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DRV421 Integrated Magnetic Fluxgate Sensor for Closed-Loop Current Sensing

1 Features

» High-Precision Integrated Fluxgate Sensor
— Offset and Drift: £8 uT max, +5 nT/°C typ
» Extended Current Measurement Range
— H-Bridge Output Drive: £250 mA typ at 5 V
» Precision Shunt Sense Amplifier
— Offset and Drift (max): £75 pV, +2 uv/°C
— Gain Error and Drift (max): £0.3%, +5 ppm/°C
» Precision Reference
— Accuracy and Drift (max): 2%, £50 ppm/°C
— Pin-Selectable Voltage: 2.5V or 1.65 V
— Selectable Ratiometric Mode: VDD / 2
* Magnetic Core Degaussing Feature
» Diagnostic Features: Overrange and Error Flags
» Supply Voltage Range: 3.0 Vto 5.5V

» Fully Specified Over the Extended Industrial
Temperature Range of —40°C to +125°C

2 Applications

* Closed-Loop DC- and AC-Current Sensor
Modules

e Leakage Current Sensors

 Industrial Monitoring and Control Systems

* Overcurrent Detection

* Frequency, Voltage, and Solar Inverters

3 Description

The DRV421 is designed for magnetic closed-loop
current sensing solutions, enabling isolated, precise
dc- and ac-current measurements. This device
provides both, a proprietary integrated fluxgate
sensor, and the required analog signal conditioning,
thus minimizing component count and cost. The low
offset and drift of the fluxgate sensor, along with an
optimized front-end circuit results in unrivaled
measurement precision.

The DRV421 provides all the necessary circuit blocks
to drive the current-sensing feedback loop. The
sensor front-end circuit is followed by a filter that can
be configured to work with a wide range of magnetic
cores. The integrated 250-mA H-Bridge drives the
compensation coil and doubles the current
measurement range, as compared to conventional
single-ended drive methods. The device also
provides a precision voltage reference and shunt
sense amplifier to generate and drive the analog
output signal.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)

DRV421 WQFN (20) 4.00 mm x 4.00 mm

(1) For all available packages, see the package option addendum
at the end of the datasheet.

Typical Application

} 33Vor5Vv optional |
T |
I
I
|
'_N_"_N_ |
| i
|
|
!
T
|
|
! 1
|
; I
-, = magnetic | _K_‘-_K_4 |
1 1 core } |
1 ! / | — I R
SHUNT
1 o |
s 1
by
|
1 : _ -~ | prRv421
1 1 e Fluxgate Sensor Front-End Shunt
1 I /// - Sense
1 H-Bridge Amplifier
L : § Driver < ’
D1 > Integrator
— i x Fluxgate and >
1 e Sensor ;
/ 1 Filter
1 ! N
compen_sation I | \\ ADC
coil 1 N
! 1

Device Control and Degaussing

| Reference

) N
return current primary AN
conductor /': 1 U\ current N
(optional) <1 conductor

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/drv421?qgpn=drv421
http://www.ti.com/product/DRV421?dcmp=dsproject&hqs=pf
http://www.ti.com/product/DRV421?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/DRV421?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/DRV421?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/DRV421?dcmp=dsproject&hqs=support&#community
http://www.ti.com/tool/TIPD196?dcmp=dsproject&hqs=rd

I} TEXAS
INSTRUMENTS
DRV421
SBOS704B —MAY 2015—REVISED MARCH 2016 www.ti.com
Table of Contents
1 FAUIES ..o 1 8 Application and Implementation .............c.cc.......
2 APPlICAtIONS e 1 8.1 Application Information..............ccccoeevriiiiiiiininnn.
3 DESCIIPLION e 1 8.2 Typical AppliCation ..o,
4 ReviSioN HiStOry.....ccccoviiiiniiiiieeeniie e 2 9 Power-Supply Recommendations...
5 Pin Configuration and FUNCLIONS ..........coovveean... 3 9.1 Power-Supply Decoupling.................
6 Specifications 4 9.2 Power-On Start Up and Brownout .....
6.1 Absolute Maximum RAtNGS ........rrrrvooroeoeeeereeeeeeeeee 4 9.3 Power DiSSipation ..........cccoccvveeriieiniiiienieee e
6.2 ESD RAUNGS. .vvveereeeereeereeeseeeeseeesseseeeesssssseeeeeseeees 4 10 Layout............. s s e
6.3 Recommended Operating Conditions...................... 4 10.1  Layout GUIENNES .........oocvveviriviiniii s
6.4 Thermal INfOrmation ...........c.cccevveveveveceerseesieeeennn. 4 10.2 Layout EXamPle ...
6.5 Electrical CharacteriStics. ... 5 11 Device and Documentation Support................. 37
6.6 Typical CharaCteristiCs..........ccoevrvrvrvereerirereesinens 7 11.1 Documentation SUPPOrt ...........ccooiniiininininnins 37
7 Detailed DESCrIPtioN .........ccoocvervireerieiisiieeienes 16 11.2 Community RESOUMCES....uccuvsssssmmmsmmssssssssssssssnas 37
L OVEIVIEW oo 16 11.3  TrademarkS.....cccocceeeiieee i esiee e 37
7.2 Functional BIOCK DIagram ...........ovveeveerreeeereeerenee 16 11.4 Electrostatic Discharge Caution............ccccceecveennnes 37
7.3 Feature Description...........cccccevevercueverereecceerennnn, 17 115 GIOSSAY ..ooocvvviirisserisii s 37
7.4 Device Functional Modes.............ccccoceueuerrercnennn. 26 12 Mechanical, Packaging, and Orderable
INfOrmation ..o 37
4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision A (July 2015) to Revision B Page
LI Vo [0 [=To B I B 1= o | O OO TP PP PP PUPPOTPPOPRIN 1
LI Yo [o [=To l F= T R 0o Y o] o] o= 14 0] 0 F-3l o LU 1| =] £ PSP PRI 1
¢ Changed QFN to WQFN in pin configuration AraWING ...........c..eoeooiiieeee ot e e sibee e e e aebeee e e s snbeeeaesanneeeaeaennnnes 3
¢ Changed QFN to WQFN in Thermal INformation table ..........c.eoiiiiiiiiii e a e e e e e e 4
¢ Changed QFN to WQFN in Power DiSSIPatiON SECLON .......cccuiiiiiiiiiiiee e eciiie e e et e e e e st e e e e st e e e e s st e e e s s satb e e e e s sentaeaeessanes 34
Changes from Original (May 2015) to Revision A Page
LI S (C] (= Rt T I (ol o] oo [ [ox 1[0 o DT OO TP P SO PPP PSP PP PR UPPPPRPN 1
2 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated

Product Folder Links: DRV421


http://www.ti.com/product/drv421?qgpn=drv421
http://www.ti.com
http://www.ti.com/product/drv421?qgpn=drv421
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS704B&partnum=DRV421

13 TEXAS
INSTRUMENTS

www.ti.com

DRV421
SBOS704B —MAY 2015-REVISED MARCH 2016

5 Pin Configuration and Functions

RTJ Package

20-Pin WQFN
Top View
al g
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Pin Functions

e PN e 110 DESCRIPTION

AINN 14 | Inverting input of shunt sense amplifier

AINP 13 | Noninverting input of shunt sense amplifier

DEMAG 18 | Degauss control input

ER 19 (0] Error flag; open-drain, active low output

GND 7,10, 16, 17 — Ground reference

GSELO 1 | Gain and bandwidth selection input O

GSEL1 20 | Gain and bandwidth selection input 1

ICOMP1 12 (0] Output 1 of compensation coil driver

ICOMP2 11 (0] Output 2 of compensation coil driver

OR 15 (0] Shunt sense amplifier overrange indicator; open-drain, active-low output

REFIN 5 | Common-mode reference input for the shunt sense amplifier

REFOUT 4 (0] Voltage reference output

RSELO 3 | Voltage reference mode selection input 0

RSEL1 2 | Voltage reference mode selection input 1
Supply voltage, 3.0 V to 5.5 V. Decouple both pins using 1-puF ceramic capacitors placed as

VDD 8,9 — close as possible to the device. See the Power-Supply Decoupling and Layout sections for
further details.

