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One aspect of the invention comprises a method of assembling an optical pellicle including a pellicle frame and a pellicle
membrane In which adhesive Is first applied to the pellicle frame, and then solvent in the adhesive Is permitted to evaporate.

Normally the step in wr
temperature. The pellic

to the frame. An additi

ich solvent Is permitted to evaporate involves baking the frame with the adhesive thereon at an elevated
e membrane Is then placed over the adhesive covered frame, and a laser Is used to bond the membrane
onal, optional step to this process involves application of the laser to the outer edge of the pellicle

membrane after the membrane Is mounted to the pellicle frame to trim off excess membrane.
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Abstract of the Disclosure

One aspect of the mvention comprises a method of assembling an optical
pellicle including a pellicle frame and a pellicle membrane 1n which adhesive 1s first applied
to the pellicle frame, and then solvent in the adhesive 1s permitted to evaporate. Normally the
step in which solvent 1s permitted to evaporate involves baking the frame with the adhesive
thereon at an elevated temperature. The pellicle membrane 1s then placed over the adhesive
covered frame, and a laser 1s used to bond the membrane to the frame.

An additional, optional step to this process involves application of the laser to

the outer edge of the pellicle membrane after the membrane 1s mounted to the pellicle frame

to trim off excess membrane.
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OPTICAL PELLICLE MOUNTING SYSTEM

Background of the Invention

The present invention relates to optical pellicles, and more particularly to a

system for mounting the pellicle membrane to the pellicle frame.

In the semiconductor chip industry it 1s well known that pattern transfer from a
photomask to a substrate 1s accomplished by exposing the mask to a light source. During the

pattern transfer process, also called the photolithographic process, patterns on the photomask

are projected onto the substrate, which has been treated with a photosensitive substance. This
results in the mask pattern being reproduced onto the substrate. Unfortunately, any foreign
substance on the surface of the mask will also be reproduced on the substrate and therefore
will interfere with proper pattern transfer to the substrate.

To eliminate contamination of the mask surface, a framed, thin membrane
known as a pellicle is mounted on the mask surface, such that the pellicle membrane extends
parallel to the mask at a predetermined distance spaced away from it. Any contamination that
would ordinarily land on the mask surface instead falls onto the pellicle membrane.

Pellicles substantially eliminate the above problem because contamination on
the pellicle membrane generally will not be projected onto the substrate. The frame of the
pellicle supports the membrane at a distance spaced away from fhe mask surface so any

particles or other contaminants on the pellicle membrane will be out of focus during battem

transter.
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The use of pellicles can assure the quality of the resulting chip, thereby
improving chip fabrication productivity. Consequently, it 1s no surprise that pellicle
manufacturing techniques have become increasingly important because high quality pellicles

are critical to the success of the photolithographic process.

An optical pellicle must be highly transparent and extremely clean m order to
perform its intended function. It is also essential that the pellicle membrane be securely
mounted to its frame in order to maintain proper and uniform tension, across the surface of

the membrane. Pellicle membranes are extremely thin, usually less than 5 um, and therefore

are often quite fragile.

In recent years, photolithography has involved the use of deep UV light with
wavelengths less than 300 nanometers (nm) in order to permit the fabrication of circuits of

increasingly smaller size. These deep UV pellicles are extremely thin, normally less than 2
um, with thicknesses of 1.2 pm, 0.9 pm, and even 0.6 um being common. Deep UV pellicles
can be of greater thickness, but it is often difficult to precisely control the thickness n such
pellicles in order to get the maximum transmission at a specific wavelength, such as 243 nm.
Because these pellicle membranes are so thin, they are fragile, and can be difficult to mount to

the pellicle frame. Moreover, the perfluoro polymers and other materials of which they are

. typically fabricated, usually have very low surface energy and are difficult to adhere to the

pellicle frame. The use of these deep UV pellicles has therefore increased the likelithood of

problems in adherence between the membrane and the frame.
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Conventional adhesive systems often use adhesives
which are cured using infra red (IR) light to heat and
thereby cure the adhesive. While IR light normally 1s
adequate to cure the adhesive and thereby bond the membrane
to the pellicle frame, tnere are several 1nherent drawbacks

with such a system. First, there 1s little control over the

temperatures which are achileved during IR curing.
Temperature control 1s becoming more critical 1n order to
overcome or avoid mounting problems often associated with
the newer deep UV pellicles. Also, 1t 1s very difficult to
focus the IR light in such a way as to optimize the curing
process. Also, 1t 1s possible that the light or heat from

the lamps might damage the portion of the pellicle membrane

which spans across the pellicle frame.

