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ABSTRACT

This application report presents various system designs possible using the FlatLink™ transmitter:
SN75LVDS83B, and the FlatLink™ receivers: SN75LVDS82 and SN75LVDS86A. These are low-voltage
differential signaling (LVDS) serializer/deserializer (SerDes) devices commonly used to transmit video data
to liquid crystal display (LCD) panels. The application report starts with an introduction of the FlatLink™
system, followed by the input and output data timing diagrams, and then finally shows different system
designs with the help of system diagrams.
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FlatLink is a trademark of Texas Instruments.
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Introduction

FlatLink™ is an LVDS SerDes data transmission system. The serializer (transmitter) takes in three (or
four) data words each containing seven single-ended data bits and converts this to an LVDS serial output.
Each serial output runs at seven times that of the parallel data rate. The deserializer (receiver) device
operates in the reverse manner. The three (or four) LVDS serial inputs are transformed back to the
original seven-bit parallel single-ended data.

FlatLink™ devices are available in 21:3 or 28:4 SerDes ratios.

e The 21-bit devices are designed for 6-bit RGB video for a total of 18 bits in addition to three extra bits
for horizontal synchronization, vertical synchronization, and data enable.

» The 28-bit devices are intended for 8-bit RGB video applications. Again, the extra four bits are for
horizontal synchronization, vertical synchronization, data enable, and the remaining is the reserved bit.
These 28-bit devices can also be used in 6-bit and 4-bit RGB applications as shown in the subsequent
system diagrams.

The following report provides system diagrams for the successful implementation of a basic FlatLink™
system using the SN75LVDS83B 28-bit serializer (transmitter) device.

TTL Input Data

The data inputs to the transmitter come from the graphics processor and consist of up to 24 bhits of video
information, a horizontal synchronization bit, a vertical synchronization bit, an enable bit, and a spare bit.
The data can be loaded into the registers upon either the rising or falling edge of the input clock selectable
by the CLKSEL pin. Data inputs are 1.8 V to 3.3 V tolerant for the SN75LVDS83B and can connect
directly to low-power, low-voltage application and graphic processors.

The bit mapping is listed in Table 1.

Table 1. Bit Mapping

Red Green Blue
LSB RO GO BO
R1 G1 B1
R2 G2 B2
4-bit MSB R3 G3 B3
R4 G4 B4
6-bit MSB R5 G5 B5
R6 G6 B6
8-bit MSB R7 G7 B7

2
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Figure 1. TTL Input Data Timing Diagram for XGA (1024 x 768)

The pixel data assignment is listed in Table 2 for 24-bit, 18-bit, and 12-bit color hosts.

Table 2. Pixel Data Assignment

Serial ) 8-Bit 6-Bit 4-Bit
Data Bits . : : :
Channel Format-1 @ | Format-2 @ | Format-3 © Non-Linear Step Size ®| Linear Step Size ©

DO RO R2 R2 RO R2 VCC
D1 R1 R3 R3 R1 R3 GND
D2 R2 R4 R4 R2 RO RO

YO D3 R3 R5 R5 R3 R1 R1
D4 R4 R6 R6 R4 R2 R2
D6 R5 R7 R7 R5 R3 R3
D7 GO G2 G2 GO G2 vCC

(€}
@)

@®)
)
(©)]

Format-1: 2-MSBs of each color transmitted over 4" serial data channel (Y3). Dominant data format for LCD panel.

Format-2: 2-LSBs of each color transmitted over 4" serial data channel. System designer needs to verify the data format by
checking with the LCD display data sheet.
Format-3: 24-bit color host to 18-bit color LCD panel display application.
Increased dynamic range of the entire color space at the expense of non-linear step sizes between each step.
Linear step size with less dynamic range.
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Table 2. Pixel Data Assighment (continued)

