-FFFFFH are accessed,
external data memory will be accessed. However, external data memory will be accessed in 8-
bit units (bytes).

To use external data memory, the Port 1 and Port 9 Secondary Control Registers (high address
outputs) must be set in accordance with external memory addresses. Also, the Port 5 Secondary
Control Register bit 5 (ALE output) and Port 7 Secondary Control Register bit 0 and bit 1 (WR and
RD outputs) must be set ("1"). However, when the EA pin is low, P1, P9 and P5_5 will switch to
high address outputs and ALE output regardless of the Secondary Control Registers.

Add external pull-up resistors to the WR and RD pins as necessary.

Figure 18-4 shows a data memory (RAM) interface example.

External RAM

MSM66587 family (1MB max.)
~ 100-107
ADO-AD7 (P0_0-P0_7) ot — Y
}
(P5_5) ALE
A8-A19 (P1_0-P1_7, Dy AB-A19
P9_0-P9_3 d OF
(P7_1)RD —¢ g WE
(P7_0) WR % i L e
Vb

Figure 18-4 External RAM Interface Example
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18.2.4 External Data Memory Access Timing
Figure 18-5 and Figure 18-6 show external data memory access timing diagrams.

A function for inserting wait cycles (see Section 5.2, “Ready Function”) is provided for external
memory with slow access time. It should be implemented to match the access time of the external
memory used. However, relative to internal data memory accesses, three or four cycles are
inserted automatically for each byte accessed during external data memory accesses. RAMRDY
isaregisterthat specifies further cycles to be inserted in addition to the three or four cycles inserted
automatically.

Refer to Chapter 20, “Electrical Characteristics,” for actual AC characteristics.

CLK —| r
P5_5/ALE
P7_1/RD
Po0P0T —  RaPOT7 >—< Din 0-7 >—< RAPO-7 >—< Din 0-7 >7
(P1_5‘_%'1A_17? — RAP8-19 >< RAP8-19 >>
P9_0-P9_3)
P7_0MWR
(Po/i%%?;) — RAPO-7 >< Dout 0-7 >< RAPO-7 >< Dout 0-7 }
(Eg_é\ipﬁgg — RAP8-19 >< RAP8-19 }

Figure 18-5 External Data Memory Access Timing Diagram (No Waits)
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CLK T r

P5_5/ALE

P7_1/RD

ADO-AD7 [ A\
(PO_0-P0_7) RAPO-7 {_ Dino7 )

A8-A1
(P1 0.?:1 S RAP8-19 >’

P7_0/WR

ADO-AD7 ——— RAPO-7 >< Dout 0-7
(P0_0-P0_7)

A8-A19
(P1O-P1 7, — RAP8-19

P9_0-P9_3)

Wait cycles inserted by
RAMRDY setting

Figure 18-6 External Data Memory Access Timing Diagram (2 Wait Cycles)
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19.

19.1

19.2

Flash Memory
Summary

The MSM66Q587 replaces the internal program memory (64KB mask-ROM) of the MSM66587
with an electrically erasable and reprogrammable non-volatile memory (64KB flash memory). With
two types of flash memory reprogramming modes, the program memory can be reprogrammed
even after installation in the system.

Features

* Power supply voltage
The flash memory is reprogrammable and read by a single 5 V power supply (4.5 to 5.5 V).

® Reprogramming modes
There are two types of flash memory reprogramming modes.
e Serial mode (reprogramming is possible before and after installation on the circuit board)
e User mode (reprogramming is possible after installation on the circuit board)

e Erasure block
The flash memory is erased in 1KB blocks (erasure of a sector).

® Reprogramming and erasing time
The reprogramming and erasing time of the flash memory is as follows:
e Page reprogramming (64-byte units)... 3 ms
e Sector erasure (1KB units)................. 10 ms

e Write protect function
The flash memory contains a built-in supply voltage sense and reset function that automati-
cally triggers areset if the supply voltage drops to 2 V or lower, and a built-in power-on delay
function that automatically inhibits reprogramming for approximately 20 ms when power is
turned on.

In addition, there is an acceptor function to prevent accidental programming or erasing if the
program runs out of control when in the user mode.
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19.3

Reprogramming Modes
The flash memory of the MSM66Q587 has the following two reprogramming modes:
(1) Serial Mode
In this mode, reprogramming is performed on the system or using a single microprocessor. The
serial mode is used mainly for the development of user software.
In the serial mode, reprogramming is performed while the microprocessor is being reset or is in
the stop mode. OKI flash memory writer (model no. PW66K) is used to perform the reprogramming.
(2) User Mode
In this mode, reprogramming is performed by the system. The user mode is used mainly in the
development of user software. This mode is also used for final adjustments after product
assembly, or for program maintenance after shipping.
In the user mode, reprogramming is performed by microprocessor operation, a program for
reprogramming must be stored in advance in ROM using the serial mode.
Figure 19-1 shows a block diagram of the flash memory reprogramming modes.
OKI flash Serial
Serial | memory eria ®
mode writer interface
PW66K Memory
Flash
control
circuit /‘V:(> memory
U v Writer
Ser . unnecessary : N CPU
mode ' (performed by! Peripheral ® CPU @ interface @
+ the program):
MSM66Q587

Figure 19-1 Reprogramming Modes Block Diagram
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19.4  Serial Mode
19.4.1 Serial Mode Summary
In the serial mode, reprogramming is possible either after installation on a circuit board or using
a single microprocessor.
A flash memory writer (PW66K) dedicated for use with the serial mode is used to perform the
reprogramming.
Reprogramming is performed in the serial mode while the CPU is being reset or is in the STOP
mode.
19.4.2 Setting the Serial Mode
Specified pins are connected to the flash memory writer. The serial mode is automatically set by
performing a reprogramming or read operation. When the write or read operation is completed,
the setting is canceled.
(1) Pins Used for Serial Mode
Table 19-1 lists the pins used in the serial mode.
The serial mode can only be set while the CPU is being reset oris in the STOP mode. A high voltage
from the flash memory writer is applied to the EA pin to set the serial mode. Therefore, be careful
of this pin. Vpp is connected so that the Vpp of the user’s system can be monitored.
Table 19-1 Pins Used for Serial Mode
Pin Number Primary Function Name Flash Memory Function Name
32 P8_6 FLACLK (serial clock input)
33 P8_7 FLADAT (serial data I/0)
36 EA FLAMOD (high voltage input to set serial mode)
9,17, 37,67, 93 Vpp Monitoring Vpp of user's system
16, 40, 68, 94 GND Ground

Note: During the serial mode, a high voltage that is greater than the supply voltage (approxi-
mately 11 V) is applied to the EA pin.

(2) Serial Mode Connections

With the serial mode, it is necessary to connect the flash memory writer (PW66K) to pins P8_6,

P8_7, EA, Vpp and GND of the MSM66Q587 of the user’s system. Install a switch on the user’s

system to isolate the flash memory when reprogramming and reading in the serial mode.

Figure 19-2 shows serial mode connection circuit example 1.

19-3




MSM66587 Family User's Manual
Chapter 19 Flash Memory

Flash ROM version

(FLACLK)P8 6 O~
(FLADAT)P8 7 | ——————O— "

(FLAMODER |02

“RES O To user's system

|

* Connect in the case of resetting
and programming/reading on the
flash memory writer.

