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Atomic Layer Deposition (ALD) has emerged as a promising technique for fabricating thin films that enhance the
performance of solid oxide fuel cells and solid oxide electrolysis cells. ALD allows for precise control over film thickness
and composition at the atomic level, resulting in uniform and dense thin films. These characteristics enable the deposition
of thin, homogeneous layers of various materials onto the porous electrode surfaces of solid oxide cells, thereby increasing
electrochemical activity and reducing activation losses. Additionally, thin-film electrolytes produced through ALD can achieve
high ionic conductivity and low ohmic losses, facilitating a reduction in the operating temperature of solid oxide cells. This
review summarizes recent research trends in applying ALD technology to the fuel electrode, air electrode, and electrolyte of
solid oxide cells and discusses design strategies aimed at improving efficiency and long-term stability.

Manuscript received: September 5, 2025 / Revised: November 4, 2025 / Accepted: November 12, 2025

1. ME ArSlE AR A A](Solid Oxide Fuel Cell, SOFC)?} 114 @i]%
S8 A X (Solid Oxide Electrolysis Cell, SOEC)E ZT3s
A A AAL YA T TR vt o g 3} Ndelth SOC= aL2oA Asstnz dofshat Rhg&HE %
sias] sfgoin slonl, ol £47ks R S U Sl flelelol A WA Age) e Bl ol 59l
2 EAIE 2R ol whel e gasHE Adskal SOC 2tg oA WAst= HE-S Ao FHe W
AAAOAA HIES Sjels 5 A% JPsT W WA AL AR A9, 8% ol4e] ke BES YT & 9
S8l wejaka ok tlofet oA % ol EFRe Aol THAG] EEo] Hlsks} vk BN SAskae] ujzo] A
o oIASE SelA oluistkast WS ok HeR o glom, CO, B NHER AMFORN 00, 2Y V&R
A iAoz e, ofof whe AEE, MNP A 4 & 7Fs A= AAIE AL UTHT,8].
2 oyR] wis 7]2el 1H AksHE AR (Solid Oxide Cell, SOFCE dlm=, As|d, T30z TSN, 7+ T4 a4
SOC)7} 5431 9JoH1-3], 7} AESA Fel2 wAEel sjte] 1A FAw. dmT
A AFSRE A= Al dsjd® ARgShe A=, A4 o= 4 T AR 4K} ¥hgo] 0101%1, S7lFo14=

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.025.00017&domain=pdf&date_stamp=2025-12-01

988 / December 2025

Abax7h shelEfo] A Aka o]2o] Hajds T drae
2 ol 53t dmToA Aba o] 23} apar o] 2o] uhgsto]
Apet o] A=, AAbe F J=E 3l olEste] 77t
P ot wo] A=SHA dolur] flsiA= A9
ZF 3 QA 7}_,] skala, 7| Al A 3o EEEojoF shal,
Ao A A7t PAS AT 4= jlofof jitt 53] 59
Ae A718ket vhgo] ElstA dofd 4= Qes: &2 A7) A
EA3} oh=9] APAMA W (Triple Phase Boundary, TPBYE 71X+
U F27F Zashe, AsdS FET ol HeAS gH
3fjoF HTH9,10].

SOECE SOFCe} Fdgt AR -5 7HA WA= vt o] o
gl AFgtth da=l 33 757ls AR} vhgske] 4
2} Aba o] 207 ghelun, YAH Ak o] 22 HsjEe F
Hsto] g7z o5t F7IFoA Al o] 28 AT o
qka 7IA1E @R olA" SOECE A7 A|AlE 33l
28 Ay|Rafeto] sa0h Aba Z1AE el B o, 7t
T4 ol SOFCSt npizbA 2 71414, 97, saka) oA

Zz5lojok SITH11,12].

T S0CE & 580 oA Halo] 7St o] 9o
w0 A £ SOCS] AHEHE ol she 43l £ sl
o}, olofl we} 2ol SOCE] 25 LEE W) 9ig vt
haks) AEE T ot Ut AL s A o] AwAnt A
71818 HES w7t AslEE R, o]E A= o] "= o]
oh. whebAl, AeolA SOCe] H718keta At WS B
717) glste] 2k PHRAE HABIE AP A& H o 49
H3 glon, ol M F A ARIRA Beld A1 S
tH(Physical Vapor Deposition, PVD) [13,14]7} 3}&tA 7|4} =32
H(Chemical Vapor Deposition, CVD) [15,16]¢] A|Qt=]3ic).

