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Semiconductor Cadmium . Sulfide Single Crystal

Kenji MIYATA
Fumiaki GoTo
Masao MAEDA

Department of Electronics, Faculty of Engineering,
Hokkaido University, Sapporo, JAPAN
(Received August 31, 1965)

Abstract

The growth condition, the crystal structure and growth mechanism of wurzite type
cadmium sulfide single crystals produced by the sublimation method are described.

The hollow crystals are obtained in lower temperature range and at lower temperature
gradient than the bulk crystals.

The crystal structure is studied by the etching technique, the light figure method
and the X-ray diffraction method particulary on the {0001}, {1010} and {1210} crystal-
lographic planes.

It is concluded from the experimental results that {0001}, {1010} and {1210} crystal-
lographic planes form slip planes, and the wurzite type crystal contain some large extent
of zincblende type modification.

Moreover, electron spin resonance absorption peak observed at room and liquid-
nitrogen temperature, and in the dark, infrared and white light illumination are described.

In the hollow crystals, the spiral growth at the site of screw dislocation and the
layer-like growth on the c-planes are observed. The majority of crystals has a needle-
like appearance with the orientation perpendicular to the substrate surface, although being
affected by the concentration gradient of the gaseous Cd, S and CdS.

In the bulk crystals, we are of the opinion that needle-like crystals grow in bunch
and only several large crystal grains were observed.
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1. # i

AHFAEATEOSHIC B TRENTIHEE, £EECYHENHEEEOMENTEREV O H
POBDT, IV BEAREK Ge, Si THD, cNDE, MEQLEEESRETHL T,
MO EEIE ZNEN 066 eV, 1.08eV THD, DS EF Diamond MTH 5, Ge, Si
OENEHIEREL BB —21F, KKEDOTicZzh£h 958°C, 1420°C TRIE & 72D,
R I P8 L Lo TEMBRAR P RMPORM K> Tnl, p BEFERIE
HrBLNEENS LT ALD D,

IV B ekt SiC 13, Ge, Si XD BWREHEKRTRA L XD &9 5 HiYT YR
RENTVS, CHLEFHABRTHS T, HIEBIEE 266eV THD, ZORBHEER
Zincblende %! (B % ; 75 RFR) & Wurzite ! (a 5 NFER) Thb, PDbomlchid
Ge, Si LEELULTWAINED, iR, SEZAVCRONWTEEREESCEMNTEHLL
DICHESENTN S,

)5, I-VH BbAHohTToh V=54 FERIRDMBENT A 4 Vv iEAHRIE,
BiE» L EHCEEREBBNEEVIRAICL> T, BAEDOHETOMIEE THRE L THhik,
IS DERIIEEM Tho T, MEMEER NaCl # (fece; WHER) » CsCl # (bec; 37
HERR) Ths,

Pk oins e BB OHMEHCERN T, BRI KBS ORENET S NBRE, K
OFELE LT, HI-V BRU I-VI BLAUPEBINZ0R MR TH B, chbid, #HiLH
B2 1.5 eV B35 eV BEDOV DY 5 PIEMRALE KD —HERKLTHD, ZOMBEER
Zincblende # (f.cc; W HER) & Wurzite B (hep.; RNHFRR) THo, LIESL U BLE
OHDPLESND {111} T (25 &%), {0001} H ORHF &R 3 A HEFEEN, VIB®R VB
RHROAPOIELNS {111} | (7 &%), {0001} H ORHF&RR) 3 B EEFINTRIZN
Ts, TN —BHOIEYEEERE, KE-AREE 4 4 VEAREORE U LA
XAELLEBERZETHL T, 0L LTHIHRD RIS, Hall $hE, FEHES
ERTESLLDLET, TOBRTHEERCEE, BERORENGe, SI, Th V=154
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FIZHB U TR P LD C & EMERBREELE>T, RETHBTEMSFT RO TL
75, ’

