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CHAPTER 1 pPD75004/006/008 STANDARD 4-BIT MICROCOMPUTER

1. Overview

uPD75004, uPD75006 and the pPD75008 are high-speed, high-performance 4-bit single-chip microcomputers in the uCOM-75X
product family.

+ ROM size: 8064 x 8 bits (max.)

« RAM size: 512 x 4 bits

« General purpose registers: ~ 4-bit x 8

» High-speed operation: Minimum instruction execution time: 1us

« Eight interrupt sources and efficient interrupt processing

« Efficient instruction set which can manipulate data in 1-, 4-, or 8-bit units.

« Enhanced timer function: 3 channels

« Low-power clock operation in standby mode (with subsystem clock for low power dissipation operation)
« Internal NEC standard serial bus interface

Table 1-1 shows the program memory size for each of these products.

Table 1-1 Program Memory Size for Each Product

Product Program memory (ROM) Remarks
uPD75004 4096 x 8 bits
uPD75006 6016 x 8 bits Mask ROM
pnPD75008 8064 x 8 bits

Applications: « Consumer electronic products VCR's, audio systems (CD players, etc.), remote controllers, etc.
« Other product applications telephones, cameras, etc.

Remarks: This manual describes the uPD75004, uPD75006 and uPD75008.
The pPD7500X described here is functionally equivalent to the uPD75004, uPD75006 and nPD75008, unless
stated otherwise. Therefore, except where noted, the nPD7500X is used generally to refer the uPD75004,
nPD75006 and nPD75008.

1.1 Features

« 41 different systemized instructions
— Abundant bit manipulation instructions
— Effecient 4-bit data manipulation instructions
— 8-bit data transfer instructions
— The GETI instruction which enables execution of an arbitrary 2-byte/3-byte instruction with 1 byte.
« High-speed operation ... Minimum instruction execution time: 0.95us/4.19MHz, 5V
« Capable of operating at low voltage and reduced power dissipation. Variable instruction execution time function
— With main subsystem clock selected: 0.95us, 1.91us, 15.3us at 4.19MHz
— With the subsystem clock selected: 122us at 32.768kHz
» Program memory size:  pPD75004: 4096 x 8 bits (mask ROM)
wPD75006: 6016 x 8 bits (mask ROM)
pnPD75008: 8064 x 8 bits (mask ROM)
« Data memory size (RAM): 512 x 4 bits
« General purpose registers
— For 4-bit manipulation: 8 registers (X, A, B, C, D, E, H, L)
— For 8-bit manipulation: 4 registers (XA, BC, DE, HL)
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« Accumulators
— Bit accumulator (CY)
— 4-bit accumulator (A)
— 8-bit accumulator (XA)
« 34 1/0 lines
— Input pins: 8
— Middle voltage N-ch open drain input/output pins: 8 (can directly drive LED)
— CMOS input/output pins: 18 (pins which can directly drive LED: 4 pins)
— Built-in pull-up resistors can be provided for 33 /O lines.
— By means of software: 25 I/O lines
— By means of mask option: 8 I/O lines
« Timer: 3-ch
— 8-bit timer/event counter
— 4-step clock source
— Capable of event count operation
— 8-bit basic interval timer
— Reference timer generation (1.95ms, 7.81ms, 31.3ms, 250ms at 4.19MHz)
— Can be used as a watchdog timer
— Clock timer
— 0.5-second interval generation
— Count clock sources: Can be selected from the Main system clock and subsystem clock
— Clock advance mode (3.9ms interval generation)
— Capable of outputting buzzer signal (2kHz)
« 8-bit serial interface
— Can accomodate three different modes
— Three-line serial I/O mode
— Two-line serial /O mode
— SBI mode
— LSB-first/MSB-first selectable
- Bit sequential buffer (speciai bit manipuiation memory of 8 bits)
— Suitable for remote control applications
« Clock output functions
— Timer/event counter output (PTOO): Square wave output of arbitrary frequency
— Clock output (PCL): ¢, f,/2%, 1,/2%, ,/2°
— Buzzer output (BUZ): 2kHz at 4.19MHz (32.768kHz)
« Vector interrupt function
— External vector interrupt sources: 3
— Both edges detection interrupt (INT4)
— Detection edge programmable interrupt with noise elimination function (INTO)
— Detection edge programmable interrupt (INT1)
— External rising edge detection/parallel port edge detection test input (INT2)
— Internal vector interrupt sources: 3
— Timer/event counter 0 interrupt (INTTO)
— Basic interval timer interrupt (INTBT)
— Serial interface interrupt (INTCSI)
— Clock test input (INTW)
« Two built-in system clock generators
— Ceramic/crystal oscillator for main system clock generator: 4.194304MHz (standard)
— Crystal oscillator for subsystem clock generator: 32.768kHz (standard)
« Standby functions
— STOP mode: The main system clock operation stops
— HALT mode: The main system clock operation continues (CPU clock supply stops)
« CMOS
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1.2 Ordering Information
Order code Package Internal ROM
uPD75004CU-XXX 42-pin plastic shrink DIP Mask ROM
uPD75004GB-XXX-3B4 44-pin plastic QFP (bent) Mask ROM
HPD75006CU-XXX 42-pin plastic shrink DIP Mask ROM
uPD75006GB-XXX-3B4 44-pin plastic QFP (bent) Mask ROM
uPD75008CU-XXX 42-pin plastic shrink DIP Mask ROM
pnPD75008GB-XXX-3B4 44-pin plastic QFP (bent) Mask ROM
Remarks: XXX is the code number of mask ROM and option specification.
1.3 Functional Differences between Family Products
Item uPD75004CU/GB uPD75006CU/GB pPD75008CU/GB
» Mask ROM » Mask ROM » Mask ROM
Program Memory « 000H-FFFH « 0000H-177FH « 0000H-1F7FH
« 4096 x 8 bits 6016 x 8 bits « 8064 x 8 bits

512 x 4 bits

Data memory Bank 0: 256 x 4
Bank 1:256 x 4
) 3-byte branch instruction | None I Provided
Instruction set
Other Common
Program counter 12 bits l 13 bits

Ports 0 to 3, Ports 6 to 8

Can be specified by software

Pull-up resistor

Port 4, Port 5

Mask option

Operating voltage range

27V-6.0V

Package

42-pin plastic shrink DIP
44-pin plastic QFP (bent)
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1.5 Pin Configuration (Top View)

uPD75008
« 42-pin plastic shrink DIP \J
XT1 00— 1 420 Vg
XT20— 2 4110 P40
RESET O—=1 3 40[==0 P41
X10—=14 3010 P42
X2 0—=1 5 380 P43
P33 0= 5 37}==0 P50
P32 O=es-{ 7 36[==0 P51
P31 O=ws{ g 35f==0 P52
P30 O==19 5 ¢ 5¢ 34f=»0 P53
P81 0=l 10 XXX  33es0 PEOKRO
P8OO=s— 11 525353 3oles0 P61/KR1
SI/SB1/P03 O 12 Q3R 8 31f=m0 P62/KR2
SO/SBOP02 0wl 13 S S S & 30t=m0 PEIKR3
SCR/PO1 Ol 14 SR KX 20t=m0 P70/KR4
INT4/PO0O—==1 15 X & & & oglwmo P71/KR5
TIO/P13 O—s={ 16 27}==0 P72/KR6
INT2/P12 O—s=] 17 26|==-0 P73/KR7
INT1/P11 0—s= 18 25(==-0 P20/PTO0
INTO/P10 O—s= 19 24}=m0 P21
NC/*V,,, 06— 20 23|=0 P22/PCL
" o— 21 20lem0 P23/BUZ
* 44-pin plastic QFP
N~ 8 — N * O
€h g3 f==2
PSaS8 8850
aoo00>ZaaaZ

P72/KR6 {44342 3140 39 38 3736 35 94 lw—0 P13/TIO

P71/KR5 2 a2l *+—0 POO/INT4

P70/KR4 3 31O PO01/SCK
4

O

O

O]

PB3/KR3 O~ 0[O P02/SO/SBO
P62/KR2 O-w=l5 WPD75004GB-XXX-3B4 ,ole=-O P03/SI/SB1
P61/KR1 O-es-lg WPD75006GB-XXX-3B4 ,ilew0O P80
P60/KRO O-ws{7 HPD75008GB-XXX-3B4 57| o 0y P81

P53 g HPD75P008GB 26] o P30

P52 9 S0 P31

P51 10 24lamQ P32

P50 8::” , Sf==0 P33
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Pin name

P00-03: Port 0 SO: Serial Output

P10-13: Port 1 SBO; 1 Serial Bus 0, |

P20-23: Port 2 RESET: Reset Input

P30-33: Port 3 Tio: Timer Input 0

P40-43: Port 4 PTOO: Programmable Timer Output 0
P50-53: Port 5 BUZ: Buzzer Clock

P60-63: Port 6 PCL: Programmable Clock

P70-73: Port 7 INTO, 1, 4:  External Vector Interrupt 0, 1, 4
P80-81: Port 8 INT2: External Test Input 2

KRO-7: Key Return X1, X2: Main System Clock Oscillation 1, 2
'SCK: Serial Clock XT1, 2: Subsystem Clock Oscillation 1, 2
Sl: Serial Input NC/V* No Connection

* When using OTP uPD75P008 in the same socket, please note that this pin is Vp,, and has to be connected to V, in operating
mode.

2. PIN FUNCTIONS

2.1.1 PO00-P03 (PORTO) ... Also serves as INT4, SCK, SO/SBO, SI/SB1 input pins
P10-P13 (PORT1) ... Also serves as INTO, INT1, INT2, TIO input pins
These pins are input pins of the 4-bit input ports: Ports 0 and Port 1.
Ports 0 and 1 are input ports. However, in addition to their input function, the pins of these ports have the following functions:

(1) Port 0: Vector interrupt input (INT4)
Serial interface input/output (SCK, SO/SBO, SI/SBI)
(2) Port 1: Vector interrupt input (INTO, INT1)

Edge detection test input (INT2) Timer/event counter external event pulse input (T10)
Each pin of Ports 0 and 1 employs a Schmidt trigger input circuit to prevent malfunction due to noise, and can function as an input
pin regardless of the operation of the shared pin.
In addition, a noise elimination circuit is provided for P10 (refer to 6.3 (2) for details).
An internal pull-up resistor can be software specified for Port 0 in 3-bit units (P01-P03), and in 4-bit units (P10-P13) for Port 1.
This specification can be made by manipulating the pull-up resistor specification register group A.
When the RESET signal is generated, each of these port pins is set to the input port mode.

2.1.2 P20-P23 (PORT?2) ... Also serves as PTOO, PCL, BUZ input/output pins

P30-P33 (PORT3) ... 3-state input/output

P40-P43 (PORT4),

P50-P53 (PORTS) ... N-ch open-drain middle-voltage (10V) large current output pins

P60-P63 (PORTS),

P70-P73 (PORT?7) ... 3-state input/output
Ports 2 to 7, whose pin functions are described above, are 4-bit input/output ports with output latches.
The pins of Ports n (n=2, 3, 6, and 7) also have the following functions:
(1) Port 2: Timer/event counter output (PTOO0). Clock output (PCL). Fixed frequency output (BUZ).
(2) Port 3: Input/output can be selected bitwise
(3) Ports 6 and 7: Key interrupt input (KRO-KR3, KR4-KR7)
Since Port 3 can output large current and Ports 4 and 5 are N-ch open-drain (middle-voltage (10V), large current output ports),
these three ports can directly drive LED's.
Input/output mode selection for each port is made by setting the port mode register: Ports m (m=2, 4, 5, and 7) can be specified
for input/output in 4-bit units; Ports 3 and 6 can be specified for input/output in bit units.
The internal pull-up resistor can be specified for Ports n in 4-bit units by software: this is done by manipulating pull-up resistor
specification register group A (POGA). For Ports 4 and 5, the internal pull-up resistor can be specified in bit units by the mask option.
Ports 4 and 5, and Ports 6 and 7 can be paired to enable an input/output operation in 8-bit units.
When the RESET signal is generated, the output latches of these ports are cleared, Ports n are set to the input mode (high
impedance output), and Ports 4 and 5 are set to a high level (when internal pull-up resistor is provided) or at high impedance.

2.1.3 P80-P81 (PORTS)

These are input/output pins for Port 8 which is a 2-bit input/output port with an output latch. The internal pull-up resistor can be
specified for Port 8 in 2-bit units by software. This specification can be made by manipulating pull-up resistror specification register
group B (POGB).
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2.1.4 TIO ... Port 1 shared input/output
This is the external event pulse pin for the programmable timer/event counter. This is Schmidt trigger input.

2.1.5 PTOO ... Port 2 shared output

This is the programmable timer/event counter output pin. Squarewave pulses are output from this pin. To output the programmable
timer/event counter signal, the P20 output latch must be cleared to 0 and the Port 2 bit of the port mode register must be set to
the output mode (1). The output is cleared to 0 when the timer start instruction is executed.

2.1.6 PCL ... Port 2 shared output

This is the programmable_clock output pin. This pin is used to supply the clock to peripheral LS| (slave microcomputer, A/D
converter, etc.). When the RESET signal is generated, the clock mode register (CLOM) is cleared to 0, the clock output is disabled,
and this pin functions as a normal port pin.

2.1.7 BUZ - Output Pin Also Used for Port 2

BUZ is a fixed frequency output pin. Fixed frequency (2.048 kHz) output is used for buzzer sounding and system clock oscillation
frequency trimming. The BUZ pin, also used for the P23 pin, is validated only when bit 7 (WM?7) of the watch mode register (WM)
issetto 1.

When the RESET signal is generated, WM?7 is cleared and the normal port operation mode is set.

2.1.8 SCK, SO/SBO, and SI/SB1 - 3-State Input/Output Pins Also Used for Port 0

SCK, SO/SB0, and SI/SB1 are input/output pins for serial interface and operate according to how the serial operation mode register
(CSIM) is set.

When the RESET signal is generated, serial interface operation is stopped and the pins are used for port 0 (input port).

Every pin is Schmitt trigger input.

2.1.9 INT4 - Input Pin also Used for Port 0.

INT4 is an external vectored interrupt input pin (both rising and falling edged active). When the signal input to the pin changes
from low to high state or from high to low state, the interrupt request flag is set.

INT4 is for asynchronous input. When a signal having a given high or low level duration is input, it is acknowledged independently
of the CPU operation clock.

INT4 can also be used to release the STOP or HALT mode. It is Schmitt trigger input.

2.1.10 INTO and INT1 - Input Pins Also Used for Port 1
INTO and INT1 are edge detection vectored interrupt input pins. INTO has the noise removal function. Detected edge selection
can be made using edge detection mode registers (IMO and IM1).
(1) INTO (IMO bits 0 and 1)
(a) Rising edge active
(b) Falling edge active
(c) Both rising and falling edges active
(d) External interrupt signal input inhibited
(2) INT1 (IM1 bit 0)
(a) Rising edge active
(b) Falling edge active
INTO has the noise removal function; sampling clocks for noise removal can be changed two stages. The acknowledged signal
width varies depending on CPU clock operation.
INT1 is for asynchronous input. When a signal having a given high level duration is input, it is acknowledged independently of
the CPU clock operation.
When the RESET signal is generated, IMO and IM1 are cleared and rising edge active is selected.
INTO and INT1 are Schmitt trigger inputs.

2.1.11 INT2 - Input Pin Also Used for Port 1

INT2 is an external test input pin (both rising and falling edges active). When INT2 is selected by using the edge detection mode
register (IM2) and the signal input to the INT2 pin transits from low to high state, the internal test flag (IRQ2) is set.

INT2 is for asynchronous input. When a signal having a given high level duration is input, it is acknowledged independently of the
CPU clock operation.

When the RESET signal is generated, IM2 is cleared and the test flag (IRQ2) is set by inputting the rising edge to the INT2 pin.
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2.1.12 KRO-KR3 - Input Pins Also Used for Port 6
KR4-KR7 - Input Pins Also Used for Port 7
KRO-KR?7 are key interrupt (parallel falling edge detection interrupt) input pins. The interrupt format can be specified by setting
the edge detection mode register (IM2).
When the RESET signal is generated, the pins are placed in port 6 and 7 input mode.

2.1.13 X1 and X2
X1 and X2 are connection pins for the main system clock crystal / ceramic oscillator.
External clocks can also be input.

(a) Crystal ceramic (b)  External clock
oscillator
Voo uPD7500X uPD7500X
| X1 External X1
clock
— uPD74HCO04
—} ) X2

Crystal (Standard: 4.194304 MHz)
or ceramic

resonator

2.1.14 XT1 and XT2
XT1 and XT2 are crystal connection pins for the subsystem clock oscillation.
External clocks can also be input.

(a)  Crystal oscillator (b) External clock
Voo uPD7500X WPD7500X
— S oMb T
1| External
Ll _L XT clock —= XM
3
1l U XT2
Crystal (Standard: 32.768 kHz)
oscillator
2.1.15 RESET

RESET is an active low reset input pin.

RESET is for asynchronous input. When a signal having a given low level duration is input independently of the operation clock,
the RESET signal is generated and the system is reset overriding all other operations.

It is used for normal CPU initialization / start-up and also to release the standby (STOP or HALT) mode.

RESET is a Schnitt trigger input.

2.1.16 Vg,
Vpp is @ positive power supply pin.

2.1.17 Vgg
Vggisa ground potential.
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2.2 Pin Function List
(1) Normal operation mode
Table 2.2-1 Digital Input / Output Port Pin Function List
; Also " 8-bit 1/O circuit
Pin name 110 used for: Function /0 When reset type (Note 1)
P00 ! INT4 4-bit input port (port 0).
PO1 110 SCK Internal pull-up resistors . Inpat E-A
can be specified for P01-P03 i
Po2 o SO/SBO in 3-bit units by using software ®_ B
PO3 110 SI/SB1 W-c
With noise
P10 INTO removal function
P11 | INT1 4-bit input port (por.t 1). X Input c
pi2 INT2 Internal pull-up resistors
can be specified for P10-P13
P13 TIO in 4-bit units by using software
P20 PTOO 4-bit input/output port (port 2).
P21 - Internal pull-up resistor can be |
- 1o oL specified for P20-P23 in 4-bit X nput E-B
units by using software.
P23 BUZ
P30 _ Programmable 4-bit input/output
port (port 3). Input or output mode
P31 - can be selected bitwise.
[l{e} X Input E-B
P32 - Internal pull-up resistor can be
specified for P30-P33 in 4-bit
P33 - units by using software. (Note 2)
N-channel open drain 4-bit .
input/output port (port 4). Hﬂh Ievrzls?\snzhren
P40-P43 1o _ Pull-up resistor can be Ec. iné’; wat o d M
(Note 2) incorporated bitwise (mask or highpo ed)
option). N
10 Volts during open drain. impendance
o
N-channel open drain 4-bit .
input/output port (port 4). Hﬁljfvrzlsi(‘s'::ren
P50-P53 Pull-up resistor can be IF; inc(F:r orated) M
(Note 2) S - incorporated bitwise (mask or highp
option). ;
10 Volts during open drain. impendance
Programmable 4-bit input/output
Peo KRO port (port 6). Input or output mode
P61 KR1 can be selected bitwise.
110 Input ®-A
P62 KR2 Internal pull-up resistor can be
specified for P60-P63 in 4-bit
P63 KR3 units by using software. o
P70 KR4 .
KRS 4-bit input/output port (port 7).
P71 Internal pull-up resistor can be
pra | " | e | speciied for P70-P73in 4-bit Input ®-a
units by using software.
P73 KR7

i-1-9
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Table 2.2-1 Digital Input / Output Port Pin Function List (cont'd)

; Also ! 8-bit 1/O circuit
Pin name o used for Function [l{e} When reset type (Note 1)
P80 Input/ 2-bit input/output port (PORTS).
Output Built-in pull-up resistors can be X Input E-B
P81 specified in 2-bit units by software.
Note 1: The (O) mark denotes Schmitt trigger input
Note 2: LED can be driven directly
Table 2.2-2 Pin Function List other than Port Pins
Pi Also . When 1/O circuit
in name Vo used for: Function reset type (Note 1)
TiO | P13 External event pulse input pin to timer / event counter. C
PTOO /o] P20 Timer / event counter output pin. Input E-B
PCL 110 P22 Clock output pin. Input E-B
Fixed frequency output pin (for buzzer or system clock
BUZ 110 P23 trimming). Input E-B
SCK 110 PO1 Serial clock input / output pin. Input ®-A
Serial data output pin.
50/580 Vo P02 Serial bus input / output pin. Input ®_ B
Serial data input pin.
SsB1 1o P03 Serial bus input / output pin. Input ®_ ¢
Edge detection vectored interrupt input pin (detection
INT4 ' P00 of both rising and falling edges is active).
INTO P10 Edge detection vectored interrupt Synchronous
| input pin (detected edge can be clock c
INTA P11 selected). Asynchronous”
Edge detection testable input pin asynchronous (rising
INT2 I P12 edge is detected). c
Parallel falling edge detection testable input / output
KROKR3 | 10 | P6O-Pe3 | o g edg P pu Input ®-a
KR4-KR7 /o P70-P73 I;i::\sllel falling edge detection testable input / output input @_ A
Connection pins for main system clock crystal/ceramic
X1, X2 - oscillator. When external clock is used, it is input to X1 - -
and its opposite phase is input to X2.
XT1 | Subsystem clock oscillation crystal connection pins.
When external clock is used, it is input to XT1, and - -
- XT2 is not connected. XT1 can be used for 1-bit input
XT2 - (test) pin. _ _
RESET | System reset input pin. -
NC _
(Note 2) No connection - -
Voo - Positive power supply pin. - -
Vss - Ground potential pin. - -

Notes: LTheO mark denotes Schmitt trigger input.
2. Connected the NC pin to Vpp, When nPD75P008 and printed board are also shared with.
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2.3 Pin Input / Output Circuits

The uPD7500X pin input / output circuits are shown in schematic drawings.

(1) Type A (for Type E - B)

CMOS standard input buffer

(2) Type B
IN 0——@0—5
Schmitt trigger input with hysteresis characteristic
(3) TypeB-C
Voo

I q P.U.R.
enable

P.U.R.: Pull-Up Resistor

(4) Type D (for Type E~B, F — A)

data

ouTt

output N-ch
disable

Push-pull output where output can be placed in high impedance (both P and N channels are turned off).

-1-11



uPD7500X NE C

(5) Type E-B (6) Type F—A
Voo Voo
P.UR. P.U.R.
P.U.R. D° ‘ g P.UR. Do_l -
enable P-ch enable P-ch
data data
Type D —o0 IN/OUT Type D -0 IN/OUT
output oytput
disable disable
O pe A
P.U.R.: Pull-Up Resistor P.U.R.: Pull-Up Resistor
7) Type F-B
(7) Typ Voo
P.UR.
P.U.R. D o |
enable
output

isable
N)

v
disable bo
(P)
| P-ch
A |
data ——] O IN/OUT
output
disable N-ch
output
d
(

L

P.U.R.: Pull-Up Resistor
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(8) Type M

VDD
1
1

P.U.R.
(Mask Option)
)

@ ———J |

output
disable

—O IN/OUT

Medium-voltage
input buffer
(+10 V voltage)

P.U.R.: Pull-Up Resistor

Voo
P.U.Ré
P.UR. [ o
enable % 1 P-ch

—O IN/OUT

(9) Type M-C

output
disable

P.U.R.: Pull-Up Resistor
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2.4 Processing of Unused Pins

Table 2.4—1 Unused Pins Lists

Pin

Recommended connection

P00/ INT4

Connect to Vgg.

P01 /SCK

P02 / SO /SBO

P03/ SI/SB1

Connect to Vg or V.

P10 /INTO-P12/INT2

P13 /TIO

Connect to Vgg.

P20 /PTOO

P21

P22 /PCL

P23 /BUZ

P30-P33

P40-P43

P50-P53

P60-P63

P70-P73

P80-P81

Input mode: Connect to Vg or V.
Output mode: Do not connect.

XT1

XT2

Connect XT1 to Vg or V.

Do not connect XT2.

2.5 Mask Option Selection

The pins contain the mask option function as listed in Table 2.5-1.
However, mask option is not contained in the uPD75P008.

Table 2.5-1 Mask option selection

Pin names Mask option
P40-P43, Pull-up resistor is included.
P50-P53 specified bit-wise.

Pull-up resistor is not included.
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3. ARCHITECTURE AND MEMORY MAP

The nCOM-75X architecture for the uPD7500X adopts data memory bank configuration and memory mapped | / O to provide
features such as:

— Internal RAM with maximum of 4K words x four bits (12-bit addresses)

— Peripheral hardware extensibility
This chapter covers these topics.

3.1 Data Memory Bank Configuration and Addressing Modes

3.1.1 Data memory bank configuration
A general purpose static RAM (512 words x four bits) is incorporated in data memory space addresses OOOH to 1FFH. Peripheral
hardware such as input/output ports and timers is allocated to addresses F80H to FFFH.

To adress the data memory space (4K words x four bits) with 12-bit addresses, thenPD7500X adopts amemory bank configuration
where the low-order eight bits of an address are specified either directly or indirectly by using an instruction, and the high-order
four bits of an address are specified by using a memory bank.

To specify the memory bank (MB), two hardware devices are incorporated in the uPD7500X:
— Memory bank enable flag (MBE)
— Memory bank selection register (MBS)

MBS is aregister used to selecta memory bank. TheuPD7500X allows 0, 1, or 15 to be setin MBS. MBE is a flag used to determine
whether or not the memory bank selected by using MBS is validated. As shown in Fig. 3.1—1, when MBE is set to 0, the specified
memory bank is fixed regardless of how MBS is set; when MBE is set to 1, memory bank switching can be performed to extend
data memory space by setting MBS.

In data memory space addressing, normally MBE is set to 1, and the data memory area of the memory bank specified by using
MBS is handled. An efficient program can be prepared by using MBE = 0 mode and MBE = 1 mode appropriately in each process
of the program.

Applicable program processing Effects

MBS save and restore are

° Interrupt service made unnecessary

° Repetitive processing of internal )
MBE = 0 mode hardware operation and general MBS change is made unecessary.
purpose RAM operation

MBS save and restore are

° Subroutine processing made unnecessary

MBE = 1 mode ° Normal program processing
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<Main Program>

SET1 MBE -
<Subroutine>
MBE| CLR1 MBE
=1
MBE=0
CLR1 MBE - .
Internal hardware MBE RET <Interrupt service>
operatilon and =0 ; MBE is set to 0 by
general purpose using vector table.
RAM operation SET1 MBE -~ 9
are repeated. MBE=0
MBE
=1 RETI

Figure 3.1-1: Proper Use of MBE = 0 and MBE = 1 Modes

MBE is saved or restored automatically during subroutine processing and can be changed as desired. When interrupt service is
made, MBE is automatically saved or restored. MBE during interrupt service can also be specified at the same time interrupt
service starts by setting the interrupt vector table. Thus, it is useful for high-speed interrupt service.

To change the MBS setting in subroutine processing or interrupt service, MBS is saved and restored by using PUSH and POP
instructions.

MBE is set and reset by using SET1 and CLR1 instructions.
MBS is set by using the SEL instruction.

Example 1: To clear MBE and fix memory bank
CLR1 MBE ; MBE <%0
Example 2: To select memory bank 1
SET1 MBE ; MBE %1
SEL MB1 ; MBS «1

3.1.2 Data memory addressing modes
The uCOM-75X architecture adopted for the uPD7500X provides seven addressing modes, as shown in Fig. 3.1-2, for efficiently
addressing the data memory space for each bit length of data to be processed.
(1) 1-bit direct adressing (mem. bit)
This addressing mode directly specifies each bit in all the data memory space by using the instruction operand.
When MBE is set to 0, the specified memory bank (MB) is fixed to memory bank 0 (MBO) if the address specified in the operand
is 00H-7FH; it is fixed to memory bank 15 (MB15) if the address specified in the operand is 80H-FFH. Thus, when MBE is set
to 0, both the general purpose RAM area (000H-07FH) and peripheral hardware area (FBOH-FFFH) can be addressed.

When MBE is set to 1, any memory bank can be specified by setting MBS; data memory space that can be specified can be
extended.

The 1-bitdirect addressing mode is applicable to bit set and reset instructions (SET1 and CLR1) and bit test instructions (SKT
and SKF).
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Example:

To set FLAG1, reset FLAG2, and test whether or not FLAG3 is set to 0.

FLAG1
FLAG2
FLAG3

EQU
EQU
EQU
SETH1
SEL

SETH1
CLR1
SKF

03FH. 1
087H. 2
0A7H. 0
MBE
MBO
FLAG1
FLAG2
FLAG3

3FH address bit 1
87H address bit 2
A7H address bit 0
MBE =1
MBS =0
FLAG1 =1
FLAG2 =0
FLAG3 = 07
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000H

007H

07FH 1~

OFFH
100H

1FFH

F80H

FBOH
FBFH
FCOH

FFOH
FFFH

. mem @ HL @ DE Stack fmem. | pmem.
Addressing mode mem. bit @H+mem.bit | @DL | addressing [ bit | @L
Memory bank enable flag | MBE=0 | MBE=1 | MBE=0 | MBE=1 - - - -
v,
‘ General purpose 7 7
register / /
% 4//
| General purpose RAM /) V _
(memory bank 0) %;0/ %S—O
// .
o
General purpose RAM 2 MBS=1 , fMBS=1 /
(memory bar:k R //////// i////////
f %7/
Not incorporated | | | | | |
| | |
[ | |
Peripheral hard {4{}
eripheral hardware
I~ (memory bank 15) MBS=15 MBS=15
T
11T

—:don’t care

Figure 3.1-2 Data Memory Configuration and Addressing Range of each Addressing Mode
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Addressing mode

Representation format

Specified address

Bit indicated by a bit at the address indicated by MB and mem.
However,

1-bit direct
: mem. bit MB = 0 when mem = 00H-7FH
addressing { MBE =0, MB - 15 when mem = 80H-FFH
When MBE =1, MB = MBS
Address indicated by MB and mem. However,
4-bit direct MBE =0 MB = 0 when mem = O0H-7FH
addressing { ’ MB = 15 when mem = 80H-FH
When MBE = 1, MB = MBS
mem Address indicated by MB and mem (mem is an even address).
g However,
b MBE o MB=0when mem = 00H-7FH
{ " MB =15 when mem = 80H-FFH
When MBE = 1, MB = MBS
@HL Address indicated by MB and HL. However, MB = MBE « MBS
4-bit register @ DE Memory bank 0 address indicated by DE
indirect addressing emory dank 9 adcress indica y
@ DL Memory bank 0 address indicated by DL
8-bit register @HL Address indicated by MB and HL (the L register contains an even
indirect addressing number). However, MB = MBE « MBS
Bit indicated by a bit at the address indicated by fmem.
fmem. bit FBOH-FBFH (hardware related to interrupt)
However, fmem { ¢2o/\ £re (10 port
Bit indicated by the low-order two bits of the L register at the
Bit manipulation pmem. @ L address indicated by the high-order 10 bits of pmem and the
addressing ’ high-order two bits of the L register.
However, pmem = FCOH-FFFH
Bit indicated by a bit at the address indicated by MB, H, and the
@ H + mem. bit low-order four bits of mem.
However, MB = MBE + MBS
Stack addressing Memory bank 0 address indicated by SP.

