*159159* 1 COVPONENTS HAVI NG A FI LM STRUCTURE AND
METHODS OF FORM NG COVMPONENTS HAVI NG A F UCT RE
Field of the invention The present invent ﬂw’m,’@ﬁ M’Hm
to nethods of form ng conponents haV|ng

structure, mcro-electro-nmechani cal systens (*NEMS)

devi ces forned according to such nethods, conponents
having a filmstructure and MEMS devices conpri sing
such components. Background of the invention In the
design of silicon-based m cro-actuators and advanced

m cro-el ectro- nechanical systens (MEMS), it is
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publications, for exanple in the publication by Y. Fu,

H. g : S. Zhang, and M Hu, in Sens.
AF'elguafﬂWI 8 395 (2004), in the publ i cation by P.

Krul evitch, A P Lee, P. B. Ransey, J. C. Trevino, J.
Hehel presentaingeritibn Aelatssr tohmethods) of farniihg romhm’cefrmm\mg a film
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Konmvopoul os,
(mgaesmmpmsmg@ugmcbnmnueots by X.-G M and K
Komvopoul os, in Appl. Phys. Lett. 84, 4274 (2004).

%—@@W% and vi bration have been

r notions of the nmechani sns

usi ng shape nmenory alloy (SMA) bulk materials and SMA

filhrther @emgmafedlimrbase‘d emprd-acteatbrs Nirek abvandezhimioro-electro-

(N|T|% p aIong5 thin filns have also

bdBaChN 9@ )@t@@sewlg W spimpartant to minimise the vibration and
noise produced due to the high operational speed and/or impact loading. This

is described in various publications, for example in the publication by Y. Fu, H.
Du, W. Huang, S. Zhang, and M. Hu, in Sens. Actuators A 112, 395 (2004), in
the publication by P. Krulevitch, A. P. Lee, P. B. Ramsey, J. C. Trevino, J.
Hamilton, and M. A. Northrup, J. in Microelectromech. Syst. 5, 270 (1996), in
the publication by H. Kahn, M. A. Huff, and A. H. Heuer, J. in Micromech.
Microeng. 8, 213 (1998), in the publication by X.-G. Ma and K. Komvopoulos,
in Appl. Phys. Lett. 83, 3773 (2003) and in the publication by X.-G. Ma and K.
Komvopoulos, in Appl. Phys. Lett. 84, 4274 (2004).

Conventionally, the noise and vibration have been reduced by damping the
motions of the mechanisms using shape memory alloy (SMA) bulk materials
and SMA fibre-reinforced composite polymers. Nickel titanium (NiTi) shape
memory alloy (SMA) thin films have also been found to be effective in this
regard due to their very good shape-memory effects, superelasticity, high
corrosion resistance and biocompatibility. Moreover, bulk NiTi alloys are
reported to exhibit high mechanical damping with relatively high strength
properties and are promising for energy dissipation applications. This is
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regard due to their very good shape-nenory effects,
superelasticity, high corrosion resistance and

bi oconpatibility. Mreover, bulk NiTi alloys are
reported to exhibit high nmechanical danmping with
relatively high strength properties and are prom sing
for energy dissipation applications. This is *000002*
2 described in the publication2by I. Schm dt and R
Lammering in Mater. Sci. Eng. A 378, 70 (2004) and in
t he publication by N. lgata, N Urahashi, Y. Kogo,

and M Sasaki, J. in Alloys Conpd. 355, 85-89 (2003).
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a5 RaeaB ot chreladln eS8 At Srbldlto nduce the
mrﬁéﬂ@,ssm@trghs,qgm d be achl eved The feasibility of

this was denonstrated usi ng SMA-coat ed Copper (Cu)

beans as the passjve danping solution to

i lbhas beeq derritrdins jarteamplenthe publigation bM@d Qr,actqm@scu and M.
Wauttig, in Thin Solid Films 379, 173 (2000) and the publication by Q. Su, S. Z.

Hua, and M. Wauttig, J. in Alloys Compd. 211-212, 460 (1994), that an
SMA/Silicon (Si) composite structure could exhibit damping and modulus
softening if a film several microns thick could be achieved. The feasibility of
this was demonstrated using SMA-coated Copper (Cu) beams as the passive
damping solution to MEMS inertial-guidance systems. This is described in the
publication by D. A. Ruggles, E. Gans, K. P. Mohanchandra, G. P. Carman, E.
Ngo, W. Nothwang, and M. W. Cole, in SPIE 5387, 156 (2004).

