A SEM CONDUCTOR SUBSTRATE PROCESSI NG APPARATUS AND
METHOD THEREOF BACKGROUND OF THE | NVENTION 1). Field
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sem conduct or substrate processing apparatus and a
nmet hod for processing sem conductor substrates. 2).
Di scussion of Related Art [0002] Integrated circuits
are fornmed on senmi conductor substrates such as wafers.
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[0003] During the various processing steps involved in the creation of the

integrated circuits, various surfaces are formed on the surface of the wafer
where the integrated circuits are being formed. Some of these surfaces may
be hydrophilic and some of the surfaces may be hydrophobic. Hydrophilic
surfaces, such as silicon oxide and silicon nitride, have an affinity for, and do
not easily repel, water. While hydrophobic surfaces, such as silicon and low
capacitance dielectrics, lack an affinity for water and very easily repel water.
[0004] There are two common methods used for cleaning and drying
wafers with hydrophilic and hydrophobic surfaces. One method, simply
referred to as spin cleaning, involves dispensing a cleaning solution onto the
wafer and spinning the wafer to remove the solution, and thus, dry the
wafer. The other method, sometimes referred to as immersion cleaning,
involves completely immersing the wafer in a cleaning solution, immersing

the wafer in de-ionized water, and then removing the wafer from the water

1



the wafer in de-ionized water, and then renoving the

wafer fromthe waterwhile directing isopropyl alcohol
woa@en2mst o the wafer where it is contacting tPeT/Uppmes025823

surface of the water. This drying process is referred

to as Marangoni drying. [0005] Typically, integrated
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the manufacturing of the integrated circuits. However,

Merangoptdrgingg i s not conpletely efficient, as spin
ctively clean hydrophobic
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may be placed on the sem conductor substrate support
while a first sem conductor processing liquidis

SLEBYJAARY ORI INVENTI WY er may al so be spun by the
sem conduct or substrate support to renove the first
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y be i a or

rsed in a second séni con processi ng
laire| prolzidéd e The semidvthideictur stibbtrhteapcesing Bppatdtus may
renmoved fromthe second sem conductor processing
inglude agamiconduster substiptesitprprata dispemdedreadapositiened over
m conduct or supstrate where.the sem conductor
I RIS o SUPSHER SHpPat. & yatie SSlaiiFtqand 4 transport

$6B4y8dHHY A Smiconductor substrate may be placed on the semiconductor
substrate support while a first semiconductor processing liquid is dispensed
thereon. The wafer may also be spun by the semiconductor substrate
support to remove the first semiconductor processing liquid. The transport
subsystem may transport the semiconductor substrate to the liquid container
where the semiconductor substrate may be immersed in a second
semiconductor processing liquid. The semiconductor substrate may then be
removed from the second semiconductor processing liquid while vapor is
directed at a surface of the semiconductor substrate where the
semiconductor substrate contacts a surface of the second semiconductor

processing liquid.



processing |iquid. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0007] The invention is described by way of exanple
wowndli/oesBer ence to the acconpanyi ng draw ngs, PIEUS2005/025823

[0008] Figure 1 is a top plan view of a sem conduct or
substrate processing apparatus, including a plasm ash

d a vertical
%E??%%@%Fﬁﬂg?bgm r; F%g/gg}] igure 2 is a
cross-sectional side view of the plasma ash processing
foaoTHerThe ipOénfiofrigdeseriBed byavay of exaapld withlrefdréltce to the
view of the spin clean processing chanber; [0011]
ﬁrcmmeamﬂnigsira“pag%mmrﬁué view of a vertical

100 e £ (.58 Viév e fg]e}rg'mlgeg%&;@n;%e processing
GppARIAEShiaRRhg iRt 8% Ofarh i, KS51 CRbn CHIRGR) ARd o

ni ng apparatu |gure I gure A IS a
vepticl smendreioal cledrdehambay; of the pl asma ash processi ng
chanber_illustrating a plasma ash process; [0014]

0009 e Higures? is aerossseationabside view of vheemlasmatash mpressing
L rocessing chanber illustrating a spin cleaning
68@3’5@ [0015] Figures 5C-5H are cross-sectional side
TP, gt K qofsecBel SUERiak PP BRI B M essing
eghambef}16] Fi gures 6A-6E are cross-sectional side
views of a sem conductor wafer as the wafer undergoes
10 1h, ddgurechA iig 2 perspactive Viewrohavedicshingrmersiem AleaRing
DESCRI PTI .OF, THE .| NVENTI ON 17] re 1 to Figure
8EPPF4tHE pithin the é’sﬁfcé HemeEr 3P §Eﬂ9§tqhﬁf‘§3e§f ocessi ng

[0012] Figure 4B is a cross-sectional side view of the vertical immersion

cleaning apparatus of Figure 4A;

[0013] Figure 5A is a cross-sectional side view of the plasma ash processing
chamber illustrating a plasma ash process;

[0014] Figure 5B is a cross-sectional side view of the spin clean processing
chamber illustrating a spin cleaning process;

[0015] Figures 5C-5H are cross-sectional side views of the vertical
immersion cleaning apparatus illustrating a vertical immersion cleaning
process; and

[0016] Figures 6A-6E are cross-sectional side views of a semiconductor

walfer as the wafer undergoes the processes illustrated in Figures 5A-5H.

