WD 99/ 15845 PCT/ US98/ 19793 1

| MPROVED Gifigd\of8k4sDRYI NG AND CLEANI NG SYSTEM Fi el d of the I gueRichdd i S
i nvention relates to a chem cal systemfor drying and/or 5 eanl ng
sem conductor, optical, electronic and other surfaces. Background of the

Lovention L A8APRESUR, PerBMATATCRE S AR5 or AR ShEEL Shlimth 00 oo

or nore cleaning and drying processes in which, ideally, all forelgn 10
subst ances t hat are not intended to be |ncorporated in the workpi ece are
r enoved. taining strong acids, strong bases or oxidizers,

ferricter, “[ffil R R sn e S oSt S b b iman e
subst agcesledring! deidonduetos pH Al ElechRRES gﬁ&otﬁefé fighs. and/ of

bi oaccunul_ati ve and nust be 15 handl ed a osed as "hazar dous
subst anceBackgre OHNE Saion di scl osed nethods for drying parts,

| udi & T CULLS, . d d.gases. On
| nel uding Tt egeay b@t@%@n@r&%&aﬁusiorhw e a?lr S?@@E?ﬁtqep > i o
forms a mo@wpahe@u ot agmzeataeaﬁtwahd e W];g %Qﬁ?ﬂﬂiéﬂéace

wat er fromthe waf sur faces, and € vessel at
one end am mione (cleaniogsand firying pmeesSest hevdnsls,ddeallyaaﬂtﬁmelgnd O her

10X, "B HTERIAE o ol B Bl HET S o BEARLLT R o
removed. Chemical baths contammg strong acids, strong bases or
oxidizers, such as HCl, HySOy4, HNO3, HyPO3, HF, NH4OH and HyO»,
are often used as part of a cleaning process. These substances are often
toxic, chemically reactive, corrosive and/or bioaccumulative and must be
15 - handled and disposed of as hazardous substances.

Several workers have disclosed methods for drying parts, including
integrated circuits, by use of heated or superheated gases. One attractive
method uses a drying vapor of heated isopropanol (IPA), which forms a
minimum boiling azeotrope with water and is believed to displace water

20 from the wafer surfaces, and the vapor flows into the vessel at one end and
simultaneously flows out of the vessel at another end.

Other workers have disclosed use of a plurality of megasonic beam
transducers, located at staggered positions, for cleaning wafers. Each
transducer emits a vibratory megasonic beam with an unspecified (very

25 high) frequency in a fixed direction, and the transducer locations are
chosen so that the collection of beams irradiate, and thereby clean, all
wafer surfaces in a chamber, no matter how the wafers are arranged.

Use of ultrasonic transducers in a chemical cleaning bath to
cooperatively remove contaminants and unwanted material layers from

30 semiconductor wafers, medical instruments and other objects of interest is
disclosed by other workers. Still other workers have disclosed use of
ultrasonic transducers to coat, spray, deposit or otherwise appiy a desired
material to an object surface, or for ultrasonic fogging.
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10 What is needed is a system that uses non-hazardous substances for
chemically cleaning and/or drying workpieces and that is reasonably
effective for removing substantially all foreign substances with diameters
above a range of sizes, such as 0.1 - 0.5 pm. Preferably, the system should
also be effective for removing liquids from and drying and cleaning

15 workpieces in relatively short time intervals. Preferably, the chemicals
used should be recyclable and the energy requirements for the cleaning or
drying process should be modest.
Summary of the Invention

These needs are met by the invention, which provides a system for

20  drying and/or cleaning foreign substances from selected surfaces of a
workpiece, such as a semiconductor wafer, an electrical or optical
component, or a printed circuit board, including a selected liquid such as
hydrofluoroether (HFE), ethylated hydrofluoroether (denoted eth-HFE) or
a mixture of hydrofluoroether or ethylated hydrofluoroether with one or

25 more other chemicals. A first processing liquid is prepared at a
temperature in a selected range, such as T(bath) = 10-90 ©C, in a tank or
other liquid housing, and the workpiece is fully immersed in a first liquid
processing bath, or otherwise exposed to the first processing liquid, for a
selected time interval. The invention works well, for example, at room

30 temperature. Optionally, the processing liquid is subjected to wave motion
through ultrasonic waves at one or more selected frequencies introduced
into the liquid. The workpiece is drawn through a second processing liquid
at a selected linear withdrawal rate, such as 0.5-5 cm[sec, or slower or
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Brief Description of the Drawings

—D

Figure 1 illustrates use of the invention in one embodiment.
Figures 2A-2D illustrate possible chemical configurations for HFE.
15 Figure 3 is a flow chart illustrating a drying procedure according to
the invention.

Figures 4A-4F illustrate a suitable procedure for drying
workpieces.

Figure 5 is a side view of a suitable dispenser for HFE or eth-HFE

20 liquid, to be used with the process shown in Figures 4A-4F.

Figure 6 illustrates one apparatus for transferring HFE or eth-HFE
liquid to a workpiece.

Figure 7 illustrates layers of four-zone drying according to the
invention.

25 Figures 8A-8C illustrate another process for practicing the
invention.

Figures 9, 12, 13, 14, 15 and 16 illustrate alternative apparatus for
dispensing the HFE or eth-HFE liquid onto a workpiece that is moved
vertically or horizontally.

30 Figure 10 is a graph schematically illustrating improvement of
drying with increased pressure head used to spray or transfer HFE or eth-
HEFE liquid. ‘
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heater 15. The (first) processing liquid 13 may be DI water or some other
10  suitable liquid. The first liquid 13 is preferably inert and preferably has a
relatively high surface tension. DI water, with a surface tension (room
tempetature) of about 80 dynes/ém, works well here. IPA, with a
relatively low surface tension of 17.6 dynes/cm, also works well here. One
or more workpieces 17A, 17B, 17C is fully immersed or submerged in the
15 liquid 13 for a selected time interval of length in the range At = 1-600
seconds. Alternatively, the workpiece(s) need not be immersed in the first
processing liquid. The first liquid 13 is optionally subjected to ultrasonic
vibrations generated by one or more ultrasonic transducers 19A, 19B
located at an outside wall or at an inside wall or on a bottom wall of the
20 housing 11, or that is iocated within the first liquid 13 itself. The
ultrasonic vibration frequency or frequencies is preferably in the range
between 20 kHz and 750 kHz but may be higher if desired. An ultrasonic
transducer available from Ney Ultrasonics is capable of generating a
sequence of ultrasonic frequencies, including 40, 72, 104 and 136 kHz.
25 Other ultrasonic transducers can generate higher ultrasonic frequencies,

and some devices can also generate ultrasonic frequencies as low as 20
kHz.
A workpiece 17A, 17B, 17C is upwardly withdrawn from the first

processing liquid 13, and an exposed surface of the workpiece is sprayed
30 with a sheet of a second processing liquid (not explicitly shown in Figure

1) to achieve rapid workpiece drying and/or cleaning. The second liquid

preferably includes a hydrofluoroether (methyl nonafluorobutyl ether or

methoxy nonaflurobutane, referred to here as HFE fqr ease of reference),
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(CF3)7-CF-CF,-O-CF3 or
CF3-CF2—CF2-O-CF2-CF3 or
10 (CF3)»-CF-O-CF,»-CF3 or

C50F1, (generic formula)

or a mixture of these compositions. The first four of these compositions
are illustrated in Figures 2A-2D, respectively, and the first two of these
four compositions together appear to provide close to 100 percent of the
15 fractions. The freezing point and boiling point of HFE are approximately
T =-135°Cand T = 60 ©C, respectively. HFE has density and surface
tension of 1.52 gm/cm3 and 13.6 dynes/cm, respectively. Other HFE
formulations have boiling points ranging from 38 °C up to about 80 ©C.
By contrast, isopropyl alcohol (IPA) and water have surface tensions of
20 about 17.6 dynes/cm and 80 dynes/cm, respectively. Thus, HFE can
displace IPA, water and most other liquid substances with moderate to
high surface tensions from the surface of a workpiece, as the workpiece is
withdrawn from a bath or spray of the second liquid. The second liquid
may be provided as a conventional liquid or as a vapor, mist, "fog" or
25 other suitable fluid form (Collectively referred to here as a second
"liquid"), although the conventional liquid form is preferred.
The eth-HFE has a chemical composition that is either
CF3-CF-CF»-CF3-0-CH,-CF3 or
CF3-CFy-CFy-CF5-CHy-0-CF3 or
30 CF3-CF,-CF;-CHy-CF5-O-CF3 or
CF3-CF,-CHj-CFy-CF,-0-CF3 or
CF3-CH;-CF,-CF»-CF»-0-CF3 or
(CF3)»-CF-CF;-0-CH,-CF3 or
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are illustrated in Figures 1A-1D, respectively, and the first and sixth of

these sixteen compositions together appear to provide close to 100 percent
15  of the fractions.

