IRE AAO &R (558 AAO 5%2?9%%@&)\%
~O\

Straight and
parallel channels

Barrier layer at the
bottom of the pore
Barrier
layer

Channel of
! the pore

| Barrier layer

Al base

B 1. 453 AAC IR (ZBILYLKEND A REK SEM B (. AT #k
B, B 1 ERREES, AAC KIEHEE MK 7 4%, b e LNAE
AR, NN ERERAFER)D



Pore diameter - Interpore distance
Diny

Pore depth

Al base

& 2. faE AAC BIR (L ILPURER) BHErEE

B3 AAO (Anodic AluminumrOxide) 1R, SCIYEE AAO BilR, &
BERBEREN (B 1) « BB AATEEEAME (AROs) R4
B BANNERFEENEFERAIL, EAR A MRS E, ERE
THAEE, W2 AHEEAAO BHIE AAO HEIR. B3 AAO LA
KERRFIBAR LRI ANNGIES 5, MBS, FISEIJLEFHFEXM E
FIRKERBSIH % . B2RAEE AAO IREZAHRERWBHRAEE. B
a5 & &R F s SE AAO LA LSEBALR L9k B JLE 9K, FL
IR (BF AAO BEfR RIENAAO R AR, BWIJL 40K, wALUEE]JL
oK. BE ARO REPAZILFAHSEERT T, BRFUEENMKRSE, HF)
FHRANEEHRE . HAFKARTEENYSEE, TEARREZAEH
EBRIAREMEZ £, BEERFASMA U REKKFLE, RET —FeRER
R SEPKER, UM ENS FHRRERN, ERIsEalE s me
AR ¥ SO BT Y



S4800 20.0kV x250k

S4800 20.0kV x80.0k

S4800 20,0kV x100k

\

S4800 200KV x50.0k.

& 3. 53 AAO (ZFLYKREMRD 1 SEM E



B 3 =ML S BRI 5EEE AAOC 1) SEM EIRIRPLE, AN AR AT
1 SEM B, W AAO BARFE/NMERI WALEAAEH, LRHBHN, LK
REL4 2 TR BT AT A o

"""""""""" P TN
(1]

AL LSRR LA A

AR AR AR AR ARt

& 5. BE AAO FERBEFMRERE

B AAO BER—HNRERFEIAEH. HRERENHAF logo K
A&, SRAEIERRE, W8S o, mﬂ:ﬁénﬁﬁﬁ ipE: ¥ A%Eugo,gz\o
PREERR, WA T ORBUNBS TS, W LGEAT AR R A E . R



IR FHREREMERE, SUF LERHERIERME S EBIERE, WH
JEHE A LR EIR BT

AAOQO on Al substrate
Up
Effective AAO layer
Al base —\_ '
Back AAO layer—

Barrier layer

€ AAO layer: the upside AAO layer is
effective;

€ Barrier layer: the thin barrier layer
is at the bottom of the AAO layer;

€ Al base: Al layer is between the two
AAO layers;

€ Back AAO layer: The quality of
back AAO layer is not well
controlled.

B s IS

Back AAO layer B

& 6. 453 AAQBENR AW RER

BE AAO IR R EEESAEEHLHE, LREABR AAO B, =
mEEEAE —EZAENAE, AT XRENERER AAO EHE—, FE
E—, FAEFHXBEENRENZ FLIER. S5 HRIE AAO BRI E X
RIEH A LEIE RS, WREHAA HEAFERE, EREAERHST—
5, REAREAS A< et R sh 0 E— 1 —, NITEET AR X4,

FrocA T B Ik Y R AT, B IEEXH Bl AAO K

R FUHADS E7E T H PR IC . AAO BEFT ARA 5wi%

HIBEERHE /T B 2 1%, BUSRA] 5~10wt. %) NaOH HATHuE £ (FEF{E AAO
Ho-SHEREL NaOH & 5 RE B MM ETIRT)

RTIfIBRE4EEE: WwRHEHEE AAC ENBRHI &5 T4k

EGKEE, A LRES FRIBBIBE AAO R, BEEES TFEERSE AAO
KHERENR. H&ERE, HTF AAO MEEEESFEGEY, FrUAAT B

BB ANRE T TR AR NaOH FR £ AAO. IKETAT LA NaOH R HE KA
B, REHAENFREER, B5H NaOH gk AAO Bk E. Bk
YEFTIEES R —.

