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Abstract
Recent findings about sputtering of Ni-Ti smart alloys on Si substrate for thin film manufacturing are reported in 
this article. The NiTi(Si) composites are usable in simple and complex biomedical engineering structures and 
advanced industrial systems .Thin films produced of polymorph structures are used in such micro-devices as 
micro-electromechanical systems. Good biocompatibility favors their usage in bio-MEMs used for cell 
displacement, tumor removal, drug delivery to sick cells and nerve clipping in noninvasive surgery. 

Keywords: NiTi(Si), MEMs, thin film, sputtering

NiTi

1

]21.[

1Actuators-

"
 .

]1.[Ms

)Mf(.

.As

Af.
.



ICBME2008 

210]3[.
-

]4[
]5[]6[

]7[]8 [
.

]2[.
NiTi(Si)

)MEMs(2]13-9[.

]3[.

]14[.
MEMs

15-
Ni-Ti-Ag.

)Micropumps(
)Microvalves()Microgrippers(

)Microwrappers(
MEMs]16[.

.

1

.

]17.[

2-Micro-Electro-Mechanical System

1-]16[.

NiTi
MEMs

]18[.

.2
.

m100

]16[.

2-NiTi]16[.

NiTi
.

]16[.
NiTi

:3

-3Laser Ablation



ICBME2008 
45]19[
6PLD]20[.

) (.

NiTi
)3(]2 1922.[Si

NiTi(Si)
NiTi]2223 [

SiNiTiNi
Ni-SiNiTiSi

]24.[

3-NiTi]2[.

-
.

SEM(EDAX) .
XRD

DSC.
4.

DC
)Ultra high vacuum ( .

35×55.
 .8-10

4-Sputter Deposition
5-Melt Spinning

-6Pulse Laser Deposition

2-1
 .

 .

 .
Mass Spectrometer .

 .
 .

)4.(
%)999/99 (

 .
 .

 .

.

NiTi
]3[ .

Energy Dispersive Spectroscopy
(EDS)

SEM(JEOL5800LV)15

4-]25[.



ICBME2008 

 .
)1-2 ( .

 .
 .

.

.
.

 .
Shadowing .

 .
 .5

 .

]26[" .
Ar

]26.[

]27 .[

 .

]28.[
]33-29 [

MEMs
]21[.

 .
 .)6- (

 .

Wavy surface 
Si(100) 

Film 

)(

)(

5-

) () (]25[.

0.5

0.505

0.51

0.515

0.52

0.525

0.53

-150 -100 -50 0 50

Temperature(0C)

R
es

is
ta

nc
e(

oh
m

)

Heating

Cooling

)(

0.38

0.39

0.4

0.41

0.42

0.43

0.44

0.45

15 35 55 75 95

Temperature(0C)

R
es

is
ta

nc
e(

oh
m

)

Heating

Cooling

Ms 

Mf As 
Af

)(

6-



ICBME2008 

 .)6- (

.
AFM

Si

.
SiO2

 .)7RMS(
.

)100(Si)111 (.
)111 ()7 (

]19.[
NiTiSi

.

)8] (19.[

 .
)500

(XRD
)9.(

DSC)10(
K363-308.

MEMs
]2135.[

NiTi(Si) .

7 Root-Mean-Squer- 

 .

 .

 .
.

 . .

(a)

(b) 

7–AFM

(Ti-51.3%at Ni)
450Si

)a()100 ()(b)111] (19.[



ICBME2008 

 .

 .
.

 .XRD
7-10

 .
50050

.

XRD
 .

DSC

 .R
15

.

(b) 

8-AFM(Ti-
48.2at%Ni-1.8at% Cu))100 (Si

)a (650
)b (450]19.[

9-XRD)a()b(.

10– :DSC)a()Ti52.8Ni47.2(.Ti-rich
)b(Ti50.6Ni49.4)c()Ti48.8Ni52.2( Ni-rich



ICBME2008 

1. V. Brailovski, F.Trochu, "Review of Shape 
Memory Alloys Medical Applications in 
Russia", Bio-Medical of Materials and 
Engineering, Vol. 6, No. 4, pp. 291-298, 1996.

2. W.M. Huang, Q.Y. Liu, L.M. He and J.H. Yeo, 
"Micro NiTi–Si cantilever with three stable 
positions", Sensors and Actuators A, Vol. 114, 
pp. 118–122, 2004. 