_ The linear rate of drawing the workpiece through or from the
second liquid is preferably in the range 0.5-10 cm/sec, but may be ™
somewhat faster or slower, and the second liquid is optionally subjected to
ultrasonic vibrations while the workpiece is immersed. The molecular

20 weight of HFE and of eth-HFE are about 364 and 378, respectively, which
are much higher than the molecular weight of water (18, with 364/18 =
20.2 >>1) or of IPA (60), so that, as the workpiece is drawn through the
second liquid, the higher density and lower surface tension of the second
liquid cause this liquid (1) to easily displace any liquid droplets with

25  higher surface tension parameters from the workpiece surface(s) and (2)
to move down the (partly) exposed surface(s) of the workpiece into the
first liquid-second liquid mix below. The workpiece surface(s) is dry
within 30 sec after the workpiece is removed from the second liquid, if
ultrasonic vibrations are used, and within a somewhat longer time, such as

30  30-45 sec, after the workpiece is removed from the second liquid, if no
ultrasonic vibrations are used. The workpiece is also cleaned by removal
of residues from the exposed surface(s), using this approach.
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surface tposieduse or phactatingt the7invedyioas Inmnstep318@ worlepieces) (elextrmiiti vel y.
Thus ’lOHFEpaCr%r})r parts) is fully immersed in a (preferably inert) first processing
liquid, such as deionized (DI) water or IPA that is prepared in a selected
temperature in the range T = 10-90 OC, for an immersion time interval
(optional) of selected length in the range At = 0-600 seconds. In step 33,
the first liquid is optionally subjected to ultrasonic wave motion at one or
15 more selected ultrasonic frequencies in the range 20-750 kHz for most or
all of the immersion time interval. In step 35, after the time interval of
immersion is completed, the workpiece is slowly withdrawn from the bath
of the first processing liquid, preferably at a linear rate of withdrawal of
between 0.5 and 5 cm/sec and preferably in a clean room or inert
20 environment. In step 37, a selected second processing liquid, such as HFE
or eth-HEE, is transferred to the workpiece exposed surface(s) and
removed. In step 39 (optional), the selected liquid is filtered or otherwise
cleaned and returned to the container or to another container for reuse in
another chemical bath. The procedure shown in Figure 2 will provide
25 some cleaning of the workpiece and will usually dry the workpiece in no
more than 1-30 seconds after exposure to the HFE or eth-HFE (1-60 sec
for the full process). If only workpiece drying is desired, step 33 can be
omitted.
Transfer of the second liquid in step 37 may proceed by spraying
30 the second liquid onto the exposed surface(s) of the workpiece, for
example, as a line or strip of sprayed liquid, or by dribbling the liquid
onto one or more of the exposed surfaces by a source of the li(juid that is
positioned above, at the side of or adjacent to the workpiece.
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immersed in the DI water. Preferably, the DI water is ﬁlled to the top of,
and slightly overflowing from, the first housing 45, in order to minimize
accumulation of unwanted material in the DI water through removal by
spillover. Alternatively, the workpiece arm(s) 43A and 43B may be
replaced by one or more vacuum chucks (preferred) or magnetic or
15  adhesive disks that temporarily grasp and hold the workpiece 41.

In Figure 4C, a second housing or tank 51 containing a second
liquid 50 (e.g., HFE or eth-HFE or azeotrope thereof), preferably -
maintained at a pressure p of between 10 and 100 psi relative to the:
environment and maintained at a temperature in the range 10-80 °C for

20 eth-HFE (or 10-60 °C for HFE), is positioned above, at the side of or
adjacent to the first housing 41.

The second housing 51 is connected to one, two or more thin plates

53 with slotted apertures or other suitable apertures 55 therein (shown in
side view in Figure 5). The apertures 55 are oriented so that, when the

25 pressurized second liquid 50 is allowed to flow from the second housing
51, the second liquid is sprayed (with or without atomization) from these
apertures, in an approximately horizontal, vertical or diagonal pattern.
Any object that is located in front of the apertures 55 will be sprayed or
otherwise covered with a liquid, vapor or mist from the second liquid 50.

30 Alternatively, the second housing 51 can be positioned above the
first housing 41, and the second liquid can be dribbled onto the exposed
surfaces of the workpiece as the workpiece emerges from the first liquid
bath, taking care that the volume of second liquid del'ivered to the
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liguid that passes along the exposed surfaces of the workpiece 41 above the

first liquid bath can clean and/or dry the workpiece exposed surfaces.

15 In Figures 4D and 4E, the workpieces 31 are now pushed upward
within the first liquid by one or more "pusher” arms 53. When
approximately half of the workpiece 41 is above the upper surface of the
first liquid, the workpiece is gripped by the workpiece arm(s) 43A and
43B (or vacuum chuck or magnetic or adhesive disks) and is pulled slowly

20 upward from the first liquid 49 in the first housing 45, at a preferred
linear rate in the range 0.5-10 cm/sec. As the workpiece 41 moves
upward, it passes through a region where the workpiece is subjected to the
transfer (by spraying, dribbling or other suitable transfer process) of the
second liquid 50 thereto from the slotted apertures 55. Because the surface

25 tension of the second liquid, such as HFE or eth-HFE, is much smaller
than the surface tension of the first liquid (e.g., DI water or IPA), the
second liquid will displace the first liquid from the surface of the
workpiece 41. HFE (or eth-HFE) and similar second liquids are also fairly
volatile, with a relatively low heat of vaporization (around 30 cal/gm for

30 HFE and for eth-HFE) and high vapor pressure (about 195 mm Hg) so that
any portion of the second liquid that displaces the first liquid on the
workpiece surfaces will ultimately evaporate and will thereby ‘quickly dry
a contiguous portion of an exposed surface of the workpiece 41. In Figure

H



of residues fromthe exposed surface(s), using this approach. 7 Wen the
second |1 qQuj I ncl uding HFE or eth-HFE) is held at a tenperature in the
range 10 ﬁgbgf/gs['érr] T <80 [err]C, at nost a few mllili tRFEYIBAEOL of
this liquid are lost due to volatilizgtion, for a tank with a nornal
exposed |iquid surface. The second |iquid can be drawn 5 fromthe container
11, passedFi theowgrkpidce 4 khas begnpultad.completely fromdhedfinstliquid inenove t he

resi dues d r C he second liquid for reuse in drying and/or

cl eani ng.%@'ﬁ‘%&’é@‘gkgil ow chart illustrating one enbodi nent of a

sui tabl e procenNfost drodll f dé iseeonid qualid {HFE ofeth-HFE) eRatXoesnyor kpi ece
u

(electronic 10 part or parts) is f y imrersed in a (preferably inert)

first p;l o@@wmgf frajoithe exposed suakaces iofdheml)kmm@ﬂlawill Fall tintst tl’ies '
-0 .&: Sel . ' T =40Q-9 C

Prmar s ortifst AR EE Sl GRE Bl Al chfled R AR dmpt i Britddding. o 2"

0- 600 secqh@se this (riBariby séb6nd) lilgtnd canibé tein®rd, aiNthy the batgghed to

ul trasoni c wave nption at’ one or more sel ected ultrasonic frequencies
in the ratpertere pboh«first bousing, for regyclinig ofiéhe sneord diquidalf theterval . - In

st 35, LTl b BT Wbyl ISR A B g 2
pr ef er abl gryaand inents £or example, bytuser afvabobirp dyeeCO, thapordonmfsec and

preferably in a clean roomor inert .
10 the second that evaporates from the workpiece surfaces can also be

recovered, recycled and reused. Reuse may be possible even where the
atmosphere is not dry and inert.

Figure 6 indicates a suitable arrangement of apparatus for use of the

second liquid to dry and clean electronic parts. Two hollow cylinders 61A

15 and 61B are positioned with their longitudinal axes approximately parallel.
Each of the cylinders 61A and 61B has one or more longitudinally -
oriented slotted apertures 63A and 63B, respectively, therein, with a slot
width h that is preferably in the range 0.02 - 0.5 mm. Each cylinder 61A
and 61B is connected to a source 65 of pressurized HFE or eth-HFE or

20 other suitable second liquid. If this pressure is sufficiently high, the second
liquid is forced through the slotted apertures and emerges as a thin sheet
or spray 67, in the shape of a sheet or a sector of a cylinder, and these
sprays collide with and cover a workpiece 69 that is positioned between
the two slotted apertures 63A and 63B. The HFE or eth-HFE or other

25  suitable second liquid can be heated modestly (e.g., to T = 30-50 OC) as it
emerges from the slotted apertures 63A and 63B so that, when the second
liquid collides with the surfaces of the workpiece 69, the second liquid will
more quickly evaporate and thereby dry the workpiece. If the spray
velocity is made large enough, the HFE or eth-HFE spray can also remove

30 unwanted residues from portions of the exposed surfaces of, and thereby
clean, the workpiece 69. The hollow cylinders 61A and 61B are
preferably rotated in the same direction or in opposite directions around
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According to product specifications provided by the developer of
HFE, 3M company, each of HFE and eth-HFE is intended to be a non-toxic
replacement for the CFCs and similar chemicals used in various
applications over the past 30 years. HFE is substantially non-toxic with an

15 acute lethal inhalation concentration that exceeds 100,000 parts per
million. HFE is not presently classified as a hazardous substance. However,
a mixture of HFE and another chemical may be more active. The HFE
azeotrope, for example, is volatile, and disposal of HFE azeotrope into a
water supply may require compliance with hazardous waste regulations.
20 No corresponding figures have yet been released for eth-HFE.

