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A1 A2
1.1 97 "7

AAZA Sz o iksteka wjE&Fo]l TrhekaL Ut

sh7b ZhERshE A ) ol2fdk & wAlE BlEE Ak AR Q1

o 7S LA ATt
ATA &=l A

S7hs o] U BA W A4 1w o] vk o sy s Bgd, And

GO @] QO
$ $ ;
PEMFC PAFC MCFC SOFC
Temp: Temp: Temp: Temp:
RT~90°C About 200°C About 600°C 800 ~ 1000°C
Electrolyte: Electrolyte: Electrolyte: Electrolyte:
Polymer Phosphoric Acid Molten Carbonate Ceramics
Efficiency: Efficiency: Efficiency: Efficiency:
30~40% 35~42% 45~50% 45~65%
Fig. 1-1 A37#9] FTF

Rl weh 1R

A 5 2 A (polymer electrolyte membrane fuel cell, PEMFF),

Aot 135 dald = ARgShe

Abg3l= 914k o 8 A A (phosphoric acid fuel cell, PAFC), &8 ¥

gkt 86 HHY Anx

A AR AHgshs aA Aok
PAFC$} MCFC+ 94 dAxA
W7ol "otk waol rH1-3].

ofAlaL glem b wdE A=

4

, SOFC)7F <
ARgaE7] witoll AATE Alo] U 7ol 2
ugbd PEMFC$} SOFCE] &7} &3] o] F

ol

Rl

A § A A (molten carbonate fuel cell, MCFC) —1&]al 14| AF3l&
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E=AE 12(800 ~ 1000l A et A AEHA 253}
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SOFC+ PEMFCd| Hl3] a&o
= gHo] EA). & fHLER <3 EAHS AAsY] Y= 600T ]
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ok g As) A A2 Al Arlaey o] F7le

offt
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i
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1o
s
rlo
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of Az AR AFo] TAaste AV TASY, WG =2 A%k A A} Ao A
3S H431E 7] 98 vkt =2 A (Thin Film Deposition Process)S 483 114 Al

s AgAA7F g 14 AEE A2 A X (Thin Film Solid Oxide Fuel Cells, TF-

()

TF-SOFCst Asidat AF A% FANA 27 F744 3L AT Ak A3
A Zwoae] e T A A% & A aolth LANEE AnAAe

Fastel & Aol Frhdnh sAw AE @

of
ro
H
~
3
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2
=
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)
rfo
e
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Al (>500nm)ell ¥]& TF-SOFCs¢ A3)ad F7(50nm

I

A ArstE ArdA dede]

IRThinFiIm L
| RCc:r'lventional O_ (T)

Voltage

v

Current

Fig. 1-2 95 d %] Ohmic resistance



o] Hlojof gt} TF-
SOFCs A9 91x I7]|(Inm~50nm)E= 7] 1A A2 Az A= A= 9zle] 77
(>500nm)el] B]&l] o} FwH A o] Wl FW Ao Hojx| whg WA o] Foju 4 A
Wol ol w3k AF BE(jo)7k S7hetAl Ak ol = Qs #AE EH(ee)0l Had

A7 A Aeol S7ksA ATl

| ._idealvoltage _______ B IR hinfiim

\ , RT . . RT

,=———Inj,+
Tact anT 0T T

Ins

Voltage

IRConventional

Current

Fig. 1-3 A= dA] Activation resistance

olgisl "tk wAAstE AR A AxE =8 7|4 52 (Physical Vapor Deposition,
PVD) % 3}t 714 S 2H(Chemical Vapor Deposition, CVD)¥ & Ux7]4S AFE3H
Azls Agsta ok 83 713 S22 §-3% Step Coverage Fo] JATH

Densed #Hebt A2 7Pssto ey shle] 4xz dudx A4 4L Ada]des A

-

¢

et ek JUlH o= step coveragew HOlAARE FH o g wiupo] AJAIhEE)aL
Densestal Porousd ®hef B5 A2k 7hsdh =2 71 S2 $40] shue] A= o

SHA AA AE AFeE ol Agetek[9-14].
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Fig. 1-4 &3] 7|% <ZH(Physical Vapor Deposition, PVD)

