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Hall Effect Angle Position Sensors

@emi_ VENt

Product Features

® High-precision rotary absolute angle position
detection

® Simple magnetic circuit design

® \Wide operating temperature range: -40° C to
+160° C

® Selectable output modes: Analog, PWM, SPI

® Programmable angular measuring range
(angles up to 360 degrees)

® Programmable linear transmission
characteristics (any 4-point, 8-point, or range-
selectable 16-segment, 32-segment equally
divide curves)

® 32-bit programmable user ID

@ Differential Hall sensing to resist stray
magnetic field interference

® Rich on-chip diagnostic capabilities

® Disconnect diagnostics (broken Vpp, broken
Vss)

® Over-current and over-voltage protection;
under-voltage detection

® Conformsto AEC_Q100

® Conforms to 1ISO26262 Functional Safety
ASIL Ready

® Single chip SOP-8 and dual redundant chip
eTSSOP-16L packages - lead-free, both
comply with EU RoHS hazardous substance
requirements

Product Applications

® Non-contact absolute angular position
detection

Accelerator pedal sensor

Steering wheel angle sensor

Shifter gear position detection

Throttle and exhaust gas recirculation valve
Ride height of vehicle

Rotary switch

Product Description

The SC69401 is an angular position sensor
chip based on the principle of differential Hall
magnetic sensing from Semiment Electronics. A
full differential Hall sensing matrix is built into
the center of the chip, which generates a
corresponding sine-cosine position signal by
sensing a pair of polar S/N magnets above it. The
signal is amplified by a preamplifier and then
sampled by the internal analog-to-digital converter
circuitry. The chip's proprietary DSP circuitry
performs angular arithmetic, and finally outputs
the absolute position information (0-360 degrees)
of the magnet's rotation in a variety of interface
formats.

The SC69401 provides a variety of output
methods: analog output proportional to the
rotation angle, PWM output, and 4-wire SPI bus.
The output curve can be selected from any 4-
point, 8-point, or 16-segment, 32-segment, or any
other programming method.

The SC69401, a sensor chip primarily for
automotive applications, provides a rich set of on-
chip diagnostic functions. The chip was designed
and developed following the ISO 26262 standard
and is ASIL-B Level.

The SC69401 is suitable for non-contact
detection of the mounting position on the axle and
IS suitable for applications such as automotive gas
pedals, electronic throttles, EGR valves, gear
shifters, body heights and steering wheel angle.
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Ordering Information

Operating "
Product Code Package Form Package femperature Description
Tape & Reel, o o
SC69401 3000pcs/reel SOP-8 -40°C ~ 160°C | Default Analog Output
SC69401-SPI Tape & Reel, SOP-8 -40°C ~ 160°C | Default SPI Interface
3000pcs/reel
SC69401D Tape & Reel, | roonp 161 | -40°C - 160°C | Default Analog Output
3000pcs/reel
SC69401D-SPI Tape &Reel, | rogop.gpL | -40°C ~ 160°C | Default SPI Interface
3000pcs/reel
Pin Description
VDDl 1 O q 8 | Vss
TestOl 2 k 7 | Vree
3
Testl |: 3 g 6 :l Test3
=
Test2 [ 4 5 | | our

Figure-1: SOP-8 Package

PIN
Type Description
Symbol Number P P
Vbb 1 Power supply Power Input
Test/Digital Test pin, connect to Ground; SP1_MISO: Master in Slave out
Test0 2 .
Output data pin for SPI
Testl 3 Test Test Pins, connect to ground
Rev. AL.O Semiment Electronics Technology (Shanghai)
-4 -
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Test? 4 Test/Digital _Test pin, connect to ground; SPI_SCLK: SPI clock signal
Inputs Input.
ouT 5 ﬁ:ﬂ‘;tg/ Digital 1 A alog output: PWM: SPI_CS: SPI enable input pin
Test3 6 Test/Digital Test p'in, conne;ct to ground; SPI_MOSI: SPI master-out
Inputs slave-in data pin
VReG 7 Power output Internal power supply
Vss 8 Ground Ground
oz |1 O 16 [ ] Test2 2
Vo [ 2 ﬂ 15 Vs
Test0_1[___| 3 b 14 [ ] Veew
Test3 2| 4 13 [ ] Testl 2
Ve [ 5 LB [T resto2
Testl I | 6 § 11 [ ] Test3 1
Test2 1[__] 7 Nt 10 [ oumt
W s  © 9 [

Figure-2: eTSSOP-16 Package

PIN
Symbol Number Type Description
OouT2 1 ﬁ:;tiitsmlgltal Chip 2 - analog output; PWM; SPI_CS: SPI enable input pin
Vbp1 2 Power supply Chip 1 - Power Input
Test0-1 3 Test/Digital Chip 1 - test pin_, connect to ground; SP1_MISO: master-in
Output slave-out data pin for SPI
Test/Digital Chip 2 - test pin, connect to ground; SPI_MOSI: master-out
Test3-2 4 . .
Inputs slave-in data pin for SPI
VREG2 5 Power output Chip 2 - Internal Power Supply
Testl-1 6 Test Chip 1 - test pin, connect to ground
Test/Digital Chip 1 - test pin, connect to ground; SPI_SCLK: SPI clock
Test2-1 7 : .
Inputs signal input.
Vss2 8 Ground Chip 2 - Ground
Vb2 9 Power supply Chip 2 - Power Input
OuUT1 10 Outputs/Digital | Chip 1 - analog output; PWM; SP1_CS: SPI enable input pin
Rev. AL.0 Semiment Electronics Technology (Shanghai)
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Inputs

Test3-1 1 Test/Digital Test p.in, conngct to ground; SPI_MOSI: SPI master-out
Inputs slave-in data pin

Test0-2 12 Test/Digital Chip 2 - test pin', connect to ground; SP1_MISO: master-in
Output slave-out data pin for SPI

Test1-2 13 Test Chip 2 - test pin, connect to ground

VREG1 14 Power output Chip 1 - Internal Power Supply

Vss1 15 Ground Chip 1 - Ground

Test2-2 16 Test/Digital thp 2_- test pin, connect to ground; SPI_SCLK: SPI clock
Inputs signal input.

