1. ' A WET PROCESSI NG APPARATUS Fl CF TH
| NVENTI ON 5 The present invention genera z‘ eI d
of wet processing of substrates, and in particu ar to at us

r
and sethod for wet processing silicon slbstrates in a c&r‘ir "’%7

environnent to facilitate an | nproved etch rate, unifor

contam nation reduction, and ot nts.
BACKGROUND OF THE | NVENTI ON WET PRO@%&@%J@&EM@?l i con
substrates is well known in the art. is a process where substrates
are treated with |IC]UI d agents such as etchant 15 chemicals or water, to

etch selective [ﬁ o?- CFQe, renove phot oresi st, clean,
and to performot er func |ons generally related to the fabrication of

sem conduct or devi ces. Currently, the etchant chem cals are
I ntroduced to the substrates in one of two ways. The first way, known

as batch progessi ng, The presentinvantion generdligt ehates t6 the fiekt 6fweeh procdusing al
bath for a specified period of tinme and renoving themfromthe bath

for rinsing. Thefssubstrtemyandninwpadicularg-tboan apparatas andcarthad), for sweb
flood a single substrate with a wet chem cal spray and to spin the
substrate on a phoedssinthsiliconwsubsitates sncarncdnirolisddenvironment to facilitate an
improved etch rate, uniformity, contamination reduction, and other
performance enhancements.
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BACKGROUND OF THE INVENTION

Wet processing of silicon substrates is well known in the art. Itis a

process where substrates are treated with liquid agents, such as etchant

15 chemicals or water, to etch selective portions of the substrate, remove

photoresist, clean, and to perform other functions generally related to the
fabrication of semiconductor devices.

Currently, the etchant chemicals are introduced to the substrates in

one of two ways. The'first way, known as batch processing, is to immerse a

20 batch of substrates in a chemical bath for a specified period of time and

removing them from the bath for rinsing. The second way, known as one-to-

one processing, is to flood a single substrate with a wet chemical spray and

to spin the substrate on a chuck. These two methods can be used in

conjunction with each other. A typical wet processing of substrates entails a

25 series of steps where the substrate is exposed to one type of chemical, then

rinsed or dried, exposed to a different type of chemical (if needed), and so

on, until the desired pattern is formed on the surface of the substrate.



conjunction with each other. A typical wet processing of substrates entails
a 25" series of steps where the substrate is exposed to one type of

chem cal, then rinsed or dried, exposed%o a different type of
chem.cal (if needed), and so on, until the desired pattern is forned
on the surface of the substrate.
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COI’Tp| et el Yy contro process 1or two™mal n reasons.

substrates bei ngoontroliedl PSSR for twB* RRiF UrdaRoRSY | TFIRIEMHE sisstiales Bing
may cause undesirabl'e effects on the final product. Because the

substrate procesgiogésséd afe dgXposed a6 Eriroamantainrfadtors f abich smiayclvase
hum dity, tenperature, and contam nation | evels are not precisely

controll ed. Conturdesirable bffests drathefinal product Bepausetiie sabstuste prloepssing
affect the processing paraneters and consequently the final outcone. |
For instanceb husidtinejincamopén emwirbmment, factgts sucly asrhumiditynteroperature; eand
fromthe surface of the substrate. If the 10 evaporation occurs too

qui ckly, there negntaminationclevelsrarernoatqiecigplyseondrolied. Genteal fover itkese {actersn
t he substrate. To avoid these environnent-rel ated probl ens, the
system nust be ii§ importagt c bgsausenihe\onafiaet thewcRiocessing: cparametere and

cystoms. such as GinsSeRty-fiRgng oBicoms JreiMatanGps MFRIGSL, G50 et hw
‘?” y etching SyStc?tﬁgkl an reatlchgntd%vgﬁtt)rates from the surface of the substrate. |f the
10 evaporation occurs too quickly, there may not have been enough exposure
to sulfficiently etch the substrate.

