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·· The Pl'88tnt lrtvontiOn la generally•• to the 
etching arremavatllthtn layera or matada1 on aaub-· 
atrate. such as in aemiconducrDrstructures ormfcxa­
eleewnJc device& More partlcularl)t th1s lnvent1od Is 
ralatedto an apparatus and methodfOrramoval of an 
. aecutate amount~ a thin layJ!ruslnQ means rorcon­
balltng the 8Urfaca reaiclence ttma. campasttiono and 
thickness of filrn farmed on the aurface of thin f8)'8r 
to be etched. 

Aqueous solutions of eldtants,have long been 
used to remove thin films fran 8Ubltlate8. However, 
there are a number of drsadvanfases of wet etclllng 
techniques. These disadvantages .. especlally ap­
parent In the eemtoonductot indU8tiy wheN wet 
deaM elld otches contribute to partlculate end other 

· contamination. Therefore. prucesaea that use ga&­
eous etchant& are prefemtd. 

Anotherundetltablereetyre of both~ eiidp 
eous etches ls tlqltgenendly the etching is isatraptc. 
and a controlled source of elchant designed far re­
moval of thtn 11)'91'8 le not used. Often. ont1 a prac18e 
amount of the layer should be etched because there 
are featuras that need to be ratarned wfthoutdamage. 
For instance. uncontroltedlsotmplc etcbfng cantrt­
butes to the formation of undesirable 9$PS when the 
mtl'erial to be etched tasandWlched between two lay­
ers which are resislarit to etchfng. For Instance. as 
ahown In Figure 1. iayer 1 and subSttate 3 are resrs­
tant to etching and reyer 2 IS readll)' etched by the rso.. 
troprc etching process. If an opening Is created rn lay-
er 1, then isotropic etching of layer2 produces a gap 
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actife moleculn or ionl• Examplu Include IUCtiva 
Ion etchlnO (RE), and heatlnO the wafer to 9000 tem­
perature far the restlon Sl(a) + SI02(s) • SIO(g)4. 
Howeve( th8'8 tedlnlque8 do not elCh by raacting 
with the layer of matalfal ID be etched and a con­
densed fJlm contarding the reaclan.l moleculea. 

Thal9fcn. they .. aotcxmsideraCI prior •t and 
Wil not .be cl°llCUIS8d. . 

Prior art generally concems reactions wheM 
fo fllma n Pl888nton a surfacedurinOIUCtJon. 8ome 

ert does nat rec:ogn1ze the exilteltce d mms on-the 
surfaca. other art raaogntzaa the e'xlatence af fflms 
and lhe rd•tfleJ play In elchJn9, but does notracag­
na the importance of thefildl8. norhowto Pl'oP9tlY 

'' contcdthem. lnaccunlC'/and lack of control In the pri-
or art often arise when tlln Ill fnad_Wrtenttransitlon 

. between NOlmet. .. dt8Cfibed herlin Infra. 
lnetdllngofalllcondloxlde.prlorartflasreparted 

diff.,antelduatesfor1EOS.thermata1Rcondlaxide, 
20 and other t)tpes of &ilicon d"mfde. The rale Ill limited 

by the reactMtr of the readant toward silicon diOX· 
Ide. The nsactlvltywdes aocardlng to afnlctund and 
compoalttonal difference& In the sfflcon 41oxide. The 
raie of P88889• dreactantthrougb ~film did not limit 

a the rate of nmctlan with these mddes. · 
U.S. patent 4.264.37' to Beyer and Kastl dl8cfo­

sas •'Wtllto use gaaeauavaparto remove native ox­
tde frOm slllcon. Oxide elChtng by exposvre to gas· 
eous mbc.t1n& dHF, H20, and N2 nearatmosphertc 

' so prvssure has very htgl'I selectlvfty tor remove! of sili­
con diOXfde WlthOUt removing silicon. Aa the pressure 
Of a process increases. problems from contamination 
by parttcurates and gaseous impurfttes Increase. 
Hence. a tower preaaure process 18 needed. 

4 In fayer 2 underneath the openrng rn layer 1. It 11 ~ The equipment described by Deal et 81 (J, Appl. 
clear. therefore. that what is needed ls a controlled 
elching system Which IS able to etch the precise thfclc· 
ness of the layer of Interest Wlthaut overetching arid 
accentuatfng the gap belween unetched layers. 

One of the most important deaning and etching 
steps in the semiconductor Industry Is ta remove na· 
five oxide from the surface of silican. Oxide etching 
by immersion in aqueoU8solutionscontalning HF can 
yield pristine SI surfaces chemically passivated by 
hydrogen atom termination of sllicon dangling bOndt. 
Chemical i>a'81vetion reducesreoxldatlan of stllcon 
upon e?CP<>Sure flO air. but ft' does not Nduce contam­
ination.by particulates or large organic mo1ecu1es.1n­
tegratloii of en aqueous alllcon dioxide mmoval prac­
ess with an evac:ut.ted. multichamberwafet process­
ing tool designed ta minimize particulate contamlna· 
tion is difficult Hence. a process that lakes place In 
the gas phase at low pressure. Instead of in a Rqqid, 
Is needed. · · 

smoon dioxide has been successfuUy etched or 
removed from the surface of a silicon wafer by a num­
ber of methods.that do notuseaqueouaaolutlons and 
which take place with medium or tow pressures af re. 

Phys, S8:3370, 1985) and Novak (Salid State Tech· 
nafogy, 31:89, 1988) is currantly avafJable and is de-
89ned to etch oxide layara using gaseous mixtures 
containing HF and HZO. However, the equipment rs '° not d891gned to control the surface midenca time, 
the thickness or composition of condensed ntms in 
the etching ayatem. An inert gaa is bubbled through 
W8farorthraughasolutlonafHFinwaterinac:ontafn­
ercalledabubbter. ThePf88&Ul'8ofwatervapororHF 

IS end water vapor enltaJned tn the lnbrt gas is equal to 
1hevaporpressure at the tempetature of the bubbler. 
Flow controllers iegulafe admission of the gases Into 
an unhealed chamber holding the substrate. The bub­
blars and gn_llnn ate heated. In eQUiprnent des~ 

so bed by Deal et al supra, the substrate can be heated. 
tM the total pressure can bengU1atad by altering the 
pumping speed af the 8Yltem. There is no qusru. 
crystsJ mlciobalance In the aysterq. and the substrate 
cannot be cooled::Etching ia rastricted to high cham-

)6 ber Pte&SUtet. It i8 a.flow ••in with no capablJlty 
.. , to isolate the raacllon chamber from the vacuum 

pump. 
Another method fOrremovin oxide is mentioned 
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by Niahlno et al (Proceedinga cf the~ on 
0ry Ploce88.1nat. 4)f aec. Ertg. of Japan. Tokyo. Oct. 
SO. 1988. p. 90) In a ftlPQrton mtcrowava d"llGhalge 
deaning d aillcon. Expoaute of ailfcoft COYtl8d With 
a natlv8oxldetogasea from a healed canta1nerfifled 
with ammonium flucride ortoa mtctowsve dtacharoe 
In NHS and NF8 gas faUowad by raSaing the tamper-
ature d th• sllfcon can remove the oxide. In a...,... 
rattexpetlment. HF andaulfurlcactdwaret>rniadfo1.: 
lowing .activation d pracuraar .malecules ~ a dft.. 
clllqe. Nlahlno et al does notlltat with the tJpe of 
gap llluatlafled in 'Figure 1. norv.tth any other unde.. 
aired effect Induced by ovemb:hlng, ere. 

In aummmy, prior art apparatua forelchtngwfth 
condensed fllm8 containing reactant IS not de81Qntd 
to conttd thecompaaltlon and ras1dence time of the 
film. Thefolowtngltarns .. mining lnJ)dorartequlp-
ments:a monitotofthlft ftlrnaatlCh asamlcrGballncla, 
a means to maintain the wafer as the calde&t.Polntin 
the chamber. eeparate geaeoua 10tRe8 of NHS and 
HF. aoun:es d NHS. H20, and HF, an amrnanllln bt-
fluodde aawm, and low pr8SSU1111CMCHSUch 81 ef-
fusion cells. ar saun:es with a differentially pumped 
f89lon, thele 18 no ability to maJnt8tnthe cl'lamberwall 
temptreture above the temperalunt ti any~ 
source whlch ls a condensed Dquid ar sot"ld, lhe va-
cuum pumpcannotbeftola~ftorntbechamber,end 
there ls no abllly to. almuttaneoualy apentahutoff · : 
valves between gu soun:es and chambers. 

Thedeslgnofthepriorar~etchlnOIYltemSitnec>o 
easarily dependent on the devices and methodalo- I 

9't$ known at the time and can be underslood by 
considering the design of available 8)'Steme. such at 
reactive ion elChing 8J8lem8. used for etching au-
facewhenthoreactantdoea notcandense on theaur-
face. lharateatwblch reactantstrikuthe surface to 
be etched la proportional to the Pf8nure of tho~ 
tantin the chtmber. /tia long aa tha Nactantprassure 
le betOw Its vapor Pres&UIB al the lempenrture of the 
substrate. reacmnt mar adsorb on the 8orfaca rar e: 
shortperfodoftfme,butlsdoesnotcondensetobm 
e multilayer. The prassura of reaclant, and therefore 
the '8action rate. 18 contlOlled by varying the rate at 
which th• reactant ls adm~led lothechamberandthe 
rate atwhJch, the reactant Is removed from the Cham. 
ber, e.g., by the pump -ttached to th$ chamber. The 
admission rate Of reaetant to the cb8mber can be 
regulated With a flow meter. This type of equipment 
Is • used In tha prior art to carry out reactlOns 
when the reactant condenses on tha surface af the 
substrate .to ·be etChed even though initiation and 
conWI of the reac:tion la very different when a con-
densed reactantfllm forms on the surface ID be etc=h-
ed. The differences a1e more fully Mt forth below. 

Whan a condensed reactant film· forms on the 
sutfaca, the compo11"tion of the condensed ftlm ls 
more important than the composition of the gas 
phase. The partial pressure of n1actant in tho gas 

2 

• 

10 

ff 

tO 

IS 

# 

36 

,,, 

.ff 

so 

•JS .,, 
~~ 

pbaae 1tnotu 1mportantbeeausethe9ueouareac. 
tantlsnotln dJtactconfaetwlth the surface to be eteh­
ed. lnatead, thecondenaldnmclant-lsln contact 
wHh the aurrace. and therefote the composition of 
th• aandansed ma.ctantfllni Is men lmparlant than 
the compoalttOn cilhe oaseous emtiientln determm.. 
Ing hGwfaatthaufacewlllbeetchad;Sncs howlllUCb 
Oftbeaurfacewll be etched. Thecompoaltlon of the 
gas affects the reaction onlylncf'nctlyas aaaeau8 re­
aCllntl a,. transported through the cond8naed fllm 
to the aurfaCe. A centnll problem 18 that condensed 
ndtllfi1etfllml can farm on aurfaces other than the 
layerlD be etched, such asc:hamberwallaorareas ~ 
the Wlfir-mount wh1ch may be colder than the avr­
faCe Of tlie wafer. The 1ayera thatfOrm on thote ex­
traneous surfaces can serve as a aoume or sink for 
ntactant to that there la no longer a deftlable rela­
tionship between the campo1ttron and um1ng or eas­
"adm1ttad ID th• chamber and the oompolltlon and 
l'llldenca time Of reactant layers on the surface ti 
th8 waferto ba elched. 

