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Specification Method of Form ng Porous Anodized Alum na Film 1. Techni cal
Fiekd 5 The present invention relates to a method of fornng a
porous ’anodi zed alumina filmin which pores having a predeterm ned s%[)gféé?' A
;arg arrayed at a predetermined interval. 2. Background Art 10
"Conventionally, as a porous material having a uniform pore size, a porous
anodi zed alumna filmis known. The porous anodi zed alumna filmis a
porous alumna filmformed on an al um num surface by anodi zing al um numin
an acid electrolyte. As a characteri Specifficatfieature, pores are
self-aligned perpendicularly to the filmsurface, and the uniformty of the
pore size is rel ati\¥éthedtoSiBeneing BayroushiAngdizassh Alupd ngoFdddan anodi zed
alumina filmis expected to be used not only as a functional materi al
represented by a filter but also 200 as a starting structure for the form

O AT ous QST WSR2 apel fcabil ity of such o porous
strusture, Gpore shape el ERdhent siehsian dB3ehe. 208 RuFpBI°Lee
satistactory reQybAtld % po¥dh® EMBHHEa1Vinihl® AFCYR AHREH? Bdrad-
having a predetermined shape are arrayed at a
predetermined interval.
2. Background Art
10 ' Conventionally, as a porous material having a
uniform pore size, a porous anodized alumina film is
known. The porous anodized alumina fiim is a porous
alumina film formed on an aluminum surface by anodizing
laluminum in an aéid electrolyte. As a characteristic
15 feature, pores are self-aligned perpendicdlarly to the
film surface, and the unifoimity of the pore size is
relatively satisfactory. For.this reason, the porous
anodized alumina filﬁ is expected to be used not only as
a functional material represented by a filter but also
20 as a starting structure for the form'of various
nanodevices.
The industrial applicability of such a porous
material is considerably influenced by the regularity of

the porous structure (pore shape and array). At this

25 xpoint, a porous anodized alumina film formed by the
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“ conventional teclinihe ‘does not have a satisfactory

regularity. More specifically, the porous anodized




alunina filmformed.by the conventional technique has no i ndependent pores
perpendi cular to the filmsurface. In addition, the interval between

adj aceht pores is not constant, and the pores are not round. As a result,
the 5 pore sizes are distributed in a wide range. Straight and

-i ndependent pores perpendicular to the filmsurface are not obtained due to
the followi ng fornmati on nmechani sm of the porous structure of the porous
anedi zed alumna film At the start of 10 anodi zi ng, pores are fornmed at
random and soasduminahéilpr €bemedt byl thegronveént ional t bechmiqus kas e ur e.
For this reason, at the early stage of anodizing, the porous structure has
no regul arity, independeptr porasepecpendicubasctosthe bilmnsenfacs. 15In
[Problemto be Solved by the_ Invention] Conventionally, as a nmethod of

sol ving this pRESLEkPny hEhewdREREPaLnbRtYRAR AdiacenhaROEREN S rBPYsed (Jpn.
Journal of Applied Phisics, Vol. 35 Part 2, No. 1B, pp. L126 -.1129 15
January 1996) CRASRRHe 589 LRR] RAFOFHBHCL)CheFPBRN noharBdrSTREE! cHhe
predet erm ped ti I.$ anL I ively dissolved and renoved, and

t hen, anodszinéogg %é%%%?ﬁ%é éb%¥ﬁf§%§%§ ¥ﬁexs ﬁéécﬁ% $1on, t her eby

Igr?ngffrnfghffaLL!”1hag%PQi&ﬁEaéﬂﬁtiﬂ&gpéﬂﬂgRénﬂgPéspﬁ%fﬁe&ﬁi&@ﬂgécu'ar
to the film surface are not obtained due to the
following formation mechanism of the porous structure of
the ?orous anodized alumina film. At the start of

10 anodizing, pores are formed at random, and some of them
preferentially grow to form the porous structure. For
this reason, at the early stage of anodizing, the pofous
structure has no regularity, and the pores are bent.

3. Disclosure of Invention
15 [Problem to be Solved by the Invention]
Conventionally, as a method of solving this'
problem, the two-step anodizing method has been proposed
(Jpn. Journal of Applied Phisics, Vol. 35, Part 2,
No..lB, pp. L126 - L129, 15'Januai:y 1996). An oxide

20 film formed by performing anodizing for a predetermined
time is temporarily selectively dissolved and removed,
and then, anodizing is performed again under the same
condition, therepy forming an oxide film having straight
and independent bores perpendicular to the film surface.

25 This method utilizes the fact that recesses (concaves)

are formed in the aluminum surface by removing the

anodized film formed by the first anodizing process, and




25 °This nethod utilizes the fact that recesses (concaves) are fornmed in
t he: al um num surface by renoving the anodized filmformed by the first

anodi zi ng process, and -2- t hese recesses serve as starting points of
t he second anodi zi ng process. Wth this nmethod, the perpendicularity,
strai ght ness, and independence of each pore are 5 | nproved, though the

pore array has a predeterm ned di sturbance. For this reason, the pore

i nterval is not constant, and the roundness of each pore is not sufficient.
It is an obj ecthede trergys=serdenves e istrantdnt) poiprteyiate thenseowmdof
formng a porous anodized alumina film which solves the problens in the
por ous anodi zeanadizindERACYss + he above- descri bed conventional nethod,

i.e., the IOM/reguIarlty of the pore array and the unsatlsfactory r oundness
and size distribution ofigdt ddiis methagyy dfie RegmeRdiFuWdTdfing the pores

at a predetern1ned |nterval an rovi the pore_ roundness and pore size
uni formty. [NERRAL %}Pdtjd{ao foﬁ?é’hprP(?é:@nta L€vention has

been mde 40 aﬁpﬁrov 20, enddifh B S %Crtfay WAL Pl uitla irst

disturbance. For this reason, the pore interval is not
constant, and the roundness of each pore is not
sufficient.
It is an object of the present in&entioﬁ to
10 provide a method of forming a porous anodized alumina
film, which solves the problems in the porous anodized
film formed by the above-described conventional method,
i.e., the low regularity of the pore array and the
unsatisfactory roundness and size distribution of pores,
15 thereby regularly arrajing the pores at a predetermined
interval and improving the pore roundness and pore size
uniformity.
[Means of Solution to the Problem]
The present invention has.been made to achieve
20 the above object, and according to the first aspect of
the present invention, there is provided a method of
forming a pofous anodized alumina film comprisiﬁg
forming in advance, on a smooth surface of an aluminum
plate to be anodized, a plurality of recesses (recessed
25 portions) having the same interval and array as those of
pores of an alumina film to be formed in anodizing, and

then anodizing the aluminum plate, thereby forming a




the present inventign, there is provided a nethod of form ng a porous

anodi zed alum na filmconprising formng in advance, on a snooth surface of
an alum num plate to be anodi zed, a plurality of recesses (recessed 25
pottions) having the same interval and array as those of pores of an
alumna filmto be fornmed in anodi zi ng, and then anodi zing the al um num

pl ate, thereby formng a - 3- porous anodi zed alumna filmin which pores
havi ng a predeterm ned shape are regularly arrayed to have the sane
i nterval and apétyudsanddbsedialumingd uf Blm tin ofhicdicqeaess Having a In

the present invention, the recesses are artificially fornmed in advance in
t he al um num ppeedesermnimed tshdpe anosli regh dr hhearsaayed riteethaate dshe hat  of
the pores to be forned in anodizing. Wth this arrangenent, the recesses
serve as the stameiigteoral sand arxgy amdiboge).of e mlhwmlhdty fof ned at
positions corresponding to the recesses, so a porous anodi zed alumna film
is formed in WHPEREFRF es not bent are arrayed at an equal interval in
accordance_w th the arragnof t he recesses. To, form.pores having nore 15

SS,

satisfactoty strai ght nes®® R RIRFLU ATISPLIANY R JSRRIRE® i9%n array

with high reguég{iﬁféiéff§ formed in advance in the aluminum plate

surface to be anodized at the same interval as that of.
the pores to be formed in anodizing. With this
arrangement, the-recesses.serve as the starting points

10 of anodizing. The pores are formed at positions
corresponding to the recesses, so a porous anodized
alumina film is- formed in which pores not bent are
arrayed at an equal interval in accordance with the -
array of the recesses. To form pores having more

i5 satisfactory straightness, perpendicularity, and
independence in an array with high regularity, the
surface of the aluminum plate to be anodized preferably
_has a high smoothness. As a result, a poroué anodized
alumina film with pores having not only high

20 perpendicularity, straightness, and independence but
also a high aspect ratio in the direction of film
thickness and a siructure in which pores around éach
pore are regularly arrayed in the fdrﬁ.of a regular
hexagon at a predetermined interval can be obtained.