Functional block diagram

Vip VREG
(| 1
o r

Pre— Analog Digital
~*(aame)

Coe ) (Cww )  (Cpr )
l:, l:, Voltage & Current bias
HALL ARRAY
l:, l:, SPI SCLK
m m Output Stage2 SPT_MISO
SPI SPI_MOST
AR
> EZ: 9 2 Digital SPL.CS
Filter Angle A Output Stagel
&Channel » Processi AngleFilter
Correcti ng DAC
P> | A
;ﬁ:"“ —><e on out
: :

OQutput
Temperature Controller
Sensor

Registers <4 Memory Controller

Oscillator > ] Vg
; | -

| 2
EEPROM |« C;i;ie
<
Figure-3: Functional block diagram of the chip
Rev. AL. O Semiment Electronics Technology (Shanghai)
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Limit parameters

Parameters Test Conditions MAX
Supply Voltage | Voo <60S -14 28 \Y;
Analog Output 1, <60S 6 18 v
Voltage
Reverse Output In 40 mA
Current
Operating Ta 40 160 °C
Temperature
Storage Ts 40 160 °C
Temperature
Magnetic Field
Strength H 1 1 T

Exceeding the absolute maximum ratings may result in permanent damage to the device, and prolonged operation at the absolute maximum

ratings may affect the reliability of the device.

ESD

Human body model (HBM) testing according to EIA/JESD22-A114-B HBM

HBM VEsp -4 4 kv

Dual Chip Isolation Parameters

Parameters

Isolation Resistor IsoR 4 MQ

Rev. AL.O Semiment Electronics Technology (Shanghai)
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Electrical parameter

Parameters Test Conditions
Vbb 5V Mode 4.5 5.0 55 \J
Supply Voltage VRrec and Vpp are connected
Vbp_33v 10 3.3V UVLO_3PSEN=1 3.15 5l 3.6 \Y/
Supply Current | oo Single die SOP-8 8 10 mA
Isurge Current Isurge Single die SOP-8 50 mA
Overcurrent Alarm | locp Single die SOP-8 25 35 mA
Regulated Voltage | Vrec 3.1 3.37 3.5
Regulated Voltage
Overdrive Detection Vrecove 3.65 315 385
Regulated YOItage VReGUVL 2.7 2.8 2.9
Low Detection
Undervoltage UVLO_3P5EN =0 3.4 3.7 4.2
. VuvLo
Detection Voltage UVLO 3PSEN =1 2.6 2.8 3.1 \Y
Undervoltage 1, 1 ive 150 350 | mv
Detection Hysteresis
Overvoltage
Protection Voltage Vove >8 62 0.6 v
Overvc_)ltage .| VovpHysT 100 600 mV
Detection Hysteresis
Shorted to Ground, Analog 15 mA
Output
Short to Ground, PWM
. 50 mA
Output Short-circuit Push-Pull Outputs
Ishort
Current Shorted to Vpbp Analog
15 mA
Output
Shorted to Vpbp, PWM Push-
Pull Outputs 50 mA
Pull-up resistor, connected
4.7 470 KQ
Analog Output Load to Voo
Resistance i Pull-down resistor
’ 4.7 470 KQ
connected to ground
Pull-up resistor, connected
PWM Output Load P 1 KQ
Resistance Ri_pwm 0 Voo
Pull-down resistor, 1 KQ
Rev. AL.O
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connected to ground
Pull-up resistor R=10k, 05 ) %Vop
connected to Vpp
Vsat_lo -
- Pull-up resistor R=4.7k, 25 3 o5\
Analog Output connected to Vop | bp
Saturation Level - i =4,
Pull-down resistor R=4.7Kk, 96.5 975 %Voo
. connected to ground
Ll Pull-down resistor R=10k
B 97.5 98 %Vop
connected to ground
Pull-down resistor R<470k 1 2 %VpD
i i i Dsat_lo
Active Diagnostic - Pull-down resistor R<10k 0.5 1 %VbD
Output Level
Dsat_hi Pull-up resistor R<10k 97.5 98 %VoD
Broken Vss, pull-down 0
BVssPD' | fesistor, 4. 7K<R<100k 0 3 e
: : : Broken Vss, pull-up resistor, 0
Passive Diagnostic | BVss PU 4.7K<R<100k 97 98 % VoD
Output Level Broken Vpp, pull-down
broken ton PERE 0
( ) BVoo PD 1 sistor, 4.7K<R<100k 0 1 e
Broken Vpp, pull-up 0
BVoo PU 1 | sistor, 4.7K<R<100k 96.5 %8 s
Programmable Clamp_lo | Programmable 0 100 %Vop
Clamp Voltage Clamp_hi | Programmable 0 100 %VbD

Based on the description in the table above, the SC69401 can meet the output range settings for the typical
application of Figure-4

