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Vienna PFC Reference Desigh Overview
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dsPIC33CH
Control
Card

MSCSICPFC/REF5 (www.microchip.com/PFC)

* Design files, dsPIC33CH code, and User’s Guide

e SiC device SPICE models available at microchip.com/sic
e PLECS model with Quick Start Guide

* Hardware not included

30 kW Vienna rectifier topology with 98.6 % peak efficiency

3-phase 380/400 V, 50/60 Hz AC input with 700 V DC output
voltage

Design for 20 % over voltage on the line

Microchip 700 V SiC MOSFETs and 1200 V SiC Schottky
Barrier Diodes (SBD)

140 kHz PWM switching frequency

dsPIC® DSC 3-level modulation digital control

<5 % current THD at half and full loads

PCB design according to IEC standards, with consideration
for safety, current stress, mechanical stress and noise
immunity

IEEE Publication

* S.Chen, W. Yu, D. Meyer, “Design and Implementation of
Forced Air-cooled, 140kHz, 20kW SiC MOSFET based Vienna
PFC”

Video Overview

* “APEC 2019: Here’s How to Build an EV Charger with SiC
Transistors” (https://www.youtube.com/watch?v=pBTqlJI-4pKA)
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http://www.microchip.com/PFC
https://www.youtube.com/watch?v=pBTqJI-4pKA

Vienna PFC Reference Design

Hardware Overview
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Vienna Rectifier Topologies

Topology | Topology Il Topology lli
Classical Version Reference Design (3-wire)
A F 3 A |
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. * Topology |
[ J -
3 LEVE' MOdUIatlon *  Pro’s: single MOSFET per phase, low-cost Si diodes, easy to control
* Neutral, when MOSFET is on «  Con’s: MOSFET losses significant
. *  Topology Il
1
© VDC OUtpUt’ when upper FWDis on *  Pro’s: two MOSFETs per phase, fewer diodes, easy to control, lower MOSFET losses
=% V. output, when lower FWD is on (on only for half-wave)
* Con’s: lower power density than topology Il
*  Topology lli

*  Pro’s: two MOSFETs per phase, no Si diodes, lower MOSFET losses over topology |
D (no switching losses for one half-wave), fewest components resulting in highest
o power density

Thesis - Anna *  Con’s: difficult to control
University
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Double-Sided Assembly

 Commutation loop inductance can potentially cause high
overshoot voltage on the drain and higher switching loss,
resulting in lower efficiency ve

* Reference Design overcomes this issue by using a two-sided
arrangement, resulting in 25% reduction in the commutation
loop over a single-row arrangement (figures from IEEE paper)

'—E ‘Cammutatlan Loop | Dlode‘——_‘ |-_-‘/Camcl':;tation Loop
= o= == -HHH- o =)= @ -|||- Do o OE o= oo
MOSFET Diode MOSFET

{a] Single-side Assembly ' (b) Double-side Assembly

SiC MOSFETs
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PCB Assembly

DC-Link Capacitors

dsPIC33CH Control Card

50A Fuses
Heatsink

EMI Filters
700V, 15 mQ
SiC MOSFETs Pre-Charge
1200V, 50 A
SiC SBDs

Circuit
(on bottom)

' CM
/ Feedback
Circuit

Boost Inductors
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Top-Level Schematic

EMI Filter

Power Stage

U_Vienna PFC_PowerStage

Pre-charge Circuit

U_Vienna_PFC_InputWoltageSensor
Wienna PFC_InputVoltazeSensor. SchDoc
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Input Voltage Sense

11

EN_FWM [

PWMIBE [ —
PWM3A

PWMIB
PUMIA

V_BusMN_Fdbk |
V_BusPM_Fabk |

U_Vienna PFC_PowerSupply

Vienna FFC inarSuI Ly SchDoe

Bias Supply
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13

Lab Setup

* 30 kW test capability
* Equipment

30 kW 3-Phase AC source (California Instruments MX30)
* Passive load bank (>>30 kW)

*  Power meter (Yokogawa WT3000)

AC Source

@ MICROCHIP



Lab Measurements: 3-Level Modulation
* Confirms 3-level measurement: V., ={-350V, 0V, +350 V}

Phase C to Midpoint (V) Phase A to Phase B (V,;)
14 @Mlcnocmp



Lab Measurements: PFC Turn-On
* PFC turn-on into 16 kW load

DC Output Voltage

DC Output Current

15

400ms 250kS75 7 675 V
1M points

D 100 V
& Max 702.0V
& vin 477.0 ¥
& rMS 230.8V

24 Feb 2020
17:00:36
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Lab Measurements: Load Step Response
* Load step from 16 kW to 19 kW

