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Nanostructured thermoelectric oxide thin films for highly efficient energy
conversion

Mele, Paolo
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Efficiency of thermoelectric conversion in oxide thin film was investigated

and very promising results were obtained. For example, n-type Al-doped ZnO (AZO) thin film processed
by PLD (Pulsed Laser Deposition)method has shown the following characteristics: k = 4.89 W / m x K
(1/7 of the bulk AZQO) at 300 K, ZT = 0.045 (3 times larger than bulk AZO) [S. Saini, P. Mele et al.
Japan. J. Appl. Phys. 53 (2014) 060306]. Then, a thermoelectric thin film module was fabricated on
Al203, SrTi03 crystal substrates and silica glass by PLD. The thermoelectric thin film module was
composed by 5 legs of n type (Al 0.02 Zn 0.98 Q) and 5 legs of p type (Ca3Co409) thin films.
Maximum output power (Pmaxg = 29.9 pW was obtained on Al203 single crystal substrate applying a
temperature difference of 230 degrees (with high temperature of 300 degrees) [S. Saini, P. Mele, A.
Tiwari et al, Energy Conv . And Manag. 114 (2016) 251].



¥ X C—19, F—-19—1,

1. BHEERREAIDE R

BEMEZFIHT 2 2 L ofEIL, THESLH
BT R ENLPEH IS KEDRE
B (BT 3L X — D 66% % I ATRE 72 — %
X =BT HENHEEZ EITh D,
FZIRBHCA A IRBE~ DI AEE 2 T, IRE%)
RATAPHEEZE R ﬁf@m\iaﬁmﬁ
O CL BANEAMEHIEE R E 2 B AT RENE
N 5D, ﬁ%%@ﬁ@(@ I, R STMERE
¥ ZT [CBEMENRH B, ZT = (682)T/(ka
+iph) (1) 72720, SSB—Ry 7 F¥ ;0 &
%\'fﬁ%&#’ Kel* %%%&{ﬁ%g’lﬁph Jx /)
BRE R T HacHEE TH 5, ﬂﬁﬁﬂ%%
Va— L LEMET - ITiE, ZT > 2
m>mW%§m#éb%#%éﬁvk%ﬁ
W& 717~ BisTes/SbheTes ZEIETIX., zhR
B2 7 4/ UEELEE LTIERL, 74/ >
O HATRAZERK L, S5 k@)
A2 T, wph DX DD TRWMEZ LT
%, 300K Tlt. A2 1.25nm. k7 0.22 W
m! K1, ZT A 25 LW 9 REpflia EH L
TWa, LorL, INH&EREMEIIET A
Uy b3 5, T >600 K Tk, RELE LA
50, b LA TsLEVnIHmTHD, —
. I s DKM, BRI EHCasCosOo,
Zno.98Alo.020 72 &) Tl @& T (800~1300 K)
TRELTEBY, F-AERMEEE 20
DD IRAREVEM B E L TR ST
%, BE OPEHT ADIEEIZ 900K XV &z
. BEIE. BEhT Y R — X
—OBERAOEIUIEH T 5 , ik, &
BILA W %é%k%@k%&ﬂﬁf%é
L2 LZ2A 5 1000 K I2H1T 530 7 ki
OK ZT EiZ, WEZ 06 2252 &0
TERWZD, [BIRGHRDME, AWF5E T
BRMIZIT v 2 L—Y—783 (PLD) (M:
FHWTRMEOY A X BEZHIE - EA LEE
{bWiiED ZT om a2 B9,

2. OB/

AIFFETIE. n K ZnoosAloozO (AZO) KO
p- CasCosO9 FRALWENEENE D FEH{LIZ M
UL“CIE BRI ZT omEExBE L, ATK
Moz R W27 4+ ) Uil E L TEAL,
7% ) O HBRITERA) 2 S L, wph &
B EE5 22 HEELTWD, 2L T, #
BT Y 2 — L OERIT S,

3. WEDFE
ARBFZETIE, ZNETHLNZR - TN
Al 9 BB Vi 0D VR R M L Aik%ﬁ

ETEEICONWTHRE L, BRI
PLD (V)L A L— %~m%w§k%®%4x
BRI A HE - AL ZT o A B LT,
a) /) RIGEANRR LB (i sk 5o
D _EIZ) ORI OV %ﬁ#m%%@i
BT ) T AT REBHEIEDRE %

