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WO 2004/ 093151 PCT/ US2004/ 011540 TRAY CARRI ER W TH
ULTRAPHOBI C SURFACES RELATED APPLI CATI ONS Thi s

wa@ppkiogasi on clainms the benefit of U S UilitpCPESENL/011540
Application Serial No. 10/454,740, filed June 3, 2003
and U.S. Provisional Patent Application Serial No. 5
60/ 462963, ERAY CARRIER MTHD BIITRAPHORBIG SURHA(DES
Pressure Liquids", filed April 15, 2003, hereby fully
i ncor porated herein bygf &TRIERSPT 1A HGREOF THE
I NVENTI ON The present Tnvention relates generally to
tray carrjers for delicate el ectroni onents,

d
rror bhig dpplicaion 3jme §he, beneli o &filigaPrieg! Application Serial No.

LA S o Mgt tUORI 8 R AR T o

60/462968] artvleéd [ ‘Bitraphobic Suntioes faryHifb Prestue Liygids”, filed April 15, 2003,
tra orting, abricati.ng, and generally hol ding
hﬂ@mﬁﬁﬁge%ﬁﬁﬁgﬂﬁqngﬁ@ﬁ”ﬁg?mﬁﬁt not linited to, sem -

conductor chips, ferrite heads, magnetic resonant read
heads, thin fil m headdELDaOE THERNVESTIONP di es,
substrates, optical devices, |aser diodes, preforns,
and scel | anequs chani cal ..articl es such_.as rin .
and e REasnt” SapiTon, fe Geogltpdo Ry paficty £ asticate diotronic
conhpdndfifs aindvend@é pdificllsgyen asINg dhuedr Vihdvihghanghliydgbphobic or
t he above-defined conponents. Sem -conductor chips are
ultrglypphaipasuriaseseiorpemhiberagavi ces  which, for purposes of
econony and scal e, are manufactured en-masse froma
| arger sem 20 copdemGROUVNEOH MaEINVENDIDRCcal Iy, a
single wafer will yield several tens or hundreds of
chips. Oten, after the wafer has been segnmented into .
ndlPRLEE ORddD i TiCBRSEC ol (duTtg (Y HieRaks dRysporting,

fabiibdtigl k@ leberfIB} Bbldfgt SANE @Qﬁlﬁj{)ﬁ&ﬁ@ siRhWsalbuf YoPlinf2i RS, semi-
fromone "workstation to another for processing by _
congpetor ghips.clgrritg bieptse magnatis fesendnt readehgads dhiwsiimg hedds, bare dies,

hi on.a.large scal .speci al i zed carri.ers cal.l ed
burp BB R E O30l S SR Bt vhiel s, “PloSsceiancons
methanjcal atieles QshQReprifig dn@lichsas.pl ural ity of chips in
i ndi vi dual processing cells or pockets arranged in a
mat i X. or gr.id...The. size of the matrix or gri.d gan .
st pibenel Gadisf S HeriEiaho! B Jemar et Hghandiing
the Sdba@e-aEfikddecoidsnts OSBRI -cHHIRERS Thihs JFX AP} GfalPfelectronic devices

specialized chip carriers are disclosed in U S. Patent )
whiggsfor purposes of economy and scale, are manufactured en-masse from a larger semi-

conductor wafer (wafer). Typically, a single wafer will yield several tens or hundreds of
chips. Often, after the wafer has been segmented into individual chips, additional
processing is necessary. This usually entails transporting a plurality of chips from one

workstation to another for processing by specialized equipment.

To facilitate processing of chips on a large scale, specialized carriers called matrix
trays (trays) have been developed. Thése trays are designed to hold a plurality of chips in
individual processing cells or pockets arranged in a matrix or grid. The size of the matrix
or grid can range from two to several hundred, depending upon the size of the chips to be

processed. Examples of specialized chip carriers are disclosed in U.S. Patent Nos.
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1 WD 2004/ 093151 PCT/ US2004/ 011540 6,079, 565 and
5,791,486 assigned to the owner of the present

w0 pwe9ilon, and which are hereby fully incor ppCHUSZN04/011540
herein by reference. Electronic device fabrication

607561 van. S il alsgr wdnelda Dtaryad Slaft pirsegnertion, and which are
herSWHAR iArh S Bted FORIABY R&LRR, and 5 contam nants can
be generated in many different ways. For exanpl e,
particul ates can_be generated nechanically by wafer
as .}?ng%lpeierygqgc gaggé }onoprotc.ﬁ@gs, Restigear mgp éamlco.nguctors are
invBlRll Cab! ¥abfl ERRGHAIP N sdiRitlkl HET EotaRLARERS! NGohlakiifi¥ion and
Contam nation can also be the result of out-gassing
corftarpimanisenah del gehateddatmany ¢ifferset seys. For egamplegpaiculates can be
nature due tq human .activjty. 10 As a.tray. carrier is
BorGERURH (PCARALY PHOPEE PoriMBY GE POy oF | NEE FaR ob penerated
cheR@iea i indreSetioR QBRI AR ProQssif® Muff¥l 08hta@hatibh(c8h alédBe the result
the carrier may be discarded or recycled, or the
of ewrgaasig ditoiro phamgigal fabridagian eroassdes,aarchiologicebinyiagyre due to human
actfveused. In the past, cleaning of tray carriers has
8f¥en been consi dered uneconomical in view of the
relatively low cost of new tray carriers and the
r el asiatedyycaniighs oersltthemgh dififriaatibn prastsse itewitli gegeraly accumulate

[ 5 1t am nated t ad . P ' I
sorhf BRI 5P ROy A 450 e GRRT e oL Frbalech or the
corEiRKPE RSdyViee clbigedt ftahe the estrieP rélisYd.t e the B¥staélbMing of tray
cl eani n%evvl th water or other solvents. The tra

. ! SOl vel  ay
cargigisrhiag plteprhgerheppsidered ringeanenteal am yisHeelt the oflativaly loyeeost of new
hat .are_ di fficult. . i LEONn, a fesi I :
tra, S Ot Rt B ot 5 iRy o SREME ana reusing
cortanfracdsragfcagieearrier as a filmor in a 20
multiplicity of small droplets after the washing step.

Any,cont aimi nant.s s ended in the residual eani n .
1 PR, AP M IRP STt Mt B IE MR RBERT bifpensive
dudifol 188 nedERAIrD the teay 4P CRAMARMEthORSAEY OV@herMdBRnisN T he tray carrier
carrier .is reused. Conse uent-léé{ process efficienc
C

er . 1CY .
may hgve wtHcatq Fngemsnts of shrfces hadre difEipdf fo dmee i addifion, a residual
Y Lri j [ ' t . :
amblefYoft Bl e, Bufl RSP MERHE %o PG, 1 o gricrpe g film or in a
multgdicgy o2 smdli alroplsts aftet the rvesshimg stap. t Aey cordaainayisisasgended in the
t carrier . with features that_ pronote re. . } .
resicopL ety Q1o P IR G B acear s Dyl i, leading to
colt@HHBRAcABOQLSwAEN fiRSEANG! is RERLES TonSAMeA, NRbERE efficiency and

effectiveness is diminished overall. Reuse of tray carriers is discouraged, leading to

environmentally undesirable proliferation of solid waste.

What is still needed in the industry is a tray carrier with features that promote more
effective cleaning and drying of the carrier with reduced levels of residual process

contamination.

SUMMARY OF THE INVENTION

The present invention includes a tray carrier with ultraphobic surfaces for
promoting more effective cleaning and drying of the carrier. In the invention, entire

surfaces or portions of surfaces of a carrier are made ultraphobic. The ultraphobic