Tek Prevu
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Lab Measurements: Power Meter

* Efficiency at 27 kW: 98.38 %
* Power factor: 0.999
e Total harmonic distortion (current): 2.75 8%

MOSFET case temperature: 78 °C

Normal Mode Uover:= = = = U1-3 : 600vrms Auto YOKOGAWA 4 Wide-Band Harmonics Uover:= = m = PLL Source: u1 YOKOGAWA 4
& Iover:= m m = Integ:Reset Iover:= = m =
& change items
PAGE _ = A(3v3A) _ PLL u1 Or. utl vl hdflz] 11 (AT hdfl#zT ] = a(3v3ia) _
Urms1 Urms3 U1A 600%rms Freq 50.000 Hz [rot. 398.119 38.9068 uia 600v
398145 v 398139 v 1A 50nVrms dc 0.048 0.012 -0.2514 -0.646 1A 50mtv
u1 398.119 v 1 398.115 99.999 38.8912 99.960
Irms1 Irms3 U2A 600¥rms 1 38.9068 A 2 0.160 0.040 0.5737 1.475 U2a 600v
38-9030 A 390180 A I12A 500t/ rms P1 13.1486kwW 3 0.036 0.009 0.3827 0.984 12A 50mts
s1 15.4839%vwvA | 4 0.037 0.009 0.1299 0.334
P1 P3 U3A 600Vrms o1 -8.1772kvar| 5 0.162 0.041 0.0314 0.081 U3A 600V
131504 kW "0281 5 k' 137 50V 1ms A 0.84918 6 0.084 0.021 0.1930 0.496 138 50mv
*1 328.122 ° 7 0.246 0.062 0.1145 0.294
Urms2 Udcd Elementd Uthd1 0.458 # 8 0.101 0.025 0.1774 0.456 Elementd
398.238 v 0.70311 kv (U4A1000vdc™ | I-THD [ 1thd1 2.758 7| | 9 0.089  0.022 0.1187  0.305 | [udat000v |
14A 50mvdc P z 7% |10 0.048 0.012 0.0842 0.216 14A 50mtv
Irms2 Idcd Uthf1 0.656 » |11 0.279 0.070 0.0697 0.179
39-4527 A 377202 A _Integ:Reset_ Ithf1 2.590 z |12 0.121 0.030 0.1025 0.263
Time utif1 28.744 13 0.244 0.061 0.0301 0.077
P2 L s 1~~~ L. | ~ = B tm—ie— Itif1  102.921 14 0.076 0.019 0.0675 0.173
13-8110 k® 265215 kW 15 0.044 0.011 0.0307 0.079
Effici 16 0.058 0.014 0.0603 0.155
cienc 71 PZA 17 0.690 0.173 0.4440 1.141
y [ 98381 z] 269581 kW 18 0.046 0.011 0.0146 0.038
19 0.610 0.153 0.3449 0.887
F1 SZ2a 20 0.022 0.006 0.0106 0.027
Power Factor 99.9091 . 26.9826 \ua
[aPacelr]
AGE 177 4 PAGEY 175
Update 5842 2020,02724 17:29:41 Update 32 2020-02/24 17:30:39
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Vienna PFC Reference Design

PLECS Model
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PLECS Software

19

Piecewise-Linear Electrical Circuit Simulation (PLECS) by Plexim
Power electronics circuits and systems simulation tool
PLECS Standalone vs PLECS Blockset

*  Blockset operates in Simulink environment

*  Standalone equipped with its own processing engine and runs faster
*  Models can be exchanged between the two versions

*  Microchip-purchased license: Single license of PLECS Standalone

Uses ideal switches to quickly and efficiently simulate dynamic behavior of
complex systems

Multi-domain approach to simultaneously simulate the control, electrical,
magnetic, thermal, and mechanical domains

Supports Processor-In-the-Loop (PIL) and Hardware-In-the-Loop (HIL)
Similar tools: Matlab/Simulink, PSIM, Opal RT, SaberRD
SiC competitors providing reference designs and component models in PLECS

Demo mode available, allows users to build and simulate models (cannot save
model, session limited to 60 minutes, and no PIL)

Plexim currently offering 90-day trial license (Video walk-through of PLECS
Standalone installation)
*  Windows: https://www.plexim.com/support/videos/installing-standalone-win

