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Description , ,
The uPD78C10, uPD78C11, and uPD78C14 single-chip

microcomputers integrate sophisticated on-chip per- -

ipheral functions normally provided by external compo-
nents. Their internal 16-bit ALU and data paths,
combined with a powerful instruction set and ad-
dressing, make the devices appropriate in data pro-
cessing as well as control applications.

The devices integrate a 16-bit ALU, 4K-byte ROM, 256-
byte RAM, an eight-channel A/D converter, a multi-
function 16-bit timer/ event counter, two 8-bittimers, a
USART, and two zero-cross detect inputs on a single
die, allowing their use in fast, high-end processing
applications. This involves analog signal interface and
processing. ‘

The uPD78C11 is a 4K-byte mask ROM device embed-
ded with a custom customer program. The uPD78C14
is a 16K-byte mask ROM device. The uPD78C10 is the
ROM-less version.

Features

0 CMOS technology
— 25 mA operating current (78C10/C11)
— 30 mA operating current (78C14)
O Complete single-crip microcomputer
— 16-bit ALU
— 4K x 8 ROM (78C11)
— 16K x 8 ROM (78C14)
— 256-byte RAM
0 44 1/0 lines
O Two zero-cross detect inputs
O Two 8-bit timers
O Expansion capabilities
— 8085A-like bus
— 60K-byte external memory address range
0O Eight-channel, 8-bit A/D converter
— Autoscan mode
— Channel select mode
O Fuli-duplex USART
— Synchronous and asynchronous
O 154 instructions
— 16-bit arithmetic, multiply, and divide
— HALT and STOP instructions
O 0.8-us instruction cycle time (15-MHz operation)
O Prioritized interrupt structure
— Three external
— Eight internal
0O Standby function
O On-chip clock generator
[ 64-pin plastic QUIP, shrink DIP, or miniflat;
68-pin PLCC

Ordering Information

Part Number

Package Type

Max Frequency

of Operation

4PD78C10G-36
uPD78C116-36
uPD78C14G-36

64-pin plastic QUIP

15 MHz

#PD78C10CW
uPD78C11CW
uPD78C14CW

64-pin plastic shrink DIP

15 MHz

4#PD78C10G-1B
#PD78C11G-1B
4PD78C14G-18

64-pin plastic miniflat

15 MHz

#PD78C10L
4#PD78C11IL
uPD78C14L

68-pin PLCC

15 MHz
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Pin Configurations (cont)

64-Pin Plastic Minifiat

1 PAg
[ PA3
[1 PAY
[1PAg
[1sTOP
[ PD7

' 1PDs
[1PDs

n:] PAs
61 [0 PA2
58 [ 1 vop
55 [ 1PDs

6

PAsd 1

PA7 [}

PBo [}
PB1[] 4

PB2 []

PB3 [}

PB4 7

PBs

PBg ]

pB7 ] 10
PCo/TxD ]
PC1/RxD []
PC2/SCK [}
PCy/TIINT2 [
PC4/TO []
PCs/CI []
PCg/COo []
PC7/C01
NMI O]

O

pPD78C10/C11/C14

-

3

-
o

52 [JPD3

45

42

39

36

[
©

[1PD2
[1PD1
1 PDo
[1PF7
[1PFe
[ PFs
[ PFa
[ PF3
[ PF2
[ PF4
[ PFo
N ALE
H) wR

) RD

[1 AVDD
(] VAREF
] AN7
[1 AN6
[] ANS

\

INT1 ] 20
MODE1 []
RESET ]

MODEO [] 23
x2 ]
X1

vss [ 26
Avss [
ANO ]

AN1[] 29
AN2 ]
AN3 ]
AN4 ]

83-003818A

Pin Identification

Symbol Function
ALE Address latch enable output
ANO-AN7 A/D converter analog inputs 0-7 ”
INT1 Interrupt request 1 input
MODE1 Mode 1 input
MODEO Mode 0 input/1/0/Memory output ?
NMI Nonmaskable interrupt input
PA7-PAg Port A1/0
PB7-PBy Port B 1/0
PCy/TxD Port C 1/0 line 0/Transmit data output
PC41/RxD Port C 1/0 line 1/Receive data input
PCy/SCK Port C 1/0 line 2/Serial clock 1/0
PC3/TI/INT2 Port C 1/0 line 3/Timer input/Interrupt
request 2 input
PC4/TO Port G 1/0 line 4/Timer output i
PCs/Cl Port C 1/0 line 5/Counter input

PCg, PC7/COq, CO4

Port C 1/0 lines 6, 7/Counter outputs 0, 1

PD7-PDy

Port D 1/0/Expansion memory address/

data bus (bits AD7-ADg)
PF7-PFg Port F 1/0/Expansion memory address bus
(bits AB15-ABg)
RD Read strobe output
RESET Reset input
STOP Stop mode control input
VAREF A/D converter reference voltage
WR Write strobe output
X1, X2 Crystal connections 1, 2
AVpp A/D converter power supply voltage
AVgg A/D converter power supply ground
Vop 5V power supply |‘
Vss Ground :
IC Internal connection

Pin Functions

ALE [Address Latch Enable]

The ALE outputis used to latch the address of PD7-PDg
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 falling

edge detection.

