24 OCTOBER 2005 ~SC7 1 CFO 16372 L:J~S SURFACE TREATMENT METHOD AND
MATERI AL TREATED BY THE METHOD BACKGROUND OF THE | NVENTI ON 24 BGIIOBER 200%
I nvention The present invention relates to a nmethod of performng a

treat nent such as nodification, deposition, or etching o he rf a
solid material and a material treated by’ t%e met hod and(gﬂé %ﬁ E%fj&f
particularly, to a nethod of giving liquid repellency to a solid naterlal
surface and a naterial treated by the nmethod. Mre specifically, the
present invention relates to a nethod of giving liquid repellency only 15
to the surface of a solid material containing a polyner having on its side

chain a single bonding greupreick T&arhoMEaroMEamdhyti®gen atom by
di ssoci ati ng hydrogen atons fromthe solid naterial surface and at the sane

time substituting with a RATeaTegn TRE@TEdeR@nAME METHOD2, 3,..., m= 2n,
2n + 1) group, and a material treated by the nethod. Related Background
Art Conventionally, a functional solid naterial has been so devel oped that
its own physical properties 25 are effectively utilized. However, various
physi cal propeACKEROEN® GEqUIHERJINVENEOtle applications and

5 Field of the Invention
The present invention relates to a method of
performing a treatment such as modification,
deposition, or etching on the surface of a solid
material and a material treated by the method and,
10 more particularly, to a method of giving liquid
repellency to a solid material surface and a material
treated by the method.
More specifically, the present invention
relates to a method of giving liquid repellency only
15 to the surface of a solid material containing a
polymer having on its side chain a single bonding
group of a carbon atom and hydrogen atom, by
dissociating hydrogen atoms from the solid material
surface and at the same time substituting with a
20 carbon fluoride Cnfm (n =1, 2, 3,..., m = 2n, 2n +
1) group, and a material treated by the method.
Related Background Art
Conventionally, a functional solid material has
been so developed that its own physical properties
25 are effectively utilized. However, various physical
properties are required in device applications and

the like, so it is becoming more and more difficult



the like, so it is becomng nore and nore difficult 24 OCTOBER 2005 2 for
any single bulk material to well satisfy the required performance or
characteristics. In particular, a fluorine resin is used in 240CTO8ER 2005
pur poses by making use of its characteristi,c features, 5 such as inertness,
wat er repellency, oil repellency, and resistance to scratching, resulting
fromlow surface energy. For exanple, a fluorine resinis singly nolded
into parts and products having diverse shapes or used in the formof a
film Also, a 10 fluorine resin filmhaving one surface which is given
hydrophilic nature is used to cover parts having various shapes.
Furthernore, aokl ueri e dEsd Nbiidk Aiagealivad tid e 50| vent sand tised in the
formof a coating film Thus, a fluorine resin is used in a 15 wide variety
of applicati onsgandehencer fegasded azx dreerafteetytiuseful Imaterials. Even
when this fluorine resinis in the formof a film however, if a bulk
regi on of a cpataicudiaze a sfpuesene inestile fs lwsedninhiverbwlus regi on the 20
physi cal properties unique to the fluorine resin appear. For exanple, a | ow
har dness decrpasesseise Picuta khgar esiestancie; s sohahactielrmsitsl o ez tyrear with
a knife. In the case of nolding, a high glass transition point decreases
the flowali|isychand tiHisr PBe akeyapredcitsifont Mor@y ngodif rie@@itl arocper f or m

Al so,
and resistance to scratching, resulting from low

surface energy. For example, a fluorine resin 1is
singly molded into parts and products having diverse
shapes or used in the form of a film. Also, a

10 fluorine resin film having one surface which is given
hydrophilic nature is used to cover parts having
various shapes. Furthermore, a fluorine resin is
dissolved in a solvent and used in the form of a
coating film. Thus, a fluorine resin is used in a

15 wide variety of applications and hence regarded as
one of very useful materials.

Even when this fluorine resin is in the form of

a film, however, 1if a bulk region of a certain size
is present in the film, in this bulk region the

20 physical properties unique to the fluorine resin
appear. For example, a low hardness decreases the
cutting resistance, so the film is readily cut with a
knife. In the case of molding, a high glass
transition point decreases the flowability, and this

25 makes precision molding difficult to perform. Also,
in the case of solvent coating the material is

limited to a fluorine polymer which dissolves in a



in the case of solvent coating the material is limted to a fluorine

pol ymer which dissolves in a 24 OCTOBER 2005 3 sol vent,

so the inertness,

wat er repellency, oil repellency, and resistance to scratchi24PE@EORER 2088ch
the characteristics of PTFE. Additionally, ;a_high curing tenperature
restricts the base material that 5 can be coated. Furthernore, the original
physi cal properties of a fluorine resin also pose problens: a |l|arge |inear
expansi on coefficient causes deformation in a high-tenperature environnent,
and a high chargeability Iimts uses in the vicinity of charge 10 carriers.
If, therefore, it is possible, instead of processing a fluorine resin
material itseddlvéntaddo tde chasacheskst waseof rwedd Lbenag,rediln only to
surface region thereof while the original bulk 15 physical characteristics
of a base matespallandg,ofandanres ganaoceater isalrajrclorgande- nedr gard ch
conposite material are fully utilized, a wder variety of functions can be
achi eved. As théscherhod.e diapganeseo PabPEht - AppHidd&tiicare L 20, Lai didben No.

6- 340759 discloses a nethod of nodifying a plastic material having a CH
bond by exci®ihgnyi §eOPeHRUTS, TeAES Iptisort e tP3 e ehehesladesdrdtbes a

met hod by which, in an atnosphere of a conpound or m xture which contains a
first atom can be coated. Furthermore, the original physical

properties of a fluorine resin also pose problems: a

large linear expansion coefficient causes deformation

in a high-temperature environment, and a high

chargeability limits uses in the vicinity of charge

10 carriers.

If, therefore, it 1is possible, instead of

processing a fluorine resin material itself, to add

the characteristics of a fluorine resin only to

surface region thereof while the original bulk

15 physical characteristics of a base material made of

an organic material or organic-inorganic composite

material are fully utilized, a wider variety of

functions can be achieved.

As this method, Japanese Patent Application

20 Laid-Open No. 6-340759 discloses a method of

modifying a plastic material having a C-H bond by

exciting light. That 1is, this prior art reference

describes a method by which, in an atmosphere of a

compound or mixture which contains a first atom

25 having a bond energy of 80.6 kcal/mol or more with

respect to a hydrogen atom and a second atom or

atomic group whose bond energy with respect to the



25 having a bond energy of 80.6 kcal/nol or nore with respect to a hydrogen
atom and a second atomor atom c group whose bond energy with respect to
the 24 OCTOBER 2005 - 4 first atomis smaller than the opti 2l OGHOBER 2105
the exciting light, the interface between,the plastic material and the
conpound or m xture is directly or indirectly irradiated with ultraviolet
| i ght having a 5 photon energy of 80.6 kcal/nol or nore. In this manner,
the plastic material is dehydrogenated via the first atom and substituted
with the second atom or atomi c group. As the conpound or mxture, fluorine
conmpound exanples are presented in Exanples 10 11, 27, and 31. SUMVARY OF
THE | NVENTI OX 1 ns t he teanfiiggwmat i bar ot hdapaheseRatelt eMppliycati ahd-ai d- Open
No. 6-340759 descri bed above, 15 however, variations in the nmanufacturing
condi ti ons preaduteihar ge qrar,i athensntarfheepérftoramncehof pihet icont act angl e
owing to the substitution nmechanism Since this requires severe nmanagenent
of the manufrezctering eoddithieonsompound dirf fiiculurd ol § cdhr20thiygldly stably
surface-treated sanples with high yield. That is, the present inventors
conduct ed exbedinmentd voyi nriwed et éddwvdEdc bilbed vilp {Exahpyet2hasfingapanese
Pat ent Application Laid-Open No. 6-340759. Consequently, when a sanple was
irradi at e@ wipmoRAn energy of 80.6 kcal/mol or more. 'In this

manner, the plastic material is dehydrogenated via

the first atom and substituted with the second atom

or atomic group. As the compound or mixture,

fluorine compound examples are presented in Examples

10 11, 27, and 31.

