LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 - REVISED JULY 2004

® 2-kV ESD Protection (K-Suffix Devices) LM124 ...D, J, OR W PACKAGE
° ide Supply R ] LM124A . ..J PACKAGE
Wide Supply Range: LM224, LM224A ... D OR N PACKAGE
- Single Supply ...3Vto32V LM324, LM324K ... D, N, NS, OR PW PACKAGE
(26 V for LM2902) LM324A ... D, DB, N, NS, OR PW PACKAGE
- or Dual Supplies ... =1.5Vto =16V LM324KA ... D, N, NS, OR PW PACKAGE
. LM2902 . .. D, N, NS, OR PW PACKAGE
(=13 V for LM2902) (oP viEw)
® | ow Supply-Current Drain Independent of ),
Supply Voltage ... 0.8 mA Typ 10UT[| 2 14]] 40UT
® Common-Mode Input Voltage Range 1IN-[] 2 13[] 4IN-
Includes Ground, Allowing Direct Sensing 1N+ [] 3 12[] 4IN+
Near Ground Vee [l 4 1] GND
® Low Input Bias and Offset Parameters: 2N+ [ 5 10[] 3IN+
- Input Offset Voltage ...3 mV Typ 2IN-[] 6 9] 3IN-
A Versions ...2mV Typ 20UT[| 7 8[] souT
— Input Offset Current ...2nA Typ
— Input Bias Curren t...20nA Typ
: . TOP VIEW
® Differential Input Voltage Range Equal to (n— - )
Maximum-Rated Supply Voltage ...32V 42 o2 5
(26 V for LM2902) S9=29%
® Open-Loop Differential Voltage ( '3—”2—”1—”5”5'
Amplification ... 2100 V/mV Typ 1N+ [] 4 18 [] 4IN+
® Internal Frequency Compensation NC 15 17 |y NC
Vee 6 16 [ GND
description/ordering information NC [J7 15 [ NC
2IN+ [ 8 14 [] 3IN+
These devices consist of four independent |3“L|0 112 |1_3|
high-gain frequency-compensated operational O E 1
amplifiers that are designed specifically to operate % 8 z 8 e
from a single supply over a wide range of voltages. QU]

Operation from split supplies also is possible if the
difference between the two suppliesis 3V to 32V
(3Vto 26V for the LM2902), and V¢ is at least
1.5 V more positive than the input common-mode
voltage. The low supply-current drain is
independent of the magnitude of the supply
voltage.

NC - No internal connection

Applications include transducer amplifiers, dc amplification blocks, and all the conventional
operational-amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For
example, the LM124 can be operated directly from the standard 5-V supply that is used in digital systems and
easily provides the required interface electronics without requiring additional £15-V supplies.

PRODUCTION DATA information is current as of publication date. Copyright © 2004, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i On products compliant to MIL-PRF-38535, all parameters are tested
dard warranty. P p g does not y include I unless otherwise noted. On all other products, production
testing of all parameters. EXAS p ing does not ily include testing of all parameters.
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 — REVISED JULY 2004

description/ordering information (continued)

