WO 01/ 78118 PCTI USOL/ 40362 1 WAFER PREPARATI ON SYSTEMS AND NETHODS FOR
PREPARI NG WAFERS 5 BACKGROUND OF THE INVENTION 10 1. Field of th

| nvent i oWO®E8YBesent invention rel ates generally to senlggﬁﬁﬁﬁyﬂpaﬁafer
preparation systens and nethod for preparing wafers, nore particularly,
the present invention relates to the c|eaning and drying of sem conduct or
waf ers using space and process efficient systens. 15 2. Description of the
Related Art In the fabriWaAFERPREPARATIONSEYSDEMScANDES, there is a need to
perform chem cal nechani cal polishing (CWP) operations and wafer cleaning.
Typically, integrated ciMETHODEFOREREPARING YWWFERSmM of nulti-I evel
structures. At the substrate |evel, transistor devices 20 having diffusion
regions are forned. In subsequent |evels, interconnect netallization |lines
are patterned and electrically connected to the transistor devices to
define the desired functional device. As is well known, patterned
conguctive |ayers are insulated fromother conductive layers by dielectric
materials, such as silicon dioxide. As nore netallization |evels and

associ ated dielectric | ayers are forned, the need to planarize the
dielectric material grows. 25 Wthout planarization, fabrication of further
netallization | ayers becones substantially nore difficult due to the

hi gher variations in the surface topography. In other applications,
netallization line patterns (e.g., copper netal) are fornmed in the
dielectric material, and gRefkgrRIEND OFEYHEORSFALTRNS are perforned to
renove excess netalI|zaI|TWT_7“11?’7ﬂﬂr1§ﬁﬂT‘CNP——UpErat|on it is necessary
theg the planarlzed waf er be cleaned to renove particul ates and 30

cont amn or art, wafer cleaning systens typically inplenment
brushngigpﬁgﬂghgn wﬁ?ﬁéﬁ ponV|nyI al cohol (PVA) brushes are used to scrub
bot h si des The prevait évenfitierdPAds grmesdly to semiconductor wafer preparation systems and

method for preparing wafers, more particularly, the present invention relates to the cleaning and

drying of semiconductor wafers using space and process efficient systems.

15
2. Description of the Related Art
In the fabrication of semiconductor devices, there is a need to perform chemical
mechanical polishing (CMP) operations and wafer cleaning. Typically, integrated circuit
devices are in the form of multi-level structures. At the substrate level, transistor devices
20 having diffusion regions are formed. In subsequent levels, interconnect metallization lines are

patterned and electrically connected to the transistor devices to define the desired functional
device. Asis well known, patterned conductive layers are insulated from other conductive
layers by dielectric materials, such as silicon dioxide. As more metallization levels and
associated dielectric layers are formed, the need to planarize the dielectric material grows.
25 Without planarization, fabrication of further metallization layers becomes substantially more
difficult due to the higher variations in the surface topography. In other applications,
metallization line patterns (e.g., copper metal) are formed in the dielectric material, and then,
metal CMP operations are performed to remove excess metallization. After any such CMP
operation, it is necessary that the planarized wafer be cleaned to remove particulates and
30 contaminants.
In the prior art, wafer cleaning systems typically implement brush stations in which

polyvinyl alcohol (PVA) brushes are used to scrub both sides of a wafer. The PVA brush
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SUMVARYdré¥r sTkteml. NVENdHr&ement, although efficient in cleaning wafers in vertical onentatlons,

takes up substantial clean room area. Additionally, this arrangement requires that the robot
handle the wafer at each stage of the process. That is, the robot is required to bring wafers into
20 and out of each cleaning station and also into and out of the dryer. This level of interaction,
although configured to be as clean as possible, can introduce particulates and can slow down
the process.
In view of the foregoing, there is a need for wafer preparation systems that are more
compact, occupy smaller clean room footprints, and shelter a wafer from excessive transport

25 operations between preparation operations (e.g., such as cleaning, etching, drying and the like).



Broadl y speaking, the present invention fills these needs by providing a
waf er preparation systemincorporating a scrubber and a dréﬁg%éh%% are
verti caWQ'¥Mi8lthted and 5 configured to acconplish esserts P
processing while mnimzing systemfootprint, mnimzing wafer transport
operations, and thereby mnimzing auxiliary systens such as robots for
end effectors. It should be appreciated that the present invention can be

i mpl emented in nunerous WSISMMARY @i THEANVENTIONESS, an apparatus, a
system a device or a nethod. Several 1nventive enbodi nents of the present
invention are described below. 10 In one enbodi nent, a wafer preparation
systemis djsclosed,. The wafer. .preparatj system i ncl.udes crubber unit
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further enbodi ment, a sem conductor wafer preparation apparatus is

di scl amédis cofifigudnioceadvettbe W fropr drasctblen umpatien the meehandiat serviiaf er

cl eani statidgtﬁ aa%lg drying station that is nmounted over the wafer

cl eanicﬂ%ngltga?r? °n ¢ 33’\??;% ages of the present invention are many and
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preparation systemsignificantly reduces systemfootprint and 30 required
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vertically over the scrubbing station.

