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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




IMINARY PRODUCT INFORMATION

RENESAS MOS INTEGRATED CIRCUIT

1PD160083

480-OUTPUT TFT-LCD SOURCE DRIVER
(COMPATIBLE WITH 256-GRAY SCALES)

DESCRIPTION

The £ PD160083 is a source driver for TFT-LCDs capable of dealing with displays with 256-gray scales. Data input
is based on digital input configured as 8 bits by 3 dots (1 pixel) with double clock edge, which can realize a full-color
display of 16,777,216 colors by output of 256 values y-corrected by an internal D/A converter and 9-by-2 external
power modules. Because the output dynamic range is as large as Vss2 + 0.1 V to Voo2z — 0.1 V, level inversion
operation of the LCD’s common electrode is rendered unnecessary. Also, to be able to deal with dot-line inversion,
n-line inversion and column line inversion when mounted on a single side, this source driver is equipped with a built-
in 8-bit D/A converter circuit whose odd output pins and even output pins respectively output gray scale voltages of
differing polarity. Assuring a clock frequency of 85 MHz when driving at 3.0 V, this driver is applicable to UXGA-
standard (1600x 1200), SXGA-standard (1280x 1024) TFT-LCD panels.

FEATURES

« RSDS™ (Reduced Swing Differential Signaling) interface

« 480 outputs

« Input of 8 bits (gradation data) by 3 dots with double clock edge sampling

« Capable of outputting 256 values by means of 9-by-2 external power modules (18 units) and a D/A converter
« Logic power supply voltage (Vobp1): 2.7 to 3.6 V

« Driver power supply voltage (Vob2): 10.5 to 13.5V

 Output dynamic range: Vss2 + 0.1 V to Voo2 — 0.1 V

« High-speed data transfer: fc.k = 85MHz MAX. (Internal data transfer speed when operating at Vop1=3.0 V)
« Apply for dot-line inversion, n-line inversion and column line inversion

« Output Voltage polarity inversion function (POL)

« Input data inversion function (INV)

« Controlable output short function (MODE1 to MODE3)

Remark RSDS™ is a trademark of National Semiconductor Corporation.

ORDERING INFORMATION

Part Number Package
LPD160083N-xxx TCP (TAB package)
HPD160083NL-xxX COF (COF package)

Remark The TCP/COF's external shape is customized. To order the required shape, so please contact one of our

sales representatives

The information contained in this document is being issued in advance of the production cycle for the
product. The parameters for the product may change before final production or NEC Electronics
Corporation, at its own discretion, may withdraw the product prior to its production.

Not all products and/or types are availabe in every country. Please check with an NEC Electronics
sales representative for availability and additional information.

Document S16450EJ1VOPMO00
Date Published May 2003 CP(K)
Printed in Japan

© NEC Electronics Corporation 2002
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1. BLOCK DIAGRAM

|
STHR e STHL
R,/L —~f —— Vbp1a
CLKP, C§§§ — 80-bit bidirectional shift register x 2 — Vssna
Vbb1p
Vssip
Doop-Dosp, Doon-Dosn
D1op-D13p, D1on-Dian
D2or-Da23p, D2on-D23n Data register
INV
POL Latch
Vb2
Level shifter
Vss2
Vo-Vir D/A converter
Voltage follower output I MODE1
LPC — ~—— MODE2
~—— MODE3

S1 S22 Ss Sago
(Input pin)
TEST
RPI1 , _ RPO1
RPI2 Line repair Amp. RPO?2

Remark /xxx indicates active low signal.

2 Preliminary Product Information S16450EJ1VOPMO00O



NEC 4 PD160083

] ] B )
N 5] ] s

@)% (%) 7]

O
O
=
>
177 (7] 1 e Y K N .

B N (]

D10 Copper foil
(VSS1A) surface
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(VSS1A)

STB

(VSS1A)
DO3P
D03

(VSS1A)
D02P
D02

Remark 1. This figure does not specify the TCP package.
2. (Vss1a) is recommended to connect to analog GND on PCB for the return current of transmission line.

And please don't use these pins for power supply terminal with dynamic current.
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3. PIN FUNCTIONS

4 PD160083

(1/2)
Pin Symbol Pin Name 1/0 Description
S1to Saso Driver QOutput | The D/A converted 256-gray-scale analog voltage is output.
Doop to Dose, Display data Input | The display data is input with a width of 12 bits by double edge, viz., the gray scale
Doon to Dosn (RSDS) data (8 bits) by 3 dots (1 pixel).
Diop to Disp,
Dion t0 Dian
D2op t0 Dazsp,
D2on t0 D2an
R,/L Shift direction Input | These refer to the start pulse input/output pins when driver ICs are connected in
(CMOS) control cascade. The shift directions of the shift registers are as follows.
R,/L =H (Voo: level): STHR input, S1 - Saso, STHL output
R,/L =L (Vss1 level): STHL input, Saso—» S1, STHR output
STHR Right shift start 110 R,/L =H (Voo: level): Becomes the start pulse input pin.
(CMOS) pulse R,/L =L (Vss1 level): Becomes the start pulse output pin.
STHL Left shift start 110 R,/L = H (Voo: level): Becomes the start pulse output pin.
(CMOS) R,/L =L (Vss1 level): Becomes the start pulse input pin.
CLKP, Shift clock Input | Refers to the shift register’s shift clock input. The display data is incorporated into
CLKN the data register at both of rising and falling edge.
(RSDS) At the falling edge of the 160th clock after the start pulse input, the start pulse
output reaches the high level, thus becoming the start pulse of the next-level driver.
STB Latch Input | The contents of the data register are transferred to the latch circuit at the rising
(CMOS) edge. And the output timing and output short function are controlled by MODEL1 to
MODES3. Please refer to 8. RELATIONSHIP BETWEEN STB, POL, MODEL1 to
MODE3 AND OUTPUT WAVEFORM for more detail. It is necessary to ensure
input of one pulse per horizontal period.
POL Polarity Input | POL = H (Voo1 level): The Szn-1 output uses Vo-Vs as the reference supply.
(CMOS) The Szn output uses Ve-Vi7 as the reference supply.
POL =L (Vss1 level): The Szn-1 output uses Vo-V17 as the reference supply.
The San output uses Vo-Vs as the reference supply.
San1 indicates the odd output: and Sznindicates the even output. Input of the POL
signal is allowed the setup time (troL-st8) with respect to STB's rising edge.
INV Data inversion Input | Data inversion can invert when display data is loaded.
(CMOS) INV = H (Vb1 level): Data inversion loads display data after inverting it.
INV =L (Vssz1 level): Data inversion does not invert input data.
Please input DC signal. For details, refer to 6. DATA INVERSION.
LPC Low power control Input | LPC =L or open: Normal mode (default)
LPC = H: Low power mode (35% lower than noamal mode)
This pin is pulled down to the Vssip inside the IC.
MODEL1 to Output short contro Input [ This pin controls the output short function.
MODE3 MODE1 MODE?2 MODE3 Output Short Remark
H or open X X Non-active Output short circuit OFF
L H or open X Active During STB =H
L H or open | H or open During 34 CLK after STB falling
L L During 68 CLK after STB falling
Remark X:HorL
Output short function works only when POL signal is changed from previous line.
This pin is pulled up to Voo inside the IC.
4 Preliminary Product Information S16450EJ1VOPMO00O



NEC £ PD160083
(2/12)
Pin Symbol Pin Name 1/0 Description
RPI1, RPI2 Line-repair Amp. Input | The driver-ability of the line-repair amp is around twice of the normal analog output
S1to Saso.

And these outputs are changed at the rising edge of STB and don’t have Hi-Z

Output
RPO1, RPO2 Uipu (High impedance) period.

