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Description

The pPD78217A, uPD78218A, and uPD78P218A are
members of the K-Series® of microcontrollers and are
designed for real-time embedded control applications.
The puPD78218A family is pin compatible with the
1PD78214 family and offers increased internal memory
with enhanced timer and macro service facilities.
These 8-bit, single-chip microcontrollers have a mini-
mum instruction time of 333 ns at 12 MHz (500 ns for
the uPD78217A). They feature 8-bit hardware muitiply
and divide instructions, four banks of main registers,
an advanced interrupt handling facility, a powerful set
of memory mapped on-chip peripherals, and the ability
to address up to 1M bytes of external data memory. On
board memory includes 1024 bytes of RAM, 32K bytes
of mask ROM, or 32K bytes of UV EPROM or one-time
programmable (OTP) ROM.

The advanced interrupt handling facility provides two
levels of programmable hardware priority control and
two separate methods of servicing interrupt requests:
vectored and macro service. The macro service facility
reduces the overhead involved in servicing peripheral
interrupts by transferring data between the memory-
mapped special function registers (SFRs) and memory
without the use of time consuming interrupt service
routines. In addition, the macro service facility can be
initialized to automatically alter timer compare regis-
ter values or to repeatedly output a prespecified pat-
tern at a fixed or variable rate. By using macro service
to control the real-time output ports, the uPD78218A
family caneasily and accurately drive two independent
stepper motors.

The combination of the macro service facility, four
banks of main registers, extended data memory ad-
dress space, and powerful on-chip peripherals makes
these devices ideal for applications in office automa-
tion, communication, HVAC, and industrial control.

Features

O Complete single-chip microcontroller
— 8-bit ALU
— Program memory (ROM)
uPD78217A: ROMless
uPD78218A/P218A: 32K bytes
— Data memory (RAM): 1024 bytes

K-series is a registered trademark of NEC Electronics, Inc.

2 Pin compatible with uPD78214 family
o Powerful instruction set

o

— 8-bit unsigned multiply and divide
— 16-bit arithmetic instructions
— 1-bit and 8-bit logic instructions

Minimum instruction time
— 333 ns at 12 MHz (uPD78218A/P218A)
— 500 ns at 12 MHz (uPD78217A)

Memory expansion

— 8085 bus-compatible

— 64K program address space
— 1M data address space

Large 1/O capacity

— Up to 54 1/O port lines on uPD78218A/P218A
— Up to 36 I/O port lines on uPD78217A

— Software programmable pullup resistors

Memory-mapped on-chip peripherals (special
function registers)

Timer/counter unit
— 16-bit timer O:
Two 16-bit compare registers
One 16-bit capture register
One external interrupt/capture line
— 8-bit timer 1:
One 8-bit compare register
One 8-bit capture/compare register
One external interrupt/capture line
— 8-bit timer/counter 2:
Two B8-bit compare registers
One 8-bit capture register
One external interrupt/capture line
One external event counter line
— 8-bit timer 3:
One 8-bit compare register

Four 8-bit precision timer-controlled pulse-width
modulated (PWM) output lines

32 Two 4-bit (or one 8-bit) real-time output ports
3 Eight-channel 8-bit A/D converter
O Programmable priority interrupt controller (two

levels)

Two methods of interrupt service

— Vectored interrupts

— Macro service mode with choice of three
different types
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Features (cont) Pin Configurations
o0 Two-channel serial communication interface 64-Pin Shrink DIP (Plastic or Ceramic)

— Asynchronous serial interface (UART)

Dedicated baud rate generator pogrf1 e jaro,

— Clock-synchronized interface POy ]2 63 |11 P04
Full-duplex, three-wire mode PO5 ] 3 62 {1 POy
NEC serial bus interface (SBi) mode Pog 4 61 {71 P37 /703

. Po; s 60 [ P3g /TO2

o Refresh output for pseudostatic RAM pe., /AEFRGANT T 6 59 |1 Pag 1701
O STOP and HALT standby functions PBg /WAIT/ANG [] 7 58 [ P34 /TOO
P6g/WR ] 8 57 [0 P79 /ANO

O 5-volt CMOS technology Pos Ao o s6 1 P74 iANT

P83/A1g O] 10 55 [ P75 /AN2

Ordering Information P6alAgg O] 11 5411 P75 /ANG
Part Number Package Package Drawing ROM P84/A47 (] 12 53 |1 P74/AN4
LPD78217ACW  64-pin plastic  (P64C-70-750A, C) ROMless PeglAig L 18 521 P75 /ANS
i RESET (] 14 51 [ AVRefF
shrink DIP
- - x2 15 50 [ Avgg
uPD78217AGC g‘tF-gm plastic (P64GC-80-AB8-2) x1Cl1s a9 vob
Vgs O 17 4g [ EA
HPD78218ACW-xxx 64-pin plastic (P64C-70-750A, C) 32K mask P5,/A45 [} 18 47 [0 P33/S0/SBO
shrink DIP ROM P5g/A15 L] 19 46 {J P32/SCK
uPD78218AGC-xxx 64-pin plastic  (PG64GC-80-AB8-2) PSg/A13 [] 20 45 1 P34 /Tx0
QFP PS4/A15 T} 21 44 [ P3g/RxD
P55/A4¢ O 12
uPD78P218ACW  64-pin plastic  (P64C-70-750A, C) 32K OTP Saiin 22 poq =S
shrink DIP ROM PS5 /A0 23 42 [J P2 /INTPS
P54/Ag] 24 41 [7] P25 /INTP4/ASCK
uPD78P218AGC  64-pin plastic  (P64GC-80-AB8-2) Psg/Ag ] 25 40 [ P24 ANTPS
arFp P44/AD7 [ 26 39 [0 P23 ANTP2/CI
uPD78P218ADW  64-pin shrink  (P64DW-70-750A1) 32K UV Pag/ADg ] 27 38 [J P22 INTP1
cerdip w/ EPROM Pag/ADg [l 28 37 |} P24 /INTPO
window Pa4/AD, (] 20 36 [ P2p/NMI
Note: xxx indicates ROM code suffix P43/AD3 [} 30 85 1 ASTB
P45/AD, O 31 34 3 Pag/ang
Vag [ 32 33 [ Pa4/ADy

B3YL-9221A
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Pin Configurations (cont)

64-Pin Plastic QFP
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Peg/A1g ] 2 47 [3 P75 /AN2
Pép/A1g (] 3 o 46 [J P73 /AN3
P84 /A17 O] 4 45 [ P74 /AN
P8g/A1g |5 44 [J P75 /ANS
RESET ] 8 43 [J Avper
x2dvz 42 [ Avgg
x1 s 41D vpp
vesC} o 40 [J EA
Ps; A5 O 10 39 [ P33/SO/SBO
PSg/Aq4 O] 11 38 [1 P32/SCK
P5g /A3 [] 12 37 [J P34/TxD
P54 /A1p ] 13 36 [ P3g/RxD
P5g/Aqy ] 14 35 [0 p27/81
P55/A49 O} 15 34 [ P2g/INTPS
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Pin Functions; Normal Operating Mode

Symbol First Function Symbol Second Function
POp- PO; Port 0; 8-bit tristate output port/real time output port
P2y Port 2; 8-bit input port NMI External nonmaskable interrupt
P24 INTPO Maskable external interrupts
P2y INTP1
P23 INTP2 Maskable external interrupt
Cl External clock input to timer/counter 2
P24 INTP3 Maskable external interrupt
P25 INTP4 Maskable external interrupt
ASCK Asynchronous serial clock input
P2g INTPS Maskable external interrupt
P27 Sl Serial data input for three-wire serial /O mode
P3q Port 3; 8-bit, bit-selectable tristate input/output port RxD Asynchronous serial receive data input
P34 TxD Asynchronous serial transmit data output
P3; SCK Serial shift clock input/output
P33 SO Serial data output for three-wire serial IO mode
SBO 1/O bus for NEC serial bus interface (SB)
P34- P37 TOO- TO3 Timers TO to T3 outputs
P4g- P4; Port 4; 8-bit tristate input/output port ADg- AD; Low-order 8-bit multiplexed address/data bus
PSq- PS7; Port5, 8-bit, bit-selectable tristate input/output port Ag- A5 High-order 8-bit address bus
P6g- P83 Port6; 4-bit output port A4g- Ajg  Extended memory address bus
P64 Port 6; 4-bit, bit-selectable tristate input/output port RD External memery read strobe
P65 WR External memory write strobe
P6g WAIT External memory wait signal input
ANG Analog voltage input to A/D converter
P67 REFRQ Refresh pulse output used by external
pseudostatic memory
AN7 Analog voltage input to A/D converter
P7q- P75 Port7, 6-bit input port ANO - AN5  Analog voltage inputs to A/D converter
ASTB Address strobe output used to latch the
low-order 8 address for external memory
RESET External system reset input
EA Internal RCM or external memory control signal input. Low-level
input selects external memory High-level input selects internal
ROM. A low-level input on a uPD78218A or uPD78P218A places
the device in ROMless mode and external memory is accessed
X1 Crystal/ceramic resonator connection or external clock input
X2 Crystal/ceramic resonator connection or inverse of external
clock
AVREF A/D converter reference voltage
AVgs A/D converter ground
Vpp +5 volt power supply input
Vgs Power supply ground
NC No connection
4
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Block Diagram
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pPD78218A and uPD78214 Differences

The uPD78218A family is a pin compatible enhanced
version of the uPD78214 family. Some of the enhance-
ments include a larger internal program ROM and data
RAM memory space, an improved 16-bit timer 0, and an
enhanced macro service facility. Table 1 highlights the
differences between the uPD78218A and uPD78214 fam-

ilies.

