S e Perit tiidit rrrri o iitii hilbl vidii il *1661_66* I\/_ETHm(FAppuaNG
A COATI NG TO A SUBSTRATE Field of the I nvention The invention relates to

tcoatings, and methods of applying same, for substrates usmmmmll”mmmm
integrated circuits and MEMS. Background of the Inventionlil : ure
devices such as integrated circuits and MEMS devices functi onwbems= confi ned
spaces having small interstitial spaces between said d;aw cetst Asta resul;
to contact between gev %ro 2{[% atic attraction is
conmon probl em i{ﬂtfﬁ?ﬁo é(}%‘éeﬁ]\; ﬁa@@ g/fé UBSTRA so conmmon for
adhesion to occur as providing low friction, non-i n_t eractive s't'Jrf__acefs t9
said devices is not conmon. In fact, vm'jth the mat eri al s used., stiction
can occur im&lﬁegree of adhesi on adds to the 15 ferI ction be'élween
adj acent d subj ect,.to abrasion an
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assi st i5n tlhEgrmﬂmltcunmaMMEMSIl on such as a bearing nor is it economc
to increase the interstitial space, as size must be kept to a 20 mninmm
to maintain the small size of the overall device. It |s,dtherte1;]ore, ban on
obj ect of tHRKPIAREDE theMMEHioAN t O provide a neans to reduce the abrasi
ofJ a mcro sca?{g device tnrolugh contact with simlar adjacent devices. 25

Summary of Mivestridure devisesisuch a‘smtagrhteds:ircasmﬁitMEMS HdrSces Riioh @R, t here
cess .as. defi | aim 1. According to another aspect
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On contact between adjacent devices, it is also common for adhesion to occur as

providing low friction, non-interactive surfaces to said devices is not common. In fact,

with the materials used, “stiction” can occur in so far as a degree of adhesion adds to the
15 friction between adjacent devices. To this end, the surfaces are subject to abrasion and

can subsequently fail.
It is not practical to provide mechanical means to assist in the reduction of friction such
as a bearing nor is it economic to increase the interstitial space, as size must be kept to a

20  minimum to maintain the small size of the overall device.

It is, therefore, an object of the present invention to provide a means to reduce the

abrasion of a micro scale device through contact with similar adjacent devices.

25 Summary of Invention

According to a first aspect of this invention, there is provided a process as defined in

claim 1.

According to another aspect of this invention, there is provided an abrasion-resistant

30 element resulting from the process according to the first aspect.
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“*@00002 * 2 It has been observed that the stiction problems of the prior
art are related to the hydrophillic nature of the surface materials. This
“is found to be inversely proportional to abrasion resistance. Thus, in
addressing the abrasion resistance of the substrate surface, a key factor
wi Il be an observance of the hydrophobicity of the surface. In the 5
present invention, the final organic acid overcoag IS PLgth hydrophobLF
and, in c uce i on probl ens
a0, L0, CarRisnath S e ki HONBHAY Pl L BOMR Sl DB OF, P oD1 e
groups at thydrapbilli¢ natureeofdbe erfachenatariajsanllss &cﬁodnd)ﬁi Etgnhéxﬁél%;brdﬁ&&'idnaﬁnd not
usual l'y prane to nnsﬁﬁular ttrac In broad terns e invention
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f suc
treating a sathded s keydchortvil Henbdromh&for rl%r;@éﬂé{aﬁg glr%oﬁltg%? th?eh suftAlsS lrna}h? Lon

as in one enbodi ment, a silicon based encl I'nve
enabl es Sactiressnt igkentioat the finahorganiaiacd (IVGI'C}DBEI\‘Z dalghlys hydrbp}mbldoeh@,\dn or between

d h 15 Such thin
coat | ng carcBiizBGR SRS S Rk teleut uceg uthirme o Bwawonart. et al

oxi des, cemasrbem dbderved ek thifFdratbailt of the fﬁheﬂfy??ﬁfub?gt tﬁgt@ﬁin?rfﬁ? Bhds Jffee
adhesion characteristics may be inproved further by regulating the t her mal

treat ment O5HYIGhEeIng brghéhwaﬁ@nﬁgo&wailhpe@pm motgcutahettiabiion. coat i ngs
based on the intended application. '20 The method of the present invention
i nvol ves nultiple thin nonol ayers bonded to the surface of the intended

substrdbe tImbmadncmrsetha/emtmhbh rélyteofo Apdrchisddtir@efd method @f Wé’:‘ﬁl the
surface m ni m ses stl cti ongvh j ch Iefgds to the reduction in adhe5| on caused

by capi || &SSTCE DY MGPs of Beating syrtace with the-formatiorpef monolayers upon a

substrate, such as in one embodiment, a silicon based enclosed assembly. This
invention enables active lubrication which aims to prevent stiction behavior between
two or more surfaces upon contact during a sliding mechanism.

