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1.3 hRZ A K RHIES TDG
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320W » 240W

\ 260W - 180W

U 220W > 150W

DT 80
Efficiency 90% 92% 94%L
° (e

(50%load)

AlO Power 28mm
Height \ 20mm

U 18mm

20mm
Alc,.),;rah'ls' 12.5 or 11.0 mm
g PLATINUM 9mm
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The Rise of Electric Cars

BNEF sees more than 20 million sales by 2030 .
Millions EV penetration

o5 by 2040
35-47% of new
cars
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10
| il

2016 2018 2020 2022 2024 2026 2028 2030

= Rest of the world
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1.Main invertes

— 2.DC/DC converter
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EMI ‘ ‘ ‘ i H P H
eI — — PFC Hi, J&% T He JAK TAF R 28 g
TR R | ZE AR R &
. AR E S | MnZn B 4K | MnZnk A _ _ MnZn’2: &
5 TR R PR ES | MnZnBRAUK \MnZnBKSUh | o oeen | ynznsrsps | MnZnBREUE
N | N RN AT AT
e ~ T307T60 T30"T60 |PQ40"PQ50, | PQ40°PQ50, | PQ40~PQ50,
R 130 160 PQ40"PQ50 | PQ40"PQ50 | EE55, ER32 | EE55, ER32740 | EE55, ER32
3. 3kWOBC 1 1 1 1 1 1
e | 6. 6kWOBC 172 172 2 2 2 2
DC-DCAE B 0 0 0 1 1 1
2018 (3. 3kW) 150 150 150 300 300 300
WG 5 3K
(FPCS) 2019 (6. 6kW) 400 400 400 600 600 600
2020 (6. 6kW) 500 500 500 750 750 750
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Uniinterruptabhe
s Distribution Power Supplies ACfDC pc/oc DC/DC pC/oc Digital Chip
kVAC Transformers (UPS) Conwversion Conversion Conversion Converslon

oz 208 VAC 208 VAC 400 VDC 48 VDC 12 VOC 1VDC

93% 100 W

RS 2EHRE % TUPSHJR, —/RAC-DCHJE, —&X, —=xDC-DCHJ;
FES B AL E YR, AR T HIEE AR K &



TDG

% BRI AR BH
Hﬁ f N )i 1
WI\HI::!:: c/oc Be/oe po/oc oc/oc DHgital Chip
13.8 kVAC Transformers Po “HIUPS:- Conversion Conversion Conversion Conversion
/ﬁ% é}ﬁ -i ~ e 98% 97% 98% 98% [ 9500 fem—) 850 f—— N
| e 208 VAC 208 VAC 400 VDC 48 VDC 12 VD¢ 1VDC
93% 100w
150w
Uninterruptable
Distribution Power Supplles Ac/DC DC/DC bec/oc Digital Chip
13.8 kVAC Transformers (UPS) Conversion Conversion Conversion
s - . 98% &\
% -, - 83 -\ N\
i & i 208 VAC 208 VAC 400 VDC 48 VDC 1vDC
100w
93%
130 W
Parameler Units 48V, IBA 48 WV, Direct Conversion
lnterme% g:e Bst;; Arg?;stecture 48 Vm | 12 Ve~ 48 Voo 1 Vour
Dt‘:ea\tlas — oy — 5% 12 Voyr 1 Vour Buck Transtormaer
18C POL IBC POL Based Based
v =] Stage Switching Frequency kHz 300 1000 300 600
B 96% x 98% x 88% Total Power Devices® 32 32 60
: m =83% System Isolation Yes No No
TS i X | § =250 W/in® PCB Complexty High Lenwr Low High
1,,=300 kHz 550 Wiin? f,»=1 MHz 500 W/in® Stage Efficiency %o 96 B8 83 a0
DC Bus Architecture Bus Efficiency % 93 99.9 99.9
Transformer Based Buck Total System Efficiency % 828 82.9 89.9
DCBUS [— Converter (Cou of T) Converter
48v |~ 'p'OL L1V =90% - e 83% Stage Power Density wiin' fwiem’) | 550 (34) 500 (31) 300(18) 80 (5)
-_ =80 W/in3 =300 W/in®
1,,~600 kHz fow™300 kHz Total System Power Density | win® gwvem?) 250 (15) 300 (18) 80 (5)
Total System Cost Higher Low Highest
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3.1 IERBEM KB I