Table 1. Differences Between the pPD78218A and
uPD78214 Families

Item uPD78218A Family #PD78214 Family

Maximum on-chip 32K bytes 16K bytes

ROM

Maximum on-chip 1024 bytes 512 bytes

RAM

16-bit timer

Software-triggered
one-shot pulse
output

Not available

Macro service
counter

8/16-bit selectable
(except Type A
transfers)

8-bit only

Type C macro
service pointer, MPT
and MPD

Increments fult 16
bits

Increments only
lower 8 bits

Macro service
execution times

Execution times
differ; refer to
hardware user's
manual

Execution times
differ; refer to
hardware user’s
manual

PUSH PSW Execution times Execution times

instruction ditfer; refer to differ; refer to
software user's software user's
manuat manual

Oscillation Time equivalent to Time equivalent to

stabilization time
when exiting STOP
mode

NMI active pulse
width plus 16 bits of
dedicated counter or
15 bits of dedicated
counter

NMI active pulse
width plus 16 bits of
dedicated counter

A/D converter 3.6Vtoe Vpp 3.4V toVpp
reference voltage
Programmable 5V 03V SV *10%

device operating
voltage

Package 64-pin plastic shrink  64-pin plastic shrink
DIP DIP
64-pin plastic QFP 64-pin plastic QFP
64-pin shrink cerdip  64-pin shrink cerdip
wiwindow w/window
64-pin plastic QUIP
68-pin PLCC
74-pin plastic QFP
6

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)

The uPD78218A family CPU features 8- and 18-bit arith-
metic including an 8 x 8-bit unsigned muitiply and 16 x
8-bit unsigned divide {producing a 16-bit quotient and
an 8-bit remainder). The multiply executes in 3.67 us
and the divide in 12.36 us at 12 MHz (4.00 and 12.69 us
respectively for uPD78217A).

A CALLT vector table and a CALLF program area
decrease the number of bytes in the call instructions
for commonly used subroutines. A 1-byte call instruc-
tion (CALLT) can access up to 32 subroutines through
the addresses contained in the CALLT vector table. A
2-byte call instruction (CALLF) can access any routine
beginning at a specific address in the CALLF area.

The internal system clock (fcp k) is generated by divid-
ing the oscillator frequency by two. Therefore, at the
maximum oscillator frequency of 12 MHz, the internal
system clock is 6 MHz. The minimum instruction exe-
cution time for an instruction fetched from internal
ROM is 333 ns (500 ns when fetched from external
memory).

Memory Space

The yPD78218A family has a 1M byte address space
(see figure 1). The first 64K bytes of this address space
(0O0000H-OFFFFH) can be used as both program and
data memory. The remaining 960K bytes of this address
space (10000H-FFFFFH) can only be used as data
memory and is known as expanded memory.

External Memory

The uPD78218A family has an 8-bit wide external data
bus and a 16-bit wide external address bus (20-bit wide
if expanded memory is enabled). The low-order 8 bits
of the address bus are multiplexed to provide the 8-bit
data bus and are supplied by 1/O port 4. The high-order
address bits of the 16-bit address bus are taken from
port 5. If expanded memory is enabled, the expanded
address nibble is provided by P6g to P63. Address latch,
read, and write strobes are also provided.

The memory expansion mode register (MM) is used to
enable external memory, to specify up to two addi-
tional wait states or the use of the WAIT input pinfor the
first 64K bytes of memory, and to enable the high-speed
internal ROM fetch. Ports 4, 5, and 6 are available as
general purpose I/O ports when only internal ROM is
used and no external program or data space is re-
quired.
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Figure 1. Memory Map
00000H 00000H Interrupt Vector
0003FH Address Table Area
On-Chip 00040H
Program Memory CALLT Table Area
32,768 Bytes 0007FH
NN = 0008CH
{Must be extemnal 007FFH Program Area
memory 00800H
In tPD78217A) | CALLF Entry
= Area R
O7FFFH OOFFFH
08000H 01000H
= Program Area @
h  Extemal Memory fhad [*
O7FFFH
OFAFFH saddr Addressing
OFBOOH OFBOOH QFE20H
On-Chip RAM Peripheral
an% RAM General RAM
Register Area OFDFFH , b — — — — — —
OFFFFH General Storage OFEC1H
Intemal RAM { | = == == = == mem e T e e e
10000H Reglsters OFEC2H Macro Servica
raemal OFFOOH ™ |~ — — — — — — — OFEDFH | _Contral Words
1L Memoty ., OFEEOH
e (Expanded R Speclal Function General Registers
Address Reglster Area OFErFH Y ]
A
roa) OFFOOH | 25 Bytes of SFR Area
FFFFFH OFFFFH OFF1FH
BIYL-9201B

Expanded Data Memory

The MM register is also used to enable the external
expanded data memory space, addresses 10000H to
FFFFFH. Whenthe expanded data memory is enabled,
the entire 1M byte address space is divided into 16
banks of 64K bytes each. The low-order 4-bits of the P6
or the PM6 registers are used as bank selection regis-
ters to supply the address information to Asg to Aqg.
Data can easily be transferred from one memory bank
to another by using the appropriate instructions. Ad-
dress lines Ayg to Ayg are only active when an instruc-
tion that uses expanded addressing is being executed.
A programmable wait control register (PW) allows the
programmer to specify up to two additional wait states
or the use of the WAIT input pin for expanded data
memory space.

On-Chip RAM

The uPD78218A family has a total of 1024 bytes of
on-chip RAM. The upper 256-byte area (FEOOH-FEF FH)
features high-speed access and is known as “Internal
RAM.” The remaining 768 bytes (FBOOH-FDFFH ) are
accessed at the same speed as external memory and
are known as “Peripheral RAM.” The general register

banks and the macro service control words are stored
in Internal RAM. The remainder of Internal RAM and any
unused register bank locations are available for gen-
eral storage.

On-Chip Program Memory

The uPD78218A contains 32K bytes of internal ROM
respectively. The yPD78P218A contains 32K bytes of UV
EPROM or one-time programmable ROM. Instructions
from on-chip program memory can be fetched at high
speed or at the same rate as from external memory.
The uPD78217A does not have on-chip program mem-
ory.

CPU Control Registers

Program Counter. The program counter is a 16-bit
binary counter register that holds the address of the
next instruction to be executed. During reset, the
program counter is loaded with the address stored in
locations 0000H and 00001H.

Stack Pointer. The stack pointer is a 16-bit register
that holds the address of the last item pushed onto the
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stack. It is decremented before new data is pushed
onto the stack and incremented after data is popped
off the stack.

Program Status Word. The program status word
(PSW) is an 8-bit register that contains flags that are
set or reset depending on the results of an instruction.
This register can be written to or read from 8 bits at a
time. The individual flags can also be manipulated ona
bit-by-bit basis. The assignment of PSW bits follows.

Addressing

The uPD78218A family features 1-byte addressing of
both the special function registers and the portion of
on-chip RAM from FE20H to FEFFH. The 1-byte sfr
addressing accesses the entire SFR area, while the
1-byte saddr addressing accesses the first 32 bytes of
the SFR area and 224 bytes of Internal RAM. The 16-bit
SFRs and words of memory in these areas can be
addressed by 1-byte saddrp addressing, which is valid
for even addresses only. Since many instructions use

7 0 1-byte addressing, access to these locations is almost
as fast and versatile as access to the general registers.
I 1 l z I RBST [ AC | RBSO | 0 l 1sp l cY I There are seven addressing modes for data in main
oy c fl memory: direct, register, register indirect with autoin-
arry rlag o crement and decrement, saddr, SFR, based, and in-
1sp Interrupt priority status flag dexed. There are also both 8-bit and 16-bit immediate
RBSO, RBS1  Register bank selection flags operands.
AC Auxiliary carry flag
4 Zero flag Special Function Registers
IE Interrupt request enable flag

General Registers

The general-purpose registers (figure 2) consist of four
banks of registers located at addresses FEEOH to
FEFFH in Internal RAM. Each bank consists of eight
8-bit general registers that can also be used in pairs to
function as four 16-bit registers. Two bits in the PSW
(RBS0 and RBS1) specify which of the register banks is
active. The bits are set under program control. Regis-
ters have both functional names (like A, X, B, C for 8-bit
registers and AX, BC for 16-bit registers) and absolute
names (like R1, RO, R3, R2 for 8-bit registers and RPQ,
RP1 for 16-bit registers). Each instruction determines
whether a register is referred to by its functional or
absolute name and whether it is 8 or 16 bits.