RPI1 (RPI2) - impedance changed -~ RPO1 (RPO2)

TEST Test Input [TEST =H or open: Normal operation mode
TEST = L: Test mode
Vo-V17 y-corrected power - Input the y-corrected power supplies from outside by using operational amplifier.
supplies Make sure to maintain the following relationships. During the gray scale voltage

output, be sure to keep the gray scale level power supply at a constant level.
Vop2— 0.1V =2Vo>V1>V2>Vs>Va> Vs> Ve> V7> Vs 2 0.5 Vopz
0.5 Vop22= Vo> Vio> Vi1 >Vi2> Viz > Via >Vs > Vie > Vir> Vss2 + 0.1 V

Vpp1p/A Logic power supply - 27t03.6V
Vop2 Driver power supply - 10.5t013.5V
\/ss1p/A Logic ground - Grounding
Vss2 Driver ground - Grounding

Cautions 1. The power on sequence must be Vopip, Vopia, logic input, and Vob2 and Vo-V17 in that order.
Reverse this sequence to shut down (Simultaneous power application to Vooz and Vo-Vi7 is
possible.).

2. To stabilize the supply voltage, please be sure to insert a 0.1 yF bypass capacitor between
Vobip, Vop1a-Vssip, Vobia and Vobz-Vss2. Furthermore, for increased precision of the D/A
converter, insertion of a bypass capacitor of about 0.01 4 is also advised between the y-
corrected power supply pins (Vo, V1, V2, -+, V17) and Vss2.

3. Because of the large power consumption of this driver IC, it is necessary to pay attention to the
driver IC's temperature for the Junction Temperature. So, it should be considered to use the
suitable mechanical design for the heat spreading and use the LPC function and the output
reset function for the power reduction. Especially, it is recommended to measure the
temperature of the driver IC surface.

Preliminary Product Information S16450EJ1VOPMO00O 5
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4. RELATIONSHIP BETWEEN INPUT DATA AND OUTPUT VOLTAGE VALUE

The 1PD160083 incorporates a 8-bit D/A converter whose odd output pins and even output pins output respectively
gray scale voltages of differing polarity with respect to the LCD’s counter electrode (common electrode) voltage. The
D/A converter consists of ladder resistors and switches. The ladder resistors (r0 to r255) are designed so that the ratio
of LCD panel y-compensated voltages to Vo'-V2ss’ and Vo'-V2s5” is almost equivalent, therefore, each resistance value
indicates figure 4-2. For the 2 sets of 9 y-compensated power supplies, Vo-Vs and Vg-Vi7, respectively, input gray
scale voltages of the same polarity with respect to the common voltage

Figure 4-1 shows the relationship between the driving voltages such as liquid-crystal driving voltages Vooz, Vss2 and

0.5 Vopz, and p-corrected voltages Vo-Viz and the input data. Be sure to maintain the voltage relationships below.

Vop2— 0.1V = Vo>V1>V2>V3>Vi>Vs >Ve>V7>Vs> 0.5 Vob2
0.5 Vo2 2= Vo>Vi10>Vi11 >Vi12 >V13 >V14 >V1s >Vie >Vi7 > Vss2 + 0.1 V

Figures 4-2 shows y-corrected voltages and ladder resistors ratio and figure 4-3 shows relationship between the

input data and the output voltage.

Figure 4-1. Relationship Between Input Data and y-corrected Power Supply
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1 PD160083
Figure 4-2. y-corrected Voltages and Ladder Resistors Ratio
m Ratio Value m Ratio Value m Ratio Value m Ratio Value
r0 | 31.50 630 | r64 | 2.25 451 r128 [ 1.00 20 ] r192 | 1.00 20
r1 [27.50 550 [ 65 | 2.25 451 r129 1 1.00 20 ] r193 ] 1.00 20
r2 | 24.00 480 66 | 2.25 451 r130 [ 1.00 20| r194 ] 1.00 20
r3 [ 21.50 430 67 [ 2.25 4511311 1.00 20 | r195 | 1.00 20
r4 119.00 380 r68 | 2.00 40 r132] 1.00 20 ] r196 | 1.25 25
5 [ 17.50 350 [ r69 | 2.00 40| r133 ] 1.00 20 r197 [ 1.25 25
6 | 16.50 330 r70 | 2.00 40 r134 1 1.00 20 r198° | 1.25 25
r7 | 15.00 300 r71 | 2.00 40| r135 [ 1.00 20 r199 | 1.25 25
8 | 14.00 280 r72 ] 2.00 40| r136 [ 1.00 20 ] r200 | 1.25 25
r9 [13.00 260 r73 | 2.00 40| r137 ] 1.00 20 [ r201] 1.25 25
r10 | 12.00 240 | r74 172.00 40| r138 ] 1.00 20| r202 | 1.25 25
r11 [ 11.00 220 r75 | 2.00 40| r139 ] 1.00 20| r203 | 1.25 25
r12 [ 10.00 200 r76 | 1.75 351 r140 | 1.00 20 [ r204 | 1.25 25
113 ] 9.50 190 77 [ 1.75 35] r141] 1.00 20 r205 | 1.25 25
114 1 9.50 190 78 [ 1.75 35] r142] 1.00 20| r206 | 1.25 25
15 [ 9.00 180 r79 [ 1.75 35] r143 ] 1.00 20| r207 | 1.25 25
16 [ 8.50 170 r80 [ 1.75 35] r144 ] 1.00 20| r208 | 1.25 25
117 [ 8.00 160 r81 [ 1.75 35] r145] 1.00 20 ] r209 | 1.25 25
118 | 7.50 150 r82 [ 1.75 35] r146 | 1.00 20 r210 [ 1.25 25
119 [ 7.50 150 r83 [ 1.75 35] r147 ] 1.00 20 2111 1.25 25
20 [ 7.00 140 r84 [ 1.75 35] r148 ] 1.00 20 212 1.25 25
121 | 6.50 130] 85 [ 1.75 35] r149 ] 1.00 20 r213] 1.25 25
122 | 6.50 130 ] r86 [ 1.50 30 ] r150 | 1.00 20 2141 1.25 25
123 | 6.00 120 r87 [ 1.50 30 ] r151 ] 1.00 20 r215] 1.25 25
24 [ 6.00 120 r88 [ 1.50 30 ] r152 ] 1.00 20 r216 | 1.25 25
125 [ 5.50 110 r89 [ 1.50 30 ] r153 ] 1.00 20 [ r217 ] 1.25 25
126 | 5.50 110 ] r90 [ 1.50 30 ] r154 | 1.00 20| r218 | 1.50 30
127 | 5.50 110 91 [ 1.50 30 ] r155 | 1.00 20| r219 ] 1.50 30
28 | 5.00 100 ] r92 [ 1.50 30 ] r156 | 1.00 20 r220 | 1.50 30
29 | 5.00 100 | r93 | 1.50 30 [ r157 | 1.00 20 [ 221 1.50 30
r30 [ 5.00 100 ] r94 [ 1.50 30] r158 | 1.00 20 ] r22271 1.50 30
131 | 4.50 90 ] r95 | 1.50 30 ] r159 | 1.00 20| r223 ] 1.50 30
132 [ 4.50 90| r96 | 1.50 30] r160 | 1.00 20| r224 1 1.50 30
r33 [ 4.50 90| r97 | 1.50 30 ] r161 ] 1.00 20| r225 | 2.00 40
34 [ 4.00 80] r98 | 1.50 30] r162 ] 1.00 20 ] r226 | 2.00 40
135 [ 4.00 80] r99 | 1.50 30 ] r163 ] 1.00 20 | r227 | 2.00 40
36 [ 4.00 80 | r100 | 1.50 30] r164 | 1.00 20 ] r228° | 2.00 40
37 [ 4.00 80 | r101 | 1.50 30 ] r165 | 1.00 20| r229 | 2.00 40
138 [ 3.75 751 r102 ] 1.50 30] r166 | 1.00 20 ] r230 | 2.50 50
139 [ 3.75 75] r103 ] 1.50 30 ] r167 | 1.00 20| r231] 2.50 50
r40 | 3.50 70| r104 | 1.50 30 ] r168 ] 1.00 20 ] r232] 2.50 50
r41 | 3.50 70| r105 | 1.50 30 ] r169 | 1.00 20 | r233] 3.00 60
r42 | 3.50 70 | r106 | 1.50 30 [ r170 | 1.00 20 [ r234 | 3.00 60
143 1 3.50 70 ] r107 | 1.50 30 r171] 1.00 20 ] r235 ] 3.00 60
44 | 3.25 65 ] r108 | 1.50 30 r1727] 1.00 20 ] r236 | 3.50 70
45 | 3.25 65 [ r109 | 1.50 30 r173 ] 1.00 20| r237 | 3.50 70
46 | 3.00 60 | r110 | 1.25 25 r174] 1.00 20 | r238° | 4.00 80
r47 | 3.00 60 | r111 ] 1.25 25] r175] 1.00 20 ] r239 | 4.00 80
48 1 3.00 60 | r112 ] 1.25 25] r176 | 1.00 20 | r240 | 4.50 90
r49 | 3.00 60 | r113] 1.25 25 r177 ] 1.00 20| r241] 5.00 100
50 [ 3.00 60 | r114 | 1.25 251 r178] 1.00 20 | r242] 5.00 100
151 | 3.00 60 ] r115] 1.25 251 r179] 1.00 20 ]| r243 ] 5.50 110
52 | 2.75 551 r116 | 1.25 25] r180 | 1.00 20 | r2441 6.00 120
53 | 2.75 55 r117 | 1.25 25] r181] 1.00 20 | r245] 6.50 130
154 [ 2.75 551 r118 | 1.25 251 r182 ] 1.00 20| r246 | 7.00 140
155 [ 2.75 551 r119 ] 1.25 25] r183 ] 1.00 20 ] r247 ] 7.50 150
156 [ 2.50 50 | r120 | 1.25 25] r184 ] 1.00 20 | r248°] 8.00 160
57 [ 2.50 50| r121] 1.25 25] r185 ] 1.00 20 | r249 ] 8.50 170
58 | 2.50 50 | r122 | 1.25 251 r186 | 1.00 20 | r250 | 9.00 180
59 | 2.50 50 | r123 ] 1.25 251 r187 | 1.00 20 [ r251 | 9.50 190
160 [ 2.50 50 | r124 | 1.25 25] r188 ] 1.00 20 | r252 1 10.50 210
161 [ 2.50 50 | r125 ] 1.25 25] r189 | 1.00 20 | r253 [ 11.50 230
162 | 2.25 451 r126 | 1.00 20 ] r190 | 1.00 20 | r254 1 12.50 250
163 | 2.25 45| r127 | 1.00 20 [ r191 | 1.00 20 | r255 | 25.00 500
Caution There is no connection between Vs and Vs pin inside the IC.
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Figure 4-3. Relationship between Input Data and Output Voltage (1/2)
(Output voltage 1) Vop2 — 0.1V =Vo>V1>Vz2>Vs>Va>Vs>Ve> V7> Ve >0.5 Vop2

