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uPD7514

4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTER WITH
LCD CONTROLLER/DRIVER

Description

The uPD7514 is a 4-bit single-chip microcomputer with a
4-bit ALU, a 4K x 8-bit program memory (ROM), a
256 X 4-bit data memory (RAM), an 8-bit serial interface,
a programmable 8-bit timer/event counter, an LCD
controlier/driver, and 31 general purpose |/0O lines.

The LCD controller/driver supervises all of the timing re-
quired by 32 segment drivers and 4 common drivers, for
biplexed/tripiexed LCD (2 bias method) or triplexed/
quadriplexed LCD (% bias method).

The instruction set includes transfer and increment/
decrement instructions to directly address memory,
memory bit manipulation instructions, test instructions
for bit test and data comparison, memory reference in-
structions with automatic register increment/
decrement functions, table look-up instructions, load
instructions with a string effect, and multi-branch in-
structions.

The uPD7514 allows the organization of any system with
the least additional circuitry. It is suited for the follow-
ing applications:

* Telephones

* Personal radio equipment

* Automobile equipment (electric)
¢ High-grade electronic calculators
¢ Electronic games

* VCRs

Features

O 92 powerful instructions
O Instruction cycle 5 us at 400kHz, 5V
0O Interrupts

- 2external: INTO, INT1

- 2internal: INTT (timer/event counter)

INTS (serial interface)

0O Programmable 8-bit timer/event counter
- Time base count operation
- External event count operation
8-bit serial interface (three serial clocks)
LCD controller/driver
- Static method
- Biplexed/triplexed LCD ('/2 bias method)
- Triplexed/quadriplexed LCD (s bias method)
- Common outputs (strobe): 4 lines (COMg-COM3)
- Segment outputs (data): 32 lines (Sp-S31)
O Standby operation

- Stop and halt modes

oo

O0gooo

110 ports

- 4-bit input port (POg/INTO, P04/SCK, P0»/SO,

PO3/SI)
~ Strobed 4-bit 1/0 port (P1p~P13)

- 3-bit output port (P2/PSTB, P24/ PTOUT, P2,)

- 4-bit output port (P3g-P33)

- 4-bit |/O ports (P4g-P43, P50-P53, P6g-P63,

P70-P73)

On-chip RC oscillator for system clock

Crystal oscillator input pins
CMOS technology

Low power consumption

Single power supply (2.7V t0 6.0 V)

Ordering Information

Max Frequency

Part No. Package Type of Operation
4PD7514G-12 80-pin plastic miniflat 500 kHz
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Pin Identification

No. Symbol Function
1,2,79,80  Pdg-P43 1/0 port 4

3.4 X1, X2 Crystal clock

5-7 Vici-Vics LCD bias voltage input

8- COMp-COM3 LCD common output

12-22, 24-32, Sp=Sa LCD segment output

34-41, 43-46

33 Voo Power supply positive

47 INT1 External interrupt input

48 RESET Reset input

49, 50 CL1,CL2 System clock

51-54 P7g-P73 1/0 port 7

55 P2, 3-bit output port 2. PTOUT is the timer
56 P24/ PTOUT F / F output. PSTB is the strobe output.
57 P2y/PSTB

58-61 P1g-P13 1/0port 1

62, 63, 65,66 P3p-P33 I/0port3

64 VSS Ground

67 P03/ S| 4-bit input port 0. Serial input. Serial
68 P0,/80 output. Serial clock 1/ 0. Interrupt
69 P01/ SCK request input.

70 PO/ INTO

n-n P6-P63 1/0 port

75-78 P5o-P5S3 170 port 5

Status of Unused Pins

Name Pin Connection
CL2 Open

X1 Vss

X2 Open

INT1 Veg

PQg/INTO

PO/ SCK Vgg o Vpp

PO, /S0

P03/ S!

P1g-P13

P2q/PSTB Open

P24/ PTOUT

P2,

P3g-P33

P4g-P43 Input mode: Vgs or Vpp
P50-P53 Output mode: Open
P6g-PB3

P7¢-P73

30—331 Open
COMg-COM3

Vicr-Vies
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Pin Functions
P0g-P03 (Port 0)

This is the 4-bit input port 0. The pins also operate as the
interrupt input (INTO/POp), serial clock 1/0 (SCK/P0y),
and serial data output (SO/P02) and input (SI/P03).

P1g-P13 (Port 1)

This is the 4-bit |/O port 1. Data on these lines is loaded
into the accumulator by execution of a port input in-
struction (IP, IP1, IPL). The contents of the accumulator
are output by the execution of a port output instruction
(OP, OPL). Port 1does not have an output latch. When a
port output instruction is executed, the strobe signal,
which is used for latching output data externally, is au-
tomatically output from PSTB. The PSTB signal is suit-
able for data output to-memory or peripheral circuits
requiring write strobe signals. Port 1is usually held high
impedance, and is driven for output with a port output
instruction.

P29-P22 (Port 2)

This is the three-state 3-bit latched output port 2. Foliow-
ing RESET, these pins become high impedance.

When port 1is outputting data, P2g operates as the write
strobe output (P2o/ PSTB). P24 is the output (P21/PTOUT)
for the timer flip-flop signal (TOUT).

P3p-P33 (Port 3)

This is the 4-bit latched output port 3. On RESET, the
contents of the output latches become undefined and
the output goes high impedance.

