WD 97/ 36209

PCT/ EP97/ 01190 -1 -

Sol uti ons and Processes for Renoval of Si dewal |
Resi due after Dry Etching Background of the Invention

Scope WO STR&0)r esent i nvention relates to a novel proZETERPHIIN
renovi ng si dewal | resi due- after glry etching. The present inventiom
also relates to a novel solution’for renoving sidewall residue

after dry etching. 10
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Scope

The present invention relates to a novel process for removing sidewall
residue after dry etching. The present invention also relates to a novel
solution for removing sidewall residue after dry etching.

Current State of the Art
Processes of integrated Circuit (IC) Manufacturing:

First is deposited a layer of metal, such as Al, on a substrate surface,
such as a wafer, then coating a layer of photoresist on it. This is followed
by expaosure, developing, etching, ion impiantation and photoresist
removing. Continuous cycles of film deposition, photoresist coating,
exposure, developing, etching and removal of photoresist continue until
the desired device is achieved. o

There are two Kinds of photoresist: positive type and negative type. For -
positive type photoresist, the area of exposure can be dissolved in devel-
oper solution. For negative type photoresist, the area of non-exposure can
be dissoived in developer solution. The major composition of positive
photoresist is resin, such as Novolac resin. The major composition of
negative type photoresist is polyisoprene compound. Generally, baking
the photoresist layer after exposure is necessary to make sure that cross-
linking reaction is done. |

After creating basic IC pattern and more sophisticated IC pattern is to be
processed on the substrate, the photoresist and sidewall residue must be
removed very efficiently and completely. That is by the use of a
photoresist stripper, as in US Patent No. 4,917,122 and 4,983,342
described. '
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There are two kinds of photoresist positive type and negative type. For
positive type photoresist, the area of exposure can be dissolved in devel -
oper solution. For negative type photoresist, the area of non-exposure can
25 be di ssolved in devel oper solution. The major conposition of positive
phot or esi st wio3e@pn, such as Novol ac resin. The nmj or CONPCITEPOVOL1
negati ve type photoresist is polyisoprene conpound, Generally, baking a
the photoresist |ayer after exposure i s2mecessary to nmake sure that cross-
| i nki ng reaction is done. After creating basic IC pattern and

The. phot or osi *5%%#&@@6%%9 PLYLBE i pran ScaB INEGIERTILSE, S

ef ficiently dhbtradbemgebetip Integmtedsmbpufaskiringesidewall passwat;orpﬂmhedem st

3\;) r 5?}0322085 affer\dpy BRIHY cARacifieVd theldrisatfshié pReroméra of etching Hioac’ | Ped. _
PCT/ EP97/ 0114S: asinJ.L. Vossen, et al, J. Vac Sci. Technol. AL. 1453 (1983)» . I n

'E hle et cgl ng prc';GBemaB at g Ag?lef’yy&gleye4$ca&93(ﬂ9§§gl iteso, etall f .
Utra 2arge phg,gtheegr 346 10@3@9 g’:tdﬁalm E passivation forme
after dry. et Cﬁgmac%e?nc 42V 528 "ford V18t 9B R ﬁz ?ﬁ%%m?ég Pogyesi 0 P o°
according to the etching chemistry of Cl; or HBr, oxygen is added to en-

hance anisotropic tendency and selectivity to oxide layer, as in

1. Morimoto et al, Digest of papers, Microprocess 202 (1992) described.

While etching Poly-Si layer using Cl as etching gas, silicon reacting with

chlorine becomes silicon chloride. If oxygen exists, silicon chioride will be

oxidized to silicon oxide, as in KV. Guinn et al, J. Vac. Sci. Technol. B 13,

214 (1995) described. This silicon oxide is the so-called sidewall

passivation, which can prevent isotropic etching. The sidewall passivation

cannot be removed completely by conventional ozone ashing and hot

sulfuric acid process. In the general process, wafers after treatment of

ozone ashing and hot sulfuric acid still need to be immersed in diluted HF
solution. The time of immersion cannot ast too long to avoid attacking

bottom oxide layer. Although the residue can be removed by special

stripper, it is not convenient enough. Therefore the process of removing

sidewall residue after dry etching should be improved.

