UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

® Extended Temperature Performance of D 8-PIN PACKAGE

—40°C to 125°C (TOP VIEW)
® Optimized for Off-line and DC to DC U

Converters COVMP 1 8 %xREF

2 7
® | ow Start Up Current (<0.5 mA) FB cc
_ _ _ Isense [ 3 6 |] OUTPUT
® Trimmed Oscillator Discharge Current Ry/Cr [] 4 5[] GND
® Automatic Feed Forward Compensation
® Pulse-by-Pulse Current Limiting D 14-PIN PACKAGE
® Enhanced Load Response Characteristics (TOP VIEW)
® Under-Voltage Lockout W|th Hysteresis comp | 1 J 14[] Veer
® Double Pulse Suppression NC[] 2 13[] NC
® High Current Totem Pole Output Vrg (] 3 121 Vee
® Internally Trimmed Bandgap Reference NC[la  uflve
® 500 kHz Operation ISENNSEE 2 13 % gE'II;PUT
description

The UC2842A/3A/4A/5A family of control ICs is a pin for pin:compatible improved version of the UC2842/3/4/5
family. Providing the necessary features to control current mode switched mode power supplies, this family has the
following improved features. Start up current is guaranteed to belessthan 0.5 mA. Oscillator discharge is trimmed
to 8.3 mA. During under voltage lockout, the output stage can sink at least 10 mA at less than 1.2 V for V¢ over

5V.
The difference between members of this.family are shown in the table below.
PART'NUMBER UVLO ON UVLO OFF | MAXIMUM DUTY CYCLE
UC2842A 16 V 10V <100%
UC2843A 8.5V 7.9V <100%
UC2844A 16V 10V <50%
UC2845A 8.5V 7.9V <50%

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

PRODUCTION DATA information is current as of publication date. Copyright O 2003, Texas Instruments Incorporated

Products conform to sgecifjcations per thed terms ?1 Texas In§trymfn(}s i
testing of‘glalr;aa?;yﬁmgtlérs. v 9 does ot fyineluce TEXAS
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

ORDERING INFORMATIONT

A PACKAGE? PARTNUMBER | MARKING
SOIC-8 - D8 Tape and reel UC2842AQD8R 2842AQ
SOIC-8 - D8 Tube UC2842AQD8 2842AQ
SOIC-14-D Tape and reel UC2842AQDR 2842AQ
SOIC-14-D Tube UC2842AQD 2842AQ
SOIC-8 — D8 Tape and reel UC2843AQDSR 2843AQ
SOIC-8-D8 Tube UC2843AQD8 2843AQ
SOIC-14-D Tape and reel | UC2843AQDR 2843AQ
SOIC-14-D Tube UC2843AQD 2843AQ
—40°C to 125°C
SOIC-8-D8 Tape and reel | UC2844AQD8R 2844AQ
SOIC-8-D8 Tube UC2844AQD8 2844AQ
SOIC-14-D Tape and reel UC2844AQDR 2844AQ
SOIC-14-D Tube UC2844AQD 2844AQ
SOIC-8 — D8 Tape and reel UC2845AQD8R 2845AQ
SOIC-8-D8 Tube UC2845AQD8 2845AQ
SOIC-14-D Tape and reel UC2845AQDR 2845AQ
SOIC-14-D Tube UC2845AQD 2845AQ

t package drawings,
are available at www.ti.com/sc/package.

block diagram

standard packing quantities, thermal data, symbolization, and PCB design guidelines

vee [7][12}—9 ’
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NOTES: 1. A =DIL-8 Pin Number. B = SO-14 Pin Number.
2. Toggle flip flop used only in 2844A and 2845A.
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

Ordering Information
uc284 4 A Q D R

\— TAPE and REEL INDICATOR

PACKAGE
D = Plastic SOIC, 14 pin
D8 = Plastic SOIC, 8 pin

AUTOMOTIVE TEMPERATURE RANGE INDICATOR

IMPROVED PERFORMANCE INDICATOR

PRODUCT OPTION
2 through 5
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t*

Ve voltage (Iow impedanCe SOUMCE) ... ...ttt et e e 30V
Vec voltage (Icc MA) o self limiting
OUIPUL CUITENE, [ oot e e i i i i i 1A
Output energy (capacitive 10ad) ... i e 5ud
ANAlog INPULS (PINS 3, 5) .ottt e e -0.3Vto6.3V
Error Amp OUtput SINK CUITENE . .. o o e e e e e e e e e e e 10 mA
Power Dissipation at Ta < +25°C (D package) . ............iiiiiiii i 1w
Package thermal impedance, 635 (see Note 1): D (8-pin) package ............................ 97°C/IW
Storage temperature range, Tgpg - -« v ov vt e —65°C to 150°C
Lead temperature soldering 1,6 mm (1/16 inch) from case for 10 seconds ....................... 260°C

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

* Unless otherwise indicated, voltages are reference to ground and currents are positive into and negative out of the specified terminals.

