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Body Electronics ADAS, Infotainment,
Doors, Seating, HUD
PHEV, EV Keyless entry,

Doors, Seating,
Keyless entry,
Gateway Modules

ZEF, FEHAYL(ON Board Gateway Modules
Chargers),

HV Loads
Battery Management

Powertrain
DC/DC B3/ W a2 5| X))
HV-LV, 48V-12V (xEV Traction),

ECU, TCU, Safety
(Braking, Parking)

48V
BSG, Loads

Source: ON Semiconductor Corporate Marketing
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Lighting
Rear, Front, Interior
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All Power Switching Technologies into All Packaging Formats
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WBG added value:
- Higher Switching Frequency
10 sic - Higher Efficiency (3-6%) Driving Markets
i e~ - Smaller Si_ze e EV/HEV
- Lower Weight .
- Higher Temperature * Alternative Energy

e Cloud Power
Industrialand Commercial Motors

"= -JHEV/EV (Traction Inverters| OBC, DG DC)

2IC we. GaM
550 Designer Choice

System Architecture

Power 33

P 88 P 56
ower ower Power 22
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Z5 1P gAY 3 IGBT /5 2E- FS3 650V/120A,160A

¥l

iiﬁﬁﬁ ,&$mm min Bvces 4" &350 a00 a00
240
. limited by bond 240 - 180 _
E 575 100% & R lc @Tc=25C © wir: limited by bond wire
FGY120T65SPD-F085, 650V, 120A, TP247 lc @Tc=100C A 220 160 120A @ Te=135C
378A(120A) lcm pulses current A 378 360 480
FGY160T65SPD-FO85, 650V, 160A, TP247 500A(160A) |/ 240 ‘6o
5},%__"‘_!:" +>10V/ns dV/dt f @Tee25C A I|n1|te:':::: LEhE 120 limited by bond wire
VR R, — R MR, — RSN A — R T g FeTetoe A = : 1208 @ Tes124C
v' AEC-Q101 Rev. D jA4E, 100% BVces HTRB 5 /% B Am M 4%, Rt:_ic IdGBdT 0.17 0.2 0.18
. ‘ ' ) o Rth_jc diode 0.32 0.44 0.3
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Conventional structure
TP247 + Iso-sheet
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7 -
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‘A EHKE (sW/mk)

. . Exposed collector

Electric Insulation Sheet
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Enhanced thermal performance
TP247 + DBC substrate

Unfolding Structure
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Overall Structure
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(PKG-DBC, DBC-H/S)
* ¥ $44 K K&{PRCL DBC-H/S)
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ingle SideDirect Cooling,

& H g 4-dp 24

Advanced cooling structure by ON
ISO TP247
(Direct cooling & soldering)

TP247 ISO TP247

Non-direct cooling  Direct Cooling

Non solderable Solderable(Sinterable)

Non Isolated Isolated

Target Rthj_f of Direct Cooling
Below 0.3 ‘C/W(standard ver.)
~0.16 ‘C/W(performance ver.)
IGBT 5’:‘&’ K A 1S0- TP247E#%%&#L
Soldering S$ T HER AR

H/S *‘— =D ectCOQIIng

| ]
N
_L__ -

Ty

\‘r

'l

Rinr

0.120%/0.140%| K/W
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VE-Trac™ Direct
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VE-Trac™ 12 ER{Z/ ™ iR

VE-Trac™ Direct VE-Trac™ Dual

NVH820S75L4SPB
750V, 820A 6 pack
NVH820S75L4SPA NVHO50S75L4SPB NVH820S75L4SPC
750V, 820A 6 pack 750V, 950A 6 pack plus 750V, 820A 6 pack
Fy Y X /u P I" “lg'gb ’;‘, - ,l,‘.. 22 oq
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Madule Loss vi's Phase Current

|VE-TracDual -

Critical Range far Efficiency

Power Dissipation (W)
§ 2B EE B

FHAES: TRAEHTE
S AT 55 IR A A SIS
HEFE. $/KWR A LR FAK4Y

NVG800A75L4DSC: 750V, 800A DSC
NVG400A120L2DSC: 1200V, 400A DSC

Module of choice!