CIl [Counter Input]

External pulse input to timer/event counter.
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uPD78C10/C11/C14
Pin Configurations (cont)
68-Pin PLCC
[ w g E ~
TR TR EL L
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23BH883I23n83285893
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PD3 [] 63 41 [] AN4
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uPD
voo1 O 78C10/C11/C14 35 01 Vss
PAg (] 2 34 [ x1
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PA2 [ 4 32 7 MODEO
PA3[]5 31 [J RESET
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PAg [} 8 28 [1 NMi
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N\ ZFredoseer22gs 88388
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§s5c 293
aaan ) a
&
83-0042758

COyg, CO4 [Counter Outputs 0, 1}

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.

INT2 [Interrupt Request 2]

INT2 is a falling-edge-triggered, maskable interrupt
input. It is also an ac-input, zero-cross detection
terminal.

MODE1, MODEO [Mode 1, 0]

The MODE1 and MODEQ inputs select the amount of
external memory. MODEOQ outputs the O signal, and
MODE1 outputs the M1 signal. An external pullup
resistor to Vpp is required if the input is to be a logic
high. For exact value of pullup resistor see the
following graph.

Maximum Pullup Resistor Value vs
Load Capacitance at MODEO or MODE1 Pin

a5
g 40
S 35
3
5 30 A
2 \
s I teyc = 83 ns [fxTAL = 12 MHz]
g 20 I | |
g \( L tcyc = 66 ns [fxTAL = 15 MHz]
o 15 4 i l L
g \( ] [ | T
E 10— 10k0+4 v Mini pullup resistor value W
3, 30pF | ST~ 150 pF | &
27— 1 — 1 — 13
[} 3
0 20 40 60 80 100 120 140

Load Capacitance [pF]
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NMI [Nonmaskable Interrupt]

Falling-edge, Schmitt-triggered nonmaskable interrupt
input.

PA7-PAg [Port A]

Port A is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Reset makes all lines of port A inputs.

PB7-PBg [Port B]

Port B is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Reset makes all lines of port B inputs.

PC7-PCq [Port C]

Port C is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Alternatively, the lines of port C can be used as control
lines for the USART, interrupts, and timer. Reset makes
al! lines of port C inputs.

PD7-PDyg [Port D]

Port D is an 8-bit three-state port. It can be programmed
as either 8 bits of input or 8 bits of output. When
external expansion memory is used, port D acts as the
multiplexed address/data bus.

PF7-PFg [Port F]

Port F is an 8-bit three-state port. Each bit is
independently programmable as an 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 [Reset]

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

RxD [Receive Data]

Serial data input terminal.

SCK [Serial Clock]

Output 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.

TI [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.

VARer [A/D Converter Reference]

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

WR [Write Strobe]

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 I/0 write operations. WR goes high
during reset.

X1, X2 [Crystal Connections 1, 2]

X1 and X2 are the system clock crystal oscillator
terminals. X1 is the input for an external clock.

AVpp [A/D Converter Power]
This is the power supply voltage for the A/D converter.

AVgg [A/D Converter Power Ground]

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

Vss [Ground]

Ground potential.

Vpp [Power Supply]
+5-volt power supply.
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Block Diagram
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Functional Description

Memory Map

The uPD78C11 can directly address up to 64K bytes of
memory. Except for the on-chip ROM (0-4095) and RAM
(FFOOH-FFFFH), any memory location can be used as
ROM or RAM. The memory map, figure 1, defines the 0
to 64K byte memory space for the uPD78C11. On-chip
ROM is located from 0-16,383 in the uPD78C14.

Input/Output

The uPD78C10/C11/C14 has 44 digital I/0 lines, five
8-bit ports (port A, port B, port C, port D, port F), and
four digital input lines (AN4-AN7).

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 detection.

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 I/0 ports, all have latched outputs and
high-impedance inputs.

Port D. Port D can be programmed as a byte inputora
byte output.

Control Lines. Under software control, each line of port
C can be configured individually as a control line for
the serial interface, timer, and timer/counter or as an
1/0 port.

Memory Expansion. In addition to the single-chip
operation mode, the uPD78C11 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 F.

Table 1. Memory Expansion Modes and Port

Contigurations

Memory

Expansion Port Port Configuration

None Port D 110 port
Port F 1/0 port

256 bytes Port D Multiplexed address/data bus
Port F 1/0 port

4K bytes PortD Multiplexed address/data bus
Port F (PF3-PFg) Address bus
Port F (PF7-PFg) 1/0 port

16K bytes PortD Multiplexed address/data bus
Port F (PF5-PFg) Address bus
Port F (PF;-PFg) 1/0 port

60K bytes Port D Multiplexed address/data bus
Port F Address bus

Timers

The two 8-bit timers may be programmed indepen-
dently 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 us at 15-MHz), or to increment on receipt
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 measurement

Pulse width measurement

Programmable frequency and duty cycle waveform
output

8-Bit A/D Converter

® 8 input channels
® 4 conversion result registers
® 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
® [nterrupt generation
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Figure 1. Memory Map
° 0 Reset/Standby Release
Internal ROM
A 4,096 By! 78C11 P 4 IRQO
e od 16,384 Bytes: 78C14 1T~
[External Memory on 78C10)
8 IRQ1
10H 1RQ2
External
A Memory A
T 61,184 Bytes: 78C11 T~ 18H IRQ3
49,152 Bytes: 78C14
20H IRQ4
FEFFH
FFOOH
Internal RAM
256 Bytes x 8 28H IRQ5
FFFFH
A A
T T
60H Soft INT
A A
o >
80H Low ADDR t=0
81H High ADDR
82H Low ADDR }' ,
Call Table—| &M High ACDR
P 4
Y v
BEH Low ADDR
t=231
BFH High ADDR
| con
A A1
W’ User's Area T
OFFFH

