REMOVI NG PARTI CLES BY ADHESI VE METHOD BACKEGROUNE

OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The i nventi oA/
relates to the general field of sem conductor integrated circuits, nore
particularly to ways to renove surface contam nants. - (2) et
DESCRI PTI ON OF THE PRI OR ART An ongoi ng probl em associ at ed with the
manuf acture of sem - conductor integrated circuits is yield reduction as a
result of the presence of particul ate gontam nants on the sem conduct or
surface. The nost wi dely used nethods for mnimzing the inci- dence of
such contam nants include rinsing, with or without wultrasonic agitation,
and el ectrostatic repul sion. Anot her approach to this problemis the
direct renmoval of the particles by, in effect, plucking themoff the
surface. This is analogous to the use of a strip of sticky tape to renove
i nt

REMOVING PARTICLES BY ADHESIVE METHOD
BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The invention relates to the general field of semiconductor
integrated circuits, more particularly to ways to remove surface

contaminants.

(2) DESCRIPTION OF THE PRIOR ART

An ongoing problem associated with the manufacture of semi-
conductor integrated circuits is yield reduction as a result of
the presence of particulate contaminants on the semiconductor
surface. The most widely used methods for minimizing the inci-
dence o©of such contaminants include rinsing, with or without

ultrasonic agitation, and electrostatic repulsion.

Another approach to this problem is the direct removal of
the particles by, in effect, plucking them off the surface. This
is analogous to the use of a strip of sticky tape to remove lint

from the surface of clothing. However, when applied to the semi-



fromthe surface of clothing. However, when applied to the sem -

-2- conductor art, this approach introduces several concerns includ-

i ng possi ble surface contam nation and possi bl e surface damage.
Nevert hel ess, several variations on the general nethod have been described
in the prior art. Chi kaki (U.S.P. 5,483,717 Jan 1996) brings an
adhesive layer of an acrylic enulsion into contact wth the surface
to be cleaned and then pulls it away2 - This is followed by a surface
wash to renove bits of acrylic emulsion that may be | eft behind. The
apparatus that is used is based on a roller whose surface is nade up of
the acrylic emulsion. Periodically, the enulsion is washed off and a fresh
coating applied. In a second enbodinent, a flexible stripis used to hold
the emul sion so the strip gets pushed agai nst the contam nated surface by
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sticky surface with the added feature that, on the side away fromthe

surface thaiNewertbeiﬁgﬁxﬂasanédl versedsnds ras | diher gapsest deshoparave lbesnt hat
have been plcked uH E% first roller. This allows the first roller to
be used for SHFERPERd %h?r?5ﬂ°5fa¥§ ‘me while the second roller

Chikaki (U.S.P. 5,483,717 Jan 1996) brings an adhesive layer
of an acrylic emulsion into contact with the surface to be
cleaned and then pulls it away. This is followed by a surface
wash to remove bits of acrylic emulsion thét may be left behind.
The apparatus that is used is based on a roller whose surface is
made up of the acrylic emulsion. Periodically, the emulsion is
washed off and a2 fresh coating applied. 1In a second embodiment,
a flexible strip is used to hold the emulsion so the strip gets
pushed against the contaminated surface by a roller pushing from

the other side.

Nishiwaki's invention (U.S.P. 4,982,469 Jan 1991) is direct-—
ed towards cleaning .a surface which is to be printed or painted
on. He also wuses a roller that has a sticky surface with the
added feature that, on the side away from the surface that is
being cleaned, a2 second roller removes dust particles that have
been picked up by the first roller. This allows the first roller
to be used for an extended period of time while the second roller

is replaced at regular intervals.



is replaced at regular intervals. - 3-
Alfaro et al. (U S P. 5,435,876 Jul 1995) use a tape on which has been
inprinted a pattern of adhesive that corresponds to the kerf between chip
i mges on a wafer. The tape is aligned and then pressed agai nst the wafer,
t hereby providing a protec- tive covering to the wafer but touching it
only between chips. Chan (U. S.P. 5,529,957 Jun 1996) uses an
adhesive tape as a neans for accurately positioning discrete capacitors
near the surface of an integrated circuit prior to permanently attaching
them by soldering. After the soldering operation, the tape is renoved and
the areas that the tape contacted may then be cl eaned.

