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well as its reflectivity. Background In the prior art, mcro-machi ned m nor
refl ectors have been described to conprise a 10 single |ayer of gold

affixed to a pol yginhiéea dﬂtiJaPRe@éc?&ﬂoPMi%-mbﬁi%E@Mi?ﬁ%@r of chrom um
Gold is a suitable choice because it is conpatible with surface

m cr o- machi ni ng processes which can be used to fabricate the mrror, is

easy t Bcpne ofthe Invgmtionan be highly reflective (~95% . However, a |layer of
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for exanple, chromum (Cr). CGold is a relatively inert material but does
have the capacity to react in certain environnents, especially those
cont ai Baskexounde” appunts of 20 chlorine conmpounds. In reacting with

chiorine, 9o} ¢herldr aROMQESndcRink @ BEREr defledif}S Bt @BlR RScrbeld ¢ L&RHNE 2 _
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capacity to react in certain environments, especially those containing trace amounts of
20 chlorine compounds. In reacting with chlorine, gold will corrode to render it unsuitable as a
reflector. Although such a reaction may take years to have any significant impact, it may
present a potential long-term reliability problem. In addition, pinholes in the gold layer may
allow access to the underlying chromium adhesion layer, which can also corrode in the
presence of chlorine compounds. Corrosion of the chromium may result in the loss of
25 adhesion and delamination of the gold layer.
In 1980, K.E. Petersen described a silicon torsional scanning mirror (“Silicon
Torsional Scanning Mirror”, IBM J. Res. Develop., V24, 5, September 1980, pp. 631-637)
that included reflective surface made from a single layer of aluminum deposited on a
rotatable silicon mirror plate. For this application, the versatility of micro-machining,
30 aluminum was a suitable choice because it was easily incorporated into the process for
creating the mirror.
More demanding applications require increased attention to the design of the

reflective layer. In 1992, U. Breng, et. al., reviewed various metal films with respect to their
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that ugy the function (i.e. beam-splitting, phase retardation, anti-reflection, etc.) that it is called
30 upon to perform.
Multi-layer coatings such as those described above have been employed only rarely
within the field of micro-machining. A known example was described by Jerman, et. al. (“A

miniature Fabry-Perot interferometer with a corrugated silicon diaphragm support,” Sensors



rel ease fromthe substrate during manufacture can deformas a result of the
residual stréss in 1 o the coating. In addition, i f the coatings are

metal lic, w§eos@asi ngs may forma binmetallic el enent, i onal
deformation will be induced in the thin structures as a f%ﬁ%ﬁ?@ﬂg%% anbi ent
tenperature due to the differing coefficients of thernmal expansion between
the nmetal and the mcrostructure material. Attenpts to mnim ze these
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sectioned view of the mrror plate along section AA" in _an enbodi nent of
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appr oach.
Description of the Figures

Referring now to Figure 1, there is seen an optical disk drive incorporating the present
invention;
Referring now to Figure 2, there is seen a head of the present invention;
30 Referring now to Figure 3, there is seen a fine actuator and flying optical head in a
side view;
Referring now to Figure 4, there is seen a micro-machined mirror in a close up

perspective view;



In the present invention, the reflectivity of the mcro-nmachined mrrqr is
i ncreased beyond that which is achievable with a single reflective |ayer

al one. Thiwoiogs4@hi eved t hrough the uyse of an enhanced nepcdddo6/04995 | ect or
that is constructed by depositing a quarter wave stack directly on top of
the reflective |ayer such that the reflectivity at a given wavelength is 25
i nproved over that of the reflective |ayer acting alone. By appropriate

sel ecti on oRefdmengmivato Eigaredi thereds sdeu altepdew of tie mislol plate af e mictbeposi t ed

t hi cknesses, ,one can tune the layers to achieve a desired reflectivity. A
di el ectr?alcﬁmg%gﬁr%rg on top of the netal |ayer serves to protect the netal
fromthe coRefsiivensf fekipsredf thefeds sieu asenivred viewlof the rhiver piatlatmigr i ¢ coat i ng
may be incorporated into an existing fabrication process, which may
incorpéFﬁP@"gﬂffeni ng ribs as 30 part of the mirror plate. The ribs serve

tosreduce delRiAld Adf Kpet70thbleT®éczh hissctidhé®ebw of the nieldt planlonghe
multi-layer coating is deposited in a manner that mnim zes the residual
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wherein the reflective |'ayer disposed over the plate, and at |east one

opt i calwherein ta siptaffent ofithésa tiin filmsiis spemiseicwsvatureih appshzing migloepleich t he at

| east one thip filmd fro , rter-wave thin film
and a hal f %ﬁ%@é%@#lér?@’%ﬁéﬁggﬁg&pr légﬁrgé%\gglﬁf{lto%f)%ﬁe reflective |ayer 5
may conpri s®eferfing wiw DiFigws 11 there id sebreplots of aecraget refiadtivity s afimpi@onesft t hi n
filmmy conpri.se a second stress; and the first stress is substantially
equal t v?lﬁ@éggg‘ﬂgcgﬁse . The first stress may be a tensile stress, and
the second Refea®s MY iol@gire 0 théEre Sdebea plot 858flectifRy beflloagd.i ve | ayer
conprise a gold layer. The mirror may conprise an adhesion |ayer, wherein