AARRER A A~ ¥, AT 3 v R T, BT A A Y ORFHN, field pattern
HSE KT, reading matrix T, 4~ b V7, HHTEBAKSE » 45 OATELE,
MEER, BBEEEE, ABEERES, - JOHBBEEE, Tuv~-20HBRMEE
B, BEHHERTOBDWRER, FreoEBED v o2 MREEEK, 7V EREED
LB, AR, XL TR, BER oKL, RABEHAEE, ETHHORLHE, W
B, Y Fh~ P, v 7 P PRAEBIUNY F 4 F Iy 5 EOMBER, &
MEALER, BURE, XFEHCERT 558, LMIBEE, MRS B B S iR,

o 2

G

W R D & T AMRKEVTD, ABP S L 2 RAATFOENBRDHERIKD B 5 Bk
B DOV TOMEBYEINTN S,

Pbom&E@Ears, BnOBRREEERKO#EEHE-T, CdS, CdSe, ZnS,
ZnSe, Sb,S,, PbS DA as vib&ils o Uic PbO, ZnO oY, izt CalnS,
CdSnSb, & # a4 54 FEEFTAAYOTIENTEDLNATN B,

Ko, THEMERDER, HE, BHOBEPEEAaTO, b7y TOMT 2 REEN Ge,
Si OBFFEIC IV THE I FB Lk kb0 e b &L, ZOFEmEEpT s
KL THGPIRENDDH B, i, HMIEHOKRENEAHRER TR, 44 VRIS D
TR SINBBEYOREE LTS T BULABRIETH I EEL N E560H 5,

O-VI BieaieEiifk CdS i3, miRomEfEs S5, G pohFiva A4z
o UTREMBICHELDN TV RWET, HRLILELVWBHTNRENTERIERLT R
B, HOEHIEER 24 eV, WIEREER 5150 A, EFLEAOFNERRIZNEN 020
my, 0.70 m,, B FNZNH 200, 20 cm®/sec-volt TH Y, FiFmHEEL Zincblende I
(BH; fee; MFRFR) & Wurzite B (@ B ; hep.; KEFRR) OZHEH 545, AIHER
200°C Pl CREED D, HRTHES N ARG T~T Warzite BEE D, a=414 A,
=672 A, BRHTEIER=252 A ©, JEEB Cy KRBT, HHEROBHERRLCEEL
TV,

19 I DKE, D, CdS OEFIEHVABGEES —BOYMEZFORKEZFIVT &Y
NEL, ATHHESKECROEEINLDIR, 190 FRTH 5, midom, #FHipik
DEBTIER, TExZZIMBENBERENRARET, BRFRBPERLSESDP, CdeS
DIFRREN1IW 1 Tha IO BHBROMENISHBE S, Thil, TROENMVERER
WIEEATICER LTI 2 OB MROIMD W & ThH> 72, BB CdS Hif R oW ez Mle
LR, B ” U
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@ CdS i ZnS (o 75> TEHT 5,
£E Cd 248 L, CdEOhEEE»EEERC (L 2« HS 28 U T CdS BR=zE
BOTHHINLED, Snine PRIk LT 5 L RFAHCELL,
@ CdS DEEESEN,
BoT, TR Y= 54 FORBREEES LS BHERELLL,
® REAEDOTTRAET S,
PE-C, BMERED CAS KEEIED HT T RBBETH 5,
@ 100 &I, 1750°C CRLET 5., , }
TOREMBEESNBSE, Ge, Si0BA&LRABIC EERZETHECL> THER%E
BoCEBTEs, ULLLEMWOEE B0, BEWCEEETHLICL, WY RPLDAR
MPAORANEHFEORMMENSH 5,
PITCHREEREIN T B L fR® Lich 3 ELLRT 5,
1. SHEERDDDN
JAh T Cd S AIED, chic N, ® Ar TR L7 HS 2% 0 A%, Cd+H,S—>CdS+
H, UG &R &4, FrhicEE L nig CrE S e HfREE5HETh> T, CdS ot
hIEmEN 5,
2. B OEE E7:8),9),100,11),12),13),14),15),16),17),18),19)

BAREEBEAELUREEZEAIHETH>T, FPEEBCAELLSDR/NSOERPHIRTH
%5, L LHEE CS GAEOELAEERED B fedicw— RICH U AEE OB ICA U S
FEBPIEOREN, 1, 200EBEENHETHD, REEORORHMY I REL,
BN BRI TR STEHME D b O 08 5 N A ILHENR, WHRDONED S OBE L, K
MRS LD LN, KR, BEST, FEASESOERSHEELEL T2,

3. Piper OJFFESY

COHER, 2ZHRLLODOTHLH, REWHROBHELB S EBTEBLDHIC
LELBRASN TV S, RTEIEOBO AP ZRESE, BHOEELZ LY 5o Mf#HE
DRERERZNED, T, —dHzPHRIcH U aiE O mBICAN, fERE v — i Ui
AN D, Bk FESEMEROEAP O MBI IE, RRSUTHEBE S5, 1k
RS TRERIE L 1, FRETY S, €295C0L &> T, BEEQBOREYOR
AERS TN B,

