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M CRO- POSTS HAVI NG | MPROVED UNI FORM TY AND A METHOD OF
MANUFACTURE THEREOF TECHNI CAL FI ELD The present

WO po1eqo24es is directed, in general, to an appaP@r/us20a%e)3874

nmet hods for fabricating that apparatus nethod and,

nore specifically, to mcro-posts and a net hod of
fabricating those m cro-posts. BACKGROUND

M cromachi nes, which are alsolreferred to as mcro

el ectro nmechani cal system (MEMS) is an emerging

technol ogy that uses the tools and techni ques, which

wer e devel oped f MICROePOSITS)HAVENGC IMPROVEDNJUStry, to

bui | d NINTIFCREPTY AND A NBTHS P MANUFACBUREWTHEREOE
generally considered to be between 100 nanoneters to

100 microneters in size, are typically built on

standard silicon mafer?ECﬁﬂacﬁévﬁﬁﬁﬂéb of this

t echnal,0gy._ | t. hi. nes,. bui | t

samm 1o merote 1PN PRAC ST ARt R i afleldE, ro an
RICRSsas usadd t and@bsd<sat ot hesebdevhtcesgenphay t hpparatus
sane type of lithographic processes used to fabricate

R ARE ciTRUF tPeCTHESR! 1Y nyt fraBhFRBSPAF BS beREnfngethod
WY QoS Al A Yo d i ddiei r way into a

variety of commrercial and defense applications. A's

- with any type of manufacturi.ng effort, _particularly .as

the sizes at which these Ekﬁﬁ e made, overal

product quality, uniform¥y; eld are inportant

I ndustMycg9ed hirddMVARK iORe erdodilgent rése Prasenbetas micro
herein is directed to an apparatus. In this

eSSt e e Chavel @b af Bt ke c PP s e3Sa30bSTPATE NAafPRENOLOTY
acrpétangge§uﬁ'@cecocﬁspl é(llrlél LtteY:hﬂfque%r,omﬁitcch were developed

for the integrated circuit industry, to build microscopic
machines. These machines, which are generally considered
to be between 100 nanometers to 100 micrometers in size,
are typically built on standard silicon wafers. The
advantage of this technology is that many machines can be
built at the same time across the surface of the wafer,
and the processes used to fabricate these devices employ
the same type of lithographic processes used to fabricate
integrated circuits. These tiny machines are becoming
ubiquitous and quickly finding their way into a variety of
commercial and defense applications.

As with any type of manufacturing effort,
particularly as the sizes at which these devices are made,
overall product quality, uniformity, and yield are

important industry goals.

SUMMARY
One embodiment as presented herein is directed to an

apparatus. In this embodiment, the apparatus comprises a
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| ocated on the planar surface, wherein each m cropost
has a base portion on the planar surface and a post

W@oriea43 ocat ed on a top surface of the corr eBEDONINY003874

base portion, and wherein side surfaces of the base

portions intersect the planar surface at oblique

angl es. Another enbodinent is directed to a nethod for

fabricating the apparatus. This-enbodi nent conprises

performng a dry etch to forma post portion of a

m cropost in a trench on a surface of a substrate,

RRIFHHEHRY BaWehg ebClpiahdren®vefaced ayar gruyaisai of micro-

substrate such t%at the post portion is |ocated on a

Resd pokeFdREAn ANt H haREAPRDF t SEK LRSSl oIS I6h @ach micro-
r rfa f sybstra LN

S o hae "BRR B ot e P rear Tha Tap nd @ post

plcartarors Urdcteedbdn quetyp BRE ERCOESCRERE| ONrOEsPHRding base

DRAW NGS The .vari ous, enbodi nents can be_under st ood .
RYHARe fIPPoWIT et aP +88 AT ot %??@nsk?ae%%l portions

W rftfe LG tAGARITRANIH Y 5&%@@-5@/&5@%@4 eAlgres. may

not be drawn to scale and may be arbitrarily increased

or redvcEdhem s¢meodbrentarisy @direftedsston.a method for
ference is w made to.the fol l.ow_ng Liption :

E%%gﬁﬁﬁw%ﬂﬁﬂ{ﬁhﬁi(ﬁgaﬂﬁﬁF é.acggﬁﬁhnﬁﬁﬁéa b%%#ng%?mprlses

ipetuetind| & diyi ldtust riad efoan appasat yorafidrheof a micro-

di scl osure at an early stage of manufacture; FIG 2 _

iRYUstihtest ¥PRCApPAr at 84T bRCR &f 2 shpsfrehg, performing a

fmBiion 0F ddiRachy i Nale $uBRl Al th@lsdeiidesudn that
post; FIGS. 3A-3Billustrate the formati on and

pate gras hgoaft Bon et shloeaked obhoai hgsehpofbimat eod ghe base
t he trench; F&GS. 4A-4D i | | uitrate vard ous s ages of _an

éygﬁlon is ocate on a planar surface o & 3substrate,
wherein the base portion has side surfaces that intercept

the top planar surface obliquely.

BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments can be understood from the
following detailed description, when read with the
accompanying figures. Various features may not be drawn
to scale and may be arbitrarily increased or reduced in
size for clarity of discussion. Reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 illustrates an apparatus of the disclosure at
an early stage of manufacture;

FIG. 2 illustrates the apparatus of FIG. 1 after the
formation of a trench in the substrate that defines a
post;

FIGS. 3A-3B illustrate the formation and patterning

of an etch mask following the formation of the trench;
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process that can be used to formthe m cropost, which
i ncl udes a base portion; and FIGS. 5A-5B illustrate

wexanpbrss of different devices into which the BEPHESADUG3S74

may be configured. DETAILED DESCRI PTI ON The

enbodi nents di scussed herein recogni ze the benefits
associated with m cro-posts having substantially

uni form hei ght across a substantially planar

substrate, such as a sem conductor wafer. The side
surfaces of the base portion intersect the surface at

obl i quaengl aa-and havesarkeducedriotsr dtpgedile An etch
used herein a mcropost is a post with a height of i
IRLCaSFantBRBUICADO LR cPBRBt 1% ARIMmEY Plavd F MARSer which

Ol SRQE 1 ©0ARRTP e ithHEh ARy @ rectangl e, a pol ygon,
or a cylinder. These m cro-posts are an inprovenent

over @ISH.0ousASEB utllinesrianet kaxtmpiesurnff odnf herght devices
across the substrate provides overall, i nproved device
AR S T S AP e 5 K reicisl B wi i b

provi des i nproved conponent density. Moreover, in

ot her applications, such as those directed to infrared
detectors, the hei grRETAIRER DESCRIRHION can be

contralled Loy BLOYLASS!! ?&%’&}ééé’di npLyak pg, C%B;évgerlitszhee the

to.all'ow appropriate sizing of cavities to a

desigfedt svaved enpited f et thheniaa-areedt det@eing . shbshadtially

enmbodi nents, which are al so dj scussedbger ei.n, apr ovi

U 1 P Labhi ARTRST nG | ADPSLEDE CobhY afEnd GubFtrate,

shews A0 £X3eRl ecRRRRAUS/ A0 Of The RieReMurfaces of the
di scl osure at an early stage of manufacture. This

dretred i pent i¢mclindessacsubdta aseriace whi ciblisuepeangles and
c'\}gtainedfro interrarial or tern

5h- i?ﬁf?%‘één?(gprﬁfaé:se 8 e Subst ra lg o(%%cn%/erlenicrf ude™cro”
SRIBtCOAGUCA Ofpost with a height of less than about 100
micrometers and may have a number of geometric shapes,
such as a rectangle, a polygon, or a cylinder. These
micro-posts are an improvement over previous structures in
that the wuniform height across the substrate provides
overall improved device yield and quality. Further, the
reduced base width pro?ides improved component density.
Moreover, in other applications, such as those directed to
infrared detectors, the height of the micro-posts can be
controlled to provide flexibility in tuning, that is, to
allow appropriate sizing of cavities to achieve the
desired wavelengths for the infrared detector. Method
embodiments, which are also discussed herein, provide
methods for achieving the improved apparatus.
FIG. 1 shows an example apparatus 100 of the present
disclosure at an early stage of manufacture. This
embodiment includes a substrate 110, which may be obtained

from an internal or external source. Non-limiting
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substrates conprising materials, such as silicon,
silicongermanium gallium arsenide, indium phosphide,

woeoleomaishat i ons of these materials. In some PCT/US2009/003874

enbodi nents, the substrate 110 may further include a
material |ayer (not shown) that overlies the substrate
110 fromwhich the mcro-posts may be fornmed. In such
enbodi ments, an etch stop | ayér -may be present. The
mat eri al, when present, nmay conprise the sane
materials |listed above for the substrate 110, or it

reRanplEy | 66 and f kapebtatst aricl mayn anel wilyaskageonsuctor
embodi nent, the substrate 110 is silicon. As_di scussed
FIRSH TGRS S bt i r Ikt e ?‘Iﬁ%hsﬁ’ésﬁf'aﬁéohosélllcon‘

'qgfﬁgﬂﬁunlaye a1 1%l | C%ﬁse%ﬁ%ﬁpresg%Hh%ﬂlfa%%o@bh@de, or

e crystal plane an et initially encounters)
heaoreb ianati@0rs oy fy Stlad s @ riatng 1t 4 o, alﬁlicmeCBwbpdhmentsr the
orlentatlon}lgr a <111> cry st.al .orjentati

SR Shat L Br 8606 SEATTEGY bé Ao o  BPmecig L laver (mot

ssid)at endi0. oJ8e11 8 ckitess sebstdiatsubstoat erdd O wMildh  the
depend on the intended application. For exanple, in

tMé@@"&Wﬁ%dﬁ@bnbevﬁf@r@%e appasaclis B HeS a an etch
suéb;c% ?2%%181%%‘; b%e g@fee%\'” C%hgh%att@ﬁmessw@ént Besent,

ast nm crons or greater.
Adver ratipealsye, thethssmeappateaiabﬂs Whetedt hbove for the
apparatus 1ggona be. an i nfrared detector,

he .
SHRIYERY® 1169 mayPhate Favhi CRARESSH 22 %%%%ﬁ%mormaterlal'

grfalfle HRESERYUIRS ArGdiMeRAOr idHdISIgiddtt@te © 110 is
pur poses only, and it should be under st ood t hat ot her

t4i clamwess may aisscussaddde bod, wilthl  tderendeshogdhpents where
t&%/ende%s Ipl | Catlﬁp gyfﬁqteh ae&&% hat lisaye@ vern t@%llcon, the

antages I nprove |gt Unl orm-t
presenting face (i.e., the crystal plane an etch initially

encounters) may have a <100> crystal orientation, a <110>
crystal orientation, or a <111> crystal orientation.
Conventional processes may be used to form the substrate
110.

