'g Ordering &

) quality

13 TEXAS

documentation

Design & m Support &
development training

INSTRUMENTS ZHCSKF9A - OCTOBER 2019 - REVISED NO\I/'I:I\?I'n‘zEgRO;OQ;)
INA290-Q1 2.7V %= 120V. 1.1MHz #EX5 2% B B N UK 28
1 i 3

FFErTH IR 45 M ) AEC-Q100 Frif -
- WREYE 10 - 40°C £ +125°C, Ta
AL Th AR 224
- AT I RE L A R G T SO
TSR
- TAEHJE : 2.7V & 120V
- A[ARZHE :-20V & +122V
BRI L (CMRR) :
- 160dB Hi
- 85dB %t ( 50kHz I} )
K
- M
© WHERRZE 1 20.1% ( BKMH)
o IE25VERL : +5ppm/°C ( I K1H )
- RIFAHE
o REHE : 212uV (B )
o JRIE+0.2uV/°C ( BKAH )
A
- A1 B 20VIV
- A2 #&fF : 50VIV
- A3 #&fF : 100VIV
- A4 #EF  200VIV
- A5 2 : 500V/V
BT 1.1MHz
B 2V/us
FrAS LA © 370pA

2 N

[ %5 LiDAR

K% HVAC JE4ibL R
RZEP SR A g p b
RN

ER

INA290-Q1 /& — K MG % L BRI TBUR#s | AIAE 2.7V
£ 120V (158 SLARTE I 2 v PSR, B
KA RE SC-70 &3 , PCB =8 5 A A
2.0mm x 2.1mm. ZEE £12uV ( HORE ) AR
KR £0.1% ( ORME ) B9/ a5 R Z M 160dB
(UM ) B B CMRR 245 22 BT, W]
SE B R R O RO U EORE E . INA290-Q1 AR i
1.1MHz ( #2358 20V/V ) K& % fl 85dB ( 50kHz
) A2 CMRR , AMUGE A T ER ERlE | &
M (fln, Pl memy ) .

JEIAE 2.7V 2 120V 1 58 LA FE Py A 43 e FE 2%
FRERE , INA290-Q1 AT $ Ak 47 RS 25 H v I 2 1)
it . INA290-Q1 K] SC-70 Fb3 | w5 AL B Hh 4
INRTT RIR T

HEEE
i) () HERT (HFFE )
INA290-Q1 SC-70 (5) 2.00mm x 1.25mm

(1) & 7RI AT R | T2 R R R A R T

Vaus ‘

IN+

RSENSE§
R1
Load RL

A 4 GND

L: Bt a

Current
Feedback

147

out

Buffer

ADC

ARG AENTTRRI , RAH R TP s P SORARIE R

PARA = s O 2L . A 5@ B 5 SRR I Bl (R 2, 7 )

www.ti.com , AN, TIAGRIERIERERPERNA R, ESEER Bt Z 8T, 1 551575 Bol UK IS SCRRAS .

English Data Sheet: SBOS995



I3 TEXAS
INA290-Q1 INSTRUMENTS
ZHCSKF9A - OCTOBER 2019 - REVISED NOVEMBER 2020 www.ti.com.cn
Table of Contents
TR e 1 8 Application and Implementation.................................. 16
2 R e 1 8.1 Application Information..............cccooiiiin, 16
B e 1 8.2 Typical Application............oooiiiiiiiiiiieieee 18
4 ReVISION HISOTY.........o.ovooeeeeeeeeeeeeeeeeeeeeeeeee e 2 9 Power Supply Recommendations...................cc.cooee. 20
5 Pin Conﬁguration and Functions .........cooovoiiiii, 3 10 Layout ........................................................................... 20
6 SPECIfICAIONS............oveieeieeeeeeee e 4 10.1 Layout Guidelines..........cceeiieiiiiiiiieeeiieee e 20
6.1 Absolute Maximum Ratings ............ocovvvreerrerreeen. 4 10.2 Layout Example............cccoovieiiiiiiiiiices 20
6.2 ESD RAUNGS ..o 4 11 Device and Documentation Support.......................... 21
6.3 Recommended Operating Conditions ....................... 4 1.1 Docu‘mentatio‘n SUPPOrt.....ceciici 21
6.4 Thermal INfOrmMation .........c.cvooeeeeeeeeeeeee e 4 1.2 FEUCSCRE T BB oo 21
6.5 Electrical Characteristics ...........c.c.ccocoveeveeeeereeeernns 5 1.3 SR e 21
6.6 Typical Characteristics..........cccccveevvciiiiie e 6 11.4 Trademarks. ......ccuveeeiiiiiiie e 21
7 Detailed Description..................cccocoeeeeeeeeeeeenn 12 15 B L e 21
7.1 OVEIVIEW.....iiiiiiic e 12 11.6 RIEZR oo 21
7.2 Functional Block Diagram..........ccccccceviiiiiininnicnicnnns 12 12 Mechanical, Packaging, and Orderable
7.3 Feature Description..........ccccovveeieeviienie e 13 INFOrmMation..............c..cooveiiiiiece e 21
7.4 Device Functional Modes..........ccevvveveeeeeeeieieiiieienn, 15

