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NEC/ MOS INTEGRATED CIRCUIT

UPD77C25, 77P25

DIGITAL SIGNAL PROCESSOR

The uPD77C25, 77P25 are 16-hit fixed point CMOS signal processors intended for real-time digital processing of
speech signals.

Each device consists of a parallel multiplier (16 x 16 bits — 31 bits), an ALU (16 bits), an instruction ROM (2,048
X 24 bits), a data ROM (1,024 x 16 bits), a data RAM (256 x 16 bits), I/O ports, and others. All instructions consist
of 24 bits or one word instruction are executed in 122 ns (at fcik = 8.192 MHz) including sum of product computations.

Since signals that interfaces with the host CPU are provided, the yPD77C25, 77P25 can cover a variety of
applications, serving as an 1/O processor. Moreover, they can also be used as single-chip CPU.

The uPD77C25, 77P25 provide an instruction ROM each four times larger than that of the former product uPD7720
signal processor. Additionally, each device has a data ROM and a data RAM, both of which are two times larger,
and a processing speed faster. Furthermore, the uPD77C25, 77P25 can replace the uPD7720 as they have the same
pin connections.

The instruction sets of the uPD77C25, 77P25 are upward-compatible with that of the uPD7720 at the assembler
source program level.

The uPD77C25 is version with on-chip resources including the instruction ROM and data ROM are constructed
in mask ROMs; the yPD77P25 has PROMs. The uPD77P25D is an UVEPROM type and the uPD77P25C/L/IGW is
an one time PROM (OTP) type.

Remark In this document, the uPD77C25 refers to the uPD77C25, 77P25 unless otherwise specified.

FEATURES
« Biquad Digital Filter (with sampling performed at 8 kHz) : Equivalent to 113 filters
* On-chip exclusive parallel multiplier : 16 bits x 16 bits - 31 bits
* Instruction ROM : 2,048 words x 24 bits
« Data ROM 1 1,024 words x 16 bits
» Data RAM : 256 words x 16 bits

» Dual accumulator method

e On-chip serial input and serial output interfaces

e On-chip host CPU bus interface

e On-chip DMA interface

* Upward-compatible with the uPD7720 at assembler source program level
e Pin-compatible with uPD7720

¢ Low-power CMOS

The information in this document is subject to change without notice.

Document No. U12675EJ7VODS00 (7th edition) The mark * shows major revised points.
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Printed in Japan © NEC Corporation 1988



NEC uPD77C25, 77P25

* ORDERING INFORMATION

Part Number Package
UPD77C25C-xxx 28-pin plastic DIP (600 mil)
UPD77C25GW-xxx 32-pin plastic SOP (525 mil)
UPD77C25L-xxx 44-pin plastic QFJ (650 x 650 mil)
UPD77P25C 28-pin plastic DIP (600 mil)
uUPD77P25D 28-pin ceramic DIP (600 mil)
UPD77P25GW 32-pin plastic SOP (525 mil)
UPD77P25L 44-pin plastic QFJ (650 x 650 mil)

Remark xxx is a ROM code suffix.
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28-pin plastic DIP (600 mil):

28-pin ceramic DIP (600 mil):

44-pin plastic QFJ (650 x 650 mil):

* PIN CONFIGURATIONS (Top View)
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32-pin plastic SOP (525 mil): uPD77C25GW-xxx, uPD77P25GW

NC o—1 32—0Vop
NC/VepNote 0—2 31—OVop
DACK O0—~{3 30[~—on0
DRQ 0~—|4 29]~—ocs
PO O=—|5 28|~—oRD
P1 O0<—6 27 |=—0OWR
DO O=—|7 26 —0OSORQ
D1 O0=—|8 25F—0S0O
D2 O=—|9 24 |=—0SI
D3 O=—{10 23 |=—OSOEN
D4 O=—11 22 |=—OSIEN
D5 O=—12 21 |=—0OSCK
D6 O=—13 20 |=—OINT
D7 O=—14 19 [+=—ORST
GND 0—15 18 |=—0OCLK
GND 0—16 17 ——ONC

Note NC for uPD77C25

Ver for uPD77P25
A0 : Address Input RST : Reset Input
CLK : Clock Input SCK . Serial Data Clock
cs : Chip Select Input Sl . Serial Data Input
DACK : DMA Acknowledge Signal Input SIEN . Serial Input Enable
DRQ : DMA Request Signal Output SO . Serial Data Output
DO to D7 : Data Bus Input/Output SOEN . Serial Output Enable
GND : Ground SORQ . Serial Output Request Signal Output
INT : Interrupt Input Vob . Power Supply
NC : No Connection Vep : Power Supply
PO, P1 . General Purpose Output Port WR : Write Signal Input

RD : Read Signal Input
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DIFFERENCES BETWEEN uPD77C25 AND pPD7720 FAMILY
The yPD77C25 has enhanced functions of the conventional uPD7720 16-bit signal processor family and thus is
compatible with the uPD7720 family at an assembler source program level.

Differences between uPD77C25 and uPD7720 family is shown below.

Differences between pPD77C25 and uPD7720 Family

Item HPD7720 uPD77C25

Memory Instruction ROM 512 x 23 bits 2,048 x 24 bits

Data ROM 510 x13 bits 1,024 x 16 bits

RAM 128 x 16 bits 256 x 16 bits
Register PC 9 bits 11 bits

STACK 9 bits x 4 levels 11 bits x 4 levels

RP 9 bits 10 bits

RO 13 bits 16 bits

DP 7 bits 8 bits

TRB without with

Instruction length

23 bits (w/3-bit DPw.M field)

24 bits (w/4-bit DPw.M field)

Added instructions

JDPLNO
JDPLNF
M8 to MF (Modified DP)

RQM flag operations

Not affected in DMA mode

Affected even in DMA mode

Operation clock (Instruction cycle)

8.192 MHz (244 ns)

77C25: 8.192 MHz (122 ns)

Serial interface clock

2.048 MHz

77C25: 4.096 MHz
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1. PIN FUNCTIONS

1.1 Pin Functions for Normal Operation

Pin Pin Number 110 Function
Designation| 55 in plastic DIP, [32-pin Plastic SOP|44-pin Plastic QFJ
28-pin Ceramic DIP
Vop 28 31 1 — Power input pin.
32 44 Inputs +5 V.
GND 14 15 21 — Ground pin
16 22 —

Vpphote 1 2 2 — Program power input pin ofinternal PROM.
Connected to +12.5 V for programming
PROM or to +5 V for normal operation.

CLK 15 18 24 | Inputs system clock having frequency as
high as instruction cycle.

RST 16 19 25 | Inputs system reset signal (active high).
Width of signal must be wider than 2
system clock periods.

INT 17 20 27 | Inputs mask able interrupt signal (active
high). Program execution jumps to
interrupt address at rising edge of this pin
and with interrupt enabled.

cs 26 29 41 | Inputs chip select signal (active low). “0”
input to this pin enables read/write
operation by host CPU via DO through D7.

A0 27 30 42 | Inputs address signal.

Signal input to this pin selects register
whose contents are to be output from DO
through D7 during read operation. “0”
selects DR and “1”, SR.

RD 25 28 38 | Inputs read signal (active low).

“0” to this pin causes DO through D7 to
output data (with CS = *“0").

‘WR 24 27 37 | Inputs write signal (active low).

“0” to this pin causes DO through D7 to
input data (with CS = “0").
DO to D7 Refer to PIN Refer to PIN Refer to PIN 110 Constitute 8-bit data bus for host CPU
CONFIGURATION [CONFIGURATION [CONFIGURATION | (3-state) and performinput/outputaccordingto CS,
RD, and WR.

DRQ 3 4 4 (@) Outputs DMA request signal (active high)

and requests data transfer in DMA mode.

* Note This pin serves as Vep only for the uPD77P25 and is NC for the uPD77C25.
When designing the pPD77C25 application system compatible with the uPD77P25, it is no problem to supply
+5 V to pin 1.
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Pin
Designation

Pin Number

28-pin Plastic DIP,
28-pin Ceramic DIP

32-pin Plastic SOP

44-pin Plastic QFJ

I/0

Function

DACK

2

Inputs DMA acknowledge signal (active
low). “0”is input when DMA is enabled.
When DACK =*“0", this pin performs similar
operation to when CS =“0" and A0 = “0".
Since it is always valid, input “1” when
DMA is not used.

PO, P1

Constitute general-purpose output port.

Sl

21

24

33

Inputs serial data which is read into the
processor in synchronization with rising
edge of SCK clock.

SIEN

19

22

30

Inputs serial input enable signal (active
low) to enable serial data input from Sl.
This signal must be kept high level during
the RST is high level and two instruction
cycles after the RST becames low level.

