: MNe3e\ ?\ <, "N66T). METHOD OF APPLYI NG A COATI NG TO A SUBSTRATE Field of the
I nvention The invention relates to coatings, and nethods of i e
for substrates used for integrated circuits and MEMS. Backg @m@mmwﬂm’l@ﬂ
I nvention Mcro-structure devices such as integrated circui
devi ces function in confined spaces haviing small interstitial spabe&s
bet ween said devices. As a result, to contact between adjacent devices
t hrough el ect rostatw PW%@?LWN? NG 99 & BUEITELPRact bet ween
|

adj acent devi ces SO common adhesion to occur as providing | ow
friction, non-interactive surfaces to said devices is not common. In fact,
with the rrgigrl gl s used, "stiction" can occur in so far as a degree of
adhesi on addeldokt VO[EIORr j cti on between adj acent devices. To this end, the
surfaces ar r AP Hlilﬁ‘% | [

practi cal t@egﬁyﬁsgrérlr&e: %n@%g%manseﬁgdiﬁg Mn%eff(?regasct%alttegnlﬁe

fricti oA sunthgmtdzingwity andgMEMS.i s it econonic to increase the interstitial
space, as size nust be kept to a 20 minimumto naintain the small size of
the overall device. It is, therefore, an object of the present invention to
provi de a HRRsrolfd bEME Gvehtien abr asi on of a mcro scal e device through
contact with simlar adjacent devices. 25 Summar I nvention In a first
aspect, t hdisreswysture dodines wah py heeaeted eirplitsead bXEM»S depiseyfumgtieminabr asi on
resi st ant ' I at. e

CUbStrate {Cof Jtl%gspﬁé)esﬁagla??@%ﬂ ﬁers?ﬁgﬂ’srghéqs%g vl silp%l%%lcﬁ’{ REL gélglt, he
substr ape chn‘@cﬂﬁﬂt\uédnmab'&ahﬂﬂelvmt thalbupd ﬁ@tl@sﬁhk yﬂtrawi‘(dﬂls afcbfrﬁﬁormreﬂlehler m ned
- 30 conditions to formthe al kyl nonol ayer on the substrate; Preparing the

| ayered substrate for the application of an organic acid overcoat;

| Mersi g tdiPed RALHE S BFRLAL Bevilladie OIS LmBAR T difichetfloNogAld. Or gani ¢
aci d under secon pre m ned conditions to ormt e organic acid

over coat orproviding ld»s frietion, han-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 keptto 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

In a first aspect, the present invention provides a process for applying an abrasion

resistant coating to a substrate, comprising the steps :

Preparing a substrate for the application of a thin alkyl monolayer

Immersing the substrate in a solution bath including said alkyl under first predetermined
30  conditions to form the alkyl monolayer on the substrate;

Preparing the layered substrate for the application of an organic acid overcoat;

NN
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provi de the abrasion resistant coating. It has been observed that the
stiction problens 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 will besan observance of the hydrophobicity
of the surface. In the present invention, the final organic acid overcoat
is highly 3 : I reduce
e O, APy RO BPA(Ybo SihraBlEr T oduce
result of wmnd&tédptergu@dmsnanonm foen themapardo deid ofercbat oarthanibstrateital bei ng
highly inert and noh glgfrone to nol ecular attraction. In broad terns,
the i nvent PERf%ihg "saS‘tOBr%ﬁ‘ut LeAM Mt ure and net hod of |owering 15

resi stance by neans of treating a surface with the formati on of nonol ayers
upon a substrate, such as in one enbodinent, a silicon based encl osed
assenbl y. Thhas hem@bﬁer\@d tbiﬁélnﬁ %@tla@pmbéennmfrth@:mlq)mt ghirdateditothet o prevent

311 i ng. e RGP SAUETR A oo BRleRal TR R IR oENERL mhRBaR o o

coating sur a&@s@ﬂ(ﬁé%ls@eﬁwe NEhe, iP¥dde&8ing GRS thdion RBIEtaREESS the EbistBRr, in a
preferred enbodi nent, the adhesi on characteristics may be inproved further

by regul at isHgagena kew Eactaswill be an wbsrrvanse of Ehedltyérqpbﬁbléﬁ}ﬁ ahiesyriedee Intheegrity
of the thi t hod of
the. present™ adnrrior B H0brblfy b EDARE 3P ok Bibnop, FUGaTT e

sur f acaoof combirativemdthdhs alkgl man@layem metuderths &mt\tehtpadﬁld:mi yf thé paiar ait.slr f ace.