49-000635C




©wPD78C10/C11/C14

NEC

Figure 2. Timer Block Diagram

pesm o— >
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Timer Mode
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$384 —,_"

Timer
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To Timer/Event Counter
or Serial Clock Source

PC4/TO

§

Notes: 1¢3 = txtai x 1/3

1912 = fxpal X 1/12
1384 = ty1e) x 1/384
fxtal = Input Crystal Frequency

48-0015538
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Figure 3. Block Diagram for Timer/Event Counter
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{} Interrupt
1 [ Control [ " INTE1
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L internal Bus q
Edge Detect

Notes: @12 = fy) X1/12
1: System Clock Frequency (MHz)

49-001555C
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Analog/Digital Converter

The uPD78C10/C11/C14 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 con-
version result registers (CRO-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-
CRa3. In the scan mode, the upper four channels or the
lower four channels may be specified. Then those four

Figure 4. A/D Converter Block Diagram

AVee

AVay

Vaner

ANO O————
AN1 O———
ANz O————]

ANg O]

AN4

ANS 3

ANS
ANT

channels will be consecutively selected and the con- g o Internal Bus
version results stored sequentially in the four conver- N7
sion result registers. Figure 4 is the block diagram for 9-0006324
the A/D converter. To stop the operation of the A/D
converter and thus reduce power consumption, set
Varer =0 V.
Interrupt Structure
There are 12 interrupt sources. 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 1RQ#6 is the lowest. See
figure 5.
Figure 5. Interrupt Structure Block Dlagram
NMi o—— |——— INTFNMI

INTTO) ———

INTT1 ——s > C;::r'ol — Skip Control

INT1 O——pf U TF

NT2 O} INTFNMI

INTEQ ————» Request

INTE1 —» Reglater <: Rrgalzrer SOFTI

INTEIN ———

INTAD ———»

INTSR ——me—4

INTST ——— >

ov ———» INTFNM)———

ER —— —TF
Test
SB ———— Fla

Register
AN4-AN7 D

Priority
Control

Interrupt

Enable

El—{S Q

DI—{R

Interrupt
Address

SOFTI —»1

Generation

Internal Bus

439-0016118
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Standby Function

TheuPD78C10/C11/C14 has two standby modes: HALT
and STOP. The HALT mode reduces power consump-
tion 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 oscillator 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 Bis initiated by inputting a low level on the STOP
input. The RAM contents are saved if Vpp is held above
2.5 V. 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
STOPisraised, instruction execution will automatically
begin at location 0. You can increase the stabilization
time by holding RESET low for the required time
period.

Table 2. Interrupt Sources

Interrupt Interrupt Internal/
Request Address Type of Interrupt External
IRGO 4 NMI (Nonmaskable interrupt) Ext
IRQ1 8 INTTO (Coincidence signal from  Int
timer 0)
INTT1 (Coincidence signal from
timer 1)
1RQ2 16 INT1 (Maskable interrupt) Ext
INT2 (Maskable interrupt)
1RQ3 24 INTEOQ (Coincidence signal from  Int
timer/event counter)
INTE1 (Coincidence signal from
timer/event counter)
1RO4 32 INTEIN (Falling signal of Cl or Int/Ext
TO into the timer/event counter)
INTAD (A/D converter interrupt)
IRQ5 40 INTSR (Serial receive interrupt)  Int
INST (Serial send interrupt)
IRQ6 96 SOFT! instruction Int

Universal Serial Interface

The serial interface can operate in one of three modes:
synchronous, asynchronous, and 1/0 interface. The
1/0 interface mode transfers data MSB first, for easy
interfacing to certain NEC peripheral devices. Syn-
chronous and asynchronous modes transfer data LSB
first. Synchronous 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 a time. Figure 6 shows the
universal serial interface block diagram.

Zero-Crossing Detector

The INT1 and INT2 terminals (used common to Tt 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.

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 signai of
1.0to 1.8 V (peak-to-peak) and a maximum frequency
of 1 kHz is coupled through an external capacitor to the
INT1 and INT2 pins.

Forthe INT1 pin, the internal digital stateissensed as a
0 until the rising edge crosses the average dc level,
when it becomes a 1 and 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 interrupt is generated.

11
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Figure 6. Universal Serial interface Block Diagram

& Internal Bus
Receive Butfer Serial Mode Transmit Butter | 'NTST,
INTSR (RxB) Register (TxB) '
Serial Register Serial Regi
PC4/RxD °_"D_—' PeS
R Control ER Transmit Controf
PC,/8CK © L 1
‘“ je—— o024
9384 1
|#——— Interval Timer F/F $24=1xta1 X 34
txtal: Oscillation Frequency (MHz) of Crystal
PCy/TxD © <}
439-001584B
Figure 7. Zero-Crossing Detection Circuit Absolute Maximum Ratings
. \ \ Power supply voitages, Vpp —05t0+70V
/\i ! AVpp AVgs to Vpp + 05V
s A \/;/ AVss 0510 105V
: [ : Input voltage, V| ~05VtoVpp+05V
__J——‘ I-— Output voltage, Vg -05VtoVpp+05V
Internal Signal
1 Output current low, lg. 40 mA
1k D o D o Output current low, 100 mA
ACnput WF Wi 3 Output total for all pins
or <
we { Output current high, lgn —20mA
E | Qutput current high, —50 mA
total for all pins
90015304 Reference input volitage, Vager —05VtoAvpp+03V
Operating temperature, Topg —40 to +85°C
Capacitance fxraL < 15 MHz
Ta=25°C; Vpp =Vgg =0V Storage temperature, Tgyg —65 to +150°C
Limits Comment: Exposing the device to stresses above those listed in
- Test
Parameter Symbo!l Min Typ Max Unit Conditions Absolute Maximum Ratings could cause permanent damage. The
- device is not meant to be operated under conditions outside the
Input capacitance C 10 pF {}= 1 MHz. limits described in the operational sections of this specification.
Output Co 0 pF nmeasured  Eyxposure to absolute maximum rating conditions for extended
capacitance r'"os\'l'et"med periods may affect device reliability.
o0 V.
1/0 capacitance Cio 20 pF

