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$C6021X

14-Bit High Speed Magnetic Encoder IC Series

1. Features

AEC-Q100 Grade0 automotive grade qualified
14-bit resolution rotary encoder

Support maximum speed of 200K rpm
Angular linear error <+0.35°

Power output withstand voltage =24V, <-18V
Support multiple interface options:

- Sin/Cos analog signals

- ABZ+PWM

- SPI protocol output

Supports 3.3V and 5.0V operating voltage
applications

SC60214 supports 3 times of zero adjustment
Diagnostic functions: wire breakage,
overcurrent, undervoltage/overvoltage,
overtemperature

Operating temperature range: -40°C to 150°C
Package type: SOP-8

2. Applications

Absolute angular position sensor
Robotic joint control

Contactless knobs/Potentiometers
Mouse scroll wheel encoding

Stage lighting pan/Tilt position feedback

3. Description

SC6021X is a non-contact, high-speed, high-precision
magnetic encoder chip series with a built-in Hall
induction point matrix in the center of the chip, which
generates sine and cosine position signals by sensing
a pair of pole magnets above the chip. The analog-to-
digital conversion circuit inside the chip samples the
amplified sine and cosine signals, the DSP circuit
performs angle calculations, and finally outputs
various position signals. The SC6021X has a resolution
of 14-bit and supports up to 200K rpm.

SC60210 supports differential sine and cosine output,
and can program magnification and offset according
to the user's actual application environment.
SC60214 the chip is calibrated to zero point through
an external programmer, which needs to be phased in
at the zero position of the motor, and then the
encoder chip is calibrated. The incremental output
interface outputs up to 2048 lines through the A, B,
and Z pins, providing products with different
resolutions according to actual usage needs.
SC60218 provides 14-bit SPI protocol output.
SC6021X is available in an 8-pin SOP-8 package, matt
tin plated, and halogen-free green material to meet
environmental protection requirements.

Fig.1 Schematic diagram of the work

Copyright © 2025 Semiment Technology Inc.

www.semiment.com



SC6021X 14-Bit High Speed Magnetic Encoder IC Series @emiﬂfnt
CONTENTS

R = T =X RN 10. Block Diagram...................cceeeueerceuverecssunennene 11
2. ApPlIiCations...............eeeeeeveeecvereenrcenseescvesesssnenns 11. Output FOrmat...............eeeeeeercverecsccnerressanennenne 12
C 2 ) T ol ¢ 01 1 [ T TN 11.1. SIN/COS analog output......................... 12
4. Pin DeSCription ............ucccueuveerevsneerecssnerecssnennnne 11.2. ABZ/PWM output...................ucceeuuuueune... 13
5. Ordering Information.......................cccuuuercuueenunue.. 11.3. SPI OULPUL...........uuereuueeeeeercerercnercsinenene 15
6. Absolute Maximum Ratings........................cceuuuu.. 12. Power supply connection method.................... 17
7. ESD Protection.............eeeeeeeeeeeveeeeereeneeereennsenennes 12.1. Application circuit connection(5V)........ 17
8. Operating Characteristics.............c..eeereerecvereanens 12.2. Application circuit connection(3.3V).....17

Operating Characteristics (Continued) ................ 13. Package Information DC.........................uuc...... 18
9. Register DescCription.................uucccueueerecsunersennnnes 14. Revision HiStory................ucuuueercvsuverccssunennnnee 19

Rev.V0.1

www.semiment.com



$C6021X

14-Bit High Speed Magnetic Encoder IC Series fi ' pemiﬂfnt

4. Pin Description

VDD 104 8
VREG 103 7
Prog 102 6
GND 101 5

Fig.2 SC6021X Pin Description

ot Type Pin function description
Name No.
VDD 1 PWR Chip power supply port
The high-voltage LDO output inside the chip is connected to an external 100nF
VREG 2 PWR
decoupling capacitor
Prog 3 Program Program debug pin Program debug pin
GND 4 Ground Chip Ground
SPI mode: CSN, SPI communication enables input signal
101 5 In/Out ABZ/PWM mode: A-channel incremental signal output/line-saving mode PWM output
SIN/COS mode: COSP, cosine signal positive output
SPI mode: SCK, SPI communication clock input signal
102 6 In/Out ABZ/PWM mode: B-channel incremental signal output
SIN/COS mode: COSN, negative output of cosine signal
SPI mode: MOS], SPI communication data slave signal input
103 7 In/Out ABZ/PWM mode: Z-channel incremental signal output
SIN/COS mode: SINP, positive output of sine signal
SPI mode: MISO, SPI communication data slave signal output
104 8 In/Out ABZ/PWM mode: PWM absolute angular output
SIN/COS mode: SINN, negative output of sinusoidal signal
Rev.V0.1 3 www.semiment.com
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5. Ordering Information

