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Dl FFRACTI VE ELEMENT W TH ANTI STI CTI ON BUMPS The i nventy to a

ni cr omec AYAPEA 1B brent, in particul ar, an adjustabl e g;%:%ﬁiog%g%toral
filter and a nmethod to produce this which, according to prior art, can be
realised 5 with the help of a row of alternately novable and fixed opti cal
mcro/reflectors, particularly where the reflectors have a diffractive or
i ght deflecting effect. BACKGROUND TO THE | NVENTI ON Movabl e optical mcro

refl ect or s, ¢ PNFIQURABKE MicRbMEme mFlFRAiE‘BWE BEEMENT WI’;ICIﬂsI y
I n, anong K ' tional patent application no. WO 2004/ 059365,
whi ch rel a’?lgg?ts?lgﬁ?ﬁyagp%?opt i cal elenents that can be configured, that

conprise a series of novable diffractive micro reflectors.th ‘%go. bl>1/ t he
name di f f rBetiiveation belattstoarmisromenhaniet] ederpet gn garticHin.apsdils 1684, 3, See

figures Ga and have |ateral di [ ks dt he

di spl acenéﬁ?‘f"aéﬁ,ﬁ%rc A5¢ oﬁlo ‘Sﬁ‘é‘%gﬂ’%f‘a{f‘é‘r g%z%gggﬁ%laéﬁﬁgﬁs&ﬁegg% sectors
of congenty;kEthe B ofafbeloTaltEnhtelLingtible afd fectlepttalonctotefldittrser ent
sub-elenments will ‘interfere, so that agne can Eilteﬂ gut light of a certain
spectral qurtisodicy where thedeticetors haves 2 digragtie gplehtdsHedPecis®s enent s
vertically or laterally, one can continuously change the characteristics of
the filter. 20 A special case of the nentioned configurable diffractive

el enent s BACKGRGIANDUPO AHEBRINVENIH@Ne every ot her refl ector can be noved

in synchrony and take up t di fferent I b [ . er

refl ector sl\’[aYag’l"s?IﬁiCF’E‘Hé{??/.r&%ﬁ‘ioés yegd E?Itsg Q‘Tq?]al tg?f&g%% Illagglble?? flét}g?g%&hat can .

al t er ngt e HEHveSid Whoks athess; th isteriatiendd padnppplicdtiontner Wth@0@4/A365e band
pass filter where the bands |lie on their own side_of i&’gg sinple filter. A
such al t erwhich rejates fordiffractivoanfisal elgments that sape onigel- 82 SSRPTSE hi

Spect I 0S CoRy Aty b Ml lifithclidd miG8 SUIRMRT it bbPaictrafild dffraciveset | cal
embodi ment of e ¥|

ter as a mcro-opto-el ectromechani cal system_ ( MOEMS)
nust neet @ntms. Theeeflictarsrenths subFklemsotsi(d Bobes fguresa ang\ Bk have lateralct or s

i T oct on SEFRRE erarepy TrRE et e RRERE inflanhaEUR BRROY | T

direction surftaces. e wavelength is in the
i nfrangd aee@nges (FHidire iorIectoisuificaneneiutrings (Biutetib) drightrefécted fromr onet re.
The reflectors nmust |lie in the sane pl atge. The ?ks l%ﬁ%ﬁr?&tacseh%{nl be in
synchr ony @ﬁdlfﬁ‘éelﬁl§11‘é?‘leﬁleﬁt_§‘ﬁ“§¢%‘ﬁff%’&35 AP ISR ”f/‘p?/ﬂ a’ fréguency in the
kil ohertz area, aRdodisd) ali bi hastdednt pbiilib0oEthetietialsesrisaliibn t he

lifetime
laterally, one can continuously change the characteristics of the filter.

20 A special case of the mentioned configurable diffractive elements can be made up of a
row where every other reflector can be moved in synchrony and take up two different
positions, while the other reflectors are stationary. This results in an optical filter that
can alternate between two states: A simple band pass filter and a double band pass filter
where the bands lie on their own side of the simple filter. A such alternating filter is

25  very well suited to applications within spectroscopy and infrared gas measurements in
particular. A practical embodiment of the filter as a micro-opto-electromechanical
system (MOEMS) must meet certain requirements. The positions of the movable
reflectors must be adjustable over a distance of a quarter of a wavelength in a direction
perpendicular to the optical surfaces. The wavelength is in the infrared area so that the

30 displacement is of the order of 1 micrometre. The reflectors must lie in the same plane.
The displacement shall be in synchrony and be able to be repeated, particularly with a

frequency in the kilohertz area, and with billions to trillions of cycles within the lifetime
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WD 2011/ 018521PCT1EP20101061850. 2 of the conponents. Between the novabl e
reflectors there shall be fixed reflectors which in formand size are

appr oxi neWerRY1dsi2lar to the novable reflectors. The r F¢BEPRIYEEY gi ven
diffractive properties in that they are engraved with a relief pattern
where the depth of this pattern is of the sane order of magnitude as the
wavel ength. A total area of 5several sqyare mllimetres ought to be covered
by reflectors noving in synchrony. The ‘optical principle for the

alternating filter descri bed above |s regarded a ri rt,and a.c ncrete
i Cr omechaitbasorapaaseisHBaWERE e Suablereliecsirs fiegt el tefed reflsctarp B high
Lo 1okon Saghgkdat il are }&%b%@a&éy Ohhilee M 1Eirhdvablcangdoe MM renedBishse cal

Diffractiv enent s resente | EEE/ LECS | nternational Conference On

Opti cal Megvieradiffrablies proppries oathatthsy are eaggued with@ 7eljchipeianodere theri gure Cc

shows an e di ment accor di to prior.art. hase rGd
avai | abl e &1 1S\ RAfEp 1s g‘i}ﬁgﬁ‘%‘? ﬁ@eﬁogrﬂﬁ%{l?g?gs aﬁv@g@lgﬁ&%&&gﬁ&ké%r
whi ch ar e fyasrsqua@shiifhetstdugh tbibeRol@y@by aiflesioks moving imxyndhrondf t er t he

diffractive optical surfaces are fornmed at the top of the structural
15l ayer, this is divided up into two sets of beans (1,3) with the help of

an etchin thod. . e flag-ga sl Rle by
et chi ng a\j\g};@ge %ﬂ%‘gglpél}gﬁ)ﬁeoﬁi%‘%’%tgﬂ?éﬁhééﬁ?%%gesc ar reggé?fé 1_|.«;>hr|§% 'S asrB;?@npl e
process, hind dwacietermieresabanicallshapestas beert pupdishedirewipiisly ihal articlelbyt be nade

in the novahl e peans sq .hat the qgas t-he Liquid whigh.i for the
et chi ng ofﬁ%ﬁ’é SEI&@%& ebﬁ %°d$§m1°d£[tgﬁfe% 8'g B}H.fré)lmelcﬁ ocalsltd.{ %(t:l(()'%dl Y,
surfaggs VEiherQ” fleldRéEAIEREAHOS hidmawmnComterentd On@piieal MEMS and act when
the beans are pulled into the substrate, and the electrical F&urrent t hat

passes betThesmAppiisationstin Aagust2007 6QNEMS2007) r Biguts Qsshows gpembgaimesit [ esyl t
in the be ' . it . : ' Bgbr of the
el ectri Ca?aqg%r?fﬂgﬁg pbgf%e%‘gﬁiﬁéqlt%%%@l?e? %qe%?é@%?%ﬁ w%ffte]gngg? nglgn t he
beans and substrsiefst 1 stuetivaldeye sviicr gre fiased togethee viithtaghindayes @ofstligpng whi ch
can lead tg 25stjction, Sti.ction occurs when the ad i f bet ween
two surf acggx‘ %c/\@&vrf’é ﬂ"s"’od"ﬂi’fcélé'e f‘ﬁ%‘fa?f‘ﬁgacﬁ'\;/ﬁrle&%‘meg artglrerc} §§ Ofﬁlgtsgz[i“rgtg?asl et up do
not NaRagaa}q, this ik divikdup ih@ake seR@dfbearddd,d widsthe help dfanenhar methedi on

arises. In this case, the forces that are set %,cmre fﬁéoin el a ti'§ bridges
in siliconlheseaften every pther bpam 43)hs sagde maypble by SHAING AYAY 18E 1YET RFPX¢HEY e are

several K SRS NPIHEIERE B hdsARRE Qbnhi AR LORARINIERY, SYS! ens.
Parti cul aﬁgwfe%b{&?gﬁ?y?gddstlﬁgleﬂgé eo%’ spacer bleocrlés, also re efredlyto as
"] andi ng pedes'must bt opdé in tho umpebledrearns sorfiiatdre gagpethe liqyyd which is used for

2011/ 01852tl1i5 gt-lc; %E% %\%/lgge]f%?gx%e shall be able to enter into it. Secondly, surfaces with

20  different electrical potential will come into contact when the beams are pulled into the
substrate, and the electrical current that passes between the surfaces can lead to a large
drop in voltage, or result in the beams being fused together with the substrate with the
help of the electrical current between them. Thirdly, the contact area between the beams
and the substrate becomes large and unpredictable, something which can lead to

25  stiction. Stiction occurs when the adhesive forces between two surfaces become so large
that the available forces that are set up do not manage to pull the surfaces apart, and a
lasting, unwanted adhesion arises. In this case, the forces that are set up come from

elastic bridges in silicon.

