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MULTI-CHANNEL LCD GAMMA CORRECTION BUFFER

FEATURES

® Gamma Correction Channels: 6, 4
® Integrated Vo Buffer

® Excellent Output Current Drive:
— Gamma Channels: > 10mA
— Vcowm: > 100mA typ

Large Capacitive Load Drive Capability
Rail-to-Rail Output

PowerPAD Package: BUF07703
Low-Power/Channel: < 250pA

Wide Supply Range: 4.5V to 16V
Specified for 0°C to 85°C

High ESD Rating: 4kV HBM, 1.5kV CDM

APPLICATIONS
® | CD Flat Panel Displays
® | CD Television Displays

GAMMA

MODEL CHANNELS VCOM CHANNELS
BUF07703 6

BUF06703 6 0
BUF05703 4 1

RELATED PRODUCTS

MODEL CI:;:I\'\IAI\'I\AEALS VCOM CHANNELS
BUF11702 10 1
BUF04701 4 —
TLV2374 4 —

DESCRIPTION

The BUFxx703 are a series of multi-channel buffers
targeted towards gamma correction in high-resolution
liquid crystal display (LCD) panels. The number of
gamma correction channels required depends on a
variety of factors and differs greatly from design to
design. Therefore, various channel options are offered.
For additional space and cost savings, a Vcopm channel
with higher current drive capability is integrated in the
BUF07703 and BUF05703.

A flow through pin out has been adopted to allow simple
PCB routing and maintain the cost effectiveness of this
solution. All inputs and outputs of the BUFxx703
incorporate internal ESD protection circuits that prevent
functional failures at voltages up to 4kV HBM and 1.5kV
CDM.

The various buffers within the BUFxx703 are carefully
matched to the voltage 1/O requirements for the gamma
correction application. Each buffer is capable of driving
heavy capacitive loads and offers fast load current
switching. The Vcom channel has increased output
drive of > 100mA and can handle even larger capacitive
loads.

The BUFO07703 is available in the HTSSOP
PowerPADL package for dramatically increased power
dissipation capability. The BUF06703 and BUF05703
are available in standard TSSOP-16 and TSSOP-14
packages.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas Instruments
semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments. All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Products / Copyright 0 2003, Texas Instruments Incorporated
conform to specifications per the terms of Texas Instruments standard warranty. TEXAS
Production pi ing does not ily include testing of all parameters. I
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A This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with appropriate

precautions. Failure to observe proper handling and installation procedures can cause damage.

Al

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more susceptible to
damage because very small parametric changes could cause the device not to meet its published specifications.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted(1)

PARAMETERS BUFXX703 UNIT
Supply, Vpp(2) 16.5 Y
Input Voltage Range, V| VDD \%
Continuous Total Power Dissipation See Dissipation Rating Table
Operating Free—Air Temperature Range, Ta 0to +85 °C
Maximum Junction Temperature, Tj 150 °C
Storage Temperature Range, TsTG —65 to 150 °C
Lead Temperature 1.6mm (1/16 inch) from Case for 10s 260 °C

(1) stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to GND.

ORDERING INFORMATION

SPECIFIED
PACKAGE ORDERING TRANSPORT MEDIA,
PRODUCT PACKAGE-LEAD DESIGNATOR(D) TEMPERATURE NUMBER QUANTITY
RANGE
BUF07703PWP Tube, 70
BUF07703 HTSSOP-20 PWP 0°C to +85°C
BUF07703PWPR Reels, 2000
BUF06703PW Tube, 90
BUF06703 TSSOP-16 PW 0°C to +85°C
BUF06703PWR Reels, 2000
BUF05703PW Tube. 90
BUF05703 TSSOP-14 PW 0°C to +85°C
BUF05703PWR Reels, 2000
(1) For the most current specification and package information, refer to our web site at www.ti.com.
DISSIPATION RATING TABLE
PACKAGE Al CATN Tp <25°C
PACKAGE TYPE DESIGNATOR (Cw) (Cw) POWER RATING
TSSOP-20 PowerPAD PWP (20) 1.40(1) 32.63(1) 3.83w(1)
TSSOP-16 PW (16) — 108 1.15W
TSSOP-14 PW (14) — 112 11w
(1) Thermal specifications assume 20z trace and copper pad with solder.
RECOMMENDED OPERATING CONDITIONS
MIN NOM MAX U_Il_\l !
Supply Voltage, Vpp | 4.5 16| V
Operating Free-Air Temperature, T +85| °C
TSSOP-20 PowerPAD +125| °C
Junction Temperature
TSSOP-16, 14 +150 | °C
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EQUIVALENT SCHEMATICS OF INPUTS AND OUTPUTS