100% ————— Analog Diagnostic Band
20% Clamping High
— 80% —+———
[«b)
= 70% e S
(«B)
— 60% ——+——
45) 50% B E— Linear Range
o
+— 40% —+——
=
= 30% ———
20% —+——
10% Clamping Low
0% Analog & Digital Diagnostic Band
Figure-4: Example of Output Range for Typical Application
Rev. AL.O Semiment Electronics Technology (Shanghai)
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Timing parameter

€ Basic timing
Parameters Symbol Test Conditions
Main Clock Frequency | Fck Full Temperature Test 7.8 8.2 8.5 MHz
Main Clock Frequency 0
Temperature Offset Aokt 3 3 #Fex
Data Refresh Tper 121 | 128 | 134 us
Frequency
Step Response Time Ts 128 us
Power-on Reset Tror 40 us
Initialization Time Tinir 16.384 ms
Cout =100nF 60 V/ms
Analog Output Slew- - Cout =10nF 80 V/ms
rate Cout =47nF 85 V/ms
Cout =330nF 20 V/ms

POWER ON / ' (¢
' POR RESET TIME “’
—

RESET N ¥ 7\r
; Initial Time

ul
il

ANGLE OUTPUT g\ i

. 4

Figure-5: Power-on reset timing

Rev. AL.O Semiment Electronics Technology (Shanghai)
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€ EEPROM Timing

Parameters Symbol Test Conditions MIN Typ MAX Unit
. tps 100 us
Power-on Reset Time
trw 100 us
Standby Time TIDLE 20 ms
VDD ;f
. tps
y
EEPROM_PWR_ON 7 \
 tpw
_ P . TIDLE .
/ \
EEPROM_RESETN p %

Figure-6: EEPROM Timing

¢ PWM output

Parameters Test Conditions

Symbol

PWM Frequency Frwm Frequency range 125, 250, 500, 1000, 2000 Hz
PV.V.M Frequency Fewm_init | 25°C +2% Frwm
Initial Tolerances
PWM Frequency PWM frequency
+30,

Thermal Drift Al temperature drift 3% A
PWM Output Rise 4.7nF, Ri=1KQ pull-up 10 us

. Trise_L
Time D - 4.7nF, R.=10KQ pull-up 100 us
(open-drain output) 10nF, R.=1KQ pull-up 20 us
PWM Output Rise Trise P | 4.7nF, R.=1KQ pull-up 3 us
Time (push-pull P 4.7nF, Ri=10KQ pull-up 3 us

Rev. AL.O
11 -
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output) 10nF, Ri=1KQ pull-up 4 us

PWM Output Fall Tall L 4.7nF, Ri=1KQ pull-up 2 us

Time (open-drain D - 4.7nF, R.=10KQ pull-up 2 us

output) 10nF, RL=1KQ pull-up 4 us

PWM Output Fall 4.7nF, R.=1KQ pull-up 2 us

Tme (push-pull Tfall_PP | 4.7nF, R.=10K< pull-up 2 us
4

output)

10nF, RL=1KQ pull-up

us

* The SC69401 can support the remaining PWM frequency settings in the form of parameter adjustments,
please consult the technical support team at Semiment.

€ SPI output
Parameters Symbol Test Conditions MAX
High Level Input Vi 0.7Vor Voo v
Voltage
Low Level Input Vi 0 0.3*Vop | V
Voltage
ALl (L) QUL ViH Vpp-0.35 Vobp \Y/
Voltage
Low Level Output ViL 0 Vsst+0.35 v
Voltage
EE_PINFILTER =1 450 500 ns
Clock Cycle tSCLK | EE_PINFILTER =2 900 1000 ns
EE_PINFILTER =3 1800 2000 ns
EE_PINFILTER =1 225 ns
Clock Low tS(IZ_I6K_ EE PINFILTER =2 450 ns
EE PINFILTER =3 900 ns
EE_PINFILTER =1 225 ns
Clock High tSCHLIK EE_PINFILTER =2 450 ns
a EE_PINFILTER =3 900 ns
EE_PINFILTER =1, 210 s
Output Data Delay tMISO CL = 30pF
Time EE_PINFILTER =2, 300 s
CL = 30pF

Rev. AL.O
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EE_PINFILTER =3,
CL = 30pF >10 ns
Data Capture
Establishment Time tMOS| 30 ns
N EE_PINFILTER =1 225 ns
'Tnl'r:‘:' Clock Delay t1  |EE_PINFILTER =2 450 ns
EE_PINFILTER =3 900 ns
» EE PINFILTER =1 90 120 ns
Initial Output Data 2 | EE_PINFILTER = 2 180 210 ns
Setup Time
EE_PINFILTER =3 370 420 ns
Communication
Completion Enable t3 225 ns
Hold Time
Communication EE_PINFILTER =1 90 120 ns
Completion Output t4 EE _PINFILTER =2 180 210 ns
Hold Time EE_PINFILTER =3 370 420 ns
_ EE_PINFILTER =1 520 10000 ns
Synchronized Pulse | tSyncPu oo (o) reR =) 610 10000 | ns
Period Ise
EE_PINFILTER =3 820 10000 ns
1SyncPulse
% . *
I '\_ ¢
o oo 1SCLK ¢ —
- { 151 "
F i .4. |l. [
LIMosL:
1 "
S WMSO, o4y
Figure-7: SPI Timing
Rev. AL. O Semiment Electronics Technology (Shanghai)
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Precision parameters

