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Global Urgent Problems & Issues YNU #HETx®

+ Exhaustion of fossil fuels
* Resource capture

- Exhaust gas pollution

» Muclear fuel waste (Fukushima disaster

- Global warming (? Scientifically debatal

-

+ Energy saving
+ Renewable energy creation

Power Conversion Systems YNU#EEIzxS
Requirements ‘Solution
Higher efficiency SiC/GaN unipolar devices
- +
Sinalier 31z Higher current density
Lighter weight +
Air cooling Higher !sf} 20 kHz

More robustness Extended T, > 200°C

Lower cost

[l

Major Properties of SiC YNU #amzxy
Physical Property Si 4H-SiC
Rand i A 1.12 3.26
(eV)
I Breakdown Fleld
i MV/em) 0.3 28
E!ectmnr mobiity 1350 tou0
(emy/s)
I Thermal conductivity 3
- W/ 13 49

-

Scenario of Size Reduction YNU #GEzA?
High breakdown field Hari mmmunu
_Vch inmsic lemp
Reduieddu | Unipolar dev, | Extanded Ty,
_LowReefl| || Fast swdching: Largar 4T

Hght, | Hih sficenc, cosing

Small chip and module  Small passives | Small cosling system

'Reduction of system size and cost |
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Inverter Comparison YNU #AmzAY

Commercial SI-IGBT
Inverter (11 kW)

Ny
&

SIC Inverter “NIJI"

(10 KW@S50 kHz, 15 KW@20 kHz)

70 KW/L SiC Inverter YNU #REZxS

Sze 105 % 60 x 40 * 350 mL
\ | TORNA

[ Frocumncy | 60 e

Homar
o

Assembly diagram

AC 50 Hz 20 kW Output WaveformY NU ##AEx X%

Line voltage (AC 400 V)

Power factor = 0.82, fgy, = 50 kHz

Continuous Output Test YNU BREzXx¥

Te (fing) = 160°C
Tj=180°C(Calc.)
Disslipation = 100 W/imodule

EV In-Wheel Motor YNU #RRzx®

40 kW

Bullt in Inverter
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In-Wheel Motor Concept YNU ®amax?
Features

+ applicable to 16-inch front wheels
+ high-safety five-phase AC motor drive
= high torque and high efficiency

« natural air cooling

AC 5 phase PM Motor Wiring configuration

Virtual Transmission YNU#RaRET XS

M HPNs (120 Aot T 8 120°C}
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Performance YNU #Hsmaxy
28 turns 17 turns 11 turns 6 tums

Turaue (Nee)
() Asumsugs
Ot put pewer (W)

2%

Grand Design YNU #xmzxs
10 HBPMs in the central  ~ ~ P20 -
angle, 270" Travel wind  ZE ¥
(/7S Bulkhead o ™ Inside wall of

\ &
L%
V2

),
/S
'/ / Motor radius
L/ / =79.5mm
'/
7 otating shaft
7/ otor case (A o
'

Final Design and Actual HBPM  YNU ##EEzxs

OS2 termaals N oL

T3

0 Quput terminas

G151 termias

BON
tormats - GRS tentingts.

High sce
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Ls Reduction Strategy YNURERZX®
e
WSelf inductance reduction " shortcutting
Current L - =
Single conductor Broadening

<. & — =
=
- — -
Branching
MMutual inductance enhancement

Flatteriad anl-parallol Interleaved anti-parailel
FAF) 4P

Le=Ly4Ly-2kvL + L D<k<1)

Ls Reduction Design YNU #REzA?

el L 1=

Actual Ls Reduction YNU WRELxs
100 1 Lg=88nH
B,=882°

104 10 108 107 108 g
f{Hz}
Impedance between P and N terminal

High Current Turn-off Transient YNU #AEzA%

External Ry =00
Copan =100 N5 Low side SW

SW Transient at 250°C YNURREzxS

() Turn-OFF b} Turn-Gn
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Heat Release Calculation YNU RZE2x¥
e
o - Powerds K, Coeficient of thesmal conchuchivily
- *AL, Tor material 1 (hickness & mm
SQAN 14) heat spreding angie -
= = ] e . Materisl 1 a = arctan(k, K,
0L, hsal sprading Lrgih
cee | Matedal2 AL, =1 % (KK}
e
r Effective heat K Coeficient of thermal
' Transfer width conductiviy for matsrial 2
15
Cermparar” TC | CE | SHiC) | Som
tem NBtenal K (W/mK)| (PEmK) | (J1gKI1 | giem3
Poweradle | SC | 93] 4866 063 A o TENRT OO
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Shisb | SN | 120] 65 06| 33
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Ry, and Heat Spreading YNU #RETS
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Thermal Stress Design YNU ®RRZAR
Au=Ga
SiC

L45- 6.6 pprm/K
|Pure st 6.5 ppm/K

==
Insulated AMB o
Cu-SiN substrate |

Cu

Clad material
base plate  Mo-Cu
(CPC)

7.8 pprmfK

|ETE Matching and Use of Ductile Al suh-at_ta_ch|

ZAY

H
Samples =
¥ 5
n 8
o
%
5 f ¥
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TG EITAG- 1%

O — L} o | o i

o 50 w0 150 200 o mo0 2000 =640
Die shear strength (MPa| Namber of cycles
Starage test Thermal Cycle Test

for 3000H at 200°C between -0 and 200°C
B fes 30370
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Sub/BP after -40 to 200°C TCT YNU #zmax?

