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Abstract — Fabrication of nanostructured materials and synthesis of nanomaterials have intensively studied to realize
electronic devices for nanotechnology. By using nanoporous alumina mask, nanostructured material can be fabricated in
the form of uniform array. The size and the density of the nanostructured materials can be controllable by changing the
pore diameter and the density of the alumina mask. This method is possible low cost and on large scale process, and fea-
sible to contribute the fusion technology consisting of information technology, nanotechnology, and biotechnology.
Therefore, these techniques provide alternative approaches for development of new electronic applications. In this paper,
the fabrication technique and its applications of nanoporous alumina mask are described and nanostructured materials
such as quantum dots, nanoholes, and nanorods are introduced.
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k2] 0 2= A=} H] 2] 1215 (electron-beam lithography), A} B
H #An|A S o]83F 247183 (scanning probe lithography), X
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o R Ve S o] 89 Wi RS AlFshs e e

2 Qleke]. ol¥st YA ® vheth3Ad 4-FH UK (nanoporous
aluminay’} o] o] ¥t} thrth3 A dFnvli= 8748 moko)
"“(cell) ZXo]| dFulg 7|3} 2L o] R E*(pore)— FARS

573 U3 vl (hexagonal close-packed array) T-35 7FA| L St}
etk dFrue] B ok 54 ARl )seld 7] e =
2 Z3]4](aspect ratio; 273l tist dojo] u)yE IS F Ut
ZlolH, F3H|= F=Aaksl 3ol met 2do] Thsatct. Adslix e
8 on ku AR uh:’ zqoh,} 7+o 279 mrg} =3 97, A
7], dFug = joj& 4= 0113]- 11]. Z(template
structure)=A] Ut OLEU]% o] E‘r/\bl-i?rl‘a(carbon
nanotubes)®] AJ[7], BAUEFEE o]&-3F HAANE AR (field
emission display)°ll tigt A7-[8], Wbtk ¢FuvE vpAa R

0] 83t =7 (nandot)[9] L]-J_Q]—Oloi(nanowme) [10], Y-}y
(nanorod)[11], A (quantum-dot arrays)[12, 13]¢] A1z}, Ltk
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2A1+3H,0 — ALO; + 3 H, (1)
Anode : Al — AP+ 3e

Cathode : 2H +2e- —H: (1)

/ Pore  Cell ‘h\

Nanopore |

Porous
alumina
layer
Barrier
oxide
laver

\ Aluminum f
Fig. 1. Structure of nanoporous alumina and schematic illustration of
anodization.
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SolMe SRRSO R Rk ellA A E AR ARsto]
FATb Y3 }L, FelM= EFulE Tl alskEo] AxE 4
3 o3} F=atiel] Wsh= Akaol&o] Aitslo]
| 1 °ﬂ s} &1 3" (anodic aluminum oxide; AAO)
o] A ETH AA0 E o] &8 yxth3d &FHy
(nanoporous alumina template) T-3=% 57213 HA 9|4 (hexagonal
close-packed array) 752 5218 ToF] Al(cell) T4l &FvE

N#3 FHE ol F = °15649] T3 2 v S (porous
alumina layer)Zt &5FnlE ) GFvvke] AW vl wljzjol
(barrier layer)o] EAE +2& %l ATH17]. &FvlE Atslalet
& FARS Al ARSI Aol ulet Al ojE=ste] 113
21 wido] B3 m], Hstel nlHlste] AL A7 |7h FEE W
[18].
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2-2. LIeCHEY U=20(Lt opATo| M=

itk &5u]L (nanoporous alumina)s 1214 2.2 2wl
A¥ Fej2 Axshs WO 19959 U#2] HMasuda 155l
olsl B oA k= Akt 7Y (two-step anodization process)
o] ®rgo] QUeh19]. 25 = Ak S Bk vtk d &%
vy mkA9) AF 359 RALEE Fig 2004 BojFEt) w3t
Ltk GFHUE Alxehr] Q13 2] dAAe] ow o
Tl 39 A s S5 AlAS] S8l A71sksA R
AgoAnte] Td Axlg] IS A} o] et daidnle]
AAY g oR AL 2 /S 2] dFulE 1S 9
T Utk A WA FFAERE 2708 AT AIAEE ARGE], ¢
Vs PO ARSHL MEHTE 50 ARgSte] Aafdel
e Qe AYE 7ste] Frt oF 5 Akl BRF AajAe] 2
3+0.1°C] #22] AEE Ak, AlRolX TS 4o gt
= 7EA1717] 918l whadlE] whE 1A A 0= Aol rh A AR
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Electro-polishing  First anodization

Aluminum foil

Second anodization Remove Al Pore widening

Fig. 2. Schematic diagram of experimental process of nanoporous
alumina mask.
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o] £ vt gFuL kA E Azt