DI water and either HFE or eth-HFE readily form a liquid/liquid
two-component system with little mixing (20 ppm of HFE in DI water; 90
ppm of DI water in HFE, for example), due in part to the high polarity of
water and the relatively lower polarity of the HFE or eth-HFE and the

25 differences in molecular weight. The HFE or eth-HFE is thus easily
separated from the DI water, or any other inert, lighter, higher polarity
liquid, such as IPA, for filtering and reuse or for disposal of the HFE or
eth-HFE.

The process of the invention has three or four zones of drying, as

30 illustrated on a surface of a workpiece 81 shown in Figure 7. As the
workpiece is withdrawn from the first liquid, the bottom zone 81A is still
immersed in the first liquid. A second zone 81B, adjacent to the bottom
zone 81A, has risen above the first liquid but has particles of air and/or



the top and that has a drain aperture 47 at the bottomthereof. Preferably,
t he housi %g(')i%il%ially contains deionized (D) water 49, preferably at a
t enper at ur ki range 10-90 [err]C, and the workpi ece 4FPGHUY, P2t el y
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Figures 8A-8C. In Figure 8A, a workpiece 91, which has recently been
removed from a first processing liquid (e.g., DI water or IPA, not
shown), is immersed in a tank 93 containing a second processing liquid 95,
15 such as HFE or eth-HFE or HFE azeotrope, which is heated to a
temperature below its boiling point (Tz60-80 OC for HFE in general). The
workpiece 91 is immersed in the second liquid 95 for a selected immersion
time interval, preferably in the range 5-120 sec, or longer if desired. For
at least a portion of the immersion time interval (e.g., at least 5-10 sec),
20 the workpiece 91 is subjected to ultrasonic vibrations generated by an
ultrasonic wave generator 97 that is positioned inside, or outside and
contiguous to, the tank 93. The ultrasonic vibrations help the low surface
tension second liquid 95 displace material residues, air and first liquid on
exposed surfaces of the workpiece 91. After the immersion time interval
25 ends, the workpiece 91 is withdrawn from the second liquid 95, as shown
in Figure 8B, at a linear withdrawal rate in a preferred range of 0.5-10

cm/sec, into a controlled atmosphere, such as a vacuum, a clean room or
an atmosphere containing primarily Ny or CO. Any of the second liquid

remaining on the exposed surface(s) of the workpiece 91 after the
30 workpiece is fully withdrawn (Figure 8C) will usually volatilize within 1-
30 sec after the workpiece 1s withdrawn from the second liquid 95.
As illustrated in Figure 9, a workpiece 101 can be withdrawn
vertically (in the direction of the vector v) between two plenums 103A
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the wo kPi§ii&t30Th c81éb@R4 10, located below the workpiece 101, for possible
cleaning and recycling or for disposal.

Alternatively, the workpiece 101 can be oriented at an angle o
relative to the vertical (indicated as a workpiece 101' in Figure 9), where
o ranges from a few degrees to about 800, with all other aspects

15 remaining the same.

We have found that, with an aperture width or gap Aw of the order
of 0.05 mm, a pressure head value Ap of the order of 40 psi for HFE or
eth-HFE is sufficient to dry a workpiece surface that is exposed to the HFE
or eth-HFE spray in as little as 5-7 sec. We estimate that the aperture

20 width Aw could be reduced to as low as 0.02 mm and the HFE or eth-HFE
liquid would still form an acceptable, continuous spray after passing
through the apertures 103A and 103B, because of the low surface tension
and other features associated with the HFE or eth-HFE liquid. If the HFE
or eth-HFE liquid were replaced by another liquid with a higher surface

25 tension, such as IPA or DI water, we estimate that the aperture width Aw
could not be reduced below about 0.05 mm, if a continuous spray is to be
maintained at a modest pressure head of the order of 40 psi.

Where HFE or eth-HFE liquid, maintained at an elevated
temperature such as 40 ©C, is used with this configuration, we find that we

30 can withdraw a 200 mm diameter semiconductor wafer from the liquid in
5-7 sec (linear withdrawal rate of about 29 mm/sec). At the end of this
second withdrawal period, we find that most of the wafer is fﬁlly dry,
based on "bare eye" examination, and within a few seconds after removal




43B (or vacuum chuck or magnetic or adhesive disks) and is pulled slowy 20

upward fr the first liquid 49 in the first housing 45, at a preferred
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10 Several parameters are available to optimize the drying and the
cleaning characteristics of the HFE, applied in the configuration shown in
Figure 9. First is the temperature, already discussed in the preceding. As
the HFE liquid temperature is raised, the drying process and, separately,
the cleaning process appear to occur more quickly. A second optimizing

15 parameter is the angle ¢ at which the spray (one-sided or two-sided) is
directed at and strikes the workpiece 101. We believe that an angle ¢
somewhere between grazing incidence (¢ = 0°) and near-normal incidence
(® = 90°) is optimal here.

A third optimizing parameter is the pressure head Ap imposed oni

20 -the HFE liquid behind the aperture(s). Workpiece drying and/or cleaning
appears to improve as the pressure head Ap is increased, but the
improvement appears to be saturating, as suggested in the schematic graph
of a selected drying characteristic T (time to dry) versus Ap shown in
Figure 10.

25 A fourth optimizing parameter is the aperture width Aw. As Aw is
decreased, the amount of HFE or eth-HFE liquid directed at the workpiece
surface will décrease, if the pressure head Ap is held constant, no matter
what liquid is used. When the aperture width Aw decreases below what is
believed to be a threshold or minimum value, Aw0, which depends upon

30 liquid temperature, liquid surface tension, pressure head and possibly
other variables, the continuous spraying action will give way to erratic and
uncontrollable spurts of the liquid. The threshold aperture width AwO at
which this transition occurs will decrease approximately monotonically
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A sixth optimizing parameter is the number N of apertures used to
15 spray HFE or eth-HFE liquid onto the workpiece on one side. In Figure 8,
N = 2 sprays are provided for each side. One can choose N=1, 2, 3 or
any other reasonable number, and the drying and/or cleaning
characteristic should improve with increasing N, if the sprays on a given
side are kept far enough apart that they do not interfere with each other. If
20 two adjacent sprays are located close enough to interfere with each other,
this may increase the effective workpiece drying time, although the
cleaning characteristic may be improved or degraded, depending on the
workpiece and the circumstances.
As illustrated in Figure 12, a sequence of workpieces 111-1, 111-2,
25 111-3 can be drawn more or less vertically (in the direction of the path
vectors V) in a curvilinear path P between two plenums 113A and 113B,
with longitudinally oriented apertures, 114A1, 114A2, 114B1 and 114B2,
that spray HFE or eth-HFE liquid onto one side or two opposed sides of
the workpiece at a selected incidence angle ¢ relative to the workpiece
30 surface. The HFE or eth-HFE liquid 115 is held in a fluid reservoir 117
that is connected to the apertures through a pressurized pump 119 or other
suitable device, which delivers the HFE liquid to the apertures 113A and
113B with a controllable pressure head Ap.
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10  Ap. Unvolatilized spray liquid and any other processing liquid (e.g.,
water) and other residues removed from the workpiece surface are
collected in a collector 130, located below the workpiece 121, for possible

cleaning and recycling or for disposal.

The choices of pressure head Ap, aperture width Aw, liquid

15 temperature T, linear rate r of horizontal movement of the workpiece and
the other parameters are substantially as in Figure 9 or 12. One advantage
of the configuration in Figure 12 or 13, vis-a-vis the vertical
configuration in Figure 9, is that two or more workpieces 121 can'be
moved through the spray serially so that the drying and/or cleaning

20 process(es) can be operated as a single workpiece continuous process, in
which the workpieces move through a region where spraying occurs
serially. One possible disadvantage of the horizontal processing shown in
Figure 13 is that the sprayed HFE or eth-HFE liquid that does not
immediately volatilize upon striking the workpiece may vertically run

25 down the workpiece and interact with or interfere with another portion of
the HFE or eth-HFE liquid being sprayed on an adjacent portion of the
workpiece at about the same time.

This possible disadvantage is minimized, if not eliminated, by the

horizontal movement/diagonal spray configuration illustrated in Figure

30 14. In this configuration, the workpiece 131 is drawn horizontally at a
linear rate r (in the direction of the vector v) between a first diagonally
oriented apertures 134A and a second diagonally oriented aperture (not
shown) that spray HFE or eth-HFE liquid onto one side or two opposed
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10 removed from the workpiece surface are collected in a collector 140,
located below the workpiece 131, for possible cleaning and recycling or
for disposal. The choices of pressure head Ap, aperture width Aw, liquid
temperature T, linear rate r of horizontal movement of the workpiece and
the other parameters are substantially as in Figure 9, 12 or 13. The

15  configuration of Figure 14 allows single workpiece processing and batch
processing, as in Figure 13, but the unvolatilized HFE or eth-HFE liquid at
one portion of the sprayed workpiece does not substantially interfere with
spraying of HFE or eth-HFE liquid onto an adjacent portion of the
workpiece.

20 The configuration of Figure 14 has a seventh optimizing parameter,
the diagonal angle 9 for application of the sprayed liquid. An optimum
diagonal angle 0(opt) will likely depend upon the linear rate r at which the
workpiece is drawn horizontally through the spray and upon a
representative rate s(vert) at which unvolatilized HFE or eth-HFE liquid

25 can vertically run down a surface of the workpiece 131: as s(vert)
increases, a minimum diagonal angle 8, at which this process can be
operated without liquid-liquid interference, will likely increase.

