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5 Related Products
DEVICE DESCRIPTION
INA250 36-V, Low- or High-Side, Bidirectional, Zero-Drift Current-Shunt Monitor with Precision Integrated Shunt Resistor
INA226 High-Side or Low-Side Measurement, Bi-Directional Current and Power Monitor with 1°C Compatible Interface
INA230 High- or Low-Side Measurement, Bidirectional Current/Power Monitor with 12C Interface
mﬁgig mﬁié INAZ12, INA213, Voltage Output, Low- or High-Side Measurement, Bidirectional, Zero-Drift Series, Current-Shunt Monitors
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6 Pin Configuration and Functions

PW Package
16-Pin TSSOP
Top View
r
O
N [ ]2 o
IN+ 2 15 IN—
IN+ C 3 14 : IN—
Al 4 13 NC
A0 5 12 VBUS
GND 6 11 GND
ALERT 7 10 VS
SDA 8 9 SCL
\
Not to scale
Pin Functions
PIN
/10 DESCRIPTION
NAME NO.
A0 5 Digital input Address pin. Connect to GND, SCL, SDA, or VS. % 2 shows pin settings and corresponding addresses.
Al 4 Digital input Address pin. Connect to GND, SCL, SDA, or VS. % 2 shows pin settings and corresponding addresses.
ALERT 7 Digital output | Multi-functional alert, open-drain output.
GND 6, 11 Analog Ground pin for both analog and digital circuits.
IN+ 1,2,3 Analog input Connect to supply for high side current sensing or to load ground for low side sensing.
IN- 14, 15, 16 Analog input Connect to load for high side current sensing or to board ground for low side sensing.
NC 13 — No internal connection. Can be grounded or left floating.
SCL 9 Digital input Serial bus clock line input.
SDA 8 Digital I/O Serial bus data line, open-drain input/output.
VBUS 12 Analog input Bus voltage monitor input.
VS 10 Analog Power supply input, connect a 2.7 V to 5.5 V supply to this pin.
4 Copyright © 2016, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Analog input current Continuous Conduction +15 A
Analog inputs: IN+, IN— Common-mode (Vin+ + Vino) 1 2 -0.3 40 \
Supply, VS 6
VBUS pin -0.3 40
Voltage \%
SDA, SCL, ALERT -0.3 6
Address Pins, A0, Al -0.3 VS + 0.3
Open-drain digital output current, loyt 10 mA
Junction, T 150
Temperature °C
Storage, Tsyg -65 150

(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.

7.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000
Viesp)  Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22-C101? | +1000 v
(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.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vem Common-mode input voltage 0 36 \%
VS Operating supply voltage 2.7 55 \%
Ta Operating free-air temperature -40 125 °C
7.4 Thermal Information
INA260
THERMAL METRIC® PW (TSSOP) UNIT
16 PINS
Roia Junction-to-ambient thermal resistance 115.6 °C/W
Rojctop) Junction-to-case (top) thermal resistance 50.1 °C/W
Ross Junction-to-board thermal resistance 46.8 °C/W
T Junction-to-top characterization parameter 3.3 °C/W
ViR Junction-to-board characterization parameter 46.5 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance N/A °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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7.5 Electrical Characteristics
at Tp =25°C, VS =3.3V, Ve =12V, Veense = (Vine — Vine) = 0 mV and Vygys = 12 V (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
INPUT
Vewm Common-mode input range 0 36 Y
Bus voltage input range® 0 36 v
CMRR Common-mode rejection OVSVpn:+£36V 0 150 AN
los Current sense offset, RTI® +1.25 +5 mA
Current sense offset drift, RTI@ —40°C < T < 125°C 1 50| pA/rC
PSRR Ssugg\?vzfiﬁ%&ﬁset voltage, RTI® |, 2\, s <55V 16 3| mAvV
Vos Bus offset voltage, RTI? +1.25 £75 mv
gr’rfp%fgfsr‘éo'tage' RTI® vs —40°C < Tp < 125°C 0.6 40| pvrc
PSRR SBLLJJ;pcI);fset voltage, RTI® vs power 15 iy
Ig Input bias current (Ijn+, Iin- pINS) (IN+ pin) + (IN= pin), Isensg = OA 17 HA
VBUS input impedance 830 kQ
Input leakage ® gg‘v;e‘:iz)o\jvr(‘lwn;g:)’ 0.1 0.5 HA
DC ACCURACY
Isense = —15 A to 15 A, Tp = 25°C 0.02% 0.15%
System current sense gain error I_ngosCE ; '_riospl\;g}g A 0.2% 0.5%
—40°C < Ty < 125°C 10 35| ppm/°C
Vgus =0V 10 36 V, T = 25°C 0.02% 0.1%
Bus voltage gain error \—/zgf’sczso'l}:? f§5\°/c 0.1% 0.4%
—40°C < T, < 125°C 15 40| ppm/°C
INTEGRATED ADC
ADC native resolution 16 Bits
Current 1.25 mA
1-LSB step size Bus voltage 1.25 mVv
Power 10 mw
CT bit = 000 140 154
CT bit = 001 204 224
CT bit = 010 332 365 He
tet ADC conversion time 1 b!t =oul °88 646
CT bit = 100 1.1 1.21
CT bit=101 2.116 2.328
CT bit = 110 4.156 4.572 ms
CT bit=111 8.244 9.068
Differential nonlinearity +0.1 LSB
INTEGRATED SHUNT
Package resistance IN+ to IN— 4.5 mQ
Maximum continuous current —40°C < Tp <85°C +15 A
Short time overload change Isense = 30 A for 5 seconds +0.05%

(1) Although the input range is 36 V, the full-scale range of the ADC scaling is 40.96 V; see the Basic ADC Functions section. Do not apply
more than 36 V.

(2) RTI = Referred-to-input.

(3) Input leakage is positive (current flowing into the pin) for the conditions shown at the top of this table. Negative leakage currents can
occur under different input conditions.

6 Copyright © 2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

at T, =25°C, VS =33V, Vin: =12V, Vgense = (Vine — Vi) = 0 mV and Vygys = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Change due to thermal shock —65°C < Tp < 150°C, 500 cycles +0.1%

Resistance change to solder heat 260°C solder, 10 s +0.1%

High temperature exposure change 1000 hours, Tp = 150°C +0.15%

Cold temperature storage change 24 hours, Tp = -65°C +0.025%
SMBus

SMBus timeout® 28 35 ms
DIGITAL INPUT/OUTPUT

Input capacitance 3 pF

0V <Vgc £VS,0V<=Vgpp VS,
Leakage input current OV ESVpoErTSVS, 0V SV, oS VS, 0.1 1 HA
0V <Vp VS

Viy High-level input voltage 0.7 x VS 6 \%
Vi Low-level input voltage 0 0.3 xVS \%
VoL IAOLVI;-FI;eT\/eI output voltage, SDA, lo, = 3 MA 0 0.4 v

SDA, SCL Hysteresis 500 mVv
POWER SUPPLY

Operating supply range 2.7 5.5 Y
lo Quiescent current 310 420 HA

Quescent st power-doun 0s 2w
Vpor Power-on reset threshold 2 \

(4) SMBus timeout in the INA260 resets the interface any time SCL is low for more than 28 ms.

RN © 2016, Texas Instruments Incorporated
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7.6 Typical Characteristics
At T, =25°C,VS =33V, Ve =12V, Vgense = (Vine — Vino) = 0 mV and Vygys = 12 V, unless otherwise noted.
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Typical Characteristics (T X)

At T, =25°C, VS =33V, Viy: =12V, Vgense = (Vine — Vi) = 0 mV and Vygys = 12 V, unless otherwise noted.
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Typical Characteristics (T X)

At T, =25°C, VS =33V, Viy: =12V, Vgense = (Vine — Vi) = 0 mV and Vygys = 12 V, unless otherwise noted.

