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Electron Emission and Capture Mechanisms of InAs
Quantum Dots with Nitrogen Incorporating

Student : Chia-Wei Wu Advisor : Dr. Jenn-Fang Chen

Department of Electrophysics
National Chiao Tung University

Abstract

In this thesis, electronic and optical properties of nitrogen (N) incorporation into
self-assembled InAs quantum dots (QDs) grown on GaAs substrate by molecular
beam epitaxy are investigated. Photoluminescence (PL) spectrum exhibits a low
energy tail at room temperature. Capacitance-voltage (C-V) profile shows a long time
constant about 10°~10" second for the InAs QDs with N incorporation. Deep-level
transient spectroscopy (DLTS) spectra reveal two signals one is the QDs state about
0.2 eV, and the other is the defect level about 0.7 ¢V. The shallow emission is
attributed to the QDs states since increasing electron occupation of the dots shifts the
emission peak towards a lower temperature, suggesting a band-like filling of the state
ranging from 0.18 to 0.29 eV. The maximum DLTS signal is observed at Ea = 0.21
eV which can be correlated with the PL peak at 1200 nm. And the wide activation
energy extending to 0.36 eV can also be correlated with PL low-energy long tail.
Therefore, we believe that the shallow level from 0.19 to 0.36 eV corresponds to the
PL QDs emission. Injecting electrons into the QDs needs to overcome a capture
barrier whose value is close to that of the emission barrier. A smaller capture barrier is
observed for the QDs with higher electron occupation. Once the QDs are completely
depleted of electrons, further increasing the reverse bias would start to deplete the
electrons of the defect state. We observe a smaller capture barrier of the QDs when
we start to deplete the electrons of the defect state. Further depleting the electrons of
the defect state can further decrease the capture barrier of the QDs. This result shows
that the capture barrier of the QDs is affected by the number of the electrons trapped
on the defect state and electrons are injected into the QDs before they relax to the

defect state.
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Flpt ¥ 0B RO IR ARUEL S AR RSB g el Bl 0 o R TE Y
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B0 - AR T S B3 B £ Yk 1O DLTS £
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T BR25VEE RS THROER AL G E I LG T
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AFETREO0S VIOV EEr§ 5T+ TF R foagk
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E.(meV)| 0.181 0.201 0217 0.220 0.293

c.(cm?) | 2.55x107" | 7.02x10™"° | 1.09x10™"* | 9.32x10™" | 2.0x10"’
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y ook - fﬁi&fﬁq"" A ‘{3%7? e ﬁ:ﬁ?mlﬁ;@ 7} e FE 4% T PO ae
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Arrhenius plot » #-7% it 5y feff B w AL S T £ 3.2

232 7 F % B BEEE L i o 5 5 A

Bias (V) -0.5/-1 -1/-1.5 -1.5/-2
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c.(cm®) | 9.85x107"7 | 1.01x10"° | 1.4x107"®
Bias (V) 2/-2.5 2.5/-3 -3/-3.5
E, (meV) 293 320 360
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d % 3277 1
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BEEALFTAE > oB 304 £ 0 PF SRR 0 K193
~360 meV > % % 2§ 3.1(b) A 43 » § o (L 4FR 5 8L PL BV o
AP BFOFFE > EFBOARE S N 200meV F A~ § 2 (547
B 7 360meV i& b i 0 3 EE - B Rk o Bkl % R o

2 -] 3.1(b) PL s 554 ] 3.13(b) DLTS 255 #a8 % » 4[]
3.13 ¢ ¥ iug 3] DLTS ¢ AC E5LE < chpFiziait i+ 9 i 210
meV =+ H#-v BT PL KHT F g Ak gad £ S 9 h
1200 nm > & SEF k£ ez o i B2 20 R 0 i B 193~360
meV ¥t 3| PL sk 3% > B] 3.15 chgegh ®_PL §o DLTS 3 55 4p 455 &
AL & ~ F RAPL ctdiam pAALE_DLTS a7 5L o d 355k Bl
% 3| PL fv DLTS vt 848 %0 3< > FJ9t 24 g DLTS ¥ 12 £ 3|

Fei FE 3% PL ek k& pFE T ¢ low-energy tail 22 ¥ 5 B 55 o

34 #>F R ILFR FBLRREAYARFERE IR RS
A3 JE 0 B (electron capture)
(1) electron capture & ip| 2 » 72

T+ ch capture £ P[f emission £ Bl NApE > AR BB AL

BT FE O e B R (MR SD fRF ) B BRREERE S

7 2 A0k B P iR B Y P LT S IR R (emission bias) 0 2 £ £ v T
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¥t>0pF »n= H’EJE"” > AN A T A
df /dt=C,n,-(C,n, +e,)f (3.12)
Pl AN E R
f= ~[1-exp(-t/7)] (3.13)
n, +n'
s B P r=1/C, (n, +n) (3.14)

P Aat=0R g it L f=0a0 A > 3 s FpER O Bow T
A SRS SR E S h AR L D A

UL S

) 24 B3 iR BRIT A H E (capture)

d 2 e R E RSt BBR3V 20 R LS

HF-IVE L& AR R E DT FAED k> 2 8 2% FRFHRF
I R ehpE i 8 B U ehd i i (capture barrier) 0 @ 3 4v kbt i R 1] -3

Vo <R 3.6(a) i i B i AR AUER %K}@mé‘i T2 LF-3VRL



capture barrier °

F L% A4oB 3160 B FMBLNEF b i RH S B E L F M
B0 REA BRI RBPOT IS UHET S g F (capture rate)
fop- o B 3.17 HAFALa Rfort e B G FREREEFES
B RFEER AR AT RHBRFE ZLEF AR
T cngcB RS 0 R ER Y fol o B EEs Rl st
BRE~ > ZLARITI e TG I aF Y RA AT ET] -
Brhfg =R RS SR Bl 5 B 318 0 df SR e B

191~282 meV 2L £ 33 - BJ3.19 e %z Z T RT3V T F44H

PFo iR PR Y R R R R R B0 A e R ¥ e &
33 2% 7 2 4 3.1DLTS & PI7 + biemission pF Tt fie> 7 + g )

KT A 9 181~293 meV fr & + i df E#r F it e 191~282 meV
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ni%E 2

% emission HfF iE ¥ 14 ¢

=@ 320> @ *
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—
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AC (pF)

AC (pF)
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0.00 | WWM _
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<70 4
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(b)
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AC & PL Intensity (a.u.)
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AC (pF)

Capture Barrier (meV)
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E, (meV) 191 213 253 274
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