SUMVARY OF THE | NVENTI ON It has been an object of the present
invention to provide a mnethod for renoving particul ate contam nation from

t he surface of i.co t or ) fn uﬂdg%' al gpgecg&g s _been
t hat the nethod %gﬁgg%ab e%%' #Qﬁ%gfhdhégPt?% esJa ha b%gvel1 een round”
difficult towhesPVaadybeen imprinted a pattern of adhesive that corresponds

to the kerf befween chip images on a wafer. The tape is aligned

and then pressed against the wafer, thereby providing a protec-

tive covering to the wafer but touching it only between chips.

Chan (U.S.P. 5,529,957 Jun 1996) uses an adhesive tape as a
means for accurately positioning discrete capacitors near the
surface of an integrated circuit prior to permanently attaching
them by soldering. After the soldering operation, the tape is
removed and the areas that the tape contacted may then be

cleaned.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide a
method for removing particulate contamination from the surface of

a semiconductor wafer.

An additional object has been that the method be capable of"
removing particles that have been found difficult to remove by

other methods.



ot her net hods. -4- A
still further object has been that the nethod do no damage and introduce
no contam nation to the wafer surface. These obj.ects have been

achi eved by pressing a soft adhesive |ayer against the wafer surface,

|l eaving it in place for a short tine and then renoving it. The adhesive is
brought to the wafer surface on a flexible nmediumwhich serves as a
backing layer and to whose other side 4pressure can be applied. To
renove the adhesive, the backing |ayer is peeled off, either by pulling
on one end or by passing a sticky roller over it. Wfers are then
rinsed in deionized water and spin dried to renove any traces of adhesive
material that may have migrated to the wafer surface.

BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 shows a sem conductor
waf er on whose surface_lies a dust Earticle t hat needs tgﬂ?e removed.

FIG 2 shows how %rﬁ‘%i-&llregi‘?/@qray?t?ﬁe& phasPees ERRt diner BEEDQT 99 fe Haraee
wi [l cover a%ﬂdGPXE%éaﬁthgocugﬁtaR§55E§$Slto the wafer surface.

These objects have been achieved by pressing a soft adhesive
layer against the wafer surface, leaving it in place for a short
time and then removing it. The adhesive is brought to the wafer
surface on a flexible medium which serves as a backing layer and
to whose other side pressure can be applied. To remove the
adhesive, the backing layer is peeled off, either by pulling on
one end or by passing a sticky roller over it. Wafers are then
rinsed in deionized water and spin dried to remove any traces of

adhesive material that may have migrated to the wafer surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a semiconductor wafer on whose surface lies a

dust particle that needs to be removed.

FIG. 2 shows how an adhesive layer applied to the surface of

the wafer will cover and envelop the dust particle.

FIG. 3 shows how removal of the adhesive layer leads to

removal of the dust particle as well.



FIG 3 shows ho

w renoval of the adhesive |ayer leads to renoval of the

dust particle as well. -5-

FIGs. 4 and 5 i
DESCRI PTI ON OF
cross-section o

| lustrate two nmethods used for renoving the adhesive |ayer.
THE PREFERRED ENMBCDI MENTS FIG 1 shows a schematic
f a portion of a sem conductor integrated circuit.

Polysilicon gate 2 is seen overlying silicon substrate 1 and separated

fromit by gate
of the gate.

el ectrical isol
(or simlar con
invention is ho

oxide layer 3. Oxide spacers 4 are seen on either side
Al so shown are two regions of field oxide that are used for
ation purposes. Lying on the surface of 1 is dust particle
tam nant) 5. The probl em addressed by the present
wto renmove 5 without in any way conprom sing the surface

on which it had been resting. Since existing nethods nentioned above

are able to re
cl ear that the
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that have begeeft Lghind, either because they are particularly tenacious
or because the existing nmethods cannot reach them

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 shows a schematic cross~section of a portion of a

semiconductor integrated circuit. Polysilicon gate 2 is seen

overlying silicon substrate 1 and separated from it by gate oxide

layer 3. Oxide spacers 4 are seen on either side of the gate.

Also shown are two regions of field oxide that are used for

electrical isolation purposes. Lying on the surface of 1 is dust

particle (or similar contaminant) 5.

