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SN74HC4851

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

® |njection-Current Cross Coupling <imV/mA

(see Figure 1)
® Low Crosstalk Between Switches

® Pin Compatible With SN74HC4051,
SN74LV4051A, and CD4051B

® 2.V to 6-V Vg Operation

® Latch-Up Performance Exceeds 100 mA Per

JESD 78, Class Il
® ESD Protection Exceeds JESD 22

- 2000-V Human-Body Model (A114-A)

- 200-V Machine Model (A115-A)

- 1000-V Charged-Device Model (C101)

description/ordering information

D, DGV, N, OR PW PACKAGE

(TOP VIEW)
Y4[1 U16]VCC
Y6 [|2 15]] Y2

com [|3 141] Y1
v7 []4 13]] YO
Y5 []5 12[] v3
INH [|6 1A
NC []7 1]l B
GND [|8 allc

NC - No internal connection

This eight-channel CMOS analog multiplexer/demultiplexer is pin compatible with the '4051 function and,
additionally, features injection-current effect control, which has excellent value in automotive applications where
voltages in excess of normal supply voltages are common.

The injection-current effect control allows signals at disabled analog input channels to exceed the supply
voltage without affecting the signal of the enabled analog channel. This eliminates the need for external
diode/resistor networks typically used to keep the analog channel signals within the supply-voltage range.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
PDIP - N Tube SN74HC4851N HC4851N
S0IC b Tube SN74HC4851D HCags T
- Tape and reel | SN74HC4851DR 5
—40°C to 125°C
1SSOP - PW Tube SN74HC4851PW Hcass 1
- Tape and reel | SN74HC4851PWR 5
TVSOP - DGV | Tape and reel | SN74HC4851DGVR HC4851

T Package 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

dard warranty. Production p ing does not ily include
testing of all parameters.
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SN74HC4851

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

logic diagram (positive logic)

INH

FUNCTION TABLE
INPUTS ON
INH Cc B A CHANNEL

L L L L YO
L L L H Y1
L L H L Y2
L L H H Y3
L H L L Y4
L H L H Y5
L H H L Y6
L H H H Y7
H X X X None

—>

WWWW

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

Injection-

Current
Control

COM

13 Yo

14
Y1

15 v2

12 y3

Y5

Y6

Y7

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74HC4851

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

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

SUppPly VORAGE range, VoG - - oo vttt et e et e e e e -05Vto7V

Input voltage range, Vi(see Note 1) ... .. e
Switch I/O voltage range, Vg (see Notes 1and2) ................. ... ... ...

-05VtoVgcg+05V
-05VtoVecg+05V

Input clamp current, K (V<0 0rVi>VEo) oo 20 mA
I/0 diode current, liok (Vio <0 0rVig>VEg) - oo 20 mA
Switch through current, IT (Vio =010 VEG) oo 25 mA
Continuous current through Vg or GND ... 50 mA
Package thermal impedance, 6p (see Note 3): Dpackage .............. ... ... ... .. 73°C/W
DGVpackage ..........ccooiiiiiiiiiii, 120°C/W
Npackage ........ .o 67°C/W
PWpackage ...........ccoiiiiiiiiiiin, 108°C/W
Storage temperature range, Tgrg ...« vnoe i -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. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. This value is limited to 5.5 V maximum.

3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 4)

MIN MAX | UNIT
Vo Supply voltage 2 6 Vv
Ve =2V 1.5
' ) Vcc=3V 2.1
Y
Vecc =45V 3.15
Vcc=6V 42
Vecc=2V 05
. Vecc =3V 0.9
Vcc =45V 1.35
Vec=6V 1.8
V| Control input voltage Vce \Y
Vio Input/output voltage Vce \
Vec=2V 1000
Vecc =3V 800
At/Av  Input transition rise or fall time Vcc =33V 700 ns
Vcc =45V 500
Vcc=6V 400
TA Operating free-air temperature —40 125 °C