SO

22

25

35

e}
(3-state)

QOutputs serial data which is output in
synchronization with falling edge of SCK
clock.

SOEN

20

23

31

Outputs serial output enable signal (active
low) to enable serial data output from SO.
This signal must be kept high level during
the RST is high level and two instruction
cycles after the RST becames low level.

SORQ

23

26

36

Outputs serial output request signal (active
high).

Itis set to “1” when output data are set in
SO register and cleared to “0” when on
completion of output.

SCK

18

21

28

Inputs serial data clock with which serial
data input/output is synchronized.




NEC

uPD77C25, 77P25

1.2 Pin Functions for Programming/reading

UPD77P25’s Internal PROM

Pin Name Pin Number Pin Name Function
28-pin Plastic DIP, [32-pin Plastic SOP|44-pin Plastic QFJ| for Normal
28-pin Ceramic DIP Operation

A0 27 30 42 AO Input address (viewed from external

Al 24 27 37 WR device) for programming/reading PROM
(instruction ROM and data ROM).

A2 23 26 36 SORQ

A3 22 25 35 SO

A4 21 24 33 Sl

A5 20 23 31 SOEN

A6 19 22 30 SIEN

A7 18 21 28 SCK

A8 17 20 27 INT

A9 15 18 24 CLK

Al10 5 5 8 P1

All 4 6 5 PO

Al2 3 4 4 DRQ

Al13 2 3 3 DACK

DO to D7 6to 13 7to 14 9 DO to D7 | Inputs/outputs datafor PROM (instruction

11to 14 ROM and data ROM)
16
19, 20

CE 26 29 41 cs PROM program strobe signal (active low)

OE 25 28 38 RD PROM read strobe signal (active low)

Vep 1 2 2 Vep Power pin for programming PROM
Apply +12.5 V for writing and +5 V for
reading.

Vob 28 32 1 Vop Power pin

31 44 Apply +6 V for programming and +5 V for

reading.

GND 14 15 21 GND Ground pin

16 22
— 16 19 25 RST Sets PROM program or read mode.

Mode is set when +12.5 V is applied.

10
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2. INTERNAL FUNCTIONS

)

)

©)

4

®)

(6)

7

Instruction ROM

This ROM stores the program of the uPD77C25 and has a capacity of 2K words x 24 bits. In the uPD77C25
this is a mask ROM and in the uPD77P25 is a PROM. The address to be accessed is specified by Program
Counter (PC).

PC (Program Counter)

This is a 11-bit binary counter which specifies an address of the instruction ROM. Usually, the contents of
PC are incremented by one each time an instruction is fetched, and accordingly the instructions are read from
ROM in order.

When jump instruction or subroutine call instruction is executed, the NA (Next address) field value of the
instruction is input to the PC. The return address saved in the stack is input to the PC in case that the return
instruction is executed, and the interrupt address (100H) is input in case that an interrupt request is input to
the INT pin with the interrupt enabled.

The reset input clears the PC contents to O0H and the program execution starts from address 0.

STACK

The stack has 11 bit x 4 level, LIFO (Last-In First-Out) configuration and stores the return address when the
subroutine call instruction is executed or an interrupt is generated. The return address is read out from the
stack and input to the PC when the return instruction is executed.

RAM

The RAM stores the data and is configured of 256 words x 16 bits. The address to be accessed is specified
by Data Pointer (DP). In addition to transferring data to and from the internal data bus, the RAM can directly
output datato the P input of ALU. It can also directly outputto the K register the address data with DP6 replaced
with “1”.

DP (Data Pointer)

The data pointer is an 8-bit register which specifies a RAM address. It is connected to the lower 8 bits of the
internal data bus, and transfers data to and from the other registers through it.

The upper 4 bits of DP (DPH) can be qualified when exclusively ORed with the 4 bits of the DPHM field in an
instruction.

The contents of the lower 4 bits of DP (DPL) can be incremented, decremented, or cleared depending on the
specification of the DPL field in an instruction.

Data ROM

The data ROM is a mask ROM in the yPD77C25 and a PROM in the uPD77P25. It stores various fixed data
such as coefficients of filter and has a capacity of 1K words x 16 bits. The address to be accessed is specified
by ROM Pointer (RP) and is output to the data bus and the input register L of the multiplier through ROM Output
Buffer (RO).

RP (ROM Pointer)

The ROM Pointer is a 10-bit register which specifies a data ROM address to be accessed. It is connected
to the lower 10 bits of the internal data bus.

The contents of RP can be decremented by specifying the RPDCR bit of an instruction.

11
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(8) RO (ROM Output Buffer)
The ROM output buffer is a 16 bits register which holds the data output by the data ROM. The contents of
this register are directly output to the internal data bus and the input register L of the multiplier.

(9) Multiplier
This is a parallel multiplier using secondary Booth’s algorithm. It multiplies the 2’s complement of the 16-bit
data stored inthe Kand L registers in each instruction cycle. As aresult, asign bitand 30-bit data are obtained.
The multiplier then stores the sign bit and the upper 15 bits of the 30-bit data in the M register. The lower 15
bits are stored in the upper 15 bits of the N register. (“0” is stored in the LSB.)

(10) K and L registers
These are 16-bit registers which hold the data input from the multiplier. The K register can not only directly
input the data from RAM but also transfer data to and from the internal data bus. The L register can directly
input the data from the data ROM, in addition, it can transfer data to and from the internal data bus. The data
which are input to the K and L registers are input to the multiplier simultaneously, and performs an arithmetic
operation.

(11) M and N registers
These are 16-bit registers which hold the results of the multiplication performed by the multiplier. The upper
16 bits of the multiplication results (i.e., sign bit plus the upper 15 bits) are stored in the M register. The lower
15 bits are stored in the N register (“0” is stored in the LSB). Both the M and N registers are connected to
the P input of the ALU.

(12) ALU and AccA, AccB

The ALU performs the following arithmetic operations of 16-bit data on two inputs: P and Q.

e OR

« AND

e XOR (Exclusive OR)

e SUB

e ADD

e Shift (only AccA and AccB)

* 1's complement (only AccA and AccB)

P input: RAM, Internal DATA bus, M register, N register, SHIFT, 0000 (H)

Q input: AccA, AccB
Both AccA and AccB are 16-bit accumulators which store the results of the arithmetic operation performed
by the ALU. They are connected to the output of the ALU and the internal data bus. The ASL field of an
instruction specifies which accumulator is to be used. The contents of AccA and AccB can be output to the
internal data bus, and can input to Q input of the ALU and SHIFT.

(13) SHIFT

This is a register which shifts 16-bit data input from AccA and AccB. 1-bit shift right, 1-bit shift left, 2-bit shift
left, 4-bit shift left, and 8-bit exchange can be performed.

12



NEC

uPD77C25, 77P25

(14)

(15)

(16)

(17)

Flag registers FLAG A and FLAG B

FLAG A and FLAG B are both 6-bit registers that hold the result of the ALU operation. FLAG A operates when
AccA is selected, while FLAG B operates when AccB is selected.

FLAG A and FLAG B consist of the following flag bits:

FLAG A SAl SAOQ CA ZA OVAl OVAO

FLAG B SB1 SBO CB ZB OVB1 OVBO

(a) CA, CB (Carry)
The flags store the carry or borrow resulting from the executed operation. (OPERATION: SUB, ADD,
SBB, ADC, DEC, INC)

(b) ZA, ZB (Zero)
The flags are set to “1” if the result of the executed operation is “0”; otherwise, cleared to “0”.

(c) SAO0, SBO (Sign 0)
The flags store the sign bit (MSB) of the result of the operation.

(d) OVAO, OVBO (Overflow 0)
The flags are set to “1” if an overflow in positive or negative direction has occurred as a result of the
executed operation; otherwise, cleared to “0”".

(e) OVA1, OVB1 (Overflow 1)
The flags set to “1” if an overflow has occurred the odd number of times as a result of the 3 operations
executed, and set to “0” if it has occurred the even number of times. (OPERATION: SUB, ADD, SBB,
ADC, DEC, INC)

(f) SA1, SB1 (Sign 1)
The flags are used with OVA1 or OVB1 to effectively process overflow. These indicates the direction in
which the overflow (positive or negative) has, if any, occurred.

TR, TRB (Temporary Register)
TR and TRB are 16-bit general-purpose registers which can be used to temporary latch data. They are
connected to the internal data bus.

SGN (Sign Register)

SGN is setto 8000H if the SAl flag is “0” and to 7FFFH if the flag is “1”. Therefore, the overflow compensation
can be performed with one instruction by simply transferring the contents of the SGN register without a test
instruction.

