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The uPD75028(A) belongs to the NEC CMOS 4-bit single chip micro-
computer 75X series which enables data processing matching an 8-
bit microcomputer.

The uPD75028(A) is a powerful and high cost performance product
which contains high function such as A/D converter and serial bus
interface (SBI) adopting the NEC standard format in addition to
Ohigh-speed operation (minimum instruction execution time by CPU:
0.95 us).

uPD75P036 which contains PROM instead of uPD75028(A) ROM is also
provided for evaluation during system development or for small
production.

Features

o High reliability as compared with uPD75028

o Fast execution time (@4.19 MHz)
High speed cycle: 0.95 us
Low voltage cycles: 1.91 us and 15.3 us
o Power-reducing operation
With system clock operating at 32.768 kHz (execution time:
122 us)
o A/D converter
8-channel, 8-bit
o Low-voltage operation possible (Vpp=2.7 to 6.0V)
o Four timers
One of them can be used as PWM output, 16-bit counter for an
integrating A/D converter, etc.
o NEC standard serial bus interface
SBI mode.
o Very low-power clock operation: 5 uA TYP. (at 3V in HALT mode)
0 43 I/0 lines
With mask-option or software-selectable pull-up/pull-down
resistors

o OTP version: uPD75P036 (VDD = 2.7 to 6.0 V)



Applications
Car electronics, etc.

Ordering Information

Ordering Code Package Quality Grade
uPD75028CW(A)-xxx 64-pin plastic Shrink DIP Special
uPD75028GC(A)-xxx-AB8 64-pin plastic QFP Special

{14 x 14 mm)

Remarks: xxx is ROM code number.

Please refer to “Quality grade on NEC Semijconductor Devices” (Document number 1EI-1208) published by
NEC Corporation to know the specification of quality grade on the devices and its recemmended applications.



Difference between uPD75028(A) and uPD75028

Product uPD75028
Item
Quality grade Special Standard
Operation temperature -40 to +85°C -40 to +70°C
range
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Pin Configuration (Top View)

o 64-pin plastic shrink DIP

SB1/SI/P03
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o 64-pin plastic QFP
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Pin names

P00-03
P10-13
P20-23
P30-33
P40-~43
P50-53
P60-63
P70-73
P80-83
P90-93
P100-103
P110-113
RRO-7
SCK

S1

PCL
INTO, 1, 4
INT2

X1, 2

XT1, 2
MAR

MAT

MAZ

HAT

PPO

ANO-?

AVRER+
AVpER-

Remarks:

Port0
Portl

: Porte2

Port3
Port4
Ports
Porté
Port?

: Port8

Port9

Porclo
Porcll

Key Return
Serial Clock

: Serial Input

: Serial Output
: Serial Bus O, 1

: Reset Input

: Timer Input O

¢ Programmable Timer Output 0

Buzzer Clock

: Programmable Clock

External Vectored Interrupt 0, 1, 4

: External Test Input 2

: Main System Clock Oscillation 1, 2

: Subsystem Clock Oscillation 1, 2

: Reference Integration Control

: Integration Control MET A/D

Autozero Control mode

: External Comparate Timing Input

: Programmable Pulse Qutput...MFT timer mode
: Analog Input 0-7

Analog Reference (+)

i Analog Reference (-)

¢ Analog V

DD

+ Analog VSS
: Positive Power Supply

: Ground

MFT: Multifunction timer
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Function Outline

(1/2)

Item

PFunction

Number of instructions

41

Instruction execution time

» When main system clock is selected:
operation)
+ When subsystem clock is selected:

0.95, 1.91, 15.3us (during 4.19 MHz

122 us: (during 32.768 kHz operation)

On-chip memory

Program memory (ROM): 8064 x 8 bits

Data memory (RAM): 512 x 4 bits

General purpose register

¢ During 4-bit operation:
¢ During 8-bit operation:

8 (X, A, B,C, D, E, B, L)
4 (XA, BC, DE, HL)

Accumulator

* Bit accumulator (CY)
+ 4<bit accumulator (A)
e 8-bit accumulator (XA)

‘Instruction set

+ Various bit manipulation

¢ Efficient 4-bit data handling instruction

+ 8-bit data transfer instructions

» GETI instruction which can convert any 2-byte or 3-byte instruction into
a l-byte instruction for execution

12 lines | Input pins Pull-up resistor can be
applied to 27 lines and
1/0 1i 48 1 24 lines | CMOS 1/0 pins pull-dovn IQSLZtOI canb
ne 8 lines (can be LED driving: 4) be applied to 4 lines by
means of software
Middle-voltage N-ch Pull-up resistor can be
12 lines | open drain input/output applied to 12 lines by
(can be LED driving) means of mask option
¢ 8-bit timer/event counter
¢ Pour stages of clock sources
+ Event count can be made
¢ 8-bit basic interval timer
¢ Reference time generation: }.95ms, 7.82ms, 31.3ms 250ms
(during 4.19MHz operatiom)
« Applicable as a watchdog timer
+ Wateh timer
e 0.5-second timer interval generation
Timer 4 Channels
» Count clock source
: Main system clock and subsystem clock can be changed
e Watch rapid feed mode (3.9-ms time interval generation)
» Buzzer output is enabled (2kHz, 4kHz, 32kHz)
¢ Multifunction timer
¢ 8-bit timer
* PWM output are applicable
* 16-bit free running timer
e 16-bit integration A/D converter counter




Function Outline (2/2)

Item

Function

8-bit serial interface

* Can cover the following three modes .
+ 3-line serial 1/0 mode ... MSB first/LSB first can be selected
e 2-line serial 1/0 mode
¢ SBI wmode

Bit sequential buffer

Special bit manipulation memory: 16 bits
+ Appropriate for remote control application

Clock output function

Timer/event counter output (PT00): Square wave output of any frequency

Clock output (PCL): &, fx123, fxlzb, fx/26 (4.19MHz during main system clock
operation)

Buzzer output (BUZ): 2kHz, 4kHz 32kHz (4.19MHz during main system clock
operation or 32.768kHz subsystem clock operation)

A/D converter

8-bit resolution A/D converter (successive approximation): 8 channels
» Can operate at low voltage: VDD-2.7-6.OV
+ Reference voltage can be set as desired in the range of AVREF+' AVREF-’
2.5Vs(AVppp, )~ {AVppp )56.0V

Vector interrupt

External:
Internal: 4

Test input

External: 1
Internal: 1

System clock oscillator

e Ceramic or crystal oscillator for main system clock oscillation
» Crystal oscillator for subsystem clock oscillation

Standby function

*» STOP mode: Stops main system clock oscillation.
e HALT mode: Continues system clock oscillation. (Stops CPU clock supply)

Package

¢ 64-pin plastic shrunk DIP (750mil)
» 64-pin plastic QFP (14 x l4mm)
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1. PIN FUNCTION

1.1 Port Pins

Dual 8- Input/output
Pin name 1/0 | function Function bit When reset circuit type
pin 1/0 (Note 1)
POO 1 INT4 4-bit input port (PORTO). B
Internal pull-up resistor
POl 1/0 SCK can be specified for x Input F-A
POl-P0O3 in 3-bit units by
P02 1/0 S0/SBO gsoftware. F-B
P03 1/0 SI/SB1 M-C
P10 INTO With nolse removing
function
Pll INT1
1 4-bit input port (PORTI). x Input B-cC
P12 INT2 Internal pull-up resistor
can be specified in 4-bit
P13 T10 units by software.
P20 PTOO 4-bit input/output port
(PORT2).
P21 1/0 PPO Internal pull-up resistor x Input E-B
can be specified 4-bit
P22 PCL units by software.
P23 BUZ
P30(Note 2) - Programmable 4-bit input/
output port (PORT3).
P31(Note 2) 170 - Input or output mode can
be set bit-wise. x Input E-B
P32(Note 2) - Internal pull-up resistor
can be specified in 4-bit
P33(Note 2) - units by software.
P40-P43 N-ch open drain 4-bit High (when
(Note 2) input/output port (PORT4). pull-up .
Internal pull-up resistor resistor is M
1/0 - can be contained bit-wise contained) or
(mask option). 10-V voltage high impedanced
10-V voltage during open
drain.
o
P50-P53 N-ch open drain 4-bit High (when
(Note 2} input/output port (PORTS). pull-up
Internal pull-up resistor registor is M
1/0 - can be contained bit-wise contained) or
(mask option). high impedance
10-V voltage during open
drain.
Note 1l: o denotes Schmitt trigger input.
Note 2: LED can be directly driven.




1.1 Port Pins (Continued)
Dual 8- Input/output
Pin name 1/0 | function Function bit When reset eircuit type
pin 1/0 (Note 1)
P60 RRO Programmable 4-bit input/
output port (PORT6).
P61 KR1 Input or output mode can be
1/0 specified bit-wise. Input (:)- A
P62 KR2 Internal pull-up resistor
can be specified in 4-~bit
P63 KR3 units by software. o
P70 KR4 4-bit input/output port
(PORT7). )
P71 KRS Internal pull-up resistor Input (:)— A
1/0 can be specified 4-bit
P72 KR6 units by software.
P73 RR7
4-bit input/output port
(PORTS) .
P80-P83 1/0 - Internal pull-up resistor Input E-B
can be specified in 4-bit
units by software. x
4-bit input/output port
(PORT9).
P90-P93 1/0 - Internal pull-down resistor Input E-D
can be specified in 4-bit
units by software.
P100(Note2) MAR N-ch open drain 4-bit input/ High (when
— output port (PORTI10). pull-up
P101(Note2) MAL Internal pull-up resistor resistor is
I/0 — can be contained bit-wise contained) M
P102(Note2) MAZ (mask option). or high
— 10-V voltage during open impedance
P103(Note2) MAT drain.
x
P110 ANO 4-bit input port (PORT1L).
P11l AN1
1 Input Y-A
P112 AN2
P113 AN3

Note 1: o denotes Schmitt trigger input.

Note 2: LED can be directly driven.
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1.2 Pins Other Than Port Pins

Dual When |Imput/output
Pin name 1/0 | function Function reset circuit type
pin (Note 1)
TI0 1 P13 External event pulse input to timer/ _ c
event counter. -
PTOO 1/0 P20 Timer/event counter output. Input E-B
PCL 1/0 P22 Clock output. Input E-B
Any desired frequency output (for
Uz 0 -
8 U P23 buzzer or system clock trimming). Input E-B
SCK i/o POl Serial clock input/output. Input @- A
Serial data output.
SBO 0 -
so/ Il Foz Serial bus input/output. Input @ B
S1/SB1 1/0 P03 Serial data input. Input @_ c

Serial bus input/output.

Edge-detected vectored interrupt input
INT4 1 P00 (both rising edge detection and -
falling edge detection are valid).

INTO P10 Edge-detected

Clocked
vectored interrupt
1 input (detection _ — c
edge can be
INTL P11} selected). Asynchronous

Edge~detected

testable input
—_— - C
INT2 I P12 (rising edge Asynchronous

detection).

KRO-KR3 1/0 P60-P63 Parallel falling edge detect testable Input A
input.
KR4-KR7 1/0 P70-P73 Parallel falling edge detect testable Input - A
input. .
AR 1/0 P10C Reverse integration (Note 2) -
signal output.
During MFT -
a1 1/0 P101 integration | Integration signal (Note 2) N
A/D output.
— converter
MAZ 1/0 P102 mode Auto zero signal output. (Note 2) -
MAT 1/0 P103 Comparator input. (Note 2) -

Note 1l: o denotes Schmitt trigger input

Note 2: High (when pull-up resistor is contained) or high
impedance.

Remarks: MFT: Multifunction timer
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1.2

Pins Other Than Port Pins (Continued)

Dual When Input/output
Pin name 1/0| functiom Function circuit type
X reset
pin (Note 1)
PPO 1/0 P21 During MFT Timer pulse output. Input E-B
timer mode
ANO-AN3 P110-P113 Y-A
I 8-bit analog input. Input
AN4-ANT - Y
AVREF+ - A/D Reference voltage input o z - A
1 converter (AVDD side).
dedicated
AVREF- - pins Rzieren?z voltage input — 72 - A
1 ( gg SF e).
AVDD 1 - Operation voltage input — —
AVss - Reference GND input. . -
Crystal or ceramlic connection pins for main
system clock oscillation. To supply
X1, X2 1 - external clock, input it to XTl and its —_— -
inverted phase to X2. Xl can be used as a
l-bit input (test).
Crystal connection pins for subsystem clock
oscillation. To supply extermal clock,
XT1, XT2 1 - input it to XTl and its inverted phase to _— -
XT2. XTl can be used as a l-bit input
(test).
RESET 1 - System reset input. -—
1c - - Internally Connected. Connect to VDD —_— -
VDD - - Positive power supply. -_— -
VSS - - GND potential. _— -
Note 1: o denotes Schmitt trigger input.
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1.3 Pin Input/Output Circuits

The pin input/output circuits of the uPD75028(A) are shown sche-
matically.

TYPE A(For TYPE E-B)| TYPE D(For TYPE E-B and F-A)

Voo Voo

ouT

output N-ch
disable

Push-pull output to enable output to
became high impedance (both P-ch and
N-ch off).

TYPE B TYPE E-B I

Specification input buffer.

Voo
P.U.R.
P.UR. D l
enable P-ch
IN
data IN/OUT
Type D 0
output
disable
c(ﬂgﬂ
Schmitt trigger input having P.U.R. : Pull-Up Resistor
hysteresis characteristic.
TYPE B-C TYPE E-D
Voo
data INJOUT
. Type D O
P.U.R. output
u disable
P.U.R.
enable
Type A
P.D.R.
IN enable t | N-ch
P.D.R.

P.U.R. : Pull-Up Resistor

P.D.R. : Pull-Down Resistor
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TYPE F-A ]

TYPE M-C I

(N)

v

P.U.R. . Pull-Up Resistor

Voo Voo
P.UR. P.U.R.
P.UR. o I _ P.U.R. D o I
enable Poch enable Pk
IN/OUT -
data IN/OUT -
Type D o dat
output ata N-ch
disable output
disable
Type B .H—
P.U.R. : Pull-Up Resistor .
P.U.R. ! Pull-Up Resistor .
TYPE F-B TYPE Y
Voo
P.U.R. AVey
IN -
P.U.R. P-ch P~ch T
enable E l e, N-ch +
cutput AVpp © I
disable - -,
® Sam I_
5% " IN/OUT - pling
data A o AV c AVss
output Reference voltage
disable . (from series
output vt spesistor string
disable enable -

voltage tap)

TYPE M

P.U.R.
enable
(Mask Option) IN/OUT
0

data

~— N-ch
(+10Vv
output voltage)
disable

Midium-voltage input buffer
(+10V voltage)
P.U.R. ! Pull-Up Resistor

TYPE Y-A

IN instruction

Y

Ihput buffer

§ AVyp
Xg P chﬁ1 X
N-ch _I_ -
AV, Sam- l
Hi_;' pling AV,
v AVSS C
Reference voltage

(from series

resistor string
voltage tap)
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TYPE Z-A

AVREF+

AVppr-

‘Reference
voltage

1.4 Mask Option Selection

The pins contain mask option, as listed below:

Pin function

Mask option

P40-P43, Pull-up resistor @ No pull-up resistor
P50-P53, (can be specified (can be specified
P100-P103 bit-wise) bit-wise)
Feedback resistor @ No feedback resistor
XT1l, XT2 (when subsystem (when subsystem
clock is used) clock is not used)







2. uPD75028(A) ARCHITECTURE AND MEMORY MAP
The uPD75028(A) architecture features are as follows:

(a) Bank configuration of data memory
(b) Memory mapped-I/O

General description of these features is given.
2.1 Data Memory Bank Configuration and Addressing Mode

The uPD75028(A) contains 512-word x 4-bit static RAM at addresses
O00H-1FFH of data memory space and peripheral hardware such as
input/output ports and timers at addresses F80H-FFFH, as shown in
Fig. 2-1. To address the data memory space of 12-bit addresses,
the low-order eight bits of an address are specified directly or
indirectly by an instruction and the high-order four bits are
specified according to memory bank (MB). (Memory bank configura-
tion)

Memory bank enable flag (MBE) and memory bank selection register
(MBS) are contained for memory bank (MB) specification and enable
addressing as shown in Figs. 2-1 and 2-2 and Table 2-1. (MBS is
used to select a memory bank and 0, 1, or 15 can be set. MBE is
a flag to determine whether or not the memory bank selected in
MBS is validated. MBE is automatically saved and restored during
interrupt processing or subroutine processing, thus can be set as

desired by the interrupt service routine or subroutine.)

For addressing the data memory space, normally MBE is set to 1
and static RAM of the memory bank specified in MBS is operated;
efficient programming is enabled by using MBE = 0 mode and MBE =
1 mode each properly in program processing.



Applicable program processing

o Interrupt processing

MBE = 0 mode | © Repetition of internal hardware operation and
static RAM operation
0 Subroutine processing
MBE = 1 mode | o Normal program processing

MBE and MBS are set as shown below:

Example: SET1 MBE ; MBE - 1
CLR1 MBE ; MBE —=— 0
SEL MBO ; MBS =— 0
SEL MB1 ; MBS —~— 1
SEL MB15 ; MBS —— 15



000H

0078

07FRH

OFFH
10CH

1FFH

F80H

FBOH
FBFH
FCOB

FFOH
FYFH

Fig.

2-1

Data Memory Configuration and Addressing Range
for each Addressing Mode

Addressing mode

mem
mem.bit

@HL
@H+mem,bit

Stack
Addressing

fmem.bit

pmen.@L

Memory
enable

bank enable
flag

MBE=0 | MBE=1

MEB=0 | MBE=1

+ Stati

(memory bank 0)

General
purpose
register
area

c RAM

Static RAM
(memory bank 1)

%

\

1
)
)
)
| Not contained
)
h
'
L)
.

Peripheral
I hardware area

(memory bank 15)

-: don’t care
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Table 2-1 Addressing Mode

Addressing mode | Identifier Specified address
1-bit direct mem.bit Bit of address indicated by MB and mem. The bit
addressing position is indicated by bit.
- When MBE = 0,|MB = 0 when mem = O00H-7FH
MB = 15 when mem = 80H-FFH
- When MBE = 1, MB = MBS
4-bit direct Address indicated by MB and mem.
addressing - When MBE = 0,|MB = 0 when mem = O00H-7FH
MB = 15 when mem = 80H-FFH
- When MBE = 1, MB = MBS
s . mem . 1]
8-bit direct Address indicated by MB and mem (mem is an even
addressing address).
- When MBE = 0,{MB = 0 when mem = OOH-7FH
MB = 15 when mem = 80H-FFH
- When MBE = 1, MB = MBS
4-bit register @HL Address indicated by MB, HL.
indirect MB = MBE-MBS
addressing
@DE Memory bank 0 address indicated by DE.
@DL Memory bank 0 address indicated by DL.
8-bit register @HL Address indicated by MB and HL (L register
indirect contains an even number).
addressing BM = MBE-MBS
Bit manipula- Bit of address indicated by fmem. The bit
tion addressing | fmem.bit position is indicated by bit.
fmem =|FBOH=FBFH (hardware related to interrupts)
(FFOH-FFFH (1/0 port)
Bit of address indicated by the high-order 10
bits of pmem and the high-order two bits of the
pmem. @L L register. The bit position is indicated by
the low-order two bits of the L register.
pmem = FCOH-FFFH
Bit indicated by MB, H, and the low-order four
@H+mem.bit | bit of mem. The bit position is indicated by

bit.
MB = MBE-MBS

Stack addressing

Memory bank 0 address indicated by SP.
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As listed in Table 2-1, direct or indirect addressing is enabled
for each of 1-bit data, 4-bit data, and 8-bit data on uPD75028(A)
data memory operation; very efficient and easy-to-understand
programs can be prepared.

Example 1: Transfer 8-bit data at port 4, 5 to address 20H, 21H.
CLR1 MBE ; MBE —-— 0
IN XA, PORT4 XA -— Port 5, 4
MOV 20H, XA ; (21H, 20H) —-— XA

~e

Example 2: Set P33 if P02 is 0.
SKT PORTO0.2 ; Skip if port 0 bit 2 is 1
SET1 PORT3.3 ; Set port 3 bit 3

Example 3: Output different value to port 6 depending on the P10
" state.
SKF PORT1.0
MOV A, #1010B
MOV A, #0101B
SEL. MB15
OUT PORT6, A

Skip if port 1 bit 0 is O
A =— 1010B (string effect)
A —— 0101B (string effect)
or CLR1 MBE

Port 6 -— A

~e ~e ~e “e

~e



Fig. 2-2 Static RAM Address Update Method

X0H X FH
0xH
DECS D DECS D
@DbL @DE
DECS L = . = INCS L DECS E =~ 4 pit [ INCS E
4-bit
transfer transfer
INCS D INCS D
Direct address-
ing
1-bit manipula-
tion
4-bit transfer
DECTS H 8-bit transfer DECTS H
@HL @ H + mem. bit
DECS L =—| 4~bit [~ INCSL 1-bit
fnanipula- manipula-
lation lation
INCS H INCS H
FXH
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2.2 Memory Mapped I/0

The uPD75028(A) adopts memory mapped I/0 where peripheral hard-
ware device such as input/output ports and timers are mapped in
data memory space addresses F80H-FFFH, as shown in Fig. 2-1.
Thus, special instructions to control the peripheral hardware are
not provided; the peripheral hardware is controlled by memory
operation instructions. (Some hardware control mnemonics for the
user easily understand programs are provided.)

Table 2-2 lists the addressing mode that can be used for
peripheral hardware operation.

Table 2-2 Addressing Mode Applicable at Peripheral Hardware

Operation
Applicable addressing mode Applicable hardware
Direct addressing mem.bit by setting All hardware devices
MBE = 0 or (MBE = 1 and MBS = 15) where 1-bit manipulation
can be performed
1-bit Direct addressing fmem.bit regardless ISTO, MBE
manipulation | of MBE or MBS. IExxx,IRQxxx,PORTn.x

Indirect addressing pmem.@L regardless | BSBn.x
of MBE or MBS. PORTn.x

Direct addressing mem by setting MBE All hardware devices
4-bit 0 or (MBE = 1 and MBS = 15) where 4-bit manipulation

manipulation - — - can be performed
Register indirect addressing @QHL by

setting (MBE = 1 and MBS = 15)

Direct addressing mem by setting MBE All hardware devices

0 or (MBE = 1 and MBS = 15). mem is where 8-bit manipulation
8-bit an even address. can be performed
manipulation

Register indirect addressing QHL by
setting MBE = 1 and MBS = 15. The L
register contains an even number.




Fig. 2-3 shows uPD75028(A) I/O map.

The columns of Fig. 2-3 have the following meanings.

Symbol:

R/W:

Name -indicating the internal hardware address. It
can be described in the instruction operand field.
Indicates whether or not the  hardware device can
be read/written.

R/W: Read and write are enabled

R: Read only

W: Write only

Number of bits that can be manipulated: Indicates the number

of bits that can be processed to operate the

hardware device.

0 : Operation in the bit units specified under
the column (1, 4, or 8 bits) can be

performed.

Only some bits can be manipulated. See
Remarks for the bits that can be manipulated.

Operation in the bit units specified under

.

the column (1, 4, or 8 bits) cannot be
performed.

