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Scope of the Invention

The invention described below relates to the use of a micro-machined mirror for
5 optical beam steering, switching, and scanning. More specifically, the improvements relate to

enhancements to the mirror with respect to its reliability as well as its reflectivity.

Background
In the prior art, micro-machined mirror reflectors have been described to comprise a

10 | single layer of gold affixed to a polysilicon mirror plate by an adhesion layer of chromium.
Gold is a suitable choice because it is compatible with surface micro-machining processes
which can be used to fabricate the mirror, is easy to pattern, and can be highly reflective
(~95%). However, a layer of gold by itself cannot provide reflectivity significantly greater
than 95%, is not adequately reflective at wavelengths shorter than about 600 nm, and if

15 unprotected by appropriate coating layers is susceptible to corrosion upon long-term exposure
to certain operating environments.

Gold (Au) does not adhere well to polysilicon without the inclusion of an adhesion
layer, for example, chromium (Cr). Gold is a relatively inert material but does have the
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 chromiﬁm 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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For thi %c?sﬁ.p' ication, the versatility of mcro-nmachining, 30 alum numwas a

sui tabl'e choi ce because it was easily incorporated into the process for
creating th&wdetywrd mibedtodmpmndsunfycapfidciiciat frans singlg diin ecialicnaes ed

o1 " kD aORCERI R (e 1y elelel A STast B Tin ot D86 i’ 5085 U5
007 540%3GravPETR], USE)/ C6Q8Ber wivestick wiay pe admpised nf hickemiting laybs ofvamel engt h of
780 nn}xéﬁlgs&%fr&%&lé@mccmm&aﬁso Comic% has a “high” index of refraction; the other
has a “low” index. The thickness of each layer is chosen such that it’s optical path length
(index of refraction times physical film thickness) is one quarter of the wavelength (A/4) of
the light of interest. As the number of high-low (HL) pairs deposited on a given surface
25 increases, the reflectivity for light incident on the surface at this wavelength increases until a
theoretical maximum of somewhat less than 100% can be achieved. It should be noted that
these examples are relatively simple optical coatings. A multi-layer coating can become
quite complex in terms of the various films and physical film thicknesses and is determined
by 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



Actuators," J. Mcronech. Mcroeng., V2, 1992, pp. 256-261). Fabricﬂaﬂiﬁg‘,ﬂ 2003
and operation of Breng's mcro-machined mrror was quite simlar to that

of Petersé¥®&s§%ror. But rather than settle on aluni pélf};_,goﬁ,ggﬂgshe

reflective | ayer, these researchers noted that higher 5 reflectivity could
be obtained by using a silver or gold. They chose to use gold as their

refl ector, due to the Iongl-term environnental instability of silver.
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needed in the prior art. Some of these improvements are discussed below.

25
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;
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00/54090 4 Iﬁ) (t\iqg H’gsg% 91@81%%11, the reflectivity of the micro-machined mirror is increased

beyond that which is achievable with a single reflective layer alone. This is achieved through

the use of an enhanced metallic reflector that is constructed by depositing a quarter wave
stack directly on top of the reflective layer such that the reflectivity at a given wavelength is
25 improved over that of the reflective layer acting alone. By appropriate selection of the metal
and dielectric layers, as well as their deposited thicknesses, one can tune the layers to achieve
a desired reflectivity. A dielectric coating on top of the metal layer serves to protect the
metal from the corrosive effects of the environment. Also, the dielectric coating may be
incorporated into an existing fabrication process, which may incorporate stiffening ribs as
30 part of the mirror plate. The ribs serve to reduce deformations due to bimetallic effects. In
addition, the multi-layer coating is deposited in a manner that minimizes the residual stress in

the combined structure.
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An embodiment of the structure of the mirror 140 and for its use in drive 100 is described in
25  commonly assigned U.S. Patent Application 09/192,006, which is incorporated herein by
reference.

The present invention identifies that it is desired to conserve energy consumption in the

drive 100. This goal implicates the delivery of the power by the light 160 to the media




Referring now to Figure 3 and preceding Figures as needed, there isﬂﬂeSEPanm ;
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The mrror plate 146 is coated

a nrrog. e by torsi l .hi nges 142.
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for it i ri 1 LS. descrihed in 25 commonly assigned U.S. Patent
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160 at @ pavelength of 650 nm a single |ayer of gold deposited over the
mrror plate 146 at' a 5 thickness of 100 rimprovides a reflectivity of
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stgrag i L [ it th vel ength of the |light 160 is
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refl ecti, Mt ¥or QL 146 r eg. dramptically-.as wayel ength is
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desired r((;af Iutlaégt.c?léllﬁé/bq’%?ed\g? klg‘g)g%tlh () ﬁ%ﬁgg\éﬁ% La?f(gly?e rtS% méS? @em%posi ted on
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mul 11 ayer R prEReo i dHaRATE R oS dobginat g R L
under stan AT Hg of e maferielc ds spal/paiid theaefdrtivesiniext B ris asofonmmbgeretsirad | y
avai | ald & HOFENRH € inRELARGS Tre el liad & M8 bielectric materials is purely real. The
imaginary 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.
Ideal dielectrics are lossless and consequently k = 0. For a thin film lossless dielectric,
assuming a normal incidence of light, the product of the refractive index, n, and the physical
thickness of the material gives the optical path length of that particular thin film layer.
Typically, the thickness of the thin film is expressed as a function of the optical path length
30 given the wavelength of the light that propagates in the film. Thus, quarter-wave and half-
wave layers refer to thin films whose optical path length are one-quarter and one-half,

respectively, of the light’s wavelength.



