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ARG T3 OALH O BESRE A & PG S LT, 5 =N IND.

W1 ) T, BREET M AL LTV SR A EIEMEO SRR S LT m
(E B SR I TS 2 & Ei7o. IS D LIILEI (KT 2 AT 5
5 2 CAASEY] p WEHIEIE Tl 578, EEURFTEr & L COBAUSIE, JEFRHIE, 2 LT,
DBERBI BTl <, BRIV T ERREO BERE AR LTz, ¥, 734 AIGH]
13 DRSS F BT B L C b RESE ST BT, WRE D R & FIRFL 5l 77 00 B 5
BUECHSZ &2, RO AL ERE DIk LT,

B2 ®m [a LS ER TIE, BEZEEZ AW 3 v 8o KRS E IR O BR% %
Tote., BEEEBICHOCDEEE LT, 3 UBRAZENT I ENTE, o, EIEEMROMEE NIE
ThHWERNPLEL RS, FUdiiEa v{bh ) v A3 LT V=0 AOKBRICEFET 52 &
DEHNTWDEN, EHODORIENEL TWD g I LSO ZEEOBENSHRE LT-. 8%y
Ral—vary V7 MIXoTa bAoA 4 U AFE T COHDOENM-pH K EER LT & 2 A, @it cs
LSRN ZETH D Z ENHL NI 2o 272, HERBTROBEE L LCTa b7 =T LKIER
FEALEZ., &5, 3 b7 =T AKERIRICKR LT3 TLEROREEMBREZRE L 25, 6
mol/L @I AT V=T AKIEEPERBRICE L TV Z EEHLMNC L. —F, avib7T v E
=7 KR OHE R NT I VLR E B L5, EXF0mBICL->Ta vk A n=a
TR LI, I UEBRENRBICR D ZENbhots. FIT, ERELIZI UELZE LT LD
MiRiEE T U 7 A% 0.02mol/L BITAIE L TR D ZEICE»Ca vRBRENRELZ O CTEXDEZ &%
R U=, SR BEREIT O BICBERAITOR W EBEEC/KE CIREN TR &S Z LIk o TARY
—BERDRRAE LT, — BB AEITY LIk TARY—AREZIMHE L, #ELEELN SO
HZEPH LN oIz, T 9 LT HfERERRG Z i b L7ofE%, (001) milZfidm L7z —3i4725 6 mm
DRKESOHFERZBFRTH Z EICHOTHRIILT.

B3 F T3 LIS OBELRM - LFEE] TiE, 3 v LIREREREZ T A AL LTUSHT S
BRICEHEZERBERMN - BFEMEEEZRE L. BT A A AZBWTEEREWAETER AT ML E
HETDHZEICE->TEM L. ZORE, EX 0.59 mm OBEFESERITZATHEE T7 0 %RED:%
i LT, Flo, MOMEEEA LIEBEOBMOBEMICEEL EX DN A7y NE2MDTeD),
AT MR T v VRN Ry v TR E N e AT MAMEIC L > THRE LT
ZFOFEE, I LD (00D [ TOA F AR T v V1T 5.2 eV, N2 RE¥Y v 7133.0 eV ERE
TAHZENTE ., FIUADIEHDO—2E L TXa 7 A h A4 M KREEMRZETONEN, a7 R
HA IO NWIE TEH 5 CHNH:PbI; (MAPbIs) OAfiEE 74 & 2 VAL Ol E T4 D = 1)L ¥ —HENL X
WO T L, AL—RRBHBEDNIHFCEL 2L 2WOMNMT L. B, I UAEIBIHEEME
LLTOHBTHHIHINTWS Y, HHIRLEELOBIEZHE L. ZOME, ik CHETR
B4 Qem, BEYEN26 cm’ s VIEpHOT A KXy v 7 REKRE L CIEFITBEWVEIER L 5WE
EZ R L. Uz &b, KX TERLZ I Vb EREEMEE LTHLRO TEHTH
HZ LR

%4 [ LSO SR & et TiE, 2 ECTRIBEE 2o 72 3 AN E AT 5 RN 3 2 CTH
0 EF 7Ny REESUAOENOIRKETEHHD5NREREREOEEZHA LT D Z 2R AT, £
CC2ETER LT SRS EZ I UERERD LR E IR T 5 itk Ta vk
GG 3 U FREI KGR KOOSR R K2 EA L., b OREHICE £ XA R TR
WS KOOt = kv — &, BEREEYE (OFT) A TR OLNZRINE LSt =xL¥—%
o925 2 L2 L0 S O RKEFED R E 2 ik e . FEBRFERE NS, I 8T 2.9 eV & 1.8 eV |




