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Introduction & Motivation

• Accurate current sensing is critical in power 

electronics for control, protection, and efficiency.

• The rise of SiC and GaN semiconductors demands 

faster and more precise measurement.

• Focus: Accurate current sensing for high-current 

three-phase SiC inverter for motor drive.

Suitability of current sensing in real-world

[28] 
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Current Sensing Approaches

• Simple & low-cost, but lower accuracy and more 

drift

• Enhanced sensitivity, linearity, and lower noise

• High-precision DC sensing, but introduces 

modulation ripple
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• Direct sensing

• Limited accuracy

• Feedback coil

• Zero-flux

Open-loop Closed-loop (compensated)

[3] 

[3] 

Sensor Topologies: Open-loop vs Closed-loop 

[3] 
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Current Measurement PCB Overview

• 4-layer PCB for analog current measurements with 4 channels

• Input Current: up to 57 A𝑅𝑀𝑆 / 80 A𝑝𝑒𝑎𝑘

• Supports sensors with THD-8 footprint (Sensitec CAS5000, LEM CASR etc.)

• Compatible with UltraZohm platform (RJ45 differential output)

• Thermal safe limit: 100 °C at 80 A continuous current (tested)

• 𝑉𝑂𝐶𝑀= 2.5 V

• Supply: 9–48 V input, step-down to 5.12 VCC+ (adjusted for full-scale swing)

• Phase-to-phase clearance/creepage: 2.5mm → maximum 500 𝑉𝑅𝑀𝑆

ADC

Temperature Measurement of PCB

http://127.0.0.1:8000/_images/temperature_measurement.png
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Current Measurement PCB/Box



• DC sweep to measure differential output voltage 

(𝑉𝑂𝑈𝑇+ − 𝑉𝑂𝑈𝑇−)

• Measurement taken at RJ45 differential output 

(after op-amp stage)

• Linear fit applied to extract measured gain and 

offset

Sensors: 

1) LEM CASR series: closed-loop Fluxgate

2) Sensitec/Sinomags 5000 series: closed-loop TMR

Experimental Evaluation 1
DC Measurement: Methodology V𝑂𝑈𝑇(𝑉)

I𝑖𝑛(𝐴)

Sinomags STB-6 (TMR). I𝑁 = 6 A𝑅𝑀𝑆 (Range: ±20 A)

V𝑂𝑈𝑇(𝑉)
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• Sinusoidal current input: 1 A𝑅𝑀𝑆 @ 500 Hz 

• Single ended voltage probes for sensor outputs of closed-loop TMR (25 A) and Fluxgate sensors (25 A)

• If needed: Each output waveform is normalized by Gain → normalized current-equivalent outputs

• FFT analysis to identify: internal modulation tones (spikes), noise floor (broadband interference), whole spectral content

• Sensor bandwidth (300 kHz & 400 kHz) impacts: 

a. ripple suppression ability 

b. Signal fidelity

c. Passing through more high-frequency noise

Experimental Evaluation 2
Time & Frequency Domain Observations: Methodology
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• Closed-loop TMR (25 A): Slightly elevated noise floor. But 

overall flatter frequency spectrum with no internal modulation 

spikes. 

→ smoother and less noisy time-domain output waveform

• Closed-loop Fluxgate (25 A): higher ripple due to dominant 

internal excitation peak at ~435 kHz, as documented in 

datasheet

• Closed-loop TMR (25 A): using Micsig optical isolated 

differential probes connected at the ethernet output, with 

differential output filter (f𝑐𝑢𝑡−𝑜𝑓𝑓 = 273 𝑘𝐻𝑧)

Experimental Evaluation 2
Time & Frequency Domain Observations

Time Domain

Frequency Domain
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• Purpose: Evaluate dynamic impedance of sensor output stage 

across frequency sweep (100 Hz – 10 Mhz)

• Equipment: Bode 100 VNA, APS 1000 amplifier, probes

• Input: 1.175 A𝑅𝑀𝑆 sinusoidal current

• Impedance calculated via CH1 (current), CH2 (voltage):

• Measurement limit: Reliable up to ~50 kHz due to APS 1000 

amplifier output drop-off

AC Impedance Measurement: Methodology

Experimental Evaluation 3

Test setup

Single-ended

Test Setup [29] 
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• Initial impedance (at 100 Hz) aligns with G𝑚𝑒𝑎𝑠, measured in 

DC test (G𝒆𝒓𝒓 = 𝟎. 𝟖𝟐 % and G𝒆𝒓𝒓 = 𝟏. 𝟐𝟓 %).

• Overall flat and stable impedance response for both sensors

• Slightly flatter magnitude and phase response for Closed-

loop Fluxgate

• The phase response remains flat below 20 kHz and 

gradually drops approaching 50 kHz.

• Distinct rise near 2 kHz in Closed-loop TMR sensor:          

• → → due to internal operating transition (field-sensor-

→  controlled operation to transformer-like behavior)

AC Impedance Measurement: Results

Experimental Evaluation 3

50 kHz

206.7

211.0



• Designed and validated a differential analog current 

measurement PCB for isolated three-phase sensing

• Integrated within UltraZohm system and ADC 

interface

• Developed a AC + DC test setup

• Performed full characterization of closed-loop TMR 

and Fluxgate sensors

13

Research Internship

• Evaluated DC accuracy, time- and frequency 

response and dynamic behavior of multiple 

magnetic field-based sensor types (Hall-effect, 

open-loop AMR, open-loop TMR, closed-loop 

TMR).

