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GENERAL
DESCRIPTION

uPD78C06/78C06A *

SINGLE-CHIP 8-BIT MICROCOMPUTER

The NEC uPD78C06/78C06A is a general purpose single-chip
microcomputer. The uPD78C06/78C06A is fabricated with

CMOS technology.

This contains the functional blocks of program memory,
data memory, ALU, I/O ports, on-chip timer serial I/O,
and internal clock generator, It can extend external

memory capacity (ROM, RAM) up to 60K bytes.

uPD78C06A is a high speed version of uPD78C06, but only
o out function of uPD78C06A is different from uPD 78C06.
uPD78C06As ¢ out is 1/8 of crystal frequency, but

uPD78C06s is 1/4 of crystal frequency.

Therefore, the uPD78CO06A is 33% facter in instruction -

execution than the uPD78C06,

As the uPD78C06/78C06A is a CMOS device and provided with
the standby function, it is suitable for application of
hand-held computers requiring low power consumption.

It is also suitable for application in control field
because of its rich input/output functions, timer function

and bit operation function.
(NCTE)
* 78C06/06A means not only 78C06/06A but also
78C05/05A (Evaluation chip) except the cases where

specifically mentioned its difference.



FEATURES

Single-chip Microcomputer (uCOM-87LC)

powerful 101 Instructions

Transfer ..cves 17
Operation ..... 60
Rotation :espess 4
JUEP s e . 4

Call/Return ... 6

Port output ... 2

Others ssssecws 8

Instruction Cycle Time : 6 us (on-chip ROM) (at 4MHz;uPD78C06)
4 us ( M ) (at 6MHz;uPD78C06A)
4 us (external memory & on-chip RAM)

(at 4MHz;uPD78C06)

2.76 us ( " ) (at 6MHz;uPD78C06A)
Program Memory (ROM) : 4096W x 8
Data Memory (RAM) : 128W x 8

Direct Addressing Capability up to 60kB External Memory
Powerful Addressing Modes Capability
Register, register indirect, auto-increment, auto-
decrement, working register, immediate, direct, relative
Multi-level Stack
Vectored Interrupts (External : 2, Internal : 1)
On-chip 8-bit Timer with 4-bit Prescaler
46 I/0 lines
8-bit output port (PA0-7)
8-bit input/output port (PB0-7)
‘B-bit input port (PCO-PC5)

8-bit data bus (DB0-7)



Serial I/0 Ports

Stand-by Capability (STOP/HALT mode)
Fully Bus Compatible with 8080A
On-chip Clock Generator

Single Supply, CMOS Technology

Clock output (¢dout):
uPD78C06 - fosc/4 ( = internal system clock)
uPD78C06A - fosc/3 (= half of internal system clock)

Low Power Consumption
64 pin Plastic Flat Package (uPD78C06/uPD78C06A)

64 pin Plastic QUIP Package (uPD78C06A3)



PIN CONFIGURATION

(TOP VIEW)
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PA7_0’ LB7_G' PCS-O, PEIS—O : I/0 Ports
DB7_0 : Data Bus
WAIT : Wait Request
INTO, INTI1 : Interrupt Request
. +
X2, X1 : Xtal
SCK : Serial Clock Input/Output
SI : Serial Input
SO : Serial Output
RESET : Reset
RD : Read Strcbe
WR : Write Strobe

¢ out : Clock Output
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1. PIN DESCRIPTION

1.1 PA5_, (PortA) ... Output

This is a 8-bit output port, and it has latch capability.
With Move instructions, the data can be transferred between
latch buffers and accumulatcr. Besides, the latched ccntents
on the buffers can be freely handled with Logic instructions.
Once the data is written on the buffers, it is kept on the
buffers until another Port A handling instructions will be
executed or a reset signal will be issued. Output level is TTL

ccmpatible.

When the RESET signal is entered, the latch contents are cleared

and the low level signal is output.

WR

Internal —O— Latch {> o PAs

Bus

RD
N
N N

Fig. 1-1 The Port A Structure

1.2 PB?-O (PortB) ... 3-state Input/Output

This is a 8-bit input/ocutput port, and its output has latch
capability. Each line of the Port B can be independently
manipulated by the MODE B Register, and either of an input or
output port can be programmed at that time. In case of being
set as input port lines, or during reset, the port lines become
a high impedance state. Input level is CMOS compatible and
output level is TTL compatible.

The output latch contents are cleared ( 0) with the RESET signal.



(a)

WRw
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Qutput
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RD
L
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Fig. l1=-2a The Port B Structure

A bit of the Port B is defined as an output port (MODE Bn=0)
In this case, an output latch contents can be output from
PBn. And with move instructions, the data can be
transferrad between output latch buffers of the port-lines
and an accumulator.

(continued)

The latched contents can be freely handled with Logic
instruction. Once the data is written on the output, the
latch will maintains the data until another Port B

handling instriction will be executed or a reset will be

issued.
WRs
!
C: Output] N o
Internal Latch o
Bus Th
+ P
N 4

Fig. 1-2b The lines cf the Port B used as output ports



(b) A bit of the Port B is defined as an input port (MODE-Bn=1)
The content of the PB lines can be loaded onto the
accumulator with a move instruction. Also a write
operation into output latch of the port lines are
possible, too, i.e., by a move instruction, the data on
the accumulator can be stored into all the output latchs
of the Port B, no matter whether a port line is set as input
or output port. However, the contents of the output latch
buffers of the port lines used as input port cannct be
loaded onto the accumulator, by a move instruction.
Besides, since the output latch buffers of the input ports
are high impedance state, the contents of the buffers do
not appear on the port lines. But, if the port lines then
are switched over from input mode to ocutput mcde, the
contents stored in the above mentioned output latchs

can appear on the port lines, and can be

loaded into the accumulator.

WEs

‘ Qutput
Internal --——-—4::)—— Lateh PEa

Bus

RDr
.
L <=

Fig. 1=-2¢c The lines of the Port B used as input ports




(continued)

However, an actual instruction execution is done per 8-bit
data. If a Port B read instruction (MOV A,PB) is executed, the
contents of input lines set as input ports and the ones of
cutput latches set as output ports are loaded into the
accumulator. If a Port B write instruction (MOV PB,A, etc.) is
executed, the contents of the output latch buffers set as input
ports are replaced with another data by the instruction

execution, but input lines are not affected by it.

1.3 PC;_, (Port C) ... Input
This is a 6-bit input port with pull-up resistors. Input data

to this port can be tested by test instruction, and also moved to
least significant 6-bit of accumulator and higher 2 bit of

accumulator are loadeda with "0". Input level is CMOS

compatible. This port is fit for key-input port.

Ve
i
Pull-up resistor
Internal
Bus

Fig. 1-3 The Port C Structure

1.4 WR (Write Strobe) ... Output

This is used as a strobe signal for a write operation for
an external memory or I/O. This is at the high level in

’
inactive condition.

10



1.5 RD (Read Strobe) ... Output

This is used as a strobe signal for a read operation for an
external memory or I/O. This is at the high level in inactive

condition.

1.6 TO (Timer Out) ... Output

The square wave is output from this line. Its cycle time is
half of a count time of the internal timer. It goes on low

level after reset.

17 DB7_0 (Data Bus) ... 3=-state Input/Output

1.8 PE

(a)

This is an 8-bit bi-directional data bus. The data move
between an external memory or I/0, and accumulator is done
through this data bus. During an input, HALT, STOP mode and
RESET, the output of the data bus goes an high impedance

state. Input/Output level are TTL compatible.