The thickness of the substrate 110 will depend on the
intended application. For example, in those applications
where the apparatus 100 may be a tilting mirror of a MEMS
device, the thickness of the substrate 110 may be at least
20 microns or greater. Alternatively, in those
applications where the apparatus 100 may be an infrared
detector, the substrate 110 may have a thickness of 2
microns or Jreater. These values are given for
illustrative purposes only, and it should be understood
that other thickness may also be used and will depend on
the intended application of the apparatus.

Given the advantages of improved height uniformity

and higher component densification as provided herein,
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and hi gher conponent densif ication as provided
herein, thi cker substrates can be used while avoiding

wao beopens ens associ ated with conventi onal appeCEHUSZ09/003874

and fabrication processes. In conventional processes,

manuf acturers used either a dry etch to form

st and- al one posts with no base portion fromthe

substrate, or they used a wet etth to formtruncated
support structures, both had associ ated problens. If

the dry etch was used in conventional processes,
sigintfd € aib POsd t el @t POMmedd f ohil éyatbidsfagt ke problems
waf er often occurred. Dry etched posts have the helght
rﬂﬁﬁ%ﬂaftcﬁ% 4t G s Repvapfiieaaly aepedRdted wth deprication

25 th yari v%scfo%gt @E&@éség%ﬁ]g &?a/%éﬁ£8§§ used
mafer |

ei ng nor ma I ad t'lon, i'sol ated posts
znxth&5|aedryth&cmnnmnfofmnatendablbhatguatacwimh no base

renpved between .t he sts y account for 99% of the
e, FEPE° L shBRERalS) o nhPoY (drethiapwet etch to
CAEYR SttaniR cPMBughelkyY changettibeset ahbiy Mdir essGkiated
the other hand, even though an ani sotropic wet etch

GEPblken ghl y Idni them @Fvh oefbw Was varsed i s icenyestional

rbexlc%g sbe g s‘iﬁfléqfqr sghapgk%)gl\fr ugl‘élﬂtr &5 g A t%lamltay across

tuncat ‘byra al - rat her
pasd wdﬂar camteonsuueuﬁﬁednaccen@abbychadgepeﬂnmrﬂhaﬁe the
surface area on_the substrate wafe

i PRAT Uit beER b eY ’r%?'t‘e?hEY%HGHXt Bﬁéoﬁﬂ?ﬁed with dry

hasicald Yw PPE 9hrliWR i8Rkl GRS h&i dher o¥Sa 08 MY Bé€hacross a
process to form stand-al one posts fromthe materi al

Ivaaﬁaerr wheliegt glagmstli ng elns@}iﬂlitm;t aﬁowﬁolﬁtqﬁéugmts are
§301ﬁ,§ or g‘nty across tot%e Irsl' %rt uhc'a t % removed

truncated” ases th consune an unaccep
|k6étgﬁeé:t{mwﬁe ofpsaird aceaar esccoldier enfandi resrt s off ttJ‘hié wafer

psrt.lej?fe;ée,dl glglldoscuhreemlagadlreigagﬁlg ocIf the etch chemistry may
completely change the etching nature.

On the other hand, even though an 'anisotropic wet
etch can be highly uniform with below 1% variations in
post height being the norm, the wet etch results in a
truncated pyramidal-shaped structure, rather than a post,
that can consume an unacceptably large amount of surface
area on the substrate wafer. Thus, conventional processes
left the manufacture with basically one of two options;
either use a dry etch process to form stand-alone posts
from the material layer while tolerating a significant
amount of height non-uniformity across the substrate, or
us a wet etch to form truncated bases that consumed an
unacceptably large amount of surface area. The
embodiments of the present disclosure address both of

these problems.

