TL7757
SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

Power-On Reset Generator

Automatic Reset Generation After Voltage
Drop

Low Standby Current . .. 20 pA

RESET Output Defined When Ve
Exceeds 1V

Precision Threshold Voltage
455V £120 mV

High Output Sink Capability . .. 20 mA

Comparator Hysteresis Prevents Erratic
Resets

description/ordering information

The TL7757 is a supply-voltage supervisor
designed for use in microcomputer and
microprocessor systems. The  supervisor
monitors the supply voltage for undervoltage
conditions. During power up, when the supply
voltage, V¢, attains a value approaching 1V, the
RESET output becomes active (low) to prevent
undefined operation. If the supply voltage drops
below threshold voltage level (V|1_), the RESET
output goes to the active (low) level until the
supply undervoltage fault condition is eliminated.

D PACKAGE
(TOP VIEW)

)

RESET

Vee
NC

GND

] NC
] NC
] NC
] NC

A W N P
g o N

NC-No internal connection

LP PACKAGE
(TOP VIEW)
GND
Vee
RESET
PK PACKAGE
(TOP VIEW)
] RESET
O |2 eno
] Vce

GND is in electrical contact with the tab.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube of 75 TL7757CD
SOIC (D) 7757C
Reel of 2500 | TL7757CDR
0°C to 70°C SOT (PK) Reel of 1000 | TL7757CPK T7
Bulk of 1000 | TL7757CLP
TO226 / TO-92 (LP) TL7757C
Reel 0f 2000 | TL7757CLPR
Tube of 75 TL7757ID
SOIC (D) 77571
Reel of 2500 | TL7757IDR
—40°C 10 85°C | SOT (PK) Reel of 1000 | TL7757IPK 71
Bulk of 1000 | TL7757ILP
TO226 / TO-92 (LP) TL7757
Reel 0f 2000 | TL7757ILPR

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

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.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include

testing of all parameters.

{'3 TEXAS

Copyright © 2003, Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TL7757
SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

equivalent schematic

Vce RESET

R18

ACTUAL DEVICE
COMPONENT COUNT

Transistors 27

Resistors 20
Capacitors 2

absolute maximum ratings over operating junction temperature range (unless otherwise noted)’

Supply voltage range, Vo (SEe NOte 1) ..ot -0.3Vto20V
Off-state output voltage range (see Note 1) . ...t i e e -0.3Vto20V
OUPUL CUITENE, [ ..o e e e e e e 30 mA
Package thermal impedance, 635 (see Notes 2 and 3): Dpackage ............................ 97°C/W

LPpackage ............... ... ... ... 140°C/W

PKpackage ............ ... .ciinn.. 52°C/W
Operating virtual junction temperature, Tj ......... e 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............ .. ... ... ... 260°C
Storage temperature range, Totg v —65°C to 150°C

T 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.

NOTES: 1. Allvoltage values are with respect to network terminal ground.

2. Maximum power dissipation is a function of Tj(max), 6ja, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta)/03a. Operating at the absolute maximum T 3 of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
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TL7757

SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

recommended operating conditions

MIN  MAX | UNIT
Vce Supply voltage 1 7 \Y,
VOH High-level output voltage 15 Vv
loL Low-level output current 20 mA
) ) TL7757C 0 70
TA Operating free-air temperature °C
TL77571 -40 85
electrical characteristics at specified free-air temperature
TL7757C
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
\Y Negati ing input threshold volt tV 25°C 143 4% 467 \
_ egative-going input threshold voltage a
T 9 goingnp g ce 0°C to 70°C 4.4 4.7
t o Hvst is at V. 25°C 40 50 60 v
steresis al m
Vhyst T cc 0°C to 70°C 30 70
Y Low-level output volt I 20mA, V, 43V 2 07 084
ow-level output voltage =20 mA, =4.
oL P g oL cc 0°Cto 70°C 0.8
. Vec=7V, Von=15V, 25°C 1
IoH High-level output current See Figure 1 Cie 700 T LA
R| =2.2 kQ, 25°C 0.8 1
¥ i L ]
Vres Power-up reset voltage VG slew rate <5 Vius G0 70°C e \
25°C 1400 2000
Vcc =43V
Icc Supply current 0°Cto 70°C 2000 A
Vee =55V 0°C to 70°C 40
1 This is the difference between positive-going input threshold voltage, V|T+, and negative-going input threshold voltage, V|T_.
¥ This is the lowest voltage at which RESET becomes active.
switching characteristics at specified free-air temperature
TL7757C
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP  MAX
¢ Propagation delay time, low-to-high-level Ve slew rate <5 Vs, 25°C 34 5 s
PLH output See Figures 2 and 3 0°C to 70°C 5 H
i i igh-to-low- 25°C 2 5
PHL Propagation delay time, high-to-low-level See Figures 2 and 3 us
output 0°C to 70°C 5
< 25°C 0.4 1
t Rise time Vce ;Iew rate <5 V/us, us
See Figures 2 and 3 0°C to 70°C 1
. ) 25°C 0.05 1
t Fall time See Figures 2 and 3 us
0°C to 70°C 1
Minimum pulse duration at V¢ for output 25°C 5
w(min)  response o o Hs
p 0°C to 70°C 5
‘U" TEXAS
INSTRUMENTS
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TL7757
SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