DE’fAILED DESCRIPTION OF THE INVENTION

[0017] Figure 1 to Figure 6E illustrate a semiconductor substrate processing
apparatus and a method for processing semiconductor substrates. The

semiconductor substrate processing apparatus may include a semiconductor

3



apparatus and a nethod for processing sem conductor

substrates. The sem conductor substrate processing
wa@p@anases may i nclude a sem conduct or subst r at BCT/US2005/025823

support, a dispense head positioned over the

sem conduct or substrate support, a liquid container,
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di spensed thereon. The wafer may al sO be spun by the

semicuntigtonsubsttase matydesplppet on the seniwoadttier Substrate

sem condugt or,. processing liquid. The transport
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renmoved fromthe second semni con tor proces

Imaju transport ¢he sgroicongudior sabstdatatto dhe liqﬁ'ateoraﬁuieh &here the
sem, c%afluctor substrate where the seni conduct or
SERdsnstuctIHbstate ﬁ‘aﬁ’lheflﬁgée@'?dtlﬂé segersheemiconductor

SR SEREATE, PRSI shFEA0k B g o
Rh& §&PPdNEnAPHRd @tYS i‘&essﬂ‘ig hgﬂic?{vlﬁfeqfa?)%? lid\@irected at a

apparatus 10 may inc ude a me 12, wafer cassettes
$llrfambéthe|cﬁeuueslsdm‘goc buzbitente wiere the semnispndiictor substrate

subsyste ‘h‘i g uter control console 19. The
FPBF?EtSiazS @ﬂedafnt 9E§‘f seanicondyctar grw;@ﬁngﬂmul

t t
AIREL 5k, BRI Pl Bodiely 1T SR T Pty o
tﬂi@cé‘sﬁ@@%;ﬁ?&ra@féqm %e%if_%f %&@ﬁﬁﬁe af{1a8 18 niayl fhclR¥e a

be arrangéed on opposing sides of t ransport
$xame 12, emalfles caz{s@&&@]z} Wafenpfaressing shamberslyb, hitearsposne

Sﬁ S¥eniBopn ?&o%é@eﬁe&%ﬁéngéﬁﬁbo Theitrarmnddanay be
UBSPRFE) b 0B AT AR o Bl e
Hdrﬁpétt%ﬁb&ﬁiténﬂS mh§ 'he%?f @rgehfral portion of the frame 12, and the
wafer processing chambers 16 may be arranged on opposing sides of the
transport subsystem 18.
[0019] The wafer cassettes 14 lie at one end of the frame 12 and may be
Front Opening Unified Pods (FOUPs), as is commonly understood in the art.
The cassettes 14 may be sized and shaped to hold a plurality of
semiconductor substrates, such as wafers, with diameters of, for example,
200 or 300 millimeters.
[0020] The wafer processing chambers 16 may include first, second, and
third types of processing chambers, such as a plasma ash chamber 20, spin
clean chambers 22, and a vertical immersion clean chamber 24. The vertical

immersion clean chamber 24 may include vertical immersion clean
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200 or 300 mIlimeters. [0020] The wafer processing
chanbers 16 may include first, second, and third types

wobooenesessi ng chanbers, such as a pl asma ash edEDIEBN5/025823

20, spin clean chanbers 22, and a vertical immersion
cl ean chanber 24. The vertical imrersion clean chanber

[ de vertical inmmersion cleanapparatuses 26.
%%@n#ﬁi%tjr ansport subsystem 18, or nechani sm nay
i[0021)deTlee trahsport 5@sdystéin 38 orPmeettisA0ma ghﬁclﬁl‘él'é%t robot

track 28 may lie on the frame 12 and extend from
ftrackt 28camdl atolydtad0f reerobt track 28 iy limbn the onset IZea;nd

e PeheL RS 81 F i W ot 14, 1o

| bot
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rB0trady badhoddadly SftathetYotthe $HPO X hck Y81Ed Elud®robot

vvafer gripper ray be used interchangeably a d that use
@irnedd/anpdatvafet support 3df these terms is not neant to

T R 2 et SEBL
200 3
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e

of the wafer cassettes 14 or fer cessi ng
0023} erkhelGafed spppditrig maytbleeabﬂmts: stuppmrt)aiertﬂa:endubmr 30
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The conputer control console 19 nay be electrically

qoneessingrthaonbdre 16 rdapeniding bhehe pesitibhexdt thel robdtS0waf the

1 h
ggcesgclkng&chanbers 6, and the

[0024] The computer control console 19 may be in the form of the computer
having memory for storing a set of instructions in a processor connected to
the memory for executing the instructions, as is commonly understood in
the art. The computer control console 19 may be electrically connected to
the frame 12, the cassettes 14, the wafer processing chambers 16, and the
transport subsystem 18.

[0025] Figure 2 illustrates the plasma ash processing chamber 20. The
plasma ash chamber 20 may include a chamber wall 36, with a wafer slit 38
therein, a wafer chuck 40, and a plasma generator 42. The chamber wall 36
may be, in cross-section, substantially square, and the wafer slit 38 may lie
on a side of the chamber wall 36 which is closest to the transport subsystem
18. The wafer chuck 40 may be attached to a lower portion of the chamber

wall 36 and may be sized appropriately to support, for example,
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transport subsystem 18. [0025] Figure 2 illustrates
the plasnma ash processi ng chanber 20. The plasma ash
we basba320 may i ncl ude a chanmber wall 36, w tPCEHUSBD®025823
slit 38 therein, a wafer chuck 40, and a pl asna
generator 42. The chanber wall 36 may be in

SFRREQRRIALP ol AR Rl fetels OO0 o0t FhBSihe, o1
| emaegzm beégttadtrasto Qi p&}setﬁimhé%h e \o@afne% d,
C%Sck 40 rraaybe attached touIs | ower portlgn o% t he an

chthegh netlillugeataddmanyindudsiadughaotiage eleatmldﬁ and be
t, for .exanpl e, sem conduct or fers wt
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wdédrﬂgﬁn%@mrrﬁdﬁ idlddea chanites Wafll 4Pwahd warfs sﬁ’f‘% therein,
source, as is comonly understood in the art. [0026]

a ‘gafeé cBurk #8sndha dispense béad b The nhmhbemwaﬂaMhnays be, in
clean chanber 2 i hcl ude a chamnber
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e e
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to the transport subs%tstem 18. The wafer chu 48 may
hmoeha at addwer peitian o htetsplmalban chambler 22) Allﬂhoaghatoed

f th
o B A b Tl e
to.t .
?ﬁﬁtai't %E%e\é@fzrﬁ)g%tﬁ{gf%!f Sécapa apge \ %)ﬁl@g op vx?af% &t a high
sRteNBudltas 300098V SlRetbHGE tpef miiAles ((r@hl)a T'Hegﬂsﬁéﬁs@ hedd %0 may

as 3000 revolutions pefr mnute (rpnm). The di spense
lhesuspendasd from anypparipdrtiorond the chppber paril 4bandie divectly

ONRT R ehnta! porticn il dhe Maferchigk 2, The A3 hadd0selthough

?1'0& hﬂéﬁg%t%g %ra El%{agffx{a e dg?\ﬁgt%%iﬁjgia qseggﬁ?{i)cz?&gg Bfe%cgegsqng
@M@Bﬁmeumfcﬁhﬁﬁénlymﬁd@s@foﬁ in the art.