4 Revision History
T DAHTARCAS 1) TR AT A8 5 24 RO 1) SRS AN [R]

Changes from Revision * (October 2019) to Revision A (November 2020) Page
o BEIRFRIREN TUEEE” FEN EFEIE” o 1
o HHTTEA SRR IR . BRI XS B HIIR TN s 1

2 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: INA290-Q1



13 TEXAS
INSTRUMENTS

www.ti.com.cn

INA290-Q1
ZHCSKF9A - OCTOBER 2019 - REVISED NOVEMBER 2020

5 Pin Configuration and Functions

A~ )
O
ouT 1 5 IN—
GND 2
Vs |: 3 4 :| IN+
Not to scale
& 5-1. DCK Package 5-Pin SC-70 Top View
% 5-1. Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
GND 2 Ground Ground
IN - 5 Input Connect to load side of shunt resistor
IN+ 4 Input Connect to supply side of shunt resistor
ouT 1 Output Output voltage
VS 3 Power Power supply
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6 Specifications

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

MIN MAX UNIT
Vg Supply Voltage -0.3 22 \%
Analog Inputs, |Differential (Vin.) = (Vin-) - 30 30 \
Vine Vin- @ Common - mode -20 122 \%
Output GND - 0.3 Vs +0.3 \%
Ta Operating Temperature -55 150 °C
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

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

(2) VIN+and VIN - are the voltages at the VIN+ and VIN - pins, respectively.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002, all pins(") £2000
o HBM ESD Classification Level 2 -
V(Esp) Electrostatic discharge - - \%
Charged device model (CDM), per AEC Q100-011, all pins +1000
CDM ESD Classification Level C6 -

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vem Common-mode input range(") Vs 48 120 \%
Vs Operating supply range 2.7 5 20 \Y
Ta Ambient temperature -40 125 °C

(1)  Common-mode voltage can go below Vg under certain conditions. See [ 7-1 for additional information on operating range.

6.4 Thermal Information

INA290-Q1
THERMAL METRIC(") DCK (SC-70) UNIT
5 PINS
Roua Junction-to-ambient thermal resistance 191.6 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 144 .4 °C/W
Ry Junction-to-board thermal resistance 69.2 °C/W
Wi Junction-to-top characterization parameter 46.2 °C/W
LU Junction-to-board characterization parameter 69.0 °C/W
R0 yc(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.
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INA290-Q1