0 N 20
//
-10 1
16
-20 A ’<;
o = 12
° €
c —30 g
£ =
o © g
-40 t .g
-50 4
-60 0
1 10 100 Tk 10k 100k 0 4 8 12 16 20 24 28 32 36
Frequency (Hz) Goot Common-Mode Voltage (V)
13. Frequency Response 14. Input Bias Current vs Common-Mode Voltage (Both
Inputs, IN+ and IN-)
20 2000
9 600 ’
1 :(; 1 .
- | | :
i(% 18 * g 1200 .
= ¢ 5 .
3 . £
£ 17 e 800 .
3 i - .
O c
%) [ y
3 = /
o 1 4
o 16 3 00 /
3
15 o of
14 -400
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature (T) Temperature (T)
15. Input Bias Current vs Temperature (Both Inputs, IN+ 16. Input Bias Current vs Temperature, Shutdown (Both
and IN-) Inputs, IN+ and IN-)
420 4.8
<
390 — R
< /' : y
= 360 g 32 .
c = L]
< [ .
3 330 / 2 24 .
=) 3 L}
2 300 ,/ g 16
>
3 / g .
P 4 /
270 | £ 08 /
s o e
240 0
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature (C) Temperature (T)
17. Active I vs Temperature 18. Shutdown g vs Temperature
10

WX © 2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ina260?qgpn=ina260
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
INA260
www.ti.com.cn ZHCSFWOC —JULY 2016—REVISED DECEMBER 2016
Typical Characteristics (T R)
At T, =25°C, VS =33V, Viy: =12V, Vgense = (Vine — Vi) = 0 mV and Vygys = 12 V, unless otherwise noted.
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8 Detailed Description

8.1 Overview

The INA260 is an integrated shunt digital current sense amplifier with an 1°C- and SMBus-compatible interface. It
provides digital current, voltage, and power readings necessary for accurate decision-making in precisely-
controlled systems. Programmable registers allow flexible configuration for conversion times as well as
continuous-versus-triggered operation. Detailed register information appears at the end of this data sheet,
beginning with ¥ 4. See the Functional Block Diagram section for a block diagram of the INA260 device.

8.2 Functional Block Diagram

IN+ VBUS VS
. SDA_
- SCL
Power Register -
._I_o v / I°C or SMBus
\ . - Compatible
% ! ADC 0/9— Current Register Interface
|
o | . . ALERT
Voltage Register l
- ] a0
Alert Register » Al
IN- GND

8.3 Feature Description

8.3.1 Integrated Shunt Resistor

The INA260 features a precise, low-drift, current-sensing resistor to allow for precision measurements over the
entire specified temperature range of —40°C to +125°C. The integrated current-sensing resistor ensures
measurement stability over temperature as well as simplifying printed-circuit board (PCB) layout difficulties
common in high precision current sensing measurements.

The onboard current-sensing resistor is designed as a 4-wire (or Kelvin) connected resistor that enables accurate
measurements through a force-sense connection. The Kelvin connections to the shunt are done internally
eliminating many of the parasitic impedances commonly found in typical very-low sensing-resistor level
measurements. Although the shunt resistor can be accessed through the IN+ and IN- pins, this resistor is not
intended to be used as a stand-alone component. The INA260 is internally calibrated to ensure that the current-
sensing resistor and current-sensing amplifier are both precisely matched to one another.

The INA260 has approximately 4.5 mQ of total resistance between the IN+ and IN- pins. 2 mQ of this total
package resistance is a precisely-controlled resistance from the Kelvin-connected current-sensing resistor used
by the internal analog to digital converter (ADC). The power dissipation requirements of the system and package
are based on the total 4.5-mQ package resistance. The heat dissipated across the package when current flows
through the device ultimately determines the maximum current that can be safely handled by the package. The
current consumption of the silicon is relatively low, leaving the total package resistance carrying the high load
current as the primary contributor to the total power dissipation of the package. The maximum safe-operating
current level is set to ensure that the heat dissipated across the package is limited so that no damage to the
resistor or the package itself occurs or that the internal junction temperature of the silicon does not exceed a
150°C limit.

12 X © 2016, Texas Instruments Incorporated
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Feature Description (3T )

External factors (such as ambient temperature, external air flow, and PCB layout) can contribute to how
effectively the heat developed as a result of the current flowing through the total package resistance can be
removed from within the device. Under the conditions of no air flow, a maximum ambient temperature of 85°C,
and 1-oz. copper input power planes, the INA260 can accommodate continuous current levels up to 15 A. As
shown in 21, the current handling capability is derated at temperatures above the 85°C level with safe
operation up to 10 A at a 125°C ambient temperature. With air flow and larger 2-0z. copper input power planes,
the INA260 can safely accommodate continuous current levels up to 15 A over the entire —40°C to +125°C
temperature range.

20

17.5

125 \

/7

=
o

Maximum Continuous
Current (A)

7.5

&

-50 -25 0 25 50 75 100 125 150
Temperature (°C)

21. Maximum Current vs Temperature

8.3.2 Over-Current Capability

The INA260 features a physical shunt resistance that is able to withstand current levels higher than the
continuous handling limit of 15 A without sustaining damage to the current-sensing resistor or the current-sensing
amplifier if the excursions are very brief. 22 shows the maximum overload current versus time curve for the
INA260.

CAUTION

Operation at or above this curve, 22, can result in device damage or permanent
erroneous current readings.

LN
N

o]
o

o
o
/

Current (A)

N

/

20

0.1 1 10 100
Time (s)

T, = 25°C

22. Maximum Overload Current vs Time
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Feature Description (3T )
8.3.3 Basic ADC Functions

The INA260 device performs two measurements on the power-supply bus of interest. The current which is
internally calculated by measuring the voltage developed across a known internal shunt resistor, and the power
supply bus voltage from the external VBUS pin to ground.

The device is typically powered by a separate supply that can range from 2.7 V to 5.5 V. The bus that is being
monitored can range in voltage from 0 V to 36 V. Based on the fixed 1.25-mV LSB for the Bus Voltage Register
that a full-scale register results in a 40.96 V value.

x
Do not apply more than 36 V of actual voltage to the input pins.

There are no special considerations for power-supply sequencing because the common-mode input range and
power-supply voltage are independent of each other; therefore, the bus voltage can be present with the supply
voltage off, and vice-versa.

The device has two operating modes, continuous and triggered, that determine how the ADC operates following
these conversions. When the device is in the normal operating mode (that is, MODE bits of the Configuration
Register (00h) are set to '111"), it continuously converts an internal shunt voltage reading followed by a bus
voltage reading. After the measurement of the internal shunt voltage reading, the current value is calculated. This
current value is then used to calculate the power result. These values are subsequently stored in an
accumulator, and the measurement/calculation sequence repeats until the number of averages set in the
Configuration Register (00h) is reached. Following every sequence, the present set of values, measured and
calculated, are appended to previously collected values. After all of the averaging has been completed, the final
values for bus voltage, current, and power are updated in the corresponding registers that can then be read.
These values remain in the data output registers until they are replaced by the next fully completed conversion
results. Reading the data output registers does not affect a conversion in progress.

The mode control in the Configuration Register (O0h) also permits selecting modes to convert only the current or
the bus voltage in order to further allow the user to configure the monitoring function to fit the specific application
requirements.

In triggered mode, writing any of the triggered convert modes into the Configuration Register (00h) (that is,
MODE bits of the Configuration Register (00h) are set to ‘001’, ‘010’, or ‘011’) triggers a single-shot conversion.
This action produces a single set of measurements; thus, to trigger another single-shot conversion, the
Configuration Register (00h) must be written to a second time, even if the mode does not change.

In addition to the two operating modes (continuous and triggered), the device also has a power-down mode that
reduces the quiescent current and turns off current into the device inputs, reducing the impact of supply drain
when the device is not being used. Full recovery from power-down mode requires 40 us. The registers of the
device can be written to and read from while the device is in power-down mode. The device remains in power-
down mode until one of the active modes settings are written into the Configuration Register (00h) .