30 To reduce the adhesive forces and avoid stiction, there are several known methods used
on different types of electromechanical systems. Particularly important is the use of

spacer blocks, also referred to as “landing pads”, “stops”, “bumps” or “dimples®. These
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shall, as a rule, satisfy two functions: To define an accurate distance as

an end stop for one novenent, and to prevent stiction bﬁ/ maki ng sure that

| ar ge ar %9 20/d/04%R1 come i nto contact. See, for exanple, WW@@?@W%SL us
6, 437,965, US 6,528,887. OQther inportant techniques for stiction prevention
are: 5- to avoid that surfaces wth different electric potential cone into

contact, - to avoid that a parasitic chfrgi ng of dielectric materials take

place, - to treat the surfaces chem cally or nmechanically to introduce

roughne and reduce the contact area, .and - to frgat the r
che?ﬁ caff;ﬁht‘lb aisﬁd\ljléa%aéls forfupeias: f%ﬁgﬁ]e@macgtﬁg{eé@%@qegf F"iléné %g?ort 0 wrap
the el ect r%@%@ﬂ%ﬁé&&i@ﬁr@%d@%ﬁ&%i%m{n% Surd Vit thr @8 i doenot £Ome igto t he

wat er repelling characteristics of the surfaces beconme | ess inportant.

The exi st icogtastSee,ifonsxampls, UD2001/005§83 e iSehn837.960 1T 652588 hOWBeeci fi ¢
needs of t.he individual picr.omechani cal stens, and there are no standard
net hods. SBWQ“?%&%‘QN“E%E‘%’Sﬁfté%pr\%\xet"ﬁg{lﬁlzeyexi sting solutions are that: The
manuf agt uriyp gvere i dusades hethdiffyrefCslgdtlic potentialieame aiite contatt, use spacer

bl ocks, the form of the spacer blocks can cone to affect the above-|ying

optical surtpaead tata paepsiticcprging hdiclegtac materipfs take B‘&Fq’ed sur f ace

m or o- machi giag ot LibreCORATEURArShecHERLAIR) woliftfSduke rOi}fE:S Bhl Yedube tieod

wat er repellTent surfaces can change characteristics with time, 20 and a
possi bl e gentcedregandf surface roughness can cone to damage ot her critical

surfaces in the stem t han .t surface i g ced cont act
area. An é%aﬁfﬁ?téﬁ%f“fgﬁ?%%wg“ﬁﬂfyc‘ﬂ 1{1(:3;@;8?};;%%%%%? ?l lllj%nt gﬁ%?&?ﬁs?ggver y

conpl ijgat ede vsir? {Hee1doometlidnidal Bstent B&nctibally wravojimolisthes) sbyhal treaater

I nstrunments and which are describhed 25 ir}, f.or exanple, US 7,411,717 and
mor e speciepaling Shapgoteristieyel the syfacseberopls lesfdmpertaited to stiction in
US2009/0170324. In the manufacture of this product nmany of the nethods
descri bed above are used. The problemw th produci ng spacer bl ocks and at
the sane tTheexistiogdolntonvargtnedargetx@ot hdapses todhespegificakedsafdhe shal | be

j oi ned toget.he r.be lamnated is ¢ Ldered | ' tyoical
US2009/ 01%8 Yﬁi.’ual%ﬂécf%mﬁ 2| Ptgfnsn‘?n?gg?/raﬁfea'goe})s&% g&r?g%'%g& pt?’%lg ented in
US2009/501 798818ms Wit tHe eiktigd sollith@s preatstss is difficult to control,
therefore there is a WO 2011/ 018521PCT/ P20d10£061850

The manufacturing method can be very complicated when one must use spacer blocks,

the form of the spacer blocks can come to affect the above-lying optical surfaces (in

particular with the use of so called surface micro-machining with a deposited structural

layer), chemicaily treated water repellent surfaces can change characteristics with time,

20  and a possible generation of surface roughness can come to damage other critical

surfaces in the system than the surfaces which shall get a reduced contact area.

An example of an MEMS which is very successful, but also very complicated, is the

DMD mirror matrices that are produced by Texas Instruments and which are described
25  in, for example, US 7,411,717 and more specifically with regard to the problems related

to stiction in US2009/0170324. In the manufacture of this product many of the methods

described above are used.

The problem with producing spacer blocks and at the same time avoiding roughness of
30 the surfaces which later shall be joined together or be laminated is considered in, among

others, US2009/0170312. There are several disadvantages of the method presented in

US2009/0170312. The under-etching process is difficult to control, therefore there is a
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4 practical imt on the mninmmreproducible |lateral size of the
anti-bondi ng stops. Also, the surfaces of the anti-bondin stog)s w il be
rel ati vel YOSRHAB21nwhi ch i s a di sadvantage i f bonding sﬁ‘é%’?zpﬁ)é Bt18fent ed.
Further, the oxidation process will alter the top surface as well as the
cavity, restricting the use of diffractive surfaces instead of plane
mrrors. 5 Many of the prior art exanpl gs w th spacer blocks use a so
called sacrifice layer. During the manufacture of the mcro system the

sacrifice layer |ies between what shall becqne vable mcgro strugtures and

fixes thesBactqaliguign the sunymiymn repr “6\@"9@“15’3&@31‘%? Ufﬁaé'f’ﬂ?o&g’r?g&?%?ié % but

can al so bﬁxe@ﬁﬂ?cefs ro?meaanﬁ%jtfofnﬁfnﬁﬁgopg‘%\tiﬁ'bk?élati\few sﬁd&ﬂﬁbﬁcb%%kéﬁﬁﬁmﬁé— he 10
ay

sacrifice er 1s renoved towards the end of the processing with the help
of et chi ngif bandingshalhbgepravented. Hurthernthe akidetion precessivdll altenthe tepasvrigee ap get

t he etchi ) be.sufficient . ' SOt | th
acr i1 ce PEDEY CERRY At g i pEPEREAFRE R hhEes e e RIS (17

if an egching liquid nmust be used: To get the liquid to penetrate into the
mcro cavities, and ,toﬁget the.cavities dry after the etgﬁi nl% 1@ EP1561724
presents aiaayEthensior ad exypRiES With $pacssd 56 3sppiisgcaiics BeeroBEEBE of a

recess i GdehubRoE B folnish SUEA he QU ayck HEE Berlvder Al Rall bécdige L hese

di npl es may be reali zed. eating fine structures on the bottom surface of
| ar ge KOH movatiniabctractures ord Sues thesey Eheysadrifite lapenis ofepmeiiea from sikieon

standard VB, pr.oduct i on, equi nt L S o 6 8 S a

medi um coﬁf’é@%n@{ ﬁ%alg%bﬁ&?ﬂgggpuar %%eﬁegyé‘%geggg §%Ieggé§leb%3?l&{éﬁan ersi de of
a strupg ur glcrifisy Riyer iSr@hovedtewards tHerdal loy tieqsrsdessing ivithithe ledp of etohlingnA MEMS

term nol ogy they are referred to as,device géers In.the ir’ltrodgction of

sai d 25pat eiptlenge with the remoyal of thepXidelaysrican the qEchipg ProgessdP BF e 1 o
process thg HOLRIPIANEHE, B tMeMTeRBVECHe sitYifice 18ef I RPAS BhePhAf 1. ef Or €

this is lamnated wth a substrate. Furthernore, it is referred to how
spacer bl ofiithectwe dhalléngesadserf ap eisbingdignig mpspemubed: Togetihgdiquid tohe devi ce
| ayer, together witqhet

e OSSR i M Bl RS BeSGELE pegpue substrate and
invention is to provide a mcronechanical unit and a method for producing
e O O ol ! 1o Lo Ut L RS g4 ShaaR 1 0y PLORMES LoD ARy 1O

a recess in order to prevent stiction. However, there is no hint to how these dimples may

be realized. Creating fine structures on the bottom surface of large KOH or TMAH

etched recesses is very difficult, especially when standard MEMS production equipment

20  isused.