15-9 (Port E) ... Output

This is a 16-bit address bus/output port. There are two ways

to use these lines as follows: Output level is TTL compatible.
16-bit Output Port Mode (Only applicable to 78C06/06A)

If users do not want to extend any external memory on the
system, they can use the full 16-bit lines of the Port E as
general purpose output ports; by a PEX instruction, the
contents of the B register and C Register appear on PEIS-S and
PE?-O’ respectively. By an execution of a PEX instruction,

this mode can be set, automatically.’ RESET signal also sets

the port to this mode (different to uPD78C05/C05A) . By RESET
signal, the output latch buffers are cleared, and its output
level goes to low.,

11



(continued)

(b) 1l6-bit Address Bus Mode

If users want to attach external memories up to 60K bytes
to the uCoOM-87LC (uPD78C06), they can attain their

intention by using all these lines as 16-bit address bus.
This mode can be set by a PER instruction. In this mode,
the data of the internal address bus are always placed on

PElS—O disregarding internal or external memory access.

Address bus data are retained in halt-mode and are forced to
low in stop-mode.

1.9 WAIT (Wait Request) ... Input
If users use rather slow speed external memories or I/O devices

in the systems, they can extend a READ/WRITE timing to meet
this slow device, by providing a low level signal to this line.
The'WXEE—signal is checked at the end of T2. If it is low, it
goes to a wait state (Tw), and it stays in the state until the

WAIT goes high. Pull-up register is built-in.

1.10 INTO, INT1l (Interrupt Request) ... Input

These are Interrupt Request Input lines. INTO is a
level-sensitive, INT1 is a rising-edge sensitive, respectively.

The interrupt priority among the interrupts is shown below.
INT 0 > INT T > INT 1
Here, INTT is internal interrupt.
(a) INT O

It is a level-sensitive interrupt input line which is high

level active.



(b) INT 1

It is a rising-edge sensitive interrupt line, and it
becomes valid when INT 1 input goes low to high.
Subsequently, if users want to perform the next INT 1
interrupt on this line after an interrupt on this line is
accepted, they must take it into consideration that INT 1
input should be maintained at low state a little while,
and then it should go high. Unless, it does not enable

the next INT 1 interrupt.

In order to avoid a possible mis-operation due to noise
signals, both of two interrupt lines ar= sampled with internal
clocks of lus cycle (at 4MHz operation) or 0.67us (at 6MHz
operation) in the uPD78C06 or uPD78C06A so that noise

signals less than lus and 0.67us are not accepted.

Therefore, an interrupt request signal must have an active
(high level) time of more than 2us and 1.33us in the uPD78CO06
and uPD78C06A, respectively with respect to both INT 0 and

INT 1.

1.11 X0 X, (Xtal)

These are connected to the crystal for the internal clock
generator circuit. The Xl is also used as the external clock

input, instead of the crystal. Input level of Xl is CMOS

compatible. System clock is a quarter of the crystal freguency

or external clock frequency.

1.12 ¢ out (Clock Output) ... Output

In the uPD78C06, uPD78C05 and uPD78C05A 1/4 of crystal oscil-

lation frequency or external clock frequency is output, that is,

13



a clock of 1MHz at 4MHz operation.

In the uPD78C06A, a clock of 1/2 of the system clock frequency

(1/8 of crystal oscillation frequency or xl1 external clock frequen-
cy), that is, a clock of 750kHz .at 6MHz operation is output.

The clock output (¢out) continues in the hold mode, but it is

fixed to the high level in the stop mode.

The clock output (¢out) can be optionally used for synchronization
with an external device and other purposes.

In the uPD78C06A, since the clock output (¢out) frequency is 1/2

of the system clock frequency, high and low levels are not

determined for each basic clock cycle (Tl - T4).

| o | T2 | T3 | T4

uPD78C06A: ¢out r f >< 4>( £
wpp78c06: out __ /[ \_/ \_/ \/ _/

1.13 SCK (Serial Clock) ... Input/Output

This is used as control clocks for serial input/output data.
The serial clock generated in the internal circuit is placed
out in internal serial clock mode, and the external clock is
input to this line in external serial clock mode. At the
rising edge of SCK, the data on a SI line is loaded to the
Serial Register (S/P), and at the falling edge of SCK, the
contents of the Serial Register appear on a SO line with a
bit-order from MSB to LSB. Internal serial clock frequency is

’
a half of system clock frequency (fosc/8).

14



1.14 SI (Serial Input) ... Input

This is a serial output port, and the data on the SI is loaded
to the Serial Register at the rising edge of SCK. The MSB is

start bit.

1.15 SO (Serial Output) ... Output

This is a serial output port, and the data on the Serial

Register appears on the SO. The MSB is start bit.

1.16 REL (Release STOP mode) ... Input

This is an input to release the STOP mode of stand-by function.

STOP mode is released by raising the REL input high, then clock

generator which has been stopped will restart.

During REL input is high, the bit 3 of Stand-by Control Register
(SC3) is set to one, and it is reset to zero after REL signal

returns low. Pull-down resistor is built in.

1.17 RESET (Reset) ... Input

When a low level signal over 8us (at 4MHz operation) and 5.34us
(at 6MHz operation) is entered in the uPD78C06 and uPD78C06A,
respectively, the system is reset and the uPD78C06/uPD78CO06A

goes to the following conditions;

° All interrupt mask register bits are set, and the all
interrupt sources are masked.

An interrupt enable flag is reset, and all interrupts are
disabled.

All interrupt request flags are reset, accordingly all

pending interrupts are reset, tco.

15



° MODE-B register is set to FFH, and the Port B lines become
an input mode.
° The bit 6 of Serial Mode Register (SM6) is set, and the
serial clock is in external mode.
° The bit 3 of Stand-by Control Register (SC3) 1is reset,
other bits are set. Both the HALT and STOP mode are released.
° PSW are all reset to zero.
° PC is loaded with 0000H.
° The Prescaler and Upcounter in timer circuits are cleared.
° All TIMER-REG bits are set to FFH.
° All Timer Mode Register (TTM) bits are set. As a result,
TO goes to low and the timer circuit becomes the mode of
adding PRESCALER 0.
° All Port A outputs go to low.
° Port E becomes port mode, and it$ output level becomes low.
° Data bus (DB7-DB0) goes to high impedance.
° SO output goes to low.
° WR, RD output go to low.
° Other internal registers and RAM, etc. in CPU are not
specified.
In order to avoid a possible mis-operation due to noise signals,
this line does not accept level changes less than 4us and 2.67us
by sampling at every 4us (at 4MHz operation) in the uPD78C06 and
2.67us in the uPD78C06A, respectively. Accordingly, a low level
over 8us and 5.34us are required in the uPD78C06 and uPD78C06A,
respectively to accept RESET asynchronously and exactly.

Following RESET goes to high, program starts from location 0000H.

16



2. INTERNAL BLOCK FUNCTIONS

2.1 Registers
This mainly consists of the seven 8-bit registers and two
16-bit registers as below.

Fig. 2-1 Register Configuration

7 0
L A J
7 07 0
B e
D E
H L
15 0
BC
sp

(a) General Purpose Registers (B, C, D, E, H, L)

In addition to a role of auxiliary registers for the

accumulator, these registers also have a Data Pointer
capability if they are used as pair-register (BC, DE,
HL). There is an auto-increment/decrement addressing
mode capability for the pair-registers of DE, HL, and

it can contribute to increase the prcgram efficiency.

(c) Accumulator (Aa)

Since the uPD78C06/06A has an accumulator based
architecture, all the data operation are done

through the accumulator.

