ZAHEMOS (HEMT) Fuifrsu.

5¢6 POQFN Package s
e veq  gx8 PQFN Package D

TO-220 Package G
TO-247 3L Package G1T1T2G2

SYLEEMOSFET (600~650Vdc, B2 EHER/I1uS, 100nSHIELEAYTTIR, (RIE750~800V)

BT E2ES (V) FIR(A) Riﬁffi) ThE L
TPH3245ED QFN5*6 600 6 500 <150W
TPH3202LD QFN8*8 600 9 290 40-500W
TPH3202PS TO-220 600 9 290 40-500W
TPH3206LD QFN8*8 600 17 150 500-1500W
TPH3206PS TO-220 600 17 150 500-1500W
TPH3208LD QFN8*8 650 21 110 1000~-2500W
TPH3208PS TO-220 650 21 110 1000~2500W
TPH3212LD QFN8*8 650 28 72 1500~3000W
TPH3212PS TO-220 650 28 72 1500~3000W
TPH3205WS TO-247 650 36 52 2500~4500W
TPH3207WS TO-247 650 47 35 2500~6000W
TPD3215M R 600 70 30 4500W (> #F)
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Output Power Density (W/cm?®)

(Industry goal = 1/40 volume
100 bin 10 years) Size
ol | | IR AR TR T M B R P
S, AR RS R AR
1}
o1 ThEe% & F&GaN, SiC il
0.01
1970

fegti M RHE YRFE e BN R LT T, L REE I EEA IR ,
RIS IR

AP R I - MLED S RF 7 THTEAT AT (IR, BLLE S JREE A T o
RIS . 3 R
B GaNFF R BERAPERE, IR 758, IR I TREFTE, KK
8, 12 it T4 KR A A i e A«

transphsrm
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- TR LR

Si, SiC, GaN = F A [F] A4k
g Si SiC GaN *
R TRE (eV) 1.1 32 34
HFEHEY (cmVs) 1500 900 2000 |°
I 5 5 4135 Ec(MViem) 0.3 2.0 33
B EAERVs(10cmis) | 1.0 2.0 25

o FBFRWBER MTFHRKR STHHEEUN WA T
SRR iR R RPUE S RET F

FF AL o

IS -

= A [F) i AR 45
Ji VBRI G5 R UL B SE T 30045 K

VAV kiR : 2 T RRYA

A IEES. 4eV, TAERMA I i, RIERE

transpherm

GaN and SiC offer:
s EEHEEF TIERE

GaN offers:
o HEHTIEE
o HEAEITAE

SiC offers:
« HiEEERNHAYE
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20074 B 57

A7 T3 [E M Goleta
Hid130H 7 L

it 250% % F|

H 77 ME— i JEDECIAIFGaN AV

f@LZ.S@%ﬁT’iJ\
HA, #Fi, b, EE, 3

KKR
L

ventures" FU]]TSU

Soros Fund Management

transphsrm
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Transphorm Executive Leadership Team

Mario Rivas Primit Parikh Yifeng Wu Umesh Mishra Michael White
Chief Executive Officer €00 and Co-founder SVP Engineering CTO and Co-founder SVP Sales &

30+ years experience in 15+ years experience in PhD, 15+ years Professor at UCSB and Marketing
technology, manufacturing, ~ Semiconductors, GaN and  experience in GaN first to develop GaN RF / 25+ years P&L mgt,
and P&L management Business leadership technology and devices Power devices. strategy, sales &

markating Jeadershin

SEMICONDUCTOR®

National
AM D ‘l Semiconductor

transpherm
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HEMOS, BALEEMOSIT 45 4 %F b

fFMOS
i
D

S

=

Si super junction
vertical Structure

i
_ll
I
—

FEMRIRYE R SHIEEP/NEF
ERPABIEBIERAIE =

& ERDRARERTS , T
LEERERARA.

BN

R - HEMT

1. SHEEERBFEMOSA~—E |, iR
RENARHERRIR B2 PNS |, BB
ARTIRE |, BURBERAERERA.

2. D, SEfSHEEIHENEFES
&, WrAeS@E , BPEF/Normally On.

3. HGIRINFA/ERID, SIEl<kT, SChnm R
A& (FENRE) .

TO-220 Package
Simplified Bonding Diagram

Gote Source Drain

BRIRAVINE | BEEMRREII—130VANEE
MOSFET/ZROVXHTSVEIE , FLLpkmiARAIsE
AUEERAXEE, BERTES [RERNET | R LR ARERTEE S/
B BAP/NG, FEtE FH2ARE MOSFET F— iR ¥,
# 6 4 B4
AEE=BE
R o s

transphsirm
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D D o Ty
o . R o 2
s —
G —-| G —||<- G —||‘}
= (o 1
S S S

Forward conduction Reverse conduction 1 Reverse conduction 2

(Vgs<Vth) (Vgs>Vth)
y AV IE SR
VITIR L (5V 42 T, ov S i)
+/- 18V max. GATEHi, [k

X FH 8 FHEXEIEP AT, WION, Silicon-labs, Fairchild, IR....
1B T8 EAR100mAH T, BT A SXBNICH i 2 b 2k

3OVARJE (LV) Si FET 32 AR, A2 2 H AL

Low Qg. & Low Qrr
30V]Si Mosfet5 B AKX FET 5 32

transpherm
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Cool-Mosfet 5 %t MosX| L

Parameters @ IPA60R160C6 TPH3206PS
Cool-Mosfet B

600V @ 25°C 650V (spike
rating 750V )

Z[[ERds(on)XgLL
0
RDS(ZS C) 0.14/0.160hm 0.15/2"180h e FLAYIRENIRAE , 100mAIRFNEEFRENE]
Qg 75 nC 6.2 nC e R BT IR
Static Qgd 38 nC 2.2nC
[1] [1]
Cott A . — BRI
314 pF 110 pF AR
Qrr [2] [3]
Reverse 8200 nC 54 nC
[1]Operation trr [2] [3]
Ves= 0V, V ps= 0 —480V 460 ns 30 ns

[2] Vos = 400V, Ios = 11.3A, di/dt = 100A/us “
[3] Vos = 480V, Ios = 9A, di/dt = 450A/us trans ph Lm



GaN 5SifEF
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FEMEIMOSFET/ Cool Mos
MOSFETABVE:
1,Rds(on)3R#E,

3

RZN A
4, FEXIRFE (BT KL, DCM).

=E
51

—

%

2, FFXIFHE (HEFFXHRCCM), %%‘
B R AILLRIRAE, | ﬁ

&

S EMEIMOSFET -HEMT
R[HFEMOS KZHRE:

1,Rds(on)iRFE
2, WEUINFFEIEE | RIESIE 1/70

3 AE54ncxERE
1/1008%%

4, EB{RAYLS

IR, NESIERY

BRIER/NIIFEX A

transpherm

500 - 50 520 50
e - 40 o o
500 ° - 20 : 300 - Rad
- = BT s
100 — o — 10 FEXT L W= 0 /ol
‘? _b__ ;0 ‘: —y i - &
_'w: SN S " — S S : _’0 -1+ttt =10
-206-08 3.06-08 8.06-08 1.56-07 1.85-07 4550630600508 006084506
120nS
z = :.s 400nS i 500 —— ‘T :“Am 4 n—VSfV’IL‘
] 's 3 -
g | P18 BRI s N Féﬁ%‘“' 18T
m-\ oégh"“: <08 A - ] /3o Ui 04 o
- e TN B AL e ¢ Nit?
3 \ \ £ .o% - 0.4 3 \ \ = 0.4 0 = -8
3 i e L T 108 = 0.8 DT + -1.2
100 - < 0.80 - : 0.8 ] M 3 : % 1.6
] \4 \A £ 1.2 I : 32 03 3':-200 5 T 2
i fRWLe 21 -2 -100: ——t 2 t([s)
BT T —— t([s) 4.8 9.8
0.2 4.8 9.8
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Transphorm GaN FET 70 750V [/ 100nSE %E 1] Spike

750V > - k) Tputse Tpuse=1uS
[
3Mm § F=rap-U-T 750V — 750V
Vs
Ve
V '
( ﬂ_ 900V MOSFET oV oV
Pulse Width > 1uS N ! 10T putse g
Duty Ratio = 0.1 r f
Fig. 1 Spike Voltage Test Circuit Fig.2 Vpg waveform
Vpss Drain to Source Voltage 600 V
Vs Transient Drain to Source Voltage ° 750 Vv

e 3 AN[EHL KR, >77 @3k
o 1T T 25 I JEDECHR
HMZ>10KHz, 15 25 L 10% 1K) 750V [ Certoons T & 52 [spike i E )

transpherm
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Roadmap Summary

A TPD3248M* New
TPD3215M* ! (Custom module)
(Custom module) | 600V/23mQ) _Jeshnologies
600/30mQ (4.5kW) ‘ i }
. I |
. I |
I % ! |
TPEI3207 (T0247) : !
650V/4gmL(3 3. BkV) ypp3227mb (4 bridge ) 10247 |
: 190081200V /60-80m(]
|
TPH3205WS (TOF47) -y : —
SO0V SRRy SN ! 600VE-mode |
\ ! \ 5 |
N . |
TBD e |
/
\ !’ P e “f’ %’ E
2/300 TPH3202/3206 ! E E-MODE :
TPH300 TPH330x '
(TO220/PQFN) TPH3208 TPH3212 ! |
(r0220/parn) 600V, 260/150mQ  (T0220/PQFN) (T0220/PQEN) (T0220/PQFN) I |
GOOVL 260/150mQ (0. 5. 2kw) O\f-llﬂmQ 680\/ 72mQ 650V, <60mQ) : :
(0 5 l 2kW) . g 1 Dyw '(1 ) )k“) \ (l 8 .2 k‘h) : :
- =t ' - ]
e y . : |
Gen-1G Gen-1A | Gen-2 ~Gen-3 { :
] } : . : 1 }
2013 2015 2016 . 2017 2018
Alpha sample:®@— Beta sample:®@- *M: Module

Gen- 1 TPH300X, Gen-2: TPH320X, Gen-3: TPH330X

TOq pTOJECtS [Note] kW rating: half for PFC at low line, ,

transphsirm



R(on) Typ

600-650V
= D-Mode

Surface
Mount

500W-
3KW HL

T0220
500W-
2.5KW HL

T0247
2.5KW-3.0+ HL

E-Mode

Product Roadmap

[e®)
FUJITSU

shaping tomorrow with you

Gen 1 Gen 2
' Gen 3 Development .
150, 290mO 100mO 80mO Family Half-Bridge
8x8 PQFN 8x8 PQN 8x8 PQFN (50, 80,100,150,300mO)
6 Development
150, 290mO 100mO 80mO 60mO
T0220 T0220 T0220 T0220
% Development J1>
52mO 42m0O 30mO
‘ T0247 T0247 T0247
R\ Development ﬁ>
EMODE- 650V

EMODE Development >

2015

2016

2018

2017

transpherm



[e®)
Qualified GaN on Silicon products from Transphorm: i el

TO220 & PQFN (Production), TO247 (Eng Samples)

Specification Production

Part No. TPH3206PS/PD  TPH3202PS/PD  TPH3206LS/LD  TPH3202LS/LD =
A A L = HM*N
: Source Tab (PS) . Source Dap (LS) -

Drain Tab (PD) Drain Dap (LD)

Package TO220 T0220 PQFN88 PQFN88 _

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 -

transpherm
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Quiet Tab™ package made possible by lateral GaN devices

;’»—E?MUE%%%BW&HEJL‘H%S WATLUED | TR °
BEESRO ( ESHMEIIOV ) (A) r
VDY ( EDMEEE ) (B =

ACground — Drain
" =1 (B) | connected to case

Y,

Q1 Ve

High side switch

L '
4
Q Q G SD
— (A)
Low side switch ;
R E
s =
_Lv\\ // G SD
- S = i "“\\ Source
Ground connected to case

TPH3202PS --EEBEE#ESIKk (TO-220 600V/9A)

TPH3202PD -E&f&/EiZDIR

TPH3202LD --EEfE/EZDIlk ( QFN 8x8)
transphsrm



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

ooooooooooooooooooo

(% 89TO-220FEMOSFET
HEREeEED |, MasEa afesm DG

Gate Driver Gate Driver

: ViN

IND
DriverlSSMIHIZISAEE — Driver(SS M1k , 2]
sem|EE ST ) ERERITR | 4, IERELIE, S
T RS . BETEH

(&5EHIZ5H , DIRAIBHEIRE IR AT RELE VO STHRARY

:F*le . N N . V\x ﬁd}")l.

«Kelving | (?E_:‘“E.‘BJ%S ) ﬁj\ﬁﬂ’\qS*& , —MES _—_ A

3:7)32’/“\/95})%%%\ e . EREL 2 )

o RIS REABER A Kelvinf].

*G,S,DEF I TLM ALk,

transpherm

—  Quiet-Tabtm TO220
S _L_ GfN HEMTEFF S X
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R A RER LT e (Al AL

-
o

994

FA{&4:COOL-MOSFET =—H#%
MOSFET , E/0Snubberl}TEEEE,

IHEB R TIWAGRFE R 7

L1 L1 < Ls .1 Dul

+ ® \\ +
ViN Ds - A =~
— i
‘|:1:‘ Ted | #¢
& (o} 1 ae
O s —0

\ [

5—.—0

— AR /997 -98 %1%
—BIRpERMOSFET | 2051£99.2%

PFC Switching Conditions
. Vin= 220v dc
Vout= 400vdc
. Frequency = 100kHz, 400w

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

F'99.2

- 99

- 98.8

- 98.6
984

- 98.2

Loss (W)

S = N W & 1 & N O

- 98

—loe L 97.8

Efficiency (%)

- 976

974
0 100 200 300 400 500 600 700 800

Pout (W)

Boost design using Transphorm’s GaN MOSFET and
GaN Diode producing >99% efficiency and using fewer
components

VIN

-0 —O ~

transpherm
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RMEMOSTELPREE g _ERIN A —~CCM/REFK

B XERF , IRFEEERETLUT
1, Rds(on)SiEiRFE

2, FFKIRAE

3, ARIEE_INERIESERIRGE

4 , SnubberlZ B ERAVIRAE

ERIESER—HFIER T
RIS 71015, HEMRREAE.
R N—2LA E

Coolmosiipk &R , ME—HI—Pasdp s EF , B
RIS T

Coolmosfet199C3+SiC -/ il ZE[FRIRds(on) I EAER , HARMBIAE A
TAESZ 63K TAESE: 750K

e &S

400WPFCH

THi FA5%5 THI F3x3

transpherm
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& N FH —CCMEE, % A T 5%

Silicon converter: Super—junction MOSFET, 385m() + Ultra—fast Si diode, 10A at T¢=25°C
GaN Converter: GaN HEMT, 310mQ + GaN DiodeTPD2012, 2A at T¢c=125°C
Rz=0Q2, f=100kHz, V=220V, Vo =400V, Po r=760W,

Cool-mos C3[11F ik T BALE IR

083 p 50 - - 50
oY -« o 1
e l £ 200 | 20
100 I — i ———— 2L 100 = o
oi “— fo a% | e Ea
o sew soew 1w lsewr ResE s 550600 1708 50008 esE0n

RICFHIAKIZN L Cool-MoshYF R . 1R/IMRS , \HNAIFRIRFEREMISEF
RIFEANIRETFE_IRERIAER/NRITrr , EEERASEBRANE.

transpherm
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1 —CCME

NI TP

)
pois

ZIK%EP%J%%?\ /

PCBAZ i J51/3
AR R B
RZ WA TR

BRI /N80%,  JR R 10T
WA/ e RE270

transpherm
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Customer A 460W-riy PFC 5, 75 32 Xt Bk

Efficiency comparison of specific load @115Vac
94.00%
92.00%
90.00%
8 88.00% —
S 86.00% - — -
! o il FW], TEICT130KELT, FALBRIERCE b
= 55,8757 5 Cool-mosZEA%,
80.00% LR F133K L B, BB
78.00%
10% 20% 50% 100%
—C3_100k 87.25% 91.08% 92.61% 90.69%
- GaN_100x 88.11% 91.54% 92.97% 91.19%
—C3 200k 86.17% 89.71% 91.97% 89.68%
—GaN_200« 87.48% 90.98% 02.77% 90.78%
——C3_300k 23.31% 88.41% 91.17%
G aN_300k 86.78% 90.35% 92.42% | 90.21%|

transpherm
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% S EMI

460W PFCHLJ5
Cool-mos 100K HZ

Line
Conducted Emission Measurement N eu t ra l Conducted Emission Measurement

Fiie DFS4E0MB A Dats 223 Date 20120422 Time, 5 0135037 file DPS4E0MEA Dato #33 Dete 20120423
00 AW €0 Sw

pope—
N E—— [ —
WE = L

,. B
U\R [ At |

V'\'t L .‘\- : "\ %;‘
. i N " \ "u‘

" L g e ALt ’f\x g o

Tirme. T 5 025725

)
e 1L Mz S now %0 (L Mtz 5 noxe

Input: 110V, 60Hz
Mode: Original Source Cool MOS, fs:100khz
Limit: CISPR22 Class B Conduction (QP)

transpherm
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Y y» N \_‘7 El
7 SHNEMI K H GANTE 5
460W PFCHL
GaN 300K HZ
Line
Conducted Emission Measurement N eUtra I Conducted Emission Measurement
Deta #44 Daste. 20120023 Tme: T+ 044750 File -DPS-450MB A_trrp Data -#42 Date: 20120422 Tme TF 044349
xI BN
ar 3 —

File TPS-460MB A _trmp

xAD AWV
\ |
P :

J
3

\
I w‘f& o Al Ve

“w \\f “7‘
:'-‘;ﬂ s

gﬂf \. .A,] f { _n'.|,\|M !J. | f s \.'J
W N U., '\';""M‘.k"t‘l..u's‘ kel Vi

1
00X 0130

Miiz)

5 |5k & Cool-mostE 100K Fr s %ot L .
FEEA G RERIPIARA . HAR SR 5

Input: 110V, 60Hz
#| 1 300KHZ

Mode: New Source GaN, fs:300khz
Limit: CISPR22 Class B Conduction (QP)

transpherm
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¢ ZLPFC HEL B /BOOST & HEL i — SR BAVEFET K&k —#
G e W WAL FEL 2% TR R AT RE SRR FET LA/ E 46 F

Quiet Tab™ | |
GaN l;lode / GaN HEMI.

"“!"

\

Kelvin source wiring

] 1 TO-2204 J& T M0 H2 SH 1) -1 4l T - —
BT E TR BI AT RIS T % 4. i B i ¥
BTG (U 35 0 (RAIE T 1 45 < j;; e

100 - 5
3.06E-06 JI1ECE 31606 221606

t(s)
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EESIES
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 - AN 55 550 ; - 55
500 1_{ vd Vg I_ind ‘ {/ - 50 500 - vd Vg I_ind - 50
450 1 45 450 z 45
400 - b k‘- l!m-— F 40 400 - - — ~— L_r N 40
350 S35 350 E 35 <
gsoo 30 300 - -30 QO
D250 E 25 250 ] - 25 =
> 200 - 20 200 - - 20 <
150 - 15 150 3 E 4572
100 - & —F 10 100 - b > —t 10_O
50 - = : 50 - —~ ~ - -5
0 == _ 0 _='rﬁ"- r r—-}—» 0
-50 - E 5 50 3 f { | - 5
-100 4 l ;. -10 -100 i i -10
-150 1 —t Attt —F -15 150 +————t—r -ttt 15
01 04 09 1.4 19 24 29 34 3.9 01 04 09 1.4 1.9 24 29 34 3.9
t (us) t(us)

Cool-Mos Gatefiil AN FH, Vdsid b L EAR &, ZEi%E600V LA L asff. AR 7 SKREMINA] &,
BN GATEIVR A N RH . W EESE, IR/ e k.

transpherm
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Operation Waveforms:
Slowed-down CoolMOS Vs. Fast GaN
CoolMOS 6OR199 TPH3006, Rg=0
(Leads cut to shortest with standoff) (Tab tied to grounded heat-sink)

550 - - 55 550 - - - 55

500 i ‘l vd Vg I_ind 50 500 : vd Vg I_ind ; 50

450 - : ~ 45 450 - - 45
400 o %—M—’Im—k\w% a0 400 ° . ~— ~— l,-__ N 40—~
350 - -5 L
: 300 - 30 QO
250 - 25 £
200 20;
150 - E 15 27,
100 - e e e PG

50 - - E 5

0 - r——*—» 0

-50 T { 1 + i -5

-100 - - -10

-1505”-';”'.;H,.:.vui'.u:.,.v:....:v,..5-15 7L~ 7 SR | ONR| ENIRSISUSNY' NN (UL NUOURUNT 'SORVNE OUNREU-. — J8

-0.1 0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 -0.1 0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9
t (us) t(us)

o fIrLACOOL-MOSELAE R [ TN — A HafH, 25KK2-FiVDSHE R P& Rk, B[ THZIKEh
BHo o o FTPASE—EEHP{EUI10RK, LT VDSHK IR 28 . Rl 2 i R A FE
o MK AT ESNNEFH . {KEMI.

transpherm
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GaN =y I [ I (Boost i)

Conventional wiring Kelvin source wiring
500 - - 25 500 - - 25
400 \ vd I_ind Vg— 20 400 vd I_ind Vg 20
300 MV\/\/\/\MP 15 300 15
> A JJ = 5 S 7 ( - g
S—200 - } - 105~ S—200 - - 10
£ L, o O ¥.78 e
100 - j - 5 > 100 - N1/ -5
0 Wa«’——-—————— 0 0 WALV 0
S T S w001 & ol
3.06E-06 3.11E-06 3.16E-06 3.21E-06 3.06E-06 3.11E-06 3.16E-06 3.21E-06
o t(s) He) .

7SRRI FFIKelinJI 37 4

R ZAER IR B R, IR IE B R Kelvinds 2% 554
FFH# FHFIEMI

* 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.

transpherm
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KM ISR TR

Conventional wiring

sy A RO U8 B AR TE 2 A IR LA %

Kelvin source wiring

25

500 - : r
400 | 400 | MN\AM\._’—’ 20
200 - s W L 15 300 - Vd —I_ind Vg | 15
S & 8 5
S~ 200 - Y 10~  ~ 200 t - 10
@) ] e o 0O P [ O
- \ 5 5| \ »n
100 - - 5 100 5
1 ~AAAA L
0 wv..- 0 0
-100 - : —t - e -100 - ——— — —t -5
3.24E-06 3.29E-06 3.34E-06 3.39E-06 3.24E-06 3.296-06 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.

Parasitic Inductance

Parasitc Capactance

NAE AR R T RE ST FET I AR D 28 2k Ho ey
1 Mvdss EE)—

transpherm
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Inp=1.1A l=3- 3 Inp=8.1A

500 - - 25 500 - - 25500 - - 25
400 :;""M TmL 20 400 20 400 Q@%' 20
300 15 300 :}":‘d — 15 300 :{‘:’nd 15

> ] / - ] - : ) B
"5200 - 10 200 - - 10200 - - 10

ot T W N et B - |
100 | \/ -5 100 — [ 5 100 \ - 5
0 AV b ] e 0 o MAr e o0

_ v : V o v '
100 +—————+—————+————— -5 100 +—— et 254100 -5
2.4007  2.90E07  3.40607  3.90-07 1.456-06  1.50E-06  1.55E-06  1.60E-06 3.24E06 3.29606 3.34E-06  3.39E-06

t(s) t(s)

1 "-°+

A M e ML G R B a0 (ARKELVINGAIZO . i

¢ gem&EﬁE?EﬁE’ EE EEJEZ‘ Eﬁf)ﬁj(/J\b&EHS -o o -
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Cool-Mos5 B V25 FET BOOSTHEB% b I35 FEXT EL -

GaN devices: TPH3006PS & TPS3411PK
Si devices:

99.5 -

" —/’*‘-“N

s !""'"‘“N...j
98 1— —+—Eff GoN —m—Eff Si
t é-i-o— Loss GaN == Loss_Si /
925 o=
5 z
57 - —o
] y 4
96.5 - Mﬁ’
6 % .
"nE - —
g 509 1000 1500
Pout (W)

CoolMOS & QSpeed diodes

Loss (W)

Loss breakdown

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

» GaN achieves 99% efficiency
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100 kHz

Q1

Boost . % 100K

¥ Inductor
#fiT  Cool-Mos /7 & |
“llede 1) RE

¥ Inductor Boost 5 100K

o R TE B
B Saved Tﬁﬁ@

TE100K 4 Hi1/4
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Cool-Mos 5 B M FET BOOST HLB& _E R FFEXT LE

GaN devices: GaN-on-Si HEMT & diode
CoolMOS & QSpeed diode

Si devices:

Vin/Vout=230V/400V, f=500kHz

98.5 - - 100
93 - 90
97.5 - ——— - 80
; ——Eff GaN  —=—Eff_SI
97 - ~@—Loss_GaN =ge—Lloss_ Si —F 70
6.5 ° 1 - - 60
G 3 -
i ons / - 40
85 ‘ (/'F.,_"_: 20
] i
54 = — 10
$3.5 - : Tt —t—t
(/) 500 1400 1500

Pout (W)

Loss (W)

Loss breakdown
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500 kHz
BoostH % 500K
:::,ucm Cool-Mos 7 £ I
woiode YR FE
BoostH % 500K
BAE TR LW
Binductor |
e DUFEE]
" Diode
W Saved
7E500K B 2 Hi3/5

FImFE (50

» 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
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FAEF 5 Cool-Mos CFD R F1 X5 LLQrr/Trr cepmimpzs i — b s bt — 251

CoolMOS 20N60CFD GaN HEMT TPH 2006PS
= —
TN\ - \
4 \ 4 \
<0 Lo =
51 m— e i
. A b
o X |
I -

2.70E-06 2.80E-06 2.90E-06 3.00E-06 3.10E-06 3.20E-06 2.00E-06 2.10E-06 2.20E-06 2.30E-06 2.40E-06 2.50E-06

t(s) 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 4504/ s with little ringing

* CoolMOS was not stable at 450A/( s. dI/dt reduced to 100A/[ s for stability.
* GaN HEMT has Qrr of ~20x less than CFD-type CoolMOS (Low Qrr design).
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1st Gen 600V GaN-on-Si HEMT Compared to

Si Super Junction MOSFET
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Parameters On Gate Output Energy Reverse
resistance | charge chargeFEn 0) relatedCoss recovery FOM1A FOM1B FOM2
Devices (n) (nC) (pF) charge([ C)
Symble Rds,on Qg Qoss Coer Qrr Ron*Qg Ron*Qoss | Ron*Qr
r
GaNHEMT
TPH3206 GaNGenl 0.15 6.2 52.8 56 0.054 0.93 7.9 8
SiCoolMOS .
60R199CP SJSiGen5 0.18 32 86.4 69 55 5.76 15.6 990
SiCoolMOS .
60R190C6 SJSiGen6 0.17 63 127.68 56 6.9 10.71 21.7 1173
SiCoolMOS .
65R2250C7 SJSiGen7 0.199 20 126.32 29 6 3.98 25 1 1194
SiCoolMOS SJSifor
20N60CFD | LowQrr 0.19 95 76.8 83 1 18.05 14.6 190

 1st generation GaN is already superior to Si

* GaN still has ample potential to improved
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ity
ell,]u )

CFJES BALE PILLC HE B v
Vin T
Iligh step down LLC Converter I T
Input: 380~420Vbc L
Output:12V/25A GaN. Vo
Fs: 500kHz _1]:’ 5
S L
L5 % S T . — —
o — A Sl I T

S2,SR2 _| I—L LLC Resonant Converter

Vbs ’\

ILr

/ LLC-DCX , Fs=Fo

Gain equals one

. Simple SR driving scheme
EC

Lowest Conduction loss

Fs=Fo |
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T EAEEPILLCHE S usanansesmsiz, %Hrdsion)

400V to 12V Converter Efficiency @ 500kHz

Vin LLCDCY D CICONVERLER 98.5%
= _I} 98.0% GaN
T Lo SR, 3
gu _E,EL_ Cool-Mos
0_||_rvvv\_ A
. | % 1 lo
52 o o Vo
51 ::} N i ™ J- & » == THP3006
— [ &1 R, -+~ STB11NM60
! T — 94.0%
- A SR, 7 o 10 15 20 25 30
Amps
Reduced losses by > 30%
Viniy) Vo(Vi/lomadA)  12/25 Low residue charge for GaN allows for a fast reset
Lm(uH) 100 Lr{uH) 5.05 . . .
time & a much reduced recirculation energy
Cr(nF) 15 Fr(kHz) 530
Td(ns) 120 Fs(kHz) 470 GaNvsCoolMosfet &5 2 2 i)
500KLLC | 10%fi#k | 50%%7# = 100%%1 %
3.50% 1.80% 1.0%

Courtesy: Work done by Virginia Tech.
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L — 1 CossH K R o
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Cossz 5 asff
Larger Lm, HHERXAR
Less circuilating energy Less duty cycle lose SRR A ] [y e
Coss H1U P2 KA
0 With much smaller Coss,
fEEMOSFET/Cool-Mosfet 100 :
o GaN can achieve both
CascodeGaNZE MV E5FET 25
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.
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Mrrrm

Cascode GaN:TPH2002

NIFH: 290 KK l””' —

#30*90 | g LU

DC400V — 12V/25A T T LT 8 9

T Fr
————

Vin(V) Vo(V)/l1o(A) 12/25

TransformerTurnRatio 16:1 Fs(kHz) 500
CoreMaterial N49 Primaryswitch TPH2002
CoreShape ER32/5/21 SR BSC017N0O4NS
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Vds(100V/div) ]

topdebdeddqetinpabdobinticfi-t-ti- AN
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—

CoolMOS GaN

&50 E' 450 ; 2
00 : _.vsl;\;) = 3.6 400 ; Vs jV) 1.6
#8H0 j : ",’ I 4.4 250 é In (Al i.5
00 ¢ A 7 - 0.8 200 E[ T\ :fo.a
> a0 / 7 oL S ‘-\ Il - 04 <
v 200 - "0 T Voo - o =
> ] E > : ; Q
3.05 \\ \\ E'ﬂ‘g- ‘”; \ \1\\ ;.o.‘—
100 E 0.8 100 ° \ - -8
53 ] ] -~ §O ° [ - 3.2
o I 8 0 3 H 3.6
7 B S I E— — L & 7 B S T— R—— .,.“..,,,.'-‘
4.2 1.8 3.8 58 7.8 5.8 4.2 1.8 3.8 58 l 7.8 9.8
t([s) t([s)
s l| Vit apdal | g 450 ) —Wl | 2
| | TTTE 400 - S E L
m AN\ f\“ _1'6 L | E
250 Jebmrmel ali] %i{.) Mo LLLE 42 250 wny \ 20N - L2
300 L e e 2 T I o
> 280 1 ‘ '\“""Bu\§0.4$ %uag‘“. EEEEEEE ‘)r T4 L
£ & T T e 8 ST TN TN 5, B
180 +—— e i - 0.4 150 3 ‘ —— -t 04
100 ———— ‘ — \ - 0.6 100 3 ~ - LY - 0.6
o - | T e 50 - ‘ TR — 4.2
0 AT - - =36 3 1] | | - | £
1 1 ] 3 a_ ¥ = «3,6
16 18 2 zrz 24 26 28 3 52 ok Be AE b .23
t(ls) t([s)

* Si shows large DT: less time for energy transfer: more loss
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7= IR . Adapter, B A A PR S /N

4.25" x 2.55"x 0.73"
SOW

FEFAR R, EFFRIET, AR
KAN—E AT BT HIFE,
HIPY &P &L AV A

“

AMWHEMOSFETH B Sl es, M
111 PR AT SE B MR .