3. F.M. Braz Ferdandes, R. Martins, M.T. 
Nogueira, I.J.C. Silva, P. Nunes, D. Costa, I. 
Frreira, R. Martins, "Structural characterization 
of NiTi thin film shape memory alloys", 
Sensors and Actuators A, Vol. 99, pp. 55-58, 
2002. 

4. M. Iijima, H. Ohno., I. Kawashima, K. Endo 
and I. Misoguchi, "Mechanical Behavior at 
Different Temperatures and Stresses for 
Superelastic Nickel-Titanium Orthodontic 
Wires Having Different Transformation 
Temperatures", Dental Materials, Vol. 18, pp. 
88-93, 2002. 

5. S. Kugala, J. Ryhanen, T. Jamsa, A. Danilov, J. 
Saaranen, A. Pramila and J. Tuukkanen, "Bone 
Modeling Controlled by a Ni-Ti Shape Memory 
Alloy Intramedullary Nail", Biomaterials, Vol. 
23, pp. 2535-2543, 2002. 

6. M. Takashi, M. Toshiaki, W. Yushiyuki, K. 
Seiya, H. Youichi and E. Masayoshi, "An 
Active Guide Wire with Shape Memory Alloy 
Bending Actuator Fabricated by Room 
Temperature Process", Sensors and Actuators A, 
Vol. 97-98, pp. 632-637, 2002. 

7. K. Koray, G. George and S. Adams, " Modeling 
and simulation of an artificial muscle and its 
application to biomimetic robot posture 
control", Robotics and Autonomous Systems, 
Vol. 41, pp. 225–243, 2002. 

8.......
"

"
1383.

9. P. Krulevitch, A.P. Lee, P.B. Ramsey, J.C. 
Trevino, J. Hamilton and M.A.M.A. Northrup, 
"Thin film shape-memory alloy micro-
actuators", J. MEMs., Vol. 5 pp. 270–282,1996. 

10. S. Miyazaki, A. Ishida," Martensitic 
transformation and shape memory behavior in 
sputter-deposited TiNi-base thin films", Mater. 
Sci. Eng. A, Vol. 273–275, pp.106–133, 1999. 

11. R.H. Wolf, A.H. Heuer, "TiNi (shape memory) 
films on silicon for MEMs applications", J. 
MEMs, Vol. 4, pp. 206–212, 1995. 

12. H. Kahn, M.A. Huff and A.H. Heuer, "The 
TiNi shape-memory alloy and its applications 
for MEMs", Micromech. Microeng., Vol. 8 pp. 

213–221, 1998. 
13. Y.Q. Fu, W.M. Huang, H.J. Du, X. Huang, J.P. 

Tan and X.Y. Gao," Characterization of TiNi 
shape-memory alloy thin films for MEMs 
Applications", Surf. Coat. Technol. ,Vol. 145, 
pp. 107–112, 2001. 

14. S.K. Nah and Z.W. Zhong, "A microgripper 
using piezoelectric actuation for micro-object 
manipulation", Sensors and Actuators A: 
Physical, Vol. 133, No. 1, pp. 218-224, 2007. 

15. C. Zamponi, M. Wuttig and E. Quandt, "Ni–Ti–
Ag shape memory thin films", Scripta 
Materialia, Vol. 56, pp. 1075–1077, 2007. 

16. Y. Fu, H. Du, W. Huang, S. Zhang, M. Hu, 
"TiNi-based thin films in MEMs applications: a 
review", Sensors and Actuators A, Vol. 112 pp. 
395–408, 2004. 

17. O. Millet, P. Bernardoni, S. Régnier, P. Bidaud, 
E. Tsitsiris, D. Collard and L. Buchaillot, 
"Electrostatic actuated micro gripper using an 
amplification mechanism", Sensors and 
Actuators A, Vol. 114, pp. 371–378, 2004. 

18. S. Takeuchi, I. Shimoyama, "A three-
dimensional shape-memory alloy 
microelectrode with clipping structure for 
insect neural recording, J. MEMs., Vol. 9, pp. 
24–31, 2000. 

19. X. Huang, Y. Liu, "Surface morphology of 
sputtered NiTi-based shape memory alloy thin 
films", Surface & Coatings Technology , Vol. 
190, pp. 400– 405, 2005. 

20. A. Campaseo, N. Puccini, F. Fuso, M. Allegniri, 
E. Arimondo and A.Tuissi, "Laser deposition of 
shape memory alloy for MEMES applications", 
Applied Surface Science, Vol. 208-209, pp. 
518-521, 2003. 