NOTE 4: All unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74HC4851

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS TA=25C UPTO8SC | UPTO128°C UNIT
VCC [TMIN TYP MAX| MIN MAX| MIN MAX
2V 500 650 670 700
IT<2mA, 3V 215 280 320 360
On-state V| =Vgc to GND,
fon switch resistance VINH = VIL 33V 210 270 305 345 Q
6V 150 195 220 250
2.V 4 10 15 20
Difference in IT<2mA, 3V 2 8 12 16
Aron on-state resistance Vi =Vgce/2, 33V 2 8 12 16 Q
between switches VINH = VIL 45V 2 8 12 16
6V 3 9 13 18
| Control input current V| =Vgg or GND 6V +0.1 +0.1 +1 A
Off-state switch V| =Vgc or GND,
leakage current VINH = VIH +0.1 +0.5 +1
(any one channel) (see Figure 6)
| \ A
S(off)  [Off-state switch V| = Vg or GND, 6 H
leakage current VINH = VIH 0.2 +2 +4
(common channel) (see Figure 7)
. V| =Vcc or GND,
On-state switch
IS(on) leakage current VINH = ViL 6V +0.1 +0.5 +1 UA
(see Figure 8)
Icc Supply current V| =Vgg or GND 6V 20 40 uA
Cic Control input capacitance A, B, C, INH 3.5 10 10 10 pF
cg  common Switch off 22 40 40 40| pF
terminal capacitance
Cos  Switch terminal capacitance | Switch off 6.7 15 15 15 pF
injection current coupling specifications, Tp = -40°C to 125°C
PARAMETER Vce TEST CONDITIONS MIN TYPT MAX| UNIT
33V " 0.05 1
<
sv_| ) Ii¥<1mA 0.1 1
<3.9kQ
sav |F8=39 0.345 5
ht<10mA
VAgut Maximum shift of output voltage of enabled analog 5V 0.067 5 my
o channel 33V ; 0.05 2
5V Ii¥<1mA 0.1 2
Rs < 20 kQ
3.3V 0.05 20
<10 mA
5V 0.024 20

1 Typical values are measured at Ta = 25°C.
% 1| = total current injected into all disabled channels
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SN74HC4851
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

switching characteristics over recommended operating free-air temperature range,
Vee =2V, CL =50 pF (unless otherwise noted) (see Figures 9-14)

FROM To Ta = 25°C UPTO85°C | UPTO 125°C UNIT
PARAMETER (INPUT) (OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX
tpLH  Propagation COM or Yn Yn or COM 195 25 29 32| ns
tPHL delay time
tPLH  Propagation Channel Select |  COMor Yn 23 30 35 40| ns
tPHL delay time
Pz Enable INH COM or Yn 95 105 5] ns
tpzL delay time
tPHz  Disable INH COM or Yn 95 105 15| ns
tpLz delay time
switching characteristics over recommended operating free-air temperature range,
Vee =3V, CL = 50 pF (unless otherwise noted) (see Figures 9-14)
FROM To Ta = 25°C UPTO85°C | UPTO 125°C
PARAMETER (INPUT) (OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX| "N
tpLH  Propagation COM or Yn Yn or COM 12 155 17.5 1951 ns
tPHL delay time
tPLH Propagation Channel Select COMor Yn 135 175 20 23 ns
tPHL delay time
tpzH  Enable INH COM or Yn 90 100 10| ns
tpzL delay time
tPHZ Disable INH COM or Yn 90 100 110 ns
tpLz delay time
switching characteristics over recommended operating free-air temperature range,
Vee =3.3V, CL =50 pF (unless otherwise noted) (see Figures 9-14)
FROM TO Ta = 25°C UPTO85°C | UPTO 125°C
PARAMETER (INPUT) (OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX| "N
tpLH  Propagation COM or Yn Yn or COM 11 145 165 185| ns
tPHL delay time
tpLH  Propagation Channel Select COM or Yn 125 165 19 22| ns
tPHL delay time
tpzH  Enable INH COM or Yn 85 95 105| ns
tpzL delay time
tPHZ Dlsablg INH COM or Yn 85 95 105 ns
tpLZ delay time
¥ 7
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SN74HC4851
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

switching characteristics over recommended operating free-air temperature range,
Vee =4.5V, C = 50 pF (unless otherwise noted) (see Figures 9-14)