Bit manipulation addressing: Indicates the bit manipulation

addressing applicable to the
hardware device where 1-bit

manipulation is performed.
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Fig. 2-3 uPD75028(A) I/O Map (1/4)

Number of bits that
Hardware name (symbol) can be manipulated Bit mani-
Address b R/W P pulation Remarks
B3 b2 Bl b0 1-bit | 4-bit | 8-pit | 2d9ressing
F8CH Bit O is fixed to O.
Stack pointer (SP) R/W - - o
F8sH Basic interval timer mode | W n ° - mem.bit Only bit 3 can be manipu
register (BTM) lated bit-wise.
F86H
Basic interval timer (BT) R - - [
928 Multifunction timer mode W . _ o
register (MFTM)
F98H R/UW A - mem.bit Only bit 3 can be tested
Watch mode register (WM) o bit-wise.
W - -
F9AH Multifunction timer con- | R/W <] o - mem.bit (Note 1)
trol register (MFTC)
FocH Mulcifunction timer R/W _ i o
count register L (MFTL)
FOER Multifunction timer RIW _ . o
count register H (MFTH)
FAOH A - mem.bit Only bit 3 can be mani-
Timer/event counter 0 W pulated bit-wise.
mode register (TMO) -]
raon  (ore?) vl o - - | mem.bit
FA4H Timer/event counter 0 R _ = o
count register (TO)
FASH Timer/event counter 0 W _ _ o
modulo register (TMODO)

Note 1: Bit 3 (W): In read mode, 0 is read.
Bit 2, 1 (R/W)
Bit 0 (R): In write mode, written data becomes invalid.
23 TOEO: Timer/event counter 0 output enable flag (W)
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Fig. 2-3 uPD75028(A) I/O Map (2/4)
Hard ( bol) Numbgr of ?iti th:t Bit mani-
Address ardware name (symbo R/ | ¢20 e manipu ate pulation Remarks
B3 | b2 | Bl | B0 1-bit | 4-bit | 8-bir | d9Fessing
FBOH 0 | ISTO | MBE ] R/W - o Only bits 2 and ! can be
manipulated bit-wise.
Program status word (PSW) o
R - -
FB2H IME - - - - fmem.bit Operation by executing
EI/DI imstruction.
FB3H Processor clock control W - o -
register (PCC)
FB4H INTO mode register (IMO) W - o Bit 2 is fixed to 0.
FBSH INT] mode register (IMl) 1% - [ Bits 3 to 1 are fixed to
- 0.
FB6H INT2 mode register (IM2) W - o Bits 3 and 2 are fixed
to 0.
FB7H System clock control W o - - Bits 2 and 1 are fixed
register (SCC) to 0.
FB8H 1E4 | IRQ4 | IEBT (IRQBT | R/W ° o -
FBAH IEW |{IRQW R/W o o
FBBH IEMFT| IRQMFT | R/W o o
FBCH IETO |IRQTO | R/W o [ fmem.bit
FBDH IECSI|IRQCSI | R/W ° [
FBEH IEl | IRQl } IEO |IRQO R/W o o
FBFH IE2 |IRQ2 R/W o o
FCOH Bit sequential buffer 0 RIW <) o
(BSBO)
o
¥ClH ‘Bit sequential buffer 1 R/W o <]
(BSB1) .
men.bit
FC2H | Bit sequential buffer 2 |R/W| o ° puen. €L
(BSB2)
o
FC3H Bit sequential buffer 3 R/W o o
(BSB3)

Remarks 1:

2
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Fig. 2-3 uPD75028(A) I/O Map (3/4)

Number of bits that

Bit mani-
Address Hardware name (symbol) RIW can be manipulated pulation Remazks
3 | b2 | b1 | b0 1-bit | 4-bit | 8-pir | 2394Fessing
FDOH Clock output mode v - [ -
register (CLOM)
FD6H Pull-down resistor speci-
fication register group By W - - <]
(PDGB)
FD8H socC EOC R/W a - mem.bit EOC ... R
soC ... W
A/D conversion mode °
register (ADM) 1) - -
FDAH
SA register (SA) R - - <]
FDCH Pull-up resistor speci-
fication register group A | W - - o
(POGA)
FDEH Pull-up resistor speci-
fication register group B| W - - o
(POGB)
FECH w - -
Serial operation mode o
register (CSIM) R/W a o mem.bit Only bits 3 to 1 can be
manipulated bit-wise.
FE2H .
SBI control register RIW ° _ _ mem.bit All bits can be manipu-
(SBIC) : lated bit-wise.
FE4H Serial 1/0 shift register R/W - _ o
(S10)
FE6H Slave address register W ~ R o
(SVA)
PESH PM33J PM32 PMBI_LPMSO
Port mode register group v - _ o
A (PMGA)
PM63 | PM62 | PM61 [PM6O
FECH -- | PM2 - L --
Port mode register group W - R o
B (PMGB)
PM7 -- | PM5 |PM4
FEEH __ | PM10 | PM9 | PM8
Port mode register group iy _ _ o
C (PMGC)




Fig. 2-3 uPD75028(A) I/0 Map (4/4)

Number of bits that
_ Bit wani-
Address Hardware name (symbol) RIW can be manipulated pulation Remarks
3 | b2 ] bl | b0 1-bit | 4-bit | 8-big | 20dressing

FFOH Port 0 (PORTO) | R o o
FF1H Port 1 (PORTI) R o o
FP2H Port 2 (PORT2) |R/W ) o
FF3H Port 3 (PORT3) | R/W o o
FR4H Port 4 (PORT4) | R/W o o

o
FF5H Port 5 (PORT5) | R/W o o

(Note) KR3 | KR2 | KRRl KRO fmem.bit
FF6H R/W o o pmem.GL
Port 6 (PORTS®)
o
(Note) KR7 | KR6 | KR5| KR4
FE7H R/W o o
Port 7 (PORT?7)
Fr8u Port 8 (PORTS) o o
R/W -

FF9R Port 9 (PORTY) o o
FFAR Port 10 (PORT10) | R/W [} o
FFBH Port 11 (PORTI1}) R [ <)

Note: KRO-KR7 can be read only. Specify PORT6 or PORT7 during
4-bit parallel input.
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3. INTERNAL CPU FUNCTION
3.1 Program Counter (PC) s+ 13 bits

The program counter (PC) is a 13-bit binary counter which retains

program memory address information.

Fig. 3-1 Program Counter Format

PC12 | PC11 | PC10 | PC9 | PC8 | PC7 | PC6 | PC5 |PC4 |PC3 | PC2 | PC1 | PCO | PC

When the RESET signal is generated, the low-order five bits of
program memory address 0000H are set in PCl2-PC8 and the contents
of address 0001H are set in PC7-PCO for initialization.



3.2 Program Memory (ROM) ... 8064 words x 8 bits

The program memory is 8064-word x 8-bit mask programmable ROM
which stores programs, table data, etc.

The program memory is addressed by the program counter. Table

data can be referenced by executing a table look-up instruction
(MOVT) .

Fig. 3-2 shows the branch-possible address range when a branch
instruction or subroutine call instruction is executed. Relative
branch instruction (BR $addr) enables a branch to address ([PC

contents -15 to -1, +2 to +16] independently of block boundaries.

Program memory addresses are 0000H-1F7FH; the following addresses
are specially assigned: (Every area except for 0000H or 000lH
can be used as normal program memory.)

e Addresses 0000H-0001H
Vector table into which the program start address and MBE
setup value are written when the RESET signal is generated.
Reset start is enabled at any desired address.

¢ Addresses 0002H-000DH
Vector table into which the program start address and MBE
setup value are written when a vectored interrupt occurs.

Interrupt processing can be started at any desired address.

* Addresses 0020H-007FH
Table area referenced by executing GETI instruction(Note),

Note: The GETI instruction enables execution of any 2-byte or
3-byte instruction or two l-byte instruction as l-byte
instruction; it is used to reduce the number of program
steps. (See 8.1.)
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Fig. 3-2

Program Memory Map

Address
7 0
0000H { MBE Internal reset start address (high-order five bits)
" (low-order eight bits)
0002H | MBE INTBT/INT4 start address (high-order five bits)
" (low-order eight bits)
0004H | MBE INTO start address (high~order five bits) CALL laddr
instruction
" {low-order eight bits) | CALLF subroutine
{faddr entry
0006H | MBE INT1 start address (high-order five bits) | instruction address
entry
" (low-order eight bits) | address /
BR laddr
0008H | MBE INTCSI start address (high-order five bits) instruction
branch
" (low-order eight bits) address
BRCB !caddr
000AH | MBE INTTO start address (high~order five bits) instruction BR $addr
branch instruction
" (low-order eight bits) address relative
. branch
000CH | MBE INTMFT start address (high-order five bits) address
(-15 to -1,
" (low-order eight bits) +2 to +16)
2= =
0020H
GETI instruction reference table
007FH
0080H
= ;WL: Branch
destination
OT B | address or
0800H - subroutine
entry address
L by GETIL
= P instruction
— o~
T execution
(9333 B
10004 )
BRCB lcaddr
o instruction
= == branch
address
1F7FH




3.3 Data Memory (RAM)

(1)

Data area

The uPD75028(A) data area consists of 512-word x 4-bit
static RAM and is used to store process data. It is

handled by executing memory handling instructions.

The static RAM is mapped each 256 x 4 bits in memory
banks 0 and 1. Bank 0 is mapped as a data area; it can
also be used as a general purpose register area (000H-
007H) and a stack area (000H-OFFH). (Bank 1 can only
be used as a data area.)

One address of the static RAM consists of four bits;

however it can be handled in 8-bit units by executing
8-bit memory handling instructions and bit-wise by
executing bit manipulation instructions. To execute an-

8-bit memory handling instruction, specify an even
address.

* General purpose register area
Can be handled by executing general purpose register
and memory handling instructions.
A maximum of eight 4-bit registers can be used. The
portions of the eight general purpose regisfers, not

used by a program, can be used as a data area or
stack area. (See 3.4)

s Stack area

Is set by an instruction and can be used as a save
area when a subroutine is executed or interrupt
processing is performed. (See 3.6.)
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(2)

Peripheral hardware area

The peripheral hardware area is mapped in addresses
F80H-FFFH of memory bank 15.

Like the static memory, the peripheral hardware area is
handled by executing memory handling instructions.
However, the bit units in which the peripheral hardware
can be handled vary depending on the address. ' Address-
es in which the peripheral hardware is not mapped do
not contain data memory and cannot be accessed. (See
Fig. 2-3.)
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Fig. 3-3

Data Memory Map

Data memory

000H
General
purpose (8 x 4)
register area
0C7H
008H
Stack
area 256 x 4 Bank O
Static
RAM
(512x4) O0FFH
100H
256 x 4 Bank 1
1FFH
| Not contained !
T F80H
Periph-
eral 128 x 4 Bank 15
hardware :
area
l FFFH




3.4 General Purpose Registers <+¢ 8 x 4 bits

The general purpose registers are mapped in specific addresses of
the data memory. They are eight 4-bit registers (B, C, D, E, H,
L, X, and A).

The general purpose registers are handled each in 4-bit units;
register pairs BC, DE, HL, and XA are used for 8-bit handling.
In addition to DE and HL, register pair DL can also be used;
these three register pairs can be usedras data pointers.

The general purpose register area can be addressed as normal RAM
for an access regardless of whether or not it is used as
register.

Fig. 3-4 General Purpose Register Configuration®

(for 4-bit processing)

X 01H A 00H
H 03H L. 02H
D 05H E 04H
B 07H c 06H

Fig. 3-5 General Purpose Register Configuration

(for 8-bit processing)

XA 00H
HL 02H
DE 04H
BC 06H




Fig. 3-6 Register Pair Configuration

0 3

B c
0 3

D E
0 3

H L
0 3

X A
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3.5 Accumulators

On the uPD75028(A), the A register and XA register pair function
as accumulators. A 4-bit data processing instruction is executed
centering around the A register; an 8-bit data processing in-

struction is executed centering around the XA register pair.

In bit manipulation instruction execution, the carry flag (CY)

functions as a 1-bit accumulator.

Fig. 3-7 Accumulators

CYy 1-bit accumulator
A 4-bit accumulator
X A 8-bit accumulator
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3.6 Stack Pointer (SP) e+« 8-bits

On the uPD75028(A), static RAM is used as stack memory (LIFO).
The stack pointer (SP) is an 8-bit register which retains the top
address of the stack area.

The stack area is addresses 000H-0FFH of memory bank O
independently of how MBE and MBS are set.

SP is decremented before write (Save) operation into (in) the
stack memory and is incremented after read (restore) operation
from the stack memory.

Figs. 3-9 and 3-10 show how data is saved in and restored from
the stack memory.

An initial value is set in SP by executing an 8-bit memory
handling instruction to determine the stack area. The contents
can also be read.

"0" is always written into SPO.

The initial value of SP should be set to 00H for use as stack
area from the highest address of data memory bank 0 (OFFH).

When the RESET signal is generated, the SP content become
undefined. Be sure to initialize SP to any desired value at the

beginning of a program.

Example: Initialize SP
SEL MB15 ; or CLR1 MBE
MOV Xa, #00H
MOV SP, XA : SP -—— 0OH
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Fig. 3-8 Stack Pointer Format

Address Symbol
7 6 5 4 3 2 1 0
F80H Sp7 SP6 SP5 SP4 SP3 Sp2 SPl1l | SPO SP
Fixed to 0O

Fig. 3-9 Data Saved in Stack Memory

PUSH instruction CALL, CALLF instruction Interrupt
Stack Stack Stack
SP-4 PCI1-PC8 SP-6 PC11-PC8
' + T T ’ L3 L L)
SP-3 |MBE{ 0 { 0 {PCL2 sP-s |MBE{ 0 i o iPCI2
t L * L
SP-2 | Reglster pair low SP-2 PC3-PCO SP-4 PC3-PCO
1 § :  §
SP-1 | Reglster pair high ~ sP-1 PC7-PC4 SP-3 PC7-PC4
t ' ' Ll T L3
SP SP = ~ SP-2 | o {ISTO'MBE! 0
* i~ PSW—
SP-1 | CY {SKz, SKI | SKo
' 1 Lo L
SP =
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Fig. 3-10 Data Restored from Stack Memory

POP instruction RET, RETS instruction RET1 instruction
Stack Stack Stack
SP = | Register pair low SP = PC11-PC8 SP = PC11-PC8
2 2 T T : g ; T T
SP+1 |Register pair high SP+1 [MBE} 0 | 0 iPCI12 SP+1|MBE! 0 ! o ipCl2
s s R s R S
SP+2 SP+ 2 PC3-PCO SP+2 PC3-PCO
3 3
SP+3 PC7-PC4 SP+3 PC7-PC4
‘ ‘ 1] 1 L]
SP+4 SP+4.| 0 ISTO'MBE! 0
3 — PSW —
SP+5 | CY { SK2, SK1§ SKo
‘ 1 1 1
SP+6

3.7 Program Status Word (PSW) -« 8 bits

The program status word (PSW) consists of flags related closely
to processor operation.

PSW is mapped in data memory space addresses FBOH and FB1H and
two bits of address FBOH can be handled by executing a memory
handling instruction.

Fig. 3~11 Program Status Word Format

Address (=— (FB1H) FBOH Symbol
FBOH CY SK2 SK1 SKO 0 ISTO MBE 0 PSW
T - v 4 b v ~
Can be handled Cannot be Can be
by executing a handled handled
dedicated
instruction
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Table 3-1 Saved or Restored PSW Flags during Stack Operation

Flag to be saved or restored

When CALL or CALLF instruction is executed | Save MBE
Save .
When a hardware interrupt is executed Save all PSW bits
When RET or RETS instruction is executed Restore MBE
Restore
When RETI instruction is executed Restore all PSW bits

(1) Carry flag (CY)

The carry flag is a 1l-bit flag which stores overflow or
underflow information during execution of an instruc-
tion with carry (ADDC or SUBC).

The carry flag also serves as a 1l-bit accumulator;
Boolean algebra operation between the 1-bit accumulator
and data memory bit specified by a bit address can be
performed and the result can be stored in the 1l-bit

accumulator.

The carry flag is handled by executing a dedicated
instruction independently of other PSW bits.

When the RESET signal is generated, the carry flag
become undefined.
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Table 3-2 Carry Flag Handling Instructions
Instruc?ion Carry flag operation or processing
(mnemonics)
SET1 CY Set CY to 1
Carry flag handling CLR1 CY Clear CY
dedicated instructions | NOT1 CY Invert the CY contents
SKT CY Skip if CY contains 1

Bit Boolean
instructions

AND1 CY, mem*.bit | AND, OR, exclusive-OR the contents of
OR1 CY, mem*.bit | the specified bit and the CY contents
XOR1 CY, mem*.bit | together and set the result in CY

Interrupt processing

is executed

When an interrupt | Save CY and other PSW bits in

parallel in stack memory

Restore CY and other PSW bits in
parallel from stack memory

Remarks: mem*.bit denotes any of the following three bit

manipulation addressing modes:

fmem.bit

. pmemn.QL

@H+mem.bit

Example: AND bit 3 of address
in CY.

result
SET1
CLR1
SKT
CLR1
AND1

CY
MBE

3FH.

CY
Cy,

(2) Skip flags

~e

PORT3.3 ;

(SK2, SK1,

The skip flags store

3FH and P33 together and set the

CY -— 1

or SEL MB15

Skip if Bit3 of Address 3FH is 1
CY =— 0

CY —-— CY A P33

and SKO0)

the skip state and are automati-

cally set or reset by the CPU which executes an in-

struction.



Interrupt status flag (ISTO)

The interrupt status flag stores the status of the

current processing being performed. (For details, see
Table 3-3.)

Table 3-3 Interrupt Status Flag Indication

Status of processing

ISTO being perfo d Processing and interrupt control
eing p rme
0 Status 0 During normal program processing.
Every interrupt can be acknowledged.
1 Status 1 During interrupt processing.

Acknowledgement of every interrupt is disabled.

(4)

If an interrupt is acknowledged, the IST0 contents are
saved in the stack memory as a part of PSW, then auto-
matically set to 1. When the RETI instruction is
executed, ISTO is reset to 0. The interrupt status
flag can be handled by executing a memory handling
instruction, and the status of processing being execut-

ed can also be changed under the program control.

Caution: To handle the interrupt status flag, be sure
to execute DI instruction to disable inter-
rupts before handling the flag, and execute
EI instruction to enable interrupts after
handling the flag.

Memory bank enable flag (MBE)
The memory bank enable flag is a 1-bit flag to specify

the address information generation mode of the high-
order four bits of a 12-bit data memory address.
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When the flag 1is set to 1, the data memory address

space is expanded and every data memory space can be
addressed.

When the flag is reset to 0, the data memory address

space is fixed regardless of how MBS is set. (See Fig.
2-1.)

When the RESET signal is generated, the bit 7 contents

of program memory address 0 is set for automatic ini-
tialization.

When a vectored interrupt is processed, the bit 7
contents of the corresponding vector address table are

set and the MBE state during the interrupt service is
automatically set.

Normally, static RAM of memory bank 0 is used by set-
ting MBE to 0 in interrupt processing.
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3.8 Bank Selection Register (BS)

The memory bank selection register (MBS) to specify a memory bank
is mapped in the bank selection register (BS). The low-order
four bits are fixed to 0.

MBS is set by executing SEL MBn instruction.

BS can be saved in and restored from a stack area in 8-bit units
by executing PUSH BS and POP BS instructions.

Fig. 3-12 Bank Selection Register Format

MBS Symbol

MBS3 MBS2 MBS1 MBSO 0 0 0 0 BS

Memory bank selection register (MBS)

The memory bank selection register is a 4-bit register
which stores high-order 4-bit address information of a
12-bit data memory address. The memory bank to be
accessed is specified by the register contents. Howev-
er, only banks 0, 1, and 15 can be specified on the
uPD75028(A).

MBS is set by executing SEL MBn instruction (n = 0, 1,
or 15).

The address ranges that can be specified according to
how MBE and MBS are set are as shown in Fig. 2-1.

When the RESET signal is generated, MBS is initialized
to 0.
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4, PERIPHERAL HARDWARE FUNCTION
4.1 Digital Input/Output Ports

The uPD75028(A) adopts memory mapped 1I/0 where all input/output
ports are mapped in data memory space.

Fig. 4~1 Data Memory Addresses of Didital Ports

Address 3 2 1 0

FFOH P03 | P02 | PO1 | POO PORT 0

FF1H P13 | P12 | P11 | P10 PORT 1

FF2H P23 | P22 | P21 | P20 PORT 2

FF3H P33 | P32 | P31 | P30 PORT 3

FF4H P43 | P42 | P4l | P40 PORT 4

FFSH P53 | P52 | P51 | P50 PORT 5

FF6H P63 | P62 | P61 | P60 PORT 6

FF7H P73 | P72 | P71 | P70 PORT 7

FF8H P83 | P82 | P81 | P8O PORT 8

FF9H P93 | P92 | P91 | P90 PORT 9

FFAH P103 | P102 | P101 | P100 PORT 10
FFBH P113 | P112 | P111 | P110 PORT 11

Table 4-1 lists the input/output port handling instructions. In
addition to 4-bit input/output instructions, 8-bit input/output
and 1-bit manipulation instructions can be used for ports 4-7 for

control in very various manners.



Example 1:

Test the P13 state

port 4, 5 depending

SKT PORT1. 3
MOV XA, #18H
MOV XA, #14H
SEL MB15

OUT PORT4, XA

SET1 PORT4,

@L

.
7

~e ~s ~e

~e

.
14

and output a different value to
on the result.

Skip if port 1 bit 3 is 1

XA —— 18H | gtring effect

XA =— 14H

Or CLR1 MBE

Port 5, 4 -—— XA

Set the bit of PORT4-7 addressed
by the L register to 1



Table 4-1 Input/Output Pin Handling Instruction List

PORT | PORT | PORT | PORT | PORT | PORT | PORT | PORT | PORT |PORT | PORT | PORT
o | 1| 2! 3| &) 5| 6| 71 81| 9|10 11

IN A, PORTa (Rote 1) 0

IN XA, PORTa  (Nete 1) — —_ o o — _
OUT PORTa, A (Note 1) | __ | 0 —
OUT PORTn. XA (Note 1) — | — o o — —_
SET1 PORTa. bit S o —
SET1 PORTn. @ ~ (Note 20| __ | __ o —
CLR1 PORTn. bit -] — o —
CLR1 PORTn. €L (Note 2) } _ | — o -
SKT PORTn. bit o

SKT PORTn. @L (Note 2) °

SKF  PORTn. bit o

SK¥ PORTn. @L (Note 2) o

AND1 CY, PORTm. bit o

AND] CY, PORTn. gL (Note 2) o

ORl CY, PORTn. bit o

ORl CY, PORTn. eL ‘Note 2) o

XORL CY, PORTn. bit o

XOR1 CY, PORTm. eL (Note 2) o

Note 1: Preset MBE = 0 or (MBE = 1 and MBS = 15) before
executing the instruction.

Note 2: The low-order two bits of address and bit address are
indirectly specified in the L register.
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ports

Table 4-2 lists the digital input/output port types.

Types, features, and structures of digital input/output

Fig. 4-2 to 4-8 show the structures of the ports.

Table 4-2 Digital Port Types and Features

Port Function Operation and features Remarks
(symbol)
PORTO Can always be read or tested regardless | Also used for SO/SBO, SI/
4-bit input of the dual function pin operation mode. | SB1, SCK, INT0-2, 4 and
PORT1 TI0. (See Chapter l.)
(Note)
PORT3 Input or output mode can be set bit- Port 6 pins are also used
PORTS wise. for RRO-3.
4-bit input/output Input or output mode can be set in 4-bit | Port 2 pins are also used
" PORT?2 units. Ports 6 and 7 can be paired for | for PTOO0, PPO, PCL, and
PORT? data input/output in 8-bit units. BUZ.
Also used for KR4-7.

(Note) Internal pull-up resistor
PORT4 4-bit input/output | Input or output mode can be set in 4-bit | can be specified bit-wise

(Note)| (N-ch open drain units. Ports 4 and 5 can be paired for | by mask option.

PORTS 10~V voltage) data input/output in 8-bit units.

(Note) Port 10 pins are also used
PORT10 for MAR, MAL, MAZ, and MAT.
PORTS 4-bit input/output Input or output mode can be set in 4-bit
PORTS units.

PORTL1 | 4-bit input 4-bit input-only port. Port 11 pins are also used
for ANO-3.
Note: LED can be directly driven.

P10 is also used for an external vectored interrupt
input pin.

(For details, see 5.2.)

It is an input pin with noise remover.




Input/output mode setting

The input or output mode of each input/output port is
set in the port mode register as shown in Fig. 4-9.

When a port mode register bit is set to 0, its corre-
sponding port serves as an input port; when 1, its
corresponding port serves as an output port.

Port mode register groups A, B, and C are set by exe-
cuting 8-bit memory handling instructions. When the
RESET signal is generated, all bits of the port mode
registers are reset to 0, turning off the output buff-
ers and placing all ports in the input mode.



Internal bus

Input buffer

Fig. 4-2 Port 0, 1 Structure
SI SCK INT4 SO ‘Internal
557 15K
Out- \
put
latch
Se- . Se- Pull-up
CSIM [lector {>o- lector h resistor
i}
P-ch
- % POGA I "1 ‘
S; 7 bit O _ﬁ_“
pan <ia \
AN —Q POO/INT4
g <za
N \ 0P01/§§R
L
& @L \ O P02/SO/SBO
<} \/g} \ O P03/S1/SB1
Output buffer where push-pull

output and N-ch open drain output

can be changed

vl)l)

e

Pull-up
resistor
POGA —F= p-eh
. JE,
bit 1 _Do-—- | 1
l i
Input buffer ¢ or fx/64——1 g. |
J\} Noise ‘@ O PI10/INTO
remover
—< @ O PII/INTI
‘ <} %L -O P12/INT2
<} \/{} O P13/TI0
Input buffer having
TI0 INT2 INT1 INTO hysteresis characteristic
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group A

Fig. 4-4 Port 2, 7,

8 Structure

Vi

Pull-up
resistor
P-ch
O Pmd
O Pmi
QO Pm2
O Pm3

bit 0 (m-2,7,0r 8)

4-17

POGA bit 2, i
7, POGB i
— bit 0 Do {{%
rd PMm = 0
e M
\l »
/ PMm =1
X
- e
= ~d
0
el N
[ l/
]
] Output
Tlatch 7 %/<:“
. L/<:q
Output
buffer
PMm
Port mode
register
— group B
bit 2, 7,
group C

Fig. 4-3 Port 3n, Port 6n Structure (n = 0-3)
\/T Input Vo
buffer _PMma =0
A M Pull-up
~d i PMmn = 1 resistor
@ POGA
a Output bit m P-ch
— buffer
P Output N
5 latch L —0
Jé Pmn
H
PMmn : Dc
corresponding
bit of port (m=3.6)
mode register ‘n =03
—



Fig. 4-5 Port 4, 5 Structure

Internal bus

vl)D
Pull-up
Input resistor
mask option ’
buffer ( P ) \X\
/‘ PMm =0
/] M
~d
Pl P | pMm =1
\I X
e
| -
>~ —0 Pm0
L A E:i\
 Output] Y O Pal
latch — o Pm2
—O Pm3
Open'*‘i;«
drain
output
buffer
PMm
Corresponding (m=4 5)

bit of port
mode register
group B
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Port mode register

Port 9 Structure

—— group C bit 1
PM3
Output
buffer
l/ —O P90
5 _
N P9
| Output| v O Pl
® latch L/éf— O P2
g | i
-;' I|/< O P93
=i
1 ¥
)]
4
5 Input
buffer
!
~
|
~d PMI=1
]
~N
g
~ PM9=0
A~
[« N-ch
PDGB
bit 1
Pull-down
resistor



timer timer

Fig. 4-7 Port 10 Structure
VDD
~— Pull-up
resistor
Input
bquerr Mask option \T\,\,\,
e PM10= 0
\ " N
e
\ P
e PMI0= 1
7 \ X
a <
N
—
]
=]
o .
= } ™ O P100/MAR
= _ _ L__/ /(__‘
outpt ) > -O P101/MAT
| Output | —/ L]
latch N ey . v
i ] { A_‘ Q P102/
> O P103/MAT
Open
drain
output
buffer
PMI10
I~ "Port mode
register
group C From multifunction To multifunction
bit 2



Fig. 4-8 Port 11 Structure

S Input
instruction
Input buffer
@ ~
2 3
- N
1
3 ~
A b
~N
b To A/D converter
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Fig. 4-9 Port Mode Register Formats

Port mode register group A

Address Symbol
7 6 5 4 3 2 1 0

FE8H | PM63 | PM62 | PM61 | PM60 | PM33 | PM32 | PM31 | PM30 PMGA

1/0 mode specification for P30
1/0 mode specification for P3l
1/0 mode specification for P32
1/0 mode specification for P33
1/0 mode specification for P60
1/0 mode specification for P61
1/0 mode specification for P62
1/0 mode specification for P63

Port mode register group B

Address Symbol
7 6 5 4 3 2 1 0

FECH | PM7 | —— |PMS5 | PM4 | — | PM2 | —— | — PMGB

1/0 mode specification for Port 2 (P20-P23)
1/0 mode specification for Port 4 (P40-P43)
1/0 mode specification for Port 5 (P50-P53)
1/0 mode specification for Port 7 (P70-P73)

Port mode register group C

Address Sybmol
7 6 5 4 3 2 1 0

FEEH PM10 ; PM9 | PM8 PMGC

1/0 mode specification for Port 8 (P80-P83)
1/0 mode specification for Port 9 (P90-P93)
I/0 mode specification for Port 10 (P100-P103)

Specification
0 Input mode (output buffer off)
1 Output mode (output buffer on)
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(3) Digital input/output port operation

Port pin operation during instruction execution varies
depending on which mode of input and output is set, as
listed in Table 4-3.