The input/output ports, timers, capture and compare
registers, and mode and control registers for both the
peripherals and the CPU are coilectively known as
special function registers. They are all memory-
mapped between FFOOH and FFFFH and can be ac-
cessed either by main memory addressing or by 1-byte
sfr addressing. They are either 8 or 16 bits as required,
and many of the 8-bit registers are capable of single-bit
access as well. Locations FFDOH through FFDFH are
known as the external SFR area. Registers in external
circuitry interfaced and mapped to these addresses
can be addressed with sfr addressing. Table 2is alist of
the special function registers.

Figure 2. General Registers
OFEEOCH | Register
Bank
3 For 8-Bit For 16-Blt
2 Processing Processing
. 7 OFEFSH [ (R1) A | (RO) X oFEFeH T T T T (APO) AX | OFEF8H
(R3)B | (R2)C (RP1) BC | OFEFAH
OFEFFH [} (RS)D | (R4 E (RP2) DE | OFEFCH
N orerrH | AN H | ROL Jopepen (RP3) HL | OFEFEH
{ )=Absolute Name
B83YL-9170B
8
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Table 2. Special Function Registers

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
OFFOOH Port 0 PO RW X X — Undefined
OFFO2H Port 2 P2 R X X — Undefined
OFFO3H Port 3 P3 RW X X — Undefined
OFFO4H Port 4 P4 R/W X X — Undefined
OFFO5H Port § PS5 RW X X — Undefined
OFF08R Port 6 P& RW x X — x0OH
OFFO7H Port 7 pP7 R x X — Undefined
OFFCAH Port 0 buffer register (low) POL RW x x — Undefined
OF FOBH Port O buffer register (high) POH RW X x — Undefined
OFFOCH Realtime output port control register RTPC R/W x X — 00H
OF F10H-OFF11H 16-bit compare register O (16-bit timer 0) CRO0O RW — — X Undefined
OFF12H-0FF13H 16-bit compare register (16-bit timer 0} CRO1 R/W — — X Undefined
OFF14H 8.bit compare register (8-bit timer 1) CR10 RW — X — Undefined
OFF15H 8-bit compare register (8-bit timer/counter 2} CR20 RW — X — Undefined
OFF16H 8-bit compare register (8-bit timer/counter 2) CR21 R/W — X - Undefined
OFF17H 8-bit compare register (8-bit timer 3) CR30 R/W — X — Undefined
OFF18H-OFF 19H 16-bit capture register (16-bit timer 0) CRo2 R — — X Undefined
OFF1AH 8-bit capture register (8-bit timer/counter 2) CR22 R — X — Undcfined
OFF1CH 8-bit capture/compare register (8-bit timer 1) CR11 RW — X — Undefined
OFF20H Port 0 mode register PMO w — X — FFH
OFF23H Port 3 mode register PM3 w — X — FFH
OFF25H Port § mode register PM5 w — X — FFH
OFF26H Port 6 mode register PM6 R/W X X — FxH
OFF30H Capture/compare control register 0 CRCO w — X — 10H
OFF31H Timer output control register TOC w — X — 00H
OFF32H Capture/compare control register 1 CRC1 w — X —_ 00H
OFF34H Capture/compare control register 2 CRC2 W — X — O0H
OFF40H Pullup resistor option register PUOC RW X x — OOH
OFF43H Port 3 mode control register PMC3 RW X x — O0H
OFF50H-OFFS1H 16-bit timer register 0 T™MO R — - X 0000H
OFF52H 8-bit timer register 1 TM1 R — X — 00H
OFF54H 8-bit timer register 2 ™2 R — x — 00H
OFFS6H 8-bit timer register 3 TM3 R — X — 00H
OFF5CH Prescaler mode register 0 PRMO w — x — 0CH
OFFSDH Timer contral register O TMCO RW — X — O0H
OFFSEH Prescaler mode register 1 PRM1 w — X — O0H
OFF5FH Timer control register 1 TMC1 RW — X — ocH
OFF68H A/D converter mode register ADM RW X X — COH
OFFBAH A/D conversion result register ADCR R — X — Undefined
OFF7DH One-shot pulse output control register OSPC RW X X — QCH

9
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Table 2. Special Function Registers (conf)

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
OFFBOH Clocked serial interface mode register csiM R/W X X — OOH
OFF82H Serial bus interface control register SBIC RW x x — O0H
OFF86H Senal shift register Sio RW — X — Undefined
OFF88H Asynchronous serial interface mode register ASIM AW X x — 80H
OFF8AH Asynchronous serial interface status ASIS R X x — 00H
register
OFF8CH Serial receive buffer: UART RxB R - x — Undefined
OFFBEH Serial transmit shift register: UART TxS w — X — Undefined
OF FO0H Baud rate generator control register BRGC W — x — 00H
OFFCOH Standby control register STBC RW — X — 0000x000B
OFFC4H Memory expansion mode register MM RW X X — 20H
OFFCS5H Programmable wait control register PW R/W X X — 80H
OFFC6H Refresh mode register RFM R/W X X — O0H
OF FDOH-OF FDFH External SFR area — RW X X — Undefined
OFFEQH interrupt request flag register L IFOL RW X X -_ 00H
OFFE1H interrupt request flag register H IFOH RW X X — 00H
OFFEOH-OFFE1H Interrupt request flag regtster IFO RW — — x 00CH
OFFE4H Interrupt mask flag register L MKoOL R/W X x — FFH
OFFESH Interrupt mask flag register H MKOH RW X x — FFH
OFFE4H-OFFESH Interrupt mask flag register MKo RW — — X FFFH
OFFE8H Priority specification flag register L PROL RW X X e FFR
OFFES9H Priority specification flag register H PROH RW X X — FFH
OFFE8H-OFFESH Priority specification flag register PRO RW — — X FFFH
OFFECH Interrupt service mode specification flag ISMoL RW X X — 00H
register L
OFFEDH Interrupt service mode specification flag ISMOH R/W % X — O0H
register H
OFFECH-OFFEDH Interrupt service mode specification flag ISMO RW — — X 000H
register
OFFF4H External interrupt mode register 0 INTMO RW X X — QOH
OFFFSH External interrupt mode register 1 INTM1 R/W X X — OOH
OFFF8H Interrupt status register ST Aaw X X — O0H
10
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Figure 3. Pin I/O Circuits
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Input/Output Ports

There are up to 54 port lines on the uPD78218A/P218A
and up to 36 port lines on the uPD78217A. (Ports 4, 5,
and two bits of port 6 are not available on the
uPD78217A since the puPD78217A must always use
external memory.) Table 3 lists the features of each
port and figure 3 shows the structure of each port pin.
The pin levels of all port 2, 3, and 7 pins can always be
read or tested regardless of the dual pin function.

Real-time Output Port

The real-time output port (RTPC) shares pins with port
0. It can be used as two independent 4-bit real-time
output ports or one 8-bit real-time output port. In the

real-time output mode, data stored beforehand in the
buffer registers, POH and POL, is transferred immedi-
ately to the output latch of PO on the occurrence of a
timer 1 interrupt {(INTC10 or INTC11) or external inter-
rupt (INTPO) (see figure 4). By using the real-time
output port with the macro service function, port 0 can
be used to output preprogrammed patterns at prepro-
grammed variable time intervals. In this mode, two
independent stepper motors can accurately be driven
at a fixed or variable rate.

Table 3. Digital Port Functions
Direct Drive Software Pullup

Port Operational Features Configuration Capability Resistor Connection
Port ¢ 8-bit high impedance output Transistor
Port 2 8-bit Schmitt trigger input In 6-bit units (P25 - P27)
Port 3 8-bit input or output Bit selectable Byte selectable, input bits only
Port 4 8-bit input or output Byte selectable LED Byte selectable
Port 5 8-bit input or output Byte selectable LED Byte selectable, input bits only
Port 6 4-bit output (bits 0 to 3)

4-bit input or output (bits 4 to 7) Bit selectable In 4-bit unit, input bits only
Port 7 8-bit input

Note: Software pullup resistors can be internally connected only on
a port-by-port basis to port bits set to input mode Pullup
resistors are not connected to port bits set to output mode.

12
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Figure 4. Real-Time Output Port

Internal Bus a
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Analog-to-Digital (A/D) Converter

The uPD78218A family A/D converter (see figure 5) uses
the successive-approximation method for converting
up to eight multiplexed analog inputs into 8-bit digital
data. The conversion time per input is 30 us at 12 MHz
operation. A/D conversion can be started by an exter-
nal interrupt, INTP5, or under software control.

The A/D converter can operate in either scan mode or
select mode. in scan mode, from one to eight sequen-
tial inputs can be programmed for conversion. The A/D
converter selects each input in order, converts the
data, stores it in the A/D conversion result (ADCR)

register, and generates an interrupt (INTAD). This con-
verted data can be easily transferred to memory by
using the macro service function.

