1 [
&*6

//

LIBst3| x| H22d 15,
ttp://dx

A

InAs/GaAs AR glUgA

e

(20124 11 18 2013 1€ 2

9
(==

Aol A= FAFE (quantum dot, QD)oAe] HstER] o] EjFAR| 2] E/do|
3 p'-QD-n/n" B
Stranski—Krastanow (SK)2} &%3(quasi—monolayer, QML)2] 2&&F

S A}o)
= " d

EH ZFA(MSC) 2] &5l InAs/GaAs QD

ARG FHomve depie SHUAACRY
SK—QSC9] FFZE 80, 0% MSC2] K80, 3%) 2} H|s>
% Joo Ak AT CBE 2.6% AstEgli=v], QDo ozt A5t

b=

P (Voo),

TEEA QML-QD 7|8t BjFHAE & Aol A A Al=sHL

Hol7] Wy, 2

dE Q

FHof - EFRA, il

P,

ol

7] (B

=z
el

=

—_

I M

o

Fo A 7] ofuzZ  WFA7]=

= R

B 2] (solar
otlet 7b 1R 29| U] A
§ A\EA, 22 58 FHE A Gl ol
Faoh BAAGNN Ao oFolAT ek (17, S,
GaAs, CulnGaSe (CIGS), DSSC (dye—sensitive solar
cell) Go] 7L tEHQ |24, Fig. 1 [4] 20119 w]=;
NREL (National Renewable Energy Laboratory)oflA] &
H A &S Hst mixolct, HIzHA] wgka
e 4 227152 Gors S AP
40.7% (240 suns) [8]2A], o|& o= A a2 63.1%
915 3t =Ae AA = ALE L UTHNREL 215 AlA|
718 5L 20129 3¥ Solar JunctionofA] WrESH
43.5% [400 suns]O]E]—)

GaAsH| 3gHE2 o|2d o o5 A 24

oAUA|(1.4 eV)oll 7 ASE MHE70(1.42 eV, 300 K)=
ZHAAL Q= Aol E WA 2 A, THdH ol si WA
(1.1 eV, 300 K)of| H|sto] Wgta&o] o ¥yt oftzt

o
L HH
= o wot

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

St RFA, Vot Jse
o] F8

20131 12, pp.37~44

.doi.org/10.5757/JKVS, 201322 1.37

Sk

o

AolH AFERL] o

%7}*@51 oA 305-340

ol
=

12 24, 20133 1€ 29

L

A FIFE 2AFE| HO]'O:‘ GaAs &A)|
AR (QSOE AF3I] 1 EAL wlm 2ARILH
T QDE =YFtgon] #F HUTHAML5) A e
S E(Iy), SWE(FF), HIEL(CE)E AAS AU
= 7471 0,03 V) 2,6 mA/em T 7FAEFAT) Vo
Alog AHE e}, HMIENS A3tA7]7] flet
g 244 Ans 2oct

ou}, dETHe

wH&

(InGa)(AsP)A| Afo]9] o]F
4} Aol 48 AHE AU 9l [10],

O 72 Z33HA|(concentration limit)S AUl Q)
SRR ol BIsto] GaAsH BjFHAI= 2F 1,0008) A=
o] 7kssted, HFR Ejd LR Lol 1 2ol 7|l
= A AR FEA Aok [11-14], 22, Td3A;
(single photon)of 2Jgt Tl AR|E XA (multi—exciton
generation, MEG) 7Fs/do] AI¢t [15]He] e}, && =
J3tE ¢Jst =7 = (intermediate band, IB)of 3t A
T [16-19]7F F53tal Ut GaAsA A (quantum

Aol 7Rsstol

=] (tandem)

g, o0

Si e

N

JASEEN
AR

dot, QD)&] FER(sublevel)7F MEG +&of A9}%t IBE
Asd 4= dsol degel wet QD 7HE kA

(QD—based solar cell, QSC)o]] st AF7do|
a1 9t} [20-31].

Fig. 2= QDOJAQ] MEG FAS A fdw
(Nozik % [20,21])o]c}. MEGo] 7]¥Fst QSC [22,23] F+&
oe $29] Wx|40] MgEolof shu), W= W
o} 23 20| VLA 452 (mAIGaASA QD7} 52
# FHE P 7z A gdel WuHI o

