LF198,LF198A,LF298,LF398,LF398A

LF198/LF298/LF398, LF198A/LF398A Monolithic Sample-and-Hold Circuits

I3 Texas

INSTRUMENTS

Literature Number: SNOSBI3A


https://www.application-datasheet.com/
https://www.application-datasheet.com/
https://www.application-datasheet.com/
https://www.application-datasheet.com/
https://www.application-datasheet.com/
https://www.application-datasheet.com/

July 2000
National Semiconductor

LF198/LF298/LF398, LF198A/LF398A
Monolithic Sample-and-Hold Circuits

General Description

The LF198/LF298/LF398 are monolithic sample-and-hold
circuits which utilize BI-FET technology to obtain ultra-high
dc accuracy with fast acquisition of signal and low droop
rate. Operating as a unity gain follower, dc gain accuracy is
0.002% typical and acquisition time is as low as 6 ps to
0.01%. A bipolar input stage is used to achieve low offset
voltage and wide bandwidth. Input offset adjust is accom-
plished with a single pin, and does not degrade input offset
drift. The wide bandwidth allows the LF198 to be included in-
side the feedback loop of 1 MHz op amps without having sta-
bility problems. Input impedance of 10'°Q allows high
source impedances to be used without degrading accuracy.

P-channel junction FET’s are combined with bipolar devices
in the output amplifier to give droop rates as low as 5 mV/min
with a 1 pF hold capacitor. The JFET’s have much lower
noise than MOS devices used in previous designs and do

Features
m Operates from *5V to £18V supplies

m |ess than 10 ps acquisition time

m TTL, PMOS, CMOS compatible logic input

m 0.5 mV typical hold step at C,, = 0.01 pF

® Low input offset

m 0.002% gain accuracy

® L ow output noise in hold mode

B |nput characteristics do not change during hold mode

m High supply rejection ratio in sample or hold

® Wide bandwidth

B Space qualified, IM38510

Logic inputs on the LF198 are fully differential with low input
current, allowing direct connection to TTL, PMOS, and
CMOS. Differential threshold is 1.4V. The LF198 will operate
from =5V to £18V supplies.

not exhibit high temperature instabilities. The overall design ~ an “A” version is available with tightened electrical
guarantees no feed-through from input to output in the hold specifications.
mode, even for input signals equal to the supply voltages.
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LF198/LF298/LF398, LF198A/LF398A

Absolute Maximum Ratings  (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Hold Capacitor Short
Circuit Duration
Lead Temperature (Note 4)
H package (Soldering, 10 sec.)

Supply Voltage +18V N package (Soldering, 10 sec.)
Power Dissipation (Package M package:
Limitation) (Note 2) 500 mW Vapor Phase (60 sec.)

Operating Ambient Temperature Range

LF198/LF198A
LF298
LF398/LF398A
Storage Temperature Range
Input Voltage
Logic To Logic Reference
Differential Voltage (Note 3)
Output Short Circuit Duration

Infrared (15 sec.)
Thermal Resistance (8;,) (typicals)
H package 215°C/W (Board mount in still air)
85°C/W (Board mount in
400LF/min air flow)

-55°C to +125°C
-25°C to +85°C
0°C to +70°C
-65°C to +150°C

Equal to Supply Voltage N package  115°C/W
M package  106°C/W
+7V, =30V 8;c (H package, typical) 20°C/W
Indefinite

Electrical Characteristics

The following specifcations apply for -V + 3.5V < V| < +Vg = 3.5V, +Vg = +15V, -Vg = -15V, T, = T; = 25°C, C;, = 0.01 yF,
R, = 10 kQ, LOGIC REFERENCE = 0V, LOGIC HIGH = 2.5V, LOGIC LOW = 0V unless otherwise specified.

