MCQ1823

Automotive-Grade, Ultra-Small Package

Linear Hall-Effect Current Sensor
with Over-Current Detection

DESCRIPTION

The MCQ1823 is an automotive-grade, linear
Hall-effect current sensor IC for AC or DC
current sensing. The differential Hall array
cancels out homogeneous or gradient stray
magnetic fields.

The primary conductor’s low resistance (0.6mQ)
allows large currents to flow within close
proximity to the integrated circuit that contains
high-accuracy Hall sensors. This current
generates a magnetic field, which is sensed at
two different points by the integrated Hall
transducers. The magnetic field difference
between these two points is then converted into
a voltage that is proportional to the applied
current. A spinning current technique is used for
a low, stable offset.

The MCQ1823 integrates fast over-current
detection (OCD), which makes it simple to
monitor system over-current (OC) events.

The MCQ1823’s small footprint reduces board
area and makes this device well-suited for
space-constrained applications. The MCQ1823
is available in an ultra-small TQFN-12
(3mmx3mm) package, and is AEC-Q100
qualified.

FEATURES

e Available in AEC-Q100 Grade 1
3.3V or 5V Single Supply Options

e Immune to All External Gradient Magnetic
Fields by Differential Sensing
0.6mQ Internal Conductor Resistance

o +2.5% Total Accuracy

¢ 5A to 50A Bidirectional or Unidirectional
Range

e 120kHz Bandwidth

e Custom Over-Current Detection (OCD) from
50% to 240% of lpmax
Fast OCD with 1us Response Time

e Output Voltage (Vour) Proportional to AC or
DC Currents

e Ratiometric or Absolute Vour Options

e Factory-Trimmed for Accuracy

e Available in a TQFN-12 (3mmx3mm)
Package

G“ US

CB Certificate Number:
CA-11398-UL

APPLICATIONS

Motor Control

Audio Driver Current Control
Automotive Systems

Load Detection and Management
Switch-Mode Power Supplies
Over-Current Fault Protection

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality Assurance.
“MPS”, the MPS logo, and “Simple, Easy Solutions” are trademarks of
Monolithic Power Systems, Inc. or its subsidiaries.
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TYPICAL APPLICATION
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ORDERING INFORMATION

Part Number* ** \?glrt)gglj)é CFEJE:E?H Sensitivity Thr%gr[])md Top MSL
) Range (A) (mVI/A) (A) Marking | Rating
MCQ1823GQTE-305BRN96AEC 3.3 +5 264 +4.8
MCQ1823GQTE-305BRL96AEC 3.3 +5 264 +4.8
MCQ1823GQTE-305BAL96AEC 3.3 5 264 +4.8
MCQ1823GQTE-305BRN23AEC 3.3 +5 264 +11.5
MCQ1823GQTE-305BRL23AEC 3.3 5 264 +11.5
MCQ1823GQTE-305BAL23AEC 3.3 +5 264 +11.5
MCQ1823GQTE-310BRNAEC 3.3 +10 132 +10
MCQ1823GQTE-310BRLAEC 3.3 +10 132 +10
MCQ1823GQTE-315BRLAEC 3.3 +15 88 +15
MCQ1823GQTE-320BRNAEC 3.3 +20 66 +20
MCQ1823GQTE-330BRNAEC 3.3 +30 44 +30
MCQ1823GQTE-330BRLAEC 3.3 +30 44 +30 BXPY 1
MCQ1823GQTE-330BANAEC 3.3 +30 44 +30
MCQ1823GQTE-330BALAEC 3.3 +30 44 +30
MCQ1823GQTE-340BRNAEC 3.3 +40 33 +40
MCQ1823GQTE-350BRNAEC 3.3 +50 26.4 +50
MCQ1823GQTE-505BRNAEC 5 5 400 +5
MCQ1823GQTE-510BRNAEC 5 +10 200 +10
MCQ1823GQTE-520BRNAEC 5 +20 100 +20
MCQ1823GQTE-530BRNAEC 5 +30 66 +30
MCQ1823GQTE-540BRNAEC 5 +40 50 +40
MCQ1823GQTE-550BRNAEC 5 +50 40 +50
MCQ1823GQTE-550URNAEC 5 50 80 50
* For Tape & Reel, add suffix -Z (e.g. MCQ1823GQTE-305BRN96AEC-27).
** Contact an MPS FAE for additional variants.
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PART NUMBERING
(MCQ1823GQTE-ABBCDEFFAEC)