Deta Quiput \oltage Deta Quiput \oltage Deta Quiput Voltage Deta Qutput Voltage

oH | w v aH| v [ve aH | vizs [wa aH | viez |\s

oaH| vt v AH| VB [vavevg X 45 7 2000 | 8IH | VI [vavsvg X 20 / 1280 | CIH| VIS [\svveVE)X 20 / 810
H| w2 [visoovyx 550 / 6] eH| ves \vervevax 0 7/ 2010 | &H | Vi s v x40 / 1280 | CH| VI \vsqve\E) X 40 /810
oH | V3 [visevyx 100 / 660 | 4H| ver \vaxvavax 135 / 2010 | &H | Vi \vavs v X 60 / 1280 | CH| VIS \vsxve\E) X 60 /810
oH | V3 |visvovyx 1460 / 660 | 4H| VBB |varvava) X 180 / 2010 | 8H | VI [vavsva X &0 / 1280 | OH| VIS \vsivevE) X 80 /810
BH | V5 |visv2vi)X 1840 / 660 | 48H | VB9 |VBHWAVRIX 220 / 2010 | 85H | VI3 |VAH\VeVAX 100 / 1280 | CBH| V9T VsHVeVE)X 106 /810
oH | W [visoevyx 2190 / 60 ] 4H| v [vaxvavgx 260 1 2010 | 8eH | vir fvavs v x 120 / 1280 | OsH| VISB \vsxveVE) X 130 / 810
OH | V7 |visv2vy X 2520 1 660 | 4| Vit |VeHvAVRIX 300 / 2010 | 8H | VIS [VaHVeVAX 140 / 1280 | CTH| VIS [\sH\VBVE)X 155 /810
oH| V8 [visvyx 280 / o] 4] vz [vawaevgx 30 / 2010 8H | Vi (vaveva x 160 1 1280 | GeH| Va0 [vexveAE) X 180 / 810
oH | v [visovyx 310 / o] 4H] vz [vawavax 30 7 om0 | 8H | visT (vavsva x 180 1 1080 | CcoH| vaor [vexve\e) X 205 /810
0H | vio visvevy X 330 1 e | 4H ] vig [verveg X 40 / 2010 | 8H | vasB [vavsvyx 200 /1 120 | o v [\sqveve) X 230 1 810
OBH | VAT [viHv2 vy X 3600 / 66570 | 4BH| VB |VBvaVB X 460 / 2010 | 8BH | VA9 |vaVsVAX 220 / 1280 | CBH| V2B [\eH\VBVE)X 255 /810
0CH | VIZ [viv2vi) X 380 / 66570 | 4CH| V7B [VaHvaAVB X 500 / 2010 | 8CH | VIO |Va(Vs VA X 240 / 1280 | OCH| V204 [\eH\VBVE) X 280 /810
oDH | Vi3 [vivevy X 400 / 650 | 4DH] V7 [vaxvave) X 535 / 2010 | 8DH | VA4l [vave VA X 280 1 1280 | CDH| V2B |\exVeVB) X 305 /810
OEH | Va4 [vivavy X 4210 / 650 | 48H| VB [vavave X 50 / 2010 | 8BH | VIAZ [vaveva X 280 1 1280 | CBH| V206 |\exVeVB) X 330 /810
OFH | V5 [visv2vy X 4400 / 650 | 4FH| VA \vexvaVRI X 606 / 2010 | 8FH | VI3 [vaVs VA X 300 / 1280 | OFH| V207 [\exVBVE)X 355 /810
10H | VI |VI+H\V2VD) X 4580 / 660 | 50H | VBO |[\VaHvaV3X 640 / 2010 | SOH | V144 [\vavsvA X 30 / 1280 | DOH| V2B [\evBVE) X 330 /810
1H | VA7 ViV X 4750 / 6500 | 5IH| VB [\Vaxvaa X 675 / 2010 | 9IH | VA4S [vavsvg X 340 / 1280 | DIH| V29 [\sqve\E) X 406 /810
125 | VIS ViV VD) X 4910 / 6570 | 5H| V&2 [\axvava X 710 / 2010 | 92H | Va46 [vavsvg X 360 / 1280 | DoH| V210 [\vsqve\e) X 430 /810
13H | VA9 vV X 5060 / 6670 | 53H| VB3 [\avvaVa X 745 / 2010 | 9BH | V47 [vavsva X 380 / 1280 | DBH| V2IL [\vsqve\e) X 4% /810
H | V2O Vi v X 5210 / 660 | 5H] Wt [vevavgx 780 /1 2010 ] 9aH | Vads [wavsva X 400 / 1280 | DH| V212 [\eHvBVE) X 480 /810
15H | V21 v v X 530 / 60| SH] Vs [vervavgx 815 1 2010] oH | Vg [warvsv x40 7 1080) DeH| V213 [\vsqveVE) X 506 /810
164 | v [vivevy X 5280 / 6670 | SoH| Vs [vavvavax a0 / 2010 | 98H | Vi [vavsv x40 / 1280 | DeH| V24 [\vsqveve)X 530 /810
IMH | V23 |viv2v) X 5610 / 660 | 5H | ver [vervavg x e / 2010] 9| vast [wavsva x 460 /1 1280 DMH| V215 [\sveVE) X 5B /810
18H | V4 [virv2v) X 570 / & | 58H] ves [vervavgx 910 1 00| oH | Vi [vavsvg x40 7 1280] DeH| V216 [\sveVE) X 530 /810
1H | V25 |virv2v) X 5850 / 660 | 5H ] ves [vervavex o9 /1 2010] 9H | vis3 [vavsvg x50 /1 1280 ) DeH| Vi [vsqveVE) X 606 /810
18H | V26 Va2V X 5080 / 6670 | SAH| VA0 |VaxvaVa) X 90 / 2010 | 9AH | VISA [vavsva X 50 / 1280 | DAH| V218 [\vsiveve) X 630 /810
18H | V27 [visve v X 600 / 6670 | 5BH| VeT |[VaxvAV3) X 1000 / 2000 | 9BH| VIS |[vave VA X 540 / 1280 | DBH| V219 [\vsiveve) X em /810
10H| V28 [visve v X 6180 / s | saH| vz [vevwvavg X 10m0 / 2010 | 9cH | vise [varvsvay X 560 /1280 | DOH| V2o [vexveVE) X 60 /810
1I0H| V9 [visv2viy X 6280 / 6570 | SDH| VB |VeHWAVB X 1080 / 2010 | 9DH| VIST |VaH(Ve\VA X 580 / 1280 | DDH| V2L [\eHMVBVE)X 720 /810
1EH | VA0 Va2V X 6380 / 660 | SEH| Vo4 |[VBHMAVRIX 1000 / 2010 | 9BH | VIS [Vva\VsVAX 600 / 1280 | DEH| V22 [\VsHveVE X 7D /810
IRH | V3L |viv2v) X 6480 / 650 | SH] VB [verwvave x 1120 / 2010 ) 9RH | vase [wavsvg x 0 /1280 | DRH| Va3 |\eveVE) X 780 /810
24| vz |2 60H| VOB |VaHvAVR X 1150 / 2000 | AOH | VIBD [vavs v X 640 1280 | EOH| V24 |6