Although the device can be read at any time, and the data from the last conversion remain available, the
Conversion Ready flag bit (Mask/Enable Register, CVRF bit) is provided to help coordinate one-shot or triggered
conversions. The Conversion Ready flag (CVRF) bit is set after all conversions, averaging, and multiplication
operations are complete.

The Conversion Ready flag (CVRF) bit clears under these conditions:
» Writing to the Configuration Register (00h), except when configuring the MODE bits for power-down mode; or
» Reading the Mask/Enable Register (06h)

8.3.3.1 Power Calculation

The power is calculated following current and bus voltage measurements; see B 23. Calculations for both the
current and power are performed in the background and do not add to the overall conversion time. These current
and power values are considered intermediate results (unless the averaging is set to 1) and are stored in an
internal accumulation register, not the corresponding output registers. Following every measured sample, the
newly-calculated values for current and power are appended to this accumulation register until all of the samples
have been measured and averaged based on the number of averages set in the Configuration Register (00h).
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Feature Description (3T )

Current Limit Detect Following Bus and Power Limit Detect
Every Shunt Voltage Conversion Following Every Bus Voltage Conversion

ulmulwullﬂulmulmulwumuwlumluwluwlumluwuwuwum
L e e e 3 G 1 [ G

| Power Average |

| Bus Voltage Average |

| Current Average |

NOTE: | = current, V = voltage, and P = power.

23. Power Calculation Scheme

In addition to the current and power accumulating after every sample, the bus voltage measurement is also
collected. After all of the samples have been measured and the corresponding current and power calculations
have been made, the accumulated average for each of these parameters is then loaded to the corresponding
output registers, where they can be read.

8.3.3.2 ALERT Pin

The INA260 has a single Alert Limit Register (07h), that allows the ALERT pin to be programmed to respond to a
single user-defined event or to a Conversion Ready notification if desired. The Mask/Enable Register allows the
user to select from one of the five available functions to monitor as well as setting the Conversion Ready bit to
control the response of the ALERT pin. Based on the function being monitored, enter a value into the Alert Limit
Register to set the corresponding threshold value that asserts the ALERT pin.

The ALERT pin allows for one of several available alert functions to be monitored to determine if a user-defined
threshold has been exceeded. The five alert functions that can be monitored are:

e Shunt Over Current-Limit (OCL)
e Shunt Under Current-Limit (UCL)
e Bus Voltage Over-Limit (BOL)

e Bus Voltage Under-Limit (BUL)

e Power Over-Limit (POL)

The ALERT pin is an open-drain output. This pin is asserted when the alert function selected in the Mask/Enable
Register exceeds the value programmed into the Alert Limit Register. Only one of these alert functions can be
enabled and monitored at a time. If multiple alert functions are enabled, the selected function in the highest
significant bit position takes priority and responds to the Alert Limit Register value. For example, if the shunt over
and under current limit functions are both selected, the Alert pin asserts when the shunt current exceeds the
value in the Alert Limit Register.

The Conversion Ready state of the device can also be monitored at the ALERT pin to inform the user when the
device has completed the previous conversion and is ready to begin a new conversion. Conversion Ready can
be monitored at the ALERT pin along with one of the alert functions. If an alert function and the Conversion
Ready are both enabled to be monitored at the ALERT pin, after the ALERT pin is asserted, the Mask/Enable
Register must be read following the alert to determine the source of the alert. By reading the Conversion Ready
Flag (CVRF, bit 3), and the Alert Function Flag (AFF, bit 4) in the Mask/Enable Register, the source of the alert
can be determined. If the Conversion Ready feature is not desired and the CNVR bit is not set, the ALERT pin
only responds to an exceeded alert limit based on the alert function enabled.

If the alert function is not used, the ALERT pin can be left floating without impacting the operation of the device.
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Feature Description (3T )

Refer to 23 to see the relative timing of when the value in the Alert Limit Register is compared to the
corresponding converted value. For example, if the alert function that is enabled is Shunt Overcurrent-Limit
(OCL), following every shunt current conversion the value in the Alert Limit Register is compared to the
measured shunt voltage to determine if the measurements has exceeded the programmed limit. The AFF, bit 4 of
the Mask/Enable Register, asserts high any time the measured voltage exceeds the value programmed into the
Alert Limit Register. In addition to the AFF being asserted, the Alert pin is asserted based on the Alert Polarity Bit
(APOL, bit 1 of the Mask/Enable Register). If the Alert Latch is enabled, the AFF and Alert pin remain asserted
until either the Configuration Register (00h) is written to or the Mask/Enable Register is read.

The Bus Voltage alert functions compare the measured bus voltage to the Alert Limit Register following every
bus voltage conversion and assert the AFF bit and ALERT pin if the limit threshold is exceeded.

The Power Over-Limit alert function is also compared to the calculated power value following every bus voltage
measurement conversion and asserts the AFF bit and ALERT pin if the limit threshold is exceeded.

8.4 Device Functional Modes

8.4.1 Averaging and Conversion Time Considerations

The INA260 device offers programmable conversion times (tc7) for both the shunt current and bus voltage
measurements. The conversion times for these measurements can be selected from as fast as 140 us to as long
as 8.244 ms. The conversion time settings, along with the programmable averaging mode, allow the device to be
configured to optimize the available timing requirements in a given application. For example, if a system requires
that data be read every 5 ms, the device could be configured with the conversion times set to 588 ps for both
shunt and bus voltage measurements and the averaging mode set to 4. This configuration results in the data
updating approximately every 4.7 ms. The device could also be configured with a different conversion time
setting for the shunt and bus voltage measurements. This type of approach is common in applications where the
bus voltage tends to be relatively stable. This situation allows reduced time focused on the bus voltage
measurement relative to the shunt voltage measurement. The shunt voltage conversion time could be set to
4.156 ms with the bus voltage conversion time set to 588 us and with the averaging mode set to 1. This
configuration also results in data updating approximately every 4.7 ms.

There are trade-offs associated with the settings for conversion time and the averaging mode used. The
averaging feature can significantly improve the measurement accuracy by effectively filtering the signal. This
approach allows the device to reduce any noise in the measurement that may be caused by noise coupling into
the signal. A greater number of averages enables the device to be more effective in reducing the noise
component of the measurement.

The conversion times selected can also have an impact on the measurement accuracy. 24 shows multiple
conversion times to illustrate the impact of noise on the measurement. To achieve the highest accuracy
measurement possible, use a combination of the longest allowable conversion times and highest number of
averages, based on the timing requirements of the system.

I | Conversion Time: 140us 1 ]

T T
Conversion Time: 1.1ms

5mA/div

Conversion Time: 8.244ms

0 200 400 600 800 1000
Number of Conversions

24. Noise vs Conversion Time
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8.5 Programming

8.5.1 Calculating Returned Values

The LSB size for the Bus Voltage Register (02h), Current Register, and Power Register are fixed and are shown
in & 1. To calculate any of the values for current, voltage or power take the decimal value returned by the device
and multiply that value by the LSB size. For example, the LSB for the bus voltage is 1.25 mV/bit, if the device
returns a decimal value of 9584 (2570h), the value of the bus voltage is calculated to be
1.25 mV x 9584 = 11.98 V. Because the INA260 supports current measurements in either direction, the returned
value for negative currents (currents flowing from IN- to IN+) is represented in two's complement format.
Returned values for power will always be positive even when the current is negative.

£ 1. Calculating Current and Power®

REGISTER NAME ADDRESS CONTENTS DEC LSB VALUE

Current Register 01lh 2710h 10000 1.25 mA 125 A

Bus Voltage Register 02h 2570h 9584 1.25 mV 1198V
Power Register 03h 3A7Fh 14975 10 mW 149.75 W

(1) Conditions: Load = 12.5 A, Vg = 11.98 V.

