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INSTRUMENTS LM2941/LM2941C

1A Low Dropout Adjustable Regulator

General Description and the load. Familiar regulator features such as short circuit
and thermal overload protection are also provided.
The LM2941 positive voltage regulator features the ability to
source 1A of output current with a typical dropout voltage of Features
0.5V and a maximum of 1V over the entire temperature range.
Furthermore, a quiescent current reduction circuit has been
included which reduces the ground pin current when the dif-
ferential between the input voltage and the output voltage
exceeds approximately 3V. The quiescent current with 1A of
output current and an input-output differential of 5V is there-
fore only 30mA. Higher quiescent currents only exist when the
regulator is in the dropout mode (V,y — Vour < 3V).
Designed also for vehicular applications, the LM2941 and all
regulated circuitry are protected from reverse battery instal-
lations or two-battery jumps. During line transients, such as
load dump when the input voltage can momentarily exceed
the specified maximum operating voltage, the regulator will
automatically shut down to protect both the internal circuits

LLP space saving package

Output voltage adjustable from 5V to 20V
Dropout voltage typically 0.5V @ 15 = 1A
Output current in excess of 1A

Trimmed reference voltage

Reverse battery protection

Internal short circuit current limit

Mirror image insertion protection

P+ Product Enhancement tested

TTL, CMOS compatible ON/OFF switch

Connection Diagram and Ordering Information

TO-220 Plastic Package TO-263 Surface-Mount Package
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LM2941/LM2941C

Absolute Maximum Ratings (vote 1)

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

Operating Ratings
Maximum Input Voltage
Temperature Range

26V

~40°C < T, < 125°C
0°C < T, < 125°C

TO-220 (T), Wave
TO-263 (S)
LLP-8 (LD)

(

ESD Rating (Note 2)

Storage Temperature Range
Soldering Temperature (Note 9)

LM2941T
Input Voltage (Survival Voltage, < 100ms) LM2941CT
LM2941T, LM2941S, LM2941LD 60V
LM2941CT, LM2941CS 45V LM2941S
Internal Power Dissipation (Note 4) Internally Limited LM2941CS
Maximum Junction Temperature 150°C LM2941LD

-65°C < T, < +150°C

260°C, 10s
235°C, 30s
235°C, 30s

+2 kV

~40°C £ T, < 125°C
0°C < T, <125°C
~40°C £ T, < 125°C

Electrical Characteristics—LM2941T, LM2941S, LM2941LD

5V <V, =20V, V)=V + 5V, Cy = 224F, unless otherwise specified. Specifications in standard typeface apply for T, = 25°C,
while those in boldface type apply over the full Operating Temperature Range.

LM2941T
- LM2941S Units
Parameter Conditions Typ LM2941LD (Limits)
Limit
1.237/1.211 V(min)
Reference Voltage 5mA < |5 < 1A (Note 7) 1.275
1.313/1.339 V(max)
Line Regulation Vo +2V SV 26V, lg=5mA 4 10/10 mV/V(max)
Load Regulation 50mA <1y <1A 7 10/10 mV/V(max)
Outout Impedan 100 mADC and 20 mArms 2 N
utput Impedance fo = 120Hz m
. Vo +2V SV <26V, Iy =5mA 10 15/20 mA(max)
Quiescent Current
Vin=Vo+5V, Ig=1A 30 45/60 mA(max)
RMS Output Noise, 10Hz-100kHz o
% of Vour lo = 5mA 0.003 %
Ripple Rejection fo=120Hz, 1 Vrms, I, = 100mA 0.005 0.02/0.04 %/\V (max)
Long Term Stability 0.4 %/1000 Hr
lo=1A 0.5 0.8/1.0 V(max)
Dropout Voltage
lo = 100mA 110 200/200 mV(max)
Short Circuit Current V|y Max = 26V (Note 8) 1.9 1.6 A(min)
Maximum Line Vo Max 1V Above Nominal Vg .
Transient Ro =100, t < 100ms & 60/60 V(min)
Maximum Operational
\Y
Input Voltage 31 26/26 pe
Reverse Polarity Rg = 100, Vg = -0.6V 30 _15/-15 V(min)
DC Input Voltage o= W% To= T
Reverse Polarity .
< = — —50/-
Transient Input Voltage t < 100ms, Ry = 100Q 75 50/-50 V(min)
ON/OFF Threshold
<
Voltage ON o S 1A 1.30 0.80/0.80 V(max)
ON/OFF Threshold
< .
Voltage OFF o S 1A 1.30 2.00/2.00 V(min)
ON/OFF Threshold
Current Vonorr = 2.0V, I < 1A 50 100/300 MA(max)
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Electrical Characteristics—LM2941CT, LM2941CS

