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The control technology and influence of the structural properties of carrier
transport for impurity-doped ZnO films
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In this study, firstly, we clarify the correlation between orientation evolution
and carrier transport of Al-doped ZnO (AzO) films deposited on glass substrates by direct current (DC)
and radio frequency (RF) magnetron sputtering (MS) techniques. We found that DC-MS is possible to realize
a high carrier transport by increasing the degree of (0001) orientation. As a solution, we deposited
10-nm-thick AZO films with well-defined (0001) orientation on glass substrates by RF-MS to successively
deposit AZO films by DC-MS. Then, we achieved a near complete absence of the (10-11) reflection in AZO
gilms. As a result, we realized the control of the carrier transport properties in polycrystalline thin

ilm.



X C—19, F—-19, Z—19 (Gt#H)

1. WFZERRMA L IO 5
M (b # &h  (ZnO)
RIBVEERIL, 8
Wi A > v o A
75 B B BB O UL R
fRE A & L CERA &
NTWBHEIR~ 7 F
ko v AN v H
(DC-MS) 72 & Thk
RaniHa., 244 B
miEE L D, S ! . o
RBE (01 om0 L SRR
A T ey, 200 TR
(a) HEMIREEIZ B DG THEIEk S (b) Fdh
T AT EERAEKR TH DRI &I N
HEEERE D 2 OBk D, HEdn W (FER
(CTRE 7)) OFARPIERICHEEI L TV 5
Ald, AR L N D, HEIREEE B
HIENICB T 285 E T (v V7)) ksl
GOMNT, ¥+ U T BEIEOHIEIZ S0
V. RIHTROFER T TCIE AL AIRLE
39 M O AR A G R I C O TEBEN IS B8 1 B
WV R 2 ORI b BLRE 95, BRI
DL FIIRE L, BWER (FrEEMH
RKGEMA) AR T+ b= AG
H (77 RE=7 2) [2b k5, LinLian
5. BFZERIRA NS ), v U 7 o 33
Bl Oigmmix. EWNAA TR E LTz,

2. WHEOHEM

AWFFEO B, ¥ v U 7 s o £
BRI fE s TRAIERECH D LINE L, #
Rk B A O My g (134 10 nm LA
T) ZEFEICHIET 5 2 & T, UERED
EREZEIEMICHAL T2 L&, 2 e
WCEWR—VBEIELZRATZLI12b D,
R T % v U 7l 2 K& <A

4352 LB, CL (Critical Layer) & FEFRL |

B AR B K OV 7" 1 2 R 2 FER K VB
DM G ANFFERCR 208 L CTHENLT Do
HARIZIZTREOEBY TH D,

« CL (Critical Layer) DOWFFEHH%SE
TEINT 7 AT (B 0 T T AKM) Eo~s
DC-MS 2 XV sz ZnO RiBEHESE
D2 I, BRI, FAR O BERL L
L, ERmTroRmIgEInRY, HD
FRELL EDORRIEIZ 72 % &L (0001) AN, FEAR
Wkt L CAE TSR SCEC A L, ARRgE L 70 B
(X2 (), T7obb, BERAENEE, B4

* AHFADT—)L *

CL
> 2B S RAEMR
CLEL CLBY
(a) HERERR (b) KR

[X| 2. ZnO JEfED Ak EE 2635
CL ffAZhRE

AR 7o R R AL R O EELZEE Ly, A
DYERIT, 7 VT 44— (CL
Critical Layer) D NToH 5D, CL DFHHIL,
MR (U1 10 nm LAF) 2D fEREL A
DENLTWDZ EIZH D, CL DFEREENL,
CL O FIZHERE SN D ZnO 2% IHEE R O
T 7 L— hOEE (M2 (b)) THH, HIFF
SR I%RD 2 >THD, 1 2D
FEE S AT K D ESEARREL S, ZivE
TEATE > HETHLEBTESH 2
E (X 2(b). 2 OoHIE, WKLY HLEFY Y
TEETHY ., oOmBs—/ L BENE L EH A
RRTHDHIZ &b, BRIBHUR OB KD
TX5ZLith oD,

