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30 kA closed-loop integrated Hall current sensor design
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Abstract: A large-scale closed-loop integrated Hall current sensor is designed based on the 0. 18 pm CMOS technology. The on-chip
high-sensitivity Hall device is used to measure the magnetic field generated by the detected current and linearly output Hall signal. After
linear amplification, offset cancellation, and proportional integral (PI) regulation, the Hall voltage is compared with the triangular
carrier to generate a PWM signal for driving the full-bridge power amplifier. The output current from the power amplifier is then sent to
the secondary winding of the magnetic ring to form a closed-loop secondary side compensation, so that the Hall device in the magnetic
ring air gap is in a zero magnetic flux state, thereby improving the accuracy of high current detection. Simulation results show that the
designed integrated Hall current sensor achieves a high measurement range of 30 kA, the high accuracy level of 1, the low power
consumption of 1.08 W, and the low chip area occupation of 0.2 mm®.
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Fig. 1 Closed-loop Hall current sensor
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Fig. 2 Overall structure and circuit block diagram
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Fig.3 Simulation of the magnetic field of a square magnetic ring
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Table 1 Square magnetic ring magnetic induction

intensity distribution table

5 HLJ/ A 1SRN 5/ m T
1 4 2
2 10 5
3 30 15
4 60 30
5 90 45
6 120 60
7 150 75
8 200 100
9 240 120
10 280 140
11 300 150
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Fig. 4  Cross-shaped Hall device layout
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Fig. 5 Hall signal amplification and offset cancellation circuit
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Fig. 6 PI adjustment and PWM wave generation circuits
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Fig. 7  Full-bridge power amplifier circuit
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Fig. 8 Output Hall voltage versus the applied magnetic field
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Fig.9 Maximum output current of the power amplifier circuit
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Table 2 Current simulation data

1,/kA i /A L/A iy/mA ¢
0.4 4 3.97 3.97 0.72%
1 10 9.93 9.93 0. 69%
3 30 29.81 29. 81 0.62%
6 60 59.75 59.75 0. 58%
9 90 89. 54 89. 54 0.51%
12 120 119. 40 119. 40 0. 47%
15 150 150. 60 150. 60 0. 42%
20 200 199. 30 199. 30 0.35%
24 240 239. 40 239. 40 0.27%
28 280 279. 60 279. 60 0. 14%
30 300 300. 30 300. 30 0. 10%
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Fig. 10  Closed-loop Hall current sensor layout
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