10

16

20

Summary of the Invention
25 The present invention relates {6 a novel solution in which a certain
amount of fluorine-containing compound, preferably hydrogen fluoride and
ammonium fluoride, is added into sulfuric acid. This solution can
compietely remove sidewall residue which is formed after dry etching.

30 The invention also relates to a novel process by which sidewall residue

after dry etching can be completely removed by the above mentioned
novel solution.

35
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ess, as in J.L. Vossen, et al, J. Vac Sci. Technol. AL 1453 (1983);

J.H Thonas, et al, Appl. Phys. Lett 43, 859 (1983), D. Thonson, et al,
Appl . Phys. Lett. 146, 1103 (1985), and J.ME. Harper, et al, J.

El ectrochem Soc. 128, 1077 (1981) described. Wile etching Po ,
according t owosesetoehi ng chenistry of Cl[err] or HBr, oxygeRCT .g%am to
en- hance ani sotropi c tendency and sel ecti vi ty to oxide |ayer, asrt
in |. Morinoto et al, Digest of‘ﬁapers, M croprocess 202 (1992)
descri bed. 10 Wil e etching Poly-Si layer using C[err] as etching gas,
silicon reacti . M}fg econes silicon chloride. If oxygen
exists, sili Coﬁﬂeﬂﬁegcgghaﬂnﬁﬂﬁgbﬁ $ oxidized to silicon oxide, as in
K.V. Guinn et al, J. Vac. Sci. Technol. B 13, 214 (1995) descri bed.

This silicon Oﬁngdet stsowsthesovcetidreof thedoneéhtional and thepawwas! peddeds, Whi ch can

Compl ot el y. by /B 1EioAR e ind pHERs, 73 Ships fﬁé‘m’agmﬂs&%ﬁ‘ﬁﬁu?% obf o

process. | n t heatpetreatad with theseonveational paecess andehe magnifisation is ozone
ashi ng ahd hot 13 4bbimes. acid still need to be imersed in diluted HF
solution. The tinme of imrersion cannot |ast too |long to avoid attacking
bott om oxi de | ayer. Although the residue can be renoved by special 20

stripper, it iEigndtshowstenmagnifieddigkre g wafasteatetwith thecmevelf renovi ng

si deval | resi d.sb%caéé 8hd tHe/mabsintagbreigom| sbdgmbgproved. Summary of
the Invention The present invention relates to a novel solution in
whi ch a gﬁrtal n anmount of fluorine-containing conpound, “preferably
hydr ogen 'Y | uorDetailmadDescription afithenwentiboori de, is added into sulfuric
acid. This solution can conpletely remove sidewall residue which is
formed after et chi

i nvention al el ovel
process by whi Eh® Efm% of @s aﬂ‘éfa"&""g cané}e[%qsca%d at é‘ﬁ %:D ?BE
conpl et el y r ensl steaning wefesisorfacerghen depesiting SiO- amd)laelw-%cfﬂmtsumt
After that, photoresist coating, exposure, developing, etching and pho-
toresist stripping processes are done. Fig. 1 shows the flow chart of the

process.

15

Conventionally photoresist and sidewall residue are removed by ozone
ashing and hot sulfuric acid, but they cannot be removed completely
(Fig. 2). Following immersion into diluted HF sclution or special strippers
is required.

20

The present invention is a process on which by addition of fluorine-con-
taining compound into sulfuric acid, controlling the ratio of sulfuric acid to
fiuorine-containing compound, complete removat of sidewall residue with-
out the need for diluted Hf and special sirippers can be achieved (Fig. 3).
The process is simpler and can reduce process steps fo only one. Fig. 1
shows the flow chart of the process.

