1 APPARATUS AND METHOD FOR CLEANI NG SEM CONDUCTOR WAFERS Backgr ound of the
lfivent'ion This invention relates to cleaning of seni conductor mafegagéhaz_é
Seni conductor wafers for the nicroel ectronics i ndustry are produce

first slicing thin wafers froma crystal i'ngot. After slicing, the

undergo a tapping process to give thema sonmewhat uniformthickness.
wafers are then etched to renove danmage 110 and produce a snooth surfacg’
The final step in a conventional seniconductor wafer shaping process is a
pol i shi ng st APRARNTGE uBND sMETHOD yFORf CBEANIYNGCaSEMICONDUCTORcWAERBRBace on
at | east one face of the sem conductor wafer. 15 The ers
nmust be cl eaned between the Iapplng and etching steps to renove

contam nants &# tiom cl eani ng process is not

effective, thé'surfaces-fﬁlgngwgﬁgyoﬂufélggéétggruxgghiﬁbfdfua | appi ng grit

resi due. Such residu cause contam nation 20 probl ens during
el ectrical deﬁQﬂ% q ?f%anlng of lapped silicon wafers is
generallys _ Semlconductor wafers for the microelectronics

industry are produced by first slicing thin wafers from a
crystal ingot. After slicing, the wafers undergo a
lapping process to give them a somewhat uniform
thickness. The wafers are then etched to remove damage

10 and produce a smooth surface. The final step in a
conventional semiconductor wafer shaping process is a
polishing step to produce a highly reflective and damage-
free surface on at least one face of the semiconductor
wafer.

15 The wafers must be cleaned between the lapping
and etching steps to remove contaminants such as lapping
grit. If the cleaning process is not effective, the
surfaces of the wafer will be stained with fine lapping
grit residue. Such residual grit may cause contamination

20 problems during electrical device fabrication.

Cleaning of lapped silicon-wafers is generally
done in ultrasonic tanks using a caustic solutién with or
without a surfactant to assist in wetting and dispersing
dirt. The total processing time to produce sufficiently

25 clean wafers may be thirty.or more minutes.

A disadvantage of the duration of the cleaning
process is that prolonged exposure to ultrasonics causes
damage to the wafers. The extensiveness of the damage
increases as the exposure time to the ultrasonics

30 ‘increases.

Another disadvantage of the cleaning process
duration is delay in providing feedback information to
the lapping operator concerning the quality of the lapped
wafers (e.g., Total Thickness Variation measurements,

35 presence of scratches, etc.). Such information allows




done in ultrasonic tanks using a caustic solution wmith or without a
surfactant to assist in wetting and dispersing dirt. The total processing
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waf ers, but can general y onl e provid fers are_cl eaned.
The Iongeﬁ t h&-hee Egedha %%qmﬁtlon, the larger the number of

damaged wafers before corrective actions can be taken.

Summary of the Invention

Among the several objects of this invention may
be noted the provision of an improved apparatus and
10 method for cleaning semiconductor wafers; the provision
of such an apparatus and method which uniformly cleans
the wafers; the provision of such an apparatus and method
which minimizes the duration required for cleaning the
. wafers; the provision of such an apparatus and method
i5 which minimizes the duration the wafers are exposed to
ultrasonics; and the provision of such an apparatus and
method which maximizes the effectiveness of ultrasonics
in the cleaning process.
Generally, apparatus of the present invention
20 for cleaning semiconductor wafers comprises a tank for
containing a liquid, means for directing sonic energy
through liquid contained in the tank, a wafer holder, and
a wafer-moving mechanism. The wafer holder is adapted
for holding the semiconductor wafer in a generally
25 upright position within the tank with a central region of
the semiconductor wafer being at approximately the same
level as the surface of liquid contained in the tank.
. The wafer-moving mechanism is constructed for engaging
the semiconductor wafer in the wafer holder to impart a
30 rotating motion to the semiconductor wafer in the tank
and to impart a generally up and down reciprocating
motion to the semiconductor wafer so that the central
region of the wafer repeatedly passes through the surface
of the liquid.



5 the feedback information, the | arger the nunber of danmmged wafers before
corrective actions can be taken. Summary of the Invention Anong the several
Obj ects of this invention nay be noted the provision of an inproved
apparatus and 10 met hod for cleaning sem conductor wafers; the provision
of such an apparatus and nethod which uniformy cleans the mafers; t he
provi sion of such an apparatus and net hogl which m nim zes the duration
required for cleaning the wafers; the provision of such an apparatus and
met hod 15  which nininiznsanbEhdnraspeottbé théepreaent expoention,

ul trasonics; o] [ h

maxi m zes tfma%ﬁb ?@%n%é% %?OQ%?rasangggggﬁﬂ &Héfag%fggg 89m§@&825 @
GEneraIIy,ennkankLﬁonfcohéapnesgna Lhquidi oa Qeferfb¢1d¢§anang a

semi conduct or {Eﬁg?'fﬁé@h?niéﬁk f @heChAEaEhBgaer! 18ULEapHBANELO!

directing sonlc energy ILd contained in the tank,
hol der, arfl a h@¥diogobh ‘Hgsﬂ‘ﬁ tRanRAuGtorhHakar einhd)| E@Fe?-’%lhiaﬁ?%iagh&r

hol di ng the sepbsDRrbtWwitM@hethéntanBeRetBl by 28astURrpghtipASHEi @ReW t hin
the tank with a central rgglonfof ghe sem1condu8tor fei belgg aEh.
appr oxi nmat el y Ef?{%l% uctor wafer elng lmmerse in e lqul wl in

the tank. The wafer-moving mechanism is constructed for

engaging the semiconductor wafer in the tank to impart a

10 rotating motion to the semiconductor wafer relative to
the tank and to impart a generally up and down
reciprocating motion to the semiconductor wafexr relative
to the tank.

In another aspect of the present 1nventlon, a

15 method of cleaning a semiconductor wafer comprises
plé¢ing liquid in a bath, a gas-liquid-interface being
defined at the surface of the liquid, placing the
semiconductor wafer in the bath so that it is oriented in
a generally upright position with at least part of the

20 wafer in the liquid and below the gas-liquid-interface,
directing sonic energy through the liquid, varying at
least one .of the following steps: (a) the position of
the semiconductor wafer, or (b) the level of liquid in
the bath relative to the semiconductor wafer so that the

25 entire surface of the wafer passes through the gas-
liquid-interface, and repeating the varying step a
plurality of times.

