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Ahsirant— Ome Bdtaton to fabricading WERMS devides in sme
aiadenic 1ahs ¥ the bl of pdysion deposiun tedmokog: .
This Jormiks the devices that cam he fabaicated hecase porsliom
¥ a oo snuchimal raderisl in ATERE devices. In order to
enhandce the MEMS farication capabiliies expanding thewse of
Al a5 a snuchiral by e has heen reseanthed . The sain dffooky
¥ thelak: of a slertive wat adh habween the Al anuchoral Layer
and the 510, saoiificial bover.

In this m@r soven abching sobntions were shodied on $il, and

of NHLY. Four vere BHE soloions with propsdene god ox
ghroonim ot differerd concerdrations. The severdh schobem was a
conaerdal sohoten, Fad Eibch 4.

Arumg the seven abddng sohoions, 51 BHE gave the hent
sdectnily hawesn 510, and Al  Ioewingy the HMILT
cocendratien fromn 5 o 7 pants 3d nudt inoresse the sdentinly,
Tt s dlentivily Fuweased by addng NHLF in HE soholion. Adding
wﬂﬁtﬂuﬂtnhﬁe?lmﬂ'smmm
murease the sdenimily. When ghroenn was alded 1o 7.1 BHF
sobniion 3 prouded supenir seleotinnhy than wae ohtamed fronm

aldimg propylene iy od te 71 BHF. This paper vill presend the
ath rabes amd selerinmly of the 7 sohoios abmg wih

conparisns with offver published renils.
I INIRCDT: IDH

|'\.-' |i:mehu:tr-:nrredm1j:al sycterrs (MIEMS) are ide zrated
demric es Coprbidng elecrical, me chandc 4], fhidic, and optical
compotents,  BIERIS range mocime froom microeneters to
mwillireters and are fabricated weig ddegrated croadt batch-
processig teckmiques. Thece dewies shonar great prommice as
fabrication teckrwnlogie s ke scizhye ehable the defiitice of
crve e e onretries | mreater Te lahility higher yields and lowarer
cost per device . Chmerd dewdc es be g mwarpfachmed e nde
ac ce bropneters | bilijet privt he ads | actnaters | fhiid poovps and
precame cemcors, DIEMS ako cshowr grest poterdil for
bicere dical produacts. Bledical digrostics and dmag delivenyr
cysterne are belrg developed from adhinioon to baho scale,
for a romnber of uses [1].

I BIERAS fabrication, slicoe, silicom diozdde (50,0, =il o
niride, pobreilicon, and ahonionn are corenonbe ased [1].
Silicopwras the earlie st and is still the principal naterial nsed
i MEMS fabrication. The main adwaritazes of silicon are
strevath and Hghtress , with g yield smength of T2 10° Han'
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and derciy of 2.3 x 107 kgdn'. Silicon diosdde is frequerdhy
e d ac the cacrificial layer om the wrafer mothe etching step to
fabric ate MERS miogosmuchme s, This material ic rmost often
chozer, becanse depostion and etch proceszes for silicom
dicadde  hawe  heeh  edtencimrelr  Tecesrched e the
mwiimoe lectronic s ¢ oxratamhity. Pobrsilicon has  excellent
maechanic 4l properties and can be doped for warions electrical
applications it deposition atd etch pro cesce s e ako beer
exterc el dewre loped. Thos, it & the most corrrmot material
used for the snicbmal componert i amface micrormachined
devices. A1, due to i high condacivity, is also sorretines
used as an elecrical copponent ko MEWS devices. 41 which
cffers 4 cheaper and sinpler deposibon procedure | Can also be
used ac a4 smachmral corvporert when the high mechanical
strehgth of polrsilic on s ot nece ssary.

Sany Jose State Therersite®s Dlicroe lectronics Processig
Laboratory, as with marn snall acaderni labs, does not huwe
the capabiliies to deposit or etch pokreilicon, To expand the
MEMS capabiliies of thic lab, a procedure to mebe amface
mimorna chived devices nsihe 41 ac fhe soucbmal cormporerd
tweeds to be developed.  Typical wet etching of fhe 5i0,
caaificial hyer carguet be dore becanse the haffered HF
sobttion etche ¢ the abovirann ac well ac the odde. Liershme
remite haree chonm fat wivhwes of HF and MHF hunes he en
effective i selectivelr sbching 510, and ot 41 [2-4]. The
literatire hae wot etercirelr quardified the etch rate snd
ce oty of these chanidries. The effects of chemktny and
cotweriration of HE ahd MH.F hathe on fhe stehorate arvd stch
ce oty will be quardifie d.