The problem addressed by the present invention is how to

remove 5 without in any way compromising the surface on which it

had

been resting. Since existing methods mentioned above are

able to remove most of the particulate contamination, it is also

clear that the present invention will need to be able to remove

particles that have been left behind, either because they are

particularly tenacious or because the existing methods cannot

reach them.

Referring now to FIG. 2 we show the first step of the method

taught by the present invention. A layer of soft adhesive 21 is

pressed against the upper surface of wafer 1. To make sure that



Referring nowto FIG 2 we show the first step of the nethod taught by the
present invention. A layer of soft adhesive 21 is pressed against the
upper surface of wafer 1. To nake sure that -

- 6- | ayer 21.closely contours the surface of 1, including any partic-
ulate matter such as 5, downward pressure, schematically shown as arrows
23, is exerted on the top surface of Ilayer 21. This pressure is
typically between about 0.3 and O0-3-1Pa (mlli- pascal). A
convenient method for applying the pressure is by neans of a roller

t hat does not stick to it or, in practice, to the backing layer that holds
t he adhesive (see bel ow). Exanpl es of adhesives that are suitable
for use in this application include nethacrylate and 2

et hyl - hexyl -acrylate. An inportant characteristic shared by all of these

I's that thﬁzﬁggﬁ%%ﬂos@%tc&mg%ﬁ baving ar adhesiivaisk! angtdaketueen

about 120 "a granms per 25 mm Fengt . The thickness of the adhesive
| ayer is beflagenmatimit sdchnas 15, Mowheasd presguact i sehdmayécally jshowpors
applied directly to the wafer surface., Rather it is carried #g th%‘wafer
as a coati RFTONSt he3 s def agseBted 9N ekhe| @heduthre? °hadk¥ff fhyer Sdéh as

et hyl ene vinyl acetate ol e (PE) yet k¥l & tetingphal at e
(PET), or cﬁ;iyeéﬁf‘ué%l lpsol f&%é%llrléﬁe ge?’ggé%' uet prgége%gde ?]Elgg bggki%lﬁgyer of

tgihs sort | HaxRadh TPl - cohvesiéhe mytabhentsd Apwyling il y ppeesste eid o byhe
adhesi ve | ayer.
means of a roller that does not stick to it or, in practice, to

the backing layer that holds the adhesive (see below).

Examples of adhesives that are suitable for use in this
application include methacrylate and 2 ethyl-hexyl-acrylate. An
important characteristic shared by all of these is that they are
all soft adhesives, having an adhesive strength between about 120
and 180 grams per 25 mm. length. The thickness of the adhesive
layer is between about 9 and 11 microns. In practice layer 21 is
not applied directly to the wafer surface. Rather it is carried
to the wafer as a coating on the surface of a flexible medium or
backing layer such as ethylene vinyl acetate (EVA), polyethylene
(PE), polyethylene tetrephalate (PET), or oriented polypropylene
(OPP). The presence of a backing layer of this sort also simpli-
fies the problem of how to apply pressure to the adhesive layer.
Once it is in place, convenient methods for applying pressure,
such as by means of a roller that does not stick to the backing

layer, can be used.

Once the layer 21 is in place it is allowed to remain there



Once it is in place, convenient nethods for applying pressure, such as
by nmeans of a roller that does not stick to the backing I|ayer, can be

used. Once the layer 21 is in place it is allowed to renmain there
-7- for a short period of tinme, typically about a mnute, giving it
time to settle around the particles that are to be renoved. FIG 3

shows the next step which is the renoval of layer 21 by a peeling action.
As seen in the figure, this corresponds to application of a force in
direction 30. This force cannot be applied directly to layer 21, as it
s too soft. Instead, the renoval is acconplished in one of two ways.
The first peeling nmethod is shown in FIG 4. Force 40 is applied to
fl exi bl e medium 41, which, while strong enough to remain intact, responds

by l'ifting ofdort hg §wxf@vp@r@sdlof tamengtygfdﬁrlg aBb\Eth a fminute, gleh@ it
second peeling nmethod is shown in 'l er whi ch has a

sticky surfadem@lteosgitileh afpend ihe pedtucielsl thiat| are eiadlbleyrm‘@de, S
pressed against the top surface of 41, start- 1ing on the right hand side
of wafer 1 (in this exanple). As it rolls to the left (direction 53)

layers 41 and 51 gt5Cks t Qn@RE the next step which is the removal of layer 21
by a peeling action. As seen in the figure, this corresponds to
application of a force in direction 30. This force cannot be
applied directly to layer 21, as it is too soft. Instead, the

removal is accomplished in one of two ways.