N éj; EE N
vetcpvae o RETHERX
110
VE-Trac Direct Limit /"'!.
150
5}
2 1
=
=
3 110

Ceome PhaseCurent(Arms)
a5 e NS
f”f : 3x power cycling lifetime @ 175°C continuous operations
e VE-Trac Direct LOOEHIT
3h %4 J& (100-300kW)  socewon \ DSC [j=175C)
ace T 8 S T S
00 <7nH 1008404 || (Tj=150C) T
a0 -0 e P?mcu:g1M{A_$} e e - *10 x PCT, 3x TC o [ 20 40 &0 0 100 120 140 16D
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DSC Module %S

% 5 18] 2 % A2 Flip Chip Dual Side Cooling * HFT ERARARIMK

Body Dimension:
55 x 55 x 4.7mm P #2

Collector sense 43 (O—mo--4q

oo ]

Current sense #4

5, ('
Emitter sensests O
Temp sense Cathode#6
Temp sense Anode#8

Collector sense #15 O——m¢

Gate#12 (:‘,'J

Current sense#10

Emitter sense#1l =~ O
Temp sense Cathode#13 zj
Temp sense Anode#14

. 4’-75“ EHE TV . RIS "x@‘t‘ﬁ_ &

. ATH TR, MiLELF, F4E

. &L%" AR SRR WIAARR AR, }im B ik

o b AR G AR KR &6.5nH

o TRERFe R AR Em M, R BT FHAFE
PoAT AR 3T 3 49 # L I%1540% (Rth)-F)

Device Part Number Current Voltage Package

Rating Rating
NVG800A75L4DSC S800A 750V VE-Trac™ Dual
NVG400A120L2DSC 400A 1200V VE-Trac™ Dual
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VE-Trac™ Direct EHHEE S1IERL

5 4 89 J& B 3% #+Robust Press-fit design
EMRE, THE LR, SE Eiﬁ]? s U A B0 R Bk AT, 25 RARE S A ik T

NVHB20S75L4SPB NVHB20575L4SPC s ABEHAKIRFEIH
750V, 820A 750V, B20A Competitor design ON'’s design
P oy R Y g ¢ ¢
' ?\l_ i : q; b, tj??:‘" ‘ “5'-;""“ ' “i b, ,? <, ° mERA TR E
e Ny O L s A8nH
T T
G L - - RK#HFS4 750V T

\otogeratng 7500 Lo -
- — _— c ZREHTERE
Current Rating T70/660A (Derivative) 400A (Derivative)

820A (Lead product)  500A (Dervative)  ° A ) A9 Fe BLIR 3

950A (Lead product)

%3 & A% +tAdvanced direct cooling
A AN MBI L), K ERthjf P A SR AR 89 5E § T BLAE 3k

— FMS Current vs. foerage Junction Temperaturs
——— oM
Fin-fin hane plate ’
saldered i imodule

s TIRA)

3
I 10

Fluid imlet

Flisd ceuitlet

Cooling jocket [either part of inwermor T 'I'Fu-.-:l'—"“?r' .....
Chadsgis o Separdbe pisoe) HID A0 = S0 50 ] ] =211 60 =t ] oo
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BRSNS | BRSPS

A A B AR ALTKREFFRANRL) #1T, RN LR REIES . 5 EASURRIEE N 42 4.
RKIALKW, KMEAET, £ RARMKA,
LR IGBT it & #) 12" &

Q e o
Wafer Fabrication Module Assembly ,o};‘s\,:rﬁ%:y

VE-Trac™ Direct
Shenzhen, China

Bucheon (Primary)

VE-Trac™ Direct
Suzhou, China
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SiC MOSFET
SuperFET Il NVHLOxON090SC1 SuperFET Il
NVHLO25N6553 NVH4LOXON090SC1 NVHLOxxN65S3F