Figure 3.1-3 Addressing Modes
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(2) 4-bit direct addressing (mem)
This addressing mode directly specifies all the data memory space in 4-bit units by using the instruction operand.
As with the 1-bit direct addressing mode, when MBE is set to 0, the 4-bit direct address mode allows that only the general
purpose RAM area (000H-07FH) and peripherial hardware area (F80H-FFFH) can be specified. When MBE is set to 1, any
memory bank (MB) can be specified by setting MBS and the data memory space that can be specified is extended to all the
space.
The 4-bit direct addressing mode is applicable to the MOV, XCH, INCS, IN, and OUT instructions.

Example 1: To input port 4 and store in "DATA1".

DATA1 EQU 5FH ; "DATA1"is address 5FH.
CLR1 MBE ; MBE=— 0
IN A,PORT4 ; A<= PORT4
MOV  DATA1,A ; (DATAl1)=—A

Example 2: To output data in "BUFF" to port 5.

BUFF EQU  11AH ;  "BUFF"is address 11AH
SET1 MBE ; MBE=< 1
SEL MB1 ; MBS= 1
MOV A BUFF ; A< (BUFF)
SEL MB15 ; MBS<+ 15

OUT PORT5,A ; PORT5<+ A

Caution:

If data related to the input /output ports is stored in general purpose RAM of bank 1 as in this example, the program is made
less efficient. If data related to the input /output ports is stored in addresses 00H-7FH of bank 0, a program can be prepared
without changing MBS as in Example 1.

(3) 8-bit direct addressing (mem)
This addressing mode directly specifies all the data memory space in 8 bit units by using the instruction operand. Only even
address can be specified in the mem operand. The 4-bit data at the address specified in the operand and the
4-bit data at the address + 1 are paired and transferred to the 8-bit accumulator (XA register pair) for 8-bit processing.
The memory banks specified in the addressing mode are the same as in the 4-bit direct addressing mode.
The 8-bit direct addressing mode is applicable to the MOV, XCH, IN, and OUT instructions.

Example 1: To transfer 8-bit data in ports 4 and 5 to addresses 20H and 21H.

DATA EQU  020H

CLR1 MBE ; MBE<* 0
IN XA, PORT4 ; X~ port5, A< port 4
MOV  DATA, XA ; (21H)* X, (20H)* A

Example 2: To read 8-bit data input to the serial interface shift register (SIO), set transfer data, and start of transfer.

SEL MB15 ; MBS=*— 15
XCH XA, SIO ;. XA*™(SIO)
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(4) 4-bit register indirect addressing (@rpa)
This addressing mode indirectly specifies the data memory space in 4-bit units by using the data pointer (general purpose
register pair) specified in the instruction operand.
The data pointers are the HL register pair, which enables all the data memory space to be specified according to
MB = MBE « MBS specification, and the DE and DL register pairs, which always indicate memory bank 0 regardless of how
MBE and MBS are set. Efficient programs can be prepared by using the data memory bank to be used.

Example: To transfer data at 50H-57H to 110H-117H.

DATA1 EQU  57H
DATA2 EQU 117H
SET1 MBE
SEL MB1
MOV D, #DATA1 SHR 4
MOV HL, #DATA2 AND OFFH; HL=— 17H

LOOP: MOV A, @DL ; A=<= (DL)
XCH A @HL ;o A= (HL)
DECS L ; L1
BR LOOP

The addressing mode using the HL register pair for the data pointer has wide applications such as data transfer, operation,
comparison, and input / output. The addressing mode using the DE or DL register pair is applicable to the MOV and XCH
instructions.

As shown in Fig. 3.1—4, data memory space addresses can be updated as desired by combining the addressing mode with
general purpose register (or register pair) increment and decrement instructions.

Example 1: To compare data at 50H-57H with data at 110H-117H.

DATA1 EQU  57H
DATA2 EQU 117H
SETt  MBE
SEL MB1
MOV D, #DATA1 SHR 4
MOV HL, #DATA2 AND OFFH
LOOP: MOV A, @DL

SKE A @HL ; A=(HL)?

BR  NO ; NO

DECS L i YES, Le L1
BR  LOOP

Example 2: To clear data memory area 04H-FFH.

SEL  MBO
MOV XA, #00H
MOV L, #04H

LOOP: MOV @HL,A ; (HL)=A
INCS L ;L= L+
BR LOOP
INCS H i H= H+1
BR LOOP
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x OH x FH
OxH
DECS D DECS D
@bDL @DE
DECS L—~=— 4-bit —=INCS L DECS E~=— 4-bit —=INCS E
transfer transfer
INCS D INCS D

Direct addressing
bit manipulation
4-bit transfer
8-bit transfer

DEC‘S H DECSH
@HL @H+mem.bit
DECS L—=— 4-bit —=INCS L Bit
transfer manipulation
INCS H INCSH

Figure 3.1-4 General Purpose RAM Address Update Method
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(5) 8-bit register indirect addressing (@HL)
This addressing mode indirectly specifies all the data memory space in 8-bit units by using the data pointer (HL register pair).
The 4-bit data at the address setting data pointer bit O (L register bit 0) to 0 and the 4-bit data at the address + 1 are paired
and transferred to the 8-bit accumulator (XA register) for 8-bit processing.
The memory banks specified in the addressing mode are the same as those when the HL register is specified in the 4-bit register
indirect addressing mode (MB = MBE « MBS). The 8-bit register indirect addressing mode is applicable to the MOV, XCH, and
SKE Instructions.

Example 1: To compare the countregister (T0) value of timer/ event counter O with data at addresses 30H and 31H for equality.

DATA EQU  30H

CLR1 MBE

MOV HL, #DATA

MOV XA, TO ; XA<s— count register 0
SKE A,@HL ; A=(HL)?

BR NO

INCS L

MOV A X ; A< X

SKE A, @HL ;o A=(HL)?

(6) Bit manipulation addressing

This addressing mode is used to perform bit manipulations such as Boolean operation or bit transfer on any bit in all of the

data memory space.

Although the 1-bit direct addressing mode is applicable only to the bit set, reset, and test instructions, the bit manipulation

addressing mode enables bit manipulations such as Boolean operations by using the AND1, OR1, and XOR1 instructions and

allows bit test and bit reset by using the SKTCLR instructions.

The following three types of bit manipulation addressing modes can be used according to the data memory address to be used:

(a) Specific address bit direct addressing (fmem. bit).
This addressing mode enables, peripheral hardware that frequently uses bit manipulation, such as input / output ports and
interrupt flags, to be operated at any time independently of the memory bank setting. Thus, the addressing mode is
applicable to data memory addresses FFOH-FFFH (where input / output ports are mapped) and FBOH-FBFH (where
hardware related to interrupts is mapped). For the hardware of the two data memory areas, bit manipulation can be
performed in direct addressing at any time as desired regardless of how MBS and MBE are set.

Example 1: To test the timer 0 interrupt request flag (IRQTO); if the request flag is set, clear the flag and reset P63.

SKTCLR  IRQTO ; IRQTO=17
BR NO i NO
CLR1 PORT6.3 ; YES
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Example 2: To reset P53 if both P30 and P41 are setto 1.
P 3.0
P53
P41

(i) SET1 CY ; CY=—1

AND1 CY,PORT30 : CYP3.0

AND1 CY.PORT41 . CY P41

SKT  CY L oCY=12?

BR  SETP

CLR1 PORT53 . P53=—1
SETP: SET{ PORT5.3 ; P53=—1
(i)  SKT  PORT3.0 . P30=12

BR  SETP

SKT  PORT4.1 . Pa=12

BR  SETP

CLR1 PORT53 . P53=—0
STEP: SET1 PORT5.3 . P53=—1

PP A VS Sy S T TR St B B Sy S

) Specific address bit register indirect addressing (pmem. @L).

This addressing mode indirectly specifies each bit of peripheral hardware, such as an input / output port, by using the
L register for successive operation. The addressing mode is applicable to data memory addresses FCOH-FFFH.

The addressing mode directly specifies the high-order 10 bits of a 12-bit data memory address in the pmem operand and
indirectly specifies the low-order 2-bit data memory address part and the bit address by using the L register. Thus, 16 bits
(four ports) can be manipulated (operated) successively by L register specification.

The address mode also enable bit manipulation to be performed at any time independently of how MBE and MBS are set.

Example: To output a pulse to each bit of ports 4 to 7 in order.

pao_ | [
P 41 |_l I_—l-—
P73 [—l

MOV L, #0

LOOP: SET1 PORT4.@L ; Port4-7bit(L, ;) <1
CLR1 PORT4.@L ; Port4-7bit(L, ) <0
INCS L
BR LOOP
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(c) Special 1-bit direct addressing (@H + mem. bit)
This addressing mode enables bit manipulation to be performed on any bit in all of the data memory space.

The addressing mode indirectly specifies the high-order four bits of data memory address of the memory bank specified
by MB = MBE MBS by using the H register and directly specifies the low-order 4-bit data memory address part and the
bit address in the operands. It enable various types of bit manipulation to be performed on any bit in all of the data memory

space.

Example: To reset address 32H bit 2 (FLAG3) if both address 30H bit 3 (FLAG1) and address 31H bit 0 (FLAG2) are set

toOor1.
FLAG1
FLAG3
FLAG2

FLAG1 EQU  30H.3
FLAG2 EQU  31H.0
FLAG3 EQU  32H.2

SEL MBO
MOV  H, #FLAG1 SHR 6
CLR1 CY

OR1 CY, @H + FLAG1
XOR1 CY, @H + FLAG2
SET1  @H + FLAG3
SKT (%24

CLR1 @H + FLAG3

CY= 0

CY-+— CY-FLAG1
CY-=— CY-FLAG2
Cy=17?
FLAG=— 30

(7) Stack addressing
The stack addressing mode is used for register save and restore during interrupt service or subroutine processing.

The processing mode specifies an address by using the 8-bit stack pointer (data memory bank 0).

The addressing mode can also be used for register save and restore by executing the PUSH and POP instructions.

Example 1: To save and restore register in subroutine processing.

Example 2: To transfer the HL register pair contents to the DE register pair.

SUB: PUSH XA
PUSH HL
PUSH BS ; MBSissaved.

POP  BS

POP HL
POP XA
RET

PUSH HL
POP DE ; DE< HL
mple 3: To branch to the address indicated by [XABC] registei
PUSH BC
PUSH XA
RET ;  Branch to XABC address
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3.2 Memory Mapped |/ O

The uPD7500X adopts memory mapped |/ O where peripheral hardware such as input/ ports and timers is allocated to addresses
F80H-FFFH of the data memory space as shown in Fig. 3.1—2. Thus, peripheral hardware is controlled entirely by memory
operation instructions rather than special instructions. (To easily understand programs, some hardware control mnemonics are
provided.)

Table 3.2—-1 lists the addressing modes that can be used to operate peripheral hardware.

Table 3.2-1 Applicable Addressing Modes during Peripheral Hardware Operation

Applicable addressing mode Applicable hardware
With MBE=0 or (MBE=1 and MBS=15), direct addressing | All hardware where bit manipulation can be
(specification in mem. bit). performed.
Bit Direct addressing regardless of how MBE and MBS are ISTO, MBE
manipulation | set. (specification in fmem. bit) IExxx, IRQxxx, PORTn.x
Indirect addressing regardless of how MBE and MBS are | BSBn.x
set. (specification in pmem. @L) PORTN.x
With MBE=0 or (MBE=1 and MBS=15), direct addressing
4-bit (specification in mem). All hardware where 4-bit manipulation

manipulation | \with (MBE=1 and MBS=15), register indirect addressing | ¢an be performed.
(specification in @HL).

With MBE=0 or (MBE=1 and MBS=15), direct addressing
8-bit (specification in mem), mem must be an even address. All hardware where 8-bit manipulation can

manipulation | With MBE=1 and MBS=15, register indirect addressing be performed.
(specification in @HL; the L register must contain an even

number.
Example: CLR1 MBE ; MBE=0
SET1 TMO0.3 ; Timer O starts.
El IEO ; INTO is enabled.
DI IE1 ; INT1 is disabled.
SKTCLR IRQ2 ; INT2 request flag is tested and cleared.
SET1 PORT4.@L ; Port4dis set.
IN A,PORTO ; A=+port0
ouTt PORT4, XA ; Port5,4< XA

Figs. 3.2—1 to 3.2-3 shows the uPD7500X I/O map.
The columns in the figures mean:
« Abbreviation:
Name indicating internal hardware address. It can be entered in the instruction operand field.

< RwW
Indicates whether the hardware device can be read or written.
— R/W : Read and write are enabled.
~R  :Readonly is enabled.
—~W : Write only is enabled.

Number of bits that can be manipulated:

Indicates the number of bits that can be processed when the hardware device is operated.
O: Bit manipulation is enabled in 1-4, 4-, or 8-bit units as specified in the column.

A: Only some bits can be manipulated. See Remarks for the bits that can be manipulated.
—: Bit manipulation cannot be performed in 1-, 4-, or 8-bit units as specified in the column.

Bit manipulation addressing:
Indicates the applicable bit manipulation addressing for performing bit manipulation on the hardware device.
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Number of bits that
Address Hardware name (abbreviation) AW can be manipulated _|gjt manipulation Remarks
One | Four | Eight | addressing
b3 [ b2 T bt | bo bit | bit | bit
F80H Bit 0 is fixed to 0.
Stack pointer (SP) RW - - o
Basic interval timer mode _ . Bit manipulation can be
FesH register (BTM) w A °© mem. bit performed only on bit 3.
F86 H
Basic interval timer (BT) R - - [o]
’ Bit test can be made
F98H RW] A - mem. bit ;
Watch mode register (WM) o) only on bit 3.
w - -
’ Bit manipulation can be
FAOH Time'r/e\;f;:;g)oumer 0 mode wl & ~ | o Membot performed only on bit 3,
register
TOEO .
FA2H (Note) w o - - mem. bit
FA4H | Timer/event counter 0 count R - - o
register (T0) - —
FABH | Timer/event counter 0 modulo w - o
register (TMODO) - -
o [iso[ mee] o [rw| o | o
FBOH o
Program status word (PSW) R - -
fmem. bit  |EJ and DI instructions
FB2H | (IME) - - - are used
Processor clock control register _
FB3H (PCC) W (¢]
FB4H | INTO mode register (IMO) w - (o] Bit 2 is fixed to 0.
FB5H | INT1 mode register (IM1) w - o - Bit 3 to 1 are fixed to 0.
FB6H | INT2 mode register (IM2) w - (0] Bits 3 and 2 are fixed to 0.
FB7H | System clock control register (SCC) | W [o] - - Only bits 3 and 0 can be

bit manipulated

Note: TOEO = timer / event counter 0 output enable flag (W)

Figure 3.2-1 tPD7500X /O Map
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Hardware name (abbreviation)

Number of bits that
can be manipulated

Bit manipulation|

Address . Remarks
AW ™ 5ne T Four Eight | addressing
b3 b2 b1 b0 bit bit bit
FB8H IE4 IRQ4 IEBT |IRQBT | RW o o
FBAH IEW | IRQW | RW o o
FBCH IETO | IRQTO | R'W o (0] )
- fmem. bit
FBDH IECSI [IRQCSI | RW o (o}
FBEH 1IE1 IRQ1 IEO IRQ0 | RW o (¢]
FBFH IE2 IRQ2 | RW (¢] o
FCOH | Bit sequential buffer 0 (BSBO) RW (o) [©) o
FC1H | Bit sequential buffer 1 (BSB1) RW [e] (¢} mem. bit
FC2H | Bit sequential buffer 2 (BSB2) RW| o o R pmem @L
FC3H | Bit sequential buffer 3 (BSB3) RW (@) )
FDOH | Clock output mode register (CLOM) | W - o -
FDCH | Pull-up resistor specification _ _ o)
register group A (POGA) w
FDEH Pull-up resistor specification _ _ 1e)
register group B (POGB)
FEOH | Serial operation mode register - -
{Csim) o
CSIE col I WUP | RW o o mem. bit
FE2H L_CM..DE LI:-%EI_.[_)_I_C M_Dllj BLT | Only bit manipulation
SBI control register (SBIC) RW (e] - - mem. bit can be performed on
BSYE [ ACKD | ACKE | AGKT any bit.
FE4H
Serial I/O shift register (SIO) RW - - [0}
FE6H
Slave address register (SVA) w - - (o]
Fean | PM33 | Pmsz | Puar | pwso |
| Port mode register group A (PMGA) | W - - o
PM63 | PM62 | PM61 | PM60
Fecn | =_Pve | - | -]
| Port mods register group B(PMGB) | W |~ | - | O
PM7 I_ 0 PM5 | PM4
FEEH | - | - - | Pms
Port mode register group C (PMGC)| W - - (o]
Remarks: 1. IExxx is an interrupt enable flag.

2. IRQxxx is an interrupt request flag.
3. IME is an interrupt master flag.

Figure 3.2-1 uPD7500X I/O Map (con't)
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Number of bits that
Hardware name (abbreviation can be manipulated i i i
Address ( ) AW p Bétdmampulanon Remarks
One | Four | Eight addréssing
b3 | b2 [ bl [ b0 bit | bit | bit
FFOH | Port0 (PORTO) | R | O o
FF1H | Port 1 (PORTY) | R | © o
FF2H | Port2 (PORT 2) RW o (0]
FF3H | Port3 (PORT 3) RW [e] (o] .
fmem. bit
FF4H | Port4 (PORT4) [RW | O 0o N pmem. @L
FF5H | Port5 (PORT 5) RW [e] (0]
Fron | KRS | KRe [ KA1 | KRo_|
—_— RW (0] (0]
(Note) [ port6 (PORT 6)
FF7H | KR7 [ _KRe | KRs | KR4 e
Note) [ ————————— RW| O o
(Note) | port 7 (PORT 7)
FF8H | Port8 (PORT8) |RW | O o -

Note: KRO-KR?7 can only be read. When 4bit parallel is input, specified at PORT6 or PORT7.

Figure 3.2-1 uPD7500X I/O Map (con't)

4 INTERNAL CPU FUNCTIONS

i+ [, DN7ENNAY
it ({7 Suua)

13-Bit (LPD75006, 75008)

The program counter is binary counter which holds program memory address information. The uPD75004 is configured of 12-
bit (See Fig. 4.1-1 (a)). The pPD75006 and 75008 are configured of 13-bit (See Fig. 4.4—1 (b)).0

(a) nPD75004 format

[Pc11]pcio] Pco [ Pes [ Pe7 [ Pes | Pes [ pea [ pea [ pez [ Pt [ peo |

(b) tPD75006 and 75008 format

[pci2]pci1]pcio] Pce | Pes [ rc7 [ Pes [ res [ Pea [ res [ Pe2 [ Pet [Peo |

Figure 4.1-1 Program Counter Format

Each time one instruction is executed, normally the program counter is automatically incremented according to the number of the
bytes in the instruction.

When abranch instruction (BR or BRCB) is executed, the register pair contents orimmediate data indicating the branch destination
address is loaded into all or some of the PC bits.
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When a subroutine call instruction (CALL or CALLF) is executed or a vectored interrupt occurs, the current PC contents (return
address already incremented to fetch the next instruction) are saved in stack memory (data memory indicated by the stack pointer),
then the jump destination address is loaded.

When a return instruction (RET, RETS, or RETI) is executed, the stack memory contents are loaded into the PC.

When the RESET signal is generated, the program memory contents are loaded into the program counter for initialization, as
follows: (Program can be started at any desired address.)

uPD75004: PC11-PC8 —=+— low-order four bits at address 0000H
PC7 —-PCO —*— eight bits at address 0001H

wPD75006, nPD75008: PC12-PC8 ~*— low-order five bits at address 000H
PC7 —-PCO =*+— eight bits at address 0001H

4.2 Program Memory (ROM) - 4096 Words x Eight bit (uPD75004)
6016 Words x Eight bit (.PD75006)
8064 Words x Eight bit (.PD75008)

The program memory stores programs, interrupt vector table, GETI instruction look up table, and data such as table data. The
program memory of the uPD75004, uPD75006, nPD75008, is mask programmable ROM.

Fig. 4.2—1 to 4.2-5 show the program memory map.

The program memory is addressed by using the program counter. Table data can also be referenced by using the table reference
instruction (MOVT).

The address range for branching by a branch or subroutine call instruction is as shown in Fig. 4.2—-1. When a relative branch
instruction (BR $addr) is used, a branch can be made to [PC contents — 15 to ~1, +2 to + 16] address independently of block.
The program memory addresses are shown below.

* 000H- FFFH : pPD75004
+ 0000H-177FH : uPD75006
* 0000H-1F7FH : pPD75008

The following addresses are assigned for special purpose:
(All the area except address 0000H to 0001H N ' can be used as normal program memory area.).

+ 0000H — 0001H
Vector address table in which the program start address and MBE setup value are entered when the system is reset. (Reset
start can be made at any desired address.)

+ 0002H — 000BH
Vector address table in which the program start address and MBE setup value are entered for each vectored interrupt.
(Interrupt service can be started at any desired address.)

+ 0020H — 007FH Table area referenced by GETI (Note 2),
Note: 1. Their addresses are used in the uPD7500X.
2. The GETl instruction is used to convert any 2- or 3-byte instruction or any two 1-byte instructions into a 1-byte
instruction. The number of program bytes can be reduced.
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uPD7500X
Address
7 6 5 4 0
oooH {msE | o | oTo ﬁnemm reset start address (high-order four bits) f
Internal reset start address (low-order eight bits) CALL
oo2H [MBE |0 |0 [ 0 | INTBT/INT4 start address (nigh-order four bits) _ !addr
instruction
INTBT / INT4 start address (low-order eight bits) subroutine
004H | MBE | 0 I 0 | [ | INTO start address (high-order four bits) CALLF g;‘"y
aaaress
INTO start address (low-order eight bits) _ !fadar
instruction
006H | MBE | 0 |o [o IINT1 start address (high-order four bits) entry cE
INT1 start address (low-order eight bits) address | caddr
oosH [MBE] 0 Jo o [ INTCSI start address (nigh-order four bits) ‘"Z"“C‘i:"
ranc
INTCSI start address (low-order eight bits) address
00AH MBEJ 0 [o | 0 ] INTTO start address (high-order four bits)
INTTO start address (low-order eight bits) BR$ addr
instruction
relative
=~ ~ branch
address
(-15t0 1)
020H (+2to +16)
GETI instruction reference table
07FH
080H GETI
::B -~ instruction
branch
PR destination
800H address,
subroutine
entry
address
= ¥
FFFH

Figure 4.2-1 Program Memory Map (1PD75004)
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uPD7500X
Address
7 6 5 0
00oH [MBE [ 0 [ o | internal reset start address (high-order five bits)
Internal reset start address (low-order eight bits) CALL
002H |MBE [0 [ 0 [ INTBT/INT4 start address (high-order five bits) ins’tf:gi'on
INTBT / INT4 start address (low-order eight bits) subroutine
0044 [MBE [0 [0 [ INTO start address (high-order five bits) CALLF aggr'gs
INTO start address (low-order eight bits) _ !faddr
instruction
006H [MBE [ 0 | 0 | INT1 start address (high-order five bits) entry 2R laddr
INT1 start address (low-order eight bits) address instruction
008H [MBE [0 ] 0 | INTCSI start address (nigh-order five bits) F“ﬁ? :Jg;‘:s“s
! caaar
INTCSI start address (low-order eight bits) instruction
0. E INTTO igh- five bi branch
00AH [MB | 0 lj l start address (high-order five bits) address  BR $ addr
INTTO start address (low-order eight bits) instruction
relative
branch
=~ Pt address
(-15t0 1)
(+2 to +16)
020H
GET! instruction reference table
07FH
080H L GETI
= =~ instruction
branch
LG destination
800H address,
L subroutine
~ ~ entry
OFFFH address
1000H
BRCB
L L | caddr
- instruction
branch
address
177FH

Figure 4.2—-2 Program Memory Map (uPD75006)
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uPD7500X
Address
7 6 5 0
0000H | MBE l 0 I 0 I Internal reset start address (high-order five bits)
Internal reset start address (low-order eight bits) CALL
0002H |MBE [ 0 [ o | INTBT /INT4 start address (nigh-order five bits) ms’tf:’;i'on
INTBT / INT4 start address (low-order eight bits) subroutine
0004H [MBE lo | oJ INTO start address (high-order five bits) CALLE aggr'gss
INTO start address (low-order eight bits) _ !faddr
instruction
0006H | MBE [ 0| oJ INT1 start address (high-order five bits) entry SR 1 addr
INT1 start address (low-order eight bits) address instruction
0008H [MBE [ 0 | 0 [ INTCSI start address (high-order five bits) BRCB  branch
| caddr address
INTCSI start address (low-order eight bits) instruction
igh- five bi branch
000AH |MBE | 0 [ 0 | INTTO start address (high-order five bits) Dranch 2R addr
INTTO start address (low-order eight bits) instruction
relative
branch
~ o~ address
(-15t0—1)
(+2to +16)
0020H
GETl instruction reference table
007FH
0080H GETI
~ ~ instruction
branch
O7FPH | destination
0800H addres.s,
subroutine
p~rg ~ entry
OFFFH address
1000H
BRCB
L L ! caddr
~ ~ instruction
branch
address
1F7FH

Figure 4.2-3 Program Memory Map (uPD75008)
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4.3 Data Memory (RAM) — 512 Words x Four Bits

The data memory is a general purpose static RAM consisting of 512 words x four bits. Since a static RAM stores data during
process, subroutine, or interrupt execution, it can also hold data when CPU operation is stopped in the standby mode; it is useful
in that the memory contents can be held with battery power for hours.

Fig. 4.3—1 shows a pPD7500X data memory map.

The data memory adopts the bank configuration, consisting of banks 0 and 1 (each 256 words x four bits).

Peripheral hardware is mapped in the memory bank 15 area.

A memory bank s selected by setting the 4-bit memory bank selection register (MBS =0, 1, or 15) when bank specification is enable
by setting the memory bank enable flag (MBE) to 1 (MBE = 1). When bank specification is disabled (MBS = 0), memory bank 0
or 15 is automatically selected according to the current addressing mode. Each bank is addressed by using 8-bitimmediate data,
a register pair, etc.

Although a data memory word consists of four bits, the data memory can be handled in 1-, 4-, or 8-bit units by using various
addressing modes.

See 3.1 for details of memory bank selection and addressing modes.

Specific areas of the data memory are also used for general purpose registers (bank 0; 000H — 0007H) and stack memory (bank
0; 000H — OFFH). Data memory does not exist in bank 15. Peripheral hardware and various registers are mapped. Do not access
addresses or bits to which no registers are allocated.

For the use of the specific areas of data memory, see the following:
« 4.4 for the general purpose register area

« 4.6 for the stack memory area

» CHAPTER 5 for the peripheral hardware

{

General 000H
purpose (8x4)
register area 007H
008H Bank 0
Stack
General area 256x4
purpose
static RAM OFFH
(512x4)
100H 1
256x4 Bank 1
1FFH ‘
Not incorporated
F80H
Peripheral
hardware 128x4 Ban!( 15
area
{ FFFH

Figure 4.3-1 Data Memory Map
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When reset is executed, the contents of the data memory are undefined. Therefore, normally, the data memory must be initialized
at the beginning of the program execution (RAM clear). If this initialization is not performed, unexcepted malfunctions may result.

Example: To clear the RAM mapped to addresses 04H to 1FFH:

SEL MBO

MOV XA, #00H

MOV HL, #04H ; Clears addresses 04H to FFH
RAMCO: MOV @HL, A ;(HL) <—- A

INCS L L=L+1

BR RAMCO

INCS H sH=H+1

BR RAMCO

SEL MB1
RAMC1: MOV @HL, A ; Clears addresses 100H to 1FFH

INCS L

BR RAMC1

INCS H

BR RAMC1

.

4.4 General Purpose Registers — Eight x Four Bits

The general purpose registers are eight4-bit registers (B, C, D, E, H, L, X, and A) mappedin specific addresses of the datamemory.
Every general purpose register is handled in 4-bit units; register pairs BC, DE, HL, and XA are also used for 8-bit manipulation.
In addition to DE and HL, registers D and L are also paired (DL), and the three register pairs can be used for data pointers.
The general purpose register area can be addressed and accessed as normal RAM regardless of whether or not it is used for
registers.

X A
01H 00H
H L
03H 02H
D E
05H 04H
B C
07H 06H
Figure 4.4-1 G | Purpose Regi: Configl ion (When 4-bit processing is performed)
XA
00H
HL |
02H |
DE \
04H \
BC \
06H '
Figure 4.4-2 G | Purpose Register Configuration (When 8-bit processing is performed)
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3 0 3 0
[ +—1 o ]
3 0 3 0
I .
3 0 3 0
] —
3 0 3 0
[ }+——1 & ]

Figure 4.4-3 Register Pair Configuration
4.5 Accumulator
The uPD7500X uses the A register and XA register pair for accumulators. The A register is used as the main register during
execution of 4-bit data processing instructions; the XA register pair is used as the main register pair during execution of 8-bit data

processing instructions.
The carry flag (CY) is used for a bit accumulator during execution of bit manipulation instructions.

Bit accumulator
4-bit accumulator

[ x ] A ] 8-bit accumulator

Figure 4.5-1 Accumulator

4.6 Stack Pointer (SP) — Eight Bits

The uPD7500X uses general purpose RAM for stack memory (LIFO). The stack pointer (SP) is an 8-bit register which holds top
address information of the stack area.

The stack area addresses are 000H—-0FFH of memory bank 0 regardless of how MBE and MBS are set.

SP is decremented before data is saved in the stack memory (write operation); it is incremented after data is restored from the
stack memory (read operation).

