SN54298, SN54L5298, SN74298, SN74L5298
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE

SDLS098 MARCH 1974 — REVISED MARCH 1988

SN54298, SN54L5298 . . . J OR W PACKAGE
SN74298 . . . N PACKAGE
SN74L5298 . . . D OR N PACKAGE

= Selects One of Two 4-Bit Data Sources
and Stores Data Synchronously with

Systam Clock {TOP VIEW)

e Applications: 82 [Tv Uhe[] vec
Dual Source for Operands and Constants A2 J2 5[] Qa
in Arithmetic Processor; Can Release A1 [0s [ op
Processor Register Files for Acquiring New 81 [Ja 1a[d oc¢
Data c2 s 12zd Cp

. D2
Implement Separate Registers Capable of o1 E? :;% E\E
Parallel Exchange of Contents Yet Retain GND [Js o] C1
External Load Capability

Universal Type Register for implementing
Various Shift Patterns; Even Has Compound
Left-Right Capabilities

SN54L5298 . . . FK PACKAGE

(TOP VIEW)
description N U O«
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These monolithic quadruple two-input multiplexers T

with storage provide essentially the equivalent Al Qg
functional capabilities of two separate MSI functions B ac
{SNbB4157/SN74157 or SNH4LS157/SN74L5157 and NG NG
SN54175/SN74175 or SNS4LS175/SN74L5175) ina co ap
single 16-pin package. D2 CLK
9

When the waord-select input is low, word 1 {A1, BT, (O rCars
C1, D1) 15 apples to the flip-flops. A high input to 5 % LZJ O Cé’
word select will cause the selection of word 2 (A2, O
B2, C2, D2}). The selected word is clocked to the NC - No internal conmactian
output terminals on the negative-going edge of the
clock pulse. FUNCTION TABLE

. . . . - INPUTS OUTPUTS
Typical power dissipation is 185 milliwatts for the WORD
‘298 and 65 milliwatts for the 'LS298. SN54298 SELECT CLOCK | a4 Qg Q¢ Qp
and SNE54L.5298 are characterized for operation over .
the full military temperature range of —65'C 1o " ! al vl ol dl
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SN54298, SN54LS298, SN74298, SN74LS298
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE

logic symbaol T

logic diagram (positive logic)

131
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TThis symboi is in accordance with ANSI/IEEE Std. 91-1984 and 17
IEC Publication 617-12. o1 12
Pin numbers shown are for D, J, N, and W packages. —4 > 5 Opp———20
16 o o
Dz oK
"
{111
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schematics of inputs and putputs

‘208
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
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SN54298, SN74298
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE

absclute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vo {seeNote 1} . © . . . . L 0 L L Lo 0L

inputvaltage . . . . . . o L . L Lo Lo e o e

Operating free-air temperature range: SNb4298 . e e e e e
SN74298 . . . . . . .. . ...

Storage temperature e e e e e e

NOTE 1: Voltage values are with respect 1o network ground terminal.

recommended operating conditions

. A/
.. ... B8V
—-55°C to 125°C

0°C 10 70°C
-65°C t0 150°C

SN54298 SN74298 UNIT
MIN NOM MAX | MIN NOM MAX
Supply volage, Vo 45 g 55 (4.75 g 5.25{ V
High-level output current, IgH —800 —BOO | uA
Low-level output eurrent, 1gp 16 16 [ maA
Width of clock pulse, high ar low leval, 1, 20 20 ns
] Data 15 15
Setup time, tsu Word select 25 25 ns
Hald time, 1y Dats 5 5 ns
Word select 0 ]
Operating free-air temperature, T —68 125 0 7| °C

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

PARAMETER TEST CONDITIONST MIN  TYPE MAX luNnIT
ViH High-level input voltage 2 W
VyL Low-level input voltage 08| Vv
VK Input clamp voitage Voo = MIN, = —-12mA -15 v