*  Mac: https://www.plexim.com/support/videos/installing-standalone-mac
*  When requesting license, select PLECS Standalone and PIL

Control domain: green

II‘ Pulse Generatar

Electrical domain: black

'@ Voltage Source AC (3 phase]

Magnetic domain: brown

Winding

Thermal domain: blue

="~ Thermal Resistor

Mechanical domain: purple

B Rack and Finion

Buck Converter with Thermal Model

Pulse Generator Thermal Chain ™ T: 25
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File Edit View Window Help
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Current (&)
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https://www.plexim.com/support/videos/installing-standalone-win
https://www.plexim.com/support/videos/installing-standalone-mac

Top-Level Model

Reference Design Schematic

30kW Vienna PFC

Bowmer Matar
Corfiguration: Pover Sage
E
Configuration: EMI Fiter P_less .
W_1 ¥ i ]- ¥ _BUS_B
v_I2 v E _B s + Rload
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EMI Filter

* Differential filters, common-mode filtering not implemented
* Mid-point feedback path

e AC voltage measurement points

* AC current sensor

K: 1/2000
Lomta Rlcmia Ldmi. RLdmi V_AM Lam2: Rldm2 ) o ._(% Lem2a RLam2a
L:2.4=-6 Rilde3 L:3.326  R:Q,672-3 L:33ef Q8723 —~ L:7e6 R:2e3
v U i 12000 VA
12 M
Lemtab Rlemib Leim RLdm3 V.EM Leirt Rl = Lemeb Rlamzb
L: 2.4=-6 R:1.4=-3 L:3.3=-6 R:0.67e-3 L:3.3e% R:0.67=3 L:7e-6 R:2e-3
- A AMN O A @ Ty AP -]
V2 =2 V_E
V.M K /2000 L3 M
Lemiac Rlomic Leims: R Ldms - L Rldmé ) D Loz RlovZc
L: Z.4e-6 R:l.4e-3 Li3.3=-6  R:0.67e-3 L:33e6 R:0.67e3 ! L: 76 R:le3
V3 = Ve
RCE RCS RCi0 RCii RCL2 RC13 RCid RCiS RCiE RCI7 RCIE RCiS
R: 0.05 R:0.05 R: 0.05 R: 0.05 R: 0.05 R: 0.05 R: 0.05 R: 0.05 R: 0.05 R: 0.05 R: 005 R: 0.05
@ L oL c1o L a1 L cz L a3 L 14 L c1s L c16 L a7 L cs L cs L
Coles T COles | GChle6 [ GOle6 T CoOles | Cilles T Ci5e6 [ GSe6 | G5 CSes T GCSe6 [ GCSe6
[,
\_Earth V_NM
RC20
R: 0LO5
o _L
C: Se-6 T R4
R:1
LD
A5\ MicracHiP e
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Power Stage

* Power Stage Model ,

*  With PLECS thermal domain [l ) o
*  Without PLECS thermal domain (faster simulation) f _ J ™
* Thermal Model o] _ = B
. . . & I 1] g8 2) [rn_
*  Heat sink thermal resistance and thermal capacitance i i - =15 H -
*  Thermal capacitance reduced for faster simulation i - ' "f’
o _ED Qu_so ES T -
*  Characteristics defined in mask L ; : o 3
*  SiC Schottky barrier diode model (MSCO50SDA120B) oo S et T
- SiC MOSFET model (MSCO15SMAQ70B) - = ' |
: &=t B s Eig He- .
*  Loss and temperature available on scopes ! g S
e Boost inductor model &9 it Hig4E—m
* PLECS magnetic domain e LT ‘ [ -
o (5 am L |
° _ H H P_Lboost1b Por romer
20-turn winding : & aE g e %
*  Two cores Lboost1 Aol ke e T
*  Characteristics defined in mask ' | : : R
+  Core loss based on magnetic flux density vs core loss T oee e | ] [ p_}
curve from datasheet . s
*  Copper loss modeled by DCR T mcrocke
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Thermal Network

O m p O n e nt M O d e I m C:/Plexim/Component Models/MOSFET/M5C0155MAOT0E_ViennaPFC.xml *

File Edit View

Manufacturer: Part number: Type:

Microchip | [Msco1ssmao70B_viennaprc | [mMosFET v

* PLECS component model is named a Thermal Description

* Lookup tables for conduction loss, turn-on loss, and turn-off loss based on V, I, T p—— ey
* Supports additional dependencies such as R or dV/dt i ””mbemfe':m : 4