electrical characteristics at specified free-air temperature

TL77571
PARAMETER TEST CONDITIONS Ta UNIT
MIN TYP MAX
\ Negati ing input threshold volt tV 25°C 443 4% 467 \Y
— egative-going input threshold voltage a
IT gative-going inp geatvee —40°Ct085°C | 4.4 4.7
t Hyst is at V. 25°C 40 50 60 v
steresis a m
Vhys? Y ce —40°C to 85°C 30 70
Vv Low-level output volt [ 20mA, V, 43V 25°C 04 081
ow-level output voltage =20 mA, =4,
oL P g oL cc —40°C to 85°C 0.8
. Vec=7V, VoH=15V, 25°C 1
| High-level output current ) A
OH g P See Figure 1 —40°C to 85°C i "
R| =2.2kQ 25°C 0.8 1
t . L .
Vyes Power-up reset voltage Ve slew rate < 5 Vius TA0Cio85C T \%
25°C 1400 2000
Vcc =43V
Icc Supply current —40°C to 85°C 2100 UA
Vee =55V —40°C to 85°C 40
T This is the difference between positive-going input threshold voltage, V|14, and negative-going input threshold voltage, V|1_.
¥ This is the lowest voltage at which RESET becomes active.
switching characteristics at specified free-air temperature
TL77571
PARAMETER TEST CONDITIONS Ta UNIT
MIN TYP  MAX
. . U Ve slew rate < 5 Vs, 25°C 3.4 5
tPLH Propagation delay time, low-to-high-level output See Figures 2 and 3 0 Cio e 0 : us
t P tion delay ti high-to-low-level output | See Fi 2and 3 25°C 2 >
ropagation delay time, high-to-low-level outpu ee Figures 2 an s
PHL pag y g p g —10°C 10 85°C 5 Iz
< 25°C 0.4 1
tr Rise time Vce §Iew rate <5 V/us, us
See Figures 2 and 3 —40°C to 85°C 1
. ) 25°C 0.05 1
tf Fall time See Figures 2 and 3 us
—40°C to 85°C 1
Minimum pulse duration at V¢ for output 25°C 5
tw(min)  response o o HS
p —40°C to 85°C 5
‘Ui TEXAS
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TL7757
SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

PARAMETER MEASUREMENT INFORMATION

15V

Vce
+ TL7757
55V <> RESET

GND

]

Figure 1. Test Circuit for Output Leakage Current

R
vee R =1kQ
TL7757 L=
Pulse R
J'D 0 RESET
Generator C 0.1 uF < ouT
GND CL =100 pF
(see Note A)
. l I

NOTE A: Includes jig and probe capacitance

Figure 2. Test Circuit for RESET Output Switching Characteristics

4.8V
Vce
(see Note A) ViT+ VIT-
4.3V

\
tpLH — M

-~ \
| —» e tPHL
90% | 90%
RESET 50% 50%
10%4 | | N-10%

|| |

NOTE A: V¢ slew rate <5 us

Figure 3. Switching Diagram
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TL7757
SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

TYPICAL CHARACTERISTICST

Table of Graphs

FIGURE
Vce Supply voltage vs RESET output voltage 4
Icc Supply current vs Supply voltage 5
Icc Supply current vs Free-air temperature 6
VoL Low-level output voltage vs Low-level output 7
current
VoL Low-level output voltage vs Free-air temperature
loL Output current vs Supply voltage
Input threshold voltage (negative-going V) vs Free-air
V1= t 10
emperature
Vres Power-up reset voltage vs Free-air temperature 11
Vres Power-up reset voltage and supply voltage vs Time 12
Propagation delay time 13
SUPPLY VOLTAGE SUPPLY CURRENT
Vs Vs
RESET OUTPUT VOLTAGE SUPPLY VOLTAGE
8 I 2 \
Ta =25°C Ta=25°C
7L 1g=0 lo=0
>I 6 g 15
g é /4
g 5 o
S 5 /
- O 1 1
g_ 4 > L~
E g (
3 @
I-UI)J I
i s
x 2 —— Output —= 0.5
Undefined
1 K
0 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
Vcc - Supply Voltage — V Vcc - Supply Voltage —V
Figure 4 Figure 5

