Nanometer-Scale Technology and Materials Symposium 2013
Changhua, Taiwan, 13, December 2013

NRESIERES L BT CEETAr B A
2 gy

TR IR AR
AEA TR
RESF PSS

§5 1 Bh < H 9 i 1685

m R

AR TIFHHIIER 100 WIBSF R [T HRETRE 0 RS - il S K iER
TR0 0 D WIHZEELRS b o ST RIS 15023107 torr » 53] * P RIFBIFOE S - F
917 T (S5 Y RS [ 40 mtorr o SR T [ IRLUS SAEE (FE - 200 °C ~ 300 °C) »
il 5% 5 [~ 5200 N)?@F’U TSRS XA BB BEHZnONW PSR 4 = (0
0 DFAYAPE = Fapl @R B Hw oL LY TSR - B i @R 1 #%J‘J
0 0 1)brﬂz%§1ﬁfa#@#§§:@%@ YR B[RRI o B e S
ZnON LY T2 (FUHET K1 > F I Fp Il -
ﬁﬁ%ﬁj REATFTHIBEY > P (TR TR ENY > RIS B ORY  E TR

PRl

S

*Mr

Characteristics of ZnO:N thin films on silicon and glass
substrates deposited by rf magnetron sputtering
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Abstract
In this study, the nitrogen doped ZnO (ZnO:N) thin films were fabricated on Si (0 0 1) and glass

substrates by the rf magnetron sputtering system with various nitrogen volume percentage at different
temperature (room temperature, 200 °C, and 300 °C). During the growth of the films, the reactive gas
nitrogen was firstly introduced to the chamber with different pressure, and then the working gas argon
flew in to keep the total pressure at 40 mTorr. The X-ray diffraction data showed the [0 0 1] direction
of the ZnO:N films is perpendicular to the substrate surface. To characterize the deposited thin films,
resistivity, carrier concentration, and carrier mobility were measured by the Hall measurement system.
The ZnO:N thins films grown at high-temperature show a positive sign of the Hall coefficient
confirmed that the p-type conductivity.

Key words: rf magnetron sputtering, ZnO:N thin film, Hall measurement, resistivity, carrier

concentration, carrier mobility, p-type conductivity

P33-1



- ﬁ'JFEI
G [HEZnOYiL- i 7] g@ﬁ%gg I VI
FHEAR > HOAFRPRL- FEP T HEFE T

(TCO) » TCOFEILH: it BLA W 5 € WIFPusgol [ ~ 59f sk
U P AL S SR - BLART VTR T R O A
T FER] BRI 5 U PR L S5
Rl FEPCHEIRIP A EIAPR > 4R {33 eV o B
SRS 60 meV o ETE B [ B (GaN)IE i
e F“'ﬁ BT [ ERREIEHIR S RS 2 S [ SRR
Fo b~ (SRS A AT lfﬁ%gygg;g; eI NS
PRV TR T (R ORTRL > 70 o sl o s i 5! st
-

U5 = 3 [ G (ZnO)R e =5 50 AHTH(CVD) ~ 1
TR ~ B T REIBEEE ST Y g
Hli> FE4 417300 °C ~500 °C TS FUHERU ™ 5= - (il
L ORI (LR R T T 5! E T (S
VBT 5%~ S S TR R R 9y
T T 2 HEA R T (glow discharge) T & I T
150 - o % g B (Plasma) » AT SR AR LERRff
SRR FERT e 2 R SRR T [ S E A

A~ PG B SR BT (9 4 A AR R B b
YRR P AW 5 g e

~ AR REEROZN0 » H [ SASEE ) (R A B
& % [SECEIpU A BT - 91 S 25O vacancies, Vo) »
SERUIIRI(Zn interstitials, Zn;) » T 4 3in % Jz?;FL, ERRIEE
7 l’fFElfJﬁ;Jl"EHl 0 [ 2 I Zn O/t e

o fol FI(E=pE[ZnO » FLHT 5T FUHFF R (first-principles
calculation) ¥ =% » [ F| #5545+ % » [ILi[1] - Na[2] - K[3] >
=TRLGH T Y55 pEIZnO © By~ FUER R

M REESFEBIE 2 0 {1 Cul4] > Ag[S] ~ Au - STE LS
PRl > |l %‘I]ﬁ“[JVOf [NZnflamsb o 19t VR 3
B SN~ P~ As > b =B 755 pRIE EEZ0O «
SR B RO i 2 2 O O - @ dEpT]

[0 P A SR AT

[ (R o PR R ST R DA R Y
rir;HEW tu@’ﬁﬂ F*EMI‘ PRI R R v

ERPRHIT & }-Hfs%a'% 2Lt éZnOEﬁF{ }%kﬁ‘]‘@ T
[ﬂJ Iy S ™ o e Ry A pE 1 ZnOW L -

N -] b
YRR STV SRS Fh 5
T T o EREERE PR H(99.99% ) st

YIS - WP RIEF BT T RIS 1 H72x10° torr » 53]
TIPS TR -2 A PR T SRR

[l (FE] %40 mtorr » I') 5Pz 100 W& [~ GEEe
P IRGERGIAIER2-T I - S A XRDENRIS (1 (357
MR e o5 ] [l RS =R (200 °C ~ 300 °C) -
S S (ZnON)TEL -

