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SYNCHRONOUS UP/DOWN

NG4191, SN54LS190, SN54LS191,
j74191, SN74LS190, SN74LS191

74191
NTERS WITH DOWN/UP MODE CONTROL
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sl

Counts 8-4-2-1 BCD or Binary

equivalent gates. The 191 and 'LS191 are 4-bit binary
counters and the 190 and ‘L5190 are BCD counters.
Synchronous operation is provided by having all flip-
flops ¢lacked simultanegusly so that the cutputs change
coincident with each other when so instructed by the
steering logic. This mode of operation eliminates the
output counting spikes normally associated with asyn-
chronous (ripple clock) counters.

SN54190, SN54191, SN54LS190.

- . SNE4LS181 .. . J PACKAGE
'0 Single Down/Up Count Control Line SN74190, SN74191% . . . N PACKAGE
. SN74 1...D OR N PACKAGE
* Count Enable Control Input SN74L5190. SN74LS19
' (TOP VIEW!}
* Ripple Clock Output for Cascadin
9 B v Uhs[dvee
* Asynchronously Presettable with Load Qg (2 1s[]A
Control aa 2 ek
+ Paralle! Qutputs CTEN[]a  13[]RCO
D/U s 12[JMAX/MIN
« Cascadable for n-Bit Applications Oc BB 11[JLOAD
Q
TYPICAL -,.9 l—*7 10]C
P s A rimAL iR PR GNL 8 9
AVEHAGE MAXIVIU TFIGAL s
TYPE PROPAGATION CLOCK POWER
DELAY ':DEQUEN“Y n!SS!PAT!QM -
- - SN5415190, SN54LS191 . . . FK PACKAGE
190,191 20ns 25MHz 325mw ITOP VIEW)
'L5190,'LS1HM 20ns 25MHz 100mwW O
o m Lo
s : Jmz><a
description
3 2
The "190, 'LS190, "191, and ‘LS191 are synchronous, oA CLK
reversible up/down counters having a complexity of 58 CTEN RCO

p/u MAX/MIN
Q¢ LOAD

9 10 111213

80 (2) a o

=
Q

NC - No internal connection

. The outputs of the four master-sfave flip-flops are triggered on a low-to-high transition of the clock input if the enable input is
low. A high at the enable input inhibits counting. Level changes at the enable input should be made only when the clock in-
put is high. The direction of the count is determined by the level of the down/up input. When low, the counter count up and
when high, it counts down, A false clock may occur if the down/up input changes while the clock is low. A false ripple carry
may occur if both the clock and enable are low and the down/up input is high during a load pulse.

These counters are fully programmable; that is, the outputs may be preset to either level by placing a low on the load input
and entering the desired data at the data inputs. The output will change to agree with the data inputs independently of the
level of the clock input. This feature allows the counters to be used as modulo-N dividers by simply modifying the count

length with the preset inputs.

The clock, down/up, and load inputs are buffered to lower the drive requirement which significantly reduces the number of

clock drivers, etc., required far ltong parallel words,

Two outputs have been made available to perform the cascading function: ripple clock and maximum/minimum count. The
latter output produces a high-level output pulse with a duration approximately equal to one complete cycle of the clock when
the counter overflows or underflows. The ripple clock output produces a low-level output pulse equal in width to the low-
level portion of the clock input when an overflow or underflow condition exists. The counters can be easily cascaded by
feeding the ripple clock output to the enable input of the succeeding counter if parallel clocking is used, or 10 the clock input
if parallel enabling is used. The maximum/minimum count output can be used to accomplish look-ahead for high-speed

aperation.

Series 54' and 54LS" are characterized for operation over the full military temperature range of —55°C to 125°C; Saries 74’

and 74LS’ are characterized for operation from 0°C to 70°C.

PRODUCTION DATA documents contain infarmation
current as of publication date. Products cenform to
spacifications per the terms of Texas Instrumants
standard warranty. Production processing does not

3

necessarily include testing of all parameters.
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SN54190, SN54191, SNEALS190, SNhALS191,
SN74190, SN74191, SN74LS190, SN74L5191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL
. . . N
iogic symbais?
“190, 'LS190.
CTRDVI1Q
CTEN T‘g-;—b G1 12)
D!“L]—?-—' M2 [DOWN] 2{CT = 0126 _f— MAX/MIN
“au—al’\ M3 [UP] 3{CT = 9)26 p—
CLK —e—1I>1,2-/1,3+ (1)
G4 6.1.4 f=—— RCO
—— {11, |
LOAD ;3 r'
15 3t
A_(“)) 5D (1 +a) —-—--:2) aa
B 2
{10) 2] i) B
T La] @ o
D (8} Qp
191, 'LS121
CTRDIV16
CTEN %;—I—‘-‘m (12)
D/u M2 [DOWN] 2(CT = Olzsj—MAXIMIN
1145 M3 (UP]  3I1CT=15)26
CLK [>1,2-/1,3+
1 —_—
t;; G4 8.1,4 }t_:ngco
LOAD‘-—-E-'_;:S
e pE 1 U,
(10 (2] @ %8 .
‘9 4 ) e
D— 18] ———ap

