ACS37003KMC

400 kHz Current Sensor IC with High Accuracy
in Low-Resistance High-lsolation Package

FEATURES AND BENEFITS

Low internal primary conductor resistance (265 puQ) for
better power efficiency and low dissipation
* High operating bandwidth for fast control loops or where
high-speed currents are monitored
0 400 kHz bandwidth
o 1.1 ps typical response time
* High accuracy
O As low as 1% maximum sensitivity error over
temperature
o0 8 mV maximum offset voltage over temperature
o0 Non-ratiometric operation with Vg output
o Differential sensing robust against external magnetic
fields
o0 No magnetic hysteresis
» UL-certified to 62368-1, highly isolated compact
SOIC16W surface mount package
O 5 kVpyg rated isolation test voltage
0 1144 Vyums / 1618 V- basic isolation voltages
0 572 Vpums / 809 V- reinforced isolation voltages
* Wide operating temperature, —40°C to 125°C
* Maximum 70 Agyg continuous operating current at 85°C
* Industrial use only

PACKAGE:

16-pin SOICW
(suffix MC)

Not to scale

DESCRIPTION

The ACS37003 is a fully integrated current sensor IC that senses
current flowing through the custom SOICW16 package. The
current conductor has a very low (265 pQ) resistance, ideal
for low power dissipation. The sensor is factory-trimmed to
provide high accuracy over the entire operating range without
the need for customer programming or calibration.

The internal construction provides high isolation by magnetically
coupling the field generated by current flow in the conductor
to the fully monolithic Hall sensor IC. The current is sensed
differentially by two Hall plates that subtract out interfer-
ing common-mode magnetic fields. The IC has no physical
connection to the integrated current conductor and provides
5 kVgrms isolation between the primary and secondary signal
leads of the package. This high rating provides an industry-
leading basic working voltage of 1140 V)5 and a reinforced
working voltage of 572 V.

The ACS37003KMC is provided in a custom SOICW 16 sur-
face mount package. The pin pitch is the same as a standard
SOIC16, but the lead-frame is 2.5 times as thick to reduce the
resistance. The package body is sized to achieve greater than
8.2 mm of creepage and clearance. The leadframe is plated
with 100% matte tin, which is compatible with standard lead
(Pb) free printed circuit board assembly processes. Internally,
the device is Pb-free, making the device RoHS compliant.
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Figure 1: Typical Application Circuit
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ACS37003KMC 400 kHz Current S.ensor IC \fwth ngh_Accuracy in
Low-Resistance High-lsolation Package

SELECTION GUIDE

Part Number c;:::;sls:mg s?“ms\',tlz;ty ‘(’\c,;: Vl?%(o) Te"}'z'('fg)"ge Package Packing
ACS37003KMCATR-120B3 +120 12 3.3 1.65
ACS37003KMCATR-050B5 +50 40 4010 125 16-pin 1000 .pieces
ACS37003KMCATR-085B5 +85 25 5 2.5 SoIC per 13-inch reel
ACS37003KMCATR-180B5 +180 12

IACS 37003 K MCA TR - 180 B 5 - ABC

| 1 | LIL 1 L_J1ul
Additional Idenifiers

Supply Voltage:
5- VCC =5V
3-Vec=33V

Output Directionality:
B — Bidirectional
U — Unidirectional

| Current Sensing Range (A)

| Packing Designator

| Package Designator

| Optimized Temperature Range
| K—--40°C to 125°C

| 5 Digit Part Number

| Allegro Current Sensor
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ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package
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400 kHz Current Sensor IC with High Accuracy in

ACS37003KMC Low-Resistance High-lsolation Package

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee 6.5 \%
Reverse Supply Voltage VRee -0.5 \%
Forward Output Voltage Veout Applies to V|gyt and Vrer (Ve +0.7)<6.5 \
Reverse Output Voltage Vrout Applies to V|gyt and Vrer -0.5 \'%
Forward Input Voltage VEne Applies to NC pins (Ve +0.7)<6.5 \
Reverse Input Voltage Vrne Applies to NC pins -0.5 \Y
Operating Ambient Temperature Ta K temperature range —-40to 125 °C
Storage Temperature Tsig —65 to 165 °C
Maximum Junction Temperature T j(max) 165 °C

THERMAL CHARACTERISTICS

Characteristic | Symbol Notes Value Unit

MC Package, 16-Pin SOICW
Package Thermal Resistance (Junction to Ambient) Rgya Mounted on the standard MC Current Sensor 19 °C/W
Package Thermal Metric (Junction to Top) Wi Evaluation Board (ACSEVB-MC16) 24 °C/W
Package Thermal Resistance (Junction to Case) Resc Simulated per the methods in JESD51-1 15 °C/W
Package Thermal Resistance (Junction to Board) Res Simulated per the methods in JESD51-8 7.3 °C/W

ISOLATION AND PACKAGE CHARACTERISTICS

Characteristic Symbol Notes Rating Unit
Withstand Voltage ['112] Viso Agency rated for 60 seconds per UL 62368-1 (edition 3) 5000 VRkms
. . . Maximum approved working voltage for basic (single) isolation 1618 Vekor Ve
2]