25

30 The invention uses a novel sclution to remove sidewall residue formed

after dry etching, which comprises sulfuric acid and a fluorine-containing
compound, in the range of from 10:1 to 1000:1 by weight, preferably in the
range of from 100:1 to 700:1, most preferred in the range of from 300:1 to

35
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35 WD 97/ 36209

PCT/ EP97/ 01190 - 3- Bri ef
Description of the Draw ngs Fig.. 1 shows the flow chart of the
conventional and the novel process .used in I C manufacturing
process. Fi gv0273038\s t he nmagnified picture of a WaPEFERY7821%8d wit h
t he conventional process and the magnification is 13,100 tines. =

Fig. 3 shows the magnified picture of admafer treated with the novel
process and the magnification is 11,000 tines. 10 Det ai | ed Description

Gescribed as T fopne fuorine-E3fefifg BIRE3A is colfAREATWEHRE IGPEAE® | e,
deposi ting Sipeechargricatinn, such as ajialipg metal cation, ammenium catien and

phot or esi st cipairbgen o pesferably Hpdregen iflngride aal iaftmasidmiIiRride. The

novel solution is prepared by adding hydrofiuoric acid or ammonium fluo-

ride into sulfuric acid, and then mixing it with hydrogen peroxide at tem-

perature 100-140 °C, preferably 120 °C. The above mentioned chemicals

can be commercially available ones like H;SO4 96 %, Hy05 31 %, HF

49 %, NH4F 40 %.

While using the new process to remove sidewall residue after dry etching,
both organic and inorganic, such as SiO», compounds can be removed. it
can be implemented without increasing difficulty of the process. Just after
dry etching and ozone ashing, put wafer into the pre-mixed solution of
sulfuric acid and fluorine-containing compound, and maintaining operation
pressure at 1 atm, temperature at 00-140 °C (preferably 120 .°C) for

10 min. The photoresist and sidewall passivation formed after dry etching
can be removed completely and the novel solution does not affect the film
of poly-Si, and only siightly etching the bottom oxide layer (less than

1 A/min). After dry-etching process, the wafer is put into the reaction
chamber in which the ozone ashing process is done. During this process,
ozone decomposes intc oxygen and oxygen atoms which react with large
amounts of carbon atoms in the photoresist under high temperature condi-
tion and then form CO2. By detecting the amount of CO, one can know
whether ozone ashing reaction compietes or not.

10

18

20

25 The new process is simple, speedy, and does not need to use strippers or

other solutions any more. Manufacturing cost for IC devices can be re-

duced significantly. Both feasibility and practicability of this new process

are high. The process is suitable for several kinds of photoresists includ-
30 ing g-line, i-line, Deep UV, E-beam and X-ray resists.

The following examples are further explanations of the invention.

However, the scope of this invention is not limited to these examples. All

possible substitutes and adjustments done by people who are familiar with

a5 this technigue are belonging to the application and range of this invention.

SUBSTITUTE SHEET (RULE 26)



15 toresist stripping processes are done. Fig. 1 shows the flow chart of

t he pr ocess. Conventional ly photoresi st and si dewal

resi due are renoved by ozone ashing and hot sul furic acid, but they
cannot be renoved conpletely 20 (Fig. 2). Follow ng imersion into

dil uted HF seyauiaseeoor speci al strippers i s requi r ePCTERPITONIN  The
present invention is a process on which by addition of fluorine-con- x
tai ni ng conpound into sulfuric acid, cdﬁ%?olling_the ratio of sulfuric acid
to 25 fl uori ne-contai ni ng conpound, conplete renoval of sidewall residue
W t h- E&%&uﬂgq need for diluted HF and special strippers can be

achi eved (Fig The process is sinpler and can reduce process

steps to only one. Fig. 1 shows the flow chart of the process. 30
The i nvent i on Thegshotoresisblsebinuthe @rodessris FbivG400Ldglink bhbtasésiSle(FbjI-r med