US 6,528,887 presents a medium complex method to manufacture the spacer blocks on
the underside of a structural layer. Such layers nqrmally consist of silicon, and in
MEMS terminology they are referred to as device layers. In the introduction of said

25  patent (2-8) it is claimed that it is generally not possible to process the underside of a
MEMS device layer to form spacer blocks before this is laminated with a substrate.
Furthermore, it is referred to how spacer blocks can be formed by processing from the
top side of the device layer, together with the use of a sacrifice layer between the
substrate and the device layer (an often used method).

30
The object of the present invention is to provide a micromechanical unit and a method

for producing the micromechanical unit, the unit being cheap in production and easy to
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5 control having reduced stiction between the noveabl e beans. This is
provided with a unit and nethod as stated above being characterized as

st at éd i "WORBLMBbendent cl ai ms. The present inventi onP¢HEREYN$Res a
practical nmethod to construct a such row, where 5 in the preferred

enbodi ment the fixed and novable optically reflecting surfaces are nade up
of the top sides of fixed and novabl e bgans that are etched out from one
and the sane material |ayer. The fixed beans arc permanently connected to a

substrate vi thin dielectric [, Whi across
etched r ec%oégrg Zh?"ﬁng Wgu%eﬁl bsglf: {}%? gé.%ﬁ% §/hec"é¢1‘le? ?1% :Bg%‘gg \l')@@pﬁ P P(g\g&gjo‘agﬁtg owar ds
t he subst r @giieatyméBodheahted sbaid KeiddcHagdceizad bs dtated én the tindependent bleinkeans
neet spacer bl ocks at the bottom of the recesses. The spacer bl ocks are
shaped to give a small contact area and thus weak adhesive forces,
somet hi ng Tlﬁ%re?%ﬂ% Hvestidd s ﬁ&%i@%%&cﬁc&%ﬁo@@%ohﬁ}d&ﬁ stich fRE vilepd ti NG
poi nt when t el'ectrostatic force ceases to function, and is nade and
machi ned finahe plefersedremboidizhent thd fxddeandmdvaklemptically feflretingrusfasestage t he
substrate. 15 In the description that fgllows it is shown that it i
actual |y pBe<s ,tp‘f’ W%‘%ﬁ%ﬁé&@@@&@?bfﬂ“ﬁﬁﬁt zfr%F%F?%ﬁ'tﬁosT 9Pt @?A/ay, to
f or m spaceyhe bhAE kiatdRibl RYEC THE KiREd béiind 28 peinttemtly EdiReQBOE 4 Altiratedins t he
undersi de of the device’l aQL before the joining together/lampation, in

B

such a waythimdieleetie lasen, whilesthe sravabls dgama sRanacrassets FeseEnitht i cs and
good, sticihon-fr I | ' ' S

parti cul ar 3’9‘3%%1&?3??'33‘%%%’9 fb% m F %\%s}%g?&g ?%a%tsﬁgg&% 93 %’?%gﬂ&gﬁdyﬁngvabl e
st r uct Mr esforcehatil thechottomofithd bednes rdest spadee bllobkd aswhebdtton ef the agueeseso t he

acconpanyi dr aw , il trati. the, i ti f | es,
Sher el n 2511 FapB IS gra v Poauca el v sigaand dnftsaR R, °°
abovenent i gad WARAAA BEEARArEIEARe SbLALIUBAI QA it he ahitg pofnit he

prior art. Figure | a,b illustrates the preferred enbodiment of the present
i nvent i on. wikgihe elepirpstatic forgeecsases tafunstiomtang és madsrmdrpephingd from ther esent

oen i rom SSHC ER P RRR TR, AR ARFRO R Ry |12 Cbodiment

illustrsated in figures la,b. Figure 5a-h illustrates the production nethod

accordin o,the preferr ' ' ' . .
g Itn the gescgpt?on t ate ollgvr\rzts) ?tqls S or&['n 81];1 1It E]seacltd;j/ls ?)E)Ism rlé, in a practically

feasible and relatively simple way, to form spacer blocks by processing the top side of
the substrate and/or the underside of the device layer before the joining
together/lamination, in such a way that one achieves both good lamination

20  characteristics and good, stiction-free spacer blocks. The solution which is presented is

particularly well suited to form rows of alternatingly fixed and movable structures.

The invention will be described below with reference to the accompanying drawings,
illustrating the invention by way of examples, wherein

25  Figures Oa,b illustrates the prior art as disclosed in abovementioned W02004/059365
Figure Oc illustrates the principle of the prior art.

Figure 1a,b  illustrates the preferred embodiment of the present invention.

Figure 2 illustrates an alternative embodiment of the present invention.
Figure 3 illustrates an an embodiment of the present invention as seen from above.
30 Figure 4 illustrates a detail of the embodiment illustrated in figures 1a,b.

Figure 5a-h  illustrates the production method according to the preferred embodiment

of the invention.
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WO 2011/ 018521PCT/ EP2010/ 061850 6 The i nvention thus conprises a new net hod
for the manufacture of a mcro el ectronechani cal systemthat functions as
an al t er WP2H/08%21 cal filter as described in the abovePTERRZ0&H™AS Y ticl e
in OVEMS2007. Central to the new nethod is the use of a 5substrate and a
thinner | ayer of material, generally with a thickness of the order of 5-
50pm both preferably nade fromsilicong, which are prepared in such a way
that when they are joined together, sonme areas will have maxi num adhesi on,
and other areas will have mninml adhesion. In the areas with m ninal

adhesi on, spacer bl ocks are used to reduce the adhesive forces and avoid

stiction. TR iReebh (G chplis@W few methdd folthe hantifasede afwimimyabl e opt i cal
mcro reflectors (101) nentioned in the introduction g{te r’r%de ,%p of the top
si de of t ledectiomsehaniay, ;ysmtmﬁgﬁp@anémltgm@yg ppfical hiter as described in

cut/ machi nedbighe Mgty iR ORRERIS2807. /R toTH@né%@ﬂi%ﬁxoariﬁthieldsyafa ated as

strai ght, can ave ot her shapes as shown in the above 15 nenti oned
WO pubki catibatate drfdea thinterllayenofimateral pganesatly rwittya thickmesstod dhe erder efifbst r at e
(105) via a thin dielectric layer (106), while the novahl e be re

spanni ng cWHmsbeth preferbdly made g’é’ss‘l(%?’)wﬁ"\fli\ﬁﬂ‘?é”%%‘f‘?‘asf’ .aﬁ%?%g;‘/"f ®Phey can
be pul | ed ; a1 RveaginBhl ddRSdiod, iafid bitef Gretivill t hey
are stoppetg byeﬁcﬁ}g@dstgg%ﬂelgﬁgﬁg% (108 ,_ey\hi ch can be at the bottom of the
recesses dravomibilel sdittsioni bigtho freatiwith eainina] adhesinpnppager Hogksgig esedjto  An
essenti al fﬁat Ué‘e f .t hg ?resﬁrétof rg\/ieriléi on is that the spacer blocks are
made from EfEEed gFi%F Eorpes;dnd axold SUEtion- ¢ ostens the fixed beans to the
substngte. The spacer bl ocks are shaped to give a small contact area and

t hus weak adhesion forces, sonmething which ensures fhat the bl e beans
can be retRefersingtofiguesila apdilpithg fi i"&?\va&%éﬂ’“{cﬂém&foe‘i‘?f]?&g’fsgw force

ceases 10 hLidikd e Mool ih b8 RAALUF of ibltbp LidlBY HRTH@E R RHd al ed by ¢ he

diffractive patterns pending on the relative positions of the beans.
Usi ng contractable heog (B33 thatack cutimashinedfetshed eufifram e materish lyee Thef ¢ he

spacer bl qcks can.b e less than a ,mcr ' -cal | ed
st epper oﬁ“‘e’ma ﬁ%’tl}lgﬁrﬁq‘?{jﬁ‘f& i F%%E‘W u?fanl aslggl l?]avg Forlﬁ%g :érba[ng %oéshgiknﬁ‘lqg %%%%Sgt@ai n
di mengisonsméffpaed MAD pdBIRaiTon Sthe Thedibesmne atelpemanedg colrectsd 408 sulstraten t o