NVHA4LOxxN65S3F

| /
4 =
M

FS4 Copack IGBT FS4 Single IGBT
AFGHLxxT65SQD/T AFGHLXXT655Q

|

Gate Driver
and Isolator

|

AY|
Al

APM Module
FAM65HR51/82

AFGHL50T655QDC

SiC MOSFET

NVHLOxON120SC1

NVH4L0xON120SC1

M |
M\ M\

OP and

'_
Gate Driver [y
! b
< and Isolator

Gate Driver
and Isolator

Gate Driver

Gate Driver
and Isolator

N
[
and Isolator

Relay Driver
NCV840x

Gate Driver
and Isolator

Comparator

Gate Driver
and Isolator

NCVx333
NCV2003x

Rf\

N

A 15V

Isolator

NCV2006x
NCV2250/2

Voltage

3.3V
LDO

LV Input
NCV8871

CAN Interface
NCV734x

Auxiliary Power

NCV8871 E2PROM

Reference

l 3.3V

NCV73xx NCV42xx
SZNUPx105 NCV87xx

Public Information

NVMFS6V8xx

NCV106x
NCV107x

§

Gate Driver
NCV5708x
NCV5709x

NCV57252




11KW XY[0]OBC F

) Gate Driver
SiC MOSFET NCV5708x APM
NVHLOxON120SC1 NCV5709x FAM65HR51/82 Gate Driver
_ NVH4LOxON120SC1 NCV57252 SuperFET Il NCV5708x
Relay Driver NVHLOxxN65S3F NCV5709x
NCV840x NVH4LOxxN65S3F NCV57252
11 KW OBC
sor IMAINY i | i s
v L) 8 \ |§—u—q |
i S L 2| oer | 5 Tomed | 26/ |
" v w ot J'_ briver J'_ i 7 : Bhiey J: Driver |::
s o |
LV
Battery o w;wljv p Vol Isolator OP and
uxilia r LDO <— CAN Interface oltage
L =) SePRoM Reference Comparator

LV Input I
NCV8871 -

NVMFES6H8xx
HV Input

NCV106x

NCV107x

NCV42xx CAVxxX
NCV87xx NCV73xx NCV51460

SZNUPx105

SiC MOSFET

NVHLOxON120SC1
NVH4LOxON120SC1

NCV33x
NCV2003x
NCV2006x

NCV2250/2

For 500V to 800V battery
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1.8KW ~ 3KW DCDCZTHAZEEE

APM Gate Driver
FAM65HR51/82 I —— MV MOSFET
superrci i NCV5709x FDBL86xxx
NVHLxxxN65S3F NCV57252 PSFB+Full Wave AR S
NVH4LxxxN65S3F |
NVBxxxN65S3F |
|| Gate OP and
él (- L0 Comparator
N \ NCV33x
priver | = s NCV2003x
NCV2006x

NCV2250/2

SiC MOSFET —

NVHLOXON120SC1 3.3V 115V
NVH4LOxON120SC1 CAN Interface Voltage
EZPROM LV Auxiliary Power
NVBGxxON120SC1 Lt e . LV Input
NCV73xx NCV51460 CAVXXX NCV42xx L NCV8871
For 500V to 800V battery SZNUPX105 - N — NVMESEH
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OBC-ZFA YD I LIGBTERZRE I e I

2017 2018 2019 2020 2021 2022
1200V SCR
Iso-TP247 UFS 1200V *40A 25A, 75A
’ T0247 T047,TP247
UFS 1200V 100A

1200V HS i

1
" ép-zu i
1
750v SCR FS4 750V 10x10 tech. qual, non-SFM ver.
Bare die
: FS4 750V 40A, *50A
: TO247
: FS4 750V *160A
lso-TP247 . Is0-TP247
|
650V SCR ' £ FS3 650V 200A, 300A w. STM

Bare die_
FS3 650V 40A for e-Comp

T0247-LL

FS4 650V *40A, 30A HS for OBC

D2PAK
I
FS4 650V Hybrid *50A for OBC
10247

®

IV-D2PAK

Hybrid IGBT A
(IGBT + SiC diode)




