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SC9388

3-Wire Programmable Camkshaft Position Sensor

1. Features

*  AEC-Q100 qualified

* ISO 26262 ASIL-B

e TPO functionality with optinal Auto-TPO
adaption in EEPROM

e Customer-side programming enable

e Operation Temperature: -40°C~150°C

*  Operation Voltage: 4V~16V

* High Accuracy and High Sensitivity

e 3-pin PCB-less TS-3 package

2. Applications

e Camshaft position detection
e High accuracy gear position detection

3. Description

The SC9388 is produced by Bi-CMOS technology,
it's a chopper-stabilized & active differential Hall
sensor ideally suited for camshaft phase
detection applications. It have the auto-adjust
function to keep the performance with high
accuracy and low jitter capabilities.

Superior high-temperature performance is made
possible through dynamic offset cancellation &
internal temperature compensation algorithm,
which reduces the residual offset voltage
normally caused by device over molding,
temperature dependencies, and thermal stress.
Each device includes on a single silicon chip a
voltage regulator, Hall-voltage generator, small-
signal amplifier, chopper stabilization circuits,
digital process circuits, EEPROM, diagnostic
circuits.

An onboard regulator permits with supply
voltages of 4 to 16V which makes the device
suitable for a wide range of industrial and
automotive applications

The device is available in a 3-pin package (TS-3)
Which integrated with capacitor.

It is lead (Pb) free, with 100% matte tin-plated

lead frame.

Fig.1 TS-3 Package Outline
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4. Terminal Configuration

TS-3
(Top View)

1] (2] [3]
VDD GND OUT

Fig.2 Pin Description

Terminal
Type Description
Name Number
VDD 1 PWR 4V~16V power supply
GND 2 Ground Ground terminal
ouT 3 Output Open-drain output. The open drain requires a pull-up resistor
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5. Ordering Information

Ordering Information Marking Ambient, Ta(°C) Package Packing Quantity
SC9388T3-TR-Q 9388 -40 ~ 150 TS-3 Tape & reel 1500 /reel
Rev0.2 4 www.semiment.com




$C9388 3-Wire Programmable Camkshaft Position Sensor r‘i ' )emi[l/E'nt

6. Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ™

Symbol Parameter Test conditions Min. Max. | Units
continuous, Tj<170°C -16 18 Vv
Vop Power supply voltage
max. 60s, T;<<170°C -18 27 \Y
continuous, Tj<170°C -0.3 26.5 Vv
Vouror | Output Off voltage (")
max. Th, Tamn<40°C -1.0 26.5 \Y
continuous, Tamh<x40°C -1.0 16 \Y
Vouron | Output On voltage ™ max. 1h, Tamn<40°C 0.3 18 v
max. 60s, Tamh<40°C -0.3 26.5 \Y
T, Operating ambient 40 150 o
temperature
Maxi juncti .
T aximurm Junction Exposure time: max. 10x1h, Vpp=16V -4 175 °C
temperature
e ) Magnetic pulse during magnet magnetization.
R Magnetic field induction @ A -4 4 T
- agneticiield induction Valid with Tambient < 80°C
Note :

(1) tresses above those listed here may cause permanent damage to the device. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
(2) Guaranteed by design.

7. ESD Protection

Symbol Parameter Test conditions Min. Max. | Units

Vesp ESD-Protection Refer to AEC-Q100-002E HBM standard,R=1.5kQ, C=100pF -8 8 kv

8. Thermal Characteristics

Symbol Parameter Test conditions Min. Max. | Units

Reja Package thermal resistance Without PCB, welding process with lead-frame - 190 °c/W
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9. Operating Characteristics

over operating free-air temperature range (Vpp=5.0V, unless otherwise noted)