In yet another embodiment, a wafer scrubbing and drying apparatus is disclosed. The

20  wafer scrubbing and drying apparatus includes a scrubber unit that has scrub brushes oriented
to scrub a wafer in a vertical orientation. A dryer unit is positioned over a top region of the
scrubber unit, and the dryer unit is configured to receive the wafer from the scrubber unit. The
wafer is received in a vertical orientation by the dryer from a slot in the top region of the
scrubber unit.

25 In still a further embodiment, a semiconductor wafer preparation apparatus is disclosed.
The semiconductor wafer preparation apparatus includes a wafer cleaning station and a drying
station that is mounted over the wafer cleaning station.

The advantages of the present invention are many and substantial. Most notably, the
vertical orientation of the wafer preparation system significantly reduces system footprint and

30  required clean room floor space. The vertical orientation represents a significant advancement
over prior art that extends preparation systems over a large floor space area and requires
repeated robot wafer handling to transport wafers from one preparation station or unit to the

next. The present invention not only minimizes required floor space, but minimizes the need



repeated robot wafer handling to transport wafers from one preparation
station or unit to the next. The present invention not only mnimzes

r equi redwﬂ%8P11§pa0e, but mnimzes the need WD 01/78118 I5€¥f‘{§§8193ﬁ%)362 4
for repeated robot handling, reducing both the cost of operation and the
potential for contam nation. Another advantage of the present invention is
t he enbodi nent that provides increased flexibility in wafer preparation
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foll ow ng detailed description in conjunction with the acconpanying

dr &wi neubbep unéicofi theawafer prepaviéion sypemomd pilred mwafers drage the dryer unit. In a

vertical orientation, multiple wafer preparation systems can be implemented to share resources
in smaller floor space areas to maximize the savings and efficiency achieved.

Other aspects and advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

20  illustrating by way of example the principles of the present invention.



5 nuneral s designate |like structural elenents. Figure | A shows a vertically
oriented wafer scrubber-dryer unit in accordance with one odi nent of
the pre¥A0Vi#l&ntion. Figure IBillustrates the |oad/ unl %%ﬁﬂg?}z%o?%on of
the dryer unit in accordance with one enbodi ment of the invention. 10
Figure 1C shows the dryer unit in the £l osed position in accordance with
one enbodi nent of the present invention. Figure 2A shows a front and side
perspective view of t hBRIEFIDESCRIPTION OF IHEODRAWINGSI t h one enbodi ment of
the invention. Figure 2B illustrates the transition of the wafer out of the
scrubber unit in accordance 15 with an enbodi nent of the present
invention. Figure 3A illustrates t.he s i - ance
with one er;ﬁbe I Heh mV%I?tlotnhvéﬂ]ﬁ)rlevrg% lryo%?d%fﬁ?%@?@ @E?(?Lb(ﬁvég gg@el %?%8@8@%@\/ of

t he edggjuhelistevithnthacaeompasenyididwiaps. e o ficithnte thiyf dédosipiioneliltel tfiereR@

Fi gure 3C shows the wafer being lifted in accordance with one enbodi nent of
th p'};:é@ffﬁ’é deshgrag lilgnstruciugglred@menss.-  4C show a side view of the dryer unit
in each of . t.hr 0si i | ' f L in the
openand 1 HOLTSdd) SRR SLEND; Mttt El B ard it bRt A 4 ' The
i nventdnisbdidént lof herpredent Biventgpnaphi cal representation of a wafer preparation
process in accordance with one enbodi nent of the present inyention. Figure
6A shows a f8urgi iEHlusiralgs gie Pﬁ%/uamgrpowﬂ%eg&f‘dﬁwe ugRt fma%ﬁﬁ’r%%?ﬁ%d‘il% € gf

t he %nm%eﬂt%Y%tiBQ&tioﬁi gures 6B and 6C show a perspective overhead view
of a dryer 1 n accordance with one 30 enbodi ment of the invention. WO
011078118 PCGitwS01C4086% tite OERAI WHED iDESEREIPIddONoSFOT HE PREFERREDVith one
EMBODI

e'\r/nEbl\(l)-[l?ment of the present invention.

Figure 2A shows a front and side perspective view of the scrubber unit in accordance
with one embodiment of the invention.

Figure 2B illustrates the transition of the wafer out of the scrubber unit in accordance
15  with an embodiment of the present invention.

Figure 3A illustrates the scrubber brush assembly in accordance with one embodiment
of the invention.

Figure 3B shows a detailed view of the edge holder in accordance with an embodiment
of the invention.

20 Figure 3C shows the wafer being lifted in accordance with one embodiment of the
present invention.

Figures 4A — 4C show a side view of the dryer unit in each of the three positions with a
detail of the wafer position in the open and the load/unload positions in accordance with an
embodiment of the invention.

25 Figure 5 is a graphical representation of a wafer preparation process in accordance with
one embodiment of the present invention.

Figure 6A shows a detailed view of the dryer in accordance with an embodiment of the
present invention.

