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INA1x9 High-Side Measurement Current Shunt Monitor
1 Features 3 Description

« Complete Unipolar High-side Current
Measurement Circuit

* Wide Supply and Common-Mode Range
* INA139:2.7Vto 40V
» INA169: 2.7 Vto 60 V

* Independent Supply and Input Common-Mode
Voltages

» Single Resistor Gain Set
* Low Quiescent Current: 60 PA (Typical)
» 5-Pin, SOT-23 Packages

2 Applications

e Current Shunt Measurement:

— Automotive, Telephone, Computers
» Portable and Battery-Backup Systems
e Battery Chargers
* Power Management
* Cell Phones
» Precision Current Source

The INA139 and INA169 are high-side, unipolar,
current shunt monitors. Wide input common-mode
voltage range, high-speed, low quiescent current, and
tiny SOT-23 packaging enable use in a variety of
applications.

Input common-mode and power-supply voltages are
independent and can range from 2.7 V to 40 V for the
INA139 and 2.7 V to 60 V for the INA169. Quiescent
current is only 60 pA, which permits connecting the
power supply to either side of the current
measurement shunt with minimal error.

The device converts a differential input voltage to a
current output. This current is converted back to a
voltage with an external load resistor that sets any
gain from 1 to over 100. Although designed for

current shunt measurement, the circuit invites
creative applications in measurement and level
shifting.

Both the INA139 and INA169 are available in 5-pin
SOT-23 packages, and are specified for the —40°C to
85°C temperature range.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
INA139
SOT-23 (5) 2.90 mm x 1.60 mm
INA169

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration

and Functions

DBV Package
5-Pin SOT-23
Top View

OuT | 1 5 |V+

VIN+ 3 4 VIN—

Pin Functions

e PN G I/0 DESCRIPTION
OouT 1 (0] Output current

GND 2 — Ground

VIN+ 3 | Positive input voltage

VIN- 4 | Negative input voltage

V+ 5 | Power supply voltage
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Ve S | it INA139 -0.3 60 \%
u voltage
PPy g INA169 -0.3 75 \%
) Common mode®@ -0.3 60
Analog inputs, INA139 - - \%
Ve V Differential (Vin+) — (ViND) -40 2
N+ N ) Common mode @ -0.3 75
Analog inputs, INA169 - - \%
Differential (Vin+) — (ViND) -40 2
Analog output, Out® -0.3 40 \Y
Input current into any pin 10 mA
Operating temperature -55 125 °C
T, Junction temperature 150 °C
Tstg Storage temperature -65 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The input voltage at any pin may exceed the voltage shown if the current at that pin is limited to 10mA.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +1000

Vesp)  Electrostatic discharge C'haz%ed device model (CDM), per JEDEC specification JESD22-C101, all 4500 \%
pins
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
INA139
V+ 2.7 5 40 \%
Common mode voltage 2.7 12 40 \
INA169
V+ 2.7 5 60 \%
Common mode voltage 2.7 12 60 \
6.4 Thermal Information
INA1x9
THERMAL METRIC® DBV (SOT-23) UNIT
5 PINS

Raia Junction-to-ambient thermal resistance 168.3 °C/W
Raic(top) Junction-to-case (top) thermal resistance 73.8 °C/W
Reis Junction-to-board thermal resistance 28.1 °C/W
Wit Junction-to-top characterization parameter 25 °C/W
Wig Junction-to-board characterization parameter 27.6 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.5 Electrical Characteristics
All other characteristics at T, = —40°C to 85°C, V. =5V, V|\. = 12V, and Ryt = 25 kQ, unless otherwise noted.

