MLX91211 Medium Speed Current Sensor IC

Datasheet

Features and Benefits

= Linear Hall sensor optimized for AC and DC
current sensing applications

= Supply voltage of 3.3V or 5V
= Analog ratiometric output voltage

=  Factory trimmed magnetic sensitivity and
offset

= Medium speed sensing
= DCto 40kHz bandwidth
= <10us response time
=  Fast start-up time enabling power gating

=  Miniature packages RoHS compliant &
Green

= SOT-23 3L surface mount
= T092 UA 3L through hole mount

= Suitable for lead free soldering profile up
to 260°C, MSL3 (TSOT) and MSL1 (UA)

= AEC-Q100 Automotive Qualified
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Applications

= 12V Starter-Generators

= 48V Inverters (BSG/ISG)

= E-scooter traction inverters
= Low-Speed EVs

=  Forklifts

Melexis

Description

The MLX91211 is a second generation medium
speed Current Sensor that senses the magnetic
field generated by the current flowing through a
conductor, be it a cable, a bus bar or a PCB trace.
For minimizing the susceptibility to external
magnetic fields and maximizing the concentration
of the magnetic field generated by the current
flow, the sensor is typically placed inside a
ferromagnetic core.

The sensor has an analog output ratiometric with
varying supply voltage. The MLX91211 contains a
voltage regulator for stable internal supply. The
output is proportional to said magnetic field
perpendicular to the package surface. The device
is offered at different sensitivity settings as a
function of different current sensing ranges and
features a factory calibrated quiescent output
voltage at 50% of the supply voltage.

The sensor is optimized for cost, and comes in 2
variants: the ABT version with multi-temperature
trimming of the sensitivity, and the standard
accuracy ABA version which has default trimming
and wider specs.

Vob
?
Temperature Voltage
Compensation Regulator
S
s
2 Low Pass
° T
g Filter ] ou
[0
Qa
Sensitivity Offset
Trim Trim
EEProm I—| Control ‘?[l:l GND
Logic

INSPIRED ENGINEERING



MLX91211 Medium Speed Current Sensor IC MeleXiS

Datasheet INSPIRED ENGINEERING

FEAtures and BeNEFits. ... ..o ittt bt et an e ae 1
Y o ) Lot 1o o -SSR 1
DTl g o o o PSR 1
(0o o1 1= 0| TP U PSP 2
O] o [=TaT oY= [} {oT a1 o] o AP OSPRS 3
B V[ a Yot ToT o D= T= = o o R 4
TR ] (o Y- T VAo =T o LSS 5
L T o T | OO PO TR 6
5. Absolute Maximum RAtiNGS .......cccueiiiieiiiiee ettt e e e e e e e e e e e e e e e e e e sseeessbaesenaeesnneesnens 6
6. MLX91211 Electrical SPECIfiCation ........cccueiieiiie et 7
Y| 0 A T Y =g o Y=Y o 1 o [ o S 7
8. MLX91211 Accuracy SPECIfiCatioN ........cccciee et 8
9. CharacteristiC DEfiNITIONS. .....c.eecveriereietieteet ettt sttt et sbe et se e eaees 10
10. Recommended AppliCation DIagrams..........ccccuuierciiieiiieecieeeseeeesseeeeseeeesaeeesreeesreeesneeesnseessseesnnsees 11

10.1. Typical ApPliCation DIagrami. ... it et 11

10.2. Application Diagram for harsh and noisy environmMent..........ccccoooiiiiic i 11
11. Standard information regarding manufacturability with different soldering processes..................... 11
A Y D o ¢ =Tor= U o T PP PPTTOPPRPROE 13
13. Package INfOrmation.......ccc.uie ittt e s e e ne e e e e e aaee s 13

