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N E ¢ ELECTRONICS INC 30E D
NEQ uPD78C1x/C1xA/CG14/CP14
8-Bit CMOS Microcomputers
NEC Electronics Inc. With A/D Converter
T-4q4-19- 07
T-49-19-69
Description o Expansion capabilities
— B085A-like bus

The family of single-chip microcomputers covered by

— B0K-byte external memory address ran
this data shest includes the following types: v y ge

0O Eight-channel, 8-bit A/D converter

UPD78C10 uPD78C10A  uPD78CG14 — Autoscan mode
UPD78C11 uPD78C11A  uPD78CP14 — Channel select mode
uPD78C14  uPD78C12A . 0 Full-duplex USART
UPD78C14A — Synchronous and asynchronous

These microcomputers integrate sophisticated on-chip
peripheral functions normally provided by external
components, Their Internal 16-bit ALU and data paths,
combined with a powerful instruction set and address-
ing, make the devices appropriate in data processing as
well as control applications.

The devices integrate a 16-bit ALY, 4K-, 8K-, or 16K-byte
ROM, 256-byte RAM, an eight channel A/D converter, a
multifunction 16-bit timer/event counter, two 8-bit tim-
ers, a USART, and two zero-cross detect inputs on a
single die, allowing their use in fast, high-end process-
ing applications. This involves analog signal interface

0 Mask optional pullup resistors
—Ports A, B, and C
— uPD78C11A/C12A/C14A only

0 Two zero-cross detect inputs
a Two 8-bit timers

60248

O 159 instructions

— 16-bit arithmetic, multiply, and divide

s

— HALT and STOP instructions
O 0.8-us instruction cycle time (15-MHz operation)
8 Prioritized interrupt structure

— Three external
— Eight internal

0 Standby function

O On-chip clock generator

Ordering Information

(Resin thickness
2,7 mm)

HPD78C11 L

68-pin PLCC

- and processin Part Number Package ROM
P o . uPD78C100W 64-pin plastio SDIP ROMless
The uPD78C1x/C1xA/Cx14 family includes: 4K-, 8K-, and FD78010G-30 84-pin plastic QUIP
16K-byte mask ROM devices, embedded with a custom al prpEee
customer progranm; ROMIess devices for use withupto ~ HPD78C10G-18 ?F‘;Fs’:: Plaetlo oFP
64K-bytes of external memory; 16K-byte piggyback 2.05 mm)
EPROM device for prototyping; 16K-byte EPROM or OTP -
ROM devices for prototyping and low-volume produc-  HFD78C106F-3BE ?;;‘::: ﬂf:;:;gp
tion. The uPD78C11A/C12A/C14A also have mask op- 2.7 mm)
tional pullup resistors available on ports A, B, and C. PD78COL 68-pin PLCC
Feat uPD78C10ACW 64-pin plastic SDIP ROMless
eatures uPD78C10AGF-3BE 64-pin plastic QFP
a CMOSnSChnOIOQY HPD78C10AGQ-36 84-pin plastlc QUIP
— 25 mA operating current o y
(78C10/C10A/GT1/C11A/C124) HPD7ECIOAL 88-pin PLCC
— 30 mA operating current (78C14/C14A) HPD78C11 CWaox 64-pin plastic SDIP 4K mask ROM
a Complete single-chip microcomputer HPD78CT Gox-36 64-pln plastlc QUIP
—16-bit ALU UPD78C11G-xxx-1B 64-pin plastic QFP
—4K, 8K, or 16K x 8 ROM spesin thickness
— 256-byte RAM .08 mm)
0 44 1/0 lines HPD78C11GF-xxx-3BE 64-pin plastic QFP
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Ordering Information (cont)

Part Number Package ROM
HPD78C11ACW-0x¢ 64-pin plastic SDIP 4K mask ROM
UPD78C11AGF00-3BE  64-pin plastic QFP
uPD78C11 AGQ-10¢-36 64-pin plastic QUIP
uPD78C11 AL 68-pin PLCC
yIE’D78012ACW-x>0( 64-pin plastic SDIP 8K mask ROM
UPD78C12AGF-xxx-3BE  64-pin plastic QFP .
UPD78C12AG-x0¢¢-36 64-plin plastic QUIP
HPD78C12AL0x 68-pin PLCC
uPD78C14CW-100¢ 64-pin plastic SDIP 16K mask
[iPD78C14G00x-36 64-pln plastio QUP 1M
uPD78C14Q-00¢-1B 64-pin plastic QFP
{Resin thickness
2,05 mm)
{PD78C14GF-10xx-3BE 64-pin plastic QFP
(Resin thickness
27 mm)
HPD78C14L0x¢ 68-pin PLCC
~TJ'F'D78014AG-)o<x-ABE! 64-pln plastic QFP 16K mask
(Interpin pitch ROM
0.8 mm)
uPD78CG14E 64-pin ceramic 4/8/16K
plggyback QUIP plggyback
EPROM
uPD78CP14CW 64-pin plastio SDIP 16K OTP ROM
. UPD78CP14G-36 64-pin plastlc QUIP
HPD78CP14QGF-3BE 64-pln plastic QFP
- pPD78CP14L 68-pin PLCC
HPD78CP14DW 64-pin ceramic SDIP 16K v
with window EPROM
HPD78CP14R 64-pin ceramic QUIP
with window
Notes:

(1) xxx indicates ROM code suftix,

Pin Configurations

NEC

T-49-19-07
T-49-19-59

64-Pin QUIP or SDIP (Plastic or Ceramic)

PAg O

PA1 [

PAs [

PA3 [

PA4 O}

PAs O}

PAg ]

PA7 O

PBg &}

Pe¢ O

PBy O

PB3 ]

PB4 O

PBs q
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PB7
PCo/TxD O}
PC{/RxD O
PCp /SCK [
PCa/TUiINT2 O
PC4/10 ]
PCs/Cl ]
PCg/CO0 T}
PC7/CcO1 ]
M O

INT1
MODE1
RESET O§
MODEO O
peam

x1 O

1 \J &
2 63
3 62
4 61
5 60
8 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51
15 50
16 49
17 ’ 48
18 47
19 46
20 45
21 44
22 43
23 42
24 4
25 40
26 39
27 38
28 a7
29 3
30 a5
3t 34
32 a3
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H Voo _
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1 POy
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) PDg

) PDo

[ PDy

1 PDo
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[1 PFg

1 PF5
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) PF3 -
1 PF2

[ PFq v T
[ PFo N
] ALE o
0 WR
3 RO )
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[1 AVAREF
] AN7
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] AN5

] ANg

[1 AN3

[0 AN2

[ ANy

[J ANg
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64-Pin Plastic QFP

RESET

&3ML-61808

SNV []
9NV [
INV ]
338V o
aday
ad O
am
I
044
tid [
234 [
€44 [
Yaq O
S3d [
9344 [
L4 [
0gd O}
lad O
2ad [

31 [ ANg
30 [J AN2
27 [ Avgs
26 I vgg
25 1 x4

24 [ x2
23 [1 MODEo

29 {1 ANt

28 [ ANo

2 [

21 1 MODE1
20 [T INTY

32 [1 AN4

358838

CSrNoOTUwWOND O
LRI IR IR IR LR o L)

TN OND

1NN

H Loorzod
H 000804
L 10504
H outod
H 2 1nin1od
HOSr%0d
adtod
! axp09g
D 254

P 9gy

P sq

H a4

H a4

P 2g4

H 194

H 0gg

P 2yy

[ vy

Pasdes O

PDg [ 52
PD4 O] 53
PDs [ 54
PDg ] 55
ro7 O] 56
STOP [ s7
PAg ] 59
PA3 O 60
PA> O] 61
PAz (4 62
PAs ] 63

Vpp [ 58
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64-Pin Ceramic Piggyback QUIP

