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Phase/ Li qui d Phase Sequence Background of Invention 1) Field of the
1nvention This invention relates generally to fabrication of a

*sem conduct or device and nore particularly to a nethod. for cleaning

. tonpC899s83#i conduct or geonetries (e.g. high aspect 5 ratio openings) using
hydr ocarbon and solvents in a repetitive vapor phase/liquid phase
sequence. 2) Description of the Prior Art 10 In sem conduct or
manuf acturing, it is very inportant to renove contam nants which
accunul ate on sem conductors during fabrication. Contam nants can cause
hi gh resistance, adhesion problens for subsequent |ayers, reduced
insul ation, and other 1 CS 99-334 perfornmance and reliability problens.
Typically, liquid cleaning processes are used to

Method for Cleaning Semiconductor Structures Using Hydrocarbon and

Solvents in a Repetitive Vapor Phase/Liquid Phase Sequence :

Background of Invention

1) Field of the Invention

i

This invention relates generally to fabrication of a semiconductor device and more
particularly to a method for cleaning complex semiconductor geometries (e.g. high aspect
5 ratio openings) using hydrocarbon and solvents in a repetitive vapor phase/liquid phase

sequence.
- 2) Description of the Prior Art
10 In semiconductor manufacturing, it is very important to remove contaminants

which accumulate on semiconductors during fabrication. Contaminants can cause high

resistance, adhesion problems for subsequent layers, reduced insulation, and other



renove contam nants. However, as device geonetries continue to shrink, it
becones difficult for liquid cleaning agents to adequately penetrate vias
-and ot her conplex geonetries. Al so, as geonetries continue to shrink,
performance margi ns decrease and 5 the cleanliness | evel of sem conductors
must increase. Liquid cleaning agents can recontam nate a sem conduct or
Wi t C88%33Ai nants previously renoved and suspended or dissolved in the-

cl eani ng agent. The inportance of overcom ng the various deficiencies noted
above is evidenced O by the extensive technol ogical devel opnent directed
to the subject, as docunented by the relevant patent and technical
literature. The c] oses apparently pore relevant technic

devel opREARaNCH 2R¢Eelighy 0 lwp%a’grmvaélyclaqwoﬁ%le@v%eaesw %H&qﬁder ing the .
fol l owi ng patents. U. S 5,494,526 (Paranjpe) shows a 'nethod for cleaning
seni comenovesonaniinants. Iﬂswmrngs devigaigedmetrighicensinuety shninkdt becontess
introducing a liquid phase cleaning agent to the surface of a

sem congeilpforNghidrcleahitgngems fd deqhdtelylpefistiate plaest] stheaddnipdexagent to change
to a vapor phase using. vibration, heat, pressure, or a conbination thereof.
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recontaminate a semiconductor with contaminants previously removed and suspended or

dissolved in the cleaning agent.

The importance of overcoming the various deficiencies noted above is evidenced
0 by the extensive technological development directed to the subject, as documented by the
relevant patent and technical literature. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by considering the following patents.

U.S. 5,494,526 (Paranjpe) shows a method for cleaning semiconductor wafers
15 using liquified gases. Paranjpe t'ez.whes introducing a liquid phase cleaning agent to the
surface of a semiconductor wafer, then causing the liquid phase cleaning agent to change
to a vapor phase using vibration, heat, pressure, or a combination thereof. Paranje also
teaches that the cleaning agent can penetrate into the intricate topography of the
semiconductor substrate surface in vapor phase, then condense to remove particulates and

20 contaminants in difficult to reach (e.g. small) openings. The cleaning agent can be: .



15

rep

CS 99-334 liquefied argon, liquefied nitrogen, non-polar (e.g. N2, 02, C02)
or alkaline (NH3) liquified gases, Freon, or acidic liquified gases (e.g.
HC, HBr, HF, SO3). The cleaning agent is renoved by flash evaporation
using a rapid pressure drop (e.g. vacuum. If multiple . cleaning steps
are rggy&ifd to adequately clean the wafer, the entire sequence is _
E&¥a34 5 U s, 5,990,014 (WIson) shows a wafer cleaning process using
hydr ocar bons and vaporous acids. U S. 5,055,138 (Slinn) teaches a vapor
cl eani ng process using a highly fluorinated 0 organi c cl eaning agent and
a flammabl e solvent, with a recycling condensation process. This invention

does Vil e nj ent I uU. S
4, So1. ReBCEEST HoBH Fdel oo SRR R T 93 BRI CRETLA &1 cani ng
using a fluorinated ,es,he,r%&gas. 15 U. S 5,641,541 &Chen) .di scl oses a net hod
for apBasehAgeon, pr sqidie ligwlied gasesie.s. $ifrls HBE HF,SQp) gABeeleaniag a8t Sprior to
phot oresi st application. U S. 4,983,548 (Uno et al.) teaches a nethod of
r enovi removkeé by flashadvapdratigreusingoarapid Ressseendrop felg.ctaovume VIif omltiplé ng a vol atil e
organi ¢ solvent, then renoving the volatile organic

cleaning steps are required to adequately clean the wafer, the entire sequence is repeated.

