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ZnGa,Se, ©4A w2 % A7|2A A8 ZnGa,Se, HEAH S S 2238, hot
wall epitaxy(HWE) ®Wwo2 3303 7|3mPd a4 -GaAs(100pe) &=5 747k 610°C,
450°C2 A ste] A kg JAsRd et 10 KoM F48 3 U exciton 28 EF 3} o]
F74% XA 8FFA(DCRO?E] WA FFEWHMYS FAshe] S wpake) 3 43 =24
£ g2tk Hall 3= van der Pauw ¥Hell 93] S35 glon], &Xof 2JE3 ux} 5
=9} o) FEE 293 KollM Z7F 9.63x107/em’, 296 cm’/VsRTh. {529 10 KellM
A of A Zebd (spliving)ol 21814 FA %l Ace (crystal field splitting)- 183.2 meV,
Aso (spin orbit splittingy= 2519 mevVgith 10KS) 383 SHo 2 He] uEAo] AN
£ & 9l free exciton I #]-$ 713t AMl71e] FA W5 bound exciton$-2] 3| A7} #aHQ
o}, olm Al ¥b bound exciton®] WHXE# AR Z7Zb 11 meVS}l 24.4 meVeiTh
B3} Haynes rulel] oj3f -3t 552 BAF =)= 122 mev dh

Abstract

A stoichiometric mixture of evaporating materials for ZnGa,Se, single crystal thin films was pre-
pared from horizontal furnace. To obtain the single crystal thin films, ZnGa,Se, mixed crystal was
deposited on thoroughly etched semi-insulating GaAs(100) substrate by the Hot Wall Epitaxy (HWE)
system. The source and substrate temperatures were 610°C and 450°C, respectively. The crystalline
structure of the single crystal thin films was investigated by the photoluminescence and double crystal
X-ray diffraction (DCXD). The carrier density and mobility of ZnGa,Se, single crystal thin films
measured from Hall effect by van der Pauw method are 9.63x10" con™ and 296 cm®/V-s at 293 K,
respectively. From the photocurrent spectrum by illumination of perpendicular light on the c-axis of
the ZnGa,Se, single crystal thin film, we have found that the values of spin orbit splitting Aso and the
crystal field splitting Acr were 251.9 meV and 183.2 meV at 10 K, respectively. From the photolu-
minescence measurement on the ZnGa,Se, single crystal thin film, we observed free excition (Ey)
existing only high quality crystal and neutral bound exiciton (A°, X) having very strong peak inten-
sity. Then, the full-width-at -half-maximum (FWHM) and binding energy of neutral acceptor bound
excition were 11 meV and 24.4 meV, respectivity. By Haynes rule., an activation energy of impurity
was 122 meV.
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II-1L-IV, chalcopyrite {8 WF=A2l ZnGa,Se,
= Aol energy gapol 2.17evel A Hol
3 WbEAlZA 934D, eloFH A2 LED(light
emitting diode)”, FAX a2}Vl Jz] o] 848 5
UE HkEA o]}

7ZnGa,Se, &} 437 ¥ -2 Bridgman-Stockbarger
technique”, zone levelling”, -2 ¥, X1F S24”,
Hot Wall Epitaxy(HWE)'” 5] glc}. o] ¥y 7}
+d9 HWE W S99 248 AF 7Hds)
o Z|AGE TGl EEst S Ee o
AAEEE 3= deld doded P33l
Ve ZAFCIAM AAS AAAITIER FAY
uebs vk 4 o2, AR S EY F 8l
D2 2R Yarst 5 lvhe A o] gl

Bridgman-Stockbarger technique”, chemical va-
pour transport” ¥ 2. & AAA 7 ZnGa,Se, HEA
2} BAe #Agt At ol FF o, oA
HWE ¥ e & AAAA ZnGa,Se, FAA whzt
o] ZI1REA 9 FA7H Ao g A7
A ket

