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Study of self-assembled InAs quantum dots
covered by an InousAlAs and IneisGaAs

combination layer

Student: Ming-Fang Hsieh Advisor: Dr. Jenn-Fang Chen
Department of Electrophysics

National Chiao Tung University

Abstract

The electrical and optical properties of self-assembled InAs
quantum dots(QDs) covered by an InoisAlAs and InosGaAs combination
layer are investigated by photoluminescence, current-voltage (I-V),
capacitance-voltage (C-V), nand -admittance spectroscopy. Four
samples with different InoiATAs deposition thicknesses of 0, 10,
14 and 20A, are grown by molecular beam epitaxy (MBE). C-V profile
shows two accumulation peaks at 80K, and the deeper one 1is
frequency—dependent ( 1K~ 1MHz ) . From admittance spectroscopy
measurement, we determine activation energy of 57.2+5.1meV

(1.4x10"cm’) . Quality of these quantum structures is good since
no traps are observed by DLTS . The two quantum peaks of C-V profile
are probably originated from the ground and excited state of the
QD, respectively . The electrons in the ground state are excited to
the excited state of the QD then tunnel out of the potential well.
The emission time of the electrons from ground to excited state is

about 10°sec at 80K. On the other hand, the tunneling process for
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the excited state of the QD to the GaAs conduction band is too fast
to be detected even at 30K (emission time<10°sec at 30K ).

By covering a 10A InouAlAs layer, the PL and admittance
spectroscopy data show an increase of energy separation between the
quantum-dot ground and first-excited state, from 78.0 to 101.4meV
for PL and from 57.2 to 79. ImeV for admittance spectroscopy. From
these results, the ratios of energy separation between the
quantum-dot ground and first-excited state in conduction band and
valence band are determined to be 7.3:2.7 for DWELL structure and
7.8:2.2 for the sample with 10A In.uAlAs, respectively. The
electrical, optical and TEM(AFM) results show that covering the
10A  InouAlAs layer can imérease thednAs quantum—-dot density by
1.5 to 3 times. This result might: be due to the effect of the

reduction of indium segregation-caused by the Ini.u:AlAs layer.
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A2 AT R ek &+ R & s (Molecular beam epitaxy) 5N =
£ o &n GaAs(100) substrate * £ & 0.3 um # %3 n-GaAs buffer
layer » * £ 8 A% T 600C » 23 &5 =& 2.4ML InAs =& + 2
QD) BERE? FEAED InnuAlAs > %1 R F 44A InouGads 5+ 2
(QV )& InouAlAs + & » B EE HERGE 480C s B L R E 0.3
wm# %32 n-GaAs buffer layer > %+ ®B[2.1]~ B[2.2] -

¥ ;ﬁig InAs & &t % | Inuudlds & 5 &
Sh332 5x10"°cm” 0. 26A/sec 0 A
SH331 8x10"cm” 0. 26A/sec 10A
SH330 5x10"cm” 0. 26A/sec 14A
SH337 8x10"°cm” 0. 26A/sec 20A
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A el F e BINA o

2.2-1 Schottky contact %%
BRSO G4 - K 4RF L Schottky contact & i L 7 4838
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Schottky contact =%l iF - 234 54 d 7% 45 £ B B2 (pattern) 5 2 /&

% 800 um(& # 5 0.005024cm’) eIl A) o

2.2-2 Ohmic contact ¢ %%
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Photoluminescence & iB|% A #%

—

1% & 532nm HF Sftw Bk &2 7 PL 2R £ R F R A 1omw

2 90mW e B[3.1]5 e #H&EFETHF 00V HPLEK > 2 2707 @

BAoha L Eed ARt Fd 1omi#%s 5 90mW- 28 [3.4(a)]~[3.4

(d) ] »# M excited state 4p¥>t ground state % B 5% < 7 9114

AT FE A X peak ¥ i £ eh i £+ Bheb ground state 0 F it £

f] 5 first-excited state o #-w % &5 A8 & 300K » = & 90mW = PL
B Ao &

Sh332 Sha31 Sh330 Sh337
0 A) (10 A) (14 A) (20 A)

