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ABSTRACT : Various properties of ZnSe thin films grown on GaAs substrates by molecular beam epitaxy (MBE) have been
investigated. Photoluminescence (PL) measurement shows high optical quality of the sample in terms of narrow linewidth, strong
luminescence intensity of band edge emission, and temperature dependence of luminescence properties. The dislocation density is
estimated as 9485 x 10' dis/cm’ by X-ray diffraction (XRD) measurements. Serious degradation of the crystallinity was not
observed from XRD results. However, photocurrent measurement shows various deep states related with defects and impurities
located at the hetero-interface, which strongly stress the importance of this measurement for the evaluation of the quality of thin
films. To improve the quality further, the growth of low temperature buffer is discussed
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Molecular Beam Epitaxy2 433§ ZnSe 8t2te] 244 9 AW 49 37}

Aol Aol o3, o]FARE W} o|FA 3 (biaxial
compressive stress)°] WAIS|o] Az} Fx9] WE (strain) B
4% HAAZIE 9] 8ot [21. B uo] A FA
olatd 7% w4 WYL dosm WY (dislocation)?t A
HAuh e 288 ARME A FA o] wiup A
Aol Wastnz AAF A% 7UE =9std AFE H4is
e Aol Waslith ojF AARAY Al uwtake sigate] A
g BA4Y, 9A7te FAY, d93Ar 23Y, A
F29 ®A% F vl 7k FAFe] #AYh o] F GaAs
718439 ZnSe ©1F A Alde ERFAFe] A} v
Zu ARFTZY BAYL ¢, AAATY FAY”H At
o] BPFo] 3 RAJow Fgdrt wed A dat
o] {7} Nelx AxAso FAT g dHe G4 A
A7t F-A3g) s ARl 7idstes Al A FHA
9 H7i7t Hasich 53] GaAs7|® 3ol ZnSes 4FE W
Ga-Se A o3 <dAFE AUZTY YL ZnSe ZAPA
2 9%g F= aoz ¥y Hogld [3]. AT FA
AFoAME olgid 8B W HrPt FHAHLE o]HA
A gz F2 utgte] Iz P A Hrid JAFH
ARA BAst= Ags vtete] EA7te] FaABAC A
A7t 98 AAojrt

¥ dFoe 2A A9 YAy (molecular beam epitaxy)
o2 7ZnSeutete AR XA 3AHY (X-ray diffraction
measurement), 3¢]7) ¥4 £33 (photoluminescence), WA}
3y (reflectance) 59 g3 ZHEL T3l +23 547
Bty EAL doludrh ada A/ EH4E A¥EI] 9
s ZAF5 B398 (photocurrent spectroscopy)S ©]-43t4 7l
Ao EAsts A9 BA dsld n@sh

2. A 2

£ Ao A4 AA"gAY S E GaAs (001) 7%
ZnSe g AT GaAs 7189 #7182 AAE 9
3l ol ME, mlg e o2 1084 A7) AFsHc a2ln
718 ¥ Atsietg AASY] $ste) NHOH : H:0; - H0
(1:2:50) g0 2 & Bt A3t AH F A& &
ol Ing °) 489 7|H4E RFeAct 43 A A /IO F
FHIE dA37] 98 ol AolN2 Z+ A9 TI/HEAN Fx
(bearn equivalent pressure ; BEP)E Z33lt}. GaAs 71%9]
B AstahS A A7) 98t Y3t A (heat cleaning)
2 600 TAA 10 ¥713F Ay o, X §F Seoz A3
GasSes 59 31gEo| FA= o] wet Yo & HF Aol
A9 Fol A7IA LEE Zn A9 MEE do] ZnE UA AL
Btk A 290 TollM 1 AIZHgEt AA S A o
o AFMoZ ®9 F44g TE3A, XRD 0-26 rocking
curve SA3E T3 AT A9 UEE dolE gty a1

