
DATA SHEET

MOS INTEGRATED CIRCUIT

juPD16431A
1/2, 1/3, 1/4-DUTY LCD CONTROLLER/DRIVER

The ,uPD16431A is an LCD controller/driver that enables display of segment type LCDs of 1/2, 1/3, or 1/4 duty 

cycle. This controller/driver has 56 segment output lines of which eight can also be used as LED output lines. 

Because the LCD driver contained in the ^PD16431A has separate logic and power supply, up to 6.5 V of LCD 

drive voltage can be set. In addition, key source output lines for key scanning and key input data lines are 

also provided, so that the ̂ PD16431A is ideal for applications in the front panel of an automobile stereo system.

FEATURES
• Various display modes

1/2 duty: 112 segment outputs or 96 segment outputs + 8 LED outputs 

1/3 duty: 168 segment outputs or 144 segment outputs + 8 LED outputs 

1/4 duty: 224 segment outputs or 192 segment outputs + 8 LED outputs

• Key scan circuit (key source outputs are shared with LCD driver outputs)

• Independent LCD driver power supply V l c d  (can be set to Vd d  to 6.5 V)
• Serial data input/output (SCK, STB, DATA)

• On-chip oscillator incorporated

• Power-ON reset circuit

ORDERING INFORMATION

Part Num ber Package

^PD16431AGC-7ET 80-pin plastic QFP (0.65 pitch, 14 x 14)

D ocum ent No. IC-3414 
(O.D. No. IC-8885)

Date Pub iished Janu ary -|995  p ©  r e c Corporation 1 9 9 5
Printed in Japan



NEC ^PD16431A
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NEC MPD16431A

PIN  C O N F IG U R A T IO N

C D L D ' ^ C O C N ^ O O T C O r - ' C D L D ' ^ C O C N ^ O C ^ C O r - '

c3c3c3c3c3c3c3c3c3c3c3c3c3c3c3c3c3<5<5<5
I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I  I I I
c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o

S E G 37

S E G 38

S E G 39

S E G 40

S E G 41

S E G 42

S E G 43

S E G 44

S E G 45

S E G 46

S E G 47

S E G 48

S E G 49/ L E D 1

S E G 50/ L E D 2

S E G 51/ L E D 3

S E G 52/ L E D 4

S E G 53/ L E D 5

s e g 54/l e d 6
S E G 55/ L E D 7

S E G 56/ L E D 8

y 6o

80_
'Pi

4 1 \
40

2 0^

S E G 16

S E G 15

S E G 14

S E G 13

S E G 12

S E G 11

S E G 10

S E G 9

S E G 8/KS 8

S E G 7/KS 7

S E G 6/KS 6

S E G 5/K S 5

S E G 4/KS 4

S E G 3/K S 3

S E G 2/K S 2

S E G 1/K S 1

C O M 4

C O M 3

C O M 2

C O M 1

^ 0 ^ < t n | Q U J  z b^O 
M j U j O h — I— L L l O O  O ^

^  Q O'
LU O^  —I

o

Note Though V s s  and Vee are internally connected, be sure to connect all the power supply pins (Vd d , V s s , 

V l c d , and Ve e).
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NEC juPD16431A

PIN FUNCTIONS

S ym bol Nam e No. D escrip tion

SEG 1/K S 1 to  

SEGe/KSe

S egm ent ou tpu t/ke y  

source  o u tp u t

25 to  32 These p ins serve as LCD segm en t o u tp u t p ins and key 

source  o u tp u t p ins fo r  key scanning.

SEG 9 to  SEG 48 S egm ent o u tpu t 33 to  72 LCD segm en t o u tp u t p ins

SEG 49/LED 1 to  

SEG 56/LED 8

S egm ent output/LED  

o u tp u t p ins

73 to  80 These p ins can be used as LCD segm ent o u tp u t o r LED 

o u tp u t p ins depend ing  on th e  se tting  o f th e  LCD/LED pin.

C O M 1 to  CO M 4 C om m on o u tp u t 21 to  24 LCD co m m o n  o u tp u t p ins

SCK S h ift c lock  inpu t 7 Data s h ift clock. Data is read at the  ris ing  edge, and is 

o u tp u t at the  fa llin g  edge o f th is  clock.

DATA Data in p u t/o u tp u t 8 Th is pin inpu ts  a co m m and  or d isp la y  data, or ou tpu ts  

key data.

A  co m m and  o r data is in p u t at th e  r is ing  edge o f the  sh ift 

c lock, s ta rtin g  from  th e  m ost s ig n ifica n t b it. Key data is 

o u tp u t at the  fa llin g  edge o f th e  s h ift c lock, s ta rtin g  from  

th e  m ost s ig n ifica n t bit.

Th is  pin serves as an open-d ra in  pin in the  o u tp u t m ode.

STB S trobe  inpu t 9 Data can be in p u t w hen  th is  s igna l goes low . W hen it 

goes h igh , com m and  p rocessing  is pe rfo rm ed .

LCD/LED LCD/LED select 10 W hen th is  s igna l goes h igh , the  SEGn/LEDm p ins fu n c tion  

as LCD segm ent o u tp u t p ins; w hen  it goes lo w , they  

fu n c tio n  as LED d rive r o u tp u t pins. The LED d rive r has a 

d rive  c a p a b ility  o f 15 m A  and is N-ch open d ra in .

