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Abstract

Ultraviolet photodetectors have shown their extremely great value in the
application of many domains, such as for civilian and military, and they gradually
become a research focus in recent years. It is well-known that material for ultraviolet
detection is one of the most vital factors which determine ultraviolet detectors’
performance. Currently, regarding research on ultraviolet detection technique and
development of devices, exploiting efficient semiconductors and exploring its
compatible device structures is commonly regarded as the emphasis. The properties of
one material lie on its structure, phase, component, crystalline and so on. According to
analyses above, lots of researchers realized the promotion of detectors’ performance
with proper technological processes. In this article, we also start our experiments from
the methodology that modifies structure of material. The onion-like carbon
nanoparticles (CNPs), which are synthesized in-situ by alcohol burner’s flame, serve
as the template. Combined with RF magnetron sputtering technique and annealing
treatment, a novel material, zinc oxide (ZnO) with three-dimensional porous
nanostructure, is well synthesized. Then, after depositing platinum (Pt) particles on
the porous surface of ZnO through atomic layer deposition (ALD) technique, we can
get the Pt/ZnO composite material with three-dimensional porous nanostructure.
Finally, based on these materials, we design a kind of ultraviolent photoconductive
detectors with metal-semiconductor-metal (MSM) structure. The test results show that
ZnO (and Pt/ZnO composite) material with three-dimensional porous nanostructure
absorbs more incident light in ultraviolent band when compared with ZnO thin film.
And the corresponding photodetectors also exhibit shorter respond time, lower dark
current and higher ON-OFF current ratio. Moreover, after Pt particles are deposited
on the porous surface of ZnO, the performance of detectors in ultraviolet response is
further promoted, including reduced response time and dark current (T;=~9.30 s,
T=~7.15 s, 14=~0.18 nA), increased photocurrent and increasingly ascending
ON-OFF current ratio (I,=~340 nA, I,/Is=1889). In addition, we investigate the
relationship between collection time of carbon nanoparticles and performance of
detectors, and find that there is a transitional period around 1.5 min. Generally, the
template method adopted in this article is simple and useful, novel and unique.
Besides, it can meet the requirements of practical large-scale industrial production.
Meanwhile, it can also guide the preparation of materials, such as Si0,, CuO, Au, Ag

and Ni with three-dimensional porous nanostructure.
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R, ARG X A B AR SN KRR TGRSR ES, B “HE
X7, i, FAHERE L IMES P A 98. 7% T UV-A B,
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TR SR FH R T A 22 1 B A A A BRI A ) U2 AN RN BRAE N — 2k
TAET AN B BRI g, HaKIriEn] 2 EIR N . RSO AR 2
ET&E-FRE-&E (MSM) Z&MEEIHEEFE (PC) TRIUE .

1. 2.2 AMEHAN

ARG 2 42 8 B SRR AR R B IR KD IE R T, &Rk 21k
SR EF-FE R B, AH MM BRI %R MR . BE= A X Fh A LR
D RR A IR AL . — AN RE R 3 BB B R 5 B R A RIS R R

2



TIRMIREROR, R 2R
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1. 3.1 ZnO PR} B A i

Zn0 JE T II-VIE &Y, @ERES T, REHEWH o B4 mE, Bf
HFITR R AR EUN ARBTG5 al, WO = SR, @
FEOLUR, ZnO FI4E RS T FaEn 850 (il 1-3 B, ks 5en
a=3. 296 A, c=5. 2065 A. XFhLEMI AT EAL A OF A Zo? M HEE 72 ¢
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FERT L 2B . (HR I M IR PR R, #22 S AT
A SRR AL B AR MU, IXAEZEM RS Cowley Al Sze HI#A 22 FHEHIY)
“H.

