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CLEANROOM WIPER AND METHOD FOR MAKING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to provisional patent application having Serial No.

624475,5323, filed March 23, 2017, which s herein incorporated by reference in its entitety.

FIELD OF INVENTION

The present inventlon 1y generally divected fo a pre-saturated wiper for use in a
cleanroom environment, or other similarly controlled covironment, that enables effective
removal of conlaminants from egquipment and work surfaces without the use of volatile
organic compounds {VOCsy while exhibiting low releasable particle levels.  The pre-
saturated wiper is made from a woven fabric which Incorporates a wmigue weave pattemn
with sealed edges that is saturated with oaly Ultrapure water (UIFW),  The pre-saturated
wiper holds enough UPW to remove confaminants from a surface withowt leaving the
surface wet. Critical surfhices are eft clean and dry without VOU use and the health and

safety visks that go with .

BACKGROUND OF THE INVENTION

Currently, pressaturated wipers using 100% sopropyl aleohol (IPA) as the welling
agent are fypwally used o clean the oritical surfaces within cleamvooms, such as
worksiations, benchiops, and tooling surfaces like the interior of process chambers, Prior to
the use of pre-saturaied wipers, dry wipers were used in conpuiction with squirt bottles
contgining IPA. Corrond users of wipers pro-saturated with IPA believe they offer ¢ more
convenient, cost-effective approach (o contamination control,

Companies asing IPA pre-saturated wipers have reported better protocol adberence
{ltkely due to convenience), lower overall wiper usage, lower volatile organic compound
(VOO levels, reduced fire hazards and more reproducible welting lovels on wipors as
compared to the ose of dry wipers with squirl bottles,  Nevertheless, IPA pro-saturated
wipers still carry the health and safoty risks associated with VOUs such as ammability,
fugitive VOU emissions, and personnet exposure to VOCs,

In addition, another drawback to wipers pre-saturated with IPA is that they exhibit
significant releasable particle levels, fncluding levels that may be bigher than those for
cortesponding dry wipers. The higher patticle levels with IPA pre-satwated wipers have

heen linked fo the long-term contact of the welting agent with the wipers.  These higher
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particle levels found during the testing of IPA pre-saturaled wipers could polentially
represent increased levels of particle exposure and risk to environmental sorfaces andior
PrOCEsSe

Accordingly, there is a4 need for a pre-sajurated cleanroom wiper that offectively
cleans coritical surfaces while providing increased process benefits, reduced costs, and
enhanced environmental healih and safety over current methods, namely those that use IPA

pre-saturated wipers or dry wipers in conjunction with squirt bottles containing IPA.

SUMMARY OF THE INVENTION

The present mvention s directed to a pro-saturated microfiber scaled edge wiper that
18 only pre-saturated with Ulfrapure Water (UPW ) Ultrapure water (UPW or high punty
water} 15 water that has been purified to ancommonly stringent specifications.  Ultvapure
water i3 a commaonty osed ferm in the semiconductor industry to emphasize the fact that the
water 13 treated to the highest levels of purity for all contaminant types, including: organic
and morgame compounds, dissolved and perticulste matter, volatile and nov-volatile,
reactive and inert, hydrophilic and hydrophobic, and dissolved gases. The wiper of the
present mvention cnables cleanroom technicians to achiove 100% VOO free wiping and
completely  eliminates  Hammable solvents  including IPA form cleanroom  wiping
procedures. The wiper of the present tnvention 18 constructed from a microfiber fabric with
4 unigue woven pattern that allows operators to dislodge, entrap, and remove contaminants
while leaving surfaces clean and dry using ondy UPW. The weave and scaled edge of the
wiper provide resisiance o abrasion and {earing in order to reduce in-use particke and fiber

generation.

=g

e}

The UPW pre-saturated wiper of the present invention caun be used m ISO Class 3
and higher cleanrooms. The UPW pre-satwrated wiper 1s particularly usefud iy cleaning bi-
vag process chambers and robotics in flal panel display and water fabs, cleaning volatile
orgagic compound (VOU) sensitive process cquipment m lithography., chemical vapor
deposition, and metrology modales, and cloaning baked on resist ad developer from
Hthography tracks, The UPW pre-saturated wiper can also be used in the final wipe down of
sepsitive components such as oquipment front end modules, electrostatic chucks, VAT
valves, and gas dispersion plates. The UPW pre-saturaied wiper I8 also particnlarty usefil
during the preventive maintenance of equipment and in wetcleans where the elimination of

VOCs and Hammable solvends are required. Horvontal surfaces, stainless steel carls, and
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work surfaces in the cleanreoom are also ideal places to use the UPW pre-saturgted wiper of
the present invention.