Figure 15 illustrates another alternative configuration for drying
and/or cleaning a workpiece 141. The workpiece 141 is transported

30 through a processing region 142 where one or more approximately
circular moving current(s) (spray or bulk liquid) C1, C2 of the second
liquid move across each surface of the workpiece to be processed. A
nominal center c1, c2 of each of the approximately circular moving



5 the air and/or processing liquid particles that remain on the exposed
surface. |n a fourth zone 81D, adjacent to the third zone 81C, the fluid
sheet of SYREHY3T quid has volatilized, usually in 30 sec FCWER19M3aving
a dry workpi ece surface in this zone,, The second zone 81B can be
elimnated, if desired, by formn th% second liquid fluid sheet in a

regi on locusienghl, GBdsq:refm'aleplgmmied awae fromh theevprkpiessisngfaciegai d i n

i our o5 aHBcoatH pBicS CigwotknfieR rstacexpig e ctmeat 1y Choen
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Is imrersed in a tank 93 contai ni‘'ng a second” processing |1 qui 15 such

as HFE or fer thee@rent G G2 aar bpdocatbd ain an expased susfazet efither at ure bel ow
its boilin Qi Nt err]60-80 [err]C for HFE in general). The workpiece 91
s i rsggb'ﬁ?l?cf?eﬁgicond liquid 95 for a selected imersion tinme interval,

preferably in Eh%hr@iﬁ‘é@laf’ly_lﬁ{bvﬁﬁgécﬁf?ﬂt?(eﬁ?ﬁz g% iﬁ?éi/ (ﬁ‘abf%rcﬁésﬂa { ?he

portion of the immersion tine inTerva Y east 5-710 sec
wor kpi ecensachanismb] 4%t partlyoonfully smmersedhindhe sesond dsquidesndly asa

I i . 97 th | I L] d ipsi.d id d.
cont | guoutSeRaniAETy ik, of maltatcalBiRryeR Buid SoEehe Ehediuitow Sur f ace
tensi on seaenthd ‘irél@bﬁ?rgftéhdéhéﬁage“@m @ﬁéﬁ'ap??éii‘i'ﬂ@t%_ly @ircuddidfibiy st liquid

on exposed Surfaces o e workpiece 91. After the i'mersion tine interval
25 eids, paterndCkpCe&cmayibe chasemdnghe rangenfrom a fcanttdn ofjairaddan pes shown

i sec. | AE6 & Eold HRESELRE sREPel el g ber S0 €R2M oomor an
at nospher @a8ABLRI The $eBohdMquid 1M & pfcferdbly H¥ldtiRer SREQREsdrivaly 145
and is delivered by a pump 146 at selected time intervals to the workpiece
processing region 142, where the circulation mechanism 143 causes the
15 second liquid to move in an approximately circular pattern.

The workpiece 141 is moved through the processing region 142 by
one or more mechanical arms 147A and 147B (or a vacuum chuckor
magnetic or adhesive disk workpiece gripper) and is subjected to the
circularly moving current C1, C2 of the second liquid. Alternatively, the

20 workpiece 141 can be held stationary and the circularly moving current(s)
' C1, C2 can be caused to sweep across the workpiece surface(s) to be
processed. After the workpiece surface(s) has been processed by the
second liquid, the second liquid used for this purpose is optionally drained
into or otherwise deposited in a spent liquid plenum 148 and is either
25  dumped or (preferably) cycled through a liquid filtering mechanism 149
and redeposited in the fluid reservoir 145.

Where the workpiece 141 is subjected to only one circularly moving
carrent, C1 or C2, of the second liquid, the nominal radius, rl or 12, of
this current pattern is preferably greater than the diameter of the

30 workpiece surface(s) to be processed. Where the workpiece 141 is
subjected to two or more circularly moving currents, C1 and C2, the
nominal radius, r1 and/or r2, of one or both of these current patterns is
optionally chosen to be somewhat greater than one-half of the diameter of



remei ning on the exposed surface(s) of the workpiece 91 after the 30

wor kpi ece w@ 9dridgky W t hdrawn (Figure 8C w il usually vol atp@,ggsybgdgl n 1-
30 sec after the workpiece is withdrawn fromthe second |iquid 95
illustrated in Figure 9, a workpi ece1201 can be w t hdrawn vertlcal |y (| n

i th | ongiticuioeplefe, A8 e Mo BRERES €Yo €% Cheperttlo tomans 10482, t nat

spray HFEa&rosetdmd-ﬁﬂl ¥ covedtienivorkpiece siﬁfavée(sm Bergﬁaeésswd% of the
vvorkplec ES ected incidence angle [err] Trelative to the workpiece
sur f ace. ékg\lfﬂlié | Yhgnempal centess.ocl and ¢2, lﬂfdﬂﬁ cumentsyoi r 107

Sui aLfe"@”ﬁﬁé e RG5O AR B B W Be he. aper tur s
103A ad ﬁf&’&sﬂbdhn@v@@béﬂ\ﬁédrﬁﬂie@em&ﬁﬁuﬂ%ehﬂeﬁ [err]p. Unvolatilized spray

l'iquid and any_ot her processjng Ilqlaf( , wat er) and ot her residues
renoved from t FaVQuOrRBOER Workpiaces leand 1 maychepositionedotlosettor 110,

B L R
[err] rel ahdl\thréeopidseureheadal S3ANISE addas3C M%Bb%xtl@ﬂed 'aﬂjd:de@ﬂr e9),
where [err] ranges froma few degr ees to about 80[err] ot her
aspects 18 theseaworkpiaces, anshown, 1n order to clean and dry the workplece
10 exposed surfaces. Each of the outer pressure heads 153A and 153C has one
or more spray apertures, 154A and 154C, respectively, to provide drying
and/or cleaning of one exposed surface of the adjacent workpiece. The
middle or inner pressure head 153B has one or more spray apertures
154B1 and 154B2 located on each side thereof to spray an exposed surface
15 of the adjacent workpiece, 151 and 152, respectively. The apparatus 150
also includes a reservoir or supply tank 157 of second liquid 155 and a
pressure pump 159 that delivers pressurized second liquid to the pressure
heads 153A, 153B and 153C. A liquid collector 160, located below the
workpieces 151 and 152 in the spraying region, collects liquid that drips
20 off the workpieces for possible recycling and reuse.

Proceeding in the manner illustrated in Figure 16, two or more
workpieces, located adjacent to each other, can be simultaneously dried
and/or cleaned, as might occur in a true batch process. A separation
distance, D1 and/or D2, between two adjacent workpieces, 151 and 152,

25 that is at least equal to a selected minimum separation distance D(min)
should be maintained in order to provide sufficient clearance distance,
D(clear;1) and D(clear;2), for a pressure head 153B and associated spray
apertures, 154B1 and 154B2, to pass between the adjacent workpieces, 151
and 152. These clearance distances preferably include an adequate backoff

30 distance of each spray aperture, 154B1 and 154B2, from the
corresponding exposed surface of an adjacent workpiece.

The spray patterns defined by the spray apertures 154A, 154B1,
154B2 and 154C may be borizontally oriented, vertically oriented or



W have found that, wth an aperture width or gap Aw of the order of 0.05

nm a pre I d value [err]p of the order of 40 psi for_  HFE or et h-HFE
i's sufficﬁiﬁ?ﬁf%gﬁry a wor kpi ece surface that is exposed t FEHESRRRTR

eth-HFE spray in as little as 5-7 se 0 W estimate that the aperture 20

wi dth Aw could be reduced to as low as 0.02 mm and the HFE or eth-HFE

li qui d wodiagonally ofientedans dHoeprated in Figures 9y d3sangrldy amid maypbssi ng

t hrough the erd ures ,103A and 103B, because af the | qw surface nsi on and
ot her fealriﬂe%g@ewgglé(i chosgn, for £ SHIRY p&%t.e@hl? PFEXPmﬂj?’_d.ée‘F'#“SF or

et h- HFE | fiffbgbriteiaturecof BREEW%xPOREASurfdcey 'dfttﬁgt\btt)ﬁgﬁbeg%ls Yhgace 25

tension, such as IPA or DI water, we estinate aperfure w dth Aw

coul d not Speay pattems formed by she apemresn! SAA and difi4BiL anight (beayestical o be
mai nt ai ne ty:a_nodest pressur ead of the or of 40 i . \Where HFE.or
ethe ke | P diBeRe Besrervaly aPRE RbvA phfEutArtin onceddh ot Botve 1| ¢ i s
used with ' ) i wiorekbi 1 C nt hdr nmm

di anet er g%%bg%%gg{:f?gérﬁ \;!%:‘girb f ronf)itd%gsF?%F%f9597f%égz??hg§rﬁvﬁ@?§dr aval
rate of apay bedndependentlyrchosen. Optionaliy, enlyconsdxposedisurfate persidel, we
find that t of ;the wafegr.is full , on,."hare eye", exam nation,
and wit hi R?gﬁ?g"v\?@@&%?ﬁ?slﬁ %’rre§m4|§r’yl3’q?§% hd Ll@g}ayoge% fer from
the HFE | pfidfsh cleBfiedeffedesifed Ul |y dry. Ve believe that, if the HFE or
eth-HFE liquid tenperature is raised to a

10 Figures 17A-17E illustrate other approaches to transferring the
HFE or eth-HFE liquid to a workpiece. In Figure 17A, an exposed surface
of the workpiece 161 is spinning at a selected angular frequency ® about a
selected rotation axis that passes through the exposed surface, and one or
more sheets 163-n (n =1, 2, 3, ...) of HFE-based liquid (e.g., HFE or eth-

15 HFE liquid), shown schematically as lines on the surface, are sprayed onto
the workpiece surface as the surface rotates. Each of the sheets 163-n may
have the same HFE-based liquid. Alternatively, two or more of the sheets
163-n may use different HFE-based liquids as the spray material, in 'order
to take advantage of different responses of contaminants on the workpiece

20 surface(s) to different HFE-based liquids.