B St BT DO TR gy Ay s b 1

etched recesses (107) in the substrate. Thereby, they can be pulled down towards the
substrate by an electrostatic force until they are stopped by the spacer blocks (108),
which can be at the bottom of the recesses or on the underside of the beams (as shown

20  in Figure 2). An essential feature of the present invention is that the spacer blocks are
made from the same dielectric layer that fastens the fixed beams to the substrate. The
spacer blocks are shaped to give a small contact area and thus weak adhesion forces,
something which ensures that the movable beams can be returned to their initial position
when the electrostatic force ceases to function. Thus the incoming light L may be

25  manipulated by the diffractive patterns depending on the relative positions of the beams.

Using contact lithography and anisotropic etching the diameter of the spacer blocks can
be made less than a micrometer, and using a so-called stepper or reduction lithography
it is in principle possible to obtain dimensions less than 100nm.

30
The force that makes the beams return to their initial position is in one embodiment of

the invention (shown in Figure 3) generated in that the movable beams (303) are
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W02011/ 018521PCT/ EP2010/ 061850 7 connected together to a common (novabl e)
frame (304), and this frame is connected to a fixed, outer area (302) via
smal |, el WOA0EVHEBEI4ges (springs) (305). These springs WPETEBYPIHEHSESWhen t he
frame is noved and thus create an upwardly directed force that attenpts to
bring the frame back to its starting position. To nove the frane with the
optical 5surfaces the desired distance away fromthe starting position an
electrostatic field is used that is created by applying a voltage between

the substrate and the device |ayer a her |
beans. |f ‘E%‘&e%ﬁ"&&@eﬁ 0 %W%‘?/ gﬂ?‘fa@fiﬂfﬁgaﬁeet? %«9 %ﬁda%%af\?\n&ﬁ ﬁ%@"‘g%?{ﬁadgaem I
the way inafiged, bted B €302)hacdsall, Babtid biidges (dphiags)dBe5)sThese Bpiing willdst r at e,
as shown in Figure 1B. 10 The .invention provides a,sinple aag&robust

sol ution flmt when thediramg saroved and Bngereatran wvesdly fireried dores MRS of the
opti cal _Sychiasine Fhife SARNIRLIRGhos i, REARRRIHORERS vitkhe Bptafiescr| bed

I n detail ensures t sired di splacenent dil stance can be
det er mmedsuifaeed thie desiret] istahepivay from thh stadingeditioe cesiegpstaic fiegld isont act

area is reduged . on a nano scale in that the etchi creates a rough
surface, 3J¢ ﬁ?t fiils KRS arVQH?ﬁ?Z‘?f“Bﬁe“afgﬁF{hsgg‘f@ﬁg%‘q ‘?vaf(ﬁ‘&'fly e?ﬁ‘gd
ext ensi on @breb{ieat IS He MRbWGIHams HUR WitaEE R suffieIBEN s fraide Mikbded

fi xed adhesion"to the fixed beans is ensured, by, for exanple, protection

of the choadiedplitheway instortheisnaserdhlogksdhat hie intheqrergsesdn theubitatmast hi ckness
and | ocati f. cer blocks can be freely determ ned w thout the
opti cal susgipgg’érs&%ﬁrﬁgﬁaffect ed, 6) The optical surfaces |lie on the top
side of0 thi ck beanms which are

The invention provides a simple and robust solution for the mechanical challenge that
lies in the displacement of the optical surfaces. The combination of the process steps

that are described in detail below ensures that:

D The desired displacement distance can be determined freely via the depth
15 of the etched recesses,
2) The contact area is reduced on a nano scale in that the etching creates a

rough surface,
3) The contact area is reduced on a micro scale in that the extension of the
spacer blocks is made as small as possible,
20 4) Good fixed adhesion to the fixed beams is ensured, by, for example,

protection of the chosen polished surfaces during the etching,

5) The form, thickneés and location of the spacer blocks can be freely
determined without the optical surfaces being affected,
6) The optical surfaces lie on the top side of thick beams which are
25 approximately free vfor internal mechanical tensions,
7 The micro system can be completed without the complicated removal of a

“sacrifice” layer, as is often the case in known methods, for example, as

shown in Figure 0C.

30  Figure 4 shows in greater detail the difference between the surface of the substrate (401)
under a fixed (402) and a movable (403) beam. The substrate has initially a smooth
(polished) surface (404) as shown below the dielectric layer (405). The etching of the
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25approximately free for internal nechanical tensions, 7) The mcro system
can be conpleted w thout the conplicated renoval of a "sacrifice" |ayer, as
i s often WRQOOA4852n known met hods, for exanple, as shoRAU/ERZOH/BIBY OC. 30
Figure 4 shows in greater detail the difference between the surface of the
substrate (401) under a fixed (402) and a novable (403) beam The substrate
has initially a snooth (polished) surfage (404) as shown bel ow t he

dielectric layer (405). The etching of the WD 2011/018521PCT/ EP2010/ 061850

8 i1l result i h .406) , and.- thi h i
ar gely kestesaeodhi TP 1BaIBREF SHTBE CIOAE 161 oRar i ReEp AR 2 o
to become §h8saRR6ELoRIPEKhe Afitiric layeraRdt iDR FRome iR ¥pacs biduks (40W). Ispacer

bl ocks have a rough”surface to further reduce the contact area and the
adhesi ve fanbesn abrntaggubatithg spacercblocks davearaugh surfacedo paths sduchthesspacer

bl ocks ought . to be as.s | ..as S} f 9 ut they
nust al so cﬁ’é‘taffﬁ?'rf:? ﬁ?dZWF E?h?sé‘?egfgp%% Fgésgq‘f%é@’ ‘3‘%%‘?""5‘%?%‘%9%% g&v\hen t he
beans are @hekdtbcRgaigHto bbasrmdllladyesible, piefdrabl ldss trandParbyt they mbsans t hat
prevents the bending of these, . The deiéffl ectric Iaygr t hat Iig:% on t he
subst r at e A% by wéligienslylateesedhat they dongf yield ipganuchovhendhe heamsr PRCd ¢ han
the spacer invd W tRRpksveRd 1SBdARR ofthése, 1t IS
desirabl e %gglnﬁgé\égmgﬁfjIg%‘ééeéggﬁ{egsﬁfﬁggggbgg%kenergy tg achi eve a g%od j 0i ni ng
together with the static parts of the structural layer. 15 Even if the sane

dielectric.| ayer can fo ofth the joined. t I spacer

bl ocks, tﬁghep‘%g]\??tf}ﬁgaygfﬁ%} ﬁas B B& 5‘%%5%3%#%68}1 @egtﬁ{a Ee:ce%%?%@glé@\%?a {nﬂgh | ayer

di ffergnt SRt s@ificeithasthe Bpddeeblodks ArieRformed on tbp ofia polished sedacenbodi ment
(Figures 5A-H), the invention conprises a nethod where 200ne starts with a
substrate (105) which has a polished top side (Figure 5A). Recesses (107)
are etchedylnt:o:t ] EPAESR AR liGint

di spl acenedir{léflgﬁll lsStJaéﬁéa;w%ﬁlézﬁ’g%égaghgdl?eéﬁgﬁﬁe&e’gg??yf or exanpl e, J830ﬂgﬁm if