RREEEEEANERETR 5 RATHAE AAO 1 VIE AAO = R R B E L
SFHR . KBTI, WREAEHREE VA AA0 KBS, WRE



HREBRE T —EREME, LuimsFiE, BFX—BEMERES, Wi
¥ HIE AAO EEJHFE NaOH B, X—EMEKSIE AAO 5 NaOH BB SE
B, MMAREXZAM AA0 KB R. BT HIE AA0 FHBE T HOTHE,
FH AR REE A NaOH Bk ERR AAO Bk, F AR AAO 5 NaOH #E 2
FEMET. FFULFNYEER AA0. (1) EREHENE: BEGIER
Bk, BRRELRESYCN 5%K NaOH BBHWER CGEET) , HFES
FE—BREEGIKE, FrUERSEFREBHRER (SR, NFTEBESRE, &
B , NaOH &R (JU4a4r3l+ 104 BEmMNENEEBM, AWmE
EBHkR, BHKEESS NaOH EEEM, A£EK, TUEIRESKME
7=, MHEEHENERTET . BTFRMARKRZ, FER—BASHEMER.
WEESEUE ERAKMEE. (2) EREM4EE: BT NaOH REXRMIEFHIER
18, BrUAAH NaOH BR4E. ELHISEALH (CuClz) ERERVAWR, WiRBH
HIETT AR, WRIRE TR, RERESIMAFAMERIRERE, KN
AR, WRREIZ, BEERGE, o, WRLERESE 20%K 8k, SRR
FERTLN 10%. KM E THWER, W, fiEF. S8 F BSaRER
R, PSS FEER. B8 T, STMEREER, kSRR BRI, AKX
BR#H, REBRBIZIE, SIS ST R R e 5, W55 & S AR 2
T, WPZAEBRREREZEFARBAR, RMEED LHRE TR, R
RN T, W AEERE I — S E AR RR . AR R R, 481
RMSET, HAZHEZEHE (RUOSSFRELEEHAR) . M DU S E
H EAE— AT SALF S RRVE R T 248 , VLR R I RERE A IR 4E TR
EBFH. BRERBUEAKBRRER. QKR Emy FERERESS T
5%/ NaOH ¥R CHEET) G GRBN T, EE 5 BRI HRE
AAO, +JL=t4rsmia] AsE&iE R IR BEE JLHRCK, v LS HE KA
F=+5EZE 1 /K, BT NaOHIR AA0 RMNTESIELER, TEFALE
1k, BrUABIER MERAE SR AREHIlT AAO BB REER T, RALTEL SEM K
¥ 8

#7~: HIEE AAO BRERT, EHBREE AAO B E: # AAOC BEET
NaOH %R H, JERREE LKER EN A RE BN AKME, iR
F#8 H e B E S ER A ET AN, HRESREEE 1~3mm
BT, BN R H B 5B 1E NaOH BV E IER FIE B AAO E. 3 AAO
JEARBA LI/ T 2 KD , M ABEEZREENRER, A8 AAO RH
PREE o BIATE R BREBEE I BHE = K S IER T8k AAO B, FrPAEHE &

JERWE T ILB Lok R 4 TR BTN E DU R T AR R TR
TEE R B8 AAO BT B EBRAE.

FEE AAO BERR FT LR SEM B AFM ST E#TRIE. BT AAO £ &
NG, Bl AAO W EB I JURCKRAES, 7E SEM KR 1E 34T 8 & BB AR
MFEE, 3 AAO BEE/NT LK, WTLLEENE, LERMESRBIHK. BEH
&, WLV RITE R 905 AT BGHT N rT AW . 2 EE AAO
IR LA S FLIREEEHR/NORHE, BB R 4w & m, S



BEANEM. 3 AAC HERXBLHHORE, SHEFREERR, EASH)E
TERBIZR OB, AR AAO Wil JRER A e s A E— &40,  BER RIS
B ARZR, BERILFTERIENE. Bl AAO BEAN BRI KL
—EHRE, BTNRAESEERR, MARASEE—ENEREEKS), WA
FFRZEFIA 10%, LR KIEF R RE S 28 8 TR.

BRER: AAO BRAE T LM AERE, BTEHAHASEH, FHEER
LA — e meE, mARE—E, RFHRFLAEEE 450nm BRI
HR—t, FLNHSAERER (k%) , M RFREATFRA—NEY,
FEEDRILTRTTREREARIERE . BERKFLE A0 B XUE L &
BIEERE &, mREMNZSARNIEERYSERELEER, MARNERER
EREHE, T4 AAO HEARIFHIERE.