INA139NA INA169NA
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
INPUT
Full-Scale Sense Voltage Vsense = Vine — Vin- 100 500 100 500 mV
Common-Mode Input Range 2.7 40 2.7 60 \%
Vine = 2.7 V 10 40 V, Vgense = 50
N mV
Common-Mode Rejection Vi = 2.7 V 10 60 V, Vegnse = 50 100 115 dB
mV
100 120 dB
Offset Voltage® RTI
+0.2 +1 +0.2 +1 mv
vs Temperature Twmin t0 Twax 1 1 uv/eC
V+ =27V 1040V, Vgense = 50 mV 0.5 10
vs Power Supply, V+ puv/Iv
V+=2.7V1060V, Vsense = 50 mV 0.1 10
Input Bias Current 10 10 HA
OUTPUT
= — 990 1000 1010 990 1000 1010
Transconductance vs Temperature Vsense - 10 mV - 150 mv PAN
Vsense = 10 mV, 10 10 nA/°C
Nonlinearity Error Vsense = 10 mV to 150 mV +0.01% +0.1% +0.01% +0.1%
Total Output Error Vsense = 100 mV +0.5% +2% +0.5% +2%
Output Impedance 15 115 GQ || pF
Swing to Power (V+) — _ _ _
Supply, V+ 0.9 (V+)-1.2 (V+)-09 (V+)-1.2 \%
Voltage Output Swing 1o C v
wing to Common cm ~ _ _ -
Mode, Vem 0.6 Vem =1 Vew — 0.6 Vem—1 Vv
FREQUENCY RESPONSE
. Rour = 10 kQ 440 440 kHz
Bandwidth
Rout = 20 kQ 220 220 kHz
5-V Step, R =10 kQ 25 25 s
Settling Time (0.1%) P. Rour a
5-V Step, Royt = 20 kQ 5 5 us
NOISE
Output-Current Noise Density 20 20 pAHz
Total Output-Current Noise BW = 100 kHz 7 7 nA RMS
POWER SUPPLY
Operating Range, V+ 2.7 40 2.7 60 \%
Quiescent Current Veense =0, 10 =0 60 125 60 125 HA
TEMPERATURE RANGE
Specification, Ty t0 Tyax -40 85 -40 85 °C
Operating -55 125 -55 125 °C
Storage -65 150 —65 150 °C
Thermal Resistance, 035 200 200 °CIW

(1) Defined as the amount of input voltage, Vsense, to drive the output to zero.
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6.6 Typical Characteristics
At T, =25°C,V+=5V, V. =12V, and R, = 125 kQ, unless otherwise noted.

Power-Supply Voltage (V)

Figure 5. Total Output Error vs Power-Supply Voltage

Figure 6. Quiescent Current vs Power-Supply Voltage
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Typical Characteristics (continued)

At T, =25°C, V+ =5V, V, =12V, and R, = 125 kQ, unless otherwise noted.

15V
G =100

0.5V |

1V }
G =100
ov |
20ps/div 10us/div
Figure 7. Step Response Figure 8. Step Response
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7 Detailed Description

7.1 Overview

The INA139 and INA169 devices are comprised of a high voltage, precision operational amplifier, precision thin
film resistors trimmed in production to an absolute tolerance and a low noise output transistor. The INA139 and
INA169 devices can be powered from a single power supply and their input voltages can exceed the power
supply voltage. The INA139 and INA169 devices are ideal for measuring small differential voltages, such as
those generated across a shunt resistor in the presence of large, common-mode voltages. See Functional Block
Diagram, which illustrates the functional components within both the INA139 and INA169 devices.

7.2 Functional Block Diagram

VIN+  VIN- V+

ouT

GND
7.3 Feature Description

7.3.1 Output Voltage Range

The output of the INA139 is a current, which is converted to a voltage by the load resistor, R,. The output current
remains accurate within the compliance voltage range of the output circuitry. The shunt voltage and the input
common-mode and power-supply voltages limit the maximum possible output swing. The maximum output
voltage compliance is limited by the lower of Equation 1 and Equation 2.

Vout max — (V+) -07V- (VIN+ - VIN—) (1)

or
Vout max = Vine — 0.5 V (2

(whichever is lower)

7.3.2 Bandwidth

Measurement bandwidth is affected by the value of the load resistor, R,. High gain produced by high values of
R, will yield a narrower measurement bandwidth (see Typical Characteristics). For widest possible bandwidth,
keep the capacitive load on the output to a minimum. Reduction in bandwidth due to capacitive load is shown in
the Typical Characteristics.
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Feature Description (continued)

If bandwidth limiting (filtering) is desired, a capacitor can be added to the output (see Figure 12). This will not
cause instability.

7.4 Device Functional Modes

For proper operation the INA139 and INA169 devices must operate within their specified limits. Operating either
device outside of their specified power supply voltage range or their specified common-mode range will result in
unexpected behavior and is not recommended. Additionally operating the output beyond their specified limits with
respect to power supply voltage and input common-mode voltage will also produce unexpected results. See
Electrical Characteristics for the device specifications.
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8 Application and Implementation

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

8.1 Application Information

8.1.1 Operation

Figure 9 illustrates the basic circuit diagram for both the INA139 and INA169. Load current |5 is drawn from
supply Vg through shunt resistor Rg. The voltage drop in shunt resistor Vg is forced across Rg; by the internal
operational amplifier, causing current to flow into the collector of Q1. The external resistor R, converts the output
current to a voltage, Vo, at the OUT pin.