SUMMARY OF THE INVENTION
In the configuration of Japanese Patent
Application Laid-Open No. 6-340759 described above,
15 however, variations in the manufacturing conditions
produce large variations in the performance of the
contact angle owing to the substitution mechanism.
Since this requires severe management of the
manufacturing conditions, it is difficult to form
20 highly stably surface-treated samples with high yield.
That is, the present inventors conducted
experiments by the method described in (Example 2) of
Japanese Patent Application Laid-Open No. 6-340759.
Consequently, when a sample was irradiated with an
25 ArF laser while being in close contact with an
aqueous solution prepared by dissolving 2 g of boric

acid (H3BO3) in 50 cc of water, the aqueous boric



25 ArF laser while being in close contact with an aqueous sol ution prepared
by dissolving 2 g of boric acid (H3BG3) in 50 cc of water, the aqueous
boric 24 OCTOBER 2005 5 acid sol ution absorbed |ight upon Ar R4QEEOBER 2005
irradiation, and this worsened the effictegpy_of the substitution reaction.
Addi tionally, the thickness of the aqueous boric acid solution sonetines
produced 5 variations in the substitution reaction. Accordingly, the
present inventors studied a substitution nmechanismfor efficiently
perform ng substitution without any variations produced by the thickness
of the aqueous boric acid solution or the 10 |i ke, and have found a novel

substitution sechaBosmt idhesiebyrdeti ViiRghta spishagert 1gaerent stabilization
met hod. I n particular, the present inventors have found a nmethod by which a

physi cal propertydiateaver,sidbhe€ phosessrdsegicdl tiye hokdscianayneihochef 15
adding high liquid repellency to the surface of a plastic material having a
C-H bond in i$sbsuiftated ol ayesictibni.s Addabjiectalofy t hehpresénkniemsenti on to
provi de a surface treatnent nethod capable of 20 extendi ng application
regi ons by naoht ahri agiussits therisurftace ssharatoer ssmetsmarsd thudkuced
characteristics, and capable of achieving both high Iiquid repellency and
hi gh productivaryations in the substitution reaction.

Accordingly, the present inventors studied a
substitution mechanism for efficiently performing
substitution without any variations produced by the
thickness of the aqueous boric acid solution or the

10 like, and have found a novel substitution mechanism,
thereby deriving a surface treatment stabilization
method. In particular, the present inventors have
found a method by which a physical property
irreversible process logically holds in a method of

15 adding high liquid repellency to the surface of a
plastic material having a C-H bond in its surface
layer.

It is an object of the present invention to
provide a surface treatment method capable of

20 extending application regions by maintaining both the
surface characteristics and bulk characteristics, and
capable of achieving both high liquid repellency and
high productivity.

To achieve the above object, the present

25 invention provides a surface treatment method of

treating the surface of a material to be treated, by

irradiating with light the material to be treated and



To achi eve the above object, the present 25 invention provides a surface
treatnment nmethod of treating the surface of a nmaterial to be treated, by
irradiating with light the material to be treated and 24 OCTZBERTORER 2085 a
medi ating material in contact with each_p%?ej, characterized in that the
medi ating material itself causes substantially no interaction upon
irradiation wth light, and the surface of the material to be 5 treated is
treated by provision of chemical reaction field, in which a substituent of
the material to be treated and an atom of atom c group of the nediating
material is induced by excitation at the same tinme, by irradiating with
~light by usi agnthe dtogi¢aha i8rpaaduet w@fnttdet contactaicht erfrace, bet ween t he
material to be treated and the nediating naterial and the |ight

i rradi ati on reagirer,tdhierebyinatsiang tared mgpt Dyt £s§i ng thenddd istsd of
transition. The nmethod is also characterized in that bond 15 energy by

whi ch the substistiserstub stdacedaby vexe tiattieoracf iom tibhennatrerddalat bobe treat ed
in the chemcal reaction field is subjected to captive transition bonding
by the atom woitat dnightgr oaupdi hbgcsd i cexet t Bt onategmatlthd aredk at i ng
material is larger than 20 a | arger one of bond energy between the
substitueht teratiesl et ek Farted %éf et et @Mdoa RREFiLLadt diRamel obond

ener bet ween the atomor atomi c_group of th
gy field, %n.wh{ch a sug%ti uent o% the material to be

treated and an atom of atomic group of the mediating
material is induced by excitation at the same time,
by irradiating with light by using the logical
10 product of the contact interface between the material
to be treated and the mediating material and the
light irradiation region, thereby causing and
progressing bonded state transition.
The method is also characterized in that bond
15 energy by which the substituent induced by excitation
from the material to be treated in the chemical
reaction field is subjected to captive transition
bonding by the atom or atomic group induced by
excitation from the mediating material is larger than
20 a larger one of bond energy between the substituent
of the material to be treated and a matrix atom and
bond energy between the atom or atomic group of the
mediating material and the matrix atom.
The method is further characterized in that the
25 light which irradiates the material to be treated and
the mediating material has a wavelength having photon

energy larger than a larger one of bond energy



medi ating material and the matrix atom The nethod is further characterized
inthat the 25 light which irradiates the naterial to be treated and the
medi ati ng material has a wavel ength havi ng photon energy | ar2fec@CTOBER:2005

| arger one of bond energy 24 OCTOBER 2005 - 7 between the substituent of
the material to be treated and a matrix atom and bond energy between the
atomor atomc group of the nediating material and the matrix atom 5

Al so, the present invention for achieving the above object is a nethod of
treating the surface of a material to be treated having a single bonding
group of a carbon atom and hydrogen atomon the surface, characterized in
that while thetméeni ahet et tdlchierat ed ithd maoont el wot bea Joaptied
mediating material which is an aggregate of a polynmer having on its nain
chai n an et hexndoadinagrdxouwrandaad cavhanenfdrapr ilget @Gagm the=altor2,03, ..., m
= 2n or 2n + 1) group, the contact interface between the material to 15 be
treated and tdeomedi gtbng wHt erlial médibtiadi ategtbrivt haobt tée alagtr ¥:adi ati on
havi ng a wavel ength of 221.4 to 351.6 nm thereby substituting a hydrogen
atomin the sAthghe bonding group of a carbon atomand the hydrogen atom on
the surface of the material to 20 be treated with the carbon fluoride group
in the nediating Mete?i aFhcardafrdi ¥ yimgeRhecsufPdca PFieheng the

above object is a method of treating the surface of a
material to be treated having a single bonding group
of a carbon atom and hydrogen atom on the surface,
characterized in that while the material to be

10 "~ treated is in contact with a liquid mediating
material which is an aggregate of a polymer having on
its main chain an ether bonding group and a carbon
fluoride CnfFm (n =1, 2, 3,..., m = 2n or 2n + 1)
group, the contact interface between the material to

15 be treated and the mediating material is irradiated
with ultraviolet radiation having a wavelength of
221.4 to 351.6 nm, thereby substituting a hydrogen
atom in the single bonding group of a carbon atom and
the hydrogen atom on the surface of the material to

20 Dbe treated with the carbon fluoride group in the
mediating material, and modifying the surface of the

material to be treated.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a schematic view showing a means for
performing a solid material surface treatment

according to the present invention;



material to be treated. BRI EF DESCRI PTION OF THE DRAWNGS 25 Fig. 1 is a
schematic view show ng a neans for performng a solid nmaterial surface
treatnent according to the present invention; 24 OCTOBER 2023 @CFOBER200S a
graph showi ng the water repellency characteristics of an enbodinent; Fig. 3
is a graph showing the water repellency characteristics of a conparative
exanple; 5 Fig. 4 is a view show ng the nechanismof treating the surface
of a material to be treated according to this enbodinent; Fig. 5is a view
showi ng the nmechanismof treating the surface of a material to be treated
10 according to the conparative exanple; Figs. 6A, 6B and 6C are schematic
views showi ng the Bugfateicordidgrasts shothaegmaher ivaltss # ordyee i i eatosd
according to the enbodi nent and the conparative exanple; and 15 Fig. 7 is a
schemati ¢ vi evnhafaahetrhert imeanst fan epepflomeirtg t he solid material surface
treatment according to the present invention. DETAILED DESCRI PTION OF THE
PREFERRED EMBODI MENFS5 .20 Tlse aclpraeht eshsviiogf darura tefr t heppl éseomty
invention will be described in detail below. This characteristic feature of
the present characteristics of a comparative example;
5 Fig. 4 is a view showing the mechanism of
treating the surface of a material to be treated
according to this embodiment;
Fig. 5 is a view showing the mechanism of
treating the surface of a material to be treated
10 according to the comparative example;
Figs. 6A, 6B and 6C are schematic views showing
the surface conditions of the materials to be treated
according to the embodiment and the comparative
example; and
15 Fig. 7 is a schematic view of another means for
performing the solid material surface treatment

according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 The characteristic feature of the present
invention will be described in detail below.

