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(57) Abstract

A micromachined reflector comprising a planar substrate (146) and a reflective layer (147) secured to the planar substrate, The
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0 8 SEP 2003 WD 00/ 54090 PCT/ US00/ 05995 I nproved Optical Reflector for
M cro- Machined Mrrors Scope of the Invention The invention described bel ow
relates to the use of a micro-machined mirror for 5 optical beam steering,
swi tching, and scanning. Mre specifically, the inprovenents relate to
enhancenments to the mrror with respect to its reliability as well as its
reflectivity. Background 1In the prior art, mcro-machined mrror
refl ectors have been described to conprise a 10 single |ayer of gold
affixed to a polysilicon mrror plate by an adhesion |ayer 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 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 wavel engths shorter than about 600 nm and
if 15 unprotected by appropriate coating layers is susceptible to corrosion
upon | ong-term exposure to certain operating environnents. Gold (Au) does
not adhere well to polysilicon without the inclusion of an adhesion |ayer,
for exanple, chromum (Cr). CGold is a relatively inert material but does
have the capacity to react in certain environnents, especially those
containing trace anmounts of 20 chlorine conmpounds. In reacting with
chlorine, gold will corrode to render it unsuitable as a reflector.
Al t hough such a reaction may take years to have any significant inpact, it
may present a potential long-termreliability problem I n addition,
pi nholes in the gold layer nmay allow access to the underlying chrom um
adhesi on | ayer, which can also corrode in the presence of chlorine
conpounds. Corrosion of the chromummy result in the | oss of 25 adhesion
and del am nation of the gold layer. In 1980, K E. Petersen described a
silicon torsional scanning mrror ("Silicon Torsional Scanning Mrror",
IBMJ. Res. Develop., V24, 5, Septenber 1980, pp. 631-637) that included
reflective surface made froma single | ayer of alum num deposited on a

rotatable silicon mrror plate. For this application, the versatility of
m cr o- machi ni ng,
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30 alum numwas a suitable choice because it was easily incorporat eg gn?ﬁ? 2003
the process for <creating the mrror. Mre demandi ng applications require

i ncreased 4P0¥HPM%n to the desi gn of the reflective | ayfiisooksesl992, U.
Breng, et, al., reviewed various netal filns with respect to their 0 8 SEP
2003 WD 00/ 54090 2 PCT/ US00/ 05995 ref | ecti vi ty at an incident |ight

wavel ength of 780 nm ("El ectrostatic M cronechanic Actuators," J.
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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




t heoretical maxi mum of somewhat |ess than 100% can be achieved. It @#o§£g 2003
be noted that these exanples are relatively sinple optical coatings. A

mul ti-layé¥o¥s4¥Png can becone qui ge conpl ex in termsp@fudohifsodsdl i ous fil ms
and physical filmthicknesses and is determned by the function (i.e.

beam splitting, phase retardation, anti-reflection, etc.) that it is called
30 upo coatin s such as those descri bed above have
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m

Sur f ac tting Lasers" (US Patent #5,729,567, March 1998), S. Nakagawa
addressed thevided) ysed methpd obinerovekrface re8geeity fraom a sinpletiiin b2iaitic lopt | cal
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silicon dioxi Cani um dioxid
20 McGraw-Hill, 1989). A quarter wave stack may be comprised of alternating layers of two
non-absorbing dielectric materials one of which 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



mrror. Deposition conditions were devel oped that provided film st rﬂaﬂssﬁp 2003
for the two materials of equal nagnitude but opposite polarity, such t

the HL paiYO#éd@eed stress. Taking into consideration phgugdheesssi on above,
it is clear that inprovenents are needed in the prior art. Sonme of these
| mprovenents are di scussed bel ow. 25 Description of the Figures Referring
now to Fi gure 1, there is seen an optical disk drive incorporating the
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n a vi.ew of the mrror pl ate of the m cro-
eg err |‘?‘f§ FBRIPYeS t‘l’—'F’g’H‘i‘t%mG the pisflgrometeszad io proxide themap @ Wﬁléwtbffahllmz M rror
pl at e abomthes‘geﬁbvidﬁ[] AA ; 5 Referring nowto Figure 7, there is seen a
secti oned Vlrﬁw of the m rror plate along_ section AA" in an enbodi ment of

the present 1hRMSH CBﬂIIEgH%)FrSLﬂqu“P%@O&C ibifi pame @moy\pé residaal khin filkef er ri ng now

to Fi gutres. & @feeb-Qachili@y, ﬂle|c83tﬁ1§ ﬁtbg 'dEbogx'téd’15§toc’s}1¥r}I @R Shictrel Bhd HGLOT | ayer,
wher ei n .t he .net ef ect g t hese_ t Ims is to cause curvature to appear

in a m'TFSF frBﬁ“é’P"eS“ ST GHE MY iactr gm@fom aspHesull of thegesidyakstigysge of

r abl ectthevédayingt Irb5ddition] ifkfe BRAIRES drd eheROW, tH JohEHEE Snalliorh RiGethific S€EN pl ot's
a func lon of wavelength for four cases; and

of aver e reflecti,yi.t
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Sunmar yambfent thdpdrimneniué mh&&fﬂ_ﬂ’@ d@éﬂSl@ﬁtﬁ of tAMBRAL &HPBnsidheHfles 1@ nigeans and
nmet hod by whi.ch the refl eﬁt Vi cro-machined mrror can be
e

It
i mpr ov &8¢ PERRCTPRIC BT IAtRT e Jm ¥ﬁs & %’?‘Zﬁéheé% glorgtiens hpigbeepmadent
I nvent ibgdepositing apasetdliaed ’tlEdi@tonDothaidee 6t thy inidro-HaciRdd R tuked &y K3ses its

rqgl eCth l\a{ﬁéeythe stres]s'othh respect to the neutral axis of the structure. However, due to

difficulties in controlling the metallic layer properties, the flatness of the plates that has been

achieved has been less than optimal. In “Multilayer Film Structure and Vertical Cavity

Surface Emitting Lasers” (US Patent #5,729,567, March 1998), S. Nakagawa addressed the

similar problem with respect to a multi-layer optical coating on GaAs substrates. Here a

20 quarter wave stack comprised of silicon dioxide (L) and 'titanium dioxide (H) was used on a

mirror.  Deposition conditions were developed that provided film stresses for the two
materials of equal magnitude but opposite polarity, such that the HL pair reduced stress.