NOTE 1: Long term high—temperature storage and/or extended use at maximum recommended operating conditions may result in a reduction of
overall device life. See http://www.ti.com/ep_quality for additional information on enhanced plastic packaging.

electrical characteristics, Tp =—40°C to 125°C, Ve =15V (see Note 1), R =10 kQ, C1=3.3nF, and
Ta = T3 (unless otherwise stated)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX ‘ UNITS
Reference Section
Output voltage T3=25°C, lo=1mA 4.95 5.0 5.05 \Y
Line regulation voltage ViN=12 V1025V 6 20| mv
Load regulation voltage lo =1 mAto 20 mA 6 25 mV
Temperature stability See Notes 2 and 3 0.2 0.4 | mv/°C
Total output variation voltage Line, Load, Temp. 4.9 5.1 \%
Output noise voltage fS:e:?\l;Ze t; 10 kHz, Tj=25°C 50 puv
Long term stability 1000 hours, See Note 2 Ta =125°C 5 25 mV
Output short-circuit current -30 -100 -180| mA
Oscillator Section
Initial accuracy See Note 4 T3=25°C 47 52 57 | kHz
Voltage stability Vcc=12Vto 25V 0.2 1 %
Temperature stability Ta = MIN to MAX, See Note 2 5 %
Amplitude peak-to-peak Vpin7, See Note 2 1.7 \%
Discharge current Vpin7=2V, See Note 5 1)=25°C 78 83 88 mA

Ty = Full range 75 8.8
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

electrical characteristics, Tp =—-40°C to 125°C, Vcc =15V (see Note 1), Rt =10 kQ, Ct=3.3nF, and

Ta = T3 (unless otherwise stated)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX ‘ UNITS
Error Amplifier Section
Input voltage COMP =25V 2.45 25 2.55 \%
Input bias current -0.3 -1 pA
Open loop voltage gain (AVOL) Vo=2Vto4V 65 90 dB
Unity gain bandwidth See Note 2 Tj=25°C 0.7 1 MHz
PSRR Vcc=12Vto 25V 60 70 dB
Output sink current FB=27YV, COMP =11V 2 6 mA
Output source current FB=23YV, COMP =5V -0.5 -0.8 mA
VouT high FB=2.3V, RL =15 kQ to GND 5 6 \
VourT low FB=2.7V, R =15kQ to VREE 0.7 11 \
Current Sense Section
Gain See Notes 6 and 7 2.85 3 3.15| VIV
Maximum input signal COMP =5, See Note 6 0.9 1 11 Y
PSRR Vce =12 Vto 25 V,See Note 6 70 dB
Input bias current -2 -10 HA
Delay to output ISENSE=0V1to2\, See Notel2 150 300 ns
Output Section (OUT)
louT.=20mA 0.1 0.4
Low-level output voltage \%
louT = 200 mA 15 2.2
High-level output voltage i "™ = 135 \
lOUT = —200 mA 12 135
Rise time CL=1nF See Note 2 Ty=25°C 50 150 ns
Fall time CL=1nF See Note 2 Tj=25°C 50 150 ns
UVLO saturation Vcec =5V, loyT =10 mA 0.7 1.2 \
Undervoltage Lockout Section
g s e v
Start threshold UC2843A \Y
UC2845A 8 84 o
gz s w0 n
Minimum operation voltage after turn on UC2843A, , L . \%
UC2845A : :
Q‘ TEXAS
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

electrical characteristics, Ty =—40°C to 125°C, Vcc = 15 V (see Note 1), RT = 10 kQ, C1=3.3nF, and
Ta = T3 (unless otherwise stated)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX ‘ UNITS
PWM Section
UC2842A, UC2843A 94 96 100
Maximum duty cycle %
UC2844A, UC2845A a7 48 50
Minimum duty cycle 0 %

Total Standby Current

Start-up current 0.3 0.5 mA
Operating supply current FB=0V, SENSE=0V 11 17| mA
Vcc internal zener voltage Icc=25mA 30 34 \
NOTES: 1. Adjust Vcc above the start threshold before setting at 15 V.
2. Not production tested.
3. Temperature stability, sometimes referred to as average temperature coefficient, is described by the equation:
Temp Stability = VREE (max) — VREE (min). VREE (max) and VRgE (min) are the maximum and minimum reference voltage measured
T3 (max) — Tg (min)
over the appropriate temperature range. Note that the extremes in voltage do not necessarily occur at the extremes in temperature.
4. Output frequency equals oscillator frequency for the UC2842A and UC2843A. Output frequency is one half oscillator frequency for the
UC2844A and UC2845A.
5. This parameter is measured with RT = 10 kQ to VRgE. This contributes approximately:300 pA of current to the measurement. The total
current flowing into the R/c pin will be approximately 300 pA higherthan the measured value.
6. Parameter measured at trip point of latch with Vg at 0 V.
7.