t he adhesion | ayer is disposed over the plate, and wherein the reflective

| ayer isgnﬂ{,épqgg@egl\(@ﬁﬁ&he | 0 adhesion |ayer. The at |east one optically
transparen rn frrmmay conprise a half wave silicon nitride thin film
The refl ect Th@ preagurinymyion dnphides @ raeans gad vpgthod by (whighetheireflacheithal ¢ wave

si | 1 Co ifolhdcimel Miftof & %'i?ﬁr{&'v@d?o%ﬁ}’oeﬁqaémd%ﬂ%rYiﬁkllbe s%gﬁb?t —ﬂhgasj[ one
optically transparent thin m my conprise a quarter-wave silicon nitride
t hi n f ipreserd mveatiquuiacteasesntheanisiol’s ceflectivityxdt 80 nimi imcfersemits Teflectiafy adidve | ayer
may conprise. an al um num I g t | t i par ent
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wall. In one enbodinment, a reflectivity of the plate is at least 95% In

one enblaek dieastly ontiep pf the ecflestiys laxasueh thptihe refleetivied argivyanovavsleagd.is | n one
embodi ] - i hi ] 25 The
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the group of a quarter-wave thin filmand a half wave thin film The
reflective layer may conprise alumi num Detailed Description 5 Referring
now to Fi d preceding Figures as needed, there is_seen an opti cal
di sk drivgﬂ$ﬁgé?%§rating the present invention. The preseRFTUSPE%on may
be used in a broad range of applications including those that require
optical beam steering. One such application is in the optical disk drive
100 of Fi gur i 1.5 Sim i t Y Lana

winchest er el fiteldrkfhidl o (O RCARAREE s lud BN LM byer,

posi t i omhepéin ghe refitdtivalaybodismaed owdr tle platedanil261chst @ne apticalip éranghacemethdr t 0 an

outer di.aneter of a.rotati nedi a.155. The ive 100 differs fromthat of
Ohe s o RGOy e St ol e lE e s 5t B T Y e o B SarofEORA oot o
Ref er r i dig@rt&romavieQhihi fiJinramd 3 halfdvave ¢itie ditri g IiHhg predent asveRe] itk reflegive ldysr seen a
head 125. As described in ﬁonnfnly asngﬂed U. S. Appl&ﬁation 09/ 226, 423,
whf ch iT82Y PRIBRIISE AaliTslstiesy the ploiepstipe opteally fransparent thin fmmay compiiets a

flying idrdCsless) aadl the Tier HR8¢ islstBsthitialiD@buA A9 BSnPstfds§ errChndtRss t hat in
one enbodi ment conprises a mcro-nmachined torsional mrror 140. Referring

now t o TYybe @ INsHnargse.canddha geoond iress ray brod qempressier rass Jeefiectivne
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t he ﬁleO-ﬁBgﬁln. 20 m’rror 140 causes It to rotate to er a t 160
fr om a ddhestm layartis dispmaed oven the plate.cantl ivdwerelt the geflactivédhlayeras diapdsed oveddhero | oop
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conprises a mrror plate 146 that is attached to a mrror substrate by
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reflected li.ght 16l, the ygirror, plate 146 should reflect th ﬁ&i ht 160 with
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i nvent itashmgd pHEer platen{n enesniodipend heanisiop pLFccomprisss 4 hickpess ohe Whedr oved i f
the waygkength of the light 160 is shortened, for exanple, by using a |aser
that emts light at a wavel ength of 410 nminstead of 650 run. However,
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t he design of these coatings can be obtained by keeping in mnd the
fundanent al concepts described below 20 that can be derived from Maxwel|l's
equations. Light propagation in a material is largely a function of the
complex refractive index, N=n - ik, of the material. The real part of the
refractive index, n, is also commonly referred to as the refractive index
due to the fact that Nin ideal dielectric materials is purely real. The

i mgi nary part of the refractive index, k, is referred to as the extinction
coefficient because it 25 gives rise to an exponentially decaying intensity
of the light as it propagates into the material. ldeal dielectrics are

o o o o o o o o,



20 and can be used to protect the chrom umand gold |layers fromthe use
environment. In this enbodinent it is understood that reflectivity of the
plate 146 wodosmoved by the reflectivg properties of the petiSslosis | ayer
147, which in the case of light 160 at 650 ntn provides a reflectivity of
95% Referring now to Figure 7 and preceding Figures as needed, there is
seen a sectioned 25 view of the m nor plate 146 al ong section AA" in an
enbodi mértgrafp ofhequareseaye ity dihi and at hedft wantel thirz 6bn.a Thk refleative layoomay st ack
of the gr esent invention. The present invention identifies that a

mul ti-| 1§ GarT 8 wave stack of dielectric thin films nay al so be
deposited on top of the reflective layer 147 to conprise thin filns 148.