12
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Oscillation Characteristics
(Ta=—40to +85°C, Vpp =AVpp =5 V+ 10%, Vgg = AVgs =0V,
Vpp — 0.8 V = AVpp = Vpp, 3.4 V = Varer = AVpp)

Recommended Test
Resonator  Circuits Parameter  Min Typ Max Unit Conditions
Ceramic  (Note 3) Oscillation 4 15 MHz A/D
resonator frequency converter
{Note 1) (fxx) not used
or
XTAL ° o W é\ér?verter
(Note 2) used
External  (Note 4) X1input 4 15 MHz A/D
clock frequency ' ./, .  converter
. (fx) {25t B notused
5.8 15 MHz A/D
converter
used
X1 input 0 20 ns
rise, fall
time (t;, t7)
X1 input 20 250 ns § '
high, low
level width 4., . S DI AR
&  (gn tol) 2 I
Notes: i

(1) Recommended ceramic resonators

External Capacitance

Manufacturer Product Name Cl (pF} C2(pR
Murata CSA15.00MX3 22 2
CSA12.00MT 30 30
CST12.00MT - -

CST12.00MT has capacitance internally

(2) For XTAL, the following external capacitances are recom-
mended:
C1=C2=10pF
(3) Seethe following recommended XTAL oscillation circuitdiagram
(4) See the following recommended external clock diagram

When using an external crystal, it should be a parallel-resonant,
fundamental mode, “AT cut" crystal. Capacitors C1 and C2 are
required for frequency stability. The values of C1 and C2 (C1=
C2) can be calculated from the load capacitance (C) specified
by the crystal manufacturer:

C1xC2 +Cs
C1+C2

Where Cg is any stray capacitance in parallel with the crystal,
such as the 78C10, 78C11, or 78C14 input capacitance between
X1 and X2.

CL=

Recommended XTAL or Ceramic
Resonator Oscillation Circuit Diagram

Notes:
{1] External oscillation circuit should be as close to the
X1 and X2 pins as possible.
[2] Do not place other signal lines in the shaded area.
83-004303A

Recommended External Clock Diagram

Clock x1

HCMOS
Inverters

'S g X2

83-004277A

13



©wPD78C10/C11/C14

DC Characteristics
Ta = —40 to +85°C; Vpp = +5.0 V £10%; Vgg =0V

Serial Operation

Limits Test
Limits e T—
0 Tost Parameter Symbol Min  Max Unit  Conditions
Parameter Symbol Min Typ Max Unit  Conditions SCK cycle time toyk 08 s SCK input (1), 3
Input low VLt 0 08 V Allexcept Note .
voltage 1 inputs. 04 #8_SCK nput )
Vi 0 02 V Noteinputs. _ 18 ps SCK output (3)
Voo SCK width low ke 335 ns SCK input (1), (3)
Input high ViHt 22 Vpp V Allexcept X1, 160 ns SCKinput (2)
voltage X2, and Note =y
1 inputs. __ 700 ns Sﬂ(_ output (3)
Vir 08Vgp VooV X1,X2,and SCK width high tkkn 335 ns Sﬁlnput 1.3
Note 1 inputs. 160 ns SCKinput (2)
Output low VoL 045 V lg =20mA 700 ns SCK output (3)
voltage : RxD setup time to SCK!  tayx 80 ns (Note 1)
33{{’3‘"3“'9“ Vou Vop—10 V loH==10mA " RyD hold time after Wax 80 ns (Note 1)
g Vpp — 0.5 V gy =—100 A
Data VDODR 25 STOP mode SCK! TxD delay time tkTx 210 ns (Note1)
retention
voltage Notes:
Input current Iy 1200 wA INT1 (Note 2), (1) 1x baud rate in synchronous or I/O interface mode.
TI(PC3) (Note 3); (2) 16x baud rate or 64x baud rate in asynchronous mode.
OV=VISVOD  (3) fyraL = 15 MHz.
Input leakage I +10 pA Al except
current INT1, TI(PG); Zero-Cross Characteristics
ov=sV <Vpp
Output leakage I +10 pA 0V=Vg<Vpp _ Limits Test
current Parameter Symbol Min Max Unit Conditions
AVpp supply  Alppq 05 13 mA f=15MHz Zero-cross detection  Vzx 1 18  VACy, Ac coupled
current Aloga 10 20 uA STOPmode input : S0 Hz sine
Vop supply o1 13 25 mA Normal Zero-cross accuracy  Azx +135 mv
current operation Zero-cross detection  fzx 005 1 kHz
(78C10/C11) f=15MHz input frequency
Ipp2 7 13 mA HALT mode
f=15MHz
Vpp supply bp1 16 30 mA Normal
current operation Ot
(78C14) t=15MHz j o ,
Ino2 8 15 mA HALT mode g | [
f=15MHz — N I i : I
Data retention lpppR 1 15 wA Vpppr=25V T o
current (Note 4) I U -
v A L
0 50 wpA Vpppr=>5V e T
+ 10% (Note 4) R M¥ryy
Notes: l

(1) Inputs RESET, STOP, NMI, SCK, INT1, TI, and AN4-AN7.
(2) Assuming ZCM register is set to self-bias.