VOUT 6 (0] Shunt sense amplifier output

PowerPAD™ — Connect thermal pad to GND

Copyright © 2015-2016, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: DRV421

3



http://www.ti.com/product/drv421?qgpn=drv421
http://www.ti.com
http://www.ti.com/product/drv421?qgpn=drv421
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS704B&partnum=DRV421

DRV421
SBOS704B —~MAY 2015-REVISED MARCH 2016

I

TEXAS
INSTRUMENTS

www.ti.com

6 Specifications

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

MIN MAX UNIT
Supply voltage (VDD to GND) -0.3 7
Voltage Input voltage, except pins AINP and AINN @) GND-05 Vpp+0.5 \Y
Shunt sense amplifier inputs (pins AINP and AINN) ¢ GND-6.0 Vpp+6.0
Pins ICOMP1 and ICOMP2 (short circuit current Igc) -300 300
Current o pins AINP and AINN -5 5 mA
Shunt sense amplifier inputs — -
All remaining pins -25 25
Junction, T; max -50 150
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.

(2) Input terminals are diode-clamped to the power-supply rails. Input signals that can swing more than 0.5 V beyond the supply rails must
be current limited, except for the shunt sense amplifier input pins.

(3) These inputs are not diode-clamped to the power supply rails.

(4) Power-limited; observe maximum junction temperature.

6.2 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.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vpp Supply voltage 3.0 5.0 55 \
Ta Specified ambient temperature range -40 125 °C
6.4 Thermal Information
SBOS704
THERMAL METRIC @ RTJ (WQFN) UNITS
20 PINS
Raia Junction-to-ambient thermal resistance 34.1 °C/W
Raic(top) Junction-to-case (top) thermal resistance 33.1 °C/W
Reis Junction-to-board thermal resistance 11.0 °C/W
Wit Junction-to-top characterization parameter 0.3 °C/W
Wig Junction-to-board characterization parameter 11.0 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance 2.1 °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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6.5 Electrical Characteristics

All minimum and maximum specifications at T, = +25°C, Vpp = 3.0 V t0 5.5 V, and lgomp1 = lcompz = 0 MA (unless otherwise
noted). Typical values are at Vpp = 5.0 V.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FLUXGATE SENSOR FRONT-END
Offset ® No magnetic field -8 +2 8 uT
Offset drift No magnetic field +5 nT/°C
Noise f=0.1Hzto 10 Hz 17 nTrms
Noise density f=1kHz 15 nTHHz
Saturation trip level for pin ER 1.7 mT
AoL DC open-loop gain 16 VIuT
GSEL[1:0] = 00, at 3.8 kHz, 8.5
integration-to-flatband corner frequency '
GSEL[1:0] = 01, at 3.8 kHz, 38
) integration-to-flatband corner frequency
AC open-loop gain VimT
GSELJ[1:0] = 10, at 1.9 kHz, 25
integration-to-flatband corner frequency
GSEL[1:0] = 11, at 1.9 kHz, 70
integration-to-flatband corner frequency
Vicomp1 — Vicompz = 4.2 Vpp,Vpp =5V, 210 250
| Peak current at pins ICOMP1 and Ta=—40°C to +125°C mA
ICOMP
ICOMP2 Vicomp1 — Vicompz = 2.5 Vpp, Vpp = 3.3V, 125 150
T =-40°C to +125°C
Voltage swing at pins ICOMP1 and 20-Q load, Vpp =5V, Ta = —40°C to +125°C 4.2
VICOMP ICOMP2 VPP
20-Q load, Vpp = 3.3V, Ty = —40°C to +125°C 25
Common-mode output voltage at pins v v
ICOMP1 and ICOMP2 REFOUT
SHUNT SENSE AMPLIFIER
Voo Output offset voltage Vane = Vann = Vrerins Vop = 3.0V -0.075 +0.01 0.075 mvV
Output offset voltage drift -2 +0.4 2 puv/°eC
CMRR Common-mode rejection ratio, RTO @ Vem=-1Vto Vpp + 1V, Vreein = Vop / 2 —250 +50 250 VIV
PSRRavp  Power-supply rejection ratio, RTO Vpp =3.0V105.5V, Vcy = Vrerin -50 +4 50 uviv
Vic Common-mode input voltage range -1 Vpp +1 \%
ZinD Differential input impedance 16.5 20 235 kQ
Zc Common-mode input impedance 40 50 60 kQ
G Gain, Vour / (Vane = Vainn) 4 VIV
Eg Gain error -0.3% +0.02% 0.3%
Gain error drift -5 +1 5| ppm/°C
Linearity error R =1kQ 12 ppm
Voltage output swing from negative rail Vpp = 5.5V, lyour = 2.5 MA 48 85 v
(OR pin trip level) Voo = 3.0V, lyour = 2.5 mA 56 100
Voltage output swing from positive rail Vbp = 5.5V, lyour =—2.5 mA Vop — 85 Vpp — 48 v
(OR pin trip level) Voo = 3.0V, lyour =—2.5 MA Vpp — 100 Vpp — 56
o Vout connected to GND -18
Isc Short-circuit current mA
Vout connected to VDD 20
Signal overrange indication delay (OR pin) | V|y = 1-V step 25t 3.5 us
BW_3qs Bandwidth 2 MHz
SR Slew rate 6.5 Vlius
Settling time, large-signal AV = £ 2 V to 1% accuracy, no external filter 0.9 us
Settling time, small-signal AV =+ 0.4V to 0.01% accuracy 8 us
e, Output voltage noise density, RTO f =1 kHz, compensation loop disabled 170 nViVHz
VREFIN Input voltage range at pin REFIN Ta =—40°C to +125°C GND VDD \%
(1) Fluxgate sensor front-end offset can be reduced using the feature.
(2) Parameter value referred to output (RTO).
Copyright © 2015-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

All minimum and maximum specifications at T, = +25°C, Vpp = 3.0 Vto 5.5V, and lcomp1 = lcompz = 0 MA (unless otherwise
noted). Typical values are at Vpp = 5.0 V.