Embodiments of the processes, and thus, the resulting
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t hese probl ens. Enbodi nents of the processes, and
t hus, the resultingapparatus, described herein provide

wa@2ienefsiti of being able to use a thicker subspPCHUS2004M3874

t hat produces mcroposts with inproved hei ght

uniformty and greater conponent densif ication when
conpared to conventional processes. For exanple, the

hei ght of the resulting m crofposts may be within 5%

of each other and preferably, the height may be within

1% or better, across the substrate 110 when

cppaatdl,| ydavairidblde Metefh clymigritdeol & aseneisetd. of being
Thi.s provi des an advantage of inproved qverall yield

@ Saphpar B s aqu%ﬂ%‘f‘yerAEHP?FBﬁ‘é?I 10t HhaEntREPiRAgs micro-
apuered DYehhi suflS5vo3Ur fiellgh Proi f8cd; B Cr oot greater

havi ng a nuch snal | er base, ich allows for greater
compomenit dedei$if ot oon F%memns¢emp@redn tert appventional
enbodi nents as _di sclosed.herejn, the r

>
RAGEPSsT hei GRE t 5*BEEESwi dth® rra*ilelb‘g‘ Plor © &‘FeaFSFUltmg

Wildy Syt erkodivent st h el sigli 9 %@hoﬁﬁﬁéﬁ haw Bgederably,
hei ght to base width ratio of 5:2 or greater. FIG 2

|tlh%st1‘r%1t‘1§7st t Heavpp® at WEthon fb¥ | oW ngPehEcdepodFEPes the
QHH% mf¥bC)}§%L|QQﬁQE§QHEﬁ gﬁsgv%95ab1%e wet etching
I'1t-hograp :

i ¢ ‘mask may conpri s€ a conventi onal
rﬁﬁ&ﬂsaﬁresusbdas amhmsgmmuyxﬂuﬂoaﬁsB@Namtagdnmﬂnnmproved

naterl as. silicon oxide. The |ithographic mask
ﬁ@%iAtQQQEﬂPR%F HHs i ngs 210 t hr ough

V\'h| ch Al cdhAlh, My the coBAdebeflentd ONEovered by  this
advant ageous embodi nent, the etch 215 is a dry etch,

siﬂcﬁfla@tarecmtpm‘aid@l@smcwmosb kpvingr aempkh smaller
Iboansem l k]hnghaa?flo@s r %%%:t I &%eé?@ret anpoq‘l SR 8%%"5 ¥§cation.

ion €tc
For instance, in certain embodiments as disclosed herein,

the ratio of the micro-post height to base width may be
2:1 or greater, with other embodiments including micro-
posts having a height to base width ratio of 5:2 or
greater.

FIG. 2 illustrates the apparatus 100 following the
deposition and patterning of a lithographic mask 205. The
lithographic mask 205 may comprise a conventional
material, such as an organic photoresist or a hardmask
material, such as silicon oxide. The lithographic mask
205 may be patterned to define openings 210 through which
an etch 215 may be conducted. In one advantageous
empbodiment, the etch 215 1is a dry etch, such as a
conventional plasma etch, a sputter etch, ion milling
etch, a reactive ion etch, deep reactive ion etch, or
focused ion beam milling process, that can readily be
conducted for the desired amount of time. The etch time

will depend on the etching process being used, the
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focused ion beammIling process, that can readily be
conducted for the desired anmount of tine. The etch

wao 201e/000483 depend on the etching process bei ngp@EFER009/003874

thematerial being etched, and the targeted depth of
the etch 215 into the substrate 110 and could readily
be determ ned by those of skill in the art. In those
i nstances where the etch 215 Uses a pl asma process,
the etching chem stry and plasnma conditions wl |l
depend on the tool, the conposition of the substrate

K eanich It hee iref 9ot cHe@) hanBorhexamlgetdd) deeth of the etch
enbodi ment, the substrate 110 may conprise silicon.

QUch IHD ditesSukTHer pashi0 e2ad %91@ néﬁaaél&npekﬁsmrmned
0{90 % B%ugﬁgjgarpﬁntg@S&HﬁyCh Cigs) ng§% fﬁgtaﬁigg where

ur-f luoro gas, such as SFe- A s defined
tthe nasdmz’%:S uheseaclpm# @meaess s enivd 220hingt hhemlstry

sub tr tfe 110, in tur 1 defi ne Iﬁos{:| 225 Ttﬂe h
S L T R R T S it the
Mp&@tﬁﬁh JoreHshdsatdel depidy ofhd heatgencdeA20.

may range from about 2 microns to about 100 m crons or
gr eat €F0T |exatRIAd be Aoeeembodimanthokgh FREstpasfhowdl may

5 S € o) f a.fahricat. t
pog{p op s%lr a%%ﬁbanléeg é:?jrll%%t%g}%ersdr{}?na%ga?%sﬁ%t tbEh may
riesdInidd edntyo laidvenl ahleyld ndri dﬁJuc&jmpﬁa,rbenrg gashe such as

post may_have _a cross-section that is %P§8‘r

Bt dgort Farl GaFga PEI FstTat BE T u%‘baﬂﬁ?us GS FPEs-  AS
?déﬂr{éy\"@g the f‘n%rs@t?_’d)ﬁ of hd hetthenals 220-rands tPBench 220
m cropost 225 and t he renoval of the [ithographic nmask

2056.thheseasteateah 18t chviebk |iayeyruid3os deffrmesed past 225.
g e(? ﬁ%bSt Biaf)f%f[ll% on the \zylal stiﬁf thrytr n%h %121% angm the

he post . as génerall'y rate
Hetedt msk | ayar 305t amye pe ther I"@i)t&h nuﬁb&:fheaftrench 220

wﬁxf'rggge from about 2 microns to about 100 microns or
greater. It should be noted that although FIG. 2 shows a
cross section of a fabricated post, the shape of the post
top surface can be fairly arbitrary and is not restricted
to circular cylindrical shape, e.g., the post may have a
cross—-section that is a regular polygon.