T These symbols are accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for D, J, and N packages.
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SN54180, SNHALS190, SN74190, SNT4LE1EY

mm e wasETEF MLIAD

SYNCHRONOUS UP/DOWN COUNTERS WIiTH DOW

NJUP MODE CONTROL

logic diagram (positive logic}

(13 ——

’T{:y

RCO

Dir\ 112) MAX/MIN
_ N o SN — 1 - OUTPUT
1 {
paTa (15) -
INPUT A 1 P !
j }- . § (3)
- I b OUTPUT Qp
cTen—2 | 4 4> 4 &b
i
1K
> R
DATA _{1)
INPUT B8 D o
)
i 12)
14 QUTPUT Qg
> —a>Ci
. =Dl P
1
R
paTa _(10)
INPUT C ] )o 1
s
{6}
] L OUTPUT Q¢
—C1
1 1K
4 R
pata _9
INPUT D & l
]
] s 71
1 OUTPUT Qp
A 1 —Oor» C1
1K
R

(11}
LOAD—CD

Pin numbers shown are for D, J, and N packages. ’
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SN54191, SN54L5181, SN741591, SN74L81591
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

logic diagram (positiva logic)

a
CLK l_‘l—l-%

112) MAX/MIN

e 13) 75
o/u = m
1 U i
% :D__r[__/ - QUTPUT
DATA (15}
INPUT A I ]
o
S
T (3
(a i_d—j L 1J OUTPUT Qp
CTEN c& —acl
) 1K
s S R
DATA {1
INPUT B | ); 5
s
B (2)
] 1d ——$-OUTPUT 0g
), >
1K
R
DATA (10}
INPUT € D ~
5 (&)
— 14 OUTPUT Q¢
-, N
¢
| 1K ]
DatTa (@
INPUT D | )c_ J_L
_—
—] 5 {7
14 OUTPUT Qp
> c1
1K
R

Pin numbers shown are far 0, J, and N packages.
— M
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SN54150, SN54LS190, SN74190, SN74LS" 34
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL
190, ‘L5190 DECADE COUNTERS

typical load, count, and inhibit sequences

Ilustrated below is the following sequence:

. Load {preset) to BCD seven.

. Count up to eight, nine (maximumy}, zero, one, and two.

. tnhibit.

. Count down to one, zero (minimum), nine, eight, and seven.

HWN =

w

DATAJ
INPUTS

NEERENN
BEREEEN
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NENREEN
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MAX/MIN _}
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|
|
|
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)
|
!
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] 1 2 2 2

4

1

l-‘———— COUNT DOWN _'I
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SN54191, SN54L5191, SN

SYNCHRONOUS UP/DOWN

74191, SN7418191
COUNTERS WITH DOWNJUP MODE

CONTROL

Load {preset) to binary thirteen.

. Count up to fourteen, fifteen {maximum}, zero, one, and two.

. inhibit.

. Count down to one, zero {minimum), fifteen, fourteen, and thirteen.

LOAD | I
1 ]
~ : D e e o o e e e wma e —— — ——
A__l i Y o et e e e
| ]
| lpm— — — — — — — — — — = =
B I 1)
DATA T —_—_— = = = = = e e e
'.NPUTs,ﬁ ! e e et e ek et e e e e — — —
I | il
¢ | | —— — — — —— — — — — — —— —
1 |
- - - - - = — — - - — -
o - - - -
! [
CLOCK ||||i||||||||||I|I|l‘|]||||
t P {
. | 11
Y] | . | I
1 11 :
i I
CTEN I | 1 | I |
' ' | I !
1 1
_—— | I
]
w4 L L [ L S O
- i . L
oo___L_]  L___T T S R S
-=- [ ] | | ’
-~ r L | | ! l
| I | i
w__.d ! 1
X '. !
- )
H )
@ _ _ ',; | [ : | |
| i 3
— - ! i ] |
MAX/MIN L 11 I | 1 | t I l
[ ' 1 '
—_—— 1! 1 I |
i ! ) |
Reo __ i ! L : b Lt
:13,| 14 15 0 1 2l 2 (2 1 ) 15 14 13
l l HCDUNT up —————-l——mHlalT —~| |-——c0um Dowm——-l
\-P'
LOAD