B AFdAE= 6N2 Zn, Ga, Se AEE mole
B2 A aksle] starting element 2 ARE-3hed | Aj =}
H 59 A7 2N &4 AAHUSZ ZnGa,Se,
9244 S s, g4 o EA S XRDX-
ray diffraction) & ZFA3ted AAFE 9 Az}
% F3l9em, EDS(Energy Dispersive X-ray
Spectrometer) & ©]-&3}e] AR 9l 2An]E ol
st §A4R ZnGaSe, H2 A2 HWE W&
o] -&-8te] W AA} GaAs(100)7) % ol ZnGa,Se,
224 v Az e, AAA-E photolu-
minescence(PL) 2] exciton emission 2% E &3 o]
Z AA XA 3A A (double crystal X-ray dif-
fraction rocking curve, DCXD) 2] HF-3] (FWHM)
2 ZAslo] dolHtl. Van der Pauw WH 22
hall £4&5 &3] 8}e] $49A} 5% (carrier density)
9} o5 % (mobility) 9] 2= &AL ATl
283 2% o&A¢) 23 B F (photocurrent)
AW ERDS ZAsle] spxiat e AAA AFEA)
£ (crystal field interaction) 3} 23 - A & A} 3218

L

< 7o} - Al F - w A A3 &%
(spin-orbit coupling) o} 218} oA F£4)9] K=
(splitting) Acr 2} Aso & LolRlc}. £3F 2% 9
A ol 2)3F 333 (photoluminescence) & &4 3}
of oA mziAe] 2= L&A oz Azt
A el A" Z3] olviA] FHE B3
A 42 (optoelectric device) 2419 7HeAS o
of Hk.

2. 4 8

2-1. ZnGa,Se, CHAH $fA

B 4el Zn(Aldrich, 6 N), Ga(Aldrich, 6 N),
Se(Aldrich, 6 N) 2 mole B] 2 & g3lod 7o A
gl Mg (94 16mm, N7 10 mm)o) Heo
3x107° Torr ] X1F-ell A E-)3}led ampoule & T+
o] Fig. 13} 22 3 27|29 Flo] ampoule
S €3 1 ipm2E XA Fo] IS EE A
A7z =& AR, &2 Ao g
AR %_’:\_94 %719 %7}FE. ampoule o] T
A& YA Sl A 200C 2 LA
2 ZAl9) 257} 500°Coll =23bH 2 Abel oA
24 A7} FA A7, 28] 3 ampoule & #-3-3 3)
Aspg A GA] A2k 1002 &2 287 A
zHsted 1050°C el o] 2% 48 A1 #2417 § A
4 DC 3H2E 9} YL 113, 24 A)7F Ft 2

A QAN F 49 dGAAS Adlel HWE

SO A1 L1111,
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Fig. 1. Horizontal furnace for synthesizing of Zn-
Ga,Se, polycrystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy
system.
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2-2. HWEG| 2|8t ZnGa,Se, BHa N 9oty %

ZnGa,Se, ©2# what A2 Fig. 29 22 Al
FTE %9 hot wall 7|29} 7oz FAH
HWE #A2& AH8-8lgor. 17128 34 04 mm
g2l A g 27 35mm Ao Tl Fhol THE S
o, A7 2 Fde] gl 45 4858 ¥
71 98] Mg e F& FAsled ARREE. F
2 A1 El ZnGa,Se, THAA Y £4-E AHE-3)
G ¥ AA GaAs(100) S 7oz Alg-slg
o}, ZnGa,Se, 44 ¥ 72 H,SO,: H,0,:
H,OE 5:1:1% chemical etching¥ ¥FH oA
GaAs(100) 7183} 5405 HWE 23] &l Y1

