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Fig. 1. Preparation process of the thin film.
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Fig. 2. Cleaning process of optical fiber substrate.

030701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 3 (2022) 030701

TR AR T M it BLECARAR (BEAH) 18] 5 FOAAR S
AR, RIS PR AR A, 2 My AR 1L, SR
PRUARAZ 3 U AR AR B A ARASTE AR 10 Rt
BEREATINEAAE BRI, BN Ay s5OT 46 5 FOMAH 1) BEAH
¥z, 16 Ap s WAL 2 UK.

100 M, A o

Cool /
'/ Heat

Austenite/%
Mertensite/%

7 100

Temperature

K3 CIZG & WA R E R
Fig. 3. Schematic diagram of phase transition of memory

alloy thin film.
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Table 1. TiNi film thickness and deposition rate under different sputtering power.

TSI /W
90 110 130 140 150 155 160 165 170 180
LR /nm 466.7  623.0 7115  785.4  852.2 8323  811.5 8059  776.3  755.8

PUBGER /(nm-s ™) 0.065  0.087  0.099

0.109 0.118 0.116 0.113 0.112 0.108 0.105
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under different sputtering pressure.
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Fig. 4. Deposition rate of TiNi thin film against sputtering 0.1 0'2‘ ) 0.3 0.4
WS 5 / Pa
power.
: enTe 3 s sk T Bl 5 MRS RS WD RLR R A R R M
3.2 ﬂi&aﬂ‘ 52Xt TiNi RN AR EERE , N R .
Fig. 5. Deposition rate of TiNi thin film against sputtering
HI] ’ﬂﬂ pressure.
4 2 IS 150 W I, 7R MRS e 6 47 I 5 PR 6 ERE 0 — 4T

i) AR R R OB R i AR B 5 P, R TiNG SRR 208 AR, A SCHY XRD
NI FR L. R 2 FIIE 5 ATLAFE Y, WA a0 FI3E (K 13(d)) AT, AL T 90K GRS, F77E

78.7 nm 57.4 nm
—88.3 nm —65.5 nm
50.8 nm 49.0 nm
—56.7 nm —43.3 nm

6 RIFIESHESRF 9 TiNi R 45 (WS4 150 W) (a) 0.12 Pa; (b) 0.17 Pa; (c) 0.23 Pa; (d) 0.37 Pa
Fig. 6. Two-dimensional surface topography of TiNi thin films under different sputtering pressures (the sputtering power is 150 W):
(a) 0.12 Pa; (b) 0.17 Pa; (c) 0.23 Pa; (d) 0.37 Pa.
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Fig. 7. Three-dimensional surface topography of TiNi thin films under different sputtering pressures (the sputtering power is

150 W): (a) 0.12 Pa; (b) 0.17 Pa; (c) 0.23 Pa; (d) 0.37 Pa.
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Table 3.  Root mean square roughness of film sur-
face under different sputtering pressure.
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24.6 nm

(a) KB k; (b) 500 C;

Fig. 8. Surface morphology of TiNi thin films annealed at different temperatures: (a) Unannealed; (b) 500 °C; (c) 550 °C; (d) 600 “C.
The films are fabricated under the sputtering power of 150 W and the sputtering pressure of 0.23 Pa.
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Fig. 9. Three-dimensional surface topography of TiNi thin films annealed at different temperatures: (a) Unannealed; (b) 500 C;

() 550 °C; (d) 600 C.
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Fig. 10. Surface profile of TiNi thin films: (a) Unannealed; (b) annealed at 550 °C.

B 10 A TR KR JE Y TiNi 8 8] .
Bl 10(a) Hr, R AR Z R R R AR T R R
Sy, T A AE R SR I, SR R DR I
30 nm, PSS UTRA A K22 (EET 60 nm.
M 253 550 °C 1B KACH S, FEFTER 2 um
DAL, R G S S 50 I 4 2 RS Bl AN BT
SEAE R, B RKIRE AR E] 20 nm, P I 5T

B R ZE(E/NF 40 nm, WLE 10(b) .

e A NA IR EE IR L 38 Y I R 1
JrAHRERE. AE=IR T (BPRIRK) R {E2H 15.1 nm,
Z iR KPR, R A8/, T HL B A IR AR T
E/IMREZ, #E 600 C I R, M 6.32 nm. A,
IR KA EERT D) R RS T MR, T HL, 7 —
RO PR A B A 1R IR B T, X I B 2%
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F4 IR R VR T ) 27 AR S
Table 4.  Surface root mean square roughness of
thin films annealed at different temperatures.

B GREE/ C
=i 500 550 600
R /nm 15.1 9.74 7.23 6.32

3.4 HIEMSSHREHSH

B 11 7R S I 5 2 % 150 W ORI I 5 1 5
0.23 Pa A il £ A9 TiNi B8, 2 1 B0% 61 .
12 A T &Y TiNi A RERE R, 2ot
J& S0 — b A B AT LLAS S I P T
49.09%, Ni 5 80 50.91%.

11 ARG LT B4 Ay TiNG i, Db )2 B
%20 125 pm

Fig. 11. TiNi film on the silica fiber, where the cladding
diameter of the fiber is 125 pm.

