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LM139AQML and LM139QML Low Power Low Offset Voltage Quad Comparators

1 Features

* Available As Radiation Tolerant
— Total lonizing Dose 100krad(Si)
— ELDRS Free 100krad(Si)

» Wide Supply Voltage Range

* LM139/139A Series 2 to 36Vp¢ or £1 to +18Vpc

* Very Low Supply Current Drain (0.8mA) —
Independent of Supply Voltage

* Low Input Biasing Current: 25nA

* Low Input Offset Current: £5nA

« Offset Voltage: +1mV

* Input Common-mode Voltage Range Includes
GND

« Differential Input Voltage Range Equal to the
Power Supply Voltage

* Low Output Saturation Voltage: 250mV at 4mA

* Output Voltage Compatible with TTL, DTL, ECL,
MOS and CMOS Logic Systems

* Available in Space Enhanced Product (SEP) in
plastic.

2 Advantages

» High Precision Comparators

* Reduced Vg Drift Over Temperature
» Eliminates Need for Dual Supplies

* Allows Sensing Near GND

* Compatible with all Forms of Logic

3 Description

The LM139 series consists of four independent
precision voltage comparators with an offset voltage
specification as low as 2mV max for all four
comparators. These are designed specifically to
operate from a single power supply over a wide range
of voltages. Operation from split power supplies is
also possible and the low power supply current drain
is independent of the magnitude of the power supply
voltage. These comparators also have a unique
characteristic in that the input common-mode voltage
range includes ground, even though operated from a
single power supply voltage.

Application areas include limit comparators, simple
analog to digital converters; pulse, squarewave and
time delay generators; wide range VCO; MOS clock
timers; multivibrators and high voltage digital logic
gates. The LM139 series is designed to directly
interface with TTL and CMOS. When operated from
both plus and minus power supplies, can directly
interface with MOS logic, where the low power drain
of the LM139/LM139A is a distinct advantage over
standard comparators.

Package Information

Power Drain is Excellent for Battery Operation
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Schematic Diagram
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PART NUMBER PACKAGE() BODY SIZE (NOM)
CDIP 14 (J) 6.67mm x 19.56mm
LM139-883, LCCC 20 (NAJ) 8.89mm x 8.89mm
LM139A-883, CFP 14 (NAC)
5962-8773801, 6.35mm x 9.91mm
5962-8773901 CFP 14 (NAD)
SINGLE DIE (0) 1067pm x 1041um
LM139A-SEP SOT-23-14 (DYY) 4.20mm x 2.00mm
CFP 14 (NAC)
LM139AQMLV(-SP),  |CFP 14 (NAD) 6.35mm x 9.91mm
5962R9673801,
Z06PRO673802 CDIP 14 (J) 6.67mm x 19.56mm
SINGLE DIE (0) 1067pm x 1041um
LM139AQML-SP, SOT-23-14 (DYY)
5062R2620501 4-20mm x 2.00mm

(1)  For all available packages, see Section 9.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Pin Configuration and Functions

OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4-  INPUT 3+  INPUT 3-

14 13 12 1" 10 9 8

B

1 2 3 L) 5 6 7
OUTPUT 2 OUTPUT v* INPUT 1-  INPUT 1+ INPUT 2- INPUT 2¢
TOP VIEW
Figure 4-1.

J, DYY Packages
14-Pin CDIP, SOT-23-14

Top View
OUTPUT 2 |:1 L] ”: OUTPUT 3
OUTPUT 1 |:2 13:' OUTPUT 4

Ve e R

INPUT 1- C——o  LM139W  |F-—— \\pur 4+
INPUT 1+ :5 10: INPUT 4-
INPUT 2- :6 9: INPUT 3+
INPUT 2+ :7 8: INPUT 3-

Figure 4-2.

NAC, NAD Packages
14-Pin CFP (trimmed), CFP (full)
Top View

GND
N/C
IN 4+
N/C

IN 4—

Figure 4-3.
NAJ Package
20-Pad LCCC

Top View

For the LM139MD8/MDE/MDR bare die, please see the LM139MDE/MDR die data sheet for pad locations.
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Table 4-1. Pin Functions

PINS
NAME NAC, NAD, DYY, J LCCC o DESCRIPTION
OUTPUT 2 1 2 Output | Output pin of comparator 2
OUTPUT 1 2 3 Output | Output pin of comparator 1
V+ 3 4 — | Positive supply
INPUT 1- 4 6 Input | Negative input pin of comparator 1
INPUT 1+ 5 8 Input | Positive input pin of comparator 1
INPUT 2— 6 9 Input | Negative input pin of comparator 2
INPUT 2+ 7 10 Input | Positive input pin of comparator 2
INPUT 3— 8 12 Input | Negative input pin of comparator 3
INPUT 3+ 9 13 Input | Positive input pin of comparator 3
INPUT 4— 10 14 Input | Negative input pin of comparator 4
INPUT 4+ 11 16 Input |Positive input pin of comparator 4
GND 12 18 — |Negative supply
OUTPUT 4 13 19 Output | Output pin of comparator 4
OUTPUT 3 14 20 Output | Output pin of comparator 3
N/C — 1,5,7,11,1517 — | No Internal Connection - Leave floating or GND
4 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated

Product Folder Links: LM139AQML LM139AQML-SP LM139A-SEP


https://www.ti.com/product/LM139AQML
https://www.ti.com/product/LM139AQML-SP
https://www.ti.com/product/LM139A-SEP
https://www.ti.com/lit/pdf/SNOSAH8
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNOSAH8H&partnum=LM139AQML
https://www.ti.com/product/lm139aqml?qgpn=lm139aqml
https://www.ti.com/product/lm139aqml-sp?qgpn=lm139aqml-sp
https://www.ti.com/product/lm139a-sep?qgpn=lm139a-sep

13 TEXAS
INSTRUMENTS

www.ti.com

LM139AQML, LM139AQML-SP, LM139A-SEP
SNOSAH8H — FEBRUARY 2005 — REVISED OCTOBER 2026

5 Specifications
5.1 Absolute Maximum Ratings

LM139 / LM139A
Supply Voltage, V* 36Vpc or £18Vp¢
Differential Input Voltage(") 36Vpc
Input Voltage -0.3Vpc to +36Vpc
Input Current (Vi < —0.3Vpc)@ 50mA
Power Dissipation(3))
Lccc 1250mW
CDIP 1200mW
CLGA (NAD) 680mwW
CLGA (NAC) 680mwW
SOT-23-14 (DYY)
Sink Current (approx)®) 20mA
Output Short-Circuit to GND(®) Continuous
Storage Temperature Range -65°C < Tp < +150°C
Maximum Junction Temperature (T,) +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Operating Temperature Range -55°C < Tp < +125°C
LCCC (still Air) 100°C/W
LCCC (500LF / Min Air flow) 73°C/W
CDIP (Still Air) 103°C/W
CDIP (500LF / Min Air flow) 65°C/W
TN CLGA (NAD) (Still Air) 183°C/W
CLGA (NAD) (500LF / Min Air flow) 120°C/W
Thermal CLGA (NAC) (Still Air) 183°C/W
Resistance CLGA (NAC) (500LF / Min Air flow) 120°C/W
SOT-23-14 (DYY / Still Air) 127°C/W
LCcC 28°C/W
CDIP 23°C/W
8¢ CLGA (NAD) 23°C/W
CLGA (NAC) 23°C/W
SOT-23-14 (DYY) 67°C/W
LCCC 470mg
CDIP 2,190mg
(Ft’;si'zzﬁl‘)e Weight | cLGA (NAD) 460mg
CLGA (NAC) 410mg
SOT-23-14 (DYY) 36mg
ESD rating(”) 600V

(1) Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-
mode range, the comparator will provide a proper output state. The low input voltage state must not be less than —0.3Vp¢ (or

0.3Vpcbelow the magnitude of the negative power supply, if used) (at 25°C).

(2) This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go
to the VV* voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive
and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3Vp¢

(at 25°C).
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(3) The low bias dissipation and the ON-OFF characteristics of the outputs keeps the chip dissipation very small (Pp £ 100mW), provided

the output transistors are allowed to saturate.

(4) The maximum power dissipation must be derated at elevated temperatures and is dictated by T jy,ax (Maximum junction temperature),
0,a (Package junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any
temperature is Ppmax = (Tymax — Ta) / Bya or the number given in the Absolute Maximum Ratings, whichever is lower.

(5) SMD 5962-8773901 only

(6) Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground,

the maximum output current is approximately 20mA independent of the magnitude of V*.

(7) Human Body model, 1.5KQ in series with 100pF

5.2 Recommended Operating Conditions

Parameter

Value

Supply Voltage

5.0Vpc to +30Vpc

Ambient Operating Temperature Range

-55°C < Tp < +125°C

5.3 Quality Conformance Inspection
Mil-Std-883, Method 5005 — Group A

Subgroup Description Temp (°C)
1 Static tests at +25
2 Static tests at +125
3 Static tests at -55
4 Dynamic tests at +25
5 Dynamic tests at +125
6 Dynamic tests at -55
7 Functional tests at +25

8A Functional tests at +125
8B Functional tests at -55
9 Switching tests at +25
10 Switching tests at +125
11 Switching tests at -55
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5.4 LM139: 883 Electrical Characteristics, DC Parameters

The following conditions apply, unless otherwise specified. +V = 5V, V¢ = 0V

Symbol Parameters Conditions Notes Min Max Unit grs:tz;s
lec Supply Current Ry = Infinity 2.0 mA 1,2,3
Supply Current +V =30V, R_ = Infinity 2.0 mA 1,2,3
Vio Input Offset Voltage +V =30V -5.0 5.0 mV 1
-9.0 9.0 mV 2,3
+V =30V, Vgy = 28.5V -5.0 5.0 mV 1
+V =30V, Vg = 28.0V -9.0 9.0 mV 2,3
-5.0 5.0 mV 1
-9.0 9.0 mV 2,3
CMRR Common Mode Rejection Ratio +V =30V, Vg = 0V to 28.5V 60 dB 1
PSRR Power Supply Rejection Ratio +V =5V to 30V 60 dB 1
* Igias Input Bias Current Vo = 1.5V See(") -100 | -1.0 nA 1
Seel!) -300 | -1.0 nA 2,3
lio Input Offset Current Vo =1.5V -25 25 nA 1
-100 | 100 nA 2,3
lcex Output Leakage Current +V =30V, Vg = 30V 1.0 MA 1,2,3
Isink Output Sink Current Vo =1.5V 6.0 mA 1
Vsat Saturation Voltage Isink = 4mA 400 mV 1
700 mV 2,3
Ay Voltage Gain +V =15V, R 215QK, V| =1V to 50 VimV 1
11V
Vem Common Mode Voltage Range +V = 30V See 0 (\1/"5-) v 1
Seel? 0 (\;0-) Vv 2,3
Vpiff Differential Input Voltage 8\\; =30V, -V =0V, +V,=36V, -V, = See® 500 nA 1,2,3
ge\s/vz SOV -VEOV A= OV V= gee09) 500 nA 1,2,3