Z—19,

CK—19 (Jtm)

PLD Z{EH W=,

b) nfl, p ALY EVEFERIC IS 1T A AN TR
fa& 74 /) VEMREROMEZT~, BRbd
7T 18 o fe#t 2157,

o) HIBHBAEE Y = — VO LR E L
7=,

4. HFFERE

4.1 9. ANTKRKEL n B L O p BIOENGE
T PLD {52 7835 LR L £ L7=,
Al 0,0 SrTiO fEMMER L N Y B 7T AD |
PLD(/\/I//’H/ P—RE) B2V TER
T&nﬂMm%ﬁ%%ﬁLiLL
TEM {4 7> 6, STO & AL1,0, b o Rl Hy
TRFEIRAR R DY R ﬁéﬂfwi? YU HhET
R LIS BT DR, T & AICE
L7 I LD CEREEE ARSI E
L72o Teey=400°C Tl > U 1 RICHERE L 727
513, A120° R0 STO I HERE L 7- M &t %
L HIZIT= (08Y) T/« (PEREFEED) OfE

0.06

—=— AZO deposited on STO at 400°C
—e— AZO deposited on FS at 400°C

—a— AZO deposited on Al203 at 400°C
—v— Bulk AZO

0.04

zZT

0.02

300 400 500 600
Temperature (K)

1 — AZOFENE D ZTIZ Fobig o 5 28

Wi@rﬂ‘ EDRINLTEY, T=600KT
X, (ZT) silica=0.045, (ZT) ST0=0. 03, (ZT)
A1203:0. 04 LX),
AZO/ALO IR, KV REREFF T v ILE
P (e i £ 18%) & X0 RE RURAIRE N
) 10Mem 22 LT, —J7 AZO/STO D5
By € st 6% € i 19 2% NI 10em™
2EMmoTWVET, N & biZolTEA L, S
TIN50, HIRTORRER T, «
s1676. 5 W/mK 38 KX Wk 4150,=6. 90 W/mK T v %A
PLTWEEHESNTWDLDOT, ZICK
D R DR EICBIT A0St (1) 0%
FARHL OO ET, #%E?%w77xv
U H OB i # EVEIR) Y o S e
BOE N B K sitie=4- 89 W/m K %38
wéﬁéiﬁbué’a%&fﬁ%k LTEMT %%
DEEZTVWET, 74/ VEEHKRLELTO
TV AXDOF IR FEEF S EOEA
2K BT TEFEE, MRS E BB
ELTRITLTWVET,
MO SrTi0, fEdb M N U B 7T 2D E
PLD(/\/I//’H/ P—RE) B2V TER



B 7¢ p- Ca,Co0, WM Z BB L £ L7z,
Tiep=700°C Tl AL,0, (ZHERE L 72 MERRIE, AL,0,
RO STO _RICHERE L 72 & b D & I 2T=
DN EVENZ EARENTEY, T =600
K Ti%. ZT (A1,0,) =0.045 TL 7=,

4.2 FN0 6, NLKFaA Y n B K BV R
PLD %74 LAl L £ L7 (K 2),

3-20nm |

AZOME .-
X 2(/) SrTiO,, #=#% o> PLD Bkl Y,0,5/ 7
A7 8 (ARMBIER) ; () AZO+Y,0,7F /7 A
7 v REZEHEO B FR,

AZO/AZ0+Y,0, 7 / Ri1-Z JEN e OV AZ0/70 % J&
Hﬁ% A1203%ﬂ%0)t¢:§)ﬁ;@émho k (MULTI/Y203
fm203) =T.32W/mK, K uri/z0 420 = 8- 47
W/mK 5 STV D DT, ZEEOEVRER
IXTFRBRhoTe,

AZO+AR Y ~— (PMA) F /Ki{% Al,0, 2%
O EICHHRENTZ, Kk gy =5.9W/mK, Z L
T, T=300K T, 0 @y =1382 S/em, AZO
MWD 3512720 £ Lz, PIMA R Y ~—F
BB =R N2 D DT, o OHEINT HH
72 BVET, BRIV —F RS
PN 2 T G

F&iUT, PLD V512 X - T AZO+AL0, F / ki %
A1,0, BAE D RIS 7=, AZO+AL,0, 5
IFHAERAEF T,

4.3 AL0,, SrTiO fEdREMR L Y I 7T A
D EIZNV AL —F—K3E (pulsed laser
deposition, PLD) % F\TCIZ & v 20T
EFEV 2 — LOERILE LT,