Low Loss gy 'High Frequency

" [ TP5Ee | BB
& |COSMAJ| & Hrn

| TP4D :
L (250kW/m3) ; TP5Enew
TP4A CL-AMIE)
(300kW/m3) AT
(Pev@100C”) {(0.3~1MHz (work frequency)

(Bs@100C7) TPAE

(440mT) TPW33 (work temperature)
P m

.
=l (25~100C°)

- — -,

PB22 ToGaIe
(0~120C)

i TPB1E™™ New materiall

|__caaomr) for OBC  ig /575
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High Bs K IETT I ‘Wide Temp. 7




3.2 M REKEM KR ETTIF TDG

A EBs -

&7 Wide Treq.
' TSR10 !
| (500kHz) !
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| (02x10-6/mT) !

Low THD Y=l _ _
High curie temp.
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Pcv-Temperature

800 | Pcv (@ f=100kHz B=200mT
—— TPW33
700 TPGE33 [
————— TPW26 25°C 100°C 120°C 140°C
&00 TP4A | |
> TPAA
E 500 .
s . (44 material) 600 300 400 550
g 00 — R //f TPW33
= -'-‘_h"'"- e 5
2 .00 ~—] J L______j_ﬁ,:;__“, T e | 380 300 350 450
S D e I E——
200 TPG33 ™=@
(96 material) 340 270 315 400
100
TPW?26
0 (97 matenal) 320 310 350

0 20 40 60 80 100 120 140 160  .;eveLorms

Temperature(®C)
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TPS TPSB TPSE  TPSF
Pfa-:t"j_ueab ility 55 1 jlg::j 1 3 :_:1:& 1 1: E ;:n: :1:1{2::
LLi - = - =T
flux density F=1kH=z 25°C 470 510 520 510
Bs(mT) H=1194A/m 100°C 380 410 420 430
Core loss F=500kH= 25 ( 130 150 100 20
Pc+v B=5S0mT 100°C 20 100 60 S0
(W /m™) F=1MHz 2s5°C 300 250 150 S0
B=30mT 100°C 150 | 100 80 30
F=1MHz >s°C so0 [ 700 | (500 | 200
B=50mT 100°C 500 500 300 150
F=3MHz= 25°C 3000 2500 2200 550
B=30mT 100°C 2000 |\ 1800 ) | 1300 | | 500
F=5MH= >5°C 1500 1300 1000 150
B=9mT 100°C 2000 1200 200 | 150

N T EIRE R E, SHR ] MR B AT R 7 1~3MHz. (R
RIEWIFEIRS, ARSIt BRI 3 2SR Bkl &
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M SR TP5F | PcC200
f B T Pcv/kwm—3
500kHz 50mT 100C 40 60
700kHz 50mT 1007C 02 100
IMHzZ 50mT 1007C 107 180
2MHz 30mT 1007C 85 200
SMHz 10mT 100°C 28 60
SMHz 30mT 1007C 222 800

B xtGaNH Kk, TDKAAG T HHi2~3MHz T~ M. H I FIPC20041 Kl
T F] I TPSFH 1 & R R AIPC200 00 55, e EAA B B4
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Curie Temp. (°C)

200
150
-®-common material -® new materal
180 .

170 ‘
160
150
140
130

120

110

100

0 2000 A000 6000 8000 10000 12000 14000 16000
Permeability
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Tc is increase from 125°C to 150°C.

pi-T
25000
—T510 F
20000 —TU10C
: J 1/
& 15000
3 /
2 /
§ 10000 -
e |
o
40 ] 40 &0 120 160

Tamperatura [ °C)

Initial permeability
flux density

Relative loss factor

Relative
temperature
coefficient

Curie temperature
Electrical resistivety

Density

Hi
Bs(mT)

tan®/p( =10 %)
o (X 10-6/C°)

Te(C?)
(Qem)

d(kg/m?)