known for gener ating and anal yzi ng optical coating designs. One sucﬂa SEP 2003
sof twar e p‘gﬁ 98 is TFCalcTM provi ded by Software Spectra. Neverthel ess,
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5 and preceding Figures as ne I'S Seen 5? the mrror
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Referring now to Figure 7 and preceding Figures as needed, there is seen a sectioned

25 view of the mirror plate 146 along section AA’ in an embodiment of the present invention
that utilizes a HL quarter-wave stack of the present invention.

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 underlyh}g 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
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thick. 8hR 1'da&a§5ehe reflective | ayer 147 is a single HL pair of
quarter-wave [ ayer More precisely a "L" quarter-wave layer of silicon
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Thus, t Her pnswsassaeagasticyprel e@@rﬂa@ou iyl iEs(tranp@erse electnc) or S-po arization, In

25 P-polarized waves, the electric field vector is oriented in the plane of incidence; S-
polarization has the electric field vector normal to the plane of incidence. Any given
electromagnetic field of arbitrary polarization can be decomposed into two components of
these orientations. The reflectivity of the stack of thin films 148 can be calculated at non-
normal incidence and the reflectivity results presented below represent the average

30 reflectivity of the two polarizations from the thin films.

As mentioned previously, light intensity in absorbing films (i.e. nonzero k) decreases
as the light 160 propagates into the thin films 148. Thus some portion of the light 160 is lost

in the thin films 148 such that the reflectivity enhancement properties are diminished. This is



and/ or 148b provides an additional advantage of protecting the refl§d ISFP 2003
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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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s underdseht?f?eq élgatt‘| ﬂﬁéhé Q)%encg Rpgﬁtdf Xe%%hm%?msc P4r§p t'ille %\?réatg‘re o??me \Ilnelrr?r (?‘:T‘até ayer of

silicon pnost | ayer,
t heo r ef 14k tan\be tcyntwﬂlaltlh mlrilmgz@d sTbairwtllsvehteintfumhud uckhmﬁdselmht s eadhsheli scussed

withr e eq{ pv(éqa)tep 1}’9 1[11:(1/ SYhfn dﬁn@tﬂg heg&eg&%tec{] e\QﬁMﬁsr its % Htrgs?({ ?Pﬁ%{: t hat one

evapor at ed sil'icon ni
expects strrqsamhshonayhaddrmtwatuce i th¢ plate 16t rih dect, tﬁhrtcgallqumma thnt myobeds this

: 't mtat Hce%n‘i‘k%‘]}?ﬁé Eaid”ig aﬁﬂ?&nq.latglg'%%m%ejéG(_}Lrhlg)fa?rig);ﬁ/ og{;eh-?%\;vlﬁé?geatﬁt}ﬁfhﬁﬁs e etch.

is i nt|f|e mrror sonme curvature
f ol | owi #ryerzeonipibweestorm plopartienadtoche rodyst of s@hprias thivkndsnemitesidnl fildent i fi es
that the, curvature needs

Referring now to Figures 8 and 9 and preceding Figures as needed, there is seen thin
films 148 on top of the reflector layer 147, wherein the net effect of these thin films is to
cause curvature to appear in the mirror plate 146. As is evidenced by the direction of the
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




15 nininization to achieve non distorted reflection fromthe nirrof &ISE[%Z(}M
146. In the preferred enbodi nent, the desired radius of curvature of the
rel eased nWPr‘WF‘“’?ﬂ ate 146 is desiregyto be greater thagriSoomsdes! f the
mrror plate 146 is nade of polysilicon, stresses nay be relieved in the
pl ate through t he use of Iong duration high tenperature anneal cycles.
Thus, it ?ent I ai]p n the absence of any depqsited thin filns
148, thé“‘B’ﬁ‘F% UFees b’r‘”‘ ”E“HE“ ’raFeolr““ﬁP’é(P@feon@%e@gﬂmﬁétS&S HieraBPIoagies,

m ni m Zﬂdcusgadab@\t‘e&ﬁreﬂf@clbd%& ®6lbiv Qbpethef e Fabliel@ioh afdr@five @bt hfieoareh t he
reflective |ayer é g/or thin filns 148, when deposited, exhibits its
own r esidGaZ eIdﬁ'?‘mtS FEEECShi ch may add curvature in the plate 146. In
fact, the total curvature that may be induced on the plate 146 is

appr oxi telly -._ OITbI at| on of terns where each thin film |[ayer
cont ri bllt es AFEES 1 - /&4 product of its physical thickness
and resi dual Af sulggestea 5b<$.ter £Bzﬁe 1a§tefoe o1t Qgu)rieposited d Qlay@Sf Shramtnd(Gnd