Taking into consideration the discussion above, it is clear that improvements are

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;



nm and inproves its long-termreliability. The reflectivity at oth@mf SEP 2003
wavel engths may also be inproved. Al so, the present invention mnimzes
mrror plat@o ?ﬁ%&%"ortl on while proviging a 20 suitabl epépbgdosabd On
approach. In the present invention, the reflectivity of the m cro-nmachined
mrror is increased beyond that whi ch is achievable with a single
reflective #f% alone_. This is achieved through the use of an enhanced
metal lic refFEEPENOVARFispe Schre issgen afap bigw 96 P siirormipteoffamicer wave st ack
di rect Inyacmnedmmo@f the reflective |ayer such that the reflectivity at a

gi ven wavel i S 25_i roved over that of the reflective |layer acting
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wel | ased;tibelArA deposited thicknesses, one can tune the layers to achieve a
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the resi duaﬁefsljtnr egsF ¢ e conbi ne 1‘11 cture. 8 SEP 2003 5 The present
i nvention incruded 484 T PFTBA P1oEPA BY“yca(SﬁfJQ‘FI%’I ng a planar substrate,

alpefl ecti vRefermipgnow neipsre f DheBeis beh PBtstofever 4k kaREGWE ab 2%BEHdn@rt he pl anar
substraf e, ntgn’ef [ o]:nl(%Ctl i | ayer and the neans for securing the reflective
| ayer to ??’u Pan EGb¥ ' at e havi ng an aggregate stress, an additional

| ayer of rraRefemag n«s«emﬁlgde 12 titebesis se2h b ot bﬂteﬂdcﬁ\yi@ra,mtd\xﬁn.addi tional |ayer
having a 5 stress substantially opposing the aggregate stress of the
reflective layer and the neans for securing the reflective |layer to the
pl anar SEmbwty effthe Whenddy the stress of the addi ti onal Iayer substantially

offsets t hel"}%%gées%gtgﬁm en%g [ Ilensclsu é)sf %Q?eqﬁ;a%{%: eﬁgfi\{)gl %/}} glfé‘e %1\2{5' %gaagﬁh;gge t he

securing the ive
pl anar migyo-gfacitited mirror Gurie Iimprevzbd Ted nized-mbchinkd meh@ mwyeﬁet@erablevem ion

i ncl ud i ne reflect f. a ase havi ng a
wavel _eﬁ%?eﬂt mé%?rl%ﬁrﬁ’% F’ ho gle Stanar syl B‘é‘?y aég gdamﬁ 1?‘5?35?(:‘{3 T 1%{8' 4pans for
secur i mey, andémpuyoggs| ledongvtemi mlighility.o Thdvefl@kivinaat otebeiveihgthamdy alsalbel ectri c

T gt A L et Ed%n?f?%gﬁhlﬁy@f Sk b g o oot
edual tlmaldnfabnca@geapmmber of hal f vvavel engt hs of the laser light. 15 The
present invgnid Bgsehpﬁxk/yrgl‘gﬁ e geq]tealvﬁ Cnie o§1:[ngcr}r1]m%c(l) %);rgrswr} creasergI cronachi ned
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.



reflector having a plate and a reflective |ayer disposed over the &gt&%r?&w
means for securing the reflective layer to the plate, the reflective |ayer
and the neans for securing the reflective layer to the plate having an
aggregate stress, an additional |ayer @f material secured to the reflective
| ayer, the additional |ayer having a Stress substantially opposing the
aggregate stre of the reflective 20 | ayer and the neans for securing the
reflective Iayiﬁe RrEepiavERficR RClfiRs Adpigropaghined reflectop Forpnrisng 3 pines Yhsifate ayer
subst ant i aldfieclel 18Rk, Sméahe fRGEEFAHR rSfldc@ESla@dr tb iR plaht abkia€ theeéctiand t he
means for1 secyr.i % the reflec ive&el ayer to gpgﬁg)l at.e SO, as t o enhance the
pl anar i t y'28¢" 40 dheieant e SerrRgthe raler e ayer tof 48 SUpsERPhAIREANGIZEICEAS | o
Descri pti airesfah edditiongl 1ny@wof Matkriy sécared tathel rafle@e tyag theiagditi @fl Rgermadaesl,
there is seen &n O‘? i cal disli'ﬁ drive inco(rfgt)o at i %ft e reieFt inveﬁtion.
The presefifst AVERPION MRS e MGG FHC SIS 1 "né“é@ Ve AW AL APT 818" MBI udi ng
t hose t hatectuixpuihe @cfleptiveciayer he @@ [Hirae subsigate WherelyutB sapyslof alad additiona layert he 5
optical disk drive_ 100 of Figure 1 ichis simlar.in appearance to a
Cbnvent i ofB Al RESTB I sarrg firs oabe ehete kit e BeRRORF IENTEN, o
| ocat e t heflpaBictlayen t®kheaplamap tsuteaite rse ad/toviehliagceheha chlahdfity dfrthenmadromvhined
di anet er tglﬁéatn outer dianeter of a rotating nedia 155 . The drive 100
differs fFfof “that of the prior art in that a novel and new method of fine
actuatdon i s pThyipchecht ilRehtdonr inclgdes cavmiia@orhdchined réfleetnd fqurwe edibng ldserglights as
needed, there is seen.a head.125.. As 10 described . in commo i gned
U pppl PR bRoaasE eS8 g AT bl D EIRE il BRI BB 4RCC
t he head 1dlectb@npyer s theaplinay sutgtraphnd aldidveai. layen of hidiach diRddef securéreto the
conpri ses fin actuator that .in one e i | se
i cr o mac Ftselr e TareCb e Sing Bk S B I SR IRy GHIRR 26y patipnec
pr ecedi ng efiafwragdnteger meweed, hatflvardengths obthn lagerflighte act uator and flying
optic head ig,a _side .vie stati C ' f.th ] HiRghi ned
m rroﬁ13 140 15%8%1 Segi T }(l)yonr %[Cglt%g ? o&agat Letgrrag}3 ats%%&? aagflr%r%r%q%rgﬁg%er (not
shown) i n reflectior Byirigarpldtel dndowefledtiie lagediispostd Syer Saer plgse hsbipeans far seruringthased t o
adj ust the angle of the mr fahd Ruk 19k yery
fine tracIEeﬂselc (?ﬁ@%er E’;?ntge ?%tre ’ tég{eeﬁl%égek ?%ggﬂgée% fOE ?Fgﬁ%egﬂ o% a{;jgg.ca nrtt dat a
t racks on thiedate hitigan bggegaRotressr anrndditional tayerfof gatedalsecurad to the aeflerting 1&ieyur es
as needed,, there i . 1.C[ O- , i irr i CLOSE rdtcs
er spoct i Vi SELEPRaRERRR s iRE DaGs e s Ly ol ope rootive

20 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 planarity of the micromachined

reflector.
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el ectrostatic actuation have been omtted. The m cro-nmachined m r,r,cﬁslﬁgp 2003
conprises a mrror plate 146 that is attached to a mrror substrate by
torsional hinges 142. The mrror plate 146 is coated with a reflective

| ayer 147 and thin filns 148, which are described in further detail bel ow.

An enbodi nent of the structure of the rror 140 and for its use in drive

100 is degcrl Eﬁi in,25 commonly assigned U S. Patent Application

09/ 192, 00 = I orporated herein by reference. The present
invention idenRkfifg nbWas Figﬁre'lsand??e'cé&% If1§hr550d§$1@éd\é@ tﬁ'éi‘@fs%!en%%ﬁcfﬁphfsﬁm in
the drive 100. This goa icates the delivery o power by the |ight
160 to théﬂY?ela?oap%atslg%mrmetsmwmeﬂéaewn? m@nowswﬂ@slg@ianmda@gmﬁ as

the deli VQﬂpYichonpﬁl‘éﬁHmF thde HRf keRBitd SticdiBreamfstdelify. |08 NuchL fpliEdiefnid Remeedi a
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the re? ! efrtd ditkyhitve 189 of Figh lnphich /s shmiardn apRSaIanes P @ cpentisal Winshesieght 160
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nm  Hogev @éscribddtihl cammbilg lassignay ©1'S. Kpplidatich omzieem,l whitly isGhcorpdpedoheddife byt 46
decreases dranatic