) Output (Vout) Mode:
Operating Temperature (TJ):

G -40°C to +125°C D R = Ratiometric
A = Absolute
OCD Output Mode:
QTE | Package Code for QFN-12 E N = Non-Latch Output
L = Latched /OCD Output
Supply Voltage: Custom OCD Threshold:
R i a0 b o
If FF < 50: 15 = 150% of lpmax
BB Rated Current Range AEC | AEC-Q100 Qualified
Current Polarity:
C B = Bidirectional

U = Unidirectional

MCQ1823 Rev. 1.0
4/26/2023
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TOP MARKING

BXPY
LLLL

BXP: Product code of MCQ1823GQTE
Y: Year code
LLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
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TQFN-12 (3mmx3mm)
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PIN FUNCTIONS

Pin # Name |Description
19 P+ Primary current (+). The IP+ pin is the positive terminal for the current being sampled. IP+
' is fused internally.
34 IP- Primary current (-). The IP- pin is the negative terminal for the current being sampled. IP-
' is fused internally.
5 GND |Ground. The GND pin is the signal ground terminal.
Over-current detection. The /OCD pin is an open drain set active low. Connect a 10kQ) to
6 /OCD |500kQ resistor from /OCD to VCC to set a custom OCD threshold between 50% and 240%
of the rated current (Ipmax).
89, NC Not connected.
10
11 VOUT |Analog output signal.
12 VCC |Voltage supply. Connect a 0.1uF to 1pF bypass capacitor from the VCC pin to GND.

ABSOLUTE MAXIMUM RATINGS @

Supply voltage (Vcc) «ooovevvvvveeennnn. -0.3V to +6.5V
Output voltage (Vout).....cccvvveeeeen. -0.3V to +6.5V
NV JOCD et ettt ettt ans -0.3V to +6.5Vv
Junction temperature ............ccceeeeeeeeennnns 165°C
Lead temperature .........ccccceeeeviniinniieeeeeenn. 260°C
Storage temperature................ -65°C to +165°C
ESD Ratings

Human body model (HBM) ..........ccccvvvvnnns +4kV
Charged-device model (CDM) ................... +2kV
Recommended Operating Conditions @
Vee (3.3V option)......cevceeeee e, 3V to 3.6V
Vee (BY option)......eeeeeeiinns 4.5V to 5.5V

Operating junction temp (T;).... -40°C to +125°C

Notes:

1) Exceeding these ratings may damage the device.
2) The device is not guaranteed to function outside of its operating
conditions.

MCQ1823 Rev. 1.0
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ISOLATION CHARACTERISTICS

Parameters Symbol | Condition Rating Units

Maximum approved working voltage for
basic isolation, according to IEC62368-1.

Maximum isolation working voltage | Viowwm 100 Vpk O Vbc

MCQ1823 Rev. 1.0 MonolithicPower.com 7
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MCQ1823GQTE COMMON ELECTRICAL CHARACTERISTICS

Vce = 3.3V for 3.3V option and Vcc = 5V for 5V option, T; = -40°C to +125°C, typical values at
Ty = 25°C, unless otherwise noted.

