DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1 PD16640B

300/309-OUTPUT TFT-LCD SOURCE DRIVER (64-GRAY SCALE)

The 11 PD16640B is a source driver for TFT-LCD 64 gray scale displays. lts logic circuit operates at 3.3 V and the
driver circuit operates at 3.3 or 5.0 V (selectable). The input data is digital data at 6 bits x 3 dots, and 260,000 colors
can be displayed in 64-value outputs y-corrected by the internal D/A converter and 11 external power supplies.

The clock frequency is 55 MHz MIN. By switching over the number of outputs between 300 and 309, the
1 PD16640B can be used in TFT-LCD panels conforming to the SVGA/XGA standards.

* FEATURES
+  CMOS level input
* 6 bits (gray scale data) x 3 dots input
* 64-value output by 11 external power supplies and internal D/A converter
» Output voltage range: Vssz + 0.1 Vto Vopz—- 0.1V
+ High-speed data transfer: fmax. = 55 MHz MIN. (internal data transfer speed when operating at 3.0 V)
* Precharge-less output buffer
* Level of y-corrected power supply can be inverted
* Number of outputs selectable (Osel = H: 300 outputs, Osel = L: 309 outputs)
« Supply voltage of driver circuit selectable (Vsel = H: 3.3 V, Vsel = L: 5.0 V)
+ SlimTCP
+ Input data inversion function (INV)
* Logic power supply (Vop1): 3.3V 0.3V
« Driver power supply (Vopz): 3.3 V£ 0.3 V (Vsel = H)
50V+05V (Vsel=L)

ORDERING INFORMATION

Part Number Package

1 PD16640BN- xxx TCP (TAB package)

Remark The TCP’s external shape is custom-order item. Users are requested to consult with a NEC sales
representative.

The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

Not all devices/types available in every country. Please check with local NEC representative for
availability and additional information.

Document No. S$12581EJ1V0DS00 (1st edition)
Date Published March 1999 NS CP(K)
Printed in Japan

The mark % shows major revised points. © NEC Corporation 1998
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* 1. BLOCK DIAGRAM

STHR ~—] . STHL
CI?L/}I(_ 103-bit bidirectional shift register \\;Z:
Osel —| C1 Co -—----—-mmmmmmmmmmmmme C102Cr10s
Doo to D05+>
Dioto D15+> _
Dzoto Dzs —~—*] Data register
STB Latch
Vsel VDD2
D/A converter
Vo to Vio £ Vess
Voltage follower output

St Se Ss Ssoe

Remark /xxx indicates active low signal.

2 Data Sheet $12581EJ1VODS00



NEC

1 PD16640B

2. PIN CONFIGURATION (u PD16640BN-xxx)

S

Vel

Vssz

Vb2

Dos

Vb2

Vssz

Osel

X

Saog

Saos

Saor
Copper Foil °
SEJ rface °
k =
Sa
Sy

Remark Osel and Vsel pins are internally pulled up.

Therefore, the number of input pins can be reduced by opening or short-circuiting these

pins to Vssz by means of TCP wiring.
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3. PIN DESCRIPTION

Pin Symbol

Pin Name

Description

S1 10 Saos

Driver output

Output 64 gray scale analog voltages converted from digital signals.
Osel = H: 300 outputs (S1 — Siso0, Ste0 — Saoo)

Osel = L: 309 outputs (S1 — Saos)

Output pins S1s1 1o Sise are invalid in 300-output mode.

Doo to Dos

Dioto D1s

D20 t0 Dazs

Display data input

Inputs 18-bit-wide display gray scale data (6 bits) x 3 dots (RGB).
Dxo: LSB, Dxs: MSB

R./L

Shift direction select input

This pin inputs/outputs start pulses in cascade mode.
Shift direction of shift register is as follows:

R/L =H: STHRinput, St — Ssoe, STHL output
R/L=L: STHL input, Ssoe — S1, STHR output

STHR

Right shift start pulse I/O

R/L = H: Inputs start pulse.
R/L =L : Outputs start pulse.

STHL

Left shift start pulse 1/O

R/L = H: Outputs start pulse.
R/L =L : Inputs start pulse.

Osel

Number of output selection

Selects number of outputs. This pin is internally pulled up by Voot power supply.
Osel = H: 300 outputs
Osel = L: 309 outputs

Vsel

Driver voltage selection

Selects driver voltage. This pin is internally pulled up by Vooz power supply.
Vsel = H: Vpp2=3.3V
Vsel = L: Vooz2=5.0V

CLK

Shift clock input

Inputs shift clock to shift register. Display data is loaded to data register at rising
edge of this pin.