[0027] Figure 4A illustrates one of the vertical immersion clean apparatuses
26. The vertical immersion clean apparatus 26 may include a main body 52
and a wafer gripper 54. The main body 52 may be substantially rectangular
in shape with a wafer slit 56 at an upper end thereof. The wafer gripper 54
may be moveably attached to the main body 52 and sized to receive a
semiconductor substrate, such as a semiconductor wafer with a diameter of
200 or 300 mm. It should be noted that the wafer gripper 54 may be
understood to be a component of the transport subsystem 18.

[0028] Figure 4B illustrates the main body 52 of one of the vertical

immersion clean apparatuses 26. In addition to the wafer slit 56, the main

body 52 includes vapor pipes 58, with vapor nozzles 60, a liquid tank 62,

6



[0027] Figure 4A illustrates one of the vertical _
i mrer si on cl ean apparatuses 26. The vertical i mrersion
W@ b@an2@ppar at us 26 may i nclude a main body 52remdsm05/025823
waf er gripper 54. The main body 52 may be
substantially rectangular in shape with a wafer slit

SPhith xﬁé‘% " de & %ttcfgfﬁ% ?itﬂ&id @ﬁ\é?‘g{ne;e}ngéfei) BE"ariela gP%u(} 68.

be nove attac e mal'n bod and ‘si ze

IRReVapor i pedsE Aiagusel dttachel 36 MWAHIR. of THE thads bddy 52 on
senm conductor wafer with a di ameter of 200 or 300 nmm

lappsising sidesohidesdafien slit 3t el hevaporgippps8 nky inalndee
R T P S —
20ehoutd 2 afls8bd i SHEIVRB pindio®, B e SpRRleted to pe
D P Y RurBl. PP Ajuldtank, 673887 ocupy the

tremieindequif the anaihdodiyd2 ehowthevapér piped 58. Thaiinle686 and
58 may be attached to walls of the

¥ 3 H\rlﬁg% 1%99 i abglowengnd of e wrin hadyand begonneged to the

. [ . . Nc eni.ngs therein,which
Tsidr PR o2 B R N B S G TP Pl RGP L tan
imtﬁftmg}dt}{@anm@grst ood that the vapor pipes 58 nay be
connected to a sem conductor processing vapor source.

100291 i duiudes mfderivg again txEiguye i he phﬂ'aﬁ'ty’ldfesrenﬁilﬁoﬁdhgcgor
maj n body 52 bel ow the vapor pipes. 58. The inlet
TSRS e 45 GealRes 7, MASLRe WopBaRiniehe orafer essnedtos 14

. L QUi . The fi
O AR i D A Tt
hifersdt8. (T wale?786Ray b e disiliRr arlEh&Vd 4 gg:ty?g #tdhsistor

to Figure 1, a plurality of sem conductor su at es,
$0@ndan ndype trafigistor®? formed araregppertsurfdee thereof, with a

RO IR R AT
Spkste 0 P e AL TR P iR,
bpnedthahe Gasg ah 868R%k andl dfirtrenches 90. A photoresist layer 92
has been formed on the wafer 78, however, the photoresist layer 92 may
only cover the n-type transistor 82 in order to protect the n-type transistor 82
from a wafer manufacturing process, such as ion implantation, which may
be performed on the p-type transistor 80.

[0030] Referring again to Figure 1, the computer control console 19 may
control the transport subsystem 18 and the wafer processing chambers 16 to
perform the following processing steps. The robot 30 may be moved along
the robot track 28 into a position near the wafer cassettes 14. The robot arm
32 may reach the wafer support 34 into one of the wafer cassettes 14 and
retrieve one of the semiconductor wafers 78 from one of the wafer cassettes

14. The robot 30 may then transport the wafer 78 into the plasma ash
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trench in between. Each of the transistors 80 and 82

may i nclude a gate 84, spacers 86 forned on opposing
wGeeem2mB3 t he gate 84, a gate dielectric 88 bererURMMe5823

gate, and source and drain trenches 90. A photoresi st

| ayer 92 has been forned on the wafer 78, however, the

RBQhHE20st | ayer 92 may only cover the n-type
transistor 82 in order to protect the n-type

10081]i Referrde td Piguge BAS tie FobOY hasl Mot thdhAKESH gam
as ion inplantation, which may be “perforned on tﬁ
anto/the plasmaiash chagber PQGBOJugRetherwafeg sh38, antpladetiee
1 he,conput er. cqantro nsol e 19 may control the
afiE 8 50 D6 It/ ex ShHCkehC e Plasma reenetator a2 iasghen be
f ol | 0w n OCcessi ng st eps.

Ao e L Bl P P B RS B
isRtR a8 oRPgén.| Phe PRBMA NEmAR BRI di
grm gzomgg reachpt he vvafg*r&?supagﬁé&éghﬁtt}%%opr@%l;@ﬁggf
whe @rafera%%haviag the trandistars B0 and &2rfermbdtthereon.

78 from one of the wafe

I8 ekt nov o dignrest i Ehalor dAdgonindengone the

el N T
Happeeh sBbsthntislly E&n?lé%é‘l%eﬁﬁhreah HEREVED anblilfd%?lgpelt 9has

wafer slit 38, and place’the wafer 78 on the wa
@rovin arotheTiepasl susfage gf ter sitbstrate78ypartindarlpewvithin the

activated to create a high-ener | asma_from a
ﬁaw'f%amﬁ@r%? H@@éaf;%@ g‘é‘ge, oxide E%Zﬁg%é@@é ke irfigatipnaléym

WoT=Ye f f fer.
O S G e
[sQffadd. Reé plashizashoytocessithy hRoGBavebdIfhd oikerWitRls o3

has undergone the plasma treatment within the plasma
getidut sutleas adh fromethelretrmvesdi photbmgist of Pndtalsparéieles 96.