Two or more of the sheets 165-n of HFE-based liquid in Figure 17A
need not be parallel to each other and may be planar sheets (165-1) or
curvilinear sheets (165-2, 165-3) or a mixture of planar sheets and
curvilinear sheets; and if these sheets are not parallel to each other, as

25  illustrated in Figures 17B, the sheets need not intersect each other at or

near the center of rotation of the workpiece 161.

In Figure 17C, two or more sheets 167-1 and 167-2 of different
HFE-based liquids are sprayed onto a surface of a rotating workpiece 161
along different line segments that preferably each cover the entire

30 workpiece surface as the workpiece surface rotates at a selected angular
velocity ® about a selected rotation axis that passes through thp exposed
surface. As in Figure 17A, the two sheets 167-1 and 167-2 may have the
same HFE-based liquid as a spray. Alternatively, the two sheets 167-1 and



hi gher tenperature, such as 50-56 [err]C, the wafer can be withdrawn in a
shorter twweod/idggy val, such as 3-5 sec, and the wafer w | %ﬁ%5)1y79§lry as
5 soon as the wafer has cleared the liquid. The relatively high vapor
pressure of the HFE or eth-HFE [iqui2ll at roomtenperature (210 mm Hg)

ensures t~any HFE r _eth- | i, qui hat, r.emajns b cannpt be seen with
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spray (one-s or two-sided) is directed at and s pi ece

101. W dé1 sy ¢he markpiecgrsyirfagerothtescateavselectadangular gredacity b abodence

0 aear - |_inci 90 i i ml here.
(Ler] o 3 b RS8OI pashel HR5En b eohoS0h St SadBhe ™ o0 Che
HFE | i quIgFBehagd fi ei@gemmg&bés A8 RICEES gééﬁt'd}gﬂ%@/tﬁé wokpikes appears

to inprove as the pressure hea rlp is Increased, but the Irprovenent
appear s tsurfaceshy uctionnef rota stmtivgal fobee,sathomf the waakpissle a sel ect ed
dryi rig charfcter_istic [err] (time to dry) versus [err]p shown in Figure 10.
25 SOt h optim zing paraneter is the aperture width [err]w. As

\[Ng; rk] YVGICZ decrpAFRfre IME, aifPeRposed Shiffasé (Rb1shien) IgTUhE Wotlgsieee at the
P 161 that is to be cleaned is placed in contact with an exposed surface of, or
immersed in, a pool of HFE-based liquid 171. The exposed surface is

rotated at a selected angular velocity @ about a selected rotation axis that

15 passes through the exposed surface. A combination of (1) exposure of the
exposed surface to the HFE-based liquid and (2) a shear force developed
between the rotating exposed surface and the contiguous HFE-based liquid
171. The shear force may become reduced by the tendency of the HFE-
based liquid 171 to "spin up" to the rotational velocity of the exposed

20 surface. The shear force magnitude may be kept high by moving the
workpiece exposed surface around within the pool of HFE-based liquid so
that the presently contiguous liquid does not have time to fully "spin up” to
the angular velocity of the rotating exposed surface.



surface will decrease, if the pressure head [err]p is held constant, no

mat t er ana, I?MJ%I‘Q I s used. When the aperture wi dth Aw decreases bel.ow what
is beli evedo 0 be a threshold or mninmum val ue, [err]wo, MFEH’%%%%S upon
30 liquid tenperature, |iquid surfacg,tension, pressure head and possibly
ot her varjiables, the continuous spraying action w |k R ratic
and uncoflaEmsap| e spurts of the liquid. The thresHmﬂ”me"fmuhﬁﬂiéth
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consi dercaqeilon oéﬁ%‘ﬁ‘éé%esi red drying and/or cleaning tinme for the workpiece,

\éVhi ch ti ge wi Iwheretaprar lasrshe of juideird evwtaniifasts' isaemdred fiditheS
ecr eased.
at least one exposed surface of the workpiece in a time interval whose

length does not exceed a range of 30-45 seconds.

2. The method of claim 1, further comprising the step of choosing
said processing liquid from the class consisting of hydrofluoroether, an
azeotrope of hydrofluoroether, an ethylated hydrofluoroether and an
azeotrope of an ethylated hydrofluoroether, maintained at a selected
temperature in the range 10-80 °©C.

3. The method of claim 2, further comprising the steps of:

immersing said workpiece in a selected rinsing liquid, maintained at
a selected temperature in an approximate range 20-60 °C, before said
processing liquid is transferred to said at least one exposed surface of said
workpiece; and

withdrawing said workpiece from the rinsing liquid at a selected
withdrawal rate in the range of 0.5-5 cin/sec.

4. The method of claim 1, wherein said step of transferring said
processing liquid to said exposed surface of said workpiece is
characterized by spraying said processing liquid onto a selected portion of
said exposed surface of said workpiece.



A sixth optimzing paraneter is the nu S used to 15 spray
HFE or et kydbdaskisqui d onto the workpi egiﬂummmwm,nl Frpg;qnggg,lg-%
sprays are provided for each side. One cdn ehooser Ns= 2, or any ot her
r easonabl e nurrber and the dryr ng an23 or cleaning characteri strc shoul d

th th | de kepj f
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may i ncréase the effective workpiece drying tinme, although eani ng
char act elCOIRpHSe/ eb%iiepﬁ'@ifoved or degraded, depending on the workpi ece and

1151 1112 GEecrFashel? b BB prkeryfd odid e SERERLE Bisperib (he "
directi opp@farliidat lbaseeher@cpoked%u@fmrdf $did8R61 1§ﬁé€e SolBhpgen two
pl enunms 113A and 113B, w.th ongrtu inally oriented apertures, 114Al,

114A2, 11s¢tn.ctadcregm:havungta sglected rmtemtl@meﬂmec tgaiverticab one: si de or
t wo opposn i des |ece at | ect ed L, depnce .angl err]
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held in ?rbbésﬁng%rgiﬂi@'ahdl” that is connected to the apertures through a
pressuriZed punp 119 or other suitable device, which delivers the HFE

liquid to the movingatleast oneafsaid yworkipieceand the sheetwsaidessure head
Lerr]p. pro%:gssmg liquid so that substantially all regions of said at least one

exposed surface of said workpiece are wetted by the sheet of said second
liquid.

6. The method of claim 5, further comprising the step of choosing
said selected orientation of said selected region from a class of orientations
consisting of vertical orientation, horizontal orientation and diagonal
orientation. '

7. The method of claim 5, further comprising the steps of:

directing a second sheet of said processing liquid in a selected |
direction toward a second exposed surface of said workpiece so that a
second selected region, having a second selected orientation relative to a
vertical direction, of the second exposed surface is wetted by the second
sheet of said processing liquid; and

moving at least one of said workpiece and the second sheet of said
processing liquid so that substantially all regions of the second exposed
surface of said workpiece are wetted by the second sheet of said processing
liquid.

8. The method of claim 7, further comprising the steps of:

choosing said first selected orientation of said selected region from a
first class of orientations consisting of vertical orientation, horizontal
orientation and diagonal orientation; and



As illustrated in Figure 13, a workpi ec hori zontally (in
the direction of the vector v) between "mm ml Hmm;nd 123B, each
havi ng oneV8Me¥2 vertically oriented aper Uries,m 134A and PCIAEE8HNEB spr ay

HFE or eth-HFE [iquid onto one side % t wo opposed 5 sides of the
wor kpi ece at a sel ected incidence ang e relative to the workpiece surface.
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liquid ang any ot her processing ot her residues
renoved fromthe workpiece surface are collected in a collector 130,
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process(eg l\)ﬂ)lﬁén be operat ed as a single workpiece continuous process, in

whi ch t he r kpi eces nove through a regi on where spraying occurs serially.
One possible disadvantage of the horizontal processing shomn in Figure 13

Is that the spr HFE et I d.that, does .d| at ely
vol atilize uporﬁgt & é’f\% ]Ie‘gﬂﬁ’éﬁ}n\ﬁé?‘%ﬁ € ng said

processing liquid to sa1d exposed surface of said workplece comprises

dribbling said second liquid onto a selected region of said exposed surface
of said workpiece.

11. The method of claim 1, wherein said step of transférring said
processing liquid to said exposed surface of said workpiece comprises:

rotating said exposed surface at a selected angular velocity about a
selected rotation axis that passes through said exposed surface; and

spraying said processing liquid onto a selected portion of said
exposed surface as said exposed surface rotates.