(a) Ton Beam Deposition (b) Pulsed Laser Deposition (¢) Evaporation (d) Sputtering

=

Table. 1-1 &3] 7]% &2 (Physical Vapor Deposition, PVD)& % &%

—] PVD Process
Quality of Films(Uniformity, Low Defects) Sputtering, lon Beam, Pulsed Laser
Large Area Deposition Sputtering, Evaporation

¢l 714 S Z(Physical Vapor Deposition, PVD)2 t©tifsk FH7F Atk
=x

23 B ¥ (sputtering), ©]< W Z=ZJon Beam Deposition), B2 #o]# ZZFH(Pulsed

g FAe

Laser Deposition), =% (Evaporation)s°| 2t} Fig. 1-4%= Z+ &9
dEE JMEFHeE HAFEy, I F A¥HE 34> 34 HWE Ao E A 9
2

Tz} EAS WMBIAAl 7] fo]dle] TF-SOFC o] Wo| o]



Az AA T2 Ao A YSZ9} vkE-st] de BAE xSt [12,16]. o F
WA Eba As SFAFS 98l Hsl a3} Cathode Alo] Wx|who] dostar, Aelbe] glel
GDC(Gadolinia—Doped Ceria)E interlayer2A] &2 3t A7 A& Fo] gt Aee

GDCel 4z A71& =48] e 2% 23 57
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2.1 A+ E3

< 2H(PVD)

a = 714

2 9
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& HhmoeEA YAt A
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=

131, GDC

7132k SR WA Hr o 24 GDC S| k4 GDC interlayerd] Y= %9 QA=A
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=

(Oxygen reduction reaction, ORR)
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A3 AE FA R FF 218 Yx=T=E

3.1 28 #AX

3.1.1 23 H¥ #FH]

TF-SOFC Al#t& Sl PVD(Ee] 714 $2)e 29 HY 345 ARS8kt Fig 3-1
2 F o AF8¥ RF & DC Magnetron Sputtering System(KVS-2000L, Korea vacuum
tech)ARl oot mPIYER 2HEHYE A4S AUAE 71kl ool =4 FWHI} FE3
© AR ol 8% At e FF AW ol ok=Z(Ar)olo] A7l o 7H&
st o] B2l FEEth olu], BleA Foju Arb Y]do] FztE o] HhehE gAd
gkt

Fig. 3-1 RF & DC Magnetron Sputtering System(P} 1H|EE A~ e 1))
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A A Al Anode®} Cathode:
QA =% B &=
Ao AF8-% DC Power Supply(SDC-1022A, PSPLASMA)

= =
ZJ‘ITE

T= |

T4

=

017} &kojok s+=d] DC power supply &

ojw A}ek-E Table. 310 YEFHSIL

A=E

Hiul oo
e B =

A,

Zk

of\

=

371 <]

—_L

[e)

Z]
4

DISPLAY METER

(]

® )
MAX POWER

® SDC1022A

OUTPUTAD.J

R
'WWW.psplasma.com o ==P§‘l:l‘"A_SM_é L o ® O ILADJ POWER SW
_ = =
Fig. 3-2 DC Power Supply
Table. 3-1 DC Power Supply AF%F
&4 1.0KW (= 500V, 2A, Z=250 %] 3HH.5})
FAEd8Y 2 2 51A] -1000V 2V
= s E -2A (0A~105% BF %] V.RZ 7HH 7H5)
SHORT CURRENT -2A
AR ) AC 210 ~ 220V / 50 ~ 60 Hz 8ATHA}
2= E4 10~40°C 250 ppm O| LY
AME 2% 0~45°C
HEZL -10°C ~ 75°C
A A% A A Aek ARE A 23 APIT REA Az 2

s

RF= ()¢ (+)7) w&

rH

2k 517] 91341 RF Power Supply
2 ks el Q17be

= 2T
14-—,.1_

Yolzo] TE "ol o]
RF Power Supply(YSR-06MF,

=
=

R R A S 2po] o]

11

ol Xt} Fig 3.3

Al

A}g-3le] RF Magnetron sputtering &% <2 3k},
o|2 I3l FEA e o=
AHE-H

GAaldo) L) #Axolm ALUS Table 3-2¢ YERHATE.
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.u\o POS| @ SNRCAL LaAD. .'mus
@ PRESET Ouov voLT
YSR-OGM!'