R, FLIR 40pm Bl EHE AA0, HFLE SENINEIEE
BRI, F SP125-090-50000, B FELIEESE EFA—3
(MEFLFZL 90nm, JEIHFLEL 60nm) o MU SP450-370S-
50000, FLi&RHGFLAEME LT Ao By X F ER 41 BT
NEERE (BR3CHER: ACS Afpl. Mater. Interfaces 2013, 5,

3441-3448) , HRWAFBAEZEM AR TARNSIY REXR.
BRI,

P FIR P A HERREE R AAO HEE, AMIEEHEENLE K E
BENER BEEEZA 0.15~0.2mm.

FKDHUIRL" 358 AAO TR ENMA A, —RAHBITIREY, 357

Ao e i S AR TR . T EREEAKRT 5 BOKKIEIE AAO, T BI#R—
PPREI R, L —RTELMm, REHEE AAC RIFETLALA
&, AERMETIETERITIAT, AREXHS. TUERIJUIITE, #
HDEARTTE IR R L, R REIFF LIRS W, R 58 AAO &
B0 40~60 WOKRS, PIHIR IR HIREZ R, MHRASY E. B
DAEDI R A REAE T T V)%, MEMNEmYIE, Bl AAO IEE M EATEE
WHAE AAO R, RFEALLMALE, IWEER, RAFEKETIITIFRKE
Rz, —RABERAE, TRARRMRERZ, MEEAL—H, LTHKkZ
JERER AAO 8Ll T, REREERILT], ZJaHEREIH TR R LA
7. BERXFERME, WOWMIREERD THRL, HHXE.



X FE—ANFLFOREER AAO (ELFLEIEE 450nm) Kk, FLBK, L
RIERAIERE FRE, FLa/, FLRRREmE R, Brblin SP450-100-
500 IS, BRILEREERMIBEFIS, LBRERXHDHBALRE,
WHRHA T, FEAZER

EEBWEZ /T, RFEBSRIBEARNREE, WEUWBABKHE AAO
W& IFIREN, BIATSAEBERELBEERZHAE. IEEBRREEER
KK SEM B, ES5RMTBER.

EIE AAO HMIEHAGE MR 2 TAHEHRE, WWNEFEET AAO KIEER. &
B AAC SBEERT . THEEHRITE, URRRTIEITNES LM

. MEIE AAC HIERHE I SEM Z Al BB & ek DA in S N F T
T )75 TSR o

FIE AAO BRELIE AAO BREEAYIG AT, PR RIS SEEA T2
HINF, BN SEEES LM —.

FAARME A2 7E S BN EIREL R .
AT PIEREIERE, B7ERH S AAO KB RAEFE H U7

. REBRRN: BREN, AAOEHEM LBER. AAOEEHRET
R4, 4 BER28mm \EAES AAO RIRIEYE.

#E: FLER(poxediameter) B fLE R, FLEIEE(interpore distance)#gFL
HhC 6] RS

Bﬁﬁ :



AAO on Al substrate

AAQO on Al substrate

Effective AAO layer

Al base 4\:_ '

Back AAO layer—

AAO layer: the upside AAO layer is
effective;

Barrier layer: the thin barrier layer is
at the bottom of the AAO layer;

Al base: Al layer is between the two
AAO layers;

Back AAO layer: The quality of back
AAO layer is not well controlled.

v

| Albase

SR & —y

|

Back AAO layer ¥

R

* & o o



R

How to remove the AAO template

If the surface of AAO is covered by a layer of other material such as
polymer, the template can be removed from backside, as shown in
the next page.

AAO can be removed quickly by NaOH solution (5~10 wt %) at
room temperature, but Al reacts with NaOH slowly, releasing
hydrogen.

. 2A1+2NaOH+2H,0=2NaAlO,+3H,1

/
Al base can be removed by mixture solutions of CuCl, and HCI. Typical
concentration of CuCl, and HCI are 40 wt % and 10 wt %, respectively.
The less concentration of the solution, the slower the reaction becomes.

.NTY
How to remove the AAO template

polymer Tip:
Large amount of bubbles (H,) appear

h after the back AAO being removed

by NaOH.

& Step 1:
Remove the back AAO by NaOH.
—

Step 2:
D Remove Al base by CuCl,/HCL

Step 3:
& Remove AAO by NaOH.

o



SEM test of AAO on Al substrate

Conductive Tape Mg\m ' Rectangular ‘

Cracked AAO film is on the bending surface.

Note: the sample can be twisted into 90° to observe the cross section at the area
cracked due to bending. But this method is not suitable for AAO template whose pore
wall thickness <20 nm or pore depth > 10pm.