25 In the present inventidn, the aluminum plate’
includes all aluminum members having a smooth surface to

- be anodized, i.e., not only a single aluminum body but
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surface of the alum.numplate to be anodi zed preferably has a high

snoot hness. As a result, a porous anodized alumna filmwth pores having
not onty high 20 per pendi cul arity, straightness, and i ndependence but

al so a high aspect ratio in the direction of filmthickness and a structure
I n which pores around each pore are regularly arrayed in the formof a
regul ar hexagon at -a predeterm ned interval can be obtained. 25

I n-t he present invention, the alum numplate includes all alum num nenbers
havi ng a snoot &l sardmcel vl inen ahiokh zBoikmed eon axcdulstinate sondista@ingn num
body but -4- also an alumnumfilmforned on a substrate consisiting of
anot her mat eri@f anethex matexibml such as piki@ani nvention, to form and

array the plurality of recesses in the surface of the alum num5 plate to
have the predeterm ned i He kR PresensAvenkiatn tafa fhedF @Y t he

alum n | at f ,_e.g., photolith h | ect A
i Uhogr aphy. o5F (POREAT Y G eRrRasay in e PRIRAAROL K A Lnum
iall wh di zed al um film.havi 10 _ t
sral | 1 nt e val PHYEREEnI9Ye  WF (RIS et Rty Aot ion

m f[}gg?g;ﬁ;”i "Wal €S0 AL B! Aol € B AP G AP PRAY Alr Pidby,

e.g.,-photolithography or electroﬁ beam lithography, and
‘then, the aluminum plafe may be etched. However,
especially, when a porous anodized alumina film having

10 pores at a very small interval of about 1.0 pm is to be
formed, a high-resclution micropatterning technique.
using electron beam lithography or X-ray lithography
must be used to artificially and regularly form the fine
recesses in the aluminum plate surface. It is not

15 . economical to apply such micropatterning technique every
time a porous anodized alumina film is formed.

According to the second aspect of the present

invention, there is provided a methdd of forming a
porous anodized alumina film, comprising pressing a

20 substrate having‘a plurality of projections (convexes)
corresponding to récesses againét an aluminum plate
surface to be anodized to form, on the aluminum plate
surface, recesses having thg same interval and array as
those of pores of an alumina film to be formed in

25 anodizing, and then,.anodizing the aluminum plate,
thereby forming a porous anodized alumina film having

porous reqularly arrayed at a predetermined interval.

This Sheet Has Been Replaced

R

A =
S THIS SHEET HAS BEEN]
.- ___ REPLACED :’



nmust ‘be used tosartificially and regularly formthe fine recesses in the
al um num pl ate surface. It is not 15 econom cal to apply such

m cropatterning technique every tifme a porous anodized alumna filmis
formed. According to the second aspect of the present invention, there is
provi ded. a method of form ng a porous anodi zed alumna film conprising
pressing a 20 substrate having a plurality of projections (convexes)
correspondi ng to recesses agai nst an alum num plate surface to be anodi zed
to form on the al um nummltltiee predaane invearssrs Rhd pgthed sFTe i nterval
and array as those of pores of an alumna filmto be forned in 25

anodi zi ng, andressinqride zAubs tttedealwirim hep lpatod ecttiemsb pgadmsitnghe por ous
anodi zed alum na film having porous regularly arrayed at a predeterm ned
interval . -5- aluminumelRte aan he @nacdicad dymbitiogisg ghessing t he
substrate with the projections against the alum num plate can be _ practiced

by bringing t HeRsBAtreth (Hhe RFPSsEansoid itdalityfendafttadtith thet he 5
The proj et | o BRI iRkt iyt GRRY O 1@ ERRATes e 106 PodIAL I the
array of poresproefsst Qver the like. :
The projection array (pattern) formed on the
substrate corresponds to the array of pores of the
.porous anodized alumina film to be formed by anodizing.
10 Not only a periodical array having the shape of a
regular hexagon but also an arbitrary pattern with
partial omission in a periodical pattern can be used.
The substraté having the projections
preferably has not only a mirror surface but also a
15 strength and hardness enough not to destroy the
projections or change the projection arrangement due to
the pressure. For this purpose, a substrate such. as a
general-purpose silicon substrate easy to micropattern
as well as a metal substrate of aluminum or tantalum can
20 be used. A substrate consisting of diamond or silicon
carbide having a high strength is more preferable
because the substrate can be repeatedly used.
When one substrate having projections is
formed, it can be repeatedly used, and a regﬁlar.recess
25 array can be efficiently formed on a number of aluminum

plates, so a porous anodized alumina film can be formed

at low cost.




porous anodi zed*al umina filmto be fornmed by anodizing. 10 Not only a
periodical array having the shape of a regular hexagon but also an
arbitrary pattern with partial omi ssion in a periodical pattern can be
used. The substrate having the projections preferably has not only a mrror
surface but also a 15 strength and hardness enough not to destroy the
projections or change the projection arrangenent due to the pressure. For
t hi-s purpose, a substrate such as a general -purpose silicon substrate easy
to mcropattern as wel | B amidmials s tpoates dforaledribyu mnd itzdmigalism can. 20
be used. A substrate consisting of dianmond or silicon carbide having a
hi gh. st rengt h pxcperttiqnal dradike rolhage tire andstitziaigy emd He depeat edl y
used. When one substrate having projections is forned, it can be r%PeatedIy
a

used, and a r MR thaledhepropartipnal, qansiamtciithabP Yoy ™MW Va nunber
Cost. o RS B G T AR A Ay A1 AP Rl to
about 2. & i \PE ke i Y e d i ot Seistite LR F o B wni ch are
hexagonal close-packed array. The pore interval at this
time depends on the anodizing voltage. Therefore, when
the recesses are formed at the same interval as the pore
interval, a satisfactory regularity can be obtained.
10 According to the ﬁhird aspect of the present
invention, there is provided a method of forming a
porous anodized alumina film, characterized by
comprising forming a plurality of recesses on an
alﬁminum plate surface such that recesses around each
15 recess are arrayed in a regular hexagon, and performing
anodizing at an anode oxidation voltage obtained by
dividing the interval of the recesses by 2.5 nm/V.
As thelelectrolyte used for anodizing, a
solution functioning as a solvent for an alumihqp oxide
20 can be used, and an acid electrolyte such as sulfu;;c
acid, a mixed bath of oxalic acid and sulfuric acid; or
phosphoric acid can be used in addition to oxalic acid.
'According to the fourth aspect of the present
!invention, there is provided a method characterized by
25 comprising, when the oxalic acid bath is used for
anodizing, performing anodizing at an anode oxidation

voltage within the range of 35 to 45 V.
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5 self-aligned by anodizing tend to finally forma hexagonal cl ose-packed
arriay. The pore interval at this time depends on the anodi zing voltage.
Therefore, when the recesses are fornmed at the sane interval as the pore
interval, a satisfactory regularity can be obtained. 10

According to the third aspect of the present invention, there is provided a
nmet hod of form ng a porous anodi zed alumna film characterized by
conmprising forming a plurality of recesses on an alum num pl ate surface
such that recesses aroulddoeadindb to theedd fahe agpeayecdfi tha pegskat
hexagon, and perform ng anodi zi ng at an anode oxi dation voltage obtained by
di vi di ng t he iimwentdlongf there dseprovilded? a5methed asbatrhetelrdeedobyt e used
for anodi zing, a solution functioning as a solvent for an al um num oxi de 20
can be used, &MMRIsdNG athen tdieysalfyaicaacdd bathc iscigeda mi xed bath of
oxalic acid and sulfuric acid, ,or phosphoric acid can be used in addition

to oxalic aci PeHALIIARNFNEHERS G R A80de; oFidatdopy ¥edkaInvent i on,

there is ovi deq .a net hod characteri zed by 25 conprising, when the

oxal i ¢ aci béf’%qﬁ@ EE’@drlaé‘rgear? ditzgi g, gﬁe&f‘or n ng anodi zing at an anode
oxi dation voltage within,.the. range of 35 to, 45V, Accordi.ng .to the fifth
aspect of the present %19% this %rran%ement, a porous anoglzgd

alumina film with pores having satisfactory roundness
and arrayed in a satisfactory hexagonal close-packed
array with an improved pore size can be obtained.

10 Therefore, the functions of porous materials represented
by various filters can be improved, and the
applicability of these materials can be enhanced.

| When a mixed bath of oxalic acid and sulfuric
acid is used, a satisfactory result can be obtained at

15 an intermediate voltage.

According to the sixth aspect of the present
invention, there is provided a method of forming a
porous anodized alumina f£ilm, characterized by
comprising forming the porous anodized alumina film -

20 having the pores having the predetermined shape and the
same interval and.array_as those of the plurality of
recesses by anodizing, removing the aluminum plate from
the porous anodized alumina film, and removing a barrie;
layer (layer without pores) of the porous anodized

25 alumina f£ilm.
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invention, there is provided a method characterized by conprising, when the
sulfuric acid bath is used, perform ng anodi zing at an anode oxi dation
voltage 5 within the range of 23 to 28 V. Wth thiss arrangenent, a porous
anodi zed alumna filmw th pores having satisfactory roundness and arrayed
In a satisfactory hexagonal close-packed array with an inproved pore size
can be obtained. 10 Therefore, the functions of porous naterials
represented by various filters can be inproved, and the applicability of
these materials can be &itdnatds Wrekess) wad Alaingf faial havaagd and
sulfuric acid is used, a satisfactory result can be obtained at 15 .an

i nt er nedi at e vdircargh hédes diamg beo obitaigied ksasppotronts matepiedent
invention, there is provided a nmethod of form ng a porous anodi zed al uni na
film charact GePrEsemEesh By vaini@usofdild@rehe por ous anodi zed alunmina film
20 havi ng the pores having the predeterm ned shape and the sane interval
and array as those of t ﬁﬁ%EFdlity of recesses by anodi zi ng, renoving the

alum num pl ate fromthe poro anodi zed alumna film and r ving a
barrier | aer (layer mﬁfﬁﬁﬁF 89%3? éﬁetﬁéeﬁ dNYRBE 284 ggg a?unina

film -8 following effects can be obtained from the arrangements
described in the claims.

