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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.
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7.6

Typical Characteristics

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

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 (continued)

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 (continued)
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 Copyright © 2016, Texas Instruments Incorporated
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Feature Description (continued)

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)

K 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. Kl 22 shows the maximum overload current versus time curve for the
INA260.

EE

Operation at or above this curve, B 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

K 22. Maximum Overload Current vs Time
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Feature Description (continued)
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 K 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 (continued)

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 (continued)

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 i
é I Conversion Time: 1.1ms E
< E ]
R i T
Conversion Time: 8.244ms
0 200 400 600 800 1000

Number of Conversions

K 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 regi