Working Voltage for Basic Isolation Vel according to UL 62368-1 (edition 3) 1144 Veurs
Working Voltage for Reinforced v Maximum approved working voltage for reinforced isolation 809 Vekor Ve
Isolation [2] WVRI according to UL 62368-1 (edition 3) 572 Vs

1.2/ 50 ps waveform, tested in dielectric fluid to determine intrinsic
Surge Voltage Vsuree surge immunity of isolation barrier 13000 Vek
Impulse Voltage VivpuLse | 1.2/ 50 ps waveform, tested in air 7071 Vpk
Clearance DcL Minimum distance through air from IP leads to signal leads 8.7 mm
Creepage Dcr Minimum distance along package body from IP leads to signal leads 8.7 mm
Distance Through Insulation DTI Minimum internal distance through insulation 110 um
Comparative Track Index CTI Material Group I 400 to 599 \%
[l Production-tested in accordance with UL 62368-1 (edition 3).
[2] Certification pending.
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ACS37003KMC 400 kHz Current S.ensor IC \fwth ngh_Accuracy in
Low-Resistance High-lsolation Package

PINOUT DIAGRAM AND TERMINAL LIST TABLE

Terminal List Table

1P+ GND Number Name Description
1P+ NC 1,2,3,4 1P+ Terminals for current being sensed; fused internally
IP+ NC 5,6,7,8 IP- Terminals for current being sensed; fused internally
IP+ VCC 9 NC Terminal can be left open or grounded
IP- VIOUT 10 NC Terminal can be left open or grounded
IP- E VREF " VREF Zero current voltage reference
IP- NC 12 VIOUT Analog output representing the current flowing through Ip
IP- E NC 13 VCC Device power supply terminal
14 NC Terminal can be left open or grounded
15 NC Terminal can be left open or grounded
Figure 2: MC Package Pinout Diagram 16 GND Device ground terminal
EE.PBOM ar?d Regulator
Digital Logic
P+ C | —l—() VCC
Signal Path
Control and
Temp. Control VREF )VREF

Hall Plates

IP- ( /J7—()GND

CH1

— Analog Signal — Digital Signal

Figure 3: Functional Block Diagram
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ACS37003KMC 400 kHz Current S_ensor IC \!wth ngh_Accuracy in
Low-Resistance High-lsolation Package

COMMON ELECTRICAL CHARACTERISTICS: Valid through full operating temperature range, T = —40°C to 125°C,
Cgypass = 0.1 pF, and V¢ = 3.3 V or 5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Vee =5V 4.5 5 55 \
Supply Voltage Vee
Vec =33V 3.15 3.3 3.6 \
Vec =5V, noload on VIOUT or VREF - 15 18 mA
Supply Current lcc
Ve =3.3V; no load on VIOUT or VREF - 12 15 mA
Supply Bypass Capacitor Cgypass VCC to GND 0.1 - - uF
Primary Conductor Resistance Rip Tp=25°C - 265 - uQ
Primary Conductor Inductance Lip - 4.45 - nH
Output Buffer Resistance Rour U]éeér;al output buffer resistance on VIOUT and _ 4 _ 0
Magnetic Coupling B - 4.55 - G/A
V Vcc rising [1] 26 2.9 3.1 \%
Power-On Reset Voltage POR(H) = - 9
VPOR(L) VCC falllng M 2.2 2.5 2.8 \Y
POR HyStereSiS VPOR(HYS) 250 - - mV

Time from V¢ rising = Vpog() after a POR

Power-On Time tpop event until power-on B 100 B HS
Overvoltage Detection (OVD) Vovbh) Vcc rising 1] 6.1 6.4 6.8 \
Threshold VOVD(L) VCC falllng M 5.6 5.8 6.1 \
OVD Hysteresis VO\/D(HYS) - 660 - mV
Time from VCC rising = VOVD(EN)
OVD Delav Ti lovoEn) until OVD asserts 60 64 120 Hs
elay Time
Y t Time from V¢ falling < Voyp(pis) _ 7 _ us
dovD(DIS) until OVD clears
Continued on the next page...
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ACS37003KMC 400 kHz Current S_ensor IC \!wth ngh_Accuracy in
Low-Resistance High-lsolation Package