12. The method of claim 1, wherein said step of transferring said
processing liquid to said exposed surface of said workpiece comprises:

rotating said exposed surface at a selected angular velocity about a
selected rotation axis that passes through said exposed surface;

immersing said exposed surface in said processing liquid for a
selected time interval whose length lies in a range of about 5-60 seconds;
and |

removing said exposed surface from said processing liquid.



25 down the workpi ece and interact Wlu ﬂ‘ummﬂ luﬂ ith another portion
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o aseoci ATSHIAHEY Henshn oF &' SIbHEA RHERAR 248 NGB Rrpeiti s o 195
i's hel d i firgt hndi sbcopdssot@isrankBa thitdizdre 6&'&%&&% 6Ptﬁé19vcgkﬁiéd€ es through
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and ot her residues 10 renbved fromthg pi ece surface are collected in
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recycling 18duid, the second zone is located between the first zone and the third zone,
and the second liquid is less polar than the first liquid, has a surface
tension that is less than 17 dynes/cm, is volatile and has a second liquid
density that is much greater than the first liquid density;

whereby at least one of liquid and contaminants is removed from at
least one exposed surface of the workpiece in the third zone in a time
interval whose length does not exceed a range of 30-45 seconds.

14. The method of claim 13, further comprising the step of
choosing said second liquid from the class consisting of hydrofiuoroether,
an azeotrope of hydrofluoroether, an ethylated hydrofluoroether and an
azeotrope of an ethylated hydrofluoroether, maintained at a selected
temperature in the range 10-80 ©C.

15. The method of claim 13, further comprising the step of
withdrawing said workpiece from said first liquid at a withdrawal rate in
the range of 0.5-5 cm/sec.

16. The method of claim 13, further comprising the step of
withdrawing said workpiece from said first liquid and forming a
transitory fourth zone on said surface of said workpiece, located between
said first zone and said second zone, that is not immersed in said first
liquid but has a residue of said first liquid present in the fourth zone.



for disposal. The choices of pressure rture wwdth [err]w,
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can be operated without |iquid-liquid interference, el y 1 ncrease.

Fi gure 15 tensigpithat tsslesas tharel 7 slynes/omm; isevalatile amd s anligquid densityy and/ or
cl eanin | ece rkpiece 441 is transported 30 through a
proce'ss?n@@%ﬁ%ﬁ@%bﬁ%@gﬁﬁﬁgﬁﬁﬁ%%w ?’fx@ﬂ'gt el 5 circul ar novi ng

current(s) (sprayvirlg the selbétedipbrtich of Fheodt Iehst 666 eRPosddIGaEaBBGE acr 0ss
each surface of the wor k&l‘ece to be processed. A nomhal center cl, c2 of

each of t ABe apprkplecmse thatgubstantiallbell rggions of the at least one exposed
surface are wetted by the liquid,

whereby at least one of liquid and contaminants is removed from the
at least one exposed surface of the workpiece in a time interval whose
length does not exceed a range of 30-45 seconds.

18. The method of claim 17, further comprising the stép of
choosing said processing liquid from the class consisting of
hydrofluoroether, an azeotrope of hydrofluoroether, an ethylated
hydrofluoroether and an azeotrope of an ethylated hydrofluoroether,
maintained at a selected temperature in the range 10-80 ©C.

19. The method of claim 17, further comprising the step of selecting
said portion of said at least one exposed surface of said workpiece to be an
approximately horizontally oriented strip of selected strip width that
extends across said at least one exposed surface of said workpiece.

20. The method of claim 17, further comprising the step of selecting
said portion of said at least one exposed surface of said workpiece to be an
approximately vertically oriented strip of selected strip width that extends
across said at least one exposed surface of said workpiece. |



18 currents Cl, C2 is preferably | ocat ﬁﬂ workp| ece surface so
t hat each wowsisses t he wor kpi ece surfa ’M‘“Hﬁﬂui@ Curmt,uﬁimg—ﬁjg W th
a non-zero liquid velocity. Alternatively,¢the nomn center cl, c2 for

the current Cl, C2 can be |ocated on2an exposed surface of the 5 workpiece

rechan sm 143, Zuantle, ARt of MAEN17 tartter cRuitiihe The Mep of sefitifle °)
mechani cakaig porticmob Sardbgrhastcaild: ysxposatk sutfaqcuoﬂ said W(ﬁk iedectd b d

angul ar vel OCI y rrl assogi d wt ach appr oxi Iy ci rcul ar flow 10
pattern C3UIRES ﬁﬁ{f‘ §%¥‘ﬁd&hﬁﬁ¥é‘xﬁ 2¢LOSHSALG A bﬂnéﬁxﬂoﬁ i an per

sec (e.g SL].H'aEe az& 13{:%&& ﬁﬂﬁcﬁﬁ o &n&{gﬁ&l‘?ﬁd' ans per sec (e.g., 500

rad/sec). ne Secon I's prefera &d ina fluid reservoir 145
and is delivered by a punp 146 at selected tine intervals to the workpiece

processing regign 142 e the circul ati on nechani sm 143 causes .t he 15
second liquid Rélﬁeme:ﬁ,\ﬁ%‘i ﬁml%t‘ﬁhﬁ%ﬁlrﬁ&ﬂ stepik transferning S@éﬂkpl ece

h |
L3S UL AD B o eSS AR TROBRRE "
V\?r tqr:])l ece gri ppeta)n m&d?mfdmfﬁw?ﬁtm%ewedﬁ regullir valulcigr abdts)uteﬁt | gl Cc2
0 e seco ernative e wor kpi ece can be he
stati onar §eﬁ?ﬁ’t§eé ﬁ@ta&m&m ﬂ@/t P&ﬁﬁp%&“&‘ﬂg@ﬂl Q‘Pegf’g@?ré& caused to
sweep across t @Egﬁhgma?& %;fﬁgt g@mﬁ OnbS aNePEGEd Portioh! G sdie Wor kpi ece

surface(s) has rocesse
exposed surface as said exposed surface rotates.

23. The method of claim 17, wherein said step of transferring said
processing liquid to said exposed surface of said workpiece comprises:

rotating said exposed surface at a selected angular velocity about a
selected rotation axis that passes through said exposed surface;
| immersing said exposed surface in said processing liquid for a
selected time interval whose length lies in a range of about 5-60 seconds;
and

removing said exposed surface from said processing liquid.

24. A method for drying or cleaning a workpiece, the method
comprising the steps of:

immersing the workpiece in a selected processing liquid, where the
liquid has a surface tension that is less than 17 dynes/cm, is volatile and has
a liquid density that is much greater than the density of water;

forming a selected flow pattern of the liquid that is approximately
circular across at least a portion of at least one exposed surface of the
workpiece, for a selected time interval; and

removing the workpiece from the liquid,

whereby at least one of liquid and contaminants is removed from the
at least one exposed surface of the workpiece in a time interval whose
Iength does not exceed a range of 30-45 seconds.



second liquid, the second liquid used mmmuu‘“l Hmlal is optionally
drained into or otherw se deposited i pl enum 148 and is
ei t her ZSW%Wéﬁ or (preferably) cycléd thrbugh | " qui d ¥ ﬁb"
nmechani sm 149 and redeposited in thedluid reservoir 145. V\here t he

wor kpi ece 141 is subjected to only one circularly noving current, Cl or C2,
of the second liquid, the nomnal radius, rl or r2, of this current pattern

i's pref bl ' t f the 30 r.k f t
e 0L S g M Y S e BB o )
ci 1 oul ar chopRifigShidlproeBising B dré thehdtafiosbiialtin@@fus, r1 and/or 12, of

one or both of these current patterns is optionally Thosen to be somevx/nat
great er thyshroflneroether oan ereotropaeaichydrofluorosthere ancethylated, and the two

t d
Cir ace By oot SRR b R AEREaB ) dhotadiifhet a7 °°°
centers, Riirtahedat Qge&ﬁ&&&iﬁgéﬁaf%rggiasg;%qﬁagge 1J.80t9En | ocated so that

t he vvorkpl ece surface(s) es between these nom nal
centers. Two or nore workpi eces 151 and 152 rray be positioned close to and

adj acent to e t he lus t.us ho Figure 16, and

t hr ee pressyr?eﬂe@a% %ﬂa %@@%@’1@ eﬁf&o #%B Q}dj agent to

these WOrdHIRHES sarfPfIoRPPatter P hAE ah%p“ﬁr@ﬁﬁnatwc&ftér Foesadr kpi ece
approximately circular flow that is spaced apart from said workpiece.

27. The method of claim 24, further comprising the step of
choosing said flow pattern to have an approximate center for said
approximately circular flow that is located within said at least one portion
of said at least one exposed surface of said workpiece.

28. The method of claim 24, further comprising the step of forming
said approximately circular flow pattern with an associated liquid angular
velocity in the range 0.2-500 radians per second.

29. The method of claim 27, further comprising the step of forming
a second selected flow pattern of said liquid that is approximately circular
across at least a second portion of said at least one exposed surface of said
workpiece, for a second selected time interval, where said first portion
and the second portion of said at least one exposed surface of said
workpiece overlap each other.