17



(&) Program Counter (PC)

This is a 1l6-bit register to maintain the address
information of a program step which should be
executed, next. According to a number of bytes
needed for an instruction which is going to be
fetched, it is automatically incremented, usually.
However, in case of executing a branch instruction,
an immediate data or content of a register appears on
the PC. If a reset signal is issued, or in stop mode

the PC is reset to 0000H.

(e) Stack Pointer (SP)

The Stack Pcinter is a 16-bit register and is used to
maintain a top of the address information of the
stack area (Last-In-First-Out Style). The content of
the SP is decremented if a CALL or PUSH instruction
is executed or interrupt happens, and it is
incremented if an RETURN or POP instruction is

executed.

2.2 Arithmetic Logic Unit (ALU)

This is used to perform a arithmetic and logic operation
such as binary addition/subtraction, decimal adjust, logic

and compare operation, and ‘rotation or digit-rotation etc.

18



2.3 Memory

The uPD78C06/78C06A can directly address the memory up to
64k bytes. Except on-chip ROM (0-4095) and RAM
(65,408~65535), any memory location can be used as cither
of RAM or ROM, freely. The memory map of the
uPD78C06/78C06A is shown on the next page. In the
internal ROM area, the Reset/Stop mode Restart Address,
Interrupt Start Address, Call Table etc. are included.
External memory and on-chip RAM area can be used as data
memory (RAM), program memory (ROM), and/or working

registers, freely.

(a) Interrupt Start Address

Interrupt Starting
Source Address
INTO 4 (0004H)
INTT 8 (0008H)
INT1 16 (0010H)

Since each interval among interrupt addresses is not
the same, it is necessary to put an adequate
interrupt service program for pre-treatment of data

to interrupts.

(b) Call Address Table

This is used to store the call-address of each

one-byte Call instruction over location 128-225 (CALT).
i

up to 64 call-addresses.

19



(c)

(d)

(e)

Internal Program Memory Area (On-Chip ROM)

(Only applicable to 78C06/06A)

There is on-chip 4k bytes ROM area over location
0-4095 on the memory space. When users write the
program onto the internal ROM area, they should take
care of the built-in Reset Address, Interrupt

Start Address and Call-Table on the ROM area. Users
can directly address the memory area over location

2048-4095 with 2-byte Call instruction (CALF).

Internal Data Memory Area (On-Chip RAM)

. There is on-chip 128 bytes RAM area over location

65408-65535.

External Extended Memory Area

Users can extend data and/or program memory area by
using address bus (PEls_o), data bus (DB7_O), and RD,
WR Signals up to external 60k bytes memory area
(4096-65407) .

RD/WR signals are not output in program area 0-4096
and RAM-area 65408-65535.

20



(f) Working Register Area

On the location 65280 to 65535, the working registers

which contain the 256 bytes area can be located.

Fig. 2-2 The Memory Map

0 0 RESET/ STOP Rsleise
INTERMAL RCM
4,096x 8 4 INTO
4,095
4,096
] INTT
-
3
r EXTERNAL r 16 INT 1
MEMORY
61.312x 8 4 i
(122 LCW ACRS }
t= 0
65,779 129 HEIGH ADRS
65.280 [ - 31 12 LOW ADRS }
Q a t=1
3 s | 3 HEIGZ ADRS
3 &
> -
o el
55,407 = K] . L
63,408 -
INTERNAL RAM £
123% 8 x 25¢ LCW ADRS 1_:‘3
) S 283 HIGA ADRS J
63,58
4 USE2'S AREA o
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2.4

Serial Interface

Serial interface section (see Fig. 2-3) consists of Serial
Input (SI) line, Serial Output (SO) line, Serial Clock

(SCKR) input/output line, an 8-bit Serial Register (S/P),

an octal counter, a R-S flip-flop used for transfer control,
and some gates. The serial clock becomes the internal clock
mode fixed tq the frequency of 1/2 of the system clock
(500kHz at 4MHz operation in the PD78C06 and 750kHz at 6MHz
operation in the PD78C06A, respectively) when the bit 6 (SM6)
of the serial mode register is set to § .

On the other hand, when SM6 is 1, the external clock mode is
set and external clocks of DC - 500kHz and DC - 750kHz are
entered in the uPD78C06 and uPD78C06A, respectively.
Accordingly, the transfer operation in internal clock mode
perfofmed synchronously with constant frequency, and in

external clock mode it is performed synchronously with variable

A transmitting data is set to serial register by MOV S, A
instruction, then the octal counter is reset and serial
transfer is triggered by SIO instruction. At every falling
edge of SCK, the contents of serial register are shifted, and
shift-out data are placed to SO line with starting bit of MSB.
While the SCK is low the data on SI line is loaded in
continuously, and then latched to serial register at the
rising edge of the SCK. Like this both the input and output

of serial data are performed by same SCK.
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Fig.2-3 The Block Diagram of Serial Ports

After occuring eight SCK pulses and completing 8-bit
serial data transfer the carry T8 is generated from the
octal counter and it sets the interrupt request flag
(INTFS) . But uPD78C06/78C06A has no serial interrupt,
then INTFS is checked by test instruction (SKNIT FS).
In internal SCK mode, as T8 signal resets the control

flip-flop, the following transfer is disabled until next

SIO instruction will be given.

Accordingly, the data transfer should be restarted by SIO
instruction with the next conditions. In case of data
reception, after receiving the data from serial register
by MOV A,S instruction, and in case of data transmission,
after setting the data to serial register by MOV S,A

instruction, data transfer must be done by new SIO

instruction.
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T8 is also generated in case of external SCK mode,
however, it has no effect to control the external §Ei, so
that it is necessary to control the number of SCK by the
external SCK source side.

In case of external SCK mode, the trigger by SIO
instruction are not required basically, but to avoid a
mis-operation by noise on SCK line, the data transfer
should be restarted by SIO instruction which resets the
octal counter, after setting or receiving the data to
/from serial register as in internal §E§, after completing
8-bit transfer.

RESET input cause the SO to low level and the SCK is set

to external clock mode.
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2.5 Serial Mode Register (SM)

This is an 1l-bit register used to specify the serial clock
source (internal or external) as the SCK, SM is set to 1
by RESET input, then the external clock is selected as
serial clock source, and cleared to 0 by move instruction
(MOV SM,A ; A=X0XXXXXX), then the internal clock is
selected. SM (SM6) is referenced to bit 6 of accumulator.

See following format.

Fig. 2-4 Serial Mode Register Format

L, 0 Internal Clock

1 External Clock

2.6 Timer

This is an programmable 8-bit interval timer with

prescaler. It consists of TIMER REG (8-bit), PRESCALERO

(4-bit), PRESCALER1 (3-bit), UPCOUNTER (8-bit), COMPARATOR
(8-bit) , and TIMER F/F.

Count time and TO output are controlled by Timer Mode

Register (TMM). Resolution and count time shown in the following
table can be selected according to the count data set in the bit

2 (TMM2) of the timer mode register and TIMER-REG.
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Count time (us)

Set value of TMM2 = 0 g = d
TIMER*REG
(HEX) uPD78C06 uPD78C06A uPD78C06 uPD78C06A
00 8 533 128 85.3
01 16 10.66 256 170.6
02 | 24 1,599 384 255.9
03 32 21.32 512 341.2
= = o= i T T~

FD i 2,032 1353.82 32,384 21,666.2
FE 2,040 1359:15 32,640 21;751.5
FF 2,048 1364.48 32,768 21,836.8

Note: It is assumed that the uPD78C06 is operated at 4MHz
and the uPD78C06A is operated at 6MHz, respectively.

At first set the count value to the TIMER REG by MOV TM, A
instruction, then initialize the PRESCALERO, 1, TIMER F/F,
UPCOUNTER and start timer by STM instruction.

