DATA SHEET

NEC / MOS INTEGRATED CIRCUIT
4PD16623

240-OUTPUT TFT-LCD SOURCE DRIVER
(COMPATIBLE WITH 64 GRAY SCALE)

The uPD16623 is a TFT-LCD source driver compatible with 64 gray scale displays.

Along with its digital data input consisting € bits by 3 dots, the driver can realize a full-color display cf 260,000
colors based on y-corrected power output of 64 values by means of an internal D/A converter and nine external power
supplies.

The clock trequency is 33 MHzmn,, which is applicable to VGA-standard TFT-LCD panels.

FEATURES

+ Capable of power output of 64 values by means ol nine external power supplies and a D/A converter.

- Capable of y-corrected power level inversion

- Qutput voltage range: 4.8 Vere max. (when the driver part supply voltage Voo: = 5.0 V)

+ CMOS level input

« input of 6 bits (gray scale data) x 3 dots
High-speed data transfer: fna. = 33 MHz (internal data transfer rate when the logic part supply voltage
Voot = 3.0 V)

- 240 outputs

+  Equipped with siim TCP

ORDERING INFORMATION

Part Number Package

2PD16623N-xxx TCP (TAB package)

Remark Because the TCP’s external shape is customized, please consult an NEC salesperson for further details
in this regard.

Document No. S10129EJ2v0DS00 (2nd edition}
Date Published October 1995 P
Printed in Japan

© NEC Corporation 199!
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i. BLOCK DIAGRAM
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2. PIN CONFIGURATION (Sincethe uPD16623's standard TCP is not available, please refer tothe yPD16622N-

053 “or functional assessment purposes.}

(Top view of
the copper foil
face)

Remark This figure is not an external view of the device.

477



NEC

4PD16623

3. PIN FUNCTIONS

Pin Symbol

Pin Name

Description

S to Sz

Driver output

D/A-converted analog voitage of 64 gray scale is output.

Daoo to Des

Doo to D+s

D2 to Des

Display data input

Display data is entered with the width of 18 bits of gray scale data
(6 bits) x 3 dots (RGB)
Dxe: LSB, Dxs: MSB

RIT

Shift direction switching input

Refers to the start pulse input/output pin in cascading.
The shift directions of the shift registers are as follows:
R/L = H: STHR input; $1 -+ S210; STHL output
RIL = L: STHL input; S2¢0 — S1; STHR output

STHR

Right shift start pulse
input/output

Rl = H: Becomes the start pulse input pin.
R/L = H: Becomes the start pulse output pin.

STHL

Left shift start pulse
input/output

RIL = H: Becomes the starl putse oulput pin.
R/ = L: Becomes the start puise input pin.

Shift clock input

Refers to the shift clock input of the shift register. At the rising edge,
this pin reads the display data into the data register. At the 80th clock
since input of the start pulse, the start puise output is driven high to
become the start pulse of the next-level driver. The 80th clock of the
first-level driver becomes the start putse input of the next-level driver.

W)
et

Latch input

At the rising edge, this pin fatches the contents of the data register,
transfers ther to the D/A converter, and then precharges the driver
output. After STB input, the contents of the internal shilt register are
cieared. When started up, it operates normally after input of 1 pulse.
For details of the §T8's input timing, please refer to Relationship
Between §T~B, Start Pulse (S§THR, STHL) and Blanking Period, which
describes switching characteristic wavetorms.

x

Inhibit input

The driver which is placed in the precharge state by the STB outputs
the analog value corresponding to the display data at the rising edge of
INH. For details of the INH input timing, please refer to the switching
characteristic waveforms.

Vo to Vs

y-corrected power supply

Inputs the y-corrected power from outside.

Vssz < VoS VrsVzg Vs Vag Vs <Ve<Vr< Ve Vooz or

Vssz € Ve S V7 € Ve € Vs € VoS Vag V2 £ Vi< Vo< Vooz

During gray scale voltage output, make sure to retain the gray scale level
power. When shifting the y-corrected power during the precharged
period, ensure that this power is stable before securing the precharge
period tech.