To avoid these environment-relatéd problems, the system must be in
a closed environment. However, currently, the closed environment is
generally only found in the dry-processing systems such as plasma etching
15 orion etching systems. And while the dry eiching systems generally do not
suffer from some of the shortcomings discussed above, they have other
shortcomings not present in the wet processing such as lack of selectivity.

Hence, dry-processing does not provide a complete solution.
The second reason for failure to achieve a controlled environment
20 aside from the open environment is the inability to precisely control the
amount of exposure the substrate has with a particular chemical. Excessive
exposure may cause excessive removal of the substrate or photoresist.
Under-exposure, on the other hand, may cause not enough removal.
Controlling the amount of exposure to the various chemicals has been
25 difficult because it is generally difficult to controllably remove the residual
liquid from the surface of the substrate when the exposure is deemed to
have been enough. This is particularly true for batch processing since the

etchant chemical trickles over the edge of the substrate when the substrate



suffer fromsone of the shortcom ngs di scussed above, they have ot her
short com ngs not present in the wet processing such as |ack of selectivity.
‘Hence, dry-processing does not provide a conpl ete sol ution. The
'secand reason for failure to achieve a contrd | ed environnent 20 aside
fromthe open environnent is the inability to precisely control the

anount of exposure the s Fstr te has.w,th p I cul chenj cal. Excessive
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difficult becau gy phficult to controllably renpove the
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resi dual i qui e surtace of the substrate when the exposure is
deemed to  have bpggserBAYWther Bhértcsmipryst havd Riddytd Gldwdroprdeaksing time
processi ng since the etchant chem cal “trickles over the edge of 'the
substrate when tawd/erpetforhance defects that contribute to the general slow down in the
3 is removed fromthe chem cal bath. Although the one-to-one
processi ng overall aharufactgingookssémicondustoprdevices, andethexiowering ef yields
general |y have not been conpl etely successful . These and

ot her short conm nilthoughe somedweb proasssingo systems wight¢lased Bnviranthent do exist,
performance defects that contribute to the general s]ow down in the

overal | manuf acttheyniavs failed derrulieve thelevek of gighinge unifoanity, dhat ogne be
Al t hough sonme wet processing systens with closed envjronpent, do exist,

t hey have fail eoaque via the peesest fventiopy Hg“ﬂﬁi ’rfg‘é? hagnat hear: an

10 apparatus or method of utilizing the selectivity of wet processing with the
environmental controllability of dry etching while providing superior
uniformity. Therefore, it is easy to see the desirability of having an
apparatus and method for facilitating a controlled environment for a wet
processing of wafer substrates.

15 |
OBJECT OF THE INVENTION

It is therefore, an object of the present invention to provide a wet
processing apparatus which can control the pertinent so as fo achieve a

20 superior result in the wet processing of a substrate.
SUMMARY OF THE INVENTION

The present invention is an apparatus for wet processing of
25 substrates in a controlled environment. 1t is a single-substrate processing
apparatus which is capable of carrying out etching, rinsing, and drying

processes all in a single apparatus and in a controlled environment.



achieved via the present invention. As of this date, there has not been an
10 apparatus or nethod of utilizing the selectivity of wet processing with
the environnmental controllability of drg etching while providing
superi or uniformty. Therefore, it is easy to see the desirability
of having an apparatus and nethod for facilitating a controlled
environment for a wet The pregentcewetiprgcessing( apparatiss r edraprisdd a proceSsiig

OF THE | NVENTI ON It is therefore, an object of the present
i nvention to prochdmberwhich is plaseddrside reycaptainext dpsidei the chambenisr alset b
Cubst rate. - o VagumeonaRtsTNEIohREPRATENd hold the substiatne. Fhesehamber is -
control I ed envi r GARBARIEd; o § SHARSYIGH & SaUBRAHIoca Frcbsdhgnotor agiiatesth
brocesses al 151 nsgmaingpEngEsiath bichdndtim relslasn e Piie armierrd the wafer
4 Tgsb&rr&%'ent wet - processi ng apparatus conprises a processing
The chamber is sealed by a cover. The cover ié attached to a
movable shaft which facilitates the opening and the closing of the chamber
by raising or lowering the cover from the chamber. The interface between

10 the cover and the chamber side walls should be sufficiently tight so as to
presetve a substantially closed environment inside the chamber when the
cover is in a closed position. A pin holds the cover to the chamber wall such
that the cover rotates with the chamber when the chamber is being rotated.

