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FEMRFEERNBZ ZnO FERYLIESH
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(1. PEHSR LEABLATAIBAEMEFLPCREMD L ESERE, Lk
200050; 2. F B # Fr4% £ L, 46 100039)

# OE: EIESEHMERMELY, UBEEMMBEGRIR S KE IO TSR, E8E Si(100)
WEEHET N#8%& 2nC B, RAZREEA ST (TS D3C-MS) . X HELAMTH (XRD) |
B AR e (FESEM) #ES A7 (Hall-effect) XS FRARTHERMETE T N B2
ZnQ FEMAKVIE, BESHEEER. FREH EHEREENFR, BHEER L AR
ML, TR RAY Rk i . EMRAMHRBET, 23T Zn0 MR
) p BBk, B p B Zn0 WEAERFMEEEE BRTRERN 3.21x10%m™°, BH
FHEN 110ecm? V- is™! g EH 1.76x1072Q-cm.

X @ . p B ZnO WK, WMELME B ERE

PESES: 0482  XEMFIRE: A

1 5|

Zn0 R—FEEHRELHMN VIR LS EME, TR TEWHRELN 3.36eV, | T
54 fE R 60meV, TEHE KB B ARG ZHN AR L2 R, BT Zn0 AMEKE
BEGHEEEMEER, AROZEEABEURRENZ RS, ETLH Zn0 BEM p
Blipze 134 m R EFREM p B ZoO BB R NRH Zn0 B B ALK LR NE. B
PHREZFENEBARNZERETE, FEESS HIETEXBRATUH#—SEFN
REEE, FEib, NBZEM NI ETEEBRER N HATHE p BB R EERF U]

W E TR p & Zn0 B, GFKREEIEA (PLD)E! | £ AN LESR
M (MOCVD)E! | g at (MS) | k2SR (CVD)® L K ut % #f# 5 (Spray
Pyrolysis)(®) %, H M ENEER TERETHT, TUBRLEZHFETEKE Zn0 HE
Ry O 0, NTSEENMEER, AT o EBHANTH. XEFHAERAETHES
BN T NIn 3t AER, ROEHT 20 MEN p BB S, HFEETHENRAT
W SRR R O R, HBAEARBTIINT B S 2R % B &K
R, FHFEESREACES M. A CERMNELEKTES NG Zn0 #E, MANT
LA THRIERT Zo0 #MER p BB, HEEITLT ATIRABE R ET R EEY
HR AL,
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MEHEMNERAENBH IO HEMTREE LA 1. aTIE BB Zn(CH;CO0),-
2H,O(4r #r 4, 0.5mol/L) #1 CH;COONH, (4 #7 48, 2.5mol/L) M/KEW, BB+ Zn 5N
JRF 2 1:3. 3R 3% A S B p-Si(100) (R R %y 25~45Q-cm), 2ARHER FE T ZEE. B
FABEFABRELE 2N BRANEERERE, EMRMWIERETEA DR N A
ZnO FEME. WEME R A4 K R E A BE B Y Sem, K 1R B 1% i 7E 300~500°C.

% Fi Netzsch STA429 # R 2400, EESRP A P X AT IR B W R a7
Z A E R SRR RS AT (TG-DSC-MS), ¥ B % id ~600°C, FHRAR
10°C/min. % A D/MAX-2550V X St £247 5HY (Culic) 4rAF MR K 45 S 554, SR B JSM-6700F
BRSFAHMBE (FESEM) MEMERE M E MWL AREHBENBEEEE, BT
EEH Y, 7E HLSS00PC ER M AL LN B2 HEMEERARAMEER, #WRERAT
WHEMTHR.

1.Ultrasonic atomizer:2. Atomization

cup:3.Precursor solution:4.Carrier gas:

5.Liquid-vapour separator tube:

6.Substrate stand:7.Substrate:

8.Atomized vapour:S. Film growth

room:10.0Observation window:

11.Sampling window

A1l AFREXRMELZMEERER

Fig. 1 Illustration of ultrasonic spray pyrolysis set-up
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3.1 BIURE A4 RIS

WRBEMEX/BLLTHEENERKYE, BXETRIEEABREWRASELIR. K
%t Zn(CH3COO0), fl CHsCOONH, 1B & ¥ W # 17 # R B F 43 47 (TG-DSC-MS), &5 4 /E 2
Jrw- ATLAE L, WWE 1000~160°C Z [6]7E TG $& E BB RKMEESY, LEHRHE
HEBHY 80%; [t DSC B LR 7E 143.1°C BHiE B — AN e ¥ 3R AY 8. A MS 76 %8 15
WH BT BURH HoOF (m/2=18) Al NHY (m/z=17) iy, FB#E S+ H0 #1 NHy 95
B L, MW A 2 8 3 By I ) 26 & A1 CH;COONH, 4 #B1E, AR MY -

CH3;COONH4 —»NH3 t+CH3COOH?