3. WrgED Ik

Al RN ZnO (AZO) & ARFZED®S L L,
EIWNA DO TEHE & D% < Oifiim DS % 7%
F7e, BRI, ST Y — REe vz
R (RF) HEE N Al FE7Z DC-MS 2 &
(ULVAC, CS-L) # 7=, &+ U 7ilgkd
RN T DR E L W iziEinz i
AR FERRIEEM DR L E AR — LB
FERBDOZODOFEEDOBENH L H1E T
Wiz, PR ENRET D 3 20 MS Hifr
(DC, RF, RF #HE) Ofax Ak T 252D
WML, CL £ L TZEDO EIZERT 531
7 ORI, ZNE s MS Hiili 4 3%
W L7, ffbS IR Sz AZO ED
fEdhECAIE & v U TSR & OB
DODHEEAFGEL, T OFERAE®BL T G [£
FEEREICRB T D v U T A O
Bo K713 Ak TESIE Ch D) OIERZHH
L&t

4. WFERRE

4. 1. RF HE DC-MS RMHAf: M E
M~ DR

ikt AZO EHEERITI CIX, BX
FMIE (Hall 2h5) THOHAL5H Hall BEhE
(un) 1%, FERTHNOX v U TBEE (u) &
BRATOX % VT BEE (us) & OHAER
KANBR TR E D, MAERRIIRA TR S
ns,

1 1 1
luH /uig IuGB
) 3wk Q) ~ERENnD,
/uig — lLtig - ILIH , (2)
Haa Hpy

K Q) D phe/ pos 3. BRI DOEE-%#
o g FEBA~ORRFIL, O g DHIK,
E@ g/ pos DKL, DOWANLTH 5,

e IS B T b B IR 1 0 B R R L
FhHICHTHMPIKE LT, “RF HE
DC-MS” ##4R L. RF & DC &/ L nHER
Aot IBEE S Pre/(PretPoe) 73 AZO
MED R RIF TR B OV TIRET LT,



F 1. RS S OO L — b

JOER | DCEA | RFED vl RIRBALL | AL —
BS Ppc [W] | Pre[W] Pre+Ppc [W] Pre/(PretPpc) [nm/min]
Proc. 1 200 0 200 0.00 11
Proc. 2 10 160 0.06 6.8
Proc. 3 150 25 175 0.14 7.9
Proc. 4 50 200 025 9.1
Proc. 5 100 200 0.50 7.6
100

Proc. 6 200 300 0.67 13
Proc. 7 100 150 0.67 5.1
Proc. 8 % 200 250 0.80 8.8
Proc. 9 0 200 200 1.00 8.2
AZO M (BEE X 500 nm., FEARIEE X

200 °C) 1%, ZnO 1T ALO; (2.0 wt.%) ZiRE&
LM EEEREEEE Y —7 v hE LT
Mz MS pliEZE#E (ULVAC, CS-L) & H
W, |7 ) AT AHAM (Corning,
EAGLE XG) bIZhE L 7=,

T ZED SR, &£ 1 F, F 55T
FL AL D TR J1 . Pre/(PretPpc) M3 EOE
EThdZLtr LT 5, 3 VRN )
teicx4 2 AZO D (a) AR (p) &
® ¥ VT7TEE N KO m 2T,
PRF/(PRF+PDC) =0.0 X" 1.0 = %h%h\
DC-MS, RF-MS mFEVEIZYS T 5, Eilh
S, ARG ORRRIEE L 725, FEERFER D
fERT DN B LA OfE #2572, (i) Pre/(Pre+Ppc)
=0.14 IZBWT, & i (=36.8 cm*Vs) K
i N (6.88x10% ¢cm?) (IX] 3 (b)) WG Hiv, £
DFER MK p(2.47%10* Qem)(K 3 (a)) 73FEH
ST, —H T (1) Y% Pre/(PretPpc) =0.14
TlE. RE-MS KT DC-MS (2t~ plfsir
— FMEL, ERE~OBERE -T2 (F 1
ZH),

Xy VT BEEOER 2T 5
7o, e HHEM Uiz, ABFE T, HFA0H
ENDRELND (BEOTEEE K OB A A~
27 hVIZ Drude FFERRE 7 1 v T A )
WFBEE (uop) ZHI L, phe (X200
LLe LTHWY, LR, RN Em AT 57,

4 1%, —BlE U CREE D2 2 b S
HRE S 72 AZO TED oy KN ptope / i
ZoR LT, AN S., top 1£ RE-MS D5E
ZER< &, BRBEEREEIL, 1T EA R
<K 38em¥Vs RIEDORESEFTHI &
Dbhhrole, —H pop! tos VX, BV %
% fﬁ L 7= PRF/(PRF+Pnc) = 014 £ 72 1%
RF-MS OHBAICBWTEHE LKW Z & 23K
HElolz, T7bb, & m OFEBUL, *
¥ U TEE ST DRI EGEL O 50y
Ml SR THD Z EBRERILEINT,

