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Onsel I “ Products v  Solutions ~ Design ~ Support ¥ Company v Careers v Q Search the Site & Cross Reference @ ‘Q EN ~
Supercharge your onsemi experience by @ Login
creating an onsemi account EAMARE
Email
» Order product samples & » Save/Email Interactive Block
- evaluation boards = Diagram worksheets
Password )
S.ave custom parametric search (2] Wetch Exciusive Webinars
filters ; Forgot Password?
=4 Join the conversation on /1 View browsing history & —
% Community Forums .~ favorites using My History
Do not have an Register  —
account? Now K D 1300

1 Utilize Strata Developer Studio

And Much More...

=] & other developer tools AP

Upcoming Tradeshow  PRT+ Interactive Charts  Technology Webinars  New SiC Technology
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ONSEMM| Products~ Solutions ~ Design Support ~ Company -~ Careers Qs

A | Products / Discrete & Power Modules  / Silicon Carbide (SiC) v / Silicon Carbide (SIC) MOSFETs

Ig}% T E*% 'I.)‘J_ fﬂ E l Ite Powe g f]‘j’E T ﬂ Silicon Carbide (SiC) MOSFETs | NTBGO15N065SC1

Show Side Navigation

www.onsemi.cn/elite-power-simulator

‘m ﬂ T:E lé /I\ E l ites i C }t unu ﬁ E J: -I'TJ- rnj fo) ™ PiEoromoe— ElitesiC stort Simuiator

Overview

Silicon Carbide (SIC) MOSFET uses a completely new technology that provide
superior switching performance and higher reliability compared to Silicon. In
addition, the low ON resistance and compact chip size ensure low capacitance
and gate charge. Consequently, system benefits include highest efficiency, faster
operation frequency, increased power density, reduced EMI, and reduced system
size. > Features

> Applications

> End Products

D Product Overview
8 Material Composition Product Change Notification

Availability & Samples

-1%5 -Ijj' 18] - - coam e TR T, M N e o o o

www.onsemi.cn/silicon-carbide

1 245 REEL 800 N-Channel  Single

Leadership ic Search & Apply
oun

Corporate Fact Sheet  Ever Experienced Careers

movo , In The News

Financ Early Careers

Energy DC
Infrastructure Fast Charging

Blog
Language atio Stock Info Internships
COVID-19 Busi
Foundation Resources Upd: Whe:

Quality and Refiability ~ News Media Cor Who We Are

e Benefits

Superior Performance.
Exceptional Quality.

Terms of Sale | Accessibility | Do Not Sell My Personal Information | Cookie Policy | Terms of Use | Site Map | Privacy | Sul e | Update Your Email Preferences

LEARN MORE

© Copyright 1999-2021 Semiconductor Components Industries, LLC
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o Application e Device Selection

Target application

Start by selecting target application

@ Automotive O Industrial

Automotive converter topologies

AC/DC

O Active Front End (1 phase, 2 level)

@ Active Front End (3 phase, 2 level)

O Active Front End (3 phase, 2 level) (Traction)

O Asymmetrical Bridgeless PFC Converter

O Boost PFC Converter (diode bridge) (1/2 phases)
O Classic Bridgeless PFC Converter

O Totempole Bridgeless PFC Converter (1/2/3 phases)
O Vienna Rectifier (3 phase, 1 switch per leg)

O Vienna Rectifier (3 phase, 2 switches per leg)

DC/DC

DC/AC

e Device Configuration o Circuit Parameters

e Cooling

WeFR N A e = fmdt th AT R BYFE

Active Front End (3 phase, 2 level)

o Simulation

et L SR T EAREEEE

TERRIFEFH

EM@

) I aas’
s
Ay
Input = =
voltage >'{ ﬁ >~| q}

I 7 osrer
C
153

Output
voltage

0 Summary

AFEE  © onsemi 2023
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o Application e Device Selection

Voltage and power rating

Input voltage Vi,

Value *

300 Vrms,I-|

e Device Configuration o Circuit Parameters

Output voltage V¢

Value *

600

AT imEd B
HMINER

Vdc

Rated power Py,

Value *

4000

Use SiC MOSFETs or modules?