The transfer function for the INA139 is given by Equation 3:
lo = gm(Vine = Vino) (3)

where g,,, = 1000 pA/V.

In the circuit of Figure 9, the input voltage, (V\y+ — Vino), iS equal to Is x Rg and the output voltage, Voyr, is equal
to I x R. The transconductance, g,,, of the INA139 is 1000 pA/V. The complete transfer function for the current
measurement amplifier in this application is given by Equation 4:

Vour = (Is) (Rs) (1000 pA/V) (R\) (4)
The maximum differential input voltage for accurate measurements is 0.5 V, which produces a 500-pA output
current. A differential input voltage of up to 2 V will not cause damage. Differential measurements (pins 3 and 4)

must be unipolar with a more-positive voltage applied to pin 3. If a more-negative voltage is applied to pin 3, the
output current, lg, is zero, but it will not cause damage.

Ve
Load Power Supply
+2.7V to 40V(")
Shunt
—
[ o
. WA
V+ power can be | Vine Vin-
commonor | 3 4
independent of /4 Load
load supply. Raq % % Ras
1kQ 1kQ
2.7V < (V+) < 40V() 1
5 + —
Q1
ouT
VOLTAGE GAIN EXACT R, (Q) NEAREST 1% R, (Q) INA139 > 1 - ?
lo
1 1k 1k R Vo
2 2k 2k
5 5k 4.99k o
10 10k 10k
20 20k 20k =
50 50k 49k
100 100k 100k NOTE: (1) Maximum V,, and V+ voltage is 60V with the INA169.
Figure 9. Basic Circuit Connections
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8.2 Typical Applications

The INA139 is designed for current shunt measurement circuits, as shown in Figure 9, but its basic function is
useful in a wide range of circuitry. A creative engineer will find many unforeseen uses in measurement and level
shifting circuits. A few ideas are illustrated in Figure 14 through Figure 18.

8.2.1 Buffering Output to Drive an ADC

___.__\/\/\/\_____.

INA139

Buffer of amp drives the A/D converter
without affecting gain.

Figure 10. Buffering Output to Drive the A/D Converter

8.2.1.1 Design Requirements
Digitize the output of the INA139 or INA169 devices using a 1-MSPS analog-to-digital converter (ADC).

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Selecting Rgand R,

In Figure 9 the value chosen for the shunt resistor, Rg, depends on the application and is a compromise between
small-signal accuracy and maximum permissible voltage loss in the measurement line. High values of Rg provide
better accuracy at lower currents by minimizing the effects of offset, while low values of Rg minimize voltage loss
in the supply line. For most applications, best performance is attained with an Rg value that provides a full-scale
shunt voltage of 50 mV to 100 mV; maximum input voltage for accurate measurements is 500 mV.

R, is chosen to provide the desired full-scale output voltage. The output impedance of the INA139 and INA169
OUT terminal is very high, which permits using values of R, up to 100 kQ with excellent accuracy. The input
impedance of any additional circuitry at the output must be much higher than the value of RL to avoid degrading
accuracy.

Some Analog-to-Digital converters (ADC) have input impedances that will significantly affect measurement gain.
The input impedance of the ADC can be included as part of the effective R if its input can be modeled as a
resistor to ground. Alternatively, an operational amplifier can be used to buffer the ADC input, as shown in
Figure 10. The INA139 and INA169 are current output devices, and as such have an inherently large output
impedance. The output currents from the amplifier are converted to an output voltage through the load resistor,
R, connected from the amplifier output to ground. The ratio of the load resistor value to that of the internal
resistor value determines the voltage gain of the system.