INPUT STAGE OF BUFFERS INPUT STAGE OF BUFFERS OUTPUT STAGE OF ALL BUFEERS
BUF07703: 1 to 3 and Vcom BUF07703: 4t0 6
BUF06703: 1 to 3 BUF06703: 4 to 6 :
BUF05703: 1 to 2 and Vcom BUF05703: 3to 4 ' vg
Ve = Ve - Previous '
S s Stage _I !
: Next Buffer | Buffer Inverting ! Buffer
' Stage Input _:_| |_’ Output Input .
' , . Output
Buffer _;J L Buffer ' Next S Previ J \
Input | output : ext Stage revious )
! X Stage !
' ! — GND
GND — GND ‘ :
ELECTRICAL CHARACTERISTICS
over operating free-air temperature range, Vpp = 4.5V to 16V, Tp = 25°C, unless otherwise noted.
PARAMETER TEST CONDITIONS TaT MIN TYP MAX | UNIT
25°C 1.5 12
Vio Input offset voltage V|=Vpp/2, Rg=50 Q Full mVv
1 15
Range(1)
25°C 1
B Input bias current V| = Vpp/2 Full pA
1 200
Range(1)
25°C 62 80
ksvR Supply voltage rejection ratio (AVpp/AV|o) | Vpp = 4.5V to 16V Full 60 dB
Range(1)
Buffer gain V| =5V 25°C 0.9995 VIV
h Gamma Buffers _ _ o 0.8
BW_3dB 3dB Bandwidth Vcow Buffer CL = 100pF, R = 2kQ 25°C 07 MHz
Gamma Buffers CL = 100pF, R|_= 2kQ o 1
SR Slew Rate Vcowm Buffer VIN = 2V o 8V 25°C 07 Vius
. ) lo =0to #5mA Vg =5V R
Transient Load Regulation CL = 100pF tT = 0.1pis 25°C 900 mV
Transient Load Response See Figure 2 25°C 160 mV
. . ) lo =0to-5mA Vg =5V Full
tg (I-sink)  Settling Time—Current CL = 100pF R = 2kQ Range(l) 1 us
. ) lo=0to+5mA Vg =5V Full
tg (I-src) Settling Time—Current CL = 100pF RL = 2kQ Range(l) 2 us
V| =4.5V t0 5.5V 0.1% 6
Settling Time— Gamma Buffers V| = 5.5V t0 4.5V 0.1% . 46 Hs
's Voltage V| = 4.5V 0 5.5V 0.1% 25°c 58
V Buffer I =22V 1090V 0.2 /0 : s
CcoM V| =5.5V1t0 4.5V 0.1% 5.6
: Gamma Buffers o 45 —
Vn Noise Voltage Vcowm Buffer V| =5V f=1kHz 25°C 40 nviVHz
Crosstalk Vip—p =6V, f = 1kHz 25°C 85 dB

(1) Full Range is 0°C to +85°C.
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ELECTRICAL CHARACTERISTICS: BUF07703

over operating free-air temperature range, Vpp = 4.5V to 16V, Tp = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS TA() MIN TYP  MAX| UNIT
VO = VDD/2, V) = Vpp/2 25°C 17 2| mA
IDD Supply Current ALL V(D)D = ]E_)()Ei/ =P Full Range 3] mA
Buffers 1-3 1 VDD
Common Mode Input Range | Buffers 4-6 25°C Voot v
Vcowm Buffer 1 VbD
- Vpp = 10V, 25°C L 1.2
Vcowm buffer sinking Io = 1mA to 30mA Full Range 2.5
. Vpp = 10V, 25°C 1 12
_ Vcom buffersoureing 1 "2 1 14 to —30mA Full Range 25
Load regulation 0 mV/mA
Buffers 1-6 sinkin VoD =10V, 25 2% :
9 Io = 1MA to 10mA Full Range 15
Buffers 1-6 sourcin VDD = 10V, 25 2% -
9 10 = —1mA to —10mA Full Range 15
High-level _ _ 25°C 1585  15.9
VOSH1 | saturated output | Buffer 1 xP:Dl_G \J}GV, lo =-5mA, v
voltage Full range 15.8
Low-level _ _ 25°C 0.1 0.15
VosLe | saturated output | Buffer 6 xD:DO-V 16V, 1o =5mA, v
voltage I Full range 0.2
Vpp=10V, lo=-10mA, | 25°C 975 98
VOH1 Buffer 1 VI =9.8V Full range 9.7 v
Vpp=10V, lo=-10mA, | 25°C 945 95
VOH2/3 Buffer 2/3 V= 9.5V Full range 9.4 v
High-level output Vpp =10V,  lo=-10mA, 25°C 795 8
VOH4/5 | yoitage Buffer 4/5 V| =8V Full range 7.9 v
Vpp=10V, Ip=-10mA, | 25°C 7.95 8
VOH6 Buffer 6 vi=8v Full range 7.9 v
Vpp=10V, lo=-30mA, 25°C 7.95 8
VOHCOM Vcowm Buffer V|D:D Y © Full range 7.9 v
VDD =10V, Io=10mA, 25°C 2 205
VoL1 Buffer 1 V=2V Full range 21| ¥
VDD =10V, lo=10mA, 25°C 2 205
VoL2/3 Buffer 2/3 Vi=2V Full range 71 \%
Low-level output Vpp =10V,  lp=10mA, 25°C 05 0%
VoL4/5 | yoltage Buffer 4/5 V=05V Full range os| v
VDD =10V, o =10mA, 25°C 02 025
VoLe Buffer 6 V=02V Full range 0.3 v
VDD =10V,  lg=30mA, 25°C 2205
VoLcom Vcowm Buffer v|D:D 2v © Full range 21| Y

