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This document is prepared as an application note to install and operate Wolfspeed evaluation hardware.

All parts of this application note are provided in English, and the Cautions are provided in English, Mandarin, and Japanese. If
the end user of this board is not fluent in any of these languages, it is your responsibility to ensure that they understand the
terms and conditions described in this document, including without limitation the hazards of and safe operating conditions for
this board.
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Note: This Wolfspeed-designed evaluation hardware for Wolfspeed® components is a fragile, high
voltage, high temperature power electronics system that is meant to be used as an evaluation tool in a
lab setting and to be handled and operated by highly qualified technicians or engineers. When this
hardware is not in use, it should be stored in an area that has a storage temperature ranging from -40°
Celsius to 105° Celsius. If this hardware is transported, to avoid any damage to electronic components,
special care should be taken during transportation to avoid damaging the board or its fragile
components and the board should be transported carefully in an electrostatic discharge (ESD) bag, or
with ESD or shorting protection that is the same as, or similar to, the protection that is or would be used
by Wolfspeed when shipping this hardware. Please contact Wolfspeed at sic_power@Wolfspeed.com
if you have any questions about the protection of this hardware during transportation. The hardware
does not contain any hazardous substances, is not designed to meet any industrial, technical, or safety
standards or classifications, and is not a production- qualified assembly.
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CAUTION

PLEASE CAREFULLY REVIEW THE FOLLOWING PAGES, AS THEY CONTAIN
IMPORTANT INFORMATION REGARDING THE HAZARDS AND SAFE OPERATING
REQUIREMENTS RELATED TO THE HANDLING AND USE OF THIS BOARD.
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CAUTION

DO NOT TOUCH THE BOARD WHEN IT IS ENERGIZED AND ALLOW THE BULK
CAPACITORS TO COMPLETELY DISCHARGE PRIOR TO HANDLING THE BOARD.
THERE CAN BE VERY HIGH VOLTAGES PRESENT ON THIS EVALUATION
BOARD WHEN CONNECTED TO AN ELECTRICAL SOURCE, AND SOME
COMPONENTS ON THIS BOARD CAN REACH TEMPERATURES ABOVE 50°
CELSIUS. FURTHER, THESE CONDITIONS WILL CONTINUE FOR A SHORT TIME
AFTER THE ELECTRICAL SOURCE IS DISCONNECTED UNTIL THE BULK
CAPACITORS ARE FULLY DISCHARGED.

Please ensure that appropriate safety procedures are followed when operating
this board, as any of the following can occur if you handle or use this board
without following proper safety precautions:

e Death

e Serious injury

e Electrocution

e Electrical shock

e Electrical burns

e Severe heat burns

You must read this document in its entirety before operating this board. It is not
necessary for you to touch the board while it is energized. All test and measurement
probes or attachments must be attached before the board is energized. You must
never leave this board unattended or handle it when energized, and you must always
ensure that all bulk capacitors have completely discharged prior to handling the board.
Do not change the devices to be tested until the board is disconnected from the
electrical source and the bulk capacitors have fully discharged.

PRD-06616 REV. 1, September2022 3.6kW High-Efficiency and High-Power-Density Totem-Pole PFC Converter © 2022

Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfspeed logo are registered trademarks and the Wolfspeed logo is a 4
trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective owners

and do not imply specific product and/or vendor endorsement, sponsorship, or association



—
Wolfspeed.

H
[=]

I

ISVEERER MEMIRT, ERPRFRINEATERSHVET RN, RERRE,
ZHER LEEEFARRANEREE, R L—2RHNRERTGET 50 BERE. L, &
fREEIRS, DIRERAIRESENIES, BEEAREEAREEREREN.

BFRFIINBRET ERNZEME, SNTESEN TIEk:

e BT

o FEHE
o fFE

o HE

o HXYfH

o ERIR(D

ISR AR FRISSRIEA NG, BEREIEEMRT. FralidSNER SO
WA ERERER. BEN, RIEERFETEASFRE, BEREIHEFRF. LIUBRERRE
WFEl, ARERTHRCENTIERE. REEIRTEIR, BEXSERRSRTEMNE
&, AR

PRD-06616 REV. 1, September2022 3.6kW High-Efficiency and High-Power-Density Totem-Pole PFC Converter © 2022

Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfspeed logo are registered trademarks and the Wolfspeed logo is a 5
trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective owners

and do not imply specific product and/or vendor endorsement, sponsorship, or association



e
Wolfspeed.

I

A
=]

HEL THWBHR, R—FeEMyz0E251LTd. A—F205 9 201, KEEDI>T
VH—TENERECHUINETT., BEL L. A—FCOELFHORIENFEL T
WAAREEELR DD FF. F—FDEYP 2—VOREE S0 ERLEca2nbLlititA. &
fo. BIEV > 218 LRLORMB L IE 6 {Figid 200 H 0 £ 3D T, KEED >
T U —TENETECHNT 2 & THio TL 230,

R—N58ET 2L &, FHMLZEV—IVEFI2D5MHEINETT. a0 e, LLTFOD
Gl d 2a[ReEnH 0 &£ ¥

e
i
B
e
BAD K
BiL Gkl

YR — FEBRIET 2R, BACUEHE L AMA T LS L, BEL TORICA—FE
BT 2 0ERDHY EHA. BETIMECLTIXRTORBHO T o —7"H20187 74
V=% D80TS0, BEL TOARCEANBEHCR—F28ET 203214, &
— NEHET BRI, REBD IV 7 v —TCHENEZRECHINT 205 LFHERL TL 72
SV, A—FOEFLY->12B. L KEEDI YT v H—CRNEZECHBL 2. R
Bekfs e L0z 22 ENTEE T,

PRD-06616 REV. 1, September2022 3.6kW High-Efficiency and High-Power-Density Totem-Pole PFC Converter © 2022

Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfspeed logo are registered trademarks and the Wolfspeed logo is a 6
trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective owners

and do not imply specific product and/or vendor endorsement, sponsorship, or association



.
Wolfspeed.