SR (Status Register)

The status register is a register which hold the status the uPD77C25 needs to transfer data to/from external
devices. ltis internally handled as a 16-bit register, and the upper 8 bits can be read from an external device
through DO to D7 pins.

MSB 8
RQM USF1 USFO DRS DMA DEC SOC SIC Can be read out from
DO to D7 pins.
7 LSB
El 0 0 0 0 0 P1 PO

13
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(18)

(19)

14

(a) PO, P1
The PO and P1 correspond to output ports PO and P1, and to which values input to these bits are directly
output.
(b) EI (Enable Interrupt)
El is the bit to specify whether enables or disables interrupt.
“0”: Interrupt is disabled.
“1": Interrupt is enabled.
(c) SIC (SI Control)
SIC is the bit to specify the length of serial data input to Sl pins.
“0": The length of serial input data is specified 16-bit.
“1": The length of serial input data is specified 8-bit.
(d) SOC (SO Control)
SOC is the bit to specify the length of serial data output to SO pins.
“0”: The length of serial output data is specified 16-bit.
“1": The length of serial output data is specified 8-bit.
(e) DRC (DR Control)
DRC is the bit to specify the length of data transfer to and from host CPU.
“0”: 16-bit length is specified.
“1". 8-bit length is specified.
(f) DMA (Direct Memory Access)
DMA is the bit to specify mode to transfer data to and from host CPU.
“0": non-DMA mode is specified.
“1": DMA mode is specified.
(g) DRS (DR Status)
DRS is the bit to indicate data transfer status of DR register in case of transferring 16-bit data. (DRC =
0)
“0”: It indicates transfer is terminated. (8-bit data is transferred two times.)
“1": Itindicates transfer is in progress.
(h) USFO, USF1 (User’s Flag)
USF0 and USF1 are the flag bits which can be freely used by user and can be used as a status bit in
transferring data to/from external device.
(i) RQM (Request for Master)
RQM is the bit to indicate that uPD77C25 is requesting host CPU for data write/read.
“0”: It indicates that data read/write is externally performed.
“1”: It indicates that DR register is internally read/written.
This flag bit also changes in DMA mode.

PORT
Ports are internally assigned to the same address as SR register (PO, P1) and can be used as output ports
to external devices.

DR (Data Register)

DR is the 16-bit register to interface to/from CPU. Since itis externally connected to the 8-bit bus, data is read
from/written to external in units of 8 bits. Internally writing and reading are performed by 16-bit at atime. When
the 8-bit mode is specified by DRC bit, only the lower 8 bits of the DR register (16 bits long) are valid.
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(20)

(21)

(22)

(23)

(24)

(25)

READ/WRITE Control Logic
R/W logic constructs the control part to transfer data to/from external devices through DO-D7. The following
operations are performed depending on the status of CS, A0, RD, and WR.

cs AO WR RD Function

1 X X X Internal operation is not affected.

X X 1 1 DO0-D7 are at high impedance levels.

0 0 0 1 Data on DO to D7 are latched to DR register.Note
0 0 1 0 Contents of DR are output DO-D7.Note

0 1 0 1 Inhibit (SR is read only)

0 1 1 0 Eight MSBs of SR are output to DO-D7.

0 X 0 0 Inhibit (may not read and write simultaneously)

Note Eight MSBs or 8 LSBs of data register (DR) are used, depending on DR status bit (DRS).

DMA Interface Logic
DMA Interface Logic controls DRQ signal using DACK signal. DRQ signal requests data transfer between DR
register and external host processor or memory.

S| (Serial Input Register)

The serial data from an external devices is input to the Sl register. The data are taken into the register in
synchronization of SCK, and are changed to the parallel data by the register. The parallel data is output to
the internal data bus by the instruction. The serial data can be treated not only LSB first but MSB first.

SO (Serial Output Register)

This register loads the parallel data to be output from the internal data bus, and changes the data into serial,
then outputs to the external devices. It can treat both LSB-first data and MSB-first data. The serial data is
output in synchronization of SCK.

INTERRUPT

This is the part to execute the interrupt process. An interrupt is detected at the rising edge of the INT signal
when the El bit of the SR registeris setto “1”. When the interruptis accepted, the interrupt process that address
is from 100H is executed.

RST (Reset)
The followings are initialized to “0” by the RST signal.
- PC
* FLAG A, FLAG B
e SR register
« DRQ
* SORQ
e S| ACK flag, SO ACK flag
RP register is set to “3FFH”". The other registers and contents of DATA RAM are not changed.

15
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3. INSTRUCTION

All instructions of the uPD77C25 are one word instruction; one instruction is composed of 24 bits. The instructions
are divided into the following four types.

OP instruction: This instruction is used to perform operations such as ordinary arithmetic operations and data
transfer.

RT instruction : This instruction is return instruction.

JP instruction : This instruction causes unconditional or conditional jump of program execution, or calls a
subroutine.

LD instruction : This loads 16-bit immediate data to the specified register.

3.1 OP Instruction

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P- A A
0 |eggoT ALU E DPL DPH-M D SRC DST
R

OP instruction has the following functions.
(i) This instruction consists of six fields and two bits.
(i) Program Counter is incremented to the address hold at that time.

(1) P-SELECT Field
This field selects P input of ALU.

(2) ALU Field
This field specifies ALU operation.

(3) ASL (Acc Selection) bit
This bit selects Q input of ALU and specifies AccA or AccB.

(4) DP. Field
This field specifies operation of lower 4 bits of DP (Data Pointer). The new value of DPL specified by this field
becomes valid from the next instruction.

(5) DPweM (DPH Modify) Field
This field qualifies changes value of the upper 4 bits of DP (Data Pointer). The value of this field is qualified
exclusively ORed with the value of the upper 4 bits in DP (Data Pointer). The qualified value of DP+ valid from
the next instruction.

(6) RPDCR (RP Decrement) bit
This bit specifies decrement operation of RP (ROM Pointer). The decremented value becomes valid from the
next instruction.

(7) SRC (Source) Field
This field specifies source register to the internal data bus for transfer instruction.

(8) DST (Destination) Field
This field specifies the destination register for a transfer instruction. The data specified in SRC Field (output
to the internal data bus) is written to the specified register.
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3.2 RT Instruction

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P- A A
01 |sgeeT ALU E DPL DPH-M D SRC DST
R

RT instruction is a return instruction and has the following functions.
(1) This instruction consists of six fields and two bits like the OP instruction.

(2) It restores the return address saved to the stack to PC after performing the same operation as the OP
instruction.

3.3 JP Instruction

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

10 BRCH NA

JP instruction causes program execution of jump unconditionally or conditionally. It also calls a subroutine.
(1) BRCH (Branch) Field

This field specifies type of jump instruction and conditional jump instruction.
(2) NA (Next Address) Field

This field specifies jump address.

3.4 LD Instruction

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

11 ID DST

This is an immediate data load instruction which loads 16-bit data to the specified register.
(1) ID (Immediate Data) Field

This field specifies the immediate 16-bit data. The immediate data is loaded to the register specified in DST
field.

(2) DST (Destination) Field
This field specifies the register that the data specified by ID field is loaded to. This field is the same as DST
field in OP instruction.

17
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3.5 Instruction Code

THE LIST OF INSTRUCTION CODE

Bit
bbb b b bDbDDUDUDUDUDUDTUDDDUDUDDD D D D
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Instruction
R
P- A P
OP 00 D D
SELECT ALU S DP. DPHeM 2 SRC DST
L
R
RT 01 Same as OP instruction
JP 10 BRCH NA
LD 11 1D DST
ALL INSTRUCTIONS
Instruction OP field Contents of instruction
D23 D22
oP 0 0 Arithmetic and Transfer Operation
RT 0 1 Return Instruction
JP 1 0 Jump Instruction
LD 1 1 Immediate Data Load Instruction
OP, RT INSTRUCTIONS
Mnemonic P-SELECT field Input Data
D21 D2o
RAM 0 0 RAM
IDB 0 1 Internal Data Bus
M 1 0 M register
N 1 1 N register

18
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OP, RT INSTRUCTIONS

Mnemonic ALU field Function
Dis Dis Di7 Dais

NOP 0O 0 0 O No Operation

OR 0O 0 O OR (Acc) « (Acc) v (P)

AND 0 0 1 o0 AND (Acc) — (Acc) A (P)

XOR o o0 1 1 Exclusive OR (Acc) ~ (Acc) ¥ (P)

SUB 0O 1 0 O Subtract (Acc) — (Acc) — (P)