To flash memory writer

Figure 19-2 Serial Mode Connection Circuit Example 1

If a switch cannot be installed on the user’s system, instead of using the P8_6 and P8_7 pins with
the user’s system, connect them only to the flash memory writer. Also, connect each of the P8_6,
P8_7, and EA pins to Vpp through a resistor of approximately 100 k<.

Figure 19-3 shows the 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 memory writer does not apply "L" level to the RES pin,
the "L" level should be applied by the user application system.
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Flash ROM version

Approx. 100 kQ

(FLACLK)P8_6 NN\
(FLADAT)P8_7 AVAVAY =1
(FLAMOD)EA NN\ —1

RES

To user's
Voo system
GND

To flash memory writer

Figure 19-3 Serial Mode Connection Circuit Example 2

(3) Serial Mode Reprogramming Method

The serial mode reprograms flash memory with the flash memory writer (PW66K). If reprogram-
ming is to be performed with only a single microprocessor, use the attached FWADP66587 write
adapter.

The procedure for reprogramming with the flash memory writer is listed below.
Refer to the PW66K User’s Manual for details.

1) Connect the flash memory writer to pins P8_6, P8_7, EA, Vpp and GND.

2) Set the microprocessor to RESET or STOP mode.
e A flash memory writer protocol error will occur if not in the reset or STOP modes.
3) Perform the reprogram or read operation with the flash memory writer.
e The serial mode will automatically be set.
4) Verify that normal operation of the flash memory writer has ended.
e The serial mode is automatically canceled.
5) Cancel RESET or STOP mode.
e The CPU executes the program reprogrammed into the flash memory.

(4) Notes Regarding Serial Mode Usage

If reprogramming while in the STOP mode, during the reprogramming operation, do not generate
an interrupt or do not initiate a reset using RES pin input. (After the serial mode is canceled, the
CPU may run out of control.)

If an interrupt or reset has been initiated, reprogram the program in flash memory.
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19.5 User Mode

19.5.1 User Mode Summary

The user mode reprograms the flash memory from the user’s system. Reprogramming is possible
after the microprocessor is mounted on the user’s system.

The user mode executes program to reprogram flash memory. The program is devised in advance
to contain commands that execute reprogramming and a method of 1/O for the reprogramming
data.

It is necessary for the program to be written into the flash memory in advance in the serial mode
or in the parallel mode.

Figure 19-4 shows a block diagram of the user mode.

;> CPU
CPU <:>

Memory | linterface
control control

circuit circuit
2KB Peripheral
RAM <: (Data oo
may De specitie
< S00H-336 by the program)
MSM66Q587

Figure 19-4 User Mode Block Diagram

19.5.2 User Mode Reprogramming

The MSM66Q587 contains special function registers (SFRs) for reprogramming with the user
mode.

The flash memory control register (FLACON), flash memory address register (FLAADRS), and flash
memory acceptor (FLAACP) are controlled to perform reprogramming operations in the user
mode.

Table 19-2 lists a summary of the user mode SFRs.
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Table 19-2 User Mode SFRs

Abbreviation| Abbreviation 8/16 Reset
Address (H) Name R/W .
(BYTE) (WORD) operation | status
01F0s¥ Flash memory acceptor FLAACP — W 8 ‘0"
01F1% Flash memory control register FLACON — R/W 8 OE4
01F2+%
01F3 Flash memory address register — FLAADRS R/W 16 Undefined

Note: The symbol ¢ in the above addresses indicates a missing bit.

(1) Flash Memory Address Register (FLAADRS)

Bits 6 to 15 (FA6 to 15) of the FLAADRS register set the address of reprogramming or sector erasure
for the flash memory when performing reprogramming or sector erasure.

Figure 19-5 shows the FLAADRS configuration.

FLAADRS
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 90
| FA15 | FA14 | FA13 [ FA12 [ FAT1 [FAT0 | FA9 [ FA8 [FA7 |FAe | — | — | — | — | — | — |
| | | | | | | | | | Address: 01F2H
R/W access: R/'W

When Performing Reprogramming

FA15-6 Reprogramming
15(14|13|12|11|10/9 |8 |7 |6 address

0 0(0|0]0 0000H-003FH

0 010|001 0040H-007FH

0 0j0)110 0080H-00BFH

o

Tt (1j1)11 OFF80H-OFFBFH
Tttt p1]1 OFFCOH-OFFFFH

When Performing Sector erasure

FA15-6
Sector erasure address
15(14(13|12({11|10{ 9|8 |7 | 6
00 [k |%k|%k|% 0000H-03FH
| 01 [k |%k|%k]|% 0400H-07FH
110 |%|%|%|% 0800H-0BFH

k| %k OF800H-0FBFFH

T[T (111 [%|%]|%|% OFCOQOH-OFFFFH
Note: s indicates "0" or "1".

"—" indicates bits that do not exist. When read, read as "1".

-
-
-
-
-
o
*
*

Figure 19-5 FLAADRS Configuration
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(2) Flash Memory Acceptor (FLAACP)

The FLAACP is an acceptor used when data is set in the flash memory control register. By writing
the values n5H and nAH (n = 0 to F) consecutively, the acceptor is set to "1". It is reset to "0"
when the flash memory is reprogrammed or erased.

The FLAACP configuration is shown in figure 19-6.

FLAACP

I 6 5 4 3 2 1 0 Address: 01FOH
| | | | | | | | | R/W access: W

> By writing "n5H", "nAH" consecutively,
writing to the FLACON register is permitted.

Figure 19-6 FLAACP Configuration

(8) Flash Memory Control Register (FLACON)
FLACON is a 4-bit register used to control reprogramming and erasing of the flash memory.
The FLACON configuration is shown in figure 19-7.

FLACON

7 6 5 4 3 2 1 0 Address: 01F1H
[ — ] — | — Trowkt[reiko] — [sers| PRa | RW access: RW

0 | Reprogramming completed

1 | Reprogramming request

0 | Sector erasure completed
1 | Sector erasure request

FCLK Flash memory control CLK
(CLK = original frequency)

1/16 CLK

1/4 CLK

110
0|0
0|1]18CLK
110
101

1/2 CLK

‘—"indicates bits that do not exist. When read, read as "1".

Figure 19-7 FLACON Configuration
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Writing to the FLACON register is enabled after n5H and nAH (n = 0 to F) are written consecutively
to the FLAACP and the flash memory acceptor is set to “1”. The FLAACP register is reset to “0”
after reprogramming or erasing flash memory. When another reprogramming or erasing operation
is performed on flash memory, the flash memory acceptor must be set to “1” again.

¢ PRG (bit 0)

After PRG (bit 0) of the FLACON register is set to “1” and one instruction is executed, the CPU
enters a HOLD state, and the data in the RAM address area of 300H to 33FH is transferred to the
flash memory and the reprogramming is executed.

When the reprogramming is complete, the HOLD state is canceled and this bit is reset to “0”.
Previously set the reprogramming address and data to the FLAADRS register and the internal
RAM address area of 300H to 33FH.

Notes: If an interrupt occurs during reprogramming the flash memory, the interrupt processing
will be postponed until after the reprogramming is complete.
While reprogramming the flash memory, if the RES pin input asserts a reset, the reset
processing will be postponed until after the reprogramming is complete.

Figure 19-8 shows the relation between internal RAM and flash memory.