TEST

Test pin

Place the pin at "H".

Voo

l.ogic part power

33Vi03V

Vooz

Driver part power

5.0V 05V

Vsst

t.ogic ground

Ground

Vss2

Driver ground

Ground

Caution For prevention of latch-up breakdown, the power must be applied in order of Vooi, logic input,
Vouz, and then gray scale power (Vo to Vs). Powering-OFF is carried out in the reverse order. Be
sire to observe this sequence even during the period of transition.
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4. RELATIONSHiIP BETWEEN INPUT DATA AND OUTPUT VOLTAGE VALUE

The major 9 points on the curve of ycharacteristics on the LCD panel are arbitrarily assigned to external power
supplies Va to Vo. The upper 3 bits of the display data select external power supplies Vn.1 10 Vn; and the lower 3 bits
split Vns1 to Va into eight uniform partitions by means of D/A conversion to output the 64 gray scale voltage.

MSB LSB
l Dxs Dxa “ Dxa K Dz 1 Dixt | Dxa
oo _m,_}k;dw e
| Upper 3 bits: Selgct y-corrected power supplies | Lower 3 bits: 3-bit D/A
(Va1 to Va). (Split Va1 to Va into 8 partitions.)
i
! !
Table 1 Figure 1
Dixs Dxe Dx3 Vet 0 Vi Vet
0 0 0 Ve to Vz
0 0 1 VroVs |
0 1 0 Vs to Vs
|0 1 1 V510 Vs
1 0 0 Vato Vs
1 0 1 VitoVz |
I N N Y
1ol Lt ] Witove A R
1000001 010:011:100 1011107 111
Dixz to Dxo
Voo
Vs
Vr
Vs
Vs
Vs
Va
Vz
'z
Vo R } ;
V!
=0 7 F 17 1F 27 2F 37 aF
Input Data (HEX)
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Table 2 Relationship Between Input Data and Output Voitage

input Data Dxs Dxa Dxs Dx2 Dx: Dxe Qutput Voitage

00w 0 4] 0 0 0 0 V7 + (Vs~ V7) x 7/8
[ HY 0 0 0 0 [ 1 V7 + {Va— V7) x 6/8
02w 0 0 0 4] 1 0 V7 + (V= V7) x 5/8
03w 0 0 0 0 1 i Vi + (Va— V7) x 4/8
04n 0 4] 0 1 0 0 V7 + (Vs— V7) x 318
05u 0 0 0 1 0 1 V7 + (Va— V) x 2/8
06# 0 0 0 1 1 [ V7 + (Vo— V7)< 1/8
07w 0 0 0 1 1 1 Vz

08w 0 0 1 0 0 0 Ve + (V- Ve) x 7/8
09n 0 0 1 a 0 1 Ve + (V71— Ve) x 6/8
0AH 0 0 1 o] 1 0 Vs + (Vi— Ve) x 5/8
08w Q 0 1 a 1 1 Vs + (V7— Ve) x 4/8
QCu 0 4] 1 1 0 0 Vs + {(Vi— Ve) x 3/8
Q0 0 0 1 1 a 1 Vs + {Vi~ Vs) x 2/18
OEn 0 4] 1 1 1 0 Vs + {V7~ Vs) x 1/8
0F - 0 0 1 1 1 1 Vs

10n 0 1 g 0 0 a Vs + (Ve Vs) x 7/8
T 0 1 0 0 0 1 Vs + (Va- V) x 6/8
12 Q 1 a Q 1 Q Vs + (Ve— Vs) x B/8
13n 0 1 0 4] 1 1 Vs + (Ve— Vs) x 4/8
144 0 1 0 1 0 0 Vs + (Ve— Vs) x 3/8
15m 0 1 0 1 0 1 Vs + (Ve— Vs) x 2/8
16m 0 1 0 1 1 0 Vs + {Ve— V) x 1/8
17w 0 1 0 1 1 1 Vs