(1) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the

state of the output so no loading change exists on the reference or input lines.
(2) Parameter ensured by Vg tests
(3) The value for Vpjg is not data logged during Read and Record.

5.5 LM139: 883 Electrical Characteristics, AC Parameters

The following conditions apply, unless otherwise specified. +V = 5V

Symbol Parameters Conditions Notes Min Max Unit grsc:‘u?;;s
tRLH Response Time Vop = 5mV 5.0 uS 9
Vop = 50mV 0.8 uS 9
tRHL Response Time Vop = 5mV 2.5 uS 9
Vop = 50mV 0.8 uS 9
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5.6 LM139A: SMD 5962-8773901 Electrical Characteristics, DC Parameters

The following conditions apply, unless otherwise specified. +V = 5V, V¢ = 0V

Symbol Parameters Conditions Notes Min Max Unit gf:ub;;s
lec Supply Current +V =30V, R_ = Infinity 3.0 mA 1,2,3
R, = Infinity 3.0 mA 1,2,3
Icex Output Leakage Current +V =30V, -V, =0V, +V, 21V, Vg = 0.5 pA 1
e 1.0 A 2,3
Vsat Saturation Voltage Isink £ 4mA, -V, =1V, +V, = 0V 400 mV 1
700 mV 2,3
Isink Output Sink Current Vo215V, -V, =1V, +V, =0V 6.0 mA 1
Vio Input Offset Voltage Rg =0Q -2.0 2.0 mV 1
-4.0 4.0 mV 2,3
+V =30V, Rg =0Q -2.0 2.0 mV 1
-4.0 4.0 mV 2,3
+V =30V, Vom = 28V, Vo = 1.4V, -2.0 2.0 mV 1
Rs =00 40 | 40 mv 2,3
g Input Bias Current Vo = 1.5V Seel) | 100 | -1.0 nA 1
See(" -300 -1.0 nA 2,3
lio Input Offset Current Vo =1.5V -25 25 nA 1
-100 100 nA 2,3
PSRR Power Supply Rejection Ratio +V =5V to 30V 70 dB 1,2,3
CMRR Common Mode Rejection Ratio +V =30V, Vgy = 0V to 28V, R 2 70 dB 1.2.3
15KQ
Ay Voltage Gain +V =15V, R 2 15KQ, Vo =1V to 50 VimV 4
v 25 Vimv 5,6
Vem Common Mode Voltage Range +V =30V See® 0 (\;0-) v 1,23
*V=ov See® | 0 (\;0') v 1,2,3

(1) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.
(2) Parameter ensured by Vg tests

5.7 LM139A: SMD 5962-8773901 Electrical Characteristics, AC Parameters

The following conditions apply, unless otherwise specified. +V = 5V

Symbol Parameters Conditions Notes Min Max Unit Slles
groups
tRLH Response Time Vop =5mV, R =5.1KQ 5.0 uS 9
tRHL Response Time Vop =5mV, R =5.1KQ 2.5 uS 9
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5.8 LM139A: 883, QMLYV and RH, SEP, 5962x9673801, 5962R2620501
Electrical Characteristics, DC Parameters

The following conditions apply, unless otherwise specified. +V = 5V, V¢ = 0V

Symbol Parameters Conditions Notes Min Max Unit grsc:‘u?;;s
lec Supply Current R, = Infinity 2.0 mA 1,2,3
+V =30V, R = Infinity 2.0 mA 1,2,3
lcex Output Leakage Current +V =30V, Vg = 30V 1.0 pA 1,2,3
Vsat Saturation Voltage Isink = 4mMA 400 mV 1
700 mV 2,3
Isink Output Sink Current Vo =1.5V 6.0 mA 1
Vio Input Offset Voltage -2.0 2.0 mV 1
-4.0 4.0 mV 2,3
+V =30V -2.0 2.0 mV 1
-4.0 4.0 mV 2,3
:'/\é : ?05\0 Veu =285V, 20| 20 mv 1
:'/\; _ 30V, Vow = 28.0V, 40 | 40 mv 2,3
* |gigs Input Bias Current Vo = 1.5V See(™® | -100 | 1.0 nA 1
See(”) -300 | -1.0 nA 2,3
lio Input Offset Current Vo =1.5V -25 25 nA 1
-100 | 100 nA 2,3
PSRR Power Supply Rejection Ratio +V =5V to 30V 60 dB 1
CMRR Common Mode Rejection Ratio +V =30V, Vep = 0V to 28.5V 60 dB 1
Ay Voltage Gain +V =15V, R_ 2 15KQ, Vg =1V to 50 VimV 1
11V
Vewm Common Mode Voltage Range +V =30V See® 0 V*- v 1
See® (1.5)
3 +
§§2Ez§ 0 (\4_0') Vv 2,3
Vpiff Differential Input Voltage 8\\; =30V, -V =0V, +V, =36V, -V, = @) 500 nA 1,2,3
gg/\/: 30V, -V=0V,+V, =0V, -V, = @ 500 nA 1,23

(1) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.