COMMON ELECTRICAL CHARACTERISTICS (continued): Valid through full operating temperature range,
Tp =—40°C to 125°C, Cgypags = 0.1 F, and V- = 3.3 V or 5 V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Units
OUTPUT SIGNAL CHARACTERISTICS (VIOUT)
Output Resistive Load Ry VIOUT to GND, VIOUT to VCC 10 - - kQ
Output Capacitive Load C. VIOUT to GND - 1 6 nF
V R =10 kQ to GND Ve —0.25 - - \Y
Saturation Voltage SATH) L ce
VSAT(L) RL =10kQ to VCC - - 0.15 \Y
| VIOUT shorted to GND - 25 - mA
Output Current Limit OUT(sre)
louT(snky VIOUT shorted to VCC - 25 - mA
Internal Bandwidth BW Small signal -3 dB, C = 5.7 nF - 400 - kHz
Rise Time t, Tpo=25°C,C_ =5.7nF - 0.7 - us
Response Time tresponse | Ta=25°C, C =5.7nF - 1.1 - us
Propagation Delay tod Tpo=25°C,C_ =5.7nF - 0.7 - us
Input-referenced noise density;
T, =25°C, C_=5.7 nF; Vg =5 V - 350 - |uAnHz
Noise Density IND —— 4 noise densit
nput-referenced noise density; _ _
To=25°C, C_ = 5.7 nF; Vee = 3.3V 450 WANHz
BW =400 kHz;
, Tp=25°C, C_ = 5.7nF; Ve =5V - 217 - mA
Notse 'y BW = 400 kH
Tpo=25°C,C_ =5.7nF; V=33V B 367 - mA
. . Comparison of Ip = Ippax) < 65A and _ _ o
Nonlinearity Eln Ip = lpuaxy2 < 32.5 A 0.5 %o
DC to 1 kHz; 100 mV pk-pk ripple on V¢, _ —40 _ dB
o . Ip = 0 A, change in Vg relative to Vg Ty = 25°C
Power Supply Rejection Ratio Offset PSRR - -
o 1 to 100 kHz; 100 mV pk-pk ripple on V¢, _ _30 _ dB
Ip = 0 A, change in Vg relative to Vg Ta =25°C
DC to 1kHz; 100 mV pk-pk ripple on V¢, I = 0 A, _ _15 _ dB
o . change in Eggps relative to Ve Ty =25°C
Power Supply Rejection Ratio Sens PSRRg —
1 to 100 kHz; 100 mV pk-pk ripple on V¢, Ip =0 A, _ 6 _ dB
change in Eggyg relative to Vg Ty = 25°C
Additional VOE at VCC = VCC(min) or VCC(max) from _
Power Supply Offset Error Vogps) Vog at Vg, Ta = 25°C 15 +1 15 mV
e s Additional ESENS at VCC = VCC(min) or VCC(max) _ o
Power Supply Sensitivity Error Esens(ps) from Egens at Vg, Ta = 25°C 1.5 0.3 1.5 %o
Common-Mode Field Rejection CMFR Input-referred error due to a common-mode field - 4 - mA/G

Continued on the next page...
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ACS37003KMC 400 kHz Current S.ensor IC \fwth ngh_Accuracy in
Low-Resistance High-lsolation Package

COMMON ELECTRICAL CHARACTERISTICS (continued): Valid through full operating temperature range,
Tp =—40°C to 125°C, Cgypags = 0.1 uF, and V- = 3.3 V or 5 V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Units
REFERENCE OUTPUT CHARACTERISTICS (VREF)
Bidirectional; Vo =5V 249 25 2.51 \
Bidirectional; Vo = 3.3V 1.64 1.65 1.66 \
Zero Current Reference Voltage VRer —
Unidirectional; Vo =5V 0.49 0.5 0.51 \Y
Unidirectional; Vg = 3.3V 0.32 0.33 0.34 \
Reference Resistive Load RyREF VREF to GND; VREF to VCC 10 - - kQ
Reference Capacitive Load Cvrer VREF to GND - - 6 nF
| Max. current VREF can passively source - 25 - mA
Reference Source Current Limit REFSRC) P Y
IREF(SNK) Max. current VREF can passively sink - -25 - mA

V¢ rate +1 V/ms, for best accuracy.
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ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

ACS37003KMCATR-120B3 PERFORMANCE CHARACTERISTICS: Valid through full operating temperature range,

Tp=—-40°C to 125°C, Cgypass = 0.1 uF, and V¢ = 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions | Min. [] | Typ. [ | Max.[1] | Units

NOMINAL PERFORMANCE
Current Sensing Range Ipr -120 - 120 A
Sensitivity Sens Ipr(min) < Ip < IpR(max) - 12 - mV/A
Zero Current Output Voltage Viouriq) | !deal Voltage of Vrer and Vioyr(q) - 1.65 - \%
TOTAL ERROR (Vioyr(actuar) — (Sensgpear) * lpr + Vrer)) / (Sens(pear) * Ipr) * 100
AND TOTAL ERROR COMPONENTS

Measured at |p = £65 A, Tp = 25°C -0.9 - 0.9 %
Total Error Etor

Measured at Ip = 65 A, Ty = —40°C to 125°C -1.1 - 1.1 %

o Measured at |[p = 65 A, T, = 25°C -0.9 - 0.9 %

Sensitivity Error Esens

Measured at |p = £65 A, Ty = —40°C to 125°C -1.1 - 1.1 %

VREFactual — VREFideal Ip = 0 A, Ty = 25°C -10 - 10 mv
Reference Error Vre . N

VREFactual — VREFidean Ip = 0 A, T = —40°C to 125°C -10 - 10 mV

V —Vger Ip=0A, Ty =25°C -5 - 5 mV
Offset Error Voe IoUT(@) REP P A

V|OUT(Q) - VREF’ Ip =0 A, TA =-40°C to 125°C -5 - 5 mV

V -V ideals Ip = 0A, Ty =25°C -10 - 10 mV
QVO Error Voe I0UT(Q) ~ ViouT(Q)ideal: 'P A

V|OUT(Q) - VIOUT(Q)ideaI’ Ip =0 A, TA =-40°C to 125°C -10 - 10 mV

[11“Min.” and “Max.” interval for performance characteristics is determined such that 99.73% of devices lie within the interval during initial characterization. The worst case of

mean 13 o was calculated and applied symmetrically. These values can drift after solder reflow and over lifetime operation.