5V <V, =20V, V)=V + 5V, Cy = 224F, unless otherwise specified. Specifications in standard typeface apply for T, = 25°C,
while those in boldface type apply over the full Operating Temperature Range.

Limit Units
Parameter Conditions T
H P (Note 6) (Limits)
Ref Volt 5mA < |5 < 1A (Not 1.275 1.23771.211 V{min)
eference Voltage mA< Iy < ote .
9 o= 1A (Note 7) 1.313/1.339 V(max)
Line Regulation Vo +2V SV <26V, Il5=5mA 4 10 mV/V(max)
Load Regulation 50mA < |y < 1A 7 10 mV/V(max)
Outout | d 100 mADC and 20 mArms 2 N
utput Impedance fo = 120Hz m
. Vo+2V SV <26V, Iy =5mA 10 15 mA(max)
Quiescent Current
Vin=Vo +5V, lg=1A 30 45/60 mA(max)
RM tput Noi 10Hz—100kH
S Output Noise, OHz—100kHz 0.003 %
% of Vour lo=5mA
Ripple Rejection fo = 120Hz, 1 Vrms, |, = 100mA 0.005 0.02 %/V (max)
Long Term Stability 0.4 %/1000 Hr
lo=1A 0.5 0.8/1.0 V(max)
Dropout Voltage
lo = 100mA 110 200/200 mV(max)
Short Circuit Current V|y Max = 26V (Note 8) 1.9 1.6 A(min)
i i Vg Max 1V Above Nominal V
Mammum Line o) o) 55 45 V(min)
Transient Ro =100Q, T < 100ms
Maximum Operational
\Y
Input Voltage 81 26 be
Reverse Polarity Ro = 100Q, Vo = ~0.6V 30 15 V(min)
DC Input Voltage o~ o=
Reverse Polarity .
< - — -
Transient Input Voltage T'=100ms, Ro = 1000 55 45 V(min)
ON/OFF Threshold
<
Voltage ON lo < 1A 1.30 0.80 V(max)
ON/OFF Threshold .
<
Voltage OFF o= 1A 1.30 2.00 V(min)
ON/OFF Threshold
Current Vonorr = 2.0V, 1o < 1A 50 100 MA(max)
Thermal Performance
Thermal Resistance 5-Lead TO-220 1 °C/W
Junction-to-Case, 6 ¢ 5-Lead TO-263 1 °C/W
8-Lead LLP 5.3 °C/W
Thermal Resistance 5-Lead TO-220 53 °C/W
Junction-to-Ambient, 8 j, 5-Lead TO-263 (See TO-263 MOUNTING) 73 °C/W
(Note 4) 8-Lead LLP (See LLP MOUNTING) 35 °C/W

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is
intended to be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions,
see the Electrical Characteristics.

Note 2: The Human Body Model (HBM) is a 100 pF capacitor discharged through a 1.5kQ resistor into each pin. Test method is per JESD22-A114.

Note 3: A military RETS specification available upon request. For more information about military-aerospace products, see the Mil-Aero web page at http:/
www.national.com/appinfo/milaero/index.html.