Contents

1. INErOAUCTION oeeiiiieciieteceet ettt ettt e s te e s e e st e e st e s be e aeessbaesssesssaessaasssasssennsanns 8
2. DESCIIPLION coiiiecieecteecee ettt e re e e sa e e e rta e e s be e e e be e s e abe e e s st e e e bteeesbee e raeeesaeennraeennes 10
3. Electrical Performance CharaCteriStiCS.....ccuviniireriieneiieniestesiecreseeie e 11
BL L APPLICATION 1ottt e be e b e e be e s rbe e aa e et e e baessbeenreas 11
I LT | (0] =3P PRSPPI 11
4, SCREMALICS cuteruieiiiiereeieet ettt ettt s et e st e st e et e st e s be st e sse e beetesasebesssasseebeensesaeeseensannes 12
4.1 POWET BOAIM ...cccuiiiiiiiieeieecte ettt ettt st st esae s ste e s b e s sbeessaesbaessbeesbaessseessaesnseeseasssesnses 12
4.2.High-Frequency Half-Bridge BOArd ..........cccuecuevienienenenenieieieiesiesiesiesie s ee et saessesae e snes 13
4.3.C0NTIOLBO@IM c..uviiiiiiiiiieeieeteete ettt ettt e s b et e st e st e st e et e s be e aaesbaenaaens 14
4.4, AUXILIAry POWEI BO@Id.....ccovuiiiiiiiiiiieniteteeie ettt et s st sateste st e sbeesaaesbesssaesasaesanens 16
5. Hardware DeSCIIPLION ...uii ettt ettt et te e s ae e be e ssbe s baesbe e beessbeensaesnsaeseans 18
5.1 POWEN BOAId ... eiiiieeiiecieeeeceete sttt ettt e st e s e e s be e s b e e beessae s baessbe e saassseansaesnseenseans 18
5.2.C0NTIOLBO@IM ....uiiiiiiieiieeieeeste ettt ettt ettt be e s aa e st e et a e st e e st e s sbe e aaesbaenaaens 18
5.3.AUXIlIary POWEI BO@Id......cccuiiriiiieiiieeiieniesie ettt st s e st e st st e sbeesaaesssesssnesasaesanens 18
6. COMMUNICATION. ottt ettt s e e e st e e s bt e s s ba e s sabaeessbeeesaeesssaeesssaeenssaeense 20
6.1.Graphical User INterface (GUI) ... cieiereeiecieeesieeeese et este et sae et e a e sae v s aesnas 20
6.2.CAN Communication Data FOrMaAt ......cccceeiiiiniiiiniiiinteeieesite et sreeesneeesane 22
T TS SOEUP ettt e et e e st e e e s s a e e e s a e e e st a e e e s abaaeeesnraeeeenaraaaeanes 23
T L EQUIPIMENT ettt ettt te e st e e e ste e e ae e s ba e e s ba e e s baeessbaesssbaeesstaeestaeasaaesssaeesssaeanssaeenses 25
7.2.RecoOMMENAEd TEST SETUP .eevuviiiiiiiiieeeerte ettt ettt ta e st e e ae e sbesssaesssaesanens 26
T3 PTOTECHIONS ettt ettt s e e s bt e s st e e s eabeessabeesssbaesssbaesssneesssaesnssaesnnne 27
T A.MEASUIEd ParamELOrS .....cicuieciieciieeieecte et eete st este et e s te s teessbeesbeesssesssaessbeesseasssesssaesnsasseens 28
8. TeSHING the UNit..ciiieiiiiiieeieeeeee ettt st ettt ettt e sae e b s nesas 29
8.1.STAITUP PrOCERAUIE.....eiiiiiiiieeieete ettt ettt st e st e s be e s b e s ba e st e e baessbeessaesasaenseens 31
8.2.TUIN Off PrOCEAUIE.....iiciiieiiecieete ettt ettt ettt te e s ae e be e s be s ba e st e e beessbeessaesnsassseans 32
9. Photo Of REfErenCe DESIGN....couiivuieierieieeteeteree ettt ettt ettt et st e sae e b e sas 33
10. Performance Data ....cccccueeciieieiecieeecseete sttt st ste s te st eesaesae e ae et e sse et e e sesaeesaeesaessaenaanns 34
11, TYPICAl WaVEfOIMS .ottt ettt ettt e et e s r e et e e s e saaesaessaessaensans 36
12. Thermal Design and TeSt RESUILS ......ociivierieniieiieriererierteseete sttt sae s sne e esaeens 38
13, APPENAIX e eeiiirieeieeitieete et eete et e e te e bt eeaeesbeesraeesbeestae e bee e st e ebeessae e b e e baeebeeasaeenbaebaeenbeensaenases 39
13.1. CAN MeSSAEES FrOM PFC....couiiiiiieiiienienienie sttt sttt ettt et s e sbesae s s sse e nes 39
13.2. CAN MESSAGES tO PFC ..ottt 41
14, REVISION HiSTOIY ..uiiiiiiiiiiieiieeccte ettt e st e st e s s e e s s be e s sate e s sbeessabaeesaaesssaeesssaeesssseensses 41

PRD-06616 REV. 1, September2022 3.6kW High-Efficiency and High-Power-Density Totem-Pole PFC Converter © 2022
Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfspeed logo are registered trademarks and the Wolfspeed logo is a
trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective owners
and do not imply specific product and/or vendor endorsement, sponsorship, or association

7



-
Wolfspeed.
1. Introduction

This User Guide provides the schematic, artwork, and test setup necessary to evaluate Wolfspeed’s CRD-
03600ADO065E-L, 3.6kW High-Efficiency High-Power-Density Totem-Pole Power Factor Correction (PFC)
converter for data centers, telecom base station, mining power and similar applications.