2
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SUMVARY OF THE | NVENTI ON The present invention

includes a tray carrier with ultraphobic surfaces for
w@opogarst i ng nore effective cleaning and dryi PQr/os20041e11540

carrier. In the invention, entire surfaces or

surﬂgr ! € obcl%g’l&%ta%ghfﬁ?lgﬁ It]lba% ar eﬁgﬁ cg Q@i}g tl_he surface, such as

ma?‘B}' /ub@ﬁﬂéﬂéﬁﬁﬂélw quéchtyf @fﬁi%‘asﬂfl “fcflEoﬁ’aKAﬁthﬁﬁt eBHAE a liquid film or
qui ds t hat conme_in contact with the surface,

su@@ehaldglmhﬁawf Béluuk aeppigts. cnéa?nteﬁ\glt les e starlyengigy is expended in
y f |
dryﬁ‘%t}{easnutrfag}aé neglr‘%brgr t%sﬂ?&'treélﬁﬁ Lk 11%%1{&&1” tﬂerEIB}L %?{ovmg overall
prokess guutlitye Ianddiénerthy ultﬁapho&pe Btﬂié‘:ites maydfeyrestgattthe initial deposition
surfaces nd redeposi.ted resjdue.is mnimzed,
of GOREATAIBTILS AR I FOBPRRIANS B Rdicid By apey formy
addi tion, the ultraphobic surfaces may be resistant to
i ni T a|pa:d&mw1yt preferredfentidinsnit REthS ,inVdheibE, theeultraphobic surface
cont am nant s ébe in liquid or vapor form In a
inclides A apulliphgity e lelaseli gpacad suriossalc &3 nappscalp papfritish formed on a

subtsﬁﬁe ul Iﬁd'ratﬁigw oss Wil € re§eHlC L}ﬁﬁqﬁﬁtﬁh mfﬁﬁ:to@!:ﬁlé\’ ! %é(ne?eflly refers to
osel’y space ntcrosc e to nanoscadl e asp
dinfensioasi oHlessthaa Uit miat@netérey aﬂdﬁ&lapwcplﬁ geﬁxfralﬂﬁﬂsfﬁs & difiensions

refers to 10

RN T s TR T ETINE CEN O I——

to a 9@‘&9’?8 BterBRBE rp?éskﬁfe rvﬁfugr &) hteoctsﬁiérm%g $kO8Spo ds@fi sb @SR the surface
t han 100 nanomet ers. urface 1's des| gne

hasnapredgiermined reaptagblioe gcwsrmcasgredpn metess ¢ecdmach line per square

rm.ned pressure yal.ue. erities re‘
meft 8PS TG o P Y ekl 80 o PR RS e GRS determined
accofii@@ttht Formutiensity neasured in neters of contact
line per square neter of surface area equal to or

greater than a contact line density value "AL"
determ ned = the formula: F AL _ r cos
(r) -0 + o 7 @80 where P99Y the predetermned

pressure value, y is the surface tension of the

liquid, and (r)a,(r) is the experinentally neasured
true advancing contact angle of the liquid on the 20
asperity material in degrees, and co is the asperity

ri sehandt 8. thd pecdptegdiplce prasnad vpess il e \tatbe tBﬁs}(oﬂQ@f the liquid,
sel ected so .as to be greater than the antici pat ed

anq Yepuit hpPasamerllymrosyed tig adpancigeuice pegle ¢ thaliguid on the
asp%tgf?qngédt@ﬁaIQB dégf-‘ele Hh@bsctﬁé Eélﬁh%nrgbear%?@ eipd xf%ﬂ%trgﬁ%ﬁrl%pc? pressure

I n or n the substrate terl itse
valommapibe selected so as to be greater than the anticipated liquid pressures expected to

be encountered during cleaning or use of the carrier.

The asperities may be formed in or on the substrate material itself or in one or
more layers of material disposed on the surface of the substrate. The asperities may be
any regularly or irregularly shaped three dimensional solid or cavity and may be disposed
in any regular geometric pattern or randomly. The asperities may be formed using
photolithography, or using nanomachining, microstamping, microcontact printing, self-
assembling metal colloid monolayers, atomic force microscopy nanomachining, sol-gel

molding, self-assembled monolayer directed patterning, chemical etching, sol-gel
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nore |ayers of material disposed on the surface of the
substrate. The asperities may be 25 any regularly or

w0 eooegediar | y shaped t hree di mensional solid orPCHUS1094/011540
and may be di sposed in any regular geonetric pattern

r.random v, ..The.asperjitie be fornmed. usi
st PR ST T o okt ROAECE PR carbon nanotubes
on tHeWubstaapPi ng, m crocontact printing, self- assenbling
nmetal colloid nonol ayers, atonmic force mcroscopy

ron A Bl e S e GRS e AFOGEER Py of a variety of
kn&t pRksses? REAIMHAASA 5 4p RAEHSIRADEWHL540 st anpi ng,
printing with colloidal inks, or by disposing a |ayer
of @BralleL car bon nanot ubes og the substrate. . X
Al t ePRETPHRIMaY 3 aaﬁﬂlef{epaarrps?sa OF REpfCiRged Y gansier with surfaces
haBh® QUEHHBY ROYer@ls & Nkl gﬁ'é’ss&fes upBW pRideferRRfed ' pressure value.
i ncluding chem cal vapor deposition (CVD), 5 The
The presess ancludey si¢nsoof melbciihg an psparity gisk oamghe; odbbaimiging a critical

tray. carrier wWth surfaces avi ng.ul traphobic
corg?%é@???‘ésétyafhl ?’%ﬂ? accﬁchg%E?rtgg\f?}B%tlao a predet er ni ned

pressure value. The process includes steps of

sel ecting an asperity rise angle; determ ning a

critical contact line density "AL" value according to

the formula: 10 AL = - P ycos 0 a0 + CO- 90") where

Pis the pred@%e¢n¥ne§;p#essu#e7§alue, y is the
surface tension of @& Li @ d; 90and 0a,0 is the
experinmental ly nmeasured true advanci ng contact angle
of the liquid on the asperity material in degrees,
and co is the asperity rise angle; providing a carrier
with a 15 surface portion; and formng a nultiplicity

of phetedis thy pesliptermined prassurehelueuy isihe spdiade tensios of the liquid,

at. the sur.facge,,has an tual, contact |ine densjty .
and s P R GIE HoeR ke s ey R ontach ARl o1 th wid on the
aspagySinbiriall heddph@semsd mey thehideity HeE hude; ﬁl@@i(ﬁﬁ%@ cBfrier with a
determning a critical asperity height™ value "Zr " in
surfase PpE1oR: @t HrpEng o MHEpPlWrefl piejectingzasperd(ics eivthe surface portion

so Rl §Rcd %Qs Zﬁ actaalséd?ltag:t ‘?inQ d-c'e-ns%} équ%Isg or greater than the critical

contact line density.

The process may further include the step of determining a critical asperity height

value “Z_” in meters according to the formula:

; _dll—cos(0,+o- 1§0°))
’ 2sin (0,,+ o — 180)

where d is the distance in meters between adjacent asperities, 6,0 is the true
advancing contact angle of the liquid on the surface in degrees, and o is the asperity rise

angle in degrees.
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where d is the distance in neters between adj acent

asperities, 0a,Ois the true advancing contact angle
w@booties1bi qui d on the surface in degrees, and POI/US20041€11540

asperity rise 25 angle in degrees. 4 WO 2004/ 093151

PCT/ US2004/ 0115 | PT] { T W NGS

Fig. lais a pe ' —%k)up-g of a

tray carrier with ultraphobic surfaces thereon

acchbigding 4 perspaetim eswef dnevesrtiodoment Fif g. traytcairseravili dléraphobic

| evation vie he tr carrier of Fig. | a;, 5 Fig.

surigc tggregn ﬁ%ﬁoﬁv% 8?565?%?‘{6 ﬁgﬁl view of the tray

carrier of Fig. 1 a; Fig. 1 d is a perspective,

enl BiggHslis\wi stde elévation widw afthe by carief aftfigdacor di ng to

the present i nvention, wherein a nultiplicity of

nf &% I_psa‘l:t?zh %ro%g 10%51%?6\79r tha"| a?%gl%%r bPFi la

rec ngu array op ptran view

portion of the surface of Fig. 1, 10 Fig. 3 is a si de

el eligt 1dns gipewperttivehenlanged ey pﬁm ukﬂraph!@m 6mré@e|aq0¢i‘dglg to the

arti an ,view of an al.terna
prong Snftntich. el 3 okl of h3IEh sCale AhoRlib 4 Arlatifed in o
recR8@@Ll 4t:85 are arranged in a hexagonal array; Fig. 5
i s a side elevation view of the alternati ve enbodi nent

neFladrie déen b gt SrRdtistebbR P aaier: °18 ° "

asperities; Fig. 7 is a side elevation view dep| cting

a qbigns it eysidxf elevaiiondisv spibn dedacetpoptioradpéaned inddg. X g.