=22}



0
1

. w . Lo
Best Research-Cell Efficiencies INREL
50
Multijunction Concentrators Thin-Film Technologies Specklah Frmeoler IS poging. Solr
48|~ ¥ Tweasincon (Meminal, moncithc) @ Culin,GalSe: (reamcrshic, 280) | (iamontic, 4 soondn e
4 Twouncion (2-eminal, monoithic) o Cdle : '
i Single-Junction Gals [+] :Tmphbus Si I:;s"a:'lzed] /
= . # Nang-, micro-, poly-5i
:;Ezf;ﬁl O Muljunction po.‘y:.rysmnne <z
40+ 7 Thin film Emerging PV
Crystalline i Cells ©Dye-sensitized cells
'nginglewsla ' Organic calls
%L ohdicystatine gies)
* Thick Si fim
3k » Sikcon Heterostiuctures (HIT)
£
z8r
5
‘C M4+
=
w
20+
16
12+ -
e — E”;L“é"’rﬁm““ s Figure 1. A figure reported by
ongiss) NRELIKorsta g |/t NREL [4] in 2011 that
- e /S
4 Year of Development Unbvisity itz umm\sm Plakanks shows development
olmIRlulllll|IIII|IIII|IIII|II|i"RI|!IIm‘°ImP:JII OftheSO|arce||effl—
1975 1980 1985 1990 1995 2000 2005 2010 P

L. Kazmerski, Data file at National Renewable Energy Laboratory (2011).

Conduction Band

n=3 [—%

_ Two EHP by
n=2 I One Photon
n=1 ® o

Impact
E¢ QD Ionization
v (MEG)
'

Valence Band

Figure 2. Schematic energy band diagram that
sketches a concept of the MEG phenomena
in QD structure [21].

[24-31], @A|7HA] (InGa)As/GaAs QD 7|4 EFAA 2
AT F) £ 19% AEEA ofF] Z2H A AeHA
of WEg 9lovt, QD ez o) oFdel HslEY
(carrier trap) 47} 2% QD-MEG7} AHEH )
FAA| 71zo] g GA EoFet= A7|7) nkAE A0RE A

ol

2=
H =FRoA= GaAs 2A| B X](matrix solar cell,
MSC)Qt &4 MSC &AJ=o] Stranski—Krastanow (SK)

38

ciency in chrono—
logical order,

[32] ¥ #=(quasi—monolayer, QML) InAs/GaAs QD
(3315 43t p'-QD—n QSCE 72 AAsLe, 3R/

FAA Y Fol7] AR E4S vl =siqlt}, 2
W2 =R [20-27]0) A BalE a1 Q= vle} o] E A}
oA QDL HstEH | ofgt E4 Ashrt =St &
oAl A Al (wetting layer, WL)©] 3=
QML-QDE A}e3k QSCE avlshal, MSC U SK—-QSCe}

O =
ESSE

o] HjuE 53] QDofl 2t HstER o] IR S4el
AE e Higlth

Al

Al H}

o

II.

o

EH
=]

Fig. 3(a) % 7olM AlZE p'—(QD)-n/n"
MSC/QSC 2:4F2] St2 fgfolth, QSC S2w &5
ofl InAs/GaAs SK-QD E+= QML-QDE 5713t 71 0]¢]
o= 7)12EA 0 GaAs-MSC 29} Zth n'-GaAs 7]
2lofl MBE (molecular beam epitaxy) ¥ OS2 n—GaAs:Si
255 (buffer)} Ho]|AZ(base)S AR Aot oH,
ol Z%57/si ERUEE 217} 300 nm/2 %10 em *9} 1.5
rm/2x107 em o]t} p'-GaAs:Be of|u]E]Z(emitter,
600 nm) ¥} E7)Z(cap layer, 10 nm) Alo]oll= 50 nm 7
9] p'— AlpgGaniAs:Be F¥Z(window)S AHIsIGom,

Journal of the Korean Vacuum Society 22(1], 2013



InAs/GaAs LAY EfLTRI0NIM HotEZ S| Hef

ojff Be =HWUELE 2x10° emolt} SK-QSCE QML-
QSCol| 483t InAs—QD/GaAs ] F-f5F7|(equivalent, thic—
kness)= 27+ 2,0 ML/40 nm®} 1,5 ML/15 MLo|H, QD 22
71 242t 161} 100,

Fig, 3(b)&= FERNEAL]| OJ3 &4E Fo)7] flste] 24}
o] 33 MgFy/7nS = ZFHAJH(anti-reflecting
coating, ARC)2] AFM (1x1 rm”) ARlolth p'—GaAs ©
ME Yol =2 H(thermal evaporation) &2 150°Cof|A]
Z2819 00, Surface Profiler (Dektak 150)2 A3t
2 MgF,/7ZnS9] F71= 130/40 nmo|ict, EFIHGH
(spectroscopic ellipsometry) .2 EA13t GaAs EJFAA]
o F4 SAHIPH650 nm)of|A ] E5 MeFs/ZnSe| =4
B2 1.39/2.312A], W& Mgy} ZnS9| W11 7} [34,35],
1.4, 2,59 2 A5t

gupzso] ok A2l FH L7 (photolithogra—
phy) 2.2 WAHmesa)?} FHAFH(finger) WS 22 &
A5k, AAHl(e—beam) o2 HAFF&ES FA6lo] AR
2 gateint, ErE=e] AZT) 7
400 pmolH, A d2 = (electrode pad,
200%200 £m’)2 AL FABHES oF ol AR
o}, ko] wiAL Aol BlalA] wE A7 (~85
nm/s)E 7}A|= [Citric—acid : Ho0=20 : 1] SN A&
SH9.0m, ARC AJZ}ol [HCI : HF=1: 1] S04 o] g}
ek, p¥ FHAAI 08 FAYIL GarsH] LulgLe
2 de] AR T 9= Au—Zn/Ni/Au (80/15/200 nm)@}
Au/Ge/Ni/Au (26/54/15/200 nm) thZdHatS 717k ARG
shlom, 200°Ce} 375°CollA F48A €] (rapid thermal
annealing, RTA)Slo] QU&= FJAAH T}