This characteristic feature of the present
invention is to perform a surface treatment by
providing a chemical reaction field, in which a

25 substituent of a material to be treated is induced by
excitation and at the same time an atom of atomic

group of a mediating material which causes



invention is to performa surface treatnent by providing a chem ca

reaction field, in which a 25 substituent of a material to be treated
excitation and at the sanme tine an atom of at om 24 QCTOBERf2085
nmedi ating material which causes 24 OCTOBER,2005 - 9 substantially no

i nduced by

interaction upon irradiation with

excitation,

by irradiating with light the naterial to be treated and

medi ating material in contact with each other by 5 using the | ogical

of the contact interface between the material to be treated and the
mediating material and the light irradiation region, thereby causin
progressi ng bomdetastate 1ty ansi 1he8rakhibhe yyesent raaventioen,wiachmt eri al

whi ch when

10 used al one causes substantially no interaction upon

irradiati on wiidnhti ghtn sisuseda hsnéhesnedidaiday byeteciaktither éfor e,
energy obtained by irradiation with light is not used in excitation
transition ofithediediaty mgtat eight. the Asdwmdiagl yo he vaeiadtddnsndr e

produced in the substitution reaction by the thickness of the nediating
material in contaoediwath nhenaee eipdl 1no dsetactearedh Secht leg hstibseytuti on
reaction can be perforned nore efficiently. 20 Also, a chem cal reaction

field in whi chSihg tEebdta%ient PROEHE tnat

10

15

20

25

between the material to be treated and the mediating
material and the light irradiation region, thereby
causing and progressing bonded state transition.

In the present invention, a material which when
used alone causes substantially no interaction upon
irradiation with light is used as the mediating
material. Therefore, the energy obtained by
irradiation with light is not used in excitation
transition of the mediating material.

Accordingly, no variations are produced in the
substitution reaction by the thickness of the
mediating material in contact with the material to be
treated. So, the substitution reaction can be
performed more efficiently.

Also, a chemical reaction field in which the
substituent in the material to be treated is induced
by excitation and at the same time the atom or atomic
group in the mediating material is induced by
excitation is provided by the contact interface
between the material to be treated and the mediating
material. This improves the efficiency of bonded

state transition and makes efficient substitution

is

| i ght when used al one is induced by

t he
pr oduct

g and

t he

i ¢onbactr éatéd 13C¢ nduced



by excitation and at the sane tine the atomor atomc group in the

medi ating material is induced by excitation is provided by the contact
interface 25 between the naterial to be treated and the nedi 24igTORERZ004|
This inproves the efficiency of bonded State transition and nakes efficient
substitution 24 OCTOBER 2005 - 10 feasibl'e. This nmechanismof treating
only the surface of a material to be treated according to the present
invention will be described in detail belowwith 5 reference to Fig. 4.
This enbodi ment relates to an exanple in which a liquid nediating materi al
which is an aggregate of a polyner having on its main chain an ether
bondi ng group=adhaecarbon fluoride ChFm(n =1, 2, 3,..., m 10 = 2n or 2n
+ 1) group is used as the nediating material which when used al one causes
substantially no iTH®s acétbhantupen dff radiat ion whil kheghtsu@afaca offat eri al
having on its surface a single bonding group of a carbon atom and hydrogen
atomis used asndbheriblnibelalt tenbedt aeabeding g.o 4£hs presewtf or
expl ai ning the mechanism of treating the surface of a material to be
treated accormvegtiont We lgr éserdesayehetlonn Refterkl leptowFvgth 4, (1)
indicates a nediating liquid material region; 20 (2), a boundary region

bet ween a°nmedfef¢hgnFeqlicd F19- 4-

This embodiment relates to an example in which
a liquid mediating material which is an aggregate of
a polymer having on its main chain an ether bonding
group and a carbon fluoride Cnfm (n =1, 2, 3,..., m

10 = 2n or 2n + 1) group is used as the mediating
material which when used alone causes substantially
no interaction upon irradiation with light, and a
material having on its surface a single bonding group
of a carbon atom and hydrogen atom is used as the

15 material to be treated.

Fig. 4 is a view for explaining the mechanism
of treating the surface of a material to be treated
according to the present invention. Referring to Fig.
4, (1) indicates a mediating liquid material region;

20 (2), a boundary region between a mediating liquid

material and a material to be treated having a C-H

group on its side chain; and (3), a region of the
material to be treated. (a) to (c) in (1), (a) to
(e) in (2), and (a) to (c) in (3) schematically

25 represent photochemical reactions in the respective
regions when these regions are irradiated with

ultraviolet radiation.



material and a material to be treated having a GH group on its side chain;
and (3), aregion of the nmaterial to be treated. (a) to (c) in (1), (a) to
(e) in (2), and (a) to (c) in (3) schematically 25 represent 24/QCTHQRBERiI2086
reactions in the respective regions when ese regions are irradiated with
ultraviolet radiation. 24 OCTOBER 2005 - 1 In the present invention, an
exposed, devel oped negative photosensitive resin containing an alicyclic
epoxy resin as its main conponent is used as the nmaterial to be treated.

Al so, perfluoroether 5 (chem cal nane: perfl uoropol yoxetane, trade nane:
DEMNUM (manuf actured by DAIKIN I NDUSTRIES, LTD.) is wused as the nediating
material. A Kryptonifil ubei peeeegitmeintvaset oheanm( Edpoded) / dol e lepetd ed from
an ultraviolet laser 10 oscillator and having an optical wavel ength of 248.4
nm i rradi at esnpgatliver gpoltyetdes iasva mediiat icmntambéngabnr epriesented by t he
followng formula. Chem cal fornula of perfluoropolyether F- (CF2CF2CF20)
1CF2CF3 (n: iapeggr)ek3mThes ehistwdinl coapalsstt ragdi asednagexdiarer |aser) is
transmtted through the perfluoropol yether with no 1ight absorption, and
reaches the suffagéadf t® Jutidreanedri ahlgor onse ilneareatheBwever, in terns

of quantum optics, the passing of ultraviolet photons
5 (chemical name: perfluoropolyoxetane, trade name:

DEMNUM (manufactured by DAIKIN INDUSTRIES, LTD.) 1is
used as the mediating material.

A krypton fluorine excimer laser beam (114
kcal/mol) emitted from an ultraviolet laser

10 oscillator and having an optical wavelength of 248.4
nm irradiates perfluoropolyether as a mediating
material represented by the following formula.
Chemical formula of perfluoropolyether

F- (CFCF,CF,0) ,CFCE3 (n: integer)

15 The emitted ultraviolet radiation (excimer laser) is
transmitted through the perfluoropolyether with no
light absorption, and reaches the surface of a solid
material 7 to be treated. However, in terms of
quantum optics, the passing of ultraviolet photons

20 strictly means that no photon energy absorption takes
place; if an energy level which transits by absorbing
photons exists, absorption of photons occurs to
produce an action. That is, a photochemical reaction
can be locally generated by providing an

25 energetically stable level.

In the mediating liquid material, as indicated

by (l1)-(a), the energy exceeding the potential



20 strictly neans that no photon energy absorption takes place; if an
energy level which transits by absorbing photons exists, absorption of

phot ons occurs to produce an action. That is, a photochen c24 QCHIBEB2008an
be locally generated by providing an 25~enﬁgg§tically stable level. In the
mediating liquid material, as indicated by (1)-(a), the energy exceeding
the potential 24 OCTOBER 2005 - 12 barrier of the single bond energy of a
carbon atom and oxygen atomis about 76 kcal/nol. Wen the ultraviolet
wavel ength is about 357 nmor |less, the photon energy is about 76 kcal/ nol
or nore, so this 5 energy exceeds the potential barrier of the single bond
energy of a cpsbencat om amd axygehe aboAdasnangetdera ge@uponAecandi ngly, as
indicated by (1)-(b), an oxygen atom can dissociate as an ion froma carbon
atom Howeverandnoayygen aatcom ad osleoins Ukstkalkllemslo. 10WHdre thée of an oxygen
atom al one is short. Therefore, even when dissociating as an ion froma
carbon at om uahrexygér tat@mme emediht eby abaditat¥s/ auphotonelsavi nghet he sane
energy to return to the original |evel (&1)- (c)). That is, when observed
fromthe out spdetehi $NEF Gy lefuivarent 6t écieddidd 9adhatriPensoa Phot on havi ng
t he sane phase, sane polarized |light, sanme wavel ength and sanme propagation
directionds PREFEVe@XCSedhethobReFfatieh DTdikidesOt hafensichaies have

t aken
bond energy of a carbon atom and oxygen atom as an

ether group. Accordingly, as indicated by (1)-(b),
an oxygen atom can dissociate as an ion from a carbon
atom. However, an oxygen atom alone is unstable, so
10 the life of an oxygen atom alone is short. Therefore,
even when dissociating as an ion from a carbon atom,
an oxygen atom ilmmediately radiates a photon having
the same energy to return to the original level ((1)-
(c)). That is, when observed from the outside this
15 1is equivalent to induced radiation; a photon having
the same phase, same polarized light, same wavelength,
and same propagation direction is radiated, so the
observation indicates that no changes have taken
place. That 1is, this 1is equivalent to the occurrence
20 of nothing.
In the material to be treated, on the other
hand, as indicated by (3)-(a), the energy exceeding
the potential barrier of the single bond energy of a
carbon atom and hydrogen atom is 80.6 kcal/mol. When
25 the ultraviolet wavelength is 351.6 nm or less, the
photon energy is 80.6 kcal/mol or more, so this