13.1. UA (TO92-3L) PaCKage DiMENSIONS. .....eiuiieieeiie ettt 13

13.2. SE (TSOT-3L) Package DIMENSIONS .......ecieieieeeeie et 14

13.3. UA (TO92-3L) Hall Plate LOCATION c..ei it 15

13.4. SE (TSOT-3L) Hall PIate LOCATION ..eiiiiiei it 15
LA, DiISCIAIMIET ... ettt ettt et s bt e et e bt e et e e be e s abeesseesaee s st e sase e st e eabeeaaeesneenneeas 16

REVISION 1 — SEPTEMBER 17, 2020 DOCUMENT 3901091211

Page 2 of 16



MLX91211 Medium Speed Current Sensor IC
Datasheet MeIeX|S

INSPIRED ENGINEERING

1. Ordering Information

Product Code Temperature Code Package Code Option Code Packing Form Code

MLX91211 ABA-500
MLX91211 L UA ABA-510 RE
MLX91211 L UA ABA-520 RE
MLX91211 L UA ABA-530 RE
MLX91211 L UA ABA-540 RE
MLX91211 L UA ABT-500 RE
MLX91211 L UA ABT-510 RE
MLX91211 L UA ABT-520 RE
MLX91211 L UA ABT-530 RE
MLX91211 L UA ABT-540 RE
MLX91211 L SE ABA-510 RE
MLX91211 L SE ABA-310 RE

Legend:

Temperature Code: L: from -40°C to 150°C ambient temperature

Package Code: “SE” for TSOT23 3 leads surface mount package

“UA” for TO-92 through hole package

Option Code: ABx-xxx: die version
xxA-xxx: “A” for standard accuracy variant and “T” for high accuracy over temperature
xxx-3xx: “3” for 3.3V ratiometric supply and “5” for 5V ratiometric supply

xxx-x0x: “0” for factory calibrated sensitivity

Packing Form: “RE” for Plastic Tape on Reel
“CR” for Carton Tape on Reel (UA package only)
“BU” for Bulk

Ordering Example: MLX91211LUA-ABT-510-RE
Table 1 — Legend

Melexis is continuously expanding its product portfolio by adding new option codes to better meet the
needs of our customer’s applications. This table is being updated frequently; please go to the Melexis
website to download the latest version of this datasheet. For custom output transfer characteristics, or
trim&form options for the UA package, please contact your local Melexis Sales representative or distributor.
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2. Functional Diagram
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Figure 1 — Functional Diagram for MLX91211

No matter if the Vpp line is at nominal voltage or deviating within the supply voltage range, the ADC code for
a given measured current and its associated magnetic field will remain the same as the ADC reference
voltage is equal or proportional to the sensor supply voltage. The sensor sensitivity expressed in %Vpp/mT is
kept constant over Vpp range. Please refer to Chapter 8 for the associated ratiometry accuracy.
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Figure 2 Ratiometry Application
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3. Glossary of Terms

Gauss (G), Tesla (T) Units for the magnetic flux density -1 mT=10G
TC Temperature Coefficient (in ppm/°C)

TSOT Thin Small Outline Transistor package

PSRR Power Supply Rejection Ratio

ASP Analog Signal Processing

ECU Electronic Control Unit

BSG Belt Starter-Generator (PO architecture)

ISG Integrated Starter-Generator (P2 architecture or higher)
AC Alternate Current

DC Direct Current

SMD Surface Mounted Device

EMC Electro-Magnetic Compatibility

FS Full Scale

RoHS Restriction of Hazardous Substances

Table 2 — Glossary of Terms
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4. Pinout

TSOT23

1 Supply Supply
2 GND Ground ouT Analog Output
3 ouT Analog Output GND Ground

Visualization of
package pin
numbers

For optimal EMC behavior, please follow the recommended application diagram (see Chapter 10).