Voo =MIN, V=2V,
Vo High-level output voltage 24 3.2 v
ViL=08V, IgH=-8004A
Vep=MIN, V=2V,
Vo Low-tevel autput voitage 0.4 A%
vViL=08V, gL =16mA
N Input current at maximum input voltage Ve =MAX, V=558V 1] mA
lin  High-level input current Voo =MAX, V=24V 40 | kA
ljL  Low-levei input current Voo =MAX, V| =04Y —-1.6 | mA
| sh o8 v MAX SN5429B —-20 -57 A
Of1-CIrcUiT OUTPUT currents: = ™
0s P ce SN74208 T —57
Icc  Supply current Voo = MAX, See Note 2 39 85 [ mA

TFar ¢conamons shawn as MIN or MAX, use the appropriste value specified under recommendad operating conditions.
FAIl typical values are at Ve =5V, Ta= 258°¢C.
YNot more than one autput should be shorted at a time

NOTE 2. With all outputs open and all inputs except clock tow, Ige is measured after ppplying a2 momantary 4.5 V, followed by ground, 1o

the clock input.

switching characteristics, Vg =5V, Ta =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT
tpiH Propagation delay time, low-to-high-level autput Cp = 15pF, R =400, 18 27
tpHL Propagation delay time, high-to-low-level autput See Note 3 21 32 ne
NOTE 3: Load circuits and voltage waveforms are shown in Section 7.
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SN54L5298, SN74L5298

QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE

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

Supply voltage, Vo {see Note 1)

Input voltage

Operating free-air temperat

Storage temperature range

ure range: SN54LS298

SN741.5298

NOTE t: Voltage values are with respect 10 netwark groungd terminal,

recommended operating conditions

7V
T Y
—85°C 10 125°C
0°C to 70°C
—65°C 1o 150°C

SNS4LS298 Sh74L5298 ONIT
MIN NOM MAX | MIN NOM MAX
Supply voitage, Vg 4.5 5 55| 4,75 5 525) Vv
High-level cutput current, lon —400 —400] uA
Low-level output current, I 4 8| mA
Width of clock pulse, high or low level, t,, 20 20 ns
Data 15 15
Setup time, tgy ns
Word select 25 5
Data 5
Hold t1ime, tp ns
Word select 0
Qperating tree-air temperature, Tz -55 125 4] 70{ “GC

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

ess otherwise noted)

SN54L5298 SN74L5298
PARAMETER TEST CONDITIONS! UNIT
MIN TYPE MAX | MIN TYPL MAX
V)H High-level input voltage 2 2 v
ViL Low-level input voltage 0.7 0.8 \4
VK Input clamp voltage Ve = MIN, I = 1B mA —-1.5 —-1.5| Vv
. Voo = MIN, Vig=2V,
VoH High-level output voitage 25 3.4 2.7 3.4 v
Vi = VL max, lgpH = —400uA
v = WIN, ViH= 2V, | =4 mA 0.25 0.4 A 0.4
VoL Low-level autput voitage cc IH oL 0.25 v
Vi = Vi max loL = 8 mA 0.35 0.5
Input current at
1 Voo = Max, V=7V Q.1 0.1 mA
maximum nput voltage
Iy High-level input current Vee = MAX, V=27V 20 20 pA
I Low-level input gurrent Voo = MAX, V=04V ~0.4 —0.4| mA
lgg  Short-circuit output current® | Voo = MAX —20 —-100 | —20 -100| mA
loe  Supply current Vee = MAX, See Note 2 13 23 13 21 mA

TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditians,
lail typrcai values are at W = 5V, To = 25°C.
Y Not mare than one outpul should be shorted at a time, and duration ef the shart-circu't should net excead one secand.
NOTE 2. With all outputs open and all inputs except clock low, 1 is measured after applying a2 momentary 4.6 v, followed by ground, 1o
the clock input.

switching characteristics, Vo =5V, Tpa = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
1pL 4 Propagation delay time, low-1o-high-level output Cp = 168pF, R =2ki, 18 27
tpHL Propagation delay time, high-to-low-level output See Note 3 21 32 ne
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
'
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SN54298, SN54LS298, SN74298, SN74L5298
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE

TYPICAL APPLICATION DATA

This versatile multiplexer/register can be connected to operate as a shift register that can shift N-places in a single
clock pulse.