30. A method for drying or cleaning a workpiece, the method
comprising the steps of:

immersing the workpiece in a selected processing liquid that has a
surface tension that is less than 17 dynes/cm, is volatile and tha@ hasa
liquid density that is much greater than the density of water, where the
liquid is heated to a selected temperature that is less tl"lan the boiling



10 exposed surfaces. Each of the out er 153A and 153C has
one or NDOKD SPisdys apertures, 154A and 1 ME @ﬂm‘ m treTAISO%I9de3 dr yi ng
and/ or cl eaning of one exposed surface 0o e Ladpacent* vvorkpr ece. The

m ddl e or inner pressure head 153B h&8 one or nore spray apertures 154B1

The a0 atenbegis B8 it fof 1360%ed SRR Blod Bl BRBEUAPHE ETEE" O

i ncl udes sagge@Isyoi r or supply tank 157 of second |iquid 155 and a pressure
punp 159 that delivers pressurrzed second |iquid,to the pressyre heads
153A, 153B ancubjedtingithe wierkpiesel tocilirasonts, Vibsatiens bl ssleetBe wor kpi eces

wor kpi e Stequba fuidll SRR eI QY AP TERR 4 ptidh ofhe diirglln 0 1"

i1l ustrathgel iptérivaly #nd6, two or nore workpieces, |ocated adj acent to each
ot her, can be si rrultaneously dried and/or, c| eaned as_mght occur in a true
bat ch process. withdeawuing ths warkpiacedrom theligeid apa sslected wi faéﬂ?lacent
wor kpi ece%t 151 and 152, 25 that is at |least equal to a selected m ni mum
separatr % st ance D(m n) should be maintained in order to provide

suf ficient cl eghafstsy di Rastofe dlidueidrand centmipahesis &)mofzed fromrthesur e
head 153B and associ at ed spray apertures 154B1 and 154B2, pass between
the adj acrieasioergespescd surface @f me@ecme&m%éméﬁrg@]aw €preferably

i ncl ude f h spray aperture, 154Bl1 and
154B2, fralgﬁgﬁﬁggggﬁpgg%%é ?iggﬁgc??e sar ggga%f an adj acent workpi ece. The
spray patterns defined by the spray apertures 154A, 154Bl1, 154B2 and 154C

may be horrzontall oriented rtically. oriented.o
Y meﬁ"rod of claim 38 éther compnsmg the step of

-
-

choosing said processing liquid from the class consisting of
hydrofluoroether, an azeotrope of hydrofluoroether, an ethylated
hydrofluoroether and an azeotrope of an ethylated hydrofluoroether,
maintained at a selected temperature in the range 10-80 °C.

32. The method of claim 30, further comprising the step of
withdrawing said workpiece from said liquid at a withdrawal rate in the

range of 0.5-5 cm/sec.



20 diagonally oriented, as illustrated in Figures 9, 13 and 14, and may be
| ndepende en for each spray pattern. For exanple, because of the
di ff erent %él%{gdf%g%f the two exposed surfaces of the workpi BE®USR1979% e
spray patterns formed by the apertures 154A and 154B1 m ght be vertical 5
and di agonal , respectively. The spray patterns defined on each of the two
exposed surfaces for the workpieceslfI2 Figures 6, 9, 12, 13, 14, 15 and 16
may be independently chosen. Optionally, only one exposed surface or side
of the workpieces in Figures 6, 9, 12, 13, 14, 15 and 16 may be dried
and/or cleaned, if desired. 10 facgures 17A-17E il lustrate other
approaches to transferring the HE uid to a workpiece. In
Figure 17A, an exposed surface ofl

dtion axis that passes
63-n (n =1, 2, 3,

d™Jui d), shown

0 t he wor kpi ece

¥ n may have the sane

order to take
e wor kpi ece 20

31
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Two or nore of the sheets 165-n of HFE-based liquid in Figure 17A need not
be paral [ WO ¢i5845ch ot her and may be pl anar sheets (165-1)POT/US8/18793 near
sheets (165-2, 165-3) or a mxture of planar sheets and curvilinear sheets;
and if these sheets are not parallel to each other, as 25 illustrated in
Figures 17B, the sheets need not i?yfy{:sect each other at or near the center
of rotation of the workpiece 161. 'nFigure 17C, two or nore sheets 167-1
and 167-2 of different HFE-based |iquids are sprayed onto a surface of a
rotating workpi ece 161 al obgy dFffdfenff | i ne Fegnents that preferably each
cover the entire 30 workpilecelsurfacd as the workpi ece surface rotates at
a sel ected angul ar vel oFit € feCr @bof@d —20selectEd rotation axis that
passes t hrough the exposedisurffacel Ad in Fidure 17A, the two sheets 167-1
and 167-2 may have the san® HFE-bdsedB i qui dFas a spray. Alternatively, the
two sheets 167-1 and 21 167-2 may each have a di.fferent HFE-based
liquid, in order to take ad\:%e of ghffegent responses of contam nants
on the workpi ece surface(s) « g?ter based liquids. In Figure 17D,
one of nore liquid streans 169 HFE- based liquid 5 is deposited onto a
selected | ocation on a surface of a rotating workpiece 161 as the workpi ece
surface rotates at a sefectfed angular velocity [err] about a sel ected
rotation axis that passés fhrough the exposed surface, and the
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HFE- based liquid is allowed to spread across part or all of the workpiece
surface b%w&&&ﬁﬂﬁsof rotation (centrifugal force, etc.) of _the morkgiece 10
surface. In"Figure 17E, an exposed surface (not shown) of Eﬁ%"ﬁ%@%ﬁi%ce 161
that is to be cleaned is placed in contact with an exposed surface of, or
I mersed in, a pool of HFE-based |liquid 171. The exposed surface is rotated
at a selected angular velogity [errB/Hbout a selected rotation axis that 15

passes thrgg&h e expaded yipce. A conbig ti of (1) e of the
exposed surtfacyg to FE- MNased |iquid ané‘g a shear for evel oped

bet ween t he rgt al4fgH ed\gurface and the nti guous HFE-bRysed liquid
171. The shegr ¢ e o] reduced by t t endency of the\HFE- based
liquid 171 Yo A8 Ratichan Hhe Yot ational v#focity of the exposgd 20
surface. Thw sk i (#ide may be k®pt high by noving t wor kpi ece
exposed surf Degfh it he pool of HFN-Rased liquid s at the
present |y cor{UNj g FAdoes not have ti to fully "spi " to the
angul ar vel ocit HHHHS ating exposed surface. 22 Cains 1. A method
for drying or clea®EE*Wor kpi ece, the nethod being chgyacterized by the’

B e NS

step of: ‘t/a-n-s-f-ei-ﬁ-l—ng—t-e—l-@a-s-t—-q.{e{ expose&wi&a
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processing liquid that has a surface tension that is | ess than 17 dynes/cm
I's vol ati lwoamlsgaas a processing liquid density that is nu@cTgrsesiens t han
density of water; whereby at | east one of liquid and contam nants is
renoved fromthe at | east one exposed surface of the workpiece in a tine

i nterval whose | ength does not excegglz range of 30-45 seconds. 2. The

nmet hod of claim1, further conprisin he step of choosing said processing

liquid fromthe/lass consigti of hydrofl uoroether, an azeotrope of
hydr of | uord®hgf, an et hyl at\d drof | uorogther And an agpoly ogggof an

et hyl ated hydpof | uorgether, intained at &8atActed tepperalira in the
range 10-80 rr &Hs Py et\god of claim 2, furt FHeRDr i SN\g t he steps
of . i mmersi S I M\a sel ected ri/si i N{ ai ned at a
sel ected t erjge BHRDPr gxi mat e rangeg/ 20 ' ¢f ONg said
processi ng N\ r to said at\\ eq Ml S ace of
sai d mnrkpi4 e YrangHrbi n féaid wor kpi et i ¢ ng/1iquid at a
sel ect ed $4ft} i 01 ange of 0.5- Tramaiiisia t hod of
claim1l, ; ' ™ nsferring said HA quid to said
exposed ree— rpreeE 10s char act er i z e S I ng said

processi ng | reperopto~a—sereet el portion of _said exPm surface of said

wor kpi ece.
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23 5. The nethod of claim4, wherein said step of transferring said
processin Qduid.to said at | east one exposed surface of said workpiece
conprisesq?hgag%%%s of: directing a sheet of said processiﬁﬁTﬁﬁaﬁpﬂgin a
selected direction toward said at | east one exposed surface of said

wor kpi ece so that a selected region, having a selected orientation relative
to a vertical direction, of said atiﬂéhst one exposed surface is wetted by
the sheet of said processing liquid; and noving at |east one of said

wor kpi ece and the sheet of said processing liquid so that substantially al
regions of said at | east one exposed surface ai d workpi ece are wetted
by the sheet of said second |liquid. 6. The f claim5, further

conprising the step of choosing said sel ieatigqn of said selected
region froma class of orientations congNing idal orientation
hori zontal orientation and di agonal entagi-on.)7: efmet hod of cl aim§5,
further conprising the steps of: difectin shget of said

processing liquid in a selecte irecti rd

egond exposed surface
of said workpiece so that a_s®cond regi '

ving a second

sel ected orientatiorsl veb3fo ir ron, \of the second
exposed surface is we by syi d pxocessing |iquid,
and
A
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novi ng at | east one of said workpiece and the second sheet of said
processi ngwo syisgisso t hat substantially all regions of the FEFDSsn8YR0sed
surface of said workpiece are wetted by the second sheet of said processing
liquid. 8. The nmethod of claim7, further conprising the steps of: choosing
said first selected orientation of squzselected region froma first class
of orientations consisting of vertical "Orientation, horizontal orientation
and di agonal orientation; and 24 choosing said second sel ected
orientation of sai d second-sel ected rngi an ,f'r m.a_secaond $aSS of
orientations consistin ; ' i j +Z0 orientation and
di agonal orientation. P. The nethod.of cl-am 5, furtherjtonprising the step
of rotating said selecled directiofi of said\sheet of sa @sprocessing liquid
relative to said workp] ece so thaﬁ substantially all refiohs of said at
| east one exposed surfhce of said workpiece are wette y sai d’ sheet of
sai d processing liquidl 10. The nethod of cldim1, whérpin.saigd step of
transferring said prockssing |iquihd to said,éxposeQ;Sur age of i said

sel ected region of

wor kpi ece conprises dr|bbling saidsecond.t quid otfa.

