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A yttria-stabilized zirconia (YSZ) cathode functional layer (CFL) was fabricated using a co-sputtering process to improve the
oxygen reduction reaction (ORR) in solid oxide fuel cells (SOFCs). To optimize the yfttria molar percentage and achieve a
nano-granular structure with enhanced grain boundary density, the DC sputtering power for the metallic yttrium target was
varied at 10, 30, and 50 W. Structural and compositional analyses were performed using scanning electron microscopy
(SEM), X-ray photoelectron spectroscopy (XPS), atomic force microscopy (AFM), and X-ray diffraction (XRD). The results
indicated that a DC power of 30 W resulted in a well-developed grain structure with high grain boundary density and an
yttria composition close to the optimal molar percentage of 8-10 mol %. Under these optimized conditions, the SOFC with
the co-sputtered YSZ CFL achieved a maximum power output of 9.22 mW/cm? at 450°C, representing approximately a
43% enhancement compared to the reference cell. This highlights the significant potential of co-sputtering for future low-
temperature SOFC applications.
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NOMENCLATURE XPS = X-ray Photoelectron Spectroscopy
) ) AFM = Atomic Force Microscopy

SOFC = Solid Oxide Fuel Cell XRD —  Xeray Diffraction
CFL = Cathode Functional Layer
YSZ = Yttria-stabilized Zirconia
ORR = Oxygen Reduction Reaction 1. M2
Polarization Curve = Performance Curve of Fuel Cell
EIS = Electrochemical Impedance Spectroscopy VAAIEHE o2 A (Solid Oxide Fuel Cell, SOFC)= 224
SEM = Scanning Electron Microscope A7]2 Al TS 28
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| EAsh, o] AW WhEo] Q7E= & SAS) oy
Aol 71dlshs Ao ® dHA itk olE AAdsh] S8l &1
Jol St B4 ZAHAE AIsHA Alojste] Hsid
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o} oFA 3} X = F Y ol(Yitria-stabilized Zirconia, YSZ)S S+
/73] Ao ¥htA)| 237 (Thin-film Fabrication Process)S
Zgslo] YSZ 3= 7|55 (Cathode Functional Layer, CFL)
o2 Akt o], YSZ CFLY| stahal 247t A4Y T
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2. MY

2.1 YSZ CFL M=} 4t

300 nm F74|9] YSZ CFLE A7) 938l 8 mol% ©|Ed]
o} okAst 2|2 A oH(YSZ) 71ZH1 em x 1 em x 200 pm, MTI
CorporationyZ 32 X X|A2 ARSI 228|310 Yitriumi)

@ Zirconia

Fig. 1 Schematic of YSZ CFLs fabricated by co-sputtering technique
with yttrium and zirconium targets

Zirconium < EFI(MTI Korea)2 o]-&5f0] AbAe} oj2l &
& 71A E91710014 35 AMERS st eH, 382 4
204 0.93 Pag] g stof W=t of 22 40 scem, At
2 B 2HE PSS 918 5 seem®] FEFoE FYUEH
Yttrium E}Zlofl&= 10, 30, 50 We] DC # o], Zirconium E}Zl
o= 1AE 100 We] RF Ado| Zkzk QI7t=E9lom, 1 A}
YSZ A A A A 2] FU= F 9ol YSZ CFLo| Z2}=3)
o} o]F A8 YSZ CFLo| 235 shaTeli WPy 7
=2 10 Pa2] 74 4} 40 scem?] of=3t 27|04 F2t
slsick. 2] AZRE YSZ CFLe] Wefshy St sjshy %
44 2hIsl7] 918} BAA A2l(100) O1(1 om * 1 om x
500 pm)E ARE-5FRATE.

2.2 YSZ CFL &4 OM7=-2M

YSZ CFLo] =2 SOFCE Scanning Electron Microscope
(SEM)E o]§3lo] Tl £15 S4ela mulo) S4S B
At} X-ray Photoelectron Spectroscopy (XPS)YE E3f Yttrial}
Zirconia®] ZAH|E EA5I9 25, Atomic Force Microscope
(AFM)E ARgsto] 9 228} wAlF2E A8 E3H
X-ray Diffraction (XRD) 4 53 AAAAS 19351,
Williamson and Hall Relationship ©|-&3}o] AR A7]|& At

E5h91ct.