1.5 ZnO EZRSHEHRIRN S HIBT TS

T ZnO HA EEA KRS, B TR T2 a6, FEEE ML,
R R, AL, Jo8E, MIETGTE SRR, fE 2 0B SR Ok
B 7 B A6 AR R A VR X e Ak 2 —, BB 2 RN S IIN 17 5%6 3H
IR 5 SRR, [ A B A 6 ZnO LAY B R I 28 05 T ORI S0 R0

E N, MRS AR MOCVD 7 F A S5 E LA K H S ER Zno
VLTEL, AFAR) D R BRI B, B R 5 A AT e S E AE 375 nm HEN. 2004
fE, WL R A2 A H PLD 1E p-Si _EHI4PERER B ZnO T, R
SR ES, MEIEME 340-400 nm, 5V {RIE RN ZEN 0.5 A/WH, IRIE T
BRI HARTE AUST bl £ ZnO AR, ] 4 FEIE B0 28140, LB 7l %2
T EERE BT USRI FE I 1) FH S A00R 428 DB S B AR AE A DA i EIRS ZnO I, At
L FRERIES, 765 VL TR L 38 pA, HAMHEIHERN 882 A, 5V
R 365 nm A FIEIE R 2N 18 A/W, i 5 _EFHA 8] 100 ns, R FERFIE]A 1.5
st 7o R RLRE KRN RS B U5 P B AP 55 P R P SR ARG 42 W SRR AE A S et i
RS ZnO I, WSR2 SRS )R (MSMD SRk SRR g, 7E 3
V i NI ELIACA 250 nA, fE 360 nm BT N SR I 30 A/W, IR E S
i) A 20 ns, B TA] R Z) 10 ps®), Zheng %5 A PLD 7E 3544 JiE_E 14 ZnO
B, ] MSM 25 RDGH R ARG, £ 5 V /& FIREHEL 0.21 pA, b
i B2 (28 AR AT ILEL R 40 4%, W B B FHI TR S min, R BEES A 7 minl*),
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[ 4h, Liu %2 AF MOCVD 7E R-plane ) 5 A Ll 4% ZnO I, #FH]%E 00
FB 4 MSM S5 ERINES, WIE SV R R %A 400 A/W, MR 1
FEESIE] 1 sy FEEEFE]N 1.5 ps¥. Liang £ At H MOCVD 7E R-plane F ¥ =
A1 bl & ZnO M, W] E R BB A, IR SV BRSO 1.5 A/W,
5 VIEGHFAN 1 nA, W _ETFEFE 12 ns. FBEEEA 50 nsl. 2003 4E Basak
S NIV I - 7 kA I B FE ) - Au-ZnO-Au 581 ZnO #RINEE, 1%
TRINZS LI 1 615 e 7 [ S50 8 A1 T7 0] RIS B0 (e KOG TS W B3 KO 350 nm), 45
A E TR (14%), FHIRD T AR AMEB 82 O ma B i 26 7E 400 nm &b JL
L), HIELEFHEREE S V i E TIE 22 pA), e N IR 1S (R BRI KT
160 s )%, 2005 4F, Lin % AH MBE 77275 % A 40K 855 & HiBh N o
AR K T B o PR ) 1) ZnO S, FH Ru/E 4@ AR5 7 ZnO LA G AR I 4% 5
5 Au. Ag MBLL, Ru BAIEF MG EEMAEREN: /£ 1 V IRE N3RS
80 nA [IHE RN 18 pA [FJ6HLIL, YlE F LL AR IA B 225, B [A] 5 208 13 msPl.
Yadav 55 N\ H A A s B, BT 7 R NE S A AF4E (Al Cu, Sn,
Pb, Au fl Te) HEHZMEHN ZnO HIE, KILE B 3 S48 b 1 B ] B
TEF A AME R T A FE PRG35, MR 7R S H, E4CH
140 pW/em? (A=365 nm) FIEAMGHRYS R, Sn/ZnO XUZ S5 H HI LA AR I 2%
HA R ER MM R (2] 6 kKV/WD, A7 R BB [E YR 65 msB21,2013 4,
Zhang 55 N 3@ S AR AR DB SN HORAE A S et SIS E DRI ZnO 8, FIH AL/E Az
fil AR, T MSM S5 R 6 HE S BY RIS, 7 365 nm KL, 5 VIRET,
JEHLERCR PIAR] 2.5 mA, A6 N2 1410 A/WE3,