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
VOLTAGE REFERENCE

RSEL[1:0] = 00, no load 2.45 2.5 2.55 v
VRrerouT Reference output voltage at pin REFOUT | RSEL[1:0] = 01, no load 1.6 1.65 17
RSEL[1:0] = 1x, no load 45 50 55| % of VDD
Reference output voltage drift RSEL[1:0] = 00, 01 -50 +10 50| ppm/°C
Voltage divider gain error drift RSEL[1:0] = 1x -50 +10 50| ppm/°C
PSRRger  Power-supply rejection ratio RSEL[1:0] = 00, 01 -300 +15 300 uviv

RSEL[1:0] = 0x, load to GND or VDD,

0.15 0.35
. Al opap = 0 MA to 5 mA, T, = —40°C to +125°C
Load regulation mV/mA
RSEL[1:0] = 1x, load to GND or VDD,

Al oap = 0 MA to 5 mA, T, = —40°C to +125°C 03 08
Isc Short-circuit current REFOUT connected to VDD 20 mA
REFOUT connected to GND -18
DIGITAL INPUTS/OUTPUTS
Logic Inputs (CMOS)
ViH High-level input voltage Ta =-40°C to +125°C 0.7 x VDD VDD + 0.3 \Y
Vi Low-level input voltage Ta =-40°C to +125°C -0.3 0.3 x VDD \%
Input leakage current 0.01 HA
Logic Outputs (Open-Drain)
VoH High-level output voltage Set by external pull-up resistor \Y
VoL Low-level output voltage 4-mA sink 0.3 \Y
POWER SUPPLY
licompt = licompz =0 MA, 3.0 V< Vpp £3.6 V, 65 9

. T =—-40°C to +125°C
lo Quiescent current mA
licompt = licomp2 = 0 MA, 4.5V < Vpp €55V,

Th = —40°C to +125°C 81 1
VRrsT Power-on reset threshold 2.4 \%
6 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated
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6.6 Typical Characteristics
at Vpp =5V and T, = +25°C (unless otherwise noted)
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Typical Characteristics (continued)

at Vpp =5V and T, = +25°C (unless otherwise noted)
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Typical Characteristics (continued)

at Vpp =5V and T, = +25°C (unless otherwise noted)
0 5
_— VDD =5V
— VDD =33V
-1 4
o o
o o
2 2
o -2 o 3
£ £
= =
) )
% -3 ;if’ 2
S S
> >
4 1
_— VDD =5V
— VDD =33V
-5 0
40 -25 -10 5 20 35 50 65 80 95 110 125 40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (C) Temperature (C)
RLOAD =20Q RLOAD =20Q
Figure 13. Negative Voltage Swing at ICOMPx Pins vs Figure 14. Positive Voltage Swing at ICOMPx Pins vs
Temperature Temperature
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Typical Characteristics (continued)

at Vpp =5V and T, = +25°C (unless otherwise noted)

Devices (%)
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Ratio Histogram
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Figure 21. Shunt Sense Amplifier Power-Supply Rejection
Ratio Histogram
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Typical Characteristics (continued)

at Vpp =5V and T, = +25°C (unless otherwise noted)
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Figure 25. Shunt Sense Amplifier AINN Input Impedance Figure 26. Shunt Sense Amplifier AINN Input Impedance vs
Histogram Temperature
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Figure 27. Shunt Sense Amplifier Gain Error Histogram Figure 28. Shunt Sense Amplifier Gain Error vs Temperature,
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Copyright © 2015-2016, Texas Instruments Incorporated

Submit Documentation Feedback 11

Product Folder Links: DRV421


http://www.ti.com/product/drv421?qgpn=drv421
http://www.ti.com
http://www.ti.com/product/drv421?qgpn=drv421
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS704B&partnum=DRV421

13 TEXAS

INSTRUMENTS
DRV421
SBOS704B —MAY 2015—REVISED MARCH 2016 WWww.ti.com
Typical Characteristics (continued)
at Vpp =5V and T, = +25°C (unless otherwise noted)
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Figure 31. OR Pin Trip Level vs Output Current Figure 32. OR Pin Trip Level vs Temperature
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Figure 33. OR Pin Trip Delay vs Temperature Figure 34. Shunt Sense Amplifier Output Short-Circuit
Current vs Temperature
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Figure 35. Shunt Sense Amplifier Output Short-Circuit Figure 36. Shunt Sense Amplifier Small-Signal
Current vs Supply Voltage Settling Time
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Typical Characteristics (continued)

at Vpp =5V and T, = +25°C (unless otherwise noted)
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Figure 37. Shunt Sense Amplifier Small-Signal Figure 38. Shunt Sense Amplifier Large-Signal
Settling Time Settling Time
1.25 5
— Vour — Vi
1 — Vi 4 — Vour
0.75 3
0.5 \ 2 A \
- \ / N
S 025 S 1 /
% 0 \\ % 0 T~
S .0.25 \ S a1 \\ V4
-0.5 -2 N 4
\ N[ 7
-0.75 \ -3
-1 \ -4
-1.25 5
-0.5 0 0.5 1 15 2 25 -0.1 -0.075 -0.05 -0.025 O 0.025 0.05 0.075 0.1
Time (us) Time (ms)
Falling Edge Vpp=5V
Figure 39. Shunt Sense Amplifier Large-Signal Figure 40. Shunt Sense Amplifier Overload Recovery
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Typical Characteristics (continued)
at Vpp =5V and T, = +25°C (unless otherwise noted)
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Figure 43. Reference Voltage Histogram Figure 44. Reference Voltage vs Temperature
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Typical Characteristics (continued)
at Vpp =5V and T, = +25°C (unless otherwise noted)
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7 Detailed Description

7.1 Overview

The DRV421 is a fully-integrated, magnetic fluxgate sensor, with the necessary sensor conditioning and
compensation circuitry for closed-loop current sensors. The device is inserted into an air gap of an external
ferromagnetic toroid core to sense the magnetic field. A compensation coil wrapped around the magnetic core
generates a magnetic field opposite to the one generated by the current flow to be measured.

At dc and low-frequencies, the magnetic field induced by the current in the primary conductor generates a flux in
the magnetic core. The fluxgate sensor detects the flux in the DRV421. The device filters the sensor output to
provide loop stability. The filter output connects to the built-in H-bridge driver that drives an opposing current
through the external compensation coil. The compensation coil generates an opposite magnetic field that brings
the original magnetic flux in the core back to zero.

At higher frequencies, the inductive coupling between the primary conductor and compensation coil directly
drives a current through the compensation coil.

The compensation current is proportional to the primary current (lpgmary), With @ value that is calculated using
Equation 1:
lICOMP = IPRIMARY / NWINDING
where
*  Nwioine = the number of windings of the compensation coil (1)
This compensation current generates a voltage drop across a small external shunt resistor, Rgyynt- AN
integrated difference amplifier with a fixed gain of 4 V/V measures this voltage and generates an output voltage

that is referenced to REFIN and proportional to the primary current. The Functional Block Diagram section shows
the DRV421 used as a closed-loop current sensor, for both single-ended and differential primary currents.

7.2 Functional Block Diagram

RSHUNT
) ~ )
compensation | magnetic
coil 1 1 core VDD GND ICOMP1 ICOMP2 | AINP AINN
i / ,
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1 I .7
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I )
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L S : 1 x vouT
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I: AN Sensor  Integrator and Filter ~ Driver
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7.3 Feature Description

7.3.1 Fluxgate Sensor

The fluxgate sensor of the DRV421 is uniquely suited for closed-loop current sensors because of its high
sensitivity, low noise, and low offset. The fluxgate principle relies on repeatedly driving the sensor in and out of
saturation; therefore, the sensor is free of any significant magnetic hysteresis. The feedback loop accurately
drives the magnetic flux inside the core to zero.

The DRV421 package is free of any ferromagnetic materials in order to prevent magnetization by external fields
and to obtain accurate and hysteresis-free operation. Select nonmagnetizable materials for the printed circuit
board (PCB) and passive components in the direct vicinity of the DRV421; see the Layout Guidelines section for
more details.

Figure 52 shows the orientation of the fluxgate sensor and the direction of magnetic sensitivity inside of the
package. This orientation is marked by a straight line on top of the package.

O

D421
TI Date
Code

Figure 52. Orientation and Magnetic Sensitivity Direction of the Integrated Fluxgate Sensor

7.3.2 Integrator-Filter Function and Compensation Loop Stability

The DRV421 and the magnetic core are components of the system feedback loop that compensates the
magnetic flux generated by the primary current. Therefore, the loop properties and stability depend on both
components. Four key parameters determine the stability and effective loop gain at high frequencies:

GSEL[1:0] Filter gain setting pins of the DRV421

Gcore Open-loop, current-to-field transfer of the magnetic core
Amount of magnetic field generated by 1 A of uncompensated primary current (unit is T/A).