Figs. 4.6-2 to 4.6—4 shows data saved in and restored from the stack memory when stack operations are performed.
Aninitial value is setin SP by using an 8-bit memory operation instruction to determine the stack area to be used. The SP contents
can also be read.

SPO is always set to 0.

Itis recommended that the initial value of SP should be set to 00H so that the stack area be used is starting at the most significant
address of data memory bank 0 (OFFH).

When the RESET signal is generated, the SP contents become undefined. Be sure to initialize SP to the desired value at the start
of the program.

Example: To initialize SP.

SEL MB15 ;' orCLR1 MBE
MOV XA, #00H
MOVSP, XA ; SP-<— OOH
Address Symbol
7 6 5 4 3 2 1 0
F8OH [ sp7 [ sps [ sps [ 'spa [ spa | spe [sp1 [spo]| sp

Fixed to 0
Figure 4.6-1 Stack Pointer Configuration
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(a) Data Saved in Stack Memory

PUSH CALL, CALLF Interrupt
instruction instruction
Stack Stack Stack
SP—4 PC11-PC8 SFZ—G PC11-PC8

T T T T T T
SP-3 [MBEl 0! 0! 0 SP-5 |MBE! 0! o0 ! o0
i 1 Il I

1 H

Register pair SP-2 PC3-PCO SP—4 PC3-PCO

SP-2 (low order) ‘
SP-1 PC7-PC4 SP-3 PC7-PC4
SP Register pair T T T
-1 (high order) SP => SP-2 0 |ISTOJMBE; 0
1 1 i
T T T
SP => 33—1 CY | SK2}SK1}8Ko
SP=>
(b) Data Restored from Stack Memory
POP RET, RETS RETI
instruction instruction instruction
Stack Stack Stack
sp Register pair SP PC11-PC8 SP PC11-PC8
(low order) T T T T T T
SP+1 |MBE; 0 ! 0! 0 SP+1 |MBE} 01 0 ' 0
SP+1 Register pair L L . . L L
(high order) SP+2 PC3-PCO SP+2 PC3-PCO
SP+2=> SP+3 PC7-PC4 SP+3 PC7-PC4
T T T
SP+4=> SP+4 0 |ISTOJMBE! 0
_— L L
T T T
SP+5 | CY |SK2}sK1!sko
SP+6=

Figure 4.6-2 Data Saved / Restore of Operation (PD75004)
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(a) Data Saved in Stack Memory

PUSH CALL, CALLF Interrupt
instruction instruction
Stack Stack Stack
SF;—4 PC11-PC8 SP-6 PC11-PC8
T T T T T T
SP-3 MBEE 0 | 0 |PC12 SF;—-S MBE, 0 i 0 \PC12
. 1 1 1
SP_2 Register pair SP-2 PC3-PCO SP—4 PC3-PCO
(low order) ‘
1 SP-1 PC7-PC4 SP-3 PC7-PC4
SP-1 Register pair ‘ T T T
(high order) Sp = SP‘—2 0 !ISTOMBE] 0
1 1 i
T T T
SP = SP-1 CY |SK2|SK1 IsKo
Sp =

(b) Data Restored from Stack Memory

POP RET, RETS RETI
instruction instruction instruction
Stack Stack Stack
sP Register pair SP PC11-PC8 SP PC11-PC8
(low order) T ¥  E——
SP+1 MBE: 0 | 0 PC12  SP+1 MBE} 0 : 0 )PC12
SP+1 Register pair L Lt bt
(high order) S!;+2 PC3-PCO Si;+2 PC3-PCO
SP+2=> SP+3 PC7-PC4 SF;+3 PC7-PC4
T 1] T
SP+4=> SP+4 0 !ISTOIMBE! 0
i 1 1

T T T
SP+5 | CY | SK2} SK1}SKo

SP+6=

Figure 4.6-3 Data Saved / Restored in Stack Operation (uPD75006, 75008)
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4.7 Program Status Word (PSW) — Eight Bits

The program status word (PSW) consists of flags closely related to processor operation.
PSW is mapped in data memory addresses FBOH and FB1H. Two bits of address FBOH can be operated by using a memory

operation instruction.

Address (FB1H) FBOH Symbol
ov | ski [ ske [ sko [ o [isto [mee [ o PSW
~— J - J
Y Y
Cannot be Can be
operated operated
Can be
operated
by using
dedicated
instructions

Figure 4.7-1 Program Status Word Configuration

Table 4.7-1 PSW Flags Saved and Restored when Stack Operation is’ Performed

Saved or restored flag

During CALL, CALLF instruction execution
Save

MBE is saved

During hardware interrupt

All PSW bits are saved

During RET, RETS instruction execution

MBE is restored

Restore

During RET! instruction execution

All PSW bits are restored

(1) Carry flag (CY)

The carry is a 1-bit flag that shows the occurence of overflow or underflow during execution of an instruction involving carry

(ADDC or SUBC).

The carry flag also serves as a bit accumulator. Boolean algebra operation is performed between the bit accumulator and data

memory specified by a bit address. The result can be stored in the bit accumulator.

The carry flag is operated by using dedicated instructions independently of other PSW bits.

When the RESET signal is generated, the carry flag becomes undefined.
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Table 4.7-2 Carry Flag Operation Instructions

Remarks:

Example:

Instructions (mnemonic)

Carry flag processing

SET1 CY CYissetto 1
Instructions dedicated to CLR1 CY CY is cleared
carry flag operation NOT1 CY CY is inverted
SKT CY Skip if CY is set to 1
AND1 CY, mem*.bit The specified bit and CY
Bit Boolean instructions OR1 CY, mem™.bit are ANDed, ORed, or
XOR1 CY, mem*.bit XORed together

Interrupt service

During interrupt execution

CY is saved in stack
memory in parallel with

other PSW bits (eight bits)

CY is restored from stack
memory in parallel with
other PSW bits

RETI

mem*.bit indicates any of the following three bit 3 manipulation addressing modes

« fmem.bit
* pmem.@L
* @H + mem.bit

To AND bit 3 of address 3H and P33 together and set the result in CY.

SET1 CY

CLR1 MBE

SKT 3FH. 3

CLR1 CY

AND1 CY, PORT3.3

(2) Skip flags (SK2, SK1, and SK0)
The skip flags store the skip state and are automatically set or reset when the CPU executes instructions.
The user cannot directly use the flags as operands.

(3) Interrupt status flag (ISTO)
The interrupt status flag stores the current status of processing being performed. (For details, see Table 6.3-2.)

CY=1

Or SEL MBO

Skip if bit 3 of address 3FH is set to 1.
CY=-0

CY=—CY /\ P33

Table 4.7-3 Interrupt Status Flag Indication Contents

ISTO S“,’:;S ‘:ﬂ%‘:ﬁz:smg Processing contents and interrupt control
eing pi
During normal program processing.
0 Status 0
Every interrupt can be acknowledged.
1 Status 1 During interrupt processing.
No interrupt must be acknowledged.

If an interrupt is acknowledged, the ISTO contents are saved in stack memory as a PSW bit, then automatically ISTO is set to
1. When an RETI instruction is executed, ISTO is set to 0.

The interrupt status flag can be operated by using a memory operation instruction. The current status of processing can also
be changed under program control.

Caution:

Before operating the flag, be sure to execute a DI instruction to disable interrupts. After operating the flag, execute
an El instruction to enable interrupts.
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(4) Memory bank enable flag (MBE)
The memory bank enable flag is a 1-bit flag used to specify the address information generation mode of the high-order four
bits of a 12-bit data memory address.
MBS can be set or reset at any time by using a bit manipulation instruction regardless of memory bank setting.

Example: SET1 MBE ; MBEw— 1
CLR1 MBE ; MBE=—0

When MBE is set to 1, the data memory address space is exceeded and all the data memory space can be addressed.
When MBE is reset to 0, the data memory address space is fixed regardless of how MBS is set. (see Fig. 3.1-2.)

When the RESET signal is generated, the contents of program memory address 0 bit 7 are set and MBE is initialized
automatically.

When vectored interrupt service is made, bit 7 of the corresponding vector address table is set and the MBE state during
interrupt service is set automatically.

During interrupt service, normally MBE is set to 0 and the general purpose RAM of memory bank 0 is used.

4.8 Bank Selection Register (BS)

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

MBS is set by using the SEL MBn instructions.

BS can be saved in and restored from the stack area in 8-bit units by using PUSH BS instructions.

MBS Symbol
7 6 5 4 3 2 1

mss | mBsz [ mest [mBso | o | o [ o | o | 'Bs

Figure 4.8-1 Bank Selection Register Configurati

(1) Memory bank selection register (MBS)
The memory bank selection register (MBS), consisting of four bits, stores high-order 4-bit address information of a 12-bit data
memory address. The memory bank to be accessed is specified according to the register contents. However, the uPD7500X
allows the user to select bank 0, bank 1, or bank 15 only.
MBS is set by using the SEL MBn instruction (where nis 0, 1, or 15).
The address range applied according to how MBE and MBS are set is as shown in Fig. 3.1-2.
When the RESET signal is generated, MBS is initialized to 0.
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5 PERIPHERAL HARDWARE FUNCTIONS

5.1 Digital Input / Output Ports

The uPD7500X adopts memory mapped I/O. All input / output ports are mapped in the data memory space.

Address
FFOH
FF1H
FF2H
FF3H
FF4H
FF5H
FF6H
FF7H
FF8H

3 2 1 0
P03 P02 PO1 P00
P13 P12 P11 P10
P23 P22 P21 P20
P33 P32 P31 P30
P43 P42 P41 P40
P53 P52 P51 P50
P63 P62 P61 P60
P73 P72 P71 P70

—_ - P81 P80

PORT 0
PORT 1
PORT 2
PORT 3
PORT 4
PORT 5
PORT 6
PORT 7
PORT 8

Figure 5.1-1 Data Memory Addresses of Digital Ports

Table 5.1-2 lists the input / output port operation instructions. In addition to 4-bit input / output, 8-bit input / output and bit
manipulation can be performed for PORT 4 to PORT 7 and very diverse control can be performed.

Example: To test the P13 state and output value to ports 4 and 5 depending on the result.

SKT
MOV
MOV
SEL
out

Example: SET1

PORT1.3
XA, #18H
XA, #14H
MB15

PORT4, XA ;

PORT4.@L ;

Skip if port 1 bit 3 is set to 1
XA=<+— 18H String effect
XA+ 14H String effect

Or CLR1 MBE
Ports 5,4 XA

The port 4-7 bit specified by using the L register is set to 1.
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5.1.1 Types, features, and configurations of digital input / output ports
Table 5.1-1 lists the digital input / output ports.
Figs. 5.1-1 to 5.1-6 shows the port configurations.
Table 5.1-1 Types and Features of Digital Ports
Port ) .
(abbreviation) Function Operation and features Remarks
PORT 0 Can al . f o tested " Pins also used for INT4, SCK
4-bit input f"‘t’r‘]aways oe read d°’ ested regardiess | 5,580, SI/SB1. Pins also
PORT 1 of the operation mode. used for INTO-2 and TIO.

PORT 3(Note 1)

PORT 6

PORT 2

PORT 7

4-bit input / output

Can be placed in input or output mode
in 1-bit units.

Pins also used for
MDO0-MD3, (Note 2)

Pins also used for KRO-KR3.

Can be placed in input or ouput mode
in 4-bit units. Ports 6 and 7 can be
paired for data input / output in 8-bit units.

Port 2 pins are also used for
PTOO, PCL, and BUZ.

Pins also used for KR4—KR7.

PORT 4(Note 1)

PORT 5(Note 1)

4-bit input / output
(N-channel open
drain 10 Volts)

Can be placed in input or output mode in
4-bit units. Ports 4 and 5 can be paired

for data input / output in 8-bit units.

Internal pull-up resistor can be
specified in 1-bit units by using
mask option.

Note 1: An LED can be driven directly.
Note 2: PORT 3 is also used for MD0-MD3 pin only in uPD75P008.

The P10 pin is also used for an external vectored interrupt input pin (input with a noise removal circuit). (For details, see 6.3.)

is entered.
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Sl SCK INT4 SO Internal SCK Voo
N\
P01 out
put latch
Pull-up
resistor 2 =
l_>|_Qector| f@ector 3
8 YCsiM {><> I
P-
i ch
Poeﬁ_l>c |
7 bit 0 E 10
—<} <7 O POO/INT4
/I /I J—
P01/SCK
\‘7 \ﬂ]
pd 7l o
P02/SO/SBO
J <
2 | <7 PO3/SI/SB1
31— g .
©
£ Input buffer Output buffer where —
€ push-pull output and v
N-channel open drain oo _
output can be switched
Pulupgs 2 =
resistor
% P-ch
I
POGA 4 | g
bit 1 |>°"_‘ I
IE 1=
Input buffer ¢or fx/64___.'
_ Noise
~J eliminator -O P10/INTO
pd 7
O P11/INT1
<J \ﬂ,
——Q @ 0 P12/INT2
pd! <7
. & O P13/TI0
U f\”l
T TIO INT2 INT1 INTO Input buffer having hysteresis

characteristics

Figure 5.1-2 Configuration of Ports 0 or 1
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Internal bus

V,
Input buffer PMmn=0 oD
/‘ M
P Pull-up
I X PMmn=1 resistor
POGA
bit m P-ch
Output buffer
Output I\ o
latch
Pmn

PMmn

Corresponding bit of
port mode register
group A (m=3 or 6 and n=0-3)

Figure 5.1-3 Configuration of port 3n or 6n (n = 0-3)
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VDD
l % é Pull-up
s > resistor
{ P-ch
|
POGA bit 2 or 7 {>¢ = 5
—I | -
~—"") E
Input buffer
P PMm=0
\I
e
\l
MPX
1 PMm=1
-
e
\l
El
3 N~ o Pmo
g L
£ L .
™~
o Pm1
| Output l/<\—'
latch
{/\‘_‘ o Pm2
'l/\&< O Pm3
Output
buffer
PMm
Corresponding bit of
P port mode register

group B (m=2 or 7)

Figure 5.1-4 Configuration of Port 2 or 7
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Voo
Pull-up
resistor
{Mask option) \ \ \ \
")
Input buffer
1 PMm=0
\]
P!
—
MPX
1 PMm=1
\I
e
—
E
% N~ o Pmo
g LS
£ - -
™~
o Pm1
Output _| l/<\—‘
latch
ll/\ﬂ_‘ -0 Pm2
N
O Pm3
Openm—‘
Output
PMm buffer
Corresponding bit of
port mode register
Y

group B (m=4 or 5)

Figure 5.1-5 Configuration of Port 4 or 5
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"1 VoD
< .
< Pull-up resistor
Bit0 —‘ P-ch
of POGB E,
N~"")
PMO=0
Input buffer
/I M
\l
P
e X
\j PMO =1
0w
2
o
©
g Output buffer
€ N~
- O P81
-
H ™~
3 O P8t
o l/<\_‘
PMO
Corresponding bit of
N poit mode register group C

Fig. 5.1-6 Port 8 Organization
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5.1.2 Input / output mode setting

The input or output mode of each input/output ports is set by using the port mode register as shown in Fig. 5.1-7. Each bit of ports
3 and 6 can be placed in input or output mode individually by using port mode register group A (PMGA). Each of ports 2, 4, 5, and
7 (four bits each) is placed in input or output mode individually by using port mode register group B (PMGB).

Each port serves as an input port when the corresponding port mode register bit is set to = 0 and serves as an output port when
setto 1.

Since the output latch contents are applied to the output pins at the same time the output mode is selected by setting the port mode
register, the output latch contents must previously be rewitten to the required value before the output mode is set.

Port mode register groups A and B are set by using 8-bit memory operation instructions

When the RESET signal is generated, all bits of the port mode registers are cleared; thus the output buffers are turned off, and
all ports are placed in input mode.

Example: To use P30, P31, P62, and P63 for input pins and P32, P33, P60, and P61 for output pins.

CLR1 MBE
MOV XA, #3CH
MOV  PMGA, XA

; Or SEL MB15

Port mode register group A

Address 7 6 5 4 3 2 1 0 Symbol
FESH Pme3 | Pme2 | Pmet | Pmeo | Pm3s | Pmaz [ Pmat [ pmso | Pmca

PM3n P3n, P6én pin input / output specification (n = 0-3)

PMén

0 Input mode (output buffer off)
PMGA 1 Output mode (output buffer on)
Port mode register group B

Address 7 6 5 4 3 2 1 0 Symbol
FECH PM7 - [ ems [ pma | - T2 ] - T - PMGB

PMn Port n input / output specification (n = 2, 4, 5, or 7)

0 Input mode (output buffer off)

1 Output mode (output buffer on)

Port mode register group C

Address 7 6 5 4 3 2 1 0 Symbol
FEEH - - -1 -1 - - - PM8 PMGC
PMn Port 8 input specification
0 Input mode (output buffer off)
i Output mode (output buffer on)
—:Maybe Oor1.

Figure 5.1-7 Port Mode Register Formats

5.1.3 Digital input / output port operation instructions

Since all input/ output ports incorporated in the uPD7500X are mapped in the data memory space, all the data memory operation
instructions are applicable. Table 5.1-2 lists the data memory operation instructions particulary useful for input / output pin
operation and their application ranges.
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(1) Bit operation instructions

The specific address bit direct addressing (fmem. bit) and specific address bit register indirect addressing (pmem. @L) modes
are applicable to digital input / output ports PORT 0-PORT 7. The port bits can be operated at any time as desired regardless
of how MBE and MBS are set.

Example: To OR P50 and P41 together and output the result to P61.

SET1 CY ; CY=—1
AND1 CY,PORT5.0 ; CY-=+— CYAPS50
OR1 CY,PORT4.1 ; CY=—CYVP41
SKT cYy
BR CLRP
SET1  PORT6.1 ; Pel=—1

CLRP: CLR1 PORTS6.1 ; Pél=—0

(2) 4-bit operation instructions

In addition to the IN and OUT instructions, all 4-bit memory operation instructions such as MOV, XCH, ADDS, and INCS can
be used. However, memory bank 15 must have been selected before executing an instruction.

Example 1: To output the accumulator contents to port 3.

SEL MB15 ; OrCLR1 MBE
OUT PORTS, A

Example 2: To add the accumulator value to the data output to port 5 and output the result.

SET1 MBE

SEL MB15

MOV  HL, #PORT5

ADDS A @HL ;  A<— A+PORTS
NOP

MOV  @HL, A ; PORT5=—A

Example 3: To test whether or not data in port 4 is greater than the accumulator value.

SET1  MBE

SEL MB15

MOV  HL, #PORT4

SUBS A, @HL ;  A<PORT4
BR NO ; NO

;. YES

(3) 8-bit operation instructions

In addition to the IN and OUT instructions, the MOV, XCH and SKE instructions can be used for ports 4 and 5 where 8-bit
operation (manipulation) can be performed. As with the 4-bit operation instructions, memory bank 15 must have been selected
before executing the instruction.

Example: To output data in the BC register pair to the output ports specified by the 8-bit data input from ports 4 and 5.

SET1 MBE
SEL  MB15

IN XA,PORT4 ; XA=—ports5 and 4
MOV  HL, XA i HL=—XA

MOV XA, BC ; XA<—BC

MOV  @HL, XA ;. Port (L)<—XA
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Table 5.1-2 Input / Output Port Pin Operation Instruction List

PORT Instruction PORT 0 [PORT 1] PORT 2| PORT 3 [PORT 4] PORT 5] PORT 6] PORT 7] PORT 8
IN A, PORTn (Note 1) o
IN XA, PORTn (Note 1) - - l o I o) I -
OUT PORTN. A (Note 1) - ] - o
OUT __PORTN. XA (Note 1) -~ - | o l o [ -

SET1 PORTHh. bit - -
SET1 PORTn. @L (Note 2) - -
CLR1 PORTN. bit - =
CLR1 PORTn. @L (Note 2) = -
SKT PORTN. bit

SKT PORTN. @L (Note 2)
SKF PORTN. bit

SKF PORTn. @L (Note 2)
AND1 CY, PORTn. bit

AND1 CY, PORTn. @L (Note 2)
OR1__CY, PORTN. bit
OR1_CY, PORTn. @L (Note 2)
XOR1 CY, PORTn. bit

XOR1 CY, PORTn. @L (Note 2) [¢]

Note 1: MBE = 0 or (MBE = 1 and MBS = 15) must have been set before executing the instruction.
2: The low-order two bits of address and the bit address are specified indirectly by using the L register.

(o} [e (o) [e]

ojo|jo|o|olojo|Oo|O

5.1.4 Digital input / output port operation

When data memory operation instructions are executed for the digital input / output ports, port (pin) operation varries according
to which mode (input or output) is set. (See table 5.1-3.) This is because as understood from the input / output port structure, data
read into the internal bus is data for each pin in the input mode and output latch data in the output mode.
(1) Operation when input mode is set
Pin data is operated when executing a test instruction such as SKT or an instruction to read 4- or 8-bit port data into the internal
bus (IN, OUT, operation, or comparison instruction).
When an instruction to transfer the accumulator contents (four or eight bits) to a port or ports is executed (OUT or MOV
instruction), the accumulator data is latched in the output latches. The output buffers remain off.
When an XCH instruction is executed, pin data is input to the accumulator and the accumulator data is latched in the output
latches. The output buffers remain off.
When an INCS instruction is executed, data resulting from adding 1 to 4-bit pin data is latched in the output latches. The output
buffer remain off.
When an instruction to rewrite data memory bitwise is executed, such as SET1, CLR1, or SKTCLR, (the specifed bit output
latch can be rewritten as specified by instruction), but the contents of the output latch for other bits become undefined.
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(2) Operation when output mode is set
When a test instruction or an instruction to read 4- or 8-bit port data into the internal bus is executed, the output latch contents

are operated.

When an instruction to transfer the accumulator contents (four or eight bits) is executed, output latch data is rewritten and at
the same time as output from the pins.
When an XCH instruction is executed, the output latch contents are transferred to the accumulator, and the accumulator
contents are held in the output latches and is output from the pins.
When an INCS instruction is executed, data resulting from incrementing the output latch contents by one is held in the output
latches and output from the pins.
When a bit output instruction is executed, the specified output latch bit is rewitten and output from the pin.

Table 5.1-3 Operation When Input / Output Ports are Used

Executed Port (pin) operation
instruction Input mode Output mode
s (@]
Pin data is tested. Output latch is data tested.
ANDiCY, [@]
Operation is performed between pin data Operation is performed between output latch
OR1 CY, and CY. data and CY.
xor1 ¢y, [@]
IN A, PORTn
IN XA, PORTn : ) .
MOV A, @HL Pin data is transferred to accumulator. Output latch data is transferred to accumulator
MOV XA, @HL
ADDS A, @HL
ADDC A, @HL
gggg ﬁ g:t Operation is performed between pin data and Operation is performed between output latch
AND A’ @HL accumulator. data and accumulator.
OR A @HL
XOR A, @HL
SKE A, @HL Pin data and accumulator contents are Output latch data and accumulator contents
compared. are compared.
OUT PORTn, A
OUT PORTn, XA Accumulator data is transferred to output Accumulator data is transferred to output
MOV @HL, A latches. (Output buffers remain off.) latches and output from the pins.
MOV @HL, XA
XCH A, PORTn Pin data is transferred to accumulator and
XCH XA, PORTn accumulator data is transferred to output Data is exchanged between output latches
XCH A, @HL latches. and the accumulator.
XCH XA, @HL (Output buffers remain off.)
INCS PORTn Data resulting from incrementing pin data The output latch contents are incremented
INCS @HL by one is latched in output latches. by one.
SET1 The specified bit output latches are rewritten Th in state is ch d ding t
CLR1 [@_] as specified by the instruction, but the output theeir?:ttrz‘:;ig‘: state Is changed according to
SKTCLR latch contents for other bits are undefined.

@ : Denotes two addressing modes PORTn. bit and PORTn. @L.
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5.1.5 Internal pull-up resistors

Pull-up resistors can be incorporated in the uPD7500X port pins except for PO. Internal pull-up resistors are specified by using
software or mask option.

Pull-up register specification register group A

Address 7 [¢] 5 4 3 2 1 0 Symbol
FocH [ po7 [ pos | - [ - [ pos ] poz | pot | Poo | Poga
Port 0 (P01-P03)
Port 1 (P10-P13) 1
Port 2 (P20-P23)
Port 3 (P30-P33)
Port 6 (P60-P63)
Port 7 (P70-P73)
Pull-up register specification register group B
Address 7 6 5 4 3 2 1 0 Symbol
eH | - [ - [ -1 -1 -1 - T - [ros]| rocs
Port 8 (P80-P81)
Specification
0 | Pull-up resistor is not incorporated.
1 Pull-up resistor is incorporated.
Figure 5.1-8 Pull-Up Register Specification Register Format
Table 5.1-4
Port (Pin name) Specification method to provide pull-up resistor POGA bit POGB bit
Port 0 (P01-P03) (Note 1) | By means of software in 3-bit units. Bit 0
Port 1 (P10-P13) Bit 1 -
Port 2 (P20-P23) Bit 2 -
Port 3 (P30-P33) By means of software in 4-bit units. Bit 3 -
Port 6 (P60-P63) Bit 6 -
Port 7 (P70-P73) Bit 7 -
Port 4 (P40-P43) o o
By mask option in 1-bit units. - -
Port 5 (P50-P53)
Port 8 (P80-P81) By means of software in 2 bit units. = Bit 0

Note: A pull-up resistor cannot be provided for the P00 Pin.
5.1.6 Digital input / output port input / output timing

Fig. 5.1-9 shows timing of data to output latch and timing of pin data or output latch data input to the internal bus.
Fig. 5.1-10 shows the ON timing at specified the internal pull-up resistor by software.
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(a) When data is input by using an 1-machine-cycle instruction

One machine cycle

) T —T
Instruction Operating
execution instruction

Input timing fi

(b) When data is input by using an 2-machine-cycle instruction

Two macﬁine cycle

T T ~T" T T T T T T

Instruction Operating, instruction
!

execution

Input timing f—]

(c) When data is latched by using a 1-machine-cycle instruction

o3 D0 D1
T T

T T T
Instruction Operating
executing instruction

Output latch
(output pin)

(d) When data is latched by using a 2-machine-cycle instruction

0 1
T

T T T T T T T T

Instruction i {
structio Operating, instruction
1

executing

Output latch
(output pin)

Figure 5.1-9 Digital Input / Output Port Input / Output Timing

Two Machine Cycle

T T T T T T =T T T

.E"e°“"F‘9 Pull-up resistor : setting instruction
instruction )

(MOV POGA, XA)

POGA ><

Figure 5.1-10 ON Timing of Pull-up Resistor by using Software
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5.2 Clock Generator
The clock generator supplies clocks to CPU and peripheral hardware for controlling the CPU operating mode.
5.2.1 Clock generator configuration

Fig. 5.2—1 shows a clock generator block diagram.

VDD

+—
Subsystem

XT1

- B
T

asic interval timer (BT
imer/event counter

- Serial interface
= clock Watch timer » Watch timer
XT2| oscillator
o {
Voo X1 fa
—q -
Main f 1/8 ~ 1/4096
system
& clock .
I X2 | oscilator Frequency divider
| 1/21/16
e )
e .
<}
~ Oscilation g
WM. 3 stop g '
SCC = Frequency divider
o
sccs H o
« (CPU
" sSCCo clock)
3
Qo
©
§ PCC
£
PCCO
PCC1
4 HALT F/F
RALT- | oC2 D— s
PCC3
STOP* -
R Q-
—
pec2 STOP F/F L
PCC3 g Wait rel signal
clear —Q S [ from BT
RESET signal
R Standby release signal from
interrupt control circuit
Remarks: 1.f,  : Main system clock frequency

1.1

2.1,y : Subsystem clock frequency

3. PCC : Processor clock control register
4. SCC : System clock control register

5. * denotes instruction execution.

Figure 5.2-1 Clock Generator Block Diagram
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5.2.2 Clock generator function and operation

The clock generator produces the following clocks and controls CPU operating modes such as standby:

— Main system clock f,

— Subsystem clock f, .

— CPU clock ¢

— Clock to peripheral hardware

The clock generator operates according to how the processor clock control register (PCC) and system clock control register

(SCC) are set, as described below:

(a) When the RESET signal is generated, the minimum speed mode of the main system clock (15.3 w4.19 MHz) is selected.
(PCC =0 and SCC = 0)

(b) When the main system clock is selected, one of three CPU clock frequencies can be selected (0.95 s, 1.91 ps, and 15.3 us/
4.19 MHz) by setting PCC.

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

(d) Subsystem clock is selected by setting SCC.0, and operation can be performed in a very low-speed and low current
consumption (122 us/32.768 kHz). In this case, the PCC setup value does not affect the CPU clock.

(e) When the subsystem clock is selected, main system clock oscillation can be stopped by setting SCC.3. The HALT mode can
also be used, butthe STOP mode cannot be used. (Subsystem clock oscillation cannot be stopped.

(f) The main system clock is divided to generate a clock supplied to peripheral hardware. The subsystem clock can be supplied
directly only to the watch timer. Thus, the watch function and the LCD controlller and buzzer output function which operate
using the watch timer clock can also continue operation in the standby mode.

(g) When subsystem clock is selected, the watch timer and LCD controller can continue normal operation. When the main system
clock is stopped, other hardware devices than the watch timer cannot be used because they operate according to the main
system clock.

(1) Processor clock control register (PCC)

PCC consists of four bits; the low-order two bits are used to select CPU clock ¢ , and the high-order two bits are used to control
CPU operation mode. (See Fig. 5.2-2.) -

When bit 3 or 2 is setto (1), the standby mode is set. When the standby mode is released by the standby mode release signal,
automatically bits 3 and 2 are cleared and the normal operating mode is entered. (For details, see Paragraph 7).

The low-order two bits of PCC are set by using a 4-bit memory operation instruction (the high-order two bits are set 0).
Bits 3 and 2 are set to (1) by using 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. When the nPD7500X is operated on the subsystem clock,
the low-order two bits of PCC becomes invalid, and the CPU clock is fixed to f,./4. The stop instruction is also enabled only
during main system operation.

Example 1: To set a machine cycle to 0.95 ps (4.19) MHz).