Figures 6B and 6C show a perspective overhead view of a dryer in accordance with one

30 embodiment of the invention.



An invention for wafer processing equipnment, nanely, mafer scr ubbi ng,

cl eani n etching, rinsing, and drying is disclosed. ref g

enbodi rrgﬁf’glmdl%vafer preparation system 5 includes a vvaf g‘ilﬁﬁ $2ng uni t
that is configured to receive a wafer and then transfer the wafer
internally to a dryer unit. The dryergunit, in this preferred enbodi nent,
is positioned over the wafer scrubbing unit. In the follow ng description,
numer ous speciDETANERDESCGRIETEGN CIOTHE PREFERRED EBBODIMENTS t hor ough
under standi ng of the present 1nvention. It wll be understood, however, to
one skilled in the art, that the present invention nay be practiced w thout

sone or 10 all of.t ecific details. In ther ce known
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ori ented wafer Scrubber- dryer unit 1 n accordance with _one enbodi nent of
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to define de.lré 'IQ%OQ/E aQRRRall¢ bRSAEY waftRdchuBBa dDéaath inhkedidaice wiaseale bed
in greater tail below Figure 1A shows the dryer unit 104 of the wafer
pr epareathodimesy of thpt@oni invartienogershpwai 4 fiyar unih&04 isxeelntirdabovheseiuhber1 04b
is 25 se ed. t stem up ort structur t hat .s and su ts

bot - tHE 10pyad iretedan S Rl R Rh s Bel Dar ety PERE B L REEH A
SYBPOIGlve Rk BErub G aniti 102 QA€ b€ BRI MY humbsr oPWSyst iIByREy BEEMRSe, Ihediser ubber
unit 102 and the fixed dryer housing 104b. A wafer 110 is shown entering
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enbodi ment, the wafer 110 is lifted through the scrubber
$o as to save valuable clean room space and to achieve other advantages as will be discussed

20  below.

In one embodiment, the dryer unit includes a moveable dryer housing 104a configured
to move towards and away from a fixed dryer housing 104b to define positions of open, closed,
and load/unload which are described in greater detail below. Figure 1A shows the dryer unit
104 of the wafer preparation system 100 in the open position. The fixed dryer housing 104b is

25  secured to a system support structure 106 that spans and supports both the dryer unit 104 and
the scrubber unit 102 of the system 100. A support mount 106a, in one embodiment, is
positioned between the scrubber unit 102 and the fixed dryer housing 104b.

A wafer 110 is shown entering the dryer unit 104 through a second slot opening 102c¢ in
the scrubber unit 102. Fingers 105b, 105c¢ are configured to support the wafer 110 in the dryer

30  unit 104, and a pivot finger 105a is configured to pivot to the edge of the wafer 110 to secure
the wafer 110 in its mounting. In one embodiment, the wafer 110 is lifted through the scrubber

unit 102 by an edge holder 114 on a lifter rod 112 driven by a lifter rod controller 108.



unit 102 by an edge holder 114 on a lifter rod 112 driven by a lifter rod
controller 108. WO 01/ 78118 PCTI US01/ 40362 7 The wafer 110 enters the
scrubberWOMF8HB2 t hrough a first slot opening 102g | ocat BETAURO%936% ont
door panel 102a. The first slot opening 102g is configured to be opened and
closed by way of a slider door 102b that slides in the required direction
102b' to open or seal the first slot opening 102g. In general, a wafer 110
t o be proceBseadafes] 1henad teettribbeounih&02hferghpriopasietdpening 1§72 leqafetion a

through the firs | ot openi 102 d. the.slider. door 102 I t
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pi vot dykiEEerTheObaer Tteis WeduBbedlihQhé scraftiednit 102, ked thbnyléftedudithe d4r wieind a
clean and dry wafer 110 is renoved fromthe wafer preparatjion system 100.
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the terns "dry,” "drying," "dryer," "dryer unit," and "dryi yst.end
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oper at arg&smﬁ'te d4[‘§x¢da;‘1%£rfhﬁh Ay 4fBOBR) R aMhMEdSHIH LRI wABP Iiegﬁ_tah&m@stéﬁh gure 1B
illustrates the | oad/unl oad gosmlon of the dryer unit 104 in accordance
with Hite Avisedihaeit, thof tetrhdrying eimuldbe uiderstaotd foenseernuniliee offpossdide e dryer
housi ng 104a noves in_ 20 the direction of the fi ed.dsyer hqusi ng, 104b.
The wafREFaHPTE, SUEh i SBINBING AN HIRT. FNCE 2 e 26|y e emical o uater smuihgy

fingers,d@ote vt 856n ofdeY &) pdifR@QicHiNOFitRickGhiakssQ8R & HE), 28d aRBdiklocked
posi ti 0131 andedovmvgar%d t8 aetta%h to thengzd ecof t he waf er 1)10, thusnglselguri ng