In so doin urfa m. ni m ses ction i ch dsto he, reduction in
adhesi on c%&%h S%ré(ﬁ‘gﬁﬁaéﬂv ‘éé‘trF%‘llF hee‘F‘E@'Frh P&Wté %FFP&‘&[ of g Such

ar chi t ect UrgRg @ 46id Beifly ARMEinkH Ahd ﬁ@ttdsﬁﬁll}%roh@?o ﬁ@l@@ﬁlﬁﬁﬁrﬁctﬂﬁ' ch are
subject to adheS|on and abr'asi on. a consequence, the contact surfaces
have | ower fricti onal reS| st ance Whl ch i nproves wear resistance. In a
preferred odi he or ani.c_acid be o no aci d al so known
D stear o TABT (&R e Ry eRifg MifieR e e B OR RN oL [ RENEI Ky
nonol ayer mstmewrﬂ&n%pﬁwmgrd sudaéd @it 11 ﬂoﬁﬁal&ﬁﬁm@)olaﬁkstwoﬂ@t ively,
t he al kyl nonolayer may include any such al kyl conmpound havi ng and ami ne
chai n gr oupubstigte, sychrs|ie onpenbedimgnt asilican hased poflpsedagsammldy etlbis Thus, in a
nost prefer, QEnt; th an
STA overcoa {“ee%l HER?% co{ ?@E?“Sﬁ’%‘ﬁ?ﬁ %%%E[L)lp ﬁeq]ehpséfrcgg %%?:/lotr §’¥\M{1
devi ce and tppey nibee surfaces hisonadontaot durthgl a0slidiig mechanissur f ace vvh| ch overal |
i nprove abrasion resistance. In a nore preferred enbodi nent, the substrate
to which the layers are added nay be treated, rinsed and dried ready for
I mrer sign igy Htlﬁﬁwa le ctaﬂ : | the bath
may conpri seca t] n%e %g;%‘lﬁéd t?ﬁi%{l%)éﬁ Eﬁ&?gﬁ%gur{gé e%{i@f’% R

oxides, ceram1cs 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.

25 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.

30 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.



whi ch the substrate may reside for at |least 6 hours. This process of

organi c nol ecul es may be attracted towards the substrate surface and self
assenbl ed thensel ves chemically onto the intended surface, formng a

per manent thin nonolayer on said surface. In a further enbodi nent,

foll owi ng i mersion the substrate having the 20 nonol ayer forned on it, may
be rinsed in, for instance, toluene and nethanol to renove any unbonded

nol ecules. In a preferred enbodi nent, the APTMS coated substrate may then
be imersed in a solution conprising at | east STA with a dehydration
reagent whilsh preferded enbdimeintt teetgaic &5d anlb bdioordécansieacldealdd known as

N - D - Cycl ghexyl - Car ho-Di i m de ( ). . Th se of the dehydration_ reagent
may accel e%éqagct%c?g%iIBﬁfgghmﬁe{r%eragq@’me%ﬂmaé@g@o&w Yeh@apbgani c

aci d over cogk; - | R i ; cture.
Descri pti o%ﬁgﬂ‘n@gﬁgﬁ}grﬁye&wgﬁ 1%@%(38‘51%?&{). %ﬁtlelg}{alt)lgag’oﬁs?nklychaﬁ%bﬁégg?ﬁ{rl{wher
descri bé t heclpdesawrsuch alkpheamnound having spdamineshaingreup: fonexappleg Polyawi ngs
and exanpl ?ﬁ vi/ni cp Jd |l ﬁ_ﬁgyeep ssi bl e enbodi nents of the invention. O her
enbodi ment FIBHCRGRning, FOlY-SHIeG e 10ssi bl e and consequently, the
particularity of the acconpanying draw ngs and exanples is not to be