(1) A plurality of recesses (recessed
portions) having the same interval and array as those of

10 pores of an alumina film to be formed in anodizing are
artificially formed on the surface of an aluminum plate
in advance, and then, anodizing is performed. With this
arrangement, a porous anodized alumina film in which the
pores are regularly arrayed at a predetermined interval,

15 and the roundness of pores and uniformity of pore size
are improved can be formed.

(2) When the recess pattern to be formed on
thé aluminum plate surface is changed, the pore
arrangement of the porous anodized alumina film can be

20 controlled. | |

(3) By pressing a substrate having a
plurality of projections on its surface against the
aluminum plate surface to be anodized, recesses having
the same interval and array as those of pores of the

25 alumina film to be formed in anodizing are formed on the
aluminum plate surface. For this reason, a fine recess

array can be efficiently formed on a number of aluminum

Troory
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Wth this process, an alumina film having through hol es can be obtained as
a porous material represented by various filters. [Effect] 5
According to the present invention, the follow ng effects can be obtai ned
fromthe arrangenments described in the clains. (1) A plurality of recesses
(recessed portions) having the sane interval and array as those of 10
pores of an alumna filmto be forned in anodizing are artificially fornmed
on-the surface of an alum numplate in advance, and then, anodizing is
performed. W tgldtes wirsngare dubst fatieo Ysaotihedi et talnwyi,nard | m in which
the pores are regularly arrayed at a predeterm ned interval, 15 and the
roundness of pagesrdiTgliyv faorpunousofanmalicesi 2d wrima fidrlov edncde be f or ned.
(2) When the recess pattern to be formed on the alum num plate surface is
changed, the pirEed rathgdertiosdf. t he porous anodi zed alumna filmcan be 20
controlled. (3) By pressing a substrate having a plurality of projections
on its surface against t alR¥viaRRR &y matd ing ey 3d@deed, recesses
a

i . N .
i1 m {0 be or PSR TLomIRLEasE Anel FhemAT oh AlE CxaTHeRu Bat e surf ace.
For. this r-eas%némpaexfaitrﬁerer ei%esa%odizing, a porous anodized alumina film

with a higher quality in pore size and pore array can be
obtained.
(5)' In addition, an alumina film having

10  through holes as pores with satisfactory roundness and
uniform pore size can be obtained. Therefore, the
functions of porous materials represented by various
filters can be improved, and the applicability of these
materials can be enhanced.

15 4. Brief Description of Drawings

Fig. 1 is a plan view of an aluminum plate
having recesses arrayed in a regular hexagon, which is
used in the first embodiment of a method of the present
invention;

20 Fig. 2 shows views for explaining the
procedure of forming recesses in the aluminum plate
surface in the first embodiment;

Fig. 3 shows views for explaining formétion of
a porous anodized alumina film by anodizing in the first

25 embodiment;

Fig. 4 is a plan view of'the_anodized alumina

film formed in the first embodimen;;

- 10 -




array can be efficiently formed on a nunber of al um num pl at es using one
substrate (nother pattern), and accordingly, a porous anodized alumna film
can be forned at |low cost. (4) By appropriately setting the anode 5
oxidation voltage and the acid electrolyte bath tenperature in anodi zing, a
porous anodi zed alumna filmwth a higher quality in pore size and pore
array can be obtained. (5) In addition, an alumna filmhaving 10 t hr ough
holFes as pores with satisfactory roundness and uni form pore size can be
obt ai ned. Therefore, th&ilgunét istiesrsofvipasodsrmekeliadningephesent ed by
various filters can be inproved, and the applicability of these materials
can be enhanceaoctflure of Horefingesecessiesn iof abr alumgsuf glatei s a pl an
view of an al umi num pl ate _having recesses arrayed in a regul ar hexagon,

whi ch is used surfiage fin $hee Fesende pmbedinens: pfdthe PHEsSEPEsent inventi on;
20 . Fig. .2 shows views for explaining the procedure of form ng
recesses in ttﬁ?%ﬁaﬁﬁQHﬁnlplate surface in the first enbodinment; Fig. 3

shows VI eus for eXplalmﬁ%%;f%rg%%h%nsggtional views for explaining

the procedure of forming recesses in an aluminum plate
surface by téxturing based on press patterning in the
third embodiment of the present invention;

Fig. 7 shows sectional views for explaining

10 the procedure of forming a through hole membrane from a
pdrous anodized alumina film in the fourth embodiment of
the present invention; and

Fig. 8 shows sectional views for explaining
the procedure of forming a porous anodized alumina film

15 oﬁ an aluminum film in the fifth embodiment of the
present invention.
5. Best Mode of Carrying Out the Inwvention
[First Embodiment]
Fig. 1 is a plan view of an aluminum plate
20 used in the first embodiment.

A plurality of fine.recesses 11 are formed in
the surface of an aluminum plate 10 in advance. These
recesses 11 have an interval and array cortesponding to
those of pores to be formed by anodizing. In this

25 embodiment, to maximize the reqgularity of pores to be
formed by anodizing, recesses around each recess are

arrayed in a regular hexagon.

- 11 -




a porous anodi zed alumina filmby anodizing in the first 25 enbodi nment ;
Fig. 4 is a plan view of the anodized alumna filmfornmed in the first

enbodi ment; -10- Fig. 5 shows views for explaining the procedure of
form ng recesses in an alum numplate surface in the second enbodi nent of
t he present invention; 5 . Fig. 6 shows sectional views for

expl ai ning the procedure of formng recesses in an alum num plate surface
by -t exturi ng based on press patterning in the third enbodi nent of the
present invention; Fig. A thevalnednuenplategwanf alusmipuai plagel@itht he
procedure of form ng a through hole nenbrane froma porous anodi zed al um na
filmin the fdighhpaidgi msnused.t h@hgr puanityi deeprederabiy PPg998 okows
-sectional views for explaining the procedure of form ng a porous anodi zed
alumna film ®™X€.on an aluninun1filn1in the fifth enbodi ment of the

present invention. 5. Be Nbde of Carr g Qut, the Inventlon (First
Enbodi nent]. Fig. 1 is apeafWifafCoPiathg alumdrum B 10 is

5 polished to a mirror surface by an appropriate method,
thereby smoothing the aluminum plate surface before
formation of the recesses 11. More specifically,
electropolishing can be performed using the aluminum
plate 10 as an anode in an appropriate electrolyté. As

10 an example of such electropolishing, a bath prepared by
.mixing perchloric acid and ethanol at a ratio of 1 : 4
is used as the electrolyte, the aluminum plate 10 is
used as the anode, and electropolishing is performed for
about 4 min, thereby obtaining the aluminum plate 10

15 having a mirror surface.

In this embodiment, the plurality of recesses
11 arrayed at an equal interval as shown in Fig. 1 are
formed in the aluminum plate 10 by etching. This
process will be described next with reference to the

20 sectional views shown in Fig. 2.

‘First, a resist pattern 20 corresponding to
pores to be formed by anodizing is formed on the
aluminum plate 10 having the mirror surface obtained by
the above-described method, by photolithography or

25 electron beam lithography (Fig. 2(af). |
Next, etching is performed using a saturated

methanol solution of Br2 to form the reéesses 11

- 12 -




20 used in the first enbodinment. A plurality of fine recesses 11 are
formed in the surface of an alum numplate 10 in advance. These recesses 11
have an interval and array corresponding to those of pores to be forned by
anedizing. In this 25 enbodi ment, to maxim ze the regularity of pores to
be formed by anodi zi ng, recesses around each recess are arrayed in a
‘regul ar hexagon. As the al um num plate, an alum num plate with high
purity is used. The purity is preferably 99.99% or nore. The surface of the
al um num pl at ecchfrespdndialg deedtheo mesiistr patbernnd on aheasmrdaceaod

met hod, thereby snoothing the alum num pl ate surface before formation of
the recesses Ithe aNnmeingweqlateallly (Fdlgct2(@)dl.i shiokgomdly Bdeperf or ned
using the alum numplate 10 as an anode in an appropriate _electrolyte.. As
10 an exanpla@re-daaerdhad matolatahing bath Al op daya edepInugilng
perchloric acid and ethanol at a ratio of 1 : 4 is used as the electrolyte,

the al uni num ¥ R1380q,May bhe Berforsed. and el ectropolishing is

performed for about 4 m t her ehy abtai ni t he al.um num plate.10 15
having a mrror surf ace."&eﬁlt S TEMSH ?@r#,%rf’hgopll&ré:faf"f’ S ?‘g esses

aluminum plate 10 having, in its surface, the recesses
11 corresponding to pores to be formed by anodizing is
- obtained (Fig. 2(c)).
After the recesses 11 are formed in the
10 surface of the aluminum plate 10, the aluminum plate 10
is anodized in an acid electrolyte, thereby forming a
porous anodized alumina film. The process is as
follows. |
When the aluminum plate 10 having the fine
15 recesses 11 as shown in Figs. 1 and 2(c) is anodized in.
an acid electrolyte such as oxalic acid, an anodized
alumina film 30 is formed on fﬂé\surface of the aluminum
plate 10, as shown in Fig. 3(a). This alumina film 30
is constituted by a thin dieléctric barrier layer 32
20 having no'pores and formed in contact with the |
underlying aluminum plate, and a porous layer 33
contacting the barrier layer 32 and having a pore 31 at
the center 6f each recess. At this time, the pores 31
are formed at the portions of the recesseé 11 formed in
25 advance.
When anodizing is continued, the porous layer

33 of the anodized alumina film 30 becomes thick, as

- 13 -




11 arrayed at

an equal interval as shown in Fig. 1 are formed in the

alum num plate 10 by etching. This process will be described next with
reference to the 20 sectional views shown in Fig. 2. First, a resist

pattern 20 corresponding to.pores to be fornmed by anodizing is formed on

the alum num plate 10 having the mrror surface obtained by the
above-descri bed net hod, by photolithography or 25 el ectron beam
lithography (Fig. 2(a)). Next, etching is perforned using a saturated

met hanol sol utstwwrofirBiEdid.0 F(@)p tdml reeceasdingly

 Yhe poresoninesfontieng to

the resist pattern 20 on the surface of the alum numplate 10 (Fig. 2(b)).