Ablock diagram of the 3.6kW Totem-Pole PFC Converter (P/N CRD-03600AD065E-L) based on SiC MOSFETSs is
shown in Figure 1. This design is based upon one of Wolfspeed’s latest generation of SiC MOSFETSs -
C3M0045065L (650V, 45mQ, TOLL). This reference design is the grid connected stage of a totem-pole PFC
converter. As shown in Figure 1, it operates from grid supply at AC terminals and provides a non-isolated DC
output voltage at the DC terminals.

High Frequency Board

. Isolated tl- tl-
Gate |t
Dri ® C3MO0045065L
river TOLL package C3M™ 650V Silicon Carbide Power
. Dual MOSFET
Vin Isolated o C3MO0IS065D
180V-265V AC Gate [ TO-247 package C3M™ 650V Silicon Carbide Power
" MOSFET
Driver Vpc
B Y uccs3s0
-1 5A, High Voltage, Isolated Gate Driver with Miller Clamp
N b
[ ] 5i8233BB
4A, 2.5kV Isolated Dual Channel gate Driver
®  1MS320F280049C
2000 real-time microcontroller MCU with digital control
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m 36V H-Bridge Transformer Driver for Isolated Supplies

Gate

Driver

- @
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[€— Vcutral SENSE

CONTROL CARD
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Figure 1. Block Diagram of Wolfspeed'’s CRD-03600AD065E-L, 3.6KW Totem-Pole PFC converter

The front-end AC/DC PFC stage uses a single-phase bridgeless totem-pole PFC topology. It creates a DC link
voltage for the later DCDC stage. This topology can further reduce the number of semiconductors compared
with traditional PFC topology and achieve higher efficiency by using Silicon carbide products. The 3.6kW
Totem-pole PFC operates under continuous conduction mode (CCM) with low power loss thanks to the low
Qrr of the SiC device.
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This Totem-Pole PFC evaluation board uses our latest TOLL package SiC MOSFET - C3M0045065L. Compared
to the standard TO-263-7L Package, the TOLL package has lower lead inductance which enables higher
efficiency; and a larger back metal tab that enables better thermal performance and lower junction
temperature. The TOLL package has a 25% smaller footprint and a 50 % height reduction. In this reference
design, the high-frequency devices and corresponding driving circuits are integrated on one single small
daughter card, making full use of the vertical space and effectively improving the overall power density (92
kW/in®) with a size of 220mm (L)x73mm (W)x40mm (H).

To meet different requirements, the output voltage is adjustable between 380 Vdc and 420 Vdc by GUI. A
resistive load connected to the DC output is recommended for testing.
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2. Description

This reference design uses Wolfspeed’s 650V/45mQ SiC MOSFET- C3M0045065L (TOLL package). Asingle SiC
MOSFET is used for each position (high-side and low-side).

The unit’s input accepts a single-phase voltage between 180 Vac and 265 Vac, and its output provides a
voltage between 380 Vdc and 420 Vdc. The AC input of the unit is protected by fuses. The input’s under-
voltage protection and the output’s over-voltage protection are controlled by the digital controller (refer to
Section 7.3 of this User Guide). An external power source is needed to power the fan to cool the unit.

The unit must be started with open load to prevent damage of the NTC during startup. The load may be
increased incrementally after the output voltage has reached steady-state regulation. A graphical user
interface (GUI) communicates with the unit viaa CAN communication bus. Itis used to monitor and display
operational information and to provide related user controls. The output voltage is configurable through the
CAN interface.
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3. Electrical Performance Characteristics

PARAMETER | TEST CONDITIONS IMIN | NoM | MmAX | uniTS
Input Characteristics
Vinag) Input voltage 180 230 265 Vims
farid Frequency 48 50/60 62 Hz
fow Switching frequency 60 kHz
Output Characteristics
Vour Output voltage Vin = Vuin t0 Viuax, lour =0 to Iyom| 380 400 420 \Y
Viipple Output voltage ripple \3/1'25:\/%,30\/’ Vour =400V, Pour = 25 v
Pout max Output power Vv = 180Vac to 265Vac 3600 w
System Characteristics
Npeak Peak efficiency }QST::VES&;\(/;}“.ZT‘(‘HSS)\/’ 99%
Vin = Vowm,
Nfull load Full load efficiency Vour= 400V 98.6%
lour = 100% Of lour(mom
Mechanical
Width 73
Dimensions Length 220 mm
Component height 40

Table 1: Specifications of Wolfspeed’s CRD-03600AD065E-L, 3.6 kW Totem-Pole PFC converter

3.1. Application

The primary application of the Wolfspeed CRD-03600AD065E-L reference design is a bridgeless totem-pole
PFC. The output should be connected to a resistive load or an electronic load. For the electronic load, CR -
Constant Resistor mode, is recommended.

3.2. Features

Some of the features and limitations of Wolfspeed’s CRD-03600AD065E-L reference design are listed below:
e Wide ACinputvoltage range: 180V - 265 Vrms
e 380Vdc-420Vdcoutputvoltage
e Maximum output power: 3.6kW between 180 Vac to 265 Vac
e Switching frequency: 60 kHz.
o Peak efficiency > 99%.
e Protection functions are shown in Table 4.
e Easy to test using GUI communication via CAN. See Section 6 and Section 13 for details.
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4, Schematics

Note: Complete design files, including full-size schematics are available for download from the Wolfspeed
reference design website ( https://www.wolfspeed.com/products/power/reference-designs )

Schematics of the power board, high-frequency half-bridge daughter card, control board, and auxiliary-power
board are shown in Figures 2 through Figure 5.