(1) Full Range is 0°C to +85°C.
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ELECTRICAL CHARACTERISTICS: BUF06703

over operating free-air temperature range, Vpp = 4.5V to 16V, Tp = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS TA(l) MIN TYP MAX | UNIT
= = 25°C 1.7 2 mA
IDD Supply Current ALL Vo YDD/2- VI =VDD/2
Vpp = 10V Full Range 3 mA
Buffers 1-3 1 VDD
Common Mode Input Range 25°C \%
Buffers 4-6 0 Vpp-1
Buffers 1-6 sinkin VD =10V, 25°c 085 !
9 Io = 1MA to 10mA Full Range 15
Load regulation 0 mV/mA
Buffers 1-6 sourcin VbD =10V, 25°c 085 !
9 10 = —1mA to —10mA Full Range 15
High-level _ _ 25°C 15.85 15.9
VOsH1 | saturated output | Buffer 1 xP:Dl_G\]}SV' lo =-5mA, \Y
voltage Full range 15.8
Low-level _ _ 25°C 0.1 0.15
VosLe | saturated output | Buffer 6 xD:DO-VJ-ﬁV' lo = 5mA, \Y
voltage I Full range 0.2
VpD =10V,  Ip=-10mA, 25°C 9.75 9.8
VOH1 Buffer 1 Vi=9.8v Full range 9.7 v
VOH2/3 Buffer 2/3 VPP lo=TomA ks 25 90 v
High-level output == Full range 9.4
voltage - - 25°C 7.95 8
Vpp = 10V, lo ==10mA, :
VOH4/5 Buffer 4/5 V| =8V Full range 7.9 v
VpD =10V,  Ip=-10mA, 25°C 7.95 8
VoHe Buffer 6 Vi=8v Full range 7.9 v
Vpp =10V, Io=10mA, 25°C 2 205
VoLl Buffer 1 V=2V Full range 2.1 v
VoL2/3 Buffer 2/3 Vpp =10V, lo=10mA, 25°C 2 205,
Low-level output Vi=2Vv Full range 2.1
voltage _ — 25°C 0.5 0.55
Vpp = 10V, lo =10mA, : :
VoL4/s Buffer 4/5 V=05V Full range 0.6 v
Vpp =10V, o =10mA, 25°C 02 0325
VoLe Buffer 6 V=02V Full range 0.3 v

(1) Full Range is 0°C to +85°C.
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ELECTRICAL CHARACTERISTICS: BUF05703

over operating free-air temperature range, Vpp = 4.5V to 16V, Tp = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS TA(]-) MIN TYP MAX | UNIT
VO = Vpp/2, V| = Vpp/2 25°C 17 2| mA
IDD Supply Current ALL V(D)D _ ?OR/ I DD Full Range 3 mA
Buffers 1-2 1 VDD
Common Mode Input Range | Buffers 3-4 25°C 0 Vbol| VvV
Vcowm Buffer 1 VDD
o Vpp = 10V, 25°C 1 1.2
Vcowm buffer sinking 10 = 1MA to 30mA Full Range 25
. Vpp = 10V, 25°C 1 1.2
_ VCowm buffer sourcing 1) "2 1 ma to ~30mA Full Range 2.5
Load regulation 0 mV/mA
Buffers 1-4 sinkin VoD =10V, 25°C 985 -
9 10 = 1MA to 10mA Full Range 15
Buffers 1-4 sourcin VDD = 10V, 25°C 985 -
9 10 = —1mA to —10mA Full Range 15
High-level _ _ 25°C 15.85 15.9
VosH1 | saturated output | Buffer 1 xD:DO_V 16V, lp=-5mA, v
voltage | Full range 15.8
Low-level _ _ 25°C 0.1 0.15
VosL4 | saturated output | Buffer 4 xD:IZ)l-6 \J}GV, o =5mA, v
voltage I Full range 0.2
Vpp =10V,  lg=-10mA, 25°C 975 98
VoH1 Buffer 1 Vi=9.8v Full range 9.7 v
VpD =10V,  lg=-10mA, 25°C 945 95
VOH2 Buffer 2 V| = 9.5V Full range 9.4 v
High-level output Vpp = 10V, IO = —10mA, 25°C 7.95 8
VOH3 voltage Buffer 3 V=8V Full range 7.9 v
VpD =10V,  Ip=-10mA, 25°C 7.95 8
VoHa4 Buffer 4 V=8V Full range 7.9 v
Vpp=10V, lg=-30mA, 25°C 7.95 8
VOHCOM Vcowm Buffer V|D:D Y © Full range 7.9 v
Vpp =10V, lp=10mA, 25°C 2 205
VoL1 Buffer 1 V=2V Full range 21| ¥
Vpp =10V, lp=10mA, 25°C 2 205
VoL2 Buffer 2 V=2V Full range 21| ¥
Low-level output Vpp =10V,  Ig=10mA, 25°C 05 055
VoLs voltage Buffer 3 V[=05V Full range 06|
VDD =10V, lo=10mA, 25°C 02 025
VoL4 Buffer 4 V=02V Full range 0.3 v
Vpp =10V, o =30mA, 25°C 2 205
VoLcom Vcom Bufer VP:DZV © Full range 21 v

(1) Full Range is 0°C to +85°C.
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BUF07703 Pin Configuration and Landing Pattern

