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Outline

Outline

• SystematIC: it’s all about chips

• History of (our) CMOS magnetic sensors 

• SystematIC’s Hall effect generations 1, 2, 3: pushing bandwidth and noise levels

• Some conclusions
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• Founded in 1998 by experienced TU 

engineers (MSc+PhD)

• Started as IC design company

• Expertise Analog + Mixed-signal 

• Sensor read-out

• Power-conversion

• LF-RF

• IC Product design

• Production support with business 

partners for wafer products and test

• 20+ employees, growing to 30+

• Satori Electric subsidiary since 2024Delft Office
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• Wide range of designs and application

• Consumer

• Automotive 

• Industrial

• Space

• In some well-known products, there is: 

“SystematIC design Inside”
• lightning plug

• power adapters

• tire-pressure monitor

• LED lights

• Fingerprint sensor read out

• Haptic Touchpads

• Proximity detection
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• No ‘standard products’, but always 
customer-specific 

designs and product development

• High-performance design

•   

• Unique integrated circuit combinations

• Diversity of process nodes & tools

www.systemat-ic.com
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Simple, ultra low-cost: 

• ‘electronic reed relays’
• position

• proximity 

More advanced: 

• Camera (auto)focus 

• Gear-tooth 

• Speed measurements

• Motor control

High-performance: 

• Current Sensing

• 3D position

• Compass

Standard CMOS process, using Integrated Hall Sensors

high gain
low offset
high speed
low noise

SystematIC started 

with Hall-based 

compass idea in 2007 

→ 
voltage-bias

current read-out
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Markets: Consumer, Industrial, Automotive

Competing technologies isolated current sensors:

• Sense resistor + isolation amp

• Fluxgate

• (X)MR sensor + ROIC

• Hall based sensor + ROIC

Trends for this application (mature market): 

Spec up: Features, BW and response time

Cost down: minimize die size, package size, reduce BOM



Magnetic field - current sensors

Magnetic field - current sensors

8

Primary lead IC

Why use MF for current sensing? 

• Galvanic Isolation

Needed for high-power and 

high-current applications:

• control

• monitoring

• protection
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• Spinning, multi-phase averaging filter

• Single-ended versions (~2013 .. 2022)

• Differential version: 2016

Gen 1 Signal Path block diagram
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• Standard 180nm CMOS process

• 3V-5V core – 12V robust 

• Reponse time: 3us

• Bandwidth: 80kHz  ->  ~ 200kHz

• Supply current: 13mA

• Input range: 6mT-165mT

• Gain: 9 – 250 V/T 

• Gain TC < 125ppm/K

• Trimmeable TC

• Low offset: 5 .. 25 mV (< 100uT)

• Offset TC:  < 0.07mV/K (all gain)

• Output noise: 20uV/√Hz @ 135V/T
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How to improve the speed?

• Speed/bandwidth limited by hall-plate spinning frequency !

• Low-pass Filter needed for ripple reduction !

• When increasing spinning and filter frequency too far we saw an offset issue arise !

Some techniques to consider:

•  more advanced ripple-reduction techniques .. (Makinwa et al.)

•  combination with sense coil

But in our 2nd generation current sensors (2018) we first chose to….
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High-Frequency Path
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Low-Frequency Path

Output Path

V
OUT

Combine a HFP with non-spinning hall-plate and LFP with spinning hall-plate

Summing filter reduces ripple of LFP and removes offset of HFP

Sensitivity in HFP and LFP will track
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Gen 2 Signal Path block diagram
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Important customer cooperation on the package design and assembly

• Standard CMOS 180nm (same as Gen 1)

• 3.0 V  to 5.5 V

• -40 C to 125 C

• Bandwidth: ~ 500 kHz

• Supply current: 21 mA

• Low offset: ±7 mV

• Input noise: ~ 190 mArms (200 uA/√Hz)

• Sensitivity: 25 to 200 mV/A

• Fully ratiometric

• FAULT & VREF functions
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In several application faster power-switches are now commonly used.

There is a need for faster current sensors!

• Bandwidth of Gen 2 might be increased with Higher-BW amplifiers in the HFP

BUT

• Output noise increases with √BW

• Hall-plate impedance (dominant noise source) needs to be reduced: more in parallel

• Requiring more hall bias current... too power-hungry!

• Same for front-end amplifier stage

So for our next generation current sensors (2024) we decided to investigate..
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Combine a HFP with a pick-up coil and a LFP with spinning hall-plate

Targets:

• 190 → 80𝒎ࡿࡹࡾ࡭ and 500kHz → 2MHz 

• Low complexity ‘add-on’ to existing design
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• Combination shown in the Literature (Jiang, Jouyaeian & Makinwa et al.)

• Looking for a combination with our existing IP for product design.

• Important investigations done by van der Horn, Onstein and Jouyaeian at SystematIC.

• How to push up the BW and also get better noise performance?
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Hybrid-Hybrid Architecture

Relatively easy to extend our Gen 2 topology towards this Gen 3 topology.

• for noise ࢠࢌ ,can be chosen for ripple ࢞ࢌ

• Dealing with offset no large issue anymore

• Power penalty (hall-bias)

• Potential extra calibration step required
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Three-path solution allows us to lower fx  

(stronger ripple suppression).