compound. 1 n THEY ?*Qbﬂ*?‘??“ﬁé PEPAy2UYAS ﬁffiﬁ*‘?@‘% “}i EioBR "t he
range of_ fromugedin thegprepessiis FHaS dg Qﬂqféﬂmiaﬁ""t‘gﬁ o% (Frbm 300: 1 to
35 5 Hunt). Developing time is 60 sec. The ECR (Electron Cyclotron Reso-

nance) etching machine is used for etching 3000A of Poly-Si. The plasma

is produced by using Clz (85 sccm), O2 (5 scem) and 250 W microwave.

DC Bias is provided by 35 W of RF. Pressure in the chamber is 3 mTorr

while temperature is -20 °C. Etching time is 70 sec. The etching rate for

10 poly-Siis 2612 A/min for Poly-Si, 26 Amin for §i02, 766 A/min for pho-

toresist. As for selectivity, the ratio of Poly-Si to SiO2 (2612/26) is 100

while Poly-Si to photoresist {2612/7686) is 3.4.

(sccm - standard cubic centimeter per minute)

15 Comparative Example

After dry etching, conventional process is used to remove photoresist. At
first, the photoresist is removed by ozone ashing which is done inside the
chamber, one wafer per time at temperature of 200-300 °C. At this tem-
perature, decomposed oxygen from ozone reacts with the carbon of pho-~
toresist and forms CO,. Then the wafer is immersed into mixed solution of
sulfuric acid and hydrogen peroxide at 120 °C for 10 min. After this treat- -
ment, the wafer is inspected by SEM (Fig. 2). At this stage, only photore-
sist can be removed while sidewall passivation after dry etching cannot be
removed completely. Diluted HF or special stripper is needed for further
treatment.

20

25

Example 2

30 After dry etching, present novel process is used to remove photoresist. At

first, photoresist is removed by ozone ashing which is done in the same
way as the comparative example. Then the wafer is immersed into mixed
solution of sulfuric acid, hydrofiuoric acid and hydrogen peroxide at

120 °C
35
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WD 97/ 36209
PCT/ EP97/ 01190 -4-
500: 1. The fl uorine-containing conmpound is conposed of fluorine ion and
nono- charge cation, such as al kaline netal cation, amoni um cation and
hydr ogen i ofpooppedoer abl y hydrogen fluoride and amoni um f | BETERE011%e
novel solution is prepared by addi ng hydrofluoric acid or amoni um fl uo- *.
ride into sulfuric acid, and then m'xi‘rﬁfit wi t h hydrogen peroxide at tem
5 perature 100-140 [err]C, preferably 120 [err]C. The above nentioned
chem cal s ’ e i e \VE . i SOerr] 96
% Herr]g eF ﬁ1%T?@nﬂ%ﬁa‘ﬁ3%Lﬁu%£%qﬂdé§ﬂoﬁnc%§f n,)' ﬂﬁo&ﬁ%h e using
t he new proc@sisieis &%%V@’%‘Pﬁié\ﬂ&l"Fh‘Fé"ﬁHD%"‘taﬁ"Pé’}‘afE"r'f insRaster by &M bot h
.or gagi c anld (Figt BRni is,obvitnls that Fhalbrasist andrsinumﬂl passivation sitepygd. |t f
can be inple . i i ! £ L Just after-
dry etching gﬁ%ﬁﬁg%&(&;ﬁ%{eﬁg&%ﬂﬁ?@vg%gh% %ibg*étéf%p %ﬂé‘{’g‘f%ﬂ&%@gﬁw‘on of
sul furi ¢ aci &i and biotteey BiRe YRR ai ni ng conpound, and mai ntai ning operation
pressufe at 1 atm tenperature at 00-140 [err]C (preferably 120.[err]C) for
15 10 m Ne The toresi st and sidewal | passivation forned after dry
xarpl

et chi ng e renoved conpletely and the novel solution does not
affect the film of poly-Si, and only slightly etching the bottom