Gain is defined by: A= AVcomp ;0 < VSeNsE = 0.8 V.
AVSENSE

PA

RAMETER MEASUREMENT INFORMATION

2.50V

_|_ 0.5mA

. VFB
| zi | 2] —

Zf Comp

Error Amp can source and sink up to 0.5 mA, and sink up to 2 mA.

Figure 1. Error Amp Configuration
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

PARAMETER MEASUREMENT INFORMATION

lcc

ON/OFF COMMAND
TO REST OF IC

<I7mA -+
UC2842A [UC2843A
UC2844A [UC2845A <05mA -+
VoON 16V 8.4V | } Vce
VOFF 10V 7.6V VoFF Von

During UVLO, the Output is low.

Figure 2. Under Voltage Lockout

ERROR
AMP

COMP CURRENT
SENSE
R L CURRENT COMPARATOR
c SENSE
Rs /I\ GND

oo — —

/777

Peak Current (Is) is Determined By The Formula:

Ismax’ -0V

RS
A small RC filter may be required to supress switch transients.

Figure 3. Current Sense Circuit
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

Output Saturation Characteristics

PARAMETER MEASUREMENT INFORMATION

Error Amplifier Open-Loop Frequency Response

= [ |1
1 = / —_
3 Vee 15\£ ; o 8 0
@ YT Ta = +25°C— / o AN 3
o] Ta = -55°C| —— 60 45 g
= / c
S, = g « i
| _ == p= \/— S
L = o= ) -~
S = \ o 20 135
= 1 // = Av 7
g / SOURCE SAT (Vco-Vor) > o -180
= LA —smK‘ SAT (Vo)
» 0——T—T ] L1
10 100 & 10k 100k 1M 10M
.01 .02 .03.04.05 .07 .1 2 3.4.5 710
) Frequency - (Hz)
Output Current, Source or Sink - (A)
Figure 4 Figure 5
PLICATION INFORMATION
Oscillator Frequency vs Timing Resistance Maximum Duty Cycle vs Timing Resistor
| 100.0
LTl
>
VREF — al )
8] N N 2 80.0
L 1M
> 1 Q
e 0, > /
RT/CT [4] S P N \‘;00 60.0
o N NG fy
—Ct 2 ™ «S >
| T 100k & a
N “ E
GROUND |:5k;|—<. e Lo E 400
= ™ E I
—— T_’ \ \\ o
el =8 SR
20.0
172 [
RT> 5k faw--tZ
For > 5 RTCT
300 1.00k 3.00k  10.0k 30.0k 100k 300 1.00k 3.00k 10.0k 30.0k 100k

RT (ohms)

Figure 6. Oscillator

RT (ohms)
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

APPLICATION INFORMATION

O VREF

%RT
2N2222 3 = 7 —(:)—l—o Vce
4.7k 100k UC2842A
1| COMP VREF [8] 0.1pF

1k
ERROR AMP 3] VeB Vee [7
1pnF

ADJUST " Bk _10.
ISENSE S, TPUT T _1k 1w
47K ADJUST 3| ISENSE OUTPUT |[6] O OUTPUT
= e RT/CT GROUND (5]

O GROUND

Ct

High peak currents associated with capacitive loads necessitate careful grounding technigues. Timing and bypass capacitors should be
connected close to pin 5 in a single point ground. The transistor and 5k potentiometer are used to sample the oscillator waveform and apply an

adjustable ramp to pin 3.

Figure 7. Open-Loop Laboratory:Text Fixture

|
e

VREF |8 T *
—'—I 0.1uF % RT
— A fraction of the oscillator ramp can be resistively summed
RT/CT [4 9 with the current sense signal to provide slope compensation
CT— /\/\ for converters requiring duty cycles over 50%.
Note that capacitor, C, forms a filter with R2 to suppress the
UC2842A/3A — R1 leading edge switch spikes.