Parameters Symbol Condition Min Typ Max Units
Supply voltage v 3.3V option 3 3.6 \%
PPl votiag « 5V option 4.5 55 Vv
VCC under-voltage lockout .
(UVLO) threshold Vcec_uvio | Vece rising 2 25 3 \%
VCC UVLO hysteresis Vce_uvio_Hys 400 500 mV
. Vce = 3.3V for 3.3V option 9 12 mA
Operating supply current lcc X
Vce = 5V for 5V option 9 12 mA
Output capacitance load ©® CL From VOUT to GND 4.7 nF
Output resistive load © RL From VOUT to GND 4.7 kQ
P“‘.“afy conductor Re Effective 0.6 mQ
resistance
Frequency bandwidth faw 120 kHz
Power-on time tro Ip = lpmax 60 Us
Rising time tr Ip = lpmax 3 us
Propagation delay terp Ip = lpmax 2 ps
Response time tresponse | Ip = lpmax 4 VES
. . , , HA(rms)/
Noise density IND Input referred noise density 100 JHz
. Input referred noise,
Noise In 120kHz bandwidth (BW) 35 MAGms)
Nonlinearity Eun Across full Ir range 0.5 %
Ratiometry @ © Ksens Vee = Vee_min 10 Vee_max 98 100 102 %
(for ratiometric option) Kvo IVCC (:)AVCC—"’”N to Vee_max, 99 100 101 %
P =
. | v Ratiometric option Vee /2 \%
ero-current output voltage ouT(Q) -
for bidirectional options (lp=0A) |Absolute |5V option 25 v
option 3.3V option 1.65 \Y
. . . 0.1x
Ratiometric option V. \%
Zero-current output voltage Vout(Q) e
for unidirectional options (IP=0A) |aAbsolute |5V option 0.5 \
option 3.3V option 0.33 \Y
First Hall magnetic coupling 115
factor Pumcry . mT/A
Second Hall magnetic
) 0.25
coupling factor Pucrz UL
Hall plate matching M +1 %
MCQ1823 Rev. 1.0 MonolithicPower.com 8
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MCQ1823GQTE COMMON ELECTRICAL CHARACTERISTICS (continued)

Vce = 3.3V for 3.3V option and Vcc = 5V for 5V option, T; = -40°C to +125°C, typical values at
Ty = 25°C, unless otherwise noted.

Parameters Symbol Condition Min Typ | Max | Units
V. 3.3V option, RL =4.7kQ, Ty = 25°C |Vcc - 0.3 \Y
. VT 5y option, R = 4.7kQ, Ty = 25°C | Vce - 0.5 Vv
Saturation voltage @ © ,
V 3.3V option, RL =4.7kQ, Ty = 25°C 0.3 \%
VT T5y option, R = 4.7kQ, T; = 25°C 05 | Vv
/OCD low voltage © Vioco_L /OCD triggered, RpeuLLup = 10kQ 0.3 \Y
fOCD external pull-up Reuve | Connect from /OCD to VCC 10 500 | kO
resistance
/OCD current hysteresis lioco_HysT As a percentage of lioco 3 12 %
/OCD error Ejocp -10 +5 | +10 %
OCD response time © tRESPONSE_/OCD c/gli fLrom lp > lioco o Vioen below 1 1.5 s

MCQ1823GQTE-305BRN96AEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T3 =-40°C to +125°C, unless otherwise noted.

Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -5 +5 A
Sensitivity SENS |-5A < Ip << +5A, Ty =25°C 264 mV/A
o Ip = 5A, Ty =25°C to 125°C -2 +2 %

Sensitivity error Esens

Ip = 5A, Ty =-40°C to +25°C +1.5 %

Ip = 0A, Ty =25°Cto 125°C -15 +15 mV
Offset voltage Voe

lp = 0A, Ty =-40°C to +25°C +10 mV

Ip = 5A, Ty =25°C to 125°C -2.5 +2.5 %
Total output error Etor

Ip = 5A, T3 =-40°C to +25°C +2 %
Sensitivity error lifetime drift Esens(p) +1 %
Total output error lifetime drift | Etorp) +1 %

0
JOCD threshold lioco +96% A
X Ipmax

MCQ1823 Rev. 1.0 MonolithicPower.com 9
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MCQ1823GQTE-305BRLO96AEC PERFORMANCE CHARACTERISTICS

Vece = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
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Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -5 +5 A
Sensitivity SENS |-BA<Ip < +5A, T;=25°C 264 mV/A
o Ip = 5A, T; = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 5A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, Ts = 25°C to 125°C -15 +15 mV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C +10 mV
Ip = 5A, T = 25°C to 125°C -2.5 +2.5 %
Total output error Eror
Ip = 5A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
0,
JOCD threshold lioco £96% A
X lpmax
MCQ1823GQTE-305BAL96AEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -5 +5 A
Sensitivity SENS |[-5A <Ip<+5A, Ty =25°C 264 mV/A
o Ip = 5A, T = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 5A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -15 +15 mV
Offset voltage VoE
Ip = OA, T3 =-40°C to +25°C +10 mv
Ip = 5A, T3 = 25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 5A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etor) +1 %
0,
JOCD threshold loco +96% A
X lpmax
MCQ1823 Rev. 1.0 MonolithicPower.com 10
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MCQ1823GQTE-305BRN23AEC PERFORMANCE CHARACTERISTICS

Vece = 3.3V, T; =-40°C to +125°C, unless otherwise noted.

Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -5 +5 A
Sensitivity SENS |-B5A<Ip=+5A, T;=25°C 264 mV/A
e Ip =5A, T3 =25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip =5A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -15 +15 mV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C +10 mV
Ip = 5A, T = 25°C to 125°C -2.5 +2.5 %
Total output error Eror
Ip = 5A, T3 =-40°C to +25°C +2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
0,
JOCD threshold loco +230% A
X lpmax
MCQ1823GQTE-305BRL23AEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -5 +5 A
Sensitivity SENS |[-5A <Ip<+5A, Ty =25°C 264 mV/A
e Ip = 5A, T = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 5A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, T3 =25°C to 125°C -15 +15 mV
Offset voltage VoE
Ip = 0A, T3 =-40°C to +25°C +10 mV
Ip =5A, T;=25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 5A, T3 =-40°C to +25°C +2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etor) +1 %
0,
JOCD threshold lioco +230% A
X lpmax
MCQ1823 Rev. 1.0 MonolithicPower.com 11
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MCQ1823GQTE-305BAL23AEC PERFORMANCE CHARACTERISTICS

Vece = 3.3V, T; =-40°C to +125°C, unless otherwise noted.

Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -5 +5 A
Sensitivity SENS |-B5A<Ip=+5A, T;=25°C 264 mV/A
o Ip = 5A, T;=25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 5A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -15 +15 mV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C +10 mV
Ip = 5A, T = 25°C to 125°C -2.5 +2.5 %
Total output error Eror
Ip = 5A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
0,
JOCD threshold loco +230% A
X lpmax
MCQ1823GQTE-310BRNAEC PERFORMANCE CHARACTERISTICS
Vee = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -10 +10 A
Sensitivity SENS |-10A<Ip<+10A, T;=25°C 132 mV/A
L Ip = 10A, Ta = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 10A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T3 =-40°C to +25°C 5 mV
Ip = 10A, Ts=25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 10A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold liocp tlpmax A
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MCQ1823GQTE-310BRLAEC PERFORMANCE CHARACTERISTICS
Vee = 3.3V, Ty = -40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -10 +10 A
Sensitivity SENS |-10A<Ip < +10A, Ty =25°C 132 mV/A
o Ip = 10A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 10A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 10A, Ts = 25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 10A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etorp) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-315BRLAEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -15 +15 A
Sensitivity SENS |-15A<Ip<+15A, T;=25°C 88 mV/A
L Ip = 15A, Ta = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 15A, T3 = -40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T3 =-40°C to +25°C 5 mV
Ip = 15A, Ta = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 15A, T3 = -40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco tlpmax A
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MCQ1823GQTE-320BRNAEC PERFORMANCE CHARACTERISTICS
Vee = 3.3V, Ty = -40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -20 +20 A
Sensitivity SENS |-20A <1p < +20A, T3 =25°C 66 mV/A
o Ip = 20A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 20A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 20A, Ts = 25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 20A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etorp) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-330BRNAEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -30 +30 A