ORDERING INFORMATION

MAX
Vipomax t ORDERABLE TOP-SIDE
A AT 25°C TIi/SCT(I:ED PACKAGE PART NUMBER MARKING
LM324N LM324N
PDIP (N) Tube of 25
LM324KN LM324KN
Tube of 50 LM324D
LM324
Reel of 2500 LM324DR
SOIC (D)
Tube of 50 LM324KD
LM324K
Reel of 2500 LM324KDR
7 mV 30V Reel of 2000 LM324NSR LM324
SOP (NS) Tube of 50 LM324KNS
LM324K
Reel of 2000 LM324KNSR
Tube of 90 LM324PW
L324
Reel of 2000 LM324PWR
T P (PW
SSOP (PW) Tube of 90 LM324KPW
L324K
Reel of 2000 LM324KPWR
0°C to 70°C Tube of 25 LM324AN LM324AN
PDIP (N)
Tube of 25 LM324KAN LM324KAN
Tube of 50 LM324AD
LM324A
Reel of 2500 LM324ADR
SOIC (D
©) Tube of 50 LM324KAD
LM324KA
Reel of 2500 LM324KADR
Reel of 2000 LM324ANSR LM324A
3mv 30V
SOP (NS) Tube of 50 LM324KANS LM324KA
Reel of 2000 LM324KANSR
SSOP (DB) Reel of 2000 LM324ADBR LM324A
Tube of 90 LM324APW
L324A
Reel of 2000 LM324APWR
TSSOP (PW)
Tube of 90 LM324KAPW
Reel of 2000 LM324KAPWR L324KA
PDIP (N) Tube of 25 LM224N LM224N
5mV 30V Tube of 50 LM224D
SOIC (D) LM224
Reel of 2500 LM224DR
—-25°C to 85°C
PDIP (N) Tube of 25 LM224AN LM224AN
3mVv 30V Tube of 50 LM224AD
SOIC (D) LM224A
Reel of 2500 LM224ADR
PDIP (N) Tube of 25 LM2902N LM2902N
Tube of 50 LM2902D
SOIC (D) LM2902
Reel of 2500 LM2902DR
—-40°C to 125°C 7 mV 26V
SOP (NS) Reel of 2000 LM2902NSR LM2902
Tube of 90 LM2902PW
T P (PW L2902
SSOP (PW) Reel of 2000 LM2902PWR 9

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 - REVISED JULY 2004

description/ordering information (continued)

ORDERING INFORMATION

MAX
Vipomax + ORDERABLE TOP-SIDE
A AT 25°C TEVS(;I'(I:ED PACKAGE PART NUMBER MARKING
7 my .y SOIC (D) Reel of 2500 LM2902KVQDR L2902KV
m
TSSOP (PW) Reel of 2000 LM2902KVQPWR L2902KV
-40°C to 125°C
> mV oy SOIC (D) Reel of 2500 LM2902KAVQDR L2902KA
m
TSSOP (PW) Reel of 2000 LM2902KAVQPWR L2902KA
CDIP (J) Tube of 25 LM124] LM124]
CFP (W) Tube of 25 LM124W LM124W
5mVv 30V LCCC (FK) Tube of 55 LM124FK LM124FK
-55°C to 125°C Tube of 50 LM124D
IC (D LM124
soico Reel of 2500 LM124DR
CDIP (J) Tube of 25 LM124AJ LM124AJ
2mv 30V
LCCC (FK) Tube of 55 LM124AFK LM124AFK

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

symbol (each amplifier)

IN- —— -
ouT
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 — REVISED JULY 2004

schematic (each ampilifier)

* * * * Vce
~6-uA ~6-uA =100-uA
Current Current Current
Regulator Regulator Regulator

e——— OUT

|
T r@[ ziﬁz:iﬁ”
N

Regulator

GND
L__p To Other
Amplifiers
COMPONENT COUNT
(total device)
Epi-FET 1
Transistors 95
Diodes 4
Resistors 11
Capacitors 4

*ESD protection cells - available on LM324K and LM324KA only
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 - REVISED JULY 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
LM124, LM124A
a2t D22 | sz |
LM2902V

Supply voltage, Vcc (see Note 1) +16 or 32 +13 or 26 \%
Differential input voltage, V|p (see Note 2) +32 126 Vv
Input voltage, V| (either input) -0.3t0 32 -0.31t0 26 Vv
\Ii;gréttszsoilo(its:t'\ls;zrg;:lrcwt (one amplifier) to ground at (or below) Tp = 25°C, Unlimited Unlimited

D package 86 86

DB package 96
Package thermal impedance, 834 (see Notes 4 and 5) N package 80 80 °CIW

NS package 76 76

PW package 113 113

FK package 5.61
Package thermal impedance, 03¢ (see Notes 6 and 7) J package 15.05 °CIW

W package 14.65
Operating virtual junction temperature, T 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | J or W package 300 300 °C
Storage temperature range, Tstg —65 to 150 —-65 to 150 °C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1.

2.
3.
4

o u

All voltage values (except differential voltages and V¢ ¢ specified for the measurement of [gg) are with respect to the network GND.
Differential voltages are at IN+, with respect to IN-.

Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

Maximum power dissipation is a function of Tj(max), 6ja, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (Tj(max) — Ta)/0ja. Operating at the absolute maximum T3 of 150°C can affect reliability.