Il 1.y as wavel ength is C be ecifically,
For | 10 ox RS U Pepdth 2 GomHE R R TAL P GLIEVFEY T B dORgA by bou
40% Ther eft@4t&:thdt th he emb&flﬁéﬂtednlﬂmbmlmmﬁlamned tdrdicéhall@fror MM0.ch utilizes a

wavel engt h of nm and . desj r ctl vit f east 95% a single
aver “of gold BEREUREY o P dreeeintayer e, B i Shte redmbug o
Bef f{r e di Sgd.lﬁﬁgg’lq:ticﬁlﬂleﬁu els@eme ViEw. emmnatfcu]?mlhmfn ofama rhllaﬂ)e{hﬁihﬁlﬁdi firgor a0 t ged
utili an ilm eeded.
Fort uhét efF3Pse ‘f ® rf’ta[? 8étF§t gu}‘?hf #(3 %"éé‘%‘w@ re[CBOIl S%t ‘f’g’ﬁ‘?g of

comer ci aliks Samalldao@tbbﬁtrcs@‘ﬁswfoead}mstadumgk df Inmtmmroelmab lallow fywracK fotlowing
generating_and anal opti.cal coating de such ackage
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into the degiagss.of these coati ngs can be obtained by keeping in ni nd t he
ngg? irrgztsal Coﬁcﬁaﬁtmsg lgo%vs o i*‘l%gr% AP ad precezdmg ﬂg&res a nee‘?iecfi %ﬁeré/ ?sdseerrl Ca?tmrml\c/lrao)sWel I"s
20  machined mirror in a close up perspective view wherein details with respect to the method of

electrostatic actuation have been omitted. The micro-machined mirror 140 comprises a mirror

plate 146 that is attached to a mirror substrate by torsional hinges 142. The mirror plate 146 is

coated with a reflective layer 147 and thin films 148, which are described in further detail below.

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




Li ght propagation in a material is largely a function of the conpl dk8 SEP 2003

refractive index, N =n - ik, of the material. The real part of the
refractivePAYM n, is also comonky referred to as bpeeukRfekasti ve i ndex
due to the fact that Nin ideal dielectric materials is purely real. The

i magi nary part of the refractive index, k, is referred to as the extinction
coefficiant hecauyse it 25 gives rise to an exponentially decaying intensity
of the Hesg Stweglsasl E%Bb‘(fﬁéﬁféf%@? 1“r?tr8§?cﬂ%“ Ipdtad thedieht 1§0qfeqm theinesdsciShi cs ar e
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thin fi ' essed.as a function of  t tical pat engt gi ven
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one-qu -hal f. ..respectively, of the Ijght's wavelength. 0 8
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of t hi nwavielength otifenpinsteddant 660 nrht Hoseves Mlith Gtsdleadyer 60l efdclivity dem i nter f ace
encount l. ref.lected | 1s, therefore a summtjon of the
conpone ﬁ% @gtlp ? il)_&r]n‘(ie chegge\% grra‘m(%ﬁcsaﬁy & W%Vc?ieg%hés r&‘{“"?‘ﬁéﬁi‘é’v PR nem sagedcallynifs t o

valli at i ABplerat he nph feenadimurh heflectbfity o€ geld i$ b ab&OAPBN ETHefeford, HE G

compon I . C tructively or destrugctjvely such that the
net reﬁ}éefgﬁréggé}?qogﬁ?&f ﬁ{g‘ﬁ?i i ngl‘c?élgﬁzc?ga ki'd Fﬁ%aﬁ{qmﬂﬁﬂﬁ?ﬂ deireflt ¢ hese
thi n firkfestivieefat vast 9p¥ees einple lPaeofazoRimeb@sitedort thatplans 148 t5iiRgr &otal f - wave
thin fiyg %u‘?thﬂE.‘ In this case, the summtion of the |ight conponents
reflecte romthe two sides of the filmis identical to the case wherein

t he hal f - waBeforeadisqussing the tprosere semetion| fartioneaneurdedianding obihe tukiBtypme s ent

i n¥entigQ 4hi i d to create a |ossless half-wave

di el ect rf]%n i hr?l!gﬁlfaﬁ?nm% %gﬁ%ﬂ{é%l %saﬁ?%ﬁ nee‘l‘%’ é‘?’ft‘é‘@f‘? Hh | i@dFrétla’i‘dé‘Egt’Fon or

t r ans mivaB¢cessargfdue frethk iegistencgt of tchiemgiciaiy avwilielk aoftyvdie pisdficy thatnge mel t 0 Fi gur e

5 and pLesedl lQyr eded; is seen a . top view of the mrror

plate 146 of r'%ﬁne%:%lg ragc??m?;}ﬁp%eogg%ll rqéatlt}rg ﬁifffnﬁhg)?‘aélslhchssgg\f’?rgﬁacme 'Bi sects the

m rror Cakc®" pwgided bpSaftivens] Specitao Néverthobdss tsomn ahtuiginn sntd 4. désighefri ng now t o
Fi gur e f@candim-eaeol 88 ElGULES,: AS here.is seen a.sectioned 15

vi ew of tshe %ﬁs( glfgép atlgd%ggggil%ﬁa%glg%ﬁ ?%Irr%aa ngall Cciglcaausr&;esg{becfﬁé?vhe

erPodi teaheande deived fromeMaxwellfd eguatione | ayer 147 is conprised of a 100 nm

thick layer L@flt ﬁ&&agat?ofnfi}x % Shtd 1 is rfa?gé?}p Ia ¥1§1ict|i(;nco%he 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 N in ideal dielectric 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.



mrror plate 146 by adhesion layer of chrom um5 run thick (not sho% SEP 2003
Overl ayi n %) reflective layer 147 is a half-wave layer of silicon
nitride tﬂ‘g WM Pes as a dielectricsl ayer. The hal f - wageusdoasdss of silicon
nitride conprises one enbodi nent of the thin filnms 148 of Figure 4 20 and

can be used to protect the chrom um and gold |layers fromthe use

envi r onnent ; 1 S odi nent it . understood that reflectivity of the
plate 146 i &9 ]IP# P }eoaa%%%%u%heaf TeEgY ‘?tj\}gm ‘ﬂ?‘&pséfnﬁp@@"af‘)ft‘tﬁé refleptedeat j ve | ayer
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deposi t wefe oot ptr‘tspnto()nb lexanpie i doit dfeesigheytenf-vlabé thin AGOMPEL I tHiddake, el M5 148.

Th t| fi onstr.yctive jnt erference occurring
2t he b YRR LR bbb Rt i G210 HES AR B eieAich dhaoe

r ef | ecte@prowhestin thedalfimaes layarmsgnat pfebent t invwee bralywiimébd 6f the bﬂ&sehhﬁv@iﬁb@dl ment of
Figure 1&19\916&%' g ufs%d tgscr i:ossqg]s ;hslg Yﬁedlglggs}’té? %? al ) guar ter - wave

| ayers deposite heve asp’&i"i‘m’tlonprl ses a

| alfer siffegt Wﬁh@pﬂ@tlonwttah&mssmn affeite l(gh-t)at itegdxn Wfavd’l&xfgthaCt ion and a layer with
a "low (L nen MO 00/ 54090 9

PCT/ usoof 0)555 g‘%ﬂ@ﬂ‘é? ighhd gg’%g"rfﬁfam%%}gure%? negded Mteds EiengdpR ViEWi th t he H

film orpfttlwemtrtswla@emfoftttmmmrcamkc)hmebmmhoxt o wiekdie cdctivn AW’ aivdet e Wavel engt h

bandwi [ he two indices is made higher.
The prcelélgrﬁfﬂlgtﬁ\}gﬁ I 'on ]?urt tﬂﬁ%t afxfselggthat for a given choice of the H

and L mat erRafemngaismeguﬁm pvdlm@ecangﬁghmadleeded;uhae@a‘set-mesdceéﬂeect ive | ayer