s

At

2-3. dE9=
FAE HEA ZnGa,Se, & LS o838t

Hot Wall Epitaxy(HWE)oll 2]8} ZnGa,Se, 84 dtut AAs) SAo #Aqt |47 129

ARFZ, AANPE #3192, HWE #ye
2 A8 ZnGa,Se, ©AA uhte] AAA L of
Z747 X-A 34 (double crystal X-ray diffraction,
DCXD) AR & A &4} . =3} Xray 34 =
(Rigaku-Denki, D3F)¢ll Laue 7}vl|e}s §-# 3}
Lave uied ¥FARH (M) 3 cm)>-& Laue AHXS #
odatadet. of o) XA Cu-Kagl T4 1542 A&
Abg-tdvt. ZnGaSe, B2 ko] FALE o
step profilometer(Tencor, o-step 200) &2 FAI s}

At

2-4. Hall 52

Hall £33 273)7] 98 A=) &0 A&
A Alef ql7kgl "7 Aol 22 2kG 2
AxA L Fa o] &5F 293 KA 30 K7HA]
W3} A)7) WA Van der Pauw WPH 2 & Hall 3}
£ A3t

2.5. A7 (Photocurrent) EX

ZnGa,Se, 44 uvhaf Erdof] T P32 5
2= AR D3] HAE FHF e
Hole} gt} FAF HA AL cryostat®] cold
fingeroll A4 3I3 DC AYE AH s 4 FS
Aol AbspEA] Y= B FE lock-in-amplifier
(Ithaco, 391 A)E FE3}3 X-Y recorder(MFE,
815 M)Z 7] 53}t ol af AH-8-8F 314 2 A} (Jarrell
Ash, 82 - 000, f: 0.5 m series§-) & 1180 grooves/
nm (A : 190 nm~910 nm)= AF-&3}d ot

2-6. U (Photoluminescence) HH

A3 2%l ZnGa,Se, BAA 9hehE cryostat Wl
gl= cold fingeroll 3%, AF o2 w}7)3}a Cd-
He Laser(Nippon, nm, 50 mW) & Aol ZA}3leitt.
gy yle =2 2)45led chopping3t3l mono-
chromator 2 #34A)1 732 3% 8-S PM tube
(RCA, C3 - 1034)2 %o} lock-in-amplifier 2. 5%
8ked X-Y recorder 2 7128t} old cryogenic
helium refrigerator(AP, CSA-202B) & cryostat (AP,
DE-2025)8] &X& AR2olA Aoz ejgA
A
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3-1. ZnGa,Se 2} WHF=E

T F ZnGaSe, AL F2E wEe] &4
3 X-ray 34 FH 5 Fig. 3o 2o}, Fig. 39 3}
AFH 2R (hki)2 H7EA o 213t 6 gho] JCPDS
(joint committee on power diffraction standards)<}
AAs= ghEoleiA tetragonal AALE AAE¢)
+& 4 4 U9t AR Nelson Reley 24
Aell olsted & Ak F iy oz Fat
A5 27t Fig. 49 5ol 291o}h, Fig. 48} 5ellA
Hizutel 7ol qpH A A a,=5.486 A
¢, =10963 Aolgtt. o] ZHE2 Beun'” £of
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Fig. 3. X-ray diffraction patterns of ZnGa,Se, poly-
crystals.
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Fig. 4. Lattice parameter a, of ZnGa,Se,.
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Fig. 5. Lattice parameter ¢, of ZnGa,Se,.