=7 2RO ENHLNIRY, INOIEFNENEZEL Vo) &I UEZELL (V) IZRBT D
ZEEBLMNI L. —, S URBFISHEO I UL 2. T eV ORI A R LT, 1@ O DFT &
AN 4T iziéa“éﬁzﬁfé%fﬁm?% o To. 2T, DFT HEOKFFEMO 7 1t A2 TRV
PR EL TR HEMEIT) Z &Ik, @EICELRE L3 VERT (T DHLPLRELE
L L7-Fd @& (Off center model) % & Zo LRV REIT A ERHLMNI o7, 72, Off center
model @ I B LT, WG AT MILVEFHE LIZE 25 2.7V AHED A ORI 2 R4 Z & 23
N0, FEOOEFENZORMEECTHD Z EEHLMI L.

95 BTG Tlda bz 730 2 L LTV DBRITE 7R I 7 ki O BRI 72 07> & KA
%%E'l%@ﬁﬁi&ffﬁif‘%@%% THIFSE U TeATm S & fedh L7z,
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This paper is entitled " Single crystal growth of copper iodide and its physical property " and consists of 5 chapters.

In chapter 1, "Introduction™ mentions that copper iodide (Cul) is attractive as a new group of transparent semiconductors
used for electrooptical devices from the viewpoint of low temperature film fabrication. But electrical and optical properties
of Cul have not yet been clarified by previous studies. In this chapter, | explained the importance of research on the physical
properties of single crystalline Cul, and clarified the purpose and motivation of this thesis.

In Chapter 2 "Single crystal growth of copper iodide", we have developed the method for growing large single crystal of
Cul by using the temperature difference method. Copper iodide is known to dissolve in an aqueous solution of potassium
iodide or ammonium iodide, and | investigated which solution is suitable from the viewpoint of stability of copper iodide.
The potential-pH diagram of copper in the presence of iodide ion was calculated by thermodynamic simulation software. As
a result, the Cul was stable in acidic solution, thus an ammonium iodide aqueous solution was chosen as a solvent for single
crystal growth in the present study. If the stirring was not carried out under crystal growth, the temperature was not
homogeneous in a crystal growth part in a reactor causing heterogeneous nucleation of Cul particles. On the other hand,
stirring procedure suppressed heterogeneous nucleation, and a pure large single crystal can be obtained under stirring. Based
on my optimization of Cul crystal growth condition, | succeeded to grow a (001) face exposed Cul single crystal with the
size of 6 mm.

In Chapter 3 "Electrical and optical properties of single crystalline Cul”, | measured electrical and optical properties, which
are important for the application of Cul single crystal. In order to determine the band-offset, which affects the charge transfer
between heterojunction, the ionization potential and the band gap were investigated by ultraviolet photoelectron spectroscopy
and fluorescence spectrum analysis. As a result, the ionization potential of copper iodide on the (001) facet was 5.2 eV and
its band gap was 3.0 eV. Further, resistivity and hole mobility of single crystalline Cul were measured. My Cul exhibited
very low resistivity (4 Qcm) and high mobility (26 cm?stV1) as a p-type wide-gap semiconductor at room temperature.
These results suggest that the present Cul is useful as a transparent conductive material.

In chapter 4 "Point defects and optical properties of copper iodide", | investigated the origin of coloration and fluorescence
of Cul, which were seen as a problem in the second and third chapters of the present thesis. lodine excess defects and copper
excess defects were introduced into the Cul crystal by heating Cul crystal with iodine powder or a copper plate. | identified
the defect type by comparing the experimental optical properties with calculated values by the density functional theory
(DFT). Experimental results revealed that copper iodide had fluorescence peaks at 2.9 eV and 1.8 eV, which were assigned to
copper vacancies (Vcu) and iodine vacancies (V1), respectively. On the other hand, the Cul under the iodine excess condition
exhibited light absorption around 2.7 eV, but its corresponding defect could not be reasonably explained by the conventional
DFT calculation. Therefore, | performed ionic relaxation under low symmetry model in the DFT calculation, where the
iodine atom was substituted at the copper position (lcu) and stabilized by taking a special arrangement (off center model).
Consequently, the calculated absorbance spectrum of the off center model with Icy defect was consistent with experimentally
observed 2.7 eV optical absorption.

Chapter 5 "Summary”, | summarized the paper which comprehensively studied the basic physical properties of the large
single crystal of Cul.

% @ FRSCEEIT. FI3C 2000 52 L He 300 B 1 ET ORI 50, b L<IFIEI 800 #EAE 1HHRIN L T 230y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HEE @SBRI R LRI —F IR (T2R2) 12T Z— Ry MARIINET DT, AFK AIREZRHIPHD N TIERL T7ZE W,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




