BAEHMOS(HEMT)

HEMT: High Electron Mobility Transistor HLEZHEZTH: http:/pan.baidu.com/s/1sj39UW1
— g ' T2
e mBPOFNPackags O M o -
TO-220 Package G
TO-2dT I Packagps GITET2G7
FALBMOSFET (650VDC, REA&SZ Iy 1uS, 100nSHIZELE KI5, PRUET50V)
Part Number Package Voltage (V) C: r(r Ae)n Ron (Ohm) Power range
TPH3245ED 55 QFN 5%6 750 6 0.5 <150W
TPH3002LD TPH3202LD i QFN 8%8 750 9 0.29 100W — 500w
TPH3202PS TPH3002PS sii: T0-220 750 9 0.29 100W - 500W
TPH3006LD TPH3206LD s QFN 8%8 750 17 0.15 300W — 1600w
TPH3206PS TPH3006PS sidi T0-220 750 17 0.11 300W — 1600w
TPH3205WS s T0-247 750 37 0. 052 1500W-6000W
TPH3207WS st T0-247 750 37 0. 052 1500W-6000W
TPFX4010Y T0-247-4 750 20 0.15 TR, 4RAL
TPT3016M - R= 750 30 0. 08 6% T f b
TPT3044M - R= 750 16 0.15 6% T f b
C >

WL HR A

T#

Transphorm Shanghai.
Tel:13501775977
Mail: hz021@gqg.com
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YR DR & EiEd-Transphorm B AL FET

(Industry goal = 1/40 volume
1o 40 10 years)

o A 26 6 3 76 B N R 72
R, B TR R SRR

ThE % EE EEGaN, SiC h L

o BGREMRHE R E N KR T, e R E RV EAR IR,
R A PR .

» BALBE M R FL S INLED A RFJT THIHHAT NATTHIM e, IAE R i ATy 2
FRPENL A . A E R

» FAKGaNF R m PR R, R T 2 . I BULE I TR IR, Rk
8, 12~ (1R TR KK PR A FH AR o B
traﬂsph;.rm Tel13501775977

Mail: hz021@aqg.com



Si,SiC,GaN=FM A [E# &} ¥ FiE b

b Si SiC GaN

R IEE (eV) 1.1 32 34
BN (cmVs) 1500 900 2000
I 51t 57 HLHEC(MViem) 0.3 20 33
H AR Vs(10cmls) 10 20 25

» FEFRIER. SRR iRWECh. ERR T
PRRE M ME G o LR SR R AR DLA SRR )

FF 5o

o BEAFRIES. eV, FAEREMMAE TR, EERE

e .

 =ZFMTAEMBOEE: ATETHEM. oL
J5 B R S 2L B N 5 558

transpherm

GaN and SiC offer:
- BEEENIL/EHE

GaN offers:
o ENEA IS
o HidEEEMLAE

SiC offers:
- HEAEENHTE

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com
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2007 4 Jf 57

£ T E I/ Goleta
HIE130F A T
2502 &)

H giME— 1 JEDECIAiEGaN4= k.
HIL2.50 L &/

HA, Fi, L, %E, L

g

Japan office

R
KP e 0
CRB P B et B QNG FUITSU

Transphorm Shanghai.
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World-Class Financial Backing

KKR

a’ Foundation

%Désﬁtu FES 3' FU] ITSU Snn:ts Fund Management

transpherm



Transphorm Executive Leadership Team

iﬂﬂ

Mario Rivas Primit Parikh ¥ideng Wu Lireaah Mishes

Chiaf Expcutive Officer T00 and Co-lounder EWP Engineering CTO and Co-founder
A pars EpHInRacE w 1% (A EEpTENCE i PhiD, 15+ ymars Professar al UCSE and
hechnology. manufaciunng Semiconducho. GaN ard  gupprience in CGabl firsf 1o dovelop Gald RAF |
and PAL managenant Buiairss adarsnip lechnology and devices Power dovices

Michael Whits

SVP Sales &
Markeling
25+ yoars PAL m,

BiFalegy. sk &
a0 Lt M

M 1 b”.‘rﬂr.‘rmuf
A D L Ve fcond i lor

transpherm



Si super junction
vertical Structure

S'f
I *

TEER i) ELAS A 1S PINZS 17
FE R PRA o 1) 7 2E
B, FINDI R BEfER T, T
T B R

Nor

AlGaN Barrier

BB FET — HEMT

1, BN E 5ELMEMOS T~ —#E, HRE
WANHIBHEAA N AT PN, BNRA

R ZARE, SRR RIARE B R

2, DSHRAHRBELEFEKBTES

B, XS5, Bi%EFF/Normally On

3, LHGHKINFERD,SEIKMT. SLhrM A
ATE GRinfaE)

mally On

7]
—
|—
b_
. _ _, MOSFET##0V< b5V i, oh S
i RN SRATIANET, VOB LR R N TR 5

J&

MOSFET L/ =& A <.

8 &7t 4 24

Transphorm Shanghai.

transphs:rm o



Transphorm GaN K32 B 1R ] B

D D
i
—
'—
S S

Forward conduction Reverse conduction 1

(Vgs<Vth)
» G T AN IR B
VTR E T (5V T8, oV <)
=+/- 18V max. GATEHL /&
w X R A OX BRI AT,  LION,Silicon-labs,Fairchild, IR....
n FH TR R FEEAR100mA- . ITE 1IC 2 SR

= 30V JE(LV) Si FET B 2 dEH R, A 2E L
B

="low Qg. & Low Qrr

»30V[{Si Mosfet 5 &AL 45 FET £ 32

transpherm

B 1
=
-
'—n
S

Reverse conduction 2
(Vgs>Vth)

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com



Cool-Mosfet 5 E AL MosXT EH

Parameters | IPA60R160C6 | TPH3006PS
Cool-Mosfet BN

600V @ 25 °C 650V (spike
rating 750V)

. 2 [FIRds(on)*f kb
Static g (25°C) 0.14/0.16 ohm  0.15/0.18

ONM o i RE, 100mALE) )

Qg nC 6. A L |
K N AR ) T OGP
Qgd 38 n .2nC

co(er) 66 pF U 56 pF !
Dynamic = N TR X (]
C 3 [1] 110 pF [1]
o(tr)
< N[ R R R S AR
Qrr 8200 nC1 54 nC [3]
Reverse

: trr 460 ns [ 30 ns [3]

[Qneratsopv = 0 - 480v

[2] Vs = 400V, I = 11.3A, di/dt = 100A/ps

[3] VDS = 480\/' IDS = gA’ di/dt = 450A/|.l$ Transphorm Shanghai.
tra HSPh; 4T Tel 13501775077

Mail: hz021@aqg.com



GaN 5 SifE B2 _E R b

4 EIMOSFET/ Cool Mos FALE A EIMOSFET -HEMT
MOSFET & #\Js: BAAEMOS K HE:

1,Rds(on)#i#E
2, WHNDIFHLAFE, 1 ESIE 110

3, HHBANC KR IFE, 1 ESIEI:
1/100 77 #£

4, ENCHIET BRI D IIIEIX TRFE.

1,Rds(on)#i#E,
2, FFRFE (T2 #iCCM),

3N R I TR BT,
4, JEX L (I R A, DCM).

FEFIESS | | m
TERE| | s

.5005 50 m; 50
40 40 400 .0

m -, . = w BEAT
oo | TR 5 1= AL w A

0 0 0; e 0
—rwi.....a....:....g..,, -10 -0ttt -10

-2.05-08 3.0-08 8.05-08 1.35-07 1.85-07

T e | ome %,
] "— 1600 - | — 4 400 5 " 1.2> - 1:2 2
5 - = 1.6 = 3] a2 ] - ~—
300 —\ :%g 22 HEIX 45 300 3 ] 15 3,4200 ] M E:s S
w0 y f ol E==. "":5‘-\...; 04 ELN}LY 200 \ 1 o ¥ \ 10, =
; \ \ £ 04 L + 04 100 - ~ o8 9° : 315
100 \4 \-4 = -0.80 - = 04 o = 1.2 yoo TTTT] ] &S 16
] = A2 e L E 0. 1
ag < 20016 2 ‘.aj 7 100 -;6 t (us)
-IOO-O.ZI T '4.!' s IS.!-Z t (“S) 0.2 4.8 5.8 Transphorm Shanghai.

trans’ph:'rm Tel13501775077

Vail: hz021@aqg.com



Transphorm GaN FET 0 4750V H]100nSiZE 4L ] Spike

|
750V - k) Thuie Tpur1uS
[
1

M § D.UT. 750V 750V
Vbs
Vo 3
1900V MOSFET
av av

Pulse Width > 1uS = |

Duty Ratio = 0.1 :/ 10T pue \i
Fig. 1 Spike Voltage Test Circuit Fig.2 Vps waveform
Voss Drain to Source Voltage E600 W
Vins Transient Drain to Source Voltage * 730 ')

« 3 QALK >77 3B
o I DR A5 HJEDECHR
FNZ>10KHz, 15 25 L 10% 1K1 750V [ Centoons 7 & 52 fspike 5 )

Transphorm Shanghai.

-tl-a ﬂSpl.—];'rm Tel:13501775977

Mail: hz021@aqqg.com



Transphorm Product Roadmap Summary

A TPO3248M° New
TPD3215M"
[Custom module) I mnr;lm“h] .IEE'.-IDEIP_E.I.ES..
600V/30ma2 (4. 5kW) ’: I
i I
| % i |
rr' 3207 (T0247) | :
EEI f'f?"“T"" . B5M) rpn3227M0 1 bridge | imz.:n' :
1900&1200V /60-80m]
~ TPH330K : |
T % y (T0247) } .
TPH3205WS (T0247) * ~° o SOV /£ 30m() i s | |
i vy . 1
G00V/52pt]1 _.Iu 3, 3k¥) . ‘ : 00V E-mode E
1 : 1 |
. ' % bridge 1kW L e |
e -‘% 1-|.|I s *L %-"-J :
= LB I I
|| '||| "!'||||' I I E-MDDE E
TPH2002/300¢ ! I
n-mm;mmj TPH3208 TPH3212 TPH330x i
(TO220/POFN) 600V, 260/150m  (T0220/PQFN) (TO220/PQFN) (TO220/POFN] : E
600V, 260/150m(1 (0. 5~1. 2KW) g OV;116me} 680V, 72/} 650V, <60mE) } I
(0,571, 2kW) e 1. 271 5k .l sorwy 4 (1. B2 5kW) i I
l- S = . | - = !
ﬁ. i # S Ia # % : ‘: E MDE I.‘JE
H | |
Gen-1G Gen-1A | Gen-2 Gen-3 ‘:_ |
I I a2 | I 5 I ! }.
2013 2015 2016 2017 2018

Alpha sample:@—

Gen-

TH: 100X, Gen-2: TPH320K, Gen-3: TPH330X

e

Beta sample:®- *M: Module

Top PfﬂiEEtS [Note] kW rating; half for PFC at low line

transpherm.



