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

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

PACKAGE INFORMATION®

PACKAGE PACKAGE
PRODUCT PACKAGE-LEAD DESIGNATOR MARKING
INA223 SON-10 DSK P223

(1) For the most current package and ordering information, see the Package Option Addendum located at the end of this data sheet, or visit
the device product folder at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®
Over operating free-air temperature range, unless otherwise noted.

INA223 UNIT
Supply voltage +6 \%
Analog inputs, Differential (V\n+) — (ViN—) —26 to +26 \%
Vint, Vin- @ Common-mode ©® (GND —0.3) to +26 \Y
Input current into any pin® 5 mA
Operating temperature -55 to +150 °C
Storage temperature —65 to +150 °C
Junction temperature +150 °C
Electrostatic Human body model (HBM) 2500 \%
discharge Charged-device model (CDM) 1000 \%
(ESD)ratings Machine model (MM) 200 \%

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not implied.

(2) VNt and V\— are the voltages at the +IN and —IN pins, respectively.

(3) Input voltage at any pin may exceed the voltage shown if the current at that pin is limited to 5 mA.

2 Copyright © 2012, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS
At T, = +25°C, Vgense = (Vint) = (Viy-) =10 mV, Vg = 3.3V, and V,+ = 12 V, unless otherwise noted.

INA223
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT
Vewm Common-mode input range Ta =-40°C to +105°C 0 26 \
\T//;E_NS_,:1 2 g r:'?vfgjuirgﬁt\gﬁ;n_t So\llt;g;;gir\wl =20 VIV 92 106 ds
CMR Common-mode rejection Tp = —40°C to +105°C, Vjy+ =0 V t0 +26 V,
Vsense = 0 mV, Current shunt voltage gain = 128 V/V, 100 120 dB
300V/V
Current shunt voltage gain = 20 V/V +75 +300 nv
Vos Shunt offset voltage, RTIY Current shunt voltage gain = 128 V/V +20 +150 uv
Current shunt voltage gain = 300 V/V +15 +100 uv
Ta =—40°C to +105°C, current shunt voltage gain = 20 V/V 0.6 1| pv/icC
dVos/dT  vs temperature Ta = —40°C to +105°C, current shunt voltage gain = 128 V/V, 01 03
300V/V ’ ’
Vg = +2.7 V to +5.5 V, current shunt voltage gain = 20 V/V +15 +50 pvIvV
PSR vs power supply Vg = +2.7 V to +5.5 V, current shunt voltage gain = 128 V/V +5 +25 pVvIV
Vg =+2.7 V to +5.5 V, current shunt voltage gain = 300 V/V +2.5 +15 pvIv
Bus voltage gain = 0.1 V/V +2.5 +20 mV
Vos Bus offset voltage, RTIY Bus voltage gain = 0.2 V/V 2.5 #15 mv
Bus voltage gain = 0.4 V/V +1.5 +10 mV
Ta =—-40°C to +105°C, bus voltage gain = 0.1 V/V 15 40| pv/°C
dVos/dT  vs temperature -
Ta =—40°C to +105°C, bus voltage gain = 0.2 V/V, 0.4 VIV 10 30| pv/°C
PSR vs power supply Vg=+2.7Vto+55V +9 +15| mVv/V
Ig Input bias current Enabled, Vi, Vi~ 15 18 25 pA
Disabled, Vin+, Vin— 1 15 YA
Input impedance, differential 2.5 kQ
OUTPUT
Gsy Current shunt voltage gain 20, 128, 300 VIV
l—ﬁu}t_jgltacg?geiligsz (;b\os/vs,g =10 mV to 155 mV, current +0.05% +0.25%
g:rL:(rJrrent shunt voltage gain l—ﬁu}t_jgltgg?galigi ?_Z\S/S\I/E/,\‘\?E =1.5mV to 24 mV, current +0.05% +0.5%
I&é;g;ntz +3-](.)(())5va Vsense = 1 mV to 9 mV, current shunt +0.2% +10%
Ta =—40°C to +105°C, current shunt voltage gain = 20 V/V 50| ppm/°C
Vs temperature Ta =—-40°C to +105°C, current shunt voltage gain = 128 V/V 75| ppm/°C
Ta = —40°C to +105°C, current shunt voltage gain = 300 V/V 125 | ppm/°C
Nonlinearity error Vsense = 1 mV to 10 mV +0.01%
Ggy Bus voltage gain 0.1,0.2,04 VIV
\1;2;:—?)0;3 :g ;égS”C, bus voltage gain = 0.1 V/V, +0.05% +0.2%
Bus voltage gain error 52;:‘%3;2;&220\5;& bus voltage gain = 0.2 VIV, +0.025% +0.15%
\1;,;;:(1)?;%13)2135%, bus voltage gain = 0.4V/V, +0.025% +0.15%
Vs temperature Ta =—-40°C to +105°C 5| ppm/°C
Nonlinearity error +0.01%
(1) RTI = referred-to-input.
Copyright © 2012, Texas Instruments Incorporated 3
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ELECTRICAL CHARACTERISTICS (continued)
At T, = +25°C, Vgense = (Vint) = (Viy-) =10 mV, Vg = 3.3V, and V,+ = 12 V, unless otherwise noted.
INA223
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
\(;/Li;r%ntz\s}?vung\ilovltla\t/ge gain = 20 V/V; bus voltage gain = 0.1 +0.35 +125| 9%FSR
Current shunt voltage g(ilin = 020 VIV; bui voltage gain = 0.1 +2| %ESR
Power measurement error VIV, 0.2VIV, 0.4VIV Tp —.—40 C to +105°C
gC:i:e:ntO.sfUV?\t/\,Igl.t;\glil?gl.zgl\]l-zs VIV, 300V/V; bus voltage +0.35 +15| %ESR
e oy oo  etaoe
Output impedance 4 Q
Maximum capacitive load No sustained oscillation 1 nF
VOLTAGE OUTPUT®
Swing to VS power-supply rail | To =—40°C to +105°C, R_ = 10 kQ to GND VS -0.015 VS-0.035 \Y
Swing to GND Ta = —40°C to +105°C, R, = 10 kQ to GND Vono +25  Vgnp + 10 mv
FREQUENCY RESPONSE
Gain = 300, C oap = 10 pF 10 kHz
GBW Bandwidth Gain = 128, C oap = 10 pF 20 kHz
Gain = 20, C_oap = 10 pF 25 kHz
SR Slew rate 0.25 V/us
NOISE, RTI®
0.1 Hz to 10 Hz, current shunt voltage gain = 20 V/V 235 nViVHz
Voltage noise density -
0.1 Hz to 10 Hz, current shunt voltage gain = 300 V/V 54 nVAHz
DIGITAL INPUTS (SDA as Input, SCL, A0)
Input capacitance 3 pF
ViH High-level input voltage 0.7(Vs) 6 \
Vi Low-level input voltage -0.3 0.3(Vs) \
Leakage input current 0.1 1 A
Hysteresis 500 mV