ADD 0 1 0 1 Add (Acc) « (Acc) + (P)

SBB 0O 1 1 O Subtract with Borrow (Acc) « (Acc) - (P) — (C)
ADC o 1 1 1 Add with Carry (Acc) « (Acc) + (P) + (C)
DEC 1 0 0 ©O Decrement Acc (Acc) ~ (Acc) -1

INC 1 0 0 1 Increment Acc (Acc) « (Acc) +1

CMP 1 0 1 o0 Complement Acc (1's complement) | (Acc) — (Acc)
SHR1 1 0 1 1 1-bit R-Shift

SHL1 1 1 0 O 1-bit L-Shift

SHL2 1 1 0 1 2-bit  L-Shift

SHL4 1 1 1 0 4-bit  L-Shift
XCHG 1 1 1 1 8-bit Exchange

OP, RT INSTRUCTIONS

Mnemonic ASL bit Selection for Acc and FLAG
Dis
ACCA 0 Acc A
ACCB 1 Acc B

OP, RT INSTRUCTIONS

Mnemonic DP. field Operation
Dia Dis
DPNOP 0 0 No Operation
DPINC 0 1 Increment DPL
DPDEC 1 0 Decrement DPL
DPCLR 1 1 Clear DPL
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OP, RT INSTRUCTIONS

Mnemonic DPHeM field Exclusive OR
Di2 Di1 Dio D9
MO 0 0 0 O (DP7 DPs DPs DPs)v(0 0 0 0)
M1 0 0 0 1 (DP7 DPs DPs DPs)¥(0 O 0 1)
M2 0 0 1 o0 (DP7 DPs DPs DPy)v(0 0 1 0)
M3 0o 0 1 1 (DP7 DPs DPs DP)v(0 0 1 1)
M4 0 1 0 o0 (DP7 DPs DPs DPs)¥(0 1 0 0)
M5 0 1 0 1 (DP7 DPs DPs DP)v(0 1 0 1)
M6 0 1 1 o0 (DP7 DPs DPs DP)v(0 1 1 0)
M7 0 1 1 1 (DP7 DPs DPs DPs)¥(0 1 1 1)
M8 1 0 0 O (DP7 DPs DPs DPs)wv (1L 0 0 0)
M9 1 0 0 1 (DP7 DPs DPs DP)wv(1 0 0 1)
MA 1 0 1 o0 (DP7 DPs DPs DPs)v(1 0 1 0)
MB 1 0 1 1 (DP7 DPs DPs DP)wv(1 0 1 1)
MC 1 1 0 0 (DP7 DPs DPs DP)v (1 1 0 0)
MD 1 1 0 1 (DP7 DPs DPs DPs)¥(1 1 0 1)
ME 1 1 1 o0 (DP7 DPs DPs DP)wv(1 1 1 0)
MF 1 1 1 1 (DP7 DPs DPs DP)w (1 1 1 1)
OP, RT INSTRUCTIONS
Mnemonic RPDCR bit Operation
Ds
RPNOP 0 No Operation
RPDEC 1 Decrement RP
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OP, RT INSTRUCTIONS

Mnemonic SRC field Specified register
D7z De Ds Da
NONNete 1 ' TRB 0 0 0 O TRB register
A 0O 0 0 1 Acc A register
0O 0 1 O Acc B register
TR o 0 1 1 TR register
DP 0O 1 0 O DP register
RP o 1 o0 1 RP register
RO 0O 1 1 O RO register
SGN o 1 1 1 SGN register
DR 1 0 0 ©O DR register
DRNF 1 0 0 1 DR registerhote 2
SR 1 0 1 o0 SR register
SIM 1 0 1 1 Sl register (1st — MSB)Note 3
SIL 1 1 0 o0 Sl register (1st — LSB)Noe 4
K 1 1 0 1 K register
L 1 1 1 o0 L register
MEM 1 1 1 1 RAM

Notes 1. The contents of the TRB register are also output if NON is specified.
2. Althoughthe contents of the DR register are output to the internal data bus, the RQM flag is not set. Neither
is the DRQ flag in DMA mode.
3. With the 16-bit data, the serial data input first is output to the MSB of the internal data bus; the data input
last is output to the LSB.
4. With the 16-bit data, the serial data input first is output to the LSB of the internal data bus; the data input
last is output to the MSB.
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OP, RT, LD INSTRUCTIONS

Mnemonic DST field Specified register
Ds D2 Di Do
@NON 0O 0 0 O No specified register
@A 0O 0 0 1 Acc A register
@B 0 0 1 0 Acc B register
@TR 0 0 1 1 TR register
@DP 0O 1 0 O DP register
@RP 0 1 0 1 RP register
@DR 0 1 1 0 DR register
@SR o 1 1 1 SR register
@SOoL 1 0 0 O SO register (LSB - 1st)Noe?!
@SOM 1 0 0 1 SO register (MSB - 1st)Note 2
@K 1 0 1 o0 K register
@KLR 1 0 1 1 KLRNote 3
@KLM 1 1 0 O KLMNote 4
@L 1 1 0 1 L register
@TRB 1 1 1 0 TRB register
@MEM 1 1 1 1 RAM
Notes 1. With 16-bit data, the serial output is sequentially performed from the LSB bit of the internal data bus.

2. With 16-bit data, the serial output is sequentially performed from the MSB of the internal data bus.

3. The data on the internal bus and the output from the RO register (ROM) are set to the K and L registers,

respectively.
4. The data on the internal bus and the contents of RAM (DP7, “1”, DPs, DP4, DP3, DP2, DP1, and DPo)
specified by DPs = (“1”) are set to the L and K registers, respectively.

Remark Following combination are prohibited in OP or RT instruction

DST field = @KLR, SRC field = K or L register

DST field = @KLM, SRC field = K or L register

DST field and SRC field specify the same register

P-SELECT field = RAM, DST field = @MEM (for ALU operation)
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JP INSTRUCTION

Mnemonic BRCH field Condition
D21 D20 Di9s Dige Diz Dis Dis Disa Dais

JMP 1 0 0 0O O o o o0 o Unconditional jump
CALL 1 0 1 0 0O 0 0 0 O Unconditional jump
JNCA 0 1 0 O O O 0o o0 o CA=0
JCA 0 1 0 0O O 0 O 1 0 CA=1
JNCB 0o 1 0 O O o 1 o0 O CB=0
JCB 0 1 0 0 0 O 1 1 0 CB=1
INZA 0 1 0 0 O 1 0 0 O ZA=0
JZA 0 1 0 0 O 1 0 1 0 ZA=1
JNZB 0 1 0 0 O 1 1 0 O ZB=0
JZB 0 1 0 0 O 1 1 1 0 ZB=1
JNOVAO 0o 1 0 O 1 o 0 0 O OVAO =0
JOVAO 0 1 0 O 1 0 O 1 0 OVAO =1
JNOVBO 0 1 0 O 1 0 1 0 O OVB0 =0
JOVBO 0 1 0 O 1 0 1 1 0 OovBO =1
JNOVA1 0 1 0 O 1 1 0 0 O OVAl1 =0
JOVAL 0 1 0 O 1 1 0 1 0 OVAl =1
JNOVB1 0 1 0 O 1 1 1 0 O OVvB1 =0
JOVB1 0 1 0 O 1 1 1 1 0 OovBl =1
JNSAO 0 1 0 1 0 O O 0 O SA0 =0
JSAO 0o 1 0 1 0 O 0 1 O SA0 =1
JNSBO 0 1 0 1 0 O 1 0 O SBO=0
JSBO 0 1 0 1 0 O 1 1 0 SBO=1
JNSA1 0o 1 0 1 0 1 0 0 O SA1=0
JSA1 0 1 0 1 0 1 0 1 0 SAl1=1
JNSB1 0 1 0 1 0 1 1 0 O SB1=0
JSB1 0 1 0 1 0 1 1 1 0 SBl1=1
JDPLO 0 1 0 1 1 0 0O 0 O DPL=0
JDPLNO 0 1 0 1 1 0 0 O 1 DPL#0
JDPLF 0 1 0 1 1 0 O 1 0 DP. = F (HEX)
JDPLNF 0 1 0 1 1 0 O 1 1 DPL # F (HEX)
JNSIAK 0 1 0 1 1 0 1 0 O SIACK =0
JSIAK 0 1 0 1 1 0 1 1 0 SIACK =1
JNSOAK 0 1 0 1 1 1 0 0 O SO ACK=0
JSOAK 0 1 0 1 1 1 0 1 0 SOACK=1
INRQM 0 1 0 1 1 1 1 0 0 |RQM=0
JRQM 0 1 0 1 1 1 1 1 0 RQM =1
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JP INSTRUCTION