Serial Data Bits 8-Bit 6-Bit 4-Bit
Channel Format-1 ® | Format-2 @ | Format-3 ® Non-Linear Step Size | Linear Step Size ®
D8 Gl G3 G3 Gl G3 GND
D9 G2 G4 G4 G2 GO GO
D12 G3 G5 G5 G3 Gl Gl
Y1 D13 G4 G6 G6 G4 G2 G2
D14 G5 G7 G7 G5 G3 G3
D15 BO B2 B2 BO B2 vce
D18 B1 B3 B3 B1 B3 GND
D19 B2 B4 B4 B2 BO BO
D20 B3 B5 B5 B3 B1 B1
D21 B4 B6 B6 B4 B2 B2
) D22 B5 B7 B7 B5 B3 B3
D24 HSYNC HSYNC HSYNC | HSYNC HSYNC HSYNC
D25 VSYNC VSYNC VSYNC | VSYNC VSYNC VSYNC
D26 ENABLE | ENABLE | ENABLE |ENABLE ENABLE ENABLE
D27 R6 RO GND GND GND GND
D5 R7 R1 GND GND GND GND
D10 G6 GO GND GND GND GND
Y3 D11 G7 G1 GND GND GND GND
D16 B6 BO GND GND GND GND
D17 B7 BL GND GND GND GND
D23 RSVD RSVD GND GND GND GND
CLKOUT | CLKIN CLK CLK CLK CLK CLK CLK
CLKIN / \ /
or
CLKIN \ / \
CLKOUT // \\ /]
— Previous cycle >‘< Current Cycle :‘: Next—
Y0 ><<DO-1J<<D7><<D6><<D4><<D3 X { b2 X { b1 X { po X {p7+1]
Y X (ps-1 X (18 X { b15 X { p1a X ( p13 X { p12 X { b9 X ( ps X {(D18+1|
Y2 X (p19-1X {p2s X ( p2s X { p2a X { p22 X { p21 X { p20 X ( p19 X {(p26+1|
v3 X (p27-1X ( 23 X { p17 X { p16 X { p11 X { 10 X { b5 X ( p27 X {(D23+1|

Figure 2. LVDS Output Data Timing Diagram
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4 System Diagrams

