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STM STUDIES ON FINE STRUCTURE OF ZnO UFP
THIN FILM SURFACE

Wang Shengyue,Pan Xiaoren
(Departmeat of Physics, ECUST ,Shanghai ,200237)
Yang Haigiang,Pang Shijin
(Beijing Laboratory of Vacuum Physics,Chinese Academy of Sciences, Beijing ,100080)

Abstract The surface fine structure as tiny as atomic size of ZnO UFP f{ilms prepared by the deposition
method with DC gas discharge activating reaction has been observed in air by STM,and studied by X-ray
diffraction. The growing process and forming mechanism of the films were discussed. Structural models based
on these results were given.
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2HER.XEALLHERESREREFHEFUMHEX, B STM ABREERBR T £REE
IR IR, XA LR FEENMNBERTRAIARANESR, E/RA TERE
FEFHEHFMuE. AR s . ERFAKPL RO LHEFHARREFHE A MEK,
YSTM MBS N TRERFESRN,STM ERLERMBRERESTEENELH.

A BB T (ultrafine particle 485 UFP) RIERLEAE1~100 nm Z [E H R F OB T 5E
&.UFP RYATAFESRBREARZE, IHEMNTF5ERYURZF O T E X REFTHER
%), AEARTEANEF. 4 FH— R _SHBEE=2RMOYENLEER, EERSY
B A¥ET MR ESGREEFRNENEENRRE. AN THERET¥*. 25
ERME EAME ERERBESHMNUEEYSE BEX TR¥SIFHEBIAHRH
BB X ZnO UFP MM FR T/, ERAB THEEBIRANWME TR, MWERATE
MIERHEH B FERETEN - LTRNYE ALER, FERME TSETHFE
T — 2 THES N THEBERMWHLE, R A XRD, AES,SEM, XPS % # R % ZnO UFP
MEHTTHREAXRBEIBEN STM M HEERERBEFHFHT THEN, HNLRER
BT, AT ARAFRASBNESRETERRNIRKE.
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2.1 RS
2.1.2 HSMEL

DA HRBEB AR, R E RSB IR D R DU A i A Oy S
0. 4~40 kQ/mm?; # F # SEM B kR Fi% E Cambridge S-250 MK3&I T i 7 B M
B8 ; B AL B XRD % B A H 4 Rigaku DMA X/7B B X $f& 5 3RE.

2.1.2 STM L%

A E ™= CSTM-9100 % 43 1 b 8 8 f5 8% , BUE LB, i e 61 2R £ iR B 0. 797 V,
B% 1 B M0 550~0. 664 nA, BRE B2 H10° MQ, LB FF F4H R R HEAZN0. 2 mm
Bulhr—-ERENSELABRBTEREEBRTEREN. TEFRIRKLFHFRE
20C,BE60%) . BT AL 28R & GHEML, E@&bﬂfﬂﬁ%’%ﬂ&@ﬁﬁﬂﬂtﬁ%)ﬂmﬂhaﬂ
E2RICEASYHEFBRELRESIERE.

2.2 IfEmREY
2.2.1 BWEE .

STM T fE R 38 0] 43 A 1 w0 e s 200100, 28 iR 3B B i 4% 0 0B 7 W JBE 1) °F
BERE, B, AWKk F TERER ERER T, RReREE W, B SR A & &
EEAL FRUNERHRNEE. ARHS . BAMERMSHRUBAR RZ HRAE
T REAE . H S R PR S B TR S RENESR. mELFRR.

2.2.2 BEHRR
Xt F— e AE O, B 1 R

I o< exp(— 2kd) ¢D)
AFd Rt RMEREHERE: KN Vom®/h; @ XA BRI T & (effective local work
function) ¥ F = F R, B4H LM RBINER KT 0.4 nm B, £F R FHE 5 (8] i) 4E TR 5
55, A LA Bardeen™ ) — R MBI KT EREBRR ERB T EEER
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A %J%H%EKJ&E,EF # Fermi ﬁﬁﬁo E1 STMiERERXEERE
o(r,E) = Z |¥, () |*8(E, — E) (5 Fig. 1 Schematic diagram
XH o(r  E) NREGENE » MR E AW REHR FAHE of constant current

(local density of state), mode
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GHERT, 2B K AN ELES TR AHIEBER L RS BEARE
MEERMIRE RFEREE) THRESERRE R T HTRES, B RRM. BT AL
B FHREBRAT AERAET . AEABERT LERR T MNREY #6253 . 0%
BT, BRI T B AR R SR TS A R AR P R, B S A
SHBRKE T, BHY RS BESEHMSHEFH KK, EERT ZnO UFP #H,
3.1 BHMEANKX

ERE-FRKRERAD SRS, FATTREER

7 61 K T T8 0 R A\
HEHKKEER G T RERE ERKET . ==
WOE T 3 4 fE IS A, TR A6 52 SOR BT B o A7
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M, ML R E E S, R B AR EEEE. N B2 HERE L RKERE
FABRNFREERREE RN, BEAXEFER F¥  Fig. 2 Half-globular sharp nucleus on
R R RREY, WE2= MEE8 TR the surface of glass substrate

o,co80 + o, — 0, = 0, Bl cosf = (g, — 0,) /0, (6)
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Ao, HESTHAmE AN HEE o FESERARAF WRNVEH A B0 A4
REESSHAREACEMAAHAEIESEERONSEMA, 0.0 HRWKEI<I<r/Z,
Frkleos 8 < 1,0)%H
o, — a, < g, (7)