B IR A AR TR, AT LAV, ZnO JEERAME PRI 28 I PR REAT
RRBIFET 2] o AHFTHE AR TR B XS 2T 32l ZnO JE AR B 1) 1t PRI 35
BATOGEE, LRI A S RIRG] . @ E R OEERE GRS EEME. Sulkds
PRI BRI 26 T 25555 . ARIUH K NSt ZnO M EHDESES K AT
KB, FI RS AT KL AL G B FE 2R IR oK Ukl (CNPs) A i
R, SEE HAAEDR AR KEOAR, WEA ZnO BRI BL L 45 il 2 A B i —
YeZ LK EERIT) ZnO AR, FEHIEH MSM 45 MG SRIERIN 28 . &
TS IR AT, RTCAHERT, S3ET ZnO R FRISSBIERM S AL, X Rl
BRI 2% 0 ' e BV e 2 A BRI T . 4, ARSIt SR H IR+ 20T
AR, 78 ZnO ZFLRMVI B (PO Pk, AU BRI 281
S FL I RV B
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2 FRWIE

R AR R S R R SR I TV BE (1 OB, A4 R 1R REH R T I 45
L P Ao RIAERER. ARSI — I =42 LKL ZnO 1)
W& IT%, DURIETIZARH) MSM G54 541 B 5 LRI 25 9 016 HL i B AE RE o
N T RSO RIORHA G B, ARER HE =42 FLAVKER, S diRgh
KBURAEAR I, JFRREAE ZnO ZALR VIR BT e R Pt BRI R, X =/NJ7 T
IR

2.1 =HZAGKREW

2013 4F, Crossland %¢ A 7E Nature Z%& B30, RAEGUE T AL & (MSC)
SER HA NS A] SR TR, REiE 2 VF 22 B AR H - 2 Bt AN 45 1) i B3 1 1)
BOR, IFREZ IEU NS, BEMOGIRI RS SCE A T AR A F LR A
TR B SRR R I A Az AR KT 2 BT & A LB B B ER AT 45 A4 1Y) TiO2.
bEJE, ARATRIAHXMEEE TiO, @i &FKT 150 CHRImTTZ, HfEH4
WA JeRHE R BHBE Fth, OGBS Sk 7.3%, NS RiEZ &P 5
TR I GRKIURLAR LE, 2P g5 M8 G 1 oKk [R] ) 35 22, WA Y E i S
PEFIFRFIT R 2 thah, DRI BRAH] & T2, Wik i A A 2 45 84 K
H B FEL I 11 1 48 RO T RE

REERRSCH I =4 2 fLAKE ) (FLIRZR) LK B LHE 99K
5 ERA LG (AL ALK L H90K) A RTX, B2 Crossland £¢ A\
FFH Z e AL G5 A BT ST 5 285 2 4 ] 348 SR Mg Ak K BH R HaL i 1 LB K e It A
UL IFLBREE ML, R T ZnO R ARG ARPRI &S 1 B P EA S . Ak
M5, =42 LRSS R LESE T BRI 25 't v e 24 58 777 T8 P k2 21 i/ AL G LA T
JLJT 18I :

(1) niE 2-1 fiow, FHLCERELE R, =242 FLAN KRGS/ ] AN G 1) R 4b
JCAE I R AE 22 BT S8 AR IR IS ZR B, AT TR 25 11 A1 &1 2%
;s

13



&

B 2-1 ABHERAMGTE =2 LYK G T R AR 2 B R B
() =HEZ FLYIRETHIN ZnO FKAMEN A O (IR FR/fife W B AR SR A1t 1 B K
PR FIR A . IXFE AT RE 1Y 9 RIS 25 1F R O MR BTIL RS, F3REEZ K E ZnO
WIREIE BT, (R SRR [, XA e KA O R
PR, FEZnO o E BB IR, M AR AN ZnO Z 18] 5 1
TN B R 34 22 A, SR SRR (] 2-2); (B — 5T, KR
A RN iy I TENIE 6 PRl S MSh== GV & I VA <