PWP PACKAGE
(TOP VIEW)
[ —
Voo [T]1© 20 [T Voo =
OuTi [ |2 19 [ 1 ]IN1 O =
our2[[ |3 ———— 118 [T ]IN2 0 cee 0
| (XX ) Maximum: 6.4mm x 3.4mm
8312 % 4 I I 17 % ::i (| ::: (] 18 vias with 13mils (330pm) diameter
5 | powerpan | 18 [ leee] [
outs [ e | 15 | T ]IN5
oute [T 17 | 14 T Ne ] ]
NC[Te L_____i1s[CIINC = =
outcoM [T_]o 12 [T_] INcom ] (-
GND I:I: 10 1 :I:I GND Pad Size: 2.6mm x 1.6mm
BUF06703 Pin Configuration BUF05703 Pin Configuration
PW PACKAGE
PW PACKAGE
(TOP VIEW) (TOP VIEW)

Voo [11© 16 [T Voo Voo CT:O Oy
outi [ 1|2 15 [_T_]IN1 bo bD
out2 [T |3 14 [T ]IN2 outt LT ]2 18 LT ]IN1
outsa[ |4 13 T ]IN3 out2[ |3 12 [T ]IN2
out4 [T |5 12 [T ]IN4 OuTsL L |4 1L LINS
outs [T e 1 ET] s OouUT4[ [ s 10 [ ]IN4
ouTe [T 17 10 ET] N6 OUTCOM [ e o T ]INCOM

GND [T s o T GND GND[ [ |7 8| 1 ]GND
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PARAMETER MEASUREMENT INFORMATION

Buffer
RNULL

RLI

CL

Figure 1. Bandwidth and Phase Shift Test Circuit

Buffer =" A
| cs | I
5V i |—=— | sv
CL' LCD Driver | | : _
| Equivalent Load | tT —H ﬁ_ VTL
e ——— -
V1 B
Test V1 VTL tT Cs Rs CL RL
Source | Gamma Channels ov 2V 0.1pus | 100 pF | 100Q | 100 pF 1kQ
Sink Gamma Channels 0oV 2V 0.1pus | 100 pF | 100Q | 100 pF 1kQ

Figure 2. Transient Load Response Test Circuit

Buffer tr —¥ [

Vo | ———— 10V
5V VTL | ——— 5V
RNULL RL -y — — oV

I cL VTL

Figure 3. Transient Load Regulation Test Circuit
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TYPICAL CHARACTERISTICS
DC CURVES
Vpp = 10V, unless otherwise noted.
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
VS VS VS
INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE
Sl I T T 1 20 : : : . 20 .
15| BUF05703 BUF06703 BUF05703 BUF06703 Vcom Buffer
> " Chamnels 1to2 | BUF07703 15 Channels3to4  BUF07703 in . 15
E Channels 1 to 3 E Channels 4 to 6 £
o ;10 10
=) o <)
% ° g s g 5
5 o 2 =
g g ° g O©
5 -5 9 5 g 5 N—
g 2 2
1 -10 £ 10 T -10
3 -15 o o)
< -15 > -15
-20 20 -20
0 1 2 3 4 5 6 7 8 9 10 o R 4 6 8 10 0 ) R o s 10
Vi - Input Voltage -V V| - Input Voltage - V V) - Input Voltage — V
Figure 4 Figure 5 Figure 6
INPUT BIAS CURRENT HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
VS VS
VS
- FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
10 T - 10 Channel 1
>| Channel 1 99 |
< 200 o N 5 98 N TA=0°C
2 g o TA=0°C 3 \\ b
& S | z NN B5©
S 150 E . | a2 96 N
= — o 3
| INSHEE SR
5 100 5 | s sl K 8 94 \\ NN
g - 7 A \ z TA=85°C AN
0 5 2 93 \\ N
2 5 / - . \ \ Loe2 ‘\
/ >5 \ \ \ >O 9.1
0 \ |
0 10 20 30 40 50 60 70 8085 5, 0 100 150 200 250 0 5 10 15 20 25 30 35 40 45 50

Ta — Free-Air Temperature — °C

Figure 7

HIGH-LEVEL OUTPUT VOLTAGE
VS
HIGH-LEVEL OUTPUT CURRENT

10 1 1
05 | BUF05703

: Channel 2

9
85 \\ Ta=0°C

8 \ 1

NN =
6; \ \\ Tp = 85°C
Y\

\\
\

0 25 50 75 100 125
loH — High-Level Output Current — mA

6l BUF06703
BUFO07703
Channels 2 to 3

VOH — High-Level Output Voltage — V

55

150

Figure 10

VOH — High-Level Output Voltage — V

=
o

o B N W b~ OO N © ©

loH — High-Level Output Current — mA
Figure 8
HIGH-LEVEL OUTPUT VOLTAGE

VS
HIGH-LEVEL OUTPUT CURRENT

1 1
BUF05703 |
Channels 3to 4
| [
\\ Ta=0°C
\\ TpA=25°C ]
Ta =85°C
N\ A
\V
- BUF06703
BUFO07703
[~ Channels 4t0 6
0 25 50 75 100 125 150

loH — High-Level Output Current — mA

Figure 11

VOH — High-Level Output Voltage — V

loH — High-Level Output Current — mA

Figure 9

HIGH-LEVEL OUTPUT VOLTAGE
VS
HIGH-LEVEL OUTPUT CURRENT

10 :
9 x Vcom Buffer
j N\ | T=0c
N
N
i N
: NN
AN
4 Tp = 25°C
" \
3 |
, Tp = 85°C
1
0
0 50 100 150 200 250

loH — High-Level Output Current — mA

Figure 12
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TYPICAL CHARACTERISTICS

DC CURVES (continued)

Vpp = 10V, unless otherwise noted.