2H| VB [V2+v3V) X 0 / 200 | 6H| Vo7 |[VaxvaAVa) X 1180 / 2010 | AIH| VIBL [vavs v X 680 / 1280 | EIH| V25 [vervave) X 30 1 2010
2H| Va1 [vaxv3Va) X 180 / 200 | 62H| VeB |Vaxvava X 1210 / 2010 | AH| VIBZ |[vavs VA X 630 / 1280 | E2H| V2B [vervAve) X 70 /1 2910
24| VB (V232X 200 / 2000 | 63H] Vo9 |vawava X 1240 / 2000 | ABH| VIB3 |va\vsvA X 700 / 1280 | E3H| V27 [VeHVvrvB) X 110 / 2940
24H | V38 [V2+\V3V2) X 340 / 2000 | 64H | VIO [\BxvaAVRI X 1270 / 2000 | AAH| VaBA [vavs VA X 70 / 1280 | EH| VB (Vv X 150 / 2040
21| Va7 [VvaxvaVa) X 40 / 200 | 6] vaor [varwvava x 1300 / 2010 ) AsH| Vaes [vavsvg X 70 /1 180 | BH| V29 [vevAve) X 190 /2940
26H| V3B [V2H\v3V)X 500 / 2030 | 66H| VIOZ |\BHvAV) X 1330 / 2010 | AH| VI6E [vaVe\VA X 780 / 1280 | EBH| V230 |VBHVZAB) X 230 / 2940
2ZH | V3 [V2H\v3VX 56 / 2030 | 6MH | VIO3 |\BHVAVR) X 1360 / 2010 | AMH | VI67 [vaVeMVA X 780 / 1280 | EMH| V23T |VBHVZAB) X 280 / 2940
24| VAo V2«3V X 650 / 200 | 68H) viod [varwvava X 1300 / 2010) ABH| vies [vavsvgx s / 1280 | BBH| VR |vevAve) X 330 / 2940
2H | VAL Va3V X 70 / 2080 | 6aH ) vaoE [varvava X 1420 / 2010) AH) vies [vavsvgx &0 /1280 EBH| Ve | vevAE) X 380 / 2940
-] vaz [z v x - 70 /1 2000 | 6aH | vaos [\vaxwvavg X 1450 /1 2010 | AaH| Vi [vasvay x s 1 1m0 | EAH| Ve [vevve X 40 1 2910
2H] vz vz x 80 / 2000 | eBH | vaior [\vaxwvava x 1480 / 2010 ] ABH| vaTt [vavsvay x 80 1 1080 | EBH| Vel eV X 50/ 2940
20H] v [vovava x - 90 / 2000 | 6aH| V0B |vaqwava X 1510 / 2010 | ACH| VAT |varvsva X 830 / 1280 | ECH| V236 |VBHVAVB)X 580 / 2940
DH| Va5 [\evavax 95 / 2000 | eDH| Vi [vaqwava X 150 /1 2010 | ADH| VAT3 [varvsva X 900 / 1280 | EDH| V237 [WveHVAB) X 630 / 2940
22H| a6 |3V X 1000 / 200 | 6BH| VIO [vaxvava) X 1570 / 010 | ABH| VI74 [vasvs vy X 90 1 120 | ERH| vesB [wexveve) X 7o 1 200
22| vz vz v x 1120 1 2000 | 6H | vt [varwvavg x 1505 1 om0 | ARH| Vizs [vasve x o0 1 om0 | BH| Ve [vevive X 70 1 2910
IH | VB Va3V X 1180 / 2020 | 70H] Vi1 [varvava X 1620 / 2010) BOH) Vaze [vavsvg X 9e0 /1280 FoH| Vo0 [\veHviB) X 850 / 2940
3H | VA9 V23V X 1240 / 200 | 7H] V13 [varvavg x 1645 1 2010] BIH| Vi v v x o0 /1 10| RH| VoAt [vexvie) X 90 1 2940
PH| Va0 V23V X 1300 / 200 | 7H] vilg [varvavg x 1610 / 2o10] BeH| vamB (v v x 1000 /1 1080 | PH| ez [veqvie) X 1050 /1 2940
3H| vat [vavvav) X 1360 / 200 | 7H| vits [\vaqwavg x 1606 / 2010 | B3H| ViTe [varvsvg X 1000 /1280 | FH| V243 [WeHvAVE)X 1150 / 2940
IH| VB2 [V2+\V3V) X 140 / 2000 | 7aH) Vit6 [varvava X 1720 / 2010) BaH) vaso [vavsvg X 1040 /1280 | FaH| Vve#t [vervive) X 1260 /2940
FBH| VB3 |[V2+\3V)X 1475 / 2000 | BH) VU7 [vewvava X 1745 / 2010) BBH| vasL [vavsvg X 1060 / 1280 | PRH| V4B [VeHVAE) X 1380 / 2940
3H| Vo1 (V232 X 1530 / 200 | 7eH] viis [vaxvavg x 170 /2010 BeH| Vi [vaas v x  10e0 /1080 | FeH| VB [vevivB) X 1510 /1 2940
3H| VB V23V X 1585 / 20| 7H] vitg [varvavg x 175 1 2o10] BH| vass [vas v x 1100 1 1080| FH| vear [vexvive) X 1650 1 2940
3BH| V6 [V2+vav) X 1640 / 2000 78H] vizo [varvava x 10 / 2o10) BeH) vasa [vasvg x 1120 /1280 FeH| VB |vevive) X 1800 / 2940
3H | Vo7 [V2+vaV2) X 1600 / 2000 | 7] Vit [varvava x 1845 1 2010) BOH| vass [vavsvg X 1140 / 1280 PH| V29 [VeHvAE) X 1960 / 2940
3H| VB8 [V2vaV) X 1740 / 2000 | 7AH] VIZ [vaHvAVe) X 1870 / 2010 | BAH| VISE [vaxveva X 1160 / 1280 | FAH| V20 [vexvrve) X 2130 1 200
BH| Ve [vavav) X 170 / 2000 | 7BH| VI3 |[vavave) X 185 / 2010| BBH| VIST [varvsvay X 1180 / 1280 | FBH| Vs [vexvrve) X 2310 1 200
IH| veo [varvavg) X 1820 / 2000 | 7aH| viza [varwvavg X 190 / 2010 | BCH| viss [varvsvay x 1200 1 1080 | FOH| V2 [vexvve) X 2500 1 2940
DH| VBL [ V23V X 1890 / 2000 | 7DH| VIS [varvaVe X 1945 / 2010 | BDH| VISY [vavs VA X 1220 / 1280 | FDH| V23 [vervrve) X 2710 1 2040
FH| V&2 [ V23V X 190 / 200 | 7EH| VI [VaHvaVR X 1970 / 2010 | BEH| VISO [vaxvs VA X 1240 / 1280 | FEH| Vst [wr