U.s. 5,990,014 (Wilson) shows a wafer cleaning process using hydrocarbons and

vaporous acids.

U.S. 5;055,138 (Slinn) teaches a vapor cleaning process using a highly fluorinated
organic cleaning agent and a flammable solvent, with a recycling condensation process.

This invention does not address removing the cleaning agent from small openings.

U.S. 4,581,101 (Senoune et al.) discloses a method for dry-etching and cleaning .

using a fluorinated ether gas.

U.S. 5,641,541 (Chen) discloses a method for applying a primer to a wafer

surface, in a gaseous state, prior to photoresist application.

- U.S. 4,983,548 (Uno et al.) teaches a method of removing electrical charge from a

20 semiconductor device using a volatile organic solvent, then removing the volatile organic



- 3+ CS'929-334 sol vent by evaporation. U S. 5,246,501 (Rodgers et al.) teaches
a nethod of flash drying parts follow ng vapor degreasing. 5 Sunmary of
the Invention It is an object of the present invention to provide a nethod
for cleaning sem conductor structures wth conplex topographies, including. -
very snmall openings, using O hydrocarbon and solvents. It is another
“obj &3 9%B34he present invention to provide a method for cleaning vias for
sub-quarterm cron dual danmascene devi ces using hydrocarbon and sol vents. 15
It is another object of the present invention to provide a nethod according
to the previous objects using repetitive vapor phase condensation and
revaporization. It (s yet another object of the present invention to
provi dEOLSNt DY SHAAATUAN. and  ef fecti ve nethod for cleani ng seni conduct or
structures with conpl ex topographies. 20 4

U.S. 5,246,501 (Rodgers et al.) teaches a method of flash drying parts following

vapor degreasing.
Summary of the Invention

It is an object of the present invention to provide a method for cleaning

semiconductor structures with complex topographies, including very small openings, using

0 hydrocarbon and solvents.

It is another object of the present invention to provide a method for cleaning vias

for sub-quartermicron dual damascene devices using hydrocarbon and solvents.

15 It is another object of the present invention to provide a method according to the

previous objects using repetitive vapor phase condensation and revaporization.

It is yet another object of the present invention to provide an economical and

effective method for cleaning semiconductor structures with complex topographies.

20



- -GS 99-334 To acconplish the above objectives, the present invention
provides a nethod for cleaning a sem conductor structure using vapor phase
~condensation. The sem conductor structure can be cl eaned usi ng vapor phase
condensation with a thermally vaporized cleaning agent, a hydrocarbon
vapori zed by pressure variation, or a conbination of the 5 two. In the

5

15

20

t he

S-334/apori zed cl eani ng agent process, a senmiconductor structure i's

| owered i-nto a vapor blanket in a thermal gradient cleaning chanmber at
at nospheric pressure forned by heating a liquid cleaning agent bel ow the

vapor

bl anket causi

ng it . to.copden .
or adi ont - o1 LA ACKERLAR e APOvVer PR, Lok RTGRbVETon A OTAS Anethe

bl anket and cooling the liquid cleaning agent above the vapor
' e and return to the bot.tom of ta? t her mal
Y raised:

above the vapor blanket and the cleaning agent condenses on al | of the
sur f aceleanisig a semicenduiton stauatersusiog vapen phase eomdensatiors ochhessemiconductand i s
returned to the bottomof the chanber by gravity. In the pressurized

hydr oc gthivhire Ra® b€ Sl8aned wSigivesurdihaicdondénshiidrivvith b SherPhidC efpotipéd a vari abl e
pressure cl eaning chanber, having a piston which changes the pressure by

duci ' ' AP ' 15
reduct Elgarﬂx'i% érléslatﬁf,g)?ggfslgéib?g "%‘ﬁ%&%ﬁ@é&gr e YRHOR! or ol EinbiiTion YREHCt OF

structure t

islo

on 1 n vapor phase, then the piston

cl eane r?eJSI’tb’i%F ﬁgﬁ%rﬁgﬁyn?ﬁepptﬁg%r ggqrqd rﬁogcﬁagééf%%e&%&@B&%@%&Dﬁt@ ructure can be

vapori zati on/ condensati on cycl es

lowered into a vapor blanket in 2 thermal gradient cleaning chamber at atmospheric
pressure formed by heating a liquid cleaning agent below the vapor blanket and cooling
the liquid cleaning agent above the vapor blanket causing it to condense and return to the
bottom of the thermal gradient cleaning chamber. The semiconductor structure is then
raised above the vapor blanket and the cleaning agent condet;ses on all of the surfaces of
the Semiconductor structure ret;ioving contaminants and is returned to the bottom of the
chamber by gravity. In the pressurized hydrocarbon process, a semiconductor structure is
placed into a variable pressure cleaning chamber, having a piston which changes the - ~
pressure by reducing or increasing the volume of the chamber. The semiconductor
structure first exposed to the hydrocarbon in vapor phase, then the piston is lowered to
condense the hydrocarbon. A semiconductor structure can be cleaned by either or both of

these processes by repetitive vaporization/condensation cycles.