6.5 Electrical Characteristics

at TaA=25°C,Vs=5V, Vgense = Vine - Vin- =0.5V / Gain, Vgy = Vin- = 48 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
INPUT
o - IVem=27V1t0o120V, Tpo= -40°Cto +125°C 140 160
CMRR  |Common-mode rejection ratio dB
f=50 kHz 85
A1 devices 5 +25
A2 devices 3 +20
Vos Offset voltage, input referred "y
A3 devices 3 +15
A4, A5 devices 2 +12
dV,/dT |Offset voltage drift Ta= -40°Cto+125°C 0.2| pvic
Power supply rejection ratio, _ PN o
PSRR input referred Vg=27Vto20V,Tp= -40°Cto +125°C 0.05 +0.5| pvIv
Ig+, V =0mV 10 20 30
Ig Input bias current Bt TSENSE MA
IB . VSENSE =0mV 10 20 30
OUTPUT
A1 devices 20
A2 devices 50
G Gain A3 devices 100 VIV
A4 devices 200
A5 devices 500
A1, A2, A3 devices, 002 +01
GND + 50 mV < Voyr < Vg - 200 mV
Gain error A AS dovi %
, evices,
GND + 50 mV < Vour < Vg - 200 mV 0.02 015
Gain error drift Ta= -40°Cto+125°C 1.5 5| ppm/°C
Nonlinearity error 0.01 %
Maximum capacitive load No sustained oscillations, no isolation resistor 500 pF
VOLTAGE OUTPUT
Swing to Vg power supply rail |R oap =10kQ, Tp = -40 °Cto +125°C Vg - 0.07 Vg - 0.2 \
Swing to ground Rioap = 10k, Vsense =0V, Ta= -40°Cto 0.005 0.025| Vv
+125°C
FREQUENCY RESPONSE
A1 devices, CLOAD =5 pF, VSENSE =200 mV 1100
A2 devices, CLOAD =5 pF, VSENSE =80 mV 1100
BW Bandwidth A3 devices, C oap = 5 pF, Vsense = 40 mV 900 kHz
A4 devices, CLOAD =5 pF, VSENSE =20 mV 850
A5 devices, C oap = 5 pF, Vsense =8 mV 800
SR Slew rate V/us
Vout =4 V £ 0.1V step, output settles to 0.5%
Settling time us
Voyt =4 V £ 0.1V step, output settles to 1%
NOISE
Ve, Voltage noise density 50 nV/ v Hz
POWER SUPPLY
Vg Supply voltage Ta= -40°Cto +125°C 2.7 20 \%
370 500
la Quiescent current, INA290 MA
Ta= -40°Cto+125°C 600
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6.6 Typical Characteristics

All specifications at Ty =25 °C, Vg =5V, Vgense = Vint: — Vin- = 0.5V / Gain, and Vg = Vy- =48V, unless otherwise

noted.
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6.6 Typical Characteristics (continued)

All specifications at Ty =25 °C, Vs =5V, Vgense = Vine — Vin- = 0.5V / Gain, and Vg = Viy- =48V, unless otherwise
noted.
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6.6 Typical Characteristics (continued)

All specifications at Ty =25 °C, Vs =5V, Vgense = Vine — Vin- = 0.5V / Gain, and Vg = Viy- =48V, unless otherwise

noted.
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6.6 Typical Characteristics (continued)

All specifications at Ty =25 °C, Vs =5V, Vgense = Vine — Vin- = 0.5V / Gain, and Vg = Viy- =48V, unless otherwise
noted.
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6.6 Typical Characteristics (continued)

All specifications at Ty =25 °C, Vs =5V, Vgense = Vine — Vin- = 0.5V / Gain, and Vg = Viy- =48V, unless otherwise

noted.
400
375 Hr-
=
E 21 350
é S 1 | N | | :E/ 325
£8 s
s S 300
T o o
B2 T 275
52 g
° g l ll LI | @ 250
o § 3
o 225
> — Vg =5V
200 — Vg =20V
Vg =2.7V
175
- - 0 2.5 5 7.5 10 12.5 15 17.5 20
Time (1 s/div) Output Voltage (V)
K 6-25. Input Referred Noise K 6-26. Quiescent Current vs Output Voltage, INA290
425 50
—— Vg =5V, Sourcing
. —— Vg =5V, Sinking
400 — E—— - 40 s L Vs = 20V, Sourcing
= i . E .. — Vg =20V, Smkmg
= T — - - = N > — Vg =27V, Spur_cmg
5 375 5 s0| N —— Ve = 2.7V, Sinking
3 3 - \\
8 350 — S oo \\\
4] &)
@ = ~—_ \
325 — Vg=5V 2T — e
— Vg =20V L
Vg =27V
300 0
75 50 -25 0 25 50 75 100 125 150 175 75 50 25 0 25 50 75 100 125 150 175
Temperature (°C) Temperature (°C)
& 6-27. Quiescent Current vs Temperature, INA290 & 6-28. Short-Circuit Current vs Temperature
425 425
— Vg =5V
— Vg =20V
400 400 Vg =2.7V
: I ——— el
—— B N e — a—
3 375 — S 375 =
3 g
s} &)
5 350 5 350
2 / =
e} s &
325 : 250G 325
. —— 125°C
. -40°C
300 - 300
0 2 4 6 8 10 12 14 16 18 20 -20 0 20 40 60 80 100 120
Supply Voltage (V) Common-Mode Voltage (V)
A 6-29. Quiescent Current vs Supply Voltage, INA290 & 6-30. Quiescent Current vs Common-Mode Voltage, INA290