8.5.2 Default Settings

The default power-up states of the registers are shown in the Register Maps section of this data sheet. These
registers are volatile, and if programmed to a value other than the default values shown in 3k 4, they must be re-
programmed at every device power-up.

8.5.3 Communications Bus Overview

The INA260 offers compatibility with both 12C and SMBus interfaces. The I°C and SMBus protocols are
essentially compatible with one another.

The I?C interface is used throughout this data sheet as the primary example, with SMBus protocol specified only
when a difference between the two systems is discussed. Two lines, SCL and SDA, connect the device to the
bus. Both SCL and SDA connect to the bus and require external pullup resistors.

The device that initiates a data transfer is called a master, and the devices controlled by the master are slaves.
The bus must be controlled by a master device that generates the serial clock (SCL), controls the bus access,
and generates START and STOP conditions. The SCL pin on the INA260 is an input only and will not stretch the
clock by holding the clock line low.

To address a specific device, the master initiates a start condition by pulling the data signal line (SDA) from a
high to a low logic level while SCL is high. All slaves on the bus shift in the slave address byte on the rising edge
of SCL, with the last bit indicating whether a read or write operation is intended. During the ninth clock pulse, the
slave being addressed responds to the master by generating an Acknowledge and pulling SDA low.

Data transfer is then initiated and eight bits of data are sent, followed by an Acknowledge bit. During data
transfer, SDA must remain stable while SCL is high. Any change in SDA while SCL is high is interpreted as a
start or stop condition.

After all data have been transferred, the master generates a stop condition, indicated by pulling SDA from low to
high while SCL is high. The device includes a 28-ms timeout on its interface to prevent locking up the bus.

8.5.3.1 Serial Bus Address

To communicate with the device, the master must first address the INA260 through a slave address byte. The
slave address byte consists of seven address bits and a direction bit that indicates whether the action is to be a
read or write operation.

The device has two address pins, A0 and Al that can be connected to GND, VS, SCL or SDA to set the desired
address. 3 2 lists the pin connections for each of the 16 possible addresses. The device samples the state of
pins A0 and Al on every bus communication in order to establish the pin states before any activity on the
interface occurs.
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& 2. Address Pins and Slave Addresses

Al AO SLAVE ADDRESS
GND GND 1000000
GND VS 1000001
GND SDA 1000010
GND SCL 1000011

VS GND 1000100

VS VS 1000101

VS SDA 1000110

VS SCL 1000111
SDA GND 1001000
SDA VS 1001001
SDA SDA 1001010
SDA SCL 1001011
SCL GND 1001100
SCL VS 1001101
SCL SDA 1001110
SCL SCL 1001111

8.5.3.2 Serial Interface

The INA260 operates only as a slave device on both the IC bus and the SMBus. Connections to the bus are
made through the open-drain SDA and SCL lines. The SDA and SCL pins feature integrated spike suppression
filters and Schmitt triggers to minimize the effects of input spikes and bus noise. Although the device integrates
spike suppression into the digital 1/O lines, proper layout technigues help minimize the amount of coupling into
the communication lines. This noise introduction could occur from capacitively coupling signal edges between the
two communication lines themselves or from other switching noise sources present in the system. Routing traces
in parallel with ground in between layers on a PCB typically reduces the effects of coupling between the
communication lines. Shielded communication lines reduces the possibility of unintended noise coupling into the
digital 1/O lines that could be incorrectly interpreted as start or stop commands.

The INA260 supports the transmission protocol for fast mode (1 kHz to 400 kHz) and high-speed mode (1 kHz to
2.94 MHz). All data bytes are transmitted most significant byte first.

8.5.3.3 Writing to and Reading From the INA260

Accessing a specific register on the INA260 is accomplished by writing the appropriate value to the register
pointer. See %k 4 for a complete list of registers and corresponding addresses. The value for the register pointer
(as shown in 28) is the first byte transferred after the slave address byte with the R/W bit low. Every write
operation to the device requires a value for the register pointer.

Writing to a register begins with the first byte transmitted by the master. This byte is the slave address, with the
R/W bit low. The device then acknowledges receipt of a valid address. The next byte transmitted by the master is
the address of the register which data is written to. This register address value updates the register pointer to the
desired register. The next two bytes are written to the register addressed by the register pointer. The device
acknowledges receipt of each data byte. The master may terminate data transfer by generating a start or stop
condition.

When reading from the device, the last value stored in the register pointer by a write operation determines which
register is read during a read operation. To change the register pointer for a read operation, a new value must be
written to the register pointer. This write is accomplished by issuing a slave address byte with the R/W bit low,
followed by the register pointer byte. No additional data are required. The master then generates a start condition
and sends the slave address byte with the R/W bit high to initiate the read command. The next byte is
transmitted by the slave and is the most significant byte of the register indicated by the register pointer. This byte
is followed by an Acknowledge from the master; then the slave transmits the least significant byte. The master
acknowledges receipt of the data byte. The master may terminate data transfer by generating a Not-
Acknowledge after receiving any data byte, or generating a start or stop condition. If repeated reads from the
same register are desired, it is not necessary to continually send the register pointer bytes; the device retains the
register pointer value until it is changed by the next write operation.
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B 25 shows the write operation timing diagram. B 26 shows the read operation timing diagram.

pEd

Register bytes are sent most-significant byte first, followed by the least significant byte.

AL A s oee@@@@a@@@@@@a 00000000

Start By ACK By ACK By ACK By Stop By
Master Slave Slave SIave Slave Master

: &}
}—7 Frame 1 Two-Wire Slave Address Byte }—7 Frame 2 Register Pointer Byte 4—{ Frame 3 Data MSByte 4—|—7 Frame 4 Data LSByte 4>‘

(1) The value of the Slave Address byte is determined by the settings of the A0 and A1 pins. See & 2.
25. Timing Diagram for Write Word Format

ANV a0 00 Ve 2 00 00 0 c V0 e 0 00 cocal

Start By ACK By From ACK By From No ACK By Stop
Master Slave Slave Master Slave Master

) 1 2 2
Fi Frame 1 Two-Wire Slave Address Byte( ) 4>}<7 Frame 2 Data MSByte( ) | Frame 3 Data LSByte( ) 4—{

(1) The value of the Slave Address byte is determined by the settings of the A0 and A1l pins. See % 2.

(2) Read data is from the last register pointer location. If a new register is desired, the register pointer must be updated.
See & 28.

(3) ACK by Master can also be sent.

26. Timing Diagram for Read Word Format

B 27 provides a timing diagram for the SMBus Alert response operation. B 28 illustrates a typical register
pointer configuration.

ALERT ,

Start By ACK By From NACK By  Stop By
Master Slave Slave Master Master

Fﬁ Frame 1 SMBus ALERT Response Address Byte 4>}<7 Frame 2 Slave Address Bytem ‘

(1) The value of the Slave Address Byte is determined by the settings of the A0 and Al pins. See 3 2.
27. Timing Diagram for SMBus ALERT Response

1 9 1 9
SCL D
| [ [ [ [ [ [ [ [ [ [ [ | | | | [ [ [ [ [
| \ | [ [ [ [ [ [ [ [ [ [ | | | | [ [ [ [ [
1 1 [ [ [ [ [ [ [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ [
1 [ L J - J - [ 1 1 1 1 i 1 i | i 1 i 1 i 1 i 1 J - [
o [2XERRNT A o) XXX, e
Start By ACK By ACK By
Master Slave Slave

}47 Frame 1 Two-Wire Slave Address Bytem 4>}<7 Frame 2 Register Pointer Byte 4—{

(1) The value of the Slave Address Byte is determined by the settings of the A0 and Al pins. See ¥ 2.
28. Typical Register Pointer Set
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8.5.3.3.1 High-Speed I>’C Mode

To initiate high-speed mode operation, the master generates a start condition followed by a valid serial byte
containing high-speed (HS) master code 00001XXX. This transmission is made in fast (400 kHz) or standard
(100 kHz) (F/S) mode at no more than 400 kHz. When the INA260 receives the high-speed code it does not
send an acknowledgement but does change the internal logic deglich filters to support high-speed operation.

