LAF=E> SHAZIEStS|X| HM18E 25, 20093 3 pp.127~132

AAXAAEZAAE 93 Gash 23 U MBEZ AA3
GaSb/SI-GaAs vrulo] A AJZAsto| T3k gt

a roa = a b b*
UZQ" - AHS - HHL - O4E" . LA

FREEHAAT WS YA PhaBAA7IE FERATA, T 305-600

(2000 38 29l Hh3, 2009 3E 19 4%, 2009 38 19 &7)

— O

Sbol 7] 23k % 284 Ao ddEane] 24 BU EYoHR] 92 719 GaSb 2T} GaSh/SI-GaAs Hhulo] &3l
%= X423 (intrinsic defect)S ¥ RARBIATH AR 24 (250 K)7H) Hod7) Q) (PL)S EO]L GaSbh ZZol| A<
W oixe] 2rolEgomnE ME ouxle] et ARAIQl Varshni @0l stebE (B, o, §)2 BAND
GaAs 7% lofl A7E ol Gasb St M= GaSbe] o MAZATO R LBiA It 29 mevol OI%E} AR5 7HA=
A (antisite) Ga ([Gas)) BTt T7A YA Sb ([She))2te] E3HASH ((Gag,~Sbe))TH By Zloz EAg
732/711 meVe) Tt 49| 7259 (deep level)7} HZEQT) PLO) L% 9l ofy|&8 o]2A-S HA510], Sh—rich AFEjol|A]
489 Gasb Hpellaliz ofo] Sbe] APHEML (self—diffusion)o] oJsto] AFE YAAE [Gas) D [Sbeal7t Zske]
[Gasi—Sbe] o] 72298 FAdste Aoz =9I,

FHO| © AEAE R (GaSh), WEA U, DA, HANEA Ga, YAWHA Sb

LM E ok ope} A2y W= ARof oJek 7Hd R Q% A

5ol 7ta 5, 42 F0o] Srelat ofe] 74 S A

A 1004 WZE, Rbre] 7)2ek nE o] 2 9A T 9lc}, SLS HAHEAA (SLIP)E ~8 ume] LW 3
244} (infrared photodetector)Z A@E35}17] 93+ o] A7R| g0l A

# 3 S48 2o 2N 4 A
A& o] gtk [0, &3], 7129 2471 AU 9= AL 22 oMy glow HL [320%256] 23 AW
T4 TEARQ] FAE FES) Y8l ofg] P o | (focal plane array, FPA)S ARE3Fo] 77 Kof|A] ~4
A (quantum dot, QD) [2-5] LRE T4 (active um MWIRS] ggArRS &g vl gtt [6]. A2 SLS9
layer)o| -85t A A& (QDIP)o] Fet A7 T4 249 el Gash Bptol= AN Ga ([Gas)),
o] @ol Al=¥|}lct. QDIP= A 250 K7HA] 528 vhet XA Sb ([Sheal), Ga WA ([Val]), 1822 159

e Rt B MII Qo e B AAR L) (Gan-Sha, [Gas—Vou) 3 Aol7t ol ofe)
7h 878k Aol tha vRst Aot A WMEZE 1% 2423 (intrinsic defect) [8-12]0] & WiEg £
Zo| (interband transition)ol| 7]%3t InAs/GaSb A28 Astar )=y, o3t AT Az} EA FFARS 7hEu)
52 247} (strained—layer superlattice, SLS) 727} I e P8Rl 2 AR ik, Adof HI A
JPP (mid wavelength, MW)3 %4314 (long wavelength, = TS 0] 9,101 o 7] AR E %@‘%ﬂ"ﬂ ofgk
Qo AelHAEael 4 ERG ABND & A o141 Folo] @o] o|Rol feolE B,
9)\% /\Hi—% FEYo] WaA W S B dosw EoES S8 &2 (undoped) GaSbh Wo] Esh=
Atk [6-8]. InAs/GaSb SLS #2&= & Fa o] 7]¢ WA pE A= (p-type conduction) @] - of 7
S WE FPHRet 3y (strain) tite] H/5HF 5] mjafd ZA= Hol AUk,
FHE (light/heavy—hole subband) Ato]e] ZtAo] Z # Ao, =oHA 9 71 Gasb A} A

* [AA2-H] sknoh@kriss, re kr



o

Al o] Z&A] (molecular beam epitaxy, MBE) WIHO 2
WP A4 (semi-insulating, SI) GaAs 7] $jof A3t
GaSb BFuke] 3of7] ¥Hg (photoluminescence, PL) A3
EHE B4k, GaSb ZA9 M= oA (bandgap
energy)oh AT} oA E5lo] Bajol olaisict
GaSh 7183} SO 2 R QO pL AHEYS ulwhe,
°|F GaSb HWlHlojM= F8 O 2 4HA Ue [Gasl
G222 (shallow level)Q} $HA| [Gasy] X [Shea) 2} T