OE Note O u tp u t enable inp u t 11 W hen th is  s igna l goes lo w , all the  segm en t o u tp u t and 

LED o u tp u t p ins are o ff (SEGn = COMn = V lcd). In terna l 

data are saved.

OSC in O sc illa tion  inpu t 12 C onnect a res is to r fo r o sc illa tio n  c irc u it across these pins.

OSCout O sc illa tion  o u tp u t 13

SYNC S yn ch ron iz ing  s ignal 14 A  synch ro n iz in g  s igna l in p u t pin. W hen tw o  or m ore 
,uPD16431A's are used, each device is w ired-O R ed. This 

pin m ust be pu lled  up w hen  th is  ch ip  is used alone.

KEY1 to  KEY4 Key da ta  in p u t 2 to  5 Key data in p u t p ins fo r  key scann ing

KEY REQ Key request o u tp u t 6 This signal goes high when a key is pressed (key data = H). 

Read th e  key data o n ly  w h ile  th is  p in is h igh.

V dd Logic pow er su p p ly 15 Pow er su p p ly  pin fo r in te rna l log ic

V ss Logic GND 1 GND pin fo r  in te rna l log ic  and LED o u tp u t

V lcd LCD d rive  pow er su p p ly 16 Pow er su p p ly  p in fo r LCD d rive

V ee LCD GND 20 GND pin fo r  LCD d rive

V lci to  VlC3 Pow er su p p ly  fo r  LCD 

d rive

17 to  19 Pow er su p p ly  fo r  d riv in g  d o t m a tr ix  LCD

Note At OE = L, the key data cannot be written correctly, even when the display ON/OFF of the status 

command is set to the "normal operation" (10). Also, in this state, unnecessary waveforms are 

generated from  between SEG 1/K S 1 to SEGs/KSs during the key scanning period. (The display is OFF.)
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NEC mPD16431A

CONFIGURATION OF SHIFT REGISTER
Tw o shift registers, an 8-bit command register and a 56-bit display register, are provided. The first 8 bits 

of input data are recognized as a command and are sent to the command register, and the 9th bit and those 

that fo llow  are recognized as display data and are sent to the display register.

8-bit sh ift reg is te r 
M SB ,-------------*------------- , LSB

The meaning of the display data is as follows: 

LCD: 0 ®  off, 1 ®  on 

LED: 0 ®  on, 1 ®  off
Be sure to transfer 56 bits of display data.

CONFIGURATION OF OUTPUT LATCH

M SB LSB

SEG56/LE D 8 ----------------------------------------------------------- --------------------------------------- SEG i C O M i  (latch addressN ote: 00)

SEG56/LE D 8 ----------------------------------------------------------- --------------------------------------- SEG i te:otNssredrdahtclatM
2

OC 0 i)

SEG56/LE D 8 ----------------------------------------------------------- --------------------------------------- SEG i C O M 3 (latch addressNote: i0 )

SEG56/LE D 8 ----------------------------------------------------------- --------------------------------------- SEG i C O M 4 (latch addressNote: i i )

Note Bits b3 and b4 of status command (Refer to page 8.)
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NEC juPD16431A

KEY MATRIX CONFIGURATION
An exam ple of key m atrix  configurations is shown below.
1) When pressing three or more tim es is assumed:

A configuration exam ple is shown below. In this configuration, 0 to 32 ON switches can be 

recognized.

2) When pressing tw ice or more tim es is assumed:
A configuration exam ple is shown below. In this configuration, 0 to 2 ON switches can be recognized.

KEY1

KEY2

KEY3

KEY4

r  ̂ r  ̂ r r 's r > r \  r
k.
r

J
r >1 r

J K
\  r

J
■n r

J
r

J K. 
 ̂ r

J K. 
r

J

K.
r r r

)  K 
r

J k. 
r
J  K. 

r
)  L 
> r

)  K. 
r

)

k.
r

J L 
r r > r

J k 
> r

J  K_ 

r
)  L 
>> r

)  L 
 ̂ r

)

Ak. A
j.1 L
k. A

J i.
k. A

J L
L j

J  L
i. A

J L
k. A

11 
k. A

1
k.

- e -

Diode A

KSi KS2 KS3 KS4 KS5 KS6 KS7 KSb 

In this configuration, pressing three or more tim es may cause OFF switches to be determ ined to be ON.

For exam ple, if SW2 to SW4 are ON and KS1 has been selected (high level) as shown below, SW 3 in which 

current I1 is running is supposed to be detected to be ON. However, since SW2 and SW4 are ON, current 

I2 runs thus resulting in SW1 to be recognized as being ON.

SW1 1 SW2^ r r\ r >  r\ rKEY1 I

K 0 2  ^
KEY2<—r“ i----------T

E  y

9  ^SW4
J  k . 

>  r

J

>  r

J

r

J  K. 

^  r

J K. 

r

J

P S

r

W  C

r

)  L  

r

)  k. 

