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MWHKFET(HEMT)

HEMT: High Electron Mobility Transistor

RAEMOSFET (600VDC, RE# 32 A M 1uS,100nS 3% £2 (1) 75 3, FRIE750V)

Part Number | Package | Voltage (V) | Current (A) | Ron(Ohm) Description

TPH3245ED F# | QFN 5%6 750 6 0.5 B &mEDR
TPH3002LD F# | QFN 8*8 750 9 0.29 84 B DR
TPH3002LS F# | QFN 8*8 750 9 0.29 Hile/EEsSk
TPH3002PD F# | TO-220 750 ) 0.29 H /B DK
TPH3002PS F# | TO-220 750 9 0.29 Hile/BESk
TPH3006LD T# | QFN 8*8 750 17 0.15 Bi#& B EDR
TPH3006LS T#: | QFN8*8 750 17 0.15 B4 EESHik
TPH3006PD F# | TO-220 750 17 0.15 Bl &/mEDR
TPH3006PS F# | TO-220 750 17 0.15 Bi&ERESK
TPH32050S F# | TO-247 750 37 0.063 Hi&BESHK
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GaN,Si FETZEFFi#, <WriEEXT L (Layout HiERE)

TO-220 Package
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BALEF FET 5 Cool-Mosfet T Lt

- IPA60R160C TPH3006PS

600V @ 25 600V (spike

°C ratmg&éﬂg

Rps (25 °C)  0.14/0.16  0:15/0.18  Z:[5|Rds(on)%f .

Static

ohm ohm
Qg ‘ | GC e KRB IFE, 100mAIRES) FL R
Gl
Qgd IR RIS AR ) T A 46
X4
c:o(er oc‘
Dynamic £ . €N
Cofer 314pF M 110 P e st
arr 1\, <8200nC?  540CF! g ittt
Reverfe trr 460 ns [?! 30 ns B3
Operation

[2] Vs = 400V, 15 = 11.3A, di/dt = 100A/s

[3] Vs = 480V, I = 9A, di/dt = 450A/|.ts
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Transphorm GaN FET S0 4750V 100nSiZE 4L ] Spike

[
T ulse
750V - )
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1900V MOSFET
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Vg -

ov

Pulse Width > 1uS = |

Duty Ratio = 0.1 < 10T puise
Fig. 1 Spike Voltage Test Circuit Fig.2 Vps waveform

Vpss Drain to©Source Voltage 600

V1ps Transient Drain to Source Voltage ® 750

« 3 ALK, >77 3R
o I VR E 4 P JEDECHR HE

'f/@j$>10KHZ, I'I_jlf Hﬁ 10% B@750VﬁﬁifE ( B 100nS 7] 5 & P spike )
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PFC Switching Conditions

. Vin=  220vdc
Vout= 400vdc

. Frequency = 100kHz, 400w

. Uses TPS2012PK; lowest loss 600v/6A GaN diode
Boost converter efficiency = 99.2% -0
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Boost design using Transphorm’s GaN MOSFET and
GaN Diode producing >99% efficiency and using fewer
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Silicon converter: Super—junction MOSFET, 385mQ) + Ultra—fast Si diode, 10A at T¢=25°C
GaN Converter: GaN HEMT, 310mQ + GaN DiodeTPD2012, 2A at T¢c=125°C
R;=0Q2, =100kHz, V;\=220V, V=400V, Py ,=760W,
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Cool-Mos 5 & ALK FET BOOSTHE B | i)

RFEXTEL: 100 kHz

GaN devices: TPH3006PS & TPS3411PK

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

99.5 -
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* Transphorm Total GaN™ solution outperforms matured Si solution
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WFLT ﬁ%%ﬁ%tﬂ‘]

W Diode

W Saved *JEI *:'E Q

E100KHT 45 H1/4
RIRFE (28)

* GaN cuts device loss by 33% (27.5% of total loss) at full load (1.5kW)

* GaN achieves 99% efficiency
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Cool-Mos 5E AL FET BOOSTHL % FHIRFEST L 500 kHz