PAoL] 1 \/ 64 [0 Vpp

PA{ ] 2 63 [J STOP
PAoC] 3 L N ks 621 PDy
PAgCY 4 Vpp Q1 28 Vpp 61 1 PDg
PALCIS I i\  60[1PDg
PAsTI 8 ApQ2  27Q Vg 59[1PD4
PAg[] 7 1 ] 58 7] PDj
PA7C] 8 A;03 28Q A S7[1PD,
PBoC]® I 1 ssp1PDy
i 10 agda 25Qnag s5P1FDo
PaC] 11 1 | sa[IPFy
PRl 12 AsQs 240 ag S3[1PFs
PB4 13 1 1 52 [ PF5
PBsC 14 A,Q6 23Q Ay 51 [TPFs
PBg C} 15 1 1 80 [1 PF3
a7} 16 AsQ7 22Qvgg 49 [IPF2
PCoTxO 17 1 i 48[1PFy
POURD L] 18 A,Q8 219 Ag 47 1 PFo
PCASCR I} 19 | 1 4sfIAE
PCyINTZ [ 20 A, Q0 20QTE 45 1WA
pegTOC] 21 i u«pm

PescIC] 22 Ag@10 19Q1; 43|01 AVDD

PCg/COg L] 23 ! I 42 [ VAREF
Pozico1 Cl2a ;@11 18Q15 411 AN;
Mic]es & I 40[IANg
N1 T} 28 Q12 17Q15 so[IANs
MoDEI O} 27 | 1 esfdang
RESETC]28 1,013 1801, a7[1ANg
MODEO [ 29 I 1 38 [1 ANy
xel]s0vgg Q14 1501, 353 AN
X1 a1 - 34 [ ANg

Vgg [ 32 33 1 Avgg

83AD-6942A4
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68-Pin PLCC T-49-19-59
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QEEEEEEEE’GEEEEEEQ
inlnEsEsEnNalalainlniaiainininials)
mwhwm*nwrgsgggggs
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PBg ] 16 54 1 PFg
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PCoTxD O 19 51 17 PFq I AR
PCy/RxD O] 20 50 [0 ALE '
PC2/SCK [ 21 49 1 WR
PCa/TUiNT2 [ 22 48 D RO
ic O] 23 47 [J Avpp
PC4TO [} 24 46 {1 Ic . -
PCgiCl 4 25 45 11 VARgr ;i
PCg/icog O 26 44 1 ANy i e
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s - - o N O = N O g v
SEEEEIR%g8g59232¢
5 EME 7=
8IML-61798
5-7

ladd »




N E C ELECTRONICS INC

HPD78C1x/C1xA/CG14/CP14

30E D

B L427525 002L00S5 & M

NES

T-49-19-07

Pin ldentification

Symbol Function

ALE Address latch enable cutput

ANO-AN7 A/D converter analog inputs 0-7

INT1 Interrupt request 1 input

MODEOQ Mode 0 input; I/O memory output

MODEt Mode 1 Input

WMl Nonmaskabls Interrupt Input

PAG-PA7 Port A 1/O

PBy-PBy Port B /O

PCy/TxD Port C /O line 0; transmit data output

PC{RxD Port C I/O line 1; receive data input

PC,/5CK Port G I/O line 2; serlal clock I/O

PCy/TIANT2 Port G 1/O line 3; timer Input; interrupt request 2
Input

PC4/TO Part C IO line 4; timer output

PCs/Cl Port C I/O line 5; counter input

PCg, PCo/ Port C I/Q lines 8, 7; counter outputs 0, 1

C0p,COy

PDg-PD7 Port D I/O; expanslon memory address, data
bus (bits ADg-AD7)

PFo-PF7 Port F I/O; expansion memory address,
(bits ABg-AB45)

RD Read strobs output

RESET Reset input

§TOP Stop mode control input

VAREF A/D converter reference voltage

WR Write strobe output

X1, X2 Grystal connections 1, 2

AVpp A/D converter power supply veltage

AVsg A/D converter power supply ground

Voo 5V powaer supply

Vss Ground

IC Internal connection

5-8

Pin Identification

T-49-19-59

wPD78CG14E Upper EPROM Pins

Symbol Pln Function
Ag-Aiz  2-10,21 14-bit program counter (PCo-PCq3) output used
23-26 as 27C256/27C256A address signals
CE 20 Chip enable signal for 27C256/27C256A; high-
level output {during STOP or HALT), otherwiss,
low-level output
loly 11-13  8-bit input of data read from 27C256/27C256A
15-19
Voo 1 Same potential as lower Vpp pin; Vg power
supply line (Vpp) for 27C256/27C256A
Vob 28 Same potentlal as lower Vpp pin; Vgc power
supply Hine (Vo) for 27C256/27C256A
Vss 14 Same potential as lower Vgg pin connected to
the 27G256/27G256A GND pin
Vss 22 Same potentlal as lower Vgg pin; OF signal ~
(always low) Input to 27C256/27C256A
Vss 27 Same potential as lower Vgg pin; Ay4 signal

(atways low) input to 27C256/27C256A

[ySSE—
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PIN FUNCTIONS

ALE (Address Latch Enable)

The ALE output is used to latch the address of PDy-PD5
into an external latch.

ANO-AN7? (Analog Inputs)

These are the eight analog inputs to the A/D converter.
AN4-AN7 can also be used as a digital input for falhng
edge detection.

Cl1 (Counter Input)

External pulse input to timer/event counter.

€Oy, CO4 (Counter Outputs)

Programmable waveform outputs based on timer/event
counter.

INT1 (Interrupt Request 1)

INT1 is a rising edge triggered, maskable interrupt input.
It is also an ac-input, zero-cross detection terminal.

If the optional pullup resistor is specified for this pin on
the uPD78C11A/C12A/C14A, the zero-cross detection
circuitry will not function,

INT2 (Interrupt Request 2)

INT2 Is a falling edge triggered, maskable interrupt
Input. It is also an ac-input, zero-cross detection termi-
nal,

MODEO, MODE1 (Mode 0, 1)

The MODEO and MODE1 inputs select the amount of
external memory. MODEO outputs the 10 signal, and
MODE1 outputs the M7 signal. An external pullup resis-
tor to Vpp Is required if the input is to be a logic high.

The value of this pullup resistor, R, is dependent on tgyg
and Is calculated as follows: RInKRis4 < R < 0.4tgyg
where tgyg is in ns units.

NMI (Nonmaskable Interrupt)

Falling edge, Schmitt triggered nonmaskable interrupt
input.

PAg-PA; (Port A)

Port A is an 8-bit three-state port. Each bit is indepen-
dently programmable as either input or output. Reset
makes all lines of port A inputs. Mask optional pullup
resistors are available on the pPD78C11A/C12A/C14A.

PBy-PB; (Port B)

Port B Is an 8-bit three-state port. Each bit is indepen-
dently programmable as either input or output. Reset
makes all lines of port B inputs. Mask optional pullup
resistors are avallable on the pPD78C11A/C12A/C14A.

PCy-PC7 (Port C)

Port C is an 8-hit three-state port. Each bit is indepen-
dently programmable as either input or output. Alterna-
tively, the linés of port C can be used as contro! lines for
the USART, interrupts, and timer. Reset makes all lines of
port C inputs. Mask optional pullup resistors are avail-
able on the uPD78C11A/C12A/C14A.

PDg-PD; (POI' t D)

Port D is an 8-bit three-state port. It can be programmed
as elther 8 bits of input or 8 bits of output. When externa!
expansion memory Is used, port D acts as the multi-
plexed address/data bus.

PFo-PF7 (POl't F)

Port F is an 8-bit three-state port. Each bit is indepen-
dently programmabie as either input or output. When
external expansion memory is used, port F outputs the
high-order address bits.

RD (Read Strobe)

The three-state RD output goes low to gate data from
external devices onto the data bus. RD goes high during
reset.

RESET (Resetf)

When the Schmitt-triggered RESET input is brought low,
it initializes the device.

5-9
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RxD (Receive Data)
Serial data input terminal.

SCK (Serlal Clock)

OQutput for the serial clock when internal clock is used.
Input for serial clock when external clock is used.

STOP (STOP Mode Control Input)

A low-level input on STOP (Schmitt-triggered input)
stops the system clock oscillator.

TiI (Timer Input)
Timer Input terminal.

TO (Timer Output)

The output of TO is a square wave with a frequency
determined by the timer/counter

TxD (Transmit Data)
Serial data output terminal.

VaReFr (A/D Converter Reference)

Vager sets the upper limit for the A/D conversion range.

5-10

WR (Write Strobe) T-49-19-59

The three-state WR output goes low to indicate that the
data bus holds valid data. It is a strobe signal for
external memory or /O write operations. WR goes high
during reset.