| i ght wi t htogetherwettethgistatiofpadts ofithd s@uQuishlageral | be nmeasured, for exanple, in
t he neasuring of nethane or other hydrocarbons, but adapted to about 'A of
the wavel ength of the light 25 the elenent shall be used on. The etching
proces|$ Capvdaar thels@aé dieketiionyet cahifoign both hhejoiried togethenlaySFéncathe sgae8 and
with a calibration of the etching tinme one c acé’be e ad.gte_ptg accuracy of
the order Rpcksothe prryjqusetdiing RIOGYSS CALEIVE Lhe Sypface ¢ ‘i;/ayf"s W&P8Si ted, or
grown, for exampkes ih BRS (R dr¥asdr own silicone dioxi de, which thereafter is
etched away I n sonme areas to formthe spacer blocks (108) (Figures 5CD).
Fi gure 5E shows how the 30 device |ayer (502) is fused together with the

substrate (105)-w th . aten l.am nat | Rofeihd LG HERAND] €,
fusion bo iarPd%fegﬁ%e %E(glﬁ'%ﬁk &dg%gészgﬁ)lﬁﬁ%t% k@gﬁ%nggeor et ched away
(Fi gurm 5Fyne sthiswitthesubstrate €109 weich sasfaumdishedi toh sidhe substrate, a

(Figure SA). Recesses (107) are etched into the substrate with a depth that corresponds

to the displacement distance of the beams (Figure 5B), for example, 830 nm, if light
with a wavelength of around 3.3 pm shall be measured, for example, in the measuring
of methane or other hydrocarbons, but adapted to about % of the wavelength of the light
25  the element shall be used on. The etching process can be a reactive ion etching with a
mixture of SFg and -C4F g and with a calibration of the etching time one can achieve a
depth accuracy of the order of +5%. Thereafter, a dielectric layer (501) is deposited, or
grown, for example, thermally grown silicone dioxide, which thereafter is etched away
in some areas to form the spacer blocks (108) (Figures 5C-D). Figure SE shows how the
30  device layer (502) is fused together with the substrate (105) with the help of a wafer
lamination method (for example, fusion bonding) and a handling wafer (503) that is

ground or etched away (Figure 5F). When the device layer is fused with the substrate, a
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WO 2011/ 018521PCT/ EP2010/ 061850 9 very good adhesion wll. be achieved in
the areas that are without the recesses, for one thing because the surface
is very sWOGOH/M8%2%r the polishing and al so after the dPEI/ERIOA9/R61B¥yer has
been deposited or grown on the substrate. 5 The optical surfaces (101) are
engraved with the help of, for exanple, a reactive ion etching, with a
diffractive relief pattern (Figure 5QG Qefore the device |ayer is cut

t hrough and narrow t hrough-goi ng trenches (104) that separate the fixed and
novabl e beans (Figyre 5H). appear. The cutti t hro s carried out in
such a wayY¥h& 04% é‘oalr:%l@ﬁ&f;li“e‘é%ﬂél& ?IB?'?stp’%ﬁ’r'? 3’@‘58‘;‘} 4‘?1”§85r?%3=§?‘a‘8‘§s from
the novabl &;eg¥ENeShd Surfad8 s/ VeXPénddih SRENHE holishisy &I dffer HeglieRctic The
preferred way to carry out this cutting through is a reactive ion etching,
known as t lager'tBsdeén ¢apositesloor grown am thei substrate-i ve sol ution the process steps
shown in Figures 5C and 5D are carried out on the underside of the device
| ayer so that the substrate is without a dielectric |ayer 15 before the
mer gi ngs anfihd HgticapacfitedAll 0C)de shdraveddeith tHechelpoofafilrexirapiesa reactiat ioar
alternative solutjons, the etched recgsses or botg éhe recesses and the
spacer bl o@tRiing.cuith pdifffactivegelint pattern dEigyre $GLbedersithedevicrdayer 55 ehits advant age
with the i I V.8 1 j HEEW 4 RA4 st be
| ined up accudlgg'?l Z‘ ?g‘lég‘gitﬁg’ﬁ@%/ﬁ%’% llﬁllg;sl%ﬁr%g? 1e0 (Sﬁ#ﬁéepag}ﬁace eg? nt he dglgiuce

| ayer is fbeaaisl(¥iguodleappaar Rhe cutting threugh is lcayied opivatsarh ¢ Waprthat ghereat t he

i ght shall be reflected..This,|ayer ) r i | ow

i nner mec h?fﬁf'%’g{l c?'érhegflgw (Pg?g‘?shgl %f)&el %qg‘fetsg%?‘? g‘?égs(()\{agie%g&g gét? ?%?’g\rfﬁeg pl ane.
A t hi nig ayggmeéhishassshbivglin Fipnes 3.MReefefred wag s cary odtithis cadiag threugleisiac e

| ayer curve. The thermal coefficient of expansion of the netal [ayer should
not be tooreastivedpRAching oS B Boch 8FRCe3%or the 25device |ayer. A
possible solution is to use two filnms (for exanple Al and Si02) to obtain a
stress bal ance and not |east thermal conpensation (bal anced expansion).

Bot h the shbstaltetrativesblotien te prasess sigpsshewe igFigures 3 Chndi SDbare spted oug g

conductivity,in advan W th hel Lng.. ol ectnic_voltage
is appli edo%tgf\}égg?{s@ﬁ?% dtseﬁ’ﬁgPasg go %ﬁ%ﬁ %‘Sel&kf(%%i e g‘)’/tgapqlglgﬁﬁgllgg%{ r ost a'? iC
force 18 | | befibriedBe mefpindlardtht spackebloeksaitl undseenivablebeshe Inettiece | ayer down
botont 1l SITHAE PR ertiohed RS o 3 hasscrssge it e fpiegtpiopy. oo -
2011/ 0185214?@&@8%@&%%@%&@%%% (afylmﬁést di85van@ge WthGhéseMfore@ANGGhIAN | S

made, for exanple, wt hr ough-etching down to the substrate and

deposi t i orsobftioms ésothattbe denjeatayerrmyst be hged wmaccusately agyjay throsuhsiEdfet he beans
is sufficiently large, and the beans are considerably w der than they are
thick, the undefined electric potential will not influence the novenent of
t he n0abl Bheawfase of the device layer is finally covered with a thin metal layer (metal film) so

that the light shall be reflected. This layer must be very thin and/or have a low inner
mechanical tension for the optical surfaces to be sufficiently plane. A thin layer with a
high inner mechanical tension will make the device layer curve. The thermal coefficient
of expansion of the metal layer should not be too different from the coefficient for the
25  device layer. A possible solution is to use two films (for example Al and SiO;) to obtain

a stress balance and not least thermal compensation (balanced expansion).

Both the substrate and the device layer are given a desired electrical conductivity in
advance with the help of doping. When an electric voltage is applied between the

30 substrate and the device layer, an electrostatic force will arise, which pulls the movable
segments of the device layer down towards the substrate. In the embodiment shown in

Figure 3 the electric potential of the isolated fixed beams (301) will be undefined
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5 When the underside of the novable segnents neets the top side of the
dielectric spacer blocks, the displacenent will stop. Sinultaneously with

t he di-splWOSHEM1$524n el astic deformation of the bridge RPEHEBHEYHSTr om t he
novable to the fixed areas of the device layer will take place so that when
the electrical potential difference is renoved, the force that is set up
fromthe elastic deformation wll make the novabl e segnents return 10to
their initial positions. However, there is one requirenent for this to take
pl ace: The adhesive forces between, the %gacer QIoc s, and taﬁﬁsilicoQF

segnent s iR, ARG AS BHSEINEFOT ig made, 1O example. WH Proueh-etching down
bears/ br | dgﬁg(xﬁs‘@{a-Mﬁ-de{%idd%ﬁdn@ﬂctﬁi’g&ﬁit%alt R3lonkfak the %aptli%&véb@&ﬁe t hr ough
3

t he descri etching processes of the substrate and dielectricum to
mini m se t beansds sufGtiently krgen atxbthe hehms arerronsiderpbly (iderghaethey asidick cr o

