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VI [ CRO~I ACHI'i ~i | NG AND SURFACE TRE. -~TVI E~i T METHOD 5 Techni cal Fi 2ipda{idh e

" .present invention relates to a surface treating for mcronachi ni ng and

surface treatnent nmethod, and nore speci fll cally to a surfadb#%&tching
material and a surface etchl ng nmet hod usi'ng this material that

el Ha ot o e at Tt et e ronmg o oo MUAHANY WIJWNT“ pecopie
has. been ﬁﬁ%%@@&%%%@% BT RaTk A SR A PRI Fr S,

sem condu grated circuits, there are increasing demands 15 for

cl eani ng, precision and increase in speed for cleaning, etching and
pattermn ngfp g @fgf surface and a m cromachined surface acconpanying the
devel oprment "of 1 nt egr ated circuits. A mxed solution of HF and anmoni um
fluoride (NH, F) Thopfesarnénvehyion ofldteotoi a:snmfacdmatmgdmgnmctmaamm@annfmal ng

surface treatnent terial essent. cess, i.s, used r th
purpose of P& ﬁ’ﬁn&m t?ﬁirﬂﬁreéﬁﬁf Jﬁiﬁqyetf’ ﬁsﬁﬁs ﬁgﬂ&l?ﬂwaﬁpﬁlr%{’dkﬁ ﬁ’ﬁtanthéﬁ'&Ei on
in the 20 sydiRACEsHy thittERefidlehf arSexdr efféetivETUheN GsdAEhF SIEABAE B DRt
functionality. Particularly, with the advancenent of high integration i t
has becone P5eesss for ariergsqonicerreenssiag of Hb‘ldé§t e tigipeafimagyfagiurmg smmmndectsne a
m The u I &k BRI o} ﬁ# Vi | so
i ncr easgdm% %ﬁv%ﬁ&rs%s eéi‘%‘d%ggfgiyu& r |°2§ue#[e;n I on ?I&%t %st?eewgll as
convent i onahxc@dﬁbmcdlhym,rocms@dm c TECS filns are al so being 25 used. Wen
this TECS filmis used, a heat treatnment process is carried out at a
tenperature of 500C - 800C, but with the advancenent of m croscopic

t echni ques,padierpuAditin' a 1 Goit DRAMin which the wiring width and the
material are linmted, it is necessary for the heat treatnent tenperature to
be kept to QVOC latwet processgelossemicopdurserntsaratyl cisHits, dhese atedncrzasing deyomds | n

t he VI n| t le f

") 956 RoBisshhE ArfiShh RPN Ak ok ooy, xdile DRt dUONNERE, |
or a TEOS f durficetnd a thioremachiged suefaet yccstrmm-éhghienigvelapmemmfmegdteﬁmrﬂﬁts
chem cal soI utj o Al so, en contact hol e o ssed b h| ng,
for exanpl e THE S‘H\“}o‘b? cﬁ\ﬁg:lﬁ@d frEmoRHm Ho%fﬂg&ffg “‘%g eddiyd U@“Ca"‘c anet er
of 0.18 ,u mandif adeRldhRhining sugfacEtr@ltﬁn%@ﬁﬁgleég%uhﬁtogh“ﬁ?rent is used for

di nensi onal acturacy and etching shape, wh neans that cu y etching
i s perf or nethewiutgosaof dmgletcmngmmdg:auamnmbdafmgleacbﬁmmaqumomoml@:f t he

cont act, dol e strate _or ys on filmat the bottom
of the 40l e§‘lsq”§l°‘§85f‘ré€§§?5eé ﬁg émproﬁapeqalagf’lnf ﬂf{@f‘ ‘H@hfv 20 nmof a
substrate surfacemwa@g%&s&mm&vmﬁmsn&ﬂmgﬂnteaﬂmﬁ it hals bdeemeipoidibleyo of a

| ower 30 nm of the substrate, oped by ion injection of CF, 10 being a
dry et chi ng™@ke contact plgs as %raaléﬁs %—ﬁat‘én’toﬁlosl S arfagBhe mimbgof Witsrawd ts

t, I f
el ¢, - ROCEP Aol R B 00y oA A A A PR RSb AR ffiter 7Y e o

cl eani ng i siratakibe filrlds welhat donaéntivnel0@Y Dofiinds] brigunis TEDIRIs asdlsa bakighod of
renovi ? this nat ural oxidation filmposes a problem 15 Conventionally,
removal 2df Hpfds type of natural oxidation filmmainly utilized rare HF or

buf f er edhydr of | ypfern T BifFls uskd, 4 R GaRef it idcalfi ARSBADI € 1O Use

temperature of 500°C - 800°C, but with the advancement of microscopic techniques, when

making a 1 Gbit DRAM in which the wiring width and the material are limited, it is

necessary for the heat treatment temperature to be kept to 500°C at the edge of a transistor