TOIP3) Ol e e o e oo 0004 Y bemiigize the robot
BB e RSB e A B8 2
transport the wafer 78 into one of the spin clean chambers 22.

[0034] Referring to Figure 5B, the robot arm 32 may place the wafer 78 on
the wafer chuck 48 within the spin clean chamber 22 to remove the
photoresist or metal particles from and clean the wafer 78. Within the spin
clean chamber 22, a semiconductor processing liquid, such as ammonia and
hydrogen peroxide, may be dispensed onto the wafer 78 through the
dispense head 50. The wafer 78 may then be spun by the wafer chuck 48,
such as at 1000 rpm, about a central axis 97 of the wafer 78. A centrifugal
force created by spinning the wafer 78 causes substantially all of the
semiconductor processing liquid to be removed from the upper surface of
the wafer 78, thereby drying the wafer 78.

[0035] Figure 6C illustrates the semiconductor wafer 78 after the spin clean
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grown in an oxidation furnace. The oxide |ayer 94 may

have a hydrophilic surface. The plasnma ash process nay
w@bk@e/okwsaye behi nd other debris or residue suchCEHESAES$025823

fromthe renoved photoresist or netal particles 96.

[0033] Referring again to Figure 1, the robot 30 may

R . Oy, T, 78
oo ek SBii ORh REbee g e SRR B EE e er
&@bstahdalpallaff thoastsRha neétsaﬁa&i&wg@%rrﬁ%% Bavé BPdtHemoved
Referring to Figure 5B, the Tobot arm may pl ace the
vedrorthg Bydrophitic wafface ofitheloxdde layeh P ontthe syifer 78 bpthe
chamber 22 to renove the photoresist or netal
PRI FERRPTPGSSPn and clean the wafer 78. Wthin the spin

e 2, m congduct or ocessing liquid
J00R1, JFELe T HhE . Mg PR i ensborf the
defREsRREI WAL T8 G hahe §8ird NEAVERarhBEr SD ﬁﬂ‘ﬁ@%ﬁﬁ@fd
50. The wafer 78 may then be spun by the wafer chuc
48ymensivin dearachdribér 29pm about a central axis 97 of

t he fer 78. A centrifugal force created by spinnin
1] o Referririg i Klgure dPanebol aryn 32 mayt plage the wafer 78 onto

' [ essi liguid.to be repoved fromth
SRR bR B SRR T e g ses 2.
3] 1efedrROBROWRLIEErOIC, Ithe V@éf@ﬁ?@ﬁmﬁrr}ﬁen be cI’alaced into
sem conduct or” waf er after the spin cteanprocess
whe hignid taak«2 withirethe mbhanbedy 32 of the wirtichldnbaenisredean
that subgstantjally all of the ash and netal particles
SOPAERFUR §@ g)’tibé avafengripger $ota Temeove e pide layes B4 frope and

' 94 t he r, 7 €., Spin
P eBgh e WAt g Bl B A detgiE S ouie
NIk st86d Mt thBSPafbf 2fIpper 14 kP rRE8VE PRINGEG 78/R6 8 thé8
fromthe spin clean Ch er 22°to the vertical
irobelr w2 ehd durtbhatreesp@d thd GaLst]) 78Ratethe mgirt laod-'):1 §bLthe
4A th bot 32 I the wafer 78 onto the
NEF&RS BN APRIFa B 50T HlEsateth Ui whiardBananbe

Q/Iemlﬁqﬂﬁ'ﬁgrtsga §R tRfirst tank liquid 64 in that the upper and lower

surfaces of the wafer 78 may be substantially perpendicular to a surface 75 of
the first tank liquid 64 or the central axis 97 of the wafer 78 may be
substantially parallel to the surface 75 of the first tank liquid 64.

[0039] Referring to Figure 5D, the wafer 78 may be completely immersed
within the first tank liquid 64 in its vertical orientation thereby placing the
wafer in an immersion position within the liquid tank 62. The first tank
liquid 64 may be hydrofluoric acid or another semiconductor processing
liquid suitable for removing the oxide layer 94.

[0040] Figure 6D illustrates the wafer 78 after the wafer 78 has been
immersed within the first tank liquid 64. It should be noted that the oxide
layer 94 has been removed, and the exposed silicon of the wafer 78 may have

a hydrophobic surface.



[0038] Referring nowto Figure 5C, the wafer 78 may

then be placed into the liquid tank 62 within the nmain
whomyg/0x330f the vertical immersion clean apparetmESD65/025823

by the wafer gripper 44 to renove the oxide |ayer 94

fromand further clean the wafer 78. Although not

it[Eb‘i’ﬂt r Ak ﬁmdtfht@&hggi%'b*s&sn%&t Paﬁxg% gféz;&}glgy Yt be |

e wafer gri pper y receive t rom

raraitecbfronBthediglifivatib 62 thiroughithe drainecdvaiEeitHé dibposed of
the main _body 52 of the vertical imersion apparatus

.Z‘E.reﬁléck‘li-! ustrated, the wafer 78 may be vertically
RIS o Ml 4 BlevtrRal vapedionddark iyt 4, such as de:
hal | ' .45 qf .th