S;C MO.;FE‘TS (discretes) iﬁ*%ﬁﬁ%g1q: ﬁ*ﬁik -

Select MOSFET

Product name

NVBGO15N065SC1
NVBGO025N065SC1 =
NVBGO45N065SC1
NVBGOBONO65SCT =
NVBGO75N0655C1 &
NVBGO95N065SC1 =
NVH4LO15N0655C1

O|0|0|0 000

IR SR LU\ F— 25

Please select device from the list to continue. Devices in gray do not match the criteria and are not selectable.

@
@
®

Input
voltage

19
31
44
56
70

Family Viax Rost
M2 650
M2 650
M2 650
M2 650
M2 650
M2 650
M2 650

o Cooling e Simulation

AE} 4% H i< 78 MosreT

S
5 A

Iy Package

145 D2PAK7

106 D2PAK7

62 D2PAK7

46 D2PAK7

37 D2PAK7

30 D2PAK7

142 TO-247-4

o Summary

/N
B Show all

Data Sheet
=
=
=
@
=
=
=

AFEE  © onsemi 2023
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0 Application o

MOSFET configuration

Device name: NVBGO15N06

Device Selection e Device Configuration 0 Circuit Parameters

5SC1

Number of parallel devices
Value *

1

IREFERAR T

Turn-off gate resistance Rg_qff ext

Value *

2.2

BRI ZORFH

Turn-on gate resistance Rg_gp ext

Value *

2.2

o Cooling e Simulation 0 Summary
HREI P milE

") patasheet {0} Product page

I E I RG

Loss model type

Select semiconductor

@ Nominal loss data O Best case conduction loss/worst case switching loss O Worst case conduction loss/best case swi

MOSFET

Diode

TR RN AR

tching loss O Upload PLECS custom loss model from onsemi's SSPMG 100|  a———

M ZHREPLECS IREIBBVERTA
(SSPMG) LfZBHE X PLECS #=#!

,Aﬁ%_ll_i\

© onsemi 2023
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S—
Select semiconductor Turn-on loss Turn-off loss Conduction loss Thermal chain ?]-ﬂ: % Iz-—-l ~B =

piniys~4
L-
>

Diode

R -
MOSFET g%
EZIRE

-
-
E D]
REX=4HE
~
ERREETIRREUE
/M sz k=4
25°C 75°C, 125°C 175°C

[4]] -1A 0A 1A SA 17 A 25A 33A 41 A 49 A 57 A 65 A 73 A 81A 89 A 97 A 105 A M3 A
-1V 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

O * oV 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
fr—
EERFEIUE

300V 0.0000 0.0000 0.000026689 0.000027558 0.000029493 0.000034086 0.000036367 0.000040567 0.000049200 0.000060209 0.000073136 0.000088014 0.00010502 0.00012252 0.00014345 0.00016481 0.000188639

400V 00000 0.0000 0.000041048 0.000041945 0.000044487 0.000048131 0.000053271 0.000057382 0.000064618 0.000075513 0.000089415 0.00010605 0.00012464 0.00014549 0.00016797 0.00019314 0.00021880

500V  0.0000 0.0000 0.000057611 0.000058410 0.000061098 0.000064109 0.000070784 0.000077459 0.000084134 0.000095186 0.00010962 0.00012810 0.00015032 0.00017278 0.00020004 0.00023202 0.00026606

4 »

17 NHAEE ©onsemi2023 onsemi
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TR

Select semiconductor Turn-on loss Turn-off loss Conduction loss Thermal chain
- o
0.3+
Diode
0.25
0.2+
K/W 0.154
0.14
0.05
0 T : T T T |
0.00000001 0.0000001 0.000001 0.00001 0.0001 0.001 0.01
s
1 2 3 4
N R 0.012841 K/W 0.014814 K/W 0.034181 K/W 0.23327 K/W
B —
ARNY c 0.00086733 J/K 0.0010006 J/K 0.0023087 J/K 0.002669 J/K
4 »

onsemi
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o Application o Device Selection 0 Device Configuration e Circuit Parameters e Cooling o Simulation e Summary
L K =
Circuit parameters 12% %Eﬁ = 3?5( ’ EI:E :J: |‘ﬁ'ﬁd-|-
Power factor pf Grid frequency F4.
Value * Value *
1 50 Hz
Inductance L Switching frequency Fg,,
Value * il »]F-_JZS 4@ A MOSFET
1 mH 50 KHz ®, '
Output
@ C‘ vokzlg‘e
Deadtime tdead @
= ik Rk R
Value * voltage
200 ns