In select mode, only one of the eight A/D inputs can be
selected for conversion. The ADCR register is continu-
ally updated and can be read at any time. If the A/D
converter is started by an external interrupt, an INTAD
interrupt occurs at the completion of each conversion.
If the A/D converter is started by software, no inter-
rupts are generated.

Figure 5. A/D Converter
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Serial Interface

The uPD78218A family has two independent serial in-
terfaces. Thefirst is a standard UART. The UART (figure
6) permits full-duplex operation and can be pro-
grammed for 7- or 8-bits of data after the start bit,
followed by one or two stop bits. Odd, even, zero or no
parity can also be selected. The serial clock for the
UART can be provided by an on-chip baud rate gener-
ator or timer 3. By using either the internal system
clock or an external clock input into the ASCK pin, the
baud rate generator is capable of generating all of the
commonly used baud rates. The UART generates three
interrupts: INTST (transmission complete), INTSR (re-
ception complete), and INTSER (reception error).

The second interface 1s an 8-bit clock-synchronized
serial interface (figure 7). It can be operated in either a
three-wire serial I/O mode or NEC serial bus interface
(SBJ) mode.

In the three-wire serial I/O mode, the 8-bit shift register
(S10) is loaded with a byte of data and eight clock
pulses are generated. These eight pulses shift the byte
of data out of the SO line (MSB first) and in from the S|
line providing full-duplex operation. This interface can
also be set to receive or to transmit data only. The
INTCSI interrupt 1s generated after each 8-bit transfer.
One of three internal clocks or an external clock clocks
the data.

Figure 6. Asynchronous Serial Interface
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- - - - - = |
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P8 | " Butfar Serlal Interface [ |
Status Reglster | BRG |
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P3g/RxD Recelve Txs]| Transmit I |
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P34/TxD y Y ! |
! I
4 Y 1 ]
Reception Transmisston | |
L= Control Control
Pary [~ INTSR Pay [ NTST . ectable | | g,
Check | INTSER Addition \ Seolgc‘:;aelile <« Selector Divider |
| - - _
1 1 I
16 18
I | INTP4/ASCK
Selector I 1
T - 8-Bit Timer 3 !
2
4 I
} Lo T e e - - o
] [
Asynchronous Seral Interface
ASIM Mode Reglster
S Internai Bus g
B83YL-9174B
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Figure 7. Clock-Synchronized Serial Interface
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Figure 8. SBI Mode Master/Slave Configuration
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\l: §80
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The NEC SBI mode is a two-wire high-speed proprietary
serial interface available on most devices in the NEC
MPD75xxx and pPD78xxx product lines. Devices are
connected in a master/slave configuration (see figure
8). There is only one master device at a time; all others

Figure 9. 16-Bit Timer 0

are slaves. The master sends addresses, commands,
and data over the serial bus line (SB0) using a fixed
hardware protocol synchronized with the SCK line.
Each slave uPD78218A family device can be pro-
grammed in software to respond to any one of 256
addresses. There are also 256 commands and 256 data
types. Since all commands are user definable, any
software protocol, simple or complex, can be defined.
It is even possible to develop commands to change a
slave into a master and the previous master into a
slave.

Timers

The pPD78218A family has one 16-bit timer and three
8-bittimers. The 16-bit timer counts the internal system
clock (foLk/8) while the three 8-bit timers can be pro-
grammed to count a number of prescaled values of the
internal system clock. One of the 8-bit timers can also
count external events.

Timer 0 consists of a 16-bit timer {TMO0), two 16-bit
compare registers (CR00 and CR01), and a 16-bit cap-
ture register (CR0O2). Timer O can be used as two
interval timers, to output a programmable square wave
or two pulse-width modulated signals, to measure pulse
widths, or to generate a software-triggered one-shot
output pulse (see figure 9).

> 16-Blt Timer Register Overflow
foLk/8 (TM0) 9 Flag
Coincldenca
Oompa((rgngg?lstero >0 P3, /TO0
Pulse
U 1] &
Control
Colncidence
Compare Register 1
P?C R o?? —>0 P3g/TO1
U L > INTC0O
Edge Capture Reglster
{CR02) > INTCO1

P24 INTP3 o——>| [ SO0 |—s
L INTP3

B83YL-91778
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Timer 1 consists of an 8-bit timer (TM1), 8-bit compare
register (CR10), and 8-bit capture/compare register
(CR11). Timer 1 can be used as two interval timers or to
measure pulse widths. In addition, it can be used to
generate the output trigger for the real-time output port
(see figure 10).

Timer/counter 2 consists of an 8-bit timer (TM2), two
8-bit compare registers (CR20 and CR21), and an 8-bit
capture register (CR22). Timer/counter 2 can also be

Figure 10. 8-Bit Timer 1

used as two interval timers, to output a programmable
square wave or two pulse-width modulated signals, or
to measure pulse widths. In addition, it can be used to
count external events sensed on the Cl line or as a
one-shot timer (see figure 11).

Timer 3 consists of an 8-bit timer {TM3) and an 8-bit
compare register (CR30). Timer 3 can be used as an
interval timer or as a clock for the clock-synchronized
serial interface (see figure 12).

foLk /512 —>
foLK /256 ——>
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foLk /64 —>] (T™M1) Flag
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P24/INTPO o——>| peraction > st A1) INTC11
—> INTPO
83YL-9178B
Figure 11. 8-Bit Timer/Counter 2
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Figure 12. 8-Bit Timer 3

foLk /612 ——>
foLk /258 —>
foLk /128 ——>

foLk /864 —| mpx GBuﬂg.:;a?eglster Clear
foLk 32 > {} b—> UART
fork/1e p—> Clock-Synchronized Serlal Interface
foLk /8 ——> Compare Reglster Colncidence
(CR30)
INTP4/INTC30
P25 /INTPA/ASCK Dege _:!—>
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Interrupts and INTPS, share interrupt vectors and control flags

with INTC30 and INTAD respectively. The active inter-

The uPD78218A family has 18 maskable hardware inter- rupt source for each shared vector must be chosen by

rupt sources; 6 are external and 12 are internal. Since o program. In addition, there is one nonmaskable

there are only 16 interrupt vectors and sets of control interrupt and one software interrupt. The software

flags, 2 of the 6 external maskable interrupts, INTP4 interrupt, generated by the BRK instruction, is not
maskable (see table 4).

Table 4. Interrupt Sources and Vector Addresses

Interrupt Vector
Request Default Macro Service Table
Type Priority Interrupt Request Generation Source Type Address
Software None BRK instruction execution - O03EH
Nonmaskable None NM! (pin input edge detection) —_ 0002H
Maskable (¢} INTPO (pin input edge detection) A B 0006H
1 INTP1 (pin input edge detection) A B 0008H
2 INTP2 (pin input edge detection) A B 000AH
3 INTP3 (pin input edge detection) B 000CH
4 INTC00 (TMD-CROO coincidence signal generation) B 0014H
5 INTCO1 (TMO-CRO1 coincidence signal generation) B 0016H
6 INTC10 (TM1-CR10 coincidence signal generation) A, B, C 0018H
7 INTC11 (TM1-CR11 coincidence signa! generation) A, B C 001AH
8 INTC21 (TM2-CR21 coincidence signal generation) A B 001CH
9 INTP4 (pin input edge detection) B O00EH
INTC30 (TM3-CR30 coincidence signal generation) A, B
10 INTPS {pin input edge detection) B 0010H
INTAD (end of A/D conversion) A B
11 INTC20 (TM2-CR20 coincidence signal generation) A B 0012H
12 INTSER {generation of asynchronous serial interface receive error) — 0020H
13 INTSR (end of asynchronous serial interface reception) A, B 0022H
14 INTST {end of asynchronous serial interface transmission) A, B 0024H
15 INTCSI (end of clocked serial interface transmission) A, B 0026H
19
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Interrupt Servicing. The uPD78218A family pro-
vides two levels of programmable hardware priority
control and two different methods of handling mask-
able interrupt requests: standard vectoring and macro
service. The programmer can choose the priority and
mode of servicing each maskable interrupt by using
the interrupt control registers.

interrupt Control Registers. The uPD78218A family
has four 16-bit interrupt control registers. Each bit in
each register is dedicated to one of the 16 active
maskable interrupt sources. The interrupt request flag
register (IF0) contains aninterrupt request flag for each
interrupt. The interrupt mask register (MKO) is used to
enable or disable any interrupt. The interrupt service
mode register (ISMQ) specifies whether an interrupt is
processed by vectoring or macro service. The priority
flag register (PR0) can be used to specify ahigh or alow
priority level for each interrupt.