pr ecedi res_as ne op of the
et oot BaLa e R IR 7 mEeie [HRREE P repreb i Pppiem e s

cause coaduat ifr erthin emifpaments. rCHehﬁcaMergfaaauoﬂloah €r-AdGeflebiivel 18yeLisipdeited by the
directign of, the curva str ss ,of thlEfH 148 may

be negafi¥e R SAL %%Wn\fe# EI;Q“B%?F tpW%pt 33 %tsé'l’%?dl Wil referency i Eighte 9 nyent i on
i demt i f pewe,tblyalepdshing Itlashaﬁ'maalve gifir ﬁlssle&r 048 dihtlicoe hitrédztoartoy efjaaeflcbdve when

deposi t RAL ¥si | tend to b Si.t (t S|Ie)
wher easg(gfiu%tyelt P t hgex re am {%F exceﬁ Fﬁtr{e dc Wﬁ Ifrg%eétﬂeg ?fgﬁt r?lag HE "hegati ve
( conpr ep®iceing mncCrtAhatayeré fttohlecdme&mﬂuailxcosmmﬁsesemnﬁhllymmsb&emﬁiem are

SEP 2005 N RYI S0b00 1 BckPoRgn waudE R AR 28t b PSR TRk nal plat e

146 cur ot nme»voqutbeé6235ﬂnndthtmntﬁxecréﬂd;chet)aqmpmmamhﬁmatidi scadsedorabbve are

di s¢cl os fabricati terna that e used to
Celf | 2o FRRRERY: bOAhIShnd ot BRhiol B8 Bl FAOBH PR AR IS LoRT
l'ight): fmsbaawasctfgdldabpivmdoatﬂmaame bayger of gold (Au) deposited on a |ayer
of chrom um C Lse Vi 4 sents.hjmtations
wth respectl(htg(gr?pgné%n?gelﬁh%t rr% mg' {;te%g ?e(hte td'% %ﬁy?‘r‘ﬂ c%ter ogtlllrﬁ ggl\ﬂ%?ﬁ nment s.
Cheni cabnciegedwih ihgrddifiomofThe Walf-wat Ilaefgttqfvrécmaymdel Blmmgm egesidaen when

t t

i gur e B Gty S ne Ry olg1B P L e ey SRS LR MR S Mbiled SHERRREE 7

si kG conofithe Auched endarlyimgdir layer sfdoemtatedéy tl;;o(lt@sﬂeaymss bl the (rigyecabhea et ai n t he
| I t ' th

8(?'%“ legxtesen? n%zgnctlon \{c?engﬁé)spt%t theS«?tife% 01991119?161}1%? ?4?65 Et(eﬂéa‘t;é(gls tdlﬁ% (f){hg @CAL‘ ggs aﬁ d

its rgafawetctan e twmdlebx was'utg. t@¢ tigknesn of denfl layey venlb ddving ne effa:t lealthe wave | ayer

of 7L GARabhELAR B 1 SRBAT WRHL 9 e ke B Mbidhton #E dchhget 1 vty Of

this co I'natidn as a unc I on given in Figure 10. For
conpar i swrbutipredy the|helftwayé thin Him falier lﬁémb@em b«eadcaty@qd fonif an 0pt1ma11y

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.



for a bare layer of gold is plotted on the sane axes. The graph shov&atﬁgp 2003
reflectivity of the reflective layer 147 at 650 nmis virtually wunchanged

wi th the a¥aovi4ee of the hal f-wave fzayer of silicon niper@soonkdds practice,

the residual filmstress of the Au gold | ayer can be nade rather snall

such that the conmbined filmstress 20 of the Au and underlying C |ayer is
dom nated by the (tensile) stress of the Cr |layer. The present invention
identifies that the effect on mrror plate 146 curvature due to the Cr-Au

| ayer cgn benkdhbithoRdreMatiot (630 hgset Rigkness of the Cr layer while having no
effect on the optical properties of the reflective |layer. By taking into

consi der at i &y disased peeviopslsieliectiyiny diopy the gRrBY Plaffe 14fa P4 B iBPreYRen £il m

layer 1ARupeeds quitdd ¢/t it 8fh fitds 148, AnimRR! JudMdrlwave tadld @h bBusedor pl ate
146 is desired, qthe stress can _be appropriate var i egl thrt%:’J%h changes in

thé prioEdSTeRsclEsUP SPPIPHBRSHET BFopREFe! iy Het for 4prpatyd golds ¢t 56 dpi as
vol t ageand Ml @aﬁ@aﬁuvleXtaclasﬁﬂgemmvera%/@ieﬂa;ﬁbw t029853% bfDIO%R irdspéctl@elf.i | m stress
is 200 MPa conpressive. In an exenpl ar gg{e%@é{’ deposition conditions

provi dePl9ts b ATIgE e ALY 954 fl‘f?‘?t"?é%é"a&%{e”é gpses¥s SR Ve 16.5 nm
of O imgwsed in conbination with 100 nmof Au. The resulting film 30

t hi ckness and fil mstres roduct for the Cr-Au |.ayer 147 is 32,853 MPa-nm
tensil e and¥ RAexerpplary rrél%@ﬁlme% Ahen fuartpTgwayeasikigon 1‘14@}{&5 layer ]5‘{% KH2- nm