Symbol Parameter Test Conditions Min. Typ. Max. Units
Electrical parameters
Voo Supply Voltage 4 - 16 \Y
Vq orr Continuous Output Off voltage 1 - 16 \Y
dVpp/dt Supply voltage power- up/down voltage ramp 3 - 10000 | V/ms
V@sat Output saturation voltage Io<15mA - - 500 mV
) . Leakage current through ESD
Voo.damp | Clamping voltage Vpp-Pin diodego i g 2 ) ) v
Vadamp Clamping voltage Vo-Pin Ideizléii% f;;;ent through ESD- 42 - - Vv
Vb _reset Reset voltage - _ 36 v
Iop Supply current 8 - 13.4 mA
Ig on Continuous output On current Vq tow<0.5V 0.01 - 15 mA
Iqleak Output leakage current Vq=18V - 0.1 10 HA
Output current limit during
Loshort short-circuit condition 30 80 mA
Time & Frequency Related
tromer on Power on time Durl_ng this time the output is locked 0.8 0.9 1 ms
to high.
Delay time between
magnetic signal switching point .
Loctay and corresponding output signal Falling edge 10 14 19 Hs
falling edge switching event
tdelay2 Option 2 13 17 22 us
Further options on delay time .
Loetya accessible using EEPROM Option 3 16 20 2 Hs
Ldelays Option 4 19 23 28 ps
Veulup=5V, Rpulup=1 .2kQ (£10%),
Cq=1.8nF (+15%), valid between 2.0 2.5 3.0 ys
t Output fall time 80%-20%
fal P VPuIIup=5V, RPuIIup=‘| .2kQ (i1 0%)r
Cq=1.8nF (+15%), valid between 3.2 4.5 5.8 ys
90%-10%
_ L Reuip=1.2KQ (£10%), Co=1.8nF (£15%),
trise Output rise time valid between 10%-90% 4 1.4 Hs
Nprog Maximum No. of EEPROM programming cycles | T;<150°C - - 80 n
f Magnetic signal frequency range Full accuracy 0 - 8000 Hz
Cuoo Capacitance between IC supply & ground pins 90 100 110 nF
Rev0.2 6 www.semiment.com




$C9388 3-Wire Programmable Camkshaft Position Sensor r‘i ' )emi[l/E'nt

Operating Characteristics (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. Units
Co Output capacitance petween IC 209 29 231 nE
output and ground pins
Magnetic Signal
| Dynamic range of the magnetic field of the
DRrmag setaair | irection channel 60 60 mT
SR - Static range of the magnetic field of the No wheel in front of module / 0 i 550 mT
me0.fields b | outer Hall probes in back-bias configuration | Offset-DAC- Compensation-range
Hysteresis Of Switching Threshold
Switch_Off o For n?agr]etlc speed signal =10mMTpg :
Switching level offset resultinginphase error/duty -350 - 350 uT
set,Error
cycle error
EEPROM “K_FACTOR":Option 0000 - 39.1 - %
EEPROM “K_FACTOR":Option 0001 - 40.6 - %
EEPROM “K_FACTOR":Option 0010 - 42.2 - %
EEPROM “K_FACTOR":Option 0011 - 43.8 - %
EEPROM “K_FACTOR":Option 0100 - 45.3 - %
EEPROM “K_FACTOR":Option 0101 - 46.9 - %
EEPROM “K_FACTOR":Option 0110 - 48.4 - %
EEPROM “K_FACTOR":Option 0111 46.3 50.0 53.7 %
K factor Programming switching level offset (k-factor)
EEPROM “K_FACTOR":Option 1000 - 51.6 - %
EEPROM “K_FACTOR":Option 1001 - 53.1 - %
EEPROM “K_FACTOR":Option 1010 - 54.7 - %
EEPROM “K_FACTOR":Option 1011 - 56.3 - %
EEPROM “K_FACTOR":Option 1100 - 57.8 - %
EEPROM “K_FACTOR":Option 1101 - 59.4 - %
EEPROM “K_FACTOR": Option 1110 - 60.9 - %
EEPROM “K_FACTOR":Option 1111 - 62.5 - %
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Operating Characteristics (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. Units
Accuracy Related
3 sigma, ABpipk=20mMTpipk, _ _ o
FILTER_SELECT=0 0015 | “Crank
Jitter | Repeatability (Jitter) 3 5igma, ABpipk=9MTpigk )
measured on coil using sinus signal, - - 0.025 | °Crank
Ta=150°C, f=8kHz, FILTER_SELECT=0
Phirunni ABspeed>9MTpipk ,Signature
n Maximum phase error excluded, accuracyonmentioned -0.2 - 0.2 °Crank
9 wheel in Figure 4
Phisto Reduced phase accuracy only for
startp' Maximum phaseerror after stop-start first pulse after stop-start-state / -1.7 - 3.2 °Crank
signature excluded
Temperature Related
T Normaloperating junction temperature Exposure time: max. 25000 at T=175°C, -40 - 175 °C
VDD=1 6V
Exposuretime:max. 10xTh at 7;=185°C, o
Vop=16V, additive to other lifetime 40 185 ¢
Withoutsensorfunction. Exposure time
max 500h @ 150°C; increasedtimefor
Tho Not operational lifetime lower temperaturesaccording to -40 - 150 °C
Arrhenius-Model, additiveto other
lifetime
T oroe Ambienttemperature rangefor customer 15 25 130 oc
programming
Temperature compensation range of magnetic Internal compensation of magnetic
Tc ; . . . 1900 - 0 ppm
material signal amplitude of speed signal
Rev0.2 8 www.semiment.com
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10. Block Diagram

