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Key Points in PFC

. GaN based MHz PFC with CRM ZVS operation
ll. Two-phase interleaved inductors with negative coupling
lll. PCB based inductor integration

IV. Balance technique for CM noise reduction




P l. GaN Based MHz PFC with CRM ZVS Operation

Critical Mode Operation V, =85~264 V., V =400 V, P,=600 W, fs=1-2 MHz
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ZVS is critical for high frequency operation

[Ref] X. Huang, Z. Liu, F. C. Lee and Q. Li, "Characterization and Enhancement of High-Voltage Cascode GaN Devices," in IEEE Transactions on Electron Devices, vol. 62, no. 2, pp. 270-277, Feb. 2015.
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cancellation « DM noise and filter size
reduced by 3 times

[Ref] Yuchen Yang’s Dissertation, “EMI noise reduction techniques for high frequency power converters”, Virginia Tech, Blacksburg, 2018.
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CPES Negative Coupled Inductor for CRM PFC
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[Ref]: P. Wong, P. Xu, B. Yang, F. C. Lee, "Performance improvements of interleaving VRMs with coupling inductors," IEEE Trans. on Power Electron., vol.16, no.4, pp.499-507, Jul 2001. 7



lll. PCB Based Inductor Integration

Discrete inductors Inverse coupled inductors
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Winding | Core Loss | Total Loss
(W) (W) (W) Winding(W) Core Loss | Total Loss
w w
PCB 6.7 1.3 8.0 W) W)
Winding 6-Layer with 2.4 1.9 4.3
23 23 46 Winding Cut
2.3 2.3 4.6

Large winding loss otal Ic alle : 2 ind

[Ref] Yuchen Yang’s Dissertation, “EMI noise reduction techniques for high frequency power converters”, Virginia Tech, Blacksburg, 2018.



T Higher CM Noise with GaN Devices
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[11S. Wang, F. C. Lee and Q. Li, “Common-Mode EMI Noise Reduction for Interleaved Multichannel GaN-Based PFC Converter”, in CPES conference, 2020. 9
[2] P. Kong, S. Wang, F. C. Lee and C. Wang, "Common-Mode EMI Study and Reduction Technique for the Interleaved Multichannel PFC Converter," in IEEE Transactions on Power Electronics, vol. 23, no. 5, pp. 2576-2584, Sept. 2008.




- IV. Balance Technique for CM Noise Reduction

In the form of
Wheatstone Bridge
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Common mode noise equivalent circuit
-Noise source Vs1 by superposition
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[Ref] Shuo Wang, Pengju Kong, Fred C. Lee. “Common Mode Noise Reduction for Boost Converters Using General Balance Technique”, IEEE Transactions on Power Electronics, Vol. 22, No. 4, July, 2007
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Balance principle is not matched in 10-30 MHz

[Ref] Yuchen Yang's Dissertation, “EMI noise reduction techniques for high frequency power converters”, Virginia Tech, Blacksburg, 2018.
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~AE Detrimental Effect Due to Winding Capacitors
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~oc Proposed Unity Coupling between L1&L3
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6 layer PCB, 10 turns
Coupling between L1&L3
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L3 carries the current of L2

[Ref] Yuchen Yang's Dissertation, “EMI noise reduction techniques for high frequency power converters”, Virginia Tech, Blacksburg, 2018.
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= CM Noise Measurement with Improved Structure

CPES
Measurement of Impedances |mproved Structure
1.0"103/\ Z1 Lh\— - - e —/—L2
S1.0x102 S | e | — —
1.0%100 - = = =L,
1'Oxm(_)% 1.0 10.0
' Fréquency (MHz) ' (113 =
100 | |
] Z1IZZ 120 W/O Balance | _____ ,,»I~J ]
E < W/ Balance 20dB
o0 @
N o oo} LY
: B
-100 S
Z 80
0.1 1.0 10.0 p
Frequency (MHz) ©
60

10° 106 107

20dB uniform CM noise reduction up to 30MHz with proposed inductor structure

Ref] S. Wang, F. C. Lee and Q. Li, “Common-Mode EMI Noise Reduction for Interleaved Multichannel GaN-Based PFC Converter”, in CPES conference, 2020. 14




7 Summary

- A 800 W GaN Based MHz totem-pole PFC with PCB embedded
coupled inductor is demonstrated

Efficiency: 99%  Power density: 700W/in3 (w/o cap)

« Switching loss is reduced by 10-30% with negative coupled
inductor

« 20 dB uniformed CM noise reduction is achieved by balance
technique with proposed PCB inductor structure.

Thank you!

shuowang@vt.edu
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