cogpr e&%ﬁ%ﬁiv@ Hﬁi@x b?a.us tah @5 gﬁl@ﬁﬁ itsGtﬁilaI;]r[eisbidtlilQJ% rihd, QI eli&Cdiuaﬁér wie | ayers )
negate each other for_an.end result that causes ni curvature in the
r el eas Wiy nHgde BYeétlés‘igﬁg‘“%fsss %E% %0%‘%3‘ b?%‘ifﬁnéﬁp‘%%r PRSP 05995 B.
Enp?ncegst&ﬁhld:fé Ridreednoe d(e;ﬁﬁﬁedmlmﬁhgs sihglk b@lﬁh% runAad b, s}mu&a‘aﬂlypar gipleousl v,
reflectjvi rom:t mrror ate.146 can i ove rough use a
quarterthWa‘{}’é}gt%\g’k lgf PRI “f’i“?’ﬁ% a% ?‘°%°§1P}?§1%%{hg§@?t“8% e\kg\féacg’t ¢k can be
used 5ht @otslahisenckLbt M6 tthivifihyis 148 appnaxi irad eldgrstdé8otias ichnpaesedoteo 95% f or
uncoat e ol d. second and thjrd arter wave stack brings the average

r eFl ect‘g‘@ﬂ’t“?‘“@o{gbg.%’@‘J%{n‘ﬁav%é}%cl"ée§sp§gf‘irh\9°é’l ?%eﬁlo rgv'g? p?&%g%rbéo &eef lectivity
as a f uiddwal$ofahe Wy iLNGydis. f A wishestoublydescabeiogithar freabotmFigune 6, gure 11.
In an exenplary. e di nent, the. .qua wave. silic di oxJ er 148a has
2" 10 renBe e Vi e var v paafoRs bR ent oo af LRl o7 0
and thelaggiarter wave silicon nitride [ayer 148b thickness is 81.25 nm In
a nmulti-sourced sputter or.evapor.ation systemthese,l ay e

deposi ted ddf %?gp’gggf‘ﬁalf‘g‘)d%?ﬁi rﬁfjg‘fahjﬁtr%fﬁﬁy 5, Pt #ueé'%d'rsgly%%a F’édecgagfljrjl ple thin
f i Jom HL148has ke depBsifed eseinila inmapmitude babsigictattha of dospltexddtsflicomaitridene si ngl e
HL stack. t.he tot t hi ckpe of the thin fi 438 | AGH s, it is
under st%&‘ﬁﬁ%t ﬂefefﬁgghwgth?%&égé?% 2SS, yﬁsﬁmfs%({r&g%gagrat%grb%\?\g@e t hi ckness
of silipoalafdctsiredevhien a psmbihalien pf thirefitns A48 ad t1H8b ars sbdwdlovevapfas tlive

gn der| yrixurglgoelr giy 518 %éirspigs in\(/:\{%gseg), rtl?evgcc(q)ulilrseli %i&%gs% ro% 9}@ gou%e&&laﬁﬁilg P& ntu% Figure 6,

need to be increased. It is understood that processing of thick Cr layers is more troublesome

25 than for thinner layers, and adhesion of the Cr layer to an underlying polysilicon mirror plate

146 also becomes more difficult as it becomes thicker

C. Enhanced aluminum reflector (410 nm laser light):

The present invention further identifies that in order to achieve high reflectivity at

30 shorter wavelengths, the selection of a different metal reflective layer 147 is needed due to
gold’s poor reflectivity at shorter wavelengths. In doing so, it is identified that one would

prefer not to rely on exotic and/or difficult to process materials. To this end aluminum,

which is the most common metallization encountered in semiconductor manufacturing and is



solution to this problemis to use an additional half-wave silicon ri§rSEB 2003
|'ayer as the topnost Ilayer. In the preferred enbodi ment, residual stress
of the spuwbeesdoosi | i con dioxide |ayer 20 148a to be depp is simlar
in magni tude and sign to that of thg sputtered silicon n?t ?‘%o{ygﬂslayer 148b.
Therefore, the nethod for bal ancing the stress di scussed above can al so be
used to balance stress when a conbination of thin filnms 148a and 148b are
used. Houbvefisctivs(~OPa%) atdtifemm, ofay Me ugrdiby she wesentcneation, Howsversigisi r ed

t hi ckne r ased. It is
under ot Ssopd e SEHBLRIRAL BRK HRri A ed TR AR ol R Bt BERT06 ¢ han
for thimmesid desieaddn tha pepfaash esbatimett. t he Cr | ayer to an underlying

polysili con ’I’Khyegént mv@ﬁtﬁm 1&e41ﬁﬁ@s|t 8 RGOS fohe e@ttéttvttglath ?ﬁml bmbecomes