SEL MB15
MOV A, #0011B
MOV  PCC,A
Example 2: To set STOP mode. (Be sure to enter a NOP instruction following the STOP or HALT instruction.)
STOP
NOP

When the RESET signal is generated, PCC is cleared.
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Address
3 2 1 0

FB3H [Pcca]pccalpccipeco] Pec

Symbol

CPU clock selection bits

SCC=0
The values enclosed in
parentheses are applied
when fy = 4.19 MHz

SCC =1
The value enclosed in
parentheses is applied
when f, .. = 32.768 kHz

CPU clock 1 machine CPU clock 1 machine
frequency cycle frequency cycle
0 @ =f,/64 15.3 us
(65.5 kHz)
fi -
0 Undefined ®=1 4 -
1 D= fx/B 1.91ps (8.192 kHz) us
(524 kHz)
1 o=f/4 0.95 us
(1.05 MHz)

fy + Main system clock oscillator output frequency

fy 7+ Subsystem clock oscillator output frequency

Normal operating mode

HALT mode

Figure 5.2-2 Processor Clock Control Register Format

STOP mode

-

Undefined
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(2) System clock control register (SCC)
SCC consists of four bits; the least significant bit is used to select CPU clock, and the most significant bit is used to control
(stop) main system clock oscillation. (See Fig. 5.2-3.)
SCC 0 and SCC 3 exist at the same data memory address; the bits cannot be changed at the same time. Thus, SCC 0 and
SCC 3 are set by using a bit operation instruction. SCC 0 and SCC 3 can always be operated independetly of the MBE contents.
Main system clock oscillation can be stopped by setting SCC 3 only during subsystem clock operation. Main system clock
oscillation is stopped by using the STOP instruction during main system clock operation.
When the RESET signal is generated, SCC is cleared.

Address

FB7H

Caution

Symbol
3 2 1 0
[scca] - | - [scco] scc
SCC3 | sCCo CPU clock slection Main system clock oscillation
0 Main system clock L
Oscillation is enabled.

1 Subsystem clock

1 0 Undefined

1 1 Subsystem clock L Oscillation is stopped.

Figure 5.2-3 System Clock Controf Register Format

1: Changing the system clock requires a maximum of 1/, time. To stop main system clock after changing the
subsystem clock, set SCC 3 after the machine cycle or cycles listed in Table 5.2—1.

2: Evenifoscillation is stopped by setting SCC 3 during main system clock operation, normal STOP mode is not entered.

3: When SCC.3 is set to 1, X1 input is connected internally to V., to avoid leakage current due to crystall oscillator.
When the external clock is used in main system clock, do not set SCC.3 to 1.

4: When the system clock is switched to the subsystem clock itis necessary to disable any interrupt during the time given
in table 5.2-1.

(3) System clock oscillators
The main system clock oscillator uses a crystal oscillator (4.194304 MHz standard) or cermanic oscillator connected to the
X1 and X2 pins.
An external clock can also be input.

Caution:

(a) Crystal or ceramic resonator (b) External clock
Voo uPD7500X uPD7500X
T“""—"— External —)(_1__
clock
=

}—l_‘ X2 X2
Crystal —
or ceramic
resonator

Figure 5.2—-4 External Circuit to Main System Clock Oscillator

When an external clock is input, the STOP mode cannot be set because the X1 pin is connected to VSS in the STOP
mode.
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*» The subsystem clock oscillator uses a crystal oscillator (32.768 kHz standard) connected to the XT1 and XT2 pins.
An external clock can also be input.

The XT1 pin state can be tested by using watch mode register (WM) bit 3.

(a) Crystal oscillation (b) External clock

LPD7500X uPD7500X

o External D
X1 clock X1

Voo
=
l I X2 No connection

required X2

Figure 5.2-5 External Circuit to Subsystem Clock Oscillator

(4) Frequency divider
The frequency divider divides the main system clock oscillator output (fy) and generates various clocks.

5.2.3 System clock and CPU clock setting

(1) Time required to change system and CPU clocks
The system and CPU clocks can be changed by using the low-order two bits of PCC and the least significant bit of SCC.
However, this clock change is not immediatly made after the register are rewritten, and the clock before the clock change is
made is used for operation during given machine cycles. Thus, to stop main system clock oscillation, a STOP instruction must
be executed or SCC 3 must be set after the change time elapses.

Table 5.2-1 Maximum Time Required to Change System and CPU Clocks

Setup value
beforepchange Setup value after change

SCC | PCC | PCC | SCCO | PCC1 | PCCO | SCCO | PCC1 | PCCO | SCCO | PCC1 | PCCO | SCCO | PCC1 | PCCO

0 1 0 0 0 0 0 1 0 0 1 1 1 X X
fy machine
0 0 1 machine cycle 1 machine cycle GZTXT cycle

(2 machine cycles)

fy machine
0 1 0 8 machine cycles 8 machine cycles BTXT cycles
(16 machine cycles)

fy machine

1 1 16 machine cycles 16 machine cycles T cycles
(32 machine cycles)
fy machine fy machine fx machine
1 X X | T84 cycles T8, cycles TAL cycles
(2 machine cycles) (16 machine cycles) (32 machine cycles)

The values enclosed in parentheses are applied when f, = 4.19 MHz and f,; = 32.768 kHz.

Remarks: The CPU clock @ is supplied to the uPD7500X internal CPU. The reciprocal of the clock becomes the minimum
instruction time. (The present manual defines it to be one machine cycle.)
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(2) System and CPU clock change sequence
System and CPU clock change is explained using Fig. 5.2—6.

On

Commercial
power supply

Off

Voltage at T

Vpp Pin
RESET signal SETY CLR
SET1 SCC.3 SCC.3 cLR1
Wait (31.1 ms) SCC.0 SCC.0
System clock * fy fy * fur * fy
bt : e |t
CPU clock 15.3 s 0.95 ps f 122 ps f 0.95 us
f, =4.19 MHz
f =327 KHz ) Internal see table wait for main
L reset operation 5.2-1 stabilization
see table
Figure 5.2-6 System and CPU Clock Change 5.2-1

1) When the RESET signal is generated, the CPU starts operating at the minimum speed of the main system clock (15.3 us /

4.19 MHz) after the wait time (31.3 ms / 4.19 MHz) to allow time for stabilizing the oscillator.

2

~

at the maximum speed.

3

<

After enough time has elapsed for the V; pin voltage to rise to an adequate level PCC is rewritten and the uPD7500X operates

Turning off the commercial power supply is detected by using interrupt input (INT4 is useful); SCC. Ois set, and thepPD7500X

operates using the subsystem clock. (At the time, a check must have been made to ensure that subsystem clock oscillation
has started. After the time required to change to the subsystem clock (32 machine cycles) has elapsed, SCC 3 is set and main

system clock oscillation is stopped.

K

Restoration of the commercial power supply is detected by using an interrupt. SCC. 3 is cleared and main system clock

oscillation is started. After the time required to stabilize oscillation has elapsed, SCC. 0 is cleared and thepPD7500X operates

at the maximum speed.
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5.2.4 Clock output circuit

(1) Clock output circuit configuration
Fig. 5.2-7 shows a clock output circuit block diagram.
(2) Clock output circuit function
The clock output circuit, which outputs clock pulses from the P22/PCL pin, is used to supply clock pulses to remote control
output or peripheral LSIs.
Clock pulses are output in the following sequence:
(a) Clock output frequency is selected. Clock output is disabled.
(b) 0is written into P22 output latch.
(c) Port 2 input/output mode is placed in output mode.
(d) Clock output is enabled.

From clock
generator
[ ———
Output
£/23 ] buffer
Selector
f/2t PCL/P22
£,/28 ]
PORT2.2 VPMGB bit 2
I Pori2
P22 output input/output mode
CLOM3|CLOM2|CLOM1|CLOMO| CLOM latch specification bit

: 1 !
3 \

Figure 5.2-7 Clock Output Circuit Block Diagram

Remarks: The circuit is designed so as not to output a spurious short-width pulse when changing between clock output enable
and disable.

(3) Clock output mode register (CLOM)

CLOM is a 4-bit register to control clock output.
CLOM is set by using a 4-bit memory operation instruction. It cannot be read.

Example: To output clock @ from PCL/P22 pin.
SEL  MB15 ;  OrCLR1 MBE
MOV A, #1000B
MOV CLOM, A

When the RESET signal is generated, CLOM is cleared and clock output is disabled.
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Address Abbreviation
3 2 1 0

FDOH ICLOMEI 0 ICLOM1[CLOM0| CLOM

Clock output frequency selection bit
0 0 | @ output (Note) (1.05 MHz, 524 kHz, 65.5 kHz)
0 1| £,/2° output (524 kHz)
1 0 | t,/2* output (262 kHz)
1 1 | 1,/2° output (65.5 kHz)

Note: @ is the CPU clock selected by setting PCC.

Clock output enable/disable bit
0 Output disabled
1 Output enabled

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

Figure 5.2-8 Clock Output Mode Register Format

(4) Application example to remote control output
The uPD7500X clock output function is applicable to remote control output. Remote control output carrier frequency is selected
by using the clock frequency selection bit of the clock output mode register. Pulse output is enabled or disabled under software
control by using the clock output enable/disable bit.
It is designed so that a spurious short-width pulse will not be produced when changing between clock output enable and

disable.

g3
T r
=51
3

é
'

="

'

F= "

F="

'

L--

="

Figure 5.2-9 Remote Control Output Application Example

5.3 Basic Interval Timer

The nPD7500X contains an 8-bit basic interval timer which has the following functions:

(a) Reference time generation (four types of time interval)

(b) Wait time selection and count when standby mode is released.

{c) Count read

The basic interval timer can also be applied to a watchdog timer to detect program overrun.
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5.3.1 Basic interval timer configuration

Fig. 5.3—1 shows the configuration of the basic interval timer

From
clock
generator Ciear Clear
f /25—
X
; BT Vectored
7 e
fy/2 MPX Basic interval timer Set interrupt interrupt
f x,29 — (8-bit scaler) request request
flag flag
12 |
f/2 BT IRQBT

| 3

Wait release signal
when standby mode
BTM3 | BTM2 | BTM1 | BTMO | BTM is released

. 8
SETLt )
8 Internal bus 2

Remarks: * denotes instruction executing.

Figure 5.3-1 Basic Interval Timer Configuration

5.3.2. Basic interval timer mode register (BTM)

BTM is a 4-bit register for controlling operation of the basic interval timer.
BTMis set by using a 4-bit memory operation instruction.

Bit 3 can be set individually by using a bit operation instruction.

Example 1: To set the interrupt generation interval to 1.95 ms (4.19 MHz).

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

Example 2: To clear BT and IRQBT (watchdog timer application).

SEL  MB15 ; or CLR1 MBE
SET1 BTM.3 ; BTMBIT 3isset to1.

When bit 3is set to 1, the basic interval timer contents are cleared. At the same time, the basic interval interrupt request flag
(IRQBT) is also cleared. (The basic interval timer starts.)

When the RESET signal is generated, the BTM contents are cleared and interrupt request signal generation is setfor the longest
interval.
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NEC

Address Symbol
3 2 1 0

F85H |BTM3lBTM2|BTM1 lBTM(d BTM

Input clock Interrupt time interval
specification (wait time when standby
mode is released)

0 0 1,/2'2(1.02 kHz) 220/, (250 ms)
0 1 f,/2° (8.18 kHz) 2"/, (31.3 ms)
1 0 1,/27 (32.7 kHz) 215/, (7.82 ms)
1 1 f,/25 (131 kHz) 213 (1.95 ms)

Other than Undefined _

the above

The values enclosed in parentheses are applied
when f, =4.19 MHz.

Basic interval timer start control bit

The basic interval timer is started (counter and interrupt request flag
are cleared) by setting the bit to 1. When timer operation starts, the bit
is automatically reset to 0.

Fig. 5.3-2 Basic Interval Timer Mode Register Format

5.3.3. Basic interval timer operation

The basic interval timer (BT) is incremented each time a pulse is received from the clock generator. When an overflow occurs,
the interrupt request flag (IRQQBT) is set. BT count operation cannot be stopped.
An interrupt generation time interval can be selected from among four types by setting BTM. (See Fig. 5.3—2.)

The basic interval timer and interrupt request flag can be cleared by setting BTM bit 3 to 1 (the interval timer function starts).
The basic interval timer (BT) count can be read by using an 8-bit operation instruction. Data cannot be written into BT.

Caution:

To prevent reading of unstable data during count update when reading the basic interval timer count, execute the read instruction
twice and compare the results. If they are valid values, the later read value is used as the read result, if they differ from each other

completely, reexecute from the beginning.

Example: To read the BT count

SET1 MBE

SEL  MB15

MOV  HL, #BT ;BT address is setin HL.
LOOP: MOV XA, @HL ;  First read

MOV BC, XA

MOV XA, @HL ; Secondread

SKE A,C

BR LOOP

MOV A X

SKE A B

BR LOOP
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The wait function is provided to stop CPU operation until the basic interval timer overflows in order to allow time for system
clock oscillation to become stable when the STOP mode is released.

Although the wait time after the RESET signal is generated is fixed, it can be selected by setting BTM when the STOP
mode is released by an interrupt. The wait time is selected by setting BTM as shown in Fig. 5.3—2. BTM setting must be
performed before the STOP mode is set. (For details, see CHAPTER 7.)

5.3.4 Basic interval timer application examples

Example 1: To enable basic interval timer interrupt and set interrupt generation interval at 1.95 ms (at 4.19 MHz).

SEL  MB15
MOV A #1111B
MOV BTM, A ; BTM setting and timer function start

El ; Interrupt is enabled.
El IEBT ; BT interrupt is enabled.

Example 2: Watchdog timer applciation
A program is divided into serval modules which terminate processing within the BT setup time. BT and IRQBT are cleared at
the end of each module. if an interrupt is generated, overrun is asumed to have occured.

SEL  MBi15
Initial- MOV A, #1101B ; 7.8 msinterval is set.
izatiion MOV BTM, A ; BTM setting and timer function start
El
EEI IEBT
T
1
| /Processing is
Module 1 1 completed within
SEL MB15 7.8 ms.
SET1 BTM.3
1
|
1
Module 2 1 Processing is
SEL MB15 completed within
SET1 BTM.3 7.8 ms.

Example 3: To set the wait time, when the STOP mode is released, using an interrupt to 7.8 ms.

SEL  MB15 ; orCLR1 MBE
MOV A #1101B

MOV BTM, A ; BTM-=—1101B
STOP ;  STOP mode is set
NOP
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Example 4:

To set the high-level width of a pulse input to INT4 interupt (both rising and falling edge detection). (The pulse width must not
exceed the BT setup value. The BT setup value must be 7.8 ms or more.)

< INT4 interrupt routine (MBE = 0) >

LOOP: MOV XA, BT ;  Firstread
Mov BC, XA ;  Datais stored.
MOV XA, BT ; Second read
SKE A C
BR LOOP
MOV A X
SKE A B
BR LOOP
SKT PORT0.0 ; P00=1?

BR AA ; NO
MOV XA, BC ;  Datais stored in data memory.
MOV BUFF, XA
CLR1 FLAG
RETI
AA: MOV HL, #BUFF
MoV A C
SUBC A, @HL
INCS L
MOV C,A
MOV A, X
SUBC A @HL
MoV VA

B
MoV XA, BC

MOV BUFF, XA ;  Datais stored
SET1 FLAG ; Data existence flag is set,
RETI

5.4 Watch Timer

The uPD7500X incorporates a watch timer (one channel) which has the following function:

(a) The test flag (IRQW) is set at 0.5 s time intervales. The standby mode can be released using IRQW.

(b) The main system and subsystem clocks can be assigned 0.5-s intervals.

(c) In the rapid feed mode, time intervals multiplied by 128 (3.91 ms) are enabled. The mode is useful for program debugging and
testing.

(d) A fixed frequency (2.048 kHz) can be output to P23/BUZ. It can be used for sounding the buzzer and trimming the system clock
oscillation frequency.

(e) Since the scaler can be cleared, the watch can be started at zero seconds.
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5.4.1 Watch timer configuration
Fig. 5.4—-1 shows a watch timer block diagram.
fw
—= (256 Hz: 3.91 ms)
27 l————-—’
f
X o IRQW
—_ ! Selector f—a—
128 - - set signal
From clock f 14
generator ) (32768 kH2) Selector |- Scaler 2
for :(3}_‘2'768 (2Hz : 0.5 sec)
(32.768 kHz) 2) .
| 2,048k 12"
16 Output buffer
_D——-{}—o P23/BUZ
WM | PORT2.3 PMGB bit 2
P23 output Port 2
WM7 | WM6 | WM5 | WM4 | WM3 | WM2 | WM1 | WMO latch input/output
Bit test
] 8 [ instruction

( internal bus (
) Dus )

The values enclosed in parentheses are applied when f, = 4.194304 MHz and f, = 32.768 kHz.

Figure 5.4-1 Watch Timer Block Diagram
5.4.2 Watch mode register
The watch dog timer (WM) consists of eight bits to control the watch timer. Fig. 5.4—-2 shows the watch mode register format.

The watch mode register (except bit 3) is set using an 8-bit operation instruction. Bit 3 is used to test the XT1 pin input level. The
input level to the XT1 pin can be tested by making a bit test. When the RESET signal is generated, all bits except bit 3 are cleared.

Example: To produce time using the main system clock (4.19 MHz). To enable buzzer output.

CLR1 MBE
MOV XA, #84H
MOV WM, XA ; WM set
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NEC

Address

7 6

5

4

Symbol
3 2 1 0

FoeH [wmz] o [ o | o [wwms[wmz]wmi[wmo| wwm

Count clock (f,,) selection bit

WMo

f
0 | System clock dividing output 1—;8- is selected.

1 | Subsystem clock f, is selected.

Operation mode selection bit

WM1

0 | Normal watch mode (IRQW is set by using %,V‘a. ,055)

f

1 | Rapid feed watch mode (IRQW is set by using —2-V¥- , 3.91 ms)

Watch operation enable/disable bit

WM2

0 | Watch operation is stopped (divider is cleared).

1

Watch operation is enabled.

Input level to XT1 pin (bit test only is enabled)

wWM3

0 | Input level to XT1 pin is low.

1

Input level to XT1 pin is high.

BUZ output enable/disable bit

WMm7

0 | BUZ output is disabled.

1

BUZ output is enabled.

Figure 5.4-2 Watch Mode Register Format

5.5 Timer/event counter configuration

The pPD7500X incorporates a timer/event counter (one channel) as shown in Fig. 5.5-1.
The timer/event counter functions are as follows:

Programmable interval timer operation

Any desired frequency square wave output to PTOO pin

(a)
(b)
(c)
(d)
(e)
®

Event counter operation

TI0 pin input is divided by N output to PTOO pin (scaler operation).
Real shift clock supply to serial interface circuit

Count read function
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5.5.2 Basic configuration and operation of timer/event counter

The timer/event counter operation mode can be selected by using the timer/event counter mode register (TM0). The basic

configuration and operation of the timer/event counter are explained below:

(1) Count pulse CP is selected by setting TMO and input to the 8-bit count register TO.

(2) TO is a binary 8-bit up counter incremented by one when CP is input. It is cleared when the RESET signal is generated, TMO
bit 3 is set (timer start), or coincidence signal is generated. TO can be read at any time using an 8-bit memory operation
instruction, but cannot be written

(8) The modulo register TMODO consists of eight bits to determine the TO count. A value is set in TMODO using an 8-bit memory
operation instruction, but TMODO cannot be read. When the RESET signal is generated, TMODO is initialized to FFH

(4) The comparator compares the T0 and TMODO contents. If they match, it generates a coincidence signal and sets the interrupt
request flag (IRQTO)

Fig. 5.5-2 shows the count operation timing.

Count pulse
(CP) II

Modulo n
register
J) JL
" i«
Count ol1]2 nilnfjol1|2 nilnjo]|1]2]|3]4
register . B
« W
Match Match
—— Reset R
TOUF F/F ”
i
IRQTO is set IRQTO set

Timer start instruction
(TMO bit 3 is set)

Figure 5.5-2 Count Operation Timing Chart

5.5.3 Timer/event counter mode register (TM0) and timer/event counter output enable flag (TOEOQ)

The mode register (TMO) consists of eight bits to control the timer/event counter. Fig. 5.5-3 shows the timer/event counter mode
register format.

The timer mode register is set by using an 8-bit memory operation instruction.

Bit 3 is a timer start bit which can be set individually. Bit 3 is reset to 0 automatically when timer operation starts.

Example 1: To start the timer in interval timer mode with CP = 4.09 kHz.

SEL  MB15 ;  or CLR1 MBE
MOV XA, #01001100B ;
MOV TMO,XA ; TMO™— 4CH
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Example 2: To restart the timer according to how the timer mode register is set.

SEL  MB15 ; orCLR1MBE
SET1 TM0.3 ; TMO.BIT3 <1

When the RESET signal is generated, all the timer mode register bits are cleared.

The timer/event counter output enable flag (TOEO) controls enable/disable of outputting the timer out F/F (TOUT F/F) state to
the PTOO pin. (See Fig. 5.5-4.) It is operated by using bit operation instruction and is enable to be writing.

The timer out F/F (TOUT F/F) is inverted by the coincidence signai received from the comparator. The timer out F/F is reset
using an instruction to set timer mode register (TMO0) bit 3.

When the RESET signal is generated, TOEQ and TOUT F/F are cleared.

Address Symbol
7 6 5 4 3 2 1 0

Faoh | - [Tmos [mos ™04 [ oz [ tmoz | o | o | T™o

Operation mode

Count operation

0 | Stop (countis held)

1 Count operation

Timer start indication bit

Counter and IRQTO flag are cleared by setting the bit to 1.
If bit 2 is set to 1, counter operation is started.

Count pulse (CP) selection bit

TMO6 | TMO5 | TMO4 | Count pulse (CP)
0 0 0 Tin input rising edge
0 0 1 Tin input falling edge
0 ! 0 Undefined
0 1 1
1 0 0 | 1,/2"°(4.09 kHz)
1 0 1 f,/2% (16.4 kHz)
1 1 0 | f,/2°(65.5 kHz)
1 1 1 f,/2* (262 kHz)

Remarks: The values enclosed in parentheses
are applied when f, = 4.19 MHz.

Figure 5.5-3 Timer/Event Coumter Mode Register Format
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Address

3

FA2H t TOEO I

Timer/event counter output enable flag (write only)
0 Disable
1 Enable

Figure 5.5-4 Timer/Event Counter Output Enable Flag Format

5.5.4 Timer/event counter operation mode

The timer/event counter operates in the count operation stop or count operation mode depending on how the mode register is
set.
The following are always enabled independently of how the mode register is set
1) TI0 pin signal input and test. (P13 pin input test can be made.)
2) Output of timer out F/F state to PTOO.
3) Modulo register (TMODO) setting.
4) Count register (T0) read.
5) Interrupt request flag (IRQTO) setting, clear, and test
(a) Count operation stop mode
The count operation stop mode is set when TMO bit 2 is set to 0. Since count pulse (CP) supply to the count register is
stopped, count operation is not performed
(b) Count operation mode
The count operation mode is set when TMO bit 2 is set to 1. Count pulses selected by using bits 4 to 6 are supplied to the
count register, and count operation is performed as shown in Fig. 5.5-2.

Normally, timer operation is started by

1) setting a count value in the modulo register (TMODO), then

2) setting the operation mode, count clock, and start indication in the mode register (TMO).
The modulo register is set by using an 8-bit data transfer instruction.

Caution: Set a value other than 0 in the modulo register.
Example: To set 3FH in channel 0 modulo register.
SEL  MB15 ;  orCLR1 MBE

MOV XA, #3FH
MOV  TMODO, XA

Tin IRQTO set
signal

_— ] i Clear
MPX CcP C%%unt register
Internal ) ——— (10)
clock » L }
—-1
TOUT
Comparator ’ ¢ PTOO
P Match FIF
Modulo register
(TMODO)
To CSI

Figure 5.5-5 Operation in Count Operation Mode
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5.5.5 Timer/event counter time setting

"Timer setup value" (period) is equal to "modulo register contents + 1" divided by "count pulse frequency" selected by setting the
timer mode register.

T n+1
S) =

Fep
T(s) : Timer setup value (seconds)
Fep (Hz) : Count pulse frequency (Hz)
n : Modulo register value (n # 0)

Once the timer is set, an interrupt request signal (IRQTO) is generated at the setup time intervals.
) of the timer/event counter

Table 5.5-1 lists the resolution and maximum setup value (time when FFH is setin the modulo register,
for each count pulse.

Example: To produce 30 ms time intervals. (f = 4.194304 MHz)

Use the mode with the maximum setup time 62.5 ms.
30 ms

244 pus

Set 79H in the modulo register.

=122.9 = 7AH

SEL  MB15
MOV XA, #79H
MOV  TMODO, XA

Table 5.5-1 Resolution and Maximum Setup Value (4.19 MHz)

Mode register Timer channel 0
TMO6 | TMO5 | TMO4 Resolution Maximum setup time
1 0 0 244 us 62.5 ms
1 0 1 61.1pus 15.6 ms
1 1 0 15.3 us 3.91 ms
1 1 1 3.81ps 977 us
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5.5.6 Caution on timer/event counter application

(1) Error at timer start
An error with a maximum length of one clock period of the count pulse (CP) for the value calculated in 5.5.5 occurs in the time

until a coincidence signal is generated after the timer starts (TMO0.3 is set). This is because clearing of the count register is not
synchronized with CP as shown in Fig. 5.5-6.

S N S e o O OO e B
O G G 0 0

Count register

Timer start Timer start

Figure 5.5-6 Error at Timer Starting

(2) Caution at timer start

Normally, the count register TO and interrupt request flag IRQTO are cleared when the timer starts (TMO bit 3 is set). However,
if the timer is placed in the operation mode, and IRQTO setting and timer start occur simultaneously, IRQTO may be unable
to clear. There is no problem when IRQTO is used for a vectored interrupt. In IRQTO test application, however, a problem arises
such than IRQTO is set although the timer has been started. Thus, to start the timer at IRQTO timing, stop the timer once (by
setting TMO bit 2 to 0), then restart it, or start the timer twice.

Example: Timer start at IRQTO timing may be set

SEL  MB15 ; orCLR1 MBE
MOV XA #0
MOV  TMO, XA ;  Timer stop
MOV XA, #4CH
MOV  TMO, XA ; Restart

or
SEL  MB15 ; orCLR1 MBE
SET1  TMO0.3
SET1 TMO0.3 ; Restart

(3) Error at count register read

The count register contents can be read at any time using an 8-bit data memory operation instruction. During execution of the
instruction, count pulse change is held and count register change is suppressed. Thus, if the count pulse signal source is input
to TI0, count pulses as long as the instruction execution time are deleted. (This symptom does not occur if the internal clock
is used for count pulses because they are synchronized with the instruction.)

Therefore, if TI0 is input as a count pulse and the count register contents are read, signals having a pulse width that prevents

miscount, even if count pulses are deleted, must be input. Since the count hold period in read instruction execution is one
machine cycle, the pulse width input to the TIO pin must be longer than one machine cycle.
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Read instruction

Externalciock (Tl /~ \ __ /

Instruction — — ————————— C}' _______ D ______
Countpusec?) _ / \__/ / \v4 \_//

Countregister k1 X K 'I/ X X / K2

Count pulse change is held Count pulse is deleted
by instruction by instruction

(4) Caution at count pulse change

If the timer mode register is rewritten and count pulse change is made, its specification becomes effective immediately after
instruction execution.

Rewrite instruction Rewrite instruction
Clock A Clock B Clock A
specification specification specification
ClOCk A —_\—_/_\ /_\ /—\—_/——\_

Clock B _—\_—__/—_—\___/—\—/—
Count pulse CP —\—/—\—/—\——/——\_/—\_—

A countpulse ( @ or @ in the timing chart shown below) may occur depending on the clock combination when the count
pulse changed. In this case, a miscount may occur or the count register contents may be destroyed. To change count pulse,
be sure to set count mode register bit 3 to 1 and restart the timer at the same time.

Rewrite instruction Rewrite instruction
Clock A >‘< Clock B ‘ Clock A
specification specification specification
Clock A
Clock B
Count pulse CP
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(5) Operation after modulo register change
The modulo register is changed when an 8-bit data memory operation instruction is executed.

e LML L LT
Modulo reg. n >f< m

Rewrite instruction

[(d
P
Count reg. n | 0 l 1 l | m | 0 |
i ’ }
Coincidence signal Coincidence signal

If the value appearing after the modulo register is changed and becomes smaller than the count register value, the count register
continues counting and overflows, then restarts counting from 0. Thus, if the value after the modulo register is changed (m) and
becomes smaller than the value before it was changed (n), the timer must be restarted after the modulo register is changed.

CcP
LC
)
Modulo reg. n X m
[(d
2
Count reg. x-1 X . 255 0 1

P
n>x>m

5.5.7 Timer/event counter application

(1) Timer 0 is applied to an interval timer generating an interrupt at 50 ms intervals.
— The high-order four bits of the mode register are set to 0100B and a maximum setup time of 62.5 ms is selected.
— The low-order four bits of the mode register are set to 1100B.
— The modulo register setup value is as follows:

S50ms _ _
244 1S =205 =CDH
Example: SEL MB15 ;or CLR1 MBE

MOV XA, #0CCH
MOV  TMODO, XA ; Modulo is set.
MOV XA, #01001100B

MOV TMO, XA ; Mode is set and timer is started.
El ; Interrupts is enabled.
El IETO ; Timer interrupt is enabled.

Remarks: In this application, the TIO0 pin can be used as an input pin.
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(2) When the number of pulses input from the TI0 pin reaches 100, an interrupt is generated. (The pulses are active high.)
— The high-order four bits of the mode register are set to 0000 and the rising edge is selected.
— The low-order four bits of the mode register are set to 1100B.
— The modulo register is 99 = 100 —1.

Example: SEL MB15 ;or CLR1 MBE
MOV XA, #100 -1
MOV TMODO, XA ; Modulo is set.
MOV XA, #00001100B

MOV  TMO, XA
El
El IETO ; INTTO is enabled.