Typically, NiTi films are sputtered onto Si wafers from a NiTi alloy target,
either at room temperature followed by post-annealing process under high
vacuum, or at the heated substrate above 450°C in order to improve its
crystallinity. However, there is a problem due to the large mismatch in the
coefficient of thermal expansion (CTE) between Si (4.15x10° /°C) and NiTi
(11x108 /°C in austenite). This would induce a large tensile thermal stress in
NiTi films, which may lead to severe cracking and delaminating when a



publication by D. A Ruggles, E. Gans, K P.
Mohanchandra, G P. Carman, E. Ngo, W Nothwang, and
M W Cole, in SPIE 5387, 156 (2004). Typically, N Ti
films are sputtered onto Si wafers froma N Ti alloy
target, either at roomtenperature followed by

post - anneal i ng process under high vacuum or at the
heat ed substrate above 450C in3order to inprove its
crystallinity. However, there is a problemdue to the
| arge msmatch in the coefficient of thernal

expansi on (CTE) between Si (4.15x10"6 /C) and N Ti
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tensile thermal stress in N Ti filns,
t dleposit polyerystaliing Nihifilos| @mbaaat Shg.lhmateaoserttmmeas of 4 um.
t hi ckness i s achi eved. Experi ment ally, it has not
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Thﬁéretthshearbénmogﬁrﬂz SMA filnRs REMEMENAEViLes! t he

deposition of that 1s nore than around 10p m
SVMA filnms for MEMS devices. Summary of the invention
| iSummady ofthednventionr st aspect of the present

invention relates to a nethod of formng a conponent

hav filmgstructure. in whi hanlcke i tani
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t hi ckness of t Im Mre particularly, accord

a substmte awile @n  dterlgaved r earepressivey dayer dhenetoew@ensto lncrease the

ﬁVI ded % thod of form ng a conponent having a

fi ﬁ}f'lels?ﬁf: conprising: applying a first layer to a
substrate to forma conpressive layer; and applying a

| a6re papticiariy, dugording tokefirstt dshast of theppresanttitventien thersis provided
| ayer such that the first layer is_|ocated between the

| &/eetheshet fosming a cempanent having a film structure comprising:
applying a first layer to a substrate to form a compressive layer;
and

applying a layer comprising a nickel-titanium alloy to the first
layer such that the first layer is located between the layer comprising a nickel-
titanium alloy and the substrate.

Preferably, the substrate comprises silicon and the step of applying a first
layer to the substrate comprises thermally oxidising a first layer of the silicon
substrate to form the compressive layer, the compressive layer comprising a
thermal oxidation silicon dioxide layer.

The compressive layer is advantageous as it acts to compensate the thermal
stress of the NiTi layer.

Preferably, the method further comprises applying a second layer of material
to the compressive layer prior to applying the layer comprising a nickel-



titaniumall oy and the substrate. Preferably, the

substrate conprises silicon and the step of applying a
first layer to the substrate conprises thermally

oxidising a first layer of the silicon substrate to
formthe conpressive |ayer, the conpressive | ayer
conprising a thermal oxidation silicon dioxide |ayer.

The conpressive layer is advamdageous as it acts to
conpensate the thermal stress of the NN Ti |ayer.
Preferably, the nmethod further conprises applying a

second |ayer of material to the conpressive |ayer
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and the conpressive |layer. Preferably, a further |ayer
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for exanple platinumor gold Preferably, a |layer

conpa ipsefegedi embiod'rmem;t, dipg | seednd daydrecempdses |aayeblet metal, for

the conpressive | and a | ayer conprising
pleé‘?mgi%p, NEFLPT 4 as the further layer to the

second | ayer conprising titaniumprior to applying the

| PteferablyMar Ib?éﬂ@ompﬁbm@eﬂltahluh@rﬁ HF‘pﬁ’éd a¥% the ddtond layer to the
second | ayer conprising platinum In an alternative

pr@mrﬁéﬂV@ﬁ@Yﬁﬁ aafta l%vqra‘;ﬂémprmpi%m@ éhApRliedhasshe further
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conprising app
I mprimﬂngmeﬂc@hitunusm@logdb dhe secdsmd lmyeondmdnskgplatmum.
corrpri sing chrom um pri or to applying the layer
npr Si a.ni cketﬁ ta u al Oé o t he secqnd
Qe?"c%%PPEY%g"rs r G ’E‘PG aYPr {GMRIHNG chromium s
m’ép%iheh Y th ée'%ohﬁela%ﬂ td 1tRB3orhbledBiveMaPbr, CiHeC Methdd further
comprising applying as the further layer a layer comprising gold to the second
layer comprising chromium prior to applying the layer comprising a nickel-

titanium alloy to the second layer comprising gold.

The inclusion of the noble metal layer with the additional titanium or chromium
layer (for example as layers formed of P¥Ti or Au/Cr) is particularly
advantageous as these layers act to enhance the adhesion to the substrate
thereby reducing or inhibiting the likelihood of delamination.

Preferably, the layer comprising a nickel-titanium alloy is applied by sputtering.

The substrate is preferably maintained at a temperature of more than around
400 degrees Celsius during the steps of applying the first layer to the
substrate and applying the layer comprising a nickel-titanium alloy.