t hi cker Enhanced al um num r ef aser e present

i nvent i @ﬁeqﬂm t4ver 147dmay ibeiaskieved dty twgomdauartebwamﬁte@keotw fijgsf I8¢t i vity at
30_shor § &k (})\é@\sﬁév%n%gtﬁe 18608 piet bR cAbuiofl o b kBbaiEhAba el £CL 1T ve ayer
147 is needed due to s poor reflectivity at shorter wavel engths. " In
doi ng s@uminpm, r§ﬂ¢cﬁé¢tﬂq}’ﬁ‘ W mheembingtonyiih @ sxlpp@fdeqmd@o@) tleyer 4482 a4 exotic
and/ or g dohinfiHbd GRS 94‘8%8%%9@'&{]@@ al@tripll ﬁL‘fB!ﬁ% 2]MAd NURbws Mt ch is the
nmost cormmon netal I'i Zat1 on encountered in sem conductor manufacturing and is
0 8 SEPhpGugagsrfiestapa 419 iy 0500/ 85695 apdi9B 5%, resppativelyve Ipowm 399 at 410
nm, My, ﬁxpﬁﬁﬁgnlmdm{elﬂ? aPERSEAL I QYSBLWAR- thlttel\é@vf%f ihelsflichi® diokigél @kt ood t hat
al um num al orie does not provide a desired reflectivity of at |eéast 95% at
410  nnj48ads Topmeend; feresificon nittide Ipieet48pied] Whbodi ment . The present invention

identifies thgl LoRaReRRMentfiesthf v\fh@ﬁ th%%]futn\{ﬁutrr)’reﬂgctﬁg 1A Red,5
reflective layer 147 may be achi eved usi n gquarter-wave stack of

thin fithesuryargre qfélsecmméala&b'd\éénaymlsglhem&l@l@ &mga%%tnatsty the $afecul at i on of

an enbo&li PR eH astﬂ?@vtloﬁ%%%scﬁ%d Bt H%&H%He@twe%%ﬂ VRn'aﬁMﬁ‘ﬁunQ—f’c?leéd% tQebi nati on
W|thaS|I|con i OXIi 148a and I icon n|tr|de(H) |,.ayer 148b.

Fobs si nif7encedsoiptreadhesinn IPY@F P h‘1ISIIEl rpafuak il “F‘i“@ﬁ?rtéatf?“%lﬁw thai of 8ollne aver age
refl ect hyhduyh tle 4 18/ePfinbneB@od 18 addsioa’purpdbed, iA8hdfrefefrabaddineat iris I n an 10

exenpl ary embodinent, at 410 nm the guarter wave thi cknesiifor the silicon

di oxi dedipasited unden ths ajuanimm Felleciie laver 144 isp AL GRTHYEGe, tPtj%antea?%%S 3298 s 51 rim
The pr e@ﬁﬁﬁxht’yr’tﬂﬁ N§ la&ievie@ @Yt thd CRAUt AtV ﬁﬂ?ert dcrbed mbsem FefdneCitAve | ayer

147 is used, "~ the curvature of the mrror al so mnimzed
usi ng ai?ﬁ?%‘%P had?lell“ the,@PPERgfipls f'&ﬁ‘ﬁ?‘%‘é@ﬁ ﬂé%sa’%re’e‘t’/}?eé%§ Itvngé?FFﬁ ‘Bté%?or t he gol d
red ect lay& s 2N Rksted /he rRbd4EHry) WMbhIghdeEGE | ltMﬁ mmsemslarelm Inemdaemplar  adhesi on

| ayer and has a residual fijlmstress that r t that O[‘FFQOI d.

Al t hougfmbadimes), thepmingrg rerﬂ?f“"ﬁé%’&’é’cf”f‘%‘?ep%tﬁ H] l?’tfﬁ)‘l}%«g MHCEfe preferred
embodi Maficiéd: 1d SaxBEROR ieﬂectwnyierln tHeesvadt Umdt rmwmfeaa‘ {neme |deectrameye1s147 so as

to pr OVIlPS%/MQI? c;n?igte besbta{anced b aheaé-lr(iaycig 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:



capability that is achieved by the Cr-Au reflective |ayer describefl §agBpeqp3
For an Or-A reflective layer 147, the approach is fundanmentally the sane,
wher eby t hevdtdoisqsmess of the O 20 | ayer is adjusted asp §oEssyY to

bal ance the thin films 148 stress. Tn an exenplary enbodi nment, the

alum numreflective layer 147 is deposited to a thickness of 60 rim which
is sufficient to maximze its reflectivity. In the event that the stress
in the diel ehxitiaiEroI:w;degstﬁfetm 148a/ 148b cannot be bal anced by the Cr

| ayer, the s}\r esssﬁlécop §55t§19§§%{6r15~58@'u%§u‘%ay be adj usted through

nodi fication’of t proces’s i s understood that for 410
nm 25 the Hiel G]Detpbsxmoba%ehammmﬂdlshdeoul d be further protected by a top

nost hal f - waye m F%W |co gntrldeto overlap and protect the
si de-wal I s of’ t fﬁﬁ ajef’ °°f‘rnf | ayers. Fabrication Process: 30 A

prosess fl owbbel ayepdgsTsnd BasPCGVD mmbm(@l;@@oﬂwmwdm i ncludes vari ations

for the pre iou%ﬁ%ﬂ?1 ﬁgpj%c sr@r};a%? ﬁ?&%EP 2003 WO 00/ 54090 15

PCTI USOQ' 05995 | esst ng of Silicon wafer starting

mat eri al - 508. 4m1bdpbsik10 prBthidRASGsAnt] aﬁ}@ﬁlo A thermal silicon dioxide. C
Deposit 2500 A LP silicon ni Deposit 2500 A LPCVD pol ysilicon
(Pol yO . Pat Fern Bih re@F}bthem@d&épﬁé‘l P@gﬁ%ﬂf}i\ LPCVD thin PSG Pattern and

etch. F. Depgsit ofim % in(aan‘ﬁ@L@m} Aikon @olyly.b Trench pattern and RIE
to a depth of 6n11jéaH b05|t : tm%rlbflll LPCVD pol ysilicon