A dispenser is located above the substrate for dispensing a

15 processing liquid onto the substrate. The processing liquid may be
deionized water, chemical etchant or some other liquid depending upon
whether the process is washing, etching or some other treatment process.
To avoid mixing the liquids, separate nozzles connected to separate
pipelines may be provided.

20 The dispensed chemicals and other processing liquids are removed
via an opening in the chamber walls. Air bearing is provided at the interface
between the dispenser and the cover so as to allow the cover to rotate
around the dispenser while providing a relatively good sealant to prevent
gases from entering into and escaping from the chamber.

25 To prevent an etchant from etching the backside of the substrate and
the chemically-sensitive portions of the ghamber, a ring of protective wall is

provided underneath the substrate to block the etchant from flowing towards

the inner portion of the substrate. Furthermore, a backside rinse agent, e.g.,



chanmber which is placed inside a container. Inside the chanber is a set of
vacuum contacts which support and hold the substrate. The chanber is
connected to a shaft which is coupled to a nmptor. The notor facilitates the
5 spinning of the shaft which in turn rotat&s the entire chanber and the
waf er Substrate. The chanber is sealed by a cover. The

andthe ol osi no STORRE aten, o Conindddl, Yk6tkd Fhoudt 67 hBSnBRLwARY,

t he chanber. Thedé',% y{,ﬁ:gﬂéﬁtst\qugg @gef'éiﬁé%?i’lfés@ﬁﬁrét@.e chanber side walls

'shoul d be sufficient preserve a substantially closed

envi ronnent inside thpsfRAtaeshatti® hoflow channélPiep deliveriny ProdeRSiig gases to
position. A pin holds the cover to the chanber wall such that™t he

cover rotates witha dHagniséianes gakanay e edionted watdraiapory NL,asepropylalcohol
A di spenser is |ocated above the substrate for dispensing a 15 processing
liquid onto Bhe @$RAjtomseme dtierpgas cepending qn dvivsthebdhe chamber dsi beitg
wat er, chem cal etchant or sone other l|iquid depending upon whet her
the process is velsigedg drieds wetted) rorqanocessddtin tsome other manness. A heaterTis
avoid mxing the liquids, separate nozzles connected to separate .

pi pel i nes may beprpvisiadide.control the tempesatyire Josided theh aiagaver dydheatieg the
processing liquids are renoved via an opening in the chaphber walls.
Air bearing is (O¢eaERdagasHe the: Beeessary tempesatieen The lmijsilys inside, thene
cover so as to allom$thﬁ coyer aroung t he_di %Fnser

t.Q rotate. | le,
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chamber and into the container, the container is provided an exhaust pipe

which draws out the gas from the container.

15
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram of the present wet processing
apparatus.
20

DETAILED DESCRIPTION OF THE INVENTION

The present invention is an apparatus for wet processing of

substrates in controlled environment. It is single-substrate processing

25 apparatus which is capable of carrying out etching, rinsing, and drying
processes all in a single apparatus and in a controlled environment.

FIG. 1 illustrates the preferred embodiment of the present invention.

The present wet-processing apparatus comprises a processing chamber 50



5 dei oni zed water, is continuously supplied through an openi ng which

del vers the agent to the underside of the substrate. I nsi de
the shaft is a hollow channel for delivering processing gases to t he
chanber. The gas may be dei oni zed wat er vapoﬁ, N err], isopropylalcohol 5

‘(1 PA), or sonme other gas depending on whether the chanber is being
Provi ded 1o cont#RIPh A PHeAHhE1S8, Ao oPRIETAY #9 ERIRLUE ByaRbar a5 ia Aeset of
Chanber 15 cont oD BEBRC Y WHRTE Sofact n HRR e hibete B2, SFné Sfiamber,
ol eased i nto t R SErRd REShai 53 which is ool PIdIB HInble? (G SHNAL The
facilitate the rrﬂBfo%cimfatéé‘ﬂléééinﬁg@beﬂ% shaft ss_fwnfeﬁrinetnawh %’d‘;tﬁtégtth% entire

contai ner, the container is provided an exhaust pipe raws out
the gas frongt hectzmbét 56 and the wafer SibstratOB2CEEH taY Bdth thé chEMBENGD and