ox; de !ayert (iR t%m: ﬁ%ﬁing, present Aov¥iPriidessAé USed i penfive wr{wore&@.eeqs, th he
wafer is put _into react i C r.in.which.the ozone ashing
processa S dgFé;'. P‘ER!PF*?%&???? é}fe&%)ggo%gﬁmiygﬁg ’%@8@%@@55?'?\? 0 oxygen
and ox?é)len awaysssiheciomparativeexamplar Hlen the wafer isnmmersedinte mixeth at ons in

o e Oéesja‘“é“f‘qﬁrs“? i ati@BRkRinilic fIGOAG and hydrogen peRiladiét ! Non | or
hi g 12D3E toh o, e caliq,ff sy sl £ Bt osride i bygre o o6,

ozone ashing
speedy, and geagpenoxidedsd: ity vlemet Aftppibisstreatment, the wafarhieinspetied ons any

more.  Manuf agl S0 GP8bvibas tHat pHBIrEast &ilsiBéwalPpassivation after dry
15 etching are removed completely by this single step without affecting Poly-
Si and the bottom SiO; layer.

20
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orocess "IN

L

rﬂm b|||ty and practicability of this new
i rocess is suitable for several kinds of

photoresists i ncl ud- i ng g-line, i-line, Deep WV, E-beam and X-ray
resists. 30 The followi ng exanpl es are further explanations of the
invention. woomssaobowever, the scope of this invention i s REFEFPHRYY to
t hese exanples. All possi bl e subst | tutes and adj ust rrent s done by -
peopl e who are famliar with t hr nging to the
application and range of this invention. 35 THIS SHEET HAS BRAR P7/ 36209

PCT/ EP97/ 01190 REPLACE - -
‘Exanple 1 Clai The photoresist used in D 6400L g-1ine
phot oresi st (Fuji - Hunt). Exposure is done by PAS 2500/10 g-line

stepper (ASM . 4 Devalsepgion for removingssidewall résidur aiteriy efchind)whiclevel oper

ECR (Bl ectron Oyol SrpRirsadric acidand g “Qé)e")‘e Qﬁ‘ﬂnﬁgd Henbod e oo F o
et chi ng 3000A of P’@F‘Qegfffomh’éﬂﬂlt‘a§9901b3’we' f-s produced by using C[err]
(95 sccnP, (Jerr] (5 sccn) and 250 Wmi crowave. DC Bias is provided

by 35 Wol RF., PressiiLe in SB&raNB Haiti®™, 3 Tdde being from 100:1 to
700:1 by weight.

3. The solution according to claim 1, the range being from 300:1 to.
10 500:1 by weight.

4. The solution according to claim 1, the solution containing a fluoride
compound, which is composed of fluorine ion and mono-charge
cation, the types of this mono-charge cation include alkaline metal

15 cation, ammonium cation and hydrogen ion.

5.  The solution according to claim 1, the fluorine-containing compound
being hydrogen fluoride. '

20 6. The solution according to claim 1, the fluorine-containing i::ompound
being ammonium fluoride.

7. A process for removing sidewall residue after dry etching in which
wafer after dry etching is treated with a solution which comprises

25 sulfuric acid and a fluorine-containing cofnpound, in the range of
from 10:1 to 1000:1 by weight.
8. The process according to claim 7, the solution being in the range of
30 from 100:1 to 700:1 by weight.
TNV
35
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V\,hlleterrp rr]C. Etching tine is 70 sec. The etching rate
for E“'“m”n " &DA/mn for Poly-Si, 26 A/mn for SiJerr], 766
st. As for select|V|ty, the ratio of Poly-Si