Note 4: The maximum power dissipation is a function of T (max), 8,,, and T,. The maximum allowable power dissipation at any ambient temperature is P =

(T (max) — T,)/8,,. If this dissipation is exceeded, the die temperature will rise above 150°C and the LM2941 will go into thermal shutdown. If the TO-263 package
is used, the thermal resistance can be reduced by increasing the P.C. board copper area thermally connected to the package: Using 0.5 square inches of copper
area, 8, is 50°C/W; with 1 square inch of copper area, 8,, is 37°C/W; and with 1.6 or more square inches of copper area, 6, is 32°C/W. Thermal performance
for the LLP package was obtained using a JESD51-7 board with six vias, using no airflow and an ambient temperature of 22°C. The value 6 j, for the LLP package
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LM2941/LM2941C

is specifically dependent on PCB trace area, trace material, and the number of layers and thermal vias. For improved thermal resistance and power dissipation
for the LLP package, refer to Application Note AN-1187. It is recommended that 6 vias be placed under the center pad to improve thermal performance.

Note 5: All limits guaranteed at room temperature (standard typeface) and at temperature extremes (boldface type). All limits are used to calculate Outgoing
Quality Level, and are 100% production tested.

Note 6: All limits guaranteed at room temperature (standard typeface) and at temperature extremes (boldface type). All room temperature limits are 100%
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods.

Note 7: The output voltage range is 5V to 20V and is determined by the two external resistors, R1 and R2. See Typical Application Circuit.
Note 8: Output current capability will decrease with increasing temperature, but will not go below 1A at the maximum specified temperatures.

Note 9: Refer to JEDEC J-STD-020C for surface mount device (SMD) package reflow profiles and conditions. Unless otherwise stated, the temperature and time
are for Sn-Pb (STD) only.

Typical Performance Characteristics
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LM2941/LM2941C

EQUIVALENT SERIES RESISTANCE (Q) OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

Low Voltage Behavior
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Maximum Power Dissipation (TO-220)
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Definition of Terms

Dropout Voltage: The input-voltage differential at which the
circuit ceases to regulate against further reduction in input
voltage. Measured when the output voltage has dropped
100mV from the nominal value obtained at (V7 + 5V) input,
dropout voltage is dependent upon load current and junction
temperature.

Input Voltage: The DC voltage applied to the input terminals
with respect to ground.

Input-Output Differential: The voltage difference between
the unregulated input voltage and the regulated output volt-
age for which the regulator will operate.

Line Regulation: The change in output voltage for a change
in the input voltage. The measurement is made under condi-
tions of low dissipation or by using pulse techniques such that
the average chip temperature is not significantly affected.

Load Regulation: The change in output voltage for a change
in load current at constant chip temperature.

Maximum Power Dissipation (TO-263)
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Long Term Stability: Output voltage stability under accel-
erated life-test conditions after 1000 hours with maximum
rated voltage and junction temperature.

Output Noise Voltage: The rms AC voltage at the output,
with constant load and no input ripple, measured over a spec-
ified frequency range.

Quiescent Current: That part of the positive input current
that does not contribute to the positive load current. The reg-
ulator ground lead current.

Ripple Rejection: The ratio of the peak-to-peak input ripple
voltage to the peak-to-peak output ripple voltage.
Temperature Stability of V,: The percentage change in
output voltage for a thermal variation from room temperature
to either temperature extreme.
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LM2941/LM2941C

Application Hints

OUTPUT CAPACITOR

A Tantalum capacitor with a minimum capacitance value of
22 pF, and ESR in the range of 0.01Q to 5Q, is required at
the output pin for loop stability. It must be located less than 1
cm from the device. There is no limitation on any additional
capacitance.

Alternately, a high quality X5R/X7R 22 pF ceramic capacitor
may be used for the output capacitor only if an appropriate
value of series resistance is added to simulate the ESR re-
quirement. The ceramic capacitor selection must include an
appropriate voltage de-rating of the capacitance value due to
the applied output voltage. The series resistor (for ESR sim-
ulation) should be in the range of 0.1Q to 1.0Q.

