SN54LS846 THRU SN54L.S649
SN74LS646 THRU SN74LS649

OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS190A - DECEMBER 1982 - REVISED MAY 2004

¢ Indapendent Registers for A and B Buses

Multiplexed Reai-Time and Stored Data

Choice of 3-State or Open-Collector
Qutputs

Included Among the Package Options Are
Compact 24-pin 300-mil-Wide Plastic and
Ceramic DIPs, Ceramic Chip Carriers, and
Ptastic **Small Outline” Packages

Dependable Texas Instruments Quality

and Reliability
DEVICE QUTPUT LOGIC
‘L5646 3-State True
‘L5647 Open-Collector True
‘LS648 3-State Inverting
‘L5649 Open-Caollector Inverting
description

These devices consist of bus transceiver circuits with
3-state or open-collector outputs, D-type flip-flops,
and control circuitry arranged for multiplexed trans-
mission of data directly from the input bus or from
the internal registers. Data on the A or B bus will be

clocked into the registers on the low-to-high transition
of the appropriate ciock pin {(CAB or CBA}. The fal-
lowing examples demonstrate the four fundamental
bus-management functions that can be performed

with the octal bus transceivers and registers.

r—— v —————r
71 [Fairn ~
T
Al l'I [}

o« |/ 0 M/ m
= E]

2 N 2
v by
v gl

, [T I
————
r—,d
211 {3l (1} {230 @2 (22)
& DIR CAB CBA SAB SBA
L L X X X L
REAL-TIME TRANSFER
BUS BTC BUS A

SNS4LS’ . . . JT PACKAGE
SN74LS . .. DW OR NT PACKAGE

(TOP VIEW)
caB{Tr U 2advee
saB{]z 23 ] CBA
DIR(]3 22( ] SBA

Alds 210G
A2{0s  zo[]B1
a3fle 19lB2
aa(]v 18| ] B3
As[s 17(]B4
Ass 18185
A7(Qio  1s[JB6
A8 1a[]B7
GND[Jiz 13[]B8

SNE4LS’ . . . FK PACKAGE

(TOP VIEW)
e @ o < <
1 L Oom m
O AdZ>OW
L S N N S S S ) -
4 3 2 1282
All)s
AZ]]6
A3[}7
NCLi8
Adi ]9
As[10
ABLITT
Ktz 1314 1516
o ¥ ¥ s 3 o W o § s ¥ |
R R
<dC<ZzZz0 0@
G
- ¥
T 17 [riF7]l T77
] 1 L} r
T
£ L : L 11 |\ -]
(2] w
=) 2
@ LI ) o
oyl
oy g
Laluea
~ ITmw
HIT
hv—’
210 (3 (1 (23 @ (221
G DIR cAB CBA SAB SBA
L H X X L X
REAL-TIME TRANSFER
BUSATOBUSS

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 © 2004, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments l’
dard warranty. Producti ing does not ily include
testing of all parameters. " ’ I EXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54LS646 THRU SN54LS649, SN74LS646 THRU SN74LS649
OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS190A — DECEMBER 1982 — REVISED MAY 2004
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Enable {G) and direction (DIR} pins are provided to control the transceiver functions. In the transceiver mode, data
present at the high-impedance port may be stored in either register or in both. The select controls (SAB and SBA) can
multiplex stored and real-time (transparent mode) data. The direction control determines which bus will receive data
when enable G is active (low}. In the isclation mode (control G high), A data may be stored in one register and/or B
data may be stored in the other register.

When an output function is disabled, the input function is still enabled and may be used to store and transmit data.
Only one of the two buses, A or B, may be driven at a time.

The SNB4' family is characterized for operation over the full military temperature range of —55°C t¢

family is characterized for operation from 0° to 70°C.

FUNCTION TABLE

iNPUT DAaTA I/Of OPERATION OR FUNCTION

G DIR CAB CBA SAB SBA | A1 THRU AB | R1 THRUBE L5648, L5647 L5648, L5649

X X t X x X Input No1t specified Store A, B unspecified Store A, B unspecified

X x X f x X Not specified input Stare B, A unspegified Store B, A unspecified

H X t t X X Store A and B Data Store A and B Data
Input Input X

H X HorL HorlL X X isolation, hoid storage Isolation, hold storage

L L X X X L Reat-Time B Data to A Bus Reai-Time B Data to A Bus
Qutput input _

L L X HorL X H Stored B Data ta A Bus Stored B Data to A Bus

L H X X L X Resl-Time A Data to B Bus Real-Time A Data to B Bus
fnput Ourput -

L H HorL X H x Stored A Data to B Bus Stored A Data to B Bus

T The data output functions may be enabled or disabled by various signals at the G and DR inputs. Data input functions are always enabled, ie.,
data at the bus gins will be stored on every low-to-high transition on the clock inputs.
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OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS190A - DECEMBER 1982 - REVISED MAY 2004
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Pin numbers shown are for DW, JT, and NT packages.
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SN54LS646, SN54L.5647, SN74LS646, SN74LS647
OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS190A — DECEMBER 1982 — REVISED MAY 2004