>  r

J  K. 

r

)  L  

>  r

) K. 

r

)

KEY3 J  L  

r r >  r

)  k  

r

J  K. 

r

)  L  

>> r

)  L  

r

)

KEY4

A

) K. 

k. Ak. A

J  L

k. A

) K

k. A

J  ^

L A

J  L

k. A

)  L

k. A

)

Ts j  KS2 k s 3 k s 4 k s b

Select

KSe KS7 KSb
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NEC mPD16431A

If diode A is not available, not only the key data may not be read norm ally but the LCD display may be 

affected or ICs may be damaged or deteriorated.

For exam ple, if SW1 and SW2 are ON and KSi has been selected (high level) as shown below, this will 

cause not only current Ii which is supposed to run but also short-circuited current I2 of KSi to KS2 to run. 
It is possible that this will then cause the follow ing three problems:

(1)Since the level to KEY2 is not correctly sent, the key data cannot be latched correctly.

(2)If KS2 is used as SEG2 as well, the LCD display may be distorted (such as causing unintended segments 

to light up).

(3)Since the short-circuited current (current I2 ) of KS2 (high level) to KS2 (low level) runs, ICS may be 

damaged or deteriorated

KEYi

KEY2

" U
KEY3

KEY4

r >> r >1 r > r r >> r  ̂ r r >

A

r

SWi
k  4

SW2
1  r

)  K. 
r

)  L 
 ̂ r r

J L 
>1 r

)  K. 
 ̂ r

)
>

*->*
r r

) L 
> r r

)  L 
r

J L 
> r r

)

r
J

r
J L 
>1 r

J L 
> r

J
's r

J  ̂
>1 r

)  L 
> r  ̂ r

)

K.J
03

J ) L)  LJ J )  L)

K ~ | KS2 KS3 KS4 KS5 KS6 KS7 KS8

Select 
(high level)

Non Select 
(low level)

-e-

7



NEC juPD16431A

CONFIGURATION OF KEY DATA LATCH
The key data is latched as illustrated below and is read by a read com m and, starting from  the most 

significant bit. Key data is read once a fram e and latched when coinciding with the im m ediadtely preceding 

data. In other words, it requires at least 2 fram es from  the tim e the key is pressed till data is confirm ed to 

be the key data (the key request becoming H).

32-bit latch/SHIFT register 

MSB I------------------------------------------------------------ ‘------------------------------------------------------------  ̂ LSB

The key data is 0 when off and 1 when on. 

KEY INPUT EQUIVALENT CIRCUIT

To key latch

Pull-down 
control signal >

-o  KEY n

• The pull-down control signal goes high only during key 
source output and turns on the pull-down transistor.

• The on-resistance of the pull-down transistor is several kW.
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NEC MPD16431A

COM M AND
A command sets a display mode and a status.
The first 1 byte input after the STB pin has fallen is regarded as a command.

If the STB pin is made low while a com m and/data is transferred, serial communication is initialized, and 

the com m and/data being transferred is made invalid (the com m and/data that has been already transferred  

remains valid, however).

(1) Display setting command
This command initializes the ^PD16431A and sets a duty cycle, fram e frequency, drive voltage supply 

method, test mode, and whether the ^PD16431A operates as the master or a slave.
When this command is executed, display is forcibly turned off and key scanning is stopped. To resume 

the display, the normal operation of the "status command" must be executed. Note, however, that nothing 

is executed if the same mode is selected.

M SB LSB

0 b6 b5 b4 b3 b2 b1 b0

Sets duty.
00 1/4 du ty, 1/3 bias
01 1/3 du ty, 1/3 bias
10 1/2 du ty, 1/2 bias
11 1/2 du ty, 1/2 bias

Sets fra m e  frequency.
00 n

XC
O2coO

01 (fOSC/256) x  n
10 nx2)/51

COfO

11 (fOSC/1024) x  n
n= du ty  (1/2, 1/3, 1/4)

S ets drive vo ltage  supp ly  m e thod . 
0: Internal 
1: External

S ets m a s te r or slave.
0: M a s te r 
1: Slave

S ets te s t m ode.
0: N orm a l operation 
1: T e s t m ode

V alues w h e n  p o w e r is applied

0 0 0 0 0 0 0
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NEC juPD16431A

(2) Status command
This command sets a data write/read mode, turns on/off display, and sets a latch address.

M SB LSB

i x x b4 b3 b2 b i b0 x  : D o n 't Care

Sets data w rite /read  m ode.
0: W rite s  d isplay data to  o u tp u t latch 
i :  Reads key data

Turns o n /o ff d isp lay 
00: Forcib ly tu rns  o ff d isplay (all se g m en ts  and LEDs off). 