P4g-P43 (Port 4), P59-P53 (Port 5)

Ports 4 and 5 are both 4-bit latched /O ports. Ports 5 and
4 can be treated as a pair, and can input or output 8-bit
data (by an IP54 or OP54 instruction) between the accu-
mulator and memory (addressed by the HL register).

A RESET or input instruction will place these ports in
input mode (high impedance). On RESET, the output
latch contents become undefined.

If data is input to an 1/O port just after changing it from
output to input mode, data on the line at the execution
of the first input instruction may be unstable. Accord-
ingly, the first input data just after the modification
should be ignored. Executing the input instruction
again will insure the data is stable.
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P6g-P63 (Port 6)

This is the 4-bit latched 1/O port 6. Each line can be set
as an input or output using the port 6 mode register
(PM3-PMy). Port 6 performs data /0 to and from the ac-
cumulator in 4-bit units. An output instruction will
cause the output latches to latch the contents of the ac-
cumulator. Then the contents of the output latch at the
bit position that the PMR designates as being in the out-
put mode are output from the pins via the output
buffers. The other pins are high impedance (input).

P7¢-P73(Port 7)

This is the 4-bit latched 1/0O port 7. An input instruction
reads port data into the accumulator. An output instruc-
tion latches and outputs the accumulator contents. A
RESET or input instruction will piace port 7 in input
mode (high impedance).

INTO (Interrupt 0)

This input is the rising-edge-triggered external interrupt.
It has a Schmidt-trigger input in order to decrease noise.
Setting bit 3 of the shift mode register (SM3) low level
selects INTS; setting it high selects INTO. INTO can be
used in both stop and hait modes.

INT1 (interrupt 1)
INT1is therising-edge-triggered external interrupt input.

X1, X2 (Crystal Clock)

X1and X2 are the crystal connection pins for the count
clock generator. An external clock may be input to X1di-
rectly, in which case X2 must be open.

CL1, CL2 (System Clock)

CL1and CL2 are the resistor and capacitor connection
pins for the system clock generator. An externai clock
may be input to CL1directly, in which case CL2 must be
open.

So-S31(Segment)

These segment signal outputs directly drive the LCD
segment lines. They are used for biplexed/triplexed
LCD (= bias method) and triplexed/quadriplexed LCD
(> bias method).

COMo-COM3 (Common)

These outputs directly drive common (backplane) LCD

lines via the following strobe signals:

¢ > bias method: biplexed (COMg, COM9), triplexed
(COMp-COM2)

* /3 bias method: triplexed (COMp-COMaj), quadri-
plexed (COMg-COM3)

Vict Vic2, Vies (LCD Power Supply)

These pins are the LCD bias voltage supply. Based on
applied voltages to these pins, the on-chip LCD
controller/driver generates segment and common sig-
nals to the LCD. The bias voltage configuration for the
2 bias method is different from that for the s bias
method.

RESET
A high level input to this pin resets the uPD7514.

vDD
Positive power supply.