* Thermal impedance (Foster or Cauer network) RO0TSKW  O0SZTKW  OOMKW 001K
* MOSFET body diode modeled as separate diode T ommoms] omnws) omoRs] oo
* PLECS models for all SiC discrete devices planned for this quarter

7

Convert to Cauer

Switching Losses

[ C:/Plexim/Component Models/MOSFET/MSCO155MAO70B_ViennaPFCxml bd Cancel Save Help
File Edit View
.
—— — Toe Conduction Loss
Microchip | [msco15sman708_viennapFc | [mosrer v
Tumonless  Tumoffloss  Conductionloss  Therm.mpedance  Varisbles  Customtzbles  Comment [ C:/Plexim/Component Models/MOSFET/MSCO15SMAO70B,ViennaPFCaxrml X
Computation method: | Lookup table - File Edit View
Manufacturer: Part number: Type:
O tnvert voltage axis ~ Energy scale: |1~ Fé
Microchip | [Msco155MA0708_viennarrc | [mosrer ~ B d D H d C d t H L
. Tumonloss  Tum-offloss  Conductionloss  Therm. impedance  Varisbles  Custom tables  Comment o y loae onduction Loss
30000 | ¢ Legend: Computation method: |Lookup table - p— ST — %
25000 s Fle Bt Vie
20000 — o — e
E [uaTt5000 |- — 150° s Fe MSCHLSEMADTIS bodydade Doce
10000 [ — 175° Tunenksm  Tumofflos  Cowdtonoss  Therm.mpedance  Vacbles  Custom tables | Comment
s000 |- 6 P~ Camtzson et Lo e -
78 4 V -
o 240 320 2
Vs Ve [V] = ’
0 T :
2 )
55! 25° 150° 175 “ 4
-loa oA oA 04 204 20A 1804 204 3204 320 -240 -160 -BO4GMAB080 160 240 320 1]
3
-100V 0w 0w 0w 0w 0w 0w 0w 0w 0w WA
ov 0w 0w 0w 0w 0w 0w 0w 0w 0w ' :
100V 0w 0w 10 18 504 145 ) 489 1051 ) 1849 !
w0V 0w 0w p) 63 1544 419 1378 2087 ) 5335 04 -10A 0A 104 04 40A | T - =0 20
00V ow 0w 63l 115 267w T30 2315 5007 ) 2962 ) -55° -0.366005 V -0.181236V ov 0.182049V 0.368297V 0.7472 1
400V o 0w 97wl 174l 391w 1029 ) 3300 W) 7108 ) 12716 25° -0.287933V -0.140383 V ov 0.141076 V 0.289777V 0.3997
00V 0w 0w 1370 242 529 ) 1373 4349 0321 16639 ) 1500 -0.209081 V -0.14508V ov 0.146323V 0.30228V 0.6319 WA A w4
5 ov ov 12y
600V 0w 0w 183 320 687 ) 1756 ) 5484 11678 ) 20780 175 0308186V 0142306V ov 0149717V 0.200205 v 06497 . - -
0V 0w ou 2380 410 867 ) 21881 67301 14232 ) 25227 ) 3 2 0 ov ov
| st [1] ov
Cancel save e Cancel Save Help
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Controller

e Controller Models

* Steady-State Model
* Discrete-Time Domain Model
* Processor-In-the-Loop (PIL)

Control Algorithm Model

B Block Parameters: Vienna-PFC rev 1/Controller

Subsystem (Configurable) (mask)

Configuration

|Discrete—‘ﬂme Domain Mode!

Steady-State Model
Discrete-Time Domain Model

Processor-In-the-Loop {dsPIC33CH512MP506 DP PIM)

Probe Signal

= Limit  Limit  Limits

=

Cancel Apply

o
P
(e, o Scaing cut|
o=
T | v
VITRBk - e
:
L

=
T O

- s @

R

=

e T

= E
AZ\MicrocHip il

s Il =
e -
L= -

24

Help

Controller
Configuration: Disaete-Time Domain Model

gl 111 Edbl

I12_Fdbk
IL3_Fdbk

V_L1_Fdbk
V_L2_Fdbk
V_L3_Fdbk

EN_P WM
PWM_CMD_3
PWM_CMD_2
PWM_CMD_1

V_BusMN_Fdbk [-#————

V_BusPM_Fdbk f#———

AC Voltage

DC Bus Voltage Inductor Current

e éﬁl_ﬁiﬂﬁ L

vabe Status Flags

—
11 Fdok
—
1L2_Fdbk
[ -vv ADC o
1L3_Fdbk

ﬁ\ MicrocHIP

PWM_CMD_1
PWM_CMD_2
dsPIE3ICHS12MP 506 PWN_CVD_3
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Mask
Ref 3V3 2=3.3;