In another aspect of the present invention, a

method of processing a semiconductor wafer comprises

30 placing liquid in a bath, a gas-liquid-interface being
defined at the surface of the liquid, placing the
semiconductor wafer in the bath so that it is oriented in
a generally upright position with at least part of the
wafer being in the liquid and below the gas-liquid-

35 interface, and rotating the semiconductor wafer while



| evel. as the surface of liquid contained in the tank. The waf er-noving
mechani smis constructed for engaging the sem conductor wafer in the wafer
hol der to inpart a 30 rotating notion to the sem conductor wafer in the
tank and to inpart a generally up and down reciprocating notion to the
sem conductor wafer so that the central region of the wafer repeatedly
passes through the surface of the |liquia 3 In anot her aspect of the
present invention, apparatus for processing sem conductor wafers conprises
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sem conductor wafer relative to
5 Brief Description of the Drawings y

FIG. 1 is a schematic side elevational view of

a wafer cleaning apparatus of the present invention with
portions broken away to show detail;
FIG. 2 is a sectional view taken along the
10 plane of line 2-2 of Fig. 1 with portions broken away to
o show detail;

o | FIG. 3 is a sectional view similar to the view
of Fig. 2 but showihg a semiconductor wafer rotated
clockwise a few degrees and in a lowered position; .

15 FIG. 4 is an enlarged front elevational view
of a wafer moving mechanism of the apparatus of Fig. 1;

FIG. 5 is a top plan view of the wafer moving
mechanism of FIG. 4; and
FIG. 6 is a partial rear elevational view of

20 the wafer moving mechanism of Fig. 4:

Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

Description of the Preferred Embodiment
25 . Referring now to the drawings, and first more

particularly to Figs. 1-3, apparatus of the present

invention for cleaning semiconductor wafers is indicated

in its entirety by the reference numeral 20. The wafer
cleaning apparatus 20 comprises an ultrasonic tank,

30. generally indicated at 22, a cassette, generally
indicated at 24, for holding a plurality of semiconductor
wafers W, and a wafer-moving mechanism, generally
indicated at 26.



the tank and to inpart a generally up and down reciprocating notion to the
sem conductor wafer relative to the tank. |In another aspect of the present
invention, a 15 nmet hod of cl eaning a sem conductor wafer conprises

pl'aci ng I|quid,in a bath, a gas-liquid-interface being defined at the
surface of the liquid, placing the sem conductor wafer in the bath so that
it is oriented in a generally upright pgsition with at |east part of the 20
wafer in the liquid and bel ow the gas-liquid-interface, directing sonic
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It | S oriente
interface at a faster rate than it will clean a portion

of the semiconductor wafer well below the gas-ligquid-
interface. The principal of operation of the wafer-

10 cleaning apparatus 20 is based on this conclusion.

The tank 22 comprises a generally horizontal
bottom 28, a front wall 30, a back wall 32, two side
walls 34, 36 extending between the front and back walls,
a weir 38 generally parallel to the front and back walls

15 and extending between the side walls, and a plurality of
ultrasonic or megasonic transducers 40 (shown
schematically in Figs. 1-3) attached to the underside of
the bottom. The front wall 30, welr 38, gide walls 34,
36, and bottom 28 define a bath, generally indicated at

20 42, for holding a suitable cleaning liquid. Preferably,
the cleaning liquid is a solution of 2% by volume '
concentrated KOH (45 wt%) and 2% by volume of a
commercially available detergent (e.g., Vector HTC,
available from Intersurface Dynamics of Bethel,

25 Connecticut). Also preferably, the bath temperature is
about 60°C during cleaning of the wafers. The megasonic
transducers 40 constitute means for directing sonic
energy through liquid contained in the bath 42. The weir
38, back wall 32, side walls 34, 36, and bottom 28 define

30 an overflow receptacle, generally indicated at 44 in
Figs. 2 and 3. The liquid is preferably introduced into
the bath 42 via an inlet'port (not shown) in the bottom
28 of the tank 22, fills the bath 42, and flows over the
weir 38 into the overflow receptacle 44. As long as

35 liquid is being introduced into the bath 42, the weir
maintains the liquid in the bath at a constant level. 1In



a generally upright position with at |east part of the wafer being in the

| iquid and bel ow the gas-Iliquid- 35 I nterface, and rotating the

sem conductor wafer while 4 nmoving the sem conductor wafer in a
generally up and down reciprocating notion relative to the tank. O her
objects and features will be in part apparent and in part pointed out
hereinafter. 5 Brief Description of tge Drawings FIG 1 is a schematic
side el evational view of a wafer cleaning apparatus of the present
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5 ultrasonic tank, such as a model XHT-1014-6 ultrasonic

tank commercially available from Crest Ultrasonics of
Trenton, New Jersey, but with the weir lowered to lower
the liquid level in the bath. 'Preferably, the ultrasonic
tank 22 further includes a circulatory system (not shown)

10 for filtering and recirculating the drained liquid back
into the bath 42.

The cassette 24 constitutes a wafer holder for
holding the semiconductor wafers W generally upright
within thq bath 22. Preferably, the cassette 24 is a

15 conventional cassette, such as a model X4200-01 cassette,
commercially available from Empak of.Colorado Springs,
Colorado. The cassette 24 has end walls 50, a plurality.
of horizontal stringers 52 extending between the end
walls, andga plurality of upright ribs 54 connected to

20 and spaced at generally equal intervals along the
stringers. The spaced upright ribs 54 define wafer
ireceiving slots 56 (Fig. 1). The stringers 52 are
.adapted to engage the periphery of the semiconductor
wafers W to limit lateral movement of the wafers (i.e.,

25 left and right movement of the wafers as viewed in Figs.
2 and 3) when the wafers are received in the wafer
receiving slots 56. The ribs 54 are adapted to engage
the edge margins of faces of the semiconductor wafers W
to limit longitudinal motion of the wafers (i.e., left

30 and right movement of the wafers as viewed in Fig. 1).
The cassette 24 preferably has an opén bottom 58 (Figs. 2
and 3) through which the wafers may contact the wafer-
moving mechanism 26.