Willistne ef @l sbadied fft-thres materiale whichk coald be
used i the fabrication of microe kcrorne chandal orderre
(MEMS) ard mdegrated croaits [5]. These materials 'were
etthed with thiroefive differerd etcharts to detennine their
etch rates, fanong these etcharits, Pad Erch 4 prodace d from
Aehland and 5.1 BHF had the greatest selecteaty of 50, ower
81 The Pad Etch 4 solmioh coreisted of 11%-15%
amrmonibont  fhaoride  (HELF, 0% -34%  acetic  acid
[CH, COOH), 47% -51% water (Hy 00 and 4%-8% propykne
ghrcol (CiH 000 and amfactard,  The etching process was
cotvbacted at rooow terpershmwe.  The etch rate of fhe Si0,
Leyer deposie d by et oxidation was 310 Smin and A lorer
deposied by evaporation was 19 fgmin, The efchorate of 4
cpnattered A1+ 2% Silicom ¢ 550 boper wras less than 50 Hamin,
The 5:1 BHF coneicted of 5 parts of 40% HHF and 1 part
40% HF. The etchityg process was dope st rocih termper dhire
The etch rate of 5i0, deposie d b et oaddation waras 1000
dmiv.  The etching rates of evaporated A1 and sprattered
A1+2% 51 loyer vwere 110 and 1400 fawin, recpectioedy.
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Aleo, I corparing Willisme of @l data for an HE etch werms
1 EHF (which hac HH.F added), the additim of HHF
decreaced the H1+2% 5 stchrate avd fwcre aced the oxdde etch
Tate ,thoe BuTeasig the e lectyity.

Coosen o af, Tenioaed work on the selectivityy bebaeen
Si0, and Alinowhich the selectivigy of 510, was huoeased by
adding ghecerol of ghecerin to & EHEF sobttion [2]. Acconding
to Tikrars of al ,the standard HE sobttion wonld conplktels
etch the A1 loeer [3]. B substinding sorme of the wrater writh
ghrcerol, the etch celectivinye agaiet A1 wrae rpoowe d, The
EHF solttion wil ghrerol added coneided of 40z of HELF,
2] HF, 40l ghecerol and dlml of water, The etch rates of
Al and the fhermal omdde loper were 55 Agwin and 950
Dfwin, respectively. The other chemical method disoissed
coneicted of the addition of ghcerty ha BHF coldion. Crajda
reported that b rephcing vwater wwith ghecerin b the BHF
sohiion, maree differerd types of ghes comld be merwmeed
withontt etching the rmetal laeer [4]. Thi wobtion s
cornposed of 4 parts 40% HH.F, 1 partt 48% HF, ard 2 patts
87% gheri. The steh rates reported vwere 60 Sami for Al
ard 2000 St for thenma ] oadde horer .

Bithkr et af. frwre digate d the ebch Tates of 5i0; and 41 with
etchig soliohs of 7:1 BHF and Pad-etch colttion [6]. The
Pud etch cobttion comeisted of 135 wi HH.F, 318 wihh
acetic acid (CH,CO0 0OH), 4.2 wit¥ ethoelene ghecol (CHLO04)
ated 5005 ¥ water.  Three mefods were used to deposit
Si0y Lgrers, wet oxbdation, PECYWD, and chemical wapor
deposition [ CWE). For fhe et therma] oxddation method, the
operating frnace tenperatme was at 1100°C, The etchrates
of 5i0; etched with the taro sobatiore are Listed in Table I

TeELEI
THEET: HEAIFE OF 510, DFROSTTRD I THE [ IFFRERH
DErOIIOH METEODE AHD ETCHAD IH PAT-FICH AHOT: 1

EHF [6]
7:1 EHF

Materials Pad-etch (fami) [ lming

8i0y , fhenmnal 220 620

g0, EPSG 450 a0

50, ,FECYVD T00- 1600 1200- 1500

The Pad etch cobition had a high selectii for the 5i0,
Liper and wronald not attack; the 81 Boer [6]. The Al fhickaess
rerromred fromm fhe Pad-ebch after 5 mivamtes wras lecs than 100
8 and after 30 miromes of remowal, the thideess of A1
rentwoe dvwras less than 200 &, This give s an spprozmmate etch
rate of less than 10 ftnin. They did not report the achial
EHF etch rates tatreporte d that the etch rate was thre e tives
faster thanithe Pad etch sobation.