(a) (b)
o W light
0+
0% o ; . 0% . 4° 0r 5
02 ; . S o 0% o o T
02° 02 ® oz ¥o o
0%e .02,0.} *0% 0z ‘0 .02
‘0z o

Bl 22 (a) BEEEMT, O24f ZnO ZALRMEAIRMILRE. (b) HADEHT, O MMM I 2

(3)ZnO FPRFH JRAS (R AR S50 AR R T FLEE R HLAR TR S K R ALARES 1
Ja, —JrHAME O WM AR BIIAR R E (W) £E ZnO AR 1 LE Al
BTt ERSSCRIRS T, DO AR &, AR T R A A
M 7 PR _E PRI TR, 5 — D7 T B S A AR TR N O MR IR R 0, FERR 54
JCJE, FLUPTAERY SRR Oo ARIR AT A T SE PRI [mI 7 2 KT, A AT 4k
RO LA B ]
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2.2 FRYUKBRAEAR A

il Z LM (BRIARALVIREE M, I fLEs . OBk, 9rKES) 7%
AIRZFN, BoH WA BRAREDL, A RIEP, BAREPI%E%E, FiRikE
Z /D EAFAE R R, Lodn, AT DU U E oM, FERAR 25 Brad F i AT 41
T EBe, FE ZnO WRE I EP BRI AEKIMER . FR, EVFZHR
B, BRI ARG T8 S, AR SLBR RS Tl A A7 . JRAE AR
[F R SR FH AR A 1) £ =4k 2 FLANK S5, ARASE P A B 4R oK RO AR 5 8 7 512
HEARENL, TERPIRAR RSN, FFHARR K EBRBAR R R A 2520 ZnO
PTET, A SR KA TVAL A 77 1T /T

2011 4F, JAHEPERBAMRE 7 — P FERS KT KGR IR A & R 20Kk
KRR (CNPs) (T8 2 7732, 50 Horb B A S B AN B 4 K 0RL = gk AT T
RGMERFFEES 21, 2R BanpE 2-3 (a) Fian: B 2-3 (b) WAL FRRer 4o
(1)~ B X3 i B A B B oK R B R P38 501 B 2-3 (o) Al (DD
I RAEFIEBR R b BB K R I 7 e A = 2r 528 SEML B, I
AT BB RGO BURLAE RS R Rg35 501 B 2-3 (e S2BRgioR AR S 284 1K 7 %
R TEM B, RIATRGKBRL £ I H PR IIERS, IF b H s T A 2 [8)A] DS
AN AR IR S5 4 s 1 2-3 (F) BRIk A & 2 58 TEM K, A
DAE , HA2 V2[Rl il A S0 5 e B ok I RUIR G5 M, el . 18
IS KT AR JFEAL B B B IR G K BURL I S RS . &1, E &)
7E 800 ‘CHIMRE F#r i, TERGHE W CoH B CaHs B ZS H tH2E, Bl J5 il 38
oI R, X8 LY R R EZ 55 (PAHs) AVE #1i%, e KAEREER
T 2 BEAE DL A S S AT #A o0 il s

C,HsOH - C,H,0 + H,, (2-1)

C,H;OH - C,H, + H,0. (2-2)
CoHa o7 R RE M i i pl, CoHa, B G CoHo RAETE R Z 05 I I B o SR CoH4O
AR TR i B A 25 S 280 J2 R 49 K &5 ) I Ak 21 5 A F o TR R W DR Bl
KRR FE T, O (2-1) F (2-2) Z [AIAFAE ¥ 14l . JEId AL
TER, WAES ARG ZEUB/N 25 REBR MG E R, (015 2355 RiZ T
SRV R . P R B HG IoRs 2= n R Bt 0 oK R &5 et A BOA SR AL IR

15



B 2-3 () SHIRIEERF, FERRIEE RO KL 5.5 cm ik, (b) A RIEHAT EIBAPRITR IR F o Bk

At B 6 X AR R B BRGOR UKL AP TE . (o) & WRIE ST MG B )7 _EBRAURBRL IR/ % SEM . (d) K

TEFIEME i F BRI AKIBURLI 033 SEM . (o) BRUKIURLIAR /M3 TEM Elo () BRAVKBURLI &5 57
#t TEM &

i EPnd, ARES M LIRSS, BB R A BObiAR A ) i UK
ZKRURL, I AR RSN, PR S SR A e R, AERR A K RIURE 2 [T T AR
ZnO, T ZnO-CNPs Y&, SRJEHI R K HTT 2, R & I b i R g K
FORIAEAR £ Br, RIPTAS 2] =4 2 LYK ZnO Ak SR BRI BURIAR
A% = 4E 2 FLAKEE K ZnO APRLZR AT H B HEEFT R 2 —.