10K
470°C \/\
._1'.1
1z

: DAP(Po) SA

PHOTOLUMINESCENCE INTENSITY (Arb. units)

430°C

350 450 550 650 750 850 950
WAVELENGTH (nm)

Fig. 6. PL spectrum at 10 K for various substrate
temperatures.
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3.2. HWEO 2/8t ZnGa,Se,
& =

HWE el 28 ZnGa,Se, =t24 ®tat 42 ¢
Adxez whdAA GaAs(100) 7]1#e) &
AA 87 $15te] 719E 33} oA sk, "‘fi&f_/l
LEE 610°C, 719 &EE 430~470°C & W3}
A7IEA AAsdE . Fig. 6 79e] £EF
450°C & shey Ak ©hEA v e 2 10Kl A
s (photoluminescence) 2% E& o] 5452 nm
(2.2741 eV)oll A exciton emission 2% E & o] 7}2+
733HA rebstel. ol d excitonol] &f3F W} A
ERL Aol He AAo] Ao UG
At Aoz A Ay ubeke] Alo] o3y
& 53 Ake wbehEe] o] EA X-A 8%
24 (DCRC) ¢} WHA)E (FWHM) & S48 ZH#,
Fig. 73 %o} 719ke] &=7}F 450°C Y of 8k
(FWHM)Ze] 162arcsec2 7FAF 2Hgkc}. o] &3t &
A Az e A aere] HHY A 2702
7o} 227t 450°C, FHe] &=} 610°CH
£ 4 4 . ZnGa,Se, ¥ 2R S Laue
wjmd shApg 08 #Hddle] Fig. 83 2 Laue Ak
Z1& Agiet. o] Abzlel sAH o g5} 7 2
£ vo} 8% Greninger'” =XEF 0|43l 93
Wulif-S ©]-4-3fe] "E 919 3HAHES T3}
Art. o] Fod® HEo] B=r o] A o
S5 HE dAste] Y-S 18 ZnGaSe, ©
AR whabef] thatr A Fo3L a28ic). o) AFRY

EHEY Yool 4
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Fig. 7. Double crystal X-ray rocking curve of Zn-
Ga,Se, single crystal thin films grown at substrate
temperature 450°C.

Hot Wall Epitaxy(HWE)ell 2] &t ZnGa,Se, 3% uhat A2z} BAof 23l o3 131

Fig. 8. Back-reflection Laue patterns for the (112)
plane.

YA T & EE T vl M e 43t Fig. 8

2 (112yH¢] Lave®] AFIYE & 4 lsie}. =31,

Y SEF 630°C, 71 £5F 450°C R

ated ARl ZnGa,Se, THEA e FAE o

step profilometer 2 £33 A2} 2.6 um 2 A
&% % 4 A,

3-3. ZnGa,Se, tHEN gtato| sist AEH Zib|

ZnGa,Se, Ft2A 7 4EA whahe] EDS AHE
3 AR 9 2Aw) S Table 1o B3} EDS 2
HEHL 6N £55 2= Zn, Ga, SeollAl te
B X AL 7IFeR gl 3o Zn
Ga2 L-A B4 X-AE o] 83}, Selx= K-AY &
A X-AE AHEEl EAsisic. A W 9
A 2habe) starting element 2] FAIv|9} HAAJe] =

Table 1. EDS data of ZnGa,Se, polycrystal and
single crystal thin films

Polycrystal Single crystal thin
film
Element
Starting  Growth Starting  Growth
(%) (%) (%) (%)

Zn 12.557 12.961 12.961 13.168
Ga 26.781 27.583 27.583  27.645
Se 60.661  59.456 59.456  59.187
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el Be] 2% 93 YA U= T o] BHat e
F2H 2L A ol FHEE & 4 AL F°
% )

3-4. Hall &2 £ [ e

AAE ZnGa,Se, TH2A B van der Pauw 2 e
W 02 Hall £33 203 KA 30K7H] L% ; S
HEs P 34 FAE F )R IS Fe z F *
9ol VFEPRSITE. Fig. 9oflA] Bz His} o] o} F & L * . .
=7} Lo AE 296 em¥/V-sec 82 Fujita™ 9] E r
Azsh 2ol 100K 293KANE AR Ak 2 [
(lattice scattering), 30 K| 100 K 742l 245 ¥
AV (impurity scattering) ol 71918k 22 A7bE] 10® | o . ;

o} . Carrier density 3= &5l d3F &9 =4 3
o mha} Wi glglem o] de &= d4(1/T)
) A3 In ngk-S Fig. 103 2o} 84 3l 1{ 7] E,
= noc exp(— Eo/kT) €] Fig. 109 7]-&7]ell A
78 A5} 151 meVE . X3 Hall 5} 430>
2 FE Hall AFEol Fe) FholeiA] ZnGa,Se,
oA wlabe gelf activated (SA)Y) 7}¢l3l= p3
NEAYE 4 5 AR