30  and less than 250 - 300 °C in the vicinity of the interlayer insulation film. If the heat
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chem cal solution of, for exanple, 100 : 1BHF (40% ~'H-F : ~0," HF = 100 :
) to.etch a'thermal oxidation filmat 2~C, at about | Onm mn. qu§5 ZW}T
" when renoving a natural oxidation filmat the bottom of contact ho %
opening onto an oxidation film(a TECS film heat treated at a | ow
tenperature, since the etching rate of the TECS filmof a side wall havi ng
a low heat treatnent tenperature is extrenely slow, it is possible that

hol es of Qredtméht RrApRABEAE W drkd Rec whdsh@ioh @il ot amwls aft ef.. &dweani ng.
Specifically, with rare HF or 100 : 1 BHF, removal of a natural oxidation
filmis digdesalnslowsishingprgcomnaredse dHugisimical wplutionut  wi denl ng the hole

di ameter. For thi Y et Qgr med for
a 0.2 ,u mhol eﬁgﬁd‘g%nrfg)?ﬁgphdggﬁgg)%éegﬁg b:v r?ntf gt%féﬁll’ot\l/av!’?f) eni g due to
et chi ng Hastn s, caviddrout h&thcﬁﬂtekﬁmpl&ga Alaa@te 3 0Bt i ni @ﬁcp@aép:h @ffx l-ne um,
patterning, with 0.18 and 0.1 ~ a mdesign rules even that margin is not
perm s$i bl mechnmtehé °W@nmé1mm10@am@umw anrk ¢tdaing eepki Which oreangithat curtestly
bot t om of electiv hlng
rati o of t?(;tgﬂn SLR’ %lngncoggfigr%ﬁ %%ﬁrﬁ% afrgmﬁegtt 62°°§%° St ?For’?

film TECShdled. mseahesx)lt amﬂsmnm ored powsaham ﬂlhaztt thesbottom bﬁthaﬁbhaisl syab}ie&ult@bl e
to 2 7 (4 UG 200 e he natural_  oxidation film However,
from a pra@mw»m&ﬁm&ukﬂg Gm of s SRR e PPN RS AN PUaSHIcPR:

hi gh conpaped, ot RRiniBfofta8weMED fuinl MR subbRard ECofdd o o tectfogdf @FS O

t aki ng nmass productlon processes into consi deration the tine required to
removel @ hebeiag aday etekingges-on filmis not necessarl |y as short as possible.
T ore, anen Py Bleiinilde BCOESSRTHShARMNEL SUSH L Blundp hbEcase of
an 8 inch wafer. processi ng Uus SEErte ‘Cont arnin ers at

one time i bedvsifg Qﬁ?ﬂmmquThﬁJoﬂmbh@infbn’\e*dahip& RiGuelehring isS;etthﬁlntglatholhﬁly
convey the wafer castsette from an etching chanber to a purified water
chanber . ASEERELYItYE thisHeps ehrieanipg »Séﬁw%ﬁgwﬁ%mﬂamorb&hrwtfpwdf AIGR s

desi rabl y AR SR6ARE Rl fadiraloRivhon Wi SheceaReliferEChant cal |y

controll ed trme t 0 renpve the natural
oxi dati®dn fi I'm C@nabmunalim rseeoN @f this ty@dot'nmahamdmﬁmlMmlnl)sumlmedmﬂmct

th ent t aki t
consi Ger at oGV BRI L et BRI TR EER e T AR aSele e e o

As ar esmchemicbﬁsoﬂiutdﬁ otedok esefple O OfBHRGHCHONEREE ab%lms-auoe ah eheeh hor
the same anpunt of tinme, Accordingly, the object of the present invention
is to provitersmgl %ﬁﬁ#té@éﬂm@é’ﬁllegatfab?mll@ﬂ-ﬁ’i/@rfbnachl ni na and surface

treat nent nmet hod,that fixes etchin ne nut

etching rate of ¥YAFLIAET SRTAEPR 8%’ E‘F%‘E@m @ﬁmﬁgthﬁ&%wﬁl ch)ﬁtafﬁl]so ®r ange
of et cPONng dpkfildg oafdthneyXxaduties mmqalms filinY [dfat Qedi€d dthabwii@hperafM) stk et | on
filmor a TECS filmto be nmade s 20 Di scl osure of the Invention The

ni cr omachi reegngG ks ¢fcthe IE@§tf#€h@f w%wawhabmg tarl.@w BEUSEAENGI (CTRRPFITHES is
cont ai ns 'e%eﬁ@@’h?ow ]1{?;3%%& th'&% o?es?)?'()dﬁb e‘?erkl}kgrbe‘k%é%r?éé 48 gnt pbut

lfess than of "equ uori

m cromachi ruft&gcﬁhmﬁgcsspe&mmmm f@éarfloa\hoof 11Etm= REBSRNbF b AR bQidatisn 25
manuf actured by dissol ving anmoni a gas in a hydrofluoric acid solution.

