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Low-power, bidirectional current-sensing circuit

Design Goals
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Design Description

This low-power, low-side, bidirectional current sensing solution uses two nano-power, zero-drift amplifiers
(LPV821) and one micro-power comparator with an integrated, precision reference (TLV3012). This circuit
is well-suited for battery powered devices where charging current and system current need to be
monitored accurately. The gain of U1 and U2 are set independently.

As shown in the application circuit, the LPV821 amplifiers are connected out of phase across Rggyse tO
amplify the currents of opposite polarity. Amplifier U2 linearly amplifies the charging (positive) current
while amplifier U1 linearly amplifies the system (negative) current. When U2 is monitoring the positive
current, U1 drives its output to ground. Similarly, U2 drives its ouput to ground when U1 monitors the
negative current. The amplifier outputs are ORed together with resistors R; and Ry while U1 or U2 provide
the ground reference creating a single output voltage for the comparator to monitor.

If a regulated supply or reference is already available in the system, the TLV3012 can be replaced by a
nano-power comparator such as the TLV7031. Moreover, if the charging current and system current have
equal magnitudes, the gains of amplfier U1 and U2 can be set equal to each other. Even with the gains of
the amplifiers being equal, ORing the amplifier outputs allows one comparator to detect overcurrent
conditions for both charging and system current.
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Design Notes

1. To minimize errors, utilize precision resistors and set R, = R3;, R, = R,, and R; = Ry .

2. Select Rggnse to Minimize the voltage drop at max current and to reduce amplifier offset error when
monitoring minimum current levels.

3. Select the amplifier gains so COMP_IN reaches 1.242V when the charging and system currents reach
their critical levels and avoid operating the amplifiers outside of their linear range.
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Design Steps
1. Determine the transfer equation given R, = R;, R, = R,, and R; = R,.
Inverted Path:
COMP_IN= — lgs * Rggnse * (f%:) x ( R7i8R8)

Non-Inverted Path:
COMP_IN= Ig; X Regnse ¥ (g ) * (RegBe) x (R

2. Select the SENSE resistor value assuming a maximum voltage drop (Vsgnse) Of 200mV when charging
at 1A and a minimum system current of 10mA.

V, ( ) 100 mV
Rsense (Max) = =52 786 = 50 = 100 mQ

with Igq(min) = 10mA, Vgense= 1T0mMA x 100mQ=1 mV> > VOS(max)=10 nVv

3. Select ORIing resistor R, and Rq to generate COMP_IN.

a. An equal attenuation factor of two is applied to the input of the comparatorwith R, =R,. Choose
large values to minimize current consumption from the output of the amplifiers.

b. Special care must be taken when validating the voltage at COMP_IN. Since R, and R are large
impedance values, the input impedance of an oscilloscope probe or the input to a digital voltmeter
can alter the measured voltage. Common probe and voltmeter input impedances are 10MQ and
this will attenuate the signal measured.

with R;,=Rg=2.49 MQ,
COMP_IN= (VOUT_Inv or VOUT_Nonlnv) /2

4. Select the amplifier gain such that COMP_IN reaches 1.242V when the currents reach the critical

threshold.
Gain= 2x Comparator REF
Rsense X g1 (max)!
. _ 2x1.242 _ (-Rey _ _ \
Gain (Inv)= "S5 = & 249y

Gain (Non/nV) = §x11><?4§ = RaiARz; X R1R+1R2 =249%

R;=R;= 100 kQ (Standard Value)
Rs= 10 kQ (Standard Value)
R,=R,=Rg=2.49 MQ (Standard Value)
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Design Simulations
DC Simulation Results (VOUT_Inv)
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DC Simulation Results (VOUT_Nonlnv)
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Tech Note and Blog References

See Analog Engineer's Circuit Cookbooks for TI's comprehensive circuit library.

See Advantages of Using Nanopower Zero Drift Amp for Mobile Phone Battery Monitoring.
See Current Sensing in No-Neutral Light Switches.

See GPIO Pins Power Signal Chain in Personal Electronics Running on Li-lon Batteries.
See Current Sensing Using NanoPower Op Amps Blog.

Design Featured Op Amp

LPV821
Vg 1.7V to 3.6V
Input Ve Rail-to-rall
Vout Rail-to-rall
Vos 1.5 pv
V,s Drift 20 nv/°C
lq 650 nA/Ch
Iy 7 pA
UGBW 8 kHz
#Channels 1
LPV821
Design Alternate Op Amp
TLVx333
Vg 1.8V to 5.5V
Input Vey Rail-to-rail
Vout Rail-to-rail
Vos 2 uv
Vs Drift 20 nV/°C
lq 17 uA/Ch
Iy 70 pA
UGBW 350 kHz
#Channels 1,2,4
TLV333
Revision History
Revision Date Change
A February 2019 Changed title and changed title role to 'Amplifiers'.
Added link to circuit cookbook landing page.

SNOA985A—March 2018—-Revised February 2019

Submit Documentation Feedback 228
Copyright © 2018-2019, Texas Instruments Incorporated

Low-power, bidirectional current-sensing circuit


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOA985A
http://www.ti.com/analog-circuit/circuit-cookbook.html
http://www.ti.com/lit/pdf/snoa977
http://www.ti.com/lit/pdf/snoa968
http://www.ti.com/lit/pdf/snoa983
http://e2e.ti.com/blogs_/b/analogwire/archive/2018/02/08/how-to-make-precision-measurements-on-a-nanopower-budget-part-2-current-sensing-using-nanopower-op-amps
http://www.ti.com/product/lpv821
http://www.ti.com/product/tlv333