under st ood as superseding the generality of the preceding description of
t he i nvent ildws, iriaguesé prefestrdambodiraend; ABﬁNbSrmmsbwmliedmo e subsragowithen
substrate or.di . [ i.nvention.  Figqure.?2 1.5 a. graph . providing
rate of chgsﬁlgxe&g#&%ﬁ{é\%é%’ggfc B%llggﬁﬁg%fm‘frg?%tﬂ?egﬁ' deﬁ%‘glgg)}ﬁt&? f xepdeer%llcﬁeaﬁgal dat a.
t o It ibas phedde ®hsefritidn ahdlovs stidtios Suitycd wiiibip bierhll Snprovelhbrasibh y
proportional ;to the friction generated between two sliding surfaces. Wth
appropri at &¥¥Mnati on of thin coating layers on substrates, it is
possible to create desirable anti-stiction filmcharacteristics that reduce
and possibly elimnate adhesi on between two m crostructure surfaces, and

al so mar kedhy mard puderrdicermboeimmenty the sabdtuateto ofhi¢ththe dayepoare addedwhanbe he

interstitial : 1. .Th t] i | kyl
monol ayer TS8R Gif AHrd teady fR gTPIEGTIgN It PP e P Moeiay S TREYS and
Or gani g saciethbduhéi®ahe BAR mayaohipridk ari ¥ 10 Oal*adBLaNOP EMAGHith Talub/StoSt eari ¢

acid (STA). Such layered coat| ngz_s axe ap@)i cable for nost substrates 20 101
conmonl y ugduc e s teoragy resisle Tenas heags6 Bpurs.c Bhis preaesd ofmratde moldsules |

G ass, pol r i 9. % Th term.nation of a suitable
substrate @%e S agfrgwqaﬁ%“?agcgsﬁﬁ% %urf)gﬁatgggr;fgcg r?é‘ﬁts Q@Wasssc W(?g?dhthglaﬁ%é?e roughness,
hard surf acBehisllyoato thethidicad sl sfofnig Lipdbhdnt thin mdaoclbRer ¢ @Eess of the
present invention cogmmences with the substrate, for exanple, Silicon,

gl ass, net akrfaseetlnp fustheyembedingent, foloyingimmersion theisybstratehayingthgi t h soap
mater, ol iRy rimelt B SOHED be S Finhd: el ABfe AN hd hshhhdifdlrolft e -
Thi s process effectively rénoves nost SUr f ace contan nan S, such as

fi nger pri ntagy udbortdepardl¢amless, grease, etc. Next, the substrate surface is
chemcally treated in order to pronote good 30 adhesi on of nonol ayers.
Here, the intended substrate surface is imersed in a warm m xture bath of
60C, contaig 'agﬂef@%cpé}%édim%ﬁﬂ, the(A2ROS)colid 5AGRNBHNHER bE meRRd ifydrogen
per oxi de (H202) of 30% concentration, in volunme ratio of 7:3. At |east 50
m nut es i nselugion gomprising ehleass STécwithe ddkydration neagent whichfin adiitithn prefemedyh

stains .Qqn substrrate fro revi l,eani LOCEeSS i i S

desirafe 8¢ Oflﬁ??ﬁ’é}la%ﬁéeﬁl @a-:]ﬁ%@'ﬁgqh%y 'Q%B&'ﬂ@“?‘ﬁ%@ﬁ?ﬁﬁdgﬂe §§Fb€ft At e
surface i s dehydrefonchferdaflyQoeclan® the fhbtidesbredtihe a{ll(\zﬁﬁloﬁ&ﬁ}aéﬂaﬂg thd om t he
m xture bath, and _blow dry using N trogen (N2) gas. en the treated

subst rat e i0583Mq :dd arriceat anthaqiassishin they gqmaﬁﬁ% pé&v@ dual layased siruetiirat i on,
containing 3 x 10'3 nmB of APTMS with Toluene, for at least 6 hours. In this

process, OrI?e%Qlii io@&ﬁ%‘tleﬁgd [ ol tern%lct ed to the substrate surface and self
assenbl e thwse?&ves—ch'emﬁpy—m%—u-the i ntended surface, formng a
per manewt tihivill bogsvayierit to furtiitg deseribb e yestnsink Eatd. witotdspart fgthehe

i mrersion, the substrate is rinsed with toluene and )
accompanying drawings and examples which illustrate possible embodiments of the

