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s e3e] JAZ<<=| >4> @@JIA<DZ2 7 AUG 2002 SPECI FI CATI ON SURFACE TREATI NG FOR
M CROVACHI NI NG AND SURFACE TREATMENT METHOD 5 Technical Field The present
invention relates to a surface treating for mcronachi ni nqmmlmmlmmmlﬂ]m
treatment nethod, and nore specificallyto a surface etchi and a
surface etching nethod using this material that are extrenely gkfsgctive

when used for cleaning in a wet process for m croscopi c processing of oxide
at the time of manufacturing a sentREQIFUICAGIONO el enent, and for cleaning a

surface o em e LGr ically

pr ocessedf’S ggﬁ%ﬁ:&g Eﬁ%%?@@é@g@%?\@@mmﬁ% at ed
circuits, M €Pare i ncreasi ng demands 15 for cleaning, precision and
increase in speed for cleaning, etching and patterning of a wafer surface
and a & c i surface acconpanyi ng the devel opnent of integrated

Ci rcui%ns. &%\Q%ﬁ%ég%g%l ution of HF and amoni um fl uoride (NH4F) (buffered
hydr of | uori c adhepresadtdmgnvibh kelaesriocs anfach irsating fstmic@cmadhiniap nad turfmeer i al
essential to this Blracess, i S USﬁd or the $ur&ﬁse of cleanin et chi ng and
pat t er ni nGEARA PSP FFPACTREFHER G Qe HHaYT t1HBS BY'TRbMETT 3R ACa K8 her e
i's a need ie@hdd WiV BisRRAE L TRRAGE: Shtbnidneffl@Ra bl usddfot bl‘éﬂxhiﬁgliﬁav)étth the
advancenent of high integration, it has becone possible to nake contact

hol es as Pmedebs fy micrpgropicrgroesssigg D oxidanat tha simeurfiseanuércturingessseanieonduetonunber

of manyfact uri have incr so Wth respe to interlayer
i nsul ggl oﬁiﬁqn?h%gggﬁ? a@ﬁa@gag?gﬁr@ﬁgg{%ﬁ#ieﬁ%gn& %‘frgaé:ﬁ?t&a%%ﬁﬁeeﬁ | s are
al so bei ngnizﬁsbtgﬁ@uy\ﬂﬁ@desgehi s TECS filmis.-used, a heat treatnent process
is carried out at a tenperature of 500C - 800C, but with the advancenent of
m croscopi ¢ techni ques, when making a 1 Gbit DRAMin which the wiring width
and the I ne limted, it is necessary for the heat treatnent

t enper at E?éea%%‘%’%h“@ ept to 500C at the edge of a transistor 30 and | ess than
250 - 300 C i n Inmet processes fpr oémicheductdrentegraead dinesitd, slidro arefin¢rmasing d¢nhandbeat

2 7 AU.G 0 t. t it ten t i d CVvD i tl. il
TEGS #91 migh Gearibs, BreEmonin ARG o oun SR B H R R Db A RS B! LB o
sol ution. $Rae anthemice@nideiednatage AcBmPLARRS BR UM ofth¥ntf GRS edicBuits.

exanpl e, when dry etching is earned out with, for exanpl di anet er of

e, a
0.18 u m ahthisedishetiongtf HF andammopjunsilperidsdehEx(bufergidywdratpodic reidsi onal

accuracy and etching sha . Whi ¢ S tha rrent.ly et.ching. is rtor med
W ih no conerEufl e PR ERE Erne Sl B RR B (e b e FhE Pl R RRA R
As a resulthe parpsstistidl@ingg0EtcRing@nil Phttéraiing, butlf6R dira i ibREieeh e tHehe hol es
is subjected to danage, and in _particular about 20 nm of a substrate
surf ad® apHPBRERR FANgRHIGEhSAnesH [0 HeprovapPyépmance ad fupetiasrly- of a | ower 30
nm of the S“bStE‘aﬁ’ﬁﬁxlarlys, Hﬁ@'a@&ﬁnb&ﬁﬁh'&lf 'i%gatio%hés%e@&h@gogaaeyq
etching gas. In order tTo elimnate this damage, or en renoving resist, a
cl eani ng smakpecdnsmcbraesrasamdlhasre2si mal, yr 01poptnarhe ranther bbHwirexanjpthe, RCA
cleaning is becom ng absolutely essential, but if this type of cleaning is
carried outumbessf maayiagriag stephhave algo igcreasedediiso yyith rasmmdategﬁwre novi ng
this natur i i il I g t 4 val of
thi s type BRRER 98 lel A B B R R otk TP R Yo BEHR 2
hydr of2Suorasedacid (BHF). In the case of BHF it was possible to use a

chem cal soluti of,. exanple,, 100 : 1 BHF (40%.NH F. : 50% HF = 100 : 1
) to etch a the%ﬁi‘ tl}ﬁ({rgétslfﬁﬂ“ ‘Piuﬁ?ﬁ’&t%e%&amé‘?m& £ is epTEo 24%wever, when
removi ng hbat | of~i : ni ng
ont o anox CHBFHREe pFHOCCS! SIS DI Bl oA Ble AR el Adlc IEhERED oher
since the gakirgnd Gbit DROEMLiA evhId e fwiting ofidth and the msbdial ke limged, it 3w heat
treatment tenperature is extrenmely slow, it is possible that holes of 0.25
,u m di amenesessary for ghe hepdeeptmertgemperatuge i berkept lociWni ighe sjgedfpiteEapisipr
e HF, or