X1, X2 (Crystal Connections)

X1 and X2 are the system clock crystal oscillator termi-
nals. X1 is the input for an external clock.

AVpp (A/D Converter Power)
This Is the power su‘pply voltage for the A/D converter.

AVgg (A/D Converter Power Ground)

AVgg is the ground potential for the A/D converter power
supply. .

Vpp (Power Supply)

Vop is the +5-volt power supply.

Vss (Ground)

Ground potential.
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W Q uPD78C1x/C1xA/CG14/CP14
T-49-19-07
Block Diagram T-49-19-59
X{—>1  clock
X2 —»] Generator N —
16 12 8 w
™) Latch . 3
PC 1/TxD o] Increment/Decrement PF7-PFo
PC{/AxD———3  Serial YO PC AB15-AB,
o :; |,
:J v A Maln z>—
B [+] -gen_en;al a
D £ egister
Y] ¢ —— Interrupt EA’ b PD7-PDO
Contral le— v A || Atemate | Progam Data KDL | inorama
[ B c' -General Memary Memory —
AN4-AN7 4::> ] o E Register [256-byte] —
H v
Buffer (Note 1) o
PCs3/
4| |- <:3> FKE)
pogmoe| [— T = PC7-PCo
— 8
PC5/Cl=—| [—»] o
PCg/COg <] |—] TimerEvent 8 0 = “
PC7/ 01 =« ] Counter :> Inst. Register ) < PB7-PBy
AN7-ANo 8 > —— D;';'&ef
VAREF ~————>» AD “
AVDD.— 5| Converter “ :
AV
AV%(S;—> N &
Ijealerite Contral I System Control | Standby Control l
Nate:
T ooonneon PPV =1t
;%};/A?HA fgc‘)gg gytes RD WR  ALE MODE1 MODE0 RESET Voo Vec  Vss
TBOAGIC14A | 16984 By (STOF)  (Vop)
78CP14 16384 Bytes EPROM/OTP ROM
83RD-6343R
FUNCTIONAL DESCRIPTION The pPD78CG14 and the pPD78CP14 can be pro-
Memory Map grammed in software to have 4K, 8K, or 16K bytes of

The uPD78C1x/C1xA/Cx14 family can directly address
up to 64K bytes of memory. Except for the on-chip ROM
(or PROM) and RAM (FFOOH-FFFEFH), any memory loca-
tion can be used as ROM or RAM. The memory map,
figure 1, defines the 0 to 64K-byte memory space for the
#PD78C1x/C1xA/Cx14 family.

internal program memory. This programming is trans-
parent to the ROM-based device, allowing easy transfer
of code to a ROM-based device.

Input/Output

The uPD78C1x/C1xA/Cx14 family has 44 digital /O lines,
five 8-bit ports (ports A, B, G, D, F), and four digital input
lines (AN4-AN7).
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Analog Input Lines. ANO-AN7 are configured as analog
input lines for the on-chip A/D converter. Lines AN4-AN7
can be used as digital input lines for falling edge detec-
tion.

Port A, Port B, Port C, Port F, Each line of these ports
can be Individually programmed as an Input or output.
When used as 1/O ports, all have latched outputs and
high-impedance inputs. On the uPD78C11A/C12A/C14A,
mask optional pullup resistors are available for ports A,
B, and C.

Port D. Port D can be programmed as a byte input or a
byte output.

Control Lines. Under software control, each line of port
C can be configured individually as a contro! line for the
serial interface, timer, and timer/counter or as an [/O
port.

Memory Expansion. In addition to the single-chip oper-
ation mode, the uPD78C1x/C1xA/Cx14 family has four
memory expansion modes. Under software control, port
D can provide a multiplexed low-order address and data
bus; port F can provide a high-order address bus. Table
1 shows the relation between memory expansion modes
and the pin configurations of port D and port R

Table 1. Memory Expansion Modes and Port

Configurations
Memory Expanslon Port Port Configuration
None Port D 1O port
Port F /O port
258 bytes Port D Muitiplexed address/
data bus
Port F 1/O port
4K bytes PortD Multiplexed address/
data bus
Port F (PFg-PFa) Address bus
Port F (PF4-PFy) 1/O port
16K bytes Port D Multiplexed address/
data bus
Part F (PFo-PFs) Address bus
Port F (PFg-PF7) I/O port
60K bytes Port D Multiplexed address/
data bus
Port F Address bus
§-12

Timers T-49-19-59

The two 8-bit timers may be programmed independently
or cascaded as a 16-bit timer. The timer can be software
set to increment at intervals of four machine cycles
(0.8 us at 15-MHz operation} or 128 machine cycles
(25.6 ps at 15-MHz), or to increment on recsipt of a pulse
at Tl. Figure 2 is the block diagram for the timer.

Timer/Event Counter

The 16-bit multifunctional timer/event counter (figure 3)
can be used for the following operations:

Interval timer >
External event counter
Frequency measursment
Pulse width measurement

output
e Single pulse output

8-Bit A/D Converter

¢ 8 input channels
® 4 conversion result registers
e 2 powerful operation modes
~ Autoscan mode
— Channel select mode

Successive approximation technique
Absolute accuracy: 0.6% FSR = 1/2 LSB
Conversion range: 0to 5V

Conversion time: 38.4 us

Interrupt generation

s b

Programmable frequency and duty cycle waveform -

e
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Figure 1. Memory Map : T-49-19-59
0 0 ReseVStandby Release
Internal Program Memary
4,086 Bytes : 78C11/C11A 4 IRQO
- 8192 Bytes : 78C12A o
16,384 Bytes ; 78C14/C1aA/ Y
CG14/CP14
(External Memory on 78C10/C10A) 8 IRQ1
OFFFH .
1000H
10H IRQ2
Eﬂxeternal
mory e
% 61,184Bytes 1 76CI1CIIA % 18H IRa3 e
57,088 Bytes . 78C12A :
48,896 Bytes : 78C14/C14A/ H
CG14/CP14
FEFFH et
FFOOH
Internal RAM |RQ5
256 Bytes x 8
FFFFH 3 o
Soft INT
§: ®
Low ADDR te0
High ADDR =
Low ADDR tat
High ADDR
™ &
Low ADDR
High ADDR ]‘ t=3t
8 User's Area b
A3RD-63448
5-13




N E C ELECTRONICS INC J0E D MW L427525 0026011 1 B

HUPD78C1x/C1xA/CG14/CP14 NE

T-49-19-07
Figure 2. Timer Block Diagram T-49-19-59
23
Tirmer PC4TO
lfmoro ] Mmecs |~ :
PCyTt 0——> ' t 1 | | To Timer/Event Counter
L Clear r—-—:— L l Clear ; or Serlal Clock Source
I 2 ———>| | f
12 Upcounter 0 i I Upcaunter 1 i
T T | e T
Comparator 0 : : Comparator 1 1
| | | |
v Nk
Timer Mode Timer Register 0 { INTTO : Timer Reglster 1 { INTT1
Reglster (TMO) | | (TM0) |
| | i i

8 | taal x 13

#12 | fyal x 442

8384 | Iytal x 1/384

fxtal | input crystal requency

83R0-63658

5-14
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puPD78C1x/C1xA/CG14/CP14

Figure 3. Block Diagram for the Timer/Event Counter T-49-19-5 9
Internal Bus
) )
Timer/Event Counter
Caplure Reglster
(ECPT)
e—» | >
Clock Timer/Event Clear Output PCA/CO,
PC/C Soloct Counter Upcounter Centrol Control 6/C0q
TO Signal € ™
gn. D °
from Interval | | R PC4/C0O4
Timer F/F ! cP
! ! 1
CPq
Comparator Comparator INTEG
O\ Al
Interrupt
Cantrol INTE{
Timer/Event Timer/Event
Counter Reglster 1 Counter Register 0 EIN |—— INTEIN
(ETMI) (ETMO)
Mode
Reqlsters
{(ETMM,EOM)
Y y
Internal Bus
Edge Detect
s12=1 xtal x 112
fxtal; Input Crystal frequency
. 83AD-66358

Analog/Digital Converter

The uPD78C1x/C1xA/Cx14 family features an 8-bit, high-
speed, high accuracy A/D converter. The A/D converter
Is made up of a 256-resistor ladder and a successive
approximation register (SAR). There are four conversion
resuit registers (CR0-CR3).