UPCOUNTER is counted up at every 8us (TMM2 = 0) or 1l28us

(TMM2 = 1) in the uPD78C06 (at 4MHz operation) and 5.33us
(TMM2 = 0) or 85.3us (TMM2 = 1) in the uPD78CO06A (at 6MHZ
operation) .

COMPARATOR always compar-es the contents of UPCOUNTER with
TIMER REG, and it generates match signal (internal interrupt ;
INTT) when they are matched. The match signal clears the
content of UPCOUNTER, and restarts the countup. Accordingly,
this timer operates as the interval timer which generates
repetitive interrupt with the interval of count time specified
by count value of TIMER REG. When a timer interrupt is
generated in HALT mode, the HALT mode is released.

Note that the timer interrupt is disabled by sgtting the bit
1 of interrupt mask register (MK1l) to 1. The content of
TIMER F/F whose state is changed by every match signal from

COMPARATOR 1is placed on the TO line, so that the TO signal
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becomes the square wave with its half cycle time equivalent to
count time.
This output is suitable for driving a piezo buzzer, etc.
When the set value of TIMER REG is assumed to be 00H, a co-
incidence signal (internal interrupt:INTT) is generated after
the first set time elapses and the contents of UPCOUNTER are
cleared and the TO output is changed from low to high.level.
However, unlike the case of the set value other than 00H, the
count operation is not repeated thereafter, the coincidence
signal (internal interrupt:INTT) is not generated and UPCOUNTER
is not cleared. This state continues until any one of the
following conditions takes place. (TO output is held high.)

1 RESET input becomes low level.

2 STOP mode is set.

3 STM (Start Timer) instruction is executed.
Therefore, it should be noted that when 00H is set, the timer
does not work as an interval timer.
After RESET input or STOP mode is set, the operation is the
same as the normal operation.
If STM instruction is executed to go out of this state without
changing the set value of TIMER-REG (00H is held), the TO output
returns to low level immediately after execution of the STM
instruction and it is held again at high level after the set

time is over.

L

ST™ T2 |
Instruc-
tion '
CNTTY
System PRES‘C%LEH.I 1 UPCOUNTER ’
3 3)
Clock ($sys) } [Tawai]
|

COMPARATOR | T0
. . ) 8) 1w
System clock ¢sys=oscillation fregency x 1/4 A TIMER
/¥
TIMER REG :
8 :
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2.7 Timer Mode Register (TMM)

This is a 3-bit register used to control the timer
operation. Its contents are transferred to/from the
accumulator by move instruction. It is referenced to bit
0-2 of accumulator.

Bit 0 and 1 of timer mode register (TMMO,1l)

enable or disable the square wave output of TO, and bit 2

(TMM2) controls the PRESCALERO.

Fig. 2-6 Timer Mode Register Format
7 [ 8 4 3 2 1 Q
- | = } — | — | — |mee| oo | o
‘ L_ _l 0| 0| Square wave cn TO line

0|1 | not used

1|0 | not used

1]1] ™ is 1ow

Count resolution not through

9 PRESCALERO = 8us (5.33us)

1 Count resolution through
PRESCALERO = 128us (85.3us)

The figures in ( ) indicate the

values in the case of uPD78CO6A.
2.8 MODE-B

This is an 8-bit Register used for programming the
input/output modes of the Port B. With Move instructions
(MOV MB, A), programmer can determine the contents of the
MODE+B freely. They can program each bit line as either
of input or output mode, individually.

If one of the bits of MODE B register is set to one, then
correspending bit of PB line becomes input, and if it

is reset to zero, then corresponding bit of PB line
beccmes outrut, All MODE B register bits are set to one

by RESET input.
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6 5 4 3 2 1. 0
IMB7 lMBGI MB51 MB4[ MBBI MBZI MBlI MBOW

. | | [ ‘ [ \ l l 0 | PBn= Output Mode
1 | PBn= Input Mode
n=0-7

Fig. 2-7 Mode-B Register Format

2.9 Program Status Word (PSW)

It contains the six flags which are set or reset by the
results of instruction execution. Two of these flags (Z,
CY) can be tested with instructions. The contents of the
PSW are automatically saved onto the Stack at interrupt
occurrence (External Interrupt, Internal Interrupt), and
are retrieved by RETI instruction.. All the contents are

reset to 0 by the RESET input or STOP mode.

D7 D6 D5

D4 D3 D1 D
A 1 SK l HC L,Ll

D2 0
L0 L////T cng PSW

Fig. 2-8 PSW Format

. {(a) Z (Zero)

If an result of execution is 0, it is set to 1,
. otherwise it is reset to 0. By instruction, it can ke

tested.

(b) SK (Skip)
If the Skip condition is just complete, it is set to 1,

ctherwise it is reset to 0.
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(c)

(a)

(e)

(£)

(g)

HC (Half Carry)

If a Carry from the Bit 3 of the accumulator occurs as a
result of operation, it is set to 1, otherwise it is
reset to 0.

L1

If a string of MVI A, byte instructions is executed, it is
set to 1, otherwise it is reset to 0.

LO

If string of MVI L, byte or LXI H, word instructions is
executed, it is set to 1, otherwise it is reset to 0.

CY (Carry)

If a Carry from the Bit 7 of the ALU occurs as a
operation result, it is set to 1, otherwise it is reset

to 0. By instructions, it can be tested.

The Correlation of flags with instruction executions

By execution of 18 kinds of ALU instruction, rotation
instructions and Carry manipulaticn instructions, the
flags of the uPD78C06/78C06A are affected as shown in the

following table.
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Table 2-1 Flag Operation
Operation | DS |Ds| D3| 02|00
reg. memory immediata swio | Z|sKk|wciuL|Lofoy
ADD ADDX ADl
ADC ADCX aa slalslelal 2
SUB SUBX su 2
SBB SBBX Sa1
ANA ANAX AN ANTW
ORA ORAX ORL ORIW sjolejojo|e
XRA XRAX XRL
ADDNC | ADDNCK | ADINC
SUBNB |SUBNBX |SUINB el sl slololf
GTA GTAX Gt GTTW E ¥
LTA LTAX LIT LTIV
ONAX ONT N .
oFrax  |ormt | oFFrw S I S B
NEA NEAX NEL NEIW <F ¥ & N
EQA EQAX 22| EQIW HE RN AL
DAA sl el s ol ol g
RLL, RLR efo|e]ofo] ¢
RLD. RRD e/ 0]|eloajol e
$TC elo|lefo]oal1
CLC s|olelo]ofo
MVE Abyte elolefl1]o]e
MVI Lbyte
N elo|elo]tl]|e
SKNC
SKNZ sl lejojo]e
SKNTT
RETS o 1 L] Q 0 @
All other instructions ejojelojole
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(Set or Reset]

| s Flag Set

[ Flag Reset

&———— Flag Not Affected



2.10 Stand-by Control Register (SC)

The is a 5-bit register used to control the stand-by
functior, i.e. STOP or HALT mode. Bit 0-2,4 of Stand-by
Control Register (SC0-2,4) can be set or reset by loading
it with the contents of accumulator with MOV SC, A
instruction. Bit 1 and 3 (SCl1l,3) can be moved to the
corresponding bits accumulator with MOV A, SC
instruction, and other bits of accumulator (A0, A2, A4-7)
will be undefined.

RESET resets SC3, and sets other bits (SC0-2,4).