i th 00 ; 1 BHE, . | .of .a natural .oxjdatign filmi
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25 reason, conventionally, patterning was perfornmed for a 0.2 ,u mhole and
a margin was designed in to allow for wi dening due to etching. However,
with the continuing progress with respect to fine patterning, with 0.18 and
0.15 u mdesign rules even that margin i.s not permssible. In the renoval
of a natural oxidation filmforned at tHRe bottom of contact holes, it is 30
necessary to make a selective etching ratio of the natural oxidation film
et chi ng r a¢fmbt thiBedtuFe sW8lerddCYBVD biidatieEnf bd SMTEDS AlmELE HabPad at e
large. That is, it is actually desirable to Q7 AU G 200 3 renove only
t he nat ur ejtremalysleworiching rate srmmpared to HF ghemicprsebational st andpoi nt, the

nat ural oxi dat | i I rate | I ed to that of the CVD
filmor the TE%)%Bf %b%}m%%?\;\}/ﬁ%ﬁ a pg'g&et%%% l%gdrrgr;éggsﬁ%{&f godlfé‘:{fn%%%’ Hﬁ%%é@’ses into
consi der agtching iheartiédButiveieh)ifbeskabpld, riitgetéd v 0N s @lan@%iddpth ¢ 2 | g, s not
necessarily as short as possible. 'Therefore, when 5 a wafer is processed
usi ng | wetecedeacs srgivanrfotdimenseral agcuzasy anil ashingsshape, whathohegms de seirerglyusi ng

a cassette gontainin 5.wafers at _one ti i,S_NDsSt..CO n. JThe problemin
T aoort uSeFBR b Rhef Sl dsRlbreR ebVello i fBRe 60 BRI o7 15 BRERY o
chanber t Bolas.pu d febel€l awabstrate beapelysiliéacHlngl e Yottdrhef theldldsas subgdved t8g t he

natural oxidation filmis desirably from 30 seconds to a mnute, which can
be nmechanfaBRgey ad Et RaEYEUAT abaRe i 4R sybstiate suace fppreacacs ARERNEY SiliGev e

the natur aliscdy MaLAGR ot dMolr 30 A orkRe SREAAASS dbbies by 188 stalod ficparer s

in contact wth processing fluid eventually becones dbout “one m nute when
t aki nkf i nbeing arisy eehimgigas over-etching tine for conplete renoval and
conveyance ti e, és a resultt, t He si de Wﬁ\” sections. of }he. cont act hol es
are etched for 1 HECERAATHRYE RIS §Fmpee, 8T WAL ETIRVIRS ¥S15% A& BBIPESIA85FS t he
present | BY&Mih® thcrdasin@lPin®or@at, and Ubf @Genpld, RatA BEaﬁiﬁ% islBecBintd OB lutdly NY
and surface treatnent nmethod that fixes etching tine fo about one m nute,
sl ows an essehtiglgbutaf disoypaoheleaning iserittediauba naiurahosislatorc Almass fooved.lend ai n

this range_ of etching ti n lectign ratio to that for a CVD
oxi dati on “fel?tfor%e %ffrexgo%ﬁé)éﬁ?F?%%ﬁ@%%r‘gﬁﬁgﬁ%lsﬁ?pr%eﬁ scl osure of the

I nvent$on The doavanehily)iragosaliof adetype @dhamnl oxdhtsd Alm efaidly erilzedsert

i nventi on_contains | ess than O,C%( % yg{/t%fl uoric acid, and nore than 40% by

wei ght butih erfferpdhiskrotinasg act Yt BE BivRs moetif fuBiide. The
m cr OnaCh'cH%fH%f;Fsgﬂﬁt%E‘of} fo kAR, [0 SIBER (4 NISE DEGRAE < NGENY holch S 25

manuf act ur e i ssolving a nia gas in a hydrofiuoric acid solution.
Furt her, tiremal oxidatomhiln ot 530y ftabeuttleatment nat eri al of the present
invention contains a surfactant at 0.0001 - 1 % by weight. The present
invention al soHasYrH&gien renpYias @ ngfusd oxidatign ﬁﬁ?ﬁg@efbé omesontaet helesat ur al

oxi dappon : LS : i I :

et abdon CRBEE ghig iR A TIOSIE) A, (ORI IREGHERE sipcethe 1 o
wi |l now lkehiigmate affthd FEOSdHgnofsa fide walb hpdsg tilon abatt@ageent tampeadtureris f or
each of the above described conponents. A m cronmachining surface treatnent

mat eri al GKUERElYsiQvatiblg Passibleshgtiples0fP2y wuR dimeterivil bsryidensddo e o mj s
manuf act ur.ed_ usin %t 9 i f %% b i ght
or - whiogH 1R e B ol A MY A0S P B el o B O Reater