Deal et 11. eupra. mentlon the presence of an 
aqueouafllmon thesurfaceaftheaxldedwtngvapor 
phate efchln9, bUt do not racognlm the lmportance 
ofcomallng the film. Instead, the systems desc:n"bed 
byDtalm1dNov*...,. flowmetersto admttreacblnt 
to the chamber. Referring to Figure 28. the operation 
of the pdar art equipment may be described as roi­
lowt: nltrogenfiom reservoirApUNs thtouOh mass 
flow controltera Band Into a bubbler c containing wa­
ter or hubbrerD conlalnlng a mfxturv of HF and water. 
Aftfll pahing through the bubbler, tht get enterS 
chamber e Where a wafer F Is mounted on a room 
temperature holder G. In some equipment, the gas 
and raaclfon products pan from chamber E through 
aregulatlngvelvo H bafoie being pumped away. 

Although sultabre f'oretching reactions notinwlv­
in9 a layer of condel\Md reactant. thia syatem can 
cause dlfflC&llC)' In any raactlon Which occurs when 
condensed reactant forms on the surface of the layer 
to be· etched. When a flowmeter admlta gae ID a 
chamber at a constant rate, the presaure rises slowly 
until the pntaaure ia high enough for the chalflberv8-
cuum pump to remove the gas at the aame rate at 
WhiCtl It rs admitted to the chamber. This stow pras­
aure rise contributes la an ambiguout onset time for 
condensation. an lndeflnltefllrntnlcknesa and an am­
biGVOut composition. 

lbetormatlon Of a fdm on a surface fnxn c:onstit­
uents ln the oaa phase i8 known to be regulated by 
the tempetature of the surface and the partial pres-
8Ul'88 of the gaseous COMtitvente. Once the partial 
pre$8tJre of the gaseous constituents rise& ID a value 
eqval to or greater than the vapor preaaute, e con­
densed fllm wm ~If the pressure rise i& slow. the 
onset time forcondensetion Is l!lftlbiguolls. Once con­
denaat'aon beglns, the part1a1 pranurv of the gaseous 
constltuents of the film will remain equel tothevepor 
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preswre d the conatituentt. COl\densatJon CO('ltfn.. ch8mbet IS nottbe compoattion t:I the ueotrope. 
ues.andtbethldcneaaorthecxmdansedfllmJncnms- · wt. pafmit S.OS0.319 to Nratilno et. aL provides 
esbacauselhesYatem pump Is unable loNmOY8the anunderafa11dingofetchlngmechantsmswherafilms 
conatluentactlhefilmatthl sameralB atwhichthey that contain ..acrant n used far elchlng. HOW8Y8r., 
are acfm1tted. ' the etching appaiatua and method are tn acme wa,a 

contml Of the extant dtum mmairal by the ap- mcndlfflcdtouse"i181p'8anlrnpnMdunderatandi. 
paratusdeacribedbyDeal et.aLandbrNovak. IUJlllf, tng of the films. For~ affowapfamiS:uHcf; 
. ts thnfote 4iffiCult. 81nce a trow contd« 18 uaedi to adnJI _..with au thi pOtenuatpioblems men-
the partial Pf8Slli••afwatarand HFln the ohamber tloned eboVe. In addltloni 1tactantfnreatedtfnuQ1r 
1tse a1ow1y ,.,_ .-.a1at1an rt flaw. Thus-. Iha ttma at 10 reaction of pracursar malecdal·~b»• pla9-
whJah Iha aondensatton occura and Ille reactJon Is madfach81gelnsteactctdhctadnitasron of the~ 
fnltiitad 11 natwal ~The thtclcneasort11efl1tn tallt. The formation of conderiaed ndtitarwl88Clilnt 
lftCM8l8S with time. The compasllaft d the gas mm.. therafcn. depallda not only on~. 
above the ftlm va change with time iR a ~ flaw rates, pwnptng speeds, em.:· but arso an the 
fashion becaual .. the tRCtfon PIQCaecfa (8I02 ... ff chanlcterfstlca d the cltachalge and the rwactton of 
CHF•SIF4•2H20). HFlsoonsumadalld H2011 pro- activated precursar malecdea. Futlhatmore, Mc> 
dUOldasabyplacluct. Thua. themfac:8 ._ afo.xfde tlve ~« malecul11 In the gas phase can can-
being efcMdean affectthe9ueou1 oampotltlon. fl. aume, NICtv.tth. orchemlclllr.tranlf«m fllmtonthe 
nally, candtnsatlon an the Waifs of the chamber ...... Cll' waifs. 
MIW8 n en eddiiona1 unpled"ictable90Ul'C8 «•1nk .ao lhe Nllhlno patent taachil' that a dllchatp kt 
for HF becau8I the gaseous HF wlft eXc:han;e with NH3 and NFS form& HFwhk:ft can c:omCalnl with am-
HFlnthe condensed filmonthewallsofthectlamber. mon1t to ronn emmOniucn fluoride layer& that Neet· 

Exchanged oaaatflUent& In the gas with constlt· With SI02 ta farm an ammonium hexafluorasurcata 
uentaln theoandensedfilmcan be undecstuod by• psocluct. Reaction can alao occur bycl"lnolution rl re-
ferring IDF'rgunt2bfrom p.1480f Phy8lcal Chemistry n secant wrttirn the PtOdCICt rayer. Tiit muJtt i1dfeate 
by Fanf~ Danlela end Robert Alberty. ltd ed. that not all the llllcon dtoXtde Whtoh reeott le left be-

• 1968. Wiley, N.Y. ltahowlhowtheequilibrlnnc:om- hind as a flfm ontrte surraca f!theaxrd~ Ffgcn 2 of 
poalion dtht wporof a two componem mixture of the tfishlno pamnt shows the etchlng rate and film 
benzene and toluene varies fmm the composition of thk:knesa for a 10 niinute etcNng time as a function 
t~ liqutd aa a function of \9mp8rahae. Similar ao of the NHS to NFa ratio. Thei etd\ing n'9 of eround 
cuivea hold fOtalJ binary mixtute8 including HFIH20. • 1MO~ncorta1pondstDremoval d100 
The x axit 8howt the fractlonal campasltiDn af the to 400 Angsbom& of silicon cfmXfde. If all tM reacled 
mbctunt and they axis shows the temperature. If va- aHicon cfioxfc» were converttd to ammonium h.xa-
poris admitted to a Chamberwlh the compoattiOn of fluoalncete product f88ldenl on the aurrace, the 
point b, it wllf condenle on era object Whose temper. 35 thlckneas wculd be appoxlma.taly SOO lo 1200 Ang-
ature la below abl1Ut 94C. Tha composition af the,,.. 8frclm8. far thtckerthan the fitm thtekneMS shown 
por, represented by point cf. ls ·very cflffetent than the In tfilhlno"• Ffaure2. someoftheslllconfrom there-
composition of the liquid 19preaentee1 by point c. In acted 1111con dlmdde does not remain resident on the 
othet WORls, as aaon u condensation occura, re- aurlace in the form of anunontum hexaflucroamcate. 
evapqratlonwlllalterthecomposltonofboth the.con- .fO When the prOcluctfllm lsthtn. Jtcan be"braken tNt8'/9, 
denaed film tnd the gea phaae. but after continued el'ching it can no longer be •brok· 

The exact detalla of how these compositions en twrJ9 end etchlng l9 terminated. The termlnatton 
changewith tlmewiR have a complex dependence on thtclcneae of etched oxide in F"19. 1S of N'11hino parent 
the absolute and relative amount of condensed film 1a about 1000 Angstcoms, a thlcknes8 fer larger than 
on the walls end on theeubatrate. flow rates. a'baolute .ff needed to prevent undercut •hown In rag 1 of this ap-
prassurea etc. The absolute amount and 19Jatlva plicatian. The decrease In etching efficiency is pte-
amount of condensed fllm on the waits of the cham- nntedas a ~blem which can be remed1ed by alter- . 
bttand on the aubttre!a wlll also depend on the am- nating 88Vt1'81 lhort reaction and pmduct desorption 
l>Jent~ture and on Iba temperature cifference eydea Instead of etching for one long period d time. 
between.the subetrate and the chamber. The actual 60 If a thlnflli'n is formed with a ahott f Om1nute dis-
curve for HFM20 binatY·mtxtures shows the exia- charge. the film remains permeable to reactant. If tty .. 
tence Of en azeotrope. Azeotropn are certain frao- drogen Is 81.lbatltUtad far ammonia In the discharge 
tlonal compositions of a binary mixture Where tne va- HF ls fcrmed and in fact the presence of the film in-
por. and liquld In equilibrium wilh the wpcr. have the craaaea the raactfon rate. The fllm does not Inhibit 
same composition.Although Deal et al. mention use SS the reectiOn. 
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of the azeotrope fn a bubbler as a suPl)ly d HF end 
.,, 

Nflblno furtherteachM thatrad"lellls auch a 02 
water, they combine this With a bubbler containing ':~c and flUOrine atoma In the dl!leh&lge lnfluence the re-
water ., that the gaseous compoaitfon inside the actions In Several ways. They can affect the eefectiv-
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11 of etching alliconva. silicon dlmdde.. Whan H2S04 
4 

The jppatatut compdaM the foUowlng campo. 
and HF n.f'onned In the discharge. fluod~ a&oms nants: 
ere COMUmed Within the candensed film when it it a chamber. 
thldc, bUtfluDrine atoina are notconunecf When tbe metntfotlUP.PIY of f9actantto laid chamber. 
oandenaacl fllm Is thtn. When the film fa thin, sfllcon I ematadal on a aubltn1te. aatd mawrial able CD 
II etched;whin the~lm la thick.lllfcon is~ etched. be etdled by sald"reac:tant; 
Then reaotrona can aompltcate omittolled etching. meena for eupportlng eeid auNtiate within 

lt1"'1 be fwthernotad that&RJ apparatus uilng said chamber: 
• condeftled aowmdreactadtata temperature hot- a fllm eomprfslng aald re&Gtant on the 8Ulfm:e 
terttmthewaferlll'face is able 1o· maka a tnmsfcr· 10 d llld materlal; 
matlon1Mtween199fmea.lf~isadmittedlfow. meanafarmntrolling the natura and duratran 

.11• tbel9 II no mactron fnltfaly, lleeause en adSCllbed of said filnt 
film.doe&notfann.Astha pra&IUl8draactantel~y wherein the component• areaoarrangect that 
fncnasesto nearthevapot preasure at the tampara- when sa1d N&Cfantls supplied ta said chamber. u1d 
ttA of the ware.. than an adsorbed film can form 11 nactantfcrmt a flfm on the surface of ntd mablriaf, 
which eldutatheaurface. The adsodled fllm compo. . the natan and dUl'8tlon el •Id flfm being*> conttol-
•ltfon 18 clolely Atlatetl to the composltlOn oftht gas- led by aalcl cantmllng means that said film leads ID 
ea in tbe chamber. When the Pf9SSUl8 6XCledl the thl rtmcwaloflft accuratllyalntralledamountof aaJd 
vapar .......... of the mat8lfel In the.chamber. there materl8I Oft llld substnd8. 
It condtR88tion Of. multll8)w. Tlit tlllltlleywtorins 20 The method ciomprlslsthe sfllps af: 