TDG

TL10C T510

25C° 10kHz 10000%30% 10000+30%

25C° 440 380
25C°100kHz <30 <30
20C°~60C°  -1.0~2.0 -05~20

2150 =125
0.1 0.2
4.9x10° 49x10°

LREFUI=10000 A TSI, TCHEERI150E L b, HATIEEAE160E UL BT K&
S TR EMAINE B BB M Bs e Z T, S nHLS nds A
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Initial permealkility

Tc is increase from 125°C to 180°C. TL7C Ts7

wi-T Initial permeability LLi 25C"° 10kHz  7000+£30% 7500+30%
15000
—s7 flux density Bs(mT) 25C° 480 410
—_—TLTC
12000
/ Relative loss factor  tand/u{»x10°®)  25C"100kHz <20 <20
8000 / / Relative
/ temperature air (x10-6/C°)  20C°~60C° -1.0~-1.0 -05~20
s000 //“f“*\\\‘_ coefficient
% Curie temperature Tc(C®) 2180 =125
3000 [ . L
Electrical resistivety (Q=m) 0.15 0.3
Dm 0 40 80 120 160 200 Density d(kg/m®) 4.9x10° 4.8x10°

Temparatura { °C)

fRFFUI=7T000 AL T, TefemAI180 LA |, HErIEAEFEL60E UL TP &
S TCHEMANNEIE H BB M Bs e Z 2T, S RnPuS ndks A F
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1Z]-f
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Bs/mT
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1000 N
B . . - - —
—  HH——H \ XN\
100 Supermendor = CoFe 50% \\\
Magnesil = S1Fe 3% - \\\\
Orthogonol = NiFe 50% \--\
Permaloy = Nike 80% | ] L
2714° = Co based
ol —
0.1 1 10 100 1000

—» [ /kHz

s BRAMERHE, &E&
P TR

CoreATdeg: \f — « BB M3 T M
KyJ r + BSURARTH BT T %

EI TS
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B g Metacapacitor [1]
- Deap trench capacitor
1000
Tg o« XTRMLCC caramic capacitor
E
! 100
i . o« Metallized polymer film capacitor
z Tantalum '::mggfgr‘:
r i /
§ 1 " toroid inductor [2]
. P
Aluminum  Microfabricated \ T 2% B
§ 0.1 electrolytic  magnetic-core Microfabricated Wb CA- 2 zfﬁ FEA
capacitor Tt alr-core torold FE PHAS T R ) 2 4%
inductor [2] Inductor [2] s D2 R Tt
0.01 ) S PR 2R
0 S 10 15 20
fmax (MHz)

XTI, How to Change the Landscape of Power
Electronics with Wide Bandgap Power Devices
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BT IR ENK i i A4 0 AT S5 8T Bk AR A R R AR BE I3 R EE A

1200 4500
— K 4000 | =—o= gk
1000 |
e PR (TPG33) 3500 [|=O= k& 4k (TPG33)
800 | ., 3000 t
o ;i
: | @100mT, RT a0 | @200mT, RT
< 3 2000
>
o o
S 400 | 1500
1000
200 | 500
0 0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
flkHz flkHz

*300kHZZ R, BHraiK ehiimt e B 408 3 5 2l B8R 1 7K °F
«300~500kHZzJE[E N, gk f it S Fe g E AR LE B AR B sy, (H &l 2%
AKT
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AT < JE R O AR FE AR SR T PAARS B LI AR BE AT A M EL A

Sl Bm=50mT Bm=100mT
50kHz | 100kHz | 200kHz | 300kHz [ 400kHz | 50kHz | 100kHz
4 J@ 0260 57 151 456 849 1373 270 671
& JE 060 CGHD 25 59 176 302 509 114 242
G @075 GHD 32 82 247 445 729 141 339
TP4A (PC44) 10 24 58 104 172 20 122

J AR

TDG

(E500kHz 0 [ N 42 & Fr o A4 R #E
A5 7Rt RE

«(£100~500kHz L H N, BEE & &k
OPRFEMIE— B FRK, nldE— P HAR
PRERT SRR RL, R TR D
A EREMIF 52, #— DR A%
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B/mT
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Core™ "Widg T
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A B{E200mT WK FE, ECH GaNH <& 1 5
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F G PR+ GaN
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| 1 1 1 1 1 >
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