NA field Jump address

Di2  Di1 Do Do Ds D7 De Ds Da Ds D2

0 0 0 0 0 0 0 0 0 0 0 Specify address 0 as jump address

0 0 0 0 0 0 0 0 0 0 1 Specify address 1 as jump address

0 0 0 0 0 0 0 0 0 1 0 Specify address 2 as jump address

to to
1 1 1 1 1 1 1 1 1 1 1 Specify address 2047 as jump address
LD INSTRUCTION
ID field HEX

D21 D2 Dise Dis Diz Dis Dis Dia Dz Diz2 Duir  Dio Do Ds D7 De

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00O
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 001
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 00 2

to to
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 FFFF
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EFFECT OF ALU OPERATION ON FLAGS

Selected FLAG Nonselected FLAG
S1 SO C z oVl ovo S1 SO C z [O)VAR OoVvo

NOP ] [ ] [ ] [ ] (] (] (] (] (] [ J [ J [ J
OR X t 0 t 0 0 o o ([ ([ [ ®
AND X ! 0 ! 0 0 o o () () [ [
XOR X ! 0 ! 0 0 ® ® (] (] ([ ([
SuUB ! ' ! ' ! ! [ ] [ ] [ ] [ ] [ ] [ ]
ADD t t ' ' ' ' ) ) ) ) ) )
SBB t t ' ' ' ' ) ) - ) ) )
ADC ' ' ' ' ' ' o o - o o o
DEC t t ' ' ' ' ) ) ) ) ) )
INC t t ' ' ' ' ) ) ) ) ) )
CMP X t 0 t 0 0 o o ([ ([ [ ®
SHR1 X ! ! ! 0 0 o o [ J () [ [
SHL1 X ! ! ! 0 0 [ J () - ([ [ [
SHL2 X ! 0 ! 0 0 [ ] [ ] [ ] [ ] [ ] [ ]
SHL4 X ! 0 ! 0 0 o o () () [ [
XCHG X t 0 t 0 0 () () ([ ([ [ o

~ : Affects the result of operation

t @ Affected by the result of operation

0 : Clearedto 0

1 : Settol

@ : Retains the previous state

X : Undefined
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4.

INSTRUCTION EXECUTION TIMING

The puPD77C25 operates according to the external square wave applied to the CLK pin. This square wave is

internally divided into two to generate two phases of clocks as shown for internal operation.
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Internal Clock Timing
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The instruction is executed as follows.

An instruction is executed with two T2's.

Data is read from and written to RAM and registers and is read from the data ROM at T1.

ALU performs an operation in T1 and T2 and the output result is latched to an Acc in one T2.

The input data to the multiplier is setin one at T1. Atthe same time, a multiplication is performed and its result

is output at the next T1.

The instruction execution timing in the timing chart indicates the cycle of T1 or T2.

Instruction execution

RAM read/write
Register read/write
Data ROM read

ALU operation
Acc latch
Multiplication
Multiply input set

Multiply output set

Instruction
execution
timing

Instruction Execution Timing

\ T2 \ T1 \ T2 Tl T2 \ Tl \
(N-1)
(N) |
‘ (N+1) ‘
| (N+2)
1 ) 1 1
(N)

‘ (N) ‘ ‘

e \L\ e
(N-1) Multiply result by
N instruction
(N-1) >< (N) >< (N+1) X (N+2)
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5. uPD77P25 PROM INTERFACE

(1) Input/Output Data Format
One word of the instruction ROM consists of 24 bits, while 16 bits make up one data ROM word. Data are
programed to or read from these PROMs in units of 8 bits (byte). Therefore, special address are assigned
to the PROMs. Address OH through 1FFFH are assigned to the 2K-word instruction ROM. The following
address, 2000H through 27FFH are assigned to the 1K-word data ROM.
Since the instruction ROM is configured on a 1-word-for-24-bit basis, one dummy byte address is provided
per word. This dummy byte address is used for the instruction ROM code protection.
For example, data in word address OH of the instruction ROM is equivalent to three bytes of byte address OH
to 2H. 3H is a dummy byte address.

Memory Map of uPD77P25 On-Chip PROM

(@) Instruction ROM (1 word = 24 bits)

24 bits dummy byte
23 15 7 0
Internal OH OH 1H 2H 3H
Word
Address 1H 4H 5H 6H 7H
|
| 1 | | | 1
| 1 I I I 1
| 1 | | | 1
| 1 | | | 1
|
7FEH 1FF8H 1FF9H 1FFAH 1FFBH
7FFH 1FFCH 1FFDH 1FFEH 1FFFH
MSB

Remark Numeric values within the boxes are byte addresses of the instruction ROM.

(b) Data ROM (1 word = 16 bhits)

16 bits
15 7 0
Internal OH 2000H 2001H
Word
Address 1H 2002H 2003H
|
} ] | 1
| 1 I 1
o | :
|
3FEH 27FCH 27FDH
3FFH 27FEH 27FFH
MSB LSB

Remark Numeric values within the boxes are byte addresses of the data ROM.
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(2) Erasing Data
The datainthe uPD77P25D’s UVEPROMSs can be erased by exposing them to a light with a wavelength shorter
than 400 nm. All data in the UVEPROMSs are set to “1s” after the erasure.
Note that, if the uPD77P25D is exposed to the direct sunlight or fluorescent light for a long time, the data might
be erased. To prevent this, the UVEPROM window must be masked with a cover or film for shielding from
the ultraviolet light.
Usually, the UVEPROMs are erased exposed to the ultraviolet light with a wavelength of 254 nm. The total
light quantity required to completely erase the written data is 15 Ws/cm? (UV intensity x erase time) that is
equivalent to exposure to a UV lamp with a wavelength of 12000 pW/cm? for about 15 to 20 minutes. However,
a longer erasing time may be required due to such factors as the life of the UV lamp and stains on the window
of the package.
The uPD77P25D must be positioned within one inch away from the UV lamp.

(3) Procedure to Program Data

To Program data, perform the programming operation observing the following procedure.

<1> Apply +12.5Vto RST (pin 16), +6 V to Vop, and +12.5 V to Vep. This causes the PROMs to enter program
mode.

<2> Specify the desired ROM byte address from address input pins A0 to A13.

<3> Program the data on the data bus (DO to D7) by applying “0” to CE while OE is “1". (program mode).

<4> OQutput the programed data to the data bus (DO to D7) by applying “0” to OE while CE is “1” (program
verify mode).

<5> Repeat steps <2> through <4> 25 times maximum until the data is properly programed to the specified
address.

<6> After verifying that the data has been properly programed, apply additional pulses by setting OE to “1”
(clear CE to “0". The pulse width of it is 3Xms if the number of repetitions in <3> and <4> is X).

The above procedure completes writing one byte of data.

In case the data will not be properly programed even after steps <2> to <4> have been repeated more than

25 times, it means that the uPD77P25 is defective.

Since the area from byte address 2800H to 3FFFH is for internal testing, the area to program data must be

set from byte address OH to 27FFH. Please set the data FFH to program data to the dummy byte address

in the normal programming.

On-Chip PROM Program Timing

+120V+05V

RST /

SV 25vi03V
Vep /
+5V
+6V
Vobp —
+5V

A0to AL13 —< X
001007 ——— O —
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(4) Procedure to Read Data

<1> Apply +12.5 V to RST (pin 16), +6 V to Vob, and +12.5 V to Vep. This causes the PROMs to enter read
mode.

<2> Specify the desired ROM byte address from the address input pins A0 to A13.

<3> Data will be output to the data bus (DO to D7) by clearing OE and CE to “0".

On-Chip PROM Read Timing

+12.0V+05V

RST /

+5V

+5V

Vob
+5V

A0 to A13 —=

DO to D7

AN

CE \

IRRR

(5) Instruction ROM code protection

A word of the instruction ROM can be protected if the data FEH is programmed to a dummy byte address. For
example, the three bytes of addresses OH through 2H (word address OH) is protected if the data FEH is
programmed to the dummy byte of address 3H. To protect the instruction ROM, perform the protecting
operation observing the following procedure.

<1> Set the data FFH to the dummy addresses, then program the data as the procedure described (3).
<2> Verify the programmed data as the procedure described (4).