Further, tHamniscidisulé fom fharagwarl sRedpqipby et %ﬁn&g the hele diaraetpr: Eqpihis
I nvent han C?Qsto%' hy dc§o of géaﬁgﬁm?é wis g&?&med For4 Q*f d‘“ﬁkﬁ&% and Q%ﬂﬂﬁﬁs&t

i nvention al'so brov es a ace” protessin Ienovi n nat ur al
oxi dation |&¥Rined BStod€ow P@ﬂ@ﬁ(ﬁ(ﬁﬁnofw.{eeoléﬁdhﬂg Hb&/eﬁ&%(/ﬁhd}@as@d’nlnhﬁﬁg progress
m cromachining 3 0 surface treatnent material. ~ 7 AU~ 2003 -1

Descri pti onWiili Fespers e Bee patieaningf with 8. 18aad Onls fuom desiapasEs $vsnahat magia is not
limtations_for %ﬁch of the above described conponents. A m cromachi ni ng
surface treHrMHt> frate. -ial of the related art. particul arl ~~ buffered
hydrof | uoric aci m thé fenitpALIS BChatiued okightiéh AlrTorned &t @k bodm.ofoMdctRi@hit iOf
~| HaF g dgp ~0.'0 by 5 weight of HF, which neans that the concentration of
NH, F hay annesspary qolrmkte aoelegtive eshingaptimet thypaturah pxidedens fibe etchinggriede the
invention h f.fer

aci d i whi SR AT ROPARS 1T RN SR R R e, TR RSl BER, o
the related art by m xing NH3 gas and HF, and that NH4F at a hlgh
concentration 10 slows the etching rate of a CVD filmor TECS filmand has
sufficient performance with respect to renoving a natural oxidation film
However, if with greater than -15,'0 by r,~, ~eiaht, nore crystals are
deposited than chem cal solution, it is difficult to advance etching
response and it is easy for variations to occur, so the preferred NH4F
concentration is less than or equal to 45% by weight, and the upper limt
is 47 % by wei ght. 15 Al so, the tenperature range for the chenlcal solutlon
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20 tank and piping, which is not practical. Accordingly, in order tpo,set !
‘the crystal precipitation tenperature to 30C or |ess the NH4F conc@g% ALE; 8%
"is preferably 45% by wei ght or less. The reason for the upper Iimt of 47 %
by weight is as follows. Specifically, cleaning and etching itself does not
cause a problemw th 47% by wei ght of NHaF. 25 However, if the NH4F
concentration becones greater than 47% by wei ght the crystal precipitation

t enper at ur eeindet Bl el RlMAPbkidadtofile0 Mdvalved BOAIE Stk daf basd dointAhe @Akiral
exanple, with a NH4F caoncentration of 49% bP’/ wei ght, the crgstal .

preci pi t at i SRIOAPBFA RS FisEdighcomparedrigdhat of et Vi fde ¢sithaf FOS film, and
tenper at ur ey hd S8, Q¥indeahh plodachBl BHERessed in é’é’(%ﬁ@?ﬂgﬁ uled (R AG6-RY (el ght
to 49% by wei ght. 30 Accordi ngly, large errors do not arise [)ecause of the
cl eani ng orreetocfhithegla@aplaﬁbiiddttoinéém & npt nere3afiDOR shomas possedd. Thatefore, when
tenperatures_rise due to di.fafig,ul ttgltes in, contral gnd ~H%g: tcboggentrat.i on
caused By chORFES PIRUEETH AL THH VBt dilla I £958 o AR R B waen PRI TR ed,

t he concent agifid §BasketedRneiitihly BS thadidrs abdheBnd B egbsh asm@ABn UPRSroble th 1ok ~. 7,
by weight and 1s preferably less thapn or equal to =l ~% by weight. 5 The

| ower [©i it SiBptiph s thirtigsie SaRYeytthoyafen casesteni &m Grathing dhgnber PAcquiriiedat nent