Sensitivity SENS |-30A<Ip<+30A, T;=25°C 44 mV/A
o Ip = 30A, Ta = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Irp = 30A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T3 =-40°C to +25°C 5 mV
Ip = 30A, Ts=25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 30A, Ty =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco tlpmax A
MCQ1823 Rev. 1.0 MonolithicPower.com 14
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MCQ1823GQTE-330BRLAEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, Ty =-40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -30 +30 A
Sensitivity SENS |-30A<Ip<+30A, T;=25°C 44 mV/A
o Ip = 30A, Ty = 25°C to 125°C -2 2 %
Sensitivity error Esens
Ip = 30A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mV
Ip = 30A, Ts=25°C to 125°C -2.5 +2.5 %
Total output error Eror
Ip = 30A, T3 =-40°C to +25°C 12 %
Sensitivity error lifetime drift Esens(p) +1 %
Total output error lifetime drift | Erorp) +1 %
/OCD threshold lioco *lpmax A
MCQ1823GQTE-330BANAEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T3 =-40°C to +125°C, unless otherwise noted.
Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -30 +30 A
Sensitivity SENS |-30A <Ip < +30A, Ty =25°C 44 mV/A
o Ip = 30A, Ts=25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 30A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ts = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 30A, Ta = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 30A, Ts =-40°C to +25°C 12 %
Sensitivity error lifetime drift Esens(o) +1 %
Total output error lifetime drift | Eror(p) +1 %
/OCD threshold lioco *lpmax A
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MCQ1823GQTE-330BALAEC PERFORMANCE CHARACTERISTICS
Vee = 3.3V, Ty = -40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -30 +30 A
Sensitivity SENS |-30A <Ip < +30A, Ty =25°C 44 mV/A
o Irp = 30A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Irp = 30A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 30A, Ts=25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 30A, Ty =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etorp) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-340BRNAEC PERFORMANCE CHARACTERISTICS
Vce = 3.3V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range lp -40 +40 A
Sensitivity SENS |-40A<Ip < +40A, T;=25°C 33 mV/A
L Ip = 40A, Ta = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 40A, T3 = -40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T =-40°C to +25°C 5 mV
Ip = 40A, Ty = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 40A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco tlpmax A
MCQ1823 Rev. 1.0 MonolithicPower.com 16
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MCQ1823GQTE-350BRNAEC PERFORMANCE CHARACTERISTICS
Vee = 3.3V, Ty = -40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -50 +50 A
Sensitivity SENS |-50A < Ip < +50A, T; = 25°C 26.4 mV/A
o Irp = 50A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Irp = 50A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 50A, Ty = 25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 50A, Ty =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etorp) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-505BRNAEC PERFORMANCE CHARACTERISTICS
Vce =5V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range lp -5 +5 A
Sensitivity SENS |-5A <Ip < +5A, T;=25°C 400 mV/A
L Ip = 5A, T3 = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 5A, T3 = -40°C to +25°C +1.5 %
Ip = 0A, T3 =25°C to 125°C -15 +15 mV
Offset voltage VoE
Ip = 0OA, T3 =-40°C to +25°C +10 mv
Ip = 5A, Ty = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 5A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco tlpmax A
MCQ1823 Rev. 1.0 MonolithicPower.com 17

