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Electrical Properties of InAs Quantum Dots

Covered by Different Capping Layers

Student : Li-Wei Liu Advisor : Dr. Jenn-Fang Chen
Depertment of Electrophysics

National Chiao Tung University

Abstract

The electrical properties of InAs quantum dots covered by different
capping layer are investigated by current-voltage (I-V),
capacitance-voltage (C-V), and admittance spectroscopy. Five samples,
capped with GaAs, 44A InouGaAs quantum well, 10A InowAlAs and 44A
Ino1sGaAs combination layer; 10A IncusAlAs and 54A InowiAlAs, are studied.
The direct capping GaAs sample 1s-grown at a rate as low as 0. 09ML/sec
and the others grown at 0. 26ML/sec. Similar-area ratio of low-temperature
concentration depth profile and PL data suggests that the two accumulation
peaks in the depth profile are the emission processes due to quantum-dot
ground and excited state.

Low n-GaAs buffer layer doping may cause series resistance with time
constant about 10 °sec, a value close to the emission time for the carrier
emitting from the ground state to the excited state of the QD. Base on
an equivalent circuit model, we observe the quantum emission from the
ground state of the QD after removing the effect of the series resistance.
An activation energy about 50meV can be obtained, which is supposed to
be the activation energy from the ground state to excited state of the

QD. Comparison each sample’ s FWHM and ground/excited state area ratio



from PL and concentration depth profile suggests that the structure capped

with 10A InowiAlAs without the InouGaAs QW is the preferable one.
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n Is(A) Rs(2) Bn (V)
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P AP A - VR &h ideal factor FRiEBF 4 BA R 0.7V =
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1+ (2

H ¥ @=2¢e (emission rate)
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barrier height e+ | 32 [-VERIEF D eE 3 5 o
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% 4-2
Nd(cm™) Vi (V) ¢, (V) B (V)
TR753 4.63x10" 0. 650 0.048 0.698
SH332 7.25x10"° 0.833 0. 067 0.890
*SH331 6. 9x10" 0.52 0. 046 0.57
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SH430 5.43x10" 0.578 0. 054 0. 632

SH335 10. 2x10" 0. 761 0.053 0.814

(B 4-3(a)] % TRTH3 w2 B AT FAE N C-V B{A) » NP7 02 2P &g en
SPGB TR B AT - B shifts [ 4-3(b)]L#-CV 424
(4-11) 3 45 2 (6 eGR4 1 0 F15 T % B8 RIE % shift i v 01 51

+ B'Uiipeak "EF ERPE S e Se A i HH 0 2 HRELF v 5 3 & 10KHz =

|

B R RPIE S P 0.26 um By fF FBEFR G 0 [Bl 4-4()(b)] 5 &
SH430 e C-V i3+ S~ > PR aEFERME S P4 > LFELTTH >
3B Uehpeak + EEFERGIEF AL T T H MG o [H 4-5(@)(b) [ H &
SH335 % [#] 4-6(a)(b) J#k 5 SH332 1z g C-V et =+ SF~A B » X il 7 3l
TEIH DA

R T A LR B e [RA-2] £ TRT53 i 5 S 03 R
pre C-F MM > o CF &% sud s @ & £ AC=150pF » i3 & 2 QDs
emission #7ig = T 3 R FWHIFERETF OO N7 g

AC8A

Nops = NgAW = N, (4-13)

0

N, =4.63x10°cm™, & =1.14x10"°F /cm # » » ¥ 12 {7 #|Nas=6. 364x10"'cm *> 5 [ B

3-2(a)]P AFMF g 3lch®m AR~ 1 T B @B E D B3 < £32 > ¥ 7[R
4-3(a)]? 7 g3 o R F AVi- BRBT R IT FEE IO > ok LE
F B Hd F demissionEiE R f AR FUHREBEFT A €7 v 2EE - B