(2) Parameter ensured by Vg tests

(3) The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper
end of the common-mode voltage range is V* -=1.5V for Subgroup 1, or V* =2.0V for Subgroup 2 & 3. Either or both inputs can go to
+30Vp¢ without damage, independent of the magnitude of V*.

(4) The value for Vpjg is not data logged during Read and Record.

Copyright © 2026 Texas Instruments Incorporated Submit Document Feedback 9
Product Folder Links: LM139AQML LM139AQML-SP LM139A-SEP


https://www.ti.com
https://www.ti.com/product/LM139AQML
https://www.ti.com/product/LM139AQML-SP
https://www.ti.com/product/LM139A-SEP
https://www.ti.com/lit/pdf/SNOSAH8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNOSAH8H&partnum=LM139AQML
https://www.ti.com/product/lm139aqml?qgpn=lm139aqml
https://www.ti.com/product/lm139aqml-sp?qgpn=lm139aqml-sp
https://www.ti.com/product/lm139a-sep?qgpn=lm139a-sep

LM139AQML, LM139AQML-SP, LM139A-SEP
SNOSAH8H — FEBRUARY 2005 — REVISED OCTOBER 2026

13 TEXAS
INSTRUMENTS

www.ti.com

5.9 LM139A: 883, QMLYV and RH, SEP, 5962x9673801, 5962R2620501
Electrical Characteristics, AC Parameters

The following conditions apply, unless otherwise specified. +V = 5V

Symbol Parameters Conditions Notes Min Max Unit Sles
groups
tRLH Response Time Vop = 5mV 5.0 uS 4
Vop = 50mV 0.8 uS 4
tRHL Response Time Vop = 5mV 25 uS 4
Vop = 50mV 0.8 uS 4

5.10 LM139A: 883, QMLV and RH, SEP, 5962x9673801, 5962R2620501
Electrical Characteristics, DC Parameters

Delta Values

The following conditions apply, unless otherwise specified. +V = 5V, V¢ = 0V

Deltas required for S-Level, MLS (as specified on Internal Processing instructions (IPl)), and QMLV product at Group B,

Subgroup 5.
o . . Sub-
Symbol Parameters Conditions Notes Min Max Unit
groups
Vio Input Offset Voltage -1.0 1.0 mV 1
* |gias Input Bias Current Vo = 1.5V See(!) -15 15 nA 1
lio Input Offset Current Vo =1.5V -10 +10 nA 1

(1) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the

state of the output so no loading change exists on the reference or input lines.
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5.11 LM139A: 883, QMLV and RH, 5962R9673801, 5962R2620501
Electrical Characteristics, DC/AC Parameters
50K Post Rad Limits +25°C

The following conditions apply, unless otherwise specified.
DC: +V =5V, Vgy=0V

AC: +V=5V
Symbol Parameters Conditions Notes Min Max Unit Sles
groups
+V =5V, Vgy = 0V -2.5 25 mV 1
Vio Input Offset Voltage +V =30V, Vgu = 0V -2.5 25 mV 1
+V =30V, Vgy = 28.5V, Vg = 1.5V -2.5 25 mV 1
* Igias Input Bias Current Vo =15V See(!) 110 | 1.0 nA 1
tRLH Response Time Vop (Overdrive) = 50mV 0.9 uS 4

(1)  The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.

5.12 LM139A: 883, QMLV and RH, 5962R9673801, 5962R2620501
Electrical Characteristics, DC/AC Parameters
100K Post Rad Limits +25°C

The following conditions apply, unless otherwise specified.
DC: +V =5V, Vgy=0V

AC: +V =5V
Symbol Parameters Conditions Notes Min Max Unit Sl
groups
+V =5V, Vgy = 0V -4.0 4.0 mV 1
Vio Input Offset Voltage +V =30V, Vgu = 0V -4.0 4.0 mV 1
+V =30V, Vgum = 28.5V, Vg = 1.5V -4.0 4.0 mV 1
* |gias Input Bias Current Vo = 1.5V See™ | -110 | -1.0 nA 1
tRLH Response Time Vop (Overdrive) = 50mV 1.0 uS 4

(1) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.
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5.13 Typical Performance Characteristics
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Figure 5-3. Output Saturation Voltage

Figure 5-4. Response Time for Various Input

Overdrives —Negative Transition

Figure 5-5. Response Time for Various Input Overdrives —Positive Transition
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6 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

6.1 Application Information

The LM139 series are high gain, wide bandwidth devices which, like most comparators, can easily oscillate if
the output lead is inadvertently allowed to capacitively couple to the inputs via stray capacitance. This shows up
only during the output voltage transition intervals as the comparator changes states. Power supply bypassing is
not required to solve this problem. Standard PC board layout is helpful as it reduces stray input-output coupling.
Reducing this input resistors to < 10kQ reduces the feedback signal levels and finally, adding even a small
amount (1 to 10mV) of positive feedback (hysteresis) causes such a rapid transition that oscillations due to stray
feedback are not possible. Simply socketing the IC and attaching resistors to the pins will cause input-output
oscillations during the small transition intervals unless hysteresis is used. If the input signal is a pulse waveform,
with relatively fast rise and fall times, hysteresis is not required.