Referring now to Figs. 4-6, the wafer-moving

35 mechanism 26 has a generally rectangular cassette
receiving platform, generally indicated at 60, and a



of a wafer noving mechani smof the apparatus of Fig. 1; FIG 5 is a top

pl an view of the wafer noving nechanismof FIG 4; and FIG 6 is a partial
rear el evational view of 20 t he waf er novi ng nechani smof Fig. 4:
Correspondi ng reference characters indicate corresponding parts throughout
the several views of the drawi ngs. Description of the Preferred Enbodi nent
25 Referring now to the drawings, and first nore particularly
to Figs. 1-3, apparatus of the present invention for cleaning sem conductor
waf ers i s i ndeamngflgi methanéBii, I gbyiekyllipeindieaeadeanugrr.alrhgd0. The waf er
cl eani ng appar.at us | ses a trasani ¢ _tank
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plurality of steetoaddctompwabessai/ edndgateafeontomnenpere6ldaniasm
general Iy indi$3h8d¢8! ré8r memBer 66, and two elongate side members
5 68, 70. The front and rear members 64, 66 are secured to
ends of the side members 68, 70 by suitable screws 72
(only two of which are shown in Fig. 4). Preferably,
upper edges of the members 64, 66, 68, 70 are beveled to
receive the cassette 24. Feet 74 extend downwardly from
10 the front and rear members 64, 66 to engage the bottom 28
of the tank 22 and thereby elevate and level the platform
60 above the bottom. Preferably, the feet 74 comprise
screws threaded in vertical holes 76 (Fig. 5) through the
front and rear members 64, 66. Turning of the screws 74
15 in the holes 76 adjusts the elevation of the cassette
receiving platform 60 in the bath 42. Horizontally
extending screws 78, threaded through the members 64, 66,
68, 70 of the cassette receiving platform 60, extend
outward from the platform and press against the inner
20 surfaces of the walls of the bath 42 to secure the wafer-
moving mechanism 26 to the tank 22.
- The camming mechanism 62 includes a driven
shaft 80 extending along a generally horizontally axis X
~(Figs. 1 and 5) between the front and rear members 64, 66
25 of the cassette receiving platform 60. A forward end 82
' of the driven shaft 80 is journaled via a suitable
bushing (not shown) in the front member 64. A rear end
84 of the driven shaft 80 extends through the rear member
66 and is journaled therein via a suitable bushing (not
30 shown). Preferably, the driven shaft 80 is rotated by a
suitable motor 86 (Fig. 4) having a shaft 88 which is
generally perpendicular to the axis of the driven shaft.
The motor 86 is secured to an elongate motor support 90
extending generally upward from and secured via screws 92
35 (Fig. 6) to the rear member 66 of the cassette receiving
platform 60. Preferably, the motor shaft 88 and motor



Appl i.cants have concluded that cleaning of seniconductor wafers in an
ultrasonic tank is nost effective at the surface of the liquid in the tank,
i-e., at the gas-liquid-interface. In other words, ultrasonic 5 energy wl|
cl'ean a portion of a semiconductor wafer |ocated at or just slightly bel ow
the gas-liquid- interface at a faster rate than it wll clean a portion of
the sem conductor wafer well below the gas-liquid- interface. The princi pal
of operation of the wafer- 10 cl eani ng apparatus 20 is based on this
concl usi on. Ewrpenk 20 exbpndsecgpwayénbeybhd bbei tewedl oboliqmid8ina front

wal | 30, a b%w@é&h% wfokéég FH@' Jnét??é]aﬁgvgx ﬁadmﬁu?at Veffle et he front

and back walls, a weir 38 gener ara to the fronf and back walls 15
and extenmln}QE§¥w§@ﬁt%% EhﬁemQhPFsShaﬁH 88piar aenrpadedyinr aséni c or

megasoni ¢ tr angsGRE Sa (§hQiMJt§Eb6”Béh§§h§Yb!LBcE' 9& 1n3arabapBedyto the
under si de_ of the bottfn] The,  front _wal weir 38, side walls 34, 36, and .

bot t om 2& defFERY a2Dat 19 gehbr KEY§; ﬁﬁl i‘a ayext e °f4‘2hef'89tﬁ6l ﬁhﬁéta
sui tabl e cl eagd ngeshewiwithPaefieiabhybetr8: gbaandagkeyedi doi 8ha gehwti on of

2% by volume gopceptipt &l KHhGdR 1624280, 27pRYe¥RLEIT, L Buitabie
cover 99 (shown in Fig. 5, but removed in Fig. 6) is
. secured to the bearing block 94 and covers the gears 96,
10 98. Rotation of the motor shaft 88 rotates the driven
shaft 80 about the axis X.
The camming mechanism 62 further includes
forward and rear disc-shaped blocks 100, 102,
respectively. The forward disc-shaped block 100 is keyed
15 to the driven shaft 80 generally adjacent the front
. member 64 of the cassette receiving platform 60. The
rear disc-shaped block 102 is keyed to the driven shaft
80 generally adjacent the rear member 66 of the cassette
receiving platform 60. Two elongate rods 104 (Fig. 4)
20 extend between the disc-shaped blocks 100, 102 generally
parallel to the driven shaft 80. The ends of the rods
104 extend into holes (not shown) in the disc-shaped
blocks. Preferably, tubes 106 of a suitable elastomeric
material (e.g., Tygon®) surround the rods 104 and extend
25 from the forward disc-shaped block 100 to the rear disc-
shaped block 102. As described in greater detail below,
the outer surfaces of the tubes 106 constitute camming
surfaces 108 engageable with the periphery of each
semiconductor wafers W. As shown in Fig. 4, the rods 104
30 are preferably positioned closely adjacent the driven
shaft 80 so that the tubes 106 frictionally engage the
shaft to'prevent rotation of the tubes relative to the
shaft. Thus, the disc-shaped blocks 100 and 102, rods
104, and tubes 106 rotate with the driven shaft 80. The
35 tubes 106 are preferably sized and arranged such that |
when the edge of the wafer is in contact with the camming



comrercially avail abl e detergent (e.g., Vector HTC, available from

I ntersurface Dynam cs of Bethel, 25 Connecticut). Also preferably, the
bath tenperature is about [err] during cleaning of the waters. The
meégasoni ¢ transducers 40 constitute nmeans for directing sonic energy

t hrough liquid contained in the bath 42. The weir 38, back wall 32, side
wal s 34, 36, and bottom 28 define 30 gan overflow receptacle, generally
indicated at 44 in Figs. 2 and 3. The liquid is preferably introduced into
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60, then bottom portions of the peripheries of the
semiconductor wafers contact the camming surfaces 108
(i.e., the outer surfaces of the tubes 106). Since the
camming surfaces 108 rotate with the driven shaft 80,

10 rotation of the camming mechanism 62 causes the camming
surfaces to revolve around (i.e., orbit) the axis X. The
orbiting of the camming surfaces 108 causes the wafers W
to reciprocate up and down between a raised position .
(shown in Fig. 2) and a lowered position (shown in Fig.