Not only the gimoslessydizedl \wdturdmehifrid b biecaives diegpet clisn@ oreismd tan Ar
pl asma nay be perforned. 5

When the resist pattern 20 is

renoved, the dindepandeitaRores haMing dgoed perpendicalamlidyr eéddsses 11

correspondi ng
After the rec

to pores to be fornmed by anodizing is obtained_(Fi%
ghtngss fAfend@red iid PPsitiensacorgespraddngn

10, the alum nymplate 10 i odi zed in.an acid el ectr |yt e, thereby
form ng a or TREFSSEP alislu?f'nnoﬁé"ﬁq R Thte SHESRESS OICfS tg’? aluminim

10

15

20

25

plate 10.

As the electrolyte usable in the present
invention, not only oxalic acid but also another acid
electrolyte such as sulfuric acid, a mixed bath of
oxalic acid and sulfuric acid, or phosphoric acid can be
used as far as it functions as a solvent for an aluminum
oxide.

The interval bétween the pores of the poroué
anodized alumina film is proportional to the voltage in
anodizing, i.e., the anodizing voltage (anode oxidation
voltage), and it is known that the proportional constant
is about 2.5 nm/V. Therefore, the porous anodized
alumina film of the present invention can obtain
satisfactory regularity when the recesses 11 are formed
to have an interval and array equal to those of the
pores to be formed'upon anodizing.

As the anodizing condition for improving-the
regularity of array of pore interval, a voltage range of
35 to 45 V for the oxalic acid bath, a-voltagé range of
23 to 28 V for the sulfuric aéid bath, or an
intermediate voltage between the above voltages for the

mixed bath of oxalic acid and sulfuric acid can be used

. 2(c)).
fum pl at e
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follows. Wien the al unminum plate 10 having the fine 15 recesses 11 as
shown in Figs. 1 and 2(c) is anodized in an acid electrolyte such as oxalic
acid, an anodi zed alumna film30 is fornmed on the surface of the al um num
-plate 10, as shown in Fig. 3(a). This alumna film30 is constituted by a
thin dielectric barrier |ayer 32 20 havi ng no pores and forned in contact
with the underlying alum numplate, and a porous |ayer 33 contacting the
barrier layer 32 and having. a pore 31 at the center of each recess. At this
time, the pores dbtarim faorsatd sfactiveypaesudhs offot fermeaesaedsfactoryed in
25 advance. Wen anodi zing is continued, the porous |ayer 33 of the
anodi zed al unihexaddnal3Clisseopecked @rrays the recesiewnare Fig. 3(b), and
accordingly, the pores 31 of the porous anodi zed_alum na fil m becones deep.
As a result, iﬂﬁfet%e'«ﬂm B4y iBn §OFSod Y EINEAdFOFTEFPPRIARG tO
strai ghtness are forned_at positiogns, cortesponding.to 5 the recesses 11
formed in theFﬂﬁﬂ%ﬁﬂ?ﬁﬂ”&%ﬁ?@%1Mé$%ﬁ*bf&ﬁ§ f@pdkglPHé 8 BerPBfyte usable
in-the present, JMSUd Wunldh ¥k W53ihG 3°H8-R" ntb39a3 B GhoE! d
0.1 pm is obtained.
Fig. 4 is a plan view of the porous anodized
alumina film 30 having pores arrayed at an equal
interval and formed by the above method. 1In this porous
10 anodized alumina film 30, the pores 31 form a
satisfactory hexagonal close-packed array in
correspondence with the recesses arrayed at an eqﬁal
interval in a regular hexagon in the aluminum plate 10
in advance.
15 : [Second Embodiment]
The second embodiment of the present invention
'will be described next with reference to Fig. 5.
In this embodiment, to form a plurality of
recesses on the surface of an aluminum plate, a mask is
20 formed not by photolithography but using polystyrene
balls, and etching is performed.
As in the above-described first embodiment, a
surface of an aluminum plate 50 to be anodized is
mirror-polished, as in the above-described first

25 embodiment, and polystyrene balls 52 are

two-dimensionally packed on the surface of the aluminum
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el ectrolyte such as sulfuric acid, a mxed bath of 10 oxalic acid and
sul*furic acid, or phosphoric acid can be used as far as it functions as a
solvent for an al um num oxi de. The interval between the pores of the porous
anodi zed alumna filmis proportional to the voltage in 15 anodi zi ng,

I .e., the anodizing voltage (anode oxidation voltage), and it is known that
the proportional constant is about 2.5 nmV. Therefore, the porous anodi zed
alumina filmof the present invention can obtain satisfactory regularity
when the recegdegel bante ffomed I lm tim hatdght contacal saatdearray equal to
t hose of the pores to be fornmed upon anodi zing. As the anodi zing condition
for inproving ((Fieg.r &f@)Ir-ity of array of pore interval, a voltage range of
35 to 45 V for the oxalic acid bath, a voltage range of 25 23 to 28 V.for
the sulfuric acid bath, "len using khe podyvedvrege baddech2t ha §bsve

vol tages for the m xed bath of oxalic acid and sulfuric_acid can, be used
-14- to obtHighty contagt Gtete Ass @ Masky PolmraSdQei £F RXGPFS HexGonal

cl ose-packed array,, the recesses are preferably formed at a pore interval
cor r espondl ng depasidesh andeyo an, FPPropFdaten Pressngrri of10a prERRnds

the balls to form an SiO, mask having openings
corresponding to the polystyrene balls 52 on the surface
of the aluminum plate 50 (Fig. 5(b)).
| When the aluminum plate 50 is etched using the
10 resuitant 5i0;, film as a mask, a surface structure having
periodical recesses 51 is obtained, as shown in
Fig. 5(c). Fig. 5(c) is a sectional view taken along A
- A in Fig. 5(b).
After the recesses are formed, the aluminum
15 plate 50 is anodized by the method described in the
first embodiment. With this process, the same result as
in the first embodiment shown in Fig. 2 is obtained.
In this embodiment, the diameter of the
polystyrene ball 52 can be changed from 50 nm to several
20 pm. By changing the diameter, the period of the |
recesses 51 is changed, so the pore interval can also be
changed.
In this embodiment, to form the mask, a
silicon oxide film (S5i0,) is deposited. However, a
25 nitride film may be deposited.
In addition, to form the recesses 51, dry

etching or wet etching can be used.
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5 anddized alumna filmhaving a pore interval of about 0.1 [err]mis
obtained. Fig. 4 is a plan view of the porous anodi zed alumna film 30
havi ng pores arrayed at an equal interval and fornmed by the above nethod.
In.this porous 10 anodized alumna film 30, the pores 31 forma
satisfactory hexagonal close-packed array in correspondence with the
recesses arrayed at an equal interval in a regular hexagon in. the alum num
plate 10 in advance. 15 [ Second Enbodi ment] The second

enbodi nent of the presefiThindeRinbodimeht]be described next with reference
to Fig. 5. In this enbodinment, to forma plurality of recesses on the
surface of an aIun1nun1EhatE°ra hﬁ§RrV§lZQf therpedowstangdpredol i t hogr aphy

but using polystyrene balls, and etchlng performed. As in the
above- descr i badumipg; fiipogbraipedain t ﬁc%b%Yeaﬂe%FHhPﬂ%nbe%¥e 50 to be
anodi zed is n1 shed, as t he ove gescrlbed fir

enbodi nent , 8i§§P§réﬁeéﬁaFP§ 2a§r§ |H@nsi%ﬂa?¥ﬁf%h%k%ﬁ@5n t he
sur face o, t gsna' VLY 1y Bom sugha%fnéorége;gg@ " EAE L A"
plate surface, a high-resolution micropatterning
technique is required. When electron beam lithography
or X-ray lithoéraphy is used, the microfine recesses 11
can be formed in the aluminum plate 10 (Fig. 1).

10 However, it is not economical to apply such an advanced

fabrication technique every time porous anodized alumina

- is formed, which may impose limitations onlthe
application purpose of the porous anodized alumina film
of the present invention.

15 As a charactefistic feature of the porous
anodized alumina film forming method according to the
third embodiment, a plurality of recesses are formed in
an aluminum plate surface by pressing a substrate with a
plurality of projections on its.surface against the

20 aluminum plate surface, i.e., transferring a mother
pattern onto the aluminum plate by molding.

This embodiment will be described below with
reference to Fig. 6.
Fig. 6 shows views for exélaining the

25 procedure of forming recesses 11 on a surface of an

aluminum plate 10 using a substrate 60 having

‘projections (projecting portions) 61 regularly formed.

