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BASIC ELECTRICAL SPECS. FOR EV OFF-BOARD CHARGING SYSTEM

Isolation Isolation

/‘ (HForLF) \/ (HF) \

60V battery 400V battery 600V battery 800V battery

= 4.6kV, 304W
=  1247kV,303W  323-530Vac, 3

13.2kV, 303W 200-920V
0 20kV/22kV, 303W  323-460Vac,3p  >0-500vdc 200-500vdc 500-1000V
0 10KV, 33W 323-437Vac, 30 300-750Vdc

_

e Unlike OBC, off-board charger must provide wide output voltage range for all types of Evs (200V-1000V)
e Increasing power rating for single module for lower $/W: 15kW/20kW - 30kW, 40kW and 60kW
¢ High efficiency, high power density and low cost



NEW TREND OF OFF BOARD CHARGER AND THE SPEC OF 30KW DCDC

Specifications

DC Input Voltage 650Vdc - 850Vvdc

DC output 200V-1000V; CP 30kW when Vo >= 300V
_ Switching Frequency Fr=180kHz
HIgRZE?ger A0 EEEE; PCBA size 270mm*260mm*65mm
>98%(peak), >97%(full load),
Efficiency LLC >96.5% @ Vout=300V
Cooling Forced air cooling

Wide
Constant
Power
Range




HIGH POWER DENSITY, HIGH EFFICIENCY, WIDE VOLTAGE RANGE

High frequency

& Right
Topology
Careful PCB
Advanced | Layout
Power Devices How to / & thermal
Achieve High design
Power density,
High efficiency
and wide gain N
| 4 range? VFM, PS and
Flexible Bus Structure

Voltage Control reconfiguration

Good Magnetic
Design
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TOPOLOGY EVOLUTION: FROM SI TO SIC (15KW-30KW MODULE)

650V Si Solution 1200V SiC Solution
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TOPOLOGY SELECTION > 30KW
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Low input and output ripple current
Natural current sharing



TOPOLOGY SELECTION

A
6 Transformers
Half Bridge for output rectifier
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output rectifiers;
EMI concern due to large loop
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6 Transformers
Full Bridge for output rectifier
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TOPOLOGY SELECTION

6 Transformers 3 Transformers
Half Bridge for output rectifier Full Bridge for output rectifer
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FLEXIBLE DC-LINK CONTROL

Vbus VS. Vout

890

840

Fr=180kHz
Lr=11.8uH o
Cr=66nF
Lm=40uH 740

690

®
640
200 250 300 350 400 450 500

« Variale DC-link voltage
« Phase C off for low output and light load.



POWER COMPONENTS SELECTION

The DC link voltage is up to 850V. 26A max rms current.
C3M0040120K 1200V 40mohm SiC MOSFET is selected for primary MOSFET of LLC converter
based on electrical stress and thermal design. 6 devices provide 30kW output.

. | Aw sz '
/ rm q J%{ chw Ve Why SiC?
] A = v Fastswitching and low switching
A0 b - i i
d fo | losses for 1200V device. Enabling
45 high-frequency switching
e v _ D v Smaller output capacitance, easier
SIC MOSFET R o o to achieve ZVS for LLC resonant
I e converter
4:Q rrrrr 2iH H{ Zli 6 212 18
fo o | v' Less temperature dependence of
N | Rdson and low conduction loss at
i high temperature
PN ) N o v Low reverse recovery body diode
g 1“ i enables reliability in case of hard-
o g commutation
O

14



e
W)

A LA Ay

|

~

»
7
¥
Y

A

© 2021 Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfstreak logo are registered trademarks and the Wolfspeed logo is a tradeﬂgf;f Weili‘speed, Inc. 15

- ..



DESIGN CONSIDERATIONS - POWER TRANSFORMER

Proximity Effect

SR

Skin Effect l Q Wire diameter selection based on frequency

O Litz wire winding

Core Loss Thermal Management Q Air Gapped Ferrite Core

= ‘ d Good winding design minimizes Eddy current loss

&K

. | 3—)» Fringing Effect

O Thermal design to cover max & min fs

Extra power loss due
to Eddy Current
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PARAMETERS AND PERFORMANCE COMPARISON- TX CORE MATERIAL

Bmax
Pv(200mT/100kHz)
T _range optimized
Frequency

Range

Vendor

3000

530mT@ 25 °C
410mT@ 100 °C

350kW/m3@ 25 °C
290kW/m3@ 100 °C
25 °C-100 °C
<500kHz

Ferroxcube

3000

550mT@ 25 °C
430mT@ 100 °C

320kW/m3@ 60 °C
380kW/m3@ 140 °C
50 °C-150 °C

<500kHz

Ferroxcube

3300

520mT@ 25 °C
410mT@ 100 °C

380kW/m3@ 25 °C
300kW/m3@ 100 °C
25 °C-120 °C
<500kHz

TDG
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DESIGN CONSIDERATIONS - RESONANT CHOKE
Proximity Effect

l O  Wire diameter selection based on frequency

O Litz wire winding

i

O NPX Powder Core instead or Air Gapped Ferrite

B,

O Balance of Core Loss and Winding loss

Saturation Flux Density Bs (T)

4 Low thermal resistance at system level

Core Loss Pcv (mW/cm?)