The eight-channel analog input may be operated in
either of two modes. In the select mode, the conversion
value of one analog input is sequentially stored in CRO-
CR3. Inthe scan mode, either the upper four channels or
the lower four channels may be specified. Then those

four channels will be consecutively selected and the
conversion results stored sequentially in the four conver-
sion result registers.

Figure 4 is the block diagram for the A/D converter. To
stop the operation of the A/D converter and thus reduce
power consumption, set Vapgrp = OV.

Interrupt Structure

There are 12 interrupt sources in the uPD78C1x/C1xA/
Cx14 family of chips. Three are external interrupts and
nine are internal. Table 2 shows 11 interrupt sources
divided into seven priority levels where IRQO is the
highest and IRQ#6 is the lowest. See figure 5.
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Figure 4. A/D Converter Block Diagram T-49-19-59
AVce
VAREF
ANg
ANy
AN . AD
AN: é 1 Converter
ANy 5 8|
ANg 4 i L .
ANg
AN, 8 ls! !a! 8
A
|crol lcn, | Icnel |cn3|
!a! a! !a! !a!
Y 3
Internal Bus T g~
—— [—» ANy : .
Edge {—> AN5 B
Detect | —» ANg 5 N
SIR0D-6638A
Figure 5. Interrupt Structure Block Diagram bk
NMI —>| > INTFNMI
INTTO —>| Test
INTT§ —> > Contol [~ Skip Cantrol
INT1 > U F—
INT2 Request Mask
INTEO —>| Regleter <: Reglster INTFNMI
INTE1 —> SOFT1
INTEIN —> _l Intermut
R nterrup
INTAD Generation
INTSR —>
Enable
INTST —>
> a—ls o
Priority
oV ——»> Control Di—R
ER —>| —
SB—>|  Test INTFNMI —»
Rn?g é
aglster [ p
AN4-AN7 :> Intarrupt E
Address 2
SOFTI —» =
83RD-66378
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Standby Functions

The pPD78C1x/C1xA/Cx14 family has two standby
modes: HALT and STOP. The HALT mode reduces power
consumption to 50% of normal operating requirements,
while maintaining the contents of on-chip registers,
RAM, and control status. The system clock and on-board
peripherals continue to operate, but the CPU stops
executing instructions. The HALT mode is initiated by
executing the HLT instruction. The HALT mode can be
released by any nonmasked interrupt or by RESET.

The STOP mode reduces power consumption to less
than 0.1% of normal operating requirements. There are
two STOP modes: type A and type B.

Type A is initiated by executing a STOP instruction. If
Vpp Is held above 2.5 V, the on-board RAM is saved. The
oscillator is stopped. The STOP mode can be released
by an input on NMI or RESET. The user can program
osclllator stabilization time up to 52.4 ms via timer 1. By
checking the standby flag (SB), the user can determine
whether the processor has been in the standby mode or
has been powered up.

Type B is initiated by inputting a low level on the STOP
input. The RAM contents are saved if Vpp is held above
25V. The oscillator Is stopped. The STOP mode is

released by raising STOP to a high level. The oscillator
stabilization time is fixed at 52.4 ms; 52.4 ms after STOP
is ralsed, instruction execution will automatically begin
at location 0. You can increase the stabilization time by
holding RESET low for the required time pericd.

Universal Serial Interface

The serial interface can operate in one of three modes:
synchronous, asynchronous, and I/O interface. The 1/O
interface mode transfers data MSB first, for easy inter-
facing to certain NEC peripheral devices. Synchronous
and asynchronous modes transfer data LSB first. Syn-
chronous operation offers two modes of data reception:
search and nonsearch. In the search mode, data is
transferred one bit at a time from the serial register to the
receive buffer. This allows a software search for a sync
character. In the nonsearch mode, data transfer from the

serial register to the transmit buffer occurs eight bits at ~

atime, Figure 6 shows the universal serial interface block
diagram.

Zero-Crossing Detector

The INT1 and INT2 terminals (used common to Tl and
PC3) can detect the zero-crossing point of low-frequency
AC signals. When driven directly, these pins respond as
a normal digital input. Figure 7 shows the zero-crossing
detection circuitry.

Table 2. Interrupt Sources
Interrupt Request Interrupt Address Type of Interrupt Internal/External
IRQO 4 NMI (Nonmaskable Interrupt) External
IRQ1 8 IN'I1';I'0, INTT1 (Coincidence signals from timers Internal
0,
IRQ2 16 INT1, INT2 (Maskable interrupts) External
IRQ3 24 INTEO, INTE1 (Coincidence signals from timer/ Internal
event counter)
IRQ4 a2 INTEIN (Falling signal of CI or TO into the timer/ Internal or External
event counter)
INTAD (A/D converter interrup®) internal
IRQ5 40 INTSR (Serlal receive interrupt) Internal
INST (Serial send Interrupt)
IRQ6 96 SOFTI instruction Internal

5-17
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Figure 6. Universal Serial Interface Block T-49-19-59
Diagram
0 U i
INTSR <——] Rac&l‘v: g)uﬂer SeF{l:élmrde Tra.n(grm)l(lBB)uffer INTST
poyRD —>—]  Sera Ragiter . saral Roglter
Recelve Conlrol |— ER Transmit Control i
PCA/SOR - T

% pe— 24 24 = fyial X 3
fe— Interval Timer F/F

1
~

fxtal : Oscillation Frequency (MH2) of Crystal

PCYTXD

83RD-6639B

Figure 7. Zero-Crossing Detection Circuit

PN

Source

N

—Nc--

K

Internal
Signal

AC Input ——— }—— ———DO—-DO—— Output
1pF INT1

o
INT2

AAA

! | VYYV

83AD-6842A

5-18




N E CELECTRONICS INC 30E D WM Lu2?7525 002L0lL O W

NEC

pPD78C1x/C1xA/CG14/CP14

The zero-crossing detection capability allows you to
make the 50-60 Hz power signal the basis for system
timing and to control voltage phase-sensitive devices.

To use the zero-cross detection mode, an AC signal of
1.0 to 1.8 V (peak-to-peak) and a maximum frequency of
1kHz is coupled through an external capacitor to the
INT1 and INT2 pins.

For the INT1 pin, the internal digital state is sensed as a
0 until the rising edge crosses the average DC level,
when it becomes a 1 and an INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a 1 until the
falling edge crosses the average DC level, when it
becomes a 0 and INT2 is generated.

ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings

Ta = 26°C
Power supply veltage, Vpp -05to0 +7.0V
Power supply voltage, AVpp AVgg to Vpp +0.5V
Power supply voltage, AVgs -05to +0.5V
Power supply voltage, Vep (uPD78CP14 only) -0.5%0 +13.5
Input voltage, V; -05toVpp+.5V
STOP pin (uPD78CP14 only) -0.5t0 +135V
Output voltage, Vg -05to Vpp+.5V
Qutput current, low; Igg.
Each output pin 4.0 mA
Total 100 mA
Qutput current, high; Igy
Each output pin ~2.0 mA
Total -50 mA
Reference Input voltage, VApee ~0.5 to AVpp +0.3V
Operating temperature, Topg -40to +85°C
fxTAL S 16 MHz
Storage temperature, Tgrg ~65 to +150°C

Exposure to Absolute Maximum Ratings for extended periods may
affectdevice rellability; excesding the ratings could cause permanent
damage. The device should be operated within the limits specified
under DC and AG Characteristics.