THIS SHEET HaS B
EEN
REPLAGED
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(Fig. 5(a)). Wile using the polystyrene balls 52 in the tight contact
state as a mask, e.g., SiQ2 is excessively 5 deposited under an appropriate
pressure. Si Q2 surrounds the balls to forman SiJerr] nask havi ng openi ngs
corresponding to the polystyrene balls 52 on the surface of the al um num
plate 50 (Fig. 5(b)). Wen the alum num plate 50 is etched using the 10
resultant SiJerr] filmas a mask, a surface structure having peri odical
recesses 51 is obtained, as shown in Fig. 5(c). Fig. 5(c) is a sectional
view taken along A - A ias BhgwnS@ln) Figf.t 6é(af)hethecesbstrate havimg, the

al um num 15 plate 50 is anodi zed by the nethod described in the first
embodi ment . Wthie priojegitdoass 61t pa thee loweyl suxfare iRepreparedrmbodi ment
shown in Fig. 2 is obtained. In this enbodinent, the dianmeter of the

pol ystyrene bdhessy prejestiongn§ddarrokrgnlamlyoasesyedl 120 [err]m By

changing the dianeter, the period of the recesses 51 is , chapged, so the
por e interval°8§WG§P§8dSQCEhHH§gd?eFﬁs?ﬁFst@ gafrened i8 Fggnlthe mask, a

oL oon 06 de SulTo{ (hEEH) ho! > ARACRLbRExpLB B CEnaleRE, pribbhoEnD. T
etching can b%l“%?g'pie%grably formed from a material having a
strength and hardness enough not to destroy the
projections or chahge the projection arrangemeﬂt due to
the pfessure. For this purpose, a general-purpose
10 silicon substrate easy to micropattern can be used.
However, since the substrate is to be repeatedly used, a
substrate consisting of diamond or silicon carbide
having a high strength is more preferable.
The substrate 60 on which the p;ojections 61
15 are to be formed must have a mirror surfacef The
projeétions 61 are formed on fhe substrate 60 in
correspondence with the recesses by high-resolution
lithography.
The shape of each projection 61 is not limited
20 to thé semi-spherical shape. The projection 61 may have
a conical shape or a pyramidal shape such as é
triangular pyramidal shape or quadrangular pyramidal
shape, as a mattef of course.
The substrate 60 having the projections 61
25 regularly~arrayed as described above is pressed against
| the surface of the aluminum plate 10, thereby forming

fine recesses (recesséd portions) 61 in the surface of
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(Third Enbodi nent] The pore interval of the porous anodized alumna film
obtained in the above-described first enbodinment is as small as about
O.1[err]m To artificially 5 and regularly formsuch fine recesses in
the al um num plate surface, a high-resolution mcropatterning technique is
requi red. When el ectron beam|lithography or X-ray lithography is used, the
m crofine recesses 11 can be fornmed in the alumnumplate 10 (Fig. 1). 10
However, it is not econonmical to apply such an advanced fabrication

techni que everthd iaTRinA@uat plarediipeq Falgumenad)is f ehiBdprbbesb WRY1i pBOSE
limtations on the application purpose of the porous anodized alumna film
of the presentrefererid @wo. akbtexturing by piesa phatethengstic feature of
t he porous anodi-zed alumna filmform ng nethod according to the third
enbodi ment, aheneimlaifitterof recesses are forned in an al umi num plate surface
by pressing a substrate with a plurality of projections on its surface
agai nst the. 20  al um nd® pextardndr Rye press. pattansiegri heamashpdr
pattern onto the al um_num pl ate b{ nmol di_ ng. . Thi s_enbodi nent will _be
descri bed el & RHEFSiOGe supsteage 60" wikh ghenpreifrtdenfFoblexpl ai ni ng
the against the aluminum plate 10 can be practiced by
bringing the substrate 60 with the projections 61 in
'tight contact with the aluminum plate 10 and applying a
pressure to the substrate 60 using a hydraulic press or
10 the like. In order to further facilitate formation of
recesses, the aluminum plate is effectively heated at
200°C to 500°C for about 2 hrs in advance and then
annealed.
By transferring the mother pattern onto the
15 surface of the aluminum plate 10 in the above-described
manner, a plurality of recesses are regularly formed on
the surface of the aluminum plate 10 at a predetermined
interval (Fig. 6(c)).
When the aluminum plate 10 having the
20 plurality of recesses 11 formed by the above method is
anodized in the procedure described in the first
embodiment, pores are formed from the recesses 11, so a
porous anodized alumina film having pores arrayed at a
predetermined interval can be formed.
25 . In the porous anodized alumina film forming

method of this embodiment, one substrate having

projections is formed and repeatedly used, thereby
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25 procedure of formng recesses 11 on a surface of an al um num plate 10
using a substrate 60 having projections (projecting portions) 61 regularly
formed. -17- As shown in Fig. 6(a), the substrate having the projections
61.on the |lower surface is prepared. These projections 61 are regularly
arrayed in correspondence with recesses to be forned in the 5 al um num
plate 10. The substrate 60 and the projections 61 are preferably forned
froma material having a strength and hardness enough not to destroy the
proj ecti ons orfoxwEnge d hreguwlare deices saaraaye orelr dudatget beepr e€sare. For
this purpose, a general-purpose 10 silicon substrate easy to mcropattern
can be used. Howmbear ofsialomimuwn pliatesat e Theredore ,r epeaflutinumspdate
substrate consisting of dianond or silicon carbide having a_high strength
is nore pref el@ying predaiemined agcessmsi cam he pféiedensdy epdis  are

to be fornmed nust have a _mrror surface. The projections 61 are fornmed on
t he SubstrateH&?ﬁﬂ?qﬁﬁW¥B@5W§§nBEQHPFﬁdthe recesses by high-resol ution

| it hography. The shape qf tion.61 is not limted 20 to the
sem - spheri cal shape. %ﬁ 552%@h§ﬁm€ftéay have -

The present invention will be described next
in more detail using a more specific example.
A positive electron beam resist (ZEP-520:

tradename of Nippon Zéon Co., Ltd.) was applied to a

10 silicon substrate to a thickness of 1 um by spin
coating. A dot pattern in which projections around each
projection were arrayed in a regular hexagon at a period
of 0.1 um was exposed by an electron beam exposure
apparatus and develdped to form about 25-nm diameter

15 pores in the resist. Chromium was deposited on the
resultant sfructuré to a thickness of 50 nm using an
electron beam deposition apparatus. The structure waé
dipped in diglime as a solvent. An ultrasonic wave was
applied to remove both chromium and the resist so that

20 about 25-nm diameter and 50-nm high projections of
chroﬁium were formed. Using the chromium projections as
a mask, the silicon substrate was etched to a depth of
60 nm by reactive dry etching using CF, gas. After this,
chromium was removed by an oxygen plasma, thereby

_ 25 forming a substrate on which about 25-nm diameter and

60-nm high projections were regularly arrayed.at a

period of 0;1 Mm.
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a coni cal shape or a pyram dal shape such as a triangul ar pyram dal shape
.or ‘quadr angul ar pyram dal shape, as a matter of course. The substrate 60
havi ng the projections 61 25 regularly arrayed as described above is
pressed agai nst the surface of the alum num plate 10, thereby form ng fine
recesses (recessed portions) 61 in the surface of -18 - t he al um num
plate 10 (Fig. 6(b)). This process will be referred to as texturing by
préss patterning hereinafter. In texturing by press patterning, the nethod
5 of pressing the subst Aat alGédiwamhplla¢ephardéagi anpuitggeitfn9®.088& al um num
pl ate 10 can be practiced by bringing the substrate 60 with the projections
61 in tight cemsasubjecikedndoardectyopplisbing andaappketingathpressure to

t he substrate 60 using a hydraulic press or 10 the like. |n order to
further facil icpgttélf‘dﬁﬁap%ﬁhéprll&é%és angdhgthppRilngf Bl EREiIPsCEfLedti vel y
heated at 200[err %Og[err] about 2 brs.in adyance and then

anneal ed. By fr& f@ Pl t f&m Ph@ tain: apnalaminpRePiate BaYEAgea0f the

al um num Bl &t gudfoit stgg%a%%w%ﬂssg 10880 "BABSE raBePhbEhb! tng! "ecesses
projections was placed on the aluminﬁm plate, and a
pressure of 3 ton/cm’ was applied using é hydraulic
press, thereby forming reéesses in the aluminum plate
surface.

10 After this, the aluminum plate having the
recesses was subjected to constant-voltage anodizing in
oxalic acid having a concentration of 0.3 M (molar) at
17°C and 40 V.

With this process, a porous anodized alumina

15 film in which the pore interval was 100 nm, and pores
around each pore were arrayed in a regular hexagon at an
equal interval was obtained. Since the pores had an
ideal regular array, each pore had a round shape, and
the uniformity of pores was also iﬁproved.

20 (Fifth Embodiment]

 About 20-nm diameter and 60-nm high
projections were regularly formed at a period of 63 nm
on a silicon carbide substrate in the same process as in
the first embodiment.