FIG. 3A illustrates the apparatus 100 of FIG. 2
following the formation of the trench 220 and the micro-
post 225 and the removal of the lithographic mask 205.
Thereafter, an etch mask layer 305 is formed on the
substrate 110, on the walls of the trench 220 and on the
top of the post 225, as generally illustrated. The etch
mask layer 305 may be formed a number of ways. For
example, the etch mask layer 305 may be formed by
subjecting the substrate 110 to a wet oxidation process to
grow a thin (e.g., about 0.1 microns) silicon oxide layer,

e.g., a conformal layer. Alternatively, conventional
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exanpl e, the etch mask | ayer 305 may be forned by
subj ecting the substrate 110 to a wet oxidation

w@e@omses43 0 grow a thin (e.g., about 0.1 m cr oP&)/US2009/003874

silicon oxide |layer, e.g., a conformal |ayer.

Al ternatively, conventional deposition processes may be
used to deposit the etch mask [ ayer 305, which may be
conprised of a material, such8as silicon nitride. FIG
3B illustrates the apparatus 100 of FIG 3A after a
conventional patterning of the etch mask | ayer 305 to

fRIpBAn iR p 1wSKs $d9. mdfhepbet aBedmsio Tdpgyid eclis £BEh mask
covered surfaces froma subsequent etch process. In
detedi B hbouhieht #ant e et P RESRI 326 Raydeerial, such as

Ratiterdied 49§ gave an overhangi ng portion of the etch
rraslk 310 on t]he surface of the substrate 110, as

shown.FIr Bist ahtestrheeantihg efppeverthenglAfly ofindgdG. 3A
fromabout 0.25 microns to about 3.0 _nicrons,
AT h G IS OYbb BT by PBoF tideRask layer 309
Hers¥m 4R etBEIM maBROGIIENt Sthd her @t GRasRSB181ProB¥cts the
be patterned such that no overhang is present and the

mesle B serfiassces faom ha ectligesefuehke t9leflth xaEess. In

Fé%té%%iééﬁgﬁf §§s}h€h@p ﬁl § 0918fm§ Gbes terned to
%% Ol# % TB IS

erel'n a presenting face e Substrate
sidjvect &6 boeahwatiegcipokthion mbnehadeanhagemks 310 on the

enbodi nent, the substrate Is si]licon, and the wet
STEH 5 9% fatheaw%w%?c%igcha%o PV8: ngb B¢ fBFtance, the

RetARH ug‘fhlbq;e‘i)ﬂa‘iiﬁ;E(rﬁng rahgketf @b BYht a0 UM crons to
hydroxi de (TMAH) . "Either of "these chemi stries my be
et o3efcmivcirdrous gepsedinag iy yehal tivpe fatedighography

SN Eh S0 AR Sy ElyehlE, M erch mas
tHEpeiay Upe phtvbrebdt kaicet ahdts onskustiesngd s paegent and
In one exanple, the silicon

the mask 310 terminates as the edge of the trench 220.

FIG. 4A illustrates the apparatus 100 of FIG. 3B
wherein a presenting face 410 of the substrate 110 1is
subjected to a wet etch 415. In one advantageous
embodiment, the substrate 110 is silicon, and the wet etch
415 is an anisotropic etch comprising either potassium
hydroxide (KOH) or tetra methyl ammonium hydroxide (TMAH).
Either of these chemistries may be used to etch various
presenting crystalline faces of silicon or silicon
germanium. As such, the weight perxcent of these etching
components with water and the temperature at which the
etch is conducted will vary. In one example, the silicon
may have a presenting face 410 with a crystal orientation
of <100>. In such cases, the wet etch 415 is conducted
with KOH wherein the KOH comprises from about 20% to about

45% by weight of an aqueous solution, and the etch may be

conducted at a temperature that ranges from about 30°C to
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may have a presenting face 410 with a crystal
orientation of <100>. In such cases, the wet etch 415

w0 201000t ed wi th KOH wherein the KOH conpri seGI/U82909/003874

about 20% to about 45% by wei ght of an aqueous

solution, and the etch may be conducted at a

tenperature that ranges from about 300C toabout 80 C

I n anot her enbodi ment, the silj con nmay have a

presenting face 410 with a crystal orientation of

<110>. In such enbodi nents, the wet etch 415 may be
coyictgaPor th KOH where the KOH conprises from about

30% to about 45% by wei ght of an aqueous sol ution, and

the etlkh n%@o‘b}ée’éonéﬁi@f’gélmﬁpta t &hger AU EThatM@anghave a
f F?}R% 2 ahout,, 120 n t f

é{rﬁc;g [ neﬁgs,g?ﬁée: &gto gflc h4%5cg'gitggnpc%ﬁseer&:at§ro§ of <110>.
gt hylhichmambadnnmrdroxi dee( WRH) et chheth nm@vAHbe conducted