mat eri al of ) i i Wel ot i dlRb S 6ls ; .
concentrati grr%&gf m g'hAcedto?:?:l?%lg’ @grtlil e@ﬁg‘%?ocv(}eﬁdg)t :ﬁis an lté’s%%i?r‘{g{"g,ﬁh? Flﬁte&gfr%?}?'ng
rate of an Gweind¥) fecondsits a@nifGte, Whichvican h¢ n28i@nichlg contcrleduScifical]y sifitfeace

treat teri,al of the present inventLon.preferabl 0.contains,a
Surfact b et ol 6 AR okSHERL RER iFgu iseedndsy 1 e Bt o wter
nore pref er ghyoRtaO0byros st f1di@ e Gentlalinbevdth & ibo (iréRAInutelVRAPRRh idto @

concentration | ower than 0,001 % by weight, the effect of addition is hardly
not i ceabl e, cerrdestiogat-aichingdime fpy sgmpletegremot pleand Lpreaygneereme.Hs seell. tihe

reason a SUGlAClAkerchs/oPtdidithet Rol8Sark Rlded Por ROBGL dL@lH: ¥r iknb, @ 1 esi st
interval is about 0.~ ~e mor less, theseils a problemthat it is
difficult for theécnodinghycid objeg of tiref mesent ineadtivans tonmbeide alsutfacanedating éor
oxide film which peans that. uniformt f.etchin he oxide filmis.
e el buT G TSN FHOCEA SRR Norntd DT PHOR R e fodiout OM MRS | s
i nproved, anR|dy dQitdHidy/rad ofed fdHirAotinRi4IHLas thidR dsosdiBRiif HEARhbLY of etching
inproved. Al'so, Wien an Si surface is exposed, surface roughness can be
suppr essed Bime, aed enabfesarsglectiomrgioite thas fgyassY Blaxidagor filmeng lai TAO & ik ghbs

per f or mance nqg&éis%eal Further, if the NH~F becones greater than a saturation
concentration crys% als precipitate, but once crystals precipitate there is
problemthat it is difficult for the- crystals to return to a uniform

sol utioa at a te erfa ure that is slightly higher. These crystals nust be
r enoved “Bec dYiseot 89T EJR¥ENP8R| ati ons such as et chi ng unevenness in

particle form buthe2hickimAddiingsirbRe Sehdiat Aerial of ife PRESH: M Rntion BSAYANT
crystal particles attaching to the surface of a wafer even if crystals do

preci pi t at e. legsstharh@ 1 ¥aridseifunstc asid, andmerethan #0Yorhyetgiglirbut st thanpr saiigido

C~H, ~r, NH, ; : f -car ylic acid (C-H, ~,.,CO0H,n =5 - 11 ),
f)r a fatty aﬁ%hgy%@@f.%ﬁ&ﬁ@gﬁ%a is pr(eferably used. In )

particul ar,” at | €hstmizaemashidibe sefichmeatnianpaatenhl sfuhé pekattinventipnéf er abl y
30 m xed,. and preferagbly se|ected according to the NH-F concentration and
HF conc%‘ﬁ ra?‘?%‘%f?‘fmeg%’i dgselve?%zmoslaﬂawawr?éww& ijﬁ‘é“‘i% possi bl e even
if the carbon chajpi3echd RiGoRhclibRg Sutite RAHA: naddl bf M3 reseft invention |
particularly pre_ferred surfactant is a fatty amne and a fatty carboxylic
aci d. . A manedragnus purtpctrat WAH09Wr- Phdynvedgtomachi ni ng surface treat nent
material of the The present invention also provides a surface processing method for removing a
natural oxidation layer inside a contact hole using the above described micromachining

30  surface treatment material.



present invention, as described above, can be exenplified b~ a nmethpefeeronz
-dissol~ ing high'5 purity ~1H4F powder in HF, or a nethod for causing NH
"'gas to be absorbed in ultra pure water, nmanufacturing a high purity aqueous
solution of NH, OH at high concentration and mxing this with ~0% by wei ght
of HF, as well as a nmethod for causing i ~tH; gas to be absorbed in a HF
solution (or a nethod for causing NH, gas to be absorbed in a HF solution
to manufacture INegdtifRAGANTIHOR bodlvilbindRehsdA b PebhitssioNal AngOfmbYiMRIrght
of HF at a | O desired ratio), but a nethod of causing i\1H “gas to be
absor bed i saghofxheabare dercrihstigpmpansemds.obt ai n even higher purity is nost
D oo | RS SRR L. ARRRK R Aot S L BANCOHRC SR 00V
surface absonti on or a Fi'ng process. & M Cr OMBe R A NG SUT T ate