40, % by wailghi diffibelt froxenpracticad Stahdiimtrveisient wideniigttheRole avenelers Fovtied a
met hod _of manufacturing buffered hydrofluoric acid in which a NHyF

conceRPr atrFIsAN; nyeRiONAlY MR VAR IDES {ondd]- 4 he mbkole pad a @rasgidgvasr t by

m xi ng NH3, gas_and H d E hi;gh n ration . t he
cton g r ag B ety i PRttt Ben el e PR X M s i
respect toxjfiermydcheh Andidtiefrahg Gxitidali 8 @nd Dillsmy dridveyeruled dvelithidd nirgiatiefott han
45% by wei ght, nore crystals are deposited than chem cal solution, it is

di fficult peomssiblnce etching response and it is easy for variations to

, th f d NHA4F ti Ls | t | . to 45% b
vet gt and e nanaEmovEie nERRESGaPh Ay tofme g &g Bfork pe SR Sl
range 3for ﬂe@@ssﬁxﬁ?ﬂxﬁk assﬁieb'rrtg‘i'é)&_cliliﬁ% lﬂft%f @tﬁ@héfuxfalf @}ng?tfbrrﬁl%&chﬁg @ate to the

tenmperature within e chanber is so preferab 3 - 25C. Specifically,

with NHAF sde waildGYDyidmg FEQhaln etap eeaunrgtgier latgeohhasdls, @t io astyally desirablatto t he
crystal precipitation tenperature becones about 30C and it is necessary to
increase the tenperature of an etching bath. It is also necessary to heat a
chem cal solution 20 tank and piping, which is not practical. Accordingly,
in order to set the crystal precipitation tenperature to 30C or |ess the
NH4F concentration is preferably 45% by weight or | ess. The reason for the
upper limt of 47 % by weight is as follows. Specifically, cleaning and
etching itself does not cause a problemw th 47% by wei ght of NH4F. 25
However, if the NH4F concentration becones greater than 47% by wei ght the

oy



preci-pitation tenperature increases abruptly and control becones di f?ikﬁ%.w
As one exanple, wth a NH4F concentration of 49% by wei ght, the crystal
precipitation tenperature rises to 45C. The crystal precipitation

tenperature rises by nearly 15C because 3f a 2% change from 47% by wei ght

to 49% by weight. 30 Accordingly, large errors do not arise because of the

cl eaning or etching capabilities 2 T AUGRZ2002 5 thenselves, but if

t enper at ur Rendvie 981ykHE nh@rdliokfdatih FilBSHbWe @8Rl R NHTAndpORE 8RE hatiiaPN
caused by chem cal evaporation because of the high tenperatures enpl oyed,

t he concenexidatianilmetgeingratris Mgk hemperad thbausiebe RYP Bim apperTEQFiimofnd4 7%
by wei ght I r . . 5% wei ght.. The

| ower [im t%rﬂg? hl? %gark cgﬁ%:%%%orggéfognﬁ?cﬁg{eﬁZ&%%é?%%%%%nn@%éln?u[%?lgéeéiqp r eat nent
mat eri al ofenidve tin esent oxidwent film iisnd .n@&:LsHlPys sRIrghtposibies There fohs when
concentg ation _at which etchi n%v can be noticed. As an exanple, the etching
rate of> an?3¥adds PIOLFASFS UBNGA VeE Rpfomin Mscaserpfn ek Hadai PatyPoGeTHge
treatment QRLHEHIcAse® cddMnRiz@S8MrelsRY BN 4P | . h
surfactant. eci r?gl u%led Iallm%unt i gsprgﬁ?ﬁgllﬁﬁggtggﬁm%l%%%mé tth?S and
mor e pr ef esiatipn @s GO %nIptowenytt the ovader Lessbite freingintet¢iBOppirambet 0DOppmficd T a
oS o s PG, S0 e 5 SRbyia U S BlogPOR, A By
sane. The fRasiNsedonds tbachiante, Whidhnah beetkchaniadlyfdhironed. Spepaatdliycalthy, 1f a
resist_jinterval is 15 about 0.~ ,u mor less, there is a problemthat it is

difficl@t tigme teken piremoyrbAnaiF oXisdetion Slm ivthont MY seeands: the time thag thewader
oxide fil m_whi i: i i i i S
Tovered. bt MeyRaSaP RS Brokattng AhRL b e hEr i PR Bub S
i nproved, aonsiddritooniviey-eehingttohe fug col@lenx ety vhi dnah doavsyagné fimeans hyesult, the

i nproved. Al so, Wien an _Si surface i s exposed, surface roughness can be
suppr essed SK¥ ‘”fﬂeﬁeg&ﬁq‘sa‘t’éf “to,n_t%?ﬁgohef a‘ieset‘glﬁég?rﬁp%s”t”be %O‘t‘r&éﬁ%i“??'a hi gher
performance deviscBordiiply, MBS objkét dffae ket %@&fﬂ?ﬁs%ﬁ@bﬁfe o JhPfAcQrSAlngItat | On
concentration crystals precipitate, but once crystals precipitate there is
pr obl ehd t haniciomackinitigfdndsuttace weatmant methed thastixes atating Hime do abawiohominute,
solution at,a te rature that is slight hi gher. These .crystals st. bhe
Fermved becineeRmay R iSe {val pde et SuRifan b RR 0 R R of ¥iehind
particle f @B, aRdénableshyseRAdomentiohe tisd fdract Whtoxidatio MOSHPTEOS GlBevent
crystal particles attaching to the surface of a wafer even if crystals do
preci pi t at énadasmale surfactant of the present invention, a fatty anine