Internal RAM Flash memory
0000H

300H

64 bytes
33FH

2KB RAM 64KB flash

memory
The data of internal RAM

9FFH 64 bytes « address areas 300H to 33FH

is written to the address specified
by the FLAADRS register.

OFFFFH

Figure 19-8 Relation between Internal RAM and Flash Memory

® SERS (bit 1)
After SERS (bit 1) of the FLACON register is set to “1” and one instruction is executed, the CPU
enters a HOLD state, and a sector of flash memory is erased (1KB).

When the erasing is complete, the HOLD state is canceled and this bit is reset to “0”. Set the
address to be erased to the FLAADRS register in advance.

Notes: If an interrupt occurs while the flash memory is being erased, the interrupt processing is
postponed until after the erase operation is complete.
While erasing the flash memory, if the RES pin input asserts a reset, the reset processing
will be postponed until after the erase operation is complete.
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e FCLKO, 1 (bits 3, 4)
FCLKO (bit 3) and FCLK1 (bit 4) of the FLACON register are bits to set the clock division ratio (flash
memory control CLK) to control the necessary wait time (CPU hold time) when erasing or
reprogramming the flash memory. At reset, since FCLKO and FCLK1 are cleared to “0”, 1/16 CLK
is selected as the flash memory control CLK. Flash memory erasure and reprogramming times for

each original frequency are shown in tables 19-3 and 19-4 respectively.

Table 19-3 Flash Memory Erasure Time

FCLK Erasure time (msec)
1 0 CLK = CLK = CLK = CLK = CLK = CLK = CLK =
5 MHz 10 MHz 12 MHz 14 MHz 16 MHz 18 MHz 20 MHz
0 0 25.0 17.0 15.7 14.7 14.0 13.4 13.0
0 1 17.0 13.0 12.3 11.9 115 11.2 11.0
1 0 13.0 11.0 10.7 10.4 10.3 10.1 10.0
777 7
1 1 11.0 10.0 9.8 9.7 9.6 9.6 9.3
/

Set FCLKO and FCLK1 such that the flash memory erase time is 10 msec or greater (all of table
19-3 except for the shaded sections). The formula for calculating erasure time, t (sec), is shown

below.
t=n xﬂﬁx 5000 + 0.009 (n: specified by FCLK)
Table 19-4 Flash Memory Reprogramming Time
FCLK Reprogramming time (msec)
1 0 CLK = CLK = CLK = CLK = CLK = CLK = CLK =
5 MHz 10 MHz 12 MHz 14 MHz 16 MHz 18 MHz 20 MHz

0 0 18.0 10.0 8.7 7.7 7.0 6.4 6.0

0 1 10.0 6.0 53 49 4.5 42 4.0

1 0 6.0 4.0 3.7 3.4 3.3 3.1 3.0
77 7

1 1 4.0 3.0 2.8 2.7 2.6 2.6 2.5
/

Set FCLKO and FCLK1 such that the flash memory reprogramming time is 3 msec or greater (all
of table 19-4 except for the shaded sections). The formula for calculating reprogramming time, t
(sec), is shown below.

1
t=nxeay ¥ 5000 + 0.002

(n: specified by FCLK)
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(4) Flowchart Examples for User Mode

Reprogramming with the user mode first erases the flash memory with a sector erasure, and then
performs the write operation in 64-byte units.

Figure 19-9 shows an example flowchart of sector erasure and figure 19-10 shows an example
flowchart of reprogramming.

Set the erase address
in FLAADRS.

Set the flash memory
acceptor.

Set the SERS flag.

Execute one instruction.

The HOLD state is
automatically entered.

Perform the sector erasure.

The HOLD state is
automatically canceled.

Verify the data erasure.

Erase complete

1) Set FLAADRS (FA10 to 15) with the upper 6 bits of the address
to be erased in 1KB units. FAG to 9 are invalid.

2) Write n5H and nAH (n = 0 to F) consecutively to FLAACP so that the
flash memory acceptor is set to "1". After erasing or reprogramming
the flash memory, the flash memory acceptor is reset to "0".

3) The sector erase (SERS) flag of the FLACON register is set to "1".
After flash memory is erased, the SERS flag is reset to "0".

4) After the SERS flag is set, the CPU executes one instruction.
(One instruction is to be executed immediately after the instruction
that sets the SERS flag.)

5) After executing one instruction, the CPU automatically enters the
HOLD state.

6) When the CPU enters the HOLD state, flash memory sector erasing is
performed.

7) When the flash memory sector erasure is complete, the HOLD state is
automatically canceled and the CPU executes the next instruction.

8) Verify that the data at the flash memory address specified by
FLAADRS is OFFH. ROM table reference instructions can be used to
verify the data.

Figure 19-9 Sector Erase Flowchart Example
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—_

Set the reprogramming ) Set FLAADRS (FAG6 to 15) with the upper 10 bits of the address

1 L ,
) address in FLAADRS. to be reprogrammed in 64-byte units.
Set the reprogramming data in 2) Use serial I/0 or an external memory access to set the
2) reprogramming data in 300H to 33FH of the internal RAM.

300H to 33FH of the internal RAM.

3) Write n5H and nAH (n = 0 to F) consecutively to FLAACP so that the
3) | Set the flash memory acceptor. flash memory acceptor is set to "1". After erasing or reprogramming
| the flash memory, the flash memory acceptor is reset to "0".

4) The write (PRG) flag of the FLACON register is set to "1".
4) Set the PRG flag. Performing the reprogramming operation resets the PRG flag to "0".

5) After the PRG flag is set, the CPU executes one instruction.
5) Execute one instruction. (One instruction is to be executed immediately after the
| instruction that sets the PRG flag.)

The HOLD state is 6) After executing one instuction, the CPU automatically enters

6
) automatically entered. the HOLD state,

7) When the CPU enters the HOLD state, the data in the RAM address

7) | Perform the reprogramming. area of 300H to 33FH is transferred to the flash memory and is
| reprogrammed.
The HOLD state is 8) When the flash memory reprogramming is complete, the.HOLD gtate
8) is automatically canceled and the CPU executes the next instruction.

automatically canceled.

) Verify that the flash memory has been reprogrammed with the data.
9) | Verify the reprogrammed data. ROM table reference instructions can be used to verify the data.

(=]

10) Because reprogramming is performed in 64-byte units, 16
reprogramming cycles are required after the sector erasure.

Is the 1KB reprogramm-
ing complete?

YES
Reprogramming
complete

Figure 19-10 Reprogramming Flowchart Example

10)

11)
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(5) Example Data Verification Programs to Check Erased or Reprogrammed Data

e After the flash memory address range of 5000H to 53FFH (1KB) is erased, the following example
program verifies that 1KB of data has been erased.

MOV FLAADRS, #5000H  Set the erase start address (5000H).
MOVB  FLAACP, #05H

MOVB FLAACP, #0AH Set the flash memory acceptor.

MOVB FLACON, #02H Set the SERS flag.

NOP (Erasing begins after executing one instruction.)

L A, #OFFFFH Set “OFFFFH” in the accumulator.

MOV ERO, #5000H Set the flash memory address to ERO.
LOOP:

CMPC A, [EROQ] Compare the accumulator and flash memory data.

JC NE, ERR If different, jump to the error routine.

ADD ERO, #0002H Increment the flash memory address by 2.