{i’
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SN54150, SN54191, SN54LS190, SN54LS191,
4190, SN74191, SN74LS190, SN74L5191

iTH DOWN(UP MODE CONTROL

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

Supply voltage, Ve tsee Note 1} 7V
Input voltage: SN54', SN74° Circuits . . 55V
SN54ALS', SN74LS’ Circuits . . F Y Y
QOuperating free-air temperature range: SN54°, SN54LS’ Gircuits . .-55"C10 125°C
SN74°, SN74LS’ Circuits . 0°Cto 70°C
Storage temperature range . —B5"Cto 150°C
NOTE 1: Voltage values are with respect to netwark ground terminal.
recommended operating conditions
SN54190, SN54181 SN74190, SN74191 UNIT
MIN NOM MAX MIN NOM  MAX

Vee Supply voltage 4.5 5 55 | 475 58 528 A

loH High-level output current — 08 —-08 mA

oL Low-level output current 18 18 mA

feloek Input clock frequency 0 20 0 20 | MHz

twiclock) Width of clock input pulse 25 25 ns

twiload) Width of load input pulse 35 35 ns

- Setup time Data, -high .or low {See Figure 1 and 2) 20 20 ns

Load inactive state 20 20
thald Bats hoid time o] 0 ns
Ta Operating free-air temperature —55 125 0 70 ‘c

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

SK54190, SN54191 | SN74190, SN74191

PARAMETER TEST CONDRITIONST = UNIT
MIN TYPT MAX {MIN TYPI MAX

ViH High-evel input voltage Vee = MIN 2 2 i

ViL  Low-level input voltage Voo = MIN 0.8 08| v

Vi Input clamp voltage Veo=MIN, 1 =—=12mA -15b -15| V

, Veo=MIN, V=2V,

VoH High-lave! output voltags cc H=2 24 34 24 34 v
ViL=08Yv, lgH = ~ 0.8 mA
Voo =MIN,  Vig=2V, [

v Low-level output voitage 0.2 0.4 0.2 .4 v

oL ¢ VIL=08V, IgL=16mA
High-level input current at
T Vee=MAX, V=65V 1 1| mA

maximum input voltage

High-level input current
liH 40 40 | wA

at any input except enable
- - Voo =MAX, V=24V
| High-level input current 120 120 i A
IH at enable input “

Low-level input current
he -18 -16 | mA

at any input except enabte
- Voo = MAX, V=04V
Low-level input current
HTH ) —-4.8 —4.8 | mA
at enable input

lps  Short-circuit output current § Vee = MAX —-20 —65 | —18 —65 | mA

Vog = MAX,  See Note 2 65 ag 65 105 | mA

lce Supply current

T For conditions shown as MAX or MIN, usa appropriate value specified under recommended gperating conditions,
Fall typical values are at Ve =5 v, T = 26°C.

§ Net more than one cutput should be shorted at a time,

NOTE 2: igc is measured with alf inputs groundad and all outputs open,

, {i’
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SN54190, SN54191, SN74180, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

switching characteristics, Vaa =5V, Ty =25°C

PARAMETER ' FROM To TEST CONDITIONS e 190 Ly
(INPUT) [DUTPUT} MIN _TYP MAX
fmax 20 25 MHz
e —_— - T 22 33
i i 0 O ns
L Loaaq La, L. UC. Up 33 50
14 72
TPLH Daw A, B, €, D Oa, O, O, DD s
tPHL | | | 35 50
t [ 13 20
PLH | LK ' RED J C_=18pF, Ry =400 &, e ™
tPHL j See Figures 1 and 3 thru 7
PLH | | f 6 2%
[ CLK | Qa.Qp.Qc.Qp P—————1 ns
tPH L ! ] 24 36
. T 28 42
PLH CLK | Max/iin s
PHL i 37 52
] LM — — 30 45
f ns
PrL D/ RCO =0 a5
T — T 21 33
f - -E 0/ Max/Nin s
{ TPHL 22 33
Tfmax = maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-leval output
schematics of inputs and cutputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Voo —— R Vee
130 2 NOM
Req
INPUT — -
QUTPUT
Enable input; Rgg =1.3 k2 NOM
All other inputs: Agg =4 k{2 NOM
,
TExas b
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1. SN74LS190, SN74LS8191
WN/UP MODE CONTROL