Fig. 3-3 RF Power Supply

Table. 3-2 RF Power Supply A}

=3 Fob 13.56MHz
Zmups bR T 0.005%
RF &3 JJuojd A 50 ohm nominal
AC 9= Power Line 220Vac/H4k 50~60Hz
RF Power Control Local or Remote(Analog) A&7}
A Power Output 600W @ 50 ohm

3.1.2 SOFC Cell HIAE #H]|

TF-SOFCe] #Hg-&%+ 500 ~ 800CT R & 73S Ao 3t} § wed7] =
TB50200 EE& Algste] HIAE 374 S G4 o). Solartron analyticals AR&3Fo] 7]
W 32 A% (Open Circuit Voltage, OCV), ©7]3}3F oJ9jd 2 £33 (Electrochemical
Impedance Spectroscopy, EIS)¥} -V Curve testE sto] d7]38}3t A5 SHS skt

Figd-4t A H2EA g8 48 422 vehic,
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084838 wrua0n

VOLTS
AMPS

IMUN TEMP

ALk

Fig. 3-4 (a) A 7]E TB50200 22 X3 (b) Solartron analytical
1g€. o~ vl

(c) A712 AFY (d) &%= 247
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Fig. 3-6 Si-Waferol] 52 ¥ GDC <2t ¢=o] & vt o v A 4%
(a), (b) 3mTorr (c), (d) 20mTorr (e), (f) 50mTorr
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Fig. 3-7 Si-Waferdl =2t ¥ GDC 3% ¢ & ¥4 SE
(a), (b) 3mTorr (c), (d) 50mTorr

=
5
0
@

Fig. 3-6 & GDC <z ¢t=e] m& duto]l o SEM image©|t}. 3mTorroll A 52t
3 GDC #eHFig. 3-6 (a), (b)) g oz F4 737} olojx FeE Holxut F
7V FAQATE 715 Ago]l AAE FHE vteto] A FAE FALGEAFF
JA7F A4stke] tensile stressE ©F7IAI71AL o8& RS o] s HAE 2
20mTorrol A 28 GDC ¥HH(Fig. 3-6 (c), (d)> vteho] st AAAA F4
Z7} o]oA A kil AL YAt FAE PR FFo] o] FojHnt. ol e A=
FAZE FAFEAFS vs Aol F4duo] A 3F Aol MAste] e A
gl 50mTorroll A 523 GDC ¥eH(Fig. 3-6 (e), (D) 4 +Z27F 71 S35 &
AW At

Fig. 3-7& &3 W] FA7F FAYHEASTE 7159 AFe] AAE FHE
3mTorr®] 52 Ao 4z A7](F+t JA 7] 68nm)7F Bhefo] F+4 722 4
48 50mTorrol A F2 oMo dxF A71(FBF JAF 7] 50nm)H
olsktt. wEbA E A= GDC interlayerE £2F 3] A} A7)0 whE A3 A A

s},

kv)
rlu
P
o
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Pt- GDC(300nm)
GDC(500nm)

N| YSZ(800nm)

‘ ‘ AAD(HDOUM)

Fig. 3-8 AAO 7|9k Al -4

Table. 3-3 AAO Wafer A}%F

Wafer Size 104+ 0.1x10 £0.1 mm
Thickness 100+5um
Pore Diameter 250430 nm
Pore Density 5108 cm™2
Porosity 25+3%
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1 (B
L/

MgO sealant

A HAEE 98 = AR&SRith
AAO Wafere= tha4d F+x0]7] W&o A5 awel &urd 2ol Yx Fx2E5 Ao
at7) sttt meba] B Aol AAO 7| #E vigo® TF-SOFCAS Al 2hakqlth,

SOFC-Cell HIZ=EE 93] interlayeri= GDCZ 52 A# 13.3cm, RF 150W 719
A 2 4EE2GmTorr, 20mTorr, 50mTorr) 524 X33ttt Anode: Co-

sputtering® %3] Ni-YSZZ 30mTorr S2¢# DC 200W-RF 75WollA  F7=
800nm 1AsF 1, AsfaL YSZ 3inch EFA S E 4mTorr =2k ¢F& RF 200Well A

A= 26m=E 1143 T Cathode= Co-sputtering= 3 Pt-GDCZ 50mTorr S2FSt

g DC 50W-RF 65WollA] F7l= 300nm= 3174 3}3lt}.