t s wadnyimg. iTheeforouthe itergusidryt, hedryinggerdsyer05ldryer 08, "and “drenps s’ arpger
1052 110,208, 998 M0k 16 bR 40 SRRl o B D BaERPRLRRRLS LT,
dryer piih ah@4hdRY hh18g SidGifir APPIERkioAsl4 to a position in which the bottom
edge of the wafer 110 is slightly above the fingers 105b and 105c.
Figure 1B illustrates the load/unload position of the dryer unit 104 in accordance with
one embodiment of the invention. As can be seen, the moveable dryer housing 104a moves in
20  the direction of the fixed dryer housing 104b. The wafer 110, completely within the dryer unit
104, is supported by fingers 105b, and 105¢. Pivot finger 105a pivots from a raised and
unlocked position and downward to attach to the edge of the wafer 110, thus securing the wafer
in a mounting by the fingers 105b, 105¢ and the pivot finger 105a.
In one embodiment, the load/unload position is a two stage position. In a first stage of
25  the load position, the wafer 110 is lifted into the dryer unit 104 by the edge holder 114 to a
position in which the bottom edge of the wafer 110 is slightly above the fingers 105b and 105c.
The moveable housing 104a is then positioned such that the fingers 105b and105c¢ are located
under the bottom edge of the wafer 110 at a position to hold the wafer 110 by the edge when
lowered. In the second stage of the load position, the wafer 110 is then lowered onto the
30 fingers 105b and 105¢ and the pivot finger 105a pivots downward to secure the top edge of the
wafer 110 and complete the operation of mounting the wafer 110 in the dryer unit 104. The

edge holder 114 is then withdrawn from the dryer unit 104 so that the moveable dryer housing

104a can continue to the closed position.



The noveabl e housing 104a is then positioned such that the fingers 105b
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to hol d woeowwair 110 by the edge when |owered. |In the s@coviibossesge of the
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102d in accordance with the p05|t|on of the noveabl e dryer housing 104a. In
yet and®lbin azgorémf@dwﬂpme embdimens of dlag inyerpipn; dnjapetheembedimedt, thée scrubber

uni t 18§s1ta ion ofp Be cgpI & qOJZW is controlled by pins, brackets, or other such devices mounted on

the bottom of the moveable dryer housing (104a, Figures 1A — 1C) that would position the top
door 102d in accordance with the position of the moveable dryer housing 104a. In yet another

20  embodiment, the top door 102d is located within the scrubber unit 102 and positioned by
known mechanical operations within the scrubber unit 102.

Four brushes 120 are shown within the scrubber unit 102 configured symmetrically such
that there are two brushes 120 on opposite sides of the wafer 110 above two brushes 120 on
opposite sides of the wafer 110. The two brushes 120 closest to the top plate 102f define an

25  upper set of brushes 120, and the two brushes 120 below the upper set of brushes 120 define a
lower set of brushes 120. Above each brush 120 is shown a manifold containing multiple
nozzle heads configured to be sprayers 122 above each brush 120.

During a scrub operation, the brushes 120 are configured to scrub opposite sides of the

wafer 110 in pairs such that as the lower set of brushes 120 are positioned in contact with and
30  performing a scrub operation on the wafer 110, the upper set of brushes 120 are retracted away

from the wafer 110. The scrubber 102 is configured to then position the upper set of brushes

120 so that the upper set of brushes 120 are in contact with and performing a scrub operation on

the wafer 110 and the lower set of brushes 120 are retracted away from the wafer 110. A set of



known nechani cal operations within the scrubber unit 102. Four brushes 120
are shown within the scrubber unit 102 configured symmetrically such that
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brushes 120 on opposite sides of the wafer 110. The two brushes 120
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assist in removing any chemicals and/or particulates.

20 Figure 2B illustrates the transition of the wafer 110 out of the scrubber unit 102 in
accordance with an embodiment of the present invention. The wafer 110 is lifted through the
scrubber unit 102 by the edge lifter 114 attached to the lifter rod 112. The top door 102d must
be in the open position enabling the wafer 110 to exit the scrubber unit 102 through the top slot
102c in the top plate 102f. Upon exiting the scrubber unit 102, the wafer transitions to the

25  dryer unit as discussed in greater detail below.

Figure 3A illustrates the scrubber brush assembly 200 in accordance with one
embodiment of the invention. The scrubber brush assembly 200 includes 4 brushes 120
configured in an upper set of brushes 120 and a lower set of brushes 120 as defined above.
During the scrubbing operation, the brushes 120 are configured to rotate to produce the desired

30  scrubbing action. As described above, only the upper set of brushes 120 or the lower set of
brushes 120 is in contact with and performing a scrubbing operation on a wafer 110 at any one
time. When the lower set of brushes is performing a scrubbing operation, the upper set of

brushes is retracted away from the wafer 110. When the upper set of brushes 120 is performing