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com




ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

ACS37003KMCATR-050B5 PERFORMANCE CHARACTERISTICS: Valid through full operating temperature range,

Tp=—-40°C to 125°C, Cgypass = 0.1 pF, and V¢ = 5V, unless otherwise specified

Characteristic Symbol Test Conditions | Min. [1] | Typ. [ | Max.[] | Units

NOMINAL PERFORMANCE
Current Sensing Range Ipr -50 - 50 A
Sensitivity Sens Ipr(min) < Ip < IPR(max) - 40 - mV/A
Zero Current Output Voltage Viouriq) | !deal Voltage of Vrer and Vioyr(q) - 2.5 - \Y
TOTAL ERROR (Vioyr(actuaL) — (Sensgpear) * lpr *+ Vrer)) / (Senspear) * Ipr) * 100
AND TOTAL ERROR COMPONENTS

Measured at Ip = £lpg(max), Ta =25°C -0.7 - 0.7 %
Total Error Etor

Measured at |p = tlpr(may), Ta = —40°C to 125°C -1.3 - 1.3 %

o Measured at |p = tlpg(may), Ta=25°C -0.7 - 0.7 %

Sensitivity Error Esens

Measured at |p = tlpr(max), Ta = —40°C to 125°C -1.3 - 1.3 %

VReFactual ~ VREFideal Ip = 0 A, Tp = 25°C -10 - 10 mv
Reference Error Ao

VREFactuaI - VREFideaI' Ip =0 A, TA =-40°C to 125°C -10 - 10 mV

V —Vger Ip=0A, Ty =25°C -5 - 5 mV
Offset Error Voe IoUT@) “RER P A

V|OUT(Q) - VREF' Ip =0 A, TA =-40°C to 125°C -5 - 5 mV

\ -V ideal Ip = 0A, Ty =25°C -10 - 10 mV
QVO Error Voe 10UT(Q) ~ VIOUT(Q)ideal: 'P A

V|OUT(Q) - VIOUT(Q)ideaIr IP =0 A, TA =-40°C to 125°C -10 - 10 mV

[1“Min.” and “Max.” interval for performance characteristics is determined such that 99.73% of devices lie within the interval during initial characterization. The worst case of

mean +3 o was calculated and applied symmetrically. These values can drift after solder reflow and over lifetime operation.

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

10



ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

ACS37003KMCATR-085B5 PERFORMANCE CHARACTERISTICS: Valid through full operating temperature range,

Tp=—-40°C to 125°C, Cgypass = 0.1 pF, and V¢ = 5V, unless otherwise specified

Characteristic Symbol Test Conditions | Min. [1] | Typ. [ | Max.[] | Units

NOMINAL PERFORMANCE
Current Sensing Range Ipr -85 - 85 A
Sensitivity Sens Ipr(min) < Ip < IPR(max) - 25 - mV/A
Zero Current Output Voltage Viouriq) | !deal Voltage of Vrer and Vioyr(q) - 2.5 - \Y
TOTAL ERROR (V\oyr(actuaL) — (Sens(pear) * lIpr + Vrer)) / (Senspear) * Ipr) * 100
AND TOTAL ERROR COMPONENTS

Measured at Ip = £65 A, Tp = 25°C -0.9 - 0.9 %
Total Error Etor

Measured at Ip = 65 A, T, = —40°C to 125°C -1.3 - 1.3 %

" Measured at Ip = +65 A, Ty = 25°C -0.9 - 0.9 %

Sensitivity Error Esens

Measured at |p = 65 A, Ty = —40°C to 125°C -1.3 - 1.3 %

VReFactual ~ VREFideal Ip = 0 A, Tp = 25°C -10 - 10 mv
Reference Error Ao

VREFactuaI - VREFideaI' Ip =0 A, TA =-40°C to 125°C -10 - 10 mV

V —Vger Ip=0A, Ty =25°C -5 - 5 mV
Offset Error Voe IOUT@ RER P A

V|OUT(Q) - VREF' Ip =0 A, TA =-40°C to 125°C -5 - 5 mV

\ -V ideal Ip = 0A, Ty =25°C -10 - 10 mV
QVO Error Voe I0UT(Q) ~ VIouT(Q)ideal: 'P A

V|OUT(Q) - VIOUT(Q)ideaIr IP =0 A, TA =-40°C to 125°C -10 - 10 mV

[1“Min.” and “Max.” interval for performance characteristics is determined such that 99.73% of devices lie within the interval during initial characterization. The worst case of

mean +3 o was calculated and applied symmetrically. These values can drift after solder reflow and over lifetime operation.
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ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

ACS37003KMCATR-180B5 PERFORMANCE CHARACTERISTICS: Valid through full operating temperature range,

