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General Description

The DS1691A/DS3691 are low power Schottky TTL line
drivers designed to meet the requirements of EIA standards
RS-422 and RS-423. They feature 4 buffered outputs with
high source and sink current capability with internal short cir-
cuit protection. A mode control input provides a choice of
operation either as 4 single-ended line drivers or 2 differential
line drivers. A rise time control pin allows the use of an exter-

Features

m Dual RS-422 line driver with mode pin low, or quad RS-423
line driver with mode pin high

TRI-STATE outputs in RS-422 mode

Short circuit protection for both source and sink outputs
Outputs will not clamp line with power off or in TRI-STATE
100Q transmission line drive capability

nal capacitor to slow the rise time for suppression of near end Low I5c and |- power consumption
crosstalk to other receivers in the cable. Rise time capacitors RS-422: | vdriver typ
are primarily intended for waveshaping output signals in the RS-423: ¢ = mA/driver typ:
single-ended driver mode. Multipoint applications in differen- I ee > mA/driver typ
tial mode with waveshaping capacitors is not allowed. m Lowcl NP inputs compatible with TTL, MOS and
With the mode select pin low, the DS1691A/DS3691 are dual- CMGE
differential line drivers with TRI-STATE outputs. They feature m Pin compatible with AM26LS30
+10V output common-mode range in TRI-STATE mode and
0V output unbalance when operated with 5V supply.
Connection Diagrams
With Mode Select LOW With Mode Select HIGH
(RS-422 Connection) (RS-423 Connection)
1 u 16 1 U 16
Vee = = RISE TIME CONTROL Ve =1 = RISE TIME CONTROL A
INPUT A 2 18 OUTPUT A INPUT A L—&i QUTPUTA
INPUT B/DISABLE 3 L OUTPUT B INPUT B/DISABLE i——kl OQUTPUT B
MODE SELECT L £ RISE TI INTRO! MOOE SELECT L i RISE TIME CONTROL B
GND i i RISE THY G GND L i RISE TIME CONTROL C
INPUT C/DISABLE L 1 TC INPUT C/DISABLE —6- '\ l QUTPUTC
INPUT D L « QU7 INPUT D l 10 QUTPUT D
VEE 2 TIME C oLD VEE A K——g— RISE TIME CONTROL D
-
578301 578302
Top View Top View
Ordering Information
Order Number Package Type NS Package Number
DS3691M SO Package M16A
DS3691N Molded DIP N16E
For Complete Military Product Specifications, refer to the appropriate SMD or MDS.
DS1691AJ/883 Ceramic DIP J16A

TRI-STATE® is a registered trademark of National Semiconductor Corporation.
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DS1691A/DS3691

Supply Voltage

VCC
VEE

SO Package
Input Voltage

Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maximum Power Dissipation (Note 1) at 25°C
Cavity Package
Molded DIP Package

Output Voltage (Power OFF)

Lea

Storage Temperature

d Temperature

(Soldering, 4 seconds)

Operating Conditions

A% Supply Voltage
-7V DS1691A
Vee
1509 mW Vee
1476 mW DS3691
1051 mW Voo
15V Vee
+15V Temperature (T,)
DS1691A
DS3691

Note 1: Derate ca ch
package 11.9 mW/°C

25°C.

DC Electrical Characteristics (notes 3, 4, 5, 6)