energy exceeds the potential barrier of the single



pl ace. That is, this is equivalent to the occurrence 20 of nothing. In the
material to be treated, on the other hand, as indicated by (3)-(a), the
energy exceeding the potential barrier of the single bond e24 QGTQBER 2005
carbon atom and hydrogen atomi-s 80.6 kcal{gol. VWen 25 the ultraviol et

wavel ength is 351.6 nmor |ess, the photon energy is 80.6 kcal/nol or nore,
so this energy exceeds the potential barrier of the single 24 OCTOBER 2005
- 13 bond energy of a carbon atom and hydrogen atom Accordingly, as

i ndicated by (3)-(b), a hydrogen atom can dissociate as an ion froma
carbon atom However, a hydrogen atomalone is unstable, so the |life of a 5
hydr ogen at onbahaneniex ghast . a Therbbor et @vematiepdrdysaoeitati.ng as an i on
froma carbon atom a hydrogen atomimmedi ately radi ates a photon havi ng
the same enehRgyotrdimetiuyr,n 4® theéioritgichdy | et (¥ 3) a( bydrogEmatatsp when
observed fromthe outside this is 10 equivalent to the occurrence of no
change, sinm |aant distswerigboveasase. Howeleon bdycprovindiaipra- nelwvevel, (a
so-call ed donor or acceptor |evel) at which oxygen atons dissociated as

i ons are captarbddrassor @R atons dist AV teikeke phopoRbeodédss o amd this can
bring about a photochem cal reaction. In the present invention this
capture | ével DVSTROG ddePTon t RBSstiFf 6@ 1F- o Therefore, even when

dissociating as an ion from a carbon atom, a hydrogen
atom immediately radiates a photon having the same
energy to return to the original level ((3)-(c)).
That 1is, when observed from the outside this is

10 equivalent to the occurrence of no change, similar to
the above case.

However, by providing a new level (a so-called
donor or acceptor level) at which oxygen atoms
dissociated as 1lons are captured, absorption of

15 ultraviolet photons occurs, and this can bring about
a photochemical reaction. In the present invention,
this capture level is provided on the surface of a
solid material to be treated, i.e., on the contact
interface between the mediating liquid material and

20 the material to be processed having a C-H group on
its side chain. This will be explained below. An
organic material 1is formed on the surface of a solid
material to be treated, and single bonds of carbon
atoms and hydrogen atoms are present on the side

25 chain of an organic material polymer (Fig. 6A). On
the other hand, single bonds of oxygen atoms and

carbon atoms are present in the mediating liquid



solid material to be treated, i.e., on the contact interface between the
mediating liquid material and 20 the material to be processed having a CGH
group on its side chain. This will be explained below. An @AQRGTRBRR{2805a
is forned on the surface of a solid naLemL@L_to be treated, and single
bonds of carbon atons and hydrogen atons are present on the side 25 chain
of an organic material polynmer (Fig. 6A). On the other hand, single bonds
of oxygen atons and carbon atons are present in the nmediating liquid 24
OCTOBER 2005 - 14 material in contact with the solid material. As

indicated by (2)-(a), the energy exceeding the potential barrier of the
singl e bond enetgyief an carbonc-tatwhtandhexygdn dtrontésiabout2€6 kcal /nol. 5
Al so, the potential barrier energy of the single bond of a carbon atom and
hydr ogen at omodaitheedr pani (@) pod ynethsi deechpi reiced8didgktak/ mol . Wien t he
ultraviolet wavelength is 351.6 nmor |ess, the photon energy is 80.6

kcal /mol or npoeenThad bGrengyed (o exckedsinke epdiawrd i @ahebakr cdr aof the single
bond energy of a carbon atom and oxygen atom and al so exceeds the
potential bareaebonfatha sintylexpoad 26a8r g¥ o fearl bokicatdmodnd hydr ogen
atom That is, this energy induces dissociation of an oxygen _atom 15 and
hydr ogen & oml28/i kBic Wyt 3 b)Pebyiert kerditf 0 f ahhBxyaes 1& diramnd

hydr ogen at om
y g of a carbon atom and hydrogen atom on the organic

polymer side chain is 80.6 kcal/mol. When the
ultraviolet wavelength is 351.6 nm or less, the
photon energy is 80.6 kcal/mol or more. This energy

10 exceeds the potential barrier of the single bond
energy of a carbon atom and oxygen atom and also
exceeds the potential barrier of the single bond
energy of a carbon atom and hydrogen atom. That is,
this energy induces dissociation of an oxygen atom

15 and hydrogen atom. As indicated by (2)-(b),
therefore, an oxygen atom and hydrogen atom
dissociate as ions from carbon atoms.

The single bond energy of an oxygen atom and

hydrogen atom is about 109 kcal/mol, i.e., larger

20 than about 76 kcal/mol as the potential barrier
energy of the single bond of a carbon atom and oxygen
atom as an ether group, and larger than 80.6 kcal/mol
as the potential barrier energy of the single bond of

" a carbon atom and hydrogen atom on the organic

25 polymer side chain. Accordingly, when an oxygen atom

and carbon atom form a single bond, the energy level

potential drops to a deeper stable level. More



di ssoci ate as ions from carbon atons. The single bond energy of an oxygen

atom and hydrogen atomis about 109 kcal/nol, i.e., larger 20 than about
76 kcal /mol as the potential barrier energy of the single bord OfTOBER 2005
atom and oxygen atom as an ether group,_ larger than 80.6 kcal/nol as

t he potenti al

barrier energy of the single bond of a carbon atom and
hydr ogen atom on the organic 25 pol yner side chain.

Accordi ngly, when an

oxygen atom and carbon atom forma single bond, the energy |evel potential
drops to a deeper stable |evel. Mre 24 OCTOBER 2005 - 15 specifical

Wi th respect to a dissociated oxygen
transition- siabterhewelli,s piowi dedpentt he cordiasiot nheefaes ygket ween the

surface of the solid material to be 5 treated and perfl uoropol yether as the

medi ati ng

generating a stagle bewa lofigt heseviQedxypgerthat oroanac hydnbger aatcom

the stable state of hydrogen H and oxygen O is pure water
t he phot ochenbeateenesdts crudescei bédtse farl istgua'se byatohsukieng f our
ul traviol et photons of 351.6 nmor less. 15 If the ultraviol et photon energy

practi ce,

i s equal

t

10

15

20

25

% ofreated and perfluoropolyether as the mediating

liquid material.

As indicated by (2)-(c), an oxygen atom and
hydrogen atom radiate photons having an energy of
about 109 kcal/mol, generating a single bond of these
oxygen atom and hydrogen atom.

In practice, the stable state of hydrogen H and
oxygen O 1is pure water H;O0, so the photochemical
reaction described so far occurs by consuming four
ultraviolet photons of 351.6 nm or less.

If the ultraviolet photon energy is equal to or
larger than about 109 kcal/mol as the single bond
energy of an oxygen atom and hydrogen atom, an oxygen
atom and hydrogen atom can of course dissociate as
ions as indicated by (2)-(d). However, an oxygen
atom and hydrogen atom alone are unstable, so the
life of an oxygen atom alone is short. Therefore,
even when dissociating as an ion, an oxygen atom
immediately radiates a photon having the same energy
to return to the original level ((2)-(e)). That 1is,
when observed from the outside this is equivalent to
the occurrence of no changes. Also, strictly

speaking, it is impossible, according to the

ly,

| i o patedialsodsatadi hgtiedgly (@)erfc)a ananxygewnat om and

hydr ogen atom radi ate photons having an energy of about 1-09 kcal/not,

n
H20,

atom and di ssoci ated hydrogen atom a

SO



| arger than about 109 kcal /not as the single bond energy of an oxygen atom
and hydrogen atom an oxygen atom and hydrogen atom can of course

di ssociate as ions as indicated by (2)-(d). However, an oxy@4rOCTORBEB208hd
hydrogen atom al one are unstable, so the L'fe of an oxygen atom alone is
short. Therefore, even when dissociating an ion, an oxygen atom

i medi ately radi ates a photon having the sane energy to return to the
original level ((2)-(e)). That is, 25 when observed fromthe outside this is
equi valent to the occurrence of no changes. Also, strictly speaking, it is
i npossi bl e, according to the 24 OCTOBER 2005 - 16 Hei senberg uncertainty

principle, to;0psenke &N i i S50¢i Bliion iR10Cesso WobBR VeI Vi Short ting;
an appropriate explanation is to express this as "unknown" by the quantum

theory. 5 At ghessafetliore pResdsyonepaliyethere ds shertnmedimat;i ngh | i quid
material |oses ether groups on its nmain chain, so carbon fluoride groups
(C3F6 or C3F7)pprbpmaikite @kghenothen hando carponsacthve grsoups remain on

the surface of the solid material to be 10 treated. This forns an
envi ronment i fumknolnt'héy dardboguahtom déegroups unavoi dably chemical |y bond
to the carbon active groups on the surface of the solid material.
Consequentd y, the sAtfabe ehmeheaisoti dpenmbtepiralpdlsy dthweri aat €det o achi eve
wat er repell ency

mediating liquid material loses ether groups on its

main chain, so carbon fluoride groups (C;3Fs or Cs3Fy)

remain. On the other hand, carbon active groups

remain on the surface of the solid material to be

10 treated. This forms an environment in which the
carbon fluoride groups unavoidably chemically bond to
the carbon active groups on the surface of the solid
material. Consequently, the surface of the solid .
material is fluorinated to achieve water repellency

15 (Fig. 6B).