NwiNDING Number of compensation coil windings

L Compensation coil inductance

A minimum inductance of 100 mH is required for stability. Higher inductance improves
overload current robustness (see the Overload Detection and Control section).

To properly select the filter gain of the DRV421, combine these three parameters into a modified gain factor
(Gmop) using Equation 2:

Gcore X Nwinpin
L (2

The effective loop gain is proportional to the current-to-field transfer of the magnetic core (larger field means
larger gain) and number of compensation coil windings (larger number of windings means larger compensation
field for a given input current). The compensation coil inductance adds a low-frequency pole to the system, thus
a larger inductance reduces the effective loop gain at higher frequencies. A more detailed review of system loop
stability is provided in application report SLOA224, Designing with the DRV421: Control Loop Stability.

GMOD =

For stable operation with a wide range of magnetic cores, the DRV421 features an adjustable loop filter
controlled with pins GSEL1 and GSELO. Table 1 lists the different filter settings and the related core properties.
For standard closed-loop current transducer modules with medium inductance and small shunt resistor value,
use gain setting 10. Gain setting 01 features a higher integrator-filter crossover frequency of 3.8 kHz, and is
recommended for fault-current sensors with a large shunt resistor and medium inductance.
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Feature Description (continued)
Table 1. DRV421 Loop Gain Filter Settings and Relation to Magnetic Core Parameters

COMPENSATION LOOP PROPERTIES RANGE OF COMPENSATION
LNCIE O] COIL INDUCTANCE L
GSEL1 GSELO | INTEGRATOR CORNER MODIFIED GAIN _
FREOUENGY AC OPEN-LOOP GAIN FACTOR Gyop (Nwinping = 1000
Q and Geore = 0.6 mT/A)
0 0 3.8 kHz 8.5 3 < Gyop < 12 100 mH < L < 200 mH
0 1 3.8 kHz 38 1< Gyop < 3 200 mH < L < 600 mH
1 0 1.9 kHz 25 1 < Gyop <3 200 mH < L < 600 mH
1 1 1.9 kHz 70 0.3 <Gyop <1 600 mH <L <2H

Table 1 gives an initial gain-setting recommendation based on a simulation model of a generic magnetic core.
Secondary magnetic effects, such as eddy current losses and core hysteresis, can lead to different optimal
settings. Therefore, make sure to verify the correct gain setting by measuring the response of the current sensor
to an input current step at compensation driver output pins ICOMP1 and ICOMP2. Examples of measurement
results with a magnetic core of 300 mH, 1000 compensation coil windings, and different DRV421 gain settings
are shown in Figure 53 to Figure 56.

200/ B 2.00v/ @ 500/ W] 5005/ ¢ 79408 20008 [ Triga? & E 2448

0 200v/ @ 200v/ @ 500v/ W 5000/ s 39808 10008/ | Trig? ¥ @ 2440

ICOMP1 sasssss,  ICOMP1
[ 5
!

[l
ICOMP2 ICOMP2

1 VOUT ER f VOUT ER

N4 / _ e /

Figure 53. Settling of ICOMP1 and ICOMP2 Figure 54. Settling of ICOMP1 and ICOMP2
with GSEL[1:0] = 00 with GSEL[1:0] =01
[ 2.00v/ 200v/ @ 5.00v/ @ 5000/ c 398,08 100008/ | Trigd? & @ 244r 0 2.00v/ 2.00v/ @ s500v/ @ Soow/ g 19756 50008/ Trigd? t @ 244v
ICOMP1 R ICOMP1
| 4
e
L
i 44
ICOMP2 ICOMP2
K/VOUT ‘///ER j K/VOUT ‘///ER

Figure 55. Settling of ICOMP1 and ICOMP2 Figure 56. Settling of ICOMP1 and ICOMP2
with GSEL[1:0] = 10 with GSEL[1:0] = 11

These measurement examples show a stable response for both GSEL[1:0] = 10 and 11 settings. However,
inductive coupling between the primary current and compensation coil makes it difficult to measure high-
frequency instability. Therefore, use the lowest gain setting that yields a stable response; in this case, use gain
setting 10.
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7.3.3 H-Bridge Driver for Compensation Coil

The H-bridge compensation coil driver provides the current for the compensation coil at pins ICOMP1 and
ICOMP2. A fully-differential driver stage maximizes the driving voltage that is needed to overcome the wire
resistance and inductance of the coil with a single 3.3-V or 5-V supply. The low impedance of the H-bridge driver
outputs over a wide frequency range provides a smooth transition between the compensation frequency range of
the integrator-filter stage and the high-frequency range of the primary current that directly couples into the
compensation coil according to the winding ratio (transformer effect).

The common-mode voltage of the H-bridge driver outputs is set by the RSEL pins (see the Voltage Reference
section). Thus, the common-mode voltage of the shunt sense amplifier is matched if the internal reference is
used.

The two compensation driver outputs are protected and accept inductive energy. However, for high-current
sensors, add external protection diodes (see the Protection Recommendations section).

Consider the polarity of the compensation coil connection to the output of the H-bridge driver. If the polarity is
incorrect, the H-bridge output drives to the power supply rails, even at low primary-current levels. In this case,
interchange the connection of pins ICOMP1 and ICOMP2 to the compensation coil.

7.3.4 Shunt Sense Amplifier

The compensation coil current creates a voltage drop across the external shunt resistor, Rgyynt. The internal
differential amplifier senses this voltage drop. This differential amplifier offers wide bandwidth and a high slew
rate for fast current sensors. Excellent dc stability and accuracy result from an autozero technique. The voltage
gain is 4 V/V, set by precisely-matched and thermally-stable internal resistors.

Both AINN and AINP differential amplifier inputs are connected to the shunt resistor. This resistor, in series with
the internal 10-kQ resistor, affects the overall gain and causes an additional gain error; this gain error is often
negligible. However, if a common-mode rejection of 70 dB is desired, the match of both divider ratios must be
higher than 1/3000. Therefore, for best common-mode rejection performance, place a dummy shunt resistor (Rs)
with a value higher than the shunt resistor in series with the REFIN pin to restore matching of both resistor
dividers, as shown in Figure 57.

DRV421

___AINN
Re optional
500 Q
Rshunt VOuUT /\/\/\/
ADC
Cr
Compensation 10 nF
Coil =
AINP REFIN

*r—— ’\/\/\, O REFIN (compensated)

Rs
(Dummy Shunt)

ICOMP2

ICOMP1

Figure 57. Internal Difference Amplifier with Example of a Decoupling Filter

For an overall gain of 4 V/V, calculate the value of Rg using Equation 3:
_Ry . Ry tRg

Ry Rghunt tR3

where:
i R2/R1:R4/R3:4
* Rg=Rgnunt x 4 ©)
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If the input signal is large, the amplifier output drives close to the supply rails. The amplifier output is able to drive
the input of a successive approximation register (SAR) analog-to-digital converter (ADC). For best performance,
add an RC low-pass filter stage between the shunt sense amplifier output and the ADC input. This filter limits the
noise bandwidth and decouples the high-frequency sampling noise of the ADC input from the amplifier output.
For filter resistor Rg and filter capacitor Cg values, refer to the specific converter recommendations in the
respective product data sheet.