15 3). The camming surfaces 108 also frictionally engage -
the peripheries of the semiconductor.wafers W to cause
the wafers to roll on the camming surfaces and thereby
‘counter-rotate relative to the rotation of the driven
shaft 80. 1In other words, counter-clockwise rotation of

20 the camming mechanism 62 (as viewed in Figs. 2 and 3) and
its associated camming surfaces 108 causes clockwise
rotation of the semiconductor wafers. Thus, the orbiting
of the camming surfaces 108 about the axis X
simultaneocusly imparts an up and down reciprocating

25 motion to and rotates the wafers W.

As discussed above, the weir 38 determines the
level 48 of the gas-liquid-interface 46 in the bath 42.
The cassette receiving platform 60 is vertically
positioned within the bath 42 relative to the weir 38

30 such that centers C (Figs. 2 and 3) of the semiconductor
wafers W are at an upper level L (F{g. 2) above the gas-
liquid-interface 46 when the wafers are in their raised
position and at a lower level L, (Fig. 3) below the gas-
ligquid-interface 46 when the wafers are in their lowered

35 position. Preferably, the weir 38 and level of the
platform 60 are selected so that the level 48 of the gas-



5 ultrasonic tank, such as a nodel XHT-1014-6 ultrasonic tank comrercially
avai |l abl e fron1Crest U trasonics of Trenton, New Jersey, but with the weir
[owered to lower the liquid level in the bat h. Preferably, the ultrasonic
tank 22 further includes a circulatory system (not shown) 10 for
filtering and recirculating the drained liquid back into the bath 42. The
cassette 24 constitutes a wafer hol der 1fhor hol di ng the sem conductor wafers
Wgeneral ly upright within the bath 22. Preferably, the cassette 24 is a 15
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wafer receiving slots 56. The cassette 24 and wafers W

are then picked up (either manually or via a robot arm

(not shown)) and placed in the bath 42 on the cassette

10 receiving platform 60. With the cassette 24 positioned
on the cassette receiving platform 60, at least one of
the two camming surfaces 108 engages the edge of each
semiconductor wafer W. Operation of the motor 86 rotates
the camming mechanism 62 about the axis X to

15 simultaneously reciprocate and rotate the semiconductor-
wafers W. The reciprocation action causes the center C
of each semiconductor wafer W to move up and down between
the upper level I, (Fig. 2) and the lower level L, (Fig.
3). The level 48 of cleaning liquid in the bath 42 is

20 selected to be generally midway between the upper and
lower levels I,, L, when the cassette 24 is positioned on
the cassette receiving platform 60 and the semiconductor
wafers W are being reciprocated and rotated by the
camming mechanism 62. _

25 : As the position of each semiconductor wafer W
is varied (i.e., as the semiconductor wafer is
reciprocated and rotated), sonic energy is directed
through the cleaning liquid by the transducers 40 to
sonically clean the wafers. Preferably, the transducers

30 40 emit sonic energy in the range of 38 to 42 Khz. As
explained above, cleaning of the semiconductor wafers W
in the sonic bath 42 is most effective at or near the
gas-liquid-interface 46. The position of each
semiconductor wafer W relative to the constant level 48

35 of the gas-liquid-interface 46 and the simultaneous
reciprocating and rotational motion of the wafer ensure



receiving slots 56. The ribs 54 are adapted to engage the edge nmargi ns of
faces of the sem conductor wafers Wto limt |ongitudinal notion of the
wafers (i.e., left 30 and right novenent of the wafers as viewed in Fig.
1). The cassette 24 preferably has an open bottom 58 (Figs. 2 and 3)

t hrough which the wafers may contact the wafer- noving nmechani sm 26.
Referring nowto Figs. 4-6, the wafer-ggving 35 mechani sm 26 has a
general ly rectangul ar cassette receiving platform generally indicated at

60, and a thL2 Y8, 'BSHENGR b F IERE ' Rafdr | PabsSs e@'h?éué@ tﬂ@e gassette
receiving platform®60.7s Prefe ably of stainless steel and conprlses an
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bevel ed t%0 wafer W passes through the gas-liquid-interface during

each complete rotation of the wafer, every portion of the
wafer is subjected to the most effective cleaning action
for at least a fraction of the duration of such complete
rotation. Preferably, rotation of the camming mechanism

10 62 rotates the semiconductor wafers W at a rate of at
least approximately 8 rpm, and more preferably at a rate
between approximately 12 and 18 rpm. The rotational rate
of the semiconductor wafers W depends on the rotational
speed of the driven axis 82, the outer diameter of the

15 - tubes 106, the distance between the axis X and the center
of each rod 104, and the diameter of the semiconductor
wafers. Because the camming mechanism 62 has two camming
surfaces 108, each complete rotation of the camming
‘mechanism results in two complete reciprocation cycles of

20 the semiconductor wafers (i.e., the semiconductor wafers
are moved up and down two times for every complete
rotation of the camming mechanism). Preferably, the
semiconductor wafers W are reciprocated up and down at a
rate of at least approximately 20 cycles per minute, more

25 preferably at a rate of at least 60 cycles per minute,
and most preferably, at a rate of about 180 to 240 cycles
per minute (i.e., twice the rotational speed of the
" camming mechanism). Subjected to these cleaning
conditions, the semiconductor wafers are sufficiently