21. Y. Fu, W. Huang, H. Du, X. Huang, J. Tan, X. 
Gao, "Characterization of TiNi shape-memory 
alloy thin films for MEMs applications", 
Surface Coatings and Technology, Vol. 145, pp. 
107–112, 2001. 

22. D. Xu, L. Wang, G. Ding, Y. Zhou, A. Yu and 
B. Cai, "Characteristics and fabrication of 
NiTi/Si diaphragm micro pump", Science and 
Actuators A, Vol. 91, pp. 87-92, 2001. 

23. H. Matsumoto, "Characterization of 
transformation behavior in NiTi(Si)", Journal of 
Alloys and Compounds, Vol. 366, pp. 182–186, 
2004.

24. I. Jarrige, P. Holliger and P. Jonnard, 
"Diffusion processes in NiTiySi, NiTiySiO and 
NiTiySiN systems under annealing", Thin Solid 
Films, Vol. 458, pp. 314–321, 2004.

25. S. Sanjabi, S.K. Sadrnezhaad, K. Yates, Z. H. 
Barber, "Growth and Characterization of 
TixNi1-x Shape Memory Thin Films Using 
Simultaneous Sputter Deposition From 
Separate Elemental Targets", Thin Solid Films,



ICBME2008 

491, 2005, pp 190-196. 
26. X. Huang, Y. Liu, "Surface morphology of 

sputtered NiTi-based shape memory alloy thin 
films", Surface & Coatings Technology, Vol. 
190, pp. 400– 405, 2005. 

27. D. Ray, B.K. Sarkar, A.K. Rana, "Fracture 
behavior of vinylester resin matrix composites 
reinforced with alkali-treated jute fibers", J 
Appl. Polym. Sci, Vol. 85, No. 12, 2003. 

28. N.A. Smitha, G.G. Antounb, A.B. Ellisa, W.C. 
Cronec, "Improved adhesion between nickel–
titanium shape memory alloy and a polymer 
matrix via silane coupling agents", Composites: 
Part A ,Vol. 35, pp. 1307–1312, 2004.

29. S.A. Shabalovskaya, "Surface, corrosion and 
biocompatibility aspects of Nitinol as an 
implant material", Bio-Medical Materials and 
Engineering, Vol. 12, pp. 69–109, 2002. 

30. C. Wirtha, V. Comtea, C. Lagneaua, P. 
Exbrayata, M. Lissaca, N. Jaffrezic-Renaultb 
and L. Ponsonnetb, "Nitinol surface roughness 
modulates in vitro cell response: a comparison 
between fibroblasts and osteoblast", Materials 
Science and Engineering C ,Vol. 25, No. 1, pp. 
51-60, 2005. 

31. P. Rocher, L. El Medawar, J.C. Hornez, 

Traisnel b, J. Breme, H. F. Hildebrand, 
"Biocorrosion and cytocompatibility 
assessment of NiTi shape memory alloys", 
Scripta Materialia, Vol. 50, pp. 255–260, 2004. 

32. D. Bogdanskia, M.K. Ollera, D. M. Ullera, G. 
Muhra, M. Bramb, H. Buchkremerb, D. St 
Overb, J. Choic and M. Epplec, "Easy 
assessment of the biocompatibility of Ni–Ti 
alloys by in vitro cell culture experiments on a 
functionally graded Ni–NiTi–Ti material", 
Biomaterials, Vol. 23, pp. 4549–4555, 2002. 

33. M. Es-Sounia, Ma. Es-Sounib and H. Fischer-
Brandies, "On the properties of two binary NiTi 
shape memory alloys. Effects of surface finish 
on the corrosion behavior and in-vitro 
biocompatibility", Biomaterials, Vol. 23, pp. 
2887–2894, 2002. 

34. B. O’Briena, W.M. Carrollb and M.J. Kelly, 
"Passivation of nitinol wire for vascular 
implants for demonstration of the benefits", 
Biomaterials, Vol. 23, pp. 1739–1748, 2002. 

35. K. Sadrnezhaad, F. Mashhadi and R. Sharghi, 
“Heat Treatment of Ni-Ti Alloy for 
Improvement of Shape Memory Effect”, 
Materials and Manufacturing Processes, Vol. 
12, No. 1, 1997, pp 107-115. 