I one oxemplary embodiment, the cleanroom wiper of the present mvention
mctudes a woven fabne having ol least two distinet microfibers wherein the woven fabric is
pre-saturated with ondy ultrapure water.  In one aspeot of the ovention, one of the
microfibers that make up the woven tabric may comprise @ aviendpolvesier conjugate.
Farther, the nvlon/polyvester conjugate may be made of 25-30% aylon and 70-75% polvester.
o one pzmicuim' examplary embodiament, the nviondpolyester conjugate may compise 72%
polvester and 28% nylon which has proven o hold enough water o wet the surface to be
cleaned so that contaminanis can be removed withowt leaving the surface wet, which could
inhibi tool recovery.

By another aspect ol the invention, the woven fabric may have sealed edges. In vet
another aspect of the mvention, the woven fabric may melude a Hirst microfiber and a second
microfiber that are woven using a repeating pattern having six warp threads and cighteen
weft threads, The fiest verofiber material may be g nvlon/polvester conjugate that is ased
tor the eighteen well threads i the repeating pattern. The second microfiber material may
be a polvester that s used for the six warp threads in the repeating pattern. The weave
pattern allows for immediate and even saturation of the wipers with UPW. Multiple UPW
pre-saturated wipers of the present fnvention may be stacked within packaging containing
the wipers and the top and bottom wipers contained within the package contain the same
armount of water and are therefore evenly wetted with UPW,

The present invention 18 also directed 1o a method for makig a UPW pre-saturated
wiper that nclades the steps of selecting autcrofibers with one micriber comprising a
nylon/polyester conjugate, weaving the microlibers using a special weave patiern to create a
roll of woven falwic, processing the woven fabric for fast water wet ot osing high
temperature, high pressore, and agenis, clean processing the processed woven fabric with
asepiic ultra pure water, fonming wipers form the processed roll of fabric by cutting and
sealing the tabric, and packaging snd pre~saturgting with olira pure water. The method may
also include the steps of post processing with gamma frradiation to asswre stertlity and I
testing o corttfy cleankiness.

Anvther exemplary embodiment of the method for making & UPW pre-saturated
wiper includes the steps of 1) weaving at least two distined vucrofiber materials o create a
wioven fabric where one of the microfther matenals 18 a nyvion/polymer conjugale, 2

processing the woven fabric with high temperature, high pressire, and at least one



By
]

20

WO 2018/175987 PCT/US2018/024180

surfactant, 33 cleaning the woven fabric with aseptic pure water, 4) drying the woven fabng,
5} cutting the woven fabric and sealing the edges of the woven fabrie to oreate individnal

wipers, and 6) packaging and pre-saturating the wipers with only oltva pare water. The

wegving siep may inchude weaving the nvlowpolvimer conjugate material with a sccond
microhiber matenial using 2 repeating pattern having six warp threads and eighteen well
threads., The nylow/polvmer conjugate material may be used for the cighicen welt threads in
the repeating pattern and the sccond microfiber material may be used for the six warp
threads in the repeating pattern.

The woven fihers of the woven fabric may be relaxed before the step of processing
the woven fabric. The stop of cleaning the woven fabric may imchude washing the woven
fabric with a detergent followed by repeating rinsing of the woven fabric with aseptic pure
water. The cutting and sealing of the odges of the woven fabnic may be done simultaseously
to create individoal wipers, The method for making the UPW pressaturated wiper of the

present invention may also include the step of stendizing the packaged pre-saturated wipers.