8 is a side elevation view depi cti ng the liquid

co ctyi g, of

asgfé : :4| {eés tpg.g ailqg}g %ginl gle(é\hgf 36 1 ‘Iena?@lg \(’)%Eﬁ{/bdmvl\?ntfof the present
inventivgl veheasipelid dspetitiesan: ardnged ai 4 kexagoixddiragnt of the

i nvention wherein the asperity rise angle IS an acute

an I '.n le

2o pi 15 Boqeldiod Tt B Be B b Ry 1LY

invention wherein the asperity rise angle i s an obtuse

ang¥ig; 6 | gysidd ¢lewatppartigvaldepioipngthanleflpasioneff lignid suspended between
aspgllltger native enbodi nent of the present

Fig. 7 is a side elevation view depicting a quantity of liquid suspended atop

asperities;

Fig. 8 is a side elevation view depicting the liquid contacting the bottom of the

space between asperities;

Fig. 9 is a side elevation view of a single asperity in an alternative embodiment of

the invention wherein the asperity rise angle is an acute angle;

Fig. 10 is a side elevation view of a single asperity in an alternative embodiment of

the invention wherein the asperity rise angle is an obtuse angle;

Fig. 11 a partial top plan view of an alternative embodiment of the present

invention wherein the asperities are cylindrical and are arranged in a rectangular array;

Fig. 12 is a side elevation view of the alternative embodiment of Fig. 11;



10

15

20

25

30

25 invention wherein the asperities are cylindrica

and are arranged in a rectangular array; Fig. 12 is a
w@r@e/ogdisvat i on view of the alternative enbodi PERUSN4/011540

Fig. 11; 5 WO 2004/093151 PCT/US2004/011540 Fig. 13

| t as. for co ntact .1 ne dens
for?’a% 32#78 %Pﬁ 18%%@ k? %% 460 Jing depsity éﬁe"ﬁflgt%f asperity
shabbgandlfrangerders;de el evation vi ew of an al ternati ve
enbodi ment of the present invention; 5 Fig. 15is a
f Fig
e N8 G S R TP e prescn
invegRes ity in an alternative enbodi nent of the present
i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED

ferring to FIGS. la, |b and |l c, an
exa%f e tgptpf%?yVlE‘g of fheraltppiatips erabediment ofifie. Ifpand
transporting a plurality of electronic devices such as
s enfigC 0668 t@ plahivixdv b a shglispérty 3 AR aakinkti eShBABEERE of the
y the nuneral 100. The tray 100 conprises a first
pmﬁ%ﬁﬂbﬁ@?%} frame 102 having a first end 104, a second
end 106, and sides 108, 110. Sides 108, 110 i ncl ude

rails 1IPETANBDDESCRIPCION GH SHEIERBEFERREDAMABIAZTMENTS
| ocated at the ends of rails 112 and 114,

2 26, 128, 130 proj into
hot B g %’y Flﬁgqaa%an%i% dppXamiple 9 2 gy 58@% I Ripggssing and
tralfsgélﬁiﬁgsa pRedlitd ep et @shic dM%éé dlkAlastBRitafuct?bhi gﬂs%@ shown and

130 project in the sane direction relative
generllytssignatyd byche meyereh&f. Fhiertiy kMdcontutises e dstcpesipbieral frame

1021192%1%9 tﬁﬁgt I%Sd rlﬁhl se%%%c% € 1d1 @%6? ‘g ﬁigs% r(?é; s@p Iggcg %gg 110 include

rail¥he2 Cﬂlﬂmndmlﬂwhést 1synigceoldd 122, tfcaRd @othéants ON@ils 112 and 114,
deS|%n and i s d icted as a rratrlx of lands 134 which

resRREPY Y hoKgts Lo 1881 and Bfeorqierichithaptahosnldioy 1 Hd20, and 122 for
eng;a_, %érﬁélt R ﬁﬁrggeg dt Aepilteh). ﬁoté E‘lat E}{%etaﬁ’ {3 H?B,a%%é%; é@ﬁz,o project

forns a support base I's ver |cal :
in the sdme dizspmatrelative o thhitpy 40P pBedetisy ﬁxacmdlﬁm, sddoing end 106 and

. | b ath th t
B R TS
Thd¥hip i App&e sittebB2rigfd rar&ﬁilv&ﬁl(fﬁﬁl 5&@@99&9@ & M&f ﬁs a matrix of

the liquid is water, and |yophobic relative
land§ {34 abichTiefins packete armpllhé3qericnhol indiiduet e]nlpsd Referring to

FICf‘Slbali]h Pén %{g %{P Olf V\é tf?r[nﬁ;l | alo\ftog'ys%b\!vﬁlcﬁ s fvgﬁlcallly offset with

he’ sur
respect to'a chip support surface 132. This creates a space or plenum beneath the chips to

facilitate processing.

Surfaces resistant to wetting by liquids may be referred to as hydrophobic where
the liquid is water, and lyophobic relative to other liquids. The surface may be generally
referred to as an ultrahydrophobic or ultralyophobic surface if the surface resists wetting to
an extent characterized by any or all of the following: very high advancing contact angles
of liquid droplets with the surface (greater than about 120 degrees) coupled with low
contact angle hysteresis values (less than about 20 degrees); a markedly reduced
propensity of the surface to retain liquid droplets; or the presence of a liquid-gas-solid

interface at the surface when the surface is completely submerged in liquid,. For the
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an extent characterized by any or all of the
follow ng: very high advanci ng contact angles of

wO 2auiogB1dr opl ets with the surface (greater thaPCHDS2004/011540
120 degrees) coupl ed with low contact angle

Pttt 15 AR on pi5p BH BFSBRRd° JF9 AR oS S4DERIK o both

ultﬁahyd&b?hdiﬁ@ﬂidan&al Qﬁhdbﬁl?sd?fa@éence of a liquid-gas-solid
30" interface at he surface vvhen the surface is

et el ed inlj For the
S00hsGsuithd ThEt Sosouonh A@Sur&s%%%é%e %rrn?w) Py all outer surfaces

f P! e ' t
° g%gedr al yR{Oo H)lt hﬁlﬁ{bﬁpf #%fp?gﬁg%?'c an I tr aF@t Vamey of
corfigufaioas andssiviepivetiety of pracegyss ad described! Heraipladdnw It w111 of course

surfac med on out.er urf e of tr

be 2P, 63t Slipphelichrics At sRu S H iy e oruR f desired
pordiod oPtraf cikl B0/ IUr exBmPRN{fABLERL hﬁf&%h@tﬁg sﬁ&%dé@oeinay cover only

vari ety of processes as descri bed herei nbel ow. [1

thehiswppews siwdacgdgeeci at ed that ul traphobic surf aces 20
may be selectively fornmed on any desired portion of
tr a)&lﬂi@ﬁ% §rma]c’199 1rak Q5 @8 1@@' }Ferelhflt qegi Hee%p retidtE m%é;present
surface covér only he chip supp sur ace

invesidon iAbhlﬂcﬂ@y trayreatmer o arlayroms: alepechreidalietidenwith n ultraphobic

i |1 ,be appreci at.ed that the sent v
sunfice | DRReR RS PP ioa, Srle PGHRal 9 (Pestipical SHELH ah;fen fultiple
artieldsi cl es with an ul traphobic surface thereon, whether

for a si ngl e el ectri cal or mschani caI article or for

rrult artic : r eat edv w of one,

or et Pty Siisg T Shatedne aned ApROBREnEof Hhirapbic surface 20
ac@ﬁﬁﬁ%_% NHe tResehte REREGN s 'd@ﬁﬁ@f?:&' ANFigS 1dePiThE &dhrfafe B0 Ysenerally

| d he surface 20 generally i nCl udes a substrate

inchplegp sebsiratm A2 With k siudijplisstyof @}cu@cttmg@sml@s th E@cmarspenty 24 has

« rSRE TRl g8, 185 BB Tl G4 BT SR e it fRnotcea

“x” ¥%'thé fghBe ahdl @wlegﬁt didikghsian Mmmteddmnﬁnﬂieqtgur@n not at ed
"z" in the figures. As depicted in Figs. |d-3,

Z?f?ﬁ deb i o T, “apahen S e f b Sl SRR Kt oy,

eaoh%péﬂtyls@@ceb Yapart FOAC tﬁ%ga,dﬁﬁcgﬁrh%p&ﬁles INOYALRG du%@nsadn annotated
figures. The angle subtended by the top edge 30

“Y’ofn ﬁlitﬁe figaiser i Theesnga subteaderbbitthel tpp cdad Xohef thes esperities 24 is
am?@gle subgl% rgl[ erfkle %ggl%%fq{le E?g g@gﬁ’eﬁﬁé 5#%1%‘{1&42/-{ F %\}evtg thdsubstrate

I'S anno
22 sayinetatedin.alibke sutn bBtht &Agldegraaéd s is 180 degrees.

Generally, surface 20 will exhibit ultraphobic properties when a liquid-solid-gas
interface is maintained at the surface. As depicted in Fig. 7, if liquid 32 contacts only the
tops 28 and a portion of the sides 26 proximate top edge 30 of asperities 24, leaving a
space 34 between the asperities filled with air or other gas, the requisite liquid-solid-gas
interface is present. The liquid may be said to be “suspended” atop and between the top

edges 30 of the asperities 24.