When Osel = H, start pulse output goes high at rising edge of 100th clock after start
pulse has been input, and serves as start pulse to driver in next stage. 100th clock
of driver in first stage serves as start pulse of driver in next stage.

When Osel = L, start pulse output goes high at rising edge of 103rd clock after start
pulse has been input, and serves as start pulse to driver in next stage. 103rd clock
of driver in first stage serves as start pulse of driver in next stage.

STB

Latch input

Contents of data register are latched at rising edge, transferred to D/A converter,
and output as analog voltage corresponding to display data. Contents of internal
shift register are cleared after STB has been input. One pulse of this signal is input
when u PD16640B is started, and then device operates normally. For STB input
timing, refer to 8. Switching Characteristic Waveform.

Vo to V1o

y-corrected power supply

Inputs y-corrected power from external source.

Vssz + 0.1 VE Vi< Vo< Ve<V7<Ve<Vs<Va<Va< Vo< V1< Vo< Voz2—0.1 Vor
Vesz + 0.1 VEVosVi€Ve<VasVa<Vs<Ve<V7<Ve<Vo<Vio< Vo2 — 0.1V
Maintain gray scale power supply during gray scale voltage output.

INV

Data inversion input

Input data can be inverted when display data is loaded.
INV = H: Inverts and loads input data.
INV = L: Does not invert input data.

Vo1

Logic circuit power supply

33V 03V

Vop2

Driver circuit power supply

Vsel=H: Vop2=3.3V
Vsel=L : Vobe=5.0V

03V
05V

Vsst

Logic ground

Ground

Vssz

Driver ground

Ground

Caution

Be sure to turn on power in the order Vbb1, logic input, Vbpz, and gray scale power (Vo to V10), and

turn off power in the reverse order, to prevent the u PD16640B from being damaged by laichup. Be

sure to observe this power sequence even during a transition period.
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* 4. RELATION BETWEEN INPUT DATA AND OUTPUT VOLTAGE VALUE

The 11 major points on the y characteristic curve of the LCD panel are arbitrarily set by external power supplies Vo
through V+o. If the display data is 00H or 3FH, gray scale voltage Vo or V1o is output. If the display data is in the
range 01H to 3EH, the high-order 3 bits select an external powers pair Vn+1, Vn. The low-order 3 bits evenly divide
the range of Vn+1 to Vn into eight segments by means of D/A conversion (however, the ranges from Vs to Vs and from
Vzto V1 are divided into seven segments) to output a 64-grayscale voltage.

Dxs (MSB) | Dxa [ Dxs Dxz [ Dxi | Dxo (LSB)
High-order 3 bits : y-corrected power selected Low-order 3 bits : 3-bit D/A
(Vn, Vn+1) (range Vn to Vn.1 is divided into 7 or 8 segnents)
| |

Dxs Dxa Dxs Vn t0 Vns1t Vn
0 0 0 Vito Vz ’
0 0 1 Vato Vs |
0 1 0 Vs to V4 i '
0 1 1 Vato Vs i P
1 0 0 Vsto Vs | .
1 0 1 Ve to Vs | oo
1 1 0 Vrto Vs | A ,
1 1 1 Vato Ve A — Vit

000001010 011100 101 {110° 111"
Dxzt0 Dxo

Figure4—1. Relationship between Input Data and y-corrected Voltage

l— Gray-scale supply specified
by 00H

} 7 segments

8 segments
8 segments

8 segments

8 segments

8 segments

8 segments

7 segments

l— Gray-scale supply specified
by 3FH

Input data (HEX)
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Table4—1. Relation between Input Data and Output Voltage
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4.1 y-Corrected Power Circuit

The reference power supply of the D/A converter consists of a ladder circuit with a total of 64 resistors, and
resistance Xri between y-corrected power pins differs depending on each pair of y-corrected power pins. One pair of
v-corrected power pins consists of seven or eight series resistors, and resistance Zri in the figure below is indicated
as the sum of the seven or eight resistors. The resistance ratio between the y-corrected power pins (Zri ratio) is
designed to be a value relatively close to the ratio of the y-corrected voltages V1 to Ve (gray-scale voltages in 8 steps)
used in an actual LCD panel. Under ideal conditions where there is no difference between the two, therefore, there is
no voltage difference between the voltage of the y-corrected power supplies and the gray-scale voltages in 8 steps of
the resistor ladder circuits of the y PD16640B, and no current flows into the y-corrected power pins Vi to Vo. As a
result, a voltage-follower circuit is not necessary.