)

R(on) Tvi Product Roadmap
Mv FTED :
Gen 1 Gen 2
_sos-ssov | — —
Surface 150, 290m0 | 100mO 80mO Family Half-Bridge
Mount 8x8 PQFN 8x8 PQN | 8x8 PQFN | (50, 80,100,150,300mO)
500W- @, Development 9
3KW HL
To220 150, 280m0O | 100mO 80mo 60mO
| T0220 T0220 T0220 T0220
E.gnﬂl':ﬂwl:lL ? A Levelopment >
— 52mO 42mo 30mO
L % | T0247 ‘ T0247 T0247
2.5KW-3.0+ HL < Development
E-Mode

EMODE Development >

EMODE- 650V %

2015

2016
transpherm

2017 2018



Qualified GaN on Silicon products from Transphorm:
TO220 & PQFN (Production), TO247 (Eng Samples)

Mail: hz021@aqg.com

Specification Production _
Part No. TPH3006PS/PD  TPH3002PS/PD  TPH3006LS/LD  TPH3002LS/LD _
» A s = e

' Source Tab (PS)D Source Dap (LS) -

Drain Tab (PD) Drain Dap (LD)
Package 70220 T0220 PQFNSS PQFNSS _
RDS(ON)Typ. (OHM) 0.15 0.29 0.15 0.29 _
ID25°C (A) 17 9 17 9 _
Co(er) (pF) 56 36 56 36 _
Co(tr) (pF) 110 63 110 63 _
Og (ns) 6.2 6.2 6.2 6.2 _
Trr (ns) 30 30 30 30 _
Qrr (nC) 54 29 54 29 _
Vgs(V) (Gate Voltage) +/- 18 +/- 18 +/-18 +/-18 -
Transphorm Shanghai.
transpherm



Quiet Tab™ package made possible by lateral GaN devices

o B IHA T TTLLES, HATLAED, AT '
o FEIBESH (HSHIEHOV) * »

= PEIEEDRY (FIDJEE A B H \’f‘ »
-
g %

L AC ground \ - Drain
High side switch
<5| ! 000

connected to case
Low side switch : I R é
L
S
g G SD
B - \ Source

Ground connected to case

TPH3002PS --iF#fa)&#Stk (TO-220 600V/9A)
TPH3002PD — 15 &4 )& 2D
TPH3002LD -4 E#D% (QFN 8x8)

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



The Quiet-TabTM TO-220 Package Matches
GaN'’s High Switching Speed

TE 2R T T0-2201EMOSFET

Bal R AeRD, mMadhsEa g%sﬂl D Ff Quiet-Tab™ T0220

S _T_ GaN HEMTH F|F @ 4t 52
- ‘x PY
Gate Driver Lo Gate Dri wonspho""
‘ ) v, ate Driver L
\ 500 ouTt
G | ouT —_ .
D S T i Vin
Driver{s 5 M HIZ 1k N 56 S Ino
AW, NEELER W — Driver{s 5 M 1JI 3, 2J
K, SRBOR AR H, NERE L. S
Ji& tho B80T w0
R GERISEHI, DR IR T RS Vs R A =
Kelvin3I ) (& EBEES) , HIFHISHE, —AMEN G HEMT
GATEJHA, H—/MEANDWKHERAH, 2HF A R
T bvgstiRe |
o FERA R G5 16 1 5E AN BE TR HhKelvin .
G,S,DEFEITZHEAL. -

PCR A [
- EEYe

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



BACK AT Re R v B fa] AL

I o4
MOSFET, FilSnubberif i B —, NG
IR LW IR FER T ; : S
S & . & 3
23
v
—_ N s axd :
3 4 L .q—)
L1 i By 02
+ L G
? 7y Y
Ll
1 L E
Vin o ar4q
h [, o o [ 5-=) [ Py oo [ o= oo | b=
9T
- Pout (W
a1 out ( )
Boost design using Transphorm’s GaN MOSFET and

(@) -

— MR R A97-98 % %
— B¥# BB AL MOSFET, 2(%1£99.2%

GaN Diode producing >99% efficiency and using fewer
components

PFC Switching Conditions

. Vin=  220vdc
Vout= 400vdc

. Frequency = 100kHz, 400w

. Uses TPS2012PK; lowest loss 600v/6A GaN diode
Boost converter efficiency = 99.2% e —Q -

Transphorm Shanghai.

transpherm




BAVL B MOSTE LR H

1% KN —ceM /R8T

o

BETCHEE T, TAEERETUT

1, Rds(on)SiE@#iE
2, FFxAnFt

3, RIS E BRI ERRFE
4, Snubber/ K B 1R FE

FERUERCR —FERIE 0L B
WA 1 10M . HEMBURIF A
RN E

Coolmosi#f iR, ME— I — st iA Bk, H
B A T

Coolmosfet 199C3+SiC_#RE —Aih

%% [AIRds (on) BB, HRMEAE - Hd

TAEHi#E: 63K

TAEH#E: 750K

FRE

400W PFCHR

HF 5x5

MHFR 3x3

Transphorm Shanghai.

transpherm e von



B B& W ] —CCM EEL B /8 o

Silicon converter: Super—junction MOSFET, 385m<2) + Ultra—fast Si diode, 10A at Tc=25°C
GaN Converter: GaN HEMT, 310m£2 + GaN DiodeTPD2012, 2A at Tc=125°C
Rs=002, f=100kHz, V;,=220V, V=400V, Py ,=760W,

Cool-mos C3[FF Ky ¥ BAE T RBTE

500 50 500 50
400 \1 ! w0 Jwi w0
300 20 300 30
200° | 20 200 2
100 (| 10 100 10

e ¥
e e — ~100° | ~10
20508 S.0508 SO0 1.S3EU7 1.BEO7 J45E08 5 ﬂ-ﬂ" J.55508 5. ‘E‘W 5.635-0¢
B PIK) ZN HCool-Mos I IFIR 2 . 1R/MiRYZ, AN IIT KA FE S EMIZ:

by
BB N A &L A BIARE /N Trr, RS2 JT A RIS

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



FH, % S F —C CM Ha, B [ ok

W4 BITT R TE

R EME
*\ /

AR RN, AT

R e PCBARE1/3
| i BH S R A
il RS -HATE
[a @-.E.,TE
._T“;:[*
|

LA/ N80%, JRR107T
AN e RE25T

transpherm

Tel: 13501775977
Mail: hz021@aqg.com



Customer A 460W75PFCEEEMIIANTEL

Efficiency comparison of specific load @115Vac

94.00%

97 00%

90.00%
£ gg.00% |
& s6.00% _ .
g = aom | KU, FFIRT130KLLF, BMUEENE L
= 5. B 5Cool-mosZA4%,

80.00% LR EEIM33KLL LG, HERE

78.00% -

10% 20% 50% 100%

——C3_100k 87,25% 91.08% 92.61% | 50.69%
——GaN_100< 88.11% 91.54% 92.97% | 91,19%
'——C3 200k | 86.17% 29 71% 91.97% | 89.68%

GaN 200+ 87.48% 90.98% 92.77% 90.78%
\—C3_300k | 83.31% ' 8R.41% 91.17% | 87.29%

GaN_ 300«

Transphorm Shanghai.

transpherm e



& SEMI

460W PFCHLJE
Cool-mos 100K HZ

Line
Corslycted Emivsion Serun ement Neutral Conduited Eminskan Meriansment
i CRap FT— e i au T TE b1 1 (AR & [lady TR (1T L | e T EEPArm
EF s [ -
= T =
L]
i \ ' bk
. 1 i oy . e | i T . i gt |
WA 1A Il , A, ", S Ty WRETIM il dL \ ' "
A, Lk Wy ol | Ny s, o
a1's ﬁ;ralllﬂ.-[r" I'Jll.lll!'ullnlr.lll'(.lli'[m'* (o Hilaodd ' g "ll'.].-'.l*.'-'ﬂ'-ijlﬁ'ull'il.; .IJ M. g™
1
Lo 1r g ] B EE ] L] g ] LI

Input: 110V, 60Hz

Mode: Original Source Cool MOS, fs:100khz
Limit: CISPR22 Class B Conduction (QP)

transpherm

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com



% P SEEMI KHGANIE & TIEARFH A 1R =EMI

460W PFCHL.JR
GaN 300K HZ
Line
P T80 4ETRIE B ey s T Eomaw 2ot J00alir0 T ol il T i Fim DPFSA00RN & e Dl LD Dt M2ELTY Ve Bk A1 1
i ik L N
- _-\_-‘-\-‘- .\-'—\.-__‘-‘-
T | el T
L
-‘-L‘"-\_
et ] i
| i F 3
- r'-.l'«jl_ il n A | i e il II:II T ¢ | o \
|I|IFI I_.| I g ¥ I-_"uﬂ'. _|_ .'| '”_ - N
o BRI R U' (TR \ Wiy dlk I'-'!'l"l'tli "l W '
LTS ¥ & 1 nE L n oI ] EEE

5 FikECool-mos7E100K i (& Xt L .

Input: 110V, 60Hz . RN
g HRE TR KA. (AFRR A
Mode: New Source GaN, fs:300khz 2| 7 300KHZ

Limit: CISPR22 Class B Conduction (QFP)

Transphorm Shanghai.

transpherm

Vail: hz021@aqg.com



TE XA PFCHE/BOOSTH L HH — XABRMEHFFET R _RE
v L LGN —IRE R AT BEFRIEFET AR 4 F

Al
Converter Schematic Oidiet T8

GgN Diode J GaN HEMT .

— --ﬂ\

WY
Driver |/

Kehin sourca wiring

# IR J S Bl 7 5% 4 s P el
TR O 555 T R (R Cf— —"3
it

Transphorm Shanghai.

rans’p i'rm Tol: 13501775077

Mail: hz021@aqg.com



g R
CoolMOS TO-220 Vs. GaN HEMT in Quiet-TabTM TO-220

CoolMOS 60R199 TPH3006, Rg=0
(Leads cut to shortest with standoff) (Tab used for grounding)
550 55 330 5 - 55
500 - vd Vg I_ind / A\ 50 500 - vd Vag I_ind - 50

& 8

450 - t . 145 450 - ' - 45
400 - Je- 'M---—how- 40 400 - — — — L--.- N
350 E é 35 350 ; ;

—
<
Ss00 - 30 300 3.::-%
250 - - 25 250 - 5 _=
}2&02 - 20 zﬂﬂi 20 —2,
150 - - 15 150 - 15,
10&5{_ H " 10 100 - | ] ! 10 O
50 - J - ¥ | -5 SD;L \ i | | 5 =
o R e e e e S
50 7 ! -5 50 - o
100 - | - 10 -100 - 10
150 +—t ————+—+—r—rtr———rtrrrrbrrbr=t -15 -150¢ F++——~+———~4———t—r—+———~t——"trrrtr~t 15
01 04 09 1.4 19 24 29 34 39 01 04 09 1.4 19 24 29 34 3.9

t (us) t(ps)

*Cool-Mos GatelIA IR, vdsiZ L EIRE, Zikeoovbl 25, R T SREMIA .
“BALBKGATERI A M. JREETT, R/ HIE.