18u 0 1 1 0 a 0 Ve + {Vs— V) x 7/8
19u 0 1 1 0 0 1 Vi + (Vs— Va) x 6/8
1AH 0 1 1 0 1 1] Ve + {Vs— V4) x 5/8
1Br 0 1 1 0 1 1 Vi + {Vs~ Va) x 4/8
1Cw 0 1 1 1 0 Q Va + (Vs~ Va) x 3/8
10w 0 1 1 1 0 1 Vi + (Vs— Va) = 2/8
1Ex 0 1 1 1 1 ] Va+ (Vs— Vo) x 1/8
1F 0 1 1 1 1 1 Va

20m 1 0 0 4 0 0 Vi + (Va—V3) x 7/8
21u 1 0 0 0 0 1 Vs & (Vi V) x 6/8
224 1 0 0 Q 1 0 Vi + (Va— V) % 5/8
23 1 D 0 [¢] 1 1 Vi + (Va— Va) x 4/8
24n t 0 0 t a 0 Vi + (Va— V3) » 3/8
25u 1 4] 0 1 0 1 Vs + (Va— Va) x 2/8
261 1 [4] 0 1 1 0 Vi + (Va~Vg) x 1/8
27w 1 0 0 1 1 1 Va

28n 1 Q 1 0 Q [ V2 + {Va~ V2) x 7/8
2%y 1 0 1 o] 0 1 Vz + (Va~ V2} x 6/8
2An 1 0 1 o] 1 Q Vz + (V3— Vo) x 5/8
2B 1 0 1 0 1 1 Vo + (Va— V2) x 4/8
2Cu 1 0 1 1 ) 0 Vo + (Va— V) x 3/8
20n 1 0 1 1 0 1 V2 + (Va— Vz) x 2/8
2€k 1 0 1 1 3 0 Vo + {(Va— Vo) x 18
2Fn 1 0 1 1 1 1 Ve

30n 1 1 0 [ 0 0 Vi (V2—- V1) = 7/8
31 1 1 0 0 0 1 Vi+ (Va— Vi) x 6/8
32¢ 1 1 o 0 1 0 Vi+ (V2= Vi) x 5/8
33u 1 1 0 0 1 1 Vi 4 (V2= Vi) % 4/8
Jdn 1 1 0 1 G 0 Vi+ {Vo— Vi) x 3/8
35m 1 1 0 1 Q 1 Vit {(Vz— Vi) x 2/8
36+ 1 1 4] 1 1 0 Vi+ (V2— Vi) x 1/8
37x 1 1 Y] 1 i 1 Vi

384 1 1 1 0 0 0 Vo + (V1= Vo) x 7/8
394 1 1 1 0 0 1 Vo + (Vi— Vo) x 6/8
3Ax 1 1 1 0 1 0 Vo + (Vi— Vo) x 5/8
3B8n 1 1 1 0 1 1 Vo + (Vi— Vo) x 4/8
3Cx 1 1 1 1 0 0 Vo + (Vi~ Vo) x 3/8
30k 1 1 1 1 0 1 Vo + (Vi— Vo) x 2/8
3En 1 1 1 1 1 0 Vo + (Vi— Vo) x 1/8
3FK 1 1 1 1 1 1 Vo
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Regarding Corrected Power Circuits

The relerence power supply of the D/A converter is composed of 64 resistor ladder circuits in total; and the
resistance value Zr viewed from between y-corrected power supply terminals varies depending on between which
v-corrected power supply terminals itis viewed from. Between two y-corrected power supply terminais, there are eight
identical serial resistors. The resistance value Ir in the diagram below is represented by the sum of eight values.
The resistance ratio (Zr ratic) between y-corrected power supply terminals is designed with a value comparatively
close to the ratio of y-corrected voltages Vs to Vo (gray scale voltages of the 8-step portion) used on the actual LCD
panel. Therefore, under an ideal condition where there is no difference between these two ratios, the potential
difference between the voltage of the y-corrected power supply and the gray scale voltage of the 8-step portion in
the uPD168623’s resistor ladder circuits disappears. Also, because no more currents flow into the y-corrected power
supply terminals V1 to V7, the voltage follower circuit is rendered unnecessary.