Table 4-3 Input/Output Port Operation when Input/Output
Instruction is Executed

Input mode [corresponding bit| Qutput mode [corresponding bit
of mode register is set to 0] | of mode register is set to 1]
[output buffer off} [output buffer on]

When a 1-bit test, l-bit inpurt,

or 4/8 bit input instruction is Pin data is input Output latch contents are input
executed

When a 4/8 bit output instruction |Accumulator data is transfer-| Accumulator data is output to

is executed red to output latch output pin
(Note)
When a l-bit output instruction Output latch contents become | Cutput pin state is changed
: undefined according to instruction
is executed

Note: Instruction such as SET1/CLR1l, PORTn.bit, or CY
(4) Internal pull-up or pull-down resistor specification

Each uPD75028(A) port pin except P00, port 11 can
contain a pull-up or pull-down resistor. An internal
pull-up resistor is specified by software or mask
option depending on the pin.

Port 9 can contain pull-down resistor.

For ports 3 and 6, internal pull-up resistor can be
specified only for the pins set to the input mode. The
pins set to the output mode do not contain pull-up
resistor regardless of how POGA is set.



Fig. 4-10 Pull-up and Pull-down Resistor Specification
Register Formats (1/2)

Pull-up resistor register group A

Address Symbol
7 6 5 4 3 2 1 0
FDCH | PO7 | PO6 | — | — | P03 | P02 | POl | POO | POGA
lL—— port 0 (PO1-P03)
Port 1 (P10-P13)
Port 2 (P20-P23)
Port 3 (P30-P33)
Port 6 (P60-P63)
Port 7 (P70-P73)

Pull-up resistor register group B

Address Symbol
7 6 5 4 3 2 1 0

FDEH P08 POGB

Port 8 (P80-P83)

Specification
0 Pull-down resistor is not contained
1 Pull-down resistor is contained




Fig. 4-10 Pull-up and Pull-down Resistor Specification

Register Formats (2/2)

Pull-down resistor register group B

Address Symbol
7 6 5 4 3 2 1 0
FD6H PDY9 | —— PDGB
' Port 9 (P90-P93)
Specification
0 Pull-down resistor is not contained
1 Pull-down resistor is contained
Table 4-4 Specification of Internal Pull-up or Pull-down

Resistor

Port (pin names) Specification of internal pull-up or pull-down resistor iz:(:iﬁcation
(Note 1) | Internal pull-up resistor specification in 3-bit units by POGA. O
Port O (PO1-P03) software )
Port 1 (P10-P13) POGA. 1
Port 2 (P20-P23) POGA. 2
Port 3 (P30-P33) Internal pull-up resistor specification in 4-bit units by soft- POGA. 3
Port 6 (P60-P63) | oo POGA. 6
Port 7 (P70-P73) POGA. 7
Port 8 (P80-P83) POGB. O
Port 9 (P90-P93) Internal pull-down resistor specification in 4-bit units by PDGB. 1
software
Port 4 (P40-P43)
Port 5 (P50-P53) Internal pull-up resistor specification‘bit-wise by mask option —_
Port 10 (P100-P103)

Note: The PO

0 pin cannot contain a pull-up resistor.
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4.2 Clock Generator

(1) Clock generator configuration

The clock generator generates clocks supplied to the
CPU and peripheral hardware. Fig. 4-11 shows the clock
generator block diagram.
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Internal bus

9!

Fig. 4-11 _Clock Generator Block Diagram

(- Multifunction timer
+ Basic internal timer (BT)
« Timer/event counter

. xT1 | » Serial interface
| I Subsystem §; + Watch timer
] clock L) Watch timer w « A/D converter (successive
I XT2 : approximation)
! oscillator . «INTO noise elimimator
L-Clock output circuit

-

X1
it l © Main ,
T;~ [} system X ,?~}HM6
I X2 clock Divider
— oscillator V2 116

WM. 3 Oscil-
sce lation

stop
scC3

SCCo

Selector

Divider

T_D'—-ilﬂ——d)

[-INTO noise elimimator]

Selector

.Clock output circuit

PCC

PCCo

PCCl

HALT F/F

PCC2
HALT® ) s

sSTOP: pees
R Q
P~
pCce.
PCC3 - '
Clear sTor F/ Wait release signal
Q s~ from BT

-——4X<}— RESET signal

R
Standby release
A ) signal from inter-
* denotes instruction execution. rupt control circuit

Remarks 1: £y = main system clock frequency

2: fyp = subsystem clock frequency

3: ¢ = CPU clock

4 PCC: Processor clock control register-

§: SCC: System clock control register

6: One clock cycle of (teoylis equal to 1 machine cycle
of an instruction. For the tCY' refer to AC charac-
teristics in 9. ELECTRICAL SPECIFICATIONS.
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(2)

(a)

(b)

(c)

(d)

(e)

(f)

Clock generator function

The clock generator generates the following clocks and

controls the CPU operation mode such as the standby
mode:

. main system clock fy
subsystem clock fynp
CPU clock &

. clock to peripheral hardware

Clock generator function and operation are determined
by the processor clock control register (PCC) and

system clock control register (SCC), as described
below:

When the RESET signal is generated, the lowest speed
mode of the main system clock (15.3 us at 4.19 MHz)
is selected. (PCC = 0 and SCC = 0)

When the main system clock is selected, one of three
CPU clock speeds can be selected by setting PCC.
(0.95, 1.91, or 15.3 us at 4.19 MHz)

When the main system clock is selected, the standby
mode STOP or HALT can be used.

Subsystem clock can be selected by setting SCC for
operation at very low speed and low consumption
current (122 us at 32.768 kHz). In this case, the
value set in PCC does not affect CPU clock.

When the subsystem clock is selected, main system
clock oscillation can be stopped by setting SCC. The
HALT mode can also be used. However, the STOP mode
cannot be used (subsystem clock oscillation cannot be
stopped).

Clock is supplied to the peripheral hardware by
dividing the main system clock, but the subsystem
clock can be directly supplied only to the watch
timer. Thus, the watch function and buzzer output

function can be continued even in the standby mode.
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When the subsystem clock is selected, normal opera-
tion of the watch timer can be continued. However,
other hardware devices operate based on the main
system clock, thus cannot be used when the main
system clock is stopped.

Processor clock control register (PCC)

The processor clock control register (PCC) is a 4-bit
register whose low-order two bits are used for CPU
clock & selection and high-order two bits are used for
CPU operation mode control. (See Fig. 4-12.)

When bit 3 or 2 is set to 1, the standby mode is set.
If the standby mode is released by the standby release
signal, automatically bits 3 and 2 are cleared and the
normal operation mode is set. (For details, see Chap-
ter 6.)

The low-order two bits of PCC are set by executing a
4-bit memory handling instruction (the high-order two
bits are set to 0.)

Bits 3 and 2 are set to 1 by executing the STOP and
HALT instructions respectively.

The STOP and HALT instructions can always be executed
independently of the MBE contents.

CPU clock can be selected only during main system clock
operation. 1In subsystem clock operation, the low-order
two bits of PCC become invalid and the CPU clock is
fixed to fyp/4. The STOP instruction can also be

executed only in main system clock operation.



Example 1: Set machine cycle to 0.95 us (£4=4.19 MHz)
SEL MB15
MOV A, #0011B
MOV PCC, A
2: Set machine cycle to 1.63us (f,=4.91 MHz)
SEL MB15
MOV A, #0010B
MOV PCC, A
3: Set STOP mode (be sure to write an NOP
instruction following the STOP or HALT
instruction).
STOP
NOP

When the RESET signal is generated, PCC is reset to 0.
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Fig. 4-12

Address
3

2

Symbol
1 0

FB3H lPCCS! PCC2 IPCCI IPCCO] PCC

]

i |

When fx < 4.19 MHz

CPU clock selection bit

Processor Clock Control Register Format

SCC3, sCCO=00
The value enclosed in parentheses
is applied when fX = 4.19 MHz

SCC3, SCCO = 01 or 11
The value enclosed in parentheses
is applied when fXT = 32.768 kHz

CPU clock frequency

One machine
cycle

One machine

CPU clock frequency eyele

0] 0| ¢ output =~ fX/64 15.3 us b = fXle (8.192 kHz) 122 us
(65.5 kHz)
0| 1| Undefined — Undefined —_—
110[¢ = fx/8 (524 kHz) 1.91 us
$ = fXT/é (8.192 kHz) 122 us
111)6= fx/é (1.05 MHz) 0.95 us

When 4.19 MHz < fX < 5.0 MHz

SCC3, SCCOo=00
The value enclosed in parentheses
is applied when fx = 4,19 MHAz

SCC3, SCCO = 01 or 11
The value enclosed in parentheses
is applied when fXT = 32.768 kHz

Caution:

CPU clock frequency Sﬁzl:achine CPU clock frequency g;:l:achine
0|0} 4 output = fXI64 13 us b = fXT/4 (8.192 kHz) 122 us
(76.7 kHz)
0| 1| Undefined —_ Undefined -—
10] 6= fXIB (614 kHz) 1.63 us b = fXT,“ (8.192 kHz) 122 us
1] 1| Undefined —_ » Undefined —
fx : Main system clock oscillator output frequency
fXT: Subsystem clock oscillator output frequency
CPU operation mode control bit
0 0 Normal operation mode
0 1 HALT mode
1 0 STOP mode
1 1 Undefined

To use the fx value

5.0 MHz, if you set

in the range of 4.19 MHz < f, <
the CPU clock fregquency to the

highest speed mode: #&=f,4 (PCCl, PCCO=11), one machine

cycle becomes less than 0.95 us, which does not follow
the specified MIN value 0.95 us.
PCC0=11 cannot be set.

CPU clock frequency.

Set PCC1,

In this case, PCC1l,

PCCO0=00 or 10 for the

Resultantly, the highest speed mode of the CPU clock
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(4)

Address

FB7H

3

(one machine cycle=0.95 us) is selected from a combina-
tion of f£,=4.19 MHz and PCCl, PCCO=11.

System clock control register (SCC)

The system clock control register (SCC) is a 4-bit
register whose least significant bit is used for CPU
clock & selection and most significant bit is used for
main system clock oscillation stop control. (See Fig.
4-13.)

The SCC.0 and SCC.3 bits exist at the same data memory
address, but cannot be changed at the same time. Thus,
SCC.0 and SCC.3 are set by executing l1-bit manipulation
instructions.

SCC.0 and SCC.3 can always be manipulated bit-wise
independently of the MBE contents.

Main system clock oscillation can be stopped by setting
SCC.3 to 1 only during subsystem clock operation. In
main system clock operation, oscillation is stopped by
executing the STOP instruction.

When the RESET signal is generated, SCC is reset to 0.
Fig. 4-13 System Clock Control Register Format

Symbol
1 0

SCC3

— | SCCO0 | scCC

L

SCC3 | SCCO | CPU clock selection | Main system clock oscillation
0 0 |Main system clock
Oscillation is enabled
0 1 | Subsystem clock
1 0 Undefined
1 1 | Subsystem clock Oscillation stop




Caution 1: System clock change requires a maximum of the 1/fynmp
time. To stop main system clock oscillation, set
SCC.3 to 1 in the machine cycle time listed in Table
4-5 after changing to subsystem clock.

Caution 2: Even if SCC.3 is set to stop oscillation during main
system clock operation, the CPU does not enter the
normal STOP mode.

Caution 3: If SCC.3 is set to 1, X1, input is internally short-
circuited to Vgg (ground potential) to Suppress
crystal oscillator leakage.

Caution 4: To select a sybsystm clock for the CPU clock, do not
exceed the +70°C temperature limit.

(5) System clock oscillator
The main system clock oscillator oscillates by a crys-
tal resonator (standard: 4.194304 MHz) or ceramic
resonator connected to the X1 and X2 pins.

External clock can also be input.

Fig. 4-14 Main System Clock Oscillator External Circuit

(a) Crystal or ceramic oscillation (b) External clock
uPDT75028(A) uPD75028(A)
e e External ‘
Voo: —iF J;'C: X1 clock X1
.LT | x2 X2
' -
Crystal or
ceramic
resonator

The subsystem‘clock oscillator oscillates by a crystal
resonator (standard: 32.768 kHz) connected to the XT1
and XT2 pins.

External clock can also be input.
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Fig. 4-15 Subsystem Clock Oscillator External Circuit

(a) Crystal oscillation {(b) External clock
uPD75028(A) xPD75028(A)
XT1 External
- clock XTI

XT2

— XT2

Caution: To use the main system clock and subsystem clock oscil-
' lators, wire the shaded portions in the Fig. 4-14, 4-15

to avoid wiring capacitance affection, etc.:

e Make wiring as extremely short as possible.

e Do not cross the oscillator and any other signal
line.

Do not put the oscillator near any line where high
current which changes flows.

* Be sure to place the oscillator capacitor ground
point in the same potential as the Vpp pin. Do not
connect to any power pattern where high current
flows.

« Do not take out any signal from the oscillator.

The subsystem clock oscillator is low in amplification
degree to consume low current, and a noise error tends
to occur in the subsystem clock oscillator more than in
the main system clock oscillator. To use the subsystem
clock, pay extreme attention to the wiring method.



(6) Time required for system clock and CPU clock change

The system clock and CPU clock can be changed by set-
ting the least significant bit of SCC and the low-order
two bits of PCC. This change is not made just after
register rewrite. The CPU operates based on the clock
selected before the change during given machine cycles.
To stop main system clock oscillation, the STOP in-
struction must be executed or SCC.3 must be set to 1
after the change time has elapsed.

Table 4-5 Maximum Time Required for System Clock, CPU Clock
Change

Setup value

before change Setup value after change

sce | pec | pec S§CCO | PCCl | PCCO | SCCO | PCCl PCCO | SCCO | PCCl PCCO | SCCO | PCCl PCCO
0 1 0

0 0 0 0 1 0 0 1 1 1 x x

fX machine cycle

0 0 One machine cycle One machine cycle 64fXT

(two machine cycle)

fX machine cycle

0 1 0 | Eight machine cycle Eight machine cycle SfXT

(16 machine cycle)

fX machine cycle

1 1 16 machine cycle 16 wachine cycle AEXT

(32 machine cycle)

0 x x | One machine cycle One machine cycle One machine cycle

The value enclosed in parentheses is applied when
fy = 4.19 MHz and fyq = 32.768 kHz.
X ¢+ Don’t care

(7) System clock and CPU clock change procedure

System clock and CPU clock change is explained by using
Fig. 4-16.



Fig. 4-16 System Clock and CPU Clock Change
On

Commercial
power suppl{_J
Off

Vpp pin voltage ~

RESET signal

Wait (31.3ms)
System_clock
CPU clock T fx DL T
15.3us 0.95 us 122 us 0.95 us
Internal

(& =4J9MH1) rest

fyy = 32.768 kH .
xr = 32768 kH: operation

When the RESET signal is generated, the CPU starts
operation at the lowest speed of the main system clock
(15.3 us at 4.19 MHz) in the wait time to secure the
‘oscillation stable time (31.3 ms at 4.19 MHz).

The CPU rewrites PCC and operates at the highest speed
in the sufficient time for the Vpp pin voltage to rise

to the voltage at which the CPU can operate at the
highest speed. '

When detecting commercial power supply being turned off
from interrupt input (INT4 should be used), etc., the
CPU sets SCC.0 to 1 and operates on subsystem clock.
(At the time, a check must be previously made to ensure
that subsystem clock oscillation starts.) In the time
required to change to the subsystem clock (32 machine

cycles), the CPU sets SCC.3 to 1 and stops main system
clock oscillation.

After detecting commercial power supply being turned on
from an interrupt, etc., the CPU resets SCC.3 to 0 and
starts main system clock oscillation. 1In the time
required for oscillation to become stable, the CPU
resets SCC.0 to 0 and operates at the highest speed.
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4.3 Clock Output Circuit
(1) Clock output circuit configuration
Fig. 4-17 shows the clock output circuit configuration.
(2) Clock output circuit function
The clock output circuit outputs clock pulses -from the
P22/ PCL pin. It is used to supply clock pulses to
remote control output and peripheral LSI.
The clock pulse output sequency is as follows:
(a) Select clock output frequency. Disable clock output.
(b) Write 0 into the P22 output latch.

(c) Set the output mode for port 2.
(d) Enable clock output.

Fig. 4-17 Clock Output Circuit Configuration

From clock

generator
(b e i1
Output
fx/2 ——* sejec- buffer
fx/2 ——| tOT PCL/P22
fx/26 ———* »
PMGB bit 2
PORT2.2
‘ Port 2 input/
P22 output mode spe-
CLOM3 | CLOM2| CLOM1|{ CLOMO | CLOM Output latch cificarion bit
4T
2 Internal bus 2

Remarks: The <circuit is designed to prevent any pulse whose
width is short from being output when clock output
enable and disable are changed.

4-27



(3) Clock output mode register (CLOM)

The clock output mode register (CLOM) is a 4-bit regis-
ter to control clock output.

CLOM is set by executing a 4-bit memory handling in-
struction. It cannot be read. ‘

Example: Output CPU clock & from PCL/P22 pin..
SEL MB15 ¢ or CLR1 MBE
MOV A; #1000B
MOV CLOM, A

When the RESET signal is generated, CLOM is reset to 0,
disabling clock output.

Fig. 4-18 Clock Output Mode Register Format

Address Symbol
3 2 1 0

FDOH | CLOM3 0 CLOM1 |CLOMO CLOM

Clock output frequency selection bits. The value
enclosed in parentheses is applied when fy = 4.19 MH

0|0 |® output(Note) (3 os MHz, 524 kHz, 65.5 kHz)

0|1 |£y/2® output (524 kHz)

1|0 | fy/2% output (262 kHz)

1| 1| £y/2% output (65.5 kHz)

Note: & is CPU clock selected by setting PCC.

Clock output enable/disable bit

0 Output disable

1 Output enable

Caution: Be sure to write 0 into CLOM bit 2.



(4) Application example to remote control output

The uPD75028(A) clock output function can be applied to
remote control output. The remote control output
carrier frequency is selected by setting the clock
frequency selection bit of the clock output mode regis-
ter. Pulse output is enabled or disabled by setting
the clock output enable/disable bit to 1 or 0 under

software control.

When clock output enable and disable are changed, any

pulse whose width is short is not output.

Fig. 4-19 Remote Control Output Application Example

CLOM.3 l I I I ' l
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4.4

Basic Interval Timer

(1) Basic interval timer configuration

Fig.

(2) Basic interval timer function

(a)

4-20 shows the basic interval timer configuration.

interval timer operation to cause a reference time

interrupt
(b) watchdog timer application to detect software upset
(c) wait time selection and count when the standby mode
is released
(d) read of the count contents
Fig. 4-20 Basic Interval Timer Configuration
From clock
generator
/% ‘ Clear
/2 Set .
* \Px Basic internal timer izptnEZf_ |
fx/28 ~———— (8-bit divider) quest flag Vectored
interrupt
fx/212 ————s] BT IRQBT request
signal
<
3 Wait release
signal when
BTM3 | BTMz | BTMI | BTMo |BTM standby mode
is released
(Note) T .
SET1 4
~_
Internal bus
Note: 1Instruction execution
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(3)

Basic interval timer mode register (BTM)

The basic interval timer mode register (BTM) is a 4-bit

register to control basic interval timer operation.

BTM is set by executing a 4-bit memory handling in-
struction.

Bit 3 can be set solely by executing a 1l-bit manipula-
tion instruction.

Example 1: Set interrupt generation interval to 1.95
ms at 4.19 MHz.

SEL MB15 ; or CLR1 MBE
MOV A, #1111B
MOV BTM, A ; BTM —-—— 1111B

Example 2: Clear BT and IRQBT (watchdog timer applica-

tion)-
SEL MB15 ; or CLR1 MBE
SET1 BTM.3 ; Set BTM bit 3 to 1

When bit 3 is set to 1, the basic interval timer con-
tents and the basic interval timer interrupt request
flag (IRQBT) are cleared at the same time (basic inter-
val timer start).

When the RESET signal is generated, BTM is reset to 0,

setting the interrupt request signal generation inter-
val time to the longest value. .
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Fig. 4-21 Basic Interval Timer Mode Register Format
Address Symbol
3 2 1 0
F85H | BTM3 | BTM2 | BTM1 | BTMO BTM
Input clock Interrupt interval time
specification | wait time when standby
mode is released)
0| 0| 0 | fg/21? 220£,
(1.02 kHz) (250 ms)
0| 1 | 1 | fyg/2° 2175y
(8.18 kHz) (31.3 ms)
1| 0 | 1 | fg/27 213/ £y
(32.768 kHz) (7.82 ms)
1011 | f£gf2 213/£y
(131 kHz) (1.95 ms)
Other than the] Undefined
above
Remarks: The value enclosed in parentheses is
applied when fy = 4.19 MHz
Basic interval timer start control bit
When 1 is written into the bit, the basic interval
timer is started (the counter and interrupt request
flag are cleared).
When operation is started, automatically the bit is
reset to 0.
(4) Basic interval timer operation

The basic interval timer

set.

(BT) is always incremented
when a clock is input from the clock generator.
BT overflows,

When

the interrupt request flag (IRQBT) is

BT count operation cannot be stopped.
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One of the four types of interrupt generation intervals
can be selected by setting BTM. (See Fig. 4-21.)

The basic interval timer and interrupt request flag can

be cleared by setting BTM bit 3 to 1 (interval timer
start indication).

The basic interval timer (BT) count state can be read
by executing an 8-bit handling instruction. Data
cannot be written into BT.

Caution: To read the basic interval timer count con-
tents, execute read instruction twice and
compare the former read contents with the
latter read contents to prevent unstable data
during count update from being read. If they
are equipment to each other, the latter value
is used as the read result; if they differ
entirely, again read the count contents from

the beginning.

Example: Read the BT count contents.
SEL MB15
MOV HL, #BT ; Set BT address in HL
LOOP: MOV XA, @HL ; First read
XCH XA, BC ; Second read
MOV XA, G@HL
SKE A, C
BR LOOP
XCH A, X
SKE A, B
BR LOOP

The wait function, which stops CPU operation until the
basic interval timer overflows, can be used to provide
the oscillation stable time until system clock oscilla-

tion becomes stable when the STOP mode is released.
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When wait time after RESET signal generation is fixed;
when the STOP mode is released because of interrupt
occurrence, the wait time can be selected by setting
BTM. This wait time becomes the same as the interval
time shown in Fig. 4-21. Set BTM before setting the
STOP mode. (For details, see Chapter 6.)

4.5 Watch Timer

(1)

(2)

(a)

(b)

()

(d)

Watch timer

The uPD75028(A) contains one channel of watch timer.
Fig. 4-22 shows the watch timer block diagram.

Watch timer function

The test flag (IRQW) is set at 0.5-second intervals.
The standby mode can be released by setting IRQW.
0.5-second intervals can be generated regardless of
whether the clock is the main system clock or subsys-
tem clock. _

In the rapid mode, IRQW is set at 0.5-second interval
x 128 (3.91 ms). It is useful for programming debug-
ging, and testing.

Any desired frequency 2.048, 4.096, or 32.768 kHz can
be output to the P23/BUZ pin. It can be used for
buzzer sound generation or system clock oscillation
frequency trimming.

Since the divider can be cleared, the watch can be
started at zero second.
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Fig. 4-~22 Watch Timer Block Diagram

fw .
r (256 Hz : 3,91 ms)

f l INTW

ix fw fu SeleCef— /IRQW
From 128 (32.768 kHz) ' Py tor ( set >
clock (32.768 kHz) Selec- — Divider > signal

2 Hz

generator g . tor 4kHz 2kHz Gﬁsu)

(32,768 kHz)

4 Clear
]
Selector
Output
buffer
} _D_—k—o P23/BUZ
WM ' ] PORT2.3
P23 out- Port 2 input/
W WMo
M7 0 | wMs | wMsa | wMs | wM2 | wM1 put latch output mode
Bit test
8 instruction
> Internal bus

Remarks: The value enclosed in parentheses is applied when fx =
4.194304 kHz and fyq = 32.768 kHz.
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(3)

Watch mode register (WM)

The watch mode register (WM) is an 8-bit register to
control the watch timer. Fig. 4-23 shows the WM format.

The watch mode register except bit 3 is set by execut-
ing an 8-~bit handling instruction. Bit 3 is used to
test the XT1 pin input level. The input level to the

XT1l pin can be tested by testing bit 3. Data cannot be
written.

When the RESET signal is generated, all bits except bit
3 are reset to 0.

Example: Generate time intervals by using main system

clock (4.19 MHz). Enable buzzer output.
CLR1 MBE
MOV XA, #84H
MOV WM, XA ; Set WM
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Fig. 4-23 Watch Mode Register Format

Address Symbol
7 6 5 4 3 2 1 0

F98H | WM7 0 | WM3 | WM4 | WM3 | WM2 | WM1 | WMO WM

Count clock (fw) selectiop bit

0 |System clock dividing output fy selection
128

1 |Subsystem clock fyp selection

Operation mode selection bit

0 |Normal watch mode ( ty . IRQW is set at 0.5-second
214 intervals)

1 |Rapid watch mode ( ty . IRQW is set at 3.91-ms
27 intervals)

Watch operation enable/disable bit

0 |Stop watch operation (clear divider)

1 |Enable watch operation

Input level to XT1l pin (bit tested only is enabled)

0 |Input to XT1 pin is low

1 |Input to XT1l pin is high

BUZ output frequency selection bit

WM5 | WM4 BUZ output frequency
0 0 fy  (2.048 kHz)
24
0 1 y  (4.096 kHz)
23

1 0 Undefined

1 | 1 |fy (32.768 kHz)

BUZ output enable/disable bit

0 |Disable BUZ output

1 {Enable BUZ output

Remarks: The value enclosed in parentheses is applied when fy =
32.768 kHz.