Tp=—-40°C to 125°C, Cgypass = 0.1 pF, and V¢ = 5V, unless otherwise specified

Characteristic Symbol Test Conditions | Min. [1] | Typ. [ | Max.[] | Units

NOMINAL PERFORMANCE
Current Sensing Range Ipr -180 - 180 A
Sensitivity Sens Ipr(min) < Ip < IPR(max) - 12 - mV/A
Zero Current Output Voltage Viouriq) | !deal Voltage of Vrer and Vioyr(q) - 2.5 - \Y
TOTAL ERROR (V|oyt(actuaL) — (Sens(pear) * lpr + Vrer)) / (Senspgar) * Ipr) * 100
AND TOTAL ERROR COMPONENTS

Measured at Ip = 265 A, Ty = 25°C -0.8 - 0.8 %
Total Error Eror

Measured at Ip = 65 A, Ty = —40°C to 125°C -1.1 - 1.1 %

. Measured at |p = 265 A, Ty = 25°C -0.8 - 0.8 %

Sensitivity Error Esens

Measured at Ip = +65 A, To = —40°C to 125°C -1.2 - 1.2 %

VREFactual ~ VREFideal Ip = 0 A, Ty = 25°C —10 - 10 mv
Reference Error VRe

VREFactual — VREFideals Ip = 0 A, T = —40°C to 125°C -10 - 10 mV

\% —Vger Ip=0A, Ty =25°C -5 - 5 mV
Offset Error Voe IOUT(@Q) RER P A

Vioutq) — Vrer lp = 0 A, T = -40°C to 125°C -5 - 5 mV

V -V ideals Ip = 0A, Ty =25°C -10 - 10 mV
QVO Error Voe I0UT(Q) ~ VIouT(Q)ideal: 'P A

V|OUT(Q) - VIOUT(Q)ideaI! Ip =0 A, TA =-40°C to 125°C -10 - 10 mV

[11“Min.” and “Max.” interval for performance characteristics is determined such that 99.73% of devices lie within the interval during initial characterization. The worst case of

mean +3 o was calculated and applied symmetrically. These values can drift after solder reflow and over lifetime operation.
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ACS37003KMC 400 kHz Current S.ensor IC \fwth ngh_Accuracy in
Low-Resistance High-lsolation Package

CHARACTERISTIC PERFORMANCE
ACS37003 TYPICAL FREQUENCY RESPONSE

-3dB = 480 kHz

Magpnitude [dB]

-10 | 1 1 1
107 102 108 104 105 108
Frequency [HZz]

50 T T T T

Phase [°]

-100 - =

-150 L L L I
10" 102 10° 104 105 108
Frequency [HZz]

For information regarding bandwidth characterization methods used for the ACS37003, see the “Characterizing System Bandwidth”
application note (https://allegromicro.com/en/insights-and-innovations/technical-documents/hall-effect-sensor-ic-publications/an-
effective-method-for-characterizing-system-bandwidth-an296169) on the Allegro website.
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ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

FUNCTIONAL DESCRIPTION

Power-On Reset Operation

The provided graphs in this section show Vo moving with
Ve The voltage of Vigyr during a high-impedance state will be
most consistent with a known load (R;,C; ). Figure 4, Figure 5,
and Figure 6 all use the same labeling scheme for different power
thresholds. References in brackets “[ ] are valid for each of these
plots.

POWER-ON/POWER-OFF

As Ve ramps up, the Vigyt and Vygr outputs are high imped-
ance until V¢ reaches and passes Vpors) [1] in Figure 4. Vpgg
and Vigyr will continue to report until Ve is less than Vpog
[5] in Figure 4, at which point they will go high Z. Note that the
time it takes the output to reach a steady state will depend on the
external circuitry used.

POWER-ON DELAY (tpop)

When the supply is ramped to Vporyy [2] in Figure 4, the device
will require a finite time to power its internal components before
the outputs are released from high Z and can respond to an input
magnetic field. Power-On Time, tpgp, is defined as the time it
takes for the output voltage to settle within +10% of its steady-
state value under an applied magnetic field, which can be seen as
the time from [1] to [A] in Figure 5. After this delay, the output
will quickly approach Vigyrp) = Sens x IP + Vg

Overvoltage Detection (OVD)

To ensure that the device output is reporting accurately, the
device contains an overvoltage flag. This flag on Vgt can be
used to alert the system that the supply voltage is outside of

the operational limits. When V¢ raises above Voypyy [3] in
Figure 4, Vgt will go high Z and be pulled by the load resistor
to V¢ or GND. Vygr continues to output normally.

There is hysteresis between OVD enable and disable thresholds
to reducing nuisance flagging and clears. There is approximately
1 V of hysteresis seen between [3] and [4] in Figure 4.

The enable time for OVD, toypg), is the time from Voyp ) [4]
to OVD flag [B] in Figure 6. The enable flag for OVD has a
counter to reduce transients faster than 64 pus from triggering
nuisance flags. The disable time for OVD, toypp), is the time
from Vgyp(r) [5] until the device returns to normal operation [C]
in Figure 6. The OVD disable time does not have a counter.

