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Fabrication and performance analysis of thin film transient temperature sensor

Cui Yunxian, Xue Shuaiyi, Zhou Tong, Li Dongming, Mu Yu

(College of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract : In regard to the technical problems of ordinary temperature sensors with the inadequacy of long response time to rapidly meas-
ure transient temperature and the difficulty to lead wires for thin film thermocouple, a thin film transient temperature sensor is developed
with quick response time, high measurement accuracy and convenient to lead wires. The DC pulsed magnetron sputtering technology is
applied to deposit NiSi functional thin film and SiO, insulating thin film on the surface of ceramic substrate embedded with NiCr-NiSi par-
allel electrode wires. The static performance of developed sensor is studied by utilizing a self-developed static calibration system. Experi-
mental results show that developed sensor has good linearity and thermal stability in the range of 50 to 400°C. The seebeck coefficient is
41.2 pV/C with a nonlinear error less than 0. 05% , which remains stable with the change of NiSi film thickness. The dynamic per-
formance of developed sensor is studied by using ANSYS finite element simulation and dynamic calibration experiments, which has a mi-
crosecond response time increased with the increasing of NiSi film thickness. In addition, the response time of developed sensor has little
effect with the change of energy of laser pulse. The temperature test of thin film transient temperature is conducted through utilizing the
temperature calibration furnace. The results show that the sensor can quickly respond to temperature changes and the developed sensor
can provide effective methods and technical approaches for transient temperature test.

Keywords : transient temperature ; thin film sensor; response time; finite element analysis

e i PRETSRE R87 77 TAT , JAE HCR  2l E ) WEAL SE A

FUA BB o MERSEAR PR — T A
AU“ AR IR 1’5@‘% K PRI AT AHIC R E 208 25 S A
BEE R BORBI AW R AL RER R R a1 T TR UM [0, o 0 oA A 94 i 22 1) 14 A L 5o 3

0 3

il

Wk H1:2017-08  Received Date: 2017-08
* eI < K A ARk (51575074) 1 H BE )



55 12 3

WG A5 RS BE A2 e (Y 4 S Mk REAT T 3029

TR S TR . VA RS P S TSN W 7 3
B TEWEAS IR MR AT A EE A

552 YCHEFCHIBIN] , 78 E Hackenann PP f S48 i)
TS AL (MR 2, I BRG0 o 4 TTEA £ J
8200 140 90 4L, 25 [ Lei J. F. 2 AL 6 v bt o {5
VURRTERLZS R BB F b, B 55 0 1 92 36 45 R
2007 4F, 35 [6 Choi H 2 N7 Bl 4 1 — Rl o7 {2 Jop.
6 AT I BICLE 2 201 BLBE TRT 6 AT T 8 3, ) 25 A
18, 6V 2 TR R AS SEbR I s K BE Tk i %%
O 2 D L F R R AT TS 16 ) 3k
A T A (R R A AL SRR 1
TR REBIFFE RIS R S 30 P RS T W B A0S

ATAF R, B % 1 1 S b AL TG 2 22 T R K & 3D
URE T S5 % A5 U3 I P s T SEBRIG R L A
L FE LI K oo 2 00 5 2 R AE R A NiCr-NiSi 247 1 i
24 (1) Wl 3 AR Bt TR ARG YR I R NiST Dy e i S FD Si0, 4 2%
ARAP TR o A S — ol T AT 5 TR I 2 L I 3K, P
LIRS, e AR MR AT T 0F 5%

1 ERBSEEGRSFNENSHE

1.1 HEERRSEREFRFNES

FIT IR 1] 14 R A2 e e 0 s 5 | 2 s i 2B S R RN
YRACEAG LA, £ R AS R IR 285G , v R T S BB R Ah
REVEE 1 I8 B2 M, O AL IR AS 1 A ke 5 I,
B 1 (a) IR, AR IR0 I i A F5 4 A NiCr-NiSi P-4 F
HL L 2 1) P 5 A NiSi ) RE JHEIIEE | Si0, 4 2% {4 T8 S
JHC v g R A 5 e 2 A 5 2 T SR PR 5 R G ML B T
WE 1(b) FiR, NiCr-NiSi #M2 528 5 NiCr-NiSi SF-17HL
e 22 5%k o7 4 4% L oo OB s H s e AR A B T
TE AL S 1 5 | 2ty , WNIET 1 () i o