CONQr i from about 20%to about 25% by ight, of the
OB UREE i sn Mainh Kol SomRET S andany arout @0 tCabout
tEIpas At W £gh NGk NEnf HeMcARRUIs AW 0,0 AROUEhO0e D€L - may be
A s mentioned above, the substrate 110 may be one of a_
rmfshIctsfd st @ ohglipesR tiaeetihalts ranges ErgRtapPrhe20 C to

s gondsgior material s Ang IRYBOMBLLSE Qfleluet etch 415
sem conduct of material s such as, sillcon-gernani um

agedyt | wonpsese detet nali unephpsphateonetim. hgdgoelide (TMAH),
i nstances_and given the disclosure as set forth .
HEISHGE ¢ A8E WROMRF £SSRi 117 i APPHE A4% wb@) gapout 25% by
undefst apd haw topaRlact séher AORT ARAI AR &ddh is conducted
chem stry that would produce an anisotropic etch. For_
eXarpltempdrathersubmgme idon|abeuer§®t@lte nbejat | PAME -
arsenide substrate, the et chem.str c ri.se

br oni d& i Net A &(;Ia%?v%h gﬁ%e%‘dg]séﬁ?ﬁ irrg%Oo g‘gmi%moar% of a
hyghied deo £ Dugeind coh@lueityst alndther sdxsict ueegof theystalline
substrate

semiconductor materials, and may comprise other
semiconductor materials such as, silicon-germanium,
gallium arsenide, indium phosphide, etc. In such

instances and given the disclosure as set forth herein,
those who are skilled in the art would understand how to
select the appropriate etch chemistry that would produce
an anisotropic etch. For example, if the substrate 110 is
a crystalline gallium arsenide substrate, the etch
chemistry may comprise bromide in methanol or an aqueous
solution of ammonium hydroxide.

Due to the crystalline structure of the substrate
110, the etch 415 etches the presenting face 410 more
quickly that the lateral face. Thus, the etch 415 begins
to undercut the etch mask 310 and form an angled face 418,
as seen in FIG. 4A. The etch mask 310 is resistant to the
etch 415, and thus, protects the surfaces of the post 225.
FIG. 4B shows the continued progression of the etch 415



10

15

20

25

30

110, the etch 415 etches the presenting face 410 nore
quickly that the lateral face. Thus, the etch 415

whegnee4sd undercut the etch nask 310 and f or nPEFIUS2009/003874

angl ed face 418, as seen in FIG 4A. The etch mask 310
is resistant to the etch 415, and thus, protects the
surfaces of the post 225. FIG 4B shows the continued
progressi on of the etch 415antOthe further
undercutting of the etch mask 310 and renoval of the
substrate 110 fromthe substrate 115. At the

coit| upeonr@fthde eiclerblhtibrsec420the feticiednadk 310 and
shown in FIG 4C. A s seen, in this enbodi nent, the
Fdo@yr fofc e B fratee Jblééefwttifeﬁw S At skl -

the p'ﬂ*atﬁ%urfc%%ﬂals% at ,ebl ifgue ang) essq A\ tﬂus% 420 is

point in the process, e etch nmask 310 may t hen
rienmnest] st nghawrconveRIGondl . et BB peenessn sudbk &mbadiment,

eous hydrofluoric etch. FIG 4D illustrates .
oo hint SBF TERESadAlAm S 108 5PSE ®OHWC Il f o Agtersest
tﬂﬁérﬁiﬁhﬁ& shrihec et ¢hamagk oblQ.quen ddyse£nDOAt MeALs point
t he agparatus 100 i ncludes a mcropost 425. Though one

Mer 6hpoRNIAPSS s s Shewneteh W d3be urder §hepd katremoved

t di d
4E%'§rb% | Hé%gﬂiﬁﬁ%?gng S on suggggat%glfg{ F%ueous

(hyﬁﬁﬂﬁﬂudﬁﬂd(ntcﬁor exanpl e, there may be 20 or nore
m cro-posts 425, The m cro-post 425 js | ocated on the

pl anarf Ko f 4Pe HBEFa R §‘E}bseir}‘%‘i’%l“1€i’?)t P shidkl Gpﬁératus

NBEh £ hfc a sur f SCLoNBg PEnP! ABALvEYeBrt BABOBLELNRRSK 310.
surface irregularities or surface roughness may be

pitestht s atenttpsl igngntvi cebea maeratbm 60@r imldludes a micro-
surfac ¥%10a11 stantla The n1cr

des Pﬁ %gég“%o? FoR ﬁ%%gfézée ?% ngf%ﬁ should
4i5fuﬁdéﬁhﬁﬁd@S€MbﬁbON€ e@Bdd ampNsE ﬁmébueﬁed3aere1n may be
| ocated on a top , _
used to form a plurality of such micro-posts on the
substrate 110. In one application, for example, there may
be 20 or more micro-posts 425. The micro-post 425 is
located on the planar surface 110a of the substrate 110.
It should be noted that a surface may be planar even
though minor surface irregularities or surface roughness
may be present at the sub-micron scale, but over all the
surface 110a is substantially planar. The micro-post 425
includes the base portion 420 formed by the etch 415, as
discussed above, and a post portion 430 located on a top
surface 435 of the base portion 420.