Min

4.5

-4.5

4.75
-4.75

10.1

25°0

-55
0

-65°C to + 150°C

Max

5.5

-55

5.25
-5.25

+125
+70

Units

260°C

°C
°C

W/°C above 25°C; derate molded DIP
srate SO package 8.41 mW/°C above

Symbol Parameter | Conditions | Min | Typ | Max | Units
RS-422 CONNECTION, V.. CONNECTION TO GROUND, MODE SELECT < 0.8V
Vi High Level Input Voltage 4 2 v
Vi Low Level Input Voltage 0.8 \
Iy High Level Input Current Viy=24 1 40 pA
v, <15V o 10 | 100 | pa
I Low Level Input Current V=04V -30 | -200 pA
Vv, Input Clamp Voltage =-12m -1.5 \Y
Vo Differential Output Voltage R, Vin=2V 3.6 6.0 \
Vo Vag Vi = 0.8V -36 | -6.0 \Y
Vi Differential Output Voltage - R = 100Q Vin=2V 2 2.4 \Y
V; Vag Vi 2 4.75V Vin = 0.8V -2 | -24 v
Vos: Vos Common-Mode Offset R, =100Q 25 3 \
Voltage
Vol = V7 Difference in Differentiai R, = 100Q 0.05 | 04 %
Output Voliage
Vogl = 'Vog | Difference in Commoi R, = 100Q 0.05 | 04 v
Mode Offse
Vss IVy— Vel R, =100Q, Vg 2 4.75V 40 | 48
Vewr Output Voltage Common- VpisasLe = 2.4V +10 \Y
Mode Range
Ixa Output Leakage Current Voo =0V Veowg = 10V 100 pA
Iyg Power OFF Vewr = -10V -100 pA
lox TRI-STATE Output Current Ve = Max Veur S 10V 100 pA
Vg =0V and -5V Voyr 2 -10V -100 pA
Isa Output Short Circuit Current Viy =04V Voa =6V 80 150 mA
Vog =0V -80 | -150 mA
Isg Output Short Circuit Current Viy =24V Voa =0V -80 | -150 mA
Vog =6V 80 150 mA
lec Supply Current 18 30 mA
www.national.com 2
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AC Electrical Characteristics (Note6)

To=25°C
Symbol | Parameter | Conditions | Min | Typ | Max | Units
RS-422 CONNECTION, V. = 5V, MODE SELECT = 0.8V
t; Output Rise Time R, = 100Q, C, = 500 pF (Figure 1) 120 | 200 ns
t; Output Fall Time R, = 100Q, C, =500 pF (Figure 1) 120 | 200 ns
tepn Output Propagation Delay R, = 100Q, C, = 500 pF (Figure 1) 120 | 200 ns
tppL Output Propagation Delay R, = 100Q, C, = 500 pF (Figure 1) 120 | 200 ns
tpzt TRI-STATE Delay R, = 450Q, C, =500 pF, C =0 pF (Figure 4) 250 | 350 ns
tpziy TRI-STATE Delay R, =450Q, C, =500 pF, C. =0 pF (Figure 4) 180 | 300 ns
tpz TRI-STATE Delay R, =450Q, C, =500 pF, C. = 0 pF (Figure 4) 180 | 300 ns
tonz TRI-STATE Delay R, = 450Q, C, =500 pF, C. = 0 pF (Figure 4) 250 | 350 ns

DC Electrical Characteristics (notes 3, 4, 5, 6)

Symbol | Parameter | Conditions Min | Typ | Max | Units
RS-423 CONNECTION, V¢l = IV ¢, MODE SELECT 2 2V
Vi High Level Input Voltage - 2 v
Vi Low Level Input Voltage 0.8 \
Iy High Level Input Current Vin =24V v 1 40 pA
Viy < 15V - 10 100 LA
I Low Level Input Current Viy = 0.4V -30 | -200 pA
Vv, Input Clamp Voltage Iy =-12mA -1.5 \
Vo Output Voltage R, = 7) V=2V 4.0 4.4 6.0 \
Vo Vi, 2475V Viy = 0.4V 40 | -44 | -6.0 Vi
Vi Output Voltage R, = 450Q Vi =24V 3.6 41 \
vy Vg 2 4 Viy = 0.4V -36 | -4.1 v
IVel = 'Vl |Output Unbalance R IVeel = 4.75V, R = 450Q 0.02 | 04 v
I+ Output Leakage Power OFF Voo~ Vee =0V Vg =6V 2 100 | uA
Iy~ Output Leakage Power OF | [Veo =Vge=0V Vo = -6V 2 | -100 | pa
Ig* Output Short Circuit Current /o = OV Vjy = 2.4V 80 | -150 | mA
Ig~ Output Short Circuit Curre v Vo =0V Viy = 0.4V 80 150 mA
lsLEw Slew Control C N +140 uA
lec Positive Supp!y Current Vy=04V,R = 18 30 mA
lee Negative Supg irren Viy=04V,R = -10 -22 mA