As will be disclosed hereinbelow, the formation of the liquid-solid-gas interface
depends on certain interrelated geometrical parameters of the asperities 24 and the

properties of the liquid. According to the present invention, the geometrical properties of

7



10

15

20

25

General ly, surface 20 will exhibit ultraphobic

properties when a liquid-solid-gas interface is
woradoapgdifed at the surface. As depicted in Fi geCTUS1004/011540

quuid 32 contacts only the 25 tops 28 and a portion

e 6 | asper.ities .
aspgities SLrhGE OSHELES B DR HEBRS ENEXIOeFItPPREDIF prifigios ot any
des%ahqﬁu&,réggm@t her gas, the requisite |iquid-solid-gas

|nterface is present. The liquid may be said to be

u ngded" ato and betmee .he to edges .30 of the. .
aspEPTTEsto 5 SRl A llouP oSk U P BRI B bf HTded into
umfd%ﬁlnafeésogs Qepichta Bdudlidny Qhitdd 38ss Iéﬂh%ﬁﬁaﬁg eaapaspemy 24. The
depends on certain interrel ated geometrical pararnetérs

arenflertskig ofisyperities (@ inech nuiforearep o prytbealssastbed g the equation:
liquid. According to the present invention, the
geonetrical properties of 7 WO 2004/093151
PCTHUS2684/ 011540 asperities 24 may be selected so (1)
that the surface 20 exhibits ul traphobi c properties at
any desired liquid pressure. Referring to the

rectangy/ @Ehe%béﬁﬂ% Qétw’é'érga??eﬁﬁ'es?mea%ufeﬁ% Ehefdds. MY be
dividedinto "uniformare 36 deplcted bounded by

dashed |ines, surroundi ng each asperity

ar eEoroPéH@mexs 2l RS Ger By e BB dr b hedensth of
Ib@ rzlgbd@{ggkgqgglgg equation: 8 = 12 2 (1) Y

s'the s ng between asperities neasured in
neters For asperities 24 with a square cross-section
as Bepgoted in Figs. 1d-3, the | ength of perineter
(p) of top 28 at top edge 30: 10 p = 4x, (2) where X

i s tvh@fea(&@qrdésyemydmthuﬂnmeér@rs Perimeter p may be
referred to as contact line" defining the |ocation

of the liquid-soli s interf Thg ntact lin
denBFeteiny) 185y ﬁereﬁe{rg? Jee® auinct ding, doiig e Tpfition of the
llqﬁgl% asl in'fh@fa@@r THE 'cBntﬁéthhleenﬁlge(t/@LUff tRE Surfdcs, \R/Hﬁh is the length
pr oduc the perineter (p) an he area 15 density

of @:fnt@@ ﬂjg@ p@n wyt a(r@z) oEthetshefnce, N:qbg prc(@):t of the perimeter (p) and the area
density of asperities () so that:

A=ps. (3)
For the rectangular array of square asperities depicted in Figs. 1d-3:
A =4x/y*. “)

A quantity of liquid will be suspended atop asperities 24 if the body forces (F) due
to gravity acting on the liquid are less than surface forces (f) acting at the contact line with
the asperities. Body forces (F) associated with gravity may be determined according to

the following formula:

F=pgh, (5)

where g is the density (p) of the liquid, (g) is the acceleration due to gravity, and
(h) is the depth of the liquid. Thus, for example, for a 10 meter column of water having an

approximate density of 1000 kg/m’, the body forces (F) would be:
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For the rectangular array of square asperities
depicted in Figs. 1 d-3: A= 4x/ y2. (4) A quantity of

WO papaiogB1wi | | be suspended atop asperities 24 iPCT/082004/011540
body forces (F) due 20 to gravity acting on the

B A e

assoc:| ated with gravity nay be determ ned according to
t heOf did cﬂ}m‘rr}gntﬂ chermiréace Forpeh(f) ¢&pend wh dIGeSugfa'CStenkien of the liquid

57 St B o N8 A SaBSREL Y PR o e
vertTcth‘P 9., thOto@MReenbi®f o thbChsPBitRE (9&8'aﬁ&m‘h pél?érﬂ? lcontact area of
havi ng an approxi mat € density of t he body

the liquiddd):(F) woul d be: 8 WD 2004/ 093151
PCT/U82004/011540 F = (1000 kg/ nmB) (9.8 m's2)(10 m =
(§ K%¥@Q s. On the other hand, the surface (6)
ces Y epénd on the surface tension of the liquid
(y) Its apparent contact angle wth the side 26 of
t helhes frae iadyassingcoptach apgls déen ) obatlifaid B3 giygn spid material is

deaqgggggﬁﬁf eséé gn%?@%ﬂ%%’ne%%u%«ﬁ aaﬁagagf g&sztga aﬁl@ Magid ona

surﬁes oPthe. météﬁlal'ﬂaelntgrds&nadnﬁnd iagygeritiont dah¢ trae gieanche, dhtact angle
of .aliquid nagjvens id nmat |aIis defi ned as
is readgly mgagurable Sy feehiiguet We &F‘ @st ati onary contact
angle of the liquid on a surface of the materi al
hav§igegigadibpadd | sﬁﬁa@SWﬁhiaEIbdi‘ﬁles Thigibit rtheir ady aﬂﬁairmmg contact
contact angle 10 is readily neasurable by technl
anglge Velug { Bva) qt rihg Fdenpf thesassEHered TP 598!a6hase %lYYthaEf‘éPe“ to the
verlih B BERRIS I B GY ALY (S BEl  rofAEnd RE R gl G
by @ ontoastfoldaved: e Wi t h respect to the vertical at the
si de of t he asperiti es (0,s) is related to the true
adv on o(0a,0) by ep or co as
foI gf@ é o+9 (r)-cp=0a, 0+Co-90. (7) By M
equatl ng F and f and soI ving for contact |ine density

A, By eanatingall apdfiead solvingefor genfasitlinepdenaifietiep cm@cnhgpntact line
deng‘%%ggr e{& e (iinay%re d%[e?ﬁil rﬁetdI fglgprléhlc{n‘fi‘é) Hﬁ%bﬁob% Bl%'f)glttfegfh é Surface:

— pgh
A= 1> 8
t ycos(@n’0+(o—90) ®)
where g is the density (p) of the liquid, (g) is the acceleration due to gravity, (%) is
the depth of the liquid, the surface tension of the liquid (y), ® is the rise angle of the side
of the asperities relative to the substrate in degrees, and (6, ) is the experimentally

measured true advancing contact angle of the liquid on the asperity material in degrees.

If A > Ap, the liquid will be suspended atop the asperities 24, producing an
ultraphobic surface. Otherwise, if A < Ay, the liquid will collapse over the asperities and
the contact interface at the surface will be solely liquid/solid, without ultraphobic

properties.

It will be appreciated that by substituting an appropriate value in the numerator of

the equation given above, a value of critical contact line density may be determined to

9
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A - Pgh (8 L cos 0 a0+ - 90~"' where gis the
density (p) of the liquid, (g) is the accel eration due
wo ooogrgsasty, (h) is 20 the depth of the |iquiPBCT/UR®04/011540

surface tension of the quuid (y), Co is the rise

des%%!% gurg cgttﬁaﬁ v&lggtptgggultrgﬂlgo reo(r_;,)Ie%t{eg %t ?‘We és&r\e/g aItn%u1t1thoef pressure.
The¥RRNbABRY Bk Ig¥neralerd wEed true advanci ng contact angle

of the liquid on the asperity material in degrees. If

A > AL, the liquidwll be suspended atop the

aspegli ﬁ ul t raphobi c surface. )

o her'wi gecosid , A+ o AL90')he liquid will collapse over

the asperities and 25 the contact |nterface at the

surface will be solely liquid/solid

ul t Whgtedbis dhe pagigam piegsurg undgr v lqbethg Elbrlfqgg mg%sé gxhibis pltraphobic
pro§¥ﬂ§¥ ?gﬂl%gr%l?g ﬁ&u%%& ly% ﬁ‘leVS%l‘nge feﬁsllnli‘ of ﬁféqﬁ{u‘?& ff Newtons

ven a a value of critica
peranettn & o is rtheee)qbenmentyllyrmeamweu@adnanﬁdg tonta@ arle of the liquid on
2004/ 093151 PCT/ US200 /01 540 desi surface that
the, gpqrity gretgrial @ ‘lergEFﬁFr RPEryd lsgtanéﬁ;’r“ festfsSed

amount of pressure. The equatr on may be generalized

as: Iths g&ieralﬁr&nﬁ%@fth@@wawm foried acddidingx theibove relations
]Er essure under which the surface nust exhibit
wil{ pxhibis HEpRObIg pfﬂpsﬁeﬁ pey a0y ligridgyesiiie Yedtes 4 daAd including the

Valﬁgto?rP u¥ed ?n & tﬁ)ﬁr (98%%0{/@”5]!‘ nul@lfa %LPE(?&P% s Will be exhibited

e ex er |
whn’daastheadrihcmm sadmrgcdnglbg:@tﬁdamta phot epnay of ﬂnquidr, quimpamted with
| al i

1ndé\§§1éa? > rgrr)l:egts a bbel Iﬁa g%reglgﬁeflaﬂgt g‘@n@ieglu'r? value P may be
seléditd §d Ratesk éﬂ%@t%r ﬁlaﬁ%é ?a(ig‘esg Qntﬁ&ﬁdi&ﬂh@rﬁﬁ%d"aﬁ& Préssulteto which

above rel ati ons exhibit ultraphobic properties
themam'eqr“awersmu@m@ri@rrmgs@r:@rol@ames up to and incl uding
the 10 value of P used in equation (9) above. The

ul t aphPBL GeRLIIRE ﬁﬁﬁ@&aﬁéﬁl thatOfie @aicbb Pdshlﬁﬁ‘ﬁtlgbeﬁeleagd so as to

surface is subnerged, subjected to a jet or spray of
pravidguandappoepriatepsedety dackirt to aqcmnt\fpmmlssumsdphfemsy bg tmagngritarily or

ol e LR bty PR S aST uhwion,

an@mlblcgu@a&‘@%rgl qgui d or vapor pressure to whi ch the
carrier will be subjected during use or cleaning.