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



met hanol to renove any nol ecul es that attached to the intended surface by
physi cal attraction during the formation of nonolayer. Blowng wth NZ gas
is also useful to dry the substrate. Post thermal annealing at 100C for 10
m nutes is recommended to strengthen the binding of nonolayer on intended
substrate. 1s Likewi se, this APTMS coated substrate is then imersed in a
solution of dilute STA and N, N -Di - Cycl ohexyl - Carbo-Di i m de (DCCD) in

n- hexane f Sl In
Thi's pr oceder R o ne ey b UriiRED Hd W RERor b BRIARNG WY s
as a dehydrapdrseglingethg ganerdlity af telpretimgtdescriptian off dre idventiehween STA and
APTMS, for formng a dual |ayered structure. The resulting surface is
subsequently rinsed with n-hexane and acetone after the coating, and dried
using NZ 9aggurd t%htsmghasﬁéd Gbss@Ehor) SHBE chated btsttae%ga%ngft R sef1d the
adhesi on betmeen these 25 layers is further en anced ns o exp05|ng
t he i nt éndéuavestipf.ace to 50C, in a vacuum oven, for 20 hours t hat brings
about good coval ent bonding within these coated fil ns. Hydrophobi city
properties of the surfaces are as follows: 30 Test structure H20 Cont act
angl e, 8 SFighke29s a gfiphBRFMng 661 SiahBPIMEE STATAA ofidibi adcoraper ved

t hat APTMS and STA ef ectively reduces the wettability of the substrate,
whi ch ai ds ckperiaenidlidatp- adhesi on rel ated friction problens. This is due to
the methyl groups at the termnal ends of the STA | ayers being highly
inert, and so |less prone to nolecular attractions. Figure 2 shows the

gr aphi aal rdelsaslbesn otbset\eslttlsatapﬁhqei hydraphSbicitg tsndindictly ipetpobridnial rtadéictionh 0. 05N
axi al loadin anaibr otati n 100 rpm through a cycl ius 2.5mMm est

structure B gieeD 0 hding shrgacen ithiapDrappigieco IWPé.’géh‘@F?atht hout
anneal i ng Sbsth 1T I ' APTMS /
STA, with g#nea |ngs-r~aZO 00 pésggb-ffb %ﬂggiﬁ“ﬁg&?ﬁ‘a s‘Tn@?on Fg@glrlaggc\%\fﬁucéend to
cause st r orpat bédvde agd péssibly elunma@adhesmnebcmyeen 9id mioostswhiasefaaes) akPTVG
nonol ayer, adl to ver i d nol ecul ar, coval ent_bondi.ng structiure that
can wit hst & 8111%{ Y“ff‘ﬁ‘flg g‘F%&Eﬁ%ﬁ the GOHRPDERTS ¥t Pgﬁlgte&grt‘t“?fto occur
at aroysd 4phtR0 amSfery SANM Ng noticeabl e scratch track on the surface of
non- anneal ed SAM coatl ng. This denonstrates the "soft' bonds between the
silicon substrate and APTNMS rmnol ayer t hat causes the filmto suffers from
abr asi on v t . Of fr| i.on.
Conversely, cg% prpig *ﬁféyl or}()lay%m%zég’gﬁtcﬁ ac ?efﬁpyg?‘ riction

t hr ough thMﬁbﬁ)@SSﬂmet(@fPﬂ‘MS)) azﬂoa@etrmeacz&)ow@oﬁ @03, paﬁiﬂu]fdrlyg(]cfﬁﬁé@&’lﬁﬁz wear

resi stance ch cteristi cg resul ti ngf fromthermal treatnment of SAM coati ng.
Acid, alias Stearic acid (STA). Suchlayered 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



CLAIMS 1. A process for applying an abrasion resistant coating to a
substrate, conprising the steps 5 Preparing a substrate for the application
of a thin al kyl nonolayer Inmersing the substrate in a solution bath
including said alkyl to formthe al kyl nonol ayer on the substrate;
Preparing the | ayered substrate for the sapplication of an organic acid
overcoat; |0 Imersing the |ayered substrate in a solution bath including
sai d or gan'n?ing‘t%é ﬂ'nﬁxgrsio%rdﬂr%tm% igfe%é;%r?ena&g%r%r%&a?%% re?ﬂluSIhtguglP?[%ihE ?Be to
provi de the abrasion resistart coating. 2. e process according to claiml
wher e t he albstlatefbnglpeerésusi cheaifigiRoddssasywhich 1Mt lesiyabld foafigthet bhemicdlne
process ac orgl,i ng to, any .one_of the preceding clains wherein the al kyl bath