Note 2: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 3: Unless otherwise specified, min/max limits apply across the —55°C to +125°C temperature range for the DS1691A and across the 0°C to +70°C range
for the DS3691. All typicals are given for V o = 5V and T, = 25°C. V¢ and V¢ as listed in operating conditions.

Note 4: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 5: Only one output at a time should be shorted.

Note 6: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable.

Note 7: At -55°C, the output voltage is +3.9V minimum and -3.9V minimum.
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DS1691A/DS3691

AC Electric

al Characteristics (Note 6)

Tp=25°C

Symbol | Parameter | Conditions | Min | Typ | Max | Units
RS-423 CONNECTION, V. = 5V, Vge -5V, MODE SELECT = 2.4V
t, Rise Time R, = 450Q, C_ =500 pF, C = 0 (Figure 2) 120 | 300 ns
t Fall Time R, =450Q, C_ =500 pF, C; = 0 (Figure 2) 120 | 300 ns
t, Rise Time R, = 450Q, C, =500 pF C = 50 pF (Figure 3) 3.0 s
t; Fall Time R, = 450Q, C, = 500 pF C = 50 pF (Figure 3) 3.0 s
te Rise Time Coefficient R, =450Q, C, =500 pF, C = 50 pF (Figure 3) 0.06 us/pF
troH Output Propagation Delay R, =450Q, C_ =500 pF, C; =0 (Figure 2) 180 300 ns
trpL Output Propagation Delay R, =450Q, C, =500 pF, C; =0 (Figure 2) 180 | 300 ns

www.national.com

4

5783 Version 7 Revision 3 Print Date/Time: 2008/08/27 16:33:51




AC Test Circuits and Switching Time Waveforms

tg< 10ns

1 3V
<+
Vee INPUT £, <10ns
2 A
O— >
INPUT / | v
Ry
c, tppH
SCOPE
\ B 0.9 Vgg/R|.
/ -0 < OUTPUT
OUTPUT v
*TEK CT2 CURRENT 0.5 Vss/Ry ss/RL
TRANSF. OR
EQUIVALENT 0.1 Vgg/R).
o b e

put

t. .

VEE

578303
FIGURE 1. Differential Connection

1
<
Vee ,

INPUT

5

J_.._- out
8

A

Vee
578305
3v
INPUT Cilns t tg< 10 ns
ov —
0.9 Vgg
out
0.5 Vgs/Ry. Vgs
0.1 Vgg
=

578306

FIGURE 2. RS-423 Connection

578304
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DS1691A/DS3691

Vee
2
o—
INPUT A

INPUT B

iy
«—

put

16
Vee ]
Ce
INPUT
15 OUTPUT
CL R
5 —
] ™ -
8
<4
VEE
578307
2.5V
INPUT tr<10ns tg<10ns
o
20 s 20 s — -
|
0.8 Vgg h ‘o
OUTPUT Vgs
0.1Vgg ¢ I 0.1 Vgs
—_ t

e

FIGURE 3. Rise T

-

G

VEE

v

ouTPUT

£T2 CURRENT
SF.OR
JALENT

578309
FIGURE 4. TRI-STATE Delays

578308
Control for iiS-423
v
INPUT B S
ov
— tPHZ 1 ®zH
0.9 Vgg/R 0.5 Vgg/R
(INPUT A HIGH)
— tpLz OUTPUT —=l tpzL
(INPUT A LOW) 0.5 Vgg/R
0.1 Vgg/R s
578310
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Switching Waveforms