All pins of any unused comparators should be tied to the negative supply.

The bias network of the LM139 series establishes a drain current which is independent of the magnitude of the
power supply voltage over the range of from 2Vp¢ to 30Vpc.

It is usually unnecessary to use a bypass capacitor across the power supply line.

The differential input voltage may be larger than V* without damaging the device. Protection should be provided
to prevent the input voltages from going negative more than -0.3Vp¢ (at 25°C). An input clamp diode can be
used as shown in the Section 6.2 section.

The output of the LM139 series is the uncommitted collector of a grounded-emitter NPN output transistor. Many
collectors can be tied together to provide an output OR'ing function. An output pull-up resistor can be connected
to any available power supply voltage within the permitted supply voltage range and there is no restriction on
this voltage due to the magnitude of the voltage which is applied to the V* terminal of the LM139A package. The
output can also be used as a simple SPST switch to ground (when a pull-up resistor is not used). The amount
of current which the output device can sink is limited by the drive available (which is independent of V*) and
the B of this device. When the maximum current limit is reached (approximately 16mA), the output transistor will
come out of saturation and the output voltage will rise very rapidly. The output saturation voltage is limited by the
approximately 60Q Rgat of the output transistor. The low offset voltage of the output transistor (1mV) allows the
output to clamp essentially to ground level for small load currents.

6.2 Typical Applications
(V+ = 5.OVD0)

+Vin O

+VRer

Figure 6-1. Basic Comparator

Figure 6-2. Driving CMOS
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|

39k Ik
+0.375 -
100k .
A 1/4 LM139 f
100k —
B +
100k
c 1k f=A-B-C
vt —
o <
o
Figure 6-4. AND Gate
v
200k 3K
+0.075V =
100k 1k
A 1/4 LM139 f
100k -
B +
100k -
¢ 1® f=A+B+C
v
o =
e
Figure 6-5. OR Gate
6.3 Typical Applications
(V*=15Vpc)
v
' | ™
0 _lo 100 pF
oy !
0
1 t
N914 ™ 1/8 LM139 (73
0.001 F
M 1N914
Figure 6-6. One-Shot Multivibrator
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Figure 6-7. Bi-Stable Multivibrator

v

™ g'ﬂ 10M g 560k % 15k
W ‘ \ i | |
Wiy 2

—_—— v’
L =
- 0

— +4V
| | 100k 174 LM139
1us Hh 4
0 100 pF
?—- + I 1/4 LM139 Vo

10M

AN j

240k

62k =
My

Figure 6-8. One-Shot Multivibrator With Input Lock Out
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v
R D1 15k
™ 1N914
*
D2
100k 1IN914
80 pF
6 60 -V
S S
[ ” ¢ o ] I3 ) I
- tot t
1/8 LM139 ! z
Vo
1™
V&
™
A A
™
* FOR LARGE RATIOS OF R1/R2,
= D1 CAN BE OMITTED.
Figure 6-9. Pulse Generator
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100k
>
§10k
<
100k
1/4 LM139 Vour
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Figure 6-10. Large Fan-In AND Gate
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w

Figure 6-11. ORing the Outputs
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* 1

ﬂ

10k

c1

0.001uF I

+Win O 1/4 LM139

INPUT GATING SIGNAL

+Veer O

*Vin

A
Figure 6-13. Non-Inverting Comparator With
Hysteresis
Figure 6-14. Inverting Comparator With Hysteresis
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f ~ 100 kHz

Figure 6-15. Squarewave Oscillator

V' (12 Vgc)
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1/4 LM139

+Vin

1/4 LM139

2N2222

2Rs
+VRer Low O_WV-*—

Figure 6-17. Limit Comparator

* Or open-collector logic gate without pull-up resistor

v

Figure 6-16. Basic Comparator

= v
100K w2222

+Vin,

-Vin,

1/4 LM138 Vo

L

Figure 6-18. Comparing Input Voltages of Opposite
Polarity

Vo

STROBE
INPUT

Figure 6-19. Output Strobing
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Figure 6-21. Two-Decade High-Frequency VCO
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10k

MAGNETIC
PICKUP

10k

Figure 6-23. Zero Crossing Detector (Single Power
Supply)

Figure 6-22. Transducer Amplifier

6.4 Split-Supply Applications
(V+ = +15Vpc and V™ = =15Vpc)

51k 2k 3.9k % 2.4k
51k 10k <
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+ S L «Q0a
8.2'(2 2k %
1/4 LM139 ) 1 MH0025
[~ +
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ANN- 1/4 LM139
e
>
50 pF 6.8k
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Figure 6-24. MOS Clock Driver