4.6 Timer/Event Counter

(1)

(2)

(a)
(b)
(¢)
(d)

Timer/event counter configuration

The uPD75028(A) contains one channel of timer/event

counter. Fig. 4-24 shows the timer/event counter
configuration.

Timer/event counter function
The timer/event counter has the following functions:

programmable interval timer operation

square wave output of any frequency to PTCO pin

event counter operation

TI0O pin input is divided by N for output to PTOO pin
(divider operation)

serial shift clock supply to serial interface circuit
count state read function

Timer/event counter mode register (TMO) and timer/event
counter output enable flag (TOEO)

The mode register (TMO) is an 8-bit register to control
the timer/event counter. Fig. 4-25 shows the TMO
format.

The timer mode register is set by executing an 8-bit
memory handling instruction

Bit 3 is a timer start bit and can be set solely. When
timer operation is started, automatically the bit is
reset to O.
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Example 1: Start the timer in the interval timer mode
(CP = 4.09 kHz).

SEL MB15 ; or CLR1 MBE
MOV XA, #01001100B
MOV TMO, XA ; TMO —-— 4CH

Example 2: Restart the timer according to setting the
timer mode register.
SEL MB15 ; or CLR1 MBE
SET1 TM0.3 ; TMO.bit3 —~— 1

When the RESET signal.is generated, all the timer mode

register bits are reset to 0

The timer/event counter output enable flag (TOEQO) is a
flag to control enabling/disabling output of the
timer-out flip-flop (TOUT F/F) state to the PTO0 pin.

The timer-out flip-flop (TOUT F/F) is inverted when a
match signal is input from the comparator. The timer-
out flip-flop is reset to 0 by executing an instruction

to set timer mode register (TMO) bit 3 to 1.

When the RESET signal is generated, TOEO and TOUT F/F

are reset to 0.
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Fig. 4-25 Timer/Event Counter Mode Register Format
Address Symbol
7 6 5 4 3 2 1 0
FAOH e TMO06 | TMOS5 | TMO4 | TMO3 | TM02 | TMO1 | TMOO ™0
]
Operation Mode
Count operation
0 Stop
(count contents are retained)
1 |Count operation
Timer start indication bit
When 1 is written into the bit, the counter and IRQTO
flag are reset to 0. If bit 2 is set to 1, count
operation is started.
Count pulse (CP) selection bit
TMO6 | TMOS5 | TMO4 | Count pulse (CP)
0 0 0 {TIO input rising edge
0 0 | 1 |TIO input falling edge
0 1 0
Undefined
{ 0 1 1
1| o | o |f£yg/2'0 (4.09 kHz)
1| o | 1 |fy/28 (16.4 kHz)
1| 1| o |£g/25 (65.5 kHz)
1 1] 1 £y /2% (262 kHz)
Remarks:

The value enclosed in parentheses is applied when fy =

4.19 MHz.



Fig.

Address

FA2H

4-26 Timer/Event Counter Output Enable Flag Format

TOEO

Timer[event counter output enable flag (W)

0 Disable

(4)

(a)

1 Enable

Timer/event counter operation

The timer/event counter operates in the count operation
stop mode or count operation mode depending on how the
mode register is set.

The timer/event counter can always operate as follows
regardless of how the mode register is set:

1

u W N

input and test the TIO pin signal (can test P13 pin
input); ‘

output the timer-out flip-flop state to PTOO;

set the modulo register (TMODO);

read the count register (T0);

set, clear, or test the interrupt request flag
(IRQTO).

Count operation stop mode
The count operation stop mode is set when TMO bit 2
is 0. Since count pulse (CP) supply to the count

register is stopped, count operation is not per-
formed.



(b)

Count operation mode

The count operation mode is set when TMO bit 2 is 1.
Count pulses selected by setting bits 4-6 are sup-
plied to the count register, and count operation is
performed as shown in Fig. 4-28.

Normally, count operation is started by

@ setting count value in the modulo registet
(TMODO )

@ setting the gperation mode, count clock, and

start indication in the mode register (TMO).

The modulo register is set by executing an 8-bit data

transfer instruction.

Caution: Set any value other than 0 in the modulo

register.

Example: Set 3FH in the modulo register of channel
0.
SEL MB15 ; or CLR1 MBE
MOV XA, #3FH
MOV TMODO, XA

When the value set in the modulo register matches the
count register contents, a match signal is generated,
inverting TOUT F/F and clearing the count register.

The match signal generation interval time is (mcdulo
register setup value + 1) X resolution

The resolution is 1 Table 4-6
count pulse frequency

lists the resolution and maximum setup time deter-

mined by the selected count pulse (when FFH is set in

the modulo register).



Table 4-6 Resolution and Maximum Setup Time (when fy = 4.19 MHz)

Mode register Timer channel 0

TMO06 | TMOS | TMO4 | Resolution | Maximum setup time
1 0 0 244 us 62.5 ms
1 0 1 61.1 us 15.6 ms
1 1 0 15.3 us 3.91 ms
1 1 1 3.81 us 977 us

Fig. 4-27 Operation in Count Operation Mode

INTTO
TIO (IRQTO
m set signal)
Count 4
" Internal MPX cp register
clock s
S ~_b @
- o
@)
TOUT
C ‘
omparator Match| F/F =0 PTO0
Modulo
register
(TMODO) To CSI




Fig. 4-28
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407

Serial Interface

(1)

Serial interface function

The uPD75028(A) contains a clocked 8-bit serial inter-
face which operates in any of the following four modes:

The functions of the modes are outlined below:

e Operation stop mode
The operation stop mode can be used to reduce power
consumption when serial transfer is not executed.

e 3-line serial I/0 mode
8-bit data is transferred by using the three lines of
serial clock (SCK), serial output (SO), and serial
input (SI). |
The 3-line serial I/0 mode enables simultaneous
transmission and reception, thus the data transfer
processing time can be shortened.
Since the most significant bit (MSB) or least signif-
icant bit (LSB) can be selected for the top bit of
8-bit data to be transferred in series, the serial
interface can be connected to any devices, regardless
of whether the top bit is the MSB or LSB.
The 3-line serial I/0 mode enables the uPD75028(A) to
be connected to the 75X series, 78K series, and
peripheral I/O devices.

e 2-line serial I/O mode _
8-bit data is transferred by using the two lines of
serial clock (SCK) and serial data bus (SBO or SBl1).
The 2-line serial I/0 mode enables the uPD75028(A) to
communicate with a number of devices if the output
levels to the two lines are handled by the software.
Since the SCK and SBO (or SBl) output levels can be

handled by the software, any desired transfer format
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(2)

can be covered. thus, the former handshaking lines
required for connection of a number of devices can be
reduced and efficient use of the input/output ports
can be made.

SBI mode (serial bus interface mode)

The SBI mode enables the uPD75028(A) to communicate
with a number of devices by using the two lines of
serial clock (SCK) and serial data bus (SBO or SBl).

The SBI mode is compliant with the NEC serial bus

format.

In the SBI mode, the transmitting party can output
"address" to select a device with which the
uPD75028(A) is to communicate, "command" given to the
device, and actual "data" to the serial data bus.
The receiving party can judge the received data to be
"address", "command", or "data" by the hardware.
This function can make efficient use of the
input/output ports as with the 2-line serial I/O
mode, and can also simplify the serial interface

control part of an application program.

Serial interface configuration

Fig. 4-29 shows the serial interface clock diagram.
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(3)

(a)

Fig. 4-30

Address 7

Register function

6

Serial operation mode register (CSIM)

Fig. 4-30 shows the serial operation mode register
(CSIM) format.

The CSIM register is an 8-bit register to specify the
serial interface operation mode, serial clock, wake-
up function, etc.

The CSIM register is handled by executing an 8-bit
memory handling instruction. The high-order three
bits can also be handled bit-wise.

To handle the bits bit-wise, use the bit names.
Whether or not read/write operation can be performed
depends on the bit. (See Fig.4-30.) Bit 6 can only
be tested bit-wise, and if data is written into the
bit, it becomes invalid.

When reset is input, the CSIM register is reset to
00H.

Serial Operation Mode Register (CSIM) Format (1/3)

5 4 3 2 1 0 Symbol

FEORH CSIE | CO1

WUP | CSIM4 | CSIM3 | CSIM2 | CSIML | CSIMO; CSIM

l N

te——— Serial clock selection bit (W)

Serial interface operation mode selection bit (W)

Wake-up function specification bit (W)

Signal from address comparator (R)

Remarks:

Serial interface operation enable/disable specification bit (W)

(R): Read only is enabled
(W): Write only is enabled



Fig. 4-30 Serial Operation Mode Register (CSIM) Format (2/3)

Serial clock selection bit (W)

Serial clock
CSIM1 | CSIMO SCK pin

3-line serial SBI mode 2-line serial mode
1/0 mode I1/0 mode

0 0 External input clock to SCK pin Input

0 1 Timer/event counter output (TO)

1 0 fy/2% (262 kiHz) Output

£4/25(65.5 kHz)
1 1 £y/23(524 kHz)

Remarks: The values enclosed in parentheses apply when the
frequency is 4.19 MHz.
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Serial interface operation mode selection bit (W)

CSIM4 | CSIM3 | CSIM2 Operation Shift register S0 pin SI pin
mode bit order function function
0 (MSB is first
3-line transferred) S0/P02 SI1/P0O3
X serial (CMOS output)| (input)
I/0 mode SIOg_ g ==XA
1 (LSB is first
transferred)
SBQ /P02
0 (N-ch open PO3
drain input input
SIO7_0<—>XA {output)
0 SBI mode (MSB is first
transferred) SB1/P03
(N-ch open
1 P02 input drain
input
[output)
SBO/PO2
0 (N-ch open P03
drain input input
2-1line SI05_o—=—1XA [output)
1 serial I/0 (MSB is first -
mode transferred) SB1/P03
{N-ch open
1 P02 input drain
input
/output)
Remarks: x: don't care

Wake-up function specification bit (W)

IRQCSI is set each time serial transfer in each mode
terminates.

WUP

The function is used only in the SBI mode. IRQCSI is
set only when the address received after bus release
matches data in the slave address register (wake-up
state). SB0/SBl is high impedance.




Caution: If WUP is set to 1 when BUSY signal is being output,
BUSY is not released. 1In the SBI mode, BUSY signal is
output until the next serial clock (SCK) falling edge
after BUSY release indication is given. To set WUP to
1, be sure to check that the SBO (or SBl) pin goes high

after BUSY is released.

Fig. 4-30 Serial Operation Mode Register (CSIM) Format (3/3)

Signal from address comparator (R)

Clear condition Set condition
(COI=0) (COI=1)
(Note)

Co1 When data in slave address When data in slave ad-
register (SVA) does not dress register (SVA)
match data in shift matches data in shift
register register

Note: COI read is valid only before serial transfer starts or
after it completes. An undefined value is read during the
serial transfer. COI data written by executing an 8-bit
manipulation‘instruction is ignored.

Serial interface operation enable/disable specification bit (W)

Shift register Serial clock IRQCSI flag SO/SBO, SI/SB1l
operation counter pin

0 Shift operation Clear Retention Port0 function
disable only

CSIE

Shift operation ) . For both func-

1 enable Count operation| Can be set tion in each

mode and port O

Remarks 1: The operation mode can be selected setting CSIE,
CSIM3, and CSIM2, as listed below:
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CSIE | CSIM3 | CSIM2 Operation mode
0 X X Operation stop mode
1 0 X 3-line serial I/0 mode
1 1 0 SBI mode
1 1 1 2-line serial I/O0 mode

Remarks 2:

The P01/SCK pin state is set by setting CSIE, CSIMI1,
and CSIMO, as listed below:

CSIE | CSIM1 | CSIMO P01/SCK pin state

0 0 0 Input port

1 0 0 High impedance

0 1 0

0 0 1 High level output

0 1 1

1 1 0

1 0 1 Serial clock output
(high level output)

1 1 1

Remarks 3:

Example 1:

To clear CSIE during serial transfer, execute the
following sequence:
@ Clear interrupt enable flag to disable interrupts;
@ clear CSIE; and

® clear interrupt request flag

Select fx/24 for serial clock, generate serial inter-
rupt IRQCSI at the termination of each serial trans-
fer, and perform serial transfer in the SBI mode with

the SB0 pin as the serial data bus.

SEL MB15 ; or CLR1 MBE
MOV XA,#10001010B
MOV (CSIM,XA ;CSIM -— 10001010B



Example 2:

(b)

Caution:

Enable serial transfer conforming to the CSIM con-

tents.
SEL MB15 ; or CLR1 MEB
SET1 CSIE

Serial bus interface control register (SBIC)

Fig. 4-31 shows the serial bus interface control
register (SBIC) format.

The SBIC register is an 8-bit register which .consists
of the serial bus control bits and the flags indicat-
ing the input data state from the serial bus.

The register is mainly used with the SBI mode.

The register is handled by executing bit manipulation
instructions; it cannot be handled by executing a 4-
bit or 8-bit memory handling instruction. Whether or
not read/write operation can be performed depends on
the bit. (See Fig. 4-31.) When reset is input, the
SBIC register is reset to 00H.

the 3-line serial I/0 mode and 2-line serial 1I/0

mode, only the following bits can be used:

* Bus release trigger bit (RELT) ... Set SO latch
« Command trigger bit (CMDT) ... Clear SO latch



Fig. 4-31 Serial Bus Interface Control
Register (SBIC) Format (1/3)

Address 7 6 5 4 3 2 1 0 Symbol

FE2H | BSYE | ACRD | ACKE | ACKT | CMDD | RELD | CMDT | RELT | SBIC

L——— Bus release trigger bit (W)

Command trigger bit (W)

Bus release detection flag (R)

Command detection flag (R)

Acknowledge trigger bit (W)

Acknowledge enable flag (R/W)

Acknowledge detection flag (R)

Busy enable bit (R/W)

Remarks: (R): Read only is enabled
' (W): Write only is enabled
(R/W): Both read and write are enabled

Bus release trigger bit (W)

Bus release signal (REL) trigger output control bit.
RELT The SO latch is set to 1 by setting the RELT bit to 1.
After this, the RELT bit is automatically reset to O.

Caution: Do not clear SBO (or SBl) during serial transfer. Be
sure to clear it before the transfer starts or after
the transfer terminates.

Command trigger bit (W)

Command signal (CMD) trigger output control bit. The SO
CMDT | latch is reset to 0 by setting the CMDT bit to 1. After
this, the CMDT bit is automatically reset to 0.

Caution: Do not clear SBO (or SBl) during serial transfer. Be
sure to clear it before the transfer starts or after
the transfer terminates.
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Fig. 4-31 Serial Bus Interface Control
Register (SBIC) Format (2/3)

Bus release detection flag (R)

RELD

Clear condition (RELD=0)

Set condition (RELD=1)

@® when transfer start
instruction is executed

% When reset is input
When CSIE=0 (see Fig. 4-30)

@ When SVA and SIO values do
not match when address is
received

When bus release signal
(REL) is detected

Command detection flag (R)

CMDD

Clear condition (CMDD=0)

Set condition (CMDD=1)

When transfer start
instruction is executed
When bus release signal
(REL) is detected

When reset is input

When CSIE=0 (see Fig. 4-30)

®e © ©

When command signal
(CMD) is detected

Acknowledge trigger bit (W)

ACKT

If the ACKT bit is set to 1 after transfer terminates,
ACK is output in synchronization with the next SCK.
After the ACK signal is output, the ACKT bit is

automatically reset to 0.

Caution 1: Do not set ACKT to 1 before serial transfer termi-

nates or during transfer.

ACKT cannot be reset to 0 by software.

3: To set ACKT to 1, set ACKE to 0.
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Fig. 4-31 Serial Bus Interface Control
Register (SBIC) Format (3/3)

Acknowledge enable bit (R/W)

o | Automatic output of acknowledge signal (ACK) is
disabled. (ACK can be output by setting ACKT to 1.)

When ACKE is set before | ACK is output in synchroni-
transfer terminates zation with the ninth SCK
ACKE clock

When ACKE is set after ACK is output is synchroni-
transfer terminates zation with SCK just after a
set instruction is executed

Acknowledge detection flag (R)

Clear condition (ACKD=0) Set condition (ACKD=1)
@ Wwhen transfer start When acknowledge signal
ACKD instruction is executed (ACK) is detected (in
@ WwWhen reset is input synchronization with the
SCK rising edge)

Busy enable bit (R/W)

@® Automatic output of busy signal is disabled

@ Busy signal output is stopped in synchronization
BYSE with the SCK falling edge just after a clear
instruction is executed

1 Busy signal is output in synchronization with the
SCK falling edge following acknowledge signal
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Example 1:

Example 2:

Output command signal.

SEL MB15 ;or CLR1 MBE

SET1 CMDT
Test RELD and CMDD and judge the receive data type to
separate processing. Execute the interrupt service

routine only when address match is found with WUP=1.

SEL MB15

SKF RELD ;RELD test

BR {ADRS

SKT CMDD ;CMDD test

BR !DATA
CMD : ....... ; Command interpretation
DATA: ....... ; Data processing
ADRS: ....... ; Address decode



(c) Shift register (SIO)
Fig. 4-32 shows the configuration of the shift regis-
ter (SIO) and its peripherals. The SIO is an 8-bit
register for parallel-serial and serial-parallel
conversion and serial transfer (shift operation) in
synchronization with a given serial clock.
Serial transfer is started by writing data into the
SI0O register.
When data is transmitted, the data written into the
SIO register is output to serial output (SO) or
serial data bus (SBO or SBl). When data is received,
data is read into the SIO register from serial input
({SI) or SBO or SBl.
The SIO register can be read and written by executing
8-bit manipulation instructions.
When reset is input during operation, the SI0O regis-
ter value becomes undefined. When reset is input in
the standby mode, the SIO register value is retained.
After 8-bit data has been transmitted or received,
shift operation stops.

Fig. 4-32 Configuration of Shift Register and its Peripherals

Address
Internal bus comparator RELT

CMDT
Shift
register 3 SO latch
(SI0) \ SET CLR

|w)
o

I
)

CLK

CSIM
shift clock

Y

N-ch open drain output

—
AN

BUSY/ACK




(d)

The SIO register can be read and written (serial
transfer can be started) when

e serial interface operation enable/disable bit
(CSIE) is set to 1, except when it is set to 1
after data is written into the SIO register

e serial clock is masked after 8-bit serial data
transfer; or

e SCK is high

Slave address register (SVA)

The slave address register (SVA) has the two func-

tions described below.

The SVA register is handled by executing an 8-bit

manipulation instruction; it can only be written to.

When reset signal is input, the SVA value becomes

undefined, however if reset signal is input in the

standby mode, the SVA value is retained.

Slave address detection

[SBI mode]
The SVA register is used when the uPD75028(A) is
connected to the serial bus as a slave device. The

SVA register is an 8-bit register used for the slave
to set the slave address (its own specification
number). The master outputs a slave address to
select a specific slave among slaves connected to the
master. The slave address output by the master is
compared with the SVA value by the address compara-
tor. 1If they match, the slave is selected.

At the time, serial operation mode register (SCIM)
bit 6 (COI) is set to 1.

Caution 1: Whether or not a slave 1is selected
is decided by detecting a match between
the slave address and the slave address
received after bus release (when RELD is
1). Address match interrupt (IRQCSI)
occurring normally when WUP is 1 is used
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for address match detection. Detect that
the slave is selected or unselected
according to the slave address when WUP
is 1.

Caution 2: To detected that a slave is selected or
unselected with no interrupt when WUP is
0, do not use the address match detection
method and transfer previously programmed‘
commands .

¢ Error detection
[2-line serial I/0 mode, SBI mode]
The SVA register is used for error detection when
the uPD75028(A) transmits address, command, or
data as the master device or transmits data as a

slave device.
(4) Signals

Table 4-7 lists the signals. Figs. 4-33 to 4-38 show

the signals and flag operation.
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co-v

Outrput

Output conditions

Flag affection

Signal meaning

Signal name Definition Timing chart
device
Bus release SBO (or SBl) rising edge when TR o . RELT is set . RELD is set VUhen this signal is followed
signal Master SCK = 1 . CMDD is clear by CMD signal output, it im-
(REL) SBO (SB1) . f dicates that transmit data is
address.

SBO {or SB1) falling edge when . CMDT set . CMDD is set (1) After REL signal is outpur,
Command SCK = 1 SCK T transmit data is address.
signal Master (2) When REL signal is not
(CMD) SBO(SBD l output, transmit data is

command.

Acknowledge Low signal output to SBO 1 ACKE = 1 . ACKD is set Receprion completion
signal Master/ | (or SB1) during the period of 2 ACKT set
o) Slave one SCK clock after serial

reception is complete

SCK 9

Busy signal Low signal output to SBO (or | BUSY . BSYE = 1 Serial transfer is disabled
305D Slave SB1) following acknowledge SBo (SBD) DO\ACK 3 N READY — because processing is being

signal N 3%‘5_\ performed.

SBo(SB1) D0/ W acx READY

High signal output to SBO z 1) BSYE = 0 Serial transfer is enabled.
Ready {or SB1) before serial 2) Execution of data
signal Slave transfer start and after it instruction —_—
{READY) is conmplete into SI0 (rransfer

start indication)

L-¥ @T9%eL

(1) opow 1gS uT TeUubTS



Signal name

Qutput

device

Definition

Timing chart

Ourput condition

Flag affection

Signal wmeaning

Serial
clock
{SCK)

Master

Synchronizing clock for
output of address/coumand/
data, ACK signal, synchro-
nous BUSY signal, etc.
Address/command/ data is
transferred on the first

eight serial clocks.

S5CK

sautson Y Y DCOCT

Address
(A7-A0)

Master

8-bit data transferred in
synchronization with SCK
after REL signal and CMD

signal are output.

SCK Ill lzl l|7| Isl l
seocsan . LJ L L X X7

REL CMD

€9-¥

Command
(C7-CO)

Master

8-bit data transferred in
synchronization with SCK
afrer only CMD signal is
output without REL signal

output.

s L LML

SBO(SBI)

1 2 7 8
CMD

8-bit data transferred in

Execution of data
write instruction
into SIO when CSIE =
1 (serial transfer
start indication)
(Note 2)

IRQCSI is set
on the rising
edge of the
ninth clock
(Note 1)

Signal output timing to

serial data bus

Slave device address on

serial bus

Command, message, etc., to

slave device

Data processed by waster or

synchronization with SCK ST 1 2 7 8 slave
pata (07-D0) M2SeT/ | ihen neither REL nor CMD
Slave sinal is output. SBO (SB1) \ ﬂl:x r
Note 1: When WUP = 0, IRQCSI is always set on the rising edge of the ninth SCK clock.
When WUP = 1, IRQCSI is set on the rising edge of the ninth SCK clock only when address
is received and matches the value in the slave address register (SVA).
Note 2: In the BUSY state for data transmission and reception (transfer), transfer is started after

the READY state is entered.

(I1) ®poW 149S uT TeubTs

L=% ST9®=dL



Fig. 4-33 RELT, CMDT, RELD, CMDD Operation (master)

Transfer start indication
) e

sto R
/

SBO(SBD)
RELT // /)
L iz
RELD \} : A

\‘l

\
CMDD N v

Fig. 4-34 RELT, CMDT, RELD, CMDD Operation (slave)
Transferlstart 1ndlcatlon Write into SIO
\N

s10 — N
- “’”“‘“"“““ \\\\
SO latch [ D7 X D6 X$ x |

o

RELT /)

(Master) M N
" N

CMDT }

(Master) N "
Al L 9 7

\ \ y { When address match is found
§ ’ \ [ Y/

2 L-When no address match is found

N\ \‘{ /
CMDD R

Fig. 4-35 ACKT Operation

 SCK 6 7 8 9 I

2 _ ACK signal is output during

sposBp X b2 X b1 X po [ ACK the l-clock period just
after set
ACKT

w
(@]

1
i

When ACKT is set dufing this period

Caution: Do not set ACKT before transfer terminates.
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Fig. 4-36 ACKE

Operation

(a) When ACKE=1 when transfer is complete

$s | [

SB0/SBI p7 X D6 X{fpz X b1 X Do

\ACKJ/KCK signal is output at the

/
k‘ ninth clock

ACKE ﬁz i

L

. When ACKE=l1 at this point of time

(b) When set after transfer is complete
SCK 6 7 8 9 | I % I l I
)
SBO/SBI D2 X D1 A Do [ ° ACK

ACK signal is output during
the 1l-clock period just

after set
ACKE a‘

JL
Y

When ACKE is set
and remains set t
falling edge

during this period
o 1 on the next SCK

(c) When ACKE=0 when transfer is complete

SBU/SBI \ - Xo X szz' p1 X Do

I\

ACKE w \

ACK signal is not output

N
A} %4

4
When ACKE=0 at this point of time

(d) When the period during which ACKE=1 is short

< U U I O O S O S

b)
seyset X ;2 X ot b0/
ACKE " j_\

ACK signal is not output

W

When ACKE is set and reset during this

period and remains
SCK falling edge
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Fig. 4-37 ACKD Operation

(a) When ACK signal is output during the period of the ninth

SCK clock

[ Transfer start indication
s,o T TTTTTTT

Ne—— I
3CK

gTransfer start

ACKD | <} g______

SB0/SBI1

(b) When ACK signal is output after the ninth SCK clock

\“ F Transfer start indication

so ” *
;\

5CK 6 7 8 9
" ' Transfer start

seo/set X bz X o1 X Do / (

2

(c) Reset timing when transfer start indication is given during
BUSY

SI0

SCK

SB0/SB1

ACKD N g \l
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Fig. 4-38 BSYE Operation

sevset X XX/ ¢ \ ATR BUSY /A

:
I 7 T,

AY)

-4

TR

When BSYE=1 at this point_}When BSYE is reset during this period
of time and remains reset to 0 on the SCK
rising edge
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(5) Serial interface operation

(a)

(b)

(1)

Operation stop mode
The operation stop mode is used to reduce power
consumption when serial transfer is not executed. In
the mode, the shift register does not perform shift
operation and can be used as a normal 8-bit register.
When the reset signal is input, the operation stop
mode is entered.
The P02/S0/SB0O and PO3/SI SBl pins are fixed to the
input port mode. The PO1/SCK pin can be used as an
input port pin by setting the serial operation mode
régister.
3-line serial I/0 mode operation
The 3-line serial I/0 mode enables the serial inter-
face to be connected to the 75X series, 78K series,
various peripheral 1/0 devices, etc.
The three lines of serial clock (SCK), serial output
(SO0), and serial input (SI) are used for communica-
tion.
Communication operation
The 3~line serial I/0 mode transfers data in 8-bit
units. Data is transferred one bit at a time in
synchronization with a given serial clock.
Shift register shift operation is performed in
synchronization with the serial clock (SCK) falling
edge. Transmit data is retained in the SO latch
and output from the SO pin. On the SCK rising
edge, receive data input to the SI pin is latched
in the shift register.
When 8-bit transfer terminates, shift register
operation automatically stops and the interrupt
request flag (IRQSIO) is set.



o)
=

Sl

SO

IRQCSI

Fig. 4-39 3-line Serial I/0 Mode Timing .