The first peeling method is shown in FIG. 4. Force 40 is
applied to flexible medium 41, which, while strong enough to
remain intact, responds by lifting off the surface of 1, taking

layer 271 with it.

The second peeling method is shown in FIG. 5. Roller 50,
which has a sticky surface 51 to which flexible medium 41 will
readily adhere, is pressed against the top surface of 41, start-
ing on the right hand side of wafexr 1 (in this example). As it
rolls to the left (direction 53) layers 471 and 51 stick to one
another so 41 is peeled off the wafer surface, taking adhesive

layer 21 (and entrapped dust particles) with it.

Although the method of the present invention, as described
above, works well under normal conditions of atmospheric pres-

sure, some additional improvement may be obtained by performing



another so 41 is peeled off 'the wafer surface, taking adhesive |ayer 21

(and entrapped dust particles) with it. Al t hough the nethod of the
present invention, as described above, works well under nornmal conditions
of atnospheric pres- sure, sone additional inprovenment nay be obtained -by

per form ng - 8- the entire
operation under vacuum Doing it this way guarantees that occasional gas
bubbles will not get trapped around thg _particles that are to be
removed. Should this happen, the adhesive will fail to contact the

particle and it will stay behind when the adhesive is renoved. :
Whet her or not processing is perforned under vacuum the final step in the
process is for the wafers to be rinsed in deionized water and then spin

dried to remrhée amyird apegabion amidesi vacuii.er bging hat thmy wew guairgnaéesl t o
t he wafer surface. Whil e the invention has been particularly shown
and de- scrthbéd eFaasioakéreate bubbiee pridflenpbd gathodrarPes aT9EPEof the t

wi |l be understood by those skilled in the art that varjous. changes in
formand deP&f %Cffea"y Gé‘a?raﬁ’éewtt%ogte Byl ng fé}lﬁ’ﬁldt ﬁblgpi}ﬁptpeﬁnd Rope
of the inveghh@Bive will fail to contact the particle and it will stay

behind when the adhesive is removed.

Whether or not processing is performed under vacuum, the
final step in the process is for the wafers to be rinsed in
deionized water and then spin dried to remove any traces of

adhesive material that may have migrated to the wafer surface.

While the invention has been particularly shown and de-
scribed with reference to the preferred embodiments thereof, it
will be wunderstood by those skilled in the art that various
changes in form and details may be made without departing from

the spirit and scope of the invention.



-9- CLAIMS 1. A nmethod for renoving dust particles froma surface
of a sem conductor wafer, conprising the sequential. steps of: a)
providing a flexible medium having first and second sides, the first side
bei ng coated wwth a |ayer, having a thick- ness, of a soft adhesive

mat eri al ; b) pressing said adhesive | ayer against the wafer surface
by applying a pressure to the second sjde; and c) renoving the
adhesive layer fromthe surface of thée wafer by pulling said flexible
medi um away fromthe wafer surface. 2. The nethod of claim 1l wherein

t he adhesive material further conprises nethacrylate or 2

et hyl - hexyl - acamsat e. 3. The nethod of claim1l wherein the flexible
mediumis select- ed fromthe group consisting of ethylene vinyl acetate,
pol yet h- vyl ene, polyethylene tetrephal ate, and oriented pol ypropyl ene.

4. The nethbd df mekhdpdnibrf urehevimpmwsitsi partivdiesi igormlouisugfiace hutee
bet ween steps b) and The nethod of claiml wherein the

pressure apfﬁW%ﬁ?nFBcg%ﬁaw§§§§6n8°%??ﬁ§#n§ bhe viegverbsat I9PSaRd:0. 35 nPa.
8 uohe method of,)cl g8yl tieEe! P18LAAY Phea i) GhvBh§ PALLYURE Ll
sides, the first side being coated with a layer, having a thick-
ness, of a soft adhesive material;
b) pressing said adhesive layer against the wafer surface by
applying a pressure to the second side; and

c) removing the adhesive layer from the surface of the wafer

by pulling said flexible medium away from the wafer surface.