* The present invention provides considerable improvement over the prior art. A

semiconductor structure having a complex topography can be effectively and economically
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15

20

‘The present invention provides considerable inprovenent over the prior art.

A 20 sem conductor structure having a conpl ex topography can be effectively:

-and economcally 5 CS 99-334 cl eaned using vapor phase condensation. Al so,

t he sem conductor structure is not recontanm nated by contam nants which

hav e reviously renmoved. The present invention achieves these benefits
in OSSO -
in 3

C ext of known process 5 technol ogy. However, a further

under st andi ng of the nature and advantages of the present invention may be
realized by reference to the latter portions of the specification and
attached drawi ngs. Brief Description of the Drawings O The features and
advant gges ,of. a_sen conduct.or devi ¢ cording, to the present invention
and fﬁ?‘}w U0 XPPY R seacoap%gtégx. &Fg?’gg? FW?%@GE&"%;B?éW%tonduct or device
in accordance with the present invention wl|l be nore clearly understood

f r om t fesomtamingigdRy coataminangs vhish havedieen areyionplysemed. wi t h t he” acconpanyi ng
drawings in which like reference 15 nunerals designate simlar or

correspondi ng el enments, regions and portions and in which: Figs. 1 and 2
illustrate sequential views of a process for cleaning sem conductor

The present invention achieves these benefits in the context of known process

technology. However, a further understanding of the nature and advantages of the present
invention may be realized by reference to the latter portions of the specification and

attached drawings.
Brief Description of the Drawings

The_ features and advant‘ages of a semiconductor device according to the present
invention and further details of a process of fabricating such a semiconductor device in
accordance with the preseht invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

numerals designate similar or corresponding elements, regions and portions and in which:

Figs. 1 and 2 illustrate sequential views of a process for cleaning semiconductor
structures using vapor phase condensation according to a first embodiment of the present

invention.



' -struct.ures using vapor phase condensation according to a first enbodi nent
of the present invention. 20 6 CS 99-334 Figs. 3 and 4 illustrate
-sequential views of a process for cleaning sem conductor structures using
vapor phase condensation according to a second enbodi mrent of the present
invention. 5 Figs. 5A, 5B, 5C and 5D illustrate how contamnation is
r enfe@B3Hm surfaces of a senmiconductor structure by the process of the
present invention. Detailed Description of the Invention o The present
invention will be described in detail with reference to the acconpanying
drawi ngs. The present invention provides a nethod for cleaning a
sem conductqQr_siru e (,11) usj.ng. hydr.ocarbon.and solvents in a repetitive
vapor phas gﬂsi ﬁ’i“fii H{‘l‘égétes‘? %ﬁg’i\% gfe of RRFogers 107 clegnips &?@c‘indé‘ﬁ@rs, a
sem conductor structure (11) .is provided. Seniconductor structure (11)
shoul d SiBUCtui¢q BFiBg yeRer PhasssoaiensgtioanAecserdag ta asasand espbodingst of Hite of
sem conducting material, such as nonocrystalline silicon, or one of a
nunber present invention. -

5 Figs. 5A, 5B, 5C and_ 5D illustrate how contamination is removed from surfaces of

a semiconductor structure by the process of the present invention.

Detailed Description of the Invention

0 The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method for cleaning a
semiconductor structure (11) using hydrocarbon and solvents in a repetitive vapor

phase/liquid phase sequence. N

15 Referring to Figs. 1 and 3, a semiconductor structure (11) is provided.
Semiconductor structure (11) should be understood to possibly comprise a wafer or
substrate of semiconciuéting material, such as monocrystalline silicon, or one of a number
of like structures known in the art, such as a silicon-on-insulator (SOI) structure.
Semiconductor stmctufe (11) should be understood to possibly further comprise one or

20 more conductive and/or insulating layers formed on the substrate or the like, as well as



- of |Irke structures known in the art, such as a silicon-on-insulator (SO)
structure. Sem conductor structure (11) should be understood to possibly
further conprise one or 20 nore conductive and/or insulating |ayers forned
on the substrate or the like, as well as 7 CS 99-334 one or nore active
andQﬁ% ﬁgg&ive devices formed on or over the substrate or the like. Wile
‘t he ¢ie? of the present invention is effective in cleaning sem conductor

structures, it is particularly advantageous for snmall design rule

sem conductors (e.g. sub- quartermcron), due to its ability to penetrate

smal | openings. The sem conductor 5 structure (11) typically has

contam_nati on_on urface sho nbodi nent The
S coRtiot Bpretry RasPd Repsye Aicss L3aeon & R Abstpleelrdhe T eani ng. |

chanber o (20). The thernal gradient cleaning chamber (20) conprises three
vert i cAYhileghge mathod D the firesent invengionris ¢ffertive mrnleaningsgmicondussen ng agent (99)
in liquid phase is on the bottom The second region (22) containing the

cl eani sguagestit ispartivnlily phegatagedtdfor ismall desigrerute sddliconduckbs (Blgi sub-r egi on,
which is free of the cleaning agent (99) is on the top. The thernmnal

g ! gl eaghangebaTREmI?l aeesmto?e.? g} R KenlcZBluboxi MRt e o the

first reglonl |ng el enme roxmatetothethl d

s’ egi ony stru (l 1?) %p{%%y d ctogta%ﬁ:?atfon on its surface as is shown in Fig. SA.