FH| &3 [V a2 x 1986 1 2030 | 7H| vior [vevaVa X 190 / 2000 | BRH| viar |waveva X 1260 / 1280 | | vesB | W8
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Figure 4-3. Relationship between Input Data and Output Voltage (2/2)
(Output voltage 2) 0.5 Vobz 2 Ve > Vio > V11> V12> V13> Via > Vis > Vie > Vir 2 Vss2 + 0.1 V

Deta Quiput \Voltage Deta Quiput Voltage Deta Qutput \oltage Deta Quiput \oltege

oH | v [viz aH | et [via aH | vizs' v aoH | Vi [viz

oH | v [vie 4H | V&5’ avizvigx 45 1 2010] 8H | vizor [viswvizvig x 20 7 10| CiH | VISB' [vizgvitvi X 20 /810
oH | vz [visvisvig x  s0 1 o] e+ ves isvizvigx @0 7 2o0] eH | vio viswviovia x 0 7 o] x| visr vionvivio x40 1 a0
eH | V3 [vienvisvig x 1030 / esmo] 43| Ve [vianvizvigx 135 7 2010] &H | v [viswvizvig x e / 1280 CH| VISB' [vizvitvi X €0 / 810
oH | v [vienvisvig x 1460 / esr0| 4+ | ve8' \vianvizvigx 1m0 / 2010] 8| vi [visvizvig x &0 7 120 o | VIS [vizvitvi X 80 /810
oH | &' [vievisvig x 1810 7 esmo] 4+ | Ve \isvizvigx 20 1 o0 e | vise [viswviovi x 10 7 o] | vier [visvvitvio x 105 1 a0
oeH | &' [vievisvig x 2190 7 esmo] 4eH | Vo isvizvigx 20 1 o0 e | visa [viswviovi x 10 7 o] o | viser viovvitvio x 130 1 awo
oM | V7' [viexvisvig x 20 1 esro] am | v vianvizvigx 30 / 2010] 8MH | viss' [viswvizvig x 10 7 1280 CH| VI [vizevitvi X 155 /810
- | 8 [visnvisvig x 20 1 e 48] vz \vianvizvigx 30 7 2010] &+ | vise' [viswvizvig x 160 7 10| caH | Voo [vizsvitvi X 180 /810
oH | v [vievisvig x 210 7 esmo] 4H ] vz isvizvigx 30 7 2o0] eH | visr [viswviovi x s 7 10| coH | veor visivitvio x 205 1 a0
08H | vio' [visrvisvig X 330 / 66m0] 48H | VA [viavizvig x40 / 2010] 8H | vise [visqvizvi x 2w / 1280] cH | v vizvitvia x 230 /810
0BH | Vit |visrvis VI X 3600 / 6670 4BH | V' [vaavisvig X 460 / om0 &BH | VI [visqvizvigx 220 / 1280| CBH| VB [vizsviivIDX 255 /810
ocH | viz \visvvisvig x 380 / 65| 4H| Ve [viaqvisvig x50 /7 om0 8cH | vidor [visvizvig x 240 7 om0] ocH]| veor vizvviivigx - 230 1 810
ooH | iz \visHvisvig x a0 / 650 aH | vz viavizvigx 535/ 2o 8o | vaar fvisviovig x  2e0 7 om0] aH| ves fvizvviivigx - a6 1 g0
oEH | via \visvvisvig x 210 | 65| 48H ]| v [viavizvigx 5w/ oo seH | viaz lvisviovig x om0 7 o] aH | veos vizvviivigx - 30 1 g0
oFH | Vi5' [visrvisvig X 4400 / 60| 4FH | V' [vianvisvigx 606 / 2010] 8FH | Vig3' [visqvizviz X 3w / 1280] OFH | Vaor [vizsvitvi X 3% /810
10H | V16" [vievisvig X 4580 / es0] SoH | Ve (vianvizvigx  e10 / 2010] ooH | viar [vaswvizvig x 20 7 120 Do | V0B [vizsvitvi X 330 /810
1H | vi7' [vievisvig x 4m0 1 esmo] siH| Ve isvizvigx e 1 2o0] eiH | vis [viswvioviz x - 30 7 1] DiH | Ve visvvitvio x a5 1 a0
12H | vig' [vienvisvig x 4010 7 esmo| s+ | Ve \avizvigx 710 7 2o0] e+ | vide [viswviovi x 3 7 1o ceH | ve1or visivitvio x40 7 a0
13H | 19’ [vievisvie X 5060 / esm0] S3H| Va3 viavizvigx 75 1 2oi0] e | viar [viswvizvig x  3e0 7 azso| CeH | \Vour vizvitvi X 455 1 810
1H | Voo [vievaisvag x 5210 7 eso| s | Ve (viavizvigx  7e0 7 2010] o | vidg [viswvizvig x40 7 10| DH | verz vizsvitvi X 480 1 810
15H | vor [visnvisvig x 50 1 esmo| sH | Vves' \visvizvigx &1 1 20| e | v viswviovi x - a0 7 o] o | vei3t vioivitvio x  s5 1 a0
16H | Vo2 [visvisvig x sa80 1 esmo| seH | Vves \aanvizvigx a0 1 2om0] e | visor [viswviovig x a0 7 o] oeH | veue [vizvitvio x s 7 s
1H | V23’ [vievisvig x 5610 / esr0] 5| Ve [vianvizvigx s / 2010] oM | vast [viswvizvig x  4e0 / 1280| DM | V215t [vizevitvi X 586 18I0
18- | vor [visqvisvig x 70 7 esmo| seH | ves' aavisvigx  a10 7 o0 e | visz viswvizvig x  4e0 /o] e | veie vinvitvio x s 7 8w
1H | Vo5t [vievisvig x se0 1 esmo] sH | Ve asvisvigx o0 7 200] eeH | viss [visvioviz x - s 7 10| peH | verr viovvitvio x e 1 a0
18H | vas' [visvisvig X som0 / esm| 5aH | veor [visvisvigx g 7 2oi0] 9H | visa [visviovig x50 7 1om0] DaH | Vs vizvvivix e /810
184 | V27 [visrvisvig) X_eoro / esm0| SBd | Vor' [viawvizvigx 1000 / 2010 9BH | VIS5 [vasnvizviz X 540 / 1280] DBH| V219" [vizwvitvi X 660 /810
1cH | vas' [visvisvig x &80 / e ] 5cH| vz [viavisvig x 1030 / 2om0] aoH | vise [visqvizvig x s 7 1280] boH| veo hvizwvivi x e /10
10H | Vo' visvisvig x e 1 esm] 5oH | ves' [visvisvig x  10e0 7 2010] aoH ]| visr visviovig x s 7 1m0 ooH | veer vizvvivigx - 70 1 a0
16H | Vo' [visvisvig X 6330 / esm| 5EH | Vo [visvisvigx 1000 / 2010] oeH | viss [visviovig x e 7 1om0] DEH| Ve \vizvvivix 70 /a0
1AH | V&t [vienvisvig X 6480 / 60| 5AH| VBt [viavizvigx 1120 / 2010] oH | visor [vaswvizvig x 60 / 12s0| ORH| Vet vizevitvi X 780 /810
2H | va [vis 6H | Vo5 [viavizvigx 1m0 20 AoH ] vieo visiviovi x e e B | veor [vin