Modulation scheme?

Sine PWM ¥

) BB R, ERITE

19 NHAEE ©onsemi2023 Onseml
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E£5F: BECE/REH

a Application 0 Device Selection

Thermal parameters

0 Device Configuration 0 Circuit Parameters e Cooling

Thermal interface (grease) resistance Ry, cpy

Value *

1B SREAE

‘3 Simulation

e Summary

0 K/W
Heat sink model 57 . - N=] A =\ ..

@ Fixed temperature O Custom thermal impedance :lﬂ- g& 7 .;\l\'%% @E% jg }E lﬂé@\ EI\J E E ;ﬂﬂrg ﬁtl:ﬁu A g E X j:li\l\' BH *)-L

Fixed temperature Ty,

AFEE  © onsemi 2023
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E X R AR IS AZEF

Heat sink thermal impedance
| 4% B B EhESIRTHAER Foster 5% e
Thermal chain (@) Foster () Cauer Cauer @ﬁ T;‘I?;HT;/JRZ -a,,_w{—_;?»
0.05 KW 03
015 KW 0.2
e ©
Impedance diagram Z;, ij:%ﬂai % 5 Bﬁ /
0.2 4
0.154
K/V.1
0.05 4
oo o : 10 %0 17000 1000
»
T miEREER/ A& Y b

NHAEE ©onsemi2023 Onsemi
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o Device Selection

0 Application

o Device Configuration

B E

Circuit

ooV |, QLD"'"I,_

Va la

Ib
Vb @

@ Ic
a2 D—I'

W

-
lout

o Circuit Parameters o Cooling

0 Simulation

0 Summary

RE TIFAR

mE, RN

)

Temperatures and Total Loss

m iz 3 v

Simulation Control

22

’-

W Less details

Simulation completed

MOSFET

Module

MOSFET Max Tj
Heatsink Max Temp
Ambient Temp.
Combined Losses *

Efficiency

NVBGO15N0O65SC1

777 °C
75.0°C
75.0°C
43.08 W

98.93 %

HHEBIR,

24 csv

Losses Breakdown

System Overview

Input Voltage Qutput Voltage

300.0 V_I-l,rms 600.0 Vdc

Grid Frequency

50.0 Hz

Switching Frequency

Turn-on Losses Eon
Turn-off Losses Eoff
Recovery Losses Err
Forward Conduction
Reverse Conduction

Body Diode Conduction (Deadtime)

12.55W
8.76 W
18.59 W
031w
1.65W

122 W

© onsemi 2023
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0 Application

/

EERE

0 Device Selection

o Device Configuration

o Circuit Parameters

Device

€« >Q Q@A

600

500

400

300

200

100

15+

10

MOSFET Volitage (V)

MOSFET Current (A)

6.26 6.27 6.28 6.29

Time (s)

6.30

6.31 6.32 6.33 x le-3

o Cooling

0 Simulation

R FEAR I EE

a Summary

Junction|Temp
A 4

«>aa@mw~

ra
va

78.0 =

775

77.0

0.00 0.01

Time

MOSFET1 Junction
Temperature

_ MOSFET Junction Temperature (C)

0.02

Cursor 1

0.020506

MOSFET Junction Temperature (C)

A,76.342

" 0.03
Time (s)
Cursor 2

0.026085

77.660

Delta

0.04

0.0055791 a

13182

Max

77.744

0.05 0.06

Avg

77.071

,Aﬁ%_ll_i\
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n3%

- anFIERR
- axfFECE

vV AR AR
v’ SSPMG #&=H!