Preferably, the layer comprising a nickel titanium alloy has a thickness of
more than around 10 z m.



| ayer (for exanple as layers fornmed of Pt/ Ti or Au/Cr)
is particularly advantageous as these layers act to
enhance the adhesion to the substrate thereby
reducing or inhibiting the |ikelihood of delam nati on.
Preferably, the layer conprising a nickel-titanium
alloy is applied by sputtering. The substrate is
preferably nmaintained at a tenperature of nore than
around 400 degrees Cel sius during the steps of
applying the first layer to the substrate and
applying the |ayer conprising a nickel-titanium all oy.
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Aspeediraigry MEMScdmvice fermediacsprding to thes above-desenbashmethod.
there is provided a high speed rotary MEMS device
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t wemponenp havindedfilmn sttoctpreminplisimgng a filmstructure
conprising: a substrate having a conpressive first

layer; and a |layer of a nickel-titanium alloy.
pref er abl y, & $HORTaR NRYNG 2.EAPTesslediel [B3Rn 3t ¢ he
first layer conprises a conpressive thernal

oxi di zati on $igybEeNa Aickel-Hanila Ylloy.The conponent nay
further conpriSe a second |ayer of " material applied to

the conpressive |ayer such that the second |ayer is
| dyatesablyethe substiate go@prised milicosi @gdathe first layer comprises a
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second | ayer and preferably, the further |ayer
c difer eoresonent Maly furtiedradomprise & peadnel laydr efimaateriahapplied to the

the second | ayer c rises titanium and the further
| EPEIPTESHUR IQYRT BHE Kviniher SREGTGY [BYer 19 dgeaton afyeen the layer
AR sising a kel Fiiium alloy and the compressive layer.

In a preferred embodiment a further layer is applied to the second layer and
preferably, the further layer comprises a noble metal.

In a preferred embodiment, the second layer comprises titanium, and the
further layer comprises platinum, the further layer being applied to the layer
comprising titanium such that the layer comprising platinum is located
between the layer comprising a nickel-titanium alloy and the layer comprising
titanium and the compressive layer is located between the layer comprising
titanium and the substrate.

In an alternative further preferred embodiment, the second layer comprises
chromium, and the further layer comprises gold, the further layer being
applied to the layer comprising chromium such that the layer comprising gold
is located between the layer comprising a nickel-titanium alloy and the layer
comprising chromium and the compressive layer is located between the layer
comprising chromium and the substrate.



conprising titaniumsuch that the |ayer conprising
platinumis | ocated between the |ayer conprising a

ni ckel -titaniumall oy and the |ayer conprising
titanium and the conpressive layer is |ocated between
the layer conprising titaniumand the substrate. In
an alternative further preferred enbodi nent, the
second | ayer conprises chrom@&m and the further

| ayer conprises gold, the further |ayer being applied
to the layer conprising chrom um such that the |ayer
conprising gold is located between the | ayer
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conprisi hg chrom um and tRe conpressive |ayer 1s
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substrate. 6 Preferably, the |ayer conprising a nickel
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According to a fjfth aspect of the present invention,

t (rapabifity Nsushidgriges net hod of forning a conponent

having a filmstructure conprising: applying a first

Ay © 4 407 g of e RESERINGHAR, Yere BT0AIRTS mgthod o

ayer conpri si anc trtani a
t Hermingst cormpgeentshaning bdiimtdtrcturesionpnisimg:i s | ocat ed
between the | ayer conprising a nickel-

applying a first layer to a substrate to form an adhesive layer;

and

applying a layer comprising a nickel-titanium alloy to the first
layer such that the first layer is located between the layer comprising a nickel-

titanium alloy and the substrate.

Preferably, the method further comprises applying a second layer to the first
layer prior to applying the layer comprising a nickel-titanium alloy such that the
second layer is located between the layer comprising a nickel-titanium alloy

and the first layer.

In a preferred embodiment, the step of applying the first layer comprises
applying a layer comprising chromium, and the step of applying a second

layer comprises applying a layer comprising gold.

In a further preferred embodiment, the step of applying the first layer
comprises applying a layer comprising titanium, and the step of applying a
second layer comprises applying a layer comprising platinum.



titaniumall oy and the substrate. Preferably, the
met hod further conprises applying a second |ayer to
the first Jlayer prior to applying the |ayer
conprising a nickel-titaniumalloy such that the
second |l ayer is |l ocated between the |ayer conprising a
ni ckel -titaniumalloy and the first layer. In a
preferred enbodi nent, the step/ of applying the first
| ayer conprises applying a |ayer conprising chrom um
and the step of applying a second |ayer conprises
applying a layer conprising gold. In a further
PIreERIrAIY, Mebabisiard coinbfise$ SRiMbsaBRleyi Ng the first
| ayer conprises applylng a layer conprising tltanlum
and the step of applying a second |ayer co I ses
apyPcorRg ol ay@xﬂb@sﬁecfspﬁghmmersﬁuwnvnnppef ®|ig, provided a
t teel. According to
o TR Rl G S et LB REg: Ton (her e (s
prOV|ded a conponent having a filmstructure
conpri si ng: assuhstrate haeinga/finstlayef applied thesetoappl i ed
thereto; a second layer applied to the first |ayer;

Second | aye? "o BV aRieATbI0R Bisi HBERM Toyers are
arranged to increase the adhesion of the layer of

ni ckel -t tara layeal dfoy rickelHticarduins tliay @ppﬁﬁdﬂftermbl Second layer,
the firs n‘pl‘lé s chrom um and the second

| qhareinched %fsea gecand fayess are @vanggadpdpsregse the adhesion of
e I titanium and the
sﬁ%%ﬁg;g}&gg%”@g"gyg}ﬁgrrqgélgr%g?'er ably, the

substrate conprises stainless steel (SUS).
Preferably, the first layer comprises chromium and the second layer

comprises gold.