As a supplementary explanation, the single bond
energy of carbon atoms is about 84 kcal/mol.
Therefore, when a wavelength of about 336 nm or less
is used as ultraviolet radiation to be emitted,

20 carbon atoms unstably transit between dissociation
and bonding, and carbon fluoride chemically bonds to
the surface of the solid material in the most stable
state in which this carbon fluoride is decomposed or
combined to any state in a Cnfm (n =1, 2, 3,..., m =

25 2n or 2n + 1) group.

As another supplementary explanation, the

single bond energy of carbon atoms is about 84



15 (Fig. 6B). As a supplenentary explanation, the single bond energy of
carbon atons is about 84 kcal/not. Therefore, when a wavel ength of about
336 nmor less is used as ultraviolet radiation to be emtt240CIOBER BOOS
atons unstably transit between dissociagiq ~and bondi ng, and carbon
fluoride chemcally bonds to the surface of the solid material in the nost
stable state in which this carbon fluoride is deconposed or conbined to
any state in a ChFm(n =1, 2, 3,..., m= 25 2n or 2n + 1) group. As

anot her suppl ementary expl anation, the single bond energy of carbon atons
i s about 84 24 OCTOBER 2005 - 17 kcal/nol. Therefore, when a wavel ength of

about 336 nm@1)wSS.i sSTHSedfaseyl twhan ol etavaléagtano fcadare agens
unstably transit between dissociation and bonding in a direction in which

t he entropy imereasésss5igndiseat boh 61 uoavilelehemachldtyi drondsatbonhe surface
of the solid material by formng a network in the nost stable state in
whi ch this cartbonsflinetiate vi & raeconposedeeon rdeccmuiedidm ang state in a
ChFm(n = 1, 2, 3,..., m=2n or 2n + 1)-group and the G bbs 10 free energy
is a mni numborfdonpatat iavel iBempl @) Fhgwh5chs theyiew shpwi hgctiee smeThani sm
of treating the surface of a material to_ be treated
5 " and carbon fluoride chemically bonds to the surface
of the solid material by forming a network in the
most stable state in which this carbon fluoride is
decomposed or recombined to any state in a CnFm (n =
1, 2, 3,..., m = 2n or 2n + 1) group and the Gibbs
10 free energy is a minimum.
(Comparative Example)
Fig. 5 is a view showing the mechanism of
treating the surface of a material to be treated
according to a comparative example. (1) indicates a
15 mediating liquid material region; (2), the boundary
region between a mediating liquid material and a
material to be treated having a C-H group on its side
chain; and (3) a region of the material to be treated.
Fig. 5 schematically represents photochemical
20 reactions occurring in these regions when they are
irradiated with ultraviolet light.
This comparative example is the same as the
embodiment except that the ultraviolet laser
oscillator i emits an argon fluorine excimer laser
25 beam (147 kcal/mol) having an optical wavelength of
193 nm.

The reactions occurring in (1) and (3) are the



according to a conparative exanple. (1) indicates a 15 nediating |liquid
material region; (2), the boundary region between a nediating liquid
material and a material to be treated having a GH group onZ24tQCEPBER 2005
chain; and (3) a region of the materi al to, e treated. Fig. 5 schematically
represents photochem cal 20 reactions occurring in these regi ons when they
are irradiated with ultraviolet light. This conparative exanple is the sane
as the enbodi nent except that the ultraviolet |aser oscillator 1 emts an
argon fluorine excinmer |aser 25 beam (147 kcal /nol) having an opti cal
wavel ength of 193 nm The reactions occurring in (1) and (3) are the 24
OCTOBER 2005 sah8 asane ashé nembedeénbedinent. In the reaction in (2), the
| evel at which a hydrogen atom di ssociated as an ion is captured by an
oxygen atom i.e., ah whecheahsorqti on ¢2)yl tthavilewi]l &t phbtiahs soccurs to
bri ng about a photochem cal reaction, is provided by the surface of a solid
materi al to beytireated,atasnidithecenliedl mentan Homever caplieines® oy kinght
having an ultraviolet wavel ength of 221.4 nmor less, i.e., the use of 10
| i ght havi ng axpherom tener gy- of , absuwhiizh kidasonprion oford tasavhot kits
conparati ve exanpl e makes the photochem cal reaction unstable. Since the
phot on 5 photons occurs to bring about a photochemical
reaction, 1is provided by the surface of a solid
material to be treated, as in the embodiment.
However, the use of light having an ultraviolet
wavelength of 221.4 nm or less, i.e., the use of
10 light having a photon energy of about 128 kcal/mol or
more as in this comparative example makes the
photochemical reaction unstable. Since the photon
energy of an argon fluorine excimer laser beam having
an optical wavelength of 193 nm is 147 kcal/mol, this
15 beam has a photon energy larger than 128 kcal/mol
described above.
That is, this energy is larger than about 128
kcal/mol as the single bond energy of a carbon atom
and fluorine atom. In addition, about 136 kcal/mol
20 as the single bond energy of a carbon atom and
fluorine atom is larger than about 109 kcal/mol as
the single bond energy of an oxygen atom and hydrogen
atom, so the former energy drops to a deeper
potential level and becomes more stable.
25 Consequently, a fluorine atom captures a hydrogen

atom as indicated by (2) in Fig. 5. For this reason,

an ether group loses a trarsition state to be



energy of an argon fluorine exciner |aser beam having an optical wavel ength
of 193 nmis 147 kcal/nol, this 15 beam has a photon energy | arger than 128
kcal /not described above. That is, this energy is |arger th2d4 GGDOBER2805
kcal /mol as the single bond energy of a Cﬁ&$on atom and fluorine atom 1In
addi tion, about 136 kcal/not 20 as the si e bond energy of a carbon atom
and fluorine atomis larger than about 109 kcal/not as the single bond
energy of an oxygen atom and hydrogen atom so the former energy drops to a
deeper potential |evel and becones nore stable. 25 Consequently, a fluorine
atom captures a hydrogen atomas indicated by (2) in Fig. 5. For this

reason, an ethef,grQURNOTeem 448051 bbansStat @ Heo Ner P4 OCTEBER 2005 - 19
captured and chemcally bonds to the surface of the solid material to

change the chasachemnhskihGdin o Eh&LeEI Rl BhAHacH drhieshydr @phigl i ¢ nature
i ncreases. The characteristic is not saturated but 5 exhibits a peak val ue
in accordancedwthttibe rAwrbericlofther aghabipon Iid sesups esugrblysdecause the

characteristic appearance process is delayed since the potential barrier of
t he di ssoci ati on engngycbéractearisin-d | uornoe sangketkonduts hi gher than
that of 10 the dissociation energy of a carbon-oxygen single bond of an
ether group. exhibits a peak value in accordance with the number
of irradiation pulses, presumably because the
characteristic appearance process 1is delayed since
the potential barrier of the dissociation energy of a
carbon-fluorine single bond is higher than that of
10 the dissociation energy of a carbon-oxygen single
bond of an ether group.
When thus compared with the comparative example,
the pdint of this embodiment is as follows. To
reliably give liquid repellency to the surface of a
15 solid material to be treated, it is necessary to emit
light (light having a photon energy of about 80.6
kcal/mol or more) having a wavelength which gives
photon energy higher than 80.6 kcal/mol as the energy
of dissociation, from carbon, of a hydrogen atom as a
20 substituent of the material to be treated, and about
76 kcal/mol as the energy of dissociation, from
carbon, of an oxygen atom as an atom or atomic group
of the mediating material. This makes it possible to
reliably dissociate hydrogen atoms from the material
25 to be treated and oxygen atoms from the mediating

material, and emit light (light having a photon

energy of about 128 kcal/mol or less) whose photon



When thus conpared with the conparative exanple, the point of this

enbodi nent is as follows. To reliably give liquid repellency to the surface
of a 15 solid material to be treated, it is necessary to em t24 QCHOBERI 20§hAt
havi ng a photon energy of about 80.6 kcal/nol or nore) having a wavel ength
whi ch gi ves photon energy higher than 80.%° kcal /nol as the energy of

di ssoci ation, fromcarbon, of a hydrogen atomas a 20 substituent of the
material to be treated, and about 76 kcal/not as the energy of

di ssoci ation, from carbon, of an oxygen atomas an atomor atom c group of
the nediating material. This nmakes it possible to reliably dissociate

hydr ogen ator@néfalr,n iyl idlagSehe be JLieatad and.axygeaalams, from the
nmediating material, and emt light (light having a photon energy of about