treat ment rtistivatic aéidf frsenamués:antd usingeamieturd of m%fb@rwaéﬂzm dfdad, Ftaadrsenpwve a
nat ur al _oxi dat | o ccurrl on a Si_ surface_ipnside con act 15 hol es
formed PnsiWagh 8'{3-"6‘(2:"1 ‘F‘ﬁ?‘nsé \M’? ?O%Entﬁé’é’eroitﬁ&i F|ngs @ upggr) ‘%toﬁlofﬁiéiés not
matt er whetfgenor not heat treatment is carried out for the foll ow ne

oxi dati on fll?r}}s Oxidation film (dry oxidation film wet oxidation film
CVD oxi dat i on fiTheinventers aﬁrd@d)rmnmmemmnd@w éncqwerqﬁamp@@ifof mamﬁﬁ@cmup@d 1

- % b D %, ht
VD oxi dat | SR PO RREEEH {ie DER bl § AR et Bop e MEbFon
film: Bpsgvélghmf(tﬁe re&téﬂ)mﬁg Inixing NH pgas\ead §IF, a@darhhb \IHsl_Sﬁi 4 m@wﬁden@aﬁ@m '
et (sl LS e e S e e o
non- doped f.kra-denegolEeR dankrill oxihtidd ﬁiﬁp%“fe'vémf \‘;lﬂh arifath thvn WEIA wagkh 30

Best node for Practicing the Invention 2 2al2 7 The present -
I nventi on i motkewTHibeore emomﬁdeth@emmxcqlrs%hemfmﬂsl%ﬁﬁm@ te-advahce @i¢iBngnce to

t he enbodi’ rrents .es. n not

embod mont SreSbdg Bt jtif fasf TGP RRabIM LG e dRrerrdd VEE cbBoenliSif s tess
conposi t i onthaAdr equEhtous% dl eveiflekirdgha uppdrhigdinRl4 70k ibgatdight. fi | m pl asma
TESO (PL-TECS) filmand natural oxidation filmas exanples, is shown in
Tabl e 115 I n t hi sAlsebibditeraparatuze rRee farlthesheseal splution in oreferabhniema0 -236oC

usi ng pyrogeni c oxidatiaq L-TECS filmis forned

by a CVD ne BWWFWCT’E&S(@WBF@% SoaPr’i%f b‘ﬂ)’;%h %%1 at 400C. A natural
oxidation filmi §péc‘?f;] hang@l}ﬁ@'atﬂgﬁorbf glglem:f&%% Qbateh ﬁx&{?ﬁf(?awf:t?‘p and

31 % HGO. On the eetc els talne

t her mal oxi datdhonhé cﬂyanal precipitaidn mmpiﬁﬁﬁeby@m@mhdmaoﬁ@ drid inish@sesbary mo
t hi ckness neasured before and_after imersion in chem cal solution using an
opti cal f| | iRorefse isdemperabiseipf Hyetaling bath. Havalsa eeresrgtt @rheas schemielsatuggn

fromt t € A t 15 of reduction in filmthickness.
OXI Eéﬁ{bl ohﬁtﬁ&gﬁ% lfJgi

The nat uraI nfiTm 1 mthickness optically neasured before
i mrer si on, the wafcesrdinghgis onder to mmescrymhpecbxmtm&rﬁmmdsm 30°G exrdexdshe 10
seconds... etc. and confirmation that the natural oxidation filmwas

removed was NIAFriosegens@tion s EBEEY Adyetiyeveiahtar lesspel | ent state of the wafer

o Lhose o A L chec B, pon s Gl ot o s e 1|
cleaning and etching itself does not cause a problem with 47% by weight of NH,F.
25  However, if the NH,F concentration becomes greater than 47% by weight the crystal
precipitation temperature increases abruptly and control becomes difficult.
As one example, with a NH,F concentration of 49% by weight, the crystal
precipitation temperature rises to 45°C. The crystal precipitation temperature rises by
nearly 15°C because of a 2% change from 47% by weight to 49% by weight.

30 Accordingly, large errors do not arise because of the cleaning or etching capabilities



to filmthickness of the thermal oxidation film from conparison o?7t’hlég 2002
- ESCA Si peak strength and ellipsonetrically measured fil mthickness of the
" thermal oxidation filmand the natural oxidation film 2 7 ,~ 41 G 2002 s
Tabl e 1 Chem cal ConpositionEtching rate (nnimn) at 25CHF

concentrati onNH4F concentrati onThermal OxPdation Fi |l nPL- TEOSNat ur al
Oxidation FilnmD.539.69.0 I15.045.00.2539. 85.19.028.00.1241.0 3.0, 6.0
13.00. 10 ~4iheRidelBts, Bubit tPnfiPat0RSGisdduello HifRultled ilkdn@8l and NH,F concentration