If the surface 20 is intended for very low values of P where the liquid contact may
be in the form of droplets on the surface, the value of P must be selected to account for the
smaller apparent contact area of a droplet as opposed to a uniform layer of liquid. In
general, the apparent contact area (4) in square meters of a small droplet on the surface is

given by the relation:

L

where V is the volume of the droplet in cubic meters, and 6, is the apparent
advancing contact angle of the droplet on the surface. The critical contact line density Ar

parameter for suspending a droplet on the surface becomes:

10
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151t wll be generally appreciated that the val ue of
P shoul d be selected so as to provide an appropriate
W@ adoe93ifact or to account for pressures that nBYT/D82004/011540
nonentarily or |locally higher than anticipated,
di scontinuities in the surface due to tol erance

vari ati ons, t her ctors s5the surface 20
i s intended, M u@s‘cef ere the liquid
contact may V%r&e sird,t h o(msm‘eadr pllets on the

sur fAace; ,t 0 accoynt)
for the srmll (# @t gr#;t agbl)area of a dropl et as
opposed to a orm ayéf | i qui In general, the

appar ent contact area (A) in square neters of a swal

dr Opdh%fe Vhistthe v&luﬁfe&q&hé gro fgétviﬁrbubte fBRrs, %I 1atﬂh@aensﬁy (A of the
(1-cosOa) 3+ (1-cosOa sin

11(1§1|dn (@ l\zosthw@éeeéemmrs dugéo wvmhe(lﬁfls tthee d@ntbpq dhe |hquni,| kthft: surface
e [ t nci
teng‘rr:%l cfefs%l Q{Zﬁup @I) al %Eﬁ‘% ﬁ&? %ﬁeﬁg lj)f ftﬁéj S e_lonfgﬁ% %Qé]etr%%% relative to the
sulstnteait dddrexs, de nSIthéy apparerftaddaamdiey cﬁﬂﬁctsai@re B dfdplet on the
%pl@% n the surface becones: 10 WD 2004/ 093151
SWIERSE/ é@W/blfl%wxp@mm{@bt aseéﬁurfchn@@saévanczlgacom@t (@gple of the

hqﬁl'drbnoché- %eﬁ%eh ri ’1n eés. ]E411]a§12)n 1$ ﬁ@aﬁ/@ej\sgﬁl h%:gk theQalue of

re he volune o
P mld@teld fwtle!wspresgulresultrhlﬁlod’b&nslrfaﬁe{ ) exsurd thet tHel squade wit))suspend
the acceleration due to gravity, (h) is the depth
d“%i R he liquid, the surface tension of the liquid (7),
cois the rise angle of the side of the asperities
r el &nicw ¢het wltdef Gitkabedntadt ¢ink denkigrie dsteriied, Sthé Rémaining details

arent advanci ng. contact angl.e of the droplet on the
of By AR RO Py TR BT ASARATE o fBE A B of x and

y V4L iR dABGIRen qglntzﬁﬁﬁctaiﬂ&l Gerlfty L NR othérq\Hbﬁ{ls ofhbt Hdmetry of the

asperity material in degrees. Equation
sunfacef by be dsteswlinedhly vhdasimgothe value of elther x or y in the contact line

equation and solving for the other variable.

~

The liquid interface deflects downwardly between adjacent asperities by an amount
D, as depicted in Fig. 6. If the amount Dy is greater than the height (z) of the asperities 24,
the liquid will contact the substrate 22 at a point between the asperities 24. If this occurs,
the liquid will be drawn into space 34, and collapse over the asperities, destroying the
ultraphobic character of the surface. The value of D, represents a critical asperity height

(Z), and is determinable according to the following formula:

D=7, = d(l - cos (9 a0 T O — 18DO°))
2sin (@ ,,+ o —180")

; (12)

where (d) is the distance between adjacent asperities, o is the asperity rise angle,
and 6,0 is the experimentally measured true advancing contact angle of the liquid on the
asperity material. The height (z) of asperities 24 must be at least equal to, and is

preferably greater than, critical asperity height (Z.).

11
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P selected for | ow pressure ultraphobic surfaces to

ensure that the surface will suspend droplets. 10
wOname/093161 val ue of critical contact |ine densiPgI/iS2004/011540

determined, the remaining details of the geonetry of

::. 2|e ﬁ?ﬁgﬁé}i] tillb %Egsn’i)é-ﬁ gh d g;p%{‘ Eleg ﬁn’algl%g rd B%{ fisg{ e? other aspenty

gedinditias brelpoBebld € FS Examplé) ®1lag e WA radite ath% agﬁélﬁiﬁfeﬂ)m ¢fg. 9 oran
the surface may be determ ned by choosing the val ue
obiyse anglpap dﬁplétedyn ifig-t1e Coneralbt if ismecfemed, gaaft énb&hetween 80 and
1365 %%E%g for the other variable. 15 The liquid
ace deflects downwardly between adjacent
asperltles by an anount Dl as depicted in Fig. 6. If
t heltawidlalso bd appregjated et atwidn vahetyméuagtmtx shape$ ancharrangements

Sl Wi e sabtEh R sl e *Sir Sy 06 may oe

pol9BEdsals cylifidiRal af@épicted id Fie. drapncylintfis, P&Ceﬁlyaﬁheraﬁﬁ’table three
col | apse over the asperities, destroyingt
dinggnsioaghehsipe. dAAdditionr vasious Hirategios auay bemahm figematintige contact

in SPGB S04 ok A0REL LY. S 8, e ey v
ford(edl-vﬂ&ﬁ;( B&e@bﬁtu}nl'ﬂl)m)d)a Head portidnsin "ﬂleaalfgeﬂ'p&ﬁneteﬂ(ﬁﬂleéd portion
di st ance _bet ween adj ace

40 55 0 oep 9 hereses HeroniashBRs fsneity 6 bk Boe alsopeagirpsuch as
recb§€s @fépﬁﬁﬂ( %@%ﬂhé&’ Jpg*%s&k{q@ﬁtlésr YL B ANAHEIG P]‘léntlﬁ_ctg increase the

angl e of I'1 qui asperity nateria
pelmactgh at top )edgé 3&,stpa|eby ineseagisig wostactblineadenkien s The gpetitieomay also
greater than, critical asperity

)
be ﬁae"'“é‘Fﬁfof‘Té‘i&tﬁ Shtatod) Cos151 PeT LS2004! 011640
Al though in Figs. 1d-3 the asperity rise angle o is 90

degiTbe szpatitize rmas pe rarthygagemne tredtagumr arpgssl dkaissddofibove, in a

polg)g((gt}lmlgﬁhy gﬁqlﬂg%t ﬁ‘ﬁgggogé t : an ecfl i gepl t Ee)gr Ll,rg;lriéllﬂar or ovoid

an fedd. | Yihel 5sgé§tlé%r1%.ﬁf ra[s%dbé ?zﬁfdoﬁ@y Q?sn}i’lﬁlté!@ 89 180 3y ‘%he critical

0 degrees. al so be appreciated that a
commtuléteydmltms'pmrttgmgh eqﬂffésugn sluchr a2 saglenmearangennent may have less
thin the.sco esent.inyen
preﬁ c%eicbég( 4 n,lb Wﬁeqoblg Spﬁgperil? fgﬁﬁfl tlbegef%ﬁ% ﬁ%;ﬁ @a?fg &d. tIn such a random
arr@petirdt bf atpesitied]ahd 6figehl icBntatiObne ddmsik? and )thhdi‘Qél@kiﬁlt fakameters

any other suitable three dinmensional shape.

may tomerptualiged gt gvyesstiagthessurtage.bén thei ‘Eblecaf Ftlg 13, formulas for
calEﬁ’léﬁﬂE €6nt58 MR Censities for various other asperity shapes and arrangements are

listed.