PARAMETER FROM TO Ta =25°C UPTO 85°C | UPTO 125°C UNIT
(INPUT) (OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX
tpLH  Propagation COM or Yn Yn or COM 86 115 125 135| ns
tPHL delay time
tLH  Propagation Channel Select COM or Yn 10 13 15 17| s
tPHL delay time
tpzH  Enable INH COM or Yn 80 90 100] ns
tpzL delay time
tPHz  Disable INH COM or Yn 80 90 100] ns
tpLZz delay time
switching characteristics over recommended operating free-air temperature range,
Vee =6V, CL =50 pF (unless otherwise noted) (see Figures 9-14)
FROM TO Ta =25°C UPTO 85°C | UPTO 125°C
PARAMETER (INPUT) (OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX UNIT
tPLH  Propagation COM or Yn Yn or COM 8 10 11 12| ns
tPHL delay time
tPLH Propagation
tPHL delay time Channel Select COMor Yn 9.5 12.5 14.5 16.5 ns
tpzH  Enable INH COM or Yn 78 80 80| ns
tpzL delay time
tPHz  Disable INH COM or Yn 78 80 80| n
tpLZ delay time ° S
operating characteristics, Tp = 25°C (see Figure 15)
PARAMETER Vee TEST CONDITIONS TYP | UNIT
Cpd Powerd ikl No load all G
ower dissipation capacitance o loal
pd p p 5V 37 P
3 1
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SN74HC4851
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

APPLICATION INFORMATION

Vee=5V

o _/

e

VINZ < Vss or Ve < VIN?
Any Disabled Channel

Vss<ViN'<Vce

Enabled Channel e 06000 Vout = Vi1 V + Vagut
| ee e
Rg

I

Figure 1. Injection-Current Coupling Specification

5V 6V

? 5V O—Vce
Vee

’HC4051

Sensor
:.—| I— Channel 1

— Channel 2

— Channel 3 Microcontroller

\
\
\
\
\ — Channel 4
} — Channel 5

\ —{ Channel 6
(8><_Ideptica| — Channel 7
Circuitry)

— Channel 8

Common Out A/D - Input

Figure 2. Alternate Solution Requires 32 Passive Components and One Extra 6-V Regulator
to Suppress Injection Current Into a Standard ’"HC4051 Multiplexer

*5‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



SN74HC4851
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

APPLICATION INFORMATION

5V O I Vee
Vce

’HC4851
Sensor

— |_’_|I Channel 1

‘ — Channel 2
} — Channel 3 Microcontroller
\ — Channel 4

} — Channel 5

| — Channel 6
(8><_Ideptica| — Channel 7
Circuitry)

— Channel 8

Common Out A/D - Input

Figure 3. Solution by Applying the '"HC4851 Multiplexer

Gate = Ve
(Disabled)
Disabled Analog Multiplex Input Common Analog Output
VIN>Vcc +0.7V ‘ Vout > Vce

P+ P+

e

N - Substrate (on V¢ potential)

Figure 4. Diagram of Bipolar Coupling Mechanism
(Appears if Vy Exceeds V¢, Driving Injection Current Into the Substrate)
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SN74HC4851
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION

Vee
VINH = VIL ﬁ ‘
Vce
Vi=Vgccto GND ——— (ON) —&—— Vo
V-V
GND r = 1= Vo
T T
I
/\',\
U/ Vi-Vo

Figure 5. On-State-Resistance Test Circuit

|
| jv
| =1 JVec
GND \
|
NG _ Common O/l

VINH=VIH +— &

l—s

Figure 6. Maximum Off-Channel Leakage Current, Any One Channel, Test Setup

Vce
Vce
\ chc veet o 16
| W
GND | 16 |
‘ Analog 1/0

OFF GND } —o NC
vee U I

m Common O/
OFF Common O/l
Vee T_O Analog I/O

VINH=ViH +— © VINH=VIL+— 6

[T mh

Figure 7. Maximum Off-Channel Leakage Current, Figure 8. Maximum On-Channel Leakage Current,
Common Channel, Test Setup Channel To Channel, Test Setup
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SN74HC4851
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION

Vce 16
T_ Common O/
Analog 1/0 ';es_t t
o T gr Pon
L T
Channel X50°/ X Vee =
Select °
| | GND 6
tpLH — &P N—’?— tPHL
8
Analog o
ML __Channel Select
T Includes all probe and jig capacitance
Figure 9. Propagation Delays, Figure 10. Propagation-Delay Test Setup,
Channel Select to Analog Out Channel Select to Analog Out
16
Analog /O Common O/l