10 sec

260°C
260°C

215°C
220°C

Parameter Conditions LF198/LF298 LF398 Units
Min | Typ Max [Min | Typ Max
Input Offset Voltage, (Note 5) T, =25C 1 3 2 7 mv
Full Temperature Range 5 10 mV
Input Bias Current, (Note 5) T,=25C 5 25 10 50 nA
Full Temperature Range 75 100 nA
Input Impedance T,=25°C 10%° 10%° Q
Gain Error T, = 25°C, R_ = 10k 0.002 | 0.005 0.004 | 0.01 %
Full Temperature Range 0.02 0.02 %
Feedthrough Attenuation Ratio T,=25°C, C,, = 0.01 uF 86 96 80 90 dB
at 1 kHz
Output Impedance T; = 25°C, “HOLD” mode 0.5 2 0.5 Q
Full Temperature Range 4 6 Q
“HOLD" Step, (Note 6) T, = 25°C, C,, = 0.01 UF, Vour = 0 0.5 2.0 1.0 25 mvV
Supply Current, (Note 5) T;225°C 45 5.5 45 6.5 mA
Logic and Logic Reference Input T,=25C 2 10 2 10 MA
Current
Leakage Current into Hold T, = 25°C, (Note 7) 30 100 30 200 pA
Capacitor (Note 5) Hold Mode
Acquisition Time to 0.1% AVt = 10V, C;, = 1000 pF 4 4 ps
C, = 0.01 pF 20 20 us
Hold Capacitor Charging Current Vin—Vour = 2V 5 5 mA
Supply Voltage Rejection Ratio Vour =0 80 110 80 110 dB
Differential Logic Threshold T, = 25°C 0.8 1.4 2.4 0.8 1.4 2.4 \Y
Input Offset Voltage, (Note 5) T,=25°C 1 1 2 2 mv
Full Temperature Range mV
Input Bias Current, (Note 5) T,=25°C 5 25 10 25 nA
Full Temperature Range 75 50 nA

www.national.com
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Electrical Characteristics

The following specifcations apply for Vg + 3.5V <V, < +Vg — 3.5V, +Vg = +15V, -Vg = -15V, T, = T, = 25°C, C;, = 0.01 pF,
R, = 10 kQ, LOGIC REFERENCE = 0V, LOGIC HIGH = 2.5V, LOGIC LOW = 0V unless otherwise specified.

Parameter Conditions LF198A LF398A Units
Min | Typ Max [Min | Typ Max

Input Impedance T,=25°C 10%° 10%° Q

Gain Error T, = 25°C, R_ = 10k 0.002 | 0.005 0.004 | 0.005 %
Full Temperature Range 0.01 0.01 %

Feedthrough Attenuation Ratio T,=25°C, C,, = 0.01 uF 86 96 86 90 dB

at 1 kHz

Output Impedance T; = 25°C, “HOLD” mode 0.5 1 0.5 1 Q
Full Temperature Range 4 6 Q

“HOLD" Step, (Note 6) T, = 25°C, C,, = 0.01pF, Vo r = 0 0.5 1 1.0 1 mvV

Supply Current, (Note 5) T,225°C 45 55 4.5 6.5 mA

Logic and Logic Reference Input T,=25°C 2 10 2 10 HA

Current

Leakage Current into Hold T, = 25°C, (Note 7) 30 100 30 100 pA

Capacitor (Note 5) Hold Mode

Acquisition Time to 0.1% AVt = 10V, C,, = 1000 pF 4 6 4 6 us
C, = 0.01 pF 20 25 20 25 us

Hold Capacitor Charging Current Vin—Vour = 2V 5 5 mA

Supply Voltage Rejection Ratio Vour =0 920 110 90 110 dB

Differential Logic Threshold T,=25°C 0.8 1.4 2.4 0.8 1.4 2.4 \Y

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjyax, 834, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tjyax — Ta)/83a, Or the number given in the Absolute Maximum Ratings, whichever is lower. The maximum
junction temperature, T jyax, for the LF198/LF198A is 150°C; for the LF298, 115°C; and for the LF398/LF398A, 100°C.

Note 3: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the supply voltages without
causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below the positive supply and 3V above the nega-
tive supply.

Note 4: See AN-450 “Surface Mounting Methods and their effects on Product Reliability” for other methods of soldering surface mount devices.

Note 5: These parameters guaranteed over a supply voltage range of £5 to £18V, and an input range of -Vg + 3.5V < V)\ < +Vg - 3.5V.

Note 6: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an additional 0.5 mV step
with a 5V logic swing and a 0.01pF hold capacitor. Magnitude of the hold step is inversely proportional to hold capacitor value.

Note 7: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or elevated ambient can
be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input signal range.

Note 8: A military RETS electrical test specification is available on request. The LF198 may also be procured to Standard Military Drawing #5962-8760801GA or to
MIL-STD-38510 part ID JM38510/12501SGA.