ISENSE

R2
ISENSE |3 ¢ ®
| igigh
- lc §  Rsense

Figure 8. Slope Complression

o
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UC2842AQ, UC2843AQ, UC2844AQ, UC2845AQ
CURRENT-MODE PWM CONTROLLER

SGLS164 — APRIL 2003

APPLICATION INFORMATION

R T1 D6 L1
5Q (NOTE 2) USD945 (NOTE 2)
1w —
VARO +5V
A
117 VAC l 1 R12 11
VM 68 c 4.7k N5 _ C10 c
250pF perh o 4700uF 4700pF
250V 10V 10V
Rz ¢ — coM
56K
UFS1002
> 12V
U P *
D2 D3 2200pF
R4 R3 IN3612 IN3612 N12 T 16V "
4.7k 20k o i . +12v cOl
LA WA | 1 K N12 1 c13
. 2200pF
C2 C3| Re c4 16V
100pF 680 47pF NG D8
o5 150kl 2 7 25V 22|.LFT3W T25V K -12v
—AA— 1 s pi ¢ UES1002
100
c14 pF R7
UC2844A —
¢ 2‘3 220 ||__ Qt
8 6 AV -] UFN833
R6 1k
10k 3 —MWW\
C5 — 4 5 usD1120 l ns
L L R10
OMF cé c7 R13 0.550
.0022pF 470pFT 20k 1w
m
Power Supply Specifications
. Input Voltage 95VAC to 130VAC (50Hz/60Hz)

. Line Isolation 3750V

. Switching Frequency 40 kHz

. Efficiency, Full Load 70%

. Output Voltage:
A. +5V, +5%; 1A to 4A Load
B. +12V, £3%; 0.1A to 0.3A Load Ripple voltage: 100 mV P-P Max
C. —12V, +3%; 0.1A to 0.3A Load Ripple voltage: 100 mV P-P Max

O WNBE

Figure 9. Off-Line Flyback Regulator
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{’?TEXAS PACKAGE OPTION ADDENDUM
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PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp ®
Type Drawing Qty

UC2842AQD ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2842AQD8 ACTIVE SoIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2842AQD8R ACTIVE SOIC D 8 2500 Green (ROHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2842AQDR ACTIVE SOIC D 14 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

UC2843AQD ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2843AQD8 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2843AQD8R ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2843AQD8RQ1 ACTIVE SOIC D 8 2500 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2843AQDR ACTIVE SoIC D 14 2500 Green (ReHS & CU NIPDAU Level-1-260C-UNLIM
no Shi/Br)

UC2845AQD ACTIVE SoIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

UC2845AQD8 ACTIVE SoIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2845AQD8R ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

UC2845AQDR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sbh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on

Addendum-Page 1
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incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL—OUTLINE PACKAGE

0.344 (8,75)
0.337 (8,55)

14 @ 8
EEREEE i

B B B 1 0415 ,
0.15 ,
Pin 1
0.020 (0/5%)
Index A
ndex e 0050 127) 0012 (0,37 (0,31)

[%To (0,251 |

4——>

L 0.069 (1,75) Max O 004
0.010 (0,25)
0.007 (0,17)1
/ Vg \
t ) (= [600% 0]
Gauge Plane —¢— —-= —

? Seating Plane

0.010 (0,25)

0.050 (1,27)
0.016 (0,40)

4040047-3/H 11/2006

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed .006 (0,15) per end.

Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.

Reference JEDEC MS—-012 variation AB.

NOTES:

B e
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MECHANICAL DATA

D (R-PDSO-G8)

PLASTIC SMALL—OUTLINE PACKAGE

0.197 (5,00)
0.189 (4.,80)

Yo

il

5

e

0 1 i

0.244 (6,20)
0.228 (5,80)
0.157 (4,00)
0.150 (3,80) A\

2 B

aflls ,

L 0.069 (1,75) Mox

0.010
0.007

Gauge Plane

Index Area
4
0.020 (0,51
0.050 (1,27) ﬁﬁ;
3 0:010 (6,25) @
A
. AN N

0.010 (0,25)

g~

(0,25)

0. OO4

\

$
v

)

0.050 (1,27)

0.016 (0,40)

? Seating Plane

4040047-2/H 11/2006

NOTES:

B P

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

not exceed .006 (0,15) per end.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed .017 (0,43) per side.

{5’ TEXAS
INSTRUMENTS

www.ti.com



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.

TI 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 TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

TI 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 TI 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 Tl for that product or service
voids all express and any implied warranties for the associated T| product or service and is.an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life_suppert) 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 Tl. Further, Buyers must fully indemnify Tl and its
representatives against any damages-arising out of the use of T| products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl 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.

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

Products Applications
Amplifiers amplifier.ti.com Audio www. ti.com/audio
Data Converters  dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Interface interface.ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwaork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
Low Power www.ti.com/lpw Video & Imaging www.ti.com/video
Wireless

Wireless www.ti.com/wireless
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