LOW-LEVEL OUTPUT VOLTAGE
VS
LOW-LEVEL OUTPUT CURRENT

=
o

LOW-LEVEL OUTPUT VOLTAGE
VS
LOW-LEVEL OUTPUT CURRENT

LOW-LEVEL OUTPUT VOLTAGE
VS
LOW-LEVEL OUTPUT CURRENT

T T 5 T !
> ol BUF05703 ’ ash BUF05703 / / > 45 BUF05703 / / /
| Channels 1 to 2 I >| . Channel 3 / / [ Channel 4 / /
S 8 i i s 4 ' g 4
g / / g BUF06703 / / / = Tp=0°C / /
o 7|~ BUF06703 = a5} g 3 |
z BUF07703 /1// S 35 BUROTTO3 (/7 z 35 T = 25°C
2 61 Channels 1t 3 / /A 5 st Channels 4 to 5 / 2 3 iA =
5 s E ~ oro
: ° /// 3 25 /’//< o 2st TA‘BSC\‘//\‘/
E A L/ T / _ 2 /
: S e | e | & AL
z | g | H
5 3 7 N 2 15 F e 3 15 7
T, / TA=25°C S Ta=25°C I BUF06703
_ Ta = 85°C | 1 T = 1 g
2 L AT 3 Ta = 85°C L BUF07703
1 | | > 05 | | 05 Channel 6 ]
0 0 0 I
0 25 50 75 100 125 150 0 25 50 75 100 125 150 0 50 100 150 200 250
loL — Low-Level Output Current — mA loL — Low-Level Output Current — mA loL — Low-Level Output Current — mA
Figure 13 Figure 14 Figure 15
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE SUPPLY CURRENT
Vs Vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
1 1 T T 10 T ’ 4 | | | | 1-_ T OICI
BUF05703 Vcowm Buffer A=0°
> = >
T 991 Channet4 ;9 35 Tp = 25°C N
2 08 o o < 'l -~
g O8I 1 g 8 7] E 3 =
S 07| BUF06703 / 3 S
z BUF07703 / z / / 5 25
2 06[ Channel6 2 6 / =
=1 O
O o5 // A 3 5 / / > 2
% 04 / ‘\ [ Tp = 25°C / // §
- 3 4 15
T o - %]
£ o3 % Taz0°C : o, Y & |
) — oro, y Ia) |
T, 02 4 TiA_i25 S [ / T =85°C 5 °
o | | | £
~ aco o) ||
W | Ta-ssC S s Ta=0°C 05
. ' | L
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250 0123456789 101112131415
loL —Low-Level Output Current — mA IoL — Low-Level Output Current — mA VDD - Supply Voltage -V
Figure 16 Figure 17 Figure 18
SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE
N [
35—+ 15V
1
<
< 10V
L 5V
g 25
5
o 2
>
Q.
5 15
3 L
|
a 1
a
0.5
0

0 10 20 30 40 50 60 70 80
Ta — Free-Air Temperature — °C

Figure 19

10



b TEXAS

INSTRUMENTS

www.ti.com

BUF07703
BUF06703
BUF05703

SBOS269A — MARCH 2003 — REVISED JUNE 2003

AC CURVES

Vpp = 10V, unless otherwise noted.

BW — -3 dB Bandwidth — MHz

1.25

0.75

0.5

0.25

—-3dB BANDWIDTH
VS
SUPPLY VOLTAGE

BUF06703 | BUF05703
BUFO07703 Channel 3
Channel 5

—

Vcowm Buffer

RL=2kQ
C| = 100 pF
Ta = 25°C

0

2

4 6 8 10 12 14 16
Vpp — Supply Voltage — V

Figure 20

TYPICAL CHARACTERISTICS

BW — -3 dB Bandwidth — MHz

1.2

1

0.8

0.6

0.4

0.2

0

—-3dB BANDWIDTH

Vs

FREE-AIR TEMPERATURE

Gamma Channels

10, 15

o

10,

[
5V

[

5V

—
—
—
V,

cowm Buffer

RL = 2kQ

C| = 100 pF

0O 10 20 30 40 50 60 70 80

Ta — Free-Air Temperature —

Figure 21

°C

POWER SUPPLY REJECTION RATIO
VS
FREQUENCY

oo ] IIIHIIlIIIIHIIIIIIIHII A
NN L ] = o0 |
70
Il | ""III||\\\IIIIII\HIIIIIHHIIIIII\

PSRR- Power Supply Rejection Ratio —dB
iy
o
|
1

10 100 1k 10k 100k 1M 10M
f — Frequency — Hz

Figure 22

11
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TYPICAL CHARACTERISTICS

TRANSIENT CURVES

SUPPLY VOLTAGE, OUTPUT VOLTAGE

AND SUPPLY CURRENT LARGE SIGNAL VOLTAGE FOLLOWER
20 > >| 5
[ >I
16 5§ 4 o
T = 5 \ Vbp=5V &
Vop LA 12872 Vi=3V 3 5
/ 53 RL = 2kQ z
— * 53 : g
/] Vo — All Channels ;| Ta =25°C |
4 [a) 1 -
/ o) >
A 0 5 0
<é2 >
3 o 4 >
— (o))
2 /I = 3 / Vcom
) 3
5 / bb Vpp=0t015V S // Buffer \
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TYPICAL CHARACTERISTICS