BRIEF DESCRIPTION F THE DRAWINGS

FiG. 1 s a flow charl showing steps in an exemplary methed for making the UPW
pre-saturated cleanroom wiper of the present invention;

FIG. 2 1s a photo of g {irst microfiber that 5 used to make the weven {abric that s
used to make one exemplary embodiment of the wiper of the present invention;

FIG. 3 s a photo of @ second microfiber that 15 used to make the woven fabric that is
used to make the exemplary embodiment of the wiper of the present invention referred foin
FIGL 2;

FIG. 4 is g phote of 2 modified woven fgbric having fast water wet out that was
mule using the microfibers shown in FIGS. 2 and 3;

FIG. 5 is a drawing showing the weaving patiern that was used to make the modified

woven fabric having fast water wet out shown tn FEG 4; and

FIG. € is a magnified drawing of relaxed fibors that make op the medified woven

{abric having fast water wet out shown in FIG. 4.

DESCRIPTION OF EXEMPLARY EMBOQBDIMENTS
Currently used cleanroom wipers pre-saturated with IPA are comprised of polyesier.
Polvester wipers need to fully wet a surface 0 be cleaned i order o get any kind of

cleaning efficiency.  One hundred pereent polyester fabrics do not feave surfaces dry.
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Leaving g cleaned surtace w a cleanvoom wet with IPA 18 not a concern because all of the
1PA will guickly evaporate. However, the downside to nsing IPA s that the IPA fomes are
haxardous, lammable, and g source of poliution. In addition, 100% polyvester catily sheds
particles due to its lower resistance to abrasion,

Despite the issues and drawbacks assoctated with IPA pre-saturated polvester wipers,
semiconductor fabrication plants wonld never constder using waler with wipers because
many tools i the semiconductor manufactring process must operate &t 10Y o WY
atmospheres and leaving water i the ool will extend pump down times by three o five
times or by many hours. Plants will not allow these pump down times beeause the tools are
valued &t over §10.000 dollars/hr.  However, i a wiper for use with water could be
manufactured such that it would fanction Bike a wiper used with IPA, Le. function so that it
clegns but does not leave a cleaned surface wet, then semiconductor fabrication planis may
readily elect 1o use them since they do not possess the safety and bealth risks associated with
IPA,

The present invention is divected o just such a wiper. The present mvention inoludes
a pro-saturated wiper that 18 saturated exclosively with Liltrapure water (UPW) and that is
constracied in such a way that the UPW imumedistely and evenly wets into the waper and s
capabtle of cleaning critical surfaces without leaving water on the critical surface.  The
present vention also includes a method for making the UPW pressaturated wiper of the
present invention.

FIG. 1 is a flow chart showmg steps in an exemplary method 10 for making the
UPW pre~saturated cleanroom wiper of the present invention. Fiest, o step 12, fbers are
selected for ereating @ woven fabric that will be used o make the wipers. The fibers include
a first microfiber that 1s g nylon/polyester conjugate and a second fiber that 15 a polyester. A
photo of a first microfiber that can be used to make the woven fabric that is osed to make
one exemplary embodiment of the wiper of the present mvention is shown in FIG. 20 The
{irst microfiber pratenial s soft, shiny, and very bulky. It also provides for excellent moisture
peneiration and air venflgtion. The nylendpolvesier conjugate may be made of 25-30%
nylon and 70-75% polvester. o one particular exemplary embodiment, the nylon/polyester
ponjugate may comprise 72% polvester and 28% nyvlon. A photo of a second microfiber that
can be used to make the woven fabric that 13 used {o make the exemplary embodiment of the
wiper of the present invention s shown i FIG. 3. The second microfiber material is soft,

high densily, waterproof, penmcable {0 roosture, and has g lagh tensile strength,
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In step 14, the lirst and second muerofibers are woven using a specific weaving
pattern like that shownan FIG. § which assists in enabling the woven fabric to be Fast Water
Wet Out, mogning that water can immediately and evenly wet mito the woven fabric. The
wegving paitern shosen in FIHG. 3 is one repeating unil that includes 6 warp threads and 18
welt threads, Each box shows the inferlocking point of the weave. "X means the warp
yarndmicrefiber s gbove the weft vam/microfiber on this inferlocking point. The first
wicrofiber material deseribed above is used as the weft tyead and the second micrnfiber
uyaterial desertbed above v used as the warp thread, The first and second mcrofibers are
woven to creafe a il of woven fabwic that is used to make the wipers. In one cxemplary
method, the rolls of woven fabric may comprise 6 l-inch~wide rolls of woven fabnic.