Optimum for noise 

compared to two-path

for noise ࢠࢌ can be chosen for ripple ࢞ࢌ
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Noise contributions (preliminary design)

Dominated by coil path
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Gen 3 Signal Path block diagram

• No DC-servo loop

• No ripple-reduction loop
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Gen 3 spec shortlist :

• Standard 180nm CMOS (same as Gen 1, 2)

• 3.0 V  to 5.5 V

• -40 C to 150 C

• Bandwidth: ~ 4 MHz

• Supply current: 20 mA

• Partially ratiometric

• Low offset: ±7 mV

• Input noise: ~ 130 mArms (65 uA/√Hz) proto package

             reduces to ~65 mArms in Gen 2 production package

• 25 mV/A to 100 mV/A

• FAULT, VREF, GS functions
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• Novel three path (hybrid-hybrid) solution implemented.

• Product design reaches 4 MHz bandwidth

• Developed custom evaluation boards for response time tests

Thanks to all colleagues at SystematIC involved in design, layout and evaluation.
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VOUT

VREF

VOUT-VREF

I_PULSE (10mV/A)

10A current pulse – small duty-cycle

ܹܤ ≈ 0.3587ns ≈ 4 MHz
Rise time ≈ 87ns
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Current Sensor :
Gen 1 

(2016)

Gen 2 

(2021)

Gen 3B 

(2025)

Sensor core Hall-effect sensor Hall-effect sensors
Hall-effect sensors

+ pickup coil

Specifications

Supply Voltage
4.5V- 5.5V

Abs. Max: 8V

3V - 5.5V

Abs. Max: 6V

3V - 5.5V

Abs. Max: 6V

Supply current
13 mA (Typ.) 21 mA (Typ.) 20 mA (Typ.) 

Input range (A) ±10, ±20, ±30
±10, ±20, ±30, ±50, ±80

0-20, 0-30, 0-50

±20, ±30, ±50, ±80

0-40, 0-50, 0-80

Bandwidth 80 kHz  (Typ.) 500 kHz (Typ.) 4 MHz (Typ.)

Rise time (10% to 90%) 4 us (Typ.) 1 us (Typ.) 90 ns (Typ.)

Input-referred Noise
41 mARMS (BW=2kHz)

260 mARMS (BW=80kHz)
190 mARMS (BW=500kHz) 75 mARMS (BW=4MHz)

Noise Density 910 uA/Hz
1/2

250 uA/Hz
1/2

37 uA/Hz
1/2

Gain flatness over frequency ± 5% ± 1%

Offset Voltage @ 25℃ ±20mV, ±25mV, ±30mV ± 7mV ± 7mV
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Current Sensor :
Gen 3B 

(2025)
AXXX (2024)

CXXX 

(2023)
AXXX(2017)

TXXX

(2023)

Sensor core
Hall-effect sensors

+ pickup coil

Hall-effect sensor 

+ pickup coil
TMR Hall-effect sensor Hall-effect sensor

Specifications

Supply Voltage
3V - 5.5V

Abs. Max: 6V
3V - 3.6V 3.3V or  5V 3.3V or  5V 

3V- 5.5V

Abs. Max: 6V

Supply current
20 mA (Typ.) 

20 mA (Typ.)

30mA (Max.)

6 mA (Typ.) 

9 mA (Max.)

 24 mA (Typ.) 

35mA (Max.)

11 mA (Typ.) 

14 mA (Max.)

Input range (A)
±20, ±30, ±50, ±80

0-40, 0-50, 0-80
±20, ±40, ±65

±20, ±30, ±50, ±65

0-20, 0-30, 0-50, 0-65

±20, ±40, ±65, 65, 

±75 
±16, ±24, ±32, ±48, ±96 

Bandwidth 4 MHz (Typ.) 5 MHz 1 MHz 1 MHz 1 MHz

Rise time (10% to 90%) 90 ns (Typ.) 40 ns 200 ns 700 ns

Input-referred Noise 75 mARMS (BW=4MHz)
50 mARMS 

(BW=5MHz)

10 mARMS 

(BW=100kHz)

Noise Density 37 uA/Hz
1/2

22 uA/Hz
1/2

32 uA/Hz
1/2

55 uA/Hz
1/2

150 uA/Hz
1/2

Gain flatness over frequency ± 1% ± 6%

Offset Voltage @ 25℃ ± 7mV ± 10mV ± 6mV ± 30mV ± 5mV to 20mV (Max.)
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• Gain programming and trimming

• Fixed and Ratiometric sensitivity

• Ratiometric/fixed reference, Reference programming

• Over-current protection

• Under/over-voltage detection (UVD, OVD)

• Compliance to (Automotive) Standards

• Testability 

• Diagnostic features, Output clamps, Broken-wire detection

• EMC-EMI robustness

• ESD (2kV up to 8kV HBM)

• …
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Block diagram

Gen 3



Conclusion

• Mature Hall sensor principle (1879) finds modern application isolated current 

sensing

• Hall sensor compatible with mature standard CMOS technology 

• low cost 

• features possible, SoC

• Low sensitivity in Si and offset are performance issues in CMOS

• Advances in signal processing mitigate these issues and boost performance

• Sensor spinning

• Differential sensing

• Dual path architecture

• Hybrid-hybrid 

• Will the market need a gen 4?

SystematIC started a project to develop TMR ROIC IP …. A topic for future presentation?
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