The following figure illustrates a BCD shift register that will shift an entire 4-bit BCD digit in one clock pulse.
PARALLEL LOAD
A

l | L *» L * WORD SELECT
Al ws Al ws Al ws
Qp Qpa Qa
|_ a2 P A2 } A2
B1 ‘298 o L tn1 ‘208 a —{B1 '298
or B or QOB or 0B —@®———
B2 - gp98 B2 'Ls208 B2 ' 5298
L 11 REG L_{c1 REG c1 REG
1 2 3
c2 Cc c2 “© cz Qe
D1 o D1
ap ap Op
|02 CK p? CK pe CK
FAN Fa¥ Fal
CLOCK i i i i ¢
e~ S
DIGIT 1 DIGIT 2 DIGIT 3

When the word-select input is high and the registers are clocked, the contents of register 1 is transferred (shifted) to
register 2 and etc. in effect, the BCD digits are shifted one position. In addition, this application retains a parallel-load
capability which means that new BCD data can be entered in the entire register with ane clock pulse. This arrangement
can be modified to perform the shifting of binary data for any number of bit locations.

Ancather function that can be impiemented with the ‘298 or 'LS298 is a register that can be desighed specifically for
supporting multiplier or division operations. The example below is a one place/two-place shift register.

181, L$181, or ‘S181 181, "LS181, or ‘5181

IALU) [ALU)
O F1 _F2  F3 | FO___F1 _F2  ¥3
| -
»—

[ 2
[ o

A1 AZ B1 B2Ct C2D1 02 Al A2 B1 B2 C1C2 D1 D2
[>CK 298 0r 18298 WS [>CK  2980r L5298 WS

Qa [} Qc ap Qa Q Q¢ Q

CLOCK WORD

SELECT

When word select is low and the register is clocked, the outputs of the arithmetic/logic units (ALU's) are shifted one
place. When word select is high and the registers are clocked, the data is shifted two places.

Ttm&;*y
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 26-Sep-2005

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
7601901EA ACTIVE CDIP J 16 1 TBD Call TI Level-NC-NC-NC
7601901FA ACTIVE CFP W 16 1 TBD Call Tl Level-NC-NC-NC
7601901FA ACTIVE CFP W 16 1 TBD Call Tl Level-NC-NC-NC
SN54298J OBSOLETE CDIP J 16 TBD Call Tl Call Tl
SN54298J OBSOLETE CDIP J 16 TBD Call TI Call Tl
SN541L.5298J ACTIVE CDIP J 16 1 TBD Call Tl Level-NC-NC-NC
SN541.5298J ACTIVE CDIP J 16 1 TBD Call Tl Level-NC-NC-NC
SN74298N OBSOLETE PDIP N 16 TBD Call Tl Call Tl
SN74298N OBSOLETE PDIP N 16 TBD Call Tl Call Tl
SN74298N3 OBSOLETE PDIP N 16 TBD Call TI Call Tl
SN74298N3 OBSOLETE PDIP N 16 TBD Call Tl Call Tl
SN74L.S298D ACTIVE SOIC D 16 40 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
SN74LS298D ACTIVE SOIC D 16 40 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
SN74LS298DE4 ACTIVE SOIC D 16 40 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
SN74LS298DE4 ACTIVE SOIC D 16 40 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
SN74LS298DR ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS298DR ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS298DRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS298DRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS298N ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU Level-NC-NC-NC
(ROHS)
SN74LS298N ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
(RoHS)
SN74LS298N3 OBSOLETE PDIP N 16 TBD Call Tl Call Tl
SN74LS298N3 OBSOLETE PDIP N 16 TBD Call TI Call Tl
SN74LS298NE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
SN74LS298NE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU Level-NC-NC-NC
(ROHS)
SNJ54298J OBSOLETE CDIP J 16 TBD Call TI Call Tl
SNJ54298J OBSOLETE CDIP J 16 TBD Call Tl Call Tl
SNJ54298W OBSOLETE CFP W 16 TBD Call Tl Call Tl
SNJ54298W OBSOLETE CFP W 16 TBD Call Tl Call Tl
SNJ54LS298FK ACTIVE LCCC FK 20 1 TBD Call TI Level-NC-NC-NC
SNJ54LS298FK ACTIVE LCCC FK 20 1 TBD Call TI Level-NC-NC-NC
SNJ54L.S298J ACTIVE CDIP J 16 1 TBD Call Tl Level-NC-NC-NC
SNJ54L.S298J ACTIVE CDIP J 16 1 TBD Call Tl Level-NC-NC-NC
SNJ54L.S298W ACTIVE CFP W 16 1 TBD Call Tl Level-NC-NC-NC