10

Submit Document Feedback

Product Folder Links: INA290-Q1

Copyright © 2021 Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com.cn

INA290-Q1

ZHCSKF9A - OCTOBER 2019 - REVISED NOVEMBER 2020

6.6 Typical Characteristics (continued)

All specifications at Ty =25 °C, Vs =5V, Vsense = Vine — ViN-

=0.5V/ Gain, and V¢ =

Vin- =48V, unless otherwise

noted.
_— ¥CM

= — Vour @
g s | 83
[ 5) 5 €
g N =
£ e | 38
>27v g o
° oS
= Z N ov
= o
g M~ JAS U Py 3 gz
£ o
38 > >

5 E

[eRTe]

£

Time (12.5us/div) oV
R =10kQ Vsense =5 mV
6-31.C Mode Voltage Fast T Pulse, A Time (10 us/dv)
K] 6-31. Common-Mode Voltage Fast Transient Pulse, A5 .
. 9 & 6-32. Step Response, A3 Devices
DeviceAs
—— Supply Voltage
—— Output Voltage
= =
S )
S >
5 Y V\\’
(=] (=]
= =
2 M 2
ov ov — Supply Voltage
—— Output Voltage
Time (5 ps/div) Time (25 ps/div)
Vsense = 0 mV Vsense = 5 mV
A 6-33. Start-Up Response & 6-34. Supply Transient Response, A5 Devices

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: INA290-Q1

Submit Document Feedback

1



13 TEXAS
INA290-Q1 INSTRUMENTS
ZHCSKF9A - OCTOBER 2019 - REVISED NOVEMBER 2020 www.ti.com.cn

7 Detailed Description
7.1 Overview

The INA290-Q1 is a high-side only current-sense amplifier that offers a wide common-mode range, precision
zero-drift topology, excellent common-mode rejection ratio (CMRR), high bandwidth, and fast slew rate. Different
gain versions are available to optimize the output dynamic range based on the application. The INA290-Q1 is
designed using a transconductance architecture with a current-feedback amplifier that enables low bias currents
of 20 yA and a common-mode voltage of 120 V.

7.2 Functional Block Diagram

Vs
Vaus |
Y
R1
IN+
. +
? NN :
RSENSE§ Bias F(e;géf:ék =
R1
_ L A ~ ouT
— L
Load § RL
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7.3 Feature Description
7.3.1 Amplifier Input Common-Mode Range
The INA290-Q1 supports large input common-mode voltages from 2.7 V to 120 V and features a high DC CMRR

of 160 dB (typical) and a 85-dB AC CMRR at 50 kHz. The minimum common-mode voltage is restricted by the

supply voltage as shown in [¥| 7-1. The topology of the internal amplifiers INA290-Q1 restricts operation to high-
side, current-sensing applications.

8
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S 7
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=6

3 /
= L~
o

2 3 e

£ \

)

£ Vom = 2.7V

E 1

= ‘ ‘

=9

0 25 5 7.5 10 12.5 15 17.5 20
Supply Voltage (V)

B 7-1. Minimum Common-Mode Voltage vs Supply

7.3.1.1 Input-Signal Bandwidth

The INA290-Q1 - 3-dB bandwidth is gain dependent with several gain options of 20 V/V, 50 V/V, 100 V/V, 200
VIV, and 500 V/V as shown in & 6-8. The unique multistage design enables the amplifier to achieve high
bandwidth at all gains. This high bandwidth provides the throughput and fast response that is required for the
rapid detection and processing of overcurrent events.