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

Maximum power dissipation is a function of T j(max), 83c, and Tc. The maximum allowable power dissipation at any allowable case
temperature is Pp = (Tg(max) — Tc)/03c. Operating at the absolute maximum T3 of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with MIL-STD-883.

ESD protection

TEST CONDITION TYP | UNIT
Human-Body Model LM324K, LM324KA +2 kv
Charged-Device Model LM2902K, LM2902KA +2 kV
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 — REVISED JULY 2004

electrical characteristics at specified free-air temperature, V cc = 5V (unless otherwise noted)

PARAMETER + + LM124, LM224 LM324, LM324K
TEST CONDITIONS TA MIN TVPS MAX MIN VPS MAX UNIT
- 25°C 3 5 3 7
Vce =5V to MAX,
\Y Input offset voltage h mvV
10 P g Vic =VIcrmin, Vg=14V Full range 7 9
25°C 2 30 2 50
llo Input offset current | Vo =14V nA
Full range 100 150
25°C -20 -150 -20 -250
B Input bias current Vo=14V nA
Full range -300 =500
25°C V 0t?15 V Ot—olS
VicR _Common—mode Vee =5V to MAX cCc — - cCcC— -~ v
input voltage range Ful 0to 0to
ull range Vee -2 Vee - 2
RL =2kQ 25°C Vcec-15 Vce - 15
Vou High-level output R =10kQ 25°C v
o voltage Ve = MAX, R =2kQ Full range 26 26
Ve = MAX, R > 10 kQ Full range 27 28 27 28
Low-level output
<
VoL voltage RL <10 kQ Full range 5 20 5 20 mv
Large-signal _ _ 25°C 50 100 25 100
AvD differential voltage \FZCE 5 i-gv Vo=1VtollV, vimv
amplification L= Full range 25 15

CMRR ~ Common-mode V|c = Vicrmin 25°C 70 80 65 80 dB
rEJectlon ratio

Supply-voltage

ksvr rejection ratio 25°C 65 100 65 100 dB
(avee/avio)
Crosstalk _ o
VOUVo2  enuation f=1 kHz to 20 kHz 25°C 120 120 dB
Vee =15V, 25°C -20 -30 -60 -20 -30 -60
Vip=1V, Source
Vo =0 Full range -10 -10
mA
lo Output current Vcec =15V, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
Vip=-1V, Vo =200 mV 25°C 12 30 12 30 HA
Short-circuit output | Vcc at5V, Vo =0, o
los current GND at -5 V 25°C +40 +60 +40 +60 mA
Vo=25V, No load Full range 0.7 1.2 0.7 1.2
| Supply current Ve = VAX mA
cc (four amplifiers) cCoE Full range 14 3 14 3

Vo=05Vce, Noload

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Vc for
testing purposes is 26 V for LM2902 and 30 V for the others.

¥ Full range is -55°C to 125°C for LM124, —25°C to 85°C for LM224, and 0°C to 70°C for LM324.

§ Al typical values are at Tp = 25°C.
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066P - SEPTEMBER 1975 - REVISED JULY 2004

electrical characteristics at specified free-air temperature, V cc =5V (unless otherwise noted)

PARAMETER T t LM2902 LM2902V
TEST CONDITIONS TA MIN TVPS MAX MIN TVPS MAX UNIT
~ 25°C 3 7 3 7
Vcc=5Vio gg\r/}cés
MAX Full range 10 10
Vio Input offset voltage v . mvV
VI = VICRMIN | 4 qffix 25°C !
Vo=14V X
devices Full range 4
Input offset voltage _ o
AV|o/AT temperature drift Rs=0Q Full range 7 e
25°C 2 50 2 50
llo Input offset current | Vo =14V nA
Full range 300 150
Input offset current o
Al O/AT temperature drift Full range 10 pA/°C
25°C -20 -250 -20 -250
B Input bias current Vo=14V nA
Full range =500 -500
25°C V : t:)l 5 V : t—01 5
VIcR _Common—mode Vee =5V to MAX cC— - cC— -~ v
input voltage range Full 0to 0to
ull range Vee -2 Vee -2
R =2kQ 25°C
VoH High-level output R =10kQ 25°C Vec-15 Vcc—15 v
© voltage Vce = MAX, RL =2kQ Full range 22 26
Ve = MAX, RL > 10 kQ Full range 23 24 27
Low-level output
<
VoL voltage R <10 kQ Full range 5 20 5 20 mV
Large-signal _ _ 25°C 25 100 25 100
AvD differential voltage \Fgcg 5 Ii-g V,Vo=1Vio1lV, Vimv
amplification L= Full range 15 15