7T 6 s 4 3 2 1 0
[ = | =1 - |sa|sa|salsa]sal]

0 STOP mode
1 CPU operation mode

Used for any software
flag,e.g.last flag used
to judge return from
STOP mode or restart by
RESET

Release STOP mode by
carry from the coun-

1 Release STOP . mode by
falling edge of REL
input

0 REL input=0 (low)
1 REL input=1 (high)

0 Set HALT mode
CPU operation mode

[

Fig. 2-9 Stand-by Control Register Format

Note that SC3 is nct a contrcl bit, but status bit to reflect a
state of REL input directly. Accordingly, it will be possible
to check the cff-chattering of STOP mode release key signals,

etc. by checking the content of SC3.
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2.11 Interrupt Control Block

There are two external interrupts and one internal

interrupt shown at the following, and all these are

vectored interrupts.

Interrupt Source Starting Pri-
Address ority
INT O (Level) 4 1
External
INT 1 (Rising Edge) 16 3
Internal INT T (Match on timer comparator) 8 2

The interrupt Control Block contains INTERRUPT REQUEST

Register, MASK Register, PRIORITY CONTROL, TEST CONTROL,

INTERRUPT ENABLE F/F etc.

INTS O——ri .
o N TEsT _
/] contrOL
o o—oF o F ~
M w
2 H
oy = INTFO [}
NMT—— nn 2
X R e NTET -
e INTET =
THINTS) ——o| ’ z
—\ T >,ﬂ
&
/|  appress ———m—momo—o-—/1Z
[
T
l i
ENASLE
INTFU Z—s
o _________:::j —
: <P S M
—r
0 INTFL =
M H X
n v OB
SR INTFT =
Ty &S [ e
INTia

Fig. 2-10 Interrupt Control Block
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(a)

INTERRUPT REQUEST Register

It contains 3 kinds of interrupt request flags which are
set to 1 by each interrupt, individually. By a system

reset or STOP mode, all the flags are reset.

® INTFO

This is a flag set by an external level interrupt (INTO).
If the line receives a high level signal, this flag is set
to 1. If it receives a low level signal, the flag is

reset.

* INTF1

By the rising edge of an input signal to the INT1, the
flag is set to 1.

* INTFT

This flag is set to 1 by match signal from the comparator
in Timer.

* INTFS

If a Serial Register completes the reception of 8-bit data
through a SI line or if it completes the transmission of
the data through a SO line, the flag is set to 1.

However no interrupt is driven by this, andé INTFS is

checked by on SKNIT instruction.
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(b) MASK Register

It contains 3 bits mask flags corresponding to each
interrupt. By instructions, each flag can be set or

reset, freely. If a MASK bit is 1, the corresponding bit

is masked.

T 6 s 4 3 2 1 0
=T =1 =1 =1 = [MK1|MKT|[MKO|

©

INTO Hask reset

1 | INTO mask sec

Q| INTT Mask resec
1 | INTT Hask sek

O | INT]l Mask reset

-]

INT1 nask set

Fig. 2-11 Mask Register Format

(c) PRIORITY CONTROL Circuit

This is the circuit used for controlling the interrupt
priority among the interrupts mentioned in the above. If
more than two interrupts occur in the system at the same
timing, the uPD78C06/uPD78C06A accepts an interrupt which

has a higher (or highest) priority than others.

INT 0 > INT T >1INT L

(d) TEST CONTROL Circuit

This circuit operates if instructions are executed which
check sa status of interrupt request flags (INTFO, INTF1, INTFT)

or a test flag showing serial tranfer completion (INTFS).
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(e)

INTERRUPT ENABLE F/F

It is set by EI instruction, and is reset by DI
instruction. Once any one of interrupts is accepted, it
is reset. If this F/F is set to 1, it means 'Interrupt
Enable'. If it is reset to 0, it means 'Interrupt
Disable'. By a RESET input or STOP mode, it is also

reset.
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INTERRUPT OPERATION

There are two external interrupts (INTO and INT1l) and one
internal interrupt (INTT). All of them are vectored inter-
rupts and interrupt addresses are as shown below.

In the data concerning interrupt signal sampling time used
in the following description, the figures put in ( )
indicate the values at 6MHz operation of uPD78C06A and those

not put in ( ) the values at 4MHz operation of uPD78C06.

Interrupt source Interrupt address

Decimal Hexadecimal
INTO | Detection of 4 0004
External high level
INT1 Detection of 16 0010
leading edge
Internal | INTT Coincidence of 8 0008
timer comparator

.1 Priority level

When several interrupt requests not masked by the mask
register occur at a time in EI state, several interrupt
request flags (INTFx) are set. In such cases, the

internal priority level control circuit selects the one
of highest priority among those shown below and accepts

that request only and reserves the others.
INTO > INTT > INT1

The flag of the accepted interrupt request is reset,
but those of the others remain in being set until these

interrupt requests are accepted.
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Masking

All interrupt requests are maskgd (disabled) by DI
instruction (resetting interrupﬁ enable F/F) and
permitted by EI instruction (setting interrupt enable
F/F).

Even in EI state, masking is possible for each inter-
rupt according to the mask register contents.

When the corresponding bit of the mask register is set
(1), that interrupt is masked and it is permitted by

resetting the bit (0).

Fig. 3-1 Mask Register Function

7 6 5 4 3 2 1 0
[ = [ =1 =1 -] Jwa]amr]ao]
INTFO mask
INTFT mask
INTF1l mask

The mask function is given strictly to the interrupt
request flag (INTFx) which has been -set by being
recognized as a normal interrupt. Whether an external
interrupt is permitted depends upon the external inter-
rupt detect circuit having a sampling pulse of lus

(0.67us) cycle.
Sampling of External Interrupt

Eithér INTO or INT1 is detected in either active or

inactive level by a sampling pulse of lus cycle (0.67us)
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(1)

in order to prevent a malfunction due to a noise signal.

(See Fig. 3-2.)

INTO input

This is a level interrupt input of high level active.
When high level of INTO signal with the sampling pulse
of lus (0.67us) or more is detected, INTO regquest

flag (INTFO0) is set after one pulse. INTFO remains

in being set as long as INTO signal is high level.

When the sampling pulse detects low level of INTO
signal, INTFO is reset after one pulse.

Therefore, as INTFO remains in being set as long as

INTO signal is high level even after interrupt service
routine takes place and INTO signal is high level, reset
INTO signal by informing the INTO signal source that the
signal has been accepted by using the output port in the

interrupt processing routine.

INT1 input

This is an edge interrupt input of leading edge active.
When INT1 signal changes from low to high level and the
sampling gulse detects that high level of lus (0.67us)

is being held, INT1l request flag (INTFl) is set.

When it is confirmed at the end of instruction that

INTF1l is being set;and if no cher interrupt request flag
with higher priority level is set, it jumps to the inter-

rupt address corresponding to INT1l interrupt request.

When an interrupt is accepted, INTFl is automatically reset.

A new INT1l interrupt request is detected when INT1l signal

goes once to low and then high level, and INTFl is set.
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Sampling pulse I

(internal)

INTO,1

Internal signal

Internal signal

INTFO

INTF1

INTO

Internal signal

Internal signal

INTFO

Fig. 3-2 Sampling of Interrupt

lus
r_(o.e7us—§

-+
|}
]

L

' (\Nf%

Interrupt accepted

—

Noise

7
e

NN p | S
/

M

As seen from the above description, as INTO and INT1l

are sampled by a clock of lus (0.67us) cycle, a noise
signal of less than lus (0.67us) is eliminated.

An interrupt is completely accepted with a high level

input of 2us (1.33us) or more.
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4. Interrupt Procedure

Each interrupt request is processed by the following

procedure.

1)

2)

3)

4)

5)

Interrupt request flags are checked at Tl timing of
first machine cycle of every instruction, and when it
is set interrupt sequence will start. However the

masked interrupt requests are not checked.