JBR R1.2, LOOP If 1KB of data have not been checked, jump to LOOP.
ERR: R Perform error processing.

e After reprogramming the flash memory address range of 5500H to 553FH (64 bytes), the
following example program verifies that 64 bytes of data have been written.

Itis assumed that the reprogramming data has been stored in advance in internal RAM addresses
300H to 33FH.

MOV FLAADRS, #5500H  Set the reprogramming start address (5500H).
MOVB  FLAACP, #05H

MOVB FLAACP, #0AH Set the flash memory acceptor.

MOVB  FLACON, #11H Set the PRG flag.

NOP (Reprogramming begins after executing one instruction.)

MOV DP, #300H Set DP with the internal RAM address.

MOV ERO, #5500H Set ERO with the flash memory address.

SDD Set the data descriptor.
LOOP:

LC A, [ERQ] Load the accumulator with the flash memory data.

CMP A, [DP+] After comparing the accumulator and internal RAM data,

increment the internal RAM address by 2.

JC NE, ERR If different, jump to the error routine.

ADDB RO, #02H Increment the flash memory address by 2.

JBR R0.6, LOOP If 64 bytes of data have not been checked, jump to LOOP.
ERR: L Perform error processing.
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(6) Notes on Usage Regarding User Mode

Be careful of the following items when developing software to be used in the user mode.

If an interrupt is generated during reprogramming or erasing the flash memory, the interrupt
processing is postponed until after the reprogramming or erasing operation is complete. (If timer
or other interrupts are to be used, be sure to account for the flash memory reprogramming and
erasing times.)

While reprogramming or erasing the flash memory, when the RES pin input asserts a reset, the
reset processing is postponed until after the reprogramming or erasing operation is complete.

Since erasing is performed in 1KB units, to reprogram even 1 byte, it is necessary to perform
a 64-byte write operation 16 times.

Do not erase the area of flash memory that the reprogramming program is using.
(After being erased, the CPU will run out of control.)

Corresponding to one erasure, perform only one write operation to the same address, even if
writing the same data.

When flash memory is erased, the data is set to “OFFH”. Thereafter, writing “OFFH” data is
considered as one reprogramming operation.

The PRG and SERS flags of the FLACON register must be set only one at a time. If both the PRG
and SERS flags are set to “1”, neither reprogramming nor erasing operations will be performed.

Reprogramming and erasing operations initiated by ICE cannot be evaluated.

19-14



MSM66587 Family User's Manual
Chapter 19 Flash Memory

19.6

Programming Notes

(1) Reprogramming Immediately after Power is Supplied to Flash Memory

Flash memory reprogramming is automatically inhibited for approximately 20 msec after power
is turned on (Vpp = 5.0 V +10%). Therefore, when reprogramming is to be performed soon after
power is turned on, be sure to wait for the above power-on reset time.

(2) Note when STOP Mode is Canceled

The flash memory requires at least 1 msec of standby time when the STOP mode is canceled.

Therefore, set the standby control (SBYCON) register to ensure the wait time when the STOP
mode is canceled.
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20. Electrical Characteristics

20.1  Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Digital power supply voltage Vb —0.3t0+7.0 v
Input voltage Vi -0.3t0o Vpp + 0.3 v
Output voltage Vo GND =AGND =0V -0.3to Vpp + 0.3 v
Analog reference voltage VRer Ta=25°C -0.3t0o Vpp + 0.3 v
Analog input voltage Val —0.3 to Vger v
Power dissipation Py |Ta=70° |orPackage 650 mw
Per output 8 mW
Storage temperature TsTa — -50to +150 °C
20.2 Recommended Operating Conditions
Parameter Symbol Condition Range Unit
MSM66587A
Digital power supply MSM66P587 fosc <20 MHz 451055
Vbp | MSM66Q587 v
voltage
MSM66587A
fosc <10 MHz 271055
MSM66P587
Analog reference voltage VRer — Vpp—0.3to Vpp V
Analog input voltage Va — AGND to VRer v
Memory hold voltage VppH fosc =0 Hz 20t05.5 v
Vop=5V £10% 2t020 MHz
Operating frequency fosc | MSM66587A Vop = 2.7 1055V 21010 MHz
MSM66P587
MSM66587A
Temperature range Ta MSM66P587 B -30to +70 °C
MSM660587 | Vpp=4.5t055V
MOS loads 20 —
PO, P5_4, P5_5, » .
P7_0, P7_1
Fan-out N
TTL loads P1, P2, P4, PG,
P7_2-P7_7, 1 —
P8-P10, P12
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20.3  Allowable Output Current

MSM66587A/P587 (Vpp = 2.7 t0 5.5V, Ta =-30 to +70°C)
MSM66Q587 (Vpp =4.510 5.5V, Ta =-30to +70°C)

Parameter Pin Symbol Min. Typ. Max. Unit
"H" output pin (1 pin) All output pins loH — — -2
"H" output pin (total) Total of all output pins ZloH — — -40
"L" output pin (1 pin) All output pins loL — — 5
Total of PO, P1, P5 and P7
Total of P2, P9 and P10 mA
"L" output pin (total) Total of P4 and P8 ZloL — — %0
Total of P6 and P12
Total of all output pins 100

Note: Power and ground connections must be made to all external Vpp and GND pins.
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20.4 DC Characteristics

20.4.1 DC Characteristics (Vpp =5V £10%)
MSM66587A/P587/Q587 (Vpp =5V £10%, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Input high voltage 1 v . 0.44Vpp — Vpp + 0.3
Input high voltage 2,4,5,6,7| 0.80Vpp — Vpp + 0.3
Input low voltage 1 v . -0.3 — 0.16Vpp
Input low voltage 2,4,5,6,7 It -0.3 — 0.2Vpp
Output high voltage 1,4 lo =—-400 A Vpp—0.4 — —
lo=-2.0mA Vpp-10.6 — —
: Von v
Output high voltage 2 lp =—200 A Vpp-0.4 — —
lo=-2.0mA Vpp - 0.6 — —
Output low voltage 1,4 lo=3.2mA — — 0.4
VoL lop=5.0mA — — 0.8
Output low voltage 2 lg=1.6 mA — — 0.4
lop=5.0mA — — 0.8
Input leakage current 3,6 — — 1/
Input current 51 ln/li Vi=Vpp/OV — — 1/-250 HA
Input current 7 — — 15/-15
Output leakage current 1,2,4| lio Vo =Vpp/0 V — — +10 A
Pull-up resistor 2| Rpul Vi=0V 25 50 100 kQ
Input capamta.lnce C f=1 MHz Ta = 25°C — 5 — oF
Output capacitance Co — 7 —
Analog reference power supply | A/D conversion operating — — 4 mA
current REF A/D conversion stopped — — 10 uA
Supply current Vpp=2V, Ta=25°C* — 0.2 10
Ibbs N HA
(STOP mode) — 1 100
Supply Current MSM66587A — 8 15
fgsc =20 MHz,
(HALT mode) IpoH o Locd MSM66P587 — 10 25 mA
al
O vsmesass] — 17 30
Supply Current MSM66587A — 25 40
fgsc =20 MHz,
Ipp o Load MSM66P587 — 45 70 mA
o Loa
MSM66Q587 — 45 70
1. Applies to PO.
2. Applies to P1, P2, P4, P6, P7_2-P7_7, P8-P10, P12.
3. Applies to Ain.
4. Applies to P5_4, P5_5, P7_0, P7_1.
5. Applies to RES.
6. Applies to EA, NMI.
7. Applies to OSCO.