(3) Assuming ZCM register is set to self-bias and the MCC register is
set to control mode.

(4) Hardware/software STOP mode and assuming ZCM register is
set to self-bias not selected.

14
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NEC

uPD78C10/C11/C14
AC Characteristics
Read/Write Operation
Ta = —40 to +85°C; Vpp = AVpp = +5.0 V £10%; Vgg =0 V
Limits Test
Parameter Symbol Min Max Unit Conditions
RESET pulse width high, low tRSH, tRSL 10 us
NMI pulse width high, low s INIL 10 s
X1 Input cycle time teye 66 250 ns
Address setup to ALE! taL 30 ns (Notes 1and 2)
Address hold after ALE! tLa 35 ns
Address to RD! delay time taR 100 ns
RD! to address floating taFR 20 ns (Note 1)
Address to data input tAD 250 ns (Notes 1 and 2)
ALE! to data input tLoR 135 ns
RD! to data input tRp 120 ns
ALE} to RD} delay time tLR 15 ns
Data hold time to RD1 tRDH 0 ns (Note 1)
RD! to ALE? delay time tAL 80 ns (Notes 1 and 2)
RD width low trRR 215 ns Data read; (notes 1and 2)
415 ns Opcode fetch; (notes 1 and 2)
ALE width high e 90 ns (Notes 1 and 2)
M setup time to ALE! tmL 30 ns (Note 2)
T hold time after ALE! fLm 35 ns
10/M setup time to ALE} e 30 ns
i0/M hold time after ALE ty 35 ns
Address to WR! Delay taw 100 ns (Notes 1 and 2)
ALE! to data output tLow 180 ns
WR! to data output twp 100 ns (Note 1)
ALE! to WRI delay tLw 15 ns (Notes 1and 2)
Data setup time to WR! tow 165 ns
Data hold time to WR! twbH 60 ns
WRT to ALE! delay time twi 80 ns
WR width low tww 215 ns
Notes:

(1) Load capacitance C_ = 150 pF.

(2) Values are for 15-MHz operation. For operation at other frequencies, refer to “Bus Timing Depending on tcyc” on the following page.
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uPD78C10/C11/C14
_T': () 7’ 2 at
. . J¢, 76
A/D Converter Characteristics Bus Timing Depending on tcye Foor
Ta = —40 to +85°C; Vpp = AVpp = +5.0 V +10%, MHE &
Vgg=AVgg=0V;Vpp—0.5V=AVpp=Vpp;3.4V=Vaper=AVpp Symbol Calculating Expression Min/Max (ns)
Limits Test triH, tTiL 6T (Tl input — PC3) Min
Parameter  Symbol Min Typ Max  Unit Conditions teiH. tenne (Note 2) 6T (Clinput — PCs) Min
Resolution 8 Bits toion. toioL (Note 3) 48T (Cl input — PCs) Min
Absolute +04 %FSR Ta=—10t0 +70°C,  tH. 1L 36T (INT1) Min
accuracy (2) 66ns=toyg= ) .
(Note 1) 170ns, 40V < l: it T (NT2) Min
VAREF = AVpp taL 2T —100 Min
06 %FSR B6ns=teyc= tea T-30 Min
2 170ns,40V= N 37T — 100 Min
Varer = AVpp tAR 7T — 220 Max Z
+08 %FSR 66ns = toyc= AD 2 £20n
(2 170ns,34Vs tLoR 5T — 200 Max
VaREF = AVpp thp 4T — 150 Max
Conversion tcony 576 toye 66nss=toyc= R T-50 Min
time 110 ns % -
432 toye 10nsstoyos AL - Min
170 ns taR 4T — 50 (Data Read) Min 20 ns
Sampling  tsamp 96 toye G6ns=toyp= 7T — 50 (Opcode Fetch) Min Yomo;
time 110ns L 2T—40 ICITTE Min
72 toyg 110ns=tgye= _ ;
170ns tML iT 3(1)00 Min
" — -
Analog Vian 0 Vager V LM Min
input t 27— 100 Min
voltage t) T-30 Min
i‘mt"g Ran 1000 Mo _ taw 3T 100 Min
impedance leaicage * lomA (Edws FSee) tLow T+110 Max
Reference  Vager 34 AVpp v tw T-50 Min
voltage tow 4T — 100 Min 17
VAREF |AREF1 15 30 mA  Operation mode tWoH 2T—170 Min
current 07 15 mA STOPmod
AREF2 T ode twL 21— 50 Min
:Vggl Alpp1 05 13 mA  Operation mode tww 4T —50 Min 274
upply —
current  Albo2 1020 wpA  STOPmode toyk 12T (SCK input) (Note 1) Min
Notes: 247 (SCKﬂt.put) an
(1) Quantizing error (+1/2 LSB) is not included. KL 5T+5 (SCK'_"DUU (Note 1) Min
(2) FSR = Full-scale resolution. 12T - 100_(SCK output) Min
tKKH 5T + 5 (SCK input) (Note 1) Min
12T — 100 (SCK output) Min
Notes:

(1) 1x baud rate in synchronous or I/O interface mode.