15
Such thin coating can be applied to a range of hard coating surface such as, metal
oxides, ceramics and steel. Further, in a preferred embodiment, the adhesion
characteristics may be improved further by regulating the thermal treatment conditions

for enhancing the integrity of the thin coatings based on the intended application.

20
The method of the present invention involves multiple thin monolayers bonded to the
surface of the intended substrate to minimise wettability of said surface. In so doing,
the surface minimises stiction which leads to the reduction in adhesion caused by
capillary action or electrostatic attraction.

25

Such architecture permits dynamic lubrication of the components which are subject to
adhesion and abrasion. As a consequence, the contact surfaces have lower frictional

resistance which improves wear resistance.

30



~“Such architecture permts dynam c |ubrication of the conponents which are
subject to adhesion and abrasion. As a consequence, the contact surfaces
~have |lower frictional resistance which inproves wear resistance. 30 3 1In
a preferred enbodi ment, the organic acid may be octadecanoic acid al so
known as Stearic Acid (STA). In a furthgr preferred enbodi nent, the alkyl
nonol ayer may be Am no-Propyl -Tri-Methoxy-Silane (APTMS). Alternatively,

the al kyl | i ncl . | kyl d_havi d ani
chai n o ouptt e Tbadiniaty PEo Rl PEHLnRK b B ARY Sesi ale KoM rhus, | n
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STA overcoat which in_conbi nation, increase the hydro obi ci
devi ce and A PuweyhTridviethexy-Silare ARITVMS) Altemaiivety,she fhyemoholayeronsr al |

i nprove abrasi i . or referred enbodi nent, e
substrate tlgél\l}\l,ﬁ?%%p%lﬁga?%ggésg%&éﬂaa IB‘égha["i’ g’é&“‘gdg’r exarapl, é\cﬂbﬂ' dried
ready for iBthplest-bminenPalykSiyiznottict he al kyl nonolayer. In this enbodi nent,

the bath may conprise a 3000nil bath of APTMS with Tol uene 15 to which the
substrate may reside for at least 6 hours. This process of organic

mol ecul es May,sbE Al PZHQ te surface anqﬁ el f - assenbl ed

t hemsel ves — chent caFf@ﬁ %)fg?(e)& ?rﬁgsélﬁ}eéggxe sgﬁa % 4pp g?cﬂﬁontae e BFW&"H &2 t hin

monol ayer o¥il4 avercomwifielcm combimations inoesaseths dgitmphdbicitpbl MBidedict BRE' Si on

the substrate . awln‘g t.Mgola.er fornped on it, may be rinsed in, for
AR P

i nstance, tRBPUERE WisHetii g kce MichRyerahlimpaee abmasiaul es. I n a

preferrpd egliodhdent, the APTMS coated substrate nmay then be imrersed in a

solution conprising at |east STA with a dehydration reagent which in a

further preferred enbodinment, may be N, N -Di-Cycl ohexyl - Carbo-Diim de

(DCCD) - Thqnlésrgor%fpréfgr?ed embodiment, the substrate to which the layers are added may be
treated, rinsed and dried ready for immersion in a bath of the alkyl monolayer. In this
embodiment, the bath may comprise a 3000ml bath of APTMS with Toluene

15 to which the substrate may reside for at least 6 hours. This process of organic
molecules may be attracted towards the substrate surface and self-assembled themselves
chemically onto the intended surface, forming a permanent thin monolayer on said
surface. In a further embodiment, following immersion the substrate having the
monolayer formed on it, may be rinsed in, for instance, toluene and methanol to remove

20  any unbonded molecules.

In a preferred embodiment, the APTMS coated substrate may then be immersed in a
solution comprising at least STA with a dehydration reagent which in a further preferred
embodiment, may be N, N’-Di-Cyclohexyl-Carbo-Diimide (DCCD). The use of the

25  dehydration reagent may accelerate the reaction between the alkyl monolayer and the

organic acid overcoat and so assist in the formation of the dual layered structure.