First Embodiment

The semiconductor structure (11) is placed in a thermal gradient cleaning chamber

0 (20). The thermal gradient cleaning chamber (20) comprises ;hree vertical regions. The
first region (21) containing a clc'aaning agent (99) in liquid phase is on the bottom. The
second region (22) containing the cleaning agent in vapor phase (99V) is in the middle.
The third region, which is free of the cleaning agent (99) is on the tdp. The thermal N
gradient cleaning chamber (20) has a heating element (28) proximate to the first region

15 (215 and a cboling element (29) proximate to the third region. Heat is supplied to the first
region (21) using the heating element (28) at a sufficient temperature to induce
vaporization of the cléaning agent (99). The third region (23) is sufficiently cooled, using
the cooling element (29) to induce condensation of the cleaning agent (99). The
condensed cleaning agént is returned to the first region (21) by gravity. In the second

20 region (22) the cleaning agent in vapor phase (99V) reaches an equilibrium concentration



“region:(21) using the heating element (28) at a sufficient tenperature to
I nduce vaporization of the cleaning agent (99). The third region (23) is
sufficiently cooled, using the cooling elenent (29) to induce condensation
of the cleaning agent (99). The condensed cleaning agent is returned to
t he &bgﬁ}%%eglon (21) by gravity. In the second 20 region (22) the cIeanlng
agen por phase (99V) reaches an equilibriumconcentration 8 CS
99-334 of 100 % The cl eani ng chanber and condensing coils are preferably
quartz lined to maintain cleanliness and purity of the anbient. The
cl eani ng agent (99) can conprlse IPA ethylene propyl ene, butane, or 5

i sobut Ror I’I.Sln on i rst region
(21) | Si510008:, Thg Sl Abaat fid CRBE ol i %fefaégd“&ﬁaﬁl%@ and t he
second region is cooled to a terrperature of between about OC and 50C. A
key advBgibtaieclemmliness apd puritiof thewasthienén i s that cl eani ng can be perforned
at at nospheric pressure, increasing throughput and reducing processing

cost. '.0 Still referring to Fig. 1, the sem conductor structure (11) is
| owered into the second region (22) of the thernmal gradient cleaning

chanber (20) The¥leinitpyageE(99) &AM oRprise IPA, ethylene, propylene, butane, or

5 isobutane. Fora cleaning agent comprising hydrocarbon, the first region (21) is heated to
a temperature of between about 50C and 500C, and the second region is cooled to a
temperature of between about 0C and 50C. A key advantage of the present in\;ention is
that cleaning can be performed at atmospheric pressure, increasing throughput and

reducing processing cost.

Still referring to Fig. 1, ;che semiconductor structure (11) is low_ered into the
second region (22) of the thermal gradient cleaning chamber (20), whereby the cleaning
agent in a vapor phase (99V) penetrates openings in the semiconductor structure (11), N
transporting freely to all surfaces of the semiconductor structure (11). The semiconductor.
15 structure (11) is preferably positioned in the vapor phase cleaning agent (e.g. vapor

blanket) (99V) in the second region (22) for a time of between about 10 seconds and 200

seconds.

" Referring to Fig. 2, the semiconductor structure (11) is raised into the third region

20 (23) of the thermal gradient cleaning chamber (20), whereby the cleaning agent (99)



~ -agent -in a vapor phase (99V) penetrates openings in the sem conductor

structure (11), transporting freely to all surfaces of the sem conductor

'structure (11). The sem conductor 15 structure (11) is preferably

positioned-in the vapor phase cleaning agent (e.g. vapor blanket) (99V) in
the second region (22) for a tinme of between about 10 seconds and 200

‘sec&f®9-3Mkferring to Fig. 2, the sem conductor structure (11) is raised

into the third region 20 (23) of the thernmal gradi ent cleaning.chanber
(20), whereby the cleaning agent (99) 9 CS 99-334 condenses to liquid

phase, collecting contam nants, and is returned to the first region by
gravity. ,The sem conductor, structure i s preferabl itioned i,n the third
regio ng?’ﬂ??sefs & [‘121‘38 Bg?sieoﬁ’uﬁft‘%m?@ﬁn@i% GP‘? i) e@@&%iﬁg gﬁeaéf t g conds. 5
The sem conductor structure (11) is then lowered into the second region
agai n, grawitr Shespwicopducter stiuctune isprefgrahly nositioned in the thindyegipn@det ed to al |
surfaces of the sem conductor structure. Then the sem conductor structure

i s rai a@driodbPbdtiweer dboufl20 Stods andPD0Recoddsr € t he cl eaning agent (99)
condenses and falls back to the first region, carrying contamnants with

~it. This vapor/condensation cycle is repeated until the sem conductor .0

15

20

structure is sufficiently cleaned.