3-5. ZnGa,Se, BIEHE &fatol ofiLix| 7t
DR aute] B$FS SAL Fg 113 2o},
ZnGa,Se, = direct gap HFEA o] 7] wjFol AL
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Fig. 9. Temperature dependence of mobility for
ZnGa,Se, single crystal thin films.
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Fig. 10. Temperature dependence of carrier density
for ZnGa,Se, single crystal thin films.
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Fig. 11. Optical absorption spectrum of ZnGa,Se,
single crystal thin film.

energy(hv) B FF5 Al (o) &} ZnGa,Se, T2A
uhuko) energy gap (E,) Abelell &

(ohv)’~(hv — E) H
o] FA7} glet. Fig. 12904 2 Ae] (ohv)’=04)
A3} mhds Yol (1)2] o) 23 energy gapell s
o}, 719e] 227} 450°CY 9 ZnGa,Se, HEA
uluko] energy gape Aol A 2.17 eV

3-6. AT F(Photocurrent)
ZnGa,Se, DA% wtahg- 293 KollA 10 K744



A 124 33, 2001

2.0}
16F

T=293K

1.2F

(ahv)

1.8

LaF ,’ Eg= 217 eV
I

1.0 i JL -

1.8 2.0 2.2 24 2?6 2.8
PHOTON ENERGY (eV)

Fig. 12. Plots (0thv)’ versus the incident photon en-
ergy hv for ZnGa,Se, single crystal thin film.

2=E WA FIEA A5 FA

Fig. 133} 2o 43 F B3-9-2] $12)E Table 2¢]
Rokeh. FAF AMEF ] Aol A] o]
e PR HEHZ B HAE
ojgt FHF B-¢elEd Dbyl 7zl
splittingoll 2|8t FA{F -5 5e] #Z=UG.
FAF B A eld #E5F S gled 2

Hot Wall Epitaxy(HWE)ell 218 ZnGa,Se, @27 ubat A4 B4l gk a7 133

PHOTOCURRENT INTENSITY (arb. units)
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Fig. 13. Photocurrent spectra of ZnGa,Se, single
crystal thin film.

o) f-i= ZnGa,Se, HAA ot YA A F22
A1 7=]e] spin-orbit splitting & non cubic crystal-
line field®] &A] &a}ol] 2] &}o] band splitting®] <
ol Flog B 4 glod. o] 712 band theory ] £
& Wb o) HEE S-like, 7P AN Z P-like
2 Hgkom, o] P-liked =+ P, P, P, o} Zo]
H7He] 917 vire] A 4 gleka Boteh . s
A A (hexagonal) TF+ 3702 298] AT,(Z2)—
[(S)), BT(X) = Ty(8)), CTLY)—T(S)) Aoje
gt Aleg FAEIT o9} Al 2L nj4
FZ25 VER Fig. 149 X0}

Hopfield ¥ spin-orbit splitting @} non-cubic cry-

Table 2. Temperature dependence of PC peaks for ZnGa,Se, single crystal thin fitm