Transphorm Shanghai.

transpherm e



Operation Waveforms:
Slowed-down CoolMOS Vs. Fast GaN

vd Vg D
: P
A= e
1= |
—.‘IEDE----i----i----i----i----i----i----l----
-1 0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9

CoolMOS 60R199

(Leads cut to shortest with standoff)

t(us)

- 55
- 50
- 45

- 35
- 30
- 25
- 20
- 15
- 10

- 10
- 15

550 -
500 -
450 -

350 -
300 -
250 -
200 -
150 -
100 -
50 -

50 -
-100 -
-150

TPH3006, Rg=0
(Tab tied to grounded heat-sink)

vd

Vg I_ind

—

e =

L b T

Ve (V) Iino (A)

TTITTTT
T = T T T TR R R ST B
ol s A BB e na&d &g

=
=

[
LA

* i LACOOL-MOSEFEH [ I N—ANHBH, 25BR 44 VDSHLEFE TR, {HITHRIXBNHTE
Ao o o FTASE—FEFEII0BR, B VDSHKIR B . [F I th & KA #E .
« BALE B AT ESMNE. REMI,

transpherm

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com



GaN & #EH <k H@}:ﬁ%%(%ostﬂ%%)

. Conventional wiring . . Kelvin source wiring .
400 Vd ——1_ind —— Vg 20 400 Vd —I_ind Vg 20
%}m IA‘{J iﬂa }‘“—gﬂﬂ ] ( -/ : m%

] - o A
}mu: J‘r 5:} 100 - NP/ 5}

t(s) t(s) .
R TR S I RAKelvinfiit s 2

G

s "
AR AR, MY EERAKelving 5Eg  °
)T g _EREMI

* GaN HEMTs is capable of dV/dt of >100V/ns.
* Resultant high di/dt causes apparent Vgs dips in conventional wiring.
* Kelvin source wiring eliminates the large Vgs dip.

Transphorm Shanghai.

tra n5ph= .rm Tel 13501775977

Mail: hz021@aqg.com



5iEBOOSTH, % Turn-off Waveforms
=i

Vdsiﬁiﬂ’lﬁéﬂé 5 ZREELT AR HERA R

Kelvin source wiring

Conventional wiring

500 - / r
400 \ j 400 VEM " —= 20
300 - Z Vg 15 300 Vd —I_ind —Vg— 15 —
o~ i —— -y L
> ] ', > > \ 5
‘-E 200 - I 10~ ‘-E 200 i - 10 o
P S— 0 p— :
] - >
= 100 - \ s = = 100 \ -5
Afaa Nﬁ\\-
o \W' o o u.,. ;
Iﬂﬂ T T T : T T T T T T T T T 5 _im T T T : T T T T : T T T T 5
3.24E-06 3.29E-06 3.34E-06 3.39E-06 3.24E-06 3.29E-06 3.34E-06 3.39E-06

t(s)
* Turn-off event: Inductor current charges
capacitances. Di/dt not high.
* No issue for Vgs even with conventional wiring.
* Vds spike is due to inductance of the diode path.
Close diode placement is desired.

NG A R T SR FET R LU b 7 48 1 R A5
N— 4 HIVdsRiIgErHE

Parais L aoacherons

Transphorm Shanghai.
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o BT B SR g B s - L EEL I ) £

Inp=1.1A lnp=4.1A Inp=8.1A

s00 j N 25 500 7 r 25 500 7 r
] o C ] : ] ( Ilé ) [
400 - . - 20 400 - 20400 - - 20
- ——1Lind f - ) i 1 i
300 -

—Vd

B ] —vd f ] s
15 300 - o - 15300 - Lind T 15

200 - | [ - 10 200 - l - 10 200 - - 10

iﬂﬂ \ / :5 iﬂﬂ: \-_ :Eiﬂﬂ: :5
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Cool-Mos 5B ALK FET BOOSTHL IR b IFRFEXT L : 100 kHz

GaN devices: TPH3006PS & TPS3411PK

Si devices:  CoolMOS & QSpeed diodes ~ LOSS breakdown
Vr/Vour=230V/400V, f=100kHz

99.5 -

55 ""“‘h?:
98 | —e—Eff GaN —m—Eff_Si -

7 o
] é—toss_GaN =e—Loss_Si /
97.5 o=

- 20

- 15

- 10

-5

G
b L
97 -
96.5 -
a6 :ﬁpr"‘(/(
95!5 : T T T T I T T T T I T T T T I T
a 500 1000 1500

Pour (W)

* Transphorm Total GaN™ solution outperforms matured Si solution
* GaN cuts device loss by 33% (27.5% of total loss) at full load (1.5kW)

* GaN achieves 99% efficiency

- 40

- 35

30

- 25

transpherm

Loss (W)

Vin 1l A~ Vour
a1

e, O~

BoostH # 100K

M Inductor

WFLT COOl-MOSj:_f%J:
1 Diode B{Hﬁ%@

M Inductor BOOStEE,E% 100K
WFCT ﬁ%%ﬁ%tﬂ"]

W Diode

W Saved *JIE\I ﬁ

E100KHT 4 H1/4
RIfRFE ()

Transphorm Shanghai.
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Cool-Mos 5E A FET BOOSTH & FHmFEXT k. 500 kHz

GaN devices: GaN-on-Si HEMT & diode
Si devices: CoolMOS & QSpeed diode
Vn/Vour=230V/400V, f=500kHz

98.5 -

- 100

/ —4—Eff GaN ~ —m—Eff_Si

97 - ~0—Loss_ GaN —#—Lloss_Si —

POUT (W)

Loss breakdown

70

+ L +
D1

Vin AN Vour
Q1l

-0 O -

Boostﬂé,% 500K

:'F":T”‘“” Cool-Mos & I
R RE

[ Diode

BoostH % 500K

BMHHET R LR
M Inductor j’j\% @

BFET
W Diode
W Saved

FES00KI 45 Hi3/5
NEEENG )

* GaN’s advantage is amplified at high frequencies (for compact designs) due to its lower Qg and Co(er)
* GaN cuts device loss by 70% (total loss 55%) at 1.3kW
* Si converter cannot operate beyond1.3 kW safely

* GaN >98% efficiency at 500kHz

transpherm

Transphorm Shanghai.
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B 5 Cool-Mos CFD 22 5156F ELQrr/Trr ccros thi 2k — b ety — 2510

CoolMOS 20N60CFD GaN HEMT TPH 2006PS
ﬂ; — 12 5 )
1\ . \
el \ . \
X e~
=2 \\ =2 v
: X :
s AN .
0 I 20
i : . : t(s). . :
Qrr=1000nC at 9A, 400V Qrr=54nC at 9A, 400V

* Both measured in the same test board

* Transphorm GaN HEMT was tested at 450A/us with little ringing

* CoolMOS was not stable at 450A/us. dI/dt reduced to 100A/us for stability.
* GaN HEMT has Qrr of ~20x less than CFD-type CoolMOS (Low Qrr design).

Transphorm Shanghai.
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15t Gen 600V GaN-on-Si HEMT Compared to

Si Super Junction MOSFET

On Gate Energy Reverse
Devices resistance | charge Output [related Coss| recovery FOM1A FOM1B FOM2
Parameters (Q) (nC) |charge (nC) (pF) charge (uC)
Symble Rds, on Qg Qoss Coer Qrr Ron*Qg | Ron*Qoss | Ron*Qrr

GaN HEMT

TPH3006 | GaN Gen1 0.15 6.2 52.8 56 0.054 0.93 7.9 8
Si CoolMOS
60R199CP | SJ Si Gen5 0.18 32 86.4 69 5.5 5.76 15.6 990
Si CoolMOS
60R190C6 | SJ Si Genb 0.17 63 127.68 56 6.9 10.71 21.7 1173
Si CoolMOS
65R2250C7 | SJ SiGen7 | 0.199 20 126.32 29 6 3.98 25.1 1194
Si CoolMOS| SJ Si for
20N60CFD | Low Qrr 0.19 95 76.8 83 1 18.05 14.6 190

e 1st generation GaN is already superior to Si

» GaN still has ample potential to improved

transpherm
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FERTEITR, HEE ERMOSHT RIFEHZEANZ, i BB HIRFE EER
TRF:

1,Rds(on) B i#E

2, TAE IR BIFF RSB X ke (FEIX B [a] R/ N AT

3, EJH F B RE

4, & 2 DA SR AR

BMHE EERAESX _ERHRFE R KK
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A

.«:E“Es BALEE I LLCH BE N FE

I High step down LLC Converter

> Input: 380~420V
» Output:12V/25A

> Fs: 500kHz
EEERAGHIET
$1,5R1 .
$2,5R2 | i ¥

VDS

ILr

ISEC

| Fs=Fo |

T 4% SR1
-.-L| |_rw~n_' é?dE'_‘
ip

O

AAA
\AAJ

+

[ ]
1
_I_-U- SR2

LLC Resonant Converter

LLC-DCX, Fs=Fo
O Gain equals one

Q Simple SR driving scheme

O Lowest Conduction loss

transpherm




llbl
v

~BABEE ILLCHL S Giorrssniemzmm=, % Mrdsion)

400V te 12V Converter EMiclency @ S500kHz

LR LD CRD CRCONVERTER 98.5%
P L §96.0% GaN
_i:} 97.5% i
i3 I
T SR 97.0%
Eras Cool-Mos
i 1 E.0%
w l,:l
L-h Hi = - T - I|||I|:| B5.5%
1 = 1 - ~ THP3006
- o Ry —— STB11NMED
Bl 5%,
P -
s g 3 ] B 10 15 20 25 e

Reduced losses by > 30%

i) VolVi/lonal8)  12/25 Low residue charge for GaN allows for a fast reset
LmfuH} 100 LriuH) 5.05 . . .
time & a much reduced recirculation energy
Cr{nF) 15 Fr{kHz) 530
Td(ns) 120 Fs(kHz) 470 GaN vs CoolMosfetR{ R Z Hll
10%F7 %, | 50%f#E | 100%5 %
500K LLC
3. 50% 1. 80% 1. 0%

Courtesy: Work done by Virginia Tech.