25 The silicon carbide substrate having
projectioné was brought into tight contact with an
aluminum plate having a purity of 99.99% and polished as

T ]
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the surface of the alum numplate 10 at a predeterm ned interval (Fig.
6(c)). Wien the alum num plate 10 having the 20 plurality of recesses 11
formed by the above nethod is anodized in the procedure described in the
first enbodi ment, pores are forned fromthe recesses 11, so a porous

anodi zed alum na filmhaving pores arrayed at a predeterm ned interval can
be fornmed. 25 In the porous anodi zed alumna filmformng
met‘hod of this enbodi nent, one substrate having projections is formed and
repeat edly usedn theréhystlémbodiﬁenuingnd-aegnéasureceﬁs3a$raqnbmmﬁ a

| arge area of a nunber of alum num plates. Therefore, an alum num plate
havi ng predet ewasnagpléedsasingaa hpdedliceptéys anthenebpefsinihy

mass- produced. 5 : [ Fourth Enbodi nment] The present invention
will be describedeaess in hheecallaminumyplateaswpfacepecific exanple. A
positive el ectron beam resist (ZEP-520: tradename of N ppon Zeon Co., Ltd.)
was applied to a 10 shftesntBipstfanstantavehiagpcarodizng[¥as| m by
spin coating. A dot pattern ipn _which projections around each,grcgfcéion
were arrayeéd iHeﬁfPéﬁﬁﬂa%nhéﬁéﬁBﬁlﬁtagl%e??%ﬁng a concentration -5

M at 10 °C and 25 V. With this process, a porous
anodized alﬁmina film in which the pore interval was 63
nm, and pores around each pore were arrayed in a regular
hexagon at an equal interval was obtained. Since the

10 pores had an ideal reqular array, each pore had a round
shape, and the uniformity of pores was also improved. -

[Sixth Embodiment]
An electron beam negative resist (SNR-M5:
tradename of Tosoh Corporation) was applied to a silicon

15 carbide substrate on which a thin diamond film was
deposited to a thickness of 0.5 um, to a thickness of
0.1 pm by spin coating. Electron beam exposure was
performed to regularly form about 25-nm diameter and
70-nm high projections at a period of 75 nm.

20 The silicon carbide substrate having the
projections was brought into tight contact with an
aluminum plate having a purity of 99.99% and polished by
the same operation as in the first embodiment. A
pressure of 4 ton/cn’ was applied using a hydraulic press

25 to form recesses in the aluminum plate surface.

After this, constant-voltage anodizing was

performed in a mixed bath containing oxalic acid having
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of 0:1 [err]mwas exposed by an el ectron beam exposure apparatus and

devel oped to form about 25-nm di aneter 15 pores in the resist. Chrom um
was deposited on the resultant structure to a thickness of 50 nm using an
el ectron beam deposition apparatus. The structure was dipped in digline as
a solvent. An ultrasonic wave was applied to renove both chrom um and the
resist so that 20 about 25-nm di aneter and 50-nm hi gh projections of
chrom um were formed. Using the chrom um projections as a nmask, the silicon
substrate was atcbfdehbratientbfof.S0Mnandystibbeiiyeadid ed€indgita usi ng
CF[err] gas. After this, chrom umwas renoved by an oxygen pl asma, thereby
25 form ng a sabsteateabtimonhofhOadoita®ba madianef e3 anzl 60-51C hamgh 30
projections were regularly arrayed at a period of 0.1 [err]m - 20 - An
al um num pl ateVhaving a purity of 99.99% was subjected to el ectropolishing
in a mxed bath containing perchloric acid and ethanol at a ratio of 1: 4
for about 4 nmin to obtai ‘ﬂl'é{\) BRL%i PRPFPP L 2 RRFORS 2nPdizgd rdpluming ace.
The silicop substrate haying the projections was placed on t{he al um num

pl ate, and?a p?éi@u%% ¥riah the ReEs rintREvah ireed’ udihy aPhyRALRA i ¢ press,

t her eby forning recesses, in the aluninun1géa1e
- round each pore were array in a regular hexagon at an

equal interval was obtained. Since the pores had ‘an
ideal regular array, each pore had a round shape, and
the uniformity of pores was also improved.

10 [Seventh Embodiment]

The seventh embodiment of the present
inVehtion will be described next with reference to
Fig. 7.

In this embodiment, the pores of a porous-

15 anodized alumina film formed on_an aluminum plate by the
third embodiment are formed as through holes to obtain a
through hole membrane.

In this embodiment, first, texturing by press

' patterning is performed for a planished aluminum plate

20 10 using a substrate (not shown in Fig. 7) having, oﬁ
i£s surface, a plurality of projections arrayed at a
predetermined interval, as described in the third
embodiment of the present invention. A plurality of
recesses ll.are formed in the surface of the algminum

25 plate 10, and the aluminum plate 10 is anodized to
manufacture a porous anodized alumina film 70 having

pores 71 as shown in Fig. 7(a).
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surface. 10 After this, the alum num pl ate having the recesses
was. subjected to constant-vol tage anodizing in oxalic acid having a
concentration of 0.3 M(nolar) at 17[err]C and 40 V. Wth this process, a
porous anodi zed alumna 15 filmin which the pore interval was 100 nm
and pores around each pore were arrayed in a regular hexagon at an equal

I nterval was obtained. Since the pores had an ideal regular array, each
pore had a round shape, and the uniformty of pores was al so i nproved. 20

(Fifth Enbodi ment] Aboutqrd-yuB¢hi iR Yol YhdaR A0 IRMIRC QRS MET e
regularly fornmed at a period of 63 nmon a silicon carbide substrate in the

sanme process aps idondeithited WplodinBldiedd®ctric barrierTN&y&d i7gon carbi de
substrate having projections was brought into tight contact with an
al um num pl at echdnaingona porred yarad B9Poiantqddcthad tas the?l - in the
first enmbodi ment, and a pressure of 3.5 ton/cnierr] was applied using a
hydraul i ¢ pressndexnkyiohy dlomimon meedssearnd a hesxagomalumadlutmarsur f ace.
After this, constant-voltage anodi zi ng was '

porous layer 73 contacting the barrier layer 72 and

having a pore 31 at the center of each recess.

To obtain the porous anodized alumina film
having through holes, the aluminum plate 10 and the
barrier layer 72 (layer having no pores) must be

10 removed.

To remove the aluminum plate 10, aluminum may
be dissolvéd and removed. In this embodiment, the
aluminum plate is selectively etched to remove aluminum
(Fig. 7(b)). As an etchant, a saturated solution of

15 corrosive sublimate (HgCl2) or a saturated methanol
solution of Br2 can be used.

Next, the barrier layer 72 is removed using
phosphoric aéid or the like, thereby obtaining a through
hole membrane (Fig. 7(c)).

20 In the through hole membrane obtained in the
above manner, pores haviné a satiéfactory straightness
and unifofm diameters are regularly arrayed at a
predetermined intervai on the nanometer order.

This through hole membrane can be used not

25 only as a filter but also as a starting structure to be

used to manufacture a regular structure of a metal or

semiconductor.

£T_ppeBEEN |
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5 perforned in sulfuric acid having a concentration of 0.5 Mat 10 [err]C
and 25 V. Wth this process, a porous anodized alumna filmin which the
pore interval was 63 nm and pores around each pore were arrayed in a
regul ar hexagon at an equal interval was obtained. Since the 10 pores had
an ideal regular array, each pore had a round shape, and the uniformty of
pores was al so inproved. [Sixth Enbodi nent] An el ectron beam negative
resi st (SNR-Mb: tradenane of Tosoh Corporation) was applied to a silicon 15
car bi de substrate on whiWhiena thiei pediipherdlf pomties déptbet eduménumt hi ckness
of 0.5 [err]m to a thickness of 0.1 [err]mby spin coating. Electron beam
exposure was pIAG dd tehesydindo ¢ f&emeasbarezsan Fugrartisg BRRFLEONNM

Cubst Fate havitHF G (RGN B4 BERbEa08nEarnbE FPEREDBNt act Wit h an
as in the first enbod maRE PREgRE iee1aPe S BRiER ERrP fRERAR T od using 4
VAR g o TR0 R LT L e
oxalic acid hgyigni1y?20 an aluminum plate but also to a thin
aluminum film formed on an underlying material other
than aluminum. This will be described as the fifth
embodiment of the present invention with reference to
10 Fig. 8 using, as an example, an aluminum film formed on
a silicon substrate.
| An aluminum film 80 is formed on a silicon
substrate 81 by vacuum'deposition or sputtering
(Fig. 8(a)). To form the aluminum film 80,
15 electrodeposition using precipitation from a solution
may be used.

The surface of the silicon substrate 81 as the
underlying material for the aluminum film 80 must have
smoéthness on the nanometer order.

20 By texturing based on press patterning, a
plurality of recesses 82 are arrayed in the surface of
the aluminum film 80 at a predetermined interval
(Fig. 8(b)). To anodize the aluminum film, a porous
anodized alumina film 83 in which pores 84 are formed at

25 positions corresponding to the recesses in the surface

of the aluminum film 80 is obtained (Fig. 8(c)).