VSS
Ground.
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Block Diagram
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Absolute Maximum Ratings DC Characteristics {cont)
Ta=25°C Ta= —10°Cto +70°C,Vpp=2.7Vto6V
Supply voltage, Vpp -03Vto +7V Limits Tost
input voltage, V| ~0.3VioVpp +0.3V Parameter ~ Symbol Min Typ Max Unit Conditions
Output voltage, Vg -0.3V1toVpp +0.3v  Common output Reom 3 5 kQ Vpp=4.5106.0V
5 e impedance
utput current high, lgy
Per pin —5mA L
Total, all output ports _50mA Segment output Rg 15 20 kQ Vpp=4.5t06.0V
. impedance
Output current low, g
Per pin 15mA 0 60 K
Supply current  Ippq 600 1800 wpA  Operating mode
Total, Ports 0, 4, 5, 6, P3p, P34 40mA Vpp=5V £10%;
Total, Ports 1, 2, 7, P3y, P33 40mA R=39kQ +2%;
= )
Operating temperature, Topt ~10°Cto +70°C C=33pF £5%
70 210 Operating mode
Storage temperature, Tgrg —-65°Cto +150°C uA VED= 33 +10%:
Comment: Exposing the device to stresses above those listed in Abso- R=160kQ +2%;
lute Maximum Ratings could cause permanent damage. The device is C=33pF £5%
not meant to be operated under conditions outside the limits de- o2 300 900 wA  Halt mode
scribed in the operational sections of the specification. Exposure to X1=0V:
absplute r.nagi.mum rating conditions for extended periods may affect Vpp=5V =10%:;
device reliability. R=39KkQ +2%:
C=33pF £5%
DC Choaracteoristics 35 100 A Haltmode
Ta= -10°Cto +70°C,Vpp=27VtobV X1=0V:
Limits Vpp=3V =£10%;
Test R=160kQ +2%;
Parameter Symbol Min Typ Max Unit Conditions C=33pF £5%
lqput voltage ~ Viy1  0.7Vpp Vop vV Except X1, CL1, Ipo3 1.0 20 uA  Stop mode
high RES, INTO, INTH, X1=0V;
51, SCK Vpp=5V £10%
Viyz 0.8Vpp Voo V. RES,INTO, INTY, 0.3 10 uA  Stop mode
Sl, SCK X1=0V;
Vins  Vop-0.5 Vop X1, CL1 Vpp=3V £10%
Input voltage V)4 0 0.3Vpp V  ExceptXi,CL1,
low glﬁs%m, INTH, Capacitance
: TA=25°C; VDD=OV
ViLe 0 0.2Vpp V  RES, INTO, INTH,
sl, SCK Limits Tost
Vi o 05 v xXicu Parameter Symbol Min Typ Max Unit Conditions
Outputvoltage  Vgn  Vpp- 1.0 V Vgp=45t6.ov; Put G ¥ pF (Note 1)
high lo=—1.0mA capacitance
_ Output Co 15 pF (Note 1)
Vpp-0.5 loy=—100
oo o uA capacitance
Output voitage V| 0.4 Vpp=4.5106.0V; .
Iowp 9 o IODLD=1.6 mA 170 capacitance Cyg 15 pF (Note 1)
05 Vg =400uA Note:
(1) fc=1MHz. Return unmeasured pinsto O V.
Input leakage Iy 3 A V|=Vppexcept X1,
current high CL1 .
ILiH2 0 wA Vj=Vpp: X1 CL1 I
Input leakage i+ -3 wh V=0V except X1, ;
current low Ct1
ILiL2 -10  wA X1,CU
Output leakage I o 3 uh  Vg=Vpp
cufrent high /
low
lLOL -3 /,AA Vo =0V
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AC Characteristics
Ta= —10°Cto +70°C, Vpp =3V to 6V
Limits Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Systemclock  fg 300 400 500 kHz C=33pF +5%, PSTB pulse tsTL (2) ns  Vpp=4.5Vio
oscillation (CL1, |AG/°C|<60 ppm width low 6.0V
CL2) R=39kQ 2%, @) S
Vpp=5V £10% _ s
75 100 120 kHz C=33pF £5%, SCKcycle time  tkcy 3.0 us  InputVpp=4.5V
|AC/°C|<60 ppm 0 6.0V
R=160kQ =2%, 4.0 us  Output
Vpp=3V £10% 8.0 us  Input
System clock f 10 510 kHz Vpp=4.5Vto 13.0 us  Output
input freguency 6.0V, Duty=50% S oulee it € 3 Ty
(cL1) ” puise width txy . us  Input Vpp=4.
10 150  kHz Duty=50% high 106.0V
QL1 inputrise  tcg 0.2 us 18 us  Output
time
Citinputfall  t 0.2 38 ks lopt
. S
timelnpu 2 CF H 6.3 us  Output
CL1input pulse ey 0.9 50 us  Vpp—4.5V1o SCK pulse width g 1.3 us  InputVpp=4.5V
width high 8.0V low 106.0V
32 50 s 1.8 us  Output
Cllinputpulse tg, 0.9 50 s Vpp=45Vio 38 us_ Input
width low 6.0V 6.3 us  Output
3.2 50 us Slset-uptime  tgik 300 ns
Countclock e 25 32 50 kHz Cl=20pF (to SCKY)
oscillation C2=30pF St hold time tks| 450 ns
frequency (X1, R=220kQ (after SCK1)
x2) (Note 1) S0 output delay tkso 850 ns Vpp=4.5Vi0
Count clock fx 0 500 kHz Vpp=4.5t06.0V, time (after 6.0V
I(I')\([;l)}t trequency Duty =50% SCKY) 1200 ns
0 150 khz INTOpulse  fon 10 us
X1input rise xR 0.2 us width high
time INTOpulse  toL 10 s
X1input fall time txg 0.2 uS width low
Xlinput puise  txy 0.9 us  Vpp=4.5Vto INT1 pulse width tj1y (4) us
width high 6.0V high
3.2 us  Vpp=2.7V INT1 pulse width tj¢ (4) Hs
Xlinputpulse  tx. 0.9 us  Vpp=4.5Vto low
width low 6.0V RESET pulse  tpsh 10 us
3.2 us  Vpp=2.7V width high
Port 1output set- tpst  (2) us  Vpp=4.5Vto RESETpulse  tasL 10 us
up time to 6.0V width low
PSTE* @ P Note:
Port 1 output tsp 0.1 us  Vpp=4.5Vio (1) See recommended clock circuit on next page.
hold after PSTB* 6.0V (2) 1/2fec —080r1/21,—0.8
0.1 ps (3) 1/2fcc —2.00r1/21;— 2.0
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Recommended Clock Circuit

uPD7514
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83-002915A
AC Timing Test Points
0.7Vpp Test 0.7 Vpp:
Konge== e < amvapX,
83-002916C
Data Retention Characteristics
Ta= —10°Cto +70°C
Limits Tost
Parameter Symbol Min Typ Max Unkt Conditions
Dataretention  Vpppg 2.0 v
supply voltage
Data retention  Ipppr 03 10 wA  Vpppr=2V
supply current
Dataretention  Viupg 0.9 x Vooor Vv
RESET input VoDor +0.2
voltage high
RESET set-up  tgpg 0 ns
time
RESET hold time tygs 0 ns

Timing Waveforms

Data Retention Mode Timing

— ISRS [

Stop 0
Mode Mode
Data Retention
Mode
VDD v
Vir —\
ViH1
Stop VDDDR
Instruction
Mode VIHDR
Vi Vit

——| tHRS (e

Note:
In data retention mode, all inputs (except RESET) should be made lower level than VpppR.

