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CAES State-of-the-Art Server Power Supplies

SOA silicon based design
has reach a point of maturity in performance optimization

fficiency
Power
Density EMI
Cost

Manufacturability

1KW Server power supplies Trade offs:
efficiency, power density and Cost

Unsolved Issues: i3I R- RV ELLTETa (g1 o11]14Y
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CPES GaN vs Silicon MOSFET
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CaN: 3X better GaN: 10 - 20X better

What would you do if there is no switching related loss??
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GaN-Based 1kW Server Power Supplies

Balance tech for
CM Noise reduction
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Feature 1: Integrated Transformers in PCB

Corel

Core2

Better flux distribution
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S Feature 2: CM Noise Reduction by Shielding
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Yuchen, Yang, D. Huang, F. C. Lee, and Q. Li. "Analysis and reduction of common mode EMI noise for resonant converters" APEC 2014, pp. 566-571
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- Feature 3: Integrated Inductors in PCB
I—1 L2
L1 L2
Winding | Core Loss | Total Loss Winding(W) Core Loss | Total Loss
W) (W) (W) i @
wndrg | 67 | 13 | 80 wodngou| 24 | 19 | 43
| 23 | 23 | 46 B | 23 23 | 46

Total loss is smaller than Litz wire inductor

Date [1] Yuchen Yang’s Dissertation, “EMI noise reduction techiitiués for high' fesguency power converters”, Virginia Tech, Blacksburg, 2018.




CEES Feature 4: Reducing CM Noise by Balance
400V _ *CM Noise Equivalent Circuit
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C/g%és Further Reduction of CM Noises in High Frequency
Improved Structure
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20dB CM noise reduction under 10 MHz 20dB CM noise reduction up to 30 MHz
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< Is GaN A Game Changer ?

Eff ~ 98%

Power density > 5X
Improved EMI ~ 20dB
Automated Manufacturing

Low Cost
Gen 1 Gen 2
Efficiency
Power Density
Manufacturability Cost

CPES Proprietary
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Can we repeat the success of
PCB based Integrated Inductors and Transformers

at Higher Power Level ?
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CrES 3kW Server Power Supplies
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Integration of Inductor and Transformers

D)
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inductor current
inductor flux
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I 30% Less core loss in plates
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CPES Version 1: Hardware Prototype

¢

Fs=1MHz, Lm=16uH, Lr=4uH, Cr=6.2nF, td=65ns
Efficiency %
100.00%
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| 102mm 0% 20% 40% 60% 80% 100%

1MHz, 450W/in3 Output Power

Significant difference between tested and estimated efficiency
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CRES Impact of Core Size on Core Loss
Large Medium Small
(0D 67, 1D 39, H25) (0D 50, ID 32, H19) (0D 16, ID 8, H8)
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Higher P, with larger core size
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=< Issues: Eddy Loss and Skin Effect in large Cores

iy

Case 1: Case 2:
IKW @ 12V & 1MH 3KW @ 48V & !MH
@ z @ z Eddy Loss density:
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(20% Eddy Loss) (60% Eddy Loss) A, = cross section Area

Core loss density increases disproportionally
About 70-80% core loss is on the plates

Date [1] “High-Frequency Dimensional Effects in Ferrite-Cort IFB ti ices” Glenn R., Fred Lee, 1996
[2] Jiri Lammeraner and Milos Stafl, Eddy Currents, CRC Presse, 9 ls PPU‘S?feféf‘y
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Improvement 1 : DCX with Floating Bus Voltage

Floating link
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Improvement 2: Planer Magnetlc Design
4-Transfomers

-Transfomers

18981 [8809)

Bm in the plates = 0.5Bm in the posts; thus with reduced eddy loss

CPES Proprietary
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CPES Optimum Number of Transformers
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s 1-Transfomer per kW is deemed optimal
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Improvement 2: Transformer Design

Footprint=3052 m
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4x 900V SiC MOSFET
16x 80V GaN SR

M 4Trs (500kHz) = 3Trs (HB - 500kHz)

50% Load

hnlia

o N b O

2x 900V SiC MOSFET
12x 80V GaN SR
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Hardware Prototype

Efficiency (%)
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CRES PFC with Variable Link Voltage
Negative coupling = ZZZ L !
a=-0.6 \>§ o0 D>0.5 D<0.5 D>0.5
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L1 & L2 are positively coupled ‘W Vo = 480V
¥ Vo = 600V

Design is different from 1KW PFC Vo = 720V

Frequency (kHz)

Negative coupled inductor has larger f_, range than non-coupled inductor
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CRES PFC with Variable Link Voltage
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P 3kW PCB Inductor vs. Litz Wire Inductor
- Loss breakdown
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Core loss is reduced by 15% Limitation: 3KW for PCB Based inductors
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CRES Limitation of PCB based Inductors

Inductor Losses vs. Power
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Power (kW) Maximum power level at 1 KW per phase

Date [1] Yuchen Yang's Dissertation, “EMI noise reduction techriques-for-hightfreguency power converters”, Virginia Tech, Blacksburg, 2018. 28




CPES Summary

PCB Based modular transformer building block @ 1KW

PCB Based inductor modular building block @ 1KW

GaN/SiC to Replace Silicon

Improvement of Efficiency (incremental)
* Improvement of Power Density (3-5X)

* Improvement of EMI/EMC is unique (150KHz- 30MHz )

% Improvement of Manufacturability - Paradigm shift

8/26k24
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