. a 18BVH', eapeelllly ff It II a tJquld multilayer, the (a)aupporting, in e vacuum chamber, a substra&e 
compoettton af whloh I& no longerdnctly connected having a maleda1 to be etched; 
to the eomJ)08ftiOn ·or the oaeea In the chamber. No (b) admittiog reactant conlatning gas Into said 
prior trt ayatem .. designed and operated to etay In chamber at aeufficientl'f98IUl9 eo al to farm a 
the regime Where an adlarbed film of a layer ar lea 25 fflm of the raactant on the aurface d said mete-
la respona1b)e for etching. rial; 

Furthtnnore. constant slow rate admissioR of re- (c) controllin9 the compositlt?n and rasfdep 
ectent Wfth flow controllers ID a chamber U81nQ eppa· time of eeid fllm on the eurrace of eaid materie1 
ratua mentioned In the prior art does not lead lo aa.- so as to efich an accurate amount of materfal on 
curate elchtng et removal of thin layers. t>ecauae the ~o eaid aub8ttate; and I 

composition and residence time of the reactant fi!m (d) removing any unwanted 1'88ctantand reaction 
ia notcontlolled; e.g., tht time atwh1ch a condensed f)COduct• fAMt the chamber or uraoe of aid 
fllm d t98Clant Is formed on the surface Is uncertain, SUbstlBta. 

thelengthoftlme condenaed fllmrwnalM on thaaur- It la a further object of the Invention 1D carry out 
fact 18 unt<nown. condensed mm can form on the JS etchtng over e wide range d chamber pntSSUl88. 
wallS Of the Chambetor portions Of the water mcunt Etching of the layer on the substrate l8kas place by 
which are CDlderthanthewafer, the fraction of the re- chemical reaction of the l'l8danta in the condensed 
actantwhlch ls admitted lo the chamber and event~ film orduslar(aggregate) of mcleculeaformed on the 
aUy condenaes and,._ ii unknown, the aubatrate layer to bt etched. 
la not COOied 8Ufficitntfy lofacllitate use of a low pm. 41) Art lmportentfeature of this Invention Is tbet the 
eure eoucoe. tho eolf Rl'i\itlng reaction thlcknesa of eppatatus and method used for the~ 188Ctlon 
solld pmducta Is uncertain, a wafer Js not held at or n designed ta central the condensed ar adsorbed 
&lightly above the temperature of a aoun;e of con- film of the reac:tantfonning on the aurtac. Of the aub-
deMednactantsothetraacUoncanoccurwtthlnthe sltata. ln contlast. a constant lite of admission of the 
adsorbed film regime, and the pnn;enc:e of ac:tivated 46 reaGCant gas lnlO the reaction chamber, es described 
radicals~moleculescan complicate the composition In the prior art. does not allow control tNerthe ceim-
of films. posltion, thicknR&, or wrfacie residenee time of the 

It ls.dearfnxn the above that improvements in film. 
the~ art apparatus and method are needed. The present invention for the frat time provide& 

50 meansfotcontrcllina the composHfon. thldaiess. and 
SUMMARY OF THE INVENTION surface Nsldence time of the film of coitclanied re-

actanton the surface to be etched, thereby precisely 
It is. th~. an object of the present 1nvantton contn>111n9 the extent of the etching reaction. 

to provide a PfOC8S8 and a device. cxxnprising means Several aspe~s need to be considered itl order 
for controlling: (1) the thideneas. {2) the compasltfon, • lo contml the c:ond•nsed film over a wide range of to-
end (3) the dUlatlon or the surface nlliderice time of ".! ta! tyttent preSSUl'e arid Wfth a wfda mnge of mactant 
condensed reactantfilmfOrthe purpoaeOf BCQn\ely 

·; 
molec:ules.AswiB be dimmed moreNly, infra.~ 

etching e deslft1d thlckneas of a layer on a wbstnata. trol «elimination of condensed films on the aurface 

iiiiii1nr 
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of the chamber aid& In tho contral of die conclenaed BIGeF OE8CAIPTION OF THE DRAWINGS 
fffmon the eubatra&. Amk:robalance (quartz crptal 
mfcrobalaace. QCM), ellfpaome&er or other monltoP- Thefcngofng and atblrobjectl. aspects and ad-
Ing devices wall lcnown lo a 8ldJled artisan. ~ Y8nllallw1Ube Ntt«undenstoodframtbefOllowlng 
conbOI of the readantfllm thlc:kneu aver the enth I delalled deicrfption of the prefercad embodiments d 
..,. Cf Pt88W. RapJd dellviryof 98180U8 l880- the 1nvant1anwtt11 Nf8ranceeca the dthfn98 In which: 
tantto Iba IUbstmta 881abllaliis a preclS8 tJmefOtlni- Flgunt · t fa a crais sactlanal side W9W of a prfor 
till candensatlon afthe ntactantfllm and contribulas art aamlconductot wartt fol!Owin9 unaontralfed fso. 
to a -conatant g896GUI concentmUan. At low U>lal trop1c 8tohlna of one layer: cham.,.......,_ a coaled·aubstrala and delivlry to Figwa 2a II a OIDIWacfianlll Side view Cf Pfior 
d reacrant .-ftb a CDlllatan-free ar aubstafttlell1 com- artequlpnentforetchin,g a thin layer. The~ 
afon.fin 8CMR9 aids farmatfon and conbDI d the UHl&IOUtCeofoaeeoutreac:tantwhlCh lncorpcntN 
condensed raactant film. When the condensed fllm flow mel9rl. 
compdaes a ndttcomponentmtxhn whtchforms an FfOUnt 2b lhoWa the equlllblfuln composition Of 
azeottope. admission of the ccmponents to tht fS a two camponent liquid mlxtur9 and the vapor pres-
chmnberatthecompasltlon Dftheazeatmpe a1dsthe ""'above the mfxhl19. 
farmatlon and contml of the adsorbed fllm. Rguia s -· crasa eeetional eide9'itwof an em-

Although the pntfenecl embodiments describe badimentof Ule preeentlnVentlonforperfarmf119 pre-
vadou8 88Pectt of the Invention. each inclvidual a- dseetdifngofa tfth fayerbycantlallfnsthefffm con-
pect of tho lnventton lncreaset Ult degree of contlOI IO denied on the Uface. The device 1ncorporatea a 
over tfle condensed ·naa.nt film and canstttutes a toll'CI °'Mctant. en effusion eel capable or ope11-
cfaatinctlve feature of the praaent lnV'entlon. atlng 'WUh a law chamber pnNISUr9 when Umlli9d cal-

Indeed •Pl'kanttfound results contrary to thole r111ona are 8JCPll'fenced by 188.CbWmolecules travel-
of Nishina when ammanla and HF are added dlracUy ling from the eouroe 1o the aubstrate. 
lnsl8ad of beingaynthesized In a dlachargewhk:h can ti Figura8bfsamass 8'ecfnlmofgaseouambdUre 
alao ..... seactiff radicals. The eloid1iometric prnentlnthe chamberwhenetch1ng of an oxide layer 
amount of ammonium bexafluorosJllcate PIVdUCt IS 18 donewftfl a mlxtut8 ot HF and ammonia. war.er Is 
farmed In a~on the sudace. The reaction Jsaelf· also p_resent. 
Jlmltq by a different mode than with NishJno'a actl- F1Qunt 4 ls a c:rD8H8Ct1onal side vJew Of an e• 
Vated ceactants. With the ablllty eo "break Ny- the 30 bOdimentOfthe present iRVentiOn fotpreciSe etching 
mm playing no role in termination of the reaction~ A of a thin layer. Tiie apparatus uaes a aource or gas. 
termination thickness ls found amaB enough (less eousraactantwhich can rapidlydeliverreaetantlD the 
tban 200 Angstroms at room temperature} to min\. wafer. 
mize the aortOf undercut shown in F'igure 1. Al tern- F'rgura S 8hows a plot of a microbalance elgnaf as 
peratures below N!Shino's. there IS a drop In tbe $5 a functlOn of time during control of e condensed film 
amount of slllaon dioxide ramovad which Indicates of ammontil and HF on an o.xida covered slllcon aur. 
thatd~ffusion of reactant through the film is inhibited, face. 
and that the lerminatlon thicknen can be contcolled. F'l9\lrt 8 it e thermal dttol'ption apecttum ahow-

lnventots 81so obletWd othereurprlsjng results. Ing the mess Of gas phase mcleculea frcm a layer of 
FOfinatance, initlal etching ofTEOS, thermal amcon "' raactlan prnducta which desorba Into the gas phase 
dioXide, end other oxides that are predominately near100C. 
Sl02 occurs at different rates. but the product layer Figure7ehow8act088-8e~ionals~eviewana~ 
Jncntuea in thicknese and rates become aimilat as rangemontof the apperatusforaocurate efchlng with 
the rate of dlffwlon or reactant through the product art adsorbed layer of reactant. 
layer bec:omes rate limiting. The diffusion thlough 1$ F'raure 8 la the detailed view of the wafer mount 
pcoduct I~ iaconttantao that even though the In- and tempemluse control system. 
herent lellCl:ivlty of HF Is greaterfor TEOS ·than for F'igure 9 •hows the rate Of productfonnation at 
thermal. oxide. the termination thielcnts• determined a function of the thlckneas of product when sputter· 
by diffuaion 18 atmllar. Ammonlum blfluorfde eliches silicon diaxide I& exposed to vapors above a c:ell of 
ata eonsiderablyfowetPIN8U~ than ammonium flu- fa alMtORfum blfluorkle. 
oride.H.temperaturea bolow-35C, It Is possible to op- F'igure 10 compares the etch rate on TEOS oxide 
erara at pressures many orders of magnitude loMr and thermal ailicon cfiOJdd• following exposure to ve· 
than in any prior art. with essentially every reactant pcq above a cell of ammonium blfluorlde as a funo-

. molecule which strikes the surface &ticking without tion of expoauns time. 
re-evilporatlon. $5 F'igura 11 ty~ the fllrnt and the layers "'""° 

'.l. ent on the substrate in the embodiments of the pres-
I 

ent fnveotlon. The mp 18yer la the condensed or ad-.. 
' sOl'bed film or reactant or raaelant diffused In a con-
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densed film. The next laJ« Und8rneatb 1a tha f¥f 6 

of aettaethoxy· 81Jan (TEOS) 8lllcon dioxide. WM 
wl1ld\ rs u.a layer ar tharma Sl02 anc1 the aubatfate 
Is that of ailican. 0th« types d SI02 which oaata1n 
•ueh etoms .. nenlo. phosplloroua. bOIOft and the 
Ilka could. Of courae, be substltulad. 