Typical Performance Characteristics

Aperture Time Dielectric Absorption Dynamic Sampling Error
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Note 9: See Definition of Terms
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LF198/LF298/LF398, LF198A/LF398A

Typical Performance Characteristics
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Output Short Circuit Current
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“Hold” Settling Time
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Typical Performance Characteristics

Input Bias Current

(Continued)
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LF198/LF298/LF398, LF198A/LF398A

Logic Input Configurations  (continued)
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Threshold = +4V

Application Hints

Hold Capacitor

Hold step, acquisition time, and droop rate are the major
trade-offs in the selection of a hold capacitor value. Size and
cost may also become important for larger values. Use of the
curves included with this data sheet should be helpful in se-
lecting a reasonable value of capacitance. Keep in mind that
for fast repetition rates or tracking fast signals, the capacitor
drive currents may cause a significant temperature rise in
the LF198.

A significant source of error in an accurate sample and hold
circuit is dielectric absorption in the hold capacitor. A mylar
cap, for instance, may “sag back” up to 0.2% after a quick
change in voltage. A long sample time is required before the
circuit can be put back into the hold mode with this type of
capacitor. Dielectrics with very low hysteresis are polysty-
rene, polypropylene, and Teflon. Other types such as mica
and polycarbonate are not nearly as good. The advantage of
polypropylene over polystyrene is that it extends the maxi-
mum ambient temperature from 85°C to 100°C. Most ce-
ramic capacitors are unusable with > 1% hysteresis. Ce-
ramic “NPO” or “COG” capacitors are now available for
125°C operation and also have low dielectric absorption. For
more exact data, see the curve Dielectric Absorption Error.
The hysteresis numbers on the curve are final values, taken
after full relaxation. The hysteresis error can be significantly

CMOS

7V <V, oeic (Hi State) < 15V

LF198

>
8 S Kk
<3 30

HOLD

AA
A A4

e SAMPLE

DS005692-36

Threshold = 0.6 (V*) - 1.4V

Op Amp Drive

+3V

-13v

DS005692-38

Threshold = -4V

reduced if the output of the LF198 is digitized quickly after
the hold mode is initiated. The hysteresis relaxation time
constant in polypropylene, for instance, is 10—50 ms. If
A-to-D conversion can be made within 1 ms, hysteresis error
will be reduced by a factor of ten.

DC and AC Zeroing

DC zeroing is accomplished by connecting the offset adjust
pin to the wiper of a 1 kQ potentiometer which has one end
tied to V* and the other end tied through a resistor to ground.
The resistor should be selected to give =0.6 mA through the
1k potentiometer.

AC zeroing (hold step zeroing) can be obtained by adding an
inverter with the adjustment pot tied input to output. A 10 pF
capacitor from the wiper to the hold capacitor will give £4 mV
hold step adjustment with a 0.01 pF hold capacitor and 5V
logic supply. For larger logic swings, a smaller capacitor
(< 10 pF) may be used.

Logic Rise Time
For proper operation, logic signals into the LF198 must have

a minimum dV/dt of 1.0 V/us. Slower signals will cause ex-
cessive hold step. If a R/C network is used in front of the

www.national.com
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Application Hints  (continued)

logic input for signal delay, calculate the slope of the wave-
form at the threshold point to ensure that it is at least
1.0 V/ps.

Sampling Dynamic Signals

Sample error to moving input signals probably causes more
confusion among sample-and-hold users than any other pa-
rameter. The primary reason for this is that many users make
the assumption that the sample and hold amplifier is truly
locked on to the input signal while in the sample mode. In ac-
tuality, there are finite phase delays through the circuit creat-
ing an input-output differential for fast moving signals. In ad-
dition, although the output may have settled, the hold
capacitor has an additional lag due to the 300Q series resis-
tor on the chip. This means that at the moment the “hold”
command arrives, the hold capacitor voltage may be some-
what different than the actual analog input. The effect of
these delays is opposite to the effect created by delays in the
logic which switches the circuit from sample to hold. For ex-
ample, consider an analog input of 20 Vp-p at 10 kHz. Maxi-
mum dV/dt is 0.6 V/ps. With no analog phase delay and 100
ns logic delay, one could expect up to (0.1 ps) (0.6V/us)
=60 mVerror if the “hold” signal arrived near maximum dV/dt
of the input. A positive-going input would give a +60 mV er-
ror. Now assume a 1 MHz (3 dB) bandwidth for the overall
analog loop. This generates a phase delay of 160 ns. If the
hold capacitor sees this exact delay, then error due to analog
delay will be (0.16 ps) (0.6 V/us) = =96 mV. Total output error
is +60 mV (digital) =96 mV (analog) for a total of -36 mV. To
add to the confusion, analog delay is proportioned to hold
capacitor value while digital delay remains constant. A family
of curves (dynamic sampling error) is included to help esti-
mate errors.