DO7 X pos X DO5 XDO4 x D03 X D02 X DOl X DOO

s

Transfer start in synchronization Transfer
with SCK falling edge termination

Execution of data write instruction into SIO
(transfer start indication)

(i1)

Since the SO pin becomes CMOS output and outputs
the SO latch state, the SO pin output state can be
handled by setting the RELT and CMDT bits.

Do not perform this operation during serial trans-
fer.

In the output mode (internal system clock mode),
the SCK pin output state can be controlled if the
POl output latch is handled. (See (7)).

Transfer top bit change between MSB and LSB

The 3-line serial I/0O mode enables selection of the
most significant bit (MSB) or least significant bit
(LSB) for the transfer top bit.

Fig. 4-40 shows the shift register (SIO) and inter-
nal bus configuration. As shown here, MSB and LSB
can be reversed for read/write.

MSB or LSB can be specified as the transfer top bit
by setting serial operation mode register (CSIM)
bit 2 to 0 or 1.



FPig. 4-40 Transfer Bit Top Change Circuit

7
6
Internal bus——————m-—- O A I B
1
: ]
LSB top L
MSB top——  Read/Write gate Read/Write gate
"
s1 — Shift register (SIO) D Q 50 latch
A
T 1T 7111 ]
S0
5Tk ———

The transfer top bit is changed by changing the bit
order of data write into the shift register (SIO).
The SIO shift order is always the same. Change the
transfer top bit between MSB and LSB before writing
data into the shift register.



(c) 2-line serial I/0 mode operation
The 2-line serial I/0 mode can cover any desired
communication format by a program.
Basically, the two lines of serial clock (SCK) and

serial data output/input SBO (or SBl) are used for
communication.

(i) Communication operation
The 2-line serial I/0 mode transfers data in 8-bit
units. Data is transferred one bit at a time in
synchronization with a given serial clock.
Shift register shift operation is performed in
synchronization with the serial clock (SCK) falling
edge. Transmit data is retained in the SO latch
and output starting at the MSB from the SB0/P02 (or
SB1/P03) pin. On the SCK rising edge, receive data
input from the SB0 (or SBl) pin is latched in the
shift register.
When 8-bit transfer terminates, shift register
operation automatically stops and the interrupt
request flag (IRQSIO) is set.

Fig. 4-41 2-Line Serial I/O Mode Timing

1
]
'
i

D 1 2 3 4 5 6 7 8
<:

D7 D6 D5 D4 D3 D2 D1 KDO

[42]
A

SB0/SB1

IRQCSI \

h
[}
§
I
¥
1}
]
¥

Transfer termination
l Transfer start in synchronization

with SCK falling edge
Execution of data write instruction
into SIO (transfer start indication)

The SB0O or SBl pin specified for the serial data
bus becomes N-ch open drain input/output, thus must

be pulled high with an external pull-up resistor.

4-71



(d)

Since the SB0 (or SBl) pin outputs the SO latch
state, the SBO (or SBl) pin output state can be
handled by setting the RELT and CMDT bits.

Do not perform this operation during serial trans-
fer.

In the output mode (internal system clock mode),
the SCK pin output state can be controlled if the
P01 output latch is handled. (See (7)).

SBI mode operation

The SBI (serial bus interface) is a high-speed serial
interface system which is compliant with the NEC
serial bus format.

The SBI is a high-speed serial bus of a single mas-
ter; bus configuration function is added to the
clocked serial I/O system so that the master can
communicate with a number of devices by using two
signal lines. When microcomputers and peripheral ICs
make up a serial bus, the number of ports and wiring
on the printed circuit boards can be reduced.

Fig. 4-42 shows an SBI system configuration example.



Fig. 4~42 SBI System Configuration Example

+Vyp
-v-
: |
Serial data bus
Master CPU SBO (SBI) - SB0 (SBI) Slave CPU
Serial clock :
SCK SCR Address 1
SB0 (SB1) Slave CPU
SCK Address 2
‘-=J= 2= . :
SBO (SBD) Slave IC
SCK Address N

Caution 1:

In the SBI mode, the serial data bus pin SBO (or SBl)
becomes open drain output, thus the serial data bus
line is placed in the wired-OR state. The serial
data bus line must be pulled high with a pull-up
resistor.

For master and slave exchange processing, the serial

clock line (SCK) must also be pulled high with a

pull-up resistor because serial clock line (SCK)

input and output are changed asynchronously between
the master and slave.
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(i) SBI function

e Address, command, and data judgment function
Serial data is classified into address, command,
and data.

e Chip select function by address
The master selects a slave chip by transmitting
the slave address.

* Wake-up function
Each slave can easily judge that its address is
received (its chip is selected) by the wake-up
function (that can be set and released by soft-
ware). If the wake-up function is set, an inter-
rupt (IRQCSI) occurs when the received address
matches the slave address. Thus, the CPUs other
than the selected slave can operate independently
of serial communication if the master communi-
cates with a number of devices.

« Acknowledge signal (ACK) control function
The acknowledge signal to acknowledge that serial
data is received is controlled.

e Busy signal (BUSY) control function
The busy signal to inform the master that the
selected slave is busy is controlled.



Fig. 4-43 SBI Transfer Timings

Addressrtransfer

SCK

SB0/SB1

Bus release
signal

Command transfer

8 0 0 0 0 0 O W9 0 e

Command signal

S

~

Lryuyuyuyyuryuyy

SB0/SB1

Data transfer

R ' o e 0 e

SC

=

Epipipiaipipiptntiniaiainine

SB0/SB1

(ii)

200 6 65 6B 0 6 € Lo .o k=00

Communication operation

In the SBI mode, the master normally selects one
slave device with which the master is to communi-
cate among devices by outputting the slave address
to the serial bus.

After the device with which the master is to commu-
nicate is determined, commands and data are trans-
ferred between the master and slave for serial
communication. Fig. 4-44 to 4-47 show data commu-
nication timing charts.

In the SBI mode, shift register shift operation is
performed in synchronization with the serial clock
(SCK) falling edge. Transmit data is output to the
SO latch starting at the MSB from the SB0/P02 or
SB1/P03 pin. On the SCK rising edge, receive data
input to the SB0O (or SBl) pin is latched in the
shift register.
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(6)

Transfer start in each mode

In any of the 3-line and 2-line serial I/0 modes and
the SBI mode, serial transfer is started by setting
transfer data in the shift register only if the follow-
ing two conditions are satisfied:

e serial interface operation enable/disable bit
(CSIE)=1; and

+ after serial transfer of 8-bit data, internal serial
clock stops, or SCK is high

Caution: Although CSIE is set to 1 after data is
written into the shift register, transfer
does not start.

When 8-bit data transfer terminates, serial
transfer automatically stops and the inter-
rupt request flag (IRQCSI) is set.

[Caution when 2-line serial I/0 mode transfer is start-

ed]

Caution: When data is received, N-ch transistor must
be turned off. Prewrite FFH into the SIO
register.

[Cautions when SBI mode transfer is started]

Caution 1: When data is received, N-ch transistor
must be turned off. Prewrite FFH into the
SIO register.
However, since the N-ch transistor is
always off when the wake-up function
specification bit (WUP) is set to 1, FFH
need not be written into the SIO register
before data is received.

2: 1If data is written into the SIO register

when a given slave is busy, the data is
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not lost.
When the busy state is released and SBO

(ox SBl) input becomes high (ready state),
transfer starts.

Example: At the same time that data in RAM specified
in the HL register pair is transferred to the
SIO register, data in the SIO register 1is
read into the accumulator and serial . transfer
is started.

MOV XA, @HL Take out transmit data from
RAM
Or CLR1 MBE

Exchange transmit data and

~e

REL MBI15
XCH XA, SIO

~e

~e

receive data and start trans-
fer.

(7) SCK pin output handling

Since the SCK/P01 pin contains an output latch, static
output is also enabled by software operation in addi-
tion to normal serial clock.

The SCK count can be set by software as desired by
handling the P01l output latch. (The SB0O/SBl pin is
controlled by setting the RELT and CMDT bits.)

The SCK/P0l pin output handling method is described
below:

@ sSet the serial operation mode register (CSIM) (SCK
pin: Output mode). When serial transfer stops, SCK
from the serial clock control circuit is set to 1.

2 Handle the P01 output latch by a bit manipulation
instruction.



Example:

Output one clock to the P01/SCK pin by soft-

ware.

SEL MB15S ; or CLR1 MBE

MOV XA, #10000011B ; SCK(fy/23), output
mode

MOV CSIM, XA

CLR1 OFFO0H, 1 ; SCK/P01—=— 0

SET1 OFFOH, 1 ; SCK/PO0l—-— 1

Fig. 4-48 SCK/POl Pin Configuration

!

P01/S

O)

<O

Pin output mode

/’_7
N

From Serial clock
SCK control circuit

Address
r\\\\ FFOH. 1
To internal
POl
BZ;/ circuit — output
latch
\T\J

The P01l output latch is mapped in bit 1 of address
FFOH. When the RESET signal is generated, the POl
output latch is set to 1.

Caution 1:

During normal serial transfer, the POl
output latch must be set to 1.

The P01l output latch address cannot be
specified in PORT0.1 as shown below.
Describe the address (FFOH.l) directly in
the operand. However, when the instruction
executed, MBE=1 or (MBE=1 and MBS=15) must

have been set.

CLR1 PORTO.1 Cannot be used
SET1 ©PORTO.1

CLR1 OFFOH.1 Can be used
SET1 OFFOH.1




4.8 A/D Converter

The uPD75028(A) contains an 8-bit resolution analog/digital (A/D)
converter which has eight analog input channels (ANO-AN7).

The A/D converter adopts successive approximation.
(1) A/D converter configuration
Fig. 4-49 shows the A/D converter block diagram.

Fig. 4-49 A/D Converter Block Diagram

2 Internal bus 1

0 |apms |{aDpMs | apma| soc | Eoc | o o |abpm

ANO/P110 O——v control circuit

ANI/P111 O—-» Sample and
hold circuit
AN2/P112 O—— T ‘“—-1'
! I
_L_Q/e . + + .
AN/ Multi- | | I_ ' SA register (8)
plexer| | ! ~
AN4 O——» I i
{ } Comparator
AN5  O—i [ |
. L ]
AN6 O—{ .
8
AN7 O——+
Tap decoder <:
AVgers o—-—-—'\/\/\,—.r-/\/\/\i'v\/\l ————— J—/\/\/\,<5__;\M___
R/2 R R R R/2

Series resistor string

AVggr- O—
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(a) A/D converter pins

(1)

(ii)

(iii)

(iv)

ANQO-AN7

ANO-AN7 are 8-channel analog signal input pins to

the A/D converter. The analog signals to be con-

verted into digital form are input. ANO/P110-

AN3/P113 are also used for port 11 pins.

The A/D converter contains a sample and hold cir-

cuit. Analog input voltage is held internally

during A/D conversion. .

Caution: Use the ANO-AN7 input voltages within the
specified limits. Particularly, if
voltage more than Vpp, less than Vgg
(even within the absolute maximum range)
is input, the conversion value of the
channel becomes undefined and the conver-
sion values of other channels may be
adversely affected.

AVppp+ and AVppp.

AVpgpps+ and AVppp. are A/D converter reference

voltage input pins.

Based on the voltage applied between AVppps and

AVpgp-, the signals input to ANO-AN7 are converted

into digital signals.

AVpp

AVpp is an A/D converter power supply pin. Input
Vpp level.

AVgs

AVgg is an A/D converter GND pin. Input Vgg level.

Fig. 4-50 shows a pin connection example.



(1)

Fig. 4-50 Pin Connection Example

= AVpgr+ = Vpp
= AVggpr. = Vss

AVpp

AVReF+

uPD75028(A)

AVgerF-

(b)

AVsg

(2)

Von

AVRer+

AVRgr-

AVprr+ T AVpp
AVppp. * AVgg

(AVpp > AVppp4)
(AVgg < AVppp_)

AVRer+
1PD75028(A)

| AVRer-

TL— =

A/D conversion mode register (ADM)

The A/D conversion mode register (ADM) is an 8-bit
register for analog input channel selection, conver-
sion start indication, and conversion end detection.
ADM is set by executing an 8-bit handling instruc-
tion.

Bit 2 (EOC) and bit 3 (SOC) can be handled bit-wise.
When the RESET signal is generated, ADM is initial-

ized to 04H. (Only EOC is set to 1 and other bits
are reset to 0.)
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Fig. 4-51 A/D Conversion Mode Register Format

Address Symbol

7 6 5 4 3 2 1 0

FD8H 0 ADM6 | ADM5 | ADM4 socC EOC 0 0 ADM

Conversion end detection flag (R)

0 Converting

EOC

1 Conversion end

Conversion start indication bit (W)

When this bit is set to 1,
AJ/D conversion is started.
sSOC After conversion starts,
automatically the bit is
reset to O.

Analog channel selection bits (W)

ADM6 | ADM5 | ADM4 Analog channel
0 0 0 ANO
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 AN5
1 1 0 AN6
1 1 1l AN7

Caution: A/D conversion starts a maximum of 24/fx seconds (3.81

us when fy = 4.19 MHz) late after SOC is set. (See (2)
below.)
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(c) ©SA (successive approximation) register

(2)

The SA register is an 8-bit register which stores the
A/D conversion result.

SA is read by executing an 8-bit handling instruc-
tion. SA is a read-only register where write opera-
tion and bit manipulation cannot be performed.

When the RESET signal is generated, the SA contents
become as follows:

e retained during standby mode; or

e undefined during operation

Caution: If ADM register bit 3 (SOC) is set to 1 to
start A/D conversion, the conversion result
in SA is destroyed and SA becomes undefined

until new conversion result is stored.

A/D converter operation

The analog input signal to be converted into digital
form is specified by setting A/D conversion mode regis-
ter bits 6-4 (ADM6-ADM4).

A/D conversion is started by setting ADM bit 3 (SOC) to
1. After SOC is set, aﬁtomatically it is reset to 0.
A/D conversion is performed by using successive approx-
imation by the hardware and 8-bit data of the conver-
sion result is stored in the SA register. When the
conversion ends, ADM bit 2 (EOC) is set to 1.

Fig. 4-52 shows the A/D conversion timing chart.

Use of the A/D converter is as follows:

@ Select analog input channel by setting ADM6-ADM4.
) Give A/D conversion start indication by setting
SOC to 1.



Caution 1:

Caution 2:

Wait for the A/D conversion to end.
to be set to 1 or wait on software timer.)

(wait for EOC

Read the A/D conversion result by reading the SA

)
register.
Steps @ and @
time.

can also be performed

Thus,

at the same

It takes a maximum of 24/fX seconds (3.81 us when fy
4.19 MHz) until A/D conversion starts and EOC is
reset to 0 after SOC is set to 1.

the time listed in Table 4-8 after SOC is set.

test EOC in
The

A/D conversion time is also listed in Table 4-8.

Table 4-8

SCC and PCC Setting

Value set in SCC, PCC

A/D conversion
time

Wait time until EOC

Wait time until A/D

test after SOC is conversion end
SCC3 | sCCO | PCC1 | PCCO set after SOC is set
0 0 168/fy Wait not required Three machine cycleg
0 0 1 0 (40.1 us/fgx = | Two machine cycles |21 machine cycles
4.19 MHz) -
1 1 Four machine cycles | 42 machine cycles
0 1 X x Wait not required Wait not required
1 X X x | Conversion
operation stop
Remarks: x: don’'t care
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Fig. 4-52 A/D Conversion Timing Chart

socC

1L

EOC

I
1 1

SA register Previous datéx Undefined
Time to A/D | : :
conversion ! ! |
start Y BN f ) )
(maximum of Sampling time
2"’/fx f A/D conversion
seconds) 158/fx seconds (40.1 us when £,=4.19 MHz)

Conversion result

Fig. 4-53 shows the correspondence between analog input
voltages and 8-bit digital data after A/D conversion.

Fig. 4-53 Relationship between Analog Input Voltages and
A/D Conversion Results (ideal instance)

FFH |-

FEH -

FDH | A~
Digital 7
conversion : =L P
results 1 4

y
\

03H |~ -

00H 1 | 1 ‘)2 1 1 L

o 1 oz 3 m m %
256 256 256 256 256 256

1 (XAVger)

Analog input voltages



(3)

(4)

(a)

(b)

Caution on standby mode

The A/D converter operates on main system clock. Thus,
A/D converter operation stops in the STOP mode or the
HALT mode with subsystem clock. At the time, current
also flows into the AVppp,pin, thus must be cut to
lessen power consumption in the entire system.

Cautions on use

ANO-AN7 input range

Use the AN(O-AN7 input voltages within the specified
limits. Particularly, if voltage more than Vpp, less
than Vgg (even within the absolute maximum range) is
input, the conversion value of the channel becomes
undefined and the conversion values of other channels
may be adversely affected.

Noise countermeasure

To maintain 8-bit resolution, use care to avoid noise
to the AVpppi, AVRpp., and ANO-AN7 pins. The higher
the analog input source output impedance, the greater
is the affection. Connect external resistor and
capacitor as shown in Fig. 4-54.
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Fig. 4-54 Analog Input Pin Treatment

When noise more than Vb less than VSS
Voo —may be entered, clamp with a diode with
/_small Vf (0.3V or less)

_L ANO-AN7
c Voo i

AVREF+' AVREF—
Voo
‘[ uPD75028(A)

AVpp

AV

C=100—1000pF 777

ANO/P110-AN3/P113 pins

The analog input pins ANO-AN3 are also used for input
port (PORT11l) pins.

To select any of ANO-AN3 for A/D conversion, do not
execute any PORT11l input instruction during the
conversion. The conversion resolution may lower.

If a digital pulse is applied to pins contiguous to
the pin under A/D conversion, expected A/D conversion
value may not be obtained because of a coupling

noise. Do not apply any pulse to the pins contiguous
to the pin under A/D conversion.

Example: For A/D conversion at AN3

Do not apply any digital pulse to AN2 or
AN4 during A/D conversion.
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4.9 Multifunction Timer (MFT)
(1) Multifunction timer configuration

The uPD75028(A) contains one channel of the multifunc-

tion timer (MFT). Fig. 4-55 shows the multifunction
timer block diagram.

(2) Multifunction timer function
MFT contains four modes as described below:

(a) 8-bit timer mode
programmable interval timer operation
square wave output of any frequency to PPO pin

(b) PWM output mode
output of 6-, 7-, or 8-bit precision PWM signal to
PPO pin

(c) 16~bit free-running timer mode
intervalvtimer operation to cause an interrupt to
occur at given time intervals
applicable as a one-shot timer

(d) Integration A/D converter mode
output of 16-bit integration A/D converter control
signal

13-, 14-, 15-, or 16-bit resolution can be selected
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(3) Functions of main registers

(a) MFT mode register (MFTM)
The MFT mode register (MFTM) is an 8-bit register to
select the operation mode and count clock.
MFTM can be written by executing an 8-bit memory
handling instruction.

When the RESET signal is generated, MFTM is initial-
ized to 0.

Fig. 4-56 MFT Mode Register Format

Address Symbol
7 6 5 4 3 2 1 0

F92H | MFTM7 | MFTM6 | MFTM5 | MFTM4 | MFTM3 | MFTM2 | MFTM1 | MFTMO MFTM
l | I | L |

- Clock selection bits

Edge selection bits

Mode selection bits

Clock selection bits

MFTM2 | MFTM1 | MFTMO Selected clock Resolution
0 0 0 Undefined _—
0 0 1 £x/211 (2.0 kHz) 488 us
0 1 0 | £4/2° (8.2 kHz) 122 us
0 1 1 fx/27  (32.768 kHz) 30.5 us
1 0 0 £x/2° (131 kHz) 7.6 us
1 0 1 fy4/23 (524 kHz) | 1.9 us
1 1 0 £x/2 (2.10 MHz) 0.48 us

Remarks: The value enclosed in parentheses is applied when fy =
4.19 MHz.
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Edge selection bits

0 Rising edge selection
MFTM3

1 Falling edge selection

Caution: Select edge input to the MAT/P103 pin.

external comparator input edge specification in the

integration A/D converter mode.

Mode selection bits

This enables

MFTM7 | MFTM6| MFTM5 | MFTM4 Mode Tap selection bit

0 Timer mode

0
1 6 bit

0
0 0 PWM output mode 7 bit

1 :

1 8 bit

Other than above Undefined

0 13 bit
0
1 14 bit
0 Free-running timer mode
0 15 bit
1
1 16 bit
1
0 13 bit
0
1 14 bit
1 Integration A/D converter mode
0 15 bit
1l
1 16 bit
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(b)

(1)

MFT control register (MFTC)

The MFT control register'(MFTC) is a 4-bit register
which consists of timer output bit, timer output
enable/disable bit, timer operation control bit, and
initialization bit. The timer output bit (MFTC.O0)
indicates the MFT flip-flop contents.

The MFTC can be read and written by executing 1/4-bit
memory handling instructions. (However, bit 0 can be
read only and the data written into the bit is
ignored).

When the RESET signal is generated, the MFTC is
initialized to 0.

When the timer operation control bit (MFTC.2) is set
to 1, timer operation starts; when the bit is set to
0, timer operation stops.

To clear the count register contents, perform either
of the following:

Set MFTC.3 = 1 (initialization) when timer opera-
tion stops (MFTC.2 .= 0).

(ii) Set MFTC.2 = 1 (timer operation enable) and MFTC.3

= 1 (initialization) at the same time.

Caution 1: To stop timer operation, the timer output

enable/ disable bit (MFTC.1) must also be
set to 0 (timer output disable).

Caution 2: When timer operation is enabled (MFTC.2 =

1), do not set MFTC.3 to 1 (initialization).
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Fig. 4-57 MFT Control Register Format

Address Symbol

F9AH | MFTC3 | MFTC2Z | MFTC1 | MFTCO MFTC

L—— Timer output bit

Timer output enable/disable bit

Count operation control bit

Initialization bit

Timer output bit (R)

Timer mode Inversion when a match signal is output
from the comparator.

' Clear when a match signal is output
MFTCo | PWM output mode from the comparator.
Set when counter (MFTH) overflows.

Free-running timer mode Inversion when counter (MFTH) overflows.

Integration A/D converter mode|{ Inversion when counter (MFTH) overflows.

Caution: When MFTC.3 (initialization bit) is set to 1, MFTC.O0
(MFT F/F) is set to 1 regardless of the operation mode.

Timer output enable/disable bit (R/W)

0 Output of the MFT flip-flop contents is disabled.
MFTC1

1 Output of the MFT flip-flop contents is enabled.

Caution: To output signal from the PPO pin, write 0 into the P21
output latch and set port 2 to the output mode.

Timer operation control bit (R/W)

0 Mode operation is stopped.

MFTC2
1 Mode operation is enabled.
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Caution: Clock supply to the count register is controlled. The
counter is not cleared. Even 1f MFTC.3 is not set,
timer operation starts by setting MFTC.2 to 1.

Initialization bit (W)

When "1" is written into this bit, IRQMFT and the
count register are cleared and the MFT flip-flop is
MFTC3 set.

When timer operation starts, automatically the bit is
reset to 0.

Caution 1: Even if "0" is written, no operation is performed.

Caution 2: Timer operation starts when MFTC.2 (timer operation
control bit) is set to 1.
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Fig. 4-58 Start Operation Timings Depending on How MFTC Bits
2 and 3 are Set

(1) Setting by executing 4-bit write instruction (MFTC = 11xxB)

Count pulse i

(CP)
Count register. = ><::>< 1 ><7 2 4><7 3 )KL 4
|
MFT F/F  Set
l
IRQMFT | Clear

MFTC=11XXB

(2) Setting by executing bit manipulation instruction (when the
initial value of the current register is 0)

Count pulse

(CP) \

Count register n >< 0 4>< 1 x 2
\Clear

MFT F/F Set
{
i

IRQMFT Clear
[
[

MFTC.3 setting MFTC.2 setting
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(3) Setting by executing bit manipulation instruction (when the
initial value of the current register is m)

Count pulse
(CP) I |
Count register n >< 0 >< m ‘>< m+ 1 jXL?+2

I
)

MFT F/F Set

1
i
i
1
|
! }
i |
]
i
!
T
1
|
1

IRQMFT y Clear

]

|

|

1
MFTC.3 Count register MFTC.2
Setting Setting setting

(c) MFT count register (MFTL and MFTH)

The MFT count register consists of two 8-bit counters
(MFTL and MFTH) which can be read and written by
executing 8-bit memory handling instructions. When
the RESET signal is generated, MFTL is set to FFH and
MFTH is set to "0".

To clear the count register contents, perform either

of the following:

(1) Set MFTC.3 = 1 (initialization) when timer opera-
tion stops (MFTC.2 = 0).
(ii) Set MFTC.2 = 1 (timer operation enable) and MFTC.3

= 1 (initialization) at the same time.
Caution: When timer operation is enabled (MFTC.2 =
1), do not set MFTC. 3 to 1

(initialization).

The MFTL function varies depending on mode

selection as described below:
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(i1)

Note

In timer mode or PWM output mode
MFTL: Modulo register(Note 1)
MFTH: 8-bit counter(Note 2)

In free-~running timer mode or integration A/D con
verter mode

MFTL: Low-order 8-bit counter

—16~bit counter
MFTH: High-order 8-bit counter

1: If the MFTL contents are read in the PWM output
mode, the modulo register contents are read.