4/26/2023

© 2023 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.



meS

MCQ1823 — HALL-EFFECT LINEAR CURRENT SENSOR W/ OCD, AEC-Q100

MCQ1823GQTE-510BRNAEC PERFORMANCE CHARACTERISTICS
Vec =5V, T; =-40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -10 +10 A
Sensitivity SENS |-10A<Ip<+10A, T;=25°C 200 mV/A
o Ip = 10A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 10A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -15 +15 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 110 mvV
Ip = 10A, Ts = 25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 10A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etor) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-520BRNAEC PERFORMANCE CHARACTERISTICS
Vce =5V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip -20 +20 A
Sensitivity SENS |-20A<Ip < +20A, T;=25°C 100 mV/A
L Ip = 20A, Ta = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 20A, T3 =-40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T =-40°C to +25°C 5 mV
Ip = 20A, Ts = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 20A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco tlpmax A
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MCQ1823GQTE-530BRNAEC PERFORMANCE CHARACTERISTICS
Veec =5V, T; =-40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -30 +30 A
Sensitivity SENS |-30A <1p < +30A, Ty =25°C 66 mV/A
o Irp = 30A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Irp = 30A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 30A, Ts=25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 30A, Ty =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etorp) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-540BRNAEC PERFORMANCE CHARACTERISTICS
Vce =5V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range lp -40 +40 A
Sensitivity SENS |-40A<Ip < +40A, T;=25°C 50 mV/A
L Ip = 40A, Ta = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Ip = 40A, T3 = -40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T =-40°C to +25°C 5 mV
Ip = 40A, Ty = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 40A, T3 =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco tlpmax A
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MCQ1823GQTE-550BRNAEC PERFORMANCE CHARACTERISTICS
Veec =5V, T; =-40°C to +125°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ ® | Max | Units
Rated current range Ip -50 +50 A
Sensitivity SENS |-50A < Ip < +50A, T; = 25°C 40 mV/A
o Irp = 50A, Ty = 25°C to 125°C -2 +2 %
Sensitivity error Esens
Irp = 50A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, Ty = 25°C to 125°C -10 +10 mvV
Offset voltage Voe
Ip = 0A, T3 =-40°C to +25°C 15 mvV
Ip = 50A, Ty = 25°C to 125°C -2.5 +2.5 %
Total output error Etor
Ip = 50A, Ty =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() 1 %
Total output error lifetime drift | Etor) 1 %
/OCD threshold lioco tlpmax A
MCQ1823GQTE-550URNAEC PERFORMANCE CHARACTERISTICS
Vce =5V, T; =-40°C to +125°C, unless otherwise noted.
Parameters Symbol |Condition Min Typ ® | Max | Units
Rated current range Ip 0 50 A
Sensitivity SENS |0A<Ip<50A, T;=25°C 80 mV/A
L Ip = 50A, Ts=25°C to 125°C -2 +2 %
Sensitivity error Esens
Irp = 50A, Ty =-40°C to +25°C +1.5 %
Ip = 0A, T3 = 25°C to 125°C -10 +10 mV
Offset voltage VoE
Ip = 0A, T =-40°C to +25°C 5 mV
Ip = 50A, Ty = 25°C to 125°C -2.5 +2.5 %
Total output error Evor
Ip = 50A, Ty =-40°C to +25°C 2 %
Sensitivity error lifetime drift Esens() +1 %
Total output error lifetime drift | Etorp) +1 %
/OCD threshold lioco IPmax A
Notes:

3) In addition to the maximum specified current range (lrpuwax), the current sensor continues to provide an analog output voltage proportional to
the primary current until it reaches the high or low saturation voltage. However, the nonlinearity increases beyond the specified range (Ip).

4) Only for ratiometric option parts.

5) Typical values with “+” are +3c0 values.
6) Guaranteed by design and characterization.

MCQ1823 Rev. 1.0
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FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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DEFINITIONS

Current Rating

Ipmax is the rated current. The sensor’s output is
linear, as a function of the primary current (lp),
and the output voltage (Vour) follows the
specified performance(s) when Ip is within the
rated current range. The sensor’s ideal output
voltage, Vour ibear (Ip), can be calculated with
Equation (1):

V,

OUT_IDEAL (Ip) = VOUT(Q)_TYP + SENS_TYP x|

© @
Where Vour) tvp IS the typical zero-current
output voltage, and SENS 1vp is the typical
sensitivity. Figure 2 shows the sensor’s output
function.

VO uT

VCC

Bidirectional option

Unidirectional option

0

T le
0 Ipmax

Figure 2: Sensor Output Function

Sensitivity (SENS)

The sensitivity (SENS, in mV/A) indicates how
much Vour changes when lp changes. It is the
product of the average between the two coupling
constants, Pucr1 and Pwmcrz (in mT/A), and the
transducer gain (in mVv/mT). The gain is factory-
trimmed to the sensor’s target sensitivity.

Coupling Constants (Pucr1 and Pucrz)

Figure 3 shows a cross-section of the sensor.
The first and second Hall magnetic coupling
factor are defined as the amount of vertical
magnetic field (denoted as the arrows B; and B
in Figure 3) produced at the sensing points 1 and
2, per unit of current injected in the primary
conductor.

Due to the primary conductor's asymmetrical
shape, the magnetic field generated in the two
sensing points are different (see Figure 3).

Primary Ser]sing

B, Conductor / Point 2
V —

Sensing B,

Point 1

A d

Figure 3: Sensor’s Cross-Section

Noise (In)

The noise (In) is a random deviation that cannot
be removed by calibrating the device. The input’s
referred noise is the root mean square (rms) of
the sensor’s output noise (in mV), divided by
SENS (in mV/A). In represents the smallest
current that the device can resolve without any
external signal treatment.

Zero-Current Output Voltage (Vourt(q)

Vour(g) is the voltage output when Ip is OA. For
the typical value, see the Electrical
Characteristics section on page 8.