T =tcyc = V/ixTaL
The items not included in this list are independent of oscillator

frequency (fxtaL).
(2) Event counter mode.

(3) Pulse width measurement mode.

16
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uPD78C10/C11/C14
Data Memory STOP Mode Data Retention
Characteristics
Ta=—40to +85°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Dataretention  Vpppr 2.5 55 V
power supply
voltage
Data retention  IpppRr 1 15 wA  Vpppr=25V
power supply —
current 15 50 uA Vpppr=>5Vx10%
Vpp rise, tavD. 200 us
fall time trvo
STOP setup tsstvp 127 us
time to Vpp +0.5
STOP hold tavost 12T us
time from Vpp +0.5
Data Retention Timing
v 90%
oo 10% VDDDR
tFvo tRVD
tssTVD tHVDST
J— ViH2
SToP Yz
83-004280A
4G n,

t

T é7o8n€ I R VRPN VR S S

17



1PD78C10/C11/C14

Timing Waveforms

Read Operation

x1

T3

™

tcyc

AB15-ABg
[PF7-PFo}

—

ADDR15-ADDRs

AD7-ADg ¢
[PD7-PDo} "
L

-

[e—tLR—»

tAR

MODEO [i0]
{Note 1}

tRR

1AD -I le— tRDH
ADDR7-ADDRo >< L —
1LDR
L le— LA
— tAFR tRL
N
K
fe——— taL ——o trRD

tL

Note:

explanation.

fL

[1] IO signal is output to the MODEO pin (if MODEO is pulled up to Vpp] during a
read or write of special registers sr-sr2 or a write to register MM or MF. Refer to
description of Port Emulation Mode [PEM] In the User's Manual for further

83-0042768
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uPD78C10/C11/C14

Timing Waveforms (cont)

Write Operation

T3

i_

YaVaVaVaV \V A VaVaVAVAVAN

T ol T2

I

tcyc

ADDR15-ADDRg

AB15-ABg £
[PF7-PFo]

'———lLDw—A

XX

AD7-ADg 4
[PD7-PDo] !

X 4
ADDR7-ADDRp ><:>< Data-out
7

XX

Note:

iption of Port

(1 10 signal is output to the MODEO pin [if MODEO is pulied up to Vpp] during a
vead or write of special registers sr-sr2 or a write to register MM or MF. Refer to

Mode [PEM] in the User's Manual for further

explanation.

tLy ———e] fo— tLA —> tow twoH
twp
3
ALE N
N
la—— tAL —1 tww twi {
WR
K
b tL W
tAW |
MODEO (i0)
[Note 1]
tw
L ————|

83-004278B
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Timing Waveforms (cont)

Opcode Fetch Operation

iA T —i T2 —[l: T3 i T4 i
tcve
AB15-ABg f ADDR15-ADDRg b
[PF7-PFo] . £
tab tRDH
——
AD7-ADg 4 3 ¢ _<
ADDR7-ADDR }.—_{ Opcode | DPeew—eea
(PD7-PDo] X 7 o s P !
tLDR
[ L e tLA —
~— [+ tAFR RL
ALE
N i1
le—— tap —] 'o— tRD —
tRR
p 4
AD /A
pa— tLR —o
tAR
MODE1(M1)
[Note 1]
ML {tLm
Note:
[1] M1 signal is output to the MODE1 pin during every Opcode Fetch if MODE1
pin is pulled up to Vpp.
83-0042798
Serial Operation Transmit/Receive Timing
'CVK
texu trxm —
sCK \ \
D ) X
o tic 75 =]
RxD
‘RXK tKRX
49-0005468

20

—



NEC

uPD78C10/C11/C14

Timing Waveforms (cont)

Timer Input Timing

Wl

'm]

83-003287A

I triv
T ;

Timer/Event Counter Input Timing:
Event Counter Mode

torn— e
ci

83-003288A

Timer/Event Counter Input Timing:
Pulse Width Measurement Mode

tcin le——tci2
Cl

83-003289A

Interrupt Input Timing
tNH——] |+——1INIL
i /I N l/
e YH ——]

INT1 ——\ \

iNT2 \L l/

83-003280A

Ny,

RESET Input Timing

le-——1RsL

RESET

83-003291A

—

83-003292A

AC Timing Test Points

Vpp —1.0
22V w L 22V
Test Points
>< 0.8V ~ ™ 038 \X

045V

83-003283A
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NE

Operating Characteristics
(TA=25°C, Vpp =5V)

IpD1 vs VDD [78C10 and 78C11 only]

20 T
Ta=25°C
fXTAL = 15 MHz
<15
E
3 / Typical
C}
€10
g
3
(4]
>
-3
as
L <
g
8
0 3
4.0 4.5 5.0 5.5 6.0
Supply Voltage Vpp [Volts)
IDD1 vs fxx [78C10 and 78C11 only]|
T
15 Ta=25°C
Vbp=5V
<
H /
2 P
8 10 /
é Typical
3
[¥]
>
8 5
=5
]
A
0 2
4 8 12 15 16
Oscillation Frequency fxx [MHz]
loLvs VoL
25
Ta=25°C Typical
Vpp=5V §
<20 /
E /
-
°
15
o
-
€
3
51.0
(3]
2
g 0.5 «
&
g
0 2
0 0.1 0.2 0.3 0.4 0.5