conpri ses PoRding deam, tie intended subye surkace fainssd ity acgiqae apd distillgd wafer 4.
The process, (oY gal bitird BMIE R Blobtity : residence tine
in 20 the aIﬂEf/II% l;)g’%r%g%élﬁgglﬁgast bémh%@rgo 5. ?ﬁggtﬁl@é snrs@gz:gac?fdi ng to any
one of the preceding clains wherein the substrate imersing step is

foll owed b he.st eps,of. rinsi in | uene and net hanol., and bl ow drying
w it odiheh 8 5Bk fubsizalidh Bed fhd leated e e RmaSaH i RO GRA g

clai ms, WheobRiathidd®xA09M &F AETMSOWE T8labnd, Forst RASH Chdted. din tiis pFdl@sPr ocess
according to claim1 wherein the solution bath conprises a solution 30 of

di | ute ste®rganic@plyculasian afrackid-toyhy wibetxaie s@lach andré¢lfrassemble thethsslease. The
process acc@rding.t im 7 erein.the coated suhstrate, has resi dence
Pire in ¢ nergtisafly bRoihd inled ARREE ol e i Rl Wi heRla g
accordimwg tisteaded sarfacedfFdllosvify e emhiegsiod, dhdFubvias & rnstd vithayeeRdargubst rat e

i mer si ng steﬁ@is foll owed by the steps of rinsing in n-hexane and acetone,

and bl ow drjsthapohia1smeve pryaieleculys thak attgshed tosthe intendediswifacedyattysishle of t he
precedi ng %kt@acﬁﬁ%m 11 £ i%ﬁ'o@%ohgﬁyéu%B&ﬁ{#Swf\fmﬁ’ﬂ%% %ﬁ%lsfohﬁeﬁiﬁoo of

cl eansi ng the substra soap wate rinsi acetone an
distilled wht sibstratad Posteladrmabartnealirdid 00T forldY mimres & recommendddadbh of 98%

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, 0
Si 21°~29°




concentration of sul phuric acid and 30% concentrati on hydrogen peroxide in
aratio of 7:3 by volune. 11. The process according to claim 10 wherein the
i mrersion in the sulphuric acid ~ 5 and hydrogen peroxide bath is at a
tenperature of 60 degrees and for a residence tine of at |east 50 m nutes.
12. The process according to any one of & he precedi ng cl ai ns wherein
preparing the substrate is followed by the step of rinsing in acetone and
distilled water, and bl ow 2oggryprfigs Wi th nitrogen.qe3. The process
according to any one of th%lﬂﬁﬁﬁ’/ﬁg cl ai s v%esellggothe substrate materi al
conprises any one of si - itabl e netal,
glass, quartz or a suitable polyner. 25 14. The process according to any
one of the Ik ebRHADhE! APTHISWRHArST Neffet@iveByedRes HebbdtfabllRy bmﬁersﬁmﬁtest ep is
preceded by the step of annealing the |ayered substrate at 100 fo 10

m nut es. 30vhich aighin reduring adhgsion relnted frigsionpyoldpas. oThltSh%dlmtééh@mn@Ybl ai ns
wherein th i e final surface
to 50C in réd g%u%%;‘ %8 h&%f%gg%g‘sli%&%hg ﬁrfgol???e(@gﬁa%@or gesséf G t8ny one
of the pr ecmﬂemﬂarmkteacnsns/\her ein the thickness of the nonol ayer and the

t hi ckness of the organic acid overcoat are both in the range 5 nmto 15 nm
5 17. An abrasion resistant elenent, conprising a substrate; a thin al kyl

nonol ayer | t : s A i i er coat
2ppl 1 oo i B ohoE 2 ABLEUIEAE Bin L1 AR Ak
resi stant @OJdEHN argal la8ling el wkatmgrat 160 rpm ﬂum@ghtajc}&leacbfrmdiﬁs AMsemei n t he al kyl

nonol ayer includes Am no-Propyl -Tri-Methoxy-Silane. 15 19. The el enent
according to claim 17 or 18, wherein the organic aci d overcoat is stearic

aci d. 20. The EIemENl FeaAIdi@e O any ONE Gime baloFs visiblk YerhtcVTer €i n t he
substrate materi al corrprl ses any one of sili kas .I_“ ld%ﬂ fradgtal oxide, a
sui tabl e nmet al—g ab Hhe—el enment

according to a?{ Q er ;’;1 A ere| n the th| %ness of the nonol ayer
and the thickn %é a g g%gght‘% 8§ercoat arg (g n the range 5 nm
to 15 n]m 25 wit annea 00 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.