{1, t
to the rﬁflﬂcsl%ﬁ Y% dﬂ7 i qomwsqdl Qitael Obymatﬂucadhes of)gbld aﬁﬁ&ed mfthe:haslgsirmaam 5 rim

t hi ck. ngafsﬂﬂgaéuaabWerNth%&}bmu& s i@,,thcﬁé hC SlenBid wd'

quarter-wave |ayers re precisely
di oxi decflesiye 1@3@3%7 igp hel&wpye layer pigilicoh nltlirré thag @drdeslaay diclevthic layera Thef'

quart ey, MiGe ét@t’x%rf sﬂ'lgon%{htjnhg &ﬂnp’?ﬂs% o'n&gj gmn%olhggenli gftkg thile dﬁlﬁa tl%) ngpl_ﬁurf)zyer It 10

shoul d be appreciated I n ot Iona irs may be
deéPosi t2B¢ candsritsed toeprotagt thegdhramium an¢ 26l layerd diomt the fiser dniizonnenh alnaiis t he

ref | ecteinpbdidiestfit thende LBl RS re?lte@tﬁ)ll(ty of e plate 146 is limited by the reflective

properties of the reflective layer 147, which in the case of light 160 at 650 nm provides a
reflectivity of 95%. ‘
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



practice, however, it is desirable to keep the nunber of HL pairs off ﬁp m?
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reflectiviP%® M the nmirror plate 1#6. It shoul d be wetredodosst a
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menti on Y S fllms i nzero k)
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refl ect r SEP 2003 WO
00/ baooiiebY B AREIRIY BHAE bR, s, MILAIANCE lBlid 5ed isPrl Z000

t ypi cal pyd/ort M8b xevides tah addibionst dvaneat of Bromﬁn‘gl tbe eeftebtyve l@vfmslm tfwnzer o t hat

t he filﬂ?éch anfd%lg s is maintained. Al so, real materials tend not to be
di spersion-tree, %; is, their n and k values are not constant as a
function of R«@f%n@h@kk\o FlgIAeédbnmmgmfa@nnedmsmléﬂwecoh@gsgdsruelt@authés as wel |
as non ti-layer
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expect ed quarter wave
that satisfy the boundary conditions of Maxwell’s equations, and the total field solution must

take into account both orientations. It is customary to refer to these two polarizations as TM
(for transverse magnetic) or P-polarization and TE (transverse electric) or S-polarization. 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



val ues. These effects can all be taken into account with software tfd sgpezoos
an optimzation algorithmfor calculating the thicknesses needed to

provi de t ha' QWEE00 of | ect i vi ty for rgqal world 10 mat erigd1Susanehoos
applications. The present invention further identifies that although the

thin filns 148 descri bed above can be used to inprove the reflectivity of

the mrror plate 146 rtai p other issues may . need _to be addressed in
order t (51%ﬁ(s)§m?t[éeafw’?1d ‘%&F?‘r’éc gllllfé s rRigallyehe extipgtiog coeffigignt i ufficientiyn
mat er i alclst ® izeo taethe Shas wefumeeis GRMAAtddD] Asd)iréd mgiafsabid f£Alkd 90 process

used in g Wuf a L .the mrror 140. It the preferred enbodi nent,

nat er i aldgs g?rﬁgl? H]‘;aer’ gﬁalrtl % iragefrarh?n% VEHES are RGOS a5 3fURGHOR of MRETenethor esent ed
by t he pronetsg fr dispesive ey rhateriaveasabdlies mah-nyrghal ?gldﬁ@f iixﬁﬁieﬁceﬂrﬂme?afh q

t owar ds pk iLgn. shoul d. conpri se,.steps sych that the thin filnms do
no%con@%rﬁ&%%ﬁtogglt% n&\iﬁﬂf'%y?lracf)%’fnﬁ M %Cé’mpg%tﬁteg.tgﬁ“ﬁvliﬁﬂld PEgesFied by thg ot ef err ed
t hat t hdeseaptons.aFe exaspld, dptimidmamba refleetivty laab brenrdered waR@bngtomeg essed in

sem con ' l.ahs. 20 Secondl d per haps .nore probl ematic,
o he SHGHEHLLAEE SR Bty 1R RRero S o PRERR ] e B b s Fveappl el 1 0
t he mi r vapesp|These eff#@s sarcll bamkent iheyacehannoith dtard thattiBed £ GANEAEQSS] Ve

t endenc t e ate 146 t ef or. o]l owi.ng a rel ease etch step.
To at | glgélﬁthﬁnkﬁcagh%{lgg i ﬁgmt;l)“rleesgeéﬁlf e@%&éﬁ?‘f‘@n&%{”ﬁ l}lgg%‘gw’tt% r§°§ﬂ’é‘°’51 ternating
| ayer s ofaterils prdoappliiabonisde (Si O2) 148a and silicon nitride (Si3N4) 148b
descri bed a I flectdvity.. Both of these materials 25 are
comonl y enf:)its)h\ué trés(rargdlgﬁ?ﬁgrz%’%’grnﬁiﬁlg%dﬁ thr%ﬁﬁ’foﬁ%q e hy @HH @grf’%ffélgﬂjzposi ted on
the mi rbaye c3yl betuseditd nprgveathe mifle@ivity of themars plaredldddiertgin stheit ik@Ed gy

evapor atl I [ 0S4 {1 h al so can be routinely

pat t er ng%fggaﬁ &qgﬁggmfrﬁiéise}é%on%teetpggﬁ% %(ﬁ:nésn? eefgeﬁ%e@( 'y%lrf)tr °t ine%lmf rom t he

pr ocessmgigrige goshe jusrg shodldpént ther enimpgtitilh ovithy rey fahseatioh heroesd uedd ihe
falyi capy - t ' little or no effects from
chon ool areaE BB LIFy hEaREPERbaisy vl L alBRRF B oo e
thi s preheaiclsaandr epaispnmentsepresented foiyl the plod@s s désited. alls dherhltdnstiagych chem cal

attack fu: | | | | £ bt b S US t perform

Che 1ol Caat SRRCENIGARELNEY el 3l Afnfyd Wooahin bt WG Bl & |

howev er notrcgmgiin gontast with iharmHH cheuticsls. deeditiqur otie ptefepred dhat ithegmitériads st ep. The
resent,d ' ' ey ] . 4090 .11

PeT om0 BB ool (it o Wlhel) dlocaisp S0 St B s (o 1 1

catf be Sereelysnd perhensprase problepetic, df the ntrd te rersiol ofsidudlestredseminfthd i 148 t o

pr ot ect finfye1 481 dbpifeaNo WePirile plafy e ABH 1A MePEOGE MRS BGh Whessive

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 (Si;N,) 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