Description of Preferred Embodiment

It will be convenient to further describe the present invention with respect to the
30 accompanying drawings and examples which illustrate possible embodiments of the

invention. Other embodiments of the invention are possible and consequently, the



~25 dehydration reagent nmay accel erate the reacti on between the al kyl

nonol ayer and the organic acid overcoat and so assist in the formation of
“the dual |ayered structure. Description of Preferred Enbodinent It will be
convenient to further describe the present invention with respect to the 30
acconpanyi ng draw ngs and exanpl es which,illustrate possible enbodi ments of
the invention. O her enbodinents of the invention are possible and
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cxcanpl o | SHEYoE M A BB oS caRmB e Hengen s EITYOBT S he
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cross-section of the coated substrate agcor ng to the present 5

invention. Figure 2 is a graph providing rate of change of the coefficient
of frictiongaccordin xpeni ment al . dat 1 o It . has been observed that
surface hydr Brr?glb?q](?i“gf (ﬁﬁ%fircé??ﬁsﬁc%’f‘o b $Bfrd subgratn acqording foothe PErseREr at ed
bet ween & woinséntibnng surfaces. Wth appropriate conbination of thin coating

| ayers on substrates, it is possible to create desirable anti-stiction film
characteristics that reduce and possibly elimnate adhesi on between two

The conponenEeanin i pralindar o AL thd S Gy IR PERTAoRins coat | ng.

conpri ses ogxpedinknial dmmol ayer 102, particularly, Am no-Propyl-Tri-
Met hoxy- Si | ane (APTMS) and organi c acid overcoat 103, particularly,
Oct adecanoic Acid, alias Stearic acid (STA). Such |ayered coatings are

appl i capl e f ahs BRS b gmagnl -used for NE evices, such
as Silicon, l\/est Eﬁé ox?éalgic? {hﬁfetﬁgfa,%ggcgégﬁ pol 1§¥njllerF ?t?ye?ré) P Orélémgl\ﬁﬁ?f) #"ﬁt’?rf g. 1.
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assessnent 1of snooth surface r o_glghness, hard surface texture, and heat
resi st ance JB¥PaBD Fﬁs)t/r_ates, 1t 1s possible to create desirable anti-stiction film characteristics

that reduce and possibly eliminate adhesion between two microstructure surfaces, and

also markedly reduce the premature failure of the components when the interstitial

15  spaces are very small.

The coating comprises one alkyl monolayer 102, particularly, Amino-Propyl-Tri-
Methoxy-Silane (APTMS) and organic acid overcoat 103, particularly, Octadecanoic
Acid, alias Stearic acid (STA). Such layered coatings are applicable for most substrates
20 101 commonly used for MEMS devices, such as Silicon, Metal oxides, Metal, Glass,
polymer, etc, as shown in Fig. 1. The determination of a suitable substrate material will
include an assessment of smooth surface roughness, hard surface texture, and heat

resistance capability.

25 The process of the present invention commences with the substrate, for example,
Silicon, glass, metal, metal oxide coated, polymer, etc, being cleansed with soap water,
followed by a subsequent rinse with acetone and distilled water. This process
effectively removes most surface contaminants, such as fingerprints, dirt particles,
grease, etc. Next, the substrate surface is chemically treated in order to promote good

30 adhesion of monolayers. Here, the intended substrate surface is immersed in a warm
mixture bath of 60°C, containing Sulphuric acid (H,SO4) of 98% concentration, and

Hydrogen peroxide (H,0,) of 30% concentration, in volume ratio of 7:3. At least 50



=25 The process of the present invention commences with the substrate, for
exanple, Silicon, glass, netal, netal oxide coated, polyner, etc, being
~cleansed with soap water, followed by a subsequent rinse with acetone and.
distilled water. This process effectively renoves nost surface

contam nants, such as fingerprints, dirtsparticles, grease, etc. Next, the
substrate surface is chemcally treated in order to pronote good 30
adhesi on of monol.ayers. t he inten&gﬁksubstr surface is imrersed in
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previ ous cl S [ S sirable.for rt her chem cal
bondi ng. Aggt?egkaﬁ%ﬂﬁg ?\rt(8 §1 %gén 151%6 Fatlé’taél%gbd ggéu?lgg ﬁ'tﬁ%gﬁﬂ (&/F)tg?sacet one and
distilled water after renoving fromthe m xture bath, and bl ow dry using