For input ports, Vpp or 0 V. For other cases, unloaded.
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20.4.2 DC Characteristics (Vpp = 2.7 t0o 5.5 V)

MSM66587A/P587 (Vpp = 2.7 10 5.5 V, Ta = -30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. | Unit
Input high voltage 1 Vig . 0.44Vpp — Vpp + 0.3
Input high voltage 2,4,5,6,7 080Vpp| — |Vpp+03
Input low voltage 1 Vi . -0.3 — 0.16Vpp
Input low voltage 2,4,5,6,7 -0.3 — 0.2Vpp
) lop =—400 pA Vpp-0.4 — —
Output high voltage 1,4 lo=—2.0 mA Vop— 0.6 — —
Vou lo =—200 pA Vpp-04| — — v
Output high voltage 2 MSM66587A lp=—-1.0mA Vop - 0.8 . .
MSM66P587 lo=—2.0mA
Output low voltage 1,4 :g z 23 22 — — gg
VoL lo=1.6 mA — — 0.5
Output low voltage 2 MSM66587A lp=2.5mA — — 0.9
MSM66P587 lop=5.0mA — — 1.2
Input leakage current 3,6 — — 1/-1
Input current 5] /i Vi =Vpp/0V — — 1/-250 | pA
Input current 7 — — 15/-15
Output leakage current 1,2,4 | o Vo =Vpp/OV — — +10 uA
Pull-up resistor Rpull V=0V, Vpp =5V +10% 25 50 100 kQ
Vi=0V,Vpp=3V+10% 40 100 200
Input capacitzlince Cy f=1 MHz, Ta = 25°C — 5 — oF
Output capacitance Co — 7 —
A/D conversion Vpp=5.5V — — 4 A
Analog reference power Ine operating Vpp=3.3V — — 2
supply current A/D conversion | Vpp=9.5V — — 10 uA
stopped Vpp=3.3V — — 5
Applies to PO.
Applies to P1, P2, P4, P6, P7_2-P7_7, P8-P10, P12.
Applies to Ain.

Applies to P5_4, P5_5, P7_0, P7_1.
Applies to RES.

Applies to EA, NMI.

Applies to OSCO.

Noo kN~
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MSM66587A/P587 (Vpp = 2.7 t0 5.5 V, Ta = —30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. | Unit
Vpp =2V, Ta=25°C* — 0.2 10
Supply current (STOP mode) Inos oo nA
* — 1 100
MSM66587A — 4 8
VDD =5V £10%
Suop! ¢ (HALT mod | fosc = 10 MHz, MSM66P587 |  — 5 15 A
u curren mode m
pply ( ) DDH No Load MSM66587A — 2 4
\ipp =3V £10%
MSM66P587 — 3 10
MSM66587A — 15 25
Vipp =5V £10%
fgsc =10 MHZ, MSM66P587 - 30 50
Supply current lop mA
No Load MSM66587A — 7 13
Vpp =3V £10%
MSM66P587 — 13 25

*  Forinput ports, Vpp or 0 V. For other cases, unloaded.
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20.5 AC Characteristics
20.5.1 AC Characteristics (Vpp =5 V £10%)

(1) External Program Memory Control

(Vpp =5V 210%, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Clock (OSC) pulse width tow — 25 —
ALE pulse width taw 2 tyw —2 —
PSEN pulse width tew 2tow—5 —
PSEN pulse delay time traD tow — 3 tow + 3
Low address setup time taLs 2 tyw — 3 2 tyw + 3 ns
Low address hold time tALH CL=50pF tow =3 tow + 3
High address setup time taHs 4tyw -3 4tyw +3
High address hold time tapH 0 tow + 3
Instruction setup time tis 15 —
Instruction hold time ti4 0 tow =3

INSTO-7 >7

tis tiH
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(2) External Data Memory Control
(Vpp =5V £10%, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Clock (OSC) pulse width tow — 25 —
ALE pulse width taw 2 tyw —2 —
RD pulse width tRw 2tow -5 —
WR pulse width tww 2tow -5 —
Wpulse delay time trRAD tow — 3 tow + 3
WR pulse delay time twap tow — 3 tow +3
Low address setup time taLs CL = 50 pF 2tow -3 2 tyw + 3 s
Low address hold time taLH tow -3 tow + 3
High address setup time tAHs 3tow—3 3 tyw + 3
High address hold time tanH tow — 3 tow + 3
Memory data setup time tms 15 —
Memory data hold time tvH 0 tow — 3
Data delay time top taty—0 tALH+5
Data hold time toH tow — 3 tow + 3

o || L L [ L
tow tow
ALE

taw

AD0-AD7 ——— RAPO-7 Y omor y——
AB-A1g ————— RAP8-19 —

WR
twap tww
AD0-AD7 ——( RAPO-7 X DOUTO7 —
o fas taLn toH
N top
-
P — RAPS-19 —

tas tAHH
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(3) Serial Port Contorl

e Master mode

(Vpp =5V +10%, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Clock (OSC) pulse width tow — 25 — —
Serial clock cycle time tscke 8 tow — —
Output data setup time tsTMxs 4tyw =9 — — ns
Output data hold time tsTmxH CL =50 pF 3tw-10] — -
Input data setup time tSRMXS 20 — —
Input data hold time tSRMXH 0 — -

tscke

I

-

SDOUT
(TXD) :><

tsTMXH

tsTmxs

SDIN
(RXD)

X vaig X

X;de J<

tsrmvixs

tSRMXH
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e Slave mode
(Vpp =5V £10%, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Clock (OSC) pulse width tow — 25 — —
Serial clock cycle time tscke 8 tow — —
Output data setup time tsTmxs 2tew =15 — — s
Output data hold time tsTMXH CL =50 pF dtow-10] — —
Input data setup time tsrRMXS 20 — —
Input data hold time tsRMxXH ) — —

tscke

[T 7
"oy X %X
tSTMXH tsTMxs
(g%\)’ X ValidLj< X vaid X

. - ‘

tsRmxs  tsrmxH

AC timing mesurement point

VoD
0.8VbD 0.8Vbp
0.2Vbp 0.2VbD
oV
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20.5.2 AC Characteristics (Vpp = 2.7 t0 5.5 V)
(1) External Program Memory Control

MSM66587A/P587 (Vpp = 2.7 t0 5.5V, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Max. Unit
Clock (0SC) pulse width tow — 50 —
ALE pulse width taw 2tyw —4 —
PSEN pulse width tpw 2 tow — 10 —
PSEN pulse delay time traD tow — 6 tow + 6
Low address setup time taLs 2tyw—6 2 tyw + 6 ns
Low address hold time taLH CL =50 pF tow — 6 tow + 6
High address setup time tans 4ty -6 4tyw +6
High address hold time tapH 0 tow + 6
Instruction setup time tis 30 —
Instruction hold time ti 0 tow — 6
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(2) External Data Memory Control
MSM66587A/P587 (Vpp = 2.7 10 5.5V, Ta =-30to +70°C)

