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A3 i3 A 7=

m FAHFIEX|X} (Fuel Cell :FCEV) A Z S
O ZH™AZto] 22 Z2|= BEVR}E ©2| FCEVE &7 A|ZH0| 52 +=Z0|H LY
O A2 $A2¢EHX| gAle Ex Ol

‘ —— Fov [ 2023'd FAHARHX|AL HIZAHE THOHCH~ (AEXF E8 ]
. ” —— O | 2022y 2023Y CAGR | 2022 M/S | 2023 M/S
G ‘ e ' = HYUNDAI 11,354 5,012 -55.9% 54.8% 34.7%
% Delivery vehicle St FCv:(8us) '
S | /‘.). & ;,. @ e TOYOTA 3,696 3,839 3.9% 17.9% 26.6%
Personal mobility S e Cr:l‘;rr‘l‘:"’fe 5,238 5,362 2.4% 253% 37.1%
Fuel Electricity Gasoline, diesel, biofuels, CNG, synthetic fuels, etc.  Hydrogen Others 416 238 42.8% 0% 16%
EV: Short-distance, HV & PHV: Wide-use,
FCV: Medium-to-long distance 20,704 14,451 -30.2% 100% 100%
[ Toyotaiit XISHAX} TEEZ|Q HEF 0f|A] ] _
[ 2023 SAHF XX} I 71H THOfCH~ |
Global FCEV Sales Trend SNé\ Research
(Units) 2022Y 2023Y CAGR 2022 M/S | 2023 M/S
20,000 10,336 4,631 -55.2% 49.9% 32.0%
15,000 5,447 5,600 2.8% 26.3% 38.8%
CAGR(T7~"23)
— A 2,708 2,992 10.5% 13.1% 20.7%
1,278 773 -39.5% 6.2% 5.3%
ﬁ i 846 424 -49.9% 41% 2.9%
2 @2 22 89 31 -65.2% 0.4% 0.2%
22 FCEV *.L_HJHE.';.r (EH: 2024'.—1 1€ Global FCEV - - -
Monthly Tracker, SNE Research) ] 20,704 14,451 ~30.2% 100% 100%
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A4 A % 7|=3 (III)

m F M4l FDC (Fuel Cell DC-DC Converter) H|Z 7| S&t

= BOSCH (5¢%)
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m] Fuel Cell DC-DC Converter (FDC) AFQF

V HE{2| 660V O|O, HHE{2| %

FDC =T :

340 - 630 [V] 530 - 830 [V]
DHY SAE e
e/ FELE s

M HiE 2
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X % 48X 2 F HHE 5 AA 105kwE FDC 2E HA
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FDC E3HY :

Ao =8 210 [kW] / (105kW * 2)
UHTY H 340 - 630 [V]
=YY Y2 530 — 830 [V]
ZICH St 28 > 98%

Mgl > 10 [kWI/L]
ol ME |2 <10 [Ay]
s HY 22 <20V
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o°
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400 V H W
340 v L
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[ FDC U= At ]
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FDC A|2HI A (I)

m FDC EEZX| MH™ (I)

O Hof 80|44 1| > thet Sl SUY EEERX| 27 (HY 17t : FDCO| bypass S& %)
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FDC A|2H HA| (II)
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FDC A2 AA (III)

m FDC EEEX| M (III) - 2ZE AQ|H 7|HO| E&&F (Partial-Resonant Type)
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FDC A|AE HA (IV)
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FDC A|AH]

AHI A

24 (V)

m FDCE SiC MOSFET % Diode M™

GeneSiC (MOSFET)

Cree (MOSFET)

[ FDC& SiC MOSFET %
Infineon (MOSFET)

| Diode ZE T ]
GeneSiC (Diode)

Cree (Diode)

Infineon (Diode)

XE At
x| Ks—S .
[ D = Drain
02637 §lgme
KS = Kelvin Source
MEY G3R30MT12J C3M0032120J2 AIMBG120R020M1 GD30MPS12) E4D20120G « IDK20G120C5
Vs max 1200V 1200V 1200V 1200V 1200V . 1200V
| 85A (Tc = 25°C) 74A (Tc = 25°C) 104A (Tc = 25°C) 59A (Tc = 100°C) 41A (Tc = 100°C) | = 40A (Tc = 100°C)
ds,max 60A (Tc = 100°C) 53A (Tc = 100°C) 74A (Tc = 100°C) 30A (Tc = 150°C) 20A (Tc = 150°C) | « 20A (Tc = 145°C)
i E PN TO-263-7 TO-263-7 TO-263-7 TO-263-7 TO-263-2 . TO-263-2
Ros.on 1.5V (I; = 30A, 1.5V (Ip = 20A, « 1.5V (I = 20A,
or V 30mO 32m0 20mQ Tc = 25°C) Tc = 25°C) Tc = 25°C)
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Efficiency %
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F