T-49-19-07

Capacitance T-49-19-59
TA = 25°C; VDD = VSS =0V -
Parameter Symbol Max Unit Conditions
Input capacitance (o] 10 pF fo = 1 MHz

" unmeasured pins
Qutput capacitance Cg 20 pF returned to 0 V
1/Q capacitance Cio 20 pF

5-19
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Osclllation Characteristics T-49-19-59
Ta = 40 to +85°C; Vpp = AVpp = 5V £ 10% (+5% uPD78CP14);
Vgs = AVgs = 0V; Vpp - 0.8V = AVpp = Vppi 3.4V = Vaper < AVpp
Recommended :
Resonator Circuit Parameter Min Typ Max Unit Conditions
Ceramic resonator {Note 3) Osclllation frequency (fxx) 4 15 MHz A/D converter not used
%zz 3 or XTAL ‘ 58 15 MHz  A/D converter used
6 15 MHz #PD78CP14 only
External clock (Note 4) X1 input frequency (fx) 4 15 MHz A/D converter not used
¢ 68 15 MHz A/D converter used
6 15 MHz #PD78CP14 only
X1 input, rise, fall time (t, t) 0 20 ns
X4 input low- and high-level 20 280 ne
width (gL toH) 20 167  ns  uPD78CP14
Notes:
. TTIER
{1) Refer to the Resonator and Capacitance Requirements table for {4 See the following recormmended external clack diagram. -
the recommended ceramic resonators. When using an external crystal, it should be a parallel-resonant,
. fundamental mode, "AT cut” crystal. Capacitors G1 and C2 are-
) | -
@ ﬁ?;ncﬁzélb#iecfg I:W;S%Fexternal capacitances are recom required for frequency stability. The values of C1 and C2 (C1 =

C2) can be calculated from the load capacitance (Cy), speclﬂéd‘

(3) For XTAL, see the Recommended XTAL or Ceramlc Resonator by the crystal manufacturer;

Osclllation Clreult Diagram. . T

=~ CixC2
C1 + C2

Where Cg Is any stray capacitance in parallel with the crystal such as
the uPD78C10, uPD78C11, or uPD78C14 Input capacitance between
X1 and X2,

CL
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Oscillation Circuit Diagram
Clock X1
HCMOS
Inverters
X2
BIRD-6946A
)E(}t::‘ndalx%sglrl\::tg pcé;c;lllg!:?ou!d be as close to the t
Do not place other signal lines In the shaded area.
83RD-8345A
Resonator and Capacitance Requirements
Ta = ~40to +85°C
Manufacturer Product Number Ct, C2 (pF) Conditlons -
Murata C8A15.0MX3 22 uPD78C10, 78G11, 78C14, .
CSAI0.0MT 20 78C14A, 78CG14 "
CST10.0MT Not required .
CSA6.00MG 30 v
CST6.00MG Not required
CSA12.0MT 30 Applies to all sPD78C1x/C1xA/CG14
CST12.0MT Not required
CSA15.00MX001 15 uPD78C10A/78C11A/78C12A
CSA7.37MT 30
CST7.37MT Not required
TDK FCR12.0MC Not required #PD78C10/78C11/78C14/
78C14A/78CG14
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DC Characteristics

Ta = —40°t0 +85°C; Vpp = +5.0V £10%; Vpp = +5.0V = 5% (sPD78C14 only); Vg = OV

T-49-19-59

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, low ViL1 0 08 v Ali except Note 1 Inputs
ViL2 0 0.2Vpp v Note 1 inputs
Input voltage, high ViH1 22 Voo \ All except X1, X2, and Note 1 inputs
ViH2 0.8Vpp Vob \" X1, X2, and Note 1 inputs
Output voltage, low VoL 0.45 v loL = 20mA
Qutput voitags, high VoH Vpo-1.0 v loy = 1.0mA
Vpp-0.5 v lon = =100 sA
Data retention voltage Vooor 25 v STOP mode
Input current T +200 sA INT (Note 2); Ti (PCg) (Note 3); 0V s V| =
Voo
Input current lig +200 BA INT1 (Note 2); Tl (PCg) (Note 8); OV = V; =
(»PD78CQ14 only) Vop .
Input current ha -300 sA lo-17 (upper input pin); Vi = 0 T e
(nPD78CG14 only) : :
Input leakage current It =10 sA All except INT1, TI (PC3), 0V = V) = Vpp
Output leakags current o *10 BA 0V =sVo=Vpp
AVpp supply current Alppq 085 1.3 mA f = 15MHz
Alpp2 10 20 pA STOP mode
SERPS |
Vpp supply current Inp1 13 25 mA Normal operation; f = 15 MHz;
(«PD78C10/C10A/C11/C11A/C12A only)
lpp2 7 13 mA HALT mods; f = 15 MHz;
(PD78C10/C10A/C11/C11A/C12A only)
lop3 16 30 mA Normal operation; f = 15 MHz
{nPD78C14/C14A/CG14)
Ipps 32 mA Normal operation; f = 15 MHz;
(sPD78CP14 only)
lbos 8 15 mA HALT mode; f = 15 MHz;
{(«PD78C14/C14A/CG14/GP14 only)
Data retention current lboor 1 15 BA Vopor = 25V (Note 4)
300 {sPD78CP 14 only-Note 4)
10 &0 #A Vpopr = 5.0V +10% (Note 4)
1 mA (sPD78CP14 only-Note 4)
Pullup resistor Ry 17 27 75 KQ PortA,B,C; 36V s Vpp =55V, V=0V
(«PD78C11A/C12A/C14A only)

Notes:

(1) Inputs RESET, STOP, NMi, SCK, INTP1, Ti, and AN4-AN7.

(2) Assuming ZCM register is set to self-blas.

(3) Assuming ZCM register s set to self-blas and the MCC register is

set to control mode.
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Serlal Operation T-49-19-59
Parameter Symbol Min Max Unit Condltlons
SCK cyole time tovk 0.8 'L SCK input (Notes 1, 8)
0.4 s SCK input (Note 2)
1.6 us SCK output (Note 3)
SCR width low KL 335 ns SCK input (Notes 1, 3)
160 ns SCK input (Note 2)
700 ns SCK output (Note 3)
SCK width high tKKH 335 ns SCR input (Notes 1, 3)
160 ns SCK input (Note 2)
700 ns SCK output (Note 3)
RxD setup time to SCK 1 tRxK 80 ns (Note 1)
RxD hold time after SCK t tax 80 ns (Note 1)
SCR I TxD delay time herx 210 ns (Nots 1)
Notes: -

(1) 1x baud rate In synchronous or /O interface mode,
(2) 16 x baud rate or 64 x baud rate In asynchronous mode.

Zero-Cross Characteristics

(8) fyxtaL = 15MHz,

Parameter : Symbol Min Max Unit Conditlon

Zsro-cross detection Input Vax 1 18 VACp-p AG coupled 60 Hz sine wave
Zoro-cross accuracy Az +135 mV

Zero-cross detaection Input frequency fzx 0.0 1 kHz

AC Characteristics (cont)

Ta = -40°to +85°C; Vpp = AVpp = +5.0V +10% (£5% on xPD78CP14); Vgg = 0V

Parameter - Symbol Min Max Unit Conditions
RESET pulse width high, low trsHs tRSL 10 gs
NMI pulse width high, low e I 10 1S
X1 Input cycle time tove 66 250 ns
167 ns (Note 1)
Address setup to ALE { taL 30 ns (Notes 2, 8)
Address hold to ALE ! tia 35 ns (Notes 2, 3)
Address to RD ! delay time tan 100 ns (Notes 2, 3)
RD ! to address floating tarR 20 ns (Note 2)
Address to data Input tap 250 ns (Notes 2, 3)
ALE {to data input tor 135 ns (Notes 2, 3)
RO ¢ to data input tro 120 ns {Notes 2, 3)
ALE l to RD | delay time 4R 15 ns {Notes 2, 3)
Data hold time RD © trRDH 0 ns {Note 2)
RD 1 to ALE 1 delay time tRL 80 ns {Notes 2, 3)
RD width low trr 218 ns Data read (Notes 2, 3)
415 ns Opcode fetch (Notes 2, 3)

5-23




N E C ELECTRONICS INC 30e D WM LU27525 002L021 4 M
HPD78C1x/C1xA/CG14/CP14 NEC
T-49-19-07
AC Characteristics (cont) T-49-19-59
Parameter Symbol Min Max Unit Conditions
ALE width high t 90 ns (Notes 2, 3)
MT setup time to ALE | ML 30 ns {Note 3)
MT hold time after ALE 4 LM 35 ns (Note 3)
[OM setup time to ALE ¢ m 30 ns (Note 3)
TO/M hold time after ALE 1wl 35 ns (Note 3)
Address to WR { delay taw 100 ns (Notes 2, 3)
ALE { to data output tow 180 ns {Notes 2, 3)
WR { to data output twp 100 ns (Note 2)
ALE ! to WR | delay time tw 15 ns (Notes 2, 3)
Data setup time to WR 1 tow 165 ns (Notes 2, 3)
Data hold time to WR © twoH 60 ns (Notes 2, 3)
WH 1to ALE T delay time twe 80 ns (Notes 2, 3)
WA width low tww 215 ns (Notes 2, 3)
Address to data input tacc 250 ns (Notes 2, 3)
Data hold time from address tH 0 ns (Note 2)

Notes:

(1) Applies to xPD78CP14 only.
(2) Load capacitance C = 150 pF.