TRANSIENT CURVES (continued)
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L = 100 pF o =
Ta = 25°C 2455 7 CL =100 pF
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SMALL SIGNAL VOLTAGE FOLLOWER TRANSIENT LOAD RESPONSE — SOURCING
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TYPICAL CHARACTERISTICS

TRANSIENT CURVES (continued)
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APPLICATION INFORMATION

The requirements on the number of gamma correction
channels vary greatly from panel to panel. Therefore, the
BUFxx703 series of gamma correction buffers offers
different channel combinations. The Vcopm channel can be
used to drive the Vcopm node on the LCD panel.
Gamma correction voltages are often generated using
a simple resistor ladder, as shown in Figure 35. The

BUFxx703 buffers the various nodes on the gamma
correction resistor ladder. The low output impedance of
the BUFxx703 forces the external gamma correction
voltage on the respective reference node of the LCD
source driver. Figure 35 shows an example of the
BUFxx703 in a typical block diagram driving an LCD
source driver with 6-channel gamma correction
reference inputs.

BUF07703

1=

TV

=

:l_: Source Driver
R
VWA _L Gamma 1
I
)
VWA _L Gamma 2
1)
VAL _L Gamma 3
T
)
VAL _L Gamma (n - 2)
I
(1)
VAL _L Gamma (n - 1)
T
1)
VW _L Gamma (n)®
T
Veom (1) Optional — Increases stability
(2) Stable Without Rg up to 30uF
(3) n = max number of gamma channels
on respective BUFxx703

Figure 35. LCD Source Driver Typical Block Diagram.

15



BUF07703
BUF06703
BUF05703

SBOS269A — MARCH 2003 — REVISED JUNE 2003

{'f TEXAS
INSTRUMENTS

www.ti.com

INPUT VOLTAGE RANGE GAMMA BUFFERS

Figure 36 shows a typical gamma correction curve with 10
gamma correction reference points (GMAL1 through
GMA10). As can be seen from this curve, the voltage
requirements for each buffer varies greatly. The swing
capability of the input stages of the various buffers in the
BUFxx703 is carefully matched to the application. Using
the example of the BUF07703 with six gamma correction
channels, buffers 1 to 3 have input stages that include
Vpp, but will only swing within 1V to GND. Buffers 1
through 5 have only a single NMOS input stage. Buffers
4 through 6 have only a single PMOS input stage. The
input range of the PMOS input stage includes GND.

VbD1
GMA1

Input Data HEXO

Figure 36. Gamma Correction Curve.

OUTPUT VOLTAGE SWING GAMMA BUFFERS

The output stages have been designed to match the
characteristic of the input stage. Once again using the
example of the BUF07703 means that the output stage of
buffer 1 swings very close to Vpp, typically Vcc — 100mV
at 5maA,; its ability to swing to GND is limited. Buffers 2 and
3 have smaller output stages with slightly larger output
resistances, as they will not have to swing as close to the
positive rail as buffer 1. Buffers 4 through 6 swing closer
to GND than Vpp. Buffer 6 is designed to swing very close
to GND, typically GND + 100mV at a 5mA load current.
See the typical characteristics for more details. This
approach significantly reduces the silicon area and cost of
the whole solution. However, due to this architecture, the
correct buffer needs to be connected to the correct
gamma correction voltage. Connect buffer 1 to the
gamma voltage closest to Vpp, and buffers 2 and 3 to the
sequential voltages. Buffer 6 should be connected to the
gamma correction voltage closest to GND (or the
negative rail), buffers 4 and 5 to the sequential higher
voltages.

COMMON BUFFER (Vcowm)

The common buffer output of the BUF07703 and
BUF05703 has a greater output drive capability than the
gamma correction buffers, to meet the heavier current
demands of driving the common node of the LCD panel.
It was also designed to drive heavier capacitive loads
and still remain stable, as shown in Figure 37.

45
Vpp =10V
40 [T R =2kQ
Y
35~ Vcom /
30

25
20
15
10

5

Phase Shift — Deg

10 100 1000

CL — Load Capacitance — pF

Figure 37. Phase Shift vs Load Capacitance.

CAPACITIVE LOAD DRIVE

The BUFxx703 has been designed to be able to
sink/source DC currents in excess of 10mA. Its output
stage has been designed to deliver output current
transients with little disturbance of the output voltage.
However, there are times when very fast current pulses
are required. Therefore, in LCD source-driver buffer
applications, it is quite normal for capacitors to be
placed at the outputs of the reference buffers. These
are to improve the transient load regulation. These will
typically vary from 100pF and more. The BUFxx703
gamma buffers were designed to drive capacitances in
excess of 100pF and retain effective phase margins
above 50°, as shown in Figure 38.