logic symbois

‘LSB48 ‘LE647
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Fin numbers shown are for OW, JT, and NT packages.
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SN54LS648, SN54L.5649, SN74L.5648, SN74LS649
OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS190A - DECEMBER 1982 - REVISED MAY 2004

logic symbolst (continued)

‘L5648 : ‘L5649
_ — 121)
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TThese symbols are in accordance with ANSIIEEE Std. 91-1984 and IEC Publication 617-12.

Pin numbers shown are for DW, JT, and NT packages
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SN54LS646 THRU SN54LS649
SN74LS646 THRU SN74LS649
OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS190A — DECEMBER 1982 — REVISED MAY 2004

schematics of inputs and outputs

EGUIVALENT OF DIRECTION INPUTS
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SN54LS646, SN54L.5648, SN74LS646, SN74LS648
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS

SDLS190A - DECEMBER 1982 - REVISED MAY 2004

absoiute maximum ratings over operating free-air temperature range {uniess otherwise noted)

SUPRIY VOHAOE, VO o o o i e e e e e 7V
Input voltage: Control iNPULS L ..o L e 7V
L POrTS e e e e 55V

Operating free-air temperature range: SN54LSE46, SNBALSEA8 .. ... .. oo —55°Cto 125°C
SN7ALSE46, SN7ALSBAS .. ... . it i, 0°Cto 70°C

SLOrage temMPerature TaNGE . o vt v it vt ittt et e e e e e e - B65°C 10 150°C

recommended operating conditions

SNS4L5646/648 SN74L5646/648
MIN NOM MAX | MIN NOM MAX UNIT
Voo Supply voltage 4.5 5 55 | 475 5 525 v
ViH High-level input valitage 2 2 s
Vit Low-level input voltage 0.5 08 v
ion High-levei output current —-12 — 15 ma
lpL  Low-level output current 12 24 mA
CBA or CAB high 5 15
Ty Pulse duration CBA or CAB lo 30 30 ns
Data high or fow 30 30
Setup time
Tgy AorB 15 15 ng
i before CABT or CBAt
th Hold time AorB 0 4] ns
after CABt or CBA1 '
Ta  Operating free-air temperature — &5 125 0 70 °c

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

SN54L5645/648 SN74L5646/648
PARAMETER TEST coONDITIONST UNIT
MIN TYPE MAX | MIN TYP} MAX
Vi Voo =MIN, 1 =—18 mA B - 1.5 - 1.5 v
Hysteresis “JAaore _
U Ve = MIN 0.1 0.4 0.2 0.4 i
VT+—V7_) |input
o e L loy = —3mA 2.4 3.4 2.4 3.4
VG = N, VIH= £V,
v I =—12mA 2 v
OH VL = MAX .OH i
ionH =— iI5mA 2
. Ve =MIN, Vig=2V, loL =12 mA 0.25 0.4 0.25 0. v
v
oL VL = Max oL = 24 mA 035 05
. Controlinputs | Vo = MAX, V=7V 0.1 0.1 o
! AorBparts | Vgo = MAX, V| =55V 0.1 0.1 -
| Control inputs Vi = MAX. Vi=2.7V 20 20 A
IH AorB ports1 ce ' ! ] N 20 20
Contral inputs — 0.9 —04
L Voo =MAX, v =04V mA
A or B ports* Z0a )
log’ Voo = MAX, Vp=0V — 40 —225 | —40 - 225 mA
Qutputs high 3 145 91 145
L5646 Outputs low 103 165 103 165
) Outpuss disabied 103 165 103 165
icc Ve = MAax - mA
Outputs high a1 145 a1 145
LE648 Qutputs low 103 165 103 165
Qutputs disabled 120 180 120 180
T For conditions shawn as MIN ar MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Voo = 5V, Ta = 25°C.
5 Not more than one outnut should be shorted at a time, and duration of the shart-circuir should not exceed cne second.
1 For /O ports, the parameatars I”_‘| ang !ii_ inclu -state output current
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SN54LS646, SN54L.5648, SN74LS646, SN74LS648
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS

SDLS190A — DECEMBER 1982 — REVISED MAY 2004

switching characteristics, Voo =5 V, Ta = 25°C
FROM TO LSG46 '1.8648 o
PARAMETER \ TEST CONDITIONS — — UNIT
{INPUT) ICUTPUT) MiN TYP MAX | MIN TYF MAX
PLH AAR o AR o 15 25 15 25 ns
CAD Cr LbA A ar o
TEHL 23 35 24 a0 ns
t iz i 12 3 ns
ELH AorB Bor A
tPHL 13 20 15 25 ns
P SAB or SBAT 26 ag 37 55 ns
with Bus
PPHL input high ~ _ 2 35 24 40 ns
put g AorB RL=667 £2. CL-45pF,
tPLH SABor SBA See Note 2 33 50 26 a0 | ns
with Bus
PHL input low 14 25 23 40 ns
tpZH IS 33 55 30 50 ng
tPZL 42 65 37 65 ns
IPZH AorB 28 45 23 40 ns
DIR
tPzL 39 60 20 45 ns
IPHZ = 23 a5 28 45 ns
pLz ) Al RL=667 & C_ =5pF 22 35 22 35 ns
1PHZ DIR o See Notwe 2 20 30 24 38 ns
tpL2 19 30 19 30 ns
T These parameters are measured with the internai output siate of the storage regisier gpposite to that of the input.
NOTE 2: Load circuits and voitage waveforms are shawn in Section 1
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SN54LS647, SN54LS649, SN74LS647, SN74LS649
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS

SDLS190A - DECEMBER 1982 - REVISED MAY 2004

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

Supply voltage, Vor (568 NOTE 1) .. oo e e e TV
Input valtage (Control MpULSE L o e e e e aY
Off-state output voitage (A and B POMS) . .o oot ettt et e e e e e e e e BBV
Operating free-air temperature range: SNBALSE4A7, SNBALSBAD . .. ... ..t e iann, —55°C 0 125°C
CARIT AL A AT ARITT AL momey u] s}
SNFALOGAE7, ON74LS0B49 . ... . -0 Cto70°C
SLOrage LEmMPEraturg TANGE . . . . .. oo vt e e e ettt e e e e e e e e e e —65°C to 150°
racommandor nnoarating ronditiane
recommended operating conditions
SMNS4LS647 SN74L5647
SN54LS649 Sh74L364% UNIT
MIN NOM  MAX MIN NOM MAX
Voo Supply voltage 4.5 5 5.k 4.75 5 5.25 v
Vg High-level input voltage 2 2 v
ViL Low-level input voitage 0.5 0.6 A4
Von High-level output valtage 5.5 5.5 A"
oL Low-level putput voltage iz 24 mA
CBA or CAB high 15
L Pulse duration CBA or CAR law 30 30 ns
Data high or low 30 30
Setup time ) - _ i
tsu hefore CAR S or CBA T AerB 15 15 s
. Hold time A B a o]
or ns
P after CABt or CBAT
Ta  Operating fres-air temperaturs — 55 i25 4] 70 “C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SNB4L5647 SN74L5647
PARAMETER TEST CONDITIONST SN54L5649 SN74LS649 UNIT
MIN TYPE MAX MIN TYPF MAX
VK Voo =MIN, I =— 18 mA —15 —-1.5 A
Hvsieresis | L orBi Vee = MIN 0.1 04 02 04 v
or Input = . . . B
VT =VT) cc
W =MIN, V=2V, Vi = MAX,
ton cc iH I 0.1 01| ma
VoW = 5.5V
v Voo =MIN, Vig=2V, loL=12mA 0.25 0.4 0.25 0.4 v
oL VL = MAX loL = 24 mA 035 05
AorB Vi =556V 0.1 0.1
} Voo = MAX mA
All others Vi=7V 0.1 0.1
K Moo =MAX, V=27V 20 20 sy
I Voo = MAX, V=04V 0.4 —0.4 | mA
‘L5647 Voo = MAX, Outputs open Ourputs high 79 130 79 130
cc ' Qutputs low 94 150 g4 150
lce Cutputs high 75 130 7Q 1an mA
'L5649 VCC = MAX oUtputs open UpUlLs nign =l 1au = oy
Curtputs low 24 150 94 15
* For conditions shown as MIN or MAX, use the appropriate valua specified undar recomimandsd operating conditions.
T Al tvpical values are at Voo =58Y, Ta = 2572
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SN54LS647, SN54L5649, SN74LS647, SN74LS649
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS

SDLS190A — DECEMBER 1982 — REVISED MAY 2004

" PO R Y PRSI NS 1 N Y - - AEO s
SWiLlLhing Loaracieristcs, vog o vV, 1A T Lo L
PARAMETER FROM o TEST CONDITIONS Lo6a7 ‘L3649 UNIT
{INPUT) (QUTPUT) YRBTHonS MIN TYP MAX MiN TYP MAX Ui
IPLH CAB or CBA AorB 22 35 17 30 ns
PHL 28 45 28 45 ns
tpy 4 17 Al
i AorB Bor A 17 28 15 25 ns
PHL 18 7 20 30 ns
tpLy SAg or sBAT 23 50 37 55 | ns
- with Bus
FHL input high Ao HL: 667 5. Cp = 46 pF, 29 45 28 45 ns
tPLH SAB or sgat See Note 2 39 50 10 P s
with Bus

fPHL input low 19 30 26 40 ns
PLH a 25 40 21 40 | ns
PHL a3 50 34 50 [ ns
PLH Aor® 23 35 g 30

DIA ns
IPHL 25 40 27 45 | ns

T These parameters are measured with the internal autputs state of the storage register opposite to that of the bus input.
NOTE 2: Load circuits and voltage waveforms are shawn in Section 1.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples
ge 1yp g g p p p g p
[ Drawing Qty @ ® ® (@/5)
SN74LS646DW ACTIVE SoIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LS646
& no Sh/Br)
SN74LS646NT ACTIVE PDIP NT 24 15 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 SN74LS646NT
(RoHS)
SN74LS646NT3 OBSOLETE PDIP NT 24 TBD Call Tl Call Tl 0to 70
SN74LS647DW OBSOLETE SOIC DW 24 TBD Call Tl Call Tl 0to 70
SN74LS647NT OBSOLETE PDIP NT 24 TBD Call Tl Call Tl 0to 70
SN74LS648NT ACTIVE PDIP NT 24 15 Pb-Free CU NIPDAU N / A for Pkg Type 0to 70 SN74LS648NT Samnles
(RoHS) P
SN74LS649NT OBSOLETE PDIP NT 24 TBD Call Tl Call Tl 0to 70

@ 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), Pb-Free (RoHS Exempt), 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): Tl'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 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.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

Addendum-Page 1



http://www.ti.com/product/SN74LS646?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN74LS646?CMP=conv-poasamples#samplebuy
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https://www.application-datasheet.com/
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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 Tl 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 Tl to Customer on an annual basis.
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MECHANICAL DATA

NT (R—PDIP—T**) PLASTIC DUAL—=IN—LINE PACKAGCE
24 PINS SHOWN
PINS **
) A > DM 24 28
1.260 | 1.425
- R AMAX 1 (32,04) | (36,20)
e B i Wit I e Wi e B e Wi W e B e Wi
o 1.230 | 1.385
— 0.250 (6,3) 0.310 | 0.315
B MAX ; '
(7.87) | (8,00)
g g s s e sy s sy s s g
1 AAJ Lgi " . 0.290 | 0.295
0.070 (1,78) MAX (7,37) | (7.49)

0.020 (0,51) MIN r B
T 0.200 508 MAX
L Seating Plane
t 0.125 (3,18) MIN
L44>L4— [0.100](2,54)] o
0.021 (0.5 T
67%??““7 [4]0.010](0,25) ]

0.010 (0,25) NOM

/ 24 Pin — Full Lead
_ 28 Pin — Vendor option @

4040050,/C 04/09

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
The 28 pin end lead shoulder width is a vendor option, either half or full width.
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MECHANICAL DATA

DW (R—PDS0O—-G24) PLASTIC SMALL QUTLINE

0.614 (15,60)
0.598 (15,20)
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0.299 (7,60)
0.291 (7,40)
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0.020 (0,51)
Pin 1 J [0.050 (1,27)] JLOM

Index Area ‘%‘OOWO 025 ) @]

-

0.104 (2,65) Max 0.004 (0,10)
0.013 \
0.008 (0,20) 008 1 / \

\ \
: [ ]0.004 (0,10)
Gauge Plane —{ !

? Seating Plane

0.010 (0,25) of _

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

4040000-5/G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
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Falls within JEDEC MS—013 variation AD.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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