- RS
- ARG SE

1

o Simulation

Simulation Control

Hold Result

BEIE 2. 3. 4854
HITEX

e Device Selection

o Simulation

MOSFET: NVBGO25N0655C1 Change
Vv Less details
Junction Temp £Y v
tb&g‘zé:l:% «>a@a@mw
—
78.0- - _ MOSFET Junction Temperature (C)
77.5
- / Temperatures and Total Loss m iz & v 77.0
Sine PWM, NVBG0O15N065SC1, Nominal loss data, Sine PWM, NVBG025N065SC1, Nominal loss
Trace 1 data 76.5
MOSFET NVBGO15N065SC1 NVBGO25N065SC1 \ \
76.0 | \
Module
MOSFET Max Tj 757 gl 77.9°C 75.5+
—— 0.00 0.01 0.02 " 003 0.04 0.05 0.06
Heatsink Max 75.0 °C 750 °C Time (s)
Temp. Cursor 1 Cursor 2 Delta Max Avg
Ambient Temp 75.0°C 75.0 °C Time 0.020604 0.026281 0.0056777 a
Combined Losses MOSFET Junction Temperature (C)
43.08 W 31.86 W :
MOSFETT Junction A 76.328 77.168 0.83995 77198 76.716
. A, 76.372 77.700 1.3289 77.747 77103
Efficiency 9893 % 99.21% Temperature

,Aﬁ%_ll_i\

© onsemi 2023
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BELR

N4y

6 Application o Device Selection

& PLECS t#2Y

0| Download Thermal Descriptions gy Print kL

0 Device Configuration o Circuit Parameters

Summary for Active Front End (3 phase, 2 level) topology (automotive)

CSV Download

Q Cooling

ﬁo:gzs >-|§ i 78 mosreT
P &
= R RE A

You can highlight rows by clicking on the me———

R RREFTENSY FEE CSV RITT

Parameter

Variables v

Selected part

Input voltage Vi,

Output voltage Vg,

Rated power Py

Use SiC MOSFETs or modules?

Number of parallel devices

Turn-on gate resistance Ry g ext
Turn-off gate resistance Rg_qff ext
Loss model type

Power factor pf

Grid frequency F

Inductance L

Switching frequency Fg,,
Deadtime tyeaq

Modulation scheme?

Sine PWM, NVBG025N065SC1, Nominal loss data

NVBG025N065SC1
300 Vrms,I-1

600 Vdc

4000 W

SiC MOSFETs (discretes)
1

4Q

4Q

Nominal loss data

1

50 Hz

TmH

50 kHz

200 ns

Sine PWM

Sine PWM, NVBGO15N065SC1, Nominal loss data, Trace 1

NVBGO15N065SC1
300 Vrms, |-l

600 Vdc

4000 W

SiC MOSFETs (discretes)
1

220Q

220Q

Nominal loss data
1

50 Hz

1mH

50 kHz

200 ns

Sine PWM

0 Simulation

Output
voltage

o Summary

AFEE  © onsemi 2023
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% (hE

- PRSP EFEZTH
FREXK TR #1TINERA
AL E

- EEEMBRIE

o Circuit Parameters

Circuit parameters

Use variable toggle to enable mission profile

WA A H DR

NPC %23 (148, 3 BF)

NPC#%23 (348, 3 BF)

TR¥T3S (148, 38BF)

TR T3 (348, 3 BEF)
ANPC #Z23 (148, 3 8BF)
ANPC T2 (348, 3 BF)

FA2E (348, 2 B, BMHAF)
W (348, 2 BF, BEHHE)
FIRFETIE (348)

26

Output voltage V,, Power factor pf @
Load frequency F. Switching frequency Fy,, D
50 iz 20 kHz
Deadtime tyg,q Inductance L

Value o

50 ns 1 mH
Output Current » =]

Modulation scheme?