Point
I C|_1'
/—? ————— Vce
Analog In 50%
GND
| <4— | — °
tPLH —» tPHL
> ) 8
Analog Out 7& 50% * 1

1 Includes all probe and jig capacitance

Figure 11. Propagation Delays, Figure 12. Propagation-Delay Test Setup,
Analog In to Analog Out Analog In to Analog Out
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SN74HC4851

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

WITH INJECTION-CURRENT EFFECT CONTROL

SCLS542B - SEPTEMBER 2003 — REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION

Enable o
0% ___ GND
- [ B e—tpz
|| || High
|| Impedance
Analog \ 50 % \ 10%
Out ‘ ——— VoL
—»l |
tpzH [ ¢ tpHZ

| R
Analog 50 % 90%

Impedance

Figure 13. Propagation Delays,
Enable to Analog Out

Position 1 when testing tpHz and tpzH
Position 2 when testing tp 7z and tpz

g

Vee
v 16 J‘
ce | 10kQ
Analog /0
Dol 7 [ON/OFF | o rest
® j;_ 1 c 1 7 Point
Enabl
L Enable | o
l 8

Figure 14. Propagation-Delay Test Setup,
Enable to Analog Out

Vce

Analog I/0

Il

6

8

e
16

Common O/l
[—© NC

Vece

1] T

I " Channel Select

Figure 15. Power-Dissipation Capacitance Test Setup
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—-LINE PACKAGE
16 PINS SHOWN
A oM PINS ™1 44 16 18 20
16 9
e s e e ) A MAX (?'97,;3) (?97,53) (g'sgé% (;6022)
0.745 | 0745 | 0.850 | 0.940
D) %&2?8; A MN (18,92) | (18,92) | (21,59) | (23,88)
P ey ey ey g ey g g Yo\ VXS‘;?%N A BB AC AD
w J L 8
0.070 (1,78)
0045 (118
0.045 (1,14) _
—» rom(om A\ 0.020 (0,51) MIN %

5 0.015 (0,38)
0.200 (5,08) MAX

\ TGouge Plane
+ Y L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

J 0.430 (10,92) MAX

\
!
-

| o —

0.021 (0,53)
0.015 (0,38)

[-€]0.010 (0,25) W]

)

U 14/18 Pin Only A

- 20 Pin vendor option

4040049/€ 12/2002

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

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TExAS

INSTRUMENTS
www.ti.com



MECHANICAL DATA

MPDS006C — FEBRUARY 1996 — REVISED AUGUST 2000

DGV (R-PDSO-G**)
24 PINS SHOWN

PLASTIC SMALL-OUTLINE

iHARAAAARE ]

[ \
JLkl_l—l_l—l_l—l_l—l_l—l_l—l_l—l_l—l_l-l_l-l_l—l_lj_i Seating Plane $

1,20 MAX

R Ol
0.05 20,08 |

0,16 NOM

l

T
i Gage Plane _+_

PINS ™ 14 16 20 24 38 48 56

DIM
A MAX 3,70 3,70 5,10 5,10 7,90 9,80 11,40
A MIN 3,50 3,50 4,90 4,90 7,70 9,60 11,20

4073251/E 08/00

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

Oow

Falls within JEDEC: 24/48 Pins — MO-153
14/16/20/56 Pins — MO-194

Body dimensions do not include mold flash or protrusion, not to exceed 0,15 per side.
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MECHANICAL DATA

D (R-PDSO-G16) PLASTIC SMALL—-OUTLINE PACKAGE

0.394 (10,00)
0.386 (9,80)

A AAAAANA y

< - - 0.157 (4,00)
\ 0.150 (3,80)

/H ﬁ bﬂ 00oo
R R JL%%?S

OOWO 025

—1

JW |-

\ 4

I
Too

L 0.069 (1,75) Max 0,004 (

2 m

t / / ([0 0]
— Seating Plane

Gauge Plane J— —-=
#

0.010 (0,25)

4040047-4/F 07/2004

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS—-012 variation AC.

NOTES:
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

e e

HHAHAA] T

“«—— A —»

; .
@HHHHH@_

0,15 NOM

!
f

Gage Plla;/]i_

! ] i Seating Plane ]
L 1,20 MAX 0,15
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

oow

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) 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 Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl 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 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.

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

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated