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

Si devices:
Vn/Vour=230V/400V, f=500kHz

Loss breakdown

98.5 - - 100
98 - /Q-H—N-ar 90
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Boostﬂé,% 500K
:'F":T”‘“” Cool-Mos &
m Diode B@*ﬁ%@

BoostH, % 500K

BFUHE TR ER
M Inductor j’j\% @

BFET
W Diode
W Saved

FESO00KHT 4 Hi3/5
HIFE (20

* 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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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 55 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
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e BALEE I LLCHE B B A

I High step down LLC Converter I |

> Input: 380~420V

> Output:12V/25A GaN.
» Fs: 500kHz
ETEXERINE
S1,SR1 T |

e\ 1 qme

VDS

ILr

Isec

| Fs=Fo |

=L= gRr1
[ )
1 . v
. 1T 1
1 T ™
2l sr2 7

LLC Resonant Converter

LLC-DCX, Fs=Fo
O Gain equals one

Q Simple SR driving scheme

O Lowest Conduction loss
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E TR ERILLCHES quanssimmsmsz, %mrdson)

400V to 12V Converter Efficiency @ 500kHz

Viy LLC DC DCICOUONVERIER
S%Q} S
— —“‘*\
S
T SR
(@ Lr —I—E’E-Ii - g I'M
i | Cool-Mos
. - é 1 lo
L - Vo
55 o N 3 . J_ i ~~THP3006
— 1 T § R, == STB11NM60
= 11 SR 7 15 20 2|5 3:0
Amps
Reduced losses by > 30%
vin(v) Vo(Villemal®) _ 12125 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 GaN vs CoolMosfetZ{ZRZ Hl]
10%f3 | 50%fEK | 100%f%Ek
500K LLC
3. 50% 1. 80% 1. 0%

Courtesy: Work done by Virginia Tech.
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FAMOSFET /Cool-Mosfet 100 With much smaller Coss,

Cascode GaN £/E£FET 25 GaN can achieve both
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= & ualll o DCX 300W
el LTSI
CTr - q ” '.
-
i i
| ol . ix-j : ‘,"". @
Cascode Gag:Tszooz ;",. | et i I ”m”
PArL: 2900k 0 L mmmuu i
1A3330*90 - RL bl
DCA400V — 12V/25A Fah gts + s 6 7 8
yn: &0
Vin(V) Vo(V)/15(A) 12/25
Transformer Turn Ratio 16:1 Fs(kHz) 500
Core Material N49 Primary switch TPH2002
Core Shape ER32/5/21 SR BSC017N04NS
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PRSI B : LLCNY FH, 216W PFCHLLC coomosvs s switstis

135mm 13smm
90mm , 90mm
PR csii) | copacion AT
- b connector or
93mm 23mm
n
; i | b A |y B
EMI T = RRALY o e e | 1} gaqimssrgfrm
Wecon Qg cocler
I
I;tl.a(; I :‘:‘;!:l t::r:: :t Wnsfoufir I;:'a";e ;3?;::? Transformer
(100k (200kHz) (integrated into
Hz) transformer)
Cool-Mos C6 +iRibiE R & EMHEHEMOS + BribiE —RE
PFC: 65KHZ PFC: 200KHZ
LLC: 100KHZ LLC: 200KHZ
90-260Vacii\, 12Vout,3{%93% 90-260Vac#i\, 12Vout, % 95.4%

B TSRS K KIRADAR T RIAAR, R 20 4R #62.5%
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PESHE IS FH e 250W PFCHLLC 35— thbiesgsnt s coor 2 55 %

BAE T &
Rds(on):300mOHM

JE.Gé0okmos

199C6 7 &
L © Rds(aft)-120mOHM

o BEAHFRFEFTR, TIEIMZEPFC 65K, LLC, 100K
o /IMRRABRME TR, 3J200K, 96%M %, Tl

Y

* PWM: 200kHz for GaN
50-80kHz for Si

* Size: 45% reduction

Efficiency:+1.7% at full load +3% at 10% load
J? MHEI3%, FHRILI6%, RFGE/NIIL50%
FEXT R 7 Z2cooLMOS, BALE T AL — &
CoolMos, 190Kk, ZEALEX300=RK
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PRSIV B EEAPFC, 1000W 98.6% 133K (cs5mmsivin

PFC{5 . NCP1654-133
Switch Efficiency FAVLEMOS + BV — M
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M PFC 133kHz PFC Switch Temperature
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Switch Temperature

I I
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FEm N BEARPFC PFCHR _E T Tk FEXT EE Bias Power
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FEMEBIN A BALE B TCHEPFC /Totem Pole PFC
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FEim N . BB T PFC

-SI2 '\ICI+ 99.5 - 230V:390V, 50kHz - 40 085 - 115V:390V, 50kHz w0
E % 99 - EL ”5 o
98.5 .-\_\! 30 97.5 - 30
— 98 - BT — 97 g T
—— EN =t 2 Ros 1 ||™7 F 203
N '92:5 s LOSS gig E“‘;; ——Loss i:‘g
=L A - Pt BRI =l
Q IS 955 ] H“"T" -\ o I o R I I
1 ! Vo "o 200 'y ' 0 100 200 300 400 500
| 8] o 200 400 Gﬂﬂ m moo
Pour (W) Paur (W)
. K 5PFC2 — M i =1 AU JC M PRGY, Ji id d i
b
. W R Q1, Q2 B B FEET LS i
R ICCMEEAE

1000W ) B O PFC %% 12599.2% 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%
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YAl R é y A& z
¥ FH B ALK L4 L YE97.5% 4% (AC-DC 1000W)
¥ Transphorm2 5] ) 6
HrPFCHR X LLCHIE IR
BEEKHEF97.5%L)
[ R I
- ‘Rl
)
LLC converter achieves 98.6% efficiency
0.995 using TPH3006PS on the primary
o Deesign #2: Primary switch: TPH3006PS X2, Secondary SR: IPI075N15N3G X2
0.99 : ”MWM e without t.:iasand.fan
_.0.985 r £ with bias/and fan
o =+  — = o 97
9> 2.98 1 4 Hm\. :E 96.3
= » E
I-l-l T 954
0.975 | -
0.97 E —o—Eff GaNTP 918
——Eff_SLPFC 20 30 40 50 60 70 80 90
0.965 |1+ttt bbb Load (%)
¢ 200 400 600 800 1000 1200 1 kW LLC, 400V dc to 48V dc, 200 kHz
I:)OUT (W)

FHBAE T EK1000W LHF
PFCHIR % 99.2%

KBS FILLC B R
1000W 98.8%
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rEEIMN A AR % INVERTER

X F GaN #2558 8 Fl—1500W, DEMO #xDC400Vin, 240Vacout, 98.7%, & A<BH & T %

Vp L

! Power stage !
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v J ’ - 5
Vn S I : Hi/Lo '
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___________ , ' ! ! driver _I !
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| interface ! i . Vn H
i ! . : AC
: JTAG ffmd | TM5320F28035 : output |
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\ ' i ! .
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Figure 7. Typical Efficiency 240Vac output
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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#ﬁmﬁ'{%%mn,ﬁ%%mmﬁﬂdﬁ A, [RRPE AR R A R F£100USD, &4
RIRE T100USD. R IEE T 1.54 v 4500W, 51 2 M 16 K12 5 250K

B PR, REI, DR B B %, H R EM G HRE P ASATR MR i S W)

40% volume reductian Significant loss reduction

Imiproved
Efficiency
In Major region

100 100D 00 20 a0oe 1300 LA 4500

Qutput Power[W]
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GaN modules allowed for kW class PV power conditioner with
40% smaller size and loss

GaN Power-con 4.5kW

Competitor's 4kW

s " 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.
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=“Size rédugtion: 6x
» Advantage of pure sin€-wave drive:
Direct systam loss saving

MR, EERZE. IGBTHZE
16Khz, EALEINZE100Khz

Pure sine-wave motor drive (2-8% points

efficiency gain for the system)
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Gal-based Solution
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|GBET 3-phase Bridge
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GaNAnverter: Sine-wave Power
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