If more than two interrupts are set at same time, then
their priorities will be checked and the highest priority

interrupt request is acknowledged, and others are pended.

(INT O > INT T > INT 1)

Reset interrupt enable flip-flop, then all interrupts are

disabled.

Reset the interrupt request flag which is acknowledged,

except for level-activated interrupt (INTO).

Save the PSW, upper byte of PC, lower byte of PC onto the

stack in this sequence.

For the whole interrupt procedure (without sampling-test for
external interrupts) the uPD78C06/78C06A requires 4 internal
clock cycles (4p sec/2,68u sec);of course the processor has to

finish the actual instruction before going to interrupt sub-

routine.
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6) Jump to each interrupt starting address.

After execution of interrupt service program, it should be

o}

performed to return to the address where the interrupt was
acknowledged. First, the programme restores registers or flags
and interrupt enable flag is set bv EI instruction.

Then the lower byte of PC, the upper byte of PC and PSW are
restored in this sequence by RETI instruction. To avoid a
stack overflow another interrupt will be accepted after

one instruction has been executed subsequent to EI instruction.
This means a new interrupt can be recognized after

completing an execution of RETI instruction following EI

instruction and,as a result, the stack is restored completely.

Save the

reaisters

INT—p '
Interrupt

*New Interrupt & Service
can be recog- Proaramme

nized

|

Restore the
registers

*: If an interrupt is acknowledged at location N, programme
returns to location N after completing interrupt procedure.

Fig. 4-1 Interrupt Sequence
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5. Stand-by operation

Stand-by function is used to decrease the power consumption in
stand-by condition, and there are two types of it, HALT mode
and STOP mode. It is specified to HALT mode by resetting the
bit 4 of Stand-by Control Register (SC4), or STOP mode by
resetting the bit 0 (SCO0). HALT mode can be released
by one of the external interrupt (INTO, 1), timer interrupt
(INTT), carry form the serial clock counter (T8), and RESET
signal. When HALT mode is released by an interrupt, program
jumps to corresponding interrupt starting address in EI
conditioh, or steps to the instruction following the HALT mode
setting instruction (MOV SC,A) in DI condition.

Yet in HALT mode the masking function is active, so that
programmer can choose an interrupt source for release use.
When HALT mode is released by T8, it returns the program
control to an instruction of the main routine which is
placed immediately after the instruction activating the HALT
mode.

When HALT mode is released by RESET, normal reset operation
will be performed and program jumps to locatiocn 0.

STOP mode can be released by REL or RESET signal, and there
are two ways of releasing (shown following) by REL
signal according to the content of bit 2 of Stand-by Control

‘Register (SC2).
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1)

2)

In case of SC2=0

Start the oscillator and timer by rising edge of REL
signal, and start to provide the internal clock after
four carries (i.e. after 1,024 counts) from

UPCOUNTER in timer, then progr&m will start at location 0.

In case of SC2=1

Start the oscillator by rising edge of REL signal and
inhibit to provide the internal clock during REL signal
raised to high, and restart to provide the internal clock
after REL signal returns to low, then program will start

at location 0.

When STOP mode is released by RESET, normal reset
operation will be performed, so that the oscillator will
start at the falling edge of RESET, and program will
start at location 0 by next rising edge. Accordingly,
RESET should be held at low level sufficient time for

oscillator to become stable.



Table 5-1 HALT Mode and STOP Mode

Parameter ZALT mcde STCP =mcde
Qscillator Run Stop
Internal System Clock secp
Timer Run

TIMER - REG gold Sec
UPCOUNTER, PRECALZERO, 1 Run Cleared
Serial Iatarface Rua  *Ll
Serial Clock Hold Bold
Interrupt Contrel Circuit Run Steop
InterTupt Enable Flag Eold Resez
INTQ, INTLl Input BT Inactive
INTT =
T3 (INTFS) —
MASK Register g1 Set
Pending Iaterrupts (INTFX) Reset
REL [zpus Inactive | Actlive
TESET Inpuc Active
iy B sold
Cutput Latch in Port A, B, E
Procran Ccunter (PC) Cleared
Stack Pointer (SP) Unkown
Ganeril Registars (A, B, C, 0. £, H, L)
Program Status Word (FSW) BsTd Resez
®ODE 3-Regiscer Eals
Stand-by Control Register (S&r-5¢3)
Stand-by Contrel Register (scd) Set
Timer Mcde Register (mew.l) Eold
Timer Moce Register (maq) | Sec
Serial Mcde Register (su) Bold
Cata 3us (DBO-7) Bigh-2 Bich-2
IS, ¥R cutput High Bigh
Note 1. Serial clock counter are running and T8 is

generated, however, there are no effect by it.

Note 2. If PE is used as address bus data are retained
in halt-mode-bus and forced low by stop-mode.
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RESET OPERATION

When two sampling pulses continuously sample low level of
RESET signal, the RESET signal is judged correct. The
sampling signal is of 4us cycle (at 4MHz operation) in the
uPD78C06 and 2.67us cycle in the uPD78C06A, respectively.
Therefore, the RESET signal needs to be kept low for 8us

and 5.34ué, respectively in order to be recognized as a
correct RESET signal in the asynchronous case. When the RESET
signal is recognized (the internal Reset F/F2 is set), the
program counter (PC) is cleared and the other internal
circuits are initialized. Outputs of PA7 ~ PAO, TO and SO
become low level. RD and WR outputs become high level
(respective inactive level). PB7 ~ PBO and SCK of input/
output line become high impedance (input mode). With a
delay of one clock, PE15 n PEC become low level and DB7 ~
DBO become high impedance. When high level of RESET signal
is sampled, the internal Reset F/Fl is immediately reset

and after one clock, the internal Reset F/F2 is reset.

After further two clocks, the program starts (from address
0). However, since the address 0 is an internal ROM, neither
address nor RD signal is output (uPD78C05/C05A behave in dif-
ferent way). The RESET signal has the priority over all

control signals including interrupt.

46



Fig. 6-1 Reset Timing

1
4ps —‘{
I—-(-2.67\15)
geur TULLAULALTULUULLLLL, MU
Sampling pulse rT rL
(internal) d
Noise
RESET /
Reset F/F1
(internal) J)
Reset F/F2
(internal)

Internal circuit initialize
PA, RD, WR, TO and SO inactive

IPB, SCK high impedance

]PE inactive

lDB high impedance

Program
Start
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7. Clock Driver Circuit

You may drive the clock input (X1, X2) of the
uPD78C06/78C06A with a crystal, or an external clock source.
The driving frequency must be four times the desired

internal system clock frequency.

Fig. 7-1 Clock Driver Circuit

a) Crystal b) External Source
Vec
D78CO6/D78C06A % D78C06/D78C06A
(4
€7

L
Pl ekt B3

Input freguency: ~“4MHz (uPD78C06), Input freguency: “4MHz (uPD78C06),

6MHz (uPD78CO06A) ~6MHz (uPD78C062A)
C1/2+ stray capacity < 20pF
C1 »~ Cy

Note:

a) efficient reduction of power consumption (entering stop mode)

only possible with internal clock.

b) ceramic resonators can be applied, too. Please inform you at

your NEC-office.
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8.

8.