128 kcal / nol  ©frbessh W0 Phot @9r 24cOcTARER 2008 by 20re@BaRGd S | ower
than the dissociation energies of a carbon atomand fluorine atom thereby

preventing ffuebirngeatzamsnd rordeapkprund ndy dragesyat ogsomghat is, the point
of this enmbodinent is to 5 prevent the process of the conparative exanple
by setting the wavehebgib,ofthd tpawitol ef thgbt etbdeEimeent tiedtwi thin the
range of 221.4 to 351.6 nm In this enbodinent, a liquid material which is
an aggregat e pfeaepal yier dhhaviegs onfi themmiompchaa i ae e kBmptlkeosbondi ng
group and a, carbon fluoride CnFm(n = 1,
setting the wavelength of ultraviolet light to be
emitted within the range of 221.4 to 351.6 nm.
In this embodiment, a liquid material which is
an aggregate of a polymer having on its main chain an
10 ether bonding group and a.carbon fluoride CnFm (n = 1,
2, 3,..., m = 2n or 2n + 1) group 1s used as the
mediating material, and a material having on its
surface a single bond of a carbon atom and hydrogen
atom is used as the material to be treated. However,
15 as the material to be treated, it is also possible to
use an aggregate of an organic material containing a
polymer having on its side chain a single bonding
group of a carbon atom and hydrogen atom, or a
mixture of an inorganic material and an organic
20 material containing a polymer having on its side
chain a single bonding group of a carbon atom and
hydrogen atom.
A preferred example of the mediating material
is a polymer consisting of -CnkF2n-0-.
25 Also, as an ultraviolet light source for

emitting such ultraviolet radiation, it possible to

use an excimer light source such as KrF, XeCl, XeF,



2, 3,..., m=2nor 2n + 1) group is used as the nediating material, and a
material having on its surface a single bond of a carbon atom and hydrogen
atomis used as the material to be treated. However, 15 as tl2d OGT@BERI2006
be treated, it is also possible to use an aggregate of an organic material
containing a polynmer having on its side in a single bonding group of a
carbon atom and hydrogen atom or a mxture of an inorganic material and an
organic 20 material containing a polynmer having on its side chain a single
bondi ng group of a carbon atom and hydrogen atom A preferred exanple of
the nediating material 1is a polynmer consisting of -CnF2n-O-. 25 Also, as an
ultraviolet |xght,seurgeifor emtting such ultraviolet radiation, it
possible to wuse an excinmer |light source such as KrF, Xed,6 XeF, 24 OCTOBER
2005 - 21 XeBr, oripethiknetbicsiierdrodi nendht! ightrniis teyd tdieth wehb the
material to be treated in contact wwth the liquid nediating material.
However, if thetsedikatitng e natestat has canltew troliecul @ieweightid as shown in
Fig. 7, a surface treatnent can also be performed by emtting |ight
t hrough a w ndedia2iwki vexttdrel et erliadeven, beft teat eddimtiingontact with the
mediating material in a gaseous state in a chanber 11
5 material has a low molecular weight, as shown in Fig.
7, a surface treatment can also be performed by
emitting light through a window 12 while the materiadl
to be treated is in contact with the mediating
material in a gaseous state in a chamber 11.
10 (Example 1)
Fig. 1 is a schematic view of a means for
giving liquid repellency to the surface of a solid
material by fluorination according to the present
invention.
15 This means gives liquid repellency to one
surface of a solid material 7 to be treated. The
solid material 7 is set via spacers 6 to have a gap
of about 20 to 100 pm from the surface of a window 3.
This solid material 7 is pressed by a weight of 100 g,
20 as a pressing member 8, so as not to move.

By using this means shown in Fig. 1, an exposed,
developed negative photosensitive material (its main
components are described in Table 1) containing an
alicyclic epoxy resin as its main ingredient was used

25 as the solid material 7, and perfluoropolyether
(DEMNUM (trade name: manufactured by DAIKIN

INDUSTRIES, LTD.) was used as a mediating liquid



10 (Exanple 1) Fig. 1 is a schematic view of a neans for giving liquid
repellency to the surface of a solid material by fluorination according to
the present invention. 15 This neans gives |liquid repell encg4tQCTMBER 2005
surface of a solid material 7 to be treated, The solid material 7 is set
via spacers 6 to have a gap of about 20 to 100 pmfromthe surface of a
window 3. This solid material 7 is pressed by a weight of 100 g, 20 as a
pressi ng nenber 8, so as not to nove. By using this nmeans shown in Fig. 1,
an exposed, devel oped negative photosensitive material (its main
conponents are described in Table 1) containing an alicyclic epoxy resin as
its main ingresdientanas usedhSsasplhedseldtdamt efhal sdlianflaterial

per f 1 uor opol yet her (DEMNUM (trade nane: manufactured by DAIKI N

| NDUSTRI ES, LTDapdwaseusachdisy a3 nmedi at madilatquigl 24q@OCIOBERp2§0mear??
material 5 to be supplied between the solid material 7 and the wi ndow 3 by
a nediating |4quithsappiyimeans Mrypnoadditbennea dagipteon Idseri ne exci mer
| aser beam having an optical wavel ength of 248.4 nmwas 5 used as

ul traviol et rladamt henitng e evpt t ed lwhicote wasyth ight 246 .4t @@ sfrom a | i ght
emtting neans 1 and reflected by a reflecting plate 2 to the interface

bet ween t ve sebfd Aat erditdalaviaheltt hadpadilen i IPueditted which was

light 10 emitted from a light emitting means 1 and
reflected by a reflecting plate 2 to the interface
between the solid material 7 and the mediating liquid
material 5. Fig. 2 shows the water repellency

10 characteristics in this case.

Table 1
Item Product name Parts by
welght

Alicyclic epoxy EHPE (DAICEL CHEMICAL 100

resin INDUSTRIES, LTD.)

Added resin 1,4-HFAB (Central 20
Glass Co., Ltd.)

Silane coupling A-187 (Nihon Uniker 5

agent K.K.)

Photocation SP170 (ASAHI DENKA 2

polymerizing KOGYO K.K.)

catalyst

In the embodiment, the NOVALine KrF laser
apparatus manufactured by Lambdaphysics was used as a

laser apparatus.



material 5. Fig. 2 shows the water repellency 10 characteristics in this
case. Table 1 ItenProduct naneParts by weight Alicyclic epoxyEHPE (DAl CEL
CHEM CAL100 resi nl NDUSTRIES, LTD.) Added resinl, 4- HFAB ( Cent2402J0BER200.
Ltd.) Silane couplingA-187 (N hon Uni ke[52%ggnt K. K. ) Photocati onSP170 ( ASAHI
DENKA2 pol yreri zi ngKOGYO K. K. ) catal yst In"the enbodi nent, the NOVALIi ne KrF
| aser apparatus manufactured by Lanbdaphysics was used as a | aser
apparatus. 24 OCTOBER 2005 - 23 As can be seen fromFig. 2, when the |aser
irradiation fluence was 20 to 120 mJ/cn®/ pul se, the contact angle of pure
water increased to a larger water repellency in accordance with the
irradiation 5 exposyr esamimtsedhi Srpwr €ivat &, caond@acthangbkeewas saturated
at about 120 and did not increase or decrease after that even when the
exposur e anpimtrawdsatiocr asedceAnadoifh not 1p0 ontédmdriptiheegr apte i n Fi g.
2, when the fluence was 40 md/ cn®/ pul se, a pure water
contact angle of pure water increased to a larger
water repellency in accordance with the irradiation
5 exposure amount. This pure water contact angle was
saturated at about 120° and did not increase or
decrease after that even when the exposure amount was
increased. Although not plotted on the graph in Fig.
2, when the fluence was 40 mJ/cm’/pulse, a pure water
10 contact angle of about 120° was obtained by about
8,000 laser irradiation pulses; when the fluence was
20 mJ/cm’/pulse, a pure water contact angle of about
120° was obtained by about 50,000 laser irradiation
pulses.
15 (Example 2)
Similar to Example 1, the means explained in
Fig. 1 was used to perform a surface treatment under
the same conditions as in Example 1 by using
polystyrene as a material 7 to be treated.
20 Consequently, the contact angle of pure water
increased to a larger water repellency, was saturated
at about 120°, and did not increase or decrease after
that even when the exposure amount was increased.
(Example 3)
25 Similar to Example 1, the means explained in