5.6 Serial Interface

5.6.1 Serial interface configuration
The uPD7500X has a clocked serial interface (CSI) as shown in Fig. 5.6-2.

5.6.2 Serial interface functions
The uPD7500X serial interface includes the three modes described in (1) to (3) below.
Since the serial clock line SCK and serial data bus lines SB0/SB1 enable software to determine the output level, any desired
transfer format can be handled.
(1) 3-line serial I/O mode .
— Three lines of serial clock SCK, serial output SO, and serial input SI
— Clock synchronous 8-bit send and receive (simultaneous send and receive)
— The serial transfer top can be changed between the most and least significant bits (MSB and LSB).
— This mode enables the uPD7500X to be connected to the uPD7500 series, uCOM-75X family, \COM-87 family, and various
peripheral I/O devices.
(2) SBI (serial bus interface) mode
— This mode conforms to the NEC serial bus format. o
— Communication can be made with a number of devices by using the serial clock SCK and serial data bus SBO or SB1 lines.
— Address, command, and data can be transferred, and a hardware function for discriminating the signals is included. (See
Fig. 5.6-2.)
— The acknowledge, busy signal output function and the wake-up function for handshaking are included.

Master CPU Slave CPU
R Serial clock > —
SCK SCK
#1 | Address 1
SBO (SB1) SBO (SB1)
Address
Command :
e e —~wreum
Data A 1
Slave CPU
= SCK

#N | Address N

SBO (SB1)

Fig. 5.6-1 SBI System Configuration Example

(3) 2-line serial I/O mode _
— Communication can be made by using the serial clock SCK and serial data bus SBO or SB1 lines.
— Communication can be made with a number of devices by using software to control the output level to the two lines. Any
desired communication format can be handled.
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Address transfer (from master to slave)

SCK

SB0/SB1 \ f s

Command transfer (from master to slave)

Data transfer (from master to slave or slave to master)

Figure 5.6-3 SBI Transfer Timing Chart

5.6.3 Main register functions

(1) Serial operating mode register (CSIM)
The serial operation mode register (CSIM) consists of eight bits that specify the serial interface operating mode, serial clock,
wake-up function, etc.
CSIM is set using an 8-bit memory operation instruction.
The high-order three bits of CSIM can be set bitwise using the bit name.
Bit 6 enables bit test only. Data written into the bit becomes invalid.

Example 1:
To select fx/2“ for serial clock, generate a serial interrupt IRQCSI at the end of each serial transfer, and make serial transfer
in the SBI mode using the SBO pin as the serial data bus line.

SEL MB15 ;orCLR1 MBE
MOV XA, #10001010B
MOV  CSIM, XA ; CSIM 10001010B

Example 2:
To enable serial transfer conforming to the CSIM contents.

SEL MB15 ; or CLR1 MBE
SET1  CSIE

Wake-up function specification bit (WUP):
(a) When WUP=0

IRQCSI is set each time a serial transfer ends.
WUP is set to 0 during normal transfer.
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(b) When WUP = 1

WUP is set to 1 only during the SBI mode. IRQCS! is set only when the address received after the bus is released matches
the slave address register (SVA) value (wake-up state). When the received address is not its own, an unnecessary interrupt
will not be generated. The ACK signal is not output either. The SBO (SB1) pin is placed in a high impedance state

independent of the SO the latch state.
When the RESET signal is generated, all bits are cleared.
Fig. 5.6—4 shows the format of the serial operation mode register.

Address

7 6 5 4 3

2 1

Symbol

0

FEOH | csE [ co | wup | csiva

csim3 | csim2 | csimt | csiMo | csim

Serial clock selection bits (W)

Serial clock -
CSIM1 |CSIMO SCK pin mode
3-line serial I/O mode SBI mode | 2-line serial I/O mode
0 SCK pin input clock from the external Input
1 Timer/event counter output (TO)
1 0 f,/2* (262 kHz Output
Pl ) f,/2° (65.5 kHz) P
1 1 £,/2° (524 kHz)
The values enclosed in parentheses are applied when f, = 4.19 MHz.
Serial interface operating mode selection bits (W)
CSIM4 | CSIM3 | CSIM2 Operating mode Shift register bit order SO pin function Sl pin function
SIO,_,*+* XA
0 (transfer starts
at MBS)
X 0 3-line serial /O mode SO/PO2 SI/PO3
SI0, ,*+*>XA (CMOS output) (input)
1 (transfer starts
at LSB)
SB0/PO2
0 (N-channel open drain PO3 input
input/output)
1 0 SBI mode SIO,_,*+*XA
(transfer starts SB1/PO3
1 at MSB) PO2 input (N-channel open drain
input/output)
SB1/PO2
0 (N-channel open drain PO3 input
input/output)
1 1 2-line serial /0 mode SIO,_ ™ XA
(transfer starts SBI/PO3
1 at MSB) PO2 input (N-channel open drain
input/output)
(to be continued)
Fig. 5.6-4 Serial Op Mode Register Format
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Wake-up function specification bit (W)

0 IRQCSI is set each time a serial transfer ends in each mode.
WUP WUP is set to 1 only during the SBI mode. IRQCSI is set only when the address received after the bus is
1 released matches the slave address register data (wake-up state). SBO (SB1) is placed in the highimpedance
state

Coincidence signal received from address comparator (R (bit test is only enabled)) Note 1, Note 2

col 0 Slave address register and shift register data mismatch.

1 Slave address register and shift register data match.

Serial interface operation enable/disable specification bit (W) Note 3

Shift register operation Serial clock counter IRQCSI fiag SO/SBO and SI/SB1 pins
0 Shift operation is disabled. Clear Hold Port 0 function only
CSIE 1 Shift operation is enabled. Count operation Can be set. Also used for port 0 according
to each mode function
Figure 5.6—4 Serial Operation Mode Register Format (cont'd)
Notes:

1. COl is only valid before serial transfer starts or after it is complete. An undefined value is read during serial transfer.
2. Data written into COl is ignored.
3. To use PO1/SCK pin as an input port, set the following below.

« Set CSIMO and CSIM1 bits to 0. (PO1/SCK pins are set to input mode.)

+ Set CSIE bit to 0. (Stop the serial interface operation.) -

When CSIM0=CSIM1=0 and CSIE=1 or CSIMO0, CSIM10 and CSIE=0, PO1/SCK pins are output to high level.

Remarks: (W): Data write is only enabled.
(R) : Data read is only enabled.

(2) Serial bus interface control register (SBIC)
The 8-bit serial bus interface control register (SBIC) consists of the serial bus state control bits and flags indicating the states
of input data from serial bus. It is mainly used in the SBI mode.
Fig. 5.6—-5 shows the SBIC format. SBIC is set or tested by using a bit operation (manipulation) instruction. When the RESET
signal is generated, all the SBIC bits are cleared.

Cautions:

1. SBIC cannot be set by using 4- or 8-bit memory operation instruction.

2. Inthe 3- or 2-line serial I/O mode, use only the following two bits for SO latch control:
(a) Bus release trigger bit (RELT): To set SO latch
(b) Command trigger bit (CMDT): To clear SO latch

3. For the bus release, command, acknowledge, and busy signals, see 5.6.5 (3).

Example 1: To output command signal.

SEL MB15 ; or CLR1 MBE
SET1 CMDT

Example 2: To test RELD and CMDD and determine the receive data type for appropriate processing.

SEL MB15

SKF RELD ; RELDtest
BR IADRS

SKT CMDD ; CMDD test
BR IDATA

CMD: ; Command transfer
DATA: . ;  Data transfer
ADRS: ;  Address transfer
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Address Symbol
7 6 5 4 3 2 1 0

FEH | BsYE | Ackp | Acke | Ackt | cmop | ReLD | ompT [ RELT | sBic
Bus release trigger bit (W)

RELT SO latch is set to 1 by setting the bit. It is used to output bus release signal. After SO latch is set, the bit is
automatically cleared.

Command trigger bit (W)

CMDT SO latch is cleared by setting the bit. It is used to output a command signal. After SO latch is cleared, the
bit is automatically cleared.

Bus release detection flag (R)

1 When the transfer start is indicated.

Clear condition 2 When the address received after the bus is released does not
(RELD=0) match the slave address register (SVA) data.
RELD 3 When the RESET signal is input.
Setting condition When the address received after the bus is released matches the
(RELD=1) slave address register data. (Wake up)
Command detection flag (R)
Clear condition 1 When the transfer start is indicated.
(CMDD=0) 2 When the bus release signal is detected.
CMDD 3 When the RESET signal is input.
Setting condition When the command signal is detected.
(CMDD=1)
Acknowledge trigger bit (W)
ACKT Used only after transfer Acknowledge signal is output during one clock period of SCK
completion immediatly after execution of the set instruction.
Remarks:
1. ACKT is automatically cleared after acknowledge signal is output. 2. ACKT cannot be cleared using software.

3. To set ACKT, set ACKE to 0.
Acknowledge enable bit (R/W)

0 Automatic acknowledge signal output is disabled (the signal can be output by setting the
acknowledge trigger bit ACKT).

Before transfer Acknowledge signal is output during the ninth clock period of
ACKE completion SCK (automatically output by presetting ACKE to 1).
1 After transfer Acknowledge signal is output during one clock period of SCK
completion immediately after execution of the set instruction
(automatically output by presetting ACKE to 1).

Acknowledge detection flag (R)

Clear condition 1 When the transfer is started.
(ACKD=0) 2 When the RESET is input.
ACKD
Setting conditions When the acknowledge signal is detected.
(ACKD=1)
Synchronous busy enable bit (R/W)
0 Synchronous busy signal output is disabled. Synchronous busy signal output is stopped in
BSYE synchronization with the SCK falling edge immediately after execution of the clear instruction.
1 Synchronous busy signal is output on the SCK falling edge following an acknowledge signal.
Remarks:
(R): Read is only enabled. (W): Write is only enabled. (R/W): Both read and write are enabled.

Figure 5.6-5 SBIC Format
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Transfer start

r indication

SIO

X

SCK

/

Latch SO

RELT

.

[)

>\‘\

CMDT

2

A/

RELD

/
\
CMDD X\

Figure 5.6-6 RELT, CMDT, RELD, CMDD Operation

Set after transfer completion

catptiptintinNelix

)
(4
SB0/SB1 x D2 X D1 X DO /

ACKT

)]

ACK signal is output during
one clock period
immediately after set

«

When set during this period

Figure 5.6-7 ACKT Operation
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a. When ACKE = 1 upon completion of transfer

SCK |1| lzl I l |7l |glit9| I |
N ACK signal i output on
« J— . )
SBO/SBA \ X D7 X D6 X?DZ D1 Do A\ ACK / the ninth clock period.
J).
«

ACKE

)]
«

When ACKE = 1 at this point of time.
b. When set after completion of transfer

SCK 6 7 8 9 I
ACK signal is output
% during one clock period
SB0/SB1 x D2 j D1 X Do / ACK immediately after set.
Aok w V1]

«

:

When set during this period and ACKE = 1
on the next SCK falling edge.

c. When ACKE = 0 upon completion of transfer

SCK |1| lzl l I |7| ]8|
Q X —
SB0/SB1 \ X D7 X D6 X?DZ D1 X DO ACK signal is not output.
b))
«

ACKE 9 \s
«

L— When ACKE = 0 at this point in time.

:

d. When the period of ACKE = 1 is short
b)!

SB0/SB1 x X7 X 7 « ACK signal is not output.

ACKE 59 / \

«

\_‘

When set and cleared during_this
period and ACKE = 0 on the SCK
falling edge.

Figure 5.6-8 ACKE Operation
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a. When ACK signal is output during the ninth clock of SCK

i_ Transfer start indication

Tei0 YT ¥

Transfer start

( \_
ACKD J \|_

‘— Transfer start indication

s
sio N €
«

\ §— Transfer start

SCK

SB0/SB1

ACKD | T|

)}
«
d

c. Clear timing when transfer start indication is given during BUSY

)
................... 3 R
so N )
4
SCK
SB0/SB1
ACKD
Fig. 5.6-9 ACKD Operation
SCK 6 7 8 9 A | [ [ 7‘? ]
bl L/l LI L1/
3 No
SBO/SB1 x X X / ¢ \ ACK > BUSY
? #
BSYE ) /‘
4
When BSYE = 1 at this A When reset during this period and
point in time BSYE = 0 on the SCK falling edge

Figure 5.6-10 BSYE Operation
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(3) Slave address register (SVA)
When the pPD7500X is connected to the serial bus as a slave device in the SBI mode, the 8-bit slave address register (SVA)
is used to set the slave address of the uPD7500X.
The SVA value is compared with received 8-bit data by the address comparator. If a match is found between them, serial
operating mode register (CSIM) bit 6 (COI) is setto 1.
If a match is not found when the address is received, the bus release detection flag (RELD) is cleared. When WUP =1, IRQCSI
is setonly if a match is found (wake-up is detected). This interrupt request can be used to know that a communication request
is sent from the master to uPD7500X.
SVA can also be used to detect an error when the uPD7500X sends address, command, or data as a master device.

(See 5.6.6.)

SVA is set using an 8-bit memory operation instruction. It can only be written.
When the RESET signal is generated in a mode which is not standby, the SVA value becomes undefined.

5.6.4 Signals in SBI mode

Tables 5.6—1 and 5.6-2 list the signals used in the SBI mode.

Table 5.6—1 Signals in SBI Mode (I)

of serial transfer

write instruc-
tion (transfer
start indication)

Output Output Flag
Signal name | device Definition Timing chart condition influence Explaination
Bus release Master | SBO (SBH) rising edge | (Figure 1) *« RELTis *RELD s The signal is followed
signal when SCK = 1 set. set. by CMD signal output
(REL) «CMDD s |indicating that the
cleared. send data is an address
Command Master | SBO (SB1) falling (Figure 2) « CMDTis «CMDD s |i) After REL signal is
signal edge when SCK = 1 set. set. output, send data
(CMD) is an address.
i) When REL signal is
not output, send
data is a command.
Acknowledge | Slave | Low signal output to (Figure 3) 1 ACKE =1 *« ACKD is Completion of reception
signal __ SBO (SB1) during one 2 ACKTis set.
(ACK) clock period of SCK set.
after completion of
serial reception
Busy signal Master/ | (Synchronous busy « BSYE=1 - Serial reception cannot
(BUSY) Slave | signal) be done because
Low signal output to processing is being
SBO (SB1) following performed.
acknowledge signal
(Asynchronous busy « CMDTis -
signal) set.
Low signal output to
SBO (SB1) (except
during serial transfer).
It is not synchronized
with SCK.
Ready signal | Slave | High signal output to 1 BSYE=0 - Serial reception can be
(READY) SBO (SB1) before 2 Execution done.
start or after completion of SIO data
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Table5.6-2 Signals in SBI Mode (ll)

Output Output Flag
Signal name | device Definition Timing chart condition influence Explanation
Serial clock | Master | Synchronous clock to (Figure 4) Execution of IRQCSI is Signal output timing
(SCK) output address, SIO data write | set (on the to serial data bus
command, data, ACK instruction rising edge
signal, synchronous when CSIE =1 | of ninth
BUSY signal, etc. (serial transfer | clock).
Address, command, start (Note 1)
or data is transferred indication)
with the first eight. (Note 2)
Address Master | 8-bit data transferred (Figure 5) (Note 1) Slave device address
(A7-0) in synchronization value on serial bus

with SCK after REL
and CMD signals are

output.
Command Master | 8-bit data transferred (Figure 6) None Indication message
(C7-0) in synchronization sent to slave device

with SCK after CMD
signal only is output
(REL signal is not

output).
Data Master | 8-bit data transferred (Figure 7) None Numeric data
(D7-0) or in synchronization processed by slave
Slave | with SCK when neither or master device
REL nor CMD signal
is output.

Notes: 1. When WUP = 0, IRQCSI is always set on the ninth clock SCK rising edge.
When WUP =1, IRQCSlI is set only when the received address matches the value in the slave address register (SVA).
2. Inthe BUSY state, transfer is started after the READY state is set.

Figure 1: SCK
e
SBO0/SB1 *
Figure 2: SCK
e
SBO/SBI {
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Figure 3: (Synchronous busy output)
s o L LU L
! BUSY _
SB0/SB1 DO\ ACK N " READY
L [{§

e_aK'C—K»* BUSY -
SB0/SB1 DO ; READY

(Asynchronous busy output)

SCK oD

SB0/SB1 READY BUSY READY

Figure 4:
SCK | 1 l | 2 | 7 8 9 10
SBO/SB1 x x x x /

= L LIBLLL
RS ) G G|

Figure 6:
SCK 1 2 7 8
SB0/SB1 { ! x x x /

Figure 7:
SCK 1 2 7 8
SB0/SB1 X x x x
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5.6.5 Serial interface operation

The serial interface includes the following four operating modes.
— Operation stop mode

— 3-line serial I/O mode

— SBI mode

— 2-line serial I/O mode

Table 5.6-3 Serial Interace Operation Mode

CSsiM7 CSIM3 CSIM2 Operating mode
0 — — Operation stop
1 0 —_ 3-line serial 110
1 1 0 SBI mode
1 1 1 2-line serial /10

(1) Operation stop mode

When CSIE = 0, the serial interface is placed in the operation stop mode. In this mode, no serial transfer is done.

The operation stop mode is set when the serial interface is not used, so that the power consumption is reduced.

In this mode, the shift register does not perform shift operations and can be used as a normal 8-bit register.

All the PO1/SCK, P02/SO/SBO0, and P03/SI/SB1 pins are placed in the high impedance state and used only for the input port
function. The PO1/SCK pin is placed in the state listed in Table 5.6-4 according to how CSIM1 and CSIMO are set.

Table 5.6-4 CSIM1 and CSIMO Settings

CSIM1 CSIM0 Serial clock P01/SCK pin state
0 0 External clock High impedance
0 1 A high level is output.
1 0 | I clock However, a serial
nternal cloc clock is output during
1 1 serial transfer.

Note: For the serial clock, see Fig. 5.6-4.
When the RESET signal is generated, the operation stop mode is set.

(2) 3-line serial /0 mode

The 3-line serial I/O mode is compatible with the mode used by the uPD7500 series or other uCOM-75X family devices.
Fig. 5.6-11 shows the 3-line serial I/O mode operation timing.

Serial transfer start is indicated by executing an instruction to write data into the shift register (SIO), MOV or XCH.

Be sure to give a start indication when CSIE = 1.

SCK 1 2 3 4 5 6 7 8

Si

7 X o6 X pis X o4 X oz X b2 X o X Do

SO

po7 X pos X pos X po4 X pos X oz X por X Dpoo

IRQCSI | | Transfer end

Transfer start in synchronization with the falling edge of SCK
Execution of SIO data write instruction (transfer start indication)
Fig. 5.6-11 3-line Serial /O Mode Timing
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In this mode, shift register shift operation is performed in synchronization with the serial clock (SCK) falling edge, and send data
is held in the SO latch and output from the SO pin. The receive data input to the Sl pin is latched in the shift register on the rising
edge of SCK.

Since the SO pin is used as a CMOS output and outputs the SO latch state, the SO pin output state can be handled by setting
the RELT and CMDT bits. However, do not try to change it during serial transfer.

The SCK pin output state can be controlled if the P01 output latch is operated in the output mode (internal clock mode), as described
in5.6.7.

A serial clock can be selected from among four clocks, as listed in Table 5.6-5, by setting the mode register.

Normally, shift operation is started by:

1) Setting the operating mode and serial clock selection data in the mode register (CSIM)

2) Setting transfer data in the shift register (SIO) (serial operation is started by executing the SIO data write instruction)

Serial transfer automatically stops at the end of 8-bit transfer, and the interrupt request flag (IRQCS]) is set.

Table 5.6-5 Serial CLock Selection and Application

P

Mode register Serial clock Timing at which shift register can be Application
read/written and serial transfer can be started

CSIM | CSIM Source Serial clock mask
1 0
0 0 External SCK | Automatic mask Only when serial transfer stops or SCK is high. | Slave CPU

at the end of 8-bit

0 1 TOUT F/F data transfer.

(Note) Half-duplex
asynchronous
transfer (under

software control)
1 0 f,/2* Medium-speed
serial transfer

1 1 f,/2° High-speed
serial transfer

Note: The serial transfer stops in the opertaion stop mode or when the serial clock is masked after 8-bit transfer has been made.

The shift register is read and written using 8-bit transfer instructions. At that time, LSB and MSB can be inverted by setting CSIM
bit 2. This function enables the transfer top bit to be changed between LSB and MSB.

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

MOV XA, @HL ; Send data is taken out of RAM.

SEL MB15 ;or CLR1 MBE
XCH XA, SIO ; Send data and receive data are exchanged, and transfer is started.
Caution:

The transfer top bit LSB or MSB is selected by changing the bit order in writing data into the shift register. The shift order of the
shift register bit is always the same. Thus, even if the transfer top bit is changed (LSB to MSB or MSB to LSB) after data is written
into the shift register, the data is transferred in the bit order specified before the transfer top bit is changed.
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uPD7500X
|
7 |
6
Internal bus =~~~ ========== - r--tr-t---"""""-- Tt 17T T
1
0
LSB top
MSB top —-—>1 Read/write gate —>| Read/write gate

Sl _——[ Shift register (SI0) D q}SQjatch
JIHEEEEE

Fig. 5.6-12 3-line /0 Mode Format

(3) SBI mode

The SBI mode enables the uPD7500X to communicate with a number of devices by using the SCK and SBO or SB1 lines. Figs.
5.6-13 to 5.6-15 show the timing of operations according to the type of data to be transferred.

Inthe SBI mode, indication of serial transfer startis also given by executing the instruction to write data into the shift register (S10),
MOV or XCH. Be sure to give a start indication when CSIE=1.

Shift register shifting is made in synchronization with the serial clock (SCK) falling edge, and send data is held in the SO latch and
output from the SB0/P02 or SB1/P03 pin starting at MSB. Receive data input to the SB0 or SB1 pin is latched in the shift register
on the rising edge of SCK.

The SBO or SB1 pin specified for the serial data bus is used as N-channel open drain input/output and needs pull-up. When data
is received, the N-channel transistor must be turned off.

By writing FFH into SIO and shifting it, the N-channel transistor can always be turned off during transfer. When the wake-up function

specification bit (WUP) is set to 1, however, the N-channel transistor is always turned off, and FFH need not be written into SIO
before reception.
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SCK 1 2f 13 14 15[ e[ 17 18] 1o |10 !| | L]

SBO/SBI /a7 X6 X a5 X_a4 X_as X_a2 XAt X A0 \ACK! _ 'BUSY [READY
27

Sending | 1
device operation | !

RELT i ‘c
T 27

£
r24

£¢-

I
|
!
| i
1 ]
1 ]
27
ACKD [ \ [
]
]
]
1
|
1
]
1

£

I
|
I
I
|
1
|
1
|
I
|
|
!
I
I
|
1
|

! "y

IRQCSI -—'\

(Note 1)

27
\_(Note 2)
l L— Transfer start in synchronization with the falling edge of SCK

Execution of SIO data write instruction (transfer start indication)

IRQCSI N\ i ~
| IBER
Receiving | .
device operation | ! !
1 T <5
Reo L] o
\ — - :s
ovoo _ N[ || ! 5
1 [
BSYE —t —r 5
1 ]
[
L

Execution of SIO FFH write instruction (Receiving device)
Fig. 5.6-13 SBI Mode Timing (Address Transfer)

Note 1: Where SIO's data is read out by MOV instruction, then BSYE flag is cleared.
Note 2: Where SIO's data is exchanged (read/write) by XCH instruction.
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“sck ||[|||||[|||||||||||“||||
SBO/SB1 /7 Xc6 X cs X ca X_c3 X_c2 X 1 X Co \ACK! _ BUSY [READY
27

Sending device operation
T

RELT

131

LG
24

—_—\ —5$5
ACKD I
1
|
IRQCSI LN

Receiving device operation

|
|
1
1
i
|

CMDT n
|
i
i
i

£¢.

%

RELD

£¢.
£24

I
I
i
I
|
T
i
]
i
1

£C.
£24

|
1
1
i
1
1
Il

CMDD \

1
i
BSYE * 55
1
)

ey (Note 1)

Note 2

£C.

1
1
1
|
1
I
1
1
1
1
T
1
1
1
1
I
1
1
I

IRQCSI

{—-—- Transfer start in synchronization with the falling edge of SCK

Execution of SIO data write instruction (transfer start indication)

Execution of SIO FFH write instruction (Receiving device)
Fig. 5.6-14 SBI Mode Timing (Command Transfer)

Note 1: Where SIO's data is read out by MOV instruction, then BSYE flag is cleared.
Note 2: Where SIO's data is exchanged (read/write) by XCH instruction.
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SCK 123456789101|lll
SBO/SB1 D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do \ACK . BUSY |READY
27

Sending device operation
'L

£¢
27

RELT
CMDT
£¢

—_— 222
ACKD |
£
IRQCSI 1\

I 27
Receiving device operation

RELD _:\
i

£C.
P24

£C

1
1
1
|
i 27
i
CMDD _i | «
1 | >
BSYE — i 55—
i e } » (Note 1)
IRQCSI _! ' \_(Note 2)

*— Transfer start in synchronization with the falling edge of SCK

Execution of SIO data write instruction (transfer start indication)

Execution of SIO FFH write instruction (Receiving device)
Fig. 5.6-15 SBI Mode Timing (Data Transfer)

Note 1: Where SIO's data is read out by MOV instruction, then BSYE flag is cleared.
Note 2: Where SIO's data is exchanged (read/write) by XCH instruction.

(4) 2-line serial I/0 mode -

The 2-line serial I/O mode is used for communications using the SCK and SBO or SB1 lines. The mode can handle any desired
communication format by using software to control the SCK and SBO or SB1 pin output levels.

Fig. 5.6-16 shows the 2-line serial I/O mode timing.

Serial transfer start indication is given by executing the instruction writing data into the shift register (SI0), MOV or XCH. Be sure
to give start indication when CSIE = 1. -

Shift register shifting is done in synchronization with the falling edge of the serial clock (SCK), and send data is held in the SO
latch and output from the SB0/P02 or SB1/P03 pin starting at MSB. Receive data input from the SBO or SB1 pin is latched in the
shift register on the SCK rising edge.

The SBO or SB1 pin specified for the serial data bus is used as an N-channel open drain input/output and needs pull-up. When
data is received, the N-channel transistor must be turned off, thus FFH is previously written into SIO.

Since the SB0 or SB1 pin outputs the SO latch state, the SBO or SB1 pin output state (high impedance or low level) can be controlled
by setting the RELT and CMDT bits. However, do not change it during serial transfer.

In the output mode (internal clock mode), the SCK pin output state can also be controlled by using the P01 output latch, as
described in 5.6.7.
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]
SCK i 1] 12l L3l lef sl lsf [7] Ls l |Fixedt065-5

H h kHz when in-
1 1 H ! ternal clock is
! 1 ! ! used
SBO/SB1 X orXDsXDsX DaXD3XD2X0Dr X Dot X! Dx
1 1 T 1 T
[
P01 output i E Yo
1 — !
fatch ! ! i SCK output
! ! ! under soft-
! ! ware control
SO latch control ' ! H
by setting H
RELT/CMDT i 1 SBO or SB1 output control
1

IRQCSI _—_:_\
t

Transfer start in synchronization with the falling edge of SCK

Execution of SIO data write instruction (transfer start indication)
Fig. 5.6-16 2-line Serial /0 Mode Timing

5.6.6 Error detection

Since the data of the sending serial bus SBO or SB1 is also read by the shift register SIO of the device which sends data in the
SBI or 2-line serial I/0 mode, a send error can be detected as described below:

(1) SIO data comparison before the start of a send and after the end of a send

If both the pieces of data do not match, it is determined that a send error occurred.

(2) Use of slave address register (SVA)

Send data is also set in SVA. After the completion of a send, the COl bit (coincidence signal from the address comparator) in the
serial operating mode register is tested. If the bit is set to 1, it is determined that normal sending has been performed:; if 0, it is
determined that a send error has occurred.

5.6.7 SCK pin output handling

The SCK/P01 pin, which incorporates an output latch, can also produce static output by software control in addition to a normal
serial clock.

The number of SCKs can be set as desired by using software to control the P01 output latch (the SO/SBO, and SI/SB1 pins are
controlled by setting the RELT and CMDT bits).

The SCK/P01 pin output control method is described below: _

(1) The serial operation mode register (CSIM) is set (SCK pin: Output mode, serial operation: Enabled). SCK is set to 1 when serial
transfer stops.

(2) The P01 output latch is controlled by using bit manipulation (operation) instructions.

Example: _
To output one clock pulse of SCK by using software.
SEL MB15 ;or CLR1 MBE
MOV XA, #10000011B  ; SCK (f,/2°), output mode
MOV CSIM, XA _
CLR1 OFFOH.1 ; SCK/PO1—=-— 0
SET1 OFFOH.1 ; SCK/PO1—=— 1
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NEC

P01/SCK O- !lf

To internal circuit

CSIE =1 and
SCK pin output mode

Address FFOH.1

PO1
output latch

From serial clock control

oK circuit

Fig. 5.6-17 SCK/P01 Pin Configuration

The PO1 output latch is mapped in address FFOH bit 1. When the RESET signal is generated, the P01 output latch is setto 1.

Cautions:
1. The P01 output latch must be set to 1 during normal serial transfer.

2. Do not use "PORTO0.1" to specify the PO1 output latch address. Write directly the address (FFOH.1) in operand. At that time,

set MBE to 0, or set MBE to 1 and MBS to 15.
CLR1 PORTO.1
Do not use
SET1 PORTO.1

CLR1 OFFOH.1 l
L

Ise

SET1 OFFOH.1 J
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5.6.8 Serial interface application

The serial interface for each mode is explained using examples of applications.

The normal serial interface communication sequence is as follows:

1) Set transfer mode. (Set data in CSIM.)

2) Write data into SIO and give transfer start indication. (MOV SIO, XA or XCH XA, SIO. At that time, automatic transfer start
indication is given.)

3) After checking that the serial interrupt routine or interrupt request flag (IRQCSI) is set, read receive data, and start transfer.

The SBI mode communication sequence is explained in detail in (3) below.

(1) 3-line serial /0O mode
(a) To transfer data starting at MBS using transfer clock of 262 kHz (at 4.19 MHz) (master operation).

Example: CLR1 MBE
MOV XA, #10000010B 1
MOV CSIM, XA ; Transfer mode is set.
MOV XA, TDATA ; TDATA is the transfer data storage address.
MOV SIO, XA ; Transfer data is set.

; Transfer is started.

Caution:
At the second time or after, transfer can be started by setting data in SIO (MOV SIO, XA or XCH XA, SIO).

Device such as uPD7225G
wPD7500X (LCD controller/driver)
SCK SCK
SO/SBO SI

In this application example, the uPD7500X SI/SB1 pin can be used for input.