OBC -Hybrid IGBTHY N FH{f;E

* Loss Simulation Result for Totem-pole PFC

40.00
Reverse Recovery @ 20A, 500A/us, 150 Deg.C \ 35.00
30.00
Si IGBT - 1OADV] Vac 30V Ts Ts T m FWD_Err [W]
\ 4 - 4 25.00 - _
SiC Diode e + B FWD_Con. [W]
G - — & 2000 -
N v o - . LTE| W IGBT_Eoff [W]
\ —K} —ig — " | 1500 - m IGBT_Eon [W]
\ / Si copak Diode B IGBT_Con. [W]
Yy 10.00 A
5.00 A
-200 -100 0 100 200 300
Time [ns] 0.00 -
FS4 IGBT +SiC Diode FS4 IGBT + co-pak
» 25% lower Eon loss » Almost zero diode loss » +0.55% efficiency improvement
Eon [ul] at 125C Err/Ec[ul] at 125 T Efficiency=Po/(Po+2*Pd) [%] vs. lin [A]
99.200%
1200 200

——FS4 |GBT + SiC Diode ——FS4 |GBT + SiC Diode
1000 /. 180 99.000%

—B—FS41GBT + co-pak / 160 W

» 140 98.800%
800
/ / 120 // —0—FS4 IGBT +SiC Diode
600 100 98.600%
/.// 0 A ~B-FS4 1GBT + co-pak

400 -~

/ 60 98.400% ~
40
200 ; 98.200%

98.000%
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OBC -&#R3Es

2009

ON
Semiconductor
GaN

e Started with
Cascode GaN

2011

Fairchild
acquires
TranSiC

e Startup from
Sweden, developed
SiC BJT

*Fab in Kista

(Sweden) used for
R&D

*S{AWBGHY10%

Fairchild SiC
MOSFETs &
Diodes

* Epitaxy line in
Mountaintop (PA)

* Manufacturing line
in 6” FAB in
Bucheon (Korea)

Public Information
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2013

2016

ON
Semiconductor
acquires
Fairchild

* ON Semiconductor
creates Wide Band
Gap Business Unit

(previously
managed by R&D
teams)

Wide Band
Gap Today

* Maintain dedicated
SiC and GaN R&D
teams driven by the
BU
* Full internal supply
chain
 SiC Diodes and
MOSFETs in
production
* GaN Sampling



A R NAILES
DA< 13 N b
10425 8- F 5% 24& 5 09 BTt ek B
y

N\
* SiC/GaN & E i’ ), BAk v efe 0, MALZ) R4 o FBRAGIF KRR
o wFiafelk, KKK ETFIRE
| Silicon SiC/GaN
10kv/'j ,_ e_o0_o0_o o xxxxg
SiC/GaN can be x10 e_o_o_©o
U thinner than Silicon s : § :E : § : .................'
{ > 0%°0%°e®e® XY XY XY XY
'| 0%°0%°%e® 2l@eeccccoe
'l, — o‘.‘.‘.‘ 000000000
— e o o o 000000000
Silicon Gallium Mitride Silicon Carbide 4I 4I
\_ 1000um 100pm S0pm J \_ J
31& & B AL A 1) FR 3% & o) #AE
4 N\
o RIBFETCE A RBAL T K0 R Bk o FRALEEGY ZHHCAE S T AR TAR 0T 69 IR B Ao N A
o TBF HBTULK BT o SICHIM A B FhE LA, AT o
Max aperating tem) ax operating tem
Lezkags P;Of‘.s.l'g ’ M fﬂfﬂf;ﬁi;f "
Current : H Silicon
SiC/GaN
Less electrons freed / » /
1% w e 0 e )L B T REGBBI D T

Source: Yole 2016 IHS
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SiC BRI IRFRIERKS

N\ 4 ™
_ FFIPRELAIR LI 5 LR A _ Reverse Recovery @ 204, 500Afus, 125 Deg.C
R — T Y Y T = 1
. —— RHRGI09ED — WR [200 D]
e = — |F [104Tv]
. 1500 - 24
g =
_5_ 1000 = 1w E
& 90% reduction in Qrr
. 14 compared to Si diode
] Sif Biade SiC remains independent of T ' | & diode |
a M temperature (FFSH407 2040M_F155) (RH RS0 120
o e T '”"':I: 152 -HH R o 10 e A
am@emtun ] Time [ns]
o A8 HIR B R PR T ATE i A D0 S AN B I R 4514 o B/IMEH SR RART Qe AT RABEAIR T SR 450RE -5 i T O 18 B2
o J G J