S tops key scanning.
0 i
i0
i i

P roh ib ited  
N orm al operation 
D o n 't care

Sets latch address
00: C O M i

0 i C O M 2

i o C O M 3

i i : C O M 4

Values w h e n  p o w e r is applied

x x 0 0 0 0 0
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NEC MPD16431A

OUTPUT SELECT VOLTAGE

Top : with internal power supply 

Bottom: with external power supply

2. SEG

+ - Bias

W hen selected GND Vlcd 1/2 bias

GND V lcd

W hen no t se lected V lcd GND

V lcd GND

W hen key scanned GND V lcd

GND V lcd

W hen key not V lcd GND

scanned V lcd GND

W hen selected GND V lcd 1/3 bias

GND V lcd

W hen no t se lected 2/3 V lcd 1/3 V lcd

V lc1 V LC3

W hen key scanned GND V lcd

GND V lcd

W hen key not V lcd GND

scanned V lcd GND

1. COM

+ - Bias

W hen selected V lcd

V lcd

GND

GND

1/2 bias

W hen no t se lected 1/2 V lcd 

V LC2

1/2 V lcd 

V LC2

W hen key scanned 1/2 V lcd 

V LC2

1/2 V lcd 

V LC2

W hen selected V lcd

V lcd

GND

GND

1/3 bias

W hen no t se lected 1/3 V lcd

V LC3

2/3 V lcd 

V lc1

W hen key scanned 1/2 V lcd 

V LC2

1/2 V lcd 

V LC2
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NEC juPD16431A

OUTPUT WAVEFORM
(1) 1/2 duty (1/2 dias)

COMi

COM2

Vlcd 

VLC2 

Vee 

Vlcd 

VLC2 

Vee

Vlcd

SEGi Vlc2

Vee

Vlcd

SEG9 Vlc2

Vee

Vlcd

1/2Vlcd

SEGi-COMi 0

-1/2Vlcd

-Vlcd

Vlcd

1/2Vlcd 

SEGi-COM2 0

-1/2Vlcd 

-Vlcd

©  KEY REQ 
(w/key)

©  KEY REQ 
(w /key® w /o key)

©  KEY REQ 
(w/o key®w/key)

I
I I I I

LTJIUIr n n m
i i  i i

key scan period (16/fc)

0
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NEC MPD16431A

KEY SCAN PERIOD (K0) EXPANSION

K0

V lcd

C O M 1 VLC2

V ee

V lcd

S E G 1 VLC2

V ee

V lcd

0

2 3 4

SEG2 VLC2

V ee

V lcd

SEG 3 VLC2

V ee

V lcd

SEG 4  V lc 2

V ee

V lcd

SEG5-SEG40 VLC2

V ee

|  = Key so u rce  ou tpu t
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NEC juPD16431A

KEY SCAN PERIOD (K1) EXPANSION

V lcd

C O M i V lc 2

V ee

V lcd

SEG1-SEG4, VLC2

S E G 9-S E G 40

V ee

V lcd

S E G 5 V l c 2

V ee

V lcd

SEG 6 V lc 2

V ee

V lcd

SEG7 V lc 2

V ee

V lcd

SEG 8 V lc 2

V ee

K i

©  K E Y  R E Q  

(w/key)

©  K E Y  R E Q  

(w /key® w /o  key)

©  K E Y  R E Q  

(w/o key® w /key)I Key so u rce  ou tpu t

2 3 4
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NEC MPD16431A

(2) 1/3 duty (1/3 bias)

COM1

COM2

V lcd

V lc1
VLC2
VLC3
V ee

V lcd

V lc1
VLC2
VLC3
V ee

“ L

COM3

V lcd 
V lc1
VLC2 -----1
VLC3 L
V ee

SEG1

SEG9

SEG1-C O M 1

SEG1-C O M 2

V lcd

V lc1
VLC2
VLC3
V ee

V lcd

V lc1
VLC2
VLC3

V ee

V lcd

1/2V lcd

1/3VLCD
0

-1/3VLCD

-1/2VLCD

-Vlcd

V lcd

1/2V lcd

1/3VLCD
0

-1/3VLCD

-1/2VLCD

-Vlcd

n

u n

1 1 1 1 1M i l l
i f W i l
I I I I I

key scan period (16/fc)

15
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NEC juPD16431A

KEY SCAN PERIOD (K0) EXPANSION

K0

C O M i

S E G i

V lcd

V lc i

VLC2

VLC3

V ee

V lcd

V lc i

VLC2

VLC3

V ee

S E G 2

SEG3

SEG 4

S E G 5-S E G 8

V lcd

V lc i

VLC2

VLC3

V ee

0

2 3 4

|  = Key so u rce  ou tpu t
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NEC MPD16431A

KEY SCAN PERIOD (K1) EXPANSION

K1

C O M 1

S E G 1-S E G 4,

S E G 9-S E G 40

SEG5

SEG7

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V ee

SEG6

SEG8

V lcd

V l c 1

VLC2

VLC3

V eeI Key so u rce  ou tpu t

2 3 4
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NEC juPD16431A

KEY SCAN PERIOD (K2) EXPANSION

K2

COM i

Vlcd

Vlci

VLC2
VLC3
Vee

SEG1-SEG40

Vlcd

Vlci

VLC2
VLC3
Vee

2

2 3 4
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NEC MPD16431A

(3) 1 /4  duty (1 /3  bias)

CO M 1

COM 2

COM3

COM4

Vlcd

Vlc1
VLC2
VLC3
V ee

Vlcd

Vlc1
VLC2
VLC3
Vee

Vlcd

Vlc1
VLC2
VLC3
Vee

Vlcd

Vlc1
VLC2
VLC3
Vee

SEG1-COM 1

Vlcd
Vlc1

SEG1 V lc 2

VLC3 
Vee

Vlcd

Vlc1
SEG9  V lc 2

VLC3 
Vee

Vlcd

2/3Vlcd

1/2Vlcd

1/3Vlcd

0
-1/3Vlcd

-1/2Vlcd

-2/3Vlcd

-Vlcd

SEG1-COM 2

Vlcd

2/3Vlcd

1/2Vlcd

1/3Vlcd

0
-1/3Vlcd

-1/2Vlcd

-2/3Vlcd

-Vlcd

p

n
u

n s

n s

rL

u n

1 1 1 1 1

*: key scan period 
(16/fc)