O. PROGCFOUEES

The putpose of fhese experinents were to weriy reolts
fonmd mopmibple experonerts i the lderasbme noa single set
of &xperirert: ncig the cane materiale and condibions. The
experitwrits vwere perfonted ot San Jooe Jtate Unkrercite’s
Mlicroe lectromic s Frocess Ehgmeering Laboratory uskhs ten
(111 silicor vweafers, The vwafers wrere mitally ¢ leaned using
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a standard BCLA method, 505 was groam on fimee of the
vwrafers using a wet thermal process at 1100°C for taekre
honmrs.  This resabted in an oxide thickae sc of approzditate be
tao mimors, 05 ppn of A1 was evaporated on to the other
fEe cilicon wafers, Part of the wafers were macked prior to
etnporation to create 4 step inofhe A1 lorer (o meanme with a
profiloereters].

Each wrafer writh the 50, avd 41 filre was cleaved o
fonm pieces to reduce the arourt of sanples mequied for
preparaticoey, this remaled i trenty Si0; and brendyy 4
satrples, Each quarter piece was dpped o cewen, d¥fererd
etchards arith taro replicate s per copdition. The sevren etchards
e d i this shady are listed Table IO

I.eroll
Ea1i0s (1 Ponts o Frod foLumions
folaton | Aanmerndiom Hyalxo flne nic Propko Chymain
Hmmber | fwride asid (HF) ol [ETH:
EFHT) | (4755 i Ha )
1 3 1 0 0
1 T 1 ] 1
3 T 1 1 0
+ T 1 3 0
3 T 1 0 1
[ T 1 0 3
T Fad Froh 4, marorfictoad by Arhland *

Hote : The cordert of Pad Erch 4 coneits of 11%-15% HHF,
30-34% CH,COO0H, 47%-5 1% H, 0, 4% -8% C,H,0,,md
oxf actart.

250 milliliters of e ach etching colmtion wasnsed ithe stch
Tate experinert. Bofh 5105 amd 81 sawple carere pliced i the
Teflon holders amd etched s laneochr at warions tirme
iterwrale froem baro to fEre mivortes. After each tire terwral,
both sanp ks were dipped i a4 Teflon bealer with dictilled
vrater fora quick rivee. Then both of the sanples were rineed
again wih ditillkd wrater and sprayed dopr owith an ar g,
The etching e xperdrerds were dorw ot fhe Toon tamper e,
The replicate s of the samplesaere etched with fresh bathe and
atthe differert tine itereals

4 Manerretrics ManoSPEC 210 was nsed to meaame the
oxide fickress before and after etching. Three thickaes:
meanmetterds were taben fromm each quarter piece of the
wraters, A Profileneter (Terwor P-1 o scan profiler ) wrih
fEe microrneters shbis wrac uged to meaame the step height
atud thne the thicdae s of the 41 before and after etching wih
each cobrtion.

I0. EFSOLIE AHDD BOTE20H

Table I sprenarized the 5i0, ad A etch rates and
el ctivity obtaine d from Sobtiors 1 tooigh 7. The 5i0, ad
A1 etchiorates # Table I are the awerage etch rates of the sx
locations froen the taro Do at 4 miodes,  The selectidby was
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cakulated ucing the aversgze Si0; ebtch rates of the cix
locations fromm the tao nme divdded b the svergze 41 etch
rates of the sivlocatiomes fromnthe haro nane.

TepLe IO
g FroH Estosopr A0, anp AL ane S@acTiviTr eaTeaed S105 ame B
1M foLLmionsl THROUGH 7 a1 4 BliruTes.

Soln o Makral | Ech Fae | Sekotuly
cBam )

1 SI0; 1463 111

51 BHF N T

7 T o3 A7 ER]

7:1 BHF AT T

3 SN0; 7031 i

71 BHF +1 patt

propik ke g!pa.m ol 2001 =8

1 S0 | Ss0T 3

71 BHF +3

[arE propk e | o1 202 19

ghecl

g SN0 o951 21 51

T:1 BHF + 1 part

ghic Mk A 175 &

& =0 =K B

71 BHF +3

Rark ghice ik A 111 2

7 SI0; 3T 45 i

PERIEICK A 508

*hrrerame etchrates of the three locatione fooen Fime 1harere
taliem at S mmivattes.