+ y-corrected power supply pin
/ Resistor fadder circuit

pPD16623

Re =4k = B

| Sum of eight y-corrected
resistors

8
= R7=2k$)=§(r
s
Re=2kQ =11
8
Rs=2k£2=§|‘n
3
Re=2kQ=1n
8
Ra=4KkQ =2n
5
Rz =4 kQ =10

£
Ri=Bidr=1n
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Relationship Between input Data and Output
Data format: 1-pixel data (6 bits) x RGB (3 dots)
Input width: 18 bits

R/L = H (Right shift)

Qutput S Sz Sa Szas Sa2a0
Data Doo to Des Do to Dis D2y to Das Do to Dis Dzo to Das
R/L = L (Left shift)
Qutput S« Sz Sa Sese Sas0
Data Daa to Dos O te D D2 to Da2s Dw to Dis D to Oz

5. OUTPUT BUFFER OPERATION

During the blanking period, precharging is performed by theinhibitcurrent lvow: untitthe Vopz level is reached. Then,
it writing by the LCD is completed up to a specified voltage by the sink current lvot, the machine is switched

automatically to Power Save mode and the Write voltage is placed in hold by lvonz.

The timing and pulse width of the inhibit signal are determined by the load capacity of the LCD panel. Therefore,
this is an item specified by the customer when designing the LCD panel. If the common electric potential is unstable
during writing, it may lead to failures. (When in hold, the output impedance is as high as 1 MQ. Thus, the load may
be affected by the common inversion, causing the output to become abnormal. Be careful about this. Make sure to

perform the common inversion during the low precharge period when the output impedance is low.

Vouz j\—

Vsse T
Precharge Write Hold

{Ivorn) {lvoy) {Ivonez)

1 Horizontal period
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Absolute Maximum Ratings (Vss1 = Vss2 = 0 V)

Parameter Symbot Rating Unit
Supply Voltage Voos, Vooz -0.31t0 +7.0 Vv
Input Voitage Vi —0.3 to Voo:, 2+0.3 3
Output Voltage Ve ~0.3 to Voo1.240.3 A
Permussible Dissipation Po 150 mw
Operating Temperature Ta ~-10to +75 °C
Storage Temperature Tasy. -55 1o +125
Recommended Operating Range (Ta = ~10 t0 +75 °C, Vss1 = Vss2 = 0 V)
Parameter Symbol MIN. TYP. MAX. Unit
Logic Part Supply Voltage Voos 3.0 3.3 3.6 v
Driver Fart Power Voltage Vuaz 4.5 5.0 55 v
v-corrected Power Vo to Ve Vss2+0.1 Vooa-0.1 vV
Driver Part Qutput Voltage Va Vams0 1 Vooz-0.1 Y
Maximum Clock Frequency frsax 33 MHz
hOumut ..oad Capacity Cu \ 150 pF

Electrical Specifications {(Ta = 10 to +75 °C,

Voot1 = 3.3V 0.3V, Vooz = 5.0V 0.5

V, Vsst = Vss2 = 0 V)