2H | a3 [visviavis x - a0 7 2o 61| vor aavivig x 1180 1 20| AIH] vasr viswviovi x e 1 o] EiH| Vet viviovinx 20 7 200
2H | var [visqviavig x 180 7 20| eH | ves \viavizvigx 1210 1 20| AH | vier viswviovi x e 1 o] EH| Vs [viviovinx 70 7 290
2H | V&5 [visiviavis x 260 7 20m0] 63H | Voo \viavizvigx 1200 1 2010] AsH| viss' [vaswvizvig x 7o 7 10| B3H | Veor [viviovin X 110 7 2910
2H | a5 [visviavis X 30 7 20| 6aH | vioo \viavizvig x 1z 1 2om0] AH| viss [vissvizvig x - 70 7 10| BH | Ve [viviovin X 150 7 2910
25H | a7 [visiviavis x40 1 20| e+ | vior asvizvig x 130 7 2o0] AsH] vies viswviovi x - 70 7 o] BH | Ve vitsviovin x 190 7 200
26H | a8 [visviavis x s 7 20| eaH | vioe \aavizvig x 130 7 20| AeH | vass! viswviovig x a0 7 womo| EsH | Veao visviovin x 230 7 290
2M | V&g [visivisvis x5 1 20| 6m | vios' (viavizvig x 1350 / 2010] A a7 [vaswvizvig x 70 7 10| EH | VaRr viviovin X 280 1 2910
28H | vao [visvasvis x  es0 7 20| eeH | vios \aavisvig x 130 7 2om0] Aed| viest [viswvizvig x s /o] EeH | Ve viviovin x 330 7 200
2H | var [visiviavis x - 720 1 20| eaH | vios aavizvig x 140 1 2010] AsH] vass [viswviovia x &0 7 o] BH | Ve vitsviovin x 30 7 290
28H | vz [visiviavis) X 790 1 200 | 6aH | vioe' [visvisvigx 1450 1 20i0] A | viror [visviovi x  s0 7 1m0 EAH | vesr \iviovin x 440 1 2010
284 | w3 [vasrviavis) X 80 / 2000 | 68H | VIOT' [vianvizvig X 1480 / 2010 ABH | W7 [viswvi2vig X s / 1280| EBH| V2B [viviovin X 500 / 2910
20H | v \Visviavis X 930 / 2000 | 6CH | VIoB' [vaarvisvag X 1510 / 2000 | ACH | ViTZ' [visqvizvig X 830 / 1280 | ECH| V236" [VITHVIOVIT) X 560 / 2940
2oH | w5 \isiviavis x 995 / 2000 eoH | Vi viavizvig x 1510 7 2om0] ADH| viza visviovig x om0 /1 om0] BH | vesr viviovin x - 60 1 2010
28H | ve' [visrviavis) x 1000 / 20| 68H | vinor visvisvigx 15w 1 200 ARH | viza [visviovig x e 7 1m0 | BRH| Ve vivioviy x 70 1 2010
2PH | w7 [visrviavis) X 1120 / 2000 | 6°H | Vit [vignvasvig X 1505 / 200 | ARH | AT [viswvi2vig X 90 / 1280| BRH| Ve [viviovin X 780 / 2010
aH | vag' visviavis) x 1180 7 200] 7o | vz visvisvig x 160 /1 2010] BoH | vz [visqvizvig x - ee0 7 1m0 FoH | Vo vasviovin x se0 1 2010
3MH | vag' [visrviavis) X 1240 / 2030| 7IH | VI3 [vignvizvig X 1e45 [ 2010] BIH | vir7 [vasqvi2viz x - aen / 1280 FIH | vear visviovin x 950 1 2910
2+ | Va0 visrviavis) x 1300 7 20| 72H | v visvisvig x  16m 1 20i0] BeH | vize! [visqvioviz x  10m 7 180| PH | Ve isviovin x 1080 1 2010
3+ | Vet [vasrviavis) X 1360 / 2000| 73H | VIS’ [vianvizvig X 1695 / 2010| B3H | Vir' [vaswvizviz x 1000 / 1280| F3H | Ve [visviovin X 1150 / 2910
I | Va2’ [visrviavis) X 1420 / 200 | 74H | VII6' [vianvisvig X 1720 / 2010 | BAH | Vi [vasvi2viz X 100 / 1280| FaH | vead [visviovin X 1260 / 290
BH | V83 |visrviavis) X 1475 | 200| B | VT [vianvasvig x 1745 [ 2010] BeH | vast [visqvizviz x 1080 / 1280| PBH | Vs [visviovin X 1380 1 290
3+ | Vo [visrviavis) X 1530 / 200| 78 | Va8 [vianvisvig X 1770 / 2010| BeH | Vig2' [vaswvi2viz X 1080 / 1280 | FeH | Vede' [visviovin X 1510 / 2910
3H | V88! [visrviavis) X 1585 / 200| 7H | V19" [vianvisvig X 1795 / 2010 BH | Va3 [vaswvi2vig X 1100 / 1280 | FH | vear [visviovin X 1650 / 290
3+ | ve6' visrviavis) x 1640 1 20| 78 | vizo [visvisvig x 180 1 20i0] BeH | vir [visqvioviz x - 1120 /1m0 PeH | Vs viviovan x 1800 1 2010
3H | Vo' [visrviavis) X 1600 / 2030] 7oH | Va2t [vianvizvig x  1s5 / 2010 BoH | Viss [vasqvizviz x 1140 / 1280| FoH | V49 [visviovin X 1960 / 290
3H | V88" |\Visrviavis) X 1740 / 2000 7AH | Viz2' [vaarvasvaig X 1870 / om0 | BAH | Viss' [visvizvig X 1160 / 1280 | FAH | V2SO [VITHVIOMIT) X 2130 / 2940
3BH | Vo' \visrviavis) X 1700 / 2000 | 7BH | ViZ3' [vaarvisvig X 1806 / 2010 | BBH | Vis7' vasvizvig X 1180 / 1280 | FEH | VRS [VITHVIOMVIT) X 2310 / 2040
3CH | V0" |Vis+vi4VIs) X 1840 / 2000 | 7CH | Viza [vaarvisvag X a0 / 2000 | BOH | Viss' [visvizvig X 1200 / 1280 | FCH | V252 [VITHVIOMIT) X 2500 / 2940
30H | VeI |Vis+vi4VIs) X 1800 / 2000 | TOH | VIS [vaarvisvaig X 1945 / 2010 | BOH| Visd' visqvizvig X 1220 / 1280 FOH| V2S3' [VitHvIOVIT) X 2710 / 2940
3H | W2 |visrviavis) X 1940 / 2000 | 7BH | VI26' [vaarvisvig X 1970 / 2000 | BEH | VISO' [visqvizvig X 1240 / 1280| FEH| V2t [vio

arH | ve3' visrviavis) x 1985 / 2000| 7rH | vior [vaanvisvig x 1900 / 200 BrH | vier [visqvizvig x 1280 1 120| FH | Ve [we
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5. RELATIONSHIP BETWEEN INPUT DATA AND OUTPUT PIN

Data format: 8 bits x 1 RGB (3 dots)
Input width: 12 bits x double edge (1-pixel data)

(1) R/L = H (Right shift)

Output S1 S2 S3 Sa - Sa79 Sag0
Data Doop-Dosp, Diop-Dasp, D2op-D2sp, Doop-Dosp, e Diop-Disp, D2op-D2sp,
Doon-Dosn Dion-Dasn D2on-D23n Doon-Dosn Dion-Dian D2on-D2an

(2) RJL = L (Left shift)