(CH n+, NH, ; m=7 - 14), a fatty carboxylic acid (CH +, COOH,n =5 - 11 ), or
a fatty al cohol (CG-H2~+, OKn = 6 - 12) is preferably used. In particular,
at | ea20 ormsdbsurhiedihe fliverdobypes of surfactant is preferably 30 m xed, and

preferably sel ected .according to.the NHAF concentrati on and HE .
oncontrati on © TemiEm I Rt Fellent SERR AL PG PRee T OSEr PR SRS |
the carbon |eRahdh G E%iHyARsT1 Rk clalRIS EndHbfARARBYR B Weibht R Tess ﬁqaﬂ@frtegﬁdlk@r ly

preferred surfactant i's a fatty amne and a fatty carbo~cylic aci
manuf act ur i47§e mby hedit of ammoniyre flypwdhi ni ng surface treatnent material of

t he present inveRtion s..descr i V, n X |ified.by.a nmethod

for dissolving ﬁﬂ\ﬁ H‘?‘ﬁf°6’3ar°$‘{‘§f§mg%g8§§§}egf W%%E?P(gfrtg%&r%g?rﬁéﬁ\%f“gsx(‘:sausi ng NH3

gas to2be ahspithided By diskslRingHnemyeih @hs in refictci detl el purity aqueous

sol ution of NH-CH at ﬁi gh, concentratigon and m xi n%] this with 50% by. wei ght

of HF, as wel| dertheniieygirromachining swiaoRirsageant melesial ghdePeesgny inveitigp

sol ution (OJonf’airﬁ%t ?ﬁctfaﬂtrat%{ﬁ)ilrlqwlﬁz“@ (to be absorbed in a HF solution
ig i N

to manuf acture concentration F ahd mxing this with ~0% by wei ght
of HF at a 10 deHierpresentinventjonmiso provigehocurtice paarsssing Methogdsr temdyeng a

absorbed in an ueous HF solution to, obtain even higher purity is. nmost
preferred. ,ra@g%g%?@“é%?tfééf&‘ %* %o&taéggglpﬁxé@gitﬁe%? 9 Cé’(s’ﬁggﬂgr%‘mcﬁ?’il% by
sur f acgabs@kfatd REnt@entmeRAl i ng process. The m cromachi ni ng surface
treatment material of the present invention is preferably used to renove a

natural oxidation filmoccurring on a Si surface inside contact 15 hol es
formed inside an oxide film as will be described |ater. Al so, it does not
matter whether or not heat treatnent is carried out for the foll ow ng
oxidation films. Oxidation film(dry oxidation film wet oxidation film
CVvD oxidation film: non-doped 20 CVD oxidation film: PSG film (P-doped 1
- 8 %by weight) CVD oxidation film: BSG film (B-doped 1 - 8 % by wei ght)
CVD oxidation film: AsSG film (As-doped 1 - 8 % by wei ght)
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CVD oxidation film: BPSG film (B, P-doped 1 - 8 % by wei ght each) AsSG

filmusing ion injection : (As-doped 1 - 8 % by weight) 25 PSG fil m using
ion injection : (P-doped 1 - 8 % by weight) and TECS film: non-doped film
TECS film: non-doped fil mdoped TECS film: B, P doped film 1 - 8 % by
wei ght each 30 Best node for Practicing f#he Invention 2 7 AU G 2002 7
The present invention is described in nore detail in the followng with
reference to t Tolel| b r ' i: ' LW to
{hese. embodi mente o (Erbag aonp® Bhh AR HRERERL rrnbBbiAfd pflglinibibh hr
chem cal ocmaposiheiabnvaddacebahiongponente, taking a 5 thermal oxidation film

pl asma TESO (PL;: TEQS) fjlm and. natural oxidat, filmas exa es, L.s shown
P Tabl e 1o 1 n B FSOE BT o0s G M G0 L CHi 7 F- e RDIHE B 3000
using pyr ogeind fuditi ARt idRakdtacrire@simg b mixtore oAU® % bPpwBlghT GOPUTH 440 308, hpr med
by a CVD nethod using TEGS (Si(CC, HS)g4) and ox\{}gen gas at 4QO_C. A nat ur al
oxi dat iSon Weight ¢fHF,oviel mepnstthpithe goncentgation ofid@d hoslantipper lhit 9896% bSO~ and
31% H~-Q2. Vgh t;he ot her hand the etching rate is obtained as follows. A
thermal oxi d&tfon film or a CVD or TEOS type oxidation filmhas film