to S| 02 (2612/26) is 100 while Poly-Si to photoresist (2612/766) is
3. 4. wa S Standard cubic centineter per mnute) PQOZEPIT/O1190
Conpar ati ve Exanpl e After dry etching, .conventional process is =~
used to renove photoresist. At -B+st, the photoresist is renoved by
ozone ashing vvhi ch i s done inside the chanmber, one wafer per tine
at tenperatur 00 300 [er { Lhi ure orrposed
"oxygen from o one RREFSS Efﬁoidﬁégg?lﬁ'gﬁ tItl"%p("r‘?ﬂ"%c’n belr?g 'R%SF@QQ £ and forns
CO[err]. Then t hefromf300:1 to 50@idhyaweight o i xed sol uti on of sul furic

acid and hydrogen peroxi de at 120 [err]C for 10 mn. After this treat-

ment, the wafer i ected by. S At, this sta onl y .phot or e-
si st can be ri%vi RFF?‘T Ei\épé@@?@a@éwoﬂﬁ?ép glcempr?b'}{’gannot be
25 r enoved coniplwmpo,sedlhﬂﬂuoede ih and soaocichiargs ca’tmnethe typesefled f or
furtherb tEQ @J(R'\l f chi ng,
present novel pr ocess S useor(ahnerné%gt ot c%‘r'%qsq!%m cag\ore‘éha hquqéﬁ

phot oresist is r ei®Bved by ozone ashi ng V\/m ch is done in the sane

way as the conparative exanple. Then the wafer is imersed into m xed

ot ion of s urhé phsiels dbkétftd s Aot RBANDXSREHAg esmuﬁa at

being hydrogen fiuoride.
10
12. The process according to claim 7, the fluorine-containing compound
being ammonium fluoride.
16
20
25
30
35
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WO 97/ 36209 -

PCT/ EP97/ 01190 - 6- for 1
O min., The ratio of sulfuric acid + hydrofluoric acid to hydrogen per-
oxide is 3:1 by volunme. After this treatment, the wafer is inspected by SEM
(Fig. 3). It W3R PDus that photoresist and sidewal | passi vEET/ERIHMI®r dry
etching are renoved conpletely by this sr ngl e step w t hout affecting Poly*
Si and bottom SiJerr] |ayer. rrg)t After dry etchi ng,
present novel process is used to renove phdtioresist. At first,

photoresist is removed by 0Bineegshi Siiidiinsbeiatmtlaiei N the same 10 way
as the conparative exanple. Then the wafer is imersed into m xed

solution of sulfuric acid, ammoniumfluori and h,ydr eroxi de at

120 [err]C for 10 mn. The ratio of sulfur* Jgﬁrmgﬁﬁ sfé%orlde to
hydro- gen peroxided.s a 1 b¥ vol une. After this treatnent, the
wafer is inspected ﬁ} S phot or esi st and

si dewal | passivation after dry 15 etchi ngfrefumnwed conpletely by this

single step w thout affecté B9 Pol y- and the bottom SiJerr]
| ayer. 20 Si —

Pol;YSi $
Si102
Si

PulyS i
Si02.
Si

/ m :
ECR-Etching ECR-.Etching\

(€12, 0 (Cla, O3)

P5§Si
8§02
S

Conventional removal PR

Sidewall passivation
v e

PolysSi

sggz

Dilute HF or Stripper

PolySi

Conventional removal PR = O3+ ( HzSO4+H20,)
New removal PR = O3 + ( H3SO4 + HF + Hy03)

(Fig. 1)
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35 -7- dains

WO 97/36209 PCT/EP97/01190

Conventional removal PR = O3+ ( H3S04+H70,)

(Fig.3)
New removal PR = O3+ ( H3S804 + HF + H305)

PolySi
2

T AT

SUBSTITUTE SHEET (RULE 26)



1. A novel solution for renpving sidewall residue after dry etching, which
conprises sulfuric acid and a fluorine-containing conpound, in the

range of from 10:1 to 1000:1 by weight the optimal ratio being 400:1

and 300:1, wherein the solution is prepared by m xing cal cul at ed

amounts of Ry@lédekggori c acid or ammoni um fluoride into sul fumix gﬂ

and then mxing it with hydrogen peroxide. 2. The solution accordi ng to.