Copyright © 2026 Texas Instruments Incorporated Submit Document Feedback 21

Product Folder Links: LM139AQML LM139AQML-SP LM139A-SEP


https://www.ti.com
https://www.ti.com/product/LM139AQML
https://www.ti.com/product/LM139AQML-SP
https://www.ti.com/product/LM139A-SEP
https://www.ti.com/lit/pdf/SNOSAH8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNOSAH8H&partnum=LM139AQML
https://www.ti.com/product/lm139aqml?qgpn=lm139aqml
https://www.ti.com/product/lm139aqml-sp?qgpn=lm139aqml-sp
https://www.ti.com/product/lm139a-sep?qgpn=lm139a-sep

LM139AQML, LM139AQML-SP, LM139A-SEP
SNOSAH8H — FEBRUARY 2005 — REVISED OCTOBER 2026

13 TEXAS
INSTRUMENTS

www.ti.com

vo

1/4 LM139 Vo

- L

V-
Figure 6-25. Zero Crossing Detector
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Figure 6-26. Comparator With a Negative
Reference
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7 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

7.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

7.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

7.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
7.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

7.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

8 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision G (March 2013) to Revision H (October 2026) Page
e Added LM139A-SEP iN DYY PACKAGE. .......eieiiiiiiiiiei ittt ettt e et e e e et e e e e e sbb e e e e e abeeeeeeaas 1

* Added DYY package, updated page fOrmat........... oo a e e 3
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9 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@) ) ®3) Ball material Peak reflow ®)

Q) (©)

5962-8773901XA Active Production CFP (NAC) | 14 88 | JEDEC No SNPB Level-1-NA-UNLIM -55 to 125 LM139AWG
TRAY (5+1) -SMD Q

5962-87739

01XA ACO
01XA >T

5962-9673801VDA Active Production CFP (NAD) | 14 19 | TUBE No SNPB Level-1-NA-UNLIM -55 to 125 LM139AW-
QMLV Q
5962-96738
01VDA ACO
01VDA >T

5962-9673801VXA Active Production CFP (NAC) | 14 88 | JEDEC No SNPB Level-1-NA-UNLIM -55 to 125 LM139AWG-
TRAY (5+1) QMLV Q
5962-96738
01VXA ACO
0LVXA >T

5962R9673801V9A Active Production DIESALE (Y) |0 40 | NOT REQUIRED Yes Call TI Level-1-NA-UNLIM -55to0 125

5962R9673801VCA Active Production CDIP (J) | 14 25| TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AJRQMLV
5962R9673801VCA Q

5962R9673801VDA Active Production CFP (NAD) | 14 19 | TUBE No SNPB Level-1-NA-UNLIM -55 to 125 LM139AWR
QMLV Q
5962R96738
(01VDA ACO, 02VDA
ACO)
(01VDA >T, 02VDA >
L))

5962R9673801VXA Active Production CFP (NAC) | 14 88 | JEDEC No SNPB Level-1-NA-UNLIM -55 to 125 LM139AWGR
TRAY (5+1) QMLV Q
5962R96738
01VXA ACO
01VXA >T

5962R9673802V9A Active Production DIESALE (Y) | 0 40 | NOT REQUIRED Yes Call Tl Level-1-NA-UNLIM -55t0 125

5962R9673802VCA Active Production CDIP (J) | 14 25| TUBE No SNPB Level-1-NA-UNLIM -551t0 125 LM139AJRLQMLYV
5962R9673802VCA Q
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
5962R9673802VDA Active Production CFP (NAD) | 14 19 | TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AWRL
QMLV Q
5962R96738
02VDA ACO
02VDA >T
5962R9673802VXA Active Production CFP (NAC) | 14 88 | JEDEC No SNPB Level-1-NA-UNLIM -551t0 125 LM139AWGRL
TRAY (5+1) QMLV Q
5962R96738
02VXA ACO
02VXA >T
LM139 MD8 Active Production DIESALE (Y) |0 400 | JEDEC Yes Call Tl Level-1-NA-UNLIM -551t0 125
TRAY (5+1)
LM139 MDE Active Production DIESALE (Y) |0 40 | NOT REQUIRED Yes Call Tl Level-1-NA-UNLIM -551t0 125
LM139 MDR Active Production DIESALE (Y) |0 40 | NOT REQUIRED Yes Call Tl Level-1-NA-UNLIM -55t0 125
LM139AE/883 Active Production LCCC (NAJ) | 20 50 | TUBE Yes Call Tl Level-1-NA-UNLIM -55t0 125 LM139AE
/883 Q ACO
5962-90765
/883 Q >T
LM139AJ/883 Active Production CDIP (J) | 14 25| TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AJ/883 Q
LM139AJRLQMLV Active Production CDIP (J) | 14 25| TUBE No SNPB Level-1-NA-UNLIM -551t0 125 LM139AJRLQMLV
5962R9673802VCA Q
LM139AJRQMLV Active Production CDIP (J) | 14 25| TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AJRQMLV
5962R9673801VCA Q
LM139AW-QMLV Active Production CFP (NAD) | 14 19| TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AW-
QMLV Q
5962-96738
01VDA ACO
01VDA >T
LM139AW-SMD Active Production CFP (NAD) | 14 19| TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AW
-SMD Q
5962-87739
01DA ACO
01DA >T
LM139AW/883 Active Production CFP (NAD) | 14 19| TUBE No SNPB Level-1-NA-UNLIM -55t0 125 LM139AW
/883 Q ACO
/883 Q >T
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Orderable part number