30 cleaned in five to ten minutes. The rapid cleaning of
the semiconductor wafers minimizes the exposure time to
the ultrasonic energy and, therefore, minimizes
ultrasonic damage to the wafers. The rapid cleaning also
allows feedback information to be rapidly provided to the

35 lapping operator so that any needed corrective
adjustments to the lapping process can be timely made.



receive the cassette 24. Feet 74 extend downwardly from10 the front and
rear nenbers 64, 66 to engage the bottom 28 of the tank 22 and t hereby
elevate and |l evel the platform 60 above the bottom Preferably, the feet 74
conprise screws threaded in vertical holes 76 (Fig. 5) through the front
and rear menbers 64, 66. Turning of the screws 74 15 in the holes 76

adj usts the elevation of the cassette 12receiving platform60 in the bath
42. Horizontally extending screws 78, threaded through the nenbers 64, 66,
68, 70 of the cassette RnEterVvihg pkakitohdutlorewhEetsout waedclleamed)e

| at f d ' he i nn 0, . f h l, | f the bath
12 0 secure EhE GRPERLER 3RS ondtRkRfa fr3Ehes FREUALAY 83 iAo sy
mechani sm 62 a&mw) udé§ bher ceesethef regeiwmingnpilagfaken§Oaagdneewmioved
hori zontal Iy axlLs gnbFbgen lz@ndP§EFQ§?W§ﬁ? gﬂg k&?ghtﬁgdzﬁe s gg@bers 64,
attorm 60. 0

66 25 of the cassette receivin g rward end 82 of the
driven shaft BastenpduERabbe YrBKa23uPrabPe thesWrEgY( ROVigHoWerhianishe

front menber $¢. aAdr88r aeeodfeet ibheidr huersshalt HB@ o4t eBASvRN @#gh the
rear nenber 66, and is hournaled t herei.n via aSEU|tabIe bushln%hgnot 30

shown). Pref ER8bFPSSERECIRPIRCRAGPRARGEPT WESEEdWHy S1nce

cassette 24 is not fastened to the tank or wafer moving

_ mechanism, the cassette and wafers may be quickly and

10 easily inserted in and removed from the bath. The weight
of the cassette 24 is sufficient to keep the cassette
stationary on the cassette receiving platform 60 as the
semiconductor wafers W are reciprocated and rotated by
the camming mechanism 62. Also, the camming mechanism 62

15 does not engage nor move the cassette 24. Thus, the
semiconductor wafers W are reciprocated up and down and
rotated independent of the cassette 24. Preferably, the
reciprocation is sufficient to move the periphery of each
semiconductor wafer W away from lower portions of the

20 ribs 54 and the lower stringers 52 (Fig. 2) of the
cassette 24 as the wafer is moved to its upper most
position. Moving the wafer’s periphery away from the
ribs 54 and stringers 52 ensures that the ribs and
stringers do not cause dead spots in the wafers (i.e.,

25 regions which are masked by the ribs and, thefefore, not
sufficiently cleaned). _

Because the two camming surfaces 108 comprise
spaced-portions of cylindric surfaces and not a single
smooth continuous surface, the motion imparted to the

30 semiconductor wafers W is somewhat bumpy which may result
in some slipping between the camming surfaces and wafers.
This slippihg causes the rotational motion to be somewhat
nonuniform which prevents marks which might otherwise
occur if the motion would have a fixed pattern. Also,

35 with this arrangement, orientation flats F of the
semiconductor wafers W do not hinder rotation.



suitable notor 86 (Fig. 4) having a shaft 88 which is generally

perpendi cular to the axis of the driven shaft. The notor 86 is secured to
an el ongate notor support 90 extending generally upward from and secured
via screws 92 35 (Fig. 6) to the rear nenber 66 of the cassette receiving
pl atform 60. Preferably, the notor shaft 88 and notor 8 support 90
extend upward beyond the level of liquyg in the bath 42 to keep the notor
above the liquid. The | ower end of the notor shaft 88 is journaled in and

coved 1o a | quer end of 1he ToLor Shart A reshes ot h s e ves bevel gear
eyed to a | qwer_ end o e .not or, .sha shes wi a driven bevel .gear
65" Keyed to Lo ShH" SRASHROT E 14 TS (CURE BTETh G SPacReap) e
cover 99 (shdwmom rcheé giridrerbwhafnmadld rbd-igppl)yed withmed depaheibgari ng

bl ock 94 a”d&f‘.‘%Lﬁﬁ]'ﬁc}&g%ri%%ismim%i%{ﬁoﬁi@&ﬂtﬁp&n@gmPf ghaft 88

rotates the out the axis_X. The cammn hani sm 62
furt her ®Bncl sheoth (non-bumpy) motion is desirable, the camming

surface could comprise a non-circular (e.g., elliptical)
cylinder surrounding the driven shaft, or a circular
cylinder surrounding the driven shaft and having a
central axis eccentric to the axis X. If wmore agitation

10 is desirable, three or more camming surfaces could be
used.

Although imparting both a rotating and
reciprocating motion to the semiconductor wafers W is. the
preferred method of repeatedly passing the entire

15 surfaces of the wafers through the gas-liquid-interface;
it is to be understood that other methods may be employed
without departing from the scope of this invention. For
example, the wafers could be held stationary in an
ultrasonic bath and the liquid level could repeatedly be

20 raised and lowered. Alternatively, the wafers could be
rotated in the bath (without imparting an up and down
reciprocating motion) and the ‘liquid level could be
repeatedly raised and lowered a small amount so that the
liquid level repeatedly rises above and falls below the

25 center of the wafers.

The wafer moving mechanism 26 of the present
invention has been described as rotating and
reciprocating semiconductor wafers in a bath for cleaning
semiconductor wafers. However, it is to be understood

30 that the mechanism'may alternatively be used to rotate
and reciprocate wafers in another type of cleaning
process, an etching process or other semiconductor wafer
shaping process.