(2) See Typical Characteristic curve, Output Swing vs Output Current (Figure 22).

Copyright © 2012, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
At T, = +25°C, Vgense = (Vint) = (Viy-) =10 mV, Vg = 3.3V, and V,+ = 12 V, unless otherwise noted.

INA223
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY
Vs Operating range Ta = —40°C to +105°C +2.7 +5.5 \%
lo Quiescent current Enabled 200 250 uA
Disabled 0.1 1 A
Power-on reset threshold 2 \
TEMPERATURE
Specified range -40 +105 °C
THERMAL INFORMATION
INA223
THERMAL METRIC® DSK (SON) UNITS
10 PINS
03a Junction-to-ambient thermal resistance 47.5
8ictop Junction-to-case (top) thermal resistance 57.9
038 Junction-to-board thermal resistance 215 oW
Wit Junction-to-top characterization parameter 0.8
Wi Junction-to-board characterization parameter 21.8
03chot Junction-to-case (bottom) thermal resistance 4.6
(1) BXRESN2HFAEENESRFER  F5H IC HEAEE NARSE (XS  SPRAIS3 ),
Copyright © 2012, Texas Instruments Incorporated 5
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PIN CONFIGURATIONS

DSK PACKAGE
SON-10
(TOP VIEW)

INA223

SDA

1
1
VouT | 5 :Thermal Pad(2)| 6 | SCL

(1) See Application Information section for a description of how to connect input pins to the shunt resistor.

(2) Must be connected to ground.

PIN DESCRIPTIONS

PIN

ANALOG/DIGITAL

NAME NUMBER INPUT/OUTPUT DESCRIPTION

AQ 8 Digital input ,aﬂ\géjrrgssss pin. Connect to GND, SCL, SDA, or Vs. Table 6 shows pin settings and corresponding
GND 3 Analog Ground

SCL 6 Digital input Serial bus clock line

SDA 7 Digital I/O Serial bus data line

ViN+ 9 Analog input Connect to supply side of shunt resistor. This pin can also be connected directly to pin 10.
ViN+ 10 Analog input Connect to supply side of shunt resistor

ViNe 1 Analog input Connect to load side of shunt resistor

ViNe 2 Analog input Connect to load side of shunt resistor. This pin can also be connected directly to pin 1.
VOUT 5 Analog output Output signal selected by multiplexer

Vg 4 Analog Power supply (2.7 V to 5.5 V)

Copyright © 2012, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS
At T, = +25°C, Vg = +3.3 V, V), = 12 V unless otherwise noted.
SHUNT OFFSET VOLTAGE (G =20 V/V) SHUNT OFFSET VOLTAGE (G =128 V/IV)
PRODUCTION DISTRIBUTION PRODUCTION DISTRIBUTION
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Figure 1. Figure 2.
SHUNT OFFSET VOLTAGE (G =300 V/V) SHUNT OFFSET VOLTAGE
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Figure 3. Figure 4.
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Figure 5. Figure 6.