Status
(1)

Material type
2

Package | Pins

Package qty | Carrier

RoHS
3)

Lead finish/
Ball material

4)

MSL rating/
Peak reflow

(©)

Op temp (°C)

Part marking
6)

LM139AWG-QMLV

Active

Production

CFP (NAC) | 14

88 | JEDEC
TRAY (5+1)

No

SNPB

Level-1-NA-UNLIM

-55t0 125

LM139AWG-
QMLV Q
5962-96738
01VXA ACO
01VXA >T

LM139AWG-SMD

Active

Production

CFP (NAC) | 14

88 | JEDEC
TRAY (5+1)

No

SNPB

Level-1-NA-UNLIM

-55t0 125

LM139AWG
-SMD Q
5962-87739
01XA ACO
O1XA >T

LM139AWG/883

Active

Production

CFP (NAC) | 14

88 | JEDEC
TRAY (5+1)

No

SNPB

Level-1-NA-UNLIM

-55t0 125

LM139AWG

/883 Q ACO

5962-87739
/883 Q >T

LM139AWGRLQMLV

Active

Production

CFP (NAC) | 14

88 | JEDEC
TRAY (5+1)

No

SNPB

Level-1-NA-UNLIM

-551t0 125

LM139AWGRL
QMLV Q
5962R96738
02VXA ACO
02VXA >T

LM139AWGRQMLV

Active

Production

CFP (NAC) | 14

88 | JEDEC
TRAY (5+1)

No

SNPB

Level-1-NA-UNLIM

-55t0 125

LM139AWGR
QMLV Q
5962R96738
01VXA ACO
01VXA >T

LM139AWRLQMLV

Active

Production

CFP (NAD) | 14

19 | TUBE

No

SNPB

Level-1-NA-UNLIM

-55t0 125

LM139AWRL
QMLV Q
5962R96738
02VDA ACO
02VDA >T

LM139AWRQMLV

Active

Production

CFP (NAD) | 14

19 | TUBE

No

SNPB

Level-1-NA-UNLIM

-55t0 125

LM139AWR
QMLV Q
5962R96738
(01VDA ACO, 02VDA

ACO)
(01VDA >T, 02VDA >
T

LM139E/883

Active

Production

LCCC (NAJ) | 20

50 | TUBE

Yes

Call Tl

Level-1-NA-UNLIM

-551t0 125

LM139E
/883 Q ACO
/883 Q >T
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
LM139J/883 Active Production CDIP (J) | 14 25| TUBE No SNPB Level-1-NA-UNLIM -551t0 125 LM139J/883 Q

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF LM139AQML, LM139AQML-SP :
o Military : LM139AQML

o Space : LM139AQML-SP

NOTE: Qualified Version Definitions:
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o Military - QML certified for Military and Defense Applications

o Space - Radiation tolerant, ceramic packaging and qualified for use in Space-based application
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PACKAGE MATERIALS INFORMATION
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962-9673801VDA NAD CFP 14 19 502 23 9398 9.78
5962R9673801VCA J CDIP 14 25 506.98 15.24 13440 NA
5962R9673801VDA NAD CFP 14 19 502 23 9398 9.78
5962R9673802VCA J CDIP 14 25 506.98 15.24 13440 NA
5962R9673802VDA NAD CFP 14 19 502 23 9398 9.78
LM139AE/883 NAJ LCCC 20 50 470 11 3810 0
LM139AJ/883 CDIP 14 25 506.98 15.24 13440 NA
LM139AJRLQMLV CDIP 14 25 506.98 15.24 13440 NA
LM139AJRQMLYV J CDIP 14 25 506.98 15.24 13440 NA
LM139AW-QMLV NAD CFP 14 19 502 23 9398 9.78
LM139AW-SMD NAD CFP 14 19 502 23 9398 9.78
LM139AW/883 NAD CFP 14 19 502 23 9398 9.78
LM139AWRLQMLV NAD CFP 14 19 502 23 9398 9.78
LM139AWRQMLV NAD CFP 14 19 502 23 9398 9.78
LM139E/883 NAJ LCCC 20 50 470 11 3810 0
LM139J/883 J CDIP 14 25 506.98 15.24 13440 NA
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MECHANICAL DATA

0.320 MAX ———=

_V_V_V_m

.069%.006
[1.76%0.151]

.075%£.008 TYP

[5.08%0.121 [1.91+0.2]

16X.050+ 005 —F—ﬂ
[1.27+0.12]

—4x.200%.005
I

457X .015%.010
[0.38%0.251]

.085%.008
[2.16%0.2]

R.009+.002 TYP
[0.23%0.051

20X.025%.003
[0.64%0.071]

19X.050+.005

T [1.27%0.12]
3X 45°X .040%.010
[1.02%0.25]
CONTROLLING DIMENSION 1S INCH
VALUES IN [] ARE MILLIMETERS E20A (Rev F)
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MECHANICAL DATA
NAD0014B

.010
.070%:038 39 MAX
[1.7700:% [9.9)