- In view of the above, it will be seen that the

35 several objects of the invention are’achieved and other
advantageous results attained.



forward and rear disc-shaped bl ocks 100, 102, respectively. The forward

di sc-shaped bl ock 100 is keyed 15 to the driven shaft 80 generally

adj acent the front nenber 64 of the cassette receiving platform60. The

rear disc-shaped block 102 is keyed to the driven shaft 80 generally

adj acent the rear nmenber 66 of the cassette receiving platform60. Two

el ongate rods 104 (Fig. 4) 20 ext end jaet ween t he di sc-shaped bl ocks 100,

102 generally parallel to the driven shaft 80. The ends of the rods 104

%% en]gi into holbles (lnot ABOowAYiblst bnafli_;s.g- abam$dbbl faale. ifr eher abgyehtubez
of a suitable elastoneric teri.a .0., oplerr surr.o t he rods

Toa and- ext erfPBREEoFE bE nt FBPRE: foRRtE g, FEtmoheLo5hme: BEL hBS: car

di sc- shaped bhwektifl, At dssintbadednthatattl dethelr behbwineHeinut er

surfaces of t t 1 astikiyute. c ,Ng: suU o eable with

t he periphery@§ %ﬁ% esggfgggéﬁgégrgﬁa?gggﬂw}ﬁAéﬁgh%&ﬁéﬁﬁaﬁggﬁg4, t he rods

104 30 Gre gravinas| gshpddi beohnterprebed agj dédustrabivei and nphf ingo so

that the tubeg 1DQifihgtsensLLy engage the shaft to prevent rotation of the

tubes relative to the Shaft. Thus, the disc-shaped bl ocks 100 and 102, rods
104, and tubes 106 rotate with the driven shaft 80. The



35 .tubes 106 are preferably sized and arranged such that when the edge of
the wafer is in contact with the camm ng 9 surface, the wafer edge does
not touch the driven shaft 80 at any rotational position of the canm ng
méchani sm Referring to Figs. 1-3, when the cassette 24 (with sem conduct or
wafers Wheld therein) is inserted in 5 the bath 42 and placed on the
cassette receiving platform60, then bottom portions of the peripheries of
t he sem conductor wafers contact the cab®i ng surfaces 108 (i.e., the outer
surfaces of the tubes 106). Since the camm ng surfaces 108 rotate with the

driven shaft &laims rotation of the canning mechani sm 62 causes the
camm ng surfaces to revolve around (i.e., orbit) the axis X. The orbiting
of the camm n urfaces 108 causes the wafers Wto reci procate up and down
bet ween a ralgﬂﬁf d¥ t5Iimeshokfr in Fig. 2) and a | owered position (shown
in Fig. 15 The canm g mietHa &5F 1ot ity fo i sdnicitducteig agecdhe
peri pheries of Q)ji%nkﬁonductor wafers Wto cause

' placing liquid in a bath, a gas-liquid-
interface being defined at the surface of the liquid;

5 placing the semiconductor wafer in the bath so
that it is oriented in a generally upright position with
at least part of the wafer being in the liquid and below
the gas-liquid-interface;

directing sonic energy through the liquid;

10 ' varying at least one of thé following: (a) the
position of the semiconductor wafer and (b) the level of
liquid in the bath relative to the semiconductor wafer so
that the entire surface of the wafer passes through the

_ gas-liquid-interface; and

i5 ' repeating the previous step a plurality of
times.

2. A method as set forth in claim 1 wherein
the step of varying comprises varying the position of the
semiconductor wafer in a generally up and down
reciprocating ﬁotion.

3. A method as set forth in either one of
claims 1 or 2 wherein the step of varying comprises
varying the position of the wafer by rotating the

. semiconductor wafer. ' )

4. A method as set forth in claim 4 wherein
the semiconductor wafer is rotated at a rate of at least
approximately 8 rpm and is reciprocated at a rate of at
least approximately 20 cycles per minute, each cycle

5 comprising a single raising and a single lowering of the
semiconductor wafer.

\
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the wafers to roll on the canm ng surfaces and thereby counter-rotate
relative to the rotation of the driven shaft 80. |In other words,

count er-cl ockwi se rotation of 20 t he camm ng nechani sm 62 (as viewed in
Firgs. 2 and 3),and its associ ated camm ng surfaces 108 causes cl ockw se
rotation of the sem conductor wafers. Thus, the orbiting of the camm ng
surfaces 108 about the axis X sinultaneously inparts an up and down

reci procating 25 motion to and rotateggthe wafers W As di scussed above,
the weir 38 determines the level 48 of the gas-liquid-interface 46 in the

bath 42. The cassette rerei gihrdtaid GdR Grdcessild GeniedRiddsed within
the bath 42 reIa%ive to the weir 38 30 such that centers C (Figs. 2 and

3) of the seni (S REETE Ware at an upper level [err] (Fig. 2). above
t he gas- |iquid-interfaece thnwr tdentveaieisy s diiquitdyei r rai sed position

o g Loter |ovel 12 f ShendRlan A0 e M SRR R e
| evel of the pafigwrin 60 genexmllsc turkght eesithion eiidhigg tdfe thankyas- '
with at least a portion of the semiconductor wafer being
immersed in the liquid within the tank;
a wafer-moving mechanism constructed for
engaging the semiconductor wafer in the tank to impart a
10 rotating motion to the semiconductor wafer relative to
the tank and to impart a generally up and down
reciprocating motion to the semiconductor wafer relative
to the tank;
means for directing sonic energy through liquid
15 contained in the tank.

6. Apparatus as set forth in claim S5 wherein
the wafer holder and wafer moving mechanism are disposed
relative to the tank such that a central region of the
wafer repeatedly passes through the surface of the

5 1liquid. '

7. Apparatus as set forth in claim 5 wherein
the wafer-movihg mechanism comprises at least one camming
surface engageable with a bottom portion of the periphery
of the semiconductor wafer and rotatable about a

- 5 generally horizontal axis of rotation, said camming
surface being configured to impart both the rotating
motion and the generally‘up-and down reciprocating motion
to the semiconductor wafer as the camming surface is
rotated about said axis of rotation.

8. - Apparatus as set forth in claim 7 wherein
the camming surface comprises a surface portion of -a
cylinder eccentrically rotated about said axis of
rotation.