DETAILED DESCRIPTION OF THE INVENTfON 

I 

The above and variOU8 otherobJec:ts and advan- fl 

tases Of tho fnventron a achieved by an apparalut 
and a method clealgnad to cantlal the farmatlon Of 
aurface fll~ The Invention emplGya means far de­
tectfna end contrclllng films or1 ... than a layertbtt» 
ness Under 1811 reactlan candltfont, This la accom- fl 
prllhact, Inter a11a, thravgh the usa d a quartzcryataJ 
mlcrobalance and wea defined raaelants. tllnby 
halplngtaclaulfyU1ratypeofceect10nfntoeevecat111-
aJmasand to deftnepraterrad embodiments dthefn. 
ventfon over a broad workable range cf pr8IN8I io 
and temperatums. The marn regimes ate '88.Ctlons 
alltmmtng fan (1) adtorbed filma of a layer 0rJ111, 
(2) condensed llqufd fltma. and (8) condensed did 

t. Apparatus encl Method For Rapid DerJVWYof 
Reaolant 

Refenfng nowfDtbedreWings. end more partio­
ularlytaFl.gunt 4.thnfsahownapraferredarlBllge­
mentfot precise etcbtnoda thin la)w by conhalling 
t11t1 film conctemed on the eurraco d • eubltrate. 
va1ve1 fo, 11, andlar 12 are s1mu1taneaus1y opanec1 
in ontertorepldly admltcuctant. arruceantand caf. 
alylt. tn Iba taacttan clanber 13. oat adm1nlon Is 
raplclbec:auaetheopend'iamebrtofvalvaa10.1'1and 
12fs larGerChaft thediamatetof the~gvalve 
·1naflawmetar.lmmedlalalyafteradmtislon. the.,,._. 
sure dtfle admitted gases le maintained above the 
condel\lltlonJOSIUl9atthellmpllnit1n Dfthaaub­
attata 14. Th1t te8Ult• In the formation of a con-
densed fllm ts on t11e surface oftfta IUbatnlte 14. It 
flt> be noted that while the prasaure dthe admittad 
galeaitebOYethecondenaatlOn~atthelem­
perabne of the IUbstrate 141 the prallUl8 of thf 8d­
mtuecl 9889118 belawthe condacwa.tfon snaswa at 

films. In a fourth regime, when there ts no aurf'ace 
firm. t'*- is no reaction. 

the tempendure d the chamber 18, becaUle th& 
chamber Is heated co above the 1Ub$bate teinpe,a.. 
tin by heatar 18. The aubltnde ·can lie heated by 

as hdlr17«cooledbyflowfngcoolantlnJUbea18and 
Unless defined otherw1ae. all tachnlca1 and ad­

entiflc lamls Ulad h8Rllfn haw the aama meaning as . 
commonly undemood by one Of onrinai'y akill.1n the · 
art to wh1eh this inVention belongs. AlthOUQh any 
methods and materlala alsnllar ar equlValent to tho$e 1 30 
described herein can be used In the ~Ice rir test-
ing of the present Invention, the methods and mate-
rials described hnin are preferred. Unlesa men­
tioc\ed otl\erwite, the techniques employed or oona 
templated h_,,in are standard methodologies will IS 
known to one Of ordinary 8ldR in the art. The materl-
elt, methoda and examples are only Illustrative and 
not limiting. •. 

In accordance with the present invention. ~ 
bed herein is an· apparatus far rapid deitvery of am- '° 

. monlaend hydrogen fluoride gas with the optbnr:Aan 
elevated aubatrate temperature (Figure 4); an appa.. 
ratusforrapid delivery of hydl'ogen fluoride encl water 
(Figure 4); apparatus for low pressure etching which 
uses a differentially pumped source such as an effu- '" 
slon cell or molecular beam for delivering vapora to a 
8Ubatrate coated With SI02 (Rgura 3); and the~ 
blnatJon.of a mlcrobalance w'ath any of the above ap. 
paratus ~ mntrol the etchlng reaction. Furthermora, 
method and results are presented (1) ta distingllis'1 so 
When a reacllon occura by condensation of reaclant 
orbygBHOUs expoeure, and{2) toahowthatreaction 
Is controlled by a condensed film. The 8peclf1c aya-
tiam compriaea the etching ofSI02When a condensed 
film is fotmed fn>m HF and ammonia PnM:Ur'80I' ga&- q, 
es. ~ 

Various embodiments of the Invention are now 
set forth. 
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19. BDth.aq..tzcrystalrntOIVb'1enot20 contelnitta 
a arysfal coated with fire same~ a the layer 
IObeetched,andtbeaubltra\e14ant.attachedtothe 
8ub8tl8le mocd21. The llgnal ftom the quartz ays­
tal tnlCIObalanc:e 20. reservotr prea.sure monitOr 29, 
chamber pnm1119 monlklr so. Chamber ternperatur-
emonllar 31, and waferhntcn>balance temperature 

· monitor 32, goes ao a contder 21a. which detarmi­
fttl n rtadete& tM prenure »Which U\9 reser­
voirs 22. 28. and 24 ara filled. The l8Sel'VOfra areflf .. 
led·flmn a aaurce Of the 11aclant34 containing H20, 
85 containing HF, end 38 oontelnlng NHS: thtOugh 
~ 25. 26 and 27. l89p8Ctlvely. AlternatlVely, re­
HnOfraQIR hOld solutions containing HF orNH3 and 
a non-reactive gas could be bubbled thtough the 80(. 

utlona. The reaervo .. could be merely a length artub-
fngora chamber. The pres8Uf91 ln the reservoirs and 
Chamber 818 regulated by connecllona between the 
controner 21a and valves 25. 26, 27, 10, 11. 12. and 
28. Not ill connections are shown In tha drawings for 
thHake of simplicity. Alf aaun:es. N88fVOir8 and tub-
ing leading ta the raactJon chambercaq ba heated ID 
obtain reactantpre88Ul'88 greater than the soom tem­
perature L 22-23(;) vapor pntssure. A heating 
shroud 37 la shown on one gas line soun:e and reser­
wtr. lhesignal from temperal\ft aensor38lt11nt.to 
contder 2ta Which monftcra and c:ont1ara the tam. 
perature ofttae ahn:lud 37. The ahrnud 37 and sensor 
38 js shown for~ Of!8 gas line lo yield a s1mpler 
drawing.; However.. ··an Ji!aes may have a beating 
•hfoud and aensor cotiti'olled by 21a. The controller 
21a manllans the temperature of chamber 1S with 
·.enw 31 and controls"'~ temperat~ thtough tho 



cannection to heater 1a. Thico~21amod. 7 

lfl1ttll1penltfnofthewarw14andm1aobalance20 
with aenaor82 8ftd contrals the fiamperaltn tlllDugh 

•ctanl In the CQftdanled flkn 15 ... ~ Ol"until 
VIM a rs opened and th• confllnta of chmliber 1a 
are PumPectllWBY· Dudngthatlmevalve281ada8ed •. 
reaclant Jn the ·c:flamblr13 can exchange with reacr 
tant il tht fllm f5. The amount of the etched te.yer 
whlCh 18 lllNMld iifllatarmlned by.the amount Of HE 
admi•d '°the chamber. Once a condensed layer Is 
fGrmed on the &urfece lo be etched. additional HF 
can be·addecf by Nflmng raservorr 2ll end opening 

the cannection to heater 17 and coarant l8QUlatJng 
vatw 33. Theta ere M modea of operation depend-
ing on whither valve 28 whk:b teada to a wcuum 
pump (notehown)Je open orcloaed dudnQ adm1alt0n 
of reactanl 

2.·Admiasion of NH3 an~ HF 

~ desahd fs the f"nt made of aperatfon 
whn the vatva28 tea the vacuum pump laapen dc.r'­
lng admie8lon af 18act:ant. Reservoir 23 .. flRed wih 
HFandraaanv24wlthNH3. T11enve1Yes 11 ani112 
are alndlanlaualy and rapldl)' opened. Raac:tantfllls 
the chamber and rapidly condenses onwaret14. ml­
CIObalance 20 and mount21 for 1 euffiefentfy lhOrt 
pedad at time-when the pmsua·af NHS and tF Is 
abows the wpar Pft8IUl9 at the temperature fl.the 
wafer 14ao that a CIOlldenled layet15 rs fGrmed and· 
raactlon with the IUl'face af the layer Co be erdled la 
fnltfalld. Since valve 28 fa open. the conden8ed fitm 
16 decnmee In thlckneaa w1th t1ma aa HF and NHa 
at the WPot~ of theCOftdtntedfilm ts pqnp. 
ed aut. Flnally, au the condenaed HF and NHlwhlch 
Is unraaclad evaporates 8l1d Is pumped out Ex­
change.be\wHn reactant 1R the condensed mm• 
reactantinthegas"'8selamfnimlzedbecauseaftlle 

· short period of t1me during whic:h the reac:&ant Is .:on­
densed on pie surface at the lowamblent preasute. tn 
the d\amber. The1mnount Of the etched layerWhtch 
is removed dependt on the substrate temperature, 
composltton and reslclence tlma of the raaccantfllm. 
Faclarainfluencingtheamountntmoved Include ya. 
parpreeeure of the seactant.althetemperatureOfthe 
ewetrale. the amount of ntaetant admitted ta. the 
chamber, the pcnnplng speed. and.the reaction ndt 
between the reactant and the layertO bo etohod,·111 
Of which can be raaulatact by the c0ntrdler. 

Separate 9aHOU1 sources enable eny opera­
tion atelevatedwafet lemperatureewtien high partial 
pte8SUt88 of ammonia and HF are raqulrad and en­
ables varlat(Gn of lha HF: NH3 ratio. 

3. Admiation of HFIH10 

ln·llJOthermode of operation, the valve 28 ID the 
pump It clOsed during the admlsston of reactant. Re­
Hl'Wir22 is fiRed with H20 vapor. and reservair23 
ia filled With HF, then valves 10 and 11 are opened to 
ftl chamber 13. The reactantconde11881onwafer14 
and mic:roba1ance20toform a condensed film 15 un­
til the pressure In the chamber dropa to the vapor 
psesuaofthereactantatth&temperatureoftnewa­
fer 14. If the condel\aed fllm la a llquid, auc:h as with 
admiaSJOn of HF and H20 w'th a wafer temperature 
above 00. then reeccion can be continued untll ell ra-
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to valve 1hvithoutapa""'8valwt28. The ntaetlonfs l8Jt. 
mtnat9'\ o~ when ¥llvt 28 ls opened and the con-­
tents dthe chamber 19 n pumped fNlll'I orwhen 
theHFwhlchwas admitted to tbechamberhurwct-td. . . • 

4.Apparatus and Method Fart.ow PntssUre Elchlne 

Refetrln9 now to the dtawinge alld more pattic­
utartyto Flgtn8. them lsahownapreferradananga-

20 mentforaccurateetchtngatlowchamberpnt11U19.A 
· byfeattn II a dffffnntl8lly pumped80Uadf88c> 

taat vapcn. Alt effusion cell opendfnf at law pres. 
IVl'8 Is • partlcutarly deslrable featuif whereby the 
wafer cannot be upoeed lo contamlnantewhlch may 

as be .. nt at higher pressuN1.. Altetnatively. e su­
peraontceoun:e can be used. 

Th• teactant source 40 is fiUed with ammonium 
btfluodde and Is heated wllh heater 47 In ardor to va­
porize the solid. It delivers the reactant throUgh aper. 