FIG 1 is a schematic diagram of the present wet processing appar at us.
20 DETAI LERhBEstBstidle G (JtafeHat aNabBodkl ik same rate. Som@heelativesly inor

I nvention is an apparatus for wet processing of substrates in
control | ed envi rdeviation betwéen thenptatienalsrateoé the twesawweyver, is not fatal to the
operation.

The chamber 50 is sealed by a cover 59. The cover 59 is attached to

10 a movable shaft 60 which facilitates opening and the closing of the chamber
50 by raising or lowering the cover 59 from the chamber 50. The interface
59a between the cover 59 and the chamber side walls 50a should be
sufficiently tight so as to preserve a substantially closed environment inside
the chamber 50 when the cover 59 is in a closed position. A pin holds the

15 cover 59 to the chamber wall 50a such that the cover rotates with the
chamber 50 when the shatft 53 is rotating.

A dispenser 61 is located above the substrate 52 for dispensing
processing liquids onto the substrate 52. The procéssing liquid may be
deionized water, cheinical etchant or some other liquid depending upon

20 whether the process is washing, etching or some other treatment process.
To avoid mixing the liquids, separate nozzles 61a and 61b connected to
separate pipelines may be provided.

The dispensed chemicals and other processing liquids are removed
via an opening 47. Air bearing 30 is provided at the interface between the

25 dispenser 61 and the cover 59 so as to allow the cover to rotate around the
dispenser 61 while providing a relatively good sealant to prevent gases

from entering into and escaping from the chamber 50.



25 apparatus which is capable of carrying out etching, rinsing, and drying
proeesses all in a single apparatus and in a controlled environnent.

FIG 1 illustrates the preferred enbodi nent the present invention.

The present wet-processing apparatus conprisés a processing chanber 50

6 which is placed inside a container 49. Inside the chanber 50 is a

chanber 5015 conndipintias BeifutSBSGaRBinetiorafel sy ife Surak t

hown) . Th b bty f bfdfed
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rate. Some relatively m hor evi ation between the rotational rate of
the two, however flowing'@wardsathd Gnhére portion -Ggfeth’d istBstrate 52. Furthebhre, a
chanber 50 is sealed by a cover 59. The cover 59 is attached to 10 a
movabl e shaf t5 60batkside f Anse | 4gdrts exgendeionized twater,| dsi contiruocusly csupplied
50 by raising or lowering the cover 59 fromthe chanber 50. The interface
59a bet ween t he. through H%e apdning38 whidhedelveats theldgent ta tihé anderdide 39 of the
sufficiently tight so as to preserve a substanti al lcékCl osed envi ronnent

i nsi de t he sukgirate 520 Rutane skillegviarthecant shpuldokeep demipd shat while & jsi n
hol ds the 15 cover. 59 to the chanber wall 50a such that {he cover rotates
with the chdesieabletopave pretestive wall;36 sandythe hagkside rinse, the present

di spenser 61 is | ocated above the suybstrate 52 for di spensing
processing |i qui ﬂEp%rﬁ‘S‘@ £#f: opg ?r"‘ﬂﬂp’-‘%ihesﬁﬁéﬂ?%%ssi ng liquid may be
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chamber 50. The gas may be deionized water vapor 34, N, 32,
isopropylalcohol (IPA) 33, or some other gas depending on whether the
chamber is being purged, dried, wetted, or processed in some other
manner. A heater 28 is provided to control the temperature inside the

15 chamber by heating the gas, to the necessary temperature. The humidity
inside the chamber 50 is controlled by controlling the percentage of water
vapor which is mixed in with the other gases.