W BEERG o F R B C-Fen% v £ 25k f Quantum emission e

4-3-2 ¢ BT r e P a4

BRAPHHEASEIEG - BLILOF de[R 4-T(a)] » 7 kv %
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ot 0w BV e 437 748 3R 0 7 U H RIS S B AR B R FAT
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layer #hdoping ik B €% - >t 2 5 8 B T fE ek & 0 TR753 ¢hdopingik & 3
4.63x10" cm’® SH430 % 5.53x10" cm’#& H # % sample & 7.25x10" cm’ %
10.2x10" cm” %k &) > B G ¥ - ¥ 5 & E#Schottkyd& » % ¥ § etching
e (F 0 @ F oA ig & & ¢ 4 T Schottky A 2 % 12 & k& iz o 0 & 4 GaAs% o
FAR - BLET AL P TR g g Fldopingik & B 3FD
Z P Flptiakrig S P B AR BE K patdopingk & 7 5y 0 4+ il i#Gals

buffer layeri]-*‘u?} - BRE o

3 4-3 2 PR ENERER

TR753 SH332 SH430 SH335
4.63x10" cm’ 7.25x10" cm” 5.43x10" cm” 10. 2x10" cm™

4-4 %8 T C-V~G-T 2 C-F en& pj7 & 45

BTORMERETIS0K 2L HE P REREENCY BB B SRR
PEEG TR RA-8][M4-9)8 LG [R4-10][M4-1114 i 455 )

3

BRGFES 237 % - B peak A2 0@ P i peak HIF F R DR

ETTRS
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SRR ATEH BT a0 § AN IR G 8 BT ek s SH335 2
SH332 i&m B4 5w G-T chE Pl » H 2 % 4o B 4-12]% BI[4-13] > £ #-H 4 &
et A L BILH 4-14]5e7 1219 7] SH335 7 i+ & & 35meV & SH332 «H51. 3meV- &
- =R T Tl

#£7 k7 TRT53 {vSHA30 &5 ¥ § 8 BT p otk & A iUR 80KaC-Vie 2 e

A o[ B 4-8]% [B 4-9] 0 GEGEA OB Y AP 94T 45 B ¥ - peak

Fengsen f ARG A B PHTEREORSEE G SR

*mx

AR RSB Y - Bpeak iR yEE B H D B OBR i A RCPER R

’ﬁ%%@m
=

‘.
T

i
ETIRN
|l
p

i S PR F et R R 107sec: £ 0 B4FET R BT et

@ R F BT o Tt At C-Fetaddmitance & RIPF B B R PR AT A 4 HUEL
BRI ESBBETAL B E A A IR EE G R Rk
I8+ Sfparid = o v~ e VI 1Y =i 4o [ B 4-T] 0% 22§ B k3
w[20] -

B3k GaAs buffer layerk .- 187z doping’k & + M #rig & » A kv

54— BRERE - BTG Ciehd My £ gilnhs QDR ) & el B
$00T 500 B ST RN S PR BT
(&
Cc.C C
Cl)=G 1. G (4-14)
C,+C, 1+ w°R*(C, +C))
ERHERRIIOT F EAC s RANPOE S BT S DT F B R
B R CE Co T B CCOC;: CEBASE TR Y VR R L
0+ 1

C-FEpl? £ 5> CEd » e MTIEFH T ()L BIEF2 HET

=

TRIEFINTF > oL BRIIHEF > BARECHEL 2 'TFERIBHE D 2% >

AR Cr Lt ned > (4-14) 7 7 AW L RS RRT SGELS

4%%&&?3% T PR T R & C-VR 0 [ B 4-15(a) ] £.SH430 i B & &
e 83K* 2B HAIMCVITH F e w il 8 BT EPFRZ TR - A ifﬂyj.};?
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T|§ISH335 ~ SH332 # &-— #h > 2-2.6V'RiT 5 - BR FEMEF 422 >

711\“\

LHFA DRI TR O F-LRM G R RE L2 6Vp I %
it v d A 4eB[4-15(b) [ & M C-FBA) - R45(4-4)F 5 I F W Bhenix
Boopw o F &SR T2 * chtime constant &% % 0 * i & Jew
R/ B BT IR T o % Bpeak¥HE F B A B ¥ Bk
TR AEE > FHRAEY (4-13)5 0 AC=HpFE 21 No=2. 793x10"cn® > &1 &
FEARMY 6§ FIe0E 5 B R RIS 0 B - BorderiZa o HHRlE B T F A
E

Fegit TR AR E 8 [B 4-16]E R MR R EeREF B E &

—AzORA) > Tl MR F A S e it 3R AlN R & 500KHZz~5000KHz 2 °F - @
AC#rz 7 20 B b o4 7‘{ e B R VBF AR - A2 3