17. 02. 69. 536. 00, 0940. 013. 58. 51 | 9. 20. 0345. 0*2. 03. 0l 6. 00.001" 45.0*0. 2|
0.51.0 *) Trasehehfheamicd sHpRARYUrOREChsS o thectigh tempictmures emplpgediltas at 25C, so
t he et ching ' | : o abl.e.: L
chem cal sof%ﬁ%ﬁﬁﬁg\%ﬁ% %%@%ﬁtc%ﬂ@?é%\%doﬂnasgﬁ uﬁéirgﬁ?{[lgﬁﬁ%/r"%gq%é%httagg .1 %
by wei ght apcfaaiildss toncertnate dnHivgheght han 40% by wei ght is used, the
etching gate of {l‘ﬂel PL - '{.EC)S totgz %@e t her rr?I oxi dat.i on f%.l mare. close to the
etching Tate of tA®SYEF Gt OfoRf GAtIO8RTF AR N BRBUGCRERTIND)E SPFacsArcaimENtpl e
of eval uat i aguiaesT Galpresennatddionns @00 % Lo Ridight I B¢ isshotdkhyald £ ment
1, taking a thermal oxidation film TEOS-BPSG film and natural oxidation
filmas exanishingcanbeshieed. As argkemaple, thekishingtrue of anekidatiloris £i00 Admih at
thermal oxidation filmare fornmed in the sanme way as in enbodinent 1. The
TEGCS- BPSG fizlsrd-i s fornned by a normal pressure CVD nethod, using TECS, 15

03, TMOP ((CH, 03RQ) : CHR0) = . 2 9 Tabl
Chem cal g:grrposi ?Iﬂ %) rﬁ%@ﬁ}a&éﬂ%ﬁ#ﬂ? érﬁnﬁl?&gf‘ "“5‘1%3@‘? H?:Sg Hﬁ?‘g ‘ft‘o"rwﬁ@fa%‘yz
concent @t i eofitains mEkrititaThomcRided BROGBPHELIradlO0Ur-dPs BXidight.and more
Fi | nD. ~39. 69. 036, 14~ 00 2539.85. 1 .22 828, 00, 124 . 03.0 " 11,9l 3. 00. 104l . 0'
2. 86. 6. 00. G5S58Y. A0 B 55 19 00 % by waie E(J?gjpjemes.léﬁgwfjﬁ- Tiarapgonteagon,
9.20. 0342. 0%ower thhn 6.08 % U 1dd g, thekPredl ofUd@itiBF id Bar&lyGRkicddbRTAR M gﬁ'?:%er Othafin ;

a
chem cal solution having a HF concentration of less’"than or equal Yo
by wei ght ankds &y Ndight sherrftestsrage thesamegher t han 40% by wei ght is 5 used, the

etching rate of e TEOS- il.m he thermal coxi.dation. fil.m.are close
to the etching ra écrgz%s%ﬁggﬁgft%’?té lngg(uld%%fslagﬁol'lcixysmSpe(-%ﬁ%%{% #ea_rffmg)mtﬁﬁv%s

- TEGS fiilsm adpdue0.Pln TE6B ek, heraraeprboiemHartiOis Hiffildul ¥ th&mdrbinéSinals8faceand
0.~ a mcontact holes were fornmed by photolithography and dry etching.

Fol | owi ng 10Taatrment masgriad to peklbe pyidgriimREAichinesns thgt weif@mgtyraficedhingahe ozidd

after that the fer in t al . he vario chem cal

Sol it ona. s Rl BY RUERG A Renall kol MICYR MR SARILSRY, |
(10 nm was #edmfeedity bfietctingniké exidefilm hesigrifitagly ihptRaed ahlse) Whepae Ssiurfhceas
observed using an SEM _and the results are shown in _table 3. 15 The 0;-TESO

filmwas forsdPeFdrtFiaes royERRSSE FAN ROAYPRETHY DYRsSHgtant, aa itdsgessible to

20  realize a higher performance device.

Further, if the NH,F becomes greater than a saturation concentration crystals
precipitate, but once crystals precipitate there is problem that it is difficult for the crystals
to return to a uniform solution at a temperature that is slightly higher. These crystals must
be removed because they cause variations such as etching unevenness in particle form, but

25 by adding the surfactant it is possible to prevent crystal particles attaching to the surface of
a wafer even if crystals do precipitate.