83-002918A
Clock Timing
1ife
[—1tcL icH
cL
Input _\
S
tcr —»| [~—tcF
Utk
L [ txH
Input -—\
] T
txR [*— txF
83-002917A
Serial Transfer Timing
tkey
[——1tKL re——1IKH
§cK —-\
—
[~ tsiK —=Te tksi =]

a

7 Input
Sl E———
h 8 Data .
kso
SO Xt Output Data

X

83-002919A
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Timing Waveforms (cont)

Strobe OutputTiming

-
Plo-P13 _—g

le—— tpsT

Qutput Data

tSTP -

TN

pe—tsTL
83-002920A

Interrupt Input Timing

4~ tioL toH

INTO
tHH—| tH

INT4

83002821
RESET Input Timing
830029224

Functional Description
Program Counter (PC)

This 12-bit binary counter, shown in figure 1, holds the
address of the current instruction in program memory.
When an instruction executes, the PC increments by the
number of bytes in the instruction. RESET clears the
PCtoO.

Figure 1. Program Counter Structure

[ Pcn|pcw| pea| pes | ez [ Pes| Pes| pes [ Pea| Pea | Pt [ peo | pe

83-003590A

Stack Pointer (SP)

This 8-bit register (SP7-SPg) stores the top address of
the data memory area used as a LIFO stack. The SP de-
crements when a call (CALL, CALT) or a push (PSHDE,
PSHHL) instruction executes, and at an interrupt gener-
ation. It increments when a return (RT, RTS, RTPSW) or
POP (POPDE, POPHL) instruction executes.

3-162

Program Memory (ROM)

This 4,096-word x 8-bit mask-programmable ROM
stores programs and table data and is addressed by the
PC. ROM address locations are from 000H to FFFH.
Fixed locations are allocated to the RESET and inter-
rupt start addresses, and table areas of the LHLT and
CALT instructions. See figure 2.

Figure 2. Program Memory Map

000H RESET Start Address
010H INTT Start Address
020H INTO/S Start Address
030H INT1 Start Address
Subroutize
MEntry
dresses
0COH Look-up Table of
LHLT Instruction
OCFH
O0DOH

Look-up Table of CALT

OFFH Instruction {Call Address Table)

A 4
a A

U
V]

7FFH

~
V]

A
FFFH

A
a

83-003591A

General Purpose Registers

Registers D, E, H, and L operate in units of 4 bits, or they
form the 8-bit pair registers DE, DL, and HL for use as a
data pointer (D or H is the upper-order 4 bits). See
figure 3.

Pair register HL can perform the functions of automatic
increment (+1) and automatic decrement (- 1) for the L
register only. The L register is also used to specify /O
ports and mode registers when the I/ O instruction (OPL,
IPL) is executed.

Figure 3. General-Purpose Register Configuration

83003592A
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Data Memory (RAM)

This 266-word x 4-bit static RAM stores processing

data and display data. It also operates with the accumu-

lator to process data in 8-bit units. There are three types

of data memory addressing:

¢ Direct addressing is made by the second byte of the
instruction.

¢ Register indirect addressing is made indirectly by the
contents of the register pair designated by an instruc-
tion.

¢ Stack indirect addressing is made by the contents of
the SP.

RAM resides at addresses 00H-FFH. Thirty-two of
these locations (OOH-1FH) are allocated for the LCD dis-
play data area. When display data is written to 00H-1FH,
the LCD controller/driver reads it and generates an LCD
drive signal. Address tocations 00H-1FH cannot be
used as stack area. See figure 4.

Figure 4. Data Memory Map

Data Memory
© 00H
Display Data Area 32x4

3N FH
Direct/Register @2y 20H

Indirect Address 256 x 4

Area
Stack Area 224 x4
(225 FFH
83-003593A

Addresses 20H-FFH in data memory can be used as a
stack area at execution of a call or return instruction
(CALL, CALT, RT, RTS, RTPSW), a push/pop instruction
(PSHDE, PSHHL, POPDE, POPHL), or at an interrupt oc-
currence.

At the execution of a call instruction or an interrupt oc-
currence, the contents of the PC and PSW are stored in
the stack. At the execution of a push instruction, the
contents of DE or HL are stored in the stack. The data is
stored in the stack as shown in figure 5.

Figure 5. Stack Contents after Call, Interrupt, or Push

Call Instruction,

Interrupt Push Instruction
Stack Stack
SP4 | PCy1-PCg
SP3 PSwW
§P2 | PC3-PCo SP2 | EorL
5Py | PC7-PC4 SPy DorH

83.003584A

Accumulator (A)

The accumulator is a 4-bit register. (See figure 6.) Vari-
ous arithmetic/logical operations are done mainly by
the accumulator. Operating with the data memory ad-
dressed by the pair register HL, data processing may be
done in 8-bit units (higher-order bits in the accumulator
and lower-order bits in the data memory).

Figure 6. Accumulator Configuration

[fafse[ma]a

83-003595A

Arithmetic Logic Unit (ALU)

The ALU is a 4-bit arithmetic logic circuit that performs
such processes as binary addition, arithmetic/logical
operation, comparison, and rotation.

Program Status Word (PSW)

The program status word consists of two skip flags
(SK1, SKg) and a carry flag (C). (See figure 7.) These are
stored in the stack area upon execution of a call instruc-
tion (CALL, CALT) or at an interrupt occurrence; they are
restored by an RTPSW instruction. At RESET, SK4 and
SKg are cleared to 0, and C is undefined.

Figure 7. Structure of Program Status Word

3 2 1 0

[ski]skof o | ¢ [esw

83-003596A

System Clock Generator Circuit

This circuit consists of an RC oscillator circuit and a
half-frequency divider circuit, as shown in figure 8. The
RC oscillator circuit is controlled by an external resistor
(R) and capacitor (C) connected to CL1and CL2.

An external clock can be input to CL1 without using an
RC circuit. CL2 should be left open, in which case the
RC oscillator circuit merely operates as an inverted
buffer.