The present invention identifies that constructive interference occurring
at the ﬁﬁﬁ&ﬁé—&&&i@—“% the thin filnms 148 nay be used to increase
refsl ectance Réfedrirg ﬂéad@rmgmeq afn@fﬂr&féﬁlhﬁ%%tﬂéfseis reded, kHerd ReseairRogpgant  of

Figure 7, the thin filns conprise at least one pair of quarter-wave
| ayers disodave igeprppratingthe prasere inventiete t TheePresgyteinvendien niyce ysed in &Rt i ses a
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| ayer 151c?udn§ncscpmylu@ed of a 100 nmthick layer of gold affixed to the
polysilicon m nor plate_by an adhesi on I ayer of chromumb5 nmthick.
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initial alr in or er to further en ance hereflectivit
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rat her gdlj@gmqia%qra@gmheh{égiacﬁgce This orientation conplicates
reflectivity cal culations due to the fact that for non-normal incidence

there are tRefaringnewttpdngure goindrirecedingfggures ag reeded, dbere jie sfened miopect or

that s t ot al
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i nci ven eIectroma netic field of arbitrary polarization can
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the reflectivi tz results pr esent ed bel ow represent the average 3
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r ef | ectinedrpayated herpia byiefepsscar i zati ons fromthe thin films. As mentl oned
previously, r:pi.n ecreases
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enhancenent properties are dimnished. This is



WO 001 54090 1~ PCT/1TS00/ 05995 true of nost real world dielectric filns,
but, typically, the extinction coefficient is sufficiently close to zero

t hat the fwd ogsspdesef ul ness i s maintained. Al so, real mategd not to
be dispersion-free, that is, their n’and k val ues are nofﬁdc@ss%{”gﬁpgas a
function of wavel ength. Accounting for dispersive |lossy materials as well
as non-nornal angles of incidence makes s optimzation of the nulti-layer
coat i nqs8QE Xell QSR Bl Y drippRevial relsctiDHAGESE B8R 1Nt 1 6B raRAMEmEgRAsEPt i ONs.
For exanple, optimzing'the reflectivity at a given reference wavel ength
may i nvolfweherance phencsgxsansenvation, fari rerimsmgstusopeydide i reflagtedhlightHgh. t he
expect &Yyl LB LShieR e 8 k. 1HY: feRCcount
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t hi cknd$8esa weedlath of H0on, deinghelaperaif gpridfdepedited over thomiregllateddé & a o

mat eri al.s, and lications. e.present i.nventiqn further identifies that
al % houghc]fr}?és ?fﬁl&ﬁnﬁPﬁ%‘s”%ﬁ%reglg%tg&yﬁzappafg’gglea%&%%ﬁﬁ'e used to inprove the
reflectivitThebrdséie imiention fipthat @edtiffes titae dhtaistorgdehiznsitissseapberimproveddf t o be
addressed in order. to.us he thin filns 148 effectively. First, the thin
film né'i‘ee‘ﬂi‘vélleggg’d’flﬁ%e 1&%@36@ Fotpdened, HBEC’@H\%PH}?‘EW%SEY ﬁteemlafﬁw#l&aﬁ on
processyaeesth 8f 410 iR Mktad i 6508t PRwWEVET Rith 44Rgld 1hydrlbe F&H%&rcfiﬁ%f of

embodi nent, materials that are resistant to the chem cals and environnents

pr esentteablp 146 degseasessdramatieally as weeglengtthis rediiced balo 409 vm; speciisplla ore

approa i ; 4 S C t: thin
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pr ef er peeferrddaembdvementt afrdriviesl 00s wilich entidigem mtayclangih [od1#1 @ nandnd o desired| v
process . 1.Gon or ..pragessi | .20 Secondl nd rhaps nore
bt ob1 el ey 8 ERELER"] SRERTHRE P Pt Relai oo BENE- o BYL-RENRERS, 2" T4
appl i edbetuasuitalei rror plate 146 such that they do not contribute to an

excessi ve tendengy for the mrrar pl.at 46 to deform folJ ow a rel ease
oroh step. | PBIeE lsclSieiE eRsri ShysRiSh fudishean WOl G B 2B8voHe s ane
dh er nagedi g of MURILS/eOthiss filrh Gpiicall borkingeis(mBbded) Fbflaatand fillun@@htamdihg isde

(Si 3N4) 148b described above to increase reflectivity. Both of these

mat er i dngecsssanyr duedty the prigtersecrf romancgiakih 2 wilable safiaregrodustruthatciremelg and

can be 146nR %! &e@fing B mawzﬂ{ghéﬂti@&leco%éﬁg B3kighs Y VrleQh¥h b aiRaPackafSisudi Ng
sputtering, evaporation, and chem cal vapor deposition. They al so can be

rout i ndiRralsZY egvikad b §oBwaiseShectTh e Neverthietass, stomeciatnitinn indg ghel desighoifect ed
fromt . Jat : } . d of the
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ch@m cahat can ederived fremtMbxv@al' caqudiidrisons (e. g. high tenperatures). Despite

this process. roach, the thin filns, 148 shoul d.al so W thstand. chem cal
attack 11 ont i BieRREtioad” R et Rl R ety o o el R I R o m

t he relNeass iktaflthesteatpriglf Tthbecalpmobf the ddftacliddind&i, In| Basotiomm@dy wifdrted
however, readily etch in HF and so needs profection dyrin hi s ep. The
pr esent® ?%‘S‘éfﬁf’ia fvs 'B@?‘i‘t‘il‘feitgglet ﬁﬁt‘hat%l%rglﬁ Wctm".tterfi%l"ﬁl}] y 589 dHehecause
st oi chijQamhdry par® of {HeQBAYHVE infdiex 118 iJ RSl ahs the ekfincibn codtribienteshs@f t he
topnost | ayer of the stack of the thin filnms 148 to protect the silicon