t hi ckness measuTlgdinbeitorsefandpradeneinvemtiter live discoverdeimetiodsimunufnimgng an
optical Filmthickpess peasuring deyice, and etching rate is calcul ated
from the i‘PH%‘%‘iBYfQP prRricArs et %Ma%f@ngﬁmr@s%&m 1 higheritham tha fterdess.
The nat ur alyeiaKi S@tht Alatbd hABYISixing NIl §dDahBIHIK RS haPRIH,F 3l & HighRBALLRLHEf Or e

i mrersion, the wafer inmersion tine 13 varied from 3 Seconds, ~ seconds, 10
secondd) . . slews theaachingretd ofmCVonfilnher TEQS fHatand dias oxffidizni parfolrinkmeenwish

renoved was _earned out by obser vi the water repellent state_pf the wafer
Lt hose ¢ tevect ItgRinary w Lo oglhe il AR er, AR st 1B as%; Lo Fiety
thi ckness gibrd i9stiidtaty @poSixdddBin eHenfitd] Abludion tdsueFichia advaBcsapyiggt ed to
fil mthickness of the thermal oxidation film from conparison of the ESCA

Si peak stTeSPRJSR 2Bk 1Beasy pRIOYASIHPRSHP [0§Ce s e deeteiredNHHE crAcsngraten isHess

t hermal oxj I i 0 nat i i of omQ 7 AU G 2002 8
Tabl e 1 Ch{eh(rlhﬁté’g?‘ﬂ@g%@sﬁ@gﬁﬁ%hﬁﬁgkggﬁéé% {519‘2)%55 Vsigyy

concerity at i onNHAo¢ theaenpératurontfeforttie Bedad ket IsiHréfetdoGEaHhW0al25°C.

Oxi dation FilnD.539.69. 01~. 045. 00. 2539. 85. 19. 028. 00. 1241. 03. 06. Ol

3. 00. 1041. DRe BnpeeatGR. VIS tH@XhAmberlis 230 . pOSErably, Th- BYC~36. 00. 0940. 012. 58. 5~
9.20.034~.0*2.03. 06,00. 00| 4~,0*0. 2 ), 21. 0 * The chem cal conposi t_ioon has
preci pi tation oﬁp‘?ﬂ‘@%"ﬁéﬂ @tQN}gge,t 2 RYh%elg%Wﬁg{%awe_mmmﬂOso%vr(omﬁ. 5 As
w il be cl %ffghg][tf?&rglgtgi freéipitbtionate&ggxmlﬁ@l)ec%?xlegtab&ﬂ 303Y! 19 ifaisl?l'écessary to

concentratio
increase the temperature of an etching bath. It is also necessary to heat a chemical solution

20  tank and piping, which is not practical.
Accordingly, in order to set the crystal precipitation temperature to 30°C or less the
NH,F concentration is preferably 45% by weight or less.
The reason for the upper limit of 47 % by weight is as follows. Specifically,
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
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| ess -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-TECS or the thernal
oxidation filmare close to the etching rate of the natural oxidation film
(Enmbodi nent 2) 10 ~An exanpl e of eval uating chem cal conposition and
etching rate simlarly to enbodi nent |, Paki ng a thermal oxidation film
TECS-BPSG fil mand natural oxidation filmas exanples, is shown in Table 2.

The nat ur afepxdidiat b@ﬂftarﬁg&ﬁnfés h@@amo &mc@iﬁfeg WedredoMhdd ﬁm‘ pl:«.HFéinfrmI&nhe
sane way as I n embodi ment 1. The T Imis fornmed By a nor mal

pressure msmbmwmxgmuengporm b@éﬂﬁ@f@f thﬁ\l’@h (e(ﬂ(ﬁel&@@@@)?mpﬂdvsd,(tba-BO) B) at
Pmoxi - o a%%géﬁ%f-rqmﬁ F% %pb%%er nanﬁgggfaéfah o%? m %g@%&% o

2~CHF concen thon conc‘en {1 on n

filnmNatur aﬂ;re@takﬂﬁtdsﬁ)man or equal to 45% by weight.

Fi | nD. 539. 69. 03 |45 Og 253 122. 828. 00, 1241. 03. 011. 913. 00. 1041, 02. 86. 69
. 00. 0939 92 79 Lhe joyepfmy jhg Fepsnceptragion i 5o apcrgmachining surface treatment

~8.59. 20. Oﬁﬂénglloﬂﬁaef’eség iXhhén &'Bod@s 3Y- vﬁexg‘o}ﬁ Ttﬁs &6 Eoﬁée%&t‘i(ﬁlg%t%vﬁe it a

chemi cal ution ing a HF concentration ess t an or eq %
by wei ght ewhing chirbénativedeAs natkamplh; thé etchinante 40 % byidedilgtis 0i081 5. /udedt, the
etching rate of the TECS-BPSG filmor the thermal oxidation filmare close
to the etcﬂiﬁg rate of the natural oxidation film (Enmbodi ment 3) An

03- TECS fi l PL- TECS | f l
and 0.~ a m cont B TTOPBS BB T B BT PE HEGFERAY BARERB BN ng.