Hak orerame etchirates of the three locations from Fim 1wrere
taliem at 3 mivattes.

When copparing the 5:1 BHF with the 7:1 EHF, the 50,
etch Tate de reased from 1416.3 Sawin to 937,17 ftnin, and
the Al etch rate decreased fromm 13346 Adwin to 11533
A, Inoeadng MHF concerdrations i BHF sobation
decreaced the selectrby bebmeen fhe Si0; and &1 froem 11:1
to 8:1. These resubs compare e 1 with those of Walliarve o
al who fomd 3 5:1 BHF sobttioh ebched et 510, at 1000
Hmiv amd evaporated A1 at 110 Sawin [5]. The selectirby
reported i Williarwe of ol warac 901 for 5:1 BHF [5]. The S0,
ard A1 etch rates in Willisne of af khdicsted that adding
HH.F i HF cobhiion fureased fhe S5i0; etch rate and
decreased the A1 etchorate. B Willisne of ol fhe etch rate s of
vt Si0, 1 5:1 BHF wrae 1000 & dwin amd 10:1 BHFwae 500
fimin wrhich showred addig more HH.F &1 EHF de qeased
the S0y etchirate [5]. These experimerts verify this; the 50,
etch, rates i 5:1 BHE and T:1 BEHF deaeased with fhe
additicmal HHF.

Adding 1 part of propplene ghecol to a T7:1 BEHF sohition
decreased fhe Si0; etch rates from 93717 Aamin to 750071
Dipvin toxt fcreased the Al etch rate from 11533 Adnin to
20158 Bhwin, The hureased Al etchirate and decreased 5i0,
etch rate cauced fhe selectiviny to decrease. The DuTeaced
proplene ghecol conw erdrationn i BHE coldion from 1 to 3
parte decreaced the Si0, etch rate from 75071 Admi to
55074 Dtwm and slightly huoeased fhe A1 etch rates. The
celectiity betaest the 50, and O8] decessed ac fhe
propylene Fhecol covw evdration vwras Bwreased b T:1 BHF
sohmion. It veas kypothesized that adding propelene ghecol
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wolld fumeace the selectivity.  This ic based on propykrne
ghrool belz an grediert o sotme Pad Eich 4 sobitiones
shoam i the lkersbme to fwTease the selectEaby, Honaewrer,
thiz experinent showed that adding proprkre gheool and
tuTeashs the concerdration of propylene gZhecol e BHF
sohtion didnot Bume ase the selectErity bebmeen 5i0; ad 41

Ghrcerin & anwother corvporert which wras added to the 71
BHF sobztim i this stady. By adding 1 patt ghceri to the
7.1 BHF sobabon, the Si0, etch rate muoeased from 937.17
fmin to 96121 Aimin amd aleo the Al etch Tate Mcreased
froen 11533 fbwin to 17596 Sdmin, The fuTesse of both
etch rates deaeaced the selcimdt from 2:1 to 5:1. By
muTeashs gheoerin conwerdration froem 1 to 3 parts | the etch
rate of 510, decressed fromm 96121 Bdni to 65342 Abnin,
A1 etch rates aleo dedessed from 17596 fdwin o 1112
Admin, The decesse of both etch rates freressed the
se oty bebare ery A1 and 510, whichovwras 61, Accordimgto
Coocer of @l the celectiiby bebreen 5i0; ahd 41 wac
tuTeased when tao patts ghec erih were added to 4:1 BHF [2].
Thic experinertal recatts choeer the e lec vty bebaeen 510,
atud A1 wras not Brprotee d by jast addivg ghcerin 1 7:1 BHF
cohition, batt the sele ctiniyr vas inprotred with fhe Tereased
ghrcerin conw erdration & T:1 BHEF sobttion. The mobchmwes i
Sobmiore 5 and 6 hawe greater HIHELF copcerdrationn and
ghrcerin concerdration was onle ome part different froen the
etching sobtion reported b Goosen of @f. The resule & this
experirerit shonre d that the 510, etch rate i 7:1 BHF wih
ot patt of ghecerinowras a hittle hisher than the ltersbme wrahie
andthe 5i0, etchrate o 7:1 BHEF with 3 parts of ghecerin was
lonarer fhiar the liferatore vralne . The experdrerdal Sletchrates
for Sobmiore 5 ard 6 w@rere mowh higher than the lieratme
wralie.