Ni t rogen (Né) ﬂ" 5 Wen the treated substrate is dried and cl eaned, and
then i nmer s¥den eér%éﬂdk?“?ﬂm? isghied apd gleaned, apd teoommensed APT WBthsotthioip| uene,

for at | easéon@aﬁm?@é%r}l dft \9&1“?2‘% uegg,t pétﬁea}npéggl@rlﬁgiﬁ @éﬁe attracted to

the substrate surface an -asse ense ly onto the
i nt ended suprbesss, orgammmgecaleperermnwaéd tohtha sulyiateayitface &{i RF-dsbentlat ended
surface. Follown i} rsion, th substrate,i S rinsed with tol uene and
met hanol t o F’é‘ﬁ%i’/% ﬁ?f“ é’GEﬂg’g“Et edsurfaces éorming 2 Rermarertthiadnenglavece by

physicalo add thasiik:Qddufha I uiflf IRGindMk-Gbn TROQIANEE is BLONAG Wth, N2 0as

is also useful to dry the substr Post thermal annealing a for 10
mnutes is ar@d@‘tﬂmgdremve@nym@cdnm th&tattbchedltugleaﬁtenmmdlmﬁaee bpphysidagnded
substrate. (&y strat is then inmmersed in a

sol uti on ofgtcéf?ﬁkﬁpﬁug?%’the I‘?I)&m y‘lng@é{ g3silhritlaR ugebaidpyiry n
n- hexane f othe glibstr@@Ss Podkhbr@nHl inﬁéh'hng at 100°C for 10 minutes is recommended to

strengthen the binding of monolayer on intended substrate.

15
Likewise, this APTMS coated substrate is then immersed in a solution of dilute STA
and N, N’-Di-Cyclohexyl-Carbo-Diimide (DCCD) in n-hexane for at least 24 hours for
promoting surface hydrophobicity. In this process, DCCD does not react with the
coated monolayer, but operates as a dehydrating reagent to accelerate the reaction

20 between STA and APTMS, for forming a dual layered structure. The resulting surface
is subsequently rinsed with n-hexane and acetone after the coating, and dried using N,

gas.

The thickness of each layer is in the range 5~15nm, and the adhesion between these
25 layers is further enhanced by means of exposing the intended surface to 50°C, in a

vacuum oven, for 20 hours, that brings about good covalent bonding within these coated

films.

Hydrophobicity properties of the surfaces are as follows:

30

Test structure H20 Contact angle, 6
Si 21°~29°




“pronoting surface hydrophobicity. In this process, DCCD does not react with
the coated nonol ayer, but operates as a dehydrating reagent to accel erate
“the reaction 20 between STA and APTMS, for formng a dual |ayered
structure. The resulting surface is subsequently rinsed wth n-hexane and
acetone after the coating, and dried using N2 gas. The thickness of each
|l ayer is in the range 5-i 5nm and the adhesi on between these 25 |ayers is

further enhanced by neans ofagi ihg the intengggié%yrface to 50C, in a
it

vacuum oven, for 20 hours, % ,ﬂg about gogd "COval ent bonding wi thin
t hese coated fil ns. Hy dr-opt 14 properties 181°+1R8° sur f aces are as
follows: 30 Test structure H20 Contact angle, 0 Si 2%-29 6 fSl/APTI\/:S 62
-66 Si/ APTMg/ = i e APTMS and, .STA ectively
reduces the'\@ \}\533_1?[%3%{3 it}%ayjfgg)ljl\?ﬁgﬁ%ggg‘t{fgqt%gy&p\%%uéﬁs %gd%enflwﬁ}-ye F AgPsHatesi on
rel ated friwhichridsrinbddaoing aﬂhéﬁoﬂb&lﬁﬂ&tﬁf}rﬁ@iﬁbﬁg&ﬁh{!)’fhis % diéns tiH mEMRG] o5
termnal ends of the STA |ayers bein ighly inert, and so | ess prone

nol ecul ar a%fPP%%%ti%tg.rmmagmdé Oftwg lasises byinghighly inere ol se lest prazstis

appl yi ng a Shlel sthhéddde ball probe with 0.05N axial |oading and
rotati ng at§gggﬂ?gﬁh‘?ﬁg%ﬁgh a cycle of radius 2.5mm Test structure Tine
before visible scratch marks appear on surface Si, w thout annealing <1

i i i.ng -4, 000 sec o
sec Si / Aplzl_i'é/Ere/2 s%-g'\%s the érggﬁli%alargsr]u?tglolf‘ ?egsts app?y?ng a Silicon-Nitride ball probe with

0.05N axial loading and rotating at 100 rpm through a cycle of radius 2.5mm:

Test structure Time before visible scratch
marks appear on surface
Si, without annealing <1 sec
Si/ APTMS / STA, without annealing ~4,000 sec
Si/ APTMS / STA, with annealing ~20,000 sec

Annealing the film layers will tend to cause strong binding of Silicon-Oxide between
Silicon surface and APTMS monolayer, leading to very rigid molecular covalent

bonding structure that can withstand larger physical loading.