5. Absolute Maximum Ratings

Parameter Value

Positive Supply Voltage (technology limitation) +7V

Positive Supply Voltage (maintaining application mode) +6.5V

Reverse Supply Voltage -0.3V

Positive Output Voltage Vop + 0.3V
Output Current +20% mA
Reverse Output Voltage -0.3V

Operating Ambient Temperature Range, Ta -40°Cto + 150°C
Storage Temperature Range, Ts -55°Cto + 165°C
Maximum Junction Temperature, T, +165°C
Maximum Flux Density >1000 mT

Exceeding the absolute maximum ratings may cause permanent damage. Exposure to absolute maximum-
rated conditions for extended periods may affect device reliability.
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6. MLX91211 Electrical Specification

Operating Parameters at Vpp = 3.135V to 5.5V (unless otherwise specified) and for T, as specified by the
Temperature suffix (L).

Supply Voltage Option code ABx-3xx 3.135 .5
(VDDNOM)
Option code ABx-5xx 3.135 5 5.5 Vv
(VDDNOM)
Supply Current lop Without Ry oap, Within Vpp range 3 5 8 mA
Reset Voltage Vior OUT to high impedance 2.7 2.95 \Y
DC Load Current lout -1 1 mA
Output Resistance Rout -ImA < loyr < ImA 1 5 Q
Output Capacitive Load Cioap Between OUT and GND 0 10 100 nF
(Rs=500))
Output Resistive Load Rioap Between OUT and GND 5 kQ
Output Saturation Voltage Vsatio -ImA < lgyr < ImA 0 0.25 vV
-0.1mA < lgyr < 0.1mA 0.1
VSATHI -ImA < IOUT <1mA VDD'0'25V v i
-0.1mA < loyr < 0.1mA Vpp-0.1V oo
Power Supply Rejection Ratio PSRR From 80kHz to 200kHz 20 dB

7. MLX91211 Timing Specification

Operating Parameters at Vpp = 3.135V to 5.5V (unless otherwise specified) and for T, as specified by the
Temperature suffix (L).

Iy

Refresh rate 1/fcrop

Chopping frequency fehor 900 kHz

Step Response Time Tresp From 90% input to 90% output 8 10 us
(see Figure 3)

Signal Bandwidth BW -3dB, T, =25°C 40 kHz

Power on Delay Trop Vpp = 3.3V or 5V, 400mV output 40 70 us

referred signal applied
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Figure 3: Response time definition

8. MLX91211 Accuracy Specification

Operating Parameters at Vpp = 3.135V to 5.5V (unless otherwise specified) and for T, as specified by the

Temperature suffix (L).

Linear Magnetic Field

Range

Linearity Error NL
Quiescent Output Voa
Voltage”

Thermal Offset Drift Hot ATvoqut

ABT variant'”

REVISION 1 —SEPTEMBER 17, 2020

Ta=25°C
Option Code: ABx-x00 +106 mT
Option Code: ABx-x10 180 mT
Option Code: ABx-x20 164 mT
Option Code: ABx-x30 140 mT
Option Code: ABx-x40 120 mT
Option Code: ABT-xx0 -0.9 0.9 %
Option Code: ABA-xx0 -1.5 1.5 %
B=OmT, TA=25°C, VDD=VDDNOM 49.5 50 50.5 %VDD
B=0mT, Referred to T,=25°C,
Vop=Voonom
Option Code: ABT-500 -33 28 mV
Option Code: ABT-510 -34 27 mV
Option Code: ABT-520 -36 27 mV
Option Code: ABT-530 -44 30 mV
Option Code: ABT-540 -61 26 mV
DOCUMENT 3901091211
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oot T ondtons | i | Ty | e | s