Hoj Q= ALRE HAHE 3 4o 7259 (deep level,

DAVH BEEL BusT vhsto R, ¥ d7E el
o) $4E AN 7|22 Y B pY Gashol T2
S e AYATS F Holg Ui o As =
% (energy band diagram)& A|A[3}T}

I 48

2 AFolAE, B ohe A p-GaSh 71T 24
1} ST-GaAs (001) 7|3 #]o| MBE ®H o2 A3t 4719]
0|F p—GaSb/SI-GaAs H1H} Al 9 v E 93+ 17]¢]
%2 u—GaSb/n—GaSb:Te B} A|27} ZHj=[Qic}t vt
Aoz Be2g =R P Cashe AEFL pF<
o, ¥ 2179 J% B3 v ARk BE by ARE
Holil ¢t} MBE AR olAL, V/HI (Sb/Ga=1.210"%/
1.5%10 " Torr) H &S 8 2 TAA|7]AL 420—5107C 9] H
Aol LS WskAZ en, GaSh ] FAl=
+ 1 umo|3l 7|# GaSb9| F7l= 500 umeolr},

PL Agold = ZAIA-52 94 (3001600 nm) %
Ao &4 7H53 £-47] (monochromator)E AR
o, Ar—ion 0|4 (514.5 nm) ¢} HH 3|2 He YZPEA|
7b 71 8hH AAAA R 27t o] §E G xRy
(temperature dependence) PL AHEZ-L T=20—300 K
49 (P=2.5 W/em)oJ A dglon, of7syglel Hefojz
Al (power dependence) 3L P=25—2500 mW/cm” ¥
9 (T=20 K)ollA A= Ut 2 AR oxf= W2 InGaAs
FHE7) (0.8—1.6 im)E ATF HE3) ¥4 lock—in
Z7124 PL 29 EHS At

128

Lo
x -

o1, #xt

Fig. 12 7|3 GaSb 2RO 2HE U (a) LEOE PL
2HEYT} (b) =9 g2 A Ve PL 53 o] 7]
W3S Ko 31 it} PL (20 KolA B3H
804 meV E 798 meV oiR| 9] AlT} A2 W= w]A|
A5 A9AEl (acceptor, A) ELE AN E

AHED

gl F&H
(exciton, X) AR ¢{A St [8]. GaSbollA] AAE
oA (1.4 meV)E 2T o, Al B A2 £9)9] o] 2=}
UAE 212} 5 meVe} 11 meVEA A2E A7 Si B¢E
9] 0] 23} | 2 LA|BILE ALE 1 ZYo] BT
oro AXMAST} (crystalline defect)d} WHH AR 24
€k Fig. 1(0)9] &&= 9&/do] Hoja= 9l Hlet 2o,
A7} 760 meVQl A4 WAL T2 DIl g 2
ot WAl FAT Fhe 7KL A oAL &Y

Undopad poash Buk
F=3.5 w:m‘ 195 5145 pm (a)
£
L
=
[
c
2
&
—
0.
% : wwwv* yﬁw“ﬁ“ﬂ%mWMWmmm:::
0.65 .70 0.7 080 0.85 080
Emission Energy {eV)
085 y
Undeped p-Gash bk
Bz 28 Wkm' = 4144 (b)
Q CEVBE
® v
> 080F & M‘—“‘ ,
S
wi )
ﬁ b el
© 075 A b——b—g
a
— 2,
BTy« &)~ o KT+
a EQ)= BE113 oY
wz 8307 oV /B 265 K
070 T
10 20 20 50 100 200 300

Temperature (K)

Figure 1. (a) Temperature dependent PL spectra and
(b) PL peak energies plotted as a function
of temperature for undoped GaSb substrate,
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We have investigated the intrinsic defects remaining in epitaxial GaSb layers grown on
SI-GaAs substrates compared to those in bulk GaSb crystal substrate, which is a basic material
of Sb-based strained-layer superlattice infrared photodetectors. From the functional
dependence of the band-to-band transition energy of the photomuminescence (PL) spectra
observing up to near room-temperature (250 K), the temperature parameters of [E,, a, 8]
of undoped GaSb crystal are determined by using the Varshni empirical equation describing
the temperature variation of the bandgap energy. Additionally to the antisite-Ga ([Gasp])
with an ionization energy of 29 meV that is well known to a major intrinsic defect in GaSb,
epitaxial GaSb layers show a pair of deep states at the emission energy of 732/711 meV
that may be related with a complex of two antisite-Ga and antisite-Sb ([Gagy-Sbg,]). Based
on the analysis of the temperature and the excitation-power dependences of PL, it suggests
that excess-Sb substitutes Ga-site by self-diffusion and two antisites of [Gagy] and [Sbga]
could form as a complex of [Gags,-Sbga] in GaSb epilayers grown under Sb-rich condition.

Keywords : Gallium antimonide (GaSb), Bandgap energy, Intrinsic defect, Antisite-Ga,
Antisite-Sb
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