2.3 VIREELRE PR

W EE, FTRAHEN, 7E ZnO ZALRIIUIR S 4R P Bk, A T RES R
I8 14 PRI I, 15 R IR0/ AT 00 248 14D o' LIV I A 1 (0 5 g 3 28
REYFE. BRFFRE . HENT:

(1) Pt ITHEREL (5.65eV) KT n & ZnO HITHEREL (5.16~5.3 eV), H4Pifid

16
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MEHERS, ZnO FHHH BT 25 Pt 7 iR, TBRREMNHE RS2, —
JiT ZnO R E H IR S AR, BRI N R, 53 T N X sk ) A T
iy RN i o, A AT IS R- X8, R BUCH SRS R,
o6 L IR AR O,

(2) Pt W RERHB P FeAON A p B AR ME B I &8 AL, T fE Pt/ZnO
FHIERK p-n 45, PAAER ] HATIX, S EUR RN P> 0,

1L, ARG IR S BEAN AR I OL R 5 O B A T TSR A5 AR 45 T 2 25 ) 18
RIS, R R R, S (EIRINES (1 R BUE (BSOS TR D $27F. B,
£ ZnO Z FLER VIR BT & )& Pt BIUKL, A 7] Bt — 25 SR THARIN &5 ) ' v 2 1 RE o

25 LATR, BT =i 2 ALYPKEEH ZnO AR MSM 251448 71 F 5 2 PR
e, AT RIS ZnO FEREERING S, A B A E N R R e
BORIERT o TR, SR P RS AT IR AL A A U BR 4R R IR A SR
25 SR A7 S SR K BRI, MR T2, BAF N sk
HE BBy, RN SONCR GG YE, & & Sebn KA Tk pb A= 70 3. Ji4h, il
7SR BSABE AT, AP HHENAE ZnO 2 LRIV BT &8 PRI 5, ##0
RGN S RE B BT L, BT BEIRATIRUE, ARSOFRE TR
SRS, PARIEAIR SO R AR 2 G B
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3 SEHEa

3.1 SE#E

(D
(2)
(3)
(4)
(5)

TR CBE: 500 mL, SpAfrall, bR 2GR LA TR A

I : WHER, 25X75X 1 mm, VLI AL IFEMABRA A

ZnO M. 2[7>99.99%, ILIGRIZHFAEHE IR A A ;

;16031 PELCO, 30g, [ TedPella A Fl;

SR = HE(R IR IRHEAV), 205 98%, £[H Sigma-Aldrich 2
A,

3.2 SERAXES

(D
(2)

(3)

(4)
(5)
(6)
(7

(8)
(9

WFEIT: 150 mL, PU)I&EH (BRED HRITIEAA;

ZH AR IR ST BEREAL: JCP-600M4 %Y, b i BAHARHL A IRA 7 ;

LB TR R T R R4 (PE-ALD): KMP-100A-4 B, 32 MR T
WRAHEARGRAH;

PB4 DL g4 . MICHEM #41, dbnld 2L kA A R 2wl
SR MERE T RS 4200-SCS AU, 5[ Keithley 2 7

W RS T B4 Nova NanoSem450 #Y, 2£[H FEI A+,
T B (A X SHZRAEREAY): Tecnai G2 20 U-Twin 4, Z&[H FEI
AH];

X SR KATHHX: Bruker D8 Advance Y, f%[E Bruker A ) ;
IR-VIS-UV 436 it: UV-2550 B, HAREAA;

(10) FHRERFEKEASMT: ENF-260C, E[E UVITRON Ad] .