Copyright © 2012, Texas Instruments Incorporated 7
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TYPICAL CHARACTERISTICS (continued)

At T, = +25°C, Vg = +3.3 V, V|, = 12 V unless otherwise noted.

SHUNT INPUT CMRR
vs TEMPERATURE

0.5
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" —
—

0 I I
Gain = 128, 300 V/V

|

CMRR (WV/V)

-50 -25 0 25 50 75 100 125

Temperature (°C) G007

Figure 7.

SHUNT GAIN ERROR (G = 300 V/V)
PRODUCTION DISTRIBUTION

Population

Gain Error (%) G009

Figure 9.

BUS OFFSET VOLTAGE (G = 0.1 V/V and 0.2 V/V)
PRODUCTION DISTRIBUTION

Population

0 © ) o ) 0 0 =) )
Tl o ~ 79
Input Offset Voltage (mV) ot

Figure 11.

Population
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SHUNT GAIN ERROR (G =20 V/V and 128 V/V)
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Figure 8.
SHUNT GAIN ERROR
vs TEMPERATURE
0.5
0.2
Gain =20 VIV Gain = 128 VIV
02 i
/| -
-0.2 Gain = 300 VIV
-0.5
-50 -25 0 25 50 75 100 125
Temperature (°C) G010
Figure 10.
BUS OFFSET VOLTAGE (G = 0.4 V/V)
PRODUCTION DISTRIBUTION
Input Offset Voltage (mV) otz
Figure 12.

Copyright © 2012, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ina223?qgpn=ina223
http://www.ti.com.cn

i Tovas INA223

INSTRUMENTS

www.ti.com.cn ZHCS941 —JUNE 2012

TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg = +3.3 V, V|, = 12 V unless otherwise noted.

BUS OFFSET VOLTAGE BUS GAIN ERROR (G = 0.1 V/V)
vs TEMPERATURE PRODUCTION DISTRIBUTION
5
s 2° o ok
B Gain = 0.2, 0.4 VIV gy -
o 4 S
g — g
= 0 o =]
> LT £
23 / Gain = 0.1 VIV
= l”
© 25
50 25 o0 25 50 75 100 125 L 8 8 ° & 8 © T 8§ @
Temperature (°C) 2 o 2 2 o 2 < o
G013 o I o o o o
I I Gain Error (%) Got4
Figure 13. Figure 14.
BUS GAIN ERROR (G = 0.2 V/V and 0.4 V/V) BUS GAIN ERROR
PRODUCTION DISTRIBUTION vs TEMPERATURE
0.2
01— Gain=0.1VvNV
= Gain = 0.2 VIV
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S g - X -
o g 0 - il
2 ”é 7 IR
& 8 Gain= 0.4 VIV \
-0.1
-0.2
E g § o § 83 g g -50 -25 0 25 50o 75 100 125
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Figure 15. Figure 16.
POWER GAIN ERROR POWER GAIN
PRODUCTION DISTRIBUTION vs TEMPERATURE
15
1.2
1
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§ 5 05
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™
\\
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g “N’ © g g ﬁ - g "-‘_’ -50 -25 0 25 50 75 100 125
T < o =] - Temperature (°C) cots
Power Error (%) o017
Figure 17. Figure 18.

Copyright © 2012, Texas Instruments Incorporated 9
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At T, = +25°C, Vg = +3.3 V, V). = 12 V unless otherwise noted.

TYPICAL CHARACTERISTICS (continued)

SHUNT INPUT CMR
vs FREQUENCY
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N
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Figure 19.
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Figure 21.
INPUT BIAS CURRENT
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Figure 23.
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Figure 20.
OUTPUT VOLTAGE SWING
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Figure 22.
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0.2
//
3 0.15 /
€ /
o
3 o1 -
3 /
o
Ed /
£ 005 //
0
0 5 10 15 20 25 30
Common-Mode Voltage (V) G024
Figure 24.
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At T, = +25°C, Vg = +3.3 V, V). = 12 V unless otherwise noted.

TYPICAL CHARACTERISTICS (continued)
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vs TEMPERATURE
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Figure 25.
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Figure 28.
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Figure 30.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg = +3.3 V, V). = 12 V unless otherwise noted.

SHUNT INPUT STEP RESPONSE INPUT OVERLOAD

Time (50 ps/div)
Figure 31.

Time (50 ps/div)
Figure 32.
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2 15 g 2
=1 - =1
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G032

12
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APPLICATION INFORMATION

The INA223 is an analog output current shunt monitor that incorporates an analog multiplier to provide
instantaneous power measurement. The INA223 features a two-wire and SMBus-compatible interface allowing
the configuration settings of the device to be adjusted and changed as needed, based on the specific application
requirements. The configuration options include the selection of the desired signal to be available at the output
pin, switching between multiple current shunt voltage gains and bus voltage attenuation factors, as well as being
able to place the device into a disabled state.