15 of brushes 120 nove toward the wafer as the |ower set of brushes 120
nove away. Using the upper set of brushes 120, a second scrub operation
can be peofeor’sisd. By way of exanple, the second scrub op@CAfSO40362

i nclude the use of another chemical (e.g., that may be weaker) or DI water
to renove nost of the chemcals and parficulates. In addition, the sprayers
122 can also assist in renoving any chem cals and/or particul ates. 20
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and i; configured to support the wafer 110 by a small portion of the edge of the wafer 110. The
interior of the edge holder 114 as seen in the cross sectional view is configured in a "V" shape.
20  This design is configured to minimize the contact area with the surface of the wafer 110 (e.g.,
the active region) while providing ample support to lift the wafer 110 through the scrubber unit
102 and position it in the dryer unit 104 as described above.
Figure 3C shows the wafer 110 being lifted in accordance with one embodiment of the
present invention. At the end of the scrub operation, the edge holder 114 is lifted by the lifter
25 arm 112 which is driven by the lifter rod controller 108' or 108. When the edge holder is
positioned to support the wafer 110, the brushes 120 are retracted by the brush control assembly
202. The lifter rod proceeds to lift the edge holder in direction 210a resulting in the wafer 110
rising through the scrubber brush assembly 200 in direction 210b. As the wafer 110 rises,
support of the wafer 110 is transferred from the wafer drive rollers 206a, 206b to the edge
30  holder 114, and in this manner, the wafer is lifted through the scrubber unit 102 to the dryer
unit 104 above.

As described above in reference to Figures 1A — 1C, one embodiment of the dryer unit

104 has 3 positions: open, load/unload, and closed. Figures 4A —4C show a side view of the
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Figure 16361\) 102(?, and the pivot finger 105a pivots from a raised, unlock position, downward to attach
to the edge of the wafer 110, securing the wafer in a mounting by the fingers 105b, 105¢ and
20  the pivot finger 105a. As can be seen in the wafer detail, the wafer is mounted and secured by
the pivot finger 105a and fingers 105b, 105c¢ to the platen 250. The lifter rod 112 then retracts
the edge holder 114 away from the wafer 110 and out of the dryer unit 104.
Figure 4C shows the dryer unit 104 in the closed position. The moveable dryer housing
104a is mated to the fixed dryer housing 104b which seals the dryer unit 104. As will be
25  described in greater detail below, the wafer 110 is securely mounted on the platen by the pivot
finger 105a and fingers 105b, 105¢ and within the fixed dryer housing 104b portion of the
sealed dryer unit 104.
Figure 5 is a graphical representation of a wafer preparation process 300 in accordance
with one embodiment of the present invention. The wafer 110 is manipulated (e.g., moved to
30  or from desired positions) by an end effector 304, and the wafer is secured to the end effector
304 by way of vacuum holds 306 or other such apparatus or processes to secure a wafer to an

end effector 304 or other robotic arm designed to efficiently transport wafers while maintaining

clean room standards and integrity. The wafer 110 is inserted 302a into the scrubber unit 102,



dryer unit 104 is in the open position. The noveable dryer housing 104a is
at the greatest separation distance (DopeD) possible fromthe fixed dryer
housi ng WO4H/78MKle only direction the 5 noveabl e dryer hou$CAF/'Se04E6ZTan nove
fromthis position (e.g., during operation) is toward the fixed dryer
housing 104b and this novenent is represented by directional arrow 252. The
wafer 110 is shown in the side view supported by edge hol der 114 on the end
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pr ocesbkesk B64,3%d s eordi gwedfdan spim waith the wafer 110 secured thereon. As shown in Figure
6A, a set of nozzles 350 is provided to direct rinsing fluid at the back side of the wafer 110.
20 In one embodiment, the wafer 110 is transitioned to the dryer 104 when the dryer 104 is
in the open position. The wafer 110 is lifted through the scrubber 102 (see Figure 1A) after
completion of the scrub operation, and enters the dryer 104 configured above the scrubber 102
while the dryer 104 is in the open position. The moveable dryer housing 104a is moved to the
load/unload position, and the wafer 110 is mounted on the platen 250 using fingers 105 as
25  described above in reference to Figures 1A — 1C. The active side (e.g., the side having devices
fabricated thereon) of the wafer 110 is positioned facing the moveable dryer housing 104a, and
once the wafer 110 is mounted, the moveable dryer housing 104a is moved again to mate with
the fixed dryer housing 104b and seal the dryer 104 in a closed position.
In the closed position, the dryer 104 is configured to perform any of a spin, rinse, etch,
30  ordrying operation of the wafer 110.
Figures 6B and 6C show a perspective overhead view of a dryer 104 in accordance with
one embodiment of the invention. Figure 6B shows the dryer 104 in the load/unload position,

and Figure 6C shows the dryer 104 in the closed position. In one embodiment, a servo motor



end effector 304 or other robotic armdesigned to efficiently transport
wafers while intaining clean roomstandards and integrity. fer 110
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and positioned 302b in the scrubber assenbly. In one enbodinment, nultiple
scrubbing processes are acconplished wgth each process resulting in the
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waf er IHOwafes 110 ANRESAIMMRyikiNbR: diSod¥! adddo2fes 388 ¢hh B@ osﬁ@&ié@,m angd is
mounted on the platen 250 and secured with fingers 105. The platen 250 is