VA O O




10 liquid-interface 46 is generally mdway between the upper level [err]
and the lower level [err]. Thus, the centers C of the sem conductor wafers
W pass through the gas-liquid- interface 46 each tinme the wafers are raised
or |owered. 5. I n operation, sem conductor wafers Wto be

cl eaned are placed upright in the cassette 24 within the wafer receiving
slots 56. The cassette 24 and wafers Ware then picked up (either manual ly
or via a robot arm (not shown)) and plated in the bath 42 on the cassette
10 receiving platforme60. Wth the cassette 24 positioned on the
cassette receiving pl at for mAgRazatusss safe rthein wlaiamd mheraimces

108 engages thg£ aﬁﬁ, Q%}g&t}g fer ORGS0 mot or
86 rotates thtel%:amn ng rrec ani sm 62 abpout t%l% axfil\s&lsx to 1515| nﬂ]%%%geousl y
reci procate afdie orafer 1RV LG BRFRARY ey \gomel §iag p'%‘o‘“c%ﬁ‘?% action
causes the cerdfimiad fs@ﬁbéﬁmmﬂﬁ@rca@iﬁ{ Wi 26F S8 Ecatip P h ik

bet ween the upper IeveI and .t he. | ower The

Covel 43 Of CIREHRANE BIRNIOR OF 18 SEnE A1y Sesti e e b*’é%%%?m 'y

m dway bet vveerahduﬁ: et awails of rotation, the second camming surface
comprising a surface portion of a second cylinder
eccentrically rotated about said axis of rotation.

10. Apparatus as set forth in claim 9 wherein
the first and second cylinders each have a central axis
generally parallel to said axis of rotation, the central
axes being spaced generally equidistant from the axis of

5 rotation.
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| ower levels [err] when the cassette 24 is positioned on the cassette
receiving platform 60 and the sem conductor wafers Ware being reciprocated -
and rotated by the camm ng nmechani sm 62. 25 As the position of
each sem condyctor wafer Wis varied (i.e., as thé sem conductor wafer is
reci procat'ed and rotated), sonic energy is directed through the cleaning
liquid by the transducers 40 to sonically clean the wafers. Preferably, the
transducers 30 40 emt sonic energy iygthe range of 38 to 42 Khz. As :
expl ai ned above, cleaning of the sem conductor wafers Win the sonic bath
42 is nost epPFRRATUSAIIAND METHOD NFOR) TLEANING -SEMIIONDUICEOR WARER®SI tion
of each sem conductor wafer Wrelative to the constant |evel 48 35 of the
gas-1liquid- |nterface 46 and t he S|nultaneous reci procating and rotational
notion of theAbsts ‘ > SW2 portion of the wafer passes
through the gas- Ilqw dA me%fo@c%fd@meaalﬁaca SRFRLEhAuGRL3 Watea! he

sem conductor wafer (i.e._, as the wafer 1s7rotated
comprises placing liquid in a bath w1th a gas-liquid-

5 interface defined at the surface of the liquid. A
semiconductor wafer is placed in the bath so that it is
oriented in a generally upright position with at least
part of the wafer being in the liquid and below the gas-
liquidFinterface. Sonic energy is directed through the

10 liquidl At least one of the position of the
semiconductor wafer and the level of.liquid in the bath
relative to the semiconductor wafer is varied so that the
entire surface of the wafer repeatedly passes through the
gas-liquid-interface.
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degrees). Since the entire surface of the sem conductor 5 wafer Wpasses
t hrough the gas-liquid-interface during each conplete rotation of the
‘waf er, every portion of -the wafer is subjected to the nost effective
cleaning action for at least a fraction of the duration of such conplete
rotation. Preferably, rotation of the cammi ng mechani sm 10 62 rotates the
sem conductor wafers Wat a rate of at |east approxinately 8 rpm and nore
preferably at a.rate between approximtely ‘g ?t{ tENhe rotational
rate of the sem conductor wafers VVdependsJﬁﬁ‘ E%‘é onal speed of the
driven axis 82, the outer dianeter of the B e di stance
" between the axis X and the center of each rod 104, and the di-aneter of the
semn conduct or wafers. Because the cammi ng mechani sm 62 has two cami ng

surfaces 108, h\q@EPLeie rotati \Jof t he canm ng nmechanismresults in
two conpl ete reciprocation cycles

1%

the sem conductor wafeps (i.e.,
the sem conductor wafers are noved up and domn wo tinmes fex—every conplete
rotation of the camm ng nechani spy . vagerab the sem conductpr wapgrs W
are reciprocated up Hrately 20 cycl es
per mnute, nore 25 prefera /4 %t r of at |east 605ggglegjper '
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and nost preferably, at a rate of about 180 to 240 cygles per

twice the rotational speed of the

m n

naaa
O CATTTTT II

HI$ S

ckt

U

'cl eani ng condltlons t he sem condy

es. The rapid

in five t?:nggg%

oshr.e tine to the U

M\n]nqnl r\M
ettt .

LA A4l

Subj ected t

£&HASBEEN i f i ci ent | y 30
cl eaREPIAGED t he
Fasoni c &

em conduct or
and,

ute (i.e
0 these

cl eaned-
waf er s

t her ef org,~

mnimzes
mnimzes ul asoni ¢ damage to thne wal ers

e~
e raprd cleaning al 3o al jows
feedback inf@mation to be rapidly dvided to the 35 TDKapplng dper gt or so
that any needled cdifect] he Iap§$ g process canl b€ tinmely
made. 12 tery the sepmi'conductor wafers eaned, <LEE ca$>ette 24
is lifted (eih uadly or via a robot arm™Noff/ the caséett rtecei vi ng
platform 60 ahd/ repbué the cassettle 24 is
not 5 fastdhéd t ‘chani C]PG and no
disconnectioq s n tte angsser conduct or
wafers W Singe : )
N 3
2728 7 ’/) \
\ fz# :
.:\.— :
M \
/3 >
d \
34 | 52 ¢
\ | SG&
N 3
X I
g — -\
om0 h
-_. A—t’
Fla 3 =
\
: \
\ ad )
\ R
M \ h
b '.' ‘:
sz 1§
N
‘ o
\ :
E
— S 7 }
- X
'(// 52 |
34 \
E—
—— 1
]
—-—.———JE

Has Been Replaced

T




cassette 24 is not fastened to the tank or wafer

nism the
jﬁg@, GUEERHABRE and renoved
I s pefLfACEDent _tp keep the
as the

sem congduct or ‘waf erg Ware reci@jocated and rotated by=Ehe anmi ng :
mechani §n e_canm n chani sm 62 15 doe jengage nor nove
the casgeltteR4. : conductor wafers VVaE% i'procated up and
down anl ' he cassette 24. Prefldegbly! the

recipro Bye the peripher
waf er ~N{ he 20 rib
stringe 4 as the Wafer

\tht the riBb
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30

~rotationa
.m ght ot herw se occur
with this arrangenent, orientati
not hinder rotation. 13 Al'th
is to be understood tRQ a Si NghQ

n f
gh

shaft could be enpl oydd-w t hout departing fr
Alternatively, if a 5 s (noR- burpy \|mot MNn i s, d
surface coul d conpﬂ@se circular (esg., ellip\
surroundi ng.the dri{wen shegE, or ci rcullar gyl inde

shaft and having a gentralf=xis e

entri

€ sem conductor wafers Wis sonmewhat bunpy which may result
slipping between the canm ng surfaces and wafers.