SR} mpAF o] FEHjRA oA G e WA RS
Fig. 304 HoIFt} Fig. 3(a) £ 0.3 M 52k g0 40 v
QYT AL ThElo] A WA BT Fol g B
¥ FAPAAFEA )7 (Scanning Electron Microscope; SEM)S. 2
ZESE ARdolnt, 3 A kAol o) dE STk 1
A = T = vk dEalstell Sl @4dE vkl
i 3 S Fslo] ol 5, A WA oF=Aks) 223 32
A A FEAtskE Arlse] AR vtk 4
w35 FElE Fig 3y 2k 43 AR Reke] Ao uls-
TAAR] FEZ MdE] s B g dx, AR 22 A=
105 + 5 nm, 552 272 ~33 nmo|t}. 32 F7|= QAkg-
M FEE el SJal o Algtel] elalf Aefg 5= SlTt. Fig.
3y St Gdlolx 40 Vo] AksRStelA AlxE vhad &F
U QRGN 50E7F S E TS AA] §F Foll F5329] A
©] 90 nmz A|<HE SEMO|W]A|E Hojr),

g rms AT vk R AR ET Slete] 7R Test
etk ] Gy wkAaa SIS miaT o] FAE SEAl A
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Fig. 4. SEM images of (a) Cross-section view of nanoporous alumina
fabricated at 40 V in 0.3 M oxalic acid and (b) alumina mask
with through-hole after pore widening treatment in 5 wt%
H;PO, at 30 °C.
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3-1. YR (quantum dot) M=

HEEA] WYol|A] % v (conduction band)ell A= A} (electron)s
¥} 7}AA} v (valence band)Hlell $1i= 3 (hole)ys 30 F Al
Weko . obel A9k glo] AfEAl FARITE e B3 Aol
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Fig. 3. Morphology variations of alumina surface in preparation process of nanoporous alumina mask (a) after first anodization (b) after second
anodization at 40 V in 0.3 M oxalic acid, and (c) after pore widening treatment in 5 wt% H;PO, at 30 °C for 50 min.
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2 HRFHARE z2hs HEEA] glo]Atho] @ S (laser diode)E &
Aoz ATEI JTH21]. FAR TE= dolATel et 24 A

Zh Al 5o wE 7Y ARA 2 st Ho] 9t 255
73& vhERT 1 el H 3 S55719) A9 tielEAo] ¢
ot HPEAo] §lon, AR o] & B Qlsle] &

%

T R TEE dAE 5 S ZoR dgT22]. o2t
FEANE 2SS 2lel® A A9 AE] 9 F AR
& ThFEE oke] Faat -] 7hssitt

-VIE 313HE wkeAlls oo B2 341S 7 a ol A4
WAt Z N A9 A}, g3 T2 REke] o] 4
= A9 AR Afe) o] 27|74A] g-go] 7FssitH21]. ol
MU w] F2E 7L Qi IVE WAl s §55hs 5
gk 7RA)an gl wbel Aol euA] W 2E 7R aL
-V SIEteds WE wolso): 54 2 g 545
o 7B 1 ek A 33 el NMI-VE 315HE REEA 9} v waj s
A 1-VE 3152 EeA|7)F 2R) Aol 7 a3 ool A= of
YA uE 7R AL 9ol Blste] I-VIE 3F5he Al Fo)Xx
NAFE ZRAPEA 7 o] AR 5l A w(band gap) 4
& 7HA AL Qlvk kA A9l AE7], WAt e 7] A
2 5ol o5 I-VIE 3HEREEAE S48 = s AHS 71
EAI =

MBE(molecular beam epitaxy)y= 25 1133 7]&2] Wy}
Hizo] & Azt T 7] FAEA Alolehs 7 7hsEl A
o, o] 7 QaiA AT e Fuwdt axte] Ago] FVsd A
th o2 A1Ee) g gl S5 BAT 7w & 9
7} A7} 5 Alole) Wkl o3k vl Foisk wgof s Aol Al
s, BE A% 4% W S 7P W 2oA A%dgol 7t
Selug Lxo) o5t 1A FAk(solid state diffusion)e] FaFo]
o, o|Z Q3| A% ] 29 =3 w48 2HE 4 otk
3t A2 EA (source)?] 2EE v Jdsl 2dsk= Fo] 7Fs
slo] AT AR 4 A& Aws Aol 5= 9tk o
AR o) ] AHARA A S 1AlsecE 7]
T 2 v Feksit) et 2] 35S Alojshs A
E]9] &= gk A} Fo] sk Srnch wiEn s s o
A} 5 G 7 Aloje 5= Q. wbeA] Al ol 7R Fag
A 719 A% EARR] AR; drE e 5 AR Eupel]
Utk 1 o] REzAell ®igEo] ZhsAH WhEA] of 2L of

o ot 32 |
_)'4 Fl[‘ o4l

4 =

A7) - X

Quantum Dots

i -

Nanoholes

Ion etching

Fig. S. Schematic diagram of fabricating nanostructure materials such
as (a) quantum dots and (b) nanoholes by using nanoporous
alumina mask.