The master then generates a repeated start condition (a repeated start condition has the same timing as the start
condition). After this repeated start condition, the protocol is the same as F/S mode, except that transmission
speeds up to 2.94 MHz are allowed. Instead of using a stop condition, use repeated start conditions to secure
the bus in HS-mode. A stop condition ends the HS-mode and switches all the internal filters of the device to
support the F/S mode. See B 29 and % 3 for relevant fast mode and high-speed mode timing requirements.

[ [ t(LOW) l****I r***:
: : :* ! tHDsTA) 1 |
1 1 ! ! : !
scL | ! b J\ /0
| | —_—— ! | | i
! : ¢ e ! -t
\ h (SUSTA) | [~ : ' ! (SUSTO)
1
| | tsupam ! ! ! !
I
T I _— I I
SDA | : / ANE /_ X \ |/
1 1 _ : | | |
i : o P
: : 1 I 1
L LS. P
29. Bus Timing Diagram
% 3. Bus Timing Diagram Definitions®
FAST MODE HIGH-SPEED MODE
PARAMETER UNIT
MIN MAX MIN MAX
SCL operating frequency fiscu 0.001 0.4 0.001 2.94 MHz
Bus free time between stop and start
conditions keur) 600 160 ns
Hold time after repeated START condition.
After this period, the first clock is generated. YHDsTA) 100 100 ns
Repeated start condition setup time tsusTa) 100 100 ns
STOP condition setup time t(susTo) 100 100 ns
Data hold time tHDDAT) 10 900 10 100 ns
Data setup time t(subaT) 100 20 ns
SCL clock low period tow) 1300 200 ns
SCL clock high period tHIGH) 600 60 ns
Data fall time te 300 80 ns
Clock fall time te 300 40 ns
Clock rise time tr 300 40 ns
Clock/data rise time for SCLK < 100kHz tr 1000 — ns

(1) Values based on a statistical analysis of a one-time sample of devices. Minimum and maximum values are specified by design, but not
production tested.
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8.5.3.4 SMBus Alert Response

When SMBus Alerts are latched, the INA260 is designed to respond to the SMBus Alert Response address. The
SMBus Alert Response provides a quick fault identification for simple slave devices. When an Alert occurs, the
master can broadcast the Alert Response slave address (0001 100) with the Read/Write bit set high. Following
this Alert Response, any slave device that generates an alert identifies itself by acknowledging the Alert
Response and sending its address on the bus.

The Alert Response can activate several different slave devices simultaneously, similar to the 1°C General Call. If
more than one slave attempts to respond, bus arbitration rules apply and the device with the lowest address will
win and be serviced first. The losing devices do not generate an Acknowledge and continues to hold the Alert
line low until the interrupt is cleared. The winning device responds with its address and releases the SMBus alert
line. Even though the INA260 releases the SMBus line the internal error flags are not cleared until done so by
the host.

8.6 Register Maps

The INA260 uses a bank of registers for holding configuration settings, measurement results, minimum/maximum
limits, and status information. & 4 summarizes the device registers; see the Functional Block Diagram section
for an illustration of the registers.

5 4. Register Set Summary

POINTER
POWER-ON RESET
ADDRESS REGISTER NAME FUNCTION TYPE®
HEX BINARY HEX
All-register reset, shunt voltage and bus o
00h Configuration Register | voltage ADC conversion times and 01100001 00100111 6127 R/W
averaging, operating mode.
01h Current Register Contains the value of the current flowing | 55434000 00000000 0000 R

through the shunt resistor.
02h Bus Voltage Register Bus voltage measurement data. 00000000 00000000 0000 R
Contains the value of the calculated

03h Power Register power being delivered to the load. 00000000 00000000 0000 R
06h Mask/Enable Register | A€t configuration and Conversion 00000000 00000000 0000 RIW
Ready flag.
. . Contains the limit value to compare to Y
07h Alert Limit Register the selected Alert function. 00000000 00000000 0000 R/W
FEh Manufacturer ID Register | CON@INS unique manufacturer 0101010001001001 5449 R
identification number.
FFh Die ID Register Contains unique die identification 0010001001110000 2270 R

number.

(1) Type: R = Read-Only, R/W = Read/Write.

8.6.1 Configuration Register (00h) (Read/Write)

The Configuration Register settings control the operating modes for the device. This register controls the
conversion time settings for both shunt current and bus voltage measurements as well as the averaging mode
used. The operating mode that controls what signals are selected to be measured is also programmed in the
Configuration Register.

The Configuration Register can be read from at any time without impacting or affecting the device settings or a
conversion in progress. Writing to the Configuration Register halts any conversion in progress until the write
sequence is completed resulting in a new conversion starting based on the new contents of the Configuration
Register (00h). This halt prevents any uncertainty in the conditions used for the next completed conversion.

MR © 2016, Texas Instruments Incorporated 21


http://www.ti.com.cn/product/cn/ina260?qgpn=ina260
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
INA260

ZHCSFWOC —JULY 2016—REVISED DECEMBER 2016 www.ti.com.cn

30. Configuration Register (00h) (Read/Write)

15 14 13 12 11 10 9 8
RST — — — AVG2 AVG1 AVGO VBUSCT?2
0 1 1 0 0 0 0 1
RIW R RIW
7 6 5 4 3 2 1 0
VBUSCT1 VBUSCTO ISHCT2 ISHCT1 ISHCTO MODE3 MODE2 MODE1
0 0 1 0 0 1 1 1

RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Fk 5. Configuration Register Field Descriptions

Bit Field Type Reset Description

15 RST R/W 0 Reset Bit
Setting this bit to '1' generates a system reset that is the same as power-on reset.
Resets all registers to default values; this bit self-clears.

14-12 — R 110

11-9 AVG R/W 000 Averaging Mode
Determines the number of samples that are collected and averaged. The following
shows all the AVG bit settings and related number of averages for each bit setting.
AVG2 = 0, AVG1 = 0, AVGO = 0, number of averages = 1)
AVG2 =0, AVG1 = 0, AVGO = 1, number of averages = 4
AVG2 =0, AVG1 = 1, AVGO = 0, number of averages = 16
AVG2 =0, AVG1 = 1, AVGO = 1, number of averages = 64
AVG2 =1, AVG1 = 0, AVGO = 0, number of averages = 128
AVG2 =1, AVG1 = 0, AVGO = 1, number of averages = 256
AVG2 =1, AVG1 = 1, AVGO = 0, number of averages = 512
AVG2 =1, AVG1 = 1, AVGO = 1, number of averages = 1024

8-6 VBUSCT R/W 100 Bus Voltage Conversion Time
Sets the conversion time for the bus voltage measurement. The following shows the
VBUSCT bit options and related conversion times for each bit setting.
VBUSCT2 = 0, VBUSCT1 = 0, VBUSCTO = 0, conversion time = 140 ps
VBUSCT2 =0, VBUSCT1 = 0, VBUSCTO = 1, conversion time = 204 us
VBUSCT2 =0, VBUSCT1 = 1, VBUSCTO = 0, conversion time = 332 us
VBUSCT2 =0, VBUSCT1 = 1, VBUSCTO = 1, conversion time = 588 us
VBUSCT2 = 1, VBUSCTL1 = 0, VBUSCTO = 0, conversion time = 1.1 ms®
VBUSCT2 = 1, VBUSCT1 = 0, VBUSCTO = 1, conversion time = 2.116 ms
VBUSCT2 =1, VBUSCT1 = 1, VBUSCTO = 0, conversion time = 4.156 ms
VBUSCT2 =1, VBUSCT1 = 1, VBUSCTO = 1, conversion time = 8.244 ms