Al so,

in some

This slipping causes the
notion to be sonewhat -nonuni f orm whi ch prevents nmarks which

if the notion would have a fixed pattern
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Al t hough-inparting both a rotating and reciprocating notion to the

seni conductor wafers Wis the preferred nethod of repeatedly passing the
entire 15 surfaces of the wafers through the gas-Iliquid-interf4€e9i§gi¢
to be understood that other nethods nay be enpl oyed wi thout departing from
the scope of this invention. For exanple, the wafers could be held

" stationary in an ultrasonic bath and the liquid | evel could repeatedly be
20 raised and | owered. Alternatively, the wafers could be rotated in the
bath (w thout inparting an up and down reciprocating notion) and the |iquid
| evel could be repeatedly raised and | owered a snmall anmount so that the
liquid |level repeatedly rises above and falls bel ow the 25 center of the
waf ers. The wafer noving nmechani sm 26 D8 the present invention has been
described as rotating and reciprocating sem conductor wafers in a bath for
cl eani ng serARDARNEVSr ANRf METHOBOROR cCLEANING $BMECONRUCTOROWAFBBS t hat
the mechanismnmay alternatively be used to rotate and reciprocate wafers in

anot her type of cleaniqg process,. an etching process or other sem conductor
waf er shapi ndlgt&kagk.of the Disclosure |

A method of cleaning a semiconductor wafer
comprises placing liquid'in a bath with a gas-liquid-

5 interface defined at the surface of the liquid. A
semiconductor wafer is placed in the bath so that it is
oriented in a generally upright position with at least
part of the wafer being in the liquid and below the gas-
liquid;interface. Sonic energy is directed through the

10 liquidl At least one of the position of the
semiconductor wafer and the level of.ligquid in the bath
] relatiﬁe to the semiconductor wafer is varied so that the
. " entire surface of the wafer repeatedly passes through the
gas-liquid-interface.

Figure i
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In view of the above, it wll be seen that the 35 several objects of the
ifivention are achi eved and ot her advant ageous results attai ned. 14 As
vari ous changes could be nmade in the above constructions w thout departing
fromthe scope of the invention, it is intended that all matter contained
in the above description or shown in_tRewacconpanying 5 draw ngs shall be
interpreted as illustrative and not =m—=—Hi m ting sense. 15 d ai ns Wat
is clained is: 1. A nethod of cleaning a sem conductor wafer conpri sing:
placing liquid in a bath, a gas-Iiquid-

REPLACEMENT SHEET
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interface being defined at the surface of the liquid;
the sem conductor wafer in the bath so that it

5

pl aci ng

upright position with at |east part of the wafer b
bel ow the gas-liquid-interface; directi'ng sonic en

PLASNENT SHEF

10 . varying at |east one-aofxthe follow-np:
the sem conductor wafer and (b) the Fevel—of |iquidfi
t he sem conductor wafer so that the entire surface

(a) the posi
N RISFEBt 1997 el

t he waf er pag
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epeatTTg the pr
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step a plurality of tines.

step of varying conp ;%gs
o/ o

2. A nmethod as set forthjin claim1 whereiin the
varying the position of the sem conductor wafer
reci procating notion.-3. A nethod as set forth
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the sem conductor wafer is rotated at a rate of at |east approximtely 8
rpmand is reciprocated at a rate of at |east approximately 20 cycl es per
m nute, each cycle 5 conprising a single raising and a single | owering of
t he sem conduct or wafer.

16 5. Apparatus for processing sen1conductor
waf ers conprising: a tank for containigg-a liquid; a.wafer hol-der—f

hol di ng the semi conductor 5 wafer in—e—generally upr ngLAOEMENTorSHE\E'E in
~the tank with at least a portlon of the sen1conducto ,

engagi ng the sem conduct or waf er
to the sem conductor wafer relative to the tank and ¢
MQ reciprocating notion to the sem conducto

waf er relatlve tb the
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means for directing sonic energy through liquid 15 contained in the tank.
6. Apparatus as set forth in claim5 wherein the wafer hol der and wafer
novi ng nechani sm are di sposed relative to the tank such that a central
region of the wafer repeatedly passes through the surface of the 5 |iquid.
7. Apparatus as set forth in claim5 wherein the wafer-noving mechani sm
conprises at | east one canmm ng surfaece—ergageable with a bottom portion of
t he periphery of the sem conductor wafer and rotat aj "ﬁﬂ@@fﬂ rally
hori zontal axis of rotation, said camm ng surface I Q=G

i mpart both the rotating notion and the generally up fand down recigr

cating

nmotion to the sem conductor wafer as the cammi ng surflac28 EEBA99Y ed dbout
said axis of rotation. 8. Apparatus as set forth i | aim7 whereig ghe
camm ng surface conprises a surface portion of-a cylinder ectentrt+cally
rotated about said axis of rotatiq{. A\Y
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17 9. Apparatus as set forth in claim8 wherein the canming surface
constitutes a first camm ng surface, the wafer-noving nmechani sm further
conprising a second cammi ng surface, the first canm ng surface conprising a
5 surface portion of a first cylinder eccentrically rotated about said
axis of rotation, the second canning_sgrtace conprising a surface portion
of a second cylinder eccentrically raotated about said axis of rotation. 10.
Apparatus as set forth in claim9 wherein the first and second cylinders
each have a central axis generally parallel to said axis of rotation, the
central axes being spaced generally equidistant fromthe axis of 5
rotation.
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