Fol | oing déhthiRak swmaﬁtmeﬁumam ﬁﬁ&uﬁ@?x@fe@@&y 0D0Ven e, 6Rkeldd aﬂHtmor@nd
after that the wafer was brought into contact wth the various chem cal

sol uti ons predesmbly .003%% by S/efgdmt tQ)@}é%nbm‘mxght @ﬁmmhéoﬁ@npnm)aﬂ‘ aoxindettagRn | m
10 t I
e " TR P8, L ARLE o8l SR A0 Gl Pl 0558 i o

03-TESO fi it was;eﬂ‘gﬁfﬂmeéffeytsawmalsa@é essure CVD using TECS and 03 at 3500.
Q 7 AUG 2002 10 _Table 3 Chem cal ConposjitiaonContact Hole Size ( .a mH
concentr at i onNHATe esasibm fyfactasth isineloded yap fdborvsTErssifisallypd arestgy interval i 18

"o Dootda4 208 8ap T e R p ettt i i 05t B tasymisTomaskiiBe TG, 5o,
520. 570. 09&éatﬁﬁ:n5ﬁxa§gal 3. ot QhdSdide 80n SPhioR ChedROth@OIAR Rty 2P eRBMHhetAe H%ids hown

in Fig. 3, it will be understood that by using a chemi cafl corrp05|t|on W th
film is lowered, but by adding the surfactant, wettability to the resist surface is improved,

an uniformity of etching the oxide film is significantly improved. Also, When an Si surface
is exposed, surface roughness can be suppressed by the surfactant, and it is possible 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 =35 - 11), or a fatty alcohol (C H,,,,OK;n=6 - 12) 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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a Hr.concentration of less than or equal to 0.1 % by weight and a NH4F
concentration in 5 excess of 40% by wei ght, w dening of the contact holes
formed in the O-TECS filmand the PL-TECS filmis suppressed and it is
possi ble to obtain the designed hole diapeter. (Enbodinment 4) Simlarly to
enbodi nent 3, 0.25 ~. mcontact holes wefe fornmed, and the contact hole

di aneter was observed using SEM after renoval of a natural oxidation film

using 10 v QHSsRasueak ps@ivit baRSE RNArERE hh RS tchs JF BreSO WMLt TRP! € 4.
Tabl e 4 Cheni cal Conposi tionContact Hole Size ( ,u mHF concentrationNH4F

concent r atlingad. A mam¢ulaxé>{ prefarret pogadtintipa fanysonine and a fatty carboxylic acid.

Fi | nD. 539. 60. 250, 300, 124 260 280, 00. 25
0. 250. 260. 0939./08" E% gﬁgﬁég’%@gﬁfﬁ’gd&‘ﬁ%&aﬁ&‘%&z&“’%ﬁeF OE™ B it the

0. 0941. 00 ﬁé&nﬂﬁ@exﬁﬁﬂ 83dkdcikd2bove 2en Bé@x@ﬂ;ﬂlﬁ&d@ﬁﬁ@ma&@orzﬁss&m{g #igh shown
in Fig_ 4, it will be understood that by [ a chem cal corrp05|t|on wth

a HF céncm{%ﬁ pedergadik. 98A neth @q@apa@l‘f}%s 88509 bRapibedainltEnPYWRY F
Concentratw(ﬁ& g{?gmsfs ﬁlﬁ?xggfhléﬁp@rg a&@éoabgoluwsm Afa b8 cgﬁgtetn%&om{aes

formed int PL- TEOCS suppresse even I n the
case of conmixang thisoligls 5o% by, 2&ght ahHIn admﬁmsametmmlfortausmgdéﬁwislte beo obtain

t he design ol e d neter. (Enbo nt 5 hown .t ha nunber
of contact? %ﬁ%rl gd Hb? b.\gmpé %??ggll g‘% %‘P%N}W é%bt?ﬁ ‘E?ﬁd\}%%m:leﬁo Wonn ot
a surf act aBtmdnufieasd hxgu:isaoagenaraﬁb@m}galan@anmﬂl tids Hﬁh@@%BﬂWe?ght efHBfat §. 05%
and a NH4F concentration of 42% 0.~ ,u mcontact holes were forned at 25C,

and cdff i rdpsEebIRe) Juht grethode causing YH; gps 9 hee%mrh%@ Baqyeoys; Hkrsqlggon
d t T
Bost t ve riooBh b HASEAR o B, QM IRk Uhsel 1Sbe a8 ARRIE

Yes No No dyudowd soiRidnrbyrsutfes: dbsorption ir g bnble ot grodess.def ecti ve regi ons (per

1000 pl aces) 1 277 95 It was confirnmed that sing the surfactant, the
contact hol e de’?%m;w%%p%gm%emp@@; Slﬁ‘fel“iagéﬁg??relsgﬁd’é@d‘m’(‘ Bibodi ment