at t achevitabde pcaipinprin ey s8Rl gonfiguatiap imadcaglanes witk tssapedapbithe desipdf | gur ed
to spinwith t wafer . 110 .s red thereon. As shown in Figure 6A a set
of noz?fegﬁﬁgﬁnﬁamzrggh éﬂ?gﬁglrect rinsing fluid at the back side of the

waf er 110. 20dtah 36065 elidadinBitres bBe- g@f@rrehdOalif flui@fisinttheas@r ueit the dryer
104 when the dryer 104 is 1in the open position. The wafer 110 is lifted

t hAdugk ¢ 356&1@. Beressarpin the deyipg guiylEonment ko egiove Elgids) Rietiipa pssferrete scrub
operatl C 02
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104a |aunDMﬁﬁuve“mhepohﬁﬁﬂkﬂﬂhﬂﬂmwmmmmm@mofﬁadq&heOMafer 110 i s nounted on
the pl aten 250 using fingers 105 as é?tdescrlbed above in reference to

Fi gures | A Oncga wahe é@tlﬁ processad thraug) the PrpAEatign ke 1§0d8e wade can be

processed through other well known fabrication operations. These operations include, as is

20  well known, deposition or sputtering of oxide materials and conductive materials (e.g.,
aluminum, copper, mixtures, and the like). The process, also known as “the backside” process
also includes etching operations. These etching operations are designed to define the network
of metallization lines, vias, and other geometric patterns necessary to define the interconnect
structure of an integrated circuit device. In between these operations, some chemical

25  mechanical polishing (CMP) operations are also needed to planarize the surface to enable more
efficient fabrication. After any of such operations, the wafer will need to be cleaned and dried
before proceeding to a next operation in the process of making an integrated circuit device.
Once complete, the wafer is cut into dies, each die representing one integrated circuit chip. The
chips are then placed into suitable packages and integrated into a desired end device, such as a

30  consumer electronic end product.

While this invention has been described in terms of several preferred embodiments, it

will be appreciated that those skilled in the art upon reading the preceding specifications and

studying the drawings will realize various alterations, additions, permutations and equivalents



fabricated thereon) of the wafer 110 is positioned facing the noveabl e
dryer housing 104a, and once the wafer 110 is nounted, the noveable dryer
housi ng WOPY848pyed again to mate with the fixed dryer PREFEOHE®D4b and
seal the dryer 104 in a closed position. In the closed position, the dryer
104 is configured to performany of ajgpin, rinse, etch, 30 or drying
operation of the wafer 110. Figures 6B and 6C show a perspective overhead
vi ew cdhergofdrdisithereipre mtended thia eeresentinvemmsnandodésmadhsucbfaltetagonsivent i on.

Fi gure shows the dryer 104.in the.load/ unl oad position d. Figure 6C
shows ERETrparm o i et it U T EA o ARG CH B s R ip S

not or WLQlbidBledBs PCTI USO1/ 40362 13 359 is |ocated on the side of the
dryer 104 and controls the positioning of the noveabl e dryer housing 104a.
In the | oad/ unl oad position (Figure 6B), the wafer 110 is nounted to the

pl aten 250 using fingers 105b, 105c. As described above, a pivot finger
105a is used to secure the wafer 110 in the nounting. Once the wafer 110
is positioned and the edge hol der 114 (see 5 Figure 3A - 3B) is wthdrawn
fromthe dryer 104, the servo notor 359 drives the noveable housing 104a
to the fixed housing 104b and the closed position. The back side of the
wafer 110 is the side that faces the fixed housing 104b, and is rinsed by
a set of nozzles 350 directing a rinsing fluid or process chem cal. The
active side of the wafer 110 faces the platen 250 and is rinsed (or etched
followed by a rinse) by nozzles 358 directing a fluid at that side of the
wafer 10 110. Figures 6B - 6C show a representative nozzle 358 directing
the fluid at the active side of the wafer 110 in accordance with one
enbodi ment, and nozzl es 358 can be positioned in any suitable |ocation or
in any suitable configuration in accordance with the needs of the desired
process and the size of the wafer 110. A drain 360 is shown in Figures 6B -
6C for renoval of fluid fromthe dryer unit 104. 15 A drain 360 is
necessary in the drying environment to renove fluids, but in a preferred
enbodi nent, it would not be visible froman overhead perspective as a drain
360 woul d be nost effective when positioned in the | owest portion of the
dryer 104. Once a wafer 110 is processed through the preparation system
100, the wafer can be processed through other well known fabrication
operations. These operations include, as is