3.3 TE&HE

el 3-1 o, 2% AT =4E 2 SLPKE ZnO #4EL. MSM 25540

FL S R PRI 3 0 AT Dl v e S PR BE T B S AR, A HE RS AT K
IR IRAL A BBR AN ARG, S SBEAE ST ZnO, By 3R K L BRSR, JRT /2
JORGADUR Pt kL, DLRIRIN G IR Il AR AE, X NE. BLT

Fois—

AR .
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BAEAT SO R
1. & A CNPsAE R

:i::::b

o e i 34

ALDILARPHFI£L)

BT A X

B 3-1 st TERER R

3.3. 1 A RN AR AT AR

FERG KT TR GE EARFRRG, JFE TG b SRR AT, AR
JERNPAS KT, A JtEzE . Eo7 s e rho AL X 38 TR R B g,
ERMA T RO EJ729 5.5 em &b FAPASAT 78 0 A 20 10 min, KIEE T
JE o

b5, ani 3-2 Pos, BRmEEF R IO B T b, iR RE Rk
YT, JFAE I ER IO ARIG K AE . JFaRTTI, Zdsoe s E e, BT E
AR EIRIT] o 2 T ERFEAS R R G K RIURL R WAL AR I TR) 56 B 24 28 AR 14 BE (1) 52 ), 5
B4 T 0.5 min, 1 min, 1.5 min, 2 min, 3 min, 5 min f1 10 min iX 7 444~
[FI IS 1] BB AN K ORISR, FFASORE B BRI FR i o e 26 BRI BR AN K ROk — 4 22 £L.
GRS R N B 3-3 s
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B 3-3 TR ST KT SR BRI BR 9N K UKL = 24 2 FLES AR T Ay

3. 3.2 YHHnmEE kS ZnO

W TR VAU A Tl 9 K RO AR AR ) 28 38 v AT — 2 E B3y (o] G E R A2 W ST
PEREMLA LA b, e, HEZS, RS GHE, %80 W, &S
SR 9.0 scem), FEBRGUKBURIAENR LIRS ZnO. 15 min f5, SERIKRST. fFlE
ARG B HERSE, BUEFES, 75 BRI A TR BRI AR 2k 3% Fr 35
/3 I /& CNPs-ZnO i (AN 3-4 Frz), 14 ARG A R S22
ali 7ZnO VI,

& 3-4 CNPs-ZnO JJERE F

20



3.3.3 EERFIR

¥ A CNPs-ZnO B ZnO W I — RN S 3P, WE S
CJPRTHIR 2~3 "C/min, % 500 C, fr%F2h, HARRIR), i&17. B KRG,
BRE L ECH . eI, SR IA | CNPs-ZnO i ) CNPs B0 S 5, 153111
RN =4k 2 fLAKEER) ZnO MR CInlE 3-5 Fizs).

-
8
rl-
>
wn

B 3-5 =2 ALYPREH ZnO MBEHIE R (=42 FLAVUKEEH PYZnO A MBI T 5 IFEARAD

3.3.4 PURA Pt Fik:

NTHEFRAE ZnO 2 FLR YR Pt ORI PRI %' H i B 1 B s, 75 22
Wi e LR D RACER I (1) = 4 2 FLANK S5 ZnO MEHRON SR B 15 i 12 DT
ARG (PE-ALD) ", AP Pt iki. e, OB 4R8N = 5L (F 2
IR IEFDAV), FAIRAE S IR TR S 1 s, SRR 10 s, WRIRTA]
530 s (RFASMANRS), pumpline, purge, chamber [KJIEE/E 150 C,
IR 300 C, R R 75 C, LR SIARMEE J135°5 0.1 Torrs
Zid 30 ML 2EI, [ £E ZnO Z LR PR — & & Pt AU (AN 3-5 B ).