The shunt sense amplifier output drives 100 pF directly and shows 50% overshoot with a 1-nF capacitance. Filter
resistor Rg extends the capacitive load range. Note that with an Rg of only 20 Q, the load capacitor must be
either less than 1 nF or more than 33 nF to avoid overshoot; with an Rg of 50 Q, this transient area is avoided.

Reference input REFIN is the common-mode voltage node for output signal VOUT. Use the internal voltage
reference of the DRV421 by connecting the REFIN pin to reference output REFOUT. To avoid mismatch errors,
use the same reference voltage for REFIN and the ADC. Alternatively, use an ADC with a pseudodifferential
input, with the positive input of the ADC connected to the VOUT and the negative input connected to REFIN of
the DRV421.

7.3.5 Overrange Comparator

High peak current across the shunt resistor can generate a voltage drop that overloads the shunt sense amplifier
input. The open-drain, active-low output overrange pin (OR) indicates an overvoltage condition of the amplifier.
The output of this flag is suppressed for 3 ps, preventing unwanted triggering from transients and noise. This pin
returns to high as soon as the overload condition is removed; an external pull-up resistor is required to return the
OR pin to high.

This OR output can be used as a window comparator to actively shut off circuits in the system. The value of the
shunt resistor defines the operating window for the current, and sets the ratio between the nominal signal and the
trip level of the overrange comparator. The trip level (Iyax) of this window comparator is calculated using
Equation 4:

Iuax = Input Voltage Swing / Rgyunt

where
* Input Voltage Swing = Output Voltage Swing / Gain 4)

For example, with a 5-V supply, the output voltage swing is approximately +2.45 V (load and supply voltage-
dependent).

The gain of 4 V/V enables an input voltage swing of £0.6125 V.
The resulting trip level is lyax = 0.6125 V / Rghunt-
See Figure 32 and Figure 33 in the Typical Characteristics section for details.

Common window comparators use a preset level to detect an overrange condition. The DRV421 internally
detects an overrange condition as soon as the amplifier exceeds the linear operating range, not just at a preset
voltage level. Therefore, the error is reliably indicated in faults such as output-short, low-load, or low-supply
conditions. This configuration is a safety improvement if compared to a standard voltage-level comparator.

The internal resistance of the compensation coil may prevent high compensation current flow because of H-
bridge driver overload; therefore, the shunt sense amplifier might not overload. However, a fast rate of change of
the primary current transmitted through transformer effect safely triggers the overload flag.
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7.3.6 Voltage Reference

The internal precision voltage reference circuit offers low drift performance at the REFOUT output pin and is
used for internal biasing. The reference output is intended to be the common-mode voltage of the output (VOUT
pin) to provide a bipolar signal swing. This low-impedance output tolerates sink and source currents of 5 mA.
However, fast load transients can generate ringing on this line. A small series resistor of a few ohms improves
the response, particularly for capacitive loads equal to or greater than 1 uF.

Adjust the value of the voltage reference output to the power supply of the DRV421 using mode selection pins
RSELO and RSEL1, as shown in Table 2.

Table 2. Reference Output Voltage Selection

MODE RSEL1 RSELO DESCRIPTION
VReroutr = 2.5V 0 0 Use with sensor module supply of 5 V
VRerout = 1.65V 0 1 Use with sensor module supply of 3.3 V
Ratiometric output 1 X Provides output centered on Vpp / 2

In ratiometric output mode, an internal resistor divider divides the power supply voltage by a factor of two.

For current sensor modules with a reference input pin, the DRV421 also allows overwriting the internal reference
with an external reference voltage, Vexr, as shown in Figure 58. If there is a significant difference between the
external and the internal voltage, resistor Rs limits the current flow from the internal reference. In this case, the
internal reference sources current Izgrout Shown in Equation 5:

VREFOUT — VEXT

lRerouT =

600 Q 5)

—F———— e e e — -
I Current Sense Module |

I
I
| I
| DRV421 I
| I

I
| _AINN VDD VDD
| AAAY 4
| I

I
I
| RshunT Shunt Sense I vout | vour
| Amplifier T
| Compensation Re :

Coil
I AINP repy (OUTTY Shunt REFIN External
| | m— Voltage
| Reference
| Internal REEFOUT
| ICOMP2 Voltage
Reference IGND

| ICOMP1
I
I
I

Figure 58. DRV421 with External Reference

The example of 600 Q for Rg was chosen for illustration purposes; different values are possible. If no external
reference is connected, Rg has little impact on the common-mode rejection of the shunt sense amplifier;
therefore, use a resistor value that is as small as possible.
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7.3.7 Overload Detection and Control

Magnetic fluxgate sensors have a very high sensitivity and allow detection of small magnetic fields. These
sensors are ideally suited for use in closed-loop current modules appllications because the high sensitivity makes
sure that the field inside the core gap is accurately driven to zero. However, for large fields, the fluxgate
saturates and causes the output to return to zero, as shown in Figure 59.

VA

Fluxgate
sensor
saturated

Fluxgate
sensor
saturated

a
q

Normal
operation
area

Figure 59. Typical Fluxgate Sensor Response to Magnetic Fields

In normal operation, the feedback loop keeps the magnetic field close to zero. However, large overload currents
that exceed the measurement range (for example, short-circuit currents) saturates the fluxgate. The behavior is
shown in Figure 60, where the compensation current, magnetic field in the core, and fluxgate output are shown
for the case of a 1000-A primary current step.

Primary Current Compensation Current
1000 A A 1A A
—
0A 0A >
l t l t
Fluxgate Sensor Output Magnetic Field in the Core

Saturation Detection Level

1.7mT |—

l > omT
t

Figure 60. Closed-Loop Current Sensor Response to an Overloaded Step Current
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Use the inverse of Equation 1 to calculate the current measurement range. For example, if the compensation coil
has 1000 windings, the maximum measurement range is 210 A at a 5-V supply (210-mA minimum compensation
driver capability x 1000 windings). The inductive coupling between primary current and compensation coil initially
provides a correct compensation current. However, over time, the compensation current drops to 210 mA and
the field inside the core increases beyond the measurement range of the fluxgate. Thus, the sensor output
returns to zero because of saturation.

This zero output causes unpredictable behavior in the analog control loop. For example, as a result of an invalid
fluxgate output, the H-bridge drives the wrong compensation current and generates a large magnetic field
through the compensation coil. This magnetic field keeps the fluxgate in saturation and leads to system lockup.
This unpredicatable behavior exists for any fluxgate-based current sensor.

For proper handling of overload currents, the DRV421 features a two-step overload detection and control
function. Firstly, the polarity of the last four fluxgate sensor outputs exceeding a threshold value of approximately
13 pT are internally stored. Secondly, the DRV421 features an additional circuitry that verifies every 4 us whether
the fluxgate is saturated. If saturation is detected, digital circuitry overrides the fluxgate output and provides a
high output according to the polarity detected during the last valid sensor output. As a result, the H-brigde drives
the outputs to the supply rails, making sure that the magnetic field returns to within the fluxgate range as soon as
the current returns to within the measurement range. After this happens, the fluxgate is no longer saturated, and
normal analog feedback loop operation resumes. During fluxgate saturation, the error pin is pulled low to signal
that the current exceeds the measurement range (see the Error Flag section).