6) 1t will B8 eutdBaméie ﬁ‘d’!ﬁﬁ*ﬁ%m@ﬁtlcﬁpﬂﬂ}@&éouﬁﬁ{georpfgres%trfal‘f@msﬁlg'cgﬂtﬁct' S

di fferent dependl ng on the added concentration of surfactant.
2002 12 Usholes oimeed talds ahaxidedilam aHwilt badesatibed faten Ao 0t mnandlaacr NH4F

f 41 h f d, 0.5 ~
m contact HOTBE GPehias g <At Poatedal Rrah RIRMHER M orEet or ence color

of a remamining oxide filmwas carried out by

Oxidation film (dry oxidation film, wet oxidation film)
CVD oxidation film : non-doped
20  CVD oxidation film : PSG film (P-doped 1 - 8 % by weight)
CVD oxidation film : BSG film (B-doped 1 - 8 % by weight)
CVD oxidation film : AsSG film (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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| ight mcroscopy. 5 Added concentration of surfactant (% by weight) 0.5 a m
contact hole defective regions (per 1000 places) 0.005 1 0.002 10 10 0. 0009
77 0.0005 138 It was confirmed that if the concentration of the surfactant
is less that 0.00l1 % by wei ght, the nunber of contact hole defects becane
large. 1~ Industrial Applicability Using the m cromachining surface
treatnent material and surface processing nethod of the present invention,
it is possible nat Mopap i i b i : tom
of cont act. ot o BT (AU IR e el WL R LBl e AR ' 20
oxi dat i on tld dmbodSpewts,fhut dlel presensinmentionds moclirnn@tfoi thesegndodinaenes. t r eat ment .
mat eri al gﬁ]d s(ﬁ‘rfacg&processi ng nethod of the present invention, when
renovi ng WQ? PSR oki dation film if expansion in hole dianeter is |ess

than 5% it can ecdsgple ¥ refilR} ofBealM@igadhicMical 8Gt8BosA orParN@diRhd £RQ 4 cC
process. As a result, a mcrosqﬁc%lc etchi n%l\gﬁnrnocess is nade easy, and a 25

proces8i ngharmakers faipnrdmyipkesme TR GBI -AEOS ahd pears oxidation filhgs possi bl e
to achi eve ] .oV j ] conduct or manufacturing vyield. REPLACENMENT
~~M-~f i 2%}?&%\&8&@;@%%} i&&% '~ ~r~~.-~~ 13 Cainms 1. A m cronachining

surfackE treat mathifehbsdiment atharinal sedaRsstilbhidfonell ata0by’adr aéihgeyiogesici d,
and nore than 40% by wei ght but |ess than or equal to 47Jo by wel ght of

anmoni um foxidatipa €1, 20, Fhe 1p.rhlse onRlcAEQSHIns tsrfbened by 2V methodueingalEQ$
claimi, f tued by dissolyi nmoni S. i n.,a .hydrofluor.ic. acid
o ut 1 on. GOkAR M srven gy O01S: ATERRn o Biion T orie y LpBirdiih S o
claimg, GoRbaldluith ft 3% ASOAMd $lo, @,6001 - 1 /a by weight. 4, The

m crorraachi ni ng surface treatnent matefial, of claim3, said surfactatlt
is one of, 10 & theotler hamdt the@fching rafeds bptaawidne ffllomy, " +~NHz; rw7 - 14), a
fatty carboxylig aci C H".., K COOH.n = - 11 or a farty alcohpl

(S Ok 2 6 A ging dadlon i go CYTLpmERRS bt fina intiad g dgiekness
n,atu, ral Redsgativerbré RYEiftdriminttesis® i AehibOLSIaHsS hiifs A Spriiabr GIMGHICRARY
surface treatnent material of any one of clains 1 to 3. 1 6. The surface

t r eat ment meashdeR dfvics, and etchingupie ixtalculated Hoarthe enmefsiahiéme end Higtampanks ~ 5
is 0.5¢ U . 4 h l.al m.5 | ai m 6,
wner et ¢ et EEE i wloGsEh THE R RREETOL AT RS i Sl yelealiy

treat ment medshed beforatmmerstor) theckabnintmésioaltmans Tarivh o Nsdcbeds? O seeondait i on
filmis a C VD;}q%pe oxidaiigz~ film 9. ~' he aurfa, ge treat ment, net hod of
any one of lsegonds. sefe and Gt GACAR DEWE] OXKSRIBA 1T aF THTHPTES HASTABSY y pe
oxi dation ff biobsedvin®¥ned WhiSr RpAlnt state of the wafer at those times, and etching rate was

then calculated.

20 Here, the film thickness of the natural oxidation film has values that are converted
to film thickness of the thermal oxidation film, from comparison of the ESCA Si peak
strength and ellipsometrically measured film thickness of the thermal oxidation film and

the natural oxidation film.
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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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10 10 10! a@#10% ()-0)z, aBuVv7!!!Fl "1098& ()-1!1098B& ()- 109B& ()-!27fAU
@109BB& ()- Y&Z'109B& ()-  109B& ()-, !2"s""#dEuV7!!!F# 109B& ()- F
110988 () -s109B&' () - MPL0YB& () -
| S4"109B& () - f #109B& () - #VHH1$SSAEUVT! I | F- 1098B& () - Y
| +1098& ()-) 1098& ()-VY ' 109B& ()- f&l0YB& ()-$ "109B& () - $90EI0ERYEEEEJE: |
10B 10B, 6$109B& () - @109B& ()- 3 109B& ()-1 1109B& ()- 90
10988 () - . MLHI0WBE () - &&&& ) *GHP. /! ;