4.1. Power Board
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Figure 2a. Schematic of Power Board: Input EMI Filtering and Inrush Limiting Pre-charge Circuit
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Figure 2b Schematic of Power Board: Main Converter MOSFETs and DC Bus

R13
AN — A 3.3V
0
L pssorciqce =
= Ip+ vee ]
= - 1P voC
— IP+ FAULT
— =— P~ viOoUT _—L_
o 1p- PRO =
— 1P GND SAERLY

0
IP- GND I
=14
02 —
AGND o 0.33n
IL-
0

Figure 2c. Schematic of Power Board: Current Sensing
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Figure 2f. Schematic of Power Board: Connectors to other boards

High-Frequency Half-Bridge Board
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Figure 3. Schematic of High-Frequency Half-Bridge Board

4.3. Control Board
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Figure 4a. Schematic of Control Board: Controller

PRD-06616 REV. 1, September2022 3.6kW High-Efficiency and High-Power-Density Totem-Pole PFC Converter © 2022

Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfspeed logo are registered trademarks and the Wolfspeed logo is a 14
trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective owners

and do not imply specific product and/or vendor endorsement, sponsorship, or association



N
Wolfspeed.

u3n
OPAZ3T6AQDRAT
1

gy OREF1.65

Choke current sample

cas

6

o
Near DSP T
AGND

“| ues
G OPAZ3TG)
AQDRQ1 L

DR

AR | NewDsP AGH

e T D_3.3V
HF Temperature G0
P > Templ (77}
Teamp_HF C l 10k
AaD RAT 11(
- Tocp Tocpl
C54
uTe i
' DGND
Output Voltage sample T ;i Inductor current sensing
3V
Rat D_33V Tﬂgk
10k
Rz RéD
Vovp O— " —4 e 1k —OVuvpl
T it T, i
it Near DSP 11
[Near DSP
1S =
= DGND
DGND
AGND
ATV = Output Voltage protection sz =
Figure 4b. Schematic of Control Board: Sample circuits
D33V
9] ¥4 P
a0 vee |2 i) l.—“l'DGND
Al WP L OWP
a2 scL £ OSCL
vss  spa [
24LCI6BT-ISN qn Sees Lo
10k 10k 10k
SDA
D 2:3.1521“,}”

E2PROM D33V

caiow
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5. Hardware Description

5.1. Power Board

As illustrated by Figure 2a to 2f and Figure 3, a totem-pole PFC topology with four MOSFETSs is selected for the
converter. Single-phase AC line supply is connected to terminals “AC-L” and “AC-N” CON1 and 3, respectively,
followed by a fuse (F1) and MOV (VAR1). Electro-magnetic interference (EMI) filters CL1_Al and CL2_Al and
X/Y capacitors are connected next. These are followed by a solid relay (RLY1) and negative temperature
coefficient (NTC) resistors (RV1~RV2) through which the DC link capacitors are charged. NTC resistors will be
short-circuited by the relay when the output capacitors are charged. The power factor correction (PFC) choke
and current sensor (U2) are connected between the relay and the midpoint of the high-frequency bridge
consisting of two Wolfspeed SiC MOSFETs (Q2~Q3) located on a separate high-frequency half-bridge board. As
illustrated by Figures 2b, two Wolfspeed SiC MOSFETs (C3M0015065D, 15mQ/650V) are used on the low-
frequency bridge for low power loss. A gate driver from Skyworks Solutions Inc. (P/N: SI8233BB-D-IS1) is used
for the low-frequency MOSFETSs. The bus-side DC terminals are CON2(+) and CON2(-), followed by two
electrolytic capacitors which absorb the high-frequency ripple on the DC port. Several film and ceramic
capacitors are also arranged in parallel to filter the high-frequency components.

As illustrated by Figures 3, the TOLL package SiC MOSFETs (C3M0045065L) are selected for the high-frequency
bridge daughter card. All of the gate drivers from Texas Instruments Inc. (P/N: UCC5350MCQDQ1) are
separately powered by isolated bias power supplies. A half-bridge driver (P/N: MAX13256ATB+T) and a
transformer custom designed by Wurth provide three isolated outputs that power the gate drivers.

5.2, Control Board

As illustrated by Figure 4a to Figure 4f, the control board, which carries out the control algorithm of the entire
system, is designed using a Texas Instruments Inc. controller (P/N: F280049CPZS). The DC voltages +5V, +3.3V
and +1.2V needed for the control board are generated from an isolated power supply on the main board and
supplied to the control card via connector J1. As shown in Figure 4f, the power supplies for analog and digital
circuits are separated by ferrite beads (L1, L2, L3). The analog ground and digital ground are connected finally
by a 0Q resistor (R21). All output drive signals are buffered and shifted to a +5V level by a level-shifter from
Fairchild Semiconductor International Inc. (P/N: MC74HCT50A). The reference voltage for the controller’s ADC
(Analog-to-Digital Converter) is +3.3V generated internally by the DSP.

5.3.  Auxiliary Power Board

The input voltage of the auxiliary power board is from the output of the converter. It provides four isolated
output voltages, as shown in Table 2.
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Input/Outputs Net Name Comments ‘
Input VBUS/PGND Typical Input of the Auxiliary Power Board
Output 1 +12VP/AGND 15V Power Supply for MOSFET Gate Drivers
Output 2 +6.5V/AGND 5V Power Supply for control board

Output 3 CAN+5V/CAN_GND | 5V Output for CAN Communication

Table 2: Input and Outputs of Auxiliary Power Board

On the main board, a +5.0V voltage is generated (tightly regulated) from the +6.5V output of the auxiliary
power by a linear regulator (U1 P/N: NCP1117IST50T3G). The +12V voltage rail powers another precision linear
regulator from Texas Instruments Inc. (U5, P/N: TPS54294PWP), which generates both the +3.3V and +1.2V
voltage rail.
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6. Communication

6.1.  Graphical User Interface (GUI)

A Windows C# Graphical User Interface (GUI) in conjunction with USB-CAN tools (GCAN: USBCAN-I) is provided
for testing. Connector J4 is used for CAN, as shown in Figure 7.