For correct operation of this overload control feature, at least 10 us are required between the time the field
exceeds the polarity detection threshold (13 uT) and the saturation trip level (1.7 mT). Initially, fast primary
current steps are inductively coupled to the compensation coil (transformer effect); therefore, the primary current
rise time is not limited. Instead, the rise time is determined by the compensation coil inductance; a larger
inductance leads to a slower compensation current decrease. The minimum required inductance is 100 mH; for
optimal robustness, use 300 mH (see the Magnetic Core Design section for detailed requirements).
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7.3.8 Magnetic Core Demagnetization

Ferromagnetic cores can have a significant remanence (residual magnetism in the absence of any currents).
This core magnetization is caused by strong external magnetic fields, overcurrent conditions in the system, or if a
significant primary current flows when the sensor is not powered. This remaining magnetic field is
indistinguishable from an actual primary current, and creates a magnetic offset error. This magnetic offset error
limits the precision and the dynamic range of the current sensor, and is independent of the fluxgate sensor front-
end offset specified in this data sheet.

To reduce errors caused by core magnetization, the DRV421 features a unique closed-loop demagnetization
feature. Conventional open-loop demagnetization techniques rely on driving a fixed ac waveform through the
compensation coil. Instead, the DRV421 demagnetization feature first measures the magnetic offset using its
integrated fluxgate sensor, and then drives a controlled ac waveform to reduce the measured magnetization.
This method results in significantly better results. Moreover, any fluxgate offset is part of the closed-loop
demagnetization measurement, and therefore removed along with core magnetization, leaving only fluxgate
offset drift over temperature as an error source.

Start the demagnetization feature on demand by pulling the DEMAG pin high for at least 25 ps. This process
starts a 500-ms demagnetization cycle. During this time, the error pin (ER) is pulled low to indicate that the
output is not valid. When DEMAG is high during power up, the demagnetization cycle initiates immediately after
the supply voltage crosses the power-up threshold. Hold DEMAG low to avoid this cycle during start up. To abort
the demagnetization cycle, pull DEMAG low for longer than 25 ps. Figure 61 shows the ICOMPXx output behavior
during a demagnetization sequence. Figure 62 shows the reduced error resulting from core demagnetization.

6 1000 mA
— Vop
— ' Error Current Level
5 xOUT before Demagnetization
ICOMP1
— Vicomp2
4 1 100 mA
: »L
[}
3 ik
S H \ F s Repeatable Error Current
> Level after Demagnetization
2 1

1 'I TN
lui

0 1mA
-0.1 0 0.1 0.2 0.3 0.4 05 0.6
Time (ms)
Figure 61. Demagnetization Sequence Figure 62. Impact of Demagnetization on Error Current

During a demagnetization cycle, the primary current must be zero because the resulting magnetic field cannot be
distinguished from the remanence of the core. A demagnetization cycle in the presence of primary current (or
any other sources of magnetic field) leads to residual errors because the demagnetization feature attempts to
reduce the primary-generated field to zero, but significantly magnetizes the core instead of demagnetizing the
core. If a primary current is present that is large enough to saturate the fluxgate sensor during start up, the
DRV421 skips demagnetization (regardless of the level on the DEMAG pin), and the search function starts
instead (see the Search Function section for more details).

To reduce effects from the earth's magnetic field, degauss in the same orientation as nominal operation of the
system.
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7.3.9 Search Function

Closed-loop current sensors usually require primary current to be applied only after the sensor is powered up.
This requirement allows the feedback loop to start from zero current operation; the magnetic core is maintained
at zero flux at all times, thus preventing magnetization. Moreover, the DRV421 integrated fluxgate has a limited
measurement range of 1.7 mT. As a result, the presence of a significant primary current at power up saturates
the fluxgate, and the system feedback loop does not work; similar to the presence of an overload current (see
the Overload Detection and Control section).

The DRV421 search function allows for a power up in presence of primary dc current. If the fluxgate is saturated
at power up, the digital logic of the DRV421 connects ICOMP1 to VDD and COMP2 to GND for 30 ms. Because
of the compensation coil inductance, the compensation current slowly increases during this time, and depending
on the primary current polarity, may at some point compensate the primary current. In this case, the fluxgate
sensor desaturates and normal operation initiates. If the fluxgate sensor is still saturated after 30 ms, the voltage
polarity on ICOMPx pins is inverted (ICOMP1 = GND, ICOMP2 = VDD) and the process repeats for opposite
primary current polarity. If the fluxgate remains saturated after 60 ms, the error state persists and the error pin
ER remains active low. Figure 63 shows a search sequence starting with the wrong polarity.

[ zoov/ 200w @ 200v/ @ S00v/ % 00s 50000/ Stop & ) 155V

Search Function Inverted

']
it | )
l«—— with Wrong Polarity —>:_/ holarity
I
: Vicomp1
| N
¥ Vicompz Norm,al
Operation
VER
R

Figure 63. Search Sequence Starting with Wrong Polarity

The search funciton cannot be used for primary ac currents. Moreover, the presence of primary current before
the sensor is powered up may lead to core magnetization, and thus offset shift. Therefore, for robust operation,
do not power up in the presence of primary currents.
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7.3.10 Error Flag

The DRVA421 features an error output (ER pin) that is activated under multiple conditions. The error flag is active
when the output voltage is not proportional to the primary current; during a power fail or brownout; during a
demagnetization cycle; or when the magnetic field on the fluxgate is greater than 1.7 mT (saturation of the
fluxgate). Saturation is usually caused by either the consequence of an overload current (see the Overload
Detection and Control section) or results from a power-up in the presence of a primary current (see the Search
Function section).
The error flag resets as soon as the error condition is no longer present and the circuit has returned to normal
operation. The error flag is an open-drain logic output. Connect the error flag to the overrange flag for a wired-
OR; for proper operation, use an external pull-up resistor. The following conditions result in error flag activation
(ER asserts low):
1. For 80 ps after power-up
2. If a supply-voltage brownout condition (Vpp < 2.4 V) lasts for more than 20 ps
3. If the sensed magnetic field is > 1.7 mT because:

— Overload control is active

— Search function is active
4. Demagnetization cycle is active (see the Magnetic Core Demagnetization section)

7.4 Device Functional Modes

The DRV421 has a single functional mode and is operational when the power-supply voltage is greater than 3 V.
The maximum power supply voltage for the DRV421 is 5.5 V.
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8 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

8.1.1 Magnetic Core Design

The high sensitivity, low offset, and low noise of the DRV421 fluxgate sensor enable a high-performance closed-
loop current sensor module. For good module performance, an appropriate magnetic core design is required.

Table 3 lists the DRV421 and magnetic core specifications with relation to the overall current module

specifications.

Table 3. Current-Sensor Module Performance versus

DRV421 Specifications and Magnetic Core Performance

CURRENT SENSOR MODULE
PARAMETER

PERFORMANCE DETERMINED BY:

Offset and offset drift

DRV421 fluxgate sensor front-end: offset and offset drift

Offset on start-up and after
overload condition

Magnetic core: magnetization (see the Magnetic Core Demagnetization section)

Noise

DRV421 fluxgate sensor front-end: noise

Linearity error

DRV421 fluxgate sensor front-end: AC open-loop gain

Gain error

Magnetic core: Permeability, geometry, and actual number of compensation coil windings

Measurement range

1) DRV421 fluxgate sensor front-end: H-bridge peak current
2) Compensation coil: number of windings and resistance
3) Value of the external shunt resistor

Neighbor-current rejection
(crosstalk)

Magnetic core: permeability, sensor gap design, and magnetic shielding

Bandwidth and gain flatness

1) DRV421 fluxgate sensor front-end: AC open-loop gain setting
2) Magnetic core: high-frequency behavior of the core and inductance of the compensation coil
3) Value of the external shunt resistor

Common-mode current rejection
(for fault current sensors)

Magnetic core: permeability, actual position of the primary current conductors, and magnetic shielding

For further details, see application report SLOA223, Designing with the DRV421: Closed Loop Current Sensor

Specifications.
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Application Information (continued)

8.1.2 Protection Recommendations

Inputs AINP and AINN require external protection to limit the voltage swing to within 6 V beyond both supply
rails. Driver outputs ICOMP1 and ICOMP2 handle high-current pulses protected by internal clamp circuits to the
supply voltage. If large magnitude overcurrents are expected, connect external Schottky diodes to the supply
rails to protect the DRV421 from damage.