5-3 ISHCT RIW 100 Shunt Current Conversion Time
The following shows the ISHCT bit options and related conversion times for each bit
setting.
ISHCT2 =0, ISHCT1 = 0, ISHCTO = 0, conversion time = 140 ps
ISHCT2 =0, ISHCT1 = 0, ISHCTO = 1, conversion time = 204 us
ISHCT2 =0, ISHCT1 = 1, ISHCTO = 0, conversion time = 332 ps
ISHCT2 =0, ISHCT1 = 1, ISHCTO = 1, conversion time = 588 us
ISHCT2 =1, ISHCT1 = 0, ISHCTO = 0, conversion time = 1.1 ms®
ISHCT2 =1, ISHCT1 =0, ISHCTO = 1, conversion time = 2.116 ms
ISHCT2 = 1, ISHCT1 =1, ISHCTO = 0, conversion time = 4.156 ms
ISHCT2 =1, ISHCT1 = 1, ISHCTO = 1, conversion time = 8.244 ms

2-0 MODE RIW 111 Operating Mode
Selects continuous, triggered, or power-down mode of operation. These bits default to
continuous shunt and bus measurement mode. The following shows mode settings.
MODE2 = 0, MODEL1 = 0, MODEO = 0, mode = Power-Down (or Shutdown)
MODEZ2 = 0, MODEL1 = 0, MODEO = 1, mode = Shunt Current, Triggered
MODE2 = 0, MODEL1 = 1, MODEO = 0, mode = Bus Voltage, Triggered
MODE2 = 0, MODEL1 = 1, MODEO = 1, mode = Shunt Current and Bus Voltage,
Triggered
MODE2 = 1, MODE1 = 0, MODEO = 0, mode = Power-Down (or Shutdown)
MODE2 = 1, MODEL1 = 0, MODEO = 1, mode = Shunt Current, Continuous
MODE2 = 1, MODEL1 = 1, MODEO = 0, mode = Bus Voltage, Continuous
MODE2 =1, MODEL1 = 1, MODEO = 1, mode = Shunt Current and Bus Voltage,
Continuous®

(1) These values are default.

22

WX © 2016, Texas Instruments Incorporated



http://www.ti.com.cn/product/cn/ina260?qgpn=ina260
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
INA260

www.ti.com.cn ZHCSFWOC —JULY 2016—REVISED DECEMBER 2016

8.6.2 Current Register (01h) (Read-Only)

The value in the current register is represented in two's complement format to support negative current values.
The LSB size for the current register is set to 1.25 mA. If averaging is enabled, this register will report the
averaged value.

31. Current Register (01h) (Read-Only)

15 14 13 12 1 10 9 8
CSIGN CD14 CD13 CD12 CcD11 CD10 CD9 CcD8
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
CD7 CD6 CD5 CD4 CD3 CD2 CD1 CDO
0 0 0 0 0 0 0 0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
8.6.3 Bus Voltage Register (02h) (Read-Only)
The Bus Voltage Register stores the most recent bus voltage reading, VBUS.
If averaging is enabled, this register reports the averaged value.
Full-scale range = 40.96 V (decimal = 32767); LSB = 1.25 mV.
32. Bus Voltage Register (02h) (Read-Only)
15W 14 13 12 11 10 9 8
— BD14 BD13 BD12 BD11 BD10 BD9 BD8
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
BD7 BD6 BD5 BD4 BD3 BD2 BD1 BDO
0 0 0 0 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

(1) Bit 15 is always zero because bus voltage can only be positive.

8.6.4 Power Register (03h) (Read-Only)

If averaging is enabled, this register reports the averaged value.
The Power Register LSB is fixed to 10 mW.

The Power Register records power in Watts by multiplying the decimal values of the Current Register with the
decimal value of the Bus Voltage Register. Values stored in the power register will always be positive regardless
of the direction of current flow. The maximum value that can be returned by the power register is A3D7h or
419.43 W.

33. Power Register (03h) (Read-Only)

15 14 13 12 11 10 9 8
PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8
0 0 0 0 0 0 0 0
7 6 5 4 8 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 0 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

RN © 2016, Texas Instruments Incorporated
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8.6.5 Mask/Enable Register (06h) (Read/Write)

The Mask/Enable Register selects the function that is enabled to control the ALERT pin as well as how that pin
functions. If multiple functions are enabled, the highest significant bit position Alert Function (D15-D11) takes
priority and responds to the Alert Limit Register.

34. Mask/Enable Register (06h) (Read/Write)

15 14 13 12 11 10 9 8
OCL uCL BOL BUL POL CNVR — —

0 0 0 0 0 0 0 0

RIW R

7 6 5 4 3 2 1 0

— — — AFF CVRF OVF APOL LEN

0 0 0 0 0 0 0 0

R RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
#k 6. Mask/Enable Register Field Descriptions

Bit Field Type Reset Description

15 ocL R/W 0 Over Current Limit
Setting this bit high configures the ALERT pin to be asserted if the current
measurement following a conversion exceeds the value programmed in the Alert
Limit Register.

14 ucL R/W 0 Under Current Limit
Setting this bit high configures the ALERT pin to be asserted if the current
measurement following a conversion drops below the value programmed in the
Alert Limit Register.

13 BOL RIW 0 Bus Voltage Over-Voltage
Setting this bit high configures the ALERT pin to be asserted if the bus voltage
measurement following a conversion exceeds the value programmed in the Alert
Limit Register.

12 BUL RIW 0 Bus Voltage Under-Voltage
Setting this bit high configures the ALERT pin to be asserted if the bus voltage
measurement following a conversion drops below the value programmed in the
Alert Limit Register.

11 POL RIW 0 Power Over-Limit
Setting this bit high configures the ALERT pin to be asserted if the Power
calculation made following a bus voltage measurement exceeds the value
programmed in the Alert Limit Register.

10 CNVR RIW 0 Conversion Ready
Setting this bit high configures the ALERT pin to be asserted when the Conversion
Ready Flag, Bit 3, is asserted indicating that the device is ready for the next
conversion.

9-5 — R 00000 Not used.

4 AFF R 0 Alert Function Flag
While only one Alert Function can be monitored at the ALERT pin at a time, the
Conversion Ready can also be enabled to assert the ALERT pin. Reading the Alert
Function Flag following an alert allows the user to determine if the Alert Function
was the source of the Alert.
When the Alert Latch Enable bit is set to Latch mode, the Alert Function Flag bit
clears only when the Mask/Enable Register is read. When the Alert Latch Enable
bit is set to Transparent mode, the Alert Function Flag bit is cleared following the
next conversion that does not result in an Alert condition.

3 CVRF R 0 Conversion Ready
Although the device can be read at any time, and the data from the last conversion
is available, the Conversion Ready Flag bit is provided to help coordinate one-shot
or triggered conversions. The Conversion Ready Flag bit is set after all
conversions, averaging, and multiplications are complete. Conversion Ready Flag
bit clears under the following conditions:
1.) Writing to the Configuration Register (except for Power-Down selection)
2.) Reading the Mask/Enable Register

24
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Fz 6. Mask/Enable Register Field Descriptions (T R)
Bit Field Type Reset Description
2 OVF R 0 Math Overflow Flag
This bit is set to '1' if an arithmetic operation resulted in an overflow error. It
indicates that power data may have exceeded the maximum reportable value of
419.43 W.
1 APOL RIW 0 Alert Polarity bit
1 = Inverted (active-high open collector)
0 = Normal (active-low open collector) (default)
0 LEN R/IW 0 Alert Latch Enable; configures the latching feature of the ALERT pin and Alert Flag

bits.
1 = Latch enabled
0 = Transparent (default)

When the Alert Latch Enable bit is set to Transparent mode, the ALERT pin and
Flag bit resets to the idle states when the fault has been cleared. When the Alert
Latch Enable bit is set to Latch mode, the ALERT pin and Alert Flag bit remains
active following a fault until the Mask/Enable Register has been read.

8.6.6 Alert Limit Register (07h) (Read/Write)

The Alert Limit Register contains the value used to compare to the register selected in the Mask/Enable Register
to determine if a limit has been exceeded. The format for this register will match the format of the register that is
selected for comparison.