To remove the gas which is released into the chamber 50, the
chamber wall 50a haé small openings 50b. To facilitate the removal of the

20 gas from the chamber 50 and into the container 49, the container 49 is
provided an exhaust pipe 48 which draws out the gas from the container 49.

The present wet processing apparatus can be used in a manner
substantially consistent with the current methods and practices known in the
wet processing industry. A sample processing parameters are provided

25 here, however, as a way of fully disclosing a way to make and use the
preferred embodiment of the present invention. It is to be understood,

however, that these parameters are to be treated as illustrative only, and



To avoid m xing the liquids, separate nozzles 6la and 61b connected to

separate pipelines nmay be provided. The di spensed chem cal s and
ot her processing liquids are renoved via an opening 47. Air bearing 30
is provided at the interface between the 25 &i spenser 61 and the cover 59
so as to allow the cover to rotate around the di spenser 61 while
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substrate the chem cally-sensitive portions of the chanber, a
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water, is continuously supplied t hrough t he openi ng 38 which delivers

the agent to& heThedever 89 iSthar ioweted to creates subistaitiallyBldsethendikonrment im
the art should keep in mnd that while it is desirabl e to have

protective wal |l the chambér5dadnsetdhant cleamicahdydrefhionic acid (HEp farrinstanceais
operate w thout these elenents. 10 I nside the shaft 53 is a holl ow
channel 55 for d#ienvdispagsedonto the stbstrate viaithetsispedser 61heOpae thayetsbant
dei oni zed water vapor 34, N2 32, i sopropyl al cohol (| PA‘)5 33,ndor solr_‘r}‘eire
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After sufficient time has elapsed, the substrate is ready for rinsing.
Deionized water is dispensed from the dispenser 61 and the substrate,
cover 59, and the chamber 50 are again rotated together, but this time at a
15 relatively slow rate of 500 rpm. Again, to prevent drying of the substrate,
deionized water vapor is sent through the hollow channel 563. The cover 59
remains closed.
Once the rinsing process is completed, the substrate goes through 2
stages of drying procéss with the cover 59 still in the closed position. In the
20 first stage, the substrate 52, cover 59, and the chamber 50 are rotated at a
relatively high rate of 3000 rpm. During this time the chamber 50 is purged
with N, and IPA vapor. In the second drying stage, the substrate is rotated at
a higher rate of 5000 rpm and the chamber is purged with N, gas. Once the
drying process is finished, the rotational movement is halted and the
25 substrate is removed from the chamber §9. During each of the processing
steps, an exhaust continually removes gases which are present in the

container 49 to provide an equilibrium in the processing chamber 50.



vapor which is mxed in with the other gases. To renove the gas
whieh is released into the chanber 50, the chanber wall 50a has snall
openi ngs 50b. To facilitate the renoval of the 20 gas fromthe chanber 50
and .into the container 49, the container 49 i% provi ded an exhaust

pi pe 48 which draws out the gas fromthe container 49. The
present wet processi ng, aratus _can
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however, that these aneters are to be treated as illustrative only, and

8 shoul d ngie Rfhih 'RRIsBY Was I ﬂﬁaﬁi_lliﬁ funtely th amduit sluexsodure the

apparatus can be used. 0 wet process a substrate using

the current a@pasabstrates irad wittr theetchant chemigatneThiznis bevafise thebptevisus
is placed onto the vacuum contacts 51. 5 The cover 59 is then lowered to

create a subst ansysteins weraseperesystemsnehére the rate of elvapotationeof the.chemicals
etchant chem cal, hydrofluoric acid (HF) for instance, is t hen

di spensed ont o t fromsthes sudaee \of 4he ratibstratasnceuldonot ke qreciselyecontzolied. The
chem cal has been di spensed, the substrate, the cover 59, and the entire

chamber 50 are afurreatisvention gueids this:problem hbymenclesing dhe subsirgienly arclased
iﬂanf,gf’“ rate, Wg}u?if'or;/rﬁgr?tr ainsd E?er}:tisetl{r] rc?ounqpolltlrpge tﬁg atgpneplergt%lréle r]adn. %g rtlﬂr%idity
10 inside the processing chamber.