Thus, the topnost |ayer of silicon nitride nay deposited after all ot%esEP 2003
underly| ng | ayers have been deposited and may be patterned in a separate
step. It |é"'q E#PPfied that this prqgedure can 5 be usescop@bdser n the
topnost | ayer to overlap the underlying |ayers and the underlying I|ayer's
sidewal | s so as to protect the entire georretry of the underlying |ayers;

this result is. evident in Figures 6-8 1n Figure 6, it is understood that

t he t oprEisq siiciomeine siligopmitd SéFS‘Sﬁ%Htf’ HFdtean bgyigad as thesppmesbleyeriof r i de. By

usi ng a tisstdck vRthe tHiRiBs 1348 tRpidleBUREHiEE doRREMSEr dnd%EY othertlg'_y%rsr@folvﬁc'[ ivity of
t he | ayg[rh%gt{?l ow is |left w;dl sturbed as was discussed with reference to 10

Fi gure JOPIRgst axer 9f sitison pitnde gaayidapastiedoafics glk s rurderlying lpyesohevei t r i de

does nou)e@»d’ep&asitéd dnld@nayrbe htbeied Gia $eParkll steh At isQaALBXPBESis blodustcah chi ometric
silicon nitr avoids this limtation by dep03|t| ng the

dl ) Thlt[s1 i nventllpw_en
di ef ect PF &StRpHaEem e fopmoat ajer to joxeylep thy wlerlyipg jlayerspad the prdgrlyingt ¢ he
mrror pyatesideGllegy a.eoomrbtectt tﬁ@aﬁrecgebmawémé theﬂWnEga}@rs Pisaef®Ss I el ease
etch ste?lld The resgg p{yentl qQn. i d fies that the curvature needs 15
ve

mini m z& bewey, SR P-dt i mp t?"éft\‘aég’teltﬁlﬁn‘?sf B‘?f?rtlr‘fé COHPISET 2 pl at e 146.
In the mm@fwew Rgkrefibitichninide. Bpesides hmeda\readyeuas @bro@déﬁvabpkﬁ@st Qtfyeﬂ he

rel ease 146 desjred.to reater thaj If the

mrror %fa‘iegeciﬁ'@pf’ghﬁdﬁyﬁr %I‘sy%ftluinglﬁtﬁrbe 4 g@% g’ssc"}?ﬁe;?l ¥ F ?r?‘@eé‘a inthe

pl av e t [Fignteghattohe Ofen, mﬁwb\@ngpldmfeator evapbragh sinledmﬁfrﬁts db& mnaedit ey cl es.

Thus, it ed n the absenc an osited thin filns

145" ¢ neslefipes it il St b8 3y SoRuPRRSE SHiste plfe, TR SRR G At

m ni m zéds hrh'ite&wpbgd@ntxtmgﬁheﬂ&ieaﬁc fagiert bfes thedBdeiebde@®ht hat the each the
exhibits its

reflective | /or t.hin f|| 148 en deposite

own resi dual ﬁ){ 7 iR "fgetdatgg t%\e/\ﬁmrcr?f Wﬁﬂl dnaé'ut?x\vgnuﬁpg“e ‘ﬁ'r‘faﬂge g‘?lﬁwgﬂa I n
fact, t Ipmcesstxaleasrcuetvlatstepe ﬂhatpresmry ineentibn ddeheiflesOthat hike phdbtareld&eds S

appr oxi nat.el | i near co n where e jn fil | ayer
coﬁ% ri bu "é‘%mzéu?etro n%cg] FOpPOItl e or{"? r%“foﬁ’éir 6‘8&8?“&?*“? ?‘ipp lﬁ Erﬁ#e"?‘i]i ckness
and r esientbedimért) the d@ﬁedstadms sf cuRetuee of thgretaawdhmrrEi gjete @46 & dasickd 9o Bend

pr ecedi i eded e op of the
reflect a@grg ?Q‘SL ee BT Qltﬁ}eaﬁ% ? TEFY 81[011%&}8@0??13&%58?8}{?%89 nl}f‘%' (Fs

cause cmr thatpla’cethr@xghphmeme afrionighéuration rhigh qainaéretuxb%nea@&ycl& eVideinded by t he

directi vV t.he net i d stres thin filpms 148 may
be nega?(%l\r}tgé ttlpa? 1nrtﬁésjgsbs€nec? bF any de 0s te% thm%%ns( i[’a%hth urva urﬁ? the Imelrsrc()ar rPtlatl nvention
identif |léﬁscamrbatcontf®@ab1§am1rdmazled sTheewmm ipfent]dmefurt e h@nmﬁ)ers tlhaa;tereacihltﬁq when

deposi t ?étijlﬁcg?vetlgﬁt E IZA/&J t‘ﬁ&nﬁlﬂlsaﬁtﬁl \;lfﬁ'e?l qeh]c?sﬂgd thB% 459 %l’VE Xs?du(zl{)ﬁl@?' le)

wher eas electric 't € negative
( conpr estgdsy @hichmpyt didtcuivaturhin the plaul#é. Is tface,stseg)taalrpdwtahlrecthntels&ebe are
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layer contributes a term proportional to the product of its physical thickness and residual film
25 stress.

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




WO 60/ 54090 12 PCT/ US00/ 05995 mininized to result in miniml platelBSEP 2003
curvature. Three enbodi nents of the approaches discussed above are

di scl osed WOB#%®bget her with fabrigati on alternatives rchhakoomsypsbe used to
realize the desired structures. 5 A Protected gold reflector (650 nml aser
light): As suggested above, a bare layer of gold (Au) deposited on a | ayer

of chrom.um onpri se S reflective |ayer, 147 presents limtations
with regﬁ%@fzgﬁ)c} Teﬁ‘ﬁbl-nt%‘rn}?ﬁ?gﬁfe |SPEvgture, pkiregcsanbodiments o4 ithe BRPRHShnent s.

Chemi caliisclegriatiade 06 d6éloszd GelodUogdeiet Wik FbAcdtidY BRierhativROms fidyehe RY¥EN When
trace armu%t chl.orine are present. As discussed wth reference to

s .of
Figure & F8860& s ¥ Ssiting the hal f wave thin filmlayer 148 of
silicon nitride on top of a reflective gold |ayer 147, one can retain the

excselle t reflectiv [,0 er%g’es f gold at 650 nmwhile protecting the
Cr-Au Ig‘yery-ﬁggﬁd—%gﬁmw BT SR a ‘tride is essentially |ossless and
its refractAvegpaaexbie, 2bde laydt ol Bole XRMepdsiteRsORFRM bhroivita{dr) wave | ayer
of silicon nitride_at. 650 woul d..be 162.5 nmthick. The ref]ectivity of
Chi s cofBred i aebive fes 1Bl prns umiarhif wdncmore S foveir byl o 0. For
conpar i smiyse invertsie bhemhineits. Clzidahdegta@ition @t b Ce Ahasetiveddyer fs@ossibldar e | ayer
of gold is plotted on th me axes. Th raph shows .the ref) ectjvity of
Che 7 et PisEofRed S apobely ot cRRe 35 Bfescal s e B hiek 4 e

addi t i osbowé, tyhiepdsaing thwehalf wagy thin filfn 18yer it €R6¥ silichii hithile ohnogsfatiledye t he
residual ,. fi Im;;ress of th&\] A

u gold layer can.be_made rather small such
that t hEXSENE hE OFS P L i eﬁﬁﬂsﬂ‘t rff#]eéx‘f&upr%e&neﬁr?é&ﬁﬁtr?gbﬁn Tvgl er is
dom nat pwitcbyngt the Grifaniytre frost coewsionf Sillven @itrideaigetssenildlly logtess amt itd nvent i on
identifies that. the,effect on mrror plate 6 curvature due to the C-Au
| ayer céegra%}lé'etlrbd o} %§ P PSP %ﬁfl‘%?ﬁtegggﬂgf” a}'%l«r'é’yeéro F‘i‘%‘rmmf Pe having no
ef fect 650 tthevoubpbde ¢62.5 pmothekt | Be reflectiviey ofethisemhibimatidrayes furdtiot aki ng i nto
consi de Fon.t.hat the. st contr.ibution by.the. half-wave thin film
" avor 108 R e B i ron Stk ot BE S RSt P, T B o
146 i s Gesgbaredhyet dfeokitis gletedearthdsemapsopri ately varied through changes in

