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SC4251

Dual Channel Angular Hall Effect Sensor with Sine-Cosine Output

1. Features

e Sine and cosine output signals

e Supply voltage: 3V to 5.5V

e Current consumption in sleep mode: <25pA
e Fast wake-up from sleep: <10ps

e Magnetic rotation speed up to 80,000 RPM

*  Wide operating temperature range: -40°C to

125°C
e PKG Type

- DFN3*3

- DFN1616
2. Applications

o Motor control
e Electric toothbrushes
e Game controllers and peripherals

o Position sensors

3. Description

The SC4251 is an integrated Hall-effect position
sensor designed to scan permanent magnets.
The IC can be configured to enter an ultra-low
power mode, making it highly suitable for
battery-powered applications such as robotic
vacuum cleaners, cordless power tools, wireless
game controllers, and peripherals.

In normal operating mode, the signal
conditioning unit generates sine and cosine
voltage signals corresponding to the external
magnetic field, which can be used for angle
calculation. Users can control the chip's
operating mode by applying a logic level signal
to the SLEEP pin. When the SLEEP pin is pulled
high, the device enters sleep mode, with an
operating current of <25pA, and the output
becomes invalid (high-impedance mode). When
the SLEEP pin is pulled low, the device returns to
normal mode.

This sensor features a wide supply voltage range,
operating from 3V to 5.5V, and a temperature
range of -40°C to 125°C. The device is packaged in
a lead-free, 100% matte tin frame plating.

Not To Scale

Fig.1 DFN1616(Left) & DFN3*3(Right) Package Outline
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4. Terminal Configuration

DFN-3x3 DFN-1616
Top-View Top-View
VCC T1 NC OUTy
VCC T1 OUTy
8 7T 6 5
6 5 4
a2 3
1.2 3 4 P
P P GND SLEEP OUTy

GND SLEEP NC OUTY

Fig.2 DFN3*3 Pin definition(Left) & DNF1616 Pin definition(Right)

Number
Name Description
DFN3*3 DFN1616
GND 1 1 Ground terminal
SLEEP 2 2 Toggle Sleep mode
NC 3 No connection
OUTx 4 3 Analog output X
OUTy 5 4 Analog output Y
NC 6 No connection
T 7 5 Gain selection, connect GND or VCC
VvCC 8 6 Power supply
Rev.V1.1 3 www.semiment.com
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5. Ordering Information

Ordering Information Sens(mV/Gs) Ambient, Ta(°C) Package Packing Quantity
SC4251D3-TR @ 5.0 -40-125 DFN3#*3 TR 5000
SC4251DN-TR 5.0 -40-125 DFN1616 TR 4000
Note:

(1) This sensitivity data is for GAIN pin grounded application conditions

(2) TR: Tape & Reel

Ordering Information Format

Part Number

|
SC4251D3-TR

T— Pack Designation

TR: Tape & Reel

D3: DFN3#*3
DN: DFN1616

Different sensitivity

Device Family

Package Designation

Magnetic Parameter

SC4251: Dual channel position sensor
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6. Absolute Maximum Ratings

Symbol Parameter Notes Min Max. Units
Vec abs Positive Supply Voltage Vcc=0-->5.5V - 6.5 \
Veer abs Negative Supply Voltage Vce=0-->-1.0V -0.3 - \
Vour ass Positive Output Voltage Vour=0-->5.5V - 6.5 \Y
Vourr ass Negative Output Voltage Vee=0-->-1.0V -0.3 - \Y
Ta Operating Temperature Range -40 125 °C
Tste Storage Temperature Range -55 165 °C
Timax) Maximum Junction Temperature - 165 °C
Note :

Stresses above those listed here may cause permanent damage to the device. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

7. ESD Protection

Symbol Parameter Test conditions Min. Max. Units
Vesp_Hem HBM Refer to ANSI/ESDA/JEDEC JS-001 standard" -4 +4 kv
VEsp_com CDM Refer to ANSI/ESDA/JEDEC JS-002 standard® -750 +750 v
Note :
(1) JEDEC document JEP155 states that 4000V HBM allows safe manufacturing using standard ESD control processes.
(2) JEDEC document JEP157 states that 740V CDM allows safe manufacturing using standard ESD control processes.
8. Thermal characteristics
Symbol Parameter Test conditions Value!" | Units
DFN3*3 100
Roa Single-layer PCBS, JEDEC 2s2p and 1s0p are defined in JESD 51-7 and JESD 51-3 °C/W
DFN1616 186
Note:

(1) The maximum operating voltage must meet the requirements of power consumption and junction temperature, refer to thermal characteristics

Rev.V1.1
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9. Operating Characteristics

9.1 Electrical Parameter

(TA=25°C, VDD=3.3V, unless otherwise noted)

Symbol Parameter Test Condition Min TYP MAX Unit
3 33 3.6 \Y
Vee Operating Voltage
4.5 5 5.5 \
Vee=3.3V, B=0mT - 5 - mA
Iec Operating Current
Vee =5V, B=0mT - 8 - mA
Icc-shon Sleep Current SLEEP-->3.3V - 25 - HA
tro Power-On Time Vee = 3.3V, B =0mT, Vour=90% of Full-Scale - 30 - ys

- Sleep Wake-Up Time SLEEP-->0V, Vour from high resistance to ) 10 i us
normal output

Tour Output Load Current - - 2 mA
Cour Output Load Capacitance - - 1 nF

fon Output Bandwidth (- ) 30 ) cHy

3dB)

tep Output Delay - 7 - gs

fc Chopping Frequency - 500 - kHz
VhstLeep Sleep Input High Voltage | Sleep enable 0.7Vcc - - \
Visieer Sleep Input Low Voltage Sleep disable - - 0.3Vce Vv
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9.2 Magnetic Parameter

(TA=25°C, VDD=3.3V, unless otherwise noted)

Symbol Parameter Test Condition Min TYP MAX Unit
Hext Operating Magnetic Field Measured on chip surface +50 +200 +300 Gs
Strength
fmag Magnetic Field Frequency - 133 - kHz
fmag Magnetic Rotation Speed - 80000 - rpm
Hall Sensor Array
Dsens Diameter - 400 - um
Maximum Magnetic Axis
Xors Displacement Relative to - 0.2 - mm
Hall Sensor Array Center
Differential Peak-to-Peak
Vpp Output Amplitude Vpp = Vpk(Px) - Vpk(Nx) 0.8 - 2.4 \Y
B =0mT, Ta = 25°C, Vcc = 3.3 V Bidirectional 1.58 1.65 1.72 Vv
Var Quiescent Voltage
B =0mT, Ta = 25°C, Vcc =5 V Bidirectional 243 2.5 2.57 Vv
v Quiescent Voltage B =0Gs, Vcc=3.3V, ) +1% i v
QT Temperature Drift Ta = -40°C to 125°C versus 25°C xVCC
v Quiescent Voltage B=0Gs,Vcc=5V, ) +1% i v
QT Temperature Drift Ta = -40°C to 125°C versus 25°C xVCC
Vore Quiescent Voltage Ratio ) 102 i %
Error
Quiescent Voltage Lifetime | 1000 hours of high-temperature operating
VQAL . - 10 - mV
Drift stress
GAIN pin grounded, Ta=25°C - 5.0 - mV/Gs
S Sensitivity
GAIN pin connected to power, Ty = 25°C - 7.5 - mV/Gs
Sre Sensitivity Temperature | o __j50c 14 125°C versus 25°C 0.04 0.12 0.2 %/°C
Coefficient
Ste Sensitivity Linearity Error - +1 - %
Sse Sensitivity Symmetry Error - +1 - %
Sre Sensitivity Ratio Error 1-223%/5 € Vee= 3V 3,6, with respect to Vee -3 - +3 %
Su. Sensitivity Lifetime Drift 1000 hours of high-temperature operating ) 05 i %
stress
Note:
1Gs =0.1mT
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10. Block Diagram
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Fig.3 Block Diagram

11. Function Description

Quiescent Output Voltage (Vourq): "Static output voltage" refers to the output voltage of the chip when there
is no magnetic field. Theoretically, the output voltage of SC4251 is equal to VCC/2, but due to the interference of
bias voltage, sensitivity, packaging stress and other factors, the static output voltage does have a certain
deviation from the theoretical value. At the factory, the actual static voltage can be modified to the theoretical
value of +50mV. The static output voltage is to some extent affected by the temperature coefficient, which
statistically means that the static output voltage will also change with the change of temperature (the higher the
sensitivity, the more obvious).

Sensitivity(S)
Sens = [VOUT(B1) — VOUT(B2)]/(B1 — B2)

When the South Pole magnetic field perpendicular to the chip tagged side approaches, the output voltage
increases proportionally, until it reaches supply voltage. Conversely, when the North Pole magnetic field
perpendicular to the chip tagged side approaches, the output voltage decreases proportionally, until it reaches
ground level. Sensitivity is defined as the specific value of the output voltage variation and the magnetic field
variation, commonly in mV/Gs or mV/mT.