4 F B B

CdS i, BIBO T & CHEDO T TRAMET 5. TNMA— b7 V- TEHOMBEZRET
BHEMBHRINTO S, PORENRETH 5 &P 2 OME ERMMOBALE D KA
HHroNEs, FHEETEIRMEEBE S CORMPOBANTETHS L EIRENE S,

HidR RN OESF, BEEHOERP oMo NI ML, A LHBDIFI 18> T
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BTLEB®RDH B L THD, 72, CAELSORMAETESRIBRIRAAMNTHLDOAT
0\522)0

DX T}, CdS MEROBEREFRMEC PV TELNHELTRT 5,

2. KRB A &
21 & m

hollow crystal LIFEN TV 2 FERLEREZ S5/ CdS HiEREBER L LEEL B 1K
{Z, bulk crystal BIBEARBEBEROZNZE 2 KB, WIFhoEddicd ik
R,

F1ROEE, CdS BREISEICHK 10 gr FREIL, 30 MERREB L L 1 #7, # 830°C,
RERAEY 70°C/lem OB, %83, 4, 5, 6, 7T KO hollow crystal i1, EinEOE
i, ROV~ RILEDHONTHS, FL2HOEAE, CAS HBEEX 1279 100 gr FEHL,
60 MFRFREEE L L 2o R, #9 1100°C, REDECK 10°Clem OfLE T, %98, 9 Mo bulk
crystal & #y 840°C, REEMEH 35°Clem O fLiE i hollow crystal 2187, KIGEOHEIZ, B
SR THONTNBZINES KEDHAETRETH YD, hollow crystal FIROH L 7 CdS
RI>THERLALLDTHZ, WTNOBAIS, FEO—IHE, %v 7OEEICD>EANT
HY, MEREE T2 OBBEHEIN, FH (7605 mmHg © HS i L» THENTN 3,

% 3 K% hollow crystal ®44%, 24, 5, 6 KIIJEW, & 7 KL /obEBAM%E

. | | L © @
# g =
\@ ®
I;%O—
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Fig. 1. Furnace system used for growing hollow
crystal and its temperature profile.

@ Thermocouple @ Thermocouple

® H,S inlet @ H,S outlet

® Furnace ® CdS powder

@ Larger hollow crsytal ® Smaller hollow crystal



82 R - BB - AR 6

1200+

1160~

000~

900

800

1 L 1 1 1 1 1 1 | I
50 40 30 20 10 0 10 20 30 40 50 0m

100,

Fig. 2. Furnace system used for growing bulk
crystal and its temperature profile.

@ Thermocouple @ Window

® H,S inlet @ H,S outlet
® Furnace ® CdS powder
@

bulk crystal hollow crystal

FHTH5, EHEIZ CIS Sthomdifiilcdy, ‘5@'3 RO < 182 e B3 RE RV TO R
itk s, AR, EHEIEEICEAD ETBHM4ME CdS FHicm> LT sHmzd2, 8
4, 5 {3 screw dislocation D {&E O spiral growth T, §i# i3 dislocation line & hollow axis
M—BL, BERDOLEHDO TV B EERT, B 6, 7TRIENENEHREMEO layer-like
nucleation process |2 {5 EIE 2R,

% 8, 9 Mz bulk crystal D#EEHEETH->T, HFIXZ, FERICRL DD R
Ao TEN CEAERZERT, WIcARES
{0001}, {1010}, {1210} HIMEHIC T 2454
dH 5, hollow crystal O K xE, EEH1~6
mm, [E#EH 05~4mm TH Y, bulk crystal @
K&iE, 10x5x5 mm® QI A HE 578
ETh B,

Fig. 3. Side-views of hollow
crystals. (30X).
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Fig. 4. Spiral growth at the site of Fig. 5. Spiral growth at the site of
screw dislocation parallel screw dislocation inclined to
with hollow axis. (160X). hollow axis. (130 X).

Fig. 6. Nucleus observed on bottom Fig. 7. Layer observed on the side
of hollow. (190X). of hollow crystal. (150x).