PERBRAb At AREPRIRICOHIRL oL Brie AR omgy diigbe
vdraped Sntoethe biejusd batlosd ﬂabhgh RiR¢ Bl1bted6 orinethWrfRs 78,
75 of the first tank liquid 64. [0039] Referring to
HO43e Asillustrated ireFignge Ay thrssecond taleliguidhPemagde
i t hi he first. tank ljquid 64 in its vertical
GEREALS 8 fephE rionftoabrt e dinkieak igwaaurhiatsheantire

o i thin ! The. fi ‘ .
[Pk 70T kb Witnis (e <Ccbborihiq T WhE} thEWeer 781

darithe inehersion pRisEsHithin thaliqeidshk 8p| e for removing
the oxide |layer 94. [0040] Figure 6D illustrates the
VB0 7&s Blustiatechin Giglize SH3 theawafee @, winiterssitldventicallyn

the first tank liquid 64 It should be noted that the
siented.dyay Baeh hePrmgue Fombthececant anclignodeand the

9iqulid e8hok2 ha i

S emel b maslsts L RRIoKS AL g
tsacdind tamiki litid 74pisopbesy]ecdhol (IPRY viar@e 76 \6r bth@k bditable
tank 62 through the drain 68 and ei t her di sposed of or
VapQE that redocesthe surfare tensioat efdvater My it iS@issalved therdin,
tank, li,quid .74, _such as dei onj_ze ter, or other

SERY be Rk o BEdaPRE PR B An iy eFioR n9a7isn Apeaints on
'tdﬁ?%\?\g%:srﬂ%%(éhgh habe QopdiURY Ebv%}esdrmcgi oPthelWafer 78%s the
wafer 78 is pulled from the second tank liquid to dry the wafer 78. As
illustrated, a meniscus 98 from the second tank liquid 74 forms on each side
of the wafer 78 as the wafer 78 is pulled from the second tank liquid 74
where the upper and lower surfaces of the wafer 78 contact the surface 75 of
the second tank liquid 74. The IPA vapor 76, on both sides of the wafer 78, is
directed at an upper end of the meniscus 98. As the IPA vapor strikes the
meniscus 98 and the wafer 78, the second tank liquid 74 is “pushed off” the
hydrophobic surface of the wafer 78 back into the liquid tank 62 with the
remainder of the second tank liquid 74. As a result, when the wafer 78 is
pulled from the main body 52 of the vertical immersion clean apparatus 26,

the wafer 78 is substantially complete dry.
[0045] Although not illustrated in detail, it should be understood that,

10



[0043] As illustrated in Figure 5G the second tank
l[iquid 74 may be punped to a depth simlar to that of

W0 b@ere3ss tank |iquid such that the entire wabPer/USB05/625823
imersed within the second tank liquid 74 while the
wafer 78 is in the imersion position within the

va e | _ vithin the
ety L te o PR pp s PRl T B R o)

shbstahtiallp pesgsehdicular tdthessrrfied 75aikhé betond t2dk ddid e or
liquid tank 62 by the wafer gripper 54. As the wafer
the rentral e of thewafer Z8 srajtbe swhstantiallydpara]lel to the surface

TR feroPrdang gt 24 uitifebe WaiRE B R Bngatap v o the
isbedrdd gmqf&u\{g%; herein, may be directed fromthe ’
vapor pipes 58 and the vapor nozzles to points on

Pp0d6d i Rpferiritgsagain ¢h Figure /e thippafer 8anay Hauebe fdhhdP&Birom
of the wafer 78 as the wafer 78 is pull'ed fromthe

she verdicabimmersion gleap chagnhen@4 watldrargporte by the robot 30
Ll Lust rat ed ' 8 f h d tank liquid
pack Bt oo Deled it e el G ey BRES e e e

iaﬁoﬁ%é'r'v@ﬁef g%peggﬁgégg%gank liquid 74 where the

upper and wer su es of the wafer 78 contact the

§00473 c As7BlusfratddeinFigaRd6E, aokirdd and draift redids 10RmNGen
76, on both sides of the wafer 78, is directed at an
besiepositer withinshersonrse andaaingenthes90on/thesensconduesor

th i d.th 78, th d tank _.

M a7 Shaieb e Rdersod heprgtmeisiesp A utratag & Bigure
. ¢ G .

SEmmA e o RE e o fldlo! Rter rottdsihg dlfparatus

tienthHehenevitizstratéd inFigutd £d from the main body 52 of

the vertical immersion clean apparatus 26, the wafer

b dushoudd beamdersond thatethdrwafef B9 dB]stratechrubigumes 6A-
MOE T e T e
s g o B a1l
described lofreimhe waf er 78 may be substantially parall el
t[(?04t9im Osnuerafd%r%itage is that both the hydrophilic and the hydrophobic
surfaces are able to be cleaned and dried using techniques that are most
suitable for each. Therefore, a more effective wafer processing apparatus
and method are provided.

[0050] Although only one semiconductor wafer 78 is described above as
being processed by the semiconductor substrate processing apparatus 10, it
should be understood that multiple wafers may be within the apparatus 10
simultaneously undergoing the various processing steps provided by the
different processing chambers 16. For example, referring again to Figure 1,

after the robot 30 transports a first wafer from the plasma ash processing

chamber 20 to one of the spin clean chambers 22, a second wafer may be

11



75 of the second tank liquid 74 while the wafer 78 is

bei ng renoved fromthe second tank liquid 74. [0046]
wRedosneizsg again to Figure 1, the wafer 78 maype¢hes200&025823

removed fromthe vertical imrersion clean chanber 24

and transported by the robot 30 back to the wafer

GRARPLHRE 1ém thEGa¥Rites 14 & Y %lzagleﬁ aFg 6&%:?{?%% 96 fkehidse,

anot her waf er processing appar

idf tey $he edtast 30nrdrisfers ehé HrstSeafet froam thepih Rldapdhafbet 00 to
may then be deposited within the source and drain

tthe wettical gomsssiphelessrdhaonorr@dothemetond Wéifet magtteul d

b Sl S S A o
L Mren e
Wpissible/ b prdcusd mattgsle vaferdiifkiitadloudly thérebPlifedaéing wafer

only to be an exanpl e of one possible” sem conductor
grbduetiom t hat coul d be processed with the enbodi nent

' ion, . d i bed _her ej n.
T 49 B PSRBT s deshacponal or
Wﬁ&%@&?ﬁ%éﬁéﬁ?ﬁ?@s%e%eg he Blpasgﬁa: agsﬁpc%grrﬁ%g ﬁg{:ll’l g(sj

using t ni-qu are nost s or ‘ed

"Bl 961 8 pirdcleRA @h&inbefs drveeriedlSmERFRS LAY CRRABBEAL Uhe
and nmet hod are provided. [0050] Although only one
plasma ashuchamberniay utdizegiffesutipbesina gases, suchizsi hygirogen.

ocessed by the sem conductor substrate processing
APRagatuggnay Pogmsrrhnwge @@ Rlades asly aaoqeﬁ%mgr?ﬁpmbﬁr atall.