ZVT-PRC ™ 2 2= H| W (AIMBG120R020M1, GD30MPS12J)
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42 63 84 105
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12/22



FDC A|AE HA (VII)

m FTAE 2A|

O FDCO| AF2E Y& HUAEH= MLCCE HAE TSR 20 F 100EA (Knowles Syferiit 2220Y1K00474KETWS?2)
O CME Al zo e ST HMF [ 2t 13 (Z B7t Al 1, B2) D> ST 290X| HF stress 42 A AL 28 57t
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FDC A|AE A (IX)

m IS BEE FA/HEH

F0{ZI FDC A 2R EA/HZ > npef2tel i { 112{ Busbar 4| 1A

Ik i X|, DSP= TI #22] TMS320F28377SPZPQ-100PIN X &

[1

ol

: Metal PCB 7|%} T} & |

[ 105kW FDC A|AE!
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FDC A28 A (X)

m X|F A E FDC AlH|E

105kW FDC 210kW FDC

X A4 (210x297) 2L} &2 AfO[=

= MZULE 30.21kW/L (3.47L) = MZWULE 18.75kW/L (11.22L)

= S OjH] &3 13.5kW/kg (7.8kg) = =2 OjH] 3 10.8kW/kg (19.5kg)
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Mol 2aelE 24 I)

@ ZVT-PRC &% ZM

O Bx= 29X puty: Ty, =Ty + Ty + Margin
O Ty +Ty=1,-L )V, +T. /4T, =1/f) > 587} 228 HL BX A9/%| Duty Z

&
O Margin 7ZHf| M HIQl AX] GEE CIO|RLEE S50 BRTUR/I 2= BRFU LY > =5 &4 2

T Taz Margin

J

A Ve
Vg_SM
>t Freewheeling path
- Y YY)
Vg SA I_
_ + $ +
>t ]
(]
Vsm =
iSM Vout \ IlL Vln SM oJ VOUt
v I_I ;t
Vbwm =
Ibwm Ih ) Vout j
v ;t
—\ | [ =
i B Y : [ ZVT-PRC 37 Cell #& F7t]
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L 6 Lt 17 st 0

[ ZVT-PRC #71'H % 2 E |
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22X & Duty H O]

m Forgo mE Bx

O ZIt Duty 17 : H[0{7} ZHHSIT Worst Case %|CH Duty 1’8 & H £ 5l0|A Soft Switching Tt
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A 7 N
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FDC A 2% 85 23 (I)

@ Experimental result — 210kW FDC

C

YOKOGAWA jit 2
210kW X|C{ B} ZHOAM BxX A

UEH z|2/z0f MY, XM=2/22 S

AS MEe M2 25°co| BHOM WA

olr

O O O O
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J Main SW Voltage Main SW Gate L
f*" AAAAA r{A =TT F"“‘!’T*r
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fl 1l f
1ﬂ‘ﬁ;ﬂrﬂ e
Aux. SW Gate

D —
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Res0.Inducior.Gurfent Main Inductor Current (A/B/C) v\
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[ FDC ZHE =2 101¥ )
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E & (AT 55°0C)
ZIs# (HMC96200-00 1)

g e
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FDC M| AH] 85 23 (II)

@] Experimental result — Efficiency
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B2otEof M2 HxX AQX| 53 Duty HO{E Sl A& st 52 %] 0.37% &5
O AN HI|Xt= FHA|ZEC] 95% S HALSO| 40% 0|5t ZHM F2 SE (F 2T FZHoA o 8 HE T4

2> F 2HIYLAM 5 &4 MU A5t FCEV FAZ| 57t 7ts

O
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99.5%

Duty 7} 70/ | ,/ 2 & 99.3%
\ ~~~~~~~~ .

99.0%

98.5%

Efficiency %

98.0%

97.5% -@- 340V-530V  -@-400V-660V  -@- 630V-830V

—e—-340V-530V -@—400V-660V —@—630V-830V

97.0%
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Load %
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O o] 3= M=AS0| FDCE Mot QoL ZIHE BE 0jg > 3= Hel 22/ 78 Z4M
o

! =
CHEL 2 180kW Ol 42| M2 g 7iX| 0, 99%0fl 7t 588 XIH

O ZZ H=E FDC MHEE

[ 2 FDC A|ME d& H|L H ]

BRUSA Toyota Denso BOSCH

AREDEX

HEALT

=7} AN U= U= =2 = ot= ot=
T e 180 kW 114 kW 127 kW 270 kw 180kW 110 kW 210 kW
MU 12.5 kW/L 8.77 kW/L 10.61 kW/L - 5.054kW/L 12.31 kW/L 18.75 kW/L
S|

=2 7.14 kW/kg 12.99 kW/kg 11.97 kW/kg - 6 kW/kg - 10.8 kW/kg
NI =R 98.9% 99% 99% 98.5% 98.7% 99.18% 99.3%
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KE-TI

Topology M

FDC &4
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