Fig. 8. Population of CdS bulk Fig. 9. [Each CdS single crystal
crystals. (1 div.=1 mm) (1 div.=1 mm)
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1

HiERoFefEcmsicoie, LEVEBRERB AN, £0koicid, X
BRSNS, FlBEAUBMEREDERBMLNTORFNEESRL, TR, iz
TG I LB ETRL, CcCTEINLBMEERT,

1.

1 %5 HCl (conc.)+3 %5 thiourea solution (100 g/¢)
60°C iz T 1~10 43

{0001} Taj o #z AL FI*)20

12.5 cc H,SO, (conc.)4+1250 cc H,O+1 g Cr,0,
80°C 12T 10 43

{0001} & {1010} A

A TEAAE, B MRS

6 %% HNO, (fuming)+6 % CH,COOH (glacial)+1 % H,O
25°C iz T 2 4

{0001} T f

A T REARE, B S AR

1 %% HCI (conc.)+1 & HNQO, (conc

95°C T L2

{0001} TH

A TR, B MR

0.5 mol K,Cr,0,+1 mol H,SO, (16 N)

95°C 12T 10 4%

{0001} Tij polish FI

AR ECNSOBES, B IEHE <

100 cc HCI (20%)+60 g CdCl,

100°C 12T 25 #

{0001}, {1010}, {1210} fafH*>

HNOQO, (conc.)

HERICT 1~2 4y

{0001} T AL IR H A

A HIZAARE, B IR

HNO; (conc.)+Ag™

B [ iz screw dislocation 23% 5 ¢ & Z& BLH U 72 s O J& &b *®

PlEoml, #OobFEABBMENERINTVETNED Ge, Si it TaHELD X
MIEOEBENTNS, iz EDMHICK LTS, chemical polish 33 & 5 IEKHED LT C
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ERERAFEDO ENE b REBCETH B,

T T Tid, 84 ccHCI(24%)+7.6 gr {CACL},-5H,0% [Eahik %&b S &, ZT DT 35~
45 sec [EJEa LE B I KRB OMBIC THklk L 7o, hollow crystal DIG&icis, 2D % Dk
%, bulk crystal OEAITiE, 1000 F SiC %2 HOTHEIIEL, Bk s@aik{bs oaicT
NTWREL e b D% Fie, bulk crystal OfSRIE, EaE PELEET C LIt k> TH
I ohiz,

%5 10, 11 ik, {0001} M LicEA I MILARL, MMEAAEEZL TV S, NUDK
& BaFLORHI A, S D HiE, {1010}, {1210} WTH s L MMB, % 12-1, 13-1, 14-1
i, zhzh {0001}, {1010}, {1210} T |- DEMFLERF, {0001} b FAWOHTH S,
%15 i, {0001} fii i BUARICAZZBMALERL TH Y, FimOWHE S & O %
FEDSER B fe DI BB I &Ko TA: U ke fisfu sl 2R 9, 4 16 Kicid {0001} 1 1 g fil 7L D flliz
BRI GRENR DN TN S, ZOBRLE, BEBRHTHAS EHEIENB™,

Banneihensilh:

Fig. 10. Etch pits on {0001} planes Fig. 11. Enlarged photograph of
lined up in slip planes, the part enclosed by white
{1010} and {1210}. (140X). square in Fig. 10. (880 X).
2.3 ¥ & &

AR ATLE b o BT o K E U T, £ OSH KT 5 S TH O #%  1H
EMBHETH2 T, KEREERGEFER™, & 12-2, 13-2, 14-2 K&, Zh<h {0001},
{1010}, {1210} HONXBAEHBZ L b D TH> T, KFEEOFEAL, HOohLEHREDS D
MEINTV S, 5 12-2 i, B 6 Bt zRL Tns, % 13-2, 14-2 K, 2 \lxt
THEERT SO THoT, B 132 MEKBLTE 142 Bk DIEOITOET &1E, M
LoFy {1010} MTRAFKZL TV B3O LT {1210} TRERRTH B L THBLT
W5,
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Fig. 12-1.

Etch pit patterns corresponding
to the {0001} planes. (150 x).

Fig. 12-2.
Light figure corresponding to the
{0001} planes.

Fig. 12-3.
X-ray Laue spots corresponding
to the {0001} planes.
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Fig. 13-1.

Etch pit patterns corresponding
to the {1010} planes. (170 X).

Fig. 13-2.
Light figure corresponding to the
{1070} planes.

Fig. 13-3.