A curve labeled Aperture Time has been included for sam-
pling conditions where the input is steady during the sam-
pling period, but may experience a sudden change nearly
coincident with the “hold” command. This curve is based on
a 1 mV error fed into the output.

A second curve, Hold Settling Time indicates the time re-
quired for the output to settle to 1 mV after the “hold” com-
mand.

Digital Feedthrough

Fast rise time logic signals can cause hold errors by feeding
externally into the analog input at the same time the amplifier
is put into the hold mode. To minimize this problem, board
layout should keep logic lines as far as possible from the
analog input and the C,, pin. Grounded guarding traces may
also be used around the input line, especially if it is driven
from a high impedance source. Reducing high amplitude
logic signals to 2.5V will also help.

Guarding Technique

vt

OFFSET
ADJUST

LOGIC INPUT

LOGIC
REFERENCE

GUARD TOP AND
BOTTOM OF BOARD

HOLD
CAPACITOR U

BOTTOM VIEW
DS005692-5

Use 10-pin layout. Guard around C is tied to output.
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LF198/LF298/LF398, LF198A/LF398A

Typical Applications

X1000 Sample & Hold
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Typical Applications

(Continued)

Output Holds at Average of Sampled Input
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Typical Applications

Synchronous Correlator for Recovering
Signals Below Noise Level

(Continued)
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l S$™ Ssm |
<
v - )
TO SCOPE SWEEP = *Select C1 to filter lowest frequency
OUTPUT. SCALE R3 ; :
T0 OBTAIN <0 T0 3V component of input noise
ATPIN 6. **Select C2 @ = 5 x 10-6/fjy
DS005692-52
DC & AC Zeroing Staircase Generator
oc 15V
Vos
ZERD 15v
RESET
ouTPUT
5V —
w— L o]
iz S RE*
S 50k
CLOCK 12v @
v wd LT
out ov o VWA
RS
11k
10 pF
— I AC (HOLD STEP) ZERO
[
10k
6
l I O—J c3 7
0.01uF RB
8
A7 j_-_ 12k
k= p—O 15V
AAA
A A AL
DS005692-59 R9
___NT 3k
D2 Ca
1N914 'Im pF
DS005692-55

*Select for step height
50k — 01V Step

www.national.com
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Typical Applications

(Continued)

Differential Hold

= Vg WHEN IN
HOLD MODE

= (Vg + Vem) WHEN IN
SAMPLE MODE

’
|||— -(\

DS005692-57

Definition of Terms

Hold Step: The voltage step at the output of the sample and
hold when switching from sample mode to hold mode with a
steady (dc) analog input voltage. Logic swing is 5V.
Acquisition Time: The time required to acquire a new ana-
log input voltage with an output step of 10V. Note that acqui-
sition time is not just the time required for the output to settle,
but also includes the time required for all internal nodes to
settle so that the output assumes the proper value when
switched to the hold mode.

Gain Error: The ratio of output voltage swing to input volt-
age swing in the sample mode expressed as a per cent dif-
ference.

Connection Diagrams

Dual-In-Line Package

*Select for time constant C1 =

Capacitor Hysteresis Compensation

ouTPUT

DS005692-56

100k

**Adjust for amplitude

Small-Outline Package

Hold Settling Time: The time required for the output to
settle within 1 mV of final value after the “hold” logic com-
mand.

Dynamic Sampling Error:  The error introduced into the
held output due to a changing analog input at the time the
hold command is given. Error is expressed in mV with a
given hold capacitor value and input slew rate. Note that this
error term occurs even for long sample times.

Aperture Time: The delay required between “Hold” com-
mand and an input analog transition, so that the transition
does not affect the held output.