(PoPyl). 101, @ﬁpgfeéd OiPB‘D’IWFWP%WfafE‘o PSG surface. J. Deposit 2.5 m
of mrTor bl gle LSRR pOLSLEOUAAION poficMeatlop 2 of Poly2 Lo smoly

surface while renoving 0.5 4m of Mrror plate Poly2 pattern and
etch. M BonH. PadCWB St 2(0i®©1yN0(B|m00th'ﬁmﬁ®eﬁ(hﬂml)en@élﬂwﬁtum pfRol8r n, and etch.

15 N. Wafer packlgn @ RIS kg wafer to 175 m 0. HF reI ease etch
t 2 Datt
to clear PS Tronl?ur?dgﬂe csﬁ’ Jn??ite 20 11. Reflector Options 25
M.  Bond Pad Metal (100 A Cr - 7000 A Au) deposit, pattern, and etch.
15 N. Wafer backlap and polish to thin wafer to 175 um.

0. 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,



30 A Protected Gold Reflector 1. Shadow mask sputter deposit Cr-fg pg@g
maski ng prevents deposition except where desired thus elimnating t g SI
for subsedjwentsspatterning and etchipng of Cr-Au). 2. SpgrhRbo@eRos t
silicon nitride half-wave |layer (2. = 650 nm. 3. Coat with photoresist to
protect released mrror plate structures from breakage and to serve as
patterning |layer for next step. 4. Pattern and etch silicon nitride to
renove it from b@nd pSeitesdeppsigilicon|daideiandbilicomtiticle quaterviard lapeshdi ng pads

is not inhibited. 5. Ren ot [ St. . B, qun : Ref | ect or
1. Shadow mask sputtefi ggi\égm ' gmei%b&(fll}é&%%dfgﬁyg 138{%%&%3;1 00/ 54090
16 PCT/ US00/ 05995 C. threeQparter-saveleposit silicon di oxide and silicon nitride
guarter-wave | ayegrs %,.= .65 - { L i t.r] | ayer may
alternatively by%'thrgg&cmglr 8{r2)?95\/\gtvte gt%(g?agaff.gd Eé’gé%q’\}\ﬁ{?% %‘Hﬁ gsof?%nsi st to
profect rel eased mi rr breakabaand tesoriecs pattesing layer fdymextlsege and to serve as
patterning |ayer ,for X e . Al WL itride to
renove it from bond pgﬁs}.ns%ht %ltélicgﬁg%t%l?{ Ebaﬁ%&ggﬁitactnﬂoéﬂdc tfa?6 rtt)}%‘hdi ng pads
is not inhibited, 5. §fesnicabequtrotiomstal bandingpeds.is ®Afrdiidted Al umi num Ref | ect or
1. Shadow mask sputte j Alum num 2. Sputter deposit silicon
di oxi de and silicon n?%@%@ﬁgthgﬁtéfg?gvave layers Q = 410 nn). CQuternost
silicon nitride layer may alternatively be three quarter-wave |ayer. 3.
Cogl with phetor eshshed RuRiRhEgdnetE! €eased nmrror plate structures from
breakage and to serve as patterning |layer for next step. 4. Pattern and
etch silicon nitrlide Bepdpwmsskesputteriderpsit boend Hugsumo t hat

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 fhat

electrical contact to metal bonding pads is not inhibited.

5. Remove photoreisist layer.
20
1L 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



el ectrical contact to nmetal bonding pads is not inhibited. 5. Renov
photoreisist layer. I1l. Final Processing A Coat w th photoresist 6@ SEP 2003
pr ot ect r eV r v or pl ate structures from breakage pcishgi@eedi Ci NY
operation. B. Die separation using, typically, a sem conductor dicing saw.

25 C. Renove photoresist layer. D. Test. Although the present invention is

describ inel ud . means,. .net hod,. and apparatus to inprove

reflect ?1%1%6?} ¢ SPI ?%F?ﬁtl’oﬁmﬁﬁn%r@?chp'f‘@f TEquIe s YRS 91| apticdlrplectisakalemangs) |

recogni awi 80 filinatrudnives. (HueBembre] v pidtdnpitveationintly BdlscOf dobibialiGH ofter 0Nl Y those
elenentﬁmﬁqg:§%ﬁg§h€ﬁg%.of thg igventio .descri bed above. For exanple, it
is undereh Sod PHGY heads Tor eemels; wHh migo@ephined reflastorcianptical ywighepar el engt hs
ot her t biaer devivseutilizagrbtietye tunfacesi A REiNGRYS GOARELSE, RHBR chaBROURE i es, and