Offset Voltage (Vog)

The offset voltage (VOE) is the difference
between the zero current output’s typical value
and Vour(g). The variation is due to thermal drift,
as well as the factory’s resolution limits related to
voltage offset trimming. To convert this voltage
into amperes, divide Voe by SENS.

Nonlinearity (ELin)

Ir and the sensor's Vour should have a linear
relationship, indicated by a straight line. A line
that is not straight indicates nonlinearity, which is
a deviation.

Nonlinearity (Eun, in %) can be estimated with
Equation (2):
— MaX(VOUT(IP)_VLIN(IP)) %« 100 (2)

Hn VOUT (IPMAX ) - VOUT (_IPMAX )

Where Vin(lp) is the approximate straight line
calculated by the least square method.

Note that depending on the curvature of Vour(lp),
Evun can be positive or negative.

MCQ1823 Rev. 1.0
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Total Output Error (Etor)

The total output error (Evor, in %) is the relative
difference between the sensor’s output and the
ideal output at a given lp. Evor can be estimated
with Equation (3):

VOUT (IP ) - VOUTfIDEAL (IP )
SENS

Eror(ln) = x100 (3)

_TYP x IP

Where SENS r1vp is the typical sensitivity, and
Vour ibea. (Ip) is the ideal output voltage
calculated with Equation (1) on page 22.

Eror incorporates all error sources and is a
function of Ip. At currents close to lpmax, Etor is
affected mainly by the sensitivity error. At
currents close to OA, Eror is mainly caused by
Voe. Note that when Ip = OA, Etor diverges to
infinity due to the constant offset.

Ratiometry Coefficients

For ratiometric options, the sensor’s output is
ratiometric. This means that the sensitivity and
the zero-current output scale with the supply
voltage (Vcc). The ratiometry coefficients (Ksens
and Kyo) measure whether the sensitivity and
zero-current output are proportional.

Ksens can be estimated with Equation (4):
SENS(V . )/ SENS(Vee 1vp)

SENS —
Vee! VCC_TYP

(4)

Kvo can be calculated with Equation (5):
_ Vour(lb =0,Vee)/ Vour (I =0, VCC_TYP) (5)

VO
VCC / VCC_TYP

Where Vcc v = 3.3V for the 3.3V option, and
Vee tve = 5V for the 5V option.

Ideally, both Ksens and Kyo are equal to 1.

Power-On Time (tpo)

The power-on time (tpo) is the time interval from
when power is first applied to the device until the
output can correctly indicate the applied Ip. tpo is
defined as the time between the following
moments:

1. t1: The supply reaches the minimum
operating voltage (Vcc_uvio).

12: Vour settles to 90% of its final value under an
applied Ip (see Figure 4).

A

Vee tve
90% of
Vout_FiNAL

Vee_uvio

Figure 4: Power-On Time (tro)

Propagation Delay (tpp)

The propagation delay (trp) represents the
internal latency between an event that has been
measured and the sensor's response. tep is
defined as the time between the following
moments:

1. tl: Ip reaches 20% of its final value.

2. 12: Vour reaches 20% of its final value, as it
corresponds to the applied Ir (see Figure 5).

A

Ip_FinAL

VOUT_FINAL

20% of lIp_gnaL |
20% of

v
Vout_FiNaL

Figure 5: Propagation Delay (trp)

Rise Time (tr)
The rising time (tr) is defined as the time
between the following moments:

1. tl: The sensor’s Vour reaches 10% of its full-
scale value.

2. 12: The sensor’'s Vour reaches 90% of its full-
scale value (see Figure 6 on page 24).

MCQ1823 Rev. 1.0
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A

Response Time (tresponse)

lp The response time (tresponse) is defined as the

lomax |-———— === —————- . :
i ,7 time between the following moments:
90% of

Vourmax 1. tl: Ir reaches 90% of its final value.
2. 12: Vour reaches 90% of its final value, as it

corresponds to the applied Ip (see Figure 7).