The controlled environment of the present inventioh also eliminates
residual watermarks that are often left on the surface of the substrate after
the rinsing cycle. The watermarks are caused by oxidation which occurs
when the surface of the substrate is exposed to arhbient air. Because in this

15  apparatus, the entire processing is done inside the chamber in a controlled
environment, little to no such oxidation occurs.

The current invention ailso overcomes another cause for failing to
achieve uniformity which is the uneven spreading of the etchant chemical in
the one-by-by procéssing systems where the chemical is spread by

20 spinning the substrate.. The spinning action creates turbulence in the
surrounding region causing portions of the substrate, especially the edges,
to be affected differently than othér portions of the substrate. This
turbulence, hence, prevents the chemical etchant to be spread evenly
throughout the entire surface of the substrate.

25 The present invention significantly reduces or eliminates this air
turbulence by placing the substrate 52 (see FIG. 1) in an enclosed

environment and rotating the entire chamber 50, and not just the substrate

52 . The chamber 50 is coupled to the spinning action of the substrate 52 so



50. After sufficient tine has el apsed, the substrate is ready

for ~rinsing. Dei oni zed water is dispensed fromthe di spenser 61 and

t he substrate, cover 59, and the chanbgr 50 are again rotated
together, but this tine at a 15 relatively Pow rate of 500 rpom Again, to
‘prevent drying of the substrate, dei oni zed water vapor is sent through
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purged with N2 gas. Once tHhe drying process is finished, th
rotational mgenipteasesitheturifoanity ohthe’étchoflilhé sabstrate. renoved from t he
chanber 59. During each of the processing st eps, an exhaust

continual ly renoves g#kesprasenh inventiopresmay ben drhbodied irc wther rspecifie farms

provide an equilibriumin the g;ocessi ng chanber 50. .
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fromthe surface of tThe Substrates coul d not be precisely controlled. The

current i nvegmm probl em by enclosing the substrate in a
cl osed m M@!B ecisely controlling the tenperature and the
hum dity 10 i'nsi‘detthe p SI ng chanber. " The controll ed
cenvironment of the present invention also elimnates resi dual
‘wat er mar ks t hat §L2\Fﬁ§en | eft on the surface of the substrate after

the rinsing cycl wat er mar ks are caused by oxidati on which occurs

when the surface of the substrate is exposed to anbient air. Because in
this 15 apparatus, the entire processing is done inside the chanber in a
controlled environment, little to no such oxidation occurs.

The current invention al so overcones another cause for failing to

achi eve uni form We Mdigh i s the uneven spreadi ng of the etchant chem cal in
t he one-by-by processing systens where the chemcal is spread by 20

spi nning thetsubstrate.. The spinning action creates turbulence in the
surroundi ng region causing portions of the substrate, especially the edges,
to be affect @ differBrwelprovassing appapaius fons substrale comprisinge. This
turbul ence, hence, prevents the chem cal etchant to be spread evenly
throughout t® e entireasibsiantially enelosedchamber, ssid ChambeTH@W@s%rﬁUPPOn

i nvention si %I ficantl y reduces or el i m nat ea BI s air t ur bul ence by
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Spi nni ng acti
7 a means for delivering processing gases into said chamber;

8 a means for removing said processing gases and liquids out from
9 said chamber;
10 a means for rotating said chamber wherein when said chamber is

11 rotating, said substrate rotates substantially at a same rate as said chamber.

1 2 The wet processing apparatus as recited in claim 1 further comprising
2 aheater for heating said processing gases.

1 3 The wet processing apparatus as recited in claim 1 further comprising
2 a protective wall lobated undemeath said substrate for preventing a
3 processing liquid from excessively making contact with an underside of said
4  substrate.

1 4. The wet processing apparatus as recited in claim 1 further comprising

2 ameans for delivering a rinse agent to an underside of said substrate.
1 5. The wet processing apparatus as recited in claim 3 further comprising
2 a means for delivering a rinse agent to an underside of said substrate

3 between said protective wall and said suppott means.



of the chanber 50 m nimz r turbul ence in the surrounding region of
t he-substrate 52 ﬁi‘ﬁimHmmre stabl e environnent for the substrate
52. Enpirically, that rotating the chanber 50

substantial ly 5 |ncreases the uniformty b the etch of the substrate.