12 TiNi #BEAE S
Fig. 12. Energy spectrum of TiNi thin film.

Bl 13(a)— (c) 43 3 Ay 8 3k AN ) i B AR ok Ab
PG Y TiNi I XRD 3. 15 0 3= 2 A0
B19" (B [RAA), TEATHT A 20 = 44° B ) 90 2 1)
(111) fb TR AT SR, L3273 S 0 I 2 1R JRLIE T e
3G ; 7E 20 = 54°BF it B T (111) fb v A
U (HSRPEACES . WA AR/ B2 A (IR
&), #6200 = 32° 247 R BL T (100) f A7 590, ¢

52°5 GA°BFHIT N EE T (200) AhTAEATSTIE. [ 13 H
1Y () SOXTRE IR R EE S 500 °C, WREAEAT )
20 = 43°KHE LT TisNiy WA, 1ERE % IE k6
FHE I 13 (b) 619 550 °C F1 (c) £k 600 C,
2% TigNi AT 5 06 720 ek 55 150 28 9 2, 5 k] B
TipNi 5 TiNigfiT 5 02 8 0, 360 1240 7 bl
PR A3 28 17 T TisNiy — TipNig(Ti,Ni) — TiNig [
AR B2l LT L, Tigg 00Nise HEAR T B2 4 5
B19AIAE, IF HAESC R R IR 3 MR KR ET,
A A AL AS K.

N o B19/(111)
8 TiNi(122)
AT 7 B2(200
£ 8 £ (200) B2(200)
2 L
a
=
: B19/(111
e ®) (111)
E
~
=
=
n
=]
[}
E @
M
1 1 1 1 1
20 30 40 50 60 70 80
20/(°)

Bl 13 RS S Lo A R R R K AR PR Tigg 09Niso.or
fify) XRD PR LLE, (a), (b) 1 (c) 3R R EE 43 51 500,
550, 600 °C, (d) g 52

Fig. 13. Comparison of XRD diffraction patterns of the
sputtered Tijgo9Nisgg; film and of those annealed at differ-
ent temperatures: (a) Annealed at 500 °C; (b) annealed at
550 °C; (¢) annealed at 600 °C; (d) in sputtered state.

Pl 13(d) R ARTR ST il o5 i i 2 (B
2038 AL EE) TiNi RS XRD i, JoHH 1942
B, 7E 20 = 42.15°40 H BRIE 06, RIS (Y7
HRALF oK R A U 25 R A 1 TR A 25 7E IR
JE SO ) S AR T AR T ER AR I B G AR 22 ]
FHEFEAE AT BE S R AT AT ARICAZ 200 5
P, R UL X BB A T AR K b B AR b B 133341,

4 % b

AR SR U RGP 1A e — S AL REC AT B I
il % T TiNUEARICIZ & S, 7E30EE0 | 35K
FLASJE | Ar AU ARSI ] —E B2, TR
PHE T T DR | T T 5 PR Il BE XA o
TR SRR S5 R 1) B I TR

030701-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 3 (2022) 030701
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A7 HLL B19 K T

it T A8, 528 R A 0.118 nm/s
VTR DR IR AL 2 AR 125 pm 1) B H: T R £F
L F R TR 852.2 nm AY TiNi #ifE, H:
TR TR 220 15.1 nm, 2 0ERFRY 1.8%,
KH 600 °C By BEHATIR KA FRIS , R N ER Y
A kLR AN Ak, %34 7 iR 22 (E RN F) 6.32 nm. X4
SEIRRU, LIS ET A1 2R 1 3R ) A v o
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Technique of TiNi-based shape memory alloy
thin film coating on optical fibers®
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Abstract

Intelligent, integrated and cost-effective micro-electro-mechanical system (MEMS) and micro sensors can be
developed with TiNi-based memory alloy thin film and optical fibers. Such devices can work in harsh
environment, like in deep sea, in space with flammable or explosive objects, or with strong electromagnetic
interference; and examples of their possible applications include gas concentration detection in underground
mines, dynamic detection of production parameters in oil or gas mining, etc. As TiNi-based memory alloy thin
film possesses good biocompatibility, such devices can also be used in intracranial/endocardial pressure test,
surgical resection, early cancer assessment, etc. The successful development of the above MEMS and micro
sensors involve optical fibers coated with memory alloy films. However, unlike the common planar substrates,
optical fiber is of a cylinder with a small diameter, and how to grow good-quality memory alloy film on its
surface remains to be explored.

In this work, the silica fibers are coated with TiNi memory alloy films by magnetron sputtering. How to
choose the proper operating parameters in the sputtering process, and also the effects of subsequent annealing
treatment on the films, are discussed in detail. Uniform thin films are grown on the 125-um-diameter cylindrical
surfaces of optical fibers with our built coating mask device specially designed for fibers. The experiments show
that when target-substrate distance, background vacuum degree, Ar gas flow and sputtering time are fixed in
the sputtering process, the sputtering power can be optimized, while a higher sputtering pressure results in
lower film deposition rate but better surface roughness. The thin film is well crystallized under annealing, and
the major martensite B19" phase and minor austenite B2 phase coexist in the TiygggNisgg; film. In the
experiments, with the optimal operating parameters (sputtering power of 150 W and sputtering pressure of
0.23 Pa), TiNi memory alloy film about 852.2 nm in thickness is grown on the fiber at a deposition rate of
0.118 nm/s, and surface root mean square roughness of the unannealed film is 15.1 nm. Annealing at
temperatures of 500, 550 and 600 °C are respectively tried, and such a thermal treatment evidently refines the
crystalline grains inside the film. Surface root mean square roughness of the film annealed at 600 °C is reduced
to 6.32 nm.

This work indicates that a glass fiber can be coated with high-quality TiNi-based memory alloy film, and it

thus forms a part of the bases of further development of relevant MEMS and micro sensors.

Keywords: optical fiber, TiNi-based film, magnetron sputtering, process parameter
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