€ Analog output

Parameters Symbol Test Conditions
ADC Resolution Rabc 15 bits
Analog .OUtpUt Rpac 12 bits
Resolution
DAC_ Intrl_nSIC INL 5 LSB
Nonlinearity Error
DAC_ Differential DNL 0.05 1 3 LSB
Nonlinear Error
Angular Offset Error AEang -1.2 1.2 Deg
Nonlinearity Error AE L -1 1 Deg
Angular Temperature
Proportional Output | = 1 4 5V<Vppss.5v -0.05 0 05 | %Voo
Error
Output Pole Noise Npk-pk 0.18 0.27 Deg

¢ PWM output

Parameters Symbol Test Conditions
PWM output RSP 12 bits
resolution
125!—|z,4.7nF,RL =1Kohm, +0003 | +0.016 | %DC
Resistor Pull-Up
250Hz,4.7nF,RL =1Kohm,
+ + 0
Resistor Pull-Up *0.005 | £0.02 #DC
PWM % Duty Cycle 500Hz,4.7nF,R=1Kohm
. (] ) 1 + + 0,
(open-drain output) _
1000Hz,4.7nF, Ry =1Kohm, £0.003 | £0.016 | %DC
Resistor Pull-Up
2000Hz,4.7nF,R .=1Kohm, 10,005 | +0.02 %DC

Resistor Pull-Up

Rev. AL.O
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125Hz,4.7nF,RL =1Kohm,
Resistor Pull-Up
250Hz,4.7nF,RL =1Kohm,
Resistor Pull-Up

+0.003 | +0.016 | %DC

+0.005 | #0.02 %DC

PWM % Duty Cycle 500Hz.4.7nF.R. =1Kohm
i T ! ! + + 0
(push-pull output) 1000Hz.4.7nF.RL=1Kohm.

0
Resistor Pull-Up +0.003 | +0.016 | %DC

2000Hz,4.7nF,R.=1Kohm,
Resistor Pull-Up
125Hz-2000Hz,4.7nF,RL

+0.005 | +0.02 %DC

PWM Frequency Jitter

+ +
(open-drain output) Junt | —1 Kohm,Resistor Pull-Up $0.04 | 2015 | Hz
PWM Frequency Jitter 125Hz-2000Hz,4.7nF,RL

+ +
(push-pull output) w1 —1Kohm Resistor Pull-Up S A Hz

Jitter is defined as +3c , o is the standard deviation of 1000 normal waveforms. %DC: %Duty Cycle

Magnetic parameter

Parameters Symbol Test Conditions
Magnetic Field
Strength Hext 10 120 mT
Magnet Diameter Dmag 6 mm
Magnet thickness Hmag 2.5 mm
Airgap Between
Magnet and Chip AG 05 3 mm
Magnet Material NdFeB 35

*The magnet is a radially magnetized pair of pole disc magnet.

*Magnetic parameter measurements in this datasheet were obtained using the magnet conditions described above.

Rev. AL. O Semiment Electronics Technology (Shanghai)
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User programmable parameters

Parameters Description default | Bits
OUT mode output mode 0 2
PWM POL PWM Polarity 0 1
PWMT PWM frequency 0 3
OUT_CONFIG PWM Output Configuration 0 2
GAIN_G Analog op amp first stage gain setting 0 2
AGC ?;;c;;npatic gain control of the second stage of an analog 1 1
GAIN_F Analog op amp second stage gain setting 1 5
SEMI_ID1 Semiment Factory 1D XXX 8
SEMI_ID2 Semiment Factory 1D XXX 8
SEMI _ID3 Semiment Factory ID XXX 8
SEMI _I1D4 Semiment Factory 1D XXX 8
USER_ID1 user ID 0 8
USER_ID2 user ID 0 8
USER_ID3 user ID 0 8
USER_ID4 user ID 0 8
EEPROM_LOCK_CODE EEPROM_LOCK Bit Valid Judgment Code 0 7
EEPROM_LOCK EEPROM Lock Bit 0 1
DIAG_EN Diagnostic Enable Bit 1 1
DIAG_MASK Diagnostic Mask Register 128 8
\C/;VAIN—THRESHOLD—LO Analog op amp second stage gain low thresholds 0 5
CH;AIN—THRESHOLD—HIG Analog op amp second stage gain high thresholds 31 5
FIELDTHOLD_LOW low field strength threshold 0 8
FIELDTHOLD_HIGH High field strength threshold 255 8
TEMPTHRESHOLD_LOW | Low temperature threshold 0 7
TEMPTHRESHOLD_HIGH | elevation threshold 127 7
DIAG_DEBOUNCE Diagnostic debounce time 0 3
CLAMP_HIGH Output High Clamp 60296 16

Rev. AL.O
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CLAMP_LOW Output Low Clamp 6653 16
DP Break point/Zero Point 0 16
Cw direction of rotation 0 1
WORK_RANGE_GAIN 16-point/32-point calibrated operating angle range 360 16
(degrees)
LNR_POINTS Calibration point selection 3 2
LNR_A X 0 16
LNR_B_X ) o _ ) 0 16
4-point calibration , X-axis coordinates (angle)
LNR_C_X 0 16
LNR_D_X 0 16
LNR_A Y 0 16
LNR_B_Y ) o _ ) 0 16
4-point calibration , Y-axis coordinates (%Vpp)
LNR_C Y 0 16
LNR D Y 0 16
LNR_A_S 0 16
LNR_B_S ) o 0 16
4-point calibration, slope of each segment
LNR_C_S 0 16
LNR D_S 0 16
LNR4_SO 4-point calibration, initial slope 0 16
LNR4_Y5 4-point calibration, endpoint Y coordinate 0 16
LNR YO 4-point, .16-p0|nt/32-p0|nt calibration of the initial point 0 16
- Y-coordinate
LNR9 Yn 8-point calibration, Y-axis coordinates (n=0~8) 0 9x16
LNR9 Xn 8-point calibration, X-axis coordinates (n=0~8) 0 9x16
LNR17_Yn 16-point calibration, Y-axis coordinates (n=0~15) 0 176X1
LNR DELTAVYR 32-point calibration, Y-axis coordinates (offset %) 0 39x8
- (n=0~31)
LNR_DELTA Y EXPAND ist;?r?ént calibration, Y-axis coordinate deviation range 3 )

4 Output mode

The SC69401 provides three output modes: proportional analog output, PWM output, and SPI bus
output. PWM supports PMOS or NMOS open drain output and push-pull output, SPI only supports
push-pull output.