15 Film destruction starts to occur at around 4,000 sec, showing noticeable scratch track on
the surface of non-annealed SAM coating. This demonstrates the ‘soft’ bonds between
the silicon substrate and APTMS monolayer that causes the film to suffers from
abrasion wear despite the relatively lower coefficient of friction. Conversely, the
annealed sample shows no peak in coefficient of friction through the abrasion test to

20  above 20,000 sec, implying improved wear resistance characteristics resulting from

thermal treatment of SAM coating.



~Si- [ APTM5 / STA, with annealing -20,000 sec 10 Annealing the filmlayers
will tend to cause strong binding of Silicon-Oxide between Sili collGHbrWesEe
~and APTMS nonol ayer, leading to very rigid nolecular coval ent bonding
structure that can withstand | arger physical |oading. 15 Film destruction
starts to occur at around 4,000 sec, shaw ng noticeable scratch track on

t he surface of non-anneal ed SAM coating.” This denonstrates the "soft' bonds
between the silicon substrate and APTMS nonol ayer that causes the filmto
suffers fr&hAIMS asion wear despite the relatively | ower coefficient of
friction. Conversely, the annealed sanple shows no peak in coefficient of

friction through,the abrasion.test . to.20 ahove 20 000 sec. .inplyjng
roved vidar - edirbfeeRtio? BhelD e aebtcRde BN At B RSPt SR AY o Pt e
of SAM coatprétilice i &basiVh-Pesistant CloMdvibfor’a MBMB @fiRESelbakicalPbihaf@alan abr asi on
resistant coating to a suhbstrate so as to produce an abrasion-resistant

el ement 5f oSY#e iggrempugpgtherstepsiofinechani cal 5 systenm) devi ce,

conprising the steps of: a) preparing a substrate for the application of a
thin al kyl nonol ayer; b) imrersing the substrate in an al kyl bath including
sai d al kyl a) preparimg & hébsarhieyfbr theapplicayien obHatHimmelkgldashslaye; wherein the al kyl

conpri ses .am ne chai roup; 1 repal.ing.th ayered sypstrate for
the appl i ca¥ {BREG & eé‘ﬂ& ﬁ‘edB&Biag‘yﬁb@Bé?fg’t“{m%\?ﬂié a§<YI : Frgithf’gﬂPHe | ayer ed
substrate ighilayet o HeRubdtd, '»ﬂﬁ}eimnagnm'cgrpggigeg%%nﬁﬁe chdi® gfoRpm the

organi ¢ acid ovércoat on the substrate to pr e the abrasron resi stant
coati ngd whprepaning the laysrad substrdiafdr thomplicatem of anudrgaranasd bhercoapardat es as

2ug§[] gﬁ(r:gt Itdﬁgpﬁlg%g]egnst%g éa]ygge%éugagaté) In2 solution badh ﬁllcfcl%il}gosalc: (?rlgzrirr]lig' acid 1o form the
the organic acid overcoat on the substrate to provide the abrasion resistant coating,

wherein the solution bath comprises a substance that operates as a dehydrating reagent.

15 2. The process according to claim 1, wherein the substance that operates as a

dehydrating reagent is N,N’-Di-Cyclohexyl-Carbo-Diimide (DCCD).

3. The process according to claim 1 or claim 2 wherein the alkyl monolayer is
Amino-Propyl-Tri-Methoxy-Silane.

20
4. The process according to any one of the preceding claims wherein the alkyl bath

comprises 3000 ml of Amino-Propyl-Tri-Methoxy-Silane with toluene.

5. The process according to claim 4 wherein the substrate has a residence time in

25  the alkyl bath of at least 6 hours.

6. The process according to any one of the preceding claims wherein the substrate
immersing step is followed by the steps of rinsing in toluene and methanol, and blow
drying with nitrogen.