Thermal Offset Drift Cold ATyoqr  B=0mT, Referred to Tpo=25°C,

ABT variant"”! Vpo=Voonom
Option Code: ABT-500 -16 19 mV
Option Code: ABT-510 -16 20 mV
Option Code: ABT-520 -16 21 mV
Option Code: ABT-530 -16 26 mV
Option Code: ABT-540 -16 33 mV
Thermal Offset Drift ATyoq  B=0mT, Referred to T,=25°C,
ABA variant'"” Voo=Vponowm +15  #(354040 mV
Option Code: ABA-xxx *Snom)
Llfetlme Offset Drlft(a) ALVOQ B=OmT, TA:25°C, VDD:VDDNOM
Option Code: ABx-520 +1.7 mV
Option Code: ABx-320 +1.5
Sensitivity'” Snvom  Ta=25°C, B=0.4*Vppnom/Snom
Voo = Voonowm
Option Code: ABT-500 18.42 18.8 19.18 mV/mT
Option Code: ABT-510 24.5 25 25.5 mV/mT
Option Code: ABT-520 30.6 31.25 31.88 mV/mT
Option Code: ABT-530 49 50 51 mV/mT
Option Code: ABT-540 98 100 102 mV/mT
Option Code: ABA-310 15.68 16.5 17.32 mV/mT
Option Code: ABA-520 29.69 31.25 32.81 mV/mT
Thermal Sensitivity Drift AT Referred to Ty=25°C
Option Code: ABT-xx0"" -1.5 +1 1.5 %
Referred to T,=25°C
Option Code: ABA-xx0'"" -10 +5 10 %
Llfetlme SenSItIVIty Dr|ft(4) ALS TA:25°C, VDD:VDDNOM
Option Code: ABx-xx0 -5 %
PaCkage Thermal ATPKG TA=25°C, VDD=VDDNOM
Hysteresis“) Option Code: ABx-xx0 1 %
Ratiometry Error'” ARvoq  Ref. to Vponom, Ta=25°C, B=OmT  -1.5 1.5 %/V
ARs Referred to Vppnom, Ta=25°C 0 2 %/V
RMS Input Referred Nrvs  Ta=25°C, Bandwidth = 40kHz
Noise'” Option Code: 520" 770 nT/VHz

(1) Guaranteed by design and characterization

(2) Guaranteed limits by 100% production test at Melexis. No aging effects included.

(3) The typical value is specified as one standard deviation of the measured Quiescent Output Voltage drift after 1000h HTOL
qualification performed at T,=150°C.

(4) The typical value is specified as average value of the change in sensitivity (expressed in %) after 1000h HTOL qualification
performed at T,=150°C compared to the value after preconditioning.
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9. Characteristic Definitions

The Sensor DC Output Voltage is defined by:
Vour = Voq + S.B , expressed in [V]

o Wwhere Vqq is the measured quiescent output voltageat B = 0

AVour

o WhereS = .
AB

[;] or [Z—Z] is the magnetic sensitivity at given supply voltage Vpp

® Magnetic Sensitivity Ratiometry is defined by:

Voq(Vop)—Yoq (Vbpnom) %
ARypp = 220 Q .100%, [¥] and
VOQ ™ Voo (Voonom) - (Vop—Vopnom) > lv

ARs = S(Vpp)—S(Vbonom) .100%, [?]

S(Vonnom) - (Von—=Vonnom)

e Linearity for both positive and negative magnetic fields is defined by:
NL = 3B2-5B1) 1409, expressed in [%]

S(B1)

0.2 1 0.4 1;
o Wwhere B, = £ =%, B, = £ — %

e Linear Magnetic Field Range is defined for Vyyr varying from 10% to 90% of Vpp. This can be ensured if
the applied magnetic field B is not exceeding im at any Ta.

¢ Thermal Offset Drift is defined by:
ATy0q = Voo(Ta) — Voq(25°C) , expressed in [mV]
¢ Thermal Sensitivity Drift is defined by:

S(T4) ° °
AT = (5(2—5*‘6)1) .100,[%)] at T, = —40°C or 150°C
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10.1. Typical Application Diagram

r--—-———m"—"—"""""""—-"—-"—-—"—-—"—-—"—"—"—"—"—"——— A |- - T T T T T —-—-—-—-= -
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! VDD R : : |
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| 01uF I I ; I
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L e ______ I L _ - ______ I
Notes:

For proper operation a 100nF or bigger bypass capacitor C1 should be placed as close as possible to the VDD and GND
pins of MLX91211. For embedded applications the components Rs, R. and C are not required.