Transphorm Shanghai.
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1 B AL B RARALFE X B (8] TdFILm

I MAXEE
M FEIX B [E] Td 5
CossH X K.
29088V|n
y Cossi 5814
Larger L _, AHEXR
Less circuilating energy Less duty cycle lose SRR [ 52
Cos ~ % 2R
Cossn(PF) m HIBRE
FMOSFET /Cool-Mosfet 100 With much smaller Coss,
Cascode GaN £/E£FET 25 GaN can achieve both

Transphorm Shanghai.
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Cascode GaN:TPH2002

. = K&
AN 2902k nm||||||||I |

f£#130*90

DCA400V — 12V/25A 00 Aem2 3 4 5 7 8 9
ynii &Y

___—
Vin(V) Vo(V)/I5(A) 12/25
Transformer Turn Ratio 16:1 Fs(kHz) 500
Core Material N49 Primary switch TPH2002
Core Shape ER32/5/21 SR BSC017N04NS

Transphorm Shanghai.

traﬂs’ph:'rm Tel13501775077

Vail: hz021@aqg.com



%‘% Experiment Waveforms @500kHz
CPES B, LI R &R R SRS (BULE 5 Cool-Most k)

’55.:400ns/d|vj..ﬂ\

i, (2A/div) ™ g N

.......

.......

i T N Cra—
V,,,(100V/div) ‘

Valtovi) | "|

i (2A/div) | / S5 / \

V4,(100V/div) |

V,,(10V/div)

bl '8

Transphorm Shanghai.
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SERRLLCHR B Bk ) BAL B 5 5 Cool-MosH I FEXT LE

CoolMOS GaN
450 i 2 450 , 2
400 - Ve (V) ﬁ 1.6 400 ; Vs (V) TJﬁ%i 1.6
350 - Ldal - 1.2 350 W | — 10 (A) . 1.2
300 /\ 7 - 0.8 300 /\ 038
S 250 ¢ \ /g S / S04 <
¥ 200 ° 0 T Y200 "0 =
150 ° \ \ 042 T s \ A -0 =
100 ° \C - 0.8 100 ° \ 1\ - 0.8
50 - 1.2 50 \ - 12
0 1o r«—-’ - 1.6 0 - .16
'50 G I I T I T 1 1 11 11T : '2 -50 ] T T T 1T T W T T 1T 1 T 1T 11T F '2
02 18 38 58 7.8 9.8 02 18 3.8 58 7.8 9.8
t (us) t (us)
50 w i) 450 Vs(V) =—ip(A) 2
B =4 nS - 1.6 400 E l“""‘\ 120nS L6
350 e \ 1.2 350 e \ no- | 12
___ 300 ; i ; 0.8 ___ —~300 ; \.‘- ; 0.8 .
> 250 ° A\"\ 0.4 < = 250 : '%!& S04 <
O 200 : ‘\ 0 5 00 \ \ga S
150 : - 04— 150 ° , - 04 —
100 - 0.8 100 - \ - 0.8
30 - - -1.2 50 ° - 1.2
0: < T,__) =i L6 E DT\ - .16
-sa 3 LI LI LILIL LI LI LI F -2 -sa E H-H H- - i Iﬁ? H i H E -2
16 18 2 22 24 26 28 0 o2 o4 06 o8 1 12
t (us) t (us)

* Si shows large DT: less time for energy transfer: more loss
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FEmBINH : Adapter, BFLERR AR KA/

425" ¥ 255 K073
S0 W

AR, EFRBET, AN
RN—HE 23 TR T B8,
B RERBAR D

I".,l:

%WC%MOSFET@EJJ?% ERE, M
T PR AR F0HR SE B/ MA TR .

lﬁﬁﬂ“ﬁ%%ﬁé‘%ﬁo MR EE)
B R, AR AR
90W: PFC+LLC

65W: FLYBACK \

RFAGaNTiAR, 15Wr= A i F94%
48W: FLYBACK B, 20WF i BIAFI96% %
36W: FLYBACK

v SOWHI/NFEHLEE, B FITPH3002LD
l | WERG, 3MERIER0.5%/100KHZ IR ¥

= | ]‘ HPTE TR 200KHRF1%%E
, A
Transphorm Shanghai.
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= N B 1: 250W ZEiLLCE

1% 12Vout, 97.5%3(F

IIIII

]

i

T

M1 & M2: GaN HEMT TPH3006 H

transphsrm

DC 380Vin
DC12Vout/20A
TR A

LLC NCP1392

TPH3202PS
650V/10A

TAEMIZ: 200HZ

i BELAE [



=i IR 1: 250W ZELLCHLEE 12Vout, 97.5%30%

Parameter TPH3002PS IPPAORIBOCE
1D A (continuous) | 10.6A (for D=0.75)
Ron 290hmil 340mLy
Qg 6, 2nC inC
Eoss{400V) 3wl 2.8ul
Qrr 29nC 3 3uC

& 5] Ih 2 F B 4% 5 Cool-Mos i% i+ &% _E 5T H
AT LLE HEMWEFHERISE (&A14Cool-Mos)

IXEh fisf 2 B /N EE S

3

¥
w
i
L

l'I

Rtz
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FE IR 250W ZELLCHLEE 12Vout, 97.5%%0%

-
:
:
:
:
;

=3 ] | =-1) LI -l = !
=3 } B ] f
T 1o Tika| FCha| o
Y

12V Output

1 Ele-

T e e

o = { - o
[} A ‘- 1 L -:-- | ]
0 . M- :ﬂuf._l oy 0 e — e ——— | —
LL L transph®rm
1 e (TITLES TOPSSLiEO0L, LB _F INAL E
=E-|".:-\"I Do il MuBler RLLY
- peemnnt IR Tppgas1E0D2 o
B " Darney 37187014 18 2109% &M l':nl"u'l-f-ft 1F5




=i IR 1: 250W ZELLCHLEE 12Vout, 97.5%30%

Pin (W) | Pout (W) | Ploss (W) | Eff (%)
32.46 30.86 1.60 95.06
63.28 61.34 1.94 96.93
95.87 93.36 2.51 97.39
128.00 124.75 3.25 97.46
158.31 154.16 4.15 97.38
| 8839 183.16 5.24 97.22
220.13 213,45 6.67 96.97
250.16 241,86 8.30 96.68
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=i M A 2: PFCHLLC —4£&HR 250W 12Vout, 96%30%

AC 90—260Vi#i A\
DC12Vout/20A
LLCER 4 TR A

PFC NCP1654 200KHZ
LLC NCP1397 200KHZ

- el . 1. 1 3
RS 1 O
| - I-.,_ —— I- .!;.._: 4 o L[] - 11::'
:-.: J " _\._j 4‘1 A ey l-j Hor _— ::.t{ M_rr.-.:,-\l,. o {1_ oo o
| | l - T = T 2
Rk $he i i
: : B - T %— TJ:%"" :rT-\{"' - o — o
T M
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7= iR 2: PFC+LLC —{£1R 250W 12Vout, 96%3(%

AC INPUT 9o0-265vAC

J DC OUTPUT
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P2 S FH2: PFC+LLC —4&4% 250W 12Vout,

4 5 | 3

3
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P2 B RLFA2: PFC+LLC —/{41% 250W 12Vout, 96%3(%

(dBuv]

Efficlency: (DC Power Dut])/|AC Power In)

——

(] il w0 i 1 T (FE 150 7 me I 100 150 1000 10000 30000
Figure 10, Conducted emssbess &1 19 AL, 316W Losd (kHe]

TR IR/ NI

FRE MR R ATRE
i FEHE
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P2 B RLFA2: PFC+LLC —/{41% 250W 12Vout, 96%3(%

BAE T &
Rds(on):300mOHM

J& Cool-mos

199C6 /7 &
Rds(on):190mOHM

o RENERIFETE, TAEMZEPFC65K, LLC, 100K
o ICRRABNE TR, 200K, 96%MHE, Tl

A
* PWM: 200kHz for GaN

50-80kHz for Si

* Size: 45% reduction

Efficiency:+1.7% at full load +3% at 10% load
JI%;&%%%, W7 RIL96%, RFGE/NE50%
FEXT T £ CO0LMOS, BME T RAHIE— =
CoolMos, 190k, HALEX300Z=FK

transpherm
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7 S R 2: PEC+LLC —{&#4% 250W 12Vout,

96% 3 %

= L3hmm

(100k
Hz)

Cool-Mos C6 +W{bit — k&
PFC: 656KHZ
LLC: 100KHZ

90-260Vaci#i A\, 12Vout,2%93%

- — 175mm

LLC PR Trarstormar
slage irdluctar
(200kHz) (integrated into
transformer)

FAEEMOS + B EE RS
PFC: 200KHZ
LLC: 200KHZ

90-260Vac#i N\, 12Vout, 2 #95.4%

SR ARSI KRR T B, RN R R H2.5%
tran Sph; M o3RO TTTT
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PRI 3. BtkPFC 1000W, 98.3%3% %

90—260Vii A, #itH400V 133KHZ
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AR 3 BA%PFC 1000W, 98.3%3(%

90—260VHi N\, 400V 133KHZ
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PRI 3. BtkPFC 1000W, 98.3%3% %

90—260Vii A, #itH400V 133KHZ

PFCt 5 : NCP1654-133
Switch Efficiency FALEIMOS + BALEE — A

B L [EE N BHFICoolMos
REF1%ES . 133K

Transphorm TPH3D06PS GaN 115VAC
= = Transphorm TPH3006PS GaN 230VAC
—— Infineon IPPEOR160CE Si 115VAC
= = |nfineon IPPEOR160CE 51 230VALC

0 100 200 300 400 500 600 700 800

Power (W)
)
Transphorm Shanghai.
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PRI 3. BtkPFC 1000W, 98.3%3% %

90—260Vii A, #itH400V 133KHZ

Switch Temperature
100 . ) . _ F—RT¥, A—RET, &
— Transphorm TPH3006PS GaN 115VAC WEKHI AT LU E|500W, b
30 - = Transpharm TPHI006PS GaN 230VAC 160C6£40%2) %
50 —— Infineon IPPEOR1G0CE S| 115VAC
e - = Infineon IPP6OR1G0CE Si 230VAL
= 70 _ : _—
% 60 | | .
o | | | - ™ |
2 S0 p———— = = | e —fra
e ! . 2 - pn et
E#.D i r__.-"";...- -'r-.____.-"""
E 30 - R 1o=—="7

f FH—RFREIET, &b
10 i ! BHIEA RB48E, M
‘ Cool-Mos 170/

0 100 200 300 400 500 600 700 800
Power (W)
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PRI 3. BAkPFC 1000W, 98.3%3% %