22. An abrasion resistant elenent resulting fromthe process according to
any one of clains 1 to 16. 30 . AyL. AyN|I.Ay. Afl. Ayl Y. Afle. Aff.Af. AfS
-D(| &NE-i i >>
zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] c”a] ca] ca] ca]ca]ca] ca]ca]ca]c
aJ ca] ca] ca] ca] ca]c”*a] ca]ca]c”a]ca] cRa! 7
1gi A v~4, G xsni c”Y]] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cgjicahg@] ca] ca] ca] ca] ca] ca] ca] ca] cal]. =! 2##4$$$&&] "' (c(()QT)x)))*
#+p+++*, -, TFXSnhc”Y] ] ca] ca] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca]calca]ca]lca]calca!,,-k-./3/4
/111 00ML111222] 38PBeetSSivt 6l yink ah\abrdsion Yedistadtcahtixg] toa)] sﬁ:xaitcaé campéibidg] cal cal
cal ca] ca] C%q} ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca! F777
8] 8889w999 tps.
y o <=z5A>>>Y?\ ?} x| wrmhe”Y] ] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aJ cal calca]ca]calca]ca]ca]calcalca]calcalcalcalcalca-D(iK-10%& ()-
109&' () - ZI’@@{&fri(lgalsuh@W for the application of a thin alkyl monolayer
@O%&' 0%&' #10Y& &N K- 1 " 10% & 10% -

100! (§) FeTBE" %*% ﬂ'fd%“@f? P POYROP- R ‘R"lﬁ‘%nﬁé%ﬁgu%g‘ 1g/form e by
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2. The process according to claim 1 where the alkyl monolayer is Amino-Propyl-
Tri-Methoxy-Silane.

15
3. The process according to any one of the preceding claims wherein the alkyl bath

comprises 3 x 10~ m® of Amino-Propyl-Tri-Methoxy-Silane with toluene.

4. The process according to claim 3 wherein the substrate has a residence time in

20  the alkyl bath of at least 6 hours.

5. 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.

25
6. The process according to any one of the preceding claims, wherein the organic

acid overcoat is stearic acid.

7. The process according to claim 1 wherein the solution bath comprises a solution

30  of dilute stearic acid and N,N’-Di-Cyclohexyl-Carbo-Diimide in n-hexane.
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substrate comprises the steps of cleansing the substrate with soap water, rinsing with

10 acetone and distilled water, and treating the substrate by immersion in a bath of 98%
concentration of sulphuric acid and 30% concentration hydrogen peroxide in a ratio of

7:3 by volume.

11.  The process according to claim 10 wherein the immersion in the sulphuric acid
15 and hydrogen peroxide bath is at a temperature of 60 degrees and for a residence time of

at least 50 minutes.

12. 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

20  drying with nitrogen.

13.  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.

25
14.  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.

30 15, The process according to any one of the preceding claims wherein the final step

of the process comprises exposing the final surface to 50°C in a vacuum for 20 hours.
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a substrate;

a thin alkyl monolayer applied directly to the substrate, and;
an organic acid overcoat applied directly to thin alkyl monolayer to provide the abrasion

10  resistant coating.

18.  The element according to claim 17 wherein the alkyl monolayer includes

Amino-Propyl-Tri-Methoxy-Silane.

15 19.  The element according to claim 17 or 18, wherein the organic acid overcoat is

stearic acid.

20.  The element according to any one of claims 17 to 19 wherein the substrate
material comprises any one of silicon, a suitable metal oxide, a suitable metal, glass,

20  quartz or a suitable polymer.

21.  The element according to any one claims 17 to 20 wherein the thickness of the
monolayer and the thickness of the organic acid overcoat are both in the range 5 nm to
15 nm.

25
22.  An abrasion resistant element resulting from the process according to any one of

claims 1 to 16.

30