Fig. 1 was used to perform a surface treatment under

the same conditions as in Example 1 by using



70 contact angle of about 120 was obtai ned by about 8,000 |aser irradiation
pul ses; when the fluence was 20 mJ/cn®/pul se, a pure water contact angle of
about 120 was obtained by about 50,000 |aser irradiation p2l©OGTOBER 2005
(Exanple 2) Simlar to Exanple 1, the nqagglexplained in Fig. 1 was used to
performa surface treatnment under the sarfe conditions as in Exanple 1 by
using polystyrene as a material 7 to be treated. 20 Consequently, the
contact angle of pure water increased to a |larger water repellency, was
saturated at about 120, and did not increase or decrease after that even
when the exposure amobunt was increased. (Exanple 3) 25 Simlar to Exanple

1, the neams¢aq¢gmm@@ bl Figgtdrinas used te perdordan a surface treat nent
under the same conditions as in Exanple 1 by using 24 OCTOBER 2005 - 24

polyi m de as Gomségueak1l?,t athe d¢seated. anGarsequenity,wabercont act angl e of
pure water increased to a |arger water repellency, was saturated at about
120, and did notreasedase @& ldecyenseaabtrerepaliaineyenvabenatheagqubsur e
anount was increased. (Exanple 4) Simlar to Exanple 1, the neans expl ai ned
in Fig. 1 westuskdutolpérforand diudfacé tineatemsmt amdéecrease after

5 that even when the exposure amount was increased.

(Example 4)
Similar to Example 1, the means explained in

Fig. 1 was used to perform a surface treatment under
the same conditions as in Example 1 by using

10 polysulfone as a material 7 to be treated. As a
consequence, the contact angle of pure water
increased to a larger water repellency, was saturated
at about 120°, and did not increase or decrease after
that even when the exposure amount was increased.

15 (Example 5)

Similar to Example 1, the means explained in

Fig. 1 was used to perform a surface treatment under
the same conditions as iﬁ Example 1 by using, as a
material 7 to be treated, an exposed and developed

20 negative photosensitive resin (its main components
are described in Table 1) containing as its main
ingredient an alicyclic epoxy resin containing a
silicon filler, as a mixture of an inorganic material
and an organic material containing a polymer having

25 on its side chain a single bonding group of a carbon
atom and hydrogen atom. As a consequence, the

contact angle of pure water increased to a larger



the sane conditions as in Exanple 1 by using 10 pol ysulfone as a material 7
to be treated. As a consequence, the contact angle of pure water increased
to a larger water repellency, was saturated at about 120, a4 QCTOBBR 2005
i ncrease or decrease after that even whe E§h9 exposure anmount was
increased. 15 (Exanple 5) Simlar to Exanple 1, the neans explained in Fig.
1 was used to performa surface treatnent under the sane conditions as in
Exanple 1 by using, as a mnmaterial 7 to be treated, an exposed and devel oped
20 negative photosensitive resin (its main conponents are described in
Table 1) containing as its main ingredient an alicyclic epoxy resin
containing a w$tdicedpkillilercy asvas xturetell an iawsganigofmterial and an
organic material containing a polyner having 25 on its side chain a single
bondi ng groupdd @otafk berreaatcom ante byds sgen fatamt HAst acconseguancehet he
contact angle of pure water increased to a |arger 24 OCTOBER 2005 - 25
wat er repel | escyoswas satourmst edh aat imboebs€30, and did not increase or
decrease after that even when the exposure anobunt was increased. (Exanple
6) 5 Sinmilar tiox&Exahpl €)1, the neans explained in Fig. 1 was used to
performa surface treatment under the sanme conditions as in Exanple 1 by
usi ng, as>oa Similar to Example 1, the means explained in
Fig. 1 was used to perform a surface treatment under
the same conditions as in Example 1 by using, as a
material 7 to be treated, polystyrene containing a
glass filler, as a mixture of an inorganic material
10 and an organic material containing polymer having on
its side chain a single bonding group of a carbon
atom and hydrogen atom. Consequently, the contact
angle of pure water increased to a larger water
repellency, was saturated at about 120°, and did not
15 increase or decrease after that even when the
exposure amount was increased.
(Example 7)
Similar to Example 1, the means explained in
Fig. 1 was used to perform a surface treatment under
20 the same conditions as in Example 1 by using
polyimide containing a glass filler as a material 7
to be treated. Consequently, the contact angle of
pure water increased to a larger water repellency,
was saturated at about 120°, and did not increase or
25 decrease after that even when the exposure amount was

increased.

(Example 8)



material 7 to be treated, polystyrene containing a glass filler, as a

m xture of an inorganic material 10 and an organic material containing

pol ymer having on its side chain a single bonding group of 24QCTOBERZ006
and hydrogen atom Consequently, the congagé ~angl e of pure water increased
to a larger water repellency, was saturat at about 120, and did not 15

i ncrease or decrease after that even when the exposure anount was
increased. (Exanple 7) Simlar to Exanple 1, the neans explained in Fig. 1
was used to performa surface treatnent under 20 the sane conditions as in
Exanple 1 by using polyimde containing a glass filler as a material 7 to

be treated. Consequenihyart he coMmstcangl enef ndie vaperihBeraased to a
| arger water repellency, was saturated at about 120, and did not increase

or 25 decr easgi%f.ctrqr Wty ey@ncwhee rifhereXPosur €2 8aD e Waent Nefeased.
(Exampl e 8) 24 OBER 2005 - 26 Simlar to Exanple 1, the neans expl ai ned

in Fig. 1 washusednico gpeid ot hoassurf dee Aiaad enl brgdersirdde sanme
conditions as in Exanple 1 by using polysulfone containing a glass filler
as a material pdlystd flimd reahedinCogsequertdy, f 1 héecontsact et eiadl 7pure
wat er increased to a |l arger water repellency,

5 to be treated. Consequently, the contact angle of
pure water increased to a larger water repellency,
was saturated at about 120°, and did not increase or
decrease after that even when the exposure amount was
increased.

10 (Comparative Example)
By using the means shown in Fig. 1 as in
Example 1, an exposed and developed negative
photosensitive material (its main components are
described in Table 1) containing an alicyclic epoxy
15 resin as its main ingredient was used as a material 7
to be treated, perfluoropolyether (DEMNUM (trade
name: manufactured by DAIKIN INDUSTRIES, LTD.) was
used as a mediating liquid material 5, and an argon
fluorine excimer laser beam having an optical
20 wavelength of 193 nm (photon energy = about 147
kcal/mol) was used as ultraviolet radiation to be
emitted. Fig. 3 shows the water repellency
characteristics in this case.
As can be seen from Fig. 3, when the laser
25 irradiation fluence was 20 to 120 mJ/cm’/pulse, the

contact angle of pure water once increased to a

larger water repellency and reached about 120° in



was saturated at about 120, and did not increase or decrease after that
even when the exposure anount was increased. 10 (Conparative Exanple) By
using the neans shown in Fig. 1 as in Exanple 1, an exposed24QCTREERZLEYH
negative photosensitive material (its npi£7conponents are described in
Table 1) containing an alicyclic epoxy 15 Tesin as its main ingredi ent was
used as a material 7 to be treated, perfluoropol yether (DEVMNUM (trade
nane: manufactured by DAIKIN I NDUSTRIES, LTD.) was used as a nediating
liquid material 5 and an argon fluorine exciner |aser beam having an
optical 20 wavel ength of 193 nm (photon energy = about 147 kcal/nol) was

used as ul trayibehefhahadi 3D ¢19cberramititadn FgooSushowmdif: Wat er
repell ency characteristics in this case. As can be seen fromFig. 3, when

the laser 25 jpadeati emifd uenceawas 2@ 1o b salécalipeinsahd he cont act
angl e of pure water once increased to a |arger water repellency and reached

about 120 in 24pOcICBERMN0GE -w2d iaccerdanceaidh theti.rradicaiouesh exposure
anount. However, this contact angle decreased when the exposure anopunt was
i ncreased afteott babttAld oughhe ngtraphotired™ion. the graphwherFitghe 3, even
when the 5 fluence was 20 mid/ cn®/ pul se, the pure water contact
5 fluence was 20 mJ/cm”/pulse, the pure water contact

angle reached its peak of about 120° when the number

of laser irradiation pulses was about 10,000, and

decreased when the number of laser irradiation pulses

was about 20,000.

10 In each of the examples and comparative example
described above, 500 samples were continuously formed
and their contact angles were measured. Consequently,
samples having contact angles of 120° or more
accounted for 98% in each example and accounted for

15 75% in the comparative example.

This is presumably because the ultraviolet dose
was reduced by gas deterioration of the excimer laser
oscillator owing to the continuous processing.