90—260Vii A, #itH400V 133KHZ

[PFCIX EFITTHGHEXTHE Bias Pgye
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FZ MBI FH4:  peac 1000W-3003% 25 2% 99%55 %
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PR FH4:  pcac 1000W-3005% 25 8% 99% 3 %

HVDC
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pciac 1000W-3003% 45 2% 99% 3 %

rEmI N A4
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= IS FH4:  pciac 1000W-3001% 25 8% 99% 3%
_7 YAS KAWA PV converter GaN prototype

" Qutput power 4.5kw (Single Phase 200V)
" |nput voltage 60-400V
»  Maximum Power Efficiency > 98% (vs. >96.5% with Silicon)

Volume about 10L <18L (existing Silicon based)

H#ﬁﬁﬁﬁf}%ﬁ%ﬁ%ﬁ%%ﬁﬁmﬁﬁdﬁ A, F BB R T FE100USD, 4
RILE T100USD. MERIBE T1.57 5. 4500W, 5% 16K Z] 50K

PR, U, IX B L, R B EMC RS P R R IMAR 1B B 3R 78 )

40% volume reduction Significant loss reduction

5]

Efficiency

Imiproved
Efficiency
In Major region

100 100D 00 20 a0oe 1300 LRLE 4500 Transphorm Shanghai.
Tel:13501775977

Outpet Power[W) Mail: hz021@qg.com




rEmAIM A 4:  pciac 5000WiH AR 28 99% 30 2R

GaN Power-con 4.5kW

Competitor's 4kW

« Output power 4.5kw (Single Phase 200V)
* Input voltage 60-400V

« Maximum Power Efficiency > 98% (vs.
>96.5% with Silicon)

* Volume about 10L <18L (existing Silicon
based)

Courtesy: Testing done and published by | 40% volume reduction || >40% loss reduction
Yaskawa Electric.

Transphorm Shanghai.

‘l’_'ra n5ph=—.rm Tel 13501775977

Mail: hz021@aqg.com



PPN B4 . boiac i AR 5L R A

aa
g K @G
DC18-40V DC3BOV AC220V

AL T ° g R A 60OV
) 1 i Nl - ] X 600V H EE/)\I
7 ¥, biﬂ [ 'S y E _;:J:-'_‘j ' YEMOSFET
V]I L - L e, BEAME
ad = g T = 1,38 5' 10 L ﬁ:;;l——g*
«frdar AMPRL L | A L B REmLI
A% T 7 | ™GE i B LUS T RS
T
BWSELEM, B
. RS HIR AR ESTHE400V
H - N oIy FEWE SRR E B & k98 k.
Py Vo ;ﬁjj AETEZ K EMOSFET, o] H##boostH &
e R S
=0 —0

Transphorm Shanghai.

tra n5ph=.rm Tel 13501775977

Mail: hz021@aqg.com
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[IPB6OR190C6 S00w;5 B iz TPH3006 S00W;S B izt

Si MOSFET 500Wiii 4% %4 495.91% GaN HEMTS00Wit 4% &1 -5 /198.29%

KX HAEAETHP3006 1118
BH /% FCOOL-MOSFET C6
PEi . 81.7°C VS 46.7°C

MR ERZRF2.5%

G ma % Transphorm Shanghai.
ke Cascode GaN HEM TS 4 58 T GaN HEMT i % 55 4 1% Tel 13501775977
i :I 'I_II 3 |I IP_ i bl . 1Ty ] Mail: "2021@qq.con'|
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4kHz 15kHz 50kHz 100kHz 500kHz ~ 1MHz
\ J \ J
Y

v

Range of switching frequencies
now available with GaN

Range of switching
frequencies used in
typical industrial drives.

transpherm
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350Vdc

curramnts

sinusoldal phase

¢

100kH: swhching waveform

phase

transph

3-Phase Motor

phase current
{graen)

ST

Features:

* High frequency enables
small output filters
* Pure sine output

Benefits:

* Less motor loss due to
distortion.

* Less insulation stress and
EMI due to transients.

* Less loss in the inverter due
to external capacitance.



Qrr Measurement Confirms GaN HEMT’s 25x Advantage

CoolMOS 20N60CFD GaN HEMT TPH 2006PS
ﬂ; — 12 5 )
1\ . \
el \ . \
X e~
=2 \\ =2 v
: X :
s AN .
0 I 20
i : . : t(s). . :
Qrr=1000nC at 9A, 400V Qrr=40nC at 9A, 400V

* Both measured in the same test board

* Transphorm GaN HEMT was tested at 450A/us with little ringing

* CoolMOS was not stable at 450A/us. dI/dt reduced to 100A/us for stability.
* GaN HEMT has Qrr of 25x less than CFD-type CoolMOS (Low Qrr design).

transpherm



Performance Benchmarking Between IGBT and GaN Bridges

Si IGBT Bridge Converter GaN Bridge Converter

Driver
‘ <
o
o
@)

Driver

* Buck converter is configured from a half bridge
e 2 state-of-the-art HF IGBTs + 2 state-of-the-art SiC SBDs were used in IGBT bridge
* 2 Transphorm GaN HEMTs were used in GaN bridge

Spec comparison: IGBT GaN
Vbd 600 V 600 V
Imax at 25°C 23 A 19A
Imax at 100C 12 A 14A
Vce (Ron) 2.1Vatl2A (0.15 0

transpherm



Output Waveform comparison: IGBT and GaN Bridges

500 - 450

250 - Turn on 200 - Turn off
400 -%W 350 ;
g
> > 250 - \
‘-—*‘Uzm E “E; 200 - \
<200 - — S \
O : e GalN_HEMT O 150 GaN_HEMT I
Siso | P \
100 Si IGBT+SiCSBD 100 - \ — S IGBT+SiCSBD —
] 50
=50 T T T F— LI — F— T T B — L— | =50 . L— —— T T
-4.00E-08 1.00E-02 6.00E-02 1.10E-07 1.60E-07 -4.00E-08 1.00E-02 6.00E-08 1.10E-07 1.60E-07
t(s) t(s)
Rise time: Fall time:
GaN =2.8nS GaN =8nS
SIIGBT =7nS SIIGBT =42 nS

* GaN has 2.5x faster rise time: Reduced commutation loss
* GaN has 5x faster fall time: Much less output charging loss

transpherm



Buck Conversion Performance as A Function of Load

Buck ratio: 400V:200V, f=100kHz

20 - - 100

18 - >99% L 99.5

16 OO OO 2 - 99
; v o |

14 - . - 98.5

12 "‘ — P A e s " Ve A - 08
1|9 A

10 - = - 97.5
] KA -

8 - '®) - 97
. / - :

6 _J’r‘ﬁ —@—Loss_GaN 96.5

4 = =@=Loss_IGBT+SiC 9§

2 E— / ——Eff_GaN 95.5
" ==Eff_IGBT+SiC

0 T T 1 I T T 1 I T T T I T — T T 1 T 1 95
0 200 400 600 800 1000

Pour (W)

Eff. (%)

HEL BRI T
SIC_HEMIGBTH
%

%i IGBT Bridge Converter
v

: . SCE
1"".'".'. .
—IE}. ; %

Dl s

* Performance measure based on dc in dc out (all losses included)

* GaN has 0.8-1.5% efficiency advantage
* GaN converter achieves 99% efficiency

transpherm



Buck Conversion Performance as A Function of Frequency

25 100
/f | AT H Bl TR
20 A 99 HI3E s, IGBTHFEM
' : K, BEFFKIEH
- : T
R T s
§ 10 g / P XHABEMNFRE LT
] ——Loss_IGBT : VELE S B BB %
1 =—@=—Loss_GaN
5 ] ——Eff_IGBT — 1 96
] \ ——Eff_GaN
0 - T T T T I T T T T I T T T T I T T T T I T T T T - 95
0.0E+00  1.0E+05 2.06405  3.0E+05 4.0E405  5.0E+05

Freq. (Hz)

High PWM frequencies enable inductor size reduction

transpherm



4.

DC/AC HELE XN A 4000w, jEB/MAEFR

600V three-phase GaN inverter, including filters
(available in 2kW and 4kW versions)

: = _I Hall sensor
! Hl/Lo o
1 ga_te l E :
— H T | =
GaN ¥% bridguhﬁlr:} ‘:“rf":-‘c’:l;a‘ﬁltase
Power Stage (1 of 3)
600V three-phase GaN module
p —
- T HRASMNEISIC K
l..'I i I A“‘_év;
EL - .- L
i Ll L :: L
lq -

tréﬂ5ph:-rm



= 552 400OWELFE
mo M. 4 . pciac LS XN A 4000w N A HE B
+HVde mm e mmesssssEssssssssssEsssssssssEssssssssssssssssssess
4 | Power stage +HVid
High voltage . i A
D':II'I]'-ILII W osenae | Hdc ) E
_______ J__________ i _IE Hall sensor
' control CARD . | HijLa — O
........... : - : gate (<]
i Bolated L."_-H ; : | driver _l
: interface : : L ! I
use ! : i
] TG +I ThAS320F 28355 [E— ; i |
E: i microcontrollerd] :: : GaM ¥ bridge it E”'._::;L‘i:"“’ﬂe
i LART ._,r_n ;,_‘* i
: P ]
! [ i : i Additional filtered
sEssmmsses ; ! ! outputs, identical fo o
TTTTITTYTCTTTTTT e 11 ORE 5 hoWNL g
i Motor
+3V Fa i HATPUTS

Ge

R RSSO EEESTTESSTETESSETEES S

1.4-3.3".." '

! Low voltsge supply

T"‘Ellllr

i 12-15vDC

-

i input

+

S transpnsiam
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230Vac 3-phase output from a 350Vdc bus

99.0 110

98.5 ,/‘____....—-—-t—o—-‘——\ 100

98.0 90

97.5 /! - 80
97.0 / 70

(%) 96.5 60 (w)

96.0 / / 50
95.5 40

/ —4—Efficiency
95.0 J — 30
=l 055
94.5 — 20
94.0 T T T T 10
4] 1000 2000 3000 4000
Power out {\W)

100kHz switching. Loss due to the output filter is included in the efficiency calculation.

transpherm



APEC 2012. Loaded 1hp induction motor demo.