—% VDD

Regulator
(chopped Hall elements)

(bandgap + analog) ‘

(digital and EEPROM)

Regulator uBreak
(detection + storage)

Hall probe

Temperature
sensor

AJD
Magnetic

aAjD
Temperature

Contains several circuits:

Digital-Core:

Digital Filters
Temperature Compensation
Min/Max-detection i |
Offset-calculation ‘ Open ‘
Hysteresis-calculation I »  Drain
Offset compensation ‘ (protected)
Threshold calculation/control ) )
System-watchdog
Output-control -
EEPROM-control
Vopg-comunication

P{ EEPROM ‘

Fig.3 Block Diagram

® GND

1 OUT

Chopped Hall Amplifier

Under/Over Voltage Detection

Offset Calibration ADC

POR

PGA + LPF

0sC

Channel ADC(Tracking ADC)

EEPROM programmable

Analog & Digital VDD Regulator

EMC Protection

Current Bias

ASIL / Diagnostic
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11 Function Description

® Working Principle

Speed detection configuration of SC9388 is illustrated in below Figure. It contains a toothed wheel or magnetic
encoder on a rotating shaft, the speed-sensor itself where connecting cables are attached and the back-bias
magnet or magnetic encoder which generates a static field on the position of the sensing elements (Hall probes).
The movement of the target wheel modulates the flux-lines of the magnetic field. This modulation is measured
as camshaft phase signal which is output on the open drain mode.

Fig.4 Detection Principle

® Operation Temperature

Ambient temperature: -40°C ~ 150°C

Peak temperature: 150°C during 3h

Frequency (peak temperature): 160 times during lifetime
Nominal temperature: T=80°C ~ 110°C

Temperature Profile:

Temperature(°C) -40 -20 25 80 100 110 125 150

Vehicle lifetime (%) 0.03 0.67 1.5 27 43.89 23 35 0.41

® Operation Steps

The basic operation of this sensor is to transpose the magnetic field produced by a spinning target wheel into
phase information at the output pin. The output voltage indicates forward a teeth or valley and can be adjusted
in EEPROM-options.

The correspondence between field polarity and output polarity can be set according to the application needs.

By definition a magnetic field is considered as positive if the magnetic North Pole is placed at the rear side of the
sensor.

Rev0.2 10 www.semiment.com
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The operation need to be split to five different phases :

® Power-on phase
- starts after supply release;
- Lasts tpower-on (power-on time);

- ICloads configuration and settings from EEPROM and initializes state machines and signal path;

® Initial phase
- starts after Power-on phase;
- lasts one clock cycle;

- IC enables output switching, extrema detection and threshold adaption;

® (Calibration phase
- starts after Initial phase

® Running phase

- starts after “Calibration Phase”;

after a programmable number of switching events (2 to 128) the accuracy is considered to be quite high. At
this time the chip is switched into a calibrated phase(running phase) where only minor threshold corrections
are allowed.

® Averaging Algorithm

To calculate the threshold within the running phase, valid maxima and minima are averaged to reduce possible
offset-updates. Each offset-update gives an increased jitter, which has to be avoided.

The algorithm can be able to choose different number of teeth for averaging.

And the algorithm can be set to : Once the feature signal is captured, the offset calibration value can be updated

to previous round result.

® Hysteresis Concept

Differential magnetic field (AB)

Output state

O 3witchpoint
Q ‘switch point (haif hystersis)

L

t

Fig.5 Hysteresis definition
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The prefered switching behavior for camshaft application in terms of hysteresis is called hidden adaptive
hysteresis. For reason of long notches or long teeth there is the EEPROM possibility to go for visible hysteresis
as well. Another EEPROM possibility is fixed hysteresis, which allows robustness against metalic flakes attached
by the back-bias-magnet.