The semiconductor structure (11) is then lowered into the second region again,
where vapor phase cleaning agent (99V) is freely transported to all surfaces of the
semiconductor structure. Then the semiconductor structure is raised into the third region
again, where the cleaning agent (99) condenses and falls back to the first region, carrying
contaminants with it. This vapor/condensation cycle is repeated until the semicondﬁctor

structure is sufficiently cleaned.

The end-point (e.g. time when the semiconductor structure is sufficiently cleaned)
can be determined by one of two methods. The number of cycles required to reach a
cleanliness level, at which adequate performance and reliability test results are acheived,
can be empirically determined for a particular semiconductor structure and process.
Altematively, the cleanliness level can be measured on the semiconducfor being cleaned,

until a pre-determined cleanliness level is achieved.

~ After the desired cleanliness level has been achieved, the semiconductor structure

is removed from the thermal gradient cleaning chamber (20) and placed in a vacuum

10



©The erd@psfit o(BLgE sl H QRRRFFR AU SBHEGAGUL o VST HR AR SCUPE i cient | y
cl eaned) can be determ ned by one of two nmethods. The nunber of cycles
-r equi ragent (99} is deserbed andsampvebiam ths emicopdugtar struchiequat e per f or mance and
reliability test results are acheived, 15 can be enpirically determ ned for
a particular sem conductor structure and process. Alternatively, the
“cleanliness | evel can be neasured on the sem conductor being cl eaned;
until a preAdey advintigd of tiRatkdeREiBSertion N thhtStha séthieMeIictoRkiradtuten@iylesi red
cl eanliness | evel has been achieved, the sem conductor structure 20 is
r enmov : i Gl I Rl | aced in a
5 vacuuﬁgfg{%Wegjﬁ{‘{ﬁqlﬁlég@lhdg’lh?&g%\%nggg?‘gL% esq% og{a&g%%l%sgggﬁiBZv-L, ana
L+vu-L,, wnere any residual cieanung aqent 99), i s des ed.and renoved
from tﬂ@%@ﬁ%ﬁ&%g’ﬁ?’e@ﬂ‘%tcﬁ?@m%m%w t2Rg ANg3liGs Ent invention
is that the sem conductor structure (11) 5 is not |lowered into the liquid
phase deamg agentigémvyapor fiorm it bag arhigh purity and daeseotire-gomtamingteghei ng agents can
be very dirty, containing particles, ions, and netal ics. \Wen the

cl eani gé@nis@RRmktor Stridtunéapor formit has a high purity and does not
re-contanmi nate the sem conductor structure. 10 Second Enbodi nent In the

second enbodi nent, as shown in Fig. 3, the sem conductor structure (11) is

10 Second Embodiment

In the second embodiment, as shown in Fig. 3, the semiconductor structure (11) is

placed in a variable volume cleaning chamber (30) containing a quantity of a hydrocarbon

(98). The variable volume cleaning chamber has a pressure-tight piston (31), whereby the

i5 volume of the cleaning chamber.can be decreased by lowering the piston and increased by
raising the piston. The hydrocarbon can comprise, but is not limited to ethylene,

propylene, butane, isobutane, or a combination of thereof.

In order to achieve an adequate pressure variation, the variable pressure cleaning

20 chamber preferably comprises two chambers connected together wherein both chambers
11
20 removes contaminants from the surfaces of the semiconductor structure (11) and is taken

12



" placed in a variable volune cl eaning chanber (30) containing a quantity of
a hydrocarbon (98). The variable volune cleaning chanber has a
“pressure-tight piston (31), whereby the 15 volunme of the cleaning chanber
can be decreased by | owering the piston and increased by raising the
pi ston. The hydrocarbon can conprise, but is not [imted to ethylene,

“pr oH ¥d34 but ane, i sobutane, or a conbination of thereof. In order to °
achi eve an adequate pressure variation, the variable pressure cleaning 20
chanber preferably conprises two chanbers connected together wherein both
chanmbers 11 20 renoves contam nants fromthe surfaces of the sem conductor
structure éll) and .is taken 99- 334 away_from.the sem conductor

12 t
st r uct ¥WeY framthg semiepndyetor étﬁﬁl%‘l‘retc(:ﬁg Wéh?%@‘ﬁf%é’éﬁ%bqemeé%? ng chanber by
gravity. Referring again to Fig. 3, the pistonis raised to its initial
posi t i deaninghehaetber byhgraGithydr ocar bon vapori zes, and the contami nants remain
at the bottom of the variable pressure chanber (30). This adiabatic
vapori zation/ condensation cycle is repeated until the sem conductor
structure is sufficiently cleaned. Either the nunber of cycles or the

required cl QaplhNeasid ©'E £k Asof A0 RAE AfiafFdnDfleRBPYR
5 hydrocarbon vaporizes, and the contaminants remain at the bottom of the variable pressure
chamber (30). This adiabatic vaporization/condensation cycle is repeated until the
semiconductor structure is sufficiently cleaned. Either the number of cycles or the

required cleanliness level can be determined as described above.