A/D Converter Characteristics
Tp = —40°t0 +85°C; Vpp = +5.0V £10% (£5% on pPD78CP14); Vgg = AVgg 0V;

Vop =05V = AVpp = Vppi 34V s Vaper < App

(8) Values are for 15-MHz operation. For operation at other frequen-
cles, refer to the table called Bus Timing Depsending on toyc.

APPSR

Parameter Symbol Min Typ Max Unit Conditions
Resolution 8 bits
Absolute accuracy +0.4 %FSR Ta = ~10to +70°C; 66 ns = tgyg = 170ns;
{Note 1) 40V = Vaper < AVpp
+0.6 %FSR 66ns = toyc = 170ns; 4.0V = Vaper < AVpp
+0.8 %FSR 66ns < toyg = 170ns; 3.4V = Vaper = AVpp
Conversion time tconv 576 tcyc 66ns < toyc s 110ns
432 tove 110ns = toyg < 170ns
Sampling time tsamp 96 tove 66ns s toyg = 110ns
72 teve 110ns = tgyg = 170ns
Analog Input voltage ViaN 4] VAREF \
Analog Input impedance RaN 1000 Ma
Reference voltage VAREF 34 AVpp A
VaRer current lAREF1 1.5 3.0 mA Operation mode
laRer2 0.7 1.6 mA STOP mode
AVpp supply current Alppt 05 1.3 mA Operation mode
Alpp2 10 20 A STOP mode

Notes:

(1) Quantizing error (:x1/2 LSB) Is not included.
(2) FSR = Full-scale resolution.
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Bus Timing Dependent on toyk T-49-19-59

Symbol Min/Max (ns) Calculation Formula Symbot Min/Max (ns) Calcutation Formula

ty triL Min 6T (Tl input - PCq) W Min 2T - 100

toir ton Min 6T (Tl input - PCg) t Min T-30

(Note 2) Y Min 3T - 100

}(Ngomtﬁ,;)cm Min 48T (Tl input - PCsg) Low Max T + 110

Yt L Min 36T (INT1) tw Min T-%0

Yot ol Min 36T (NT2) tow Min 4T ~ 100

AN TANL Min 36T (AN4-AN7) . twon Min 2r-70

faL Min 2T - 100 we Min -5

N Min T-20 tww Min 4T -50

n Min a7 - 100 toyk Min 12T (STK input) (Note 1)

tap Max 7T - 220 Min 24T (SCTK output)

fon Max 5T - 200 kL Min 5T + 5 (SCKinput) (Note 1)

. Max 4T - 150 Min 12T - 100 (SCK output) T

n Min T-50 txkH Min 5T + 5 (SCK Input) (Note 1)

AL Min oT-50 Min 12T - 100 (SCK output)

8RR Min 4T - 50 (Data read) Notes:

Min 7T - 50 (Opcode fetch) (1) } % baud rate in synchronous or /O interface mode; T = toyg =

23 Min 2T-40 T:ﬂ::ms not included in thls list are independent of oscillator ek ¢

v Min 2T-100 frequency (fxTa)-

WM Min T-30 (?) Event counter mode.

(3) Pulse width measurement mode.

Data Memory STOP Mode Data Retention Characteristics

To = -40 10 85°C

Parameter Symbol © Min Typ Max Unit Conditions

Data retention power supply voltage Vboor 2.5 5.5 \

Data retention power supply current loobr 1 15 pA Vooor = 25V

15 50 pA Vppor = 5.0V £10%
300 #A Vpppr = 2.4 V (uPD78CP14)
1 mA Vpppr = 5.0V £5% (uPD78CP14)

Vpp rise, fall tims trvos trVvD 200 us

STOP setup time to Vpp tssTvD 12T+0.6 ps

STOP hold time from Vpp thvDsT 12T +0.5 ps
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Timing Waveforms T-49-19-59
Data Retention Timing
Voo 2%
10%  VppDR
L—— tFvD 'RVD
tssTvD tHvDsT
SR ViH2
§TOP Viio
83AD-6247A
Read Operation
h T ! T2 ! T3 | t
X1
tcye
X —Y
s XX KX
tap —’l [+— tRDH
AD7-AD Y Y s Y
(PD7PDQ] 3@ ADDR7-ADDRg ,>__—< ><: Data in }———62 ><
fLDR
L ———— 1A —»
—»! — AFR f¢——— {RL ~———»
—r—— /—___
ALE N
— A
fe— tAL —p iRD
tRR
RD \‘* ,/
la—{LR—»{
1AR
MODEQ ([0 I f
[Note 1} ! /
twl
L —sf
Note:
[1] O signat Is output to the MODED pin [if MODEO is pulled up to Vpp) during a
read or write of special reglsters sr-sr2 or a wrlte to register MM or MF. Refer to
description of Port Emulation Mode [PEM] in the User's Manual for further
explanation. This signat Is not output on the 4PD78CP14,

83-0042768
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Write Operation

T-49-19-07
T-49-19-59

™

teye

T2 i T3 |

AB15-ABg
[PF7-PFo)

ADDR15-ADDRg x}

AD7-ADg ¢
{PD7-PDo]

Iﬂ——'LDW——F

ALE _/

ADDR7-ADDRg Data-out }O(
K S 2
feL [e—tLA —> tow twoH
twp
N /
N
L AL — ww twi

le— LW

MODEO (i0]
[Note 1]

taw

Note:

TR

w

[1] 10 signalis output to the MODEO pin {if MODEO s pulled up to Vpp] duringa
read or write of special registers sr-sr2 or awrite toreglister MM or MF. Refer lo
description of Port Emulation Mode [PEM] In the User's Manual for (urther
explanation, Thls signa! Is not output on the xPD78CP14.

83-0042788

5-27




N E ¢ ELECTRONICS INC

MPD78C1x/C1xA/CG14/CP14

30E D

B L427525 0026025 1L W

Opcode Fetch Operation

X1

AB15-ABg
[PF7-PFo]

AD7-ADp

[PD7-PDg]

ALE

MODE1 [Mi}]
[Note 1]

Note:

WAVAVAVAV/

NLEC

T-49-19-07
T-49-~19-59

-4
ry

| T
I

tcye

ADDR15-ADDRg

XA
)

tap tRDH
h
s -
ADDR7-ADDRg b 4 Opcode | Peemmemma _<
" -
tLoR
| L [ 1L A —]
—> [+ tAFR AL
K A
[e—— tAL —»] le——tRD ——»

AR

[e— {LR —>]

{RR

tML

1.

(1] M1 signal is output to the MODE1 pin during every Opcode Fetch if MODE1
pin Is pulled up to Ypp. This signal Is not output on the 4PD78CP14.