o-
[ =]}

recommended operating conditions

SN54LS190 ,’ SN74L5180 )
SN54L5191 SN74L51891 UNET
MIN NOM MAX | MIN NOM MAX

Ve Supply voltage 4.5 5 5.5 4.75 5 B25 v
loH High-level output current - 04 - 0.4 ma
oL Low-level output current 4 8 mA
felock Clock frequency u} 20 ] 20 | MHz
twiclack} Width of clock input pulse 25 25 ns
bl load) Width of load input puise 35 35 ns
tsy Data setup time {See Figures 1 and 2) 20 20 T ns
tsu Loed inactive state setup Lime 30 30 ns
th Data hold time 5 5 ns
th Enable hold time 0 ns
tenable Count enatie time {see Note 3} 40 40 ns
Ta Operating free-air temperature - 55 125 0 70 Tc

electricai characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN541L.5190 SN74L5190
PARAMETER TEST CONDITIONST SN54L5191 SN74L5101 UNIT
MIN T¥PE MAax [MIN TYPi MAX
V|H High-level input voltage 2 2 v
VL Low-evel input voltage 0.7 08l Vv
Vi 1Input clamp voltage Ve = MIN, 1= =18 mA —-15 1.5 Vv
VoH High-level output voltage Vee = MIN, Vin=2V, 2.5 3.4 2.7 3.4 v
Vi = VL max, gy = —400 uh
VoL Low-ievel putput voltage Vee T MIN, ViH=2V, loL—4 mA .25 04 025 o4 v
VL = VL max oL = 8mA 0.36 Q.5
High-level input Enable 0.3 0.3
I current at maximum Voo = MAX, V=1V mA
input voltage Others 0.1 a1
High-level Enable 60 60
HiH input current Qthers Vee = MAX, M 20 20 “A
L ALow-teveI Enable Ve = MAX, Vi=04V -12 —1.2 A
tnput current Others -04 —-04
los  Short-circuit gutput current§ Voo = MAX, —20 —100 | —20 —100| mA
lge  Suppiy current Vego = MAX, See Note 2 20 35 20 35 mA

TFor conditions shown as MAX or MIN, use appropriate vatue specified under recommended operating conditiens for ithe applicable device
iyps.
Tan typical values are at Vo =5V, Ty = 25°¢C.
¥ Not more than one autput should ba shertad at a time, and duration af the short-circuit should not exceed one second.
NOTES: 2, Igg is measurad with all inputs grounded and all auipuls open,
3. Minimum count enable time is the intarval immediately preceeding the rising edge af the clock pulse during which interval the
<ount enable input must be low 10 ensure counting .

{i,;
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SN54LS1890, SN54LS
SYNCHRONOUS UP/D

!UP MODE CONTROL

switching characteristics Vo =5V, T =25C
[} v
FROM 10O ‘15190, 'LS191
PARAMETERT I TEST CONDITIONS UNIT
o {INPUT] (OUTPUT) ! MIN  TYP MAX
frmax } 20 2% MH
I 1 ! 22 33
- TN Load Qa. Qp. Q¢ 0 | : ns
; PHL Al | ; a3 50 ]
T
t
ALY Data &, B, C. D Qa, Og, Qc. Qp 1 20 32 | e 1
TRHL 27 40
t —_ 1
PLH CLK RCO CL=15pF R = 2 ki, 12 22 s
TPHL See Figures 3 and 3 thru 7 —_
tPLH - [ o 18 24
: —1 CLK l LA, Uug, MC D 24 36 ns
L PHL 1 _ |
t 28 4z
PLH J CLK r Max/Min 5 na 1
IPHL 3 92 |
tpLH _ 30 45 ]
aH
ey D/U RCO T
tPLH . 21 32
- N ne
tPHL D‘/U waxsivim 22 33
pLH — 21 33
TPHL CTEN RCO 72 a3 | ™
Tfmax = maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTRUTS
—_——— Yeco
120 @ NOM
Voo -
Req
INPUT R
CUTPUT

= 8.33 kI NOM
Reg = 25 k§2 NOM
Fggq = 17 k{2 NOM

Enable input: Heq
Load input:
All other inputs:

TeEXxas 'b

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



SN54190, SN54191, SN54LS190, SNH4LS191,
SN74190, SN74191, SN7415190, SN74LS191
SYNCHROGNOUS UP/DOWN COUNTERS WITH DOWNIUP MODE CONTROL
) PARAMETER MEASUREMENT INFORMATION
OUTPUT  Vgeo
B
M AXIMIN, I ] !SE%NOT% 8)

RIPPLE CLOCK,——Tn——d—H—H—I' i
Qa, Qg, O, OR Qp

A~ CL=15pF
_I_ (SEE NOTE Al J_

FIGURE 1-LOAD CIRCUIT
FOR SWITCHING TIME MEASUREMENT

.