Ordering Information Mark Option Output Ambient(°C) Package Pack Amount

SC60210DC-TR-Q 60210 - *SIN/COS -40~150 SOP8 Tape&Reel 4000Pcs/Reel
SC60214DC-1024-TR-Q 60214 1024 ABZ+PWM -40~150 SOP8 Tape&Reel 4000 Pcs/Reel
SC60218DC-TR-Q 60218 SPI -40~150 SOP8 Tape&Reel 4000 Pcs/Reel

Ordering Information Format

SC6021XDC-1024-TR-

—

—

Q
L

Part Number

Grade

Q: Automotive Grade

Package Options
TR: Tape & Reel

Parameter Options
1024=1024 lines

Package Designation
DC: SOP8

Output Form
0: +SIN/COS
4: ABZ+PWM

8: SPI
Device Family

SC6021X: High-speed magnetic encoder IC
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6. Absolute Maximum Ratings

Symbol Parameter Test Conditions Min. Max. Unit
VDD Power supply end withstand voltage -18 24 \%
VREG Voltage rating of the voltage stabilizing terminal -0.5 6.5 \Y
Prog Programming feet -0.5 6.5 \

101/2/3/4 | Output withstand voltage -0.5 24 \Y

Ta Operating temperature -40 160 °C

Tste Storage temperature -65 175 °C

Ty(max) Maximum junction temperature -55 165 °C
Note:

Stresses above those listed here may cause permanent damage to the device. Prolonged exposure to absolute maximum ratings may affect the
reliability of the device.

7. ESD Protection

Symbol Parameter Test Conditions Min. Max. Unit
HBM Human failure model, refer to ANSI/ESDA/JEDEC-001 standard -4 4 kv
Vesp
CDM Device failure model, refer to ANSI/ESDA/JEDEC-002 standard -750 750 Vv
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8. Operating Characteristics

Operating temperature range (Vpp=5.0V, unless otherwise noted) ("

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Electrical Characteristics
Voo_sv 5V application operating voltage Refer to.the >V application circuit 4.5 5.0 5.5 \Y
connection
Vbp_3.3v 3.3V application operating voltage Refer to.the 3.3V application circuit 3.0 3.3 3.6 \Y
connection
Iop_sv 5V application current Vpp=5.0V - 8.0 12 mA
Ipp_s3v 3.3V application current Vpp=3.3V - 7.0 (K mA
Vres 5V operation, Vges pin voltage Crec=100nF 3.7 4.0 4.3 \
Crec VREG pin decoupling capacitors 47 100 470 nF
PSRR_vres Power supply rejection ratio 1K-1M dB
Vo Overvoltage diagnoses the on- Voy>8Y 6.5 70 75 v
voltage voltage
Voue s Overvoltage diagnoses hysteresis 0.2 05 0.8 v
voltage
Vo Undervoltage diagnostic on- 34 37 43 v
voltage
Vour s Undervo.ltage diagnostics 01 03 05 v
hysteresis voltage
Magnetic field input characteristics
Dune R.aldlal magnetized magnet 40 6.0 8.0 mm
diameter
Tusc Ra.dlal magnetizing magnet i 55 i mm
thickness
Apis Magnet and chip surface distance 1.0 1.5 2.0 mm
Hexr Magnetic field strength range 20 30 60 mT
Rpm Magnet speed - - 200,000 rpm
Xois Magnet and chip center deviation - - 0.2 mm
SIN/COS analog output
Versy 5V applles sine and cosine output Vou=5.0V, Her=27mT 10 20 338 Vop
amplitude
3.3V li i d i tput
Veraay applies sine and cosine OutpUt | /-3 3v, Hexr=27mT 1.0 1.8 2.6 Vpp
amplitude
A Sine and Cosine DC level 40 50 60 %Voo
OFFuen Slm?apd Cosine output amplitude 10 0.0 10 my
deviation
OFFypc Sine Cosine DC level deviation -20 0.0 20 mvV
Rions Sln.eand Cosine output pull up 47 i 470 KO
resistor
Cioap Sine a.nd Cosine output load Directly connected to the output port - - 100 pF
capacitors
Sine and Cosine output signal is
ToeLay P & - 7 - us
delayed
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Operating Characteristics (Continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit

Diagnostic function

Dent o Proactive diagnostic output Pull down Resistor: R24.7kQ - 0.5 1 %Vop
i levels Pull up Resistor: R>4.7kQ - 98 100 %Vop

Vss open circuit, pull-down resistor, 4.7
BVssPD - 0 3 %Vpp

kQ<R<47kQ

Vss open circuit, pull-up resistor, 4.7
BVssPU 97 98 = %Vpp

Passive Diagnostic Output kQ<R<47kQ
Level (Open) Vpp open circuit, pull-down resistor, 4.7
BVooPD - 0 1 %Vpp
kQ<R<47kQ
Vpp open circuit, pull-up resistor, 4.7
BVppPU 96.5 98 - %Vpp
kQ<R<47kQ
°C Over-temperature protection 8 170 - °C
I ocp Overcurrent protection - 30 mA

A/D conversion characteristics

Sigma/Detal modulation .
Res(so) d /, - 14 - Bit
resolution

Tion Startup time - - 5 ms

ABZ/PWM output characteristics

Fewm PWM frequency (default) 976 1000 1024 Hz
Fewm(opT) PWM frequency (optional) 232 244 256 Hz
Res(ap) AB output line count 24,50, 256, 1024 lines 24 - 1024 lines
ZWIDTH Z zero width 1/4T, 1T 1 4 - LSB
Rotate speed REG_rpm=0 - 50000 - rpm
Rpm
Rotate speed REG_rpm=1 - 200000 - rpm

IO digital port electrical characteristics

Vrr Enter a high level threshold - - 2.0 \Y
V1o Enter a low level threshold 0.8 - - \%
Vsut Output high voltage 4mA pull-down current Vop-0.5 - - \Y
Vsio Output low voltage 4mA pull-up current - - 0.5 \Y
Viy Input high level 0.5*Dvop - - \Y
Vou Input low level - - 0.2*Dvpp Y
Von Output high level 0.8*Dvop - - \Y
I Outputs high-level short-to- Vop=3.3V i i 30 mA
ground current
I Outputs a low-level short- Vop=3.3V i i 30 mA

circuit to the supply current
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Operating Characteristics (Continued)

SPI communication time parameters
Tesn CSN signal setup time 100 - - ns
Tsckn SCK high level time 80 - - ns
Tscke SCK low level time 80 - - ns
Tsc SCK time period 160 - - ns

9. Register Description

EPROM Parameter Analysis Table

Page Row bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
0 DP1EN<1:0> DP1<13:8>
1 DP1<7:0>
2 DP2EN<1:0> DP2<13:8>
3 DP2<7:0>
4 DP3EN<1:0> DP3<13:8>
5 DP3<7:0>
6 TRIMBG<2:0> TRIMOSC<4:0>
7 DIR CLK_SLOW OUTMOD1:0> V3P3EN VOSEN OTPEN OVPEN
° 8 UVLOEN VOSX2 G2<2:0> G1<2:0>
9 ABZEDG«<1:0> ABZ_HYS<1:0> ABZWID<1:0> ABZLINE<2:1>
A ABZLINE<O> | PWMCTRL | PWMPOL PWMT PWMMS - PID_FILTER_SEL
B VOS_SIN<7:0>
C VOS_COS<7:0>