d2oxi d@vealiss togn@xpeneniel iedecpvyinienpisy ofithe Fgfias ittriepageateninge the aaigriabf

silico i Lk de: i f 1 he detl:yi : been
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t hi s prevadg @nganl Bicllencesefdight tiraprodua of the refagmive indexyerand thecphersicalp t he
under | yi. a 1he under| ving | s sidewal | S [otect the
enti reY}BQ%lrerLest ér“;h%f l%?%lélaluﬁlc‘fgsr ﬂ.‘yei glcnlaf}aetﬁlg?ng[ﬂhioit %s‘iﬂ@%qg@i f&fggtl&eﬁ Fi gures
6- 8. | Mypicgliy, ehebthickhess of thedtinsfilanid ekxprbsetl fae atfogpuios tof tieyeticdi4iticlenghi ses a

hal f Wave | ayer of silicon pitride. By using a half wave |ayer

pPbt ecE1'6E HBRELERLg/ce leHohAGHPRAEAes i regiint himseererHaroiPd Bf er

undi st Wabedayds VS & B THRE WA obBELTRNC Renk® 4Q FrelitaedaboNEnal N t en,
however, sputtered or evaporated silicon nitride does not exhibit the

resi st aseectively i thinghtisrreavelepetht s from stoichiometric silicon nitride. This

invention avoids this [imtation by depositing the dielectric |ayers after
the HF rel ease etch.



It is identified that the mirror plate 146 nmay exhibit some curvature
following a process rel ease etch step. The present invention identifies

t hat the cWOMAS4Pe needs 15 minim zatgon to achi eve non dpst/osdoshes
reflection fromthe mrror plate 146. In the preferred enbodi nent, the
desired radius of curvature of the released mrror plate 146 is desired to
be greater than 10 cm If the mrror plate 146 is made of polysilicon,
stresses mayAplghtairppagaigs ithroughea paries of thhin diligh some peseoroef itaneetlectedat on hi gh
t enpera I e of
any” depaiy Ruf B Mo By R T onfrehBRRE it B Nnb BBk L BubBBAIRES Can
be cont comigoabity frointhervaents réfleetigrses these inteviacdsi (Dueftcm waﬂmiloni ohethe pliziseef t hat

the each t lective | r 147 and/or th ited,
exhi by Gert el ERCmpbar Hof erpRBe At relvotn R ORRER ol nt o
146. | nsuchetat tHeht todleeted tightiafersi®y ik Fh’ﬂbcdiiﬁﬁ‘orb@vﬂaﬂiﬂmtﬂ iftiee fHimfigmsl46 i S
approximately a |inear conii) tio \/\hereﬁachth'ntilmla er
contri bﬁ@r@glogprpgqnﬁ] RO PR R atp alsﬁ‘g eg}agfs € tip fipdayss, In fug casg,ithe ness

and 1 esggidtiohiof Mediphd EaBsohentReSRE(H BB HH O sitibLOoH8S fiffn dideRicaing iy ecedi ng
Fi gures as needed, there is seen thin filns 148 on top of the ref|ector
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Lo appegfg m“ﬁéage% ﬁgéar &eea 4&§1ese°1§a1f ﬁa&v?ﬁﬁ%ﬁqagyﬂlw HhiLhidigy of the

curvat ure, resi d s ress o e negative
(conpr eafﬁ:cwx) thereflpotiont mnxmngﬁlsélbenéuhb Gght althe gp\reewvblengthent ion identifies

that the re ual str e reflegtor | ave osited on
e pol'vst & e Rbk 58 §58d s ahd Brebfling Bleifes o8 ¥eaed Here ' S ABR Ve Of
t he di edfahé niigor pliare ¥di6l o thayeers-nlaéBint ¢ Adrrb0140ewhagmt devtton| AdMbisestsithee) and

that if the resjgdual s resses. and thicknesses are controll ed appropriately,
the addPiTosels ‘% ‘fﬁ‘é%‘é’q‘%’g?éﬂ“gniléﬁlst}zg WD 00/ 54090 12 PCT/ US00/ 05995

mnimzed t Refesing tnowno Figkd '8 bndprablinkHighrds ¥ohdeded, thdié ReseeiTh osbriordit s of
the approaches di scussed above are di sc| osed bel ow toget her with

f dBri ca¥igWw Rt tetrairion plateckd6 lens seelionpAA yekliisnss 5 da|the embedimertof Fagyre 6,
Struct Uefisetive idyer DiPIsSOhfflisedof éj lé@ﬁ}n fcﬁ rlay‘e@%p oI defed to! thQB&lglsxhéo%

suggest ed above, a bare l'ayer of depoSited on a layef of chrom um

(Cr) comsror piate 446 hy adhdsiant lnyes qfapymmlmﬁ pne@mkt@ol shewvnat {Qyietlaying kher espect
to | ongeh&hi ga%ﬂ ﬁﬁ'xL hhéﬁf %Oe ?é‘r deRie6s hitridk (hiPek Bwélélemﬁg%f" 8fpe