Accompanied with the 3.6kW totem-pole PFC unitis a USB flash disk containing two file folders. First, find the
folder named by “USBCANTool”, and install this driver on your computer. Another folder named
“WolfspeedControlPannel” is the monitor for this reference design. Run the file “ECanTest.exe” in the path
“WolfspeedControlPannel>ECanTest>bin>x64>Debug”. Before you connect the GUI with the converter, please
make sure the CANH and CANL are connected with the control board located on the mainboard, and the USB
is connected to your computer. After that, select the Baudrate as “125k Bit/sec” and click the “CONNECT”
button, as shown in Figure 6a. The CAN status is shown as Figure 6b after the connection is successful.

8 Wolfspeed Monitor-CRD03600ADOGSE-L — x| 8 Wolfspeed Monitor-CRDO3600ADO6SE-L x
| | s
CAN Baudra({ 125 kBt /sec vl II Reset Readinfo CAN Baudrate |125kBt/sec |  Discomneat Reset Readirfo

CANStatus PFC Converter

Write Messages | Write Messages
ID (Hex): Length: Data (0.7): . ) | 1D (Hex: Length: Data (0.7 o -
18A5E5F4 | [JExtended 8 |3 ORrTR i@ii o_nﬂn_w\i Send | |18ASESF4 | FExtended 8 = OORTR o1 [oo| [FF| [FF| 01| |Fa| 01| |68 Send

Messages Reading

CANStatus PFC Converter

essages Reading

Clear | | [Rec: Time:15:28:14:490 ID:1CB3F4ESh FormatData Type:Exten Data:11 00 00 05 00 FF 00 Ff |~ || Clear
| Rec: Time:15:28:14:550 1D:18B4F4E5h Format:Data Type:Exten Data:00 00 00 00 00 00 00 00
|| |Rec: Time:15:28:14720 1D:1CB2F4E5h FormatData Type:Exten Data:00 00 00 06 00 00 00 00
{1 |Rec: Time:15:28:14990 ID:1CB3F4ESh FormatData TypeiExten Data:11 00 00 05 00 FF 00 FF
| Rec: Time:15:28:15:050 1D:18B4F4E5h Format:Data Type:Exten Data:00 00 00 00 00 00 00 00
| Rec: Time:15:28:15:220 1D:1CB2F4ESh FormatData Type:Exten Data:00 00 00 06 00 00 00 00
Rec: Time:15:28:15:490 ID:1CB3F4ESh FormatData Type:Exten Data:11 00 00 05 00 FF 00 FF
1| | Rec: Time:15:28:15:550 1D:18B4F4ESh Format:Data Type:Exten Data:00 00 00 00 00 00 00 00
Rec: Time:15:28:15:720 ID:1CB2F4ESh Format:Data Type:Exten Data:00 00 00 06 00 00 00 00
Information Informaton
Clear = Clear
sm CAN1 Success
EroCode: — RegrCourt: Il TunCount:  — EroCode:  0000h TeErCourt:  0000h
|
Figure 6a. CAN Status Tab before Connection Figure 6b. CAN Status Tab after Connection
85 Wolfspeed Monitor-CRDO3600ADOGSE-L - X 5! Wolfspeed Monitor-CRDO3600ADO65E-L - X
Setup Setwp
CAN Baudrate 125kBit/sec v Disconnect Reset Readinfo CAN Baudrate 125kBt/sec v Discannect Reset Readinfo

CANStatus PFC Converter CANStatus PFC Converter

Output Side Info Grid Side Info General Info, Output Side Info Grid Side Info General Info.
vout: [SESHI Vac: 2S00 lac: 1.0A SWVER: 1.01 COMVER: 1.02 Vout: - Vac: - lac: 0.2 A SWVER: 1.01 COMVER: 1.02
Sron 50000 He InVmin: 180V OutVmin: 380 V Frec: [SO000FE] InVmin: 180V OutVmin: 380 V
InVmax: 264 V QutVmax: 420 V InVmax: 264 V OutVmax: 420 V

Pmax: 3600 W

Pmax: 3600 W
AC Relay: Closed Get Para AC Relay: Closed Get Para

3.6kw Totem pole PFC 3.6kw Totem pole PFC

Voltage Reference

PFC Control CMD PFC Control CMD

ON/OFF ON/OFF
O OoN @ OFF Send to PFC @® ON O OFF
Vout: (300
EmorCode:  0000h RxEnCount: [Nl  TxEnCount: 0000h EnorCode:  0000h FxEnCourt: [l  TxEnCount: 000Ch
Figure 6¢. CAN Status Tab before Start Up Figure 6d. CAN Status Tab after Start Up
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The over/under voltage-protection is indicated by the background color of the voltage value. “Green”
indicates “Normal Operation” while “Red” indicates “Warning Issued.” The ambient temperature sensed by
the ICis displayed in the panel as well. You will see the initial status “Vin UVP” reminder before start up, as
shown in Figure 6¢ . This is normal, and it will disappear when the control command is sent.

As shown in Figure 6d, the input voltage, frequency and inductor current will be shown in the “Grid Side Info”.
The output voltage will be shown in “DC-Link Info”. The specification about this reference design will be
shown in “General Info” by clicking the “Get Para” button. Voltage reference is the desired output DC voltage.
After sending the CAN frame with voltage reference, the digital controller will check the value range each time.
The converter will start up once it receives the CAN frame with the “ON” configuration. The converter will shut
down once it receives the CAN frame with the “OFF” configuration. Protection reminder will be shown in the
monitor in red text. All protection reminders are listed in Section 7.3.
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6.2. CAN Communication Data Format

The reference design communicates over a CAN V2.0B bus at 125K bps (bits per second) using extended frame
format (29 bits extend ID). The data length is 8 bytes in big endian format. All registered CAN messages are
listed in Section 13.2 and Section 13.3.

Table 3 below provides an example when “0x18A5E5F4” is sent as the message identifier and
“OxFFOOFFFFOFOAFFFF” is sent as the CAN data. When the converter receives this CAN frame, it will start up
with the output voltage 385V.

User must take precautions to prevent overloading.