Metal Can Package

vt S Locic
INPUT —4 1
NC—] 2
OFFSET __2} |7__Locic _
ADJUST REFERENCE V- —3
NC —1 4
3 6
INPUT —— b— Cp, NC—15
NC—6
) 5
v — —— QUTPUT OUTPUT — 7

14
13
12
11
10

[— OFFSET ADJUST
— NC

—v*

[— LOGIC

— LOGIC REFERENCE
— NC

— Gy

TOP VIEW
DS005692-11
Order Number LF398N
or LF398AN
See NS Package Number NOSE

Order Number LF298M or LF398M
See NS Package Number M14A

DS005692-15

TOP VIEW
DS005692-14

Order Number LF198H,
LF198H/883, LF298H,
LF398H, LF198AH or LF398AH
See NS Package Number HO8C
(Note 8)

11
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LF198/LF298/LF398, LF198A/LF398A

Physical Dimensions  inches (millimeters) unless otherwise noted

0.350—0.370
(8.890—9.398)
DIA _
0315-0335
‘ > (8.001—8.509)
025 MAX
0.165-0.185 | ] Eg:[?r;mousn
(4.191—4.699) j |
Y — Y
REFERENCE PLANE —] m— R A o
A { 0.035 ——f——ﬁ 00,000 SEATING PLANE
_0.500  ~(0.889) /0.015-0.040

(0.381-1.016)

kN

_»l L‘_ 0.016-0.019 DIA TYP

(0.406 —0.483)

0.195-0.205 DIA
(4.953 —5.207) P.C.

0.029-0.045 A
(0.737-1.143)

0.028 —0.034

IET AN
A

45° EQUALLY
SPACED —»|

Metal Can Package (H)
Order Number LF198H, LF298H, LF398H, LF198AH or LF398AH
NS Package Number HO8C

0.115-0.145

(2.921—3.683)
DIA

HO8C (REV E)

0.335-0.344
' (8.509-8.738)

14 13 12 11 10

F A4

0.228—0.244 o
(5.791‘-5‘193) Q N
| u o
LEAD NO. 1 /i s
IDENT U U U U H U U/ Y
1 2 3 4 5 6 71
0.010
0.259)
0.150—0.157
3810—3.88) | ¥
0.053 - 0.069
0.010-0.020 .
[0.250—0.508 <4 > (1.346—1.753)
8° MAX TYP 0.004—0.010
ALL LEADS . )
v ! v 4
I SEATING B A 0 oy Ny ey i M e

T PLANE ? & ?

{0.203-0.254) < 0160050 0358) o L— - ’*—(u.ssao.sue)

0.008—0.010 0.050 0.014-0.020 yp
TYP ALL LEADS 0.004 (0.406 —1.270) TYP _» 0.008 _—-
(0.102) TYP ALL LEADS —(0.203)
ALL LEAD TIPS M14A (REV H)

Molded Small-Outline Package (M)
Order Number LF298M or LF398M
NS Package Number M14A

www.national.com 12
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.373—0.400
(9.474—10.16)
0.090
> (2.286)
0.082 (8l [7] [6] 5] 0.032 +0.005
(2.337) ~ L (0.813%0.127)
oI ND. 1 IDEN \©' N 0.2500.005 RAD
- 1IDENT ' (6.35+0.127)
N 3510, PIN NO. 1 IDENT
oPTIONT L® v e
bl [2] [3] [a
0.280 0.040
—» ———MIN [ —_ »| |
o gg:g w1016 & 0.039 0.145-0.200 oFTioN 2
e gt | O | [T Sssom
(7.62—8.128) ¢ + / ) .
e I ¢ e A 0.130:+0.005 1
v (3.302£0.127) v
— A 0azs-oia 1
- 0425 0.065 Y (3.175-3.556) 0.020
=2 (1,651 440 —
0.009—0.015 | 3.175) (1.651) 90°+4 (0.508)
(0.229-0.381) DIA TYP MIN
+0.040 NOM I 0.018+0.003
0325 7 oo (0.457+0.076)
( +1.016 —> 0.100:+0.010
8.255 -0.331) (2.540£0.254)
0.045+0.015 ;
1.143%0.381
( ) 0.060
0.050 > (1.524)
— | | —
(1.270) NOBE (REV F)

Molded Dual-In-Line Package (N)
Order Number LF398N or LF398AN
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

SUN2UID ploH-pue-ajdwes JIyNjoUuoN V86€471/V86TdT ‘86€471/86241/86T41

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

labeling, can be reasonably expected to result in a

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

S|gn|f|cant Injury to the user.
National Semiconductor National Semiconductor
Corporation Europe
Americas Fax: +49 (0) 180-530 85 86
Tel: 1-800-272-9959 Email: europe.support@nsc.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208
Email: support@nsc.com English Tel: +44 (0) 870 24 0 2171
www.nhational.com Frangais Tel: +33 (0) 1 41 91 8790

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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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.

Tl 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 Tl products or services are used. Information
published by TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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 Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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