LT^IJUlM i l l  I
I

l l l l l l

19
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NEC juPD16431A

KEY SCAN PERIOD (K0) EXPANSION

K0

C O M i

SEGi

SEG2

V lcd

V lci

VLC2

VLC3
V ee

V lcd

V lci

VLC2
VLC3

V ee

V lcd

V lci

VLC2
VLC3

V ee

SEG3

SEG4

SEG5-SEG40

V lcd

V lci

VLC2
VLC3

V ee

0

2 3 4

|  = Key source ou tpu t
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NEC mPD16431A

KEY SCAN PERIOD (K1) EXPANSION

K1

C O M 1

S E G 1-S E G 4,

S E G 9-S E G 40

SEG 5

SEG 6

SEG7

SEG 8

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V ee

V lcd

V l c 1

VLC2

VLC3

V eeI

II
HI
u

= Key so u rce  ou tpu t

2 3 4
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NEC juPD16431A

KEY SCAN PERIOD (K2) EXPANSION

Vlcd

Vlci

C O M i Vlc2
VLC3
Vee

K2

SEG1-SEG4 0

Vlcd

Vlci

VLC2
VLC3
Vee

2

2 3 4

KEY SCAN PERIOD (K3) EXPANSION

Vlcd

Vlci

CO M i Vlc2
VLC3
Vee

Vlcd

Vlci

SEG1-SEG4 0  V lc 2

VLC3
Vee

K3 3

2 3 4
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NEC mPD16431A

SERIAL CO M M UNICATIO N FORMAT

(1) Receive (com m and/data write)

STB

DATA

SCK

(2) Transm it (com m and/data read)

STB

DATA

SCK

If data con tinues

Xj D G D G l ........^ D G D (

^ ........j

E Q 0 Q O C

Data read com m and set

1 ms _

Data readW a it tim e  tWAIT

Note Because the DATA pin is an N-ch open-drain output pin, be sure to connect an external pull-up 

resistor to this pin (1 kW to 10 kW).
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NEC juPD16431A

APPLICATION

1. Example of initial setting + display data w rite

Param eter STB
C om m and/data

Remarks
b7 b6 b5 b4 b3 b2 b1 b0

S tart H

Set d isp la y  com m and L 0 0 0 0 0 0 0 0 1/4 d u ty , fram e  freq u e n cy  = fosc/128 x  1/4, in te rna l d rive  

vo lta g e , m aster

H

Status com m and L 1 0 0 0 0 0 0 0 D isp lay  data w r ite , d isp la y  o ff, latch address: CO M 1

D isp lay  data 1

I
I

L X X X X X X X X

C O M 1 data (7 bytes)

D isp lay  data 7 L X X X X X X X X

Status com m and L 1 0 0 0 1 0 0 0 D isp lay  data w r ite , d isp la y  o ff, latch address: COM 2

D isp lay  data 1
II
I

L X X X X X X X X

COM 2 data (7 bytes)

D isp lay  data 7 L X X X X X X X X

Status com m and L 1 0 0 1 0 0 0 0 D isp lay  data w r ite , d isp la y  o ff, latch address: COM 3

D isp lay  data 1

I
I

L X X X X X X X X

COM 3 data (7 bytes)

D isp lay  data 7 L X X X X X X X X

Status com m and L 1 0 0 1 1 0 0 0 D isp lay  data w r ite , d isp la y  o ff, latch address: COM 4

D isp lay  data 1
II
I

L X X X X X X X X

C O M 4 data (7 bytes)

D isp lay  data 7 L X X X X X X X X

Status com m and L 1 0 0 0 0 1 0 0 D isp lay  data w r ite , d isp la y  on

End H
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NEC mPD16431A

2. Example of display data w rite  (rew rite, 1/4)

Param eter STB
C om m and/data

Remarks
b7 b6 b5 b4 b3 b2 b1 b0

S tart H

S tatus com m and L 1 0 0 0 0 1 0 0 D isp lay  data w r ite , d isp la y  on, latch address: COMi

D isp lay  data 1

1
1

L X X X X X X X X

CO M i data (7 bytes)

D isp lay  data 7 L X X X X X X X X

S tatus com m and L 1 0 0 0 1 1 0 0 D isp lay  data w r ite , d isp la y  on, latch address: COM 2

D isp lay  data 1

1
1

L X X X X X X X X

C O M 2 data (7 b y tes)

D isp lay  data 7 L X X X X X X X X

S tatus com m and L 1 0 0 1 0 1 0 0 D isp lay  data w r ite , d isp la y  on, latch address: COM 3

D isp lay  data 1
11
1

L X X X X X X X X

COM3 data (7 bytes)

D isp lay  data 7 L X X X X X X X X

S tatus com m and L 1 0 0 1 1 1 0 0 D isp lay  data w r ite , d isp la y  on, latch address: COM 4

D isp lay  data 1
11
1

L
11
1

X X X X X X X X

COM4 data (7 bytes)

D isp lay  data 7 L X X X X X X X X

End H
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NEC mPD16431A

3. Example of key data read

Param eter STB
C om m and/data

Remarks
b7 b6 b5 b4 b3 b2 b1 b0

KEY REQ check KEY REQ = H: Key data exists. ®  S ta rt read ing.