 SiCSBDs 2 % #HaF+E4H, LVH AT
o RH VBT A4
* SiC SBDs#) B_1a) Mk F_ W7 A% 45 ¥, 509 20 W, 4,07,
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Silicon IGBT & Diode vs SiC MOSFET

o BALE) I R ANAE - BAKFERE
- Bow R FRF R 42 - R EWE
- SEAPE AT T AE R BT bR ik - RBEAK

- AR AR AT A g Mk B A JR) IT AR iR JF B

/ A IGBT
G REIIR % Z
= o SiC MOSFET
~ ~
_© SiC Diode ©
IGBT # £ & %
SiC MOSFET
Time (t) Vinee~0.7V Vee/ Vos
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SiC 5 Si SJ MOSFET &0l

SJ MOSFET#9Ron£150° CHt SiC MOSFET#RonA£150° CH} &
2 25°C rfe92.34% 25° C if691.64=
25 — \\\ 0.04 [ g7 : \\
\ﬁ/ = 0038 Vs=20V _ ,
§ 20 ,/ éd 0.036 ] il
= o / S 0.034
g B8 |edelodede £ TR . s
= 9 P4 g 0032
¥ 15 % o«
E ¢ ¥ o 0.03
g6 <
= § ¥4 c?) 0.028
E 2 1.0 P g 0.026
g P o T 0.024
X c |1 a - j Z
1. Vgs = 10V & 0.02
2.1p = 38A
0-0 : 1 : 1 0018
.75 50 25 0 25 50 75 100 125 150 -100 -50 0 50 100 150 200

T,, Junction Temperature [°C] T Junction Temperature(C)

* S) MOSFET#jRon/£150° CH} 225" C BF492.34%, mSiC MOSFET#9Ron/£150° CHf 5225  C Af
#71.64%
e —/~80mOhms #]SiC MOSFET £ 4% =T ¥A 565mOhms #7S] MOSFET42 % .

W) 4xdE A e A 6 3 i T 4 Ryy

Note: Above diagram compares relative RON changes vs. absolute change.
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Gen1.0 (Automotive

ok

) g 1200V Gen 1.0
650V Gen1.0 SiC ; SiC & 650V Gen

Diodes (industrial 2.0 SiC Diodes
grade) :

(Automotive grade)

2017

2018

OO0V SiC Mosfer &
Module (OBC/DCDC)

1200V SiC Mosfet Gen2.0 (Automotive grade

Vb

5

I 900V SIC Mosfe en
/’ ” 1.X (Automotive grade)
1200V SiC Mosfet ’

grade)

Isolated
To247(Auto
1200V)

Isolated SMD
(Auto)

o

iC Gen 2.0 Diode &
Module :

»

1700V SiC Diodes

oH0V

2019 2020 2021

Public Information
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Automotive 1200V/650V SiC Diodes: Line up

Release to
40

Power Diode

FFSH40120ADN-FO85 EIeXZyEciR 1200 Available Released

FFSH20120A-FO85 TO247-2L 1200 20 Available Released
FFSH20120ADN-FO85 TO247-3L 1200 20 Available Released
FFSH10120A-FO85 TO247-2L 1200 10 Available Released
FFSB20120A-FO85 D2pak 1200 20 Available Released
FFSB10120A-FO85 D2pak 1200 10 Available Released
FFSH5065B- FFSH3065B- FFSH2065B- FFSH1065B-
T0247-21. Fr¥eed FO85 FO85 FO85
FFSH4065BDN- FFSH2065BDN-  FFSH1265BDN-
e E FO85 FO85 FO85
FFSP3065B- FFSP2065B- FFSP1065B-
el FO85 FO85 FO85
FFSP4065BDN- FFSP2065BDN-
el FO85 FO85
S FFSD1065B- FFSD0865B- FFSD0665B-
FO85 FO85 FO85
R FFSB3065B- FFSB2065B- FFSB1065B- FFSB0865B- FFSBO665B-
FO85 FO85 FO85 FO85 FO85
FFSB2065BDN-
D2PAK-3L e

Public Information
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SiC MOSFET