Generally, the substrate material may be any material upon which micro or nano
scale asperities may be suitably formed and which is suitable for use in the processing
environment in which the carrier is used. The asperities may be formed directly in the
substrate material itself, or in one or more layers of other material deposited on the
substrate material, by photolithography or any of a variety of suitable methods. A
photolithography method that may be suitable for forming micro/nanoscale asperities is
disclosed in PCT Patent Application Publication WO 02/084340, hereby fully

incorporated herein by reference.
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line density of the asperities. As depicted in Figs.

14 and 15, the asperities 24 may be 10 forned with a
whame/ g6t i on 38 and a head portion 40. The | aPQBEDS2004/011540

perimeter of head portion 40 at top edge 30 increases

the.cont a Sit surface , .
F ocp P elpeh Ry B bttt 5 Rl 8 Guistar s depied shape and
spadifip hdlhdc BandaRBi acdietloded ini Y.S. Patehn® App ﬁéz&ﬁ»&el’dblmeatlon No.
perimeter at top edge 30, thereb |ncrea5| ng@con ac

200P{003 4565 mlyrostm@nwsfpfeqhﬁql?@é Ty SaPgsnt Ne. sdeit ﬁ%smlcrocontact
pl‘lIItl?lr maaéj %190164?:8 iry ua]?ent 1§0Thae9(ﬂ)sf)§1: ' §élf9§‘ss§ﬁylg@emetal colloid

rec ar array as drscusse
moﬂola)ltwi yagadigdlosad rlﬁyU Su Phteats 5609, 9b@,xmgﬂ0éahmpmga} disclosed in U.S.

e St oo sl b 05 P
5 Z?égﬂ' 'ngﬂ&ﬁgclﬁlﬂn% a8 %sgﬁ)séfﬁqhﬁfs tHafk oC %mo@%tSfil 4d1%el molding as

nsr‘ty i s mai ntal ne suc a random
disdosedrig dﬂrSnPambeaG,éBO 684 selffassbndﬂab hmnolaycla@tmtﬁdcpattemmg of

ropertjes, i.s therefo refe d. In S Ul
surfRicRaan 8086 Bid BHETONO gk [ eBemieneeigiing pdpetoredin US.
Pat&RnN%Ct6 34ln§89d Qﬁs 5313%6cPREnRIAE Nas! BisE6a iPaY 8MEHa@in$ Application
be ¢oncepfualized as averages for the surface. In

Pu‘tﬂhetlmramce 25)‘03FQ0678223 allf of mitiets afohereby| fplly dporgorated herein by

ot G b S SBL R OB PIE o AP et asperiy
geoPigds! atex eley loalcamm Beéncibe Fah&uies! afep@l@cm&adcm U.S. Patent
mcro or nano 25 scale asperities may be suitably

Applinetiee Brlioatpe hNps 200390518435 opnd, se00R(D186@83pr tlee shigrely fully

: t

eGS0 el 0 SNl S b fomed in

knovai gikethals bf pehting with icolleidd ioks. MOf eolrag ét wilbbe appreciated that any
mat er.i al . deposj t ed on the, substrate [

l, b ..
Othﬁlh grethad h}gg\ylgﬁlp]ymg{;o Jéqwscg}e QSR?EPP%FV‘YO sié#r{?% Iwé% the requisite
deﬂ@é%}?i{?clslﬁhnﬁ QiBlvetiagr aphy method that nay be

Sul orning mcro/nanoscal e asperities is 30
di scl osed in PCT Patent_ Appl.ication Publ | catio
02/ esemag applicatons, patticylarly yeses, Hieatasdethwtbnet frfysu\égcted to high

flufd® %E&Sl?&se T %eygjﬂ‘%ogﬁfagg q%‘riﬂ‘t § de! #%?%%ﬂ/d?%pg%g%ft% @rthat may

Rat may be suita
prebﬂpﬁatdecm cadlesdrape the dudpac nligppholok iefaca 20 magh ibai mgn@h with a

di sclosed in U S.. Pate |cat|onPbI|ca|o
CospR S GO I TR | APBLE HR GRS SN BL AP opPRIb techniques,
For &afifle, Wohirola &«%fm PTFE, OF 8iHeABblynRf bi2idrAUnAS be applied to the
di sclosed in Patent No 5,9 Oyllﬂgo sel f - azsen’gf)
polmbcbna@mlsuﬁ‘a@s of a carrier using gas phase polymenzatlon The resulting
ultraphobic surface 20 will be generally characterized by randomly shaped and arranged

asperities formed in the PFA material, and will be ultraphobic at low fluid pressures.

In another embodiment for low fluid pressure applications, a fractal ultraphobic
surface may be formed as a layer of material on the substrate. In one such embodiment, a
layer of alkylketene dimer (AKD) or similar material may be melted or poured on the
polymer substrate and allowed to harden in a nitrogen gas atmosphere. One suitable
method for forming an AKD surface is more fully described by T. Onda, et.al., in an
article entitled “Super Water Repellant Fractal Surfaces”, Langmuir, Volume 12, Number
9, May 1, 1996, at page 2125, which article is fully incorporated herein by reference.
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disclosed in US. Patent 5,252,835, nanonachining as
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surf aces i sclosed in Pat ent. No.
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usa 0 h epl t

Beatprad”sf BE 8T RERGIELafalr e, foulRE B €yl by eonerally
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2002/ 0098135 and 2002/0136683, al so hereby fully 15
actyal conpsst Hipe derdiemd pificabeeiftesi dine dansidy valyes ) qich surfaces are

r t
dlfﬁéﬂteﬁdl E%{tietzhtéﬁgm d tggt}m?%{}?rfo %Elniﬁgl gggﬁ%egﬁg%’vtnth%l %]ﬂ%%es will
extalpp lul-:traphbleld progertiesnif the coeactnigiehdshsity vmmecf()r the surface equals or
i nanpscal e asperities my be
ex %%uﬁ@ Gdieal sopied 10 sty Spiofhe $adf o UG sk, the actual
corﬁﬁﬂqlrﬁpﬂéﬂsf‘t?t\kfﬁpﬁece@%‘l% bl ﬁf |a¥erﬂ§he RalukN@r GRS rS'llﬁEcéNH{lé to the
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vartahdity of flamensions iand gmm@trst @f mémduaibl pspotities i additjom,disperity rise

hat. may .. preci pi.t ate condense surf ace,
angl Byin SisioS S5bP 11 HSuhe SO RETE a0 S B SURE0T:  1g
of polymer material applied using known chem cal vapor
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surface 20 will be generally characterized by randomy

shaped and arranged asperities fornmed in the PFA
material, and will be ultraphobic at |ow fluid
pressures. In another enbodinment for |ow fluid
pressure applications, a fractal ultraphobic surface
may be formed as a |layer of material on the substrate.

In one such enbodinent, a |ayer of alkyl ketene di ner

(AKD) or simlar material may be nelted or poured on

the 30 pol yner substrate and allowed to harden in a

nitrogen gas atnosphere. One suitable mnethod for

form ng an AKD surface is nore fully described by T.

Onda, et.al., in an article entitled "Super Wter

Repel | ant Fractal Surfaces", Langnuir, Volune 12,

Nunber 9, May 1, 1996, at page 2125, which article is

fully incorporated herein by reference.
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enbodi nent suitable for low fluid pressure

wa@ppkiogasi ons, polymer material, such as pol yppOpys®»n€011540
may be dissolved in a solvent, such as p-xylene. A
quantity of non-sol vent such as nethyl ethyl ketone
mayChaIMf8ded to the solution, and the solution
deposited on the carrier substrate. Wen the sol vent
IS Y39k Rifdtis@ porous, gel- 5 like ultraphobic
surtace structure will result. In each of the above
pol ynmer |ayers, the resulting surface will be
genkr al | 4 tray gairigr {5 articdes 99YDFsigoni y shaped and
arranged m croneter scale asperities. Although the
act ABbayCRIVIBLA shibsh@tedRton WitBndsugfac, £ ddasCOPbAoh JfisBR surface
density val ues for such surfaces are difficult to

havitegr armittiplieitie of substentizdlyi unifosmly ishaned disppréties| thereon to form an

oS S, MG Bl 655, M gl L it B8 o e

substiité peiioahalaspedities pEsiBQME sbhiatalid tlnaphoti©RiréRt dbfim® a contact
. density for the surface. For such surfaces, the actual
linedsmsifemepsipul iadneipis\pt gpntact e #ss squarsmpler ghsuifrse aiga equal to or
: e\l 6 : Labkl i f .
ercif i b Bbnhi g VLSRR ALD LB AR AL H 1R formpla
addition, asperity rise angle e) in equations 9 and
11 shoul ¢ be an aver&ge value for the surface. 15 The
present 1 ﬁv_eptd'o@ may gpe odied in other specific
forms without departing fromthe spirit or essential
attributes thereof, and it is, therefore, desired that
the present enbodi nent be considered in all respects
as illustrative and not restrictive. 14 WO 2004/ 093151
PCT 4 ' r : < :
Cragaadry e opates epsich b MUK 1 St ANTREDL i iiNeytons per
meulbspriattee pxpearinmmntaliyt hemusdrthecalvanting eastactaangter of tha liquid on

f said surf havi ng . I tiplicit . .

the SRR P 50 AR § & Dol iy e i, degishoyapd P s

prel@EmMiAcH 1igbidr ?féﬁﬁi_% Grahié’ fr2&kBogrBRE persSetet,t WhéleMi @ @ltraphobic
common asperi rise angle relative to the substrate

surfiee eklphits _tlHig : E,gid—gaseig‘_rep@gq viithribe ligpid qtt.diqulich gressures up to and
incfrljfl:g}ianéﬁﬁg g}%:cl%texﬁrllileitqlfe@ ﬁ&uig%frésrs]lfer% éf?lu]gom act line density

ers-or ‘conta ine per square neter of
surface area equal to or

2. The tray carrier of claim 1, wherein the body has a plurality of pockets,

each pocket adapted to receive a component.