WOl AR A XA B 5T AT R (Xeray
diffractometer » SHIMADZU LabX XRD-6000) 75 1738 J il
AT 5 O R BP0 0 )M
FLFHUS T [PRFFAS ZEE - HR pff (S A e
PEIZnOW L F iy & £1H]-F3% (Hall effect measurement

E
/‘<
=,
P

i

systems » ECOPIA HMS-5000) i1 L0 i ~ il i
RS S I BRI 0 DALY b
TSR SR BRI -

R P BT @ SN L T (Schottky
barriers)HURJZ » T BERIENF b 4GS EOREE - RO
AR LR > A R Eza.&%ﬁéﬂ i BRI =
flLeonard J.Brillson[7]%™ ~ 7% 1 41 » ¥ pE|ZnOF L% -
Ni-Auff B nEIZnOW L AP B it 55 o5 R )
(ohmic contacts) » 4 #fE&- 7 LI IEESE PNV AL » F|
FIP A SRR A AU P SRR T T R
= S ENi-Augiy AL B s PR TERIE 1780 [
i o

%ﬁh ZnO:N#PH= K200 °C ~ 300 °CEJ J(0 0 DHELALY

L-VIEg

P33-2



SFRURB[ o FER IR WRT AT IR TR
AR o T PR R o H SR
K0 0 DFAY F o B ] s Eierp - #REL
B A TR B R A DS meorr(37.5%)F » HIXRDAf
SEUG RS  S R I S E10.370 Q-om P
RO GRS RE BT ZoO NSO o e 1 By 5105107 om A L
RV o FRESRATI0 0 VIS Y@L SRS RS BRI N R Tt R T

miOrT(37.5%) ® + HISHESI0 0 4) Ky ORI 25% ~ SOV RER BRI - R
(6.7) » H17 T =5 5 ZnO:NS RS R U5 7 i i FETIAST % AL 10,267 Qrom - AL XRD
Rt 5 AR o ah R R LY HIUZaONE LY m%ﬁF@Tﬂﬁ{ ’ f?ﬁ% T PRI L1x107
XRDFEHIEE EHESE] T [l o 91 [~ 7 i H em”® o (T FRER AL > ZoONW LN B S ] E
[II5E] ™ £45210 miorr(25%) ™ F [RS8 (1306) » I~ 30%-~A0% I3 A By R FEIE = g
= T IS KRS (200 °CE300 °C) i E T
T o TIPSR E137.5% » kS SACR(0 0 RS ]
[f? s Flj?[f“ﬂ%dﬁ;liﬁlp jélr_{ %o EE T YRR 55200
°C o WRLE ] T 128 Qeom o ARG
1.35x10" cmﬁ*ﬂﬂ%ﬁ%.‘iwo CCHY R~ (BRI
(132¢10' em®) » ({1 PP ™ - o5 R gL -
VIR EIFE R [ [REE1.52x10™ em™ > [H{ 1IN
AU o TR U SRR EFF T 0 (0 0 DEAY
RO R ASAS o S T DT ZnOW L - YIER P

ELRRERT ISR ¢ ] IR e - o B
ZnORFIERYARY » 57— 425 I+ XoU et B
(XRD)BIEEE ) 1 il ] BV 05
A0 0 DFFT I RLAEELS » ZnONFIE(0 0 2)5

—

Intensity(a.n.)

F. o
10
B= . PREBFREF ZnO:N RFF/RLY_FV XRDEE 1354018 - 37-;(-) . on ?;i
Hk $\Im+01.9 -
O ‘gsﬁm} 37
i o 0.00E+D00
| b Fo” 2 4 2 CE I W)
w W arsEre | REETED o Jsp) IS B 5L H)
. o 375 % toaions - B g § s
? - T . 0% sors '- ;
£ 0% P
M' T RS T x S0E-810 L
w ' " g 5% TP Z“O%WPWIEE% VLR O I 7
- PP g5 YRR -ELpE] o fI KB - H ]
T2 e w0 ' REVE[R3T. 5(a)t 200 °C ~ 37.5(B)£%300 °C
10 20 3 4 50 6 W 0 3 U
F= . T FSRLHT Zn0:NS R HAELS FXRDEY
28
PR @iuf1£ﬂm0Nﬁﬁnwwwr
T]—:—/(o 0 1)%?5!%%:] i F%Z Sk BT R B

P33-3



BE Zn0(002) = i ) Ei e

#ow (%) | XRDAEIE% s (Q-cm) (x10™ cm™) (cm?/V's)
Ambient 0 3.4 N 0.362 -8.79 0.842
Ambient 0.5 25 N 3.880 -1.26 1.30
Ambient 25 45 N 0.435 -8.53 1.71
Ambient 30 2.0 N 1.810 -1.27 2.77
Ambient | 375 6.7 N 0.370 -10.5 2.00

200C | 37.5(w) 5.4 P 1.280 13.5 0.368

300C | 37.5() 6.4 P 1.680 1.32 321
Ambient 50 5.1 N 0.425 -15.0 1.87
Ambient | 100 4.7 N 1.730 -10.9 0.975
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Ambient [ 100 1118 N 6.820 -0.0873 0.632
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