Rev.V0.1 8 www.semiment.com
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SC6021X 14-Bit High Speed Magnetic Encoder IC Series
EPROM Parameter Information
Symbol BITS ADDR Type Description
DP1EN<1:0> 2 0x00[7:6] riw FE—RERREIREAL
DP1 14 0x00[5:0]+0x01[7:0] r/w FRAMERER, BHAMIBRENSTSR
DP2EN<1:0> 2 0x00[7:6] r/w
DP2 14 0x00[5:0]+0x03[7:0] r/w FAMERER, BFHAMBREAZR
DP3EN<1:0> 2 0x04[7:6] riw B=RERREIREAL
DP3 14 0x04[5:0]+0x05[7:0] r/w FRABEER, BEIBREATR
TRIMBG 3 0x06(7:5] riw T RERE AT trim
TRIMOSC 5 0x06[4:0] riw S E 9B OSC 472 trim
T A EEE:
DIR 1 0x07[7] r/w 0: IBYET: A% B G, HBIE: BEASG;
1: IRBSET: B Y AJa. ¥ESE: A%BE;
ADC FH¥4RER:
CLK_SLOW 1 0x07[6] r/w 0: 8MHz;
1: 16MHz;
MBS
0: SPI{EZ;
OUTMOD 2 0x07[5:4] riw 1: ABZ+PWM #E3;
2: RINERKHHRR;
3: SPIRT;
V3P3EN 1 0x07[3] riw 3.3V W ATREAL
VOSEN 1 0x07[2] rfw PIE offset SEIREREES
T
OTPEN 1 0x07[1] r/w 0: BHM;
1: TEERM;
TER:
OVPEN 1 0x07[0] r/w 0: EM;
1: TEER;
RIERN:
UVLOEN 1 0x08[7] riw 0: REMM;
1: TRER;
vos #MESEHE:
VOSX2 1 0x08[6] riw 0: £5.2mV;
1: £2.6mv;
G2<2:0> 3 0x08([5:3] r/w BT IRIBEET: 6.06~21.93 X1.2
G3<2:0> 3 0x08[2:0] rlw ERILFEET: 0.81~1.51 x1.1

Copyright © 2025 Semiment Technology Inc.
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Continued

Z BH5S AB BRORIEFAIRIAZEE:
0: Z EFHA5E B EFHAXETT;

ABZEDG<1:0> 0x09[7:6] riw 1: Z bF5A5 B TRAXETT;
2: Z EFAS A TREARIST,
3: Z EFAE A EFHAXTT,
ABZ 5SS HIRHIRE:
ABZHYS 0x09[5:4] r/w
0:0.25*T 1:0.5*T 2:0.75*T 3:1*T
ABZ 57 Z Bk TEIRE :
ABZWID 0x09[3:2] r/w
0:0.25*T 1:0.5*T 2:180° 3:1*T
ABZ SRIAHERE
ABZLINE 0x09[2:0]+ 0x0A[7] r/w 0: 124 1: 244 2: 504 3. 128 &
4: 256 % 5. 5124 6: 2048 £ 7. 1024 £
0: PWM tRENIHIL;
PWMCTRL 0x0A[6] r/w
1: IE® PWM #it;
0: PWM tRENIHIL;
PWMPOL 0x0A[5] r/w
1: IE% PWM HilH;
PWM HitHsm=E
PWMT 0x0A[4] r/w
0: 250Hz 1: 1000Hz
VOS_SIN 0x0B[7:0] riw SIN % & offset AT
VOS_COS 0x0C[7:0] riw COS 32 offset TS
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10. Block Diagram

VDD VREG
LT.' X
$C6021X
HVLDO »| OTP
—»( LDOD 0sc
™\
BUF L
| ame> [ oanc > Dsp ot
o Angle > » H
Caculation /Q\?V%VI v 102
Hall Arrary > M
\ Interpolator SPI ;J( 103
“|ame > [ apc >
— P 104
BUF T
|~
3 P2
AGND DGND

Fig.3 Block Diagram
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11. Output Format
11.1. SIN/COS analog output

Typical application diagram

I/ \I VDD:4.5V-5.5V
I I - - -
SE Lok Lk J%F 4
VDD SINN —
L | |
[
I
VREG SINP| 7 I
[
E— [ o]
Prog COSN| 6 Pt o
— [
(7
GND cosp| 5 ® Lyt
——daalal £ e ] al
| © |
1<
III1 = 1111 +
- = = = |I= - = =T =
=
\; )
/"\
b
I
| VDD:4.5V-5.5V
I |
L
VDD SINN| 8 : T
I
I
I
= | .
VREG SINP| 7 |;
o 5
Prog COSN| 6 " : o
T |
GND cosp| 5 ® o
ool £
[ |
III1®
| c |
T T = = IE
1z
\\/

Fig.4 Analog output application diagram
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SIN/COS output waveform diagram

Vour
A
SINP SINN cosp COSN
7 7 ‘r
Voe Vep
\ 2
0° 360° 7207
Fig.5 Analog output waveform diagram
11.2. ABZ/PWM output
Typical application diagram
—l— VDD:4.5V-5.5V
1 |voD PWM[ 8 || GPIO
4.5V-5.5V
.L—I VREG z | 7 % aprO
1uF 100nF
T T 3 | Prog B | 6 ——» GpPlO
- g lafow A s —>|epo

Fig.6 Incremental output application diagram

Description of Prog function:
When the motor is phase-locked at the zero position, short-circuit the Prog pin to the power supply for 2 seconds to achieve zero adjustment of the

encoder chip, and program the current position as the encoder zero position.