SRRV BACK T 20 Behp BT LML R S gl i
AR ER R ] s T o

*jp e e 2 444 SHA30- 3 _TR753 o5 R i A W3- B H A2 AT 0
time constant » @3 gk F 2 RBALE > 4o B 4-1T]97& 7 o o >t gkt
¥ Tendata Bhlics b o @ fitting £ o BEEE L F k0 TP A
fPxg o L Bl2 {80 4 w7 3] SH430 % it ac 17. 3meV 2 TRT53 3 21. 2meV %% ¢
X GREIEE T BgreaE b B R (TR 2T c KIPTHR LB &
FOUArip ip BEE T A AP i B T T ORI E RS % - B peak AR F
P E R AR R AR A BN S RS B eV 2% Apdam T
F ARG E R e[ B 4-18] 0 A F RS ME R I T B % kop
NEIBOEF L R BT ND Gads HA Bk MR BE o d BT
RO R S o PR A A AR R AL MET A RFERIFREPN RERT D
RS R o f AME IO IR % - B peak PIE KPR F B
LA E F Behiground state @ BB F| P OF B T 5 K ground state B3
execited state sPpF & > T + BB T| execited state ¥ &5 d F W g ] GaAs
R o ipd BEEW R InAs £F BB AR BT FE B L [2]]

16



30~100meV 3% % -

¥- 25 &[B4-17]7 & % oitime constants £.2 F ¥ k&> & 3
4R Btime constantE_k p 38 F LA RE BRI d RO R o S BEE

SPER T A g X P UT A B FF AR e[ B 4-19]77 & 70 % - e[ B 4-19(a) ]

4v > InnuAlAste AEge® ~ 7 » BBy L0 > Flt 4 Alse B HAE D

SH332 théw > fle - B RPN RE ¥ L @h¥ 5 Afged] » % = 4o [ H
4-18(b) ] > doping:rik & € # 5 F|bandsH 4 & > § dopinglk & 4%+ Fﬁband,j*ftﬁx*e
S ﬁ}{‘,;@\—r i}i}—\g KRB T A > §dopinglk A TR RS )’j‘*m’»
FEIL B A FgA 4 o F 2 dopingik & &) ik 5 TR7T53 htime
constant & _# & 1

BT RAPRpHEI 10KHz A8 A 80K ifahgiizas m B[ B 4-19]2
fitting % # peak ¥t/ ehf'F HF A, - Rg W B ehift S dep 1 2 23 77
G s B g s[4 4-4]9

& 4-4]¢

data 4p 7 ‘- #o F

A %ot g TRTH3 §3 SH332 ie A # e %> T ¥ 8% = § 0 PL e

FZRARR AR GEEE TG ff kg £ F B R 0 SH332

DWELL ¢+ i& 80,595 @ TRT53 & f i % % 5-%_0. 497 » SH332 DWELL 4 %

B v 4 3% Jow growth rate - TR753> @ ,T*i B % kg SH332 «h % % &.0.01325

@ TRT53 A_0.01731 > M & & & 5 = TRT53 £ + Beaim3 (2 &0 DWELL &40

SH332 Z » iz#? PL #7f Flenig % £ - fheho
% 4-4
ISR Ve
FEEGRE | AEGH | FFETIE| ALLF Y
w AR
TR753 2. 838 1.411 0.02027 0.01731 0.497
SH332 3.554 2.116 0.0128 0.01325 0.595
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*SH331 | 1. 711 2.818 0.015 0.017 1. 645

SH430 1. 766 1. 457 0. 00986 0. 00547 0. 825

SH335 1.908 2.213 0. 00706 0. 01234 1.16
GRH F AR AR HS 10Mem’ 23 HehE =5 um

4e » InouAlAs? g £.SH331 ~ SHA30 & £ SH335 » A i vv e b & ff a’_‘g?_—‘]‘a"&f’%
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RES R

T iEBER R BAEF Z FPL
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gk 2 10A InouAlAsié @ B3 tGaAs capping layer=ik 5-SH430 * v

oo - BT InouGaAs QWi &3 =B &5 4r InouGaAs QW o A lnAst 4c t

InoGaAsiz ¥k eDots-in-Well b 2 & chp cn AU > Rfe? 7 e ~ AR &

[23][24] » AP die s Bont s[4 4-5] -

# 4-5
RIS BRI FWHM(meV) AE(meV)
10 A 1266 1150 32. 62 99
10A+QW 1284 1163 40. 2 101
B2 4419 F AL A 5 < 305 & 100meV > iz 4c + QWeSHA30 i £ %

BTG ESORE BIAEF R OEARRE  EF RT3 HE At F
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