He-Cd #l°]A 9] 325 nmipgE 97|38 o] &3t 10 Kol
A 300 K7HA 258 $7H1719 PL 33 & a3t 33/ &
AE 98 Ine2 W3S FAPsAL % 25 VY LS ke
Bejol A Xe FLE $37]8 AHESt 24 47)3E AR
o YAl BAF AL Aok £F FAF A A W=
9] YA E U] At 24 ALE A3 WAL &
A 3tk
3.83% ¥ £9

A3E ZnSed] FeHH 548 dotr7] 43 10 ~ 300 Kol
A PL & ZA39ed 7t 2 2xode g &g ~HE
d& Fig 191 59t 10 K9 233 2#HEG A ad 279%
eve 23 at Fjo Sutd AANE (D X)7 #dE 2@
gag g2 glod HAEL 42 meVEH [4]. (D, X) %
€ In°ly} Ga 22 E¢EY F4 T & AAIE4 o
dgoz Bad oAl JFE ZnSe Wetolj] E3] &
A5 Ao &A gid [IBN6I7]. 28 19 Ade 29
EE 10 KollA 248 i3 ~2geEHoR 7L FH9 L3S
it JeRUTh 9 A 22 eV 249 Fo] W& B3 2}
718433} (self-activated : SA) ©go2 d2iA gld (8l SA
BB 7n FF (Vo) ol 23 T2 7Y E3A Al
% wgoz deA Utk EF 25 eVe o] Yo WP
2 991o] oA urE A= %gten [9], 26 eV IH e TFL
9ot Y W (Yez g2A I [10). ol A 9=
o A A} glo] wtato] & A9 UxE #de B¢ A2
2GR g e Aoz 4A gtk a8 27 eVellA =
kg FAleE WY ALl A udehtE DAP
(donor-acceptor pair) ¥3o] JEstt} [11).

oA E AL AHEFHoZNE HPE ZnSe w2 A9
Agel o g wgo] XA BF FEE HolA| gou Tg
Wegh 338 2t Jo wud o 43¢ F542 7
de Ae & F AU

Fig 2& &% Wslo] whg wx % g1 43 =)o Wz
£ A% Aot} AYE 2= &0 wet ZF AHEFY
oA Wid B3 ZEg RAFE

PL %3 Z5E 257} 371 €45 AF gy oz 7ias
Aok ol FEgE Kol A, 843} v AET &9
Arrhenius 422 E& €d} [10]

I,
1= T3 Can@ETk D D
4714 L, CE Aolil, keE Boltzmann d4olth AEE

AAret A7 25 meVolA L, ol (D, X) 2# H39 HA &R
8 odsyd g2 o] HAst nolvt Ga & EELE 9
A& AAkeka o (12].
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Fig. 1 Temperature dependence PL spectra of ZnSe thin film.

£ Fig 2014 25 Wsho] me Wew we] HRE
8 Varshni 4€ olgted #14 shaict [13]

E(0)E 0 KY of =S 9n|dln q, B= ¥ Algolth
2 A7 Eg0) = 2801 eV, a =79 x 10" eV, B =380 K
o A& AdE 5 ey, A ZnSe & A AF (a =75
x 10™ eV/K, B = 205 K)9} 8|58ttt [14]. ol AAH3 vhet
o] Aol BeE T FFol H Aol 4TS e
ye A9z gt

EE 2% Hsle] g v Ze Wl gf 4S8 0] 83ly
oA 16]

— l-‘LO
MOt T o® k-1 9

Tin AAEY WA v d @A BT AAR, 0 KY #
of WX E S Jepln], T HAA, A A e Ztzh Az
longitudinal acoustic (LA)3 longitudinal optical (LO) = &
o} dAEY A AL HeE UEhE Aot 4] (3)&
2 g8ted Aojxl LO E=o AUAE 31 meVE ZnSed] 1O
A oy 317 meVe S8 gte 48 & AU (171

e F900) A% WEHe] H3Agol Uee RAFE A
o2 AR7 FAse], A% WF olsle} Faol 9@ WA Ee
Z717h Asl 918 tehin ok ol Yold MR w
=4 H7h ARES RAZ G5 BH 54 An
Neg HelFE Anz vvdEh
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Fig. 3 (004) 0-26 rocking curve of ZnSe thin film grown on
GaAs(100). The inset shows the variation of XRD FWHM

for various reflection planes.