the pr 06 > TR'gN hbws Eﬂ%erﬁﬂé%\’}%@ 50mt P&la&tfv%%%r 197‘% Bs0> RSt Q%&%}l p! as
voltage, an a. adl 'y achievabl e value Tor a silicon nitride il mstress
is 200 Mrhangedrpith dwiaddition of thehalfiveavp layeryof sdpdyodindenin, prabipo dietresidwac ondi t i ons
provi de I - [ t i #} I . ?‘f NP en 16.5 nm
o o gy SRR i LI 25350 BRPLAE IR oo
t hecknestthand ahi lundeslymgSs Igreodudomirfagd byhlee @msita) stresy of the4x laysr. 3Phe853 MPa- nm
tensi| egn%@eﬂt }nbghio? %en’éiﬁﬁs Rkt hE WecD b Wi J1AY $ho diParkr® 0B (@R Ny nm
conpressi ve suc hat e stress
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.



contributions fromeach of the |ayers negate each other for an end r%guﬁgp 2003
that causes mnimal curvature in the released mrror plate 146. 0 8 SEP

2003 WO 00we4es013 PCT/ US00/ 05995 B. Enhanced gol d refpbeotmiossksS50 nm | aser
light): As discussed previously, reflectivity fromthe mrror plate 146 can

be inmproved through use a quarter wave stack of thin filnms 148. A single
quarter wave stack can be used 5 to raise reflectivity to approxi mately

97% as conpared to 95% for uncoated gold. A second and third quarter wave

stack bgi NggnkddEed0oR! B8 tdr @608 hét fidht: 0 98. 3% and 99% respectively. Plots
of average reflectivity as a funciign of wavel ength for these foqur cases

are shown i s discytspd preyiously, tefecliykynbiony (e aHFBTPIRENT40 tHebY i PE! wave

si | i conpRhgihsda qhﬁye%a&élﬁﬁszan@ﬁmilsQw ehrsapld qiertdrvio¥ stadk dan45ud 650 nm and
its thickness_ is 112.07 gquarter wave silicon nitride |ayer

148b t HP ERfraslectieinglp. aEE‘OHmatelera(" %ﬁﬂomar%m?e@f% efopled 2gld ASSPBPat i on

Syst em dnBeHAl duad@'wave BAclOBYifEE msmt:@ge ﬂﬂédtlﬂﬁy & . gked SPALdsp@Livel and so,
theoretlcally, atriple thi ilmHL stac esents no, nore

fabri caPHRT &Yﬂ‘&ﬁFé%quS}Vliyk?ér? fi“ﬁ‘é1°§|°ﬁﬁ1aéelﬂgthsfi°éﬁ1ﬁse °3sER2re SR Bhj ckness of
the thimgfths 148 increases, it is understood that it becomes nore 15

challenging for a quarter wave thickness of sili n tr| 0 _provide
protection 2R ffEempry spbofimegy ﬂl%%uaﬁﬁrd%(?‘fey?ﬂrslu dj??‘é‘?eslayeﬂs @é af)raew ously

degcCr i hefladtivé hde£beN 8PGE 65@ nini HUIi tﬁmk@ss soﬂmm@lm tagd tiv @anmbmm is to use
an additjonal .hal f-waye silicon r as 0 l ayer. In the

njtrid t
pr ef er riFoBAEEds lawsd 48h dugkaessis &% #5e’%r§ 1§°ﬂ)1fﬁe§ SPHE g‘i ?Vaﬁocf?flo&l oxi de
| ﬁyer s&&eﬁhfh&aeta rb@ndﬁﬂeﬁdsicti@ichuhﬁg smﬁ%lz gcir)anngrrumgh @ id, teborescallysd @plgt? t hat of
t he sp nitride e or
bal anC| fr l‘ﬂgﬂsit?ckégg HHG?EE%QEr%‘%%’\fé“%??KQF%W gé‘Bgle?ﬁ“ %agf( Ce stress
when a tﬁ@Mﬂﬂ&bk&@s of the hhiA fflmb 188 IntBaseqnid 1sldx&1brsa>bde thes édbecblowemere, as t he
nunber of HL pairs is _ increase the required thickness. of the
colint er‘g‘éu‘?i’ﬁ‘@g?f@r &r UPEST eV 4Vl 'CE’?féseGFt“i‘ L Ditride iR Rrayjde P°t?°tsmnuﬁ°déhr°st ood t hat
pr oces sdidegal ofithd widel¥ing RYyes. SAS \Sasrmdm)utsllydebinhbezlomﬂa rzﬁrmhesmo Figwe 6,hi nner
Iayers nd adhesi gn of the Cr nderJ licqn mrror
pl ate jon fo this P @’(B‘?’?\%E t?rﬂ?eeand‘fi‘ﬁlfl%@ijmlp‘ggve A 108%8%%%2% E tlég |t0pks‘%(sj[Enhanced
al umi _nul_ayerr_ef | ector (410 nmlaser Ii ght) The present invention further
Identifies tht‘?ﬁ }I)rgfexgrgcg emb(gdo men? hrlese1 ual sgre% o% %Iel s%(t:l ereci El}lco%t dioxide layer

20 148a to be deposited is similar in magnitude and sign to that of the sputtered silicon nitride

layer 148b. Therefore, the method for balancing the stress discussed above can also be used
to balance stress when a combination of thin films 148a and 148b are used. However, as the
number of HL pairs is increased, the rcquired thickness of the counterbalancing Cr layer may
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



30 shorter wavel engths, the selection of a different netal reflecti Y'Y 8§Br2003

147 i s needed due to gold s poor reflectivity at shorter wavel engths. In
doi ng so, wooiswdodentified that one would prefer not takgls@s exotic
and/or difficult to process rrater|a1 To this end al um num ich is the
nmost common netal lization encountered in sem conductor manufacturing and is
0 8 SEP 2003 WO 00/ 54090 14 PCT/ US00/ 05995 fairly reflective (92.3% at 410
nm nayfably refetvey-92.8%) pr d9em, niapbe usddd. theHpwerianyention. | Slowgnaeit st ood t hat
al um nu ' st 95% at
310" noyReReRRE oA A RO B A R TR e Tl sl 8 ent on

i dent i f resestisvigsired i the peefered cwbodihentr ef | ectivity of an al um num 5

refl ective |y gleedd foiion 6 RRL i SehdVertd5 Sind RACAHAY LEE tack of
thin filns 145‘133 eglescnvg% d gebovet uree 11 shows g H’fw ? ca cul ati on of
an Senboufleative layaal4limey barﬁChlaYedrhYnWﬁngé¢ lqaarter-yeve @twécr oflﬁlm ﬁlms(:bﬁibu nati on
wth a sérib@;@rab O LlRe ﬁi-)shdvf%yaﬁﬂog-éis@caﬁ%tloﬁ'ok'ax?gﬂlbml&éﬁtqgat(ﬂs drayer 148b.
For single, dou I e, and tri L pairs igure 12 shows that the average
refl ecmlumtnymaqeﬂemme HAYe 54795\ cp%bn@trous%th arrdliogs dimgder @g deseer 1484 gnd | n an 10
exenpl ag. A @grﬁyer #gb? Fr Qe t(ﬂ@bl@]‘éﬂ(’i brfpfle H\ﬁpgrsl blohte @S0 Ohat he silicon

di oxi de | ayer ails 70 nmand for silicon ni ayer 148b is 51 rim
The pr e@érﬁb’efﬁgﬂ/éﬁtﬂF‘FtUﬁYﬂ@é‘dle éss 9%.Rat hen aag 88 éV%urW%ﬁEﬁ%VPléf | detdve | ayer