18
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4LAYERS POWER BOARD

Power loop

JE—
—— Ground Shielding
S

 ———Signals

N WN -

Tips(for 4layers PCB):

* No overlap between sensitive signals and the power
loop.

« 3dlayerfor GND.

* Theground layer acts as a shielding to cover the
signal traces and gate drive circuit at the 4% layer.

20



COMPONENTS PLACEMENT

« Avoid overlap between Gate, Gate drive circuit, bias power supply for Gate
drive and the drain of the MOSFET.

@ e e
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R

Gate drive loop S L
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HIGH DV/DT TRACE/NODE
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« Keep the sensitive signals far away from the high dV/dt trace/nodes.

« Keep the sensitive signals far away from the high magnetic field such as resonant choke, power transformer.

« Small pad size of Drain nodes to reduce the coupling and parasitic capacitance ,



PARASITIC CAPS OF PCB

C =g S/41kd

1/411k =8.85x10"12F/m
e of FR4 >~4.3

d = 0.0001m

For 1 cm 2 PCB trace overlap:

C =4.3*0.01*0.01*8.85x10-12 /0.0001=38pF
Pc =0.5*C*f*v?= 1.2W for 800Vbus hard switching @100kHz




SENSITIVE SIGNALS
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» Keep the sensitive signals far away from the high dV/dt trace/nodes.
» Keep the sensitive signals far away from the high magnetic field such as PFC choke, DCDC power magnetics.
* Route them at edge or the power board or other “clean” areas.
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HIGH DI/DT LOOP
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*Place ceramic and film caps as close as possible to minimize the high frequency di/dt loop.
*Proper PCB layout of the power components to minimize the high frequency di/dt loop.



HIGH DI/DT LOOP

small di/dt loop

ord Hefyrne  _@me Woe

*Place ceramic or film caps as close as possible to minimize the high frequency di/dt loop.

*Proper PCB layout of the power components to minimize the high frequency di/dt loop.
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IMPACT FROM THE LEAD AND PCB INDUCTANCE

' or n
Il R 111
3' 3‘ ,'

Al -

Long lead introduces drain voltage spike due to
parasitic inductance.

Long lead increases the conduction loss

Long lead impact the miller clamp

Long lead introduces gate voltage oscillation.

I

L PCB

il
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SIC MOSFET GATE DRIVER

Minimized the loop of gate drive

Minimized the loop of active miller clamp

Separated gate source. Don't introduce parasitic inductance from power source loop
Place the external Gate to Source cap as close as possible to the MOSFET

28
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WAVEFORMS

3phase Interleaved
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WAVEFORMS
Full Bridge
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VOLTAGE AND CURRENT SHARING

Two windings in parallel Co-axial winding
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EFFICIENCY TEST RESULT

98.50
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0.0

Efficiency under different output voltage
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—8— 650Vin- 500Vout

—8— 650Vin- 596Vout

—8— 720Vin- 660Vout

850Vin- 779Vout
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650Vin- 250Vout

—8— 655Vin- 300Vout

—&— 750Vin- 344Vout

—8—3850Vin- 389Vout

—8—850Vin- 500Vout

—8—650Vin- 200Vout
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THERMAL RESULTS

Inlet Calculated Power Calculated

Part Number Rth (j-c) (c/w) Loss (watts) Case Temp. Junction Temp.

Air Temp. Max. Junction Temp. Comments

660Vdc Input, 300Vdc Output 30kW 100A
C3M0040120K Q1 . 41 77

650Vdc Input, 200Vdc Output 20kW 100A

C3M0040120K Q1 . 53.4 86.5

850Vdc Input, 500vVdc Output 30kW 60A
C3M0040120K Q1 . 27.7 51.7

Heatsink Calculated Power Calculated

Part Number Rth (j-c) (c/w) Loss (watts) Case Temp. Junction Temp.

Max. Junction Temp. Comments
Temp.

660Vdc Input, 300Vdc Output 30kW 100A

C3M0040120K Q1 . 43.7 100.3 120.4

650Vdc Input, 200Vdc Output 20kW 100A

C3M0040120K Q1 . 55.5 104.4 129.9

850Vdc Input, 500Vdc Output 30kW 60A
C3M0040120K Q1 0.46 30.1 95.5 109.4 175 °C PASS



SUMMARY

Thanks to the low power loss of C3M 1200V SIC MOSFET and the
flexible control scheme, all the design targets are achieved.

v" High Power Density 7’
High Efficiency
Wide battery voltage range 200Vdc-1000Vdc

Low parts counts, 6 pcs TO-247-4 1200V 40mohm SiC MOSFETSs to cover 30kW

N X

Easy to extend to 60kW by using 12 pcs MOSFETs
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