1k v BREL AN AR YRR

(a) {451
(a) Overall structure of the sensor
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Fig. 1 Schematic structure of thin film transient

temperature sensor
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(1) Assembly thin film sensor
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Fig.2 Preparation process of thin film transient

temperature sensor
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Table 1 Sintering process parameters of ceramic

substrate
Tyt aE] /s 120 300
TSR]/ s 240 360
HAS ]/ s 30 90
BE RS R/ s 60 120
B HItE]/ s 180 180
P E H25/kPa 96 96
TR/ C 600 600
Je R/ °C 930 940

3) P R A 1) o T AL 3 Bk A NiCr-NiSi P47 H,
e 22 (R B e HE A 2 A S B 1, IO oy 1l TC WL IS Bl
R A T fh 1) — i 9 S, K5 X B e B R g
i S AT LA T AIF PR (MDA e RSO JSM-6360LV 1y
i H F B 185 ( scanning electron microscope, SEM) Wi
I NiCr-NiSi P17 Hi A 22 55 Pl e BL 1A 45 5 i R P35, 10
K3 iR, 3 HiE H, NiCr-NiSi P47 B Al 22 5 B %
BRI 25 GRS RAF, W e SRR T B 12

K3 B G PAT IR 2225 5 (1) SEM [
Fig.3 SEM diagram of ceramic substrate and

parallel electrode wires

4) NiSi D REMENR A £ o H FH A ERRE ) 4 07 1 32 %2
B TR ZE R SO RO R A Ak 2 R A
U K o D S A A P g S AR P i Y i T DL ARRE B
400 nm ) NiSi Dy REMEIE . NiSi Ty RE 15215 i A Pl Re
REY NiCr B 2245 HTR A RO, NiSi I RE IS 1Y
DU TS RN 2 s

®2 NiSi e ERNIRIZSH
Table 2 Deposition parameters of NiSi functional thin film

e bR TAE Ar it/ W E/ CERS iy
HZ5F/Pa K JE/Pa scem \Y IR/W WA/ min

5.0x1073 0.6 20 - 150 350 15

7E SEM UL NiSi D REMIE AL EIE S, W 4 Fy
7o M4 Hr Y NiSi D RE MU 1 2 I S B0% F 4
BA W R R TR PG

K4 NiSi DIREME ) SEM [&]
Fig.4 SEM diagram of NiSi functional thin film

FKH X 52k 6 H T 8B 1% ( X-ray photoelectron spec-
troscopy , XPS) XFUTAY) NiSi D) RE MM a4 647 T 40 #7
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SR /a.u.

400 |
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K5 NiSi DIREWMIIELAY XPS [3%
Fig.5 XPS energy spectrum of NiSi functional thin film

5)Si0, s S R B Ao AR HOE R AE S T
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— 24 G AR PR, AT R AR SR Y O 7 A
Si0, HIBEAF B EAT BT I 4 2% 1R 0 e M, R O
Si0, 112 NiSi Dy Wi i 4 2% SR Ir iiBE . 7E NiSi 2R
IR 2 T O RS 2 O 800 nm 1) SiO, AR, SiO, fHEAK
PR L EZ 8N 3 PR,

®3 S0, BEFRPHEHTRIZSH

Table 3 Deposition parameters of SiO, insulation thin film

% BR TAE Ar it/ Oy ks ERT L)
H2SE/Pa S JE/Pa scem scem /W Bf[E]/min
5.0x1073 0.6 20 5 600 30
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Fig.6 SEM diagram of SiO, insulation thin film
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Fig.7 Schematic diagram of static calibration system
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for thin film transient temperature sensor

JIP I B A% SRR AR B X 5O ~ 400°C 1 it 32 0 3 B
B, WA FLUKE T 30K E 7 A S A2 SRl 19 s 2 A
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T et 1 00 i T T AU P v, SR T 0°C
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Table 4 Relationship between thermoelectric potential E
and measuring end temperature 6

e/ C 50 100 150 200 250 300 350 400
A 2
E/mV

1.93 4.00 6.10 8.15 10.07 12.32 14.41 16.55

R e/ A AR Bl R AT LA 2
U 8 Jr 7 AL SRS ) il ) B B B 00 6
ZHBPRFAENE=0.04170 - 0.182 1, FE N T RES(RP
RABIE) A 417 pV/Co I8 WG HY, B bk ] fr) o
LRRAR LR BE B, £E 50 ~400°C Ayl BE VA, A 2k 41