SETTING THE OUTPUT VOLTAGE

The output voltage range is 5V to 20V and is set by the two
external resistors, R1 and R2. See the Typical Applications.
The output voltage is given by the formula:

Vour = Vier X (R1+R2) / R1)

where Vgee is typically 1.275V.

Using 1.00 kQ for R1 will ensure that the bias current error of
the adjust pin will be negligible. Using a R1 value higher than
10 kQ may cause the output voltage to shift across tempera-
ture due to variations in the adjust pin bias current.

Calculating the upper resistor (R2) value of the pair when the
lower resistor (R1) value is known is accomplished with the
following formula:

R2 =R1x (Vour / Veer) - 1)

The resistors used for R1 and R2 should be high quality, tight
tolerance, and with matching temperature coefficients. It is
important to remember that, although the value of Vgge is
guaranteed, the final value of Vg1 is not. The use of low
quality resistors for R1 and R2 can easily produce a Vg
value that is unacceptable.

ON/OFF

The ON/OFF pin has no internal pull-up or pull-down to es-
tablish a default condition and, as a result, this pin must be
terminated externally, either actively or passively.

The ON/OFF pin requires a low level to enable the output, and
a high level to disable the output. To ensure reliable operation,
the ON/OFF pin voltage must rise above the maximum ON/
OFF orr, voltage threshold (2.00V) to disable the output, and
must fall below the minimum ON/OFF gy, voltage threshold
(0.80V) to enable the output. If the ON/OFF function is not
needed this pin can be connected directly to Ground.

If the ON/OFF pin is being pulled to a high state through a
series resistor, an allowance must be made for the ON/OFF
pin current that will cause a voltage drop across the pull-up
resistor.

THERMAL OVERLOAD PROTECTION

The LM2941 incorporates a linear form of thermal protection
that limits the junction temperature (T ) to typically 155°C.

Should the LM2941 see a fault condition that results in ex-
cessive power dissipation and the junction temperature ap-
proaches 155°C, the device will respond by reducing the
output current (which reduces the power dissipation) to hold
the junction temperature at 155°C.

Thermal Overload protection is not a guaranteed operating
condition. Operating at, or near to, the Thermal Overload
condition for any extended period of time is not encouraged,

or recommended, as this may shorten the lifetime of the de-
vice.

POWER DISSIPATION

Consideration should be given to the maximum power dissi-
pation (Pppax)) Which is limited by the maximum operating
junction temperature (T yax,) of 125°C, the maximum oper-
ating ambient temperature (T,ax)) Of the application, and
the thermal resistance (6 ;,) of the package. Under all possible
conditions, the junction temperature (T;) must be within the
range specified in the Operating Ratings. The total power dis-
sipation of the device is given by:

Pp=((Vin = Vour) X lour) + (Vin X lanp)
where Ig\p is the operating ground pin current of the device
(specified under Electrical Characteristics).

The maximum allowable junction temperature rise (AT ) de-
pends on the maximum expected ambient temperature
(Taquax)) of the application, and the maximum allowable junc-
tion temperature (T jyax)):

AT, = TJ(MAX) - TA(MAX)
The maximum allowable value for junction to ambient Ther-
mal Resistance, 8,,, required to keep the junction tempera-
ture, T, from exceeding maximum allowed can be calculated
using the formula:

8,0 = AT,/ Pppax)

The maximum allowable power dissipation, Ppyax), required
allowed for a specific ambient temperature can be calculated
using the formula:

Pomaxy = ATy /84

Additional information for thermal performance of surface
mount packages can be found in AN-1520: A Guide to Board
Layout for Best Thermal Resistance for Exposed Packages,
AN-1187: Leadless Leadframe Package (LLP), and AN-2020:
Thermal Design By Insight, Not Hindsight .