2.3 SOFC M7|gletx Ms 4ot

YSZ CFLo] F2F¢ SOFC 537 918l & d-HollA &
A Ak A7\skelEsk AlsRle olgstel Sasteit. SOFC
3% HIEE 450°Co) A X133l 01, Probe A28 53 A
714 EAS SAsIH. Aol s =4 20 seem®] S

HOFAAL, FHFE 3715 TS ¢ U=E o =5t
t}. o] E& SOFCY] AF-He-Ae 1efZ(1-V-P Curve)?]
4E FSeeH, A% 54 245 $18 Electrochemical
Impedance Spectroscopy (EIS) 7|*HS AR&3}%ich EIS 23L&
1 MHzo A 58] 1 Hz7}A] 4385131, Electrochemical Analyzer
(Interface 1010E, Gamry Instrument)S AR2-3}%ic}.
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Fig. 2 (a)-(c) Surface and (d)-(f) corresponding cross-sectional
SEM images of YSZ CFLs deposited under different DC
power conditions: (a),(d) Y10Zr100; (b),(e) Y30Zr100; (c),(f)
Y50Zr100

3. Z2n} 9 nEt
3.1 0M7E & EH BM

Fig. 2= SEME 3af st Ao ol o F2H
YSZ CFL9] #d U]Aﬂ-_y’-_l_(Surface Morphology)g X oj&t}.
HE F2 22(DC 10, 30, 50 W)oll4] dhdto] 4+ §lo] =4
A FAE o, =35t A a AALUA 7} Avtogn 7
sl Wk AS AT S Uk S 550 s
333, 315, 256 nm= SA & o, o]= HFA O Z oF 300 nm
o Eafol) kil okzre] A Ajolv} QhGolE Bshy
£ 27004 2wskn e vl BgEgen, oleje Yz
CFLO| %9 541& Bl 3% AmE@om ORR 248l 4
ot AAYAN TR FAERES Helslolct

@9, 35 29Eg $4ol4 25@ Al 7 DC Power
(10, 30, 50 W) Z71of| W= YSZ CFLO] W %=L Fig. 39|
AFM 548 53] gelahait.

A A3}, Y10Zr100, Y30Zr100, Y50Zr100 AZoj A z+z+
RMS (Root Mean Square Roughness) ZF2 5.396, 6.863, 3.317
nmz ZHRIEQIth. DC Power 3o upet 2 A27| ghofle=
Q3 Afolsh ERjsheLont, ol H AF Al ulo] 2 uj, &
then]e|(nm) $5£) ]ulg 2ol SOFCE] AH7]8keta] A
o elulat JRS A7) gk Ao AFREC. mEhA DC
Power =71 ¥H3}o] W2 HH RE 9] 2ol YSZ CFLO| A 7]
sjakx 7150 27 g oRe Ao oS,

32y A AFY =M

Table 12 XPSE &3 YSZ CFL Y Yttrium, Zirconium,
Oxygen?] A} gF(Atomic Percentage)2 UERH Z o]t} Yitrium
of 7}3ljA]+= DC PowerZ} 10, 30, 50 W= QI7}=|S o Z+
Yttrium®] ZAJ& 1.57, 5.97, 9.59 at%=S X O, o]= Yitria
o]  wwa shlshy 239, 9.52, 15.91 mol%o] swsich. &
St Yittrium o] Z71gho]| el Zirconium?] A& H|L-L
WA} gk 2R deRion, ol Yurum B 2710]

(a) Y10Zr100
Fig. 3 Surface topography of YSZ CFLs analyzed by AFM

(b) Y30Zr100 (c) Y50Zr100

Table 1 Atomic composition of YSZ-CFLs deposited at different

DC power
Atomicratio 157100 y302r100  Y50Zr100
[at%]
Y 3d 1.57 5.97 9.59
Zr 3d 32.59 30.18 26.62
Ols 65.84 63.85 63.79
(a) Y10Zr100 (b) Y30Zr100 (c) Y50Zr100
Fig. 4 XPS spectra of Y 3d in YSZ CFLs deposited at different DC
power
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Fig. 5 XRD analysis of YSZ CFLs under different DC power

conditions
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Fig. 6 Electrochemical characterization of SOFCs with YSZ cathode
functional layer. (a) Polarization curves of SOFC under
different DC power conditions and (b) EIS spectra for of
SOFC under different DC power conditions at 450°C
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