B1REN0.023% ,
18

M F/mV

100 150 200 250 300 350 400 450
/T
P8 IR Al A2 SR Y T S A T %

Fig.8 Static calibration curve of thin film transient

0 0

temperature sensor

2.2 NiSi et EIEE E A B R R ER SR T

Ry T RIS A R R R ) A SRR R AS M AR 1 B
Wi, % 5 ZH AN [F] NiSi v I 52 B (9 1% i AT 1 8 S e
LB, RS PR A O S 1 AR S bR E AR DL SRR
AL PR IS E T5 FE  R U AR R R 2

®S5 F[E NiSi HEEENRSERSE
Table 5 Static performance parameters of different
NiSi film thickness

NS TR R4 AL AT
JELJE/ pan Jifd (V- T BE/%

1 0.42 E=0.04176-0.1821 41.7 0.023
2 0.61 E=0.04116-0.087 5 41.1 0.013
3 0.82 E=0.04099-0.117 5 40.9 0.049
4 1.01 E=0.04126-0.076 4 41.2 0.009
5 1.20 E=0.04110-0.062 1 41.1 0.014
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Fig.9 Relationship between NiSi film thickness

and Seebeck coefficients
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Fig. 10 Simplified model of heat conduction process
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Mesh generation of finite element model

Fig. 11
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Table 6 Physical parameters of thin film transient

temperature sensor

bt Fess A/ wE
(Wem™ e € (Jekg' =T (kgom™?)
Si0, 1.0 966 2 100
NiSi 17.1 469 8 585
NiCr 12.2 455 8 732
Vg & 23.0 780 3 500

TR RBLAL R 1) AR 5 b T I A 1 K O AR R
0.20 mm, kP FEBE K 8 ns, K MhRER K 0.3 ml, H
0 (1) TR Bk o R R 28 1

g =2(1-R) chxp[_z(x +y )]

nyol

2
w

~—w=<r<w (1)

TEHH A SR PO IR v =o" + 97 O
Ny p, IR ROECHEAR N o (2) TR
Bk EOERE R . BRIPEOEIIRE N ¢, BRIy 22°C

Q =pxy, (2)

T RIESE NiSi 55 i X 4% Sk g S SR RE RS2 R
AU Si0, HERRZEERELLT  IE 5 AN A Y NiSi
RS FEMR AR AT BB AT T H 3, AR AG WAL SR 1
Bl b2k, A 12 s .
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Fig. 12 Dynamic response curves of different

NiSi film thickness
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Table 7 Time constants of different NiSi film thickness

NiSi EEE/um  0.40 0.60 0.80 1.00 1.20

A 8] 5 0/ s 7.26 8.62 10.99  12.57 15.14

0T WFFE K IO RE B0 AL R B S PR RE AY
SR, A6 NiSi 5 S 1 A Si0, R 49 0.8 pm
MOL R, B S LA [R] K o 30O RE AR IR B
BRI BEAT T30, AT 0 044 S 2 14 2l 285 o 1oz iy £,
K13

K13 ANl kg B B0 sl s 17 il £k

Fig. 13 Dynamic response curves of different

pulse energy
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B 14 BRI AL R A B AR E R EE
Fig. 14 Schematic diagram of dynamic calibration

system for thin film transient temperature sensor
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Fig. 15 Dynamic calibration curve of thin film

transient temperature sensor



3034 & I £ ¥

38 %

TEARTR IR AE T, X S ZA [) NiSt 2 32 )
IR AT B AR , I 1R BN 3% 8 s shShRE
SRR, BEA NiSi [R5 B A 380, 3 285 i i o
(] o NiST 3 B J5E 52 -5 8 25 g Rz A [ 149 G 2
K 16 o

&8 A [E NiSi H %R &R 18 5 5

Table 8 Time constants of different NiSi film thickness

NiSi MR E/um  0.42 0.61 0.82 1.01 1.20

ks M 36.5 47.5 58.0 67.5  83.0

90r
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T T T

1) 5 5 s
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40t
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Fig. 16  Relationship between NiSi film thickness

and time constants
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Fig. 17 Temperature test curves of thin film transient

temperature sensor
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