o

LAF=E> Sl 3 8k3|A) A18E 62, 2009 114, pp.474~430

J

Indium Interruption GrowthH .= A %3t InAs
IR o] FEA A

o8 - Fule]” - 1%

addstal =2k, £3 200-701
ARSI A4 AT, HAF 561-756

(20099 10€ 23¢9 %3, 20099 11€ 204 74, 2009 114 23¥ &4)

FEALA o9 BA] (molecular beam epitaxy: MBE)E ©]-83}4 GaAs (100) 7] Indium interruption growth o= A7
3k InAs A4 (quantum dots: QDs)¢] #338H2 EA4S photoluminescence (PL)$} time—resolved PL (TRPL) 23S o]
dto] BA35130} In interruption growth'H2 InAs AP AA 5ot As 352 Al FA5PdA] ME] (shutter) S o]-&3)
A In FFE 248k whgolth, B ATNE S 12 B9t TH6T MBS 0%, 9%, 19%, 29%, EE 39% o o}
In 39 Adsigion, 353 A BAS 7+ 303] vhEste] RS AJdesltt In interruption AlZHS 0Fell4 192
A 2718198 © PL 9121 1096 nmol 4] 1198 nme A 40] (<100 nm)a}it PL A7l 2715101, 192014 39271
A 7S v PL ~HER 9] Wsh= glal PL Al7]e 7H48ielth. Be $Rbde] PL &AEAIRE (decay time)S °F 1 ns®
HFEE (ground state) PL 3] olA 714 A7l Yebdt). In interruption Al7Fe] 19291 A&7t 71 2 PL 543} 71
A 9kl AEAIMS eI PL 549 342 In interruption AlZFESH A3 ko] In YAHES] RaElg) o]Fo] &
7F Ao AiE & 9tk olgldt ANZNE In interruption HE o-838le] InAs FAFES A7), #9E, 2UE 5&
zAste] sk Y S AEE F I98S & Ytk

ZA)9] : Photoluminescence, Time—resolved photoluminescence, %A of| S]8IA] - oA}

I A & 2 3854 EdsiAl zldEar ok ey A
A kAL In(Ga)As/GaAs, In(Ga)As/InP & ZAAA
Hg thol .= (LED), #lo]A tho] L =(LD), Wh=A] 3 st (lattice—mismatch) 42 strain relaxationol] <]
571 (SON) 5 WS} A ) S EGEAS o 3 YTV B 0, ], FUE, T
#E il AR (quantum dots: QDs)< &-8af e Aojol] gHAIZF Atk AP A Fol7t S
Se W 7158 FA-= (quantum well) < 5“3% = o] n]3|] 2o} aspect ratio (height/width, AR)7} 2t}
2tz 735l Wsl =2 %Ak o5 (quantum efficiency), o]g]3l Y& AR UAFHS A} wFEdE 943 148}
2 94 oF4Al (thermal stability), 18]al ¥& FE 2] RalnE wHEdker) Ao m Aus AHEA Hol
Z15F (threshold current) & AAFe] EAo] dAsA 7| ok g uEdkole] HHlo] Zola] ckxpal o] Baba] Erjo]
A ZoR ZgiEo] A Aol tigk ) Ehds T4 @t w2 AR AR AEEAS Alofsl] flste]
Y51 Ik [1-6]. In(Ga)As FAHS Gads 719 ©]  §¥5 (strained layer) & o8-8t} M5 &4 4%
&3 4% gabdo] 980—1300 nm @ 9je]aL, InP 7] Ass Aojgt Aol WhaEal gtk [10-13].
ol AT 7S 1300-1550 nm TP 02 BEAE 2 B oERolqE BAM ol9EA] (molecular beam
ojA tolerd wig dAyvh &s] PHal Sl epitaxy: MBE)E ©]-83lo] GaAs (100) 7]¥] Indium

[7-14]. &3], Stranski—Krastanov AYHEE o] &

AP AL (self—assembled) WA ik A= 34

interruption growth o= InAs UAHS FAsI
photoluminescence (PL)¥} time—resolved PL (TRPL)<
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Figure 1. Schematic illustration of the indium interruption
growth technique used for the sample S09. The
As shutter is opened for the InAs QD growth.
However, the In shutter is opened for 1 s and
then closed for 9 s. This sequence was
repeated 30 times for the QD growth.
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Figure 2. 10 K PL spectra for the InAs QD samples
grown by the In interruption growth
technique.
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Figure 3. PL spectra and decay times taken at 10 K
(a) for the reference sample S00 and (b)
for the samples S19, S29, and S39 as a
function of emission wavelength.
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o] 7Bl 2-ERRe] AEHAIRERS éﬁ}o}xl% &4:2: o # 91
Table 12 10 Kol|A &A43} InAs YA AR E9] vl
FH PL #]A4¢] PL AEARRS YR 7|EAIS
S00% 1096 nmolA &EAJ7bo] 0.98 nselaL, S09, S19,
S29, S39+= 247} 0.86 ns (1160 nm), 0.83 ns (1198 nm),
0.97 ns (1198 nm), 0.97 ns (1196 nm)o|t}. PL S4do]
7P¢ 2 S199] PL AEAI7ko] 0.83 ns® 7HE & A YE}
Wt In interruption AJ7Hl W& dA}H A5 PL A
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Fig. 4= In interruption AJZFe] 19391 S199] nfgAt
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Table 1. Calculated PL decay times for the samples
S00, S19, S19, S29, and S39 at the PL peak
position measured at 10 K.

S00 S09 S19 529 S39
PL peak (nm) | 1096 | 1160 | 1198 | 1198 | 1196

Decay time (ns)| 0.98 | 0.86 | 0.83 | 0.97 | 0.97
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Figure 4. (a) PL lifetimes, (b) radiative lifetimes, and
(¢) non—radiative lifetimes for the sample
S19 measured as a function of temperature.
Each PL lifetime was measured at the PL
peak.
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We have investigated optical properties of InAs quantum dots (QDs) grown on GaAs
(100) substrate by molecular beam epitaxy, by means of photoluminescence (PL) and
time-resolved PL spectroscopy. InAs QDs were grown by using In interruption growth
technique, in which the In flux was periodically interrupted by a closed In shutter during
InAs QDs growth. The shutter of In source was opened for 1 s and then closed for 0, 9,
19, 29, or 39 s. This growth sequence was repeated 30 times during QDs growth. For each
sample, the total amount of In contributing to the growth was the same (30 s) but total
growth time was varied during the InAs growth. As the In interruption time is increased
from 0 to 19 s, the PL peak position of the QDs is red-shifted from 1096 to 1198 nm,
and the PL intensity is increased. However, the PL peak is unchanged and the intensity
is decreased as the In interruption time is increased further to 39 s. The PL decay times
measured at the PL peak position for all the InAs QDs are independent on the QD growth
conditions and showed about 1 ns. The red-shift of PL peak and the increase of PL intensity
can be explained due to increased QD size and the enhancement in the migration of In
atoms using In interruption technique. These results indicated that the size and shape of
InAs QDs can be controlled by using In interruption growth technique. Thus the emission

wavelength of the InAs QDs on GaAs substrate can also be controlled.

Keywords : InAs, Quantum dots, Photoluminescence, Time-resolved photoluminescence,

Molecular beam epitaxy
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