Rev. Al.0O Semiment Electronics Technology (Shanghai)
-17 -
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® Analog Output Mode

Parameters Value Description
0 analog output
1 PWM output
OUT mode[1:0]
2 reserve
3 SPI output

® PWM output mode

PWM output polarity setting

Parameters Description
0 Active High

PWM POL :
Active Low

PWM output frequency setting

Parameters Value Description
000 125
001 250
PWMMT [2:0] 010 500
011 1000
others 2000

PWM output mode setting

Parameters Value Description

0 Digital Output NMOS OpenDrain
1 Digital Output PMOS OpenDrain
OUT_CONFIG [2:0] —
2 digital push-pull output
3 Digital High Resistance State Output
Rev. AL.O Semiment Electronics Technology (Shanghai)
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PWM Output Waveform
PWM is set to PWM_POL=0, PWMT=011, and output duty cycle 0.0244%

1000 us

]

999.756 us

A

Y

—
0.244us

Figure-8: PWM output waveform when PWM_POL=0
PWM is set to PWM_POL=1, PWMT=011, output duty cycle 0.0244%

0.244us
yoe—
999 756 us
] o
- s
1000 us

Figure-9: PWM output waveform when PWM_POL=1

® Four-wire SPI protocol output (slave)

SC69401 SPI is used as a full-duplex serial communication, in which the host can send commands
and receive the result of the last command at the same time in one master-slave
communication.SC69401 is used as a slave and controlled by the chip select signal SPI_CS.SPI
communication is activated when SPI_CS is set to low level, and ends when SP1_CS is set to high
level. SPI_SCLK is used as a clock for SPI communication, which is sent by the host to
SC69401.MISO and MOSI signals are changed on the rising edge of the clock and captured on the
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falling edge of the clock.

Communications format

Data
Command transmission
direction
Reads 16- | master-to- 0x9C 000 000 CRC8
bit angle slave
values
slave to 0x9C AngleH AngleL CRC8
master
Read master-to- OXBC 0x00 0x00 CRCS
temperature | slave
and
magnetic .
field slave to OXBC Temp FiledStrengt CRCS
master h
strength
values
Write LT:jteer'to' 0xCC RegAddr | Regvalue | CRCS
Register
slave to
Value 0xCC RegAddr RegValue CRC8
master
Read master-to- OxC4 RegAddr 000 CRC8
Register slave
Value
slave to 0XC4 Reqvalue | (REGAddr+ | creg
master g 1)Value
Output angle Angle = (AngleH<< 8 + AngleL)/65536 * 360
€ Sensor Front End Setup
® First stage gain setting
Parameters Value Description
0 2.5
1 5
GAIN_G [2:0]
2 10
3 10

Rev. AL.O Semiment Electronics Technology (Shanghai)
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® Second stage gain setting

AGC enable is used to set the automatic gain control enable for the second stage gain. AGC =1
enables automatic gain control; AGC =0 disables automatic gain control.

If the AGC control bit is disenabled the second stage gain is set directly through the registers

Parameters Value Description
0 Disable automatic gain
AGC control _
1 Enable automatic gain
control
0 1
1 11
2 1.21
GAIN_F [4:0]
29 15.86
30 17.4
31 20

€ Traceable information

At the factory, each device contains the Semiment factory ID and user ID for traceable purposes

Parameters Value

SEMI_ID1 [7:0] 0-255
SEMI_ID2 [7:0] 0-255
SEMI_ID3 [7:0] 0-255
SEMI_ID4 [7:0] 0-255
USER_ID1 [7:0] 0-255
USER_ID2 [7:0] 0-255
USER_ID3 [7:0] 0-255
USER_ID4 [7:0] 0-255
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€ EEPROM write protection

Parameters Value Description

EEPROM_LOCK bit

EEPROM_LOCK_CODE Ox3A active
[6:0] Other values !EEPROM_LOCK bit is
invalid
0 EEPROM can be read,
EEPROM LOCK written and erased.
1 EEPROM read-only

€ Diagnostic

® Diagnostic Enable

Parameters Description

0 Enable Diagnostics
DIAG_EN

Disable Diagnostics

® Diagnostic Mask Register: corresponding to mask bit to be 0, the fault will not trigger diagnosis;
corresponding to mask corresponding to mask bit to be 1, the fault will trigger diagnosis.