INA223 TYPICAL APPLICATION

Figure 33 shows the typical application circuit for the INA223. The input pins, V,y: and V,y_, should be connected
as close as possible to the shunt resistor to minimize any resistance in series with the shunt resistance. A power-
supply bypass capacitor is required for stability. Use a 0.1-uyF ceramic capacitor for supply bypassing, placed as
close as possible between the supply and ground pins.

CBYPASSO
b Suopl Rshunt 0.1uF
ower Supply ||
(0V to 26V) F‘N\/\A S Vg (Supply Voltage)
- - S
|
|
M : %% RpuLLup
| 4.7kQ
|
|
MA——W—t |
Vin- ! V,
| out
L oo
|
- I
é :o\o—
+ |
T
!
|| SCL
v -
IN+ Two-Wire _ | SDA o
VYV Interface - A0 o
)
INA223

GNDL

Figure 33. Typical Application

BASIC FUNCTIONS

The INA223 can be configured to monitor and report the differential voltage developed across a shunt resistor,
the power supply bus voltage, or the power being delivered to the load. Through the two-wire interface, the
output multiplexer (mux) can be configured to provide a proportional output signal to any one of these input
signals at the output pin, VOUT. The digital interface can also be used to switch between different current shunt
voltage gains, bus voltage attenuation settings, as well as place the device into a disabled mode. The multiple
settings available for the current shunt voltage gains and bus voltage attenuation factors allow the INA223 to
operate over a wider input signal range than a single fixed-setting device would allow.

Copyright © 2012, Texas Instruments Incorporated 13
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Shunt Voltage

The INA223 has three available current shunt voltage gain options that can be selected using the two-wire
interface. This allows for optimization of the output signal to maximize the available dynamic range. This flexibility
provides a benefit over a fixed-gain current shunt monitor. A fixed-gain current shunt monitor has a finite range of
current that can be monitored based on the limitations of the output stage of the device.

For example, in a typical application using a fixed-gain current shunt monitor, the shunt resistor is selected to
achieve the maximum allowable full-scale output based on the maximum expected current to be monitored and
the fixed gain value of the current shunt monitor. One limitation to a fixed gain approach is in the minimum
current level that can be monitored. The minimum current than can be monitored is based on the ability of the
output stage of the current shunt monitor to swing to ground. This minimum current level is calculated based on
the maximum swing to ground specification (50 mV for the INA223), which is then divided by the fixed gain of the
device. This calculation provides the minimum differential voltage that can be monitored and then divided by the
shunt resistor to determine the minimum current that can be monitored. After the monitored current drops below
this level, further decreases in the monitored current can no longer be detected at the output. The ability to
switch the current shunt voltage gain to a higher gain setting brings the output level above this saturation point
and enables lower currents to be monitored, thus extending the dynamic range of the device.

Bus Voltage Range

The INA223 monitors bus voltages that can range from 0 V to 26 V. This voltage must be internally divided down
to interface with the analog multiplier and output stage circuitry. The supply voltage for the INA223 can range
from 2.7 V to 5.5 V; therefore, the bus voltage must be divided down so that it does not exceed the supply
voltage. If this divider ratio or attenuation factor results in an internal voltage that exceeds the supply voltage, the
measurement circuitry is saturated. The device will not be damaged, but the measurement result at the output
will be invalid. Having multiple attenuation factors (0.1 V/V, 0.2 V/V, 0.4 V/V) allows for the optimization of the
output range based on the specific common-mode voltage present. Having multiple values that can be selected
provides a helpful advantage over a single fixed-attenuation device, given the wide common-mode range of the
INA223. With a single attenuation factor, the maximum common-mode voltage (26 V) must be divided down to
less than the minimum supply voltage (2.7 V). A bus voltage less than 26 V results in a significantly smaller
output range. The ability to switch between different attenuation settings allows the device to be configured to
maximize the dynamic output range at multiple common-mode voltage levels. Additionally, because the power
calculation is based on the bus voltage measurement, the larger the corresponding representation of the
common-mode voltage, the more accurate the power calculation.

Output Range

The power calculation has two inputs: the current shunt voltage measurement, as well as the bus voltage
measurement. Both of these measurements must be valid (within the linear range of the device) to achieve a
valid power calculation. Set the gain setting for the current shunt voltage and attenuation setting for the bus
voltage to allow each of these two measurements to remain within the linear range of the device, based on the
input conditions. Saturating one of these two measurements may not result in the output being saturated based
on the internal scaling of the analog multiplier; therefore, care should be taken to ensure that the two inputs to
the multiplier are valid.