Package

Automotive 1200V/900V SiC MOSFET’s: Line up

NVHLO20N120SC1
NVHLO40N120SC1
NVHLO8ON120SC1
NVHL160N120SC1
NVH4L020N120SC1
NVH4L040N120SC1
NVH4LO80N120SC1
NVH4L160N120SC1
NVBGO20ON120SC1
NVBGO40ON120SC1
NVBGOSON120SC1
NVHLO20NO90SC1
NVHLO60NO90SC1
NVBGO20NO90SC1
NVBGOG6ONO90SC1
NVCO20N090SC1
NVCOG60NO90SC1

TO247-3L
TO247-3L
T0247-3L
TO247-3L
TO247-4L
TO247-4L
TO247-4L
TO247-4L
D2pak7L
D2pak7L
D2pak7L
T0247-3L
TO247-3L
D2pak7L
D2pak7L
Bare Die
Bare Die

1200V
1200V
1200V
1200V
1200V
1200V
1200V
1200V
1200V
1200V
1200V
900V
900V
900V
900V
900V
900V

+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+20/-5V
+15/-5V
+15/-5V
+15/-5V
+15/-5V
+15/-5V
+15/-5V

Public Information

40
80
160
20
40
80
160
20
40
80
20
60
20
60
20
60

Available
Available
Available
Available
Available
Available
Available
Q4,2019
Available
Available
Available
Available
Available
Available
Available
Available
Available

Q4,2019
Q4,2019
Available
Q4,2019
Q4,2019
Q4,2019
Q4,2019
Q4,2019
Available
Q4,2019
Q4,2019
Q4,2019
Q4,2019
Q4,2019
Q4,2019
Q4,2019
Q4,2019




Z AL EMS) MOSFET
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TR+ SN ERLEIREEMOSFETs I NiEiH

SJ MOSFET 1t U Applications
0 OBC and DC-DC

| SuperFET Il Reg. & Fast (2011)

ﬁ « Direct replace to SupreMOS® U Product Variations
* For high efficiency U H Bridge
: U Input/Output Rectifiers
SuperFET 11 (2012) — Easy Drive
— | U PFC Bridge
| SuperFET | (2004) « Direct replace to SF1
i + Easy to design by a internal Rg
* First Gen. SJ MOSFET T +104mQ in TO-220, 41mQ in TO-247
* Best-in-class body diode dv/dt ]
*190mQ in TO-220, 70mQ in TO-247 Q | SuperFET 11l (2015) — Easy Drive
| SuperFET |1 (2012) — FRFET
* 41% lower Rsp than SF2
» Smaller Qrr and robust body diode + Direct replace to SF2 Easy Drive
* For soft switching topologies *67mQ in TO-220/F, 23mQ in TO-247
SupreMOS (2009) R 9 A 5 64 K
| SuperFET Il (2017) — FRFET 1 /'\éfjf“ (APM16) & 5127 Fl 49
- 50% lower Qg than SF1 J 25mQ in TO-247 FIR A
» World 1st Trench Type .
+ 90mQ in TO-220, 36mQ in TO-247 SuperFET Il (2018) — Fast e i ] T3.3kW to 22kW OBC #=DC-
19mQ in TO-247 DC R F] 9 ¥, 3% F%.
2004 2009 2011 2012 2015 2017 2018 ©  #EG650V £ 1200V.
= —_— o K AR LR AN
|_swmncaeyome e | FirA S
o —_— : © BRI AMNKE
+ Hard/Soft Switching + Soft switching topologies 10% i AL R 2EMOS 89 5\%
Topologies = Better system reliability *  1xAPM16 replaces 4xTO-247
* Easy to drive = Small Qrr and Trr k£ s =
+ Low EMI and Voltage spikes « Robust diode ruggedness 7147 Ak S 71 r‘J X él] =R ;}i#—\ o Z4FA K RF LT
* Int I R d optimized C . ..
nternal kg and optimized Cap A, ;ﬁ— i néﬂ/a\, Vlﬁﬁﬁ%é@dleﬁ‘%)}[ _ * Super FET Il > SuperFET lll
o . * Super FET lll > WBG
BHURFMEARBLES BR. FARER

20184 v A s Ak S B F AL 3k
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SuperFET® [l Easy Drive MOSFETE Features Beneflts