=8

_6() §7' (b)
£ a s T o =
& st o 2L, o N 4
s L o EXI 3 E
2 4 p e £z 3 5
X ° ° £ 5 . )
I 3F e g I u .—.40;~
° £ 4 E g
2 e S °o o” 0q3s £
Z 2F s ° 1., 3
2 [ 2 ° ° ‘;30§
g 1k = ° o = =
2t S E Rl
P A R O S R ! L1 13,

0 02 04 06 08 1.0

| - PR L
0 02 04 06 08 1.0

P/ (PurtPoc) Pus / (PrrtPoc)

3.(a) p, (D) N LY iy & RRIEEEE L
PRF/(PRF+Pnc) Lk @B@Eﬁfﬁ

o g 145 =
E 3: ll’lopt _E 40§
E 5| og0 e . g ° 3 £
g e43553
wn E E
g os o 3%
5 04 ® 25 &
t =
g 03pe / c
E 0.2 s /’lopt ILIGB ® 2
Tofe o °
s o0 ¢ ° I
S ] ] ] ] | ] =)

0 02 04 06 08 1.0
Pre/(Pret+Poc)

4. e MOV ptope / pias & FEIREE 77 b

Pre/(PretPpc) L @B@Eﬁfﬁ

E 0002

[ RF

No 10-11 [

3 peak J\- 0006

3 "
SRy e |J\
)
y RF/DC
‘B
s 0004
E 0006
aF : , N
e By
ol ]

3 0002 DC

-

E 1011 00}1\11“

3 o

i Lo L e

20 40 60 80 100 120
Diffraction angle 26 [deg.|

5. Out-of-plane XRD 7'1 7 7 A /L

5 TR ) A 2L SRR & T
AZO D Out-of-plane HIEN G LT X
MEIP (XRD) 1 7 7 A V&R,
Pre/(Pre+Ppe) = 0.0 (DC-MS) ETi%, ZnO D
c HIZERT 5 0002, 0004 KHHZIMZ., ¥
K (T UFLldmE) TRLMSBASHD
10-11 K H D3RR & 7=, Pre/(PretPpc) =
0.14 (RF/DC-MS) JETi%, ki L7z 0002,
0004 SCHFOMLIZ 0006 SN FRD HiL, B
(2 10-11 HTRE DD BNEBH b vz, T
I, RE R OF — R EREN TH— KO —
ka2 L 2B L, ZORE., 0006 X
FERFRD SN D & o Tl b B S O T
JENFEHINTZZ L 2EWRTH, —FT,
Pre/(Pre+Ppc) = 1.0 (RF-MS) FECiX, ¢ M2
K9 25 EHTE— 27 OL B ST,

4. 2. 7 UT 4N A Y —FEAHIN 0
B HifF o R

bFe 3 D MS BRI OF s M OER
TREFEEK 6 ([TEHT 5, DC-MS 1E&E
Uopt XONE N ZEBLTEHHDD, K ¢ i
B e SR AL 52 K& SR ESH, £
DFER. & o DFEBLUINEE L 725, — 5 T,
RFE-MS %, @& ¢ Sl mrEc R 0 R R LA
S3REB ST 2 ENERTES, LaL,
Hopt 1TSS, AREEIZ, Epm FEBLIXATHE
RN, Thbb AREOBETH D K
BHUROFEBL | ~OMFRFIZITE Y TIiEeu,
—J7. B I % F{k L7 RF/DC-MS
1Z. DC & RF 2%, #nEhETHH.E%



FREEMORRERE

A \ e
DC BRABEE (0001)+(10-11) ;RS A
BEVTEE RRHALNTSHEN

ERRBEE

FRBEDTFSHEL (10-1) BRI

RF/DC

& c MEnE HERH5SND
BRUTEE

RF (0001) BRf] = {ERIRBENE
R HE DT SHEL EXrI7EE

AFRROEHK:

> BE—VBHEORER
RRICHTZEAERE: ZnO (10-11) B EBHROMIE
RF-MS 1) H4, OEKX

= My Mg =My
as;;;lu;m Q) HRHIANTS0EIR (- ™ ) DIER

RF @ BRICEY) DC BREDRE LR

[»@ERHETE 10-1 E= oD BEBMEhEL |

> CL (Critical Layer) : (0001) B3R

4 6. 4% MS BRIEHAT OFI] A & RS

MAGDOETEY, TNENNET HiE%
HOHRRE, Uiz, UL, ZhbshEs L
Lf@&%ﬁﬁ#é@@%%%%ﬁ#éﬁ
EM> T, () ¢ ®hECHEIMED RE & D EK

mnon@ﬁt 7 DFERERITITES
ﬁw\_k#<k§ﬁﬁﬁkbfﬁf%hé
Mz <, EREOBLELSIX, REL— 2
Rz S EMGTH D,

T, THRIRAY iy OFEBL] ZA[gEL S
HHMAIOFHENME LT, ERE () KO
(i) ZfR4 <<, MBI TS S CL Bk
R L (K 6 2M), Y
RF/DC-MS & 138720 | 2 BeMEREH R A
IR 0 A&7 D 2 & T, RE HoOF]
AO(EERE) &, B SUERET IS W T
HAWBN T & 2= Rk EH i & 2 4G o T 5
REICHES SO E LTIERT &0
STEHHMEEZRESZ L ICEFOREND D, +
DONFIL, DC RMRIC X 2D ZhE s = OF) A
(B N KOG pop) ZHEFFL2D S, KR
Th 5 mE VR BELRN R 2. B—T ((0001
HNEREEDL TS EDZEITH D,

AZO 5 (JE#X (Corning, EAGLE XG)) i

B 200 C, #—7%7 >k :ZnO 12 ALO; (2.0
wt.%) ZiRA L= B &EERMAR) (X, MS
5 (ULVAC, CS-L) IC Xl L=, HEAR
M 72 A TRRIL, kD@ Y TH S, O RF-MS
\Z&D . CLAZO & (JBE : 2-20nm)) &7
ENT 7 AT AFEMR EICHERRT 5, @
Lf\%ﬁgsmmnmﬁéifAﬂ)%%
DC-MS T L » THEFET 5,

TR E T MBI B L O T~ v 7O

(a) With CL
(This work)

c-axis

(0001) &

c-axis

(b) Without CL
(Previous work)

(0001)=(10-11) &

=y AN

0004 a-axis 0004

Columnar mixed with
different shapes

000 10-11 - ggo2
ik =
,

Glass Sub.

*
10-10

S
200nm W-Le  cu-kp K
X

Glass halo

q

X 7. Wi i 'J$¥EE1"%R@&U
WA~ >

wn a2 @«
T

[

N [X10* cm?)

Carrier Concentration
M P |
173 -
> =}

[
N
wn
Hall Mobility #x [em?/ Vs]

Resistivity p [ X 10*Qcm]
~

CL Thickness [nm]

X 8. FEXHIFFEICK D CL Rk

fENTDNS  CL 13Z O EICHERE S D DC-MS
BRI & 7z AZO JERRAEE 2 R ET T TV
HTERHARE o7, K T 11X, (a) FEE 10
nm ® CL A 5546, (b) CL NEWGA
D AZO FEIZ T 2 Wi d i B 7 T B R
BROWE T~y 7 ThHbH, M7 NHHL
Mk olz, CL A L7z AZO JETIX
R E 2/ T o8 . T A i‘f
L CHEEICHE L, BWICIITRT 2 4R L
ELTWb, —JF T, CL A LRV
%@[mMsmibm%éhkAﬂ)ﬁf
i FREFATEEAWAME LS . plE & TRk
BEEZBRNVPLEELTWVWDS Z kﬁ@ﬁf‘
ﬂto_ﬂgwﬁﬂ®kﬁ%?/7%ﬂmb
ez 6(1%D®FA1//7wbmmn
Bl T b, — T, CL DNEWGA T,
uulﬁﬁ)/7®§uﬁx®¢u@m$7
A EIZH Y FERITK L TET (10-11)
Bol AR b EfE L TWAD Z E R L 72 5
7o 22T, MEOEE L. BT 5,
J - [ BSOS (GD-XRD 12 XKD
CL OREIERAEZ SIS LR CL 1
DC-MS s n7=F—RED AZO &kt
LT, R\ FHEMERE L 2D (0001) Fid
6] LS O il D B [ R 23 Al R8 S v 22 o 72,