Truth Table

INPUT / \
MODE=1 UNBALANCED
RS-423 OUTPUT / ov \ Vee=+Sv
/ N\ V=5V
MODE=0 BALANCED \/ ov \/ Voe=t5V
RS-422 OUTPUT Vgg==5V
Vos < 0.4V /\ /\
MODE=0 BALANCED X Veo=+5V
RS-422 OUTPUT Vee=0V
Vos <3V wa.
578311
FIGURE 5. Typical Output Voitage
Operation Inputs Outputs
Mode A (D) 3(C) | A((D) B (C)
RS-422 0 o | 0 1
0 1 TRI-STATE | TRI-STATE
0 ‘ ) 1 0
0 e TRI-STATE | TRI-STATE
RS-423 1 0 0 0
1 | n 1 0 ]
0 1 0
1| 1 1 1
n

Typical Application Inforr

Bl

ully Loaded RS-422 Interface

AVANSVANVAN

>

ZHIH

1/2 DS3691 1/4 DS26LS32A
578313
RS-422 Point to Point Application
1/2 DS3691
OPTIONAL TERMINATION
» RESISTANCE, RT=1Zo, (Zo=
b X CHARACTERISTIC IMPEDANCE
RT == OF THE CABLE). RT IS HIGHLY
RECOMMENDED.
1/2 DS3691 1/4 DS26L532A
578314
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DS1691A/DS3691

1/2 DS3691

Fully Loaded RS-423 Interface

CACA
L]

_I_L_F_\_/_

R

>

1/4 DS26LS32A

A

Q Q
R \’/ v
Differential Application with Rise Time Control

A\

578315

H 5 6

l o]

l

O

\/
=

1/2 DS3691

*Note: Controlled edge allows longer stub lengths.

INPUT A

=

_I_I_T—'

!
\/

Multiple Drivers are NOT allowed.

!
Vi

<

W

1L

|

‘

AL 1 =[>
RT

’—

1/4 DS26LS32A

578316

Dual RS-423 Inverting Driver
v DS3691
_/
Yoe B _\_/_
S
N L<O- - OUTPUT B
MOD :
5]o o T RISE TIME
CONTROL B
GND T
INPUT &= K] OUTPUT €
s BN T
128 T RisE TIME
-5V

578317
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Typical Rise Time Control Characteristics
(RS-423 Mode)

Rise Time vs External Capacitor

1k
— /
w
=
'_.
w
] A
= 10 _A
V.
1 / LI
10 100 1k 10

CAPACITANCE {

9

5783 Version 7 Revision 3 Print Date/Time: 2008/08/27 16:33:51

www.national.com

169€SA/V1691SA



DS1691A/DS3691

Physical Dimensions inches (millimeters) unless otherwise noted

0.785
[13'94] MAX ————»
16 9
I T o T N i B o B o B B p
0.220-0.310
[5.59-7.87]
0.025 PRVEVECEVECRESEY
RTg 1 8
[0-64] 0.005-0.020
RT0.13-051]71T"P
0.037 £0.005
-] TYp
0.005 " [0.9420.13] ?.290—0.3210_
1131 —l |- 0.055£0.005 7.37-8.13
M[I(I)%ATBY]P B - (140z0.13] "F GLASS SEALANT
Y 0.020-0.060 1yp '
0.200 , [0.51-1.52] 0.180 ur Nz
[5.08] H 1 J:U: [4.57) M
MAX TYP - 0.010+0.002
T . TYP
i 0.150 \iN TYP ’ [0.25£0.05]
i t ! I .81]
0.125-0.200 1vp _ ] ; o |
[5.78-5.08] ''F . 4
0.080 o
MAX —» -
Bolrﬁ'osil]ns ' 0.018 £ 0.003 0.310-0.410
0.100£0.010 [0.46 £ 0.08] TvP [7.87-10.41] 1164 (REV L)
[2.54t0.25] "'F
Ceramic Dual-In-Line je (
Order Number DS1691 83
NS Package Number Ji
0.386 —0.394
(9.804 —10.00) >
7715 1% 14 13 12 11 10 9
0.228—0.244 30°
(5.791—6.198) TYP
y_jﬂ’pu T0000 A
LEAD NO.1 /1 2 3 4 5 6 7 8
IDENT 0.010 MAX
(0.253)
5.810—5. ¥
0.010-0.0 0.053-0.069
m%, %459 |- {1.346—1.753) 0.004—0.010
8° MAX TYP (0.102-0.254)
i ALL LEADS — -
I 1
- . Y e -
+ f 4‘ T J T PLANE
0.008—0.010 0.014 0.050 0.014—0.020
—_— 0.016 —0.050 —_ —— 7 e TYP
e J pos-seo tm | e
0.004 TYP ALL LEADS TP ol 0008
(0.102) {0.203) M16A (REV H)
ALL LEAD TIPS