In a further preferred embodiment, the first layer comprises titanium and the
second layer comprises platinum.

Preferably, the substrate comprises stainless steel (SUS).
Brief Description of the drawings

The present invention will now be described by way of example and with
reference to the accompanying drawings in which:

Figure 1a is a schematic diagram showing the structure of a NiTi coated specimen of
NiTi on a thermal oxidized Si wafer according to a first preferred embodiment of the
invention;

Figure 1b is a schematic diagram showing the structure of a NiTi coated specimen of
NiTi on an Au/Cr coated thermal oxidized Si wafer according to a second preferred
embodiment of the invention;



Brief Description of the drawi ngs The present
invention will now be described by way of exanple and
with reference to the acconmpanyi ng drawi ngs i n which:
Figure la is a schematic diagram showi ng the structure
of a N Ti coated specinen of N Ti on a thermal

oxi di zed Si wafer according to a first preferred
enbodi nent of the invention; &igure Ib is a schematic
di agram showi ng the structure of a Ni Ti coated
specinmen of N Ti on an Au/Cr coated thermal oxidized
Si wafer according to a second preferred enbodi nent

ofFiduné 1t V& BéRRaticRHidd gr?ﬁrsﬁo%_?' the StrgGiye Bt NlTﬂ%d%&%%imen of

show ng the structure coat ed speci ne
NiNITI om aa PHT} Toated dhemnal exidized Sk wdifercaccerdingiftera third preferred

t it.d preferred enbodi nent of the
i%@’@%}toﬁh&dé\é&nﬂons a representation of an X-ray
diffraction pattern of thick NiTi filnms sputtered

f iFigure.2 isNa-réSredentationf ahaX-gest diffractiont ;iauemlad)f thisk NﬂZi dinsSsputtered
gnification of 10, on a {herm

f
oo 31 '@"7‘ Tealey targetane tervel ax'ggpe&wafﬂww(m@gmﬁepﬂon of 10,
Q)?é%fﬂhléﬁg%l ﬁ%etahs. mfb@%&{)ﬁ%ﬁ Sﬁ'{ﬂrbt golﬁlg%?@frp %gjl@r)zé‘cﬂ\eave layer at
adllﬁ)é%@ vand ey ex ttmmél'saﬁdlzect So maifergedatedy with cLiplafimehiitanieen (P/Ti)

PSR Eier 8 SGPE FOGaRa oy arobm prefariec st besimet fdhe present

p'ﬁ\lehh&rk N| T| films deposited at 450C on Pt/ Ti coated
thermal oxidized silicon wafers from an Ni -49%Ti

alloy target and froman N -50%li all oy tar?
adigure |3nlg a epresentatien of enef-rayddifeciissapatiem of 40 nnrhick NiTi films

bl A 905 B Ly oo o o

NGilee targéﬂ%hd efigmt aih ONi-3096Til 8lldye &irgéty aBESHEINGeRS various preferred
enbodyj ng the present invention;
embodiménts of the present invention;

Figure 4 is a schematic of an apparatus of an experimental setup for a cantilever noise
measurement for use in testing specimens embodying the present invention;

Figure 5 is a schematic diagram showing the structure of a NiTi coated specimenon a
substrate according to a further preferred embodiment of the invention;

Figure 6 is a representation of an X-ray diffraction pattem of 10 pm-thick NiTi fims
deposited at 650°C on a Pt/Ti-coated stainless steel (SUS) substrate from a NiTi
(51/49) alloy target, according to the further preferred embodiment of the present
invention illustrated in Figure 5;

Figure7a is a schematic diagram showing the structure of a NiTi coated stainless steel
(SUS) substrate; and

Figure 7b is a representation of an X-ray diffraction pattem of a 4 um-thick NiTi film
deposited at 650°C on a stainless steel (SUS) substrate from a NiTi (51/49) alloy
target such as that shown in Figure 7a.



Figure 5 is a schematic diagram show ng the structure
of a NiTi coated specinen on a substrate according to
a further preferred enbodi mrent of the invention;

Figure 6 is a representation of an X-ray diffraction
pattern of 10 pmthick NiTi filnms deposited at 650C
on a Pt/ Ti-coated stainless steel (SUS) substrate from
a NTi (51/49) alloy target,9according to the
further preferred enbodi nent of the present invention
illustrated in Figure 5; Figure7a is a schematic

di agram showi ng the structure of a Ni Ti coated
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representation of an X-ray diffraction pattern of a 4

pmthick NTi film deposited at 650C on a stainless
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Figure la shows schematically the structure of a_ |ayer

2 m-thigk thesmah pxidizaskPiRd befvegna NiE; fitm bange siligon substrate
Ni.Ti film4 an silicon substrate,, 6 according to a
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To i nprove the adhesi on between the NN Ti |ayer 4 and

t e improee thel aanesion lbatesen the NITi fayee doant tHeediRtdredioxide layer

enbodi nment a further layer 10 of a noble netal may
2, in a second preferred embodiment a further layer 10 of a noble metal may
be added between the NiTi film layer 4 and the silicon dioxide layer 2. Figure
1b shows schematically the structure of a specimen having a layer 8 of
chromium film (with a preferred thickness of around 100 nm) on top of a
thermally oxidised SiO; layer 2, a layer of gold (Au) 10 having a preferred

thickness of around 1 u m over the chromium layer 8 to enhance the

adhesion and a layer 4 of NiTi film over the gold layer 10.