20 wel | known, deposition or sputtering of oxide materials and conductive
materials (e.q., alum num copper, mxtures, and the IikeiEI % rOCcess,

al so knowgggg'lﬁ he backsi de" process also includes etchi ST g@/‘ﬁ?%ons.
These etching operations are designed to define the network of
nmetallization lines, vias, and other geonetric patterns necessary to define
the interconnect structure of an integrated circuit device. In between

t hese operations, sone chemnical 25 @kARdAi cal polishing (CVMP) operations

are al so needed to planarize the surface to enable nore efficient
fabrication. After any of such operations, the wafer will need to be

cl eaned anq_dri e/gwachqf S){p%raqiroggggglinpgmﬁ%@nééyext operation in the process of
| c

maki ng an integrate cuit VI Cé. conplete, the wafer is cut into
di es, each adicesbbepiiresenifigngdan eedeieegw afeefbranachanital cbiup.cleBinmg; aind ps ar e
then placed into suitable pack?ge and integrated into desired end
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has beeduflast! fed ddimb&falRoPloraPMelifthg Preferred enbodinents, it will be
appreciated that those skilled in the art upon reading the preceding

specifications and studying the drawings will realize various alterations,
addi tions, pernutations and .equival ents V\%Ol/ 811 PgT/ Usg}l?/ 40 q{z? 14
thereof. It=is t e"?‘aé?ro?’é@??’ﬁ'{l%c%ﬁe?lhﬁst TetCHS pY B Hi AVEREY GIF PR aég’}tm |
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the true spirit and scope of the invention. Wat is clained is:

01078 e T U1y 4GB0t opeBinglandNEds 10 the digdramitpr epar at i on syst em
conprising: a scrubber unit configured to receive a wafer for nechani cal
scrub cleaning; and 5 a dryer unit arranged vertically above the scrubber

unit and confi gus edfdrPréReRionsyaneh asdeditethe claah ar wakieat the lieysreahaniegla
scrub cleaning. 2. A wafer preparation systemas recited in claiml,
wher eiffrsttpusisg sidstad aga¢and Hogging gisls. weffirptdrousing sidg hehigrgnfiguiedimitn Mithe
wafer js received a , Se - [ ' [ ent.fromthe
irer 0F stSER A ERae A oL EE0R, Befio RS Ay Fond fhe Hoftl RORIATLidk A

15  position that is other than the closed position.

4. A wafer preparation system as recited in claim 3, wherein the second housing
side is positioned in a fixed orientation relative to the scrubber unit and the first housing side is
movable with respect to the second housing side.

20
5. A wafer preparation system as recited in claim 4, wherein the first housing side

is movable in a direction that is perpendicular to a vertical direction.

6. A wafer preparation system as recited in claim 5, wherein the scrubber unit

25  includes a first slot opening from which the wafer is received and a second slot opening that is
different from the first slot opening and leads to the dryer unit, and the wafer is configured to be
transitioned from within the scrubber unit through the second slot opening and into the dryer

unit.

30 7. A wafer preparation system as recited in claim 1, further comprising;:
a lifter rod having a first end and a second end, and
an edge holder, the edge holder being attached to the lifter rod at the first end, and the

edge holder being configured to support the wafer in a vertical orientation.



3. A wafer preparation systemas recited in claim11, wherein the dryer unit
having a first housing side and a second housing S|de the first_ housing
si de beiWQO¥BI8 gured to join with the second housing si'dePHP14%%¥ osed
position and separate fromthe second housing side in a 15 position that
is other than the closed position. 4. 14 wafer preparation systemas recited
in claim3, wherein the second housing side is positioned in a fixed
orientation relative to the scrubber unit and the first housing side is
novable with respect. to the second housi waf er rati on
system as rleci t €t WHE PEPATAON (EFE} AS tr?lcél%fillpsfel%ﬂsﬂﬁ%erg dee ]l“g n’g) aBle in
a di r%ﬁfl%ﬁe& RpdrarsftidReh® QAT Gronfthelserudb¥ainid todhe Gdyeeadit.on. 6. A wafer
preparation systemas recited in claimb5, wherein the scrubber unit 25
includes a first slot opening fromwhich the waf er is received and a second
sl @t openi t ha different from fir .and leads to

he dryer unit, ‘é?ﬁv&%etrt?ée%qﬁlons Sste%loar% Céﬁdé%d[%}m thr[[h?’gﬁds}%@gs(%%d fromw thin
the scrubbeylifiirbd toHENERTdr o8 RE ORdifek 65d BpaYhnge sedbbertunittahé telthgairyeruni t .
30 7. A wafer preparation systemas recited in claim1, further conprising:
aliftet.rod having a first end and a second end, and an edge hol der, the
edge hol der being attached to the |[ifter rod at the first end, and the
edge hol der being configured to support the wafer in a vertical
ori ent ati ong. WO 2 1w 781l Jie et JdSEylstedd 3652 reclt6d8in élaimaf @r wheearthe iliftersmdt em
as recited in claiml, wherein the lifter E conf i uredtot ition
t HE wespBirolar dhorenef %@F%@@FOY%PQCWUPHW%FW% m‘iﬁmafma%’r@ stegn &hy Fautic

prepar %tg,g IS%?%&%SIOWB}I%%]H{EI-Q&@I m 1, further conprising: a lifter rod
he

contrd ing t iIfter rod through the scrubber unit and to the
dryer unit. 10. A wafer preparation systemas recited in claim9, wherein

the lifter rod 10 controller is one of a servo notor, a pneumatic system
a linear adtuat ﬁ"&e&l@e{rﬂplﬁﬁﬂir@g Wafeéxﬂ%’mg%t em for raising and | owering

the lifter ré&qivmg a wafer in a scrubbing station; and

15 lifting the wafer from the scrubbing station to a drying station that is vertically arranged

over the scrubbing station.