degradat| on o Au reflect ayer I'S POSSI e even n"trace anounts
of chl dtaifﬂeavarsmbpésémnnlwsledmsmsenb emnbddimerftof mdmntfdmmg&mfaﬁeutal&ove by
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réfl ectiVe go oné can retain-the exce ect
proper tentwdivtengdl i mdeﬁﬁﬁd rthatvx/eﬂd:oavpy coifeluﬁ plag 146elsmmﬁ¢d bayier seflettom

corrosion. Silic tride is es | os srefrativeindex
" Prserigy aSgReetHe Ut ch e R 4 ke st LEROYATS A0S PEUHRA 11 o o1
650 nmre@ekiditPer 9988. S nm t hi ck. The reflect|V|ty of this conbination as a
function of 15 wavelength is given in Figure 10. For conparison, the

reflectivit WSFTRHBOY & Figeta 1end rigestingd7eyrey asnegeyde thegs s seer 2 sotieneds

phott ed;Qhof i HARE ?@%@%6 diBfg SRR é@qmntéﬁ%oﬁﬁﬁén?%? kBl Sr¥seRf invBion
reflective | ayer 650 nmis virtual
that utlhzes a HL quarter-wave stack of the present mventxon

The present invention identifies that a multi-layer quarter wave stack of dielectric thin

films may also be deposited on top of the reflective layer 147 to comprise thin films 148.

The present invention identifies that constructive interference occurring at the interfaces of

30 the thin films 148 may be used to increase reflectance of the underlying reflective layer 146.
In the embodiment of Figure 7, the thin films 148 comprise at least one pair of quarter-wave

layers deposited on top of the reflective layer 147. Each pair comprises a layer of a material

with a “high” (H) index of refraction and a layer with a “low” (L) index. This arrangement is



unchanged with the addition of the half wave |layer of silicon nitride. In
practice, the residual filmstress of the Au gold | ayer can be nade rat her
smal | suchyphgksbfre combined filmstress 20 of the Au and underlying Cr
layer is dom nared by the (tensile) sfress of the Cr Iaye??“’ﬁ@"%?gésent
invention identifies that the effect on mrror plate 146 curvature due to
the Cr-Au | ayer can be tuned by varying the thickness of the C layer while
havi ng f R Lcal t t I Ve By

o ng. [apie B0 e 28 h SheiEREL R B 1 A1, S iBhiderer @Y Y
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mrror plate. 146, i.s .desired, the stre can, be_appr.opriatel y.vari t hr ough
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stress is 200 MPa conpressive, ].n an _exepplary e i ment, deposition

cortdi t i Bri8CTEY Her® xeeﬁf?ﬂhgabélmﬂg}’ o !’%“Y ger&ﬁabmswg?g? oo MPa
when 16y iayéfor §b1diafittaas thepobyaiiRbA titreiplite b aﬁQQhé%anEﬁ/eﬁBf chiBmidnesul ting
film 3o thickness and filmstress product for the C-Au layer 147 is 32,853
MPa- nm tenthicke QvrilayimatthereflepveslayercA? inia single Hlapair of ggaitey-vgvedayersvPa- nm
conpr esgj t.hat, S j i f rs
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reflectagr 0 nmlas l.ight): di scussed previ ousl reflectivity from
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t hi n fi thesinitiéB HLAp&T g beler) ua fiirthier \eahaacs tiacicfleaivith o fuie dombined fsack.e In
reflectivit 0 appr.oxi mat 7% as conpar to. 95% f or. coated gold. A
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wavelength for these four cases are shown in Figure 11. In an exenplary
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mul ti - senderetd8bpprovides ar additipunl advantageysft profettings thel reflestive dayer e 7 diegrosi t ed
during ﬁ@&kﬂghﬂi E@%ing run and so, theoretically, a triple thin filmHL
stack 1 presents-no nore fabrication conplexity than the single HL stack.
As t he t ot al Re¢efarrmigibedstodfigiurh 8, thhimicrbirtharhinkd &ifrorct4das esnfiguted sechuthdethst ood
that it.. s _nmore 15 chal |l enqi for uarter ve .t hi ckness, of silicon
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magni tude and sign to that of the sputtered silicon nitride | ayer 148b.
Ther ef otake intpaccqpatiheth erigntatians nk isepstomans torrefes tajthssafsoqwlapatienseaTMl so be
used to/ay 1 cTelAnall i i i - . 148b are
ised,  HEUETERGaEhbERTeIINTpAGATEh 184 TR rkhey bRl Betkief T §80RAN

t HisSck neBpobfizeh avayesi rthe rdbedtrin dieiy vertot ay eriemtay inethd plandbefiincidewsed:- 1t is

under st 0ad .t hat ,processin f.thick & |.ayers i,s nmore troublesqone. 25 than
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t hi cker .C. Enhanced um num.ref] ector (410 | aser light: The present