THIS £ WS BEEN
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a conctentration of 0.3 Mand sulfuric acid having a concentration of 0.3 M
at aratioof 3 : 2 at 5[err]C and 30 V. Wth this process, a porous

anodi zed alumina 5 filmin which the pore interval was 75 n[err], and pores
araund each pore were arrayed in a regular hexagon at an equal interval was
obtained. Since the pores had an ideal regular array, each pore had a round
shape, and the uniformty of pores was al so inproved. 10

[ Sevent h Enbodi nent] The seventh enbodi nent of the present invention wll
be descri bed next with rwhenethe barfFigr Yayén ofi shenpodousnanodieedor es
of a porous 15 anodized alumna filmformed on an alum num pl ate by the
third enbodi neplumisaf §ikmd8asishebahdhus éngt phosphvnia ahidueh Heee
menbrane. In this enbodinent, first, texturing by press patterning is
perforned for &ifPantBReBOEPENFAUNPHI BPEMSD as 1bhreungly holedsexterdingt
shown in Fig. 7) having .on its surface, a pluralit o{gﬁéojections arrayed
at a predet er nFRelhPnBiligen subattarenBl on the YRICHLEIBIMHENLIBE the
present inyentign. A_plucali of recesses 11 are forned.in the surface of
Phe alum nim 268305 808Y15, | I SYRLACFRRFREATR EE cthD TRISALAD8S 1 o

nanufa?tyre a RQEgHiainogéisgtfb&”LQ@niL&”1§0u935‘”9 pores 71 as shown in
Fig. 7(a). ! ’
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-23-+"  The resultant _parous anodized alumna film70 is constituted by a
thin dielectric barrier layer 72 having no pores. and forned in contact with
t he underlying al um nH",mmllmm mexagonal columar 5 porous |ayer 73
contacting the barrie ﬂ ving a pore 31 at the center of each
recess. To obtain the porbust affodiszed al umi na fil m having through hol es,
the alum numplate 10 and the barrier layer 72 (layer having no pores) must
be "10 renoved. To renove the al um num plate 10, al um num may be di ssol ved
and renoved. In this enbodi nent, the @lgpym nuit i ate i s selectively etched
to remove alum num (Fig. 7(b)). As an etchant, a saturated solution of 15
corrosive sublimte (HHIGQ2) & metaddiraf efbrmeinginolpaaul iaodifzdd 2 can be
used. Next, the barrier layer 72.is renoved using phosphoric acid or the

li ke, therzby abtmimanfilm; helargc test ezerk iy amuAsing (e stxps of:

In the through hol e nenbrane obtained in the above manner, pores having a
satisfactody strai ght nesEorminaira fekural et sregessaguin@d punfageed at a

predeterm ned interval on the nanoneter order. .
of a smooth aluminum plate in a predetermined array at a

5 predetermined interval;'and
6 énodizing the aluminum plate to forﬁ a porous
7 anodized alumina film having pores having a
8 predetermined shape and the same interval and array as
9 those of the plurality of recesses.
(2) A method of forming a porous anodized
alﬁmina film according to claim 1, characterized in that
the plurality of recesses are arrayed such
that recesses around each recess are arrayed in a

regular hexagon in the aluminum plate, and

A N s W N

the step of anodizing the aluminum plate
7 comprises
8 anodizing the aluminum plate at an anode
9 oxidation voltage obtained by dividing the interval of
10 the recesses by 2.5 nm/V, thereby forming a hexagonal
11 close-packed érray of the plurality of pores
12 corresponding to the plurality of recesses.
(3) A method of forming a porous anodized
2 alumina film according to claim 2, characterized in that

3 the step of anodizing the aluminum plate

4 comprises
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Thi s¢through hol e menb only as a filter but also
as a starting structure nufacture a regular structure of - a
metal or sem conduct or. li w I!EﬂiﬂjﬂﬁHmhe peri pheral portion of the

al umi num pl ate is etche ape, a supporting portion for the
t hrough hol e nenbrane can be obtained. The porous anodi zed alumna film
formng 5 nethod according to the present invention can be applied.not only
to-an alum numplate but also to a thin alumnumfilmfornmed on an

under | yi ngs mat eri al ot heinddiaii i} WHe Whumliiuen Wllatebdandas waithedras the
fifth enbodi mrent of the present invention with reference to 10 Fig. 8
using, as @n eceaipice,acin &t riheurariddemdidrdad oon ve ltialgec ol tduilmstar at e.  An
alumnumfilm80 is forned on a silicon substrate 81 by vacuun1dep05|t|on
or sputterlng Y@Htrge(zange RE ¥ ma Hé dl,urkheneblyi |forsdngl She '
electrodep05|t|on using precipitation froma solution may be used. The
surface of8thd@¥agenal slinaa-Racked aruaye afhddye plvgadditar ofl pogest he

alun1nun1féln180 must have snpbothness on t.he nanoneter order.
corresponding to the plurality of recesses.

(4) A method of forming a porous anodized
alumina film according to claim 2, characterized in that

the step of anodizing the aluminum plate
comprises

anodizing the aluminum plate in a bath of

S U e W N

sulfuric acid at the anode oxidation voltage within a
7 voltage range of 23 to 28 V, theteby forming the
8 hexagonal close-packed array of the plurality of pores
9 corresponding to the plurality of recesses.

(5) A method of forming a porous anodized
alumina film according to claimll, characterized by

further comprising the steps of

W N

_after forming the'porous anodized alumina film
having the pores having the predetermined shape and the
same interval and array as those of the plurality of
recesses by anodizing, removing the aluminum platé from

the porous anodized alumina film, and

W © N o W\

removing a_bar;ier.layer of the poroﬁé

10 anodized alumina film to obtain an alumina film having
11 through holes.

(6) A method of forming a porous anodized

2 alumina film according to claim 1, characterized in that

4 TH N
LAC
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20 =7 By texturing based on press patterning, a plurality of
recesses 82 are arraﬁémulnﬁﬂll ‘ﬂ’ “ﬂE of the aluminumfilm80 at a
predet erm ned interval IRl H%Fb anodi ze the alum numfilm a porous
anedi zed alunina film®B3 in which pores 84 are formed at 25 posi tions
corresponding to the recesses in the surface of the alumnumfilma80 is
obt’ained (Fig. 8(c)). - 25 - When the barrier |ayer of the porous

anddi zed alumna film83 is etched using phosphoric acid or the like, the
pores can Be forned as ttheugtepobtsfaxhimglitige txreddwses |ircathesubstrate 81
as the underlying material 5 (Fig. 8(d)). To avoid corrosion to the
under | yi ngénat enrfacesef echée valumttnmoplateseofiprdds CL A1 MS (1) A
met hod of form ng a porous anodized 2 alum na film characterized by
conpri sing3the steps of :pPBessing a subs¢xatf hpwing urel id pWitakkesses in a
surface 4 of snpot h aluninun1glate in a predetermined array at, a 5
predeterniﬁed ?ﬂ?ﬁggﬁf¥ gfjprojections corresponding to the plurality

7 of recesses against the surface of the aluminum plate to
8 form the plurality of recesses having the predetermined
9 interval and array.

(7) A method of forming a porous anodized

2 alumina film according to claim 6, characterized in that
3 the plurality of recesses are arrayed such
4 that recesses around each recess are arrayed in a
5 regular hexagon in the aluminum plate, énd
6 the step of anodiéing the aluminum plate
-7 comprises
8 anodizing the aluminum plate at an anode
9 oxidation voltage obtained by dividing the intérval of
10 the recesses by 2.5 nm/V, thereby forming a hexagonal
11 close-packed array of the plurality of pores
12 corresponding to the plurality of recesses.
(8) A method of forming a porous anodized
2 alumina film according to claiﬁ 7, characterized in that
3 the step of anodizing the aluminum plate
4 comprises |
5 anodizing the aluminum plate in a bath of
6 oxalic acid at the anode oxidatién voltage within a

7 voltage range of 35 to 45 V, thereby forming the
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6 - anodizing'the alum numplate to forma porous 7 anodi zed
alumna fil mhaving pores having a 8 predeterm ned shape and the sane

interval and array as plurality of recesses. (2) A nethod
of -form ng a porous a*ﬂﬂlnnuwnﬂ"ﬂulk na filmaccording to claim1,
characterized in that 3 ¢ - " t'the plurality of recesses are arrayed
such 4 that recesses around each recess are arrayed in a 5 regul ar
heXxagon in the alum num plate, and 6 the step of anodizing the
al um num p8at eh@xagewadrdbese-Jpacked array ahahe iplimitaldtat wif poegs ate at
an anode 9 oxi dation vol tage obtained by dividing the interval of 10 the
recesses by 2.&ormespondingbyo fither plgiza kichsagohatedelssdsose- packed array of
the plurality of pores 12 corresponding to the plurality of recesses. (3)
A method of forming a potdus Armrihedl of forminda fparauscandizgd o claim

2, characterized in that 3 ) the step of anodizing the al um num
plate 4 %onp?lwekna yfilm aceprding to claig gy ShaFagteriidnd dimthake in
a bath of oxalic acid at the ode oxidatiqn valtage within a 7

vol tage range of 35 to 45/, SYSRr f‘?‘b‘f’rﬁ’r{bgt aluminum plate

4 comprises

5 anodizing the aluminum plate in a baﬁh of

6 sulfuric acid at the anode oxidation voltage within a
7 voltage range of 23 to 28 V, thereby forming the

8 hexagonal close-packed array of the plurality of pores
9 correspogding to the plurality of recesses.

(10) A method of forming a porous anodized
alumina film according to claim 6, characterized by
further comprising the steps of

after forming the porous anodized alumina film-

having the pores having the predetermined shape and the

DY U e W N

same interval and array as those of the plurality of
7 recesses by anodizing, removing the aluminum plate from
8 the porous anodized alumina film, and
9 removing a barrier layer of the porous
10 anodized alumina film to obtain an alumina film having
11 through ﬁoles.