scal e (boupdar 5.0 he cer .bl ock J Ly e

oxi de) w |{ﬂeﬂ§é‘é‘%’§d8[> °é%°2“ro'§‘aﬁ‘r¥i“gﬁ§ 1%13‘%%15%-@1%:?0 Ehe(gpéﬁp% ?l&\{g,ﬁl'eyg%gﬁ.dem on
t he et cni nyHeh Y sRIeSidelvTthd iy fable ssgnteats heds thettop siditof the dielectrid spanerbot h as
a joining together |ayer and_spacer bl ocks. In dend'.ti on to mnim.sing the

contact ar blacks; therdisplacempatovidlrem Simpktanegpsly with the displacement, 3¢lastig s shoul d
cover a li géfiéﬁxgaé@h%?iheﬁﬂ{dﬁé hﬁﬁ&cﬁt}& it8le RlovAbIE kS Mk fixed ARLE bE Bedetrp | ead

to unwante rostatic-adhesive forces. This is described in, anong
ot hers, anlagertwitl takdopladtiolibat vehienghe elegtaicalgiotangakdifegherjissemeayesh, thet r i ¢

surfaces i p capacitive m croelectronechani S . ished in
Sensors antP"&ORVESEMR é/B""? ﬁ-.e(eiaéég)d?%e 6@0"7‘33’8@;%2%9%{%g %{Fg%rﬁ%&ggﬁe
spacer] | ogkhieie &itidl HosTHORs. MoNchyr, &ickk isloat irdquirament for thivtopalef placeedhe ol ut i on
they are placed such that the novabhle franes.are lifted awa r a snmall

I fro
number of adhssiae faspeschetveen the snager blgeksiand the Silionp FeEments PPSKRS A5t Even | f
the adhesi éﬁﬁ? RS ket ukﬁfaoﬁfmgtﬂ%%n%ﬁﬁéésYs%ﬁfmﬁ GBe Gentich FRdRs S lthis i) t hat

it only functions on a Oarea at "any tinme. WO . )
2011/ 01852the RaSE, HRAEh0hOddsetbed dtching pravessas oithe sthstatg|agd dinleniiienm, tg

sol uti on wher.e.t t hi ckness an | aci n f r
mvn!mvcphﬁﬂ ngqtant area Ongmﬂ'hé)le él (8} &a [ (r&%ﬁx%ss S l’{lﬁt’(g) 9&3?3 @g]-l S U faces,

i nfl uence tte*devicte Tayer an aracteri e opti

somet hing bhat spReNBloéRR ITHeRemB Ingatériyd (sihconb @xiveliwilhbavel acongiletly wique r egar d
to the stiction charagcteristics and th

e deformatio gL ‘%ﬂq?e beans whgn t hey
have been #ihpaign torthe sticppge dependsnt qnythe gic “G@E?qeéselsgﬁ? a\gRegR SeEiEtO ot h t he
spacer bl Oﬁif(hwﬁmk%t&ha&&'j&%gtt%éhérmfmm%w%ckae substrate and the

er

1
devi ce | ay I's a free paraneter ich ¢an be used to adjust the
el ectrical field force in the air gap. In the version shown in Figure 3,

the surf ah aodfditgorrlx o(rjr%}{ljnﬁsemlg %egon?a%gprreiaﬁﬁérefi; M Hotleft&bn that the spacer

20  blocks should cover a limited area: Parasitic charging of dielectric materials can lead to
unwanted electrostatic adhesive forces. This is described in, among others, an article by
Webber et al, “Parasitic charging of dielectric surfaces in capacitive
microelectromechanical systems (MEMS)” published in Sensors and Activators A 71
(1998), page 74-80.

25
The placing of the spacer blocks can be made nearly arbitrarily and in one preferred
solution they are placed such that the movable frames are lifted away from a small
number of spacer blocks at a time, as the principle is for Velcro. Even if the adhesive

energy is large, the adhesive force can be made small in that it only functions on a small

30 area at any time.
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10 types. of area: Static, passive area; novable passive area; static active
area; novable active area; and al so spring beans (transition between static
and novab¥e 281 éH¥321 The di fference between passive and aRETHB20A9/8H8ESY 5 t hat
the latter has a periodic or nearly periodic relief structure that bends
the light in the desired direction. 15 A preferred enbodi nent of the
invention is shown in Figure A (initiglh state, state A) and Figure 1B
(nmoved state, state B). The optical _surflaces (101) are at the top of fixed

(102) and npvabl e (103) ,beans,, where.the beans, are nyf r romthe
same mat er?g‘? ‘"P’%ﬁ’\é’s‘/ﬂ&"é‘%ﬂli?epr%’f)@?afﬂlﬂtb WE?TF?}beotHéc)k"%Sg%Eg fbﬁ?g ot?gtr'egugh (104)
(Wi th reactig vigks ab abi ilfhenctlife ddvi@dais alie s chapktefisnafithe omivabcted to a
substrate (105) (of silicone) 20via a dielectric |ayer (106) (silicone

di oxi de) . Sinfaces, somethingdhat caps i) the placing cantbsmadedcprdy plely vathissagI'? beans

and at the_ bottom of the r S r

dielectri cthf:zi dron; cﬁ‘aﬁa%tggftbcg%ggﬁ es%eg%ﬁa?xgﬁg&l%mf %gﬁgﬁpgz’?g%%éegﬁom how

t he rovs of mBeaiTTha fickaess offtReidielectiidayee evhichnfoeds batheherspaatd ldodksBed the ar e

pul | ed downwards towards the supstrate b n electrost.ati.c force until they
g B euies e

stop on t hivineddegsthep jayexdepvesg)the sybstzath YicE ¥é e PREY S ned
together | ﬁr}{ﬁh céx%ggﬁseﬁ'igaﬁhﬁ (HPacatichl ik forfelid&he &f gag.or med from the sane

| ayer and have e same thickness. The thickness of the spacer bl ocks (108)
wi |l thereby not influence the displacenent distance, which is defined by

the recessgs.in the substrate Ly, [ j el nce
can be reaﬁ'ntaf‘i Vfrﬁmflﬁg?w'i‘ H‘eﬁg'érc? gjgé%essu?rage g@%‘gg%ﬂg\ag{aﬁgﬂe@ﬁﬁ fg{%%\%lgfgiég@a

cal i br g edtypt£ b dich: Bratic §RSsive Woa2id 1t fisRivPareh FRMXIAFE 288 Omatle gur e 2
shows an alternative enbodi rTEnt wher e, t hg svpacer .bl o‘gks ‘ég%‘)ﬁ (r;[zl attached
to the undetiyEgeapindaho sPHRgHERMS EEARSItoD geiveer gl animoy ag Sible
enbodi ment ; LRk L 0Lt Yetter Ry Dpediodid dravexrlypunber N
(here: N=4 lﬂ%@‘???(éetg@%g%aﬁ?%?%%ﬁti S pernmanently cgnn,ea(?% ed to the 2ubstrate
via a di el potodicreliefistmcturenthatktinds the, lighhin the esired dirgctio®o?2) is al so connect ed
to the substrate. A nunber N+1 (here: N+1 = 5) of novable beans (303) is

connected together to a comon (novable) franme (304) and this frane is
connect®d Agréfbged énibshiment dfith@inent{d(R phdvin mUitjpunedry Guitialedtate tstate B)i dges

(springs) (305). These springs wll _be curyed_ .10 the . frame.jis noved

and thus g@Kefigus 1B (Elf’r"regé'taf%ﬁta?eoé)cﬁ? HBQCAX?‘E@H‘B’E @aﬁgmﬁﬁfﬂﬁ t?‘?lgfffi’feéine back
to its origigphnddRSIdble)1 03 ) BealRY Khilethd AR até inantfaemaatfidiathessadeaces t he
desired di stance away fromthe initial gosition, an electrostatjic field is

use, whi chmaterigblayarfseige syt (doped siligerie) Ay cutbiag Hiveneh HE4L (L AT AR t he
device | ay&Ehing). The fixed beams are permanently connected to a substrate (105) (of silicone)
20  via a dielectric layer (106) (silicone dioxide). There are recesses (107) in the substrate

below the movable beams and at the bottom of the recesses there are spread out areas of

a dielectric layer in the form of spacer blocks (108).