35. Alert Limit Register (07h) (Read/Write)

15 14 13 12 11 10 9 8
AUL15 AUL14 AUL13 AUL12 AUL11 AUL10 AUL9 AUL8
0 0 0 0 0 0 0 0
RIW
7 6 5 4 3 2 1 0
AUL7 AUL6 AUL5 AUL4 AUL3 AUL2 AUL1 AULO
0 0 0 0 0 0 0 0
RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

8.6.7 Manufacturer ID Register (FEh) (Read-Only)
The Manufacturer ID Register stores a unique identification number for the manufacturer.

36. Manufacturer ID Register (FEh) (Read-Only)

15 14 13 12 11 10 9 8
ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
0 1 0 1 0 1 0 0
R
7 6 5 4 3 2 1 0
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
0 1 0 0 1 0 0 1
R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Fk 7. Manufacturer ID Register Field Descriptions

Bit Field Type Reset Description

15-0 ID R 5449h /T (ascii) | Manufacturer ID
Stores the manufacturer identification bits

RN © 2016, Texas Instruments Incorporated 25
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8.6.8 Die ID Register (FFh) (Read-Only)

The Die ID Register stores a unigue identification number and the revision ID for the die.

37. Die ID Register (FFh) (Read-Only)

15 14 13 12 11 10 9 8
DID11 DID10 DID9 DID8 DID7 DID6 DID5 DID4
0 0 1 0 0 0 1 0
7 6 5 4 8 2 1 0
DID3 DID2 DID1 DIDO RID3 RID2 RID1 RIDO
0 1 1 1 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 8. Die ID Register Field Descriptions

Bit Field Type Reset Description
15-4 DID R 227h Device ID
Stores the device identification bits.
3-0 RID R Oh Die Revision ID
Stores the device revision identification bits.
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9 Application and Implementation

x

/:

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. Validate and test
the design implementation to confirm system functionality.

9.1 Application Information

The INA260 is a current shunt and power monitor with an 1°C-compatible interface. The device monitors both a
shunt current and bus supply voltage. The internally calibrated integrated current sense resistor combined with
an internal multiplier, enable direct readouts of current in amperes and power in watts.

9.2 Typical Application

Power Supply o
(OVto36V) Coypass
o 0.1 uF
]
- VS
NG VBUS (Supply Voltage)
SDA .
_ sCL
Power Register -
_I_o Vv / I°C or SMBuUs %
] . - Compatible
3 ! ADC 0/9— Current Register Interface
|
B Lo | ALERT
Voltage Register T - O
A0 o
Alert Register - Al o
IN- GND
Load

38. Typical Circuit Configuration, INA260

9.2.1 Design Requirements

The INA260 measures current and the bus supply voltage and calculates power. It comes with alert capability
where the ALERT pin can be programmed to respond to a user-defined event or to a conversion ready
notification. This design illustrates the ability of the ALERT pin to respond to a set threshold.
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Typical Application (ETR)
9.2.2 Detailed Design Procedure

The ALERT pin can be configured to respond to one of the five alert functions described in the ALERT Pin
section. The ALERT pin must be pulled up to the VS pin voltage through an external pullup resistor. The
configuration register is set based on the required conversion time and averaging. The Mask/Enable Register is
set to identify the required alert function and the Alert Limit Register is set to the limit value used for comparison.

9.2.3 Application Curves

40 shows the ALERT pin response to a bus over voltage limit of 5.5 V for a conversion time (tc7) of 1.1 ms
and averaging set to 1. B 39 shows the response for the same limit but with the conversion time reduced to 140
ps. For the scope shots shown in these figures, persistence was enabled on the ALERT channel. This shows
how the ALERT response time can vary depending on when the fault condition occurs relative to the internal
ADC clock of the INA260. For fault conditions that are just exceeding the limit threshold the response time for the
ALERT pin can vary from 1 to 2 conversion cycles. As mentioned, the variation is due to the timing on when the
fault event occurs relative to the start time of the internal ADC conversion cycle. For fault events that greatly
exceed the limit threshold it is possible for the alert to respond in less than one conversion cycle. This is because
it takes fewer samples for the average to exceed the limit threshold value.

= ’9 4 i ;
S ———— - — i = et e e e SupF—————— e e e —— —
28 i - )
280 s (2 conversions)
b -
e
23 3 |
|
E E !
= = :
<4 = =~ I
23 | 22 |
g; o G A | D i G e t_*E; B b v =
=g bl °g
)] [%2]
=) 3 % I W =)
o 140 ps (1 conversion) | o 1.1 ms (1 conversion)
TIME (50 ps /div) TIME (500 ps /div)
See & 9 tcr = 140 ps See % 10 tcr=1.1ms
See % 11 See % 12 See & 11 See & 12
39. Alert Response 40. Alert Response
Fz 9. Configuration Register (00h) Settings for B 39 (Value = 6006h)
BIT # 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BIT VBUSC | VBUSC | VBUSC
NAME RST — — — AVG2 AVG1 AVGO T2 1 To ISHCT2 | ISHCT1 | ISHCTO | MODE3 | MODE2 | MODE1
POR
VALUE 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0
#% 10. Configuration Register (00h) Settings for B 40 (Value = 6126h)
BIT # 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BIT VBUSC | VBUSC | VBUSC
NAME RST — — — AVG2 AVG1 AVGO T2 1 To ISHCT2 | ISHCT1 | ISHCTO | MODE3 | MODE2 | MODE1
POR
VALUE 0 1 1 0 0 0 0 1 0 0 1 0 0 1 1 0
#k 11. Mask/Enable Register (06h) Settings for B 39 and B 40 (Value = 2008h)
BIT # 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BIT
NAME OoCL ucCL BOL BUL POL CNVR — — — — — AFF CVRF OVF APOL LEN
POR
VALUE 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0
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Fz 12. Alert Limit Register (07h) Settings for B 39 and B 40 (Value = 1130h)

BIT # 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EIEME AUL15 AUL14 AUL13 AUL12 AUL11 AUL10 AUL9 AUL8 AUL7 AUL6 AULS AUL4 AUL3 AUL2 AUL1 AULO
POR
VALUE 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0

10 Power Supply Recommendations

The input circuitry of the device can accurately measure signals on common-mode voltages beyond its power
supply voltage, V5. For example, the voltage applied to the power supply terminal (VS) can be 5 V, whereas the
load power-supply voltage being monitored (the common-mode voltage) can be as high as 36 V. Note also that
the device can withstand the full 0-V to 36-V range at the input terminals, regardless of whether the device has
power applied or not.

Place the required power-supply bypass capacitors as close as possible to the supply and ground terminals of
the device. A typical value for this supply bypass capacitor is 0.1 pF. Applications with noisy or high-impedance
power supplies may require additional decoupling capacitors to reject power-supply noise.

11 Layout

11.1 Layout Guidelines

Connections to the internal shunt resistor should be connected directly into and out of the shunt resistor pins to
encourage uniform current flow through the device. The trace width should be sized correctly to handle the
desired current flow. Place the power-supply bypass capacitor as close as possible to the supply and ground
pins. Use of multiple vias to connect the device ground to the bypass capacitor grounds is recommended if there
is not direct connection on the top layer.

11.2 Layout Example

Large copper fill areas between
device pins and PCB connectors
provide low resistance current
paths and effective heat sinking

Straight current paths in the vicinity

| of the INA260 ensure uniform current
density for more consistent current
measurements

(13 NC e

|
[
I
7777777 PR — |

Cavpass

Place all bypass capacitors close
to the device and connect directly

ALERT, SDA, and SCL require external pull- (no vias) to intended pin using a
up resistors to the digital supply voltage. The thick copper trace

layout of these resistors have been omitted
and are not as critical to device performance. L Use multiple vias to connect

ground planes to lower
inductance between layers
Copyright © 2016, Texas Instruments Incorporated

NOTE: Connect the VBUS pin to the power supply rail.
41. INA260 Layout Example
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12.1 23

12.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 SCRYSCHF

12.2.1 M=

AR SRS E S L LA R 8B4
(INA260EVM #FE IR A #0FEY TP ¥6m (CCiik4ga5: SBOU113)

12.3  BRCCR B R IE A

W NOCCRY B AN, E VT www.ti.com.cn WG BB SO . A B AR IERER (Alert me) TS
Jei, BPATRERE E HAUCE) CE SRR R R . ST U RIS S, T A B BT SR R BT D e k.