2: In the PWM output mode, MFTL operates as a 6-,
7-, or 8-bit counter depending on tap selec-
tion.

Table 4-9 MFTL and MFTH Clear Conditions for each Mode

Clear condition MFTL MFTH

Timer mode Cannot be cleared. (Modulo Match signal from comparator.
register) MFTC.3 set to 1.

PWM output mode | Cannot be cleared. (Modulo Counter (MFTH) overflow.
register) MFTC.3 set to 1.

Free-running Counter (MFTH) overflow. Counter (MFTH) overflow.

timer mode MFTC.3 set to 1. MFTC.3 set to 1.

Integration A/D | Counter (MFTH) overflow. Counter (MFTH) overflow.

converter mode MFTC.3 set to 1. MFTC.3 set to 1.

Caution: When an overflow from counter (MFTH) specification tap
occurs, the clear signal is generated.

(d) Interrupt request flag (IRQMFT)
The interrupt request flag (IRQMFT) is set to "1"
when the IRQMFT occurrence condition in each mode
listed in Table 4-10 is satisfied. IRQMFT can be
reset to "0" by inputting the RESET signal or ini-
tialization bit (MFTC.3) to 1.
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Table 4-10 IRQMFT Occurrence Conditions

Timer mode Match signal from comparator

PWM output mode Counter (MFTH) specification bit overflow

Free-running timer mode | Counter (MFTH) specification bit overflow

Integration A/D External comparator inversion signal .

converter mode input or counter (MFTH) specification bit
overflow

(4) Dual function pin function

The MFT signal input/output pins are also used for P21
and P100-P103; they function as shown in (a) to (e)
depending on the mode.

When the RESET signal is input, P21 is set to the input
mode (output high impedance) and P100-P103 become high
impedance (during N-ch open drain) or go high (when
internal pull-up resistor is contained).
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Note 1:

Note 2:

(a) P21/PPC pin

Timer mode

Timer pulse output (square wave)(NOte 1)

PWM output mode

Timer pulse output (pwM) (Note 1)

Free running timer mode

Timer pulse output (square wave)(Note 1)

Integration A/D converter mode

‘Port (p21)(Note 2)

below:

Timer pulse is output from the PPO pin as described

@ Write "0" into the P21 output latch.
@ Set port 2 to the output mode.
@ Set MFTC.l1 to 1 (timer output enable mode).

In the integration A/D converter mode, set MFTC.1l to 0

(timer output disable mode).

(b) P100/MAR pin

Timer mode

PWM output mode Port (P100)
Free running timer mode

Note : : ; MAR S
Integration A/D converteg mod% Reverse integration signal output ( )

(c) Pl01/MAI pin

Timer mode

PWM output mode

Free running timer mode

Port (P101)

. (Note)
Integration A/D converter mode

Integration signal output (MAI)
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(d) P102/MAZ pin

Timer mode

PWM output mode Port (P102)

Free running timer mocde

Note) : AT
Integration A/D converteé mode | Auto zero signal output (MAZ)

(e) P1l03/MAT pin

Timer mode

PWM output mode Port (P103)

Free running timer mode

Integration A/D converteéNgggé External comparator signal input (MAT)

Note: To use P100-P103 in the integration A/D converter mode,
perform the following steps:
@® Write "1111" into the P100-P103 output latch.
@ Sset port 10 to the output mode.
©) Set the integration A/D converter mode.

Caution: P103/MAT functions as an external comparator signal
input pin although it is set to the output mode.

(5) MFT operation
The following four MFT operation modes can be used:
. 8-bit timer mode
. PWM output mode

16-bit free running timer mode

integration A/D converter mode
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(a)

(1)

8-bit timer mode

Function
programmable interval timer operation
square wave output of any frequency to PPO pin

(ii) Operation

Fig. 4-59 shows the MFT block diagram in the 8-bit

timer mode. MFTL operates as a modulo register and

MFTH operates as a count register. Timer operation

is performed as described below:

@ Set the operation mode and count pulse (PC) in
the mode register (MFTM).

@ Set count value in the modulo register (MFTL).

® Set the control register (MFTC) to 11xxB to
initialize the count register (MFTH) and enable
timer operation.

When the value set in the modulo register (MFTL)

matches the count register (MFTH) contents, a match

signal is generated. The MFT F/F contents are

inverted and the interrupt request flag (IRQMFT) is

set. Fig. 4-60 shows this timer operation timing.

The interrupt occurrence interval timer can be

found from the following expression:

Interrupt occurrence interval time = (modulo regis-

ter setup value + 1) x resolution

Caution: Do not set 0 in MFTL.
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Fig. 4-59 Block Diagram in Timer Mode
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Setting
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Count pulse
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Modulo register
(MFTL)

)

3

Count register U i
(MFTH) opt 2 n=lla | 0 1}2 -1l n o | 1| 2] 3] 4
) L,
! Match N Match
Set N
MFT F/F )
- it
Timer operation
enable IRQMFT IRQMFT
(MFTC=11x X) Setting Setting
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(b) PWM output mode

(1)

(1)

Function

output of 6-, 7-, or 8-bit precision PWM signal to

PPO pin

Operation

Fig. 4-61 shows the MFT block diagram in the PWM

output mode. The count register (MFTH) operates as

a 6-, 7-, or 8-bit counter by selecting the tap

position.

Timer operation is performed as described below:

@ Set the operation mode, tap position, and count
pulse (CP) in the mode register (MFTM).

@ Set count value in the modulo register (MFTL).

@ set the control register (MFTC) to 11xxB to
initialize the count register (MFTH) and enable
timer operation.

When the counter is initialized (MFTC.3=1) or the

count register (MFTH) overflows, the MFT F/F con-

tents are set to 1.

When the count register (MFTH) overflows, the

interrupt request flag (IRQMFT) is set and the

modulo register (MFTL) contents are reloaded into

the modulo latch.

Fig. 4-62 shows this PWM output operation timing.

Assuming that the tap position is bit n (n =6, 7,

or 8), the PWM signal period can be found from the

following expression:

PWM signal period = 2I' x resolution
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(c)

(1)

16-bit free-running timer mode

Function
interval timer operation to cause an interrupt to
occur at given time intervals

applicable as a one-shot timer

Operation

Fig. 4-63 shows the MFT block diagram in the 16-bit

free-running timer mode. The count register con-

sists of MFTL for the low-order eight bits and MFTH

for the high-order eight bits. It operates as a

13-, 14-, 15-, or 16-bit count register by select-

ing the tap position. Timer operation is performed

as described below: |

@ Set the operation mode, tap position, and count
pulse (CP) in the mode register (MFTM).

@ Set the control register (MFTC) to 11xxB to
initialize the count register (MFTH, MFTL) and
enable timer operation.

When the count register overflows, the MFT F/F

contents are inverted and the interrupt request

flag (IRQMFT) is set. Fig. 4-64 shows this free-
running timer operation timing.

Assuming that the tap position is bit n (n = 13,

14, 15 or 16), the interrupt occurrence interval

time can be found from the following expression:

interrupt occurrence interval time =

2% x resolution
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Fig.

4-63 Block Diagram in Free-running Timer Mode

Y4 L ——
/20—
Inter- f/2

fx/25 ——p

/20—

nal
clock

/2 ——»

Ccp

MPX

Clear Clear
‘ Overflow
16
(MFTL) (MFTH)
Count register | Count register s = MpT }—O PPO
Tap-
R ——
13 |14 Sele- FIE
ctor
Y

INTMFT
IRQMFT
setting
signal

Fig. 4-64 Free-running Timer Operation Timing (when tap = bit 16

Count pulse
(CP)

is selected)

L

UL

UL

Il

UuuL

4 N
13 W
Count register ‘ _
g UN FFFEH| FFFFR | 0 1 2 FFFEH| FFFFH| 0 1
(MFTL+MFTH)
{¢ 1)
kM) (o
Overflow Overflow
(¢
tH
MFT F/F
S Y
«
Timer operation enable IRQMFT IRQMFT
(MFTC=11X X) Setting Setting

4-110



(d)

(1)

(ii)

Integration A/D converter mode

Function
output of 16-bit integration A/D converter con-
trol signal
13-, 14-, 15—; or 1l6-bit resoclution can be se-
lected
Operation
Fig. 4-65 shows the MFT block diagram in the inte-
gration A/D converter mode. Integration A/D con-
verter can be implemented by providing an external
circuit as shown in Fig. 4-66.
A/D conversion operation is started according to
the following procedure:
@ Write "1111" into the P100-P103 output latch.
(2 Set port 10 to the output mode.

Caution: P103/MAT functions as an external compa-
rator signal input pin although it is set

to the output mode.

Set the integration A/D converter mode.

® ©

Set the operation mode, tap position, falling
edge specification, and count pulse (CP) in the
mode register (MFTM). The A/D conversion reso-
lution is determined by the tap position.
® set the auto zero time. Set count value in the
count register (MFTL, MFTH). The set time can
be found from the following expression:
(216 - count register setup value) x resolution
® set control register (MFTC) bit MFTC.2 to 1 or -
MFTC to 0lxxB to enable count operation.

After this, A/D conversion operation is per-
formed automatically.
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@ Auto zero period (MAZ-low output)

. Integrator is set to 0 until the counter

overflows from the setup value.
@ Integration period (MAI-low output)

. Integration operation is performed on analog
input voltage Vyyj until the tap selected for
the counter overflows.

® Reverse integration period (MAR-low output)

. Reverse integration operation is performed on
reference voltage Vgpp during which the coun-
ter performs timer operation.

@ Conversion termination (falling edge input to

MAT)

. When comparator input is inverted, count
operation stops, the interrupt request flag
(IRQMFT) is set, and conversion terminates.

Fig. 4-67 shows this integration A/D converter opera-
tion timing. After the conversion terminates, the
conversion result can be obtained by reading the
count register (MFTH, MFTL) contents.
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Fig. 4-65 Block Diagram in Integration A/D Converter Mode
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Remarks:

"L |uPD4066: Bidirectional switch

uPC4074, 4064: Operational amplifier

—{:>o— uPD4069: Invertor (Note)

Note: Just after RESET is generated, MAR, MAI, and MAZ go high

(when pull-up resistor are contained). Thus, an inverter
‘must be connected so as not to turn on the bidirectional
switch.
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Fig. 4-67

Integration A/D Converter Operation Timing

(when tap = 14 bit is selected)

Timer opera-
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4.10 Bit Sequential Buffer «.« 16 bits

The bit sequential buffer is special data memory for bit
manipulation. Particularly, address and bit specification can be
changed in sequence for easy bit manipulation, thus the bit
sequential buffer is useful when data which is long in bit length
is processed bit-wise.

The data memory consists of 16 bits. Bit manipulation
instruction pmem. @L addressing can be used and indirect bit
specification can be made by using the L register. 1In this case,
processing can be performed while specification bits are being
moved in sequence simply by incrementing or decrementing the L
register within a program loop.

Fig. 4-68 Bit Sequential Buffer Format

F L=C L=B L=8 L=7 L=4 L=3 L=0

-——— DECS L

INCS L

Remarks: In pmem.@L addressing, specification bit moves

according to the L register.

Data can also be handled in the direct addressing. 1-bit, 4-bit,
8-bit direct addressing and pmem.@L addressing can be combined
for application to consecutive input and consecutive output of
l-bit data, etc. For 8-bit handling, BSB0O and BSB2 are specified

and high-order eight bits and low-order eight bits are handled
separately.
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Example:

Output BUFF1,

series.

Program example

CLR1
MOV
MOV
MOV
MOV
MOV

LOOPO: SKT
BR
NOP
SET1
BR

LOOP1: CLR1
NOP
NOP

2 16-bit

MBE

XA, BUFF1
BSBO, XA
XA, BUFF2
BSB2, XA
L, #0
BSBO, QL
LOOP1

PORT3. O
LOOP2
PORT3. O

LOOP2: INCS L

BR
RET

LOOPO
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data from port 3 bit 0 in

; Set BSBO, 1

; Set BSB2, 3

; Test specified bit of BSB

; Dummy (timing adjustment)
; Set Port 3 bit 0O

; Clear Port 3 bit O
; Dummy (timing adjustment)
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5. INTERRUPT ‘FUNCTION

The uPD75028(A), contains seven interrupt sources and enables

multiple interrupt under the software control.

two types of test source.

testable input.

Table 5-1

Of these,

It also contains
INT2 has two edge detect

Interrupt Sources

Interrupt Vectored interrupt
Interrupt source Internal/ | priority request signal
.external | level (vector table address)
(Note 1)

INTBT (reference time interval Internal
signal from basic interval timer)

T ) 1 VRQ1l (0002H)
INT4 (both rising edge detection
and falling edge detection are External
valid)
INTO (rising and falling detect External . 2 VRQZ (OOOQH)

edge selection)
INT1 External 3 VRQ3 (0006H)
IwTCSI (serial data transfer end Internal 4 VRQ4 (0008H)
signal)
INTTO (match signal between pro-
grammable timer/counter count Internal 5 VRQS (O00AH)
register and modulo register)
INTMFT (when interrupt condition
in each mode becomes true) Internal 6 VRQ6 (00OCH)
(Note 3)
INT2 (rising edge detection of
input to INT2 pin or falling edge External
detection of input to any of KRO - Testable input signal
_kr7) (Note 2) (Note 4) (IRQ2, IRQW setting)
INTW (signal from watch timer) Internal
(Note 4)

Note 1:

The interrupt priority level is the priority level

applied when more than one interrupt request occurs at

the same time.

See 5.2 {(4) for details of INT2
See 4.9 MULTI-FUNCTION TIMER (MFT).

INT2 and INTW are of test sources.

by

interrupt enable flag in the same way as

They are affected

interrupt

source, but they do not generate vectored interrupt.
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The uPD75028(A) interrupt control circuit has the following func-
tions:

(a)

(b)
(c)

(d)

Vectored interrupt function under the hardware control which
can control whether or not an interrupt can be acknowledged

by setting the interrupt flag (IExxx) and interrupt master
enable flag (IME).

Interrupt start address can be set as desired.

Interrupt request flag (IRQxxx) test function (interrupt
occurrence can be checked by software).

Standby mode release (an interrupt to release the standby
mode can be selected by setting interrupt enable flag).

Interrupt Control Circuit Configuration

Fig. 5-1 shows the interrupt control circuit block diagram. The
hardware is mapped in data memoryspace.
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5.2

Interrupt Control Circuit Hardware

(1)

Interrupt request flags and interrupt enable flags

The interrupt request flag (IRQxxx) is set to 1 when
its corresponding interrupt request occurs. When
interrupt processing is performed, the interrupt re-
quest flag is automatically cleared. However, IRQBT
and IRQ4 share vector address, thus differ in clear
operation. (See 5.5.)

The interrupt enable flag (IExxx) is provided for each
interrupt request flag. When the interrupt enable flag
contains 1, its corresponding interrupt is enabled;
when 0, it is disabled.

When an interrupt request flag is set to 1 and its
corresponding interrupt enable fiag enables interrupt a
vectored interrupt request (VRQn) occurs. This signal
is also used to release the standby mode.

The interrupt request flags and interrupt enable flags
are handled by executing bit manipulation instructions
and 4-bit memory handling instructions. Bit manipula-
tion instructions can always be executed for direct
flag handling regardless of how MBE is set. The inter-
rupt enable flags are handled by executing EI IExXXX
instruction and DI IExxx instruction. To test the

interrupt request flags, normally the SKTCLR instruc-
tion is used.

Example: EI IEQ ; Enable INTO
DI IE1l ; Dissable INT1
SKTCLR IRQCSI ; Skip and clear if IRQCSI is

1



When the interrupt request flag is set to 1 by execut-

ing an instruction, a vectored interrupt is executed as

if an interrupt occurred.

When the RESET signal is generated,

the interrupt

request flags and interrupt enable flags are cleared,

disabling all interrupts.

Free running timer mode: At reference time intervals

Integration A/D converter mode: A/D conversion end

signal

Table 5-2 Interrupt Request Flag Setting Signals
Interrupt Interrupt
request Interrupt request flag setting signal enable
flag flag
IRQBT Refernce time interval signal by basic interval timer IEBT
.IRQ4 D?te?tion of either rising or falling edge of INT4/POO TE4
pin input signal

IRQO INTO/P10 pin input signal edge detection. The detected | 1gq
edge is selected by setting INTO mode register (IMO).

IRQ1 INTl/?ll pin input signa% edge detection._ The detected | g
edge is selected by setting INT1 mode register (IM1).

IRQCSI Sgrial interface serial data transfer operation end TECSI
signal.

IRQTO Match signal from timer/event counter #0. IETO

IRQW Signal from watch timer 1EW
INT2/P12 pin input signal rising edge detection of

IRQ2 falling edpge detection of input to any of KRO/P60 to 1E2
KR7/P73 pins.
Timer mode: Counter match signal
PWM output mode: At reference time intervals

IRQMFT IEMFT
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(2) Interrupt master enable flag (IME)

The interrupt master enable flag (IME) is used to
specify whether acknowledge of all interrupts is ena-
bled or disabled.

The IME is set by executing the EI or DI instruction.
When the RESET signal is generated, the IME is reset to
0, disabling acknowledge of all interrupts.

Fig. 5-2 IME Format

Address
_3
FB2H IME

Interrupt master enable flag (IME)

0 All interrupts are disabled and vectored
interrupt is not started.

Interrupt enable/disable is controlled
1 by the corresponding interrupt enable
flag.

(3) Hardware of INTO, INT1l, INT4

(a) Fig. 5-3 (a) shows the INTO structure. It is an
external interrupt input where the rising or falling
edge can be selected for the detection edge.

INTO has the noise elimination function using a
sampling clock. The noise eliminator can remove any
pulse shorter than than two sampling clock cycles
Note 55 noise. A pulse wider than one sampling clock
cycle may be captured as an interrupt signal depend-
ing on the sampling timing. This eliminator can
accept a pulse wider than this as an interrupt sig-

nal.

Note 2t~y when sampling clock is ¢
128/fX when sampling clock is fx/64
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(b)

(c)

INTC hés two types of sampling clocks ¢ and fx/64,
either of which can be selected for use by setting

edge detection mode register(IMO) bit 3 (IMO3). (See

Fig.)

To select the detection edge, set edge detection mode
register(IMO) bit O (IMOO) and bit 1 (IMO1l).

Fig. 5-4 (a) shows the IMO format. To set IMO, use a
4-bit manipulation instruction. When the reset
signal is generated, all IMO bits are reset to O,

specifying the rising edge.

Caution 1: INTO0 where sampling is performed with a
clock does not operate during the
standby mode.

2: Input a pulse wider than two sampling
clock cycles to the INTO/P10 pin even
when the pin is used as a port.
Otherwise, the pulse is suppressed by

the noise eliminator.

Fig. 5-3 (b) shows the INT1 format. It is external
interrupt input whose detection edge can be selected
out of rising and falling edges.

Fig. 5-4 (b) shows the IM1 format. The IMl is set by
executing a 4~-bit manipulation instruction. When the
RESET signal is generated, all the IM1l bits are reset
to 0, specifying the rising edge.

Fig. 5-3 (c) shows the INT4 structure. It is exter-
nal interrupt input whose rising and falling edges

can be detected.
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Fig. 5-3 INTO, INT1l, and INT4 Structures

(a) INTO hardware

INTO

INTO/P10 O——] Noise remover Edge detector |. R0

Set signal
¢———j IMO1, IM00
M3 2
Selector l i
M0
@ /64 :7
Detection edge specification
Input buffer ATi:T>sampling clock selection
S ' Internal bus S

(b) 1INT1 hardware

INT1
INTI/P11 O Edge detector IRQ1 .
Set signal
IM10
M1
Input buffer Detection edge specification
A(Z\F
S Internal bus S
(c) 1INT 4 hardware
INT4
INT4/P00 O— Rising and falling IRQ4
edge detection Set signal

Input buffer

847 Internal bus S




(a)

Fig.

5-4

Edge Detection Mode Register Formats

INTO edge detection mode register (IMO)

Address Symbol
3 1 0
FB4H | IMO3 IMO1 | IMOO | 1IMO
Detection edge specification
0 | 0 [Rising edge specification
0 {1 |Falling edge specification
1 {0 {Rising and falling edge specification
1|1 |Pon’'t care (interrupt request flag is
not set)
Sampling period
0 1/o
1 64/fx (15.3 us (during 4.19MHz operation))
(b) INT1 edge detection mode register (IM1)
FBSH | O 0 0 IM10 IM1
0 Rising edge specification
1 Falling edge specification
(c) INT2 edge detection mode register (IM2)
FB6H | O 0 | IM21 | TM20 IMO

L]

IM21| IM20| INT2 interrupt source ggggrrupt input
INT2 pin input rising edge ;
0 0 speci?icatign & 8 INT2 (one pin)
0 1 KR4-KR7 (four pins)
Falling edﬁ; specification -
1 0 of any of x pin inputs KR2-KR7 (six pins)
1 1 KRO-KR7 (eight pins)




Caution:

(b)

If the edge detection mode register is set or changed,
interrupt request flag may be set. Previously disable
interrupts and change the mode register contents.
Clear the interrupt request flag by executing the CLR1
instruction before enabling interrupts. If f3/64 is
selected as sampling clock when the IM0 contents are
changed, the interrupt request flag must be cleared in
16 machine cycles after the mode register contents are
changed.

INT2 and key interrupt (KRO-KR7) hardware

Fig. 5-5 shows the INT2 and KRO-KR7 structures.
IRQ2 is set in either of the following modes:

INT2 pin input rising edge detection

When the rising edge input to the INT2 pin is detect-
ed, IRQ2 is set.

Falling edge detection of any of KRO~-KR7 pin inputs
(key interrupt)

When the falling edge input to any of the KRO-KR7
pins selected in the edge detection mode register
(IM2) is detected, IRQ2 is set.

Caution: When a low level is input to even one of
the pins selected as falling edge detec-
tion, IRQ2 is not set although falling edge
is input to any other pin.

The INT2 pin or the KR0-KR7 pins are selected as interrupt signal
in the edge detection mode register (IM2). Which pins of KRO-KR7
are selected as falling edge input is also specified in IM2.

Fig. 5-4 (

c) shows the IM2 format. The IM2 is set by executing a

4-bit manipulation instruction. When the RESET signal is gener-
ated, all the IM2 bits are reset to 0, specifying the INT2 rising

edge.
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5.3 Interrupt Sequence

When an interrupt occurs, it is processed as shown in Fig. 5-6.

Fig. 5-6 Interrupt Processing Sequence

,(lr Interrupt INTxxx

occurrence

!

Set IRQxxx
|

NO Pending until
IExxx is set

YES

Occurrence of cor-
responding VRQn

Pending until
IME is set

Pending until the
current interrupt
service being exe-
cuted terminates

Save PC and PSW contents in stack memory and set
data2) in the vector table corresponding to
the started VRQn in PC, MBE

Change ISTO contents to 1

l

Reset acknowledge IRQxxx
(However, if the interrupt source
shares vector address, see 5.5.)

Jump to interrupt service program processing start
address

Remarks 1: ISTO: Interrupt status flag (PWS bit 2). (See Table
5-3.)
2: Prestore the interrupt service program start address

and the MBE setup value at the interrupt start in
each vector table.
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5.4 Multiple Interrupt Processing Control
uPD75028(A) multiple interrupt is enabled as described below:

Table 5-3 ISTO0 and Interrupt Processing State

Status of Int . . After interrupt
; . nterrupt requests :
rocessin is acknowledged

ISTO geing & CPU processing that can be acknow- &

performed ledged © ISTO
0 Status 0 Normal program pro- | All interrupts can be 1

cessing acknowledged
1 Status 1 | Interrupt processing| Jone of interrupts —_—
can be acknowledged

When an interrupt is acknowledged, IST0 is saved in stack memory
together with other PSW bits, then set to 1. When RETI
instruction is executed, ISTO0 is restored to 0.

As understood from Table 5-3, if the interrupt status flag wvalue
is changed by a program, multiple interrupt is enabled. That is,
if the ISTO0 value is changed to 0 by the interrupt service-

program to change the status to status 0, multiple interrupt is
enabled.

Change the ISTO value when interrupts are disabled previously by
executing the DI instruction.
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Fig. 5-7 Multiple Interrupt by Changing the Interrupt Status

Flag Value
Normal processing Single interrupt Double interrupt
(status 0)
Interrupt____’ Status 1
enable Interrupt—|
disable
Interrupt IST0 change—=|—7—
enable Status 0
Interrupt _’4fi_ Status 1

occurrence

Status 0
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5.5 Vector Address Sharing Interrupt Processing

Since INTBT and INT4 interrupt sources share vector table, inter-

rupt source is selected as described below:

(1)

(2)

To use only one interrupt

Set the interrupt enable flag corresponding to the
necessary one of the two interrupt sources sharing the
vector table to 1 and clear the interrupt enable flag
corresponding to the other interrupt source. 1In this
case, an interrupt request is caused by the enabled
interrupt source (IExxx=1), and when it is acknowl-

edged, the interrupt request flag is reset to 0.
To use both interrupts

Set both the interrupt enable flags corresponding to
the two interrupt sources to 1. In this case, the
interrupt request flags of the two interrupt sources

are ORed together for an interrupt request.

Even if interrupt request is acknowledged by setting
one or both of the interrupt request flags to 1, neigh-
er interrupt request flag is reset to 0.

Thus, in this case, the interrupt service routine must
decide which interrupt source causes the interrupt. To
do this, DI instruction is executed at the beginning of
the interrupt service routine and the SKTCLR instruc-
tion is executed to check the interrupt request flags

Remarks: When one interrupt only is enabled, the
source of the interrupt that occurred is
known, thus the interrupt request flag is
reset to 0 by the hardware when interrupt is

acknowledged.
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When both interrupts are enabled, the source
of the interrupt that occurred in unknown,
thus the interrupt request flag is not reset
to 0 by the hardware when interrupt is ac-
knowledged.

Therefore, to decide wich source causes the

interrupt, the interrupt request flags are
checked by the software.
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6. STANDBY FUNCTION

The standby mode STOP or HALT can be used on the uPD75028 (A) to‘
reduce power consumption during program standby.