Parameter Symbol Condition Min. Max. Unit

Clock (OSC) pulse width tow — 50 —
ALE pulse width taw 2tyw—4 —
RD pulse width tRw 2 tow — 10 —
WR pulse width tww 2 tow — 10 —
RD pulse delay time tRAD tow — 6 tow + 6
WR pulse delay time twap tow — 6 tow + 6
Low address setup time taLs 0L = 50 pF 2tyw -6 2 tyw + 6 ns
Low address hold time taLH tow — 6 tow + 6
High address setup time taHs 3tyw—6 3 tyw + 6
High address hold time taHH tow — 6 tow + 6
Memory data setup time tvs 30 —
Memory data hold time tvH 0 tow — 6
Data delay time top tatn-0 taty + 10
Data hold time toH tow —6 tow + 6

cu L] L

tow tow
ALE
taw
RD
tRAD tRw
ADO-AD7 4< RAPO-7 >—< DINO-7

taLs tALH tms tMH

RAP8-19

tans | tAHH
|

A8-A19

|
Al

WR
twap tww
AD0-AD7 ———( RAPO7 X DOUTO-7 —
< fas taLH ton
a too |
gl
Ag-A19 ————( RAP8-19 —

tans tAHH
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(3) Serial Port Control

e Master mode

MSM66587A/P587 (Vpp = 2.7 t0 5.5V, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Clock (OSC) pulse width tow — 50 — —
Serial clock cycle time tscke 8 tow — —
Output data setup time tsTMXS dtgw-10 — — s
Output data hold time tSTMXH CL=50pF 3tew—20 — —
Input data setup time tsrmxs 30 — —
Input data hold time tSRMXH 0 — —

tsTMXH

tsTmXs

X valid

X valid

.

tsrmvixs

ﬁ<

tSRMXH
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e Slave mode

MSM66587A/P587 (Vpp = 2.7 t0 5.5V, Ta =-30 to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Clock (OSC) pulse width tow — 50 — —
Serial clock cycle time tscke 8 tow — —
Output data setup time tsTmxs 2tyw—-30] — — s
Output data hold time tsTvxH CL =50 pF dtyw—20 — —
Input data setup time tSRMXS 30 — —
Input data hold time tSRMXH 10 — —

tsTmxH jF tsTuxs
AXD) X Va|idLj< X vaid X

- > ‘

tsRvxs  tsrmxH

AC timing mesurement point

VoD
0.8VbD 0.8Vbp
0.2Vbp 0.2VbD
oV
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20.6  A/D Converter Characteristics

20.6.1 A/D Converter Characteristics (Vpp =5V £10%)
(Ta=-30to +70°C, Vpp = VRer = 5 V £10%, AGND = GND = 0 V, fogc = 20 MHz)

Parameter Symbol Condition Min. Typ. Max. Unit

Resolution n  |Refer to the recommended — 8 — Bit
.. circuit (Fig. 20-1)

Linearity error EL Analog input source — — 2
Differential linearity error Ep impedance — — +1 LSB
Zero scale error Ezs Ri<dka — — +2
Full scale error Ers | tconv = 19.219.2 usec — — -2
Conversion time tcony by ADTM set data 6.4 — 19.2 us/ch

20.6.2 A/D Converter Characteristics (Vpp =3V £10%)
MSM66587A/P587 (Ta =—30 to +70°C, Vpp = Vrer = 3 V £10%, AGND = GND = 0V, fpgc = 10 MHz)

Parameter Symbol Condition Min. Typ. Max. Unit

Resolution n  |Refer to the recommended — 8 — Bit
.. circuit (Fig. 20-1)

Linearity error EL Analog input source — — +1
Differential linearity error Ep impedance — — +0.5 LB
Zero scale error Ezs Ri<5kQ — — +
Full scale error Ers tcony = 38.4 usec — — -
Conversion time tcony | ADTM = 00b (384CLK selection) — 38.4 — us/ch
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Reference ~ v R
Voltage VRer DD 045V
O.; 1 4? + 1.
ol 01 | 47
R uF | uF
= Al0 to Al3
¢
Analog Voltage 1 AGND  GND ‘ ov
C =
— 01
i

R (analog input source impedance) < 5 kQ
Ci=01puF

Figure 20-1 Recommended Circuit

Definition of terms
1. Resolution

Resolution is t2he minimum input analog value that can be resolved. With 8 bits, 28 = 256 so
resolution can be to (VRgr — AGND) + 256.

2. Linearity error

Linearity error is the difference between actual conversion characteristics and ideal conver-
sion characteristics of an 8-bit A/D converter (so this does not include quantization error).

Ideal conversion characteristics would be to divide the voltage between Vggr and AGND into
256 equal steps.

3. Differential linearity error
Differential linearity error indicates slope of conversion characteristics. The change in analog
input voltage value that would change the digital output by one bit is ideally 1 LSB = (VRer
— AGND) + 256, so differential linearity error is the difference between this ideal bit size and
the actual bit size anywhere in the conversion range.

4. Zero scale error

Zero scale error is the difference between actual conversion characteristics and ideal
conversion characteristics at the point where digital output switches from 00H to 01H.

5. Full scale error

Full scale error is the difference between actual conversion characteristics and ideal
conversion characteristics at the point where digital output switches from FEH to FFH.
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21.

Special Function Registers (SFRs)

The 256-byte area 0000H-00FFH in data memory space is the SFR area. The 256-byte area
0100H-01FFH is the expanded SFR area. There are restrictions that limit expanded SFR and SFR

addressing.

The SFR and expanded SFR areas are register groups allocated special functions like the

following.

e Peripheral hardware mode registers

e Arithmetic register (ACC)

e Control registers (PSW, LRBL, LRBH, SSP)

Table 21-1 lists the SFRs. Terms in the table have the following meanings.

e Address[H]
e Function

e Byte, Word:

e Bit Symbol:

Addresses are expressed in hexadecimal.

This is what the SFR function is called.

symbol

symbol

blank

(1)

This symbol indicates an I/O function register.
The unit indicates whether it can be accessed by byte or by
word.

This indicates that the function cannot be accessed by this
unit.

This symbol indicates an I/O function register.

The I/O register is allocated to this bit as well.

However, this bit has no need to be accessed on a bit basis
and can not be accessed on a bit basis, so, the bit symbol is
not needed.

This symbolindicates a bit that represents that an1/0 funciton
register does not exist.

Programming should be done assuming the bit is always
undefined.

Operation of this bit may differ with ICE evaluation and the
actual chip (Mask version, OTP version, etc.).

Always write "0" to this bit.

Write 0 to this bit even when writing a byte or word that
includes it.

This bit will always read as "0".

Always write "1" to this bit.

Write 1 to this bit even when writing a byte or word that
includes it.

This bit will always read as "1".

All writes to this bit will be ignored.
This bit will always read as "1".
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Undefined  This indicates a bit that does not support the 1/0 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.

e R/W This indicates whether the specified SFR can be read (R) or written (W).
R/W Can be read and written.
R Can only be read.
W Can only be written.

e Reset state Reset state indicates SFR contents after reset (RES signal input, BRK

instruction execution, op code trap).

e Reference page Thisindicates the page that discusses the configuration of the bit symbols.

Note: Stars indicate SFRs that exist only in flash-version devices. For details, please refer to
Chapter 19, "Flash Memory".

Notes:

Do not perform the following operations on the SFRs listed below.

. Write operations on read-only SFRs.

. Read operations on write-only SFRs.