3. The carrier of claim 1, wherein the asperities are projections.
4. The carrier of claim 3, wherein the asperities are polyhedrally shaped.
5. The carrier of claim 3, wherein each asperity has a generally square

transverse cross-section.
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greater than a contact |ine density value "AL"
determ ned according to the fornula: P AL _y cos O
WO 2@4/093061 - 90' where r is the surface tensi onPOf/US2004/011540
liquid in contact with the surface in Newtons per
meter, Oa,0 is the experinentally nmeasured true
advanci ng contact angle of the liquid on the asperity
material in degrees, co is the asperity rise angle in
degb.ees, Thadcapriérs of claired@t ewhémmind the qaspdrifpese sseir eylindrical or
val ue jn_kilogranms per nmeter, wherein the ultraphobic
cﬂ%@??%%b”%ﬁﬂ? its a liquid-solid-gas interface with the
liquid at liquid pressures up to and including the
predeterm ned |iquid pressure value. 2. The tray
carrier of claim1, wherein the body has a plurality
of pocke :ke : t [ s .
congbnen?ﬁegéﬁgﬁgfggﬁﬁi%f@ggg%fgfﬁgaéﬁ&%é¥§f%wPﬁ%ﬁnﬁwdlnthe
subssgerities are projections. 4. The carrier of claimS3,
wherein the asperities are polyhedrally shaped. 5. The
carrier of claim3, wherein each asperity has a
general ly square transverse cross-section. 15 WO
2004/ 093151 PCT/ US2004/ 011540 6. The carrier of claim
3, Bher elThe tdaeriers périleinesl, awberey ithelraspetitiesr are positioned in a
l§%%;afroLﬁgll shaped. 7. The carrier of claim1,
su PEPNTHE P E5Er i ties are cavities forned in the
substrate. 8. The carrier of claim1, wherein the
asperities are positioned in a substantially uniform
array. 9. The carrier of claim@8, wherein the
aspgriti i1t:1,.0 ' g .
ot car o BfielPRUALOE S hd RELANIM Ahou Bl o Mbtangutar
arrgubstantially uniform asperity height relative to the
substrate portion, and wherein the asperity height is
greater than a critical asperity height value "Zr "
in nmeters determ ned according to the fornmula:
Zd(l-cos%0n0+aa-180')) )
10. he carrier of claim 1, wherein the asperities have a substantially uniform

asperity height relative to the substrate portion, and wherein the asperity height is greater

than a critical asperity height value “Z_” in meters determined according to the formula:

d(l — cos (6'(,0+a) - 180°))
Z, = : -
‘ 2sin (0,,+ @ —180°)

where d is the distance in meters between adjacent asperities, 6,9 is the
experimentally measured true advancing contact angle of the liquid on the asperity

material in degrees, and ® is the asperity rise angle in degrees.

11. A process of making a tray carrier with an ultraphobic surface portion, the

process comprising:
providing a tray carrier including a substrate having an outer surface; and
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C=2sin0-"0+ CO- 180 where d is the distance in

nmeters between adj acent asperities, 0,,,0 is the
wezg@aendiment al | y nmeasured true advanci ng cont acPCEHO§10684/011540

of the quuid on the asperity material in degrees,

and N Wi re

or o g(gxghslh% }(tﬁ')%@ﬁg % suf)ét%rglra? %?fohﬂlr}/dglgape& tals%ergﬂleg o the outer

surfanef dalke pﬂj’stratraneachmperny bawsg accomﬁdlﬁasplntynﬁse\/angleﬂ@laﬁve to the
tra carrier including a supstrate having an out

RSO ie aTeeriNGS POYAPBBIYS e WEpG6hpp 210t line density
mefa%rgél ggmétefg-’éttdoﬁ{abf:hﬁ %é?fs FHORHAR B'{ @er’éée%f%aheg[ﬁm t§ or greater than

shaped asperities on t Quter surtface o
a Csnfbsltlmtcknsma‘dhuaaém&‘ rdeteymbed iapgprding cortherfoasyler i ty ri se
angle relative to the substrate portion, the
asperities posi tp oned so that the surface has a
contfact asured in neters of contact
line peﬂ’@&j@ne+n@re905f surface area equal to or
greater than a contact line density value "AL"
determ ned according to the fornula: P AL _y cos e +
CO - 90 where y is the surface tension of a liquid in
contact with the surface in Newtons per neter, 8a,0
i s Mﬁlereevqséhé mfucatdnyionmﬁadﬁqehﬂ ihrcustaeidwitn diersgrfacninaddawtons per
e of .the i on the asperity. material in
P g gpeiiuALe Fieesi FRE aianting Gontasbgraibef tgnfiavid on
thePaép‘érle niRHetis rngfh%ﬁl boi gufg &E@ﬁ@uﬁ% YALIMEinl fegrees, and P is a
ki 'ograns per nmeter, wherein the ultraphobic surface
pradgterpined liduid quesgursovalde daskilogragnsf pere mekarh whieesil ithgiudiraphobic

I [ 0.and udi.

su&%cg ege rltgh aﬁ ié(gf ﬁ léoﬁ& 4P 1ng%r£al§: m%ﬁﬁ ehqufggt ffﬂlgdﬁrgségrfg up to-and
moaxfdmg thie méubtenmﬁﬂeiqmdmessa&mmetl es are formed by

phot ol i t hography. 13. The process of claim11l, wherein

the asperities are fornmed by a process selected from

t he group consisting of nanomachi ni ng, m crostanping,

m crocontact printing, self-assenbling netal colloid

rmnélzayeffh@ atawpssc dforckemnildy osbopin thanespedtieni arg, formed by

| di ng, self-assenbl ed nonol ayer directed
ph?)t hhg , Cchem cal
13.  The process of claim 11, wherein the asperities are formed by a process

selected from the group consisting of nanomachining, microstamping, microcontact
printing, self-assembling metal colloid monolayers, atomic force microscopy
nanomachining, sol-gel molding, self-assembled monolayer directed patterning, chemical
etching, sol-gel stamping, printing with colloidal inks, and disposing a layer of parallel

carbon nanotubes on the substrate.

14. A process for producing a tray carrier having a surface with ultraphobic
properties at liquid pressures up to a predetermined pressure value, the process
comprising;

selecting an asperity rise angle;
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etching, sol-gel stanping, printing with coll oida

i nks, and disposing a | ayer of parallel carbon
woamwenedies on the substrate. 14. A process f orPCT/US2004/011540

producing a tray carrier having a surface with

glr ;%%? h%%n% 2 &Pélgegelgcrgh{ragtslb 15 denélﬂmlg ”Rfa Ssalélégr m&%p"t}?e t%rmula

sel ecting an asperity rise angle 17 WO 2004/093151

PCT/,US2004/ 014580 determining a critical contact |ine

denéﬂtyy tgvaL%s Vvzrdlng to the formula: P AL _y

cos 0 a; O + - 90 ere Pis the predeterm ned

pressure value, y is the surface tension of the

liquid, O0a,0 is the experinentally neasured true

advanci ng contact angle of the liquid on the asperity

mat ey j al, | e

an g}%iélﬁ;bl% F{)r ios\r/]tlhg ﬁ%@%ﬁng@& %éeﬁsgl\%rmksl ﬁl@ €L ?SEE?I? ; {é{che teﬁst?on of the liquid,

0,218l tHeoexpefignentallyl theasuted frye advanbmjgemnmg agglpest the a&:luﬁm on the

the substrate portion so that, the surface has an
aspgrtyUBdtersd A degrees, ard @dnteagpesigydse aglesr greater than

the critical contact line density. 15. The process of

Cl apyikiing 2bafi6 With BSuBBRRPoitiE add e for med using

photollthography 16 The process of claim 14, wherein

t he_ as erlt S are orne u5|n%%mhere

asp %p#cbip’rfg’d)rgggf Ht$ %8 eSS erséli)g}rate portion so that the

surfic6 ha$ Eu@ ﬁ&hﬁ‘lgoon?ﬁc@ 'Ilﬁ@ ABAAG o4l tBtdr NHeaterS@hh tIRSGRI¥AI édiact line
nmetal colloid nonol ayers, "atonmic force m croscopy

densivionachi ni ng, sol - gel nol ding, self-assenbled
nonol ayer directed patterning, chem cal etching,
sol -gel stanping, printing with colloidal inks, or by
di sposing a |l ayer of parallel carbon nanotubes on the
substrate 17. The Qess of claim 14, further
conpri si hBe tHecSE eBF | ldctVHIER e GiRATHICE afres fgped using

hdtQhthh perities. 18. The process of claim 14,
P urth%?p%%nprlslng the step of selecting an array

16.  The process of claim 14, wherein the asperities are formed using wherein
the asperities are formed using nanomachining, microstamping, microcontact printing,
self-assembling metal colloid monolayers, atomic force microscopy nanomachining, sol-
gel molding, self-assembled monolayer directed patterning, chemical etching, sol-gel
stamping, printing with colloidal inks, or by disposing a layer of parallel carbon nanotubes

on the substrate.