The woven fabric is processed in step 1o with high temperatore and high pressure
and one or more agents such gs @ surfactant that lowers the imterfacial tension between UPW
and the woven fabric thereby acting as a wetling agent. This processing further assists in
cnabling the woven fabric o be Fast Water Wetl Out. Afler processing, & special
arrangement on the leom ased {o weave the macrofibers into the woven fabnie 1§ used o
redax the woven fibers as shown in FIG, &0 A resulting starfish type cross section of the Fast
Water Wet Qut processed woven fabric is shown i FIG, 4

in step 18, the processed roll of woven tibric is then clean processed with aseptic
ulirs pore waler. More specifically, the roll of processed woven fabric s washed with
detergent for 10 minutes and then rinsed for 36 minutes by performing nine rinses for 4
aunutes each. Waler s extracted from the roll by spinndng i for 5 munutes at 300 rpm and

then for 5 manntes at 600 rpm. The roll is then dried in the dever at 85 degrees Celsius for 2

hours.
Wipers are then formed from the roll of processed woven fabric iy step 20, The roll
of processed woven fabrie is further processed into thinner rolls of fabric and finally o

shoets, Smaller rolls and sheels of processed woven fabric are sinulianeousty cut and sealed
with an ultrasonic tood that has a PYD coating on top of the stainless steel o minimize metal
contanunation transiorning to the wiper from the tooling. The fabric is cut and sealed along
the length to form scaled edges and then i 18 processed on apother maching o be o and
sealed across the web to create an individual wiper.

In step 22, the individual sealed edge wipers are packaged and pre-saturated with
UPW, The wipers are flat stacked on top of each other with 10 or 20 wipers per package
Rolling, womung, and cutting of the roll of processed woven fabne o form wipers is done

a clean room. Packing and pre-saturation of the wipers s also done i g clean room. The
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packaged pre-saturated wipers gre then sterthized using gamma radmdion i siep 24, Gamma
irradiation s a standard steritization procedure in which gamma irradiators are powered by
Cobalt-60 to effectively X microorganisms throughowt the prodoct and s packaging with
very hittle temperature effect and no residues. Fmally, tots of packaged, stenlized products
are tested i step 26 o certify cleanhiness.

The UPW pre-sgturated cleanroom wipers of the present invenlion work hke {PA
pre-saturated cleanroom wipers without the safety, environmental, and health issues that are
gssociated with IPA. The UPW pro-satunated clesnronm wipers are clean, smooth and
capabile of effective cleaning without leaving water behind on the cleaned surface. The
woven fabric that comprises the pre-satarated wipers s designed so that the cleaning sorface
dries very quickly, as i does with IPA pressaturated wipers.

Process benefiis from using the UPW pro-saturated cleanroon wipers of the present
mvention inclade, bul are not Bimited to, 1) protecting VOO sensitive fab modules sach as
Hthography, metrodogy, and CVD from solvent fumes, 2) redaging the risk of fiber and
particle excursions assoctied with fab wipers, 3) improved contamination pickup leading to
faster preventative maintonance and dmproved cquipment uptme, 4) oven, consistent
weiting of wipers which enables excellent first pass cleaning resulis and reduced cleaning
time, and 8} a wiper optimized for use in the most advanced wafer fabs. In addition, using
the UPW pre-saturated cleanroom wipers of the present invention enables reduced cost of
ownership by redocing wiper usage resulting in a reduction of waste removal cost, greatly
reducing VOO process expostre and fugitive emissions costs by ehiminating IPA wipes,
reducing the cost of Test Wafers by improving ™ Pass quality, reducing costs associated
with tool downiime by tuproving particle control, and reducing mean time to clean.

Environmental health and safety benefits experienced with the use of the UPW pre-
saturated cleanroom wipers of the present invontion include, but are not hmited to, 1}
ehminating fire nisk during cleanroom wipe downs by reducing Hammable chemical storage
and solvent sguirt bottles, 23 eliminating fugitive VOC emissions and air penmit anplications
assoctated with solvent wiping, and 3} climnaling personned exposure to sopropyl alechol
during cleanroont wipe downs.