The bandwidth of the device also depends on the applied Vggnse Voltage. | 7-2 shows the bandwidth
performance profile of the device over frequency as output voltage increases for each gain variation. As shown
in & 7-2, the device exhibits the highest bandwidth with higher Vggnse voltages, and the bandwidth is higher
with lower device gain options. Individual requirements determine the acceptable limits of error for high-
frequency, current-sensing applications. Testing and evaluation in the end application or circuit is required to
determine the acceptance criteria and validate whether or not the performance levels meet the system
specifications.
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& 7-2. Bandwidth vs Output Voltage
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7.3.1.2 Low Input Bias Current

The INA290-Q1 input bias current draws 20 1 A (typical) even with common-mode voltages as high as 120 V.
This enables precision current sensing in applications where the sensed current is small or applications that
require lower input leakage current.

7.3.1.3 Low Vggnse Operation

The INA290-Q1 enables accurate current measurement across the entire valid Vgense range. The zero-drift
input architecture of the INA290-Q1 provides the low offset voltage and low offset drift needed to measure low
Vsense levels accurately across the wide operating temperature of - 40 °C to +125 °C. The capability to
measure low sense voltages enables accurate measurements at lower load currents, and also allows reduction
of the sense resistor value for a given operating current, which minimizes the power loss in the current sensing
element.

7.3.1.4 Wide Fixed Gain Output

The INA290-Q1 gain error is < 0.1% at room temperature for most gain options, with a maximum drift of 5
ppm/°C over the full temperature range of - 40 °C to +125 °C. The INA290-Q1 is available in multiple gain
options of 20 V/V, 50 V/V, 100 V/V, 200 V/V, and 500 V/V, which the system designer should select based on
their desired signal-to-noise ratio and other system requirements.

The INA290-Q1 closed-loop gain is set by a precision, low-drift internal resistor network. The ratio of these
resistors are excellently matched, while the absolute values may vary significantly. TI does not recommend
adding additional resistance around the INA290-Q1 to change the effective gain because of this variation,
however. The typical values of the gain resistors are described in 3 7-1.

Z 7-1. Fixed Gain Resistor

GAIN R1 RL
20 (VIV) 25k 0 500 k ©
50 (V/V) 10kQ 500 k @
100 (V/V) 10kQ 1000 k@
200 (V/V) 5KkQ 1000 k @
500 (V/V) 2kO 1000 k Q

7.3.1.5 Wide Supply Range

The INA290-Q1 operates with a wide supply range from a 2.7 V to 20 V. The output stage supports a full-scale
output voltage range of up to Vs. Wide output range can enable very-wide dynamic range current
measurements. For a gain of 20 V/V, the maximum differential input acceptable is 1 V.

The offset of the gain of INA290-Q1A1 device is £25 1V, and the INA290-Q1A1 is capable of measuring a wide
dynamic range of current up to 92 dB.
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7.4 Device Functional Modes
7.4.1 Unidirectional Operation

The INA290-Q1 measures the differential voltage developed by current flowing through a resistor that is
commonly referred to as a current-sensing resistor or a current-shunt resistor. The INA290-Q1 operates in
unidirectional mode only, meaning it only senses current sourced from a power supply to a system load as
shown in ¥ 7-3.

5V
48-V |
Supply
A
IN R1
+
- +
? NV :
) Current
R
SENSE§ B'fs R1 Feedback =
N — "\ -
Load [— g RL

<

ouTt

W GND

& 7-3. Unidirectional Application

The linear range of the output stage is limited to how close the output voltage can approach ground under zero-
input conditions. The zero current output voltage of the INA290-Q1 is very small, with a maximum of GND + 25
mV. Make sure to apply a sense voltage of (25 mV / Gain) or greater to keep the INA290-Q1 output in the linear
region of operation.

7.4.2 High Signal Throughput

With a bandwidth of 1.1 MHz at a gain of 20 V/V and a slew rate of 2 V/us, the INA290-Q1 is specifically
designed for detecting and protecting applications from fast inrush currents. As shown in & 7-2, the INA290-Q1
responds in less than 2 us for a system measuring a 75-A threshold on a 2-m Q shunt.