Fig 32 ZnSe (004) B2] XRD 0w-20 scan Z¥ojt} o] Ax
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Molecular Beam Epitaxy 2 A3 &3t ZnSe

F A7} vlwste] v4d Az A4 FS ML,
Al Bt FA9 ZnSe wtehe] g8 e ga}Eo] S
= gl [18].

Bo FAMes A4 wute] ARNL Hrlahr] st
XRDE o) 4% HY ASE AN Btk A9 Wxg 3
7] 948l ZnSe (002), (004), (006) Holl Wigk XRD =4& A
Astgch A9 A9 AN A= g} gk

B2 (hkl) =B2(hkl) + B2 hk) + B2(hk)
B (k) + B2 k) + B2(hk)

n(hk)E M2 e BA$+8 2 Aoy 37
o) wkx|Zo) ols) AAHE [19]. BAhkDE $AF 2 B3
o] T rocking curved] Zoli, BAhkDE FHl A= B
o3k A AR AP 1H rocking curved Eog oF 10
Azl e eg 7R

B2 (W) =42\ 2/nhicos 20 )
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g 34 93

arcsec
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=B2 () =K ,+K .tan %©

K, =B%4(hk) =211n26%D, M

D, =K, /4.36b (8)

K.=B%hk)=0.1662D, | n(2x10 "VD,) (9

D,=K,/0.1662 | n(2x10 “V D,) | (10)
WAz N beay/20) 1, as WA Az Asolth g
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A719F #wA] Ut}
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Fig. 4 Photocurrent and reflectance of the ZnSe thin film
measured at room temperature.

A4 27} (voltage-induced barrier lowering) & ol 93] 4l
37t F7HEE B g den [21], B HdEoME FAFe
Az o A2HE 1E3ly 25 VoA $4-& AAsigh

Fig 4 420X F3% A7 2HEf v} 24 A
ojt}. HIAL S A 268 eV M= S BAF glon, 3
AFE AdA D7HA] BAIE 4719 93E 29F 2 ok WA
163 eVe] A H3E ZnSed HEW} GaAse] 7FHA Afo)
o] Hol& e} [22]. ol FHF F4ye] PL ¥ ®d

$a9) W] 9% Bk ohel, ubek Wy 3 welw o)
o AW $2lA ok BEF sl WA Ashe) o)

e F¢ Bk 42 F vz ok olele Bohe
53| ZnSe/GaAsst 2ol AReIN el A7k Aol olgt 2
Fel wo] wute) AN T FYL FE
$9e ¢+ Utk
182 V9] 9= B

5ol s

HEdjel A ZE &l 9oz Hel
& YeRd) o] 9A] PLA & 4= QI £9=, GaAse] A
Eioll 4 ZnSe 7HA A B} 048 eVEFE 2 2 W) 9
29] Holo| 23t Ao|r} [22]. o] H& WA EE Vst AW
oAl Gao] Eitell 93t Ro=z AdeiA lo] [23] ¥ AHA
AXNT BEA 7 A nuA F35g w4 5o BEHY
solx B3t Al BEEE i 59 o] uiAH
2] S-S U F Uk I 22 eV I CE Vypst BH g

Aol 93 Aoz Bolu nixgto g 268 eV91 bIENS
WRAL ZA T 2 YXZE ZnSed] #AUE HL@HG

B Aol M A4E ZnSex vlwd ¢33 v

1
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- AN—
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