Addendum-Page 1




R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 26-Sep-2005
Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
SNJ54LS298W ACTIVE CFP W 16 1 TBD Call Ti Level-NC-NC-NC

@ 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
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



http://www.ti.com/productcontent

J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
alaiaialaialia B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

W (R—GDFP-F16) CERAMIC DUAL FLATPACK
Base and Seating Plane
0.285 (7,24)
0.045 ( 4) 0.245 (6,22)
f 0.026 (
2
= = 1
0.006 (
[ 0.080 (2,03) 0.004 (0,10)
0.055 (1,40)
——— 0.305 (7,75) MAX ——>»
1 6 0.019 (0,48)
0.015 (0,38)
| | ~ | li
K
l l l ]
l l l
0.050 (1,27)
0.430 (10,92) l ' l '
0.370 (9,40) l | l ]
l l l ]
l { l 0.005 (0,13) MIN
4 Places
l l l l l
8 9
0.360 (9,14) 0.360 (9,14)
‘ 0.250 (6,35) ’ ‘ 0.250 (6,35) ’
4040180-3/D 07/03

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F16 and JEDEC MO-092AC

b TeExAs
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MECHANICAL DATA

MLCCO006B — OCTOBER 1996

FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
z 18 17 16 15 14 13 12 TERMINALS
s o MIN MAX MIN MAX
4 N
19 1 20 0342 | 0358 | 0307 | 0.358
(8,69) | (9,09 | (7,80) | (9,09)
20 10 - 0.442 | 0458 | 0.406 0.458
) o (11,23) | (11,63) | (10,31) | (11,63)
B SQ " 0.640 | 0.660 | 0.495 | 0.560
22 8 (16,26) | (16,76) | (12,58) | (14,22)
A SQ
23 7 - 0739 | 0761 | 0.495 | 0.560
(18,78) | (19,32) | (12,58) | (14,22)
24 6 66 0938 | 0962 | 0850 | 0.858
- s (23,83) | (24,43) | (21.6) | (21.8)
\ / " 1.141 1.165 1.047 1.063
Y N e~ 28.99) | (2959) | (26,6) | (27.0)

26 27 28 1 2 3 4

0020 (051) _f o 0.080 (2,03)
0.010 (0,25) «— 0.064 (1,63)
£ 0020051 A
0.010 (0,25)
0.055 (1,40)
0.045 (1,14)
0.045 (1,14)
, 0.035 (0,89) _
L 2
0.028 (0,71) 4" L* | 0.045(1,14)
0.022 (0,54) 0.035 (0,89)

0.050 (1,27)

4040140/D 10/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.

E

Falls within JEDEC MS-004
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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
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

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

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

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

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 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
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MECHANICAL DATA

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

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

DA AARAAA y

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

/H ﬁ m 00oo
R R JLWO o3

025

—1

J —

h 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:

b TExAS
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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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