6.1 Standby Mode Setting and Operation State

Table 6-1 Operation state in standby mode

STOP mode HALT mode
Set instruction STOP instruction BALT instruction
System clock when the | Can be set only when main system Can be set when either main system
mode is set clock is used clock or subsystem clock is used
Clock oscilla- Oscillation of main system clock CPU clock ¢ only stops (oscillation
tor only stops continues)
Basic interval] Operation stop Operation only during main system
timer clock oscillation (IRQBT setting at

reference time intervals)

Serial inter- | Can operate only when extrnal SCK Operation only when external SCK
face input is selected for serial clock | input is selected for serial clock or
during main system clock oscillation

Timer/event Can operate only whe TIO pin input | Operation only when TIO pin input is

Opera- | counter is selected for count clock specified for count clock or during
tion main system clock oscillation
state

Watch timer Can operate when fXT is selected Can operate

for count clock

A/D converter | Operation stop Can operate {Note)

Multifunction | Operation stop Can operate {Bote)

timer

External INT1, INT2, and INT4 can operata.

interrupt INTO only cannot operate.

CrU Operation stop

Release signal RESET input or interrupt request RESET input or interrupt request

signal, from hardware that can signal, from hardware that can opera-
operate, cnabled on Ilnterrupt to, onabled on interrupt enable flag
enable flag

Note: Can operate only when the main system clock oscillates.



Set the STOP mode by executing the STOP instruction to set PCC
bit 3 to 1. Set the HALT mode by executing the HALT instruction
to set PCC bit 2 to 1.

When CPU operation clock is changed by setting the low-order two
bits of PCC, time-lag may occur from PCC rewrite to CPU clock
change, as listed in Table 4-5. To change the operation clock
before the standby mode is set and the CPU clock after the stand-
by mode is released, set the standby mode in machine cycles
required for CPU clock change after PCC is rewritten.

The standby mode holds data in all registers and data memory
which stop operation during the standby mode, such as general
purpose registers, flags, mode registers, and output latches.

Caution 1: When the STOP mode is set, X1 input is internally
connected to Vgg (GND potential) to suppress crystal
oscillator leakage. In an external clock using
system, do not use the STOP mode.

2: Since interrupt request signal is used to release the
Standby mode, if there is an interrupt source for
which both the interrupt request flag and interrupt
enable flag are set, the standby mode will be re-
leased immediately if the standby mode is entered.
Thus, for the STOP mode, the HALT mode is entered
just after the STOP instruction is executed, and a
wait is made as long as the time set in the BTM

register before returning to the operation mode.

6.2 Standby Mode Release

Each of the STOP mode and HALT mode is released when RESET is
input or interrupt request signal enabled on interrupt enable

flag is generated. Fig. 6-1 shows standby mode release opera-
tion.



Fig. 6-1 Standby Mode Release Operation

(a) STOP mode release when RESET is input

v

Wait
(for about
STOP . 31.3ms/4.19MHz)
instruction 71
— ! % '
RESET
signal
Operation mode STOP mode HALT mode I Operation mode
Oscillation | Oscillation stop Oscillation
clock

(b) STOP mode release when an interrupt occurs

- Wait
STOP (for time set in BTM)]
instruction *1
b)]
l W :
Standby e atat
release gh01at50p 0 ; d
signal po4e STOP mode HALT mode peration mode
Oscillation | Oscillation stop Oscillation
clock I

Remarks: The broken line is applied when standby release
interrupt request is acknowledged.

(c) HALT mode release when RESET is input

Wait
HALT (31.3ms/4.19MHz)
instruction
! -
RESET (s
signal
Operation mode HALT mode Operation mode

clock I Oscillation

(to be continued)
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Fig. 6-1 Standby Mode Release Operation (Cont‘’d)

(d) HALT mode release when an interrupt occurs

HALT

instruction
Standby l i
release L e e e —
signal

Operation mode| HALT mode Operation mode
l I
Oscillation

clock

Remarks: The broken line is applied when standby release
interrupt request is acknowledged.

The wait time when the STOP mode is released, regardless of RESET
input or interrupt occurrence, does not contain the time until

clock oscillation starts after the STOP mode is released. (Fig.
6-2 a)

Fig. 6-2 Oscillation Start State

STOP mode

release
X, pin voltagel
waveform

VSS —— a ‘4——-

If the STOP mode is released by causing an interrupt to occur,
the wait time is determined by setting BTM. (See Table 6-2.)
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Table 6-2 Wait Time Selection by Setting BTM

BTM3 | BTM2 | BTM1 | BTMO | Wait time (NOt€)  The value enclosed
in parentheses is applied when
fx=4.19 MHz.
- 0 0 0 About 220/fX (about 250 ms)
- 0 1 1 About 217/fx (about 31.3 ms)
- 1 0 1 | About 21°/fy (about 7.82 ms)
- 1 1 1 About 213/fx (about 1.95 ms)
Other than above Undefined
Note: This time does not contain the time until oscillation

starts after the STOP mode is released.

6.3 Operation after Standby Mode is Released

(1)

(a)

(b)

If the stnadby mode is released by inputting RESET,

normal reset operation is performed.

If the standby mode is released by causing an inter
rupt to occur, whether or not a vectored interrupt is
executed when the CPU restarts instruction execution
is determined by the interrupt master enable flag IME

contents.

When IME=0

After the standby mode is released, execution re-
starts at the instruction following the standby mode
setting instruction.

The interrupt request flag is held.

When IME=1

After the standby mode is released, two instructions
are executed before a vectored interrupt is executed.
However, if the standby mode is released by INTW or
INT2 (testable input), no vectored interrupt occurs,

and processing as in (a) is performed.
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7. RESET FUNCTION

When RESET is input, the uPD75028(A) is reset and the hardware is
initialized as listed in Table 7-1.

Fig. 7-1 shows the reset operation timing.

Fig. 7-1 Reset Operation Timing when RESET is Input

Wait
(31.3ms/4.19 MHz)l

1

).
(€

RESET input

Operation mode

or standby mode HALT mode Operation mode
Internal reset

operation




Table 7-1

Hardware State after Reset

Hardware

RESET input during
standby mode

RESET input during
operation

Progfam counter (PC)

The low-order five
bits of program
memory address
O000H are set in
PC1l2-8 and the
contents of
address O00l1lH are

‘[set in PC7-0.

Same as left

PSW

Carry flag (CY) Held Undefined
Skip flag (SK0-2) 0 0
Interrupt status flag (ISTO) 0 0

Bank enable flag (MBE)

Bit 7 of program
memory address
0000H is set in
MBE

Same as left

Stack pointer (SP) Undefined Undefined
Data memory (RAM) Held (Note) Undefined
General purpose registers (X, A, H, Held Undefined
L9 Dv Ey B, and C)
Bank selection register (MBS) 0 0
Basic interval | Counter (BT) Undefined Undefined
timer
Mode register (BTM) 0 0
Timer event Counter (TO0) 0 0
counter
Modulo register (TMODO) FFH FFH
Mode register (TMO) 0 0
TOEO, TOUT F/F 0, 0 0, O
Watch timer Mode register (WM) 0

Note:

OFDH becomes undefined.

When RESET is input, data at data memory addresses OF8H-




Table 7-1

Hardware State after Reset (Cont’d)

Hardware

RESET input during

standby mode

RESET input during
operation

Serial Shift register (SIO) Held Undefined
interface
Operation mode 0 0
register (CSIM)
SBI control register 0 0
{SBIC)
Slave address register Held Undefined
(SV4)
Clock Processor clock 0 0
generator, control register (PCC)
clock output
circuit System clock control 0 0
register (SCC)
Clock output mode 0 0
register (CLOM)
Interrupt Interrput enable flag 0 0
function (IExxx)
Interrupt master 0 0
enable flag (IME)
INTO, INT1l, and INT2
mode registers (IMO, 0, 0, 0 0, 0, 0
IM1, and IM2)
Digital port Output buffer Off off
Output latch Reset to O Reset to O
Input/output mode 0 0
register (PMGA, B, C)
Pull-up resistor
specification regis- 0 0
ter (POGA and POGBR)
Pull-down resistor
specification 0 0

register (PDGB)
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Table 7-1

Hardware State after Reset (Cont’d)

Hardware

RESET input during
standby mode

RESET input during
operation

Multifunction Counter (MFTL) FFH FFH
timer
Counter (MFTH) 0 0
Mode register (MFTM} 0 0
Control register 0 0
(MFTC)
Al/D converter Mode register (ADM) 04H 04H
SA register (SA) Held Undefined
Bit sequential buffer (BSBO-BSB3) Held Undefined
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8.

1

INSTRUCTION SET
uPD75028(A) Featuring Instruction

(1) GETI instruction

The GETI instruction is a l-byte instruction which refer-

ences 2-byte table in the program memory and executes any
operation of the following:

(a) Subroutine call in all space by using the table

data as the call instruction call address.

(b) Branch to all space by using the table data as the
branch instruction branch address.

(c) Execution of the table data as operation code of a
2-byte instruction or operation codes of two 1-
byte instructions.

The GETI instruction is greatly effective for reduction of
the number of program steps. Addresses of tables referenced
by GETI instruction execution are program memory addresses
0020H-007FH as shown in Fig. 3-2; data can be set in 48
tables.

To describe a table address as an operand, describe an even
address.

Remarks 1: 2-byte instructions that can be referenced by
GETI instruction execution are limited to 2-

machine-cycle instructions.

2: to reference two l-byte instructions by GETI
instruction execution, combinations of the two
l-byte instructions are limited as listed
below:



Instruction at the Instruction at the
first byte second byte
MOV A, @HL INCS L
MOV @HL, A (DECS L
XCH A, @HL INCS H
(DECS H
MOV A, @DE INCS E
<DECS E
XCH A, @GDE INCS D
(DECS D
MOV A, @DL INCS L
(DECS L
XCH A, @DL INCS D
(DECS D

Since PC is not incremented during GETI instruction
execution, processing is continued at the address
following the GETI instruction after reference instruc-
tion execution.

If the instruction preceding the GETI instruction has
the skip function, the GETI instruction is skipped as
with any other 1l-byte instruction. If the instruction
referenced by GETI instruction execution has the skip
function, the instruction following the GETI instruc-
tion is skipped.

When a string effect instruction is referenced by GETI
instruction execution,

If the instruction proceding the GETI instruction

also has the string effect of the same group, when
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the GETI instruction is executed, the string
effect is lost and the referenced instruction is
not skipped.

If the instruction following the GETI instruction
also has the string effect of the same group, the
string effect caused by the referenced instruction
is valid, and the following instruction 1is
skipped.

(2) Bit manipulation instruction

In addition to normal 1-bit manipulation instructions
such as set and clear, bit test instruction and bit
Boolean instructions (AND, OR, and XOR) are enhanced
for the uPD75028. The bit to be manipulated is speci-
fied by bit manipulation addressing.

The bit manipulation addressing modes that can be used
and the bits manipulated in each addressing mode are
listed below:

Addressing Peripheral hardware Address range of bits
that can be addressed that can be addressed
MBE/ISTO/ FBOH-FBFH

fmem. bit IExxx/IRQxxx
PORT0-11 FFOH-FFFH
BSB0

mem. QL FCOH-FFFH

P ¢ PORTO, 4
All peripheral hard- All bits that can be

@H+mem. bit ware that can be manipulated bit-wise,
handled bit-wise of the memory bank

indicated by MB

xxx: 0, 1, 2, 4, BT, TO, W, CSI, MFT
MB=MBE + MBS



(4)

String effect instruction

If the instructions of the same group of the following
three instructions are placed in two or more contiguous
addresses in a program, the instruction placed at the
start point of the string effect instructions is exe-
cued, then one string effect instruction is replaced
with one NOP instruction for execution:

Group A: MOV A, #n4, MOV XA, #n8

Group B: MOV HL, #n8

Notation adjustment instruction

The uPD75028 contains notation adjustment instruction
to adjust the 4-bit data addition or subtraction result
to any desired notation.

Assume that the notation to adjust to is m the addition
or subtraction result between the accumulator and
memory location addressed by register pair HL is ad-
justed to m notation.

by combining

. during addition ADDS A, #16-m
ADDC A, @HL
ADDS A, #m
during subtraction SUBC A, @HL
ADDS A, #m

However, when subtraction is performed, the m comple-
ment of the subtraction result is set in the accumula-
tor. An overflow or underflow is left in the carry
flag. (When these instructions are combined, the ADDS
A, #m instruction skip function is inhibited.)
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8

.2

Instruction Set and Operation

(1)

Operand identifiers and description

In the operand field of each instruction, describe
operands comforming to the description for the operand
identifiers of the instruction. (For details, see the
assembler specifications.) Select one of the entries
under the description. Uppercase alphabetic characters
and symbols are keywords which should be described

exactly as shown.

For immediate data, describe a proper numeric value or
label.

The symbols shown in the register and flag formats in
Chapters 3-5 can be described as labels in place of
mem, fmem, pmem, bit, etc. (However, the labels that
can be described in fmem and pmem are limited. See the

table on the preceding page.)



Identifier Description

reg X, A, B, C, D, E, H, L

regl X, B, C, D, E, H, L

rp XA, BC, DE, HL

rpl BC, DE, HL

rp2 BC, DE

rpa HL, DE, DL

rpal DE, DL

n4d 4-bit immediate data or label

n8 8-bit immediate data or label

men (Note) 8-bit immediate data or label

bit 2-bit immediate data or label

fmem FBOH-FBFH, FFOH-FFFH immediate data or label
pmemn FCOH-FFFH immediate data or label

addr 0000H-1F7FH immediate data or label

caddr 12-bit immediate data or label

faddr 11-bit immediate data or label

taddr 20H-7FH immediate data (where bit 0=0) or label
PORTnNn PORTO-PORT11

IExxx IEBT, IECSI, IETO, IEO, IEl, IE2, IE4, IEW, IEMFT
MBn MBO, MB1l, MB15
Note: For 8-bit data processing, only an even address can be

specified in mem.

(2) Legend on operation explanation

X register or 4-bit accumulator

Register pair (XA) or 8-bit accumulator

Register pair (BC)

A A register or 4-bit accumulator
B B register
C C register
D D register
E : E register
H : H register
L : L register
X :

XA

BC

DE

.

Register pair (DE)
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HL

PC

SP

CY
PSW
MBE
PORNn
IME
IExXxx
MBS
PCC

(xx)

xxH

e

.

Register pair (HL)

Program counter

Stack pointer

Carry flag or 1-bit accumulator
Program status word

Memory bank enable flag

Port n (n=0-11)

Interrupt master enable flag
Interrupt enable flag

Memory bank selection register
Processor clock control register
Separation of address and bit
Contents addressed by xx
Hexadecimal data



(3)

Symbol explanation under addressing area

*1 MB=MBE-MBS
(MBS=0, 1, 15)
*2 MB=0
*3 MBE=0:MB=0 (0OO0H-7FH)
MB=15 (80H-FFH) Data memory
MBE=1:MB=MBS (MBS=0, 1, 15) addressing
*4 MB=15, fmem=FBOH-FBFH,
FFOH-FFFH
*5 | MB=15, pmem=FCOH-FFFH
*6 addr=0000H-1F7FH
*7 addr= (Current PC) -15 to (Current PC) -1
(Current PC) +2 to (Current PC) +16
. Program memory
*8 caddr=0000H-0FFFH (PC;5,=0) or 1000H-1F7FH (PC;,=1) addressing
*9 faddr=0000H-07FFH
*10 | taddr=0020H-007FH

Remarks 1: MB denotes memory bank that can be access

2: *2: MB=0 regardless of MBE or MBS.
3: *4 and *5: MB=15 regardless of MBE or MBS.
4: *6 to *10: Area that can be addressed is shown.
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Explanation of number of machine cycles

S denites the number of machine cycles required when an
instruction with skip performs skip operation. The
value of S varies as follows:

when not skipped: S=0

when the skipped instruction is a l-byte or 2-byte
instruction: S=1

when the skipped instruction is a 3-byte instruction
(BR !addr or CALL !addr): S=2

Caution: The GETI instruction is skipped in one ma-

chine cycle.

One machine cycle(tCY)equals to one cycle of CPU clock ¢.

One of three types of time can be selected by setting
PCC. (See 4.2 (3).)
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0T1-8

Instruction Number Number of Addressing
group Mnemonic Operand of machine Operation area Skip condition
bytes cycles

A, #né 1 1 A =— n4 Vertically stored A
regl, #né4 2 2 regl —— n4
XA, #n8 2 o2 XA ~— n8 Vertically stored A
HL, #n8 2 2 HL —=— n8 Vertically stored B
rp2, #n8 2 2 rp2 =— n8
A, @HL 1 1 A —— (HL) %]
A, @rpal 1 1 A —<~— (rpal) *2
XA, @HL 2 2 XA —— (HL) *1

Transfer MoV @HL, A 1 1 (BL) —— A *1

instructions
@HL, XA 2 2 (HL) = XA *]
A, mem 2 2 A ~— (mem) *3
XA, mem 2 2 XA ~«— (mem) *3
mem, A 2 2 (mem) =-— A *3
mem, XA 2 2 (mem) - XA *3
A, regl 2 2 A =— regl
XA, rp 2 2 XA ~— rp
regl, A 2 2 regl —— A
rpl, XA 2 2 rpl -— XA




T1-8

Instruction Number Number of Addressing
group Mnemonic Operand of machine Operation area Skip condition
bytes cycles
A, @HL 1 1 A —— (HL) *1
A, @rpal 1 1 A ~~—= (rpal) *2
XA, @HL 2 2 XA —=—>(HL) *1
XCH A, mem 2 2 A ~—» (mem) *3
Transfer XA, mem 2 2 XA = (mem) *3
instructions
A, regl 1 1 A —— regl
XA, ©p 2 2 XA -«— rp
XA, @PCDE 1 3 XA —— (PCy, o+DE)poy
MOVT
XA, @PCXA 1 3 XA —-— (PC12-8+XA)ROM
A, #n4 1 1+8 A —— A+n4 carry
ADDS
A, @HL 1 1+8 A e A+(HL) *] carry
ADDC A, @HL 1 1 A, CY —— A+(HL)+CY *1
Operating
instructions SUBS A, @HL 1 148 A —~— A-(HL) *1 borrow
SUBC A, @HL 1 1 A, CY —~— A-(HL)-CY *]
A, #n4 2 2 A —~— AAn4
AND
1 1 A —~— AN(HL) *1

A, @HL




¢1-8

Instruction Number Number of Addressing
group Mnemonic Operand of machine Operation area Skip condition
bytes cycles
A, #né 2 2 A =— AV/né4
OR
A, @HL 1 1 A ~— AV/(HL) *1
Operating
instructions A, #n4 2 2 A ~— Awmd4
XOR
A, @HL 1 1 A =~ AN (HL) *1
Accumulater | pope A 1 1 CY =— Ay, Ay=— CY, A=y A
handling o n
(manipulation) NOT A 2 2 A 'y
instructions
reg 1 148 reg -=— regtl reg=0
Increment INCS @HL 2 248 (HL) —— (HL)+1 *1 (HL)=0
and
Decrement mem 2 248 (mem) =— (mem)+1 *3 (mem)=0
instructions
DECS reg 1 145 reg —— reg-1l reg=FH
reg, #nk 2 2+5 Skip if reg=né reg=né
@HL, #né 2 2+8 Skip if(HL)=né4 *] (HL)=n4
Comparison SKE
instruction A, @HL 1 1+8 Skip if A=(HL) *1 A=(HL)
A, reg 2 2+8 Skip if A=reg A=reg
SET1 CcY 1 1 CY =— 1
Carry flag CLR1 cY i 1 CY =— 0
handling
(manipulation) SKT cY 1 148 Skip if CY=1 CcY-1
instructions
NOT1 cY 1 1 CY ~— €Y




€1-8

Instruction Number Number of Addressing
group Mnemonic Operand of machine Operation area Skip condition
bytes cycles
mem.bit 2 2 (mem.bit) —=— 1 *3
fmem. bit 2 2 {(foem.bit) —=— 1 *4
SET1
prem. @L 2 2 (pmem7_2+L3_2.bit(Ll_0)) ~-— ] *5
@H+mem.bit 2 2 (H+mem3-o .bit) - 1 *}
mem.bit 2 2 (mem.bit) =— 0 *3
fmem.bit 2 2 (fmem.bit) == O *4
CLRI
pmem. @L 2 2 {pmem, ,+Lq_,.bit(L; o)) =— 0 *5
Memory bit @H+mem.bit 2 2 (H+mem3_o+bit) ~ 0 *1
manipulation -
instructions mem.bit 2 2+5 Skip if(mem.bit)~-1 *3 (mem.bit)=1
fmem.bit 2 . 248 Skip if(fmem.bit)=l *4 (fmem.bit)=1
SKT X
puem. GL 2 248 Skip if(pmem7_2+L3_2.bit(Ll_o)-l *5 (pmem. @L)=1
@H+mem. bit 2 248 Skip if(H+mem3_0.bit)-1 *1 (@H+mem.bit)~1
mem, bit 2 2+S Skip if{mem.bit)=0 *3 (wmem. bit)=0
fmem.bit 2 2+§ Skip if(fmem.bit)=0 *4 (fmem.bit)=0
SKF
pmem. @L 2 2+S Skip if(pmem7_2+L3_2.bit (LI-O)-O *5 (pmem.@L)=0
@H+mem.bit 2 248 Skip if(H+mem. ,.bit)=0 *1 (@H+mem.bit)=0
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P1-8

Instruction Number Number of Addressing
group Mnemonic Operand of machine Operation area Skip condition
bytes cycles
fmem.bit 2 2+8S Skip if(fmem.bit)=l and clear *4 (fmem.bit)=1
SKTCLR pmem. @L 2 248 Skip if(pmem7_2+L3_2.bit(L1_0))-1 and clear *5 (pmem.@L)=1
@H+mem.bit 2 248 Skip if(H+mem3_0.bit)-l and clear *1 (@H+mem.bit)=1
CY, fmem.bit 2 2 CY =— CY A(fmem.bit) *4
AND1 CY, pmem.@L 2 2 CY ~— CY_/\(pmem7-2+L3_2.bit(Ll_o)) *5
Memory bit CY, @H+mem.bit 2 2 CY ~— CY/\(H+mem3_0.bit) *]
manipulation
instructions CY, fmem.bit 2 2 CY =— CYV (fmem.bit) *4
OR1 CY, pmem.@L 2 2 CY =~ CYV (pmem7_2+L3_2.bit:(L1_o)) *5
CY, @H+mem.bit 2 2 CY —=— CYy (H+mem3_0.bit) *]
CY, fmem.bit 2 2 CY =— CY¥ (fmem.bit) *4
XOR1 CY, pmem.@L 2 2 CY C_Y—\L(pmem7_2+L3_2.bit(Ll_o)) *5
CY, @H+mem.bit 2 2 CY ~— CYV (Htmemy_,.bit) *]
PClz_o -— addr
(Select appropriate instruction from
addr - - among BR laddr, BRCB !caddr, and *6
BR $addr according to the assembler
Branch BR being used.)
instructions
taddr - 3 3 PGy o= addr *6
Saddr 1 2 PGy o = addr *7
BRCB lcaddr 2 2 PC , o= PCy, g*caddr)) 4 *8




ST-8

Instruction ! Number Number of Addressing
group l Mnemonic Operand of machine Operation area Skip condition
l bytes cycles
i (SP-4) (SP-1) (SP-2) =— PC), o
D calL laddr 3 3 (SP-3) —=— (MBE, 0, 0, PC,,) *6
i
i PClZ—O —<— addr, SP -—— SP-4
(SP-4) (SP-1) (SP-2) —— PCll-O
CALLF tfaddr 2 2 (SP-3) —— (MBE, 0, 0, PC,,) %9
PCXZ-O —~— 00, faddr, SP —— SP-4
(MBE, X, X , PClZ) —= (SP+1)
RET 1 3 PC11_0-<—- (SP) (SP+3) (SP+2)
SP —— SP+4
Subroutine (MBE, X y X 'PClz) —— (SP+1)
stack RETS i 3+8 PC _g = (SP) (SP+3) (SP+2) Unconditional
control SP ~— SP+4, then skip unconditionally
instructions
(MBE, X , X, PC;, —=— (SP+1)
RETI 1 3 PCi _o = (SP) (SP+3) (SP+2)
PSW —=— (SP+4) (SP+5), SP SP+6
rp 1 1 (sp-1) (SP-2) —=— rp, SP —— S5P-2
PUSH
BS 2 2 (SP-1) —~— MBS, (SP-2) —=— 0, SP —— SP-2
rp 1 1 rp ~~— (SP+1) (SP), SP —— SP+2
PO?P
BS 2 2 MBS —— (SP+1), SP —— SP+2




91-8

Instruction Number Number of Addressing
group Mnemonic Operand of machine Operation area Skip condition
bytes cycles
2 2 IME ~=— 1
El
Interrupt IExxx 2 2 IExxx —— 1
control
instructions 2 2 IME ~=— 0O
DI
IExxx 2 2 IExxx ~— 0
{Note) | A, PORT 2 2 A ~— PORTn (n=0-11)
IN
XA, POR’I‘n 2 2 XA —-— PORTn”, PORTn (n=4,6)
Input/output
instructions (Note) | PORT , A 2 2 PORT —— A (n=2-10)
ouT
PORT , XA 2 2 PORT ,,, PORT —— XA (n=4,6)
HALT 2 2 Set HALT Mode (PCC.2 =— 1)
CPU control STOP 2 2 Set STOP Mode (PCC.3 —— 1)
instructions
NOP 1 1 No operation




LT-8

Instruction Number Number of Addressing

group Mnemonic Operand of machine Operation area Skip condition
bytes cycles
SEL MBn 2 2 MBS — a (n=0,1,15)

. When TBR instruction is executed
PC,, §=— (taddr)4_0+(taddr+1)

. When TCALL instruction executed
Special (SP-4) (SP-1) (SP-2) =— PC

instructions | GETI taddr 1 3 (SP-3) ~— (MBE, 0, O, Pcl;l ° *10
PClZ-O e (taddr)l‘_0+(tddr+l)
SP —=— SP-4
L e e e ————————————— e 1 ]
. When any instruction other than TBR or Depending on the
TCALL reference instruction

(taddr) (taddr+l) instruction execution

Caution: MBE=0, MBE=1 and MBS=15 must have been set during execution of an IN or OUT instruction.