the dis i descri be bove may conpri se optical, nmagneto-optical, and O
g SEp 25‘8%&%?’6076‘%163@0‘“%?3 SOEre89 5 el 1484 ol shewe benBtiront 5 whi ch
may r eqeppresiatsdiiient int sppe snstihces porhe febtures bRE fniveron &1a§ BB Bhifloyedditholi N i1 m

structu r the present .invention may be used in_applications
ot her %ﬁ%ﬁ’o\g\n&kﬁ %‘u D%F??IB %’gﬁ feﬁ‘érgﬁ%,d yiebr}ott spattfiem the,goppf ofithe iBventiohi Theee r ef | ect or s
i n opt i eakidglians bemildomakedt der thdett dmsntioh ishdutd Rgirhiedd] G Byvige Sdopé 8ces. A

| atitud : i [l h Qn, various changes and 5 substitutions are al so

i nt ende e@%“%ﬁ%%%gggﬁ%ﬁﬁg di sclosure, and it should be further appreciated
that in sone instances sone features of the invention nay be enpl oyed

W thout a corresponding use of other features and yet not depart fromthe
scope of the invention. These considerations should make it clear that the
i nvention should be Iimted only by the scope of the clains presented
below. - 18 What is Clainmed is: 1. A micronmachined reflector conprising a
pl anar substrate, a reflective |ayer, neans for securing the reflective

| ayer to the planar substrate, the reflective |layer and the neans for 5
securing the reflective layer to the planar substrate having an aggregate
stress, an additional |ayer of material secured to the reflective |ayer,
the additional |ayer having a stress substantially opposing the aggregate
stress of the reflective layer and the neans for securing the reflective

| ayer to the planar substrate whereby the stress of the additional |ayer
substantially offsets the aggregate stress if the reflective layer and the
means for



10 securing the reflective layer to the planar substrate so as to @5% 2003
the planarity of the mcromachined reflector. 2. The m cronmachi ned i
reflector of Claim1l wherein the reflgqgi_ve | ayer and the neans for
securing the reflective layer to the planar substrate have a tensile stress
and the agﬂi}ap %nal l ayer has a conpressive stress. 15 3. The m cromachi ned
reflector o éalnﬂ?dlls‘f or use with laser light having a wavel ength, wherein
the additional |ayer has an optical pathlength equal to one half the

wavel engt h olf the |aser light. 4. The njcromachined reflector of Claim3
wher ei n t he ad@iPFgRarhnedyeffecioscoppyisin p glanar spbsirate,p teflachiyedayer. zapass forhe

m cromachi ned seitigohorefladfivélagérid the pRharysR ik, ithe RdASEhydriafdihe BRYIsRG 2

wavel epagt h, V\@eecr %ilq thﬁ z.ddl'ti nﬁll %er i nchudes first and second | ayers
each having an GBri& AT elpvs a@?{g‘? © BRTH SURSHAR HRY Ik PR 2R EPER Rt engt h of
the | aser |ightdditGnalliyer of maerimhebinde thekfl@tivohy@f théAditihdl 148EK0in8 at he
addi tional | ayg&esg s%lsturgLaﬁ a fi.rst&)l dielectric tha}/egr of a material having a
relatively | ow RaBX BFAPEPPIYPE BR 25BAE Sireg Of thefeBective fayerand the meansdpr and a
second di el ect sdcaringabereflativalagateh alandtavistige avhérebyarhé sRkyofh@didax of
refraction oveylyi the first dielectric lLayer, 7. The m cromachi ned
reflector of aé{igrn%{}%mfng?qu@géewhf REEACEIgSHpss I‘%ﬂeﬂ?cf}ﬁ s ag%'irﬁme@mﬁ a
secondO addi t i osslridgaerfledinelagacotd phadisibsomakto 4say ethatéelid panagtyloh the
addi ti onal Iayﬁri1cr n%hin@@"eh@% A optical pathlength equal to one half of the
wavel engt h of e laser Tlg ?. 30 8. The micromachined reflector of Claimé
wher ei n t he Z2addhd ingreaachiagdaefldctor bhElnin hwhereia she reffeotivedtiyef hridsthe Gbddk &gt ri c

i pdex of. refraction

| ayer of a mater] Vi relatively l.ow . .overlying
the second di e?ecgﬂgi tgea‘i&&g‘girv 9%?46 t%t??(e)f’ ﬁré% SERUHR B VGiR APsils s ap %Pd‘atl’onéf

mat eri al  havi yerdas e¢amiprasgivgstiessgh i ndex of refraction overlying the

anot h fir e tri r...0Q S 2003 .9.. Th 1 cromachi ned refl ector
of d ﬁ m 6 ﬁﬁe‘rﬂéﬁ %ﬁf%n{eacﬁﬁ‘%%}réﬁ%fm Sk &?%EF¥0|I Pssetmg’l I%ﬁe]élg%hﬁn]’acm}gaﬁl‘%arvele?gﬁh’si l'i con
di oxi de and t hwhereindhei adflitioal {afier hgeanoopdcad pathlength éqmall ta pir haifsheswdvelength 6f t ri de.
10. The mcr O”ﬁm‘éﬁ‘ais&qgh{ eflector of Caiml wherein the neans for securing
the reflective Tayer to the planar substrate is an adhesion layer. 5 11.
The m cr omachi Fhamicafmaglibes refidctoCoBClaini D whdrein dieradditienabiper $d mmdelfer i s nade
from chrom um,,312. . The m cromachined reflector of Caim1l wherein the