i nvent | B WLHUPLY rerﬂrﬂ%%v"mdtﬁ? ik e gf%ﬁcﬁ’*e%hﬁ Wadd getavi ty at
30 _shorg@mavaraianet i kdeenRtiond i el pRsdiddl BERM rftah: rgs |é%¥aﬁc\!e | ayer
| 47 is needed due to gold s poor reflectivity at shorter wavel engths. In
ddPng swilestivity of thedwe ipplaggationafromyibe thirufinsor efer not to rely on exotic
and/or dif {1 &ilend SheRAAERSITRERihhSy i Qodollifle A BlUBDUT I abelhel s Lhe
most common metal 11 zation entountered’in sem conductor Manufactur] ng and is
WO Q0/ 525086 1ight 16CHtdp8ea¢0n@Abe fham filnys 148 | Bk saee PA2ioB o thatlight D6thimlostay be

used by. the.present i nvention. wever, 1t is understood that alum.num

o one. dBBE Bt PR as SRR B rerl B B et reb el RSB D T s
is desired in the preferred enbodi nent. The present invention identifies

t hat enhancenent of the reflectivity of an alumnumb5 reflective |ayer 147
may be achi eved by using the quarter-wave stack of thin filns 148 descri bed
above. Figure 11 shows a plot of a calculation of an enbodi nent that uses
an alum numreflective layer 147 in conbination with a silicon dioxide (L)

| ayer 148a and silicon nitride (H) |ayer 148b. For single, double, and
triple HL pairs, Figure 12 shows that the average reflectivity at 410 nmis
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25 the dielectric layers ~ 48a/148b could be further protected by a top
nost hal f wave 103 nmlayer of silicon nitride to overlap and protect the
si de- wal | swofooiskmo under | yi ng di el ectrj,c | ayers. Fabricati par/gssmsms: 30 A
process flow bel ow descri bes an exenplary sequence that includes variations
for the previously discussed enbodi nents: 5 10 is 20 25 30 WO 00154090 IS
PCT/ USO0/ 05995 I. Initial Processing of Wafer A Silicon wafer starting

mat er i atru&Ongst rat wodd dieRctrioefios tut,3PMCallk, theextimdtios icbéfbicientds exffidient] C.

Deposit ;2500 ~ LPCVD silicon nitride. .D.. Depqsit 2500 A. LP | 1icon
CPob 0 1o%py 77 B heciiols” YRerabls i eitfainfi Ao oT Aibifiaber® Bf (b, g

et ch. Fdispaegiearsfite, kRati8) thbir ekarddSGvalnes arendalconstant & b finaivahofpedvengthand Rl E
to a depth of 6 H. . osit 2,5 um rib fill LPCVD polysilicon (Polyl
0 CRirbuting 0¥ Bispbisivg) b chat s g BNOTTE] BRSO RGUGIcR BTABES i 1 oy
pl at e Lyavkezah %8 el mi0f-14y2P byatihg nibre EMihIh@® thén WhaPRIsMggebed siaRtdiopdir f ace
while renmoving 0.5 p.mof Poly2.” L. Mrror plate Poly2 pattern and etch. M
Bond Padpswntions.( ferexample, optimng-thaagtlegiyibsatta siyen referanceayiayelongth may  vaf er
backl api,ggde BR! dislks Withl h?th‘(@(}'l?srsest R%{rﬁematpdi reft thidf S BeqR& @%agtgr @Y%l ear

PSG from under mrror plate ector Options A Protected
Ref | ect vatues. Thhsedefiecisemk adlhet talean idtopassdunt Grithoftpvateatiiatmses ek opgmaarent s

oD i GERINEDS S M T A ey R g
wawe | ameteridls-andappbeationy.. 3. Coat with photoresist to protect released
T ror Bl At et e b SRl GO RRLE AR 0 S8R5 1S A BRLS hgbayer for
above can be used to improve the reflectivity of the mirror plate 146, certain other issues may
need to be addressed in order to use the thin films 148 effectively. First, the thin film
materials to be used should to be compatible with the fabrication process used in

15 manufacturing the mirror 140. It the preferred embodiment, materials that are resistant to the
chemicals and environments presented by the process are desired. In the alternative, a
reliable approach towards process design should comprise steps such that the thin films do
not come in contact with harmful chemicals. In addition, it is preferred that the materials
used be commonly available and routinely processed in semiconductor processing labs.

20 Secondly, and perhaps more problematic, is the need to control residual stresses in the thin
films 148 applied to the mirror plate 146 such that they do not contribute to an excessive
tendency for the mirror plate 146 to deform following a release etch step. To at least this end,
the present invention utilizes the same alternating layers of silicon dioxide (SiO;) 148a and
silicon nitride (Si3Ns) 148b described above to increase reflectivity. Both of these materials

25 are commonly encountered in semiconductor manufacturing and can be deposited on the
mirror plate 146 by a variety of means including sputtering, evaporation, and chemical vapor
deposition. They also can be routinely patterned and etched. These materials can be largely
protected from the process by depositing and patterning them very near the end of the
fabrication process so that they experience little or no effects from chemical or environmental

30 conditions (e.g. high temperatures). Despite this process approach, the thin films 148 should
also withstand chemical attack from concentrated hydrofluoric acid (HF) if it is used to
perform the release etch step of the mirror plate 146. Silicon dioxide will, however, readily

etch in HF and so needs protection during this step. The present invention identifies that
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curvature, the net residual stress of thin films 148 may be negative (compressive) or positive