SEM test of AAO on Al substrate

-~




How to cut the AAO template (Chinese)

& HBEAAORIVIBIART AEFBYT), &
MAAOLH 1
& U8 kA BT R
a) BT ELA (ERKRHEET
HMREL) P TR (8
SPEKER. PR, ARE) L.
b) ¥ EBEAAORY, RE# L, IE
T FBE.
o) BER#EEREFAAOL.,
d) BEE RSN RETIZIRIERK.
e) MAREEWH, WLEHBEAAO
AN V48R 5125 31 JLIK B AT 3
& HEEAAOT AU B A EYE, WM
;Hiﬁm’ﬁ\ 8. REE. 28 TFKE

How to cut the AAO template

AAO template: AAO on Al substrate.

Materials: A metal ruler; A sharp and strong knife;

a clean cloth (clean room wiper is suggested, or or

other clean soft paper); a hard flat support (glass or

steel)

Note: Don’t cut the AAO by scissors, or it will

cleanroom curve.

wiper Cutting process:

PN \w( 1. Cover the surface of glass by a piece of

cleanroom wiper;

2. Place AAO on the wiper with backside up (Al
side up, AAO side touching the cloth);

3. Press firmly with the ruler and slice the AAO
along the ruler several times;

4. If AAO is not cut through completely, slowly
bend the template until it is set apart;

@ The AAO on Al substrate can be cleaned by
ultrasonic cleaning (~lmin), using acetone,
ethanol, isopropyl alcohol, or deionized water.

AAO on Al substrate Q ‘
(back side up)

s

EjE AAO M AEAIICR
L REENSFHONLERD
FIF AAO ZHERFRFITABMAMILRE, EARIAMIEREAYAY
Mahdieh Nemati $FF4&7—HET AAO MIRTIEA, MTISHBAIEHRY

AAO NFRIFEIRESRIGITFENIE (reflectometric interference spect



roscopy) (M TREEEAHABIMEN (trypsin enzyme) , B
SiGERIE AAO HHT—RIIRELIE, EFERREAELEN APTES B, &
EBERM—XERE, S, SUSRRNRSRSERRSBREE, D
Sl AAO [RIVEHKNFERE (OTer) RET(, EHRMIERSTSHILH
T L,
SEXH:

Anal. Chem. 2015, 87, 9016—9024;

Anal. Chem. 2013, 85, 7904-7911.

2. BY—HERRTERIEIS

(a) thick polymer sheet AKO TeioIiG

heat- and pressure-driven
\m nanoimprint pattern transfer

polymer nanotubes
or nanowires

b) polymer solution pore wetting
(
‘ AAO removmg ‘AAO removing
polymer nanowires polymerlnanorodes

1 (a) AEEHSEEIY—HENRPHRERSE. (b) BRRBEHE
—4HBIPIRRHREREE.

Hifi AAO IBIRIIDFEENARRENASH. EEFITHAE, 58
SEHMENEREHNSESFRR, (EERE AAC IRIRIFESESHISENY—



HRE. BISREEEARM, ME LR, B la AREZHSEENIN
A, BNEBIMNRFZEEIRET AAO RH, ARIRIIEIEE
WRELLL, BIME, BaE1NHNEHEHE AAC FLIERE, RAEE AAO IR
ZHIRIFEIFRRARME, ARNHISRETLUSEEENMKREIETILAR AR
%5, BHEERBIRIEREE, ME b Frx, SEIEREINEkEERT
i AAO FRH, BBRARA AAO FLE, FETlER=ZRE, RE AAOHIEE
—HERINMPRERAKE.

SEWEK:

Science, 2002, 296, 1997;
ChemPhysChem, 2003, 4, 1171-1176;
Langmuir, 2004,20,7665-76609.

Nano Lett., 2007, 7, 183;
Journal of Nanomaterials, 2009, doi:l0.1155/2009/436375;
Materials Letters, 64, 2010, 19434

Macromolecules, 2014, 47, 5227:

3. EEMREREFIRYHIS



Au layer
Ag layer

., Transfer

Metal-assisted
chemical etching

4

2='Si KEIETHIFRIZE.
2011 £F, EEIRERIRHARERRY Woo Lee HAFTAFIE AAO SFLEEIT (5C

fr LI ERIRPERIE AAO, TMEWIE AAC HiR, ISEBHEEE AAOK
RERIEE JURERE /AIE AAO HRIRAIEELEL AAO IRIRAYIEESEFE—LE,

PREJE MNP IEATE AAO, HERERAEH#THRESRER) , Edifits
BEEA, HETEEERN S| PREHS, HEFRRRINE 2 Frix, B%ER
1B AAO FREKLRITA Ag Hl Au B, ABIRE AAC RS EER, ARXR
A HF/H0: Bl T EBEMREZM, #HS Si gRERETI, MilRSH
Si MREEFMRZMEERHERT AAO FLEMIIDM, WREMERTE 1
0onm KA. HIF AAC BFEMAERRKAHIE, BLLiXH5ERS i gk



ZMHEEF IR, XBEETEHR M T2 AMESE AAO RIRIIER(H
FIEEEREELLES, RRTETEN Au ), TEMNEE AAC IBISH,
BNERMEE PR ERAYEE—E.