Sye

Cu-SIN/AL Al/Base plate
SAT images

X-SEM Analysis of Sub/BP YNU Ramzxs

0 cycles 3000 cycles
(-40 t0 200°C TCT)
X-EDS of Al/BP after TCT YNU ®RASZX2

Al(red)+Cuiblue

(8]
+ 40 to 200C,
+ 3000 cycles |

1 CuAl,
2 CuAl
3 CuAl, (x < L.0)

Tj Dependence of Al Wire Bonds YNU #&5zA7

200 Al wire bonds

Al wire: 200 um
- Inthickness

_ SIC-SBD:2X2
mm

.......... Test sample

Bond pull strength ()
-
.

Fracture occurred:

00 - on the beam or at the heel for Tj < 50°C
- at the heel for Tj > 50T

0 00 200
Temparature ('C)
Temperature dependence

Wire Bond Reliability YNU Rzmxxs
200 Al wire bonds 120 E aan Al wire bonds
~ g .‘.:.r.' ] !". ey
B g ] .
£ 200 o+ B Em -
il -
£ LT : g ;-
2 e oo B & 100
2 : B W
& AT st sun) 3 - T e e
§ 1B WD7RE-F2 et et
o o B
WHe 2000 Jooe T 0 20000 wann
Mumber of cycles Ml of cycles
TCT between -40 and 250°C PwCT for Tjmax=200T, ATj=1657T
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Test Results for Storage at 250°C YNU ®#mzxs

Uninterrupted storage tests

% 3 w for 3000 hours

B ey TR0 s

£ Ohewr I F0C | swc
3 Pl streneth &P | 241 160 184

& Rulatie cirwrgth (8 100 7 [

E 7y Ratls o IEC 80749-23] 34 26 23

(%) GH IR S8 VD0 SARERY

a 00 )
Storage time (hours)

Storage for 1000 hours at 250C

2ok

Encapsulation* Reliability for Storage at 200C Y NU #
* Epoxy Matersal Coopound

e
15 L]
e
30w i
o= . . . & 15 =
3 i
10
%
VBB iV 4 as
VY
o + oe
0 1000 200 000
Storage time (hours)

Change of Vs and V; of SIC-5BD
SR AN EMC/SIC-SBD X-SEM after 3000 Hours

TCT Reliability of Encapsulation* YNU #amzx%

* Eposy Matenal Lompaund

Ve (V)

00
o 1000 2000 o

Number of cycles

Fed diolect

o

Change of Vg, and V, of SIC-S80
ctich il EMC/SIC-SBD X-SEM after 3000 cycles

Vibration Test YNU#RETxS

Resonant Characteristics YINU RRET LY
1 1
—X-a3Ns
—y-dus
‘!}E I —I-axis
g |
e
EO.I I
§ |
g |
-
| 016
0.0
1 0 100 1000
Frequency (Hz)
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Power Spectrum Density YNU BRRELX?

oo +

Powes spectrum dens
W

oon . |
10 100 1000 10000
Frequency (Hi)

Random Vibration Test Results YNU ®amzx%

Ia-iins characteristics

WANE 56 test {1 Afear 18 G teat

Blocking chacacieriatis ..

A 1 A 128 et

Yield Rate YNU BRI xY
Propert _ GGun Test(30H] | 18 Gy Test (30H)
TRy Arm Leg Arm Leg
Dutput 0/6 e o6 of3
Blacking 06 o3 06 o3
Total 0/6 073 06 073
Assembly Flow Design YNU #Rmxke
Sart

Randing of Cu-SiN to haveplate I

Nisl alecroplating Al wirn banding
i il artach (Au-Ga) Bonging of Stand-up terms

b l

Cweolar phag farmstion |

EMIC franaler molding

[

Samarkatie point Eng

Comparison* with Market Products YNU RREzxe

Issues Market Producis** Dur module  Innovative Factor
Total Volume 100 s 120
¥ [ech
Thermal Resistance 06 0iE comparable
Rth_jb (KAwW)

Parasitic Inductanco

Lp* (nH) 15 L2 w2
Junction
temperature
Timax ') 150 50°C highar.

More than 200°7C
Thermal Excursion

&7} 120 50°C greaer

LTV 1T A clans HEPML S Cimmibina iin o best valiies, S+ St tangs In tine
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Practical 5-Phase Inverter YNU #rgaxy

Inverter
(10 HBPMs)

Summary YNU RRRZAS

Extremely compact full SiC HBPMs built in a real EV IWM have been
designed, prototyped and characterized

The prototyped HEPMS are extremely compact in size and capable of
withstanding junction temperatures up to nearly 200°C and steadily
switching 260 A at DC 600 Y.

They have better CTE matching and low thermal resistance, resulting
In superior reliabilities.

An assembly process of the HEPM encapsulated with thermoset EMC
has been proposed and finally completed
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