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Intermediate-band formation by Ing4GaosAs / GaAs multi-stacked quantum dots
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without strain compensation using optical method
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Quantum dots (QDs) are widely preferred for enhancing the performance of optical devices. Intermediate-band solar cells that use

multi-stacked QDs can surpass the conversion efficiency of a conventional silicon cell. We carried out the optical characterization of
Ino.4Gao.sAs / GaAs multi-stacked QDs without strain compensation using the theory and experimental techniques prescribed for
intermediate-band solar cells, viz., photoluminescence (PL) spectroscopy and time-resolved PL spectroscopy. The interdot spacings were
not uniform, and were found to be 15 nm, 7 nm, and 3.5 nm. The results verify the formation of intermediate bands by the multi-stacked
QDs. With the help of theoretical studies and experimental investigations, we carried out an in-depth study on the mechanism underlying

the formation of intermediate bands by the multi-stacked QDs and the effect of different interdot spacings.

1. [FLHIC

BULE, HIERBR MR OBLAN O HAEEZ R L —D
W R RCHFE N IEHICEE IS o> TE TN D, KK
BMLOB AR B 1X, RGBS o 2 MRS L5
oM L EORENBETHD.

fﬂf KEFEMIE Si NERTH Y, HRKOHIHEHL)

L 26~28% VTR RV F—DB L ZE 7 K
Lo TWD . B RITBEEM B ONY R¥ v v
TRNAF—ICRELARENTEY, N FF¥y v 7L
DR R A F— IR ST ERLTLEY. Zh
DI FEDORK 2 R D 5 70 EIR TH 5. Shockley-
Queisser H 12 &V, Si HEES KB HEM O BEGHZ HAZh =14
30%FED L INTWD. ZOEMRORKELER 5729
K,%bﬁ%ﬁ@k%ﬁmﬁ%%éﬂfwé F7pl &
LT, N R¥x v 7 ORI DB LA G ' TR
BEEZESST A X V7 2AKREEMSC, RINEREE
LT AN FROR ERETFT D, ZOHETIE
BB L E A ORIZH I RV F— " K (P
N R) BGRT D3 Mg, HESRICIIRIN T
RVMEZ RV F —DHEMEFHLOPH AL R, (B8
M~ & 2 B PEDORIEIC X > TN ATREIZ 72 5. £ 7=
NUROXY V7 Z2EGHEIZE DAYy b ¥ U7X
1%2&%%@ﬁibé.:@¢%N7F@k%$@®

339

A RITENHE T 63.1%OL LG SH, BE
ERGEME L TOERICHHRFE LN TN D,
FRIANY R A7 — L OERTHIEF Ry b
RO E S S 2B TMEIC L TEBEEINS.
B Ry MNOOHBEN R - 7 BEUTFTTHD X, b
VAR NED, Bl v )V T OFETE LRIV
%~A/%mﬁﬂméhé$Wn/bﬂﬁﬁ%m%%¢
THREDITIE, ZOEGEH LIRS EE AVD
WEENRH B,
BEHIZBW T, BOMEET Ky bo 2B
BMENPAFETHVMENED LN TS, LLERDL
B Ry MECHWOHILS InAs & BRIl TS
GaAs DIETFEEITH 7% DENDBH D72, FEKEIC
BOTTOTAENER S 15 B ETIEAY—KE &
KRIGHPERKLTLEIRED D D. DT OEMEE
EEANLEZFTERERENTWDS. EHMEEHVIZHE
E%%Fy%’%#éﬁ%iﬁ%<%iéhfw<w
F£ 72 GaAs (001) ZER L2 InAs &7 Ry NEREXE, £
B RO EAMEH20nm) & LT GaAs iR E LR E
PERPPE SN TNDHOD, Lo Lt b, AfETHRDY
EF TNy RERURIGE R OBLE D EE R DI
ky%@ﬂ&&i;;éﬁiﬁﬁf@xmw#~n/%
DFEEOTH 5. ELMEREZ AV HEIE CIIARENIC
Ry FEOEERTE WO HE AL FETR LEE

\_



TAYw MPRELD.