Y ott — 005 MIN TYP
.034 - 008 —= re [0.12]
[0.86fg»gg] 14 8

7X
32+.01
[8.120.2]
—] 28 MAX
(7.11] ) 2507912
— GLASS
[635058]
/”J
PIN #1 1D i
I I
Il X
Il 32+.01
n [8.1+0.2]
I 1
Il
! I
Nl
! I
Il
U W u uuuu 3
i iy |
006%.002 TYP 045 MAX —=f 4 J
[0.15%0.05] [1.14] [ 14X 017,002
TYP Il [0.43%0.05]
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W14B (Rev P)
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GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040083-5/G
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PACKAGE OUTLINE

JOO14A CDIP - 5.08 mm max height
CERAMIC DUAL IN LINE PACKAGE
PIN 11D Al 4X.005MIN
(OPTIONAL) [A] [0.13] ﬁ .81358;.(1)6502 TYP
1 } 1
12><ﬁ) {M } H J‘ ’ T
[2.54] 14X .014-.026
14X .045-.065 :
T {h } RS [0.36-0.66]
|9 [.010 [0.25][c[A[B]
754-.785
{ } [19.15-19.94]
7 { } 8
N Y
-245-.283 J —={ 2MAXTYP 13 MIN TYP
[6.22-7.19] [5.08] 23]
SEATING PLANE
T .308-.314
[7.83-7.97]
T GAGE PLANE
T 015 |GAGE PLANE

‘/ 0°-15°
TYP

[0.38]

»\\—r 14X .008-.014

[0.2-0.36]

4214771/A 05/2017

NOTES:

1. All controlling linear dimensions are in inches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermitically sealed with a ceramic lid using glass frit.

4. Index point is provided on cap for terminal identification only and on press ceramic glass frit seal only.

5. Falls within MIL-STD-1835 and GDIP1-T14.
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EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

e (300 ) TYP
SEE DETAIL A A~ [7.62]
1! \ H @ V14
/

/SEE DETAIL B

\
/

N4 | N
S ‘ —
- @ - O
12X (.100 ) \ ‘
[2.54] | i
& | ©
e -
— — - + —
14X (B .039) ‘
"o | ©
|
© . ©
|
© ) O
SYMM
¢
LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE: 5X
002 MAX ﬂ (.063)
0.05 [1.6]
ALIE AR(])UND I METAL (®.063)
SOLDER MASK [1.6]
L~ OPENING
\METAL JL
/ 002 MAX
(R.002 ) TYP el S A [0.05]
[0.05] ALL AROUND
DETAIL A DETAIL B
SCALE: 15X 13X, SCALE: 15X
4214771/A 05/2017
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'.’/ PACKAGE OUTLINE
NACO014A ' CERPACK

CERAMIC FLATPACK

LA D SUPPLIER OPTION
NOTE 3
.010+.002 NOTE 3 044MAX TYP
[0.25+0.05] .005 MIN TYP [1.1]
[0.12] '
¢
N[ & Y1z L
v —— -
— = —-
— = _
.3870+.0030 1 12X .050+.002
[9.83+0.076] [ | 1 T [1.27+0.05]
— 1 14X 017+ .002
[0.43+0.05]
— 1
7 )8
+.020 +.010
=20 505 T T 970_020
+0.50 +0.25
[6'35-0.12 ] [1'78-0-50]
le—————————410+.010 ——————»
.008+.004 TYP —»{ |=—
[10.41+0.25] [0.240.1]
SEE DETAIL AX
: [N
4 \
vy I / 1 > [.004[0.1]
SEATING PLANE
.006+.002 TYP
[0.15+0.05]
R.015+.002
[0.38+0.05]
/]
o o L——l» .040+.003
0-4 [1.02+0.07]
DETAIL A
TYPICAL

4215197/C 08/2022

NOTES:

1. Controlling dimension is Inch. Values in [ ] are milimeters. Dimensions in () for reference only.

2. For solder thickness and composition, see the "Lead Finish Composition/Thickness" link in the packaging section of the
Texas Instruments website

3. Lead 1 identification shall be:
a) A notch or other mark within this area
b) A tab on lead 1, either side

4. No JEDEC registration as of December 2021
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EXAMPLE BOARD LAYOUT
NACO014A CERPACK

CERAMIC FLATPACK

]

[0.69]

(14X .090 ) SYMM

(229 ¢ (12X .050 )
v | [1.27]

|

|

|

|

|

|

SYMM
R S - — e — e — — — _ _ ¢
- » ]
) » R
» ]
| ‘ |
R.002 TYP
[0.05] (.37 )
[9.4]
RECOMMENDED LAND PATTERN
l«—— .003 MAX .003 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND

( \
! I
! I
! I
- \

,,,,,,,,,,,,, —~

SOLDERMASKJ \METAL METAL UNDER/ \SOLDERMASK

OPENING SOLDER MASK OPENING

NON SOLDERMASK SOLDERMASK
DEFINED DEFINED

4215197/C 08/2022
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REVISIONS

REV DESCRIPTION E.C.N. DATE BY/APP'D
A RELEASE TO DOCUMENT CONTROL 2197878 12/30/2021 DAVID CHIN / ANIS FAUZI
B NO CHANGE TO DRAWING; REVISION FOR YODA RELEASE; 2198833 02/15/2022 K. SINCERBOX
C .3870% .0030 WAS .39000+.00012; 2200916 08/08/2022 D. CHIN / K. SINCERBOX

SCALE

SIZE
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REV

PAGE

4 or 4




IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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