T h, CL IEEGFHEY O LIS
HNRNVTEDT T L — NOEE R R L
- LhEIm S LD,

X 8 |2, =EIRME S 7z Hall Zh3RHEIZ
X0/ po N KOy & CL R & D
Rt Z~d, CL BRREIX, HIEE 500 nm (2
LT 2 % IZEYTDH, 207D, 2 BE
FOITEMERAT E L CEREZ -/ b
N6, LT TIEEB LR, CL OFEEHK
WA, 10nm E TN KO g I EH
L. p DIRTFDER® T, F2EE p=2.32x10*
Qem (w1 : 38.6 cm?/ Vs, N : 7.00x10%° cm®) @
HBICE -7, CL BEEIZ, 10nm LI ETiX
Z DiE %%i@ﬁ?éﬁﬁ# L LTz,
M OHE G L, EHIET 208, Eiidp, N &
O g (KR HEEIL, REHEY | SR
[ PE S S RE O R AL Db 2 2 DR
ThHdHZEN, RFHAEBIZCLVEONTZE
BNCT — 2N ST ptope & ttopt [pics D
REIIWCEIVHBEE ST,

EdRom < Ty U 7 @k ER X



(0001) AL LSt OB mAHAR ((10-11) %) D
BArCh D) ZEeaEET D LT, TOME
X, BUE 10 nm OFERIZE 5 R O
R A S R IC K IRERM T BB
ZEEWAALE,
AT TH LN ERR LK D
WY ThDH, ZNHIE, W BIKE 200 C
R TC. ORISR OB = — L7 Eid el
Fhi L TV, MEERIESGE~ERR T TH
Do
[1] Nanoscale Research Letter $8# 23k & - 7=,
ALO;3: 0.5 wt.% M2 RF-MS X 0 HEN-FD
MPE % ZH A REREWR T — 27 77 XA~%H
WA AT —FT 07 (IP) IEIZLD
CL ##HATAZLI2E0 . 490 nm EED
AZO FEIZFRWT, H—H ((0001) M) DOk
MBI E I, MK plopt /e DSEXFTAIIZFEBLL |
i =501 cm?/Vs BEHNHICE ST, %t
MRIIZ, CL Z4FA L T W TR AR
IR D VY phopt /pios D FEEET | 11 =38.7 cm
*INs \ICBE -7,
[2] Afw X T, EREHFIRERICE LT -
72o CL OFERKIT TP IEZHWD Z & T o
loe~0 ZFEB L, & g : 40.7 em?’/Vs, HO
BN 7.96x10%° cm? DK p =1.93x10"
Qcm TR FHIICE ST,
[3] FEdmELAME, v U T EELNX v U
T s A T SRR R Y — S R
? ALO; RIMED A (CL Hli7e L) 221k
SHDHZETHIET S Z EICESERK ST,
ALO;: 0.5 wt.% (252 AZO FEIE (0001) &
(10-11) FEOREBLATHH—J7, ALOs : 3.0
wt.% DOEFFAITBW T, (0001) EEAEELH T
bole, LML L, ALO; OHKRIE, A
F AR BELRAE RO R E b 72
LYz, fERE LT, K ALOs HINED
AZO 23F ALO; W& & B L THEVy
MEBLIND,

5. FRREEHIERRR E

CAfTMERS R S (BRifr &) GE 4 149
1) J. Nomoto, H. Makino, T. Yamamoto,
High-Hall-Mobility Al-Doped ZnO Films Having
Textured Polycrystalline Structure with a
Well-Defined (0001) Orientation, to be published
in Nanoscale Research Letter.
2) J. Nomoto, H. Makino, T. Yamamoto,
Low-optical-loss transparent conductive
Ga-doped ZnO films for plasmonics in the
near-infrared spectral range, to be published in
Science of Advanced Materials.
3) J. Nomoto, H. Makino, T. Yamamoto, Limiting
factors of carrier concentration and transport of
polycrystalline Ga-doped ZnO films deposited by
ion plating with dc arc discharge, Thin Solid
Films Vol. 601, (2016), p. 13-17.
4) J. Nomoto, H. Makino, T. Yamamoto, Carrier
Mobility of Highly Transparent Conductive
Al-Doped ZnO Polycrystalline Films deposited
by RF, DC and RF-Superimposed DC Magnetron

Sputtering: Grain Boundary Effect and Scattering
in the Grain Bulk, Journal of Applied Physics Vol.
117, No. 4 (2015), p. 045304-1 — 045304-9.