TO-263 MOUNTING

The thermal dissipation of the TO-263 package is directly re-
lated to the printed circuit board construction and the amount
of additional copper area connected to the TAB.

The TAB on the bottom of the TO-263 package is connected
to the die substrate via a conductive die attach adhesive, and
to device pin 3. As such, it is strongly recommend that the
TAB area be connected to copper area directly under the TAB
that is extended into the ground plane via multiple thermal
vias. Alternately, but not recommended, the TAB may be left
floating (i.e. no direct electrical connection). The TAB must
not be connected to any potential other than ground.

For the LM2941S in the TS5B TO-263 package, the junction-
to-case thermal rating, 6., is 1°C/W, where the CASE is
defined as the bottom of the package at the center of the TAB
area. The junction-to-ambient thermal performance for the
LM29418S in the TO-263 package, using the JEDEC JESD51
standards is summarized in the following table:
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Board Thermal 0 0
Type Vias JCc JA
JEDEC
2-Layer None 1°C/W 73°C/W
JESD 51-3
1 1°C/W 35°C/W
JEDEC 2 1°CW | 30°C/W
4-Layer W W
JESD 51-7 4 ! 26
8 1°C/W 24°C/W
6 I I
6JA = 35°C/W

8JA = 30°C/W
+ 8JA = 26°CIW
BJA = 24°CIW

N\
\\

/
74
7

POWER DISSIPATION (W)
w

LM2941S (TO-263)

0 20 40 60 80 100
AMBIENT TEMPERATURE (°C)

882334

FIGURE 1. Ppyax) VS T, for LM2941S (TO-263)

LLP MOUNTING

The LDCO8A (Pullback) 8-Lead LLP package requires spe-
cific mounting techniques which are detailed in Application
Note # 1187. Referring to the section PCB Design Recom-
mendations in AN-1187 (Page 5), it should be noted that the
pad style which should be used with the LLP package is the
NSMD (non-solder mask defined) type.

The thermal dissipation of the LLP package is directly related
to the printed circuit board construction and the amount of
additional copper area connected to the DAP.

The DAP (exposed pad) on the bottom of the LLP package is
connected to the die substrate via a conductive die attach
adhesive, and to device pin 2 and pin 7. As such, it is strongly

recommend that the DAP area be connected copper area di-
rectly under the DAP that is extended into the ground plane
via multiple thermal vias. Alternately, but not recommended,
the DAP area may be left floating (i.e. no direct electrical con-
nection). The DAP area must not be connected to any poten-
tial other than ground.

For the LM2941LD in the LDCO8A 8-Lead LLP package, the
junction-to-case thermal rating, 8¢, is 5.3°C/W, where the
CASE is defined as the bottom of the package at the center
of the DAP area. The junction-to-ambient thermal perfor-
mance for the LM2941LD in the LDCO8A 8-Lead LLP pack-
age, using the JEDEC JESD51 standards is summarized in
the following table:

Board Thermal 0 0
Type Vias Jc JA
JEDEC
2-Layer None 5.3°C/W 181°C/W
JESD 51-3
1 5.3°C/W 58°C/W
JEDEC 2 53°C/W | 49°C/W
4-Layer " "
JESD 51-7 4 5.3°C/W 40°C/W
6 5.3°C/W 35°C/W
° ]
5 06JA = 58°C/W
BJA = 49°C/W
| |
4 0JA =40°C/W |
\ [
6JA = 35°C/W

an

.
———

POWER DISSIPATION (W)
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1

\§<
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FIGURE 2. PDyy, VS T, for LM2941LD (LLP)
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LM2941/LM2941C

Typical Applications

5V to 20V Adjustable Regulator

+VIN
CIN
470 nF
N
ouT Vout
4 O 5Vio20V
OFF = @ 1A
20V —— R2
OM LM2941 |+ *x
0.8V —— ADJ Cout
ON ? 22 uF
0.0V v
REF R1
GND ¢
882303
R1 + R2 .
Vout = Reference voltage > m where VReg = 1.275 typical

v
Solving for R2: R2 = R1 ( o _ 1)
VREF

Note: Using 1k for R1 will ensure that the bias current error from the adjust pin will be negligible. Do not bypass R1 or R2. This will lead to instabilities.
* Required if regulator is located far from power supply filter.