Rev.V1.1 8 www.semiment.com
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Dual Channel Angular Hall Effect Sensor with Sine-Cosine Output

SC4251
Power-On Time (tpo): Power-On Time (tpo) 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 after the power supply has reached its minimum

specified operating voltage (VCC(min)) as shown in Figure 4.

A
Vcc
Veeeryr) | T T
i Vout
90% Vourt /
Vcc(min) | , _ tpo
/) t2
t1=time at which power supply reaches
minimum specified operating voltage
t2=time at which output voltage settles
: within £10% of its steady-state value
; under an applied magnetic field

Fig.4 Power-On Time Definition
Propagation Delay (Tep): The time interval between a) when the applied magnetic field reaches 20% of its final

value, and b) when the output reaches 20% of its final value (see Figure 5).

%A _/—Applied Magnetic Field
(L Transducer Output

90

Rise Tine, tr

20t
10+

0
«—

Propagation Delay, tpd
Fig.5 Propagation Delay and Rise Time Definitions
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12. Typical Application

(When the SLEEP mode is not required in practical applications, the chip sleep pin is connected to GND)

3.0V-5.5V 100nF SC4251 nF I

} GND OUTy i

- = 1nFI

13535 IR, I
svecsigno | CAIN SLEEP

Fig.6 Typical Application Circuit

A/D

A/D

GPIO

When the magnet is rotated counterclockwise, the poles also cover the PSIN and NSIN sensors, resulting in

the sine and cosine signals shown in Figure 7.

Vsine Vcosine

Vpeak

%2 VCC

0° 90° 180° 270° 360°

Fig.7 Sine and cosine output signal

>
a
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13. Package Information DN

6-PIN Unit: mm
DFN1616 Package
1.25
1.35
0.50BSC —p»] - g
A
TolTs) m‘m
N O O I~
— Laser Mark oo
.J PIN #1 v /
Y
1.55 0.20 2 1
- - — -g—
1.65 0.30
1.55
g P

a8 § ous
*

0.127REF 0.00
0.05

Notes:
1. Exact body and lead configuration at vendor’s option within limits shown.
2. Height does not include mold gate flash.

Where no tolerance is specified, dimension is nominal.
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14. Package Information D3

8-PIN Unit: mm
DFN3*3 Package
< 2.35 >
2.25
0.65

. “’1 REF "*

g 8
.0.40
? 0.304_
oo Mo Rt}
FCﬁ. n <t
M N - -

N‘LL/
Laser Mark ¢ i
[ PIN#1 4 L
A
=8

\ \
3.10 ol e
“ 2.90 >
0.35
0.25

v
+ + 0.80

I 0.70
0.203BSC 0.05
0.00

Notes:

1. Exact body and lead configuration at vendor’s option within limits shown.
2. Height does not include mold gate flash.

Where no tolerance is specified, dimension is nominal.
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15. Revision History

Revision Date Description
Rev.0.1 2024-07-25 Preliminary datasheet

Rev.V1.0 2024-12-19 Unified datasheet format

Rev.V1.1 2025-09-22

Update Sensitivity
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Notice and Disclaimer

The information, data, and specifications set out in this document (the “Document”) are provided "AS IS" and
for reference purposes, they shall not be construed as any warranty or authorization, whether express or implied,
including but not limited to warranties of accuracy, completeness, merchantability, fitness for a particular

purpose, or non-infringement of any third party’s intellectual property rights.

Users of this Document are solely responsible for the selection, use, and application of SEMIMENT products, as
well as for ensuring the safety of such applications. Users shall comply with all applicable laws, regulations, and
requirements related to the use of SEMIMENT products. Any application-related information or support that may

be provided by SEMIMENT is for reference only and does not constitute any guarantee or liability.

The resources described in this Document are subject to change without notice. SEMIMENT grants permission
to use these resources solely for the development of applications incorporating SEMIMENT products as described
herein. Any other reproduction, distribution, or public display of these resources is prohibited without prior
written consent. No license, express or implied, is granted under any SEMIMENT intellectual property rights or

any third-party intellectual property rights.

You agree to defend, indemnify and hold harmless SEMIMENT and its representatives from and against any

claims, damages, costs, losses, or liabilities arising from your use of these resources.

For the latest product information and technical support, please contact SEMIMENT (www.semiment.com).

Copyright © Semiment Technology Co.,Ltd
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