Shutting Down the INA223

The INA223 includes a shutdown feature that is programmed through the serial interface. Setting the Enable bit
in the Configuration Register to '0' places the INA223 into a disabled state. While in the disabled state, the input
bias currents and device quiescent current drop below 1 pA, thus reducing the power consumption of the system
when this device is not in use. The device is placed back into the active mode by setting the Enable bit high. The
time required for the INA223 output to be valid after enabling the device to come out of the shutdown state is
typically 40 pus.

In addition to responding to the Enable bit, the INA223 also responds to an Enable and Disable General Call as
described in the GENERAL CALL section.
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CONFIGURATION REGISTER

BIT D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
BIT
NAME — — — — — — — — — EN OUT1 | OUTO | GSV1 | GSVO | GBV1 | GBVO
POR
VALUE 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1
EN Enable/Disable Mode
Bit 6 Setting this bit to '0' places the device into a disabled mode.
This mode drops the input bias current to 1 pA for each of the analog inputs and reduces the
quiescent current to 1 pA.
ouT Output Mode
Bits 4,5  Controls the setting of the output mux to select the signal that is available at the output pin.
There are two different mode settings for selecting power at the output pin. The Supply Power
output mode sets the bus voltage measurement to be taken at the V|y. pin to calculate the
power provided by the power supply. The Load Power output mode sets the bus voltage
measurement to be taken at the Vy_ pin to calculate the power consumed by the load. Refer
to Table 1.
Table 1. Output Mode Settings®
OouT1 OouTOo
D5 D4 OUTPUT MODE
0 0 Bus Voltage Measurement
0 1 Shunt Voltage Measurement
1 0 Supply Power
1 1 Load Power

(1) Shaded cells indicate default value.

GSV

Bits 2, 3

Current Shunt Voltage Gain

Sets the gain for the current shunt voltage measurement. Table 2 summarizes the gain
settings.

Table 2. Current Shunt Voltage Gain Settings®

GSV1 GSVO CURRENT SHUNT VOLTAGE
D3 D2 GAIN
0 0 20 VIV
0 1 128 VIV
1 0 300 VIV

GBV
Bits 0, 1

(1) Shaded cells indicate default value.

Bus Voltage Gain
Sets the gain for the bus voltage measurement. Refer to Table 3.

Table 3. Bus Voltage Gain Settings®

GBV1 GBVO
D1 DO BUS VOLTAGE GAIN
0 0 2/5 VIV
0 1 1/5 VIV
1 0 1/10 VIV

(1) Shaded cells indicate default value.

Copyright © 2012, Texas Instruments Incorporated
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OUTPUT

The signal available at the output pin is selected by the output mode setting programmed in the Configuration
Register. The default setting for the output mux is the Supply Power mode. For the power value to be valid, both
the shunt voltage measurement and the bus voltage measurement must both be valid (within the linear range of
the device).

Power Calculation

The output voltage for the two power output modes is calculated as shown in Equation 1. To convert the output
voltage to the corresponding power representation, the output voltage must be divided by the product of the
power gain shown in Table 4 and the value of the shunt resistor.

VOUT = (VCM) (VSENSE) (POWERGAIN)

VOUT
(POWERGAIN) (RSHUNT)

@

POWER =
@

Table 4. Powerg, )y Values

GBV GSV POWERGA
0.1 VNV 20 VIV 0.667
0.1 VIV 128 VIV 4.267
0.1 VNV 300 VIV 10

0.2 VIV 20 VIV 1.333
0.2 VIV 128 VIV 8.533
0.2 VIV 300 VIV 20

0.4 VIV 20 VIV 2.667
0.4 VIV 128 VIV 17.067
0.4 VIV 300 VIV 40

Power Calculation Example

The following example is based on Figure 34. In this example the system consists of a load current of 5 A and a
common-mode voltage of 12 V. This 5-A current flowing through the 1-mQ shunt resistor develops a differential
voltage of 5 mV across the INA223 input pins. With the 3.3-V supply voltage shown here, a practical full-scale
target for the output voltage is 3 V.

+3.3V
Supply
CBVPASS

Rshunt 0.1uF

1mQ

+12V |
I
T e r
Attenuator i
|
|
— } % ReuLiue
| 4.7kQ
|
VWA 1
Vin- I
V,
| out
| \\:J
|
|
- |
I
j !
+ i
T
|
SCL
Vv,
n WA Two-Wire SDA
Interface A0
INA223 —°

GNDL

Figure 34. Example Circuit
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Current Shunt Voltage Measurement Mode

Based on the 5-mV differential voltage present at the input and the device set to Current Shunt Voltage mode, a
current shunt voltage gain setting of 300 V/V is selected resulting in an output voltage of 1.5 V. A current shunt
voltage gain setting less than 300 V/V could also be used in this example. The drawback of a lower gain setting
is a smaller dynamic range present at the output as well as a less accurate input for the power measurement in
the Power Output mode. A larger shunt resistor (2 mQ) could also be used to increase the full-scale drop to
result. One drawback of increasing the impedance of the shunt resistor is the increased power dissipation
requirement the component must be able to accommodate. A higher-accuracy power measurement is obtained
with the largest possible input from the current shunt voltage, while remaining within the linear range of the
device.