As the surfactant of the present invention, a fatty amine (C H,,, NH,;m=7 - 14), a
fatty carboxylic acid (C H,,.,COOH;n =15 - 11), or a fatty alcohol (C H,,.,OK;n=6 - [2) is
preferably used. In particular, at least one of these three types of surfactant is preferably

30 mixed, and preferably selected according to the NH,F concentration and HF concentration.
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possi bl e t *ABe Rlutie by suifentapserarien aF aRBbRing PrEsssdi ment 5) It will be
shown that the fcrc%a ﬁg%#gkéa&gf&ateﬁﬁl mﬁgpﬁ-&dﬁn LhibgLent

dependi ng on whether or a surfacta I's used e cal havi ng a
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25C, and c erferenc color of a
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film: 5000ypethert or'?f%?hédt‘!r@athﬁ'ﬁt &tcaﬁiédreu& mrqumwu@» dkidatio fishi ng ti me:
20 minutes Is surfactant added? 0.~ ,u mcontact hol e defective regions

(per 1000 pl aces) Yes 1 20 Yes 0 No 277 No 95 It was confirmed that by
using the surf &J? %: t regions 25 were
significant %“‘?g ucena( Engﬁgl&ﬁg?fph\g qv\qﬂtﬁﬁ dl%lz shown that the nunber of
contact hol ev@éﬁdﬁtioneﬁlnegldmndbpes di fferent dependi ng on the added
concentJAati 0 urfa ta 0Q1 ng chem cal s having an HF
concenti(g 'g&%f" ‘b}oﬁé{hgﬁsd(ﬁﬁlpflélfﬁ&?%i %/Piﬁ’ tﬁ}g 41% the tenperature
of the surf@&/tmehdmmwgs)@ fﬂm‘(B‘@o;ﬁ'dClom achy WolkRy were fornmed at 2~C,
and confirmation of interference color of a rémaining oxide filmwas

carried out ONXD sxidatign film cAe%G dipy.(As-doped 1 - 8 % by weight)
( CVD oxidation film : BPSG film (B, P-doped 1 - 8 % by weight each)
AsSG film using ion injection : (As-doped 1 - 8 % by weight)
25  PSG film using ion injection : (P-doped 1 - 8 % by weight)
and TEOS film : non-doped film
TEOS film : non-doped film
doped TEOS film : B, P doped film, 1 - 8 % by weight each

30  Best mode for Practicing the Invention
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0.25 39.8 51 9.0 28.0

0.12 41.0 3.0 6.0 3.0

0.10 1.0 23 45 9.0

0.09 39.9 27 55 1.0

0.0 17.0 26 9.5 36.0

0.09 40.01 25 3.5 92

0.03 45.0% 2.0 3.0 6.0

0.001 43.0" 02 0.5 1.0
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*) The chemical composition has precipitation of crystals at 25°C, so the etching data at

35°C is shown.

As will be clear from table 1, if a chemical solution having a HF concentration of

less than or equal to 0.1% by weight and a NH,F concentration higher than 40% by weight
is used, the etching rate of the PL-TEOS or the thermal oxidation film are close to the
etching rate of the natural oxidation film.

(Embodiment 2)

-An example of evaluating chemical composition and etching rate similarly to

embodiment 1, taking a thermal oxidation film, TEOS-BPSG film and natural oxidation

film as examples, is shown in Table 2. The natural oxidation film and thermal oxidation

film are formed in the same way as in embodiment 1.

The TEOS-BPSG film is formed by a normal pressure CVD method, using TEOS,
0,, TMOP ((CH,0,P0), TMB ((CH,0),B) at 400°C.
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&' () - Y Etching rate (nm/mm) at 25°C
00& ()~ 10' 01K22234hAdE. [

 ovkerdles 109& QS BPSG Narural

- bA YT 1O O - H1BAdA Film

10' o, . MLO%&' () - L- 10%& (|) - & 109%&' () - &|LOY&Filh- yF¥B10%&’ () - #MLUOYR' () - 77- 8WBX8
Y8Z8i 8k8bC+O'—e-l-.—L93-@é—(—)———'—-1—9-°%——1-9 S 50
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0.12 41.0 3.0 11.9 13.0

0.10 41.0 238 6.6 9.0

0.09 39.9 2.7 9.5 11.0

0.09 17.0 2.6 274 36.0

0.09 40.01 2.5 8.5 9.2

0.03 42.0 1.5 2.5 4.5

0.001 42.0* 0.1 0.3 0.6

As is clear from table 2. if a chemical solution having a HF concentration of less
than or equal to 0.1% by weight and a NH,F concentration higher than 40% by weight is
S used, the etching rate of the TEOS-BPSG film or the thermal oxidation film are close to the
etching rate of the natural oxidation film.
(Embodiment 3)

An O;-TEOS film and a PL-TEOS film were formedto | u m on a silicon wafer,
, and 0.5 u m contact holes were formed by photolithography and dry etching. Following

10 that, resist peeling and RCA cleaning were carried out, and after that the wafer was brought
into contact with the various chemical solutions shown in Table 3 for one minute, and the
natural oxidation film (10 nm) was removed.