4.1 24-Bit Color Host to 24-Bit LCD Panel Application with 2 MSB Over 4™ Channel

24-bpp GPU SN75LVDS83B SN75LVDS 82 Graphics Controller
24-BIT 18-BIT
RO(LSB) DO DO— RO RO
R1 D1 D1 R1 R1
R2 D2 D2— R2 R2
R3 D3 M ] D3— R3 R3
R4 D4 YOM{—= g AOM D4— R4 R4
R5 D6 YOP o = AOP D6— R5 R5
GO(LSB) D7 D7— GO GO
G1 D8 Y1M[|= E AT D8— G1 G1
G2 D9 YAPHS—— 5= |A1P D9 G2 G2
G31—1 D12 £l capre 2 D12/ G3 G3
G4 D13 Y2M—§ s FO—{A2M D13 G4 G4
G5 D14 Y2P—§ g A2P D14— G5 G5
BO(LSB) D15 2 D15— BO BO
B1 D18 Y3MHo Ero1A3M D18 B1 B1
B2 D19 Y3P o o A3P D19— B2 B2
B3 D20 D20 B3 B3
B4 D21 CLKOUTMHo 85 CLKINM  D21— B4 B4
B5 D22 CLKOUTPHo ks CLKINP  D22— B5 BS
HSYNC D24 D24— HSYNC HSYNC
VSYNC D25 D25(— VSYNC VSYNC
ENABLE D26 D26— ENABLE ENABLE
R6 D27 D27— R6 NA
R7(MsB) D5 D5— R7 NA
G6 D10 D10 G6 NA
G7(MSB) D11 D11— G7 NA
B6 D16 D16— B6 NA
B7(MSB) D17 D17— B7 NA
RSVD D23 D23— RSVD NA
% CLK C(_)LKINZ ” 9 § 52 g '%LKOUZT— CLK CLK
= = ggo0 O €N s} o
[
FB v 4.8K ;\9
1 8V or2.5V. ¢y o g FB o
or 3.3V :|: Rpuudown :|: ceeo T T Tope 33V :|:
System Diagram
(Configuration most popular for 24-bit panels) — Transmitter SN75LVDS83B, Receiver SN75LVDS82
Figure 3. 24-Bit Color Host to 24-Bit LCD Panel Application with 2 MSB Over 4" Channel
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4.2 24-Bit Color Host to 24-Bit LCD Panel Application with 2 LSB Over 4™ Channel
24-bpp GPU SN75LVDS83B SN75LVDS 82 Graphics Controller
24-BIT 18-BIT
R2 DO DO— R2 R2
R3 D1 D1/ R3 R3
R4 D2 D2— R4 R4
R5 D3 T T D3— R5 R5
R6 D4 YOM— = DE AOM D4— R6 NA
R7(MsB) D6 YOP = & AOP D6 R7 NA
G2 D7 D7— G2 G2
G3 D8 Y1M[® BT |ATM D8— G3 G3
G4 D9 Y1P_'§ oe = A1P D9— G4 G4
G5 D12 £ |cable |3 D12 G5 G5
G6 D13 Y2M—§ EEAZM D13— G6 NA
G7(MSB) D14 Y2P3 Z A2P D14— G7 NA
B2 D15 = D15(— B2 B2
B3 D18 Y3IMHz £ o A3M D18 B3 B3
B4 D19 Y3PHo EPEEA:SP D19— B4 B4
B5 D20 D20— B5 B5
B6 D21 CLKOUTMH® &3 CLKINM  D21— B6 NA
B7(MSB) D22 CLKOUTPHo k5 CLKINP  D22— B7 NA
HSYNC D24 D24— HSYNC HSYNC
VSYNC D25 D25— VSYNC VSYNC
ENABLE D26 D26— ENABLE ENABLE
RO(LSB) D27 D27— RO RO
R1 D5 D5— R1 R1
GO(LSB) D10 D10— GO GO
G1 D11 D11— G1 G1
BO(LSB) D16 D16[— BO BO
B1 D17 D17— B1 B1
RSVD D23 D23— RSVD RSVD
% CLK %LKIN§§ 8§ 53 é gLKOUéI'— CLK CLK
[=] [m] [a)] > ~ [
C‘) 4.8k O B FB O 48K LBVC
1.8V or 2.5V CVJ— BB ! F8 FB J_m,
3.3V e 11
or :|: o § cr] o[ Tear ca | Jos oz 33V :|:
System Diagram
(Rare configuration for 24-bit panels) — Transmitter SN75LVDS83B, Receiver SN75LVDS82
Figure 4. 24-Bit Color Host to 24-Bit LCD Panel Application with 2 LSB Over 4™ Channel
6 FlatLink™ Data Transmission System Using SLLA300—February 2010
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4.3 18-Bit Color Host to 18-Bit Color LCD Panel Display Application

18-bpp GPU SN75LVDS 83B SN75LVDS82 | | Graphics Controller
RO DO DO RO
R1 D1 D1 R1
R2 D2 D2 R2
R3 D3 oo D3 R3
R4 D4 YOM_D G 100 AOM D4_ R4
R5 D6 YOP—B Gy AOP D6 R5
GO D7 D7H GO
G1 D8 Y1M_D & 100 A1TM D8_ G1
Y1PHC e - G2
G2 D9 orec | A1P Dg_ g3
G3 D12 £ Cable 3 D12
G4 D13 Y2Mi— S ——1 53,5 |A2M D13 G4
G5 — D14 Y2PH——2-0A2P D14[— G5
BO D15 2 D15 BO
B1 D18 Y3M| |a 0 A3M D18 B1
B2 D19 Y3P| |o O A3P D19 B2
B3 D20 D20 B3
B4 D21  CLKOUTMHor——Ero-oICLKINM D21 B4
B5 D22 CLKOUTPHo— CLKINP D22 B5