In stop mode, the RC oscillator circuit and the half-
frequency divider circuit stop, thereby stopping the out-
put of CL and ¢, respectively. In halt mode, the
half-frequency divider circuit stops ($), but CL continues
to be supplied.

With an external clock, when the device is in standby
mode, the CL1input clock becomes CL via an inverted
buffer; CL continues to be supplied. In this case, both
standby modes stop only the half-frequency divider (¢).
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Figure 8. System Clock Generator Circuits

Figure 9. Count Clock Generator Circuits

Crystal Oscillation
uPD7514

RC Oscillation
uPD7514
[
t cu
< Halt- (iy,sé;ﬂ crl::;k 4
< RC Osciltator p-+| Frequency [—» al
L SR 1 'l‘)ﬂdder Y Serial Interface)
- oz
tr HALT Mode
+-——oeo——»CL
STOP Mode (to Clock
Control Circuit)
Extemnal Clock
uPD7514
External
Clock cu
RC Half- System Clock ¢
Osciliator == Frequency j—# (to CPU and
{Inverted Bufter) Divider al Intertace)
Open cL2
*—-\—I L HALT Mode
STOP Mode t———»CL
(to Clock
Control Circult)
83.003597A

Count Clock Generator Circuit

This crystal oscillator circuit is fed either by the crystal
connected to X1 and X2 or by an external clock from X1,
in which case it operates as an inverted buffer. Output
from this circuit (X) is sent to the clock control circuit to
become a count pulse (CP) for the timer/event counter
either directly, or after being frequency-divided. The fre-
quency of X equals the crystal oscillation frequency of
the X1 external clock. This circuit is unaffected by
standby mode. See figure 9.

Clock Control Circuit

The clock control circuit consists of a 4-bit clock mode
register (CM3-CMp), prescalers 1, 2, 3, and multiplexers.
(See figure 10.) The circuit accepts both the system
clock generator circuit output (CL) and the count clock
generator circuit output (X). The clock mode register
selects a clock source and prescaler designation. By so
doing, the clock control circuit supplies a count pulse
(CP) to the timer/event counter, and the LCD clock
source (LCD CL to the LCD controller/driver.
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c
I X1
r
Crystal ?m(‘:?' cl!“kx
—» (to Clocl
c = Oscitlator Control Circuit)
= l AAA X2
R

Extemal Clock
uPD754

External X1
Clock Crystal
Oscillator Count Clock X
- 5
ontrol Circuit]
(Inverted
Open X2 "Buffer)

83-003598A

Figure 10. Clock Control Circuit

8 Intemnal Bus a

OP* OPL*
CM3 | CM2| CM1 | CMp

Prescaler 1
cL |

to Port2

Prescaler 2
(e}

Prsssalev 3 Lco
(')
cL

{to Timer/Event Counter)

>

Note: "denotes instruction execution
83.0035998

A code is sent to the clock mode register by transferring
the contents of the accumulator with an OP or OPL in-
struction.

Bits CM2-CMg specify a clock source and frequency of
the timer-out signal. When CMg is high, TOUT is output
via PTOUT. CM selects a clock source of LCDCL'and a
frequency. See table 1.
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Table 1. Clock Mode Register

Figure 11. Timer/Event Counter Configuration

CNy CM, CMy Count Pulse Selection
CL x 1/256

X x /g4

X

X

0
1
0
1
0 CL x /32
1
0
1

X x /8
Prohibited
Prohibited

mala|la]loleo|o]l o

0
0
1
1
0
0
1
1

CM;, Output Control of TOUT
0 Output Prohibited
1 TOUT-+P2;/PTOUT

CMy LecocL’
0 CL x Y256
1 X x Vo4

Timer/Event Counter

This counter consists of an 8-bit count register, an 8-bit
modulo register, an 8-bit comparator, and a timer flip
flop (F/F), as shown in figure 12.

The 8-bit register, a binary upcounter that increments at
every input of the counter pulse (CP), is cleared to 0 by
the execution of a TIMER instruction, RESET input, ora
coincidence signal from the comparator.

The 8-bit modulo register determines the count regis-
ter's maximum count. Its contents are set by the TAM-
MOD instruction. It is initialized to FFH by RESET.

The 8-bit comparator compares the contents of the
count and modulo registers; it outputs the timer inter-
rupt signal (INTT) one CP after they are found to be coin-
cident.

6 Internal Bus J
( \ 8 |[«— TAMMOD*

TCNTAM® 8-Bit Modulo Register,|
8 H
INTT
(Coinci
Signal)
cP °°é"’:c rlfld 8-Bit Count Register
TOUT
CLR Timer | - (to Serial
OutF/F Interface
and Port 2)
TIMER*
RESET
Note:
1) CP is count pulse selected by the clock mode register.
2) *Execution of instruction.
83-003600A

Serial Interface

The serial interface consists of an 8-bit shift register, a 4-
bit shift mode register (figure 12) and a 3-bit octal
counter, as shown in figure 13. This interface performs
serial data I/0, which is controlied by the serial clock
(SCK). At the falling edge of SCK, the MSB of the shift
register (bit 7) is output via the SO line. At the next rising
edge of SCK, the register’s contents shift one bit and
the data on Sl is loaded into the LSB. The 3-bit counter
counts each SCK, generates an internal interrupt (INTS)
at every count of 8 clocks (at the end of a 1-byte serial
data transfer), and sets the interrupt request flag (INTO/
S RQF).
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Figure 12. Format of Shift Mode Register