— I|-1—€‘1[]ns -—"'Jl le— < 101
I |
______ 'E====:=—_-——_—_—_3V
FNAPTU%r 90% a0% I
v v
(SEE NOTE C ref ref TR/

oV

LOAD
INPUT
(SEE NOTE C)

QOUTPUT

FIGUTE 2-DATA SETUP TIME VOLTAGE WAVEFORMS

% 10 ns —mf bt
1 |
Lo e —— —— — ] —— —— — — — ——— —
! | v
INPUT f

{SEE NOTE C} |
| av
|
|
pot— VYoH

NONINVERTING |

QUTPUT |

|
] VoL
!
f VaH
|

INVERTING I

OUTPUT | !

|
pet—tpHL ] N——f e s e — VoL

Ses waveform sequences in figures 4 through 7 for propagation timas from a specific input 1o 2 specific output. Far simplication, pulse
risa times, reference levals, atc., hava not been shown in figures 4 through 7.

FIGURE 2-GENERAL VOLTAGE WAVEFORMS FOR PROPAGATION TIMES

NOTES: A. Cy_includes probe and jig capacitance.

+ All dicdes are TN3064 ar equivalent.

. The input pulses are supalied by generators having the following characteristics: Zgy¢= 50 §2, duty cycle < 50%, PRR < 1 MHz.
. Vegf= 1.5V for '190and "191:1.3 V for 'L.§190 and 'L$191.

{ip
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SN54180, SNBA191, SNB4A1S190, SNRAIS191
SN74190, SN74191, SN74LS190, SN74LS191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL
) PARAMETER MEASUREMENT INFORMATION (continued)
LoAD | | |
L -
ANY DATA INPUT | : | I [._._...___.

CORRESPONDING
COUTPUT —=—— — ==

tPLH

E
|

i
f
{

T
¢
f
]
!

NOTE E: Conditians on other inputs ara irrslevant.
FIGURE 4-LOAD TO QUTPUT AND DATA TO OUTPUT

LoAD | I
/U |
CLOCK l | |

CTEN

R I
!

PHL e tPLH  TPHL—  te—

RCO ! | l

PPLH— | —

MAX/MIN l

NQTE F: Al data inputs ara low,
FIGURE 5—ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOVWN/UP TO RIPPLE CLOCK, AND DONN/UP TO MAX/MIN

i
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74190, S;\l’741791, SN74LS190, SN74L5191
OUNTERS WITH DOWN/UP MODE CONTROL

' PARAMETER MEASUREMENT INFORMATION (continued)

switching characteristics (continued)

LOAD | ' 1
 — | -
DATA INPUTS = = — = = — — = = e e o
[SEENOTES G TO I} ] o m — — - e n - —_——— — ———
/0 1
COUNT | I . | \
_ ~—= [ PLH — = PHL
OUTPUTIS) UNDER TEST | b |

ENABLE = LOW

NOTES: G. To test Qpn, Qg, and Q¢ outputs of "190 and ‘L5190: Data inputs A, 8, and C are shown by the solid line, Data input D is shown

by tha dashed lina.
H. To test Qp output of 190 and "LS190: Data inputs A and D are shawn by the solid line. Data inputs B ang C are held at the iow

Ingic level.
i. Totest Qp, Qp, Qc, and Qp outputs of 181 and "LL5191: All four data inputs are shown by the salid line,

FIGURE §-CLOCK TQ OUTPUT

| ] L]

DATA A |

DATA B, €, AND D
{SEE NOTE JI |

o/ L
COUNT Lr ‘__I LI
—-

—.l e—tpy 4 - '-— tPHL :"—‘PLH — :‘—TPHL

MAX/MIN | l

ENABLE = LOW

NOTE J: Data inputs B and C are shown by the dashed line for tha 190 and 'L5190 and the solid line for the *191 and ‘L$191: Data inpur D
is shown by tha solid line for both devices.

FIGURE 7-CLOCK TO MAX/MIN

{ip
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
1o verify, hefore placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at

ality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

wvith Tl's standard warranty. Testing and other au

tha tima nf cala in arcordanca v
i€ i aCllrGance wi S swandallG Warfanty., iesung and Giner Qu

uic unic U1 o

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications®).

TO BE SUITABLE FOR USE IN LIFE-SUPFORT APFPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or

infringement of patents or services described herein. Nor does Tl 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 of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ©@ 1996, Texas Instruments Incorporated
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Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
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