0 A semiconductor structure (11) can be cleaned by eitl'1er the first embodiment, the
second embodiment, or a combi'nation §f the first and second embodiments. The key
advantages of the present invention are that a semiconductor structure having a complex
" topography can be effectively and economically cleaned using vapor phase condensation. .
Also, the semiconductor structure is not re-contaminated by contaminants which have

15 been previously removed.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in fonﬁ and details may be made without departing from the spirit and

20 scope of the invention.

13



"0 A senmiconductor structure (11) can be cleaned by either the first

enbodi nent, the second enbodi nent, or a conbination of the first and
second enbodi nents. The key advantages of the present invention are that a
sem conductor structure having a conplex topography can be effectively and
econgig §ahty cleaned using vapor phase condensation. Also, the

sem conduct or structure is not re-contam nated by contam nants which have
15 been previously renoved. Wile the invention has been particularly shown
and descrjbed with reference to the preferred enbodi ments thereof, it wll
be understood by those skilled in the art that wvarious changes in form and
detaiIs“n@ymgﬁmﬁapg:mjthout departing fromthe spirit and 20 scope of the
invention. 13 CS 99-334 What is clainmed is: 14 CS 99-334 | LILILLL THITT1
P terrr 1r 1rrrr-.cLMS1 1. Anethod for cleanihg a sen conduct or
structure, conprising the steps of 2 a) exposing a sem conductor structure
to a cleaning agent, which is in vapor phase,

14



- -3 whereby said cl eaning agent penetrates openings in said sem conductor
structure 4 contacting all surfaces of said sem conductor structure; 5 b)
-exposi ng said sem conductor structure to a pressure and tenperature which 6
causes said cleaning agent which is contact w th-said-sem-conduct-or

structure to condense 7 to liquid phase; and a ¢)_repeating steps and b
“one @Y 99384 times. 1 2. A nethod for cleaning a ﬁ mu Itl ﬂucture,'
conprising the steps of: 2 a) providing a ther i ng

chanber at atnospheric pressure 3 conprising three vertical regions;
wherein the first region, containing a cleaning agent in 4 liquid phase,
is on the bottom the second region, containing the cleaning agent in vapor
15 phasd; i sA methad fordeaping aemiqondugter SEICHER COMPIFAE b $tePS{Hee of t he

cl eaning agent, is on the 6 top; said cleaning chanber having a heating

el ement proximate to said first region 7 vaporizing said cl eaning agent and
a cooling elenent proximate to said third region 15 CS 99-334 | [1~I"I

2l TT=TTTTTIT a§ &pbkinkla semicondudtor stficiRE SER SlefMing adettt, GAHREH s Rvapae Phased D)

| ocating the sem conductor structure in said second region; whereby said

310l e enh, B WeaRBRSEEA L ERARE Uil A 57 S BRSO e ST T UCT Ur e;

4 contacting all surfaces of said semiconductor structure;

5 b) exposing said semiconductor structure to a pressure and temperature which

6 causes said cleaning agent which is contact with said semiconductor structure to condense
7 to liquid phase; and

8 c) repeating steps and b one or more times.

1 2. A method for cleaning a semiconductor structure, comprising the steps of: N
2 a) providing a thermal gradient cleaning chamber at atmospheric pressure

3 comprising three vertical regions; wherein the first region, containing a cleaning agent in
4 liquid phase, is on the bottom; the second region, containing the cleaning agent in vapor

5 phase, is in the middle; and the third region, which is free of the cleaning agent, is on the
6 top; said cleaning chamber having a heating element proximate to said first region

7 vaporizing said cleaning agent and a cooling element proximate to said third region
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"-11 c¢) .noving the sem conductor structure to -said third region; whereby
said cleaning 12 agent on said sem conductor structure condenses to liquid
phase; and 13 d) repeating steps b and ¢ one or nore tines. 3. The nethod

times, wherein the nunber is enpirically determn '

cl eaﬁ"Si%(-‘::’é‘%"r | evel which provides desired perforr&ﬂ“ﬂuﬂﬁmnﬂlmm ty. . 4.
The nethod of claim2 wherein steps b and ¢ are repeatedtuntils cl*eanl i ness
testing of the sem conductor structure indicates a pre-determ ned
cleanliness level. 5. The nethod of claim2 wherein the cleaning agent
conprises .at.l east .one of |IPA ethylene, propylene, butane, and isobutane.
816 Cs Jendensing spidiqleaningiageati | 19111 | 1* (1 101 CL S 6. The nethod of
claim5 wherein the concentration of said cleaning agent in vapor phase in
said second region is about 100% . 7. The method of claim2 which further

i ncludes, following step d, renoving residual . cleaning agent fromsaid
ssem conduct ol) letating the enicondustar staroturk aniaid secéndBregionpehbretly szdd cl eani ng a
sem conductor structure, conprising the steps of

10 cleaning agent penetrates openings in said.senﬁconductor structure;
11 c) rﬁoving the semiconductor structure to said third region; whereby said cleaning.
12 agent on said semiconductor structure condenses to liquid phase; and
13 | | d) repeating steps b and ¢ one or more times.
3. The method of claim 2 'wherein steps b and ¢ are repeated a pre-determined

number of times, wherein the number is empirically determined to achieve a cleanliness

level which provides desired performance and reliability.