11N - t { 1l qus|
B Wi e ek R ARBAE sl AR ey be
tviaeiedidsfveglent processi ng chanbers 16. For exanpl e,
referring'again to Figure 1, after the robot 30

100524 p IVhile gerthinsexemelery émbndirhents|hasedbees described and
Rhown in' the accompanying drawings, it is to be understood that such

embodiments are merely illustrative and not restrictive of the current
invention, and that this invention is not restricted to the specific
constructions and arrangements shown and described since modifications

may occur to those ordinarily skilled in the art.

12



chanber 20 to one of the spin clean chanbers 22, a
second wafer may betransported fromthe cassettes 14

wo o00bhz3pd asma ash chanber 20. Li kewi se, aft erpeh®s2005/025823
robot 30 transfers the first wafer fromthe spin clean
chamber 22 to the vertical imersion clean chanber 24,
tteapgsond wafer nay be transported to the spin clean
chanber 22, and a third wafer nmay be transported to
the plasna ash processing chanmber 20. In such a manner
it alsigiclimeto process multiple wafers
sinultaneously thereby i ncreasi ng wafer production.

051] O her &%n’oF nts of the invention may have

didi 114 Semicopdugtarubsiate PHOSESSiRg ABPRIRERLEIEPHENEH e s
t he pl an
chanpdr Aot R ARERE cublE e hol el ARBhpaAViE S
Bubstrateatp ambeﬁ aWelit@ed itbf Suilsyttate) ARG ﬁ§e
such as h rogen. apparatus may not i ncl ude t
dreadrfhem tbre @ubstsatngupparMngtapable of hetating¢he | n
whi ch tCB-}jﬁk oaessed RM Pe vari ous chanbers
IR %rtﬁe 1SP§B% eingqrassionesh@vmsithe y

SRR S g@éﬁa?@%‘dﬂ??ﬂe epfeq“%gﬂdﬁlcjt% geggltnﬁ g}UId onto

acconpanyi ng draw ngs under
&hebemremd[maﬁﬁtsslbaﬁgterrer ely illustrative and not
restrictive of the current invention, and that this

i nventd sgAond semicangkictdrcubstrate processpeg cliarober having a
constru t| ons .a genments shown and descri bed
SPRR Bt SRRl e euRaran A ROeB O HET IRl 1

ski I'l et fcbiifudtpt sitlatPr i ﬂt?n&éh%hm{o gransAport the

sem conduct or sug Fr AL e rocgés ng apparatu

cemicirelutgor sublstrasd fraﬁm}@%@ﬁueé&iuc&éb&wsﬁa% Bl 956 $b Bk
chanber having a substrate support, to support a
semiicansiugterubstrata liquid immersiordappanases. head t herei n,
the substrate support being capable of rotating the

2. The semiconductor substrate processing apparatus of claim 1,
wherein said rotation of the semiconductor substrate occurs about an axis
extending through an upper surface and a lower surface of the

semiconductor substrate.

3. The semiconductor substrate processing apparatus of claim 2,
wherein the semiconductor processing fluid is a first liquid, said rotation of
the semiconductor substrate causing substantially all of the first liquid to be

removed from the upper surface of the semiconductor substrate.

4.  The semiconductor substrate processing apparatus of claim 3,
wherein at least a portion of the upper surface of the semiconductor

substrate is hydrophilic before the first liquid is dispensed onto the upper

13



sem conduct or substrate, the di spense head being

posi ti oned over the sem conductor substrate to
waolcepemsaes a sem conductor processing fluid ontBCT/N82005/025823

sem conduct or substrate; a second sem conduct or

substrate processi ng chanber having a sem conduct or

sslbghdedfank is@Hﬁ&ﬂdﬂE%ﬁédU@n%&oﬁ{&m@sehﬁ%ﬁaﬁéto?Q&’bsﬁrate is

sem conduct or substrate transport nechanismto
tratatgaort t he sem conductor substrate fromthe

sem conduct or substrate support to the sem conduct or
substrate liquid imrersion apparatus. 2. The

sem conduct or substrate processing apparatus of claim
1, wherein said rotation of the sem conductor

ubst i q ' n
R e e T
suibgreirethe. sefhicdiidudonsuisyigiye rahspott phdchiafishn Gofegtied do
apparatus of claim2, wherein the sem conductor

pmorerse theysemigpaduetos substrate wighind: sesand liquidiwithinghe
the.sem c ndu%t r.substr.ate causing substantially all.
SPNGRICE s gt PErR AP P31 Ajsesta portion
s Eﬁ@ﬁﬁg&f sdljf'éacescg'{hg QoA cRIHRRbERLE is ﬁyd}_g@?obif after said
sem conduct or substrate processing apparatus clrarm
Innwdieion. N at | east a portion of the upper surface of

t he sem conductor substrate is hydrophilic before the

first liquid is dispensed onto the uppersurface of the

em cqhduct ar substrat.e. and the sem conducto .
Blbst nAFSeucong gt SUbBtate BrotEssing ARRRIASHS OfDaim s e

hnas . of ' i .
MRS S T N o,

contaimthesecohd lkgiid Gﬁd@ﬂﬁlh@dilit‘yt&f&iagaf tovilel)idach vapePnbzzle
qu@i d within the sem conductor substrate |iquid

torefitiest WAPQIppP Aneof shesunfaces of theisqroiconductstr substrate
%exé 6&%%@1‘:@@&&02S?pgset%t%%%%ya{:cttso 4 st gget k8 seond liquid.