In one aspect where a plurality of micro-posts 425
are present, the lateral width of each of the base
portions 420 is at least 2 times as large as the diameter
of each of the post portions 430. In yet another
embodiment, the top surface 435 of one of the base

portions 420 has an area that is less than half of the
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surface 435 of the base portion 420. In one aspect
where a plurality of mcro-posts 425 are present, the

WO ad1e/06d445v dt h of each of the base portions 428CT/ESANI/003874

least 2 tinmes as large as the dianeter of each of the
post portions 430. In yet another enbodi nent, the top
surface 435 of one of the base portions 420 has an
area that is less than half-otlthearea of the planar
surface 110a covered by the base portions 420. In

ot her enbodi nents, a ratio of a height of each post

pofdd o A43@hk0 phanwirdt Buddlcef EBOA beseepaition 42@ base
is at least about 2:1. It should be noted that the
RO PEst42495 ndyp HRthhseaeeetmedtfavé F3fdst of a height

%t L98h S YRJL hl%gbléﬂe 4%ANE dcae'&hé' OnGddesh NP Ofch base

ni cr o- post may vary due to process variations.
F;mrta)m'rrphéo iirs oae delaedi nendyt t Relpost Iporshicaridd3fe noted

ve a diameter thaf varies by |ess than 30% al on
At ar B nmOPEPRECSbst dpor e b5 3B Caiinde. have"d post

%&@idmnéveﬁhehéﬁ%r atres dPShné ek udesng RIHE alddyt®f of the
| east 20 adgacent m cro-posts 425, and the heights

4@53167 RAREL dR2Pemait WREY odp6stiso 42@0915ﬁﬁervwatés>§is For

St £ haly ERsRAnRhd Sl oY et fon SIS0 TREy bave

ra Cdii)arn@sés 4Ratdifdrare hyby esssshahah m«:eanlomyethéhdength
plurallt FIGS. BA and 5B illustrate different
Rpdr ROFoPUE BLAA +H whi ch the micro-post of FIG

4D ”afhpeaHé@ﬁer”@%ﬁ&Hiﬁ%ﬁ¥X)EﬁergbaQth||Q§Hfaiﬁél§des a

general schematic view of a configuration of
ipfuea b Werctorleass géeﬁdnﬁcehtsmeﬁ’ﬁgdp@@ﬁﬁ 4¢he and the

SROEILYS 4380 LECIen S rBLULALY by OIGTBEL O POSHS HPrer by
i €4 D - {105 S5 %ér@@l@poastredl ther phtirakabyanasd in yet another
embodiment, the heights 445 of the different micro-posts
420 differ by less that 1 percent over the plurality.

FIGS. 5A and 5B illustrate different apparatus 500
and 510 in which the micro-post of FIG. 4D may be used.
Apparatus 500 of FIG. 5A illustrates a general schematic
view of a configuration of an infrared detector. As seen
in this embodiment, the apparatus 500 includes a plurality
of micro-posts 515 located across a substrate 520, such as
a wafer. The micro-posts 515 support different membranes
525 that form cavities 530. In view of the advantages
discussed above, the micro-posts 515 have uniform height
and a reduced base footprint that allows for overall
improved product yield, product gquality, and component
densification.

Apparatus 510 of FIG. 5B illustrates a general
schematic view of a configuration of a MEMS device. As

seen 1in this embodiment, the apparatus 510 includes a
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525 that formcavities 530. In view of the advantages
di scussed above, the m cro-posts 515 have uni form

whei1gho24ahd a reduced base footprint that all oMsI/U82009/003874

overal | inproved product yield, product quality, and
conmponent dens ificat ion. Apparatus 510 of FIG 5B
illustrates a general schematic view of a
configuration of a MEMS devickZ A s seen in this
enbodi nent, the apparatus 510 includes aplurality of
m cro- posts 535 | ocated across a substrate 540, such
sl v anafsr . ofhenid ro-@geasd s5585 1sitpd  detbesent substrate
titling mrrors 545. In view of the advanta%es
FsSous S8 habdfe, & h&ake&ro- podhe sBECEQAPRETS S35

qgﬁ%@@gﬂﬁeﬁﬁﬁ anvﬁlfP@ rovedshei ght yidh @ the advantages

i npr ovenent ht uni orn1ty and a reduced base
kﬁakmﬂsﬂdt&b@vall@h&'Mmcnnﬁpaﬂﬂ3|ﬁ§50¢@@,dﬁvlmenufactured

erability rodyct. vyi el.d, product ualit and . .
q%hpgﬁgﬁt %@BE?Y gcé?%ﬁﬁ“: XﬁF ough t in height
iR hasnheen degecédedaise d@é@wmﬁthomaﬁklaums for
in the art should understand that they can nmake

vaar@ds chamgesvedubsiqwifig onsraraPalibvat i diOHEFtei nyield,

support

B o R e R Ao oy A

coanAﬂﬂnpughsuhstpaésehavungeatpbanmasnbéemedeacrlbed in
plurality of mcro- s.l ocated on tg Bglanar