4, The method of claim 2 wherein steps b and ¢ are repeated until cleanliness testing

of the semiconductor structure indicates a pre-determined cleanliness level.

5. The method of claim 2 wherein the cleaning agent comprises at least one of IPA,

ethylene, propylene, butane, and isobutane.
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" -2 a) providing a cleaning chanber; said cleaning chanber having a pressure
nmeans 3 that can change the pressure in said cleaning chanber; 4 b)
providing a quantity of a cleaning agent, in vapor phase, in said cleaning
5 chanber; 6 c) providing a sem conductor structure suspended’in said

cl eani ng chanber; and 7 d) changing the pres [ i ni ng chanber
“usi ngS% P# pressure neans to 8 change said cﬁﬂ"m“ﬂ"mumlr"ﬂﬂm vapor phase
to liquid phase and back to vapor phase at 9 [*eaSt bné" tisme* whereby said
cl eani ng agent in vapor phase can reach the surfaces of said 10

sem conductor structure, said cleaning agent in liquid phase condenses on

t he surfaceg,of 17 9-334 1 .1 L~11~l 1Ll I == 111" 11 1"~ c, 11

Sa o sBrn coln EEBIOSE FIa 3 hereih hecomeeEgnP 4 JerningAREBLINIRRY back to
vapor phase 12 desorbing contanination fromthe surfaces of said

seni coRbRseinsaid second ragion 13 algout A0B%t.hod for cl eani ng a seni conduct or
structure, conprising the steps of- 2 a) providing a variable pressure

cl eani ng chanber containing a quantity of a 3 cleaning agent; said cl eaning
chanber having a pressure-tight piston; whereby the volune 4 of said

cl eani ng chakg ehetiic ot 2GK B RFHRY inkRIMEY, FSlbvaRd feplSteRidvaBTedidital €ased by
rai sing

cleaning agent from said semiconductor structure in a vacuum chamber.
8. A method for cleaning a semiconductor structure, comprising the steps of:

a) providing a cleaning chamber; said cleaning chamber having a pressure means

that can change the pressure in said cleaning chamber;

b) providing a quantity of a cleaning agent, in vapor phase, in said cleaning

chamber;

c) providing a semiconductor structure suspended in said cleaning chamber; and

d) changing tl;e pressure in said cleaning chamber using said pressure means to
8 change said cleaning agent from vapor phase to liquid phase and back to vapor phase at
9 least one time; whereby- said cleaning agent in vapor phase can reach the surfaces of said
10 semiconductor structure, said cleaning agent in liquid phase condenses on the surfaces of
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"~ 5.said piston; 6 b) placing a senm conductor structure into said cleaning
chanber with said piston 7 positioned to provide the maxi mum vol une;
whereby said cleaning agent is in vapor 8 phase; 9 c) |owering said piston;
wher eby sai d hydrocarbon condenses to a |iquid phase; 10 d) raising said
pi ston; whereby said hydrocarbon vapori zes; ting steps ¢ and
'd un€5PSs38#d senmiconductor structure is su ﬂi‘m m“ﬂ‘j‘ “EK“ 18 CS 99-334 |
11103 121221 tligb 11 1111 s 10. The*net i*m 9 wherein steps
c and d are repeated a pre-determ ned nunber of tines, mhereln t he nunber
is enpirically determned to achieve a cleanliness |evel which provides
desired performance and reliability. 11. The nethod of claim9 wherein

st eps @Saigsemigopductordiragiueyl and said Cksa@a& pgent ¥rpoEates begk tovapoRehaseni conduct or
structure indicates a pre-determ ned cleanliness level. 12. The nmethod of

12¢cl ai m $Qesdrbingicontamimtion &ami the sardees of mithseniemdattot stasturene of  but ane,

i sobutane, |PA, ethylene, or polypropylene. 13. The nethod of claim 12
wherein said piston is |lowered in step c until a pressure of

1. 9. A method for cleaning a semiconductor structure, comprising the steps of:

2 a) providing a variable pressure cleaning chamber containing a quantity of a

3 cleaning agent; said cleaning chamber having a pressure-tight piston; whereby the volume
4 of said cleaning chamber can be decreased by lowering said piston and increased by raising
5 said piston;

6 b) placing a semiconductor structure into said cleaning chamber with said piston

7 positioned to provide the maximum volume; whereby said cleaning agent is in vapor