Rev.V0.1 13 www.semiment.com
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ABZ output waveform diagram

OO

Dir Changed P

g 7
A
8 111

YA

Iod

JERNISEEENhERENE)
31 i R A

—> -«
Z-phase Width

—> 0°
Hysteresis

Fig.7 Incremental output waveform diagram

PWM output waveform diagram

A

frame

Y

detection
< >

periods data

<
-«

A

»

Fig.8 PWM output waveform diagram

c
[ 1 .2 OO — N < Wn
=t gﬁ — N M < N O N © 3833288
E = 3 S I I I TS
[}
©
4 clock 88 H >
. time
12 clock [ periods 4095 clock 8 clock
periods high| " Error periods low
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11.3. SPI output

Typical application diagram

-l- VDD:4.5V-5.5V

1 |voD MIsO| 8 |———»| GPIO
4.5V-5.5V
-L—(IVREG mosl| 7 |e————| GPIO
1uFT 100nFT
3 | Prog SCLK| 6 |«———|GPIO
- L—Q 4 | GND CSN|[ 5 |«—GPIO

Fig.9 SPI application diagram

SPI output waveform diagram

Register read-write mode

I
I I
SCLK 1 8 6|
I
I
o }
T I
Most | DiSXDMXDBXDlZXDnXDmX D9 X D8 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
I I
- tDl‘Hf \‘
1
MISO | |
D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO } D15 | D14
! I
—»l| |
oo e

Fig.10 SPI register read-write mode diagram
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Angle reading mode

_—L

S

o

B4
o
)

7 tDl:‘_ I
I
MISO | 1\
D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO | DFO | PARC : D14 | D13
! il
—>I|1— | 1
| too |
I Angular Position Data I _:'0':_
" MmsB LSB i
Fig.11 SPI angle reading mode diagram
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12. Power supply connection method

12.1. Application circuit connection(5V)

1 |vDD 04 8 &>
4.5V-5.5V

-L—ZVREG 103 7 |a—>

1uF 100nF
T T 3 | Prog 02| 6 |«
- gL jew 01| 5 je >

Fig.12 5V power supply circuit diagram
12.2. Application circuit connection(3.3V)

1_|voD 104 | 8 |a—>
3:0V-3.3V 2 | VREG 03| 7 e

TuF 100nF
T T 3 | Prog 102 6 &>
rIGND 101 5 |e—>

Fig.13 3.3V power supply circuit diagram
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13. Package Information DC

] ]

E1
E

#PIN1

4—[» GAUCE PLANE
B

; <
T R I

Symbol Dime.nsions In Millimeters Dim?nsions In Inches
Min. Max. Min. Max.
A 1.450 1.750 0.057 0.069
Al 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
C 0.170 0.250 0.007 0.010
D 4,700 5.100 0.185 0.201
E 5.800 6.200 0.228 0.244
El 3.800 4.000 0.150 0.157

1.270(BSC) 0.050(BSC)

L 0.400 1.270 0.016 0.050

0 0° 8° 0° 8°

Fig.14 SOP8 Package Dimension Drawing
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14. Revision History

Revision

Date

Description

Rev. V0.1

2025-07-31

Preliminary datasheet

Rev.V0.1

19

www.semiment.com




	1. Features
	2. Applications
	3. Description
	4. Pin Description
	5. Ordering Information
	6. Absolute Maximum Ratings
	7. ESD Protection
	8. Operating Characteristics
	Operating Characteristics (Continued)
	9. Register Description
	10. Block Diagram
	11. Output Format
	11.1. SIN/COS analog output
	11.2. ABZ/PWM output
	11.3. SPI output

	12. Power supply connection method
	12.1. Application circuit connection(5V)
	12.2. Application circuit connection(3.3V)

	13. Package Information DC
	14. Revision History