Temp. Wavelength Energy difference  Value obtained .
- Acr or Aso Fine structure
(K) (nm)  (eV) symbol (E or Ey) by eq. (2)
5712 21705 Ep(293.L) A(T(Z) — T/(S)
203 5083 23468  Ey(293M) 8;8551; 8;2& ifg B(I(X) — Ty(S))
4776 25961  En293.5) : 2 . ‘ CT(Y) = T'(S)
5533 22408 E,(200.L) ATA(Z) — T\(S)
200 5129 24173  Ex200M) Sézgzggli 8';5‘;3 2:; B(I'y(X) — T\(S))
4649 26668 EH200,8) =47 : * CT(Y) = T(S)
5373 23073 E(100.L) AT(Z) = Ty(S)
100 4993 24836 E,(100,M) 8;2%5'; 8;2?3 ﬁ:r B(I,(X) — TI'(S))
4537 27327 E.(100.) : 2 ’ S0 CT(Y) = T\(S)
S31.6 23324 El(50.L) ) A(T(Z) — T(S))
SO 4942 25087  E.(50.M) gggzg'; 8;2;(2) 2:2 B(I(X) — Ty(S))
4495 27582 E«50,M) 470, : ‘ Cry(Y) — T\(S)
529.0 2.3435 E10L) X AT (Z) = T(S))
0 4920 25198 E(10M) g;zgzig‘) 8;2?3 2?’ B(Iy(X) = T\(S))
4477 27691  Ex10.S) 24738 : S0 CT(Y)— T\(S))
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Fig. 14. Fine structure for energy level of ZnGa,Se,.

stalline filed @) SA|E bl oja) 7P =}e) 7} 2el

A= 2d$ | Hamilton matrix'®;

Ei = %(Aso + Acr)
1

_(+)1}1(Aso + Acr)z - %AsoAch )

2 ®¥sv & 9714 B3 B w3 2
Fig. 139 A-, B- 2813l C-exciton® oA &
E(A), En(B)LET Ep(C)2t E713h8 E,=
E(B) = Epy (A)©] T E, = E(B) — En(C)0l T}, Fig.
139] 10K} FHF 2= e oz He E I E,
Z+& #ol Hamilton matrixell 23] crystal field
splitting Acr #} spin-orbit splitting Aso 2t 73}
2 &3 2 10K F3F B9 PPy
A L), T3 M) ok g (5) E2
AR ZH2t Eppl(L), Epp(M) L2332 Ep(S) 2 3
715ked o] & oA 25 T8 EFt Ee

E = Ep(10,M) — Epp(10,1)
=2.5198 -2.3435=0.1763 ¢V

E, = Epp(10,M) — Epp(10,S)
=2.5198 - 2.7691 = -0.2493 eV

o)t} . E, # E, 32 Hamilton matrix off o3Il <1
2] wAlS 1 Acr=0.1832¢V, Aso=0.2519eV
o]}, o]uf Acrzt 0.1832 eV Shay 5'e] X 113t
0.18eV Z+5 2 4X3k3 2, Aso ) EAZ
0.2519eV g A] Shay'” $o] B33 0.25eV 7t
2b =8t 9let. ofw 10 Kol A S HoAA Acr
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Fig. 15. Photoluminescence spectrum of ZnGa,Se,
single crystal thin films at 10 K.

3 Aso®] AY AHE Ho} o Zo| A B
o) QA W Yol AHETHE F YT
9.

3-7. 2 (Photoluminescence)

Fig. 15% ZnGa,Se, ©24 2H2] 10KelA PL
29 28 el T 9Je}. Fig. 15014 shupaio)
Aol A mAEE A7]9] 539.4 nm(2.2985 eV) 2]
peak = free exciton emission spectrum ©]t}. Free
exciton & &8 AA 7 &L At H=5 7}
Az ] A7} o #] band gap 01434 ey
£ 7zt 3RE A7|HE AEHR 97|53 7}
Aol Foz A AF (holey o] HA =
o}, ojw AFe] oJFoRHE FH3] sl
2314 A"l AR} (electron) = &I exciton
S FAET o] 5] AHEFE o spectrum 2} WL
WhEgke) . o)9} o] AR} AA TS 4
(pair) &2 T4 F exciton-& coulomb ¢1¥ o] A&
sHAIEH Zhzhe] A AR Y HAPF AT
FAHAE AT NARATeE FAREE FH e
glt}. o] & free exciton o]} &t} . Free exciton
2 By MAtel A AAP oA
g g} =3} excitonS BBl Adlol] g
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2 drix] Aol S AHEA £EH7] Tl
SEolluiA] o} A S P,