The present invention may be enbodied in other specific forns wi t hout
‘departing frogmthe spjrit essent i al racteri cs thereof, The . .
bresent 1y di dci dbed: CH WA amaeraﬁf%?% Feqi, 6L 1 JERner Pimarising
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within the Iﬁgﬁ%g s/ ange of equival ency of the clainms are,

t her ef or e, to be raced therein. CLAI V5 Ve
daim 1 2¢ Iz A H@twétrﬂ‘éééé‘slﬁg Wﬁjs\‘%sf Fé’cuédsh'lb%ld' M & WABRSIhSEa:
3 a substantially encl osed Chanber, said chanber having a support
4. rreans forgsumﬁdmgand L*,]glgét ngvg@‘uﬂnmhﬁdt@,te 5 a renovabl e
cover enclosing at |east one side of said chanber; 6 a nmeans for

del i vering procedsi ngThe quetdsrocessing dapparatiey ;as recited in claim 1 wherein said
2 means for delivering processing quuids is a dispenser adapted for

delivering deionized water and chemical etchant, said deionized water and

A W

chemical etchant being delivered through separate pipes and nozzles.

9. ' The wet processing apparatus as recited in claim 8 wherein said
dispenser is disposed inside a movable shaft, said shaft connected to said |
cover to lower and raise said cover onto and from said chamber.

10. The wet processing apparatus as recited in claim 8a further

NN = W N -

comprising air bearing between said dispenser and said cover.

Y

11. The wet processing apparatus as recited in claim 1 wherein said

means for delivering processing gases is a channel disposed inside a shaft,

W N

said channel leading into said chamber.

b

12. The wet processing apparatus as recited in claim 1 wherein said
processing gases are isopropylalcohol vapor, deionized water vapor, and

nitrogen gas.

- W N

13. The wet processing apparatus as recited in claim 1 wherein said

means for releasing processing liquids and gases comprises openings

W N

through a wall of said chamber.

==

14. A method of wet etching a substrate comprising:
placing said substrate in a substantially closed chamber;
dispensing an etchant chemical onto said substrate; and

rotating said chamber and substrate at a substantially same rate for a

g A WN

predetermined period until the etching is completed.



7 a rreansMcesm ng gases into said chanber; 8

a neans for renovin m\ g gases and liquids out from 9 said
chanber; 10 “\m W tating said chanber wherein when said
chanber is 11 rot saltd subStrate rotal®s substantially at a sane
rate as said chanber The wet processing apparatus as recited in

S e wet Tor offen %Eﬂﬂﬁpaﬁﬂgﬁ te PG JOPHER. S S B P BRIl Fiier,
2 a protective %b"%‘\ﬂé gggl ve Qec?%vaﬂefacﬁt’i ﬁ’ﬁ(ﬁséﬂ ﬁﬁ%ﬁ%@? Hil, 8aidt

processi ng I|qU| |ng con erside of said

4 substrateg 1 .yh bergq,om;ngorocesm ng apparatus as recited in claiml
further corrpr|5| ngn% a means for delivering a rinse agent to an underside

of said subsyrates, 1 Tihe methbg owet etmalswsﬁat@a@mﬁteasurmaimem Wwhepéii M
3 further conprising 2 a neans for delivering a rinse agent to an

under si de of 2sa|sh|dldeaiamt@|ea1|cﬂei§mdrofﬁm|d a;uld)(lqr-f) ive wall and said

support neans. 1 6. The wet processing apparatus as recited in
claim1l furtHer tanprTisé metRod of wet etching asubsttateds sagitbdcinaciaim , 125 wherein
cont ai ner having an exhaust for 3 renobving gases. 1 7. The wet

processi ng aBpar&&ldshameE(ancbﬁleh‘m arerratateseatsaboud 20002psupport neans is
a set of vacuum contacts. The wet processing apparatus as recited
in claim1 wierel®h sa/r\d“?thﬁ’éeﬁféwtcﬁmﬁéﬁ'wppﬂ@rﬁ%ess| ng liquids is a

di spenser adgpt ed for

placing said substrate in a substantially closed chamber;
3 " dispensing an etchant chemical onto said substrate;
rotating said chamber and substrate at a substantially same rate for a
predetermined period until the etching is completed;
dispensing deionized water onto said substrate for rinsing;
rotating said chamber and substrate at a substantially same rate for a

predetermined period until the rinsing is completed,;