In many applications digitizing the output of the INA139 or INA169 devices is required. This is accomplished by
connecting the output of the amplifier to an ADC. It is very common for an ADC to have a dynamic input
impedance. If the INA139 or INA169 output is connected directly to an ADC input, the input impedance of the
ADC is effectively connected in parallel with the gain setting resistor R,. This parallel impedance combination will
affect the gain of the system and the impact on the gain is difficult to estimate accurately. A simple solution that
eliminates the paralleling of impedances, simplifying the gain of the circuit is to place a buffer amplifier, such as
the OPA340, between the output of the INA139 or INA169 devices and the input to the ADC.
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Typical Applications (continued)

Figure 10 illustrates this concept. A low pass filter can be placed between the OPA340 output and the input to
the ADC. The filter capacitor is required to provide any instantaneous demand for current required by the input
stage of the ADC. The filter resistor is required to isolate the OPA340 output from the filter capacitor to maintain
circuit stability. The values for the filter components will vary according to the operational amplifier used for the
buffer and the particular ADC selected. More information can be found regarding the design of the low pass filter
in the TI Precision Design 16-bit 1-MSPS Data Acquisition Reference Design for Single-Ended Multiplexed
Applications, TIPD173.

Figure 11 shows the expected results when driving an analog-to-digital converter at 1 MSPS with and without
buffering the INA139 or INA169 output. Without the buffer, the high impedance of the INA139 or INA169 will
react with the input capacitance and sample and hold (S/H) capacitance of the analog-to-digital converter and will
not allow the S/H to reach the correct final value before it is reset and the next conversion starts. Adding the
buffer amplifier significantly reduces the output impedance driving the S/H and allows for higher conversion rates
than can be achieved without adding the buffer.

8.2.1.3 Application Curve

— with buffer
oottt U | — without Buffer

Input to ADC (0.25 V/div)

Time

Figure 11. Driving an ADC With and Without a Buffer

8.2.2 Output Filter

- \/\/\/\ -

3 4 H
f 308

P
38~ 27R.C,

INA139

Figure 12. Output Filter

8.2.2.1 Design Requirements
Filter the output of the INA139 or INA169 devices.

8.2.2.2 Detailed Design Procedure

A low-pass filter can be formed at the output of the INA139 or INA169 devices simply by placing a capacitor of
the desired value in parallel with the load resistor. First determine the value of the load resistor needed to
achieve the desired gain. See the table in Figure 9. Next, determine the capacitor value that will result in the
desired cutoff frequency according to the equation shown in Figure 12. Figure 13 illustrates various combinations
of gain settings (determined by R,) and filter capacitors.
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Typical Applications (continued)
8.2.2.3 Application Curve

40
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Nl R, =100kQ
30 \\
R, = 10kQ \
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m N
° N\
- 10 N
©
] R, = 1kQ N
0 il
\§§\
\\
-10
-20
100 1k 10k 100k 1M 10M

Frequency (Hz)

Figure 13. Gain vs Frequency

8.2.3 Offsetting the Output Voltage

For many applications using only a single power supply it may be required to level shift the output voltage away
from ground when there is no load current flowing in the shunt resistor. Level shifting the output of the INA139 or
INA169 devices is easily accomplished by one of two simple methods shown in Figure 14. The method on the
left hand side of Figure 14 illustrates a simple voltage divider method. This method is useful for applications that
require the output of the INA138 or INA168 devices to remain centered with respect to the power supply at zero
load current through the shunt resistor. Using this method the gain is determine by the parallel combination of R;
and R, while the output offset is determined by the voltage divider ratio R; and R,. For applications that may
require a fixed value of output offset, independent of the power supply voltage, the current source method shown
on the right-hand side of Figure 14 is recommended. With this method a REF200 constant current source is used
to generate a constant output offset. Using his method the gain is determined by R, and the offset is determined
by the product of the value of the current source and R, .

3 4 Vg 3 4 V+
REF200
INA139 INA139 100pA
V
1 o
Gain Set by R, || R, Gain Set by R,
_ (VRIR, Output Offset = (100pA)(R,)
Output Offset = R, +R, (independent of V+)
a) Using resistor divider. b) Using current source.
Figure 14. Offsetting the Output Voltage
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Typical Applications (continued)

8.2.4 Bipolar Current Measurement

The INA139 or INA169 devices can be configured as shown in Figure 15 in applications where measuring current
bi-directionally is required. Two INA devices are required connecting their inputs across the shunt resistor as
shown in Figure 15. A comparator, such as the TLV3201, is used to detect the polarity of the load current. The
magnitude of the load current is monitored across the resistor connected between ground and the connection
labeled Output. In this example the 20-kQ resistor results in a gain of 20 V/V. The 10-kQ resistors connected in
series with the INA139 or INA169 output current are used to develop a voltage across the comparator inputs.
Two diodes are required to prevent current flow into the INA139 or INA169 output, as only one device at a time is
providing current to the Output connection of the circuit. The circuit functionality is illustrated in Figure 16.