7. The semiconductor substrate processing apparatus of claim 6,
wherein the liquid immersion apparatus further comprises a wafer gripper
to grip the semiconductor substrate, place the semiconductor substrate in an
immersion position within the second liquid, and remove the semiconductor
substrate from the liquid, said direction of vapor occurring when the

semiconductor substrate is being removed from the second liquid.
8. The semiconductor substrate processing apparatus of claim 7,

wherein the liquid immersion apparatus further comprises an inlet and a

drain, the inlet and the drain being connected to the liquid container.
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I mersion. 6. The sem conductor substrate processing
apparatus of claim5, wherein the |iquid inmmersion
wa@p@anases | ncl udes a |iquid contai ner to conteETUS1085/025823
second liquid and a plurality of vapor nozzles, each
vapor nozzle to direct vapor onto one of the surfaces

ot heRahGesG asgtefgt ' tor
substrate cont actéstggssur aé@&%&%lﬁg%ggggar@sg?g@pg%r
Wikereanthecedond diquidi Bdtiedst ope of By disllcHiPafidand d-ionized
claim®6, wherein the liquid inmersSion apparatus

fwidteher conprises a wafer gripper to grip the

sem conduct or substrate, place the sem conduct or
substrate in an i mrersion position wthin the second

l4inqui d; : &EHZ I fr

tlﬁ'e I ﬁwt?l??sgguéai g ﬁ?fr%?f, on g?&\%g%ég aggggaﬁxlg %aﬁﬁs‘% he
sehérenmthecieosnd ligatd Ride-ichiRel WatdrHAMaE ak 1Rt & PBrtion of
second liquid. 8 The sem conductor substrate

sheuvpper sirfagepefrthe semidorsluston stibstrhte isihy drbphobiquieen the
i Mer sipn, a ratus, further, conprises inlet and a
SPEvpnCeEol Sibsiratiis FEmOVEHFam b ﬁzfoagﬁwéed to the

liquid container.9. The sem conductor substrate
processi ng apparatus of claim@8, wherein the second

M1qui &\ sémiondaasir sabstrfe prvdesaid berafifsl dnipising:
de-ioni zed water. 10. The I;slﬂlgrri cor%ﬁ?:l% or subst ratleg
pr ocegdramgeappar at us of claim9, wherein the second

liquid is.de-jonized water and the at | east a portion
of thé SSBB%W%{&% sHrate PR eBRRAled & tha fsamedp support

Deraphoh ' 0Bt bei
BRI ol YR8 (RE S ARG RY RSB Bl bene
supable af spinhdee sl figniebRdhetbrSulbdtiate;} sing: a frame; a
sem conduct or substrate support connected to the frane
t o suppbspensedenail condedted to shivbametpositidreed over the
. t bei

Ségrrrqlcco%%% grosrubgyrgfc’et sruap}p%rfc’ 0 gigi)enseea{ Pilgst semiconductor
processing liquid onto a surface of the semiconductor substrate;

a liquid container connected to the frame to contain a second
semiconductor processing fluid; and

a semiconductor substrate transport subsystem to transport the
semiconductor substrate from the semiconductor substrate support into the

liquid container.

12.  The semiconductor substrate processing apparatus of claim 11,
wherein the semiconductor substrate is completely immersed within the

second semiconductor processing liquid in the liquid container.

13.  The semiconductor substrate processing apparatus of claim 12,

wherein the semiconductor substrate transport subsystem is to further
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capabl e of spinning the sem conductor substrate; a
di spense head connected to the frane positioned over
W0 b@emeosBronduct or substrate support to di SpenBET/aS2005/025823
first sem conductor processing liquid onto a surface
of the sem conductor substrate; a |iquid container

d .the f t ai d .
FEMOTE S serBiconuctl SRRt IO i Je S iiminaducter
?,l@_@ésg i(%dia_nsport subsystemto transport the
em conduct or substrate fromthe sem conduct or

substrate support into the liquid-container. 12. The

sem conduct or substrate processing apparatus of claim
14, wibesemiconducdon suhstiiate processisg apparatys ebalginatld) y

ORI e SE B hior SRR Brs A1 JPPoh and BV Eomaiieeothe
b hAHoWePSEF i3S %@&%ﬁ@p@%@e@} S'la%ed' Slrface of

t sem conduct or substfate tran ystemis to

frhie sdvondesemieonductsepraressitig ligiuid wiiler tht gefniconduteor
second sem conductor processing liquid. 14. The
substedieds inmersadand beiagremavedl fmomatbe seeandsephicondietor
13 vvherefiln t he sem conductor substrate has an upper -
ZR8cesNS 1 Wdr f ace, the upper and | ower surfaces being
substantially perpendicular to a surface of the second
sem conduct or processing liquid while the

46m c dhewetrdrorsliasdr ailstiate provessing appdrdras bfclagnuysd
fromthe second sem conductor processing fluid. 15.
Taetherenmaprigingtoplusalist ofaapoymezalssita dirggheapanas the upper
claim14, further, conptising a plurality of_ vapor

A3 PE bttt STBIConuR e SpbplRteathefeg sbimiconductor
3Hb{Ese T olfactd e $SEaCE BF AURShtiAI RS ing liquid.
sem condgctagr sSbst raat e g?n%gtggté e surfac (g)%gt&ﬁ%g liquid
second sem conductor processing |iquid.

16.  The semiconductor substrate processing apparatus of claim 15,
further comprising at least one semiconductor substrate cassette to store a

plurality of the semiconductor substrates.

17.  The semiconductor substrate processing apparatus of claim 16,
wherein the semiconductor substrate support and the dispense head are
within a first semiconductor processing chamber connected to the frame and
the liquid container is in a second semiconductor processing chamber

connected to the frame.