I A BIE SR P TARIR A
RO B, AR AR AR

90W: PFC+LLC

65W: FLYBACK — \ . NN
FKHGaNH A, 15Wr= A ik £]94%

oW FLYBACK R, 24W AT L FI96% R
36W: FLYBACK

AOWH/NFEHL2S, B TPH3002LD%A
WG, WFEHLE0.5%/100KHZ. I8 &
HHITE P4, 200K 5 1% %0 %

S5W AC Adapter (80% 4
e 08 owcene— LrANSPNLIM



D
FUJITSU

shaping tomorrow with you

P2 TN F1: 250W ZiiLLCHE % 12Vout, 97.5%% %

DC 380Vin
DC12Vout/20A
ToHF
LLC NCP1392
TPH3202PS
650V/10A
400 V e o . l " TAESIZ: 200HZ
k ujj ol [ i_q:;l i il
e viow --r.— ' < S $
;_; R Muppe Vp, |p, —EE——‘S‘ d
= \.L.:fj T
I“"ﬂ i o] HAE P
i Jeng ¥

M1 & M2: GaN HEMT TPH3006 ﬁ
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Parameter TPH3002PS IPP6OR380C6H
ID 9A (continuous) | 10.6A (for D=0.75)
Ron 290mQ 340mS
Qg 6.2nC 32nC
Eoss(400V) 3.1ul 2.8ul
Qrr 29nC 3.3uC

25 5] oh % P &AL 85 5 Cool-Mos i 115 % E X Ee

W PUE B BB RIS (434 Cool-Mos)

X i 21 e /N
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PN 1 250W 2L LCHLER 12Vout, 97.5%% %
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AR 1 250W ZELLCHE S 12Vout, 97.5%05% %

Pin (W) | Pout (W) | Ploss (W) | Eff (%)
32.46 30.86 .60 95.06
63.28 61.34 194 | 9693
95.87 93.36 251 | 9739
12800 | 124.75 3.25 97.46
15831 154.16 415 | 9738
18839 | 183.16 5.24 97.22
22013 | 21345 6.67 | 9697
250.16 | 241.86 8.30 96.68
| | %

P[]
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77 EL RS I 2: PECH+LLE —{AHK 250W 12Vout, 96%3% %

AC 90—260Viii A\
DC12Vout/20A
LLCH 43 Jo R A

PFC NCP1654 200KHZ
LLC NCP1397 200KHZ

8}
> J_ YV > D 380V DC bus
B 4 . 4 Weamomt=t=1 | | cReomo
»l comrol
- 10k ‘h“ s — 02 DosoSer
% NCP1307 I Tr _‘__1 T
it 2 :; Pcs SCPide -:'\'J Rew " B Resonam -
—= _I 1 cjeao DAV :,j Yo th’\ \" \‘?’:‘h’:j:n Q3 ! Zi 2VI20A DC
Fiter T Lok 12VI20A
Roase 1 0] Gt
3 | W Voo N s — .
o] : 2 —
=] [cs el | cr 1 80 P
/ BO Voo - i} « %
L I et W = LI 3
Ret 2 Coo Cp R == — B
Cu <Ry 1 Cru ~ 2
1 04 '[ I Q GaN HE PH3002 NGP4AG 3
L N : I SR comre

Figure 4 Genenic NCP1654 Application Schematic
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e N A2 PEC+LLC — 444 250W 12Vout, 96% %%
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FERRI N FH2: PFC+LLC —4& 4% 250W 12Vout, 96%%%%

(dBuv)
Efficiency: (DC Power Out)/(AC Power In) 70
98.0% : — - : : i 60 \ . ]
H i 95.39% {11 == =
96.0% 4——idd - S .
) /m,m'—%"‘Hl i 50
94.0% ’ - ——‘_*_‘_H__—HH_‘
A 40
a2 0% l :
| 94.09% || 30
90.0%
2.0 —u-Eff AllinOne_230v | 20 ~All-in-one
) —ar—Eff_AllinOne_115V
Tk = 10 - ——EN 55022 B Quasi-pk |
84.0% | 0
0 25 50 75 100 125 150 175 200 225 100 150 1000 10000 30000
Output Power (W) Figure 10, Conducted emissions @115V AC, 216W Load (kHz)
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77 R FH2: PEC+LLC —4A4K 250W 12Vout, 96% %%

896%
T
4% i n
BMNHETTH PPPRIRL)xy 07  SNRNR ENRAR NRRYNRAT AN
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oo g1 ——
” g gl
24% l» ) gmsi 2300 -
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- gl TP TR D UR T
o BOONERIFETIR, TAESIEPFC65K, LLC, 100K o [ fobadenc
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« PWM: 200kHz for GaN 1 ”_f'L',‘__'"L,"_", WT
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« Size: 45% reduction asse LTI s 35V
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