X-ray Laue spots corresponding
to the {1010} planes.
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Fig. 14-1.
Etch pit patterns corresponding to
the {1210} planes. (120X).

Fig. 14-2.
Light figure corresponding to the
{1210} planes.

Fig. 14-3.
X-ray Laue spots correspoding to
the {1210} planes.
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Fig. 15. Etch pit arrays caused by Fig. 16. Stacking faults on {0001} planes
the thermal stress. (30X). revealed by etching. Black spots
are hoxagonal etch pits. (200 X).

2.4 X i @

% 12-3, 13-3, 14-3 i, I X» T L2 h2h {0001}, {1010}, {1210} i
O Lave B8 ThH5, PlhicX->T, BaRE, XK, Laue BA=FOMGRMSHYIS ric i
Cs Byl

PRI, FHEOHE X METLEE I X 2 RS O EERIERE2TR T 5,

2 17-1 i, Tl CdS BiRic &3 & DT, Wurzite iz Zinchlende 23 % Lo T %
CEERLTOB, 1720, FHEFICL> TESNLBERER R LRI XZ5 S
DT, EMIC Zincblende TR U> T B T EEIRLTV B,

% 17-3, 17-4, 17-5, 17-6 Kz, W. O. Milligan®™ O 451 it> TLFE I E S 1L 1
CdS WA D X #2789, 2 17-3 K3 CACL, kg » 5, £ 17-4 Mg CdSO,
M » o, 8 17-56 Rz CACL SREE AR 5, 88 17-6 ik CdSO, fil Ml 15 » & 15
SN CdS kic k5 b D Ths, W.O. Milligan®™ iz X hiF, Wurzite 4 CdS & Zinc-
blende #1 CdS %= b FEMICl 2 ic/ED C kD E b TV EH, #17-3, 175 H{»5
5 X5 Wurzite TAE/EAS & LTH4A LD Zincblende BASE LV, 5 17-4, 17-6 [
55 XS Zincblende BE/EA S E L THA LD Wurzite AR U 5 < & MRS, ik
W olE> 1 CAS WK id, MMEEN OS> Tn LD biirnicy, XS E Ihiri
Flio T3,

2.5 BFREvH#mE

CdS o#i:icFAL T, BT A Y ¥ KRR ZE AV BRSSO |G ST 5%,
LD URERSBIEBRENTEL T, 4BOMRCHE O IMNAE, & 18-1, 18-2, 18-
3, 184 iz, X HEH CTHWARE (8 172X i X 2 BT 2 © v LB iR ZE R,

#18-1 M BRI TREOEABHORT, % 182, 183, 18-4 HiZikKERIAEIC
TEzhZnmgd, A7 v 7 IRE, EhEREA CHRbN Bl E RS, RETRS
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— {1013}
— {1210}
— {1072}

e s L]
EEE

285 «—(hep)
=383

e

b

{2021}
{1211}
— {2020}

Fig. 17-1.

Original powder

Fig 17-2.
(crystal)

3

e

Fig. 17-3.
(CdCly)

(Y
b O R

Fig. 17-4.
(CdSO,)

Fig. 17-5.
(CdCly; HCY)

Fig. 17-6.
(CdSO, ; HaS0,)

|
1 1 VR
— (= = b
- S 8 I <fee
@, B . (] -
20 (deg)

NI MR, S4RRS I &> TIED SN EHBOBTIL L350 THS S, OA
RO Mn® OBBEBELRTSDOTHD, Ma® BAMME LTRE- Tk d
HFRTHDTH B,



Fig. 18-1.
Room Temp.
(white light)

Fig. 18-2.

Liq. N Temp.

(dark)

Fig. 18-3.

Liq. N; Temp.

(infrared)

Fig. 18-4.
Lig. N; Temp.
(white light)

3.1 hollow crystal

A A CdS BESR OB & ARG 91
g =1.999
y

g ,‘%‘l‘“wiy)%twmwG& I P p—— &

ﬁ

5 ik ohe ano 33 "&iﬁ}}“,i
CRPRRT . T L L
. A BT Y T WY
; L ?ﬁg P
e

CdPe
oy o Ty

3 ii'%x v & r 7

Foo Wt kW Y g o itaf&%} AR
wf'\w& h N W e
Wy

3. HRLEBE

ZnS, CdS oA T 2L oz, hollow crystal & N B ERIIERAE & >

CRERARICEBRLU 2SO0 DR &5 %20:89,30.59)