18.  The semiconductor substrate processing apparatus of claim 17,
further comprising a third semiconductor processing chamber connected to
the frame, the third semiconductor processing chamber having a second

semiconductor substrate support therein and a plasma generator connected

16



16. The sem conductor substrate processing apparatus
of claim 15, further conprising at |east one

WG eotozi3aiict or substrate cassette to store a pbPar/abiony025823
of the sem conductor substrates. 17. The sem conduct or
substrate processing apparatus of claim 16, wherein

thé&rebS Thé Q8O AuciRabEhfR 1§ rt svﬂfkgs@e'i‘ﬁ ftRaeRse

head are wthin a first sem conductor processing
tznspert thesamicartiuctor substrasnfroanthetdtdedsit gue demiconductor
container is in a second sem conduct or processing i
cHbsisete castattedodhe figst sreopdaard thisd seméconshictarrrgeessing
sglbs rate processing apparatus of claim 17, further

& ﬁ’m&’legsf'ng a third sem conductor processing chanber
connected to the frane, the third sem conductor

processi ng chanber having a second sem conduct or

4abst Mhiessemipmad ictohaulsitaté peocessihg appagans vatiaim 18,
connect edt hereto, the sem conductor substrate )
twherepoatleastiaspertiom af the gerfacoof thersepueendugsor substrate is

em conduct or bstrate fromthe at |east. one, ..

1S SOR Rebireti B Gelnic S TharbEpisersiaz bl is Lispepned
Ao ti £§nﬁ8ﬂ&ﬁ&%&* YabrataRBGHS !s@ﬂﬁéﬂ}ﬁ‘i{}%%xssub%ﬁat 8Spun.
sem conduct or substrate processing apparatus o cﬁ 3 M
18, wherein at least a portion of the surface of the
sem conduct or substrate is hydrophilic before the

20r st Therrenurenduder pihstede preressingiappasatds opelatrad9,

onto the sem conduct.or bstrate t he.sem conduct or. .

Sthein e T e Aorhgh ot sisfhe e ORI CRE R pbsRate is
. . : : . |

R EPROEIC PR piloiicbhd et Sdotratb el rdclinthe bt

sebdtomhretosplogdssippfinid: after the sem conductor

substrate is imersed in the second seni conduct or

processing fluid. 21. A nethod conprising: dispensing

%f grs&nic,e%%&ggr%%%}s%g:pr ocessing liquid onto a surface

dispensing a first semiconductor processing liquid onto a surface of a
semiconductor substrate;

spinning the semiconductor substrate to remove the first
semiconductor substrate from the surface of the semiconductor substrate;
and

immersing the semiconductor substrate in a second semiconductor

processing liquid.

22, The method of claim 21, further comprising removing the
semiconductor substrate from the second semiconductor processing liquid
and directing vapor at the surface of the semiconductor substrate where the

surface of the semiconductor substrate contacts a surface of the second

17



sem conduct or substrate; spinning the sem conductor
substrate to renove the first sem conductor substrate

wo panamordsas sur f ace of the sem conduct or substr aper/uszvds/025823
i mersing the sem conductor substrate in a second
sem conductor processing liquid. 22. The nethod of

cbAidBrifuctdrpideBssie® MRId WHIR the 3B is bei
sem condlj:ctlglllé subs\g?gate fromtﬁe se{:&glr(}iyagoerrrsluggtr{atuecltsgremg

pemoeed ifragm|the séabnain@nticondudtog pyedessingliquh@ sur f ace
of the seni conductor substrate where the surface of
the sem conductor substrate contacts a surface of the

condsem conduct or. cessing. fluid while the .
O A 8PS0 SER B O, Ui
BRI o BR S ik iy O e bt TR
Buehaocpbf tHeasubistratgis $giddophelie dsiriig s¥id rémbval Fahekubéteate
substrate and the surface of the substrate is
fixadn she sesiondchemisondugtar progsssing diquiche substrate from

the second sem conductor processing liquid. 24. The
nmet hod of claim 22, further conprising imrersing the

R S A S T S
2émicdieiuetdr dubstratdiova third SeRicORMuCcRIr 8QBSratéqiiBEessitly
The method of claim 22, wherein the surface of the
digmidonduct or substrate is substantially perpendicul ar

to the surface of the second sem conductor processing
liquid while the sem conductor substrate is inmmersed

bg aneth@%@%ouafcgﬂmm 53, hdrBh HRAAPS: $ELELAIH Hi¥hol

processi ng
vapor.

26.  The method of claim 22, wherein the surface of the semiconductor
substrate is substantially perpendicular to the surface of the second
semiconductor processing liquid while the semiconductor substrate is

immersed in and being removed from the second semiconductor processing
fluid.

27.  The method of claim 22, wherein the surface of the semiconductor

substrate has a plurality of transistors formed thereon.
28.  The method of claim 26, further comprising exposing the surface of

the semiconductor substrate to plasma to remove a layer of photoresist

formed over at least some of the transistors.
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27. The nethod of claim 22, wherein the surface of the
sem conduct or substrate has a plurality of transistors
wo ecooamebssher eon. 28. The nethod of claim 26, feet/81005/025823
conpri sing exposing the surface of the sem conduct or
substrate to plasma to renove a | ayer of photoresist

. t1: i ...Jh
or redheAELHYd df&dsim 38 Wh&feird 58d ﬂl%ﬁégﬁt&%%%rﬁte e

met hod of claim 28, wherein said

fsemiécorskmrtaropideedsirig fluid onki the sulrfacd of theosdrhieofdndtae e
of the seniconductor substrate and said spinning of

sHbsEAg G @ik spinning of the semispndeetor skstrate rempyes| |
of , t.he..phot qresi st. resi due fromthe surface of .the
SukieaBHRRE ol ot Hhp b EResirsidtd B e shEete Bhst ¢ ne
: . ! i
SRR o s RAM AR AL RLS 2 BRI & ' BB o
semicoriictovhribsirateis Hyelrephilichlurin®saididispenssy dage of
t he sem conductor substrate is hydrophobic during said

iSRHBYBg.on of the seni conductor substrate in the second
sem conduct or processing |iquid.

30. The method of claim 29, wherein at least a portion of the surface of
the semiconductor substrate is hydrophobic during said immersion of the

semiconductor substrate in the second semiconductor processing liquid.
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