30 (tensile). The present invention identifies that the residual stresses of the reflector layer 147,
when deposited on the polysilicon plate 146, tend to be positive (tensile) whereas that of the
dielectric thin film layers 148 tend to be negative (compressive) and that if the residual

stresses and thicknesses are controlled appropriately, the additive effect of these layers can be



10 reflective layer to the planar substrate to enhance the planarity of the
m cromachi ned reflector. 2. The micromachined reflector of Claim| wherein
the refl ecWowessge@ger and the nmeans fop securing the refl epttvsoolosyer to the
pl anar substrate have a tensile stress and the additional |ayer has a
conpressive stress. 15 3. The m cronmachined reflector of Caiml for use
with [aser |ight having a wavel ength, wherein the additional |ayer has an
opt i cal minimidedrigr¢suliquatinimsl plate Hl furvateremaihegecsmrodinggnts olethe approachieght . 4.
The m cry, i ned refl. f | . ' L l.ay I s nmade
from si PRBRAEert 4 if5isat ofhu bR N RRELRoR e dBtleh By iiREs ° 100
wi t h | asaealizegid dédized sigicarasavel engt h, wherein the additional |ayer includes
first and second | ayers each having an optical pathlength equal to one
quarter the wavelength of the laser light. 6. The m cromachi ned refl ector
of s aim | vinetegied ghldcreAetHdri(b50ah 1dsayiaiht)t ncl udes a first dielectric |ayer
of a material having a relatively | ow | ndex of refraction, qver]yi the 25
reflective |Ay8iBsased sbovecbate e Adold A gepasites o2 Eﬁi’?’é?ﬁ °rﬂ‘é‘51 &8) a
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nitride. 10. The mcronmachi ned reflector of Claim1 wherein the neans for
seldur i nyavaieagth is givendn Figarq Ky dfor compyisop, the eaflestiiytaf seareflectiyg laygh&di on

layer. forabare layer of gold is plotted on the same axes.

The graph shows the reflectivity of the reflective layer 147 at 650 nm is virtually
unchanged with the addition of the half-wave layer of silicon nitride. In practice, the residual
film stress of the Au gold layer can be made rather small such that the combined film stress

20 of the Au and underlying Cr layer is dominated by the (tensile) stress of the Cr layer. The
present invention identifies that the effect on mirror plate 146 curvature due to the Cr-Au
layer can be tuned by varying the thickness of the Cr layer while having no effect on the
optical properties of the reflective layer. By taking into consideration that the stress
contribution by the half-wave thin film layer 148 needs to be accounted for if an optimally

25 flat mirror plate 146 is desired, the stress can be appropriately varied through changes in the
process pressure, the power to the target, and a substrate bias voltage, and a readily
achievable value for a silicon nitride film stress is 200 MPa compressive. In an exemplary
embodiment, deposition conditions provide a combined Cr-Au film stress of approximately
282 MPa when 16.5 nm of Cr is used in combination with 100 nm of Au. The resulting film

30 thickness and film stress product for the Cr-Au layer 147 is 32,853 MPa-nm tensile and that
of the silicon nitride layer 148 is 32,500 MPa-nm compressive such that the stress
contributions from each of the layers negate each other for an end result that causes minimal

curvature in the released mirror plate 146.
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which’is the most common metallization encountered in semiconductor manufacturing and is
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10 exemplary embodiment, at 410 nm, the quarter wave thickness for the silicon dioxide layer

148a is 70 nm and for silicon nitride layer 148b is 51 nm,

The present invention identifies that when the aluminum reflective layer 147 is used,
the curvature of the mirror plate 146 may also be minimized using approximately the same
approach as previously described for the gold reflective layer. An aluminum reflective layer

15 147 needs no Cr adhesion layer and has a residual film stress that is similar to that of gold.
Although the Cr layer is not needed for adhesion purposes, in the preferred embodiment it is
deposited under the aluminum reflective layer 147 so as to provide the same stress balancing
capability that is achieved by the Cr-Au reflective layer described above. For an Cr-Al
reflective layer 147, the approach is fundamentally the same, whereby the thickness of the Cr

20 layer is adjusted as necessary to balance the thin film’s 148 stress. In an exemplary
embodiment, the aluminum reflective layer 147 is deposited to a thickness of 60 nm, which is
sufficient to maximize its reflectivity. In the event that the stress in the dielectric layers
148a/148b cannot be balanced by the Cr layer, the film stress of the dielectric layers may be
adjusted through modification of their deposition processes. It is understood that for 410 nm,

25 the dielectric layers 148a/148b could be further protected by a top most half-wave 103 nm
layer of silicon nitride to overlap and protect the side-walls of the underlying dielectric

layers.

Fabrication Process:

30 A process flow below describes an exemplary sequence that includes variations for

the previously discussed embodiments:
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10 L CMP Step 1 of Polyl back to PSG surface.
Deposit 2.5 um of mirror plate LPCVD polysilicon (Poly2).
CMP Step 2 of Poly2 to smooth surface while removing 0.5 um of Poly2.

Mirror plate Poly2 pattern and etch.
Bond Pad Metal (100 A Cr — 7000 A Au) deposit, pattern, and etch.

15 Wafer backlap and polish to thin wafer to 175 um.

©ZZ R

HF release etch to clear PSG from under mirror plate.