(b) To transfer data starting at the LSB using external clock (slave operation).
(In this example, the shift register read/write function to invert the LSB and MSB is used effectively.)

uPD7500X Another microcomputer
PO1/SCK SCK .
SI/SB1 SO
SO/SBO S

Example: Main routine

CLR1 MBE

MOV XA, #84H

MOV CSIM, XA ; Serial operation stop, LSB/MSB inversion mode, external clock

MoV XA, TDATA |

MOV SIO, XA ; Transfer data is set. |
; Transfer is started. |

El IECSI |

El i

Interrupt routine (MBE = 0)
MOV XA, TDATA

XCH XA, SIO ; Receive data - send data, transfer start |
MOV RDATA, XA ; Receive data is saved. i
RETI
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(c) To transfer data at a high speed using a transfer clock of 524 kHz (at 4.19 MHz).

uPD7500X (master) Device such as uPD75206
PO1/SCK SCK
SO/SBO Sl
SO/SB1 SO

Example (master)

CLR1 MBE

MOV XA, #10000011B

MOV CSIM, XA ; Transfer mode is set.

MOV XA, TDATA

MOV SIO, XA ; Transfer data is set, Transfer is started.
LOOP: SKTCLR IRQCSI ; IRQCSI is tested.

BR LOOP

MOV XA, SIO ; Receive data is read.

(2) 2-line serial 1/O mode
The serial bus is formed and a number of devices are connected.

;::rzg:.nple system consists of the uPD7500X as the master and uPD75004, uPD7519H, and uPD7225G connected as
slaves. v
uPD7500X (master) 5§ Voo \PD7225G
Port Ccs
'SCK 'SCK
S|
SO/SBO
uPD7519H
“scK
* Sl
élww— &0
uPD75004
“sck
Sl
SO

To form a serial bus as in this example, FFH is previously written into the shift register, a high level is output to the shift register,
a high level is output to the SO pin, the output buffers are turned off, and the bus is released except when the Sl and SO pins are
connected for serial data output.

Since the uPD7519H SO pin cannot be placed in the high impedance state, a transistor is connected for open collector output,
as shown in the diagram above. At the time of data input, the transistor is turned off by previously writing 00H into the shift register.
The data output timing by the microcomputers is predetermined.

The serial clock is output by the master microcomputer uPD7500X; all other slave microcomputers operate on external clocks.
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(3) SBI mode
An application example of serial data communication in the SBI mode is given. In the example, the uPD7500X can operate
as a master or a slave CPU.
The master can also be changed by using a command.

(a) Serial bus configuration

The serial bus configuration in the application example given here assumes that the uPD7500X is connected to bus lines as
one device in the seriai bus. .

The following two uPD7500X pins are used: Serial data bus SBO (P02/SO) and serial clock SCK (PO1).

Fig. 5.6-18 shows an example of a serial bus configuration.

Y

Master CPU uPD7500X Slave CPU pPD7500X

AAA
YVVr

SBO(SB1) SBO(SB1)
Address 1

SCK SCK

Slave CPU

SBO(SB1)
Address 2
SCK

Slave CPU

SBO(SB1)
Address N

SCK

Fig. 5.6-18 Serial Bus Configuration Example

(b) Command explanation
Command types
The application example uses the following commands:
1) READ:
Data is transferred from slave to master.
2) WRITE:
Data is transferred from master to slave.
3) END:
WRITE command completion is reported to slave.
4) STOP:
WRITE command stop is reported to slave.
5) STATUS:
The slave state is read.
6) RESET:
The current slave being selected is made unselected.
7) CHGMST:
The master authorization is transferred to the slave.
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Communication sequence
The communication sequence between the master and slave is as follows:
1) Communication is started by the master, which sends the address of the slave to communicate with and selects the slave
(chip select). -
The slave which receives the address returns ACK and communicates with the master. (The slave is placed in selected
state.)
2) Command and data are transferred between the slave selected in 1 and the master.
Since command and data are transferred point-to-point (between the master and specific slave), other slaves must be
deselected.
3) Communication terminates when the slave is deselected in either of the following cases:
— When the master sends the RESET command, the selected slave is deselected.
— If the master is changed by using the CHGMST command, the device changed from master to slave is deselected.
Command format
The command transfer formats are shown below:
1) READ command
The READ command reads data from a given slave. The read data count ranges from one to 256 bytes. The master
specifies the data count in a parameter. If 00H is specified for the data count, 256-byte data transfer is assumed to be

specified.
M S M S S S S S
READ ACK Data count ACK Data 0 ACK |—— J Data N ‘ACK
Command Data Data Data

M: Output by master
S: Output by slave

Fig. 5.6-19 READ Command Transfer Format

After receiving the data count, the slave returns ACK if the number of data bytes that can be sent is greater than the
data count. If it is less than the data count, the slave does not return ACK, resulting in an error.
During data transfer, the slave compares the SIO contents before and after data transfer to check that data has been
output to the bus normally. If the SIO contents before and after transfer do not match, the slave does not return ACK,
resulting in an error.

2) WRITE, END, and STOP commands
The WRITE, END, and STOP commands are used to write data into a particulary slave. The write data count ranges from
1 to 256 bytes. The master specifies the data count in a parameter. If 00H is specified for the data count, 256-byte data
transfer is assumed to be specified.

M s M s M s M s M s
WRITE| | ACK Data count ACK || Datao|| ACK |- — ~{ DataN|| ACK END ACK
Command Data Data Data Command

M: Output by master
S: Output by slave

Fig. 5.6-20 WRITE, END Command Transfer Format

After receiving the data count, the slave returns ACK if the receive data store area is larger than the data count. If it is
less than the data count, it does not return ACK, resulting in an error.

At the termination of all data transfer, the master sends the END command to the slave. It signals that all data has been
transferred normally.

The slave also receives an END command before it completes all data reception. In this case, the data which has been
received immediately before the END command is received becomes valid. During data sending, the master compares
the SIO contents before and after data sending to check that data has been output to the bus normally. If the SO contents
before and after sending do not match, the master sends the STOP command and stops data transfer.
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M S M S
Data ACK STOP ACK
'\
Data ] Command
Data check Data transfer
Error detection stop

M: Output by master
S: Output by slave

Fig. 5.6-21 STOP Command Transfer Format

When receiving the STOP command, the slave invalidates the 1-byte data received immediately before receiving the
STOP command.

3) STATUS command
The STATUS Command Transfer Format

M S S S
STATUS ACK STATUS ACK
Data Command

M: Output by master
S: Output by slave

Fig. 5.6-22 STATUS Command Status Format

Fig. 5.6-23 shows the format of the status returned by the slave.

MBS LBS
Status | 7 6|5[4J3L2]1lﬂ
\_—._w——)
AllO

Bit indicating ready state to send data

0| No send data exists.

-

Send data of one byte or more exists.

Bit indicating ready state to receive data

0 | Receive data storage area is not available.

-

Receive data storage area of one byte or more
is available

Bit indicating an error

0| No error occurred.

-

An error occurred during the preceding transfer.

Bit indicating master change can be made

0 | Master change is disabled.

-

Master change is enabled.
Fig. 5.6-23 STATUS Command Status Format
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To send status data, the slave compares the contents before and after sending status data. If they do not match, the slave
does not return ACK, resulting in an error.

4) RESET command
The RESET command is used to cause the currently selected slave to be selected. Whenthe RESET commandisissued,
all slaves can be deselected.

M S
RESET ACK
Command

M: Output by master
S: Output ba slave

Fig. 5.6-24 RESET Command Transfer Format

5) CHGMST command
The CHGMST command transfers the master authorization to the currently selected slave.

M S S S
CHGMST ACK Data ACK
Command

M: Output by master
S: Output by siave

Fig. 5.6-25 CHGMST Command Transfer Format

When receiving the CHGMST command, the slave decides whether or not it can receive the master authorization, and
returns either of the following data to the master:

— OFFH: Master change is enabled.

— 00H : Master change is disabled.

When transferring data, the slave compares the SIO contents before and after data transfer. If they do not match, the
slave does not return ACK, resulting in an error.

If no error occurs, the master serves as a slave after OFFH data sending is complete. If no error occurs, the slave serves
as the master after OFFH data sending is completed.

Error occurrence
When a communication error occurs, the master and slave operate as explained below:
The slave informs the master of error occurrence by returning no ACK. When an error occurs, the status bit (bit 2) indicating
error occurence is set to 1 and all command processing being performed is cancelled. _
After completing the sending or receiving of one byte, the master checks whether or not ACK is returned from slave. If ACK
is not returned from slave within a given period after sending or receiving is completed, the master decides that an error
has occurred and outputs a dummy ACK signal.
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Slave = Completion of reception
processing Error is determined to have occurred, and processing is interrupted.
SBO Error data ACK
. ACK wait time |
Master ! Whether or not ACK is returned from
processing siave is checked I
Transfer completion ACK check start Error is determined to

have occurred.

Dummy ACK is output.

Fig. 5.6-26 Master and Slave Operation when Error Occured

The following errors are possible:
— Errors that may occur in the slave
1) Command transfer format is erroneous.
2) Undefined command is received.
3) The number of data bytes to be transferred (data count) is insufficient during READ command execution,
4) Data storage area is insufficient during WRITE command execution.
5) When READ, STATUS, or CHGMST command data is sent, data changes.
When any error in 1) or 5) occurs, no ACK is returned.
— Errors that may occur in the master
When WRITE command data is sent, if data changes, STOP command is sent to the slave.
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5.7 Bit Sequential Buffer — 16 Bits

The bit sequential buffer is a special data memory for bit manipulation. Bit manipulation can be easily performed by changing
address and bit specification in sequence. The buffer is useful for bitwise processing of long data.

The data memory consists of 16 bits. pmem.@L addressing of bit manipulation is enabled; indirect bit specification can be made
by using the L register . Simply by incrementing or decrementing the L register in a program loop, processing can be performed
while the specified bits are being moved in sequence.

Address FC3H FC2H FC1H FCOH
Bit 3 2 1 o 3 2 1 o 3 2 1 o 3 2 1 0
T T T T T T T T T
Symbol BSB3 BSB2 BSB1 BSBO

1 1 1 I 1 1 1 1 ] L

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

—— DECSL
INCSL—"""
Fig. 5.7-1 Bit Sequential Buffer Format
Remarks:

In pmem.@L addressing, specified bits are moved according to the L register.

Data can also be handled in direct addressing. The 1—, 4, and 8-bit direct addressing modes and pmem.@L addressing mode
can be used in combination for continuous input and output of 1-bit data. In 8-bit manipulation, BSB0 and BSB2 are specified, and
data is handled every high-order eight and low-order eight bits.

Example:
To output 16-bit data in BUFF 1 and BUFF2 from port 3 bit 0 serially.

CLR1 MBE
MOV XA, BUFF1
MOV  BSB0,XA ;BSBO and BSB1 are set.
MOV XA, BUFF 2
MOV  BSB2, XA  ;BSB2and BSB3 are set.
MOV L, #0

LOOP: SKT BSBO, @L  ; BSB-specified bit is tested.
BR LOOP1
NOP ; Dummy (timing adjustment)
SET1  PORT3.0 ; Port 3 bit 0 is set.
BR LOOP2

LOOP1: CLR1 PORT3.0 ; Port 3 bit 0 is cleared.
NOP ; Dummy (timing adjustment)
NOP

LOOP2: INCS L L= L+t
BR LOOP

RET
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CHAPTER 6 INTERRUPT FUNCTION

The uPD7500X contains six vectored interrupt sources and two testable inputs for versatile application.

The pPD7500X interrupt control circuit has the following features to enable very high-speed interrupt service:

(a) Whether or not interrupts can be acknowledged can be controlled by using enable flag (IEXXX).

(b) The interrupt service start address and MBE during interrupt service can be set as desired by using a vector table. Starting
the actual interrupt service program is fast.

(c) Interrupt request flag (IRQXXX) can be tested and cleared. Interrupt occurrence can be checked by using software.

(d) The standby mode (STOP or HALT) can be released by making an interrupt request. A backup release source is available by
using the interrupt enable flag.

6.1 Interrupt Control Circuit Configuration
Fig. 6.1-1 shows configuration of the interrupt control circuit. The hardware devices are mapped in data memory.
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6.2 Interrupt Source Types and Vector Table
Table 6.2-1 lists the types of interrupt sources for the uPD7500X. Fig. 6.2-1 shows the interrupt vector table.

Table 6.2-1 Interrupt Source Types

Interrupt source

Internal | Interrupt priority (Note 1)

Vectored interrupt
request signal (vector

(coincidence signal between programmable timer/
counter count register and modulo register)

/external table address)
INTBT Internal 1 VRQ1 (0002H)
(reference time interval signal from basic interval timer)
INT4 External
(both rising and falling edge detection)
INTO (selection of rising or falling edge detection) | External 2 VRQ2 (0004H)
INT1 External 3 VRQ3 (0006H)
INTCSI Internal 4 VRQ4 (0008H)
(serial data transfer end signal)
INTTO Internal 5 VRQ5 (000AH)

INT2

(rising edge detection of input to INT2 pin or falling edge
detection of any input to KRO-KR7) (Note 2)

INTW

(signal from watch timer)

Internal

External | Testable input signals (IRQ2 and IRQW are set)

Note 1: The interrupt priority indicates the priority given to each interrupt when more than one interrupt request occurs at the same

time.

Note 2: For details of INT2, see 6.3 (2).

Address
002H

004H

006H

008H

00AH

MBE

INTBT/INT4 start address
(high-order four bits)

INTBT/INT4 start address
(low-order eight bits)

MBE

INTO start address
(high-order four bits)

INTO start address
(low-order eight bits)

MBE

INT1 start address
(high-order four bits)

INT1 start address
(low-order eight bits)

MBE

INTCSI start address
(high-order four bits)

INTCSI start address
(low-order eight bits)

MBE

INTTO start address
(high-order four bits)

INTTO start address
(low-order eight bits)

Fig. 6.2-1 Interrupt Vector Table (a) uPD75004
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Address
002H

004H

006H

008H

00AH

MBE

0 0 INTBT/INT4 start address
(high-order five bits)

INTBT/INT4 start address
(low-order eight bits)

MBE

0 0 INTO start address
(high-order five bits)

INTO start address
(iow-order eight bits)

MBE

0 0 INT1 start address
(high-order five bits)

INT1 start address
(low-order eight bits)

MBE

0 0 INTCSI start address
(high-order five bits)

INTCSI start address
(low-order eight bits)

MBE

0 0 INTTO start address
(high-order five bits)

INTTO start address
(low-order eight bits)

Fig. 6.2-1 Interrupt Vector Table (b) uPD75006, .PD75008
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The interrupt priority in Table 6.2-1 indicates the interrupt execution order when a number of interrupt requests occur at the same
time or are held.

The interrupt service start addresses and MBE setup values during interrupt service are written into the vector table. The vector
table is set by using an assembler pseudo-instruction (VENTN).

Example: To set INTBT/INT4 in vector table

VENT1 MBE=0, RBE=0, GOTOBT
!
@ @ @ @
@ Vector table @ MBE setup value in @ This symbol denotes
address 0002. interrupt service routine. the interrupt service 1
@ Always set RBE to 0. routine start address.

Caution 1: The vector table address specified in VENTn (n=1-5) becomes 2n address.
Caution 2: Always set RBE to 0 in VENTN.

Example: To set INTBT/INT4 and INTTO in vector table.

VENT1 MBE=0, RBE=0, GOTOBT
VENTS MBE=0, RBE=0, GOTOTO0

6.3 Hardware Devices of Interrupt Control Circuit

(1) Interrupt request and enable flags
The interrupt request flag (IRQXXX) is set to 1 when a given interrupt request occurs; it is automatically cleared when interrupt
service is executed.
Although IRQBT and INT4 share the vector address, they differ in clear operation. (See 6.6.)
An interrupt enable flag (IEXXX) is provided for each interrupt request flag. An interrupt is enabled when the corresponding
interrupt enable flag is set to 1 and disabled when the flag is set to 0.
When the interrupt request flag is set, and the interrupt enable flag enables an interrupt, a vectored interrupt request (VRQn)
occurs. This signal is also used to release the standby mode.
The interrupt request and enable flags are handled by using the bit manipulation and 4-bit memory operation instructions. The
flags can be directly handled by using the bit manipulation instruction regardless of how MBE is set. The interrupt enable flags
are handled by using the El IEXXX and DI IEXXX instructions. Normally, the interrupt request flags are tested by using the
SKTCLR instruction.

Example: El IEO ; INTO is enabled.
DI IE1 ; INT1 is disabled.
SKTCLR IRQCSI ; If IRQCSI is set to 1, skip and clear.

If the interrupt request flag is set by using the instruction, a vectored interrupt is executed as if an interrupt occured although
it did not actually occurs.
When the RESET signal is generated, the interrupt request and enable flags are cleared, and all interrupts are disabled.

Table 6.3-1 Interrupt Request and Enable Flags

Interrupt Interrupt
request flag Interrupt request flag set signal enable flag
IRQBT Is set by reference time interval signal generated by the basic interval timer IEBT
IRQ4 Is set when either the rising or falling edge of the INT4/P0O0 pin input signal is detected. IE4
IRQO Is set when the INTO/P10 pin input signal edge is detected. Detected edge is selected among | IEO

rising and falling edges by using the INTO mode register (IMO0).
IRQ1 Is set when the edge of the INT1/P11 pin input signal is detected. Detected edge is selected IE1
from rising and falling edges by using the INT1 mode register (IM1).
IRQCSI Is set by serial data transfer end signal on serial interface. IECSI
IRQTO Is set by coincidence signal from timer/event counter 0. IETO
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Table 6.3-1 Interrupt Request and Enable Flags (cont'd)

Interrupt Interrupt
request flag Interrupt request flag set signal enable flag
IRQW Is set by signal from the watch timer. IEW
IRQ2 Is set when the rising edge of the INT2/P12 pin input signal is detected or the falling edge of IE2

any input to the KR0/P60 to KR7/P73 pins is detected.

(2) Noise eliminator and edge detection mode registers.
Figs. 6.3-1 and 6.3-2 show the relationship of INTOand INT1, INT2 and KRO-KR7 pins, respectivvely, within the interrupt control
circuit. They are used for inputting external interrupts in cases where noise can be eliminated by the sampling clock and the
detected edge can be selected.
Any pulse narrower than the sampling clock is determined to be a noise pulse and is eliminated by the noise eliminator. A pulse
twice as wide (or more) as the sampling clock is acknowledged as a valid interrupt signal.
For INTO the sampling clock can be changed to two stages.
Note that when the INTO pin is used for P10 (port pin), the signal is also input via the noise eliminator.
Caution: Since INTO sampling uses clock, INTO does not operate at standby mode.
IRQ2 is set in either of the following modes:

(a) When the rising edge of INT2 pin input is detected, IRQ2 is set.

(b) When the falling edge of any input to KRO-KR7 pins is detected:
When the falling edge of any input to pins selected among KRO-KR7 by using the edge detection mode register (IM2) is
detected, IRQ2 is set.
For example, if KR4-KR7 are selected, IRQ2 is set if the falling edge is input to any one of KR4-KR7, because KR4-KR7 inputs
are ANDed in the uPD7500X.

Fig. 6.3-4 shows the format of the edge detection mode registers used to select detected edge (IMO to IM2). IMO to IM2 are
set individually by using a 4-bit memory operation instruction.

When RESET signal is generated, all the register bits are cleared; INTO, INT1, and INT2 detection edges are specified to rising
edges.

O——| Noise Edge
INTO/P10 eliminator detection circuit IRQO set signal
Selector
1 b &
64
INT1/P11 O detec{t—:iggiircuit
IRQ1 set signal

Input buffer /
IM1 IMO

Tt

Fig. 6.3-1 INTO and INT1 Configuration
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Rising

INT2/P12 o—[2> edge

detection

circuit

IRQ2
KR7/P73 o[> set signal
KR6/P72 O—{b — Selector |
KRs/P71 o> L

KR4/P70 O[> l_\; Fating |

KR3/P63 O—{2> —y > | _Dcma{ '

KR2/P62 O—{L>- —J

KR1/P61 2> ’_D_|A

KRo/Peo 12> r_D‘

.; VYV YTYw e S

Fig. 6.3-2 INT2 and KRO-KR7 Configuration

When a high level is input successively, the noise eliminator outputs a high level; when a low level is input successively, it outputs
a low level.

tsmp ) tsmp ) tsmp tsmp tsmp
® Sample period (tgye) less or © (JD
INTO
Shape output
@ Once or twice ("D @
@no || | ® o)
Shape output

(b) INTO © l ® ;

Shape output
@ Twice or more (*‘D ("D

INTO _____| I l CQ CD

Shape output

Fig. 6.3-3 Noise Eliminator Input/Output Timing
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Address Symbol
3 1 0

FB4H [IMOS I 0 —rIMO1 I IM00 J IMO

n

Detected edge

0 | 0 | Rising edge

0 | 1 | Falling edge

1 | 0 | Both rising and falling edges

1 | 1 | Ignore (interrupt request flag is not set)

Sampling period
0|®
f,/64 (15.3 ps/4.19 MHz)

-

FBSH’ 0 I 0 l 0 IIM10|IM1
0 | Rising edge
1 | Falling edge
FB6H l 0 l 0 TIM21 [IMZ(L] IM2
IM21 | IM20 INT2 interrupt source Interrupt input pins
0 0 INT2 pin input rising edge INT2 (one pin)
0 1 Falling edge of any input to KRX pins | KR4-KR7 (four pins)
1 0 KR2-KR7 (six pins)
1 1 KRO0-KR7 (eight pins)

Caution: If the edge detection mode register is changed, the interrupt request flag may be set. Disable interrupts beforehand, and
change the mode register. Clear the interrupt request flag by using the CLR1 instruction before enabling interrupts. If f,/
64 is selected for the sampling clock in an IMO change, clear the interrupt request flag within 16 machine cycles after the
mode register is changed.

Fig. 6.3-4 Edge Detection Mode Register Format
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(3) Interrupt master enable flag (IME)
Interrupt master enable flag enables or disables acknowledgement of all interrupts.
IME is set to 1 or_to 0 by using the El and DI instructions.
When the RESET signal is generated, IME is cleared, disabling acknowledgement of all interrupts.

Address

3

FB2H| IME I

Interrupt master enable flag (IME)

0 Allinterrupts are disabled and vectored interrupt is not started

1 Interrupt enable/disable is controlled according to how the
corresponding interrupt enable flags are set

Fig. 6.3-5 IME Format

(4) Interrupt status flag
The interrupt status flag (ISTO) indicates the current status of processing being performed by CPU; it is contained in the PSW.
The interrupt control circuit controls multi-interrupts (as listed in Table 6.3-2) according to the contents of interrupt status flag.
Since ISTO can be changed by using a 4-bit or a one-bit manipulation instruction, multi-interrupt can also be implemented by
changing the status of processing being performed. Multi-interrupt can always be implemented regardless of the MBE setting
when ISTO is handled bitwise.
Be sure to execute the Dl instruction to disable interrupts before handling ISTO and the El instruction to enable interrupts after
handling ISTO.
When an interrupt is acknowledged, ISTO is saved in stack memory together with other PSW bits, then it is automatically set
to 1. When the RETI instruction is executed, the former ISTO value (0) is restored.
When the RESET signal is generated, the flag is cleared.

Table 6.3-2 ISTO and Interrupt Service State

Status of Interrupt requests that After interrupt
ISTO |processing CPU processing contents can be acknowledged is acknowledged
ISTO
0 Status 0 | During normal program processing | All interrupts can be acknowledged. 1
1 Status 1 During interrupt service None of the interrupts can be acknowledged. -
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6.4 Interrupt Sequence
When an interrupt occurs, it is processed as shown in Fig. 6.4-1.

Interrupt (INTXXX)
occurrence

|

Set IRQXXX

N Hold interrupt until
Is IEXXX set ? IEXXX is set.

YES

Start corresponding VRQn

NO Hold until IME
is set.

YES

Hold until processing
IST(:))— 0 NO being performed
_ terminates

YES

Save the PC and PSW contents to stack memory and set vector table data correspon-
ding to started VRQn (2) in PC and MBE

I

Change the ISTO contents to 1

l

Reset acknowledged IRQXXX (See 6.6 for interrupt sources
sharing a vector address.)

Jump to the start address for processing the interrupt service
program

Remarks: 1. ISTO: Interrupt status flag (PSW bit 2). (See Table 6.3-2)
2. Store the interrupt service program start addresses and MBE setup values at the interrupt start in the vector table.

Fig. 6.4-1 Interrupt Service Flow
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6.5 Multi-interrupt Service Control

The uPD7500X enables multi-interrupts as described below.

As understood from Table 6.3-2, multi-interrupt is enabled if the interrupts status flag is changed by a program. That is, multi-
interrupt is enabled if ISTO is changed to 0 by the interrupt service program setting status 0.

To change ISTO, execute the DI instruction beforehand to disable interrupts.

Normal processing Single interrupt Doubile interrupt
(status 0)

Status 1
Interrupt T

disable
A 0 change
Interrupt

enable Status 0
Interrupt Status 1

occurrence \'

Status 0

| |

Interrupt enable

Interrupt occurence

Fig. 6.5-1 Multi-interrupt by Changing Interrupt Status Flag

6.6 Vector Address Share Interrupt Service
Since INTBT and INT4 interrupt sources share the vector table addresses, interrupt source selection is made as described below:
(1) To use one interrupt only
Set the interrupt enable flag to 1 for the required one of the two interrupt sources sharing the vector table addresses, and clear
the interrupt enable flag of the other interrupt source.
In this case, an interrupt request is generated from the interrupt source corresponding to the interrupt enable flag that is set
to 1 (IEXXX = 1). When the interrupt request is acknowledged, the interrupt request flag is cleared.
(2) To use both interrupts
Set both the interrupt enable flags of the two interrupt sources to 1. In this case, an interrupt request is made by ORing the
interrupt request flags of the two interrupt sources.
Evenif an interrupt request is acknowledged when either or both of the interrupt request flags are set to 1, the interrupt request
flags are not reset.
Therefore, the interrupt service routine must decide which interrupt source the interrupt is generated from. This is
accomplished by executing the SKTCLR instruction to check the interrupt request flags.
If both the interrupt request flags are set to 1 when the request flags are tested and cleared by execution of the SKTCLR
instruction, the interrupt request is left even if one request flag is cleared. If ISTO is cleared, dual interrupt service is entered
according to the left interrupt request.

Remarks: When only one interrupt is enabled, the source of an interrupt is known. Thus, the interrupt request flag is cleared by
hardware when interrupt is acknowledged. When both interrupts are enabled, the source of an interrupt is not defined;
thus, interrupt request flag cannot be cleared by hardware. Software is used to check the interrupt request flags and
determine the interrupt source. Interrupt request flag is cleared by software.
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Example: When INT4 takes precedence over INTBT

DI
SKTCLR IRQ4 ;IRQ4=17
BR VSUBBT

: INT4 interrupt
El service routine
RETI

VSUBBT: CLR1 IRQBT
INTBT interrupt

: service routine
El
RETI

6.7 Machine Cycles to Interrupt Service Start

The number of the uPD7500X machine cycles required to start execution of the interrupt routine after an interrupt request flag is
set is as shown below:

(1) When IRQn is set during execution of an operating instruction at data memory address FBxH (interrupt hardware))

FBxH address operating instruction

I I l

1 l L
- ~ - ~- -~ ~ -~ ~
IRQn is set during this inter-  One to three machine cycles  Three machine cycles Interrupt routine execution

val

(depending on the number of  (required for interrupt servi-
(depending on the number of  machinecyclesfortheinstruc-  ce)
machinecyclesfortheinstruc-  tion)
tion)

As shown above, interrupt routine processing is started a maximum of six machine cycles after the data memory (address
FBxH) operating instruction is terminated. (Within a maximum of six machine cycles after the last operating instruction is
terminated if the FBxH address operating instructions are successive.)

(2) When IRQn is set during execution of instruction other than in (1).

~ g a g - Y -
IRQn is set during this inter-  Three machine cycles Interrupt routine execution
val.
One to three machine cycles  (required for interrupt servi-
ce)

(depending on the number of
machine cycles fortheinstruc-
tion)

In this case, a maximum of six machine cycles are required.

6.8 Effective Use of Interrupts

Use the interrupt function as described below:

(1) Set MBE = 0 in the interrupt service routine.
If the data memory area used in the interrupt service routine is preferentially allocated to addresses 0-7FH and MBE =0 is
set in the interrupt vector table, a program can be prepared without considering memory banks.
If memory bank 1 must be used for by the program, save the memory bank select register by using the PUSH BS instruction
and select memory bank 1.
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(2) Use software interrupt for debugging.
When an interrupt request flag is set by an instruction, operating is performed in the same manner as if an interrupt occured.
Debugging when more than one interrupt occurred at the same time can be done effeciently by using an instruction to set an
interrupt request flag.

6.9 Interrupt Application

To use the interrupt function, first set the following in the main program:

(1) Set the interrupt enable flags to be used (E! IEXXX instructions).

(2) To use INTO and INT1, select the active edge. (set IMO and IM1.)

(3) Set the interrupt master enable flag (El instruction).

Since MBE is set by using the vector table in an interrupt service program, registers need not be saved or restored, and the interrupt
program can be started immediately.

To return from the interrupt service program, use the RETI instruction.

(1) Interrupt enable and disable
>Main program<

@® RESET
@ El IEO Interrupt disable
El IETO
® E
INTO, INTTO enable
@ DI IEO
INTTO enable
® DI —_ 1
Interrupt disable

@ All interrupts are disabled by the RESET signal.

@ The interrupt enable flags are set by the EI IEXXX instructions. At this stage, all interrupts remain disabled.
@ The interrupt master enable flag is set by the El instruction. At this stage, INTO and INTTO are enabled.

@ The interrupt enable flag is cleared by the DI IEXXX instruction and INTO is disabled.

® All interrupts are disabled by the DI instruction.
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(2) Usage example of INTBT, INTO (falling edge active), and INTTO. Multi-interrupt is not done.

@ RESET.

@ MOV A #1

MOV MO, A (INTO service program)

CLR1 IRQO Status 0
@ El IEBT

El IEO

El IETO

El

Status 1
@ INTO
® RETI
Status 0

@ All interrupts are disabled by the RESET signal and status 0 is set.

@ Falling edge active is selected for INTO.

@ Interrupts are enabled by the El and El IEXXX instructions.

® Onthe INTO falling edge, the INTO interrupt service program is started. The status is changed to status 1 and all interrupts are
disabled.