© O N O O A

releasing purging gas into said chamber for a drying process; and
10 rotating said chamber and substrate at a substantially same rate for a
11 predetermined period until the drying process is completed.
1 19. The method 6f wet processing as recited in claim 13 further
2 comprising a step of releasing deionized water vapor into said chamber

38 during etching and rinsing steps.



3 delivering deionized water and chem cal etchant, said deionized water and
4 chem cal etchant being delivered through:separate pipes and nozzles. 1
9. The wet processing apparatus as recited in claim8 wherein said 2

-di spenser is disposed inside a novabl kARacSpl d shaft connected to said
3 cover to lower and raise said cover onto an romsaid chanmber. 1 10.
The wet processing apparatus as recited in claim 8a further 2 conprising
air bearing between said dispenser and said cover. 1 11. The wet
processi ng apparatus as recited in claim1 wherein said 2 neans for

del i veri ng processing gasesﬁj %EFWG@E@S?@GSWH’R?*R"PUS shaft, 3 said
channel l|eading into said chanber. 1 12. he wet processing apparatus as
recited in claiml1l wherein said 2 processing gases are isopropyl al cohol
vapor, deionized water vapor, and 3 nitrogen gas. 1 13. The wet

processi ng appar &ruapparatuecior avbti procéssing lof Substratessiai al cantrolled ehwironment.
rel easi ng processing |iquids and gases conprises openings 3 through a wall
of sai d chaltdera singledsubsiratetprodessingeapparatusgvhicls Lis stapetbie cofngaringing gout
placing said substrate in a substantially closed chanber; 3

di spensi ng gichinghinging,hand daiing pracessed allin s single apparatus and in a gantralledy
sai d chanber and substrate at a substantially sanme rate for a 5

pr edet er mi n€AVviseRMeat.y i ¢lpsed, pragessingchambeyis|Rrpided for processing a substrate

t hod of t etchi . subst r at ecited i im12 f her 2. .
Conpr 1 si ng. Bl EASed GraiPimeRby REparsg i A5 Grtes AERHBIOGrac inf; the

chamber and the chamber is rotated with the substrate. Temperature inside the
chamber is controlled by heating the gases. Humidity is controlled by varying the
proportion of water vapor. The rotation of the chamber with the substrate creates a

stable environment where processing parameters are more easily controlled.

FIG. 1



3 chanber is rotating. 1 16. The nethod of wet etching a substrate as
recited in claim12 wherein 2 said etchant' chem cal is hydrofluoric acid
(HF). 1 17. The nmethod of wet etching a substrate as recited in claim 12
.wherein 2 said chanber and substrate are rotated at about 2000 rpm 1 18.

A nmet hod of wet processing conprising: 2 4/1 Pl acing said substrate in a
substantially cl osed chanber; 3 di spensi ng an etchant chem cal onto
said substrate; 4 rotating said chanber and substrate at a

substantially sane rate for a 5 predeterm ned period until the etching is
conpl eted; 6 &——di-spepsi ng dei oni zed water onto said substrate for
rinsing; 7 rotating 'said chanber and substrate at a substantially
sanme rate for a 8 e rmned period until the rinsing is conpleted; 9
rel easi ng purging Hi Tisaid chanber for a drying process; and 10
rotating said chan substrate at a substantially same rate for a 11
predet er m ned peri u the drying process is conpleted. 1 19. The

nmet hod of wet proc [ as recited in claim 13 further 2 conprising a
step of releasing onf ged wat er vapor into said chanber 3 during etching
and rinsing steps.

~
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