Output Voltage Low VoL [Volts]

22

Output Current High I0H [mA]

IpD1vs VDD [78C14 only]

20 T
Typical
TA=25°C P
XTAL = 15 MHz
<1 /
E 5 ——
a
)
€10
e
5
(5]
=
a
es
@ <
:
0 3
4.0 4.5 5.0 55 6.0
Supply Voltage Vpp [Volts]
IDD1 vs fxx {78C14 only]
T
15 Ta=25°C :
V:)D =5V Typica
<
E /
a
amw >
€
3
5
Q
>
oS
a
3
a
3
:
0 2
4 8 12 15 16
Oscillation Frequency fxx [MHz]
10+ vs [VDD-VOH]
—25
Ta=25°C Typical
Vpbp=5V
—2.0
-15
-1.0
—0.5 / <
g
0 23
0 0.1 0.2 0.3 0.4 0.5 0.6

Supply Voltage Vpp — Output Voitage High VoH [Volts]
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uPD78C10/C11/C14

Operand Symbols Operand Definitions
Symbol Allowable Operands Special Reglsters (sr-sr4)
Registers PA="PortA ECNT = Timer/event
PB = Port B counter upcounter
:1 EA?{ ?EA (I:_ % % fli) |iE ML PC="PortC ECPT = Timer/event
2 A B' ¢ Ut PD=PortD counter capture
il PF=PortF ETMM = Timer/event
Special Registers MA = Mode A counter mode
M8 = Mode B
: aa v B T T ’ MCC = Mode control C counter output mode
TMO, TM1, ZCM MF = Mode F

srt PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB,
CRO, CR1, CR2, CR3

sr2 PA, PB, PC, PD, PF, MKH, ANM, MKL, SMH, EOM, TMM
sr3 ETMO, ETM1
sr4 ECNT, ECPT

Register Pairs

rp SP,B,D,H

rpl V,8,D,H EA
rp2 SP,B,D,H, EA
p3 B,D,H

Register Pair Addressing

rpa B, D, H, D+, H+, D— H—-
rpal B,D,H

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

rpa3d D, H, D++, H++, D+byte, H+A, H+B, H+EA, H+byte

Flags

f CY,HC,Z

Interrupt Flags

irf INTFNMI, INTFTO, INTFT1, INTF1, INTF2, INTFEQ, INTFE1,
INTFEIN, INTFAD, INTFSR, INTFST, ER, OV, AN4, AN5, AN6,
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 (by, b4, bg)

MM = Memory mapping

TMO = Timer register 0

TM1 = Timer register 1

TMM = Timing mode

ETMO = Timer/event counter
register 0

ETM1 = Timer/event counter
register 1

ZCM = Zero-cross mode
control register

TXB = Transmit buffer

RXB = Receive buffer

SMH = Serial mode high

SML = Serial mode low

MKH = Mask high

MKL = Mask low

ANM = A/D channel mode

CRO to CR3= A/D conversion
result 0-3

Register Pairs (rp-rp3)

SP = Stack pointer H=HL
B=8C V=VA
D=DE EA = Extended accumulator
Register Pair Addressing (rpa-rpa3)
B = (BC) D++ = (DE)++
D= (DE) H++ = (HL)++
H = (HL) D-+byte = (DE+byte)
D+ = (DE}+ H+byte = (HL+byte)
H+ = (HL)+ H+A = (HL+A)
D— = (DE)— H+B = (HL+B)
H— = (HL)— H+EA = (HL+EA)
Flags (f)
CY = Carry HC = Halt-carry Z=1Zero
Interrupt Flags (irf)
INTFNMI = NMtl interrupt flag ~ INTFEIN = FEIN
INTFAD = FAD
INTFTO = FTO INTFSR = FSR
INTFT1 = FT1 INTFST = FST
INTF1 =F1 ER = Error
INTF2 = F2 0V = Overflow
INTFEQ = FEO AN4 to AN7 = Analog input 4-7
INTFE1 = FE1 SB = Standby
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Operand Codes
Reglsters (1, r2) Special Registers (sr3)
Ra Ry Rg Rep ron Up Special Reg
0 0 0 v 0 ETMO
0 0 1 A 1 ETM1
0 1 0 g Special Registers (sr4)
0 1 1
Vo Special Reg
1 0 0 D
1 0 1 E 0 ECNT
1 1 0 H 1 ECPT
1 1 1 L4 Register Pairs (rp, rp2, rp3)
Reglsters (r1) P, Py Py RegPair rp rp2 3
T, T Tp Reg 010 0 SP
0 0 0 EAH 0 0 1 BC
0 0 1 EAL 0 1 0 DE
g 1 0 g 0 1 1 HL
1 1
1 0 0 D 1 0 0 EA
1 0 1 E Register Pairs (rp1)
1 1 0 H
1 1 1 L 2 O Qp Reg Pair
0 0 0 VA
Speclal Registers (sr, sr1, sr2) 0 0 1 BC
S5 84 83 S 8 Sy SpecialReg sr sl sr2 0 1 0 DE
T T T 0 1 1 HL
0 0 0 0 0 0 PA
o 0 0 o0 o0 1 PB vt 0 0 EA
0 0 0 0 1 0 PC Register Pair Addressing (rpa, rpa1, rpa2)
0 0 0 0 1 1 PD
0 0 0 1 0 1 PE A3 A N Ag Addressing s rpat  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 Sy o 538
0 0 1 0 0 1 SMH 1 1L o lol1 1 (HD)
0 0 1 0 1 0 SML 0 1 0 0 (DE)+
o 0 1 o0 1 1 Eom 11 01 0 1 (H)+
0o 0 1 1 0 0 EMM 1 B EEE)):
0 0 1 1 0 1 TMM I 10 1 1 (QEtbyie)
0 1 0 0 0 0 MM 1 1 0 0 (HL+A)
0 1 0 0 0 1 mce 1 1 0 1 (HL+B)
0 1 0 0 1 0 MA 1 1 1 0 (HL+EA)
o 1t o0 o0 1 1 MB t 1 1 A (HL+byte) .
0 1 0 1 0 0 MC
0 1 0 1 1 1 MF Register Pair Addressing (rpa3)
6 t 1 0 0 0 TxB 1 C3 C; € Cp  Addressing
© 1 1 0 0 1 Rxe T 0o 0 1 0 (@8
0 1 1 0 1 o 1 | O S
o 1 1 0 1 1 ™ o1 0 0 (DE)++
4 0 1 0 1 (HL++
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 1 1 0 1 (HL+B)
1 0 0 0 1 1 CR3 1 1 1 0 (HL+EA)
10 1 o o o zm T 11 1 1 (b
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Operand Codes (cont) Graphic Symbols
Flags (f) Symbol Description