SMy SMy SMy PO3/SI  P0,/SO P0¢ISCK Serial Operation
0 0 0 Portinput Portinput Port input Stop
SM[ SMa [ SM: [SMo] s ode Register - -
1 ] 0 1 0 Portinput Portinput Jo output 0 Stop
f:g*;,'o'p"gfz;ggf m‘m 0 1 1 Portinput Portinput  Tooutput TOUT  Stop
of INTO or INTS 1 0 0 Slinput SOinput SCKinput  Tooperate with
SM3 Interrupt source external clock
o | WS 1 1 0 Slinput SOinput SCK output (Ox8) Tooperate with 0
1 INTO —ee
§ 1 1 Slinput SOinput SCKoutput (TOUT) Tooperate with
TOUT
83-003601A
Figure 13. Serial Interface Block Diagram
r tnternal Bus a
A «— TAmsIO* «— op+ oPL
1p* 1PL* 4 Tsi0am- —| & 8
M .
Po3/SI "} I LSB i | |I&Blt Shil; Reglsteri i i MSB 'snm ModL Register l
I l i l 1 l 1 L l 1 l L l 1 J 1 L 1 J
[ SM3
P02/SO —é f
|
PO1/SCK
TouT
¢
POQ/INTO ——D————» INTO R INTS
RSFIF
Note: l_@— Q s Sto*
1. Indicates the intemal ciock signal (System clock).
2. TOUT is the timer-out F/F signal.
a. ]
4.SM3 s to the interrupt co:trollsr.
83-003602B
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LCD Controller/Driver Table 2. Maximum Segment Number

This controller/driver directly drives an LCD with static, Bias  Mutiplexing  COMLines Maximum Segment Number
/2 bias voltage (biplexed, triplexed) and /s bias voltage 1/2 biplexed COMO, 1 64 (32 Segments x 2 Commons)
(triplexed, quadriplexed) configurations. Thirty-two seg- 172 triplexed COMO, 1,2 96 (32 Segments x 3 Commons)

ment lines (Sg-S31) and 4 common lines (COMg-COM3)

serve as the LCD driver outputs. See tables 2 and 3, and /3 tiplexed  COMO,1.2  96(32 Segmentsx3 Commons)

figure 14. 1/3  quadriplexed COMO,1,2,3 128 (32 Segments x 4 Commons)
Note:
To suPply the proper voltage to t_he Se,gment and co.m- In the following cases, LCD driving waveform stops operation and
mon I'nes’ supply the VOItages l"Sted in table 4 to pins DC potential Is applied between LCD electrodes. This will considera-
Viet, Ve, and Vi cs. See also figure 15. bly reduce the life span of the LCD.
LCD Clock Source Primary Causes

CL Channel 1. STOP instruction is executed.

0 (System Clock) 2. External clock is stopped.

X Channel 1. External clock is stopped.

(Count Clock)

Table 3. Display Mode Register

CMO=0 MCO=1
Bias Frame Frame
DM,y DM, DM,y Muitiplexing Voltage LCDCL Frequency LCDCL Frequency
0 Quadriplexed CL/1024 X256
0 1 Triplexed 173 CL/256 CL/768 X/ 164 X192
0 0 Biplexed CL/1024 X256
! 1 Tipered 2 - G
0 Quadriplexed CL/2048 X512
0 1 Triplexed 173 CL/512 W X/128 T
0 [ Biplexed CL/2048 X1512
! 1 Triplexed 172 CL/1024 CL/3072 X/256 X768
DM, Dispiay output control DM Display output control
0 TO deselect all segments signal 1 To enable display outs
Table 4. LCD Supply Voltage
Pin Name 1/2 Blas 1/3Blas
Vict Vop-(*/2) Viep Vop-("/3) Vico
Vice Vop-(V2) Vico Voo-{(¥3) Vicp
Vics Voo-Vicp Voo-Viep
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Figure 14. LCD Controller/DriverBlock Diagram

6 On-chip Bus ?
4 |«——OP* OPL*
Data Memory
Instruction Disol
spla
{ oms om; o OMo | Mode
Register
Data Memory 1FH 1EH OOH ] | )|
3210]| 3210 3210 1 ¥ ¥
l l 1 l l 1 l 1 1 l l l I Timing Controller ILCDCL’
3210 3210 3210 }a
Multiplexer —b
—c
F—d
Segment Driver LCD Drive-Voltage Controller Common Driver
8§32 $30 S0 Vica vie2 Vier COM3 COM2 COM1 COMO
3 2 ! 9 Note: *indicates instruction execution
a
b
c
r— d
Multiplexer
83-003604C
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Figure 15. Configuration of LCD Power Supply by Voitage  Interrupt Function

Dividing Method There are two external (INTO, INT1) and two internal
(INTT, INTS) interrupts. Interrupt INTO and pin POg share

(::,;::s e one line; figure 12 shows how to select between these.