BVEMIEE Y 2 — /L idn B (Al ,Zn, s0) D
5 HI'I]&U p i) (C33C0409> D5 HI'I] %é\ﬁi L7,
i n B & p RERER IS kL2 A F
HATL, BEAROAICEEICRETY
2—NVEINT, TREY I IARAEZ<A X
AT ELEHNVTEY 22— LOMREEITVE
L7-, REEZEIT 230 B (BRI 300 ) (2
Lo T, ALO, B EICiR K IE N
(Pr>) =29.9pW 26N F L7 (X3),
IREZE DN - THRRH S8 S Ol
KEL RV T, 91D TRRIEWEFREY =
— LN TEE LD T, BERLW D E
FAbD =iz OfEFIT S E T,

Th 300°C

—=—0nAlLO,||

—e—0On F.S.
OF s-e —4—0On STO |
o 2z 4 & 8 10 12
V (mV)
B3 (a) AL,0,HLih ff HEAR b IZ BV T ¥ o —

NDFE; (b) BAEHEEE Y 2 — AV OH BT

5. ERREFHRTE
(WFgef e, WFFesy a8 K ONHEERFZ2 5 |2
)

UEEamsa) Gt 11 1)

@O “Thermoelectric properties o
Al-doped ZnO thin films” S.Saini, P.
Mele, H. Honda, K. Matsumoto, K.
Miyazaki, A. Ichinose, Journal o

=

f
Electronic Materials 43 (2014), 2145
DOI: 10.1007/s11664-014-2992-x

@  “Enhanced thermoelectric performance
of Al-doped ZnO thin films on amorphous
substrate” Saini, S., Mele, P., Honda,
H., Henry, D. J., Hopkins, P. E.,
Molina-Luna, L., Matsumoto, K.,
Miyazaki, K., & Ichinose, A. Japan. J.
Appl. Phys. 53 (2014) 060306

® ¢ Influence of post—deposition
cooling atmosphere on thermoelectric
properties of 2% Al doped ZnO thin
films grown by pulsed laser
deposition.” Saini, S., Mele, P.,
Honda, H., Matsumoto, K., Miyazaki, K.,
Molina-Luna, L., & Hopkins, P..
Journal of Electronic Materials, 44
(2015) 1547



films of
P. Mele,
Thin Films,

thin
thermoelectric oxides” -
Chapter 8 in “Oxide
Multilayers and Nanocomposites”
Springer Books, (2015) DOI
10. 1007/978-3-319-14478-8

Nanostructured

“Effect of self-grown seed layer on
thermoelectric properties of ZnO thin
films” S. Saini, P. Mele, H. Honda, T.
Suzuki, K. Matsumoto, K. Miyazaki, A.
Ichinose, L. Molina Luna, R. Carlini,
A. Tiwari, Thin Solid Films 605 (2016)
289

«

On—chip thermoelectric module
comprised of oxide thin film legs” S.
Saini, P. Mele, K. Miyazaki, A. Tiwari,
Energy Conversion and Management 114

(2016) 251

«

Polymer—-inorganic nanocomposite
thin film emitters, optoelectronic
chemical sensors, and energy
harvesters produced by multiple—-beam
pulsed laser deposition” Abdalla M
Darwish, Simeon  Wilson, Ashley
Blackwell, Keylantra Taylor, Sergey
Sarkisov, Darayas Patel, Paolo Mele

Michael W Johnson, Xiaodong Zhang,
Brent Koplitz Proc. SPIE 9586,
Photonic Fiber and Crystal Devices:
Advances in Materials and Innovations
in Device Applications IX, 958602
(2015) ; doi:10.1117/12. 2185498

“Polymer nano—composite films with
inorganic upconversion phosphor and

electro—optic additives made by
concurrent triple—beam matrix
assisted and direct pulsed laser

deposition” Abdalla M. Darwish, ,
Shaelynn Moore, Aziz Mohammad, Deonte’
Alexander, Tyler Bastian, Wydglif
Dorlus, Sergey Sarkisov, Darayas Patel,
Paolo Mele, Brent Koplitz, David Hui,
Composites B 109 (2017) 82

“ Thermoelectric and Structural
Characterization of Al-Doped Zn0/Y203
Multilayers” P. Mele, S. Saini, A.