HSYNC D24 D24 \I-/Ig\\;'l:llg
VSYNC D25 D25
ENABLE D26 D26— ENABLE
— D27 D27
+— D5 D5
i— D10 D10
i—{ D11 D11
— D16 D16
— D17 D17
+— D23 D23
o Q . — CLK
2 CLK| | GLKIN 4 38 S, £ GLKouT C
o 4 g Efgog 38 Goos < § E s 9
5 S @ %3806 S F3 222338 8 &% S Z
PP UYV )
O l a L] [Pt 3.3V
1.8V or2.5V . - p % % ‘
or gTSV “ :|: Rpu&:zudown'g A 1 J . 33V :|:C1
02i|: et Tea 04i|: c3 oz > |
| System Diagram |
Transmitter SN75LVDS83B, Receiver SN75LVDS82
Figure 5. 18-Bit Color Host to 18-Bit Color LCD Panel Display Application
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4.4 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Linear)
12-bpp GPU SN75LVDS83B SN75LVDS 82 Graphics
Controller
VCC DO DO— VCC
GND D1 D1— GND
RO(LSB) D2 D2— RO(LSB)
R1 D3 ] m D3— R1
R2 D4 YOM—B G AOM D4— R2
R3(MsSB) D6 YOP = AOP D6[— R3(MSB)
VCC D7 D7— VCC
GND D8 YIM® & 7002 |ATM D8— GND
GO(LSB) D9 Y1PM S o ol A1P D9 GO(LSB)
G1 D12 £ (Cable |3 D12— G1
G2 D13 Y2M—§ Sz 1A2M D13— G2
G3(MsB) D14 Y2P—8—— 1 r—A2P D14 G3(MsB)
VCC — D15 5 o D15 VCC
GND D18 Y3M| |of |0 o=A3M D18— GND
BO(LSB) D19 Y3P| |o O A3P D19— BO(LSB)
B1 D20 '1415K D20 B1
B2 D21 CLKOUTM—o 3 1CLKINM  D21— B2
B3(MSB) D22 CLKOUTP 5 CLKINP D22 B3(MSB)
HSYNC D24 D24— HSYNC
VSYNC D25 D25— VSYNC
ENABLE D26 D26— ENABLE
— D27 D27
— D5 D5
+— D10 D10
— D11 D11
— D16 D16
— D17 D17
i—— D23 D23
% CLK %LKINZd 8§ 5,13 g ,%LKOUZT— CLK
= - gooo O @ O o

IS
o)
=~

&3

FB 48K
| 33V 3.3V

FB
czj|: c3[ e Z < Jezr

1.8Vor2.5V ¢y {

Rpullup*
or 3.3V :|: Rpulldown*g

1]
1]
11
Q
~

Q
N
oll
w
@]
N

System Diagram

(A): Linear step size — Transmitter SN75LVDS83B, Receiver SN75LVDS82
Figure 6. 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Linear)
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4.5 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Non-linear)

12-bpp GPU SN75LVDS83B SN75LVDS 82 Graphics Controller

R2 DO DO—R2
R3(MSB) D1 D1—R3(MsB)
RO(LSB) D2 D2— RO(LSB)

R1 D3 M m D3 R1

R2 D4 YOMm 1B e AOM D4—R2
R3(MSB) D6 YOP— & & AOP D6 R3(MSB)

G2 D7 D7—/ G2
G3(MsB) D8 YIM[ " B3 1AM D8— G3(MSB)
GO(LSB) —— D9 YIP S e [ |ATP D9 Go(LsB)

G1 D12 £ lcable |3 D12— G1

G2 D13 Y2M_‘,§ % Tn A2M D13 G2
G3(MsB) — D14 Y2P 2o |A2P D14/— G3(msB)

B2 D15 = D15 B2
B3(MSB) D18 Y3M| |o A3M D18 B3(MSB)
BO(LSB) D19 Y3P| |o A3P D19— BO(LSB)

B1 D20 D20— B1

B2 D21  CLKOUTMHo CLKINM D21 B2
B3(MSB) D22 CLKOUTP CLKINP  D22— B3(MSB)

HSYNC D24
VSYNC D25

HSYNC
VSYNC

ENABLE D26 ENABLE
i— D27
I— D5
i— D10
i— D11
— D16
— D17
i—{ D23

2 CLK CLKIN_ o9 c CLK
[m)] D% 8 % ‘l}’J [a) g 5’ 8
4.8 3.3V

3.3

O

18Vor25V ¢y '