Figure 1c shows schematically the structure of a specimen according to a
third preferred embodiment having a layer 12 of titanium film (having a
preferred thickness of around 20 nm) on top of the thermally oxidised SiO»
layer 2, a layer 14 of platinum (Pt) having a preferred thickness of around 200
nm over the titanium layer 12 to enhance the adhesion, and a layer 4 of NiTi
film over the platinum layer 14. These layers 12 and 14 were introduced to
improve the surface morphology and adhesion at higher deposition
temperatures.



be added between the NiTi filmlayer 4 and the silicon
di oxi de layer 2. Figure |b shows schematically the
structure of a specinmen having a layer 8 of chrom um
film(wth a preferred thickness of around 100 nn) on
top of a thermally oxidised SiQ2 |ayer 2, a |ayer of
gold (Au) 10 having a preferred thickness of around 1
u mover the chromumlayer 8100 enhance the adhesion
and a layer 4 of NNTi filmover the gold | ayer 10.

Fi gure 1c shows schematically the structure of a

speci nen according to a third preferred enbodi nent
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The X-ray diffraction pattern of a thick NiTi film of the type shown in Figure 1a
was sputtered from a Ni-49%Ti alloy target on a thermal oxidized Si wafer with
a magnification of 10, and is shown as pattern 20 in Figure 2. A 6 pum-thick
NiTi film at high temperature was achieved with a Ni-49%Ti alloy target. It was
found that its intensity was very weak and thus its crystallinity was very poor
as shown in Figure 2. In poorly crystallized film, the transition behaviour
would be deteriorated because the energy barrier of the martensitic transition
would increase with decreasing grain size and ultimately the martensitic
transition would be completely suppressed. This concept is described in the
publications by T. Waitz, V. Kazykhanov, and H. P. Karnthaler, in Acta Mater.
52, 137 (2004) and X. Huang, Y. Liu, S. F. Ling, H. H. Zhang, and W, M.
Huang, in Surf. Coat. Technol. 167, 148 (2003).

Furthermore, it will be seen from Figure 2 that, in the pattern 20 shown in this
figure, there were three peaks in this weak signal. The peak at 42.6°
corresponds to (110) of B2 and the peak at 43.6° is (002) of B19'. However



Filmstructures produced in the above manner were
nmeasured using a Phillips X-ray diffraction anal yzer
(Cu Ka 1.54 A and Figure 2 shows results of these
measurenents. The X-ray diffraction pattern of a thick
Ni Ti filmof the type shown in Figure 1 a was
sputtered froma N -49%i alloy target on a thernal

oxi dized Si wafer with a magnification of 10, and is
shown as pattern 20 in Figure 2. A6 pmthick NTi
filmat high tenperature was achieved with a N -49%i
alloy target. It was found that its intensity was
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pﬁb@@lBBn?e%t‘ol?gzegm W8sRi8oted on the surface of the platinum layer.

With the PU/Ti interlayers, it was found possible to deposit a 10 z m-thick NiTi

film without degradation of the surface morphology, or delamination.

In further experiments, the crystalline phase in NiTi films was changed by
changing the composition of the sputtering target. The results of this are
shown in Figure 3. Figure 3 is a representation of an X-ray diffraction pattern
26 of 10 u m-thick NiTi films deposited at 450°C on Pt/Ti-coated thermal

oxidized silicon wafers from an Ni-49%Ti alloy target, and an X-ray diffraction
pattern 28 of 10 u'm-thick NiTi films deposited at 450°C on Pt/Ti-coated

thermal oxidized silicon wafers from an Ni-50%Ti alloy target. As will be seen
from Figure 3, using a Ni-49%Ti alloy target, the NiTi film was composed of
B2+B19’ phases. In contrast, using a Ni-50%Ti alloy target the film was
composed of the B19’ phase.



corresponding to anatase Ti Q2 (200). The enhanced
crystallinity may be due to the chem cal inertness of
gol d, which may prevent the oxidization of Ti in the
films. This specinen also consisted of B2 and B19
phases. The pattern 24 in Figure 2 relates to the
speci nen shown in Figure 1c having Pt/ Ti layers in

pl ace of the Au/Cr layers. It 1@ || be seen that the
Ni Ti film deposited on Pt/ Ti l|ayer at 450C exhibits
enhanced crystallinity, simlar to that on the Au/Cr
| ayer shown in pattern 22 in Figure 2. In particular
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N| a8 2yqr oy target the filmwas conposed of the

B19' phase. 12 To estimate the danpi ng behavi our of
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nmeasur enent of silicon cantil ever vibration was
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S\E2ASTSINITERifh 6h 89PUTI/SIO, interlayer was found to be 57.3 dBA, and the

noise level of the specimen coated with 5- u m-thick B19’ NiTi film on a Pt/Ti/

SiO; interlayer was found to be §5.9 dBA

With both types of NiTi film mentioned above, the damping level, that is the
difference between the noise levels with and without NiTi film, was found to be
clearly distinguishable, especially with 5- 4 m-thick B19" NiTi film, where the

difference in noise was found to be 2.7dBA. This may be due to its elastic
Young's modulus and higher viscoelastic properties.