It is a general object of the present inventilion to
provide a new method for manufacturing optical pellicles
which overcomes the drawbacks ard limitations of the prior
art proposals. More specifically, an object of the

invention is to develop a manufacturing method which

provides an improved system for mounting a free-standing
pellicle membrane to the pellicle frame, especlally where
the membrane is of the deep UV variety. Another object of
the present invention is to provide a pellicle adhesion
system which is readily suited to be a part of a highly
automated, easily repeatabple process using materials which

are readlly available.

' e

Summary of the Inventilon

The invention provides a process for mounting an
optical pellicle membrane to an optical pellicle frame,
comprising: selecting a pellicle frame corresponding to the
shape of the desired pellicle, wherein the pellicle frame
has an inner edge and an outer edge; applying adhesive

containing a solvent to the pellicle frame; heating the
3
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pellicle frame to evaporate the sclvent; fabricating &
pellicle membrane; mounting the pelllcle membrane to the
adhesive on the pellicle frame; and generating heat 1r the
pellicle membrane and the adhesive after the membrane has
been mounted to the adhesive on the peliicle ftrame, tc bond
the membrane to the frame, wherelin the step of generating
heat consists of heating the membrane and the adheslive 1n a
region closer to the cuter edge than the i1nner edge of the

pellicle frame.

Brief Description of the Drawings

Fig. 1 is a top plan view of an optical pellicle

constructed in accordance with the present invention;

Fig. 2 1s an enlarged fragmentary side elevation

sectional view taken along line 2-2 of Fig. 1, with the

e

thickness of the pellicle membrene being exaggerated for

illustration purposes;

pr—

Fig. 3 is a view similar to that of Fig. 2 except

that it is not so enlarged; it schematically depicts a laser

used for further bonding the membrane to the frame;

Fig. 4 is a view corresponding to taat of Fig. 3,
except that the laser 1s shown positioned to cut away the

excess portion of the membrane;

Fig. 5 is a view corresponding to that of Fig. 3,

showing the use of a protective bead of hot melt glue, with

the laser deleted merely toc simplify the Figure; and
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Fig. 6 1s a view corresponding to that of Fig. 3, showing the use of a protective

piece of tape, with the laser deleted merely to simplify the Figure.

Detailed Description of the Preferred Embodiments

Figures 1 and 2 depict a conventional pellicle 10, including a pellicle frame 12
with a pellicle membrane 14 bonded to it by an adhesive layer 19. The pellicle frame 12 1s
typically fabricated of anodized aluminum, although 1t could alternatively be formed of
stainless steel, plastic or other matenials. The pellicle membrane 14 1s extremely thin, in the
range of about .5 um to 5 um, and i1s uniform and highly transparent. As noted above, a deep
UV pellicle membrane 1s typically between 0.5 um to 2 ym. Many pellicle membranes are
fabricated of mitrocellulose or cellulose acetate, while deep UV pellicle membranes are
commonly fabricated of a fluoropolymer such as Cytop® from Asahi Glass or Teflon® AF
fluorocarbon amorphous polymer from DuPont.

Deep UV pellicles typically are utilized at photolithography operations
involving wavelengths such as 248 nanometers, and possibly 193 nanometers. In the
preferred embodiment of the present invention, the deep UV pellicle 1s fabricated of poly-
perfluoro polymer containing a cyclic ether functional group, such as poly-perfluoro cyclo
oxyaliphatic polymer formulation of Cytop® 1dentified as CTX-.808-SP2. The numerals “08”
identify the solution as an 8% solution.. This solution is typically spun onto a substrate, the
solvent 1s baked off, and the membrane 1s removed from the substrate in a peeling operation.

The membrane may alternatively be fomlulated of Teflon AF amorphous

fluoropolymer from DuPont. Teflon AF fluorocarbon is a family of amorphous copolymers
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of  perfluoro (2,2-dimethyl-1,3 dioxole)(PDD) and tetraflucroethylene. Teflon AF
ﬂuorocarbon 1s typically based on 2,2-bisﬁiﬂuoromethyl-4,5-diﬂu0ro-1,3-dioxole with
fluonne-contaming monomers. Two polymers which work particularly well are Teflon
 AF1600 and AF1601 fluorocarbon amorphous polymers. This 1s a solution of Teflon AF

5 amorphous fluoropolymer dissolved in Fluorinert FC-75 trom 3M.