Rpullup*
or 3.3V I Rpulldown* §

_:[04' |

3

—
|

v
czj|: o

FB
FB
C

System Diagram |

(B): Non-linear step size with increased dynamic range — Transmitter SN75LVDS83B, Receiver SN75LVDS82
Figure 7. 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Non-linear)
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4.6

24-Bit Color Host to 18-Bit Color LCD Panel Display Application

24-bpp GPU

R2

R3

R4

R5

R6
R7(MSB)
G2

G3

G4

G5

G6
G7(MSB)
B2

B3

B4

B5

B6
B7(MsB)
HSYNC
VSYNC
ENABLE

GO0* and G1*: N.C. R0O* and R1*: N.C.

BO* and B1*: N.C.

CLK

GND
VDDgpylO

SN75LVDS83B

DO
D1
D2
D3
D4
D6
D7
D8
D9
D12
D13
D14
D15
D18
D19
D20
D21
D22
D24
D25
D26
D27
D5
D10
D11
D16
D17
D23
CLKIN
Q

[e)V/e

SHTDN

YOM
YOP

Y1M
Y1P

Y2M
Y2P

Y3M
Y3P

CLKOUTM
CLKOUTP

CLKSEL
GND
VvCC
PLLVCC
LVDSVCC

©)

1.8V or 2.5V
or 3.3V

c1*

—t—

I
@®
=

T

Rpullup*
Rpulldown*

FB
3.3V

:

FB
cz*I c3] *

[m, [,
O [,
[m; £,
O 3
Z|FPC (.
o o
c|Cable g
8 g
3 k
3 e
£ &
=

O [m]
O [m]
[m; [E,
O [,

SN75LVDS 82 Graphics Controller
DO/ R2
D1/ R3
D2[— R4
D3—/R5
AOM D4— R6
AOP D6/ R7
D7/ G2
ATM D8— G3
A1P D9— G4
D12— G5
A2M D13— G6
A2P D14— G7
D15—/ B2
A3M D18—B3
A3P D19— B4
D20—B5
CLKINM  D21—B6
CLKINP  D22— B7
D24— HSYNC
D25(— VSYNC
D26— ENABLE
D27
D5
D10
D11
D16
D17
D23
gp g gLKOUZT— CLK
Soo8 % 5 & s ¢
gooo o O » O )
FB O, S48K ;\9
FB Gl
c4*::__c3' cor 33V :|:
1 ____:_|: :_|: Note: -
- - ~ | RO, R1, GO, G1, B0, B1: For improved
image quality, the GPU should dither the
24-bit output pixel down to 18-bit per pixel.

| System Diagram |

Transmitter SN75LVDS83B, Receiver SN75LVDS82
Figure 8. 24-Bit Color Host to 18-Bit Color LCD Panel Display Application
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4.7 18-Bit Color Host to 18-Bit Color LCD Panel Display Application

18-bpp GPU SN75LVDS83B SN75LVDS 86A Graphics
Controller
RO DO
R1 D1 DO— RO
R2 D2 D1/ R1
R3 — D3 s D2 R2
R4 D4 YOMe GEEOE AOM D3 R3
R5 D6 YOPH 5 AOP D4— R4
GO D7 D5—/ R5
G1 D8 Y1M[& EE(SOEANVI D6— GO
G2 D9 Y‘lP_g e AP D7 G1
G3 D12 £ cable |3 D8— G2
G4 D13 Y2M—§ §I§EA2M D9G3
G5 D14 Y2P—.§ 2 A2P D10— G4
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System Diagram
Transmitter SN75LVDS83B, Receiver SN75LVDS86A
Figure 9. 18-Bit Color Host to 18-Bit Color LCD Panel Display Application
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4.8 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Linear)
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System Diagram
(A): Linear steps — Transmitter SN75LVDS83B, Receiver SN75LVDS86A
Figure 10. 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Linear)
12 FlatLink™ Data Transmission System Using SLLA300—February 2010