Two other 8-bit registers are associated with interrupt
processing. The interrupt status register (IST) indi-
cates if a nonmaskable interrupt request on the NMI pin
is being processed and can be used to allow nesting of
nonmaskable interrupt requests. The IE and the ISP bits
of the program status word are also used to control
interrupts. If the IE bit is zero, all maskable interrupts,
but not macro service, are disabled. The IE bit can be
set or cleared using the El and DI instructions, respec-
tively, or by directly writing to the PSW. The IE bit is
cleared each time an interrupt is accepted. The ISP bit
is used by hardware to hold the priority level flag of the
interrupt being serviced.

Interrupt Priority.  The nonmaskable interrupt (NMf)
has priority over all other interrupts. Two hardware
controlled priority levels are available for the maskable
interrupts. Either a high or a low priority level can be
assigned by software to each of the maskable inter-
rupts. Interrupt requests of a priority higher than the
processor's current priority level are accepted; re-
quests of the same or lower priority are held pending
until the processor's priority state is lowered by pro-
gram control within the current service routine or by a
return instruction from the current service routine.

Interrupt requests programmed to be handled by
macro service have priority over all vectored interrupt
service regardless of the assigned priority level, and
macro service requests are accepted even when the
interrupt enable bit inthe PSW is set to the disable state
(see figure 13).

The default priorities listed in table 4 are fixed by
hardware and are effective only when it is necessary to
choose between two interrupt requests of the same

20

software assigned priority. For example, the default
priorities would be used after the completion of a high
priority routine, if two interrupts of the same priority
routine were pending.

The software interrupt, initiated by the BRK instruc-
tion, is executed regardless of the processor’s priority
level and the state of the IE bit. It does not alter the
processor’s priority level.

Figure 13. Interrupt Service Sequence

Interrupt Request —[ xxMK =1 (Interrupt Masked) Interrupt Pending.
XxMK =0 (Unmasked)

ISM = 1 Macro Sarvice.

1ISM = 0 Vectored Interrupt Service.

DI Vactored Interrupt Pending.

El Vectored Interrupt

B83YL-9181A

Vectored Interrupt. When vectored interrupt is
specified for a given interrupt request, (1) the program
status word and the program counter are saved on the
stack, (2) the processor’s priority is set to that speci-
fied for the interrupt, (3) the IE bit in the PSW is set to
zero, and (4) the routine whose address is in the
interrupt vector table is entered. At the completion of
the service routine, the RETI instruction (RETB instruc-
tion for the software interrupt) reverses the process
and the uPD78218A family device resumes the inter-
rupted routine.

Macro Service

When macro service is specified for a given interrupt,
the macro service hardware temporarily stops the
executing program and begins to transfer data be-
tween the special function register area and the mem-
ory space. One byte is transferred each interrupt. When
the data transfer is complete, control is returned to the
executing program, providing a completely transpar-
ent method of interrupt service. Macro service signifi-
cantly improves response time and makes it unneces-
sary to save any registers.

For each request on the interrupt line, one operation is
performed, and an 8- or 16-bit counter is decremented.
When the counter reaches zero, a vectored interrupt
service routine is entered according to the specified
priority.
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Macro service is provided for all of the maskable inter-
rupt requests except INTSER, the asynchronous serial
interface receive error interrupt request. Each interrupt
request has a dedicated macro service contro! word
stored in Internal RAM (see figure 14). The function to
be performed is specified in the control word.

Figure 14. Macro Service Control Word Map

OFEDFH Channel Polinter
INTSR
QFEDEH Mode Register
OFEDDH Channel Pointer
INTST
OFEDCH Mode Register
OFEDBH nnel Poll
Channel Pointer INTCSI
OFEDAH Mode Reglster
FEDIH t Poll
0 9 Channet Pointer INTG10
OFED8H Mode Ragister
OFED7H Channal Polinter INTC11
OFED6H Moda Reglster
QFEDSH | Poll
5H | Channel Pointer | |\ reaintcao
OFED4H Mode Raglster
QFED3H Channel Polnter INTPS/INTAD
OFED2H Mode Reglster
OFED1H Channel Peolinter INTCOO
OFEDOH | Mode Reglster
OFECFH Channel Pointer
INTCO1
QFECEH Mode Register
OQFECDH Channel Polinter
INTC20
OFECCH Mode Reglster
OFECBH Channel Pointer
INTC21
OFECAH Mode Reglster
OFEC3H Channel Pointer
INTPO
OFEC8H Mode Reglster
OFEC7H Channal Pointer
INTP1
OFEC6H Moda Register
QFECSH Channel Polnter
INTP2
OFEC4H Moda Reglster
OFEC3H Channel Pelnter
- INTP3
QFEC2H Mode Reglster
83YL-92224

The uPD78218A family provides three different types of
macro service transfers:

Macro Service Type A. A byte of datais transferred
in either direction between a special function register,
preassigned for each interrupt request, and a buffer in
Internal RAM (FExx). Only the 8-bit macro service
counter is available for Type A transfers. The preas-
signed SFRs for the 12 interrupt requests that support
macro service Type A transfers are listed in table 5.

Table 5. Macro Service Type A Interrupts and

Assigned SFRs
Interrupt Request
INTC10 TM1-CR10 coincidence

Source/Destination SFR

CR10: Timer 1 8-bit compare
register

INTC11: TM1-CR11 comncidence CR11 Timer 1 8-bit capture/
compare register

CR20 Timer 2 8-bit compare
register

INTC20 TM2-CR20 coincidence

INTC21: TM2-CR21 coincidence CR21 Timer 2 8-bit compare

register

INTC30 TM3-CR30 coincidence CR30: Timer 3 8-bit compare

register

INTSR End of asynchronous sertal RxB Serial receive buffer
interface reception

INTST. End of asynchronous serial  TxS: Serial transmit shift
interface transmission register

INTCS!| End of clocked serial
interface transmission

INTAD. End of A/D converston

SIO Serial shift register

ADCR:' A/D conversion result
register

CR11. Timer 1 8-bit capture/
compare register

CR22: Timer 2 8-bit capture
register

INTPO: External interrupt pin POy

INTP1: External interrupt pin POs

TM2. Timer 2 8-bit timer
register

INTP2: External interrupt pin PO3

Macro Service Type B. A byte of datais transferred
in either direction between any specified special func-
tion register and a buffer anywhere in the 64K byte
address space. The macro service counter can be
programmed either to be an 8- or 16-bit counter. Macro
service Type B transfers can be initiated by any mask-
able interrupt except INTSER.

Macro Service Type C. A byte of datais transferred
from a buffer anywhere in the 64K byte address space to
one of the 8-bit compare registers of timer 1. At the
same time, a second byte of data is transferred from a
buffer anywhere in the 64K byte address space to the
real-time output port buffer. The macro service counter
can be programmed either to be an 8- or 16-bit counter.
Macro service Type C transfers can be initiated by
INTC10 with data transferred to CR10 and POL or PCOH,
or by INTC11 with data transferred to CR11 and POL or
POH.

In addition, the macro service Type C transfer can be
initialized to automatically alter timer compare regis-
ter values or to repeatedly output a prespecified pat-
tern at afixed or variable rate. By using macro service
Type C transfers to control the real-time output ports,

21

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003




B Luy27525 00u3l24 T27 EENECE

pPD78218A Family

NEC

the uPD78218A family can easily and accurately drive
two independent stepper motors.

Refresh

The refresh signal is used with any pseudostatic RAM
equivalent of the NEC uPD428128. The refresh cycle can
be set to one of four intervals: 16, 32, 64, or 128/fc
(2.6, 5.3, 10.7, and 21.3 us at 12 MHz). The refresh cycle
is timed to follow a read or write operation to avoid
interference with external memory access cycles.

Standby Modes

HALT and STOP modes are provided to reduce power
consumption when CPU action is not required. In HALT
mode, the CPU is stopped but the system clock con-
tinues to run. The HALT mode is released by any
unmasked interrupt, an external NMI, or an external
reset pulse. In STOP mode, both the CPU and the
system clock are stopped, further minimizing the
power consumption. The STOP mode is released by
either an external reset pulse or an external NMI. The

HALT and STOP modes are entered by programming
the standby control register (STBC). This register is a
protected location and can be written to only by a
special instruction. If the third and fourth bytes of the
instruction are not complements of each other, the
data is not written and the next instruction is exe-
cuted.