Bus Voltage Measurement Mode

Assuming the same 3-V target as previously discussed, and with the device set to Bus Voltage mode, an
attenuation factor of 0.2 V/V results in an output voltage of 2.4 V. An attenuation factor of 0.1 V/V could also be
used, but results in a lower dynamic output range. An attenuation factor of 0.4 V/V cannot be used in this
example because it results in an internal voltage of 4.8 V, exceeding the supply voltage of 3.3 V.

Power Modes

For the power output modes, the current shunt voltage and bus voltage measurements are multiplied by the
Power Gain factor to yield a voltage output representing the calculated power. In this example, the 5 mV
developed across the shunt resistor is multiplied by the 12-V bus voltage. This product is then multiplied by the
Power Gain factor of 20 (GSV = 300 V/V, GBV = 0.2 V/V; See Table 4), and results in a 1.2-V output voltage
representation of the power. Using Equation 2 and the corresponding Power Gain of 20, the power being
consumed by the load is calculated to be 60 W. This corresponds to the original 5-A load current and 12-V
common-mode voltage conditions.

Bus Voltage Measurement Location for Power Output Modes

For the power output mode, the bus voltage can be measured either at the V,y; (supply side) or at the V_ (load
side) pins when the current shunt voltage gain setting is 20. When the current shunt voltage gain setting is 128
or 300, this measurement assumes a relatively small differential voltage is being developed across the sense
resistor. With a small drop across the sense resistor, the voltages at V. and V_ are very close to one another,
making the shunt voltage impact on the bus voltage measurement much less critical. When the device set to a
gain of 20, it implies that a greater differential voltage is being developed across the sense resistor, causing the
voltages at the V)y, and V_ pins to be noticeably different. The power calculation can be configured to measure
the bus voltage either at V. (Supply Power) or at V,y_ (Load Power). If the power being supplied by the power
supply is of interest, the Supply Power mode should be selected as the output mode setting. If the power being
consumed by the load is of interest, the Load Power mode should be selected as the output mode setting. Note
that the bus voltage measurement location is only available for the power calculation. For the Bus Voltage output
mode, the bus voltage is always measured at the V. pin.

Copyright © 2012, Texas Instruments Incorporated 17
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Input Filtering

An obvious and straightforward location for filtering is at the output of the INA223. However, this location negates
the advantage of the low output impedance of the internal buffer. The only other option for filtering is at the input
pins of the INA223. Figure 35 shows a filter placed at the inputs pins.

Cavpass
0.10F o

Rshunt

Power |
Supply © E“ *
(OV to 26V) — Vs (Supply
Voltage)
INA223
ReLrer ReutL-up
<100 § 4.7kQ
:j Vour
Vo o ISCL
f NT1o Mo MN AMN— Two-Wire SDA
CriLter - 0.1pF to 1pF Lo Interface B >
Ceramic Capacitor \o—l\/\/\,—qh A0

DISABLE

Figure 35. Input Filter

The addition of external series resistance, though, creates an additional error that is not present under normal
operating conditions. An internal bias network at the input pins creates a mismatch in input bias currents when a
differential voltage is applied to the device's input pins. This results in a mismatch of voltage drops on the input
lines due to the mismatch of input bias currents flowing through the additional external series filter resistors. This
creates a differential error voltage that subtracts from the voltage developed at the shunt resistor. The result is a
reduced differential voltage at the device input pins relative to the expected shunt voltage created by the load
current flowing through the shunt resistor. Without the additional series resistance, the mismatch in input bias
currents has little effect on the operation of the device.

The amount of variance in the differential voltage present directly at the input pins relative to the voltage
developed at the shunt resistor is based both on values of external series resistance as well as the internal input
resistors (Ryy7), Which is based on the shunt voltage gain setting as shown in Table 5. The reduction of the shunt
voltage reaching the device input pins appears as a gain error when looking at the output voltage relative to the
shunt voltage. A factor can be calculated to determine the amount of gain error that is introduced by the addition
of external series resistance. The equation used to calculate the expected deviation from the shunt voltage to
what is seen at the device input pins is given in Equation 3.

(1250 - Riyy)
(1250 - Rg) + (1250 - Riyt) + (Rs - RyyT)

Gain Error Factor =

Where
¢ Ryt is the internal input resistance.
* R is the external series resistance. 3)

With the adjustment factor equation including the device internal input resistance, this factor will vary with each
gain setting.