#% £, CH;COOH S 4kfy it Bt %5 NH;s 2%, B4, Zn(CH5COO0), 2 5K%

£, EEBABRE Zn,0(CH3COO)g, H 4 CH;COOH!OL:
4Zn(CH3C00);+H,0—Zn,O(CH;CO0)g+2CH;COOH?
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i fE MS i# | CH;COOH* (m/2=60) 78 B &5 F NHT, 3£ B ;M T COF (m/2=44)
Fyig, iR CH3COOH #— kAT I F i ff -
9CH; COOH—CH; COCH;3 +CO5+H,0
B iR BE FHHS, 7E 239.4°C i DSC fhR B Bl — s mig, (H TG &k E X BRI AE
G 8, FEIA IR REXS B F Zn,O(CHsCOO)g B 4L 2418 FE AR SE 7R, 7E 270~310°C
BEHAER—AREEGEH, Fed DSC LR TE 296.8°C AW I, AR MS i B3
T COF g, FMMAET ZnsO(CH;CO0)s LGk —H K AET 4%, AT -
Zn;O(CH;CO0)s —4Zn0+3CH;COCH; $43C0,
gL, ENERENKEYEFREMNEBREESHER, By iRk ed
WRIER ., BBRES R, BARREWEL., 7REFEUR, BERIIYECN Zn0, T

R i NH, R Y A K S R A ey N 2 0T
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M 2 Zn(CH3COO), 1 CHsCOONH4 B A ¥ A9 TG-DSC #i£k (a) Kk di SikHy MS i (b)
Fig. 2 (a) TG-DSC curve and (b) MS spectra of escape gas for the solution of Zn(CH3COO); and
CH3COONH,4

3.2 WEAMIET Ni8% ZnO HEMNERINIE
EF W ERME L ai A m me Raga o, - SRRy ERERE.

AR A EAUMNER S, BB LMMENHEAERKRE, b TS IKLZE
BB, & LRSS, TUCHBHEMRE RSB SRIK AR ED T
. BARIENEXM CH;COONH, (4 %5, HTili ZnyO(CH;COO)s YA IR ; T J5 1F IR 4
1k, IR BJF ZnyO(CH3COO)s K A4, A ZnO Bikr. MI\LBHRMANAR, W
BEAAAMERER. EREHAEREXWAET, T REENEL - AEHREN
PR B AR AR (F 3). AERIB MR E R T, FE 8/ NER e R IR K
SEREC W EI M KR E (B 3(a), HIREWIRZ GEHREERHEL ., WHEL. 2, Hi
BT, WMHERBHIRZAIERER, HHEREERIRENRERE (8 3(b)),
WS IR IR R R SR BT RHE— A THE, EEENBREEEN, BREAWNKRZS
KRG, TR LS BEIRR AR R4y SR M E R IR R, B REWE L REN X
BT CVD MY UTRERX (H 3(c), LREKB R FE Zn0 BB M REL K. X4
KRB R, FREREIERZAE 2R LS AWK 2R Zn0 B B IR E
WS (B 3(d), ANTDET R SRR A MBU . S8, EREBA kL
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BELARNE, A —EFBARBEREAER, MEERLMREALRERNER, £
i, RRFE LB RIS T A R B X R A K e, LR R A E Y SR AR LA A

(a) (b (c) (C)]

V ? v v Nozzle

0.
(e]

°é§° °o§° °c°>°°° °°§o° Droplets of solution
R A A §
¥ 113:  Solute precipitate
CF ? Solute vapor
Xrrrrra e .
CVD-like mode : ‘ *  Fine powder

Substrate

>

Substrate temperature

M 3 AR ERE FWEERELIE Zn0
WM ERBEATER

Fig. 3 Ilustration for growth modes of N-
doped ZnO films grown at various tempera-

tures by the spray pyrolysis method

ERREE MEF—ENESFEX
THEX N7 ZnO #HEH# B R E
EMEHHET 2EREFHTSEERA
KBHE N SEEER N, 85 H 815K
BW A EN NHs. N H FRARSH
N-N 8268 945kJ/mol, 7E 4= 3CfIK B8 1t (1 34 f
AR FHTRPREEL Firagmzs
B, W N-IBAYRSE 357k /mol AR TF
N-N &, H NHs 5 N: Bk 5 FiEk, #
BRI R EAEEEMEH. SN, NH;
fEN N E# T8 n LIRS H TR M
ik fERmRE N 2 EHFEREE B, B
H A RAfI N 52 E =g m 288
Ng + ' +H* = (NoH)>