However, each example of the present invention had a

20 region in which a surface treatment could be
performed with stable performance regardless of
changes in the dose.

The surface conditions in this state were
analyzed by ESCA. As a consequence, 1n each example

25 of the present invention the surfaces were as shown

in Fig. 6B, whereas 1in the comparative example some

surfaces were as shown in Fig. 6C. As is evident



angl e reached its peak of about 120 when the nunber of |aser irradiation
pul ses was about 10,000, and decreased when the nunber of |aser irradiation
pul ses was about 20,000. 10 In each of the exanples and conR4rGCTOBER?280pH! e
descri bed above, 500 sanples were continyoggly formed and their contact
angl es were neasured. Consequently, sanpl havi ng contact angles of 120 or
nore accounted for 98% i n each exanple and accounted for 15 75%in the
conparative exanple. This is presunably because the ultraviolet dose was
reduced by gas deterioration of the exciner laser oscillator owing to the
conti nuous processing. However, each exanple of the present invention had a

20 region in phbghta s facerdkeatprat taU 4 bene penforped ow tihstabl e
performance regardl ess of changes in the dose. The surface conditions in

this state wegempanraltyized dyafSCA hAsl a qonsenuence, whilceaekl exanple 25 of
t he present invention the surfaces were as shown in Fig. 6B, whereas in the

conpar ati ve exanple nsoneomssirfacespeeserss, ssfrointhad Fager6Cephsl isneyi dent
24 OCTOBER 2005 - 28 fromthese surface conditions, the surface of the
conpar ati ve edatple chated pont yonni ihis gomolof| gonpaeecat s ez e present,
and the water repellency deteriorated only in this portion conpared to the
5 examples of the present invention. Note that Fig. 6A
is a schematic view showing the surface condition of
a material to be treated before substitution.
Note also that when a photomask patterned by
using a metal film such as a chromium film or by
10 using a dielectric substance interference reflecting
film is used as the window 3, only predetermined
portions of the surface of the solid material 7 to be
treated can be given liquid repellency.
As has been explained above, the present
15 inventors studied the substitution mechanism and have
found a novel substitution mechanism, thereby
deriving a surface treatment stabilization method
capable of efficiently performing substitution, with
the above configuration, without producing any
20 wvariations in the surface treatment due to the
thickness of a mediating material in contact with a
material to be treated. 1In particular, the present
inventors have found a method by which a physical
property irreversible reaction process logically
25 holds in a method of adding high liquid repellency to

the surface of a plastic material having a C-H bond

in its surface layer. Additionally, application



5 exanples of the present invention. Note that Fig. 6A is a schematic view
showi ng the surface condition of a material to be treated before
substitution. Note also that when a photonask patterned by @40GIQBERRA0S
filmsuch as a chromumfilmor by 10 using,a_dielectric substance
interference reflecting filmis used as the window 3, only predeterm ned
portions of the surface of the solid material 7 to be treated can be given
liquid repellency. As has been expl ained above, the present 15 inventors
studi ed the substitution nechani smand have found a novel substitution
mechani sm thereby deriving a surface treatnent stabilization nethod

capabl e of effégientl yreerd:ordndgdsuls katiwt0m i mg t Bothhehabeumer face
configuration, wthout producing any 20 variations in the surface treatnent
due to the tdhekaessrdfsta aediadli hglimicérdractieawrconiaet with a material to
be treated. In particular, the present inventors have found a nethod by
whi ch a physical property irreversible reaction process |ogically 25 hol ds
in a nethod of adding high liquid repellency to the surface of a plastic
material having a GH bond in its surface layer. Additionally, application
24 OCTOBER 2005 regions are extended by maintaining both the surface
characteristics and bul k characteristics. 24 OCTOBER 2005 -30



WHAT IS CLAIMED IS: 1. A nmethod for treating a surface of a nenber having a
carbon atom singly bonded to a hydrogen atomon the surface, the surface
being in contact with a liquid nediating material, which i s24QCAQRER2005 of
a polynmer having on a main chain thereof an ether bonding group and a
carbon fluoride CnFm(n =1, 2, 3,...,_3 = 2n or 2n + 1) group, the nethod
conprising: irradiating a field including the surface of the nenber in
contact with the liquid nediating material with ultraviolet radiation

havi ng a wavel ength of 221.4 to 351.6 nmso as to substitute the hydrogen
atom singly bonded to the carbon atomon the surface of the menber wth the
car borWwHAIDIS AeAGVIEDISof the liquid nmediating material, thereby nodifying
the surface of the nenber. 2.. A nethod according to claim 1, wherein the
menber s an aggregate of an organic material containing a polynmer having
on a side chain thereof the carbon atomsingly bonded to the hydrogen atom
3. A nmethod according to claim1, wiemethodfirdraatndesurfics oflamienther @avfigan
inorganic material and an organic material containing_ a EQ| ynmer having on a
si de chatrhon Kereungly hendsarina hydoein ¥rngryhhundes thosurizes RYaE syeantast ith 4. A
met hod accqrding.to claim,l, . wherein the.liguid 2di ating.material s a

pol yme?%ﬁ‘é ﬁ?ﬁ’%ﬁ’& IB?‘cter(‘f’rJiﬁﬁ el a%gg&gﬁs?ﬁ%a&gg‘éﬁ%ﬁ%g?%“%f%‘ﬁ%ﬂem rein
the |'igy it d t £dak¥n flufor 20}, Onf €53, orvher d

i nt egergx%ﬂé?r. %thg’t%g‘% é@cﬁd&@rﬁl gﬂL?g Eg Itgiﬁﬁql%,zq\zh’er e ic’:ﬁzan uolr?,?avigogle%tps’ Iﬂi{%g ht

sour cenfetifodtchapukingavi ol et irradiation is an excinmer |ight source selected
fromthe group consj sti eCl

n f KrF, XeF, XeBr, and Xel .. ER 2005
-31 7. A nethod 5&9@6@6@8&3@@%‘1‘%%‘ S SUrfRes :the SET WOUWWE%W% ns as a
mai N COMRORGHTatdal 6ok ulr RN TR Vi the WAREREMRADY 1 Afto 83 B & B
substitute the hydrogen atom singly bonded to the carbon atom on the surface of the member

with the carbon fluoride group of the liquid mediating material, thereby modifying the surface of

the member.

2. A method according to claim 1, wherein the member
is an aggregéte of an organic material containing a polymer having on a side chain thereof the

carbon atom singly bonded to the hydrogen atom.

3. A method according to claim 1, wherein the member
is a mixture of an inorganic material and an organic material containing a polymer having on a

side chain thereof the carbon atom singly bonded to the hydrogen atom.

4. A method according to claim 1, wherein the liquid

mediating material is a polymer consisting of -CnF2n-O-.

5. A method according to claim 1, wherein the liquid

mediating matefial is F-(CF,CF,CF,0),CF,CF,, where n is an integer.

6.. A method according to claim 1, wherein an ultraviolet light
source for the ultraviolet irradiation is an excimer light source selected from the group consisting

of KrF, XeCl, XeF, XeBr, and Xel.



as a main chain thereof, an ultraviolet dose for the ultraviolet irradiation
is not less than 16 mJ/cm in a treatnent at an ultraviol et wavel ength of
221.4 amor not less than 10 mi/cm- in a treatnent at an W4 ©O&VOHER 2005
wavel ength of 351.6 nm 8. A nethod according to claim1, wherein the
surface of the nenber is irradiated with the ultraviolet radiation fromthe
side of the liquid nediating material Vira a phot omask fornmed by patterning
a netal filminto a predeterm ned pattern on a substrate which can be
penetrated by the ultraviolet radiation. 9. A method according to claimS8,.
wherein a substrate of the photoriask is a material selected fromthe group
consisting of synthetic quartz, rock crystal, «calciumfluoride, nagnesium
fluoride, sapphire,7.and di anond. 10. A methbeércdoadingp daisut freleesihvdahed: by a

met hod according to claim . . -
member contains as a main component thereof a polymer having a single bond of carbon atoms
as a main chain thereof, an ultraviolet dose for the ultraviolet irradiation is not less than 16
mJ/cm® in a treatment at an ultraviolet wavelength of 221.4 nm or not less than 10 mJ/cm’ in a

treatment at an ultraviolet wavelength of 351.6 nm.

8. A method according to claim 1, wherein the surface
of the member is irradiated with the ultraviolet radiation from the side of the liquid mediating
material via a photomask formed by patterning a metal film into a predetermined pattern on a

substrate which can be penetrated by the ultraviolet radiation.
0. A method according to claim 8, wherein a substrate of the

photortask is a material selected from the group consisting of synthetic quartz, rock crystal,

calcium fluoride, magnesium fluoride, sapphire, and diamond.

10. A member having a surface treated by a method according to claim. 1.