YAE F-327F Wisle]7] wiFolvh, @A7EA|e] AtellA, uhute
el S vHE RAERE VR @AV, K EE,
2774, 71REHe] 29 55), TR A 71Res, T & 9l v
uke] FA| o] ATH23].

Aw7HA] 7P @ishA A7 WEE I Qe FRRe] AR
A F 7 o BRenh 3 HA WS Stranski-Krastanov
(S-K) IS o]-g3t AP W (self-assembled growth)]Th. o]
3t B O 2 CdTe?} ZnTed] AR} F-7d30] InAs/GaAs, T12]3L
CdSe/ZnSe(Aa/a = 7%)S} A2l FAFSHI F 6.2%= Z7] w0l
strain EYZE Q1814 ZnTe Yol CdTe/ZnTe2] UAFES FAA 71
717} Zat o} 3L WS CdTe/ZnTed] AFE-S A4 4= 9l
th24]. 7 HA HS dlEo] 4% CdTe UAM-ES 217181
S BAshE ol lTH2s]. el ol9h B2 WhHE A
Bk Afells HES e gl e A 1 Uke
SRS 23E 4 vk ©lo] Q. ofelsh TS Hks|A
A 719 wEEe] A mgs v o R dFeut
npATE ARGk o] AIEESITH 3]

AT wpA T E ARESle] MBER S ©8-3te] REEA] 713 9
of RS WA= Al dig RAEE Fig 5()ellA
RHojFEr) d2uy vpAT S GaAs7|ol 1 MBEHO® 11
g AdeelA, 7182, Cd, TS 95 29 &% 58 243}
o] CdTed A& AAAIZTE A A& 218l AR 5mut
9] 379 SEMARIE Fig. 6(a)9t At 22 Ad=x7dolX GaAs
717k 9ol CdTed A S AGAZ &, GF|L} v E A Ag

Fig. 6. Fabrication of quantum dot by using nanoporous alumina mask; (a) SEM image of nanoporous alumina mask and AFM images(scale: 1
pm x 1 pm) (b) of the one-dimensional and (c) of the three-dimensional CdTe quantum dots were grown on GaAs substrate by molecular

beam epitaxial method.
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%] CdTeE™ ] SEM AL Fig. 6(b)2} 211, GaAs”]# ol A
A CATeFAA 2] 3319 AFMARIS Fig. 6(c)$F 2T} GaAs?)
3} CdTez Apole] Avkeh AAF 5 G (~14%)1 = =aaL
AR Ao 2717 dRuiaa e ] 719 2 Y
e = FAES Fig. 6(a)} Fig. 6(b)°A & 5= 31T} 300 nmo]35}2]
SR 70 dRrukA TS ARESISE W vhAase) B e b
9] A mlde FAE F Udeh GFuu pkal] T
7t A9 AR e] miaa e ART|E 2 AR ] okgki=T] o]
23k geloz = Ao Fa] 71 Ajdo] Cdy} Ted| B
7] wiE O R oA Rp ] A9} U AREE R
ukaTof| Ao & 4= 9lom], A2 dEnjute] oFFakel S Al
ofstel B A2 wue] A1t Y 2 RS Zhe kA
A5 Az} upade) 32 e S 2hs CdTedA RS AlZ318]
TH13]. Yokt ke §-8-2 flstols A7]eF Wert Ao ot
Ak AR AZT} 712710l GF Uk TE o] 85 X
Ao A= AL 719k FhAIE AlefE 4= Q= 7Fs
ARFsIH, 22138 Q1 Axxte] A Aol 71013 4= Gl

ol glogjg} o AXI,
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T
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3-2. L{'==(nanohole)2| X[Z=
Sl Yo|A] gfehih-g-g olgste] S 2= WL 52l
(wet etching) WHY} G| §4S AR Gt on