MPECEOWMEMEATEERLEY . &1 F 0, >0, B0 o, R EMEFEH, 27 KIH N
ERE=S5M 40, 87 0] 468 AW 0 RN =48R K R

InO MM ZRZLEH WANBSY G- AN
|BEAHREHOT ETEH, WEIFR KABE .
¥ a,=0. 3243 nm.c; =0, 5195 nm,

BRI MEER, AsSEEEN AR
R EHCHERANABEEMSTM H#E,TRER 208
RARKAR B . EAEEEBEN STM B RLE
5. 8 XRD il B (LB 8) 7] 5, 35 # 0 10 b 10 18 BE R
LR BB MR RS RER. MBI LR L
R EEE KN, RSP AR RBAR - -
REREH, LRHRELH0.60nm, X5 Zn0 § M3 ZnO UFP AN RS HEN
EHERYHBBEEAY S AELSTHA S BH A Fig.3 The model of columnar struc-
BT I8 — A 1) B HEAR A < L 8 HE2Z 1 H B £40. 24 nm, ture of ZaO UFP

I8 nm

My 39EMLHSTMHE H5 38848 STM H
Fig- 4 STM image of sample 3 Fig.5 STM image of sample 3

ALEN BEAKDNEER EERIZMINE  IEEENFITT R, AR E
() REERALE LUBR.FAHE . FARNBITMRRERAKEASHNE hHEFH
HIMSER TS XUBENERER P4 - ERF D) FmEKHRN, KR
BFHERN ZnO UFP W EZ R, EMAZAAREBEASH . EETHAEAOR
W2 o 5, BO T A O P AT 9 A0 48 A R R B ) s A TR, R XRD B 55— 2, A6~
9B /R (XRD iBD . 54 MK XRD @R AR BOSEEF AR BRER LS, 1
FEH03).(011), (101, (CONF LR K. By @S/ B Ne X MR 5 em
ST REE H % oo 2 Liion oo L vony M coons = 1002122132125,

ZEXRD FE PR KRE Zn R, STM thREHE & R FA A SR, X B3
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Tab. 1 The particles size of sample

5 B/rad 260 D/nm D/nm

Bo

kB0, 89; 8= (b—b,)V?,b Nt SRSt H 2 1 1.058 34 7.76
BRI oW IRER R — Mg kR 2 o 0 e 0O
E;Ajﬂxﬂg&fﬁwu*ﬁﬂﬂm Kaljlﬁ&m 4 1:162 34 7.07

K, Bl A=0. 15405 nm; 20 At M. i+ BB
JUABRIRE S D A, WKL,
3.2 EEMBENEK

B STM W o 41, Zn0 SR EA R R, WEIIOR. B E&N P HEHE RN
BEM“B, KE M. 6 nm, kRBEERKBHE, L5336 nm, FHFEHN26.6 nm, 454
Xt XRD iEE M E ST EE R, T AR . 50305 B3~ 4 SR 3, I HEtb 4y (002) Sl
AR BERTMEEN BB~ MAEERIBZAAHEHIBEER TR, TR
ZEEERER, BOEHERKHN,BEEN10.32 nm, ABAFFITUEL XWEEHT
ZHHAE A KA SRR AR R Z M HEF B R B R EA AR RE,
HBEH1. 29 nm, R ABE B E BT AL, 41K3. 87 ~5. 16nm , SUER VI 8RR 3 4] 2 R RAE R
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B11G) R ZnO UFP A E#EA A STM B Kb H 5852 M4 5 R F %38 nm,
FRE N6 nm, BEAELH, K552 M SRNHFRSTRER ., LREEL2,

E11(b), ()R BB/ FMBEEE STM B4R A1 RHX B 11 ()N EE STM
B B 11 Ce) 7t BB 11 Cb) B M 2 86 43 B /18 P 451 kR o R o 2 LK MR 00 0 22 R BT TG A
Py B B o 2 8 B/ BB 490. 61nm 3K 5 B W 4E 45 1 7T BB ol T ORI T R v A e

H1i ZnO UFP H#RH
STM H
Fig.11 STM images of Zn0
UFP thin film
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B JE FE 1 3 9 B A BT B 3 4 O BT B 0 1 22 (0. 61 nm) T gy 85 5
B (ZnO §4 M8 :a,=0. 3243 nm,c,=0. 5195 nm),
3.3 $HREHTEMER

HECHR(16]3R 18, I STM £ 44 K & K48 F 4R
T B0 45 M B, 2% T JBLRE S 40 K 45 10 8 R W BRTE B E
BRI B B 9 76 2 1 STM HHEBUS , 354 X 84
JLF BT A 0 SR Tt tosE 3, B R R AL 2
TATHEF), F6 A0 X2 i T 40K B 4 00 & R vk AR
BOHERAMERELEFAS. BRI FHEE
ERNEHR XU ERABREN.
EARER S, AL EE AR R, AL
XRD ¥ [ o , #5 1% 2 3 5038 T 4 G35 B 45 40 ZnO B12 ZnO UFP SREKBAREH
UFP # B 2 3UHT (002) RO H 4B K, HL(002) s Fle 12 The growing diagram of island
T BB o5 4 X O 3 (Volmer Weber)

4 i

(1)ZnO UFP 2 8484 K 0 2 18] 2 4 70 R MR B 8, K A8 AR R BE AR S5 2540

QOB HEHE T EREEREHEIHAFNEFAR MAXERRS, 5582
] 543 ST AR

(3)ZnO UFP M8 R £ 7Lk i WUR 5 Mo MRS T A S i 7 MBI L R L 3438 T
WRTRE S, AT B RRR A B ENERA.
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