Output S1 S S3 S4 - Sar9 Sag0
Data Doop-Dosp, Diop-Dasp, D2op-D2sp, Doop-Dosp, e Diop-Disp, D2op-D2sp,
Doon-Dosn Dion-Dasn D2on-Da2sn Doon-Dosn Dion-Dasn D2on-D23n
POL San-1No® Sanote
H Vo-Vs Vo-V17
L Vo-Vi17 Vo-Vs

Note Szn1 (Odd output), Szn (Even output) ,n =1, 2, ... 240

6. DATA INVERSION (INV)

INV controls the internal data inversion. When INV = H, the internal data is inverted and CLK is not inverted (See the

figure as below). Using the INV pin, the RSDS data bus interface can be changed.

uPD160083 nPD160083

DOOP -~ -f - -, R B I — =

‘ 5 5 DOOP g 5

pooN—— - B || B DOON "zl | B

' (8] (@] ' (8} (@)

: 3| : |8 : s|:|8

D23P == b ==y Q % D23P --|------ —{ 2 %

I [ 0 o n (a)
D23N —1 2 D23N » £

CLKP ----f---- CLKP - - -
CLKN ——

INV=H INV =L
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7. TIMING CHART AND RELATIONSHIP BETWEEN 8-BIT DATA AND DATA BUS LINE

tHoLD2 thHoLb1 tHoLb1
e it e
tsetup2 —)i—k— i tseTup1 : : i tseTup1 —)i—k—i
CLK i i i 4 i A i i 4

(Differential) J i \4 i \ 4 i i \4 i Y i

STHR i i i i
Doo S1 S1 Sa Ss4 S7 S7
(Differential) O 1@ 10| @] [O)] [D
Do1 S1 S1 Sa Sa Sz S
(Differential) @A D] [B)
Doz S1 S1 Sa Sa Sz S7
(Differential) @O @G |@] |G
Dos S1 S1 Sa Sa S7 S7
(Differential) IR VIR ICINIY)
Dio S2 S2 Ss Ss Ss Ss
(Differential) O @] O |@]]|O]@
D11 Sz S Ss Ss Ss Ss
(Differential) @@ |@] |3
D12 S2 S Ss Ss Ss Ss
(Differential) @O [@|O] @G
Dis S2 S Ss Ss Ss Ss
(Differential) CINIVIRICIRIVIRECINIY)
D20 Ss Ss Se Se So So
(Differential) O O[O @] ]|O] |@
D21 S3 Ss Se Se So So
(Differential) @ (][] ]G
D22 Ss Ss Se Se So So
(Differential) @O @G |@] |G
D23 S3 Ss Se Se So So
(Differential) OIRIOIRIOINIYIREOINIG

Remark Sn): LSB, Sn7): MSB
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8. RELATIONSHIP BETWEEN MODE, STB, POL, MODE1 to MODE3 AND OUTPUT WAVEFORM

The (PD160083 has a various kind of output short function that can be controlled by MODE1 to MODE3. Please

refer to the following description of each function and decide MODE1 to MODES3 after considering the suitable driving

method.

Charge e
MODE1 MODE2 MODE3 . Description of Output Short
Sharing
H or open X X Non-active Output short doesn’t work
L H or open X Active During STB =H
L H or open Active During 34 CLKs after falling edge of STB
L Active During 68 CLKs after falling edge of STB

Remark X:HorL

(1) MODE1 = H or open
All outputs always become Hi-Z condition during STB = H at this mode. And output short function doesn’t work and

all output always start at the falling edge of STB (See figure 8-1).

12

STB

POL

Vour

(Odd)

Vour
(Even)

Figure 8-1. MODE1 =H or open

Vo-V17

A

Remark --- : Repair Amp. output
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(2) MODE1 =L, MODE2 = H or open

Output short function works during STB = H at this mode. So all outputs are started at the falling edge of STB (See
figure 8-2). But output short function works only when POL signal is changed. So All output become Hi-Z condition
during STB = H without any change of POL signal (See figure 8-2).

Figure 8-2. MODE1 =L, MODE2 =H or open

S8 [ | ] ]
POL

Vo-V17

A
Y

Vour

(0dd)

Vo- V17

Vout
(Even)
Output Output Hi-Z
reset reset
Remark --- : Repair Amp. output
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(3) MODE1 =L, MODE2 =L

All output always become Hi-Z condition during STB = H in this mode. And output short function works at the falling
edge of STB during requested period by MODE3. At MODE3 = H, the driver IC counts 34 CLKs of output short period
by itsself, and count 68 CLKs at MODE = L. After finishing the output short period, the gray-scale voltage to the LCD
panel is started. When POL signal is not changed, the gray-scale voltage to the LCD panel is started at the falling edge
of STB without any change of POL signal (See figure 8-3).

MODE3 Output Short Period
H or open 34 CLKs
L 68 CLKs

Remark MODE1 =L, MODE2 = L

Figure 8-3. MODE1 =L, MODE2=L

STB

POL | !
i i Vo-Viz
Vout i : i
(Odd) | ! |
— NS s
| ; L Veve
Vout i : i
(Even) i ! |
: 1 : 1 1 I 1 :
Hi-Z Output reset Hi-Z Output reset Hi-Z
(34/68_CLKs) (34/68_CLKs)
Remark --- : Repair Amp. output
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9. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = +25 °C, Vssip, Vssia = Vss2 = 0 V)

Parameter Symbol Ratings Unit

Logic Part Supply Voltage Vob1p, Vop1a —0.5t0 +4.0 V
Driver Part Supply Voltage Vb2 —0.5to +14.0 V
Logic Part Input Voltage Vi —0.5to Voo1 + 0.5 V
Driver Part Input Voltage Vi —0.3 to Vooz + 0.3 \Y
Logic Part Output Voltage Vo1 —0.5 to Voo1 + 0.5 \Y
Driver Part Output Voltage Vo2 —0.5to Vooz + 0.5 V
Operating Ambient Temperature Ta —10to +75 °C
Storage Temperature Tstg —55 to +125 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the

verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Logic Part Supply Voltage Vop1p, 2.7 3.3 3.6 \%
Vbb1a
Driver Part Supply Voltage Vob2 10.5 12.0 13.5 \Y
High-Level Input Voltage 1 ViH1 0.7 Voo1 Vop1 \Y
Low-Level Input Voltage 1 Vi 0 0.3 Vob1 V
High-Level Input Voltage 2 Vinz CLK, Dxy Vem=1.2 v Note +100 +200 mvV
(Differential :VrspsP-VrspsN) (x=0to02)
Low-Level Input Voltage 2 ViLz (y=0to3) -200 -100 mV
(Differential :VrspsP-VrspsN)
Common Mode Input Vem Vorr = 200 mVpp Nt 0.5 1.2 1.4 \%
Voltage
Driver Part Output Voltage Vo Si1 to Saso, RPO1, RPO2 0.1 Vopz— 0.1 \Y
y-Corrected Voltage Y Vo-Vs 0.5 Vo2 Vopz2— 0.1 \Y
Vo-V17 0.1 0.5 Vbp2 V
Clock Frequency ferk Voo1= 2.7V 70 MHz
Vop1= 3.0V 85 MHz
Note
VRsDSN - - —x\ 1
(CLKN, DxxN) W ’ W ' VCMRSDS
VRsDsP sesle e ] I N
(CLKP, DxxP)
A )
7— 7Y 7— fY ViH2 = +100 mV MIN.
VRsDsP-VRsbsN [ l Z X ov
(Internal CLK, DATA) —_ —_ { ViLz = <100 mV MAX.
(W
Internal Logic L H L
Remark VCM = (VCLKP + VCLKN) /2 or = (VDxxP + VDxxN) /2 (x = 0, 1, 2)
VDIFF = (VCLKP - VCLKN) /2 or = (VDxxP - VDxxN) /2 (x =0, 1, 2)
Preliminary Product Information S16450EJ1VOPMO0 15
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Electrical Characteristics (Ta =—-10to +75 °C, Vop1 = 2.7 to 3.6V, Vop2 = 10.5t0 13.5V, Vss1 = Vss2= 0 V)