External Reset

The uPD78218A family is reset by taking the RESET pin
low. The RESET input pin contains a noise filter to
protect against spurious_system resets caused by
noise. On power-up, the RESET pin must remain low
until the power supply reaches its operating voltage
and the oscillator has stabilized. During reset the
program counter is loaded with the address contained
in the reset vector table (address 0000H, 0001H); pro-
gram execution starts at that address upon the RESET
pin going high. While RESET is low, all external lines
except Vgs, Voo, AVss, AVRer, X1, and X2 are in the high
impedance state.
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Ta = +25°C

Operating voltage, Vpp ~05t0 +7.0V
AVREF -051to Vpp +0.5V
AVgg -05tc +05V

Input voltage, V),
Vip (Note 1)

-05toVpp + 05V
-0.5to AVRpgr +0.5V

Operating Conditions

Oscillation
Frequency, fyy Ta Voo
4 to 12 MHz —40 to +85°C +5V £10% @PD78217A/218A),

+5V £0.3V uPD78P218A)

Capacitance
Ta = +25°C;Vpp = Vgg = OV

Vi3 (Note 2 for yPD78P218A) -0.5to +13.5V ltem Symbol Max Unit Conditions
Output voltage, Vo -05to Vpp +05V Input capacitance Cy 20 pF f=1MHz,
Low-level output current, I Qutput capacitance Co 20 pF pins not used
. for
per pin 15 mA
total, all output pins 100 mA Input/output Cio 20 pF measurement
capacitance areatQVv
High-level output current, oy
per pin ~10 mA
total, all output pins -50 mA
Operating temperature, Topt -40 to +85°C
Storage temperature, TgTqg —-65 to +150°C
Notes:
(1) Pins P7o/ANO - P75/ANS, P8g/WAITANG, and P67/REFRQ/AN7
when used as the A/D ceonverter input pins. However, the abso-
lute maximum rating of Vi3 must also be satisfied.
(®) P2y/NMI, EA/Vpp, and P2,/INTPO/Ag pins in the PROM program-
ming mode
Exposure to absolute maximum ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the Iimits
specified under DC and AC characteristics,
DC Characteristics
Ta = -4010 +85°C; Vgg = OV; Vpp = +5V £10% (Vpp = +5V 0.3V for uPD78P218A)
Item Symbol Min Typ Max Unit Ceonditions
Low-level input voltage ViL o] 0.8 4
High-level input voitage ViH1 2.2 Vob Except the specified pins (Notes 1, 2)
ViHg 22 AVREF \ Specified pins {Note 1)
Vina 0.8Vpp Vpp \% Specified pins (Note 2)
Low-level output voltage Vor1 045 \ lop = 20 mA
VoLz 10 v log = 8.0 mA (Note 3)
High-level output voltage VoH1 Vpp-10 v loy = -1.0 mA
Vouz Vpp-0.5 \% lop = -100 A
VoHa 2.0 v loy = —5.0 mA (Note 4)
X1 low-level input current i -100 HA V=V sV
X1 high-level input current [IT8] 100 HA ViHa = V=< Vpp
Input leakage current I *10 HA 0V < V)< Vpp
Output leakage current Lo *10 LA 0V = Vo = Vpp
AVRgr current Algefr 1.5 5.0 mA Operating mode, fxx = 12 MHz
Vpp power supply current bD1 20 40 mA Operating mode, fyx = 12 MHz
lopz 7 20 mA HALT mode, fyx = 12 MHz

Powered by | Cniner.comEl ectronic-Library
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HgPD78218A Family

NEC

DC Characteristics (cont)

Item Symbol Min Typ Max Unit Conditions
Data retention voltage VDDDR 25 55 v STOP mode
Data retention current IbDDR 2 20 HA STOP mede; Vpppr = 2.5V
5 50 HA STOP mode; Vpppr = 5V =10%
Pullup resistor RL 15 40 80 kQ Vi= 0V
Notes:

(1) Pins P7o/ANO - P75/ANS, PBg/WAITANS, and P6;/REFRQ/AN7  (3) Pins P4g/ADg - P47/AD7, and PSg/Ag - PS7/A1s.
when the pin is used as an A/D converter input pin. (4) Pins POg - PO7.

) X1, X2, RESET P2y/NMI, P2,/INTPO, P2,/INTP1,P23/INTP2/CI,
P24/INTP3, P25/INTP4/ASCK, P2g/INTPS, P2,/S1, P35/SCK, P33/
SO/SBO, and EA pins

AC Characteristics-—~Read/Write Operation

Tp = —40 to +85°C; Vgg = OV, fxx = 12 MHz; C = 100 pF, Vpp = +5V *10% (Vpp = +5V *0.3V for uPD78P218A)

Item Symbol Calculation Formula (2, 3) Min Max Unit Conditions
X1 input clock cycle time toyx — 82 250 ns
Address setup time to ASTB ¢ tsAST teyx - 30 52 ns
Address hold time from ASTB { (Note 1) tHSTA — 25 ns
Address hold time from RD? tHRA — 30 ns
Address hold time from WR 1 tHWA — 30 ns
Address to RD | delay time tpAR 2toyx - 35 129 ns
Address float time to RD | tFAR toyx/2 - 30 1 ns
Address to data input time tDAID {4+2n) toyx — 100 228 ns No wait states
ASTB ! to data input time tpsTiD B+2n)tcyx ~ 65 181 ns No wait states
RD | to data input time toRID (2+2n)tayx - 64 100 ns No wait states
ASTB 4 to RD | delay time tosTR teyx — 30 52 ns
Data hold time from RD t tHRID — 0 ns
RD * to address active time tDRA 2tcyx — 40 124 ns
RD 1 to ASTB t delay time tpRST 2toyx — 40 124 ns
RD low-leve! width tWRL (2+2n)toyx — 40 124 ns No wait states
ASTB high-level width twsTH toyx - 30 52 ns
Address to WR | delay time toaw 2teyx - 35 129 ns
ASTB ! to data output time tpsTOD toyx + 60 142 ns
WR | to data output time towon — 60 ns
ASTB | to WR | delay time tosTw1 toyx — 30 52 ns

thsTw? 2tcyx — 35 129 ns Refresh mode
Data setup time to WR t tsopwR  (3+2n)toyx - 100 146 ns No wait states
Data setup time to WR { tsopwr  toyx - 60 22 ns Refresh mode
Data hold time from WR t (Note 1) tHwoD — 20 ns
WR 1 to ASTB 1 delay time towsT toyx — 40 42 ns
WR low-level width twwi1 (3+2n)teyy - 50 196 ns No wait states

twwi2 (2+2n)tcyx — 50 114 ns Refresh mode; No wait

states
Address to WAIT ¢ input time toawT 3toyx — 100 146 ns
24
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NEC uPD78218A Family

AC Characteristics —Read/Write Operation (cont)

Item Symbol Calculation Formula (2, 3) Min Max Unit Conditions

ASTB { to WAIT { input time tosTWT 2tcyx - 80 84 ns

WATT hold time from ASTB | tHsTWT 2Xteyx + 10 174 ns One external walt state

ASTB | to WAIT t delay time tosTWTH  2(1+ X)tcyx - 55 273 ns One external wait state

RD { to WAIT { input time toRWTL teyx — 60 22 ns

WAIT hold time from RD | tHRwT @X~Nteyx + 5 87 ns One externat wait state

RD | to WAIT * delay time tDRWTH (X +1)toyx — 60 186 ns One external wait state

WAIT 1 to data input time DWTID toyx —- 20 62 ns

WAIT 1 to WR 1 delay time OWTW 2toyx ~ 10 154 ns

WAIT 1 to RD t delay time tDWTR toyx - 10 72 ns

WR | to WAIT input time towwTL toyx — 60 22 ns Refresh disabled

WAIT hold time from WR | tHWWT1 @X-tcyx + 5 87 ns One external wait state,
refresh disabled

tHwwT2 2(X-teyx + 5 5 ns One external wait state,

refresh enabled

WR | to WAIT t delay time towwTH1  @X+1)teyx - 60 1886 ns One external wait state;
refresh disabled

towwTHz Xitcyx -60 104 ns One external wait state;

refresh enabled

RD t to REFRQ ¢ delay time tDRREQ 2toyx ~ 10 154 ns

WR t to REFRQ ¢ delay time towRFa  toyx - 10 72 ns

REFRQ low-level width twaFaL 2toyx — 44 120 ns

REFRQ 1 to ASTB 1 delay time toRFasT  4toyx —48 280 ns

Notes:

(1) The hold time includes the time during which Voy and Vg are (2) nndicates the number of internal wart states.

::ainzdkunnder the following load conditions: G| = 100 pF and (3) X indicates the number of external wait states (1, 2, 3, ...)