dftdde, Qeﬁemﬁﬁ%} tlﬁaGi g A baSBOPSF i PGSt that

Rl I elhfacgagRd avPPsbuPor tdihdorat ed xtd th¥lons  and
surfiace of the correspondi ng base portion; and wherein

sildesirifaaseshefeine viddeusorderast ing efsewt thee spirit and

plcaorbaer fsfurtf\/{}]aegflen?\;enocbllclfrﬂ:e angles. 2 . The apparatus of
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pl anar surface, |lateral wdths of the base portions
are at least 2 tines as large as dianeters of the post

weerhioeags . 3 . The apparatus of claim1l , wheP&i/nS1008003874

top surface of one of the base portions has an area
that is less than half of the area of the planar
surface covered by the one of the base portions. 4 .
The apparatus of claim1l , whkfern the plurality

i ncludes at |east 20 adjacent mcro-posts, and the

hei ghts of different ones of the mcro-posts differ by
[WHAT tIsacIAIMRICAIE: over the plurality. 5 . A nethod,

conprising:_ performng a dry etch to forma post
porti dm of &P ARRBEHIE iTPEPE¥RHRH on a surface of a

subst rat&ip Rerdf A fy Welp By tQ, Feqmve a | ayer
fromsaid substrate such that the post portion is

| ocat e wihza bidse gpbrivi orogpeist el bagee@oeni bhei planar
I oca# ed on a,pl anar _surftacrg of the substrate }lhsnbgﬁg
portiomn ’ha‘?ﬁcﬁg T e KT adde 1%t 7 i R 2T cBBFERR PBp

B 1aialr sshif 8g€e ohiaquel pos€ .polie dgret hedavédcloal m Stop

wher ei n: performng the dry etch includes formng a
tFEAATS 1Ph Hd & IS TaRR ¢ PasARRH 8 hidnd he

substr é?r'eifrP”Qﬂ%%a dmskalayeropn the SHQéEraéSrti‘Bgs

the surtaces of t post, and the trench; renoving the
nigsie faearh ttiee uibstaatsirsiate tadtatokal jppre iaorg ofs & he

k ' the subst di,acent the trench, apd
on the sur { RS BPSERE Vot RN aAN nb pUSEFCdna dlbi RS

PN AU S 06 h PPhEe £t QR th@anenPv@ HdecfUlHer abfse portions

are at least 2 times as large as diameters of the
post portions.

3. The apparatus of claim 1, wherein the top
surface of one of the base portions has an area that
is less than half of the area of the planar surface
covered by the one of the base portions.

4. The apparatus of claim 1, wherein the
plurality includes at least 20 adjacent micro-posts,
and the heights of different ones of the micro-posts
differ by less than 5 percent over the plurality.

5. A method, comprising:

performing a dry etch to form a post portion of
a micro-post in a trench on a surface of a substrate;

performing a wet etch to remove a layer from
said substrate such that the post portion is located
on a base portion and the base portion is located on
a planar surface of the substrate, the base portion
having side surfaces that intercept the top planar
surface obliquely.

6. The method of claim 5 wherein:
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i ncluding renoving the substrate | ocated under the
mask to the depth of the trench. 7 . The nethod of

w@k@anovE4y wherein performng the dry etch i ncPam©s2009/003874

using a plasma etch and the trench is forned to a

depth of at least 1 mcron. 8 . The nethod of Caim5

, Wherein performng a wet etch includes using an

ani sotropi c etch of an aqueous4sol uti on of potassium

hydr oxi de (KOH) or an aqueous sol ution of

t et ranmet hyl ammoni um hydroxide (TMAH) . 9 . The net hod

of O gher Bormihgr ehs die KEIhcanmpliaks fformabgus 2O%nch in
to about 45% by melght of the aqueous solution and the

eﬁhﬂ]?%@%&ﬁé@%t%ﬂd Oaat@ﬁﬁEPaW&Félphéperéﬁ&§¥q%
about §<9rr9§m§° abgid 580 Ol er 1Q, The Jethed 19fatd, a' e the

, Wherein a ratio of a hei'ght of each m cro-post to
therfackth of evhehpbate podtibe kseathlieast 2:1.

removing the mask from the substrate such that a
portion of the mask remains on the substrate adjacent the
trench, and on the surfaces of the trench and the post;
and

using an anisotropic etch to reméve the substrate,
including removing the substrate located under the mask
to the depth of the trench.

7. The method of Claim 5, wherein performing the
dry etch includes using a plasma etch and the trench is
formed to a depth of at least 1 micron.

8. The method of Claim 5, wherein performing a wet
etch includes using an anisotropic etch of an aqueous
solution of potassium hydroxide (KOH) or an aqueous
solution of tetramethylammonium hydroxide (TMAH).

9. The method of Claim 8, wherein the KOH
comprises from about 20% to about 45% by weight of the
aqueous solution and the etch is conducted at a
temperature that ranges from about 30°C to about 80°C.

10. The method of Claim 5, wherein a ratio of a
height of each micro-post to the width of each base

portion is at least 2:1.