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO

CRC GAINF | Current | Digital CORDI | field temperat
i ; C strength ure
Checksu | overflo [ diagnosi | Voltage -
overflo | overflo overflo
m Error w S Fault
w w w
® Diagnostic threshold
Parameters Value Description
GAIN_THRESHOLD_LOW [4:0] 0-31 | Second-stage analog op-amp

gain low thresholds
Second-stage analog op-amp

GAIN_THRESHOLD_HIGH [4:0] 0-31 gain high thresholds
TEMPTHRESHOLD_LOW [6:0] 0-127 | Low-temperature threshold
Rev. AL.O Semiment Electronics Technology (Shanghai)
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TEMPTHRESHOLD_HIGH [6:0] 0-127 | High-temperature threshold
FIELDTHOLD_LOW [7:0] 0-255 | low field strength threshold
FIELDTHOLD_HIGH [7:0] 0-255 | High field strength threshold

® Diagnostic debounce time setting

Parameters Value STEP_UP TIME(mS)

STEP_DOWN TIME(ms)

0 20 20
1 20 30
2 20 40
DIAG_DEBOU | 3 40 40
NCE [2:0] 4 60 80
5 80 100
6 100 120
7 120 140
UVLO < X
| STEP_UP TIME : STEP_DOWN TIME
DIAG_UVLO ¥ N

Figure-10: Diagnostic debounce timings

€ Output parameter setting

® Breakpoint/Zero-DP

The breakpoint and zero point of the SC69401 are the same point, which can be programmed at any
point on the circumference, and all angles are based on the breakpoint or zero point.DP is the jJump
point between 0 and 360 degrees, for applications with less than 360 degrees of travel, DP should
not be set in the same position as the start of the working travel, but must be set outside the working

travel.

Rev. AL.O

-23 -

Semiment Electronics Technology (Shanghai)

Downloaded From | Oneyac.com


https://www.oneyac.com

SC69401 () eminent

Hall Effect Angle Position Sensors

Y

Figure-11: Schematic diagram of DP points

Parameters Description

DP 0-360 Breakpoint/Zero (degrees)

® Direction of rotation

The CW parameter defines the direction of rotation of the magnet.

Counterclockwise is defined as rotation in 1-4-5-8 pin order (SOP-8 package) or 1-8-9-16 pin order
(eTSSOP-16L package); clockwise is defined as the opposite direction, rotation in 8-5-4-1 pin order
(SOP-8 package) or 16-9-8-1 pin order (eTSSOP-16L package);

Parameters Description
0 Counterclockwise
Ccw -
Clockwise

® Output clamp setting

The output clamp setting is used to limit the output voltage range. CLAMP_LOW sets the minimum
output voltage value and CLAMP_HIGH sets the maximum output voltage value. Both parameters
work for 4-point, 8-point, 16-point, and 32-point correction modes.

Parameters Value Description
CLAMP_LOW 0-100 Low clamping
CLAMP_HIGH 0-100 High clamping
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® 4-point calibration mode

The SC69401 allows the user to divide the output curve through 4 points into up to 5 segments using
the 4-point calibration mode, allowing the number of calibration points to be reduced to 2 or 3. The
Y coordinate (-50%~100%) and X coordinate (0°~360°) of the 4 calibration points, and the slope of
the 5 segments (LNR_SO,LNR_S1,LNR_S2,LNR_S3,LNR_S4) are fully set by the user. . To
calculate the slope, two endpoints of the curve, 0 degree start and 360 degree end, are needed to
calculate LNR_SO and LNR_D_S.

F
M I e T T R R T T LMB_Y5&
Clamp_High ------------------------------------------------------------------------------- T ---------
LNR_D_S,
EUEINS o ol i i
] ]
] ]
] ]
1 1
LNAYl |rmmemmeee e 3 e e e = | |
1 RCS ! !
LNR_YE .......................... I |
L} ] ]
n 1 1
L] 1 1
L] ] 1
LNR Y0 heooe--- . : :
L} I I
“I\L 1 [ 1
———————— e B e B T S
Clamp_Low - : : , X
] ] L] L[] ]
— I 1 1 1 1 >
- LMNB_X0 LMNR_X1 LNR_X2 LNR_X3 360°
LNR_Y0 |

Figure-12: 4-point calibration parameters description

® 8-point arbitrary point calibration mode

The SC69401 allows the user to program the output curve desired by the user by customizing the
X-coordinate (0°~ 360° ) and Y-coordinate (0%~100%) of any 8 calibration points. However, the
slope cannot be set and can only be calculated from two neighboring points. A default fixed
calibration point [0°, 0%] is also required as a starting point.
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Clamp_High
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Clamp_Low 7
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--+.—.—.—---------

A
=
=
=

Y

DP(0,0)  LNR_Xo LNR_X1 LNR_Xa INR X7  360°

Figure-13: 8-point calibration parameters description

® 16-point calibration mode

The 16-point calibration mode allows the user to set only the Y-axis value of the coordinate point.
x-axis coordinates are defined by the W value and are divided into 16 segments within the
WORK_RANGE range. y-point coordinates are allowed to range from -50% to +150% of the
clamped voltage, which allows the clamped voltage to be in-between a certain segment (as shown
in the following figure). But the output is still clamped voltage.

LS
INRYIfp == === m=m-mme-m-e--e-----ee---s-e----s-e---e--=-—————————— 16
100% ——-- n ¢

Clamp_High

LNR_Ys

LNR_Y2
LNR_Y1

Clamp_Low

- mmm=-
S L L

= = v ===

= = = = Emm---—--—--

= e e e e -----

et o m - m---————-=
= ot o mmmEE e EmEE-=—————-

= -
oo o ==

¥

[+ - ; L L ¥ L
DP(0,0) | 180%wi 180° 180°-wi2
LNR_YO|------ Xy

Figure-14: 16-point calibration parameters description
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® 32-point calibration mode

The work range W is defined by Workrange and is divided into 32 segments centered at 180°. The
Y-axis coordinates consist of only 8 bits of data, so they are not absolute values but incremental
coordinates. The two endpoints are (180°-w/2, 0%) and (180°+w/2,100%) to define an ideal curve,
and AY is the fine-tuned value of Y corresponding to the X coordinate of the horizontal axis.