F, R Fp Flag hae Transfer direction, resuit

0 0 0 — A Logical product (logical AND)

0 1 0 cY - N

0 1 1 HC v Logical sum (logical OR)

1 0 0 z ¥ Exclusive-OR
Interrupt Flags (irf) — Complement

l i3 Iz h lp Flag . Concatenation

0 0 0 0 0 NMI

0 0 0 0 1 FT0

0 0 0 1 0 FT1

0 0 0 1 1 F1

0 0 1 0 0 F2

0 0 1 0 1 FEO

0 0 1 1 0 FE1

0 ] 1 1 1 FEIN

0 1 0 0 0 FAD

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

1 0 0 1 0 AN6

1 0 0 1 1 AN7

1 0 1 0 0 SB
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NEC

uPD78C10/C11/C14

Package Drawings

64-Pin Plastic QUIP
1 P A
tem Millimeters Inches >
I} 41.8 max 1.65 max
c 254 100
o 3=t 020 £.008 O T L A e R A
E 39.37 1.55
TTF T 127min 050 min
& 38 B 182 " |
“H 32min 126 min
| 20134105 950041
Ty 19054105 7501081
K 165 850 |
+10 +.008
N5 Tl o0 0
" ’
1
1
83-0015088

64-Pin Plastic Shrink DIP (750 mil)

Item Millimeters Inches
A 58.68 max 2.311 max
B 1.78 max .07 max
c  1778[TP] 07 (TP
D 510 02 T4
[ 55.12 217
TF emin 03%min
6 32:3 126 £.012
H  Simin .02 min
B 4.31 max A7 max A
J 5.08 max .2 max
kK 19.05(TP) 7s[TR)
L 7 e
R B3OS
Notes: l G 1
1. Each lead f:enlerline is located within .17 i L_ \‘/L
mm {.0007 inch] of its true position [TP] at B ]
maximum material condition. 3 D c ™ 6-15°
2. Item "K" to center of leads when formed I E

parallel.

83-0014948
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Package Drawings (cont)

64-Pin Plastic Minifiat

ltem  Millimeters Inches L A
017 B
A 24714 o2 * 0T
+.009
- i oo Hﬁﬁﬁﬁﬁﬁﬁﬁ
¢ 1ax2 551 1009
008 51 33,
D 1a7ta 0.736 +.016 e 32 Y
E 120 an 0] )
F 1.0 039 o
- ]
G 10 039 =
+.004 - - e |c o
H  40%.10 016 7008
I 10[TP) 030 (TP]
Note 1 O {
008
4 235%2 093
~.009 o 20 L
1 18
K 12+2 oa7 7009 _t_.._F
. . . o H H H H H H H
.10 +.004
Looasty? .00s 000 - v
M5 006 ,..| L— l—
Note 2
2 +.008 ¢ " :
N o203 081 1508 J

(o] 01+1 0.004 +.004 I

Note:

[1} Each lead centerline is located within
.20 mm [.008 inch] of its true
position {TP] at maximum material
condition.

2] Flat within .15 mm [.006 inch] total.
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NEC

Package Drawings (cont)

68-Pin Plastic Leaded Chip Carrier (PLCC)

item Millimeters Inches
A 25212 .992 +.008
B 24.20 953
c 24.20 953
D 252+.2 992 +.008
+.007
E 1.94 +.15 076 — 006
F & 024
+.009
G 4412 173 —.008
+.009
H 28+.2 110 _.008
1 .7 min .028 min
J 3.6 142
K 1.27 (TP] .050 [TP)
Note 1
L 7 .028
+.004
[ .40 £.10 o8 00
+.009
N 23.12 +.20 910 —.008
0 15 006
Note 2
P 1.0 040
R.8 R.031
+.10 +.004
2070 008 7000
Note:
[1] Each lead centerline is located within
.12 mm [.005 inch] of its true
ition [TP] at
condition.
[2] Fiat within .15 mm [.006 inch] total.
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