(11) A method of forming a porous anodized
2 alumina film, characterized by comprising the steps of:
3_ forming an aluminum film on a substrate having

4 a smooth surface;
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8 .hexagonal cl ose-packed array of the plurality of pores 9

corresponding to the plu 1 S. (4) A method of formng a
porous anodi zed 2 al un”mmmmuﬂﬂﬂmmg to claim2, characterized in
that 3 ' the step ©Of tanddi 2i ng the al um num pl ate 4 conprises 5
anodi zing the alumnumplate in a bath of 6 sulfuric acid at the anode
oxi’dation voltage within a 7 voltage range of 23 to 28 V, thereby form ng
the 8 hexagonal cl ose-packed array of the plurality of pores 9
correspondsng to the pl ugakihiigOs pPELEBLEY 6P)rded®id®bfa firFae a

por ous anodi zed 2 al um na fl?n1accord|ng to claim1, characterized by 3
further cospriseifnghéhalahépsmofilm to have a prédeteifmimed ginteEryml ous
anodi zed alumna filmb5 havi ng the pores having the predeterm ned shape
and the 6 7 saeswdi areayal andd array as those of the plurality of 7
recesses by anodi zi ng, renoving the alum numplate from8 the porous
anodi zed aBunmina film afd@odizing the surfaee\ohgthe bakuyminun fikm kot he
porous 10 anodi zed alumna filmto obtain an alumna filmhaving 11 through
hol es. (6)9A nEPEBJ2OPOFORFi ARCAL#RH orkumingi Hbkm chaving wekes i havREor di ng

to CIa|n1}0 Chgrggégékéggihgdtgﬁépé ggd_the same interval and array as

11 those of the plurality of recesses.

(12) A method of forming a porous anodized

2 alumina film according to claimlll, characterized in

3 that

4 the step of forming the recesses in the

5 surface of the aluminum film comprises

6 pressing a substrate having, on a surface, a

7 plurality of projections corresponding to the plurality
8 of recesses against the surface of the aluminum film to -
9 form the plurélity of recesses having the predetermined -

10 interval and array.
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3 R the step of formng the recesses in the 4 surface of the
alunlnun1plate conprises 5 preSS|ng a substrate having, on a
surface, a 6 plurality of projections corfesponding to the plurality 7

of _recesses against the surface of the alum numplate to 8 formthe

plurality of recesses having the predeterm ned 9 interval and array. (7)
A et hod of formng a porous anodized 2 alumna filmaccording to claim
6, ‘characterized in that 3 the plurality of recesses are
~arrayed such 4 that recesses aromngd gaghrrgcese are arrayed in a 5
regul ar hexagon in the alumnumplate, and 6 the step of

anodi zi ng the al um num gl glmralityofr reees8es having theasaniezi ng t he

al um num pl ate at an anode 9 oxi dation vol tage obtai ned by dividing the
i nterval of lOntesrvadcesskearyay?as mhbge oifepelresf ofnangadunéragbndin, 11
cl ose-packed array of the % urality of pores 12 corresponding to the
plurality of rdedsare (o) én poediiadng,persugoznedi eeda2

alum na filmaccording to claim?7, characterized i.n that 3 ‘ t he
step of anodlﬁmﬂ?tmhéqaﬂ@ﬁﬁhﬁﬁlBma?éuﬁln“@oﬁﬂ?F§e§n5advancer and anodi zi ng
t he al um ate i,n a hath of oxglic a node oxi dation
vol t age Wi h?DP they) &ﬂB"PghggaﬁF 35 FBoﬁ 2. thgﬁégy%géﬁning t he

process, the roundness of the pores of the porous
anodized alumina film and the uniformity of'pore size
are improved, and the pores are regularly arrayed at a
predetermined interval. -

10 The recesses are formed by preséing a
substrate having a plurality of projections on its
surface against the aluminum plate surfacé to be

anodized.

.
o
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29¢- 8 hexagonal cl ose- packed array,of the plurality off§§+es—9——————————-
corresponding to the plurality of recesses. (9) A¥effed of f PLAGEMENT SHEET

por ous anodi zed 2 alumina filmaccording to Clﬁ&?hi{ char agt grtzed—Tm

that 3 the step of anodizing the alum'™n plate cpgm“h§ﬁ§95
anodi zing the alumnumplate in a bath of 6 ﬁyﬂ ' t the anode’

oxi dation voltage within a 7 vol t age range o] to 28

the 8 hexagonal cl ose: pagked ay .of lural ity of or s 9
correspondlngﬁ¥§QtﬁP¢ﬂ%#@&??9 gfiWe 8§ 616) SR Mg e—————

por ous anodi ze umna filma d|ng t.qQ.claimé6, characterlzed by 3
further conpnd%rﬁfQ€he§t%%§e5fgz Eugh as sﬂi &P form ng the porous

gggdiﬁgdGalun1na filmb5 ﬁéngrgggngp %§ég@y he MIﬂfﬁl% n%g§q shape

sane int erva¥ ray .as t ose O

recesses by angdi m:aifgyvbfgrEEESQ'e%mﬁPW %Rfrf \Ré'eaﬂahg‘ﬁ%

anodi zed alummna f . renmoving a arrler ayer
por ous (10 anodi fﬁﬂeaéanhaeef the b&e&@t@:&ﬁi&da':.%éﬁr&l' " hewkpgell through
0

hol es. d of formng a porous anodi zed
pattern may be formed on the aluminum plate surface by,
e.g., photolithography or electron beam lithography, and
then, the alumionm plate may be etched. However,
‘Eﬁ especlally, when a porous anodized alumlna film having
10 pores at a very small interval of about -1--0-;-. is to be
formed, a hxgh-resolutxon micropatterning technique
using electron beam lithography or X-ray lithography
. mast be used to artificially and regularly form the fine
recesses in the a;uminﬁm plate surface. It is not
15 economical to apply such micropatterning technique every
time a porous anodized alumina film is formed.
' - According to the second aspect of the present
- invéntion, there is provided a method of forming a
L o poroﬁs anodized alumina film, comprising pressing a
20 Substrato having.a plurélity of projections (convexes)
correspondlng to recesses agalnst an aluminum plate
'surface to be anodized to form, on the alumlnum.plate
surface, recesses having tho same interval and array as
those of pores of an alumina film to be formed in
25 . anodizing, and then, anodizing the aluminum plate,

' thereby forming a porous anodized alumina film having

porous regularly arrafed at a predetermined interval.



2 Wm na.film characterized by conprising the steps of: -3 :
fofmng an aluminumfilmon a substrate having 4 a snmoot h Sk — e
5 formng a plurality of recesses on a surface 6 @@gMEN?SHEET

aluminumfilmto have a predeternined interval 7 and- array, and .8
anodi zi.ng the surface of the aluminumfilmto 9 forma porq@us ahBMAE®HI9
alum na filmhaving pores: haV| ng 10 a predeternined shape and tihe same

interval and array as 11 ?W&J“ty of recesseg.. (I2y A
met hod of form ng a porous ano zed 2 alunfna filmaccordidg_ to cIa|m11

characterized in 3 that 4he pore 1ntef$@1$5gptﬁé i,gfghgggt{aﬁféasses in

the 5 surface of the alumnumfilmconprises 6 pressing a
substrate havi ng1.afidas $ilac obtaihed! i athé ValStveL ab8Ei b opL¥ggpondi ng
to the plurality 8 of recesses against the sur of the alumnumfilmto
9 formthe pl ¢bbdiment 4&° 2% BnEdl s t ABoWE m Il'@ﬂa]ﬂ;ifiéiaﬂ.\lﬁ

and array. 31 . _
5 and regularly form such fine recesses in-the aluminum

plate surface, a ,high—resqlui:ion micropati:erning

technique is réqu.i.:;ed. When electron beam lithography

or X-ray lithoétaphy is used, the microfine zeceses 11’
J can be formed in the’ ‘aluminum plate 10 (Fig. 1). .

10 However, it is not economlca]. to apply such -an advanced

fabrication technigque every time porous anodized alumina

- is fomed, which nay impose 1im1tations on the
application purpose of the porous anadizéed alumina film
of the present invention.

15 o As a characteristic feature of the porous
anodized alumina film forming method according to the
third embodiment, a plurality of recesses are formed in
an aluminum plate surface by pressing a substrate with a

) plurality of projections on its surface against the
. 20 aluminum él'ate surface, i.e., transfen;j.ng a mother
péu:t:em onto the aluminum plate ;:y molding. “
This embodiment will be d.escribed below with
reference to Fig. 6. |
Fig. 6 shows views for explaining the

25 procedure of forming recessés’ 11 on a surface of an

aluminum plate 10 ns:.ng a substrate 60 having

projections (pro;ectz.ng portions) 61 regularly formed

- [}
. -
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forming a reqular recess array over a large area of a

number of aluminum plates._ Therefore, an aluminum plate
having predetermined recesses can be efficiently and
inexpensively mass-produced.
5 _ [Foui'th Embodiment ]
| The pr_esenﬁ_ invention will be described next
in more detail using a more spec.i.fic example.
A positive electron beam resist (ZEP-520:
) tradename of Nippon Zeon Co., Lt;d.l Iwas applied to a
10 silicon substrate to a thickness of <-m# by spin
coating. A dot pattern in which projections around each
projection were errayed 'in a regular hexagon at a period
of 0.1 um was exposed by an electron beam exposure
apparatus and developed to form dbout 25-nm diameter
15 | 'poﬁes in th‘e resist. Chr_omium.was ‘deposited on the
resultant sfructure to a thickness of S0 nm using an
electron beam deposition apéaraj:us. The s,truc'_ture' was
dipped in diglime as a solvent. An ultrasonic iwave was
) ) applied .to remove hoth chromivm : and the resist so that
20 about 25-nm diameter and So-nm high projections of
chromium were formed. Using the chrom.um projections as
a mask, the si.licen substrate was etched to a depth of
60 nm by reactive dry etching using CF, gas. After this,
chromium was removed by an oxygen plasma, thereby
25 forming a substrate on yv_hich about 25-nm diameter and
60-nm high projectiehe were fegularly arrayed .at a

period of 0.1 um.
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