30 ture41. The prenwe in the chamber 42 and chamber 
45 is tow-enough ao that the reactant molecules ex­
perience a email numberL Ot>$l of.cotUslonl as they 
pest fRNn aperture 41 to tubstnlta 48. Low preasure 
ta insutad by pumping chamber 42 through opening 

H 44 and chambet45 tbfouOh opening 48. The ltlcident 
niactant nialwes CQftdense when they atrlke the 
cooled iubatrate 48 or.microbalance 49 to form a con­
deneed1ayw500fHF and NHS. The svbStrate48 and 
mtcrobelance are attached ta mount 51. The temper· "° abn of substrate 48. raauitld for condensation 
when reactantfa pmentetlowprossure, tJbeloW the 
temperature required when reacfant is at high ~ 
sure. Valve 52 ragulatBS the coolant flow through 
tubes S3 and 54. Since the chamber 45 ptUaUte is 

'5 low, there Is little exchange between reactant tn the 
. gas phase and ntactant condensed in the film on the 
surface of the substrata. The maas spectrum of F'ig.. 

UN 3b was taken during oondensation of reactant On 
the uface. It shoM that the vapor predominantly 

60 conlatna NH3 and HF with traces of H20. The H20 
may deaorb from lf\e Chamber wellt. once the reao­
tlon la complete, evaporation of excess reactant ar:id 
reaetion with the layerto be etctJed cen be facilkatec:I 
by lncntaslng the substrate temperature wfth heater 

55 55. A controller 58 monitOra the wafer temperature 
'·' with eenaor se. and cantR>ls it with v.ive S2 end hea-
· ;; ter 55. The aame controller monltora the mlaoba-

lance 49 &ignal, and can vary the preesure of l'eactant 



In ~'40 by Mnling th• &emperatunt of cham-
ber40Mth aensorti7 ancr cOlitmllnO Maler47. 1bt 
thlClcftelt ttf canclefttedflm &O can be contmOad by 
shutflar 69. 

In a1tamata aOntigumtJonl. a gas can be cfellv-
eredto chamber40 insl1Nld d aaclld. wpm from a 
IOlfd can be entrained In a eas. or chamber .c2 and 
cllamber 45 can also be healed. 

EXAMPLE-1 

A apeclflc apparatm and ~o procec1 ... for 
efChJn9 of 8102 818 nowdelcrfbed. Aatatnle81i steel 
effusion call lafiJled wlth ammonium blnaurfde In .. 
thee\ IRMl1od fn a pdiative heater oonafsdng of a . 
tungsten filament shielded boJ an autet CGYednQ of 
tantalum. "'POl'lflOlllthe ammonlumblfluorfdep888 
tlftUaha:4.5mmdlamttetholelnthecenl8rOfacop-
per gasket 'WJllch covers the aau. ,... asseml)ly 18 
hOUled in a amaJl chamber _pumped with a tl.llJo. 
pump.ltmountaon thealliconwaretcfostng chamber .· 
pumpedwlhaturbopump, Theeffution cell la heated 
to 7S-95C and vapors from the ammonium bfftuodde 
are condensed an the-35C wafer for about 20 min-
utte. Although ammonium bffluoride la evaporated 
fmm tho effusion coll. the compoallon of condensed 
,.actantan the aurface Is notdetermJlled and i8 pcob-
-not8'DkihiometdcNH51=2. Thewafaris heated to 
S-15C over the course of 10 minutes. sometimes 
fNhJloatlU 8lCP080d totheammonlum bffluorlde vapcr. 
The ded'11ing quartz crystal ftaqUency shown In Fag. 
me S le due to the condensation of reactant&. Afa 
11aatrng begrnt atebout 1600aecondt. condensation 
ofreactantscontlnuesunt1labout~aeconcssaner 
which MC88$ reac:tant rapidly dnolbs. Ammonium 
blftUorlcla IS condensed fora total Of aboUt30 mltlutet 
with detOrption during th• last 3 mtnutes of the 10 
minute lte8tlng phase, TM frequency at point B IS 
slightly lower than atpointA. because 11_1ayercan'8lrl-
Ing Si02reactlon products is notwlatile at 14C6111D-
pie temperature. Nter deaOfption Of the reaction 
producta. the frequency at polntC 18 higher than point 
A. because part of the oJdde layerls etched, 

After dosing. the wafer can be cfll'BCtly inserted 
inlV a UHV eurfac:e analysis c:hamber with a baae 
prenut$ of about 10-9 Torr without expoaute lo the 
atmoaphefa. Thul, theapparatusfarlow pmsu°reox. 
idenmoval can be integrated with otharvacuurnsys-
terns. . 
.Apparatus and Method for E&chJn8 in the Adsorbed 
ReectantRaQimeAbyfeatureOfthisembodirnentis 
aaouroe ofcondensedreac:tantheld ata fempemture 
below the lempetature of eny other sllffaee in the re-
action chamber. Undertheseaondltlonsau motecules 
from the source can edsorb only on surfaces and ere 
not able fD condenae to form lrMtilayerfilms. In this 
199lme. there ls a cfirect relatiOnship between the 
composition Of gases in the chamber and the compo-
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•ltlon of the eurf'aca flkn that oantalns tho Melant. 
If the bllqMlnlbn of tilt waftHnOUntfs colder than 
tbecondealeC!aoucaa.than 11nm1tHayerreacW1tfilm 
can rormon the mount which can continue to.detotb 
and padc1ce 981 phate Nadiant whfah adsacba on 
thewaferavenafteitteactantrsnofonQerinlentfonally 
added b)' the source of camfenaed reaCtant. Control 
of eldl"'9 ~• al80 be poor. If the WBfer aurface Is 
colderthan the condensed aource. Then a mittUarer 
raaelantfllm can farm on thawaferMfactand etch­
ing wll pase fnxn the adlorbed film m;Jma to Che 
condeftlld multllapr film reg~ 
~ng now to the drawlrtgt and more~ 

utarly w Figwes 7 and 8, thll9 II shown e ~ 
arrangamentf'ar aceutate etching In the adaamecf.ra­
amtfflm Ngtme..Alnmqntum blfiucwlde•olfdts held 
Wltllln cantainer 184whleb Is matntalned ata·lall1*· 
ature equal lo arlowertban the ~ture of any 
othtruface.exposed IDthevaporaboVethe ammo­
niuln btflurolde. Thit lt accampUshad by the tamp,er­
atn cantCOllGd lllrOUd 137 whrch rs contdect with 
thermacouple1aa, anctcontnlller1!1a.AliematWy, 
the thermocouple coufdbaattachecf toconfalnet134. 
Thtwallaof chamber113 contalnaheater118aothat 
the temperatcn dth• wallt are mainlakted at a fem. 
peratum greatarthan orequal totbe ~-of 
container 13'.. Thermal conduction malnfaJns ~ 
temperature of ~ 139 and portions of wafer 
mounU21 atatamperatureaboWOotltcontalner134 
and the surface of wafer 114. 1hennocouples 131. 
132. 138 and control« 121a encura prapar tamper­
atum. The aurrace oftheWaf« 114 has two different 
types of sirioon dioxide expoaed, for 8)(8fnple TEOS 
OXide and thermt1 oxide. In the aimpleat mode of op. 
emtfOn, the wafer 114. ammonium blflUOride QOntaln­
er134 and chamber 113 are atl at room temperature. 
Chamber 113 ls evacuated, vaMt 128 to the vacuum 
PUft1C) IS dosed 8ltd bath the r.gutattna valve 125and 
1butoff velvo 110 aAt opened. HF and'NH3 ftom lhe 
ammonium blfluarlde cell 134 fdls the chamber 113, 
riling within less than a mlnufe1D a l\ermination pres. 
Me". which i8 approJdmatety equal to the vapor pres:. 
sureol'theammonlum biflUorfdeatroomtemperature 
and delected by pressum monitor 130. Termination 
prusum ~equal to the vapor pressure 
Of the condensed reactant ln the source and la cletar­
mlned With.the eources wafer and chambet an at the . 
same temperature. Once the "fennlnatlon ,,,.... 
1ure• 1s determined. the CSmperatUl88 and JXJmPtna 
speed can cha119G and reaction W!ll remain In the ad­
mtd film regime as long as the pmsure in the 
chamber Is equal to or below the termtnatlan pras­
evre ·at the tempe1&ture or the wafer. (See the de­
scription of the ~~urln9 ayatem belGW.) After 
valve 110iSopened~·.atilm115ofa monolayerorless 
In thickness. contain1ng':r8°f1ctant. ls adaorbed on the 
surface ofwafer114 and on the surface of the quartz 
crystal mlcn>baJence (QCM) coated 'Nfth silicon diOx-
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Ide 120. 111e oreasuca lnstde thechamberalowl)tliln 
H)'Dnd Ille termination prassuta ea: a portlOn orthe 
H20raactton praducteacapi1fR11nthepmductlapr 
lntO the gaseous ambient Inside tbe. c:ll8mber. The 
m1ssort1te aaated QCM 120·lncle88es a· the prod- , 
uctlayvllfonned. 'Valwta110and 125[8m8btopert 
durfnO ta rnction.. It was found that the mass 1n­
CIHl8 rrom reaction Is abOut twtce the man d• 
quuafromNlftDVlll d a111con dloxkle. Tbla men fn. 
cca• can llauaed dll9ctlyto cantml the amauntof fo 
8lllcon CIOXfcletltetlt etcbod because none of the• 
act1anPJDductrsmmavac1 byaJmplyaxpaafng ltrothe 
ammontam biflUOdde vapor (In contrast &o the warlc 
by NrablnoWhara actlvafad apeclaremova the film). 
and becauao thick reactant f8)W8 which could com- fl 
pllcala the measurement. do not form an the atlb­
tttate when reectlon occura In the ad&orbed film re­
Gl!'J'8.Aftercantraller121a detarmlneathatthe&1Qnat 
fnn QOM 120 is indicative afthe deslrad amount of 
silicon dioxide having been etched. va1ve 110 ls 20· 
closed. wive 128 le opened.and evacuetioR of the 
chambar118labegun.Preisuremonitor1301$ used 
ID detectanyformatlon of muftllayarreactantfllms In. 
•kl• the chamber by an elevated P18l8Ul'8 during des­
ocptfon of the reactant film. If an unwanted murtllayer zs 
..actant film Is fanned samewhara In the chamber, 

. the P18SSure fneidt the c:hambtrwiU not drop imme­
~lale\' When ~ evacuatloll beQtnt, Further. 
unwantednactlon, Indicated byQCM, can occurlf ra-
actaRt ~ l'i8e8 high enough dYring detolption 30 
<tf any unwanted condensed reactant film. The tem­
peratunt of the heat transfer fluid circulating Inside 
concentric tubes 140 is raised to near 1000 in cnfer 
to heatwaf« 1i4 and to desotb the product layer. The 
prassure, measUtBd by monitor 130 and sent ID con- 35 

trailer 121a. rises during product desorption. When 
t"9 pressure drops. desorption is complete, and con­
troller 121a lowers the temperature of the heat trans-
fer fluid c:in:ulating inside concentric tubea 140 back 
tosoomtem~reorarightlyal>ove. The ~eel 40 
wefer can be removed. a new wafer loaded, and the 
system Is ready to repeat the oxide nimoval PIQC&SB. 