Tiwari, P. E. Hopkins, K. Miyazaki, A.
Ichinose, J. Niemeld, and M. Karppinen,
J. Nanosci. Nanotech 17 (2017) 1616
doi:10.1166/ jnn. 2016. 13717

‘ Organic—-inorganic nano—composite

films for photonic applications made
by multi—-beam multi-target pulsed
laser deposition with remote control
of the plume directions” Abdalla M.

Darwish, Shaelynn Moore, Aziz Mohammad,
Deonte’ Alexander Tyler Bastian,

Wydglif Dorlus’ Sergey S. Sarkisov

Darayas N. Patel, Paolo Mele, Brent
Koplitz Proc. SPIE 9958, , Photonic
Fiber and Crystal Devices: Advances in
Materials and Innovations in Device
Applications X (2016) 995802 doi:
10. 1117/12. 2237538

“Nanostructured oxide thin films for
sustainable development” P. Mele, S.
J. Singh, S. Saini, A. K. Jha, M. 1.
Adam, Procedia Engineering 171 (2017)
201

(FawE) Gt 19 1)

)

©®

Thermoelectric properties of ZnO thin

films deposited on amorphous
substrates” P. Mele, S. Saini, H.
Honda, K. Matsumoto, K. Miyazaki, H.

TUMRS-ICEM 2014,
(A

Hagino, A. Ichinose
Taiwan, F3-1T-0049

Effect of deposition temperature on

thermoelectric performance of
Al-doped ZnO thin films” S.Saini, P.
Mele, H. Honda, K. Matsumoto, K.
Miyazaki, H. Hagino, A. Ichinose, L.

Molina, P. E. Hopkins, J. E. Thlefeld,
TUMRS-ICEM 2014, Taiwan, F3-0-0064

Thin films and multilayers of zinc

oxide for thermoelectric
applications” P. Mele, S.Saini, H
Honda, K. Matsumoto, K. Miyazaki, H.

Hagino, A. Ichinose, L. Molina, P. E.
Hopkins, J. E. Thlefeld, UMRS-ICA 2014,
Fukuoka, C8-129-016  (4R1FifiH)

[Al R—7" 7Zn0 MO EAEREIC KIFT
FeAR D 2% | Effect of substrate on
thermoelectric properties of Al-doped
Zn0 thin film” AH#WA, S.Saini, P
Mele, proceedings of TSJ2014, Tsukuba,
Japan

“Inorganic-organic composite for a
flexible thermoelectric device” - K.
Miyazaki, 7" Taiwan—Japan workshop on
mechanical and aerospace engineering,

Taipei, 2014 (FRFFeETH)

“Epitaxial thin films of ZnAlO for



thermoelectric applications” — P.
Mele, SPARCA-2015, Taipei, Taiwan, 10
February 2015  (4A4%3#1H)

“Correlation between strain energy
and thermoelectric performance of
Al-doped ZnO thin films deposited on
different substrates” — Paolo Mele,
Shrikant Saini, Hiroaki Honda, Takashi
Suzuki, Koji Miyazaki, Kaname
Matsumoto, Ataru Ichinose, Leopoldo
Molina-Luna, Patrick E. Hopkins, MRS
Spring meeting 2015, San Francisco,
SS12.01 9 April 2015

“Superconducting And Thermoelectric
Oxide Thin Films For Sustainable
Development” Paolo Mele, S.
Saini, A. Kamegawa, Y. Mawatari, X
Obradors, H. Honda, T. Suzuki,
K. Matsumoto, K. Miyazaki, A. Ichinose,
L. Molina Luna, P.E. Hopkins, M. 1.
Adam - ICCE-23, July 2015, Chengdu
China (FAfFiEH)

“Fabrication and testing of compact
thermoelectric module based on Zn0O and
Ca3Co409 thin films” Paolo Mele
Shrikant Saini, Hiroaki Honda, Takashi
Suzuki, Kaname  Matsumoto, Koji
Miyazaki JSAP Fall 2015 “76th fall
meeting of the Japanese Society of
Applied Physics” Nagoya
International Center, Nagoya, Japan 13
- 16 Sept. 2015 13p—2T-3

“Nanostructured oxide thin films for
sustainable development:
superconductors and thermoelectrics”
P. Mele, S. Saini, X. Obradors, H.
Honda, K. Matsumoto, K. Miyazaki, A.
Ichinose, L. Molina—-Luna, P.E. Hopkins