10% of 90% of
Voutmax > Ip FiNAL
0 t1 2 t 90% of

Vout FINAL

Figure 6: Rise Time (tr)

The sensor bandwidth (fsw) is defined as the 3dB
cutoff frequency. Using the rising time, fsw can
be estimated with Equation (6):

f., =0.35/t, (6)
Figure 7: Response Time (tresponse)
MCQ1823 Rev. 1.0 MonolithicPower.com 24
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APPLICATION INFORMATION
Over-Current Detection (OCD)

The MCQ1823 integrates fast over-current
detection (OCD) using the /OCD pin. When Ip
exceeds the current limit (l,ocp), a high-speed
detection circuit triggers an /OCD event within
the OCD response time (tresponse_socp)- liocp iS
preset for different part numbers. If an OCD
event is triggered, the MCQ1823 implements
latch-off and non-latch /OCD pin output modes.

Figure 8 shows the non-latch OCD timing. When
Ir reaches liocp and stays at this value for longer
than tRESPONSE_/OCD, the /OCD pin’s voltage
(Viocp) pulls down to the /OCD low voltage
(Viocp L)-

If Ip falls below (IIOCD - I/OCD_HYST) during the next
trespoNse_/ocp, Viocp Starts to rise. tioco_rise is the
time it takes for Vjocp to rise from logic low to
logic high. This time is dependent on the pull-up
resistor (RpuLLur) and the capacitance from the
/OCD pin to GND. Small resistor and capacitor
values result in a fast rising time.

A

f N—,——— |
I I
| | loco f—f— — — — — — — — — \! tresponsE_joco
jocp- loco_HysTf # } _—
I
|
tresPonsE_socD |i

Vioco Lt 4———— -~

0 t1 2 3

Figure 8: Non-Latch OCD Timing

In OCD latch mode, when an OCD event occurs,
the /OCD pin remains latched low, even when
the /OCD event has been removed (see Figure
9). The latched status is reset after the power is
cycled on VCC.

A

..... , ,
| I |
loco | f— — — — — N\l |
lioco - lioco_HysT ————— L———— :
I | | |
I | | |
I tResPoNSE /ocD | |
I |
I
I
I

Viocot 4

Y

0 tl ©2 t3 t4

Figure 9: Latched OCD Timing

Self-Heating Performance

Current flowing through the primary conductor
can raise the conductor and the sensor IC
temperature. Therefore, self-heating should be
carefully verified to ensure that the MCQ1823’s
junction temperature (T;) does not exceed the
maximum value (165°C).

The thermal behavior strongly depends on the
thermal environment of the MCQ1823's
components and its cooling capacity, such as the
PCB copper area and thickness. The thermal
response also depends on the profile of the
current waveform (e.g. the amplitude and
frequency for the AC current), as well as the
peaks and duty cycle for a pulsed DC current.

Figure 10 shows the self-heating performance
with DC current input. The data is collected with
the part mounted on the MCQ1823 evaluation
board after 10 minutes of continuous current at
Ta=25°C.

160

140
120

DIE TEMPERATURE CHANGE
O
[0
o

0 20 40 60
PRIMARY DC CURRENT (A)

Figure 10: Self-Heating Performance with DC
Current Input

Figure 11 on page 26 shows the top and bottom
layers of the MCQ1823’s evaluation board. The
board includes in total 570 mm?, 2.50z (87um)
copper connected to the primary conductor by
the IP+ and IP- pins. The copper covers both the
top and bottom sides with thermal vias
connecting the two layers.

MCQ1823 Rev. 1.0
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MCQ1823 Demo Board
EVCQ1823-Q-00A
www.monolithicpower.com

Made in China

Top Layer
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o]
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O]
O)

. =
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Bottom Layer

Figure 11: MCQ1823 Evaluation Board
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TYPICAL APPLICATION CIRCUIT

®r
Z

IP+

VCC
1P+
/OCD
MCQ1823
VOUT
IP- GND
IP-

Vee

RpuLLup I Caypr

—() VOUT

1

Figure 12: Typical Application Circuit
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PACKAGE INFORMATION
TQFN-12 (3mmx3mm)
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CARRIER INFORMATION

A

Reel
Diameter

Y

Pinl —»1

/OOOOOOOO

[ ) 1
ABCD

( ) 1 [ J 1
ABCD ABCD

()
ABCD

—_

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MCQ1823GQTE- TQFN-12 .
ABBCDEFFAEC-Z | (3mmx3mm) 5000 N/A N/A 13in 12mm 8mm
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