RT energy (g.s) 0. 949

(Tt eV (-1, 31y {70965 0. 964 0.971
RT energy (e.s)
e 1,027 1.066 1,067 1,074
AEge
(5 e mel) 78.0 101. 4 102. 6 103. 1
FVHM (. s) 36. 2 40. 2 40. 7 40. 5
(¥ = ‘meV) ) . ) .
FWHM (e.s)
(15 sl 85. 5 74. 9 75. 1 77.1

d PLEplAiar YRS ATE T kL E58 1. 3un 2+ > B8
kg g Ko LH[3.1(a) J~B[3.1(b) ] gAaaiFFugR=z
2 54 45 sh332(DWELL) & S E# chis % » = ¥ # & first excited

6
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#HOR R fpgant L > ¢ 4] ground state E#ARAE 0 T EF 1Y

3| first excited state &4 42 & +* ground state :B& < en % o

*m\L

F3t e Bk & ground state £ excited state Z FFese £ £ 0 5L
[3.2] % "E ¥ [nouAlAs 74 » sQDs s ground state ¥ first excited
state z B eiy £ £ AEge /£ T8 % = 103meV > P &% < 71 o i5- B %
Apw gt TR AT - K InuAlAs Tt A2 ha Bl o WE R
jE- BocRF AR g SN R AL Alge ®<% 1 FA BruAR



Tod K - B z}@m;ﬁ;

Bz~ 1 & B ground state > =

B2l 57 &

state £ first excited state z B £ £ % % |

#¥ 3 7l ground state sh2 3
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Sh332 NIBE] Sh330 Sh337

0 A (10°A) (14 A) (20 A)
15mW L 40 0.71 0.72 0.50
90mW 2. 04 1204 0.94 0.93

d & AP IE S
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=~ 2 iE

£
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B EREH ST FLEETF
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2 DWELL ‘f‘%ff&v’ B4 - & InouuAlAs # ¥ QDs ground

state b’“rﬂ%‘ﬂﬁﬁ“—? ME excited state v Hi % ey H R F) i dap

Fd 235 Brogs A2 0 (8% 4 iﬁié_ InAs QDs

¢ {7 &+ 8.0 3% [n segregation =FA5 R0 7 0 AT

2t ‘?ﬁf" /ﬁ] InoAlAs
FERRRES
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4.1 Ri-TRA-VDERE LT

% 7 7 f#2 Schottky contact & B 4+ » 3% i Jf L g4k S [-V
- BRE P o KR B R [V BT 1 F Ik &0 ideal factor
PESRIZ~ ] ~ % Schottky barrier height » *[¥7ik & G4 & F )+
24+ 7 Schottky # o > fevi MU E 2 A2 4 & 15 ¥4y v 8k » /R
WRaBT ] e

© 4o Schottky FH R in-T R FF 4™ !

q(V-IR)
g nkT 1} (4.1)

I(V) = I

=1

|; = I5(¢) A_Saturation current
n & ideal factor >R .8 =% e
Flr o) T2 L322 e PREZE I RBRT -V SR[B41]

(A1) MR EEE > TR ESD g RE -

¥ o d
6=KTh {AA*T J (4.2)
q Is

Ax &_ Richardson’s constant
Ax = (.41
¢ FRFEEBINEEWTT EARNT 2R

¥ & 7] Schottky barrier height ¢ -

i
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n R [s ¢
Sh332 ( 0 A) 1.3 67Q 1.19%10™ 0. 786V
Sh331 (10 A) 1.8 104Q 7.83%10" 0.667V
Sh330 (14 A) 1.6 440Q) 2.91%10™" 0. 703V
Sh337 (20 A) 1.2 68Q 8.24%10™" 0. 676V

ot 29w o v B AR Eeh ideal factor RARTEBE [ > & B BT L 30
o] o B 2 4 | @ Schottky barrier height #+ 2§82 C-V T % -