Figure 1B shows how the row of beams appears when it has been moved. The movable
25  beams are pulled downwards towards the substrate by an electrostatic force until they
stop on the spacer blocks (108). In a preferred embodiment the joined together layer
(106) and the spacer blocks (108) are formed from the same layer and have the same
thickness. The thickness of the spacer blocks (108) will thereby not influence the
displacement distance, which is defined by the recesses in the substrate only. The
30  correct displacement distance can be reached in that the recesses are etched with exact

timing and a calibrated etching process.
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15 Figure 4 shows in nore detail the difference between the surface of the
substrate (401) below a fixed (402) and novable (403) beam The substrate
has i niti¥PRY1IA1EAbot h (pol i shed) surface (404) as shovlFHEPZYN/Rs0
dielectric layer (405). The etching of the recesses will result in a
rougher surface (406) and this roughness is, to a |large extent, kept after
the placing of the dielectric |ayer mhggh shal | becone the spacer bl ocks
(407). 20 Figure 5 shows a preferred enbodi mrent where one starts with a

substrate (105 hat h a polished t sid Ei gug 07)
are etc he(f(‘g‘ﬁﬁ_é S&‘ﬂ\é(s %’Elgé"t"f’aa’g’«? e\ﬁ%{cﬁ“ﬂe'ﬁ Efﬁeﬁe flﬁ g‘?“%ﬁ?'?‘é‘%@%%‘c?? ‘tg gﬁ%ﬁgd td _
di spl acengft , Hiesdi@6@hO ndvislc Beaf®(AB).gure 58). A dielectric layer (501) is
put on or grown which thereafter is etched away in sone areas 25 to form

t he spacer bl ocks (108) (Figures 5C-D). Figure 58 shows how t he device

| ayer (502). is,jpined t h ' ; hiaBotdaamel p of a
handl i ng %?3(Sg6\§§ aPﬂgﬁcﬁ%gﬁBB%%%n e?)éwgic e &aﬁ@f(r%tgure 5F) so that
one obtkai ngbitrhS nuextRIN @erea N=4) ok fieaisbeafns 130 Diinperfianendlygioneetediodheiess can

be obt ai ned hown in the fi hy usi led SO _waf.er .. which i
| oo oL Gubtrte vaBalisleto e T aganon. i tdedie gl o aftn onetfelipundl O 1 S
| ayer (50%Lb§t§aé RERIEbEN {HRred RAd 251 3iTAGHAbleBRamE (30X iis\@nasded Rgediechi ng

of the SO ™ wafer can be stopped at the oxide layer. A second alternative is
to use a hormgemenusionable) frame (3040 and thisframg j§ seppecterhte thoyfixed; putergrea

grinding/ e [ 3 nust .t hen | 3 £ he

renai ni ng ({Z@éﬂggﬁ% n?‘ﬁ%wsﬂ?ﬁtlgc%glag?scgﬁléﬁ%z\b?jé%'b?hgyeﬁﬁgwggéB‘gﬁfihed at the
enfj_. %%t G{M?dht Glﬁcz ghﬁe is)mgié@ﬁén) b <fﬁhﬁ§ g}hﬁﬂmé zi&_iﬁecﬁlng fmg_that/mnm;[t!é 1o bringi th?& active
relief pattern (Figure 5G) before_the devigce layer. is cu ro an

nar r ow t hifsamehbaghito ifs ariginabrostog4 f o Joye g ‘%%‘H‘? ‘%ﬁé‘?e %péﬁﬁi%’{%c?#ggf i xed and

5 nmovabl e NealFitEhGveayXdm HOnfialPodiidE ah BRcirbs AR ficdisBeswhieh & ®s t0 a
m cronmechani cal system and a nethod to construct a m croel ectromechani cal

syst em comprhiysipplying a yoltage betwesmihe substyate and thede¥icadAysbl e (diffracti ve)
optical reflectors, where the reflectors are nade up fromthe top 10 sides
of the fixed and novabl e beans that are forned fromone and the sane

mat er i)zl |@Ay@e 4 shoos hlofe deaiitithb eififrerredetivacadhd surface phidie selstate (dBhhect ed

to a substrate, and where the con i on Ret n.the.nateri yer and
subst r at e helow afired (402) apd Fﬁ&alﬂﬁ&‘g}gﬁ%"oﬁ‘%%ﬁ%ﬁ Qal’si'rr%aﬁ }élillgllrmlc))fr?1 the top
side of ”tg BRET SREBe (4045 hEHNh HYovR theRtiglbitag l9kr (406 R Thestchingadfaben ar eas,
a placing ? a thin dielectric layer, and an etchjng %;tofsqa'!d | ayer 15 in

chosen ar eassssdsovilliraniltinmaosghens i(40)13gd shis Fqughress, i on

bet ween t r](%pt after the placing of the dielectric layer which shall become the spacer blocks (407).

20
Figure 5 shows a preferred embodiment where one starts with a substrate (105) that has

a polished top side (Figure 5A). Recesses (107) are etched into the substrate with a
depth that corresponds to the displacement distance of the beams (Figure 5B). A
dielectric layer (501) is put on or grown which thereafter is etched away in some areas

25  to form the spacer blocks (108) (Figures 5C-D). Figure 5E shows how the device layer
(502) is joined together with the substrate (105) with the help of a handling wafer (503)
that can be ground or etched away (Figure SF) so that one obtains, for example, a
thickness of 15 pm. The desired thickness can be obtained as shown in the figure by
using a so called SOI wafer, which is a laminate with a buried oxide layer, where the

30 thickness of the device layer (502) is specified with good accuracy. The grinding and
the etching of the SOI wafer can be stopped at the oxide layer. A second alternative is to

use a homogeneous wafer instead of the laminate 502/503/504. The grinding/etching

RECTIFIED SHEET (RULE 91) ISA/EP



substrate and the fi xed beans and a weak adhesi on between.the substrate and
t he undersi de of the novabl e beans using the sane dielectric material. It

i s preferWwedotiass2zt he substrate and the material |ayer REEERGEPHGIEED of
silicone, but 20 other materials can also be used dependent on the
production nmet hods and applications. The optical reflectors have preferably
a diffractive relief pattern/synthetichologram for exanple, |inear or
curved, but pure reflecting surfaces can al so be i magi ned. 25 The

connecti on between the strate and mat eri.al , | ayver, i s f |y
formed wi Ut H?ee“ﬁﬁcﬁns?ﬁq%ﬂ{?/i ‘BFFSBE?WWHEH%’W@‘H% laygrand the F‘%&%F%gg}% be
deposi t ed QiAW St Befpdlisheta ihdiRl. AFHP4rdS) thé diRticarsuefated (10 By=e .
Correspondingly,” the recesses can be etched in the substrate and/or in the
mat eri al |engeaved path acdiffrasties relief prticemdiigure SCo heforasthe dgvige faysy issuty

enbodi ment ., the nunber aof bea ) #ehixeQ-an@nd the

di vi si on st{(\)\légﬁn VabY g“%‘?% @%gﬁ%ﬁgéﬁﬁgﬁgﬁgﬁ?ﬁ%ﬁ%ﬂgyer ' ar émcr eat ed

by a dgep miVabkObehia IBipadSHY. EP2010/ 061850 14 reactive ion etching. The

| at eral. extension of the spacer blocks is 0.5-5 gmand the thickness of the

spacer blocks is 100 nm-2 gm Each frame can have four springs which can

result in 'ﬁo Wie%ﬁ?lnv@ﬁi?d?ﬁﬁﬁg Rht&Us A michtechinitdl syitéh@dd aimdthodio | ower ed
t he spacer

t owar ds, e ocks evenly, or the suspension can be asymetrical so
that one siodstrust amticrotieatmemenharical gysieny eompaisinga row:0f altamatpgly fixed agd

ti d ab t t [
peas, ol erRAL ORISR g B AR ERIECF aE FAfE b i e

vol tage bejideeof tHelfiied ahd hovable bédinsthaaie dotnsanfeon ane hred thelsame materfal oat i ng
vol tage or be given a concrete vpltﬁge,d,Peqdent on ;how this mﬁlé i nfl uence
cifyoripdieet i

t he novemgaYergmdperaiAid BranyEe fire I éﬁ?'&ec?efl!t?l §ts\‘lf’a5ttré‘tel’ A% i nventi on
wi th the Rglde e QUATRLR BetwBAl tHetRatbAkl19%er andsibsiFR 3¢ fotmed BftéltRe Cl | awi ngs
arc only chosen for purposes of Mdgi-anon and can deviate 15 fromrealised
enbodi nentunderside of the material layer or the top side of the substrate is treated by an etching of
recesses in chosen areas, a placing of a thin dielectric layer, and an etching of said layer
15  in chosen areas, for the purpose of achieving a strong and fixed adhesion between the
substrate and the fixed beams and a weak adhesion between the substrate and the

underside of the movable beams using the same dielectric material.