+-1 A
Load Curent
—_—
«—
RsH
1Q

N

VIN+ VIN- VIN- VIN+

Vc‘)?;tU;ge E % Load
— Current
1k0 ;1 o 1 kQ% 1KQ urren

' N—— — 1 '
B T ) ) J; h
[ L
INA139 INA139
or ouT ouT or
INA169 GND GND  INA169
+ 1N4148 1N4148 +
+\
_ﬁ_ Sign
—T1 TLV3201
10 kQ 10 kQ
L 4 L 4 Output
20kQ

Figure 15. Bipolar Current Measurement
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Typical Applications (continued)
8.2.4.1 Application Curve

' ' ' ' ' ' —— Load Current
- - 7 -7--7--7--7-|— Output
| | | | | | Sign

Voltage

Time

Figure 16. Bipolar Current Measurement Results (Arbitrary Scale)

8.2.5 Bipolar Current Measurement Using a Differential Input of the A/D Converter

The INA139 or INA169 devices can be used with an ADC such as the ADS7870 programmed for differential
mode operation. Figure 17 illustrates this configuration. In this configuration, the use of two INAs allows for bi-
directional current measurement. Depending upon the polarity of the current, one of the INAs will provide an

output voltage while the other output is zero. In this way the ADC will read the polarity of current directly, without
the need for additional circuitry.

-
B
4 3 3 4
+5V
oV % % % % oy T REF, BUF, BUF,
out IN ouT
7 5] 5 7 [
-t - REF J ,
Digital
110
|
INA139 INA139

12-Bit

1 12 12 1 MUX AD

- - Converter
Rp ,_:
25kQ RL

25kQ Clock Serial

= Divider 10

- Oscillator ADS7870
The A/D converter is programmed for differential input. |

Depending on the polarity of the current, one INA139 provides |
an output voltage whereas the output of the other is zero. =

Figure 17. Bipolar Current Measurement Using a Differential Input of the A/D Converter
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Typical Applications (continued)

8.2.6 Multiplexed Measurement Using Logic Signal for Power

Multiple loads can be measured as illustrated in Figure 18. In this configuration each INA139 or INA169 device is

powered by the Digital I/O from the ADS7870. Multiplexing is achieved
I/O.

by switching on or off each the desired

Other INA169s
. . Digital I/O on the ADS7870 provides power to
select the desired INA169. Diodes prevent
output current of an on INA169 from flowing
INA169 into an off INA169.
+
M Ve
+5V
T REFqoyr BUF BUF oyt
N 9 | |
- REF J b
Digital
110
/\/\/\/ A INA169
V+
12-Bit
_N_< MUX A/D
Converter
JT— 1N4148
——
(?I9ck Serial
Divider
% R, ; /0
Oscillator ADS7870
I
A1 1 I

Figure 18. Multiplexed Measurement Using Logic Signal for Power

9 Power Supply Recommendations

The input circuitry of the INA139 can accurately measure beyond its power-supply voltage, V+. For example, the
V+ power supply can be 5 V, whereas the load power supply voltage is up to 40 V (or 60 V with the INA169).
However, the output voltage range of the OUT terminal is limited by the lesser of the two voltages (see Output
Voltage Range). TI recommends placing a 0.1-pF capacitor near the V+ pin on the INA139 or INA169. Additional

capacitance may be required for applications with noisy supply voltages.
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10 Layout

10.1 Layout Guidelines

Figure 19 shows the basic connection of the INA139. The input pins, V,y: and V,y_, must be connected as closely
as possible to the shunt resistor to minimize any resistance in series with the shunt resistance. The output
resistor, R, is shown connected between pin 1 and ground. Best accuracy is achieved with the output voltage
measured directly across R, . This is especially important in high-current systems where load current could flow in
the ground connections, affecting the measurement accuracy.

No power-supply bypass capacitors are required for stability of the INA139. However, applications with noisy or
high-impedance power supplies may require decoupling capacitors to reject power-supply noise; connect the
bypass capacitors close to the device pins.

10.2 Layout Example

O  VIAto Ground Plane

INA139
INA169

Output Supply Voltage

0.1 uF

To Bus To Load
Voltage
Figure 19. Typical Layout Example
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11 Device and Documentation Support

11.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 1. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
INA139 Click here Click here Click here Click here Click here
INA169 Click here Click here Click here Click here Click here

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 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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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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