TR
4.2 RE-TREC-VLRE L7

4.2-1 C-VERIMAHRS
C-V £ #1% Schottky 4z £ % faHel %+ & C-V £r7 123t
& 2% i Schottky .f‘:éﬂ‘#“ EARRLR EREVARIESE 2 Mg =g e

e £ o Y T i3 hoog e
'i';},%_:r_—’\ﬁ—'ﬁ"‘lf" wog

_&5A
C== (4.3)

Y W24 % TR e X HEMATRE AL AEGH

S L HRHRES BN G

w | 2l ) | 4.0

eN,
R E e BB ARLLIRTRCR FEARLTE  fIY
C=dQ/dV
1
2
_ A[m} (4.5)
2(Vy; +Vr)
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AR F R CV s 1/C-V T A e REEn e kR

Nogg posz =4z Vi o d 3%

44
’/‘F_! 4 ¢“ é" Ec_Ef
¢n=£1n[N°J (4.6)
e N,

i@ {8 7] Schottky barrier height ¢ - [19]

Na Voi @n ¢
Sh332( 0 A) | 4.710%m’ | 0.83v 5 Tmev 0. 89v
Sh331(10 A) | 6.9%10%m’ | 0.52v 46mev 0.57v
Sh330(14 A) | 3. 210 | 0 6dv 4mev 0. Tlv
Sh337(20 A) | 7.9%x10%m" | 0. Tiv 43mev 0. T6v
B il
NW)=— 2 — 4.7
Qeg, AP ()
av

TF OV e B 2T GRS T

b e B o i R %1 B AR ekde—- B AC B (osc
level=0. 1V) o sc % 2 in A BLanif & » i 5 £ F &0 1f &8 44 1l et = oo
R FRENRBAERIEI PR 0 RIF AR T b R AT
FAC A HT FRAT ?}*k F o2 MOEPE s 5 ndtid RALat ALCR
BTG ML F G TR R MR DR ] AP SRS G

FEpe® J k91 Z & v time constant e
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4.2-2 EZRIBFEHELA

Bll4.2(@)]ie PHRELETETHES IMIz 0% 7 -3 B4 AE > 48
Reov g - KL FERFEHT o IF U DAL F-TR
el AGGFELS G TERT SRR T TR 0 deBI[4.2(b) ] 7
TeoRTRAPHe PRERZETERETF-LRER BI[4.3]~[4.6]
AERRERET R OLES GH BT P RS

Ferd EEOIE S R 0 A7 FERT G REE N RiadE e}
A.CELA & o

- HAERP T B FRERPIHTF-TRPTR
Bl[4.7(a)] BI[4.7(b)] B[4.8] ~ BI[4.10 (D)]4& N 52 ¥k 5HE
BlEE o BEFREFFRBT R o GKOER 200K Bs 0 B AR
T hiE b 0 5T BAE R . mla - B AP R A i
B EE ARRENT R MR R AR R A% 0 2 28+ D.C bias
AR T = 2 AL D R AR ALREE R (S T AR T RS B
B E A B AR R AR RAXL | Tehd 2 M@ Debye length #] i & %
4T R B ik [20] 0 4T A B B A tGR (80K) el B2 F |
EAFERT A OEB R R T P G ErE D R g R o 32
AR RBeA R rLm s IS BaEE

w44 sh331(dmsns=10 AR B "% 2 3IK BB T 2-TRER >

PR SR 2 10KHZ > o BI[4.8]F W R AR AEL LY - B EROE
Z g EK_200K 4B IEFRARAE RS % F 0 2 3 80K
s R R B o LR Ebrer ) o 4 ﬁ*{;w— i B et
WHERR T GRS kTR PR Y #ic (time constant) #ix
chigeiprprdt? P REDERMEF > - LK F - BEER 2 X o d
T Ak engit o A 2RI R AR K 30~300K 2 B %= B f]*u
ek @A A C g & 10KHz ¥ B a5k |