CAUTION

Large overcurrents may drive the power supply above the normal operating voltage.
Route large overcurrent pulses away from the device using diodes connected to the
supply, as shown in the typical application on the front page. To prevent these pulses
from driving up the supply voltage, and prevent damage to the DRV421 and other
components in the circuit, use an additional supply clamp, as shown in Figure 64. All
other pins offer standard protection; see the Absolute Maximum Ratings.

=+

Figure 64. Additonal Supply Clamp for the DRV421
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8.2 Typical Application

8.2.1 Closed-Loop Current Sensing Module

Closed-loop current sensor modules (Figure 65) measure currents over a wide frequency range, including dc
currents. These sensor modules offer a contact-free sensing method and excellent galvanic isolation
performance, combined with high resolution, accuracy, and reliability. The DRV421 is designed for use in this
kind of application.

At dc and in low-frequency range, the magnetic field induced by the primary current is sensed by the DRV421
fluxgate sensor. The sensed signal is filtered by the DRV421 and the internal H-bridge driver generates a
proportional compensation current. The compensation current flows through the compensation coil, and
generates a magnetic field. This magnetic field drives the original magnetic flux in the core back to zero. The
value of this magnetic field is increased by the number of compensation coil windings. Therefore, use Equation 1
to calculate the required compensation current for a given primary current.

At higher frequencies, the magnetic field induced by the primary current directly couples into the compensation
coil and generates a current. The low impedance of the H-bridge driver does not influence the value of this
current. Also in this case, the value of the compensation current is the value of the primary current divided by the
number of compensation coil windings.

Closed-Loop Current Module

Voo optional |

magnetic
core

\ Lo

Rshunt

Pre Taez
Pt =z
- =S=2Z = MCU
T 53 <<
- ee vouT
- —| GSELO REFIN — ADC
REFOUT ®
— S CSELL  ovazt
§ RSELO DEMAG |- GPIOO
L 7 > % RSEL1 OR P GPIO1
/' - ER Ty - GPIO2
compensation \\‘\\\\ S 2 2 g
coil T~ o > > o
primary | | | |
— current = C1 c2 — Voo
conductor 1 T
-
Figure 65. Closed-Loop Current Sensing Module
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Typical Application (continued)
8.2.1.1 Design Requirements

A closed-loop current sensing module contains the DRV421, the magnetic core with a compensation coil, and a
shunt resistor. To increase the robustness of the module to high primary current peaks, use additional protection
diodes. See application report SLOA223, Designing with the DRV421: Closed Loop Current Sensor
Specifications, for additional information on the magnetic core and compensation coil design. The DRV421
output voltage is calculated as described in Equation 6:

N
- PRIM
Vout = lpriM X (— * Rgpunt % G
WINDING

where:
e lpgw = primary current value
e Npgrmm = the number of windings of the primary current conductor
*  Nwioing = the number of windings of the compensation caoll
¢ Rgyunt = shunt resistor value
e G = shunt sense amplifier gain; default value is 4 (6)

8.2.1.2 Detailed Design Procedure

The compensation current creates a voltage drop across the shunt resistor. The maximum shunt resistor value is
limited by supply voltage Vpp, the compensation current range, and the resistance of the compensation coil, as
described in Equation 7:

v
Rshunt + Reoil < —ICIOMP(MIN)
ICOMP 7

The voltage drop across the shunt resistor is sensed by the DRV421 shunt sense amplifier with a gain of four.
For proper operation, keep the resulting output voltage at VOUT pin within the voltage output swing range
specified in the Electrical Characteristics.

8.2.1.3 Application Curves
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Figure 66. Gain Flatness of a DRV421-Based Closed-Loop Figure 67. Current Error of a DRV421-Based Closed-Loop
Current Sensing Module Current Sensing Module
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Typical Application (continued)

8.2.2 Differential Closed-Loop Current Sensing Module

The differential closed-loop current sensing module (Figure 68) measures the difference between two or more
currents. Typical end-applications for such modules are leakage or residual current sensors. The high sensitivity
of the fluxgate sensor and the low temperature drift make the DRV421 a suitable choice for this type of modules.
The principle operation is the same as that of the closed-loop current module described in the Closed-Loop
Current Sensing Module section. The compensation current corresponds to the current difference between the
primary conductors.

optional |

Differential Closed-Loop Current Module
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Figure 68. Differential Closed-Loop Current Sensing Module
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Typical Application (continued)
8.2.2.1 Design Requirements

As with the previous application, the compensation current creates a voltage drop across the shunt resistor. The
maximum shunt resistor value is limited by supply voltage Vpp, the compensation current range, and the
resistance of the compensation coil; see Equation 7.

However, in applications that sense leakage or residual currents, the difference between the primary currents is
zero in normal operation. In fault condition only, there is a small difference current that is sensed in order to shut
down the system to prevent damage to the device or the user. In this case, the compensation current is also very
low, usually only in the range of few mA. Therefore, use a higher shunt resistor value in this case to support high
sensitivity on system level. Consider the impact of shunt resistor value on gain and gain flatness as decribed in
application report SLOA223, Designing with the DRV421: Closed Loop Current Sensor Specifications.

8.2.2.2 Detailed Design Procedure

For differential current sensing modules with a large shunt resistor and medium compensation coil inductance,
use the gain setting that features the higher cross-over frequency of 3.8 kHz: GSEL[1:0] = 01.

8.2.2.3 Application Curve
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Figure 69. Current Error of a DRV421-Based
Differential Closed-Loop Current Sensing Module
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Typical Application (continued)
8.2.3 Using the DRV421 in +15-V Sensor Applications

The DRV421 is designed for 3.3-V or 5-V nominal operation. To support a wider module current range, the
device is also used in +15-V application, as shown in Figure 70. In this application, an external regulator
generates the 5-V supply for the DRV421. An additional external +15-V power driver stage drives the

compensation coil. These techniques allow the design of exceptionally precise and stable +15-V current-sense
modules.

+15Vo ®
\%
LDO 5
VDD
ICOMP1
Fluxgate H-Bridge External
Sensor Driver ICOMP?2 Driver .
Compensation
Coil
DRV421
GND Rshunt
-15Vo *
Figure 70. +15-V Current-Sense Modules
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9 Power-Supply Recommendations

9.1 Power-Supply Decoupling

Decouple both VDD pins of the DRV421 with 1-uF X7R-type ceramic capacitors to the adjacent GND pin as
illustrated in Figure 71. For best performance, place both decoupling capacitors as close to the related power-
supply pins as possible. Connect these capacitors to the power-supply source in a way that allows the current to
flow through the pads of the decoupling capacitors.

9.2 Power-On Start Up and Brownout

Power-on is detected when the supply voltage exceeds 2.4 V at VDD pin. At this point, DRV421 initiates

following start-up sequence:

1. Digital logic starts up and waits for 26 us for the supply to settle.

2. Fluxgate sensor powers up.

3. If fluxgate sensor saturation is detected, search function starts as described in the Search Function section.

4. If DEMAG pin is set high, demagnetization cycle starts as described in the Magnetic Core Demagnetization
section.

5. The compensation loop is active after the demagnetization cycle, or 80 ys after the supply voltage exceeds
24 V.

During this startup sequence, the ICOMP1 and ICOMP2 outputs are pulled low to prevent undesired signals on
the compensation coil, and the ER pin is asserted low.