<3> Set the data FEH to the dummy addresses, then program the data as the procedure described (3).
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6. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Ta =25 °C)

Parameters Symbol |Product names Conditions Ratings Unit
Power Supply Voltage Vob uPD77C25 -0.5t0 +7.0 \%
HPD77P25
Vep HPD77P25 -0.5t0 +13.5
Input Voltage Vi uPD77C25 —0.5to Voo +0.5 \%
HPD77P25
VRsT HPD77P25 RST Pin -0.5t0 +13.0
Output Voltage Vo uPD77C25 —0.5to Voo +0.5 \%
HPD77P25
Operating Ambient Temperature Ta uPD77C25 —40 to +80 °C
uPD77P25 Normal operation —10to +70
PROM mode +20 to +30
Storage Temperature Tstg HPD77C25 —65 to +150 °C
UPD77P25

Caution Exposure to Absolute Maximum Ratings for extended periods may affect device reliability; exceeding
the ratings could cause permanent damage. The parameters apply independently. The device
should be operated within the limits specified under DC and AC Characteristics.
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RECOMMENDED OPERATING CONDITIONS

Parameters Symbol |Product names Conditions MIN. | TYP. | MAX. | Unit
Power Supply Voltage Vop uPD77C25 Normal operation 4.5 5.0 5.5 \
UPD77P25
HPD77P25 Programming 5.75 6.0 6.25
Vep uPD77P25 Reading and normal operation | 4.5 5.0 5.5
Programming 12.2 12.5 12.8
Low Level Input Voltage Vie uPD77C25 -0.3 +0.8 \
HPD77P25
High Level Input Voltage Vi1 uPD77C25 2.2 Voo +0.3| V
HPD77P25
Low Level Clock Input Voltage Vie uPD77C25 -0.3 +0.5 \
UPD77P25
High Level Clock Input Voltage ViHe uPD77C25 3.5 Voo +0.3| V
HPD77P25
Input Voltage for Setting PROM mode | Vrst uPD77P25 Reading and writing 11.5 12.0 12.5 \%
Operating Ambient Temperature Ta uPD77C25 -40 +25 +85 °C
uPD77P25 Normal operation -10 +70
PROM mode +20 +30

DC CHARACTERISTICS [NORMAL OPERATION]

(uPD77C25: Ta =-40to +85 °C,
UPD77P25: TA=-10to +70 °C, Vop = 4.5V t0 5.5 V)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
Low-level Output Voltage VoL lo. = 2.0 mA 0.45 \%
High-level Output Voltage Von lon = =400 pA 0.7 Voo \%
Low-level Input Leak Current lui Vin=0V -10 UA
High-level Input Leak Current lum Vin = Vop 10 UA
Low-level Output Leak Current ILoL Vour = 0.47 V -10 UA
High-level Output Leak Current ILoH Vout = Vop 10 UA

Supply Current (uPD77C25)

loo

fok = 8.192 MHz

25 50 mA

feik = 8.192 MHz, RST = “1”

15 25 mA

Supply Current (UPD77P25)

loo

feik = 8.192 MHz

35 60 mA

fck = 8.192 MHz, RST = “1”

20 35 mA

lpp

1 mA
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DC CHARACTERISTICS [PROM MODE] (Ta = +20 to +30 °C, Vobo = 5.75 V to 6.25 V)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit

Input Leak Current IrsT VrsT =120+ 0.5V 30 HA
Supply Current Iop 60 mA
lpp 30 mA

CAPACITANCE (Ta = 25 °C, Voo = 0 V)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
CLK, SCK Input Capacitance Co fc =1 MHz 20 pF
Input Capacitance CiN 20 pF
Output Capacitance Cout 20 pF

CLOCK TIMING REQUIREMENTS

Clock Timing (uPD77C25: Ta =-40 to +85 °C, uPD77P25: Ta=-10to +70 °C, Voo = 5V +10 %)

Parameters Symbol |Product names Conditions MIN. | TYP. | MAX. | Unit
CLK Cycle Time teve uPD77C25 Measuring at 2.0 V 120 122 | 2000 ns
HPD77P25
CLK Pulse Width tec uPD77C25 Measuring at 2.0 V 55 ns
UPD77P25 60
CLK Rise Time ter uPD77C25 Measuring at 1.0, 3.0 V 10 ns
HPD77P25
CLK Fall Time ter uPD77C25 Measuring at 1.0, 3.0 V 10 ns
HPD77P25
SCK Cycle Time tevs uPD77C25 240 244 ns
UPD77P25
SCK High Pulse Width tssH uPD77C25 100 ns
HPD77P25
SCK Low Pulse Width tssL uPD77C25 100 ns
HPD77P25
SCK Rise Time tsr uPD77C25 20 ns
UPD77P25
SCK Fall Time tsk uPD77C25 20 ns
HPD77P25
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VOLTAGE REFERENCE LEVELS

Input

24V
22V 22V
08V 0.8V
04V

Output

22V 22V
08V 0.8V

TIMING CHART

teve

3.0V
CLK 20V 7 10V
tcc tcc tcr tcr
[ ] [
teys
/ N\
SCK X
\
tssH tssL
tsr tsF
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HOST INTERFACE TIMING

Timing Requirement (uPD77C25: Ta =-40to +85 °C, uPD77P25: Ta =-101to +70 °C, Vob =5V 10 %)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
A0, C_S DACK Setup Time for RD tsar 0 ns
A0, CS, DACK Hold Time for RD tHRA 0 ns
RD Pulse Width twrp 120 ns
A0, C_S DACK Setup Time for WR tsaw 0 ns
A0, C_S, DACK Hold Time for WR tHwA 0 ns
WR Pulse Width twwr 120 ns
Data Setup Time for WR tsow 100 ns
Data Hold Time for WR tHwo 0 ns
%, WR Recovery Time trv 100 ns
DACK Hold Time for DRQ tHRQA 0.5teve ns
R_D, WR Setup Time for CLK tsrwe Note 50 ns
ﬁ, WR Hold Time for CLK tHerw Note 50 ns

Note Setup and hold requirement for asynchronous signal only guarantee recognition at next CLK.

Switching Characteristics (uPD77C25: Ta = -40 to +85 °C, uPD77P25: Ta =-10to +70 °C,
Vob =5V £+ 10 %, CL = 100 pF)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
RD | - Data Delay Time torD 100 ns
RD 1 — Data Float Time trRD 10 65 ns
CLK t+ -~ DRQ Delay Time tocrQ 80 ns
DACK | - DRQ Delay Time tbArRQ 110 ns
CLK t - PO, P1 Delay Time tocp 100 ns
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TIMING CHART

Host Read Operation

A0, DACK, CS

tsar tHRA

trv

twrD

trRD
torD |

DO to D7

Host Write Operation

AOQ, DACK, CS
tsaw tHwa
B E— — (-

trv

twwr
WR \
N /|
tsow tHwp

DO to D7
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Normal Operation-1 8 bit Mode

Internal Timing
Instruction X <1> X X X X < 1 >Note X X
Execute Timing

RQM Flag / \ /

External Timing

CLK
tHCRW tHeR tsrwe
[ [~ |-

A0, CS \

. tsar, tsaw . tHrRA, tHwa

_ 7

RD, WR \, L \
twrp, twwr

Normal Operation-2 16 bit Mode

Internal Timing

:Enxsgcuuctteizogiming X <1> X X X X X X <1>m X
RQM Flag / \____ /

External Timing

S Y/ N WV NV g N o

WC

A0, CS \ / \ /
RD, WR \ 2

trRv
-

<1> Setting RQM flag to “1” (MOV @DR, xxx or MOV @xxx, DR)
Note The RQM flag is recognized as “0” from this instruction.
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Internal Timing

DMA Operation-1 8 bit Mode

Instruction X

Execute Timing <1>

X X

RQM Flag /

External Timing

tHCRW tsrwe
[

CLK
IDCRQ
DRQ / S(
tHRQA
tbARQ
DACK \(
tsar, tsaw L
@, W \( 7/////£
twrp, twwr

Internal Timing

tHRA, tHwA

DMA Operation-2 16 bit Mode

Instruction X

Execute Timing <1>

A A

X X < 1 >hote X:

RQM Flag /

External Timing

o SN NS\

DRQ /

tHrRQA
|« RQA

DACK

~

/S

tHCrRW tsrwe
| |

/

/

7/////£

<1> Setting RQM flag to “1” (MOV @DR, xxx or MOV @xxx, DR)
Note The RQM flag is recognized as “0” from this instruction.

37



NEC uPD77C25, 77P25

Port

Internal Timing

Instruction
Execute Timing >< <i> >< >< ><

External Timing

CLK

tocp

PO, P1

<1> Setting PO or P1 (LDl @SR, | mm)
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INTERRUPT RESET TIMING

Timing Requirements (uPD77C25: Ta =-40to +85 °C, uPD77P25: Ta=-10to +70 °C, Voo =5V + 10 %)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
RST Setup Time for CLK tsrsc Note 50 ns
RST Hold Time for CLK tHers Note 50 ns
RST Pulse Width trsT System reset 2tcve ns

enter power saving state 3teve

INT Setup Time for CLK tsine Note 50 ns
INT Hold Time for CLK tHein Note 50 ns
INT Pulse Width tinT 3teve ns
INT Recovery Time tRINT 2tcve ns

Note Setup and hold requirement for asynchronous signal only guarantee recognition at next CLK.