Voltage
) vee VIOUT—

5V
VPOR(H)
QVO0 2.5V «®

HIGH z
<«tPOD
! Time

Figure 5: tpop, R, = Pull-Up

Voltage Vce ViouT—— VREF - — -
@ ®
VOVD(H) | « ; 3
vovb( |~ VOVDHys
5V
VPOR(H) |«
VPOR(L) | ¥ VPORHys
QvOo 25V
High Z High Z High Z High Z
Time
Figure 4: Power States Thresholds with Vg 1 Behavior for a 5 V Device, R, = Pull-Down
14

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com



ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

Absolute Maximum Ratings

These are the maximum application or environmental conditions
that the device can be subjected before damage may occur.

SUPPLY ZENER CLAMP VOLTAGES

If the voltage applied to the device continues to increase past
overvoltage detection, there is a point when the Zener diodes will
turn on. These internal diodes are in place to protect the device
from short high voltage or ESD events and should NOT be used
as a feature to reduce the voltage on a line. Continued exposure to
voltages higher than normal operating voltage, V¢ can weaken
or damage the Zener diodes, which will potentially damage the

part.

FORWARD AND REVERSE SUPPLY VOLTAGE

This is the greatest voltage that can be supplied to V¢ from
GND during programing or transient switching. This voltage
should not be used as a DC voltage bias for an extended time.

FORWARD AND REVERSE OUTPUT VOLTAGE

The Forward Output Voltage, Vroyr, should be no greater than
Ve + 0.5 up to 6.5 V. This is the greatest voltage that the output
and reference output can be biased with from GND during pro-
gramming or transient switching. The Reverse Output Voltage,
Vrour, should not drop below —0.5 V during programming or
transient switching. These voltages should not be used as a DC

voltage bias for an extended time.

These voltage levels apply to the no connect pins as well.

Voltage Vce

VOVD(H)
VOVD(L)
5V

VPOR(H)
VPOR(L)
Qvo 25V

High Z

¢

ViouT—

®

_Highz |

< tPOD  tOVD(E)~ |«

OUTPUT SOURCE AND SINK CURRENT

This is the maximum current that Vg1 can passively sink or
source before damage may occur.

AMBIENT TEMPERATURE (T,)

This is the ambient temperature of the device. The Operating
Ambient Temperature Range is the ambient temperature range in
which the Common Electricals and Common Performance Char-
acteristics limits are valid. ACS37003 devices have optimized
performance in the —40°C to 125°C (“K” temperature) range.

“©

> [<tovD(D)

Time

Figure 6: tPOD’ and tOVD(E/D) with RL = PuII-Up
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ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

DEFINITIONS OF OPERATING AND PERFORMANCE CHARACTERISTICS

Zero Current Voltage Output (V|oyr(q), QVO)

Zero Current Voltage Output, VigyT(q) (also called QVO), is
defined as the voltage on the output, Vo, when no current is
applied through Ip.

QVO Temperature Drift (Vqg)

QVO Temperature Drift, Vg is defined as the drift of QVO from
room to hot or room to cold (25°C to 125°C or 25°C to —40°C,
respectively). To improve over temperature performance, the tem-
perature drift is compensated with Allegro factory trim to remain
within the limits across temperature.

Reference Voltage (VRrgf)

There is a Voltage Reference Output, Vygp, on the ACS37003.
This output reports the zero current voltage for the output channel
allowing for differential measurement.

Reference Voltage Temperature Drift (Vgg)

Reference Voltage Temperature Drift, Vi is defined as the drift
of Vygr from room to hot or room to cold (25°C to 125°C or
25°C to —40°C, respectively).

Offset Voltage (Vog)

Offset Voltage, Vo, is defined as the difference between QVO
and Vygr (see Figure 7). Vg includes the drift of QVO minus
VRgr from room to hot or room to cold (25°C to 125°C or 25°C
to —40°C, respectively).

VIOUT

+ Offset

- Offset

I‘VOE

ViouT(ideal) ——

VREF

< N
< >

Figure 7: Offset (Vog) Between V gyt and Vgge

Output Saturation Voltage (VsarHigHLow))

Output Saturation Voltage, Vgar, is defined as the voltage that
ViouT does not pass as a result to an increasing magnitude of
current. Vgarigh is the highest voltage the output can drive to
while, Vgarow) is the lowest. This can be seen in Figure 8. Note
that changing the sensitivity does not change the Vg1 points.

Output Voltage Operating Range (VOOR)

The Output Voltage Operating Range, or Vg, is the functional
range for linear performance of Vg and its related datasheet
parameters. This can be seen in Figure 8. The Vo is the output
region that the performance accuracy parameters are valid. It is
possible for the output to report beyond these voltages until Vgar,
but operation cannot be guaranteed. The output performance is
demonstrated in Figure 8 through and beyond the V.