Voltage & Current Sensing

Sense circuits modeled in control domain

* Gain

* Offset

* Transfer function

Faster simulation than electrical domain

Component values defined as local variables in the mask
Includes RC filter on PIM (R63 & C33)

% IL1 Current Sense
R171=49.9;
R61=10e3;

R54=10e3;

R57=10e3;
C244=10e-9;
R67=160;

R58=1e3;

R59=10e3;

R56=68.1;
C110=180e-12;
R63=150;
C33=560e-12;
Gainl=R171* ((R57*R54)/ (R57+R54) )/ (R61+ ( (R57*R54) / (R57+R54))) ;
Offsetl=Ref 3V3 2* ((R57*R54)/ (R57+R54))/ (R61+ ((R57*R54)/ (R57+R54)));
TF1 num=[1];

TF1 den=[ ((R61"-14+R54"-1+R57"-1) *-1+R67) *C244 1];

Gain4=1+R58/R59;

TF4 num=[1];

TF4 den=[ (R56*R63*C110*C33)

(R56*C110+R56*C33+R63*C33) 11;

Inductor Current Sense Circuit Inductor Current Sense Model

-

Ref 3V3 2

11 M

+15V R54

C2430.1uF 10k GND
[nenD 02w =
u3e

MCPEV51T-E/0TICT-ND “
L R61 ) R67 N

u16
MCPB021T-E/0T
B R56

T . 10k 160R T 1L1_Febk
TP_in1 b2 02w 02w LCZ“ 4 0.125W TPJIL
RI71 | coas0.1uF 50V 681
49.9 10nF C1000.1pF -
04W H“'GND R57 " C10
5

ov 10k = =3V H [1-eno 50v
= v 02w GRD 50V 180pF

[ m

Lz m

GND K GND
02w

25

-

Gainl

Gain2

Gain3

HC
Offsefl

Offset2

Offset3

=i

TF1_den

p| JEL NUM |

Transfer Fanl

Gaing

TF2_den

TF2 num |

Transfer Fm2

(Gain5

=+ O - TF3 num
GRD I-L3 " ’b -L‘H'C TF3_den

Transfer Fm3

Gaing

—fi

=]

TF4_den

T4 num |

-+

Transfer Faud

1L1_Fdbk

TF5_den

TES_num |

>

1.2 Fdbk

Transfer Fm5

TFG _num
TFa_den

O

Transfer Fme

IL3_Fdbk
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BOde PIOt Signal injection Measurement

]

o D! .@ ,|> _ ___TFlnuerIP o ) _ __TMn:rI: _ | Respanse -

* PLECS analysis tools perabaton | Gy O 1
¢ Steady-state analysis

: = > —EE > 2
AC sweep - T 2o e o)

Gain2 Offset2 Transfer Fa2 Gains Transfer Fn5
* Impulse response

* Multitone analysis

. TF3 num TFE num
- o Bl e =

Setup Options Steady-State Options

e AC sweep of Current Sense Model neell Gain3 Offset3 Transfer Fan3 Gaint Transfer Fai6 1L3_Fdblc
* Add perturbation signal and response components e S o
* Setup analysis as below Ly LY LI
[ Analysis Tools: untitled * .
Analyses Analysis type: AC Sweep %
AC Sweep Description: AC Sweep -
AC Swesp

Operating point: | non-periodic {DC) hd

System period: 0

Freguency range: |[1 100e3] |

BB BB B B S e o e e G
i

Amplitude: | le-3 |
Perturbation: Inductor Current Sense/Perturbation
Response: Inductor Current Sense/Response W
1
T
Show results oate —
Name Cursor 1 Cursor2 Delta
+ |- Show log Start analysis Accept Rewvert Help Frequency 1 4556.79 4555.79
Magnitude
Transfer Fcnd ™ 25,2474 22.2363 3.01114
Phase
Transfer Fend ™ -0.0126244 452256 45213

fc = 4.5kHz @
26 @ MICROCHIP
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Power Meter

To ease analysis of the model, a power meter is included to display currents, voltage, power, and efficiency

P _loss

AC Input
SV

C}————> P_loss Switch_loss

Switch & Core Loss

AA
+ 4+ +

¢

DC Output

)

\lD.