Similar amounte of TEOS end thermal silicon di· 
oxlcle can be removed as dlscussed herein. It Is poa-
slble to control the thickness of the layer of reactiOn 4S 
PfOducC8 and. therefore, the amount er silicon dloxtde 
whlch 1a etched by varying the temperature of the re­
action.· or by altering the HF:NH3 ratio. controner 
121a can lower the temperature Cf shroud 137whlch 

· controls the tamoe.ature of the ammonium bifluoride M 
RNiictant and can lower the temperature of the wafer 
114 mounted to holder 121 by lowering the tempera-
ture of the heattransferfluld clrculaUng In concentric 
tubes 140. Alternatively, the lemperature can be 
raised. Once again, the tempenrt.ure of tho con- ss-
densed $OUl'C9 of reactant Is maintained below the 
tempenmn of every other 8\H'face that i8 exposed lo:ii 
the reactant vapor so that no condensed multilayer..:. 

fllmafann !l4thtft the chambee 1be t8mperatuce con­
lnll 81118Jn ls deacdl>ed benl1n fnfnr. The HF:NH3ra­
tloCM·be Increased byapentngvalve 112 and aCfjuat. 
Inf valve 127 with cantrolfer 1211 to admit HF Q8S 
flom oantafner 136 until a daslrad pl8l9Ul'8 fncnaae 
1Sdatecredby~130.HFcanbaadded 
bafare ararteradmtes1on of,,.porftomlhe ammanJ.. 
um blfluortde call~ 

. Othlrcondenaedeaun:eaafraaclantcanbeaub­
. etltUfad fGr oondenled ammonium blfluaride. In a 
manuractudngwralaa dlhlt embodiment.. QUtrtz 
crrstar mtcmbarance caalltd wfth llllcon dlOxlde 
~not bo·lncludod Mii thOugh ltia Jn(emld. In 
the manufacturing veralon. only tiampomry uae or in 
appnlllltal8 lhln fJfm monfloraucfa ee e QCM may 6e 
n8CIS88I')' to calibrate the process so thaitha op8l'o 
atron mnalns In the adsorbed mactant f89lme. 

For 1'lslanCe In soma JnlllUfacUlng &yltema. It 
may be dlfflcult to completely dose valve 128. ft can 
then be 8dV8ntageauS to heal ehroud 187. container 
134.~139~ and ch~ 116 fD a famperature 
a&ovt thelilmpesature of the waflr 114. If valve 128 
doet not croae an the way. then the IX9S8Ure wm be 
reduced below t11e tennlnatJon pressure. Since the 
optimum rnssura of the rndBntJs nathe tenntn­
atlon preasure. heating the reactant eou~ 134 will 

. boost th• prenure ~tothe termination JJIUSUM. 
However. th• klventio1rwm wotk at preaaurea 10 to 
20 times less than U18 termJnatlon pm..Ure. Reao- : 
tant will cont1nuouatf f\ow from the aource 134 into 
the chamber and out 'falve 128. Tests Wiith system ; 
wherelltevaMI '128 can be claHd orWthanunooat­
ed QOM c:rystal enable rapid c:sfjbnltJon cf the man­
(l(actvdng aysl8m ao that It can almulfaneously oper­
ate at the optimum -Wmlnation ,,,.._.. whlle 
avoiding condensation d a niuttlrayer reactant r11m:. 

Fig. 11 represents the films and layera present 
on the aubltrate In the embodiments of the present 
Invention. 

Temperature Control System 

It 18 preferred thet the temperetcwe control s~m 
mainlains the surface of the wafer as th• coldest aur­
race In conlaet with the reactant gasee to avoid the 
possibility that.a condensed mulUlayer film wlU form 
on any other part of the wafer mount. The tempera­
ture control ayatem shcUld also offer a convenient 
way to cool and heat the wafer between -400 Md 
100Cforremoval of e((lcon dtoxtde by treatment wlh 
HFandNH3.Ff8C08shonaaolutionthatuaeacon­
centric tubing filled with heat transf8r fluid with the 
cooled Inlet in the cenler and the hotter.return on the 
outside, thus the hotwoutaide tube i8 in contactwith 
reactantgasea. There me two phases of temperature 
contruL In the fat phase the wafer is below 100Cand 
Mctlon of the oxide layer occurs. In the second 
phase. the wafer it·hiated to near 100C to remove 



the product layer. Fluidflom the tsmperature conbot- 10 traler can llter.tl\9 l9n\ptraturw to etiminata the 
led clrcutatar 1SO la COOied to the low lemperlture of films. Thtuncmltorcanalloenswa thateHOf the PfOd-. 
the flntphua. The fluid flows In the dlractlon afthe uct fllm .. delOrbed. 
arsowa. VslVe 152 ii dosed ao that the fluid flOws 
ttnough valve 161 and Into the Inner concant*tube ' Use of a Microbalance 
165. Tiie Inner tube 165 dellVera the fluid on the in-•Id•" wafer rnwnt 121 near t11e bac:bid• otwafer lbequartz~ mictabatance {QCM)frequen-
114. The ftutdflowa In the dlnsctlan Dftha arrows end t:J la iecorded as a function of time Wlh a peraane1 
llreturnedtothewttr.concentrictube 'MO. ·lt.,&saes computer based muttiehtnnel ecaler inccrparated 
tbrollgh the wal 157 of the Chamber. and baCk lntO fO wlthln "1• contmlar described In Ula embOdicnenta. 
the c1nUatar 160. During th1a phase, paweraupplled na.ose111atoreupplied with the mlcrobatance Is pow-
ID the Wine healer 164 by Iba contraller 121a 19 re-· 8l8d by an Mn atabllized fN l'OWlf'IUPPIJ thraUgh 
duced becauae therelanofluidflowthrough thehea- an RF choka(notahoWn in the dtawing). The Oldla-
tet. lntheaecondphase, the temperature Ofthewafer tonlgnal_on the voltage auppJy Die la AC caupledlo 
114 must be nalaed to near 1ooc u monitored by fl them~ICll& 
thermocoupla 158. Contmller121a doses valve 161 FIQlnSthawt amtcrd>a1ance819nat during con. 
and opent valve 152 ao that fluid must flow thlOUSh .d11118tiOnafareac1ant..,..fnnamlxtureafHFand 
fl!'W nsbtclDr 153 ·then thraugh lnUne haat8r 154. NH3 G8H8 onto air.con dbxide. Slatic frequency 

. Thennoeouple 15811 used to monitor the....,.,.. maawamants. such afordeterm1ntngthefrequen-
tute Of the t1u1d leaving heater 154~ COntrdler t21a 20 01 differance between point A and point 8 Jn Aaure 
adju9ts the power applled fD the heater 154 «the 5, n made at the eame temperature to eltmlnate a 
rated flaw through t~ flow rntric:tor untll the 1am- aman temperabn dependence of the reeonantfre-
pnture measured by thermocouple 156 ls near quency of. the crystaf. Static frequency meBSUl'e-
100C. menta:nmadewlh a montaccxnte ovenslabillzed 

25 rrequancycounternilherlban the multtchannel ecat-
Thin Film Monitor er. The QOM flequenGY la ltabte toa fflWtentha of a 

cycle IW IGCOftd over the course Of an experiment. 
The iswentionVSMtwotypeaoffilmmonHor.One The quartz cryutal microbalance is used to deter-

type can detectfllmson a surface, and t.he other type mine the thJckneSs of adsorbed layera, meted lay· 
can detect films that are deaorbing from a surfaoe '° era, and NmOYed Si02. layera. The measured reso-
into the gas phase. To be usefuJ the surf8ce tnmm.on- ; 

nantfrequency ehown in Figure S, must be converted 
itormuat be able to detect films of leas than 700 Aftg- lnta athlclcness.Aalmpunec1 version of the MiUOre:Rd 
strums thickness. The Quartz Crystal M"JC:rObalanc:e Bolef equation relating to crystal frequency and de-
la J)tefeaad because of the eenaitlvit)'. accurate can- posiltd film thickness ls: 
bratlon of absolute amounts offiltn and ease of use. 31 T =(NA/di~ {(1/.Z,tslt"'(Z tan{n ,. • U/f,.1)) (1) 
but an eDlpsomeCeroran lnf18r8d boamWhleh strikes where Nq fS a 1.868x1013 Hz-far crystalllne quartz. 
the aurface can also detect surface fllms and atd Jn dq Is the cfen9lty Of quartz,- elf Is the density of the 
their control. Other monitoring devices may also ~e deposited fll"1t fc Is the measul'8d rasanantfrequen-
employed. A praeaUl8 monffor can ~ films that G'/ of the cryatal, fq Is the resonant frequency of the 
<lesorb Into tbe gas phUe. A/rt pressure sensor able '° uncoated cryetal, and z ii the acoustic impedance ra-
to datectfractians ofa milliTorris preferred. However, tto af the quartzcryslal and deposited fllm. Since the 
an infrared beamWhichP881t8 through the chamber. layeronthequartzcrysta1iapred0mina~t1ysputta~ 
or a mass spectmneter ooufd also be used to detect SI02, a Z of 1.01 and densrty of 2.2 glcm3 for fused 
pressure changes in the c:hamber. silica is Ul8d In equation (1). For thin laywr& orb' Z 

These monitol'8 aid control of elching in e number 4S cloee to 1, the expression inside the O breCketa does 
of ways. For Instance, when atchlng Slo2 with NHS notdifferalgniflcantlyfrom (fq-fc)lt'q as Is the case for 
and HF in the adsorbed film regime, the amount of the experiments described here. The denslty of am-
pmduct.fllm la proportional to the amount of silicon monlum blfluarlde or ammonium hydrogen flucrlde la 
dioxi~ etched. This film can be detected on the sur- 1.6 g/cm3. A value of 2.08 gtcrn3, midway between 
face and the teactlon terminated by the contlOller. In 60 the two known crystallne f'orms, Is used far the am-
otheretdling 8)'8lems, the~tofcondensation can monhln hexafluorosilialte product 12. tonversion 
be determfned, and ftlm thfcknesa changes can be faclors for the Si02 coated cryslaJ are 0.565 IHz for 
detected so that the correct amount of reactant and 6102. 0.83 · JHz for ammonium bifluoride. and 
correct residence time '9 ensured by the controller. A 0.80 IHz for ammonium hexafluorosillcate. 
QCM coated with sm can detect lou of Si02. 66 ..... 

A monitor of films desorbing into the ga phese 
~ ,, 

can determine n unwanted films am condensing ... 
somewhere Inside the chember; if they are, the con-



DemcmstndlonthatCanclenaatlan ar Ad9Qrpttonof 
Reaerant rs ReQund tar Reac:Uon ao occur 

Achanderlaticafthetypeafreactfon CMf8dfn 
this d"l8Cloaure II that the ceacUan rata declaases as 
tamperatura lnclaases. Al low temperature. reactint 
cin condense to ronn. thtckmultllay& Aa the lltnl­
parature dsaa above the condenaatton ..,.,..,.. 

· a mufdlayerno longerfarm&, butmolecuteswlllcion­
tinue to adsolb on the aurrace ror a ahart period at 
time befOl8 re-evaporation. 11to amountd acfsQlbed 
raadant coatlma todacUna as Iha lampenlbn rfs. 
... Experiments with coal8d and uncoated QOM 
~ conRtln that 18tction continues to occur at 
~toohlgh forcondenaatlon ofamutuiay. 
er. The embodiment using an effustan ceU as IGw 
pressure IOlllC8 or arnntOtlfa end HF reactant and a 
dicon dtaxlcle ufac:a held atlowtamperatumahoWI. 
t11atthegaseousreacrantdoesnotn.actcrl'8Ctljwftll 
the surface. -. 