In order to bond the pellicle membrane to the pellicle frame, 1t 1s necessary to
select an adhesive that will provide sufficient bonding but will not destroy or damage the
integrity of the membrane, which is usually less than 2pm (2 x 10 meter) thick. The bonding
of deep UV pellicle membranes to thewr frames has beén a particularly troublesome problem

10 ever since fluoropolymer deep UV pellicles were first introduced several years ago. With
conventional nitrocellulose or cellulose acetate membranes, adhesives such as light sensitive
"Norland NOA 61 has been entirely satisfactory, but this type of adhesive 1s ineffective with

the fluoropolymer matenals used in deep UV pellicles.

It has been found that a suitable adhesive for the materials used in deep UV

15  pellicle membranes 1s the pellicle matenal itself except with a lower Tg. Thus, for examplé,
for a membrane fabricated of poly-perfluoro polymer contamning a cyclic ether functional
group, a suitable adhesive would be a fluorinated polymer contamning a cyclic ether functional
group. Or, a suitable adhesive for the poly-perfluoro cyclo-oxyaliphatic polymer membrane
described above, 1s a poly-pertluoro cyclo oxyaliphatic formulation designated by Asahi as

20 *CTL-816-AP, which 1s an analog of the membrane solution CTX-308-SP2. The solid CTL

material does, however, have a lower Tg than the CTX matenal. Alternatively, tluorinated

*Trade-mark
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cyclic ether polymer can be utilized as an adhesive. The numeral “16” 1dentifies this as a
16% solution, which 1s typically in a solvent designated by Asah as CT-solvent 180. The
adhesive 1s typically applied to the pellicle frame as 1t 1s provided from Asahi.

The adhesive 1s applied to the pellicle trame, typically in an automated
dispensing operation, and the solvent in the adhesive is allowed to evaporate. Ths
evaporation step is normally pertormed by baking the pellicle frame in an industrial, clean
oven. Whether or not the evaporation step involves baking in an oven, may not remove all of

the solvent, but it does resglt in the adhesive bemg substantially dned and non-tacky. Thus,
when one step of this process 1s described as “permutting solvent in the adhesive to
evaporate”, this does not necessarily mean that all of the solvent 1s evaporated.

[n order to mount the peliicle membrane to the pellicle frame, solvent is applied
to the dried adhesive on the pellicle frame. Because the pellicle membrane 1s so thin, solvent
control is critical. Too much solvent could result in a broken or wrinkled pellicle membrane
as a result of the solvent diséolving excessive amounts of the pellicle membrane after the
membrane is applied to the frame. Too little solvent could result in insufficient bonding
between the membrane and the adhesive on the frame.

After the solvent 1s applied to the dnied adhesive, the solvent typically only

dissolves the outer or upper portion of the drnied adhesive. This way there 1s sufficient
adhering taking place to completely bond the membrane, but excessive solvent will not be

present on the adhesive to damage the working portion of the membrane which extends across

' the pellicle frame. The solvent utilized in this operation is nonnally¥FC40,¥‘FC43 or FC77

*Trade-mark
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from 3M, or a mixture of two of these. A single solvent may be utilized, but practice, for

better control, a 20/80% mixture of two of the solvents, such as FC40 and FC77, 1s used.
Other ratios might be preferable for particular applications. The use of this mixture at
approximately these ratios results in a formulation in which the FC77 will evaporate before
the FC40, thereby resulting in greater control of the mounting process. Other solvents may
alternatively be used, but it is preferable that a mixture of at least two solvents be utilized,

with the solvents having differing boiling points, perhaps by as much as 10°C or more.

After application of the solvent or co-solvent, the pellicle membrane 1s applied.
This is done after the adhesive becomes tacky, and not too much of the solvent is left, which
may vary from a few seconds to several hours, depending on the solvents. With the noted
solvents, it has been realized that the pellicle membrane can be applied in less than 120
seconds after application of the solvent.

The pellicle membrane 14 is then mounted to the pellicle frame by pressing the
membrane against the adhesive-coated frame, using a perimeter frame 15 such as that shown
in Fig. 3. This perimeter frame 15 is normally the frame on which the pellicle membrane 14 1s
fabricated. The weight of the perimeter frame 15 is normally sufficient to ensure that the
pellicle membrane 14 will be taut across the pellicle frame 12 as shown m Fig. 3.

Finally, once the membrane has bonded to the adhesive, the excess portion of
the membrane is cut or trimmed away, using a knife. Any rough edge which may be left 1s

cleaned by applying a solvent, such as one of those described above, to the outer edge of the

membrane.