Figure4—2. y-Corrected Power Circuit

v-corrected power pin y-corrected resistor
1 PD16640B
; ™ Vo N — o
! +4 r
§ Ro =2.39 kQ
Vi N -— 1
7.
§ Ri= _ZI’I =4.45 kQ
V2 N -— 2 I=
Sum of eight

8
Re= |2=r]| =6.19kQ y-corrected resistors

-— 3

A\

8
Rs= ZI’!I = 3.58 kQ
I=

Va -~ s

A
A9

8
R4=_Zl’i =2.15kQ

\ﬂw v Y9 Y

Vs -— 5

§ ™ Vs -~ s
! + )

A
W

8
Rs= ZI’!I =2.03 kQ
I=

O

8
Re = _Zl"il= 1.61 kQ
I=

8
Rr= _ZI’EI= 2.03 kQ
I=

@
l

7
Rs = ZI’!I =3.39 kQ
I=

A\

Re = 2.55 kQ2

= Vio -— 10

WA NN AN AN

|\
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5. RELATIONSHIP BETWEEN OUTPUT CIRCUIT AND D/A CONVERTER

Data format : 1 pixel data (6 bits) x RGB (3 dots)

Input width : 18 bits

R,/L = H (right shift)

Output St Sz Ss Saos Saos
Data Doo to Dos Dioto D1s Dzo to Dzs Dioto D1s D20 to Dazs
R,/L = L (left shift)
Output St Sz Ss Saos Saos
Data Doo to Dos Dioto D1s Dzo to Dzs Dioto D1s D20 to Dazs

6. OPERATION OF OUTPUT BUFFER

The output buffer consists of an operational amplifier circuit that does not perform precharge operation.
Therefore, driver output current IvoHisz is the charging current to the LCD, and IvoLirz is the discharging current.

<LCD panel driving waveform of y PD16640B>

Vob2 i i

Vss2 i i i i
i e it Bt il -
| Write | Write
» (IvoLisz/Ivonirz) » (IvoLizz/lvonire)

i 1 horiontal period
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7. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25 °C, Vss1 = Vss2 =0 V)

Parameter Symbol Ratings Unit
Logic Power Supply Voot -0.31t0 +4.5 \
Driver Power Supply Vopz -0.310+6.0 \
Input Voltage Vi —0.3 1o Voo12 + 0.3 \
QOutput Voltage Vo —0.3to Voo12 + 0.3 \'
Operating Ambient Temperature Ta —-101to0 +75 °C
Storage Temperature Tsig -55to0 +125 °C

Caution If the absolute maximum rating of even one of the above parameters is exceeded even momentarily,
the quality of the product may be degraded. Absolute maximum ratings, therefore, specify the
values exceeding which the product may be physically damaged. Be sure to use the product within

the range of the absolute maximum ratings.

Recommended Operating Range (Ta =—10 to +75 °C, Vss1 = Vss2 =0 V)

Parameter Symbol Condition MIN. TYP. MAX. Unit
Logic Supply Voltage Vb1 3.0 3.3 3.6 \'
Driver Supply Voltage Vb2 Vel = H 3.0 3.3 3.6 \'
Veel = L 4.5 50 55 \'
High-Level Input Voltage ViH 0.7 Vb1 Voot \
Low-Level Input Voltage Vi 0 0.3 Vb1 \
v-Corrected Power Voltage Vo to Vio Vssz + 0.1 Vopz — 0.1 \
Maximum Clock Frequency fmax. 55 MHz

Data Sheet S12581EJ1V0DS00 9
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Electrical Characteristics (Ta=—-10to0 +75 °C, Vop1 =33V 0.3V, Vp2=3.3V+t03Vor50V+05V,
Vss1 = Vss2=0V)

Parameter Symbol Condition MIN. TYP. MAX. Unit
Input Leakage Current I R,/L, CLK, STB, INV, STHR(STHL), +1.0 uA
Doo to Dos, D1o to D15, Dzo to Dzs
Pull-up Resistor Reu Vopt = 3.3V, Osel, Vsel 40 100 250 kQ
High-Level Output Voltage Vo STHR (STHL), lo=-1.0 mA Voot — 0.5 \'
Low-Level Output Voltage Vo STHR (STHL), lo=+1.0 mA 0.5 \'
Static Current Consumption Ivnt Voot =3.3V, Vo to Vi 100 200 400 uA
of y-Corrected Power Vo2 =3.3V Vito Vo 54 109 218 LA
(Vopz =3.3Vor5.5V)
Vato Vs 39 79 158 uA
Vato Vs 68 137 274 uA
Vato Vs 109 219 438 uA
Vsto Vs 116 232 464 uA
Vesto V7 144 288 576 uA
V7to Vs 116 232 464 uA
Vsto Ve 72 145 290 uA
Ve to Vio 92 185 370 uA
Driver Output Current IvoH1 STB=3.3V, -46 -20 uA
(Vobz = 3.3 V) Vour=2.7V, Vx = 3.2 V"
Vobt = Vo2 = 3.3V
Ivout STB=33V, 30 62 uA
Vour=06V, Vx =01 V",
Vobt = Vo2 = 3.3V
Driver Output Current IvoHz STB=5.0V, -69 -30 uA
(Vobz = 5.0 V) Vour= 4.4V, Vx = 4.9 V'
Vop1 =3.3V, Voo2=5.0V
IvoLz STB=50V, 40 81 uA
Vour=06V, Vx =01 V",
Vop1 =3.3V, Voo2=5.0V
Output Voltage Deviation AVo Vo1 =33V, Vope=33Vor5.0V, +10 +20 mV
Vour=0.5 VNom, 0.5 Vopz, Vooz — 05V
Output Voltage Range Vo Input data: 00H to 3FH Vssz + 0.1 Vopz— 0.1 \
Dynamic Logic Current Iop1 No load "**** 0.5 25 mA
Consumption
Dynamic Driver Current Iop21 No load, Voo = 3.3 vV "% 9.0 mA
Consumption
Dynamic Driver Current Ipb22 No load, Vooz = 5.0 V " 9.0 mA
Consumption