Figure 5 shows schematically a preferred embodiment of a further aspect of
the present invention. In this embodiment, the compressive layer 2 of silicon
dioxide which was present in the embodiments shown in Figures 1a to 1¢ has
been omitted so that the component comprises a substrate 100 onto which is
applied an interlayer formed of a first layer 102 and a second layer 103
applied to the first layer 102. A NiTi layer 104 is then applied to the second



shaft 32 positioned below a silicon cantilever 34 was
vibrated at 120 Hz by an oscillator 35 to inpart an

inmpact to a NiTi-coated Si surface 36. The inpact

noi se was collected by a m crophone 38 | ocated in the

encl osed cavity at a position above the cantilever

34. The di nensions of the tested specinens were 20 nm

l ong, 10 nm wi de and 0.5 nm t H3ck. Thi s nmeasur enent
configuration is simlar to the contact between two
surfaces through the NNTi danping layer. Firstly, the

Si cantilever 34 having a 1.8-,u mthick thernal
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ﬁ%)e Fﬁ‘EOf silicon dioxide which was present in the

e nts shown in Figures 1 a to 1c has been

omtted so that the conponent conprises a substrate
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t heth?& ﬁnld Iayer may be achieved without delamination. Also, the crystallinity

of the NiTi may be improved.

Figure 6 is a representation of an X-ray diffraction pattern 120 of a 10 um-

thick NiTi film deposited at 6560°C on Pt/Ti-coated thermal oxidized silicon
wafers from a NiTi (51/49) alloy target.

By contrast, Figure7a is a schematic diagram showing the structure of a NiTi coated
stainless steel (SUS) substrate with the P/Ti layers 102, 103 omitted and Figure 7b is
a representation of an X-ray diffraction pattem of a 4 pm-thick NiTi film deposited at
650°C on a stainless steel (SUS) substrate from a NiTi (51/49) alloy target such as
that shown in Figure 7a. It will be seen from a comparison of Figures 6 and 7b that
the component having the Pt/Ti intedayers 102, 103 has better crystallinity than a
component such as that of Figure 7a in which the NiTi layer is applied directly to the
substrate 100.



| ayer 103. In one preferred enbodi nent according to
this aspect of the present invention, the first |ayer
102 is conprised of chrom umand the second |ayer 103
is conprised of gold. In an alternative preferred
enbodi nent, the first layer 102 is conprised of
titanium and the second | ayer 103 is conprised of

pl ati num The substrate 100 i d4this construction may,
for exanple, be fornmed of stainless steel (SUS) or
another material preferably having a coefficient of
thermal expansion close to that of NNTi. In a

pr ef edrichssicmadi strictures érfdemémn@éﬁorélhg% th8 gresetitanvention

5, the platinum layer 103 nay be around _100nmiin
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7a in whi t he Ti layer is appli di rect
structure films may be deposﬂed onto PYTi/ SlOz-coated Sl wafers for

damping characterization.

In summary, a minimization of vibration and noise due to the high speed
operation or impact loading in rotary MEMS devices may be realized through
one or more preferred embodiments of the present invention.

Various modifications to the embodiments of the present invention described
above may be made. For example, other components and method steps can
be added or substituted for those above. In particular, although the invention
has been described as applying a compressive layer in the form of a silicon
dioxide layer to a silicon substrate, in further alternative preferred
embodiments, the substrate and compressive layer may be formed of other
materials, compounds or alloys. Thus, although the invention has been
described above using particular embodiments, many variations are possible



substrate 100. 14 An conclusion, the structures and
nmet hods according to the present invention may be
particularly useful in the construction of MEMS

devi ces and silicon- based m cro-actuators. The
structures and nethods according to one or nore
preferred enbodi nents of the present invention enable
a reduction in the |ikelihood5of del am nation of
thick NiTi films by introducing, according to a first
aspect of the present invention, a conpressive thernal
oxi di zation Si02 |ayer which conpensates for the
t f Tiof t

R 16 SEBR8 itk aiblsriac Wil s (AR Riader, without
i delpagtingfrom tbascopemftize invebtien.net al adhesi ve
interlayers (such as Pt/Ti or Au/Cr). The noble netal
| ayer(s) nmay al so pronote the devel opnent of
crystalline NiTi grains during the deposition process
due to their inert chemcal nature. In particular, a
Pt/ Ti buffer layer may be nore stable during

hi gh-tenperature deposition than |ayers such as Au/Cr
and a thickness of up to around 10 ,u m nmay be

achi eved for polycrystalline NNTi filns by a
sputtering process deposited at 450C. By slightly
changi ng the target conposition, B2+B19' and B19
structure filnms may be deposited onto Pt/ Ti

Si 02-coated Si wafers for danping characterization
In summary, a mnimzation of vibration and noi se due
to the high speed operation or inpact |oading in
rotary MEMS devices nay be realized through one or
nore preferred enbodi nents of the present invention.
Various nodi fications to the enbodi nents of the
present invention described above nmay be nade. For
exanpl e, other conponents and nethod steps can be
added or substituted for those above. In particular,
al t hough the invention



has been described as applying a conpressive layer in

the formof a silicon dioxide |layer to a silicon
substrate, in further alternative preferred

enbodi nents, the substrate and conpressive |ayer may

be formed of other materials, conpounds or alloys.