Vour = 1.1V, Vx =01V
Vop1 = 3.3 V. Veoz =50V

Parameter Symbol Condition MIN. TYP. MAX. Unit
High-Level Input Voltage Vo R, TEST. CLK Don 05 0.8Von: Voo v
STB, INA, Do 1s
Low-Level input Voltage v 0 0 2Voo: Vv
P g " STHR (STHL), 20 25 "
Input Leakage Current h Deo 05, RIL 1.0 1A
Do s
0w 2
Puli-up Resistor Reu Vooi = 3.3V, TEST 100 280 750 kQ
High-Level Qutput Voitage Vou STHR (8THL), o = 1.0 mA Vooi-0.5 v
tow-Level Output Voltage Vou STHR {STHL), lo = +1.0 mA 0.5 v
vCorrected Power Static Current tvn Vop: = 3.34+0.3V Ve +160 +300 HA
Consumnplion Vo =050V, Vs =336V Vi
Vi=164V, Ve=364V to +10 A
Vo=221V, V7 =383V )
V=227V, Vs =450V v
Va= 3.07 v, Now Ve | ~300 -160 7.
Driver Qutput Current fvom ETB =0V, Vour = 4.0V -2.0 ~0.6 mA
Vopr = 3.3V, Vooz =50V
fvonz T8 =INH =33V -5.0 A
Vour =39V, Vx =49V
Voot = 3.3V, Vooz = 5.0V
fvoL STB=33V 0.4 1.0 mA

(Vx refers to output voltages of analog output terminals S to Saq.)
{Vour refers 1o vollages applied to analog output terminais S 1o Sz40.)
Note Vi to Vr are applied with the ideal voltages determined by internal resistors.
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Electrical Specifications {Ta = 1010 +75 °C, Voo1 = 3.3 V £0.3 V, Voo2 = 5.0 V 0.5 V, Ves1 = Vss2 = O V)

Parameter Symbol Condition MIN, TYP. MAX. J Unit
Qutput Voltage Deviation AVo Voot =33V, Vooz =50V 310 +30 ; mv
Vo=1.0V/25Vi40V i
Qutput Voltage Range Vo input data: 00w to 3Fk Vesz+0.1 Viooe-0.1 \
Dynamic Cutrent Consumption Inc: Vop:, Note 1. 8018 2 uheq inloaded 1.13 2.7 mA
Dynamic Current Consumption loce Voge, Note 1. N0 2 yynen ynjoaded 4.04 6.0 mA

Notes 1. The STB cycle is specified with 30 gs and 1o« = 25 MHz. Display data pattern: 010101 .- (Checkered
pattern)
2. Assuming a VGA's single-sided arrangement (8 items), this refers to the current consumption of one
driver portion when cascaded.

Switching Characteristics (Ta = ~10 to +75 °C, Voos = 3.3 V 0.3 V, Vooz = 5.0 V 10.5 V, Vsst = Vss2 = 0 V,

tr= 1t = 3.0 ns)
Parameter Symbol Condition MIN. TYP. MAX. Unit
Ciock Pulse Width PWeik 22 ns
Clock Low Period PWotkis 4 ns
Clock High Period PWeism 4 ns
Data Setup Period bseTue: { 2 ns
Data Hold Period fHoLo f ) 2 ns
Start Pulse Setug Period tseruez ‘ 2 ns
Start Pulse Hold Time 2 ns
Start Pulse Low Pariod ! 2 1 CLK
Start Pulse Delay Time teume CL= 15 pF 2 1 Lons
Start Pulse Delay Time toran Cu = 15 pF 2 17 ’ n;"‘
| > e —
Start Puise Rise Time tser 80 | CLK
Precharge Time tpen 3 | is
STB Setup Time tusTurs 1 | CLK
STB Hold Time towss 1 us
INH Setup Time tsETIPS 1 us
INA Hold Time toLod i 05 us
Oriver Qutput Delay Time 1 2 2 KQ + 75 pF x2 (n type) 3 us
Driver Qutput Delay Time 2 tonis 2 kQ + 75 pF x2 (x type) 4;0: L u5
Data Invalid Period by 3 CLK
Final Data Timing teer - 1 CLK
inter-CLK-STB Time tew s | CLKT -» STB Tor & 7 m |
inter-STB-CLK Time wizow | STBTori - Clk T 7 ns
Input Capacitance 1 Co Vo to Ve, Ta = 26 °C {100} pF
Input Capacitance 2 Ci STHR (STHL), Ta=25°C 10 15 oF
Tput Capacitance 3 Ci Other than Ve to Vs and STHR 7 10 pF
(STHL), Ta = 25°C
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Switching Characteristics (R/L = H)
Unless otherwise specified, the input levels shall be Vi = 0.8Vop1 and Viu = 0.2Voos,
The value in brackets refers to Ril = L.