(b) gFyzns}-ARC

(a) i°&ﬁazﬁ§j§

] [ ] [
p*-GaAs Cap Layer
p*-Aly sGag ;As Window
p*-GaAs Emitter
n-GaAs Base

n-GaAs Base
n*-GaAs Buffer

n*-GaAs Substrate

Bottom Contact

Figure 3. (a) Schematic layer structure of GaAs—MSC
and InAs/GaAs—QSC samples, and (b) AFM
image of [MgF2/ZnS]—ARC used in this study.
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U=AZYAX] 22(1), 2013

o0& 11%2 "84S el FrEto] 1.3% S71et

o O] FHag 4] AgAo] A5
oo R A} e} o WSl B skl Ast
Efjo] ofgt EAAsL o Alzshe e o, QML-
QSCol= GaAs E7i5T QD Aol 2] AHZAT ol 2Jgt Hs}
EfiE Ags] Y=ol Qs AR AlmHr,

QDe]l &J5t HstER]o] QD 7|5t ejeFxA] o] & S
Sfet A2 FA 2 Byt AR R g Hc) ole} g 3
7t& aeEoof 3 EAl= oh2e] 27K & 47t Ytk
A A= W2 QD Yot QML-QDE] Ak AFMO|L
TEM AR R % A7) off7] wfite] =3t ghe AXE 4
L A QML-QDE] WEL SK-QD (mid-10" em ™) 2

EHT g A 08 FgEY, a0 gz 485
710l o3| W2 Fro|th InAs/ GaAsAle= Hlwd -2
]

T
i
f

o] & EAA|HR QD Wrot HE24E =9 4 9= Y
o] A2 EFA 9] E1lo] ‘5}1/}94 tjoto] = Aot} =
= InAs/GaAs QD2 =& si=tkxjo|t}, QML-QDE] %4

O SK-QDETE 0,15 eV Y%= WHETAE H3glon) o
713] GaAs—BES}= 9F 0.2 eV w2 it & /AL
SilE} 0|5 Zol]7] Y= InAs/GaAs THETHE}RTE 2R
EAA Y] EQlo] agt Ao w2 Aol A
]E?_ InAs/GaAs QD Er} 287} Mi=thxr) 2Ho WA
olAto] AL R WEESHE= QDA|O)E InAs—QD/InGaAs
EHOUHZ] Q—M oﬂ Eolzﬂ— 7:] QD U]E

of Z719h 3 QDR QD/Gads ARl HHEAS of
Z gapd 4 9l Ao YlhEt

GaAs MSC &4J%9] InAs/GaAs SK—QD % QML-QDE
AFle p'-QD-n/n” P BFHA@QSOIE A2 A

Table 1. Solar cell parameters of MSC, SK—QSC, and

QML-QSC.
Cell parameters MSC SK—-QSC QML—-QSC
Voe (V) 0.99 0.96 0.96
Jso (mA/cm”) 26.6 24.0 22.1
Fill factor (%) 80.3 80.0 81.3
Efficiency (%) 21.0 18.4 17.3
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Influence of Carrier Trap in InAs/GaAs Quantum-Dot Solar Cells
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In order to investigate an influence of carrier trap by quantum dots (QDs) on the solar
parameters, in this study, the p'-QD-n/n" solar cells with InAs/GaAs QD active layers are
fabricated, and their characteristics are investigated and compared with those of a GaAs
matrix solar cell (MSC). Two different types of QD structures, the Stranski-Krastanow (SK)
QD and the quasi-monolayer (QML) QD, have been introduced for the QD solar cells, and
the parameters (open-circuit voltage (Voc), short-cirucuit current (Isc), fill factor (FF),
conversion efficiency (CE)) are determined from the current-voltage characteristic curves
under a standard solar illumination (AM1.5). In SK-QSC, while FF of 80.0% is similar to
that of MSC (80.3%), Voc and Jsc are reduced by 0.03 V and 2.6 mA/cm’, respectively.
CE is lowered by 2.6% as results of reduced Voc and Jsc, which is due to a carrier trap
into QDs. Though another alternative structure of QML-QD to be expected to relieve the
carrier trap have been firstly tried for QSC in this study, it shows negative results contrary

to our expectations.

Keywords : Solar cell, Quantum dot, Quasi-monolayer, Photoluminescence, Gallium arsenide,

Indium arsenide
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