17.  The process of claim 14, further comprising the step of selecting a

geometrical shape for the asperities.

18. The process of claim 14, further comprising the step of selecting an array

pattern for the asperities.
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pattern for the asperities. 18 WO 2004/ 093151
PCT/ US2004/ 011540 19. The process of claim 14,

wo eoottlgdisconpri sing the steps of sel ecting at PEHES20041€11540
di mension for the asperities and determ ning at | east
one other dinmension for the asperities using an
equation for contact line density. 20. The process of
claim 14, further conprising the step of determning a
crit9.cal T]atsp@céslswﬂ‘cﬂzéighﬂ Vfatther cofmprisinignthesteps ©f selecting at least

o fiogian Fors SasiraARs deffonine B IRgehe pihe diregsion for the

aspBREMERM M e@ﬁﬁ[ﬂn 38 B&thdtilias da%[yo is the, true
advancing contact angle of the liquid on the surface

in degrees, and COis the asperity rise angle in
degrees. 21. Atray carrier for articles conprising: a
body having a substrate and a pol ymer outer |ayer on
t he2@ubsThapeacethof euiiar 14, Aiyther baniprgng thellsicpCef Wétkinining a
amltiplicity of asperltles thereon form ng an
critigal pspptiodicight salpe 4 frometsorarcgendinggo dhg fogmild; t he
asperities dlstrlbuted so that the surface has an
aver age ont ac I|ne densiyy equal to or greater than
a cri ticall c6nt tithe Wity value, and wherein
t he 0Itraahmb49 §ux@acqgeah|b|ts a |iquid-solid-gas
interface with fhe liquid'at liquid pressures up to
and including a predetermned |iquid pressure val ue.
22. The carrier of claim?21, wherein the critica
contact line density value "AL" is determ ned
acchgicng it and lgstdiet ! Astels bévedn %@ﬁc&taasgeﬁu&:}o&* 0 W'the. true
19 WD 2004/ 093151 PCT/ US2004/ 011540 " where'y is
adwneihg centeermigtsroighe dighidgen theisurfeeminadsigrasit andt s the asperity rise
and urffce N Newt ons per neter, 0,,0 is the
?Bl SEhET itally measured true advanci ng contact angle
of the liquid on

21. A tray carrier for articles comprising:

a body having a substrate and a polymer outer layer on the substrate, the outer
layer having a surface with a multiplicity of asperities thereon forming an ultraphobic
surface for contacting a liquid, the asperities distributed so that the surface has an average
contact line density equal to or greater than a critical contact line density value, and
wherein the ultraphobic surface exhibits a liquid-solid-gas interface with the liquid at

liquid pressures up to and including a predetermined liquid pressure value.

22. The carrier of claim 21, wherein the critical contact line density value “A;”

is determined according to the formula:

- P
y €os (9 a0 T O — 90°)

A, =
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the asperity material in degrees, co is the asperity
rise angle in degrees, and P is the predeterm ned

wO p@uiogBipr essure val ue in kil ograns per neter.P@BUSZh€011540
carrier of claim21l, wherein the liquid contacting the

surface i.s_.in form f dr.gpl et he cri t.ical

contaEE 1is e WA tepSompba GURER et St Spiidsgn Kvions per
meﬁe? €9, of RItA b@perifnental’d ﬁeasuréagtﬁ@ égdv(aﬁmﬁg%gﬁ‘t)acﬁé‘h le of the 11qu1d on

T-cosOa) sin Oa sin Ca AL Y cos (g
thec@pentsomtemmed&grc@, tohes th@I @ﬁlf!erltvf rlseh angle opl@grqen and P is the
it f the liquidin

pre %F%@P%ﬁé é;prega | é’a 834 }(’ I{I%e accel erati on due

to grawty in nmeters per second squared, (h) is the

depth of the liquid in neters, (y) is the surface

tension of the liquid in Newons per neter, co is the
av ei%”;lge "1"{1 @QBP%IQ{ ?ewﬁérg Ak 1 lgﬁﬁi &%&%ﬁhé lg&Ssurface is in the
relative e su eIn |

forﬁpcpfatrepibtsamdamelamglcmlmmt hmgd:rmtpf‘AtLﬁes dedemph@;t acgording to the
the surface, and (0Oa,(r)) is the experinentally

OT¥&sured true advancing contact angle of the liquid
on the asperity material in degrees. 24. The carrier
of claim 21, vvh rein thefol ymer out er tayer includes

a fluor opol 125055' raiess® clj&i m 21, wherein
the pol yrré’rg I—’_l-l'hy;'lj udera‘? | lket ene di mer.
process o mg 4 tray ]élzfr'rl with an

A
uItrAap‘hobl C surface portion, the ,pr ocess conpri si ng:
20 WO 2004/ 098%1)° BCETdsL@g(;)Md)&l%A)O providing a tray
carrier including a substrate having an outer surface;

32‘33&1 %%qhg‘g}ﬁ%te&?f’o E%glg}ﬁ%éurf aﬁl,cI %:)tre;so,g 1§E1£ ¢ depsity (o) of the

llqﬁlﬁrlil% snl%racu%tbeﬂ‘ﬂefe@' (Y M He £eBeRtibh e b QERES inth&ers per
ayer o
secongll squared, (lz) 1s the depth of the liquid in meters, (y) is the surface tension of the

liquid in Newtons per meter, ® is the average rise angle of the side of the asperities
relative to the substrate in degrees, 6, is the apparent advancing contact angle of the
droplet on the surface, and (0,0 ) is the experimentally measured true advancing contact

angle of the liquid on the asperity material in degrees.

24.  The carrier of claim 21, wherein the polymer outer layer includes a

fluoropolymer.

25. The carrier of claim 21, wherein the polymer outer layer includes

alkylketene dimer.

26. A process of making a tray carrier with an ultraphobic surface portion, the

process comprising:
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mat eri al having an outer surface with a nultiplicity
of asperities, the asperities distributed so that the
wabkdonaphiobi ¢ surface has a contact |ine densi tBRCT/US2004/011540
measured in neters of contact |ine per square neter
of surface area al .o or greater.than a critica
corﬁr%lfhnlg@ﬁéayc?éﬁ&gﬂl}‘ﬂ“ a¢ aéubgs&m@rhavwg@ﬁ@utﬂrﬁvréiﬁ%mdc
surface exhibits a liquid-solid-gas interface with the
| i qoirflingahe bit@phebip seFsder@stiotpby depusitinigne layell oipélymer material
gpedetern1ned [iquid pressure value. 27. The _ process
on Bre outan pHIESS URHEr aichemial Yapen deposiEign (DIpgesH: W@ 18 9% polymer

e
g oh P4 RS 0R0T By 000 S B
so thatlthepuiitdphobicanfaae hasa tdmthd’u éins derfséty endasurisid v m&karspﬁf contact line

nmeter, 9a,0.is_the experinent aII asured. t
per SAYHRANTIY elomHrCE %??g?@l%fto PR GRS e 8rPriicHLCanps e ensity

vahréakx%fe% tﬁermﬁiggf %ﬁ:ssurﬁge Ehibiia ﬁaﬁargoha-gag e ®RG it the liquid
dégr ees, Is the predetermned Iiquid pressure

at ligaiduypgessnrek up ogamhmciudimgrasredeteriined liquid pressure value.

27.  The process of claim 26, wherein the critical contact line density value

“Ar” is determined according to the formula:

- P

A= 4 cos(@ a0t @ — 900)

where v is the surface tension of a liquid in contact with the surface in Newtons per
meter, 6, is the experimentally measured true advancing contact angle of the liquid on
the asperity material in degrees, ® is the asperity rise angle in degrees, and P is the

predetermined liquid pressure value in kilograms per meter.
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