Message Identifier: 0x18A5E5F4

Data ByteO Bytel=0x01 | Byte2+Byte3 | Byte4+Byte5= Byte6+Byte7
0xOFO0A
Property | Reserved | On Reserved DC Voltage: Reserved
(OXFFFF) (OXFFFF) O0xOFO0A*0.1V =385V | (0xFFFF)

Table 3: Example of Control Command
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7. Test Setup

CAUTION

IT IS NOT NECESSARY FOR YOU TO TOUCH THE BOARD WHILE IT IS ENERGIZED. WHEN DEVICES ARE
BEING ATTACHED FOR TESTING, THE BOARD MUST BE DISCONNECTED FROM THE ELECTRICAL SOURCE
AND ALL BULK CAPACITORS MUCH BE FULLY DISCHARGED.

SOME COMPONENTS ON THE BOARD REACH TEMPERATURES ABOVE 50° CELSIUS. THESE
CONDITIONS WILL CONTINUE AFTER THE ELECTRICAL SOURCE IS DISCONNECTED UNTIL THE BULK
CAPACITORS ARE FULLY DISCHARGED. DO NOT TOUCH THE BOARD WHEN IT IS ENERGIZED AND
ALLOW THE BULK CAPACITORS TO COMPLETELY DISCHARGE PRIOR TO HANDLING THE BOARD.

PLEASE ENSURE THAT APPROPRIATE SAFETY PROCEDURES ARE FOLLOWED WHEN OPERATING THIS
BOARD AS SERIOUS INJURY, INCLUDING DEATH BY ELECTROCUTION OR SERIOUS INJURY BY
ELECTRICAL SHOCK OR ELECTRICAL BURNS, CAN OCCUR IF YOU DO NOT FOLLOW PROPER SAFETY
PRECAUTIONS.
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7.1. Equipment

AC Input Source: The input source must be an adjustable AC source whose output can be adjusted between
90Vac and 300Vac. It must be capable of supplying at least 5000W.

Output Load: A programmable high-voltage electronic load or a high-voltage resistor bank may be used.
Each must be capable of sinking 10A of load current supplied from the evaluation board whose output can be
420Vdc/3.6kW.

Power Meter: A power analyzer from Tektronix Test and Measurement Corporation (P/N: PA 4000) or any
other equivalent power analyzer should be used. An external shunt resistor should be used when the output
current exceeds the rating of the internal shunt resistor.

Oscilloscope: A 300MHz or greater digital or analog oscilloscope with 100MHz or greater isolated differential
voltage probes and isolated current probes (i.e., Hall effect) should be used.

Low voltage power supplies: The following power supply with an isolated ground should be used and must
be obtained separately:
1) 12Vdc @ 1.2A capability in total is required to power the cooling fans.

External Fans: Cooling fans should be used and must be obtained separately. As shown in Figure 7, a fan such
as the Protechnic DC12V/1.20A fan (P/N: MGT4012WB-W28) or an equivalent fan is used for cooling the
magnetics. The cooling fan can be placed to let the air flow to the PFC inductor and the CM inductor. The red
wire of the fan is the positive terminal and the black wire is the negative terminal. The temperature of the
magnetics should be monitored by an infrared scanner to verify the cooling fan setup during first-time testing.

J4 CAN J3 JTAG

Figure 7. Setup of the Reference Design

Recommended Wire Gauge: Cable with a minimum AWG #10 wire gauge is recommended to carry the DC
input and output currents.
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7.2. Recommended Test Setup

Fan Power Supply

PFC board |ameny fessthe

load

|

Oscilloscope Power analyzer CAN Monitor

Figure 8. Converter Test Setup

e Connectsingle phase AC source to the AC terminal (input).

e Connectthe resistive load bank to the DC terminal (output).

e Connect power analyzer to measure input and output power.

e Connect CAN communication wires to the control board.

e Use appropriately rated voltage and current probes and connect to the oscilloscope.
o Place and operate the external fans.
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7.3. Protections

Table 4 describes over/under voltage protection (OVP/UVP) and over current protection (OCP) functions in
the reference design. OCP protection is a one-shot protection that requires a system reset to clear the fault

and restart.

To prevent damage to the unit, do not overload the converter outside the operating specs.

Power Signal Protection Trip Point
Input Voltage UVP <180V
Output Voltage OVP >450V
PFC Tank Current OCP 35A (rms)

Table 4: Protection Details
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7.4. Measured Parameters

The MOSFETSs pins of the low-frequency bridge are exposed. Their gate and drain voltages must be measured
with caution. Probes should be connected to them only after the removal of input power and only after all
bulk capacitors have fully discharged. The power MOSFET pins of the high-frequency bridge are on the
daughter board, which are not easy to probe for TOLL package. We remove the test wires before shipment to

prevent a short circuit. Probing the pins of high-frequency MOSFETSs is not recommended.

NAME DESCRIPTION

Efficiency Measured with power analyzer

Input /Output Current AC current atinput and DC current at output

Input /Output Voltage AC input voltage and DC output voltage

Vgs /Vds Signals voltage across gate to source or drain to source of SiC MOSFETs
Auxiliary Power Board Please refer to Figure 5 and Table 2 for details

Outputs

3.3V/1.2V Controller +3.3V supply for Controller’s 1/0; +1.2V supply for Controller’s
Supply core

Table 5: Parameters that can be Measured

PRD-06616 REV. 1, September2022 3.6kW High-Efficiency and High-Power-Density Totem-Pole PFC Converter © 2022

Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfspeed logo are registered trademarks and the Wolfspeed logo is a
trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective owners

and do not imply specific product and/or vendor endorsement, sponsorship, or association

28



.
Wolfspeed.