® A return is made from the interrupt service program by the RETI instruction. The status is restored to status 0 and interrupts
are enabled.
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(3) Pending interrupt execution — interrupt input during interrupt disable —
(Main program)
RESET—————=t

El IEOQ

(INTO service program)

@ INTO————"1
@El
€] !NTCSI—ﬁ-
RETI
(INTSIO service program)
@El IECSI /

RETI

@ If INTO is set during interrupt disable, the request flag is held.

@ When interrupts are enabled by the El instruction, the INTO service program is started.
@ Simular to ® above.

@ When INTCSI is held enabled, the INTCSI service program is started.
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(4) Pending interrupt execution

(Main Program)

RESET—™
El IETO
El IEO
El

(INTO service program)

INTO\
O]
INTT/

@ RETI

(INTTO service program)

RETI
® If INTO and INTTO are occured at the same time during execution of a single instruction, INTO, which is higher in priority than

INTTO, is executed first; INTTO is held.
® When a return is made from the INTO service program by the RET! instruction, the held INTTO service program is started.

11-1-120



NE C uPD7500X

(5) Enable of two double interrupts — INTTO and INTO enable double interrupts; INTCSI and INT4 are single interrupts —

(Main Program)
RESET
El IETO
E: :Egs| (INTCSI Service program)
Status 0
El IE4
El @Dl f
CLR1 ISTO
Status 1
@ INTCSI
DI IECSI
-1 DI IE4 Status 0 (INTTO service program)
El 4 —_—
Status 0
@ INTTO
Status 1
\ @® RETI
Status 0
®El IECSI
El IE4
RETI

- ® When interruptINTCSI occurs, which does not enable double interrupts, the INTCSI service program is started. Status 1 is set.
@ The status is changed to status 0 by clearing ISTO. INTCSI and INT4 do not enable double interrupt and are disabled.

@ When INTTO enables double interrupts, the double interrupt is executed, the status is changed to status 1, and all interrupts
are disabled.

@ At the termination of INTTO service, the status is restored to status 0.
® Disabled INTCSI and INT4 are enabled and a return is made by the RETI instruction.
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7. STANDBY FUNCTION

To make the most of low current consumption, which is one feature of the CMOS process, the uPD7500X can stop CPU operation
in the standby mode making current consumption by the CPU very small.

The uPD7500X standby mode includes the STOP mode and HALT mode.

The STOP mode stops the main system clock oscillator. In this mode, CPU current consumption consists almost entirely of leakage
current. Data memory can also be held with low supply voltage (up to V,, = 2 V). This features is useful for maintaining the data
memory contents with very low current consumption. Since the pPD7500X STOP mode can be released by using an interrupt
request, intermittent operation can also be performed. However, if processing must be started immediately when an interrupt
request is made, note that the wait time required to ensure oscillator stability is taken when the STOP mode is released.

The HALT mode continues system clock oscillator operation but stops the CPU clock (®) supply; thus, CPU operation is stopped.
Although the HALT mode is inferior to the STOP mode for reduction of current consumption, it is useful to restart processing
immediately according to an interrupt request or for performing intermittent operations such as watch operation.

In either mode, all the register, flag, and data memory contents immediately before the standby mode is entered are held. The
input/output port output latch state and output buffer state are also held. The input/output port state is handled beforehand so that
the current consumption of the entire system is minimized.

Cautions on Use of Standby Mode:

1. The STOP mode can be used only when uPD7500X operation uses the main system clock. (Subsystem clock oscillation cannot
be stopped.) The HALT mode can be used when the uPD7500X uses either main system or subsystem clock.

2. Although efficient operation with low current consumption and low voltage can be performed by using the clock change function
between the CPU and system clocks in combination with the standby mode, time (described in 5.2.3) is required from selection
of a new clock by setting the control register until operation is started by the newly selected clock.

Thus, to use the clock change function and the standby mode in combination, set the standby mode within the time required
for the clock change.

7.1 Standby Mode Setting and Operating State

Table 7.1-1 Operating State in Standby Mode

STOP mode HALT mode
Setting instruction STOP instruction HALT instruction
System clock when standby mode is set. | Can be set only during main system Can be set during either main system
clock. or subsystem clock.
Clock oscillator Only the main system clock oscillator | Only CPU clock @ is stopped (oscilla-
is stopped. tion is continued).
Basic interval timer Operation stop Operation (IRQBT is set at reference
time intervals.)
Serial interface Can operate only when external SCK | Can operate.
input is selected for serial clock.
Operating Timer/event counter Can operate only when TI0 pin input is | Can operate.
state selected for count clock.
Watch timer Can operate when f, . is selected for Can operate.
count clock.
External interrupts INT1, INT2, and INT4 can operate. Only INTO cannot operate.
CPU Operation stop
Release signal Interrupt request signal enabled with interrupt enable flag from operating

hardware (exept for INTO), or RESET input.

1-1-122



NEC

The STOP mode is set by using the STOP instruction to set PCC bit 3; the HALT mode is set by the using HALT instruction to

set PCC bit 2.

To change the CPU clock by using the low-order two bits of PCC, a time lag may occur from PCC rewrite to CPU clock change.

Thus, to change the clock before the standby mode is entered or after the standby mode is released, set the standby mode within

the number of machine cycles required to change the CPU clock after PCC is rewritten.

While operation stops during the standby mode, data is held in all registers and data memory such as general-purpose registers,

flags, mode register, and output latches.

Caution: 1. When the STOP mode is set, X1 input is short-circuited to Vgs (GND potential) internally to suppress crystai osciliator
leakage. Therefore, so not use the STOP mode in a system using external clock as a main system slock.

2. Since an interrupt request signal is used to release the standby mode, if both interrupt request and enable flags are
set for an interrupt source, the standby mode is immediately reieased. Thus, for the STOP mode, the HALT mode is
entered immediately after execution of the STOP instruction, a wait is followed according to the setup time of the BTM
register, then a return is made to the opertion mode.

uPD7500X

7.2 Realising Standby Mode

The standby mode (STOP or HALT) is released when an interrupt request signal (except INTO) enabled with an interrupt enable
flag occurs or RESET is input. Fig. 6.2-1 shows the standby mode release operation.

(a) Releasing STOP mode by RESET input w
ait
(approx. 31.3 ms at 4.19 MHz)

STOP inst. |
RESET «

signal »
Operation Operation
mode STOP mode HALT mode | mode
|
oscillation stop oscillation !
Clock
b) Releasing STOP mode by i i Wait
(b) Releasing mode by interrupt generation (time set by BTM)
| STOP inst. I « |
P4 T
Stlandby ) \ !
r signal tecmmc e ————-
Operation mode STOP mode HALT mode | Operation mode
oscillation stop oscillation
Clock

Note: Broken line shows a case when standby releasing interrupt request is acknowledged (IME = 1).

Fig. 7.2-1 Standby Mode Release Operation
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(c) Releasing HALT mode by RESET input

RESET

signal

Wait
(approx. 31.3 ms at 4.19 MHz)

«
24

HALT mode | 223::“0”

l

Operation
mode I

oscillation

Clock
(d) Releasing HALT node by interrupt generation

| HALT inst. |

'
Standby . E
rel signal ———F———————— e e e

Operation mode HALT mode Operation mode

oscillation

Clock

Note: Broken line shows a case when standby releasing interrupt request is acknowledged (IME = 1).

Fig. 7.2-1 Standby Mode Release Operation (cont'd)

If the STOP mode is released when an interrupt occurs, the wait time is determined by BTM setting. (See Table 7.2-1.)

The time until oscillation becomes stable varies according to the type of oscillator being used and the supply voltage when the
STOP mode is released. Therefore, select the wait time according to the conditions of use and set BTM before setting the STOP
mode.

Table 7.2-1 Wait Time Selection by Using BTM

BTM3 | BTM2 | BTM1 | BTMO | Wait time* ( ) indicates f,, = 4.19 MHz
- 0 0 0 APPROX. 22/, (Approx. 250 ms)
- 0 1 1 | APPROX. 2/, (Approx. 31.3 ms)
- 1 0 1 APPROX. 2'%/f,, (Approx. 7.82 ms)
- 1 1 1| APPROX. 2", (Approx. 1.95 ms)
Other than above Use Prohibited

Note: The wait time when STOP mode is released does not include the time until the clock begins to oscillate after STOP mode
is released ((a) in the figure below) regardiess of whether STOP mode was released by RESET input or interrupt
generation.
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Release
STOP mode
Voltage Waveform
of X1 pin
—l 3
Vss

7.3 Operation After Standby Mode is Released
(1) If the standby mode is released when RESET is input, normal reset operation is performed.
(2) If the standby mode is released when an interrupt request occurs, the contents of the interrupt master enable flag (IME)
determine whether or not a vectored interrupt is made when the CPU restarts instruction execution.
(a) When IME = 0
After the standby mode released, execution restarts at the NOP instruction next to the standby mode setting instruction.
The interrupt request flags are held.
(b) When IME = 1
After the standby mode is released, two instructions following the standby mode setting instruction are executed before
a vectored interrupt is executed.
However, if the standby mode is released by using INTW or INT2 (testable input), no vectored interrupt will occur;
processing as in (a) above is performed.

7.4 Application of Standby Mode

To use the standby mode, follow the procedure described below:

1) Detect a standby mode setting source such as interrupt input or port input for power off (it is effective to use INT4 for power
off detection).

2) Handle input/output ports so that current consumption is minimized.

3) Specify interrupt to release the standby mode. (It is effective to use INT4. Clear the interrupt enables flags so as not to release
the standby mode.)

4) Specify operation after the standby mode is released (set IME depending on whether or not interrupt service is made).

5) Specify the CPU clock after the standby mode is released. (To change the clock, wait for the required number of machine cycles
before setting the standby mode.)

6) Select the wait time in release of standby mode.

7) Set the standby mode by using the STOP or HALT instruction.

Use of the standby mode and system clock change function in combination enables the uPD7500X to operate at low current

consumption and low voltage.

(1) Example of STOP mode application

Use the STOP mode under the following conditions

— Set the STOP mode when the INT4 falling edge is input and release it when the rising edge is input. (Do not use INTBT.)

— Place all input/output ports in high impedance.

— Use interrupts INTO and INTTO in the example program; however, do not use them to release the STOP mode.

— Enable interrupts after the STOP mode is released.

— After the STOP mode is released, start operation on the minimum speed CPU clock, and in 250 ms, change it to high-speed
clock.

— Set the wait time for STOP mode release to about 31.3 ms.

— After the STOP mode is released, wait for 31.3 ms for the power supply to become stable. Check the POO/INT4 pin twice and
remove chattering.
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Timing Chart

Vbp

Vpp pin voltage

ov

POO/INT4

CPU Operating mode

operation

INT4

Low-speed
operation
High-speed
HALT mode operation
(wait)
STOP mode , i \ \ *
1 I T
4 31ms 250 ms
INT4

STOP instruction

Programming example — INT4 service program with MBE = 0 —

VSUuB4: SKT
BR
SET1

WAIT: SKT
BR
SKT
BR
MOV
MOV
MOV
MOV
El
El
RETI

PDOWN: MOV
MoV
MOV
MOV
MOV
DI
DI
MOV
MOV

STOP

NOP
RETI

PORTO0.0
PDOWN
BTM.3
IRQBT
WAIT
PORTO0.0
PDOWN
A, #0011B
PCC, A
XA, #XXH
PMGm, XA
IEO

IETO

A, #0
PCC, A
XA, #00H
PMGA, XA
PMGB, XA
IEO

IETO

A, #1011B
BTM, A

;P00 =17

; Power down

; Power on

; Waits for 31.3 ms

; Check chattering

; Set high-speed mode
; Set Port Mode register

)

; Minimum speed mode

; Place input/outpu‘t ports in high impedance

; Disables INTO and INTTO

; Wait time = 31.3 ms
; Sets STOP mode
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(2) HALT mode application
Perform intermittent operation under the following conditions
— Change to the subsystem clock on the falling edge of INT4.
— Stop oscillation of the main system clock and set the HALT mode.
— Perform intermittent operation at 0.5sec. intervals during the standby mode.
— Again change to the main system clock on the rising edge of INT4.
— Do not use INTBT.
(Timing Chart)
Vpp
Vpp Pin voltage \ /
ov
POO/INT4
Intermittent operation Operation Operation
(HALT mode+low—speed opertion) mode mode
CPU Operation mode \ (low speed) (high speed)
i T
operation 250 ms
INT4 INT4

Example (Initialization)

MoV A, #0011B

MOV PCC,A ; High speed mode

MOV XA, #04

MOV WM, XA ; Main system clock

El IE4

El IEW

El ; Enable interrupt

(Main routine)
SKT PORTO0.0 ; Power OK?

HALT ; Power down mode
NOP ; Power OK?
SKTCLR IRQW ; Is 0.5sec. flag set?
BR MAIN ; NO

CALL WATCH ; Watch subroutine

MAIN:

INT4: SKT PORT0.0 ; Power OK?, MBE=0, RBE=0

BR PDOWN
CLR1 SCC.3 ; Start oscillation of main system clock
MOV A, #8
MOV BTM, A
WAIT1: SKT IRQBT ; Wait for 250 ms
BR WAIT1
SKT PORTO0.0 ; Check chattering
BR PDOWN
CLR1 SCC.0 ; Change to main system clock

MOV XA, #04H ; Main system clock
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MOV WM, XA
RET!

PDOWN: MOV XA, #05H ; Subsystem clock
MoV WM, XA
SET1 SCC.0 ; Change to subsystem clock
MoV A, #6

WAIT2: INCS A ; Wait for 32 machine cycles
BR WAIT2
SET1 SCC.3 ; Stop oscillation of main system clock
RETI

Note: When the system clock is changed after power on from main system clock to subsystem clock, change the system clock
after the subsystem clock is stabilized.
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8. RESET FUNCTION

The uPD7500X is reset when RESET is input. The hardware devices are initialized as listed inTable 8.1-1. Fig. 8.1-1 shows the
reset operation timing.

Wait*
(approx. 31.3 ms at 4.19 MHz)

RESET e
input P

operation mode

or standby mode Operation mode

HALT mode

Internal Reset
operation

Fig. 8.1-1 Reset Operation by RESET is input

Table 8.1-1 State After Each Hardware Device is Reset

Hardware RESET input during standby mode J RESET input during operation
Program counter (PC) | pPD75004 The low-order four bits of program memory address 0000H are loaded into
PC11-PC8. The contents of address 0001H are loaded into PC7-PCO.
uPD75006, The low-order five bits of program memory address 0000H are loaded into
uPD75008 PC12-PC8. The contents of address 0001H are loaded into PC7-PCO.
PSW Carry flag (CY) Held Undefined
Skip flag (SK0-SK2) 0 0
Interrupt status flag (ISTO) 0 0
Bank enable flag Bit 7 of program memory address 0000H is loaded into MBE.
Stack pointer (SP) Undefined Undefined
Data memory (RAM) Held (Note) Undefined
General-purpose registers (X, A, H, L, D, E, B, C) Held Undefined
Bank selection register (MBS) 0 0
Basic interval timer Counter (BT) Undefined Undefined
Mode register (BTM) 0 0
Timer event counter | Counter (T0) 0 0
Moduio register FFH FFH
(TMODO0)
Mode register (TMO) 0 0
TOEO, TOUT F/F 0,0 0,0
Watch timer Mode register (WM) 0 0
Serial interface Shift register (SIO) Held Undefined
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Table 8.1-1 State After Each Hardware Device is Reset (Cont'd)

P80-P81

Hardware RESET input during standby mode RESET input during operation
Serial Operation mode register (CSIM) 0 0
interface
SBI control register (SBIC) 0 0
Slave address register (SVA) Held Undefined
Clock Processor clock control register 0 0
generator | (PCC)
2:? clock System clock control register 0 0
put SCC)
circuit (
Clock output mode register 0 0
(CLOM)
Interrupt Interrupt request flags (IRQXXX) Reset to 0 Reset to 0
function I e rrupt enable flags (IEXXX) 0 0
Interrupt master enable flag (IME) 0 0
INTO, INT1, and INT2 mode 0,0,0 0,0,0
registers (IMO, IM1, and IM2)
Digital Output buffers Off Off
ports Output latches Cleared Cleared
Input/output mode registers 0 0
(PMGA, B)
Pull-up resistor specification 0 0
register (POGA)
Bit sequential buffer (BSB0-BSB3) Held Undefined
Pins P00-P03, P10-P13, P20-P23, Input Input
condition | P30-P33, P60-P63, P70-P73,

P40-P43, P50-P53,

— At incorporated pull-up resistor:
— At open drain:

... High level
... High impedance

Note: The data of data memory address OF8H-OFDH is undefined by RESET input.

11-1-130




NEC

nPD7500X
9. ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings (Ta = 25 °C)
Item Symbol Conditions Ratings Unit
Supply voltage Voo —-0.3t0 +7.0 \'
Input voltage \'M Other than ports 4 and 5 -0.3to Vp, +0.3 \
Vi Ports 4 and 5 With built-in pull-up resistor -0.3to Vy, +0.3 \
Open drain -0.3to +11 \
Output voltage Vo -0.3to Vp, +0.3 \
High level lon Single pin -10
output current N mA
All pins -30
:S:VJte‘cl:ilrrem lov One port pin of ports 0, 3, 4 Paak value 30
P Note |ands Effective value 15
A pin other than ports 0,3,4 | Peakvalue 20
and 5 Effective value 10
mA
Total of ports 0, 3, 4, 5 Peak value 160
and8 Effective value 120
Peak value 66
Total of ports 2, 6 and 7
Effective value 33
Operation Temperature Tcp‘ —40 to +85 °C
Storage Temperature Ts!g —65 to +150 °C

Note: Use the following formula to calculate the effective value. (Effective value) = (Peak value) x 4/duty
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Characteristics of Main System Clock Oscillator (Ta = —40 to +85 °C, V[, = 2.7 to 6.0V)
Oscillator Recommended tem Condition MIN. | TYP. | MAX. | Unit
constants
Note 1
l XA le (Cf)sc)illation frequency 1.0 5.0 MHz
XX
Ceramic — 0
resonator CiT= FC2 | Note 2 After V,, reaches the
Vool Oscillation minimum value in the 4 ms
stabilization time oscillator voltage range
Note 1
X1 x2| Oscillation frequency 1.0 4.19 5.0 MHz
| (fyx)
Crystal L i0 1
resonator c1 TC2 Note 2 Vpp =4.5 t0 6.0V 10 ms
Voo| Oscillation
stabilization time 30 ms
Note 1
X1 x2 X1 input frequency 1.0 5.0 MHz
(fy)
External clock
HPD74HCUO4 | x1 input high/iow level
width (ty,, ty) 100 500 ns

Note 1: The oscillation frequency and X1 input frequency are indicated only to express the characteristics of the oscillator. Refer
to the AC characteristics for instruction execution time.
Note 2: The oscillation stabilization time is the time required for the oscillator to stabillate after V,, is applied or after the STOP
mode is released.

Subsystem Clock Oscillator Characteristics (Ta = —40 to +85 °C, V|, = 2.7 to 6.0V)

Recommended

level width (t,r,,, ty)

Oscillator constants Item Condition MIN. | TYP. | MAX. | Unit
- (Cf)sc):llatlon frequency 32 |[32.768| 35 MHz
XT
Crystal 330 kQ
resonator 0 Oscillation Vo, =4.5-6.0V 1 2 s
PT— T stabilization time i
10 s
XT1 XT2 XT1 input frequency 32 100 kHz
External clock )
Open XT1 input high/low 5 15 us
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Recommended Resonator
Main system clock: ceramic resonator

External Oscillator operating
Maunfacture Product name capacitors (pF) voltage range (V) Remarks
C1 c2 MIN. MAX.
CSA 2.00MG093 15 15 25 3.5 Note
CSB 1000D20 220 220
CSA 2.00MG093
Murata CSA 4.19MGU 30 30
CSA 4.91MGU 27 6.0
CST 2.00MG093
CST 4.19MGU not required | not required Internal C type
CST 4.91MGU
KBR-1000H 100 100
KBR-2.0MS 47 47
Kyocera 2.7 6.0
KBR—4.0MS
KBR—4.19MS 33 33
KBR-4.91MS
Note: When CSA 2.000G093 is used, VDD is 2.5 to 3.5V.
Main system clock: crystal resonator
External Oscillator operating
Maunfacture Freg. Holder capacitors (pF) voltage range (V) Remarks
C1 c2 MIN. MAX.
1.00
. . 2.00 HC-18/U
Kinseki 4.19 HC—49/U 22 22 2.7 6.0
4.91 HC43/U
Subsystem clock: 32.768 KHz crystal resonator
External Oscillator operating
Maunfacture Product name capacitors (pF) voltage range (V) Remarks
C1 (pF) | C2 (pF) | R (kQ) MIN. MAX.
Kinseki P-3 22 22 330 2.7 6.0
Capacitance (Ta = 25 °C, Vpp =0V)
Item Symbol Condition MIN. TYP. MAX. Units
Input capacitance C 15 F
pe cap N f =1 MHz P
Output capacitance Cour For other than pins to be 15 pF
measured, OV.
Input/output capacitance Co 15 pF
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DC Characteristics (Ta = —40 to +85 °C, V, = 2.7 to 6.0V)

Item Symbol Conditions MIN. TYP. MAX. Unit
High level input Vit Ports 2, 3 and 8 0.7Vpp Voo v
voltage —_—
Vin2 Ports 0, 1, 6, 7, and RESET pin 0.8Vy, Voo \"
Vins Ports 4 to 5 With built-in pullup resistor 0.7Vpp Voo Vv
Open drain 0.7Vpp 10 \"
Ve | X1, X2, XT1 Vpp-0.5 Voo v
Low level input Vi Ports 2,3,4,5,8 0 0.3Vy, "
voltage ==
Vi Ports 0, 1, 6, 7, and RESET pin 0 0.2V, \
Ve | X1, X2, XT1 0 0.4 v
High level output Vont Ports 0, 2, 3 Vpp = 4.510 6.0V
voltage 6,7,8 loy =—1mA Vpp—1.0 \"
lon = —100uA V0.5 v
Built-in pull-up R, Ports 0,1, 2,3, 6, V= 5.0V £ 10% 15 40 80 kQ
resistor 7, 8 (Except P00)
Vi =0V Vpp = 3.0V + 10% 30 200 kQ
R, Ports 4 and 5 Vpp = 5.0V £10% 15 40 70 kQ
Vour= Vpp 2.0V
Vpg = 3.0V £10% 10 60 kQ
Low level output VoLt Ports 0, 2,3, 4,5,| Ports 4,5 V,, =4.5-6.0V 0.4 2.0 Vv
voltage 6,7,8 lo = 15mA
Port3 Vp,=4.56.0V 0.6 2.0 Vv
loL = 15mA
Vpp = 4.5-6.0V |y, = 1.6mA 0.4 v
lo, = 400pA 0.5
Voro SBO, 1 open drain| Pull-up resistance: 1kQ min. 0.2V, \"
Vpp = 4.5-6.0V
Pull-up resistance: 5kQ min. 0.2V, Vv
High level input (™ Vin = Voo Other than indicated below 3 A
leakage current
Iz X1, X2, XT1 20 HA
™ V=10V Ports 4, 5 (with open drain) 20 HA
Low level input s V=0V Other than indicated below -3 A
leakage current
Itz X1, X2, XT1 -20 pA
High level output 1o Vour = Voo Other than indicated below 3 HA
leakage current
Lonwz | Vour =10V Ports 4, 5 (with open drain) 20 HA
Low level output oL Vour = 0V -3 pnA
leakage current
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DC Characteristics (Ta = —40 to +85 °C, V[, = 2.7 to 6.0V)
Item Symbol Conditions MIN. TYP. MAX. Unit
Supply current (Note 4) Vpp = 5V £ 10% (Note 2) 25 8 mA
(Note 1) Ioos 4.19 MHz crystal
oscillation Vpp = 3V £ 10% (Note 3) 0.35 1.2 mA
C1=C2=22pF
HALT VDD =5V+10% 500 1500 nA
Ibp2 Mode
Vpp = 3V £ 10% 150 [ 450 A
lops | 32kHz crystal Vpp =3V +10% 30 90 A
resonator
Ibp4 (Note 5) HALT V=3V 10% 5 15 uA
Mode
XT1=0 Vpp =5V £10% 05 20 pA
lops STOP mode
Vpp =3V £10% 0.1 10 pA
Ta =25°C 0.1 5 pA

Note 1: The current of the built-in pull-up resistor is not included.

Note 2: When operated in the high-speed mode with the processor clock control register (PCC) set to 0011.

Note 3: When operated in the low-speed mode with the PCC set to 0000.
Note 4: Includes the power consumption for the sub oscillation.

Note 5: When the system clock control register (SCC) is set to 1001, main system clock oscillator is stopped and operated by the
subsystem clock.

AC Characteristics (Ta = 4010 85C, V = 2.7 to 6.0V}
Item Symbol Condition MIN. TYP. MAX Unit
(Note 1) Cycle time Operation with main Vpp = 4.5-6.0V 0.95 64 us
(minimum instruction system clock
execution time) 3.8 64 us
tey ) )
Operation with sub- 114 122 125 us
system clock
Vpp = 4.5 - 6.0V 0 1 MHz
TIO input frequency 1
0 275 kHz
TIO input high/low level trm Vpp =4.5-6.0V 0.48 us
width
try 1.8 us
Interrupt input high/low tNTH INTO Note 2 us
level width
INT1, 2, 4 10 us
tyre | KRO-7 10 us
RESET low level width thsL 10 us

Note 1: The cycle time (minimum instruction execution time) is determined by the oscillation frequency of the connected resonator,
the system clock control register (SCC), and the processor clock control register (PCC). The figure below shows the Voo

vs cycle time (t.,) when operated with the main system clock.
Note 2: 2t,, or 128/, depending on the setting of the interrupt mode register (IMO).
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(with main system clock)

tcy vs. Vpp

70
64 |

A O ON

Cycle time tgy (bs)
N

0.5

0 1 2 3 4 5 6
Supply VoltageV, (V)
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Serial Transfer Operation
2-line/3line serial /0 mode (SCK ... Internal clock output)
Item Symbol Condition MIN. TYP. MAX. Unit
Vpp = 4.5-6.0V 1600 ns
SCK cycle time tecvt
3800 ns
t
t Vo = 4.5 -6.0V KCY1 .50 ns
_— KL DD -5
SCK high/low level T
width tent _KZ_Y_‘ -150 ns
Sl set-up time
(againstSCK | ) | s 150 ns
Si hold time
(against SCK t ) tsin 400 ns
SOk — Vpp = 4.5 6.0V 250 ns
SO output delay tsor
time 1000 ns
2-line/3line serial I/O mode (SCK ... External clock input)
Item Symbol Condition MIN. TYP. MAX. Unit
Vpp = 4.5-6.0V 800 ns
CK cycle time teeve
3200 ns
teio Vpp = 4.5-6.0V 400 ns
SCK high/low level
width tenz 1600 ns
Sl set-up time
(against SCK ' ) tsika 100 ns
Sl hold time
(against SCK t ) Ysie 400 ns
SoKt — Vpp = 4.5 -6.0V 300 ns
SO output delay tesoz
time 1000 ns

Note: The outputdelay time (for rising edge) of the serial line must be shorter than 600 ns. For example, if SBO and SBl are pulled
up with 5K ohms, the total capacitance of the serial bus line must be no greater than 120 pF.
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SBI mode (SCK ... Internal clock output (master))
Item Symbol Condition MIN. TYP. MAX. Unit
Vpp = 4.5-6.0V 1600 ns
SCK cycle time tecys
3800 ns
t
t Vgp = 4.5 6.0V KCY1 .50 ns
—_— KL3 DD b
SCK high/low level T
width tea _Kgl.‘-150 ns
SBO,1 set-up time
(against SCK | ) tsica 150 ns
SBO,1 hold time t tkovs ns
(against SCK { ) Ksi3
SCK‘ — Vpp = 4.5 -6.0V 0 250 ns
SBO,1 output delay tysos
time 0 1000 ns
SCK }— B0} | teeq teoy ns
SBO,1}— SCK | tsax teoy ns
SBO,1 low level
width tSBL tK(}Y ns
BO,1 high level
\?vid(tjl:w high leve tsan teey ns
SBI mode (SCK ... External clock input (slave))
Item Symbol Condition MIN. TYP. MAX. Unit
Vpp = 4.5-6.0V 800 ns
SCK cycle time teove
3200 ns
. tes Vpp = 4.5 -6.0V 400 ns
SCK high/low level
width tua 1600 ns
SBO,1 set-up time
(against SCK } ) | sk 100 ns
SBO,1 hold time t tevi ns
(against SCK 1 ) KSl4 2
Sk — Vpp = 4.5 -6.0V 0 300 ns
SBO,1 output delay tesos
time 0 1000 ns
SCK {—8B01| | teeg teoy ns
$B0,1}— SCK | tsar tecy ns
SBO,1 low level
width tSBL tkey ns
SBO,1 high level
width tsen tecy ns
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AC Timing Measurement Points (Except X1 and XT1 inputs)

0.8Vpp Measuring 0.8 Vpp
0.2Vpp :> Test

2 Vpp

1/fx
Clock Timing t
X1 Input - XL XH
j VDb -0.5V
R_0.4V
1/fXT
t
XT1 Input *—IXTL XTH
\ VDD -0.5V
K 0.4V
TIO Timing By
YT
~— T TiH

Serial Transfer Timing
3-line serial I/O mode

m— B
o N

Si

—{tKSO1

SO Output Data ><
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2-line serial I/O mode
tKey2
— L2 F— tKH2
SCK
N~
t, t
K02 ) SIk2 KSI2
\
SBO,1
]
Serial Transfer Timing
Bus release signal transfer:
tKCY3,4
L34 tKH3,4
/ \
SCK \
] ,
t ! t t, t t
KsB _'sBL __'sBH _'sBK tKSO84 - g K34 | 'ksi34
——r i
SBO,1 / \
Command signal transfer:
KCY3,4

F—tKL3,4 _W tKH3,4

tksB  tsBK

tKs03,4 ~IH

tSik3,4

tKs13,4

- 3 yl

SBO,1 S
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Interrupt input timing

INT0,1,2,4
y 1,8, t t
KRO-7 INTL INTH
RESET input timing
'RsL
RESET

Data Memory STOP Mode Low Voltage Data Retention Characteristic (Ta = —40 to +85 °C)

Item Symbol Condition MIN. TYP. MAX. Unit
Data retention voltage Vooor 2.0 6.0 \
Data retention current (Note1) looor | Voor = 2.0V 0.1 10 nA
Release signal set time tsReL 0 us
Release by RESET input 2", ms
Oscillation stabilization time (Note 2)|  t,,\,r
Reiease by interrupt request Note 3 ms

Note 1: Current in the internal pull-up resistors is not included.