The DRVA421 tests for low supply voltages with a brownout voltage level of 2.4 V. Use a power-supply source
capable of supporting large current pulses driven by the DRV421, and low ESR bypass capacitors for stable
supply voltage in the system. A supply drop below 2.4-V that lasts longer than 20 us generates a power-on reset;
the device ignores shorter voltage drops. A voltage drop on the VDD pin to below 1.8 V immediately initiates a
power-on reset. After the power supply returns to 2.4 V, the device initiates a start-up cycle, as described at the
beginning of this section.

9.3 Power Dissipation

The thermally-enhanced, PowerPAD, WQFN package reduces the thermal impedance from junction to case.
This package has a downset lead frame on which the die is mounted. The lead frame has an exposed thermal
pad (PowerPAD) on the underside of the package, and provides a good thermal path for the heat dissipation.

The power dissipation on both linear outputs ICOMP1 and ICOMP?2 is calculated with Equation 8:
PD(ICOMP) = licomp * (Vicomp — VsuppLy)

where
*  VgyuppLy = Voltage potential closer to V,comp, Vpp, OF GND (8)

CAUTION

Output short-circuit conditions are particularly critical for the H-bridge driver output pins
ICOMP1 and ICOMP2. The full supply voltage occurs across the conducting transistor
and the current is only limited by the current density limitation of the FET; permanent
damage can occur. The DRV421 does not feature temperature protection or thermal
shut-down.

9.3.1 Thermal Pad

Packages with an exposed thermal pad are specifically designed to provide excellent power dissipation, but
board layout greatly influences the overall heat dissipation. Technical details are described in application report
SLMAO002, PowerPad Thermally Enhanced Package, available for download at www.ti.com.
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10 Layout

10.1 Layout Guidelines

The DRV421 unique, integrated fluxgate has a very high sensitivity to magnetic fields in order to enable design of

a closed-loop current sensor with best-in-class precision and linearity. Observe proper PCB layout techniques

because any current-conducting wire in the direct vicinity of the DRV421 generates a magnetic field that may

distort measurements. Common passive components and some PCB plating materials contain ferromagnetic

materials that are magnetizable. For best performance, use the following layout guidelines:

* Route current conducting wires in pairs: route a wire with an incoming supply current next to, or on top of its
return current path. The opposite magnetic field polarity of these connection cancel each other. To facilitate
this layout approach, the DRV421 positive and negative supply pins are located next to each other.

* Route the compensation coil connections close to each other as a pair to reduce coupling effects.

* Route currents parallel to the fluxgate sensor sensitivity axis as shown in Figure 71. As a result, magnetic
fields are perpendicular to the fluxgate sensitivity, and have limited impact.

« Vertical current flow (for example, through vias) generates a field in the fluxgate-sensitive direction. Minimize
the number of vias in vincinity of the DRV421.

» Place all passive components (for example, decoupling capacitors and the shunt resistor) outside of the
portion of the PCB that is inserted into the magnetic core gap. Use nonmagnetic components to prevent
magnetizing effects.

» Do not use PCB trace finishes using nickel-gold plating because of the potential for magnetization.
» Connect all GND pins to a local ground plane.

Ferrite beads in series to the power-supply connection reduce interaction with other circuits powered from the
same supply voltage source. However, to prevent influence of the magnetic fields if ferrite beads are used, do
not place them next to the DRV421.

The reference output (REFOUT pin) refers to GND. Use a low-impedance and star-type connection to reduce the
driver current and the fluxgate sensor current modulating the voltage drop on the ground track. The REFOUT
and VOUT outputs are able to drive some capacitive load, but avoid large direct capacitive loading because of
increased internal pulse currents. Given the wide bandwidth of the shunt sense ampilifier, isolate large capacitive
loads with a small series resistor.

Solder the exposed PowerPAD, on the bottom of the package to the ground layer because the PowerPAD is
internally connected to the substrate that must be connected to the most-negative potential.

Figure 71 illustrates a generic layout example that highlights the placement of components that are critical to the
DRV421 performance. For specific layout examples, see SLOU409, DRV421EVM Users Guide, and TIDUA92,
TIPD196 Design Guide.
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10.2 Layout Example
Keep this area free of components
creating magnetic fields.
Fluxgate sensor sensitivity axis
-l | -
e § Ll
O — Q
ol =] [E] 2] |2
) ] Q o
a
=) @ ® O (]
| | s ©
> o
' ' ' Compensation
5 o) a) a) o
° =4 a ) b4
S o > > o
TR @ 8 L @ 8
3 k8 3 k8
LEGEND ' O .
Top Layer:
Copper Pour and Traces
. Via to Ground Plane
O Via to Supply Plane To ADC
Figure 71. Generic Layout Example (Top View)
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

 DRV421EVM Users Guide, SLOU409

e TIPD196 Design Guide, TIDUA92

» Designing with the DRV421: Closed Loop Current Sensor Specifications, SLOA223
» Designing with the DRV421: Control Loop Stability, SLOA224

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

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.
115 Glossary

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

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)
DRV421RTJR ACTIVE QFN RTJ 20 3000 RoHS & Green Call Tl Level-3-260C-168 HR ~ -40t0 125 ~  ---- >
DRV421
DRV421RTJT ACTIVE QFN RTJ 20 250 RoHS & Green Call Tl Level-3-260C-168 HR ~ -40 to 125 5;3421 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 aline 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.

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
4 |+ 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 QfSprocket 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)

DRV421RTJR QFN RTJ

20

3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0

Q2

DRVA421RTJT QFN RTJ

20

250 180.0 12.4 425 | 425 | 1.15 8.0 12.0

Q2
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TAPE AND REEL BOX DIMENSIONS
At
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV421RTJR QFN RTJ 20 3000 367.0 367.0 35.0
DRV421RTJT QFN RTJ 20 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RTJ 20 WQFN - 0.8 mm max height

4 x 4,0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224842/A
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MECHANICAL DATA

RTJ (S—PWQFN—N20) PLASTIC QUAD FLATPACK NO—-LEAD

415
e D —
355
15 | "
|
|
‘ 10
16
|
— + - ﬂ
Q 3,85
20
Pin 1 Index Area /\

Top and Bottom

L L

v 0,20 Norninal
0,80 Lead Frame
%70 ARV Wy e— ,
([0,08/c| 4 j f Seating Plane
Seating He|qht 005
1 ‘ 5 i
JUU
JUUUU ] 4
6
THERMAL PAD
20 HERMAL PA
| -
— | -
SIZE AND SHAPE
= STOWN ON SEPARATE SHEET €
O 1 — v
\
I} ID) ‘ N
10
ANARANAnA =
15 J Ln
0,30
>< it At
20 018
E’ 10@IClAlB]
Bottomn View 10,050 IC]

4205505/F 07/11

NOTES: Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.

This drawing is subject to change without notice.

QFN (Quad Flatpack No—Lead) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

bmpo@?

Check thermal pad mechanical drawing in the product datasheet for nominal lead length dimensions.
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THERMAL PAD MECHANICAL DATA

RTJ (S—PWQFN-N20) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR 0.50

(OPTIONAL) 1 l’ 20X 530

UUTUU ]

—f

20 s
D) (a
— |
2,25+0,10 |— _|_ /i—Exposed Thermal Pad
l D) i (a
16 CJho

M

15 "

€«—2,25+0,10 —>,

Bottom View

Exposed Thermal Pad Dimensions

4206256-8/V  05/15

NOTE: All linear dimensions are in millimeters
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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