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Research Progress of Thin Film Thermocouples
WANG Wei-chao, ZHANG Jun-zhan, ZHANG Ying, YANG Di

(Functional Materials Laboratory, School of Materials Science and Engineering,
Xi'an University of Architecture and Technology, Xi'an 710055, China)

ABSTRACT: Modern science and technology put forward new requirements for accurate measurement of local temperature in
various occasions, which greatly promotes the development of temperature sensor. Due to the advantages of passivity, short
response time, high accuracy and little impact on the testing environment, thin film thermocouples have broad application
prospects in the field of temperature measurement. The work summarized the research progress and hotspots of thin film
thermocouples in recent years. Firstly, the structure of thin film thermocouples based on different materials was presented. Then,
metal, ceramic and composite thin film thermocouples and common electrode materials used in high temperature measurement
of aero-engine hot end components were introduced respectively. The effects of thickness of film, annealing treatment, type of
electrode film, atmosphere and doping on thermoelectric potential, Seebeck coefficient, high temperature resistance and
microstructure of electrode of thin film thermocouples were discussed. The typical research results in recent years were
summarized, and the advantages of ceramic thin film thermocouples for temperature monitoring in aero-engine were described.

In addition, the development course, structure optimization design, research and improvement of fabrication technology and the
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layout in real temperature measurement occasions of thin film thermocouples array applied to local two-dimensional

temperature field measurement were analyzed and discussed. Finally, the research and development direction of the thin film

thermocouples in related application fields are prospected.

KEY WORDS: thin film thermocouples; temperature measurement; thermoelectric power; Seebeck coefficient
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Fig.1 Thin film thermocouples on insulating substrates: a) thin film thermocouples on printed circuit board;
b) thin film thermocouples on PET!'
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Fig.2 Thin film thermocouples on conductive substrates: a) Pt:PtRh;3 thin film thermocouples on Ni-based supper alloy;
b) process for preparing NiCr:NiAl thin film thermocouples on Ni-base alloy

FEN I, AT AR TR R (A Bk 2 R T A 2 AR 4
2, RAKHTJE B i SR BT A T 1 R sk b5 . Tian
SO T B0 phils TR 2N WiRe MR A (AR
FEVERIRZ , 45K, TR )ZT, A
2 B FUkE vk T BT SRSV, WA SiC R E Y
WAL BEAE 900 K FAaE TAE. R
FWRZEKR, 4T Ew& 1T UIH] 48 a5 e
Ni:NiCr (AR, S 1 $2 i v AR A (8 1) I
PUBBUE, R Z DAL T HIO, 4822 ) 3~5 um
JEERY TiN 6 B O 40 )2, Frfs e b b A pE K i As e T
£, H: Seebeck REL =ik 40.1 uvV/C,

2 MATMZEEZHIAF
EAR (R

FERLZS K LB BET T RN B8 U |, 5 ZE v I
TR F R R b 2 P R S A s 2 O R S 40
PAVER DA P S A R R e v 2 ORI
Hr, Wieit REE T 1600 C, HARFA LS
F4) A B A R A T T b o A R B i (E LSRR
W R AR ZE ) B TR b = NI DR A
77 THE M5S0 b A 408 o IR ok 2 e o 110 AR B TR 0 R
A, MR T A R A a2k ERARE R,

21 &RRAEX

20 e 60 4ERLIE, 32 E NASA Mg ARAF 5L H
O FX 7 B E 5% v 0 — ELEU T R BB T s
RENHLIREFE I 7 FNRA e = 4 e Tl e T S s s 7 0%
P I R R A RS . IS BN TFA T T (Cu:CuNi )
A KA, SH (PuPtRhy,) il R E—-RIE/ES
B IS SRR A AR K b B T AR A R
J2024 Al Hopb AR bR AL R PR B AR AR,
Au., Pt, W, Re, Pd ZE 075512 #5592, Tougas
ST S ARAS AN S £ B 3 I URL T Pr:Pd R

=m il E

PHLE, 900 CHE AR AL LU AR RDIR BE R S Al 22 Y
TR, (AREE RIEIR PR T, LA SR
AR R A R 2 T i S5 R L 65 4 ) A8 A S BGRHE AT
K, PGS R R B IR A an (&l 3 s, Rl
HE 25 40 32 BRI 2 T SO BRI I 2R, (R, 78
PAFIA I FE, H A AR5 ) O R T X T o 1 v
P P R A B PE R