% 7-2. Response Time

PARAMETER EQUATION L”ﬁf:g ay

G Gain 20 VIV
Imax Maximum current 100 A
IThreshold Threshold current 75 A
Rsense Current sense resistor value 2mQ
VouTt_max Output voltage at maximum current Vout = Imax * Rsense * G 4V
VouT THR Output voltage at threshold current Vout THR = ITHR % Rsense X G 3V
SR Slew rate 2 Vlus

Output response time Tresponse = Vout THR/ SR <2us

Copyright © 2021 Texas Instruments Incorporated
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8 Application and Implementation

Note

PAR BB 7 A5 BANE T THAAERNE |, TI AERAESPER 2 BE . 2P AT E T AR 5iE
MFHNH . 2P NI UE IR Bt AR RSt Thae.

8.1 Application Information

The INA290-Q1 amplifies the voltage developed across a current-sensing resistor as current flows through the
resistor to the load. The wide input common-mode voltage range and high common-mode rejection of the
INA290-Q1 allows use over a wide range of voltage rails while still maintaining an accurate current
measurement.

8.1.1 Rsense and Device Gain Selection

The accuracy of any current-sense amplifier is maximized by choosing the current-sense resistor to be as large
as possible. A large sense resistor maximizes the differential input signal for a given amount of current flow and
reduces the error contribution of the offset voltage. However, there are practical limits as to how large the
current-sense resistor can be in a given application because of the resistor size and maximum allowable power
dissipation. 5 #£3 1 gives the maximum value for the current-sense resistor for a given power dissipation
budget:

PDyax

I 2
MAX 1)

Rsense <

where:

* PDpax is the maximum allowable power dissipation in Rggnske.
* Imax is the maximum current that will flow through Rgense.

An additional limitation on the size of the current-sense resistor and device gain is due to the power-supply
voltage, Vg, and device swing-to-rail limitations. To make sure that the current-sense signal is properly passed to
the output, both positive and negative output swing limitations must be examined. J5# 3\ 2 provides the
maximum values of Rsense and GAIN to keep the device from exceeding the positive swing limitation.

Imax * Rsense * GAIN < Vgp 2

where:

* Imax is the maximum current that will flow through Rgense.
* GAIN is the gain of the current-sense amplifier.
* Vgp is the positive output swing as specified in the data sheet.

To avoid positive output swing limitations when selecting the value of Rgense, there is always a trade-off
between the value of the sense resistor and the gain of the device under consideration. If the sense resistor
selected for the maximum power dissipation is too large, then it is possible to select a lower-gain device in order
to avoid positive swing limitations.

The negative swing limitation places a limit on how small the sense resistor value can be for a given application.
J7 #2203 provides the limit on the minimum value of the sense resistor.

Imin * Rsense * GAIN > Vsy 3)

where:

* Ipin is the minimum current that will flow through Rsense.
* GAIN is the gain of the current-sense amplifier.

16 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: INA290-Q1



13 TEXAS
INSTRUMENTS INA290-Q1

www.ti.com.cn ZHCSKF9A - OCTOBER 2019 - REVISED NOVEMBER 2020

* Vgy is the negative output swing of the device.

7 8-1 shows an example of the different results obtained from using five different gain versions of the INA290-
Q1. From the table data, the highest gain device allows a smaller current-shunt resistor and decreased power
dissipation in the element.

% 8-1. Rgense Selection and Power Dissipation

RESULTS AT Vg =5V
PARAMETER(") EQUATION
INA290A1Q | INA290A2Q | INA290A3Q | INA290A4Q | INA290A5Q

G Gain 20 VIV 50 VIV 100 VIV 200 VIV 500 VIV

Ideal differential input voltage (Ignores
VseNsE swing limitation and power supply Vsense = Vour/ G 250 mV 100 mV 50 mV 25mV 10 mV

variation.)
Rsense Current sense resistor value Rsense = Vsense / Imax 25mQ 10mQ 5mQ 25mQ 1mQ
Psense Current-sense resistor power dissipation Rsense X Imax2 25W 1w 0.5W 0.25 W 0.1W

(1) Design example with 10-A full-scale current with maximum output voltage setto 5 V.

8.1.2 Input Filtering

Note

Input filters are not required for accurate measurements using the INA290-Q1, and use of filters in this
location is not recommended. If filter components are used on the input of the amplifier, follow the
guidelines in this section to minimize the effects on performance.