Thus, although the invention has been described above
usi ng particul ar enbodi nents, Many variations are
possible 15 within the scope of the clains, as will be
clear to the skilled reader, wi thout departing from

the scope of the invention. 16 Cains 1. A nethod of

f @18y @ conponent having a filmstructure

comprising: applying a first layer to a substrate to
forma conpressive |ayer; and applying a |ayer

cdnpri  method pE fasming a0empanent baving a filn strueture cagprising:
such that the first layer is |ocated between the |ayer
conpri sing [ I

S et h daagg)'(l:)gllﬁ IanférE Fa% m%ilbggﬁ?é% fd?ﬁlné BRtdr8i&ve layer;
sk rate conpri ses S|I|con and the step of applying

a first layer to the substrate conprises thernally
oxidising a first er of the s strate

formthe cor?pprpé\ﬁgg\ﬁé %ﬁfe?omf’ﬂ%mg c%rﬂb q;guma%qy to the first
ngﬁfr' stch%hat fHWl%?lay@?‘isdI%Ehfé@I &%@Hﬂhg'l%r%nhﬁr}’s@ﬁg a nickel-

nmet hod according to claim 1, further ‘conprising
agﬁamurrgalh)ys@'axbﬂte swtatmteof material to the
conpressi ve |ayer prior to applying the |ayer

r| S a
Fona ™ Hpefod sBEGd P OR 1o whBYsil el sbPShrath fruprisgs siicon
a dndc e stég anidpplyahg ay fisstdayée te angrsebstrate comprises thermally
oxidising a first layer of the silicon substrate to form the compressive layer, the
compressive layer comprising a thermal oxidation silicon dioxide layer.

3. A method according to claim 1, further comprising applying a second
layer of material to the compressive layer prior to applying the layer
comprising a nickel-titanium alloy such that the second layer is located
between the layer comprising a nickel-titanium alloy and the compressive
layer.

4, A method according to claim 3, further comprising applying a further
layer to the second layer.

5. A method according to claim 4, wherein the step of applying a further
layer comprises applying a layer comprising a noble metal.

6. A method according to claim 4, wherein the step of applying a second
layer comprises applying a layer comprising titanium to the compressive layer,
and the step of applying a further layer comprises applying a layer comprising
platinum to the layer comprising titanium prior to applying the layer comprising

a nickel-titanium alloy to the layer comprising platinum.



4. A method according to claim3, further conprising
applying a further |layer to the second |ayer. 5. A
nmet hod according to claim4, wherein the step of
applying a further [|ayer conprises applying a | ayer
conprising a noble netal. 6. A nethod according to
claim4, wherein the step of applying a second | ayer
conprises applying a layer commising titaniumto the
conpressive layer, and the step of applying a further
| ayer conprises applying a |layer conprising platinum
to the layer conprising titaniumprior to applying the

| ayer W%thﬁ& %coﬂilﬁ’di%‘?alﬁﬂ 4 aﬁhé&%\@m@é‘t&bg%ft%lg) %ﬁgea’ second

conprising platinum A meth accor
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e e 250, B slert B i AR eVEp GepiseR pOPIRG: @ tever
| a8eiprisiigp gofE o &R | aieR GophpridiRY ¢ ch@mnm pr|6|9tc99bs|r¥tr@ the layer
t he Iayer conprising chromumprior to applyin

| ageémprlatlaﬁrprn"éhthltmumoad@y tpﬂhgiﬁmmcammgsmg)g@%e | ayer

conprising gold. 8 A nethod according to claim1,
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ni ckel -titaniumall oy conpri ses appl yi ng

S omEnisimg a rickeititartibodal pycomapisgest applying tihd. Jaylen byrsputtering.
conprising nmaintaining the substrate at a tenperature

of . nore, t ha round 400 derees lLus durin the, ..
otSpe. ch MBI AGOAHING 10 SHBiihl orhet oAt dnaniaiping the
a@ﬂbﬁétrﬁﬂa bhe tleﬁ%tfé’ratu‘?@rﬁ?rméﬂe%aﬂ aYoak8!400 H8Grieed Celsnus during
alloy. 10. A nmethod according to claim1, wherein t

sttbp Hepsysdlappiigna thafiast layemte itbe raybstrate p- applwngdhte layer

Li n | ayer having a thickness
ofé%@sqﬁﬁr{ﬁg%ﬁﬁ%k %@%03/1 11. A high speed rotary
MEMS devi ce fornmed according to the nmethod of
10. A method according to claim 1, wherein the step of applying a layer

comprising a nickel-titanium alloy comprises applying a layer having a
thickness of more than around 10 zm.