(K] GF 13 15, &, MR 2 1F)
(1) Junichi NOMOTO, Smart Hybrid of Two
Different Deposition Technologies to Enhance
Carrier Mobility of Highly Transparent
Conductive  Al-Doped ZnO Films with
Well-Defined (0001) Orientation, 43rd ICMCTFE,
2016.04.28, San Diego (USA)

() BAE— HR~v /R brr ARy XL
fiidn Al W0 ZnO 75 B 8 A AR 0> e 1o Bk
PER OV ¥ U Tk R 5 2 %5 Al B0
BEORE, 2016 /£ F 63 MG AMI RS
FAfTaA 2, 2016.03.20, AR TE¥E KRS K
W& v o782 (RO - B BRI )

(3) Junichi NOMOTO, Critical layer for
achieving low-resistivity impurity-doped ZnO
polycrystalline films with a preferred (0001)
orientation by magnetron sputtering, EMN
Meeting on Ceramics 2016, 2016.01.25, Hong
Kong (China), A

(4) Junichi NOMOTO, The Characteristics of
Structural Properties of Polycrystalline Al-doped
ZnO Films by Direct Current Magnetron
Sputtering using Various AlLOs; Contents in
Ceramic Targets, 5 25 [F] HA MRS F&K
2, 2015.12.08, BRiEIE®W bty % — (M4
NI Aif)

(5) Junichi NOMOTO, The characteristics of
structural and  electrical  properties  of
polycrystalline Al-doped ZnO films by direct
current magnetron sputtering using ZnO-Al203
targets, 2015 MRS Fall Meeting & Exhibit,
2015.12.02, Boston (USA)

(6) BPAYE —, BRI AU & & I I 4 i
PR & LT RIGME 77 XA~ 7855 Ga W0
ZnO D% % U 7k flE, 2015 4 5 76
[ B X K A T =, 2015.09.16,
At BERRSES (B - AR

(7) Junichi NOMOTO, Control of -carrier
transport of polycrystalline Ga-doped ZnO films
with oxygen gas flow rates and discharge current
of reactive plasma deposition with dc arc
discharge, E-MRS 2015 Spring Meeting,
2015.05.12, Lille (France)

(8) Junichi NOMOTO, Smart Hybrid of Two
Different Magnetron Sputtering Technologies to
Enhance Electrical Properties of Highly
Transparent Conductive Al-Doped ZnO Films
with Well-Defined Single (0001) Orientation,
42nd ICMCTF, 2015.04.22, San Diego (USA)

Q) BARE—, 7V T4 A T —%HN
Te ARy 2 Al IR ZnO BB B D %
¥ U Tk (1), 2015 4 2 62 RIS
MBS AR 2, 2015.03.11, HUE K
O S SR (AR SEERT), R4
20

(10) Junichi NOMOTO, Critical Layer to




Enhance Electrical Properties with Well-Defined
Single (0001) Orientation of Polycrystalline
Al-Doped ZnO Films Prepared by Magnetron
Sputtering, % 24 [A] HA MRS kK%,
% 1 [8] B-MRS / MRS-] YVa A v b¥ UK
UL, 2014.12.10, BT BHEEL RS (R
Z - i

() BARE— 7 U7 4 AT —2HN
Te ARy &2 Al IR ZnO BB B D %
Y U 7k, 2014 4 75 [BUG AR
FRMKEANRT S, 2014.09.19, ALifEE R
FLIE S v > /X2 (Al - FLIRT)

(12) A —, SEEREEEKA /Sy # Al
N ZnO FHH B EREOMAR T 2 e /)
& B TRRRE & OBfR, AAMEE R IUES
A 55 23 MIEEEIRR, 2014.06.14, A
TRRZE = 0% v o3& (S5 - FEN)
(13)  Junichi  NOMOTO, Reduction of
Contribution of Grain Boundary Scattering to
Carrier Transport Using Critical Layers for
Polycrystalline Al-Doped ZnO Films Prepared by
Magnetron Sputtering, E-MRS 2014 Spring
Meeting, 2014.05.28, Lille (France)

(Z DAfth)

A==
http://www.kochi-tech.ac.jp/kut/about KUT/facu
Ity_members/prof/nomoto-junichi.html

6. BFZEHEASR

(HIFFEARES

B E— (NOMOTO Junichi)
B TR - S A HFZERT - Bh#
WFgeE& 5 « 30711288