* A HY TF R I

* % H

« 48 Fl 4+ 3 T 40K %38 [ HRps oy - REDEFR
* H1% 85 FOM(Rpsion max X Qg yp) - %V HMOSFETSs

* Lower Eoss
o RAE AR — M
* 650V

Company A

c REBREAE
- REHRRT M

FLEFSE

« AR A IR 89 K
© R R K
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SuperFET® Ill FRFET MOSFET Features and Benefits

20.0

SF 3 FRFETA 7 & I X 364049 T ik Ay B A 83T 89

45 8

o MR F AR M E

* I KRF
o 8 B FH K T B AKFiE
* 84K % FOM(Rpson) max. X Qg typ)

F-H"JUURDS(ON)

450
= = a2 35.0 SF2 FRFET _—
—

cHWZALT K

= 30.0
o ) F kXAt = SF3 EREET
? - 25.0
’}E l)b $)“ F O 20.0
« BV #FBEMOSFETSs - ' 35A 6A OA 12A 16A

* 650V "R AR —NTHO40N65S3F 289 288 30.1 329 343
. — *REREHE FCHO41N6OF 319 329 358 373 434
everse Recoverv Characteristics
QrriuCl__[ _ Trnsl | IrmiA] = Company A 332 345 370 402 445
Vbp=400V, Isp=35A, di/dt=200A/us, Tj=25C
NVHLO40N65S3F 1.2 114 18.9
I:@ﬁg:ﬂfg; 2 6 iii gg:g o ﬁ'f)ﬁéﬁﬁ]&:—ﬁ% ﬁ']'i I Comparison of waveforms @ Isp=35A, di/dt=500A/us
FCHO41N6OF Company A

NVH L040N6583F

Praview Bampie
2 2cqs RL:1.0M
Auto TH 17TH, 2017

50ns/div

S0.0nsidlv $9.008M IT 500w

7o | € | vertcl | Hormicn | Tep | Semmy | Cursors | weesure | dmes | e |

e | €t | vertca | Mortzicn | e | Cemsmy | Gursors | Wesure | Meet | Mt | ySoopn | Ameae | Lumes
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Power MOSFET

NVHLO25N6553
NVHLO72N6553

NVBO0O72N6553
NV B L******SS

o e e

NVHLO27ME65S3F
NVHLO040M65S3F
NVHLOB2MNE65S3F
NVHL110N65S3F
NVE082N65S53F
NVB110M65S3F
NVE150N65S3F

P

NVBL*****S3F

NVBLO082MN65S3F

A

Technology
Family

Easy Drive
Easy Drive
Easy Drive
Easy Drive
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode
Fast Rec Diode

Package

TO247-3L
TO247-3L
D2pak
TOLL HV
TO247-3L
TO247-3L
TO247-3L
TO247-3L
D2PAK
D2PAK
D2PAK
D2PAK
TOLL HV

t

= JEMOSFETs

RDS{on)
max @ 10V
[(1319)]

25
T2

70
28
40
82
110
82
110
150
150
82

Samples

Awvailable
Awvailable
Awvailable
Q24,2019
Awvailable
Awvailable
Available
Awvailable
Awvailable
Awvailable
Awvailable
Awvailable
Q4,2019

<=2018 2019

2020

2021-22

Now

Now

Now
Q2 2020
Now SF5-6 EASY 650V

Now

SF5-6 FR 650V

-
[

Y Sy !

Conoepts Exploring

Now
MNow
MNow
MNow
MNow
MNow
Q2 2020

TO-Leadless HV
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HV TOLL 3EEfkKelving |

5 Py 2
* TOLL % D2PAK 77 #30%#49 & 4 & #2 F= 60% &9 =2 J4)
o A5 69 FM A

o 5 AR A 49 R KelVin 69 3+ 348 b 7T 1k 18 A AL HAR50% Eon-loss  201uJ e
« BAHF B MSL 1
40-150V 1% /= Mosfet 2014 744 & =)

Eoff-loss 189uJ 196uJ 241ud

o FhEgH0E F 1A (11x16 mm vs 10x12 mm)