KEY REQ = L: Key data does not exist (reading is inhib ited).
®  Check KEY REQ again.

S ta rt H

Status com m and L 1 0 0 0 0 1 0 1 Data read, d isp la y  on

W a it t im e L 1 ms

Key data 1

1
1

L

1
1

X X X X X X X X

4 bytes

Key data 4 L X X X X X X X X

End H
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NEC mPD16431A

ABSOLUTE M A X IM U M  RATINGS (Ta = 25 °C, Vss = 0 V)

Param eter S ym bo l Ratings U n it

Log ic su p p ly  vo lta g e Vdd -0 .3  to  +7.0 V

Logic in p u t vo lta g e V iN -0 .3  to  Vdd + 0.3 v

Logic o u tp u t vo lta g e  (DATA) V out -0 .3  to  +7.0 v

LCD d rive  su p p ly  vo lta g e V lcd -0 .3  to  +7.0 v

LCD d rive  su p p ly  in p u t vo lta g e V lci to  Vlc3 -0 .3  to  Vlcd + 0.3 v

D rive r o u tp u t vo lta g e  

(segm ent, co m m o n , LED)

VoUT2 -0 .3  to  V lcd + 0.3 v

LED o u tp u t cu rren t Io +20 m A

O pera ting  a m b ie n t te m p e ra tu re Topt -4 0  to  +85 •C

S to rage  te m p e ra tu re T stg -5 5  to  +150 •C

P erm iss ib le  package pow er 

d iss ipa tion

Pt 1 000 m W

RECOMMENDED OPERATING CONDITIONS

Param eter S ym bo l m i n . TYP. M AX. U n it

Logic su p p ly  vo lta g e Vdd 2.7 5.0 5.5 V

LCD d rive  su p p ly  vo lta g e V lcd Vdd 5.0 6.5 v

Logic in p u t vo lta g e V in 0 Vdd v

D rive r o u tp u t vo lta g e V lc 1 to  Vlc3 0 V lcd v
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NEC mPD16431A

ELECTRICAL SPECIFICATIONS (Unless otherwise specified, Ta = -4 0  to  +85 °C, V dd = V lcd = 5 V  ±10%)

Param eter S ym bo l MIN. TYP. M AX. U n it

Inpu t vo lta g e , h igh V ih 0.7 V dd Vdd V

Input vo lta g e , low V il 0 0.3 V dd v

In p u t cu rre n t, h igh IlH CLK, STB, LCD/LED, OE 1 mA

In p u t cu rre n t, low IlL CLK, STB, LCD/LED, OE -1 mA

O u tp u t vo lta g e , lo w Vol1 LED1 to  LED8. I0 L1 = 15 m A 1.0 v

O u tp u t vo lta g e , h igh VoH2 OSCout, I0 H2 = -1 m A 0.9 V dd v

O u tp u t vo lta g e , lo w VoL2 DATA, OSCout, SYNC, I0 L2 = 4 m A 0.1 V dd v

Leakage cu rre n t, h igh IlOH2 DATA, SYNC, V in out = V dd 1 m A

Leakage cu rre n t, low ILOL2 DATA, SYNC, V in out = V ss -1 m A

C om m on o u tp u t ON resistance Rcom C O M 1 to  CO M 4, 1 lo 1 = 100 mA 2.4 kW

S egm ent o u tp u t ON resistance Rseg SEG 1 to  SEG56, 1 lo 1 = 100 mA 4.0 kW

Logic cu rre n t d iss ipa tion Idd fosc = 250 kHz 250 mA

LCD d rive  cu rre n t co n su m p tio n Ilcd W ith  in te rna l bias and no load 500 mA

Remark The TYP. value is a reference value at T a = 25 °C.
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NEC mPD16431A

SW ITCHING CHARACTERISTICS
(Unless otherwise specified, Ta = -4 0  to +85 °C, V dd = V lcd = 5 V  ± 10%, Rl  = 5 kW, Cl  = 150 pF)

Param eter S ym bo l C ond itions MIN. TYP. M AX. U n it

O sc illa tion  frequency fosc R = 100 kW 175 250 325 kHz

O sc illa tion  frequency fosc R = 200 kW 105 150 195 kHz

P ropagation  de lay  tim e tpZL SCK i  ®  DATA i 100 ns

P ropagation  de lay  tim e tpLZ SCK i  ®  DATA T 300 ns

SYNC de lay tim e tDSYNC 1.5 ms

TIM ING  REQUIREMENTS
(Unless otherwise specified, Ta = -4 0  to  +85 °C, V dd = V lcd = 5 V  ± 10%, Rl = 5 kW, Cl = 150 pF)