140 1 1 LU 1
BUFO07703: Channels 1to 6
120 " BUF06703: Channels 1to 6 A
§) 100 | BUF05703: Channels 1 to 4 ,/
| /'\/
= 80 /
e —
1) 60 Vpp=10V /
@ RL =2kQ
g 40
o
20
0
10 100 1000

CL — Load Capacitance — pF

Figure 38. Phase Shift Between Output and Input
vs Load Capacitance for the gamma buffers
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APPLICATIONS WITH >10 GAMMA CHANNELS

When a greater number of gamma correction channels
are required, two or more BUFxx703 devices can be
used in parallel, as shown in Figure 39. This provides
a cost-effective way of creating more reference
voltages over the use of quad-channel op amps or
buffers. The suggested configuration in Figure 39
simplifies layout. The various different channel versions
provide a high degree of flexibility and also minimize
total cost and space.

BUF07703 Source Driver
OUTH GMA1
ouT2 2
OouT3 3
ouT4 > 4
OouUTs 5
ouTe GMA6

Veon =+ — Veom
OouT1 GMA6
ouT2 8
OouT3 9
ouT4 10
OouT5 = 11
OouT6 GMA12

BUF06703

Figure 39. Creating > 10 Gamma Voltage
Channels

Table 1. > 10 Channel Gamma Combinations

BUF11702 | BUF07703 | BUF06703 | BUF05703
12ch — — 2 —
12ch + Veom — 1 1 —
14ch + Veom 1 — — 1
16¢h + Veom 1 — 1 —
18ch + Vcom 2 — — _
20ch + Veom 2 — — —

MULTIPLE Vcom CHANNELS

In some LCD panels, more than one Vcopp driver is
required for best panel performance. Figure 40 uses
three BUF07703s to create a total of 18
gamma-correction and three Vconm channels. This
solution saves considerable space and cost over the
more conventional approach of using five or six
guad-channel buffers or op amps.

BUF07703 Source Driver
OouT1 GMA1
ouTt2 2
ouT3 3
ouT4 4
ouT5 5
ouTe GMAB
Veom1 =+ — Voomn
BUF07703
ouT1 GMA7
ouT2 8
ouT3 9
ouT4 10
ouT5 1
ouTe GMA12
Veom2 ~— — Voome
BUF07703
OouT1 GMA13
ouT2 14
ouT3 15
ouT4 16
ouT5 17
ouTe GMA18
Veom3 —— — Vcoms

Figure 40. 18-Channel Application with Five
Integrated Vconm Channels
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COMPLETE LCD SOLUTION FROM TI

Besides the BUFxx703 line of gamma correction
buffers, Tl offers a complete set of ICs for the LCD panel
market: source and gate drivers, various power-supply
solutions, as well audio power solutions. Figure 41
shows the Total IC solution from TI.

Audio Power Amplifier for TV Speakers

The TPA3002D2 is a 7W (per channel) stereo audio
amplifier specifically targeted towards LCD monitors
and TVs. It offers highly efficient, filter-free Class-D
operation for driving bridged tied stereo speakers. The
TPA3002D2 is designed to drive stereo speakers as low
as 8Q without an output filter. The high efficiency of the
TPA3002D2 eliminates the need for external heatsinks
when playing music. Stereo speaker volume is
controlled with a DC voltage applied to the volume
control terminal offering a range of gain from —40dB to
+36dB. Line outputs, for driving external headphone
amplifier inputs, are also DC voltage controlled with a
range of gain from —56dB to +20dB. An integrated +5V
regulated supply is provided for powering an external
headphone amplifier. Texas Instruments offers a full line
of linear and switch-mode audio power amplifiers. For
excellent audio performance Tl recommends the

OPA364 or OPA353 as headphone drivers. For more
information visit www.ti.com.

Integrated DC/DC Converter for LCD Panels:
TPS65100

The TPS65100 offers a very compact and small power
supply solution to provide all three power-supply
voltages required by TFT (thin film transistor) LCD
displays. Additionally the device has an integrated
Vcowm buffer. The auxiliary linear regulator controller
can be used to generate the 3.3V logic power rail for
systems powered by a 5V supply rail only. The main
output can power the LCD source drivers as well as the
BUFxx703. An integrated adjustable charge pump
doubler/tripler provides the positive LCD gate drive
voltage. An externally adjustable negative charge pump
provides the negative gate drive voltage. The
TPS65100 has an integrated Vcom buffer to power the
LCD backplane. A version of the BUFxx703 without the
integrated Vcom buffer could be used for minimum
redundancy and lowest cost. For LCD panels powered
by 5V only, the TPS65100 has a linear regulator
controller that uses an external transistor to provide a
regulated 3.3V output for the digital circuits. Contact the
local sales office for more information.

Reference |

Gamma Correction Veom

ARakaCdualh

n

+15V
2.7v-5v | TPS65100()
+30V
LCD 12V
Supply -
3.3V
TPA3002
Audio
Speaker
Driver

i Van

Logic and
Timing
Controller

NOTE: (1) Available Q3 '03.

Source Driver |

!—
all

High-Resolution
TFT-LCD Panel

Gate Driver

Figure 41. TI LCD Solution
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GENERAL POWERPAD DESIGN
CONSIDERATIONS

The BUF07703 is available in the thermally enhanced
PowerPAD family of packages. These packages are
constructed using a downset leadframe upon which the
die is mounted; see Figure 42(a) and (b). This
arrangement results in the lead frame being exposed as
a thermal pad on the underside of the package; see
Figure 42(c). Due to this thermal pad having direct
thermal contact with the die, excellent thermal
performance is achieved by providing a good thermal
path away from the thermal pad.