Seminar

Summary
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Current Measurement PCB – Rev2

• 4-layer PCB for analog current measurements with 4 channels

• Up to 130 A DC continuous current

• Supports sensors with THD-10 footprint (Sensitec CAS5000, LEM CASR etc.)

• Compatible with UltraZohm platform (RJ45 differential output)

• 𝑉𝑂𝐶𝑀= 2.5 V

• Thermal safe limit: 100 °C at 120 A (tested)

• Phase-to-phase clearance/creepage: 9 mm/10mm

→ Maximum phase-to-phase: 1000 𝑉𝑅𝑀𝑆 (compliant with IEC 60664-1)

• Redesigned power supply with integrated buck module:

→ reduced EMI resulting from 300 kHz switching noise; 

→ output current increased to 1 A based on sensor load

ADC
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– Rev 1 –
Sinusoidal current input: 1 A𝑅𝑀𝑆 @ 500 Hz 

LEM CASR 6

(Fluxgate) 
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Current Measurement PCB

– Rev1 – – Rev2 –
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Sensor Portfolio

• Purpose: to evaluate their performance and compare the actual performance vs datasheet.

1) DC output characterization 

2) Time- and frequency domain observation 

3) AC impedance measurement.

With Evaluation Board

With Custom PCB (Rev 2)



• DC sweep to measure sensors’ linear voltage response

• Metrics: Gain error, Linearity error, Offset error

• Reference: Manufacturer datasheet vs. measured output

Experimental Evaluation 1
DC Measurement: Methodology & Metrics
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Experimental Evaluation 1
DC Measurement: Results

• Closed-loop TMR sensors: best accuracy (ε𝑎𝑐𝑐 < 0.35%)

• Open-loop Hall sensors: highest error (ε𝑎𝑐𝑐 up to 11%)

• AMR sensors: good gain, but gain & linearity issues in lower range variant

• Open-loop TMR: excellent overall accuracy (ε𝑎𝑐𝑐 ~0.5%) despite simplicity

• Closed-loop + MR technology = best trade-off in precision & stability
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• Sinusoidal current input: 0.5 A𝑅𝑀𝑆 @ 1 kHz 

• Single ended probes for sensor voltage outputs

• Each output waveform is normalized by Gain → normalized current-equivalent outputs

• FFT analysis identifies: Internal modulation tones (spikes), noise floor (broadband interference), 

spectral content…

• Sensor bandwidth impacts: 

a. ripple suppression ability 

b. Signal fidelity

c. Passing through more high-frequency noise

Experimental Evaluation 2
Time & Frequency Domain Observations: Methodology
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• Open-loop AMR & Open-loop TMR: Best signal clarity

lowest ripple, flattest FFT noise. Minimal spectral content.

• Closed-loop TMR (50A): moderate ripple; slightly 

elevated noise floor. Low broadband noise

• Closed-loop TMR (75A): highest ripple due to elevated 

noise floor  

• Hall-Effect: Both with high ripple due to elevated noise 

floor and dominant internal modulation spike at ~973 kHz

Experimental Evaluation 2
Time & Frequency Domain Observations

Open-loop TMR

Hall-effect

Open-loop AMR

Closed-loop 

TMR

Closed-loop 

TMR

Hall-effect

Time Domain Frequency Domain

FFT vs. datasheet noise: no direct correlation! 

Lowest noise density (I𝑁𝐷) sensors did not necessarily show better performance



23

• Purpose: Evaluate dynamic impedance of sensor output stage 

across frequency sweep (10 Hz – 10 Mhz)

• Equipment: Bode 100 VNA, APS 1000 amplifier, probes

• Input: 1.175 A𝑅𝑀𝑆 sinusoidal current

• Impedance calculated via CH1 (current), CH2 (voltage):

• Measurement limit: Reliable up to ~50 kHz due to APS 1000 

amplifier output drop-off

AC Impedance Measurement: Methodology

Experimental Evaluation 3

Test setup

Single-ended

Test Setup [29] 
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• Initial impedance (at 10 Hz) aligns with G𝑚𝑒𝑎𝑠, measured 

in DC test.

• Flat and stable impedance response for Open-loop TMR 

and Open-loop AMR sensors 

• Sharp zigzag fluctuations for Hall-Effect sensors: 

indicates internal frequency-dependent Gain changes.

• Distinct dip near 2 kHz for both Closed-loop TMR

sensors:          

→  due to internal operating transition (field-sensor-

controlled operation to transformer-like behavior)

AC Impedance Measurement: Results

Experimental Evaluation 3

50 kHz
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• Hall-effect sensors:

→ Poor gain precision

→ High thermal drift under static load

→ High broadband noise + modulation tones → High ripple 

• AMR & open-loop TMR sensors:

→ Lowest noise, flat FFT → minimal ripple

• AC impedance:

→ AMR & TMR = most stable dynamic behavior

• Variants matter:

→ Closed-loop TMR models from same brand (Sensitec) showed different results

• AMR & TMR suitable for high-current, fast-switching inverters (e.g. SiC inverters)

Conclusion
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