11. A high speed rotary MEMS device formed according to the method of
claim 1.

12. A component having a film structure comprising:
a substrate having a compressive first layer; and
a layer of a nickel-titanium alloy.

13. A component according to claim 12, wherein the substrate comprises
silicon, and the first layer comprises a compressive thermal oxidization silicon
dioxide layer.

14. A component according to claim 12, further comprising a second layer of
material applied to the compressive first layer such that the second layer is



claiml. 12. A conponent having a filmstructure
conprising: a substrate having a conpressive first

| ayer; and a layer of a nickel-titaniumalloy. 13. A
conmponent according to claim 12, wherein the substrate
conprises silicon, and the first |ayer conprises a
conpressive thermal oxidization silicon dioxide

| ayer. 14. A conponent accordit®y to claim 12, further
conprising a second layer of material applied to the
conpressive first layer such that the second | ayer is
18 | ocated between the Iayer conprising a
”'ISJ,‘éiledtbbﬁ/VééHn e qa¥ isifieP 8" Ak fgﬁdnfﬁt alloy and the
| ayer. . A component accor to c
cmqmpressmeélrsﬁtdayerer | ayer appl ied to the second

| ayer such that the further layer is |ocated between

oo ¥ Sl BB dhd I i 12, FIHHE? PapBfisfh’a Winer tayer
| cappllied tOehevsenohd dayer suehl thaythe funthet Neyes U sddaréd between the
16. A co%nent according to claim15, wherein the

f URY8Te COMpYising (ﬁ)n‘ﬂipk@éga%‘uﬂbkﬁ”@W@f‘gl the, 7secgnd |ayer and the
c %Hﬁ%f‘égélv@‘?ﬁﬁrlgi/éﬂsq&éié@bglvééemfm}eéé‘dd?\dtlgfeﬁmﬂ% substrate.

conprises titani um e further
conprises platinum 18. A conponent according to claim
1516. mdxecampneeeboanwmhageto claimr i16eswbereimi the fartber layer

the further er nprises gold. 19. A conponent

ac 6‘?‘2??%?5?8"@%3%@2 wherein the | ayer conprising a

nickel -titaniumalloy is applied to the substrate by

SPIR.t erA ngompBnert cauebrlingt tacslgingli 1§, twherel rthé2second layer

wherein the substrate is
comprises titanium, and the further layer comprises platinum.
18. A component according to claim 15, wherein the second layer

comprises chromium, and the further layer comprises gold.

19. A component according to claim 12, wherein the layer comprising a

nickel-titanium alloy is applied to the substrate by sputtering.

20. A component according to claim 12, wherein the substrate is
maintained at a temperature of more than around 400 degrees Celsius during
application of the compressive first layer to the substrate and application of
the layer comprising a nickel-titanium alloy.

21. A component according to claim 12, wherein the layer comprising a
nickel-titanium alloy has a thickness of more than around 10 u m.

22. A high speed rotary MEMS device comprising the component of claim
12.

23. A method of forming a component having a film structure comprising:



mai ntai ned at a tenperature of nore than around 400
degrees Cel sius during application of the conpressive
first layer to the substrate and application of the

| ayer conprising a nickel-titaniumalloy. 21. A
conmponent according to claim 12, wherein the | ayer
conprising a nickel-titaniumalloy has a thickness of
nore than around 10,u m 22. AShigh speed rotary MEMS
devi ce conprising the conmponent of claim 12. 23. A
met hod of formng a conmponent having a filmstructure
conprising: 19 applying a first layer to a substrate
to forman a¥pRshy @ HiRY ¥hyeradda aRbsihROtA forAY @h adhesive layer;
conprising a nickel-titaniumalloy to the first |ayer
s@¥ that the first layer is |ocated between the |ayer
conprising a nickel- titaniumalloy and the substrate.
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first layer. 25. A nethod according to claim 24,
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CQEP Hifiprises applying a layer comprising titanium, and the step of applying
a second layer comprises applying a layer comprising platinum.

26. A method according to claim 24, wherein the step of applying the first
layer comprises applying a layer comprising chromium, and the step of
applying a second layer comprises applying a layer comprising gold.

27. A method according to claim 23, wherein the substrate comprises
stainless steel.

28. A component having a film structure comprising:
a substrate having a first layer applied thereto;
a second layer applied to the first layer; and

a layer of a nickel-titanium alloy applied to the second layer,
wherein the first and second layers are arranged to increase the adhesion of
the layer of nickel-titanium alloy to the substrate.



stainless steel. 28. A conponent having a film

structure conprising: a substrate having a first |ayer

applied thereto; a second |ayer applied to the first

| ayer; and a layer of a nickel-titaniumalloy applied

to the second | ayer, wherein the first and second

| ayers are arranged to increase the adhesion of the

| ayer of nickel-titaniumallog0to the substrate. 20

29. A conponent according to claim 28, wherein the

first layer conprises chrom um and the second | ayer

conprises gold. 30. A conponent according to claim 28,
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stai nl ess steel (SUS)

30. A component according to claim 28, wherein the first layer comprises
titanium and the second layer comprises platinum.

31. A component according to claim 28, wherein the substrate comprises
stainless steel (SUS).