Switching Characteristics (uPD77C25: Ta = -40 to +85 °C, uPD77P25: Ta =-10to +70 °C,
Vob =5V + 10 %, CL = 100 pF)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit

CLK t - Reset State Delay Time tocrs 100 ns
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Reset Operation

Internal Timing

Exeute Timing X X X _nop X wop X nop X wop X o X
SR Register \ /_

External Timing

/ /
S/ N o N/ N/ VAV N o N/
LH_C»RS IsRsC tHer {sRsC
LG
7 ) Y
RST W \\\\\(
trsT
oo \ /
e O s
PO, P1 \ .
tocrs ’
DRQ, /_
SORQ \t tocrs b
o) ) 45

Interrupt Operation

Internal Timing

Instruction X
Execute Timing

<1> X X nop X 809 ¥ X nop X ooy X
El Bit / \ / \

External Timing

INT W‘ . )S _ WL

<1> Setting El bit to “1” (LDl @SR, | mm)
Note EIl bit can be set to “1” from this instruction.
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SERIAL INTERFACE TIMING

Timing Requirements (uPD77C25: Ta =-40to +85 °C, uPD77P25: Ta=-10to +70 °C, Voo =5V + 10 %)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
SIEN, SI Setup Time for SCK tssis 50 ns
SIEN, SI Hold Time for SCK thssi 30 ns
SOEN Setup Time for SCK tsses 50 ns
SOEN Hold Time for SCK tHssE 30 ns
CLK Setup Time for SCK tscs Note 50 ns
CLK Hold Time for SCK tHsc Note 50 ns
SCK Setup Time for CLK tssc Note 50 ns
SCK Hold Time for CLK tHes Note 50 ns
Note Setup and hold requirement for asynchronous signal only guarantee recognition at next CLK.
Switching Characteristics (uPD77C25: Ta = -40 to +85 °C, uPD77P25: Ta =-10to +70 °C,
Voo =5V £+ 10 %, CL = 100 pF)
Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
SCK 1 - SORQ Delay Time tbssq 30 150 ns
SCK | - SO Delay Time tosLso 60 ns
SCK | - SO Hold Time tHsLso 0 ns
SCK | - SO Float Time trsso 60 ns
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TIMING CHART
Serial Input Operation

| teys

sk U_u W
tssis tHs}

SIEN

tssis tHssl
((
))
s >J; ﬂx >< ><
((
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Serial Input Operation

Internal Timing

et g X X X X XX X X X Ao XX XX
SIAK Flag /_\

External Timing

tssis thss
SIEN \r y

tssis thss!
. Y X XX

<1> Setting SIAK flag to “0” (MOV @xxx, Sl)
Note The SIAK flag is recognized as “1” from this instruction.

Serial Output Operation

Internal Timing

Ereane ming XXX X XX XwmeX X X XX XX
SOAK Flag / \

External Timing

tssc
[

SORQ ﬁ . \r

tsses tHsse

soe \ /
tosLso tHsLso trsso

s \ 7 \

X §<: X 15—

)

SCK

SO

=N}

\,

<1> Setting SOAK flag to “1” (MOV @SO, xxx)
Note The SOAK flag is recognized as “0” from this instruction.
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Serial Output Operation

Serial Output Case #1: SOEN Asserted in Response to SORQ

/"

p

SCK /_
/0 ./
tossqQ tpssq
() ()
SORQ
tHssE
tsses D
SOEN ((
| fosLso |_tbstso T |_tHsLso |_trsso
I
)]
SO
i \ o %K \ %P*
First Bit Last Bit
Valid Valid
Serial Output Case #2: SOEN Active before SORQ is High
SCK J /
tossQ tbssq —
| [
{ G
. )Y
SORQ
SOEN "L Cc
))
tpsLso tosLso L trsso
I
)]
o X
e (¢ AN
First Bit Last Bit
Valid Valid

Serial Output Case #3: if SOEN is Released in the Middle of a Transfer

SCK / \

/D

~/ /N

/Y

-/

| fostso

| fostso

tHssE tsses
[
SOEN trsso
tHsLso | tHstso | |
0N\ jLP< AN
Valid Valid Not Valid
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UVPROM PROGRAMMING TIMING

DATA READ TIMING [PROM MODE]

Timing Requirements (Ta=25%5°C, Voo =5.0+ 0.5V, Vpp = Vop, ViHr = 12.0 + 0.5 V)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
CE Setup Time for RST tsrsce 2 us
OE Setup Time for RST tsrsoe 2 us
Switching Characteristics (Ta=25+ 5 °C, Voo =5.0 £ 0.5V, Vep = Vbp, ViHr = 12.0 £ 0.5 V)
Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
Address to Output Delay toaD 200 ns
CEto Output Delay toco 200 ns
OE to Output Delay tbobr 75 ns
OE High to Output Float trcp 0 60 ns
Address to Output Hold tHAD 0 ns
DATA PROGRAM TIMING [PROM MODE]
Timing Requirements (TA=25+5°C, Voo =6.0+0.25V, Vpp =125+ 0.3V, ViHr = 12.0 £ 0.5 V)
Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
CE Setup Time for RST tsrsce 2 us
CE Setup Time for Address tsac 2 us
CE Setup Time for Data tsoc 2 us
CE Setup Time for Vee tsvec 2 us
CE Setup Time for Voo tsvoc 2 us
OE Setup Time for Data tspo 2 us
Address Hold Time tHea 2 us
Data Hold Time tHeo 2 us
Initial Program Pulse Width tweo 0.95 1.0 1.05 ms
Overprogram Pulse Width tweaNote 2.85 78.75 ms

Note twci = 3n twco assuming initial program pulse is applied n times.

Switching Characteristics

(TA=25+5°C,Vop=6.0+0.25V, Vpp =125+ 0.3V, ViHr = 12.0 £ 0.5 V)

Parameters Symbol Conditions MIN. | TYP. | MAX. | Unit
OE to Output Float Time trop 0 130 ns
OE to Output Delay toobw 150 ns
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TIMING CHART

46

VIHR
RST
ViL/ViH
ViH
A0 to A13
Vi
Vi
DO to D7
Vi
Vep
Vep
Vob
Vop+1
Vop
Vob
_ ViH
CE
Vi
. ViH
OE
Vie
ViHR
RST
ViV
Vin
AO to A13
Vi
o ViH
CE
Vi
Vin
OE
Vi
Vin
DO to D7
Vi

PROM Program Operation

tsrsce
-—

tsac
-

tsbc
-

tooow

tsvpc

tHeo

tHep
-

tsvbc
-

J#Mﬁ%#
|
|

|_tsoc

tHea

tsbo

twe

PROM Read Operation

8

A

‘ tbaD

tsrsce

(.
toco

trco

1
tsrsoE

! toobr

tHAD
[

/
A\
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7. PACKAGE DRAWINGS
28 PIN PLASTIC DIP (600 mil)

28 15
OO0 MMM mmrmE

NN [N [ [ N [ N N N N N I B Iy
1 14

A

- L
- I - n
/ \
o M R
NOTES
1) Each lead centerline is located within 0.25 mm (0.01 inch) ITEM MILLIMETERS INCHES
of its true position (T.P.) at maximum material condition. A 38.10 MAX.  1.500 MAX.
B 2.54 MAX. 0.100 MAX.
2) Item "K" to center of leads when formed parallel. c 2.54 (T.P.) 0.100 (T.P.)
D 0.50£0.10  0.02079:992
F 1.2 MIN. 0.047 MIN.
G 3.6£0.3 0.142+0.012
H 0.51 MIN. 0.020 MIN.
[ 4.31 MAX. 0.170 MAX.
J 5.72 MAX. 0.226 MAX.
K 15.24 (T.P.)  0.600 (T.P.)
L 13.2 0.520
+0.10 +0.004
M 0.257555 0.01015:003
N 0.25 0.01
R 0~15° 0~15°

P28C-100-600A1-1
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28PIN CERAMIC DIP (600 mil)