— Positive . When INTO s selected, either INTO or INTS may be spec-

Voo [—1 T ower | (b)% Blas Method ified. The interrupt process (interrupt address and prior-
3 i positive ity) for INTO and INTS is the same. See table 5 and

Vico 3 Rz{ Voo I Bower figure 16.

vier ’ | Vier :’Jl Interrupt Enable Register (IE2-IEg). This register per-
Sh Viez ,_] $ Rt mits or inhibits individual interrupt requests of INTT,
T, 1, INTO/S and INTY; it allows the interrupt if the respective

il B il B bit of each interrupt is set to 1, and inhibits the interrupt
$ $ if 0. See figure 17. -

output m Outpr if 0. See figure
Vss GND Vgg f—————————= GND

The values of Ry Rz' and C depend on the particular LCD panel
ypical v

characteristics. alues are:
Vicp =VpD-Yica R1=100K
2.7V<Vicp<VDD R2=200K
0<R2<2R1 typically C'=0.001,F

__ Voo _ __. Voo _
VLeD=TTRammr  VLCD 1L RaAd
83-003603A
Figure 16. Interrupt Controller Block Diagram
6 Intemal Bus 9
B oI* {X
SKI* —|
Interrupt Enable : Iﬁ:n:agt
Test Control Reglster | En:bln
Tois 1 I FIF
cL
SM3 l
INTY Sync s
Edge INT1

R RQF

INTS

/INTO Edge
o | | D

Vector
Priority Address
Control :f|> Generator

INTT — Nonsync
Edge
Detect

Si0*
S
INTT ! >_'
R RQF

TIMER*

:Jotas:
. i ion of
2. SMyis bit 3 of the shift mode register. (Selection of INTO or INTS) ﬂ)——— Standby Release

6121 830036058

3-169



uPD7514

NEC

Table 5. Source of Interrupts

Interrupt Int/Ext Priority
INTT Int 1
(coincidence signal

from timer / event counter)

INTO Ext 2
(interrupt signal

from POg pin)

INTS Int 2
(transfer end signal

from seria! interface)

INTH Ext 3

(interrupt signal
from INT1 pin)

Interrupt Address
10H (16)

20H (32)

20H (32)

30H (48)

Figure 17. Format of Interrupt Enable Register

2 1 0
2 [ 11| o]
interrupt Enable Register
To permit or inhiblt INTT
Yo permit or inhibit INTO/S

To permit or inhibit INT1

Interrupt Master Enable F/F (IME). This F/F permits or
inhibits the acceptance of all interrupts (INTT, INTO,
INTS, and INT1); after accepting an interrupt, it is reset
to inhibit subsequent interrupts. The F/F is set by the El
0 instruction to permit all interrupts not individuaily dis-
abled, or it is reset by the DI 0 instruction to inhibit ali
interrupts. In either case, the interrupt enable register is
unaffected.

Typical Interrupts. Figure 18 is an example of the inter-
rupt process for the INT1interrupt.

Figure 18. Typical Interrupt Process Flow

RESET
Address: 30H
Master Enable F/F=0
Enable Register = 000 El 0 PSHDE
El 4 PSHHL
Master Enable F/F =1 l
Enable Reglsur =100 l
(INT1 Enable) |
) 4 | Master Enable F/F =0
= —INT1 % | {All interrupts Disabled)
*,
%, f
- A8, |
%
Master Enable F/F =0 Dt ';823;
(All Interrupts Disabled) EID -
PTPSW
83.003607A
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Standby Function

Two standby modes, stop and halt, are provided to re-
duce power consumption during a program standby
state. The STOP and HALT instructions select these
modes.

In standby mode, program execution ceases and the
contents of data memory and all internal registers are
held. The shift register and timer/event counter still op-
erate.

A RESET or interrupt generation releases standby
mode; if an interrupt request flag is set, stop/halt mode
cannot be set in spite of the STOP/HALT instruction exe-
cution. Consequently, when setting standby mode
when there is a possibility of a request flag being set, it
is necessary to have the interrupt request flag reset ei-
ther by processing the interrupt in advance or by execut-
ing a SKi instruction.

Ditferences between stop and halt modes are shown in
tablie 6. The main difference lies in that RC oscillation
output (CL) either stops (stop mode), or does not stop
(halt mode), when the system clock is being supplied by
RC oscillation.

Table 6. Comparing Stop and Halt Modes

Interrupt used
X CPU SIO ONT for release

Mode Instruction CL 0

Stop  STOP X X 0 X * * INTT, INTO/S
Halt HALT 0o X 0 X * 0 INTT, INTO/S,
INT1

Note:
0 Operation possible

* Operation possible with a mode selected
X Operation disabled
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Reset Function

A high level RESET input initializes the uPD7514. The se-

quence of events is as follows:
() ThePCiscleared to 0.
(2) PSW fiags SKijand SKg are cleared to 0.

(3) The timer/event counter as reset as follows:
Count register = 00H
Modulo register = FFH
Timerout F/F=0

(4) The clock control circuit is reset as follows:
Clock mode register (CM3-CMg) is cleared to 0
CP=LCDCL'=CL X 12s6
TOUT is disabled.

Prescalers1,2,3 =0

(5) Shift mode register (SM3-SMg) is cleared to 0.
Serial interface shift operation stops.
Port 0 is placed in input mode (high impedance).

INTS is selected for the interrupt source of INTO/S.

(6) Display mode register (DM3-DMg) is cleared to 0.
113 bias, quadriplexed
Frame frequency = CL/1024, LCD drive deselected

(7) Interrupt control circuit becomes as follows:
Interrupt request flags =0
Interrupt master enable F/IF =0
Interrupt enable register=0
All pending interrupts canceiled.
All interrupts disabled.

(8) Port 6 mode register (PM3-PMy) is cleared to 0.

Operating Characteristics

fec vs VoD

?1000 Pt }r(rA=25-c):
z - 1
g 0jeu  cu R=39ke
bt .
7 - R
P S s
g F— 33pF
& L I DU N R S i S
5 = R=160kQ
E 100
g
> 50
2
(5]
€ JUUI SO N P I RO N (NN SRR U N I
H 3
a
‘z‘ — 1T r"T1T Tt 1T 71T %

10

0 1 2 3 4 5 L

Supply Voltage, Vpp (V}

(9) All output buffers of ports 0-7 are turned off, and
become high impedance, |/O ports are set to input
mode.