Voltage Output Operating Range for V¢ and
Output Modes, VOOR(VCC, Mode)

Vee (V) Bidirectional Unidirectional
3.3 +1.32 +2.64
5 +2 +4
Output
sv A
\VSAT(High \.
7
4.5V
+ FS Input|
red

d:
+ FS Output |:

+ Sense Error /
0 Sense Error +
- Sense Error

Qvo
<« .................. » Input « Y - =

+FS Input

- FS Input

Output Voltage Operating Range VOOR

\- FS Output

VSAT(Low)

&
r

y

i

i

H

H

H

H

H

H

H

H

w

h

H

H

H

&

Figure 8: Voogr, Vsar and SENS with Full Scale
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ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

Sensitivity (Sens)

Sensitivity, or Sens, is the ratio of the output swing versus the
applied current through the primary conductor, Ip. This current
causes a voltage deviation away from QVO on the V5T output
until Vgar. The magnitude and direction of the output volt-

age swing is proportional to the magnitude and direction of the
applied current. This proportional relationship between output
and input is Sensitivity and is defined as:

_ Vioura1y = Viouraz)

Sens
L =1

where I; and I, are two different currents, and Vigyr(y;) and

Viout() are the voltages of the device with the applied currents.
One of these measurement points can be with no current applied.

Sensitivity Error (Eggp,s)

Sensitivity Temperature Drift, or Eg,¢ is defined as the drift of
Sens from room to hot or room to cold (25°C to 125°C or 25°C
to —40°C, respectively). No trimming/programming is needed
as temperature drift is compensated with Allegro factory trim to
remain within the datasheet limits across temperature.

Figure 9: Output Accuracy Pocket for Room and
Across Temperature

Full Scale (FS)

Full Scale, or FS, is a method to relate an input and/or output to
the maximum input and/or output of the device. For example,
50%FS of a 10 A sensor is 5 A, or 50% of its maximum input
current. The 50% input of 5 A will cause the output to move
50%, or 50%FS. FS is used to interchangeably refer to input
and output deviations when discussing input steps and relating
input to output performance. FSppyt is the input bias that results
in FSqytpyt and these two are directly related by the device
sensitivity. Both polarities of FS can be seen in Figure 8, labeled
as positive or negative FS input and FS output. The equation for
input referred FS for a 5 V bidirectional device is:

_ Vooresv,si) _ 2V

= t
sensActual SensActual

FS

Note: a percentage change in FSppy is equivalent to a resultant
percentage change of FSqyrpyt and visa versa.

Nonlinearity (E y)

As the amount of current applied to the part changes, the sensitiv-
ity of the device can also change slightly. This is referred to as
Linearity Error or E; py (see Figure 10). Consider two currents,
1,(1/2 FS) and L,(FS). Ideally, the sensitivity of the device is

the same for both currents. Linearity Error is calculated as the
percent change in sensitivity from one current to another. Error is
calculated separately for positive (Ey (1)) and negative (Eppy))
currents, and the percent errors are defined as:

Sensej,4

ELIN(J_r) = <1 > X 100%

Sensy; 4

where the sensitivities are defined as:

Viourax+) — VRer
Sensjyy = ——M———
Ix+

\Y 5=V
Senspy_ = IOUT(I)]( ) REF
X_

Iy are positive and negative currents through Ip such that:

Iy =2 X1y

Lo=2xI,_

Linearity error is the maximum of the positive and negative
linearity error.

17
Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com



ACS37003KMC

400 kHz Current Sensor IC with High Accuracy in
Low-Resistance High-lsolation Package

Total Output Error (E;o7)

Total Output Error is the current measurement error from the
sensor IC as a percentage of the actual applied current. This is
equivalent to the difference between the ideal output voltage and
the actual output voltage, divided by the ideal sensitivity, relative
to the current applied to the device, or simplified to:

Viour(actuary ~ (Sensgpgary * Ipr + Vrer)

x 100
(Sensqpgar) * Ipr)

Eror =

Total Output Error incorporates all sources of error and is a
function of current. At relatively high currents Sensitivity Error
will be the largest contributor to Total Output Error. At relatively
low inputs, Offset Voltage, Vg, will be the largest contributor
to Total Output Error. At I =0 A, Total Output Error approaches
infinity due to the offset. An example of total error at FS can be
seen in Figure 10.

Note: Total Output Error goes to infinity as the amount of applied
field approaches 0 A.

Voltage
A
5 |
|
=
o =
=Te
]
o
>
- LG
QVOactual
QVOideate >
| 1/2 Full Scale Full Scale

Figure 10: Accuracy Error

Power Supply Offset Error (Vogps))

Power Supply Offset Error, Vogps), is defined as the difference
in offset error when V- is at the nominal and V¢ is 10% high
or low. For a 5V device, thisis 5to 4.5 Vand 5to 5.5 V. Fora
3.3 V device, thisis 3.3to 3 Vand 3.3t0 3.6 V.

Offset Power Supply Rejection Ratio (PSRRy)

The Offset Power Supply Rejection Ratio, PSRR, is an AC test
of the Vgps) parameter. A 100 mV peak AC signal is added on
top of the nominal supply voltage. Any AC impact on the output
offset of the sensor is measured and recorded as PSRR, The
equation used to calculate PSRR shown below:

AQVO)

PSRRq = 20 X log(

Power Supply Sensitivity Error (Eggng(ps))

Power Supply Sensitivity Error, or Egpng((ps), is defined as the
percent sensitivity error measured between V¢ and V¢ £10%.
For a5V device, thisis 5to4.5Vand 5to 5.5 V. Fora3.3V
device, thisis 3.3to3 Vand 3.3to 3.6 V.