The diameter of the contact holes after processing was observed using an SEM, and
the results are shown in table 3.

15 The O;-TESO film was formed by normal pressure CVD using TEOS and O, at
350°C.
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.10".0! SWBLO%R ()" $109& ()-"!109%& ()-"10%& () -f SH10%& ()-Y! 109! (8 T AUG-2082>
2 ?bC 10' 0! s10%&' ()-' 109 ()- 10 10 10*10%& ()-,)M 109%&' ()-'y 10% ()-

27% 2421 2J72K2L2NT*) 7 +#A #109%& () - SA #10%&' ()- SA #10%& ()- SA #109%& () - SA
#1098 ()-S10%! ()= L?] 2p2x2227eF*) 2 +#A foos: () SA #10% () -SA #10%& () - SA

#10%&' () S _SA_#;Q_/& () 5222227272~ EX) 2 +#A
#109%& () - sA #1owﬁhfwl%KCm%tl?9 s)? HHA #100/&'C(0)M®AHole Size (u m)
#109&' () - s PR2222220E 1A% . L} —SA
#10%& () - s AFE F09g8NTRLAN “ﬂi@%&"&g glue m/& 51559 Biln
0.5 39.6 0.5 0.53 | 0.60
0.25 39.8 0.5 0.53 0.53
0.12 41.0 0.5 0.51 0.52
0.10 41.0 0.5 0.51 0.51
0.09 39.9 0.5 0.51 0.52
0.09 17.0 0.5 0.52 0.57
0.09 41.0 0.5 0.50 0.51
0.03 42.0 0.5 0.50 0.50
0.001 45.0 0.5 0.50 L 0.50

As shown in Fig. 3, it will be understood that by using a chemical compeosition with
a HF concentration of less than or equal to 0.1% by weight and a NH4F concentration in
5 excess of 40% by weight, widening of the contact holes formed in the O,-TEOS film and
the PL-TEOS film is suppressed and it is possible to obtain the designed hole diameter.
(Embodiment 4)
Similarly to embodiment 3, 0.25 u m contact holes were formed, and the contact

hole diameter was observed using SEM after removal of a natural oxidation film using

10  various chemical solutions, and the results are shown in Table 4.

( Table 4
Chemical Composition Contact Hole Size (1« m)
HF concentrationNH4F concentration| Initial Value | PL-TEOS film | O;-TESO Film
0.5 39.6 0.25 0.28 0.33
0.25 39.8 0.25 0.27 0.30
0.12 41.0 0.25 0.26 0.28
0.10 41.0 0.25 0.25 0.26
0.09 399 0.25 0.26 0.27
0.09 17.0 0.25 0.27 0.32
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1#1#109 - SSEDEEEJESEVE[ Ey Y9G 10) 1#10% & () -s1#109 & ().-S1#10% & () -sl#1l
0% & ()L&) '7) +  Using a chemical having a HF concertration of 0.05% and a NH4F concentration of

42%, 0.5 u m contact holes were formed at 25°C, and confirmation of interference color of

a remaining oxide film was carried out by light microscopy.

Thermal oxidation film : 5000 A
15  Positive resist film thickness: 0.7 um
Etching time: i 20 minutes
Is surfactant added? 0.5 u m contact hole defective regions (per 1000 places)
\ Yes 1
20 Yes 0
No 277
No 95

It was confirmed that by using the surfactant, the contact hole defective regions
25  were significantly reduced.
(Embodiment 6)
It will be shown that the number of contact hole defective regions is different

depending on the added concentration of surfactant.
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at the bottom of contact gxoles while suppressing etching of a contact hole side wall
20  oxidation film.
Specifically, using the micromachining surface treatment material and surface
( processing method of the present invention, when removing a natural oxidation film, if
expansion in hole diameter is less than 5% it can be kept within the variation range of a
photolithographic process. As a result, a microscopic etching process is made easy, and a
25  processing dimension margin is maintained, which means that it is possible to achieve

improvement in semiconductor manufacturing yield.
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7. The surface treatment method of claim 5 or claim 6, wherein the contact holes open
to an oxidation film.
3. The surface treatment method of any one of claim 5 to claim 7, wherein the

20  oxidation film is a CVD type oxidation film.

0. The swface treatment mcthod of any one of cleiwa 5 W claim 7, whereln the
oxidation film is a TEOS type oxidation film.