8 phase; .
9 c) lowering said piston; whereby said hydrocarbon condenses to a liquid phase;
10 d) raising said piston; whereby said hydrocarbon vaporizes; and
11 e repeating steps ¢ and d until said semiconductor structure is sufficiently clean.
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" between about O torr and 6000 torr is reached. . 1 14. A nethod for

cl eaning a sem conductor structure, conprising the steps of: 2 a)
providing a thernmal gradi ent cleaning chanber at atnospheric pressure 3
conprising three vertical regions; wherein the first region, -containing a
cleaning agent in 4 liquid phase, is on the botto I on,
cont @8190334t he cl eani ng agent in vapor 5 phase, i E"Ilmmﬂfmﬁ@ ,Hiﬂan.d t he
third region, which is free of the cleaning agent, ks on ; said
cl eani ng chanber having a heating elenent proxinmate to said first region
which 19 CS 99-334 11111ff111111211211112111ii111 L MS + 7 vaporizes said
cl eani ng agent and a cooling elenment proxinmate to said third region which
8 conde’%s es Bheimethodafeleim Qyberein stens)c and shareirepgatad g pre-detemnipedssur e

cl eani ng chanber containing a quantity of a 10 hydrocarbon; said cl eaning
chanbernumber ofjitimes) méesin thetnugiber isiesipoivallneteraiiyed toachieveimeleafliness] sai d

cl eani ng chanber can be decreased by | owering said piston and increased by
rai si ngevel whidhthrovidésOdesirddBpatioring@actdnd Geliabili@yyi conduct or structure in said

second region; whereby said cleaning -4 agent penetrates openings in said
sem conductor structure;

11 The method of claim 9 wherein steps ¢ and d are repeated until cleanliness testing |

of the semiconductor structure indicates a pre-determined cleanliness level.

12.  The method of claim 9 wherein said cleaning agent comprises at least one of

butane, isobutane, IPA, ethylene, or polypropylene.

13.  The method of claim 12 wherein said piston is lowered in step ¢ until a pressure of

between about 0 torr and 6000 torr is reached. .

1 - 14. A method for cleaning a semiconductor structure, comprising the steps of:
2 a) providing a thermal gradient cleaning chamber at atmospheric pressure
3 comprising three veni.cal regions; wherein the first region, containing a cleaning agent in
4 . liquid phase, is on the bottom,; the second region, containing the cleaning agent in vapor
5 phase, is in the middle; é.nd the third region, which is free of the cleaning agent, is on the
6 top; said cleaning chamber having a heating element proximate to said first region which
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7

8

15 d) :moving the sem conductor structure to said third region; whereby said
cleaning. 16 agent on said sem conductor structure condenses to liquid

phase; 17 e) repeating steps b and ¢ one or nore tinmes; 1s f) renoving said
sem conductor structure fromsaid thermal gradi ent cleaning .-19..chanber_and

pl aci ngpsal d sem conductor structure into a vacuum chagﬂmu wher eb 20

-33feani ng agent is renoved from sal d sem cond mg' ﬂ" emmao CS
99-334 | 111 MLL ITIIL ity T 1111 - L, 21 g)

sem conductor structure fromsaid vacuum chanber and placing 22 s&id

sem conductor structure into said variable pressure cleaning chanber with
sai d piston

osi.tioned t vi de the maxi num wher said
Py o6 APbGTres S pleaming, Gasmt a0 Foe Soaiet OSEA FS e SN ichner eby
sai d hydrocar bon condenses to aliquid phase; 26 i) raising said piston;
wher ebyog@mewulr@m@gemapon zes; and 7 j) repeating steps ¢ and d until.
sai d sem conductor structure is suffi ciently clean. 15. The nethod of
claim 14 wherein said cleaning agent conprises hydrocarbon. 16. The. nethod
of claim 15 wherein the concentration of said cleaning agent in vapor

9 b) providing a variable pressure cleaning chamber containing a quantity of a
10 hydrocarbon; said cleaning chamber having a pressure-tight piston; whereby the volume of
11 said cleaning chamber can be decreased by lowering said piston and increased by raising
12 said piston;
13 c) locating a semiconductor structure in said second region; whereby said cleaning
"4 agent penetrates openings in said semiconductor structure;

15 d) moving the semiconductor structure to said third region; whereby said cleaning.
16 agent on said semiconductor structure condenses to liquid phase; .
17 e) repeating steps b and ¢ one or more times;

18 f) removing said semiconductor structure from said thermal gradient cleaning

19 chamber and placing said semiconductor structure into a vacuum chamber; whereby
20 residual cleaning agent is removed from said semiconductor structure;
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*phase in said second region of said thermal gradient cleaning chanber is
about 100% and

step h is between about 0 torr and 6000 torr. 21

21

22

23

24

25

26

CS 99-334

the pressure of said variable pressure cleaning chanber

A

g) removing said semiconductor structure from said vacuum chamber and placing

said semiconductor structure into said variable pressure cleaning chamber with said piston

positioned to provide the maximum volume; whereby said hydrocarbon is in a vapor

phase;

h) lowering said piston; whereby said hydrocarbon condenses to a liquid phase;

i) raising said piston; whereby said hydrocarbon vaporizes; and

j) repeating steps ¢ and d until said semiconductor structure is sufficiently clean.

15.  The method of claim 14 wherein said cleaning agent comprises hydrocarbon.

16.  The method of claim 15 wherein the concentration of said cleaning agent in vapor

phase in said second region of said thermal gradient cleaning chamber is about 100%; and

the pressure of said variable pressure cleaning chamber in step h is between about 0 torr

and 6000 torr.
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