** Coyr Must be at least 22uF to maintain stability. May be increased without bound to maintain regulation during transients. Locate as close as possible to the
regulator. This capacitor must be rated over the same operating temperature range as the regulator and the ESR is critical; see curve.

ON
OFF
st

|GND |ADJ

1A Switch

12v
o)
)

/3 IN

33 kL) *k* OUT -
ON/OFF _L
LM2941

IN4001
LOAD

882306

*** To assure shutdown, select Resistor R3 to guarantee at least 300pA of pull-up current when S1 is open. (Assume 2V at the ON/OFF pin.)
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Equivalent Schematic Diagram
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LM2941/LM2941C
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Physical Dimensions inches (millimeters) unless otherwise noted

[25.53-26.29]

Order Number LM2941T or LM2941CT
NS Package Number TO5A

”‘/\ 197 £3°TYP

010
4001858
[10.16%9:23

.270+.010
[6.86%0.25]

s [
_
-E-—-T
1
5X 028-.038
— TR TRt
O\_I @] 010 (0. 251@[C[AD 8@ |
1

0.12

\P\N 110
3401010 ——j

21= /
TAPPERED:
SIDE 1°

-

L 200 MIN —=

[5.08]

—
—

i8.6420.251
R.030  MAX TYP
050 MAX —=| | o7
(121 ] 7°/"\
i L015-.030
5 ~ {0.38:0.76)
180" 003 030 |GAGE PLANE
RSN i0.76)
< [4 57 53] i /
208 [O 15] J ! ].004 10.13
0“5”\‘/ \ij .
0z, = 0°-6

— . 078

[1.98)

CONTROLLING
VALUES IN[]
DIMENSIONS IN ¢

0.149-0.153 0.030-0.040
_ —I‘—’ 2 - .
[2.54-3.05] / [3.78-3.89] 5X [0.76-1.02]
]
)
+0.015
0.400 _g 605
10.16 *0-38 + - - '_‘___'_]_l
[ . -0.13 p—— — — b | -
J
OJ—= - —
\ T_ 4x 0:057-0.077
PIN #1 1D [1.45-1.96]
0.240-0.260 | _ 0.330-0.350
— —]
[6.10-6.60] [8.38-8.89]
SEATING PLANE
] [~
70 0.015 13:9%7
¢ +0.18 TYP
[0.38 1018 —l
0.175-0.185 ' o
[4.45-4.70] / / / }
0°- e°
! ~/l 0.105 001
0.048-0.052 ( 0.525-0.555 ) L +0.25
[1.22-1.32] [13.34-14.10] [2.67 Zy35]
TAPER SIDES 1© 1.005-1.035 -

TO5A (REV J}

(.558) !
(14111 ‘
e— (. 275 ) —f '
16.99] I (5x 042 )
i [1.07]
g3
**'—L
(.425 )
(10,81 —-—-—-—- —+-———-E=d ax Qe
(328 ) :
(3.331 [ ]
4[ ]
! —I L—«J—(sx 085
(2.16)
(.075 )
1.911
LAND PATTERN RECOMMENDATION

DIMENSION IS INCH
ARE MILLIMETERS
) FOR REFERENCE ONLY

TO-263 5-Lead Plastic Surface Mount Package
Order Number LM2941S, LM2941SX, LM2941CS or LM2941CSX
NS Package Number TS5B

TSSEB (Rev D)
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8-Lead LLP Surface Mount Package
Order Number LM2941LD, LM2941LDX
NS Package Number LDCO8A

LDCO8A (Rev B)
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Notes
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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 Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
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
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