12. A method for preparing a wafer as recited in claim 11, wherein the receiving of
the wafer is through a first opening of the scrubbing station that is located at other than above

20  the scrubbing station.

13. A method for preparing a wafer as recited in claim 12, wherein the lifting of the

wafer is from within and out from above the scrubbing station.

25 14. A method for preparing a wafer as recited in claim 11, wherein the wafer is

received in the drying station from the scrubbing station.

15. A method for preparing a wafer as recited in claim 11, further comprising:
transitioning the wafer out of the drying station.

30
16. A wafer scrubbing and drying apparatus, comprising:

a scrubber unit having scrub brushes oriented to scrub a wafer that is in a vertical

orientation; and



11. A nethod for preparing a wafer, conprising: receiving a wafer in a
scrubbing station; and 15 lifting the wafer fromthe scrubbing station to a
dryi ng Wao/gH18hat is vertically arranged over the scrUBpiVHPILP¥Ei on. 12.
A method for preparing a wafer as recited in claim1l, wherein the
receiving of the wafer is through a fjhrst opening of the scrubbing station
that is |ocated at other than above 20 the scrubbing station. 13. A nethod
for prepariangryer waftegosamne@oivted top regian rof ke setubbeni nnit,hike | dry¢n wyt dbEinghe
wafer is fromw thin and u% from aboye the scrqtﬁaﬁin tation. 25 14. A

met hofORBRUTEH &) ECPING the Walcefrogsa F@&méa (ORI th 199 SCTRRRGT M 1P HRS VPR | s
recei vgfliifohhe drying station fromthe scrubbing station. 15. A nmethod for
preparing a wafer as recited in claim11, further conprising:

transitioning the wafer out of the drying station. 30 16. A wafer scrubbing

and drying par at us, conprising: scrubber unit havi,ng secr.ub .br )
o Pent bl o er b Saliarerotpi i TR JBPERe s s T R 4 TS
01/ 78]013§1p%g5IgU801/ 40362 17 a dryer unit positioned over a top region of

the scrubber "unit, the dryer unit bei ng configured to receive the wafer
from a sl otalifterrp@haope p gitend end & peeoséedbber unit in the vertical

orientation, 17.. A waf er. sc bi i t rech LN
ol am 16, i PoldgL YRR RAREHRY: o BF hedine: DS ARPEI MRS HEREESBALT
end; ap selgrahelidedtioat kmched to the first end of the lifter rod and

configured to hold the wafer in a vertical orientation; and 10 a lifter

cdft rol | er abfien epatreler epnfiguicd top@ise die chg Blder Wriegnthe serudbsiupBER it to
t he dcfryeerrunlﬂni t.

18. A wafer scrubbing and drying apparatus as recited in claim 16, wherein the dryer
unit is configured to transition to one of an open position, a load/unload position and a closed

15  position.

19. A semiconductor wafer preparation apparatus, comprising:
a wafer cleaning station; and

a drying station mounted over the wafer cleaning station.

20
20. A semiconductor wafer preparation apparatus as recited in claim 19, further
comprising:
a lifter rod having a first end and a second end; and
an edge holder being connected to the first end of the lifter rod.
25

21. A semiconductor wafer preparation apparatus as recited in claim 20, wherein the

edge holder is configured to support a wafer in a vertical orientation.

22. A semiconductor wafer preparation apparatus as recited in claim 21, wherein the
30  lifter rod is configured to lift the edge holder supporting the wafer through the wafer cleaning

station and to the drying station.



18. A wafer scrubbing and drying apparatus as recited in claim 16, wherein
the dryer unit is configured to transition to one of an oQpen position, a

| oad/ unl 84YIF8L8: i on and a closed 15 position. 19. A semfEIARIEGE2 waf er
preparation apparatus, conprising: a wafer cleaning station; and a drying
station nounted over the wafer cleaninggstation. 20 20. A sem conduct or
waf er preparation apparatus as recited in claim19, further conprising: a
lifter rod Bavi ng senficostucendvaferdrepasavorgpants aamecizd iedgentl dbereinghag
connected to the first erzf of the lifter ro 25 21. A sem conduct or \[vafer
pr epar 8D SEREA St UL YL QCRIRF™ WYY, 2 flBr &9 thEM% 488 AHErIesl i s
confi gup@etation.support a wafer in a vertical orientation. 22. A

sem conduct or wafer preparation apparatus as recited in claim2l, wherein
the 30 lifter rod is configured to |ift the edge hol der supporting the
waf er through the wafer cleaning station and to the drying station. WO
01/ 78118 PCT/ US01/ 40362 18 23. A sem conductor wafer preparation apparatus
as recited in claim19, wherein the drying station is configured to
performone or nore of a spin, a dry, a rinse, and a chem cal application.