CMRR ~ Common-mode Vic = Vicrmin 25°C 50 80 60 80 dB
rejection ratio

Supply-voltage
ksvr rejection ratio 25°C 50 100 60 100 dB
(AvVcc/avip)
Crosstalk _ .
Vo1/Vo2 attenuation f=1kHz to 20 kHz 25°C 120 120 dB
Vec =15V, 25°C -20 -30 -60 -20 -30 -60
Vip=1V, Source
Vo=0 Full range -10 -10
mA
lo Output current Vec =15V, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
Vip=-1V, Vo =200 mV 25°C 30 12 40 HA
Short-circuit output | Vcc at5V, Vo =0, o
los current GND at -5 V 25°C +40 +60 +40 +60 mA
Vo=25V, No load Full range 0.7 1.2 0.7 1.2
Ice Supply curr_ent Ve = MAX mA
(four amplifiers) VSC: 05 VC’C No load Full range 1.4 3 1.4 3

1 All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX V¢ for
testing purposes is 26 V for LM2902 and 32 V for LM2902V.

 Full range is —40°C to 125°C for LM2902.

§ Al typical values are at Tp = 25°C.
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324K, LM324KA, LM2902, LM2902V
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS0660 - SEPTEMBER 1975 — REVISED JUNE 2004

operating conditions, V. cc =115V, Tp = 25°C

PARAMETER

TEST CONDITIONS TYP | UNIT

SR

Slew rate at unity gain

RL=1MQ, C_ =30 pF,V|=+10V

(see Figure 1) 05| Vius

B1

Unity-gain bandwidth

R =1 MQ, C|_ = 20 pF (see Figure 1) 12| MHz

Vn

Equivalent input noise voltage

Rg=100Q, V| =0V, f=1KkHz

(see Figure 2) 35 | nVAHz

N

— |~ CLL Vo

Vce- RL

Figure 1. Unity-Gain Amplifier

100 Q

900 Q

Vee+

Vi=0V
RS

—— Vo
+

Vce-

Figure 2. Noise-Test Circuit
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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

MCFPO002A — JANUARY 1995 — REVISED FEBRUARY 2002

W (R-GDFP-F14) CERAMIC DUAL FLATPACK
0.260 (6.60) Base and Seating Plane
0.045 (1,14) ¢ 0.235 (5,97) —
l_ 0.026 (0,66) | |
I I i
E i — i
! | 0.008 (0,20)
| 0.080 (2,03) | | 0.004 (0,10)
0.045 (1,14) : :
I I
I I
llq— 0.280 (7,11) MAX —>||
I I 0.019 (0,48)
1 14 0.0190,45)
: — I _y 0.015(0,38)
[ 1 [ 1 ]
| | 3
[ | [ ]
. . 0.050 (1,27)
[ ] [ 1 ]
I I
0.390 (9,91) | | 1 ]
0.335 (8,51) ! !
[ T [ ]
! ! 0.005 (0,13) MIN
[ ; | | ; ] 4 Places
I I i
[ ] [ |
| |
| 7 8 | f
0.360 (9,14) 0.360 (9,14)
¢ 0.250 (6,35) ¢ 0.250 (6,35) >
4040180-2/C 02/02

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 ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.

E

Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB
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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
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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.
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MECHANICAL DATA
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4040047-3/F 07/2004

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

. Falls within JEDEC MS-012 variation AB.
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MECHANICAL DATA
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4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




MECHANICAL DATA

MSSO002E — JANUARY 1995 — REVISED DECEMBER 2001
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4040065 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

Cow

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

Falls within JEDEC MO-150

{’? TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999
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4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

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

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (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

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