Transphorm Demos GaN Devices Driving an AC Motor with a
Pure Sine Wave - APEC 2012
oy Gurtis EXgey :

Jim Honea, Iember o Tochnecal Stall & Transphonm;, shows. us sn ellicency demonatrods g 4
Rake aifrprtagt ol hegh requend y Swilc fefig (2 FRegrate A Cofmpad mlfd faer

Videcoraohy by Curtes Ellrey

http://www.engineeringtv.com/video/'[talnﬁl}o_igfﬁrﬁiﬁ -Devices-Dr;search%3Atransphorm
o]



Pu
NMM= Motor Efficiency
Pac
%"
i l__._._'_......----w--—-—--"
] ,,..---'"‘""" .-.----'A"""-‘
50 I "A.//‘:;’d e —
-70 -
ae -
- - . //
g 60
Z .
o i
k 50 /
/ / +Eff_ M_GaN
40 / AEff_M_IGBT
30 : LI B I | LI B I | 1T T 1 1T T 1 T T 1 ! 1T T 1 ! T 1T T 1 T 1 T 1

0 250 500 750 1000 12560 1500 1750 2000
Mechanlcal Power (W)

Transphorm’s TruSine operation using a filtered output from a 100kHz inverter
yields 2% system advantage at full load, 4% at mid-load and 8% at low load
compared to a state-of-the art IGBT inverter operated at 16 kHz without a filter

QrpPQe * Data courtesy of Yaskawa America, Inc. YASKAWA

transpherm



Motor-Drive Current Waveforms

IGBT Inverter: P\WWM Power GaN Inverter: Sine-wave Power

m D 7104 ”'H phar D | i P 1 m TIHITIMU':F |;F f:k || T ol _'_J'Jj_‘_!

» GaN inverter operating at 100kHz with output filter

» |GBT inverter operating at 15kHz with 320V PWM output

* Reduced harmonic content of current waveform improves motor efficiency

* Reduced transient currents and voltages on motor cable and windings
reduce EMI and avoid degredation issues.

transpherm



Myth Buster:
Faster Switching + Higher EMI*

Superjunction Silicon VvS. GaN (TPH2002PS)
® g et B S et
Att 10 dB PREAMP OFF 150.000000000 kHz Att 10 dB PREAMP OFF 150.000000000 kHz
dBuV Moo 1 MHz 10 MHz A ET 1 WHz 10 MHz
1 PK]
180 -80
! :EN5.5022Q
f 502RA | n "
i ‘o l Ul.ﬂ y . \“’W AU/\ p | iy NAANSN VA /\/\
L A SN UM | AR GO
VUL MMM‘,«.‘,M WMW o R L T N
150 kHz 30 MHz 150 kHz 30 MHz
Peak Conducted noise: Converter (PFC + Dual Flyback), 90 Watt, Vin = 230 Vac, Fsw =
Average 60 kHz;
t,, &t of GaNis 0.33 t; of Silicon, so the GaN is switching faster without
increasing the EMI.
79

*Courtesy of Fairchild Semiconductor company tl'a Iq 5 p |F] 4 I'iTl
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s o W Si-based Solution
e {15kHz)

System Efficiency

0

=

&1
{17 -

& |

=

Py

T

LR

E Drive current:

5 VVAANY

2 =1 . :

:ﬁ‘m : : T = Size reduction: &x

fl‘g;'”""' b = Advantage of pure sine-wave drive:
30 1 ! Tt i Direct system loss saving
(4] S0 T80 1508 o]

Pt idesiicas TWV)
el = DA IRE), R AE. IGBTHI%
16Khz, ZHLEMMZE100Khz

Pure sine-wave motor drive (2-8% points
efficiency gain for the system)

transpherm

Gal-based Solution
(>100kHz)

Gan modula

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com
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P EFIMN 4 . peiac BHLEIAR A

IGBT 3-phase Bridge GaN HEMT 3-phase Bridge

h
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IGBT Inverter: PWM Power GaN Inverter: Sine-wave Power
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-

i s | e i = [

Transphorm Shanghai.
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P BIRLFS: 3300WILHFPFC 99% 3%

AC90—260VHI A

2 1 TO-247 522k B4
TAESZE100KHZ

FE IR A - FRL BE

DSP: 28035
IRz :FE 2 S18230

»
{\ _Il: 'EU._'I:E}
+ =F 1Y
Ve (f\"g—m’ﬁr_)q —
- i 'I_I _ T
- 45 2
Q1 - Sor ’—j:

transpharm



P EIM 5. 3300WLEHTPFC 99%3( %

FAFETAR 5 B i IR it S P i RUPFC TS e

D, & DJL

L L
= —
IEDS Hnt 5|—|1} Sjj}

Qe

7l )

&4 Dual-boost JLHFPFCPFC

[
(=
s, %S 0.2

+
L -4
@v": ¢ G RS

31-{E} D, Fa)

B E S T PFC

transpherm

&G M TEHr 75 Z22MOSFET, 2HLK, 2f%
flk M (D1,D2)4 e S Bl iR

KR T E B JTeHrPFC A B — /N
&, 2MNEAEMOS, B D1,027] DL
B 0] PLNEE ] P FH A B MOSFET DL SE B

BB Be AT 17 R C EEAR S 1)
KT (EGEHI= H EMAS mbr b Ak
B A HED

Al B BGE . K BB =
WALHITCARPFCIE , AR KA N, 456G
JUA A L /R USRI =

MLt BRI EA A —
W EECHI R I KR HF IR
SEH B AEAC AL

Tel: 13501775977
Mail: hz021@aqg.com



P BIM F5:  3300WLEHTPFC 99%3 %

Vo! s i sy . J1SV:IOOV SOKH:
" 2 . B
- %5 " :_
Sws Lug Eoes . ‘wE
wogy 8 - : ug
Vo O o o e o o
Paur (W)
. KIFEPFC2 — Pl m U EHFPFC,  JEiLes{t
. B m A e Q1 Q2 i B AL ERFET LS H =
I CCMERAE

1000W ) B M PFC 20%1299.2% L |

'50kHz | 99.16% 99.1% 98.9%
F00KRZ 99.03% 98.97% 98.77%
150kHz 98.84% 98.64%
'200kHz 98.7% 98.5%
250kHz

98.57% 98.37% Transphorm Shanghai.
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PR 5:  3300WLEHFPFC 99%3 %
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P BIM F5:  3300WLEHTPFC 99%3 %

Efficiency at low-line input

695 200
5g ; | ; | ; : {180
aa.5 - ——a ! | ! | L 160
__ 98 140
%515 120 =
'E 97 - 100
E‘J&S 1 B
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955 i)
93 £ 20
4.5 ‘o
i 200 400 GO0 BO0 1000 1300 1400
Output Power (W)
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Efficiency at high-line input
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X B AL LI HBIF97.5% %% (AC-DC 1000W)

- ¥ Transphorm 5] ) 1o
B HFPFCHR & LLCHIIE R~
[t BEERMATE97.5% L
E' - EAEEHIR
t

o3l ,
T e %*I
M e | -
I_ﬂ'u., *
LLE conmverter achloves §2.6% eMiclency
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I i
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Transphorm Shanghai.
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150mE) GaN versus 130mL) Silicon MOSFET
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Transphorm Shanghai.
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GAN versus Silicon MOSFET

IS fEOHE  SOW

GAN Vs Silicon MOSFET
120mOhm GAN/1I0MOnm MOSFET

AR
1% - REL Y oM
[T s
B EEN B
[T
— B.14% bester afficiency or S66T1
i“‘“ 11% cousman 1 pubites drunipanan
T 00N
0,75 better gfficvency ar J300
Bl A%
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WOAFET ek
B2 S
. 49% bewer efficveney ar 1250
[0
s a9 sy 275% iwdiecnan 1 g dinupanan
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Transphorm Shanghai.

transpherm .



JUIRom POVWE! pess——————
CONCLUSION

@ Thie main advantages of GaNs Versus the CoolMOS especially C7
generation it is the Coftr) which is approximately 5.5 times smaller

@ 7The lower Co(tr) will decrease the energy requires fo achieve soft

switching and as a result will reduce the peak current and reduce the
RMS current

@ The lower peak currents will reduce also the flux swing in the
magnefic elements decreasing the core losses

Transphorm Shanghai.
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1kW and 2.2kW PFC Modules

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



1kW PFC Module

Dimensions: 98.1Tmm x 34dmm x 16mm (L x H x W)

3

*High Power Density: 307.69 W/in
*Efficiency > 99.0%

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



POWER FACTOR CORRECTION

. INTERLEAVED, TRUE SOFT SWITCHING BRIDGELESS TOTEM POLE TOPOLOGY USING

INTELLIGENT POWER PROCESSING.
. EFFICIENCY ABOVE 79%
. VERY HIGH POWER DESNITY

W/inch?
678.478

37229

4+43.55
318.26

transpherm

W:"cm-‘

41.403

34.937
27.06
19.42

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com



JUNROMPOWET . pu—
IKW & 1.5KW DC-DC CONVERTER MODULE

Efficiency =99.0% ar 30% Load

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



JUMRompower

2 KW General View A EMIFLES, Rz

ZH BB FLR T R

H/MER

Transphorm Shanghai.
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mek: BMWEKFETA AR BB KAIAEMOSFET =%
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Transphorm Shanghai.
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Layout, Layout, Layout

« X} Fcascode structure B EFETA T B4 75l I R3]
« 2V threshold (5V full on, 0V turn off)
+/- 18V max. gate voltage

o B[R HEH RS AT 5E A 0.5AK A LRI Rl . ONsemi, Tl,Silicon-labs. ..
o PCB%@%#E%%% (R B 2 EER )
554 — A 2 A 28 7 L B B AN 1 B i

KB BB 5 Th (el g o CRHISHZEFET)
TINEFHEE

. XTHE <Y EEL B
o RENELZ, KRN B (IRShBIGHIR T RERE)
IR T B, AH I — MG ERRART T HEBE, R 7T RE 5 GATE

FER — o)

L%ﬁ’f’h%FETF J
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GaN,Si FETZEEFFi#, <BrEEXT L (Layout L{F E)
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GaN HEMT J il i 1

T0O-220 Package
Simplified Bonding Diagram
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1, BMHENFFRHEER, dv/dtiE100v/nS.
2, BMBEEARESI+HGaNFIFETHR . H A KEL LRFAE —ERFE B,

X TR BA AT LR IR ER 7T RE M 5230 DU 7T e oD BRI RE 2o i R K A2 S 4
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LLC Resonant Converter
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h@rrr B 055 B TR R
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Schematic portion: Single Half Bridge
T TPH3006PS X2

B i e LT
o ' 82nF 2T, —

j k SERFILETE

4]
A
4]
/

o ]

A\
7l
il

4
/1

% 3N
G, S| T AT 4% = \\%
f, 0 UK
A, 45 A TCEE T

BRI -

Ferrite bead in series with gate for decreased ringing

Digikey Part No: MMZ1608Q121B (0603) or MMZ2012D121B (0805)
HE2R80-1208k (100MHZ) RFIRESEITGATEM, WATRKIE#E =
S RH HLARE M BE 4R I GATE I 4R 355 S S B
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Half Bridge Circuit

TO-247Z I INRCH,
3%, TO-24T7H IR
B UK,

TO-220 &N

For the new TO247, Ferrite Bead and Rg are not needed.
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Half Bridge Circuit

-l!l m’r [0.QG O [
B lodiod
T in

= 0 @ A

: : : |

= s g H vl

i 11T R S G :‘Ii.muu ,

=TT e -
L

| [Eru:

QR L

2l

0

Top Layer Bottom Layer . o
Photo of testing circuit

Transphorm Shanghai.
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7R A A

R A1, 57 51 iR iR SRR AR T, B U 5 R 3R ¥ 1 2 MOS

PCB LAYOUT AND PROBING FOR GAN POWERS

i
LBAE ~———

Fig.6. Typical probe with 3-inch ground lead —  Fig.7 Probe with short ground lead - should be
should not be used used

EMEMEEE, R
ARSI LT
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BALEDC 600VE K, (HAFT50V ELL100nSHIELSE IR (FHE>10KEIR])
BT 35 2 5 B B A

FPRODUCT SUMMARY (TYPICAL) GaN Power
Vos (V) 600 Low-loss Switch
RDS{m]' () 0.29
QA (nC) 29

Features 3y 4

* Low Qr

* Free-wheeling dicde not required

» | ow-gside Quiet Tab™ for reduced EMI

# G50 pin layout improves high speed design
+ RoHS compliant

Applications
+ High frequency operation B o5
» Compact DC-DC converters TO-220 Paﬁkage
= AC motor drives
= Battery chargers
# Switch mode power supplies

Vies Drain to Source Yoltage G600 W
Vrps Transient Drain to Source Voltage * 750 W
[
H Tpul\c Tpul\uzl us§ Nﬂ“
e a: Fer 1 useec, duty cycle D=0_1
= [ =
30V 30V b: For 10 sec. 1.6mm from the case
av av
\ 10T e g

Fig.2 Vg waveform Transphorm Shanghai.

transpherm
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GaN-on-Si HEMT and Diode Passed JEDEC Qual Standards

(Feb 2013)

&) Reliabiliry Testing

a)

b)

<)

All reliabality tests are performed to a Lot Tolerant Percent Defective (LTED)

level of 3%6 at a 90% confidence level as defmed 1 JESD-AT

1) Mmunum lof size 15 77 parts for each test

1) All tests are Accept on zero fails, Reject an one fal

mi) Four wafer fab lots were used. and the parts allocated to cach test as
documented below

Test conditions

1) HTRB: Ty=1350"C. 480V, mun: 1000 hrs

u) HAST: 130°C/85% RH, 33.3 pai, continuous bias (@ 100V, man: 96 hrs,

1) Temperature Cyele: -55°C / 150°C, 1 eyeles per hour, min: 1000 eyeles

1v) Power Cyele: 25%C / 150°C, AT = 125°C, nun: S000 cycles

v) HTSL: 150°C, mun: 1000 hrs

Test BResults

Lot HIRB __ |HAST _ |HISL [ 1C FC
TPSMIIPE | Accept  (8A diode) | Accept |

LOT #1

TPSI413PK Ac-ccpl: ﬁécqﬂ Accept Accept .'!.;;-:fpt
I.": T w2 )

TPS313PK Accept Accept Accept Accept Accept
LOT #3

TPS3413PK Accept Accept Accept
LOT &4

109 tI'EIF'ISF}hiI'm

FEn S EN TR S
A IJEDECAIE

(HHrME—— K B
Z SESUYNEID

Transphorm Shanghai.
Tel: 13501775977
Mail: hz021@aqg.com



GaN-on-Si HEMTs Passes JEDEC Qual Standards
(Feb 2013)

TPH3006PS & TPH3006PD
Ipss (MA) less (MA) Ros (MQ)
Vr=600V Ve=Vs=0V T;=25°C V=20V, Vp=Vs=0V IrF=4A,Ves=8V, PW=100us, Tj=25°C
PRE STRESS POST STRESS PRE STRESS POST STRESS PRE STRESS POST STRESS
TEST Mean (o} Mean (o Mean o Mean (o Mean (o Mean (o
HAST-1 2.24 1.10 2.09 1.20| 1.5E-05| 4.0E-05| 7.0E-05| 4.0E-04 127.6 2.9 136.2 6.2
HAST-2 2.57 1.26 2.51 1.38| 1.0E-05| 4.3E-05| 1.7E-05| 2.3E-05 146.1 2.9 1471 3.9
HAST-3 2.34 1.05 2.29 1.05| 6.8E-05| 2.2E-05| 5.0E-05| 4.8E-05 139.0 2.4 142.8 3.2
TC-1 2.34 1.05 2.34 1.05| 3.0E-05| 3.8E-05| 6.6E-05| 2.5E-05 138.9 2.7 142.6 2.0
TC-2 2.34 1.07 2.14 1.07| 8.0E-05| 5.1E-05| 6.0E-05| 1.5E-05 128.8 3.6 1321 4.1
TC-3 2.40 1.05 2.34 1.07| 6.0E-05| 3.7E-05| 1.1E-05| 4.6E-06 144.4 1.7 142.5 14
PC-1 2.14 1.07 2.00 1.10| 5.7E-05| 3.6E-05| 1.7E-05| 5.6E-06 130.6 2.8 135.5 3.0
PC-2 2.14 1.20 2.40 1.20| 6.3E-05| 1.1E-05| 8.1E-04| 7.5E-03 145.7 2.9 142.8 3.0
PC-3 1.95 1.07 2.09 1.07| 6.1E-05| 9.0E-06| 6.3E-05| 5.2E-06 133.9 2.1 136.5 1.9
HTRB-1 2.63 1.29 2.69 1.35| 1.9E-05| 4.7E-05| 2.5E-05| 3.6E-05 138.6 2.3 132.8 2.0
HTRB-2 2.34 1.17 2.63 1.74| 1.2E-05| 5.1E-05| 5.9E-05| 3.9E-06 132.1 2.7 131.1 2.0
HTRB-3 2.29 1.10 2.57 1.62| 1.1E-05| 7.4E-06| 6.0E-05| 1.6E-05 131.9 2.3 132.1 3.7
HTSL-1 2.40 1.07 2.34 1.07| 6.6E-05| 1.9E-05| 1.3E-05| 8.6E-06 139.5 1.7 143.0 2.2
HTSL-2 2.45 1.02 2.29 1.02| 6.2E-05| 2.1E-05| 6.0E-05| 3.6E-06 138.9 5.8 139.2 4.0
HTSL-3 2.40 1.10 2.19 1.07| 5.6E-05| 2.2E-05| 8.3E-06| 1.9E-05 128.3 1.2 128.6 24

« JRHLVR A 1N
« N FH VA B0

Transphorm Shanghai.

Tel:135017 1
Mail: hz021@agg.com
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High-temperature Operation Test @175C

200:400V converter operation at 175°C/300kHz/410W

LA

e

g . GaN HEMTs “Il '
t (hr)
« 7E175F FIFA 5 T/E3000/0 i Ji5 JL %A E i/ Pade R A
Y
BIWBWE TN

transpherm

Transphorm Shanghai.
Tel: 13501775977
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GaN HEMT 3000hr HTOL at 175C
Completed W/O Degradation

3000/} BT /IR R 224k JeHER, R(on), hARHET.
1755 55 H ik

DC200V F/=%|DC400V, 300KHZ, 410W
Before/after parametric comparison

Leakage current @ 600V (uA) | Ron static @ 4A (mQ) Ron static @ 15A(mQ) | Ron_dynamic @ 480V, 4A, 60s (mQ)

Dev | Ohrs 3000hrs Ohrs 3000hrs Ohrs 3000hrs Ohrs 3000hrs

8 2.291 1.713 138.1 141.4 140.7 145.2 155.3 154.1

9 2.387 1.735 1389 138.7 1414 142.5 1519 148.0

10 2.354 1.764 138.2 139.0 140.2 142.8 150.6 149.8

11 2.403 1.791 138.3 1376 140.6 1417 148.0 1447

12 2.515 1.843 1374 137.8 139.2 141.4 145.2 144.0

13 2.488 1.843 1415 1392 1437 1433 1519 1430

14 2.469 1.812 1369 1384 1403 1423 1459 146.0

* No measureable degradation after 3000hr operation at
175°C

Transphorm Shanghai.

transpherm

Mail: hz021@aqg.com



48

GaN-on-Si Hybrid HEMT High Temperature Operation
up to 1.5kW at T.=187°C (T,=215°C)

230V-400V boost Converter

Hi-Temp ﬂpE' of GaN HEMT f=100kHz

B a ey _—
e, o ., s
- e -

— = 89,2 - 40
88 - 35
58 F £
S8 coae
."GE -
=] aE. 4 24q
— =
= %8l 20 .
i 5 e B
flar
ar g 1
a7 E g
- e 874 E g
. 4 "~ POIN '- 972 | St ) F o
Alr gap F|EtE : 0 200 400 600 8O0 1000 1200 1400 1600

Pour (W)

* GaN-on-Si can operate at high volt & high current
at Tj=215C with ease

* HT performance lends support for inherent
robustness ra =15pharm



Preliminary Life Time Indication

Tj=215°C

Efficiency (%)

1.00E+00 1. GOE+D2 L.o0E+0E 1. 00E+06 1.00E+08

T (hr)

10° hr for Eff. to degrade by 0.2%

(Significant part of degradation is none-device related)

transpherm



HEEER 187 B

230V:400V 1.5 kW Boost Converter 230V:400V 1.5 kW Boost Converter
f=100kHz f=100kHz, T =185C, T=215C
" s - L b
= & [ F ] [T}
R ' ¥ WY {
E’m. H-—-—- — B ik (N [ —
;_" R | ' M E £ - T .'E
. o | L ﬂ E L K 3
5 ! !
prE | L F T E . m )
BT.E - a W5 F o
W - a E ¥
2y 4ttt TR 1 ] § : i . e
a e e e P BT pOO0 PO ad  TeOD & & T ™a o LT
Pour (W) Time [h)

B A Bk L LT 2150 TE SRR 2K A T LA L E /N
(T =187°C) R B NN, AT

e P B R I 2 2

Transphorm Shanghai.
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2k 42 FEK 600V HTRBIR

P2 1000/

SI0%

_ HTRE - 600 V HEMT
A0%

35%

305

25%

20%

15%

10%

5%

0% . " & " .
250 S00 1000 1500 2000 3000 4000 5000 6000

hours

Cumulative failures (%)