10.2

Application Diagram for harsh and noisy environment

r-r—-—-——----"-"-"-""""""—" """ """ —"—"—"—"—"—'— A - - - - - - - - —-—-—-—-—-—- -
|
| Module | | ECU |
| | vDD +5V (3.3V) '
| +—O o— |
! MLX91211 1 | :
| VDD Cs : | |
! Rs output ! |
o= | e |
' GND .L Co J— ' [ 3 !
| C4 | | RL I ——-— C I
| T T | éGND 5 S s :
| |
| | | L i L |
L I - T ____ I
Notes:

For proper operation a 100nF or bigger bypass capacitor C1 should be placed as close as possible to the VDD and GND
pins of MLX91211. For harsh and noisy environment, a bypass capacitor C2 of 1nF to 10nF can be placed on the output.
For improved EMC performance an additional resistance, Rs and capacitors, C3 and C4 placed close to the connector of
the module are recommended. Recommended values for: Rs 2 50E, 1nF =2 C3 < 4.7nF, 1nF 2 C4 < 10nF.

For embedded applications the components R and C, are not required.

Our products are classified and qualified regarding soldering technology, solderability and moisture
sensitivity level according to following test methods:
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Reflow Soldering SMD’s (Surface Mount Devices)

= |PC/JEDEC J-STD-020

Moisture/Reflow Sensitivity Classification for Nonhermetic Solid State Surface Mount Devices
(classification reflow profiles according to table 5-2)

= EIA/JEDEC JESD22-A113

Preconditioning of Nonhermetic Surface Mount Devices Prior to Reliability Testing (reflow profiles
according to table 2)

Wave Soldering SMD’s (Surface Mount Devices) and THD’s
(Through Hole Devices)

= EN60749-20
Resistance of plastic- encapsulated SMD’s to combined effect of moisture and soldering heat
= EIA/JEDEC JESD22-B106 and EN60749-15

Resistance to soldering temperature for through-hole mounted devices

Iron Soldering THD’s (Through Hole Devices)

= EN60749-15

Resistance to soldering temperature for through-hole mounted devices

Solderability SMD’s (Surface Mount Devices) and THD’s (Through
Hole Devices)

= EIA/JEDEC JESD22-B102 and EN60749-21
Solderability
For all soldering technologies deviating from above mentioned standard conditions (regarding peak

temperature, temperature gradient, temperature profile etc) additional classification and qualification tests
have to be agreed upon with Melexis.

The application of Wave Soldering for SMD’s is allowed only after consulting Melexis regarding assurance of
adhesive strength between device and board.

Melexis recommends reviewing on our web site the General Guidelines soldering recommendation
(https://www.melexis.com/en/quality-environment/soldering).

Melexis is contributing to global environmental conservation by promoting lead free solutions. For more
information on qualifications of ROHS compliant products (RoHS = European directive on the Restriction Of
the use of certain Hazardous Substances) please visit the quality page on our website
(https://www.melexis.com/en/quality-environment).
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12. ESD Precautions

Electronic semiconductor products are sensitive to Electro Static Discharge (ESD).

Always observe Electro Static Discharge control procedures whenever handling ‘% ‘
semiconductor products.
Human Body ESD ESDyam AEC-Q100-002 Rev D
Protection
Charged Device Model ESDcom AEC-Q100-011 Rev B 500 Y

ESD Protection

13. Package Information

13.1. UA (TO92-3L) Package Dimensions

61
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Figure 4 — UA (TO92-3L) Package Dimensions

A D 3 F J L L1 S bl b2 ¢ e el |

min 2.80 3.90 1.40 0.00 2.51 14.0 0.90 0.63 0.35 0.43 0.35 2.51 1.24

max 3.20 4.30 1.60 0.15 2.72 15.0 1.10 084 044 0.52 0.44 | 2.57 1.30
01 02 03 04

7°REF | 7°REF | 45°REF | 7°REF

1. All dimensions are in millimeters.

2. Mold flashes, gate burrs and dambar protrusion are not included.
3. Gate burrs shall not exceed 0.127mm on the top side.