Concept Layout Actual Assembly
] I | P R ot
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3.6kw

1.2kw

11 kw

22 kw

~S{K0BC 1=~

o APM 7 %

‘ Boost
OBC \' Converte

DC DC
Applications

Intereav J ( Bridgele |
e PFC } \' ssPFC }ﬁ."
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APM16E&7 i
Package : 40.1 mm X 21.9 mm X 4.5 mm DCDC Bridge Rectifier

« B | FEV-PHEV OBC#JPFC38 4%, DCDCE #, #3385

. Ji& ¥ 24 [F] $E4% 4 IEC60664-1, IEC60950-1 L oo T 1o o
o #FEAK T T

7 €38 30 _J acal

o 3 R BACEE AR A 05454 R & A
< SkV/1& wRg B Ak, HTaE e | 7

o F& FHALHIAIE- AQG324 = =

APM16: 7 )£ 650V, (PFC or

DC/DC or Bridge diodes) g o L5
& A O o e @0 —
DCDC-FAM65HR51DS2 I8 | B4 -t
PFC-FAMB5CR51DZ27A 10 Sl et e
JEA7£AQG324. | ' -
£ 3 7 80 WA o e R
o o oo ’ i
icati el fad e
Application EE GHE TR Do
g5 e =it - o -
DCDC APM16 DCDC PFC APM16 - - E o g = HH
Al203 APM16 Al203 APM16 (5" | |3 o]
Substrate AIN Substrate AIN | a2 s
Substrate Substrate o
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UL 5kV
Isolation

Reliability
/Aging

Temp Range

EMI

A. 5kV UL Recognized Isolation (Robustnhess)
**

\/

% 3 HOARAL

A &4, T, 23 5HKIGE
B. KIK# wiAKER LI E

C. REARHTI, CRHZARA

BT
S E R RIFFARERE T | AN
H5’“f‘ ITONRY AN 7}:7‘2‘\;})14%% ﬁ% j] g§

o
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B. Highest Drive Current (improved Efficiency)

I-source Peak 8S8A 2.5A
s 8A 46A 3A 5A
Peak

RO 4A 3A 14A 2A

Miller Plateau ]

I-Sink

Miller Plateau e ZBek R

D. Best-in-Class CMTI (Higher Noise Robustness)

Fue | con | veres | oians | wanzaca | Tra | crspiny | cursors | messure | wasi | v | anscone | amavee | connes | v (7] reic (=) ()
e e —— e —————————s

/ OUTH/OUTL = High
S0 dv/dt=118kV/us
| @1500V




NCD(V)57000/01 fE =LKz

Features
o KBTS )R fH KM High current (4.0 A/6 A src/snk) |

o 4YTeE w)E XTS5 KV, T ¥R &5 iA£1400 V
o EA 34 tLCMTI > 100kV/us @ 1500V

» Typical 66ns #E iR

© RSB

I ek s R I R

* |IGBT 42 % B AR 414

© M E6GUVLOA M FRIEIGBT % 4

[
| <
=)

i)

Market & Applications
KRE TR, WIS B, B EABE, AEH ) LR

Packages/Options
SOIC-16 FAR3 3
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NCD5700x M ZESBIiEFf ARSI

FEBARALH HE

NCD5700x$2 43t M A% #9VOH FVOLFL3t Hu v )&, o A 2L IR 3 (R 42 i) &£ VOH = £ 1V 5|3VHY )& 4.
IGBT Vcesat 5Vge w, )& A #

Vge Comparison
20

15

10

— COMP-1 (Rg = 10R) VGE

N N
o n oW

——NCD57000 (Rg = 10R) VGE

)
iy
IS

VGE (V)

™
(&

Veesat _ON
——\eesat_Comp

VCEsat) vV

e
o o N

8 10 12 14 16 18 20 22
Gate-Emitter Voltage, VGE (V)

Collector-Emitter Saturation Voltage,

o FFE WX, &4F:40A, 600V switching, 1x IGBTs (40A, 1200V)
NCD5700x 7 % & B4, Ak o & s IGBT 7 i 47 #6.1%
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Thank You!

k 48 12/20/2019

Raymond Yang
Raymond.yang@wtmec.com
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