Based strictly on user design requirements, external filtering of the current signal may be desired. The initial
location that can be considered for the filter is at the output of the current-sense amplifier. Although placing the
filter at the output satisfies the filtering requirements, this location changes the low output impedance measured
by any circuitry connected to the output voltage pin. The other location for filter placement is at the current-sense
amplifier input pins. This location also satisfies the filtering requirement, but the components must be carefully
selected to minimally impact device performance. |¥| 8-1 shows a filter placed at the input pins.

Vs
VCM |
R1
—T—’\/v % + =
&
. Current
B R1 Feedback =
: ) out
VW [ Buffer
g RL
w GND

& 8-1. Filter at Input Pins

External series resistance provides a source of additional measurement error, so keep the value of these series
resistors to 10 Q or less to reduce loss of accuracy. The internal bias network shown in 8-1 creates a
mismatch in input bias currents (see 6-15, ¥ 6-16, and & 6-17) when a differential voltage is applied
between the input pins. If additional external series filter resistors are added to the circuit, a mismatch is created
in the voltage drop across the filter resistors. This voltage is a differential error voltage in the shunt resistor
voltage. In addition to the absolute resistor value, mismatch resulting from resistor tolerance can significantly
impact the error because this value is calculated based on the actual measured resistance.

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 17
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The measurement error expected from the additional external filter resistors can be calculated using /5 f£x 4,
where the gain error factor is calculated using 723X 5.

Gain Error (%) = 100 x (Gain Error Factor - 1) 4)

The gain error factor, shown in 77 £ 4, can be calculated to determine the gain error introduced by the
additional external series resistance. 527 4 calculates the deviation of the shunt voltage, resulting from the
attenuation and imbalance created by the added external filter resistance. 3 8-2 provides the gain error factor
and gain error for several resistor values.

R x R1
(RBX R1)+(RBX R|N)+(2XR|NX R1) (5)

Gain Error Factor =

Where:

* Ry is the external filter resistance value.

* R1is the INA290-Q1 input resistance value specified in 3 7-1.
* Rgin the internal bias resistance, which is 6600 Q + 20%.

% 8-2. Example Gain Error Factor and Gain Error for 10-Q External Filter Input Resistors

DEVICE (GAIN) GAIN ERROR FACTOR GAIN ERROR (%)
A1 devices (20) 0.99658 -0.34185
A2 devices (50) 0.99598 -0.40141
A3 devices (100) 0.99598 -0.40141
A4 devices (200) 0.99499 -0.50051
A5 devices (500) 0.99203 -0.79663

8.2 Typical Application

The INA290-Q1 is a unidirectional, current-sense amplifier capable of measuring currents through a resistive
shunt with shunt common-mode voltages from 2.7 V to 120 V. The circuit configuration for monitoring current in a
high-side pump or motor is shown in & 8-2 .

VSUPPLY
INA290-Q1

High-side
DC-Link Sensing

i |

= &

K 8-2. Current Sensing in a Automotive Pump
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8.2.1 Design Requirements
VsuppLy is set to 5 V, and the common-mode voltage set to 48 V. & 8-3 lists the design setup for this application.

% 8-3. Design Parameters

DESIGN PARAMETERS EXAMPLE VALUE
INA290-Q1 supply voltage 5V
High-side supply voltage 48V
Maximum sense current (lyax) 5A
Gain option 50 VIV

8.2.2 Detailed Design Procedure

The maximum value of the current-sense resistor is calculated based choice of gain, value of the maximum
current the be sensed (Iyax), and the power-supply voltage (Vs). When operating at the maximum current, the
output voltage must not exceed the positive output swing specification, Vgp. Under the given design parameters,
77238 6 calculates the maximum value for Rgensg as 19.2 mQ.

V.
Rsense < ——2—
i x GAIN ©)

For this design example, a value of 15 mQ is selected because, while the 15 mQ is less than the maximum
value calculated, 15 m Q is still large enough to give adequate signal at the current-sense amplifier output.