Hidden adaptive hysteresis means, the output always switches at the same level, centered between upper and
lower hysteresis. These hysteresis thresholds needs to be exceeded and are used to enable the output for the
next following switching event. For example, if the differential magnetic field crosses the lower hysteresis level,
then the output is able to switch at the zero crossing. Next following upper hysteresis needs to be exceeded
again in order to enable for the next switching. Furthermore, the function of half hysteresis maintains switching
whenever the upper hysteresis level is not exceeded, but the lower hysteresis level is crossed again, then the
output is allowed to switch, so that no edge is lost. However, this causes additional phase error, see Figure 9.

Doing an adaptive hysteresis gives advantage at small airgap (large signal) to have big hysteresis. Compared
with fixed hysteresis a small vibration cannot cause additional switching. According 10 adaptive hysteresis is
calculated as 25% of the differential Speed-signal peak to peak. The minimum hysteresis is derived from EEPROM
setting.

Hysteresis = 0.25 * ABy, (peak to peak)

8 — magnetic input signal
ABy it __.‘__‘[\ ! ‘ /\ hysteresis HI
Lo

Ay
i Vo
= 0 0‘.0I 0‘.02 0r D3time [i]O'I D{.US 0‘.06 0’.07

Fig.6 Adaptive Hysteresis

® Adjust the proper k-factor

Due to position tolerances of the sensor and of the magnet (X - displacement) the middle of the sensor is not
always the middle of the module. And even if the sensor and the module would have the mechanical middle and
the magnet is displaced there would be a deviation of the magnetic middle to the module middle.

These tolerances cause a wrong camshaft position sensed and calculated in the engine control unit. Translated
to magnetic parameters the teeth are modulating the back bias magnet field lines. The sensor detects the
modulation of these field lines.

As all components have their own magnetic and mechanical tolerances, an overall tolerance of something like
+/-0.3°crank is the accuracy of the sensed camshaft position. With the introduction of adjustable switching
threshold (k-factor) the accuracy of each module can be increased to +/-0.1°crank.

To offer better accuracy, several settings between 39% and 63% should be possible to program. The factor is
known as k-factor.

Rev0.2 12 www.semiment.com
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The calculation of the adaptive programmable switching threshold is done as following: Switching Threshold =
Bmin + (Bmax - Bmin) * k.

® Temperature compensation

This sensor should have a constant temperature-measurement of the sensor itself andcompensates the
difference in the amplitude already in the analog signal path.So themain-comparator as well as the digital core
can always see the same amplitude of the signal, independent from temperature of the magnet circuit.
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12. Typical Application

Option for 12V

IDD — e —— — —y Vpullup
o—> r=9 |—o Ts-3 |
Voo o | T
1.2 kQ
v
I e, Voo 1o
| = Q L o
Cvoo = 10hF/50V I GND Cai !
optional 470nF/25V I | BD l Vg
Co=1.8nF — ? I M

...integrated in package

Fig.7 Typical Application Circuit

13. Package Information “TS-3"

Al
e
L10/45° & o 450 Dimensions in Millimters
! ] T Symbol| MIN | Typ MAX
3 4 ] A | 524 | 534 | 5.44
| 5 o 1 AT | 5.05 | 5.5 5.25
i 2 | B | 352 | 364 | 376
13 \A/ B1 3.28 3.38 3.48
i\ H B2 | 240 | 2.65 2.90
0.60 MAX I< H °

==t } i 7 B3 | 210 | 220 | 2.30
\ \ 1.90 MAX B4 | 1.68 | 1.78 | 1.88
5 C (092 | 09 1.00
. C1 [ 047 | 052 0.57
2 5 L C2 [ 049 | 024 | 049

3 [145 | 120 | 1.25
C4 [030 | 035 | 040
L*a A C5 | 1.65 | 1.75 | 1.85

— | 0.20 —
L 035 | 040 045

= = 7°‘ — L1 [ 1.62 1.67 1.72
E r i 15° 2 — 1.27 —

3 0319 ] 0369 | 0.419

L L4 | 562 | 5.67 572

c4 L5 | 035 | 039 0.44
| L5 cs LZL 6 | 0.85 | 0.0 0.95
L7 | 1.62 | 1.665 1.72

L8 | 9.6 | 9.21 9.26

L9 9.905 [10.105 10.305
L10 — 1.00 —

B2

ﬂ\ﬁ
|
i
1L

L8

L7

Fig.8 Package Dimension
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14. Packing Information
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Fig.9 Packing Dimension
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14. Revision History

Revision Date Description
Rev0.1 2024-03-20 Draft Version
Rev0.2 2025-06-11 Format Updates, Preliminary Version
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