X
28 15
N e Y Y Y e e I o I e o I o I |
' N\ }
> + Y
\ N/ !
BN N N [ N N N N [y | N N Iy
1 14
A
z
)
i . —
1 igigigigl
M R
-G
NOTES ITEM MILLIMETERS  INCHES
1) Each lead centerline is located within 0.25 mm (0.010 inch) of A 38.10 MAX.  1.500 MAX.
its true position (T.P.) at maximum material condition. B 2.54 MAX. 0.100 MAX.
2) Item "K" to center of leads when formed parallel. c 2.54 (T.P) 0.100 (T.P.)
D 0.50%0.10 0.020*3-904
F 1.20 MIN. 0.047 MIN.
G 3.5+0.3 0.138+0.012
H 0.51 MIN. 0.020 MIN.
| 3.80 0.150
J 5.08 MAX. 0.200 MAX.
K 15.24 (T.P.)  0.600 (T.P.)
L 14.66 0.577
+0.002
M 0.25+0.05 0.010%7 505
N 0.25 0.010
R 0~15° 0~15°
X 10.5 0.413
Y 9.2 0.362
z R2.0 R0.079

P28DW-100-600WA1-1
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44 PIN PLASTIC QFJ (1650 mil)

A
B
| O o N e O e Y o N o N e Y e O o I o B
O ]
O 1
O 1
O 1
44 1
1p O + 0- o |0
O 1
O 1
O 1
O 1
O 1
| U N N N R N N NN N N N N R S
- F __E
o T:‘ED
T | | | | '
- Q
M
- |
P44L-50A1-2
NOTE ITEM|  MILLIMETERS INCHES
Each lead centerline is located within 0.12
mm (0.005 inch) of its true position (T.P.) at A 17.5%0.2 0.689+0.008
maximum material condition. B 16.58 0.653
C 16.58 0.653
D 17.5%0.2 0.689+0.008
E 1.94+0.15 0.076*3:3%%
F 0.6 0.024
G 4.4%0.2 0.17370:5%8
H 2.8+0.2 0.110%3:3%8
I 0.9 MIN. 0.035 MIN.
J 3.4 0.134
K 1.27 (T.P.) 0.050 (T.P.)
M 0.40%0.10 0.016%33%
N 0.12 0.005
P 15.50%+0.20 0.6105:0%8
Q 0.15 0.006
T RO.8 R 0.031
u 0.20%9:32 0.008%3%%%
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32 PIN PLASTIC SOP (525 mil)

HRRAAAARRAAAAARE

N\

nooobBoodobEooobEEg

A

NOTE

Each lead centerline is located within 0.12
mm (0.005 inch) of its true position (T.P.) at
maximum material condition.

50

detail of lead end

5°+5° =

S
S32GM-50-525A-2

ITEM MILLIMETERS INCHES

A 20.61 MAX. 0.812 MAX.

B 0.78 MAX. 0.031 MAX.

C 1.27 (T.P.) 0.050 (T.P.)

D 0.40%3:82 0.016%9:90%

E 0.05+0.05 0.002%0.002

F 2.85 MAX. 0.113 MAX.

G 2.7 0.106

H 14.1+0.3 0.555+0.012

| 11.3 0.445

J 1.4 0.055

K 0.2013:82 0.008%9:3%3

L 0.8+0.2 0.031°%:508

M 0.12 0.005

N 0.10 0.004
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8. RECOMMENDED SOLDERING CONDITIONS

When soldering this product, it is highly recommended to observe the conditions as shown below. If other soldering
processes are used, or if the soldering is performed under different conditions, please make sure to consult with our

sales offices.

For more details, refer to our document “SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY MANUAL”

(C10535E).

Table 8-1 Surface mount devices

UPD77C25GW-xxx: 32-pin plastic SOP (525 mil)

Process

Conditions

Symbol

Infrared ray reflow

Peak temperature: 235 °C or below (Package surface temperature),
Reflow time: 30 seconds or less (at 210 °C or higher),
Maximum number of reflow processes: 2 times,

Exposure limitN°e: 7 days (20 hours pre-baking is required at 125 °C afterwards).

IR35-207-2

VPS

Peak temperature: 215 °C or below (Package surface temperature),
Reflow time: 40 seconds or less (at 200 °C or higher),
Maximum number of reflow processes: 2 times,

Exposure limitN°e: 7 days (20 hours pre-baking is required at 125 °C afterwards).

VP15-207-2

Wave soldering

Solder temperature: 260 °C or below, Flow time: 10 seconds or less,
Maximum number of flow processes: 1 time,
Pre-heating temperature: 120 °C or below (Package surface temperature),

Exposure limitN°®: 7 days (20 hours pre-baking is required at 125 °C afterwards).

WS60-207-1

Partial heating method

Pin temperature: 300 °C or below,
Heat time: 3 seconds or less (Per each side of the device).

UPD77P25GW: 32-pin plastic SOP (525 mil)

Process

Conditions

Symbol

Infrared ray reflow

Peak temperature: 230 °C or below (Package surface temperature),
Reflow time: 30 seconds or less (at 210 °C or higher),
Maximum number of reflow processes: 1 time,

Exposure limitN°e: 7 days (10 hours pre-baking is required at 125 °C afterwards).

IR30-107-1

VPS

Peak temperature: 215 °C or below (Package surface temperature),
Reflow time: 40 seconds or less (at 200 °C or higher),
Maximum number of reflow processes: 1 time,

Exposure limitN°®: 7 days (10 hours pre-baking is required at 125 °C afterwards).

VP15-107-1

Partial heating method

Pin temperature: 300 °C or below,
Heat time: 3 seconds or less (Per each side of the device).

Note Maximum allowable time from taking the soldering package out of dry pack to soldering.

Storage conditions: 25 °C and relative humidity of 65 % or less.

Caution Apply only one kind of soldering condition to a device, except for “partial heating method”

device will be damaged by heat stress.

, or the
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UPD77C25L-xxx: 44-pin plastic QFJ (650 x 650 mil)

Process Conditions Symbol

VPS Peak temperature: 215 °C or below (Package surface temperature), VP15-00-1
Reflow time: 40 seconds or less (at 200 °C or higher),
Maximum number of reflow processes: 1 time.

Partial heating method | Pin temperature: 300 °C or below, —
Heat time: 3 seconds or less (Per each side of the device).

UPD77P25L: 44-pin plastic QFJ (650 x 650 mil)

Process Conditions Symbol

VPS Peak temperature: 215 °C or below (Package surface temperature), VP15-162-1
Reflow time: 40 seconds or less (at 200 °C or higher),

Maximum number of reflow processes: 1 time,

Exposure limitN°e: 2 days (16 hours pre-baking is required at 125 °C afterwards).

Partial heating method | Pin temperature: 300 °C or below, —
Heat time: 3 seconds or less (Per each side of the device).

Note Maximum allowable time from taking the soldering package out of dry pack to soldering.
Storage conditions: 25 °C and relative humidity of 65 % or less.

Table 8-2 Through-hole devices
UPD77C25C-xxx: 28-pin plastic DIP (600 mil)

UPD77P25C: 28-pin plastic DIP (600 mil)
uUPD77P25D: 28-pin ceramic DIP (600 mil)

Process Conditions
Wave soldering Solder temperature: 260 °C or below,
(only to leads) Flow time: 10 seconds or less.

Partial heating method | Pin temperature: 300 °C or below,
Heat time: 3 seconds or less (per each lead).

Caution For through-hole device, the wave soldering process must be applied only to leads, and make sure
that the package body does not get jet soldered.
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[MEMO]

53



NEC uPD77C25, 77P25

[MEMO]
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipate it once, when it has occurred. Environmental control must
be adequate. When itis dry, humidifier should be used. Itis recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to V pp or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Produc-
tion process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, 1/0 settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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[MEMO]

The export of this product from Japan is regulated by the Japanese government. To export this product may be prohibited
without governmental license, the need for which must be judged by the customer. The export or re-export of this product
from a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special”, and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special:  Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.

M4 96.5




	COVER
	FEATURES
	ORDERING INFORMATION
	BLOCK DIAGRAM
	PIN CONFIGURATIONS (Top View)
	DIFFERENCES BETWEEN uPD77C25 AND uPD7720 FAMILY
	1. PIN FUNCTIONS
	1.1 Pin Functions for Normal Operation
	1.2 Pin Functions for Programming/reading uPD77P25's Internal PROM

	2. INTERNAL FUNCTIONS
	3. INSTRUCTION
	3.1 OP Instruction
	3.2 RT Instruction
	3.3 JP Instruction
	3.4 LD Instruction
	3.5 Instruction Code

	4. INSTRUCTION EXECUTION TIMING
	5. uPD77P25 PROM INTERFACE
	6. ELECTRICAL SPECIFICATIONS
	7. PACKAGE DRAWINGS
	8. RECOMMENDED SOLDERING CONDITIONS