 (Goal is to test until 50% of devices fail

« High Temp Reverse Bias (HTRB)
» 150 °C, 80% rated voltage

« Testto 10,000 hours, but expect to need accelerated conditions
to get 50% failures

Transphorm Shanghai.

transpherm oot o



JInE A A A

TDDB Model Projected Lifetime

Stressed at 1150V, 1100V (& 1050V)

90% confidence limit —>, 311007 test . Hllgher voltages rgsult in proliferation of d!fferent
“H o 1150V test failure mode that is not relevant at operating
f conditions

.  (Obtain acceleration factor based on 2
__Mean failure time line f groups of stresses (3 groups under way)
2 « Plotted at 600V

Unreliability

i
L]

* inverse power law model used

. « Standard voltage acceleration models

give range of projected mean lifetimes
IPL model @ 600V Most common models & 1e8 ~1e10hr
li'i-ﬂ-l- LE+O7T 1E a0 LE+09 1E+ 18 1E+1

Time (Hr) * Most conservative model =»1e7hrs (Reciprocal
Voltage TDDB model)
255 F N 1150V i = BB AT n s il « In progress with 3 stress level for model

determination

=1

o/

I AR B A RA TR SF HL UL Faw dn B
« 600V operation lifetime > 107hr
« 480V operation lifetime > 108hr

Transphorm Shanghai.

tlra ij 5p h ﬂlr]ﬂ Tel: 13501775977

Mail: hz021@aqg.com



Additional life testing in process to determine
activation energy

HTOL
* 150 °C, 100% rated voltage, 3,000 hours - done
« 175 °C, 100% rated voltage, 3,000 hours - done
« 200 °C, 100% rated voltage, test to failure - done
High Voltage Off State testing
» Accelerated electric field tested at multiple voltages
« Testing at 25 °C and 150 °C
» Determine electric field acceleration factors and project lifetime
High Temperature DC testing
* Low voltage testing at nominal current at elevated temperatures (>350 °C)

» Multiple temperatures to determine temperature acceleration factor and
project lifetime

Electro-migration
* High current testing at multiple current and temperature values

Transphorm Shanghai.

- % Tel:13501775977
transpherm il 120210 com



RFJS3006F

FEEAM-HY " 850V SEFET
W Whira-Faal Fredahssing Dwds

TPH3205WS

L

B
|
[

Viu G5V Ron/p, {HHEFE/N, ZEAFE
s 45mik/25°C 20A, -63mBX/25°C,24A
[ T d5miy
EonfE s T T
Freestmsling | THR 120
Dt FLEeta OER ATnt
A N T
Pewn Scons Opecstng Volags {Vis), T, = 180°C L5 W
Ceniiruous Drain Curend (i) T, = 3°C # A
Contraous Craan Cuarend (), T, = 100°C" o] &
Pigyagd Drpin Cormsnd iy papal Tr = 38T ¥ &
Gt Soerta Viodags (W) Slebe <30 I 70 W
Porewt Dmapasiem TOMT [P T = 3250 ] Ui
s ating dnd Siorage Terrgssiabun (T, Tl B3 BE] .
Mouriing Torgue TOAT, M3 and 4005 Gowes &0 P
Puives Forsara Dde Cutmend ). T = 25°C b #
i T Spam—n [ I T ’t P e pe—
e T | |
' \

IRV 500uA vs 5uA

PRODUCT SUMMARY (TYPICAL) QresiReE, B

Vea (V) 600 ZNG

Rosion) (M1} 63

Qu () 1204

ks Conbruous Drain Coment $T.=23°C A

Lo Cowbrunnrk Domn Comanl (FT.0000 'C I_:-l &

- Pubsed Dean Cument isuise s 100 ) 140 A

Wisa D 0 Source Vokage s ¥

Wes  Tesrmiees Drsin b Soores Veitage [ ™ | v
1. Casg -55 ne 150 =
1, PG T 4810178 ~|;
R Junction- 1. Case 095 T

Transphorm 63mOHM {E5 KHJi 30A VS 34A
TAEEE: Transphorm 175°C 150 VS 175
#FEPIRjc: Transphorm E/N 1.6 VS 0.95
ik : Tansphorm X, 100A VS 140A
Fkm e E: Transphorm 24750V 100nSi&E4E 4 AT ki

Ty Gty vt Dty o (s

Vo 0 Y, Mg 0 BN T, 280

| S P

| - 1]

W B, W o 0N, T, = 150

Dran-io-Sounca |
II:,... | Lt o L T, w280 . 5 1150 | ik .l'.l:..-llll.'.l'l'.'l.'.q,.,-ll'l' T, 50
JEp RR R T ] | - 4
kax g : T,® 850 °C - 20 - BA | Vo0, Vo=, T, = 18000

Qrr, TrrflliRFHAE, DMMEHE

FLZHER S TE: nttp:/ipan.baidu.com/s/1sj39UW1 t ra n Sp h ;-i rm

Favarse Recovery Tims (b} k] ™ /4:;-' w2, T, T [ 20 - ns
Reverse Recovery Chargpe (Geel 4 =L \_ ¥ # 4000, & 200, o » 30N, a, 120 - ni

T,=25"C

ls=24 A, V=480V, difdt =450 Afus,

Transphorm Shanghai.

Tel: 13501775977
Mail: hz021@aqqg.com



GS66508P-E03 y
650V enhancement mode GaN transistor TP H 32 DEWS ‘
PRELIMINARY DATASHEET s 5
0 () ki~ 1] i PROCIACT SAMSEARY (TrPICaL)
Wom (9] [ w]
e — > I—I . B . — I- = I'\lrf;gg, +18
B 0 120
;;53 e G— eserey L L 63 ] 78 l -vn|| Ve BV, I 5 24A_ T, ® 25 °C
— . ss” s
Lig) wurm 5_ TF = thumsvual pumi
Vs Gm (. Connucus Drain Cament T.=25°C b A
Operating Jusction emperature I St #1580 K'{ - Corvbopenih D Cumprt §T.a050 ' ] i
Storage Tempegiure Range Ty Sin+is /T bw Pubved [emn Coment ipubte w100 1) | 1a0] L
. Vi n TV T d5°C Vi Brae %0 Source Volage —— W
Aonen - i =94 P ] G:I'S) | Won Tramgan Draen = Esosmp Vuhinag * I g I W
Te P Case 55 8 150 ::
o Janchion 258 5 174 =
Pubed Drpin Currest T.us35°C] g | b | (88) [ & ER——— ] o
IRERLLE: BUERK, HRENIE104%
Dr i e e Coremt (144 IS DR Y - Pl N I T A
Drades: No: Sompriar Lot Ll [ =1 3475 o pt i@ u;.., = | T bax Lni:m T,% 1560 °C A | Wy B0, Vo=, T, = 133 °C

Transphorm 63mOHM {E5 KH i 30A VS 34A
TAERE: Transphorm 175°C 150 VS 175
#PHPIRjc: Transphorm & KX 0.5 VS 0.95

JikiH EJR: Tansphorm K, 45A VS 140A
FkrfEaE: Transphorm $24t750V 100nSiELE YR 7] Bk
IREAERAR 200uA vs 20uA

Transphorm Shanghai.
}1 ' Tel-13501775977
[t )
HZ %R TH: http://pan.baidu.com/s/1sj39UW1 tranSp x 1 Mail- hz021@qq.com




AR GaN FET#3F b (HHFZ&M) -

1,

2,

3,

4,

5,

6,

Rds(on)*¥ M. #) B 52 R/

VgateE EXT L. oA HIER 5 it

RAFHIAN, HEWERT

TAERE X} b operating temperature

Rk BRI K /N X B

512 Rds(on)FHFTHFPEXT EL

& Drain-Saurce On-Resistance
5o ':T..I = 2_5 .,c}

HEN

Wase (ate to Sourca Violtage +18
| Drain-to-Source 5
b Leakage Current, T, = 25 °C
Casze -55 1o 150
Cperating Temperature
Junction <2500 175
Pulsad Drain Curent (pulsa width: 100 pus) 140 A

FLZHER S TE: nhttp:/ipan.baidu.com/s/1sj39UW1 tra [1 5 p |F] Ch i'iTI

Transphorm Shanghai.
Tel 13501775977
Mail: hz021@gg.com



Typical HEMT Structures (Horizontal)

" horm 4 #7D-Mode & Transphorm*4KE-Mode%& H A1 i % E-Mode B85 45
é;‘ésﬁﬁ‘@orm eceR WHELM, iz, H, 1IN A A
D-mode E-mode (gate insulator) E-mode (P-gate)

Gate & field plate

P-AlGa N
7 “alGaN Barrier. ]

= e

GaN Buffer GaN Buffer GaN Buffer

Substrate (5i) Substrate (5i) Substrate (5i)

* Best mobility and charge . poor mobility under gate  * Overall lower conductivity
« Stable gate structure « Insulator reliability issues * Cannot tolerate Vg >3V
« Not normally off « Normally off (Vth » Normally off

uniformity issue)

Transphorm Shanghai.

transpherm L



Resolving the Dynamic Ron Issue During R&D Stage
(2008-2009)

« Proprietary Epi and gate insulator designs for excellent dynamic characteristics
” Dynamic Ron (current collapse) is caused by electron trapping
» | Gate insulator /field plate design/l-buffer are the key to reduce Dynamic Ron

» Transphorm solved the Dynamic Ron problems in 2009, 2 years before any
competitors that published similar results

I Previous status: Mid 2008 Previous status: End 2008 | 2009
[ 1
. — 15
15 i L 2.3 e
pa— I: ®id .‘./ E".t.j- LN -1 * Ran
=z 43 * Ao '/ =, ® fan ﬁ =
—? 15 3 = __,.-‘{ =15 -
P =TE 5 o -
- 1w ® ] e ) @ gg® - [
= 1 . =t Erla® o ® a* . 13 i N— :
x I o _+_‘__._...._;.,--l~- e @ ® **“'*--‘l-*l &
& a8 TE 0.5 -
L - . | : i i : ; ' ' ; a TR SE—
0 M0 XU 30 &0 S0 M0 A LR R R L a 200 400 500
V. (V) Vi (V)

Wy (1]

* The max. Ron on Transphorm datasheet INCLUDES dynamic Ron., that

users will never see a higher Ron in their applications, DC or switching

Drain-Source On-Resistance
b - 5 Gs=uv, Ip= e :
Rpsion (T,= 25 "C} ‘ 0.15 ‘ 0.18 ‘ 0 Vee=BY, In=11A, T, = 25 °C

h " Transphorm Shanghai.
tranSp i'rm Tel: 13501775977

Mail: hz021@aqg.com
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GS66508 /B
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