Sensitivity Power Supply Rejection Ratio (PSRRg)

The Sensitivity Power Supply Rejection Ratio or PSRRg is
defined as 20 x log of the ratio of the % change the sensitivity
over the % change in V¢ (£100 mV variable AC V- centered at
5 V) reported as dB in a specified frequency range. This is the AC
version of the Egpngps) parameter. The equation is shown below:

PSRRg = 20 x 1 (A%Sens)
s = 0g AV,

cc
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ACS37003KMC 400 kHz Current Sensor IC with High Accuracy in

Low-Resistance High-lsolation Package

DYNAMIC RESPONSE PARAMETERS

The descriptions in this section assume an ambient temperature
of 25°C and output loads within limits provided in the Common
Electricals table. The step applied is a input step that corresponds
to 1 V deviation on the output, unless otherwise stated.

Propagation Time (t,q)

The time interval between a) when the sensed current reaches
10% of its stable value, and b) when the sensor output reaches
10% of its stable value for a step input. See Figure 11.

Rise Time (tg)

The time interval between a) when the sensor reaches 10% of its
stable value, and b) when it reaches 90% of the stable value for a
step input. See Figure 11.

Response Time (tresponse)

The time interval between a) when the sensed current reaches
90% of its stable value, and b) when the sensor output reaches
90% of its stable value. See Figure 11.

Temperature Compensation

To help compensate for the effects temperature has on perfor-
mance, the ACS37003 has an integrated internal temperature sen-
sor. This sensor and compensation algorithms help to standardize
device performance over the full range of optimized tempera-
tures. This allows for room temperature system calibration and
validation of end-of-line modules.

Temperature Compensation Update Rate

There is an 8 ms update time that is required to maintain a valid
temperature compensated output; that is, temperature compensa-
tions are calculated and applied every 8 ms.

100%

90%

10%

0%

4

Viout(%
\ %) Input — Output —

Response Time (tresponse)

Rise Time (t)

Propagation Delay (tpp)

»Time

Figure 11: Dynamic Response Parameters
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400 kHz Current Sensor IC with High Accuracy in
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APPLICATION INFORMATION

Thermal Rise vs. Primary Current

Self-heating due to the flow of current should be considered dur-
ing the design of any current sensing system. The sensor, printed
circuit board (PCB), and contacts to the PCB will generate heat
as current moves through the system.

The thermal response is highly dependent on PCB layout, copper
thickness, cooling techniques, and the profile of the injected current.
The current profile includes peak current, current “on-time”, and
duty cycle. While the data presented in this section was collected
with direct current (DC), these numbers may be used to approximate
thermal response for both AC signals and current pulses.

The plot in Figure 12 shows the measured rise in steady-state die
temperature of the ACS37003KMC versus continuous current at an
ambient temperature, T, of 25 °C. The thermal offset curves may be
directly applied to other values of T,. Conversely, Figure 13 shows
the maximum continuous current at a given T,. Surges beyond the
maximum current listed in Figure 13 are allowed given the maxi-
mum junction temperature, Typ5x) (165°C), is not exceeded.

Die Temperature (°C)
e e
N A OO 0 O N B
o O O O O o o

o

0 10 20 30 40 50 60 70 80 90 100

Continuous Current (A)

Figure 12: Self-heating in the MC package
due to current flow

120
100
80
60
40

20

Continuous Current (A)

25 45 65 8 105 125 145 165 185

Ambient Temperature (°C)

Figure 13: Maximum continuous current at a given T

The thermal capacity of the ACS37003KMC should be veri-
fied by the end user in the application’s specific conditions. The

maximum junction temperature, Tjyyax), should not be exceeded.
Further information on this application testing is available in the
“DC and Transient Current Capability” application note [1] on the
Allegro website.

ASEK37003-Panel Evaluation Board Layout

Thermal data shown in Figure 12 and Figure 13 was collected
using the ASEK37003-Panel Evaluation Board (TED-0003314).
This board includes 750 mm? of 4 oz. (0.1388 mm) copper con-
nected to pins 1 through 4, and to pins 5 through 8, with thermal
vias connecting the layers. Top and bottom layers of the PCB are
shown below in Figure 14.

—

OEE =&

:

3 &3

TED-0003314 Rev 1

2020-06-26 l

Figure 14: Top and bottom layers for
ASEK37003-Panel evaluation board

Gerber files for the ASEK37003-Panel evaluation board are
available for download from the Allegro website. See the techni-
cal documents section of the ACS37003KMC device webpage [21.

[T https://www.allegromicro.com/en/insights-and-innovations/technical-docu-
ments/hall-effect-sensor-ic-publications/dc-and-transient-current-capability-fuse-
characteristics

[21 https://www.allegromicro.com/en/products/sense/current-sensor-ics/zero-to-
fifty-amp-integrated-conductor-sensor-ics/acs37003
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PACKAGE OUTLINE DRAWING

For Reference Only; Not for Tooling Use
(reference DWG-0000714, Rev. 2)
Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
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when mounting on a multilayer PCB, thermal vias at the exposed thermal pad land can
improve thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)
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Figure 15: Package MC, 16-Pin SOICW
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