Param eter S ym bo l C ond itions MIN. TYP. M AX. U n it

C lock frequency fC OSC in exte rna l c lock 50 325 kHz

H igh -leve l c lock pulse w id th twHC OSC in exte rna l c lock 1.5 16 ms

Low -leve l c lock pulse w id th twLC OSC in exte rna l c lock 1.5 16 ms

S h ift c lock  cycle tCYK SCK 900 ns

H igh -leve l s h ift c lock pulse 

w id th

tWHK SCK 400 ns

Low -leve l s h ift c lock pulse 

w id th

tWLK SCK 400 ns

S h ift c lock ho ld  tim e tHSTBK STB i  ®  SCK i 1.5 ms

Data setup tim e tDS DATA ®  SCK T 100 ns

Data ho ld  tim e tDH SCK T ®  DATA 200 ns

STB ho ld  tim e tDKSTB SCK T ®  STB T 1 ms

STB pulse w id th tWSTB 1 ms

W a it t im e tWAIT CLK T ®  CLK i 1 ms

SYNC rem ova l tim e tSREM 250 ns

Output Load
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NEC mPD16431A

Switching Characteristic Waveform

CSC in

STB

SCK

DATA

SYNC tim ing  (master) SYNC tim ing  (slave)

1 fram e 1 fram e 1 fram e 1 fram e

f OSc JLnnnr.mw
• * —  t DSYNC

.ITLTL
<- t SREM

SYNC [/ /
In te rna l reset n n
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NEC mPD16431A

Switching Characteristic Waveform

Application Circuit Example (w ith LED, 1/4 duty, 1/3 bias)

LCD

To m icrocom puter

V dd

I
1

R 5

V dd

R gIJT

DATA

C
O

M
n

SCK

STB

KEY  REQ  

OE

LCD/LED

S E G 1/KS 1
to

SEG 8/KS8

SEG 9
to

S EG 48

mPD16431A

SYNC.

O S C in LE D n

K E Y n

O S C o u t

V dd  V ss V l c d  V l c i  V lc 2 V  lc 3  V ee

o o 
+5 VGND

H W H ^ M r - M A A r - M V V - '
, R i R 2 R 2 R i
u O

+ 6 V  GND

40

t
I

V lc d

R 8

LED

4

R i i k to 10 kW
R2 i/2  R i

R5, R 6 1 k to 10 kW
R7 100 kW TYP.
R8 330 to 1 kW

R i through R2 are not necessary w hen 
the internal drive voltage is se lected  
(V l c i  through V lc 3  are open).

4

8

8

8
R
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NEC mPD16431A

Note Example of external source circuit (when 1/2 bias)

o  o
+ 5 V GND

M W
^  R1
O

+6 V GND

R1 = 1 k to 10 kW 
(approx.)

The a p p lic a tio n  c irc u its  and th e ir  pa ra m e te rs  are fo r  re fe rences o n ly  and are n o t in te n de d  fo r  use in ac tua l d e s ig n -in 's .
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NEC MPD16431A

80 PIN PLASTIC LQFP ( □  14)

Each lead centerline  is located w ith in  0.13 mm (0.005 inch) of 
its true position (T.P.) at m aximum  m ateria l condition.

deta il o f lead  end

ITEM M IL L IM E T E R S IN C H E S

A 16.0±0 .2 0 .6 3 0± 0 .0 0 8

B 14.0±0.1 0 .5 5 1 +0.0050 .5 5 1 -0 .0 0 4

C 14.0±0.1 0 .5 5 1 +0.0050 .5 5 1 -0 .0 0 4

D 16.0±0 .2 0 .6 3 0 ± 0 .0 0 8

F 0 .825 0 .032

G 0 .825 0 .032

H 0 .3 0 ±0 .1 0 0. 0 2 -+ 0
0 0

cn
.u

I 0 .13 0 .005

J 0 .65  (T .P .) 0 .026  (T .P .)

K 1 .0±0.2 0 039+0 .009  
0 039-0 .0 0 8

L 0 .5±0 .2 0 .0 2 0 +0.0080 .0 2 0 -0 .0 0 9

M 0 125 + 0 .10  
0 l 2 5 -0 .0 5 0. 0 o cn -+ 0

0 0
hO

-U

N 0 .10 0 .004

P 1.4±0.1 0 .0 5 5± 0 .0 0 4

Q 0 .1 2 5 ± 0 .0 7 5 0 .0 0 5± 0 .0 0 3

R 3 ° + 7°3 -3 ° 3 ° + 7°3 -3 °

S 1.7 MAX. 0 .067  MAX.

S80GC-65-7ET-1
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NEC mPD16431A

REFERENCE

D o cu m e n t N am e D o cu m e n t No.

NEC S e m ic o n d u c to r D evice R e lia b ility /Q u a lity  C o n tro l S ystem IEI-1212

Q u a lity  g rade  on NEC S e m ic o n d u c to r  Devices IEI-1209

No p a r t  o f  th is  d o c u m e n t  m a y  be c o p ie d  or  r e p ro d u c e d  in a ny  f o r m  o r  by  a ny  m e a n s  w i t h o u t  t h e  p r io r  w r i t t e n  

c o n s e n t  o f  NEC C o rp o ra t io n .  NEC C o rp o ra t io n  a s s u m e s  no r e s p o n s ib i l i t y  f o r  an y  e r ro rs  w h ic h  m a y  a p p e a r  in th is  

d o c u m e n t .