9. ELECTRICAL CHARACTERISTICS

Absolute maximum 'ratings (Ta = 25°C)

Parameter Symbol ] Test condition Ratings : Unit
Power supply voltage VDD -0.3 to +7.0 v
Input voltage VIl Except for port 4, 5, 10 -0.3 to VDD+O.3 A

V12 Pull-up resistor { -0.3 to VDD+0.3‘ v
is contained
Port 4, 5, 10
Open drain ~0.3 to +11 v
Output voltage VO -0.3 to VDD+0.3 v
Output high current Per pin -10 mA
on
Total, all outputs =30 mA
Output low current Port 0, 3, 4, 5 Peak value 30 mA
per pin
rus value 15 mA
Except for port 0, | Peak value 20 mA
3, 4, 5
per pin . rms value 3 mA
1 (Note)
OL
Port 0, 3 to 9, 11 Peak value 170 mA
total
rms value 120 oA
Port 0, 2, 10 total | Peak value 30 mA
rms value 20 nA
Operation temperature Topt =40 to +85 C
Storage temperature Tscg -65 vo +150 °C

Note: To obtain the rms value, calculate

[rms value] = [peak value] x v duty



Operation temperature range

emperature. (Ta)

-40 to +70°C -40 to +85°C
Item
Select the main Operation enable
CPU system clock
clock

Select the sub-

system clock Operation enable Operation disable

Subsystem clock

i i i i Operation enable(Note 1)
oscillation circuit

A/D converter Operation enable(Note 2)

Other hardware Operation enable

Note 1: Don’t exceed +70°C as temperature range when subsystem
clock is selected CPU clock.

2: Precision is different by temperature range.

Main systerm clock oscillator characteristics (Ta = -40 to +85°C,
‘]Dr) = 2.7 to 6 .0\7)

Resonator | Recommended constant Parameter Test condition MIN. TYP. MAX. Unit
(Note 1) . s
Ceramic Oscillation VDD oscillation 2.0 5.0 MHz
resonator frequency (fx) frequency
] (Note 2) After VDD reaches
Oscillation MIN of oscillation 4 ms
stabilization time voltage range
(Note 1)
Crystal Oscillation 2.0 4.19 5.0 Mz
resonator frequency (fx)
(Note 2) |y = 4.5 to 6.0V 10 mo
Oscillation
stabilization time 30 ms
(Note 1)
External X1 input 2.0 5.0 Miz
clock frequency (fX)
X1 i t high, low
#PDTSHCUO04 mpur hoEM 100 250 | ns
level width (tx“. t‘{L)




Subsystem clock oscillator characteristics (Ta = -40 to +85°C,
Vpp = 2.7 to 6.0V)

L]

Resonator | Recommended constant Parameter Test condition MIN. TYP, MAX, Unit
{(Note 1)
Cryscal Oscillation 32 | 32.768 35 | kHa
resonator frequency (fx)
(Note 2) 1y = 4.5 to 6.0V 1.0 | 2 s
Oscillation )
stabilization time 10 s
External XT1 input (Note 1)
: 32 100 | kHz
clock frequency (fx)
XT1 input high, low 5 15
level width (cXTH’ tXTL} "
Note 1: It indicates only the oscillator characteristics. For
the instruction execution time, see the AC characteris-
tics.
"2: Time required until oscillation becomes stable after Vpp
application or STOP mode release.
3: When oscillation frequency is 4.19 MHz < fy 5.0 MHz, do
not set PCC = 0011 for the CPU clock frequcy.
When PCC = 0011, 1 machine cycle falls short of 0.95 us,
the minimum value of the limit.
4: When selecting subsystem clock as CPU clock, the range
of temperature should be within +70 °C.
Caution: Make the shaded portion in the figure as short as

possible. (For details, see 4.2 (5).)

Capacitance (Ta = 25°C, Vpp =0V)

Parameter Symbol Test condition MIN. TYP. MAX. Unit

Input capacitance <, f = 1MHz 15 pF
Unmcasured pins returned to OV

Output capacitance CO 15 pF

Input/Output capacitance [of 15 pF




DC characteristics (Ta = -40 to +85°C, Vpp = 2.7 to 6.0V)

Parameter Symbol Test condition MIN. | TYP. MAX. Unit
Input high voltage Vim Port 2, 3, 8, 9, 1l 0.7V VoD v
VIEZ Port 0, 1, 6, 7, RESET O.BVDD VDD v
Pull-up resistor is 0.7VDD VDD v
contained
VIH3 Port 4, 5, 10
Open drain 0.7VDD 10 v
VIHIo X1, X2, XT1 VvDD-0.5 'VDD v
Input low voltage vILl Port 2 to 5, 8 to 1l ' ] 0.3VDD v
vIL2 Port O, 1, 6, 7, RESET 0 O.ZVDD v
v1L3 X1, X2, XTI 0 0.4 v
Output high voltage vDD “ 4,5 to 6.0V, IOH = -lmA VDD-I.O b)
v
OH
IOH = ~100uA VDD-O..S v
Output low voltage Port 3, 4, 5 Ve, = 4.5 to 6.0V, 0.4 2.0 v
. IOL = 15mA
v VDD - 4.5 to 6.0V, IOL = 1.6mA . 0.4 v
oL 1 400uA 0.5 v
oL )
SBO, 1 Open drain 0.2VDD v
Pull-up resistorzlkQl
Input high leakage ILIHI Except for below 3 uld
current VI - VDD
ILIHZ X1, X2, XTl . 20 uA
1 V., = 9V Port 4, 5, 10 (when open 20 ud
L *
TH3 I drain is selected)
Input low leakage ILILI Except for below -3 uA
current VI = 0V
ILILZ X1, X2, XT1 -20 uA
Output high leakage ILOH] VO - VDD Except for below 3 uA
current
ILOHZ Vo - 9V Port.: la: 5, 10 (when open 20 ud
drain is selected)
Output low leakage oL Vg = OV -3 ud
current
Internal pull-up Port 0, i, 2, | Vp, = 5.0V%l0Z 15 40 80 k0
resistor RUl 3, 6, 7, 8
(except P00) VDD = 3.0V£107 30 300 k0
VI - oV
Port 4, 5, 10 vDD - 5.0V$10% 15 40 70 kQ
RUZ Vo - VDD-Z.OV
VDD = 3.0Vt102 10 60 ki
Internal pull-down Port 9 VDD - 5.0V£102 10 40 70 k0
resistor . RD VIN - VDD
VDD - 3.0V+102 10 60 kQ




Power supply

current

Parameter Symbol Test condition MIN. | TYP. MAX. Unit
(Note 1) (Note 2) | Vp, = S.0vzi0z (Note 3) 2.5 8 A
I 4.19MBz
bl (Note &)
crystal VDD = 3V:102 . 0.35 1.2 mA
oseillation -
Cl - C2 = VDD =- 5V:102 500 1500 ud
IDDZ 22pF HALT mode
v - 3VilOZ% 150 450 ul
DD
IDD3 (Note 5) vDD - 3Vi10% 30 90 uA
32.768kHz
1DD4 crystal HALT mode VDD = 3V:10Z 5 15 uh
oscillation
VDD - 5V:102 0.5 20 uA
XT1 = OV
IDDS STOP mode VDD - 0.1 10 ul
3Vz10%Z
Ta = 25°C 0.1 5 uA

Note 1:

Current flowing into internal pull-up resistor is not
contained.

Case where subsystem clock 1is oscillated is also
contained.

When the processor clock control register (PCC) is set to
0011 and the uPD75028 (A) is operated in high speed mode.
When PCC is set to 0000 and the uPD75028(a) is operated in
low speed mode.

When the system clock control register (SCC) is set to
1001, main system clock oscillation is stopped and the
uPD75028 (A) is operated with subsystem clock.




AC characteristics (Ta = -40 to +85°c, Vpp = 2.7 to 6.0V)

Parameter, Symbol Test condition MIN. TYP. | MAX. | Unit
(Note 1) Operation with main | Vp, = 4.5 ro 6.0V 0.95 32 us
CPU  clock cycle system clock N .
(minimum instruction tCY 3.8 32 us
execution time = 1
machine cycle) Operation with (Note 2) 114 122 125 us
subsystem clock Ta=-40 to +70°C
TIO input frequency vDD = 4.5 to 6.0V 0 1 Mz
foy -
0 275 kHz
TIO input high, low trg VDD = 4.5 to 6.0V 0.48 us
|l
level width
teiL 1.8 us
Interrupt input high, INTO (Note 2) us
low level width CINTH
1
INT1, 2, 4 10 us
FINTL
KRO to 7 _ 10 us
RESET low level width tpsL 10 ' us

Note 1: The CPU clock (P ) cycle
time is determined by the
oscillation frequency of
the connected resonator,
the system clock control 2
register (SCC),-and the = 5
processor clock control 6
register (PCC).
The right chart shows the Operation
cycle time tey 4 guarantee
characteristics for power range
supply voltage Vpp during
main system clock operation.
(See Fig. 4-12 Processor
Clock Contrcl Register Format)

2: 2tpy Ox 128/fx depending
on how the interrupt mode
register (IMO) is set. \\\
This value becomes 2tgy oOr 1 X

tcrvs VDD (During main‘system
clock operation)

Cycle time

(93]

128/fX depensing on the
setting of interrupt mode
register (IMO).

0.5

0 1 2 3 4 5 6
Supply voltage Vpp (V]

9-6



Serial transfer operation

2-line, 3-line sérial I/0 mode (SCK - internal clock output)

Parameter Symbol Test condition MIN. TYP. | HAX. | Unit
SCK cycle time vDD = 4.5 to 6.0V 1600 " ns
FRCYL
3800 ns
SCK high, low level tery Vpp = 4-5 to 6.0V trey/2 ns
width - 50
teyl tKCYIZ ns
- 150
S1 setup time (ro SCR{) | tgpp, 150 ns
SI hold time (from SCK )| tyey) 400 s
SCK [ — SO output delay (Note) Vpp = 4.3 to 6.0V 250 ns
.tine txsol RL = 1k0}, -
CL = 100pF 1000 ns

2-line, 3-line serial I/0 mode (SCK - external clock output)

Parameter Syumbol Test condition MIN. TY{P. | MAX. | Unit
SCK cycle time VDD - 4.5 to 6.0V 800 ns
rey2
3200 ns
SCR high, low level txL2 Vpp = 4+5 to 6.0V 400 ns
width _
txH2 1600 ng
SI setup time (to SCK i) tSIR2 100 ns
S1 hold time (from SCK | )| trer, 400 A e
SCK ]——-SO output dolay (Noto) VDD - 4,5 to 6.0V 300 na
timo' Txs02 RL - 1k,
CL - 100pF 1000 ns

Note: Rj and C; are output line load resistance and load capaci-

tance, respectively.



SBI mode (SCK - internal clock output (master))

Parameter Symbol Test condition MIN. TYP. | MAX. |Unit
SCK cycle time VDD = 4.5 to 6.0V 1600 ns
reys
3800 ns
SCK high, low level tera Vpp = 4.5 to 6.0V trey!2 s
width X
T Crevl2 ns
3 RCY
X - 150
SBO, SBl setup time ter1R3 150 ns
{to SCK 1 )
SBO, SB1 hold time trs13 t’KCYIZ ns
(from SCK })
SCK | - SBO, SB1 output {Note) Vpp = 4.5 to 6.0V 0 250 ns
delay time trs0o3 R, = 1kQ,
ks Ct = 100pF 0 1000 us
SCK |- sB0, 1} Tesh RCY i
SBO, 1 ‘—-— SCR topx trey ns
SBO, SB1 low level teBL trey ns
width
SBO, SBl1 high level Tspy Trey ns
width
Note: Ry and C; are SBO, SBl output line load resistance and

load capacitance,respectively.
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SBI mode (SCK ~ external clock output (slave))

Parameter Symbol Test condition MIN. TYP. | MAX. | Unit
SCK cycle time vDD = 4.5 to 6.0V 800 ns
t
KCY4 3200 as
SCK high, low level tRL4 Vpp = 4-3 to 6.0V 400 ns
) CRH4 1600 ns
SBO,_SBl set.:up.time t
(to'SCK{ ) SIK4 100 ns
SBO, SB1 hold time t j— ) . ns
(from SCR | ) Rs14 RCY
SCK }— SBO, SBl output (Note) Vpp = 4.5 to 6.0V 0 300 ns
delay time Trs04 RL - 1kQ,
CL = 100pF 0 1000 ns
SCK § — sBo, 1 trss trey ns
5BO, 1 |— SCK| tSER tRey ns
SBO, SBl low level t t ns
width SBL RCY
SBO, SBl high level t

ns
width SBH tRey

Note: Ry, and C; are SBO, SBl output line load resistance and

load capacitance, respectively.
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A/D converter (Ta = -40 to +85°C, Vpp = 2.7 to 6.0V, AVgg = Vgg =

ov)
Parameter Symbol Test condition MIN. TYP. | MAX. | Unit
Resolution 8 bit
~10< Ta < +85°C 1.5 LSB
Absolute accuracy (N°t°_ D Z'SVSAVRE}?SAVDD
~40< Ta < -10°C £2.0
Conversion time (Note 2) Toony 168/fx us
Sampling time (Note 3) tsap lolclfx us
Analog input voltage VIAN AVREF— AVREF# v
Analog supply voltage AVDD 2.5 VDD v
Reference input voltage AVREF+ Z'SVS(AVREIH) - (AVREF_)_ 2.5 AVDD v
Raference input voltage AVREY- 2.5VS(AVREF+) - (AVREF-) 0 1.0 v
Analog input high impedance RAN 1000 MO
VAREF current IAREF 0.25 2.0 mA

Note 1:

Absolute accuracy from which gquantization error
(£1/2LSB) is removed.

Time until conversion end (EOC=1) after conversion
start instruction execution (40.lus: During fy=4.19
MHz operation). '

Time until sampling end after conversion start instruc-
tion execution (10.5 wus: During fg=4.19 MHz

operation).
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AC timing test points (except for X1 or XT1 input)

0.8 Vyp
0.2 Vi

. 0.8V
::::>Test p01nt<::: osz
. pp

Clock timing

X1AHh \

1/t

XTIAN \
X

txTL t.‘( TH

TIO timing

1/ {

m_\\

triL trin
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Serial transfer timing

3-line serial I/0 mode:

tkeys |
txrt , tain '
4
SCK
N
L tsixa tksii
S Input data
tysor )

so Qutput data )X(

2-line serial I/0 mode:

t)(x,u

etz F*—tknz

[72]
=

=\

r=tsixe tgsiz

SBO-I
e ]

txsoz
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Serial transfer timing

Bus release signal transfer:

tkcyaa

tkss tspL tspH tspx

SBO0. 1

tKs03.4

Command signal transfer:

tkevaa

2
(2}
i

\ tsiK3a
txse tspk

s50.1 f >§/

txs0a.4

tysiau

7

Interrupt input timing:

tinTa

INT0,1,2,4
KRO-7

RESET input timing

tast

RESET
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Data memory STOP mode low supply voltage data retention charac-
teristics (Ta = -40 to +85°C)

Parameter Symbol Test condition MIN. TYP. MAX. | Unic
Data retention supply voltage vDDDR 2.0 6.0 v
(Note 1) | Ipnne Voppr ~ 20V 0.1 10 uA

Data retention supply current

Release signal set time t

(Note 2) Release when RESET is input 2ty ns
Oscillation stable wait time

Release when interrupt request (Note 3) ms

occurs

Note 1: Current into internal pull-up resistor is not contained.
’ 2: The oscillation stable wait time is the CPU operation
stop time to prevent unstable operation when oscillation
starts.
3: Depending on how the basic interval timer mode register
(BTM) is set. (See the following table.)

BTM3 BTM2 BTM1 BTMO Wait time. The values enclosed in
parentheses apply when fy = 4.19 MHz.

— 0 0 0 220/£, (about 250 ms)

— 0 1 1 217/fy (about 31.3 ms)

— 1 0 1 213/fy (about 7.82 ms)

— 1 1 1 213/£y (about 1.95 ms)




Data retention timing

Internal reset

(STOP mode release when RESET is input)

operation
| HALT mode .
45 STOP mode - i Operation
mode
Data reten-
——————— |
ticon mode
45—
v
* f VDDDR t
jwt— LSREL —#=
STOP instruction execution
i 4
RESET z
LW,
P twarT -

Data retention timing

(standby release signal:

by interrupt request)

<

L.
X

Voo

?

STOP mode release

SIOP instruction execution

Standby release signal
(Interrupt request)

HALI mode

STOP mode ! Operation
Data reten- mode
tion mode ™
vmnm

f— sy —o]

/ [
= twarT -
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10. PACKAGE INFORMATION

64PIN PLASTIC SHRINK DIP (750 mil)

64
inialaininisizinininisisininisistiaisisisinisisiaiainiaisisisinin

33

N
J

11._.|L.IULILILIULJLJLH_ILJL]—LH'_J"L.ILJLJL..H._lLlI_ll_ﬂ__.TLTL!T_TLJLJLI3LZI

A

NOTES

1} Each lead centerline is located within 0.17
mm (0.007 inch) of its true position (T.P.)
at maximum material condition.

2} ttem “K” to center of leads when formed
parallel.

P84C-70-750A,C

ITEM MILLIMETERS INCHES
A 58.68 MAX. 2.311 MAX.
B 1.78 MAX. 0.070 MAX.
C 1.778 (T.P.) 0.070 (T.P.)
D 0.50"°1° 0.020-3:383
F 0.9 MIN. 0.035 MIN.
G 3.2°93 0.12610012
H 0.51 MIN. 0.020 MIN.
1 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 19.05 (T.P.) 0.750 (T.P.)
L 17.0 0.669
M 0.25:8:52 0.010:3:3%%
N 0.17 0.007
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64 PIN PLASTIC QFP (014)

A
B
48 33
L =" 49 32 y Vo
] 2 e e | .
—r ! o e detail of lead end
e e o s s
——r] = o |
0 ' e,
s o 1 s o
—r _ _ |, »
T S s e /
| oo | v | b !
T e | 4
] b o b
] O rr— &
—rr} | 5 o e
] e
w 1
HHHHHHHHHHHHHH+
G HE[ @
K
! l
a !
= -- s
N
g L
. P64GC-80-AB8-2
NOTE ITEM|  MILLIMETERS INCHES
Each lead centerline is located within 0.15
mm (0.006 inch) of its true position (T.P.) at A 17.620.4 0.693%0.016
maximum material condition. 8 14.0£0.2 0.551233%2
C 14.0%0.2 0.551:3:5%2
D 17.6x0.4 0.693x0.016
F 1.0 0.039
G 1.0 0.039
H 0.35£0.10 0.014+3%:
1 0.15 0.006
J 0.8 (T.P.} 0.031 (T.P.}
K 1.820.2 0.071x0.008
L 0.8=0.2 0.031:33%2
M 0.15:3:62 0.006:3:9%3
N 0.15 0.006
P 2.55 0.100
Q 0.1£0.1 0.004£0.004
S 2.85 MAX. 0.112 MAX.
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11. RECOMMENDED CONDITIONS FOR SOLDERING

The following conditions (See table below) must be met when
soldering this product.

Please consult with our sales offices in case other soldering
process 1is wused, or in case soldering is done under different
conditions.

For more details, refer to our document "SEMICONDUCTOR DEVICE
MOUNTING TECHNOLOGY MANUAL" (IEI-1207)
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Table 11-1 Type of Surface Mount Device

uPD75028GC(A)-XXX-AB8 : 64-pin plastic QFP (14 x 14 mm)

Soldering Process Soldering Conditions Symbol

Peak temperature of package
surface : 235 °C or lower
‘|Reflow time : 30 seconds or

Infrared Ray less (210°C or higher), IR35-207-1
Reflow Number of reflgw processes : 1,
Exposure limit : 7 days (20

hours pre-baking is required at
125°C afterwards)

Peak temperature of package
surface : 215°C or lower,
Reflow time : 40 seconds or
less (200°C or higher),

VPS Number of reflgw processes : 1, [VP15-207-1
Exposure limit : 7 days (20
hours pre-baking is required at
125°C afterwards)

Soldering temperature : 260 °C
or lower,

Flow time : 10 seconds or less,
Number of reflow processes : 1,
' Exposure limit : 7 days
Wave soldering (20 hours pre-backing is WS60-207-1
required at 125°C afterwards),
Temperature of pre-heat
120°C or lower (Package

surface temperature)

Pin temperature : 300°C or
Partial Heating lower,

Method Time : 3 seconds or less (Per —
side of the package

Note Exposure limit before soldering after dry-pack package
is opened. Storage conditions : 25 °C and relative

humidity at 65 % or less.

Caution Do not apply more than one soldering method at any one time,

except for "Partial heating method."
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Table 11-2 Type of through hole device

uPD75028CW(A)~XXX

64-pin plastic shrink DIP (750 mil)

Soldering Process

Soldering Conditions

Wave soldering
(only lead part)

Solder temperature : 260°C or lower,
Flow time : 10 seconds or less

Partial Heating
Method

Pin temperature : 260°C or lower,
Time 10 seconds or less

Caution

Do not jet molten solder on the surface of package.
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APPENDIX

DEVELOPMENT TOOLS

The following development tools are provided for system develop-
ment using the uPD75028(A):

Language processor

RA75X Ordering code
relocatable Host machine - (product name)
assember Distribution
0s .
media
Ms-DosTH 3.5-inch 2HD | uSS5A13RA75X
PC-9800 series Ver.3.10
Ver. 3.30 5-inch 2HD uS5A10RA75X
Ver. 3.30A
; pc pos™ .
IBM PC series S-inch 2D uS7B1l1RA75X

(Ver. 3.1 )

PROM write tools

PG-1500 is a PROM programmer which enables you to program
single chip microcomputers containing PROM by stand-alone
PG-1500 or host machine operation by connecting attached board and
option programmer adapter.
Hard- If also enables you to program typical PROM devices of
ware 256K bits to 1M bits.
PROM programmer adapter for uPD75PO36CW.
PA-75P036CW .
Connect the programmer adapter to PG-1500 for use.
PROM programmer adapter for uPD75P036GC.
6GC
PA75PO36G Connect the programmer adapter to PG-1500 for use.
PG-1500 and a host machine are connected by serial and
parallel interfaces and PG-1500 is controlled on the host
machine.
PG-1500 Host machine Ordering code
controller 0S Distribution | (product neme)
media
Soft- MS-DOS 3.5-inch 2HD | uSSA13PG1500
ware PC-9800 series Ver.3.10
Ver. 3.30 S-inch 2HD uSSA10PG1500
Ver. 3.30A
IBM PC series | °C DOS 5-inch 2D uS7B11PG1500
(Ver. 3.1 )
Remarks:

Relocatable assembler operation is guaranteed only on

the host machine under the operating system listed

above.




Debugging tools

Hard-

1E-75000-R (Note 1)

IE-75000-R is an in-circuit emulator for the 75X
series. To develop the uPD75028(A), use IE-75000-R
and an emulation probe in combination. IE-75000-R
can be connected to a2 host machine and PROM programmer
for efficient debugging.

IE-75000-R-EM

Emulation board for IE-75000-R and IE-75001-R.
IE-75000-R contains the board. Use the emulation
board and IE-75000-R or IE-75001-R in combination for
evaluation of uPD75028(A).

ware

IE-75001-R

IE-75001-R is an in-circuit emulator for the 75X
series., To developm the uPD75028(A), use IE-75001-R,
emulation board IE-75000-R-EM (NOte 2) ang an
emulation probe in combination. IE-75001-R can be
connected to a host machine and PROM programmer for
efficient debugging.

EP-75028CW-R

Emulation probe for uPD75208CW(A) (64-pin plastic
shrunk DIP).

Connect the emulation probe to IE-75000-R or
IE-75001-R and IE-75000-R-EM for use.

EP-75028GC~-R

EV-9200GC-64

Emulation probe for uPD75028GC(A) (64-pin plastic
QFP). '

Connect the emulation probe to IE-75000-R or
IE-75001-R and IE-75000-R-EM for use.

64-pin conversion socket EV-9200GC-64 is attached to
facilitate connection to user system.

Soft-
ware

IE control
program

IE-75000-R or IE-75001-R and a host machine are
connected by RS5-232-C and IE-75000-R or IE-75001-R
is controlled on the host machine.

Ordering code
Distribution | (product name)

media

Host machine 0S

MS-DOS 3.5-inch 2HD uS5A13IE75X

PC-9800 series

to S5-inch 2HD
Ver.3.30C

Ver.3.10
uS5A101E75X

PC DOS
(Ver.3.1)

IBM PC series S-inch 2HC uS7B101E75X

Note 1:
2:

Remarks:

Maintenence product

IE-75000-R-EM 1is a option.

IE control program operation is gauranteed only on the

host machine under the operating system listed above.
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Development tool configuration

In-circuit emulator

Centronics Emulation probe

interface 1/F

IE-75000-R EP-75028CW-R

IE-75001-R
RS-232-C EP-75028GC-R \

IE-75000-R-EM
Host machine
IE con-
PC-9800 series troller
IBM PC series : :
y Version product
{symbolic debug is O P
enabled) {7 :
PROM programmer ///////,//" 4#PDTSPO36CW/GC
‘\—\———\—5——5_\‘_‘"““‘—-- PG-1500
o) -+
(] * Programmer adapter
Relocatable Note: IE-75001-R does not contain the

assembler PA-T5P036CW/GC IE-75000-R-EM (Option).







MS-DOST™ is a trademark of Microsoft Corporation USA.

pc DOS™ is a trademark of IBM Corporation USA.



NEC «PD75028(A)

(MEMO)

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.
NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.
The devices listed in this document are not suitable for use in aerospace equipment, submarine cables, nuclear
reactor control systems and life support systems. If customers intend to use NEC devices for above applications
or they intend to use "Standard" quality grade NEC devices for applications not intended by NEC, please contact
our sales people in advance.
Application examples recommended by NEC Corporation
Standard: Computer, Office equipment, Communication equipment, Test and Measurement equipment,
Machine tools, Industrial robots, Audio and Visual equipment, Other consumer products, etc.
Special: Automotive and Transportation equipment, Traffic control systems, Antidisaster systems, Anticrime
systems, etc.
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