Serial Port Operation
Ta = -40to +85°C; Vgg = OV, fxx = 12 MHz; C{ = 100 pF; Vpp = +5V £10% (Vpp = +5V +0.3V for uPD78P218A)

Item Symbeol Min Max Unit Conditions

Serial clock cycle time tevsk 1.0 us External clock input
1.3 us Internal clock/16 output
53 us Internal clock/64 output

Serial clock jow-level width twskL 420 ns External clock input
556 ns Internal clock/16 output
25 us Internal clock/64 output

Serial clock high-level width twskH 420 ns External clock input
556 ns Internal clock/16 output
25 us internal clock/64 output

Sl, SBO setup time to SCK 1 tsssk 150 ns

S|, SBO hold time from SCK t tHesK 400 ns

25
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Serial Port Operation (cont)

item Symbol Min Max Unit Conditions
SO/SBO output delay time from tosBsK1 ¥} 300 ns CMOS push-pull cutput
SCK (3-line serial /O mode)
tosBskz [¢] 800 ns Open-dratn output
(SBI mode), B = 1kQ
SBO high, hold time from SCK 1 tHsBsK 4 tovx SBl mode
SBO low, setup time to SCK ¢ tssBSK 4 tovx SBI mode
SBO low-levet width twSBL 4 toyx
SBO high-level width tWSBH 4 tevx

A/D Converter Operation
Ta = -40 to +85°C; Vgg = AVgg = OV;Vpp = +5V *10% (Vpp = +5V *03V for uPD78P218A)

Item Symbol Min Typ Max Unit Conditions
Resolution 8 Bit
Full-scale error * 0.4 % AVReg = 40V toVpp, Tp = —10to +70°C
0.8 % AVRep = 3.6V to Vpp, Ta = —10 to +70°C
o8 % AVgeg = 4.0V to Vpp
Quantization error +1/2 LsB
Conversion time tcony 360 teyx 82ns < toyx < 125 ns
(FR bit of ADM register 1s 0)
240 tovx 125 ns < toyx < 250 ns
(FR bit of ADM register 1s 1)
Sampling time tsaMpP 72 tovx 82 ns < toyx < 125 ns
(FR bit of ADM register 1s 0)
48 tovx 126 ns < toyx < 250 ns
(FR bit of ADM register is 1)
Analog input voltage Vian -0.3 AVgefF + 0.3 Y
Analog input impedance RaN 1000 MQ
Analog reference voltage AVREE 3.6 Voo v
AVREgF current AlgRer 15 5.0 mA Operating mode, fyx = 12 MHz
0.2 1.5 mA STOP mode

* Quantization errror is not included. Unit is defined as percent of
full-scale value

Interrupt Timing Operation
Tp = -40to +85°C; Vgg = OV, Vpp = +5V *10% (Vpp = +5V
+03V for uPD78P218A)

Item Symbol Min Max Unit Conditions
NM! low-level width twnie 10 us

NM! high-level width twhniH 10 us

INTPO-INTP5 low-level width twirL 24 teyx
INTPO-INTPS high-level width twry 24 toyx

RESET low-level width twrsL 10 us

RESET high-level width twrsH 10 us

26
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Data Retention Characteristics
Ta = -40to +85°C

ftem Symbol Min Typ Max Unit Conditions
Data retention voltage Vbbor 25 55 v STOP mode
Data retention current IDoDR 2 20 HA Voppr = 25V
50 uA VppoR = 5V =10%
Vpp rise time tRvD 200 us
Vpp fall time trvD 200 us
Vpp retention time thvD 0 ms
(from STOP mode setting)
STOP release signal input time tpREL 0 ms
Oscillation stabilization wait time twalT 30 ms Crystal resonator
5 ms Ceramic resonator
Low-level input voltage Vie [¢] 01 Vpppr \ Specified pins *
High-tevel input voltage ViH 0.9 Vpppr VoDOR \% Specified pins *

* RESET, P2¢/NMI, P24/INTPO, P2,/INTP1, P23/INTP2/CI, P24/INTP3,
P25/INTP4/ASCK, P2g//ASCK, P2g/INTPS, P2,/S|, P3,/SCK, P35/SO/
SBO, and EA pins.

Recommended Resonator Circuit Recommended External Clock Circuit
= ] x1 Clock x4
| ek l
! HCMOS
b (== Inverters
b2
| x2 x2
Ceramic or crystal resonator frequency fyy = 4 to 12 MHz Clack frequency fxx =4 to 12 MHz
Extemnal osclllation circult should be as close to the X1 and In STOP mode, X1 Is intemally shorted to Vg to pravent
X2 pins as possible leakage current. Therefore, STOP mode is not available
Do not place other signal fines in the shaded area when using this extemal clock clrcuit.
SIYL-51894 83YL 91904
Recommended Ceramic Resonators External Clock Operation
(uPD78217A/218A only) Tp = —401%o +B5°C; Vpp = +5V *10%; Vgg = OV
Frequency Item Symbol Min Max Unit Conditions
Manufacturer (MHz) Part Number C1 (pF) C2 (pF) X1 input fow-level width  tyx, 30 130 ns
Murata Mfg. 12 CsA12.0M7Z 30 30 X1 input high-level width  tyxn 30 130 ns
CST120MTW None* None* X1 input rise time txR ¢] 30 ns
*C1 and C2 are contained in the resonator. X1 input fall time X 0 30 ns
X1 input clock cycle time  toyy 82 250 ns

27
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Timing Waveforms

Voltage Thresholds for AC Timing Measurements

Vop -1 ){ 0B Vop OrZ2V
0.8V

045V
8392237
Read Operation
forx
X1
v O
8719 C
- 'DAID le——thRA

lea— tpAR ———»{

K J
ADO"‘DT—_Q Address Y {
N

tHsTA
tsasT trAR

tosTID

Address

Input Data

'HRID

ASTB
N

twsTH |«—tosTR — le——tDAST

tbriD

fe————— WAL
_ | /—
RD N\

83YL-91828
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NEC HMPD78218A Family

Timing Waveforms (cont)

Write Operation

orx

X1

Ag-Atg >< X; ﬁ
le——— tpay ———»f "h THwA
ADg-AD7 —C>§ Address ——O(: Output Data Address
sasT tHSTA

le—tDSTOD tsoDwR e tHwoD

t t
ASTE leoo T SODWF
N
twsTH re—— tpwsT

re—————— twwi —»

re—— tyyw( 2 ———m

_ T~ = T 4
WR K
\( \ 7“/

e I DSTW1-3]

[———tosTW2 ———»f

83YL-91838
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Timing Waveforms (cont)

External WAIT Signal Input (Read Operation)

Ag-Atg

XX

ADg-AD7 Addrass

ASTB
A

O

[« ‘owTip

tDSTWTH
tHSTWT

'DRWTH
tHRWT

3l
et

(<> tDAWTL
t<— losTWT ——>

tDAWT >

tDWTR

WAIT \

B3YL 91848
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Timing Waveforms (cont)

External WAIT Signal Input (Write Operation)

ADg-AD7

Ouput o >_<E

tosTWT
tpawT >

WAIT \

83YL-91858
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Timing Waveforms (cont)

Refresh After Read

ASTB

)
'DRRFQ toRFOST

REFRQ

twrraL
83YL-31868

Refresh After Write

ASTB Y

WR
tOWRFQ 'DRFQST

REFRQ

.,

twRFQL
8AYL-91878B
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Timing Waveforms (cont)

Serial Operation

Three-Line Serial VO Timing

SCK

—4 'DSBSK1
- XC D ¢ X

SBI Mode

Bus Release Signal Transfer Timing

SCK

tssesk

S80

Command Signal Transfer Timing
twskL |, | twskH

tHsBSK |, tssBSK

tpgBsk2 | tsssK

SBO Input/Qutput Data

83YL-91888
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Timing Waveforms (cont)

Interrupt Input External Clock

[<— twNIL

NMI

twITH e twiTL

BIML-5335A

INTPO - 0.8Vpp
INTPS 08V

83YL 9224A

Reset Input

RESET

BIYL-9225A

Data Retention Characteristics

Set STOP Moda

VDDDR

'DREL_

—»| |e—tpyp tryD—>| |< <« twaAlT

- 08 Vpp
RESET \ / 3
S VoDDR \

K 0.8V

- \ v / 08Vpp 3
(Releasa by DDDR
falling

edge Input) C 0.8V

.
NI /080

(Release by
rising

edge input) 0.8V 4

83YL 92268
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#PD78P218A PROGRAMMING

In the yPD78P218A, the mask ROM of uPD78218A is
replaced by a one-time programmable ROM (OTP ROM)
or a reprogrammable, ultraviolet erasable ROM (UV
EPROM). The ROM is 32,768 x 8 bits and can be
programmed using a general-purpose PROM writer
with a uPD27C256A programming mode.

The PA-78P214CW/GC are the socket adaptors used for
configuring the uPD78P218A to fit a standard PROM
socket.

Refer to tables 6 and 7 and figures 15 and 16 for special
information applicable to PROM programming.