It is preferred that the substraie and the material layer are comprised of silicone, but

20  other materials can also be used dependent on the production methods and applications.

The optical reflectors have preferably a diffractive relief pattern/synthetic hologram, for

example, linear or curved, but pure reflecting surfaces can also be imagined.

25  The connection between the substrate and the material layer is preferably formed with
the help of fusion bonding and the dielectric layer can be deposited or grown on said
substrate and/or on the material layer. Correspondingly, the recesses can be etched in

the substrate and/or in the material layer, for example, with reactive ions.

30 In arealised embodiment, the number of beams per frame can be between 2 and 20, and

the division between movable and fixed parts of the material layer are created by a deep
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15 CLAIMS |. M cromechanical unit, .in particular an adjustable opti cal

filter conprising a first device |layer and a second substrate | ayer at

| east parWPR01W018R4t ened to each other, 5 wherein the dBGT/EB201¢(IES0
conprises a nunber of noveable reflecting elenents distributed between a
nunber of fixed reflecting elenents, where the fixed elenents are fastened
to the substrate through a dielectric l.gyer, and where a cavity is defined
in the substrate and each novabl e el emal%t, each novabl e el enent bei ng set
up to provide a controllable novenent into the cavity, and wherein a nunber
of di el ect reactivejior etching oBieslateral extepsian efithe spacgeblegks it D> HBY ESRE each

novabl e elg_‘g&t ar%%t he S%Fskrat in ich the cavity is nmade, wherein the
spacer bl o e Q1 (SRS O{9FES Bave B ef &8 ric nmaterial as said dielectric

| ayer fastening the substrate to the fixed el enents and being provided with
a rough surface, the spacer bl ocks being positioned at the sybstrate within
sai d cavi t Fech framecandiave fous spaagsgviel candesnlt iasygummeneal SUpeatien fiing an

et chi ng. prECcess.: i i t i K 1all

ol erens. oA iR . 1ok B8 ERUAUE I B o M BB

vol t age bebs@gmnididcalsy tat encdiderefthe frame coimes spibetre easdy timndheethersan

el ectrostatic force between them and thereby nove the elenent in relation
to the substrate. 20 3. Unit according to claim1l, where a dielectric

| ayer sepapgahRatididd dbbee, RRAmBvdmaiibtres tshéwabR, reffeefity béansthlahans ri ¢
| ayer has an even thickness and where it constitutes the spacer bl ocks

bet ween t handntbe ahdeslyingsubsteatelistpreducgd by Paﬁléi.ngZE}’A?.“%ﬁ betweerpihgin dhe BoRs| aim 1,
wher e ltd1 e SRAGSL hhlACKS bp%\éﬁ igla%{i 'ltvolﬁi'érefo?ﬁggﬁgﬁh@ﬁﬁcrEtQQ/oWbl e beans

whi ch encorrnrpasses a considerably smafl er “part e total area of the
beans, pr edepeatdny oh hew thib avill IfBuebicd dhetmevementhithe movailabeans. where the unit
is an optical filter and where the 30depth of the cavities are of the order
of 1/4 of the wavelength of the light in the rel evant area.

The figures illustrate the invention with the help of examples, and the ratios and
dimensions in ihe drawings arc only chosen for purposes of illustration and can deviate

15  from realised embodiments.
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16 6. Method to produce a unit according to claim1, with a nunber of
novabl e beans of a predeterm ned formconprising the follow ng steps: a)
usi ng an etching process formation of a nunmber of recesses in a substrate
5waf er of a selected material with a chosen depth in a surface on the
substrate wafer, where the recesses pregent a pattern on the surface of the
substrate corresponding to the placing and form of the novabl e beans" said
et chi ng prqﬁ§§@4£roviding a rough substrate surface in said recesses, h)
provi di ng adi ctric layer on the surface of the substrate wafer with the
10recesses, said dielectric |ayer obtaining a rough surface in said
recesses, c) renoving said dielectric layer in _said recesses providing a

pattern deflini ng spadisromechanisalynithinsgisilas ap pdivgtabls opfiea] dtisr femAREsIng
positions i i .d. i J r sai d
G ol cctri o 4B b ERERETasittnl ATSGRICTEP by Bk JARELY RRKKES)] VFLURR 57
sai d patt erwhepsig theshivitelgee ss@prisef aMatribedofacwratiengfléaing lekinrent, where step

c) conprises etching of the dielectric layer in the recesse o form
separat e sphtEbutsd B&R@ew ppmbenfitiggd reflestinoelerghts ¥R g%e tf"(?ateifé“etnfﬁ Tkness

of the di elgglldiGo hR%abstAHRIthesilehBRIidICHAYS A aﬁ@%@fsta SMIth @sc&ﬁﬁe@im%e the

novabl e beans that constitutes™a considerably smaller part than the area of
t he beans. s8bdtiztdaod eacle orostabig clement, aianh Glovabble cenenepeiny setup onpryskest a so

cal l ed 25f USinoglg,ag ndi ng pr ocegﬁ agitwbt od .accor di A tfodié:l!:&irim Gdcemgéke t he
upper devi CENFAABNe MeVeipg}srig dhe cavity, and Wheicit a number o csp s
10  are placed in the cavities between each movable element and the substrate in which the
cavity is made, wherein the spacer blocks are made in the same dielectric material as
said dielectric layer fastening the substrate to the fixed elements and being provided
with a rough surface, the spacer blocks being positioned at the substrate within said
cavities, the cavities being provided into said substrate using an etching process.
15
2. Unit according to claim 1, where the movable elements and the substrate
are connected to a voltage source to apply a voltage between the movable elements and
the substrate to create an electrostatic force between them and thereby move the element
in relation to the substrate.
20
3. Unit according to claim 1, where a dielectric layer separates all the beams

from the substrate, where the dielectric layer has an even thickness and where it

constitutes the spacer blocks between the movable beams and the substrate.

25 4. Unit according to claim 1, where the spacer blocks have a contact surface
against the movable beams which encompasses a considerably smaller part of the total

area of the beams, preferably less than 1%.

5. Unit according to claim 1, where the unit is an optical filter and where the
30  depth of the cavities are of the order of % of the wavelength of the light in the relevant

arca.



with a reflecting surface. 3010. Met hod according to claim®6, where the
_upper device layer is supplied with a diffractive relief pattern.
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6. Method to produce a unit according to claim 1, with a number of movable

beams of a predetermined form comprising the following steps:

a) using an etching process formation of a number of recesses in a substrate
wafer of a selected material with a chosen depth in a surface on the
substrate wafer, where the recesses present a pattern on the surface of the
substrate corresponding to the placing and form of the movable beams,,
said etching process providing a rough substrate surface in said recesses,

b) providing a dielectric layer on the surface of the substrate wafer with the
recesses, said dielectric layer obtaining a rough surface in said recesses,

c) removing said dielectric layer in said recesses providing a pattern defining

spacer blocks with rough surface in predetermined positions in said

recesses,

d) fastening of an upper device layer on said dielectric layer,

e) dividing the upper layer to form movable beams in said pattern over said
recesses.

7. Method according to claim 6, where step ¢) comprises etching of the

dielectric layer in the recesses to form separate spacer blocks with a height that
corresponds to the thickness of the dielectric layer and set up to have a contact surface
against the movable beams that constitutes a considerably smaller part than the area of

the beams.

8. Method according to claim 6, where step d) encompasses a so called

fusion bonding process.

9. Method according to claim 6, where the upper device layer is supplied

with a reflecting surface.

10. Method according to claim 6, where the upper device layer is supplied

with a diffractive relief pattern.