(10) The contents of data memory and the following
registers are undefined:
Stack pointer (SP)
Accumulator (A)
Carry flag (C)
General-purpose registers (D, E, H, L)
Output latch of each port
Shift register

After RESET, program execution starts from address
00H. The contents of each register must be initialized as
needed.

Power-On-Reset Circuit. The simplest example is shown
in figure 19.

Figure 19. Power-On-Reset Circuit

+5V LPD7514
+
RESET
- 83-003608A 16121
fccvs R
[ (Ta=25°C) — t T
£ } i ] {
< 50 1
d 1
- VDD =5
g ISP O A Y,y S SRR O 8
T f f
E 1 _1’“"*“"_\(—1"*"“*“ 7
£ w0 | ] |
K] — + -
3 - } !
S Mley ez T Vpos3v
g L | |
4 - S e s s s e Ea P
g [ TweF ! ! HHE
@ L ‘ﬂ*“*ﬁ*#**ﬁ%*** \T* g
10 o | i [ 2
10 50 100 500

Resistance, R (kQ)
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Operating Characteristics (cont)

830029254

83-002927A

fecvs Ta
;
1
) }
¥ 500 Vpp=5V
£ R=39ko
=
g S DU A— R S R SRR (U S — U A—
2
g -t ]
w
€ Vpp=3V
s R=160ke—]
= C
3 o
50|
< [{ cu cL2
8 .
E r 44— —F-FJ—"—
B | 33pF N N S S AN AU NS N M
@ = (+ C/°C<60ppm/°C)
0 Rt bl
-25 [} 25 50 75
Ambient Temperature, Ta (°C)
fcvs Vpp
E —F—T—7
E |oticfe—s}t (Ta= -1010 +70°C)
= -
I
= ___|—|__| L
5
< 1000 = E
g 500
3
£
% 100 Defined
8 0
‘é’ Area
2
& H<tpife= o)
s 1051 2:0e= 50
E 1
] = FE L
5 _t1‘>lz.tc 26
1
L[]
0 1 2 3 4 5 6
Supply Voltage, Vpp (V)
Ippvs Vpp
1000 [~ : —
;(TA=25°C)_|3§0peratlngMods(39kHz) =
500 f—t—f————+ HALT (39 kHz) 3
Operating Mode (180 kHz) —— | +
HALT (160 kH2)1
T "
_ 100 | CLt CL2 = L]
g =
% s A = STOP +Xtal =}
o il
o
o I3pF
c
g o L
H = =
14
>
- [
@ 1| [ 32768KH2S 2o0k0 | —~{STOPX1=0V)
™ I¥
0.1 = = K
0 1 2 3 4 5 6
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Supply Voltags, VoD (V)

83-002929A

System Clock Oscillation Resistance, R (k)

Extemal Count Clock Input Frequency, fy (kHz)

Operating Supply Cument, Ipp1 (vA}

g8

Ambient Temperature, Ta (°C)

Rvs Vpp
E (Ta= - t0to +70°C)
Defined
Operating
\\ Area
cL1 CL2
— IS3pF
TS R
0 1 2 3 4 5 ]
Supply Voltage, Vpp (V)
fyvs Vpbp
E  |etie}etzo] (Ta= — 1010 +70°C)
|t
A
Defined
o
oo Area
§!1>(2.l1- 2%
E t1<t2:fy= 1
[h<taibe=op
0 1 2 3 4 5 6
Supply Voltage, VDD (V)
Ippivs Ta
Vpp=5V
R=39kQ
} 4
I
Vpp=3V
F R=180kQ
L cu CL2
33pF
25 0 25 50 75

83-002926A

83-002928A

83-002930A
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Operating Characteristics (cont)
VOH vs loH VoL vs loi
- (Ta=25°C) » (Ta=25°C)
- Vpp=5V
E :‘; DD
3 3
i Vpp=5V § /
z S — i Vop=4v
E /A:o=4v § —
i A1 F
3 // Vpp=3V 3 P Vbp=3V
,// % //// %
o0 1 2 3 4 5 0 0 1 2 3 4 5
VDD-VOH (V) Output Voltage Low, VoL (V)

Differences Between the .PD7514, .PD7508, and
uPD7503

The uPD7514 integrates the features of the uPD7508 and
the strengthened LCD controller/driver of the uPD7503.
Differences are shown in table 7.

Table 7. Ditference Between .PD7514, uPD7508, and

uPD7503
uPDT514 uPD7508CIQ #PDT503G
On-chip RAM 2564 2264 224 x4
Input ports Port 0 (POg-PO3)  Port0 (PO+-P0O3)  Port©
Port 1 (P14-P13) (P04-PO3)
Port 1
(P14-P13)
Output ports Port 2 (P2g-P29)  Port 2 (P29-P23) -
170 ports Port 1(P1p-P13) Port 1 (P1g-P13) -
Port 7 (P7g-P73)  Port7 (P7g-P73)
Number of ports 31 32 23
LCD controller / Biplexed — Triplexed
driver Triplexed Quadriplexed
Multiplexing Quadriplexed
LCD controlier / 32 24
driver
Segments
Package 80-pin flat 40-pin DIP/ 64-pin flat
52-pin fiat
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