ol 10onm LLNOEHEREERE T Ny N EBT L
DICELfMEREEZ AW OEEBREEZA W, &7 F
v M EZREET AAEDE L LT, InAs/GaAs £V b
¥ 1 TEEFEN D 720 TnoaGaosAs/GaAs & L7z, & 51T, SK
REIZBWT Ass 23 T8 E AW R IEIC & o TRES
BatrkoloE ¥ 300 BRET 2 2 &2 mHEIC L7200,

ARIED H WL, EAMEZ RO TR EEEIC

DETHECHE AN FEEZHELIARD LT
b5, PO TFEEACCRRE#SEO R D 3 3R
DIFISEN DL EN D HH AN FREER A T =X A
W DU CREMIZREAM L 7=

InGaAs/GaAs iZ#EREREF FvY k

(2-1) EHFEBEAVGVVEREFFY FOREERZE

Fx iz ar K—=7 L7 GaAs(001) B ki
Ino4GaosAs T7 R v & E I E7. Ass OF#RITL 7.5
X10%Torr, L — NI 1.OML/s TH 5. BT Ky MEO
N T EOE AL 20nm, 10nm, 7nm THE SH 72, 2 F
NOET Ry FEFE, 15n0m, 7om, 3.50m (SFY 5. 64
JEBIE/NY T 20nm T 20 FEE, F ot 10 JEERE &
L7z, SK fREIZBWT Asa i3 T Ve R XL -
T, EAMEREOEAE L CHEMERE 21T - 72000,

2.

(2-2) Fy FEBEFEICEZIRLE—NDVEDYE
alb—v3ay
Ky MEEBEIZ T D ET - EALOEAREIZOWT

YIialb— /5/%ﬁw¢ﬁﬂ/%@ﬁﬁ%oéﬁo
. BRBERENE RN 2 LT g v — R %

JEHD‘T BT - T“*/I/@ﬁ’i/\ﬁﬂ SR AN & R D Tz
8112 m ( ) El/)(r) (1)
ITE T DE &, InGaAs=0.023m", GaAs =0.067m", ms I%
E?L@ T4, InGaAs=0.4m", GaAs=0.5m" & m I3 AL &

Thb. BT Ky OBRIL, TEMBIZL SO AR
MR R&E S BICHEEITo 72, BIRIZE T 2 v IR
L, BT Ry YA XEET Ry FER 15nm Cihg
20nm, & & Snm, & Ny MEFE2AY 7om & 3.5nm TILE
20nm, & & 3.5nm THDH. BEFEIL10/BE LTEAL 3
W CHIRE SR (FEM) fi#ATIE %2 IV CTHEFT L 7=,
fEHTIZ1Z COMSOL  Multi  Physics ZFIH L7=.  F158%
U Y —2DBFELEOTHOZRITERIZAIL TR,
K FREIBE 1~20 nm (2% 2 FE 7 - IEFLOFEREM O =
FNF =R ROV Ialb—ralr&itolz. FOkE
&, B M)A 10 nm BLF CTIXE T O R SR L
FEAIREEZ KT A, d=4nm LN TIE, BT - EfLE BT
DL, FAEREBERRT L ENTHENS.
(2- 3> LR 2

Vial—va U lESx, THEORLD 3 kA

340

HAELE. oL 1L, NY 7 20nm (R -RIEEEE d
=15nm) Th 5.

Tablel. QD shape structure

Barrier layer[nm] 20 10| 7
Dot height[nm] 51| 31|35
Dot base[nm] 20 | 20 | 20
Inter dot space(d)[nm] | 15| 7 | 3.5
GaAs
barrier
laver space] | L n ];].\.L_].
1d GaAs barrier InGaAs OD
—tT niraAs
T GaAs
n-GraAs

Fig.1. Schematic image of multi stacked QDs structure
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Fig.2(a) Photo Luminescence setup
TCSPC unit

—7[ Y‘"‘" ;l
aser
‘ | PC |_:{ ADC }—| TAC |

NDFilter i
'
Long pass Filter

1 € -u

Lens Monochrometer
Len

________________

Prizm
Lens ™ wMirror Single Photon Count

Avalanche Photodio

Cryogenic s

Refrigerator(10K~200K)

Fig.2(b) Time Correlated Single Photon Counting setup
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Fig.3 Polarized PL spectrum of the d=15nm sample
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Fig.4 Polarized PL spectrum of the d=7nm sample
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Fig.5 Polarized PL spectrum of the d=3.5nm sample
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