PWeik PWoiki PWoikiy v ‘t"
- . '"'"", R .1 R i ~.}4}<
s H
CLK 7 ] |
i
i
Dxx i
Mooz
. s . tsetuez taoupe
T oo e
STHR
{STHL)
:
b
fserura i i tse
R
STHL
{STHR)
8T8 \
_ ! —
tserups | twoioa |1 tiowes
[l Ritar S I B
INH
i q- = e - p——
| '
j I Target output voltage + 0.1Vooe
Sn /

Target output voltage (6-bit precisior:. + 30 mv)
<L P S

Caution When shifting the -corrected power during the precharge period, be sure to secure the

precharge timing above after the gamma-corrected power is stabilized.

Voo

Vopt

Voo

Vss:

Vop

Vorz
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AC Timing
Voot
CLK
i
. ) Vss
{
I
e | boor \
Voot
STHR \ |
(STHL) !
t ’ Vssi
tserurt | | tHoLos
- e
Voot
Dxx !
Vss:
teot (1CLKmax)
e e
Voou
CLK
- Vss1
- - Voo
sT8
Vss:
e ey
i Voo
Oxx
Vsst
Veo:
CLK
Vss:
1 toxdfB g S7BCk touxSTe
i i
—_ | - Voos
§78
Vst
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Relationship Between STB Start Pulse (STHR, STHL) and Blanking Period

CLK

STHR
(STHL)

=
x
=

CLK

§T8

Z!
Al

Cutput

I R L ;
— | — .
: L 1CLKwn. | b 30LK ; :
i I o R il " ' I :
| i i I ; i P i | l
t I i 1 I + 1 i 1 i i
I . [ v v 1 l | i
_—Y\[\ : : ‘ : | : ! \
o : \ : ' ; : -
. : ; i
1CLK ' ' Blankm rlOd SCLKMN . .
s H*M“j‘.‘ ‘ 9 pe o .
|

|
|
'
L
v
¢

i

= @@GWW/%’/I/M////?/’/////GGG

Fmal data

Next line data

$ :
!
I O T
; % J L
. i 3 4
: <
s ; é 3 [
[ 2 -
o : 5 Lo AN
P i : : :
o J 5 ; |
' { 2
; S 3 ;
g g ‘
N P LA
Hold Hi-Z | Precharge stan z ¢ Precharge end! Hi-Z ' Analog data output
{tvorg) (fvowr} i S {ivorr) (o)
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488

RECOMMENDED SOLDERING CONDITIONS

When mounting this product, please make sure that the following recommended conditions are satisfied.
For packaging methods and conditions other than thcse recommended below, please contact NEC sales
personnel.

Soldering Condition Soidering Method Condition

Thermocompression Soldering Heating tool 300 to 350 "C: heating for 2 to 3 seconds; pressure
100 g (per solder)

ACF (Sheet-shape bonding Temporary bonding 70 to 100 °C: pressure 3 t¢ 8 ka/cm?;
agent} tima 3 to 5 secs.

Real bonding 165 to 180 “C; pressure 25 to 45 kg/cm™; time 30
to 40 secs. {when using the anisctropic conductive fiim

i SUMIZAC 1003 of Sumitoma Bakeiite, Lid.}

Caution To find out the detailed conditions for packaging the ACF part, please contact the ACF
manufaciuring company. Be sure to avoid using two or more packaging methods at a time.

Reference
NEC Semiconductor Device Reliability/Quality Control System (1E:-1212)
Quatity Grades to NEC's Semiconductor Devices (1Ei-1209)