3.3.5 fRIMER AR HIE . ul SR AR

WIS T B2 AR ORI BT Pt UKD AR ERIX I8, 8 H & i )
EWZEAHEEZ) Y 0.5 mm AR HIAR . Dy 1 ORAEAR I AR AT ZnO Z [a] 7 R
o WA, AEAEEE B AT SRR, W IRILBESE BN ZnO ZILET T,
5 ZnO FE 73 Fefih o 5 LA AR, RIVSE B s I R i i 1 (&l 3-6 70

K 3-6 T =4k L FLYIKEEM ZnO (1 Pt/ZnO &) #k. MSM ML 4N i 5 BRI A% iR 2
WAE, FRURERIN &8 0 5 d ) S 1 BE IR . 15, B st H AR B A F)
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(1) UV-2550 ! IR-VIS-UV Zpt e fEvh b, 3 BRI AR , Il H 2841 7E 200-800 nm
WA PG R N AN R GBI R (BRI, DU e 28 AR REE 254 nm
WAL HMT RS T P AR R I SR A B, I8 UF — 4 22 FLANK &5 F B i 25 1
FEEL AN BOA BRI 3

N AR R E R AT NG G D) 285 B« e BRI Lo il K 5 R AT
BAARS R DCThE T, FERBEZM TES, ME/HEIMNTHEHIE R4 1 em
b, ERTINE ST R

FER PR TAEfG, KRINZE T %A Keithley 4200-SCS 21 SRR
T RERE 6 b, PIRIRE 0 ml P R R k. Ballil RE%, Bk E
LU

Mz 1-V M2y, & iR RAGTEE-10 V~10 V, EZNHE KN 0.1 V;
M2 1-t HHZRE, AMInimE RN 10 'V, RFE S 8] [RIBE A 0.05 s. 25, FIH
TR 2R G875 10 22 L BRI 2 E BB IS AT 254 nm 48 AN BB 5 464 B I-V 4k 28,
F TR 245 42 J8 -~ T A 2 T ) 4 b S 28 2 1 R R AR ko S 72 (R B ) R G4k,
FURT ARSI 2 PRI A 1 1-t fh2k . FARERMER, SRR RIS s T R s —
BT IE], A5 LI FRUR S T AR08 , AR SR R AT Tl A% BRI #R IE EJ749 1 em 4G,
HH I RN FDCRRE T PG (41208, MEBEREIMT, &
D23 IR UR 228 T B, Pk T 28 S A G AT G R /N, BRI 13k
W R FHOR, ORI SR B T A AR . e, I R g p R
S, A Origin A0, A PRIES G FBL . DEHIR. WM. C B R
RV S o VN o o = = G102 i S A1) SV <7 SHE 7B O 8

5 58 AR DN 236 e B eSS, R X-S 2B RATH (XRD) XTfR
PR = gL ALK LR ZnO (1 PYZnO B &) MR TG R B KA
o Wb, FiEd &SRB (SEM) ALEE B (TEM) X =4E% fL9H
K5 ZnO (F PYZnO BE) MEHTESREEMIEATRIE 8T, 5.
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4 RO

4.1 3JpREEMHEEE (SEM) BB

B 4-1 =42 LYK ZnO ML () IETH SEM 1% (b) #ilfi SEM E/&

W 4-1 pios, FATFIHEE FEL A A ) Nova NanoSem450 8137 K& 5 494
MR, A5 TR =EZ ALK E R ZnO (I PYZnO &) MK SEM K
%o B (@ &MEEIER SEM El&, K (b) ZtPEHE T SEM BIE . MEH
Al DA H, R B GR K BOR A AR 1] 4% 1] ZnO PRI A 2 20 = 48 2 FLghok 2544,
LRI+ B2HAPIRBVEE N  (EE SR, ZnO K& & H LM N8R
/b, T GRS LR &5 ) (R85 B A B B B G T, FLAS RS oA B HZ AR R 1K
F B RE KT K IGVE R AL G B R BR GN K RIURE 22 FLAN K S ARV B B Re i, BAKC
SR ARG A7 W ST 43 AR TGV A2 Bl A K SRR ASEAR 1 A [0 P52 St 2156 B ZnO ORL IV 4
REFRTIERI . 748, BN Pt RRLRIAS —RAEGNK o, TGk AE ZnO 2 4L3%K
PR E S, RS AR BRE — RAE RS2, PR 245 2011 SEM EIER &
AT