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TL7757
SUPPLY-VOLTAGE SUPERVISOR

AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

TYPICAL CHARACTERISTICST

SUPPLY CURRENT
VS
FREE-AIR TEMPERATURE

1.52 T ]
148 |- RL=0 I I ~—
a4 vec=43V | A
< 1.4
€ 136
£ 132
(]
S 128 e
O o =
>
§ 0.040 ———
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Io . \% 7V
L 0032 — ~
\
0.028 Vcc =55V ~—
\\
0.024
\
0.020
-75 -50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C
Figure 6
LOW-LEVEL OUTPUT VOLTAGE
VS
FREE-AIR TEMPERATURE
120 T | |
Vec=43V. o =20mA
> -
E 100 p— —
|
()
[o))
8
s 8
5
=3
3 60
3 loL =8 mA
4 -
1 40
o
-
|
—
20
2
loL=1mA
0 I
-100  -50 0 50 100 150

Tp — Free-Air Temperature — °C
Figure 8

lo - Output Current — mA

VoL — Low-Level Output Voltage — mV

120

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

110

I
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80

Vcc=1V

70

)/
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4
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y 4
/
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/
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loL — Low-Level Output Current — mA
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Figure 7

OUTPUT CURRENT
Vs
SUPPLY VOLTAGE
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I
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Vce - Supply Voltage -V
Figure 9

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TL7757

SUPPLY-VOLTAGE SUPERVISOR
AND PRECISION VOLTAGE DETECTOR

SLVS041l - SEPTEMBER 1991 — REVISED AUGUST 2003

TYPICAL CHARACTERISTICST

INPUT THRESHOLD VOLTAGE
(NEGATIVE-GOING V) POWER-UP RESET VOLTAGE
VS VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
46 . 1000 T
R =0 R =2.2kQ
4.59
- >~ 950
=
| 458 | \\
) o 900
© (2]
= 457 8 \
> e)
> 850
S 456 3 \\
o ~ 7]
g 455 M N & 800
5 454 3 750 S
= 2
= 453 o \
| I 700
>': 4.52 3 \\
> 650
451
45 600
-100 -50 0 50 100 150 -100 -50 0 50 100 150
Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 10 Figure 11
POWER-UP RESET VOLTAGE
AND SUPPLY VOLTAGE
VS
TIME PROPAGATION DELAY TIME
> 2 T 6 T T
L | me R |
g R =2.2kQ 5 L=< Vce
S 15
> \
>
P 4
3 1
T > —l
& / Vee 13 RESET
5 / )
=) 5 o)
S 8 / )
S o s 2
RESET
ho < /
a 1
D: I
|
Q -05
O 0
g
D | -1
0.5 1 15 2 25 3 0 2 4 6 10 12 14 18
t—Time —pus t—Time —pus
Figure 12 Figure 13

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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APPLICATION INFORMATION

TYPICAL TIMING DIAGRAM

A
Vee ViT-
TYPICAL APPLICATION DIAGRAM
ViT+ |—— ViT+ i
| AVA \
5V
| I
Vies ——f | } } } Vres 0.1 uF
| | || || I 1kQ
0 Vv
| } } | || = cc
| \ | |
& . | RESET
| | TL7757 System
_— | | ‘ | Reset
RESET } | | } | GND
| |
| | il
| |
‘ Output ‘
Undefined
0 I
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 30-Aug-2005

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TL7757CD ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL7757CDE4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757CDR ACTIVE SOIC D 8 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757CDRE4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757CLP ACTIVE TO-92 LP 3 1000 TBD CU SNPB Level-NC-NC-NC
TL7757CLPR ACTIVE TO-92 LP 3 2000 TBD CU SNPB Level-NC-NC-NC
TL7757CPK ACTIVE SOT-89 PK 3 1000 TBD CU SNPB Level-1-220C-UNLIM
TL7757CPKG3 ACTIVE SOT-89 PK 3 1000 Green (RoHS & CU SN Level-2-260C-1YEAR
no Sh/Br)
TL7757I1D ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757IDE4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757IDR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757IDRE4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL7757ILP ACTIVE TO-92 LP 3 1000 TBD CU SNPB Level-NC-NC-NC
TL7757ILPR ACTIVE TO-92 LP 3 2000 TBD CU SNPB Level-NC-NC-NC
TL77571PK ACTIVE SOT-89 PK 3 1000 TBD CU SNPB Level-1-220C-UNLIM
TL7757IPKG3 ACTIVE SOT-89 PK 3 1000 Green (RoHS & CU SN Level-2-260C-1YEAR
no Sb/Br)
TL7757MD OBSOLETE SOIC D 8 TBD Call Tl Call Tl
TL7757MDR OBSOLETE SOIC D 8 TBD Call Tl Call Tl
TL7757MLP OBSOLETE TO-92 LP 3 TBD Call Tl Call Tl