The PowerPAD package allows for both assembly and
thermal management in one manufacturing operation.
During the surface-mount solder operation (when the
leads are being soldered), the thermal pad can also be
soldered to a copper area underneath the package.
Through the use of thermal paths within this copper area,
heat can be conducted away from the package into either
a ground plane or other heat-dissipating device.

1. Prepare the PCB with a top-side etch pattern, (see
Pin Configurations). There must be etching for the
leads as well as etch for the thermal pad.

2. Place 18 holes in the area of the thermal pad. These
holes must be 13 mils in diameter. Keep them small,
so that solder wicking through the holes is not a
problem during reflow.

3. Additional vias may be placed anywhere along the
thermal plane outside of the thermal pad area. This
helps dissipate the heat generated by the
BUF07703 IC. These additional vias may be larger
than the 13-mil diameter vias directly under the
thermal pad. They can be larger because they are
not in the thermal pad area to be soldered, so that
wicking is not a problem.

4. Connect all holes to the internal ground plane.

5. When connecting these holes to the ground plane,
do not use the typical web or spoke via connection
methodology. Web connections have a high thermal

resistance connection that is useful for slowing the
heat transfer during soldering operations. This
makes the soldering of vias that have plane
connections easier. In this application, however, low
thermal resistance is desired for the most efficient
heat transfer. Therefore, the holes under the
BUF07703 PowerPAD package must make their
connection to the internal ground plane with a
complete  connection around the entire
circumference of the plated-through hole.

6. The top-side solder mask must leave the terminals
of the package and the thermal pad area with its five
holes (dual) or nine holes (quad) exposed. The
bottom-side solder mask must cover the five or nine
holes of the thermal pad area. This prevents solder
from being pulled away from the thermal pad area
during the reflow process.

7. Apply solder paste to the exposed thermal pad area
and all of the IC terminals.

8. With these preparatory steps in place, the
BUF07703 IC is simply placed in position and run
through the solder reflow operation as any standard
surface-mount component. This results in a part that
is properly installed.

For a given 03a, the maximum power dissipation is
calculated by the following formula:

T -T
P — MAX A
= ()
Where:

Pp = maximum power dissipation (W)

TmAx = absolute maximum junction temperature (150°C)
T = free-ambient air temperature (°C)

83a=03c *+8ca

03¢ = thermal coefficient from junction to case (°C/W)
B¢ = thermal coefficient from case-to-ambient air (°C/W)

This lower thermal resistance enables the BUF07703 to
deliver maximum output currents even at high ambient
temperatures.

DIE

Side View (a)

Plo==y=N

End View (b)

NOTE A:  The thermal pad is electrically isolated from all terminals in the package.

Thermal
Pad

HHAA
alslils

Bottom View (c)

Figure 42. Views of Thermally Enhanced DGN Package
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MECHANICAL DATA
PWP (R-PDSO-G**) PowerPADO PLASTIC SMALL-OUTLINE

20 PINS SHOWN

o

20 1

1

HHHHHHHHHH/—T/‘F,(@%E%
o 4,50 6,60

0,15 NOM

|

Gage Plane L
[ 0,25

O
LELLEELEED

«—— A ——»
¢ 0,75
0,50
(‘\\ \
| OO s seangpane & ) A
015 ] —J‘
L 1,20 MAX U,19
0.05 0,10
PINS **
14 16 20 24 28
DIM
A MAX 5,10 5,10 6,60 7,90 9,80
A MIN 4,90 4,90 6,40 7,70 9,60
4073225/F 10/98

NOTES:A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions.
D. The package thermal performance may be enhanced by bonding the thermal pad to an external thermal plane.
This pad is electrically and thermally connected to the backside of the die and possibly selected leads.

E. Falls within JEDEC MO-153

PowerPAD is a trademark of Texas Instruments.
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MECHANICAL DATA (CONTINUED)
PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

o L
18AAA7

T 0,15 NOM
4,5

[

Gage P‘@/ i

O
TOOTIET.

“«—— A —»

\
_{ Seating Plane * (_\,
L 1,20 MAX %?_ ‘~Jo0,10 ] U

0,0
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153

oow
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MECHANICAL DATA

MHTS001D — JANUARY 1995 — REVISED MAY 1999

PWP (R-PDSO-G*)
20 PINS SHOWN

PowerPAD [0 PLASTIC SMALL-OUTLINE

HHHHAA]

Thermal Pad
(See Note D)

-
I
I
L

L

SLLLEEEERE

0,15 NOM

|

Gage Plane

— A ——P
¢ 0,75
0,50
I iniainininininininis BT J A
o 1 -j
L 1,20 MAX 229
0.05 0,10
PINS **
14 16 20 24 28
DIM
A MAX 5,10 5,10 6,60 7,90 9,80
A MIN 4,90 4,90 6,40 7,70 9,60
4073225/F 10/98
NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions.
D. The package thermal performance may be enhanced by bonding the thermal pad to an external thermal plane.
This pad is electrically and thermally connected to the backside of the die and possibly selected leads.
E. Falls within JEDEC MO-153

PowerPAD is a trademark of Texas Instruments Incorporated.
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

14 8

HHAHAA] T

4, )
4,30 6,20

50 6,6

o

“«—— A —»

L

e

HlHHHHHHY_J

0,15 NOM

!
:

Gage Plane i

— 120 MAX o [=]010 |
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patentright,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
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Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products & application
solutions:
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