2. The method of claim 1 wherein the adhesive material further

comprises methacrylate or 2 ethyl-hexyl-acrylate.
3. The method of claim 1 wherein the flexible medium is select-
ed from the group consisting of ethylene vinyl acetate, polyeth-

ylene, polyethylene tetrephalate, and oriented polypropylene.

4. The method of claim 1 further comprising waiting about one

minute between steps b) and c).

5. The method of claim 1 wherein the pressure applied to the

second side is between about 0.3 and 0.35 mPa.

6. The method of claim 1 wherein steps b) and c¢) are performed

under wvacuum.
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- 10 - 7. The nethod of claiml1l wherein the adhesive strength of
said adhesive layer is between about 120 and 180 grans per 25 mm - | ength.
8. The nethod of claim1l wherein the thickness of the adhesive Ilayer is

bet ween about 9 and 11 m crons. 9. The nethod of claim1l wherein the
pressure is applied to the second side by neans of a roller. 10. A
nmethod for renoving dust particles froma surface of a sem conductor

waf er, conprising the sequential steps of: a) providing a flexible
medi um having first and second sides, the first side being coated with a
| ayer, having a thick- ness, of a soft adhesive material; b)
providing a roller to which said second side wll stick if brought into
contact with the roller; c) pressing said adhesive | ayer against the

waf er surface.by TROpPINEtAGdaoPTAISH € Liteddi® $REMHheyide; setshgth of Hiid
renmovi ng the adhesive |ayer fromthe surface of the wafer by rolling the
rol l er over SdhgsieRord@ysrdés betwpen TaeoutetlR8d @14 JIBRI nBIBRATe| A5t he.

adhesi ve natq;kgkhfurther conprises nethacrylate or 2 ethyl-hexyl-acrylate

8. The method of claim 1 wherein the thickness of the adhesive

layer is between about 9 and 11 microns.

9. The method of claim 1 wherein the pressure is applied to the

second side by means of a roller.

10. A method for removing dust particles from a surface of a
semiconductor wafer, comprising the sequential steps of:

a) providing a flexible medium, having first and second
sides, the first side being coated with a layer, having a thick-
ness, of a soft adhesive material;

b) providing a roller to which said second side will stick
if brought into contact with the roller;

c) pressing said adhesive layer against the wafer surface by
applying a pressure to the second side; and

d) removing the adhesive layer from the surface of the wafer

by rolling the roller over said second side.

11. The method of claim 10 wherein the adhesive material further

comprises methacrylate or 2 ethyl-hexyl-acrylate .
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12. The method of claim 10 wherein the flexible nediumis selected from
the group consisting of ethylene vinyl acetate, polyethylene,

pol yet hyl ene tetrephalate, and oriented poly- propylene. 13. The
met hod of claim 10 further conprising waiting about one mnute between
steps c¢) and d). 14. The method of claim 10 wherein the pressure applied
to the second side is between about 0.3 and 0.35 nPa. 15. The met hod of
claim 10 wherein steps ¢) and d) are petforned under vacuum 16. The
met hod of claim 10 wherein the adhesive strength of said adhesive |ayer is
bet ween about 120 and 180 grans per 25 mm | ength. 17. The met hod of
claim 10 wherein the thickness of the adhesive |ayer is between about 9
and 11 mcrons.

12. The method of claim 10 wherein the flexible medium is
selected from the group consisting of ethylene vinyl acetate,
polyethylene, polyethylene tetrephalate, and oriented poly-

propylene.

13. The method of claim 10 further comprising waiting about one -

minute between steps c¢) and 4).

14. The method of claim 10 wherein the pressure applied to the

second side is between about 0.3 and 0.35 mPa.

15. The method of claim 10 wherein steps c¢) and d) are performed

under vacuum.
16. The method of claim 10 wherein the adhesive strength of said
adhesive layer is between about 120 and 180 grams per 25 mm.

length.

17. The method of claim 10 wherein the thickness of the adhesive

layer is between about 9 and 11 microns.
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