14p is U3 glary éntf%dﬁl’tblhl’% YR thd BRI WERthiRn@lsSrorl e slTRYn @logige R§erm Ni M zed
xI'mately the sane approach as previously described for the gold

using a
refIectF&elﬂ&f@?aﬂdﬁﬁf@lceﬁpﬁﬁﬁﬁm@ﬂﬁéﬁiﬂem’?ayer 15 147 needs no Cr adhesion

layer and hag,dres&s iffelonfiddnihi&tthR Shet BRbiukInudd Fka#ve 1 et NAtis ed.gol d.
Al though the & layer is not needed for adhesion purposes, in the preferred

enbodi nbacuivatueof theapisor plats 146 deay aéﬁeéveawmlwéhﬁsméﬁme’fw*éiw thy 8Me147 so as

tO? Rr oV} ;;fitﬁoaemfs psms@td@ﬁﬁsem} aegmageﬂe&@eaégu i Matuﬂﬂﬁunh ﬁ:ﬂe&m eyed by the
ure

| ective Lﬂﬁ‘é describ above, hectl vg | ayer 147,
t hE appharsrds no Gradhesamnaver pyd baie residal ﬁ%%lfeé%‘yattlhéﬂftﬂﬁi ORIRESL B the & 20
layer i aiRdhigh QY 18%r ﬁ%@ﬂ%’é@efd)foxtﬁh&ﬂina}ﬂﬁﬁsés hg thdVirfefréd éﬂllﬁodﬁﬁbﬂtﬁﬁsr ess. In an
exenpl ary enbodi nent, the alumnumreflective |ayer 147 i ?) 03| ted to a

t hi ckned®@ogted gnder fhealujprinymm reflectiv laven 147 s 1o Frovide; thy same;sfress é‘bgt ivity. In

t he eve%aﬂxhgtthithﬁ a@l’hé@& Dyl the CRAUMREAES a ?'é‘r deyred abdvel NFok4BadlAi8b cannot
be bal anced | ayer, the stress o

adj ust etsfletiive Ly lrﬁ?)di’? PRPERAFDIS feTamAslY ﬂ&eesﬁ@t§1h‘i(’a}?ed%’i§'|ﬁl?eech’§{§‘?éss§f ﬂi?e[ér oy be
unger st QOg s NAfusfe®@ras 4bCesti?y 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:



25 the dielectric layers 148a/148b could be further protected by &) §oSEPOX]))
hal f -wave 103 nmlayer of silicon nitride to overlap and protect the

si de-wal | swafoosdveo under | ying dielectric layers. Fabri C,Q;Tj,[gf;b,égggcess_: 30 A
process flow bel ow descri bes an exenpl ary sequence that includes variations
for the previously discussed enbodi nents: 0 8 SEP 2003 WO 00/ 54090 15
PCTIUSOO' 05995 I. Initial Processing of Wafer A Silicon wafer starting

mat er i all. - 50MithProbdseikg of WafeDeposit 3000 A thermal silicon dioxide. C
Deposit 2500,A LRQVD si lLicon nitride D...Deposit 2500 A LPCVD pol ysilicon
(PolyO). Patfern A C(?n@'taheﬁ.stamﬁ.g B%s??os%gb&i LPCVD thin PSG Pattern and
etch. F. DepBsit HpogimoobidckerMAGilanadiaxideal . G Ri b Trench pattern and R E

to a depth of 6 H.. i 5..tmof rib fill LPCVD polysilicon
(Pol yl). 1051 . @‘7[9"%&%@8%5#1‘0&()?’9‘?“ 313%5’%0 PSG surface. J. Deposit 2.5 m
of mirror plbte LIREYR 30D ASIHAVIDpOlYsRizby PolyOK. PalhR a8f etph.2 of Pol y2 to snpoth
surface whilg renovin P N ror plate Poly2 pattern and
etch. M Bond Pa?ﬁ%?lg%sg?Me,&%hm?é%opéuﬂn,&%et%éposi t, pattern, and etch.
15 N. Waf er Packl|mpodntd jaothicklPSGant himealwaf er to 175 m 0. HF rel ease etch
to clear PSG_ from.upder mrror te. 2 . _Reflector Options 25 30 A
Protect ed GoPd R&‘FE&?‘&’?paitf’m%gtmom%ggtéwper deposit Cr-Au (shadow
maski ng prevgnt s pAeRess LR ris KAEPLVINRNRIeASIPERE). t hus el i m nating the need
for
10 L CMP Step 1 of Polyl back to PSG surface.
J. Deposit 2.5 pm of mirror plate LPCVD polysilicon (Poly2).
K CMP Step 2 of Poly2 to smooth surface while removing 0.5 um of Poly2.
L. Mirror plate Poly2 pattern and etch.
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,



subsequent patterning and etching of C-Au). 2. Sputter deposit 3
nitride half-wave |ayer (2. = 650 nm. 3. Coat w th photoresist to prg?e@p
rel eased nWwawis4on ate structures from breakage and to waiégo@ssPat t er ni ng
| ayer for next step. 4. Pattern and etch silicon nitride to renove it from
bond pads so that electrical contact to netal bonding pads is not
inhibited. 5. Renove photoresist layer. B. Enhanced Gold Reflector 1.
Shadow mask sput ter d8puist depoyit silicon @licidgmpd sificorniGide Quarsr-2BveNay@9/ 54090 16

quar tor-vave Tayers  [os SoBem g et sfieBE e il on A BRINATR 1 1D 10
alternatively by thrélececuuatetmavwm Iayer 3. Coat with photoresist to

prot ect 1 el eased i 1t ey Rl SRl GHPLUERS: Lo REakAe Al ReT Ve 20

patterning | ayer for next st TPcon nitride to
renmbve it from bond pbzuémsmrldhtaierve@be@temlmwm:fmtlazdtstepo met al bondi ng pads

is not inhibited, 5. v&dpelg&k?ﬁ %E&flé @g&ovgg&%éggﬁﬂaﬂgns@m Ref | ect or

1. Shadow mask sputter eposi t um num deposit silicon
di oxi de and silicon nﬁlt:qm@bcqqltaatrtpe‘retahmnéingay@risnot@hihﬁedllo nm . Quternost

silicon nitride Ig ayerR%gve?,hgtg{eggttlé ¥ely be three quarter-wave |ayer. 3.
Coat with photoresist to tect rél éased mrror pl ate structures from

breakage and to serve as patterning | ayer for next step. 4. Pattern and

etgh silicongnit rd.dg EPAfER%ERAHecthf OM bond pads so that

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 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 ?“3?46& 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
el ement ﬁmﬁl% Soﬁ)ﬁ&'a?th%”dgsf of thg iﬁwenti on .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



addi tional |ayer of naterial secured to the reflective layer, the §§ SEP 2003
additional |ayer having a stress substantially opposing the aggregate i
stress of the reflective |ayer and the ans for securing the reflective

| ayer to the planar substrate whereby'tl e stress of the additional |[ayer
substanti %ll Vi g:if.seqﬁs. the aggregate stress if the reflective |ayer and the
nmeans for 1815 re '§ the reflective layer to the planar substrate so as to
enhance the planarity of the mcromachined reflector. 2. The m cronmachi ned
reflector of, Claim1 \éqé]erei the ref]ectjve Ia%ger and the neans for

securing t he'r SFTistoppgungd feficetor compgising o glangr subshiaterageflectivalayes mespsfor e st r ess

and the additi swafing thaneflectiaRye 16 DBPRAESIBLRatS Ithd8HectitSlager ald@e Hefls@hRChi ned
reflector of ClLaim i ght having a wavel ength, wherein