1.2 1.0

—&— 50mtorr
—— 3mtorr 1
(No OCYV for 20mtorr GDC interlayer Cell)
1.0 A
-4 0.8
t
0.8 - L
S o6 =
< 2
I 0.6 8
= Q
@)
> 404 ©
0.4- 2
@)
ol
-4 0.2
0.2 H
0.0 T T T T T T T T T T T 0.0
0.0 0.5 1.0 15 2.0 2.5 3.0

Current density(A/cm?)

Fig. 3-10 AAO 7] SOFC GDC interlayer &2 ¥ 500C A& =4

Fig. 3-10% &3 Hd 7= 2= 3mTorrolA 0.577W/cm? |, 50mTorrollA 0.807W/em? o] GDC
interlayer®] 3 YR} 7|7} A-GTE o= A& SRISISITE 20mTorrZ interlayer”t 52t ¥ Cell

& S AER Q3 =2 A Agko & Q8| Ale-S S| FalSt) interlayere] 4 S Alelst

AL ThE 2712 ot A9 e A= interlayere] Y=ol whE i A7jelwt 7191 whebA A
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Fig. 3-13 Si-Waferoll =2 ¥ GDC =2 Adge wE 39 SEM image(50mTorr)
(a), (b) 16.7cm (c), (d) 13.3cm
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(a), (b) 18.5cm (c), (d) 16.7cm (e), (f) 15cm (g), (h) 13.3cm
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Fig. 3-16 Si-Waferol 5% ¥ GDC <2 Agel| W& 1 T v & 52(30mTorr)
(a), (b) 18.5cm (c), (d) 16.7cm (e), (f) 15cm (g), (h) 13.3cm
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Fig. 3-17 Si-Waferel 52 ¥ GDC <2 Agel| W& 1 g 7 H52=(50mTorr)
(a), (b) 18.5cm (c), (d) 16.7cm (e), (f) 15cm (g), (h) 13.3cm
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Fig. 3-19 Si-Waferdl 52 ® GDC <& Agle] & %™ SEM image(30mTorr)
(a), (b) 16.7cm (c), (d) 13.3cm
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Abstract

Research on Performance optimization through nanostructure and density
control of thin film solid oxide fuel cell Gadolinia doped ceria diffusion barrier

layer

Ulsan of University Graduate School
Department of Mechanical & Automotive Engineering

Jang Seong Do

During fuel cell operation, YSZ as an electrolyte material and LSC as a cathode
in thin—film solid oxide fuel cells are subject to chemical reactions. To prevent
this, it is necessary to deposit a GDC interlayer as barrier film. Prior to the
deposition of GDC as a barrier film, a study was conducted to find the optimal
process parameters by controlling the particle size of the GDC interlayer to
increase the oxygen reduction reaction (ORR).

Ceramic GDC targets were deposited by sputtering to control the nanostructure
and grain size depending on pressure. After fixing the applied power and
deposition distance, the pressure was adjusted to check the nanostructure and
grain size. Under various conditions, the best sputtering process parameters were
obtained with columnar cross—section and small grain size after deposition.

To control the nanostructure and grain size with distance, the applied power and
pressure of the ceramic GDC target were fixed and the deposition distance was
adjusted to check the structure of the thin film. After deposition, we evaluated the
performance according to the grain size and found the optimal deposition distance.

To further optimize the process parameters based on distance and pressure, a
GDC Map was created. They found that the grain size didn't vary linearly with
deposition pressure and deposition distance. A maximum power density of
1. .762W/cm? was measured at the smallest grain size, demonstrating that as the
grain size decreases, the reaction becomes more active, resulting in increased

performance.
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