UA= 52 (Atomic Layer Deposition, ALD) 2]+ SOC
4% LS $IFE B4 V142 BT 9ok ALDE U3} T
2 UL UL B T, L S5l e
2 8o B9 Aol THsst stol e, o a2
of, ]2}, ARHA] 5 Thefeh fool|lA] BgEar JIri17,18].
Fig 12 A9 35 # A4, AASHAo) 353 A7} Hhs

+ ALD 34& Uehfls ®AZolth. ALDE A7] Algh vk

.|_.

(Self limiting Reaction)& 7|HFS.& Ul= 124 Qo] A]Wst vF
URe F24 4 glom, ol 9k Al FUAT B4 9

2 AlZ3Ic). T3 ALD Alo]E Smof uhef 2hate] SA7 A3 A
o8 FrlRhuE SAEE Bele] HuUs A Aot st
o83t EAL SOC A=o] Znj] Zzlo|u} vhat Asjd Az =

chofst HhA 0 2 588 2= glrh(Table 1)[19,20].
2 gFollA= SOCe 7t 4 840 ALD 7|so] A-8H
Al AT FFS AL, A PA HAUSES B 7

=

[} .
&'EE, HA2S3 37150 ALD 7|o] &85 AHIE &
T, Ao AL @ YA AL 05 Hore =

L

o g

st ALD 4] Hside] 288 ATeld ol HEA
P, 0] £4 74 5o A% A ke sl o] 53

(R
L [———— b
o™~ - 3
o' - p
5931|0000 ALD -
Purgi ( (O Py
L Cycle ving
[T — e—
’
o B
'~ ¢ O Byproduct
........ WoXe -
A A
[
tep 3
eactant su

Fig. 1 Schematic illustration of the ALD process. The precursor
supply and purge steps, as well as the oxidant supply and
purge steps, are repeated [19] (Adapted from Ref. 19 on the
basis of OA)
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Table 1 Required properties and morphology of ALD nanostructures depending on the SOC component (OO: strongly required, O: required, A:

conditionally required, X: not required) [22]

High ionic High surface . Optimal morphology
Component conductivity exchange Coking tolerance (Reference) References
. Particulate or porous structure
Air electrode A (0] X needed (<10 nm) [21, 23-34]
O (if hydrocarbon Particulate or porous structure
Fuel electrode A 0 fuel is used) needed (<10 nm) [35-39]
Electrolyte 00 A (necessary if no X Dense film needed [43-49]

interlayer is employed)

(>tens of nms)

Table 2 ALD-deposited catalytic materials for SOC performance
improvement depending on the SOC component

Component  Reaction(mode) Material References
Ru [16,23]
CeO, [26]
Air electrode  OER (SOEC)
ZrO, [27,28,32]
AlLO; [30,31]
Pt [15,35,36]
Fuel electrode = HER (SOEC) CeO, [37]
NiO [38]
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Fig. 2 (a) Schematic cross-sectional view of the cell with a Ru thin
film deposited on LSCF, before and after operation [16], (b)
Comparison of activation resistance as a function of yttria
doping concentration. In the 6CelY, 5Ce2Y, and 4Ce3Y
samples, the Y,O; doping concentrations are 7, 19, and 31
mol%, respectively [25], (¢) Comparison of activation
resistance with varying ZrO, deposition thickness [31], (d)
Performance curves of the cell with a PEALD YSZ interlayer
inserted at 550°C. In the Y1Zr4 and Y1Zr6 samples, the Y,0s
doping concentrations are 11.4 and 8.2 mol%, respectively
[32] (Adapted from Refs. 16,25,31,32 on the basis of OA)
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Fig. 3 (a) Nyquist plot of rSOC cells with and without Pt deposition
at 800°C and 850°C, (b) I-V curve of rSOC cells with and
without Pt deposition at 800°C and 850°C, and (c) Schematic
illustration of the Ni-YSZ anode microstructure incorporating
an ALT interlayer [35,38] (Adapted from Refs. 35 with
permission, and 38 on the basis of OA)
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Fig. 4 (a) TEM cross-sectional image of the AAO-supported cell

with PEALD YSZ electrolytes, (b) Comparison of resistance
values measured in cells with PEALD-YSZ electrolytes of 70
nm and 210 nm thickness, (c) FE-SEM cross-sectional image
of a GDC-YDC thin film fuel cell, and (d) Electrochemical
performance of a GDC-YDC electrolyte fuel cell measured at
450°C [43,47] (Adapted from Refs. 43,47 on the basis of OA)
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