Pad Eich 4 i avother etching sobttion showring prommisrge
remite moetching Si0; and not A1 [2,5, 6], The experimertal
etch Tates of 80, and Al were 39348 Shwin amd 9508
ddmin, recpectively. The etch rate of Si0, from the
& ¥perituent wras cloge to Williarne of al whickiwras 310 Aanin,
For A1 etch rate, the expermmertal wrabie wras trerye diferent
fromn WAllkme ef ai which was 19 Samin [5].  The high
experkrerital A1 etch rate resalted o a lonr experirmeridal
ce oty corvpared to 16:1 for Williame of ol (1sig 4 et
oxide’ and 32:1 for Bublker o al (g 4 thennal oxdde) [5,
6], Eepeit expernnertation ic ree ded to ooredizate thi laze
disoepatcy i the meaalts,

I'V. COWCLOSIONE

The celectinity ard etch rates of 5i0,; and A1 were sbadied
with sewerr ebching cohdions. The experivertal celectinbye
bebreer 510, avd Hlwac 11:1 & the 5:1 BHF cohttion and the
e o ctivty bebaeern 5105 and Alwrac 3:1 o 7:1 BHF sobition.
Trure aciigr the WHLF corw evdration froeh five ta sevrenh parte i
1 BHF cohtior decreaced the etch rate of 500, amd 01,
therefore, the selctivity deoeased. The neoabe samere
ot istert writh Willisne of af. findivg: [5].

For 7:1 EHF sobation writh propnlerns ghocol, experimerital
cekomaly was 4:1 & the BHF sobtion wih one pat
proprkne zhrcol and vas 301 o the BHF cobatioe writh thre e



parts propkne ghcol The experinental selectivite for 7:1
EHF :cobation wrifhont arge cotporents added aras 31, The
resuks chong that the celectivity did not fnprote b adding
propeylerie ghecol to the sobdtion. The duoease of propylene
ghrcol comcerdration @ the 7:1 BHF sobotion decreased etch
rate of S0, and slightl deaeased the A1 etch rate.
Theref ore the cek ciivit bebare et 510, ared A was decreased.

Chcerm was atwther componert that was added to BHE
sobrions to detenmine ie effectiveness i oetching, The
celectiiby wras 5:1 I 7:1 BHF sobation with ore part ghrcerin
ard the selectiviby was 6:1 i 7:1 BHF with thoee parts of
ghrcerin, The selectivine of 5i0; and 41 obtained from T:1
EHF wih ghrerin showred that adding ghecerin to the BHF
colntion did not enpeovre the celectiviby.  The experivertal
celectoiby did wot agpes wifh those reported b Coosen o
@l [2]. Homewer | the celbotivdtyy depends on wot ot fhe
Zhrcerm conw erdratioy i BHE solition taxt also ¢ e rdrstioe
of HH.F i the HF cobtion. ‘When coenparingg the Jiff ererd
cotwerdratiorne of ghcerik b the BHF  cobation, the
experitwrital celectiviys Depooted by ust ucreaskhg the
ghrcerin Corwentration fTom e part to three parts fothe 7:1
EHF =obitio.

For the Pad Erch 4 colttickes, the experiverital selectnity:
wae 41 and Willisme o ol reported 16:1 [5].  The
experitwrital celectiviy for the Pad Erch 4 cohition s not
the best among the sewen sobmbioms, Wt the selectirtys
obtaied froom Pad Erch 4 wras better than the selectiibye
obtaited from the BHF solntion wifhy thoee parts propolene
ghrcal.

Of fhe 5i0; aved 81 etchorates and selecbivitye obtained foomm
the sever, sobaione, 5:1 BHF prodaced fhe best se ke ity
Conparing the 5:1 EHF and 7:1 BHF sobbones , the 5.1 BEHF
colntion gawre the best celctmahy, Of the foor 7:1 BHF
sobiione with ore addiicomal cotponerd, baro sobitione i
proplene ghec ol and baro sobitions wwith ghecerin, the 7:1 BHF
solntion writh three parts of ghreerin had the best celectnrite:
bebareen 500, atd 41
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