REVISION 1 —SEPTEMBER 17, 2020 DOCUMENT 3901091211 Page 13 of 16



MLX91211 Medium Speed Current Sensor IC
Datasheet MeIeX|S

INSPIRED ENGINEERING

13.2. SE (TSOT-3L) Package Dimensions

b

|

|

u

| o

| Notes:
| E 1. All dimensions are in millimeters
|

|

2. Outermost plastic extreme width does not include mold flash or protrusions. Mold
flash and protrusions shall not exceed 0.15mm per side.

3. Outermost plastic extreme length does not include mold flash or protrusions. Mold

- flash and protrusions shall not exceed 0.25mm per side.
| | 4. The lead width dimension does not include dambar protrusion. Allowable dambar
protrusion shall be 0.07mm total in excess of the lead width dimension at maximum
———
material condition.
e
o 5. Dimension is the length of terminal for soldering to a substrate.

6. Formed lead shall be planar with respect to one another with 0.076mm at seating

plane.
T 4|> Top side :
90XXX
A2 A

XXX: Last three digits of the lot

l - Bottom side:
|4_‘e 1 —_" A1l WWYY
WW: Calendar Week
YY: Calendar Year

v

Figure 5 — SE (TSOT-3L) Hall Plate Location

A Al A2 D E El L b C e el o
min - 0.025 0.85 2.80 @ 2.60 1.50 | 030 | 0.30 | 0.10 | 0.95 1.90 0°
max = 1.00 0.10 0.90 3.00 3.00 1.70 | 0.50 | 045 0.20 BSC BSC 8°

Notes:
1. All dimensions are in millimeters.
2. Dimension “D” and “E1” do not include mold flash or protrusions. Mold flash or protrusion shall not exceed 0.15mm on
“D” and 0.25mm on “E” per side.
3. Dimension “b” does not include dambar protrusion.
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13.3. UA (TO92-3L) Hall Plate Location

Hall plate location
LLM, 0.44%0:040
| §§
Notes:
L 1. All dimensions are in millimeters

Marking side 2. Mold flashes and protrusion are not included

1
LT

13.4. SE (TSOT-3L) Hall Plate Location

145 Hall plate location

T = J‘\ 7
0 g =

Package line

TOP VIEW SIDE VIEW
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14. Disclaimer

Devices sold by Melexis are covered by the warranty and patent indemnification provisions appearing in its Term of
Sale. Melexis makes no warranty, express, statutory, implied, or by description regarding the information set forth
herein or regarding the freedom of the described devices from patent infringement. Melexis reserves the right to
change specifications and prices at any time and without notice. Therefore, prior to designing this product into a
system, it is necessary to check with Melexis for current information. This product is intended for use in normal
commercial applications. Applications requiring extended temperature range, unusual environmental requirements, or
high reliability applications, such as military, medical life-support or life-sustaining equipment are specifically not
recommended without additional processing by Melexis for each application.

The information furnished by Melexis is believed to be correct and accurate. However, Melexis shall not be liable to
recipient or any third party for any damages, including but not limited to personal injury, property damage, loss of
profits, loss of use, interrupt of business or indirect, special incidental or consequential damages, of any kind, in
connection with or arising out of the furnishing, performance or use of the technical data herein. No obligation or
liability to recipient or any third party shall arise or flow out of Melexis’ rendering of technical or other services.

© 2020 Melexis NV. All rights reserved.

For the latest version of this document, go to our website at
www.melexis.com
Or for additional information contact Melexis Direct:

Europe, Africa, Asia: Americas:
Phone: +32 1367 0495 Phone: +1 603 223 2362
E-mail: sales _europe@melexis.com E-mail: sales _usa@melexis.com

ISO/TS 16949 and 1S014001 Certified
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