E

T D - - - S JLNR_Deta_v32

Clamp_Hight « « + « ¢ v e e v et e metnetuntuetat it M{, s
LNR_Delta_Yn: SIRESATY{EAER TiRmenE A

HRER.
AxcEENx BERE (w32)

[NR_Delta_Y17
LNR_Delta_Y15 g

— LNR_Delta_¥15

Clamp_Low

LNR |Delta_yotd” L
e MR _ A RS

180°-wi2

L e T e M ———. T
o

=1
i
o
-
1
5]

Figure-15: 32-point calibration parameters description

32-point calibration, Y-axis coordinate deviation range setting

Parameters Value Description

Tolerance range +3.125%

LNR_DELTA Tolerance range +6.25%

_y_expand [1:0]

Tolerance range +12.5%

WIN]|FP,|O

Tolerance range £25%

® Angle range selection
_WORK_RANGE_GAINx360°

w OXFFFF
Angularrange  0,,;, = gemax = 360;+W

Omin indicates the angle at 0% output, and Omax indicates the angle at 100% output. In order to
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correct the output properly, the angle range needs to be set to an integer multiple greater than 16.

Example of angular range setting:

WORK_RANGE_GA W Omin Omax Ax,16pts Ax,32pts
IN (degrees) | (degrees) (degrees) (degrees) (degrees)
0x1000 22.50034 | 168.7498 | 191.2502 | 1.406271 0.703136
0x1100 23.90661 | 168.0467 | 191.9533 | 1.494163 0.747082
0x1200 25.31289 | 167.3436 | 192.6564 | 1.582055 0.791028
0x1300 26.71916 | 166.6404 | 193.3596 | 1.669947 0.834974
0x2000 45.00069 | 157.4997 | 202.5003 | 2.812543 1.406271
0x2100 46.40696 | 156.7965 | 203.2035 | 2.900435 1.450217
0x2200 47.81323 | 156.0934 | 203.9066 | 2.988327 1.494163
0x2300 49.2195 155.3902 | 204.6098 | 3.076219 1.538109
0x3000 67.50103 | 146.2495 | 213.7505 | 4.218814 2.109407
0x3100 68.9073 1455463 | 214.4537 | 4.306706 2.153353
0x3200 70.31357 | 144.8432 | 215.1568 | 4.394598 2.197299
0x3300 71.71984 | 144.1401 | 215.8599 | 4.48249 2.241245
0x4000 90.00137 | 134.9993 | 225.0007 | 5.625086 2.812543
0x4100 91.40764 | 134.2962 | 225.7038 | 5.712978 2.856489
0x4200 92.81392 | 133.593 226.407 5.80087 2.900435
0x4300 94.22019 | 132.8899 |227.1101 | 5.888762 2.944381
OxFA00 351.5679 |4.216068 | 355.7839 | 21.97299 10.9865
OxFBO0 352.9741 | 3.512932 |356.4871 | 22.06088 11.03044
OxFCO00 354.3804 | 2.809796 | 357.1902 |22.14878 11.07439
OxFDO0 355.7867 | 2.106661 | 357.8933 | 22.23667 11.11833
OxFEQO 357.193 1403525 | 358.5965 | 22.32456 11.16228
OxFFO00 358.5992 | 0.700389 | 359.2996 | 22.41245 11.20623
OXFFFF 360 0 360 22.5 11.25
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Typical Application Circuit

€4 Analog/PWM SOP-8 Package Application Circuits

R1
VDDO—e . ID Vip
— ) — |
o ? 8DVss ]2,3,4,6 “‘
SC69401
— 7/} — )
C3
N ) 5DOUT Vieo[] 7 } } “\
R2

Figure-16: Analog/PWM SOP-8 Reference Circuit Diagram

Analog Output Reference

Component MIN Typ Description

R1 ) 00 130 Reduces EMC effects and increases
measurement error

R2 - 0Q 100Q2 | Reduces EMC effects

C1 47nF 100nF 1uF | Placement near pins

C2 47nF 100nF - Placement near pins

C3 47nF 100nF | 220nF | Placement near pins

ca ] ] 10nF Reduced EMC impact, placed close to
the connector end

C5 ) ) 10nF Reduced EMC impact, placed close to
the connector end
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Digital output (PWM) reference

Component ~ MIN  Typ  MAX Description

R1 , 00 130 Reduces_EMC effects affecting the
output high level

R2 . 00 1000 R_educes EMC effects, affecting output
high and low levels

C1 47nF | 100nF 1uF | Placement near pins

C2 2.2nF | 4.7nF 22nF | Placement near pins

C3 47nF | 100nF | 220nF | Placement near pins

C4 ) i 10nE Reduced EMC impact, placed close to
the connector end

c5 _ i 2 9nE Reduced EMC impact, placed close to
the connector end

€ Analog/PWM eTSSOP-16L Package

R11

—_—_—— C15 —_—_——— C11
15[\/551 13 6, 7,11 “‘
—_—— Cl14 c1l2 c13
o L/\/\/\/LEOUTl VreG1[1 14 } } “\
R12
SC69401D
R21 B - .
VI)I)ZQT AN I 9 Vooe 5 4,12,13, 16 “‘
—_—_—— C25 —_—— C21