20 I Reflector Options
A. Protected Gold Reflector
1. Shadow mask sputter deposit Cr-Au (shadow masking prevents
deposition except where desired thus eliminating the need for
subsequent patterning and etching of Cr-Au).
25 2. Sputter deposit silicon nitride half-wave layer (A = 650 nm).
3. Coat with photoresist to protect released mirror plate structures from
breakage and to serve as patterning layer for next step.
4. Pattern and etch silicon nitride to remove it from bond pads so that
electrical contact to metal bonding pads is not inhibited.

30 5. Remove photoresist layer.

B. Enhanced Gold Reflector
1. Shadow mask sputter deposit Cr-Au.
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electrical contact to metal bonding pads is not inhibited.

5. Remove photoresist layer.
10 C. Enhanced Aluminum Reflector
1. Shadow mask sputter deposit Cr and Aluminum.
2. Sputter deposit silicon dioxide and silicon nitride quarter-wave layers

(A = 410 nm). Outermost silicon nitride layer may alternatively be
three quarter-wave layer.
15 3. Coat with photoresist to protect released mirror plate structures from
breakage and to serve as patterning layer for next step.
4. Pattern and etch silicon nitride to remove it from bond pads so that

electrical contact to metal bonding pads is not inhibited.

5. Remove photoreisist layer.
20
II. Final Processing
A. Coat with photoresist to protect released mirror plate structures from breakage
during dicing operation.
B. Die separation using, typically, a semiconductor dicing saw.
25 C. Remove photoresist layer.
D. Test.
Although the present invention is described to include a means, method, and
apparatus to improve reflectivity of a thin mirror plate, those skilled in the art will recognize
30 that the present invention should not be limited to only those elements and structures of the

invention described above. For example, it is understood that the discussion above has
applicability at wavelengths other than those described, the mirror may comprise other

geometries, and the disk drive described above may comprise optical, magneto-optical, and
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ther devices utilizing reflective surfaces. A latitude of modification, various changes and

5 substitutions are also intended in the foregoing disclosure, and it should be further
appreciated that in some instances some features of the invention may be employed without a
corresponding use of other features and yet not depart from the scope of the invention. These
considerations should make it clear that the invention should be limited only by the scope of

the claims presented below.
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(+19 [ : viuRlettive] Jayer to the planar substrate to enhance the planarlty of the m1cromachmed
reflector.

2. The micromachined reflector of Claim 1 wherein the reflective layer and the
means for securing the reflective layer to the planar substrate have a tensile stress and the
additional layer has a compressive stress.

15 3. The micromachined reflector of Claim 1 for use with laser light having a
wavelength, wherein the additional layer has an optical pathlength equal to one half the
wavelength of the laser light.

4, The micromachined reflector of Claim 3 wherein the additional layer is made
from silicon nitride.

20 5. The micromachined reflector of Claim 1 for use with laser light having a
wavelength, wherein the additional layer includes first and second layecrs each having an
optical pathlength equal to one quarter the wavelength of the laser light.

6. The micromachined reflector of Claim 1 wherein the additional layer includes
a first dielectric layer of a material having a relatively low index of refraction overlying the

25 reflective layer and a second dielectric layer of a material having a relatively high index of
refraction overlying the first dielectric layer.

7. The micromachined reflector of Claim 6 further comprising a second
additional layer, the second additional layer overlying the additional layer and having an
optical f)athlength equal to one half the wavelength of the laser light.

30 8. The micromachined reflector of Claim 6 wherein the additional layer includes
an additional first dielectric layer of a material having a relatively low index of refraction
overlying the second dielectric layer and an additional second dielectric layer of a material

having a relatively high index of refraction overlying the additional first dielectric layer.
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dielectric layer is silicon dioxide and the material of the second dielectric layer is silicon
nitride.

10. The micromachined reflector of Claim 1 wherein the means for securing the
reflective layer to the planar substrate is an adheston layer.,

11.  The micromachined reflector of Claim 10 wherein the adhesion layer is made
from chromium.

12.  The micromachined reflector of Claim 1 wherein the reflective layer is made
from a material selected from the group consisting of gold and aluminum.

13. A micromachined reflector for use with laser light having a wavelength
comprising a planar substrate, a reflective layer, means for securing the reflective layer to the
planar substrate and a dielectric layer secured to the reflective layer for protecting the
reflective layer, the dielectric layer having an optical pathlength equal to one half the
wavelength of the laser light.

14.  The micromachined reflector of Claim 13 wherein the dielectric layer is made
from silicon nitride.

15.  The micromachined reflector of Claim 14 wherein the reflective layer is made
from gold and the means for securing the reflective layer to the planar substrate is a layer of
chromium.

16. The micromachined reflector of Claim 13 wherein the reflective layer has a
sidewall extending upwardly from the planar substrate, the dielectric layer extending over the
sidewall of the reflective layer.

17. A data storage system comprising: a micro-machined mirror plate; a
reflective layer, the reflective layer disposed over the plate; and at least one optically
transparent thin film disposed over the plate, the at least one thin film selected from
the group of a quarter-wave thin film and a half-wave thin film.

18.  The system of Claim 17 wherein the reflective layer comprises

aluminum.