Britbz Ab, Gkt ge, RILSEES i) 1) =4E 2 FLANK S5 R ZnO ARHE R
5 R B R AN K ORISR I SR FE TR E , 29 2~4 pumo Hidr, XTI S gy K kL
FRIINFTALE 1.5 min LA TS TR, APREER) JE 2 Bl B 18] R 3G I I a8 8 n s 2 W AR it
[T 1.5 min, MEHAERIEALRERRRE, £ 3.5~4 um, R, ZJEYREER TH
1G22 A R R FLAR &6 4 7 A B RS2 o ARG IR ane], SR i) £ 1) =4 %
FLANAR S MILEFLAT R /NI AT A B AN 2 2B o R e AR
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4.2 EHTHEE (TEM) BB

e

—— 5.00 1/Gm

B 4-2 =42 ALAKEEH ZnO KL (a) K7 #E% TEM ElE: (b) =209 TEM BR: (o) EX A7

SFEE (SAED); (d) X HF£kAEIER (EDS)

WK 4-2 fiiw, BATFIF 3 E FEI /A 7 1 Tecnai G2 20 U-Twin & 5 T 1
B (BE X BHERAERESO, 7 R =4E2 LAKEE ZnO (2 PYZnO H &)
MR TEM B& . HE 42 (@) FTUEH, &R =42 L90KE5H ZnOo (K&
PY/ZnO EE&) MRIEITES, 1R 2 HiHE Frid BB ROR SR, R4 S 30
WECIRTERS, HAHZ A0 LAt g, 3 HH A —0 5 B 58 e 48 5
58, TERAKAUVIRE e, DRI E B AR AR R AR T = 4E 2 FLE A K SR o ]
4-2 (b) =5 #12% TEM BIEH & 1l dads 2680, LA 4-2 (o) W iF AT B
TEBEATIOEIR, HEHI ZnO NN 450, JB T2 mIA,
4-2 () Wk T ZHMEHABR TR SR, FESH Zn, 0. Cu .
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B 4-3 =42 LYK LR PYZnO EEME (@) K0 ¥E%E TEM Bi%: (b) &20¥i% TEM B4
M 4-3 Far s, W ER TR T EVURER, — BRI YIK )
] Pt BORLAR DUARTZE ZnO Z LK, SR E SRR E L MR,

4.3 X HEMAKATH (XRD) 447

002

- —— porous ZnO
—— porous ZnO-Pt
—— ZnO0 thin film
- quartz glass

Intensity (a.u.)

100
101

| [103

2-Theta (Degree)

B 4-4 ARHEIR. ZnO W, =42 FLG0KEH ZnO (R PvZnO &) #EH XRD 1 &
FEARSESS dr, N T REFE Y s A AT 4y, FRATA A 48 [ Bruker
D8-Advance X 58 ARACH =V HIPIAH 5 34T 73R AE. B 4-4 52 ZnO HfiE,
AL LYK ZnO MR PYZnO AR XRD 3. BHER 5, AT
20 = 21.7°H) SR 0g R F LR AT S 9 3 . B L ARvE PDF K A, ZnO i, =4
Z ALK G ZnO #ELA PYZnO A PR = FIAT I IEER S ZnO AT I AH XY
N7, YN B ) ZnO ST AN 5 F (PSme, a = 3.2495 A, ¢ = 5.2069 A, JCPDS no.
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36-1451), TR, UiBARES N TCA . HA, ZnO B R(002) 5 [ FIATH &
N R EAT R, AT ORI T A R T AT, MR, X R
FHUHA RIFMIBUAE, 85 &R =482 FLPKE5H) ZnO #8HS Pt/ZnO
HEMEY XRD fiTiisiE KA BMIE, HEA (1000, (002), (101) FA
[ it o] RO AT SpP e, mT R ) o &) etk R dh, =42 ALANKES K Pt /ZnO
HAPPREE T XRD 1 B IR BoR Pt ATHIE, 1X AT BES2 BHFRE 5 A o S 2
B, KA X FHERTE R E AT A S 28
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