30
7. The process according to any one of the preceding claims, wherein the organic

acid overcoat is stearic acid.



~dehydrating reagent is N, N -D -Cycl ohexyl-Carbo-Diimde (DCCD). 3. The
process according to claim1l or claim2 wherein the al kyl nonol ayer gy wise
““Am:no- Propyl - Tri - Met hoxy-S il ane. 20 4. The process according to any one of
the preceding clainms wherein the al kyl bath conprises 3000 m of

Am no- Propyl - Tri - Met hoxy-Sil ane with toluene. 5. The process according to
claim4 wherein the substrate has a residence tine in 25 the al kyl bath of
at | east 6 hours. 6. The process according to any one of the preceding
clainms wherein the substrate imersing step is followed by the steps of
rinsing I ngt ol USREARAIRLAANMY o il 1P Aeindh i Bdtn BohbAGS A softflod - The
process according Po any one t'he precedllnng cl al ns, erein the organic
aci d over cofdiluts stehidasdid and NG\’ -Di-OyEloWE:SE-CaBb@Diifitide pir whesmeaccording to
claim1 wherein the solution bath conprises a solution of dilute stearic
acid and N, N -D -Cycl ohexyl -Carbo-Diimde in n-hexane. 5 9. The process
according o cl qhsfgfoc ea[cebﬂair{g';s EARLLHnGURTHE Bdfed @bstRatt RS HRBIGBNce! | M8 i N
t he sol uti on bat at least 24 hours. 10. The process according to any
one of t hetipredo ¢l sodutwindiattsofitdeast 2¢ hdwes.| ayered substrate i mersing step
is followed by the steps of rinsing in n-hexane and acetone, 10 and bl ow
drying with nitrogen. 11. The process according to any one of the preceding
clai ms whengi n PhepAickfthctingsdRsY bas 6f G Eﬂa’c'b&iﬂg cldivfls Sthersn O 18legansi ng
the substrate with soap water, rinsing wt acetone and distilled water,
and treati sepstrate immpssingstep is/follawed by &ie steps&f Basing ¢ ndgsgne and acetone,

10 and blow drying with nitrogen.

11.  The process according to any one of the preceding claims wherein preparing the
substrate comprises the steps of cleansing the substrate with soap water, rinsing with
acetone and distilled water, and treating the substrate by immersion in a bath of 98%

15  concentration of sulphuric acid and 30% concentration hydrogen peroxide in a ratio of

7:3 by volume.

12.  The process according to claim 11 wherein the immersion in the sulphuric acid
and hydrogen peroxide bath is at a temperature of 60 degrees and for a residence time of

20  at least 50 minutes.

13.  The process according to any one of the preceding claims wherein preparing the

* substrate is followed by the step of rinsing in acetone and distilled water, and blow

drying with nitrogen.

25
14.  The process according to any one of the preceding claims wherein the substrate
material comprises any one of silicon, a suitable metal oxide, a suitable metal, glass,
quartz or a suitable polymer.

30 15.  The process according to any one of the preceding claims wherein the layered

substrate immersing step is preceded by the step of annealing the layered substrate at

100° for 10 minutes.



-15 toncentration of sul phuric acid and 30% concentration hydrogen peroxide
inaratio of 7:3 by volune. 12. The process according to claim 1JL gnerei n
>the inmrersion in the sul phuric acid and hydrogen peroxide bath is LPYQ WISE
tenperature of 60 degrees and for a residence tine of 20 at |east 50

m nutes. 13. The process according to any one of the preceding clains
wherein preparing the substrate is foll'owed by the step of rinsing in
acetone and distilled water, and blow drying with nitrogen. 25 14. The
process according to any one of the preceding clainms wherein the substrate
material c ri 0, il ' | J; Lt abl e
nmetal, gl agg'P Zleglp @%%Sr&go@a?ggb#g%ggP@&%&écgglnggﬁ#gg h%%ggggisesfﬁ)aag%:{kr di ng
to any one offhetgibeeds EsiBplifRe ecpaingbthvhiailaurfatd e J0a¢ eh adaciiid sdrdthuismrer si ng
step is preceded by the step of annealing the | ayered substrate at 100 for
10 mnutes. LLOYD WSE 9 16. The process according to any one of the

pr ecedi ng ai L £ f el lc caoyell osi ng
Phe final i adbePE EntaceRind 3ny thPBr i pricsting RERG ST HARRIAAD
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