8. Testing the Unit

CAUTION
***HIGH VOLTAGE RISK***

THERE CAN BE VERY HIGH VOLTAGES PRESENT ON THIS BOARD WHEN CONNECTED TO AN
ELECTRICAL SOURCE, AND SOME COMPONENTS ON THIS BOARD CAN REACH
TEMPERATURES ABOVE 50° CELSIUS. FURTHER, THESE CONDITIONS WILL CONTINUE AFTER
THE ELECTRCIAL SOURCE IS DISCONNECTED UNTIL THE BULK CAPACITORS ARE FULLY
DISCHARGED. DO NOT TOUCH THE BOARD WHEN IT IS ENERGIZED AND ALLOW THE BULK
CAPACITORS TO COMPLETELY DISCHARGE PRIOR TO HANDLING THE BOARD.

The connectors on the board have very high voltage levels present when the board is connected to
an electrical source, and thereafter until the bulk capacitors are fully discharged. Please ensure that
appropriate safety procedures are followed when working with these connectors as serious injury,
including death by electrocution or serious injury by electrical shock or electrical burns, can occur if
you do not follow proper safety precautions. When devices are being attached for testing, the board
must be disconnected from the electrical source and all bulk capacitors must be fully discharged.
After use the board should immediately be disconnected from the electrical source. After
disconnection any stored-up charge in the bulk capacitors will continue to charge the connectors.
Therefore, you must always ensure that all bulk capacitors have completely discharged prior to
handling the board.
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Notes:
1. Keep the output with no load when the converter starts up.

2. Do not overload the converter. The output power should not exceed 3.6kW.

3. Thereisno currentinrush limiter for DC port.

4. Always remember to connect the cooling fans to their power supplies and operate the cooling fans
when operating the board.

8.1. Startup Procedure

Please take the following steps in order when starting the unit:

1. Double check the setup: Make sure the AC source is connected to the AC terminals, and the load is
connected to the DC terminals.

2. Check the input status and make sure the AC source output is disabled.
3. Make sure no load or only a light load (10%) is applied to the DC terminals until step 10.
4. Apply 12Vdc to the cooling fan on the power board.

5. Turnon the AC supply (180V~265V RMS line-to-neutral).

6. Connectthe GUI to the system. Send “OFF” command after it is connected successfully.

7. Verify that the measured values (input voltage and current, line frequency, and output voltages) in the
GUI were reported correctly.

8. Send “ON” command with the desired output voltage (e.g., 400V). The converter will start up with the
desired voltage.

9. Afterthe output voltage has reached steady-state regulation, apply a load to the output with no more
than 2kW steps to prevent loop instability and overloading which can cause hardware damage.

10. Collect data such as efficiency, power factor, and current THD at different load conditions using the
power analyzer.

11. The output voltage can be changed using the GUI, User should make sure the load is also adjusted to
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avoid overloading. For example, the resistance of the resistive load needs to be increased accordingly
if the output voltage is increased.

8.2. Turn Off Procedure

Please take the following steps in order when shutting down the unit:

1. Reduce the load gradually to no load.

2. Use GUI to send “OFF” command.

3. Turn OFF the AC source.

4. Add a high resistance (1kQ) to slowly discharge the output capacitors

5. Turn “OFF” the load completely after the capacitors are fully discharged, i.e., the voltage reading on
the power analyzer reaches zero.

A 6. Capacitors may remain charged for up to 30 minutes after the circuit is turned OFF if steps 4 or 5 are

skipped or compromised. They must be allowed to fully discharge before handling the board. Please
check the terminal voltages with the power analyzer or a digital multimeter to ensure that the board
has fully discharged and is therefore safe to handle.

7. Turn OFF the 12Vdc power supply for cooling fan.
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Figure 9 shows the locations of the terminals, key components and daughter-boards on the Power Board.

Cooling Fans

Relay and NTC

PFC

AC Terminals

EMI Filter

HF Bridge Board

Control Board

Output Capacitors

DC Terminals

Figure 9: Top View of PCBA (220mm *73mm *40mm)
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Shown below is measured performance data of Wolfspeed’s CRD-03600AD065E-L reference design board

under various conditions. Table 6 shows the performance data.

Input Input Load Output Output Overall
Voltage Power (%) Voltage Power ::::2: Efficiency

(Vac) (W) (Vdc) (W) (%)
180 0.4041 10 400 0.39669 9.1998 0.9652 98.164
180 0.71963 20 400 0.70961 6.8056 0.9863 98.608
180 1.127 30 400 1.1129 47323 0.9931 98.743
180 1.4451 40 400 1.4264 3.7907 0.9952 98.703
180 1.8564 50 400 1.832 2.9334 0.9962 98.684
180 2.1762 60 400 2.1454 2.491 0.9966 98.584
180 2.5661 70 400 2.5246 2.0759 0.9972 98.38
180 2.9722 80 400 2.9179 1.782 0.9979 98.173
180 3.2991 90 400 3.2335 1.6023 0.998 98.013
180 3.7084 100 400 3.6281 1.4488 0.998 97.836
230 0.40275 10 400 0.39653 9.2174 0.9384 98.455
230 0.7183 20 400 0.71027 7.9509 0.9793 98.883
230 1.1234 30 400 1.1122 5.7366 0.9914 99.007
230 1.4397 40 400 1.4258 4.6291 0.9945 99.035
230 1.8246 50 400 1.8068 3.6952 0.9963 99.022
230 2.2227 60 400 2.1997 3.0207 0.9972 98.965
230 2.5465 70 400 2.5186 2.6224 0.9975 98.895
230 2.9463 80 400 2.9124 2.2236 0.9978 98.847
230 3.2548 90 400 3.214 1.9957 0.998 98.746
230 3.6601 100 400 3.6081 1.7761 0.9985 98.58
265 0.40277 10 400 0.39688 11.06 0.9035 98.546
265 0.71784 20 400 0.71011 8.707 0.9665 98.923
265 1.0992 30 400 1.0895 6.7125 0.986 99.123
265 1.4151 40 400 1.4031 5.4112 0.9922 99.152
265 1.821 50 400 1.8057 4.3021 0.9955 99.16
265 2.2155 60 400 2.1972 3.5152 0.9968 99.171
265 2.5452 70 400 2.5227 3.0576 0.9974 99.115
265 2.9434 80 400 2.9154 2.5895 0.9979 99.046
265 3.2648 90 400 3.2323 2.3387 0.9982 99.006
265 3.6665 100 400 3.6262 2.0556 0.9985 98.902

Table 6: Efficiency Data
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Figure 12: THD Curve
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11. Typical Waveforms

Operational waveforms are presented in Table 7.