Xt F HFE ZnO WAL E, —BIANBRETRLTEBA, HEM Zn 5 N f1F5E
Zn-H-N, HitE—EBE L¥ETHT Zo N B RESTSHA N QREFE. H#
EAEHFAT N st p e RER, Nm#E—2EET NOBEBE. i BT H
BN, Win RFEESLATREBRMALE, FURKEERT Zn SREHRE, SATH
HAMEER, MEET NWERER. A, Wi p BBRWEAXNBEFEFEE E5E
FREET, A REBERIE N-H B EBRIMASER, NRIEBREH EBIHRERE N FHL,

IR EERLZ FEEH.
3.3 N8 ZnO HENHSELEH

M4 IARRWEEE FAEKKN N B2 Zn0 BB XRD #£E. fJUEE, SEETA

KA O £ S 45, F BBk ZnO SRR K
WHEHAATR T . HARBEN AR, HE
e Rt EE. WIKEE <350°C i,

WA & SEEVLER R, BA BB ALK
ok, BATRIRESAE, EEET R (002)
6] (c ) BREL M, I+ H B ROk B

B % W KRB >450°C I, FHIREW#—£ 7
W, HRERY c BB MR R A BT TR AR
2 B, (002) MEMIRMAERM, HELX
iR REmER@IT Y, REFETENTK
Bk R T, EERESR, EXHTER
GTFHEEERBETRAEWIETELRE, IR
Bl R R TR B 4% B B R i 8B BE B
REFHAE, SR RERR, L h%E
R ZE R R e B AR R E R ATRIR
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Fig. 4 XRD patterns of N-doped ZnO films

grown at various substrate temperatures
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EOARBANTRTAFELENT H FHATRAENRES, BREIIXH BEIH
SEMBIHRGERSES, WTREABRREIENEREZA, BOELE20 B £l
ML Zn0 BN EEWEEMIK, Bm T HESRERE. TR, WKEENR 450°C
b A AR B B 4, i — 5 #4T FESEM W%, ZRmE 5. WUE L EEET V&,
ZMBUE, THBHRE, SBK/NYY, RT4 50nm, ABTEFTUE B8-S B4R @45
EEE BREETHREREAERK, RE—EHN c BRMEHE.

L LK IRV R

A 5 450°C #RBE TAEKH N B4 ZnO HEMK FE-SEM(a) F@H (b) Brm B4
Fig. 5 FE-SEM (a) surface and (b) fracture morphologies of N-doped ZnO films grown at 450°C

3.4 Ni### ZnO HEHBEFEHE

B E N 450°C Ky p B ZnO WA RN T . BHAER 1.76x1072Q.cm, &
HZH Y +648m2-C~ !, BHM FHEE N +3.21x108%cm 3, EEFH E K 110cm?.V-1s~!. HE
ARASEERNBERTFREMNEIRER, HaHEXS5HMAMRBEN N BR Zo0 HEM AR
ABEREL L 8 X FH & Zn0 EXEBHLFEARN. HE, BEXFELZ MU
HBMRHRFEE URBREABENRKBERBRRERFMELAR FHTH—F
SN B ENERPRATHREIBETRATE.
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LARBKAS T RABRFNERERSHEREM{SBFSMKREEUTERE: K
MER., BREMR. BROF. BABREGHEL, 2PRELE, 2854 NH; 2E4L
FHMEBRWEENE.

2. WM RKEENARKKERE FRAMERESX, RPESENBRE TRIANK
CVD A& MR, HAER T 7 LUK B B 4 B o 1 WAL

3. FEFIRIBEN 450°C T, LHAT ZnO MW p BB, HATURBRMERA TR
B, EHRMEMAEEE, REARRENRREIBETE PR
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Growth Mechanism for N-doped ZnO Films Grewn by Spray Fyrolysis
Method

ZHAO Jun-Liang™ %, LT Xizo-Min!, BIAN Ji-Ming %, ZHANG Can-Yun!>2,
YU Wei-Dong!, GAO Xiang-Dong!

(1. State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute
of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China; 2. Graduate School of Chinese
Academy of Sciences, Beijing 100039, China)

Abstract: N-doped ZnO films were grown at Si(100) substrates by ultrasonic spray pyrolysis with
the precursor of zinc acetate and ammonium acetate. Thermal-mass spectrometric analysis (TG-
DSC-MS), X-ray diffraction (XRD), and field emission scanning electron microscope (FESEM)
were employed to analyze the growth mechanism, crystal structure and electrical properties of
films. Results show that the films grown at different substrate temperatures show different growth
mechanisms, which could influence crystal structure and electrical properties of films. The suc-
cessful p-type doping can be realized at an optimized substrate temperature. The p-type ZnO film
shows excellent electrical properties such as a hole concentration of 3.70x10'®cm~3, hole mobility

of 110cm?-V~!s~! and resistivity of 1.4x1072Q-cm.

Key words p-type ZnO film; spray pyrolysis; dope; growth mechanism