(1)

(2)

(3)

Bus Timing

1 OP Code fetch

Fig. 8-1 OP code fetch

Access the externmal memory
T

pout (UPD78CO6) _/—_}19_

=

Roa®

T

(1st or 2nd) timing

$out (UPD78CO6A) X

—_

PEIS-0 __ X_

RD

DB7-0

Access the extermal
memory (1 wait)

$out (uPD78C06) ___f éL__

¢out (uPD78CO6A) -—E(

PEI5-0 x
RD
LS /
WAIT \ 5
DB7-0 Y, >
}:—
Access the an-chip
ROM
ke ™ ™ ™ T T4

pout (uPD78C06) l_[_\.e

pout (UPD78CO6A)

PEIS-0

RD

X
X
_‘la

Intarnal WAIT=®

DB7-0

P

%

e S SR

* Two wait cycles are automatically inserted

ROM access.
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8.2 Memory read

Fig. 8-2 Memory read timing

™ T2 T3 T1
pout (uPD78CO6) /
(1) No wait. o —_ L[—\—?-[—\—/——\_./—
¢out (uPD78C0O6A) :
PE15-0 —K
RD —
J
DB7-0 ~
—-——-C -
T1 T2 TW T3 T1
$out (UPD78CO6) 7 y—\
(2) 1 wait o —/‘_?— \—?- Le-/—\_/_
4
$out (uPD78CO6A) —L I
] |
PE15-0 —L
RD -
/._
WAIT &
DB7-0 :>____
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8.3 Memory write

Fig. 8-3 Memory write timing

T1 T2 T3 wi
¢out (uPD78C06)
() to aie pE S auy
¢out (UPD78CO6A) X 4
PEIS:S x
" | ¢
DB7-0 a
1 T2 W TW T3
¢out (uPD78CO6)

(2 2 wait f—_\——$——\ﬁh[—_\4H/——\*rf—1k“

¢out (uPD78CO6A)

PEI5-0

LU
]

WR

- 0\
WAIT l) L

DB7-0
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9. String of three 'special' Instructions

When more than one certain instruction among these three
occur in sequence, only the first instruction encountered
will be executed. The remainder of the instructions in the
string will be ignored and just be replaced with idle clocks ;
they require same number of clocks as usual execution of these
instructions. There are two groups of the instructions

which have the above special feature, and these two groups

are independent of each other.

Group A: MVI A, byte (L1 Flag)

Group B: MVI L, byte : LXI H. word (LO Flag).

If there is a string of the instructions (MVI A, byte) ,
belonging to the group A, the LO0.flag is set to 1. If there
is a string of the instructions (MVI L, byte and/or LX1 H,
word) belonging to the group B, the LO flag is set to 1.

An interrupt is not disabled during the execution of a
string of these instructions. Since the L flags are saved
to the stack during an interrupt operation, the
uPD78C06/78C06A can resume to execute the peculiar feature

after returning from the interrupt procedure.

Start —> MVI A, 0 ;A< 0
MVI A, 1 ;NOP(11CLOCKS), L1i=1
MVI B, 2 ;NOP (11CLOCKS) , Ll=1
MVI L, OAH ;L =— OAH
MVI L, OBH ;NOP (11CLOCKS) , LO=1
Interrupt™ yur 1 gcE ;NOP (11CLOCKS) , LO=1
LXI H, 00H ;NOP (16CLOCKS) , LO=1

52



10.

uCOM-87LC Instruction Set

10.1 Symbols/Description on Operand

Symbols Descriptions

r ABCGDENRL

£l B,.GC D E . H L

r2 A, B. C

st PA PB MK MB TM S TMM SM SC
srl PA PB PC MK S TMM sC
sr2 PA PB PC MK

2 SP,.B.D.H

rpl Vv.B. D, H

rpa 8. D. H, D+, H+, D—, H—-

wa 8 bit immediate data

word 16bic .

byte 8 bic

if F9o.F1, FL FS.

£ CY. Z

(Notes)

1. At sr~sr2, the symbols of 'PA', 'PB', etc. stand for

the following, respectively:

PA=PORTA, PB=PORTB, PC=PORTC, MK=MASK-reg, MB=MODE-B,

TM=TIMER-REG, S=SERIAL I/O, TMM=TIMER MODE REG, SM=

SERIAL MODE REG, SC=STANDBY CONTROL REG

2. At rp-rpl, the 'SP', 'B', etc. stand for the

following, respectively:

SP=STACK POINTER, B=BC, D=DE, H=HL, V=FFH-A
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3. At rpa, the 'B' 'D', etc. stand for the following,
respectively:

B=(BC), D=(DE), H=(HL), D+=(DE)T, H+=(aL)",
D-=(DE) ~, H-=(HL)
4, At if, the 'FO', 'Fl1', etc. stand for the following,

respectively:

FO=INTFO, F1=INTFl, FT=INTFT, FS=INTFS

5. At £, the 'CY', '2', stand for the following,

respectively.

CY=CARRY, Z=ZERO
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10.2

The description of

follows:
T
Rz Ri Ro reg
0(0 0
b -
6|0 1 A j
0jr 0 | B T =2
i
ol11 | ¢ | Y
T
1 00 D
rl
1 01 E
1 10 H
111 L
p=
ST
S3 Sz S1 Se special Teg
= -
0 0 0 0 PORT A s; ‘
00 0 1 PORT B 1
= srl
0 01 0 PORT C
-
0 0 1 1 | MASK i
0 1 0 0 MODE-B
0101 —
0110 TIMER - REG
0111 - st
100 0 | SERIAL-V/0 T
1001 TIMER MODE REG. _L
1 010 SERIAL MODE REG.
1 0 1 1 | STANDBY CONTROL REG. E/
™ P2
P11 Po reg-pair Az Ar Ae | addressing
0 0 SP 0|0 0 -
01 BC ojo 1 (8C)
10 DE 0jL 0 {DE)
11 HL g1 1 (HL)
100 (DE)*
101 (HL)*
rpl 110 (DE)~
Q Qe reg-pair 111 (HL)-
g 0 FFHA
¢ 1 BC
10 DE
1 1 HL
if
L I b | INTF
0 0 0 INTF O
0 01 INTFT
010 INTF1
011 £
1 0 ¢ INTFS

w

the symbols on Operation Codes is as

|
st2
L
-
P2
f
F:Fi Fa | flag
010 cY
100 z




NdS—+(14P198) T |S—(plom) | g2 01110000 paom adss
== (1+P1oM) ‘T (pron) | gz oltittoo — paom a1HS
A-+(14P1o%) Fo(pron) | gz ol1t1t10100 piom a3os
- (1+P1on) D—s(prom) | g2 Bipy yoIH sipy a0 01111000 [ DOOOLILO prom a20s
(v)—v| 6 WYY 10100 eds xvai|7y
y—(vds)| 6 wivwittoo vds XVLS w
(* N4d)-v | b 12950 00010100 ™ mvaq|®
V(™ CHdgd) | 125110 00011100 ™ ;:.vu m
ik | 14 v UTT TN R 21kq 1 IAW 2
d—s(prom) | 57 LA L] sipy Moy gyt ilo | ooootttlo 4 ‘piom AOW m
(prom)—s| gz sipy YSIH sipy Mo Wwywtotio | cooo0ttto prom '3 Aon |2