Parameter Symbol Condition MIN. TYP. MAX. Unit

Input Leak Current I +1.0 LA
High-Level Output Voltage| Vo STHR (STHL), lon = 0 mA Vop1 — 0.4 Vop1 \
Low-Level Output Voltage | Vo STHR (STHL), lo. =0 mA Vss1 Vss1+ 0.4 Vv
y-Corrected Resistance Ry Vopz =12.0 V, Ta = 25°C, 11.91 17.02 22.13 kQ

Vo-Vg = Vo-Vi7 =5.0V
Pull-up/pull-down RpPU Vop1 = 3.3V, MODEL1 to MODES3, LPC, TEST 80 200 500 kQ
Resistance
Driver Output Current IvoH S1to Saso, RPO1, RPO2, [Vx =11V, =70

Vopz =12V Vour = 10.5 V Notet

IvoL Vx=1.0V, 70
Vour = 1.5 Vv Notel

Output Voltage Deviation | AVo Vo=1.5VtoVopz—1.5V. +12 +20 mV
(DVo) Vo=0.1t0 1.5V, + 40 +50 mv

Vo= Vopz—1.5V to Vooz — 0.1V
Output Swing Voltage AVpp1 | Vo=15VtoVooe—15V +6 +10 mV
Difference Deviation AVpp2 | Vo=0.1t01.5V, +30 +50 mV
(DVRrwms) Vo= Vopz2-1.5V to Vopz — 0.1V
Output Swing Voltage AVo Input data: 80H +1 +75 mV
Average Deviation
Logic Part Dynamic Iob11 Vppy Notet to notes 2.5MNotez | g qNote3 mA
Current Consumption 1
Logic Part Dynamic Iop12 Vopy, Notel to note3 2.0Note4 | g gNotes mA
Current Consumption 2
Driver Part Dynamic Iob2 Vooz, with no load, 15.0MNotee | 45 g Note? mA
Current Consumption RPI1, RPI2 are not floating

Notes 1. Vx refers to the otuput voltage of analog output pins S1 to Szsa.

Vour refers to the voltage applied to analog output pins S1 to Sasa.

fcke, fokn = 67.5 MHz, fsts = 80.0 kHz, test pattern = dot inversion, Ta= 25°C, Vob1= 3.0 V
fcike, fekn = 67.5 MHz, fsts = 80.0 kHz, test pattern = dot inversion, Vob1= 3.6 V

fcike, fokn = 54.0 MHz, fste = 64.9 kHz, test pattern = dot inversion, Ta= 25°C, Vob1 = 3.0V
fcike, fokn = 54.0 MHz, fsts = 64.9 kHz, test pattern = dot inversion, Vob1= 3.6 V

fcike, fekn = 67.5 MHz, fste = 80.0 kHz, test pattern = dot inversion, Ta= 25°C, Vop2= 12.0 V
fcikp, fokn = 67.5 MHz, fste = 80.0 kHz, test pattern = dot inversion, Voo2= 13.5V

No o k~owbd
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Switching Characteristics (Ta =—-10 to +75 °C, Vb1 = 2.7 to 3.6V, Vop2 = 10.5t0 13.5V, Vss1 =Vss2=0V)

Parameter Symbol Condition MIN. TYP. MAX. Unit

Start Pulse Delay Time teLHL CL=15pF Vop1 < 3.0V 4 12.5 ns
Vop1 2 3.0V 4 10.0 ns

Driver Output Delay Time | trr2™*® | Voo = 12.0 V, RPO1, RPO2, 4 5 5
tpLuz V012 S1to Saso, RL =9 kQ, CL =80 pF 5 8 15

tPHL2 Notel 4 5 15

teHL3 Note2 5 8 15

tpLrg NOL 4 5 IS

teLHs Note2 5 8 15

tPHL4 Notel 4 5 1S

tprLs NOte2 5 8 1

Input Capacitance Cu Logic input besides STHR (STHL), 10 pF

Ta=25°C
Cr STHR (STHL),Ta = 25°C 15 pF

Notes 1. The value is specified when the drive voltage valuw reaches the target output voltage level of £10%.
2. The value is specified when the drive voltage valuw reaches the target output voltage level of £0.02 V
(Condition: Vo =3.0V - 12.0V).

<Test condition>

Measurement
point

Outpu M M M MA— Rui= 2.6 kQ
= L L L Ly, o
1T T

Riz2to Ris= 1.6 kQ

-|_ Cin =16 pF

Vcom = 0.5 Vopz
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Timing Requirement (Ta = -10 to +75°C, Vop1 = 2.7 to 3.6V, Vss1 =0V, tr = tr = 3.0 ns (CMOS),
tr = tr = 1.0 ns (RSDS))

Parameter Symbol Condition MIN. TYP. MAX. Unit
Clock Period PWewk Vop1= 2.7V 14.3 ns
Vop1= 3.0V 11.8 ns
Clock Pulse High Period PWoeikH) 5 ns
Clock Pulse Low Period PWewkw 5 ns
Data Setup Time tseTUPL Vop1=2.7V 3 ns
Vop1= 3.0V 2 ns
Data Hold Time tHoLD1 Vo1 =2.7V 1 ns
Vop1=3.0V 0 ns
Start Pulse Setup Time tseTUP2 1 ns
Start Pulse Hold Time tHoLp2 3 ns
Start Pulse “H” Width PWsTH 1 2 CLKP
STB Pulse “H” Width PWsts 1 us
Last Data Timing fior 1 CLKP
STB-CLK Time tsTB-CcLK STB 1 - CLKP, CLKN 3 ns
Time Between STB and Start | tste-stH STB 1t - STHR (STHL) 1 5 CLKP
Pulse
POL-STB Time troL-sTB POLtori - STB 1 14 ns
STB-POL Time tsTe-POL STBl - POL | or1t 10 ns

Remark tr, tr are defined 10 to 90% of each signal amplitude.

18
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10. RECOMMENDED MOUNTING CONDITIONS

The following conditions must be met for mounting conditions of the (/D160010.
For more details, refer to the
[Semiconductor Device Mount Manual] (http://www.necel.com/pkg/en/mount/index.html)
Please consult with our sales offices in case other mounting process is used, or in case the mounting is done under

different conditions.

D160083N-xxx: TCP (TAB Package)

Mounting Condition Mounting Method Condition
Thermocompression Soldering Heating tool 300 to 350°C, heating for 2 to 3 sec, pressure 100g (per
solder).
ACF Temporary bonding 70 to 100°C, pressure 3 to 8 kg/cm?, time 3 to 5 sec.
(Adhesive Conductive Real bonding 165 to 180°C pressure 25 to 45 kg/cm?, time 30 to 40 sec.
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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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.
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Reference Documents
NEC Semiconductor Device Reliability/Quality Control System (C10983E)
Quality Grades On NEC Semiconductor Devices (C11531E)

* The information contained in this document is being issued in advance of the production cycle for the
product. The parameters for the product may change before final production or NEC Electronics
Corporation, at its own discretion, may withdraw the product prior to its production.

* No part of this document may be copied or reproduced in any form or by any means without the prior written consent
of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may appear in this document.

* NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from the use of NEC Electronics products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC Electronics or others.

» Descriptions of circuits, software and other related information in this document are provided for illustrative purposes
in semiconductor product operation and application examples. The incorporation of these circuits, software and
information in the design of a customer's equipment shall be done under the full responsibility of the customer. NEC
Electronics assumes no responsibility for any losses incurred by customers or third parties arising from the use of
these circuits, software and information.

« While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC Electronics products,
customers must incorporate sufficient safety measures in their design, such as redundancy, fire-containment and
anti-failure features.

» NEC Electronics products are classified into the following three quality grades: "Standard", "Special", and "Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-designated
"quality assurance program" for a specific application. The recommended applications of an NEC Electronics
product depend on its quality grade, as indicated below. Customers must check the quality grade of each NEC
Electronics products before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio and
visual equipment, home electronic appliances, machine tools, personal electronic equipment and
industrial robots.

"Special":  Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed for life
support).

"Specific":  Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life support
systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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