Note 2: The oscillation stabilization time is the time required before beginning CPU operation in order to prevent unstable CPU
operation when oscillation is initiated.

Note 3: Depends on the setting of the basic interval timer mode register (BTM) (refer to the table below).

BTM3 BTM2 BTM1 BTMO WAIT time ( ) indicates f, =4.19MHz
— 0 0 0 2%/, (Approximately 250 ms)
— 0 1 1 2'7#t, (Approximately 31.3 ms)
— 1 0 1 2'54, (Approximately 7.82 ms)
— 1 1 1 2'%4, (Approximately 1.95 ms)
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Data Retention Timing (when STOP mode is released by RESET input)

Internal

reset HALT

operation mode

| H Operation
STOP mode ! : mode
Data retention mode
Voo
STOP instructi ti Vooor
instruction execution SREL
RESET \
7
twarr
Data Retention Timing
(Standby release signal: STOP mode release by interrupt signal)
HALT
mode
1 Operation
STOP mode ! mode
Data retention mode
Voo
STOP instructi ti Vooon
instruction execution SREL

Standby release signal
(Interrupt request)
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Characteristic Curves

Ipp V8 Vpp (Crystal oscillation)
po o (Ta = 25 °C)

5000

High-speed mode
PCC = 0011
Middle-speed mode
PCC = 0010

Low-speed mode
PCC = 0000
1000 l

Main system clock 1
HALT mode

A\ b

500

/ Subsystem clock
Operation mode

100

X Main system clock
50
/ = STOP mode + 32KHz

oscillationand —
/ Subsystem clock __|
L HALT mode

|
/ !
10 ,/ I X1 X2 XT1 XT2 I

/ Xtal Xtal
7 4.19 MHz 32.768kH:

Y O O 330k
22 pF 22 pF
‘ T T "T.

DD

Power supply current Ipp (pA)

-

0 1 2 3 4 5 6 7
Power supply voltage V; (V)
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Power supply current Ipp (4A)

Ipp V8 Vpp (Ceramic oscillation)
(Ta=25°C)

5000

High-speed mode
PCC = 0011 7
Middle-speed mode
PCC = 0010 7]

|

L
Low-speed mode
PCC = 0000
|
L~

1000

Main system clock
HALT mode* .

500

/ Subsystem clock
Operation mode .

100

50 Main system clock
] STOP mode + 32KHz_|

/ / oscillation and J

4 / Subsystem clock

HALT mode
7 /

|
/ |x1 X2 XT1 XT2|
— L Ceramic X'tal
Z resonator 32.768kH 330 kQ

]
— 22 pF

ool
p
, T T

Y

oD

0 1 2 3 4 5 6 7
Power supply voltage Vg, (V)

*The Current values are increased by approximately 10% compared to when operating with a crystal resonator.
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Ipp V8 Vpp (Ceramic oscillation)

(Ta=25°C)

5000

High-speed mode
PCC = 0011
Middle-speed mode —

PCC = 0010
Low-speed mode
PCC = 0000

T
— Main system clock
— HALT mode

500 ) A

/ Subsystem clock

/ Operation mode
100 s

1000

Main system clock |
50 / | STOP mode +32KHz

oscillation and 1
/ Subsystem clock |
/ HALT mode

/ |
/ |
10 // | X1 X2 XT1  XT2 I

7 Ceramic X'tal 3
7 resonator 32.768kHz=: 330 kQ

oH

5 / cs; g.ooFmg 22pF
T T T*°T,

Power supply current Ipp (HA)

DD

0 1 2 3 4 5 6 7
Power supply voltage Vy, (V)
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Power supply current Ipp (WA)

Ipp V8 Vpp (Ceramic oscillation)

(Ta =25 °C)

5000

High-speed mode
PCC = 0011

1000

\

Middle-speed mode
PCC = 0010
Low-speed mode
PCC = 0000

}

Main system clock

HALT mode

500

SEN
SN

100

Subsystem clock
/ Operation mode

Main system clock

50 /

1 STOP mode + 32KHz

e

oscillation and

7 4

Subsystem clock
HALT mode

10 // I

X1

X2 XT1  XT2 I

Ceramic

resonator

Xtal
32.768KHZS 330 kQ

a

CSB1000D20

" T T

22 pF

Ty

DD

0 1 2 3 4 5
Power supply voltage V,, (V)
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DD
(mA)

oL
(mA)

oo VS Voo (Vop = 5V, Ta = 25 °C)

X1 X2| 1

4

4

High-

Mode
PCC = 0011

iddle-
speed

Mode
PCC = 0010

1 P Le peed

Mode
PCC = 0000 |

T
Main system

VOL Vs IOL (Ports 0, 2, 6, 7, 8 Ta = 25 °C)
40

30 = ® lvm,=5v Vyp = 4V —
i
7
[ //
20 ”
[/
Vi e
llly d V=27V
W 1/
0
1 2 3 4 5
Vor (V)

Iop
(mA)
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0.5

0.4

0.3

0.2

0.1

40

30

20

lpp v8 fy (Vpp = 3V, Ta = 25 °C)

I
X1 X2

Middle- -
speed

Mode
PCC = 0010
|

Low-speed
Mod:

Main system
clock

HALT Mode

Vo, V8 I, (Ports 4, 5, Ta = 25 °C)

Voo =6V -y -5V

o0 =

oo
1/
11
/
/ Voo =3V
/1~
Ve vm,=2,7vl
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Vo, Vs I, (Port 3)

(Ta = 25 °C)
40
Voo = 8V, = 5V
% I A V. =4V
I / DD
N/
| I/ I/
(mA) 20 lr
Vop =3V
a |
Vi e 1\ = 2.7V —]
10 ll[/’ DD
/4
/
0 1 2 3 4 5
Vg, (V)
Vo V8 loy
" (Ta=25°C
s Voo =8V V=5V
[/
/£ _
/7 Vg = 4V
ot //
(mA) o [/
[ /]
/
I/
// Y Vpp =3V
A _
VA | Voo =27V
/
° 1 2 3 4 5
Vou = lon V)
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9.1 Package Information
Dimension of 44-pin plastic flat package (units: mm)

Top view
P 13.6£°"
10+02
H H H H H H H H H ] Detail of pin edge shape
3 3 ¥
TT,4° ==
 — = ] 3.0 MAX 1\
 — CR = o o |
 — 1T
 m— - | 0.12%! 0.11%1
— — == [10£%?13.6+""

0.1559¢42

P44GB-80-3B4
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42-pin plastic shrink DIP (600 mil) P42C-70-600A

Top view
42 22
AOooOoOoOooOonOonanonnonoOonn
A -
J
| E8 [ O N Ny
1 21
39.13 MAX.
4.31 MAX.
5.08 MAX.

3.2403
A 05T MIN.

fHi== 0.9 MIN. | ]+
.50+ 1778 | 1.78 MAX.

—

0.2543:82 0~15°
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Dimension of 44-pin plastic flat package for ES (for reference) (unit: mm)

Top view 11.43

8.0

T

N

N
L
]

8.0

11.43

-/

Note 1: A metal cap is connected to pin 17 and is Vgg (GND) level.

%ﬁ

0.15

Note 2: Lead wire length is not stipulated because cutting process of lead ends is out of production control.
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10. uPD75P008 (OTPROM) 4-BIT MICROCOMPUTER

The uPD75P008 replaces the internal ROM of the pPD75004/006/008 with PROM.
The uPD75P008 is available as a one-time PROM version that can be only once written (for small quantity production).
uPD75P008 should not be used for final EMI and Latch up evaluation.

10.1 Features

« uPD75004/006/008 compatible

« Internal PROM: 8064 x eigth bits

« Internal pull-up resistor (Ports 0-3 and 6-8) can be specified by using software.
« Open drain input/output (Ports 4 and 5)

« Single power supply: 5V + 10%

10.2 Ordering Information

Produce name Package
uPD75P008CU 42-pin plastic shrink DIP
uPD75P008GB-3B4 44-pinplastic flat-pack (bent lead)
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10.3 Pin Connection (Top View)

U
XT1 O—= 1 42—o v
XT20—— 2 41 (=0 P40
RESET 0—{ 3 40 [==0 P41
X10—= 4 39 {==0 p42
X20— 5 38 [0 P43
P33/MD3 O~=»| ¢ 37 {==0 p50
P32/MD2 O==s={ 7 36 [==O P51
P31/MD1 O g 35 [==0 p52
P30/MDO O==={ g 34 {==0 p53
Pg1O== 10 3  33{==O PEOKRO
Pgo 0= 11 S 32[==0 Pgi/KRI
SI/SB1/P03 O—* 12 g 31 [0 P62/KR2
SO/SB0/P02 0= {3 8 30O P63/KR3
SCR/PO1 O 14 % 29[==0 pP70/KR4
INT4/P00 O—"1 15 28 O P71/KR5
TIO/P13 O—™ 16 27 [**™O P72/KR6
INT2/P12 O—™{ 17 26 [*™O P73/KR7
INT1/P11 O—1 1g 25 [0 P20/PTO0
INTO/PO0 O 19 24 =0 p21
Vepr € 20 23 [0 p22/PCL
o] 21 22 [0 p23/BUZ
o
tf g3 EEE
Pend2 8 &S5 S0
oo > >0002

P72/KR6 O=e-s={$4 43 42 41740 39 38 37 36 35 3%, le—0 P13/TI0
P71/KR5 O, o 320 POO/INT4
P70/KR4 O~+={3 31[=*+*=0 P01/SCK
P63/KR3 O, 3o[=**O P02/SO/SBO
P62/KR2 O~=+15 209r=+—0 P03/SI/SB1
P61/KR1 O====16 | |pD75P008GB-3B4 28[*O P80
P6O/KRO Oea--7 27la-»0 P81
P53 Q=aa=i8 26{-a-=-0O P30/MDO
P52 O~e-sm{9 25|20 P31/MD1
P51 O--m-{ 10 24—-—0 P32/MD2
P50 O==={"1 13 14 15 16 17 18 19 20 21 23°[**O P33/MD3

liiiillllll
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10.5 Pin Functions
10.5.1 Port Pins
. Serves as ) 8-Bit 1/O Circuit
Pin Input/Output Pin for Functions /0 At Reset Type (Note 1)
P00 Input INT4 4-bit input port (PORTO). X Input
— Incorporation of pull-up resistors in 3-bit units
P01 Input/Output SCK for P01 to P03 specifiable by software. ®-A
P02 Input/Output | SO/SBO ®-8
P03 Input/Output SI/SBI ™-c
P10 Input INTO Noise elimination X Input -C
function available
P11 INT1
4-bit input port (PORT1).
P12 INT2 Incorporation of pull-up resistors in 4-bit units
P13 TI0 specifiable by software.
P20 Input/Output PTOO 4-bit input/output port (PORT2). X Input E-B
Incorporation of pull-up resistors in 4-bit units
P21 - specifiable by software.
P22 PCL
P23 BUZ
P30 (Note2) | Input /Output MDO Programmable 4-bit input/output port X Input E-B
Input/output setting is possible in bit units. In
P31 (Note 2) MD1 corporation of pull up resistors in 4 bit units
P32 (Note2) MD2 specifiable by software.
P33 (Note 2) MD3
P40-P43 Input/Output — N-channel open drain 4-bit input/output port O | High Im- M-B
(Note 2) (PORT4). pedance
Data input/output pin (lower 4-bits) for use
during program memory (EPROM) write/
verify operations.
P50-P53 Input/Output — N-channel open drain 4-bit input/output port High Im- M-B
(Note 2) (PORTS5). pedance
Data input/output pin (upper 4-bits) for use
during program memory (EPROM) write/
verify operations.
P60 Input/Output KRO Programmable 4-bit input/output port (0] Input ®-A
(PORT 6).
P61 KR1 This port can be specified for input/output in
bit units.
pe2 KR2 Incorporates software-specifiable pull-up
P63 KR3 resistors in 4-bit units.
P70 Input/Output KR4 4-bit input/output port (PORT7) Input @-A
Incorporation of pull-up resistors in 4-bit
P71 KRS units specifiable by software.
P72 KR6
P73 KR7
P80 Input/Output — 2-bit input/output port (PORT8) X Input E-B
Incorporation of pull-up resistors in 4-bit
P81 - units specifiable by software.

Note 1: Circles indicate Schmitt trigger inputs.
Note 2: LED direct drive is possible.
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10.5.2 Non-Port Pins

. Serves as . 1/0 Circuit
Pin Input/Output Pin for Functions At Reset Type (Note 1)
TIO Input P13 External event pulse input pin for timer/event ®-c
counter.
PTOO Input/Output P20 Timer/event counter output pin. Input E-B
PCL Input/Output P22 Clock output pin. Input E-B
BUZ Input/Output P23 Fixed-frequency output pin (for buzzer or system Input E-B
clock trimming).
S_él_( Input/Output PO1 Serial clock input/output pin. Input @-A
SO/SB0O Input/Output P02 Serial data output pin. Serial bus input/output pin. Input @ -B
SI/SBI Input/Output P03 Serial data input pin. Serial bus input/output pin. Input @-C
INT4 Input P00 Edge detector vector interrupt input pin
(either rising or falling edge detection).
INTO Input P10 Edge detector interrupt input pin -C
(detected edge selectable).
INT1 P11
INT2 Input P12 Edge detection testable input pin -C
(rising edge detection).
KRO-KR3 | Input/Output | P60-P63 | Testable inputioutput pin (for falling edge detection).|  Input ®-A
KR4-KR7 Input/Output | P70-P73 | Testable input/output pin (for falling edge detection).| Input ®-A
X1, X2 Input Pin for connection of crystal/ceramics for main
system clock generation. External clocks are input
to X1, and their negative phase components are
input to X2.
XT1 Input Pin for connection of crystals for sub-system clock
generation. External clocks are input to XT1, and
XT2 XT2 is disconnected. XT1 can also be used as a
1-bit input (test) pin.
RESET Input System reset input pin (low level active).
MDO0-MD3 Input/Output | P30-P33 | Mode selector pin for program memory (EPROM) Input E-B
write/verify operations.
Vep Program voltage application pin for program
memory (PROM) write/verify operations. V,, is
normally connected to V. Connect to +12.5V for
PROM write/verify operations.
Voo Positive power supply pin.
Vss GND potential pin.

Note 1: Circles indicate Schmitt trigger inputs.
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Pin I/O configurations
Following figures show the internal circuit configurations at the 1/O ports.
(1) Type A (part of Type E-B)

This is a CMOS standard input buffer.

(2) TypeB
IN O—D——
This is a Schmitt trigger input with hysteresis characteristics.
(3) Type B-C
P.U.R. : Pull-Up Resistor
This is a Schmitt trigger input with hysteresis characteristics.
(4) Type D (Part of Type E-B, F-A)
Voo
dat:
ata P-ch
[ e’ | | S—
+—o OuUT
output E N-ch
disable
m

This is a push-pull output that can be set to high impedance (with both P-ch and N-ch off).
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(5) Type E-B
P.UR
P.U.R. D I P-ch
enable
data
Type D 0 IN/OUT
output
disable
Type Al
P.U.R. : Pull-Up Resistor
(6) Type F-A
é P.U.R.
P.U.R. [> 8 l
enable P-ch
data
Type D 0 IN/OUT
output
disable
0
P.U.R. : Pull-Up Resistor
(7) Type F-B

output
disable
(P)

data

output
disable

P.U.R.
enable

"

% é P-ch
——O IN/OUT

output

disable

(N)

1

P.U.R. : Pull-Up Resistor
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(10) Type M-B
—O IN/OUT
data ————:DD__I N-ch
(+10V
withstand
disaole voltage)
Middle-high voltage
input buffer
(+10V withstand voltage)
(11) Type M—C
Voo
P.UR.
P.UR. D I
P-ch
enable ¢
—O IN/OUT

S — S B

output
disable

P.U.R. : Pull-Up resistor
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10.6 Differences between uPD75P008 and 1 PD75008

Since the uPD75P008 is the result of changing the program memory of the uPD75004/006/008 from mask ROMto an PROM which
can be written, it differs only in program memory and mask option; the two devices are the same in CPU functions and internal

hardware. Table 10.6-1 lists the differences between the yPD75P008 and uPD75008.
For details on the CPU functions and internal hardware, refer to the uPD004/006/008 documents and user's manual.

Table 10.6-1 Differences between nPD75P008 and uPD75008

Iltem uPD75P008 uPD75008

Program memory PROM Mask ROM

» 00000-1F7FH

« 8064 bits x eigth bits
Pull-up resistor Ports 0-3, 6-8 Can be specified by using software.

Ports 4, 5 None Mask Option

Supply voltage range 5V +10% 2.7V - 6.0V
Pin connection They differ in VPP pin and pins also used for other purpose.

10.7 EPROM WRITE AND VERIFICATION
Program memory contained in the uPD75P008.

The memory capacity is as follows:
« uPD75P008:

The pins as listed in Table 10.7-1 are used to write and verify the PROM. No address is input; address is updated by inputting

clock from the X1 pin instead.

Table 10.7-1 Pin function

8064 words x 8 bits

Pin name Function
X1, X2 Address update clock during when PROM is write/verification is input to the X1 pin.
’ Its inverted signal is input to the X2 pin.
MDO0-MD3 Operation mode selection pins during PROM write/verification.

P40-P43 (low-order four bits)
P50-P53 (high-order four bits)

8-bit data input/output pins during PROM write/verified.

VDD

Supply voltage apply pin.
During the normal operation, 5 V + 10 % is applied; during PROM write/verification,

+6 V is applied.

Vep

Voltage apply pin during PROM write/ verification. (Normally, V,,, potential)
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10.7.1 Operating Mode during PROM is Write/Verification

When +6 V and +12.5 V are applied to the V, and V., pins, respctively, of the uPD75P008 the PROM write/verify mode is entered.
The operation mode is selected according to the input signals to the MDO-MD3 pins as listed in Table 10.7-2.

Pins not used in PROM function should be pulied to Vgs-

Table 10.7-2 Operating Mode
Operating mode specification
PP MDO MD1 MD2 MD3

Operating mode

Voo Y

H L H L Clear program memory address
L H H H Write mode
+125V +6V
L L H H Verify mode
H X H H

Program inhibit mode

Remarks: X: LorH

10.7.2 PROM Write Procedure
PROM can be written at the high speed according to the following Procedure:

(1) Pull unused pins low to Vgg With resistors. Set the X1 pin low.

(2) Supply 5V to the V,, and V, pins.

(3) Wait for 10 us.

(4) Selected the clear program memory address mode.

(5) Supply +6 V and +12.5 V to the V|, and Vpp pins.

(6) Select the program inhibit mode.

(7) Write data in the 1-ms write mode.

(8) Select the program inhibit mode.

(9) Select the verify mode. If the data is written normally, proceed to (10). If it is not written normally, repeat (7) to (9).
(10) Supply X (number of (7)—(9) repetitions) x 1 ms program pulses (additional write).
(11) Select the program inhibit mode.

(12) Input four pulses to the X1 pin to update the program memory address by one.
(13) Repeat (7)—(12) until the end address is reached.

(14) Select the clear program memory address mode.

(15) Change the Vi, Vi, pin voltage to 5 V.

(16) Turn off the power.
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Steps (2) to (12) are illustrated below:

X repetitions

.\
l{ Write Verify ‘4 Aqdltional | _Address _»I
| write increment

v %
PP
Voo (
(
VDD+1 / )
Voo
Voo
X1 (« NN
P40-P43 Data Data Data
P50-P53 input output input
(
wo _/ \_/ \_/ 7 \__/
(P30)
(
MD1 / \ /)
(P31)
(
MD2 __/ )
(P32)
MD3 ()()
(P33) —/

10.7.3 PROM Read Procdure
The PROM contents can be read according to the following procedure:
(1) Pull unused pins low to Vg with resistors.
Set the X1 pin low.

(2) Supply 5V to the V,, and V,, pins.

(3) Wait for 10 us.

(4) Select the clear program memory address mode.

(5) Supply + 6V and +12.5 V to the Vj,, and V, pins.

(6) Select the program inhibit mode.

(7) Select the verify mode. Input four clock pulses to the X1 pin. The data are output from the memory addresses, one address
at a time, in a cycle of hour clock pulses which are input to the X1 pin.
Seiect the program inhibit mode.

Select the clear program memory address mode.
Change the V,, V, voltage to 5 V.
Turn off the power.

(8)
9

{
(
(10
(11
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Steps (2) to (12) are illustrated below:

Vep

Vep

VDD

Vv
DD

pp*1
DD

X1

P40-P43
P50-P53

MDO
(P30)

MD1
(P31)

MD2
(P32)

MD3
(P33)

(¢

)

(¢

—/
—/

)

NV

(

Data Data )
input output «
DA
_/ \ ()() /
(
)
(
_/ )
{(
—/ N
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11. ELECTRICAL CHARACTARISTICS

Absolute Maximum Rating (Ta=25°C)

Prameter Symbol Condition Rating Unit
Voo -0.3t0 +7.0 Y
Supply voltage
Vep -0.3t0 +13.5 v
' Other than ports 4 and 5 -0.3to Vp, +0.3 \
Input voltage "
Vo Ports 4 and 5 Open drain -0.3to +11 \
Output voltage Vv, -0.3t0 Vp, +0.3 \
High-level N Single pin -10 mA
output current oK All pins -30 mA
Peak value 30 mA
Ports 0, 3, 4 and 5
ms 15 mA
Low-level Note Other than ports 0,| Peak value 20 mA
output current loL 3,4and 5 ms 10 mA
Total of ports 0, 3, Peak value 160 mA
4 Sand8 rms 120 mA
Total of ports 2, Peak value 66 mA
6and7 rms 33 mA
Operating temperature E&' -10to +70 °C
Storage temperature Ti‘i -65 to +150 °C

Note :  Use the following formula to calculate the effective value:
(Effective) value = (Peak value) x 7/ duty cycle
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Main system clock Oscillator Characteristics
(Ta =-1010 +70°C, V,, = 5V+/-10%)

Resonator Recommended constants Item Condition MIN. | TYP. | MAX. | Unit
Note 3 Note 1
Ceramic l X1 X2 l Oscillation 1.0 5.0 MHz
resonator frequency (fy)
] ":” 1 Note 2 When V,, reaches
i . Oscillation the minimum
Cl == | c2 stabilization oscillator operating 4 ms
Voo time voltage.
Note 1
Crystal X1 x2 | Oscillation 10 | 419 | 50 | MHz
resonator frequency (f,,)
1 ID' 1 Note 2
Oscillation
Pe— e
1 T == C2 stabilization 10 ms
VDD time
Note 1
External RS X2 X1 input 1.0 50 | MHz
clock | frequency (f,)
X1 input high/
4& HPD74HCU04 low level 100 500 | ns
width (ty,, / t,)
Note 1: The oscillation frequency and X1 input frequency values indicated in this table express only the characteristics of the

n.
z:

3:

oscillator. Therefore, refer to the AC characteristics for the instruction execution time.
Csciliation stabilization time is defined as the time needed for the osciilator 0 stabilize afier Vi, is appiied or after the
STOP mode is released.

The following ceramic and crystal oscillators are recommended for the uPD75P008.

Recommended Ceramic Resonators

External capacitance (pF) Operating voltage range (V)
Manufacture Product
C1 c2 MIN. MAX.
MURATA CSA 2.00MG 30 30 4.75 5.25
CSA 4.19MG 30 30 4.75 5.25
CSA 4.19MGU 30 30 4.75 5.25
30pF 30pF

CST 4.19MG (internally (internally 4.75 5.25

provided) provided)
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Subsystem Clock Oscillator Characteristics
(Ta =-10 to +70°C, V, =5V+/-10%)

Resonator | Recommended constants Item Condition MIN. TYP. MAX. Unit
Oscillation
Crystal |XT1 X12| frequency 32 32.768 35 kHz
resonator EE 330 kQ (fey)
v——|["—< Oscillation
22 pF== == 33 pF| stabilization 1.0 2 s
Voo | time
XT1 input
External X7 XT2 frequency 32 100 kHz
clock Open (fyr)
XT1 input high/
low level width 5 15 us
(tyri/tyr)
Capacitance (Ta =25°C, V, =0V)
ltem Symbol Condition MIN. TYP. MAX. Unit
Input capacitance Cn f=1 MHz 15 pF
" Voltage should notbe applied 1
Output capacitance Cour to any pin except those used 5 PF
Input/output capacitance C,o for measurements. 15 pF
DC Characteristics (Ta =-10 to +70°C, V,, =5V+10%)
Parameter Symbol Condition MIN. TYP. MAX. Unit
\/" Port2,3and 8 0.7Vpp Voo \'
High-level Ve Port0, 1, 6,7, RESET 0.8V, Voo Vv
input voltage Vi Port 4, 5 Open-drain 0.7Vpp 10 %
Vina X1, X2, XT1 Vpp 0.5 Voo \"
Vi Port2,3,4,5and 8 0 0.3V, \"
Low-level
input voltage Vi Port 0, 1, 6, 7, RESET 0 0.2V, \"
Vi X1, X2, XT1 0 0.4 \
High-level
output voltage | Vows | Pot0.2,3,6,7.8 loy =-1MA Vpp-1.0 v
i Other than indicated 3 nA
High-level Vin = Voo below
input leakage [ X1, X2, XT1 20 pA
current s | Vi = 10V Ports 4, 5 (with open 20 WA
drain)
Low-level Ty Other than indicated -3 uA
input leakage Vin=0V below
current e X1, X2, XT1 -20 uA
I Vo =V, Other than indicated 3 A
High level LOH1 out © Vpp below
output leakage -
current lowz | Vour =10V Ports 4 and 5 (with 20 pA
open drain)
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DC Characteristics (Ta =-10 to +70°C, Vpp =5V£10%)

Parameter Symbol Condition MIN. TYP. MAX. Uni
Low levelinput | 1o | Vour =0V -8 KA
leakage current
Internal pull-up
resistor Ry, | Ports0,1,2, 3,867 (Except PO0) V, = OV 15 40 80 kQ
Low level Vo | Ports0,2,3,4, Ports 4, 5 |, = 15mA 04 20 v
output 56,7,8
leakage o Port 31, = 15mA 0.6 2,0 v

lo, = 1.6 MA 0.4 \
Vorz SBO, 1 Open drain Open drain Pull-up 0.2V, Vv
resistor > 1kQ
lpp, | Noted Note 2 5 15 mA
4.19 MHz crystal
Note 1 Iop2 | oscillation C1=C2=22pF | HALT mode 500 1500 HA
Supply | Note 4 350 1000 oA
32kHz crystal
current oos | ation HALT mode 35 100
lops | XT1 =0V STOP mode 0.5 20 A
Note 1. The current drained through the internal pull-up resistors is not included.

1

2. When operated in the high-speed mode with the processor clock control register (PCC) set to 0011.

3. Including the subsystem clock power consumption.

4. When system clock control register (SCC) is setto 1001; main system clock's oscillation stopped once sub-system clock
in operation.
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AC Characteristics (Ta =-10 to +70°C, V;, =5V+10%)

Operation other than serial transfer operation

Parameter Symbol Condition MIN. TYP. MAX. Unit
Note 1 Operated with main system clock |  0.95 64 us
Cycle time (minimum toy -
instruction execution time) Operated with sub-system clock 114 122 125 us
TIO input frequency fn 0 1 MHz
TIO input high/low level width | t,., t, 0.48 us
Interrupt input o |INTO Note 2 us
high/low level width INTH INTL L R0-7, INTH 2, 4 10 us
RESET low level width thst 10 ps
Note 1. Cycle time (minimum instruction execution time) is
determined by the oscillation frequency of the con- AN v
nected resonator, the system clock control register (With main system clock)
(SCC), and the processor clock control register 70
(PCC). The figure to the right shows the V, supply 64 |
voltage vs. cycle time (t.,) characteristic when OV e———=—< A &% A
operated with the main system clock. F—F—F—F—FFFF
2. Either 2t or 64/f,, can be selected by setting the 6
interrupt mode register (IMO). 5
2 4
5
<= 3
[
£
o
S 2
(&)
1
0.5
0 1 2 3 4 5 6
Supply voltage (Vpp)
Serial Transfer Operation
2-line/3-line serial 1 / 0 mode (SCK....Internal clock output)
Parameter Symbol Condition MIN. TYP. MAX. Unit
SCK cycle time L Output 1600 ns
SCK high / low level width teLs Output tycrs/2 ns
KH1 -50
Sl set-up time (against Sﬁ-(f )| I 150 ns
Sl hold time (against SCK|) | t.q, 400 ns
§CK|— S0 output delay time | t,qo, 250 ns
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2-line / 3-line serial /0 mode (SCK....External clock input) :

Parameter Symbol Condition MIN. TYP. MAX. Unit
SCK cycle time tecye Input 800 ns
SCK high / low level width tyro Input 400 ns

KH1
S| set-up time (against SCK ! ) tsike 100 ns
Sl hold time (against SCK | ) tesio 400 ns
Sﬁd — S0 output delay time tesoz 300 ns
SBI Mode (SCK....Internal clock output Master)) :

Parameter Symbol Condition MIN. TYP. MAX. Unit
SCK cycle time tecva 1600 ns
SCK high / low level width tas tecy/2 ns

tna -50

SBO, SB1 set-up time (against tsiks 150 ns
Sckt)
SBO, SB1 hold time (against tesis teey/2 ns
SCKt)
§CK| — SBO, SB1 output tesos 0 250 ns
delay time
SCK| — sBo, SB1 | tess teoy ns
SBO, SB1} — SCK| teak teoy ns
SBO, SB1 low level width tsaL tecy ns
SBO, SB1 high level width tsen teey ns
SBI Mode (SCK.... External clock input (Slave)):

Parameter Symbol Condition MIN. TYP. MAX. Unit
SCK cycle time tecyas 800 ns
SCK high / low level width teia 400 ns

KH4

SBO, SB1 set-up time (against tsikae 100 ns
sckt)
SB0, SB1 hoid time (against tesia tyey/2 ns
SCK1)
SCK | — SBO, SB1 output tesos 0 300 ns
delay time
sck ! — sso, sB1 | tess teoy ns
$80, SB1} — SCK | teax teoy ns
SBO, SB1 low level width tseL ey ns
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