12.4 X B
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 Tl's views; see Tl'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 TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.5 Fifr

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

12.6 FpERE
ESD Tl g 241 iTiZ%EEEE}E%U PPN RS (T) TG 24 P TSR A 074 S Pl 0 SRR S T P A B O e 45 R | T
A ERTIRERR.

m ESD 453 /N 5 S BN T A B’Z?& REEBA PR K% G2 AR LB 7T RESE 5 5 S BBUA | 3K AL R D9l A4 ¥ 2 358 5 T
R SRR H R AT RS AARTT

12.7 Glossary

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

13 Ml HEEMAITIEGE R

BT BRARALR B TIE R . IR (5 BRSPS IR e b (] S LAY ol i . IR SRR 2 fE 0 A H A
ASCREBEAT AT B 0L T A BB . WA B R M ST A A, 15 2 () 2 O ) A

30 iRk © 2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ina260?qgpn=ina260
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/SBOU113
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/cn/lit/pdf/SLYZ022

HEF

TENAX (TN ST 87 Rl A BURYE JESDAG foirdnie, X Pri ™ AT oS AT BEIE . 180k, Mo, ousesle ek, IFaBURE
JESDA8 s AR LSRR AT SRR S5 o P 42 T AT AT MR BUR BT AR 35 2, FRIIEIR (5 B 5 5 B HA RN TA ™ i 5
HBARAEIT SR A B L (AT B8 5 26 5 2 A1

T ARIEIL IR B A AR VERE AT & i A B I T - S™ B 65 2R 5 SR IKIE IS . U T1 ARIERISE I A, B T A B2 A2 i
PR e e PR H R . BRAREER G TREVERE, 15 B 4 2O S M AL BT A S 80T IR

Tk S35 B sl 7 7 i BT AN AR AT 5% . % R HAE AT T1 A0 07 s RS T EAT 5058 RN S 20 7 7 i RSE A 9% XU S
7 N BEIE S BT SR e A .

TIAKAER TULFIR AL FRl s s e 5 7 T A S 55 A & e HLES sl 510 T AR AP T (MBS
FRAT AL T CRAIE SRR o TI ITRAT 558 =07 7 MBI S A SR 5 2, ASRERI UM TI BRI e 7™ G el S5 ROVFT . 24, A ], A
PEZAE BT e 5 AT 28 =07 M LRI B AR BT R VT, BUR TI MR FIBEIL e il 7 T K VFT .

XTI b TR EAE R TS B EEEE Sy, RS0 N AEAT AR A LS ELRT AT A ORI 26, IRBIAT A BRSO A et AT
Hiflo TSR SO B SCEA KA AT ST S5 . RIEE = J7 (945 S5 AT e o ZR B I BR A 2% 1«

FERER TI ARSI, AR Z AL IR 5 S B IR 5 T b B S B0 BUAF AL 22 s (B ), ISR 25456 T 44 s o5 i & B
ABEARTRAL, HXRAELM . BAEERAAT . T XSRS B AR IR 2 A RSB SRR LS5

FPRNF IR, AR A SAE BB AT R B T1 3243, (EARATRE A /) 0 Sl A2 55 L7 i S AEFL N HR (T T 7 ey A SG (K AT ik
B BRI AR ESR . B FEIIORE R, A TR AR 5 St 2 A BT AR R iR BRI, AU AR fa R e A MR
RALJE R BARA R REIR N B 0 3 (R (1 A AR LR I RIUE iR it 25 7 A U A2 D 8 2K 2 4 SRR B ) o AT T A1
xb T R HACHRIE AT K

R AR, AT e SRS A AT REXT T AT R IR AS . T B E bR RS 35 Bh 2 P W R ) S s A AT AL iE
I Th g % A T bR B SR IR 0 7= Al 7 26 RS Tk, ESRZ SR IR N IX 6 2 3K

TI 414Kk 3545H T FDA Class Il (BRI A BOCERIT &4 MIRBFT], BRIESHHRAE R CA&IER T &1 TSR R il
AR T R34 S s sm B BRI T A R s T TH T E SIS MBI N . WLF AT A &, Ftdedeem
@i?ﬁéﬁﬁ%ﬁ%ﬂ%i&ﬂ@ TI AT E R ST ORI IR A, FER 2 P SR dE, I H R P 7650 L 5 8 A R T E
VR RIE B R

TI TR E A ISOITS16949 ZESKIF= M, XE/F= i FEATIRE . AT, B AR @ ™= M i ek 2] 1ISOITS16949

R, TIAKIBAEA 54T

7 8L
S www.ti.com.cn/audio WBEHRE www.ti.com.cn/telecom
TR # AN 28 1 www.ti.com.cn/amplifiers TR L www.ti.com.cn/computer
HR i s www.ti.com.cn/dataconverters VT www.ti.com/consumer-apps
DLP® 7= www.dlp.com AEE www.ti.com/energy
DSP - #5548 www.ti.com.cn/dsp Tk A www.ti.com.cn/industrial
A B R ) 2 www.ti.com.cn/clockandtimers BRIT T www.ti.com.cn/medical
B www.ti.com.cn/interface 2285 . FH www.ti.com.cn/security
B www.ti.com.cn/logic RERT www.ti.com.cn/automotive
R YR www.ti.com.cn/power AT A% www.ti.com.cn/video
MEEHEE (MCU) www.ti.com.cn/microcontrollers
RFID &4t www.ti.com.cn/rfidsys
OMAP I i b PR 25 www.ti.com/omap
ToLR @ www.ti.com.cn/wirelessconnectivity N X 3 7E LA S LI www.deyisupport.com

MRZyHiht:  _EHETT R ET XD KiE1568 5, i KJE32 #RIRE 4D 200122
Copyright © 2016, M8 FARA (L) HRAF


http://www.ti.com.cn/audio
http://www.ti.com.cn/telecom
http://www.ti.com.cn/amplifiers
http://www.ti.com.cn/computer
http://www.ti.com.cn/dataconverters
http://www.ti.com.cn/home_a_consumer_electronics
http://www.dlp.com
http://www.ti.com.cn/hdr_a_energy
http://www.ti.com.cn/dsp
http://www.ti.com.cn/industrial
http://www.ti.com.cn/clockandtimers
http://www.ti.com.cn/home_a_medical
http://www.ti.com.cn/interface
http://www.ti.com.cn/home_a_security
http://www.ti.com.cn/logic
http://www.ti.com.cn/automotive
http://www.ti.com.cn/power
http://www.ti.com.cn/home_a_vi
http://www.ti.com.cn/microcontrollers
http://www.ti.com.cn/rfidsys
http://www.ti.com/omap
http://www.ti.com.cn/home_p_wirelessconnectivity

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 30-Dec-2016

PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI'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.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
INA260AIPW ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 1260Al
& no Sh/Br)
INA260AIPWR ACTIVE TSSOP PW 16 2000 Gg[eens('s/([)aH)S CU NIPDAU Level-2-260C-1 YEAR  -40to 125 1260Al
no r



http://www.ti.com/product/INA260?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/INA260?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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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.
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i PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 22-Dec-2016
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
INA260AIPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 | 12.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 22-Dec-2016
TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA260AIPWR TSSOP PW 16 2000 367.0 367.0 35.0

Pack Materials-Page 2



PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
1] e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N

INSTRUMENTS
www.ti.com




PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com
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