B

10

2C

30

CA 02221906 2003-03-11

24047-066

In some applications, as shown 1in Fig. 5, it might

pbe desirable to apply a tear barrier 1in the form of a bead

- 1

of hot melt glue 22 around the frame close to the outer edge

p—

thereof 1n a pattern concentric with tne cuter edge. The

hot melt glue would normally be scolidifiable fluid polymeric

material. A bead of hot melt glue could be disposed
directly over the outer edge of the frame, or could be

dlsposed outwardly thereof as described in U.S. Patent

-

No. 5,254,375 and as cepicted 1n Fig. »>. Or, as showr in
F1g. ©, the tear pbarrier may be 1n the form of a thin line

—

of tape 24, 1n a similar pattern following the shape c¢f the

pellicle, which could be applied to the pellicle membrane.

In either case, the glue 22 or tape 24 would prevent =&

runaway tear from damaging the pellicle membrane 14 during

the trimming or cutting step, whether tThat operation 1is

performed using a knife or the laser (not shown 1n Figs. 5

and ©6) described above.

A varliatlion of the above process 1s to entirely

F
—

eliminate the step of applving solvent or co-solvent after

the adhesive has been permitted tc dry on the pellicle

frame. In this variation, the pellicle membrane woulc

merely be mounted 1n place on the adhesive, and then heat

would be generated 1in the pellicle membrane and adhesive, to

bond the membrane to the frame. This would preferably be

performed using a laser, but 1t could alternatively 1involve
use of a heat gun or ultrasound technolcgy. In any event,

the heat 1s normally generated in a localized area, by a

beam which 1s thinner than the width of the pellicle frame.

The frame has an 1nner edge and an outer edge, and the heat

1s typically generated 1n the membrane at a region spaced

from the i1nner and outer edges. The heat would typically be
generated at a region closer to the outer edge than tc the

inner edge.
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A typical pellicle mounting process will now be described, using the materials
set forth above.

Example One

Apply CTL-816-AP to the pellicle frame 12. Bake the frame with the adhesive
thereon in an oven at 75° + 1° C for 4-5 hours or until the adhesive 1s dry. Prepare a mixture
of FC40 and FC77 in a 20/80% ratio, and then apply this co-solvent mixture to the baked
adhesive on the frame using a sponge Q-tip and wait for a few seconds while the solvent
dissolves the top portion of the baked adhesive so that the previously-applied adhesive
becomes tacky. A pellicle membrane 14, fabricated of poly-perfluoro cyclo oxyaliphatic
polymer as set forth above, 1s then mounted to the tacky adhesive. Excess membrane 1s then
trimmed from the frame using a knife, and the peripheral edge is cleaned using a solvent such

as one of those set forth above.

Once the membrane has been mounted as described in Example One, it may be

desirable in some applications to further bond the pellicle to the frame using a heat source,
and preferably a localized heat source such as a laser, a heat gun or through the use of
ultrasound technology. A suitable laser, identified at 20 in Figure 3, is an infrared CO; laser
such as that marketed by Synrad, Inc. of Bothell, Washington under the designation Series 48
laser “E” version. This laser is applied in sufficient intensity and for a sufficient time that 1t -
generates heat in the pellicle membrane and adhesive and thereby bonds the adhesive to the “

frame but does not dissolve the entire membrane or cause it to wrinkle. It has been determined

that when a 20 watt CO, laser is used, it can be set at a low energy setting and have the

10
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capability to partially melt the membrane and adhesive without breaking the membrane,
thereby bonding the membrane to the adhesive. The speed at which the laser passes around
the pellicle frame can provide additional control for this process. The use of similar matenials

for the membrane and the adhesive as described above (with the adhesive having a lower Tg

than the membrane material) has been shown to provide greater control to the process.

While the laser has been identified at 20, this laser may alternatively be a heat

gun or an ultrasound application tool. Such a gun or tool would be depicted as shown at 20 in

* Figs. 3 and 4. These drawings have not been redone showing such a gun or tool because the

gun or tool would appear much as the laser does in those figures.

Example Two

Once the membrane has been mounted as set forth in Example One, the laser is
utilized to further bond the pellicle membrane 14 to the pellicle frame 12, and an example of
that process will now be described.

The beam in the Synrad CO, laser is confined to a localized area which 1s

normally thinner than the width of the pellicle frame. It can be focused, for example, using a

lens

or by using fiber optics. It is preferable to use a beam size which is less than the width of the

pellicle frame 12, typically 2 mm. A beam size of about 1.5 mm is depicted in Fig. 1 and 1s
used in this example. The laser is spaced above the pellicle membrane, and the center of the
laser beam is displaced outwardly, approximately two thirds of the way from the inner to the

outer edge, as shown schematically in Fig. 3. This is to minimize the possibility of damage to

11
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the portion of the pellicle membrane which extends inwardly from the pellicle frame which 1s
positioned over the photomask. The use of this laser as described will normally result in the

surface temperature being between the 1g temperature of the adhesive and the melting

membrane and adhesive to at least partially melt and bond to one another.