1be rate of decffne Of the Q0Mf18QU8ncylh0Wn 
In Figure 6 dostng curve gives e lowar Omit estimate 
of the reactant flux striking the aurfaca or aboUt 
7 laec. Tha ii aleae than 1 Hzor3 Hzchangeia'fra­
quencywhen theSi02coatedQCM ls exposed IOthts 
reactantfluxfcrB minutes at 18,8Cotfot20 minatea 
at 1000. nspectively. This fnd"IC&fas lltle or no con­
densation Of reactant on the &Uf.fac:e and little ar no 
reaction with Si02. 

Without betng bound to any .specific theory, It Is 
postulated that there ere two pOsaJble explanations 
for the observation the.t removal of sHlcon dioxide 
pruceeds fcflowins condensation or adsorption of re­
actanl One explanation is that condenaation boosts 
the concentration of a reactant at the aurface by 
many ordera of magnitude retattve to a gaa phaSe re­
ac:lant. Ammonia and HF condensed on a cooled 
QCM has a concentration of about 26 motealliler 
compared ta an .estimated molar concentratton·of 
about 10-10 mole&fliter fot the flux of gaseous raac­
tantaincidenton • heetact QCM. A$eooncl '"80nthat 
the reaction could occur in the condensed phase at 
a higher tato than in tho gu phase, Is that tho form 
of the reactants can change when condensed. mere 
specifiqally, Iona can form. liigh dielectric ~slant 
aolventa efflCientlystabilize iona or reaction transl· 
tfon atates possessing lonrc character. The beat high 
d"ielactric. constant solvents are hydrogen bonding 
solvents such as water, ammonia, and HF because 
the ·po1ar hy~en bond$ can reorient tn the Ylclnlty 
of an Jon to pnMde additional stabilization. Aaolutlon 
of HF in water resurte in formation of the bifluoride 
Ion, HF2-, which has a reactlvify towards SlC2 abaut 
5 timee that of HF. IR spectroscopy detects HF2- tn 
condensed Jayera containing ammonia and HF. The 
relative reactivity of HF2· end HF in condensed films 
containing HF and Nl-\3 ls not \cnown. 

ll 
a:hlng Oontml thro'1uh USt of Condensed Solid ....,. 

AfthaughammanlwnttexaflUOIDSIRcatehasbeen 
s oblerved ea a teaction psaductfallowfng. reaction of 

111Jcon dioxide Jn HFmnlafntng solutla.nt«plasmaa. -
w II•~ dilcovtted that a lapraf.amnionlum hexa­
fuoraslllcala pmducts can be used to contlol the re­
action of Hf with snlcon dtoldde. The dlSCOVelystems 

fO fnim meauarnanta of the reectfon rate of allfcon cra­
oxlde when a pnxfUCt layer Df knoWn thlckne11 is 
formed on the oxide surface fmn ammonia and HF 
gas pr8ouraora. PrQductsfonned l)y nactlon In*­
utton. or In )llasmas can be di9solvador l1m0Ved by 

fl Ion bornbatdment, eliminating their effectiveness In 
cantramns NtCtMty. The uaeof condenledlayera to 
canhd ruc:ttvlly of a surface can be applled to aya­
tema ether than the reaction flHFwtth atlloon d"~ 
kle In a condensed film efHF ind ammonia. 

20 ·· · . When a eol"ad layer of products ls formed on the 
surface, Ulan the amount oftlle etched leyerwhlch Is 
Nn)OY8cl II determtned bya camblnatron oftbe reac­
tion rate cfthe reattantfllm with the material of the 
layer to be etched and y tlie diffusion rated ttac-

u rant through the &alJd l8YK srnce a aalfd Sayer of 
proclucta Is fonned, 1t Is necesaary to heat the sub. 
abate aftertermlMtlon of the reactiOn In onferto re-­
move the reacted layer. 

Presence of a nracfl8d layer on the surface lm-
ao proves control over thG reactton Of HF with the SI02 

layer. HF must pass through the raactecl layer to 
mch unreacted st02. ~ure 9 shows that the rate 
of reaction of HF with SI02 dedinee wrlh timer as the 
thtd<ness of the l98Ct6cl layer Increases. Al long ex- · 

is poaure times. th• r.1te of diffusion of HF through the 
reaetecnayereppc'08c!\eueR1, and the reaction Is es­
sentially tennlnated. Thetefcte, the amount of oxide 
removed ii controlled more by the inherent ability of 
HF eo diffuse throuoh the reacted layertllan by the "° nactivlty of the oxtde surface. Figure 10 compares 
TEOS and th«mal OJCide etchtng with both ttie .Uicon 
dloxide surfaces and the ammonium bJtluorfde 
aource of reactant at 25C. It ii Clear that at ehorter 
times more TEOS oxide than thermal oxfde raacta, 

45 because the reaction rate is controlled by the inher­
entreactivlty ofthe oxide rather than bydifrusion. Af· 
terabout70Angstromslsreacted,theamountsraect­
ed are similar because the rate of diffusion of reac. 
1Bnt through the product layer begins to dominate. It 

so Is not necessary to waltfor the self-limiting thickness 
In onlerm etch Slmllar amounts of dlffelant types of 
oicide. 

The thickness required for diffusion of reactant lie> 
limit the reaction rate can be c0nt.0Ued by changing 

68 the temperature of lhe reaction. The self-limltlng 
thldotess can. be"·~ntioned by changing the tecnper-

1' atUN af the r.action.·Wben t~ temperature is lower, 
;; the diffusion rates are lower and the self-limiting r. 



action thidctless rs thinner. The evidence far this be. 
haYior fs that expoeure to many thousand$ of 181frs 
of condensed vaoora ftam 8lhmallfum biffuarlde tor 
many mlnuflea ramovos onty afewtana dang&troms 
of silicon d"mfde when the tampnture it-35C. 

Alternatively, the amountdaJllcon dlOJddewhleh 
it etchfd can be oontrdled by changing the ratio af 
HF to NH3 In the gas aboVe the t1Hco11 dioxlclt 111'• 
face. Pura HF etches silicon dloXlde wlh no eelf.o 
limttin:sr process. Ammonia 1s neoeswr ro_ronn the 
hexefl~ product. Eidt lhiclmeaaeB t. 
tween the lnflnrt.e fhlclcness of pure HF ancUMthlc:k· 
neaaea obtainJd with ammonlilm bffluodde 
(HF:NH3=2) can be obtained by varying the HF to 
NH3 ndio in the gu above the oxide IWface.An,... 
pecially prefernd way ID minimize the type dunder~ 
cutahoWn In Fig. 1 fs to uae ptOductlaywc:ontrd. Fur­
thermCn. the self.limiting thldcneas can be laliared 
to match the Ulid<ne8$ ofl&)W2. · 

CbaractedZatlan of the Reacfed LI)'« 

The reactJon of HF with s1Hcon dioldde when fa 
contact wlth c:ondenaed ammonium bifluorid• 19 lim-­
r1ar to the reac:tron 1n aqueous so1ut1on,r.e.. Sl02 + 
4HF = SiF4 + 2H20. However, Instead d being nt­
leeaed to the tolutiOn. the SlF4 product is trapped 
and reectew1th1n tho condensed film to ptaduce am­
monium heXafiuarosllfcate. (NH4)2SIF8. The ammo-

12 
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ADVANTAGEOUS ASPECTS OF THE INVENTION 

Aspecta Ralating ID Pressusas: 

Soma appllcatlona ttQUire carrying out the etcb-
irl9 process In a cnamb~ at IOW Pt8l8Ur8 (10-STorr 
to 10-10~. or in achainherattached f6 one e>per­
atlng atlOWpn18SUl8, Adlfferenttally pumped saun:e 
of reactant besides enabling the low PIUSUl'e" opera.. 

10 tlon deacribed herein aupm. pmvld• the rouowtng 
ac1Ventagea;delivetyoflhdantladli'ectfonalfarmln­
imlmtlon d undemut. orfot pena~n of htgk as­
pectratio 1truGtures on the wafer, and thete latimple 
aantror d the amount of reactant depaslfad on the 

fl substrate and, therefore. the amount d the eldied 
layer wh1ch is Nmovad. Since the flux d reactant 
1eavJng thrs l1P8 or soun» and llrfkfns the surface fl 
the waferto be etched is constant In time, end Is not 
alrongly affeGled b)' co111sfonl betwten gas mole. 

. 20 eules tn the N&ction chamber, the amount deposited 
f& easily controlled by an accuna.tely tftned opening of 
e thuttet 59 thown tn ~. 3. or a valve which COU1d 
replace the ahutt.er. Tfte tource can be the effusive 
source described In a aeetJon. eupra. eettingf'orth the 

is low pressure operation, a superaanlc molecular 
beam 80UJW, ot any other eource operating with few 
collfslons between the source and the wafer. : 

Aspects Relating to Temperatures 
nturn hexafluarasntcate Is observed fn IR spectra of ao 
reacted ..... Mic:robalance results also show the There are a number of different temperature re-
prasence of the reacted layer. COndenaetion Of ain- gime& with differing modes of operation. Soma lm-
monia and HF followed by desorption oft he unreact· pottant aspect& which ralate to temparahlras of the 
eel exceaa produces a frequency-decline of 101 Hz, substrate, chamber, andtheeource are noweetforth. 
corresponding to reaction Of 84 of the eeveral thou· 11 SJnce the vapor pressure of a re~lncttlN$ 
&and angstrom thick layer of ammonia and HF that with temperature. the low prassure operation dascrf. 
initielly condensed. The minrmumfrequencynearthe bed above raqullu a relatively low sub8ttatt tempar-
2000 second paint tn Rgure S corresponds to an In.I- atufe. In the example described using ammonia and 
tial layerof 8700. Afterheatlng to 1000 there 19 a 103 ·HF or ammonium bifluoride, the temperature must be 
Hz inetQSe Of te&Onant frequency corresponding to "° kNlered to facilitate concsenutlon Of reactant. then 
remavaJ ol 58 ol aldcan dioxide. raised to facirltate ·evaporation of the reaction prod-

Thennal desorption spectra of sllic:on contlining ucts. Operation at a constant temperature Is not pea. 
mdecu1ea of reactton product are shOWl'I in F"19ute e. elble. Both substrate cooling and aubatrate heating 
The identical time dependence of peaks at masses . ara raqulred, although a heating coll ls shown in the 
47, es. 33, 48, 88, 49, and 87 indicatee aimultaneoua "' F'agures (heater 55 in Figure 3 for example), any form 
release from the reacted layer al'.ld are ttle muse of tleeting is ()088ible. 'With greatest ben9fit from a 
expecladfrom an Si~ parent. Masses 85, 86, and-87 rapid mode of heatrng. TI me acalet far heating could 
come from SiF3+ contatning the masa 28, 29, and 30 range all the way from l9SS than a few nanoseconds 
silicon iiotopea. masses 47, 48, and 49 are fromSiF+ if light from a laser is used, alt the way to many aeo-
and m8ss 38 is SiF2++. These thermal desorption so onds ff a more conventional approach 19 uaed. Some 
spectra are consistent with SiF4 released upon ther- poasibilitie&for heat.ens lndude, pulsed light from a 
mal deCOfnl)Oaition of the .eacted layer of ammonium laser or lamp. a re&iative heater. an induction heater. 
hexaf.luoroslllcate. Starting from an urnac:ted Si02 or an electron or Ion beam heater and the like. 
fayer, the dedine in the microbalance ftequ$ncyfrom Another desirable mode of operation would be 
a reacted layer consisting entirely of ammonium hex- ~- the one that don ~t require cycling of the tempera.. 
afluarosillcale Is two tlmea the frequency lnereue ture. In the case of OXi<le iemovaJ using gaseous HF 
from removal Of Sl02. The J)IOduct layer can allO be \ and NH3, the tamperatuce would have to be flXed at 
removed by rtnsJn9 in a solvent. .uch as water. a value above that req11ll'8d fotdesotption of ... action 