2015 £F, Yong Lei iA5SHAISRIE AAOC HiRIR, RA—MEEMERNGE
EEREHETRREN, AEC RPN, REEZEZMIRSERRIEES,
BidsiERcHEFRERISSHE AA FHEET, RERESR, ZEANE
EERRE, MEEE. FEEM AAC, MTISRSSMKMLE,, ik KRigia%
BK, &ESEI3Hk ACS Nano, 2015, 9 (8), pp 8584-8591,

SE K-

ACS Nano, 2011, 5, 3222-3229;
ACS Nano, 2011, 5, 5242-5248;

J. Mater. Chem. C, 2013, 1, 5330.
ACS Nano, 2015, 9 (8), pp 8584-8591

4. ERMAZSFIRAIHIES

PMMA

ms”““e’m w
Al base Al base Al base !
Remove i

§:ﬂnh;lcxle Electrochemlcal i

PMMA PMMA i

......................................................................................................

3 () MKEL () FIKG (B) SHREE. () N MKSTENERETEE:



Au[RfFR, PMMA IR7E, #RIRER, Ni BEFETR, PMMA X[,

WFRRBERRRR, BRNEREFREXEETTBEEREEIES.
B, MiJBiTRA—ENKRED (PR, HRE) RIESEFIHENILRE
. Al SHARGEEFERNTCERR, —BESEENKERAREME%R
HERIRMR, ZREERNIERERE.

AAO 1EREBTRITRNMKRGS, SRLIRRMKEHTIRREE (ME
3a Fiim) , RERLLRANRN, XBERXONMIEE, TH, FRN<ELLEX,
REE, tReEEHA, TEAFERERNEE. AifdAAQRHMRERASH
89, FRLAEZEEBFEREERENER. Al B RIREErIEEED, Mkl
KHARE AAO RIRFIFSHERARZSIRR, SHEEIRRSIES AAO 1R
B, ARERAMENMERSBERINE Y. 2014 £, Huaping Zhao FXH
ERFRERESBFNR, EEMTXMIER, SRINE 3b FiR, B%E
i AAO FEINIR—E AR, PARIRE PMMA, {E PMMA IE7EI AAO
RFLER, EEIE /A0 KRR, WMEET PMMA gREF, ZEBEERE
WENENE ) VRRER Au ZFLIRDEBHIR, HI& Ni RSFIR, FLidiEh, N
i 7 £ PMMA MERZEPEFIRIZSRRAIE, BIEE AAO FRGRIIE.

FTFE AAC FLEIEAMNB LS, XREACRBS PR EEDTRH L&
A9, fBBENRIRELXMHEETIN AAC AR ASHIE, HE, &
RERAMAEED, MRAERNHBSANEHEIEEERFHSRE AAC BIE]
REEAMLLRER, MAYURESSREEIEE—BFHEKREN AAO &
tR. MiIHIER Ni ARSAIRBEREAZET 8.4um,

SE3k:



Adv. Mater. 2014, 26, 7654-7659

5. FTO/AAOC E&MH R BTFBRBEE

m - M

Spray
pyrolysisl
FTO

4. MnO2/[FTO/AAO S MKEIRHIFZRIZE

AT IRSEBRBERELE, BIRRERESE—1EEFR. AA0 WKIRR
BAEEHLLRER, ERESNEHMERFEEAEESHNE, FatERBFBERAIER. 2
016 £, FERHRAFRY Zhiyong Fan IRFARAEPHIEEE, £ AA0 REHETES
EERA) FTO [H, {E AAOMRZFLIRERRIFAIISHIE.

HEISEHENE 4 Frz, B5EHIEEAIE AAO 18R, ARISIRIRNEEER, BTER
RIEEAAO IR, ERYULIEZBZEN. REEIREEE AA0 ARELHETESHE
ZMETO R, XH, BB AAO RIRMMASBISIEN. BIEFLRE EBEIE Mno
KR, AR T RS EE R ERRMEE, KIMEBRBE (pseudocapa
citive capacitance) EFHFBIREERY 18.5 5. Bk, XMGEBRENATIEFRISMHELEE
B,

SEH:

Nanoscale, 2016, 8, 13280