Table 5. Internal Resistance Values

GAIN SETTING RinT
20 600 kQ
128 93 kQ
300 40 kQ
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Using The INA223 with Common-Mode Transients Above 26 V

The INA223 is designed for a maximum common-mode voltage of 26 V. In applications that may be subjected to
transients above 26 V, the INA223 inputs must be protected. Figure 36 is the recommended method for
protecting the INA223 to these transients. Use only zener diodes or zener-type transient absorbers (also known
as a TransZorb™). Most other types of transient absorbers have an unacceptable time delay. The input resistors
shown in Figure 36 should be kept as small as possible (less than 10 Q) to limit the effects this resistance has on
the gain, as discussed in the Input Filtering section.

Cavrass

RSHUNT 0-1HF o
Power o I
Supply — Vs (Supply
Voltage)
RerotecT fe) INA223
S10Q S | e (/
i § § RPULL-UP
b 1/GAIN ¢ 4.7kQ

Vie|
N O\:\O—<
| Vour
= IR oscL
'N 0\\0 Two-Wire | |SDA _
| Interface [ o
A0

_____________________________________________________

Figure 36. INA223 Transient Protection

Low-Side Current Sensing

The bus voltage of the INA223 is measured internally at the V|, pin, making it a high-side-only power monitor.
However, the INA223 can be used for low-side current sensing, as shown in Figure 37 (as the common-mode
voltage ranges from 0 V to 26 V).

c +3.3V
BYPASS
Rspunt 0.1uF Su%ply
|
VCM o+ Load »—’\/\/\m—_l_ f
§ ReuLL-up
Attenuator —e —o0 4.7kQ

Vin-

T

VOUT

SCL

Two-Wire | _|sbaA
Interface |

A

Vin+

\/

A0

INA223

GNDJ_

Figure 37. Low-Side Sensing with INA223
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INA223 Recommended Layout

The recommended layout is shown in Figure 38. Pins 2 and 9 should be connected directly to Pins 1 and 10,
respectively. The shunt resistor should be placed as closely to the input pins, VIN+ and VIN-, to minimize any
parasitics or added resistance. Use a four-wire, or kelvin, connection to the shunt to achieve the most accurate
measurement across the shunt.

|
|

VIN- VIN+

VIN-M VIN+™

O
O

1

!
A0
SDA
«n

SCL

@
< Z
»w O

JUY

VOUT

(1) See Application Information section for a description of how to connect input pins to the shunt resistor.

Figure 38. INA223 Recommended Layout
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BUS OVERVIEW

The INA223 is compatible with both two-wire and SMBus interfaces. These protocols are essentially compatible
with one another. The two-wire interface is used throughout this data sheet as the primary example, with the
SMBus protocol specified only when a difference between the two systems is considered.

Two bidirectional lines, SCL and SDA, connect the INA223 to the bus. Both SCL and SDA are open-drain
connections.

The device that initiates the 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.

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 bit 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 INA223 includes a 28-ms timeout on its interface to prevent locking up the bus.
Serial Bus Address

To communicate with the INA223, the master must first address slave devices through a slave address byte. The
slave address byte consists of seven address bits, and a direction bit that indicates the intent of executing a read
or write operation.

The INA223 has one address pin, A0. Table 6 describes the pin logic levels for each of the four possible
addresses. The state of the A0 pin is sampled on every bus communication and should be set before any activity
on the interface occurs. The address pins are read at the start of each communication event.

Table 6. INA223 Address Pins and Slave Addresses

A0 ADDRESS
GND 1000000

Vs 1000001
SDA 1000010
SCL 1000011

Serial Interface

The INA223 operates only as a slave device on both the two-wire bus and SMBus. Connections to the bus are
made through the open-drain I/O lines, SDA and SCL. The SDA and SCL pins feature integrated spike
suppression filters and Schmitt triggers to minimize the effects of input spikes and bus noise. The INA223
supports the transmission protocol for fast (1 kHz to 400 kHz) and high-speed (1 kHz to 3.4 MHz) modes. All
data bytes are transmitted most significant byte first.
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GENERAL CALL

The INA223 responds to three unique two-wire general call commands. A response occurs to a general call
address (0000000) if the eighth bit is '0'. The device acknowledges the general call address and responds to
commands based on the second byte. The three commands that the INA223 responds to are:

* General Call Reset (06h)
* General Call Enable (81h)
* General Call Disable (82h)

The INA223 responds to the General Call Reset by resetting all of the Configuration Registers settings to the
respective default power-on values. The INA223 responds to a General Call Enable or General Call Disable by
entering into or exiting from a disabled state. The INA223 can also be enabled and disabled by setting or clearing
the enable/disable mode (EN) bit in the Configuration Register. The General Call Enable and General Call
Disable commands allow for a single command to place multiple connected INA223 devices into either an
enabled or disabled state.

WRITING TO AND READING FROM THE INA223

The INA223 has a single configuration register. This register is used to configure the INA223 based on how the
device is to be used. This register can also be read to determine the register contents and the current device
configuration.