.·• 

pmduct. Fl(lUte 6 Chows the best temper8tu1e value 
to be In a ftln98· l»etween fi0..1&0C. A contfdled 
am0unt of aiiimaft1a and HF Ii then admitted at t 
Pf888Ut8ab0ve the equiJibrlumpreasurefoundaboYe 
• ammonbn fluoride or ammonium blfluotide at 
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s 
the chosen temperatu,e value ao that there ls con­
denaatfan aradaarptfon upon the ufaQ9 to be etch­
ed.Although 60-100 C la not far above room temper. 
aturaforalUcORdbddt removal with candanaed am­
monia and Hf. thin may be caSea wft«8 tempera- fO 

lures far abGYo IOOln fempenstuns may be cteslnlblt. 
Farlnatanat, ltmay be advantaoeous to have the• 
Mnt eource. the &Ubsbate to be etched. and the 
chamber, al at •· iemPerature substantlaly higher 
Chan the ftXlln femperatura Wilen tbe fUCtant arre- 11 

action productaare notveryva1atile. When the wafer 
Jsbefow~CID-40C.moleeufeafn tflevaporfmman 
ammontum btfluorlde eel .atick to the wafer where 

IS not Parttcutarlf volatile. ThU*. thera aoutd be e 
number of aqueous chemlallfes which etch films tJe. 
lkle& oxklel to ehOW analogous aeactkHIS In con. 
donaedfllrnscontalnlnG 8'M10l11.a. When etching me.. 
terfal. itls *>tneceasaryto etch a lerge amount Of the 
materllf. Far Jnstan.ce. ffRlOV8f or tnace metal con-

- ramlnation may be achieved by tlie apparatus and 
methOd of this lnvent:Jon. 

Althoughptefetted embodimentausesteblemol­
etdas. the19ac:tantaupptymeanscan beadfsebarge 
aourcawhlch aynthesizes reactantfmm pl'8Cbteor In 
the 80UfC8 Cl fn the chambet. . 

·White the ln\leRtion has been described In tMms 
Of prefarrad embodiments. those skilled In the artv.411 
..cogftb;e that the Invention can be Ptacliced with 
modification Within the epirit and scope of the • 
pended dafms. For Instance. the apparatua and 
methOd an be Used to prepare thechemlcat compo­
sition and ~ure of a single layer ar partial fayer they atrfke the wafer. The vapor pmssure it below 

_1o.aTarreoltlatre-evaporatiOn 1anagtlglble and the 
sticking coefficient 19 h{Qh. Other reactants less wl· 
atile will stlct\Were they hit When the wafer is at a 
h~het t.mpenatura than -SSC. More vclatlle Nao­
tanta WOUid l9Q\lire a lower wafer temperature. 

ao 911the aurface da aubstratt. Towit. removal of oxide 
from eflicon with vapor fRlllt ammoaium bffluorfde 
taaves aaurrace layer contatning Si-F. Sequentlal ep­
plicatlon of vapor from ammonium bifluoride followed 
by H20 wOutd remove the Sf·F and replace it with 

Aspects Relating to Chemistry 

Although th-. reactions dlscu88ed herein are de­
signed to remove axfde from silicon, other cornblna­
tiona n poasible. For instance, a number of different 
chemlstrlea com,nanly used with aqUtous solutions 
could be employ"ed in the devices of the present in· 
ventlon designed for accurate etching. 

Some of the specific sources Include the gaa­
eous YaP« ftom eolid ammonium biftuoride; a &Olu. 
tlon of HF, NH3, and H20; separate eoutee1 of HF, 
NHS, and H20; separate sources of HF end NH3: a 
eolutlon of NH31H20 coupled with a gaseous or SQI· 

· utlon SOUtCe of HF. and the like. SOivents or sdutioris 
other than water could be used; fOr instance water 
cautd ~ ntptacad by alcohol. Hf.based chemi8ttie8 
can be used lo NmOVe mdde from other suhstratee 
besides 8iRcon. For instance, the silicon dioxide 
which farms en enany sir!Cides could Nact with eon­
densed layers contalning HF. Other oxides besides 
anicon dioxide wm '"ct with condensed layers con­
tatntng HF and Nti3 er H20. For Instance, experl­
mtnts 8how HF wpor c:Mmiltriet, including the va­
porf'°'1' ammontum blfluOtide solid. can remove ox­
ides which inCOl'pOnlte germanium. Even pure ger· 
manlum oxide Wiii react. 

It may be noted that there ere a number of low 
pressure, or high temperature chemistries which use 
a source of a solid containing ammonk.im Ions or aep­
erele eourcee conlaining ammonia 1lnd en acid. Am­
monia seems to be rather unique In that ammonia has 
a hlgh vaporpressu"' end yet the ammontum ion con­
taining sortd which fO!m& upon reaction with an acid 

as other chan1ical 1pecies. 
It may be natect that although the prefemd em­

bodiments show a sinQle Y1aferln the ~ion ch81t'­
ber, lt wta be easily svggeeted_ flQ the &kllled artls8n 
to perfofm the tnvenuon slmuttaneously on multiple 

:w wafer& within the reactio~ chamber. 

·~ ., 

·~ . .;. 
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JS 1. AA etchfna appal8luS conqxlstng the followfng 
componanta: 

a chamber.· 
meanst'Ofaupplyofreactant~_aatdctaam. 

bar; ., ... 
a matetlal on a substrate, astd material 

abltt to ba atdiecl 111 aald reactant · 
· . meanst>rauppartfns aaldaubatratewfth­

id aaid chambeti 
afifmcampdslng aatd 1'98Ctant on the eur­

race of ntd material: 
. · means forconttalDng the natcn and dur-

ation of 811dfltm; . . 
whereJn the componente ete so arranged 

thatv.flan aatd Nldanl Is aupplted to aatd. cham­
ber. aafcf rMCtant lonns" a firm on the eudace af 
uldmatedil,thenalunland~af aaldfllm 
betng io CQlltroUed by aatd ooiabdl!Jtg means 
that said fllmleadi to the nunovel of an accurate­
ly contrdled amountof eaid ma~I on said aub­
atrate. 

2. The apparatus a deflmid In cfalm 1, wherein 
aeld film la a condensed oradeorbed layer of the 



reactant mol~IM. 15 

3. The apparatus as deflned in dalm 2. wherein 
said mean& for controlf1119 nid condensed film 
compri8e8 a cooling me8111 to ensure that the 1 
coldest polnt In the chamber ls the sut>atrata. 

.. The apparatut es defined In ctaJm z Wherein 
said mean& far controlU119 sald condensed "'ni 
comprises a heating means attached to the Pet· 10 
lphmal wals of 18id chamber so that the temper­
ature of said wals II h1gherthan that d any con­
densed material In the Gltamber. 

S. The apparatus as defined In daim. 2. wherein 1s 
&aid means for c:ontrdllng aa1d condensed film 
compdses a reservoir with a valve dlsposed be­
tween aald means for aupply of raaclantand said 
chamber. so Ulat an accuiate ·amount of tatd,. 
aclant can be rapidly admitted lo said chambGr zo 
from eafcf reservoir when aid varve Is rapldly 
opened. 

e. The apparatus as defined In claim 2. further ln-
crudfng a pump connected to said chanb«. as 

1. The apparatus es defined In c1arm e. wherein 
said means fer controlling said condenHd film 
comprises means for delivering an accurate 
amount of satd reactant to satd chamber~ and .a !O 

valve disposed between said chamber and said 
pump, eo that when .aid vatve ia dOffd. the re-­
actant mmalns Jn said chamber untll substantial· 
ly reacted with said material. 
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comprises a beatfng means attached to 8BJc! 
means ror 111pportlnD 88ld •~sa&e. · 

12. The apparatus as defined In dalm 2, Wherein 
881d reaclant comprisee molecules of HF, H20, 
NH3. ammoniUm bJftuoride or a combination 
thereot 

•a. The apparatua u defined In dalm 10 wherein 
said reactant comprises a mlxlure of HF and 
NH3. 

14. The apparatus of dalm 12, wherein the aource Of 
tald HF molecules 18 distinct flom the source ·of 
said H20 molecules which IS distlntt from the 
sourced satd NH3 molecutes. 

ts. The apparatus af daim 14, wheraintheso1RS of 
aupplyd H20 ii H20 molecules desotbed from 
the wa1lt of sa1d chamber. 

18. The apparatus as defined 1n daim 12. wheraln 
the 80UtC:e otaard molecules 18 a solution Of NH3. 
HF,orH20. 

17. The apparatus aa defined rn Claim 12. wherein 
11k1"'8Clant11 IJ(MlOnlam bffluorfde which 19 
supplied in a gaseOul phase. 

18. ifhe apparatus of dalm 12. iritherern sald reactant 
Is a mixture al HF and H20. 

19. The apparatus otclarm 12. wherein said reactant 
b a mixture of ammonium bifluorlde and HF. 

20. A method fOr etching, comprising the steps or: 
(a) supporting, rn a vacuum chamber, a sub­
strate having-a material IO be etched; 
(b) admitting reactant containing gas into said 

a. .lbe appmatus as defined in daim 6. wherein 
said means for controlling said condensed film 
comprises means for differential pumping di&­
posed between said means for supply of reactant 
and said chamber. and a pump connected to said 
means for differential pumping. so that mole­
cules from said source or the reactant travel sub­
atentiallywithout collision while in transit throUgh 
said chamberto said aubstrate yielding a compo­
sition and flux that are constant In time. 

.t0 Chamber ata aufflclent pressure so as to form 
a fllm of the reactant on the surface of said 
material; ' 
(c) contcolling the composition ancf residence 
time of 1aJd film on the surface of said mate--

9. The apparatus aa defined In dalm z wherein 
said means for controlling said condensed film 
comprises a c:ompWH'and a program means ena­
bling said computer lo carry out predetermined 
operationa. 

10. The appara~ as defined in daim 2. wh«ein 
said raactant comprises a single or a plure.llty or 
gaseous molecules. 

11. The apparatus as defined ln dalm 2. wherein 
said means for controlling •aid condensed film 

46 rial so as lo etch an accurate amount of mate­
rial on said substrate: and 
(cl) removing any unwanted reactantand reao­
tion pmducts fmm the chamber or surface of 
aald substrate. 

21. The method of daim 20, wherein said film is a 
condensed or adsorbed layer of reactant mole­
cules, and controlllng the residence tlme and 
composition ~~id condensed or adsOrbed film 

•. comprises maintainiAg the temperature of said 
~.,, substrate below the IBmPamture of arty other 
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surface 1n the chamber so as to substantially 
ellmtnate eondensation of said reactant on any of 

iiii1i1li1Mr 