reflective layer 1s nade froma material selected fromthe group

consi 82ing ot @he wicombchihedrifastor ofiGlainAl for oseovithclaseelight bfvirest wavelength,use wi t h
| aser |ight hayj 2 eloly o @Y s trate, a
reflective | ayglb%}giprghae\r/l@mﬁ grfd?gg%ﬁlgl ng{ {uﬁéeagrgé P%%@Ye\?ieg?%{}aev?n%t%g OE) é pl anar
substrate and pathlergthegualite oheypenter dfe vaivelengtinofithe lnsedbghtecured to t he

reflective lQyefe Hififomachined 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 for use with a laser light further comprising a
second additional layer, the second additional layer overlying the additional layer and
having a optical pathlength equal to one half of the wavelength of the laser light.

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

having a relatively high index of refraction overlying the another first dielectric layer.



protecting the reflective layer, the dielectric |ayer having an optpqwsEP 2
pathl ength equal to an integer nunber of half wavelength of the |aser 003
light. 14. The m cromachined reflector ;,gf CGaim13 wherein the reflective
| ayer is made from 15 aluminum 15. Thé micromachined reflector of aim
13 wherein theteflective |ayer i d romgold and the means for
securing t he&r (rar%' &t ?r{l/aéglpfé%fgﬁecf% O? ﬁgﬁ’bg&'&fﬁrﬁ“é torigl @f thefisgt diglgesyic layer
chrom um 16. TWsdicon diosidaatdl thedatered bews @eomdi&lc&idm%?is\é?i%@ﬁiﬂiﬁl&hel
reflective | has a sid | | extendi ng upwardly fromthe planar
substrate, t é%h? el ety ﬁlgeqerg@%ﬁmré’gegﬂlﬂﬁ H’S“B’\‘? e 1pqRs fog pequijpg the fleqtine
reflective | aydayer td the phnaiastibstiate 4y agehesioa 1889, conpri si ng a m cr omachi ned
refl eckor havi . te.  .ead a flective lLayer di sposed over the plate
and negns fgﬁ"23%%%@%%”@H%MF@Cﬁggfﬁ@gnﬁ§V%?mP8mPﬁ@“°bﬁﬂﬁé§n?%%ﬁ?%fIective
| ayer and the plwamsinf.or securing the reflective layer to the plate 25
havi ng an aggr at.e ress n.additional layer of nmaterjial secured to the
reflective ?%yzg, {(ﬁﬁeacgla%ﬂ F ﬁ%:ﬁoé F{jtﬁ%llwh%f%‘#& rﬁf?eﬁ‘Y ayer i ppde femiaq) | y
opposi ng t he aggragatlectst fr@s the gfoup hensistigf dfgoldiaudalb@imam. and t he nmeans for
securing thearafl.ect]| l.aver to the .plate. reby the stress of the
addi tional |ay g‘rd“glﬁé@é?hg%etdi%‘feﬁ?’r %’F P%?e”%‘g' 19 léﬁgﬁﬁvalgatwwg&gowswé
refled@ive | aplenaravidirithe refieatie liyer, nwensfor seeurinp eherrefideted layee td thyflinat 0 t he
plate so as toggphan t | Lity .of the m cromachi ned reflector. 18.
The system of Eﬁhln1%@aﬁ%%?%%A%FﬁQ%PgP¥%@F%5%”? ﬂ%@eggﬁﬁPFgg?' Tum num 19.
A mi cr omachi neprofeetinggbe wflective hgerehndielbarielagehevindadopsiod pahlehgth efual ®nce t o
any one Of f | gﬁ"{nﬁﬁe gergo‘fhglf)Wa\fPe‘lquh%f%E Parseaf '%ht.SySt e€m as her el nbef ore

r o figure

descri bed and wt eference
14. The micromachined reflector of Claim 13 wherein the reflective layer is made from

16 aluminum.

15. The micromachined reflector of Claim 13 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

20 extending upwardly from the planar substrate, the dielectric layer extending over the
sidewall of the reflective layer.

17. A data storage system comprising a micromachined reflector having a plate, and a
reflective layer disposed over the plate and means for securing the reflective layer to the
plate, the reflective layer and the means for securing the reflective layer to the plate

25 having an aggregate stress, an additional layer of material secured to the reflective layer,
the additional layer having a stress substantially opposing the aggregate stress of the
reflective layer and the means for securing the reflective layer to the plate whereby the

- stress of the additional layer substantially offsets the aggregate stress of the reflective
layer and the means for securing the reflective layer to the plate so as to enhance the

30 planarity of the micromachined reflector.

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

19. A micromachined reflector as hereinbefore described and with reference to any one of
figures 2 t0 9.

20. A data storage system as hereinbefore described and with reference to figure 1.