83-0042798
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Serial Operation Transmit/Receive Timing T-49-19-59
< fovk >

4 D

AV

«————TKKL ——>J[ «———KKH——>

T ——>]

=\ ,r‘ X

S X

RiD X
7
<-‘RXK->| |<————'KRX-——>

8IRD-49518F -
Timer Input Timing Timer/Event Counter Input Timing:
Event Counter Mode
tnm trL
- )\\-J__ teiH—s] tenw:
Tl
83-003287A
83-003288A
5-29
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Timer/Event Counter Input Timing: External Clock Timing T-49-19-59
Pulse Width Measurement Mode
le—Ici feizL
2H “ /———
[«] ;
83-003289A
830032924
Interrupt Input Timing
. AC Timing Test Points
WNIH——s] fe——— i
Voo —10 22V - 22V
] \ . Xﬁ-’v o Test Poinis 08 ;K
83-003283A
e e AN4-AN7 Edge Detection Timing
INT1 \( | \__ - ™ -
t Yz ——> AN4-7
iNTZ /l ﬁ\( ;/ s soseh |
’ sowon|  ,PD78CG14E EPROM Read Timing
| RESET Input Timing
tRSH——»f |+——tRst N
—_— 0.8Vpp
RESET h\_}—
83003291A lo-l7 Read Data [¥—————
<—tacc—>| —>| <t
8IRD-6960A
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N E C ELECTRONICS INC —  7-49-19-07  T-49-19-59
pPD78CP14 PROGRAMMING Table 3. Pin Functions during EPROM
Programming

In the pPD78CP14, the mask ROM of the uPD78C1X/

PI Functl Descripti
C1XA is replaced by a one-time programmable ROM - - o u';: 0 ” s": oanb't ”
(OTP ROM) or a reprogrammable, ultraviolet erasable 2™ Achs oworce Son e
ROM (UV EPROM). The ROM Is 16,384 by 8 bitsand can ~ PFo Ag High-order 7-bit address
be programmed using a general-purpose PROM writer ~ NMi Ag
with a uPD27C266A programming mode. Refer to tables  PFxPFg  Ayp-Aqs
3 through 5 and the AC and DC Programming Charac-  ppg-pD, DDy Data input/output
te.ristlchs fo; slspecgfic Information applicable to program- PBq oE Chip enable Input
ming the uPD78CP14. A PBy OE Qutput enable Input
The PA-78CP14CW/GF/GQ/L are the socket adapters REsET RESET PROM programming mode requires a
used for configuring the pPD78CP14 to fit a standard low voltage on this pin
wPD27C256A PROM socket, Mode 0 Mode 0 Enter PROM programming mode by
applying a high voltage to this pin
Mode 1 Mode 1 Enter PROM programming mode by
applying a low voltage to thls pin
8§T0P Vep High-voltage Input (write/verify) high
level {read)

Table 4. Summary of Operation Modes for EFROM Programming

Operatlon Mode CE OE Vep Vop RESET MODEO MODE1 Aqg
Program write L H +125V +6V L H L L,
Program verify H L +125V +6V L H L L
Program inhibit H H +125V +8V L H L L
Read L L +5V +5V L H L L
Output disable L H +5V +5V L H L L
Standby H LH +5V +5V L H L L
Notes:

(1) The CE, OE, Vp,, and Vpp pins are all compatible with the
pp D
pPD27C2856A pins.

Cautlon: When Vpp is set to +12.5V and Vpp s setto +6V, you
cannot set both CE and OE to low level {L).
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Table 5. Recommended Connections for Unused
Pins (EPROM Programming Mode)

Pln Recommended Connection Method
INT1 Connect to Vgg

X1 Connect to Vgg

X2 Leave this pin disconnected
ANO-AN7 Connect to Vgg

VARgr Connect to Vgg
Aop Connect to Vgg
Ass Connect to Vgg

Remaining pina Connect each pin via a resistor to Vgg

PROM Write Procedure

( 1) Connect the RESET pin, the MODE1 pin, and A4
pin to a low leve!l and connect the MODEQ pin to a
high level. Connect all unused pins as recom-
mended in Table 5.

(2 Apply +6V to the Vpp pin and +12.5 V to the Vi
pin,

( 3) Provide the initial address.

( 4) Provide write data.

( 5) Provide 1-ms program pulse (active low) to the CE
pin.

( 6) This bit Is now verified with a pulse (active low) to
the OE pin. If the data has been written, proceed to
step 8; if not, repeat steps 4 to 6. If the data cannot
be correctly written after 25 attempts, go to step 7.

( 7) Classify as defective and stop write operation.

( 8) Provide write data and supply program pulse (for
additional writing) for 3 ms times the number of
repeats performed between steps 4 to 6.

( 9) Increment the address.
(10) Repeat steps 4 to 9 until the end address.
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PROM Read Procedure T-49-19-59

(1) FiXthe RESET pin, the MODE1 pin, and Ay4 pin to
a low level and connect the MODEQ pin to a high
level.

(2) Apply +5V to the Vpp and Vpp pins.

(3) Input the address of the data to be read to pins
Ao-A1s.

(4) Read mode Is entered with a pulse (active low) on
both the CE and OE pins.

(6) Data is output to the Dg-D7 pins.

EPROM Erasure

Data In an EPROM is erased by exposing the quartz
window In the ceramic package to light having a wave-
length shorter than 400 nm, including ultraviolet rays,
direct sunlight, and fluorescent light. To prevent uninten-
tional erasure, mask the window.

Typically, data is erased by 254-nm ultraviolet rays. A
minimum lighting level of 18W-s/cm2 (ultraviolet ray
intensity x exposure time) is required to completely
erase written data. Erasure by an ultraviolet lamp rated
at 12 mW/cm2 takes approximately 15 to 20 minutes.
Remove any filter on the lamp and place the device
within 2.5 cm of the lamp tubes.
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pPD78CP14 DC Programming Characteristics T-49-19-59
Ta = 256 £5°C; MODE1 = Vj; MODEQO = Vj; Vgg = 0V
Parameter Symbol Symbol* Min Typ Max Unit Condition
High-level Input voltage ViH ViH 22 Vbpp+0.3 v
Lovelevel Input voltage ViL ViL -0.3 0.8 v
Input leakage current ILp [N} *=10 BA 0= V¢ < Vppp
High-leve! output voltage VoH Vou Vpp - 1.0 \ loH = -1.0mA
Lowlevel output voltage VoL VoL i 045 v loL = 20mA
Output leakage current Lo +10 BA 0 s Vp = Vppp; OE = Viy
Vopp power voltage Voop Voo 6.75 6.0 6.25 v Program memory write mode
45 5.0 55 \ Program memory read mode
Vpp power voltage Vep ' Vep 122 125 12.8 iR, Program memory write mode
Vpe=Vopp v Program memory read modse
Vppp power current Ipp lcc 30 mA Program memory write mode
30 mA Program memory read mode; -
CE=ViuVi=Vy
Vpp power current lpp lpp 30 mA Program memory read mode;
CE = vj;; OF = Viy
1 100 BA Program memory write mode
* Corresponding symbols of the uPD27C256A.
pPD78CP14 AC Programming Characteristics
TA = 25 £5°C; MODE1 = Vj;; Vgg = OV
Parameter Symbo! Symbol* Min Typ Max Unit Conditlon
Address setup time to TE { tsac tas 2 rs
Data to OF { delay time tppoo toes 2 ps
Input data setup time to TE L tsing tos 2 ps
Address hold time from TE 1 tHea tAH 2 e
Input data held time from TE 1 ticip tpH 2 Bs
Output data hold time from OE 1 tHooo toF v} 130 ns
Vpp setup time to CE tsvrc tvps 2 1S
Vopp setup time to TE L tsvoc tvos 2 it}
Initlal program pulse width twri tew 0.95 1.0 1.05 ms
Additional program pulse width twiLe topw 2,85 78.75 ms
MODEO/MODE setup time vs, CE ¢ tsmo 2 ps MODE1 = V| and MODEO = Vi
Address to data output time tpaoD tace 2 us OE = Vi,
CE ! to data output time tocon tce us
OE { to data output time tpoop toe 1 ps
Data hold time from OE t or CE 1 tHcoD tor 130 ns
Data hold time from address tHaoD toH ns OE = Vj_

* Corresponding symbols of the uPD27C256A.
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4#PD78CP14 PROM Write Mode Timing T-49-19-59
= Y
Ag-Ai4 X Effective Address K
- 7
] letsaC - '4— tHooD tHea
Dn-D 4 Data X £ Data Data
Y7 -———ﬂ( Input P2 ¥ Output Input
tg| HCID i
— ‘_S_Dc —»! e tsipc |t —» theio
v
Mode 1 *IH 4 Mode 1=V
Mode 0 v X Mode 0= V|4
tsmc Y
- la—
Vep "
Vep /
Voop
tsvpc N
>l e e T
VDDP +1 lr
Voop
Voop
tsvbc
!
VN — v % \ -
CE x N "
tDDOO
ViL -
le—twi2
tpoop
pet—
ViH P
OE
viL
Notes:
(1} Vppp must be applied before applylng Vpp. It should be remaved after remaving Vpp.
(2)  Vpp mustnot exceed +13 V, incuding overshoot. SRD.E84E
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£PD78CP14 PROM Read Mode Timing ’ T-49-19-59
Ag-Aqg >d( Effective Address E(
K y,
4
CE J ;Z
I-—'Dcoo —>
1
y
o \ 4
.
I-'Dooo - A tHcoo
je———'DACD ———» 'Haop —»f fe
H-Z H-Z
DDy e e _g Data Output E ;E ________________ L
Notes: i
(1) . Toread PROMwithin the tppop range, the detay of OE4 from CE4 must be within ths0p- InooD:
(2) tHcop Is the time from the state in which elther OE or CE first becomes V(. «
83RD-4458 -
E ™
13 NPT | »
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Operand Definitions

