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Recently, transparent oxide semiconductors have atiracted much attention for
optoelectronics applications including solar cells, because of their fascinating optical,
structural, and electrical properties. In this doctoral thesis, transparent n-type and
p-type semiconductors; namely, Cu-O, Cu-doped Mg(OH)2, and (CuZn)O thin films have
been fabricated and investigated by using electrochemical deposition (ECD) method.
Deposition of hetrostructures based on (CuZn)O, along with the known n-type material
Zn0O, has also been performéd to elucidate their potentials in solar cell fabrication,

This thesis has seven chapters. In the first chapter, there is brief introduction of |
background on solar cell, transparent conductive oxide as long as different deposition
techniques, including the electrochemical deposition (ECD) in more details. The basic
semiconductor properties (Cu-O, Cu-doped Mg(OH)z, and (CuZn)O) are also indicated in
this chapter.

{ In the second chapter, copper oxide thin films are deposited on indium-tin-oxide (ITO)
in low pH (<6) and low and high temperatures (10°C and 60°C), using galvanostatic

ECD from a solution containing Cu(NO3)z, L(+)lactic acid, and NaOH. The effects of
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the deposition current densities are studied in a range including values high enough to
electrolyze water, promoting hydrogen bubbles generation. The results indicate the
fabrication of crystalline Cu,O and CuO at 60°C, whereas samples deposited at low
temperatures are almost amorphous.

In the third chapter, Mg(OH), thin films are deposited at different potentials and ion
concentrations onto ITO substrates. The deposition from Mg(NQOs), *6H,O solutions
with and without loading of Cu(NO3), are investigated. Without Cu(NO3),, deposition
current is so low that no film is deposited. In contrast, by adding ImM Cu(NOs),, the
current rate increases significantly, which leads to deposition of highly transparent and
flat films of Mg(OH),. All films are amorphous and show an n-type conduction.

In the fourth chapter, Cu-doped Mg(OH), films are annealed in air at 400 °C for an
hour, and the influences of deposition variables on film composition and structural,
morphological, and optical properties are investigated. Cu is in the Cu'" charge state for
as-deposited films whereas after annealing, its state is mixture of Cu>" and Cu'". Those
films are found to be amorphous. n-type conductivity is identified for the as-deposited
films, and resistivity is of the order of 10° or 10* Qcm. However the annealed films are
p-type or intrinsic with high resistivity of the order of 10° Qem. According to the
first-principles calculation, origin of n-type conduction could be Cu atoms at the
interlayer sites whereas p-type conduction could be due to substitutional Cu.

In the fifth chapter, copper zinc oxide (CuZn)O thin films are fabricated on ITO-coated
glass substrates using the potentiostatic ECD. The deposition solution contains 1 mM
Cu(NO;), and various concentrations of Zn(NO;),. Wurtzite structure is confirmed for
films deposited at 60°C, whereas samples deposited at room temperature are
amorphous. In the visible region, the samples exhibit high optical transmission. ’
Conductivity is found to be p-type for the samples fabricated at room temperature. In
contrast, the films fabricated at 60°C are n-type or close to intrinsic

In the sixth chapter, (CuZn)O thin films are deposited at room temperature, and then
n-type ZnO is deposited on (CuZn)O from a solution containing Zn(NOs), at 60°C for
fabrication of (CuZn)O/ZnO hetrostructures. The (CuZn)O/ZnO hetrostructures show
high transparently with clear rectifying properties. Photovoltaic properties are also
confirmed.

Finally in the seventh chapter, the conclusion and recommendation for the future

research are included.
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BHICIL, %S TR HIEOBR BRI OV CHE LT\ 5, BELEHAIA v %15,
KT DA AL R BRTRTT S L2 L ) MEEHE S &3R5, BERHEERETHS L5
RERFREFED, EREIHHOES THY ., KIBBMR L ORFEMICEHThH B, HEL Li
FOBHE, BEESACu0. SRIRMIAE L~ 2 % & ¥ ACu-Me(OH)s, BLES & BLEADER CuZnOn =
FETH Y . ThEhICH LRBE ERL BT S,

(1) CusO  FERIET AH U MDA E MRV B OB —IER G o 7228, KOBEIMERE L 5
BRI, BEEIEIAED D CuORHMT 5 2 LB TE S, Eh, HEEELZTTBLTEAT 7 20)
ERE DI, TR BIFRpEEEER S, (25)

(2) Cu-Mg(OH)2 MgA A & ELKEIRITCut A2 2 HMT 2 & . HEMERAFEE ML, U
A>T IR LB EhAews, ©F Y SMIEOHE 255, RIS EEES S
nBDEMMEERT, (35) 2O 00CTHLES 5 & EUI T IR 5. £, B o,
EMUERTIE IO A BRSSPI+ L 25, H—FEFEL 0 | ROV A R ABRELE S|
| BRBIZER Lckd, GEMOEREI ot RB S5, (45)

(3) (CuZn)O HRRHOBEIZ L - THEMAKE S B2 D, ZnO0HEHII60°CH L THbh 5 D3
RIS, EORE THBRREETER S 2V QR, dERFORSER DM 5, —%.

&0, (5%) ZRMEHOPH(CuZn)OE & 0 T 3Zn08 2 HUB L ConfEa RN L, RFIY
FitkaTR L. BEEHSELRT, (635) | A
AL 7% U ARHRIGREL B X DN TR Y, BFHRE LTAVBRS 2 LIIEE Ao
z‘:o KEAE~= 7 220 APFEENEEERD, pBICbnBIc b 25 2 L 2R LEDITE IS EE A
BRTHY . Fle BB ORI ORRBTERR - TVNE, Fh. BB EEENE L 43
ZERBVD, BERTPEOT ENT 7 A(CuZn)Oikr=— 27 THERME L T2 LA TR 3,
ZnO/CuZn)OEHARBEM ORI IO TR L2 & T (CuZn)ODET L7 he=2 Rk 34
FMPEL L LEXDESS,

BIERRIT 4 MO L LTE LD b (3MITHAIES, 1MLBlREsD), BRaskc
DIEFEL b, +HRMEEEE bHITF TS, 4 '
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