SO Package (M)
Order Number DS3691M
NS Package Number M16A
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. 0.740 - 0.780 |
(1880-1981) 0.090
{2.286)
INDEX
AREA
0.250£0.010
(6.350£0.254)
PIN NO. 1 PIN NO. 1
IDENT IDENT
OPTION 01 OPTION 02 0.065
0.13040.005 ety
0.130£0,005 0.060 49 TYP 0.300 - 0.320 1.651)
| (3.3020.127) ﬂ (t524) P /'\ "\ OPTIONAL 4’1 (7.620-8.128) |
0.145 = 0.200 | \ [ \!
(3.683-5.080) § 3 / f
| | 950 t 50
|| 0.008-0.016
900+ 4° TYP o= S TYP
(8'%3) MN— ) [ o280 ] (0.203-0.406)
: 0.125-0.150 0.030£0.015 |~ @i
(3.175=3.810) . (0.762£0.381) MIN
0.014=0.023 0.100£0.010 (0.225°+0:040
(0-35%’0-534) 0.050£0.010 (2'54(T)Y1P0'254) - —:Mﬁ N16E (REV F)
{1.270£0.254) 255 5‘861)
TP .
Molded Dual-In-Line Package (I}
Order Number DS3691'
NS Package Number N16Lz
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For more National Semiconductor product information and proven design tools, visit the following Web sites at:

Products Design Support

Amplifiers www.national.com/amplifiers WEBENCH www.national.com/webench
Audio www.national.com/audio Analog University www.national.com/AU
Clock Conditioners www.national.com/timing App Notes www.national.com/appnotes
Data Converters www.national.com/adc Distributors www.national.com/contacts
Displays www.nhational.com/displays Green Compliance www.national.com/quality/green
Ethernet www.national.com/ethernet Packaging www.national.com/packaging
Interface www.national.com/interface Quality and Reliability | www.national.com/quality
LVDS www.national.com/Ivds Reference Designs www.national.com/refdesigns
Power Management www.national.com/power Feedback www.national.com/feedback

Switching Regulators www.hational.com/switchers

LDOs www.national.com/Ido

LED Lighting www.national.com/led
PowerWise www.national.com/powerwise
Serial Digital Interface (SDI) |www.national.com/sdi
Temperature Sensors www.national.com/tempsensors
Wireless (PLL/VCO) www.national.com/wireless

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.

Copyright© 2008 National Semiconductor Corporation
For the most current product information visit us at www.national.com

National Semiconductor National Semiconductor Europe National Semiconductor Asia National Semiconductor Japan
Americas Technical Technical Support Center Pacific Technical Support Center Technical Support Center
Support Center Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com
X Email: support@nsc.com German Tel: +49 (0) 180 5010 771
ww.national.com 1. 1.800-272-9959 English Tel: +44 (0) 870 850 4288

5783 Version 7 Revision 3 Print Date/Time: 2008/08/27 16:33:51




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 subject to 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 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 Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. 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 Tl 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. 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 TI for that product or service voids all
express and any implied warranties for the associated Tl 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 Tl 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.

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

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com
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