Table 6. Pin Functions During PROM
Programming

Pin Pin* Function

POg - PO7 Ag-A7 Address input pins for
PROM operations

P5y/Ag Ag Address input pin for PROM
operations

P24/INTPO Ag Address input pin for PROM
operations

P55/A10 - PSg/A14 Ag-Aqa Address input pins for

PROM operations

Table 6. Pin Functions During PROM
Programming (cont)

Pin Pin* Function

P4o/ADg - P4/ Dy - D7 Data pins for PROM

AD7 operations

P65/WH CE Strobes data into the PROM

P64/RD OE Enables a data read from
the PROM

P2g/NMI NME PROM programming mode
1s entered by applying
+12 5 volts to this pin

RESET RESET PROM programming mode
requires applying a low
voltage to this pin

EA Vpp High voltage applied to this
pir for program write/verfy

Vob Vop Positive power supply pin

Vss Vss Ground

*Pin name in PROM programming mode,

Table 7. Summary of Operation Modes for PROM Programming

Mode NMI RESET CE OE Vep Voo Dg - D7
Program write +125V L L H +125V +6V Data input
Program verify +125V L H L +125V +86V Data output
Program inhibit +125V L H H +125V +8V High Z
Read out +125V L L L +5V +5V Data output
Output disable +125V L L H +5V +5V High Z
Standby +125V L H LH +5V +5V High 2
Note: When +12.5V is applied to Vpp and +6 V to Vp, both CE and
OE cannot be set to low level (L) simultanecusly.
35
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Figure 15. Pin Functions in uPD78P218A PROM (4) Provide write data.
Programming Mode; 64-Pin Plastic and ®)

ide 1- i CE
Ceramic Shrink DIP. 64-Pin Plastic QUIP Provide 1-ms program pulse (active low) to the C

pin.
wPD78P21BACW (6) Thisdatais now verified with a pulse (active low) to
uPD78P218ADW the OE pin. If the data has been written, proceed to
Ag a i~ spAs step 8; if not, repeat steps 4 to 6. If the data cannot
24 H : :3 g :1 be correctly written after 25 attempts, go to step 7.
5 2H Ao
Agl]4 610 (7) Classify as defective and stop write operation.
A = . .
7E z :g - [ Open (8) Provide write data and supply program pulse (for
L { d- ss b additional writing) for 3 ms times the number of
cECs 570 writes performed in step 5.
OEE fo :: g (9) Increment the address.
11 54 [ (10) Repeat steps 4 to 9 untif the end address.
Hde safd [ -
[m BT s21 PROM Read Procedure
RESET [] 14 517 . . o
Open ] 15 500 (1) Set the pins not used for programming as indi-
(c]m R a9 vpp cated in figures 15 and 16. Fix the RESET pin to a
vss O 17 480 vpp low level, the Vpp and Vep pins to +5V, and apply
LG8 a7l +12.5 V to the NMI pin. The CE and OE pins should
Ag1s as be high.
Aq3 20 a5 } Open .
A 021 M (@) Input the address of the data to be read to pins
Ay 22 aap Ap-Ata.
Ao Lf 23 42 (3) Read mode is entered with a pulse (active low) on
LO24 a1 = ==
agd2s swb G both the CE and OE pins.
D7E 26 39 g (4 Datais output to the Dg to D7 Pins.
Dgl}27 38
% E 28 a7 gAs ) EPROM Erasure
a 0] 29 36 |J P2g/NMI
Dg [ 30 3s [ Open Data in an EPROM is erased by exposing the quartz
Dx 31 aaH po window in the ceramic package to light having a wave-
Vss [ 32 331 D1 length shorter than 400 nm, including ultraviolet rays,
direct sunlight, and fluorescent light. To prevent unin-
Notes: . .
tentional erasure, mask the window.
(1) L: Connect these pins separately to Vgg through ) X A
resistors. Typically, data is erased by 254-nm ultraviolet rays. A
(2) G: Connect thesa pins to Vg .mitnim_lim lighting Ievril of) 15 Ws/cmZd(LtJItraviole[t re;y
. intensity x exposure time) is required to completely
3 : Do 1 these pins. . ;
) Opes: Dot ccnnect thees pins savLe227a erase written data. Erasure by an uitraviolet lamp rated

at 12 mW/cm2 takes approximately 15 to 20 minutes.
- Remove any filter on the lamp and place the device-
PROM Write Procedure within 2.5 cm of the lamp tubes.
(1) Set the pins not used for programming as indi-

cated in figures 15 and 16. Connect the RESET pin

to a low level, the Vpp and Vpp pins to +5 V, and

apply +12.5V to the NMI pin. The CE and OE pins

should be high.

(@ Apply +6V to the Vpp pin and +12.5V to the Vpp
pin.

(3) Provide the initial address to the Ag to Ay pins.

36
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Figure 16. Pin Functions in uPD78P218A PROM Programming Mode; 64-Pin Plastic QFP

2
w 7 rnowsoar-o ©
B~ ——— o
OO0 000000300006
. 33888335883 8858¢
OEO 1 48
2 a7 0
Os LEam]
L O
= asf] »L
Os 44 1
RESET (] 8 a3
Open 7 a2
cs 41 D vpp
ves 0 uPD78P218AGC 20 [ Vpp
A5 10 ]
A1 3]
Aigg12 37 Zl}
e
A 13 s/ "
Ay 14 a5 [
A 15 sfdraG
L 1e 33
FTEP2RENRILRRERBBE Y
ULJLILIIJULJLIULJL)[___ILJLJLI\_I
FEEXTESPSEEE D5
> & (0]
o
o
a
Notes:
(1) L: Connect thesa pins separately to Vgg through
resistors,
(2) G: Connect thesa pins to Vgg-
(3) Open: Do not connect these pins.
83YL-92288
DC Programming Characteristics
Tp = 25 +5°C; Vjp = 12,5 0.5 V applied to NMI pin; Vgg = OV
Parameter Symbol  Symbol* Min Typ Max Unit  Condition
High-level input voltage Vin Vin 24 Vppp+ 0.3 \
Low-level input voltage Vi Vi -03 0.8 v
Input leakage current iLip It 10 HA 0=V, =< Vppp
High-level output voitage VoH1 Vor1 24 loy = —400 pA
VoHz VoHz  Vpp—07 loH = -100 pA
Low-level output voltage VoL VoL 0.45 lop = 21 mA
Output leakage current Lo 10 uA 0= Vo= Vppp OE = Vy
NMI pin high-volitage input current  |p *10 LA
Vppp power voltage Vpop Veeo 5.75 60 6.25 v Program memory write mode
4.5 50 5.5 A Program memory read mode
Vpp power voltage Vpp Vep 122 125 12.8 \ Program memory write mode
Vpp = Vppp v Program memory read mode

37
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DC Programming Characteristics {cont)

Parameter Symbol Symbol* Min Typ Max Unit Condition
Vopp power current lopp Icc 5 30 mA Program memory write mode
5 30 mA Program memory read mode
CE =V, V= Viy
Vpp power current lpp tpp 5 30 mA Program memory write mode
CE= V|, 0E =V
1 100 UA Program memory read mode

*Corresponding symbols of the yPD27C256A.

AC Programming Characteristics (Write Mode)
Tp = 25 *5°C; Vjp = 125 £0.5V applied to NM! pin; Vgg = 0V; Vpp =6 £0.25V; Vpp = 125 03V

Parameter Symbol Symbol* Min Typ Max Unit Conditions
Address setup time to CE ¢ tSAC tAs 2 us
Data input to OE { defay time topoo toes 2 us
Input data setup time to CE tsipc tps 2 us
Address hold time from CE t tHea tAH 2 us
Input data hold time from CE t thein toH 2 us
Output data hold time from OE ! tHooD toF 0 130 ns
Vpp setup time to CE 4 tsvpc typs 1 ms
Vpop setup time to CE ¢ tsvbc tves 1 ms
Initial program pulse width w1 tew 0.95 10 1.05 ms
Additional program pulse width twi2 torw 2.85 7875 ms
NMI high-voltage input setup time to CE | tspc 2 us
OE | to data output time tbooDn toE 150 ns

*Corresponding symbols of the uPD27C256A.

AC Programming Characteristics (Read Mode)
Ta = 25 £5°C, Vjp = 125 *0.5V applied to NMI pin; Vgg = 0V; Vpp =5 20.5V; Vpp = Vppp

Parameter Symbol Symboi* Min Typ Max Unit Condition
Address to data output time toaoD tace 200 ns CE= OE = V|_
CE | to data output time tocoo tce 200 ns OE = vy

| ©E | to data output time toooD o 75 ns CE=vV)
Data hold time from OE t tHeoD o 0 60 ns CE= V)

i Data hold time from address tHAOD toH 0 ns CE= OE = v

‘ * Corresponding symbols of the uPD27C256A.
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NEC HPD78218A Family

PROM Timing Diagrams
PROM Write/Verifying Mode

j4——————————X Repetitiong———————»{

<—Wr|te—>r<—Verity—><—AddIu°nal erte—>1

4 p
Effective Address )§<

Ap-h1a

t >

I<~tszxc --’ tHooD |‘—H’HCA
H-Z £ Data X Hi-Z Data Hl- Data Hi-Z
Do-D7 " Input y Output Input
'SIDC—=| e  —= = Ycp tSIDC—>| e — tHeID
|
Vie s
NMI /
ViL
~—= [*—1sPC
Vpp s
Vpp /
Yoo
—»| [«—tsvPC
Vpop v
Yoo
Vobp
—»| re—-tgvpe
ViH ———— Yy s \ s
CE
ViL
—» [<—tppoo
twio
[« tboob
VIH h Ic
OE
ViL
Notes:

(1) Vpp must be applied before applying Vpp . It should be removed after removing Vpp.
(2) Vpp must not exceed +13V, Including ovarshoot.

BIML-59968
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PROM Read Mode

4
Ag-Aq4 X‘ Effective Address

te——— 'DACD ——— tHAOD [

- s Y .
R B e -g‘ Data Output ,E - — —— - - —

BIML-59978
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