Writing to the Configuration Register in the INA223 begins with the first byte transmitted by the master. This byte
is the slave address, with the R/W bit low. The INA223 then acknowledges receipt of a valid address. The next
two bytes are written to the register addressed by the register pointer. The INA223 acknowledges receipt of each
data byte. The master may terminate data transfer by generating a start or stop condition.

When reading the Configuration Register in the INA223, the communication sequence begins the same with the
first byte being transmitted by the master. This byte is the slave address, with the R/W bit high. The INA223 then
acknowledges receipt of a valid address. 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 bit 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 bit after receiving any data byte, or by generating a
start or stop condition.
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Figure 39 and Figure 40 show read and write operation timing diagrams, respectively. Note that register bytes
are sent most-significant byte first, followed by the least significant byte.

Start By ACK By ACK By ACK By ACK By Stop By
Master INA223 INA223 INA223 INA223 Master

}4— Frame 1 Two-Wire Slave Address Byie“)+’<7 Frame 2 Register Pointer Byte —b’q— Frame 3 Data MSByte —b’qi Frame 4 Data LSByte 4%

(1) The value of the Slave Address Byte is determined by the setting of the AO pin. Refer to Table 1.
Figure 39. Timing Diagram for Write Word Format

o\ N0 o/AKRIN_RIRRKIRIRICICHKN_AXeHXNNHN)

Start By ACK By From ACK By From No ACK By Stop By
Master INA223 INA223 Master INA223 @  Master

Frame 1 Two-Wire
|<— o) —>|<— Frame 2 Data MSByte —>|<— Frame 3 Data LSByte
Slave Address Byte

(1) The value of the Slave Address Byte is determined by the setting of the AO pin. Refer to Table 1.
(2) ACK by master can also be sent.

Master(

Figure 40. Timing Diagram for Read Word Format
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High-Speed Two-Wire Mode

When the bus is idle, both the SDA and SCL lines are pulled high by the pull-up devices. The master generates
a start condition followed by a valid serial byte containing high-speed (HS) master code 00001XXX. This
transmission is made in either fast (400 kHz) or standard (100 kHz) (F/S) mode at no more than 400 kHz. The
INA223 does not acknowledge the HS master code, but recognizes it and switches its internal filters to support
3.4-MHz 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 3.4 MHz are allowed. Instead of using a stop condition, repeated start conditions should be used to
secure the bus in HS-mode. A stop condition ends the HS-mode and switches all the internal filters of the
INA223 to support the F/S mode. Figure 41 illustrates the bus timing. Corresponding definitions are listed in
Table 7.

[ | [ | t(LOW) [ i = —--a
' I X Do tHpsTA) | |
| | | 1 \ 1 : H
sou |1 i J\ /[
I 1 1 I I ! ! !
I 1 | 1 —— H 1 | H
1 1 1 t 1 ! ! |
1 ! 1 1 (SUSTA) il : —q»l ,
I I I I I
: | | : |<— tHpDAT) —>| tsupan : i L i :
1
SDA | N ANE | .
| I ! \ | l 1
1 ): 1 - | T T \
1 1 | ! 1 |
| I I : : I
L 2 LS L Pl

Figure 41. Bus Timing Diagram

Table 7. Bus Timing Diagram Definitions

FAST MODE HIGH-SPEED MODE
SYMBOL DESCRIPTION MIN MAX MIN MAX UNITS

fscu SCL operating frequency 0.001 0.4 0.001 3.4 MHz
t@uF) Bus free time between stop and start conditions 600 160 ns
s
t(susTa) Repeated start condition setup time 100 100 ns
t(susTo) Stop condition setup time 100 100 ns
t(HDDAT) Data hold time 15 15 ns
t(supa) Data setup time 100 10 ns
tow) SCL clock low period 1300 160 ns
t(HIGH) SCL clock high period 600 60 ns
te Clock/Data fall time 300 160 ns
tn Clock/Data rise time 300 160 ns

Clock/Data rise time for SCLK < 100 kHz 1000 ns
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DSK 10 WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

2.5 x 2.5 mm, 0.5 mm pitch

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

4225304/A

13 TEXAS
INSTRUMENTS



DSKO010A

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—|

I I = R = I
0.05 J‘
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EXPOSED .
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—16
-
11
* -¢ 2+0.1
1t
-
10 {
03
0.5 10X
PIN 11D 10X o3 0.2
(OPTIONAL)

N

01® |C|A|B
0.05 |C

(0.2) TYP

4218903/C 09/2025

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DSKOO010A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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/
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DEFINED

SOLDER MASK DETAILS

4218903/C 09/2025

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If some or all are implemented, recommended via locations are shown.
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EXAMPLE STENCIL DESIGN
DSKOO010A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

10X (0.6) -
¢
1
T
P METAL
! ! SYMM
¢

‘ (1.13) ‘
| (2.3) ‘

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11

84% PRINTED SOLDER COVERAGE BY AREA
SCALE:20X

4218903/C 09/2025

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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