T-49-19-07
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Symbol Allowable Operands Special Registers (sr-srd)
Registers PA =PortA ECNT = Timer/event
PB="PortB counter upcounter
::1 ‘é‘Aﬁ' %A?_’ % % D' 'é HL PC=PortC ECPT = Timer/event
e A B' C P PD = Port D counter capture
atd PF=PortF ETMM = Timer/event
Special Registers MA = Mode A counter mode
MB = Mode B
sr PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, SML, EOM .
MAL TAARA fang ! Y ‘ ! ! ! MC = Mode C EOM = Timer/event
ETMM, TMM, MM, MCC, MA, M8, MG, MF, TXB, MCC = Mode control C counter output mode
TMO, TM1. ZCM 1 MF = Mode F

srl PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB,
CRO, GR1, CR2, CR3

2 PA, PB, PG, PD, PF, MKH, ANM, MKL, SMH, EOM, TMM
srd ETMO, ETM1
srd ECNT, ECPT

Register Pairs

rp SP,8,D,H

rpt V,B,D,H EA
p2 SP, 8,0, H, EA
p3 B,D,H

Register Pair Addressing

rpa B, D, H, D+, H+ ,D— H—
rpat B,D,H

rpa2 B, D, H, D+, H+, D—, H—, D+byte, H+A, H+B,
H+EA, H+byte

rpa3 D, H, D++, H++, D+byte, H+A, H+B, H+EA, H+byte

MM = Memory mapping
TMO = Timer register 0 M
TM1 = Timer register 1

TMM = Timing mode

ETMO = Timer/event counter

TXB = Transmit buffer
RXB = Receive buffer
SMH = Serial mode high
SML = Serial mode low
MKH = Mask high

MKL = Mask low

Flags

f CY, HC,Z

Interrupt Flags

irf INTENMI, INTFTO, INTFTT, INTF1, INTF2, INTFEO, INTFE1,
INTFEIN, INTFAD, INTFSR, INTFST, ER, OV, AN4, AN5, ANG,
AN7, SB

Immediate Data

wa 8-bit immediate data (low byte of working register address)

word 16-bit immediate data
byte 8-bit immediate data
bit 3-bit immediate data (bg, by, bo)
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- register 0 ANM = A/D channel mode
ETM1 = Timer/event counter CRO to CR3= A/D conversion - - - -.- T e
register 1 resuft 0-3
ZCM = Zerg-cross mode i
control register :
Register Pairs (rp-rp3)
SP = Stack pointer H=HL -
B=BC V=VA H .
D=DE EA = Extended accumulator RSN | S
Register Palr Addressing (rpa-rpa3)
B = (BC) D++ = (DE)++
D = (DE) H4++ = (HL)++
H=(HL) D+byte = (DE+byte)
D+ = (DE}+ H-++byte = (HL-+byte)
H+ = (HL)}+ H+A = (HL+A)
D—=(DE)—- H+8 = (HL+B)
H—= (HL)— H+EA = (HL+EA)
Flags (f)
CY = Carry HC = Half-carry Z=1Zero
Interrupt Flags (irf)
INTFNMI = NMlinterrupt flag  INTFEIN = FEIN
INTFAD = FAD
INTFTO = FT0 INTFSR = FSR
INTFT1 =FT1 INTFST = FST
INTF1 =F1 ER = Error
INTF2 = F2 OV = Qverflow
INTFEQ = FEO AN4 to AN7 = Analog input 4-7
INTFE1 = FE1 S8 = Standby
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Operand Codes T-49-19-59
Registers (1, r2) Special Registers (sr3)
Rg M Rg Reg r 12 Ug Special Reg
0 0 0 v 0 ETMO
0 0 i A 1 ETM1
0 } (1J g Special Registers (srd)
(1) 5 5 D Vo Speclal Reg
1 0 1 E 0 ECNT
1 1 0 H . 1 ECPT
i1 1t L 1 Register Pairs (rp, rp2, rp3)
Registers (r1) P, P Py RegPair_rp rp2 13
T, Ty Tg Rep 0 0 0 sp
0 0 0 EAH 0 0 1 BC
0 0 1 EAL 0 1 0 DE
g 1 ? g 0 i 1 HL
T e e
1 0 0 0 1 0 0 EA
1 0 1 E Register Pairs (rp1)
1 1 0 H
1 1 1 L Q2 & Qg RegPair
Special Registers (sr, st1, st2) 8 8 ‘1’ ‘éé _
S5 S4 83 82 8 Sp SpeclalReg sr sl sr2 0 1 0 DE
0o 0 0 0 0 o0 PA T T O S et 7
0 0 0 0 0 1 PB
0 0 0 0 1 0 PC Register Pair Addressing (rpa, rpaft, rpa2)
0 0 0 0 1 1 PD
0 0 0 1 0 1 PF & A A N Addressing rpa rpal  rpa2
0 0 0 1 1 0 MKH 0 0 0 0 -
0 0 0 1 1 1 MKL
0 0 1 0 0 0 ANM Sre s o o8
0 0 1 0 0 1 SWH 1 1 o lol1 1 HD)
0 0 1 0 1 0 SML 0 " 0 0 (DE}+
0 0 1 0 1 1 EoM 1L o1 0 1 O+
o 0 1 1 0 0 EmM SRR {ﬂf)):
0o 0 1t 1t 0 1 TvM 11 10 1 1 (@OEtbyte
0 1 0 0 0 0 MM 1 1 0 0 (HL+A)
0 1 0 0 0 1 MCC 1 1 0 1 (HL+B)
0 1 0 0 1 0 MA 1 1 1 0 (HL+EA)
0 1 0 0 1 1 MB 1 1 1 1 (HL+byte) 1
1 :
g 1 g 1 (1’ (1’ mg Register Pair Addressing (rpa3)
0 1 1 0 0 0 X8 1 G C ©C G Addressing
0 1 1 0 0 1 RXB :l: 0 0 1 0 (DE)
T 0 0 1 1 (HL)
0 11 o 1% 0 1 0 0 OB
. 1 0 1 0 1 (HU++
1 0 0 0 0 0 CRO 1 0 1 1 (DE+byte)
1 0 0 0 0 1 CR1 1 1 0 0 (HL-+-A)
1 0 0 0 1 0 CR2 i 1 0 1 (HL+B)
1 0 0 0 1 1 CR3 1 1 1 0 (HL+EA)
q 0 1 0 0 0 ZCM I 1 1 1 1 (HL+byte)
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Operand Codes (cont) Graphic Symbols T-49-19-59
Flags (1) Symbol Description
F, Fy Fg Flag h Transfer direction, result
0 0 0 - A Logical product (logical AND)
0 1 0 Oy - -
0 1 1 HC v Logical sum (logical OR)
1 0 0 Z ¥ Exclusive-0R
Interrupt Flags (irf) - Complement
I I Iy f lo Flag . . Concatenatian
0 0 0 0 0 NMI
0 0 0 0 1 FT0
0 0 0 1 0 FT1 .
0 0 0 1 1 Fl
0 0 1 0 0 F2
0 0 1 0 1 FEO
0 0 1 1 0 FE1
0 0 1 1 1 FEIN - .
0 1 0 0 0 FAD YT
0 1 0 0 1 FSR .
0 1 0 1 0 FST
0 1 0 1 1 ER
0 1 1 0 0 ov _
1 0 0 0 0 AN4 ' :
1 0 0 0 1 ANS . T
1 0 0 1 0 ANG S N
1 0 0 1 i AN7
1 0 1 0 0 S8
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