SN75LVDS83B/SN75LVDS82/SN75LVDS86A Submit Documentation Feedback
Copyright © 2010, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLA300

i3 TEXAS
INSTRUMENTS

www.ti.com System Diagrams

4.9 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Non-linear)
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(B): Non-linear steps with increased dynamic range — Transmitter SN75LVDS83B, Receiver SN75LVDS86A
Figure 11. 12-Bit Color Host to 18-Bit Color LCD Panel Display Application (Non-linear)
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4.10 24-Bit Color Host to 18-Bit Color LCD Panel Display Application
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Transmitter SN75LVDS83B, Receiver SN75LVDS86A
Figure 12. 24-Bit Color Host to 18-Bit Color LCD Panel Display Application
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The points listed in Table 3 are valid for all of the previous system diagrams.

Table 3. Important Points to Note Regarding System Diagrams

Rouiup Install only to use rising edge triggered clocking
Ryuiidown Install only to use falling edge triggered clocking
C1 Decoupling capacitor for the VDDIO supply; install at least 1 x 0.01 pF
Cc2 Decoupling capacitor for the VDD supply; install at least 1 x 0.1 pF and 1 x 0.01 puF
C3 Decoupling capacitor for the VDDPLL supply; install at least 1 x 0.1 uF and 1 x 0.01 pF
Cc4 Decoupling capacitor for the VDDLVDS supply; install at least 1 x 0.1 uF and 1 x 0.01 puF
Four 100-Q terminating resistors are recommended (0603 or smaller package size)

5 Power Up/Down Sequence

—» T —»! T3
0.9LCDVCC N
LCDvCC 0.1LCDVCC -} : € T4—P
i
[— T2 —P
Displ Black Vid Video fi S Black Vid l
play ack Video ideo from Source ack Video |
Disabled Enabled
Backlight
Steps | 1 |2|3|4|5| 6 |7| 8 |9| 10 |11 |12|13|14|
<4— Power-up Sequence »< Power-down Sequence ———»
Notes:

T1: Power rail rise time, 10% to 90%

T2: Delay from LCDVCC to Black Video generation, prevents display noise
T3: Power rail fall time, 90% to 10%

T4: Power off time

Figure 13. Power Up/Down Sequence

The user experience can be impacted by the way a system powers up and powers down an LCD screen.
The following sequence is recommended:

» Power up sequence (SN75LVDS83B SHTDN input initially low):

1. Ramp up LCD power (0.5 ms to 10 ms) but keep backlight turned off.

2. Wait for additional 0 ms to 200 ms to ensure display noise does not occur.
3. Enable video source output; start sending black video data.
4

. Toggle the transmitter (SN75LVDS83B) shutdown to high (SHTDN = HIGH). Power up the receiver
(SN75LVDS82/SN75LVDS86A) and pull SHTDN to high (SHTDN = HIGH).

5. Send at least 1 ms of black video data; this allows the SN75LVDS83B to be phase locked, and the
display to show black data first.

6. Start sending true image data.
7. Enable backlight
Note 1: In case an integrated receiver is used, step 5 is optional.
Note 2: If SHTDN on the SN75LVDS83B is pulled high using pull-up, step 4 is also optional.
* Power down sequence (SN75LVDS83B SHTDN input initially high):

1. Disable LCD backlight; wait for the minimum time specified in the LCD data sheet for the backlight
to go low.

2. Video source output data switch from active video data to black image data (all visible pixel turn

SLLA300-February 2010 FlatLink™ Data Transmission System Using 15
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black); drive this for at least 2 frame times.

(11)Set SHTDN of receiver (SN75LVDS82/SN75LVDS86A) to low (SHTDN = LOW).

Set SN75LVDS83B input SHTDN = LOW; wait for 250 ns.

Disable the video output of the video source.

Remove power from the LCD panel for lowest system power.

Note 1: In case an integrated receiver is used, step 3 is optional.

Note 2: If SHTDN on the SN75LVDS83B is pulled high using pull-up, step 4 is also optional.
In this case, keep the display power off until the SN75LVDS83B sends good, known data.

ook w
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and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
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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 TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
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Reproduction of Tl information in TI 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. Information of third parties may be subject to additional
restrictions.

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.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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