TR AR TR 5 9 R R ) 2 ] DR K R %K
ST Y VK45 0] 5, Zhang ZEPOXEAR [F] BT . HE
R BESESHGHAT T AN A . 255 R I, B
#F W:Re WIEJRRE 3G, R0 Sk, T3R5 B
X E A R BEAS TE M o B 1 AN, g ik 2, o
IR %) 2 Ko 3R A L A A S I A K . 2 K
TRHE RS ) AR TR 0.5 o 38408 1 o A,
Seebeck RHGAF| I KAE 33.8 pV/°C; (HFHEE IR L%
ZEHGINF] 2 pm B, A A Seebeck REFIH
TR ZR B8 (T R R 1) A Pl 34N 55 R X6 O 1 22 TR0 A rEL
PR S LA ) #0AE PIT AR ST r oA i
&R A S I R A I R RE Y52, Scarioni 45
NP 3 XF Fe:CuNi (BRI BF 72, 753 T 280
ISR Bz, R S RE R R I IS B i R Ak,
AT RN ) 5 P M RE R TTIC

TSP R A 1) o A e A R, R SRR K T2
A M Zhao FECOFFE & B, 7R SRR R4 900 C
iR K5 B PtRhyo A1 PtRhys B, BT Rh A9 ATT Al
Rh,O5 WIE AL, S S0 A I A (0 P PR S RAIG, (HLBiE
FHiRJGRETHE E 1000 CH, XFMBIZHEAT . X
Ky, SEEskAs R ADEEAA AL A Seebeck REHN
11.5 uv/°C, B S A&y, HHwEEML, HiEG
F L& SHLE IR A B M . Chen 25578 Ni 3L 4
& L4 T S BN, HASIR AR, WA
Y Seebeck REMBURAR KIS RN, Hp
Seebeck ZEikF] 8.30 uV/°C, 200~1000 °C iR EETE
Bl IR IR 22 7E 11 CLAN . X TS IB KAb B )



142 - EN TR NN

2019 4£ 10 A

s 2]

;.'b “ '; s %y
2 <
t-r".!'.'_"‘-t.':' A5 B

a &b

L3
.’
[
sd
L)
v, 1P,

439 .‘ 48 f’h .n'
¢ BORAEIK EPt

S AT e P es e P

d FORAEE ERIPd

Pl 3 AR (7 0 R A PR 2 1 SEM L B IR A7)

[27].

Fig.3 SEM micrographs of thin film thermocouples after high temperature cycling'”'': a) platinum on alumina substrate;
b) palladium on alumina substrate; c) platinum on mullite substrate; d) palladium on mullite substrate
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Fig.4 Thermoelectric response of In,O5:Lag gSrg ,CrO;
thin film thermocouples
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Fig.5 InON:In,0; thin film thermocouples after annealing in air'" ' a) the fracture surface of InON thin film;
b) the fracture surface of In,Oj3 thin film
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Fig.6 Thermoelectric output during heating and cooling process™*"

B LR B 22 o AR SR i 42 2 A UL FR T
il 7 R K AR H o AR B, Liut 7V 7 22 R B
Jill ITO ML A4 A T 8% I Ky, HEURIETE RS
FEPR IR KRGS, JFH PeITO A H A Y HA
FL At A Pt v o DRI, R P 22 ) D ) 3k 7 7 2 g 1
FOTEIFEE A R B e b, AT LS ROT &8
AR L A B R

Zi Bk, B TAEE A0 K 0 T s & sh il
e T D AR rh 2 U T B R, el
SO A L R R R IS, Hoh, NASA I
Gregory “SFBIFFE /N T U ) BSOSR A R b £ 2 1 3k e
PO AR RE . — NS, &8 A 8 I8 A



- 144 - Fom AR

2019 4£ 10 A

B A N, (E R S iR T RE A FR, P g
HEAA L1 1Y) Seebeck RENHI L &)@ I8k, B EHKAN
FoHZ M, fErmiRRE T, PRI 4R A

STEIUT, T L B g S I A e A A O P A0 5 e 3l
AL D P S Ty 3 1A T I AR R
AR A ) — 6 SR R

x1 HEABMBHAEBFRMR

Tab.1 Representative research results of thin film thermocouples

Materials Testing o Averz.ige Seebeccl: Thermoelectric Rescarchers
temperature/C coefficient/(uV-'C™) voltage/mV
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Note: The content of SnO; in ITO and ITON is 10%
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Fig.7 4x4 thin film thermocouples array'*
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