F$109& ()-"_(_E$:L0_°Zd/&' () -1\E$10%CCR () -1 SE$109%]1-1& () -ss10% & ()-9' 10% & ()
- 10BGt+, | B. . / 20 @hexgcal Composmon Etching rate (nm/min) at 25°C
10/, 4cy(10% & () -fl 4900 040% /& (V-1 A% Q%08 ()-f A% 0YBE& ()) - f
| ~, 49%4.0%/ &Fepqn)ferft@u\e W@m@@f wationy | Zbﬂr@m% 1 0VERS-BBSG 109 hdlatyral3100
h& ()-3%$10% & () - @ 3$1p%Oh0Oh& () @ 1 / 2f 334d 10/ | ESL. :
h& ()-$10% h& ()-F"10% h& () - F@ 10% | &'C%’gfl%—l "100% h& ?K%s @‘?w‘%“ Film
h& ()-4[ 445\ 555dEK/ 10/, 1" 10% h& () - YY10%il&' ()} 3" 10% h& () Y31 10% h& ()}
10% hé& () - 1 5 : WA A AR R TT. 174
h& ()-1"" 2[10% &96) - %F10% h&' 991 98° 1% h&dP) - 777888838k8bC 45.0
10/ 10%4| & = & RO T I N5—3qos & & (=T 539
h& () - &8{ 888/ 99@'2@&0 10/ slo?Zu & ()-J4 110%4] & ( -910% & ()- 20
: 10%| & ()F ' 10%L1& () - | FL0%p&0() - 99:): ;\3.0dEbC 11.9 13.0
10/ 3 1098} 10%H-&{ ) —s10%H-& (W-310%4}-& (} - 3t 100 & (1)~ F1004| & ()
7010 T Y7 410 2.8 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 2.3 8.5 9.2
0.03 42.0 1.5 253 45
0.001 42.0* 0.1 03 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
5 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 formed to I 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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1094 & () - @MBL0%H & () - F'10%4 & () - 9#10%4| & () - F! 10%4 & () - >>>>>>>>>bC
10/ YA "109& ()-1109%& ()-s109%& ()- (109& ()- 104| 104| 104|Y
+10%)] & () - >>>227282h1 * YA " 109! () - YA " 109 ()-) 2" YA "10% () - YA
"109%&' ()- YA "10%&' ()- YA "100& () - &?. 282=PR2M?\ 2eF* YA " 10%& () YA " 10%& () - YA
"109&' ()- YA "10%& ()-YA "10%& ()- YA "10%& ()- YA
"109&' ()-\ ThBR2f 2j 207t 2~_@ YA "10%/A "109%&' ()- YA "10%&' ()- YA "10%& ()- YA

"109&' ()- YA "109%R' ()-)2"t202222222~ @ YA "10%WA "109%R' ()- N
"109%& () - wf\ " 100@6@icab£qpnm§0(n) -) 771222227~ EWRaLIQU AiZeX008) () - YA
10%&' ()-Y . : YY) 22222222~ (@ YA " 109

"109%& () - vIAIF concentration NH4F concentrationf [nitial Valde | PL-TEOS film | O,-TESO Film
0.5 39.6 0.5 0.53 0.60
0.25 393 0.5 0.53 0.55
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 0.30 0.51
0.03 42.0 0.5 0.50 0.50
0.001 45.0 0.5 0.50 0.50

As shown in Fig. 3, it will be understood that by using a chemical composition 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 4 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 (u m)
HF concentration [NH4F 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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S 10% & ; D98 — S T8 —BE CeECEeey Y- 5160
S(10% & ()- O 20 s Baron O- F2 109 & ()- Sbr0% & () - COBRSeCgKY UAY

S109% T#10% &' ) T#lO% &' () T#lO% &()-THIO% & () TTRIO% & ()
S| F10% & () -

TH10% & () - T#1o@«§ é’lomn YP#EIS% & Vil bemnslogsieqd) thatbyowsing 4 gheymjeal composition with

a HF concentration of less than or equal to 0.1% by weight and an NH4F concentration in

£
[:

excess of 40% by weight, widening of the contact holes formed in the O;-TEOS film and
5  the PL-TEOS film is suppressed even in the case of contact holes of 0.25 u m in diameter,

and it is possible to obtain the designed hole diameter.
(Embodiment 5)

It will be shown that the number of contact hole defective regions is different
depending on whether or not a surfactant is used.
10 Using a chemical having a HF concentration of 0.05% and a NH4F concentration of
42%, 0.5 1 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: 20 minutes
[s 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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FR) 2" 1"10% & ()-W"10% & ()-W " 10% & () - W " 10% SFEOmfPefd O%LE‘%:QWI % 31 @M
N _5vU4Y

| 05 1

)?2"1"10% & ()-W"10% & ()-W"10% & ()-W"10% & ()-W"10% & ()-WNIRIW[I " Iel
fl1d: vuay 0.002 10
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processing dimension margin is maintained, which means that it is possible to achieve

improvement in semiconductor manufacturing yield.
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20  oxidation film is a CVD type oxidation film.

9. The surface treatment mcthod of any onc of claia 5 o claim 7, wherein the

oxidation film is a TEOS type oxidation film.