~ -
ngindaial S

sai d exposed surface of_said workpiece.
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11. The method of claim1l, wherein said step of transferring said

processinqwbggﬂkgsto sai d exposed surface of said mnrkpiecF98§g§%¢%§§:

rotating sal d exposed surface at a sel ected angul ar vel oci

selected rotation axis that passes through said exposed surface; and
spraying said processing liquid onto a selected portion of said exposed
surface as said exposed surface rotdt/@2. 12. The nmethod of claim 1, wherein
said step of transferring said processing liquid to said exposed surface of
sai d workpi ece go3®rises: rotating saijgzgxposed surface at jgysel ected
angul ar vel oci on axis_that passes’/through said
exposed surf ack; surfacel in said progessing liquid
for a selected]ti lendgth lies jn a range of about 5-60
seconds; and r [ ace from said procesging |iquid.

25 13. A netho a wor kpiece, ‘the netlgod conpri sing

the step of: \‘ ," frloma firpgt processing |iquid, having
a first liquid i thdrawal rate and fqrm ng
transitory fir third zp urface of the
wor kpi ece, whe rsed in ith the first
liquid, the
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second zone is not inmrersed in the first liquid and is at |east partly
covered wwadnoxssescond processing liquid, the third zone i sPEHUSIH¥Bsed i n
the first liquid and is substantially free of the first liquid and of the
second liquid, the second zone is |ocated between the first zone and the
third zone, and the second liquid is _|less polar than the first |iquid, has
a surface tension that is |ess than gilﬁynes/cnl is volatile and has a
second liquid density that is much greater than the first |iquid density;
whereby at |east one of liquid and contam nants is renoved from at | east
one exposed surface of the workpiece in the third zone in a time interval
whose | ength does not exceed a range of 30-45 seconds. 14. The net hod of
claim 13, further conpr|3|ng t he step of ch003|ng said second liquid from
the cl ass COﬂSIStlnﬂL@ : aY- Z&pt rope of hydrof.l uor oet her,
an ethyl ated hydroflu an ethyl ated

hydr of | uor oet her, mai ature in.the range 10-80
[err]C. 15. The nmethod of claim1 further conp ising the step of _
wi t hdrawi ng sai d wor kgi ece from s3 ht a withdrawal rate in
t he range of 0.5-5 cnifsec. 16. The 13, further conprising
the step of withdrawing said workpiece fromsaid rst liquid and form ng a
transitory fourth zond_on said suNace of said pi ece, |ocated between
said first zone and said second zone, that is no ersed in said first
liquid but has a residue of said first quuiqg in the fourth zone.

Fig. 12




26 17. A nmethod for drying or cleaning a workpiece,

t he met hod conpri sing

the steps hgoRakst i Oning the workpiece in a sel ected orieg&gh%&p rel ative
o]

to a vertica

orientation;

transferring to a selected porti

R east

one exposed surface of the workpiece a selected processing liquid, where

the liquid has a surface tension that

i.S less than 17 dynes/cm is

vol atil e

and has a liquid density that is nuéﬂlareater than the density of water;

and noving the selected portion of the at
wor kpi ece so that substantially al

surface are wetted by the liquid, whereby at |east one

cont am nant s

wor kpi ece in a

seconds. 18.
choosi ng sai

hydr of | uor oetthe

hydr of | uor oe

net hod %319
of said |

e

remwedfromgpe at least. o
hose | engt h1%f

i nterval

U
I conprisin
ass consi st
br oet her, an

APhyl at ed hydr

b range 10-8

s{ of sel
= d\?@r kpi ece
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ne exposed surface of
$&s not exceed a rangej?? 30- 45

| east one exposed surface of the
regi ons .of the at

| east one exposed
of liquid and

t _hc otep
ng of
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pf | uor oet her,
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approximately horizontally oriented strip of selected strip width that

ext ends acVOPYIEYFd at | east one exposed surface of said wihGIMWBAI7920. The
met hod of claim 17, further conprising the step of selecting said portion
of said at | east one exposed surface of said workpiece to be an
approximately vertically oriented stygpoof selected strip width that
extends across said at | east one exposed surface of said workpiece. 27
21. The nmethod of claim 17, further conprising the step of selecting said
portion of said at |east one exposed surface of said workpiece to be a
strip of selected strlp wi dth that extends across said at |east one exposed
surface of ] 4Bn a di agonal direction. 2g- [ﬁ5clalm
17, wherei qf transferripg said proce55|n Ot aid

i d wor kpi ece cpnpri seg= 9| satzﬁfxpos d surface
t¥ about cted rota |.on1 s thpht passes

t hrough saild-exposed st r said procgssing liquij onto a
sel ected portion of said ex ed surf&ce as sai d exposed [suftace rotates.
23. The nmethod of claim 17, wherein said step of transferfipg said
processing liquid to said exposed surface of said workpy€ce ongaéses
rotating said exposed surface at a sel ected angul ar velogzzy

selected rotation axis that passes through said expose

at a sel ect
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i mrersi ng said exposed surface in said processing liquid for a selected
time interywgl e length lies in a range of about 5-60 s : d
renovi ng Sﬁ?égﬁggﬁsed surface from said processing quuid.ggiagiyﬁgghod for
drying or cleaning a workpi ece, the nethod conprising the steps of:

i mrersing the workpiece in a sel ected Erocessing liquid, where the liquid
has a surface tension that is |less thdA217 dynes/cm is volatile and has a
liquid density ﬁ?gﬁxbﬁN?” greatger than the density of water; formng a
selected flow pattérn of the liquid that is approximately circul ar across

at |east a portion 3%Fi ,ﬁst QNe | €XPOS ace of the workpiece, for a
selected tine inter ) r eno ii“ e te fromthe i quid, whereby

g
at | east one of liquid and|copntamijmants Ts renoved fromthe at |east one
exposed surface of the -

i nterval whose | ength does not
exceed a range of @143 34B2met hod of clai miB4, further
conprising the step of

ss) ng | i qed fromthecl ass
consi sting of hydrofl ug

of hydfof | uoroet her], an
et hyl at ed hydr of | uor oet of "an efhyl ated
hydr of | uor oet her,
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mai ntained at a selected tenperature in the range 10-80 [err]C. 26. The

met hod of WA, further conprising the step of choosi npcIaIsYsAdoW
pattern to have an approximate center for said approximtely circular flow
that is spaced apart from said workpiece. 27. The method of claim 24,
further conprising the step of choosgipgssaid flow pattern to have an
approxi mate center for said apprOX|nate?y circular flowthat is |ocated
within said at | east one portion of said at | east one exposed surface of
sai d workpi ece. 28. The nethod of claim 24, further conprising the step of
form ng said approximately circular flow pattern with an associated |iquid
angul ar velocity in the range 0.2- 50015¢Q2 ns per second. 29. The nethod of

claim 27, further conp Tng the sTeps grm ng a second selected flow-
pattern of said ligdi d that kel y circul ar across at:]east a
second portijgn.0o 'pose- surface of said workpiece, for
a second selectfd tine interval, irst portion and the second

portion-of sai | east one ) ace vf said workpi ece overl ap each
ot her. 30. A ngthod for dr [ or k t he
conprising thej f i ) é?gglec ocessi ng
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(54) Title: IMPROVED CHEMICAL DRYING AND CLEANING SYSTEM

(57) Abstract

A system (11) for drying and/or cleaning a workpiece (17A), such as an electronic part, semiconductor wafer, printed circuit board
or the like. As the workpiece is withdrawn from a processing or rinsing liquid (13), a selected drying and/or cleaning liguid, such as
hydrofluoroether (HFE), an ethylated hydrofluoroether or an azeotrope of a hydroﬂuoroether or ethylared hydroftuoroether, that has a very
small surface tension, is volatile, and has a density much greater than the processing hquxd density, is sprayed on, dribbled on, or otherwise
transferred to an exposed surface of the workpiece. The workpiece can be dried in 7-45 seconds, or less, in most situations and can

be cleaned using the invention. Drying and/or cleaning can be performed in a single workpiece process, a single workpiece, continuous
process, or a batch process.