] fo se. With |aser |
the additional “T8Yy% ]‘h%%@e"zlﬁe Byt e P%a%r ﬁP‘?éﬁi@‘F Raving R Pegge A Wetalt t he
wavel engt h of additeonhidsyer of hgéral sedured toahdeisctingladr NBeladd@iohd ¢dyeF ha‘;s)icngg.:I aim3
wherein the adg{irtis%rgql t%a@#/er i.S tgade from si{ corﬂ nitride. 20 5. The
mi cromachi ned Ter ect ol 2or RECHIHNG 2gegeatg SEeshPt the etlpclive fayeriagd the paggnsfgr a
wavel ength,  whendngthd Rfecislellayéraneb plafyt iibsirite Whetesy the steks dndle sR@RAS | ayers
each having an

optical .. nathl ength equal to. one arter the wavel engt h of
the |aser [i gh%aygél}lgs?aﬁltelalﬁi Oté{;%tﬁ&g ﬁ"?%‘i%ggt%rsg?sls éfégeorFﬂ u“'ﬁa&eirﬁPd_Lt %‘/‘Eifﬂf '? he

addi t1®nal | ayercutinpthemdBectise fayerss the glardraastrite sd B)eenhahiceahd Pdn@fifyf tlavi ng a
relatively | ownﬁcggrﬁ%hggdrreﬁgcrt&cti on overlying the 25 reflective layer and a
ayer o

second dielectric yer a material having a relatively high index of

refraction delhemivgpntaklindd refidctodioECleint I ivbertiayierrefleétivelyer Mdahomemb fsred

reflector of Clair e.with a laser %i Ft further conprisi a

o hy ;
second additi oneawgg[ygelgflectﬁﬁeela eété%trl?a pfg Rak ?‘fg 3 %‘Fllileos\?g?sl%?ﬂﬁ ai“ﬁgonal
addi ti onal | aykyerdwasa cdnapréskige sireepot i cal pat hl engt h equal to one half of the
wavel eagt h of gﬁue ol e 3Q:8. . The m cr.omachi. E reflector of Claimbé6
wher ei n t he “ad |??d5ﬁ%%c?lgéyd%?ﬁ?cﬁ’rr hepin gg B%fe‘%lﬁﬂgsﬁlbff%g aving Ay avgiengthy et j ¢
| ayer of a nat whérain theaadditignahlayelhas amapligal pallengidepealad oneHaifakt womlengivef | yi ng
t he second di e[h@‘fafs&jl% {ayer and another second dielectric layer of a
material having ar Pati vely high index of refraction overlying the
anot her firgt dhehsomeackindédaylactor Of ClaiBEPWRGES ti. addilienahiageranmadeifroad ref | ect or
of daim6 wheppln Lhg. material of the first dielectric layer is silicon
di oxi de and the material of the second dielectric layer is silicon nitride.
10. TA® ni criondibdinicechackifiddaeflastor of Cl@inal for hsewrithradhser lighe havireswdvelenglecur i ng
the reflectiVeyherein the additional layer includes first and second layers 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 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.



layer to the planar substrate is an adhesion layer. 5 11. The mcro tﬁeyﬁ?
refl ector of Caim 10 wherein the adhesion layer is made from chromu 003
12. The micromachined reflector of Caijpn 1 wherein the reflective layer is
made froma nmaterial selected fromthe”group consisting of gold and

al um num 1 m cr.Q e ref tor use with |aser |ight having a
. S mﬁﬁmi(gr ﬂ?céfﬁz? H’E)gf”lfh%trf‘é‘ the;matertal aithe st dielgastic layasans f or

wavel ength conpri sing
securing the r &fsileon diegidé andehe ingteridd of tﬂé seoadd dlaébﬁiictlﬁ)%} R sﬁi&&'n ﬁtrﬂlbe| ectric

llayer of siljcqp. nitrid efl ective | ayer rotecting

the reflecti fve Fe yero Cﬁ ﬂ?"g"&t H’z]@ gyé?re’ﬁé'?ﬁ REgnSier EFﬁt“i“lﬁéPe fﬁﬁ?oﬁl*’%ngt h

equal to an |im'agetherplammesubau'htehmdnfadmmll agt h of the laser light. 14. The
&

h fl t I d
rom 5. al i Airye e A SoE Bl b e aifesi st meimer ci m ¢ e

reflective Iayelnromsmnrade fromgold and the neans for securing the
reflective I t chrom um 16. The
m cr omachi ne ?{ng I&%hlg?(fir %Clt%o?élta ng?rﬁmt?}ﬁéaﬁeéweel&ﬁr Pamadg frem anas a
sidewal | 20 em@ndlsnlgcteqaﬁmdie)grdupomﬁsh@ ¢flgaldand slubsiumat e, the dielectric

| ayer extendjizn of..the reflective layer. 17. A data

st or age sys'(tjl emgc@\rér%haés}?ﬁed réﬂeﬁ%o{:r O5 Hg b dasgr lﬂgglf +aé’81g3rwﬁ¥ gcompgsiaga | ead a
refl et@i ve | aypknadisgpuged refleetivetliner, mheahﬂoes&dlrmgﬂ{weﬂdbﬁveslww tAgplhdae
reflective |ay ans for
securing the rgbftgagef %n\r(}gl égécg‘%ﬁ%ye; htesmco?nf fguﬁg?%/ﬁ&re Ct]aﬁgafy te stress,
an additional prieetingshe wﬁt@w hb'erstbc:dmledrlc ayérthevingdr aptitdl pethleagtieequal tohe

addi tional |aygr i opposi ng the aggregate
stress of the rlgFégéelljcn??l\?% gglgg%aeﬁggﬁ%ﬂﬂ%géﬂé?or securing the reflective
| ayer to the14plTb& wicymeackibgd rbﬂ@tor of Cleims 1 oW herdiee tha dkeflettive ayler is ayadd from
substagtial ly of [nfs] the aggregate stress of the reflective I|ayer and the
nmeans for securlng the reflective layer to the plate so as to enhance the
30 pl anari t yl5oThe iisramachinedarefidcton df Clain Eowlmrein thBreﬂEbt'evesmtiemadé fréth golh 17

wherein the refl&hs s k@Y Amcromac i ned
refl ector as here?n‘gl aﬁsﬁr %qélscéﬁgwcfi@cgﬁaﬁbﬁ%&%g} ereSHl():sga 1sa1a)§,e 8€e of
figures 2 to 99hIQl©1.u_nA data storage system as herei nbefore descri bed and
wi th referengerhOmictdbkRined 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.