hv=E,- E{* (3)

ol 10KY 9, E, 5 2.3435eVE & 73} bind-
ing energy = 2+7F EI° & 0.045 eV 2 Shay''7}
reflectivity 2-5-€] A A8} exciton binding energy 8!
0.041eV 9t 2 A8k}, 539.4 nm(2.2985 eV) 2
Fata B-9-2l= free exciton(B) 22 &}
ZnGa,Se, AN BE¥ free exciton©] #ZHH = 7R
Rol ofzle] ©hiA wptez AAFHASS &
4 214l =}. Bound exciton o] WA} A\ A gHe o v

%5+ photon?] ol x| =
hv=E,~El“—E )

o}, 3714 EL & AFA e exciton o] HH
oliyzjo) e}, Fig. 1504 542.5 nm(2.2854 eV) %
2= 24 donor-bound exciton 8l V, 4k} B
Feel 71lEe (D"X) <l AR A7, 4)
2} o 2 HE] 73} donor-bound exciton 2] Z el
2= 0.0131 eVL2™, Haynes rule'ell 2]&}ed Eyy/
E,=0.1 22 5€] T8 F7)2] o] &3} o X &= of
0.131eVAEL S o 4= e}, ofdf g 592
A 7]1¢] BF]F- (full width half maximun : FWHM)
& 11 mevsieh. 7H M8HA Bl 5452 nm
(22741 eV)= V,, ol 213t FA acceptor-bound ex-
citonell 7]<13H= kg -9 [(AX)9] A=
A2}, (4)4 222 acceptor-bound exciton]
Aol 2= 0.0244 eV IS & 9 9132, Haynes
rule’e]] 2]8}o] E,/E, =023 FE] #2] o] &3}
MAAE 0.122eVHS & 4 AATF. =8 [(A'X)
off 713k B-FEl7F 7 A EHA et A2
Hall 23 ZAoAM p3 S vebd A3 U3+,
565.1 nm(2.1940 V) 2] peak donor-acceptor pair(DAP)
ubsto] 31, 575.2 nm(2.1555 eV) ¥ DAP-replica P,,
28] 3 760.7 nm(1.6298 eV)E self activated(SA el
7|13k s g-9-el 2 nakE gl

4.4 B

ZnGa,Se, HAA ¥k HWE Wi o2 44

Hot Wall Epitaxy(HWE)*! )& ZnGa,Se, B2 wha} Az Ao et A+ 135

Aok X-A 3 A A Laved) 3A FH2 Y
B ZnGa,Se, Wi (112)H o2 A9 ©3%
el o & AsE. 719 250} 450°C, F
o) 257t 610°C L™ HA AREZAH, o
b ejF A XA 8FF(DCRO)S] HHAH
(FWHM) ko] 162 arcsec o). Ab-2ol|A] Hall &
HE FAT A A vx9 olF e 47
9.63x10"7/em’, 296 cm’/V-sQl p3e] whdA ubat
olgvh. FHF B9l 10K A & 7}
A e (spliting) ol M FAHE Acr
(crystal field splitting) - 183.2 meV, Aso(spin orbit
coupling)®= 251.9 meV =,

B Ao 2 Y e Ao 2 AA
Aut B2E = free exciton WE-S FE3)SIc} . p-
HYdg vehie i A A7 F4
bound exciton &] ¥ ZL 1 meV o] F Aol
UAE 244 meV, 18|13 B3 oA 122
meV 2H SAZF A A & gk Aoz s
At
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