T, F2ETELNL

hollow crystal Zrhilvic, ZOAEEHBICHT 2 —20% 2 2 idilhd 5,
BEREA 7z hollow crystal DAERSHHZXEDHER EDTH B,
ATHEFR O 2 DZEE (peculiarity) 13, RIICEHIEFEL TV BEEEZZ LN, X,
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STk b H | REERE ’Usz}'“uu =3 j % E‘% [ M OB K| AERESENR B M
1 II 11T A% VI VII VIII
32) | ZnS 1150°C HaS (02) Pty # v | 1~3hrs
21) | cds 1580°C 35 kg/cm? Ar 2 B
33) | CdS | ~1150°C | ~107¢°C |=10°C/cm No(0.25 ¢/min) | ¥ % | 20hrs
34) Cds ~1060°C 830°C | 70°C/em |~760 mmHg H.S W BE 30 hrs
35) CdS 950°C 900°C 500~530torr H,S quartz wool 140 hrs
MoK & 3 )
ik X Hjj’é%’%‘[@m& hollow <‘; fa RN
£ o8 XH % S Jit ‘ X
32) 1mm X0.4 mm 20 p Or DFEFE,
21) 5mm X2 mm CdS ZAIEBL >,
;Na KIGOHE, Otk b4 D
33) | 20mmX4 mm 0.5mm~1mm 78,
lHIHIVﬂﬁM#B%&tO
aqy | I~6mmx . . [ REimE s, CdS &Kk
34) 0.5~4 mm 0.l mm~2mm ZnS ¥ 1% iﬂ&“o AR & Lo,
35) 0 Na, K 1 3 ppmBlF | (quartz wooé) IR B %,
3¢ ~10 mm X ~2 mm Ag. Cu. Mge. Si Na, K#i, O itk 3 @@Cif&
B 11 p%m ly)—s Ui, IX B R 5 5% 72,

MR OMBEIC ST

XN B E E U THIC QM O BRI T B R O 5 HI B A3
HB, TITTHE, Rk OEETIE OEBEEE L /o, hollow crystal DAz}

f NN D

TG BURAS B MEREN A ADOHB T A vF - OESR, KDORTHZ SN

537)
AF = 277 s —nrth - AQ
U
. P o _
dp=kT In ot S E B OISR T vy YD
T DR
h; BMETEBOSX
c; METEOHBOMMEIXYDOHMAI 2vE—
P; CdS o#AUE
Pe; CdS o5 SUE
2; WRPOSTHE
X, ERGOWMRERE 0, EERF v Y v DEEOBFRE, XX THL S5,
e
dp = T

CCTCPRLEVWEREALTEE &, 2O 0. D3 r FTHWINL T, # 0 A TEH & BEHATES
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LTWBEAERT S,

&, KMz X B step DELDHET r J5
MICEETE P22 LTh, ERIEZOERE
7 (>P) DETIR ZHiFmiIcAERLLD ETHH
MER ORI D, Mo T, KIERIC KB
> TV BELE, cHEAEBRERLE
FAUTE S, HEE, ReD % L hollow
crystal 3 BB AR LT3, ZOWEHD
BT % 4 19 ISR T, L

hollow crystal OAERBEHICHT 5 M0E L Ty p—

J5 & L T, step @ bunching effect ic k¥ 7, 58
HIRXNAELTHRNTHA D,
3.2 bulk crystal
F2RTRRL LB RTREIC ST 291
OFHEE, BHEL RN TR ETHT cross section of hollow crystal
parallel to the hollow axis.
Bkt & HIE D hollow crystal 2SHk3z 3 5 B ic

Ab, s bulk crystal ICAEETHZEBBRXOML ChdEELIONS,

|

Fig. 19. Schematic representation of

H9, ML TV AMAKRcicEBn 5ils, OB, #2372 hollow crystal {3k v
BAAD, MICEET S, RIL, REL S KHHEREMRZEL TEREEST S, ¢

CEREINIz LI THERINAEETH B,

1. % @

IR ORBHELOBONIFEHRIBZROBL LD TH 3,

bulk crystal {3, EEE, NIWERESR, S0REMEOBIEET B,

spiral growth & layer-like growth @ ZEZOEENHER I N,

WO ML, {0001}, {1010}, {1210} W TH 5T &MRE NI,

aie X 5ahE Iz, hollow crystal @ ENic g I i,

R R OFES T NI,
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