Irvitial evaluations of performance and contamingtion characteristics of the LPW pre-
safurated clegnroom wipers of the present invention show improvements over existing IPA
pre-saturated wipers,  Some inilial data showing these charactensics for the UPW pre-
saturated cleanroom wipers of the present invention are set forth w Table 1 below. The dala

i Tabde 1 represenis typical analyses of the wipers sfier seven days of saturation {n dry

e
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state). The umit of megsarement refers to the standard unit used o standard test method

TEST-RP-CC004.5.

Table 1

Performance Characteristics

Property Typical Value
Basis Weight 180 gfm?
Absorbency
Sorptive Capacity 3G mim?
Sorptive Rate 0.5 seconds
Contamination Characteristics
Property Typical Value

LPC 2 0.5 um

700 parliclesiom?

Fiber = 100 um

250 fibersimn®

Non-Volstile Residue

IPA extractant 0.15 gim?

B} Water extractant 0.08 gim?®
fons

Chioride 3,10 pprv

Sodium &.20 ppm

Potassium 0.20 ppm
Crganic with FTIR

Siticona Nat detected

Amide Mot detected

aop Not detecied
VO O opb

PCT/US2018/024180

The drawings and description of exemplary embodiments of the invention herein
shows varions exemplary embodiments of the invention.  These excmplary embodiments
nvention and are ot infended o it the scope, applicability, or configuration of the
wvention moany way,  Rather, the following disclosure 15 intended to teach both te
mnplementation of the exemplary embodiments and modes and any equivalent modes or
cmbodiments that are known ar abvious 1o those reasongbly skilled in the art. Additionally,
all incloded examples are non-hmiting ilastrations of the exemplary embodiments and
modes, which simtlarly avail thomselves o any equivalent modes or embodiments that are
known or obyvious to those reasonably skilled i the arl

Other combinations andfor modifications of structures, arangements, applications,

proportions, clements, materials, or components used 1 the practice of the instant mvention,
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i additton to those not specitfically recited, can be varted or otherwise particularly adapied
to specific enviropments, manufacturing  specifications, design  parameters, or other
operating requirements withoot departing from the scope of the instant invention and are
mtended o be mcluded in this disclosure.

Unless specifically noted, i 18 the Applicant’s infent that the words and phrases in
the specitication gnd the clauns be given the commaonly accepied generic meaning or an
ordinary and accustomed meaning used by those of ordinary skill in the applicable arts. In
the instance where these meanings differ, the words and phrases i the specification and the
clatms should be given the broadest possible, generic meaning. If any other special meaning
is intended for any word or phrase, the specification will clearly state and define the special

meaning.

9



CLAIMS

1 A cleanroom wiper comprising awoven fabric having afirst fiber comprising a nylon/polyester
conjugate and a second fiber comprising a polyester wherein the first and second fibers are woven using a
repeating pattern having six warp threads comprising the second fiber and eighteen weft threads
comprising the first fiber wherein the woven fabric is pre-saturated with only ultrapure water which

immediately and evenly wets into the wiper.
2. The cleanroom wiper of claim 1 wherein the woven fabric comprises sealed edges.

3. The cleanroom wiper of claim 1 wherein the first fiber comprising a nylon/polyester conjugate

comprises 25-30% nylon and 70-75% polyester.
4, The cleanroom wiper of claim 4 wherein the woven fabric comprises sealed edges.
5. The cleanroom wiper of claim 1 made by a method comprising the steps of:
weaving the first and second fibers to create a the woven fabric;
processing the woven fabric with high temperature, high pressure, and at least one surfactant;
cleaning the woven fabric with aseptic ultra pure water;
drying the woven fabric;

cutting the woven fabric and sealing the edges of the woven fabric to create individual wipers,

and
packaging and pre-saturating the wipers with the ultra pure water.

6. The cleanroom wiper of claim 5 wherein the woven fibers of the woven fabric are relaxed before
the step of processing the woven fabric.

7. The cleanroom wiper of claim 6 wherein the step of cleaning the woven fabric comprises washing
the woven fabric with a detergent followed by repeated rinsing of the woven fabric with aseptic pure

water.

8. The cleanroom wiper of claim 7 wherein the step of cutting and sealing the edges of the woven

fabric comprises simultaneous cutting and sealing.

9. The cleanroom wiper of claim 5 further comprising the step of sterilizing the packaged pre-
saturated wipers.