O Vsss Vrecz [+ } } “\

—_—_—— C24 — )27/

- L/\A/\/LE ouT2

R22

Figure-17: Analog/PWM eTSSOP-16L Reference Circuit Diagram
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Analog Output Reference

Component ~ MIN  Typ  MAX Description

R11, R21 i 00 330 Reduces EMC effects and increases
measurement error

R12, R22 i 00 1000 Reduces EMC effects and increases

measurement error
C11, C21 47nF 100nF 1uF Placement near pins

C12, C22 47nF 100nF - Placement near pins

C13, C23 47nF 100nF | 220nF | Placement near pins

Reduced EMC impact, placed close to
the connector end
Reduced EMC impact, placed close to
the connector end

Cl14,C24 - - 10nF

C15, C25 = = 10nF

Digital output (PWM) reference

Component MIN Typ MAX Description
R11, R21 § 00 330 Reduces_EMC effects affecting the
output high level
R12, R22 i 00 1000 Reduces EMC effects, affecting output

high and low levels
C11, C21 47nF 100nF 1uF | Placement near pins

C12,C22 2.2nF | 4.7nF 22nF | Placement near pins

C13,C23 47nF 100nF | 220nF | Placement near pins
Reduced EMC impact, placed close to

Cl4,C24 i i 10nF the connector end
C15, C25 ) ) 2 NE Reduced EMC impact, placed close to
the connector end
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€ SPI SOP-8 Package Application Circuit

5V Cl 100nF
I
i
D P—)
1 8 \
Voo o 0V Vss L
€2 100nF
2 7
SPI MISO [] SPT_MISO vmj—{ }7
SC69401 6
:’7

3
SPI Master \\}—ETESH

SPI_SCLK 41 SPI_SCLK

SPI_MOSI

SPI_CSN

SPI_SS jT

SPI_MOSI

Figure-18: SP1 SOP-8 Reference Circuit Diagram

€ SPI eTSSOP-16L Package Application Circuits

VDD )J

GND “‘ gﬂ SPI_MISO, Vrect
SPT_MISO 121 SP1_MISO, Vest
— 7| SPI SCLK, Voot
SPI Master
A TESTI,
SPI_SCLK 1671SPT_SCLK,
SC69401D
SPT _MOST Lg spr_wost, Viseo
1 :
SPI CSN1 ——{] SPI.MOSI, Vssa
SPI_CSN2
41(”] SPI_SS; Vbpz
! TESTL,

€3 100nF
C1 100nF .,_{ .
LU N
Hl5 .
h2
o
€2 100nF
5 >
€4 100nF
o
ho
H13

Figure-19: SP1 eTSSOP-16L Reference Circuit Diagram
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Package Information

€ SOP-8 package form

Ininl |
® |

_ AT
©

Al

| EEEED,

0,250

T[‘ GAUGE PLANE

—

Dimensions In Millimeters Dimensions In Inches

Symbol Min. Max. Min. Max.
A 1.450 1.750 0.057 0.069

A1 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061

b 0.330 0510 0.013 0.020

C 0.170 0.250 0.007 0.010

D 4,700 5100 0.185 0.201

E 5.800 6.200 0.228 0.244

E1 3.800 4.000 0.150 0157

e 1.270(BSC) 0.050(BSC)
L 0400 1.270 0.016 0.050
) 0° 8° 0° 8°
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€ SOP-8 Package Hall Disk Location

O IEFO AR AR
IR

‘ / E=——X-—=x ] !
1 0.8:55 Ej/f '\ / \LD.??SS

A\

4.9+01—--—-

YL Vit A0A B
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@ cTSSOP-16L Package Format

7] l _ [ \
L L AT L
.——.[ l £ L
L1
bl
N
,,/“{ gl =
BASE METAL N
‘WI'['li PLATING
q SECTION B-B

SYMBOL MILLIMETER
MIN | NOM | MAX
A _ _ 1.20
Al 0.00 . 0.15
A2 090 | 1.00 | 1.05
A3 039 | 044 | 049
b 0.20 _ 0.28
bl 0.19 | 022 | 0.25
[ 0.13 o 0.17
cl 0.12 | 0.13 0.14
D 4.90 | 5.00 | 5.10
E 6.20 | 6.40 | 6.60
El 430 | 440 | 4.50
e 0.65BSC
L 0.45 [ - | 0.75
L1 1.00BSC
0 0 [ o | &
Ur 02 E2
91%118 | 2.80REF | 2. 10REF
/N | 188 | 2 80REF | 2. BOREF
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€ cTSSOP-16L Package Hall Disk Location

O IEH O AR R AR
[ \ /

BN /RN E

HiNE Diel 5Diel B/R 1
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|
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Revision information

version number Update Date Description
E1.0 2023-07-27 Initialization version
Al0 2024-02-20 Official release version

Copyright and Disclaimer

1, The copyright of all text and image information in this article belongs to Semiment Electronics Technology
(Shanghai) Co., Ltd. and may not be copied or published by any individual or company without the
authorization of the company, and Semiment Electronics shall not be liable for any claims, damages, and
liabilities arising from the use of this resource.

2. The resources provided in this document are intended for use by professionally trained developers only.
Semiment Electronics reserves the right to make corrections, modifications or other changes to the products
and services provided.

3. The products of Semiment Electronics are intended for general commercial use and are not intended for use
in any application where there is a specific risk of failure control, including, but not limited to, medical
devices, nuclear power, aerospace, etc. The customer is responsible for its use of these products. Customers
are responsible for their own use of Semiment products and applications.

For the latest information on products, applications, manuals, etc., please contact Semiment Electronics
(www.semiment.com).
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