iy | M §ISISIS 001t | 00110010 s 'y AOW

(Ll Y] '5isists00 01 | LOL100TO y s AONW

H—v| 9 WY1 0000 1y AOW

v—i4] 9 Wl 1go0 v AOW

_.a:_u__..”w suojloung “HW v ta e da L puviado a5 fuouaUKR
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Z:“r_ (rda)-y-—y | st wyywojggou ftro wdy XUNUNS
.:E“._u I-y=y| o a0 g yol . olto 1y anNans
?“m () +y—y | st W00 10| 1o s yonaav
?“m sy-v| CCETERR R 0lto $'V|  ondav |
20— (v —y=y | s CCLTRREE 1o v Xuus m
AD—1-y-y | 2l MumMoF Iy o1to 1y s m
(vda)—y—y| 9§ wWYywootiji Itto vl Xyns m
1-y-v| @ w00l )y 0110 1y HNns m
AD+(vd1) Y-y | 8 wwyworoed | jtto wls xoav m
AD+arv—y| 2| w0 101 alt1o0 1y on<.
(vl)py—y | 81 Wwiywpoout 1110 uds xaav
Ipy—v| 2l U000l | 000QOTNO 1y aav
pion—dif 9f Ay Yl p— 2y mor] 00V0%d'd00 piom ‘ds X1 N
- L HENEEH T Jiiiwoo [ 00010010 s 40d w
W (2—~dS) "Md—-(1-dS)| 2 oliiboo | oootooO(fO pda HSNd m
(14+P1on )iy S *(prom)—1dS | 82 jtjyto0000 prom ads w
(4 pros)—lp "(prom)—7 | 82 ftttrtoo piom QTHT | &
(L4prom)—q ‘(pron)—g | g2 11itotoo paom a3al m
( V+paom)—g ‘(prom)—3| 82 s1py YAH spy Moy jitri1oo00 | oocoo0jlVoO paom ada1 |8
._o:_“..:_.““ suUOT3IOUNg ““n”u ru £d oo ao« u 1a puwaedp 80| UOWIUN
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0137 (vda)—v| st W T LT 1ite wds xvda

o1az -yl wwwrreen | 0110 1y voa

0137 oN (vd1)—y | st WWWLO T 1ito vda XV3N

€327 ON 1-v| u wimie 0110 1y VaN

ez (vvy | st WY LEo 1tio vds XV440

8137 oy (vda)vy | si WWHWL0O0T T 11to wds XVNO
moss0g (va)—v | sl W10 1ito vds XVL1 ..m
mossoq) -y | WLl toln otto 1y Vi m
S 1-(da)-v| s WYW10101 ttio s XV m
T 1-1-v| @ WHHTO 101 otto 1y vio m
() AvV—v | st WO L001 tito v xvix |

inv=v| o WULOLDO L 0110 'y vux

(W)AV—V | sl WYL LO001 ftvo s XVuo

VN2 I} Wyt loot gtto 1y vuo

(v1)vv-y | a Wyl oo0o0d Itio ols XVNV

vy-v | 3l WW'H(000) | 0000O0T O Iy YNV

_5_:.“...““ suojjoung M”R ru (AL ta 1d — —

sopo) dg
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0197 aUqveas | o2 fojgi ayhq ‘g 1440
o137 oy kqveis| 02 o] auq ‘g8 INO
AMGA I | g2 ooy 3uhq ‘21 o mm
ahqyzas—zas | g2 nieg SISO L0001 | DO0TOOT O 24 g w [F
0137 -y | | 1o 2449y b3
0197 oN Wa-vi 1 ojto a4q y AN
0137 afqvy | 1 1oto Mg Y 1110 m
0437 ON LILCEVA I 1 0oo0to 314q 'y INO m
-.a:..: M-yl 1l 1100 My 'Y [R] m
N j-oka-y | 1 0100 oifq 'y 1o m
WAY—Y | 1T tooo 2k *y no|”
akqvv—v| 1 J1i100000 auq 'y INV m
AD—ofq—y—v | || 1ito auq 'y ms |
Wh-y-v| 0 otio ouq 'y ins .m,
ADHaMq LY~y | 1 1010 o1éq 'y v m
wqpv—v| 1t 0010 oMq 'y av |E
!.:”_.u Whq-y-v| 18 1100 a34q 'y anNins .m\
.:...m wq+y-y| 0 0100 suqy|  oniay
qAay—-v| 1l "jeq ottotooo auq 'y x
- suojaoung o & = wopoo &u ° - pusisdo | seyuounen
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System Configuration Example

An ECR system as the system configuration example of the
uPD78C06 is shown in Figure 11-1.

The configuration of ECR peripherals are following.

® 60 (6 x 10) key Matrix (Control with PE, PB, and PC)
External Memory 1k x 8 (uPD445L x 2)

Dot Printer (Control with PA, PB, INTO, and INT1)

7-Segment Display (Control with uPD763 - Serial Input

Display Controller - PB3, SO, and SCK)
Piezc Buzzer (Drive with PA output)
Cash~-Box (Drive with PA output)

Power-fail (released by REL input)
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Appendix A Differences between uPD78C06/78C06A

and uPD78C05/78C05A

Parameter uPD78C06/uPD78C06A uPD78C05/uPD78C05A
4K-byte built-in ROM Yes No
Internal WAIT of 2 WAIT cycle X

built-in ROM

After reset

Port mode

Address bus mode

Latch function

Yes

No

PEX instruction

Port E (Address bus)

PE15 - 8 «* B and
PE7 - 0 « C are
executed and latch-
ed at M3Tl timing.
Output is unchanged
until the next PEX
or PER instruction
is executed.

ABl5 - 8 * B and

AB7 - 0 «+ C are
executed only at M3T1l
timing and the con-
tents of the internal
address bus are out-
put at the other
timing.

EB/Wi signal

Output against the
address space of
1000H - FF7FH

Output against the
address space of
0000H - FF7FH

(4096 - 65407). (0 - 65407).
M1l output No Yes
Pin connection Difference
Package 64 pin Flat 64 pin QUIP

(uPD78C06/uPD78C06A)

64 pin QUIP

(uPD78C06A)
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Appendix B

Differences between uPD78C06A and uPD78C06

Parameter

uPD78C06A

uPD78C06

Instruction cycle

2.67us (External
memory or internal
RAM) , 4us (Internal
ROM)

4us (External
memory or internal
RAM), 6us (Internal
ROM)

Crystal oscillation
frequency or x1

external clock 6MHZ MaX Wiz R
frequency

Clock output (¢out) fosc/8 fosc/4
Max. serial clock 750 kHz 500 kHz

frequency
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Appendix C Differences between uPD78C06 and uPD7801

Parameter uPD78C06 uPD7801
Instructions 101 140
*
Instruction cycle| 6us (4us)/4MHz 2us/4MHz
General registers| 7(no V,ALT register) 16
Upper address for : Variable (by V
working register Fixed (FFH) register)

6 bit input port

8 bit input/output

Fort C with pull-up register port or control line
Address bus/output Address bus/output

Port E port (only PEX or PER port (PEX, PEN, PER
mode) mode)

Inter- | Internal INTT INTT, INTS

rupt

source | External INTO, INT1 INTO, INT1l, INT2
Dedicated line Timer out or PC4 use

10 putpuL Square wave output Single pulse output

Timer 8 bit (+4 bit 12 bit
prescaler)

Serial interface SCK, SI, SO SCK, SI, SO, SCS, SAK

Stand-by

capability e No

Hold function No Yes

Device process CMOS NMOS

High impedance _

functions of RD, No Yes

WR, PE

Power supply 5V £ 10% 5v+10%

At ope-

Power ration 17.5mW TYP. 550mW TYP.

con-

sump-= -

tion ﬁ; St 5uW TYP. -

*: When an external memory is accessed.
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64-Pin Plastic QUIP Package Outline (Unit:mm) ... uPD78CO6AGxxx-3
uPD78C05AG
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64-Pin Plastic QUIP Outline (Unit:mm) ... uPD78CO6AG xxx-37

41.8MAX

L

39.37

O

w &L
2 g o
1 __ 2
| |
' f——x.n I I
— 1.27 —— 05501 ——

o
N
D -
32
R

NEC cannot assume any responsibility for any circuits shown or
represent that they are free from patent infringement.

NEC reserves the right to make changes any time without notice.
© by NEC Electronics (Europe) GmbH
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