e
B

<
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WEAPRT K e F RS RIE R 80K BF o 3 S g
A5 0 4e@[4. 11(a) ]~ B[4, 14(b)]#r7 » & B &% - B (JiF5) %
3 5 1KHz~ Mz 353 F % 2y > 7 o B 80K - 45 AL 1F
PR R E R TARRERIGI0H) 0 T - @A e
- BRAEPEEER o B HRENEEN N oA AP mE R
BRI S PR T UF R AN S L IMHz ¥ > sh331(dimo =10 A)
sh330(dumo =14 A) ~ sh337(dmn 1rs=20 A) i e (@ 55 B % ¢ 5
% > 73 sh332(dumornn=0A) i § PP B et @05 ho BT R R
80K P& » 3%+ J¢_sh332 enic Pl I K47 F e B AR 20 2 0 = 2 B0V R
e AT E BAE RGBT 0 M B BEEIRE ) R AR A G Ao

I
fd

W

I5] % - B (FGY ) 9 & $HF
Spos AE R 0K EpER E

£A

Bl 107 REAPRZBCRERPRPN WRG DRBEIIR Y

BN E R - E T 30K A pnm i £ R

b
3
(=
o

F e o lz'z\'r?—*zlwb FE BB 41 K

- B AL 5 AR B %Ki??fwiiﬁﬁﬂﬁ:ﬂ3(@ﬁ
1) U RIS A R R B Ik 2t R RE (BE A 80K

P 10°F)) 0 FIU T e SR .

4.3  FEFHERE A

4.3-1 H3 R R PAARS
o 4 # A~ 47 (Admittance Spectroscopy) & & # T §F
(quasi-equilibrium) % i = [21-23] > FU* /] LA L E B~ E o H
PATHATE G T AR
IR Bl R e K e E = Rl T S S
2. LEBREAY I AT RAT AFABTHEGRET o F A d =
A H W St B v r BT R T R o

3. flr L MEAG S L ALHBETAL I REPFLA
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4o BFOEHAF LB TR REAET - BE @ § - B
R R IR SIENEC Y S
AR i ACP BV e s IR § @E- BH RS T

WE e S A et R E R R L

Y == =G+ jwC (4.8)

Clw)=—S0 (4.9)
(0]
“@J
(wj o,C,
Glw)=-L (4.10)

2
w
1+ —
a)t
MR R E s R Rl s # Y

o= 2e, > M e &4 emission rate e

TARPL e BT HERNER R S AP BT F O i
it TF A AMIET FE)EEARTFIAL OTIE R B 2R
558 A
C(w)=— (4.11)

1+( @ j
Wre
2
w
(a) ijcC
Gr(w)="Tr (4.12)

g 2 R T SRR R RO AP E RS FTER

SRSV IR SIS SRR WAR LR IR S godh - AR |
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# C-log(w)® > BI[4. 15] > " B § RE L PHE I -] 30d Mk o 2L
TR R AE S o g P G PR Ok i R AL R B LR ELh
AR ITLEHRFF T REFRFLERES B4 SepE gk
F A PR D R aug BbrbrAR A P R BRI AR > T
FRAZRAR S o FRr P i 2 2 AR L ARSI R 0 ST R
axd pd Ptk I 3 AT RERT HEIHER § 7 P
i kdgl S st pg o

TR APEERTF CH loglw iz A FFEZE >~
C-log(w)®*® & # 2 (inflexion point) =% w 5% wt/4/3 « £ &
B (4.10)5% » - G/wHwha— A 2% FG/wiESEDEE > wip
X wedd S e=2e, 0 g AP E I wemTE ] 4+ Shemission rate
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