claim1l1, the range being from1 00:1 to 700:1 by weight. 3. The

solution according to claim1, the rang8/¥eing from300:1 to 500: 1 by
weight. 4. The solution according to claim 1, the solution containing a
fluoride conpound, which is conposed of fluorine ion and nono-charge

cation, the types of this nono-charge cation include al kaline netal

cation, ammoni um cation and hydrogen ion. 5. The solution according to
claim1, the fluorine-containing conmpound bei ng hydrogen fl uori de.

6. The solution according to claim1, the fluorine-containing conpound
bei ng ammoni um f | uori de. 7. A process for renoving sidewall residue
after dry eFigar2g i n which wafer after dry etching is treated with a
sol ution which conprises sulfuric acid and a fluorine-containing
conmpound i ncl udi ng hydrogen quorlde (HF) and annnnlun1fluor|de

(NH err]F), in the range 24 : melght t he
optimal ratio beinc 4@

Figur 3
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Sron TR ™" " SRR e

PCT/ EP97/ - 8- aIpuAa-dThe
process according to claim7, the solutio 'm e of

from300:1 to 500:1 by weight. _710]" fHe-pr %2 ¢ar di ngited aloay m
7, the fluorine-containing conmpound i s_conposjed of fluorine ion
and nono-charge cation, the types of -{ 228EBtWeh ijnd ude al kaline
met al cat i d#laimsnoni um cati on and hydr ogep | i gn. 11. The
process according to claim?7, the fl uor| ne- cont ai ni ng conpqund

bei ng hydrogen fluoride. 10 12 |

g to claim7,
t he fl uori rle- cdmEsersakgticroies semeving srdewaﬂ residus afferadryeiChingf Whishi de. 15

comprises sulfuric acid and a fluorine-containing compound, in the
range of from 10:1 to 1000:1 by weight the optimal ratio being 400:1

.and 300:1, wherein the solution is prepared by mixing calculated

amounts of hydrofluoric acid or ammonium fluoride into_sulfuric acid,
and then mixing it with hydrogen peroxide.

2. The solution according to claim 1, the range being from 100:1 to
700:1 by weight.

3.  The solution according ta claim 1, the range being from 300:1 to
500:1 by weight.

4. The solution according to claim 1, the solution containing a fluoride
compound, which is composed of fluorine ion and mono-charge

cation, the types of this mono-charge cation include alkaline metal
cation, ammonium cation and hydrogen ion.

5. The solution according to claim 1, the fluorine-containing compound
being hydrogen fluoride.

6. The solution according to claim 1, the fiuorine-containing compound
being ammonium fluoride.

A process for removing sidewall residue after dry etching in which wafer
after dry etching is treated with a solution which comprises sulfuric acid
and a fluorine-containing compound including hydrogen fluoride (HF)
and ammonium fluoride {(NH,F), in the range of from 10:1 to 1000:1 by
weight, the optimal ratio _being 400:1 and 300:1.

8.  The process according to claim 7, the solution being in the range of
from 100:1 to 700:1 by weight.
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(57) Abstract

The present invention relates to 2 novel process for removing sidewall residue after dry-etching process. Conventionally, after dry-
etching, photoresist and sidewall residues are removed by ozone ashing and hot sulfuric acid. Normally, they are hard to be removed
completely. It was found in the present invention that the addition of fuorine-containing compound, preferably hydrogen fluoride and
ammonium fuoride, in sulfuric acid results in Gomplete removal of photoresist and sidewall residue without the need for stripper. The
process is simple and does not affect the original procedures or the other films on the substrate. The presant invention also relates to a novel
solution for removing sidewall residue after dry-etching, which comprises solfuric acid and 2 fiuorine-containing compound, preferably
hydrogen flnoride and ammonium fuoride, in the vange of from 10:1 to 1000:1 by weight.