NEC C o rp o ra t io n  d o e s  n o t  a s s u m e  an y  l iab i l i ty  f o r  i n f r i n g e m e n t  o f  p a te n ts ,  c o p y r ig h ts  o r  o th e r  in te l le c tu a l  

p ro p e r t y  r ig h ts  o f  th i rd  p a r t ie s  by  o r  a r is ing  f r o m  u se  o f  a d e v ic e  d e s c r ib e d  h e re in  o r  an y  o th e r  l ia b i l i ty  a r is ing  

f r o m  use  o f  s u ch  d e v ic e .  No l ice n se ,  e i t h e r  e x p re s s ,  im p l ie d  o r  o th e r w is e ,  is g ra n te d  u n d e r  a ny  p a te n ts ,  

c o p y r ig h ts  o r  o th e r  in te l le c tu a l  p ro p e r t y  r ig h ts  o f  NEC C o rp o ra t io n  o r  o th e rs .

W h i le  NEC C o rp o ra t io n  has b een  m a k in g  c o n t in u o u s  e f f o r t  t o  e n h a n c e  th e  re l ia b i l i ty  o f  i ts  s e m ic o n d u c t o r  d e v ice s ,  

t h e  p o s s ib i l i t y  o f  d e fe c t s  c a n n o t  be e l im in a te d  e n t i re ly .  To m in im iz e  r isks  o f  d a m a g e  o r  in ju ry  to  p e rs o n s  or 

p ro p e r t y  a r is ing  f r o m  a d e fe c t  in an NEC s e m ic o n d u c t o r  d e v ic e ,  c u s t o m e r  m u s t  in c o rp o ra te  s u f f i c ie n t  s a fe ty  

m e a s u re s  in i ts  d e s ig n ,  su ch  as re d u n d a n c y ,  f i r e - c o n ta in m e n t ,  and a n t i - fa i lu re  fe a tu re s .

NEC d e v ic e s  a re  c la s s i f ie d  in to  t h e  f o l l o w in g  th re e  q u a l i t y  g ra d e s :

" S t a n d a r d " ,  " S p e c ia l " ,  and " S p e c i f i c " .  T he  S p e c i f ic  q u a l i t y  g ra d e  a p p l ie s  o n ly  to  d e v ic e s  d e v e lo p e d  ba se d  on 

a c u s t o m e r  d e s ig n a te d  " q u a l i t y  a s s u ra n c e  p r o g r a m "  f o r  a s p e c i f i c  a p p l ic a t io n .  T he  r e c o m m e n d e d  a p p l ic a t io n s  

o f  a d e v ic e  d e p e n d  on i ts  q u a l i t y  g ra d e ,  as in d ic a te d  b e lo w .  C u s to m e r s  m u s t  c h e c k  th e  q u a l i t y  g ra d e  o f  each  

d e v ic e  b e fo re  us in g  it in a p a r t ic u la r  app l ica t io n .

S ta n d a rd :  C o m p u te r s ,  o f f i c e  e q u ip m e n t ,  c o m m u n ic a t io n s  e q u ip m e n t ,  t e s t  and m e a s u r e m e n t  e q u ip m e n t ,  

au d io  and v isu a l  e q u ip m e n t ,  h o m e  e le c t ro n ic  a p p l ia n c e s ,  m a c h in e  to o ls ,  p e rs o n a l  e le c t ro n ic  

e q u ip m e n t  and in d u s t r ia l  ro b o ts  

Spec ia l :  T ra n s p o r ta t io n  e q u ip m e n t  (a u to m o b i le s ,  t ra in s ,  s h ip s ,  e tc .) ,  t r a f f i c  c o n t ro l  s y s te m s ,  a n t i -d is a s te r

s y s te m s ,  a n t i - c r im e  s y s te m s ,  s a fe ty  e q u ip m e n t  and m e d ic a l  e q u ip m e n t  (no t  s p e c i f ic a l ly  d e s ig n e d  

f o r  l i fe  su p p o r t )

S p e c i f ic :  A i r c ra f ts ,  a e ro s p a c e  e q u ip m e n t ,  s u b m e r s ib le  re p e a te rs ,  n u c le a r  r e a c to r  c o n t ro l  s y s te m s ,  life 

s u p p o r t  s y s t e m s  o r  m e d ic a l  e q u ip m e n t  f o r  l i fe  s u p p o r t ,  e tc .

T he  q u a l i ty  g ra d e  o f  NEC d e v ic e s  in " S ta n d a r d "  u n le s s  o t h e r w is e  s p e c i f ie d  in N E C 's  Data  S h e e ts  o r  Data B ooks .  

If c u s t o m e r s  in te n d  to  u se  NEC d e v ic e s  fo r  a p p l ic a t io n s  o th e r  th a n  t h o s e  s p e c i f ie d  fo r  S ta n d a rd  q u a l i t y  g rade , 

t h e y  s h o u ld  c o n ta c t  NEC S a les  R e p re s e n ta t iv e  in advance .

A n t i - ra d io a c t iv e  d e s ig n  is n o t  im p le m e n te d  in th is  p ro d u c t .
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