16-bit operations on 8-bit-only SFRs.

. 8-bit operations on 16-bit only SFRs.

. Operations on addresses which have not been allocated as register and so on.
. Operations in the area for emulator use.

oA WN =
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Table 21-1 SFR List

Adﬁﬁss Function Byte | Word , . ; Bit iy"‘b°' . ) 1 S F;‘::f; R;;%r:
0000 System Stack Pointer — SSP FFFF | P3-20
0001 —

0002 , LRBL ,

0003 Local Register Base LRBH LRB undefined P3-19
0004 PSWL MAB F1 BCB1 BCBO FO SCB2 SCB1 SCBO 00

oo | | rogram Status Word pswH | oV ey zF HC DD s MIP ov MIE 0 P
0006 ACCL R/W| 00

3007 Accumulator ACOH ACC 0 P3-14
0008 | Table Segment Register TSR DSTSR 0 0 0 00 |P3-23
0009 Data Segment Register DSR 0 0 0 00 P3-24
000B ROM Window Register ROMWIN — 00 P5-2
000C | ROM Ready Control Register ROMRDY | — ™) ) ) ) ) (1) | ORDY1 | ORDYO FF | P5-4
000D | RAM Ready Control Register RAMRDY | — (1) | ARDY12 | ARDY11 |ARDY10 (1) | ARDY02 |ARDY01 | ARDY0O FF | P5-3
000E Stop Code Acceptor STPACP — — — — — w "0" P4-5
000F | Standby Control Register SBYCON | — ) (1) 0ST1 | 0STO (1) FLT HLT STP c8 | P4-3
0010 Port 0 Data Register PO P0_7 P0_6 P0_5 P0_4 P0_3 P0_2 PO_1 P0_0 00 P6-10
0011 Port 1 Data Register P1 o P1_7 P1_6 P1_5 P1_4 P1_3 P1_2 P1_1 P1_0 00 P6-11
0012 Port 2 Data Register P2 — P2_7 P2_6 P2_5 P2_4 P2_3 P2_2 P2_1 P2_0 00 P6-12
0014 | Port 4 Data Register P4 B P47 | P46 | P4s P44 | P43 P42 | P4t P40 00 |P6-14
0015 | Port 5 Data Register P5 (1) (1) P55 P5_4 |undefined | undefined | undefined | undefined undefined| P6-16
0016 Port 6 Data Register P6 undefined |undefined P6_5 P6_4 P6_3 P6_2 P6_1 P6_0 undefined| P6-17
0017 Port 7 Data Register P7 o P7_7 P7_6 P7_5 P7_4 P7_3 P7_2 P7_1 P7_0 00 P6-19
0018 Port 0 Mode Register PoIO - P0I07 P0IO6 P0I05 P0I04 P0IO3 P0102 P0I01 P0I0O0 R/W 00 P6-10
0019 Port 1 Mode Register P110 P1107 P1106 P1105 P1104 P1103 P1102 P1101 P1100 00 P6-11
001A Port 2 Mode Register P210 — P2107 P2106 P2105 P2104 P2103 P2102 P2101 P2100 00 P6-12
001C Port 4 Mode Register P410 P4107 P4106 P4105 P4104 P4103 P4102 P4101 P4100 00 P6-14
001D Port 5 Mode Register P510 - (1) 1) P5105 P5104 | undefined | undefined | undefined | undefined undefined| P6-16
001E | Port 6 Mode Register P610 undefined |undefined | P6I05 P6104 | P6I03 P6102 P6101 P6100 undefined| P6-17
001F Port 7 Mode Register P710 o P7107 P7106 P7105 P7104 P7103 P7102 P7101 P7100 00 P6-19

[
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Address . Bit Symbol R/W Reset |Refere-
[H] Function Byte | Word 7 6 5 s 3 2 ] 0 State | s

0020 Port 8 Data Register P8 P8_7 P8_6 P8_5 P8_4 P8_3 P8_2 P8_1 P8_0 00 P6-21
0021 Port 9 Data Register P9 P9_7 P9_6 P9_5 P9_4 P9_3 P9_2 P9_1 P9_0 00 P6-22
0022 Port 10 Data Register P10 — P10_7 P10_6 P10_5 P10_4 P10_3 P10_2 P10_1 P10_0 00 P6-24
0028 | Port 8 Mode Register P8I0 . P8IO7 | P8IO6 | P8IO5 | P8I04 | P8IO3 | P8IO2 | P8I0 | P8IO0 00 | P6-21
0029 Port 9 Mode Register PaIO P9I07 P9106 P9I05 P9104 P9I03 P9102 P9I01 P9I00 00 P6-22
002A Port 10 Mode Register P10I0 — P10107 P10106 | P10105 P10104 P10103 P10102 P10101 P10100 00 P6-24
002C A/D Interrupt Control Register ADINTCON — M M 0 0 ADSTIE 0 INTST 0 Co P14-4
0031 | Port 1 Secondary Control Register | P1SF - XDM15 | XDM14 | XDM13 | XDM12 | XDM11 | XDM10 | XDM9 | XDM8 00 | P6-11
0032 Port 2 Secondary Control Register P2SF — ) 0 RTO9 RTO8 0 0 0 0 80 P6-12
0034 | Port 4 Secondary Control Register P4SF — 0 0 0 0 0 0 0 ETMCK 00 P6-14
0035 | Port 5 Secondary Control Register P5SF — (1) 1) ALE PSEN (1) (1) (1) (1) CF P6-16
0036 Port 6 Secondary Control Register P6SF — 0 0 TXC1 RXC1 TXD1 RXD1 INT1 INTO 00 P6-17
0037 Port 7 Secondary Control Register P7SF — 0 0 0 PWMO | CLKOUT | WAIT RD WR 00 P6-19
0039 Port 9 Secondary Control Register PISF — 0 0 0 0 XDM19 | XDM18 | XDM17 | XDM16 RAW 00 P6-22
0040 IRQOL 0 0 0 0 0 QTM10V 0 QINTO 00

Interrupt Request Register 0 IRQO
0041 pLRed g IRQOH Qscl1 0 0 QRT09 | QRTO8 0 0 0 00
0042 Interrupt Request Register 1 IRQ1L — QINT1 0 0 QPWO1 QAD 0 QGTMOV | QSTMOV 00
0044 IEOL 0 0 0 0 0 ETM10V 0 EINTO 00

Int t Enable Register 0
0045 | MerTuptEnable Register Er I 0 0 ERTO9 | ERTOS 0 0 0 00
0046 | Interrupt Enable Register 1 IE1L — EINT1 0 0 EPWO1 EAD 0 EGTMOV | ESTMOV 00
0048

Interrupt Priority Control Register 00 IPOOL P00 0 0 0 0 0 POTM10V 0 POINTO 00 P17-6
0049 IPOOH POSCI 0 0 PORT09 | PORTO8 0 0 0 00

0 0 0 0 0 0

004A Interrupt Priority Control Register 01 IPOTL 1PO1 PITM10V P1INTO 00
004B IPOTH P1SCI1 0 0 P1RT09 | P1RTO8 0 0 0 00
004C | Interrupt Priority Control Register 10| IP10L — POINTA 0 0 POPWO1 POAD 0 POGTMOV | POSTMOV 00
004E | Interrupt Priority Control Register 11| IP11L — P1INT1 0 0 P1PWO1 P1AD 0 P1GTMOV | P1STMOV 00
0050 —
0051 PWM Counter 0 PWCO R | FFFF | P11-2
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Adﬁ-rlless Function Byte | Word . 6 5 Bit iymbol s ) ; o R/W 1‘::: Rs‘:?ger:
0060 —
0061 PWCO Buffer Register — PWCOBF FFFF