8.2.2.1 Overload Recovery With Negative Vsense

The INA290-Q1 is a unidirectional current-sense amplifier that is meant to operate with a positive differential
input voltage (Vsense)- If negative Vsense is applied, the device is placed in an overload condition and requires
time to recover once Vggnsg returns positive. The required overload recovery time increases with more negative

VsensE-
8.2.3 Application Curve

8-3 shows the output response of the device to a high frequency sinusoidal current.

VSENSE (20 mV/div)

7777777777777777777777777777777

,,,,,,,,,,,,,,,

7777777777777777777777777777777777777777777777777777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Time (10ps/div)
Kl 8-3. INA290-Q1 Output Response
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9 Power Supply Recommendations

The input circuitry of the INA290-Q1 device can accurately measure beyond the power-supply voltage. The
power supply can be 20 V, whereas the load power-supply voltage at IN+ and IN - can go up to 120 V. The
output voltage range of the OUT pin is limited by the voltage on the Vg pin and the device swing to supply
specification.

10 Layout
10.1 Layout Guidelines

Tl always recommends to follow good layout practices:

* Connect the input pins to the sensing resistor using a Kelvin or 4-wire connection. This connection technique
makes sure that only the current-sensing resistor impedance is detected between the input pins. Poor routing
of the current-sensing resistor commonly results in additional resistance present between the input pins.
Given the very low ohmic value of the current resistor, any additional high-current carrying impedance can
cause significant measurement errors.

* Place the power-supply bypass capacitor as close to the device power supply and ground pins as possible.
The recommended value of this bypass capacitor is 0.1 pF. Additional decoupling capacitance can be added
to compensate for noisy or high-impedance power supplies.

* When routing the connections from the current-sense resistor to the device, keep the trace lengths as short
as possible.

10.2 Layout Example

Load
RSENSE
TI Device
Current Sense
Output out[t | [ 5N
( Direction of
( 2
\) GND Current Flow
Power Supply, Vs
(2.7 V10 20 V) Q vs[s_ | [ 4]iNg
Caypass 6
()
N
VIA to Ground
Plane
Bus Voltage
E 10-1. Recommended Layout for INA290-Q1
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11 Device and Documentation Support
11.1 Documentation Support
11.1.1 Related Documentation

For related documentation, see the following:
Texas Instruments, INA290EVM User's Guide
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11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
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12 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

INA290A1QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1G6 Samples
INA290A2QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1G8 Samples
INA290A3QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1G7
INA290A4QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1G9
INA290A5QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1GA Samples

® 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

Addendum-Page 1




H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 11-Mar-2021

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.

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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | 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 QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
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)
INA290A1QDCKRQ1 SC70 DCK 5 3000 180.0 8.4 247 | 23 125 | 4.0 8.0 Q3
INA290A2QDCKRQ1 SC70 DCK 5 3000 180.0 8.4 247 | 23 125 | 4.0 8.0 Q3
INA290A3QDCKRQ1 SC70 DCK 5 3000 180.0 8.4 2.47 2.3 1.25 4.0 8.0 Q3
INA290A4QDCKRQ1 SC70 DCK 5 3000 180.0 8.4 2.47 2.3 1.25 4.0 8.0 Q3
INA290A5QDCKRQ1 SC70 DCK 5 3000 180.0 8.4 2.47 2.3 1.25 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA290A1QDCKRQ1 SC70 DCK 5 3000 183.0 183.0 20.0
INA290A2QDCKRQ1 SC70 DCK 5 3000 183.0 183.0 20.0
INA290A3QDCKRQ1 SC70 DCK 5 3000 183.0 183.0 20.0
INA290A4QDCKRQ1 SC70 DCK 5 3000 183.0 183.0 20.0
INA290A5QDCKRQ1 SC70 DCK 5 3000 183.0 183.0 20.0
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MECHANICAL DATA

DCK (R-PDSO-G5)

PLASTIC SMALL—OUTLINE PACKAGE

15
' 1,85 >
5 4 |
H H f
| 4
| [ 140
11
Pin 1 7
Index Area

Gauge Plane
Seating Plane

v -
(N Inini N S
0,80 \ I
L ;ﬁ Seating Plane = =
0.10
0,00
4093553-3/G  01/2007
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. Falls within JEDEC MO-203 variation AA.
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