M. I. Adam, J. Shiomi, C. Li, and T.
Kawaharamura TUMRS—-ICAM 2015 -
International Union of Material
Research Societies -International

Conference on Advanced Materials -Jeju
island, Korea, 25-29 October 2015
ITI-6Mo3E1-5 (IS)  (#RffFa#iH)

“Superconducting and thermoelectric
oxide thin films for sustainable
development” Paolo Mele -Invited

seminar at Dongguk University, Seoul,
South Korea, 20 November 2015 (3343
AT

@

“Nanostructured oxide thin films for
sustainable development” Paolo Mele —
Invited seminar at Politecnico di
Torino, Torino, Italy, 21 February

2016 (HAFFRRHD)  (FAFHT)

“Nanoengineered thin films of zinc
oxide for thermoelectric energy
harvesting” P. Mele, S. Saini, K.
Miyazaki, A. Ichinose, P. E. Hopkins

L. Molina-Luna, J. Shiomi, C. Li, T.
Kawaharamura, M. Karppinen, J-P.
Niemeld GiTe2016  “Giornate sulla
termoelettricita ”  (annual meeting
of AIT- Italian  Thermoelectric

Association) Pisa University, Italy ,
24-25 Feb. 2016

“Nanostructured oxide thin films for
sustainable development” Paolo Mele —
Invited lecture at Jawaharlal Nehru
University, New Delhi, India, 12nd
July 2016 (FAfFeRTH)

“Nanostructured oxide thin films for
sustainable development” Paolo Mele —
- ICCE-24, 17 July 2016, Haikou, China
(Keynote)

“Nanostructured zinc oxide thin films

for thermoelectric applications”
Paolo Mele, Shiv J. Singh, Shrikant
Saini, Ashutosh  Tiwari, Abdalla

Darwish, Malik I. Adam, JSAP 77th fall
meeting, Niigata, Japan, 13 Sept. 2016

“Nanostructured oxide thin films for
sustainable development” Paolo Mele —
- invited lecture at University of Utah,

Salt lake City, UT, USA 11 Oct. 2016

(FfFa )

“Superconducting and thermoelectric
oxide thin films for sustainable
development” Paolo Mele — - invited
lecture at Los Alamos National

Laboratory, Los Alamos, NM, USA 20 Oct.
2016 (FRFFaRH)

thin films of
thermoelectric

Nanostructured
superconducting and
oxides for sustainable development”
Paolo Mele — - Symposium on Materials
for energy and environment
sustainability, Shibaura IT, Tokyo,
Japan, 16 Dec. 2016 (FBFFzHH)



(ME) Gt 2 1)

@O ”0xide Thin Films, Multilayers and
Nanocomposites” Book main editor:
Paolo Mele,

Co—editors: Chaoyang Li, Shunichi
Arisawa, Tetsuo Tsuchiya, Tamio Endo
Springer Series in Materials Science
Springer—Verlag Berlin Heidelberg
(2015) DOI 10.1007/978-3-319-14478.
ISBN 978-3-319-14477-1

@ “Correlated Functional Oxides -
Nanocomposites and Heterostructures”
Editors: H. Nishikawa, N. Iwata, T.
Endo, Y. Takamura, G. H. Lee, P. Mele
— Springer Series in Materials Science,
Springer—Verlag Berlin Heidelberg
(2017) ISBN 978-3-319-43780-4

(P £ A PEAE)

OffFky G 1 )

®

2 B ¢ “Nano—composite thermo—electric

energy harvester and fabrication method
thereof”

J& B # . Abdalla Darwish, Paolo Mele,
Sergey Sarkisov

e Rl & : Abdalla Darwish, Paolo Mele,
Sergey Sarkisov

FH¥H : 2305 Fleer Circle, Huntsville, AL
35803, USA

5 62/071,116

BUS4EA H @ 25/2/2016

ENs DRI [ES CRIE)

(£ Dfth)
R—B_R— U5
http://www3. muroran—it. ac. jp/oxides/

6. WA
(D MFgEREE
MELE Paolo (MELE Paolo)

ST A - TR - SR
WFYE# 4 : 70608504

(2) ooy

IR RRR (MIYAZAKI Koji)
JUIN TR « KPPt LAt 4ebe - 2%
WoeEF5 - 10315159