Sine PWM

[FER

© onsemi 2023
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=R

HEZISE

pra=tRiENELE

Mission Profile

‘ iﬁ%%%& E éﬁ \ Enable stepped changes . <

SKETER I Th &
S, U
BEREE

AETTIVE

o Circuit Parameters

RERD#H
ER GRS
2 EFHR

I

TN
Time [s] Output Voltage [V] Power Factor
Value * Value * Value *
380 vV 1
N 0.05 110 vV 0 e ©°
Ll
v value v e o
01 380 \ 1
A
Value * Value * Value *
015 380 vV 1 ©
Diagrams
Output Voltage Power Factor
1,000 1 p— i —
800+ 0.5
. 600
> = 0
400 —_—
-0.54
200
110 T T T T 1 -1
0s 0.03s 0.06s 0.09s 012s 0.15s Os 0.03s 0.06s 0.09s 012s 0.15s
t[s] t[s]

AFEE  © onsemi 2023
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Ak ES AV

Circuit/MissionProfile

= T B 2 R AT
BESWERN,

il ()

T

©
1 L
TFT
#'—DIJ
TFT
]

0
A
B
i
T
&
13
Iﬂ
W
T

n—% D1 . .
'.—IK— (231 a3
ATTE pl il LI

512 AT h
+ Vin Va .

I (*\ ‘Vgrld.ll

) A
{v) 800V Dive

Ic ::
+ |
Ve

TFT

-
%,

NPC Inverter (3 phase, 3 level)

T_ambient: 75 °C

BERAESHENE

28

Zth
Simulation Control
«— QD D
Ll
v Less details
Simulation completed
System Qverview m i *
Input Voltage Output Voltage Power Rating Power Factor Load Frequency Switching Frequency
8000V 3800V 20.00 kw 1.0 50.0 Hz 20.0 kHz
Temperatures m i; i
SiC MOSFET MOSFET Max Tj SiC Diode Diode Max Tj Heatsink Max Temp. Ambient Temp.
NTBGOT5NOB55C1 7i5°C FFSEZ065B 89.6 °C 75.0°C 750¢°C

,Aﬁ%_ll_i\
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SAVP=R

Losses Calculation/Mission Losses

v
€« > Qe 4 N
Mission Profile Loss Breakdown (W)
200 - - : - - - -
180
160 Junction Temp v
~
140 | <_, > Qe @
Junction Temperatures: MOSFET (Green), Diode (Red) (C)
120 920 - = — = - = == S N =
100 88
80 86
60 84|
40 T
82
20
= = — S S— —— ] 80|
0
78|
0.00 0.01 0.02 0.03 0.04 .55 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 \ i /\
Time (s) A \ AVAN \
76 \\ N .
Cursor 1 Cursor 2 Delta Max Avg : ﬁ>/-\‘ — A_/_\ Rt O e PP f\ i A/—\ = A/\
Time 0.050000 010000 0.050000 74+
2 g 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15
Mission Profile Loss Breakdown (W) Time (s)
MOSFET Switching Losses M- 4.4876 6.7870 2.2994 9.5516 7.4330
MOSFET Conduction Losses Av 6.3765 42437 21334 33.763 16.481
MOSFET Total Losses ~v 10.864 11.038 017337 43.315 23.914
Diode Conduction Losses 13.416 32.608 19191 151.66 76.417 é:t :E
Total Overall Losses A 24281 43645 19.364 194.97 100.33 ~A/zam

A] LU /5 A AR T S S h £ _EERERIIAE

29
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A |

5 8] @RS ?

T,.ﬂtEI’J PLECS 2B BB TREEREE . ENHNEEXR? AN HEIRHEE)!
BT AN E 3R A1 B BB R4 . simulator@onsemi.com

- PLECS{REIEBIERK T HE: www.onsemi.cn/self-plecs-generator

- Elite Power fFETE: www.onsemi.cn/elite-power-simulator

eu%tiﬁitﬁi(sm)%éﬁé&fﬁ;

SIMTTULRIPLECSIR B M ARR AN, BT IR/ EFF X B A,
N 5B B R XEF EIF R, BT eUER iR R

HEMBHE RS S MEliteSICRYI 5

Elitesic
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