Condition Waveform
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Table 7: PFC Key Waveforms
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12. Thermal Design and Test Results

In a thermal test of the unit, forced-air cooling is applied for the magnetics cooling such as that PFC inductor
and CM inductor. There is no direct air flow to the power MOSFETs. The MOSFETSs of the high-frequency bridge
are TOLL package in the daughter card. The thermal test was performed at 180V AC input and 400V DC output
under 3.6kW full load, 230V AC input and 400V DC output under 3.6kW. K-type thermal couples and a data
acquisition unit from Keysight Technologies Inc. (P/N:34972A) are used to measure the package temperature
(near the die) of components.

The temperature of semiconductors is shown in the Table 8. The estimated highest junction temperature of
MOSFETSs in the design was below 100°C. This value was calculated based on the measured package
temperature, the thermal resistance of the MOSFET, and the calculated power loss. Because the maximum
junction temperature of the C3M0045065L is 175°C, the integrated heat sink design has allowed the MOSFETs
to remain within their thermal derating guidelines.

The heat generated by the MOSFETSs of the high frequency bridge is transferred through the PCB vias, TIM
between the PCB and the heatsink, and finally the heatsink to the ambient. The heatsink is fixed to the PCB
with an adhesive TIM from Momentive Performance Materials (TIA520R, 5.2W/mK). The use of this thermally
conductive adhesive TIM material with electrical insulation eliminates the need for screws and nuts,
especially in the precious PCB space.

Max. Calculate Max.
.. Rth Calculated Measured . . Derating
Descriptio . Operatin d Operating .
(j-c) Power loss Package . . . Requirem Result
n g Case Junction  junction temp .
(c/w) (watts) Temp. (°C) ent (°C)
temp (°C) Temp. (°C) (°C)
180Vac 400Vdc 3.6 kW
Mos_HF_HS 0.64 13.38 82.5 150 91.06 175°C 130°C Pass
Mos_HF_LS | 0.64 13.38 85 150 93.56 175°C 130°C Pass
Mos_LF 0.35 3.33 43 44.16 175°C 130°C Pass
230Vac 400Vdc 3.6 kW
Mos_HF_HS | 0.64 8.24 63.5 150 68.77 175°C 130°C Pass
Mos_HF_LS 0.64 8.24 62 150 67.27 175°C 130°C Pass
Mos_LF 0.35 2.03 33 33.7 175°C 130°C Pass

Table 8: Thermal Test Results of SiC Power MOSFETS with TIM (TIA520R)
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13.1. CAN Messages from PFC
Data ByteO+Bytel | Byte2+Byte3 Byte4+Byte5 | Byte6+Byte7
Property AC Voltage Output Voltage | AC Frequency | Choke Current
Unit 0.1v 0.1v 0.1Hz 0.1A
Bias 0
Data Format integer
Time interval 0.5 seconds

Table 10: Overall Charge Status

Message Identifier 0x18BOF4E5

Data ByteO+Bytel Byte2+Byte3 Byte4+Byte5 Byte6+Byte7
Property PFC Temperature Reserved Reserved Reserved
OXFFFF OXFFFF OXFFFF
Unit 0.1°C NA
Bias 50°C NA
Data Format integer
Time interval 3 seconds
Table 11: Temperature
5 0 /
Data ByteO+Bytel Byte2+Byte3 Byte4+Byte5 Byte6+Byte7
Property PFC status. Reserved Reserved Reserved
See Table 12a for OxFFFF OxFFFF OxFFFF
details.
Unit NA
Bias 0
Data Format integer
Time interval | 0.5 seconds max.

Table 12: PFC Information

Converter Status Comments Converter Status Comments

Bit15 Reserved Bit7 1: Output OVP
0: normal (default)

Bit14 Reserved Bit6 Reserved
Bit13 1: Inductor OCP Bit5 Reserved

0: normal(default)
Bit12 1: Input UVP Bit4 Reserved

0: normal(default)
Bitl1 Reserved Bit3 Reserved
Bit10 Reserved Bit2 Reserved
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Bit9 Reserved Bitl Reserved
Bit8 1: Relay Open Bit0 1: CAN error
0: Relay Closed (default) 0: normal (default)
Table 12a: Bit Definition for PFC Status

Message Ox1ABSF4ES

Identifier

Data ByteO+Bytel Byte2+Byte3 Byte4+Byte5 Byte6+Byte7

Property Com. Software Version | Min. Input Voltage | Max. Input Voltage | Reserved

Unit 0.01 0.1V 0.1v NA

Bias 0

Data Format integer

Time interval Reply to 0x18A8E5F4

Table 13: Part | of PFC Specification

Message OxAB9F4ES
Identifier
Data Byte0+Bytel Byte2+Byte3 Byte4+Byte5 Byte6+Byte7
Property PFC Software Version | Output Voltage Max. Output Power Reserved
Unit 0.01 0.1V 0.001W NA
Bias 0
Data Format integer
Time interval Reply to 0x18A8E5F4

Table 14: Part I of PFC Specification
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13.2. CAN Messages to PFC
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Data Byte0 Bytel Byte2+Byte3 Byte4+Byte5 Byte6+Byte7

Property Reserved 0: OFF Reserved Output Voltage Reserved
OxFFFF 1: ON OxFFFF OxFFFF

Unit NA 0.1V NA

Bias 0

Data Format integer

14. Revision History

Table 15: Control command

Date

Revision

Changes

September 2022

1

First issue
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