= 9ue] A
o] (dry etching) Bx= 71212417 WRIS] AFRI HI-gA o] o]
(Reactive ion etching; RIEY> ol 7}~5 Z€}=n} AJeE v

gl =g o] gsto] EEtzul el Q) o 7iAE WhEEA| 7%k
3Eel FEAA, AR T4 58hg-2] Ate| Slato] W
& Fhob vl o A 713 flof] vlulol g Al 4
ot Tt R O & AR gTh WEEA] 7|9 2o YY)
o] HElE Axspr] 918t 1227 denpaa2A ierk A &
Fulupe] 25 o]8st At WA ATH14-16]. Vet &
Fulus o] g3t 744 A7 s o g ARl Wit A] A
Z7} 7¥ssh 710 s o] g-sk W vl mato] v)ed
7ol 7hsatal a¥bAQl A= g digolvh15]. Wherked
AFuUE dfElwps T 2 ARESo] RIEC] ©J8h 7124] 247 WS o]
F31oiSi 719 ol vheg-S FAsITH26, 27]. HEEES Tt
A717] 12l LED(light emitting diodey& B4l 7132 o] 3 A
A7](roughening)s 3o =HN ¥ FF 585 S7/HA TEE
S5 ST A7 B SITH28). InGaN/GaNe] 32 9] &
FulEs T2 A7 3 o= AIAA, InGaN/GaN X $oll 34
H otk gFeuEE Y] FEa80] Sl oigk A 3

o d

(

S QI1[29], InPHEEA] 719 2l vherhaAd dnuE sEet
AR ARgEte] 21427 HPHE o] &ato] InPREEA] 713k 9ol
g FAATIA o] Y TR vheEo] §lE e
A 71ke) F8rd 548 wlwdk Ay} wel] vhego) 9l Pt
A 7] FehA wbgg o] v SRS HolETH30].
ATt o] gste] REEA] 719 9]oll YhiE(nanohole)
< Axshs APl At ZAEE Fig S(byeld Rowth U
YUY L] mATE AlEsEe] GaAs7 |9 $loll 2 300
nmO|5k] w9~ gk Fuut mp 0] - W 2Rk A FH(Van
der Waals bond)°l| ©]3ll GaAs7]|% 9ol B=tH[12]. P32l 57
7} 500 nmQl ZH-ol% GaAs7]d ol &Fn} npATE 2ol
7B, AEE AT Fols "X ¢kar 713k floll & F-aw| et
W) 7)% 9o SFruntATE 221 AIEE ICP-RIE(coupled
plasma reactive ion etching) | 5= 7|¥ 9ol E11, SiCl,: Ar(15:
52 114%¥ 71419) ¥)Z, A 7Hetchingye A BIQITE. o] A7F %
7 stellA GaAs71 - 0.59 um/min?] % HE= 27} o},
SiCl/AAS] A2 ZE 7k~F ARgsh= Z-poll, ¢rlut vk
o] F&e] A7t vy Ar]ol B dERuniAg R Yoigls
27 gof QA 9 e FAIE S5kl SRS 1|
A}, GaAs7]3e] Bl 2 zko] 100 =eiA] WS o
Th ICP-RIE®] 312] 217} 5 7] Qlof] &m|unpizs
A72ke] 65 9] EFHEANelA E AIRE RE Fojdich AREH 7]
© 7|o R ARgE Fiell whet thEm, ICP-RIES] ]3] ©17]
7NAEE WEEA] 719 flof] sfelvi~T 2 AR Vit o
uuke] FES T8I GaAs 719 EWel| @A 0% NkEste]
Wiegs AAF
GaAs7|¥ 9]¢ &Fnvpnt T E sfedwk T2 ICP-RIES] 714
I E3l Yol dA% ZE Fig 7olM BHoFE) 1525t
2 7hS skl g kAT S A A S GaAs7 | 7]
=12] SEMOIV|A= Fig. 7(a) 2T} 150% B9t 74] 27}
A8t GaAs 713 9lofl gt A7]9] GaAsth: &o] 34
9] SEMo]"] A= Fig. 7(b)¥} 2t} Fig. 7(b) oA Hof
GaAsth-&2] AA=171%= 55 £ 5 nme| 3L W57} ~0.90x10' cm™]
Atk 1505 3F ICP-RIEE IS GaAs T 2] SEMO|U] A=
Fig. 7(c) 2tk th=E9] g 2ol 160 nmo) L HpehiE-o] §
Bl dFmofo & A7k Qt), o]y st Avhs dFuy rpaa s
W75 ZHe A4 27k djglntag 2] AR 4 9l o
RIS gEfslo] HEEA] 9] zlo)E Ao 4= Qlrk. B o=
abel 2718 Alojste] vhethd dEeve] Suel A7)9F U
= AloJ51o] GaAs7 | ol Z2] A7]e} S Alo) 4= Qlrh16).
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Fig. 7. SEM images of (a) oblique view of GaAs nanoholes etched for 15s and (b) top view and (c) cross sectional view of GaAs nanoholes etched

for 150 s by ICP-RIE by using the alumina mask.
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Fig. 8. Schematic diagram of fabricating nanorod by using nanopo-
rous alumina mask.

Fig. 9. SEM images of Ag-Au rods.
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