It is possible to expedite the pellicle assembly operation by applying the laser
before the cutting and trimming steps set forth above. In this instance, following the bonding
step set forth in Example Two, the focus of the laser would be further defined, and/or the
intensity of the beam would be increased, and 1s shifted to the outer edge of the pellicle frame
as schematically depicted in Fig. 4. The laser would then be energized to cut the excess
membrane through the generation of localized heat in the membrane, as schematically
depicted at 14a in Fig. 4, instead of using the knife to perform the membrane cutting step.
This excess portion of membrane 14a would of course normally be supported by an outer
frame, which has not been shown in the drawings. Once this laser cutting operation 1S
completed, solvent could again be used to trim the edge as set forth above, although in certamn
applications the heat generated by the laser cutting may be such that the final solvent

application step may be eliminated.

Example Three

Apply CTL-816-AP to the pellicle frame 12. Bake the frame with the adhesive

thereon in an oven at 75° + 1°C for four to five hours or until the adhesive is dry. A laser 1s

12
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then used to bond the membrane to the adhesive on the frame as set forth in Example Two.

The cutting and trimming steps would also be as set forth in Example Two.

Other variations of the preferred embodiments are intended to be encompassed

by the claims which follow.

13
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CLAIMS:

1. A process for mounting an optical pellicle

membrane to an oprtical pellicle frame, comprising:

selecting a pellicle frame corresponding to the

5 shape of the desired pellicle, wherein the pellicle frame

has an 1nner edge and an outer edge;

applylng adheslve contailning a solvent to the

pellicle frame;

heating the pellicle frame to evaporate the

10 solvent;

fabricating a pellicle membrane;

mounting the pellicle membrane to the adhesive on

the pellicle frame; and

generating heat in the pellicle membrane and the

15 adhesive after the membrane has been mounted to the adhesive

on the pellicle frame, to kond the membrane to the frame,

'-

wherein the step of generating heat consists of neating the

membrane and the adhesive 1n a region closer to the outer

edge than the inner edge ©0f the pellicle frame.

20 2. The process of <laim 1 wherein the heat 1s

generated using a laser.

3. The process of claim 1 wherein the heat 1s

generated using a heat gun.

q . The process of claim 1 wherein the heat 1is

25 generated using ultrasocund.

5. The process »f c¢laim 1 wherein the heat 1s

generated 1n a localized area.

14
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0 . Tne process of c_laim £ wherein the heat is

generated by a beam which 1s thinner than the width of the

pellicle frame.

7. The process of claim -, further comprising cutting

A

any portion of the membrane extencing over the outer edge of

the pellicle frame through the gereration of localizec heat

in the membrane, follcocwing the step of generating heat in

the pellicle membrane and adhesive.

i

8 . The process of claim 7, further comprising

narrowlng the area of heat generation before cutting any

portion of the membrane.

"1

9. The process of claim 7, further comprising

increasing the intensity of the generated heat before

cutting any portion of the membrane.

I

10. The process 2f claim & wherein the area of heat

generation 1s narrowed using a lens focusing system.

11. The process of c¢laim & wherein the area of heat

generation 1s narrowed using fiber optics.

0l

12. The process of claim 1 wherein the step of

f‘

"abricating the membrane fabricetes the membrane of pclv-

| —

perfluoro polymer containing a cyclic ether functional

group.

13. The process of claim 12 wherein the step of

fabricating the membrane Iabricetes the membrane of poly-

perfluoro cyclo oxyaliphatic polymer.

14. The process of claim 1 or 2 wherein the step of
applying adhesive applies a flucrinated polymer contalning a

cyclic ether functiona. grcup.
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15. The process of claim 1 or 2 wherein the step of
applying adhesive applies a poly-perfluoro cyclo

oxyvaliphatic polymer.

16. The process of c¢laim 1 wherein the step of
fabricating the membrane fabricates the membrane of a TEFLON

amorphous fluoropolymer.

17. The process of claim 1 wherein the step of

fabricating the membrane fabricates the membrane of
amorphous copolymers of perfluoro (2,Z-dimethyl-1,3 dioxole)

(PDD) and tetrafluoroethylene.

18. The process of claim 1 wherein the step of heating
the pellicle frame to evaporate the solvent comprises baking
the frame with the adhesive thereon at an elevated

Cemperature.

HETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS

16
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