P11-3
0070 PWRO Buffer Register — PWOBF 0000
0071 —
0090 —
0091 Timer Register 8 — TMR8 0000
R/W

gggé Timer Register 9 : TMR9 0000 | po9-5
00B4 RTO Control Register 8 RTOCON4 (1) (1) (1) (1) (1) (1) T8BFO T80UT FC
00B5 RTO Control Register 9 RTOCON5| M (1) (1) (1) (1) (1) T9BFO ToOUT FC
gggg Timer Counter 1 — ™1 0000 | P9-2
00D0 | A/D Result Register 0 ADCRO — R |undefined P14-4
00E1 A/D Control Register H ADCONH — (1) ADTM1 | ADTMO STS 0 0 ADSTM1 | ADSTMO 80 P14-3
00E2 Timer Control Register TMCON — TM1RUN | TM1CK2 | TM1CK1 | TM1CKO 0 0 0 0 00
00E4 . . — 0 0 0 0 0 0 0 0 P93
0065 TM Setting Register — TMSEL 0 0 0 0 0 0 ] ] 0300
00E6 TMR Mode Register TMRMODE] — 0 0 0 0 TOMD1 TOMDO | T8MD1 T8MDO 00 P9-6
00EB PWM Run Register PWRUN 0 0 0 0 0 0 0 PWORUN 00
00EC | PWM Control Register 0 PWCONO | 0 0 0 0  |PWOACT |PWOCK2 | PWOCK1 | PWOCKO w |
00F0 PWM Interrupt Register 0 PWINTQO PWINTQ 0 0 0 0 0 0 0 QPWO [R/W| 00 P115
00F1 PWM Interrupt Register 1 PWINTQ1 0 0 0 0 0 0 0 QPWRO 00
00F2 PWM Interrupt Enable Register 0 PWINTEOQ PWINTE 0 0 0 0 0 0 0 EPWO 00 P11
00F3 PWM Interrupt Enable Register 1 PWINTE1 0 0 0 0 0 0 0 EPWRO 00
00F6 SCI1 Transmit/Receive Buffer Register | S1BUF _ undefined P13-5
00F7 SCI1 Status Register S1STAT TR1IRQ TR1IE RV1IRQ | RV1IE 0 0 OERR1 0 00 P13-6
00F8 General 8-Bit Timer Control Register | GTMCON - 0 0 (1) 1) GTMRUN | GTMCK2 | GTMCK1 | GTMCKO 30
00FA General 8-Bit Timer Counter GTMC 00 P10-2
00FB General 8-Bit Timer Register GTMR o 00

[
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Expanded SFR Area
Ad([‘;?ss Function Byte Word . . . Bit jymbol . . ; o R/W zfatsf REE:E:
0100 | Memory Size Acceptor MEMSAGP w| o
0101 | Memory Size Control Register MEMSCON| ) ) () ) () ) LROM | LRAM |t
0107 | Peripheral Control Register PRPHF — undefined | undefined 1) 1) (1) (1) CKOUT1 | CKOUTO undefined| P15-1
0108 | NMI Control Register NMICON | NMIRD | (1) (1) ) ) () NMIM1 | NMIMO FCor7C | P16-3
0109 External Interrupt Control Register EXICON EX3M1 EX3MO EX2M1 EX2MO0 EX1M1 EX1MO EXOM1 EXOMO 00 P16-2
010C | Interrupt Request Register 2 IRQ2L . 0 0 0 0 QINT3 QINT2 0 0 00
010D | Interrupt Enable Register 2 [E2L 0 0 0 0 EINT3 EINT2 0 0 00 p174
010E | Interrupt Priority Control Register 20| IP20L 0 0 0 0 POINT3 POINT2 0 0 RW| 00 P17-5
010F | Interrupt Priority Control Register 21| |P21L 0 0 0 0 P1INT3 P1INT2 0 0 00
0118 | SCI1Timer Counter —
0119 | SCI1Timer Register — STTM 0000 | P12-2
011A | SCI1Timer Control Register S1CON — S1CK2 S1CK1 S1CKO0 S1RUN ESTM1 QSTM1 (1) S1MOD 02 P12-3
011B | SCI1Transmit Control Register ST1CON — 1) 0 0 STIMST 1) 1 1 0 R 8E P13-4
011C | SCI1Transmit/Receive Control Register| SR1CON — SR1REN 0 0 SR1MST (1) 1 1 0 R/W/| OE P13-3
011E | TBC Clock Dividing Counter TBCKDVC | ) (1) (1) () R FO | ey
011F | TBC Clock Division Register TBCKDVR ) (1) ) () FO
0120 Port 12 Data Register P12 — P12_7 P12_6 P12_5 P12_4 P12_3 P12_2 P12_1 P12_0 00
0122 Port 12 Mode Register P1210 — P12107 P12106 P12105 P12104 P12103 P12102 P12101 P12100 00 P6-25
0124 | Port 12 Secondary Control Register | P12SF — 0 0 0 0 INT3 INT2 0 0 00
0130 | Port 0 Pull-Up Control Register POPUP | |POPUP7 |POPUP6 |POPUP5 | POPUP4 | POPUP3 | POPUP2 |POPUP1 |POPUPO RW| oo | P6-10
0131 Port 1 Pull-Up Control Register P1PUP P1PUP7 |P1PUP6 | P1PUP5 | P1PUP4 | P1PUP3 | P1PUP2 |P1PUP1 | P1PUPO 00 P6-11
0134 | Port 4 Pull-Up Control Register P4PUP | |PAPUP7 |PAPUP6 | PAPUP5 | PAPUP4 | PAPUP3 | PAPUP2 | P4PUP1 | P4PUPO 00 | P6-14
0139 | Port 9 Pull-Up Control Register POPUP POPUP7 |POPUP6 | POPUPS | P9PUP4 | POPUP3 | P9PUP2 | P9PUP1 | POPUPO 00 | P6-22
013A | Port 10 Pull-Up Control Register P10PUP — P10PUP7 |P10PUP6 [P10PUP5 |P10PUP4 |P10PUP3 | P10PUP2 |P10PUP1 |P10PUPO 00 P6-24
%01F0 | Flash Memory Acceptor FLAACP — — — — W 0"
01F1 | Flash Memory Control Register | FLACON | | — — — | Foki | Foko | — | SeRs | PRg g | T198
iglz Flash Memory Address Register —  IFLAADRS - — — — — = AW defined P19-7
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22. Package Dimensions
(Unit : mm)
TQFP100-P-1414-0.50-K |
] @ @
ARAAAAAAAARAAAAAAAAAAAAAR
20 O
al=| =
o| © =
e =
o =
oo =
e O
8
(LLBLEERELEEEELELEELELEEIS 3| 3
INDEX MARK @ S|
Mirror finish 1,0 7vp, 0.22 8% = = | 2
1 L \0-10°
0.17+ 0.05 R — A
S 0.5+ 0.2
°© 0.6TYP.
SEATING PLANE
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 0.55 TYP.

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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