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl 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) or Green (RoHS & no Sb/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.

Green (RoHS & no Sb/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

Addendum-Page 1
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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
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.

Addendum-Page 2



MECHANICAL DATA

PK (R—PSSO-F3) PLASTIC SINGLE—IN—LINE PACKAGE
4,60
i
0,40 % VN %

- G|R
>
S
?

N
i

Bottom View

4040234/C 07/2004

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.
This drawing is subject to change without notice.
The center lead is in electrical contact with the tab.

A

B

C.

@ Falls within JEDEC TO-243 variation AA, except minimum lead length, pin 2 minimum lead width,
and minimum tab width.
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MECHANICAL DATA

D (R-PDSO-GB8)

PLASTIC SMALL—-OUTLINE PACKAGE

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

8 5

i H.H 3

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

Pin 1/

i
i

0.007 (0,17) 1

Gauge Plane J— -

0.010 (0,25)

Index Area
4
0.050 (1,27) J ngfg ég?;
[]0.010 (0,25) @]
A
Jg\ L] L] L — l ‘
0.010 (0,25)
L 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25)

IR

)

?

/

?

Seating Plane

4040047-2/F 07/2004

NOTES:

A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C
D

. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

. Falls within JEDEC MS-012 variation AA.
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MECHANICAL DATA

MSOT002A — OCTOBER 1994 — REVISED NOVEMBER 2001

LP (O-PBCY-W3) PLASTIC CYLINDRICAL PACKAGE
0.205 (5,21) A 0.165 (4,19)
0.175 (4,44) 0.125 (3,17)
| 0.210 (5,34)
0.170 (4,32)
¢ Seating
? Plane

| 0.157 (4,00) MAX
0.050 (1,27)
I\ o

0.500 (12,70) MIN

|
|
|
|
JY il i Jud_ v i

0.022 (0,56 0.016 (0,41
0.104 (2,65) b ¢ 2022(0.56) _p g 2016(041)
0.016 (0,41) 0.014 (0,35)
FORMED LEAD OPTION STRAIGHT LEAD OPTION

>N

0.135 (3,43) MIN
0.105 (2,67)
0.095 (2,41)
0.055 (1,40
(1,40) €«
0.045 (1,14)
O oo -
1 2 3
A 2
0.105 (2,67) | 0.105(2,67)
0.080 (2,03) 0.080 (2,03) 4040001-2/C 10/01

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

Lead dimensions are not controlled within this area

FAlls within JEDEC TO -226 Variation AA (TO-226 replaces TO-92)
E. Shipping Method:
Straight lead option available in bulk pack only.
Formed lead option available in tape & reel or ammo pack.
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MECHANICAL DATA

MSOT002A — OCTOBER 1994 — REVISED NOVEMBER 2001

LP (O-PBCY-W3) PLASTIC CYLINDRICAL PACKAGE

0.539 (13,70)
' ' 0.460 (11,70)
1

1.260 (32,00)
0.905 (23,00) ‘

0.650 (16,50) ‘ 0.020 (0,50) MIN

0.610 (15,50) Lo.ogs(z,so) ! | i
2 Y——p 0 \
0 0 I I t
0.384 (9,75)
0.335 (8,50)
@ @ 0.748 (19,00) 0.748 (19,00)
0.433 (11,00) 0.217 (5,50) 0.689 (17,50)
0.335 (8,50) v l
N 0.114 (2,90)
0.094 (2,40)
0.114 (2,90) 0.169 (4,30)
_’ Pl WLE At A
0.094 (2,40) 0.146 (3,70) DA
0.266 (6,75)
0.234 (5,95)
0.512 (13,00)
0.488 (12,40)
TAPE & REEL

4040001-3/C 10/01

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Tape and Reel information for the Format Lead Option package.
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IMPORTANT NOTICE

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

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

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

Following are URLs where you can obtain information on other Texas Instruments products 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/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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