N >

DC Voltage

;

> 38.

DC Current

:

Power

Core_loss

@ MICROCHIP

352

Switch Loss*

12.0

Core Loss*

Pdcl ————— ¥ _-__/— 100

Y
Y

l—bl > P -
> - = > 27420

AC Input Power*
Pd -

DC Qutput Power

Efficiency*

Y

Pac |>—P

~

‘["f

»|  98.3

* Valid only with 'Power Stage with Thermal Model' simulation
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Signal Monitoring

* Many subsystems setup with ‘probe’ signals for easy monitoring

28

Ll - Lo 1 1

] Prebe Editor: Vienna-PFC rev 1/Probe

Probed compaonents

Type Mame Path

‘Subsystem Modulator Vienna-PFC rev 1

0 = =

m Probe Editer: Vienna-PFC rev 1/Probe

Probed components

Type Name Path

8 4= =

* | V_BUS_M
Component signals
V_BUS_N
[ En_pwm - T
[ pwm_cMD_1 Modulator
[ pwm_cMp_2 Probe
[ PwM_cvD_3 Q1_Gate|= PYWM 1A
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Simulation Results: Model vs PIL

* To verify accuracy of model, connected

processor open-loop in order to compare
PWM outputs

* Result below shows model and processor
produced nearly identical PWM values

& Phase APWM CMD

050 085 050

~ Phase BPWM CMD

080 085 0.0

% Phase C PWMCMD

AC Voltage

DC Bus Voltage

[

Inductor Current

B

Discrete-Time Domain Model

Vabc

EN_PWM

PWM_CMD_1

=
i
7

PWM_CMD_2

PWM_CMD_3

@ MICROCHIP



Simulation Results: 3-Level Modulation

Simulation Results
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Simulation result matches expected behavior
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Lab Measurement
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Voltage (V)

Simulation Results: PFC Turn-On
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1 2 3 4

time (s)

PFC turned on into 16 kW load

Some differences in waveform signature and duration of lab
measurement vs simulation at 16 kW

May be differences in test conditions or unaccounted
propagation delays

Lab Measurement (16kW load)
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Simulation Results: Load Step Response

Simulation Results

Lab Measurement
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Load step from 16 kW to 19 kW

Waveform signature, amplitude, and duration of lab
measurement and simulation correlate well

Confirms controller and plant models match physical hardware
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Simulation Results: Efficiency

Simulation Results

Phase Voltage (V)

AC Input Voltage

[~ Source voltage:1]
Source voltage:.

—— Source vol

Itage:.

7.000 7.005 7.010 7.015 7.020 7.025
time (s)
60 AC Input Curren it
— Source current:
40 — Source current:
rent:

|— Source cur

DC Output
Probe ‘I__I . :

DC Current

++ +

7.000 7.005 7.010 7.015 7.020 7.

LN

25

| =

C)—b P_loss

Semiconductor_|o:

Semiconductor Loss*

P_loss Core_lo

@ MICROCHIP

[ 13.4]

Core Loss*

Pdc

Pac

-n Power

AC Input Power*

»| 26887

DC Qutput Power

[—P[> Pac
> ric

Efficiency*

* Valid only with 'Power Stage with Thermal Model' simulation

Normal Mode

Lab Measurement

Uover:= = = m
Iover = = m m

B & change items

33

Simulated with 27 kW output power to match lab measurement conditions

Efficiency in lab measurement is 98.38 %, simulation is 98.43 %
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Simulation Results: Thermal

Simulation Results

Power Measurements
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Simulated with 27 kW output power to match lab measurement conditions

MOSFET temperature in lab measurement is 78 °C, simulation is 63 °C

Difference may be related:
*  Non-uniform heat distribution on heat sink, resulting in higher thermal resistance
* Increased heat sink thermal resistance due to boost inductor restricting air flow
*  Component tolerances

MOSFET temperature ripple: 15W * 0.2 WC = 3°C
A8\ MicrocHIp



Key Takeaways
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30 kW Vienna PFC Reference Design available at

Reference Design package includes design files, software, and user’s guide (no
hardware)

PLECS is a multi-domain, behavioral simulation environment and powerful tool

enabling users to evaluate, modify, analyze, tune, and debug the Vienna PFC
Reference Design

Plexim currently offering 90-day trial license

Demo mode available, session limited to 60 minutes
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http://www.microchip.com/PFC
https://www.plexim.com/support/videos/installing-standalone-win

Thank You
www.microchip.com/sic
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