Note1. Vx is output voltage of analog output pin S1 to Saoe.

Vourt is the voltage applied to analog output pin S1 to Ssos.
2. The STB cycle is specified at 31 u s and fcik = 16 MHz.

10
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Switching Characteristics (Ta=-10to +75 °C, Vop1=3.3V10.3V,Vbp2=33V+03Vor50V+05V,
Vsst = Vss2 =0 V)

Parameter Symbol Condition MIN. TYP. MAX. Unit
tPLH1 CL=15pF 12 ns

Start Pulse Delay time
tPHL1 12 ns
Driver Output Delay Time tPLH21 Vobz2=3.3V, Vo:01V —» 32V 33 us
tPLHz1 4kQ +24 pFx2 5.1 10 us
tPHL21 Vo:32V —» 01V 4.3 us
tPHL31 5.4 10 us
tPLH22 Vobz=5.0V, Vo:01V — 49V 4.2 us
tPLHz2 4kQ +24 pFx2 5.4 10 us
tPHL22 Vo:49V —» 01V 4.9 us
tPHL32 6.2 10 us
Input capacitance Cit STHR (STHL), Ta=25°C 10 15 pF
Ciz Voto Vio, Ta=25 °C 100 pF
Cis STHR (STHL), other than Vo to Vo, 5 10 pF

Ta=25°C

Timing Requirements (TA=-1010 +75°C, Vop1 =33V 03V, Vbp2=3.3V103Vor5.0V+05YV,
Vss1 = Vss2=0V)

Parameter Symbol Condition MIN TYP. MAX. Unit
Clock Pulse Width PWoeLk 18 ns
Clock Pulse High Period PWeik () 4 ns
Clock Pulse Low Period PWeik 4 ns
Data Setup Time tseTUP1 4 ns
Data Hold Time tHoLD1 0 ns
Start Pulse Setup Time tseTUP2 4 ns
Start Pulse Hold Time tHoLD2 0 ns
INV Setup time tseTUP4 4 ns
INV Hold time tHoLD4 0 ns
Start Pulse Low period tspL 2 CLK
Start Pulse Rise Time tspPRi Osel = H 100 CLK
Start Pulse Rise Time tsPrz2 Osel = L 103 CLK
STB setup time tseTuPs 2 | | CLK
Data Invalid Period tinv 1 CLK
Last Data Timing for 1 CLK
CLK-STB Time tok-sTe CLKT >STBTorl 7 ns
STB-CLK Time tsTB-CLK STB Torl - CLK T 7 ns

Data Sheet S$12581EJ1V0ODS00 11
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(Unless otherwise specified, the input level is defined to be Vi1 = 0.7 Vob1, ViL = 0.3 Vbp1.)

8. SWITCHING CHARACTERISITIC WAVEFORM (R,/L
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9. RECOMMENDED SOLDERING CONDITIONS

The following conditions must be met for mounting conditions of the ¢ PD16640B.
For more details, refer to the Semiconductor Device Mounting Technology Manual (C10535E).
Please consult with our sales offices in case other mounting process is used, or in case the mounting is done

under different conditions.

PD16640BN-xxx : TCP(TAB package)

Mounting Condition

Mounting Method

Condition

Thermocompression

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

ACF Temporary bonding 70 to 100°C; pressure 3 to 8 kg/cnf; time 3 to 5 secs.

(Adhesive Real bonding 165 to 180°C; pressure 25 to 45 kg/cnf, time 30 to 40 secs.

Conductive Film)

(When using the anisotropy conductive film SUMIZAC1003 of Sumitomo
Bakelite, Ltd.)

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